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Three different Cassegrain focal ratios have been suggested for the
6.5 m; £/9 for existing instruments, £/5 for future instruments, and
£/15 for the IR.

Figures 1, 2 and 3 plot the field diameters for the three system
focal ratios of interest agaipst the shape of the primary as expressed
by the conic section, k (k=-e“, e being the eccentricity of the conic
surface). The largest fields occur when the primary conic section
reaches the optimum or Ritchey-Chretien solution for that focal ratio.
From these figures it is clear that f£/9 and f£/15 Cassegrain systems are
compatible, however f/5 is not compatible and will have to have
corrective optics.

The compromise point where the angular field sizes at f/9 and £/15
are equal is chosen for the baseline design. It may be argued that the
linear, rather than angular, field size should be the criterion. This
would result only in a subtle change from the systems described here.

Prescriptions for two baseline telescopes are given in table 1.
The first is based on an f/1.2 primary, the second on an f/1.4 primary.
Both have f/9 and f/15 system focal ratios by replacing the secondary
mirrors. In addition to its own secondary, the f/5 system will need a
field corrector which will most likely be of the type proposed by Epps.
These optics will require further definiton and research and are not
considered here.

A tentative error budget for the telescope optics and facility is
presented in table 2. This budget is aimed at producing .41 arcsecond
fwhm images under excellent seeing conditions.

Table 3 gives collimation tolerances for the two baseline
telescopes based on the error budget allocation from table 2.
Tolerances for the f/5 systems were derived assuming an ideal field
corrector and a thirty arcminute diameter field.



The remaining figures show spot diagrams and field focus plots for
the £/9 and f/15 systems. Notes on the figures follow:

Figure 1 Plot of the field size (for 0.5 arcsecond rms images) vs the
primary conic section for three system focal ratios and an f£/1.2
primary. A back focal distance of 48" is assumed throughout.

Figure 2 Same as figure 1 except for an f/1.4 primary.

Figure 3 Details from figures 1 & 2 showing the points where the f/9
and £/15 systems have equal angular field sizes.

Figure 4 Spot diagrams for the £/1.2 to £/9 system. In all these spot
diagrams the images are enlarged about a factor 100 times the plate
scale (like examining a plate with a 100x microscope). The angular
diameter of the plate is listed, while a one arcsecond disc is shown to
the right for comparing the image scale. This figure shows the images
on the medial, or best image focal surface, which is curved.

Figure 5 This is a field focus plot, which is a cross section of the
image field taken parallel to the optical axis. The locus of 0.2
arcsecond rms images is shown. Within this locus the images are better.
Field curvature and depth of focus can be easily seen. £/1.2 to £/9
system.

Figure 6 Spot diagrams for a flat cut through the curved image field,
£f/1.2 to £/9 system.

Figures 7, 8 and 9 are the same as figure 4, 5 and 6 for the £/1.2 to
£/15 system.

Figure 10 This shows spot diagrams for a chopping secondary where the
chopping point is located some 25.58" above the secondary mirror vertex.
This is the so-called coma stabilized pivot point for thlS system. A
chopper throw of 30 arcseconds on the sky is shown.

Figure 11 Shows the same secondary chopped about its vertex. Rms
image diameters are listed next to the images. A throw of ten
arcseconds on the sky is shown.

Figure 12 Same as figure 4 except for the f/1.4 primary.

Figure 13 Same as figure 5 except for the f/l1.4 primary.

Figure 14 Same as figure 6 except for the f/1.4 primary.

Figure 15 Same as figure 7 except for the f/1.4 primary.

Figure 16 Same as figure 8 except for the f/1.4 primary.

Figure 17 Same as figure 9 except for the f/1.4 primary.

Figure 18 Same as figure 10 except for the f/1.4 primary.

Figure 19 Same as figure 11 except for the f/1.4 primary.



Table 1
System Prescriptions

£/1.2 to £/9 mismatched Cassegrain.

primary vertex radius

primary to secondary distance
secondary vertex radius

secondary to focal plane distance
primary conic section

secondary conic section

primary diameter

secondary diameter

mismatched Cassegrain

Rl  -614.4"
Tl -265.4118
R2 -96.4344
T2 313.4118
K1l -1.003
K2 -1.743939
D1 256
D2 35.27
£f/1.2 to £/15 mismatched Cassegrain
Rl  -6l4.4"
Tl  -280.8889
R2 -57.19808
T2 328.8889
K1 -1.003
K2 -1.423054
D1 256
D2 22.32
f/1.4 to £/9
R1  -716.8"
Tl  -303.6923
R2 -129.5708
T2 351.6923
K1 -1.0045
K2 -1.92153
D1 256
D2 39.59
£/1.4 to £/15 mismatched Cassegrain
R1 -716.8"
Tl -323.7073
R2 -76.52797
T2 371.7073
K1  -1.0045
K2 -1.516526
D1 256
D2 25.24



Table 2
Upgrade Error Budget

The following is a tentative allocation budget for image degradation due
to various sources in the telescope and its immediate environment.

Source

Primary mirror
figure
support
thermal
wind

Secondary mirror
figure
support
thermal

Facility
tracking
focus
collimation
dome seeing
"perfect" instrument

Atmosphere (ro = 45 cm)

Allowance
(Arcseconds FWHM)

.200
.018
.060
.012

.100
.018
.060

.100
.125
.125
.100
.080

.225

RMS Total

Total

.210

.116

.240

.225

.407 FWHM



Secondary Size, Position, and Centration

£/1.2

M2 diameter, (M1 to M2 spacing)

£/1.4

£/5 59.35" (238.36) 65.83" (269.40)
£/9 35.27 39.59 (303.69)
£/15 22.32 25.24 (323.71)

M2 centration tolerance based on .125 arcsec fwhm maximum image
enlargement over the full field due to miscollimation

f/5 focus +/-) .00036" .00049"
shake .00020 .00024
decenter at zcp .0022 .0034
decenter at cc .0126 .0192

£f/9 focus (+/-) .00036" .00049"
shake .00017 .00021
decenter at zcp .0022 .0034
decenter at cc .0345 .0535

£/15 focus (+/-) .00036" .00049"
shake .00016 .00019
decenter at zcp .0023 .0036
decenter at cc .0266 .0412

Notes: This method of collimation tolerancing expresses allowable
decentration of points which are located on the secondary mirror’s
optical axis away from the primary mirror’s optical axis and vertex.
These points are located at:

zcp - the "zero coma point" which is coincident with the
primary’s focal point when the system is perfectly
collimated

cc - the secondary center of curvature.

The decentrations are measured orthogonal to the primary axis, and the
focus tolerance is measured between the primary and secondary vertices.

"Shake" refers to a random, uncorrectable decenter (from wind buffeting,
for example) measured at cc. This causes a random image shift.

If an image shift is corrected by repointing the telescope instead of
recollimation, then the full permissible "decenter at cc" can be
tolerated. This is limited by image enlargement due to astigmatism at
the edge of the field.

"Decenter at zcp" is limited by image enlargement due to comatic
aberration and must be maintained at all times.
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