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N O T 1 C E
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AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE-

LEASED IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.



FOREWORD

This is Volume I of two volumes, wﬁicﬁ make up the final report
of a study conducted by the Eléctrical Engineering Department under the
auspices of the Engineering Experiment Station of Aubﬁrn University.
This final report is submitted toward fulfillment of the requirements
prescribed in NASA Contract NASS—24818.
| Problems of system weight and picture quality arebdiscussed for a.
satellite television broadcast system in this first volume.
Volume II of the final report discusses coverage and weather atten-
uation in det?il. | |
' Two other teéhnicél reports were submitted during the contract
period: Technical Report No. i, "Receiver Antennas for Application in
| a Television Broadcast Relay S?stem;" dated 30 January 1970; Teéhnical
Report No. 2, "Television Broadcast Relay System,'" dated 30 November

1970.
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ABSTRACT

Empirical expressioﬁs are derived to account for various'componénts_
of the Ielevision Satellite Broadcast System. Computer pfogfams afe
developed to.detefmine thé system weight in any general design.‘ The
factors of picture quality, propagatibn losses and R. F.'power require-

ments are discussed and determined for a particular case.
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SYMBOLS

W = total system weight (1lbs)
Wy = antenna system weight (1bs)
Wy = solarIArray system weight (1bs)

 Wpg = weight of transmitter (lbs)

wPS = weight of electrical power subsystem (1bs)

Wrp = weight of thermal control (1bs)

Wp = Wpg + Wpg * Wpy |

Wy, = weight of attitude and orbit control (1bs)

Wagt = weight of antenna, solar array, transmitter, power subsystem and

thermal control
Wgp = weight of structure (1bs)

K, = antenna weight factor (1bs/sq ft)

K, = solar cell array Weight.factor (1bs/kw)

K5 = efficiency of transmitter

K3 = constants that determine the weight of transmitter, power
subsystems and thermal control equipment

K2,

K6 = constant that determines weight of attitude, orbit control and
structure '

10

- . ; . 3 x 10°
C = velocity of light 3048 ft/sec
Ao = area of coverage on earth (sq. miles)

S

S = distance between transmitting and receiving antennas (miles)

ix



frequency (Hz)

transmitter output power (kw)



" Television Broadcast Satellite Systems
S. G. Chandra, H. V., Poor, D. G. Burks, E. R. Graf

I. 'Introduction

The television systems.around the world have seen a vefy rapid growth
in the last few years. The effects of television have been numerous.
Most of the countries have adopted television as é means to achieve
.national unity, and mass communication.

The most.important prob1eﬁ in any country, is that of ensuing a
good grouﬁd coverage of the broadcastiﬁg signals so that the percentage
of homes which can receive televisién without complex aerials or ampli-
fying equipﬁent approaches 100%. At the present time, to achieve close
to 1007 coverage with ground 1inks requires a very large number of con;
ventional transmitting stations and the increase in distribution costs
to achieve this éovérage would be very much higher than the increased
revenue that would result.  The most attractive alternéte to this is to
have one ground transmittiﬁg station‘for each channel and beam its output
to.a geostationary satellite and for the satellite responder to relay the
signals direct to the hame receiver. A geostationary satellite (altitude
about 35870 km above the equator) would pérmit é continuous broadcast
service to areas as small as individual countries or as large as continents
up to about 1/3 of the earth's Sufface; A geostationary satellite also
permits the use of a fixed receiving antenna of very high gain.

The development of a Teleﬁiéion Broadcast Satellite (TVBS). is now

accepted as technically feasible and'economically profitable. Such as
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satellite system includes a large number of subsystems interrelated in a
coﬁplex fashion. A number of different system configurations are possible
and for each éystem, the,design‘inVolVes an examination of the interre-
lations aﬁbhg and the éhoiqé of a set of subsystems to optimize in some
sense the resulting system.

The system weighf is an important design consideration and an effort
is made in this'report'to'give simplified relationsﬁips for the»subsysfem
weights, considering all possible variables. Also state-of-the art of
the system gomponents,,attenuétion of the signél and picture quality are

discussed.

II. Antennas

An ideal television broadcast satellite transmittér antenna requires
a minimum RF pbwer to provide the required field strength over the entire:
area to be covered. vOthér aspects.gffecting the antenna design are side
lobe level, beam péinting accuracy, power handling capability, multiple-
beam capability,‘deploymeﬁt'and compétibilify with satellite weight and
size. _Detailed analysis éf these factors have been made in Vafious
reports [1,2,3,4]. |

Most high.gain directional spacecraft antennas haQe been parabolic
reflectors because they are simpler in désign and lighter in weight for
a given gain. They méy'be divided into two categories. Small antennas
which can be launched in opefating positidn and large antennas which
due to shroud limitations ﬁust Be'folded for‘launch and then deployed in

space.

.gii;



“An éntenna diaméter of approximately 10 ft. divides the two classes.
This ﬁeans thét for all bandwidths af 0.9 GHZ and for bandwidths less
than about 3° at 2.5 GHZ, a deployable reflector is required.

Depléyable parabolic antennas may be classified into three groups:

(1) .Flexible réflector‘éhrfaées |
(2) Rigid réflector surféces
(3) InflatableVStrﬁcturesi

Many concépts for-depldyable antennas.have been described in' the
literature and a few typical of’théée‘ére comparéd in Tables 1, 2, and
3 of Chapter IVvin>reference [1]. - |

A flexible reflector'sﬁrfacé sucﬁ és métallized fi}m or wire mesh
can be suppotted by a system of ribs‘or cables which define and_maintain
the reqﬁired parabolidal shape. ‘For frequencieé up to approximately
5 GHZ, antenné surface qualities and deviatiohs from a true paraboiid
required to mihimize refleétor‘iosses are éuch'that a flexiBle reflector
is preferred. The minimum wéight design‘of such an antenna we found fo
be "Elastic Recovery Umbrella"; a 6 ft. size model developed‘by TRW
Systems, with a:unit weight of 0.04‘1bs/ft2. The maximum weight design
is an umbrelia type reflector, 10 ft. model developed for solar concen-
trator by NASA Langley, with a'uniﬁ weigﬁt of 0.312 lbs/ftz,otﬁer devel-
opments are with unit weights of 0.1, 0.13, 012,aﬁd 0.25 1bs/ft2.

A rigid reflector antenna is an assemblage of rigid segments of a
circular paraboloid. These surfaces provide more accuracy, but are

heavier and costly. Models varying from size of 4 ft. diameter to 52 ft.



diameter have Been develoﬁed fof_frequencies‘up to 10 GHz. The unit
weight varies from 0.26 to 0,96 ]_.bs/ft2 for these designs.

Inflatablg éntennas consist of a circular membrané'that assumes
the shape of a paraboloid of revolution'when subjectéd to a uniform
radial tension cémﬁined with uniform latéral.pressure. Using tﬁis
principle antennasiup to 20 ft. in diameter haVe been éoﬁstructed, with
unit weight of the system»varying from‘0.4 to 2-lbs/ft2; It is inter-
esting to note in Table 3 of reference [1], about'the‘design of a 200~
400 ft. size inflatable reflector, wifh a unit weight -of only 0.03 1bs/
ft2, for use at"fréquencies'lo#BO MHZ. Many problems are yet to bev
sqlved in thesé designs, and hence tﬁe application of.inflatable struc-
tures to spacecféftlantenﬁas is beyond the ;urréntvstate—of—the—art.

It is ex?ected,-however; that by 1975 somé of the 1arge deployable
refleétors-will have been successfully demonstfatea in spacecraft appli—
cations.

At-lower frequencies (say 0.9 GHZ),.théréctivé phased array antenna
appears to be an aﬁtractive alternate to the reflectof antenna, especially
for multiple beam capability. TRW Systems [lj have déveloped.a 30 foot
array, witﬁ'a total system weight of 396 1bs., resultiﬂg in a unit weight
of 0.56 1b/ft2. However, their complexity, heavy weight and difficulty
in meeting launéh vehiclé fairing constraints have prevented their
extensive usg on spacécraft to date. |

For frequencies above 8 GHZ, (max. size about 10 ft. diémeter) the

parabolic'reflector offers the most pfomising design. A variety of small



antennés have been used in spéceuand pose'nb major technblogical problems
for the broadcast sétellite. Tﬁe,weight of the antenna'syétem is ﬁo more
sighificant in this éaSe,jand‘the typigal system unit:weight varies from
about 0.7 to 1.13 1bs/£e2, - |

The antenna.systeﬁ weight haslbeén computed for:a11 possible types
by usingvthé'relétion deri?e& in [5].

. AS

where WA = Anteﬁna system Weight iq‘1bs;

Figure l-[Téblé 1] is a family of'édrveéjof antéﬁna system weight
‘for the frequé;cykrange 1 to 4 GﬁZ,;and fof18 aﬁtenné weight factors’
| ranging from 0.04 to 0.635 1b/ft |
Figure 2 [Table 2] is.é similé; pioﬁ for:the frequency range 8-12

GHZ and for 8 weight factors ranging from 0.13 to 1.13 1b/ft2.

III. Power Supply

Reliability, long life énd efficiendy'are the three_majbf factors to
be considered in the deéign of a sateliite power éystem.v Since the tele-
vision broadcast satellite must'operate-fbr many months, the system's
reliability becomesfimpottant; Power suﬁply efficiency, measured by watts
per pound; is a coﬁtinuing goal bécause of the high cést per poﬁnd in
orbit.

Three soﬁrces of energy may be. exploited in a spacecraft; nuclear

reactor, radio-isotope thermo-electric generator, .and solar cell array.



. 'TABLE 1

'ANTENNA WEIGHT VS FREQ FOR EIGHT ANTENNA WEIGHT FACTORS (1 - 4GHZ)

: Antenna Wéight_Fact¢:s (le/sq;'ft.)

FreQuency

(cuz) 1 0.04 0.10 | 0.13. f-o.éof  025 | 031 | 0.56 | 0.635
Lon |ze.e | 55.71 | 17.62 tLé;gi‘ftaq;ési 155.09 [334.35 [379.13
oo leeor | 2eise | 3450 53,07 66.34,‘.82§26v 148,60 |168.50
7 5,97 | 14,63 . 19.4¢ “29;85 “_37;32"'46.27‘ 83,59 | 54.78
o | sea2 | Suss | 1z.e2 ;tq;f;;“ég.aﬁi' 2561 | 53.50 | 60.66
1.0 2.6 | e.e3 | meez 13.27:*71e;§é 2¢;37-f‘5j.15 42.13
2 o 4.87 €.34 | 9.75 “lé;i8’ -1é.l1» 27,29 30.95
N L.4° 2,73 4.85 T.4¢6 {9;33‘ .11.51“ 23.70

20.90




" TABLE 2

ANTENNA WEIGHT VS FREQ FOR EIGHT ANTENNA WEIGHT FACTORS (8 - 12GHZ)

Frequency . . ' | ‘ v 'Anténna Weight.-Fééto?s (1bs/sq. ft.)

(euz) | 0.13 0.20 | 0.25 0.31 0.56 0.635 0.70 | 1.13
a.c | 1.21 | 1.87 2.33. | 2.85 5.22 | 5.92 | 6.53 | 10.54
P.5 | 1.07 bees | 2.07 2.56 . 4.63 | 5.25 .78 | 9.34
Q.c | C.9¢€ Lear |oveea |o2.29 -'#,lw 4,68 5.16 8433

5.5 | C.8¢ 122 Lees 2.05 | 3.70 | 4.20 | 4.63 | 7.48
10.0 | C.7® .19 L.49 Lous | 2034 | é.7é - s | e.15
10.5 | c.7c | i.ce 1.35 | oreee t .03 | 3.44 3.79 6412
11.0 Co6a | ;;é@ .23 | 1.9 ‘2,76 s | 3.45 5.58
11.5 | C.55 | C.sc 13| t.ac |o2a93  2.57 3.16 | 5.10




_'Antenna Weight Faétors (1bs/sq. ft.)

a
(w]
A
+
X
o8
7y
b

Co
(U@

.04
.10
.13
.20
.25
.31
.56
.635
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Figure 1




'Antenna Weight Factors (lbs/sq. ft.)
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o - 0.20
0.25
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- 0.56
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— =4
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FREQUENCT IN GHZ

GNTENNG WT Y5 FREUUENCT
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Figure 2.
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Nuclear reactor systems offer the.greatest potentiél in terms.of
gross power capability. A groﬁth potential fér this system is prdjectéd
up to 300 kw. The main problems assqéiated with these systeﬁs are limited
1ifétime due to genératioh of ﬁeiihm in fuel casing, heavy.shielding.v
requirements in conversion equiéﬁent and iow éffiéiency.

Isotope thefmo—electric generatbr systems have been well fesearghed
and several low powered systems ha&e been developed and flown. However,
the technology base is still ihadequate fdr the powef range of interest
in the TVBS systems.- |

The technology 6f solar.cell systems is well in hén&, primarily
because of their continued use throughout the space program. In fact
it appears that théy offer the best éource for an.efficient, practical
systém for long durations.

Silicon solar cells have been commonly used and tﬁe manufacturing
.techniques for this méterial are far enough advanced. Silicon cells of
polarity N-on-P are preferred to P-on-N because they-aré m@re radiation
resistant and are readily available. 'These celis'may be obtéined in
1x 2; 2x2,3x3and 2 x6 cm sizes. However only 2 x 2 cm cells are
mostly considered so far because of their cost advantage. The current
state—of—the-grt in silicon solar cells with some projections for 1975

and 1980 are given [2] below in Table 3,
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B _ Table 3
State of the art of silicon solar cells [2]
Parameter 1970 1975 11980
Size/type 2x2cm ’ 2x6cm 4 x 6 cm
N/P Silicon N/P Silicon N/P Silicon
Power/cell | 72.8 mw | 225 mw . 450 mw
Weight* 48 w/lb 55 w/1b 60 w/1b
(21 1b/kw) (18 1b/kw) " (16.7 1b/kw)

(* Not including Substrate/Structure)

Cadmium sulfide golar cells have also been found to be the most
promising in the thin_film category. They seeh to offer several ad&ane_
tages in the areas of cost, storage effiéienéy'and radiafiﬁn resistance.
The following are their typical characteristiﬁs:

Power/cell » _ 157 to'252 nw

Power/area o 3.78 to 2.35 w/ft?
(40.7 to 25.3 w/m?)

Power/weight . : 37 to 75.7 1b/kw '
: ' (16.7 to 34.3 kg/kw)

However, the disadvantages of these are larger area, low stability
and are not readily available.

Many schemes have been considered for mounting assemblies of solar
cells on a spacecraft. They may be mounted directly on the satellite
body, but the disadvantage is low efficiency and difficult? in maintaining
adequate temperature cbntrol, since the spacecraft in;erior needs to be
kept close to 20°C and the solar cellsbbelow 0°C. The weight factdr of

such arrays is of the qrdef of 60 lbs/kw.
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FUrther as the‘spacecraft increases in.size, the amount of electric
~ power that can be supplied by surface mounted cells does nof'increase at
the same raté as the payload volume. To keep power and size in step,
certain deployment schemes ﬁéﬁe béeﬁ propésed. The.two important methods
of &eployment are roll-out and fold-out. The foll—out method differs

" from the fold—but scheme only in the manner in which the array/substrate
is packaged. The roll-out winds the array on a drum approximately 10
ihcheé in diameter, similar to a window shade. The fold;out method

"zee" folds tﬁe_érray into a flat pack égainst the spacecraft body.

The best method from an efficiency standpoinf is to mount the cells
on é flat panel which is continuously oriented to‘face‘the sun. The
oriented flexiblg solar afray is a highly promising concept for large
spacecraft power requiréments‘(l to 100 kw) in the 1970's. This fulfills
a critical need for a reliable, low weight, low volume and high power
electric power source. |

NASA has concluded many study contracts about thg feasibility of
30 watt/lb'r011;up solér arrays and the results are>encouraging.' Typi¢al
characteristiqs'df these and other developments [6;7;8,9] are given

"below in Table 4.

A GE study indicates that the utilization of 2 ohm-cm cells results
in a calculated max. power of 2523 watts atviOZ volts;'where as for 10
ohm-cm cells this results in a max.power of-2294 watts at 90 volts. Based
on this it is concluded that cells With a 2 ohm-cm base resiétivity.are

required to meet the requirements of 10 watt/sq ft of module area.
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Table 4

Low weight roll-up solar array developments

Boeing[8]

.GE[9]

 deployment

and orienta-
tion system
has been ver-
ified. A
1500 w model
under devel-
opment in
1970.

ical functioning
model has been fab-
ricated and has suc-
cessfully demonstra-
ted its ability to
deploy and retract.

of 1160 watts
for 4 panels
is achieved.

Hughes| 6] Fairchild Hiller[7]>
Type of cell 2 x 2 cm 2 x 2 cm silicon 2x2cm 2 x 2 cm
’ N/P 2 ohm- cell 8 mil thick 8 mil thick 8 mil N/P
cm 7.2 mil : ‘ o 2 ohm-cm
thick :
Power/cell 49.5 mw v
Panel area 88 sq ft 277.4 sq ft ‘29 sq ft
. Number of 34500 61,920 6480 55, 176
cells/panel '
Power/panel 1500 w 2760 w 290 w 2469 w
Power/weight | 21.5 w/1b 34.49 w/lb 20.6 w/1b 32.3 w/1b
Remarks A 500 w modeljA full scale mechan- | Total pbwef :
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However, TRW Systems [1] select 10 ohm—ém’cells over 2.6hﬁ—cm cells,
because of their highef end-df—life peffofmance.

From the ébove, it may be seen that the weight féctor of the solar
cell array varies from about 33 to 60 1lbs/kw. Power éystem weight was
computed for these weight factors and ié given with respect to the trans-
mitter output power (P). An efficiency of 657 is assumed for the trans-
mitter in the 1-4 GHZ range énd 58% for the 8-12 GHZ range. Futher it is
aséumed'that the auxiliary pbwer-requirement_of the spacecraft is 23% of
the transmitfer éutput power. Hence we may write

Wy = K'A(% + 0.23P)

5 .
where Wy = Solar cell array system weight (1bs)
The computed results are indicated in Figures 3 and 4, and also in

Tables 5 and 6.

IV. Other System Parameters

1. Communications Electronics

The complexity and magnitude of the prqblems encountéred in generating
and transmitting high RF power levels in a space eﬁvironmént have been
discussed in yarious reports. Usefui discussions are made in [10] about
the television broadcast satellite requirements and constraints, and their
impact upon transmitter designs. It is.anticipated that future trends
will be toward mulfiple beam, multiple répeater configurationé that

generate sufficient power to allow the use of low-cost terrestrial
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Solar Array Weight Factors (lbs/kwf
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Figure 3
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TABLE 5

SOLAR CELL ARRAY WEIGHT VS POWER FOR 1-4 GHZ

KW Solar Array Weight Factors (1bs/KW)
33.0 | 40.0 . 20.0 60.0 . 100.0

Ou5 | 29.1796 | 35.3692| 44.2115| 53.0538| 88,4231
1oo | o8.3592 | 70.73ka | HE.4230] 10641076 17648460
1os | oe7.5382 | 1ce.1076 | 122.6345] 159.1615] 265.2690
2.0 | 11627184 | L4l.47e9 | 1T6.8461| 212.2153] 153.6921
2.5 | 16520980 | 176.na01 | 2210570 265.2690 442.1152
2.0 175.6777 | 212.2193 | 2¢5.265C| 218.2230] 530.5382
3.5 | 204,257 | 247.5846 | 309.4A07| 371.3767| 418.9614
Ave | 23304365 | 2E2.9536 | 353.6921 424.4307| 707.384%
405 | ve2eer6s | 41803230 | 197.9036 | 477.4844 195. 8074
5.0 | 2u1.7955 | 353.0921 | 442.1152] 230.5381| 6842305
5.5 | 320.5756 | 305,061 | 4n6.3267| 583.5920( 972.€53¢
o0 | 1501853 | 4244307 | w30. 5300 £36.6460 [1061.0767
fos | 179.1350 | 455.7598 | 574.7458 6696997 | 11494593
7.0 | anaLeias | as5.1692 | 619614 742.7537(1237.5229
7.5 | 437.6941 | 530.5393 | £€3.1729 | 795.2076 [1326.3459
£.0 | 466 8730 | 565.9C75 | TCT.3545] Pas. 3613 [1414.7690
8.5 | 476.0532 | 6C1.2769 | 751.5955 éox.;xsﬁ 1503.1921
9.0 | 525.2329 | €3¢.6440 | 75,4076 | 954.9690 [1591.6152
5.5 €72.0154 | 34C. 0150 [1064.0229 [1680.0383

Ee4.412¢

Ha3.5618

107.3840

B84, 2300

1C61.0759

1765,4600
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TABLE 6

SOLAR CELL ARRAY WEIGHT VS POWER FOR 8-12 GHZ

Power KW :Solar.Array Weight Factors (1lbs/KW)
33.0 40.0 50.0 60.0 100.0

0.5 | 30.9233 37.4823 46,8534 56,2241 93,7069
1.0 6l.t4es T4.965% 93.7C68| 112.4482] 187.4137
1.5 927695 | 112.4482 14C.56073 1£8.6723| 281.12C4
2.0 123,693 | 14949310 | LET.4137] 224.4965 3746274
2.5 154.6163 A18].4137. 234.,2612| 2911206 468.5%42

.o |1585.5396 7 22608965 | 281 1206 33703447 - 562.2412
3.5 |216.4620 2&2;3792 327.9135 393,5688 55543480
Ao 267,352 zsg;aepﬁ 374.8276 | 449.7530| 749.6550 |
4,¢ 278.1093 | 137.3447 | 421.6609| 5C6.0171] 543.3618
5 3u9.252?. 574.8274 | 468.5342| 562.24121 937.0686
5.0 |340.1560 | 4123103 | 515.38771 ¢18.4653|1530.7756
£.C |371.0791 | 449.7930 5@2.2412 6746595 1124.4827
£.5 |4c2.C024 407.2756 | 6030947 | 730.913611216.1£95
7o7 432.5265 5247585 | £55,9480] 707.1477[1311.8%62
Tab |463.8483 5@2;2412 702.601% | B43.361E|1405.6033
.0 1494.7722 | 559.7241 | 746.6550 | £€9,5862|1499.3103
Baeb5 [525.€956 | 637.2C68 | T9€.5045 955;8103 1593.C171
3o ?56‘6187 &74}6892f 43,3616 [1012:0332 168647231
S 587.5415 .7id.1716 BYC.z144 106%.25?3 L780.4290

ClR.4€47

1£G.6545

37,0691

1lzb.4417

13741362
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'receiving'syéteﬁs. betéil; with regard to state~of-the-~art of the RF
amplifiers is discussed in another chapter. |

| An approximate weight of the communication system may be:determined
by the foilowing relations derived from the curves giyeﬁ in [2]. For
1-4 GHZ range Wpp = 28 + 7.5P and fro 8-12 GHZ range, Wep = 23 + 7.8P
where Wyp = Weight of the transmitter (1bs).

2. Electrical Power Subsystem

This corresponds to the power conditioﬁing equipment for housékeeping_'
loads and for power amplifiers, batteries and battery coﬁtrol, power
cébles, and‘slip ring assembly. The weight of each of thesevcomponents
depend on the transmitter output power.l From theArelationsbgiven-in‘
tl], a simpie formula may bg'approximated to obtain-the power éubsystém

weight as below:

Wpg = 62 + 16.14P
where Wpg = Electrical power subsystem weight (1bs).

3. Thermal Control

The temperature of the spacecraft is affectéd.by.natqral and induced
environment, orientation aﬁd internal heat dissipation. Several thermal
control concepts have been investigated. The weight of thermal control
equipment in.lbs may be assumed to be about 10 times the'transmitter
power in kw.

The weights of transmitter, power subsystem and thermal control
equipment are computed as shownbin'Tablés 7 and SF.YThe same are plottéd

in Figures 5 and 6.
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TABLE 7

CUMM SYSTEM WEIGHT VS POWER (1 - 4GHZ)
p WTR WP WTH WT
0.5 11,7500 160700 6.2500| 108.,0700
1.0| 3%.5cco| 7e.14cCC 12.5C00 126.140C
1.5 25.25C0| 8c.cicc|  1#.7500] 144.21cC0
2.¢|  43.cCC0 .QQJZSCC oiccce| 16242800
2.5 46.75C0| 1€2435C0| 31.25C0| 1€C.35C0 |
1.0 sc.scco| 11c.42c0| 37.5cc0| 198.42C0
1,5| 402500 1184490C| 42.75GC| 216.49C0
4.0| sascccol 12645600 scJcc0C| 23405600
45| €1:75C0| 134.63C0| 56.2500 | 252.63C0°
5.c| es.occol| 14z.7000| e2.5c00 | 27¢.7C00
s.5| €5.25C0| 15c.77CC | ce.750C | 288.7698)
€.C| 73.CCCO | 158.84CC | 75.CC0C | 306.8398
6.5| 76.75C0 | 166.51CC | 81.2500 | 3249039
7.0| €0.50C0| 174.58CC | €7.5C00C | 342.5€C0
7.5| eaczeco | 183:05c0 | 92:75CC | 361.c498
6.0 | €84CCCO | 151.120C | 1CCJCCCO | 37541199
Be5| $1.75C0 | 166.19C0 | 106425CC | 36741659
9.0 | s5.5cco | 2c75260C | 112.5000 | 41542598
S.5 | $S.25C0 | z15s330C | 11€4750¢ 435:3298'
1C.0 223.46C0 45143599

1C3.CCCC

1254CC0C
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TABLE 8
COMM SYSTEN WEIGHT VS PUWEX (8 — 12GHZ)
v WIS WPS WTH s
0.5 | 2629000 | 70.0700 15,0000 [ 101.970)
1.0 | 3C.8CC0 | 78.14C0 | 1C.CC00 115.94¢o
1.5 _34{7cco 86.21CC 15.0¢do 135.9100
2.0 ;8.£cfo $4.28CC | 20.CCOC | 152,880
¢vs | 42.5c00 |102.3500 | 25.c000 | 169.8500
3.0 | 46.4CC0 110.42CC | 3€.0000 | 166.5200
5.5 | see3cco |116.49c0 | 35.c000 | 203.7900
4.0 | 54.2C00 | 126.56CC | 4C.CCOC | 220.7660
a5 | vea10C 134;5360_ 45.0000 | 237, 7300
5.0 | 62.00C0 | 142,70C0 5c.cddo  254.7000
5eb £5.60CH | 150.77C0O 55.0C00 | 271.6699
540, eq.etco' 152.54C0 | 60.0C00 zsﬂ;ozwo
e.5 | 72.7cco |166.91cc | es.ccoc 2056099 |
7.0 | 77.€CC0 174.99co 7C.CC00 | 222.5798
7.5 | €1.5CC0 iea.osco 75.C000 | 235.5498 -
8.0 | €5.40C0 | 191.12C0 | #0.0000 |356.5198
8.5 | 29.2CCO | 1S5.19CC | 85.CC0C | 373.4897
3.0 | 53.2€00 |207.2600 | 90.600G | 390.46C0
3.5 | 97.1C00 55.CCGC | 407.4299

1C1.CCCO

215.23C¢C

222.40C0

1C0.,0C00

424,39QQ 
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4, Attitude, Orbit Control

The communication-sateliite, after it‘ié in orbit, is étill to be
contrdlled to derive certain advantaggs. Twé types'of control aré
required: (1)'Coﬁtrol of‘the locatidn of thé éatellite in orbit, which
in turn means ;he control.of its.orbital velocity, and :(2) control of
the attitude of the satellite ﬁﬁich means having the cépability of main-
taining or adjusting the 6rientation of thé'satellite in a precisé way
with respect to.bne or:mofe.of three axes.

Various means of control have been discussed and ffom the infdrmation
given in [1] and [11], wé_may write, - | |

Wag = 0.234 Wygr for 1-4 GHZ

Wao = 0.2 WAST for'8—12 GHZ
wheré Wao = weight of attitude and orbit cohtfdl Wpgr = weight of antenné,‘
.solar array, transmitter,»pOWEr subsystem and thermal gdntrol.

.5. Structure |

A number of factors influence the size ana shabe of the satellite.

The desired aﬁfenna, housing for the quipment_and propulsién'system,
the interface with launéh vehicle and fairing, type of attitude and
thermal control used,.mounting and deploymenf of solar cells, are the
main factors ;hat determine the type of structure. Hence the structufe

weight depends on all of the above factors and from the blot given in

[11] a relation is deri?ed as follows:
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Wgp =28 + 0.464 W  For 8-12 GHZ
where WST = weight of strﬁcture'in 1bs.

The weights of attitude and orbit control.ahd structUré arebgiven'

. in the following Tables 9 and 10 and‘alsb in Figures 7 and 8.

V. Total.System Weight
Combining all the pféviously deriVed relationships, the total satel-
lite system weight may be obtained by the following relationéhip:

22 - ),
W= 28+ (1+K) _Kl?fzg Ky + P(Rg + £+ 0.23K))

where W = Total system weight in 1lbs.
A general comupter pfogram,is written for_the'aboye and is included '
in the appendik. A particulaf syétem example is choosen as_fbildWS to

verify the program.

f=2.5GHZ

Ag = 1000 miles diameter
_Kl = 0.2

K4 = 40

The total system weight is computed as a function of transmitter

power and is given in Table II and also in Figure 9.



26

TABLE 9

ATTITUDE, ORBIT CONTROL AND STRUCTURE WEIGHT

.(FREQ. lvf.AGHZS

HAST WAC WST WAUST
N.0 040 28.C00 28.000
1CCC.CCC 2340ccC 3cC.CCC .534;coc
2ccc.coc. © 46E.CCC 572.CCO 1040.000
3CCC.CaC 702.C00 £44.000 1546.000
acccaccc 936.0CC 1116.CCO  2052.CC0
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TABLE 10

A_TTITUDE, ORBIT CONTROL AND STRUCTURE WEIGHT

(FREQ. 8 - .12GHZ)

WAST WAC WST WADST
040 cLc 23,000 28.000
5C0LCCC Loc.ceo 16C.CCO 260.¢00
LCCC.C0C zcb,cco 292.0C0 452.CCO
15CC.CCC - 360.cCCC 424.0C0 724.C0C
20CC.C00 4ccacce 556.0CC 956.CCC
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TABLE 11
CTOTAL WEIGHT OF SATELLITE
XVIT TC REC ANVENNA EN MILES : 2220064 CLOD

FRECUENCY IN GRZ A = 2.cc00

i

CIAMETER CF rCVFRAbt IN FILES 5CC, (LCU

CCVERAGE AREA IN s VILES = 19k349s
FOWER IA K | 2 5.GC00
ANTENNA WY FACTCRIIN Les/sc Fr = 042CCO
ELECTRICAL ANC ELECTRCNEC EQUIDM&&I W rAcer = 50.0CC0
ELECTRICAL ANC THERMAL CONTROL WI FACTCR = 361400
SCLAR CELL A“RAY WT FACTLR TH Lesski = 4C.CCCO
XNITTER EFFICTENCY | = Ci6500
AITITLCt CONTRCL ANC STRLCTURE W1 FACTCR = c,sogo
TCTAL WEIGHT CF SATELLITE | = 114801477
ICTAL wtxchr'ys,PUVEa
PCWER IN KW= vl;OCGQv Te TAL’WL[GHT;. 5C4. 31 123
FCRER IN Kus ‘2;ccccl»'. TCTAL wgtcrf% | ébS-z?lz
FCwe? IN kW= 3d00CC 1CYAL wEIGF1= 826.23CC
PCWER FN KWs . 44CCCC TCTAL WEIGFT=  9E7.185C
PCWER TN Ki= 5.CCCC TCTAL WEIGHT=  L14B.1477
FCWER IN kw= €.ccCC ICTAL wEIGhT:_’13c9.1067
PCRER N Kive 7.00CC TCTAL WEIGHT= 1470.C654
PCWER TN KiE &;ctco_‘z  TcrAL_weicrr£' 1631.0247
FCWER N = Ji'-qzcccé ~TCTAL WilGHT= 17%1.9834
FChER'}& kw; orcaccco f_,ICfAL‘wEiGFIﬁ 1952.5424

30
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VI. SATELLITE TRANSMITTER POWER REQUIREMENTS.

1. Picture Quality

The ultimate objectives of any TVBS System"is to érovide the re-
quired picture quality by the most economical system for fhé entire
coverage area.

Quality of picture apd sound isAa subjective conéepf, sincé it is
a measure of the degree to which deficiencies in the recei§ed signals
aré experienced by the viewers. The relation betweén‘this subjective
quality and signalideficiency is, of course, an issue éf vital importance.
Noise performancé reduirements on broadcast‘transmiésibhs have in.the
United Sfates Been the subject of extensive invéstigaﬁibns.by the TASO
[12] established by the FCC in the last decade.

In the final report of TASO, the lével of teleyiSion service has
been characterized by'épecifying the level.of picture Qualit§ t§ be
acﬁieved or exceeded. The typical values shown in Table 12 refresen;
the grade of éervice for random noise interference. (Based on 75%
observers) |

The numbers (C/N) TASO represent input carrier td noise-ratio. Also
they were made in conjunction with an AM-VSB receiver. Since only M
transmission is to be considered for satellite casé,fbecause'of the lower

power requirements, the numbers in Table 12 are to be suitably converted

32
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to determiné FM signai lével.requirements.i>1n this procéss,'the carrier-
noisé ratio is first conQerted.intQ weighted video sighai-to—noise-ratio
at the picture tube. TRW sttems [1] have defivéd analytically‘equiv—
alent weighted picture-to—noise;ratios for the TASO g;ades,:cohsideriﬁg

the effect of camera noise. These are shown as (S/N)WdB in Table 12.

Tabie 12, TASO Picfure Quélity.Grades‘ -

Grade Name (C/N) TASO  (S/Nw . C/T

- dB | dB _~ dBw/%k
1 Excellent | - v 46 | ' 49.5 | | -
2 ' Fine 8 40.3 . -139.6
3 Passable om; 2.2 ~141.2
4 Marginal s "25.9 -
5 . Inferior 19 19.9 .

Next, considering FM transmission; the required‘powér ana band-
width are derived for cases of finé and passable picture quality. These
values are given as (C/T) dBw/°K in Table 12. They correspond ﬁo 525
line, color receiver, with a &ideo bandwidth of 4.2 MHz; The required
R. F. bandwidth is found to be 19.8 MHz for fine quality and 13.8 MHz

for passable quality.



34

2. Propagatidn Medium

Attenuation of the signal results due to a variety of factors in

the propagation medium from satellite to earth.

(a) Free space loss depends on the frequency and the slaht range.

This may be expressed as follows:

LFS = 92f5 +,201og10F + 201og10RS .

where Lpg = Free space loss in dB.
ks

For synchronous satellite, the slant range is expressed in

Frequenby in Hz.

(B

Slant range in Km.
terms of u, the,zenith ang1é of the ground antenna {13]5'as':

-1(0.193sin0) ]
sina K '

Rg = 44,100 Sinlo-sin

- (b) At the frequencies of interest, viz 2.5 GHz and 12 GHz, the
ionospheric effects are of no significance [14].
(c) The effects of atmosphere on the signal are ‘discussed in f15].

They may be summarized by the following equations.
(i) Attenuation due to oxygen and water vapor.

A1(F) = 1.4 + 0.09%x1079F - 1.6exp(~2.1x10™xF)
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' . 20
l—ezxp(--O.OOSZ;-S

Ay - )
’A3'(9) = exp(-108)
and A, = Ap(F)-Ay(r)-A3(0)

g

where Ag = total at;tenuation due to oxygen and.
" water vapor in dB. - o 1

Ay (F) = frequency dependent component of Ag.

component bf Ag dependeht on length of'ray path

A

A3(6) = component of'Ag dependent on elevation angle
F = frequency in Hz.,
- & = elevation éngle in radians..

(ii) Attenuation due to clouds and fog is given by the follow-

ing:
AC - kor
~where Ag = attenuation in dB
k= éoefficient in dB/km/gm/m3.
p = liquid water conteﬁt (0.3 gm/m3)
r = (vertical cloud distance is assuméd as

~ sin®
. 6km for temperate regions)
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(iii) Attenuation due to precipitatidn may be expressed as

follows:
- Ap =..q1')Rv
wheré Ap

d = coefficient (assumed lxlO_4 fprAZ.SGHz and
‘ 3%x10~2 for 12GHz) ' ~ :

attenuation due to precipitation in dB.

p = rainfall rate in mm/ﬁr. (assume 10mm/hf)',
and R is determined as follows:

Assuming that constant rainfall state oflIOmm/hr. over
a hypothetical area, the linear extent of that area may be

obtained as,'

Further, the height at which the precipitation begins
in temperate zones may be taken as 3km and the length'of the
- ray path is then ngﬁg).

‘Then R is taken to be the smaller of the two values
G2y and (2.

gose sinf” - _ ,
- The total attenuation in the propagatioh medium is then
the sum of all of the above factors. This is computed fOr

frequencies 2.5GHz and 12GHz, and for elevation angles of

90°, 70°, 50°, 30°, and 10°.
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3. Transmittef R. F. waer

- The value of satellite transmitter R. F. power required per video

.channel at 2.5GHz and at 12GHz is computed as shown in the Tables 13 and

14, for the five elevation angles. The assumptions made in these com-

putations are:

(1)

(2)

3)

(4)

(5)
(6)
(7
(8)

Fine quality picture (TASO 2) at the edge of earth coverage
area.’
Receiver system noise temperature of 800°k for 2.5GHz, for an

adapter with preamplification by one bipolar transistor stage,

~and 1300°k for 12GHz assuming the noise figure attainable by

1975 to be 7 dB for a dual mixer with échottky—barrier diodes
in the receiver adapter, without R. F. preamplifier.i'
Half-power beamwidth of.3; for the satellitevﬁrénsmitting
antenﬁa. | | |
Parabolic receiver antennavof 1 mefer diametér, at the top

of building. |

Uplink noise of 0.3 dB.

Polérization loss of 0.5 dB.

Circuit losses of 1.5 dB..

Satellite antenna on-axis gain of 35 dB.

- From the results, it may be seen that at 2.5 GHz, the required

peak transmitter power is of the order of 310 watts/video channel, in

most of the cases. For 12 GHz transmission, this is .found to be

about 700-750 watts/video channel.
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(1)

(i1)

(iii)
(iv)
(v)

(vi).

(vii)
(viii)
(ix)
(%)

(xi)

(xii)
(xiii)

(xiv)

Table 13. FM Broadcasting at 2.5 GHz
Transmitter Power Per Video-Channel.

Required C/T for Fine Quélity (TASO 2) Picture.
Réceiver System Noise Temp. (800°K).
Uplink_Noisé. (dB)

Power té be Received (i);(ii)—(iii):
Receiver-Anténné Gain (lm).

Required.Flﬁx. (iv)-(v).

Total Propagation Losseéf

Polarization Loss.

Elevation Angle in Degrees
300

Unit  90° 700

dBw/°K -139.6 ~139.6
dBw/%K -29.0  -29.0

dB -0.3 -0.3
dBw -110.3 -110.3

dB +25.8  +25.8

‘dBw/m? -136.1 -136.1

dB  -191.02 -191.02

dB -0.5  -0.5

Required e.i.r.p. at Beam Edge (vi)-(vii)-(viii).dBw - +55.42  +55.42

Satellite Antenna Gain at Beém Edge.
Circuit_quses‘- |
Reqﬁirevaeak Transmitter Power..(ik)—(x)f(ki)
Required Peakaransmitter Power., |

Area of Earth Coverage. .

4B +32 . +32 .

dB  -1.5 -1.5

dBw  424.92  +24.92

Watts 310 310 -

Million 1.0  1.03

500
~139.6

-29.0

-0.3
-110.3
+25;8
-136.1

-191.03

-139.

-29,

-0.

-110,

425,

-136.

-191.04

-0.

+56.44

+32

-1.5

+25.94

392

2.

6
0
3
3
8

1

5

0

10°
-139.6

-29.0
-0.3
~110.3

+25.8

-136.1 -

-191.25
-0.5
+56.65

+32

» '_'1.5._

+26.15
412

5.6
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(1)
(ii)

{iii)

(iv)
)

 -(vi)_

(vii)

(viii)

(ix)

(x)

(xi)'

- (xii)

(xiii)

(xiv)

Table 14, FM Broadcasting at 12 GHz.

Transmitter Power/Video Channel.

0=90°

Required C/T For Finé Quality Picture (TASO 2) -139.6

' : ' : -~ (dBw/OK) _
Receiver System Noise Temp. (1300°K). (dBw/OK) -31.1
Upiink Noise. ' (dB) , | o | -0.3 -
Power to be Received. (dBwj IR . -108.2
Receiver Antenna -Gain (1m); (dB) : A +39.5
Required Flu}c ' (dBw/m?) R =147.7
Total Proﬁagation Loss. (@@B) - 3 _.‘V' —206.13
Polarization Loss. : (dﬁ) : -0:5
Required e.r.i.p. at Béa@ Edgé. (dBw) o +58.93
Sétellite‘Aerial Gain at Beam Edge. _(dE) 432
Circﬁit Lésses. : o (dB) ' ' -1.5
Réquired Péak Transmitfer Ppwaf' (dBw) +28.43
Required- Peak Transmitter Power (Watts) 697

(Watts) ST :
Coverage - : _ (Million Square 1.0

Miles)

700
-139.6

-31.1 .

0.3

~108.2
+39.5

-147.7

~206.21

_005

+59.01

+32 -

-1.5

+28.51

710

1.03

500

-139.6

- =31.1

-0.3
-108.2
+39.5

fl47;7

-206.48 -

=0.5

+32

dB



VII. State-of-the-Art of Components

In order to assess ﬁhe present and future state-of-the-art of
system components for TVBS, quéstionnaires wére sent to about 75
leading manufacturers of system cqmponenté for}space communications.

The format of-thebquestionnaires are included in:the-appendix.
Although most of ﬁhem replied, very few were able to given the type.
of informatidn required. After careful study of these, all important
information with regard to the state-~of-the-art of R. F. amplifiers,
solar cells, solarAarrays, and nickel cadmium batteries'is compiled
bin the following tables. | | | ”

Tables 15 and 18 give parameters of space qualified RF amplifiers
that are being manufactured by foqr firms. In order Eo arrive at a
relationship between weight and poﬁef output of these amplifiers for
different frequency ranges, typical valués afe plotted in Figures 10
and 11. Theée réveal that in the extremely low pdwer fange from'

1 - 10 watt, the Litton TWT's in fhe 8§ - 12 GHZ range have a favorablé
power to ﬁeight ratio. At power outputs of 20.— 100 wdtts,_Litton
Klystrons operating in the 1 -~ 4GHZ range present good”power-to weight
ratios. Good pqwer-to—weight—ratios fdr all powér outputs‘above 100
watts are obtéinéd with Sperry'and Varian TWT's and Klyséron's operating

in the 8 - 12GHZ range..
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Tables 19 and 20 indicate the present and future stéte—éf—the-art
of solar cells as furnisﬁed by-the manufactures. Similarly Tables 21
and 22, give solar cell array data. Finally information about nickél

cadmium battery is given in Tables 23 and 24.



POWER
(WATTS)

20.
27 .
70
100

10C.

TABLE 15

RF AMP PARAMETERS VS POWER

FREQ RANGE

(GHZ) .

7.0"".100

8.2-10.0

8.0‘1400

1.0- 2.0

7.0-11.C

SOC—lZQC

E.O"l".c
12-‘9-1800
S.4—11.0

7.0-11.0

12.4-18.0

2.3- 2.3

71.0-13.C

- GAT
(D8B)

30.0

60.0

35.0
130.0
36.0
_36.6

65.0

35.0
6C.0

4C.

4C.0

30.0

33.0

36.0

33,0
30.0
20.0

3C.0

33,0

33.0

33,0

29.0

43.0

(&

N WEIGHT

(LBS)

5.0

42

COMPANY

LITTON

LITTON:

LITTON

KELTEC

LITTON

LITTON

LITTCN

LITTON

LITTON

LITTON

LITTON

CITTON
LITTD&
LITfU&
LITTON
LITTCN

LITTCN

LITTON

CITTON

IND

IND

IND

SPERRY

LITTCN

SPERRY

PART NO

L-5045
L-3972
L-5339

LR6CO-1

L-36G8

L-5C08

L-5322

1-5227

L-3957
L-3928

1-5043

T L-5293

L-5C36

L-5610

L-5134
L~5011
1L-5225
L3910R
L—-5155
L-5083

L-5160

STU-54312

L-5C44

STX-5225

TYPE

TWT

TWT
T™WT
TWT
TwT
TWT
TwT

TwY

ThY

TwT
TWT
WY
TWT
TWTY
ThT
™T
KLV

TwWY

O TAY

Tw?

TWT

KLV -

TwY



POWER

(WATTS)

100

125.

125.
200.

2C0a

1C00.
1100.
12C0.

3C00.

5200.

8COD"

FREQ RANGE

(GHZ)

14.5-155
7.0-12.0
8.0-14.C
2.6~ 5.2

5.C-10.C

7.0-11.C

7.4=11.C

7.0-11.C

7.C".l.C

7.C-13.C

- 7.0-13.C

TABLE 15 (Cont'd)

GAIN

(DB)

'35.0

33,0

40,0

4C.0

4C.0

| 4C.0

3660

40,0

43.0

4Q.O

29.0.

40,0
42.0

48.0

48.0

WEIGHT
- (LBS)

7.0

11.0

1.0

12.0

16.0

12.0

. §5.0

35.0
22.0
18.0
120.0

45

COMPANY

‘SPERRY

SPERRY

PART NO.

 STU-52271

SPERRY .

CITTON
LITTON

LITTON

.SPERRY
SPERRY

SPERRY

SPERRY
SPERRY

LITYON

LTTTON

SPERRY

VARIAN

LITTCN
VARIAN
LITTON

VAR AN

VARTAN

SPERRY

IND -
IND

IND

IND

IND

INC

STX~-5224
STX-22270

1L—-5323

L-5324
L-5280

STX-5220

sixfszzz'
STX-52260
STX=52251

STX-52261

L5109

L-5281

STX-S44CC

VA-914
L-51C1
VA-936C

L3668H

VA~9368

VA-936A "

- SASS5310

TYPE

TWT

TWT

TwT

TwWT

TWY

CTRT

TWY
TWT
Yh’r .

TwT

KLY
TWT

TwT

KLY

KLY

KLV

KLY

KLY

KLY



TABLE 16

RFAMP PARAMETERS VS FREQUENCY

PUWER FREQ RANGE  GAIN WEIGHT ~ COMPANY  PART N0 TYPE

(WATTS) (GHZ) ce) (LBS)

1. 1.0- 2.0 30.0 0.0 KELTEC LR600=1  THWT
16.  1.0- 2.0 30.0 3.0 LITTON IND L-5036  TWT
20. 1.0- 2.0 30.0 3.5 LITTON IND L-5155 TWT
10. 1.7- 2.7 30.0 3.5 LITTON IND L-5225  TWT
20. 2.3- 2.3 20.0 2.6 LITTON IND L39108 ~ KLY
10C. 2.3- 2.3 29.0 5.0 LITTON ING L-5044 KLY

1C00. 2.3- 2.3 3.0  12.0 LITTON INGC L=-5101 KLY
250. 2.5- 2.7 29.0  11.0 LITTON INC L5109 KLY
1200.  2.7- 2.8 3C.0  35.0 LITTON IND L3668H KLY
0.  2.0- 4.0  33.0 2.5 LITTCN INC 1=5010  TWT
26.  2.0- 4.0 33.0 3.0 LITTCN INC t=5160  TWT
250. 7.0- 4.0  4C.0 100 LITTCN IND L-5281 TnT
8CC0.  3.1- 3.5 48.0  120.0 SPERRY . SAS5310 KLY
200, 2.6= 5.2  40.0 10.0 LITTON INT. L-5323 Twr
10.  3.7- 6.5  36.0 2.5 LITTON IND L=5134  TwT
10. 4.0- 8.C 32,0 2.5 LITTON IND  L=5011 " TwT
20, 4.0- 8.0 33.0 3.5 LITTON IND L-5083  TwT
1102, 5.9- 6.4 46,0 55.0 VARIAN VA-936C KLV
3C00. . 5.9- 6.4  43.0 22}0- VARTAN VA-9368 KLV
5200.  5.9- 6.4  4T-1  18.0 VARIAN  VA-G36A KLV
260. E.0-10.0  4C.C 7.0 LITTGN‘ENC L-5324  Tur
500.  7.9- 8.4  48.0  16.0 VARIAN VA-91l4 KLV
2. S.4-11.0 60.0 1;5 LITTON IND  L=3957 TaT

l«  7.0-11.C 3C.0 1«5 LITTCN IND L~5045_ TAT



POWER
(WATTS)

1C.
10.
200.
200 .

20C.

125

10C.

70,

FREQ RANGE

(GHZ)

£.C-12.C

7.0-13.C
800‘120(:
80\.«_140’:

Eoc"l‘l’.c

8.'\)_ I.LOC .

14.5_‘.5.5

TABLE 16 (Cont'd)

GAIN -

(DB)

36.0

4C.0

6C.0

43.0
43.0C
40.0

4240

35.C

65.0

4C.C

35.0

WEIGHT
(LBS)

45

COMPANY

LITTON

LITTON

LITTON
LTTTON
SPERRY
SPERRY
LITTON
SPERRY
LITTYCN

SPERRY

LITTON

. SPERRY

SPERRY
SPERRY
SPERRY
LITTON
LITTON

SOERRY

SPERRY

LITTON

SPERRY

IND

IND

PART NO

-3G98
1L-3928
L-5C47

L-5280

STX-5222

STX-52260
L-3972
$TX=-5220
1-5293

STX-5224

- L-5008

$TX-5225
STX-52251
STX-52261
STX=544C0
-5339
L-5322
$TX=52270
STU=-52271

L-5227

STU~54312

TYPE -

TAT
TwT

TWT

TwT
TwT

TWT

TWT

Th T

TwWY

TwT

TWT

TwT

ThT

TWT



TABLE 17

RFAMP PARAMETERS VS GAIN

POWER FREN RANGE

(WATTS) (GHZ)
20. 2.3~ 2.3
100. 2.3- 2.3
250. 2.5= 2.7
l. . 7.0-11.0
1. 1.0- 2.0
10. 1.0- 2.0
10. 1.7- 2.7
20. 1.0- 2.0
1000. 2.3- 2.3
1200. 2.7- 2.8
10, 2.0- 4.0
1c. 4.0- 8.0
20. 4.0- 8.C
20. 2.0- 4.C

70. 12.4-18.C
125. 7.0-12.0
le 8.C0-14.C
2. 12}4-18.0'

2 7.C-11.C

2a 8.0—12.6 _

10. 3.7—-6.5:
200. 7.4-11.C

200. 7.0"11-0

GAIN

WETGHT

(D) (LBS)

20.0
29.0
29.0

30.0

30.0

30.0

30.0
- 30.0

~ 3C.0

3c.o

33,0

33.0
33,0
33,0
33.0
33.0

35.0

35,0

1 35.0

36.0
36.0

3640

36.0

38.0

" COMPANY

VARTAN
LITTON
SPERRY
KELTEC
LITTON
SPERRY
LITTON
VARTAN
LITTCN
SPERRY
LITTON
LITTCN
VARIAN
LITTON

VARTAN

LITTCN

LITTCN

LITTCN

S LITTCON
LITYCON

LITTON

LITION
LITTCN

LITTCN

IND

IND
IND
INDC

IND

IND

INC

INT

IND

IND

PART NO

VA-936C
L-3957
STX-5225
LR6CO-1

L-5225

'SAS5310-

L-5083
VA-936B
L-5339
STX=52270
L-5323
L-5011
VA-S36A
L=5324

VA-914

L-3928

L-5155
L5109
L-399¢
L39108
L-5044
L~5134
L=3972

L-5293

TYPE

KLY
TWT
TWT
TWT
TWT
KLY
TWT
KLY
TWT
wa 
TWT

TUT .

TWT

TWT

KLY

TWT
KLV
KLY
TwT
TWT

TWY



POWER
(WATTS)

10.

2.

FTEQFMNGE
(GHZ)

7.0-11.C
700'1200

£.C-14.0

2.‘6- 5.2“

5.0=10.C
7.0-11.C

7.0-11.0

S 7.0-13.C

2.0"’ 4-0

8.0-12.0

7;b-13;c
7.0-13.C
5.9- 6.4
5.9 644
5.9~ 6.4
7.9- 8.4
3.1- 3.5
£.2-10.0
Set-114C

7-0‘11.0

8.,0-14.C

'TABLE 17 (Cont'd)

GAIN

(DB)

4640
47.1

48.0

- 48.0

6C.0

6C.0
6C.0

6540

WEIGHT .

. (LBS)

55.0
18.0
16.0C

120.0

47

COMPANY PART NO  TYPE
LITTON IND  L=5C10 TWT
LITTCON IND  1L-5281  TWT
LITTON IND  L-5043 TwT
LITTON INT  L=-5280 TwY
SPERRY STX-5222 TWT
SPERRY  STX-52260 TwT

SPERRY  STX-5220 TwT
LITTON IND 1-5008  ThT
SPERRY ~ STX=52251 TWT
SPERRY . srX—szzél TWT

LITTON IND L-5045 e
SPERRY STX-5224 ThWT
SPERRY  STU=52271 TwT
LITTCN IND  1L-5322 TWT
LITTCN IND  L=5227  TwT
SPERRY STX=54400 TwT
SPERRY © STU=-54312 TWT
LITTON IND L=-5036 Wt
LITTON IND L3568H KLY
LITTCN INT  L-5160 TWT
LITTON IND L-5101 KLY



POWER  FREQ RANGE

(WATTS)

l.

l.

T 10.
1C.
10. -

1C.

2C.
10C.
125.

200.

TABLE 18

RFAMP PARAMETERS VS WEIGHT

GAIN WEIGHT

(GHZ) ~ (DB)
1.0- 2.0 30,0
 8.0-14.0 35.0

7.6-1;.6 30.0
7.0-11.0 3640
8.0-12.C 3640
 8.2-10.C  60.0
5.4711.0' 60.0
£.0-14.C 6540
12.4-18.0  35.0
7.0-12.C  4C.0
2.0- 4.C 33.0
4.0- 8.C 31,0
© 3.7- 6.5 36.0
7.0-11.0  4C.0
7,o¥11.c 60.0
2.3- 2.3 2C.0
1.0- 2.C  3C.0
2.0- 4.0 33.0
1.7- 2.7 30.0
1.0~ 2.0 3c;o
4.0- 8.C  33.0
2.3- 2.3 29.0
7.0-12.0  33.0
7.4-11.0 36.0

(LBS)

1.2

1.5

0.0

- COMPANY

LITTON

LITTON

KELTEC

LITTON

LITTCN

CLITTCN

CLITTON

LITTON

LITTCN

LITYCN

LITTON

CLITTON
SLITTCN

LITTCN

LITYON

VARTYAN

SPERRY

LITTON

LYTYON

VARTAN

VARIAN

LITTON

LITTCON

| LITTCN

IND

IND

IND

IND

JIND

PART NO

L-5225

L-5155

LR600-1

L39108

L-5044

L-5C36

L3e68H

L-51C1

L5109

L-5281

L-5323.
- L-5011

L-5134

=5010

.-51¢€0

- VA-9346C

SAS5310

L=5324

-5083
VA-9368

 VA-936A

L-3657
L-3928

-3972

CTYPE

TWT
TWT
TNT.
KLY
KLY

TWY

KLY

KLY
KLV

TWY

- T'AT

TWT
TWT
TWY

TWY

KLV

KLY
TatT
TwY
KLY
KLY
TWY
TWT

TWY



POWER
(WATTS) .

200.

200.
125,

200.

250.
250.
1C00.
400.
ISCC.
5200.

3C00.

- 1200.

1100.

8C00.

FREQ RANGE
" (GHZ)

7.0-11.C
12.4-1800

7.0-11.C

£.0-14.C

5.0-10.0

7.0-13.0
_7.0—13.C
7.0-13.C
7.c—i1.c
2.6 5.2
2.0~ 4.C
2.5- 2.7
2.3~ 2.3
8.0-12.0
7.9- 8.4
5.9— 6.4

5.9—

2.7—

TABLE 18 (Cont'd)

GAIN

(0B)

4C.0

3

i
(]

3

W

30.0
4C.0
40.0

4C.0

43.0

43.0
40.0

4C.0

4C.0

29.0

3C.0

3C.0

46.0 .

48.0

(o

WEIGHT
(LBS)

£.0
10.0
1C.0

11.0

- 1240

12.0
16.0
18.0

22.0

55.0

12C.0

49

COMPANY

SPERRY

VARTIAN

LITTCON

LITTCN

LITTON

SPERRY

LITTCN

LITTON

SPERRY
SPERRY
LITTON

SPERRY

SPERRY .

LITTON
SPERRY

SPERRY

LITTCN

INT

INC

PART NO

STX=5220

VA-914
L-3998
Lészqé
L~50473
STX=5222
L-5C08

L-5045

STX-5224

. STXx~=52260

IND

INC

SPERRY

SPERRY
LITTON.

SPERRY

IND

L-5280

STX-52251

$TXx=-5225

L-5339

STX-52261

STX-544CC
L-5227

STu-52271

 §TX=52270
L-5322

STU-54312

TYPE

TWY
KLY

TWTY

O TWTY

TWT
TWT

TWT

L TwT.

TWT
TwT
vt
TWT
S
ThT
TWY
TWT
TWT
ThT
TWT

TWT
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TABLE 19

INTERPRETATION OF BOEING COMPANY DATA

Subject: SOLAR CELLS
PRESENT STATE OF THE ART / FUTURE STATE OF THE ART
TYPE OF CELLS SIZE THICKNESS EFFICIENCY POWER/ CELL CELLS/KW COST/KW
" CADMIUM 3" x 3" 0.007" 2% 180M . .
SULFIDE . EXPERIMENTAL
. ONLY
- , : , COST NOT
UNKNOWN * UNKNOWN* - UNKNOWN* | ot o T oHED
9.5% to VARIABLE 'NARIES GREATLY | VARIES GREATLY
: 1 x2 cm _ 10.5% AVG. BY : WITH CONFIG,
SILICON 2x2cm 0.004" @ STD. SIZE PEGRAT A% DEGRAD
2 x4 cn to COND. - ETC, EDbETC.
2 x 6 cn 0.020" AVG. . | ' PANEL @
2x 8 cm : 127 -AVG, **

A 550C
1 200-220780 . FT,

2000-2200
/KW
2 X 2 cm cells

i.e.

| BODY MOUNTED
| CELLS. WOULD BE
LESS EFFICIENT|

BECAUSE OF THE]
LARGER NO. OF

CELLS REQUIRED

COMMENTS: *Cds technology has been discontinued in the industry - inadequate efficiency

**Technology work directed to improving solar cell efficiency

(49



. TABLE 20

'Subject: SOLAR CELLS INTERPRETATION OF FAIRCHILD INDUSTRIES DATA

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

TYPE OF CELLS SIZE THICKNESS EFFICIENCY POWER/CELL CELLS/KW - ‘COST/KW

ATS - SILICON,! 2 x 4 em | 0.014 inch |  11.0¢ | 117.8 Md at | 8500 $43,200
N ON.Ps F&G 1} (0.788 x 1.591 NOM. AMO, TAU,| 28°c .
TITANIUW CON- | ¥ 0.014 inch) | 28°C

TACTS, THIN-
PRESSEL SOLDER

COVERSLIDES | TO MATCH 2x4cm| 0.006 inch, , "~ | COVERSLIDES/KHW
CORNING 0211 | CELL NOM. . . ‘ L - 8500 .
MICROSHEET (0.748 x'1.591 : - ' - o - $14,200

- x 0.006 inch) | : - o -

£S

N - -
hl
PP N SRR TR =V, ARV WS T T TRt RN - 3 e

L B *

COMMENTS: The attachment, taken from Lockheed's LMSC-A981486, December 1970, is a good.gepneral summary .

of the future state-of-the-art and current development programs.

PR — oo s PR . e— mmng e U SO UV




TABLE 21

Subject: INTERPRETATION OF THE BOEING COMPANY DATA

SOLAR CELL ARRAYS

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

_WEIGHT (lbs/kw)

POWER TO AREA POWER TO WEIGHT

TYPE OF CELL CELLS ELECTRIC MISC] STRUCTURE TOTAL RATIO (W/Ft2)| RATIO (W/1b)
. ' R g
SILICON 2 x2cmx ALUMINUM TEMP 55°C FLATE. o e D PANEL
12 MIL + 6 MIL HONEY COMB - | EXTENDED PANEL "y w/1B AvVG.
GLASS 2.5 1bs/KW 100 1bs/kw | 10 W/SQ. FT. T BEGINNING
_ ' AT BEGINNING pF LIFE.
18 1bs/KW 79.5 1bs/KW OF LIFE. ’
A D R
SILICON {2 x 2 cm x 8 1606 1bs = =44 ws/i | GTNC” Ty | STRATE BERY- 1
o L 4 : - 30.5 1bs/KW - : Q. FT. |LLIUM FRAME >
: |MIL + 3 MIL 124 1bs = oY “AT BEGINNING | W/LB AT
GLASS  1bs - 2.5 lbs/kw | incl. . | OF LIFE BEGINNING OF
552 1bs = 1133 ™| MECHANTSMS. : LIFE

.COMMENTS: We have had no experience to date on lighter weight (Kapton) substrates such as for roll up and

foldout arrays. - *Developed in the large area solar array contract for JPL. (#951653) 59 KW _array.

s



Subject:

SOLAR ARRAYS

TABLE 22

DL+ e P, s

e

INTERPRETATION FAIRCHILD INDUSTRIES DATA

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

COMMENTS : _*Does not_include deployment mechanism or panel_support beams.

WEIGHT (lbs/kw).
POWER TO AREA POWER TO WEiGHT
TYPE OF CELLS CELLS ELECTRIC MISC. STRUCTURE* TOTAL RAIIO (W/th) RATIO (W/1b)
ATS~F - , .

2 X 4 cm N ON P EQUINOX 44 232 233 - 2.98 .. 2.86
14 MIL, THIN- 0 YEARS: 62 )
PRESSED SOLDER SUMMER SOLSTICEH 68 364 529 1.91 1.90

' 15 YEARS: 97
[FUTURE EQUINOX
2 x 4 xm N ON P|O YEARS: 35 34 6 75 2.98 13.3
_8 MIL : - :

139



TABLE 23

Subject: NICKEL CADMIUM BATTERY SPECIFICATIONS INTERPRETATION OF BOEING COMPANY DATA

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART
LoAD REQ?;?????TS BATTERY CAPACITY (A-HR)|BATTERY WEIGHT (1bs) BATTERY VOLUME (IN3)
o UP TO 16 A-HRS _ :
= FOR 25 VOLTS 40 LBS. 340 in3
0 - 200 VoL’
SYSTEMS : . 3
35 LBS. 300 in
200 - 400 UP TO 32 A-HRS, 76 LBS. {650 in3
68 LBS. 585 in3
| 108 LBS. 920 in3
400 - 600 upP TO 48 A-HRS.
97 LBS. 830 in3
o 152 LBS. 1290 in3
- {UP TO 64 A-HRS -
600 - 800 (TWO- OF 32 A-HRS o |
SIZE) 137 LBS. 1180 in3
_ UP TO 100 A-HRS 215 LBS. 11830 in3
800 - 1000 (TWO OF 50 A-HRS. .
g SIZE) _ : . 3
194 LBS. 1670 in

COMMENTS: These values are for sealed cells only. System' parameters assumed were 25% max

depth of disgharge, cycling for less than 2 vears, Information is based on the 'user' point of view

9¢



' _ TABLE 24 _
Subject: NICKEL CADMIUM BATTERY SPECIFICATIONS - INTERPRETATION OF FAIRCHILD INDUSTRIES DATA

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

LOAD REQUIREMENTS BATTERY CAPACITY BATTERY WELGHT BATTERY VOLUME

(WATTS) . (A-HR) (1bs) (IN3)
0 - 200
ATS-F S | R
208 W CONDITIONED (2) 15 AHR BATTERIES 19 | 76 (TOTAL, 2 BATTERIES)1152 (TOTAL, 2 BATTERIES)
OUTPUT POWER CELLS/BATTERY : ' _ B o
200 - 400 _ NOMINAL STORED ENERGY :

342 WHR/BATTERY

400 - 600
600 - 800
800 - 1000

3

.

COMMENTS: 50 AHR cells represent the practical limit of the state-of-the-art. 100 AHR cells, not

presently made in production quantities for aerospace applications, have thgrmal problmes: when

large cells are packaged together these problems become severe.

LS



(1)
(2)

(3

(4
(5)

(6)

N

(8)
(9

(10)
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PROGRAM FOR FIGURE 1

SPACCL ANTENNA WT VS FREGLENCY
CIMENSTION YL‘(l’).YLP(IF),YLf(lf),YL”(lu).YLL(IO),YL#(ld),
1 YLGALOY s YLRLULO) ,FLLD)
CALL FLOT (4.093.C,-3)
$=22CCO%LTEC*3 :
AS=3,1416%(SCCHLT60%3)%%2,
C={3.%3,281)%10%%g
: WRITE(6y1) . ' -
Sl FCRNMAT(YLY 4/, "=, 10Xy "ANTENNA WEIGHT VS FREQ FOR £ IGHT ANTENNA
1GHFT FACTCRSY) '
EXINTLO . ‘
10 FORMAT (- X.'F',bX,'\LA',)K,'YLB',SX IYLC 35X, YLD 45X,
1 'YLE", SX,'YLF',bX,'YLb'.SX,'YLH') : '
, 2:AC(543CC0IN1
300 FORMAT(ILC)
CON2=N1+41
N2=N1+Z
CC 1CG I=1,0N1
FOI)=FLOAT(I+1)%3.,5/FLOAT{NL) :
YUACT)=0.04/AS%{ (CHS/F{I))%%2)*%1C %% (~18)
YLBUI)=0.1C/ASX((C*S/F(I))#%2)%10.%%(-18)
YLCA1)=0413/70S%{ (CXS/F(1))*%2)%1C.%*(-18)
YLC(T)=0.20/A5%{ (CXS/F(T1))*%2)%]1C.%%(~18)
YLE(T)=0425/AS% L {CES/F (1)) %%2)%]1Ca%%(—18)
YLF(I)=03L/AS%((CHxS/F(T) ) 4%2)V%1G,.%%(~18)
YLGUT)=0.56/AS%((C*S/FIT))1%*2)%1C%%(-18)
YLF(I)=0.635/AS% ((C*S/F(1))%%2)*1C.%¥(-18)
10C vRITE(G, BO)F(I),YLA(I),YLB(I),YLC(I),YLD(I)gYLt(I) YLk(I),
LYLG(UT) ,YLE(T) '
50 FCRMAT('0%'4GX,F3.1,8F8.2)
CALL SCALE (F,S44N1, 1)
YLA(NZ)=0,L0 ’ :
YLA(N3)=10C.0
YLB(NZ)I=YLA(N2)
YLBE(N3)=YLA(NS)
YLC{NZ)=YLA(NZ)
YLC(N3)=YLA(N3)
YLOINZ)=YLA(NZ)
YLO(NZ)=YLA(N3)
YLE(NZ)=YLA(N2)
YLE(N3)=YLA(N3)
YLF(NZ)=YLA(N2)
YLF(N3)=YLA{ND)
YLGINZ)Y=YLA(N2)
YLGINSY=YLB(M3)
YLE(NZ)=YLA(NZ)
YLE(N2)=YLA(N3) : -
CALL AXIS {CagCOuay ' FREGUENCY IN GHZ'" 3=1695eG9CayFIN2)F(N2))
CALL AXIS (CeyOey"WEIGHT 1IN LdS'le,)..Qb.,YLA(NZ) YLAINZ))
COLL LINE (FyYLAGNL,1,41,0)
CALL LINE (F,YLBsNLy1,1,1)
CALL LINE (FyYLCyNLalyl,y2)
CALL LINE (FaYLDyN131,1,43)
CALL LINE (FoYLEWN1glLely4)
CCALL LINE (FyaYLFyN1y19145)
CaLl LINE (‘;yYLGy'\’ly'_lp:lyé)
CALL LINE (FyYLH,N1y31ly1,7)
CALL SYMECLU{aly=1leyely23HANTENNA WT VS FUEGUENCY,0.0,23)
TALL SYMBOL(.ly=1+39.1,429KFCR ETGKHFT ANTENNA WT FACTORS C.0,28)
CALL PLOT (1N0.0,C.3,99%)

STap : .
C e



PROGRAM FOR FIGURE 2

CPACC4H ANTEANA LT VS FRECUFNCY
CIMENSION YLACLC) yYLB(IC) YLCLIC)yYLB(LC) YL 1O)y YLEC(LT)
1 YLECLOY 3 YLRLLO) 9 F D)
W blE(6el)
Lo FCRMAT(SI Yy /s =y LOX  PANTENNA WEIGHT VS FRue FOR ETGHT ANTENNA Wil
1G+-1 FACTCRS!) :
CALL FLET (4.Gy3.00—3)
S=22CCC¥1T6C*3
=2 1Ll 6H(SCCHLTEDRR) Bk,
(?.¢,;281)*10**8‘

c;
HRINTLC ’
LC FURMAT (=0, CX " gt X OYLAY Xy PYLRY oK, " YLO )5 X,y "YLOY 65X,
1 O CYLE Yy SXy PYLE ! gS X, VLGS 0X,y tYLRY) '
ReAaC{8,3CCUINT
3CCO FORMETLRELC)
M2=N1+1
=N
SCO1C0 I=1401
FOE)=To54FL0ATINY e _
YLALT) =0 13/ Sl (CxS/F L)) *%2) %) Ca¥®(—]¢)
YLELT )=S0 20/AS%((CRS/F (1)) %¥2) %10 %% (~]K)
YLCUT) 202578550 (CHRS/F(T) ) %42 )% 1Ca%k%¥(=18)
YLULI)=031/AS%LIC*S/F (L) )*%2) %) Ca®®(—18)
vlLe(1)=0 .56/AS*((C*S/F(I))**?)*lC.**(-lS)
YLFLT) 3S5/ASH(CES/F(I) ) 2%2)%1C.#x{~18)
YLGLT) J.?C/AS*!(C*ﬂ/k(l))*v?)**o % (—18)
YLF(I) Lo l3/ASHLLCHRS/F{T) Y %%2)%)C %% (~1R)
1GC vRITe(Eey3CIF LT g YLALT Yy YLELT )y YLCLT )W YLECT) , YLl I )yYLF (T ),
LYLGUT)Y ,YLELT)
30 FCRMAT (MO, 45X 3. 1,w+a 2)
CALL SCALL (Fgbaehl,l)
YLA(NZ)=G,0
YLAINBY=E2.0
VLUANZ)ZYLAINZ)
YLe (N2)2YLA{NTD)
YLCIAZ)=2YLA(RZ)
YLCUR2YZY LR {NS)
YLULNZYHYLAINZ)
YILCIN3)2YLA(ND)
YLc{NZ)=YLA{nZ)
CYLE(N2)RYLA(ND)
YLF{NZ)2YLA(NZ)
YEF(N2)2YLA(NS)
YLGINZI=YLA(ND)
YLEINB)=YLA(ND)
YLE{INZ)EYLA(IZ)
YLE(N?)=YLA(NS)
CALL AXIS (C.,Guy "FREQUENCY IN CHZVy=16,5.04043F(N2),F(NZF))
CALL AXIS (CoyOae " WEIGHT Iiv LESY 3139509906y YLAINZ) YLA(NZ))
CALL LINE {(FyYlAyNL1y1,1,C) S ,
CALL LINE (FyYLBsNLyLlylyl)
CAapLl LINE (FoYLC,ANLy1,1,2)
CALL LINE (FeYLR,NLylyly3)
CAoLL LINE (F'YLC,i\llylyloé)
CAMLL LINE (tyeYLEZNYIyLy1e5)
CCALL LINE (FaYLGoNLylylyb)
CALL LINE (FaVYLHynlylyly7)
CALL SYMECLLale=loy o Ly23FANTENNA WT VS FRECULENCY,0.0,23)
CALL SYMOULlely—ie3ssly28HFOR EIGHT ANTENNA WI FACTGRSy040,28)
CALL FLUD (10.bac.o. GG) o
STOF
FND ‘ _ 62
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' PROGRAM FOR FIGURE 3

SPACE 3 SULAK. FtLL WE TGHT VS POWER -

FIMERNSTON WA(22) ynti(22) o WC (220, wP(ZZ).hl(cz),P(ZZ)
CALL FLOT (4.043.Cy—3)

WILTTE (g 1) _ ‘ v : _
LCHNAT('l',/.'—',ZbX,'SOLAR»CkLL WETGHT VS POWHER?Y)
PRINTZ2E ' ‘ '

CCaMAT (=t LEX s PY 3 6Ka WA s 10Xy VWB 910X 'WC ' o LOXy *WD ¥y 10X, 'WEY)

PEAL (9, 2CCONN

FCFMAIOLLO)

MNl=A+l

N2=N+4/7

Pﬁ 335 1=l N

FLUAY LT )*10./FLOATIN)
3.C0%(P(I)/0.6540.23%P (1

GOLOG*(PLT)/0.€54Ca22%P LI

I

I

I}=
a(tl)
*(Y)
1)

o ou

»(( S0, CHE(P(I) /0. 65+0e23%P(
WC{T1)=60.0%(P(1)/0.€65+0.23%P |
pE(1)=100.0%(P(1)/0.654Ce23%P(
wRITe {6y 1OOYF(T) yWA(T) yWE (L) 4WC
FORMATIYC 415X, F5.195F1Ca4)
CALL SCALE (PySeqhyl)

v AINL)=D WU '

WA INZ)=400.C

Wip (ML) =walivl)

e (NZ)=WAa(N2)

VO 1) =WA(NL)

wI(F2)=WAINZ)

WL L) =WA(NL)

)
)
)
)
1))

)
)
)
)
)
(D) WD) yWwi (1)

WL Z)=WA(N2)

pE(NLI=hAIND)

PE(MZ2)EWAINZ) ‘ , _ .
capL axls (C.y(}."PCL‘!E‘R N K\r\"1'1115090.1.9)‘({\‘1)yp(NZ)).
CALL AXIS (CuoypCay ' WEIGHFT TN LESY 313454390 WAINL),wA(NZ))
CALL LINE {PywhyNylalyt) '

CALL LINME (Pyh“yl\’,lylyl)

CALL LINL (Pg»‘ﬁy'\,lyly«f)

COLL LINE (PywDyNylyly2)

CALL LINE (F, ut.m,L,x,a) v

CALL SYMECL {oly=lsygely28hSCLAR CELL WEIGHT VS POWER  40.,28)
CALL SYMBOL lets=le2r el g 12BFREDQ=1=4 GHL 0. 4120 -
CALL FLOT(1Ca,40aCy999) o : :
STO8 ‘

AN
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25,

2CeC

3¢
100

SPall A \lLﬂn (tlL thLHT VS PthR

PROGRAM FOR FIGURE 4

CINENSIOMN WA(22) o3 (2 ).MC(22).MD(/2),hF(22);v122)_’
VRITE(Ewl) . o
FURMATLOLY g/ 40" .45X,'SCLAQ CELL NE[CHT VS POWER®Y)
CALL FLGT (4.0,3.C,—3)

ERINTIZO

FORMAT(I=v 18X, ',6n"hA',1CX,VkB ,10' 'WC'.IUY,'WD'.lOX,

Real(5,2CC0)N
FCRMAT(ITL0)
Al=n+]
Ne=h4 2
S0 I=1,N
PII)=FLOAT(L)*10. /PLUA!(N
WALTY=23,0%(P{1)/C.5840,715%pP (1))
vL(I)-AO N%(P(1)/Ca58+0415%P (1))
Wl T)=50.0%(P{]1)/0.5840.15%P (1))
b T{IY=A0Cx(PIT)/CeBE8+40.15 ¥*PL1))
PE(I)=10GSCH(P(F) /0. 5840, 19%P (1))
v<nIf(b,lPP)PlIQ'WA(!),WB(I),WL(I),hH(1),ht(l)-
FORMATIOUY 315Xt 5,145F1044)
CoLL SZALE (Py5ayhy1)
bAalRl)=u.0 -
WA(N2)=4CC.C
WO (NT)=WA{NL)
VE(NZI=HAINZ)
BC{NL)=Wathl)
WEINZ2)=WA{NZ)
WEARL)=WACNL)
bEINZ)=rAINZ)
WEIRTY=SWA(ND)
Wik (N ) =W A(NZ) ' _ S
ALl AXIS (CuesCoytPCUER IN KWy =11,5a9Ces?(NL),P(N2))

Wt

CALL AX1S (Ceylay'WEIGHT IN I.FS’.13,).,90.,MA(NI).WA(N2))

CALL LINE (CoyWAeNyLyl,4C)

caLL tINE (P,wCyii\",I,l,Z)

CALL LINE (PywleNgly1,3)

CALL LI'\“_’ (P,Wtw\?,l,l,é) )

CALL SYMBCL (ely=—legelyy286FSCLAR Cell WelGHT VS PCWER
CALL SYMBCL (elg-143yely13HFRbEN=8-12 le,J.pl3)

CALL FLCT (1CdeUe0,9999) :

STCT

cnNG
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e 'PROGRAM FOR FIGURE 5 S,
SPACC 2 CUMM SYSTEM WT VS PCOWER
CIMEASTON WIRI22)4WPSI22) 4 WIH{22)4WT(22)4P122)
CALE FLOT (4.C,3. c,-a) :
WRETE{G4L) : i
1 FCRNAT(zL',/,-—z,zsx,'CGNN SYSTEM WEIGHT VS POWER®)
PRINTZ20 ‘ _ : _ ‘ :
2C FORNMAT [ 0=ty LTY g Py IX g Y WTRY g TX,y "WP S g7 Xy " WTE Yy TXy "W T )
REAC(541CCOINL. T o
1C0C FCRMAT(I10)
N2=N1+1
N2=N1+2 _
GC 3C 1=214N1
PLEF)=FLUAT(I)*10./FLCAT(N]).
WIR{I)=28.+47.54P (1)
WFS{I)Y=62.+¢16d14%P( 1)
WIt(1)=12.5%P (1)
WT(E)=WTREE)+WPS (L) #WTH(T)
3C WREITE(6#ICOIPLI) oy wTRIT)sWPSIL), wTH(I).wr(l)
10C FCRMAT(%C'; 15X, Fbaoly4H1Ca4)
CALL SCALE (PyeSa,N1,41)
WIRIN2)2C.C
KTR{N3)=100.C
WPSINZ)I=RIR(NZ)
WPSINIY=WTRINT)
WIHINZ2)2WTR{NZ)
VTH(N3)=WTR(N3)
VTIN2)=WTRINZ)
WIIN3IY=WTR{ND) . ‘
CALL AXES (CasUas LIHPUWER IN Kiy=11,5490esP{NZ),PIN3))
CALL AXIS (CoyCQay 'WEIGHT IN LPS'.IZ.b..OL.,w[R(NZ).W1R(N*))
CALL LINE (FyWwTRyNLyl4140)
CALL LINE (FyawPSeNlylslil)
CALL LINE (PyWTHyNLyLlyls2)
CALL LINE (PywWT¢NLylyly3) : :
CALL SYMRCL (slp=1epaly31HCCHMIM SYSTEM WEIGHT VS POWER 90es31)
CALL SYMECL (ely—143y.1,y12HFREQ= 1—4 GHZ 3 0ey12) :
CALL FLCT (10G++64Cy»999)
<ICP
END
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SEACC

PROGRAM FOR FIGURE 6

5 CCMM SYSTeM WI VS PUWER

CIFENSTUN WTR(22) W °°(24),NTH(ZZ).UT(ZZ),P(ZZ)

CALL

PLGT (4,0,3.0,—3)

Vi ITE(641) , - -
FORPATIY LY 3/ 90 =8 425X, 'COMY SYSTEM WCIGHT VS PCWER')
PRINTZO - - -

FORFAT (1=0 g 17X, "Dy 7%, VWTRY 7Y, "HPS Y TXy CWTH S, TX, *WTY)
REAC(5,1CCOIN1 < -
CCRMAT(LLC)

I#loNI
FLGAT(T)*10L/FLCATIND)

HI)=23.47.8%P (1)
S(I)=6ze+16414%P (1)

\r~Td(‘{)—10,(,‘*P(I)

FTOD)=WTROD)+WPSHLI)+WTETT)

FRITE (6, LOGIPUL) o WTROTIaWPSETIY 4 WTHIT )y WTLT)
FORFAT (Y0 415K 4Faol,4F10.4)

CALL

SCALE (P54 4NLy1)

WTRINZY =00 _
WIR{IN3)=100.C .
VRPSINZ)=WTRINZ)
LESINB)=WTR(NT)
VTH(ANZ ) =WTR(N2)
MIHAND)=WIR(INS)
WILMZ)=WTR(NZ)
WTIN3)=WTR(M3)

CALL
cAaLt
CAaLL
CALL
CAaLL
CALL
TALL
Catt
CALL
STOP

i N

AXTS (Uaytia s LLHPGWER IN KhWy=119549049P{H2)4PIN3))

AXTS (CayOas'WEIGHT IN LbS‘,lJ,).,9O.,WTK(N2),WTR(N3))
LTNE (PyWTRyN1,1,14,0)

LINE (PywPSyNlylyl,1)

LINE {PenTH N1ylyle2)

LIRE (PyiWTyNLlylyls3) , _

SYMABUL (aly—=Llayely31HCOMM SYSTEM W IGHT VS POWER “90e931
SYMBOL (ely=1le3, .1y L3HFREG=E=172 GHZ,Cey13) ‘
FLCT (10.40.0,999)
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PROGRAM FOR FIGURE 7

SEACCT ATTITUCE, ORBIT CUNTRCL ANC STRUCTURE WEIGHT

CCIMENSTON WAC(IG)vWST(lC)'NAUST(IG)'WAST(IO) '

CaLt FLUT(“.C;% Le—3)

WRETELESL) o ) ) :
FORMAT (UL Y7 9%=% 425X, *ATTITUDE, CRBIT CONTROL AND STRUCTLRE WEIGHT!
%4 ' o , . ,
WRITE(6410) | . |
FCRMATUA=*y 15X, A WAST *,10X,'WAC CL10X g *WST ', 10X, "WAQST?Y)

“CC 3CC F=1,5 - '
WAST(1)41CCC. *thAT(I)—lCCC.»

WAC(T)Y=0.224%WAST(T)

PSTLIY=28,(L+C272%wAST(T).

WACSTII)=28JC+045CH*¥WAST(T) . : »

VRETE(642C) WAST(IL) 4y WACLI) WST(I) yWACSTILI)

FCRMAT{YC',5X44F15.3) _

CALL AXI’S(C-,C-."KAST'"‘0,500703'0.'1000.)

CALL AXES(Cas Qe "WEIGET IN LBS'",13,5.490.,049 500.)

WAST(E)=CaC.

WAST(T)Y210CC.C

VAL (E)=0.C

WACLT)= 5CC.C

WALST(6)=0.C

wWACS1(7)= 5CC.0

WST(E)=0.C

wSiE7)= 5CC.C

CALL LINE(WAST WAL ,5+191y1)

CAOLEL LINE(WAST, WST+5,1,1,2)

ChtL LINE(WAST,WAUST 1S91914+3)

CALL SYMECLILole—lesel»4CHATTITUCE, CKBIT CLNTROL AND STRLCTLRE WT,
1C.CyaC)

CALL FLCTUIC.CsC.C,y 999)A

STCF

e

67 -



C

PROGRAM FOR FIGURE 8

SPACCE  ATTTITUDE,CRBIT CCNTROL ANC STRULCTLRE wWelGHT
CINENSION WACCLO) yWSTULIC),,WACST(L10),WAST(LC)
CALL FLOT(44Cy3aCy—3)
WREfTL(E9]) ' ‘ : . o
L FCRMAT(YL Y,/ y'—8,25X,*ATTITUCE, CRBTIT CCANTRCL ANC STRUCTLRE WELGKT
1) : v
WRITE(6410) ' :
1O FCRMATUU= 315Xy YWAST 510X, 'WADQ  *,1CX,*WST *y 10X, "WACST")
CC 3CC I=1,49
WAST(1)= SCC*FLCAT(1)= 5CC..
WAC(1)=0.2 *wWASTI(I)
WST(I)=2RC+CJ264%WAST (1)
WACST(1)=284C40.464%WAST(T)
2CC WRIIF(E02C) WAST{T) yWACLT) yWST(T)yWACST(I)
2C FORMAT(LCYy5X44F15.3)
CALL AXIS(CesCoy'WAST Y 4=445,0504904y 5C00)
CALL AXTS(O0esOay?WEIGHT IN LBS*41355.990.904+250.)
WAST(&)=C.0" : o : .
WACSTLE)=CJC
WALLE)=0.C
CWST{E)=0.0
WAQLT7)=25C.C
WACS1(7)=25C.0C
WAST(7)29%0C.C
WST{7)=250.C
CALL LINE(WAST ,WAG,S59Llyl,1)
CALL LINE(WAST WST,5,15142)
CALL LINE(WAST WACST,5519193) . ,
CALL SYMBCUL(oly—lepely 4CHATTITUCEs CRBIT CCNTROL. AND STRULCTURE WT,
1C.Cy4C) . - ’ . '
CALL FLOT(1C.0,0.0,559)
S1ov ‘
ENC
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PROGRAM FOR FIGURE 9

SPACCS  TCTAL WEIGHY CF SAaTkLLITE
PEAL KLlgF2 K2 iKd K yKEGTWATE{12)4PCW{12)
CALL PICT(4e043a04=3)" '
(=(2,C/30.48)%)C.%%10
KEAC(5,L) SeFsCEA,PsK1, K4
I FCRNMAT(6FLICL0)
$129
$=5%5280.
AS=(LIA%S208C/24C)%%2%3,14159
AS1=2AS/(528C.%5280,)
IF(F=6.) 10,20,2C
10 K2=9C.
K3=236.14
K5=0.65
KE=L 506
GC TS 2%
29 K2=85.
K3=33,94
K5=0.58b
K6=0a bbb
25 COUNTINUE
WRTTE(6411) :
11 FORMATI®L Y9/, ' =2 ,25X, ' TGTAL WEIGHT CF SATELLITE®)
Fl=F%10J%%9
k=28.4 (L. +Kc)*((h1»((C*«/Fl)*tz)/As)+K2+P*(K2+K4/K5+u 23*K4))
WRITE(E4100) S1gFyCIA,ASL)FoKEyK24K3 K4 KO K E W

1CC FCRMAT (8=, ¢xMIT TC REC ANTENNA IN NMILES',y14X,! =2V .k 1Geby/y
1'Cty *FREQUENCY N GHZ =2V F10dby/,y
1'Coy *CIAMETER OF COVERAGE IN MILES . =0, F10e4y/y
1'CYy " CCYERACE AREA IN SC MILES =%, F1Ce0y/y
1'CY, 'FOCWER IN KW . =1 ,F104b4/,
LYCY, "ANFENNA WT FACTOR IN LEBS/SE FT =V F1Cl4 4/
1'C',"ELECTRICAL AND ELECTRCONIC EQUIPMENT WT FACTOR =V FlCaby/y
LYCY,PELECTRICAL AND THERMAL CCNTROL WI FACICR =Yy F1lCeb s/
1'C*, 'SCGLAR CELL ARRAY WT FACTER IN LBS/KV ' ' =V FlCaby/y
1'°CYy "XMETTER EFELCIENCY ' : =4 ,F10d44/,
1'CLy'ATRITUCE CUNTROL ANLC STRUCTURE WT FACTCK =V F1Catbs/y
1'CY, " TCTAL WETIGHT OF SATELLITE ' =1 ,Fl0.4)
WRtTE(bﬂZ) '

7 FCRNMAT(4Y=1,25X, " TCTAL WEIGHT VS PCWER Y/ y0-1)

CC 3C 121,1¢
FCWIT)=FLCAT(T)
O TWATE(T) =284l a6 IKI*((C* S/Fl)**?)/AS)+h2+PCW(I)*(K’*Ké/K5+
10,23%K4))
3C WRITE(6931) PCWLT),,TWATELT)
31 FCRMAT(LO' 35Xy PCWER (IN kW= ' 4yFL1C 445X, TCTAL WEIGHT= ',F10.4)
PCw{ll)=C.0 ' : ' : '
FCui(lz)=2.,
CALL SCALE(TWATEZS.C1C,y1)
CALL AXIS{CasC ey 'PUOWER IN KW's=1145.CvCa .Pthll),PUW(lZ))
CALL AA1S{CasCoap'helIGHET IN LBS'y13,45.0, 90.,Thbfk(ll)'ThAlt(12))
catL LIJt(le'TWAlt,lO 1,1,1)
CALL SYMBCLUe1ly—1leyaly'TCTAL hPIGHT VS PCOWER*$C.0,21)
CALL FLECT{1C.CyOC) QQQ)
STGP
END :
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PROGRAM FOR TABLES 14 - 17

DIMENSTON RFA(LOO6) 3 SPACULLO0,6) ¢ NAME (100, 7)
N=
N0 100 [=1,100
READ (S5, LL)(SPAZO(T 4 J) 4 J=146) o (NAME(T,,J)eJ=1,47)
IF(SPACO(T,1).EQ.99.)1G0 TO 1101
daN+ 1 '
100 CONT INUE
1101 2ONTINUE .
1L FUORMAT{FS.0,F60,F% 0, IX FA.0,2F5%.0,7TA4%)
Ji3 10 I=1.n
S0 16 J=1,.6
AFALT,J)=SPACO(T,J) :
10 REA(T,1)=(SPACO(I[,4)-SPACU(I,3))/2. +SPACU([,3)
M=100
CALL SURT(SPACG'NAME,N,M,Z)
ARITE(G L)
wAITE(64,2)
ARITE(A, 3)
WRTTEfHy G )
I FORMAT('1',/,"=1,40X,*TABLE UNE?)
2 FCRMAT ('O ,32X,"RF AMP PARAMETERS VS PUWER')
3 FORNAT (Y=, 17X, *POWER Y 42Xy "FREQ RANGE " 93X 'GAIN! 42X, *WEICHT'3X,
A'CCNPANY'yix,'PART NOY,3X,'TYPE")
4 FOIMAT( 917X,'kATTS',6X,'GHZ',6Y,'DB',5X,'LBS' /4'C)
2C 3C 1=1,N
30 wRITE(6,2 ) (SPACC(I o Jd)ed=2, 6)1(NANE(I JY,yd= &17)
21 FCRAMATII0Y, 13X, FB8.CeFTala'—,Fa,14FTo1yFRL1,T7AG)
T CALL SORTIRFAZNAMELZN,M, 1) :
WRITE(E,101)
4KITE(6-111)
HRITE(NA,3)
WRITEl R, 4) .
121 FORMAT('0? s32X, ' REFAMP PARAMETERS VS FREQUENCY')
NG 60 I=1aN
650 WRITE(GG2LI{IPFA{T2U)9J=2,6) INAME(TI,J)yJI=1,7) .
CALt SORTISPACQ,NAME,N,M,5)
WRITEL(S6,201)
aRiTE[A,122)
WRITE (6, 3)
wWALTE{ R 4)
122 FCRNAT('O' A2X P REAMP PARAMETERS VS GAIN')
nC 9% I=1
95 ARITELHy2L)(SPACC(T4J)9J=2+6) 2 (NAME(T,J)yd=1,4T7)
CALL SCRT{SPACCNAME ZNyNM,6)
waRrITE(6,3G1)
“RITE(6,123)
w2 ITcl6,3)
Wi [Tl h,d)
123 rCRMAT(® u',?2X,'RFAMD PARAMETERS VS WEIGHT?')
T 9C I=1
99 H?ITE16.21)(SDACC(!oJ)qJ=Z'6),(NAME(I.J)'J=1,7)
101 FORMAT(T1*,/,=,40X,'TABLE TWO"')
201 FURNAT (VY V. / "= ,40X,"TAELE THREE")
0L FORNMAT(YIY /4t =2,40X,"TABLE FCUR")
CSTOP .

©ND .
70



PROGRAM FOR TABLES 14 - 17 (Cont'd)

SUBRCUTINE SCRT(A K4 NyNM,yL)
DIMENSION A(M,6) 4K{M,T7)
DC 3000 KZ=1,N
JB=N-K/Z
DO 3000 I=1,48
IF(A(TI,L).GT.A{I+1,L)) GO TO 1000
GO TO 3000 : :
1000 DO 3000 J=1,7
IF(J.GT«6) GO TO 2000
BCOAK=A(1,J) '
Al J)=A(141,J)
A{I+1,J)=B0DAK
2000 KADOB=K({I,J)
K(T94J)=K(I+1,J)
K{1+1,J)=KAD0B
3000 CONTINUE
RETURN
END
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72

COPIES OF SURVEY

QUESTIONNAIRES.



Subject: HIGH POWER RF-AMPLIFIERS FOR TRANSMITTERS

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART
FREQUENCY R. F.IPOWER TYPE OVERALL GAiN (db) WEIGHT (1bs) PRE%%E%IONS APPROX. COST
(GHz) (KW) EFFICILENCY (HRS)
3~-5 |
S—BAND 5 -7
1.55 - 5.20 7-9
9 - 11
3-5
C—BAND 5 -7
5.20 - 8.50 7-9
9 - 11
Ku-BAND 3~5
5 -7
7 -9
xio.éi: ;;.6 9 - 11

¥4



PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

%L

" FREQUENCY | R. F. POWER TYPE OVERALL GAIN (db) WEIGHT (1bs) |prepronrons  |APPROX. COST
(GHz) (KW) EFFICIENCY 4 (HRS)
(Ku-BAND) 3-5
5 -7 "
7-9
14.0 - 17.25 9 - 11
Ka-BAND 3-5
5 -7 B
7-9 h
17.25 - 36.0 9 - 11 -

COMMENTS :




Subject:

GROUND RECEIVERS

FREQUENCY
- (GHz)

TYPE

NOISE FIGURE
(db)

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

POWER GAIN
(db)

(S—BAND).

1.55 - 5.20

LIFE
PREDICTIONS
(HRS) __.

APPROX. COST

(C-BAND)

5.20 - 8.50

(Ku-BAND)
10.9 - 14.0
(Ku-BAND)
14.0 - 17.25 _$ - L
(Ka-BAND)
17.25 - 36.0 |
" COMMENTS : . . e — e e o e e e . e e e oo
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‘Subject: SOLAR CELLS

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

TYPE OF CELLS SIZE THICKNESS EFFICIENCY POWER/CELL CELL/KW COST/KW
3
COMMENTS = _ et e e e ot e .- e e e et e

9L



- Subject:

SOLAR CELL ARRAYS

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

WEIGHT (1bs/kw)

POWER TO ARE

POWER TO WEIGHT

TYPE OF CELLS CELLS ELECTRIC MISC.| STRUCTURE TOTAL RATIO (W/Ft?) | RATIO (W/1b)
COMMENTS : . . ) —

LL -



Subject: NICKEL CADMIUM BATTERY SPECIFICATIONS

PRESENT STATE OF THE ART / FUTURE STATE OF THE ART

LOAD REQUIREMENTS

BATTERY CAPACITY

BATTERY WEIGHT

BATTERY VOLUME

(WATTS) (A-HR) (1bs) (IN3)
0 - 200
200 - 400
400 - 600
600 - 800
800 - 1000

COMMENT?:

8/



