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TIME

8:45-9:00 AM

9:00-9:30

9:30-9:45

9:45-10:00

10:00-10:30

10:30-11:15

11:15-11:30

11:30-12:15

Report No. 8274

THE OPTICAL TECHNOLOGY EXPERIMENT SYSTEM MEETING
AT THE PERKIN-ELMER CORPORATION ON JANUARY 18, 1966

NO. EVENT SPEAKER
1. The OTES Project and the Project H.F. Wischnia, Project
Objectives Manager, OTES
(Figure 1)
2. The 1980 Space Telescope R.M. Scott, V.P.,

Chief Scientist, P-E

3. Space Optics and Perkin-Elmer C.W, Nimitz, Jr., Pres.
Perkin-Elmer Corporation

4, Informal Discussion

5. Study Areas and Some Important H.F. Wischnia
Candidate Experiments
(Figures 2, 3, 4)

6. Pointing Considerations and Associated E.R. Schlesinger,
Experiments Senior Staff Engineer
Pointing 1/10 and 1/100 Arc Second
Suspensions Comparison and Pointing
Disturbances

(Figures 5-17)

7. Space Optical Systems and Techniques H.S. Hemstreet, Manager,
Laser/Optics Techniques Space Optics Department
Active Optics

(Figures 18, 19)

8. Laboratory Demonstrations in Space Optics M.S. Lipsett, Project

Laser/Optics Technique Program Manager, Laser/Optics
Techniques
Laser Transmitter/Receiver Isolation S. Habijanec,
(Figures 20, 21) Senior Physicist
In-Flight Alienment of Optical Systems M.S. Lipsett
(Figure. 22)
Active Optics Program H. Robertson, Project
Phase Measuring Interferometer for Manager, Active Optics

A/50 Figure Sensing
(Figures 23, 24)
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OTES Meeting

TIME

1:00-1:15

1:15-2:00

2:00-2:30

2:30-3:30

3:30-4:15

No.

Cont.

10.

11.

12.,

13,

EVENT

Actuators for Active Optics
(Figures 29-32)

White-Light Interferometer for Figure
Sensor
(Figures 25-28)

Systematic Search for Prospective Space
Experiments in Optical Technology
(Figure 33)

AES Spacecraft for a Three-Meter
Aperture OTES Concept
Principal Problem Areas
Operational Sequence
Stored Configuration
Concept Advantages

(Figures 34-38)

C0,, Argon, Helium-Neon and Other Gas

Lasers Today and Tomorrow
(Figures 39-42)

Laser Communication Experiments
Point Ahead

Station Transfer

Communications Considerations

CO2 versus He-Ne

(Figures 43, 44, 45)

Heterodyning on Earth

Atmospheric Scintillation
(Figures 46-52)

NASA Discussion

Report No. 8274

January 18, 1966

SPEAKER

H. Robertson

R. Crane, Senior Staff
Engineer

H.F. Wischnia

W. Mimnaugh, LMSC,
OTES, Project Manager

J.D. Rigden,
Senior Staff Physicist

W. Peters, Engineer

R. Arguello, Senior
Staff Engineer

R. Arguello
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ATTENDEES AT THE
OPTICAL TECHNOLOGY EXPERIMENT SYSTEM MEETING

C. Dixon Ashworth 0SSA
Roland Chase OAR & T
Norman S. Johnson ARC
Edwin P. Martz JPL

Dr. Duncan E. McIver, Jr. LRC

Dr. Max R. Nagel ERC

Dr. Henry H. Plotkin GSFC
Dr. Joseph L. Randall MSFC
Earl J. Reinbolt MSFC
Dr. Nancy G. Roman OSSA

A. R. Sinclair LRC
Conrad D. Swanson MSFC
Dr. James C. Taylor MSFC

W. L. Thompson MSC
Hubert Tschunko ERC

Dr. John M. Walker OAR & T
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PHASE T - JUSTIFICATION o WORTHWHILE OPT/ICAL EAPERIMENTS

TEST T - WL THE EXPLERIMENT FPROVIDE AN ANSWER 7O A KEY
ENG/NEEFRING QUESTION /N THE DEVELOPYMHEN 7 of
SPACE OPT/CS ~

TEST 2. -/5 /7 TECHNICALLY MOFRE DIfFF/CULT (O EVEN /MFPOSS/IELE )
7O CONDUCT THE EXFERIMENT ON EARTH -

TEST S - WL THE EXPER/MENT PROV/IOE ANSWELEFS 70 /MPOFE7AN 7
SCIENTIFIC QUESTIONS =

PHASE I - FEAS/IEBI/ITY oFf EXPERLIMENTS
COMPLETE SVSTEM CONCERPTS

ANALYSSS AND POCUMENTA7/0N 7O
SUPPORCT7 RKECOMMENDAT7 /ONVS

Figure 1. OTES Project Objectives
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Z. BRPOAD BASEL CANO/ICATE EXPERI/IMENTS

(B0 WHAT AL THE FLUTURE NEELS of SPICE OPTHAL TECHNOLOGY ~
(6) WHAT EXPER/MENTS (OULD BE PONE OV 4 SATELL/ITE P

2. IMPORPTANT EXPERP/MENTS
(D) ENPERMENT BBEWEW SOTED -
S G ATHWIOLD, CHS/FIS/7 Fror” M. SCHHACS CH/LL
Lr 4. ME/NEL M L. THLOTSON
(6) ENGNEEFNG WEEDS FO& SPICE FSTEON MY

STRGTOSCOPE T £ 17
o440

AECONNET /SEINCE

/eI 7
BALLOONVS

- Q7T ERN
ROCA E=7S = )2

SPICECAF 7
255 -"0p S265 -85

3. ENC/NEERING WORAK /N PROGIPESS
(8) SCAL/ING LANS
(b6) PONTING L/HM/7TS

(C) LASER COMMUN/ICATION SHSTEM

- OTES § —— FUTURTE JNVS TR EA TS

L8O

(d) MAN CAPABILITIES
(&) AES cHAPRBIIT/IES
(F) SPICECRIFT COVCERPTS

Figure 2. Current Areas of Study

This chart identifies the Perkin-Elmer search activity for opti-
cal experiments which must be conducted from a satellite. The Perkin-Elmer

Experiment Review Board has been established to review experiments recom-
mended by the OTES Project Team.
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L MIPFOR F/GURE MEASUREMEN 7
ON EARTH USING LASER

2. ACTIVE OrPT/ICS

B TELESTOFE FONVTING FFREC/S /N
= 7/ / OO JEC- SECOND

A B METER 4PERTURE

5. MEGABIT LASER COMMUNICATION
G. 110 ARC-SECOND 7RACKZAG

7 ACQRUISITION

8. FONT AHEAL

D STAT/ION 7TRANSFER

10 L os

Figure 3. Important OTES Experiments

Ten important experiments were described. The value of Mirror
Figure Measurement on Earth Using the Laser (Experiment #1) was discussed
using Figure 4 (next page). The Active Optics Experiment was described
(See Figure 5). The differences between 1/100 arc second Pointing Experi-
ment (Experiment #3) and the 1/10 arc second Pointing Experiment (Experi-
ment #6) are due to the difference between astronomy applications and deep
space laser communications applications.

The Three-Meter Aperture Telescope (Experiment #4) is a candi-
date experiment which could be used to demonstrate the Active Optics (Ex-
periment #2). The Three-Meter Aperture Telescope can also be used for in-
frared astronomy with the active optics segments deactivated.

The proposed Three-Meter Aperture Telescope can fit into a Saturn
V (See Figures 34 through 38). This experiment would be a bold step forward
in Space Optics. The rational for the choice of aperture diameter is quite
simple: the diameter is large enough to be a significant technical achieve-
ment and yet small enough to be accomplished within a reasonable period of
time.

The Megabit Laser Communication, Acquisition, Point Ahead, Sta-
tion Transfer, and RLOS Experiments (Experiments #5,7,8,9, and 10) are opti-
cal communication oriented experiments and were justified from an engineer-
ing point of view. An operational deep space laser communicator would be
required to perform the functions identified; therefore, experiments based
on these functions are of value.
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Figure 4.

Simplified Block Diagram of a Space Optical Communicator
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POINTING EXPERKIMENTS

|. DEMONSTKATE ABILITY TO
ACQUIKE TAKGETS

2.EVALUATE POINTING ACCURACY

J. DETEKMINE EFFECTS OF TORQUE
DISTURBANGES ON POINTING
PERFORMANCE

4.COMPAKE POINTING PERFOKMANCE
OBTAINED WITH ALTERNATE
SUSPENSION SYSTEMS

J.PEMONSTKATE POINT-AHEAD
CAVABILITY
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Figure 6. Image Splitting Techniques

Image splitting techniques can furnish pointing error signals
useful in controlling the telescope's line of sight. In a diffraction-
limited instrument, the rms angular pointing error is approximately related
to the sensor signal-to-noise ratio and the optical resolution. This result
is applicable whether the image is that of a star or a laser source.

10
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ASTRONOMICAL TELESCOPE

}
Ep,. = 22 A <S/

5/N>> |

% PsNoNa At ‘r 0'° lTD NoNo Z
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c K.V 2.51™Af
Pmin = D2 | NoNa

1.22°\
EPreqd - Ka D k2>|

Pointing Sensor Epread D
Figure of Merit Ep v2'5|va f

Figure 7. Pointing Figure of Merit

The signal-to-noise ratio, in the case of a stellar image, is a
function of visual magnitude M,,, optical and quantum efficiencies Ng and NQ,
servo bandwidth, AF, etc. As d1ameter increases, minimum pointing error re-
duces in square law fashion while the required pointing error reduces line-
arly. Hence, the system's figure of merit tends to increase with diameter

if visual magnitude and bandwidth remain constant.

11
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TWO MIKKOK APLANATIC KITCHEY-
CHKETIEN AKKANGEMENT

PRIMARY
( PARABOLOID)

/
IMAGE PLANE
|

/
SECONDARY
(HYPERBOLOID)

SPHERICAL ABEKKATION  ZERO

COMA

ZERO

ASTIGMATISM NON-ZERQ | v remans
FIELD CURVATURE ~ NON-ZERO [ scacc,mase

DISTORTION NO POINT IMAGE

REMAINS SAME

PEGRADATION

Figure 8. Two-Mirror Ritchey-=Chretien Arrangement

Visual magnitude may not remain constant as a particular system

is increased in size. Optical aberrations which can cause degraded perfor-
mance may require a reduced field of view. Practical considerations may
dictate that visual magnitude be changed as a particular type of optical
arrangement is increased in size. An Aplanatic Ritchey-Chretien two-mirror
system must have its usable field of view reduced as size is increased to
maintain a constant pointing degradation due to optical aberrations.

12
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FOVTO ENSURE 90/, PROBABILITY
OF AT LEAST ONE GUIDE STAR OR
MAGNITUDE My, OR BRIGHTER
AT GALACTIC POLES

/13
2
Visual /"
Magnitude /-
9 |
®<, FOV (Log scale)
e /° 10°
AD
Aperture
diameter 2
(log scale) /7 (FOV) D=CONSTANT
10D
oo

AM=5 2l 1ogN"

Where N is the factor by
which the system size is
increased

Figure 9. Scaling the Diameter and Its Effect
on Visual Magnitude

Decreasing the allowed field of view with increased size requires
the larger Aplanatic Ritchey-Chretien instrument to use dimmer stars to main-
tain the same probability of their occurrence within the field. For example,
assume that the effect on increasing the aperture D by a factor of ten
(N = 10) is being considered.
The field of view (the abscissa) can be read from the bottom curve as 1°.
The corresponding visual magnitude from the top curve is found to be 10
M, = 10). If the diameter is now scaled to 10 D, the field of view is re-

duced and the corresponding visual magnitude is read from the top curve as 13.

13

Enter the curves at an aperture diameter = 1 D.
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HENGE

FOM £ FIGURE OF MERIT=—22eed o D
Epmm 2.5| VA{

BECOMES

FOM o< 2

| at

AND

;g_M“HHZ_SLSW_N___ N Af small system
A\ large system

smallsystem

Where N is the factor (> |>
by whichthe system
sizes differ

Figure 10. Figure of Merit (FOM) of a Large System
Compared to FOM of a Small System

The figure of merit for pointing performance can be modified to
include the guide star presence probability factor. The results indicate
that a large Aplanatic Ritchey-Chretien system can perform better than a
small one if both have the same bandwidth.

14
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WHERE Kss ISTHE BACKGKOUND LIGHT
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AND N IS TUE SIZE INCKEASE
FACTOK UNDEK CONSIDEK-
ATION

Figure 11. Figure of Merit (FOM) of a Large System
Compared to FOM of a Small System

A more general expression for the Aplanatic Ritchey-Chretien two-
mirror arrangement includes the effects of background light and phototube
dark current. The derivation assumes that the phototubes and the size of the
field stop (used ahead of the image splitter) are independent of system size.

15
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Figure 12. Pointing Errors Dependence on Torque Disturbances

Torque disturbances produce additional pointing errors. While a
smaller error due to noise results as servo bandwidth is reduced, torque in-
duced errors increase.
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Figure 13. Pointing Servo Considerations for a Large
Space Telescope Experiment

Total errors can be reduced by selecting servo system character=-
istics and bandwidth so that torque disturbance and noise produce comparable
pointing error components. For example, while both systems will have equal
errors due to torque disturbance, system 2 is superior since it has lower
bandwidth and therefore less error due to noise. Moreover, for the case
shown, a shift of the loop gain characteristic to the right will slightly
increase the bandwidth (and therefore the noise induced error), while rapid-
ly reducing the torque induced error. Minimum total error is obtained with
a bandwidth corresponding approximately to that at which the noise and
torque produced error curves intersect.

L7
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SUSPENSION SYSTEM TYPE
TYPICAL DISTURBANCE | FREE FLOATING | GIMBALLED|BODY POINT
® VEUICLE ORIGINATED: MIMMIZED BY 600D
ASTKONAUT, MOMENTUM DECOUPLED | comuzipwemcies | PRESENT
WHEELS, MISPOINTING INSTRIMENT GIMETR Y
R AKIGNAEE AR | possiBLE POSSIBLE | PRESENT
)
INSTRUMENT ORIGINATED: W— PRESEHT
ADVANTAGES "POINTING ONCRITICAL | TESTeD | TERCONNECTON
PATHS MORE READILY
IMPLEMENTED
DISADVANTAGES TR T | R o | DREREATORCE Wakaan
Figure 14.

Suspension System Experiment Considerations

Suspension systems chosen for a space optical system should pro-

vide greatest isolation from disturbance torques.

While the free-floating

approach appears optimum in this respect, ground testing may be impossible.
The body point arrangement features rigid attachment of the telescope and
vehicle and, thus, requires the highest pointing precision of the vehicle.
This requirement can be avoided by including a transfer lens within the
telescope to compensate for vehicle mispointing.

18
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Figure 15. Point Ahead Experiment

Deep space point ahead magnitude and angle accuracy requirements
are high, but they are considered within the state of the art. The informa-
tion is slowly varying and can be transmitted to the vehicle over the ground

beacon beam or over the microwave telemetry link.

19
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POINT AHEAD COMMANDS
FROM COMPUTER 32” TELESCOPE WITH
POINT AHEAD CAPABILITY
20000
Ta =.7
MILES X= 63282
10 mw
COMPUTER DERIVED 565?(: DISPLACED
VIRECTIONAL COMMANDS RECEIVER FOR POINT
AHEAD DEMONSTRATION

eroonp BacoNN ¢ [ | _.---

i’ "X 32 MILES
DISTANCE REDUCED TO g
NOMINAL ZERO VIA COMPUTER >

CONTROL OF POINT AUEAD

100°
200

Figure 16. Basic Equipment Arrangement for Pointing Experiments

In this typical configuration, a five-receiver array of inten-
sity detectors on the ground monitors the position of the vehicle transmitted
laser beam.
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FIVE-RECEIVER ARRAY APERTURE
12“ 0IA. 5/ 2100 FOY=I-4° ((RUDE
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I(‘““”“’" | snas 1o com-
108 wolts PUTER FROM WHICH
SIG;JNAL —» | POINTING ERROR
(mporally) . COMPUTED
Coded 1
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Figure 17. Some Parameters Associated with the Five-Receiver Array
of Ground Telescopes for Pointing Experiments
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AMB/GUITY SENSORS

SEGMENTED

M/RROR F/IGURE
ERROR SENSOR

ELECTRON/IC
FIGURE
ANALYZER

Figure 18. ''Active Optics'" Telescope System

The technique illustrated is the approach taken by Perkin-Elmer
to the development of large diffraction-limited optical systems in space.
Each of the individual hexagonal segments is positioned about 3 degrees of
freedom by means of information obtained by the mirror figure error sensor
located at the center of curvature. The ambiguity sensors are located near
the primary mirror and are white-light interferometers. The experimental
hardware of the phase measuring interferometer (fine figure sensor), the
ambiguity sensors, and the mirror actuators are described in Figures 23

through 32.
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Figure 19. Active Optics in Test Tank at Perkin-Elmer

This illustration shows the laboratory setup at Perkin~Elmer in
which a 20-inch solid fused quartz mirror is to be tested in the Vertical
Vacuum Tank Facility. The three segments will be moved into position by
three servo actuators for each segment in response to figure error commands
from the laser phase measuring interferometer located at the top of the
tank. Each segment is precisely counterweighted, as illustrated. White-
light interferometers are located between adjacent segments to position the
segments to A\/4. After coarse positioning by the white-light interferometers,
the fine figure sensor completes the positioning to A/50 so that the overall

aperture achieves the performance of a continuous surface operating at its
diffraction limit.

23
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CHANNEL SEPARATION
(OPTICAL DUPLEXING)

OBJECT: TOUSEACOMMON TELESCOPE FRONT END”
FOR THE DUAL FUNCTIONS OF RECEIVING
BEACON LIGHT (N DEEP SPACE AND TRANS-
MITTING INFORMATION BACK T0 EARTH

BASIC OPTICAL CONFIGURATION :
RECEIVING DETECTORS & TRANSMITTER LASER
ARE PLACED AT GONJUGATE BACK FOCI

Pre-detection
Spike Filter
= Vichroic
er
A \t
— ’":' \. nnaqc d\wdu-
Transfet- Lens &
Servo Prive E
= < Petector
16” Aperture 1/15
Cass‘liksooglc él;qnmcn* Cube- HeNe ﬂ‘,“&!“é’:ﬁ“’“
rmer Prism Laser
Transmi trer
| -

Figure 20. Channel Separation Investigation: Sources of
Interference and Their Remedies

One hundred ten decibels of channel separation have been obtain-
ed to date (i.e., one part in 1011 of transmit laser light is detected in
the fine guidance receive channel). The techniques developed can lead in
principle to somewhat greater separation if necessary. The 110 decibel sep=
aration was obtained with a spaceworthy optical arrangement having a minimum
of sensitive optical components.
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SOUKCES OF TRANSMITTEK
INTERFERENCE

A. LIGHT SCATTERED BY BEAMSPLITTER
SUBSTKATE AND DIELECTRIC COATINGS

REMEPIES: | Control grind” substrates
2. Low-scatter coating fechniques

B. LIGHT TRANSMITTED BY BEAMSPLITTER

REMEDIES : | Reduce transmission of beamsplitten
toa minimum at 63284 while main-
taining maximum blue transmission

2. Provide efficient absorbers for trans-
mitted component.

C. LIGUT REFLECTED FROM TRANSFER LENS
REMEDIES : |, Apply vary low reflective coatings

D. INCOMPLETE BLOCKING OF RESIDUAL KED LIGHT

REMEDIES: | Develop efficient spike filters with
qreatly enhanced suppressionin the
wings - particularly at 6328A. Obtain
suppression by incorporating new short -
wave-pass -filter (SWPF) design into
dielectric stack.

2. Use additional SWPF as needed.

3. Choose detectar for maximum blue sen-
sitivity and minimum red

Figure 21. Scattered Light Sources with 6328A Laser Transmitter
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ALIGNMENT & POINT AHEAD

BY INSERTING A CUBE -CORNER PKISM INTO
THE KEGION SHOWN AND BY ENSURING THAT
THE DETECTORS HAVE BEEN MADE NO MORE
INSENSITIVE TO RED THAN NECESSARY FOK
ADEQUATE CHANNEL SEPARATION, ENOUGH
63284 LIGHT CAN BE MADE AVAILABLE TO
DETECT EXAGT REGISTKATION OF CON -
JUGATE FOCI.

THIS IS THE BORESIGHT REFERENCE FROM
WHICH POINT AUEAD IS INTRODOCED. OFFSET
IS ACCOMPLISUED BY TRANSLATING
LASEK GOLLIMATING LENS OR BY EQUIVA-
LENT ROTATION OF RISLEY PRISMS

Figure 22. Alignment and Point Ahead

The dielectric techniques for channel separation permit use of
this simple technique for boresighting the transmit and receive channels.
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Figure 23. Phase Measuring Interferometer

The equipment shown in this chart was demonstrated in the Perkin-
Elmer Laboratory. The light from the laser is divided into two bundles by
the beamsplitter. One bundle, transmitted by the beamsplitter, is converted
to a spherical wave which, in turn, completely illuminates the spherical mir-
ror. The reflected light from the spherical mirror is converted into plane
waves with corrugations introduced by figure error, by the optical elements
(Lens 1) and impinges on the beamsplitter. The light from the laser which
was reflected by the beamsplitter is shifted in frequency by an optical phase
shifter.

The light with the controlled phase delay is combined with the
light reflected off the mirror at the beamsplitter. In the demonstration,
the interference appeared as straight line fringes moving at a rate deter-
mined by the phase shifter rate due to intentional tilt of the mirror under
test. If there are corrugations in the plane wavefront caused by a non-
perfect mirror segment, the interference will be advanced or retarded in re-
lation to other parts of the image due to the optical path difference. The
scanning detector senses the changes in the interference pattern and, through
associated electronics, converts the optical path length errors into actua-
tor commands.
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Figure 24. Figure Sensor Sensitivity

This chart summarizes the factors which contribute to the errors
of the figure sensor and their short and long term variations. The second
and third line items (Interferometer Only and Overall, with Mechanical Refer-
ence) are drift errors absolute; however, the figure sensor measures phase
difference. Therefore, the last line (Overall, with Optical Reference) is
the appropriate figure sensor stability number. 1In order to appreciate the
stability of the device, the reader should recognize that for a plus, minus
1/60 wave measuring system, the corresponding phase shift is plus, minus
12 degrees.
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Figure 25. Ambiguity Sensor

Since the phase measuring interferometer can not differentiate
between optical path lengths corresponding to a whole number of wavelengths,
and since the mechanical structure locating the optical elements can not be
made stable enough to position the mirror segments to less than one wave-
length, a coarse alignment system is needed to position the segments to an
accuracy of 1/4 wave. The white-light interferometer with its associated
position sensor was"demonstrated in the Perkin-Elmer Laboratory. This simple
device utilizes a Kosters' prism to produce unambiguous white-light inter-
ference fringes. The demonstration used a small motor to drive one mirror
segment into alignment with another mirror segment (4 microinches was the
actual stop band used as shown in Figure 26).
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Figure 26. Coarse Alignment Requirements

This sketch illustrates where the 4 -microinch stop band require-
ment for the white-light interferometer originates.
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Figure 27, Measured Performance of the White-Light Interferometer

The stop band of the white-light interferometer (see Figure 26)
for a number of measurements taken over a 60 minute period is shown 1in this
chart. The width of the band indicates the uniformity of the positioning
ability of the system. The curve of the band is due to thermal drifts in
the setup.
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Figure 28. Arrangement of Actuators and White-Light Interferom-
eters as Planned for the Laboratory Tests
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ACTUATOR CHARACTEKISTICS

l. SMALL DISPLACEMENTS
2. REVEKSIBLE
S. LARGE DYNAMIC RANGE

4. LOW POWEK CONSUMPTION

3. KELIABLE IN SPACE
ENVIRONMENT

6. POSITIVE FOKCE
7 FAST RESPONSE TIME

igure 29. Desired Properties of Actuators for an Active Optics System
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9. ELECTROLYTIC

6. HYDKAULIC
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&. MAGNETIC

9. ELECTROSTATIC

Figure 30. Effects Which Might Be Used To Obtain
Small Mechanical Displacements
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Figure 31. Peristaltic Actuator

This device has been constructed and tested for use in the
Active Optics Project. The armature advances as the magnetic field travels
down the coils.
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Figure 32. Magnetostrictive Load Actuator

This 1s the actuator that was demonstrated in the laboratory.
Displacements of one microinch were demonstrated.
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Test 1 Test 2 Test 3 OTES Applicabilicy Applicability  Applicability  Applicabilicy Cont
Candidate Space Key Ansvers to Must Ioportant Ioportance to Space to Space Laser to to Other to Conduct
tics eriments, nstrat{o: Engineering Experiment Scientific Rating Astronomical Cotmunications Reconnaissance Areas this Experiment
Questions be in Space Activity Yes No Instruments {Identified) on Independent
10 1 Configuration
(Not Otes)
*1 Mirror Figure Measurement on Earth Yes Yes Yes 9 Yes Yes Yes
Using Laser
2 Remoce Manual Optical Alignment No 3 Yas No
3 0ff Axis Telescope Performance Yes No Yes
3 Use of Astronaut to Effect Telescope Yes Yes Yes Yes No
Configuration Change
*5 Verification of Telescope Pointing Yes Yes Yes 9 Yes Yes
Precigion Limits
6 Thin Mirror Yes Yes Yes Yes Yes
7 Figuring Optical Surfaces in Space Yes 1 No
by lonic Beams
8 Mirror Coating Facility in Space No Yes o 1 Yes No No
9 Space and Radiation Effects on No Yes 3 Yes Yes Yes
Optical Elements
10 Radiation Noise Effects on Detectors Yes Yes Yes 8 Yes Yes Yes
in Pointing Loops
11 Mirror Figure Measurements as a Yes No Yes 5 Yes No No
Function of Earthshine Input ro
Telescope
12 Mirror Figure Measurements as & Yes Yes
Function of Active Thermal Control
13 Mirror Figure Measurements Correlated Yes Yes Yes
with Numerous Temperature Sensors
14  Telescope Alignment Measurements Yes Yes Yes
Correlated with Numerous Temperature
Sensors
*15 3 Meter Segmented Active Optics Yes Yes Yes 9 Yes No
Telescope
16 Passively Cooled Telescope Structure,
Mirror and Detector
17 Occulting Disk Experiments Yes Yes No No
18
1% Utilization of Astronaut to Change Yes Yes Yes Yesn Ko Ro
Optical Segments
20 Utilization ot Astronaut to Measure Ko 3
Primary Figure with Scatter Plate
Technique
*21 Segmented Active Optics Techniques Yes Yes 9 Yes No No
22 Thin Mirror Mechanical or Thermal Yes Yes Yes 7 Yes Yes Yes
Deformation Type of Active Optics
23
Candicate Space Laser Communication
Eerr!mentaZDemunn ion
w26 Atmospheric Scintillation Yes Yes No Yes No
25 Atmospheric Polarization No Yes No No No
26 Heterodyning in Space Yes No 5 No
*27 Heterodyning On Earth
*28 1/10 Arc Second Tracking Yes Yes 9 No Yes
*29 Point Ahead Yes Yes 9 No Yes
*30 Space-to-Ground-to-Space Loop Closure Yes Yes No 9 Yes
*31 Tracking with Spacecraft Disturbances Yes Yes Yes 9 Yes Yea Yas
*32 Suspension System Comparisons Yes Yea 8 Yes
.
33 Tracking Transfer between Ground Yes Yes 9 No Yes
Stations
*34 Acquisition Yes Yes No No
*35 Earthshine Effects on Acquisition Yea 6 Yes
and Track
*36 RLOS Yes Yes 9 No Yes
*37  1-Megabit Laser Communication Yes Yea 9 No Yes
38 High Resolution Atmospheric Yes Yes Yes 8 No Yes
Abgorption Measurements
Candidate Laser/Telescope
Utilization Experiments
39 U V and Visible Light Astronomy
40 Planetary Reconnaissance
41 Two Point Communication Link
42 Satellite Inspection
43 Weather Observer
*yl Long Wave (IR) Astronomy
45 IR Earth Sensing

Figure 33.

Candidate Experiments for OTES
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This chart (Figure 33) indicates experiments which were under
consideration for the QOptical Technology Experiment System at the time of the
January 18, 1966 meeting. Justification for candidate experiments 1s 1in
process sumultaneous with the search for other worthwhile experiments. The
asterisk (*) preceding some of the candidate experiments indicates that the
candidate was discussed in more detail during the meeting.
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OPERATION i CONFIGURATION
® STOWED DURING LAUNCH ¢ ASCENT ‘ ® PROBLEMS :
® RELEASE FROM LEM HOUSING * LAUNCH ENVIRONMENT

® ERECTION, ALIGNMENT ¢ ACTUATION ERECTION
CSM IN DOCKED POSITION MANNED OPERATION

® MANNED OPERATION (EVA) SUN SHUTTER ACTUATION

. E%%EW#?#TED AUTONOMOUS PN BN , APPROACHES :

® SPACE-ORIENTED AUTONOMOUS CAGING / UNCAGING
OPERATION TELESCOPING ARRAYS

DOCKING AND AIR-LOCK PROVISIONS
BI-METALLIC HINGE

ATTITUDE CONTROL THERMAL
® PROBLEMS | 1T e PROBLEMS

SENSING TO WITHIN MINUTES OF ARC [ OPERATING ENVIRONMENT
CONTROL TO WITHIN MINUTES OF ARC [ MEAN TEMPERATURE
ONE-TO-TWO YEAR LIFE ‘ GRADIENTS

® APPROACHES ® APPROACHES
UTILIZE INFEROMETERS ¢/OR OPTIC ATTITUDE ERROR SIGNALS PHYSICAL ISOLATION ¢/OR ARRANGEMENT
PRECESSION WHEELS (MOMENTUM STORAGE) PASSIVE CONTROL
ACTIVE ELEMENTS (SUBLIMING SOLIDS, COLD GAS) SHUTTERS

Figure 34. OTES Problem Areas Under Study by LMSC
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Figure 35. Typical OTES Operational Sequence

The first ten steps illustrated in this operational sequence are
typical of most Saturn V operations for a payload at synchronous altitude.
Steps 11 through 15 are characteristic of the operations which would be
needed to conduct the Three-Meter Aperture Experiment. In Step 11, the crew
would dock the CSM to the telescope prior to the EVA operations necessary to
assist the erection of the telescope from the stowed configuration (See Fig-
ure 36). Since the Three-Meter Telescope would restrict astronaut participa-
tion to 14 days, the initial group of experiments would be those experiments
associated with manned operations (Step 12).

The astronauts would depart after 14 days, and the equipment
would be required to perform the next group of experiments in the autonomous
operation mode (Step 13). Although during Step 13 the telescope would point
towards earth, Step 14 would comprise a group of experiments in which the
telescope is pointed away from the earth. While in this mode, the 12-inch
Laser Communicator Telescope is pointing toward the earth station transfer-
ring the scientific data back down to the earth station using the wide-band
data channel. (See Communication Experiments #24 through 38 in Figure 33.)
After several years of autonomous operation, a second CSM could rendezvous
with the telescope as shown in Step 15 to perform routine maintenance and to
up-date the equipment for new experiments.




Figure 36. The Three-Meter Concept in Boost Mode

In this sketch, the Three-Meter Telescope concept is housed in
the available space inside the LEM Adapter with the solar panels and the sun
shield folded. It is envisioned that auxiliary (secondary) experiments
would be primarily housed within the service module pallet. The illustrated
layout provides sufficient area for additional equipment and/or OTES payload
growth. The system is stowed with the mirror segments assembled in their
launch (or boost) structure.
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Figure 37.

The Three-Meter Concept in Earth Oriented Mode

This sketch indicates the postulated operational configuration.
A minimum of steps are required to erect the OTES.

These steps are (a) tele-
scoping action of the telescope housing,

(b) solar panel unfurling, (c) ex-
tension, rotation and locking of the three pair of quartz locating rods and
(d) simultaneous unfurling of the sun shade and figure sensor/sun shutter
equipment.

An air lock behind the mirror facilitates astronaut operations.
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® MEETS REQUIREMENTS/CAPABILITIES OF EXISTING
AAP HARDWARE

INHERENT SIMPLICITY ADAPTABLE TO HIGH
RELIABILITY, LONG LIFE

PROVIDES ALLOWANCE FOR AUXILIARY EXPERIMENTS
(APPROX 7000 LB AND SERVICE MODULE PALLET AREA)

INCLUDES AIR LOCK FOR INCREASED ASTRONAUT UTILIZATION

AND SAFETY; REDUCED PRESSURIZATION REQUIREMENTS

SIGNIFICANT DESIGN TOLERANCE FOR DESIGN
IMPLEMENTATION PROBLEM RESOLUTION

EASE OF MAINTENANCE/SERVICING. UTILIZE SAME DOCKING
AND OPERATING TECHNIQUES AS ON INITIAL FLIGHT

PROBABILITY FOR AN EXTENSION OF MISSION
OPERATIONS

Figure 38. Principal Advantages of the Three-Meter
Concept (Figures 36 and 37)
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Figure 39. Gas Lasers
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Figure 40.

Gas Laser Classes
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PARAMETER | He :Ne A" CO,
OUTPUT POWER | MODERATE(4W)| HIGH(IOW) | VERY HIGH ["15.2{‘7&7]—
EFFICIENCY POOR(04103) |POOR(0*+107){ VERYG00D (107)
DETECTABILITY | 600D VERY GOOD | GOOD X (R couerent
RELIABILITY mence) | 600D POOR 600D

RELIABILITY Gemotey | GOOD POOR (POOR)

SIZE MODERATE | LARGE LARGE

LIFE LONG(5000h) | SHORTE200R)| LONG

COST MODERATE | Hieu LOW

BIGGEST PROBLEM [LIMITED POWER [ COMTAIRMENT 1 1 OWING GAS

Figure 41.
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PREDICTIONS FOK
GAS DISCHARGE LASERS

l. THERE WILL NOT BE A LASER OPERATING
IN THE VISIBLE WITH THE EFFICIENCY OF
THE PRESENT CO2 LASER

2. ANY LASER GIVING WATTS OF VISIBLE
KADIATION CAN BE EXPECTED TO HAVE
THE SAME PROBLEMS AND POOR EFF-
ICIENCY OF AN ARGON LASER

3. FUTURE EFFICIENT (>10%) HiGH
POWER LASERS WILL PROBABLY
HAVE A WAVELENGTH GREATER
THAN 5 MICRONS

Figure 42. Gas Lasers in the Future
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Figure 43. Modulation Techniques

This figure demonstrates the method used to encode five bits of
information on an optical signal.
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LOWNWARD WIENSITY Oerermoy |SHEREN 7
DETEC T,

A TRANSMISSION (328,00 | oo
RANGE - STAT. MILES 708 —_—
TRANSHITTER APERTURE (METERS,) 7 Z2 Z5
BEAM DIVEPGENCE (u RIODWNS,) 63 83 @
EFFECTIVE RECEIVER APERT URE (HETERPS) 70O 70 4t
RECENER FIELD o WEW (SEC ) 20 20
ATHOSPHERI TRINSHISSION (§=60°) 70 .9 .30
OPTICAL SVSTEN TRANSH/SSION D0 50 D0

HO¥,08«

PEELETECTION AYLTER s5=,54 |6o~50A4 |97

W ATECTION /:/ 80~ 5A | .c5~7004 g~

o 7’ - -
beve sy LRI sgi,-,a 5x/07 |5x10°8 |3.4x/0"F
LETECTOR £CA 7265 | PA 2/02 | Ge: Hy
AT TEMPECATURE -70°C -70°C 30°K
O CUCCENT (WATTS,) 2x7075 | JO-#¥

* wieops)% )
o G 70
QUANTIM EFFICIENEY .05 | (oos) | .20
DOPPLER (MAXINIM) 354 | .574 | 7.74tc0s
-7 z*
DOPPLER RATE (MAIIMIN) 5x10 A /sec | 10°°A /55 |35 bops fsec
SIGNAL PHITOELECTRONS
LBECEIVED FOR EDCH WRT7 13x70% |8.8x10% |8.1x/0¢
TRAINSMITTELD
OPTICAU FIL7ER SA 504 .3
G GROLND EPHT N/SE 2
PHOTOLLECTRONS ) SEC. 175x10°% | 3.7x 107
Figure 44, Helium-Neon, YAG, and CO7 Communication

System Comparisons

This figure lists the constants assumed in the computation of

the receiver signal and noise powers measured at the output of the photo-

detectors.
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TABLE Z- BI7 ERRPOR PATE = 703

OATARATE = 70© bps OATA PATE = 10%bps
- PPM | pPM | COKEC-
MOLEM PN/~ :5%; ;; ;Z:fs gf?M i‘r’f}’f P;Z/’( opft‘;;r 32 stors| 572 ENT

Slo’7s Slotrs

WAVELENGTH ¢ ) |.6328.6328| 7. 1. | 106 |.6328|.6328) 1. Z |\10-6

SAMPLING ) ) i 9
wrEevas (1) | 206 1076|3408\ 2:00 | 20°€| 1077 | 107#
CSECONDS )

3x40°% 2207 | 10-#

NOISE COUNT
PER 7 732 |73 | 77 |.075 1300 | 7300|770 | 7./
(PHOTOLELECTIRONS)

SIGNAL COUNT
PE® 7 /8 |30 |5 | 8 300 | 500 | 6o | 2¥
(PHOTOELECTRONS)

ZEPUIRED
TANSMI7T7ER |0 |74 |23 | 3. | 7. |20.|\.023 | o073 |.o=2 |.2
POWER(warZds )

(| 140 |460 | - - |200 | 23 | 80 20

Figure 45. Laser Communication System Performance Comparison

The required optical (OP) and electrical (EL) transmitter power
is computed assuming that the He-Ne laser is used for PCM/PL, PCM/on-off,
the Q-switched sun pumped YAG for PPM, and the CO2 laser for coherent recep-
tion.
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Figure 46. Dependence of Coherence Length Upon
Wavefront Tilt and Wavelength

Estimating the lateral coherence diameter on earth and its wave-
length dependence requires consideration of the wavefront distortion caused
by atmospheric turbulence. The simplest form of distortion is a random tilt-
ing of the signal wavefront. This figure shows the geometry of a wavefront
tilted by an angle «.
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ANGULAR PESOLUTION LIMITED BY ATHOSPHERE : & = I/ De
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oo = Y2
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Figure 47. Optical Heterodyne Detection

This figure shows the mathematical relationships between image
blurring, wavefront distortion, and coherence diameter for the simplest form
of wavefront distortion.
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Figure 48.

Dependence of Coherence Length Upon
Wavefront Tilt and Wavelength

A realistic wavefront distortion 1s depicted showing the random
deviation of the wavefront about an average value.
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Figure 49. Optical Heterodyne Detection for
Realistic Wavefront Deformation

For the case of more realistic wavefront distortions, there is a
tendency of the wavefront to return to its average value. This figure shows
the relationships between coherence diameter, atmospheric limited angular
resolution, and wavelength. At half micron wavelength, the atmospheric lim-
ited resolution is typically 1 arc second for nighttime operation at sites
that would normally have good seeing. The corresponding lateral coherence
diameter is approximately 10 cm. For 10u operation the image blur 1s approx-
imately 0.5 arc second with a corresponding lateral coherence diameter of 4
meters.
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Figure 50. Atmospheric Scintillation and Image
Jitter Experiments

This figure depicts the experimental objectives, optical com-
munication benefits, and other technological benefits of the atmospheric
scintillation and image jitter experiments for the OTES Program.
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Figure 51. Atmospheric Scintillation and Image Jitter

Experiments - Spacecraft to Earth

This figure 1s a summary of the spacecraft transmitter and earth
receiver data for the up-looking atmospheric scintillation and 1image jitter

experiment. The required sensor groups for the meteorological data collec-

tion system are 1dentified, and the data reduction and processing operations
which would follow the experiment are indicated.
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Figure 52. Atmospheric Scintillation Experiment -
Earth to Spacecraft

The earth transmitter and spacecraft receiver data for the down-
looking atmospheric scintillation experiment are shown. The required ground
data-processing operation is also indicated.
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Figure 53. Phase Measuring Interferometer Apparatus Breadboard
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Figure 54. Laser/Telescope Breadboard

The laser/telescope breadboard was used to demgnstrate isolation
between the 6328& laser transmitter and the simulated 5145A argon beacon and
alignment between the laser transmitter and receive photomultipliers. For
this demonstration, a cube corner image divider was located behind the tele-
scope. Light from the laser was redirected back into the system, and the
observer saw four images of varying intensity in the image plane. By adjust-
ing the alignment of the laser transmitter, the intensity of the four images
could be balanced indicating that the laser transmitter was at a conjugate
focal point to the apex of the image dividing cube corner prism.






