Collimation Method from Notes
Last Updated: 4/27/07

* In most cases, only Step 3 needs to be repeated regularly. 

* Primary center indication ring must be in right place.

Step 1 – Center the secondary mirror on the axis of the focuser drawtube (centered in focuser).
Tools used: Sight tube
Adjustments: Secondary mirror axial adjustment screw, spider screws, secondary tilt screws, and / or focuser
1. Sight tube is inserted in the focuser until the outline of the inside diameter of the sight tube appears to surround the outside diameter of the secondary mirror.  

2. If the secondary is far out of alignment, first tilt and / or rotate it to get the reflection of the primary’s center roughly centered in the sight tube.

3. Set the secondary offset via spider from the focuser using the formula: 

offset = secondary minor axis / (4 * focal ratio) = 55.88mm / (4 * 5) = 2.794mm [Note – same formula used for offset from focuser and offset toward primary.]

4. Loosen three set screws on secondary holder enough to allow secondary to move.  

5. Move secondary up and down (toward primary) by adjusting center Phillips screw.  Move secondary sideways, 90 degrees to the optical axis, using the tube spider mount screws.  Rotate the secondary until it appears round.  Carefully, use the tilt secondary tilt screws to make the round image of the secondary appear concentric with the inside diameter of the sight tube.  (Insert bright paper between secondary and primary to help see secondary more easily.)
6. If adjusting secondary does not center secondary in focuser drawtube, adjust tilt of the focuser.

· When done – When the elliptical secondary appears round and well centered (concentric) in the circular opening of the sight tube as seen through the peep hole.   Note – This step creates the necessary secondary offset toward the primary.  
Note – The offsets created: a) toward the primary (Step 5), and b) away from the focuser (Step 3), insures that the optical axis coincides with the mechanical axis. 
Step 2 – Aim the eyepiece (center of the focuser) at the center of the primary mirror by adjusting tilt of secondary. 
Tools used: Standard laser collimator or sight tube cross hairs.
Adjustments: Secondary three tilt set screws.  
Method 1, Sight tube cross hairs

1. Adjust the tilt and rotation of the secondary until the primary mirror’s reflection appears centered in the field of view.

2. Use cross hairs to align the primary’s center spot.  

Method 2, Laser collimator (precise collimation of laser is not required)
1. Adjust the small set screws on the secondary mirror holder to make laser hit center of primary.
Note – If secondary no longer appears concentric in the sight tube, iterate between Steps 1 & 2 until both are acceptable.  If a compromise is required, Step 2 should take precedence.   Step 1 only provides even illumination of image around field of view.
Step 3 – Center your primary mirror’s sweet spot in the eyepiece’s field of view.

Tools used: Cheshire or Barlowed Laser

Adjustments: Primary mirror tilt screws
Method 1, Barlowed Laser w/ screen (Must be able to see bottom faceplate of Barlow & screen.   Low quality laser collimator can be used.)
1. Adjust primary tilt until shadow of primary centering ring is centered on the hole of barlowed laser. 

2. Verify that both the laser and the Barlow lens are well centered on the focuser axis.  [Rotate the Barlowed laser combination, the returned shadow should remain stationary.]

* Note – Can be done with Barlow & Lasermate Deluxe by centering the primary center indication ring projection / shadow in Lasermate Deluxe 45º target.  This is less accurate than Barlow laser method described above.  
Method 2, Cheshire

1. Observe the reflection of its shiny 45 degree angle face in the primary.

2. Turn the primary’s adjustment screws until Cheshire reflection is centered on primary.

Note – The Cheshire eyepiece does not appear exactly centered inside the shadow of the secondary.  This is correct and due to secondary offset.  Or, in other words, the reflection of the secondary mirror is not concentric with the rest when finished and scope is collimated correctly.
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Star Testing and Collimation

Collimation can be fine tuned by star testing.
Note – If the primary center spot is right, there is no need to routinely fine-tune the collimation with a star test.  The Cheshire eyepiece is not only easier to use, but it is more accurate if the seeing is less than ideal.  

Star Testing Fine Tuning 
1. Find the location of the collimated field – the part of the focal plane where the out-of-focus star is symmetric.

2. Adjust the primary mirror’s collimation to bring the collimated field into the center of the eyepiece’s field of view.
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