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1. Scope 
 
This document, the Optical Integration and Testing Plan describes the procedures for the 
integration and alignment of the main optics onto the PFIS structure.  Alignment of the lenses 
within their cells and the inter-cell alignment of the camera and the main collimator group will 
be handled by the Pilot Group, described in the Opto-Mechanical CDR documentation. 
 
2. Optics Breakdown 
 
The main optical system breaks down into several sections, each of which will be integrated 
individually.  
 

• Field Lens 
• Main Collimator Group 
• Double-sided flat 
• Fold Mirror 
• Collimator Doublet 
• Camera 

 
 
3. Integration and Alignment Procedure 
 
The integration and alignment plan for each of the above optics groups will be described in more 
detail in this section in the order in which they will be integrated.  For alignment purposes, a 
Brunson 83 autocollimating alignment telescope, with fiber optic light source will be used.  It 
will be placed under the PFIS dolly and its beam folded upwards through the use of a fold mirror 
mounted at 45 degrees. 
 
The telescope will be placed in a tip/tilt mount.  This mount is bolted to a tripod head with an 
adjustable slide, giving freedom of motion in one axis of translation.  The fold mirror will be 
mounted on a small stage to allow motion in the other axis of translation. 
 
3.1. Main Collimator Group 
 
The main collimator group barrel will be inserted first into the structure.  This group will define 
the optical axis relative to the instrument axis.    
 

1) Bolt the main collimator group to the bottom flange connected to the invar collimator 
barrel.  We assume that machine tolerances are acceptable for this interface. 

 
2) Align alignment telescope to the collimator by alternately focusing on the first and 

last surfaces of the main collimator group.  Adjust the alignment telescope until the 
images of the reflection target from the first and last surfaces are coincident.  The 
main collimator group now defines the optical axis of the collimator. 

 



3.2 Field Lens 
 

1) The field lens is set in place in the field lens/guider mount structure.  The field lens has 
adjustments in 5 degrees of freedom.  The tip, tilt, and piston adjustments are 
accomplished with three screws that bear kinematically in the axial direction.  The 
centering adjustments are accomplished with two screws that bear in the radial direction 
and cells that are flexured for motion in the radial direction. 

 
2) The field lens in its structure is attached to the bottom of the collimator tube. 

 
3) Center and tilt the field lens until the images of the reflection target from the first and last 

surfaces of the field lens are coincident. 
 

4) Some method for getting axial positioning correct. 
 
3.3 Double-sided flat 
 
The double-sided flat mirror will be used in the alignment of PFIS on the SALT Instrument 
platform.  One side will be spotted through the collimator during this alignment process and the 
other side will be spotted from the CCAS tower at the SALT site.  The mirror has a parallelism 
of less than 30 arcseconds and the specification for the alignment of PFIS on SALT is 4 
arcminutes. 
 

1) The fold flat structure is bolted to the top of the collimator tube and the double-sided flat 
assembly is attached to the structure.  

 
2) The alignment telescope is used to measure the angle between the optical axis and the 

normal of the double-sided flat.  The flat should be adjusted to bring the angle as close to 
zero as possible, but remaining under one arcminute. 

 
3.4 Fold Flat 
 

1) The fold flat is attached. 
 
2) A pupil target is attached to the structure at the articulation hub.  The target is spotted 

through the collimator with the alignment telescope and the fold mirror is adjusted until 
the target is centered. 

 
3.5 Collimator Doublet 
 
The collimator doublet, like the field lens, has 5 degree of freedom adjustability.  
 

1) The collimator doublet assembly is attached to the structure with the focus travel near 
center position. 

 
2) Center and tilt the collimator doublet until the images of the reflection target from the 



first and last surfaces of the field lens are coincident. 
 

See section 4 for autocollimation procedure. 
 
 
3.6 Camera 
 
The camera optics will be received integrated into the camera tube.  Once the articulation 
mechanism has been integrated onto the structure, the camera tube can be placed onto the 
articulating cradle.   
 

1) The camera on its articulation cradle is integrated onto the structure. 
 
2) The camera is articulated away from zero so that a line of sight through the collimator is 

made visible.  
 

3) A target pinhole is placed in the focal plane via slitmask and the alignment telescope is 
set up to spot the pinhole backwards through the collimator.  This ensures the alignment 
of the telescope with the collimator axis. 

 
4) The camera is articulated back into the path of the telescope 

 
5) The telescope is translated 7 mm in the direction of the articulation in order to place the 

camera in its offset position. 
 

6) The camera is adjusted until the images of the reflection target from the first and last 
surfaces of the camera are coincident. 

 
 
3.7 Assorted Optics 
 
Various optics will need to be inserted and aligned in their holders and associated mechanisms.  
These include the waveplates, the waveplate blanks, the gratings, the beamsplitter, and the filters.   
 
The waveplates and waveplate blanks will be inserted into their holders with an RTV seal.  The 
gratings will have adjustability in their holders.   
 
After assembly of the main optics and the integration of the grating insertion mechanism, final 
alignment adjustments will be made on the gratings to ensure that the dispersed beam is centered 
in the camera.   
 
Shim adjustments will be made to the beamsplitter and polarimetric tests performed to ensure 
proper alignment. 
 
4. Autocollimation 

 



Another flat can be inserted after the doublet to put the collimator into an auto-collimation 
setup.   

 
A pinhole and camera system will be inserted into the focal plane and the return spot measured 
while adjusting the positioning of the collimator doublet.  This will ensure the best possible 
collimation. 
 
5. Required Laboratory Equipment 
 
A calibration setup will be developed for aid in integration and alignment, as well as acceptance 
testing.  This calibration setup will be a structure that mounts to the field lens assembly at the 
guider footprint.  The structure will allow for the placement of a pupil illumination lamp at the 
entrance pupil.  Additionally, a laser will be attached and centered up with respect to the center 
of field at the focal plane and the collimator tube, as mentioned above. 
 
An autocollimation setup will consist of an input lamp, and small CCD camera for imaging of 
the return spot.  This setup will insert directly into the slitmask rollers attached to the bottom of 
the field lens assembly, ensuring a precise placement at the focal plane. 


