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Abstract

Aspects of the developument of communicstion technology are discussed
and related to Nationsl Aeronautics snd Space Administration (INASA)
technology development programs. The specific technology aress discussed
include: low cost receivers for space bhroadcast high efficiency
microwsve tubes, solid sbate transmitiers, shaped amtenna beams, laser

nications, Informetlion storsge and retrieval, and orbit end frequency
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In congidering the Tfollowing exs T
communication technology we should slweys consilder thelr impact
upon all communication systems, for as the terrestrial and space
systems become more similar, the technology developed by one becomes
more applicable Lo the obher,

Low Cost Receivers

Usually the first concern of administrations wishing to initiate

widespread or broadcast systems for education is to estimste the
this in turn

characteristics and costs of the receiver systems, as 1
may determine to a large exbtent the feasgivility of the system. NASA

is at present supporting development studies to determine these two
factors and to fabricate seversl receivers. The development studies
congider a low cost recelver systen as shown in figure 2. 'The incoming

ri sigral is mixed down to an TF frequency, smplified, and if necessary,

demodulated to an AM-VSB signal. This signsl in turn is mixed up to

the frequency of a television UHF channel and sent to the television

set. Systems having low nolse pre-amplification using tunnel dicdes will

be considered in the studles at a later daste., One design developed at
Stenford University and which is shown in figure 3 has sll the electronics
packaged in the feed of the antenna. Tnz% p ti alar recelver was

developed for M television recepbion ab !

...(a

Another approach developad for N2 > vides
the receiver into antenﬂa and indoor units, ag ghown by the ﬂan ed
lines in figure 2. are belng degigned and fabricated
for 2.25 and 12.0 GHZ FM &nd. levigion reception,

ment of recelvers atb
private industry. Using
costbs given in Table

re the byplcal 1 nge@

In addition to thes
800 MHz is taking place
51l these gtudies as &
have been esgtimated. Also

F’I oz}

lowm in tne sau]
of egtimated satellite transmission power pe
levels are dependent upon coverage srea, rece
picture quality.

Table

I

Estimated Receiver Manufscturing Cosbhs

ost/Receiver for ®§>nti““

/Veaf
aoo Miz-FM, Mixer $40 $ar 100=400
5 (Hz-FM, Mixer $45 $os 100=400
1@ <\ GHz~FM, Mixer $85 $40 500=2200
Added TDA Presup $75 . $40 1/2 = 1/3 of sbove
heeelvzmg Artenna $20 D~ 10 D7, (4 ig in
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In the basic veceiver cost ShoWﬁ about 1/5 is Tor lsbor
4/@ is for parts. One iﬁemE the local ogcillator diode, accoun
sbout 1/6 of the basic receiver cost.

The costs can only be counsidersd ag g cimate as solid state
component costs are very sensitive to the demands of the totsal market,
for example: the 1872 msuufacturing costs which were estimated in

the fall of 1969 can now be net in the Tall of 1970, due to the lowered

osts of solid state devices.
5

=3 of 10 ars expected to be
ding upon the starting date of

By 1975 the receiver cos
1/2 to 3/4 of the costs in Table
production.

ion of the power

ace gualified

elow 100 webts

be way have
Mot

The power levels given in Ty
requirements of future transmitie
devices for transmitters are 1L
and efficiencies below 30 percen
to operate in the kilowatt range
only must the operating power be
Low eftficlency levels will be unac
these Llow efficiencles would ma
to Justify technically or economic

In most of the tube types consideresd igh power space appli-
cations, cross field amplifiers (CFA), traveling wave tubes (TWE), Ld
klystrons, only a part (30 to 50 percent) of the energy in the electror
beam lis converted to radio freguency ensrgy. The resgt of the eunergy is
converted into hesat when the high ve y alac
collector end of the tube. When +1
the cathode they are almost of one
collector end, they are of many lﬁ' ut’od between
the radio frequency power aﬂ the 1 the vaxious velocity
clasgses of electrons present in ﬁhe spert beam sre 2 1wt end each

class slowed down and caughb rgy is not
lost to the sybtem‘as heat ' chtricsl energy.
The efficiency of the tube . is spent beam
power is used to energize the beam as i 1eavea the cathode. WA@A is
supporting the development of the iepregaed collector”
which does Jjust this (Figure 4). taken with
the collector shown in figure 5, which was d@feloped gt the WASA Lewis
Regearch Center, indicate that from 50 to 70 percent of the spent beam
power can be collected ag useful electrical energy. This can result
in tubes with efficiencies in excess of This coliection




ethod not only means s higher maxim
in operation. Shown in figure 6 is
beam tube with and without multistage
dependence of the efficiency upon oubp is wmuch 1c
stage collection. This wide operatin, ge will ellow efficient
multichannel operation.

ith the present projected deve t a
very high efficiency tube of & power le% st frequencies up

to 12 GHz can be demonstrated iw space by 6. 1n iat re years, as work
on better cathodes besrs fruit, the colle
10

1
ctbor concept will be appLied
to higher powers and high frequencies: 00 watts at 40 GHz and 50 percent
efficiency may be attained.

This technology development should slso have greabt impact upon the
economics of terrestrial VSB television i since thesge systems are
operated with an average efficiency of 15 percent, Use of
such a collector with a klysbron &t F freguencies would probsbly cut
the transmitter electrical power consumption by wmore then 50 percent.

Today there are experi 800 Mz
range with power output of 3 £ 4 ercent.
Indications of the power levels snd ef o 3 xpected in
the near future as a funchlon of fregu hown in figures 7
and 7b. The very sharp drop->ff the
higher fregueuncies should be not tual
ard/or materials breakthrough the te device

of high power and efficiency at

Although the eftficlierncy 7y sdvantages.
They can be Joined together ix ir opbimum
phasgse and amplitude paibteruns. 1 congtruction incresses
reliability and also provides 162 Source of heat. In
addition the low voltage r ol hen compared
with the kilovolt sources

al

An example of th
cation pacﬁage in ATS F
will be golid state. A 8
850 M&Z is shown in figure 8.
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Werrow and isgion Beams

The ever increasing demsnds for more sabellite communicsbions channels
will place an unbearable burden upcun the golsr power regulrements and the
requirements for orbit sharing unless more directive antermnas are use
t0 beam the radio frequency powsr to the areas of interest. The ssme is
true of higher power satellites used for brosdeasting, with an addi'
impetus coming from the need for freguency sharing with terrestrisl
gystems.

The type of anbteunas contemplated I in the dmwmediate fubure
are primarily circular pesrsbolic feIleP SOT t l ow freguencies this
type is best exemplified by the 9 meter pa ola of ATS-F and G (figure 9).
This antennd will be useu in an pr611mf wha tTaﬁSﬂiSbLOﬂ of FM television
A freguency of operation
I power contour
xperiment the
7.3 GHz where
nd, Becsuse of
to £it the
he mesh supporting

of the India experiment (850“"
covers most of the country. i
antenna will be used to traunsmit fﬂéwuevzélg as hi
the beam pattern would cover an area as smzsll g8 Ire
the very large size of thi
launch shroud. In this case it is done by
ribs around the center hub.

b ois pogsible to have
the packsge for launch.

z antennas, allows
peams from the same
antennas will be about
from the 9 meter parabols.

multiple narrow beam antengas W
This type of system, shown in fig
the transmission of many wildely
spacecraft, The beam pattern f“om.uqe 60

the same gize as the beam pabteru st &5

With these narrow besm circulsr pa
percent of the power radiated reaches the
This is due to drregular shapes of sress
contbained in the antenna beam beyond the
the normsal method for defining beam size
that after all the effort to convserve
wasted 1t on the ground. Tt would appesar
which can theoretically conbrol the pabtbern wi
at the present time arrsy sntenuss of suy
heavy and lossy, expecially st the higher

Tt appesrs
acecralt we have
uge array antennss
Uﬂfortunately
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nically steersble
sn aparbure

was degigned for
ure effi”4ency

Typical of the srrays now being
S-band planer arrsy used on Surveyor,
38 inches sguare and s bezmwi
maximum aperture effLGJenﬂy
also means high side lobesg
other systens.
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At frequencies below z Gilz the
state transmitters supported by a fc
promising. For higher frequencies, 1 jerable sacrifice
in power and welight wmust be made to obtaln the operational flexibility
that goes with an electronicsily steerable arrasy concept.

array of solid

structure looks

efficient and less objecbionable to terrest
be developed for space which are eliphticsal
pattern better fits areas whose view from the
location at high latitudes, such as Alaska.
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Some steps are being made to make the tramsmission from space more
ri Parabolas will

y that the re@ultant

Another technique iz to use auxilis
back of the feed and on the parabols ed;
lower the side lobes adjacent to the
Terence to terrestrial or obther space
technique has been demonstrated and
levels some 40 dB below the level of

low power raﬂiators on the

to "clean up” the pattern and
beam which might cause inter-
(f1 gure 12) This

-

the main beam center,

A very promising ap
matrix of horns wnose p
more desirsble patiern.
significantly block a parsbol
aperture the feed may be used with s

1vop1
horn (figure 13b). An exsmple of using is the
IES=7 antenna which consists of a 19

lens of 75 cm,dlameter The amtenma patb

Two properties of

wide bandwidth, make s
future communications, The
entennas provide for com
low in power, thus abbrac
of the lack of efficient exbernsl
light sources that sre directly wmodulat
bandwidth has not been fully rea
present sbart of art ig the CGs
of less than 50 MHz and a power
at lwqaﬂd Nitrogen tempsrabus
& s gysbems has zlso be

werence and potential
Tul for long distance




=3¢ ‘e places a
llmltatlon upon the use of : GO ations trnospheric effect
include, attenuvation, therd To overcome this
Limitation closed Sysﬁems using £ r gas Tilled optics
can be used in terrestrial com: ems., thrc an atmospheric
transmission path is wob present, such as in applications to deep space
probes and satellite-to-sabellite communlcations, the laser sys
very abttractive.

A CO2 gas laser commium
ADS=F to: egtablish the ©
dats channels between the
between lager and millimeter

the effects of the stmosphicre oun i

gimilar to s CO, optical hetrodyne gt:m that has
operated terrestrially over a 30 ki on signals (FM with
3 MHz deviabion) have been transmi gtem using internal

o

electro-optical modulsbion. Cun s
ratlo has averaged 50 dB.

A drawing of s more ad
by Hughes Aircraft is shown
lagser of 2 wabts oubput €
diameter. The modulation,
gchieved through the use
Many future laser experiment
lasers for grester efficienc

modulator.
NG - Y4G)

The limits placed upon
clrcumvented by using multiple
Since the optical pulmeé are
period, & number of quepe
Presently this is doune usin
& geries of pulses. The nexb
plexing in which laser beams of
combined into a single beam.
uged to obtain spabtisl multiple
maltiplexing techniques in a o
could theoreticslly result in
capacity of 1014 bits/sec, or

The technigues of informsbicn
past year or so at NASA
& cabtch-all phrase whi
ot getting 1 '
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One ares of im rem°5ﬁw
Health, Education
everywnere in the
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In rursal areas or
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will be produced end fwrw i
which ig usable to them.

Experiemc’
more reliable,
thern standard Drﬂa

systems in the United
It ig only logical to
5 TL d a8 the more

A communication spacecraf
not a complete sbation. The
rarely originstes them (tel
exception), The technology A
must have at least five years
calbe to the terrestrial transml
technology can make a definite

Some of the results c
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The upper curve in lba
power flux density which cas
frequencies is due to pfaktioal
sntenna while the decresse at
in amplifier efficiency. The
curves is an indication
and relisbility of the

o T
its (>u Tiﬁc

=lative cost of
of the ground
From these two
bem with few
wer end of the
attractive.

1 800 MHz snd
e went through this
and came to

receiver (this
sets of curves oune may mseke b
channels and many receivers 1
shaded area, while for fewer
This, theﬂ irdicates the 7

same exercise shozzl Wf
the same conclusions.

Thus this region 1
be shared between berresbrial and space
After much work and discussion, the criteris for sharing between
terrestrial services has been fa well gettled. Wow, with the advent
of space communications, the wh 1 rroblen muet be re-examined,
NASA over the past few yes e =ply involved in this problem.
Work by NASA has included Subje. Tty of lnuerfereqce betwean
AM-VSB and FM television 3 nation of the sharing
feagibility between spsce snd between space

gystems, Tt is difficuls complex subject to a few
simple words or graphs. to ghare ig determined by
the directivity of the re required protection, and

the relative power levels,

community recelvers in
¥EB televigion broadessting
511 28 are used and
erregtrial
reomrtlon a8
ons e taken
f s

M
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in Larupe, Japan or the Uni
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television broadeasting
much as 300 km from the
such as shielding the con
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retem will interfer w:
sweten norizon unless

th the getellite reception out to the terrestriasl
shielding precautions are taken. Using demonstrated
technigues for near side lobe reduction the field strength beyond the main
lobe can be reduced such thset the levels will be within present CCIR
recomuendations for po.,l flux densities between 1 and 10 GHz.

i

o
b=
'

('J o m }—*°

Above 10 CHz space FM televigion transmission for community or
individual recepbion will not interfere with single hop television
syatems commonly used st these frequencies except if both systems are
operating at greater than sbout 60 degrees latitude. The terrestrial
gygtems will not interfere with the space broadcast reception unless
the space recelver is in line with and pointed right at the terrestrial
transmitter and is less than sbout 10 miles away. In genersl, space
cormunication gystems flux density levels for sharing can be considersbly
higher than now recommended for lower frequencies.

The necessary spacing between adjacent satellites operating at
the same frequency, transmitting at the same power level and beaming to
the same area is given in figure 17. The spacing depends upon antenna
gize, desired reception quality, and FM modulation index. As the
frequep cy incresses the receiving antenna directivity increases allow-
ing for closer satellite spacing.

Operating space communication systems of disparate power levels aund
receiver characteristics, at the same frequency, and beaming to the same
or adjacent regions, can result in reducing the total orblt utilization
from what could be achieved by separabe frequency allocations. To
optimize such mixing necessitates agreements as to antenna patterns,
protection ratios, modulation formats, and orbit locations. With satellite
gystems of greatly different characteristics this will reguire an orbit slot

assigmment plan.

Conclusion - Implemertation of a Large Scele Broadcast System

If the present direction of technology continues it will allow for a
trend communication system implementation which is different in form from
that which has traditionally happened. Present systems for the dissemi-
nation of informetion to large segments of the population begin in the
mejor ¢ities and political capitals. The first recipients are a few

sople favored economically or politically. The system then expands
oubward by means of cable links and translator stations.

Through the use of ssbellites and aubomated sbations the system
owth trend can be different. As the major city transmitters are brought

gr

into operation, community recepbtion casn commence in s wide spread rural

sres. 'The growth is done by spreading and linking the reception outside the
cities with terrestrisl transletors working from community receivers. In the

on 1s served by a sysbem which wasg esbablished equallsbly among
of the population.
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Figure 3. - Generic block diagram of converter systems.
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Figure 4. ~ Schematic of linear beam tube with multistage collector.
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Figure 5. - Depressed coliector lube with experimental multistage,

TUBE EFFICIENCY, PERCENT
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~

P | | |

5P on P
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Tube output power

Figure 6. - Tube efficiency as a function of out-

put power level, with and without multistage
coliecior.
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Figure 7. - Microwave power generation from single transistors and varaciors and

corresponding efficiency.
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Figure 8. - UHF power amplifier configuration, ATS-F.
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ORBITAL CONFIGURATION

X1

T
=

12 GHz antennas

LAUNCH CONFIGURATION

Figure 10, - Satellite configuration using muitiple 12 GHz antennas.

(a) - BEAM PATTERN, 1/2 POWER
FLUX DENSITY CONTOUR

_— AVAILABLE POWER FLUX
, DENSITY

\ W

“REQUIRED POWER
FLUX DENSITY

(b}

Figure 11. - Comparison of desired power flux density contours and
actual power flux density contours.
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CONFIGURATION RESULTING PATTERN

Figure 12, - Lowering of side lobes using auxiliary radiators,

REFLECTING SURFACE —

< MATRIX e WAVEGUIDE LENS N
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OF HORNS —~
(A) LENS, (B) CORNUCOPIA HORN.

Figure 13. - Use of matrix feed system.
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WAVEGUIDE FILTER PKG;

PRIMARY LASER XMTR .

RADIATOR
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—— ELECTRONICS PKG.

MIDDLE ELEVATION) AXIS ——_
o

Figure 14. - Laser experiment flight package.

~SATELLITE

LIBRARY ~ .

MEDICAL HOSPITAL i
GROUP

COMPUTER

Figure 15. - Possible information transfer of medical
information using a satellite,
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RELATIVE COST

LONGITUDE SPACING BETWEEN SATELLITE, DEG

,~— TRANSMISSION

RECEIVER ~,

<SPACE
SEGMENT

| 1 I |
?00 1000 3000 10 000 30 000
Frequency, mHz

(b}

Figure 16, - Relative power flux densities (a) and
costs (b),

30—

10—

0 | [ | |
300 1000 3000 10 000 20 000
FREQUENCY, MHz

Figure 17, - Estimated required spacing between
broadcast satellites as a function of frequency.
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