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Executive Summary


Because of the unusual shape of the clear aperture for the racetrack mirror and the correctability of the primary, several tolerances for the mirror need to be carefully defined and an approach for measuring them needs to be agreed to.  This memo contains the U of A’s proposed interpretation of the specifications for centration, tip/tilt, vertex radius of curvature, conic constant and astigmatism.

Statement of the Problem

The reason why the tolerances of these common optical parameters are not clear stems from the unusual shape of the clear aperture of the mirror.  For example, there are two sections of the clear aperture that are not connected.  Would it be acceptable to apply the conic tolerance to each area separately, or should it be applied to the entire clear aperture?

The Tolerances in Question


There are five tolerances that need to be addressed:  centration, tip/tilt, radius, conic and astigmatism.  Tip/tilt and astigmatism will be addressed individually and the others simultaneously.

Tip/Tilt


The tip/tilt tolerance is in paragraph 339.  It states that the deviation of the secondary mirror’s optical axis shall not exceed 282 microradians.  The proposed plan is to measure the total indicated runout of the optical surface with respect to the back side of the mirror.  When the mirror is mounted to the MHV, we will measure the location of the back of the mirror with respect to the data that define the desired location of the mirror.  This will allow us to measure the error in the tip/tilt of the mirror.  If the mirror exceeds the tolerance, shims will be placed under the bipods to correct for the angle.

Astigmatism


The astigmatism specification is in paragraph 362.  The proposed approach to meeting the astigmatism specification is unchanged from the PDR.  We have defined a set of polynomials that are orthogonal over the shape of the TTP mirror.  There are two terms that are analogous to the astigmatism terms in the Zernike polynomials.  We will measure the entire surface of the mirror, fit the errors to the orthogonal polynomials, and the mirror will only be finished when the astigmatism terms meet the specification.

Centration, Radius and Conic Constant


The centration, radius and conic specifications are in paragraphs 116, 224 and 445 respectively.  Verifying how these specifications will be met requires a slightly more complicated procedure.  Each sub-aperture will be measured with an interferometer.  Then, the full surface of the mirror will be measured interferometrically via stitching*.  The full surface measurement is necessary to place the different sub-apertures in one coordinate system.  Once this is done, a conic surface will be fit only over the clear aperture of the mirror.  In other words, the area of the mirror outside the clear aperture is only used to put the separate clear apertures in one coordinate system and otherwise does not affect the fit.  The centration, radius and conic constant will be the degrees of freedom in the fitting.  These degrees of freedom will only be allowed to vary within the tolerance range specified in the TTP specification.  Once this is done, the correctability from the adaptive optics will be applied to each sub-aperture individually, and each sub-aperture must meet the surface figure requirement.


To reiterate, a hypothetical example follows.  After measuring the mirror, the best fit conic over the full clear aperture (i.e. the fitting is done over the sub-apertures simultaneously in one coordinate system), has a decenter of 677 (m, a vertex radius of    –6,956.8 mm and a conic constant of –2.8648.  The decenter is out of spec, but the radius and conic are in spec.   Even though the best-fit conic does not meet the specification, it does not mean that the mirror fails.  We would say that the mirror has a decenter of 596 µm (the tolerance of decenter), and the remaining 81 µm of decenter will be treated as figure error.  This means that adaptive optics will have to correct the low order errors that come from the extra 81 µm of decenter.  The effect of this interpretation is that some of the lowest order errors in each sub-aperture (primarily power, astigmatism and coma) can be partially compensated for with the tolerances on the centration, radius and conic constant.  

* There is a small region in the center of the mirror that will not be measured interferometrically.





