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The second of three solicited letters to users of Ritchey-Chretien telescopes looking to get the
most from their instruments.

In the first installment, we saw that the addition of a simple (2 element) zero-power corrector to several
commercially available mid-aperture Ritchey-Chretien telescopes could enlarge the area of diffraction-
limited imagery by a factor 47 X. In this letter, we explore the possibilities for creating a 0.75x focal
reducer attachment (i.e. tele-compressor) while maintaining an acceptable degree of aberration
correction across and extended flat image format.

Simultaneous achievement of focal length reduction and high resolution across a flat field is
complicated by the fact that the tele-compressor requires the addition of a lens assembly with net
positive power, whereas flattening the field is most simply achieved via the addition of net negative
power. Hence, the two requirements can be viewed as mutually conflicting, and a solution that affords
an optimum compromise is the best that can be hoped for. While this conflict could, in principal, be
optimally resolved by allowing the compressor to assume an arbitrarily long length, we have rejected
that solution as impractical and too costly to implement. An easier decision that makes the tradeoff
livable is to restrict the image format size to cover a 30 mm diameter circle, rather than the 40 mm
diameter circle covered by the previously investigated zero power corrector. Thus the net effect of
installing the focal reducer will be to allow the use of a smaller (and therefore presumably cheaper)
detector, to cover the same angular field of view that a larger detector would cover when mounted on
the ‘scope with no corrector installed. Another benefit is that the exposure times will be reduced by a
factor equal to the ratio of the compressed/uncompressed Fnumbers, which means a reduction of
approximately 1.77 x in the presently investigated case.

Another issue that crops up is the fact that net positive power in the corrector complicates the correction
of chromatic aberrations across the typically wide spectral response of an astronomical CCD detector.
The best approach to handle this particular difficulty depends somewhat on the methodology adopted
by the end user to assemble his/her composite images. If the image is a composite RGB CYN)
stacked with a luminance image taken in H-a light, chromatic residuals in the corrector design are less
significant than they would otherwise be for the case in which the luminance frame is a broad-band (.e.
unfiltered) exposure. Since many nebulae emit strongly in the H-a spectral region, we have assumed
that capturing a narrow-band luminance frame for these objects is standard practice. The imager of
galaxies, however, may desire a broader-band luminance frame to correctly balance the intensity of
stellar vs. non-stellar regions in the exposure. To keep the analysis valid for the most challenging case,
we have therefore chosen to evaluate the design using a broad band spectral weighting function,
similar to that used to evaluate the zero power corrector presented in the first letter. Nonetheless, we
still found it necessary to exclude wavelengths shorter than 400 nm, otherwise a larger than desirable
residual secondary spectrum would compromise any design of reasonable complexity that we were
able to find. If the user has a detector with significant response below 400 nm, it will therefore be
desirable to block these wavelengths with a suitable filter.

Once again, design constraints were imposed to provide a uniform basis for comparison of several
telescope systems:
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1. The image format is always a 30 mm diameter circle on a flat focal surface. Note that this field is
large enough to cover a square format detector of dimensions 21 x 21 mm without vignetting.

2. The airspace between the last corrector lens vertex and the focal plane is fixed at four inches, to
allow adequate clearance for installation of filters and/or camera mechanics.

3. The spectral bandwidth was fixed at 400 — 1000 nm, with a spectral weighting function chosen to
mimic the response of a typical SITE back-side illuminated CCD detector (see table 1 below for
spectral weighting function used). No attempt was made to adjust the spectral weights for
variations introduced by the finite bandwidth of the optical coatings, since the design of these
coatings is yet TBD.

After spending some time searching for an optimum solution to the problem as defined above, we
concluded that the best compact design can be realized using two-cemented doublets, one of which
employs a so-called abnormal dispersion flint element. We expect that the cost to fabricate the tele-
compressor will be substantially higher than the cost associated with making the two-element zero
power corrector described in the first letter. The reader may therefore wish to weigh carefully the
expected benefits of using a smaller detector & shorter exposure times against the increased cost and
somewhat poorer overall imaging performance offered by the tele-compressor option.

As before, three figures of merit are reported; the polychromatic Strehl ratio across the field, the
Polychromatic MTF out to a spatial frequency of 55 LP/mm, (the Nyquist frequency for a 9 micron pixel
detector), and geometric spot diagrams for several points in the field of view. The Strehl ratio and MTF
analyses account for the effects of diffraction at the aperture and the central obstruction on the final
image. In the spot diagram plots, the circles represent the diameter of the Airy disc (first minimum).
The investigated designs were:

1. A 125 inch aperture, F/9 Ritchey Chretien having a back focal length of approximately 11.5 inches.

2. A 14.5inch aperture, F/7.9 Ritchey Chretien having a back focal length of approximately 12.2
inches.

3. A 16 inch aperture, F/8.4 Ritchey Chretien having a back focal length of approximately 13.8 inches.

4. A 20 inch aperture, F/8.1 Ritchey Chretien having a back focal length of approximately 14.0 inches.

The above designs were analyzed over a 30 mm image format with the corrector optics added (for

descriptions of telescope performance without the corrector, the reader is referred to the first letter of
this installment). A brief conclusion summarizes the data in tabular form.

Table 1: spectral weighting function used to evaluate telescope + corrector.

400 nm 450 nm 500 nm 600 nm 700 nm 800 nm 900 nm | 1000 nm

0.63 0.70 0.75 0.83 0.86 0.78 0.53 0.20
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Figure 1 Figures of merit for a 12.5” aperture F/9 R-C telescope with 4 element tele-compressor
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Figure 2 Figures of merit for a 14.5" aperture F/7.9 R-C telescope with 4 element tele-

compressor
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Figure 3 Figures of meritfor a 16” aperture F/8.4 R-C telescope with 4 element tele-compressor
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Figure 4 Figures of merit for a 20" aperture F/8.1R-C telescope with 4 element tele-compressor



® Page 7

February 2, 2004

Discussion:

Examination of figures 1-4 supports the following observations:

1.

Addition of a 4 element field corrector to the R-C designs reduces the transverse (linear) extent of
diffraction limited imagery when compared against the same design without the compressor
installed.

For all cases investigated, the nominal MTF remains above 30-40% at 55 I[p/mm, across the
entire 30 mm image circle. Thus we can expect that the resolution achievable in long-
exposure images will still be limited either by the detector pixel size or else by atmospheric
seeing, and not by residual aberrations in the telescope + corrector optics.

When compared against the telescope with no compressor or corrector optics installed, the tele-
compressor yields higher and more uniform MTF values at the extents of a 30 mm diameter image
circle. Thus, although the imagery is not diffraction-limited over this field, the area in the field that
remains “seeing limited” has most probably been increased by the addition of the tele-compressor.
Compare figs 1, 4, 7, & 10 from the first letter with figures 1-4 from this letter, and note the evidence
to support this conclusion appears in the MTF curves.

Table 2 Summary of investigated designs

Design F/# with compressor Diffraction limited Diffraction limited
installed image circle diameter image circle diameter
without corrector (mm) with corrector (mm)
12.5” F/9 Ritchey- 6.84 16.6 13.0
Chretien
14.5" F/7.9 Ritchey - 6.00 14.7 7.0
Chretien
16" F/8.4 Ritchey- 6.38 17.3 5.0
Chretien
20" F/8.1 Ritchey- 6.15 18.0 0.0
Chretien
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