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"INTRODUCTION

In the United Sinles and throughout mich of the Vleclern world
there is a growing auovenace of the enormity of, the tasgk that hae
becn defan-d for the verious national cducation systems. Educators,
for several reaszons, are referring to the situation as the "crisis in
cducaticn”. 1.2 The principal reason teing given is the lack of funds
to provide a buasic cducutden by traditionzl mcthods to the burgconing
numbers of people for whom such an education may well mean the differ-
ence between living and merely subcisting. .

Becauce the core of educaticn is cbmmunicatién, it is perhaps
that telecoxmunicationz technolegy is being investipated
as an ingrcdicnt of bLoith morc efficiernt and possitly, at the same tinme,
nore effective educaticnal systems. Surely, the rotential is there.
Yel, it is being tappcd, with few exceptions, in a pieccmcal fachion
that nullifies the ore clear advartage it has, in terms of efficiency,
over traditional cla oon~ueuche situations --- that -of teing cavable
cf reducing the stuﬂe“t-tgachcr retio. The importance cf this advan-
t ducatiznal Develcpment follcu-
irg a study Lo invectiate the new instruciional technologies with re-
card to scnool finances. In a summary siaterent tefore the President’s
mmigsion of Schcel Firance, the Acaiemy's Executive Vice President,

1 B

e
Tre conly w'y 4o reduce unit coste substantizlly
is to incrcase the puril-teacher ratio dramatically."” 3

The advantage of transmitting educatioral pregrams by radio-waves

. usiﬁg a geo-staticnary satellite is 1m:ed1ht ely aprarent. A satellite
offers to a large country or group of countries lacking adequate ground
corxunications (and this is almost always the case, as far as educational
technolcries are concerned, for some regions of every Cuuru*") a systen
“that can ccver a geographic area of a million square kilometers. The
satellite signals can reach isolated, mobile. and dispersed populations
vith ecase, and recent studics show thul the éost of the distribupion

system for telovicion rresramming can a2 siznilicantly less byrsatelllite

~

]

than for compara®le terrenirial fueilitiors, 4
In {he enro of o doge develor Do cinnnry (Z?f§ it i dnconuaivall
Cran e, Ulderinoiin of cuoh nognbtadn wlote prenide edusalionel o welhe-
vieien by osnteidive For e whodoe connter woutd oned he Godroedg 10 n
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contreilad, Ly the national ministry (department, buarcau, ete.) of
tolecorsmnications or a comparadle entity. In any event, it woeuld be
very Gesirable {rom an econonic standpoint. For little additicaal
cost, a revenue producing service could be providsd using the same
gatellite nnd slightly enlargzd earth stations.

Scetion B of this report descrives progress toward the devel-
oprient of & model to determine the least-cost joint system.

Inasiuch as a telecommunicaticns system may be used to carry a
variety cf techinological approaches designed to erhance the educational
process, somz evaluation as to which approach or approaches to use
would bec desirable, Section A of this report presents the progress

to-date in this eifort as given in the literature.



Scection A

EDUCATIONATL, THCHEOLOGY
A Summary Of Reccnt Evaluctions

"The forws of sceiety we shall see in the twenty-
first,century in my ‘judzement, will depend less
upon our relaticnsihiip as workers to the means of
production of goods and services and more -- much
more -- upon our relaticnchip as total social be-
ings to the means of production of informaticn,

ideas and images."”
s -- Rose K. Goldsen
Cornell University

Education, as contrasted with instruction, is scen as "a prepara-

Vs . . . 1
tion for life through mere adequate adaptation to one's environment."

It is regarded as being concerned with the "whole student" and as re-
lating to."his mental, emotional,’ physical,social, cultural, and tech-
nological adjustments.” 2 Or, put another way: "In the broadest sensc
the aims of eddcation include the transmissioﬁ'of knowledge, the in-
stallatioﬁ of wvalues and the development of intellectual, physical,
social, and artistic skills and ccmpetencies.”

It nay bq argued that attemp4inz to evaluaite the effcctiveness
of any particuler educaticnal sysiecm or process in contrizuting to the
atove implied ctjectives is tantamsunt to measuring (quant&fying) the

" he is imputed by scciety. Surely,

0
t4
=
H
o
[¢7]
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s

~whole individuzl arnd the us

there ic no more herculean task

4

Most pecple are well aware i’ this procblem. For instance, Jamiscn
and Suppes in discussing alternatives for improving productivity and ef-
ficiency in education state their belief that "clearly categorizing and
nmeasuring the outputs of an educaticnal system is presently an impos-
sible task." In their view,'much of the work that would be required .
in such an endeavor would involve assessment of values, not facts, and
even if...(one) were to recach a concensus, both the desirability and
capability of...(a government's) acting on this concensus are dubious."

As a result, most evaluations of alternative educational procesées
are based largely cn the ébility of these processes to perform the in-

plying that the affec-

structional part of educution and are,thercly, ia

tive component of educaticn is invariant under the several olternative

m

precesses.  1nus, Jamison and Suppos adopi as their definition of the

outpul of educational systemeg, wilh susceptibility to measuremeni clearly



in mind, two Lypes of proxy measuree: "1) enrollments weighted by time
and type of expocure, and 2) distributions of scores on acuicvement
tests." _ : -

In and of ilself, this approﬁch hiases the e¢ducational ref'ormer
toward methods and systems alternatives that reportedly maximize this
"objectively" determined transference of information -- with little
overt reczard to other aspects. I would agree with Miller innat such
a bias, although understandable, creates the possibility of cur "ne-
glecting important variables in the cducational syctems we are eval-

ueting because we do not have adequate ways to measure them." > 1 feel
: z

it apprecpriate to reiterate the following caveat of Bruner and Olson,

The assumption that knowledge was central te the.ed
cational cnterorlee and that it wac independcont frem tre
form of experience i'rcm which it derived and ihe goalr sor
vhich it wvwas used has “ad severuzl importeni &nd persiziing
effects on cducationzl thougnt. First it has led to a
certain blindncss to t“n effecis of the medium of instruction
as opposed to the content, a blindness which izTwhan nze
alerted us to, and secondly, it has led to an unsatislazzor
and restricted concepiicn of ebility. Az the effects ¢ ex-
pericence vere compleol e‘“ asgimilated uo‘tne account ci e
acguigition ci knowlearse, experience was concidcered ler: and
Jess central to the ac;ulslulon of abi lnty Since wicdge
was all, ability could te talen for granted --
Lles vhicn may be used to acquire ¥ncwledss. Abd
then projected ravier c*rect’" into tne mind 1
genetic traits (Jensen, ) while the culture ¢ ex:
vere both ignored as rossitle candideaics to account
developnent. The effects of this slranze turn has besn o
‘obscure the importance of developing atilities, often thereby
making schooling irrelevent. '

Of course, technology is but an instrument and in the sirict

n
m
3
0
19

(o]
h

of the word is neutral. The final Jjudgément on the effectiveness
various technologies will depend almost entirely on the sofiware, on
the programs which they are used to disscminate. With this view, the
educational technologies are seen as tools to be used in tne educa-
tional process much as a textbook -- i.e., that they are nct capable
in and of themselves of more than imparting 1nfor*at10n, nor werc they
cver intended to do more. 7 To the extent that thie is true, it is
cuite rengible that evaluatiens of fechinnl. ieg denl only with the coo-

nitive, not the affective, ccuponent of cducution.
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Neverthcless, it would be hoped that the current irend in seome
schools of cducuation toward an cmphaszis on the recipient of cducatior.,
on learning theories and awvay from an cmphasis on the dispenser of
information, on icaching methods will be furthered by the intrcducticn
of technology. Certainly the potential for encouraging this cshift ir
emphasis ic irherent in much of the recent technology. Especially de-
sipgned curriculze can place the major burden of the informatioral,
cognitive aspects of education on the technologzy and free the teacher
to improve the affective content of the interaction with and arong
students.

The point of view adopted here in reviewing the findings to-cate
of educational effectiveness studies is that it is rational to surpos2
that telecormunications techrology ie neutral. The context in which
such technolozy is used will determire the effects of its usc in the
affective dumain. If evaluation of the lzarned-information capability
of various lechnologies shows differcnces among them; it is Titting
to use them when the ratio of this capability to the corresponding
" cost if implemcniation is larger than when conventional methodz are

employed.

Findinss

Now, witai have the varicus studics of and experiments with ecu-
?ational techinolczy shown? The results which seem of most relevarnce
nere are that:1) remote television inztruction can teach at lezst as
well as a conventional class:iom lecture situation if some form of

8,9,10

feedback to the instructor is provided; 2) instructionzl rad:d
ané radio-vision (aural material supplemented with still pictures prec-
vided by one of several means such as facsimile, slow-scan TV, pre-dis
tributed handouts, predistributed film strips, etc.) can be , in some
instancés as effective in teaching as television (sometimes it can be
'even more effective); 3) a balanced approach to using the technolog:
will produce the most learning. That is, in general, "use the eirplest,
barest, clearest, and least distracting presentation possible." This

as nreserntlis used

result, coupled with the previous onc, indicates that televiéion/may

be optimal only a small percentage of the time; i) "considering'colliars

Ve_ncereble reculist one or. hows whedtoor inatractional tor-

" llfla (It is probable that this siatenen:

LY T
[P REMTVRIS § 191

nology is worth the cost.
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was focused on the American scene where only a few "experiments" in
FIV heve sufficient audience to benefit to any exient from cconomies
of scale, since, in the same report, it is noted, with implied en-
thusiasn, that.El Salvador's prescnt systematic approach to improving
cducation never cculd have been possible without advanced irstructional
technolory.) However, when cther effccts are included, most practi-
tioners cre enthusiastic about the results and the low cogt levels
being achiecved.

: A word regarding scome experiments that are now in the planning
stage may be indicative of the perceived value of onz technology in
compariscn to the others. Of the several being given attention in
the current literature, there are none which involve purely radio.

All are using television! This may be due, in part, to ithe recognitinn
that most people, given a choice between radio or televisicn, will
chdose televicion. Also, the effectivencss of radio may not be known
and the entcrtainment aspects of television are probably not seen as
a possibli deterrent to learning. Strong pressure is thus created for
"keeping up with the Joneses." KEIV is clearly the newer medium and
will attract its share of proponents if for no other reanson. As Forsyihe
points out, "If present circumstarces were the vroduct o7 systematic
planning anrd convincié; cvidence, few weuld resict them, tut that,
unfortunatciy, is not the case. On thc.contrary, it is rore reaszon-
able todzy than ever teiore to recerd radio as a versatile, a praciical,
and an effcctive instructisnal mediwa.” *3

-The probtable outccme of all this is that television will continue
to be provided in the educational context not only because there are
sone applicaticné in vhich it is more effcctive than other technolozies,
but also becauce of ils popular imege. (As Skorhia puts it, "It has
been generally assumed that communication through more than one sense
is better than communication through only one: For exarple, that tele-
vision teaches better than radio, sound-film tetter than silent film,
movies better than 'still pictures, color TV more effectively than monsc-
ll) Jh

Whether in these applications the added bene-
td

chrome, and so on.
fits of televicion exceed its added cost is moot
becaure we are secustomed vo ininking of

education in terms of the classroom selting and are tryine to duplicate



the claseromn at the remcte location. As onc technolegist said, "I con-

gsider Lha anlimwe syslon ag one that cslablishios an envivonmort, for the
off-campus student which, zs closcly as possible, approximates the situ-
15

ation of the resular full-iime sludent on cawmpus.
me licht, 1 btelieve that the following observations will

si
contritute to a clearer understanding of the relative merits of the

Other Considcrations

fost comparicons of technologies have been based on duplicating a
classroom gituation and mzasuring the ability of .either radio or tiele-

4.

vision to instruct as well as if students were in the live, traditicnzl
setting. I have no quarrel with the findirngs that radio can, in many
of thesc cases, concentrate the attention of the students to a higner
deérce and actually procduce Letter retention. These cemparizonz, how-
evér, are structured such that television has been forced intio the mdld
of a more limited medium. In instances, such as "Sesame Street", whers
the image and motion capabilities of the television have been integratved
into the total presentaticon, results seem to show ihat television has a
clear advantage. (Undoubiedly, the age of the audience is an importzni
variatle, as well as the subject matter to bte presented.)’

-In comparing radic and television the siatement is clien rmade tnzt
television costs five times as much. From this, the conclusizn is
dravn thal unlees televizion is five tines tetter in itz ability <o

=

r

[¢4]

instruct, radio is the "best buy" in terms of dollars per unii o

ct
t=te
(3]

iec

iy

tained information. It may still ke that radio is more "cosi-e

en

(9]
[¢]

[

but the proper comparison must account for.the total learning exper
end, therefore, the total educational budget, as follows.
Television and radio have been used in conjunction with and largely
in support of the total educational infrastructure. The measurements
‘of efficacy using tclevision or radio are, then, measures of the effi-
cacy of the total system (including either radio or televigion). Sub-
' pose that one could (even ihough one cannotl quantify the output of ihe
total systom-with-lelevision anc alzo the outmit of the total Tysten-
with-radio. Let the culyut of the syctem-with-televicion be roprevented

by OLv ) Lthe oatomt 220 the syrteme-with-radio by Or Ly oand the oot
3 9

of the system without cither radio or televizion, i.e., with purely ~ra-
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ditional inpute to cducakion, be represented by 0_. I the cost of the
3]

systems ave then reprecented, vorpoctively, by Ctv,:’ Cr,s

the correct and rair conparison Lo delermine vheuner television is worth

, and CS then

the extra cost¢ is not whether

0, ~ 0 0 -0
LWLS 8 5 lurger than —2f =
C,. . -c_ 8 c__-c_°

r,s S

tv,s
» . > - ) . 3 *
vhich ie, essentially, a marginal revenue to marginal cost ratio, but
rather is wvhether

Otv s or g
——2= is larger than Emli .

C
) tv,s TS
.77 An illustration of the above will help convey the meaning. A pro-
posal of the executive secretary of the National Educaticn Association,

i
San Lambers, reported in the Falo Alto Timco ol Mag 4, 1972, sugsested
&) ] > bl DO

that a national average cost standard for education (c¢lementary and
secondary) of $1200 pcr'pupil per year be established. This wsuld cor-
respond QP CS. Cost figurcs‘for one hour of programming per day of
"Sesane Street' averazed over the estimated zudience of 7 millicn pre-
school. children came to $0.65 per child for the first year. 1 part of
this coct is uﬁdouLtcdly Zuz to distribution costs, nevertheless, lev

ddition to these mostly «ci
J

o

ug suppos2 that in
1CH increase in cost to provide the hardware (s if one were required
to purchacze the televicicn sets and install thz means of distributing
the progran signals)** and that the preogramming is increared to eight
hours a day. The cost per pupil would then be $(1.10)(0.05)(3) = $5.72.
Further, assunie, very conservatively, that radio woculd cost only one-
tenth as much as television, or $0.57 per pupil per year.

The correct ccomparison should not be

¥ An individual firm in a purely coninetitive market will not prcduce at
a level of cutput cuch thet the ratio of murginal revenue to narginal cost
is a maximun., It will maximice instead, the ratio of total revenus Lo
totel cost. Thic princinle, I telieve, applicc in the prescont cace of
compariny the desirubilivy of using one teclndlory in precicerenac Lo anuiher,

_‘.‘.(.l.' .‘1..:", ".l’.'?"‘." n :.._‘.,._1:|;.‘. '.'*..'.ifff""l'.'f? 1.‘::.97.

Crel, 1
BE AT Proallian idonsauin !
.

¥
IR AR <Lt <
Lheir hardware cosug are lews than 10u of Lhe tutal cord e the cxuerinant.”
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but rather should be

‘ v Q . ! (“ )
——e ci).'.f.O0,0() + ‘1.1).72
I" .O0,0 .‘ :i;').('-‘, .
r,5 4 12 Q

It is easily scen thal very different resulls may come from the
two comparisons. In the first case, it is likely that radio would be
used in the majority of cases. In the second comparions, television

would be able to prove in, and rightly so, for only small increases
in total output over {ne system with radio. Also, a nation's total
budget for educaticn becomes a direct factor in dotermining which tech-

nologry to use, as well it should.

Applicaticn

In the light of these findings and discussion the design and analysis
of alternative nationzl telccommunications syctemsz should procecd on the
bagis that they will re fcquired to carry several channels of television.
Full-actinpn ielevision, at lecast so far, is the largest single bandwidih
jtem Lo be encountered for iransmission over the system. Any other edu-
cational icchnolosy may, thereforc, be accommodated once bandwidths suf-

seient for television nave been reserved.
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Geetion B

SATELLLE 8¥simd 0PIl ZAT10

The polential applications of telccommunicatidnc.technology ave
Limited only by man's ingepuity. The tele crmunications satellitle
holde preal promise of permiliing this ccchnolbgy to reach into even
the most reanite parts of a country. For sufficiently large scale

1
<y s \ \ . . 1,2
gpplicationsz it is the least-coct method for high penctration. ™

The task is to be able to determinc ihe least-cost satellite systen
for particular applications. The developrient of an app propriate model
is well underway.

The Lons Ronese CGoal

The Tiral model of the essential parts of a national joinu tele-

phony/ cducational technology satéllity system, as now perceived, will
be ﬁb]c to answer the Tellowing quesvions:
% 1. At a given point in time, cha ractcr17ec by a) the nwsber of
citics, towns and villages to be servcd by the systam, and
b) the demand for service (the nunber of channels into and

out of cach city, town or vi acc) wrnat is the least-cost

combinaztion of satellite power and carth station sensitivitizss
and powers that will provide the service? .

-

2. Taking into zccecunt eccnowics of scale in the purchuse of clini-
ponents, what is the leagt-cost schedule Tor inereazirg the
capacity of the cdrth stations as the demand at their locatilicns
increases?

3. As the demand between any twe cities increases, for what ccm-
binations, in terms of the number of channels and the separa-
tion distance between the cities, mway it become less expensive
to serve the comrmunications: needs by terrestrlal facilities
rather than by satellite (this will oe a ;unctlon of the sat-
ellite fil) as well as of component costs)?

4. In the long-run, what is the proper role of the telecommuni-

[EN)

cations satellite in serving the denund for communications

Will it eventually serve as the Link among only light traffic
centers or can it be cost-crfeclive in scrving overflow traffic

-t

Lebecen Jarge wrallic confoers?



The answers to all these questions logether constitute the necec-
gary irforeation with which to delermine the long range ilmplenentation
of nauloﬂal telecomaunications facltltle to serve given projected

needs.

Present Model Cavabiliuy

The model in its present form is a firs. step toward the realizz-
tion of the finzal modcl. ‘It has been devised primuarily with ihe edu-
cational part of the system in mind. The implementation of the model
as a ccmputer program enables a least-cost sycstem to be determined
that will provide television program reccption at any rumber of small
"elave" stations (earth stations) as trozdcast from a few "mazier"
origination stations and secparate voice or digital communication froex
the slave staiions to the master stations. (At present the progran

will not accomnmodate different sizec of slave stations, nor ccmmuni-

l

cations among slave stations.- Ihcn theve rather significant additions
are madc, “the ansver to question nne will have been given.)

' Within the model, the cost of the satellite is entered as a charge
per watﬁ of satellite power used. This approach permits the selceticn
of the satelliie as a separate component of the model. During tnis
selecticn the ccsts 2nd capacitics of the vcxious satellites that nn
been descrited in the domestic satellite filings before ihe FCC werc
compared (2lthough the methodology is completely general and can be
used vwith any set of satellites) under several vlaucsible demand con-
ditions to determine the satellite (including replacements, spares and
-increases in number as dcmand grows) with the smallest cost per watt
of pover.

A typical output of this present model is shown in Figure 1, where

ds(c,N) = Cs(c,N) + C, (c,N) + NCe(c,N)

Bl
and :
c d(_(c,N) is the cost of the total satellite system

¢ is the rumber of video channecls carried by the satellite

N is the minimwn number of video-receive earth atatngps in
the cyctenm

C_(c,1t) is tho cost. of ihat part of the space n
& the entellite powa) notuelly peed by the eduectionad

systom



ety g apeig

Satellite System Cust Paramcters with Cw/yz $15,000 and ¢ = 4

N C (¢, N) Gyl C (c, N) C,y4(0 N)
100 13, 277 190, 433 1,719, 027 3,237,180
250 11, 104 244, 931 1,969, 774 5,065, 735
500 9,437 263, 594 2, 626, 464 7, 608, 6490
1, 00U 8,115 295,771 3, 515,082 11, 925, 763
2, 500 6, 999 427,823 5, 101, SO0 23,027, 483
5, 000 6, 459 520, 4135 6, 686, 546 39,700, 5323 .
10, 000 6, 085 697, 998 9, 391, 256 70, 938, 14+
1 Satellite System Cost Paramecters with Cw/y = $30,000 and ¢ = 4
| .
N . Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 21, 118 244, 623 2,025,320 4, 31§, 709
250 12, 392 2064, 854 3,407, 118 6, 770, 074
500 11, 101 293,152 © 3,828, 800 9,672, 135
1, 000 9, 218 400, 766 5, 044, 438 14, 663,023
2, 500 7, 638 492, 540 7,430, 076 . 27,016, 832
5, 000 6, 881 623, 697 10, 011, 704 45, 045, 336
:10, 000 6, 365 860, 615 13, 600, 203 78,108, 272
Satellite System Cost Paramecters with C\v/y = $50,000 and c= 4
N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 34,185 258,583 1, 890, 907 5, 568, 063
250 19, 415 287, 412 3, 41§, 22 8, 539, 295
500 11, 785 389,192 S, 603, 671 11, 945, 315
1,000 10, 338 439, 369 6, 659, 990 17, 437,072
2,500 8, 287 S64, 2744 9,812, 110 31, 093, 520
5, 600 7, 311 739,032 13, 221, 370 50, 516, 352
10, 000 6, 649 1, 045, 246 83, 406, ¢40

17, 928, 640

Figure 1.

Neprecentative Qu
Present Model.,

tput of the



Cb(c,n) iz the cost of ihe master station(s)
Cc(c,n) is lhe cost of a slave station
Cw/v i the cost of ihe use of one watt-vear of satellite
Y power
The program minimizes the cost of the overall system. It does not
minimize the cost of the ecarth stations alone. Conceivably, other

ricing policics for catellite power c¢ould be used that would alter

<

&

his stravesy. The model can el :ily accenmcodate these changes by
e

varying the cost per watt of satellite powe:.

Futufe wory.

As viork has progressed toward the Tinal model (one that will in-
clude the cffect on coste of handling a nation's regular commercial
telephone and telegraph traffic over the same satellite systcm that
is used to transmit the educational programming), it has beccme apparent

that bLefore rodifications to the present computer program can be made,

. Let F(n) be the cost of an earth station with a capacity of n
channels working through a particular. satellite (identical carth sta-
tions are assumed for iransmit and for receive). F(n) will be a func-
tion of N because of economies of scale. Let f(n,ni) be the cost of
upgrading the earth station's capacity from n channels to n + n, chan-
rels. Assume a linear increase in deriand for chunnels through the
" earth station such that ne(t) = a + bt where t is the number of years
since time zero, a is the demand at time zero, and b is the number of
éhannels per year increasc in demand. Suppose that vhen t = T the end
of the planning period will have arrived.

The precgent worth of the costs of meeting the increacing demand

out Lo time t = T ig: o Th-ng : 4
ft'= ng

) . VL I GELE ., 0 RN
'i) 4 {/; Pt (1,,uni/h) w £(a 4 hnj,ni)

]
R=1

PRe(nt) = o +

—
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Peciause F(n) and f(n,ni) are not susceptible to muthematical ox-
pression (they are not contimious funciions, and they depend on M and
on the churge peor watt of catlellite power, Cw/v) it is not possible
to find the minizum of PHQ(R') Ly diffcrentiatlon. It will Le nsces-
sary to proceed by dircet evaluation for several values of k' with
" cacH set of values for a,b, and i%h. The probable outcome will be as
shown in Figure 2.

The parareter k' is the nuaber of fimcs during the planning per-
jod of lernuth T that the station will undergo upgrading, if there were
only one sizc station in the system. With more than one size the effect
of econcnice of cscale must be included. All the stations' schedules
will interact to produce the overall schedule. As an example, Brazil
has atout 1,700 towns arnd villages of less than 2,0C0 population and

1,000 towns of veiween 2,000 and 5,000 population. Suppoce *that there

and Nl towns and villages that will require nl channels at first (alz n1)
. A
and H, towns thal will reguire n, channels (a2 = n2). If d(i) represents

the discount factcr that accounts for economics of scale, then the cost

of meeting the demend for n. and for n_ chanrels with different equio-
k) . -

1 2

ment is:

= H)E + Ha( )7
w . = MpalEdF(ng) + 1,a(,)r(n,)

.

e demand uzing the larger capacily eguipment

and the cost

(8]
3
.\
M
o]
c*
1+
3
(]
(L

throughout is
¢

C yo = (1\l + 112)11(11l + 1'12)?(n2).

Nyr 1
It may be that CN + s less than CN J in whlgh case, only
1 2 1°°2 :
the larger capacity station would be installed. It may also be that
even if C is larger than C it would still be more econom-
Nl + N2 N ’NE

ical to use only the larger capacity station.
Suppose, for instance, that the larger capacity station would at

sone time be nceded at the Nl locations which have an initial demand

for unly n., channels. Then, if C

1 ig larger than C but

N, + N ) 5N,

1 2

Ciown, < Gt niE [W"‘""("‘ ) - 7"(”1)13"'1‘1‘(”1)
120 L
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Pec(k')

Figure 2. The Present Yorth of the Cost of Upsrading
the Capacity of an Earth Station over the
Planning Peried of lenzth T, as a Tunciicn
of the number of Upgsradings,
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or _
—
Co oy << Oy ot nin 1u-1f'(i*]f:,kni/b) X i‘(nl + kni,ni) :-:lca(::
1l 2 1’2 k' \5—
fi=1
it would still bLe less expensive Lo install only the larger capacity
station. In words: economjes of scale and station upgrading
schedules can te such that it is less expengive to install only one
¢ize station than to install two different wizes and later upgrade
the smaller size to the same capacity as the larger size.
From considerations such as the above, il will be possible to con-
struct a lightl-route 5rowth strategy. The objective of lhis model is
Lo dct-rmine the cross-over point (in distance-channel space) for var-
jous terrestrial technologies. That is, at any given disztance and
channel. requirement, it is less expensive to serve the link using
the satellite (and if so, what size earth station is rcauired for this
link as well as to serve the other satellitc—linked cities) or should
terrestrial facilitics be used, and which cne (open wire, cable pairs,
microwave, ccaxial cable, ele.). Combining this type of information
Trom all routcs will be a recessary step in determining the total re-
guirements on satellile capability and thus help to detcrmine “hich
satcllite is used.
This is an itecrative process since the crosg-over poihts will Ue
determined by the optlimus size stations and ihe optimum scheaule for
station upgradings. These will be determined ty the number of stavions
and the required initial capacity of the stations and the cost per watt
of satellite pcwer, which, in turn will depend on the optimum gize of
the stalions and the optimum schedule for upgradings. It will be neces-
sary to make initial estiamtes for some paramcters, run through all the
programs of the total model and then adjust the initial estimates to

more nearly match the final outcome' on succeeding runs.
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SECOND PERIOD REPORT TO AED

+« hy Carl iitchell,

-I. Introduction

It has been noted in the literature that a very simple relationship cxists
between a nation's gross domestic product (GDP) and its telephone density (the
numbzr of telephones per 1000 population), 1,2 It should not be inferred from
this that the demand for telephone service can be characterized by the same
simple relationship to GDP. Only in the more developed countries is the in-
vestment in telephone plant sufficient to produce a demand-limited market.
The budget constraints of less developed countries (LDC's) produce a very '
definitely supply -limited market, That.is, at current prices for services,
there is more demand than there is facility to satisfy the demand. 3 Especially
in such a supply-limited situation, there is impatus to determine the least-cost
method of providing service, since the target for the commuanications entities
of these LDC's is a development plan to.upgrade the present telecommunications
systeri to make it compatible with the socioeconomic level of the country, and
to do so within the telecommunications hudget,

We feel that the telecommunications satellite can significantly reduce the
costs of service to dispersed populations or subscribers (e.g., interconnection
of CATV companics) while maintaining the same standard of performance as
ohtained with terrestrial systems. In fact, we believe that the satellite makes
econonmically feasible some services that otherwise could not be supported by
LDC’s, and. that further experience with telecommunications via satellite will
impravc its economic advantage for these services, *

This advantage, however, may not be rcalizable unless the large cost of
the satellite, ar{d, to a much lesser extent, the costs of the earth stations, are
shared in a multipurpose venture. Such a venture is, of course, entirely pos-
sible from a technical standpoint, since a satellite can simultancously receive
and retransmit scveral dissimi lar signals (be they telephone, telegraph, television,

analog or digital). We, therefore, strongly recommend that coordinated inter-

* An iidication of the continuing trend to lower costs for satellite services is
the dramatic reduction in space-segment per-vear costs of a telephone circuit.
Using fignres gencerally available, the graph in Fig, 1 was ploticd.  (scc also
refereace ) (I should be emphusized that these eosts do pot include the ground
seament of the system, Thacy are shown oaly to draw aitention 1o the declining
costs currently boing exporienced in satellite technology,)
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agency planmng be encouraged where a national satellite is being considered.

. Aprime candidate, in addition to commercial telephony, fora share in
a multipurpose system is educational programming. It has received wide-
éprcad attention over the past few years, 6 especially in LDC applications.
In part, this is hecavse of its potential for reducing costs. Traditional ap-
proaches to cducation have always been labor intensive. In fact, it is largely
for this reason that the prescnf cost squeeze in education has become sO accute.
Other "industries™ have benefitted from technological innovations and improve=
ments to increase the productivity of their employees. This increase in effi-
ciéncy permitted higher wages. Although no corresponding incrcase in effi-
ciency occurred in education, tcachers and administrators participated in the
upward wage trends. As Baumol states, “,..(this) suggests that, as produc-
tivity in the remainder of the economy continues to increase, COStS of running
the educational organizations wiil mount correspondingly, so that whatever
the magnitude of the funds they need today we can be reasonably certain that
they will require more tomorrow, and even more on the day after that.”

Reducing the labor -intensive nature of the educational enterprise can,
of course, help to open the way for technologically motivated reductions in
cost, With low-cost carth stations, the distribution of educational materials
via television, with or without a voice talk-back capability, bccomes a very
attractive alternative to the slow and costly process of specialized training
of teachers and the subsequent continual problem of motivating teachers to
work in rural arcas. Due carc must bz excrcised so that the affective com~=
ponent of cducation does not suffer as the instructional component is being
helped with remote programming expertise.

This report will present results of our work and give several examples
of the capability of programs developed here at Stanford to determine the
least-cost system suitable for educational tclevision program distribution with
audio fecedback. It will also outline the work in progress toward a model to
determine a least-cost configuration of a multipurpose system to provide
both television distribution (commercial or educational or both) and regular

telephone servicc.



II. Least-Cost TV/Return Audio System
A. Terrestrial Systems '
An investigation of terrestrial technologies revealed that only coaxial ’
cable and microwave radio facilitics have sufficient bandwidth to carry tele-
vision programming. Except for relatively short distances, microwave radio
is the less expensive of the two. A typical radio link consists of the transmit
terminal, several repzaters and the destination terminal. These are shown
schematically in Fig. 2. The average distance between repeaters (called the

hop distancce) is 30 miles.

A K .= . A A
origination - N — destination
terminal repeaters terminal

Figure 2. . A Microwave Radio Relay Link

Each origin and destination terminal requires the following equipment:

transmitter or recciver (per TV channel) $4, 500
antenna and fced 1, 900
standby batteries and charger - first channel 1, 600
each add'l channel 200
tower (150", guyed) 6, 000
installation and alignment - first channel 1, 000
each add'l channel 500

voice feedback equipment
transmitter or receiver ’ 4, 500
antenna and feed 1, 900
batteries and charger 200
multiplex equipment - heavy route, per channel (voice) 2,000
light route, per channcl (voice) 1,000
installation and alignment - first channel (voice) 900
each add'l channe!l (voice) 200

‘These costs can be represented in cquation form by

Cmt(c) = $24, 500 + $7,400(c - 1) for heavy routes (voice)

Cmt(c) = $23, 500 + $6, 400(c - 1 for light routes (voice)

where Cmt(c) is the cost of microwave terminal-station equipment

and .c is the number of television channels being distributed.



Each repeater station requires the following equipment:

transmitter and receiver (per TV channel) $7,000
antennas and feed 3, 800
standby batteries and charger - first channel 2,000
each add'l channe 200
“tower (150", guyed) 6, 000
installation and alignment - first channel 1, 300
each add'l channel 500

voice feedback equipmeant
transmitter and receiver 7,000
antennas and feed 3, 800
batteries and charger 200
installation and alignment 1, 100

or, in equation form,

C, (©) = $32, 200 + $7,700(c - 1)

An important simplification was made at this point. A microwave terminal
station (no retransmission of the video signal is required) would only bz uscd in
the distribution network at the ends of branches where a final destination has been
reached and the particular city in question is not serving, simultancously, as a
repeater link for other cities. Nevertheless, cach terminal station will have its
video transmit counterpart somewhere upstream towards the origination station.
This is significant in that it allows the costs of the microwave systein to bz mod-
eled (on the low side) as the total number of stations used, whether terminal or

repeater, times the cost of a repeatex station: or, in equation form,

Cpns(© N = (1 + MANINC, (©)

where Cm“(c, N) is the cost of the microwave system
o

N is the number of cities being served by the system,
¢ is the number of TV chanucls bzing distributed.

" m(N) is the ratio of the number of microwave repeater stations be-
tween cities to the number of cities connccted by the network,

To make the cost-components of a repzater station comparable to those
included later on for satellite earth stations, the equipment costs of a repeater
station were modificd to reflect the costs of land (land, grading, roads, and
tower foundation) and maintenance, Maintenance was assumed to be 15 per ceat
of first cost (an average figure uscd by Pacitic Telephone and Telegraph Co.)
over a 25-year period (PTT uses 15,99 years), and land costs were assumed to

he §8, 000 (this allows for the fact that not all sites will require land or towers).



The other costs incident to the design and implementation of the system (such
as transportation, documentation, spare parts, engincering, commercial power
connection, etc.) were broadly assumed to be common to any other telecommuni-
cations system being considered, and were not, therefore, explicitly included,
(Another reason is that one comparison of the cost of a microwave system (o the
. favorable to the microwave system
cost of a satellite system was done on the supposition that no inter=
mediate repeater stations would be required, i.e., n(N) = 0. Thus cach station
would be located at or near a city to be served, similar to the placement of
satellite ecarth stations if a satellite system wcere used, and support costs for
either type of installation would be fairly comparable.)

" The addition of these costs to Cmr(c) gives?
C,_ (0) = $72, 600 + $17,500(c - 1

and
Cms(c, N) = (1 + n(N))N($72, 600 + §17, 500(c - 1))

The valuss of N and c are known in any givea situation. M(N), on the other
hand, can bz known accurately only after a preliminary route survey with topo-
graphic maps and path profiles has been completed, It was sufficient for our
purposes, nowever, to derive a rough estimate of the functional dependence
of m onN. A uniform distribution of cities throughout the entire arca to be
served was assumed. Although not a very likely distribution for an actual sys-
tem, it might be argued that the number of repeaters reguired to serve such a
distribution could be considered as an upper bound sincc any departure from
uniformity would allow advautage to be taken of the clustering that would appear.
It was further assumed that the origination station was located at one of the N
cities to be served. The straight-forward derivation of n(N) is as follows.

Consider a region of rectangular shape L miles long by W miles wide. For
a uniform distribution, each city will be at the center of a smaller rectangle that
is L/N/ miles long by W/N 1/2 miles wide (sce Fig. 3). The intercity separation
distance is thus either L/NV2 mllcs (long link) or W/N 172 miles (short link) de-
pending on whether the dircction of travel is parallel to'the length or to the width
of the rectangle. 1, insofar as possible, cities are connected to lhcir neighbors
using short links fewer intercity repeaters will bz required than with any other

1/2 l)N/“

link patter.  With this pattern, the network will consist of (N short

A 1/2 _—
links and (N - 1) long links.
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In calculating the total number of intercity repeaters implied by this
pattern, we let h represent the average inter-repeater (hop) distance and
D represent the distance between citie.s., or the link length. Becausc h is
the average hop distance and not the maximum, and because of the large
numbers of cqual length links involved, a reasonable approximation for
the average number of repeaters per intercity link as a {unction of link length
is taken to ba n = (D/h - 1). This number will generally not be an integer,
An equation for the total number of intercity repeaters, Nj, may now

be written.

Nn = Nl/_z(Nl/2 - 1) x (the average number of.repeatcrs
in a short link,)
+ (N]/2 - 1) x (the average number of repecaters
in a long link)
= NY20q2 Cyow/mn2 -y« 972 - Nt -y
or
t)
o= /2 powm -NAm w2 -2 - N

For very large N, this equation would yicld a negative value for n. To
prevent this, M was defined as the larger of the value given by the above equa-
tion and zero. For L = 1, 500 miles, W = 1,000 miles (correspoading roughly
to the size of the Rocky Mountain region), and h = 30 miles, Table 1 gives some

representative values of N and the corresponding n.

TABLE 1
m(N) for representative val-

ues of N

N n o

100 - 2,46

250 1. 16

500 .92

1,000 .07

1,140 .00

10, 000 .00




B. Satellite System

A satellite long-distance transmission system consists of the following
components; 1) a vidco-transmit, audio-receive up-link carth station at each
television origination point; 2) a satellite; and 3) a videco-receive, audio-
transmit carth station at cach local reccive point, (The number of local re-
ceive points will generally be greater than the number of cities being served,
In any.cvent, it cannot be less.)

Two types of video-receive earth stations might be distinguished accor-
ding to their received output signal-to-noise ratio. Earth.stations that feed
local distribution subsystems would need a higher output ratio than would
earth stations that serve isolated subscribzrs (a0 further distribution is nec-
essary). For simplicity, our analysis assumcd that all carth stations pro-
vide the same higher quality signal as that required for redistribution. A
slight cost savings could be realized in any actual implementation by limiting
use of the higher quality station to receiving points that actually require the
higher quality sigmnal.

The cost of the satellite distribution systeim may be expressed as:

CSS(C, N) = C.S(c, N) + Cb(c, N) + NCC(C, N)

where .
CSS(C, N) is the cost of the satellite system (in §)

¢ is again, the number of video channels carried by the satellite

N is the minimum number of video-receive carth stations in the
network

CS(C,N) is the cost of that part of the space segment of the system
actually used by the cducational system (here is an implicit
assumpiion of a multipurposce system and the consequent
cost saving through sharing) (in $)

Cb(c,N) is the cost of the master vidzo-transmit, audio-receive
station(s) (in §)

Cc(c, N) is the cost of a video-receive, audio-transmit earth
station (in $)

-

The carth station costs include the following:

) equipmeoent costs o

2) site costs (assumed to be 40 per cent of the antenna costs)

3) installation costs (assumed to be 10 per cent of the cquipment
CosLs) '



4) the present worth of maintenance costs over an assumed 25-year
lifetime using a discount rate of 10 per cent. Annual maintenance
costs arc assumed to be 15 per cent of equipment costs,

5) the cost of channel scparation and demodulation to bascband for cach
video channel reccived, On a per-chamnel basis, this cost has been
estimated to be near §1, 200, as follows., A lower bound may be
established by looking at the function and cost of an ITI'S (instr.c-
tional television fixed service) down converter. “The down con-
verter, uscd with an ITFS receive-station, does no more than
shift the frequency of the incoming rf signal down to the proper
TV carrvier {requency, using a double conversion process, and
then amplifies the result, The cost of the down converter is §800,
Demodulation is not included (it, of course, is not necessary in
ITFS transmissions). An upper bound may be taken to be $1, 500,
This is the cost of the cquipment needed at a cable headend site
to prepare a TV signal, received from a microwave link, for
transmission on the cable. This §1, 500 does not include demod-
ulation cither, but does include AN modulation, frequency trans-
lation to the proper cable channel, and power amplification. In-
sofar as demodulation can be considered to require equipmoent of
lower cost than does modulation, the compromise figure of $1, 200
is reasonable.

The computer program developed here at Stanford uses extensive cost in-
formation that we gathered on carth station components together with a value for
the cost per-watt per-year of satellite rf power to calculate carth station costs
and configurations for the criterion of minimum overall satellite system cost,
Thus, if the cost per watt-of-space-segment-use increases, minimizing total
system cost would reguire that the carth stations be made more sensitive, and
consequently, more costly so that less satellite power need be used. Simil~oly,
if only a few carth stations are to be constructed, their unit cost should be much
higher than if many are nceded,

The range of per-watt space-segment charges that is used in the following
printouts is based on matching in-orbit satellite capacity with various assumed
demand.curves over time for that capacity. The present worths of the costs
that would bz incurred in providing sufficicnt satellite capacity to just meet these
demands axe calculated using the costs of eurrently proposecd satellites. Then the
amount that must ba charged for a watt-year of satellite capacity is determined
such that the present worths of the revenue streams associated with cach demand
curve are cqual to the present worths of the costs, respectively, of satisfying

the demand. The range of charges runs {rom 'Cw/y = §15, 000 per watt-ycear o



Cw/y = $50, 000 per watt-year, Cw/y is the cost to the education system of
onz watt of satellite rf power for one year,

The costs shown in Tables 2 through 7 are representative of those ob-
taining for a country whose area may be covered by a satcllite antenna of 10’
cquivalent diaincter and for which the slant range to the satellite at the fur-

thest 3-dB beam edge is comparable to any location in Northern Montana,

C. Cost Comparison
The cost comparison between the satellite system and the terrestrial
system s portrayed above is shown in Figures 4 and 5. It is based on the

equations for C’m .

el

and Css developed in the last two scctions,  Figure 4
gives the costs for systems that carry four video channcls and Figure 5 pre-
sents the costs for 12-channel systems. Each figure also includes a plot of
what the microwave network would cost if ®(N) = 0. This approximates the
casec where the cities involved are not spread throughout an entire region but
are, in fact, so situated that very few intercity repeaters would be needed.

It may be seen that for any regional network serving even as few as 100
cities the satellite system is dramatically less expensive than the terrestrial
system. In fact, providing 12 channels via the satellite is less costly than
providing 4 channels with the microwave network, cven though to provide 12
channels through the satellite involves stacking the TV channels so close to-
gether in frequency that adjacent chanuels must bz transmitted on carriers
that arc cross-polarized with respect to each other (permitting some overlap-
ping occupancy of the available frequency spectrum) and the carth stations
must bz equipped with two antennas and two preamplifiers.

In view of this cost dzpendency on the number of cities involved, one is
led to ask now many cities might require service in a typical regional system.
An example of a region that might actually be served by such an cducation sys-
tem is the Rocky Mountain region. In the eight states of this region there are
1168 citics. Thare are 361 cities of greater than 2, 000 population and 100 cities
of greater than 10, 000 population. An education system transmittingr to this arca
would be of most usc in the smaller cities where Jarge or specialized curriculum
aids arc not readily available. Thus, most of the 301 cities of greater than 2,000
population would probably wish service. This is an obvious case, then, of where

the satellite system would b2 less expensive.



TABLE |

Satellite System Cost Paramecters with Cw/y= $15,000 and c= 4

N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c, N)
100 13, 277 190, 453 1,719,027 3, 237,180
250 11, 404 244, 954 1,969, 774 5,005,735
500 9,437 263, 594 2, 620, 4104 7, 608, 640
1,000 8,115 295, 771 3, 515, 082 11, 925,703
2, 500 6, 999 427,823 5,101, 800 23,027, 488
5, 000 6, 459 520, 435 6, 886, 5406 39, 700, 528
10, 000 6, 085 697, 998 9, 391, 256 70, 938, 144
TABLE 3
Satellite System Cost Parameters with Cw/y = $30,000 and c= 4
N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 21, 118 244, 623 2,025, 320 4, 318, 709
250 12, 392 264, 884 3,407,118 6,770, 074
500 11, 101 293,152 3, 628, 800 9, 672,450
1,000 9, 218 400, 706 5,044, 458 14, 663, 023
2, 500 7, 638 492, 540 7,430,076 27,010, 832
5, 000 6, 881 623, 697 10, 014, 704 45, 045, 5306
10, 000 6, 365 860, 615 13, 6LV, 203 78, 108, 272
TABLE 4
Satellite System Cost Paramecters with Cw/y = $50,000 and c= 4

N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 34,185 258, 583 1, §90, 907 5, 568, 063
250 19, 415 287, 412 3, 418, 220 8, 559, 295
500 11, 785 389,192 5, 663, 671 11, 945, 315
1,000 10, 338 439, 389 6, 659, 990 17, 437,072
2, 500 8, 287 564, 274 9, 812,110 31,093, 520
5, 000 7,311 739, 032 13, 221, 370 50, 516, 352
10, 000 6, 649 1,045, 240 17, 928, 640 85, 4060, 610




TABLE 5

Satellite System Cost Parameters with Cw/y = §$15,000 and c =12

N C (c,N) C(c,N) C (e N) Ciysler M)
100 44, 205 328, 056 3,083,475 7,832,028
230 28,173 3541861 5,108, 194 12, 566, 348
500 24, 805 457,012 6, 227, 586 19, 117, 216
1, 000 21,722 506, 487 8, 287, 900 30, 516, 720
2, 500 19,078 739, 824 12,093, 080 60, 527, 104
5, 000 17,832 919, 098 16, 257, 658 106, 335, 134
10, 000 16, 980 1, 248, 249 22,008, §00 193, 059, 920
TABLE 6
Satellite System Cost Parameters with Cw/y = $30,000 and c =12
N Cc(c, N) Cb(c, N) Cs(c, N) Cldv(c’ N)
100 68, 250 354, 8§61 3, 418, 910 10, 598, 739
250 41, 094 460, 870 6,113, 408 16, 847, 920
560 27,071 014, 462 10, 116, 378 24, 2060, 4906
1, 00Q 24, 318 689, 948 11, 992, 616 37,000, 112
2, 500 20, 6LO 877, 653 17, 622, 336 70, 051, 760
5, 000 18, 844 1, 140, 515 23, 679, 472 119, 038, 928
10, 0Q0 17, 650 1, 601, 609 31,992, 610 210, 097, 520
TABLE 7
Satellite System Cost Parameters with Cw/y = $50,000 and c =12
1 . .
N Cc(c, N) Cb(c, N) CS(L, N) Clds(c’ N)
100 81, 443 450, 293 5,082, 237 13, 676, 797
250 41, 094 606, 160 9,908, 521 20, 848, 570
500 38,959 609, 417 10,121, 57 30, 270, 368
1,000 26,058 773, 462 17,17, 984 43, 849, 040
2, 500 22,101 1, 030,177 23, 275, 408 79, 700, 912
5, 000 19,873 ], 386,146 31, 278, 330 132, 027, 904
10, G200 1§, 332 1, 997, 533 42, 237, 200 227, 550, 608
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Ill. Examples of Program Capability

Since the printouts of satcllite system costs given in section 1I-B were obtained
some modifications of the program have been made -=- mostly format, although
some were substantive. With these modifications in force, represcentative cals
culations of the costs of satellite service for four Latin American countrics
were made, The program accepts as input parameters the values of the variables
shown on the printouts under INPUT PARAMETERS, as well as the following
variables, _ '

The longitude of the country's geographical center
. The latitude of the country's northernmost boundary

. The latitude of the country's southernmost bounrlar
y y

1

2

3

4. The longitude of the westernmost boundary

5. The longitude of the easternmost boundary

6. The latitude for the maximum slant range calculation
7

. The longitude for the maximum slant range calculation

Two cases were considered for each country (Brazil, Peru, Mexico, and
Colombia). First, it was assumed that only one TV origination station would
be provided and that it would bz at the capital of the country. It would transmit
to receive stations located at every city of 2,000 or more inhabitants, Sccond,
it was assumed that there would bz a TV origination station at all state capitals
and at any large population center (these places are shown on the accompanying
maps). With only one TV origination station, the number of channels carricd
for educational purposes was specified as 4. When more than one TV origina-
tion station is permitted, each is assumed to be capable of transmitting two

with the satellite carrying 4 maximum of 12 channels at any one time
channels to every village (any Siz¢)/ The number of villages was deétermine
by looking at cither the latest census of population for the given country if
available in the Government Documents Section of the Stanford Library, or

in the 1966 edition of the Hammond World Atlas if no census was available,
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Brazil

case 1. Brazil"s 1960 census of population lists 1, 797 citics, towns,
above 2,000 population, We used 1, 800.

case 2. DBrazil's 1960 census of population lists 6, 535 cities, towns,
and villages (total).  There are 28 cities on the accompanying map that were
uscd as origination stations, and the number of receive stations will be rounded
to 6, 500. (By way of contrast, the Hammond World Atlas lists only some 746
citics, towns, and villages witl) only three of these having populations lower
than 1, 000) :

Peru

case 2. Peru's Anuario Fstadistico Del Peru, 1966 shows 24, 908
places of greater than 50 inhabitants, However, only 7, 969 of these have
more than 200 inhabitants. We used the figure of 7, 950 in the program.
(Hammond lists only 363 for the total number of towns and villages and citics)
The number of origination stations is equal to 12,

case 1. Peru's Anuario Estadistico Del Peru, 1966 lists 355 cities and
towns larger than 2,000 population. (Hammond iists only 148)

Mexico

— e e

case 1. The Anuario Estadistico de los Estados Unidos Nexicanos,

1966-1967 has nine categorics ol jocalities: ciudades, villas, pucblos, con-
gregaciones, haciendas y fincas, ejidos, ranchos, rancherias, and otras,
In running this program the arbitrary choice was made to assume that the
first three categories include all cities and towns larger than 2,000 popula -
tion. This number is (362 + 528 + 5,189) = 6,079, We used 6,030,

case 2. To the above number was added the number of congre-
gacioncs to bring the total to about 11,000, There are 22 cities at which
origination stations arc situated,

Colombia

casc . There are 193 cities and towns listed in Hommond as larger
than 2, 000 population.

case 2. Hammond shows 306 as the total number of cities, towns,
aund villages. There are 18 sites for origination stations,
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Rk BRAZIL  wx*

INYT PARAMETERS

AND AREA
CATITULE CF CCUNTRY'S GECCRAPHICAL CENTER
ASSUMED CGCST OF SATELLITE PCWER ($/WATT-YEAR)
CISCOUNT FACTOR

NO. OF 1V-TRAASMIT/AUGIO-RECEIVE (MASTER) STATICNS

NO. OF TV-RECEIVE/AUDIC-TRANSMIT (SLAVE) STATICAS
NO. OF TV CHEMNELS PER MASTER STATICN

NO. OF TV CHANMNELS PFR SLAVE STATION
SICNAL-TU-KGISE RATIC RECLIRED FCR TV
SIGNAL-TC-NCISE.RATIC KECUIREC +OR AUDIO

OUTFUT PARAMETERS

MASTER STATION

ANTENMAS DIAMETER  49.6 FT
RCVA PRE=AMP: NOISE TEMP 20. CEG K
TXNTR PuR ANVP2 CLTFLT PwR 350.C W

INITIAL CAPITAL CCST PER STATICHN

PRESENT WCRTH OF TER-YEAR ANNUAL CCST STREAM,

SLAVE STATION

ANTEMNAS DIAMETER 11.6 FT
KCVR PRE-4MP: NOQISE TEMP 180. TEG K
TXMTK PrR AMP OLTPLT PWR 3C.C W

lNlTl/ll C/\plT/\L CCST PER STATIO‘\I
PRESENT WORTH CIF TEN-YEAR ARNUAL CCST STREAY

SATELLILTL
SATELLITE ANTENNA N-S CTAMETER
SATELL IYE ANTEPNMA E—=% DIAMETER
MAXT®USN SLART RANCE FCR OTRANSHISSION
POWER CHARGED P¥R TV CHANAKECL
POWER CHARGED PIR AUDTIO CHAMNNECL
TOTAL CCST PER YEAR CLF SATELLITE POWER
PRESENT wORTH CF TEN-YEAP ANNUAL CCST STREAHM

TOTAL INITIAL CAPITAL CCST
(NOT INCLUDINGS SATELLITE COSTS)

PRESENT WORTH OF TOTAL-SYSTENM TEN-YEAR CCST
ANNUAL CCST OF TOTAL SYSTEM PCEF SLAVE STATION

3286170 SQ MI
-14" ks DEG
$500Q0.

10.0%

1

1800

4

4

43 0B

43 DB

LNIT COST & 5547063,
ULNIT COST & 000600
UNLT CGST &

170090
b 900950
$ 2112645

ULNLET COST kD 6466,
UNIT COST 4 7000
LNIT CCST & 6000

$ laall
$ 253317

4.3' watx FT
4‘,'2" "040 rT
23001.7 MI

17.13 W
0.0L24572 W

¢ 3519270

¢ 21622384

$ L62801752.
$ 69342720
$ 6241.

ANNUAL COST OF TOTAL SYSTEM FLF SLAVE STATICN PER TV CHANNEL $ 15060
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BRAZIL (CCNEY)

LINK CALCULATIUNS

TV UP=-LINK ( 2.5 GHZ) -
QUTPUT FwR PER CHANNEL. CF MASTER STATION FHWR AMP
MASTER STATICON ANTLANA GAIN
PATH LOSS
SATCLLITE ANTENNA GAIN
EQUIVALENT INPUT NCISE PWR DENSITY AT S5AT. RCVR
NOISE BANLWIDTH (2541 MEZ)

UP-LINK CNHR

TV DOWAh=LINK ( 2.5 GHZ)
CUTPLT PUWER OF SATELLITE TRANSPONCER
SATELLITE ANTENNA GAIN
PATH LGSS
SLAVE STATICN ANTERNA CAILN

EQU IVALERT INPUT NUISE PWR CENSITY AT SLAVE STATICN RCVR

NOI SE EANDwIBGTH
DOWN-L INK CNR

Tv TOTAL CNR
TV TOTAL SKR  [(=6%(((B/2F)=1)¢£2) % (C/N)=(R/E)HKP)

WHERE B8 = RF BANDWICTE; F = KIGHEST BASERAND FREQUENCY,
C/N = TV TCTAL CNR; kP = A NCISE WEIGHTIAL

AUDIO UP-LINK (2.5 CGHZ)

. QUTPUT POWER PER CEANKCL AT SLAVE STA. FHR. AP o
SLAVE STATION ANTEANA GAIN
PATH LLSS
SATELLITE ARNTERNA GALN
EQU IVALENT IMPUT NCISE PWR CENSITY AT SAT. RCVR
NOISE BANDWIDTH (04100 MkZ)

UP-L INK CNR

BACK~CFF CF SATELLITE TPANSPUNDER
CNR FRCHM INTERMODULATICN IN SATELLITE ThT

AUCIQ DCWN-LTN { 2.5 C+27)
QUTPUT PwR PER CEANNEL 2T SAT. TRANSPCACER
SATELL1TE ANTONNA GAIN
PATH LCSS
MASTER STATION ANTENNA GALN

EQU IVALLAT INPUT NGISE PdR LENSIIY AT MASTER STA &CVR

NOTSE BANDRIDTH
DOwWN-L INK CNR

ALDTE TOTAL CNR

ALOTL TataL SN U =2% 0/ =100
WHEOED ndt 1§ TFE PRAK=TO=AVIFAT POWLE RATLIO Y OB
SIKGLE VCICE SIGKALG CYHER PARAYUIDRS AS ALCVE

(*'LTUR

WA ARV A RS VAR

A

"23.4 DB
49.4 DY
191.6 OB
27.6 DB
1v6.6 DB
"71'.0 NB

o s

31.(0 CB

12.3 DB
2l DB
~-191.8 02
36.9 DOR
2U5.0 DB
~T4.0 DU

—a — -y — - —

13.0 DB
42.9 DB

13.8 DB
10,9 00

-1 4le8 DI
24.06 0O
19v.06 DB
-50+.0 DR

—— - — o — 4

30.1 DB

10.0 00
Jo.9 DB

~29.0 DB
24.6 08
-191.06 DR
49.4 DB
d12.1 N
-50.0 DR

P e i

Lie 00 D
9l (W
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wUd BRAZIL &t

‘PUT PARAMETIRS

LAND AREA

LATITUOE OF COUNTRY®S GEFQOGRAPHICAL CENTER
ASSUNMED Cubty GF SATELLITE PUWER {(3/WATT-YEAR)
DISCOUURY FACTOR

NOL OF FV=TEALSHIT/AUDTO-RECEIVE (MASTER)
NO. GF TV=RELCLIVEZAUDTU-TRANSMIT (SILLAVE)
NOL UF TV CHATINLLS PER O MASTER STATIUN

NOO OF TV CoAtti S PEROSLAVE STATIUN
SICGHAL-TU-LUTSE RATIO REQUIRED FOR TV
SSTOGRAL=-T U015 ATIU REQUIRED FUR AUDIO

STATION

GUTPUT PARAMECTELRS

MASTER STATION

ART NI S OTAMETER: 45,4 FT

RCVE PRE-AP: NOISE TEMp 20. DEG K

TAMTR PER AMP: OQUTPUT PuR 350.0 W

INETVEAL G20 PTAL COST PER STATVIUN

PRESEND WUuRiTH OF TEN-YEAR ANNUAL COST STREAM
SLAVE STATIGH

ANTENIA: DIAMETER L2.0 FT

ROLVIRE PIKE-2Mpe NOISE TEMP 130 DEG K

TXMIR pPwin anp QUTPUT R 30,0 W

[RTTLAL CAPLTAL CUST PER STATITON

PIRESENT BT U TEN=-YEAR ANTIUAL CUSY STREAM
SATELLITE

SATELLITE ANTENNA N=S DIAMECYER

SATULLITE AMTENNA L=\ DIANMETER

MAXTHUY SeitT RANGE FUR TRANSHISS TUN

PONER CHARGED PER TV CHANNLL

PORER CHARGED PLR AUDIO CHANEL

TOVTAL CUST PLKR YEAR GF SATELLITFE PUOWEK

PRESENT WOETH OF TLN-YEAR ANNUAL COST STREAM

INITIAL CAPITAL CCST
(NOT IKCLUDING SATELLITE COSTS)

TOTAL

PRESENT WORTH OF TOTAL-SYSTEM TEN-YEAR CUST
ANNUAL CUST OF TOTAL SYSTEM PER SLLAVE STATION
ANRUAL COST OF TOTAL SYSTEM PCR SLAVE STATION PER

STATIONS

3286170 SO MI
—(4° . nx&ir DEG
$50000.

10.06%

28

6500

2

12

43 08

43 DB

UNIT COST & 526790,

UNIT COST & 80000
UNLT CUST ¢ 17000
$ 610202

b 1213421

UNIT COST & 2606
UNIT COSY & 7000
UNIT COST % 6000
& 2611%

$ 35741

435" wxrr BT

4.2"  -0.0 FT

2208017 MI

Le.s28 W
001494060 ¥
$ 12200186
$ 145573520
$ 80262352,

$ 344055296,
$ 6575,
TV CHANNEL & 715.



BRAZIL (CON'T?

LINK CALCULATIONS

TV UP-LINK { 2.5 GHZ)

UUTPUT PWR PER CHAMNEL OF MASTER STATION PWR AMP 24.2 DB
MASTER STATIUN ANTENNA GAIN : 48.6 DB
PATH LOSS -191.6 DB
SATELLITE ANTENNA GAIN 27.6 DB
EQUIVALENT INPUT NUISE PWR DENSITY AT SAT. RCVR 196.6 DB
NOLSE BANDWIDTH (25.1 MHZ) . -74.0 DB
UP-LINK CNR "731.4 DB

TV DOWN-LINK ( 2.5 GHZ)

OUTPUT PUWER OF SATELLITE TRANSPONDER 12.6 DB
SATELLITE ANTENNA GAIN 26,6 DB
PATH LOSS ~19}.8 DB
SLAVE STATIUN ANTENNA GAIN 36,6 DO
EQUIVALENT INPUT NOLSE PWR DENSITY AT SLAVE STATION RCVR 205.0 DB
NOISE BANDWIDTH -74.0 DB
DORN-L INK CNR - “T13.1 DB
TV TOTAL CHR 13.0 DR
TV TOTAL SNR (=o6%[((B/2F)=11%%2}%(C/N)%(B/F } ®KP ) 42.9 DB

WHERE B = RF BANDWIDTH; F = HIGHEST BASEBAND FREQUENLYS
C/N = TV TOTAL CNR; KP = A NOISE WEIGHTING FACTOR

AUDIO UP-LINK ( 2.5 GHZ)

QUTPUT POKER PER CHAMNEL AT SLAVE STA. PWR. AMP. 13.8 DO
SLAVE STATION ANTENRA GALN 36.6 DB
PATH LUSS -19i.5 DD
SATELLITE ANTENNA GAIN 26.6 DB
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 196.6 DB
NOISE BANUWIDTH (0aLlD0 MHZ) “50.0 DB
UP—LINK CNR T729.3 DG
BACK~OFF UF SATELLITE TRANSPONDER 106.0 DB
CNR FROM INTERMODULATIGN IN SATELLITE TWT 16.9 DB
AUDIO DOwWh-LINK ( 2.5 GHZ) . -
OUTPUT PuR PER CHANNEL AT SAT. TRANSPUKDER -28.% 0B
SATELLITE ANTENNA GAIN C 24.6 DD
PATH LOSS -191.6 DB
MASTER STATION ANTENNA GAIN - . 48.6 DB
EQUIVALENT INPUT NUILSE PWR DENSITY AT MASTER STALRCVR 212.) DB
NOISE BANDHIDTH : : . -50.0 DB
DOWN=-LINK CNR “T15.4 00
AUDIO TOTAL ChR . 13.0 DB
AUDIO TUTAL SHR  ( =3¢{ [(B/2F)=1} 532 V5 (C/RI S {B/FIn(L/KPY)) (3.5 DIy

WHERE KPPt 1S THE PEAER-=TO-AVERAGE POLLE NATIO FOR
SINGLL VOICE SIGRNAL; OTHIR PARAMETCERS AS ABGVL
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It T PARAMETERS
\NC ARLA :

LATITUDE CGF CCUNTRY®S GECCRAPHICAL CENTER
ASSUMED CUST OF SATELLITE POWCR ($/WATT-YEAR)
DISCCUNT FACTOR
NOo OF TV-TRANSHIY/AUDIC-RFCFIVE (MASTER) STATICNS
KCoe OF TV-WKECEIVE/ALCIG-TRANSMIT (SLAVE) STATIUNMS
NO. OF TV CHANAKELS PER NMASTER STATICN
NO. OF TV CHARNELS PER SLAVE STATICN
SIGNAL-TC-HOISE RAYT IO ReQUIRED FOR TV
SIGNAL=-TU-MOISE RATIC RECQUIRED FCR AUDIG

1

IQUTPUT PARAMETERS

MASTER STATIUN

15000 5Q MI
~9.0 DEG
$50000.

10. 0%

35

PR B

4
43 DB
43 DB

lf ?‘)/'20

ANTERNAL DIAMETER 24.2 FT LNIT COST b
RCVR PRE-AMP: NOISE TENMP 40. CEG K UNIT COSt & 40000
TXMETR PwR AMPL CUTPUT PR 16C.0 W UNIT CCST & 10000
D INITLZL CAPITAL CTST PER STALIGH $ LolSshy
PRESENT WORTI GE TEN-YEAR ANNUAL CCST STREAM $ 3061674
SLAVE STATION .
ARTENNA CIAMETER 12.0 FT - UNIT CCST % 20C0.
RCVR Pat—-AMP: NOISE TEMP  180. DREG K UNIT CUST o 7090
TXMTE PWRAMD CUTPLT PWR 5.0 W ULNIT CGSI % 2000
INITIAL CAPITAL CCST FER STATION $ 11578
PRESERT WORTIY GF TEN-YEAR ALNUAL CCST STRCAHM $ Les vy
SATELLIE .
SATELLITE ANTEMRA N-S DLIAMETER Q.0 weaw BT
SATELL [IE ANTENAA E-VW DIAMETER .5’ -0.0 FT
MaXlriut SLART RANCCE FCR TRANSMISSICN 2252244 Ml
PUWER CHARGFED PR TV CHARNEL 3,12 W
PCh TR CHARCED PER AUCID ClANNCL 0e 0L 36GY006 W
TOTAL COST PER YEAR CF SATELLITE PCOKER ® 046446
PRESERT WORTH CF TEN~YEAR ANNUAL COST STRCAM $ 3971707
TOTAL INITIIAL CAPITAL CCSY : $ 25067055,
{NUT INCLUDING SATELLITE COSTS)
PRESENT WORTH CF TOTAL-SYSTEM TEN-YEAR CCST LA 11C7106%) 1.
ANNUAL CUSYT OF TOTAL SYSTEM PeR SLAVE STATICN $ L052.

ANNUAL CCST OF TOTAL SYSVEM PER SLAVE STATION PER 1V CHARNKNEL

$ 1263.
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Y CALCULATIUNS

TV UP=LINK ( 2.5 GidZ) , '
OUTPUT PWR PER CHAMAEL OF HASTER STATICN PWR AMP
MASTLW STATIUN ANTERMA CAIN
PATH LCSS
SATELLEIE ANTENNA GALN
EQUIVALERT INPUT RCISE PwR CENSITY AT SAT. RCVR
NOISE BARDWIDTH (25,1 WhZ)

UP-LITANK CNR

Tv DOAN-LITK 2.5 GH/Z)
QUTPUT POWER UF SATELLITE TRANSPONDER
SATELLTITE ANTUNNA GAIN
PATH LOSS
SLAVE STATICN ANTLHMNAN GAIN
COUTVALLNT INPUT NCISE FWR DLENSITY AT SLAVE STATICN RCVR
NULSE CANUUGIRTH

DEWN-LINK CNR

e TV TOTAL CHR .
TV TUTAL SKR (=6%{(IP/2F)=1)%%2)4{C/N)#(E/F)¥KP)
WHERL B8 = RF BANDWIOTRS F = HIGHEST BASERAANL FPEQUENCY;
C/tl = TV TOTAL CNR; KP = A NGISE WEISHTIANC FACTCR

AUDTE UP-LINK (2.5 CF2)
QUTPLT FeafQ PER CEFANKNEL AT
SLAVE STATICN ANTENNA CAIN
PATH LCSS
SATELLIINE
EwUlvALENT
NUISE EANOWIDTH

SLAVE STA. P'n‘nR- '\l."lpo

ANTENNA GAILN
INPUT NCISE PWR DENSITY AT SAT.
{0.100 MKZ2)

RCYR

UP-LINK CNR

BACK-OFF GF SATELLITE TRANSPCADER
CHR FRGM INTERMUDLULATICN IN SATELLITE TWT

AUDIO DOWN-LINK ( 2.5 GHZ)
CUTPUT PwP PER CFANNCL AT SAT. TRANSPOMCER
SATELLITE ANTLNNA GAIN
PATH LCSS
MASTER STATION ANTEANA GAIN
EQUIVALENT INPUT NCISE Pwr CENSITY AT MASTER STAJRCVR
NOTSE EANDWIDTH

DOWN-LINK CNR

OO TUTAL CKhR

AULTO TUTAL SNR | 230 (B/720 ) =11 2%2)2(C/N)S(R/FYE(L/RPY))
whtht KPP IS THE PiARK-TO-AVERAGE PChFR RATIC FCFR A
SERGLE VOICE STGNAL; CTHLK PASAMETERS AS AHUVE

15.0 008
43.2 DR
-1v1.5 DO
352 DB
196.6 DB
~14.0 D8

W e e s ety e e e

27.4. D0

4,9 OB
32,2 DY
-1lYl.6 0B
30.0 0GB
2uv.0 OB
~74.0 0B

> @ o st s s

1>.2 DO

13.0 DA
42.9 DO

5.0 DY
36.06 DB
'L‘;”..b DB
32.2 OB
lv6.6 DB
-50.0 D8

. g s e . s

29.8 DB

0.0 DB
16.9 08

J2.2 DB
-191.5 0B
43,2 DB
210.3 DB
-50.0 DB

- — — o s S — e o

13.0 08
«3.5 DU
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xik  PERU  &ES

I, T PARAMETERS

JAND AREA L1500u0 S HMI
LATITUDE CF CCUNTRY'S GECCRAPLICAL CENTER ~9.0 06
ASSUMED CCST OF SATELLITE FCWER ($/WATT-YEAR) $50000.
DISCCUNT FACTOR 10,0%
NO. OF TY-TRANSMIT/ALDIC-RECEIVE (MASTER) STATICNS 12
NO. OF TV-RECEIVE/AUDIC-TRANSMIT (SLAVE) STATILNS 7950
NC. OF TV CHAMNELS FER MASTER STATION 2
HNUe DF TV CHANNELS PER SLAVE STATLICN 12
SICNAL-TU-NUISE QAT IO REQUIREL FOR TV 43 DB
SIGNAL—-TO-NUISE RATIC REQUIRED FGR AUCIC 43 DB

OUTPUT PARAMETERS

MASTER STATION .
145436,

ANTENNA: CIAMETER 36,6 FT LNIT COST &
RCVA PRE—AMP: NCISE TEMP 40. CEG K UNIT CAsl & 40000
TXMIR PWR AMP: QUTPLT PR 3C.C W LNIT CcOst ¢ 6000
INITIAL CAPITAL CCST PER STATION $ 190140
PRESENT WORTIH CF TEN-YEAR ANNULAL CCST STREAM $ 393860
SLAVE STATION . .
ANTEANA: CIAMETER 10.3 FT UNIT COST & 1475,
RCVR PRE-AMP: NOISE TEMP 320, DEG K UNIT CUST 5 1000
TXMTR PWR AMP CUTPUT pPuRr 5.0 W LMIT COST & 2000
[NITIAL CAPITAL CCST FER STATIGN . $ 17097
PRESENT WORTH OF TEN-YEAR ANNUAL CCST STREGAM $ 19 L4t
SATELLITE ,
SATELLITE ANTENNA N-S CTAMETER 9.0 kxsox BT
SATLLLITE ANTELNA E-W DIAMETER i.s’ -0.0 FT
MAXIMUM SLANT RAKRCE FCR TRANSKMISSICN 22932.4 MI
POWER CHARGED PER TV CHANNEL 6.55 W
PCHER GHARGED PER AULIO CHANNEL 0.005548¢ W
TOTAL CGST PER YFAR CF SATELLITE POWER $ 4463622
PRESENT WORTH OF TEN-YEAR ANNUAL CCST STREAM $ 27424480
TOTAL INITIAL CAPITAL CCST $ 23795872,
(NUT INCLUDING SATELLITE CCSTS)
PRESENT WORTH OF TCTAL-SYSTEN TEN-YELAR COST $ 184375936,
ANNUAL CCST OF TOTAL SYSTEM PER SLAVE STATICN $ 3757.

ANNUAL COST QOF TOTAL SYSTEM PER SLAVE STATION PER TV CHANNEL $ 313.



PLEU  (COGN'T)
L INK CALCULATICHS TTTTTtTTTTTTTT
(V UP-LINK ( 245 GhZ)
UUTPUT PnE PER CLAANEL CF MASTER STATICN PWR AMP
MAST UK STATICON ANTEMMA GAIN

PATH LECSS
SATELLITE ANTCENHA GAIN

COUIVALLNT IMPUT NCISF PWR CENSITY AT SAT. RCVR
NOLSE BANDWIDTH (2541 MEZ)

UP-LINK CNR

TV DOwWN=-LINK { 2.5 GHZ)
CUTPUT PLHER UF SATELLITE TRA
SATELLITL ANTENNA CAIN
PATH LGSS
SLAVLE STATICN
FQUIVALELT INP
NJISE VANDWIDITH

WSPONDER

ANTENNA CAIN
[ WUISE FWR CENSITY AT SLAVE STATICN RCVR

DIWN-LINK CNR

TV TOTAL CNR
[v TOTAL SKNR
WHERE 8 = RF
C/N =

(=6%({(C/2F)-1) 2% 2)%{C/N)%(B/F)*KP)
BALOWICTES; F = HIGHEST BASEBANC FREQUENCY;
TV TOTAL CNRj; KP = A NOISE WEIGHTLING FACTGR

AUDTO UP=LINK { 2.9 CHK2Z)
CUTPUT PunER PER CEAMNEL AT SLAVE
SLAVE STATION ANTEMEA CAIN
PATH LGSS
SATELLITE ANTEMNA GAIN
EqUIVALENT INPUT NCISE PWR CENSITY AT SAT. RCVR
WOISE BANDWIDTIH  (0.10C MhZ)

STA. FVWR. AP,

UP-LINK CNR

BACK~OFF GF SATELLITE TRANSFCADER
CNR FRCM INTERMODULATICGN IN SATELLITE ThT

AUDLIO DOWN-LINK (2.5 GRZ)
UUTPUT PWR PER CHANNEL AT SAT.
SATELLITE ANTENNA CAIN
PATH LOSS
MASTER STATION ANTENNA GAIN
EQUIVALENT INPUT NCISE PWR LENSITY AT MASTER STALRCVR
NOISE RANOWIOTH

TRANSPCNDER

COWwN-LINMK CNR

ALDTO TOTAL CNR
WDLG TOTAL SKNR =30 (B/72F)=1)222)8(C/N)XB/F)*(L/KP?))
WHERE KP' IS THE FFAK-TO-AVERAGL POWER RATVI(O FOF A

SINKGLE VOICE SIGINAL CTHEFRF FARAMETOFRS AS AUCVE

13.5 DB
“7.5 DB
-1yl.5 DB
25.2 DB
L¥6.5 0B
-74,0 DB

- — — — —— - ———

27.2 DB

8.2 08
32.2 08
-191.6 08
5.7 OB
202.7 DB
—71700 DB

13.2 DB

13.0 DB
42.9 DB

6.0 0B
35.7 DR
-191.6 DB
32.2 DB
196.6 DB
-5v.0 DB

ZU.Q D8

1L.0 OB
18.0 OB

-33.6 08B
32.2 DB
-191.5 DB
47.5 DB
210.3 DB
-50.0 DB

L4.8 DB

13.0 08
“3.5 DB
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xkk HEXICO A%

“4PUYT PARRAMETERS

LAND AREA : .

LATITUDE OF CCUNTRY'S GEOGRAPHICAL CENTER
ASSUMED CUOST CF SATELLITE POWER ($/WATT-YEAR)
DISCUUNT FACTOR

NOe UF TV=TRALSHITAZAUDIO-RECEIVE (MASTER)
NO. OF TV=-RECCIVE/ZAUDIU-TRANSIAIT (SLAVE} STATIONS
NO. OF TV CHANKNELS PER ™MASTER STATION

NOe OF TV CHAINLELS PER SLAVE STYATIUN
SIGNAL=TO-NJISE RATIU REQUIRED FOR TV
SIGNAL=TU-NUISE RATIU REQUIRED FUR AUDIO

OQUTPUT PARAMETERS

MASTER STATICN

ANTERNA: DIAMETER 5.1 FT
RCVRR PRE-AMP: NOISE T&MP 20« DEG K
TXMTIR PwuR AMP: OUTPUT PHR 100.0 W

INITIAL CAPLTAL COST PER STATION

PRESENT LORTH OF TEN-YEAR ANNUAL COST STREAM
SLAVE STATION C
ANTENRA 2 DIAMETER 16.3 FT
RCVR PRE-AMP: NOISE TEMP  320. DEG K
TXHIR Pt AGP QUTPUT Pk 10.0 U

INEVIAL CartlaL CUST PER STATION
PRESENT WORTH OF TEKR-YEAR ANNUAL COST STREAM

SATELLITE
SATELLITE ANTENNA N-S DIAMETER
SATELLIVL ANTONNA E—1 DIAMETER
MAXTMUM SLANT RANOGE FOXR TRANSMISSION
POWER CHARGLIY PER TV CHANNEL
POVER CHARGED PER AUDIO CHANNEL
TOTAL CLST PER O YEAR QF SATELLITE POWER
PRESERT WORTIE OF TEN-YEAR ANNUAL COST STREAM

INIYIAL CAPLTAL COSY
(NOV INCLUDING SATCLLITE COSTS)

TOTAL

WORTH DOF YOTAL-SYSTEM TEN-YEAR COST
OF TUTAL SYSTEM PER SLAVE STATION

PRESENT
ANKUAL COST
ANNUAL CJST

SYATIONS

UNIT
UNLT
UNIY

UNIT
UNIT
UNIT

760373 SQ HI
24.0 DEG
$50000.
10.0%

: 1
6050

4

4

43 DB
43 0B

COST § 566922

COST %
castT %

casty
Cost
CasY

$

$

GF TOTAL SYSTEM PER SLAVE STATION PCR TV CHARNEL

80000
L00GO
965415
S0UL519

o

1472
1000
3500

$ 71286&

$ 9217

¥ L o

vkt T
~0.0 FT
2316641 MI
12.81 W
0.0043461L M
$ 26LTTTH
$ 16390025

16010013,

14227984,
$ 1983
$ 497,
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MEXICO (CON'T)

LINK CALCULATIONS

TV UP-LINK [ 2.5 GHZ)

OUTPUT PHR PER CHANNEL OF MASTER STATION PWR AMP ' 18.0 DB
MASTER STATION ANTENNA GAIN 49.6 DB
PATH LOSS ~191.7 DB
SATELLITE ANTENNA GAIN 32.4 DB
EQUIVALENT INPUT NGISE PWR DENSITY AT SAT. RCVR 156.6 DB
NOISE BANDHIDTH (25.1 MHZ) | : ~T4.0 DB
UP-LINK CNR "731.0 OB

TV DOWN-LINK ( 2.5 GHZ)

OUTPUT PUKER OF SATELLITE TRANSPONDER 1.1 DB
SATELLITE ANTENNA GALN 29.4 DB
PATH LOSS -191.8 DB
SLAVE STATION ANTENNA GAIN 35,7, DB
EQUIVALLENT INPUT NOISE PWR DENSITY AT SLAVE STATIGN RGVR 202.1 06
NOISE SANDWIDTH ~74.0 DB
DOWN-LINK ChR | “T13.1 pB
TV TOTAL CNR 13,0 DB
TV TOTAL SNR (=6%(((B/2F)=11%%2)£(C/N)*(B/FI1¢KP) 42.9 DB

WHERE B = RF BANOUWIDTH; £ = HIGHLST BASEBAND FREQUENCYS
C/N = Tv TUTAL CNR; KP = A NOLISE WEIGHTING FACTUR

AUDIO UP-LINK ( 2.5 GHI)

OUTPUT PUWER PEw CHANNEL AT SLAVE STA. PHRe AMP. 9.0 DB
SLAVE STATIGHN ANTEWNA GAIN 35.7 DO
PATH LOSS -1%1.8 DB
SATELLIIE ANTENNA GAIN 29.4 DB
EGUIVALENT INPUT NOiSE PWR DENSITY AT SAT. RCVR 196.6 DB
NUISE BANUWIDTH (04100 MHZ) -50.0 DB
UP=LINK CNR TT28.9 DB
BACK-UFF OF SATELLITE TRANSPONDER 11.0 DB
CNR FROM INTERMUDULATION IN SATELLITE THT 18.0 DB
AUBIO DCWN-LINK | 2.5 GHZ)
OUTPUT PwR PER CHANNEL AT SAT. TRANSPONDER -34.6 DB
SATELLLTE ANTENNA GAILN 29.4 0D
PATH LOSS -191.7 DB
MASTEP. STATION ANTENNA GAIN - 49.6 0B
EGQUIVALENT INPUT NOISE PWR DENSITY AT MASTFR STA<RCVR 212.1 DB
NUISE BANDWIDTH , -50.0 DB
DUKN-L 1K CNK “T14.8 DB
AUDIT TOTAL CANR ) J4.0 vy
AUGL0 TUT AL SHR L =38 (UG 20) =11 sy 0T/ A B/ ) (L/RP e} ) KA.5 UD

WHERL ROC 1S THE PEAK-TU=AVERAGLL PUWER RAYIO TOR A
SIMGLE VOILE STGHNALG OYHLR PARAMLTERS AS ABGVE
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Lk MEXJCQO &%

WY PARAMETERS
LAND AREA

LATITUDE CF CCUNTRY*S GEQGRAPHICAL CENTER

- ASSUMFD COST OF SATELLITE POWER ($/WATT-YEAR])
DISCOUNT FACTOR

NO. OF TV=TRANSMIT/AUNDIO-RECEIVE (MASTER) STATICNS
NO. OF TV=RECEIVE/AJDIG-TRANSMIT (SLAVE) STATIONS
NO. OF TV CHANNELS PER MASTER STATICN

NO. OF TV CHARRLLS P2 SLAVE STATICN
SIGNAL-TO-NCISE RATIC KEQUIRFC FOR TV
SIGNAL-TO-NGISE RATIO RECUIRED FCR AUDIC

OUTPLT PARAMETERS

MASTER STATION

ANTENNAS CIANETER® 4.7 F7
RCVR PRE-AMP: NOISE TEMD 20. LGG K
TXVTR PAR AMP: QuUIPLT PWR 1C.0 ¥

INIVTIAL CAPITAL CCST FER STATICN
PRESENT WORTH OF TEN-YEAR ANKUAL COST STREAM

SLAVE STATICN

ANTEENKAC ' CIAMFTER 107 FT
RCVR PRE-AMP: NOILSFE TEMP  3220. DIG K
TXiATR PuR AKP GLTPLY PhR 5.0 W

INIY TAL CAPITAL COST PFR STATICN
PRESERT WCHTH DI TEN-YEAR ANNUAL CGST STREAMM

SATELLITE
SATELLITE ADTLNNA N-S DIAMETER
SATELLITE ANTERNA F—=w DIAVITER
MAXTNUM SLANT KANGE HOR OTRANSMISSTON
POWER CHARGED PE® TV CHANNEL
PORER CHARGED PFR AUCIC CHEMNEL
TOTAL COST PER YFPAR OF SATELLITE PCWER
PRESENT WORTH OF TEN-YEAR ANNUAL COST STRFAM

TOTAL INTITIAL CAPITAL CCST
(NOY INCLUOING SATELLITE. CGSTS)

PRESENT WORTH OF TOTAL-SYSTENM TEN-YEAR COST
ARNUAL COST OF TYOTAL SYSTEM PER SUAVE STATICN
ANNUAL CCST UF TOTAL 5YSTEMY PER SLAVE STATICN PER

760373 SQ Ml
2440 DEG
$50000.
10.0%

22

11000

2

12

43 DB

43 DO

UNIT COST § 523C45.
UNIT CCST ¢ 8000C
LNIT COST & 3500
$ 5963286
$ L274759

UNIT COST  $ 1400
UMIT COST % 1000
UNIT COST % 2000
$ 16939
$ LBEeES

9.6 FY

5.7 FT
231060601 MI
13.27 W
0.00¢5686 W
$ 4834034
$ 542762686

$ 41007328.
$ 289843712,

4 l'?.b‘)c
MEL b 3506,

I
T\

TV CHA
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MEXICG (CCN'T)

LI&K CALCULATIONS

TV UP-LINK ( 6.0 GHZ)
CUTPUT PYWR PER CiANNEL CF MASTER STATIUN pwr AP
MASTCER STATICN ARTERNA CGAIN
PATH LGSS
SATELLITE ANTENNA GAIN
EQUIVALENT INPUT KCOISFE PW® DENSITY AT SAT. RCVR
NOISE BANDWIDTH (25.1 MHZ)

UP—-LINK CNR

Tv DOWN-LINK ( 2.5 GhZ)
CUTPUT PUAER OF SATELLITE TRANSPONDER
SATELLITE ANTEMNA CAIR
PATH LCSS
SLAVE STATICN ANTENNA GAINM
EQUIVALENT IWPUT ROISE PHR DENSITY AT SLAVE STAT [CN RCVR
NOISE EANDW [DTH

DOWN-LIAK CNR

TV TOTAL CNR
TV TOVAL SNP  (=6%(((B/2F)=1)%%2)%(C/N)F{B/F)IKP)
WIERE B = RF BANDWINDTH; F = HIGHEST BASECANC FRECQUENCY;
C/N = TV TOVAL CNR; KP = A KOISE WCIGHTING FACTUR

AUDIO UP-LINK ( 6.0 GHZ)
CUTPUT PUWER PER CHARGEL AT SLAVE STA. PhP. ARP.
SLAVE STAVISN ANTERNA GAIN
PATH LOSS
SATELLITE ANTEN WA GATIN
EQUIVALENT LAPUT ACISE FWR LENSITY AT SAT. RCVR
NOISE BANUWIDTH  (C.10C MHZ)

UP-LINK CNR

BACK-OFF UF SATELLITE TRANSPCKRDER
ChR FRCH INTERMIDULATICN IN SATELLITE ThwT

AUDIO Glh—LIAK (2.2 GHZY .
GUTPUT Pal PER CFAMNEL AT SAT. TRANSFCKOER
SATELLITE ANTENNA GALN
PATH LCSS
MAASTER STATION ANTEMMA GAIN :
EJUIVALENT IRPUT NCISE FWR CENSITY AT MASTER STALRCVR
NOLSE CANDWTC T .

COvn—=LINK CHR

ALDLO TOTAL CRR ‘

AUGTO Todel S 0 osaa (/30 =1y 2) s (/N (/s L/ R b
GHTRD WP 1S5 T, PEAR-TO-AVIRACGE PUUTS PATIR Tar A
SEhnLE VUITGE STONALY (TR0 PARANFTILES 85 MGV

———— e 0 e e

11.2 DB
29.4 DO
~-191.8 DB
35.6 DB
202,17 0B
-74.0 0B

6.0 DO
4.2 DO
-199v.4% Db
37.0 D8
19¢.6 DB
-50.0 0OR

e a2 i i ot s

33.1( DB

10.0 D8
16,9 D8
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NPUT PARAMETERS

LAND ARFA 436623 SQ Ml
LATITUDE OF CCUNTRY 'S GEOGRAPHICAL CENTER 5.0 DEG
ASSUMED CCST OF SATELLITE POWER ($/WATT-YEAR) $500C0.
DISCOUNT FACTOR 10.0%
NGe OF TV-TRANMSMIT/ALDIN-RECEIVE (MASTER) STATICNS 1l
NOe OF TV=FECEIVE/ALCTUS=THANSHIT {SLAVE) STATIGNS 192
Nf)e OF TV CHAMNELS PER MASTER STATICN 4
NODe OF TV CHANNELS PER SLAVD STATIGN 4
SIGNAL-TG-RUGISE RATLC REQUIREL FOR TV 43 DE
SIGNAL=-TO=NDISE RATIO REQUIRED FCR AUDIC 43 DB

QUTPLT PARAMETERS

MASTER STATICN

ARTELKA: CIAMETER 28.4 FT UNLIT CUST & 038476.
ROV PRE-AMPS NCLIST TEMP 60. DEG K UNTIT Cust b 17C0N0
TXNTR PRR AMDPE CuirLT PLR iCeD W UNTT COST & 3500
INITIAL C2PITAL CCST PER STATICN $ 132514
PRESCNT WORTH OF TEN-YFAR ANNULAL CGST STRLAM $ 245601
SLAVE STATICN
ANTEMNNAL CIANMETER 12.2 1 UNIT COST i 1276,
RCVR FRE-AMP: NOISE TEMP 1EC. DFEG K LNLY COST & 7000
TXMTE PrR 2P CUTFJT PRER 0.5 W UNTT COST b 500
IRIVIAL Captlal CLST PER STATION 5 14595
PPESERT 4ORYH OF TEN=YEAR ANNUAL COST STREAN b 24 1C2
SATELLITE
SATELLITE ANTENNA N-S DIAMETEP ¢4 FT
SAYPLLYTE ANTERNA E-W DIAMITEPR L3.3 F 7
MAXIMUS SULANT RATSE FCR OTRANSFISSICN 22419.5 Ml
POKER CHARGED PES TV ChAKKEL Celh W
PGLER CHARGED PER BUDIC CHANNEL D212t 04 W
TOTAL COST pPrt YFAR (GF SATHLLITE POWER $ o059y
PRESERT WORTH OF TEN-YEAR ALNUAL CUST STREAM 5 2¢(1131
TOTAL INITIAL CAPITAL COST _ $ 2023040,
(NGT INCLUDING SATCLLITE COSTS) ‘
PRESERT WOFTH CF TOTAL=SYSTEY TEN-YLAR CCST b 1491011,
ANKUAL CCST QF TOTAL SYSTE!N PER SLAVE STATICN $ 0624,

ANNUAL CCST OF TUTAL SYSTLM Pef SLAVE STATICN PER TV CHARNEL b 16504


http:ANTE(,.RA
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COLCHFRTA(CCN'T)

LINR CALCULATICNS

TV UP-LIKK [ €.0 GHZ} :

QUTPUT PP PR CRANEEL GF MASTER STATICN PWR AMP 8.0 DB
MASTER STATICKN ANTERNA GATN 52.1 DB
PATH LLSS -199.1 DB
SATELLITE ARTENNA G&IN 43.6 DR
COUIVALERD INPLT NCISE PWR DENSITY AT SAT. RCVR 196.6 DN
NUISL EANUI':[“[I{ (2501 H}{Z) "71".0 DB
UP-LINK CKR " 27.2 0B
QUTPUT POHER GF SATELLITE TRANSPCACER 3.5 DR
SATELI UTF ANTURRA GALK 33.0 DB
PATH L35S -191.6 DR
SLAVE TAVICK ANTENAA GAIN 37.2 DB
EQUIVALLAT INPUT NCISE FWR DENSITY AT SLAVE STATICN RCVR 205.0 0B
HOISE FALDG T -74.0 DB
DUNN~L ThK € N2 “13.2 b8
TV TOTAL CAR _ 13.0 DR
TV TOTAL SNK (=65 (((R/2F)=1)4%2 )% (C/R) % {E/F)*KP ) 42.5 DB
WHERE B = RE RANCKIOTH F = FIGHFEST BASURAND FREQUEMCY:
C/N = TV TCYAL CNizi KP = A KCISE WELIOHTING FACTCK
AUDIC UP=LINE  { 6.0 CHP) .
OUTPULT P0WUR PER CRARAEL AT SLAVE STA. PUR. AMP. —-4.0 DA
SLAYE STATIGN ANTURIcA GALK 44,8 DY -
CPATH LOSS ~199.2 DB
SATELLITE AMTEANA GALN 40.6 DR
ESUTVALENT IRUT LSISE PWR DENSITY AT SAT. RCVR 196.6 DB
NOLSE EANCKICTH  (0.100 MF2) ~50.0 DR
UP-L INK CNR T 25.8 OO
BACK~CIF OF SATILLITE TRANSPGROER : 11.0 Da
CNR FROM INTFRMCOULAYICN IN SATELLITE TwT 18.0 CB
AUNTU DUWN=LINE  ( 2.2 GiZ)
CUIPLT Puk PZR CHAMNREL AT SAT. TRANSPCNECR “27.7 DB
SATILLITE ANTCP NA GATN 31.G DR
PATH LCSS -190.4 DR
MASTIR STATICHN ANTERNA CATA L 43,4 DR
ESUIVALERT IRPUT MUOISE Prit DENSTTY AT MASTER STALRCVR 207.6 O
NOTSE CANGaiCT 1 50,0 C#
DUEM-LIRG CHR T 14.8 0o
AL Yoo st s ’ 13.0 I.+
ACDTE TOTAL Sk =33 000725 V)2 u 0 ) (C/ M) (1/ES 4 (1/KD0) ) 43,5 [

whef sl K LS TR PEAR-TO=2VERA G POGR PATIO FOR A
SEHGUD VETEY STONALT VI PAT AT vl S 1S apragye
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£4% COLGMEBIA Xx¥

. P e S St e G S e S o S et S

NPUT PARAMETERS

LAND AREA : 439628 SQ Ml
LATITUDE CF CCUNTRY'S CECGRAPHICAL CENTER 5.0 DEG
ASSUMEDL CCST OF SATELLITE PLWER ($/WATTI=YEAR] $50000.
DISCOUNT FACTOR 10.0%
NO. OF TV=1RARSHIT/AUCTO-RECELIVE (MASTER) STATIONS 18
NO. CF TV=RECEIVEZAUSIT—TRANSHMIT {SLAVE) STATICNS 306
MO. UF TV CHAMNELS PEF MASTER STATICN 2
NO. OF TV CHARNELS PEF SLAVIe STATICN 12
SIGNAL=TJ-NIDISF RATIC RECLIRED FCR TV 43 DB
SIGNAL-TC-NCISE RATIG REGCUIRCD FCR AUDIC 43 008

QUTPUT PARAMETERS

MASTER STATION

ANTERNA: DIAMETER 15.5 FT UNIT COST & 27993,
FCVE PRE—AMPE NOISE TEMP 5C. DEG K UNIT COST & 17C00
TXMTR PwR AMP: CLTIPLY PR 30,0 W UNIY COST % 660
INITIAL CrPITAL CCST PCR STATION $ 56050
PRESENT WCRTH COF TEM-YEAP LNNUAL CCST STRE AN $ 112794

SLAVE STATICN .

COANT ERNAS DIAMETER 12.C FT LMIT COST & 6TTL.
RCVK PRF—AMP: NCISE TOMP 180. BFG K UNIT COST b 7000
TXMTR PWR AMP CLIPLT PR 1.0 W UNIT CCST 4 85C
INTVYIAL CAPITAL CCST PER STATLILN $ 30719
PRESENT WORTH OF TEN-YCAR ARKNUAL CCST STPEAM $ 47839

SATELLITE

SATELLITE ARNTENMA N=S DIAVETER 9.4 T
SATELLITE ANVENLA L-% CIAMITER 13.3 FT
MAXINMUM SLANT RANGE FCR TRARNSMISSICN 224 1v. Y M
POWER CHARGED PER TV ChARNEL 2.29 W
PCwEf CHARGFER PER AUCIC CEHARNEL 0.C410046 W
TOTAL CCST PER YFAP CF SATELLITE FLWER $ 145561
PRESEWT wCRTH OF TEN-YEAR ARKUAL COST .STREAM g 54456109

TOTAL INITIAL CAPITAL CCST : b 6021167,

CODT IMCLUDIAG SATELLITC COsSTS)

PRESCNT WCRTH OF TOTAL=-SYSTEM TEN-YEAR CCST $ 26165440,
ANNUAL CCST CF TOTAL SYSTEM PER SLAVE STATICN $ 158%2.

ANNUAL COST 0OF TOTAL SYSTEM PER SLAVE STATICN PER TV CHANKEL 3 1154,
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IV. Sketch of Progress

Screral parts of the final model are presently being constructed,
For the terrestrial systems costs needed for comparison with the satellite
‘'system costs [ have been working closcely with Pacific Telephone and Tele-
graph Co. of San Jose. Two parts of the overall program of six parts have
been written. Thesec parts deal with costs for T Carricy equipment on
cable-pairs and N Carrier equipment on cable-pairs, Lach is appropriate
for a different cross-scction and total link lIength. The other paris to the
program. will deul with microwave radio, open-wire lincs, the determi-
nation of the least-cost cable~pair size to serve in a given situation, and
the coupler program that will take the output from these separate parts
and provide answers in the following matrix format. The length, 1., of
the telecommunications link under study will be given along the abscissa
of the output graph. The increase in channel demand per vear that must
be satisficd by the link, YID, will be given along the ordinate.  The matrix
element désigeated by any pair of values (L, YID) will contain the least-cost
type ofterrestrhalfclccornnlunicarions facility that will satisfy these re-
quirements and the present worth of the facility for the whale pzriod of
study,

In considering the time elemeat in a satellite system it is necessary
to know the costs of upgrading carth stations. This cost has been difficult
to obtain from industry inasmuch as the type of station with which we arc
dealing (very low cost) is not in widespread use. Nevertheless, some handle
on these costs will be obtained from data gathered for the teleconferencing
report. The cost will be taken to be the replacement cost of the component
(either antenna, prcdmplificr, or power amplifier) ox components whose
upgrading will render the required increasc in carth station channel capacity,

A step toward the completion of the integration of educational requirements
and telephony requirements into one system has been made with the completion
of a vexcion of the original least-cost satellite system program that treats the
case where only telephony service is desired. The system is simple in con-
fignration in that cach ecarth station is assumed to have the same G/°1" and the
same power amplificr, Iﬁn%her\vork\vnlulhnvluwhuputhrcc(kawwm(xﬂzos

of carth station to he determined, according 1o the Jemand reguirements,
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"INTRODUCTION

In the United Sinles and throughout mich of the Vleclern world
there is a growing auovenace of the enormity of, the tasgk that hae
becn defan-d for the verious national cducation systems. Educators,
for several reaszons, are referring to the situation as the "crisis in
cducaticn”. 1.2 The principal reason teing given is the lack of funds
to provide a buasic cducutden by traditionzl mcthods to the burgconing
numbers of people for whom such an education may well mean the differ-
ence between living and merely subcisting. .

Becauce the core of educaticn is cbmmunicatién, it is perhaps
that telecoxmunicationz technolegy is being investipated
as an ingrcdicnt of bLoith morc efficiernt and possitly, at the sane tinme,
nore effective educaticnal systems. Surely, the rotential is there.
Yel, it is being tappcd, with few exceptions, in a pieccmcal fachion
that nullifies the ore clear advartage it has, in terms of efficiency,
over traditional cla oon~ueuche situations --- that -of teing cavable
cf reducing the stuﬂe“t-tgachcr retio. The importance cf this advan-

t ducatiznal Develcpment follcu-
irg a study Lo invectiate the new instruciional technologies with re-
card to scnool finances. In a summary siaterent tefore the President’s
mmigsion of Schcel Firance, the Acaiemy's Executive Vice President,

1 B

e
Tre conly w'y 4o reduce unit coste substantizlly
is to incrcase the puril-teacher ratio dramatically."” 3

The advantage of transmitting educatioral pregrams by radio-waves

. usiﬁg a geo-staticnary satellite is 1m:ed1ht ely aprarent. A satellite
offers to a large country or group of countries lacking adequate ground
corxunications (and this is almost always the case, as far as educational
technolcries are concerned, for some regions of every Cuuru*") a systen
“that can ccver a geographic area of a million square kilometers. The
satellite signals can reach isolated, mobile. and dispersed populations
vith ecase, and recent studics show thul the éost of the distribupion

system for telovicion rresramming can a2 siznilicantly less byrsatelllite

~

]

than for compara®le terrenirial fueilitiors, 4
In {he enro of o doge develor Do cinnnry (Z?f§ it i dnconuaivall
Cran e, Ulderinoiin of cuoh nognbtadn wlote prenide edusalionel o welhe-
vieien by osnteidive For e whodoe connter woutd oned he Godroedg 10 n


http:stacnmec.nt

contreilad, Ly the national ministry (department, buarcau, ete.) of
tolecorsmnications or a comparadle entity. In any event, it woeuld be
very Gesirable {rom an econonic standpoint. For little additicaal
cost, a revenue producing service could be providsd using the same
gatellite nnd slightly enlargzd earth stations.

Scetion B of this report descrives progress toward the devel-
oprient of & model to determine the least-cost joint system.

Inasiuch as a telecommunicaticns system may be used to carry a
variety cf techinological approaches designed to erhance the educational
process, somz evaluation as to which approach or approaches to use
would bec desirable, Section A of this report presents the progress

to-date in this eifort as given in the literature.



Scection A

EDUCATIONATL, THCHEOLOGY
A Summary Of Reccnt Evaluctions

"The forws of sceiety we shall see in the twenty-
first,century in my ‘judzement, will depend less
upon our relaticnsihiip as workers to the means of
production of goods and services and more -- much
more -- upon our relaticnchip as total social be-
ings to the means of production of informaticn,

ideas and images."”
s -- Rose K. Goldsen
Cornell University

Education, as contrasted with instruction, is scen as "a prepara-

Vs . . . 1
tion for life through mere adequate adaptation to one's environment."

It is regarded as being concerned with the "whole student" and as re-
lating to."his mental, emotional,’ physical,social, cultural, and tech-
nological adjustments.” 2 Or, put another way: "In the broadest sensc
the aims of eddcation include the transmissioﬁ'of knowledge, the in-
stallatioﬁ of wvalues and the development of intellectual, physical,
social, and artistic skills and ccmpetencies.”

It nay bq argued that attemp4inz to evaluaite the effcctiveness
of any particuler educaticnal sysiecm or process in contrizuting to the
atove implied ctjectives is tantamsunt to measuring (quant&fying) the

" he is imputed by scciety. Surely,

0
t4
=
H
o
[¢7]
ra
s

~whole individuzl arnd the us

there ic no more herculean task

4

Most pecple are well aware i’ this procblem. For instance, Jamiscn
and Suppes in discussing alternatives for improving productivity and ef-
ficiency in education state their belief that "clearly categorizing and
nmeasuring the outputs of an educaticnal system is presently an impos-
sible task." In their view,'much of the work that would be required .
in such an endeavor would involve assessment of values, not facts, and
even if...(one) were to recach a concensus, both the desirability and
capability of...(a government's) acting on this concensus are dubious."

As a result, most evaluations of alternative educational procesées
are based largely cn the ébility of these processes to perform the in-

plying that the affec-

structional part of educution and are,thercly, ia

tive component of educaticn is invariant under the several olternative

m

precesses.  1nus, Jamison and Suppos adopi as their definition of the

outpul of educational systemeg, wilh susceptibility to measuremeni clearly



in mind, two Lypes of proxy measuree: "1) enrollments weighted by time
and type of expocure, and 2) distributions of scores on acuicvement
tests." _ : -

In and of ilself, this approﬁch hiases the e¢ducational ref'ormer
toward methods and systems alternatives that reportedly maximize this
"objectively" determined transference of information -- with little
overt reczard to other aspects. I would agree with Miller innat such
a bias, although understandable, creates the possibility of cur "ne-
glecting important variables in the cducational syctems we are eval-

ueting because we do not have adequate ways to measure them." > 1 feel
: z

it apprecpriate to reiterate the following caveat of Bruner and Olson,

The assumption that knowledge was central te the.ed
cational cnterorlee and that it wac independcont frem tre
form of experience i'rcm which it derived and ihe goalr sor
vhich it wvwas used has “ad severuzl importeni &nd persiziing
effects on cducationzl thougnt. First it has led to a
certain blindncss to t“n effecis of the medium of instruction
as opposed to the content, a blindness which izTwhan nze
alerted us to, and secondly, it has led to an unsatislazzor
and restricted concepiicn of ebility. Az the effects ¢ ex-
pericence vere compleol e‘“ asgimilated uo‘tne account ci e
acguigition ci knowlearse, experience was concidcered ler: and
Jess central to the ac;ulslulon of abi lnty Since wicdge
was all, ability could te talen for granted --
Lles vhicn may be used to acquire ¥ncwledss. Abd
then projected ravier c*rect’" into tne mind 1
genetic traits (Jensen, ) while the culture ¢ ex:
vere both ignored as rossitle candideaics to account
developnent. The effects of this slranze turn has besn o
-obscure the importarce of developing atilities, often thereby
making schooling irrelevent. '

Of course, technology is but an instrument and in the sirict

n
m
3
0
19

(o]
h

of the word is neutral. The final Jjudgément on the effectiveness
various technologies will depend almost entirely on the sofiware, on
the programs which they are used to disscminate. With this view, the
educational technologies are seen as tools to be used in tne educa-
tional process much as a textbook -- i.e., that they are nct capable
in and of themselves of more than imparting 1nfor*at10n, nor werc they
cver intended to do more. 7 To the extent that thie is true, it is
cuite rengible that evaluatiens of fechinnl. ieg denl only with the coo-

nitive, not the affective, ccuponent of cducution.
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Neverthcless, it would be hoped that the current irend in seome
schools of cducuation toward an cmphaszis on the recipient of cducatior.,
on learning theories and awvay from an cmphasis on the dispenser of
information, on icaching methods will be furthered by the intrcducticn
of technology. Certainly the potential for encouraging this cshift ir
emphasis ic irherent in much of the recent technology. Especially de-
sipgned curriculze can place the major burden of the informatioral,
cognitive aspects of education on the technologzy and free the teacher
to improve the affective content of the interaction with and arong
students.

The point of view adopted here in reviewing the findings to-cate
of educational effectiveness studies is that it is rational to surpos2
that telecormunications techrology ie neutral. The context in which
such technolozy is used will determire the effects of its usc in the
affective dumain. If evaluation of the lzarned-information capability
of various lechnologies shows differcnces among them; it is Titting
to use them when the ratio of this capability to the corresponding
" cost if implemcniation is larger than when conventional methodz are

employed.

Findinss

Now, wirtal have the varicus studice of and experiments witn ecu-
?ational techinolczy shown? The results which seem of most relevarnce
nere are that:1) remote television inztruction can teach at lezst as
well as a conventional class:iom lecture situation if some form of

8,9,10

feedback to the instructor is provided; 2) instructionzl rad:d
ané radio-vision (aural material supplemented with still pictures prec-
vided by one of several means such as facsimile, slow-scan TV, pre-dis-
tributed handouts, predistributed film strips, etc.) can be , in some ..
instancés as effective in teaching as television (sometimes it can be
'even more effective); 3) a balanced approach to using the technolog:
will produce the most learning. That is, in general, "use the eirplest,
barest, clearest, and least distracting presentation possible." This

as nreserntlis used

result, coupled with the previous onc, indicates that televiéion/may

be optimal only a small percentage of the time; i) "considering'colliars

h CETRE .3 PRTEN ‘ LI | - . Py e e . 2 - . S e ceee s
alonct amd Tronsereble reculis' one v bens whedter instructionzl Loo-

nology is worth the cost." llfla (It is probable that this staten.en:
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was focused on the American scene where only a few "experiments" in
FIV heve sufficient audience to benefit to any exient from cconomies
of scale, since, in the same report, it is noted, with implied en-
thusiasn, that.El Salvador's prescnt systematic approach to improving
cducation never cculd have been possible without advanced irstructional
technolory.) However, when cther effccts are included, most practi-
tioners cre enthusiastic about the results and the low cogt levels
being achiecved.

: A word regarding scome experiments that are now in the planning
stage may be indicative of the perceived value of onz technology in
compariscn to the others. Of the several being given attention in
the current literature, there are none which involve purely radio.

All are using television! This may be due, in part, to ithe recognitinn
that most people, given a choice between radio or televisicn, will
chdose televicion. Also, the effectivencss of radio may not be known
and the entcrtainment aspects of television are probably not seen as
a possibli deterrent to learning. Strong pressure is thus created for
"keeping up with the Joneses." KEIV is clearly the newer medium and
will attract its share of proponents if for no other reanson. As Forsyihe
points out, "If present circumstarces were the vroduct o7 systematic
planning anrd convincié; cvidence, few weuld resict them, tut that,
unfortunatciy, is not the case. On thc.contrary, it is rore reaszon-
able todzy than ever teiore to recerd radio as a versatile, a praciical,
and an effcctive instructisnal mediwa.” *3

-The probtable outccme of all this is that television will continue
to be provided in the educational context not only because there are
sone applicaticné in vhich it is more effcctive than other technolozies,
but also becauce of ils popular imege. (As Skorhia puts it, "It has
been generally assumed that communication through more than one sense
is better than communication through only one: For exarple, that tele-
vision teaches better than radio, sound-film tetter than silent film,
movies better than 'still pictures, color TV more effectively than monsc-
ll) Jh

Whether in these applications the added bene-
td

chrome, and so on.
fits of televicion exceed its added cost is moot
becaure we are secustomed vo ininking of

education in terms of the classroom selting and are tryine to duplicate



the claseromn at the remcte location. As onc technolegist said, "I con-

gsider Lha anlimwe syslon ag one that cslablishios an envivonmort, for the
off-campus student which, zs closcly as possible, approximates the situ-
15

ation of the resular full-iime sludent on cawmpus.
me licht, 1 btelieve that the following observations will

si
contritute to a clearer understanding of the relative merits of the

Other Considcrations

fost comparicons of technologies have been based on duplicating a
classroom gituation and mzasuring the ability of .either radio or tiele-

4.

vision to instruct as well as if students were in the live, traditicnzl
setting. I have no quarrel with the findirngs that radio can, in many
of thesc cases, concentrate the attention of the students to a higner
deérce and actually procduce Letter retention. These cemparizonz, how-
evér, are structured such that television has been forced intio the mdld
of a more limited medium. In instances, such as "Sesame Street", whers
the image and motion capabilities of the television have been integratved
into the total presentaticon, results seem to show ihat television has a
clear advantage. (Undoubiedly, the age of the audience is an importzni
variatle, as well as the subject matter to bte presented.)’

-In comparing radic and television the siatement is clien rmade tnzt
television costs five times as much. From this, the conclusizn is
dravn thal unlees televizion is five tines tetter in itz ability <o

=

r

[¢4]

instruct, radio is the "best buy" in terms of dollars per unii o

ct
t=te
(3]

iec

iy

tained information. It may still ke that radio is more "cosi-e

en

(9]
[¢]

[

but the proper comparison must account for.the total learning exper
end, therefore, the total educational budget, as follows.
Television and radio have been used in conjunction with and largely
in support of the total educational infrastructure. The measurements
‘of efficacy using tclevision or radio are, then, measures of the effi-
cacy of the total system (including either radio or televigion). Sub-
' pose that one could (even ihough one cannotl quantify the output of ihe
total systom-with-lelevision anc alzo the outmit of the total Tysten-
with-radio. Let the culyut of the syctem-with-televicion be roprevented

by OLv ) Lthe oatomt 220 the syrteme-with-radio by Or Ly oand the oot
3 9

of the system without cither radio or televizion, i.e., with purely ~ra-
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ditional inpute to cducakion, be represented by 0_. I the cost of the
3]

systems ave then reprecented, vorpoctively, by Ctv,:’ Cr,s

the correct and rair conparison Lo delermine vheuner television is worth

, and CS then

the extra cost¢ is not whether

0, ~ 0 0 -0
LWLS 8 5 lurger than —2f =
C,. . -c_ 8 c__-c_°

r,s S

tv,s
» . > - ) . 3 *
vhich ie, essentially, a marginal revenue to marginal cost ratio, but
rather is wvhether

Otv s or g
——2= is larger than Emli .

C
) tv,s TS
.77 An illustration of the above will help convey the meaning. A pro-
posal of the executive secretary of the National Educaticn Association,

i
San Lambers, reported in the Falo Alto Timco ol Mag 4, 1972, sugsested
&) ] > bl DO

that a national average cost standard for education (c¢lementary and
secondary) of $1200 pcr'pupil per year be established. This wsuld cor-
respond QP CS. Cost figurcs‘for one hour of programming per day of
"Sesane Street' averazed over the estimated zudience of 7 millicn pre-
school. children came to $0.65 per child for the first year. 1 part of
this coct is uﬁdouLtcdly Zuz to distribution costs, nevertheless, lev

ddition to these mostly «ci
J

o

ug suppos2 that in
1CH increase in cost to provide the hardware (s if one were required
to purchacze the televicicn sets and install thz means of distributing
the progran signals)** and that the preogramming is increared to eight
hours a day. The cost per pupil would then be $(1.10)(0.05)(3) = $5.72.
Further, assunie, very conservatively, that radio woculd cost only one-
tenth as much as television, or $0.57 per pupil per year.

The correct ccomparison should not be

¥ An individual firm in a purely coninetitive market will not prcduce at
a level of cutput cuch thet the ratio of murginal revenue to narginal cost
is a maximun., It will maximice instead, the ratio of total revenus Lo
totel cost. Thic princinle, I telieve, applicc in the prescont cace of
compariny the desirubilivy of using one teclndlory in precicerenac Lo anuiher,

_‘.‘.(.l.' .‘1..:", ".l’.'?"‘." n :.._‘.,._1:|;.‘. '.'*..'.ifff""l'.'f? 1.‘::.97.

Crel, 1
BE AT Proallian idonsauin !
.

¥
IR AR <Lt <
Lheir hardware cosug are lews than 10u of Lhe tutal cord e the cxuerinant.”
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but rather should be

‘ v Q . ! (“ )
——e ci).'.f.O0,0() + ‘1.1).72
I" .O0,0 .‘ :i;').('-‘, .
r,5 4 12 Q

It is easily scen thal very different resulls may come from the
two comparisons. In the first case, it is likely that radio would be
used in the majority of cases. In the second comparions, television

would be able to prove in, and rightly so, for only small increases
in total output over {ne system with radio. Also, a nation's total
budget for educaticn becomes a direct factor in dotermining which tech-

nologry to use, as well it should.

Applicaticn

In the light of these findings and discussion the design and analysis
of alternative nationzl telccommunications syctemsz should procecd on the
bagis that they will re fcquired to carry several channels of television.
Full-actinpn ielevision, at lecast so far, is the largest single bandwidih
jtem Lo be encountered for iransmission over the system. Any other edu-
cational icchnolosy may, thereforc, be accommodated once bandwidths suf-

seient for television nave been reserved.
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Geetion B

SATRLLITE SY5iid 0PLLaLzaT10k

The polential applications of telccommunicatidnc.technology ave
Limited only by man's ingepuity. The tele crmunications satellitle
holde preal promise of permiliing this ccchnolbgy to reach into even
the most reanite parts of a country. For sufficiently large scale

1
<y s \ \ . . 1,2
gpplicationsz it is the least-coct method for high penctration. ™

The task is to be able to determinc ihe least-cost satellite systen
for particular applications. The developrient of an app propriate model
is well underway.

The Lons Ronese CGoal

The Tiral model of the essential parts of a national joinu tele-

phony/ cducational technology satéllity system, as now perceived, will
be ﬁb]c to answer the Tellowing quesvions:
% 1. At a given point in time, cha ractcr17ec by a) the nwsber of
citics, towns and villages to be servcd by the systam, and
b) the demand for service (the nunber of channels into and

out of cach city, town or vi acc) wrnat is the least-cost

combinaztion of satellite power and carth station sensitivitizss
and powers that will provide the service? .

-

2. Taking into zccecunt eccnowics of scale in the purchuse of clini-
ponents, what is the leagt-cost schedule Tor inereazirg the
capacity of the cdrth stations as the demand at their locatilicns
increases?

3. As the demand between any twe cities increases, for what ccm-
binations, in terms of the number of channels and the separa-
tion distance between the cities, mway it become less expensive
to serve the comrmunications: needs by terrestrlal facilities
rather than by satellite (this will oe a ;unctlon of the sat-
ellite fil) as well as of component costs)?

4. In the long-run, what is the proper role of the telecommuni-

[EN)

cations satellite in serving the denund for communications

Will it eventually serve as the Link among only light traffic
centers or can it be cost-crfeclive in scrving overflow traffic

-t

Lebecen Jarge wrallic confoers?



The answers to all these questions logether constitute the necec-
gary irforeation with which to delermine the long range ilmplenentation
of nauloﬂal telecomaunications facltltle to serve given projected

needs.

Present Model Cavabiliuy

The model in its present form is a firs. step toward the realizz-
tion of the finzal modcl. ‘It has been devised primuarily with ihe edu-
cational part of the system in mind. The implementation of the model
as a ccmputer program enables a least-cost sycstem to be determined
that will provide television program reccption at any rumber of small
"elave" stations (earth stations) as trozdcast from a few "mazier"
origination stations and secparate voice or digital communication froex
the slave staiions to the master stations. (At present the progran

will not accomnmodate different sizec of slave stations, nor ccmmuni-

l

cations among slave stations.- Ihcn theve rather significant additions
are madc, “the ansver to question nne will have been given.)

' Within the model, the cost of the satellite is entered as a charge
per watﬁ of satellite power used. This approach permits the selceticn
of the satelliie as a separate component of the model. During tnis
selecticn the ccsts 2nd capacitics of the vcxious satellites that nn
been descrited in the domestic satellite filings before ihe FCC werc
compared (2lthough the methodology is completely general and can be
used vwith any set of satellites) under several vlaucsible demand con-
ditions to determine the satellite (including replacements, spares and
-increases in number as dcmand grows) with the smallest cost per watt
of pover.

A typical output of this present model is shown in Figure 1, where

ds(c,N) = Cs(c,N) + C, (c,N) + NCe(c,N)

Bl
and :
c d(_(c,N) is the cost of the total satellite system

¢ is the rumber of video channecls carried by the satellite

N is the minimwn number of video-receive earth atatngps in
the cyctenm

C_(c,1t) is tho cost. of ihat part of the space n
& the entellite powa) notuelly peed by the eduectionad

systom



ety g apeig Ery =

Satellite System Cust Paramcters with Cw/yz $15,000 and ¢ = 4

| Cb(c, N)

N C.lesN) Cy(eN) Ciasler N)
100 13, 277 190, 433 1, 719, 027 3, 237,180
250 11, 04 244, 951 1,969, 774 5,065, 735
500 9, 437 263, 594 2, 626, 464 7, 608, 649
1, 00U © 8,15 293, 771 3, 515, 082 11, 925, 765
2,500 6, 999 427, 623 5, 101, 00 23,027, 483
5, 000 6, 459 520, 435 6, 886, 546 39, 700, 523 .
10, 000 6, 085 697, 998 9, 391, 256 70, 938, 14+

1 Satellite System Cost Parameters with C

= $30,000 and ¢ = 4
! . w/y

N . Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 2], 118 244, 623 2,025,370 4, 31§, 709
250 12, 392 2064, 8§84 3,407, 118 6, 770, 07
500 11, 101 293,152 © 3,828, 800 9,672, 135

1, 000 9, 218 400, 766 5, (M4, 438 14, 663,023
2, 500 7, 638 492, 540 7,430,070 . 27,016, 832
5, 000 6, 881 623, 697 10, O1-, 704 45, 045, 336

: 10, 000 0, 365 13, 600, 203 78, 108, 272

8§60, 615

Satellite System Cost Paramecters with C\v/y = $50,000 and c= 4

—

N Ce(c', N) Cb(c, N) ‘ Cs(c, N) Clds(c’ N)
100 34, 185 258, 583 1, 890, 907 5, 568, 063
250 19, 415 287, 412 3, 41§, 22 8, 539, 295
500 11, 785 389,192 S, 663, 671 11, 945, 315
1,000 10, 338 439, 369 6, 659, 990 17, 437,072
2,500 8, 287 564, 274 9,812,110 31, 093, 520
5, GO0 7, 311 739,032 13, 221, 370 50, 516, 352
10, 000 6, 649 1, 045, 216 17,928, 640 83, 4006, ¢-10

Figure 1. TReprecentative Ouiput of the

Present Model.



Cb(c,n) iz the cost of ihe master station(s)
Cc(c,n) is lhe cost of a slave station
Cw/' ic the cost of the use of one watt-year of satellite
¢ pouwer
The program minimizes the cost of the overall system. It docs not
minimize the cost of the ecarth stations alone. Conceivably, other

ricing policics for catellite power c¢ould be used that would alter

<

&

his stravesy. The model can el :ily accenmcodate these changes by
e

varying the cost per watt of satellite powe:.

Futufe wory.

As viork has progressed toward the Tinal model (one that will in-
clude the cffect on coste of handling a nation's regular commercial
telephone and telegraph traffic over the same satellite systcm that
is used to transmit the educational programming), it has beccme apparent

that bLefore rodifications to the present computer program can be made,

. Let F(n) be the cost of an earth station with a capacity of n
channels working through a particular. satellite (identical carth sta-
tions are assumed for iransmit and for receive). F(n) will be a func-
tion of N because of economies of scale. Let f(n,ni) be the cost of
upgrading the earth station's capacity from n channels to n + n, chan-
rels. Assume a linear increase in deriand for chunnels through the
" earth station such that ne(t) = a + bt where t is the number of years
since time zero, a is the demand at time zero, and b is the number of
éhannels per year increasc in demand. Suppose that vhen t = T the end
of the planning period will have arrived.

The precgent worth of the costs of meeting the increacing demand

out Lo time t = T ig: o Th-ng : 4
ft'= ng

) . VL I GELE ., 0 RN
'i) 4 {/; Pt (1,,uni/h) w £(a 4 hnj,ni)

]
R=1

PRe(nt) = o +

—
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Peciause F(n) and f(n,ni) are not susceptible to muthematical ox-
pression (they are not contimious funciions, and they depend on M and
on the churge peor watt of catlellite power, Cw/v) it is not possible
to find the minimum of TWS(k') Ly aifferentiation. It will be neces-
sary to proceed by dircet evaluation for several values of k' with
" cacH set of values for a,b, and i%h. The probable outcome will be as
shown in Figure 2.

The parareter k' is the nuaber of fimcs during the planning per-
jod of lernuth T that the station will undergo upgrading, if there were
only one cize station in the systemn. With more than one size the effec
of econcnice of cscale must be included. All the stations' schedules
will interact to produce the overall schedule. As an example, Brazil
has atout 1,700 towns arnd villages of less than 2,0C0 population and

1,000 towns of veiween 2,000 and 5,000 population. Suppoce *that there

and Nl towns and villages that will require nl channels at first (alz n1)
. A
and H, towns thal will reguire n, channels (a2 = n2). If d(i) represents

the discount factcr that accounts for economics of scale, then the cost

of meeting the demand for n. and for n_ channels with diffcrent equip-

1 2

ment is: :
= Noa(i )F(n,) + 1_a(s,)F
= Ml IRy ) o+ A, )T (n,)

and the cost e demand uzing the larger capacily eguipment

(8]
3
.\
M
o]
c*
1+
3
(]
(L

throughout is

C yo = (1\l + 112)11(11l + 1'12)?(n2).

Nyr 1
It may be that C, is less than C_ . in which case, only
N, + N N, ,H _
1 2 1°°2 :
the larger capacity station would be installed. It may aiso be that
even if CNl + N2 is larger than CN ’Ng it would still be more econom-

ical to use only the larger capacity station.
Suppose, for instance, that the larger capacity station would at

sone time be nceded at the Nl locations which have an initial demand

for unly n., channels. Then, if C

1 ig larger than C but

N, + N ) 5N,

1 2

Ciown, < Gt niE [W"‘""("‘ ) - 7"(”1)13"'1‘1‘(”1)
120 L
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Pec(k')

Figure 2. The Present Yorth of the Cost of Upsrading
the Capacity of an Earth Station over the
Planning Peried of lenzth T, as a Tunciicn
of the number of Upgsradings,



\ n1~\1\
- "\;.

or _
—
Co oy << Oy ot nin 1u-1f'(i*]f:,kni/b) X i‘(nl + kni,ni) :-:lca(::
1l 2 1’2 k' \5—
fi=1
it would still bLe less expensive Lo install only the larger capacity
station. In words: economjes of scale and station upgrading
schedules can te such that it is less expengive to install only one
¢ize station than to install two different wizes and later upgrade
the smaller size to the same capacity as the larger size.
From considerations such as the above, il will be possible to con-
struct a lightl-route 5rowth strategy. The objective of lhis model is
Lo dct-rmine the cross-over point (in distance-channel space) for var-
jous terrestrial technologies. That is, at any given disztance and
channel. requirement, it is less expensive to serve the link using
the satellite (and if so, what size earth station is rcauired for this
link as well as to serve the other satellitc—linked cities) or should
terrestrial facilitics be used, and which cne (open wire, cable pairs,
microwave, ccaxial cable, ele.). Combining this type of information
Trom all routcs will be a recessary step in determining the total re-
guirements on satellile capability and thus help to detcrmine “hich
satcllite is used.
This is an itecrative process since the crosg-over poihts will Ue
determined by the optlimus size stations and ihe optimum scheaule for
station upgradings. These will be determined ty the number of stavions
and the required initial capacity of the stations and the cost per watt
of satellite pcwer, which, in turn will depend on the optimum gize of
the stalions and the optimum schedule for upgradings. It will be neces.
sary to make initial estiamtes for some paramcters, run through all the
programs of the total model and then adjust the initial estimates to

more nearly match the final outcome' on succeeding runs.
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SECOND PERIOD REPORT TO AED

hy Carl iitchell,

I. Introduction

It has been noted in the literature that a very simple relationship cxists
between a nation's gross domestic product (GDP) and its telephone density (the
numbzr of telephones per 1000 population), 1,2 It should not be inferred from
this that the demand for telephone service can be characterized by the same
simple relationship to GDP. Only in the more developed countries is the in-
vestment in telephone plant sufficient to produce a demand-limited market.
The budget constraints of less developed countries (LDC's) produce a very '
definitely supply -limited market, That.is, at current prices for services,
there is more demand than there is facility to satisfy the demand. 3 Especially
in such a supply-limited situation, there is impatus to determine the least-cost
method of providing service, since the target for the commuanications entities
of these LDC's is a development plan to.upgrade the present telecommunications
systeri to make it compatible with the socioeconomic level of the country, and
to do so within the telecommunications hudget,

We feel that the telecommunications satellite can significantly reduce the
costs of service to dispersed populations or subscribers (e.g., interconnection
of CATV companics) while maintaining the same standard of performance as
ohtained with terrestrial systems. In fact, we believe that the satellite makes
econonmically feasible some services that otherwise could not be supported by
LDC’s, and. that further experience with telecommunications via satellite will
impravc its economic advantage for these services, *

This advantage, however, may not be rcalizable unless the large cost of
the satellite, ar{d, to a much lesser extent, the costs of the earth stations, are
shared in a multipurpose venture. Such a venture is, of course, entirely pos-
sible from a technical standpoint, since a satellite can simultancously receive
and retransmit scveral dissimi lar signals (be they telephone, telegraph, television,

analog or digital). We, therefore, strongly recommend that coordinated inter-

* An iidication of the continuing trend to lower costs for satellite services is
the dramatic reduction in space-segment per-vear costs of a telephone circuit.
Using fignres gencerally available, the graph in Fig, 1 was ploticd.  (scc also
refereace ) (I should be emphusized that these eosts do pot include the ground
seament of the system, Thacy are shown oaly to draw aitention 1o the declining
costs currently boing exporienced in satellite technology,)
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agency planning be encouraged where a national satellite is being considered.

. Aprime candidate, in addition to commercial telephony, fora share in
a multipurpose system is educational programming. It has received wide-
éprcad attention over the past few years, 6 especially in LDC applications.
In part, this is hecavse of its potential for reducing costs. Traditional ap-
proaches to cducation have always been labor intensive. In fact, it is largely
for this reason that the prescnf cost squeeze in education has become sO accute.
Other "industries™ have benefitted from technological innovations and improve=
ments to increase the productivity of their employees. This increase in effi-
ciéncy permitted higher wages. Although no corresponding incrcase in effi-
ciency occurred in education, tcachers and administrators participated in the
upward wage trends. As Baumol states, “,..(this) suggests that, as produc-
tivity in the remainder of the economy continues to increase, COStS of running
the educational organizations wiil mount correspondingly, so that whatever
the magnitude of the funds they need today we can be reasonably certain that
they will require more tomorrow, and even more on the day after that.”

Reducing the labor -intensive nature of the educational enterprise can,
of course, help to open the way for technologically motivated reductions in
cost, With low-cost carth stations, the distribution of educational materials
via television, with or without a voice talk-back capability, bccomes a very
attractive alternative to the slow and costly process of specialized training
of teachers and the subsequent continual problem of motivating teachers to
work in rural arcas. Due carc must bz excrcised so that the affective com~=
ponent of cducation does not suffer as the instructional component is being
helped with remote programming expertise.

This report will present results of our work and give several examples
of the capability of programs developed here at Stanford to determine the
least-cost system suitable for educational tclevision program distribution with
audio fecedback. It will also outline the work in progress toward a model to
determine a least-cost configuration of a multipurpose system to provide
both television distribution (commercial or educational or both) and regular

telephone servicc.



II. Least -Cost TV/Return Audio System

A. Terrestrial Systems

An investigation of terrestrial technologies revealed that only coaxial ’
cable and microwave radio facilitics have sufficient bandwidth to carry tele-
vision programming. Except for relatively short distances, microwave radio
is the less expensive of the two. A typical radio link consists of the transmit
terminal, several repzaters and the destination terminal. These are shown
schematically in Fig. 2. The average distance between repeaters (called the

hop distancce) is 30 miles.

A K .= . A A
origination - N — destination
terminal repeaters terminal

Figure 2. . A Microwave Radio Relay Link

Rach origin and destination terminal requires the following equipment:

transmitter or recciver (per TV channel) $4, 500
antenna and fced 1, 900
standby batteries and charger - first channel 1, 600
each add'l channel 200
tower (150", guyed) 6, 000
installation and alignment - first channel 1, 000
each add'l channel 500

voice feedback equipment
transmitter or receiver ’ 4, 500
antenna and feed 1, 900
batteries and charger 200
multiplex equipment - heavy route, per channel (voice) 2,000
light route, per channcl (voice) 1,000
installation and alignment - first channel (voice) 900
each add'l channe!l (voice) 200

‘These costs can be represented in cquation form by

Cmt(c) = $24, 500 + $7,400(c - 1) for heavy routes (voice)

Cmt(c) = $23, 500 + $6, 400(c - 1 for light routes (voice)

where Cmt(c) is the cost of microwave terminal-station equipme

and .c is the number of television channels being distributed.



Each repeater station requires the following equipment:

transmitter and receiver (per TV channel) $7,000
antennas and feed 3, 800
standby batteries and charger - first channel 2,000
each add'l channel 200
“tower (150", guyed) 6, 000
installation and alignment - first channel 1, 300
each add'l channel 500

voice feedback equipmeant
transmitter and receiver 7,000
antennas and feed 3, 800
batteries and charger 200
installation and alignment 1, 100

or, in equation form,

C, (©) = $32, 200 + $7,700(c - 1)

An important simplification was made at this point. A microwave terminal
station (no retransmission of the video signal is required) would only bz uscd in
the distribution network at the ends of branches where a final destination has been
reached and the particular city in question is not serving, simultancously, as a
repeater link for other cities. Nevertheless, cach terminal station will have its
video transmit counterpart somewhere upstream towards the origination station.
This is significant in that it allows the costs of the microwave systein to bz mod-
eled (on the low side) as the total number of stations used, whether terminal or

repeater, times the cost of a repeatex station: or, in equation form,

Cpns(© N = (1 + MANINC, (©)

where Cm“(c, N) is the cost of the microwave system
o

N is the number of cities being served by the system,
¢ is the number of TV chanucls bzing distributed.

" m(N) is the ratio of the number of microwave repeater stations be-
tween cities to the number of cities connccted by the network,

To make the cost-components of a repzater station comparable to those
included later on for satellite earth stations, the equipment costs of a repeater
station were modificd to reflect the costs of land (land, grading, roads, and
tower foundation) and maintenance, Maintenance was assumed to be 15 per ceat
of first cost (an average figure uscd by Pacitic Telephone and Telegraph Co.)
over a 25-year period (PTT uses 15,99 years), and land costs were assumed to

he §8, 000 (this allows for the fact that not all sites will require land or towers).



The other costs incident to the design and implementation of the system (such
as transportation, documentation, spare parts, engincering, commercial power
connection, etc.) were broadly assumed to be common to any other telecommuni-
cations system being considered, and were not, therefore, explicitly included,
(Another reason is that one comparison of the cost of a microwave system (o the
. favorable to the microwave syste
cost of a satellite system was done on the supposition that no inter=
mediate repeater stations would be required, i.e., n(N) = 0. Thus cach station
would be located at or near a city to be served, similar to the placement of
satellite ecarth stations if a satellite system wcere used, and support costs for
either type of installation would be fairly comparable.)

" The addition of these costs to Cmr(c) gives?
C,_ (0) = $72, 600 + $17,500(c - 1

and
Cms(c, N) = (1 + n(N))N($72, 600 + §17, 500(c - 1))

The valuss of N and c are known in any givea situation. M(N), on the other
hand, can bz known accurately only after a preliminary route survey with topo-
graphic maps and path profiles has been completed, It was sufficient for our
purposes, nowever, to derive a rough estimate of the functional dependence
of m onN. A uniform distribution of cities throughout the entire arca to be
served was assumed. Although not a very likely distribution for an actual sys-
tem, it might be argued that the number of repeaters reguired to serve such a
distribution could be considered as an upper bound sincc any departure from
uniformity would allow advautage to be taken of the clustering that would appear.
It was further assumed that the origination station was located at one of the N
cities to be served. The straight-forward derivation of n(N) is as follows.

Consider a region of rectangular shape L miles long by W miles wide. For
a uniform distribution, each city will be at the center of a smaller rectangle that
is L/N/ miles long by W/N 1/2 miles wide (sce Fig. 3). The intercity separation
distance is thus either L/NV2 mllcs (long link) or W/N 172 miles (short link) de-
pending on whether the dircction of travel is parallel to'the length or to the width
of the rectangle. 1, insofar as possible, cities are connected to lhcir neighbors
using short links fewer intercity repeaters will bz required than with any other

1/2 l)N/“

link patter.  With this pattern, the network will consist of (N short

A 1/2 _—
links and (N - 1) long links.
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Region Containing N Uniformly Distributed Citics.



In calculating the total number of intercity repeaters implied by this
pattern, we let h represent the average inter-repeater (hop) distance and
D represent the distance between citie.s., or the link length. Becausc h is
the average hop distance and not the maximum, and because of the large
numbers of cqual length links involved, a reasonable approximation for
the average number of repeaters per intercity link as a {unction of link length
is taken to ba n = (D/h - 1). This number will generally not be an integer,
An equation for the total number of intercity repeaters, Nj, may now

be written.

Nn = Nl/_z(Nl/2 - 1) x (the average number of.repeatcrs
in a short link,)
+ (N]/2 - 1) x (the average number of repecaters
in a long link)
= NY20q2 Cyow/mn2 -y« 972 - Nt -y
or
t)
o= /2 powm -NAm w2 -2 - N

For very large N, this equation would yicld a negative value for n. To
prevent this, M was defined as the larger of the value given by the above equa-
tion and zero. For L = 1, 500 miles, W = 1,000 miles (correspoading roughly
to the size of the Rocky Mountain region), and h = 30 miles, Table 1 gives some

representative values of N and the corresponding n.

TABLE 1
m(N) for representative val-

ues of N

N n o

100 - 2,46

250 1. 16

500 .92

1,000 .07

1,140 - .00

10, 000 .00




B. Satellite System

A satellite long-distance transmission system consists of the following
components; 1) a vidco-transmit, audio-receive up-link carth station at each
television origination point; 2) a satellite; and 3) a videco-receive, audio-
transmit carth station at cach local reccive point, (The number of local re-
ceive points will generally be greater than the number of cities being served,
In any.cvent, it cannot be less.)

Two types of video-receive earth stations might be distinguished accor-
ding to their received output signal-to-noise ratio. Earth.stations that feed
local distribution subsystems would need a higher output ratio than would
earth stations that serve isolated subscribzrs (a0 further distribution is nec-
essary). For simplicity, our analysis assumcd that all carth stations pro-
vide the same higher quality signal as that required for redistribution. A
slight cost savings could be realized in any actual implementation by limiting
use of the higher quality station to receiving points that actually require the
higher quality sigmnal.

The cost of the satellite distribution systeim may be expressed as:

CSS(C, N) = C.S(c, N) + Cb(c, N) + NCC(C, N)

where .
CSS(C, N) is the cost of the satellite system (in §)

¢ is again, the number of video channels carried by the satellite

N is the minimum number of video-receive carth stations in the
network

CS(C,N) is the cost of that part of the space segment of the system
actually used by the cducational system (here is an implicit
assumpiion of a multipurposce system and the consequent
cost saving through sharing) (in $)

Cb(c,N) is the cost of the master vidzo-transmit, audio-receive
station(s) (in §)

Cc(c, N) is the cost of a video-receive, audio-transmit earth
station (in $)

-

The carth station costs include the following:

) equipmeoent costs o

2) site costs (assumed to be 40 per cent of the antenna costs)

3) installation costs (assumed to be 10 per cent of the cquipment
CosLs) '



4) the present worth of maintenance costs over an assumed 25-year
lifetime using a discount rate of 10 per cent. Annual maintenance
costs arc assumed to be 15 per cent of equipment costs,

5) the cost of channel scparation and demodulation to bascband for cach
video channel reccived, On a per-chamnel basis, this cost has been
estimated to be near §1, 200, as follows., A lower bound may be
established by looking at the function and cost of an ITI'S (instr.c-
tional television fixed service) down converter. “The down con-
verter, uscd with an ITFS receive-station, does no more than
shift the frequency of the incoming rf signal down to the proper
TV carrvier {requency, using a double conversion process, and
then amplifies the result, The cost of the down converter is §800,
Demodulation is not included (it, of course, is not necessary in
ITFS transmissions). An upper bound may be taken to be $1, 500,
This is the cost of the cquipment needed at a cable headend site
to prepare a TV signal, received from a microwave link, for
transmission on the cable. This §1, 500 does not include demod-
ulation cither, but does include AN modulation, frequency trans-
lation to the proper cable channel, and power amplification. In-
sofar as demodulation can be considered to require equipmoent of
lower cost than does modulation, the compromise figure of $1, 200
is reasonable.

The computer program developed here at Stanford uses extensive cost in-
formation that we gathered on carth station components together with a value for
the cost per-watt per-year of satellite rf power to calculate carth station costs
and configurations for the criterion of minimum overall satellite system cost,
Thus, if the cost per watt-of-space-segment-use increases, minimizing total
system cost would reguire that the carth stations be made more sensitive, and
consequently, more costly so that less satellite power need be used. Simil~oly,
if only a few carth stations are to be constructed, their unit cost should be much
higher than if many are nceded,

The range of per-watt space-segment charges that is used in the following
printouts is based on matching in-orbit satellite capacity with various assumed
demand.curves over time for that capacity. The present worths of the costs
that would bz incurred in providing sufficicnt satellite capacity to just meet these
demands axe calculated using the costs of eurrently proposecd satellites. Then the
amount that must ba charged for a watt-year of satellite capacity is determined
such that the present worths of the revenue streams associated with cach demand
curve are cqual to the present worths of the costs, respectively, of satisfying

the demand. The range of charges runs {rom 'Cw/y = §15, 000 per watt-ycear o



Cw/y = $50, 000 per watt-ycarc, Ly b2 v to the education system of
onz watt of satellite rf power for one year,

The costs shown in Tables 2 through 7 are representative of those ob-
taining for a country whose area may be covered by a satcllite antenna of 10’
cquivalent diaincter and for which the slant range to the satellite at the fur-

thest 3-dB beam edge is comparable to any location in Northern Montana,

C. Cost Comparison
The cost comparison between the satellite system and the terrestrial
system s portrayed above is shown in Figures 4 and 5. It is based on the

equations for C’m .

el

and Css developed in the last two scctions,  Figure 4
gives the costs for systems that carry four video channcls and Figure 5 pre-
sents the costs for 12-channel systems. Each figure also includes a plot of
what the microwave network would cost if ®(N) = 0. This approximates the
casec where the cities involved are not spread throughout an entire region but
are, in fact, so situated that very few intercity repeaters would be needed.

It may be seen that for any regional network serving even as few as 100
cities the satellite system is dramatically less expensive than the terrestrial
system. In fact, providing 12 channels via the satellite is less costly than
providing 4 channels with the microwave network, cven though to provide 12
channels through the satellite involves stacking the TV channels so close to-
gether in frequency that adjacent chanuels must bz transmitted on carriers
that arc cross-polarized with respect to each other (permitting some overlap-
ping occupancy of the available frequency spectrum) and the carth stations
must bz equipped with two antennas and two preamplifiers.

In view of this cost dzpendency on the number of cities involved, one is
led to ask now many cities might require service in a typical regional system.
An example of a region that might actually be served by such an cducation sys-
tem is the Rocky Mountain region. In the eight states of this region there are
1168 citics. Thare are 361 cities of greater than 2, 000 population and 100 cities
of greater than 10, 000 population. An education system transmittingr to this arca
would be of most usc in the smaller cities where Jarge or specialized curriculum
aids arc not readily available. Thus, most of the 301 cities of greater than 2,000
population would probably wish service. This is an obvious case, then, of where

the satellite system would b2 less expensive.



TABLE

Satellite System Cost Paramecters with Cw/y= $15,000 and c= 4

N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c, N)
100 13, 277 190, 453 1,719,027 3, 237,180
250 11, 404 244, 954 1,969, 774 5,005,735
500 9,437 263, 594 2, 620, 4104 7, 608, 640
1,000 8,115 295, 771 3, 515, 082 11, 925,703
2, 500 6, 999 427,823 5,101, 800 23,027, 488
5, 000 6, 459 520, 435 6, 886, 5406 39, 700, 528
10, 000 6, 085 697, 998 9, 391, 256 70, 938, 144
TABLE 3
Satellite System Cost Parameters with Cw/y = $30,000 and c= 4
N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 21, 118 244, 623 2,025, 320 4, 318, 709
250 12, 392 264, 884 3,407,118 6,770, 074
500 11, 101 293,152 3, 628, 800 9, 672,450
1,000 9, 218 400, 706 5,044, 458 14, 663, 023
2, 500 7, 638 492, 540 7,430,076 27,010, 832
5, 000 6, 881 623, 697 10, 014, 704 45, 045, 5306
10, 000 6, 365 860, 615 13, 6LV, 203 78, 108, 272
TABLE 4
Satellite System Cost Paramecters with Cw/y = $50,000 and c= 4

N Ce(c, N) Cb(c, N) Cs(c, N) Clds(c’ N)
100 34,185 258, 583 1, §90, 907 5, 568, 063
250 19, 415 287, 412 3, 418, 220 8, 559, 295
500 11, 785 389,192 5, 663, 671 11, 945, 315
1,000 10, 338 439, 389 6, 659, 990 17, 437,072
2, 500 8, 287 564, 274 9, 812,110 31,093, 520
5, 000 7,311 739, 032 13, 221, 370 50, 516, 352
10, 000 6, 649 1,045, 240 17, 928, 640 85, 4060, 610




TABLE 5

Satellite System Cost Parameters with Cw/y = §$15,000 and c =12

N C (c,N) C(c,N) C (e N) Ciysler M)
100 44, 205 328, 056 3,083,475 7,832,028
230 28,173 3541861 5,108, 194 12, 566, 348
500 24, 805 457,012 6, 227, 586 19, 117, 216
1, 000 21,722 506, 487 8, 287, 900 30, 516, 720
2, 500 19,078 739, 824 12,093, 080 60, 527, 104
5, 000 17,832 919, 098 16, 257, 658 106, 335, 134
10, 000 16, 980 1, 248, 249 22,008, §00 193, 059, 920
TABLE 6
Satellite System Cost Parameters with Cw/y = $30,000 and c =12
N Cc(c, N) Cb(c, N) Cs(c, N) Cldv(c’ N)
100 68, 250 354, 8§61 3, 418, 910 10, 598, 739
250 41, 094 460, 870 6,113, 408 16, 847, 920
560 27,071 014, 462 10, 116, 378 24, 2060, 4906
1, 00Q 24, 318 689, 948 11, 992, 616 37,000, 112
2, 500 20, 6LO 877, 653 17, 622, 336 70, 051, 760
5, 000 18, 844 1, 140, 515 23, 679, 472 119, 038, 928
10, 0Q0 17, 650 1, 601, 609 31,992, 610 210, 097, 520
TABLE 7
Satellite System Cost Parameters with Cw/y = $50,000 and c =12
1 . .
N Cc(c, N) Cb(c, N) CS(L, N) Clds(c’ N)
100 81, 443 450, 293 5,082, 237 13, 676, 797
250 41, 094 606, 160 9,908, 521 20, 848, 570
500 38,959 609, 417 10,121, 57 30, 270, 368
1,000 26,058 773, 462 17,17, 984 43, 849, 040
2, 500 22,101 1, 030,177 23, 275, 408 79, 700, 912
5, 000 19,873 ], 386,146 31, 278, 330 132, 027, 904
10, G200 1§, 332 1, 997, 533 42, 237, 200 227, 550, 608
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Ill. Examples of Program Capability

Since the printouts of satcllite system costs given in section 1I-B were obtained
some modifications of the program have been made -=- mostly format, although
some were substantive. With these modifications in force, represcentative cals
culations of the costs of satellite service for four Latin American countrics
were made, The program accepts as input parameters the values of the variables
shown on the printouts under INPUT PARAMETERS, as well as the following
variables, _ '

The longitude of the country's geographical center
. The latitude of the country's northernmost boundary

. The latitude of the country's southernmost bounrlar
y y

1

2

3

4. The longitude of the westernmost boundary

5. The longitude of the easternmost boundary

6. The latitude for the maximum slant range calculation
7

. The longitude for the maximum slant range calculation

Two cases were considered for each country (Brazil, Peru, Mexico, and
Colombia). First, it was assumed that only one TV origination station would
be provided and that it would bz at the capital of the country. It would transmit
to receive stations located at every city of 2,000 or more inhabitants, Sccond,
it was assumed that there would bz a TV origination station at all state capitals
and at any large population center (these places are shown on the accompanying
maps). With only one TV origination station, the number of channels carricd
for educational purposes was specified as 4. When more than one TV origina-
tion station is permitted, each is assumed to be capable of transmitting two

with the satellite carrying 4 maximum of 12 channels at any one time
channels to every village (any Siz¢)/ The number of villages was deétermine
by looking at cither the latest census of population for the given country if
available in the Government Documents Section of the Stanford Library, or

in the 1966 edition of the Hammond World Atlas if no census was available,



Brazil

case 1. Brazil"s 1960 census of population lists 1, 797 citics, towns,
above 2,000 population, We used 1, 800.

case 2. DBrazil's 1960 census of population lists 6, 535 cities, towns,
and villages (total).  There are 28 cities on the accompanying map that were
uscd as origination stations, and the number of receive stations will be rounded
to 6, 500. (By way of contrast, the Hammond World Atlas lists only some 746
citics, towns, and villages witl) only three of these having populations lower
than 1, 000)

Peru

case 2. Peru's Anuario Fstadistico Del Peru, 1966 shows 24, 908
places of greater than 50 inhabitants, However, only 7, 969 of these have
more than 200 inhabitants. We used the figure of 7, 950 in the program.
(Hammond lists only 363 for the total number of towns and villages and citics)
The number of origination stations is equal to 12,

case 1. Peru's Anuario Estadistico Del Peru, 1966 lists 355 cities and
towns larger than 2,000 population. (Hammond iists only 148)

Mexico

— e e

case 1. The Anuario Estadistico de los Estados Unidos Nexicanos,

1966-1967 has nine categorics ol jocalities: ciudades, villas, pucblos, con-
gregaciones, haciendas y fincas, ejidos, ranchos, rancherias, and otras,
In running this program the arbitrary choice was made to assume that the
first three categories include all cities and towns larger than 2,000 popula -
tion. This number is (362 + 528 + 5,189) = 6,079, We used 6,030,

case 2. To the above number was added the number of congre-
gacioncs to bring the total to about 11,000, There are 22 cities at which
origination stations arc situated,

Colombia

casc . There are 193 cities and towns listed in Hommond as larger
than 2, 000 population.

case 2. Hammond shows 306 as the total number of cities, towns,
aund villages. There are 18 sites for origination stations,



-12-

BRAZIL_

‘/ : } Area: 3,286,170 sq. mi.
Population: 83, 909, 000 (19006)
8 BOA VISTA j‘é "~ Rural 59.7 per ceat (1900)
W’ q%

[ ]
46.0 per cent (1980 projected)

MACAPA® ’%au@w

e
BELEM ¢ Mo
SAO LUIS 87 Sosgumms S
* MANAUS | | FORTALEZA X
TERESINA e,
NATAL «{
v
JOAO PESSOA u
RECIFE ‘};
//
MACEIO ./
ARACAJU //
//;
N SALVADOR o/
!.' ‘ }
¢ . CUIABA o) BRASILIA |
* GOIANIA
BELO HORIZONTE .
VITORIA sf
CAMPINAS » .o RITEROL e'@,/
SAO PAULO .w{,«/"mo DE JANEIRO -
SANTOS AN

PORTO

\’l",l.‘l 0]

CURITIBA o
4 RIO
T, BRANCO

<4 :
' LORIANOPOLISY
/
i e [/PORTE ALEGRI
* “ 2 7’ \l‘.._ '

4Qf,'~..)




-13-

Rk BRAZIL  wx*

INYT PARAMETERS

AND AREA
CATITULE CF CCUNTRY'S GECCRAPHICAL CENTER
ASSUMED CGCST OF SATELLITE PCWER ($/WATT-YEAR)
CISCOUNT FACTOR

NO. OF 1V-TRAASMIT/AUGIO-RECEIVE (MASTER) STATICNS

NO. OF TV-RECEIVE/AUDIC-TRANSMIT (SLAVE) STATICAS
NO. OF TV CHEMNELS PER MASTER STATICN

NO. OF TV CHANMNELS PFR SLAVE STATION
SICNAL-TU-KGISE RATIC RECLIRED FCR TV
SIGNAL-TC-NCISE.RATIC KECUIREC +OR AUDIO

OUTFUT PARAMETERS

MASTER STATION

ANTENMAS DIAMETER  49.6 FT
RCVA PRE=AMP: NOISE TEMP 20. CEG K
TXNTR PuR ANVP2 CLTFLT PwR 350.C W

INITIAL CAPITAL CCST PER STATICHN

PRESENT WCRTH OF TER-YEAR ANNUAL CCST STREAM,

SLAVE STATION

ANTEMNAS DIAMETER 11.6 FT
KCVR PRE-4MP: NOQISE TEMP 180. TEG K
TXMTK PrR AMP OLTPLT PWR 3C.C W

lNlTl/ll C/\plT/\L CCST PER STATIO‘\I
PRESENT WORTH CIF TEN-YEAR ARNUAL CCST STREAY

SATELLILTL
SATELLITE ANTENNA N-S CTAMETER
SATELL IYE ANTEPNMA E—=% DIAMETER
MAXT®USN SLART RANCE FCR OTRANSHISSION
POWER CHARGED P¥R TV CHANAKECL
POWER CHARGED PIR AUDTIO CHAMNNECL
TOTAL CCST PER YEAR CLF SATELLITE POWER
PRESENT wORTH CF TEN-YEAP ANNUAL CCST STREAHM

TOTAL INITIAL CAPITAL CCST
(NOT INCLUDINGS SATELLITE COSTS)

PRESENT WORTH OF TOTAL-SYSTENM TEN-YEAR CCST
ANNUAL CCST OF TOTAL SYSTEM PCEF SLAVE STATION

3286170 SQ MI
-14" ks DEG
$500Q0.

10.0%

1

1800

4

4

43 0B

43 DB

LNIT COST & 5547063,
ULNIT COST & 000600
UNLT CGST &

170090
b 900950
$ 2112645

ULNLET COST kD 6466,
UNIT COST 4 7000
LNIT CCST & 6000

$ laall
$ 253317

4.3' watx FT
4‘,'2" "040 rT
23001.7 MI

17.13 W
0.0L24572 W

¢ 3519270

¢ 21622384

$ L62801752.
$ 69342720
$ 6241.

ANNUAL COST OF TOTAL SYSTEM FLF SLAVE STATICN PER TV CHANNEL $ 15060
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BRAZIL (CCNEY)

LINK CALCULATIUNS

TV UP=-LINK ( 2.5 GHZ) -
QUTPUT FwR PER CHANNEL. CF MASTER STATION FHWR AMP
MASTER STATICON ANTLANA GAIN
PATH LOSS
SATCLLITE ANTENNA GAIN
EQUIVALENT INPUT NCISE PWR DENSITY AT S5AT. RCVR
NOISE BANLWIDTH (2541 MEZ)

UP-LINK CNHR

TV DOWAh=LINK ( 2.5 GHZ)
CUTPLT PUWER OF SATELLITE TRANSPONCER
SATELLITE ANTENNA GAIN
PATH LGSS
SLAVE STATICN ANTEANA CAIN
EQUIVALEKT INPUT NUISE PWR CENSITY AT SLAVE STATICN RCVR
NOISE BANDwWIDTH

DOWN=-LINK CRR

Tv TOTAL CNR
TV TOTAL SKK (=6%(((B/2F)=1)%£2) % (C/N) % [E/H)5KP)
WHERE B = RF BANDWICTE3 F = EIGHEST SASERAND FREQUENCY,
C/N = TV TCTAL CNR; kP = A NCISE WEIGHTIAL fACTUK

AUDIO UP-LINK (2.5 CGHZ)

© CUTPUT POWER PER CEANKIL AT SLAVE STA. FHR. AP o
SLAVE STATION ANTEARA GATN
PATH LLSS
SATELLITE ARNTERNA GALN
EQU IVALENT IMPUT NCISE PWR CENSITY AT SAT. RCVR
NOISE BANDWIDTH (04100 MkZ)

UP-L INK CNR

BACK~CFF CF SATELLITE TPANSPUNDER
CNR FRCHM INTERMODULATICN IN SATELLITE ThT

AUCIO DCYN-LIAK  ( 2.5 CrZ) _
QUTPUT PWR PER CHANNEL T SAT. TRANSPCNCER
SATELL1TE ANTONNA GAIN
PATH LCSS
MASTER STATION ANTENNA GALN .
EQU IVALLUAT INPUT NGISE PAR CENSITY AT MASTER STA.RCVR
NOTSE BANDAIDTH :

DOwWN-L INK CNR

ALDTE TCTAL CNR

ALY tarhl SNR { =3
pHCEL w2t [5 THE P
SIKGLE VCICE SICKAL

P/EF)-l)”*ﬁ)*(t/h)*(H/F)*(l/ﬁF')l
TH=AVEFAGY FOGRER RATIO HOR A

(el
CYFIR PARAYUIERS AS ARCVE

(
»’\ 4
'

"23.4 DB
49.4 DY
-l9L.6 OB
27.6 DB
1v6.6 DB
"71'.0 NB

o o —

31.(0 CB

12.3 DB
2l DB
~-191.8 02
36.9 DOR
2U5.0 DB
~T4.0 DU

—a — -y — - —

13.0 DB
42.9 DB

13.8 DB
10,9 00
-1 4le8 DI
24.06 0O
19v.06 DB
-50+.0 DR

———— 4

10.0 00
Jo.9 DB

~29.0 DB
24.6 08
-191.06 DR
49.4 DB
d12.1 N
-50.0 DR

P e i

Li. 0 Do
"Jo‘.} [)l.l
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wUd BRAZIL &t

‘PUT PARAMETIRS

LAND AREA
LATITUOE OF COUNTRY®S GEFQOGRAPHICAL CENTER
ASSUNMED Cubty GF SATELLITE PUWER {(3/WATT-YEAR)

DISCUGUNRT EACYOR

NOS OF TV=I1RALSHIT/ZAUDTO-RECETIVE (MASTERY STATIONS
NO« GE TV=RECEIVEZALDTU-TRANSMIT (SLAVE) STATION
NO. OF TV CHARKNLLS PER MASTER STATION

NO« OF TV Calni s PEROSLAVE STATIUN
SIGRAL-TU-LUTSE RAT LY REQUIRED FOR TV

SSTONAL=-T U005 QATIY REQUIRED FUR AUDIO

GUTPUT PARAMECTELRS

MASTER STATION

ART NI S OTAMETER: 45,4 FT

RCVE PRE-AP: NOISE TEMp 20. DEG K

TAMTR PER AMP: OQUTPUT PuR 350.0 W

INETVEAL G20 PTAL COST PER STATVIUN

PRESEND WUuRiTH OF TEN-YEAR ANNUAL COST STREAM
SLAVE STATIGH

ANTENIA: DIAMETER L2.0 FT

ROLVIRE PIKE-2Mpe NOISE TEMP 130 DEG K

TXMIR pPwin anp QUTPUT R 30,0 W

[RTTLAL CAPLTAL CUST PER STATITON

PIRESENT BT U TEN=-YEAR ANTIUAL CUSY STREAM
SATELLITE

SATELLITE ANTENNA N=S DIAMECYER

SATULLITE AMTENNA L=\ DIANMETER

MAXTHUY SeitT RANGE FUR TRANSHISS TUN

PONER CHARGED PER TV CHANNLL

PORER CHARGED PLR AUDIO CHANEL

TOVTAL CUST PLKR YEAR GF SATELLITFE PUOWEK

PRESENT WOETH OF TLN-YEAR ANNUAL COST STREAM

INITIAL CAPITAL CCST
(NOT IKCLUDING SATELLITE COSTS)

TOTAL

PRESENT WORTH OF TOTAL-SYSTEM TEN-YEAR CUST
ANNUAL CUST OF TOTAL SYSTEM PER SLLAVE STATION
ANRUAL COST OF TOTAL SYSTEM PCR SLAVE STATION PER

3286170 SO MI
—(4° . nx&ir DEG
$50000.

10.06%

28

6500

2

12

43 08

43 DB

UNIT COST & 526790,

UNIT COST & 80000
UNLT CUST ¢ 17000
$ 610202

b 1213421

UNIT COST & 2606
UNIT COSY & 7000
UNIT COST % 6000
& 2611%

$ 35741

435" wxrr BT

4.2"  -0.0 FT

2208017 MI

Le.s28 W
001494060 ¥
$ 12200186
$ 145573520
$ 80262352,

$ 344055296,
$ 6575,
TV CHANNEL & 715.
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BRAZIL (CON'T?

LINK CALCULATIONS

TV UP-LINK { 2.5 GHZ) ‘
UUTPUT PWR PER CHAMNEL OF MASTER STATION FHR AMP " 24.2 DB

MASTER STATIUN ANTENNA GAIN : . 40.6 DB
PATH LOSS -191.6 DB
SATELLITE ANTENNA GAIN 27.6 DB
EQUIVALENT INPUT NUISE PWR DENSITY AT SAT. RCVR 196.6 DB
NOLSE BANDWIDTH (25.1 MHZ) . -74.0 DB
UP-LINK CNR "731.4 DB

TV DOWN-LINK ( 2.5 GHZ)

OUTPUT PUWER OF SATELLITE TRANSPONDER 12.6 DB
SATELLITE ANTENNA GAIN 26,6 DB
PATH LOSS ~19}.8 DB
SLAVE STATIUN ANTENNA GAIN 36,6 DO
EQUIVALENT INPUT NOLSE PWR DENSITY AT SLAVE STATION RCVR 205.0 DB
NOISE BANDWIDTH -74.0 DB
DORN-L INK CNR - “T13.1 DB
TV TOTAL CHR 13.0 DR
TV TOTAL SNR (=o6%[((B/2F)=11%%2}%(C/N)%(B/F } ®KP ) 42.9 DB

WHERE B = RF BANDWIDTH; F = HIGHEST BASEBAND FREQUENLYS
C/N = TV TOTAL CNR; KP = A NOISE WEIGHTING FACTOR

AUDIO UP-LINK ( 2.5 GHZ)

QUTPUT POKER PER CHAMNEL AT SLAVE STA. PWR. AMP. 13.8 DO
SLAVE STATION ANTENRNA GALN 36.6 DB
PATH LUSS -19i.5 DD
SATELLITE ANTENNA GAIN 26.6 DB
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 196.6 DB
NOISE BANUWIDTH (0aLlD0 MHZ) “50.0 DB
UP—LINK CNR T729.3 DG
BACK~OFF UF SATELLITE TRANSPONDER 106.0 DB
CNR FROM INTERMODULATIGN IN SATELLITE TWT 16.9 DB
AUDIO DOwWh-LINK ( 2.5 GHZ) .
OUTPUT PuR PER CHANNEL AT SAT. TRANSPUKDER -28.% 0B
SATELLITE ANTENNA GAIN 24.6 DB
PATH LOSS -191.6 DB
MASTER STATION ANTENNA GAIN - . 48.6 DB
EQUIVALENT INPUT NUISE PWR DENSITY AT MASTER STA RCVR 212.) DB
NOISE BANDHIDTH -50.0 DB
DOWN=-LINK CNR “T15.4 00
AUDIO TOTAL ChR . 13.0 DB
AUDIO TUTAL SHR  ( =3¢{ [(B/2F)=1} 532 V5 (C/RI S {B/FIn(L/KPY)) 6.5 DIy

WHERE KPPt 1S THE PEAER-=TO-AVERAGE POLLE NATIO FOR
SINGLL VOICE SIGRNAL; OTHIR PARAMETCERS AS ABGVL
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It T PARAMETERS

AMC ARLCA : L15000 5Q M1
LATITUDE CGF CCUNTRY®S GECCRAPHICAL CENTER -9,0 DEG
ASSUMED CUST OF SATELLITE PUWCR ($/WATT=-YEAR) $50000.
DISCCUNT FACTOR 10. 0%
NOo OF TV-TRANSHIY/AUDIC-RFCFIVE {MASTER) STATICNS !
NCe OF TV-KECEIVE/ALCIGC-TRANSMIT (SLAVE) STATICUNMS 355
NO. OF TV CHANMELS PER NMASTER STATILN 4
NO. OF TV CHANNELS PER SLAVE STATICN 4
SIGNAL-TC-HNUISE RAYTIO REQUIRTED FOR TV 43 DB
SIGNAL=TO-MOISE RATIC REQUIRED FCR AUDIC 43 DB

IQUTPUT PARAMETERS
MASTER STATIUN
ANTERNAL DIAMETER 24.2 FT LNIT COST $ 41942,
RCVR PRE-AMP: NOISE TENMP 40. CEG K UNIT COSt & 40000
TXMETR PwR AMPL CUTPUT PR 16C.0 W UNIT CCST & 10000
D INITLZL CAPITAL CTST PER STALIGH $ LolSshy
PRESENT WORTI GE TEN-YEAR ANNUAL CCST STREAM $ 3061674
SLAVE STATION .
ARTENNA CIAMETER 12.0 FT - UNIT CCST % 20C0.
RCVR Pat—-AMP: NOISE TEMP  180. DREG K UNIT CUST o 7090
TXMTE PWRAMD CUTPLT PWR 5.0 W ULNIT CGSI % 2000
INITIAL CAPITAL CCST FER STATION $ 11578
PRESERT WORTIY GF TEN-YEAR ALNUAL CCST STRCAHM $ Les vy
SATELLIE .
SATELLITE ANTEMRA N-S DLIAMETER Q.0 weaw BT
SATELL [IE ANTENAA E-VW DIAMETER .5’ -0.0 FT
MaXlriut SLART RANCCE FCR TRANSMISSICN 2252244 Ml
PUWER CHARGFED PR TV CHARNEL 3,12 W
PCh TR CHARCED PER AUCID ClANNCL 0e 0L 36GY006 W
TOTAL COST PER YEAR CF SATELLITE PCOKER ® 046446
PRESERT WORTH CF TEN~YEAR ANNUAL COST STRCAM $ 3971707
TOTAL INITIIAL CAPITAL CCSY : $ 25067055,
{NUT INCLUDING SATELLITE COSTS)
PRESENT WORTH CF TOTAL-SYSTEM TEN-YEAR CCST LA 11C7106%) 1.
ANNUAL CUSYT OF TOTAL SYSTEM PeR SLAVE STATICN $ L052.

ANNUAL CCST OF TOTAL SYSVEM PER SLAVE STATION PER 1V CHARNKNEL

$ 1263.
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PERU  (CCN'T)

Y CALCULATIUNS

TV UP=LINK ( 2.5 GidZ) , '
OUTPUT PWR PER CHAMAEL OF HASTER STATICN PWR AMP
MASTLW STATIUN ANTERMA CAIN
PATH LCSS
SATELLEIE ANTENNA GALN
EQUIVALERT INPUT RCISE PwR CENSITY AT SAT. RCVR
NOISE BARDWIDTH (25,1 WhZ)

UP-LITANK CNR

Tv DOAN-LITK 2.5 GH/Z)
QUTPUT POWER UF SATELLITE TRANSPONDER
SATELLTITE ANTUNNA GAIN
PATH LOSS
SLAVE STATICN ANTLHMNAN GAIN
COUTVALLNT INPUT NCISE FWR DLENSITY AT SLAVE STATICN RCVR
NULSE CANUUGIRTH

DEWN-LINK CNR

e TV TOTAL CHR .
TV TUTAL SKR (=6%{(IP/2F)=1)%%2)4{C/N)#(E/F)¥KP)
WHERL B8 = RF BANDWIOTRS F = HIGHEST BASERAANL FPEQUENCY;
C/tl = TV TOTAL CNR; KP = A NGISE WEISHTIANC FACTCR

AUDTE UP-LINK (2.5 CF2)
QUTPLT FeafQ PER CEFANKNEL AT
SLAVE STATICN ANTENNA CAIN
PATH LCSS
SATELLIINE
EwUlvALENT
NUISE EANOWIDTH

SLAVE STA. P'n‘nR- '\l."lpo

ANTENNA GAILN
INPUT NCISE PWR DENSITY AT SAT.
{0.100 MKZ2)

RCYR

UP-LINK CNR

BACK-OFF GF SATELLITE TRANSPCADER
CHR FRGM INTERMUDLULATICN IN SATELLITE TWT

AUDIO DOWN-LINK ( 2.5 GHZ)
CUTPUT PwP PER CFANNCL AT SAT. TRANSPOMCER
SATELLITE ANTLNNA GAIN
PATH LCSS
MASTER STATION ANTEANA GAIN
EQUIVALENT INPUT NCISE Pwr CENSITY AT MASTER STAJRCVR
NOTSE EANDWIDTH

DOWN-LINK CNR

OO TUTAL CKhR

AULTO TUTAL SNR | 230 (B/720 ) =11 2%2)2(C/N)S(R/FYE(L/RPY))
whtht KPP IS THE PiARK-TO-AVERAGE PChFR RATIC FCFR A
SERGLE VUICE STGNAL; CTHLK PASAMETEKRS AS AHUVE

15.0 008
43.2 DR
-1v1.5 DO
352 DB
196.6 DB
~14.0 D8

W e e s ety e e e

27.4. D0

4,9 OB
32,2 DY
-1lYl.6 0B
30.0 0GB
2uv.0 OB
~74.0 0B

> @ o st s s

1>.2 DO

13.0 DA
42.9 DO

5.0 DY
36.06 DB
'L‘;”..b DB
32.2 OB
lv6.6 DB
-50.0 D8

. g s e . s

29.8 DB

0.0 DB
16.9 08

J2.2 DB
-191.5 0B
43,2 DB
210.3 DB
-50.0 DB

- — — e o -

13.0 08
«3.5 DU
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I, T PARAMETERS

JAND AREA L1500u0 S HMI
LATITUDE CF CCUNTRY'S GECCRAPLICAL CENTER ~9.0 06
ASSUMED CCST OF SATELLITE FCWER ($/WATT-YEAR) $50000.
DISCCUNT FACTOR 10,0%
NO. OF TY-TRANSMIT/ALDIC-RECEIVE (MASTER) STATICNS 12
NO. OF TV-RECEIVE/AUDIC-TRANSMIT (SLAVE) STATILNS 7950
NC. OF TV CHAMNELS FER MASTER STATION 2
HNUe DF TV CHANNELS PER SLAVE STATLICN 12
SICNAL-TU-NUISE QAT IO REQUIREL FOR TV 43 DB
SIGNAL—-TO-NUISE RATIC REQUIRED FGR AUCIC 43 DB

OUTPUT PARAMETERS

MASTER STATION .
145436,

ANTENNA: CIAMETER 36,6 FT LNIT COST &
RCVA PRE—AMP: NCISE TEMP 40. CEG K UNIT CAsl & 40000
TXMIR PWR AMP: QUTPLT PR 3C.C W LNIT CcOst ¢ 6000
INITIAL CAPITAL CCST PER STATION $ 190140
PRESENT WORTIH CF TEN-YEAR ANNULAL CCST STREAM $ 393860
SLAVE STATION . .
ANTEANA: CIAMETER 10.3 FT UNIT COST & 1475,
RCVR PRE-AMP: NOISE TEMP 320, DEG K UNIT CUST 5 1000
TXMTR PWR AMP CUTPUT pPuRr 5.0 W LMIT COST & 2000
[NITIAL CAPITAL CCST FER STATIGN . $ 17097
PRESENT WORTH OF TEN-YEAR ANNUAL CCST STREGAM $ 19 L4t
SATELLITE ,
SATELLITE ANTENNA N-S CTAMETER 9.0 kxsox BT
SATLLLITE ANTELNA E-W DIAMETER i.s’ -0.0 FT
MAXIMUM SLANT RAKRCE FCR TRANSKMISSICN 22932.4 MI
POWER CHARGED PER TV CHANNEL 6.55 W
PCHER GHARGED PER AULIO CHANNEL 0.005548¢ W
TOTAL CGST PER YFAR CF SATELLITE POWER $ 4463622
PRESENT WORTH OF TEN-YEAR ANNUAL CCST STREAM $ 27424480
TOTAL INITIAL CAPITAL CCST $ 23795872,
(NUT INCLUDING SATELLITE CCSTS)
PRESENT WORTH OF TCTAL-SYSTEN TEN-YELAR COST $ 184375936,
ANNUAL CCST OF TOTAL SYSTEM PER SLAVE STATICN $ 3757.

ANNUAL COST QOF TOTAL SYSTEM PER SLAVE STATION PER TV CHANNEL $ 313.



PLEU  (COGN'T)
L INK CALCULATICHS TTTTTtTTTTTTTT
(V UP-LINK ( 245 GhZ)
UUTPUT PnE PER CLAANEL CF MASTER STATICN PWR AMP
MAST UK STATICON ANTEMMA GAIN

PATH LECSS
SATELLITE ANTCENHA GAIN

COUIVALLNT IMPUT NCISF PWR CENSITY AT SAT. RCVR
NOLSE BANDWIDTH (2541 MEZ)

UP-LINK CNR

TV DOwWN=-LINK { 2.5 GHZ)
CUTPUT PLHER UF SATELLITE TRA
SATELLITL ANTENNA CAIN
PATH LGSS
SLAVLE STATICN
FQUIVALELT INP
NJISE VANDWIDITH

WSPONDER

ANTENNA CAIN
[ WUISE FWR CENSITY AT SLAVE STATICN RCVR

DIWN-LINK CNR

TV TOTAL CNR
[v TOTAL SKNR
WHERE 8 = RF
C/N =

(=6 %(LIE/2F)-1)422)3{C/N)}*{DB/F)*KP)
BALOWICTES; F = HIGHEST BASEBANC FREQUENCY;
TV TOTAL CNRj; KP = A NOISE WEIGHTLING FACTGR

AUDTO UP=LINK { 2.9 CHK2Z)
CUTPUT PunER PER CEAMNEL AT SLAVE
SLAVE STATION ANTEMEA CAIN
PATH LGSS
SATELLITE ANTEMNA GAIN
EqUIVALENT INPUT NCISE PWR CENSITY AT SAT. RCVR
WOISE BANDWIDTIH  (0.10C MhZ)

STA. FVWR. AP,

UP-LINK CNR

BACK~OFF GF SATELLITE TRANSFCADER
CNR FRCM INTERMODULATICGN IN SATELLITE ThT

AUDLIO DOWN-LINK (2.5 GRZ)
UUTPUT PWR PER CHANNEL AT SAT.
SATELLITE ANTENNA CAIN
PATH LOSS
MASTER STATION ANTENNA GAIN
EQUIVALENT INPUT NCISE PWR LENSITY AT MASTER STALRCVR
NOISE RANOWIOTH

TRANSPCNDER

COWwN-LINMK CNR

ALDTO TOTAL CNR
WDLG TOTAL SKNR =30 (B/72F)=1)222)8(C/N)XB/F)*(L/KP?))
WHERE KP' IS THE FFAK-TO-AVERAGL POWER RATVI(O FOF A

SINKGLE VOICE SIGINAL CTHEFRF FARAMETOFRS AS AUCVE

13.5 DB
“7.5 DB
-1yl.5 DB
25.2 DB
L¥6.5 0B
-74,0 DB

- — — — —— - ———

27.2 DB

8.2 08
32.2 08
-191.6 08
5.7 OB
202.7 DB
—71700 DB

13.2 DB

13.0 DB
42.9 DB

6.0 0B
35.7 DR
-191.6 DB
32.2 DB
196.6 DB
-5v.0 DB

28.9 D8

1L.0 OB
18.0 OB

-33.6 08B
32.2 DB
-191.5 DB
47.5 DB
210.3 DB
-50.0 DB

L4.8 DB

13.0 08
“3.5 DB
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xkk HEXICO A%

“4PUYT PARRAMETERS

LAND AREA : .

LATITUDE OF CCUNTRY'S GEOGRAPHICAL CENTER
ASSUMED CUOST CF SATELLITE POWER ($/WATT-YEAR)
DISCUUNT FACTOR

NOe UF TV=TRALSHITAZAUDIO-RECEIVE (MASTER)
NO. OF TV=-RECCIVE/ZAUDIU-TRANSIAIT (SLAVE} STATIONS
NO. OF TV CHANKNELS PER ™MASTER STATION

NOe OF TV CHAINLELS PER SLAVE STYATIUN
SIGNAL=TO-NJISE RATIU REQUIRED FOR TV
SIGNAL=TU-NUISE RATIU REQUIRED FUR AUDIO

OQUTPUT PARAMETERS

MASTER STATICN

ANTERNA: DIAMETER 5.1 FT
RCVRR PRE-AMP: NOISE T&MP 20« DEG K
TXMTIR PwuR AMP: OUTPUT PHR 100.0 W

INITIAL CAPLTAL COST PER STATION

PRESENT LORTH OF TEN-YEAR ANNUAL COST STREAM
SLAVE STATION C
ANTENRA 2 DIAMETER 16.3 FT
RCVR PRE-AMP: NOISE TEMP  320. DEG K
TXHIR Pt AGP QUTPUT Pk 10.0 U

INEVIAL CartlaL CUST PER STATION
PRESENT WORTH OF TEKR-YEAR ANNUAL COST STREAM

SATELLITE
SATELLITE ANTENNA N-S DIAMETER
SATELLIVL ANTONNA E—1 DIAMETER
MAXTMUM SLANT RANOGE FOXR TRANSMISSION
POWER CHARGLIY PER TV CHANNEL
POVER CHARGED PER AUDIO CHANNEL
TOTAL CLST PER O YEAR QF SATELLITE POWER
PRESERT WORTIE OF TEN-YEAR ANNUAL COST STREAM

INIYIAL CAPLTAL COSY
(NOV INCLUDING SATCLLITE COSTS)

TOTAL

WORTH DOF YOTAL-SYSTEM TEN-YEAR COST
OF TUTAL SYSTEM PER SLAVE STATION

PRESENT
ANKUAL COST
ANNUAL CJST

SYATIONS

UNIT
UNLT
UNIY

UNIT
UNIT
UNIT

760373 SQ HI
24.0 DEG
$50000.
10.0%

: 1
6050

4

4

43 DB
43 0B

COST § 566922

COST %
castT %

casty
Cost
CasY

$

$

GF TOTAL SYSTEM PER SLAVE STATION PCR TV CHARNEL

80000
L00GO
965415
S0UL519

o

1472
1000
3500

$ 71286&

$ 9217

¥ L o

vkt T
~0.0 FT
2316641 MI
12.81 W
0.0043461L M
$ 26LTTTH
$ 16390025

16010013,

14227984,
$ 1983
$ 497,
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MEXICO (CON'T)

LINK CALCULATIONS

TV UP-LINK [ 2.5 GHZ)

OUTPUT PHR PER CHANNEL OF MASTER STATION PWR AMP ' 18.0 DB
MASTER STATION ANTENNA GAIN 49.6 DB
PATH LOSS ~191.7 DB
SATELLITE ANTENNA GAIN 32.4 DB
EQUIVALENT INPUT NGISE PWR DENSITY AT SAT. RCVR 156.6 DB
NOISE BANDHIDTH (25.1 MHZ) | : ~T4.0 DB
UP-LINK CNR "731.0 OB

TV DOWN-LINK ( 2.5 GHZ)

OUTPUT PUKER OF SATELLITE TRANSPONDER 1.1 DB
SATELLITE ANTENNA GALN 29.4 DB
PATH LOSS -191.8 DB
SLAVE STATION ANTENNA GAIN 35,7, DB
EQUIVALLENT INPUT NOISE PWR DENSITY AT SLAVE STATIGN RGVR 202.1 06
NOISE SANDWIDTH ~74.0 DB
DOWN-LINK ChR | “T13.1 pB
TV TOTAL CNR 13,0 DB
TV TOTAL SNR (=6%(((B/2F)=11%%2)£(C/N)*(B/FI1¢KP) 42.9 DB

WHERE B = RF BANOUWIDTH; £ = HIGHLST BASEBAND FREQUENCYS
C/N = Tv TUTAL CNR; KP = A NOLISE WEIGHTING FACTUR

AUDIO UP-LINK ( 2.5 GHI)

OUTPUT PUWER PEw CHANNEL AT SLAVE STA. PHRe AMP. 9.0 DB
SLAVE STATIGHN ANTEWNA GAIN 35.7 DO
PATH LOSS -1%1.8 DB
SATELLIIE ANTENNA GAIN 29.4 DB
EGUIVALENT INPUT NOiSE PWR DENSITY AT SAT. RCVR 196.6 DB
NUISE BANUWIDTH (04100 MHZ) -50.0 DB
UP=LINK CNR TT28.9 DB
BACK-UFF OF SATELLITE TRANSPONDER 11.0 DB
CNR FROM INTERMUDULATION IN SATELLITE THT 18.0 DB
AUBIO DCWN-LINK | 2.5 GHZ)
OUTPUT PwR PER CHANNEL AT SAT. TRANSPONDER -34.6 DB
SATELLLTE ANTENNA GAILN 29.4 0D
PATH LOSS -191.7 DB
MASTEP. STATION ANTENNA GAIN - 49.6 0B
EGQUIVALENT INPUT NUISE PWR DENSITY AT MASTER STALRCVR 212.1 DB
NUISE BANDWIDTH , -50.0 DB
DUKN-L 1K CNK “T14.8 DB
AUDIT TOTAL CANR ) J4.0 vy
AUGL0 TUT AL SHR L =38 (UG 20) =11 sy 0T/ A B/ ) (L/RP e} ) KA.5 UD

WHERL ROC 1S THE PEAK-TU=AVERAGLL PUWER RAYIO TOR A
SIMGLE VOILE STGHNALG OYHLR PARAMLTERS AS ABGVE
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Lk MEXJCQO &%

WY PARAMETERS
LAND AREA

LATITUDE CF CCUNTRY*S GEQGRAPHICAL CENTER

- ASSUMFD COST OF SATELLITE POWER ($/WATT-YEAR])
DISCOUNT FACTOR

NO. OF TV=TRANSMIT/AUNDIO-RECEIVE (MASTER) STATICNS
NO. OF TV=RECEIVE/AJDIG-TRANSMIT (SLAVE) STATIONS
NO. OF TV CHANNELS PER MASTER STATICN

NO. OF TV CHARRLLS P2 SLAVE STATICN
SIGNAL-TO-NCISE RATIC KEQUIRFC FOR TV
SIGNAL-TO-NGISE RATIO RECUIRED FCR AUDIC

OUTPLT PARAMETERS

MASTER STATION

ANTENNAS CIANETER® 4.7 F7
RCVR PRE-AMP: NOISE TEMD 20. LGG K
TXVTR PAR AMP: QuUIPLT PWR 1C.0 ¥

INIVTIAL CAPITAL CCST FER STATICN
PRESENT WORTH OF TEN-YEAR ANKUAL COST STREAM

SLAVE STATICN

ANTEENKAC ' CIAMFTER 107 FT
RCVR PRE-AMP: NOILSFE TEMP  3220. DIG K
TXiATR PuR AKP GLTPLY PhR 5.0 W

INIY TAL CAPITAL COST PFR STATICN
PRESERT WCHTH DI TEN-YEAR ANNUAL CGST STREAMM

SATELLITE
SATELLITE ADTLNNA N-S DIAMETER
SATELLITE ANTERNA F—=w DIAVITER
MAXTNUM SLANT KANGE HOR OTRANSMISSTON
POWER CHARGED PE® TV CHANNEL
PORER CHARGED PFR AUCIC CHEMNEL
TOTAL COST PER YFPAR OF SATELLITE PCWER
PRESENT WORTH OF TEN-YEAR ANNUAL COST STRFAM

TOTAL INTITIAL CAPITAL CCST
(NOY INCLUOING SATELLITE. CGSTS)

PRESENT WORTH OF TOTAL-SYSTENM TEN-YEAR COST
ARNUAL COST OF TYOTAL SYSTEM PER SUAVE STATICN
ANNUAL CCST UF TOTAL 5YSTEMY PER SLAVE STATICN PER

760373 SQ Ml
2440 DEG
$50000.
10.0%

22

11000

2

12

43 DB

43 DO

UNIT COST § 523C45.
UNIT CCST ¢ 8000C
LNIT COST & 3500
$ 5963286
$ L274759

UNIT COST  $ 1400
UMIT COST % 1000
UNIT COST % 2000
$ 16939
$ LBEes

9.6 FY

5.7 FT
231060601 MI
13.27 W
0.00¢5686 W
$ 4834034
$ 542762686

$ 41007328

$ 289843712.

. 4 l'?.b‘)c
TV CHANNEL $ 3506,



MEXICG (CCN'T)

LI&K CALCULATIONS

TV UP-LINK ( 6.0 GHZ) :
GUTPUT PWR PER CoANNEL COF MASTER STATICN PWR AMP
MASTCER STATICN ARTERNA CGAIN
PATH LGSS
SATELLITE ANTENNA GAIN
EQUIVALENT INPUT KCOISFE PW® DENSITY AT SAT. RCVR
NOISE BANDWIDTH (25.1 MHZ)

UP—-LINK CNR

Tv DOWN-LINK ( 2.5 GhZ)
CUTPUT PUAER OF SATELLITE TRANSPONDER
SATELLITE ANTEMNA CAIR
PATH LCSS
SLAVE STATICN ANTENNA GAINM
EQUIVALENT IWPUT ROISE PHR DENSITY AT SLAVE STAT [CN RCVR
NOISE EANDW [DTH

DOWN-LIAK CNR

TV TOTAL CNR
TV TOVAL SNP  (=6%(((B/2F)=1)%%2)%(C/N)F{B/F)IKP)
WIERE B = RF BANDWINDTH; F = HIGHEST BASECANC FRECQUENCY;
C/N = TV TOVAL CNR; KP = A KOISE WCIGHTING FACTUR

AUDIO UP-LINK ( 6.0 GHZ)
CUTPUT PUWER PER CHARGEL AT SLAVE STA. PhP. ARP.
SLAVE STAVISN ANTERNA GAIN
PATH LOSS
SATELLITE ANTEN WA GATIN
EQUIVALENT LAPUT ACISE FWR LENSITY AT SAT. RCVR
NOISE BANUWIDTH  (C.10C MHZ)

UP-LINK CNR

BACK-OFF UF SATELLITE TRANSPCKRDER
ChR FRCH INTERMIDULATICN IN SATELLITE ThwT

AUDIO Glh—LIAK (2.2 GHZY .
GUTPUT Pal PER CFAMNEL AT SAT. TRANSFCKOER
SATELLITE ANTENNA GALN
PATH LCSS
MAASTER STATION ANTEMMA GAIN .
EJUIVALENT IRPUT NCISE FWR CENSITY AT MASTER STALRCVR
NOLSE CANDWTC T .

COvn—=LINK CHR

ALDLO TOTAL CRR ‘

AUGTO Todel S 0 osaa (/30 =1y 2) s (/N (/s L/ R b
GHTRD WP 1S5 T, PEAR-TO-AVIRACGE PUUTS PATIR Tar A
SEhnLE VUITGE STONALY (TR0 PARANFTILES 85 MGV

———— e 0 e e

11.2 DB
29.4 DO
~-191.8 DB
35.6 DB
202,17 0B
-74.0 0B

6.0 DO
4.2 DO
-199v.4% Db
37.0 D8
19¢.6 DB
-50.0 0OR

e a2 i i ot s

33.1( DB

10.0 D8
16,9 D8
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NPUT PARAMETERS

LAND ARFA 436623 SQ Ml
LATITUDE OF CCUNTRY 'S GEOGRAPHICAL CENTER 5.0 DEG
ASSUMED CCST OF SATELLITE POWER ($/WATT-YEAR) $500C0.
DISCOUNT FACTOR 10.0%
NGe OF TV-TRANMSMIT/ALDIN-RECEIVE (MASTER) STATICNS 1l
NOe OF TV=FECEIVE/ALCTUS=THANSHIT {SLAVE) STATIGNS 192
Nf)e OF TV CHAMNELS PER MASTER STATICN 4
NODe OF TV CHANNELS PER SLAVD STATIGN 4
SIGNAL-TG-RUGISE RATLC REQUIREL FOR TV 43 DE
SIGNAL=-TO=NDISE RATIO REQUIRED FCR AUDIC 43 DB

QUTPLT PARAMETERS

MASTER STATICN

ARTELKA: CIAMETER 28.4 FT UNLIT CUST & 038476.
ROV PRE-AMPS NCLIST TEMP 60. DEG K UNTIT Cust b 17C0N0
TXNTR PRR AMDPE CuirLT PLR iCeD W UNTT COST & 3500
INITIAL C2PITAL CCST PER STATICN $ 132514
PRESCNT WORTH OF TEN-YFAR ANNULAL CGST STRLAM $ 245601
SLAVE STATICN
ANTEMNNAL CIANMETER 12.2 1 UNIT COST i 1276,
RCVR FRE-AMP: NOISE TEMP 1EC. DFEG K LNLY COST & 7000
TXMTE PrR 2P CUTFJT PRER 0.5 W UNTT COST b 500
IRIVIAL Captlal CLST PER STATION 5 14595
PPESERT 4ORYH OF TEN=YEAR ANNUAL COST STREAN b 24 1C2
SATELLITE
SATELLITE ANTENNA N-S DIAMETEP ¢4 FT
SAYPLLYTE ANTERNA E-W DIAMITEPR L3.3 F 7
MAXIMUS SULANT RATSE FCR OTRANSFISSICN 22419.5 Ml
POKER CHARGED PES TV ChAKKEL Celh W
PGLER CHARGED PER BUDIC CHANNEL D212t 04 W
TOTAL COST pPrt YFAR (GF SATHLLITE POWER $ o059y
PRESERT WORTH OF TEN-YEAR ALNUAL CUST STREAM 5 2¢(1131
TOTAL INITIAL CAPITAL COST _ $ 2023040,
(NGT INCLUDING SATCLLITE COSTS) ‘
PRESERT WOFTH CF TOTAL=SYSTEY TEN-YLAR CCST b 1491011,
ANKUAL CCST QF TOTAL SYSTE!N PER SLAVE STATICN $ 0624,

ANNUAL CCST OF TUTAL SYSTLM Pef SLAVE STATICN PER TV CHARNEL b 16504
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LINK CALCULATICNS
TV UP=LLIKK ( €.0 GHZI :
OUTPUT PP PIR ClANEEL OF MASTER STATICN PWR AMP 8.0
MASTER STATICN ANTERNA GATN 5241
PATH LISS -199.1
SATELLITE ARTENNA G&IN 43.6
COUIVALERND INPUT NCISE PWR DENSITY AT SAT. RCVK 196.6
NUISL EANUI':[“[I{ (2501 H}{Z) "71"00
UP-LINK CRR TT27.2
OQUT2UT DUIER OF SATELLITE TRANSPONDER 3.5
SATLUL VT ANTERNA GAThK 33.0
PATI LSS -191.6
SLAVE *TAYICHh ANTENKA GAIN 37.2
EQUIVALLAT IANPUT MNCISE FWR DENSITY AT SLAVE STATICN RCVR 205.0
NCISE EALGA TOT -74.0
DUMN=L [AK € A2 13.2
TV TOTAL CAR _ 13.0
TV TOTAL SMK (=65 (((R/2F)=1)%42 )% (C/R)%(E/F) ¥KP) 42.5
WHERE B = RE NANCWIOTH; F = FIGFEST BASEBAND FREQUEMCY:
C/N = Tv TCYAL CHNR3 KP = A KCISE WEIGHTING FACTCK
AUDIO UP=LINE [ 6.0 CHZ) :
OUTILT PEWER PER CrAMAEL AT SLAVE STA. PR, AMP. -4.0
SLAVE STATION ANTORIGA GALN 44.3
CPATH LOSS -199,2
SAYELLIIE ARTFANA GAIN 40.6
ECUIVALENT JnvUY LSISE PWR DENSITY AT SAT. RCVR 1966
NOLSE EANCWICTH (0 .100 MF2) ~50.0
UP-L INK CNR T 25.8
BACK~CIF OF SATSLLITE TRANSPORDER - 11.0
CHR FROM INTFRMCOULATYICN IN SATELLITE TWT 18.0
AUDIU DUNN-LINKE  { 2.2 GKZ)
CUTPLT Puf PER CHAMRFL AT SAT. TRANSPCNELR “27.7
SATELLIVE ANTCMNA GALN 31.G
PATH LTSS -190.4
MASTIR STATICHN ANTERNA CATN C 43,4
ESUIVALERT IRPUT MNOLSE Prit DENSTTY AT MASTER STALRCVR 207.06
NOTSE CANLei Ol -50 0
1 e
JUWN-L IR CNR 14.8
AL Yoo st s ’ 13.0
ACDTE TOTAL S [ 235 0020 ) =1 ) s u ) (C/NVS (BB 4 (3/KPY ) ) 43.5

-29.

COLCHFRTA(CCN'T)
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NPUT PARAMETERS

LAND AREA : 439628 SQ Ml
LATITUDE CF CCUNTRY'S CECGRAPHICAL CENTER 5.0 DEG
ASSUMEDL CCST OF SATELLITE PLWER ($/WATTI-YEAR $50000.
DISCOUNT FACTOR 10.0%
NO. OF TV=1RARSHIT/AUCTO-RECELIVE (MASTER) STATIONS 18
NO. CF TV=RECEIVEZAUSIT—TRANSHMIT {SLAVE) STATICNS 306
MO. UF TV CHAMNELS PEF MASTER STATICN 2
NO. OF TV CHARNELS PEF SLAVIe STATICN 12
SIGNAL=TJ-NIDISF RATIC RECLIRED FCR TV 43 DB
SIGNAL-TC-NCISE RATIG REGCUIRCD FCR AUDIC 43 008

QUTPUT PARAMETERS

MASTER STATION

ANTERNA: DIAMETER 15.5 FT UNIT COST & 27993,
FCVE PRE—AMPE NOISE TEMP 5C. DEG K UNIT COST & 17C00
TXMTR PwR AMP: CLTIPLY PR 30,0 W UNIY COST % 660
INITIAL CrPITAL CCST PCR STATION $ 56050
PRESENT WCRTH COF TEM-YEAP LNNUAL CCST STRE AN $ 112794

SLAVE STATICN .

COANT ERNAS DIAMETER 12.C FT LMIT COST & 6TTL.
RCVK PRF—AMP: NCISE TOMP 180. BFG K UNIT COST b 7000
TXMTR PWR AMP CLIPLT PR 1.0 W UNIT CCST 4 85C
INTVYIAL CAPITAL CCST PER STATLILN $ 30719
PRESENT WORTH OF TEN-YCAR ARKNUAL CCST STPEAM $ 47839

SATELLITE

SATELLITE ARNTENMA N=S DIAVETER 9.4 T
SATELLITE ANVENLA L-% CIAMITER 13.3 FT
MAXINMUM SLANT RANGE FCR TRARNSMISSICN 224 1v. Y M
POWER CHARGED PER TV ChARNEL 2.29 W
PCwEf CHARGFER PER AUCIC CEHARNEL 0.C410046 W
TOTAL CCST PER YFAP CF SATELLITE FLWER $ 145561
PRESEWT wCRTH OF TEN-YEAR ARKUAL COST .STREAM g 54456109

TOTAL INITIAL CAPITAL CCST : b 6021167,

CODT IMCLUDIAG SATELLITC COsSTS)

PRESCNT WCRTH OF TOTAL=-SYSTEM TEN-YEAR CCST $ 26165440,
ANNUAL CCST CF TOTAL SYSTEM PER SLAVE STATICN $ 158%2.

ANNUAL COST 0OF TOTAL SYSTEM PER SLAVE STATICN PER TV CHANKEL 3 1154,



VINK CALCULATINORS

TV UP-LINK
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QUTPULT Pwie PER CHARMKNEL CF MASTER STATICN PWR AMP

MAaSTER

STRTION

PATH LCSS
SATELLITE
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NOI SE

UP-L ENK

BANDWIDTH

ANTENNA CAIN

ANTERNA GAIN

Che

Tv DOWMN-LINR {245

QuUTPQl

PURFP OF

SATELLITE
PATH LGSS

SLAVE
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(25.1 VHZ)

GH2)

SAETELLITE TRANSPCNDER

ANTEP NA GAIN

COUIVALFRY INPUT
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TV TOT AL
TV T0T.L
viHER E

CN:
SN
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AUDIG LP-L it

SIVRNLIG!

Dily
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NOTSE

N

FAKCTIETH

ChR

ANTERNA CRTN

NCISE Pwa DENSTITY AT SLAVE STATICN RCVR

(=6F(({}/2F)=1)2=2)%(C/N)=(E/F)*KP)
MEOANDWIDTI G o= HIGHEST BASTRANE FREQUENCY;

= TV TCTAL CNR§ X2 = A NOISE WEIGHVING FACTUK

R ( (2-

NI L
A
i

0 GHZ)
Ch-af NFLOAT SLAVE STA. PRI AMP,

CxN ANTINGA CATN

BANDWIODTH

LP=LINK CNWR

BACK-UFE

0oF

Sateetl

NCISE Po¥ EENSITY AT SAV. RCVR
(0.1C0 MHZ)

TE TRANMSPCADER

CHR FRCM INTERMACODULATVICN IM SATELLITE TWT

AUDIOD DOWN-LIN |

QuTPLT

PrR
SATELLITE ANTENNA

PATH LLSS
STATION ANTFANA GATIN
EQUINVALENT INFUT NCISE PWR CENSITY AT VMESTER STAJMCYR

MASTOR

NI Y

Pps o veN Y
Ry Al'{{i R RY] Tti

DCWN=LTAK CAR

AUyl THOTAL
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IV. Sketch of Progress

Screral parts of the final model are presently being constructed,
For the terrestrial systems costs needed for comparison with the satellite
‘'system costs [ have been working closcely with Pacific Telephone and Tele-
graph Co. of San Jose. Two parts of the overall program of six parts have
been written. Thesec parts deal with costs for T Carricy equipment on
cable-pairs and N Carrier equipment on cable-pairs, Lach is appropriate
for a different cross-scction and total link lIength. The other paris to the
program. will deul with microwave radio, open-wire lincs, the determi-
nation of the least-cost cable~pair size to serve in a given situation, and
the coupler program that will take the output from these separate parts
and provide answers in the following matrix format. The length, 1., of
the telecommunications link under study will be given along the abscissa
of the output graph. The increase in channel demand per vear that must
be satisficd by the link, YID, will be given along the ordinate.  The matrix
element désigeated by any pair of values (L, YID) will contain the least-cost
type ofterrestrhalfclccornnlunicarions facility that will satisfy these re-
quirements and the present worth of the facility for the whale pzriod of
study,

In considering the time elemeat in a satellite system it is necessary
to know the costs of upgrading carth stations. This cost has been difficult
to obtain from industry inasmuch as the type of station with which we arc
dealing (very low cost) is not in widespread use. Nevertheless, some handle
on these costs will be obtained from data gathered for the teleconferencing
report. The cost will be taken to be the replacement cost of the component
(either antenna, prcdmplificr, or power amplifier) ox components whose
upgrading will render the required increasc in carth station channel capacity,

A step toward the completion of the integration of educational requirements
and telephony requirements into one system has been made with the completion
of a vexcion of the original least-cost satellite system program that treats the
case where only telephony service is desired. The system is simple in con-
fignration in that cach ecarth station is assumed to have the same G/°1" and the
same power amplificr, Iﬁn%her\vork\vnlulhnvluwhuputhrcc(HTKW'm(xﬂzos

of carth station to he determined, according 1o the Jemand reguirements,



