
The Telstar Experiment 

A DEFINITIVE trchnical report on the 
Telstar Experiment is presented in thr 
July 1963 three-part issue of the Brll 
System Technical Journnl published by 
American Telephone and Telrgraph Co., 
195 Broadway, New York 7. The 1100-pagr 
report contains 38 papers and includes 
illustrations, diagrams, numerous rcfer- 
ences, an indcx and brief biographics of thr 
114 contributors. ‘l’hc entire report is 
priced a t  $3.75. Each part may be pur- 
chased separately at  $1.25. Abstracts of 
many of the papers appear below. Thcsc 
abstracts were selrctcd with the intcnt of 
presenting to the rrader a general idea of 
the overall contrnt of the Telstar report 
rather than thc contrnts of sprcilic papers. 
With this purpose in mind, some of thc 
abstracts have btxn slightly abridged, 
and in other instances additional material 
from the paper has been incorporated in 
the abstract. An introduction by A. C. 
Dickicson, Chairman of thc Rel/ S v f e r n  
Technical Journal‘s Editorial Coininiltcc 
describes the purposc and scope of thr 
report. Excerpts from his introduction arc 
given below. 

Papers on the Tclstar experiment which 

have apprared in this Socicty’s Journal 
includc “Optical Mcasurcinents on Telstar 
to Detrrmine the Orientation of the Spin 
Axis, and thc Spin Ratr,” by J. S. Courtnry- 
Pratt, .I. 1-3. Hett and .l W. McLaughlin 
(Juurnol, Junr,  1963, pp. 462-484) ; and 
“Projcct ‘l’clstar : Communications Ex- 
periment,” atlaptcd by the Board of 
Editors from an illustrated lecture prc- 
scnted at  the Society’s 92d Convrntion hy 
Hugh P. Kelly (.lotimol, February, 1963, 
pp. 71-96). 

From Part 1 
The Telstar Experiment, A .  C. I)ickic.ron 

[This report] drscribes in depth thc satellitc 
and ground systems drsigned for the ‘Iklstar 
cxprrimrnt. . . . ‘I’hc purpose of this in- 
troduction is to set the sccnr in which the 
pro,jrct was undrrtaken and to state somc 
gcnrral conrlusions. 

He11 System intrrcst in satellite coni- 
munication had Ixrn aroused when, in 
1955, Dr. .John K. Pierce puhlishcd cal- 
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culations showing the possiblr uscfulnrss 
of  satellitcs to communication. I k .  Pierce 
discussed thr relations among power, 
bandwidth, antenna gain, and orbit 
parametrrs. Sputnik in 1957 started the 
procrssion of man-made satcllitrs. 

In 1960 thc famous Echo experiments, 
conducted between a transmitting and 
receiving station set up by Bell Telcphone 
Lahoratorirs at  Holmdvl, New Jersey, and a 
companion station at  Goldstonr, Calif., 
rlrsigncd and opcratrd by Jr t  Propulsion 

oprncd thr possibility of 
applying microwave radio relay tc-chnology 
to transoceanic links. The line-of-sight 
transmission characteristic of microwaves 
had prevented their use over thr oceans 
until the possibility of a “microwave 
rcpcatcr in the sky” appearrd. 

I t  was decided to design and brrild an 
rxpcrimrntal satrllite communication sys- 
tem. ‘1’0 this m d ,  thr A.’I‘.&.T. Co. rntercd 
into a cooprrativr agreement with NASA; 
A.’I’.&.T. to dcsiKn and construct a satrllite 
and NASA to launch it  into space, with 
A.’I’.&T paying its own costs plus reim- 
bursing NASA for the cost of launching and 
c ~ r t a i n  tracking and tclrinetry servicvs. . . . 

The objcctivrs were: 

(1) to look for the uncxpected. 

(2) to dcrnonstrate the transmission of 
multichannel two-way tclephone, television, 
data and facsiinilr via satellite. 

(3) to build a very large ground station 
antenna and find out how to point its 
extremely sharp beam vcry accurately at  
the satellite. 

(4) to gain a firm understanding of the 
problems of measuring orbital parameters 
and predicting satrllitc positions. 

(5) to gain a brttcr numerical knowledge 
of thr charactrr and intensity of radiation 
in the Van Allen brlt. 

(6) to face the problems of designing for 
long life and reliability of electronic equip- 
ment for opcration in thr space rnviron- 
rncnt. . . . 

Gmcral Conclusions 
The Telstar satcllitr was launched i n  

the early morning of July 10, 1962. O n  
the first pass from Andover, demonstrations 
wcrr ma&- of sprrch and television trans- 
mission. ‘rhrsr transmissions wcrc carried 
on bctwrrn distinguishrd audiences in 
Washington, L).C:., and Andovpr, Mainr. 
Also the first transmission of a tclcphoto 
picturr was arhicved. . . . 

On thr next pass, six two-way telephone 
circuits were sct up  through the Telstar 
systrrn, and various prople in Washineton 
and Andovrr talked to people around the 
United States. Also, high-speed data 
messages were srnt succcssfdly. On the 
nrxt day, telrvision signals were rcccivrd 
from Pleumrur-Bodou and Goonhilly. 

Mernbcmhip Certificates (Active and 
Associate members only). Attractive 
hand engrossed certificates, suitable for 
framing lor display in nlfices or homes, 
may be obtained by writing to Society 
headquarters, at 9 East 41st., St., New 
York 17, Price: 82.50. 
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In thc next scvrral months, in addition 
to more than 250 trclrnical tests covering 
every aspect of transmission, there were 
S i m i e  400 dcmonstratians. ‘rhcse included 
rnultichannel trlephony, tclrgraphy, data, 
tdrphoto and other facsimile transmissions. 
Transatlantic tclrvision was demonstrated 
47 tinirs, and on 5 of these occasions 
the transmission was in color. At thc same 
time, a great deal of tclrinctry data were 
receivcd, covering conditions in the Van 
Allen belt, tcmpcraturcs. degradation of 
the solar crll plant, spin ratr, voltages, 
ctc. 

During thr foiirth wcrk of Novcrnbcr, 
1902, the conirnand channel began to 
art rrratically. Incrrasing difficulty was 
cmcountcrcd in having it accrpt commantls. 
Sincc it sreinrcl possible that control 
might be lost, arrangcmrnts were mark to 
leavc the tclernrtry on continiiorislv rather 
tlian switching it on and off. Also, the 
traveling-wave tribe was not cncrgizrtl at 
all, less loss of control should lravc- this 
hravy drain on continuously and tlicrrhy 
ruin the batteries. After the 1,2421~1 orbit 
on Novrinber 23, 1962, the cninnriind 
channrl ceased responding. . . . Laljoratory 
tests liad pointed to certain transistors as 
being the most likely soiircc of troii1)Ir. 
Sprcial codrs wrrc drviscd to takc atl- 
vantage of crrtain circuit features that 
woiild permit by-passing thcsc particular 
transistors. On Dccrnilicr 20, 1902, one of 
these modified codcs was successfully 
transmitted to the satrllitr. I n  srhseqricnt 
opc-rations, all voltages wcre reinoved 
from the coininand drcodrrs. As had been 
prrtlictrd, this action allowed rccovcry of 
tlir transistors. [by] .Ianriary 4. 1963, 
‘I‘clstar rrspontlcd properly to all normal 
comrtiands. . . . 

O n  February 21, t l i r  satcllitc misintrr- 
prrtcd a corninand and operated thc rrlay 
that disconnects most of the clrctronic 
systeril from thr powrr plant. Sincc thcn 
to the prrscnt writing (Marrh 18) the 
Tclstar satellite has not rcspondrrl to wen  
thr rnoclilird commands. (Ed. note : ’Tclstar 
11, laiinchcd during the surninrr of 1903, 
differs in certain respects from Tdstar 1, 
mainly in the orbit, which has a greatrr 
apogee (6,500 statute miles) to avoid 
regions of high radiation intensity. Also, 
one of the two comrnand drcodrrs in 
Tclstar I1 has bccn niodiliccl to use cvaru- 
atrd rather than gas-Iillrd transistors to 
niinimizc radiation dainagr.) 

T h e  Research Background of the Telstar 
Experiment, A. B. Crnruford, C. C. 
Cutler, R. Konijdmer cuid L. C. 7’i11o1Joiz 

For several years before thc launch of the 
‘l’clstnr satcllitc, rcsrarch effort was directed 
toward an experiment with an activr 
satrllite capable of relaying a broadband 
communication channel. Thr intention 
was to utilize and test a number of novel 
tcchniqurs which had bccoinc availalAc, 
to cxplorc those arcas in which the rurrrnt  
technology was lacking, and to drinonstratc 
the feasibility of this incans of commu- 
nication. This paper drscribes some of 
this work, the background of facts and 
brlicfs on the basis of which a number of 
important choices were made, and thr  
grncral state of the radio art  upon which 
the ‘I’elstar program was huilt. 
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A General Description of the Telstar 
Spacecraft, R. H. Shennum and P .  T.  
Haury 

'The Telstar spacecraft drsign is discussed 
with emphasis on the elrctronics system. 
'I'he description includes early planning, 
starting with frequency allocation con- 
siderations, and carries the program 
through electrical and rncchanical design, 
construction and evaluation of the elcc- 
tronics systcm. 'I'hc content is aimed at a 
hroad introduction. A drscription of the 
Tclstar spacecraft is dcvrlopecl chron- 
ologically so that the rrader may iinder- 
stand how each of the decisions inHucnced 
the design and constriiction which fol- 
lowed. IJoreniost in practical considerations 
affecting the satellite design was the 
selection of the Delta vcliiclr to launch the 
spacecraft. 

The Spacecraft Communications Re- 
peater, C. G. Uauis, P.  T. Hiitcfrison, F. 
.I. Wilt and H. I .  Muuncrll 

'This paper dcscrihes thr communications 
rrpcater portion of the 'rc.lstar satrllite. 
'I'his repeater receives the wrak, - 60 
tlbin nominal, I'M signal froin the earth 
at  a center frequency of 6389.58 nic, shifts 
thc frequency to 90 inc for ampliliration by 
the traveling-wave ainplilier, and rc- 
radiates the signal a t  a minimum powcr of 
33 clbin. 'I'hc signals arc rrcrived and 
transmittrd through separate circularly 
polarized antennas which arc nrarly 
isotropic. The satellite also radiates, for 

tracking purposes, a very stable micro- 
wave beacon signal at  a frequency of 
4077.73 mc and at  a powcr of grcatrr than 
13 dbm. The bandwiclth of the repeater is 
50 mc, although to datc only 25 mc has 
been used in the cxprrimcnts because of 
bandwidth limitations of the maser in 
the ground rcceivc-r. 

The Spacecraft Antennas, J.  T.  Ban,@, 
R.  S. En,qelhtechl, E. T. Harkless, R. V.  
Sfwry and E. J .  Walsh 

The spacecraft employs two rnicrowavr 
antennas for communications and a single 
VHF antenna for telemetry, beacon and 
command functions. Onr  microwave an- 
tenna cmtcrrd at 6 gc is used to rcceive 
broadband signals from a ground trans- 
mitter whilr the othrr microwave antenna 
centc:rcd at  4 gc is used to transmit signals 
to a ground rrcrivcr. Each microwave 
antenna is composrd of a large number of 
circularly polarizrd radiating elements 
equally spaced around the equator of the 
spacecraft and conncctrd to the electronic 
receiver and transmitter by a complex 
precision feed system. 'I'hc VHE' antenna 
is a small inulticlcmmt hclix moiintcd a t  
the pole of thc spacecraft antl radiates a 
linearly polarized signal. All antcnnas 
provide nearly isotropic antrnna patlcrns 
with the axis of symmetry corresponding 
to the spin axis of the spacecraft. The 
antenna systems were constructed of light, 
but rugged, materials and passed cxtensive 
talc-ctrical, mechanical antl thermal tests. 
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The Spacecraft Radiation Experiments, 
W. L. Rrown, T .  W. Buck, L.  V. Med-  

ford, E. W. Thomas, H .  K .  Gummel, 
G.  I>. MillPr and F. M .  Snits 

The radiation experiments on the Telstar 
spacecraft were designed to measure the 
electron and proton particle distributions 
in the r q i o n  of space explorcd by the 
satellite orbit and to give information on 
thc integral srniiconductor radiation dam- 
age producrd by these particlrs. A solar 
asprct experiment is included with the 
radiation rxpcriments because of its 
direct importance to solar cell damage 
rcsults. T h r  dcsign and the hardware for 
these rxpcriments are described. 

The Spacecraft Power Supply System, 
I ) .  C. Bombrrger, Il. Feldman, D.  E. 
Y'i-uckms S. J.  Rroltn and P. W. IJwery 

The power supply system in the 'I'clstar 
spacrrraft consists of a solar rrll plant to 
convert solar radiation to electrical energy 
when thv satellite is i4luminated by the sun, 
a 19-crll nickel-cadmium battery to store 
energy, and d re~iilation circuit to supply 
constant output voltagrs over a wide 
variation in input voltages. Additionally, 
thr powrr supply system providcs switching 
to conserve power and allow battery rc- 
charging during periods bctwem com- 
munications expcrimrnts. 

The Spacecraft Structure and Thermal 
Design Considerations, P. Hrycak, I ) .  E. 
Koontr, C. Mag's', J .  W. Stafford, B. A .  
llnxet and A .  M .  Wittrnberg 

This paper covrrs thr general structural 
and thrrrnal dcsign considerations of the 
Trlstar satellite. 'I'he basic objectives were 
to maintain the electronic components in a 
near room tempcrature environment and 
to protect thc electronics package from 
high-frequency vibration excitation. Thrsc 
objcctivcs wrrc rralizrd by dividing the 
satellite into two lunlprd masses, the 
shell and the centrally locatrd clectronirs 
package, and by utilizing nylon lacing for 
support of the electronics package. The 
package was provided with an active 
tempcratiire control, regulating radiative 
heat flow between the skin and the package. 
Rrsults of on-the-ground experimental 
evaluation and of trleinetry data are 
given. 

Command and Telemetry Systems, R. C. 
Chapman, Jr.,  G. F. Critchlow and H .  
Munn 

Thr cominancl and telemetry portions of 
thc Tclstar system provide necessary 
support functions for the basic commu- 
nications rxperiment and the radiation 
experiment, By means of thr  command 
system, the states of 7 magnetic latching 
relays in thc satdlitr arc rontrollrd from 
the ground. Commands are sent to the 
satellitr by coded signals modulated on a 
carrirr in the VHF band. 'I'he trlcmrtry 
systcm also uses a VHF carrier to transmit 
cncodrd information froin the satellitc. 
Data on 11 2 items are providrd once each 
minute. 'I'his paper discusses the overall 
command and telemetry systems and 
considers thr  general objectives, systcm 
asprets and detailed implcnwntation. 
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The Ground Transmitter and Receiver, 
A J. Giger, S. Pardve, Jr. and P. R. 
W i c k l i f e ,  Jr. 

Ground station equipment for the ’Telstar 
experiment includes a 6-kmc transmitter 
and a 4-kmc receiver used for television and 
telephone channels. This paprr describes 
the overall transmitting and rrceiving 
arrangements and presents drtailcd ac- 
counts of thr R F  and powrr-supply sub- 
systems. Information is also prescnted on 
protection, control and rquipmcnt features, 
and on rccriver noise performance, 

The FM Demodulator With Negative 
Feedback, A. J .  Gieer arid J .  C. Chafee 

This paprr describes the design and theory 
of operation of the wideband F M  de- 
modulator with feedback (FMFB rccriver) 
L I W ~  a t  the Andovrr, Maine, earth station 
for Telstar satrllitc communications trsts. 
Prrformancc data for the FMFB receiver 
indicate a clear advantagc ovcr the 
conventional F M  rrccivrr in many cases. 
The principal advantage lirs in the ability 
of the FMFB receiver to raisc. the threshold 
at  which “breaking” O C C I I ~ S  for T V  and 
other wideband signals. 

From Part 2 
The Electrical Characteristics of the 

Conical Horn-Reflector Antenna, J. 
N .  Hints, ’I’ins-ve L i  and K .  H.  Turrin 

The conical horn-reHector antenna was 

eratcd to enablr thr antcmna direction 
system to sterr the antrnna toward the 
satellite. 

This paper presents a siniplc analysis of 
error voltage generation, a description of 
the system, and a brief discussion of systrm 
performance. Measurements at  Anclovcr, 
Maine, have shown that an angular point- 
ing error of less than 0.005 degree is main- 
tained by the antrnna when using the 
autotrack system to follow thc Telstar 
communications satellite. 

Orbit Determination and Prediction, 
and Computer Programs, A .  J.  Claus, 
R. B .  Blackman, E .  G. Hallinc and W.  C. 
Kidgruay, III 

Orbit determination and prediction pro- 
grams are needed to gencrate cphemcridrs 
for the satrllite. Orbit dctrrmination is 
from tracking data consisting of angles 
only, and is based on a modified version of 
a method by R. E. Briggs and J. W. 
Slowc*y of thc Smithsonian Institute. 
Trends in the data duc to perturbations 
from a Keplcrian orbit are rcmovrd be- 
fore this process, and rstiinates of the 
orbital elcmrnts from individual passes are 
cornhind statistically to produce refined 
rstimates. Ephemeris calculation is by a 
semi-analytic mcthorl in which deviations 
from a Kcplerian orbit arc: obtained by 
intcgrating thc pcrturhing forccs The 
programs to implrmcnt thesc procedures 
have been written for both the IBM 7090 
and the IBM 1620 computers. 

Participation of the Holmdel Station in 
the Telstar Project, Wil l iam C. Jakes, 
Jr .  

The facility for satellite communication 
studies at  Holmdcl, New Jersey, was 
originally established to take part in 
Project Echo. This papcr describes the 
modifications rcqriircd to participate in 
the Telstar exprriments and the results 
obtained during operations from July 10 
to November 9, 1962. Rccrption of 
television from the satellite was success- 
fully accomplished, studies were made of 
the signal levels, and thr changes with time 
of the satellite spin rate and spin axis 
orientation wrrc determined. 

Results of the Telstar Satellite Space 
Experiments, P. T.  Ilutchison and R .  A .  

This papcr describes how thr Tclstar 
satellite has pcrforrncd in spacr. Included 
is information on changes in the tcm- 
prraturc, spin ratc, spin-axis precession, 
orbital paranictcrs and power levels of 
the satrllite signals, and cornmrnts on the 
behavior of the electrical circuits in the 
spacr cnvironmmt. 

szvift 

Results of the Telstar Radiation Experi- 
ments, W. L. Broron, J .  D .  Gabbe and W. 
Koserurc+ 

‘I’hc data from thc particlc experimcmts of 
the ’I’elstar satellite have been analyzed to 
provide maps of the distribution of electrons 
and protons as measured in threr of the 

selccted for thr  satrllitc communication I;-- ~ -- 
ground station bccausc of its broadband 
and low-noise properties. Prior to the 
construction of the full-size antenna, 
theorrtical and modrl studics of its elec- 
trical characteristics wcrc undrrtakrn. 
These stiidirs consist4 of computing gain 
and radiation pattrrns for two modes of 
rxcitation, constructing of model antennas 
and measuring thrni. Results of thcsr 
studies arc prescnted in this paper togrther 
with results of the mcasurcments of thr 
full-size antrnna a t  Andovcr, Maine. 

Antenna Pointing System: Organization 
and Performance, J.  A .  Gzthens, II .  P. 
tielly, J .  C. Lazier and A .  A.  LundJtrorn 

At the Andover, Main?, satellite ground 
station the 3600-square-foot aprrturc horn- 
reHector antenna concrntrates the micro- 
wave energy in a very narrow beam. This 
is needed to achirve adequate signal-to- 
noise ratio in the hroaclhancl communica- 
tions channel provided by the system 
Accordingly, it is nrcessary to provide 
means for pointing thc- antenna a t  thr 
Tclstar satellite. ‘The guiding objectives 
used in engineering and Constructing the 
mtcnna pointing systcm arc hrirfly dr-  
scribed here. 

The Autotrack System, J .  S. Cook and R.  

The autotrack system accurately senses the 
dirrction of arrival, a t  thc horn-reflector 
antenna, of the microwave beacon signal 
from the communications satcllitr. When 
this direction does not coincidr with the 
horn-reflector pointing direction, error 
correcting voltages arc automatically grn- 
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Rapid Film Technique, Inc., 37-02 27 St., 
Long Island City 1, N.Y. STilwell 6-4600 

I FILM PRODUCTION EQUIP. 
RENT 0 LEASE 0 SERVICE 

COMPLETE 16MM PRODUCERS SERVICES 
mend for Brochure 

DAILY PROCESSING O F  EKTACHROME 
COMMERCIAL & EKTACHROMETER* 

*"Liceesed by Eaatman Kodak" 

3024 Ft Worth A r e  Dalla. 11, Texas FE 1-8347 
SOUTHWEST FILM LAB., INC. 

RECORDER/REPRODUCEA 
MAGNETIC TAPE RECORDERS 
NEW-The portable MINITAPE synchronous 

13 lb. battery operated magnetic tape 
recorder for field recording. 

THE STANCIL-HOFFMAN CORP. 
845 N. Highland, Hollywood 28 

PROJECTION SCREENS 
Professional, Seamless, Front 8 Rear Proicction 
Consulting service custom sires for theatres 
TV & MP studios, viewing roomw. Rigid 
rear projeotion for plotting and display. 
New "Porta-Pro" ortable. 

I Phone 326-1422 (213) 

STEWART FI~MSCREEN CORP. 

I Formerly Stewart-Trans-Lux Cow.  
1161 W. Sepulveda. Torrance, Calif. 90503 

AURICON & K-100 CONVERSIONS 
to 400 & 1200 ft. 

Filter slot Auricons & Filmos 
Transistor amplifiers, processors, etc. 

GORDON YODER 
Write lor details 

Professional Cine Products 
2222 N. Prairie Ave.. Dallas, Texan 

Telbtdr detectors during the period from 
J d y  through October, 1962. For thc 
protons betwccn 26 and 34 Mrv and 
>50 Mev, the particle distributions are 
stable in time. but for the electron dis- 
tribution there is a timr decay of thr 
electron flux over most of thr region ex- 
plored by the Telstar orbit. The connection 
of these observations to the high-altitude 
nuclear explosion of July 3 ,  1962, is dis- 
cuswi. The introduction of additional 
clrctrons by Russian tests at  thc end of 
October was also obscrved. The particle 
maps have been used to drrivc the intcgral 
particle rxposiire of the satellite, which is 
found to account quantitativcly quite well 
for the radia'ion damage experiments on 
solar cells and special darnage transistors 
carrird by the satellite. In thr main power 
plant the proton and rlrctron contribu- 
tions to damage are found to be equal. 
The integral particle exposure has also 
been used to compute thc level of ionization 
in different depths of material in order to 
evaluate the degradation of semiconductor 
deviccs in thc Telstar canister. 

Results of the Telstar System Com- 
munications Tests, R.  W. IIatch, S. R 
BennPtt and J .  P.  Kznrer 

T h r  results of the communications tests 
on the 'l'clstar satellite system which have 
brrn conducted a t  the Andover earth 
station arc presented. Thesc tests have 
included successful transmissions of telc- 
phone, television and data signals. In 
addition, mcasurcmrnts of rereived carrirr 
power, noisr, transmission characteristics, 
linearity. data system errors, absolute 
drlay, and Doppler shift have been made 
The results are in good agreement with 
the expected performance 

From Part 3 
Component Design, Construction and 

Evaluation for Satellites, I). S. Prck 
and M .  C. Wooley 

Components for a hig-h-reliability system 
such as the 'relstar project are obtainrd by: 
(a) design of the component for the required 
cnvironmrnt, (b) careful control of manu- 
facturing proccsses, (c) elimination of 
potmtial early failures by screening tests, 
and (d) selrction of the most stablc com- 
ponents. For passive components, thcse 
mcthods could be applied by using design 
parameters, suppliers and screcning tcch- 
niques cstablishrd in thr earlier submarine 
cable program, with consideration being 
given to the additional effects of the 
satellite launch and orbit enkironmcnts. 

Scmiconductor componrnt designs arc. 
sclected by qualification tests using ac- 
celcratrd electrical and environmental 
stress conditions. Srrecning tcsts wcre 
applied to eliminate early failures, and 
resulting componcnts were aged from two 
to six months brforc srlcction for thc 
satellite. The recognition of the effcct of 
ionizing radiation on transistors caused the 
addition of a radiation qualification test, 
or a screcning to assure selection of thc 
least sensitivc deviccs. Tests have shown 
this screcning to be effective for thc 
radiation intensity expected. 
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l~kpcricncc with thr passive components, 
and evaluation of thr arcclcratrtl test 
results and aging data of the sc-miconductor 
devices, inrlicatr that the rrliability olJ.jec- 
tivr was ohtaincd. 

Nickel-Cadmium Cells for the Spacecraft 
Battery, I ) .  C. Boinber,yer und L. I;. M o o s e  

'l'hr storage battery for tlic 'I'vlstar satrllitc 
must i~ndrrgo frequent cliargc-discliarg(. 
cyrlrs; in addition, it is subject to over- 
charge during a substantial portion o f  its 
life. Nickel-cadmium cells wcrc chosen as 
best capable of satisfactory long-timc 
operation under these conditions. A drsign 
and selection program was undrrt, k en to 
ensure that Ni-Cd corcs would nicct 
ohjcctivrs iriiposcd by battery scrvicr 
conditions, and the cell enclosurr was 
tlrsigncd to rninimizr clcctrolytc leakagr. 
Sclrction, qualification, and life tests 
int1icatc:tl that a storaxc: battery rising 
the cc.11 design would pcrforrn satisfactorily. 
'1'0 clatr, the only failures occurring dirring 
continuing life tests haw hren among crlls 
suljjectcd to loof% discharge daily; this 
operation is far in excess of thr cxpcctrtl 
duty cycle of satellite cells. 

The Satellite Traveling-Wave Tube,  
M. G. Rodnw, J. P. Lnicn, k. G. Ol.rcn 
and A. 7'. Ross 

' l ' h c .  traveling-wavc tubc amplifier de- 
scrilxd provides a minimrim output power 
of 3.5 watts at  4.0 to 4.2 gc. Design asprcts 
that lead to lifetimes in cxccss of 10 years 
and to tubc rficicncics betwcrn 35 to 4094 
arc discussed. ?'he tubr is focused by an 
iniprovrtl vcrsion of the singlr-rcvcrsal 
magnetic circuit. Performance data pcr- 
tinrnt to this particular satrllitc operation 
arc shown. Highlights from the final 
production run and tlic siibscqucnt l i f r  
trst serve to illustrate thr car(' with whicli 
this'TW'L' has been built. 

T h e  Solar Cells and Their  Mounting, 
I;. I). Smitht H. K. Gummel, J .  D. .!lo&. 
1). I3. Cutiris.r, I<. J .  iVirl.rm and W. 
Rosmzwri,q 

01,jcctives in dcvrlopnic~nt of thc solar 
plant for tlic Telstar spacrcraft wcrc to 
provide a power sourcc which woulrl 
withstand launching strrssrs and the cx- 
pectcd space cmvironment, with optimum 
end-of-life performance. Radiation dartiagr 
to the: silicon solar cells is thr  primary 
factor limiting thrir  useful life; the cffict 
d' rncrgrtic protons or c.lectrons is tlir 
generation of recombination ccntrrs in thc 
silicon which rcducc. thc minority-carrier 
diffusion length and thcrc-fore thv Ions- 
wave rvsponsc of thc. cell. 

'I'hc spacrcraft solar rclls usc  thc n-wi-p 
structurc, in prcfcrcncc to conventional 
p-on-n structurc, to obtain a factor of 3 
to 10 increased lifc expectancy. Ilcsporisc 
to liglit in tlic 0.4- to 0.7-mieron rangc is 
cnhancctl by inininiiini rellcctancc. at 
0.55-micron wavc-lvngtli. I:arly estimates 
o f  clcrtron and proton Huxcs in the satcllitc 
orbit showrd that cvcn thc best cells would 
not give sufficient life witliout radiation 
shiclding. 'Tl~crcfor~ the cells arc: protcctctl 
against clrctrons o f  rncrKy up to 1 Mrv by 

0.3 gm/cm2 sappliirr covrr platcs. The 
cell mountings arc designed to withstand 
peak vibration strrssrs of 200 g and re- 
peated tcmpcraturr c:yclc:s from +6S 
c to - 100 c. 

The 3600-cell solar power plant is 
(.omposed of 300 twelve-cell groups of 
I-cm hy 24:m cells, yielding a nominal 
initial power of 14 watts a t  28 volts for 
any spin-axis orientation relative to the 
sun. l'clcnictry information on performance 
o f  thr solar plant inclicatcs degradation of 
the shirldcd solar cc*lls equal to that 
rncasurcd in the laboratory on unshieldcd 
rrlls with a 1-Mcv norinal incidcnce flux 
of 6 by 1 0 ' 2  rlectrons/(cm2 day). From this 
comparison it is estimated that the plant 
will degradc to 68'>b of its initial output 
after two years in orbit. 

The Satellite Ferrimagnetic Power Lim- 
iter, I.. J. Vurnerin, R. I .  Cornstock, W. 
A.  Lkan arid R. W. Korrlos 

To limit thr 4080-1nC local oscillator 
signal power input to the beat oscillator 
modulator of tlic 'relstar satcllitc- com- 
munications repeater, a subsidiary ab- 
sorption limiter was used which consistcd 
of an optically polishcd sphcre of single- 
crystal yttrium iron garnet (YIG), placed 
in a resonant transmission cavity between 
thr amplified 4080-mc output of the 
traveling-wave tube and thr  I30 modulator 
input. 'l'lic limiter holds tlic output power 
nearly constant abovc a givrn input 
threshold ; brlow this thrrshold the YIC; 
is linear and introduces only a small loss. 
'l'hc thrrshold is determined, for a given 
sample at  a given frequency, by the 
external magnrtic bias field. Tcrnperaturc 
compensation over the desircd rangc was 
ohtaincd by orienting the crystal with thc 
tl-c magnctic field along a [loo] or "hard" 
axis. The total weight of the limiter 
package:, including thr hias magnet and 
cavity, is 13 ounces. 

'The Ground Station High-Power Travel- 
ing-Wave Tube,  R. J. Colltet, C.  U .  
IIrItn, J .  P. L a m  and A. M. Striny 

'l'lie M4040 is a 2-kw CW traveling-wavr 
tubr developed specifically for rom- 
rnunications applications. I t  was used as 
tlic power amplifier in the Project Telstar 
ground transmittrr. Analytic methods 
cmploycd in thr design of the rlectrori 
gun, the beam collector, the 1117 circuit 
and the output match arc prcscntecl. 
'l'ypical performance characteristics antl 
drawings of the tubc subasscmblics serve 
to describe the c4cctrical and physiral 
features of the M4040 traveling-wave 
tubr. Mcthods used to inhibit oscillation 
and thr effects of ion drainagc and col- 
lector depression on tubr pcrformanrr arc 
also cliscussrd. 

Masers for the Telstar Satellite Com- 
munications Experiment, W. J. ' I irbor 
ond J .  7'. Sibilin 

'Tliis paper discusses the sign antl cliaritc- 
tcristics o r  ruhy travrling-wave masers 
opcrating at 4 g. 'rtmc. ~riasers, charac- 
tcrizcd IJY an avcrage gain of =35 r ib  
over a 1)andwirltli of 25 rnc, arc equipped 
with wavcguide input transmission linrs, 
rather than tlic prcvioiisly cniploycd 

E a e e r  with 10.000 Eves 

Idb-ea4H 4, 

NOVA 111 16mm HIGH-SPEED CAMERA 

New features include simplified Timing Bloch 
and Film Chip Reducer. 

I t  would take an engineer 
with 10,000 eyes to  

solve these problems: 

0 A heavy paper machine malfunctions. I n  a 
trice it f i l ls  the room with an ocean of paper. 
Problem: Detect the fatigue and fracture 
within the structure of the machine. 

An automatic printing and die-cutting machine 
picks up bad registrations, wi th resultant 
loss i n  material and man hours. Problem: 
Find the cause. 

Chemical f luids forced under high pressure 
into nozzles suddenly take of f  i n  erratic 
directions. Problem: Check the pattern and 
correct direction. 

B4 

fl A manufacturer wants visual proof o f  the 
loft and direction of h i s  golf ball. How can 
he get i t? 

A missile manufacturer i s  faced with mal- 
function in the operation of a transonic sled 
driven by rockets. Another needs to  check on 
the static f i r ing of missiles. An aircraft man- 
ufacturer has problems incident to the take- 
off  and landing of his planes. 

I f  y o u  are an engineer w i t h  a 11oInia1 comple- 
ment of just  t w o  eyes, y o u  can  solve these 
problems by (lie process of elimination, wl i ic l i  
o f ten  takes weeks and motil l is, at  a staggering 
cost in m a n  hours. 
Or . . . y a a  c n n  boy n now \\'AUULI.L 16mni 
lligln Speed i.li',tu-ln*iruiasnlnii~n Cumern. Op- 
erat ing on a ro ta t i ng  p r i s m  as the means of 
op l i ca l  compensation, the WADVEI.~. travels iit a 
f a r  greater velocity than normal intermit lent  
cameras-at 10,000 frames per second. The  at- 
tachment of an 8mm p r i s m  gives y o u  20.000 
frames po r  second. 

Baming  engineering problems that take 'weeks 
or months lo  unravel, are solved in minutes by 
lhe WADDELL camera. T h e  developed film gives 
y o u  the evidence you're l ook ing  for. 

llie WAI)DEI.I. has these unique fcatitres: Twin 
l i m i n g  l ights readily accessible for replace- 
ment wi thout dismantling the camera. Film ch ip  
reducer. T i m i n g  l ights can b e  used indiv idual ly 
o r  collectively w i t h  110 internal  w i r i ng  changes. 
Provides lliree fixed apertures-Full, Half and 
Slit. Bo th  x 20 and W x 16 mount ing tlireads 
on bo t tom of c:imera. Rore sight furnished. 
In iproved positive locking lens mount. Six 
nionths uncondi t ional  giinrantce on parts, labor 
arid service. 

Would you like fa  see the WADDELL deiiinii- 

sfrafrd rixhl in y o r r r  p L n f t  N i i f e  o r  fdt.pho)it,. 

CAMERA EQUIPMENT co., INC. 
Siibsidiary of  CECO Industries 
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