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INTRODUCTION

The purpose of this final report is to document all technical work accom-
plished and information gained in performance of contract F30602-74C-0113. It
should be noted that a recent contract modification reducing the scope of

activity has resulted in a less voluminous report because several tasks, dis-
cussed later, have been deleted.

This contract required three deliverable items:

1. 1/10 scale model of P72-2 with attached payloads RM-20A and
RM-20B.

2. Thermal signature analysis of P72-2 and attached payloads.
3. Fiuul report.

Ttem 1 (the model) and documentation was delivered to LMSC May 2, 1974
aad will be the first topic of discussion in this report.

Item 2, modified as regJuired because of contract reduction in scope, is
the second part of this final report.

Item 3 is compcied of this document and appendices in their entirety.
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SUMMARY

The 1/10 scale model was fubricated primarily from wood with adhesive
apr lication of surface covering materials identical to those applied to the
full scale spacecraft. Actual solar cells were also installed on the model
in order to accurately reproduce their unique spectrzl reflectance charac-
teristics., This was also the case for mirror reflectors.

No major problems were encountered and the technical adequacy of the
model is acceptable according to Lockheed Missi.e & Space Co. where the
model was used.

The therral model, developed to predict spacecraft and payload surface
temperatures in orbit was never 111y exercised because of a reduction in
scope of the contractual activity. No major problems were encountered and the
couputer model is presently updated and complete to provide surface S/C temp-
eratures including payload effects.

Indications are that in general sun 1lit orbit steady state temperatures
‘average temperature during an orbit) will be similar to transient surface
temperatures. However, during eclipse periods, t:mperature excursior~ are
large and transient temperatures data is significant.

MODEL DESCRIPTION

The model is a wooden mock-up 1/10 scale of the P72-2 spacecraft surface )
including the RM-20B radiator and the RM-20A experiment in deployed position
but capable of articulation, by hand, around three orthogonally located axes
(stowed position is excluded).

Model construction design considered the factors of a 10 inch object
surface teleccope resolution and its affect on required detail including
"glint", checkerboard patterns, first versus second surface mirrors and solar
cell and cover glass surface simulation.

As a result, all large flat area mirror mosaics are simulated by full
size S/C mirrors trimmed as required to maintain accurate model geometry, and
solar cell surfaces are covered with actual S/C solar cell elements. Certain
tubular structures (open network areas) are easier to simulate by the plane
surface which they define. However, shadowing imagery would be inaccurate
and therefore such structures were duplicated as the open pattern structural
members, scaled as required to maintain structural integrity.

Tapped hole moun:iingr positioned as requested by LMSC and located such
that they do not interfere with star light shaduwing or visual observation
were provided including a model mounting fixture bar. In addition, adhesive
backed cover disks of appropriate material were supplied for application over
unused mounting holes, thus providing apparent surface continuitv.

As a result of the considerations listed above, the model was fabricated
using the same surface materials used in the actual spacecraft and associated
payloads. In areas of two color stripes or checkerboard patterns, the total
area ratio of each color was maintained. Thus integrated reflectivity values
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are correctly duplicated. In several instances, a covering material substi-
tution was made by applying a thinner sheet of material. However, the

reflective coating is the same and therefore the reflective signature is
unchanged.

Appendix A tabulates the reflective surface materials used and their
characteristics, Sequential pages identify where each material is applied
and presents solar cell reflectance characteristics as well as requirements
placed on IMSC for mirror element supply and installation.

The model was inspected at Rockwell International Space Division May 1,
1974 and hand carried to LMSC May 2, 1974, (Several surface mirror elements
previously supplied and irstalled by LMSC personnel had developed black specks
and these were replaced by LMSC after model delivery to their facility.)

Additional information supplied after model delivery included a predic-
tion of sun angle dynamics, necessary to enable LMSC to illuminate and
photograph the S/C with typical angular orientation conditions encountered
during orbital use. (This data is documented in Appendix B.) Also included
was orbit trace data for a typical operational situation over selected ground
sctations (see Appendix C).

Since no formal drawings were generated or required, a RADC request of
several drawings adequate to permit determination of external dimensions of
the S/C was satisfied by supplying full scale S/C drawings.

THERMAL SIGNATURE ANALYSIS

The thermal signature analysis which was to include P72-2 Spacecraft
and Payload surface temperatures (steady state and transient) at selected
times in orbit, was reduced in scope 2liminating the requirement for data
covered in the SOW paragraphs 4.2.1 - 4.,2.4. However, the thermal math model
(™M), was updated, as required by the SOW to include the RM-20A and RM-20B
payloads.

A preliminary thermal prediction run designed to predict P72-2 spacecraft
temperatures in a sunlight orbit with and without intermal power was
generated and submitted to Dr. J. Bick of General Research Corporation
on May 1, 1974. This data was to be used predominately for data format and
indication of S/C power influence on spacecraf’ temperatures.

THERMAL MODEL DESCRIPTION

The detalled spacecraft TMM used in generating spacecraft surface temp-
erature distributions was developed during the P72-2 program and was calibrated
to vehicle performance at the IST-3 Thermal Vacuum Test. This TMM consists
of approximately 400 nodes and 2000 conductors and was set up for use with the
Rockwell Thermal Analyzer computer program. A listing of the ™M is included
as Appendix D. The general Spacecraft ™M nodal pattern is shown in Figure 1.
The spacecraft cylinder is essentially divided into twelve circumferential




Figure 1 . P72-2 Spacecraft TMM Nodal Pattern




parts (30° segments) and various lengths axially. The bulkheads are divided
into 60" pie-shaped segments as shown. Figures 2 and 3 depict the thermal
structural networks for the cylinder, bulkheads and the longerons. The
longerons consist of a triad of aluminum honeycomb equipment shelves which
radially tie the spacecraft center cylinder (14 in. diameter) to the circum-
ferential skins at 120 degree intervals.

The ™M/Thermal Analyzer computer program accommodates the following
input data:

1. Surface Thermophysical and Radiative Properties

Mass, specific heat, surface area, solar absorbtivity and infrared
emissivity are applied to each spacecraft and payload surface node.
Table 1 is a table which summarizes the important external space-
craft and payload surfaces. Shown are, TMM node number, identifi-
cation, surface area, solar absorbtivity (a), infrared emissivity
(), and two angles (¢,B) which describe the surface orientation
with respect to the spacecraft coordinate system. The exrer:al
spacecraft coatings consist mainly of S13G white paint and solar
reflective teflon coated aluminum and silver tapes.

2. Internal Heat Generation and Heat Transfer

Each intermally mounted spacecraft or payload electronic box is
represented by one to 15 nodes. Heat generation is applied in the
form of curve lookup as a function of time. The TMM listing,
Appendix E, represents a quiescent power profile which is repre-
sentative during a majority of the on-orbit operation time. The

exterral surface temperatures are more dependent upon the orbital
environment.

The five pair of circumferential isothermalizer heat pipes, which
distribute absorbed solar heat around the spacecraft skin, are
included on an individual basis into the TMM.

The major mode of heat transfer is conduction through the aluminum
structure. Internal radiation was fncluded between the longerons,
bulkheads and vehicle skin.

3. P72-2 Environmental Heating

The orbital parameters of the P72-2 mission, including launch data,
altitude, inclination, degrees west longitude from the dusk termin-
ator, etc., are used by the computer program as ephemeris data.
Envirenmental heat loads, including direct solar, earth emission,
and earth reflected solar (albedo) heat loads incident upon the
spacecraft, are computed with the use of the Rockwell Spacu Vehicle
Thermal Environment Program. Each major surface node has its own
curve lookup (function of time in orbit depending on surface orien-
tation. (Shadowing has been accounted for where appropriate.)
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Table 1
Spacecraft and Payload Surface Description

*Thermal
Surface Radiative **Vehicle
TMM Area Properties Orientation
Node No Surface Description ft a/e 9,8
91 Solar Array-Fwd Bkd Interface .45 .61/.75 90,105
92 Solar Array-Fwd Bkd Interface .45 .61/.75 90,135
93 Solar Array-Fwd Bkd Interface .45 .61/.75 90,165
94 Solar Array-Fwd Bkd Interface .45 .61/.75 90,195
101 Solar Array 0.65 .8¢/.79 90,105
102 Solar Array 0.65 .8/.79 90,135
103 Solar Array 0.65 .82/.79 90,165
104 Solar Array/+Y Access Panel 0.65 .45/.79 90,195
105 +Y Access Panel 1.1 .08/.78 90,225
106 Ground Plane 1. .20/.86 90,255
107 Ground Plane 1.1 .20/ .86 90,285
108 Ground Plane 1.1 .20/.86 90,315
109 -Y Access Panel 1.1 .20/ .86 90,345
191 Solar Array Extension-Fwd .5 .82/.79 90,105
192 Solar Array Extension-Fwd .6 .82/.79 90,135
193 Solar Array Extension-Fwd .6 .82/.79 90,165
194 Solar Array Extension-Fwd 43 .82/.79 90,187.5
201 Solar Array 0.8 .82/.79 90,105
202 Solar Array 0.8 .82/.79 90,135
203 Solar Array 0.8 .82/.79 90,165
204 Solar Array/+Y Access Panel 0.8 .45/.79 90,195
205 +Y Access Panel 0.8 .08/.78 90,225
206 Ground Plane 0.8 .20/.86 90,255
207 Ground Plane 0.8 .20/.86 90,285
208 Ground Plane 0.8 .20/.86 90,315
209 -Y Access Panel 0.85 .20/ .86 90,345
291 Solar Array Extension-Fwd 1.0 .82/.79 90,105
292 Solar Array Extension-Fwd 1.2 .82/.79 90,135
293 Solar Array Extension-Fwd 1.2 .82/.79 90,165
294 Solar Array Extension-Fwd 0.6 .82/.79 90,187.5
301 Solar Array 0.86 .74/.79 90,105
302 Solar Array 0.86 .74/.79 90,135
303 Solar Array 0.86 .74/ .79 90,165
304 Solar Array/+Y Access Panel 0.86 41/.79 90,195
305 +Y Access Panel 0.86 .08/.78 90,225
306 Ground Plane 0.86 .20/ .86 90,255
307 Ground Plane 0.86 .20/ .86 90,285
308 Ground Plane 0.86 .20/.86 90,315
309 -Y Access Panel 0.94 .20/ .86 90,345
391 Solar Array Extension 0.5 .82/.79 90,105
392 Solar Array Extension 0.6 .82/.79 90,135
393 Solar Array Extension 0.6 .82/.79 90,165
394 Solar Array Extension 0.3 .82/.79 90,187.5




*Thermal
Surface Radiative w*Vehicle
, ™M Arsa Properties Orientation
Node No. Surface Description ft a/e ¢,B
-' 401 Solar Array 1.2 .74/.79 90,105
F 402 Solar Array 1.2 .74/ .79 90,135
F 403 Solar Array 1.2 .74/.79 90,165
: 404 Solar Array/+Y Access Pauel 1.2 .41/.79 90,195
} 405 +Y Access Panel 1.3 .08/.78 90,225
406 Ground Plane 1.3 .20/.86 90,255
407 Ground Plane 1.3 .20/.86 90,285
408 Ground Plane 1.3 .20/.86 90,315
409 -Y Access Panel 1.4 .20/.86 90,345
430 Aft Bkd Center Ring 1.0 .15/.03 180,0
431 Aft Bkd +Y 1.6 .20/.86 180,0
432 Aft Bkd +Y 2.4 .20/.86 180,0
433 Aft Bkd +Z 1.25 .14/.25 180,0
434 Aft Bkd +Z 1.8 .14/.25 180,0
435 Aft Bkd -Y 2.1 .14/.25 180,0
436 Aft Bkd -Y 1.0 .14/.25 180,0
437 Aft Bkd - RM20B Closeout 1.65 .20/ .86 180,0
491 Solar Array-Aft Bkd Interface .15 .69/.75 90,105
492 Solar Array-Aft Bkd Interface .15 .69/.75 90,135
493 Solar Array-Aft Bkd Interface .15 .69/.75 90,165
494 Solar Array-Aft Bkd Interface .15 .69/.75 90,195
501 Solar Array-Aft Skt Extension 1.4 .82/.79 90,105
502 Solar Array-Aft Skt Extension 1.4 .82/.79 90,135
503 Solar Array-Aft Skt Extension 1.4 .82/.79 90,165
504 Solar Array/Aft Skirt 1.4 .45/.79 90,195
505 Aft Skirt 1.5 .08/.79 90,225
508 Aft Skirt 1.5 .13/.47 90,315
509 Aft Skirt 1.6 .13/.47 90,345
501-509 Inside Facing Surfaces See above .20/.86 -
740 Fwd Bkd Insulation Center 1.1 .15/.78 0,0
741 Fwd Bkd Insulation +Y 2.6 .15/.78 0,0
742 Fwd Bkd Insulation +Y 2.6 .15/.78 0,0
743 Fwd Bkd Insulation +Z 2.6 .15/.78 0,0
744 Fwd Bkd Insulation +Z 2.6 .15/.78 0,0
745 Fwd Bkd Insulation -Y 0.7 .15/.78 0,0
832 RM20B Scan Mirror Housing Ins 0.4 .08/.78 100,0
833 RM20B Scan Mirror Housing Ins 0.6 .08/.78 190,10
834 RM20B Scan Mirror Housing Ins 0.5 .08/.78 90,170
835 RM20B Scan Mirror Housing Ins 0. .08/.78 10,10
836-843 RM"CB Telesccpe Housing Cylinder ~10 In.Dia..08/.78 NA
In.sulation Even ID's Face Spacecraft
_ 836-843 RM20B Telescope Housing Cylinder ~10 In.Dia..08/.78 NA
4 Insulation 0dd ID's Face Spacecraft
. 844 RM20B Pitch Motor Insul. 0.6 .08/.78 90,180
849 RM20B Signal Conditioner Ins. 0.5 .08/.78 90,0
850 RM20B Signal Conditioner Ins. 0.3 .08/.78 0,190
851 RM20B Signal Conditioner Ins. 0.3 .08/.78 0,190




*Thermal

Surface Radiative **Vehicle
™M Area Properties Orientation
Node No. Surface Description ft2 a/e .8
852 RM20B Signal Conditioner Ins. 0.3 .08/.78 0,260
853 RM20B Signal Conditioner Ins. 0.3 .08/.78 0,10
854 RM20R Signal Conditioner Ins. 0.3 .08/.78 0,10
855 RM20B Signal Conditioner Ins. 0.3 .08/.78 0,100
857 RM20B Signal Conditioner Ins. 0.5 .08/.78 90,180
886 RM20B Yoke Insulation 0.6 .08/.78 90,180
887 RM20B Yoke Insulation 0.6 .08/.78 90,0
888 RM20B Yoke Insulation 0.6 .08/.78 90,180
889 RM20B Yoke Insulation 0.6 .08/.78 90,0
1001 RM2B Radiator Sun Shield 0.5 .20/.86 90,180
1002 RM2., Radiator Sun Shield 0.4 .20/.86 90,180
1003 RM20B Radiator Sun Shield 0.4 .20/.86 90,180
1004 RM20B Radiator Sun Shield 0.5 .20/.86 %0,180
1005 RM20B Radiator Sun Shield 0.8 .20/ .86 90,180
1006 RM20B Radiator Sun Shield 0.6 .20/ .86 90,180
101 RM20B Radiator Earth Shield 0.7 .20/ .86 90,270
1012 RMZ0B Radiator Earth Shield 0.7 .20/.86 90,270
1013 RM20B Radiator Earch Shield 0.7 .20/.86 50,270
1014 RM20B Radiator Earth Shield 0.7 .20/.86 90,270
1015 RM20B Radiator Earth Shield 1.1 .20/.86 90,270
1016 RM20B Radiator Earth Shield 1.3 .20/ .86 90,270
2001 RM20A Optical Assembly (2 parts) 3.6 .07/.80 0,37.1(83)
2002 RM20A Optical Assembly 2.5 .07/.80 0,127
2003 RM20A Optical Assembly 1.1 .07/.80 0,217
2004 RM20A Optical Assembly 1.7 .07/.80 90,0
2005 RM20A Optical Assembly 1.7 .07/.80 90,180
2006 RM20A Sun Shade 2.6 .07/.80 0,37.1
2007 RM20A Sun Shade 2.6 .07/.80 0,205
2008 RM20A Sun Shade 2.0 .07/.80 90,0
2009 RM20A Sun Shade 2.0 .07/.80 90,180
2011 RM20A Scan Mirror Drive 0.6 .35/.80 NA
2012 RM20A Electronics 0.6 .35/.80 NA
2013 RM20A Signal Processing Unit 0.5 .15/.05 0,127.1
2014 RM20A Signal Processing Unit 0.7 .15/ 0,217.1
2015 RM20A Signal Processing Unit 0.6 el 90,180
2016 RM20A Signal Processing Unit 0.6 15/ 90,0
2017 RM20A Signal Processing Unit 2.2 .16/ 0,307.1
2018 RM20A Azimuth Column 2.9 .30/ NA
2019 RM20A Azimuth Momentum Wheel 0.6 .15/ NA
2020 RM20A Servo Motor (Bottom) 1.1 .10/ 0,250
2021 RM20A Servo Motor 1.0 .15/ NA
2022 RM20A Radiator Support Amm 3.3 A7/ NA
2023 RM20A Radiator (Insul. Side) 12.5 A7/ 90,220
2031 RM20A Support Structure Insul. 0.9 .13 102 ,90
2032 RM20A Support Structure Insul. 0.8 ) 102,90
2033 RM20A Support Structure Insul. 0.5 13 102,90
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*Thermal

Surface Radiative **Vehicle
MM Area Properties Orientation

Node No. Surface Description ft /€ ¢,8

2037 RM20A Support Structure Insul. 1.0 .13 105,295

2038 RM20A Support Structure Insul. 1.6 .13 105,295

2039 RM20A Support Structure Insul. 0.6 {13 101,222

2040 RM20A Support Structure Insul. 0.4 .13 101,222

2041 RM20A Support Structure Insul. 2.2 .13 101,222

* a defined as percent of incident solar energy absorbed by surface 1
€ defined as total hemispherical emissivity

** Vehicle orientation ¢, 8 are two rotations in vehicle coordinate sys tem, !
referenced from +X and -Y axes, which define surface orientation; p
i.e., Fwd Bulkhead ¢ = 0°, B = 0°, +Y axis ¢ = 90°, 8 = 180°.




THERMAL MATH MODEL UPDATE

As required per the SOW, the Thermal Math Model was updated to include
major RM-20A and RM-20B surfaces. Figures 4 and 5 show the nodal patterns
for the payload TMM's respectively. A listing of these nodes including
surface area, thermal radiative properties (a,c) and surface orientation with
respect to the spacecraft coordinate system, is included in Table 1,

RM-20A nodes accounted for in the TMM inzlude major sensor and sunshade
surfaces, the radiator, and support structure insulation surfaces. Internal
conduction paths are not accounted for as these surfaces are primarily depen-
dent on environmental heating and radiation to the spacecraft and space.

The ™M listing, Appendix D, includes the RM-20A surfaces (conductor ID's
7XXX-8XXX and node no's 20XX).

RM-20B nodes accounted for in the TMM include the sensor and the radiator
sun and earth shields. Radiation interchange between the RM-20B sensor sur-
faces and the spacecraft bulkhead and skirt was included. A special radiosity
network was developed for use with the General Thermal Analyzer to account for
reflected solar energy (assumed diffusely reflected) in this aft bulkhead
cavity area. Results showed that surfaces which are shadowed from direct
solar radiation absorb some solar energy reflected from other surfaces. The
™M listing, Appendix D, includes the RM-20B surfaces (conductor ID's 4XXX
and node no's. 8XX).

THERMAL MATH MUDEL STATUS

The ™M which is listed in Appena’x D, when combined with the Rockwell
General Thermal Analyzer Computer program is designed to produce detailed
P72-2 Spacecraft and Payload surface temperature predictions as a function of
launch date, orbit parameters and time in orbit (both steady state and trans-
ient values can be generated).

12
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APPENDIX A

1/10 SCALE MODEL P72-2 S/C & PAYLOAD SURFACE MATERIALS

The 1/10 scale model P72-2 spacecraft and payloads have been covered with
the same surface materials used on the actual spacecraft and associated pay-
loads. The attached tabulation sheet icc.:tifies each material by name,
manufacturer and includes general values of o and €.

In several instances, a covering material substitution has been made by
applying a thinner sheet material (0.002" vs 0.005") but the reflective

aluminum coating is identical and therefore the reflective signature is
unchanged.

In addition, pictorial repres:mtations of the model (6 sheets) are

included to indicate all external surface areas and covering material iden-
tification.

The first figure (page 17) describes the shipping cortainer, its contents
method of reuoval, etc. Sheet 1 through 6 describe the S/C and payload surfaces
with call out numbe.s (Manufacturers ID's) which are tabulated on page 16, pro-
viding material name, values of a and €.

Sheet number 7 is a supplier generated spectral plot of solar cell reflec-
tance and sheet 8 18 a specification for *he second surface quartz mirrors,
supplied and installed on the model by 1MSC,
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SiXCOND SURFACE QUARTZ MIRROR
INSTALLATION REQUIREMENTS

Supply and install OSR's (second surface quartz mirrors) on
model (RM-20A). Butt-joint with tolerance compatible with
good workmanship. Use full size OSR's and trim as required
to maintain edge geometry. Installed elements shall maintein
bond integrity when exposed to normal laboratory atmosphere
and exposure to direct or eimulated sunlight,

Supplier: Lockheed Missile and Space Company
Palo Alto, California
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APPENDIX B

SUN ANGLE DYNAMICS

The attached figure was supplied to Lockheed Missile & Space Co. 6/8/74
to permit determination of representative orientation of the model spacecraft,

1llumination source, Camera, etc., to simulate orbital geometry in a laboratory
environment.

A study of the numerical table will aid in interpretation of the Sun Angle
Dynamics Graph. Basically, the shaded circular segment represents the envelope
of the sun's path and interception with the earth horizon portrays the eclipse
region. The "figure 8" traces permit determination of maximum and minimum sun
incidence angles as well as approximate date.
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! APPENDIX C
P72-2 ORBIT TRACE

: Orbit trace data for a typical operational situation over two selected
ground was supplied to Lockheed Missile & Space Co. as documented in this
report. The trajectory data for the P72-2 mission represents one orbital pass
over Maul on the 39th day of the missiin.

Trajectory data for the P72-2 mission has been generated assuming the
conditions tabulated below and predicts various angular relations between the
spacecraft, sun and tracking station as indicated in the following portions of
this report and attached .ata sheets,

DATA INrUT CONDITIONS

Launch Date - August 7, 1974

Date of Required Orbit - September 15, 1974
Node Location - 10° West of Dusk Terminator
Inclination - 98.366

Altitude - 400 n.mi.

This data does not reflect the actual launch date but is accurate for the
conditions stated above and portrays the format of future data generation.

GROUND STATIONS

White Sands Lat 32° 25m. 4s North - Long 106° 29m. 15s
West - Station 1

Maui Lat 20° 42m, 30s North - Long 203° 44m. 31s East -
Station #2

The orbit is assumed to begin directly over the launch site at WTR., This
assumption contributes error to the geographic prediction of any subsequent
orbital pass; but the error 1is not cumulative, and is less significant than
injection error at launch. More precise data can be obtained, when necessary,
using the Atlas F launch trajectory.

The initial conditions refer to the descending node previous to the Maui
pass. The printout begins at that point and continues to the next descending

node. The plotted ground traces being at the ascending node preceding the pass
over Maui,

The computer printout (Enclosure 1) provides, at one-minute intervals,
the following data (Reference Figure 1). Angles are in degrees, and distances
are in nautical miles. The columns of interest are identified with asterisks
(*) for convenience,



1. Sun Azimuth (SUN AZ) - The azimuth of the Sun, as measured clockwise
from the direction of S/C motion, in the horizontal plane.

2 Sun Elevation (SUN ELEV) - The elevation angle of the Sun from the
horizontal plaue at the S/C.

3. Sun/Orbit Plane Angle (SUN/ORB. PL ANGLE) - The angle between the
line-of-sight to the sun from the S/C and the orbit plane.

4, Pitch Angle to the Sun (PITCH ANGLE SUN SEEK, PNL) - The pitch angle,
up from the horizontal, to the plane in which the Sun/Orbit Plane
Ar.gle is measured.

The true azimuth (AZ), slant range (SL.R.) and angular elevation (ELEV) of
the S/C as seen from each of the tracking stations is also shown in the print-
out. When the elevation angle is greater than the minimum visible from the
station, the S/C is in view. The minimum may vary from 5° to 30° depending
upon the terrain, facilities, and atmospheric conditions. This particular
orbit shows view times at Mauf{ from about 4 to 10.5 minutes. However, the
location of the orbit cannot be predicted precisely before the actual launch.

The orbital pass for which the data was developed occurs 39 days after
launch. The geographic location of the orbit after such a period is very
sensitive to the values of the orbital radius and inclination. All sun-
synchronous orbits have different nodal rates along the ceuator.

The tolerance on altitude and inclination for the w.3sion will no doubt
allow a1 large variation (as high as 250) in the location of any node on the
39th day. The satellite will have made about 564 orbital passes in that time.
Thus, a difference of only 0.044° in the spacing between orbits would create
a 25° accumulated longitudinal displacement after 39 days. This phenomenon
affects only the visibility of the satellite from the ground stations, not the
sun angles.

A polar plot of the P72-2 trajectory has been constructed and the visi-
bility envelopes from Maui and White Sands have been plotted on a polar map
of the earth. For any given position of the orbit node on the equator, the
viewing time at each station can be easily seen. The orbit which corresponds
to the computed trajectory is shown in Figure 2 with 3 minute intervals.
Flgure 3 is a computer-drawn linear cartesian plot of the same orbit, also
with 3 minute intervals. The latitude-longitude history is tabulated in
columns 2 and 3 of the printout (LAT, LONG) under SATELLITE POSITION FROM
STATIONS.

The inertial location of the orbit nodes moves eastward at about 0.9856°/
day which is the earth's mean orbital rate about the sun. The right ascension
and longitude of the ascending node during the illustrated orbital pass is
included in the princtout (NODE RT ASC, and NODE LONG) .

(This data 1is typical but does not represent the actual P72-2 launch date
which is unknown at present.)
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Figure 1. Sun Angle Definitions

30







‘
T

333228338883‘

ON
0N
N
L]
Qvws
L]

e0M}*
[ ]

[ I8 21 €6°12- L0°2 29°101 s6°¢C €0°® SL ZIvE GZ°0V0C L69°66 €9°0L- F10°90€2Y €2°% 00°2L °*N? 10°¢
TTUEY ~~ €6°11-"TOTY 9IITOTX9"§ ° ‘SO'UY VI TERL S1°0F8C ZTR°0TT €2°T8- 910°90€2Yy 9%°9 00°2L “°fL? °10°0
oy ¢s1 co°LL- 10°27 99°001 1€°$ 99°11 IT9-ZI¥E Z1°000€ 219°201 09°10- 910°90€29 €L % 00°2L °5% 410°0
62°061 €o6°24- 10°27 26°001 %°$ ZTI°CT B9 ZEvi 90°090€C ¢11°091 L$°08~- 910°90€2y 96°9 00°21 °992 410°0
€1°991 €o°22- 10°27 91°001 65°9 01°01 CR*"ZEHE 00°048€C 090°001 26°0L- 910°90€2v €2°LY 00°2¢L TN 910°0
1Z2°€01 €6°22- 10°27 Ti°66 OH1°2 68°%1 HO"TEvl *b°o€0( 228°161 60 °CL~- Z210°90€2% 00°LY 00°2L “e8? s10°0
89°6¢€1 €6°ti- t1o0°21 92°66 01°L 1€°61 FE"EEvi B 6€0C 691°661 €6°2L1- 210°90€29 %L°Ly 00°2¢ °s$? s10°0
g1 9t cée°11- 10°21 9l°86 €£°8 0L°61 wi*ECvi TR 0C0C 999°902 o1°69- Z10°90€2ZY 66°1y 00°2L °2$2 %10°0
19°2¢€1 L£6°LL- 10°21 92°86 $8°8 $6°6l B1*%wEvE £l °6C0C 169°002 €5°99- Z10°90€2% 2°0¢ 00°2L °8%2 €to0°0
10°621 €6°22- 10°21 19°L6 9E°6 C1°91 TL*%EivE DL°6E0€ 696°112 1Z2°€9~- Z10°90€2Y 69°8% 00°21L °9%? 2to°®o
€6°621 €e°it- 10°21 90°L6 09°6 0€°91 BT SEvE #9°6€0€C €60°912 €0°66- 210°90€2% %1°8% 00°22 °182 T10°0
86°121 %6 11~ 90°21 99°96 12°01 20°91 LEGLYD L5°6€8€ 002°912 20°96- 800°90€2% 66°0y 00°21 °1€2 110°0
fv°8tl s6°Ll- 90°21 19°s6 06°01 26°91 66°*9i%i T5°6€8€ 100°012 86°29~ 800°90€2Yy »Z°6% 00°21 °*%<? 010°0
19°911 S22~ 90°21 s1°gs €6°01 19°91 EZ°LESC #%°6€0€ 915°612 26°0%- 000°90€2% 6%°6y 00°21 °0€Z oto°o
1€t ¥ 1t- 90°21 9596 €2°11 69° 1 TETLENE ¥ 6€0C €16°022 S0°9%~ 800°90€2% d1°60 00°2L °L22 600°0
%1 °101 shetL- 90°21 €1°f6 89°11 QL°91 [9 WEYL &f °6€0E 8C€2°222 9$°20- 800°90€2% 66°6% 00°21 °€22 800°0
11°901 s°Ll- 90°21 66°26 69°11 20°01 (r*afwf SE°6E8C S6€°€2T $0°6€- 900°90€2y #2°0§ 00°22 °022 800°0
07°001 %6 °LL- 90°21 g2°¢h  SR°1N 18°91 1o De%i 1E°6€0€ 890°027 o6°S€- 900°90€2y 69°0§ 00°22 °912 100°0
s0°18 s6°tt- 90°21 0s°te. 16°11 26°91 19°0Dwwi (T°6€8€ Z49°622 10°2€¢- ©00°90€2% %.°06 o00°21 °212 900°0
[ 2 1Y s0°24- 90°21 €L°0e  %0°21 16°91 BI I%%i S2°6€0C 129°922 89°02- 900°90€2% 66°0% 00°2L °60Z 900°0
(3 A ] ¥6°11- %$0°21 te*eP 90°21 10°21 SE"IwwE Z7°6ERE 92€°127 96°92- «*0°90€2% §2°1¢ 00°21 °$02 $00°0
e2°v8 s6°1L- 90°21 0/°6s (021 ©0° Il WE"Zvwi BT°6€8C S61°82¢ O0%°12- 900°90€2% 06°1¢ 00°21 °202 $00°0
99°28 Y6°1t1- 90°21 99°86 96°11 60°11 % Te%i L1°6€8F S€0°622 SR°11~ 000°90€2% $1°15 00°21 °861 €00°0
90 ° 6l st~ 90°21 o IR fR°IL €1°21 Z7"iwef S1°6€8€ €60°622 62°91- 000°90€2y 00°2¢ 00°21 °9vel €00°0
Y °sd Y6°t1- 90°21 f6°98 99° 11 2121 Zs"ivwi wl°6€8€ €$9°0€2 21°01- 000°90€2% €2°2¢ 00°212 °161 200°0
[1.BA ¥} 862 - 90°21 6198 §e° 11 02°41 Gi"Cwhi C1°6FO0€ Ty9°1€2 €1°2- 000°90€2% 06°2¢ 00°2¢ °101 100°0
(Wi A sntt- 9ol 19°6R 61" 11 w240 BETEwwi £1°6CRC €22°2€2 8S°€- 000°90€2¢ $1°26¢ 00°21L co81 100°0
299y 80°i2-. 20°L1 11°9y A8°01 42°10 Ea*iweE 21°6te8€ 000°€€2Z 0°O 0Q0°90€2¢ 00°€ts 00°21 o8l 0°0
INA®H 19SS NNS 310AY 14 AT INY v Ad V) INLL NNS  SNTUYY  SNI0YY  INOD IS A 3i1v0 ouWa ISV, _iv Vi3I8 3ull
JIONY HIITd  “war /NS AN -Sul NAS NNS W) ¢4 Hijuvd d1 (2} a1 LAARES 300N &m
» W k. b
9t *R6 e NOBIWNTIING 11880 092000°0+223 Z21°098¢€ eS1XV WOPrVM 1M3S
tSNOTITIONDD WILINT
o 6 06 0 6 0 9 ¢ % 6 0 0 & 3 & 86 0 5 ¢ 0 00 0 0 SHI3 © ¢ 6 6 6 0 06 6 006 0 06 060 0 0 0 0 0o [ 2 I BN
[(LER)
°'
00000N° PRl DAV’ nUYOON°1"y svH' 0000N0°h6t dH°10-396/6862€E0° oHSINL® 00000000°1 =Nj0°1 *39V4I0ON
o ° ) ne o 9266401 °02 * Co66L19°2€ =viISAVY 0°
Y & o* o° 9 00004 °€02 °* 100649°€S2 =viSNOI*2 oViSN® 0°
e Mnhi® 0oCUO00° A B IN S’ (IR TP 1 [ 9203009€°086 = MWIX* 0000000°€E€ =ONX® 0000000°21 =ONVY
ANGN]Y
vivo 1NeN]

(1) 3uNSOTINI

Ay@loatval z2-22

32

P —.




25225929995 29222¢1®

1IN
ON
0N
4L}

&l °01¢
qyviot
$1°%0€¢
28 °00¢
6v°162
[A R4 173
19°062
1v°182
21°992
11°002
19°242
$0°942
69°C12
4 & X4
¥ °f9e
1$°092
(AR E¥4
08°¢%2
19°0¢2
[{A¥FL T4
29°€%2
12°06%¢
18°9¢2
co°ce?
6h°62¢
G972
s1°¢22
Te°012
w2°e12
%g°212
(L AN 114
9502
19202
sC 6ol
665°66 1
fi1°261
17wl
ol°sel
ey
82°R11
LT TN
1e°Nn
A2 191
97°991

8e°18- 01°21
oevLl- VTN
os°LL- 01°27
06°2L- O1°21
08°22- O1°21
oe°il- O1°21
06°di- 01°21
o6°22~- oOt°21
06°2i1- O01°21
ve*1L- o01°21
1612~ 60°21
16°id- 602V
16°24- 60°21
16°1t~- 060°21
16°22- 60°21
16°2L- 60°21
1wett- o0°21
l6°i11~ 60°27V
16°21- 60°21
16°11- 60°21
16°21- o020V
16°it- oC°21
16°22- 60°270
16°22~ 60°21
16°tt- 60°21
In®lt- &0°2Y
26°1t1- 80°21
Zhtt- RO 21
Zatdt- 90°21
26°tt- w0°21
¢6°1i- w021
¢6°tt- 90°21
26°1¢t- 90°21
26°1l- wu°21
¢6°il- 9021
26°1i1- 80°21
é6°1t- yoorl
¢o°lt- wh°?l
26t~ #0°21
utit- RO°Z1
(e tl- WOl
et~ 9021
611t vl
€821 - 10°21

. cate i e

80°28

*1°¢0
€L°¢o
(184 ]
0°%8
9 °¢8
2€° 99
10°L®
110
29°99
f1°69
[ 1M Y]
1$°06
6Z°1le
10°26
21°26
29°¢o
11°%6
8L°%
99°¢e
10° 78
69°96
8Z2°16
%8°206
[ L1
fU°96
$F°ob
6l 6o
02°001
vs©001
06°001
CARS KA |
10V
9?2101
/8°1C1
A1l
€020
10°201
10°201
t0°201
%101
18°101
€v-101

€Y%~
| ;3 0
66°0~
1€°01-
2L°01-
[1:2d 8 £
[+ 5 § £
e 11~
€L°11-
LA § £
66° 11~
el A R
60°21-
80°21-
€0°21-
e6°11-
6L°11-
co°11-
[ 1 a8 B B
2111~
28°01-
1%°01-
60°01-
99°6-
€2°6-
SL°9-
£€2°9-
69°1-
11°2-
25°9-
06°s-
92°4%-
65°s-
26°¢-
22°€-
2s°?7-
18°1-
L0 B
9€° 0~
1t°0
[0} R
8“1
T 4
$2°¢

8.

il
(134
1 3 Ad
1134 J
€9°y
oL°e
Uy
20°y
19°y
16°y
96
00°$
%0°$
80°$
11°s
$1°$
81°s
22°s
$2°$
nZ°S
1€°9
St°¢$
8€°s
2%°¢
$%°$
6%°¢
€$°9
1$°S
29°¢
?9°%
12°6
1eL°s
€8°¢
16°6%
66°§
90°9
61°9
f€°9
ng°9
1-e
00°¢

0%y

L6°1¢

P°VEIE SE°000E 8046°9T 20°V0
30500 VIO'ET 97T L0 °90E2F o 58

16°6€o€
01°9¢Ce¢
t 754 1111
LE°L€e€
20°8¢co€
(1M 1114
L A9 1171
96°6tE ot
09°099¢€
61°Toe€
€L°190¢
*2°Tv0¢
89° 290t
10°€Co9¢€
6€°CY9€
¥9° o0t
T8°Coek
16°€o ¢t
26°€o9¢€
99°€9e€
2L1°€99¢€ .
0S oot
0Z2°Coo¢€
€8°299¢
04°29%¢€
16°196¢
4E€°190¢
84°099¢
$1°049¢€
0S°ofet
28°9€9¢
91°8¢9¢
LA NS
61°9€9¢
ST1°9feg
€S°s€oeE
$6°9€0¢C
29°s€e(
$6°1€9¢€
(2243811
0Z°fEat
€6°2€o¢

49°0v0¢€
€6°098¢€
867 090¢
99°090¢
69°098¢
*l*098¢
6l °048¢€
€9°099¢
99 °048¢€
26°048¢€
$6°0%0¢€
66°098¢€
20°198¢€
*0°190¢€
90°148¢
80°148¢€
O1°1e8¢
11°1e8¢
T1°1e0¢€
T1°lel€
T1°198¢€
11 °198€
0l1°1e8¢
60°1908¢
10°199¢€
$0°1e8¢€
€O 196¢€
00°198¢
16°090¢€
€6°098¢€
69°0908¢
$8°0%9¢€
18°048¢
92 °096¢
11°098¢€
99°099¢
19°090¢
$$°0%0¢
69°098¢
€4°098¢€
L€°0%8¢
1€ 098¢

9°20°12
201 °€2
a€€°8?
s8L1°92
980°82
L1282
*1€°0¢
9%t 1€
9s€°2¢
142°¢¢€
Cot°og
186°9¢°
€6l °s¢€
*96°9¢
19€°L€
sr1°e¢€
ol18°8¢
L19°6¢
29€°0¢
s01°1
098°le
029°2¢
€ot €y
€91°0y
S66° %
€8sy
$0L°9y
619°Ly
€9c°8y
609°69
212°0%
ote°1s
622°€¢
102°9¢
1€ °9¢
({184 19
06$°09
0l€°€®
658°99
1te° 12
s19°lt
689°98

0s°0¢
0€°ss
40°2¢
8°8%
% °6y
82°2
66 °0¢
0l °s¢
6€°2¢
80°62
o °s?
22
11°et
LL°s1
L4 A4
80°6
LS
€2
00°1-
9¢ -
€L1°L-
Treny-
So°o1-
9Lt~
st 12~
€9°92-~
0°82-
19°1€-~
6l o€~
s1°e€-~
1$°1 -
$6°9y-
€E°00-
0L°1¢-~-
10°¢%~
19°8¢ -
sL°19-
€0°$9~
92°99-
2912~
L1300 7 5
2%t~

L%0°90€2 02°€C
490°90€2¢ 0OlL°SC
490°90€2y £6°5€
€H0°90€2y 02°9¢C
€90°90€2y sv°9%¢C
€90°90€2y 12°9¢
€90 °90€20 96°9¢
€90°90€2y 12°4¢€
€00°90€C2Zy 9 °4C
6€0°90€2% 11°2€
6£0°90€2% 96°LC
6€0°90€2¢ 12°0€
6€0°90€2%

6€0°90€2¢

$€0°90€2¢

$€0°90€2¢

$€0°90€2y

$€0°90€2

$€0°90€2y

$€0°90¢€2y

1€0°90€2% L9°00
1€0°90¢€2y 2L°0¢
1€0°90€2y L6°0%
1€0°90€2y 22°1¢
1€0°90€Z% L9 1
420°90€C2y 2L°1y
t20°90€2¢ L6°10
120°90¢€2y 22°2
120°90€29 L9°2¢
120°90€2¢ 21°2¢
L20°90€2Y L6°2¢
€20°90€2y 22°¢C»
€20°90€2y Lo €y
€20°900€2y 2L €y
€20°9°€Ty 86°Co
€20°90€2y €2°9
€20°90€2% 89° %
020°90€2y €L1°9"
020°90¢Zy 86°0y
020 °90€2y €2°6¢
020°90€2y 89°Sy
0Z0°90€Zy €L°SY
910°90€2Zy 86°5y

oo 2L
008
00°%¢L
00°24
00°24
00°2L
00°22
00°24
00°2¢
00°24
00°22
co)°zl
00°2ZL
00°21
00°22
00°2¢2
oo°22
00°22
00°24
00°2L
00°21
00°24
00°21
00°2L
00°24
ooz
0o0°td
00°2i
00°2¢L
oo°ZL
oo°zL
oozl
00°24
20°2¢
00°2¢
00°24
00°2¢2
00°2¢
00°2¢L
oo-zL
00°22
00°2¢L
oo°tt
00°21

33




€1°2
3024
€1°21
it
€12
€121
€1°21
€121
€r-21
Z1°21
21-2%
Zi°2t
IARES!
21°2t
z1°z1
121
Zr-21
Z1°2y
Zi°2y
it
<12
44!
2t-21
212t
2121
11°21
11eet
=21
1zt
1121
11°21
11°¢1
12t
1-21
1’
| R
121
11zt
11eet
11+
t1el
1121
o121
ot*21

[ 1% 1]
Z4%60
L4 ]
i ]
oatiLw
*I°in
[ 1% .
Ll 1]
TE"s9
L A
&0 %@
15°68
s&"IR
1+°78
os* 1w
1%°18
YL 09
15°08
o1"0F
£i*sl
bl
L [0 Y
08 "BL
LRl
et el
[ ] B 1
s0°8d
=il
T&=i1
eR"I 1
o061
LIy
LT T
Bl 8y
9K "9y
15Ny
Te“® i
D1"ed
1*"6i
i ni
51°09
I16*D¥
LT 1
LS ] |

T % 1]
e
11 ']
oL
1M
&1
mneLn
1z~
Ll 'R
LE= 0
[l Bl B
L ' & |
LE=LY
os"i1
¥ L0
LA 8|
os*11
LI
s
P A 8 |
LLAF D
e
L /S A |
Ie*,1
1 A
LTS |
s0"@
1 01
5291
o ul
BE R
oB el
o161
oS 6l
rO*n2
PO T
1=z
o9z
#e"0

E0"¢

i 7

w2t

e%"L

TR

0 °To0E 95°6C0€E 021°061)
06°To4E N6 C0C 9 C 00T

SE°20%¢
L I8 4411
T1°Ee0€
0% °Eooe
€9°Coee
08°cve€
06°Co9 ¢
€6°EY9E
69° €€
8L °Evet
09°Eoot
SEEYeE
SO0°CyeeE
99°2%4¢
$2°2v9¢€
8L°196¢
9Z°19%¢€
12°0%%¢
21°0%9¢€
16°6€%¢
88 °REYE
L2484 1311
09°1€%¢
86°9€4¢C
9€°9¢€ ¢
11°s€9¢€
2241811
01 °%€0¢
ZZ°yeot
08°€EyeE
se°fEoe
Crecese
06 2tet
€1°2€9¢€
*9°2¢o¢
19°2¢€9¢€
19°2€%¢
6L°2€9¢
66°2€9¢€
92°€EYC
09°¢tCo€
00°v€o €

”°°6E0€
19°6€0€
1€ °6€8¢€
(484 14 13
62°6€0¢
92°6€0¢
€Z°6€0¢€
0Z*6£8¢€
91 °6€8¢C
L AR 19 13
LA Rd 1% 11
€1°6€8¢€C
21°6€8¢€
PA R 19 11
P4 B 1411
Z1°6€8¢€
€1°6(8€
(204 1111
91 °6€8¢€C
AR 1911
12°6€6¢€
€2 6€0¢€
92 o€ 8¢
(I 1911
({84 191
lE°6€8¢
t4 A4 1111
L9°6¢PE
16°6€6¢€
9 °6( 8¢
Z9°6t0t
19°680¢
(¥ 1911
61°6€8¢
€O LERE
16°6€08¢€
L6°6€8 €
90°0%8¢€
01 °04R¢E
AARd 1711
22°098¢€C
6Z°0%8¢

1€€°102
%01°202
160°202
*66°€02
0ZE*402
6€0°c02
2s1 %02
*99°902
441°202
Y68°402
119°802
69€°602
$60°012
9¢8°012
6€9°112
19%°212
982°€12
€91°¢12
$90°¢12
190°912
soteg12
14 AT 4
6Sv°612
c€1e°022
62€°222
¥50°v22
2s0°922
619°922
s6Z°1¢2
668°%€2
115°6€2
106°592
919°962
9%, °292
610°962
2%C °90¢
904°62¢
12€°99¢
69€°96¢C
110°y

266°6

12:°E1

uwnnuo
290C26

*90€20

*90€2v

*90¢2¢

*90€2¢

29062
*26190€2y
$20°90€2¢
040°90€2y
010°90€2%
040°90€2¢
040°90¢2y
0L40°90¢2y
$90°90€2%
990°90€2%
990°90€2¢
990 °90€29
990°90€2¢
990°90€2y
290°90€29
290°90€2¢
290 °90€ 2y
290°90€2¢
290°90€2¢
6$0°90€2¢
6$0°90€2¢
650°90€2%
650°90€2%
65$0°90€2y
6$0°90€2y
$50°90€29
$$0°90€29
S50 °90€ 29
$$0°90€2¢
$60°90€2Zy
$$0°90€2¢
150°90€2%
150°90€2¢
150°90€2%
150°90€29
150°90€2%
190°90€2%
1%0°90€2%




OoN
ON
(0L ]

® ‘0 0 W 0 0 p g <o
e e A 2 ~e e ] -9 “ng g D
by 0 °0 °0 °0 ‘0 0 °0 e |
‘e °0 °0 °0 e | °0 °0 °0 °0
.° .° !Q .° .o .° .° .' .°
°® °0 °0 °0 °0 °0 0 °0 *0
b} °0 °0 °0 °0 °0 °0 °0 °0
“® °0 °0 °0 °0 °0 0 ‘0 i -]
°0 °0 °0 °0 °0 °0 °0 °0 °0
°0 °0 °0 °0 °0 °0 °0 °0 °0
°0 °0 °0 °0 °0 °0 °0 °0 °0
°0 °0 °c ‘0 °0 °0 °0 °0 °0
°0 °0 °0 ] °0 °0 °0 ] °0
9 °0 °0 °0 °0 °0 °0 *0 °0
°0 °0 ‘0 o ] °0 °0 °0 °0 °0
‘° .° .o .° .° .° .° .° .°
0 °0 °0 °0 ‘o °0 °0 ‘0 °0
°0 °0 e °0 °0 °0 1] °0 ]
°0 °0 ‘o M Y °0 °0 ‘0 °0 °0
°0 °0 °0 °0 [ °0 °0 °0 °0
‘0 °0 °0 °0 °0 °0 0 ] °0
°0 i °C °0 °0 °0 °0 °0 °0
°0 °0 °0 °0 °0 °0 °0 °0 °0
°0 °0 0 °0 ] °0 °0 °0 °0
.° .e .° .° .° .e .° .° .°
o o] °0 °0 °0 0 0 °0 ] °0
°0 ¢ ‘0 0 /] °0 °0 °0 °0
°0 °0 °c °0 °0 *0 *0 *0 *0
0 0 0 °d 0 -0 ‘0 ‘0 °o
‘0 °n °0 *0 ‘e 0 ] °0 0
0 °Cc ] °0 *0 0 °c ] °0
‘c ‘0 0 *0 °0 ‘0 °0 0 *0
0 0 .n 0 °0 ‘0 P “0 .0
*0 0 ‘0 ‘0 °0 *0 *0 ] °0
.c .o .° .o .3 .° l° .° .o
.o .° .e .° .o .° .-w .° .°
‘HCIS AN 7y ‘U AL Ty “¥°7IS AN 2V
9 NCIIVYS $ MUTLVES % NOJLVLS
92°s0 99°%is- S1° s2°€6 OL°11 6l°9
*1°2010 18°02- €1°21 6$°26 98°11 90 °91
20°66 18°01- €1°21 te°le @6°11 690°91
60 °So ster- €1°21 9Z7°1¢ 10°21 €6°91

°0 °0 °0
°0 °0 °0
l° .° .°
o °0 0
°0 ‘0 °0
*0 0 °0

°0 °0 °0
‘u®IS A3N3 1V
€ NI1IVIS

Z1°6E9€ 8L °610¢E
2L 6EvE ZTLoE0E

18°0%%¢ T19°6Ce€

“Sadv
“Sav
iy
"
“Live
b 14 )
“yuIv
‘only
*1i0%
111
bt 11 01
*%1is
RS
ety
"WliEs
Wil
1111
190
"itiw
b 11
*alvy
*TLTY
b AR L
T
"felt
it
"ELYE
bt 3 14
"&8 1K
900K
"Wse?
LA TF
“1es?
"gsw?
*1s2
"0l
‘¥

L
L=

‘1€~
.g'
°9z-
92~
o2~
°€2-
1z~
*61-
L=
°91-
‘ol-
*2i-
‘11-
6=

..‘

LERE ]

*02
°002
861
°9%1
‘o6l
()
°1s1
c601
091
991
°601
°€ot
191
cost
‘st
9L
°sLy
°€Ll
‘1
691
*L191
°c9
°€91
°001
*8st
°661
c2sl
M 12
12
czel
*LEl
°E€l
°e21
L4
v

Z NOL1VES DE

090°961 01°0%- 200°90€2% L1°€2
€50°261 40°2€- 810°90€2% ZTy°€2
1€°069€ 99°6€8E 606°2061 96°€CC- 9L0°90€2y L9° €T

019°061 990°0€C~ 320°90€2y 26°€2

*4604
b L8
°s20L
*8L69
o269
°4999
*1629
€219
“Ev9Y
9569
*€9Y
321
*4829
‘sl
°9Z09
°206%
s
13 19
{11
*Le€S
‘1%
*9£0¢
b 71 L)
*60Ly
K431/
°sSty
‘ol 1y
‘986t
Y31
°s09¢
*60%¢
*o1z¢
*100¢€
{14
cl682
*06€2
¥es

98-

O*Ph,

°oL-
*q-
-
°69-
°89-
.3'
°49-
°€9-
°19-
‘o6~
L6~
°96-
‘oS-~
i £ 3
°0¢-
‘oe-
‘o0~
.3-
bt 4 24
‘0v-
°8€-
°9€ -
‘o€~
*q€-~
*0€ -
°8Z-
°9-
o2~
*22-
°0Z-
.“ ‘-
‘61~
‘21~
*ol-
A3VI

°48%
°cot
st
211
*91
oLl
781
o1
981
i 1)
061
*Te1
201
Ty
°sel
*961
°161
o T3]
o VY]
002
102
102
*202
*€0?
*%02
° 02
°€02
*902
102
*902
*802
012
‘1z
*Z12
912
*¢12
v

1 NOIRVIS O

hon. ] Seos~
T8¢ oob-
° 0 4°19-
L ok 3 4 0°¢9~
6°99 €°89-
LAl 1] * -
°°L2 $°9-
$°9 €L~
1°% °6l -
8°81Y Z°18-
9°261 9°18-
L4°991 9°08-
6°001 $°0l-~
4°16t 6°SL-
1°661 6°28-
$°%0T 0°69-
$°802 6°99-
11T ZT°€9-
1°91Z 9°66-
T°912° ot9g-~
0°81Z 0°tC-
61T S°60-
0°1ZT 0°9%-
2°222 9°29-
€T T°e€-
£°922 ¢°st-
6°¢22 0°2¢-
»°922 s°9Z-
€222 6°%2-
2°022 e&°12-
0°822 8°11-
6°627 €°v1-
L4°0€Z 1°01-
€2 2°L-
T°2 T 9°¢c-
0°€€2

UJDJ

00°2¢
00°72
00°Z¢
00°22

0°0 o*
¥ iy

SNO11ViIS ONNOUWD wWOW3 NOILISOd I2TTVALNS

c1ee
*9l2
°v12
112

*E0
L2 b ]
iz e
Zro"s
Tzo*e
itote
ozo"e
slo*d
si0"0
"iote
iLie*e
Lo e
10"
s10™8
s10"0
*10"9
Elo*®
Zio*®
F4 8- ]
“110%s
o109
o10*0
a00*D
#00D"0
o0
L00%D
000
L Bl ]
&00"®
*00*8
Eo0"0
€00"2
Zoo
T100"0
1000
0

te0*0
Teo*o
180%0
1110 ]

35




°0 o °0 °0 0 °0 °0 °0 °0 0 *%01¢ °0€- °6 *L1IE 61~ °9 0°982 €°10 $460°0
0 T I N0 "6 T D T 0T T T T TV Y0 T T2 STE- %6 69X “02- % €0 V10 +60°8
0 °0 °0 °0 °0 °0 °0 °0 °0 *0 °0 °0 *otoy °€€- 0 *€2y€ 22~ 1Y 9°62€ 1°00 €50°0
0 °0 °0 °0 °0 °0 0 e ] °0 °0 °0 °0 6%y °s€- ¢ "0LEE °92- °€1 €°SoC 4°0L €50°0
0 0 °0 °0 °0 °0 0 °0 0 °0 °o °0 °sSLy 1€~ -9 *9ELE °sT- °g1 €°96€ S$°92 260°0
0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 806y o€~ °¢ *160€ 12~ 1Y 0°y 8°€L 150°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °850S °lo- °¢ 190 °6Z- "6} 6 4°0L 160°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 *%02¢ 29~ °» 202y °1€- °02 1°€1 649 0s0°0
°0 °0 °o °0 °0 °0 °0 °0 °0 °0 °0 °0 °EH€CS "oy~ °¢€ *9sEy “2€- 22 o°a1 8°¢9 640°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 T89S 98- -2 *80<y o€~ °£2 961 14°19 &0°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 cO19% 8y~ °1 659y 9t - °s2 L Ml ¥ 4 $°8S 040°0
°0 °0 °0 °0 *0 *0 °0 *0 °0 °0 °0 °0 *TyLs 0S8~ °0 °4089 °8€- °92 L°€2 €°sS 190°0
°0 *0 °0 ‘0 °0 *0 °0 °0 °0 °0 °0 °0 °€98C °16- °6S€ °2¢6% “6t- 22 €°s? 1°Z< 1%0°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 9868 €S- “0SC 5605 °1v- 62 8°92 8°0% 9%0°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 0 °0 1609 °So- “ISE€ °g€2s °“€y- °0O€ 1°02 9°Sy $%Q°0
°0 °0 °0 °0 °0 °0 *0 °0 °0 °0 °0 °0 °60Z9 96~ °"SEC  °UES °So- °If €62 €°Z% 99%0°0
°0 °0 ‘0 °0 °0 °0 °0 °0 °0 °0 °0 °0 “BO0E9 “BS- °oSE °€0SS °"9y- °€€ %°0¢ 0°6€ %%0°N
°0 °0 *0 °0 °0 °0 *0 °0 °0 °0 °0 °0 °S099 °09- €€ °“2€9S 8%~ °o¢ L2 1 3 1°S€ €90°0
°0 *0 °c °0 °0 *0 °0 °0 °0 °0 °0 °0 L6099 °T9- °ISE  "L61S 0%~ °g€ v 2¢ 9°2C 240°0

*0 °0 °0 *0 °0 °0 °0 °0 °0 °0 °v °¢ 989 °€9- “69%€ °8L8S °“V15- °9¢ € €€ 1°62 290°0
‘0 “0 *0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °E999 °C9- °LeE Y665 °“€5- °Bf 1°e€ 8°6Z 18C°0
°0 i °0 °0 °0 °0 ‘0 °0 °0 °0 °0 °0 0929 99~ °CoE °S019 °g<- °of 0°¢sg $°22 0%0°0
°0 °0 °0 °0 ‘0 °0 °0 °0 °0 °0 °0 °0 0189 “99- °“€¥€ 2129 °i5- °1% 8°s€ 1°6l 090°0 O
*0 *0 *0 °C ‘0 °0 °0 °0 °0 °0 °0 °0 €189 °0L- °09€ °*91€9 °8S~ °Z» 9°9€ 8°¢1 6€0°0 ™
°n *0 °0 °n °0 ‘0 °0 °o °0 °0 °0 °0 1669 1L~ “1€E  °0199 “09- °o *°L€ $°21 8€0°0
°0 *0 ‘o0 °0 °0 *0 °0 °0 °0 °0 °0 °0 €869 “tl- “€C€E °20S9 °29- °9y 1°8¢€ 1 1€0°0
*0 *0 °0 ‘0 °0 °0 °0 °0 °0 °0 °0 °0 6208 °9l- ®6TE °"6BSY °"€9- °1y 6°9¢ 4°s 1€0°0
*0 °0 Y 1] °0 °0 *0 °0 °0 °0 °0 °0 8901 °Si- °92¢ 6999 °S9- °oY 9°6€ L A 4 9€0°0
°0 *0 *e ‘0 °0 (] °0 °0 °0 °0 °0 °0 0L “ll- “B1E 4419 “19- °2¢ *°0 0°1- ¢€€0°0
°0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 6210 81— °21€ “€189 “99- °%¢ 1°1e ¥°- ££0°0
°0 *0 ‘0 ) *0 *0 *0 °n °0 °0 °0 °0 °0Si1 *@l- °%0€ °9189 °"O2- °i§ 61y L4~ %€£0°0
*6 *0 *0 °0 *0 *0 °0 °0 °0 °0 °0 °0 °CoUL “6l- °S62 °£€69 °12- °09 9°2¢ 1°11- €€0°0
°0 °0 *0 °0 °0 ‘0 °0 °0 ‘0 °0 °0 °0 "YL1L "08- °$8Z °S¥E9 °Cl- °99 L Al 3 $°91- €£0°0
°0 °0 °0 °0 °0 *0 ‘0 °0 °0 °0 °0 °0 4210 *08- °SIZ °0€E0L °¥i1- °99 T°% 6°L1- 2€0°0
°0 °0 ‘0 °0 °0 ‘0 °0 °0 °0 °0 ‘0 °0 *ELIL 08~ °$92 °990L °“Si- °"¥¢ 0°sey 2°12- 1£0°0
°0 °0 ‘0 °0 °0 ‘0 °0 °0 *0 °0 °0 °0 €911 cel- €S2 1012 °91- "6l 9°%Y 9°42- 1£0°0
°0 0 ) °0 °0 °0 °0 °0 °0 °0 °0 °0 9912 °8L- 992 1211 °8L- 9N L°9 0°8Z~- 0£0°0
°¢ °0 °0 ] °0 °0 °0 *0 °0 °0 °0 °0 "OZ1L “ll- “eET LYWL °“81- %6 %Ly 1€~ 020°0
°c *0 *0 ‘v °0 ‘G °0 °0 °0 °0 °0 °0 5602 °9L- °ZEZ °*091¢ ‘61~ °“€OY1 9°By 8°9€- 820°0
°0 *0 °0 °0 °0 °0 *0 °0 °0 °0 °0 °0 0901 °Si- °927 °9911 "61- €11 9°6y 2°8¢€- 820°0
°0 0 ‘0 °0 °0 °0 °0 °0 °0 °0 °0 °0 *610L °91- °12Z 9912 °*6l- °€21 (°0S 9°1v- 220°0

0 ‘0 °0 °0 ‘o °0 °0 °0 °0 °0 °0 °0 2169 - 11T c6STL °*6L- °EE€1 6°1¢ 0°$y- 920°0
°0 *0 *0 °0 °0 °0 °0 °0 °0 °0 °0 °0 6169 “TL- “912 °*9el2 °82- °291 2°s¢ €°89- 920°0
*0 ‘0 °0 °0 °0 °0 °0 °0 °0 °0 °0 °0 c0989 °69- “OV2 °92V14 °“11- °*0SV (°%¢ L°1¢- €200




00000009 @INIVINDI ¥AISINN ° 20410029400088 48 $2 NS¢ 00 WIINI JIANC <+ 14) LENVERLINI INWOOWS = w0201 el

YRS Y335 WTS JTINY N WAV TV KTV TNTI WS SAIUVY TSATOVY TSRO ANY  C 3iva T sked 08w 43 il W
L] ) 3NV HIL1ld °SNO/MNS NNS-30Y NNS L1} WY 42 HAWYI él ] dl vl Wmr BO0M

°0 ‘0 °0 *0 0 °0 ) 0 *0 *0 ‘s 0 *C2UE “SZ= "L "HETE “Tv= 0T 1°%el 1°0v- s
°0 0 °0 °0 0 °0 °0 0 °0 *0 0 °0 *265€ *EI- "981 °“1E08 “0v- *ZIT 1°ls1 O°l5- 188%0
*0 9 °0 °0 0 °0 *0 0 °0 *0 0 °0 *216€ *1Z= *981 "506% “Sf- *(IZ ©°8s1 0°%¢- 18078
°0 °0 °0 °0 °0 °0 *0 0 *0 *0 *0 °0 +00Z€ “*al= “S81 *Sliv "LE- “SIF &"W1 e*0¢- TH™
°0 ‘0 °0 *0 ‘0 °0 °0 0 °0 °0 0 °0 *120€ *iT= *SE1 °*£¥9% “9(- “UIT L*s81 0°12- 000°8
°0 °0 °0 °0 °0 °0 °0 °0 0 °0 *0 °0 0002 "61- *#81 "OTE% "vi- "BIZ £"00F 1°9%- &L0%0
°0 ‘0 *0 °0 ‘0 °0 °0 ‘0 °0 *0 ‘0 °0 c169Z *E1~- “E81 “ELEY "€E- 06T E°10T 9°:T- T ]
°0 ‘0 °0 °0 ‘0 °0 °0 ‘0 ‘0 °0 ‘0 °0 cEie2 *1T- "ZH1 “wEZ¥ "1€- X 1°702 §°01- L TH A ]
°0 ‘c °0 *0 ‘0 °0 °0 ‘0 °0 °0 ‘0 °0 *1022 *8- *181 “E80% "AZ- *HEZ A°I0Z 9°61- LLO"®
°0 °0 *0 *0 °0 °0 ‘0 ‘0 °0 *0 ‘0 °0 1012 *9- =081 “"0&&E “8Z- "SE7 960 gte2t- 0"D

*0 °c °0 *0 *0 °0 *0 ‘0 °0 °0 °0 °0 cg161 *f- "4l ~908E "9Z- “LEZ €907 1%~ SL0"0
0 *0 *0 *0 *0 °0 *0 °0 °0 *0 °0 °0 eg2l1 *0= *LL1 *199f “62- *s€Z 0°s07 0°9- &lo"o
*0 *0 *0 *0 *0 °0 *0 ‘0 °0 °0 0 *0 *o0gl *§ sgi1 "9IsE *€Z- *IvZ #°s0P wi0*®
*0 *0 °0 M) °0 ) *0 0 *0 °0 2 *c *19¢1 *9 *ZL1 “ULEE *12- "% &°902 vi0"0
“0 °0 °0 °0 *0 °0 “0 ‘0 °0 °0 °0 °0 *e@11 11 *&91 *LZZE =02~ *9vl I*101 fL0"0
*0 °0 *0 °0 °0 0 *0 °0 °0 °0 °0 °0 *9101 *31 "%%1 *w80€ *@1- "e%Z &"IOF §°9 Tio*o
*0 °0 *0 °0 0 *0 *0 *0 °0 *0 ‘0 °0 cl1s8 "ZZ "9E1 cwwsZ “L1- *I6T 9002 L1°6 ZiL0*®
°C °0 ] ) *0 °0 °0 °0 °0 *0 °0 *0 og22 "2 "E%1 "908Z “S1- 56 €702 e°21 1i0%0
0 °0 °0 *0 °0 1) 0 °0 °0 °0 °0 *0 °g29 *%f “IZ1 “€i%9Z "€1=- *®sZ 17012 0°9! 0L0"® ~
“0 °0 °0 °0 °0 °0 °0 ‘0 °0 °0 *0 °0 *065 *BE "ZO1 “s¥s8Z *T1- =% e&-cl¥ 1°6) &0 o
°c *0 0 °0 0 0 °0 0 *0 °0 *0 °0 129 "%k %L % 01~ "992 9°I112 %00
°0 0 ‘v ) °0 0 *0 *n °0 °0 °0 *0 *21L  "&Z "#s “Z162 *&- "0 »"I12 avd*D
°c °0 ‘0 °0 ‘0 ‘0 0 °0 *0 °0 °0 °0 “€y8 TZ "% “plZ? *"L- “Si¥ €1l ivo*o
°c 0 0 ‘0 0 6 *0 *0 *0 °0 *0 *0 666 *%1 "Bt 112 *9- =08z T°"%7 L90*D
) °0 0 *0 0 v 0 0 °n *0 °0 °0 *o211 *11 "(f w807 "= "0 1°812 ™00
°0 ‘0 ) °0 0 v °0 ) *0 °0 0 °0 o€l *i T4 “s@el *v- 162 1°912 £90°0
°c ‘0 °0 °0 0 *0 8 °0 0 °0 *0 °0 *gEol L bl T4 sgenl *w- "@&I 1°L12 £90°0
0 ¢ 0 *0 °0 °0 *0 ‘0 ‘0 *0 *0 o] *0241 *0- *E¥ *1Zel *f- “"¥0f I°M2 *90°d
*0 *0 {7 *0 *0 *0 ‘0 °0 0 *0 *0 °0 *6061 *f- "I1 gzel *E- "11E &°&1d o
*0 0 °0 o) 0 0 °n °0 °0 *0 *0 *0 *6602 *9- "0O2 sgial - ‘11§ w022 0°0¢ TH0"Q
¢ *0 0 ‘0 0 °( °n ‘0 °0 °0 °0 *0 *9822 "&b~ "8l *uisl "w- (20 ["ZZT 6 €6 908
oO oO QA- QO oO oC o° °n o° OO o° o° onn‘N .-.-‘.r -_.—..- .-Hﬂ.ﬂ -.FI .I..N.- .-li.
*0 *0 *0 0 0 °n ‘0 0 *0 °0 *0 °0 *9992 "fl1- "91 “g11Z *9- *sik oo
0 *0 °0 ‘v °0 0 0 ) *0 °0 *0 °0 *LsP2 *s1- °*gl *%0Z2 *iL- "O%i o%0*0
0 0 v v 0 0 0 ‘o 0 *0 °0 °0 *RCOE "B1- *%1 *S0ET "&- “H¥E 500
‘0 0 . 0 0 0 *0 0 °0 °0 ‘0 °0 *222¢ *0Z- *f1 ¥l *01- "avi ss0"0
0 0 0 °0 0 0 °0 *0 *0 *0 °0 °0 *€0%¢ "r2- *21 *0s6Z "T1- "f60 9°8EZ €°%1 Bs0°0
*0 0 0 °0 0 °0 0 °n *0 *0 °0 °0 *206€ *aZ= 21 *wB9Z "E1- "L[6C &"6¥Z 1°62 160%0
0 °0 e 0 °0 0 0 *0 °c °0 *0 “0 °oel€ “wZ- *11 *LZe? "&l= "0 8"¥EZ 9°12 9E0"0
*0 0 ¢ 0 °0 0 °0 *0 *0 *0 e *0 *gf6€ *uZ- *0O1 pee? "L1- "L L*L9F e°eL %60%0




APPENDIX D

THERMAL MATH MODEL (TMM)
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MISSION

RADC is the principal AFSC organization charged with
planning and executing the USAF expioratory and advanced
development programs for informatior sciences, intelli-
gence, command, control and communications technology,
Proaucts and services oriented to the needs of the USAF.
Primary RADC mission areas are communications, electro-
magnetic guidance and control, surveillance of ground
and aerospace objects, intelligence data collection and
handling, information system technology, and electronic
reliability, maintainability and compatibility. RADC
has mission responsability as assigned by AFSC for de-
monstration and acquisition of selected subsystems and
systems in the intelligence, mapping, charting, command,
control and communications areas.
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