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FOREWORD

This Final Report, Volume II-A, documents and summarizes (per the require-
ments of Marshall Space Flight Center (MSFC) Procurement Document 395-MA-06)
the analysis and preliminary design of an f£/24 Field Camera for the Space
Telescope. The Final Report also includes Volume I, Executive Summary;
Volume II-B, Preliminary Design of the Optical Telescope Assembly; Volume III,
Safety Analysis, The results of the Phase C/D Program Planning are contained
in Perkin-Elmer Reports ER-317, ER-318 and ER-319,

This Science Instrument is designed for a radial module position in the
Optical Telescope Assembly, It is intended as a wide field imaging camera
for investigations into the physics of galaxies and faint stars, It will also
operate simultaneously with other instruments, in a sky search or sky mapping
mode, The design was accomplished as part of the. ST Phase B Definition Study,
Optical Telescope Assembly/Science Instruments for NASA, Marshall Space Flight
Center under Contract NAS8-29948, Technical direction for the Science
Instrument design was provided by the Goddard Space Flight Center,
Volume II-A reports on the following Science Instruments for ST:

) f/24 Field Camera

° £48/96 Planetary Camera

° Faint Object Spectrograph

° IR Photometer

° Astrometer

° High Speed Point/Area Photometer

° High Resolution Spectrograph
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SECTION 1

REQUIREMENTS

1.1 Performance Requirements

The {/24 Field Camera is a wide field imaging camera, of medium
resolution and high photometric dynamic range, capable of observing
objects as dim as mv23'

The Field Camera will be used as a '"primary' instrument in a
number of scientific investigations, particularly those of galaxies;
however, it is also a requirement that this instrument has the ability
to operate in a serendipitous mode - simultaneously with another
instrument. In this manner, regions of the terrestrial sphere may be
photographed with a wide field camera simultaneously with other investi-
gations in a nearby region of the sky, in an attempt to discover new dim
objects, or to perform limited sky mapping.

Both spatial resolution and field of view are limited by the avail-
able SEC Orthicon detector - placed effectively at the center of the f£/24
O0TA focal plane. Spectral bandwidth is selectable by filter wheels within
the overall spectral region 115nm to 800nm.

The significant performance requirements are tabulated in Table 1-1.
1.2 1Interface Requirements

In order to take full advantage of the spatial resolution of the 0TA,
and to minimize photometric losses by multi-reflective paths, the £/24
Field Camera is required to fit into the radial instrument bay of the OTA.
This bay is located as shown in Figs. 1-1 and 1-2, just forward of the
OTA focal plane:. The overall envelope dimensions are shown in Fig. 1-3.

The region of the OTA focal plane allocated to the f/24 radial bay
is shown in Fig. l-4, and the OTA focal plane image characteristics over
this region are shown in Fig. 1-5. At the extreme corner of the 3 arc-min x
3 arc-min required field, the OTA astigmatism is approximately 100u, and field
curvature results in a center to corner focus difference of approximately 600n.

Other pertinent design requirements affecting the preliminary design
of the f/24 radial bay Field Camera are summarized in Table 1-2

N, ]
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TABLE 1-2

DESIGN REQUIREMENTS

Weight, Enclosure , 100 pounds (max)

Weight, £/24 Camera & Optical Bench 300 pounds (max)

Temperature (optics) 66 - 70°F

Conductance to Focal Plane 0.15 Btu/Hr-°F (max)

Radiation to Focal Plane 0.10 Btu/Hr-°F (max)

Voltage 28 VDC + 5 vDC

Maximum Allowable Average Power 100 watts

Reliability 0.85 for 1 year orbital operation

Acceleration Factors (g)

Equivalent Quasi-Static

Mission Phase Limit Loads
¥max  *min Ymax  Ymin Zmax  Zmin
Launch Release 0.4 -3.4 0.8 -0.8 3.0 -3.0
SRM Cutoff/Separation 2.0 -4.0 0.4 -0.4 0.8 -0.8
Reentry 1.4 0.6 0.7 -0.7 4.0 2.0
Payload Deployment 0.2 -0.2 0.2 -0.2 0.2 -0.2

. 1-8
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SECTION 2
FIELD CAMERA CONFIGURATION

2.1 GENERAL CONFIGURATION

The overall layout of the Radial Bay f/24 Field Camera is given
in Figure 2-1, sheets 1, 2 and 3 (reference Perkin-Elmer Drawing 679-10045).
The key elements of the instrument design are:

Pick-off Mirror Assembly

SEC Orthicon/camera assembly
Optical Bench

Filter subsystem

Shutter subsystem

Port door subsystem
Calibration subsystem

Radial Bay Module

Thermal Control subsystem
Instrument Control Electronics

@ ® 0 © 6 96 @ & @

The SEC Orthicon detector, with cooled photocathode, views through
a single 45° flat mirror, the central 3'x3' portion of ‘the OTA field of
view. Details on the optical quality of the OTA focal plane, on the _
various optical configurations considered for this design and the analyses
of the selected optical configuration are given in Section 3 of this
report.

All elements of the field camera, including the optical pick-off
mirror assembly, are mounted to the optical bench. The bench has two
functions: (1) to maintain the functional elements of the instrument in
proper alignment and (2) to position the field camera relative to the
optical axis and focal plane of the OTA. Additional details of this
structure are given in Section 5. The field camera is self contained
within a radial bay module (similar modules house the three Fine Guidance
sensor subsystems). The module is replaceable on orbit as described in
Section 5. The module zlso provides the stabilized thermal environment
and heat dissipation system for the instrument.

The detector identified for use in the field camera is a magnetically
focussed SEC Orthicon. It has a 70mm diameter photocathode, and is
capable of a 2000 line scan with 2000 pixels per line over a 50mm x 50mm
square area.

The SECO detector is the subject of current design/development and

definition effort at Princeton University Department of Astrophysical
Sciences. Detectors of this general type have been constructed and used

2-1
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in ground based observing programs as well as laboratory studies of
their performance characteristics.

To reduce the tube dark current and optimize signal to noise ratio,
the photo cathode will be cooled to 270°K. (26,6F),

Heat is pumped from the photocathode area by a thermoelectric
cooler through copper heat straps and heat pipes to the module outer
surface for dissipation to the SSM wall. Current conservative estimates
of the power necessary to effect cathode cooling to 270°K are approxi-
mately 20w. However, this power may be reduced significantly by careful
thermal/mechanical/electronic design of the detector package. Specific
recommendations are included in Section 5 on the thermal design.

A system of filter wheels, just ahead of the detector enables
observations in pre-selected spectral bandwidths and polarizations, and
a shutter assembly, close to the entrance port provides exposure time
control.

Separate from the shutter, a port door subsystem closes the camera
to outside contamination sources. With the door closed, a calibration
unit is able to inject light from a tungsten or deuterium continuum source
via a mirror on the door into the optical path of the camera for calibration
of photocathode/filter response.

Power, commands,instrumentation and science data are transferred
directly between the SSM (Support Systems Module) and the individual
science instruments. Consideration of the use of a dedicated science
instrument computer or of individual micro processors located within each
science instrument is still under study by NASA. The instrument functional
block diagram is Shown in Figure 2-2. :

2.2 SEQUENCE of OPERATION

The f£/24 Field Camera is one of the ''core'" scientific instruments
designated for the ST (the other is the Faint Object Spectrograph), As
noted in Section 1, the f24 camera will be in use extensively both for
observations directly planned and in a sky mapping serendipitous mode during
use of any one of the otner ST science instruments, The critical consequence
of this mapping mode is a high duty cycle, To perform both modes of opera-
tion requires that the camera design be reliable and flexible to a wide range
of observational requirements,
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-Acquisition

The Field Camera has a passive role during the acquisition operation.
The object or sky area to be viewed is selected and commands given to the
ST Pointing Control System (PCS) to point the line of sight of the OTA at the
selected area. The accuracy to which this can be done is dependent on
the accuracy to which the object is known but generally.will be within
1l to 10 arc sec.rms. The ST is stabilized in this position by the PCS;
the FGS (Fine Guidance Sensor) in the OTA interferometrically senses any
drift away from the selected guide star and sends an error signal to the
PCS of the SSM to maintain stabilization.

Normal Operation

Following acquisition of the selected target the following operational
sequence is followed:

° Operation of the Filter subsystem to place the selected filter
into the optical path. Details of this design and operation
are given in Section 2-4.

] Operation of the Shutter subsystem to control the exposure
period. Details of this design and operation are given in
Section 2-3.

e Following closing of the follower shutter blade (and before
resetting of shutters) the SECO detector is read out directly
to the ground via the SSM or into ‘data storage on the SSM.

° Operation of the erase lamps to clear the SECO in preparation
for the next exposure.

° Resetting of the shutters to the start positionm.

' Repeat of above sequence - changes will include selection of
other filters/transmission gratings, different time exposures
and other targets.

e Operation of the TCS (Temperature Control System) to maintain
the photo cathode at 270°K and the camera optics as defined in
the Requirements, Section 1.

. The Port Door is not used (closed) during normal operation of
the Field Camera and is not closed during periods when the
camera is not in use. It is closed only during periods of
instrument calibration.

2-7
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Calibration
Calibration is accomplished by executing the following operations:

e Closing of the Port Door, This moves a calibration fold mirror
onto the optical center line of the SECO detector, The door is
fail-safe open; impact of failure on calibration is discussed in
Sections 2.5 and 4.0.

e Turn-on of the calibration source - two sources provide the
spectral range defined in Section 4.

e Operation of the Filter subsystem to place the selected filters
into the optical path,

@ Operation of the Shutter subsystem to control calibration time,

® Read-out of SECO detector and transmission of data via SSM to
ground station, Erase and repeat with different filters,

e Turn-off of calibration source and opening of the Port Door.

5

2.3 SHUTTER SUBSYSTEM

Exposure time control for the f/24 Field Camera is effected by a
two shutter subsystem shown in Figure 2-3. The two shutter blade concept
permits good control for the very short time exposures (of the order of
10 milliseconds) and at the same time easily adapts to the longer exposure
periods as well. The operational sequence is as follows:

1. Release of the lead shutter blade by command. This opens the
optical path to the SECO detector.

2. Release of the follower shutter blade by a second and separate
command. This covers the optical path to the SECO. The time
delay between the two shutter release commands estab11shes
the exposure period.

3. Simultaneous resetting or cocking of both shutter blades to
their start positions by a small electric motor drive. The
optical path remains covered during this operation.

2-8
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The lead shutter blade is initially cocked .against a torsion spring,
in position to block the optical path as shown 1n viéw ARA, Figure 2-3,
The first exposure control command removes power from the hold solenoid,: . ‘.
allowing a spring driven trigger to disengage from the shutter blade ard) * e
Thus released, the lead shutter moves through a nominal 60° arc about its
pivat bearing and exposescthe SECO to the optical clear aperture, The
lead shutter is captured at the end of its travel by a U-clamp type stop
which gently brings it to a stop, avoiding excessive vibration of the
camera assembly, A highly reliable light emitting diode (LED) and photo
sensor sense completion of the operation and provide instrumentation
data, The sensor will monitor the actuation end of the shutter (end
away from the optical aperture), thus permiting-adequate space for
shielding sensor light from the aperture. The sensor 1§ 'on' during a11
operation of the camera,

A second command, triggered after the required exposure period has
transpired, provides power to the follower shutter blade solenoid, actuating
its release trigger. Also spring driven, this blade similarly rotates to
a position covering the SECO aperture. A LED and photo diode senses and
provides instrumentation data on completion of this event.

The power ''on" release of both shutter blades provides the shutter
subsystem with a fail-safe mode, fail-safe being defined here as a shutter
failure with the optical path to the SECO unblocked. A power failure of
the lead shutter command will result in the shutter moving to the open
position. The camera can continue in operation following such a failure
by either direct controlling of the SECO camera or by initiating exposure
control by using the motor driven reset to open the optical path and
release of the follower shutter blade to end the exposure. This latter
back-up operation mode would preclude very short exposures, i.e. <€0.5 seconds.

The mu-metal shield around the active solenoids will eliminate the
possibility of their magnetlc fields influencing the performance of the
SECO camera.

The resetting of the two shutter blades is accomplished by the action
of a small electric motor driven quick-return mechanism which simply pushes
both blades into their latched position and then returns to its start
position to be ready for the next reset cycle.

The design configuration of the shutter subsystem defined above was
utilized successfully for many years on the principal camera of the
Stratoscope II telescope. Requirements on that program also included
exposure periods from 25 ms to hours. No operational failures of this
camera shutter orrreset mechanism were experienced during many hours of
ground test or the several flights of this system. The shutter blades
are light weight, constructed from aluminum, and thus very responsive to
their spring drives. The solenoids should be double wound to provide
redundancy. There are no critical manufacturing or assémbly tolerances .in
the design; solenoids, motors, magnetic clutches, etc. may be selected
from components previously space qualified.

2-10
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2.4 FILTER WHEEL ASSEMBLY

The filter wheel assembly, shown in Figure 2-4, is located
"immediately ahead of the detector. It contains 3 independently
driven wheels, each wheel containing eight filter positions. 1In

each wheel, one position is open (no filter), and the remaining

seven are available for optical elements such as filters, neutral
density attentuators, and transmission gratings. A list of possible
filter candidates, extracted from the HRC Final Instrument Definition
Report, is given in Table 2-1.

Each filter wheel is driven by a redundant pair of electric motors
and electromagnetic clutches. Filter wheel rotation is always in the
same direction. 1Indexing time to change from one filter position to the
next is approximately 0.3 seconds; therefore the maximum time required
to obtain any filter combination is approximately 2.5 seconds.

The clear aperture of each filter wheel position is 60 mm x 60 mm
square. Location of the filter assembly close to the detector image
plane reduces the need for high optical figure quality in the filter
elements, but does require that the filters be uniform in their spectral
transmissivity characteristics. Since the filter elements are placed in
a converging optical bundle, their presence affects the focal plane
location. This effect is proportional to filter element thickness. If
only one filter is used and plain glass is placed in the "blank" hole,
then the instrument can be focused for this case. However, it is pre-
ferable to have nothing at all in the blank spaces and to use two filter
elements in combination for certain operational modes. Thus to minimize
the focus error effects, the filter elements should be kept as thin as
practical (about 3 mm) and the instrument focused for the case of 2 filter
elements in the optical train.

Table 2-1 Possible Filter Complement

£/24 Focal Plane

1. Te-1 8. 1200 A 15. ND-1 22. 5007
2. TG-2 9. 1500 & 16. ND-2 23. 6563
3. U 10. 1900 % 17. glass 24, -
4. B 11. 2200 & 18. Si09 25. -
5. v 12, 2500 )3 19. 3728 & 26. -
6. R 13. 2800 & 20. 4363 R 27. -
7. 1 14. 3200 & 21. 4860 § 28. -

2-11
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Each of the three filter wheels has eight stop positions, each
position being identified with the filter or optical element located
at that point. Commands are sent simultaneously to one, two or all
of the three wheels. Detents at each "filter' position insure a
uniform '"centering'" of the element (the beam size is 55x55mm so a
precise location is not critical) and eliminates the critical requirement
for positioning from the motor/magnetic clutch. Eight light emitting
diodes/photo sensors (not shown in Fig. 2-4) provide instrumentation data on
exact rotational position (filter location), These sensors monitor the wheel
at a position opposite the aperture =~ this will provide adequate space for
shielding against stray light,

Reference to Figure 2-1 shows the very limited space between the
front of the radial bay module and the SECO camera. All of the functional
subsystems of the camera (filter wheel, shutter and calibration optics)
require access to the light path in this area. As. a result-the filter
wheels have been designed as a thin disc. Three (3) external guide wheels _—
are provided to the periphery of each filter wheel to provide support to
the thin filter wheel structure to insure that the wheel rotates in a
uniform plane and to provide support/damping against vibration,

Two drive motors are provided to each filter wheel - one is used
normally to move the wheel to a selected position, the second serving as
a back-up drive system. In the event of the failure of one filter wheel
drive, the fail-safe mode of operation is to use the back-up drive motor
to rotate that wheel to the '"open' filter position. An alternative to
this mode of operation is to continue using the filter wheel via the
back-up drive with the risk that a second failure (in this back-up drive)
would leave the filter wheel inoperative with perhaps an unfortunate
filter now permanently lodged in the optical path. The present design
provides no provision for clearing this problem via on-orbit maintenance.

The rotating filter wheel concept was judged the most reliable for
the f/24 camera design, considering the limited space and size and number
of filters. Translating or insertion type designs have been used in the
past and were considered but were not applicable here primarily because
of the large number of filters. Perkin-Elmer has used the rotary filter
configuration most often .and it has proven to be simplest in design and
very reliable. There are no special problems - manufacturing tolerances are
nominal and the motors, clutches, bearings and engineering data sensors are
readily qualified from previous space equipment designs.
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2.5 PORT DOOR SUBSYSTEM

The port door subassembly is shown in Figure 2-1. The prime function
of this door is to (1) move the calibration mirror into position along the
optical path of the camera and (2) seal off background light during the
calibration measurements. The small flat mirror, which folds the cali-
bration source light onto the optical axis,is fixed to the port door. The
pivot shaft, about which the door rotates as it closes, provides a small
helical motion to insure a good light seal in the closed position. '

The port door is open during the general operation/use of the Field
Camera. It requires no power in this position, and is held there by a
spring on the pivot shaft (reference Figure 2-5).

The door is closed only during periods of instrument calibration.
Power is applied to the resetting (cocking) motor/magnetic clutch which
drives the door closed over the entrance aperture of the instrument.

(This closing brings the calibration mirror into position on the optical
axis.) 1In this closed position the door is captured and held by a solenoid
operated latch; power is required on this solenoid to hold the latch/door.
With the door held closed by the latch, power is then removed from the
motor/magnetic clutch. Power is held on the solenoid during the period

that the camera is being calibrated. When calibration is complete, the power
to the solenoid is removed, the latch releases and the door returns under

its spring drive to the open position.

The requirement for power to the solenoid to hold the door in the

closed. position provides a fail-safe mode for the port door. 1In the event
that the solenoid fails or power to this subsystem is lost the door will
automatically return and stay at the full open position. The most significant
consequence of this will be that the calibration mirror cannot be deployed

and the internal calibration source then is rendered inoperative. In this
event, calibration will have to be conducted by imaging a known stellar

point source onto the photo cathode and raster scanning this source over

the photocathode by exercising the OTA in a similar raster scan pattern,

Use of the port door as a means for contamination control was considered
during the study. The real trade is between improved levels of cleanliness
and the risk that a door closed will remain closed and end all use of the
instrument. The study concluded that aperture doors are to be avoided
wherever possible and that operations such as closing the port door for
calibration should be conducted as infrequently as possible.

The port door subsystem presents no special problems in either design
or manufacture. Tolerances are everywhere nominal. Components to include
the motors, clutches, solenoids, etc. should be available and readily quali-
fied for this application.
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2.6 MAINTENANCE

The £/24 Field Camera is completely contained within the radial bay
module defined in Figure 1-3. The instrument is maintainable on orbit by
removal/changeout of the complete module.

The design is such that proper registration of the locator .detent
on the radial module (reference Figure 2-1) with the locator ball (a fixed
part of the OTA) and attachment of the module at the two fixed points on
the OTA focal plane structure will locate the pick-off mirror on the OTA
optical axis at the position to image the field of view on the SECO photo
cathode. Guides to assist a suited astronaut in the change-out operation
are not shown but will be built into both the OTA focal plane structure
and the radial module. The module is secured (bolted) directly to the ball
detent through the attachment tool shown in Figure 2-1. The clamping
mechanism to secure the module at the two side points is a part of the OTA.

The electrical connectors are located on the outer surface of the
module for easy access by the astronaut. They are available space replaceable
types which can be opened/closed by a fully suited astronaut.

2.7 WEIGHT AND POWER SUMMARY

Table 2-2 summarizes the weight and power consumption of the Field
Camera, by major subassembly.

Weights have been computed from design drawings wherever appropriate.
Manufacturers' weight data has been used in estimating purchased parts.

As mentioned earlier in this section, the power required to cool the
detector could conceivably be reduced by careful design of the detector

package (reference Thermal Design, Section V).

A typical field camera operational power profile is shown in Fig. 2-6.

2-16
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SECTION 3

OPTICAL SYSTEM DESIGN

3.1 GENERAL

The performance of the f/24 Field Camera depends on the design of
the optics of the instrument and the design of the ST Ritchey-Chretien
telescope. Consequently, the contributions of both must be considered
in the design. The analysis of instrument performance is from the
celestial sphere through the telescope to the Field Camera optical.
system (its filters and mechanisms) to the detector,

This section of the Final Report is divided into three parts. The
optical parameters of the Ritchey-Chretien telescope and its interface
with the camera are discussed in Paragraph 3.2. Possible design config-
urations of the f£/24 Fijeld Camera are discussed in Paragraph 3.3. The
design of the camera optics, their performance with the telescope, and
the characteristic features of the system are discussed in Paragraph 3.4.
3.2 OTA/SI OPTICAL INTERFACE

The optical interface between the OTA (Optical Telescope Assembly)
and the SI's (Science Instrument) is considered in five parts:

® OTA/ST performance requirements
® OTA design
® Focal plane access
e OTA image quality/field correction
° Performance-influencing factors
- Optical tolerances
- Pointing jitter
- Stray light

A summary of OTA minimum performance requirements is given in
Figure 3-1, The difference between the design wavefront error of
.05\ (\/20) rms opd at 632,8 nm and the implied ,074)\(\/13.5) rms

3-1
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error to meet the 60 percent encircled energy requirement in a 0,075 arc-
sec radius circle for the OTA provides for hardware contingency,

The portion of the ST performance budget allocated to the OTA is
shown in Figure 3-2, The first major division of performance responsi-
bility is between image motion and image quality, The first of these is
attributed primarily to the telescope pointing system, while the second is
attributed to the quality of the OTA optics. ‘

The optical design prescription for the OTA 2.4 meter Ritchey-Chretien
and its first order parameters are summarized in Figure 3-3, The system
is composed of two pure conic sections (hyperboloids) and nominally provides
a geometrically perfect image on-axis, Off-axis, the sytem, as with all
Ritchey-Chretiens, is afflicted by field curvature and astigmatism, Details
of system performance follow, but note that the actual design central .obscur-
ation is 31 percent, This is 3 percent less (72mm of diameter) than the
maximum 34 percent allowed, The implied design margin is available for
further baffle design, and if not used, provides additional performance
margin,

The 28 arc-minute unvignetted fiéld of view provided by the Ritchey-
Chretien is allocated among the science instruments, pointing system and
wavefront sensors as shown in Figure 3-4, Four 90° unvignetted segments of
image are provided for the axial science instruments, Each extends a
maximum of 9 arc-minutes (150 mm) from the OTA optical axis. The fifth
science field, taken from the center of the OTA field of view, is allocated
to the f24 Field Camera, The remainder of the field, from 9 to 14 arc-
minutes, is reserved for the offset tracking sensor. The areas of the focal
plane made inaccessible by the wavefront sensor pickoff mirrors and the
structural components between instrument modules are also shownm,

Within the telescope unvignetted field of view astigmatism and field
curvature are the only significant aberrations present. These aberrations
are detailed in Figure 3-5, The astigmatism, field curvature and small amount
of distortion of the 2.4 meter ST Ritchey-Chretien are shown in the telescope's
f24 image plane map., Out to a radius of about 4-1/2 arc-minutes compromise
foci are available where diffraction-limited image quality can be provided,
at 632,8 mm wavelength, for small regions of the focal plane. Beyond this
point, optical correction must be provided to achieve diffraction limited
quality.

In addition to the aberrations detailed in Figure 3-5, the diffraction
effects inherent in the baseline OTA design modify nominal performance,
Figure 3-6 summarizes these characteristics and shows their effects on
performance, The vertical marks indicate the nominal design points of the
parameters for the preliminary design OTA,
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Beyond the nominal telescope design performance, the assigned optical
tolerances determine the ultimate performance. The tolerance allocation is
made so as to achieve ,05Arms at 632,8nm wavefront error on station. This
near diffraction limited performance as provided by the OTA is not universally
required by all instruments,

The instruments are designed and their tolerances are allocated to pro-
vide their required performance with the OTA budget taken into account, The
tolerances for the Field Camera are detailed in Paragraph 3.4,

The OTA to SI interface tolerances are absorbed into the OTA tolerance
budget and do not burden the instrument designs.

The preliminary design optical tolerance budget, as it evolved from the
Phase B study is shown in Figure 3-7, 1It provides for initial ground setup,
residuals after orbital corrections and system drifts between calibration periods.

Figure 3-8 is the computed expected performance of the OTA determined by
evaluation of the completed preliminary design and is now that system's
tolerance budget., Note that the required performance of .05Arms is slightly
exceeded. This may be interpreted as additional design margin,

The final set of tolerances defining the OTA/SI interface are the
instrument module mounting location accuracies and stabilities. These
tolerances are summarized, for both the accuracies required for initial
instrument placement and for drift over a calibration period, in Figure 3-9,
‘The optical rms optical path differences induced by these tolerances are
absorbed into the OTA structures tolerance budget in the overall .05\rms
at 632,8nm wavelength budget., The numbers represent the accuracy and stability
to which the ST modules will be held by the OTA Focal Plane Structure with
respect to the OTA, Tolerances within the instrument module, between instrument
components and the module mounting points, are included within the instrument
budgets.

As an example of how this instrument placement tolerancing philosophy
was carried out, focus maintenance is typical, Referring to Figure 3-10,
the depth of focus band of the telescope is shifted and distorted by the
OTA allowed tolerances to a controlled maximum, The ST placement band
tolerance is established so that no matter where the instrument is within
that band, it always lies within the focal depth of the telescope. As a
result, the instrument is always in focus when installed in the system, The
ST focus band is divided between all the OTA elements affecting the focus
placement,
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o SI TO OTA TOLERANCES FOR ON-ORBIT INSTRUMENT REPLACEMENT

X=+0.1mm a =+ 0,5 mrad

Y=%20.1 mm B =+0,5 mrad
Z =+ 0,026 mm y=¢0.5mrad

° LONG TERM INSTRUMENT STABILITIES (BETWEEN OTA/SI CALIBRATIONS
AND DURING EXPOSURES) .

X =+ 0,005 mm - " @ =% 0,5 mrad
Y =#* 0,005 mm B =+ 0,5 mrad
7 =% 0,051 mm Y = * 200 urad

e THE INDICATED TOLERANCES PERMIT UTILIZDIG FULL OTA CAPABILITY

OTA
LINE OF SIGHT

Figure 3-9. SI/OTA Interface Tolerances Allocation
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3.3 CAMERA OPTICAL CONCEPT

The optical concept for the £/24 Field Camera was selected from
several, These are:

1. A radial pickoff with field flattener. Fig. 3-11(a)
2, A radial pickoff without corrector and with SECO photocathode
placed at the best axial focus position., Fig, 3-11(b)
3. A radial pickoff without corrector and with SECO photocathode
" placed at the best average focus for the field, Fig. 3-1l(c)

The first requires a single M Fo corrector lens either at the SECO
faceplate or within 10mm of it. The element is plano/concave with a
200mm radius and provides a near perfect diffraction limited format.

NASA indicated that grinding this surface into the front surface of the
faceplate of the SECO is undesirable. Consequently it must be a separate
element which is difficult to mount within the cone of the SECO tube. 1Its
thruput loss as a separate element more than outweighs the 3 percent im-
provement in average encircled energy it provides. Consequently this
approach was abandoned.

The second axial focus option provides a O;IX rms image in the format
corners, a detectable degradation, The average focus option never drops
below ,048\(N/21)rms correction, This third option was selected,

3.4 CAMERA OPTICAL DESIGN

The optical system of the selected £/24 Field Camera concept consists
of only a flat, 45° diagonal pickoff mirror at the center of the OTA field
of view. There is also the necessary optical filter set.

The pickoff mirror is located 546mm ahead of the OTA f/24 focal plane.
At this position it is sized with an aperture of 68mm by 96mm to fill the
format of the SECO detector without vignetting. The plane projection of
this mirror in the OTA focal plane was shown previously in Fig. 3-4. At
the 546mm prefocus position an additional vignetting shadow is cast in the
science field. All the other instruments designed for ST can operate with
fields outside this shadow. There is, therefore, no impact on the other
instrument designs caused by the axial pickoff of the field camera's image
and the radial location of the instrument itself. This is shown in Fig. 3-12
The pickoff mirror feeds the image directly through the shutter and filter
set to the SECO cathode.

The image provided to the camera detector is identical to the OTA image

with all the characteristics discussed in Paragraph 3-2 applying directly.
These must be evaluated with the 25 micrometer pixel of the SECO detector.

3-14
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SECO
PHOTOCATHODE

(a) FIELD FLATTENER/CORRECTOR ELEMENT

FOLD MTRROR ,
FLAT PHOTOCATHODE,
: FOCUSSED ON AXIS
/ CURVED
: FOCAL SURFACE
| OTA .
AXIS -

(b) NO CORRECTION - FOCUS ON AXIS

FOLD MIRROR
LAT PHOTOCATHODE
| FOCUSSED AT '
CURVED 0.7 FIELD
X OTA FOCAL SURFACE

AXIS

PERKIN-ELMER

FOLD MIRROR

CORRECTOR/
FIELD FLATTENER

! OTA
AXIS

(c) NO CORRECTION - FOCUS AT 0.7 FIELD

Figure 3-11., Candidate Optical Forms for Field Camera
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IR
PHOTOMETER

ASTROMETER

f/24 MIRROR PROJECTION
f/24 MIRROR VIGNETTING

/24 HSSTRUMENT

Figure 3-12, SI Entrance Apertures at OTA Focal Plane
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The nominal design performance of the camera is evaluated first., This is
done by computing the rms opds, the diffraction MIF, point spread function,
and encircled energy for the camera in the nominal configuration. The output
of these calculations is given in Appendix A, For the calculations the system
is focused for the 0.7 field point of the image. At this focus the maximum opd
anywhere in the image is minimized and the largest area of the format, surround-
ing the 0.7 zone is iIn best focus, At this, the recommended focus, the opds are
as tabulated in Figure 3~13, This shows that, after combining the camera with
the design wavefront error of 0.05\ rms of the OTA, the worst opd at the corner
of the camera format is still ,069A(A/14) rms (well within the accepted ,083A
(M12) to O7IN(A\/14) rms definition of classical diffraction limit), If OTA
performance is only the minimum ,074A(A\/13,5) rms, the opd at the corner of
the camera format would be ,088\(\/11l.4) rms,

The possible MIF of the system is tabulated in Figure 3-14, The signi-
ficant frequency is 20 line-pairs per millimeter, corresponding to the 25u
pixel size of the SECO., The unobscured and obscured theoretical performance
of the system is shown to compare with the specified 50 percent response of
the SECO at 20 line-pairs per millimeter,

The graphical presentation of the MIF given in Figure 3-15 shows that
performance is nearly theoretical., Note that the effect of central obscur-
ation is nearly maximized at the SECO pixel frequency, Maximum degradation
of MIF at this frequency due to uncorrected field curvature and astigmatism
is 6 percent,

The point spread functions at various points in the field were computed
in generating the encircled energy., These are given in Appendix A, The
encircled energy, the relative energy intercepted by a square 25mm detector
at the focal plane from a point object, is plotted in Figure 3-16 vs., field
angle, It varies from 62 percent to 67 percent over the field with an average
of 64 percent, A perfect system would produce 67 percent across the field
but would require additional optical components with thruput reductions in

- excegs of the advantage gained,

On station, the operation of the Field Camera will be modified by OTA
imperfections resulting from tolerances, If the encircled energy of that
system were to drop to the minimum of 607% in ,075 arc-seconds, the probable
reduction in Field Camera performance would be a reduction in average en=-
circled energy from 64 percent to 54 percent, MIF is reduced by a corres-
ponding ratio, ‘ : ‘

Optical tolerances assigned to the Field Camera include only surface
figure on the diagonal, focus, and image tube tilt, Holding these to
.02\ rms, +*0,1mm and 10 arc-minutes respectively (standard shop practice)
results in no significant image degradation,
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Figure 3-13,

" RMS'OPD of £/24 CAMERA

. 0,043\,

. N/23,45

A/31.58 = 0,0317n
N/142,9 = 0,007\

Field Camera Nominal OPD Performance
(Average Focus, 632.8 nm)
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Figure 3-14,
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Figure 3-15 Field Camera MFT Curves
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Figure 3-16. TField Camera Diffraction Encircled Energy

(25um square pixel) (Nominal System)
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OPTICAL THROUGHPUT (%)

100

80

20

ER-321

The nominal thruput of the £/24 Field Camera and the camera plus the
Ritchey-Chretien are plotted in Figure 3-17. The thruput is reduced by
the diagonal mirror an average of 5 percent over the transmission of the
Ritchey-Chretien alone.

£/24 CAMERA RANGE .

h—

CAMERA
OPTICS ONLY

CAMERA AND
RC OPTICS
] 1 | |
200 400 600 800 1000
WAVELENGTH (nm)
Figure 3~17. £/24 Field Camera Optical Throughput

(5004 to 800% Ay + 250} MgF,)
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SECTION 4

CALIBRATION

4,1 REQUIREMENTS

The prime requirement of the calibration unit is to provide information
to the scientist on the spatial uniformity of Field Camera sensitivity. A
secondary requirement is to provide a measure of camera throughput in abso-~
lute terms. This absolute testing of detector and optical system is performed
using celestial sources,

Much of the scientific value of the £/24 Field Camera lies in its
photometric measurement capability over a wide field of view. 1In order
to preserve this capability, the calibration unit will be used at periodic
intervals throughout the operational life of the instrument., Long term
reliability is therefore a requirement in the calibration unit design.
Fail-safe operation is also a requirement so that in the event of calibration
unit failure, the camera remains operative, The calibration subsystem is
shown in Figure 2-1,

4,2 CALIBRATION UNIT DESIGN

The calibration source is used to illuminate an elliptical condensor
mirror, which reimages the source at a field lens, The field lens is chosen
so as to relay the pupil (the elliptical condensor) of the system onto the
detector photocathode, 1In this way, a uniform illumination intensity is
achieved over the photocathode area., To eliminate the possibility of edge
diffraction effects, and to provide easy alignment tolerances, the calibration
unit pupil has been chosen to overfill the detector. The field lens may be
made of L F2 80 as to provide the capability to perform calibration at U.V.
wavelengtﬁs.

The same optical relay system is used in conjunction with two separate
calibration sources, by placing each source slightly off axis, Both sources.
(ref. 4.3) can then provide equally uniform illumination of the photocathode,
but with slightly different incident chief ray angles; - a difference which
is of no practical consequence, The (unfolded) optical layout of the cali-
bration unit is shown in Fig. 4-1,

As described in section 2,5, and shown in Fig, 2-1, the light beam
from the calibration source unit is projected into the optical path of the



(A

FILTERS
(1:1 RELAY)
ELLIPSE MIRROR SECO
: CATHODE
FOLD FIELD TURN DOOR
MIRROR LENS MIRROR  MIRROR

SOURCE A
: B!
= % /
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Figure 4-1. Unfolded Optical Schematic of Calibration Subsystem
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camera unit by a fold mirror mounted to the inside of the port door. Thus,

the calibration unit illuminates the detector through the camera shutter and
filter wheeel assemblies, The calibration procedure thus takes into account
shutter and filter wheel effects, An initial calibration exposure will be
required for each filter or filter combination planned for scientific observations.
Thereafter, periodic measurements to discern any temporal drift in characteristics
will be required.

The steps in a typical nominal calibration sequence are as follows:

1. Close Port Door - this brings the calibration fold mirror into
proper position on the camera optical axis and closes out all
external light,

2, Select proper filter position,

‘3, Turn on calibration source -~ two are provided and are operated
sequentially.

4, Conduct calibration measurement, Camera shutters control
exposure periods,

5. Extinguish calibration sources,

6. Repeat steps 2, 3, 4 as many times as required.

7. Select filter position for next observational target.
8. Open Port cooﬂ - end calibration sequence,

As noted in Section 2-5, the operation of the Port Door is fail-safe
in the "Open'" position, In the event of a failure in the door assembly, the
door would move to the '"open'" position and remain there. This would effec-
tively remove the calibration fold mirror from use in the system., 1In this
event, calibration of the detector would have to be conducted on planetary or
stellar sources,

Such celestial calibration sources are, of course, small in angular
subtense and therefore illuminate only a small portion of the photocathode,
In order to calibrate detector uniformity, therefore, the celestial source
must be '"'raster-scanned" over the photocathode area using the raster=-scan
capability of the OTA fine guidance subsystem, Under normal circumstances
a complete raster scan will not be required., Taking advantage of previous
uniformity measurement data, it is necessary only to re-check a small number
(2~ 10 or 20) of discrete locations in the field of view to determine any changes
gsince the last calibration, Spatial variations in sensitivity are less likely
to change with time, than is the spatial average sensitivity,
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4,3 CALIBRATION SOURCES

In view of the importance of calibrating the uniformity of photo-
cathode sensitivity, continuous (or broad band) sources are preferred
over emission line (or narrow band) sources, The greater coherence of
narrow band sources give rise to spurious diffraction effects which can
cause a non-uniform illumination of the cathode area,

The calibration sources recommended for this preliminary design are
a Tungsten-Halogen filament lamp and a Deuterium discharge tube. These
two sources allow calibration throughout the spectral bandwidth of the
camera unit, Typilcal output characteristics of these types of lamps are
shown in Fig, 4-2.

Both of the recommended sources are readily available lamps, which
have been widely used for many years as photometric and spectral calibration
sources, Their performance characteristics are well understood and well docu-
mented. Such lamps are the standard illuminaants of most U.V./Visible laboratory
spectrophotometers. When correctly operated they exhibit long lifetimes and
require minimal warm-up times, ' . :

In order to extend the calibration range into the vacuum ultra-violet,
however, alternate sources will be required., Candidates for consideration as
future v-u-v calibration sources include the calibration source being
developed for the International Ultra-violet Explorer (IUE) payload, and space
qualified adaptation of the NBS high temperature Hydrogen arc discharge tube,

If these sources are used; then the field lens in the calibration unit
must be made of a u-v transmitting material such as LiF,.
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SECTION 5

STRUCTURAL/THERMAL DESIGN

5.1 STRUCTURAL REQUIREMENTS/INTERFACE WITH OTA

Figure 3-4 defines the configuration of the focal plane of the
OTA. It shows that the central 18 arc-min diameter (12.06 inches)
at the focal plane is allocated as the science data field for the
five science instruments with allowance for a central 0.8 inch
cruciform shaped area given to spacing between instruments and for
structure. The f/24 Field Camera is allocated the 100mm x 100mm
(4 inch square) central portion of the field with the remaining
portion of the data field equally allocated in approximate 90°
sections to each of the four axial science instruments. The focal
plane structure with instrumentation is shown in Figure 1l-1.

The OTA focal plane, beyond the 18 arc-min data field, extends
out to a 29.4 arc-min diameter (19.65 inches). As shown, three 90°
sections of this portion of the field are given as tracking field to’
the three Fine Guidance Sensors.

The prime requirements for the FPS are as follows:

. Maintain its locating surface (to which all instrumentation
is attached) with respect to the optical axis to within a
tolerance of 0.lmm and with respect to the curved focal
plane with a tolerance of 0.07mm (ref. Sec. 3-2).

o Provide a means for registering all focal plane instrumentation
to this mounting surface. In the case of the science instruments,
the registration design must allow for repeatability of regis-
tration after orbital removal and replacement.

. Provide a stable surface, i.e. prevent relative motion between
the science instruments and the Fine Guidance Sensors.

Because of the nature of ST, as a long lived National Observatory
facility, and the varying requirements of the present, and as yet undefined
future, science instruments, the tolerances established for the FPS are
driven by essentially the requirements of the most sensitive anticipated SI.

The structural design of each science instrument must therefore be
developed from a review and consideration of the performance of the OTA

5-1
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and the tolerances associated with the reference ball detent, to provide
a science instrument mounting surface which will support and stabilize

the instrument optical system to the extent required to achieve the
performance specification.

The general OTA configuration is directed toward "an instrument module
whith-will -achievé-:the following:

. Provide a mounting reference to the ball detent - and flexible
connection to two other points on the OTA structure.

@ Enclose and protect the science instrument.

e Provide a thermal environment both to stabilize the instrument
and provide a means of dissipating heat to the SSM.

Within each module an optical bench is provided onto which the key
elements of the instrument are mounted and aligned. Mounting faces and

deflections from the module mounting must not be transmitted into the
optical bench.

5.2 RADIAL MODULE

The OTA radial module is designed in three parts; a base section,
midsection ring and a cover (reference Figures 1-3 and 2-1). The base
section mounts directly to the OTA Focal Plane Structure at three points -
the ball detent position at its front end and via two flex link latches
on either side. These flex links are orthogonal to each other, providing
a zero moment mount to the base section. This permits registration of
the instrument via an optical bench with the two flexible tie downs pre-
venting the introduction of external loads into the optical bench. The
midsection ring is attached to, but thermally isolated from both the
base and cover. This permits use of the outer surface facing the -V3
axis (reference Figure 1-2) as a radiation area for dissipating instru-
ment heat without conducting heat into the base section (where it then
can go into the focal plane structure 8nd cause dimensional changes
between the SI's and the Fine Guidance Sensor. The OTA FPS is tem-
perature controlled at 70°F -2°F and the stability of the science
instruments to the fine guidance sensors is dependent on avoiding both
temperature changes or gradients in this structure., The separate top
cover allows easy access to the instrument for repair and/or adjustment
without disturbing the heat pipe connection to the rear surface,

5-2
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The base section is fabricated from a milled aluminum plate, this
construction providing a light weight (=35 pounds) yet 8tiff ribbed
structure. Internal rib spacing is 8 x 8 inches, rib depth is one inch
and thickness is 1/8 inch. As noted above the module is attached to
the FPS at three points - one at the ball detent and two via flex link
latches on either side. The base section has three internal mounting
points for the optical bench, each of these located near to the exter-
nal tje points as shown in Figure 2-1.

The cover is also fabricated from_a milled’plate with an 8 x 8 inch
rib pattern. Weight is estimated at 20 pounds, rib depth is 1/2 inch,
rib thickness 1/16 inch and skin thickness i{s 1/16 inch.

The midsection ring is constructed of 1/16 inch aluminum stiffened
in a standard monocoque configuration. Estimated weight is 25 pounds.
This total module weight including brackets and hardware is ., 90 pounds.

5.3 OPTICAL BENCH

The optical bench for the field camera provides a rigid base integ-
ral with the instrument elements and permits easy access/installation of
the camera to the radial bay module. This optical bench will be kine-
matically mounted to the module base to ensure that distortions to the
module due to mounting to FPS do not introduce change in the instru-
ment alignment, As described in Section 5.2, the three tie points for
the optical bench consist of a spherical seat joint and two side tie
down points. These three tie points are located adjacent to the three
tie points of the radial module box; the spherical seat being near the
ball socket joint, and the two $ide points being near the two external
flex tie points. This effectively prevents external moments from the
focal plane structure from reaching the optical bench.

The bench, shown in Figure 2-1, is a lightened aluminum section
with a solid overall top plate skin of 1/8 inch thickness with a skirt
and ribs of 3 inch overall height. The 1/4 inch thick ribs are generally
located in a square pattern on a 6.5 inch spacing. A closer spacing of
four inches is used for a pair of ribs located down the center line of
the bench and also for a pair running across between the two side mount
location areas. This provides additional stiffness along a Tee pattern
between the three load mount points. Local land areas are provided
around the three mount points as well as many mounting bosses to receive
the various camera substructural components. The optical bench struc-
ture weight is 50 pounds, including hardware.

The distance from the locating ball to the detector focal plane is
maintained by the optical bench. The temperature control system will
keep the aluminum optical bench at 70°F +2°F. The critical dimension
from the ball to the SECO mount locating pin and back to the SECO focal
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plane is approximately equivalent to 8 inches of aluminum. If the maxi-
mum temperature excursion is *2°F the displacement Ag of the focal plane
relative to the locating ball will be

AL = agaT
where

o . = 13x 1076 5!

al

4 == 8 inches

AT = +2°F
therefore

AL = %208 x 107 inches
or

which is well within the tolerance error budget of the system.
5.4 ALIGNMENT WITH OTA FOCAL PLANE STRUCTURE

The design of the Focal Plane Structure was driven by configuration
requirements. Structural performance was achieved by material selection
and member sizing, having first defined the mechanical or configuration
constraints. The structure is designed to accommodate the four large
axial science instrument modules and four radial bay modules. Three of
the radial bay modules are for fine guidance sensor instrumentation, and
the fourth contains the f/24 Field Camera (reference Figure 1-1). All of
the science instrument modules (both axial and radial) are replaceable
on orbit by a suited astronaut.

The principal design requirements for the Focal Plane Structure are de-
rived from the OTA system focus budgets and fine pointing accuracies.
Focus shift allowed during an observation is 30y total for this structure.
This is achieved by using titanium and stabilizing the temperature of the
structure to *2°F. Half of the fine pointing error (0.005 arc-second) is
budgetted for thermal effects during an observation. At the f/24 focus,
0.005 arc-second is equivalent to 1.4y which then becomes the limit for
any lateral change between a science instrument and its controlling star
tracker (fine guidance sensor). This requirement is satisfied with a low
expansion (Invar) mounting plate on the Focal Plane Structure which is
the mechanical reference for both the FGS and the SI modules.

The deflection of the center of the Focal Plane Structure, relative
to the primary mirror vertex, is 0.002 inch with the system vertical and
with four 500 pound SI's installed. If this were permitted to exist as
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a gravity-release error, only 1/2u of secondary mirror motion would be
required to correct it on~orbit. The 0.0l inch axial position tolerance
is correctable with a 2u secondary shift.

Figure 5-1 shows the relative locations of the ball detents o& the
FPS Invar ring, these detents serving to accurately locate the science
instruments to the Fine Guidance Sensors and both to the optical axis/
focal plane of the OTA. The four axial science instrument detents are
identified as D, and the four radical detents (one for the f/24 Camera,
the other three for the 3 Fine Guidance Sensors)identified as D_. The
structural path between the axial and radial detent is not directly
loaded by the preload force. This preserves alignment after a removal/
replacement cycle. This is accomplished by mounting the radial detent
on a short intercostal outboard of the P, -P, P, ... forces. Thus, the
radial detents, D_, will follow and be located by the axial detents, DA
These forces are also shown in Figure 5-1.

.

5.5 THERMAL DESIGN REQUIREMENTS

The thermal design requirements for the f£/24 Field Camera in the
OTA radial bay are as follows:

. Cooling of the SECO photocathode to 270°R  (26,.6°F)

® Thermal stabilization of the field camera optical system at
70°F £2°F to maintain alignment and focus.

° Rejection of heat from the Field Camera ( ~ 80 watts) to the
SSM Science Instrument bay shroud.

5.6 OTA/SI THERMAL INTERFACE

The thermal interfaces of the £/24 Field Camera with the OTA and the
OTA and the SSM are shown in Figure 5-2 and are defined as follows:

° Field Camera interface with Focal Plane Structure is adiabatic
° Aft shroud rear wall is essentially adiabatic
) Aft shroud wall temperatures are:

-  Maximum average temperature +7°F
- Minimum average temperature -40°F

- Maximum temperature variation per orbit *5°F
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Figure 5-3 illustrates the design configuration for rejection of
heat from the Field Camera module. The +V3 side of the telescope is
nominally maintained toward the sun. All heat from the field camera is
rejected to the -V3 side of the aft shroud.

Figure 5-4 defines the nominal power which must be rejected from
the science instruments area. It includes power dissipation not only
from the five science instruments but also from the OTA/SI electronics,
SSM gyros and star trackers and the OTA Fine Guidance Sensor (reference
Figure 1-1).

The radial bay of the OTA contains the f/24 Camera and the three
fine guidance/performance control modules. Parasitic heat losses from
the OTA/SI structure are estimated to be 40 to 100 watts. The £/24 Cam-
era is the largest single heat source in this volume, rejecting about
80 watts compared with about 20 watts for each of the fine guidance
modules.,

All OTA structural members which interface with the science instru-
ments whose dimensional stability is critical to good SI performance are
maintained at 70°F +2°F. This includes the OTA Main Ring and the Focal
Plane Structure to which all the SI's are mounted.

SI and other component module exterior walls facing the SSM aft
shroud generally should have high emissivity exterior surfaces to maxi-
mize the radiative heat transfer from the module to the aft shroud.

5.7 £/24 CAMERA THERMAL DESIGN

The key features of the £/24 Field Camera thermal design are:

° The camera optics operate at 70°F *2°F at all times. This pro-
vides isothermal relationships between manufacturing, alignment,
test and operation and also minimizes contamination deposition
on the optics. Individual heaters and thermostats will be lo-
cated on the optical bench as required to insure temperature
control.

® The SECO detector photocathode operates at 270°K (26.6°F)
Thermoelectric modules are used to provide this cooling.

° The calibration subsystem imposes a short term heat load, but
this does not adversely affect performance or stability.

° Thermocouples are used at sensitive points for monitoring and
control. Platinum thermocouples will be used for both control
and diagnostic purposes since they meet the required tempera-
ture tolerance and have long life characteristics.
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REfERENCE GYROS AND STAR TRACKERS (SSM EQUIPMENT) 45 45

TOTAL 790 555/655

Figure 5-4, SI Bay Shroud Heat Rejection Summary
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e Electronic units are located away from the instrument proper
and are enclosed for thermal control/contamination assurance.

Power, dissipated from the detector and instrument electronics, is
rejected to the wall of the SI module by radiation, thermoelectric
cooling and conduction. The heat from the SI module exterior wall is
rejected radiatively to the SI bay aft shroud wall. The -V3 wall of the
module must radiate the 50 watts from the detector package plus an addi-
tional 30 watts from other heat sources inside the field camera. These
other heat sources include:

o Temperature Control System Electronics
® Camera Control Electronics

. Motor, Solenoid, Magnetic Clutch power
® Local thermal control heaters

° Calibrator source power (periodic)

A 56°F SI wall will radiate 80 watts to a 7°F aft shroud inner wall
if the IR emissivity () of each surface is 0.9.

The heat rejection from the field camera container wall can be esti-
mated from

o 4 4
Q = G AF( Ty - Ty )
where
T o 0.8 (each surface = 0.9)
and .
AF ~. 8.55 £62 (radial f/24 camera container exterior surface
seen by the aft shroud)
Therefore:
-8 ——4 —=4
Q = (0.1713 x 10 ) (0.8)(8.55)(516 - 467)
8

= (1.172 % 10'8) (709 - 476) x 10
= 273 BTU/nour
= 80 watts

If the exterior surface is 56°F (516°R) then a net of 80 watts may
be rejected to the aft shroud at 7°F (467°R)

Heat straps are used to provide good thermal contact between the
cooler hot junction and the heat pipe and at the heat pipefSI wall
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junction. The heat strap permits relative motion at the junctions with-
out degrading the thermal contact (reference Figure 2-1).

5.8 PICK-OFF MIRROR ALIGNMENT CONSIDERATIONS

The Field Camera has an integral pick-off mirror (reference Figure
2-1) which intercepts a portion of the signal and relays the information
into the instrument. This assembly is subject to three thermal
unbalances:

° The environment around the assembly is not uniform in tempera-
ture during normal operation.

] The temperature of the assembly may vary +2°F, the range al-
lowed for its control.

. The blackbody surroundings may vary +2°F. A fore-and-aft tem-
perature gradient within the assembly will be present if the
surroundings about the assembly are at their maximum allowable
extremes, e.g., the primary mirror inner light baffle at 68°F
while the focal plane structure is 72°F.

The following analyses estimates the potential thermal effects of
these unbalancing forces On the stability of the pick-off mirror assembly.

a. Non-uniform Environment

The governing equation is

b)) o'E:AF(':['4--'1‘4

n
Assume the blackbody temperature of the immediate surfaces

are at 70°F and the OTA sink temperature is at -100°F. The mirror also
views the front face of the axial modules and the rear of the primary
mirror assembly. Assuming a worst case 65°F condition for these ele-
ments, the thermal environment of the pick-off is:

) = 0

Lten & F ﬁ Temp
OTA sink 0.02 0.01 0.2 -100°F
Axial SI's, etc. 0.05 0.05 0.4 | 65°F
Other 1.0 0.94 0.4 = 70°F
Pick-off MirrorAAssembly - 1.0 1.0 ?
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If the assembly structure is reflecting (e = 0.05) and the pick-off
mirror is silvered (¢ = 0.02) then :

A 4 4 A 4 4 + A 4 4
eF — (T -T ):& + [ eF — o (T -T ):\ [QF — 0 (T'-T)
[ =A ° OTA A MLI A BB

or /
[(0.02)2'0.01 (0.2){T+100}} + [(0.05)2 0.05 (0.4){T-65}}

OTA MLI

It
o

+ [(o.os) (0.94) (0.4) {T-70}J
BB

where

o (TA‘* - TB‘*) ~ (1, -T) at 70°F

Solving for (T-70)

7

[ 1360 x 1077 ] + [ 2500 x 1077 ] + 0.02 {r-70} = o

TAssembly -70 = 0.02°F

" The conclusion is that the varying surrounding temperatures will
have little effect on the pick-off mirror temperature and will not in-

duce dimensional changes.

b. Thermostatic Tolerances

The thermostatic tolerance for tbg mirror assembly arm is
+2°F. If the arm is aluminum (g = 13 x 10~ °F~') and 8 inches long,
then

il

o AT
13 x 10-6 x 8 x 2
208 x 10-6 inches

by

or about 5 ym. If the arm is graphite epoxy (o #0.03 x 10_6 °F-1

)

0.03x10° x 8x 2
0.48 x 10'6 inches

s

or about 0.0l pym.
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c. Ambient Variations

A typical pick-off mirror assembly arm thickness is 1.5 inches.
If the assembly arm is reflecting (¢ = 0.05) then we may estimate ATFA’
the fore-to-aft gradient, as follows

68PF 1.5" 1 720F

The material conductivity should be at least 10 BTU/hour ft °F.
Therefore (per unit area) '

b_b

AT o ae(T-TH g (2°F)
FA = k k
AX (1.5/12)
AT L2, 0.0 ,

FA = 12 * 10

0.00125°F

ATpy

or about ié%a of a °F which should produce a negligible mirror tilt.
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5.9 SECO THERMAL DESIGN

The thermal control interface with the SECO detector is shown in
Figure 5-5. The copper sleeve abuts the cold SECO cathode and carries
the heat from the plane of the cathode to the cold junction of the thermo-
electric cooler. Beryllium oxide spacers are used wherever electrical
isolation is required. The heat dissipation within the SECO has been
assumed as follows: '

Ltem Pover
Magnetic Focus Coil 15 watts
Magnetic Deflection Coil ' 5 watts
Readout 2 watts
Photocathode 2 watts

It has been assumed that up to 6 watts may leak into the SECO from
the environment. In the very worst case of having to remove all this
30W from the photocathode area, a thermoelectric cooler power of 20W would
be required. A schematic of the temperature profile and heat flows for
this case is shown in Figure 5-6.

The 30 watt heat load from the SECO detector is conducted from the
SECO to the cold junction of a thermoelectric cooler by a copper sleeve
with a temperature gradient of about 2°F. If the detector operating tem-
perature is 26°F (270°K) then the thermoelectric cooler cold junction
temperature will be about 24°F.

A standard thermoelectric cooler such as a Cambion Model 801-2001-01
. can step up a 30 watt heat load from 24°F to 60°F with an added power in-
put of 20 watts. The cooler COP (coefficient-of-performance) is

Q - 30w _

P 20w I*?

A simple ammonia heat pipe will transport the 50 watts from the
cooler hot junction to the module exterior wall with a temperature differ-
ence of 4°F or less.

More likely as details of the SECO camera design are developed, the
heat load to be removed from the photocathode, can be reduced to about
15W or less and the required thermoelectric cooling power to about 10W.

The following design features, applied to the detector package, will
achieve this much reduced cooling power:

° Isolate the magnetic field coil from the photocathode by using
a low conductance mounting design. A direct heat conduction
path from the field coil (at 70°F) to the SECO housing (at 60°F)
can carry 12 watts while the heat leak from the field coil to
the photocathode is limited to 3 watts by a reflective low
conductive spacer.
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. Similarly isolate the deflection coil from the glass tube
limiting the heat leakage to the photocathode from the de-
flection coil to 2 watts.

With careful design, there is every reason to expect a significant
reduction in the heat load to be thermoelectrically removed from the
photocathode to provide a 270°K operating temperature.

All calculations shown above are for a 'hot" orbit condition. Opti-
cal bench control heater power increases slightly as the SSM shroud
temperature decreases. The additional heat needed is anticipated to be
about 2 - 3 watts for the radial £/24 camera as the aft shroud tempera-
ture goes from +7°F to -40°F.

The cooling system power requirement is reduced if a heat pipe is
used instead of a heat strap. The heat pipe operates with a much lower
temperature gradient than a weight equivalent heat strap and permits the
thermoelectric cooler to operate at a much lower temperature level. A
preliminary trade-off has shown that a 12-1b. copper heat strap would
perform at a level comparable to the 2-1b. heat pipe.
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SECTION 6

POWER COMMAND AND DATA HANDLING

6.1 POWER INTERFACE

As noted in Section I, the instrument will operate from a supply
of 28VDC_*+ 5, and will be limited to a maximum orbital average power
consumption of 100 watts. The power requirements, broken down by
subsystem were summarized in Section II - Table 2-2,

Perkin-Elmer, at the Preliminary Design Review on July 15 and 16,
recommended the power interface to the science instruments shown in
Figure 6-1. The rationale for this approach was:

1. To avoid a aulti-line power 1interface with the SSM

2. Provide earlier verification of power distribution system and
interface.

3. Eliminate the requ1rement for a SSM PDS simulator during
OTA/SI testing

NASA is currently considering the alternative of having the SSM
provide all electrical distribution boxes (mounted within the SSM) with
the individual science instrument providing any additional control,
regulation or sequencing peculiar to the SI through a distributor box
mounted within the SI.

6.2 COMMAND INTERFACE

The f/24 Field Camera contains a command decoder, which receives
and decodes commands from the SSM's dedicated SI command and data handling
system, Commands may be classified as '"discrete" or "variable word",
Digcfete commands are single pulses used to initiate or terminate an event,
Variable word commands are multi bit digital streams that specify a setting
value, or a position or some other analog variable, The actual setting (to
the value specified by a variable word) will be initiated using '"load" and

"execute" discrete commands,

The camera command concept is illustrated in Fig, 6-2, This system
provides maximum operational flexibility with minimum on-board sequencing,
A command sequence and requirements list is given in Appendix B,
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6.3 DATA INTERFACE

Data is broadly classified as "engineering' or 'science' data,
some engineering data being necessary to the scientist to aid in
his interpretation and understanding of the science data. Engineering
data, indicating the current status of the camera subsystems (filter
wheel, shutter, calibration sources, gains, etc.) and identified as
“"Header' data, is interleaved with the science data and transmitted
to ground over the data link.

A general description of the OTA/SI data system philosophy is
shown in Fig. 6-3. The instrumentation list is given in Appendix C.

Engineering data is provided by the f/24 Camera instrumentation
subsystem, the concept of which is shown in Fig. 6-4. The required
sensors, or transducers, form the analog signals which, after buffering
and scaling, are multiplexed, digitized and output to the telemetry unit.
Header data is also sent to the Data unit for interleaving with science
data. Figure 6-5 is a block diagram of the signal processing and data
flow of the £/24 Camera. The Camera uses a 2000 x 2000 pixel SEC
orthicon detector (SECO). The SECO discharge time for readout of each
pixel has not been defined. Utilizing the FID as a guide, the maximum
readout rate was selected to be 50 KHz. Multiple readouts may be re-
quired to obtain all of the stored charge and thereby improve the signal
to noise ratio.

The address and timing control logic section controls the readout
of the pixels and analog to digital conversion of the video signal.
Synchronization with the SSM data handling system could be accomplished
via this section.

The S/H (sample and hold amplifier) section samples the video signal
and holds the signal amplitude while the analog to digital converter (A/D)
digitizes the signal to a 10 bit digital word. The serial output word
rate will be 500K bits/sec.

The SI data interface control section interfaces with SSM communi-
cation and data handling subsystem (C & DH) to transmit the science data.
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SECTION 7

RELIABILITY

7.1 REQUIREMENTS

" Revised ST project guidelines define a reliability goal for the
£/24 Field Camera of 0.85 for the first year of operations. It is also
a requirement that the camera be capable of operation on a nearly full
time basis. Since available observational time translates, on average,
into about one-half calendar time, the field camera is expected to
operate with a duty cycle of approximately 507%.

7.2 RELIABILITY ANALYSIS

The standby (or dormant) failure rate of the instrument has been
assumed to be one-tenth of the active failure (planned useage) primarily
-because of the electrical and electronic components. For an instrument
whose duty cycle is D and whose failure rate is ), the duty cycle failure
rate ) 4o is determined by the following equation -

Ade = Ra D) +2dg (1 -D)
where ) 5 = active failure rate
As = standby failure rdte

Failure rates are defined for the camera at the module level in
Table 7-1. These failure rates were compiled by TRW for Perkin-Elmer
earlier in the Phase B study (Reference P-E Report #11880, OTA/SI
Conceptual Design Report, 1l April 1974). The main source for failure
rates were estimates used on:

Apollo Telescope Mount (ATM)
Seasparrow Naval Low Level Light TV Project
Planning Research Corp. orbital data on Vidicon Tubes*
EMR Report -
Failure Rates, Reliability Prediction, Failure Mode
Effects and Critical Analysis, Photo multiplier
Tube Packaged Assembly
25 Feb. 1969 .

The vidicon tube and its high voltage power supply are considered
to be the components with the highest failure rate.

*Addendum to Reliability Data from In-Flight Spacecraft 1958-1972,
Report #0-1874, Bean & Bloomquist, AD906048L, 30 Nov.1972
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FAILURE RATE DATA

TABLE 7-1

FAILURES/BILLIONS HOURS

ErR-321

Telemetry

Unit

Subassembl

Sensor Unit

Command Control

(CC&T) Elect,

Opto/Mechanical

TOTAL

50%

50%

5ot
50%

23500

8300

1100
32900

2350

830

1100
4280

Adce

12925

4565

1100
18590

Assuming an exponential failure rate:

- t
R = e e

where t = 1 year (8760 hours)

and Adc is taken from the table,

we find

Re

R

-0,162848
e

8497 for a 1 year mission
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SECTION 8

TEST AND INTEGRATION

8.1 TESTING OF THE FIELD CAMERA

The £/24 Field Camera will be qualified and acceptance tested as a
subsystem prior to its integration into the OTA. This testing will
follow the plan defined in GSFC Report #X-604-74-290, GSFC Integration,
Test and Evaluation Plan for ST Focal Plane Assembly, Major components
and subassemblies will undergo development testing as required to support
the detailed design. Such testing will include breadboard testing of
electronic circuits, temporal stability measurements of calibration
sources and sensitivity/uniformity measurements of detector photo-
cathodes. :

Test objectives/requirements for each phase (development, sub-
assembly, instrument level and integration with the OTA) are shown in
Figure 8-1. Required testing is defined as follows:

Optics

The camera has no re-imaging optics that require critical testing.
The major responsibility for image quality falls upon the verification
of the OTA performance. However, the pick-off mirror and the filter
elements must be tested for reflected and transmitted opd values,
respectively. This requires a typical wavefront analyzer unit
(collimator interferogram) and standard reduction software to assess
wavefront peak to peak and rms data at various wavelengths. This is
per formed with the elements both unmounted as well as mounted in their
system configurations. An extension of the above test unit can be used
to measure the reflectivity and transmission of the various elements.

The calibration mirrors must also be tested in an analagous manner.
The imaging optics, used to irradiate the photo cathode are required to
be of known uniform: throughput, but are not required to provide high
image quality.

Mechanical
The mechanical testing will include the alignment and repeatability
characteristic of the pert door, filter, and shutter units as well as

stability of the mountirng to be used to support the detector.

At the S.I. system level, mechanical tests will be directed towara
determining the Field Camera, installed in the radial bay module box
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is properly aligned, and retains that alignment during vibration and
repeated installation/removal cycles on the OTA focal plane structure.
The OTA FPS thermal structural unit at GSFC will be used for these
tests.

Electronics

Electronic subsystems and components will be subject to considerable
development testing in support of detail design work, and will confirm
design predictions of power consumption, thermal stability, gains, signal
to noise ratio, etc.

As individual components and circuit boards are brought together,
tests will include vibration, and electromagnetic interference and compa-
tability. Failure modes and back-up systems will be confirmed.

8.2 CAMERA QUALIFICATION & INTEGRATION WITH OTA

As noted in Section 8-1 qualification testing will be conducted at
GSFC. Figure 8-2 gives the schedule of key milestones for the instrument
design, assembly, and testing as well as its delivery to the OTA contractor
for integration. The instrument contractor will provide, starting at
month 27 a structural/thermal model of the camera to GSFC. GSFC will
integrate this model with a focal plane structure provided by the OTA
contractor. This FPS will be, as far as possible, a duplicate of the FPS being
designed for the OTA. GSFC will integrate the TSU instrument models into
the FPS and conduct a series of tests of this assembly to verify the thermal/
structural design of the camera. This testing information will be input to
the continuing design of the camera.

The completed Field Camers will be delivered to GSFC at month 44 of
the program. GSFC will integrate the. SI's (including the Field Camera)
into the FPS and again conduct the tests defined in Report #X-604-74-290.
This testing program will qualify the individual instruments - at the con-
clusion of this test sequence they will be certified as accepted flight
instruments for delivery to OTA integration. The SI contractor will parti-
cipate in and support the testing program at GSFC.

Figure 8-3 defines the schedule for the integration of the Field Camera
(and all other SI's) into the OTA. Months 60 and 61 are provided for the
receiving and inspection of the camera at the OTA integration site.
Following acceptance it will be integrated into the OTA by the OTA
contractor. The following tests will be conducted on the OTA/SI assembly
during the period months 62-68.

8-3
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(months)
Milestones 12 24 36 48 60 68
%> A 4%, L A
PDR _ CDR l
\- i
1. Field Camera Design L _ ]
9 l | 38
36
2. Fabrication & Ass'y. L ]
Flight Instrument 31 } 44
3. Thermal/Structural C::—J_
Unit Testing 27 33
4, Camera Int. to FPS
at GSFC - qualification 1
testing L4 59
Required l
Delivery
5. Delivery to OTA of SECO
Integ.Contractor-
R&I at OTA )
6. Integration into OTA l
(see OTA/S1 C —
schedule) TSI Integration
into OTA

Figure 8-2, £/24 Field Camera Development and Qualification
Schedule
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Figure 8-3,

OTA and OTA/SI Test Sequence
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Test;# Title

ER-321

Testing/Special Test Equip.

701 Alignment Verification and
Functional Performance

702 EMC
608 Vibration
609 Re=verification of

Functional Performance

705 Integration of SSM Hardware

706 Thermal System Performance
Test

707 Removal of SSM Hardware

708 Mass Properties Verificat on

8-6

The OTA with all science instruments
installed will be installed in a
thermal/vac test chamber as shown
in Fig, 8-4, Using the 72" colli-
mator as shown in Fig, 8-5, the
S1's will be verified for align-
ment and function,

Limited EMC testing will be con=-
ducted during Test 701, Test
will be limited to monitoring
of busses and critical signal
lines.

OTA/SI assembly removed from chamber,
subjected to acceptance level
vibration.

Return OTA/ST to test chamber and
repeat Test 701 to insure system
functional after the vibration
test,

Install SSM Flight Forward Shroud,
simulated SSM section and SSM
Flight Aft Shroud,

Test to verify the Optical
Performance of OTA/SI under
simulated thermal environment.
Also to verify thermal inter-
face between SSM and OTA/SI,

This includes stability of optical
metering truss and power dissi-
pation from the SI area., The

test will also verify ST power
requirements,

Test will be conducted with OTA/SI
vertical in test chamber, with

72" collimator input and with
thermal simulation of space
environment as shown in Fig, 8-4,

Following test 706, the SSM Flight
hardware is removed,

Verification of Flight OTA/SI,
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SSM FLIGHT
FORWARD
SHROUD

1

\ |_— OTA ASSEMBLY
’f

OTA THERMAL
P " TEST SHROUD

FOCAL GUIDANCE
SYSTEMS (3}
f 24 CAMERA AND
SSM FOCAL PLANE
P EQUYPMENT

SCIENTIFIC

= INSTRUMENT
PACKAGE ASSEMBLY

: 4 MODULES

-s 'l'
|~ AT SECTION

/ 7| THERMAL TEST
, - SHROUD
__/{L / -

N
—~
NG

SSM
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SSM FLIGHT —
" AFT SHROUD

Figure 8-4, OTA/SI Thermal System Performance Test
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72" PARABOLA-TOLERANCE
N 20 KNOWN TO A/77.8
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[ =
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—
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' 1
Il \
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PRIMARY MIRROR
OF ST

FGS/0CS MODULES

‘\{_
OTA STRUCTURE
S S
-

SCIENTIFIC _<
INSTRUMENTS — |

. -

Figure 8-5,

72" Collimator System Test Configuration
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Flgure 8-6 illustrates the interface conformation sequence for the
development/integration of the science instruments., MSFC, as prime
contractor, will accept the SI enclosures, They will be supplied to GSFC
which will accept/forward the enclosures to the individual contractors. The
completed instrument will go to GSFC for envirommental/qualification tests
as described, and will be accepted by MSFC prior to integration into the
OTA.,

8.3 ENVIRONMENTAL CONTROL REQUIREMENTS FOR FIELD CAMERA

Figures 8-7 and 8-8 define the environmental conditions which are
required during all ground handling of the Field Camera: assembly,
testing, refurbishment and transportation, The importance of the Field
Camera to successful ST performance demands a highly reliable design,
Because of the long period of ground integration and test, it is critical that
high levels of cleanliness and careful control of temperature and humidity be
maintained, As integration moves to a higher level and ST system size makes
such control more difficult, special effort will be required to provide and use
covers to protect the camera when not undergoing actual test or checkout,

8-9
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OTA/SI Interface Confirmation
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Environmental Parameter

Air Temperature, Ambient
Dry Bulb

SI Equipment Temperature

Relative Humidity Ambient Air

Cleanliness S1/SI Encl., Integ.

Ambient Air OTA/S1 Integ.
SSM Integ.

Cleanliness SI

Cleanliness SI Enclosure
Viewing the SI

NOTES ;

Limits

65°F to 78°F

65°F to 78°F

< 50%
10, 000 Max.
10,000 Max.
10,000 Max,

Class 200, Level B

MIL-STD=-1246A

Max Rate
of Change

20°F/Hr

10°F/Hr

N/A
N/A
N/A
N/A
N/A

N/A

Remarks

For operational require-
ments, see Paragraph
3.5.6.

Note A,

Fed Std. 209 - See Note B

At the time of integration

of the SI with the SI
enclosure,

A, During thermal vacuum testing, repressurization shall be controlled to prevent any condensation

on OTA/SI surfaces or particulate matter back-stream.

B. During OTA/SI to SSM integration, operations which would expose the interior of the OTA/SI to the
- ambient environment shall be performed in a Class 10 K environment.
pose the OTA/SI interior to the ambient environment may be performed in a Class 100K environment.
Appropriate seals and closures on the OTA/SI or plastic tents supplied by HEPA filtered blowers
shall be considered as meeting the intent of this requirement,

Operations which do not ex-

Figure 8~7, General Environments for the SI Within the SI Enclosure

(Handling, Including Factory, Refurbishment)
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Environmental Parameter

Air Temperature, Ambient
Dry Bulb

Relative Humidity

Cleanliness - Conditioned Air

NOTES :

Limits
50°F to 90°F

& 50% ..

100, 000

A, No condensation shall be allowed on any exposed

B. During transportation, interior of OTA/SI to be closed off to maintain class 10K environment

Rate of
Change ~ Max Remarks

20°F/Hr
N/A Note A

Fed Std 209 - Note B

surface of OTA/SI equipment at any time,

internally while exposed to class 100K environment externally,

Figure 8-8.

Transportation Environment Requirements for SI's
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APPENDIX A

COMPUTER ANALYSES OF OPTICAL DESIGN

As discussed in Section 3.4, the £/24 Field Camera design incorporates a
radial pick-off mirror without corrector and with the SECO photo cathode
placed at the best average focus for the field i.e. with focus at the 0.7
diameter of the photo cathode as shown in Figure 3-11, The analyses in
this appendix are in support of that design configuration with performance

compiled at the on=-axis, 50% diameter, 70% diameter and full field positions.
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f24 CAMERA OPTICAL PERSCRIPTION

LST RC F/24 (LSTRQO)

F/ 2.400D0 01 FIFLD 2x 2.33330-01 nES TARGEY FobL,

WAVELENGTHS 4.,32A000=01 »,328000-01 %,32800D0-01

5.75999D 04

NO, RADIUS THICKNESS ~3 ' M4 NS DEL N

0.0 L.000000 1.000000 1.000000 0.0 TMAR
* 1 =1.104000N N6 =-4,9206071D 03 ~1+40000000 -1.0000000 -1,0000000 0.0 R Y
ASPH  ~2,29850N0M-03
* 2 =-1.3584000 03 Aaub200D I3 1.0000000 1.0000000 1.0000000 0,0 SECONDARY
ASPH  =4,948600N=0]

3 1.000000D 55  n,0 149000000 1.0000000 1,0000000 04U IMAGE

EFI. S.759985D 04  FyD  1.500129) 03 YEP  1.196947) 03

STOP NIAMETFR 0.0

LA 2222020t X222

SXXXXXX XXXAXX@
LXXXX XXXX®
exxx XXX
exx xxe
ox X
ox X
o o
o XXX o
° XXXXX @
o XXXXX @
M XXXXX »
© XXX °
-2 o«
ax X#
ox Xe
exx xx e
SXXA AXX®
eXXXX XXXX#
OXXXXXX XXXXXX®
LA2-2-2-2-2-2-3-2-2-2.2-2.2-2-2-2-2-3-2.1
5 10 15

PSH,

Central
Observation

Eveluation Ray Mask - 204 Rays

e th aFTE= SURF ]

£/24 Camera Optical Perscription

o on axis location

o best average focus over format
(focused at 0,7 zone of image)

*Surface Equation
2 2

Sag = (v + z % 2 ) 3
1 + (1-eC®(y" + 2°)N)

¢ ===

rad € = agph,
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LST RC F/24 (LSTRC)

WAVELENGTH

NO. SURFACE

1 ASPHER,
2 ASPHER,

3 SPHER.

NO, €

1 -2.2985000-03 0.0
2 -4,9686000-01 O.

OBJECT DSTNCE
INF
OBUECT MHEIGHT
INF
MAGNIFICATION
0.0
APT.STOP SIZE

2399.993654

00d 40

"TVNIOII0

=
f-»}
S
Eca
:gtﬁ
0.63280 0.63280 0.63280
RADIUS THICKNESS MD=-INDEX HI~INDEX LO=~INDEX
0.0 1.00000 1.00000 1.00000
-11040.0000 ~4906,0710 -1,00000 -1.00000 =1,00000 AIR Primary
~1358,0000 6406,1995 1.00000 1.00000 1.00000 AIR Secondary
INF -0.4800 1.00000 1.00000 1.00000 AIR Image
_ TABLE OF ASPHERIC COEFFICIENTS
afe) AL6) A(R) A(10)
0.0 0.0 0.0
0 0.0 0.0 040
FIRST ORDER PARAMETERS ON MERIDIONAL PLANE
ENTR.PUP,DIST FRST.PPAL.PNT EOV.FCL.LNGTH SCND.PPAL.PNT EXT.PUP.DSTNC IMAGE DISTNCE
0.0 -416184,06139]1  57599.854894 =51194.135385  =596,451184 6605,719539
ENTR.PUP.SIZE OBJT.SPCE.FNO TRACK LENGTH IMGE.SPCE.FNO EXT.PUPL.SIZE IMAGE HEIGHT
2399.993954 INF INF 244000000 291.777113 234.572622
SEMIANG.FIELD BACK VTX.DIST BARREL LENGTH FRNT.VTX.DIST SEMIANG.FIELD DEMAGNIFICATION
0.233333 INF -4906.,071000 1499.648539 1.919266 INF
APT.STOP DIST FROM SKRFCE.NO #sesseccssssos FLD.STOP SI2E FLD.STOP DIST FROM SRFCE.NO
n.0 - 1 469,145244 6405.719539 2

FIRST ORDER PARAMETERS

‘
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LST Q¢ F/s2s (LSTRC) 12:10:66=2--=-au09,/12/75
CYcte 0
LATERAL ABERRATIONS (on Axis of Camera)

FIELD CO-0RDS. 0.0 0.0 REF.F.le 5.759990 04
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oY 1 scosovoooopbLoODTORbEOLROs0ee 0,009 0.009 0,009 0,009 O0,009¢cceso cocecce eso0e
D2 | ©000000000000020000000000000000000000000400 «(,002 -0.,001 0.0 0,001 0,00202e00000 osce sescocses
DY 2 owecocoecccwcessnoovsosvacas 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0,008 0.008% soo
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Dy B 0.001 0.001 0.001 0.001 0.001 0.0p]eccavccccsscsccssssenssscccoassesces 0 .00] 0,000 0.001 0,001 0,001 0,001
07 8 -0.009 =0.008 =0,007 -0.006 =0.005 -0,004c0c000000v00c0c000000000000s0000060 0,004 0,005 0.006 0,007 0,008 0.009
DY 9 n.0 0.0 o.o 0.0 0.0 0.0 GOOO0VOROOIVUC0OQU00000GEORAAEOVDOO o.o o.o o.o o.o o.o o.o
DZ 9 =0.009 -N.008 -0.007 ~0.006 =0.005 -0,0Na80000009000000900000000000000090000 0,004 0,005 0.006 0.007 0.008 0.009
OY 10 ~0.001 ~0.001 =-0.001 -0.001 =0.001 -0.QUl2¢00ce000003300800200000000008s40a080 =0,00] -0.001 -0.001 =0.001 -0.001 =0.001
DZ 10 -0.009 -0.008 -0.007 ~0.006 =0,005 ~0.004%0c0s0000000¢00000000000000440000808 0,004 0,005 0.006 0,007 0.008 0.009
OY 11 =-0.002 -0.002 =0.002 -0.002 =0.002 =0.0U2 -0.002%0500000000000ea0000s -0,002 =0,002 ~0,002 -0.002 ~0,002 -0.002 -0,002

~0.009 -n.008 -0.007 ~0.006 =-0.005 -0.004 ~0,00209°0%¢0v0000vennadoc0os (0,002 0,006 0,005 0.006 0,007 0.008 0,009

D2 11
Dy 12 oevcceo 0,004 -0.004 -0,006 ~0.006 -0,004 -0.004 -0,00% ~0.006 =0,006
07 12 ocssose -0,008 -0.007 -0.006 =0.005 =0.004 -0.002 -0.001 0.0 0.001
DY 13 oeosses -0,005 =0.005 -0.005 ~04005 =0.005 -0.005 -0.005 =0.005 =0,005
DZ 13 owoe -0.008 -0.007 =0.006 -0.005 -0.004 =0,002 =0.001 0.0 0.001
DY 14 0800000000000 —0,006 -0.006 -0.006 =0,006 ~0.006 -0,006 =0.006 -0,006
DZ 14 onsocsccasesss -0 007 -0,006 =0.005 -0.004 -0,002 =0.001 0,0 0,001
0Y 15 seoncecoccccoe -0,007 =0,007 =0.007 -0.007 -0.007 -0.007 =0.007 -0.007
DZ 15 eoevccasvsacves -0,007 -0,006 -0.005 =0.004 -0.002 ~0.001 0.0 0.001
DY 16 ©00000000006000000600000a09009 ~0,003 ~0.008 -0.000 =0.008 =0,008 =0.008
DZ 16 ©0000000000800000000000609090 ~0,005 -0,006 -0.002 -0.001 0.0 0,001
QY |7 9000000000000000000000000030003003084008000 =0,009 =0.009 -0,009 =0,009
DZ |1 200000 DOOO0NODODO00ONOOCANGR0ODLEVOGONOCIUOY -0.002 -0.00] 0.0 0.001
rms Spot Size = wMS LAT.aHcR, 7.36310-03 KOUNT 206
NOTES:
1 Lateral aberrations given are for each
tay of evaluation grid
2 DY = Ray error in 'Y' direction
3 DZ = Ray error in "Z' direction
4 Dimensfons in millimeters
QUALITY A-5

0,004 «0,004 =0.004 =0.004 =0,00¢ =0,004
0.002 0,004 0.005 0,006 0.007 0.008%¢ccnee

~0,005 =0,005 =0.005 =0.005 =0.005 -0.005°cceses
0,002 0.004 0.005 0.006 0.007

0,006 0,006 ~0.006 -0.006 -0.006%eeee
0.002 0.004 0,005 0.006 0.007%¢cos

=0,007 -0,007 -0.,007 -0.007
0,002 0.004 0.005 0.006

-0.008 -0,008
0.002 0.006

«0,009000600000000080008000BR08000CPRRO
D.002090000000000000000400034000CE028000000008000s



9-v

LST RC F/24 (LSTRC) ' 09:08:52=-=-—===

LsT BC £/ 08:52 11724775
MONOCHROMATIC ‘OoT oF o

WAVELENGTH 6.32800-04 REF.Fel. 5.76000 04 FIELD CO-0RDS. 0.0 0.0

LINES PARALLEL TO RADIAL DIR.

FREQ THEOR’ MTF REAL IMAG PHASE
S.00 0.8l 0.851 0.851 0.0 0.0
1000 04722 06693 04693 0.0 0.0
15.00 0.591 0.548 0N.548 0.,V 0.0
20.00 0.468 04426 Q0.426 0.0 0.0
25.00 0,387 06357 0.357 0.0 0.0
30,00 0.344 0.321 0.321 0.0 0.0
35.00 0.313 04290 0.290 0.0 0.0
40.00 0.2R8 0.261 N.261 0.0 0.0
454,00 0.225 0.205 0.205 0.0 0.0
50.00 0.143 0,133 0.133 0.0 0.0
55.00 0.0R4 0.081 0.081 0.0 0.0
A0L.00 0.037 0,036 0.036 0.0 0.0
204 MASK POINTS
2nh4  RAYS OUT OF 204
NOTES:
1 On axis of Camera (0 Field Positionm)

2 TFreq. = Frequency in line pairs per millimeter
3 Theor. = Theoretical diffraction limited MIF at 632.8 nm
4

MIF = Actual computed system MIF including diffraction in the
flat photocathode surface plane of the detector

E3NT13-NIMESd

Tce-44



L=V

LST RC- F724 (LSTRC)

CYCLE 0

FIELD 0.0

XeYeZ SHIFTS

0.0

12:11813===-=-- 09/12/75

0.0 REF oF e Lo R0 nROORD

0.0 0.0

PERCENTAGES EXCLUDE VIGNETTING 0.0 %

RADIUS

2.500000-03
5.000000-03
7.500000~03
1.000000-02
1.250000-02
1.50000D-02
1.750000-02
2.000000-02
2.250000-02
2.500000-02

PERCENTAGE Y=-REF Z-REF
0.0 0.0 . 0.0
19.60784
52.94118
100.00000
100.00000
100.00000
100.00000
100.00000
100,00000
100.00000

NOTES:

K

On axis of Camera
Geometrical encircled energy
Radius = Spot radius

Percentage = Percentage enclosed energy

Y=-80UND
1.000000 10

EIWT13-NIMESc

1¢e-44



8-V

LST

T

> n

10
11
12
13
ls
15
16

17

RC F/24 (LSTRC)
CyCLE 0

FIELD CO-ORDS.
REFe Fele 547600 04

12:11:49===~====09/12/75

OPTICAL PATH DIFFERENCES (204 rays)

1.2

430=-02

0.0

WAVELENGTH 6.3280-04

X222 22X X200 022NN 22 022 1

Xz 22X 2 R-X-2-2 2 X 22 -2-2-X-2-2-X-%-3

ca0acocnanoe
fcoooconanon
eooone -0,.11

aon0oce «0,10

-0.12 ~0.09
-0.11 ~0.09
=011 -0.09
=0.11 =-0.09

-0.12 -0.09
aoeeed -0,10

coonos ~0,1)

LA X2 2-2-2-2 X-2.)

CX-X2-XX-X-X-2-2-2-X.1

-0.12
-0.10

-0.,09

-0.08

-0.07
-0.06
-0.06
-0.06
-0.07
-0.0A
-0.09
-0.10

~0.12

-0.10
-0.0R
-0.07
-0.06
-0.05
-0.05
=0.04
-0.05
-0.05
-0,06
=0.07
-0.08

-0.10

Xz 2-R-X-0- 20 2-4-X-X-2-2-X-X-1

-0.11
-0.09
~0.07
-0.05
-0.0¢
-0.03
-0.03
-0.03
-0,03
-0.03
-0.04
-0.05
-0.07
-0.09

-0.11

-0-10
-0.07
~0.06

-0.04

-0.03

-0.02

~0.11
-0.09
-0.07
-0.05
-0.03

-0.02

-0.11
-0.08
-0.06
-0.04
-0.03

-0.02

-0.10
'0.08
=006

-0.04

f0.03

-0.01

=0.11
-0.08
-0.06
~0.04
-0.03

-0.02

0.0l Rentcn0nocnaasncod

-0.110009QO0Q0ﬂ09000QGOQOOOOGQOOOOOGOGOOQ

-0,09
-0.07
=0.05
-0.03
-0.02

'0001

EORPFALAALE AL AAL AL AL Al dl Al Al dly ]

-0.o260@“96OQQQD°¢0§§DGOO§OGOOOOOOO

(200G EOLRNARLRIVORROTOTRIRRONOIODG

-0.02
=0.03
-0.04
-0.006
-0.07

~0.10

X2 XX-X-X-2-2-X-2-X- 2 3-X-2-2-X-X-2-2-2-X-2-K-X-L-X-3-2-X-R-2-2-8-2-3

NOTES:

RM

S 0PD

«0.0l%avcconuanonaannas

-0.02
~0.03
-0.05
-0.07
=0.09

-0.11

3.1669D-02

0.5 Fieid position of camera

oW N

A/31.58

at the indicated point,

opd in wavelengths at 632,8 nm
rms opd = ,03167\ =

Each numeric value corresponds to the opd of a ray entering the pupil

-0.02
-0.03
-0.04
-0.06
-0.08

‘0.11

=0.01
-0.03
~0.04
-0.06
-0.08

-0.10

KOUNT 204

-0.02
-0.03

-0.04

-0.06

-0.08

'0011

-0.01
-0.,02
-0.03
-0.05
«0.07

-0.09

=0.10 =0,11lesc0nn00000na00a00anadane

-0.07
-0.06
-0.04
-0.03
-0.02
-0,02
-0.02
-0.02
-0.02
-0.03
-0.04
-0.06

-0.07

-0.09
-0.07
-0.05
-0.04
-0.03
-0.03
-0.03
-0.03
-0.03
-0.06
-0.05
~0.07

-0.09

-0.10
-0.08
-0.07
-0.06
~0.05
-0.05
=0.04
-0.05
=0.05
-0.06
-0.07
-0.08

-0.10

-0.12000006009000

-0.‘000“0{000“000

~0.09 -0,11¢eccaca

-0.08 =0,10¢9ve00

~0,07 -0.09 -0.12
=0.06 =0.,09 -0.11
~0.,06 =0.09 -0.11
=0.06 =0.09 =0.11
=0.07 ~0.09 =0.12
-0.,08 -0.10%%0000

=0.09 =0,11%ecnc0

=0,]10000000000000

-0.12000000600000

0610 ~0,1l1l00nnn00d0000008000800000

-o.ll0066000#0O0QGGO“QGOGQQOGDOOQGGOODQGO

AVERAGE

~6.6154D-02

EHIWI-NIMEIS

1te-dd



6=V

LST RC F/24 (LSTRC)

CYCLE
oy 1t
07 1
oy 2
0z 2
oy 13
bz 3
oY &
DZ -4
oy 5
0z S
Dy o
Dz 6
oy 17
0z 7
Dy 8
0z 8
by 9
0z 9
oY 10
Dz 10
Dy 11
0Z 11
oy 12
0z 12
Oy 13
Dz 13
Oy 14
0Z 14
Oy 15
0z 15
DY 16
0Z 16
DY 1

Dz 1

0

FIELD CO-ORDS.

PRIN,RAY CO~ORDS.

LATERAL ABERRATIONS

1.243000-02

0.0

1.249510 01

0.0

0000080000000 0000R00000000RBOONVD000000G00
C00000H0000VABODOOVDDOCANCLONDEOOOORRDODOY

00000000 0G000QNE0000CN00GA0D
DORCORD0OOOOOLVQVBODORBDOONO

6000000000000 0
cooobboccwwnso

boo0obOOOOOORD
eRo0CcGO0ODOOO0D

o0ocpooo
XX XX 2 X1

0.0013
-0.n06

vwwveoo
eQocobo

0,003
~0.006

n.002
=0.007

0.002
-0.,006

0.001
~0.006

0.001
=0.007

0.000
«0.007

0.000
-0.006

=0.001
=-0.007

-0.001
-0.006

-0,002
=0.007

~-0.002
-0.006

boo0o00b0
0000000

-N.003
~0.006

feocoon
0000000

-0.003
-0.006

fDOCOVB0O00Q0RD
tooocb00obo0OOORO

0000D0O00B0000O
eoceooo00p0O0QQ0

0.00%
-0.0nS

0,004
-0.0n5

0.003
~0.005

0,003
~0.,005

0.002
-0,005

0.001
=0,005

“0.n00
-0.005

=0.001
=-0.00S

=0.002
-0.00%

-0.0023
-0.005

=D.003

-0.00S

-0.004
-0.005

=0.005
-0,005

0.009
=0.005

0,004
-0.005

0.003
~0.005

0.003
-0.005

0.002
=0.005

0.001
-0.005

0.000
~0.005

-0.001
=0.005

-0.002
=0.005

-0.003
~0.005

-0.003
-0.005

-0.004
-0.005

~0.005
=0.005

VROCOOUVOCNCUOODRNOAVINRRALOLRD
00RRODOOOGN00ROVDORODOONR0GLD

0.006
-0.004

0.005
-0.004

0.006
«0.006

0.003
-0.006

0003
=0.004

0.002
~0.004

0001
-0.006

0.000
=0.004

-0.001
=0.004

-0.002
=0e004

-0.003
=0.004

-0.003
-0.004

=0.0006
-0.004

-0.005%
=0e0004

-0.006
~N004

0.006
~0.003

0.009
~0.003

0.006
~0.003

0.003
=0.003

0,003
=0.003

0.002
~0.003

12311153 =m=am-==09/12/75

(0,5 Field Position of Camera)

0.007
~0.002

0.006
=0.002

0.00S
=0.002

0.004
-0.002

0,003
=0.002

0.003
=0.002

REF .

0,007
-0.001

0.006
~0.001

0.005
=0.001

0,006
-0.001

0,003
-0.001

0,003
=0.001

0.002900000000000000000000
~0.,002¢%006r00apo000000000000

0.,00700000000008000080R0RVEB00CE00CTIE00CNANNGED
0.,0020000000000000080000000000000000000RRRROGRS

FeLe 54759990 04
0,007 0.007
0.0 0.001
0.006 0.006 0,006
0.0 0.001 0,002
0.005 0.005 0,005
0.0 0.001 0.002
0,004 ~0.004 0,004
0.0 0.001 0.002
0.003 0.003 0,003
0.0 0.001 0,002
0.003 0.003 0.003
0.0 0.001 0,002
0.002
0.002

0.nclODCQQQOOOOOOGOQQGOOOOQQOQQQOQOQOOOO
~0,00300060000000000000000000000000000000

o.000006909096000000099ODOGQGQGQDGQGQQOO
2000000 RD0RVRERON0N0CNRNOOEAN0OOBODD

-o.oo1QOQQQOOQOOOOOOOOOOODDOOOOGOOOOQOOOO
=20.00300000000000RLNONROORORDDROODIDOORDE

-0.,002 -0.ooéooooooooooooooooooooo
=0,002%00000000000000000000

=0.003

~0.003
~0.903

-0.003
-0.003

~0.004
~0.,003

~0.005
-0.003

=0.006
-0.003

QO0QLEO00ODORODOND0LRRRAIVEURRRRIOBOBRGOGRD
000Q00000RR00OVORRQVORVUANRRANARRLOORGUODY

rms Spot

Size =

RMS LAT,AHER.

=0.003
-0.002

=0.003
=0.002

=0.004
=0.002

-0.005
=0.002

-0.006
=0.002

=0.007
-0.002

5.46360-03

-0.003
-0.001

-0.003
=0.001

=0.004
=0,001

-0.009%
-0.001

~0.006
-0.001

-0.007
-0.001

=0,003 =-0.,003
0.0 0.001

-0.003
0.0

-0.,003
0.001

-0.004
0.0

~0.004
0,001

~0.005
0.0

-0.,005
0.001

-0.006
0.0

-0.,006
0.001

-0.007
0.0

=0.007
0.001

KOUNT 204

-0,002
0.002

=0.003
0,002

-0.003
0.002

=0.004
0,002

=-0,005
0.002

«0.006
0,002

0.006
0.003

0.005
0.003

0.004
0.003

0.003
0,003

0,003
0.003

0.002
0.003

0.001
0.003

0.000
0.003

=0.001
0.003

=0.002
0.003

-0.,003
0.003

=0.003
0.003

«0.004
0.003

~0.005
0.003

~0.006
0.003

0,0060000000000000800000000000000
0.,0069000000000000000080800000800

0.005
0.000

0.004
0.000

0.003
0.006

0.003
0.004

0.002
0.004

0,001
0,004

0.000
0.002

-0.001
0,004

=0.002
0.000

~0.,003
0.004

-0.003
0.004

=0.006
0.004

-0.005
0.004

0.005
0.005

0,006
0,005

0,003
0.005

0.003
0.00S

0.002
0,005

0.001
0.005

0,000
0.00S

=0.001
0.005

=-0.002
0,005

-0.003
0.005

~0,003
0.005

=0.006
0,005

=-0.,005
0,005

0.00500090000000000
0.00500000000000000

0,00400000000000000
‘0.005%0000000000000

0.003
0,005

0.003
0.005

0.002
0.005

0.001
0.005

0.000
0,005

-0.001}
0.005

=0.002
0.005

-0.003
0,005

=0.,003
0.00S

0.,0039000000
0.,00600nan00

0.0030000.0.
0.,006%000000

0.002 0.002
0,006 0.007
0.001 0.00}
‘0,006 0,007
0.000 0,000
0,006 0.007
-0.001 =0.001
0.006 0.007
=-0.002 ~0.002
0.006 0.007

-0,003%000000
0.00b0000e00

-0.0030000000
0.006%0c0000

=-0.,004%0000000000008
0.00500000000008008

-0,0050%0000000000000
0.00500000000000000

~0.006900000000Q000000000000000000
0.004600000000008000000000000Q00060

*«0.00720000000R00000000A00000OD00DONRALOAD000020
0,002¢0000000000000000000080000000000000GA0CON0D

Ref. notes on page A-=5

EHIAWT3-NIMESd
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01-v

LST RC F/26 (LSTRC)

CYCLE 0

AONOCHROMATIC OuToF o

WAVELENGTH 6.32800-06 REF.Fol. 5.76000 06

LINES PARALLEL TO RADIAL DIR,

FREO THEOR MTF REAL IMAG PHASE
S«00 0.86]1 0.855 0.855 0.0 0.0
10.00 0.722 0.705 0.705 0,0 0.0
15400 0591 0.566 0.566 0.0 0.0
2000 0,468 0.443 04443 0.0 0.0
25.00 0,387 (.369 0,369 0.0 0.0
30.00 04344 0331 0.331 0.0 0.0
3%.00 0.313 0.299 0.299 0.0 040
40.00 04288 0.272 0.272 0.0 0.0
45,00 0.225 0.213 0.213 0.0 0.0
5000 0.143 04137 0.137 0.0 0.0
55.00 0.084 0N.082 0.082 0.0 0.0
50400 0.037 04037 0.037 0.9 0.0

204 MASK POINTS

2n4 RAYS OUT OF 204

NOTES:
1 0,5 Field position of camera
2 Reference notes 2, 3 and 4, page A-6

03:09:04

FIELD CO-ORDS.

LS B SO <3 )

LR 2 - - O <

THEOR

0.861
0.722
0.591
D.468
0.387
0.344
0.313
0.288
0.225
0.143
0.084
0.037

MTF

0.856
0.707
0.569
0.446
0,371
0.332
0.301
0.274
N.215
0.138
0.u82
0.037

1.243D-02

REAL

0.856
0.707
0.569
0.446
0.371
0.332
0.301
0.274
0.215
0.138
0.082
0.037

-n wt an wp on -

IMAG

~0.000
-0.000
-0.000
-0.000
~0,000
-0-000
'00000
~0.000
-0.000
-0.000
-0.000
-0.000

0.0

11724775

LINES PARALLEL TO TANGENTIAL DIR.

PHRASE

-00000
-0.000
-0.000
-0.000
~0.,000
-0.000
'0.000
-0.000
-0.001
-00001
"0-001
-00001

HINWI3-NIMEISd

12e~-43



11-v

LST RC F/24 (LSTRC)

CyCLE 0

FIELD 0.012¢ 0.0

XeYsZ SHIFTS

0.0 0.0

PERCENTAGES EXCLUDE VIGNETTING 0.0 %

RADIUS

2.500000-03
5.000000~03
7.500000-03
1.000000-02
1.250000-02
1.500000-02
1.750000~-02
2.000000=02
2.250000-02
2.500000-02

PERCENTAGE
1.96078,

39.21569
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000
100.00000

NOTES:

WM

12:12:21
REF oF ol s 20000000
0.0
Y-REF - Z-REF

0.0 0.0

0.5 Field position of camera

Geometrical encircled energy

Radius = Spot radius

Percentage =

Percentage enclosed energy

----- -==09/12/75

Y=-BOUND
1.000000 10

EISWI3-NIMESd

1Ce-9d
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LST RC F/24

Cyc

~ o v

[

10
11

‘13
16
15
16

17

LE 0

FIELD CO-ORDS.

REF, Fele S5.7600 04

(LSTRC)

OPTICAL PATH DIFFERENCES

2.4870'02

0.0

 WAVELENGTH

BOOROLONODRODN0A0RORORARRONARRDDBIND

enodvoaRnOO0BBRORBOBBRRs (0,01

(2-X-2-2-2-X-%-2-%-%-X.2

L2222 -2

L 2-X-2-%-X-]

foovon

-0.01
~0.01}
-0.01
=0.01
-0.01

L. 2-2-X-2-3-]

L2 X2 X 2]

-0.00
=0.00
=0.01
<0401
=0.01
-0.01
-0.01
=-0.00

=-0.00

LA R 2222 2 X% 23

(222 2-2 2% 2-2 -2 %

0.01

0.00

-0.00

-0.00
-0.00
=0.00
-0.01
=-0.00
-b.OO
-0.00

=0.00

0.01 0,01
0.00 0.01
0,00 0,00
-0.00 0.00
-0.00 -0.00

0.00 0,00
0.00 0.01
0.01 0,01

Booaa0noBRBOORBORGRBOGES 0,01

0.00
0.00

-0.00

6.32RD-04
0.02 0.02
0.01 0,0}
0.01 0,01
0.01 0401
0.00 0,00
0.00 0.00

12:12:58

0.0QeRa00R00RBOORDLRGD

-09/12/75

0,0202000000000000000000000300B000000000

0.01

0.01

EDAA LA AL DAL LA AL AR a2 22

(e RQQCOROIROIADIRAARAINTANIRQGOROY

~sQQ00ORAGAGNDONBAORTNDRBOLDORNY

-0.00

0.01

LA X222 222 -2 2-22-2-2-2-2-X-2-X-LX-E-X-2-X-%-2-2-%-3

NOTES:
0.7 Field position of camera

S WN

fMS 0PN

6.99

0.000000300000000000GS

0.00
0.00

0.01

0.02

58D~-03

opd in wavelengths at 632,8 mm
rms opd = ,007\ = A\/142,94 .

Each numeric value corresponds to the opd of a ray

0.00 0.00
0.00. 0.00
0.01 - 0.01
0.01 0.01
0.01 0.01
0.02 0.02
KOUNT 204

entering the pupil at the indicated point,

0.00

0.00

0.01

A

0.01
0.01
0.01

0.01

0.01

0.,0]100c0db000000800000000000

0.01

0.01

0.01¢00000000000

0.00000000n000000

-0.,00
;0.00
-0.00
-0.00
-0.01
-0.00
~0,00
-0.00

-0,00

-0,000090eb0.

~0.00000000

=0.01
-0.01
=0.01
=0.01
=0.01

-0.01
=-0.01
“0.01
=-0.01
=0.01

~0.00¢e0000

-0.00%00000

‘0.000000B00000RO

0.,0l0svnanaconne

0,0l0rvaccnonaccnosotanaaans

0.020000000“0GQOGQQGQOQOQGOOQQQOOOQGOQQO

VERAGE

3.12000-03

EI3NWTI3-NIME3d

Tee-¥4d



€1~V

LST RC F/24 (LSTRO)
CYCLE 0

LATERAL ABERRATIONS

12:13:03~=====-==09/12/175

(0.7 Field Position of Camera)

FIELD CO-ORDS. 2.487000-02 0.0 REFoFslse 54759990 04
PRIN.,RAY CO-ORDS. 245000640 01 0.0
OY ) #00000000000000000000000Q000000000000000000 =(,00] =0,00] ~0.00] =0,00] =0,00100000000080000004E0800EQRONEEPQENNO0QORGEIS
DZ ] €0020000000000000000000000002000008G003000008 «0,000 ~0.000 0,0 0.000 0,000°00000000000008000000800000480000880008000
DY 2 ©00000000000000000000000G000 =-0,00]1 =0,00] -0,00} =-0,001 ~0,00}! =-0,00] «0,001 =0,00] «0,001900000RC0000800060000000000800
07 2 #00000000000000R00R00ROR0G00 ~0,000 =-0,000 =0,000 ~0.000 0.0 0,000 0,000 0,000 0.0000000000000000000000000060006
DY 3 ooeccoccc0oceces -0,001 -0.,00! -0.001 -0,001 -0.001 -0.001 -0.,001 -0.001 =-0.001 -0,001 =-0.001 -0,00) ~0,00)l°ecacconnancce
D2 3 ocoecacnscecsee -0,000 -0.000 -0.000 -0,000 -0,000 =0.,000 0.0 0,000 0,000 0,000 0,000 0,000 O0,0000000ac000000000
Dy 4 e¢ccccacccesoes -p,NN}l -0.00]1 -0.001 -0.001 -0.001 -0.001 -0.001 -0.00! -0.00} ~0.,00)1 ~0.001 ~0.001 ~0.00lcecccoccacccns
0Z 4 occooccesaosese -0,000 -0,000 ~0.000 ~0.000 -0.000 -0.000 0.0 0.000 0,000 0,000 0.000 0,000 0.000%0000000000060
DY S eceoceo -0,00] -0.00)1 -0.001 -0.001 =0.001 -0.001 -0.00] =-0,001 -0.001 -0,001 -0.00]1 =0.001 -0.001 -0.001 ~0.00]0ecaccc
02 S oeevcacoo ~0,00} ~0.000 -0.000 ~0.000 =0.000 -0.000 -0.000 Q.0 0.000 0,000 0,000 0,000 0.000 0.000 0.00lcoecocaec
DY 6 voecacce -0,000 -0.000 -0,000 -0.,000 -0,000 -0,000 ~0.000 -0.000 -0.000 -0,000 -0,000 -0.000 -0,000 -0.000 ~0,00000%0000
02 6 ¢9ceaee 0,001 -0,000 -0,000 ~0.000 =0,000 =0,000 -0.000 0.0 0.000 0,000 0,000 0.000 0.000 0.000 O0.00)%c000s0
OY 7 <0.000 -0,000 =0.000 =0.000 ~0.000 =0,000 -0.00000000c0000ab000000000 ~(,000 -0.000 -0.000 =-0.000 -0.000 =0.000 -0.000
0Z 7 <-0.00! -0.001 -0.000 -0.,000 -0.000 =0.000 -0.000%weepa0@eacdc0c0va00e (0,000 0.000 0.000 0,000 0.000 0.00) 0.001
DY 8 <=0.000 «0.000 =0,000 =0.,000 =0.000 =0.00090008C0000000000000000G0PE000000000 ~0,(000 -OoObO =0.000 ~0.000 =0.000 =-0.000
0Z & =0.001 -0.001 -0,000 -0.000 ~0.000 -0,00000000nc00000su0000uCROR000RRORERARAD (0,000 0.000 0,000 0.000 0.001 0.001
Oy 9 0.000 0.000 0.000 0.000 0.000 0,00000ceococanccns0c00vas0onbAB000000000 (0,000 0.000 0,000 0.000 0.000 0.000
0Z 9 =0.001 ~0.001 =0.000 =0,000 =0+000 ~0,0009°0C000a0AN0000000000000RORPBAGV0CG0A 0,000 0.000 0,000 0.000 0.001 0.001
Dy 10 0.000 0.000 0.000 0.000 0.000 0,00Ne@coc00ecadsdooadovoRaREROV00OB0E0D (0,000 0,000 0,000 0,000 0,000 0.000
0Z 10 . =0.001 -0,00) -0.000 =0.000 ~0.000 -0,000en00d0c0000an0onadRRROGRRCO0RRRARRe (0,000 0,000 0,000 0.000 0,001 0.001
DY 11 0.000 0.000 0.000 0.000 0000 0.000 O0.0009¢0w@00cann0ancocnesas 0,000 0,000 0,000 0.000 0.000 0.000 0.000
DZ 111 -0.001 =-0.001 -0.000 =0.000 ~0.000 -0.0N0 -0.000%%0asnc000000000000008 0,000 0,000 0.000 0.000 0.000 0,001 0,001
Oy 12 eocoece (,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.000n@e0co00
D7 12 esscsos -0,001] f0.000 -0.000 ~0.000 -0.,000 -0.000 -0.000 0.0 0.000 0,000 0.000 0.000 0,000 0,000 O0,001%0eccco
Oy }3 escecoe 0,001 0,001 0.001 0.001 0,001 0.001 0.001 0.00% 0.00F 0.00! 0.001 0.00) 0,001 0.001 0,00]ecc000e
DZ 13 oo0voae0 -0,001 «0.,000 =-0.000 ~0.000 ~0.000 =0.000 =-0.000 0.0 0.000 0.000 0.000 0.000 0,000 0.000 O0.00]00cecoo
DY 14 ecoceovavecccas (,0N] 0.001 0.001 0,00 0.001 O0.001 0.001 0.001 0.001 0.001 0.001 0,001 O0.00)000c0c000a0000
DZ 14 cecaccansaoccaen =0,000 =0,000 ~0.N000 -0.000 -0.000 =0.000 0.0 0.000 0.000 0,000 0.000 0,000 O0.000%@vo00acc00000a
DY 15 eccoasasocecse (0,001 0.001 0.001 0.001 0.00! 0.001 0.00) 0.001 0.00% 0,001 0.00] 0.001 0.001¢0ccecccconcae
D2 15 ceecooadoocece -0,000 -0.000 -0.000 -0,000 =-0,0N0 =-0.000 0.0 0,000 0.000 0,000 0.000 0.000 0.000°9vcccccacncos
DY 14 00000000000 0000000000300800808 (0,001 0,001 0,001 0,001 0.001 0,001 0.001 0,001 0.00l°e00000000000000000000000000
DZ 16 094000000000000H00020000000000 «0,000 =0.000 =0,000 =0.000 0.0 0,000 0,000 0,000 0.0000000000000020000000000000000
DY 17 ©00000000000000a00600000000000080000D0000800 (0,001 (.001 0.001 0,001 0.001200000000000000000000000300000000600000000
D2 |7 ©900000000000000000000000ANRVIN0DA0N0REGH0 ~0,000 ~0.000 0.0 0.000 0,000000000000000000000000000000000000000000000
RMS Spot SiZe = RMS LAT.ARER.  7.5H400-04  KOUNT 204

Ref, Notes on page A=5

EFW13-NiME3d
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LST RC F/24 (LSTRC) ‘ 09:09:)7-=m=cww-~ 11/724/75
CYCLE 0 :

MONOCHPOMATIC OeTeFo

WAVELENGTH 6.32800-04 REFeF.Le 5.,76000 04 FIELD CO-0RDS. 2.487D0-02 0.0

LINES PARALLEL TO RADIAL DIR. LINES PARALLEL TO TANGENTIAL DIR.
FREQ THEOR MTF RE AL IMAG PHASE THEOR MTF REAL IMAG PHASE

S.00 0.861 0.861 0,861 0.0 0.0 # 0.361 0.861 0.861 -0.000 =-0.000
10,00 0,722 0.721 0.721 0.0 0.0 # 0722 0,721 04721 =0.000 -0.000
15.00 0.591 0.591 0.591 0.0 0.0 s 0591 04590 0.590 -0.000 =0.000
PNeN0  0.468 0.468 0N.a68 0.0 0.0 N 0468 (0,468 0,468 =-0.,000 =-0.000
25.00 0.3R7 0.387 0.387 0.0 0.0 “ 0e387 0,386 0.386 =0.000 =0.000
30,00 04344 06344 0.344 0.0 0.0 s 06345 0,344 0,344 =-0.000 -0.000
35.00 0.313 0.313 0.313 0.0 0.0 @ 0313 0.313 0.313 =0.000 -0.001
40,00 0.288 0.288 (0.288 0.0 0.0 w 0.288 0.287 0.287 =-0.000 =-0.001
45,00 0.225 04225 0.225 0.0 0.0 # 06226 0,225 04225 =0.000 -0.,001
S0.00 0.143 0,143 0.143 0.0 0.0 = 0el43 0,143 0.143 -0,000 =0.001
S5.00 0.0B4 0.0B4 0.084 0.0 0.0 # 0.084 0,084 0.084 ~0.,000 =-0.001
40,00 0,037 0.037 0.037 0.0 0.0 4 0.037 0.037 0.037 =-0.000 =-0.002

204 MASK POINTS

204 RAYS OUT OF 204

NOTES:
1 0,7 Field position of camera
2 Ref., notes 2, 3 and 4, page A-6

EIFIWI3-NIME 3
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LST RC F/24 (LSTRC) 12:13:26<~======09/12/175

CYCLE 0
FIELD 0.0249 0.0 REF oF o Lo 20000 0OO®
XoYoZ SHIFTS 000 0.0 0.0

PERCENTAGES EXCLUDE VIGNETTING 0.0 %

RADIUS PERCENTAGE Y=-REF Z-REF Y=BOUND
2.50000D0~03 100.00000 0.0 0.0 1.000000 10
5.000000-03 100.00000 :
7.50000D-03 100.00000
1.,000000-02 100.00000
1.25000D-02 100.00000
1.500000=-02 100.00000
1.750000-02 100.00000
2.00000D-02 100.00000
2.250000-02 100.00000
2.500000-02 100.00000 -

NOTES :

1 0,7 Field position of Camera
2 Geometrical encircled energy
3 Radius = Spot radius
4

Percentage = Percentage enclosed energy

EHIWTI-NIME3
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91-Vv

LST
cyC

10
11
12
13
14
15
16

17

RC.F/s26 (LSTRC)

LE 0

FIELD CO-ORDNS.
REF. Fele 5.7600 04

OPTICAL PATH DIFFERENCES (204 rays)

3.5

170-02

WAVELENGTH

0.0

(2R X A 22222 XX 00 2022 2-2-X-X-%-

22222222 2--2-2-5-X X %-2-X-%-%.1

QGOQOQOOQOGD
LE-AA 222 8 2 221
vonooe 0,14
saosee 0,12
0.14 0.1}
0.13 0410
0.13 0.10
0.13 0.10
0.14 0.11
‘eoscan 0,12
eacese .14
L2222 2-2-2 2-X )
6;0006000600

0.18

0.15
0.12

0.10
0012

0.15

XXX 222 24X 2R X 22 2 2-2-2-2-%-X-%-X-

0.17

0.14

0.14
0.17

0.16
0.12

0.09

6.3280-04
0.19 0.19
0.15 0.1l4
0.11 0.11
0.08 0;07
0.05 0.05
0.03 0.03

O'QZQQOOQQOOOGOOOGQGOO

rereeee=09/12/75

0.1QGOOQO00OO099000906000900600000009006

0.15

o.QZGQ’QOGOGDDOGOQQGQOQQG09009060#

(O FEAA AL LA AR AL ALALALLLELALEE LS 22

0.02606066GO“OQQOQOGODGQQGQGQOGQGG

10,03

0.12

0.16

X222 X X222 2R X222 222X Xx2ss XX 222 3]

NOTES:

RM

S OPD

4475

0.0ZDOGOQOOQDGGQQQGQQQ

0.03

0019

97D-02

1 Full Field poéition of camera

SN

opd in wavelengths at 632,8 nm
rms opd = ,0476\ = A/21,01
Each numeric value corresponds to the opd of a ray entering

0.03 0.03
0.05 0.05
0.07 0.07
0.11 0.10
0.14 O.la
0.19 0,18
KOUNT 204

the pupil at the indicated point.

0.03

A

0.02

0.15

0.16
0.12

0.06
0.09
0.12

0.16

0,17¢¢%000v000000000000000000

0.14

0.10

0.08
0.10

0.14

0.15

0.12

0.12

0.15

0.18000000000000

D.l400%0000000000

0.12
0.10
0.08
0.07
0.07

0.07

0.12

0.]4%00000

Qe.l2c00000

0.11 0.1l4
0.10 0.13
0.10 0.13
0.10 0.13
0.11 0.1l4

0.)28es000

O,14000000

Qeléoonooopange

0.1B800008000000

Q.,l1700sac00nvonbnatoncaonans

0.1900000000000000000000000000000R0OORGE

VERAGE

9.54570-02

EISIWTI3-NIMEIS
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LT~V

LST RC Fr24

CYCLE
by 1
02 1
oy 2
bz 2
by 3
0z 3
Dy &
0z &
Dy S
0z S
0oy %
0z 6
oy 7
oz 7
Oy 8
0z 8
Oy 9
D2 9
Oy 10
Dz 10
oy 11
Dz 11
Oy 12
0z 12
oY 13
0z 13
DY 14
DZ 1&
Dy 15
0z 15
Dy 16
Dz 16
Dy 17
nr 7

(LSTRC)
0

LATERAL ABERRATIONS

FIELD CO-ORDS,
PRIN.RAY CO~ORDS.

3.517000-02
3.535450 01

n.0

000000000000 00000000000Q00000490QQQ0000CR0G0G
00Q0000R0ON00DDO000RBOQNONRTANAIDENOOADOGDOG

©000000RN000RO000ADA0O0RRBRR
0000000V OORRTIONDOVDOORNADRS
000#U000800000 0,009 =0,009
e0000ROOIDO0OY 0.006 0.005
0000000000000
coodonQ0onOCRO

-0.007 -0.007
0.006 0.005

~0.010 =0.010
0.004

~0.009 -0,009
0.00¢6

~0.007 =0.007
0004

-0.006 =-0,006
0.006

“0.,006 =0,006
0.00¢

-0.003 -0.003

12:16:06========09/12/75

(Full Field Position of Camera)

0003200000000 0000Q0C0BODGD

-o.ol209oooouoooooéooooo.oo.oooeooooo.oooooooooo
«0,(02700000000000808000000000000080008808200000

«0,010 =0,010 =0,0]100000000000000000000000000000
0,002 =0,003 -0.0049000000000000000N000800Q000G0D

~0,009 -0.009 -0.,009 ~0,009 ~0,009%0a00000000000
~0.002 =0.003 «0.006 ~0,005 =0.0060c0ac000c0000000

~0.007 =0.007 «0.007 =0.007 ~0.00700v@0000000000
~0.,002 -0,003 -0.004 ~0.005 -0.006¢09000000b0000e

~0.006 -0,006 -0.006 ~0.006 =0.006 ~0.0062200000
=0.002 ~0.003 ~0.00% ~0.005 =0.006 =0.007%¢cos0s

-0.004 -0,004 -0.006 0,004 =~0.004 ~0.0040000000
~0.002 =0,003 -0.,004 ~0.005 -0.006 «0.007202¢0cce

REF«Fole 5.759990 04
0.0

=0¢012 <0.012 =0.012 -0.012

0.002 0.001 0,0 =0.001

=0+010 -0.010 -0.010 =-0.010

0.003 0.002 0.001 0,0 =0.001
=0.009 -0.009 -0.,009 -0.009

0.003 0.002 0.001 0.0 -0.001
=0.007 =0.n07 =0.007 =-0.007

0.003 0.002 0.90) 0.0 =0.001
~0.006 =04006 ~0.006 =-0.006

0,003 0.002 0.001 0.0 -0.001
=0.0046 =0.004 =0.006 =0,004

0,003 0.002 0.001 0.0 =0.001

-0,003 0,003 ~0.003 ~0,003 -0,003 =-0.003 ~0,003

0a0o000 ~,006 ~0.,006 -0.006
sosasse  .007 N.006 0.005
toos000 -0, N0 -0, N04 ~0.004
eeocooe 0,007 0.006 04005
~0.003 -0,003 =0,003 ~0.003
0.008 0.007 0,006 0.005
=0.001 -0,001 =-n,001 =0.001
0.008 0,007 0.006 0.005
0.000 0.000 0.000 Q000
0.008 0,007 0.006 0,005
0.001 0,001 0.001 0.001
0.00A 0.007 0,006 0.005
0.003 0.003 0.003 0.003
0.008 0.007 0,006 0.005
etoccane (0,006 0,004 0.004
eoecaea (0,007 0,006 0.005
@voaece 0,006 0,006 0.000
eooc06e 0,007 0,006 0,005
ococpoponacRooca 0.007 0.007
caocoonoconoas 0,006 0.005
caepovosccoccoe (0,009 0,000
foneooocvee0coe ' 0,006 0.005

0000000000000 00ONQRVROOBAGYD
V000D OOGOD000000QRO0OORNAO0RO

DDODBOOODOBOOALNNASNLOVBBRBUBBIBGBLNROOGGDG

$000Q0000RBNOLRRNOABAODVACDVOLORNLNOROODOD

RMS Spot Size =

RMS LAT.ABER.

0.004 0.003 0.002000000000000000000000 «0,002 ~0.003 ~0.004 ~0,005 -0,006 =0,007 ~0.008
«0eN0]1 =0.0N]0C0NBACORACLARAGLCALAVOARNALOACD00DS «(0,00] ~0,00] ~0.00) =0,001 =0.001 ~0.001
0.006 0,003000000000004000000CUDONEENGEBAN0000 ~0,003 =-0,004 ~0,005.~0,006 =0.,007 ~0.008
0.000 0,000%0c@0000000u0c0aaRadaagasaacaatocne 0,000 0.000 0,000 0,000 0.000 0.000
0.0046 0,0039000000000000#000000000000R00000330 ~0,003 -0.0046 ~0,005 ~-0,006 -0.007 ~-0,008
0.001 d'nn)ooooooooooonoooooonooooacooooooaoao 0.001 0.001. 0.001} 0.001 0.001 0.001
O.00% 0,003000000000000000000480000000000080000 0,003 =0.004 ~0,005 ~0,006 «0.007 ~0.008
0.003 0.0N03 (0.003°90vowavoncnoacasencd 0,003 0,003 0.003 0,003 0,003 0.003 0.003
0.004 0,003 0.002900900000000000000000 0,002 =0.003 ~0.004 =-0,005 =0,006 =0.007 ~0.008
0.004 0,004 0.004 0,004 0,004 0.004 0,004 0,006 0,006 0,006 0,004 0,0040800000
V.004 0,003 0.002 0.001 0.0 ~0.001 ~0.002 ~0.003 -0.004 ~0,005 =0,006 -0.007900c000
0,006 0,006 0.006 0.006 0,006 0.006 0,006 0,006 0,006 0,006 0.006 0.006¢ae0c0a0
9.004 ° 0,003 0.002 0,001 0.0 -0.001 ~0,002 -0,003 =0,004 ~0,005 =-0,006 =0,007°000000
0007 0,007 0.007 0.007 0,007 0,007 0,007 0,007 0,007 0.007 0,00790eccc0ccdacace
0.004 0,003 0.002 0.001 Q.0 =-0.00)} ~0,002 -0.003 =-0.004 ~0.005 ~0,0060vcrronoocecnd
0.009 0.009 0.009 0,009 0.009 0,009 0.009 0,009 0.009 0,009 0,009°0cc000caccccces
0.004 0,003 0.002 0.001 0.0 =0+001 -0.,002 ~0.003 =-0.004 «0.005 =~0,0069%0a0en00000000
0.010 0,010 0.010 0.010 0,010 0.010 0,010 0,010 0.01000000000000006000000000800000
0.006 0.003 0.002 0,001 0.0 =0.00] =0,002 =0,003 «0.00490080000000000000800V0C0CGDRY
0.012 0.012 0.012 0.012 0.0]12%80002000000000000000RERRROAOUED000000000RD0

0.002 0.001 0.0 «0s00] =0,0020000000000000400000000000000N0R000CAAB0000

7.99600-03 KOUNT 204

Ref, Notes on page A-5

EISWTI3-NIMEISd
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LST RC F/24 (LSTRC) 09:09:39-=~~-~=~ 11724775
CYCLE 0

MONOCHROMATIC O.T.F.

WAVELENGTH 6.32800;04 REF.FeLe 5.76000 04 FIELD CO-0ORDS. 3.5170-02 0.0

LINES PARALLEL TO RADIAL DIR. LINES PARALLEL TO TANGENTIAL DIR.
FRFQ THEOR MTF REAL IMAG PHASE THEOR MTF REAL IMAG PHASE

5,00 .0.861 0.853 0.853 0.0 0.0 #* 0.861 0.845 0.845 -0.000 -0.000
10,00 0,722 0.700 0.700 0.0 0.0 & 04722 0.676 0,676 -0.000 -0.000
1500 06591 04558 0.558 0.0 0.0 d 0.591 0.524 0.524 -0,000 ~0.000
20,00 0.468 0.435 04435 0.0 0.0 # 0469 (0.402 04402 -0.000 -0.000
25.00 0.387 (0.354 0.364 0.0 0.0 hd 06387 06340 04340 -0,000 =-0.000
3,00 0,344 0,327 0,327 0.0 0.0 # 0,345 0.308 0.308 -0,000 -0,000
5,00 0,313 0.295 0.295 0.0 0.0 d 0,313 0.277 0,277 -0,000 -0,000
40,00 0.288 0.267 0.267 0.0 0.0 d 0288 04247 04247 -0,000 -0,001
45,00 04225 0.209 0.209 0.0 0.0 il 0226 0.193 04193 -0.000 =-0.001
50.00 0.143 0.135 0.135 0.0 0.0 i 0.143 0.127 0.127 -0.,000 -0.001
5%9.00 (0.084 0.082 0,082 0.0 0.0 #* 0.085 0,079 0,079 =-0.000 =-0.001

0.0 0.0 & 0,037 0.036 0.036 -0.000 -0.002

60,00 0,037 0,037 0.037

NOTES:

1 Full Field Position of Camera
2 Reference notes 2, 3 and 4, page A-6
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Percentage = Percentage enclosed energy

LST RC F/24 (LSTRC)H 12:16:28--======09/12/75
CYCLE 0

FIELD 0.0352. 0.0 REF .F (L, 0n0a00000

XeY+2 SHIFTS 0.0 0.0 0.0

PERCENTAGES EXCLUOE VIGNETTING 0.0 &

RADIUS PERCENTAGE y~REF Z-REF Y~BOUND
2.500000-03 0.0 0.0 0.0 1.000000 10
5,000000~03 14.70583
7.500000-03 46,07843
1.000000-02 R2.35294
1.250000-02 100.00000
1.500000-02 100.n0000
1.750000-02 100.00000
2.00000D-02 100.00000
2.250000-02 110.00000
2.500000-02 100.00000

NOTES::

Full Field Position of Camera
"2 Geometrical encircled energy
3 Radius = Spot Radius
4
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@vs OTFGEN PROGHAM 2839

APFRTURE TYPE = INTRFRGM DATE = 11719775
TIMFE = 12:58:13
FMAX = 0.57 STRZHL RATIO = 0.R4
OF = 0.03 OUTPUT FILENAME = DUM
OB8SCURATION RATIO = 0.310 INTERFERQGRAM FILENAME = WAVEF
NUM  X=-MOD PHASE Y-MOD PHASE MAP OF 1ST & 2ND QUADRANTS
31 0.000 0.0 n.0n0 0.0 0000000000000000C000000ND0NLOONO0O0O00O0N000Q0O0NN0N0QCNNNAN0NA0Q00000
3N 0.000 0.0 0,200 0.0 0000200000000 0V0000000N0BYNANANJDN0N0QT3000000000300Q0COYI00000
29 0.000 0.0 0.000 0,0 000000000000000000000000000000000NN00NTN00000L300UAN00LOQT0O0QAQNN
2R 0.000 0.0 Ge00 060 000000000000000000000000090000000000600000000000000000000000000
27 0.000 0.0 0,000 00 00000000000000000000000000000060000000000006000000060000000G0G0CC
26 0.000 0,0 0,000 0.0 0C000N00N00N0C00000000000G000000L0DACNVO0VHN0000HVNNNNBOGONC00N0ND
25 0.000 0.0 0,000 0.0 000000000000000000000000UNB00ON00K0ONEN0OLOO0O0V0OONNOLN0ONNY00ONO0
26 0.000 0.0 0,000 0.0 0N0O0ODLONDOONONOOOON00000CUO0LONI00000000000CGNBVO0OCNAEN000000000000
23 0.6G600 0.0 N,000 0,0 0003NUOOOTEI0N00ONO0C00NUY0000N0000000N0N00C0OLV0VO00Y0UNVYNYLOON
27 0.399 0.9 DL.,000 VN 0NONNRDOHIUNGHIODCOHONNINNVADI000I0BI00N0000J0N0N0VNNNIININYON0000
21 C.0H0 0.9 0.000  J.0  06M000000000000000G000000000C000N000NA0C00CEN0000000N0N0VLUNNYN0NJIG
20 0.000 0.0 .00 9.9  000000000000300000000000000000000000000D00000000URONVNODVINNYDN0
19 0.000 0.0 0.000 0.0 00G0000OUNONACOY000000000YVBO00ONN0N00NNVVONOYNON0LVNGVUVV00000000
18 0,015 0.0 N,015 Qa0 N0000000000000000Q000000ULA00111110000000000000000000000VL000000
17 0.039 0.0 0.039 0.0 0000095000006000000000000011111111111110000000000000000000900000
14 0.077 0.0 N.077 040 00000000009¢300000000001111111111111111100000000000000000000000
15 D.117 0.0 0.117 Q.0 0ONREN0GLNGANI000000900111:1Y12222211111110000005000000000090300
164 0.151 0.0 Nal6l 040  COL0VUODDNOINNAACON0CNLILIT]11122222222222111121100000000900uD006N0
13 0.2n3 (.0 N.,298 0.0 006000U00V0IN0OUGU00011111222222222222222111116000000000000000000
12 0.250 0.0 0.250 0.0 0GN0OC0O00N000000000111122222333333333222221111000000000000000000
11 0.273 0.0. 0.273 0.0 0000000000000000011112222333333337333332222111100000000000000090
10 04299 0.0 0,299 .0 000000GA0000000001112223333333333333333322211100000000000000000
S 0.317 040 N,317 G0 anGo0NuNA0NN00NE01112223333333444464333333322211100060000000000000
A 0.335 0.0 N.335 0.0 Ga0O0N0N0NNNNN01Y1Y1223333344464444644433333221111000000000000000
7 N.387 0.0 0,357 0.0 Q00093000305 0001112223333446466665666633332221110006003990000000
5 g0e50% G0 0.604 0.0 000N0N00000006011112723333944405449444446333322111100000000000000
S 0.432 0.0 0,622 0.0 GGO0Q020000QNN1112323334444453553554444433322211190000030000000
4 (0.536 0.0 0.5%4 9.0 06000U900000n711122333344445566600556446433332211100000000000000)
3 0.654 0.0 06596 040 0CHUA00N000000111¢23333444556777776554446332332211100000000000000
2 0.811 0.0 N.811 0.0 0000000000000111222333444656738988756544443332221110000000000000
1 0.927 0.0 0.927 0,0 D0000000000001112223334444655789¢9376544443332221110000000000000
0 1.000 0.0 1.000 0.0 0000000000000111222333444456794929T756544443332221110000000000000

FFT ARPAY SIZE = 64

3.97 SECS

L COMPUTE TIME
20 Cycles/mm

NOTES: R
1 On axis of camera
2 Dpigital Contour Map of MIF 8

3 R = Frequency ~ 4 gp/mm per step
0 = Line Orientation, Azimuth
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-23.
-22.
-2).
~20.
-19.
~1R.
-170
-lh.
-15.
~l4.
-13.
-12.
=1l

-%.

19.

22.

24,

NPTS
NREC

F{x)

0.000
0.000
0.000
0.000
0.000
0.000
0.001
N.002
0.001
0.000
0.001
N.001
G000
0.00n2
Ne0Na
0.006
0.015
0.040
0.042
0.00A
0.0i49
0.29%
0.h61
0582
0.5661
0.266
0.049
0.008
G.042
D040
0.013
N0.004
0.004
0.0n2
0.010
0.001
0.991
0.6G00
0.001
0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000

L-X- R -1

48
48

Y
23.

°c.
2.

17.

VERIFY PROGRAM

MAX VALUE
MIN VALUE
TOTAL SuUM

Fiy)

0.000
0.000
0.000
0,000
0.000
0.009
N.001
0.002
0,001
0.000
N.001
0.001
U.NNN
0.002
0,004
0.00%
0.013
D043
0.042
0.00AR
0,069
N.295
[l N1
0.R%2
Neh6B1
N.236
0.049
n.o0a
n,na2
N0
.00
N.0064
0,004
N.n02
0.00%
0.001
G.001
0.000
0.001
0.002
0,001
0.000
0.0090
0.000
0.000.
0.000
0.000
0.000

@ 12:58:58 °

11/19/75

L- 2R -]

FILENAME = PFILE

/—~ Digital Plot of PSF

Vo b

8.417E~01
0.0
1.431E 01
111
1111111}
111111111}
1111 11
1111 111 1
111 13331
111 13675631
111 1375731 11

i
1

111 1367631 111
13331 111
1111 111 1111

11

1
1

1

1
1

1
i
.
i
P

[P

111
111
111

11
11
11

1
1

1
1

NOTES :
1 On axis of camera

2 Diffraction Point Spread Function
3 Xor Y (8.21 = Airy Radius)
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ce=v

can
INPUT FILENAME = PFILE
APERTURE TYPE = RECT
X NRF (X) Y
-0 3.6R7F =04 19.
~-19. T.16E~D6 18.
-13. 1.23F-93 17.
-17. 1.37€-03 16.
-lh. 1.35£~-93 15.
-15. 1.758-03 la,
-l4, leglE=-n3 13.
-13. 1.45F-03 12.
-l2. 1.77£-03 11.
-1l 3.06%£-03 1n.
-10. 4.,067~03 9.
-9. 1.095-n2 8.
- 2.52¢¥-0¢2 I
-7 4.13F=02 6.
-h, 4,60F=-02 S.
-S. 6,63k -0¢ 4.
-4, 1.45E-01 3.
-3. 3.02F-01 Ce
-2 4,73E-01 1.
-1. 5.89E-01 0.
N. 6,27F =01 -1,
1. 5.2367-01 2.
2. 4.T3F=01 -3.
3. 3.02E-01 -4,
G 1.46F=-01 -5
S. 6.63E=-02 -5,
6. 4.50g-02 -T.
T. 44130=-02 -3.
f. 2.42F=-92 -9,
9. 1.09F-02 -10.
10. 4,64E-03 =11,
11. 3.05€=-03 -i2.
12. 1.772-03 -13.
13, 1.45%F-03 -lé4.
14, l.91€-03 -15.
15. 1.76E-03 -16.
14, 1.35E-03 -17.
17. 1.37€-03 =13,
18. 1.238-03 -19.
19, 7.16E-04 -29.
20, 3.655-06 -2l.
MAX VALUE OF 0.627 AT

CENTRAL 5 X 5 ARRAY =

NRE PROGRAM

(3)

NRZ (YY)

7.1‘?5"0“
1.23£-03
1.37E-03
10366’()3
le7hE=03
10916'03
1,45E£-03
1.77E-03
3.06E-03
4 h4E-03
l.05E-02
2.A25E-02
"0.13’6'02
4akJE=N2
6.638=-02
leani=01
3.N2E-01
4e73E-01
S5.,R9E~01
6.275-01
Sedvf=-01
4.73=1
3¢ 12E=-01
leant-01
6.43E-02
4.52E-02
4.13E~-02
2eN2E-02
1.05E-02
4eH4E-03
3.05F=03
1l.77€E-03
le43E-03
lewl€E=-03
le76E-03
1.3%E=-03
1.372-03
1.23E=-03
Ts16E=00
I, ARE=-DG
2.830E-04

X = 0.Y

3.65E=~01
4.,47€=-01
4,73€-01
4.676-01
3.65E-01

12:59:28 11719775 wee
INPUT  FILESIZE = 48 X 48
Xw = 5.53
YW = 5.53

00000600G00006000000000000000000000000000000
000000000000000000000D0000000NV00000000000
0nNoNoN0o000N0000000V0ON0ONN000VONQVO00000N00
00000060000020000000000000000000000000000
90060000000000000N0VNN00000CNV0N0O00000N00
CoCOn0020G0000000000LCLONCONNNODNLCLN00Y00
0oonNcNCO0O0000ND000N0G00006000000000000000
00000000000G00000000000000000000000000000
000000NN00O000000000NH000NDN000000D0Q000000
000060000006000000000006000009000000000000
050000000000000000036060000000000000000000
QuoNGNNNNQLONNYNNNOUND000N0CHN0N0GLO00R00
Q00LU0000000000000DCLUL00GOYCLN00000000CO
00000N000AG000C00NNINAG000000000000H0C0000
N00ONNBNO00000000NT11120000000000000G00000
00000N000000000001122222116000000000000000
00000000000NN0001234443210000000000000000
0000000000000001235777%321900009000000000

60000000000000012478987421000000000000000
JONNNNCENNN0000012479337421900000000000000
0UU900006GN00000124THIARTL21006000000000000
0090000000N6GI00012357/775321060000000000000
0G00V00N00V0000000L123444321000N0000000000000
00009000000000001122222110000000000000000
00000000000000000011111000000000000000000
00090000000000000000000000000000000000000
0000uH00600000CR000LO0C0ON000ON0D0D00000000
06000G00N00000000060000000006060000000000000
00020000000000000000000000000000000000000
¢o0NVCONCO00000000000000000000000000000000
006000000000000000006000000000000000000000
0n00400000000000000000000G500NNNDON0N000000
00000000000000000000000000000000000000000
006u000N0U00UN00VNNLNUDN000NU000N0D000000
Qu00IN000060000066000000000000006000000000
06G00600C20600000009002C00000C0NN00000000500

00000000000000000000V000000000000000000000
10000000000000000000000000000000000000000
00000000000000000000000000000000000000000

00000000000000000000000000000000000000000

000000000000000000000060006000000000000000
= 0. = Ensquared
4.4TE=01 4,73E-01 4.47E-01 3.65F-01
5.54E-01 5.89E-0]1 5.54E~01 4.47E-01
S.39E=01 6.27E~01 5.39£-01 4,73E-01
5.54E-01 5,49E-01 5.56E=01 4.47E-01
4,47E-01 4.73E~01 4447E-01 3.65E-01

‘S Digital map of convolution

NOTES:

1 On Axis of Camera

2 Detector PSF Convolution

3 25u detector

4 XorY (8.21 = 1 Airy Radius)

Energy (includes diffraction at 632, 8nm)
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sas QTFGEN PROGRAM 2aa

APERTURE TYPE = INTRFRGM DATE = 11/19/75

TIMF = 13:04:12
FMax = 0.57 STREHL RATIO = 0.87
DF = 0.03 OUTPUT FILENAME = DUM

QASCURATION RATIO = 0.310 INTERFERUGRAM FILENAME = WAVEF

NUUM  X=MOD PRASE  Y-MOD PHASE MAP OF 1ST & 2ND QUADRANTS

31 0.000 0.000 0900N0V0V000000000000000VN0000000000000000000000000000000000000

0.0 0.0
30 0.000 0.0  0.000 0.0 000D0CO0ONCINO0O0D00000000HION0000N00NNN000G00000000000000000000000
29 0.000 0.0  0.000 0.0 000000000000000000000000000000000000000000000000000000000000000
22 0.000 0.0  0.000 0.0 00000000C000600000600000U0000060000000000000000000000G0I0000000
27 0.000 0.0 0.000 0.0 0000u0UNCASN0008000000000C000020000000300000000300000035000000
25 0.000 0.0  0.000 Ga0  0NGOOGUONDGOCH0000000CA00GNINAINNGN0ACNA0N0CEAEIN0ANNGL0C00003DN
25 0.000 0.0 0,000 2.0 0000R0O0UNONUGA0GUOSAN00I0L00060CCIN0006000000000IDN00LE0N00000
264 0.000 0.0  0.000 0.0 090G590000000060000600000090000000000000006000000000500000000000
23 0.000 0.0 0,000 040 000000000000030000000000900000000900000000000000000000000000900
22 0,000 0.9 0.000 0.0 GOG03050000000G000000006063000000006000000000000000000000000000
21 0.000  AL0 6,000 0.8 0G(020000G00000000009000000000000000060000000000000000060060000
20 0.000 6.0 0,660 G40 0G09NGOCLUDONN0000050090G0000600GNDN000000009000003000000900300
19 0.000 0.0  6.600 0406 63905¢0HG0:A06000000000990000000600A000003306000G00D6006000000000
18 0,015 0.0  0.013 0400 0000IC0GUGADGHS00050059D0059011111030060000000030010000000000000
17 0.039 0.9 0.939 0.0 03000006000639000000000001111111111111000000000009C300000300000
16 0.078 0.0  0.078 0.0 000G00002000N000000000011111111111i1111100000000000000000000000
15 0.11% 0.0 0.120 0.0 0060u000000000000009011111112222211111110000000000000000000000
14 0.166 0.0 0,167 0.0 000600600GHOD0V0000001111112222222222211111100000000000000000000
13 0.216 0.0 0.218 040 000000C00000N20000011111222222333222222111110006000300000000000
12 0.2%0 6.0  0.2A1 0.0 0000G0009000000000111122223333333333322221111600000000000000090
11 0.282 n.0 0.250 0.9 00033300CCNCG00001111222333333333333333¢22211110000000000060000¢C0
10 0.309 0.0 0,310 0.0 0000000G0000006001112223333333444333333322211100000000000000000
9 0.325 0.0 0.328 0.0 0000000000000000111222333344464444444433332221110000000000000000
8 0.345 0.0 0.347 0.0 00000U000000000111122333344444444446443333221111000000000000000
7 0.353 0.0 6.370 0.0 00000000u0N00N0111223333444444446446444333322111000000000000000
6 __0.419 0.0 0.422 040 000000000000001111223334444444555444446433322111100000000000000
5 0.495%5 0.0 0.502 0.0 0300000000000011122333234444455555554444433332211100000006000000
4 0,606 0,0 0.A03 0.0 000000607600G31112233346544556566655444443332211100000000000000
3 0.707 0.0 0.706 0.0 0000000000000C..12233344445567777765544443332211100000000000000
2 0.818 0.0 0.819 0.0 000000000000011122233344445678496876544443332221110000000000000
1 0.929 0.0 0.929 0.0 0000000060000111223333444556739%9376554443333221110000000000000
0 1.000 0.0 1.000 0.0 000000000000011122333344455679%%%G76554443333221110000000000000

FFT ARRAY SIZE = 64
COMPUTE TIME = 3,92 SECS
- 20 Cycles/mm : NOTES:

1 0.5 Field position of camera
2 Digital Contour Map of MIF
3 Ref, notes on page A=20

40
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~20.
~16,.

10.
11.
12.
13.
16,
1.
16.
17.
15,
19.
23,
2.
22.
23.
240

NPTS
NREC

Fix)

0.000
0.000
0.000
g0.000
0.000
0.000
0.001
0.002
0.001
0.000
0.001
0.001
c.09n
‘0.001
0.003
0.002
0.014
0.040
0.041
0.007
0.0390
0.3465
D.6R2
0.R4%8
‘045622
0.395
0.950
0.007
0.041
0.0640
D14
0.0n2
0.0n3
0.001
OfQGO
0.011
0.001
0,000
0.001
0.002
0.001
0.3060
0.000
0.0639
0.000
0.000
0.000
0.000

X 24

48
48

Y

20.

-?10
=22
~-23.
-2“.

VERIFY PROGRAM

MAX VALUE
MIN vALUE
TOTAL SUM

Foy)

0.000
0.000
0.000
0.0Q0
0.000
0,000
0.001
0.002
0.001
0.000
0.001
D001
¢C.n0
0.001
N.002
0.007
0.014
0.040
0.04]
0006
NeQ6H
0.30¢
0.681
0+.RA8
N.682
N.304
Db~
N.N05
0s041
DDl
N.N14
0.002
0.002
0.001
0,500
0601
c.%0C1
N.009
0.001
0.002
f.al
0.800
0.000
0.000
0.000
N.0060
0.000
0.N00

Twse  13:05:04 11719775  ecs

8.678E-01 FILENAME = PFILE
0.0
1.431E 01

Digital Plot of PSF

[

111 13331 11}
111 1367631 111} .NOTES:
111 1379731 111
111 1357631 111 1 0.5 Field position of camera
111 13331 111

13111 111 1t11t 2 Diffraction Point Spread Function
11 1i ' .
lliilllilli 3 Xor Y (8.21 = 1 Airy Radius)
1111111
1

EHINTI-NidE3d

1z¢e-4d



gCc-v

ees  NRE PROGRAM 13:05:34  11/19/75 oee
INPUT  FILENAME = PFILE INPUT  FILESIZE = &5 X 68
APERTURE TYPE RECT Xd = 5453 0
Yo = 5.53 i
X NRF (X)) Y NRE(Y) 3
-20,  3.126-04 19.  £.65E=04  000000U0060000000029000000000000000900000 p Y
-19. 6.775-04 13. 1.222~43 000000000 D00000000CH0L0NGON0000900000030 Digital map of wom
1R,  1.22£-03 17 1.602-03 00000000000o0000oo0uUOuo00000000000000000-.:;. convolution 2
-17.  1.466-93 16.  1.425-03 00000000000000000000000009060000600000900 .
-16.  1.41F=03 15. 1.82E=73  000000000000000000000000000000600000000000 m
-15.  1.R1E-03 l4e  1.33E-03 0000000000U000000000000000NVH000000000000
14, 1.975-03 13, 1.44E=03 . 000006000000000000000000000000000000000000 r
13,  1.4RE-03 12. SSE=03  0O000DUN00U00000000G0000N00NL00D0000000D g:
12, 1.59£-03 11. 00600600000000600003006600002008060000500°
11, 2.465-03 10. 00005000006U000000000000600009600000000000 m
-10.  3.56F-03 5. 000000YOVN0DDVUD00NOVE0000UNNNN00000000000 )
-9,  9.62F-03 3. 000000N0U0000000000G000000000000000N00000
-B.  2.51E£-02 7.  3.95E-02 00000000000000000000000000006000000000000
-7.  6.02€-02 6.  G.3AE-02 00006000000020000G060600000000000000900900
B S.  6.24E-02 0N0NNO0GOAOUO000UNNLAV00O000000CO0H000000
“Se  6.3eC-0Z 4. l.47E-0i 00060GN0000G0V000L1e2211000Un000000060000 NOTES:
-4y l.4AF=01 3.  3.085-01 000000500000000012324443213000000000000000
-3.  3.06F-01 2.  4.%58-01 00009000000000001357775310000000000000000 1 0.5 Field position of camera
-2.  4.35E-01 1. 6.05E-01 00000000000000002473987420000000000000000 Luti
-1.  6.055-01 0. 6.44E=01 000000000000000024679997420000000000000000 2, Detector PSF convolution
0. 6,406F=01] -1, 6.0N3E~01 DDLU N00LLO0D0V24T7ayB7420000000000000000
1. 6.05F-01 “2.  4.85E-pl  N00GGN60000000001357775310009000000000000 3  25u detector
2.  4.855-01 3. 3.08E=A1  000ND000HGH0N0001236443210009000000000000
3. 3.09E-01 4. 1.476~01 0000000000000000011222110G200000000000000 4 Xor Y (8.21 = 1 Airy Radius
4. 1.44E=01 -5.  6.25£-02 0000000000U000000000V000000000000000000000
5.  6.34F-02 —he  4433E=02  N00NON0G0D000000000DU000000N000000060G0000
be 4 4BF=02 7.  3.97E-02 000000009000000000006G0000000000000000000 o
7.  4.075-02 -8.  2.47E-02 000000000000006¢0000000000000000000000000 éyég;
A, 2.51F =902 -9, Q.20E-03 Q000080000000 0C00ND0000000009000000000000 'b /\’
9.  9,A2F=03  =10.  3.32£-G3 000900000000000000060000000000000000000C0 é; 2)
10, 3.56F-03. =11. 2.32E-03 009006000000000050900500000000600066006000 & 4S7 ‘
11, 2.44E-03  =12. 1.53E-63 00000000000000000000000000000000000000000 > 55
120 1.59€-03  =13. 1.485=03 00000000000000000000000000000000000000000 &
13, l1.4°F=03 -14. l1.98F~-33 D0000G00000000N000O00ON00000VUO0O0O00000000000 A%
lée  1.97F=03  =15. 1.RZE-03 00006000000G000066000000000009000600000000 1)
15,  1.81F=03  =16.  1.42E-03 0000000000000000000y000000000000600000000 &
1A, 1.615-93 =17,  1.%9E-03 00000000000000000500000000065006096900000 &
17« 1.628-83  =1R.  1.22c-03 00G00000600000000000030006000060000000000 -
18,  1.225-03  =15. 6.66E-04 0000000006060000006003300000060000000600060
16.  6.778-04  -20.  3.00E-04 00000000000000000000000000000000000000000
20,  3.125-04 -21. 2.23c-04 000000000000000600000000000606000000000000
1
MAX VALUE OF 0.666 AT X = 0. Y = 0. = Ensquared Energy (includes diffraction at 632,8 nm) =
. w
CENTRAL 5 X 5 ARRAY = 3.73E-01 4,57E-01 4.85E=01 4.576-01 3.73E=01 N

4.58E-01 5.69E-01 6.05E£-01 5.668-01 4,.585E-01
4.85E-01 6,05%E-01 6,442-01 6,05E-01 6.85E=-01
4.58E-01 5.6%E-01 6,05E-01 5.,69E~-01 4.56E-01
3.73E-01 4.,58E-01 4.85€-01 4.58E-01 3.73€-01



9¢-v

APERTURE TYPE

FMax
oF

0.57
Q.

ese OTFGEN PROGRAM #cwo

INTRFRGM

ORSCURATION RATIO = 0.310

DATE = 11/19/75
TIME = 13:11:57

STREHL RATIO = 0.90
OUTRAUT FILENAME = DUM

INTERFEROG~AM FILENAME = WAVEF

EISWIS-NIMESd

NUM  X=*0D Y=-4ND PHASE MaP OF 1ST K 2ND QUADRANTS
Al 0,000 0.0 0.000 0.0 000000000000000000N00000ACLONCO0N0N0ONN000N0000000000000000000000000
30 0.000 0.0 N.NN0 0.0 0000000000000000000000020000000000020000000000000000000000000000 .
29 0.000 0.0 0.0n0 0.0 0N00OCHO00DN0N00000000000000000NN000000N00NVU000000000000000000000
2R 0,000 0.0 n.ON0 0.0 0000000009000900000000000000090009000009006000000000000000000000
27 0,900 0.0 N.0N00 0.0 0N00UNI20000000000000009006UN0N0V00N00000000000000020000000000000
26 0.000 0.0 0.000 0.0 0700000000000000000NCHNYUCO00I00000000000000000000000000C00000
25 0.00C 0.0 0.000 0.0 007200000000000G09000000000NN0GC0HN0NDNNAN0N00UN0N0NNONNDGO00200000000
26 0.000 0.0 0.000 0.0 000000C0000000000000000000U0000000000000500000000000006G000000000
23 0.000 0.0 0,000 0.0 0000000000000000000000000000000000000N0000000000000000000000000
22 0.000 0.0 0.000 0.0 000000006000N0NHNN0000000000000000N000000NVOO00N0000000000000000
21 0.99C 0.9 N.90C 9.C 09000000000N0NHN000N0000VN0L0N000000N0000L00000000000000000000000
20 0.002 0.0 0.000 0.0 00000000020000003000200000000NGN00N0000000000000000000N000000000
19 0.000 0.0 N.NN0 0.0 0000000000D0ON0000000N0N0NN0000000N00000000000000700000000000N000
18 0,015 0.0 0.015 0.0 090060000000030000000000000001111100000000000000000000000000000
17 0,040 0.0 0.040 0.00 000000000000000000000000U1111111211111100000000000000000002000000
16 0.079 0.0 0.079 0.00 0000000000N0000000000000111111311111211111200000000000000000000000
15 0.123 0.0 0.123 0.00 000000000000000000000011111112222211111110000000000000000000000
14 0,173 0.0 N.173 0.0 000000000000000000001111122222222222221111100000000000000000000
13 0.228 0.0 0.228 0.0 000000000000000000011111222223333322222111110000000000000000000
12 0.27% 0.0 0.274 0.0 000000000000000000111122223333333333322221111000000000000000000
11 0.302 0.0 0.362 0.0 000000000070000001111222333333333333333222111100000000000000000 .
10 0.322 0.0 0,322 0.0 000000000000000001112223333444444444333322211100000000000000000
9 0.340 0.0 - 0.339 0.0 0000000000000000111222333444444644444443332221110000000000000000
8 0.359 0.0 0.359 0.0 0000000000000001111223334444404664444644333221111000000000000000
7 0.33¢ 0.0 0,343 0.0 0000000000N0NN0N011122333444444444665664444433322111000000000000000
‘ & 0,440 0.0 0,450 0.0 000000000000001112223344464464555554644446443322211100000000000000
5 "0.524 0.0 0.5274 0.0 0000000009000011122333444646555666555444643332211100000000000000
4 0,623 N0 0.623 0.0 NO00000000N00DL112233446464455667T77655544444332211100000000000000
3 0.725 0.0 0.724 0.0 090C00000000001112233444445667T787766544444332211100000000000000
2 0.R23 0.0 0.328 0.0 0060000006000011122333444455673898876554444333221110000000000000
1 0,932 0.0 0.932 0.0 000000000000011122333444656788929887654644333221110000000000000
06 1.000 0.0 1.000 0.0 00000000000001112233344445678992¢987654444333221110000000000000
FFT ARPAY SIZE = 64
TCOMPUTE TIME = 4.07 SECS

NOTES: _
1 0,7 Field position of camera
2 Digital Contour Map of MTF

3 Ref, notes on page A-20

-20Cycles/mm
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-15.
=14,
-13.

=11

24,

NPTS
NREC

u

Fix)

0.000
0.000
0.000
0.000
0.6G00
0.000
0,001
0.002
0.001
0.000
0.001
0.001
0.009
0.001
0.001
0.000
0.013
0.040
0.061
0.004
0.069
0.315
0.706
0.RG9
0.705%
0.315
0.049
0.Nn04
0.04)
0.040
0.013
0.900
0.001
0.001
0.0090
0.001
0.001
0.000
0.001
0.002
0.0601
0.000
0,000
0.000
0.000
0.000
0.000
0.000

L-X-2-3

48
48

VERTIFY PROGRAA4

MAX VALUE
MIN VALUE
TOTAL SuM

Fy)

D.00N
0.000
0,000
0,000
0.000
0.000
0.001
0.002
N.001
0.000
“0.001
n.nol
0,000
0.001
N.001
0.000
0.013
0.040
(1S
0.004
0.069
N.315
N.706
0.RA99
nN.707
0.31%
n.nsQ
0.004
- 0.N4)
n.nasl
0.013
0.900
0.001
n.001
0,000
0.001
0.001
0.000
0.001
0.002
0.001
0.0090
0.000
0.000
0.000.
0.000
0.009
0.000

nono

s 13:12:40 11719715 ane

8.9605£-01 FILENAME = PFILE
0.0
1.431E 01

(* Digital Plot of PSF
1
1

11111
1111111
1111
111 1111
111 13431 111 _
11 1367531 11 .
111 1479741 111 NOTES:

11 1367631 11
111 13431 111 1 0.7 Field position of camera

l“ilnlli“l -2 Diffraction Point Spread Function

11111111111 ~
1111111 . 3 XorY (821 =1 Airy Radius)

1

EINTI3-NIEIS
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INPUT  FILENAME

APFRTURE TYPE

X NRF (X)

-20. 2.25F =064
-19. 64.13F=N4
-18. 1.217=03
-17. 1.,43¢-n3
-16. lo4ws=-03
-15. 1.9nF=~03
-14,  2.09F-03
-13. 1.54F-03
-12. 1.35%2-03
-11. 1.3%F=-03
-10. 1.5%8-33
-G, 7.707=063
-8, 2.32¢-02
-7 3,A2E-02
-h, 4.20F=-n2
-5. 6.,13F-02
-4, 1.409F =01
-3. 3.15E=01
-2.  4.S%E-01
-1, 6.248-01
Ne H6H5F=-0]
1. 6,247-01
?.' 4.9‘3;'01
3. 3.16F=N1
4, l1.405=01

ece NR

5.  5.13F-02 .

5. 4 ,27E=-02
7. 3.828-02
A, 2.32F-02
Q, T.,7nF=03
10, 1.,93F=-03
1. 1.,555-03
12 1e35-13
13. 1.564F=03
14. 2.0%£-03
15. 1.90F=-03
16, 1.42E-03
17. l.432-03
18, 1.218-03
19, 5.137~06
20- 2.266"04

le.

-5,

-9,
-10.
-11.
~12.
-13.
-1
-15.
-15,
~17.
-13.
-19.
-20.
-21.

MAX VALUE OF 0.665 AT

CENTRAL S5 x 5 ARRAY =

£ PROGRAM

NRE (Y}

6.168=-04
1.21F=63
led3F=-023
lebdne=n3
1.9nE=-03
2.03E-03
1e54E~03
1.35£-03
1.57€£-03
1.99€-03
7.75E=-03
2.332-02
3«33E-02
4.21E=-n2
6.14E=-02
1ed 5201
3.1AE=01)
4,35E-01
helst=-01
6.hnE=-01]
He24E-01
4.992-01
3.1ARE=-01
1.508=~01
6.15E=-02
4,225-02
3.4932=02
2.33E=-2
TeTsE-03
2000"2‘03
1.545-03
1433E£-03
1 eS4E=03
2e0HE=03
1.97:6-n3
lebne=-n3
1.435£-03
loZlE'03
6.16E=-04
2e20E=04

1.73E~04
X = 0. Y

3.82e-01
4.TIE=D]
4.565-01
4,71€-01
3.83€-01

4.
S.
6.

13:13:11 11719775 #=2

INPUT FILESIZE = «8 X 48

XwW
Yw

5.53
5.53

nn

0000000600000000000000000000000060000000000

000G60QN00G0000000000000000000N000000000000

ooonononnooooooooooo00000000000000000000ﬂ‘:;— Digital map of convolution

aponden0can0NoANn0eNN00NAC000009000000000
000960200060 C00NN060VCO0LLOVILO0C0OC000000
Go0Na0E00GG000000000000000000C00000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000600000000
00000000000000000000000000000000000000000
0unaonee000000000000N0G000000000000000000
nnooNGooNn00acoNNN00N0N00000N0N0000000000
D00000COYO0CCONGR0DLNNBCRN00UANN0C060000V00
000000000006000000008006000000000C000G0000 -
0003600000000000000C000000000000000000000
0u00000000060N000000U00000N0ND0N000000000000
000000000000000001122211200000000000000000
00NnNNO0NN000000001234443210000000000000000
000N0000000000001357775310000000000000000
ANVHONN0LUO00000N24739RT420600600000000000
00000000G00000002479597420000000000003000
C0000N000000000002473987420000000000000000
00060000000000001357775310000000000000000
0000600000000000123446321000000G0000C0000
000000000000G00N0112221100000000000000000
00G6¢3000000000000000000000000000G00V0C00000

DCEONLOLECGON000D0D00N0LONNGONN00000000000

000G006G6GAILABAACGNN3A0000AN0NGON00000000 -
000000VN0N00NYOK000VN00000000000000000000
No0NoNceoV00000000000000000000000000000000
0n0nN0o000000000000000000000000000N00000000
00000000000000000000000000000000000000000
00000930000000000000000000000000000000000
000702..,°005000000000CG0O00V00AGCO00C000000
00003A5NGIGCO0C0N00DUOGCC00GIVECLUOG0C6000
GONGHVOIN2005G000C00000000000000000000060000
¢o000000000000000000000000000000000000000
00000000000000000000V000000000000000000000
00000000000000000000000000000000000000000 .
00006000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000 .

NOTES:

1 0,7 Field position of camera
2 Detector PSF Convolution

3 25u detector

4 Xor Y (8,21 = 1 Airy Radius)

0. -Ensquared Energy (includes diffraction at 632,8 nm)

71€-01 4.998-01 4.71E-01 3.82E-01
A6E-01 6.24E-01 5.86E-01 4.71E-01
24E=01 6,65E-01" 6.24E-01 4,99E-01

5486E-01 6,245-01 5.86E-01 4.,71E-01

Q.

71E-01 4.99€E-01 4,71€-01 3.83E-01

EIWTI3-NIME S
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so8 QTFGEN PROGRAM #o¢

APFRTURE TYPE = INTRFRGM DaTE = 11/719/75
TIME = 13:17:57

FMAX = 0.57 STRFHL RATIO = 0.M3

OF = 0.03 QUTPUT FILENAME = DUM

OHSCURATION RATIO = 0.310 INTERFEROGRAM FILENAME = WAVEF

NUM  X=M0D PHASE Y=-MOD PHASE MAP OF 1ST & 2MD QUADRANTS

11 0.000 0.0 N.000 0.0 0000000000000Q0000000000LHCCO0OLN0VINAL000N000000000000000000000
30 0.000 0.0 0,000 0.0 000000000000000000000000000000000000000000000000000000000000000
29 0.000 0.0 D000 00 0000000020000000000000000000000006000000000000000300000000000000
28 0.000 Q.0 0.000 0.0 00000700000000000000000000000006000000000000000000600005000000000
27 0.000 0.0 0.000 00 000C0NVOGHOON0VN0GALOCNNNONON000ON00ODGNO0I00000000000G000000000000
2R 0.000 0.0 0.000 Qe0 0N00G2NGOO0NANC0000000000C00C0O0000000000000000C00000CG00C0000000
25 0.000 0.0 0.000 040 000000G0000000000000000000000000000000000000000000000G0QA00000Q0
24 0.000 0.0 0.000 0.0 0000NG0O00O0000LC000000NO00OUC0000000000000000000000000000000000000
23 0.000 0.0 0.000 Qe0 0000000000000003000000000000000000000000000000000000000000000000
22 0.000 0.0 0.000 Qe  0QGNOOOYOCONO0OCOV0E00000000D20000000000000000000000000000000000000
21 0.000 0.C F.6C0 €0 90C000030060000000000000U00000000000000u00000000000000000000000
20 0.000 0.0 0.000 040 00000QO0LCON0O0O0O0000N0000000000N0CON0CCN00000V00000G00002000000000
19 0,000 0.0 0.06G0 060 0000O2300600000D000C00INNLO0O0N0ONNA00N0NA0D0006G0O0R0D000C0CO0V00000
13 0.015 0.0 0,019 0400 000G0GNGO0I0000H0000D00000UNNNNL111110000000000600000J00600000000000
17 0.039 0.0 0.039 0.00 000000000000DND0OGON00000NNOLT11F1221211106G0000000000000000000000
16 0,077 0.0. 0.075 0400 000020000N00000G0000N0011221021111121121100000000000000000000000
15 0.118 0.0 0.113 0.00 0000000000N00N0000000911111111222111111110000000000000000000000
14 0.154 0.0 0.13564 0,00 0000000006GAN0O00000001111112222222222211111100000000000000000000
13 0.213 0.0 0.197 0.0 0000000000000000000111112222222222222221111100000000000030000000
12 0.25% 0.0 D.236 0.0 0300040000000000G0111122222333333333222221111000000000600000009
11 0.29¢ 0.0 0.265 0.0 0006000UCONOND00GC0L11122223333332333333222211110000000G0650000000
10 0.305 0.0 0.236 0.9 0000000000000900011122233333333333333333222111090006000000000000
Q9 0.322 0.0 0.306 0.0 00006000600000N00011122233333333333333333332221110000000000000000
R 0.341 0.0 N.322 0.0 00000000000000011122233333334444464643333333221111000000000000000
7 6.3%3 0.0 0,342 0.0 00000000000000011122233334464446444444433332221110000G60000000000
5 _0.413 9.0 N384 0.0 Q0GO00000000N01T11122333344444646464464546446333322111100000000000000
5 N.492 0.0 N.&SR 0.0 0000000000000G0111222333464464655555444644633322211100000000000000
4 0,563 0.0 0,251 0.0 000CU000000G0011122333344445666655455444433332211100000000000000
3 0N.701 0.0 0.676 Q0.0 0000000000000011122333464644556T77777655446463332211100000000000000
2 04815 0.0 0800 060 000005::00000011122233344445678888876544443332221110000000000000
1 0.928 0.0 N.923 040 00000CC000000111223333444456789%9876544443333221110000000000000
0 1.000 0.0 1000 0.0 0000000000000111223333446556792#¢976554443333221110000000000000

FFT ARRAY SIZE = 64

n

COMPUTE TIME 4,01 SECS

120 Cycles/mm . NOTES:
. 1 Full field position of camera

2 Digital Contour Map of MIF
3 Ref, notes on page A-20

=HSNWTIZ-NidE3d
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0g-v

-23.
-22.
-21.
-20.
-19.
-1R,
-17.
-160
-15.
-1l4.
-13.

-10.

NPTS
NRF.C

nou

F(x)

0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.001
0.000
0.001
0.001
0.00¢
0.001
0.003
0.003
0014
0.039
0.061
G6.005
0.042
0.235
0.644
0.827
0.648
0.285
0.042
0.005
0.0641
0.039
0014
0.003
N.00n3
0.001
0.000
0.001
0.001
0.0n0
0.001
0.002
0.001
0.000
0.000
0.0n0
0.000
0.000
0.0n0
0.000

Lo

4R
48

Y

-13.
~14,
_150
'16.-
-17.
~-18.
~19.
-20.

-21.

-22.
"230
-24 4

VERIFY PROGRA

MAX VALUE
MIN VALUE
TOTAL SUM

FiY)

0.000
0.000
0.000
0.000
0.000
N.000
0.001
04001
0,001
N.000
0.001
0.001
€.000
0.002
0.005
0.006
0.017
0.041
0.045
0.017
0.060
0.299
0.653
0.R27
0.653
N.300
0.060
0.017
0.0465
0.041
0.017
0.006
0.005
0.002
0.00N
0,001
N.001
0.000
0.001
0.001
0.001
0.000
0.000
0.00¢C
0.000
0.000
0.000
0.000

way 13:18:34 11/19/75 sso
8.274E-01 FILENAME = PFILE
0.0 .
1.431F 01

111
11111
1111111
1111111
1111 111
111 13331 111
11 1257521 11
111 1379731 111
11 1257521 11
111 13331 111
1111 111 111)
11111111111
11111111111
1111111
111

Digital Plot of PSF

NOTES:

©1 Full field position of camera
2 Diffraction Point Spread Function
3 Xor Y (821 = 1 Airy Radius)

EHSNTIS-NIDEISd
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eoe  NRE PROGRAM 13:19:03 11719775 «2e

INPUT  FILENAME = PFILE INPUT  FILESIZE = 48 X 48
APERTURE TYPE = RECT XW = 5.53
YW = 5.53 U
X NRE (X} Y NRE (Y) %
-20.  3.27F-064 19.  7.94E=04 00000000000000000000000000000000000000000 p Y
-19, 6.77€-06 18.  1.2AE-03 000000000000000000006000000000000000000000 Digital map of convolution Q
-19.  1.20£-03 17. 1.35%6-03" noonooooonoooooouoouooonnoooooooooooooooo":;’ 4
-17. 1.34F-03 16. 1.33E-03 0000000N000000000000000000000000006000000 ,
16,  1.37F-03 15.  1.71€-03 G000NGAG00000000000UN0000200NN00NCB0N0000 m
-15.  1.7AF-03 16.  1.85E=4y3  00ONGHHNANUO00000ONONVC00G0GONOON06090000
-14.  1.94€-03 13. 1.46E=-03 000000000000000000000000000000006000000000 . r
-13.  1.47€-03 12.  2.08E-03 00000000000000000000000000000000000000000 . E:
-12. 1.57€-03 11.  4.07E-03 00000000000000000NGNN00NNNNN00NAN00000000
-11. 2.67F-03 10.  6.54E-03 000600000000000000000000000000000000000000 . m
-1n.  3.83E-03 Q.  1.33E=-02 00000000000000000000000000000000000000000 . |
9.,  9.47E-03 8.  2.52E-02 000605750000000000003000005000000906900000
-8, 2.47E-02 7.  4.5%E-32 00644022000000006006500000000000000G00000
7.  3.937-02 6. SelsE=22 0069I506000660660300000G0000000009006000000 NOTES:
-6.  4.31€-02 S. Tel13E=02 00600000000000000011111006000000000006000
-S.  6.03£-~02 4. 1.32E6-01  00000N0D0060000011222221100000600000000000 1 Full field position of camera
-4, 1.41€-01 3.  3.04E-01 D0GONNONDO00000001234443210000000000000000 i
-3, 2.95E-01 2. 4.49E-01 00000000000000001357775310000000000000000 2 Diffraction Point Spread Function
-2.  4.65F=11 1.  S5.82E-01 00000000000000002478937420000000000000000 ,
-1. 5.312-01° 0.  6.13c-01 0060G0GOG00000002479997420056060000000000 3 Xor Y (821 =1 Alry Radius)
N.  B.187-01 1. S.a2E=9] 0000000060000000247595746200690000600000000
1. 5.81F-01 —2.  4.T0E=31 000G0GG000G000601357775310600000605050000
2. 4.6AZ-01 3. 3.042-01 00UDC000000000001234443210000000000000000
3. 2.96E-01 -4,  1.52E-01 00006000006000001122222110000000006000000 .
4. © -5, 7.14E-02 00000000000000000015111006600000006000000 .
5. —6.  5.13F-02  000006000G60060C00005900G0500000000G00500
Ao -7, 24 BUOL0AnISS8ACN0N0GGUE0EN0NRNGRNAN0A0060000Y 0 o
7. -8, GOOLLGN0R BED ST LY : 3 "J¢g
A, ER Q200 IG! 0 5 §g’3’
Q, -1 ! Lung Gasasun Ve SO0 35350009
13, =11, CUNGAG g2 006G000Jut I8 aafiandiaaQan0Ge00 w Q
11. -12. 900UL0E0RDN0N0L0QRLINCH000C000T0006300000 gf
2. —1a, GLANGHONASH0DD6SA0G003GEALG00000000000C) D
i3, -1, GO ONG NN 060Lu00 00 060305000330 Qf
Th, -l%. i COOGLNG6ALINORGAG60II0EERCGN000GEGI0L00Y gm
15. 15, 1e33¢=-03  AG2AG000505000006506900300850006663G00000 &
14. -17. 1.37E-03 606600C0000G00000G00530C00000000000600C500 i?hq
17. -13.  1.25€-03 6C0NIN00N0DG000000660NN0000G000000000000000 I
15, -19.,  7.95E-us  0006000020000000000000GC00005000000000000
1%, —20.  %.62E-06 DOOCANONGHOO0000NN0UNI0000000000000600000
20, -21.  3.47£-04 000000000600006000000000060003000009000000
MAX VALUE OF 0.61% AT x = 0. v = 0. Ensquared Energy (includes diffraction at 632,8 nm)
CENTRAL 5 X 5 ARRAY = 3.612-01 4.43E-01 4.69E-01 4.43E=01 3.61E-01

6.40E-01 5.47E-01 S5.82E-01 S.47E-01 44.40E-01
4 66E-01 5.31E-01 6.18E-01 5.81€-01 4.665-01
4e405-0]1 S.47E-01 S5.B2E~01 S,47E-01 4.,40E=-01
3.61E-01 4.43E-01 4.70E-01 4.43E-01 3.61E-01

1ee-d4d
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COMMAND SEQUENCES AND COMMAND REQUIREMENTS

COMMAND SEQUENCE - f£/24 FIELD CAMERA

SEQUENCE

FUNCTION

¢4

Instrumentation Mode
Thermal Control

Standby

Acquisition Initialize
Acquisition Execute

Calibrate Initialize

Calibrate Execute

Operate Initialize

Operate Execute

Instrumentation system only On

Bring instrument on-line to thermal operating temperature
-LVPS on

Instrumentation s&stem on

‘Command System On !

TLM System On

N/A

NA

‘Set variables (mechanisms, voitages, readout rate, exposure time)
Select lamp

Expose, store, transfer

Set variables (as in calibrate initialize)
. Open port door

Expose, store, tramsfer

EISWNTI2-NIME S
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' COMMAND REQUIREMENTS

- £/24 FIELD CAMERA

BITS/ DISCRETE
COMMAND STEPS [VARIABLE WORD COMMANDS
(I)Instrumentation Mode
FC Instrumentation Power On 1
FC Instrumentation Power Off 1
(I)Ihermal Control '
FC Thermal Power On 1
FC Thermal Power Off 1
o
]
(9%}
standby
<1)FC Standby Power On 1
(I)FC Standby Power Off 1
¥C Main Power On 1
FC Main Power Off 1
Acquisition Initialize N/A
Acquisition Execute N/A

(1)

Via Power Distribution Subsystem (PDS)

EIIWT13-NIMEISd
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COMMAND REQUIREMEN

f/24 FIELD CAMERA

BITS/ DISCRETE
COMMAND STEPS VARTABLE WCRD COMMANDS
Calibrate Initialize
Filter Wheel #1 8 3
Filter Wheel #2 8 3
Filter Wl';eel # 8 3
Exposure Time 10 msec to'l hour 16
o SECO Readout Rate 256 8
& Port Door Close 1
Shutter Open 1
Shutter Close
Calibrate Lamp 1 Select
Calibrate Lamp 2 Select 1
Calibrate Voltage 1000 10
Wall Voltage 256 8
Photocathode Voltage 256 8
Target Voltage 256 8

EISWI2-NIMER
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COMMAND REQUIREMENTS -

f/24 FIELD CAMERA

BITS/ DISCRETE
COMMAND .STEPS [VARIABLE WORD COMMANDS
Calibrate Initialize (continued)
Focus Current 256 8
Beam Current 256 8
Alignment Current 50 6
Heater Current 64 6
Photocathode PS Current 100 7
Deflection Line (X) Current 256 8
g Deflection ?rame (Y) Current 256 8
& Erase Lamp Current 50 6
Target Prepare 1
‘Target Normal 1
Target Puised 1
Scan Size tbd 8
¢4t Hi/Lo/Zero 3
G3 Focus 256 8
G2 On/Off 2
Gl Hi/Lo 2
Amplifier Gain 256 8 .
lLoad (one for each variable word) 20
Execute (one for each varijable word) 20

EIIW13-NIME3d
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COMMAND REQUIREMENTS -

f/24 FIELD CAMERA

BITS/ DISCRETE
COMMAND STEPS VARIABLE WORD COMMANDS
Calibrate Execute

Calibrate Start 1
Transfer Start 1
Transfer St;op ' 1
Erase Lamp Exposure 1
Exposure Interrupt '{ 1
Exposure Restart 1

EISW3-NiIME3d
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COMMAND REQUIREMENTS - £/24 FIELD CAMERA

COMMAND

STEPS

BITS/

[VARIABLE WORD

DISCRETE
COMMANDS

L-9

Operate Initialize

All calibrate initialize commands
Less .

(Port door close)

(Shutter open)

(Shutter close)

(Calibrate Lamp 1 select)

(Calibrate Lamp 2 select)

Plus

Port door open

EISWI3-NiMESc
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COMMAND REQUIREMENTS - f£/24 FIELD CAMERA

_ BITS/ DISCRETE
COMMAND STEPS VARTABLE WORD COMMANDS
Operate Execute

Operate Start 1
Transfer.Start 1
Transfer Stop 1
Erase Lamp Exposure 1
Exposure Interrupt (shutter close) 1
Exposure Restart (shutter open) 1

¥
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COMMAND REQUIREMENTS - f/24 FIELD CAMERA
BITS/ DISCRETE
COMMAND STEPS 'VARIABLE WORD COMMANDS
Contingency Commands
Filter wheel #1 retract 1
Filter wheel #2 retract 1
Filter wheel #3 retract 1
Port door retract 1
Shutter retract 1
Lamps off 1
. o
]
O
]
Reserve 40 15
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INSTRUMENTATION LIST - f£/24 FIELD CAMERA

SIGNAL : ANALOG NUMBER SAMPLE RATE
SIGNAL DESCRIPTION TYPE RANGE ACCURACY | OF BITS | (EACH BIT)
Main Power Monitor D ‘on/off 1 1 sps (1)
Main Power Voltage " A tbd 1% 8 1 sps (1)
Main Power Current A tbd 1% 8 thd  (3)
Thermal mode D on/off 1 1 sps (1)
Standby mode D on/off 1 1 sps (1)
Calibrate mode D on/off 1. 1 ﬁps (1)
Operate mode D on/off 1 1 sps (1)
Filter Wheel {1 D 9 positions 9 1 sps (2)
Filter Wheel {2 D 9 positions 9 1 sps (2)
Filter Wheel #3 D 9 positions 9 1 sps (2)
Calibrate Lamp #1 select D on/off. 1 1 sps (2)
Lamp #1 D on/off 1 1 sps (1)
Calibrate Lamp #2 select D on/off 1 1 sps (2}
Lamp {2 D on/off 1 1 sps (1)
Port door D open/close/reéract 3 1 sps (1)
Exposure time setting D as conmanded 16 1 sps (D
Exposure time elapsed D msec=-hours usec 32 1 sps (2)
Shutter D open/close 2 1 sps (2)
1 Calibrate lamp voltage setting D as commanded 10 1 sps (2)
Calibrate lamp voltage reading A thd 17 8 1 sps (1)
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INSTRUMENTATION LIST -

f/24 FIELD CAMERA

£-0

SIGNAL DESCRIPTION S;gl;gl. RANGE Agmgy . :;.ng;g;}s S(A;‘[AIZ:I;{E BR;T’I;E
Alignment Current Setting D as, commanded 6 1 sps (2)
Alignment Current Reading A tbd 1% 7 1 sps (1)
Wall voltage setting D as commanded 10 1 sps (2)
Wall voltage reading A tbd 1% 8 1 sps (1)
Photocathode voltege seésj.ng D as commanded 10 1 sps (2)
Photocathode voltage reading A tbd 1% 8 1 sps (1)
Target voltage setting D as commanded 10 1 sps (2)_
Target voltage reading A " tbd 1% 8 1 .sps @)
Focus current setting D as commanded 10 1 sps (2)
Focus currenf readihgl A tbd 1% 8 1 sps (1)
Beam current setting D as commanded 7 1 sps (2)
Beam current reading A tbd 1% 8 1 sps (D
Heater current setting D as commanded 7 1 sps (2)
Heater current reading A tbd 1% 8 1 sps .(1)
Photocathode PS current setting D as commanded 7 1 sps (2)
Photocathode PS current reading A tbd 1% . 8 1 sps (D
Deflection Line (X) current setting D as commanded 7 1 sps (2)
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INSTRUMENTATION LIST -

f/24 FIELD CAMERA

SIGNAL DESCRIPTION S'}'(YEX;QL RANGE AgrgAURngY :;JM BBIE'?S S(Aé“lAI;I;F ;IAT'I;E
Deflection Line (X) current reading A thd 1% 8 1 sps (1)
Deflection Frame (Y) current setting D as commanded 7 1 sps (2)
Deflection Frame (Y) current reading A tbd 1% 8 1 sps (1)
Erase lamp current setting D as commanded 6 1 sps (2)
Erase lamp current reading A tbd 1% 8 1 sps (1)
Erase lamp D on/off 1 1 sps (1)
Erase lamp light level A tbd 1% 8 thd (1)
G4 voltage A tbd 17 8 1 sps (2)
G3 voltage A tbd 1% 8 1 sps (2):
G2 voltage A tbd 1% 8 1 sps(2)
Cl voltage A tbd 1% 8 1 sps(2)
SECO readout rate setting D s commanded 8 1 sps (2)
SECO readout rate r'eading' A tbd 1% 8' tbd (1)
Target D prepare/nbrmal/pulsed 3 1 sps’ (2)
Scan size setting ..D ns commanded 8 1 sps (2)
Scan size reading A tbd 1% 8 tbd (1)
Scan D pn/off 1 tbd (1)

~7

EHIWTTI2-NiME 3

1ze-d4d



5—DASW—YSYN

INSTRUMENTATION LIST - £/24 FIELD CAMERA

SAMPLE RATE

SIGNAL - ANALOG NUMBER
SIGNAL DESCRIPTION TYPE RANGE ACCURACY | OF BITS | (EACH BIT)
Thermal sensors (20 X 8 bits) A tbd .1 = .25°% 160 1 sps (1)
LVPS voltages (6 X 8 bits)’ A tbd 1% 48 1 sps (1)
LVPS currents (6 X 8 bits) A tbd 1% 48 tbd (3)
Reserve for final design definition 64
Reserve for diagnostics 64

(Requirements for the reserves are currently

being developed.)
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