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1. Iatroduction

This study 1s closely related to a previous report, "A 315-inch f/1.40
Telescope for Las Campanas Observatory: 1) Preliminary £/6.50 Wide-Field
Corrector, 2) Preliminary 6-inch All-refracting Collimator” (Epps, October
1987). Herein, a 315-inch £/1.20 parabolic primary mirror is substituted for
the f/1.40 primary in the previous work and detaliled attention 1is paid to the
question of whether or not a wide-field, broad-passband refracting field
corrector can be designed which contains spherical lens surfaces only. A
study of corresponding all~refracting collimator designs will be presented in
a subsequent report.

For reasons of mechanical convenience it was decided by Dr. Hiltner that
the corrected wide—field focus should be located 80.0 inches behind the primary-
mirror vertex. Stipulated design specifications require a 40-arcmin angular
field diameter at the focal surface, over a chromatic interval from 0.33 to 1.10
microns (without refocus). A zero-deviation atmospheric dispersion compensator
(ADC) containing a pailr of FK5/LLF2 doublet prisms is also specified in the
design requirements. It was stipulated that the field of view should be flat,
if possible, but that a mildly curved (spherical) focal surface 1is acceptable 1f
it improves the all-spherical corrector design substantially.

2. TImage Quality Criteria

The primary purpose of this wide-field broad-passband corrector is to
service a fiber-fed multiple-object spectrometer. It is envisioned that each
{ndividual fiber will subtend approximately 1.5 arcsec at the telescope focal
gurface. Therefore image quality criteria can be relaxed, if necessary in an
all-spherical design, compared with image quality normally associated with a
modern field corrector designed for direct imaging.

Since many specific designs are presented in this report, detailed spot
diagram analysis does not seem appropriate as a means of intercomparison.
Instead one can define a characteristic image diameter, {cid), which can
reasonably be expected to contain more than 95% of the polychromatic energy in
the (0.33 to 1.10 micron) chromatic interval without refocus, anywhere in the
F.0.V. In practice this is sometimes an overly conservative image quality
indicator.

(cid)= 1.5%(rms diameter + ¢) + (max rms lateral color)

The quantity (rms diameter) is the root mean square Image diameter averaged over
all field angles and colors. It is calculated by ray tracing in my design code
and written on the system prescription page. The quantity (o) is the standard
deviation associated with the calculation of (rms diameter). The quantity (max
rme lateral color) is the maximum value, anywhere in the F.0.V., of the standard
deviation of system lateral magnification with respect to wavelength.

3, Run No. 417 (2/03/88) Baseline 40.0-Arcmin Flat F.0.V. (Aspheric) Corrector

This run represents the best in a sequence of 40.0-arcmin £/6.50 aspheric
designs covering the (0.33 to 1.10 micron) chromatic interval without refocus.
The refracting field corrector itself contains three (3) free-standing fused
silica lens elements, FK5 and LLF2 material to be implemented as an
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atmospheric dispersion compensator (ADC), and a 0.50-inch-thick plane-parallel
fused silica window near the focal plane which represents a detector vacuum
window, optical filter or the like. The rms image diameter averaged over all
field angles and colors 1s (0.21 +/-0.07) arcsec with 0.12 arcsec of maximum
rms lateral color. The worst-case image, which occurs in 0.33-micron light at
full field, shows an rms diameter of (.35 arcsec.

The system prescription for the baseline corrector Run No. 417 (2/03/88)
is shown in Table 1 which includes the required diameters of the varlous
optical elements. One notes that a 70.7-inch diameter secondary mirror is
required and the all~spherical first lens element is 28.6 inches in diameter
and 5.0 inches thick. Annotation near the bottom of this system prescription
indicates that the system was refocused during analysis. However the amount
of refocus 1s entirely negligible and the procedure is only an artifact of the
design process which can be ignored.

System prescriptions are given in terms of “thicknesses” and
“curvatures." For thickness, read “distance following surface # ." For
curvature, read "reciprocal radius of curvature.” All length-related
dimensions are given in inches unless otherwise noted. The standard "sag
equation which defines the precise shape of each surface 1s shown below:

C yz

“Bag" = + Aqu + ABYG + Aaya"l' )

1+ {1 - 02y2(1+A2)}1/2

where C is the curvature. If all A values higher than A2 are zero, the "sag"”
equation represents a general conic with Az= -2, By convention, light enters
from the left, moving toward the right. Distances measured toward the right

are (+); toward the left are (-). Any curvature 1s (+) if its center of
curvature ig to the right of the surface vertex; a curvature is (-) if its center
‘of curvature is to the left of the surface vertex. The sign of the Index of
refraction changes sign upon reflection. Any distance is real 1f the algebraic
product of itself multiplied by the index of refraction through which 1t 1is
measured is a (+) value; a distance 1is virtual if said algebraic product is a (-)
value.

This baseline design is comparable in physical characteristics to the
£/1.40 to £f/6.50 baseline corrector Run No. 9216 (10/01/87) which was
presented and described in the aforementioned report (Epps, October 1987).
However one notes that (eid)= 0.43 arcsec for Run No. 9216 while (cid)= 0.54
arcsec for Run No. 417. Thus, the transition from an £/1.40 primary in the
previous report to an £/1.20 primary in the present report has resulted in a
noticable decay in Image quality.

It was also noticed during the optimization sequence that the design
tended toward a very thick first lens element. One notes that the maximum
available thickness of optical-quality fused silica 1s roughly 6.0 inches,
while a 30-inch diameter disk welghs some 56.2 1bs. and costs some $15,500 per
inch of thickness. Therefore, in the interest of economy and mechanical
convenlence, it was decided to re-optimize the baseline (aspheric) corrector
with a 3.50-inch-thick first lens element.
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4. Run No. 5115 (2/06/88) "Thinner" 40.0-Arcmin Flat F.0.V. (Aspheric)
Corrector

This run represents the best in a sequence of designs similar to the
baseline corrector in Section 3, except that the central thickness of the
first lens element was arbitrarily held to 3.50 inches during optimization.
The system prescription for Run No. 5115 (2/06/88) is shown in Table 2 which
includes the required diameters of the varlous optical elements.

The rms image dlameter averaged over all field angles and colors is
(0.25 +/~0.06) arcsec with 0.15 arcsec of maximum rms lateral color. The
worst—-case Image, which occurs in 0.33-micron light at full field, shows an
rms diameter of 0.33 arcsec. One notes that (eid)= 0.62 arcsec for this
corrector which is somewhat poorer than the baseline model and 1s probably not
acceptable for a direct imaging corrector by modern standards. Thus a thick
first lens element appears to be unavoidable in a corrector of this general
description, if it 1is to be used for direct imaging.

5. Run No. 3586 (2/04/88) 40.0-Arcmin Flat F.0.V. (Spherical) Corrector

This run represents the best in a sequence of all-spherical flat-field
designs. The system prescription for Run No. 3586 (2/04/88) is shown in
Table 3 which includes the required diameters of the various optical elements.
Since thls corrector is primarily intended for fiber-fed spectroscopy, the
plane~parallel exit window has been removed (in effect) by setting its
refractive index to unity. There was a strong tendency during optimization
for the first lens element to become thicker than availability of
optical-grade fused silica allows. Therefore the first«lens—element
thickness was constralned such that it became 5.64 inches in this model.

The rms image diameter averaged over all field angles and colors is
(0.46 +/-0.13) arcsec with 0.20 arcsec of maximum rms lateral color. The
worst—-case image, which occurs in 1.10-micron light at full field, shows an rms
diameter of 0.74 arcsec. One notes that (cid)= 1.09 arcsec which is acceptable
for spectroscopy with l.5-arcsec fibers but certainly not acceptable for direct
imaging. The maximum angle between the local normal at the focal plane and the
principal ray (called the non-telecentricity) is roughly 2.5 degrees at the
edge of the F.0.V. which should be acceptable for the fibers.

6. Additional 40.0-Arcmin Flat F.0.V. (Spherical) Correctors

A sequence of additional all-spherical flat-field models was explored in
which the central thickness (t) of the first lens element was systematically
reduced. The salient parameters of this sequence are listed below.
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t rms ilmage max lat clr worst im cid gystem
Run No. (inches) (arcsec) (arcsec) (arcsec)|(arcsec)| presc.
3586 (2/04/88){ 5.64 0.46 +/-0.13 0.20 0.74 1.09 Table 3
3134 (2/05/88) 5.00 0.50 +/-0.16 0.24 0.80 1.23 Table 4
3159 (2/05/88) 4.50 0.54 +/-0.17 0.24 0.87 1.31 Table 5
4428 (2/06/88) 4.00 0.57 +/-0.18 0.25 0.92 1.38 Table 6
4660 (2/06/88) 3.50 0.61 +/-0.19 0.26 0.96 1.46 Table 7

All of these models hehave generally in the same fashion. ZEach has a
first lens element roughly 28.5 inches in diameter. The sagittal depth of
the front surface iInereases gradually as the lens thickness decreases,
reaching roughly 6.5 inches in the 3.50-inch~thick model Run No. 4660
(2/06/88). It can be seen that image quality decreases linearly with
decreasing lens thickness reaching a limiting acceptable value for fiber-fed
spectroscopy (cid)= 1.46 arcsec in the 3.50-inch~thick model.

7. Run No. 4881 (2/06/88) 40.0-Arcmin Curved F.0.V. (Spherical) Corrector

This run represents the best in a sequence of all-spherical designs
without a plane-parallel exit window, in which the focal surface 1s allowed
to adopt the optimum spherical shape. The system prescription for Run No.
4881 (2/06/88) is shown in Table 8 which includes the required diameters of
the various optical elements. 1In this model, the radius of fileld curvature
became ~190.5 inches (concave toward the sky) which 1is somewhat flatter than
the average radius of 3rd-order field curvature -162.3 inches. The first
lens 1is 30.1 inches in diameter, 5.64 inches thick with a front surface
sagitta of 4.85 inches., The rms image diameter averaged over all field
angles and colors is {0.16 +/-0.09) arcsec with (.11 arcsec of maximum rms
lateral color. The worst-case image, which occurs in 0.33-micron light at
full field, shows an rms diameter of 0.32 arcsec. One notes that (eid)= 0.49
arcsec for this corrector. Its overall image quality is thus better than the
aspheric models discussed in Sections 3 and 4 and is roughly comparable to
the baseline f/1.40 to £/6.50 (aspheric) corrector Run No. 9216 (10/01/87)
previously referenced (Epps, October 1987).

One concludes that the aspherics enable the distribution of lens
curvatures to manipulate the Petzval sum while still balancing spherical
aberration and coma, in such a way that the resulting F.0.V. can be flat.
Elimination of the aspherics prevents this manipulation, such that the image
quality 1s compromised in all-spherical flat-field models because the Petzwval
gsum required by spherical aberration and coma balance results In an excessive
(uncorrected) 3rd-order field curvature. Relaxation of the flat-field design
requirement removes the problem and provides an additional free parameter
(optimum field curvature) which can be selected in such a way as to partially
compensate higher order residual aberrations. This results in an all~-
spherlcal (curved-field) corrector of uncompromised image quality.



=5

8. Additional 40.0-Arcmin Curved F.0.V. (Spherical) Correctors

Two additional curved-field all-spherical models were explored in which
the central thickness (t) of the first lens element was systematically
reduced. The salient parameters of thls sequence are listed below.

t rms image max lat clr worst Im  cid gystem
Run No. (inches) {arcsec) (arcsec) (arcsec)|(arcsec)| presc.
4881 (2/06/88)( 5.64 0.16 +/-0.09 0.11 0.32 0.49 |Table B
2765 (2/10/88) 3.50 0.18 +/-0.07 0.14 0.29 0.52 Table 9
2970 (2/10/88) 2.50 0.19 +/-0.06 0.17 0.29 0.55 Table 10

It can be seen that to the first approximation the performance of all
three of the curved-field, all-spherical correctors is roughly independent of
first-lens thickness. Performance iz excellent, even for direct imaging
applications. The choice of central thickness for the first lens thus
becomes a mechanical rather than optical question. For the purpose of
further discussion, I have arbitrarily chosen the 3.50-inch-thick Run No.
2765 (2/10/88) as the baseline system.

The 315-inch diameter £/1.20 parabolic primary mirror in Run No. 2765
(2/10/88) 1is followed by a 65.8-inch diameter hyperbolic secondary mirror.
The naked two-mirror system with its refracting corrector removed produces an
£/6.258 focus some 79.31 inches behind the primary-mirror vertex. The
secondary mirror must be moved 0.0853 inches toward the primary mirror in
order to go from the corrected to the naked mode. Spherical aberration is
corrected in the naked system and a field diameter of about 9.2 arcmin can be
expected to contain images smaller than 2/3 arcsec in rms diameter. Coma
{and atmospheric dispersion away from the zenith) will be the dominant
residual aberrations in the naked system.

The optimum radius of field curvature with the field corrector is =-162.7
inches (concave toward the sky). This is not very dissimilar to the average
3rd-order radius of field curvature in the naked mode which is -78.5 inches.
The maximum non-telecentricity with the field corrector is less than 2.5
degrees at the edge of the F.0.V. which should be acceptable for fiver-fed
spectroscopy.

The amount of asphericity on the secondary mirror 1s modeled in Table
11, relative to the best starting sphere from which the optician would
normally work toward the desired asphere. One notes that material removal
begins slowly near the center of the secondary mirror and increases, reaching
a maximum amplitude of about 0.0128 inches (about 650 waves) some 23.0 inches
from the center. Thereafter removal diminishes, reaching zero at the edge of
the 65.8-inch diameter secondary mirror. This amount of asphericity is
somewhat greater than the 480 waves reported for the 76 .0-inch diameter
secondary in the previously referenced f/1.40 to £/6.50 baseline (aspheric)
corrector Run No. 9216 (10/01/87), primarily because of the optically faster
£/1.20 primary mirror in the present report. However it 1is less than the
696 waves of asphericity calculated for the 70.7-inch diameter secondary
mirror of baseline (aspheric) corrector Run No. 417 (2/03/88) in this report.
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9, TImaging Characteristics of Ali-Spherical Corrector Run No, 2765 (2/10/88)

Polychromatic spot diagrams containing seven colors {0.33, 0.35, 0.385,
0.435, 0.52, 0,70, 1.10 microns) are shown at five (5} field angles (0, 8, 14,
18, 20 arcmin) in Figures P-1 through P-5 inclusive. The graphical scale 1s
1/3 arcsec per inch in all cases. Each spot diagram includes an integrated
point spread function table in the upper right-hand corner of the page. The
item called "partial” shows the amount of energy included within 1/4 arcsec in
each of the images. No refocus has been allowed between any of these five (5)
polychromatic spot diagrams. One notes that the energy 1s highly concentrated
within 1/4 arcsec over most of the field of view and that the polychromatic
image energy distribution is exceptionally well defined. One notices an
asymmetry In the central image which 1s produced by the fully-implemented
(ADC), 4in its "off" position. It acts like a thick plane-parallel plate which
is tilted slightly with respect to the telescope's optical axis. This results
in a printed line on each spot diagram which says “"the system is not
collimated.”

No calculations were performed in this study to determine mechanical
alignment tolerances which must be maintained to achieve the optical
performance described above. However preliminary collimation tolerances for
the secondary mirror in the 256-inch MMT upgrade £/1.00 to £/4.50 wide—field
broad-passband Cassegrain corrector were found to be approximately +/=-0.05
arcmin in tilt and +/-0.001 inches in decentration (Epps, March 1986). It is
suspected that similar tight tolerances will be found for the optical trains
‘presented in this report. It is suggested that comprehensive collimation study
be conducted in order to establish the relevant alignment constraints
quantitatively.

i

10, Summary of Conclusions

A. It is a straightforward matter to design a broad-passband wide-flat-
field corrector in the f/1.2 to £/6.50 domain, which makes use of two
(2) aspheric lens-element surfaces. However, the resulting image
quality is substantially poorer than the corresponding f/l.4 to £/6.50
corrector reported previously (Epps, October 1987).

B. There is a tendency for the first lens element to approach a 6-inch
central thickness which is at or near the limits set by suppliers of
optical-grade fused silica.

C. Reduction of the first-lens-element central thickness leads to designs
with degraded performance.

D. An all-spherical flat—-field corrector can be designed which is
suitable for fiber-fed multiple-object spectroscopy with 1.5 arcsec
diameter fibers, but not suitable for imaging. Image quality is
inversely proportionéI_Eb the first-lens—element central thickness
which must be at least 3.50 inches for barely acceptable performance.
Considering the cost of materials and labor, it would not seem
advisable to construct a limited-purpose all-spherical flat~field
corrector.
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G,

-7-

An all-spherical curved-field corrector can be designed with image
quality that exceeds that of the best aspheric flat-field corrector.
Such a corrector could be used for fiber-fed spectroscopy as well as
for direct imaging upon a 40,0-arcmin diameter field whose radius of
curvature is roughly -160 inches (concave toward the sky).

The first-lens—element central thickness in the all-spherical curved-
field case 1s not strongly related to image quality. Thus, that
parameter becomes a mechanical rather than optical issue.

Severe collimation constraints are anticipated for correctors
discussed in this report. A detailed collimation study is
recommended.

Respectfully submitted,

Y

arland W. Epps
Consultant in Optical Design



APPENDIX

A. Referenced Tables

1. System Prescription: Baseline (Aspheric) Run No. 417 (2/03/88)

2. System Prescription: “Thinner” (Aspheric) Run No. 5115 (2/06/88)

3. System Prescription: Flat F.0.V. (Spherical) Run No. 3586 (2/04/88)
4. System Prescription: Flat F.0.V. (Spherical) Run No. 3134 (2/05/88)
5. System Prescription: ¥Flat F.0.V. (Spherical) Run No. 3159 (2/05/88)
6. System Prescription: Flat F.0.V. (Spherical) Run No. 4428 (2/06/88)
7. sttem Prescription: Flat F.0.V. (Spherical) Run No. 4660 (2/06/88)
8. System Prescription: Curved F.0.V. (Spherical) Run No. 4881 (2/06/88)
9. System Prescription: Baseline (Spherical) Run No. 2765 (2/10/88)

10. System Prescription: Curved F.0.V. (Spherical) Run No. 2970 (2/10/88)

11. Aspheric for Secondary Mirror in Baseline (Spherical) Run No. 2765 (2/10/88)

B. Referenced Figures

Spots {(P-1...P-5) Five {5) polychromatic spot diagrams illustrating image
quality for baseline (spherical) corrector Run No. 2765
(2/10/88) over the full (0.33 to 1.10 micron) passband
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OF 1

SPOT NUMBER 1

'GEOMRATY®

PRAGRAM

EPPS/ASTRONGMY/UCLA

POLY: WL'S=

WAVELENGTH (ANGSTROMS)

ABSOLUTE B.F.D.

.33,

.35, .385, .uU35,
= UB52.9
VALUE ancHesy = 50,324

CURVATURE OF FIELD uuwﬁy*)= -0.00614665
THE FOACUS IS NOMINAL
THE OPTIC AXIS IS DIVERTED

XPYOT= 0.000
NS= 6 ypyar= 0.000
XPVaT= 0.000
TPYOT= 0.000

¥XPVOT= 0.000
YPY0OT= 0.000

(INCHES)

ALPHA= 0,0000 (DEGREES}
BETA= 0,0000
ZROT- 20,0000

ALPHA= 0.0000
BETA= 0.0000
ZROT= -180.0000

ALPHA= 0.0000
BETA= 0.0000
ZROT= 90.0000

THE SYSTEM IS NOT COLLIMATED

X01SP= 0,000

NS=7 yorse= 0.000
5= 8 10150 07000
- 10 191 5%
woe 11 20150 00

[INCHES)

THETA= -8.11 (ARC MIN)
PHE= 0.00

THETR= 52.27
PHI= 0.00

THETAR= -52.27
PHI= 0.00

THETA= B.11
PHI= D0.00

THE GBJECT IS AT INFINITY

ZETR= 0.00 (ARC MIN)

X AVERAGE IcRONS)
Y AVERAGE MICRONS

GAMMA= 0.00 (ARC MIN}
28.7
-0.0

RMS IMAGE DIAMETER wicrons) = 29.8

AX
g

.52, .70, 1.10

DIAMETER RAYS
{MICRONS) (PERCENT)
1.9 - 18.4%
19.8 35.5
24.8 48.7
29.8 B1.7
u.7 71.2
39.7 80.6
.6 89.8
19.6 9u. i
5U. R 8.2
59.5 100.0

MAXIMUM = 57.8  RAYS = 100.0

PEACENTAGE VIGNETTING = 9.7

NUMBER OF RAYS TRACED = 784

LAS CAMPANAS 315-INCH TELESCGPE
WITH AN F/1.2 PREABOLIC PHLIMARY.
NAKED (B=+79.31 IN) CASS FOCUS

15 F/5.258, CORRECTED TG F/6.50.

THIS ALL-SPHERICAL CORBRECTOR HAS
3 QUARTZ LENS ELEMENTS, THO (2}
FK5/LLF2 ZERO-DEVIATION PRISHMS
FOR ATMAOSPHERIC NISP COMP (ADC)
DOWN TO Z=60.0 DEGREES, AND A
CURVED (R= -162,B9-1NCH) F.O0.V.

CALGR CORRECTED 0,33 TO0 1.10 MI.
40.0-ARCMIN FULL FIELD DIAMETER.

RUN NO. 2765 {02/10/88).

(ADC) IS ‘FULL-OFF* IN THIS RUN.

149.00  233.00

317.00
X-AXIS IN‘MICR@NS

401.00  485.00



gF

SPBT NUMBER 1

'GEOMRATY '

PROGRAM

EPPS/ASTRONOMY /UCLR

POLY: WL'5S=

WRAVELENGTH (aNGSTROMS) =

ABSOLUTE B.F.D.

CURVATURE OF FIELD uncHes™h =

. 33,

.35, .385, .uU35,
uph2.9
VALUE anckesy = 50, 324

-0.00614665

THE FOCUS IS NOMINARL
THE OPTIC AXIS IS DIVERTED

_ XPVGBT= 0.000
N5= & ypypr= 0.000
_ XPVOT= 0.000
NS= 3 YpyoT= 0.000
~ XPvOT= 0.000
NSe 11 yeyver= 0.000
THE SYSTEM
_ XDISP= 0,000
NS= 7 YDISP= 0.000
_ XDISP= 0.000
NS= 8 yh1sp= 0.000
_ XD1iSsP= 0,000
NS= 10 YRjSP= 0,000
_ XDI$P= 0.000
NS= 11 yhisp= 0.000

(INCHES)

ALPHA= 0.0000 (DEGREES)
BETA= 0. 0000

ZROT- 90.0000

ALPHA= 0.0000
BETR= (.0000
ZROT= -~180.0000

ALPHA= 0.0000
BETA= 0.0000
ZROT= 90.0000

IS NOT COLLIMRTED
{INCHES)

THETA= -B.11 (RRC MIN)

PHI= D.00
THETAR= 52.27
PHI= 0.00
THETA= -52.27
PHI= 0.00
THETA= 6.11

PHI= 0.00

THE OBJECT 1S AT INFINITY

ZETR= 0.00

(RRC MIN)

X AVERAGE (MIcRoNS)
Y AVERAGE MIcRONS)

RMS IMARGE DIAMETER wmiIcrons) =

I}

GAMMA= 8.00 (RRC MIN)
121382.0
-0.0

38.9

.52, .70, 1.10

DIAMETER RAYS
(MICRONS) (PERCENT)
19.4 25.8
25.9 41,1
32.4 49,7
38.9 59.4
45.4 72.7
51,8 81.6
58.3 87.8
6U. 8 93.9
71.3 97.7
77.8 98.7

PARTIAL = 63.0  RAYS = 91.8

PERGENTAGE VIGNETTING = 8.7

NUMBER OF RATS TRACED = 784

LAS CAMPANRS 315-INCH TELESCOPE
WITH AN F/1.2 PAKABOLIC PHIMARY.
NAKED (B=+79.31 IN) CASS FOEUS

13 F/6.258, CORRECTED TO F/6.50.

THIS ALL-SPHERICAL CORRECTOR HAS
9 QURARTY LENS ELEMENTS, THO (2}
FK5/LLF2 ZERO-DEVIATION PRISMS
FOR ATMOSPHERIC DISP COMP (RDC)
DOWN TO Z=60.0 DEGREES. AND A
CURVED {R= -162.B69-INCH} F.0.V.

COLOR CORRECTED 0.33 TO 1.10 Ml.
40, 0-AACHIN FULL FIELD DIAMETER.

RUN NO. 2785 (D2/10/88}.

(ADC} IS ‘FULL-OFF' [N THIS RUN.

P-2

X-AXIS IN MICRONS

00 15147600 121560. 00 121644.00 121726.00 121812. 0C



1

oF

SPOT NUMBER 1

'‘GEGMRAY '

PROGRRAM

EPPS/RASTRONOMY/UCLA

POLY: WL'S= .33, .35, .385, .u435, .52, .70, 1.10

WAVELENGTH tancsTrons) = U652.9 DIRMETER RAYS
ABSGLUTE B.F.D. VALUE anchesy = 50.324 (MICRONS) (PERCEN
CURVATURE OF FIELD uncees™hs = ~0.00B1U665 2.2 o
THE FOCUS IS NOMINAL 38,1 61.7
THE GPTIC AXIS 1S DIVERTED o 55
\so g KPVOT= 0.000 (INCHES) ALPHA= D.0000 (DEGREES) 51.0 82.u
YPYAT= 0.000 BETR= 0,0000 68.6 86,5
ZROT~ 90.0000 76.2 90.1
Ns- g XPv@T= 0.000 ALPHA= 0.0000 3.9 93.1
B YPYOT= D.000 BETA= 0.0000 1.5 ou.6
ZROT= -180.0000 PAATIAL = 63.0 BAYS = 83,9
XPyeT= 0.000 ALPHA= 0.0000
NS= 11 i N PERCENTRGE VIGNETTING = 9.7
YPvel= 0.000 BETA= 0.0000 NUMBER OF RAYS TRACED = 784

ZROT= 90.0000

THE SYSTEM IS NOT COLLIMATED LAS CAMPANAS 315-INCH TELESCOPE

\g- 7 XDISP= 0.000 (INCHES) THETA= -6.11 (ARC MIN) WITH AN F/1.2 PRHABGLIC PRIMART

YDISP= 0.000 PHl= 0.00 NAKED (B=+79.31 IN) CASS FOCUS

Ns- g XDISP= 0.000 THETA= 52.27 1S F/6.258, CORRECTED TO F/6.5C

- YDISP= 0.000 PHI= 0.00

¥DISP= 0.000 THETA= -52.27 THIS ALL-SPHERICAL CORRECTOR m&

NS= 10 ynigp- 0.000 PHI= 0.00 3 QUARTZ LENS ELEMENTS, THO (&

FK5/LLF2 ZERO-DEVIATION PRISHS

= 0.000 = B,
NS= 11 ¥E;2E= g 330 THE;?z g éé FOR RTMOSPHERIC DISP COMP (RDT
: : DOKWN TO Z=50.0 DEGREES, 8ND A
THE OBJECT IS AT INFINITY CURVED [(R= -162.69-INCH) F.D.V.
ZETA= 0.00 (ARC MIN]  GAMMA= 14.00 (ARC MIN)

CALOR CORRECTED 0.33 T0 1,10 MI,
X RVERAGE wmicaons) = 213574.8 40.0-ARCMIN FULL FIELD DIRMETER,

Y AVERAGE microns = -0.0

RMS IMAGE DIAMETER wichonss = 45.7 RUN RO. 2765 (D2/10/86) .

(RDE) 1S 'FULL-DFF' IN THIS RUN.

208.00

' 3180.00 213561.00 213646.00 213732, 00 213816.00 213900. 00 2'1398L
X-AXIS .IN .MICRUNS



1‘

gF

SPOT NUMBER 1

'GEOMRATY*

PROGRAM

EPPS/ASTRONOMY/UCLA

POLY: WL'S= .33, .35, .385, .U35,

19U.00

5)

N
0

CRO
10.0

!

Y-AXIS IN MI

26.00

58.00

1

WAVELENGTH ncstrons) = UB52. 9

ABSOLUTE B.F.D. VALUE anchesy = 50.324
CURVATURE OF FIELD wawnchesh = -0.00614665
THE FOCUS IS NOMINAL

THE OPTIC AXIS IS DIVERTED

NS= 6 XPVOT= 0.000 (INCHES) ALPHA= 0.0000 (DEGREED)
TPYOT= 0.000 BETA= 0.0000
IROT~ 90.0000
NS= O XPYOT= D,000 ALPHA= 0.0000
YPVQYT= D.000 BETA= 0.0000
ZROT= -180.0000
NS= 11 XPVYQT= 0.000 ALPHA= 0.0000
YPVOT= 0,000 BETA= 0.0000

ZRAT= 90.0000

THE SYSTEM 1S5 NOT COLLIMARTED
XDISP= 0,000 (INCHES) THETA= =B.11 (RRC MIN}

NS= 7 yp1sp= 0.000 PHI= 0.00
\s g XDISP= 0.000 THETR= 52.27
YD1SP= 0.000 PHI= 0.00
\s. 1g XDISP= 0.000 THETA= -52.27
YDISP= D.000 PHI= 0.00
\s- 13 XDISP= 0.000 THETR= 6. 11
YDISP= 0.000 PHI= 0. 00

THE OBJECT IS AT INFINITY
ZETA= 0.00 (ARC MIN)  GAMMA= 18.00 (ARC MIN)

X AVERAGE wmicrons) = 276162.5
Y AVERAGE tMicRons) -0.0
RMS IMAGE DIAMETER wmicaonst = 32.0

i}

.52, .70, 1.

DIAMETER
{M1CRONS)

16.0

=
23]
~wo~w

oM
=
©

PRATIAL = B63.0 RAYS =

PERCENTRAGE VIGNETTIENG
NUMBER GF RATS TRACED

2

LAS CAMPANAS 315-1NCH TEL
WITH AN F/1.2 PAHRABOLIC P
NAKED (B=+78.31 IN} CARSS
15 F/6.259, CORRECTED 70

THIS ALL-SPHERICAL CORREC
3 QUARTZ LENS ELEMENTS, T
FK5/LLF2 ZERO-DEVIATION P
FOR RTHBSPHERIC DISP COMP
DGXN T0 Z=60.0 DEGREES, A
CURYED [(R= -162.69-1NCH)

COLOR CORRECTED 0.33 70 1
#0.0-ARCMIN FULL FIELD DI

RUN NO. 2765 (02/10/88).

(ADC) IS ‘FULL-OFF* IN TH

P-4

2

1£ | 1
L 6092.00 276176. 00 276260. 00 276344. 00 276428.00 276512.00 276596. Of

X-AXIS IN MICRONS

9.

10

RAYS
[PERCENT)

28.1
40.8
SU.
65.
6.

w

au

ESCOFE
REMARY.
FGCUS
F/6.50,

TOR HAS
HO (2)
RISMS
(ADC)
ND A
F.O.V.

.10 MI.
AMETER.

15 RUN.



gF

SPGT NUMBER 1

'GEOMRAY *

PROGRAM

EPPS/ASTRONGMY /UCLA

.52, .70, 1.10
DIAMETER BRAYS
(MICRONS) (PERCENT}
35.2 18.1
46.9 29.8
58.7 413.9
70.4 60.5
B2.1 4.0
93.9 63.4
105.6 89.8
117.3 896.4
129.1 59.2
140.8 100.0
PARTIAL = 63.0 RAYS = 50,3
PERCENTRGE VIGNETTING = 8.7
NUMBER OF RAYS TRACED = 784
LAS CAMPANAS 315-INCH TELESCOPE
HITH BN F/1.2 PARARBOLIC PRIMRAY.
NRKED {B=+79.31 IN) CRSS FOCUS
IS F/6,258, CORRECTED 70 F/6.50.

THIS ALL-SPHERICAL CORRECTOR HAS
3 QUAARTZ LENS ELEMENTS, THO (2)

FK5/LLF2 ZERO-DEVIATION

FOR ATMOSPHERIC DISP COMWP

OOWN TO Z=60.0 DEGREES,

CURYVED

(R= -162,69~INCH)

PRISHS

(ADC}

AND A
F.0.V.

TQ 1.10 MI.

POLY: WL'S= .33, .35, .385%, .U35,
WAVELENGTH ancsTrons) = UB52.9
ABSGLUTE B.F.D. VALUE ancHesy = 50.324
CURVATURE OF FIELD wancees-lhy = -0.0061UG65
THE FOCUS IS NOMINAL
THE OPTIC AXIS IS DIVERTED
Ns= g XPVOT= 0.000 (INCHES) ALPHA= 0.0000 (DEGREES)
YPVOT= 0.000 BETA= 0.0000
ZROT= 90.0000
Ns— g XPvOT= 0.000 ALPHA= 0.0000
YPYOT= 0.000 BETA= 0.0000
ZROT= -1B0. 0000
Ns< 1 XPVOT= 0.000 ALPHA= 0.0000
YPVBT= 0.000 BETR= 0,0000
ZRAT= 80,0000
THE SYSTEM IS5 NOT COLLIMRTED
Nge 7 XDISP= 0,000 (INCHES) THETR= -6.11 (ARC HIN)
Y01$P= 0,000 PHI= .00
Ns= g XDISP= 0,000 THETR= 52.27
YDISP= 0.000 PHI= 0.08
Ns= 1o XDISP= 0.000 THETA= -52.27
YDISP= 0.000 PHI= 0,00
Ns< 17 XOISP= 0.000 THETR= 6.11
YDISP= D.000 PHI= 0.00
THE OBJECT IS AT INFINITY
ZETR= 0.00 (ARC MIN)  GAMMA= 20.00 (RRC MIN)
X RVERAGE wicrons) = 3078U2. 1
Y AVERAGE icronsy = ~0.0
RMS IMAGE DIAMETER tMicronsy = 70.U

COLOR CORRECTED 0.33

40.0-ARCMIN FULL FIELDB DIAMETER.

RUN NO. 2765 (02/10/88}.

(ADC) 1S 'FULL-OFF' IN T

HIS RuUN.

[am)
o
o .
M™_
i
4] l? -155
=
08
(4 St
(o~
I—|OD
>
. by
Z - ".-'-.l ..‘,':'*;?'
— L R
O b} I T
" o G T
A ;_I;-ﬁ%@é b
>< T AR
o oA e AN
Toe .':'-h)
o RPN
0 - -\. ‘.. (Y
—
«© A

307858. 88 307942, 88 308026. 88 308110.688 308194 .88 308278.88 308362. 8¢
X-AXTS IN MICRONS



