Dream Telescopes & Acc., Inc.

Analysis of CC vs. R- C Cassegrain: field size and focus

Shane Santi – President

August 4, 2008


Over the last 15+ years the Ritchey-Chretién (R-C) design has garnished a reputation as being “the best optical design.”  This paper is meant to show its strengths, weaknesses and draw conclusions based on non-ambiguous statements.  Ambiguous statements by some who promote and sell R-C’s have led a great many consumers to believe that the R-C design is the only optical system that can produce high quality images.


CCD chip technology has grown rapidly in physical size, especially in the past ten years.  The somewhat recent availability and affordability of CCD chips that are 24mm x 36mm, 36mm x 36mm or larger have changed the requirements of the telescope itself.  No two-mirror design can obtain optimal performance levels this far off-axis; image circles of 42mm and 52mm respectively.  When CCD chips were smaller, the R-C was the best choice and it did not need the addition of a corrector.  From this standpoint R-C proponents were mostly justified in their statements. 

The first column In Fig. 1 shows how large the field is.  Do not confuse image circle with your CCD chip’s length and width.  You will have to determine the image circle, at the corners, of your given CCD.

The second and third columns list Classical Cassegrain (CC) and R-C information.  The description under these optical designs lists the largest RMS spot diameter, in microns, for the given field size.  This is the size of the spot at the outer edge of the given image circle.  For this analysis we have used a 16” f8.54 (3500mm focal length) system.  The airy diameter of this system is 11.4 microns.

The data in Fig. 1 is compiled on two-mirror Cassegrains without a field flattener (without corrective lenses).


Trying to go lower than the airy size typically does not improve performance because it can rarely be utilized.  Adaptive Optics (AO) and web cam imaging are two potential, but not guaranteed, candidates for utilizing performance gains lower than the airy size.  Putting the telescope in space is the third.
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Fig. 1: Off-axis RMS spot diameter.


Most of the “focus adjusted” shifts were around 120-130 microns, inward.  The depth of field for this telescope is 160.5 microns.  This adjusted position was determined by moving focus inward until the on-axis spot size matched the airy size.  In this way on-axis objects would still produce the sharpest images possible.  But off-axis this focus shift helped to decrease off-axis spot size, which is caused mainly by field curvature in both designs.  An illustration of this technique is shown in Fig. 2.

Special Case Study – 28.1mm Image Circle – adjusted focus 
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Fig. 2 – 28.1mm image circle, CC adjusted focus
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Fig. 3 – 28.1mm image circle, R-C adjusted focus


The charts in Fig. 2, and others in this paper, show the RMS spot radius for the given fields, as well as focus adjusted information for each design.  The RMS spot radius is shown in mm along the left edge of each chart.  The lower edge of the chart shows on-axis (far left) out to off-axis (to the far right).  “Max Field” is given in degrees.  To determine the full field, simply take the degrees off-axis number times two.  All of the charts in this paper are based on mirror-only systems, without the addition of a corrector or additional mirror(s).


The two charts on the previous page, Fig. 2 and Fig. 3, are a special case.  The largest field size possible was chosen for the R-C, with adjusted focus, that would yield a diffraction-limited image across the entire field.  For this example that total field diameter is 0.46 degrees.


In comparison the CC, Fig. 2, shows that its off-axis spot size is nearly double the diffraction-limit, double that of the R-C.


The largest field size possible for the CC that yields a diffraction-limited image is just below a 15mm image circle, or a total field of 0.245 degrees.  This field size is slightly more than half the field size that the R-C can achieve under the same guidelines.

Conclusions:


15mm image circle -
Both designs offer roughly diffraction-limited performance for a 15mm image circle.  This assumes that everything else in the system is perfect.  This is never the case but we assume thermal, collimation, mount, etc., errors are the same for both optical designs.  However, the numbers in Fig. 1 have not been adjusted for such degradations in quality.  For comparison purposes they are not needed.  We are only concerned about the relative performance gains of one design compared to the other, holding all other variables constant.


For CCD chips that fit within an image circle of 15-20mm in diameter both the CC and the R-C can deliver optimal performance without a corrector.  There would be no value in adding a flattener to either system.


30mm image circle - At a 30mm image circle the R-C shows performance gains over the CC.  Considering the airy diameter is 11.4 microns, 14.4 microns at the field edge on the R-C would be hardly noticeable.  For the CC at this location, even focus optimized, the spot diameter is 10 microns larger, ~24 microns in diameter.


If the user were imaging with a chip that fits within an image circle between 20mm to 30mm in diameter, then the R-C would be a better choice.  There would be no value in adding a flattener to the R-C but to achieve the same quality level this far off-axis the CC would need a flattener.


50mm image circle - At a 50mm image circle and beyond the two optical designs start to follow each other very closely again.  A 1-2 micron reduction in spot diameter when the spot sizes are 68-69 microns is not a noticeable gain in quality.


It is clear that once a CCD chip size passes an image circle diameter of roughly 30mm a flattener is needed to obtain optimal performance levels in both designs.

A R-C Cassegrain uses a hyperbolic primary mirror and a hyperbolic secondary mirror.  The CC has a parabolic primary and hyperbolic secondary.  Although the secondaries are hyperbolic in both designs, the R-C’s secondary mirror’s figure is more difficult to produce.  So both the R-C’s secondary mirror and its deeper curving primary mirror add to the time it takes an optician to produce the optics.  This means the R-C design is inherently more expensive, for both mirrors, when compared to the CC.  As focal ratios become faster and/or aperture increases, the costs associated with the R-C’s additional difficulties increase as well.

The figures on both mirrors for the R-C are more difficult and are therefore not as easy to produce as the mirror set for the CC.  Figures that are difficult to produce are more likely to have issues.  These issues degrade the image quality.  So although the R-C outperforms the CC when image circles are between 15mm and 30mm in diameter, those performance gains may not be fully realized due to the difficulty of producing a smooth figure, smooth surface (roughness), etc..

When the consumer plans to use CCD chips that will exceed a 30mm image circle, it is clear that the CC is a less expensive option that potentially can show slight performance gains over the more difficult to produce R-C (mirrors).  Optical designers can create correctors equally well for both designs.

Another feature of the CC is that there are now a multitude of off-the-shelf coma correctors available.  These correctors will work on the primary mirrors of CC systems.  But they will not work on a R-C’s primary.  The long focal length, two-mirror CC can therefore be transformed into a fast, prime focus instrument.  Although at f-ratios of f3 or slightly faster, this is a daunting mechanical challenge with CCD chips that have image circles greater than about 30mm in diameter.

It should be noted that on-axis performance of the vast majority of optical systems are already at an optimal level.  When we add a flattener and/or corrector to a design we are rarely making any corrections to the on-axis and near on-axis locations.

The exceptions to the above are optical designs that are meant to be used exclusively with a flattener and/or a corrector, never as a two-mirror-only system.  If both the primary and secondary mirrors are allowed to vary, this gives the optical designer two additional degrees of freedom to optimize the system.  This makes the design of the corrector(s) easier but it comes with a potential drawback.  If the consumer wants to use the telescope without the corrector, for on-axis galaxy core, variable star, planetary/lunar, etc., work, they cannot.  The optical quality of the two-mirror-only system, both on and off-axis, can be poor.  This is because the mirrors were allowed to vary, to help optimize the corrector/mirror system.

There are numerous advantages to a two-mirror only Cassegrain, if the CCD chip fits within a 30mm image circle.  These advantages include somewhat unlimited back focus.  There is no corrector with its optimal back focus distance requirement.  The longer the back focus on a given corrector, the more difficult it is to create a design that will yield optimal performance.  Yet having the corrector close to the CCD chip, which makes it much easier for the designer to achieve optimal performance, is not feasible for most because of their need to use a filter wheel, off-axis guider, rotator, etc..  When so many pieces of hardware are added to an imaging train it is easy to see why a corrector-less system has advantages.  A second potential advantage is that the two-mirror system will not have any chromatic aberration.  However, a good optical designer can mitigate chromaticism below a discernable level.  A third potential advantage is a reduction in reflections.  This coincides with a reduction in total optical surfaces in the system.  A 3-element corrector adds six surfaces.  An uncorrected two-mirror Cassegrain only has two surfaces: primary and secondary mirrors.  This is 1/4 the number of surfaces that a Cassegrain with a 3-element corrector would have: eight.  More light is making it to the focal plane on a two-mirror only system as well.  This difference though, with modern coatings, is much smaller than it use to be.

To achieve optimal performance while using CCD chips that fall within a 30mm image circle, this author believes the R-C Cassegrain is worth the additional investment required for the optics.

If the CCD chips are greater than a 35-40mm image circle, a corrected CC is a less expensive option than a corrected R-C.  As the image circle goes well beyond 40mm in diameter, the corrected CC remains the best choice between these two designs.

These final conclusions have to be taken in context.  These recommendations are based on this 16” f8.5 Cassegrain system when used in the visual spectrum and only two optical designs were compared.  It would be ill advised to assume that these statements are true for all apertures, f-ratios, wavelengths, etc.  Such evaluations should be taken on a case-by-case basis.  This is one of the many facets of optics that more often than not makes blanket statements meaningless.  Adequate amounts of information are required in order to make correct, fact-based conclusions. 

The following pages document the data compiled for this paper.
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Fig. 4 – 15mm image circle, CC
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Fig. 5 – 15mm image circle, R-C

15mm Image Circle – adjusted focus 

[image: image5.jpg]RS spot size |

e o
Potoronce B2 TR1T RS spot s
Actual BFL 1132007 ooz
oo
Y-Field Angle 1228 prdied
XFicld Anglo. [T
2 {053, — {iry size.
oo
FieldCuvhad. ] |27
oot
‘WaveLengths Selection a0
0.0000 | oo
b
ovoD 024
0000 oors
ooz
90005 s Fiel
L
o aoere o1z





Fig. 6 – 15mm image circle, CC adjusted focus 
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Fig. 7 – 15mm image circle, R-C adjusted focus

30mm Image Circle
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Fig.8 – 30mm image circle, CC
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Fig. 9 – 30mm image circle, R-C

30mm Image Circle – adjusted focus 
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Fig. 10 – 30mm image circle, CC adjusted focus
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Fig. 11 – 30mm image circle, R-C adjusted focus

50mm Image Circle
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Fig. 12 – 50mm image circle, CC
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Fig. 13 – 50mm image circle, R-C

50mm Image Circle – adjusted focus 
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Fig. 14 – 50mm image circle, CC adjusted focus
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Fig. 15 – 50mm image circle, R-C adjusted focus
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