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Proposta Conjunta para uma ligagao via Satélite ATS entre a Universi
dade de Stanford e a Comissao Nacional de Atividades Espaciais(CNAE),

Brasil.

A. INTRODUGCAGD

A medida que aumenta a capacidade de gerar potencia
nos satélites sincronos de comunicacoes, a variedade de seus usos tam
bém cresce. A ligacao direta entre duas ou mais organizacoes por me-
io de circuitos de media capacidade se encontram sntre os usos que se
tornarao econcmicamente vantajosos pela familia de satelites Intelsat
IV, 1Isto & viavel atualmente usando-se as grandes e dispendiosas es-
tagoes terrestres do Intelsat IT juntamente com repetidoras desses
centros de recepcac ate as organizacoes. Entretanto, com os niveis
de potencia do Intelsat IV, existira tambem a possibilidade de trans
missac e recepgao direta nas organizacoes usando muito menores e me-
nos dispendiosas estacoes terrestres. Mesmo em palses com sistemasde
comunieagaes terrestres bem desenvolvidos, essas pequenas estagaes se
rao economicamente atraentes. Fm paises em desenvolvimento elas se-
rao ainda mais vantajosas e em muitos casos talvez a unica alternati-

va viavel.

Esse tipo de servigo podera ser wtilizado por varias
organizagoes, mas seus usos mais variados se encontrario entre as or-
ganizagoes educacionais. Nesse caso essas ligacoes poderiam ser usa-
das para compartilhar aulas, seminarios, ou coldquios, para coordenar
pesquisas ou projetos de estudo conjunto, ou para trocar facilidades
de computacac. Para as universidades norte-americanas 8sses usos po-
deriam enriquecer programas levados a efeito em cooperacao com univer
sidades estrangeiras. Estas, por outro lado, adquiririam muitos dos
beneficios das universidades norte-americanas sem a despesa de enviar

seus alunos aos Estados Unides nem o perigo de espo-lo ac"brain drahn".




Embora esses beneficios fagam as ligagoes diretas via
satelite atraentes para muitas organizacoes,ainda existe um grande nume
ro de perguntas a serem respondidas antes que tais usos sejam propostos
para o Intelsat IV. Existem perguntas de natureza tecnica sobre o cus-
to e a facilidade de operacac dos terminais terrestres, sobre :o custo
relativo de maior poténcia no satelite vs. maior sensibilidade do recep
tor, e sobre a interferéncia que tais estagoes de terra experimentarao
devido a satélites muito proximos em orbita sineronma. Existem tambem
perguntas sobre as relagoes sinal-ruido necessarias para qualquer des-

ses usos e o efeito do tempo de retardo sobre os mesmos.

Finalmente, @ necessario as organizacoes educacionais
um maior estudo para definir a real utilidade de programas que  possam

ser levados atraves dessas ligacoes.

E para responder a essas perguntas que nos propomos es
tabelecer uma ligagao de media capacidade (nos dois sentidos) entre aEs
cola de Engenharia da Universidade de Stanford e a Comissio Nacional de
Atividades Espaciais (CNAE) em Sao Jose dos Campos, Sao Paulo, Brasil.
Essa ligacao experimental usaria o satelite de comunicagoes ATS III em
um programa regular de 1 1/2 a 2 horas por dia, dois a trées dias por se

mana durante um periodo de trés a seis meses.

Durante esses periodos, cursos e seminarios seriam com
partilhados entre as duas organizagoes, e facilidades de computacao se-
riam trocadas. Os membros do Instituto de Pesquisa em Comunicagoes de
Stanford juntamente com o grupo socio-economico do Projeto SACI (CNAE)
avaliariam o desempenho e as limitagoes das ligacoes. Os membros do la
boratorio de Radio Ciéncia de Stanford em colaboragao com o grupo de En
genharia do Projeto SACI (CNAE) determinariam tedrieca e experimentalmeg
te os aspectos tecnicos e economicos das estagoes de baixo custo do sa-

telite em comparagao com outros metodos de prover semelhante servigo.



- 'A Joint Proposal for an ATS Satellite Circuit Between Stanford University

‘ fg;;and Commissao Nacional de Atividades Espaciais (CNAE), Brazil

A. Introduction

' As the power capabilities of synchronous communications Satellites

- inérease, the variety of satellite uses also grows. Among the uses that

‘”;;ﬁﬁiillbé made economically attractive by the Intelsat IV family of satel-
{;1ites is the direct 1iﬁking of two or more institutions by two-way
"Q medium bandwidth circuits. This of course is feasible today using large
kf *énd'éxpensivé Intelsat II ground stations plus ground relay from these
”i¢6mmunication centers to the institutions. But with Intelsat IV power
t“’leiéls, the possibility will als§ exist of transmitting and réceiving
dife&tly at the institutions using much smaller and much less expensive
 :grouhd stations. Even in countries with extensive groﬂnd communications
éyst?@s, these small stations may be economicaliy attractive. In develop-
ihgkc%untries, the& will be even more attractive and in mény cases may
s bekthé only feasible aiternative. |
| Many differe#t‘kinds of'institutions'will have uses for this kind
' of sér?ice,}but‘the mést varied uses may be found among educational in-
: étitptions. For these institutidns such links could be used to share
‘fdrﬁal lectures, seminars, or colloquia, to coordinate research or joint
sfgdy projects., or to‘share computation -facilities. For United States
'VUniversitiés such uses could enrich programs carried out in cooperation
with foreign universities. The foreign university, in addition,'yould
be’éble to have their students acquire many of the benefits of education

at the United States universities without the expense of sending them
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" to the United States and the danger of exposing them to the "brain drain".

While these kinds of benefits will make direct small-terminal
4'$atellite links attractive to many institutions, there still are a num-
~ 'per of questions that must be answered before such use can be seriously

fkproposed for Intglsat IV. There are technical questions on the cost and

y.éase of opefatioé of the ground terminals, on the relative cost of more

; ,;satei1ite power vs. more receiver sensitivity, and oh the interference
:ithét such ground stations will experience between two satellites closely
isﬁéced in synchronoué orbit. There are also questions on the required
 $igna1 to noise ratios for any of the contemplated uses and the effect of
iiime delay on these.uses. And for educational institutions, more study

x'is~neéded to define the real usefulness of the programs that could be

;Tf{égrried over such links. 

‘:'j It is to answer these questions that we propose to estéblish a
;tﬁéjyay low bandwidth 1link between the School of Engineering at Stanford
‘k;fiiﬁﬂi§ersity apd the ComiséZo Nacional de Atividades Espaciais (CNAE) in

Jf¥sgb José dos Campos, Sgb'Paulo, Brazil. This experimental link would

f;se the ATS III communications satellite on a regular schedule 1 1/2
‘_#ﬁxz‘hoﬁrs pér day; two to three days a week for a period-of three to
';sixgmonths. | »
 ;»i During these periods, courses and seminars would be shared between
‘ﬂfhé two insti;utions and computation facilities would be linked together.
‘i:?Membe£s of Stanford's Communications Research Institute together with
p‘;CNAE'é SACI Socio-economic sfaff would evaluate the performance and
" ;i1imitétions of the communiéations links. Members of Stanford's Radio-
rfsciencé Laboratofy in collaboration with CNAE's SACI Engineering Staff

would theoretically and experimentally determine the technical and



economic aspects of the low-cost satellite stations in comparison with

“alternative methods of proViding similar scrvice.

<




B. Aspects to be Considered

A number of different asﬁects will be consdiered in the study.
Some of the information that is needed will come from the existing
literature but puch will come from preparations for the experiment
and analysis ofxthe results. The study will include consideration

of the following topics.

1. The Optimum Station Sensitivity

Increased antenna size and decreased receiver temperature increase
the sensitivity and the cost of receiving stations. Curves will be com—
piled to define the optimum choice of receiver and antenna for any de-
sired sensitivity. These curves may then be used’with pricing schedules
for satéllite power to find the optimum combination.

2. Satellite Isolation

A major disadvantage of small stations is reduced satellite isola-
tio;; A large antenna has a narrow beam and can therefore be pointed at
one satellite and not see interfering signals from a nearby satellite in
synchronous orhit. As ground anﬁennas become smaller and less expensive,
their beam widths increase and satellite Spacidg may also have to increase.
This may seriously reduce the total communications potential of satellites.
Oﬁ the other hand, the need for separation may be reduced by reducing
S/N requirements of the small stations. Investigation will also be
made of the pgssibility of using two or more small, low-cost antennas
in an interferometer array to achieve the collecting area of a medium

sized antenna and the effective beam width of a large antenna.

3. Achieving a Signal to Noise Ratio

For satellite relay to telephone circuits the specified signal to




néise ratio is between 50 and 60 db even though the desired ratio for
Vﬁﬁe gntiré circuit is far less. This is necessary since noise on the
circuit is usually contributed by many additional sources, such as
bterrestrial microwave relays, booster amplifiers, and switching circuits.’
It is technically feasible to reduce the contributions of these
other systems by improved design and allow the satellite link to cbn-
tribute a greater share of the tdtal,noise. However, in a general
" telephone link this would be economically infeasible since all relays,
amplifiers, switches, etc. would have fo be replaced at ?remendous
cost of time and money. |
With direct links between institutions, additional sources of
néise are minimizéd and the individual units génerating this noise
; ) ;
can be improved at reasonable cost. It ma& therefore be possible to
accept lower satellite signal to noiée ratio for direct service.

4. Requirements for Signal to Noise Ratio

g

Also of concern in the signal to noise calculations are the accept-
able noise levels for the various usés. Lecture material, signals'for
lgléctronic‘blackboards or narrow band facsimile machines and data trans-
mission between computers may all require.différent signal to noise
 ratios. Eqﬁipment for the experiment would be desiéned for the most
stringent requirements but provided.with gontroliable noise insertion

to evaluate the effect of different noise typescand levels on the various
. services.

5. Transmission of Lectures

Among the services which will be tested is the transmission of a
'.regularly scheduled lecture course and an occasional seminar. Electronic

plackboards will be used to convey handwritten information and the two-



way voice link will be used to provide question and answer capability.
TéSts\will be conducted to estimate the effectiveness of learning in
the remote clagsroom and the effect on the instructor and class in the

  1ive classroom(? Effects of theVsynchronous'satellite time delay and’
ofia range of n%ise levels will be»evaluated during thé lectures.

6. Transmission of Data

Two-wéy coﬁ%uter links will be established through the satellite
i to demonstrategﬁ%e ability to transfer blocks of data and tovoperate
Zl"éimple telefype terminals remotely. Computer aided education programs,
 _fdéveioped at Stanford's Institute for Mathematical Studies in Social
Science, will be run through the teletype terminal.

7. Organizational Requirements

Although the lecture and computer uses of the communications links
" will be only on a temporary basis, many of the problems inherent in or-
j:génizjng a permanent service will be encountered. The severity of these

as prdblems and the techniques used to overcome them will be recorded.
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C. Stanford's Experience in Communications and International Programs

Stanford University has many differcent programs that wil; provide
the background and experience necessary to carry out the proposed ex-
periment.

Technical background includes extensive research in radio electronics,
commﬁéiCations ﬁﬁeory, and space science carried out in the Radioscience
1abor§§ory. Présent research in th;s laboratory includes design and
fabrication of a low-cost microwave receivér and antenna for use with

ETV Satellites and design and fabrication of an unmanned scientific labo-

ratory to relay signals from Antarctica to the United States using

synchronous communications satellites.

Past studies in the School of Engineering have inéluded ASCEND,va
design of Educational Television Satellité Systems for Brazil, India and
indonesia, and SAINT, a design of an Internationﬁl Telecommunications
Satéilite Syste@.

Stanford's School of Engineering has also implemented a program to
felay lecture m%terial to AerOSpace’and Electronic firms in the San
Francisco area.; Preparation and implementation:of the program provided
experience in many of.the technical and organizational areas preéent

in the proposed experiment. Extensive experience also exists at Stanford

“

in the evaluation of innovative communications and educational techniques.
-TheVInstitute'for Communications Research has for several years been

involved in the installation and evaluation of ETV in Colombia and in

the use of ETV in other a;eas. The Institute for Mathematical Studies

in_Social Science also has extensive experience with computer supplements

~ to' education, using teletypes in the classroom connected to a central




computer. This experience will provide both organizational and technical
Vsupport for the proposed experimeﬁt.

In addition té the %echnical and organizational experience, Stanford
has a long history of International activities. Foreign students from
.all over the world are enrolled in graduate and undergraduate programs.
Stanford also haé eight campuses in foreign countries which are attended
for at least aghalf year by most undergraduates.. And in manj different
schools, Stanford professors conduct research in cooperation with
"foreign institutions. While these activities will not be directly in-
volved with the proposed experiment, they will be able to provide es-
timates of the different kinds of services that satellites couid provide
for educational institutions.

The proposed experiﬁent with the ATS Satellite is limited both in
scope and man-power. >However, with the experience at Stanford in
bcommunications and related fields, it will be possible to idenfify the
most cfitical aspects for experimentation and demonstration and to

relate the results to the more general use of future communications

 ,.satel1ites.



D: CNAE's Experience in Space Programs

The Comissao Nacional de.Atividades Lspaciais (CNAE) has been
working since 19§3 in the fields of space science and technology.
>It_has monitored and used satellite signals from variocus projects such
as the ESSA weather satellites, ATS-III, ALLOUETTE, etc.

» Receivers, transmitters, and telemetry systems have been built
in its laboratories in Sgb José dos Campos and were sucessfully used
in balloons and ;ounding rockets.

X?n 1966 CNAE éstablishedkthe basis of a pfoject called SACI
which%éims ét the utilization of space technology for educational -pur-
posés.k Several reports have been publisﬁed and an engineering staff
was forhed especially for this work.

Most of the CNAE projects were and still aré made with international
’cooperation. NASA's Office of International Affairs can confirm CNAE's

~

performances in a number of research projects.



E. A History of Cooperation between Stanford and Commissao Nacional

Atividades Espaciais

In a cooperative experiment such as the one being proposed it is
important that the two institutions be able to work efficiently together.
In this Specific‘proposal it is also important that close cooperation
between Stanford and Commissao Nacional de Atividades Espaciais (CNAE)
~will make this possible.

Graduate courées in Engineering are offered at the CNAE Graduate
School facility inl526 José dos Campos. Many of these céurses are to
l’Some extent modeled after those offered in the Electrical Engineering
.department at Stanford. The course topics are very similar and in
several’cases the text books used are the.same. It has been a regular
:practice for students to be sent by CNAE to receive the Ph.D degree in
Electrical Engineering at Stanford. Some of the technical courses are
: tauéht in English to prepare them for their studies in the United States.
This situation will obviously minimize the difficulties in sharing lecture
‘v mate:ial between the two institutions.

In addition, research carried out by CNAE and Stanford's Radio-
science Laboratbry is of mutual interest and will provide suitable topics
for joint seminars.

As a group, the graduate students sent by CNAE have done better
academicallyithan any other group in Stanford's Engineering Graduate
Program. This, and personal visits to CNAE haye given Stanford confi-
dence in the quality of the work being done there. There should be no
problem in establishing the necessary close technical cooperation be-

tween the two ends of the satellite communications link.

\
\
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Finally, close personal communications and understanding is in-
valuable in organizing an experimenf‘of this type. Dr. Fernando de
Mendonga, Scientific Director of CNAE, received his Ph.D degree from
VStanford's Electrical Engineering Departmen£, worked here as a visiting
scientist, and has since maintained close contact with the University.
Several persons from Stanford have visited CNAE in the past year and
more visits are planned in the future. Additional coqperatiqn willk

be provided by having at least one of the graduate students involved

at Stanford be from the group of CNAE studepts présently working
~towards their Stanford Ph.D degreeg. \

Theée mechanisms should ensuré maximum communications and coopera-
tion between both ends of the proposed experiment. While links to other
countries or even to ofher institutions within Braiil would certainly
be feasible and valuable, the history‘of cooperation between Stanford
and CNAE points to this combination as likely to yield the most valuable
results. It is true that many of the organizational problems of direct
communicatiogs links will be reduced by this choice. However, the
effect of ﬁhe aaditional éroblems can be estimated after the expefiment.'

This would seem better than adding problems to the proposed experiment

~and increasing the probabilities of administrative impasses.
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F. Proposcd Satellite Schedule

The satéllite proposed fér the experimental communications link

| is the ATS-III synchronous satellite. The satellite wou1d3be'visib1e

ﬂfrom both Stanford and CNAE when it is positioned over the equator

approximately between longitudes 50O West and 120o West.
It is planned to tfansmit a regularly scheduled lecture course
through the satellite; Since the lécture will normally take one hour,

- it would be advisable to schedule regularly two hours of satellité time.
 This will allow siTeicidnt L ine 4o eétgblish the satellite link and to
xénsure that all equipment is operating p¥operly. With regular operations,
‘fhe additional hour would also be used for technical tests and for com-
.puter link ups. The two hours should begin no sooner than 7:00 a.m. at

5 fStanford and no later tﬁen 8:00 p.m. in Brgzil. These limits are shown
 in‘Pacifid Standard Time, Szb Paulo Time,‘and'Universal Time in Table 1I.

‘\The 1ectﬁre course could be scheduled either for Monday, Wednesday,

5;andvFriday, or for Tuesday‘and Thursday;‘

fhe experiment should be scheduled to run at least one quarter year,

~to allow a complete course to be shared, preceeded by a month of inter-

. mittent tests with the satellite link. .Valuable information would also

be derived by continuing the experiment through a second quarter year.

:f if the proposal receives early approval, work with the satellite could

start as eariy as mid-August 1969 to broadcast material during the

 ;kquarter ending ét the end of December 1869. Otherwise, the experiment

'could begin in'early December 1969 for the quarter January through March

11970, e
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Table 1

Acceptable Tiwes for Beginning of 2 Hour Satellite Use

Note: Brazil decides each year whether or not to use daylight savings time,

(a) If Brazil does not use daylight savings time

E
~ !
E DATES - STARTING STANFORD. TIME SA0 JOSE DOS UNIVERSAL
: T IME (PST) CAMPOS, T IME T IME
?vNovember Earliest 7:00 am 12:00 noon 15:00
E] through
. April , ‘
i Iatest 3:00 pm 8:00 pm 23:00
= : :
. May - Earliest 7:00 am 11:00 am 14:00
| through : :
. October
i latest 4:00 pm 8:00 pm 23:00
i {b) If Brazil does use daylight savings time
i 1 . . ~ Y
DATES STARTING STANFORD TIME SAO JOSE DOS UNIVERSAL
| TIME (PST) CAMPOS T IME TIME
November Earliest 7:00 am : 1:00 pm 15:00
through  p -
March ~Latest 2:00 pnm 8:00 pm 22:00
Earliest 7:00 am . -
’ ) 12:00 noon 15:00
April :
Latest 3:00 pm- 8:00 pm 23:0¢
May X Earliest 7:00 am 11:00 am 14:00
through
October Latest 4:00 pm 8:00 pm 23:00
- ' 13
E o




G. Equipment Neceded

‘Two alternative configurations of equipment needed for the propo-
sed eoxperiment are shown in the block diagrams of Figures I and II.

These are iptended to work with the 6-4 GHz repeater system of
 _ ATS~III in the direct frequency shift mode or in the multiple access
iﬁmode.

Several antenna sizes have been considered to allow communications
~LiWith voice channels‘or with the narrow band facsimile systems. Study
‘"is also continuing to:determine the feasibility of using two or more

. smaller reflectors in an array.

Thg chéracteristics and link calculations for the two systems are
shown in Tables II and III. It should be poted that at this time the
choice of actual hardware is not decided. Study is continuing to find
: the\optimum combination from é performance and cost standpoint. The
’équipmgnt'in both systems shown is "off the shelf" hardware and can
be obtained for minimum cost and delay. Any alternative systems
that are éopsidered will also be "off the shelf" to maintain the low

cost necessary for the experiment.
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Figure I Block Diagram of Ground Station for Two-way Voice Chénngl

\
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Figure II Block‘Diégram of Ground Station for Two-way Audio énd Facsimile Channel



Table II

DUPLEX VOICE GROUND TERMINAL - multiple access mode -
(a) Up-Link Calculation

- Transmitting Average Power 54.5 dbm
. Diplexer loss -0.5 db
' Ground Antenna Gain (14 foot dlSh) 46.0 db
* Space Attenuation ; ; -200.8 db
- Receiving Antenna Gain " 17.4 db
Off Beam Loss : =2.0 db
. Satellite transmission liner and Diplexer loner =168 db
" Received Subcarrier Power o -87.0 dbm
- Receiver Noise Figure : 6.2 db
. Receiver Noise Power Density e . ~169.0 dbm/Hz
 Channel Bandwidth : ‘ : 34.9 db
 Receiver Channel \Noise : : -134.1 dbm
 Received Subcarrier/Noise | ‘ A 47.1 db
DUPLEX VOICE GROUND TERMINAL ~ multiple access mode —
"{b) Down-Link calculation
Satellite ERP ; : : - * 52,2 dbm -
. Beam Loss ) ) . =2.0 db
' Space Attenuation (22 000 NM ‘ : .
1 4.17 GHz) Nl ~197.1 db
Ground Antenna Gain (14 foot dish) 42.7 db
Recelved Carrier Power -104.2 dbm
Effective Receiver Noise Temp. ok : 18.8 db
Receiver Noise Power Density - =179.8 dbm/Hz
~ Receiver Bandwidth . : 64.7 db
_ Receiver Noise Power : ' ~115.1 dbm
Carrier to Total Noise ‘ : 10.9 db
Test Tone/Fluctuation Noise , : 20 db
2 , ' ; ' 15 db
‘Overall System -Test Tone/effective S/N ' 35. db

17




Table III

VIDEO PHONE GROUND TERMINAL - frequency translation mode -
(a) Up~Link Calculation

Transmitter average power (280 watts) 54.5 dbm
Diplexer Loss . -0.5 db
 Ground Antenna Gain (8 foot dish) - 41.0 db
: - gpace Attenuation (22.000 NM : : < .
~6.3 GHz) e i w200,8 7 db
Satellite Antenna Gain ‘ : 17.4 db
Off Beam loss : S g T : s ~2.0 db-
Diplexer and Miscellaneous loner -1.6 db
~ 'Received Carrier Power i ~92.0 dbm
' Receiver Noise Figure : ‘ R 6.2 db
Receiver Noise Power Density : -169.0 dbm/Hz
. Receiver Bandwidth ; ; 54,0 db
‘ Receiver Noise Power ' ~115.0 dbm

Carrier/Noise Ratio ; . 23.0 db

VIDEO-PHONE GROUND TERMINAL
(b) Down-Link Calculations

Satellite ERP : ; 52.2 dbm
Space Attenuation (4.17 GHz) ) -197.1 db
Off Beam Loss’ o TE : " =2.0 db
Ground Antenna Gain (8 foot dish) . : 38.0 db
Received Carrier Power ; : -108.9 dbm

' Effective Receiver Noise Temp. Ok : ' 18.8 db
Receiver Noise Power Density -179.8 dbm/Hz
Receiver Bandwidth 55.2 db
Receiver Noise Power ; -124.6 dbm
ATS to Ground Carrier to Noise ' 15.7 db
Up~Link Contribution : -0.8 db
Total Carrier to Noilse : 14.9 db
FM Improvement ' 16  db
Signal to Noise - 30.9 db

.
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H. Stanford's Expecriment Team

The oxporiment will draw on experience from many different parts
of the University. Principal responsibility for conducting the ex-
" periment and analyzing the results will lie with:

Dr. Bruce Lusignan - Associate Professor = Electrical Engineering
! Department

Dr. Wilbur Schramm - Director, Institute for Communications Research

Dr. Patrick Suppes = Director, Institute for Mathematical Studies
in Social Science

Dr. Donald Grace - Associate Dean, School of Engineering
Coordination of thé technical aspects with the education program
" at Stanford will be under the guidance of:‘

Dr. Joseph Pettit = Dean, School of Engineering

The work will be done by three graduate research assistants with the
help of a full time technician. Additional technical support may be
' { expécted from the engineering firms supplying the equipment. .
' Lecture méterial and seminars to be transmitted from Stanford to
gf'CﬁAE will be prepared by Stanford professors. While they will partici~

\'pate,in3the experiment, they will do so at no cost to the project.
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I. CNAE's Experiment Team

‘The main responsibility for the experiment. at CNAE will lie with
Dr. Fernando de Mendonga, Scientific Director of CNAE. Mr. Alberto
.Franco who is in charge of the Applied Research Program will act as én
internal coordinator. ‘

The technical.aSpects of the éxperiment will be handled by the

" SACI PROJECT staff.

‘Engineering
' Jorge de Mesquite, (EE), Project Manager '

Jose Euggnio Guisard Ferraz, (EE)
José Torquato Pedrosa de Sousa, (EE)
Lqiz Roberto Ferreira da’Césta, (EE)
Henrique Erlich, (EE)
ThadeuARache Corseuil, (EE)
Cesar Rgmulo Silveixa_Neto, (EE)‘ \
José Guilherme Ornelas de Souée, (EE)
Arry Carlos Buss Filho,'(EE)
‘José Penha de Assis, (EE)
Rubem Buchhoez Ferreira, (EE)

Socio-economic aspects:
Edith Wehmuth Ragonha
Tereza Dejuste
Maria José Leme

Qesides, the experiment will have available all the. facilities

fapd staff of lZO’Engineers and 15 Technicians,

20



J. Stanford's Cost Istimate
1 August 1969 through 3 July 1970

I.  Dircct Salaries
: Principal Investigator
Professor Bruce B. Lusignan : $2,670
1/8 time academic year
1/4 time summer

Cé—lnvestigators ‘
Professor Wilbur Schramm . 3,070
1 1/10 time all year

Professor Patfick Suppes
(as needed)

Professor Donald Grace
(as needed)

Dr. Joseph Pettit
{as needed)

Student Research Assistants (3) ‘ ; 12,600
: 50% time academic year :
100% time summer

Electronic Technicians (2) * _ . 5,600
8 man-months

Computer Programmer L ry , e 280
i/8 time . e
Secretarial and Engineering Support ‘ . 2,900

{Services at $4.15 per hour)

Direct Salaries 27,820
II. Staff Benefits 11.6%" ~ : 3,410
I7I. University Overhead ' 15,860
IV. Direct Costs v ' , ' :
Expendable Materials - -8$1,950
Computer
IBM 360/70 3 hours @ $480/hour 1,440
Sigma 5 20 hours'@ 60/hour 1,200
PDP 9 24 hours @ 27/hour : 650
ravel . A
1 Round-trip East Coast . 330
1 Round~trip Brazil ' 1,000
" Report Costs 1,200
Direct Costs (less Communications Equip.) 7,770
_Total Cost (less Communications quip.) ' : 54,860
Iess University Non-Federal Participation : -1,650
Total Funds Requested from NASA $53,210

#11.6% through 8-31-69, 12.3% thercafter

!
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Estimated cost for the two alternative systems are $52,000 for
&ithe éystem of Figure I and $6§,OOO for the system of Figure II.
”f_These cost are estimates of the purchase price 6f the hardware.
N}Since most,of the equipment is standard the possibility also exists
’{ of 1easing it fof the 9 months or 1 year necessary at a cost signifi-
“1  cantly below its purchase price. Additionally, since several suppliers
(i?are interested in the experiment as demonstration of additional uses of
; 'their products, it is probable that the necessary equipment could be

deonated or loaned for the experiment. These possibilities raise questions

:thét can only be answered by NASA in conjunction with the experimenters

- and hardware suppliers.
The project cost to NASA would run a minimum of $53,000, assuming
equipment would be loaned or donated,‘and a maximum of $115,000, assuming

 thefequipment would be purchased.
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K. CNAE's Coét Page

. These figures are included for information only.
;y“;CNAE will be borne by the Brazilian government.

The cost of the "Projecto SACI" staff (14 persons)
working during 6 months, half time period.........

VTQVVVThe cost of the auxiliary team (4 pPersons)........
. The equipment costs will be the same as Stanford's

~costs plus transportation......ccceeeveceosss

overhead. v e v s esrsossssssisorsserensessessas
support and report Costs.......cccveieeinnses

coordinating trip..ccveececcorococcescsonncss
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Costs for

U8
21,000

3,000

80,000
12,000
2,000

2,000




