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1. Introduction

At the present time the baseline optical geometries for the Magellan and Columbus
telescopes are similar but not identical. The purpose of this report is to present additional
all-spherical broad-passband wide-field correctors whose f/ratios, maximum nontelecentric
angles and fields of view further explore the parameter space which separates the
respective telescope concepts at this time.

The present Magellan configuration calls for a 315-inch £/1.20 parabolic primary with an
hyperbolic optical secondary which combines with a 3-element all-spherical field corrector
with (ADC), to yield a 40-arcmin mildly curved field which is fully corrected over the (0.33
to 1.10)-micron chromatic range without refocus. The corrected £/6.50 focus lies
approximately 80 inches behind the primary-mirror vertex.

The present Columbus configuration (UA-88-12, July 8, 1988) calls for a 315-inch £/1.20
hyperbolic primary (Azm-1.00126, Ritchey-Chrétien at f/15) with an hyperbolic optical
secondary which combines with an unspecified field corrector to provide a 45-ar¢min field
corrected over an unspecified chromatic range. The corrected £/5.40 focus location is
doubly specified as being located 69.8 inches and 80.0 inches behind the primary-mirror
vertex. Interest has been expressed in an even larger field of view.

Both Projects have voiced concern that maximum nontelecentric angles larger than perhaps
1.5 degrees could compromise efficient coupling to fiber optic fed spectrometers. Both
groups agree however that this potential problem could be handled mechanically if it
cannot be dealt with optically in a reasonable manner.

In another report, (Epps, May 6, 1989) it will be argued again on fully quantitative grounds
that there is no need to deviate from a strictly parabolic primary mirror in order to achieve
fully diffraction limited performance at the f/15 infrared focus for wavelengths of 2 microns
and beyond. Therefore a 315-inch diameter £/1.20 parabolic primary mirror will be
adopted in all of the corrector designs to be presented in this report.

2. Old 40-Arcmin f/5.40 and £/6.50 Baseline Corrector Designs

In a previous report (Epps, January 1989) 3-element all-spherical (0.33 to 1.10)-micron
field correctors with (ADC) and mildly curved 40-arcmin diameter fields of view were
presented. These f/5.40 and £/6.50 baseline correctors were nearly equivalent in optical
performance, thus establishing the fact that the final Cassegrain f/ratio choice has little
impact on field corrector designs with the possible exception of the nontelecentricity
problem.

Run No. 5933 (01/18/89) shown in Table 1 is the baseline all-spherical corrector with
(ADC) which uses a 315-inch £/1.20 parabolic primary mirror corrected to £/5.40. Tt
contains 3 fused silica lens elements and the (ADC) is made of FKS5 and LLF2 in the usual
manner. It has rms image diameters averaged over all field angles and colors of 0.18 +/-
0.07 arcsec with 0.12 arcsec of maximum rms lateral color. The 40-arcmin field of view is



concave toward the sky with a radius of -232.7 inches, somewhat less curved than the £/6.50
model. If the corrector is removed and the secondary mirror is moved toward the primary
mirror some 0.1647 inches, the resulting naked Cassegrain operates at £/5.20. The naked
focal surface is located some 73.0 inches behind the primary-mirror vertex. The maximum
nontelecentric angle for this £/5.40 corrector is 0.62 degrees which is quite acceptable.

Run No. 7708 (01/18/89) shown in Table 2 is the analogous f/6.50 baseline model. Its rms
image diameters averaged over all field angles all colors are 0.16 + /- 0.06 arcsec with 0.11
arcsec of maximum rms lateral color. The concave field of view has a -161.1-inch radius.
Removing the corrector and moving the secondary mirror some 0.0965 inches toward the
primary mirror produces a naked f/6.24 Cassegrain whose focal surface lies some 79.3
inches behind the primary-mirror vertex. The maximum nontelecentric angle for this
£/6.50 corrector is an alarming 2.16 degrees.

3. New 40-Arcmin f/6.50 Corrector with Reduced Nontelecentricity

Run No. 749 (04/30/89) is the best in a sequence of 40-arcmin £/6.50 correctors with
reduced nontelecentricity. Its rms image diameter averaged over all field angles and all
colors is an acceptable 0.20 + /- 0.07 arcsec with 0.13 arcsec of maximum lateral color.
This corrector shows 0.10 arcsec of uncorrected equivalent longitudinal chromatic
aberration (axial color) which was not present in the baseline £/6.50 corrector but is (just)
acceptable. There is a tendency for correction to falter on axis in the infrared and in the
ultraviolet at full field. Worst-case images have rms diameters of about (.32 arcsec.

The concave field of view has a -187.9-inch radius, somewhat flatter than the baseline
f/6.50 model. Removing the corrector and moving the secondary mirror some 0.0883
inches toward the primary mirror produces a naked £/6.18 Cassegrain whose focal surface
lies some 79.0 inches behind the primary-mirror vertex. The maximum nontelecentric
angle for this £/6.50 corrector is an acceptable 1.28 degrees.

No attempt was made to design an £/6.50 corrector with a field of view larger than 40-

arcmin as it was felt that excessive lens-element diameters and nontelecentricity would
have been encountered.

4, New 50-Arcmin f/5.40 Corrector

Run No. 8342 (04/29/89) is the best in a sequence of 50-arcmin £/5.40 correctors which
explores the question of whether a larger field of view is practical. Its rms image diameters
averaged over all field angles all colors are 0.25 + /- 0.08 arcsec with 0.16 arcsec of
maximum lateral color. The concave field of view has a -199.1-inch radius. Removing of
the corrector and moving the secondary mirror some 0.2411 inches toward the primary
mirror produces a naked £/5.26 Cassegrain whose focal surface lies some 77.9 inches
behind the primary-mirror vertex. The maximum nontelecentric angle for this £/5.40
corrector is 1.56 degrees.



In order to complete this design it proved necessary to extend the front surface vertex of
the first lens element some 11.1 inches above the primary-mirror vertex which may be
undesirable. It was also necessary to extend its focal surface an additional 6.0 inches
beyond the focal surface location in the baseline £/5.40 corrector.

Axial color is well corrected but tendencies toward poorer images on axis in the infrared
and in the ultraviolet at full field appear, The average image softness relative to the
baseline corrector makes this corrector obviously less desirable for imaging at all field
locations.

5. New 50-Arcmin £/5.40 Corrector with Reduced Nontelecentricity

Run No. 448 (04/30/89) is the best in a sequence of 50-arcmin f/5.40 correctors with
reduced nontelecentricity. Its rms image diameters averaged over all field angles all colors
are 0.37 + /- 0.13 arcsec with 0.18 arcsec of maximum rms lateral color. The concave field
of view has a -252.8-inch radius. Removing the corrector and moving the secondary mirror
some 0.2020 inches toward the primary mirror produces a naked f/5.16 Cassegrain whose
focal surface lies some 75.0 inches behind the primary-mirror vertex. The maximum
nontelecentric angle for this £/5.40 corrector is just 0.46 degrees.

There is a residual 0.09 arcsec of uncorrected axial color and the tendency toward image
breakup on axis in the infrared and in the ultraviolet at full field is pronounced. Worst-
case rms image diameters approaching 0.6 arcsec are seen! It would be fair to say that this
corrector is unacceptable for direct imaging.

6. New 40-Arcmin £/6.00 Baseline Corrector

Run No. 6572 (05/01/89) is the best in a sequence of 40-arcmin £/6.00 correctors. Its rms
image diameters averaged over all field angles all colors are 0.18 + /- 0.06 arcsec with 0.10
arcsec of maximum lateral color. The concave field of view has a -183.6-inch radius.
Removing of the corrector and moving the secondary mirror some 0.1254 inches toward
the primary mirror produces a naked £/5.77 Cassegrain whose focal surface lies some 79.9
inches behind the primary-mirror vertex. The maximum nontelecentric angle for this
£/6.00 corrector is 1.51 degrees.

Axial color is perfectly corrected and the image quality is uniform and superb over all field
angles and colors. The worst-case images are just 0.27 arcsec in rms diameter at the edge
of the 40-arcmin field of view.

The 70.18-inch diameter secondary mirror has a maximum aspheric deviation of 691 waves
and is physically intermediate between the larger, more aspheric {/5.40 baseline secondary
and the smaller, less aspheric £/6.50 baseline secondary.



7. Installation of a Window into the 40-Arcmin £/6.00 Baseline Corrector

A 0.50-inch thick flat fused silica window was installed into Run No. 6572 (05/01/89)
approximately 2.06 inches ahead of the final focus. A focal adjustment of 0.1617 inches was
required which is very nearly what would have been expected from Gaussian theory. No
other change was made to the design. The new rms image diameter averaged over all field
angles all colors was 0.18 + /- 0.06 arcsec with 0.11 arcsec of maximum rms lateral color,
These values are nearly identical to those reported in section 6 for the optimum
(windowless) design.

Approximately 0.08 arcsec of uncorrected residual axial color appears when the window is
installed as would have been expected due to the variation of the refractive index of fused
silica over the large (0.33 to 1.10)-micron wavelength interval. This small amount of axial
color is probably acceptable because windows (and filters) will be used primarily for direct
imaging over scientifically limited passbands and refocus is allowed between passhbands. As
an alternative the corrector could easily be reoptimized for zero axial color with the
window in place. In this case 0.08 arcsec of axial color would appear in the opposite sense
when the window was removed.

8. New 50-Arcmin £/6.00 Corrector

Run No. 7874 (05/01/89) is the best in a sequence of 50-arcmin £/6.00 correctors. Its rms
image diameters averaged over all field angles all colors are 0.23 +/- 0.08 arcsec with 0.16
arcsec of maximum lateral color. The concave field of view has a -166.9-inch radius.
Removing of the corrector and moving the secondary mirror some 0.1758 inches toward
the primary mirror produces a naked f/5.83 Cassegrain whose focal surface lies some 81.8
inches behind the primary-mirror vertex. The maximum nontelecentric angle for this
£/6.00 corrector is 2.52 degrees. In order to complete this design it became necessary to
allow the first lens element’s leading surface vertex to be located 9.94 inches above the
primary-mirror vertex which may be undesirable.

Axial color is well corrected, however there is a slight tendency for the images to degrade

on axis in the infrared and in the ultraviolet at full field. Worst-case images have rms
diameters of about 0.36 arcsec.

9. New 50-Arcmin f/6.00 Corrector with Reduced Nontelecentricity

Run No. 8225 (05/01/89) is the best in a sequence of 50-arcmin £/6.00 correctors with
reduced nontelecentricity. Its rms image diameters averaged over all field angles all colors
are 0.33 + /- 0.11 arcsec with 0.17 arcsec of maximum lateral color. The concave field of
view has a -186.0-inch radius. Removing of the corrector and moving the secondary mirror
some 0.1364 inches toward the primary mirror produces a naked £/5.77 Cassegrain whose
focal surface lies some 79.1 inches behind the primary-mirror vertex. The maximum
nontelecentric angle for this £/6.00 corrector is 1.86 degrees.



There remains about 0.09 arcsec of residual axial color in this design. Individual on-axis
rms image diameters increase toward the infrared, reaching 0.40 arcsec at a wavelength of
1,10 microns. Images are uniformly soft at full field, exhibiting typical 0.49 arcsec rms
diameters over the full (0.33 to 1.10)-micron wavelength interval.

10. Discussion and Conclusions

A summary of corrected Cassegrain geometric parameters is shown in Table 9. The follow
observations can be made:

1. The maximum nontelecentric angle(s) in the baseline system(s) is smaller at faster
{/ratio.

2. The maximum nontelecentric angle increases sharply as the field of view is increased.
3, Curvature of field in the baseline model(s) is less at faster f/ratio.

4. Curvature of field increases mildly as the field of view is increased.

5. Reduction of the maximum nontelecentric angle also reduces field curvature mildly.
6. Secondary mirror diameter is larger at faster f/ratio.

7. Maximum aspheric deviation on the secondary mirror increases sharply at faster
f/ratio and at larger field of view.

8. No 50-arcmin £/6.50 data is shown because such a corrector would have unacceptably
Jarge lens elements and maximum nontelecentricity.

A summary of corrector image quality parameters is shown in Table 10. The following
observations can be made:

1. Image quality in all of the 40-arcmin baseline correctors is superb over the entire (0.33
to 1.10)-micron chromatic internal without refocus. Image quality is essentially
independent of Cassegrain f/ratio in all of the baseline designs.

2. Image quality including maximum rms lateral color degrades mildly with increased
field of view. Axial color is not affected.

3. Reduction of the maximum nontelecentric angle tends to degrade image quality
including a tendency toward residual axial color in the sense that the bluer passbands
tend to focus ahead of the redder ones.



It was shown in section 7 that a 0.50-inch thick fused silica window can be introduced into
the baseline £/6.00 corrector near focus with little penalty. This will most likely be true
also at £/5.40 and certainly at £/6.50. A modest refocus amounting to roughly 0.16 inches is
required which is mildly color dependent (axial color). This is in the sense that redder
passbands tend to focus ahead of the bluer ones, which is opposite from the axial color that
results when the maximum nontelecentric angle is reduced in the design. Thus, a reduced
nontelecentric design (without a window) might show axial color that would be acceptable
for spectroscopy. This would be compensated to some extent when a filter and/or detector
window was introduced for direct imaging.

It is difficult to arrive at a final f/ratio recommendation for the Magellan and Columbus
Projects that is fully objective. To some extent the decision will be based on subjective
perceptions of the relative difficulties associated with nontelecentricity, large aspheric
secondary mirror fabrication and accommodation in the telescope structure, the
importance of superb image quality, of larger field of view and the like.

The data summaries in Table 9 and Table 10 will at least provide a quantitative framework
within which thorough discussions can develop and hopefully, within which a sound
decision can be reached.

Respectfully submitted,

oy v4

Harland W. Epps, Ph.D.
Consultant in Optical Design



10.

APPENDIX

A. Referenced Tables
System Prescription: Run No. 5933 (01/18/89) 40-Arcmin £/5.40 Baseline Corrector
System Prescription: Run No. 7708 (01/18/89) 40-Arcmin £/6.50 Baseline Corrector

System Prescription: Run No. 749 (04/30/89) 40-Arcmin f/6.50 Corrector with
Reduced Telecentricity

System Prescription: Run No. 8342 (04/29/89) 50-Arcmin f/5.40 Corrector

System Prescription: Run No. 448 (04/30/89) 50-Arcmin f/5.40 Corrector with
Reduced Nontelecentricity

System Prescription: Run No. 6572 (05/01/89) 40-Arcmin £/6.00 Baseline Corrector

.. System Prescription: Run No. 7874 (05/01/89) 50-Arcmin £/6.00 Corrector

System Prescription: Run No. 8225 (05/01/89) 50-Arcmin £/6,00 Corrector with
Reduced Nontelecentricity

Summary of Corrected Cassegrain Geometric Parameters

Summary of Corrector Image Quality Parameters
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