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"INTRODUCTION
 

II tIh United Si.::.es and th-Ou *houtmuch of the Western world
 

there is a growin.,. 'ness of the enormity of. the task that hae
 

been defin.-d for the vx'ious national cducat*ion systems. Educators,
 

for seve-'a, re.-:on.s, arc refer.ing to the Fituation as the "crisis in
 

education". .12 The .n-inciral reason being given is the lack of funds
 

to provide a basic ed0iucatoin by traditional methods to the burgconirg
 

numbers of' people for hom such education mean differw.. an may well the 


ence betwecen livin and mcrely su,istin;.
 

Becauc the core of education is cc:=nunication, it is perhaps
 

only natural that teleco:-municati.on0 ; technology is being investiated
 

as an ingrcdicnt of both more efficient and possibly. at the sane ti:r.s
 

nore effective ed-acaticnal systems. Surely, the potential is there.
 

Yet, it is bein:; tapp.d, with few exce-pions, in a piecemeal. fachion
 

that nulli.-ies the one clear advantage it has, in terms of efficiency,
 

over traditional classroom-teacher situations -- thab -of being capable 

of reducing the student-te"cher ratio. The imnortance of this advan

t-.ge was Pointed by' the Educatiz"al e". ...cut Acadfs.r -" fcl 


ir: a study to i:;':estiate the new instru tiional techno].o:-'es with re

gard to school fi.nances. I a sunary stacnmec.nt before the Prcsidn' s
 

Co:.mission of School Finance, the Academy's Executive Vice President,
 

S.idn. G. i":ecnly .:y to rcduc unit costs sb.stanti.all
 

is to incrcase the util-teacher ratio dramatically." 3 

The advantage of transitting educational prcgrams by radio-waves
 

* using a geo-statiznary satellite is imm..ediately apparent. A satellite 

offers to a large country or group of' countries lacking adequate ground 

corriunications (and this is almost aloays the case, as far as educational 
technologies are concerned, for some regions of every country) a system
 

.that can cover a geographic area of 'amillion square kilometers. The
 

satellite signals can reach isolated, mobile.and dispersed populations
 

:it-h case, and r-,'..rit studlez ,h-, t._h'.a
th. cost of the distribution 
systemn fzr tal c:.!'' i,.... •..... c:: e - . . . .',.yless byr.atel . 

than for ic:,nnr- b .' " f":cil'' 
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contrul.] .. d, by thr, national iistry (department, bireau, etc.) of 

-
t,,2C_:1C,:to:! or a compjrabl e entity. In any event, it .culd be 

v(ry c "'.rab.efro?:i an economic standpoint. Tor little additio:al 

cost, a revenue pro'ucing ser,zce could be provided using the same 

satel.iite -ind slijttly enlarged earth stations. 

Section B of this rep6rt descr:-bes progress toward the devel

opment of a mrndcl to determine the least-cost joint system. 

limnc.uch as a telecomrunicaticns system may be used to carry a 

variety cf technological approaches designed to enhance the educational 

process, some evaluation as to which approach or approaches to use 

would bc desirable. Section A of this report presents the progress 

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



Section A 

EDUCAT ]O1:A L T'.CH XOY 
A Sum:ary Of Recccnt Ev,iuations 

"The forms of sccicty we shall see in the twenty
first,century in my -ad!dgent, will depend less 
upon our relationship a.s workers to the mcans of 
production of*goods and services and more -- much 
more -- upon our relaticnship as total social be

ings to the means of production of information, 

ideas and imagses." Rose K. Goldsen
 

Cornell University 

Education, as contrasted with instruction, is seen as "a prepara

tion for life through more 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 sense
 

the aims of education include the transmission of knowledge, the in

stallation of values and the development of intellectual, pihys.cal, 

social, and artistic skills and ccpetencies." 
3 

It may be argued that att... otin, to evaluate the effectiveness 

of any particular educational system or process in contributing to the 

abcove implied cbjectives is tantan-unt to measuring (ouantifyirng) the 

.whole individual and the "uscfulr.e2s" he is imputed by society. Surely, 

there is no more herculean task.'
 

Most people are ',ell aware :f this problem. For instance, Jamiscn 

and Suppes in discussing alternatives for improving productivity and ef

fioiency in education state their belief that "clearly categorizing and 

measuring the outputs of an educational system is presently an impos

sible task." 4 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 reach 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 processes
 

are based largely on the ability of these processes to perform the in
structional part of education and are,thereby, i..ying thnt the affec

e .--- : r ' .f c educat cn is inv:triant under t!,2 several oltcrnnti'c 

r : Jai.is ,n Supp-s alup* as their dul'initJon oF the*ILrLu, zmn3 

output of educational cyctv..r; with su...etbility to measurement cvar).v 

1 



in mind, two types of proxy measures: "I) enrollmcnts weighted by time 

and type Cof exposure, and ) distributions of scores on acicveiientl 

tests."
 

In and of itself, this approach b.iases the educational reformer 

toward methods and systems alternatives that reportedly ma::i.ize this 

"objectively" determined transference of information -- with little 

overt rcgard to other aspects. I would agree with Miller that such 

a bias, although understandable, creates the possibility of our "ne

glecting important variables in the educational systems we are eval

uatiug because we do not have adequate ways to measure them." 5 I feel 

of Bruner and Olson. 0
it appropriate to reiterate the following caveat 

The aslu.ption that Knowl_dc was central to the.edu
cational enterprise and that it was indeen6nt frm tr 
form of experience i'rcm which it derived and the goals for 
which it was used has had several imnortant &andDers12lin. 
effects on educational thought. First it has ).Ed to a 
certain b].irndness to the effects of the medium of inszruction 
as ojposed to the content, a blindness which 'rT,uhan 1-.s 
alerted us to, and secondly, it has led to an unsatisfaz-ory
 
and restricted conccptoion of ability. As the effects c.' ex

perience were co.plc.el. assirilated -o the account of -he 
acquisitlion 01 knowieorge, expjrieze was con.cicred ]e-- and 
less central. to the ac.:uisition of ability. Since kn....cd:-c 
was all, a.ility could Le ta.-eu for 7.ranrcc -- ozne ':l abili
ties- which :-.taybe used to accuire aln.:_ied- . iit
.. :..ere 

then projected rather directly ;.nto t.e mind in the -"r:'. of 
genetic traits (Jensen, ) while the culture and ex::. ience 
were both inrred as rossible ca::didates to account fcr :heir 
development. The effects of this stranl:e turn has becn to 
obscure the importance of developing abilities, often thereby 
making schooling irrelevent. 

Of course, technology is but an instrument and in the strict sense 

of the word is neutral. The final ,judgement on the effectiveness of 

various technologies will depend almost entirely on the software, on
 

-theprograms which they are used to disseminate. With this -:iew, the
 

educational technologies are seen as tools to be used in the educa

tional process much as a textbook -- i.e., that they are net capable 

in and of themselves of more than impartin, information, nor were they
7 

ever intended to do more. To the extent that this is true, it is 

cuite :ronsible dci.- :i'h the cz:tint evalunli: :s of tr.:..1 .'s only -.

nitive, not the affecLivv, cO:::,pojitznL of educLion. 

http:co.plc.el


Nevertlvc2.,s , it would be hoped that the current trend in some 

schools of edicxition toward an emphasis on the rccipien, of educatiol., 

on learning theories and away from an cmphasis on the dispcnser of 

information, on teaching methods will be furthered by the intrcducticn 

of technology. Ccrta-.nly the potential for encouraging this shift ir. 

emphasis is irhcrent in much of the recent technology. ESpeciall. de

signed currir:uic can place the major burden of the informational, 

cognitive aspects of education on the technology and free the teacher 

to improve the affective content of the interaction with and ar.ong 

students.
 

The point of view adopted here in rvviewing the findinL~s to-date 

of educational effectiveness studies is that it is rational to surno.

that telecoamunications technology is neutral. ThLe context in which 

such technology is used will determine the effects of its use in the 

affective doma'in. If evaluation of the isarned-information caiabilihv 

of various technologies shows differences among them, it is fitting 

to use them :.hen the ratio of this capability to the corresponding 

cost if imple::cntation is larger than ,:hen conventional methods are 

employed. 

Findin'Fs
 

Now, wiat have the various studies of and experiments with edu

cational technolczy shown? The results which see:m of most relevance 

here are that:)) remote television instruction can teach at least as 

well as a conventional classi- om lecture situation if some form of 
8,9,10
 

feedback to the instructor is provided; 2) instructional. radi*
 

and radio-vision (aural material supplemented with still pictures prc

vided by one of several means such as facsimile, slow-scan TV, pre-dis
 

tributed handouts, predistributed film strips, etc.) can be , in some
 

instances as effective in teaching as television (sometimes it can be
 

even more effective); 3) a balanced approach to using the technol.ogy: 

will produce the most learning. That is, in general, "use the cirplEst, 

barest, clearest, and least distracting presentation possible." ThiC 
I as ireser.t1.v used 

result, coupled with the previous one, indicates that televiion/.ay 

be optimal only a small percentage of the time; ) oid"rirlcoy: rs 

Z,],',:i':isd wt h ... e ,'s 1., 12. isw .,:7p oa l ithatt i sta tc:-. 
nology is worth thec cost." JJ..,12 (It is probable that this statce.cn' 

http:statce.cn
http:televiion/.ay


was focusred on the American scene where only a few "experiments" in 

E'TV have sul'ficient adience to be.nfi.t to any extent frcm eceno:nies 

of scale, since, in the same report, it is noted, with impl)ied en

thusiasi.', that El Salvador's present systematic approach to improving 

education never could have been possible without advanced instructional 

technology.) Hiowever, when other effects are included, most practi

tioners are enthusiastic about the results and the low cost levels
 

being achieved. 

A word rcgarding some experiments that are now in the planning 

stage may be indicative of the perceived value of on, technology in 

compariscn to the others. Of the several being given az.tention in 

the current literature, there are none which involve purely radio. 

All are using television' This may be due, in part, to the recognition 

that most people, given a choice between radio or television, will 

choose television. Also, the effectiveness of radio may not be kno.n 

and the entcrtainment aspects of television are nrobably not seen as 

a possibl deterrent to learning. Strong pressure is thus created for 

keeping up with the Joneses." ETV is clearly the ne.cr nediuri and 

will attract its share of proponcnts if for no other rcnson. As Forsy-the 

points out., "If prescnt circui.ista:2cs ,:ere the product of systematic 

planning and convincin:g evidence, few. wculd resist them, Uut that, 

unfortunately, is not the case. Or, the contrary, it is more reason

able today than ever before to regard radio as a versatile, a practical, 

and an effective instructional mediu:a." .3 

*The probable outcome of all this is that television will continue
 

to be provided in the educational context not only because there are
 
some applicaticns in which it is more effctive than other technologies,
 

but also because of its popular image. (As Skorhia puts it, "It has
 

been generally assumed that comrnuni1cation through more than one sense 

is better than comunication through Dnly one: For example, that teJ.e

vision teaches better than radio, sound-film better than silent film,
 

movies better than -still pictures, color TV more effectively than mono

chrome, and so on.") 14 W'hether in these applications the added bene

fits of television exceed its added cost is moot 

beeau.-e we -arc ccu-t(.rid to t:in:in , 

education in terms of the classroom setting -nt aro try inf to duplict 



... re::,:te As technologist "I con

G!dvr tI, Lu: :"',':: .'.. one tht caablis:.: an envino:c for the 

off-campus student w,:hich, as closely as possible, approxi,.'atcs the situ

ation of the regula:r ful1-time student on caiapus. 15 

In th-isame li T-h I believe' that the fo.1.lowing observations will. 

co:ntribute to a c.carer understanding of the relative merits of the 

technologies. 

the clas.ro: ::jt the location. one said, 

Other Considc,.rati -ns 

Most com...rcsons of technologies have been based on dunlicating a 

classroom situation and measuring the ability of .either radio or tele

vision to instruct as wc!]. as if students :.;ere in the live, traditicnal 

setting. I have no quarrel with the findings that radio can, in many 

of these cases, concentrate the attention of the students to a higher 

degree and actually produce better retention. These comparison.s, ho::

ever, are structured such that television has been forced int'o the .-.1d 

of a more limited mediu.. In instances, such as "Sesam.e Stret" v 

the image and motion capabilities of the television have been integrated 

into the total presentation, results seem to shc".; that television has a 

clear advantage. (Undoubtedly, the age of the audience is an imoprtant 

variable, as well as the subject matter to be presented.), 

In cor.vlarin5 radi, and television the sitatemenT is cften .ade tha 

television costs five times as much. From this, the cenclusi:n is
 

drawn t.at unless televiZi1n is five ti:.=es better in it2 ability to
 

instruct, radio is the "best buy" in terms of dollars Der unit of re

tained information. It may still be that radio iS more "cost-effective",
 

but the proper comparison must account for. the total. learning experience
 

and, therefore, the total educational budget, as fo.lows.
 

Television and radio have been Ased in conjunction with and largely 

in support of the total educational infrastructure. The measuremets 

of efficacy using television or radio are, then, measures of the effi

cacy of the total system (including either radio or television). Su 

pose that one could (even though one cannot) quantify the output of the 

total .. -- ,,-i-tcviin an( also the outil,,t .fthe totn lyste:.

vith-radio. Let the cutm,.t of the .. st,.-.ith-tc].ev. ior bu rc;.re..."-' 
. .. 0' t..
b- 0 

r,s 
LvV 

of the su-to i without cithner radio or t-elevision, i.e., with purcly "r,

http:st,.-.ith-tc].ev


ditiOnal. inputt to ducatlior, be r'pre*enkcd by 0.. If the cost of the 

, v~te:. ,rc* thcn rc'prj',.." e3, , ... ,'e-ivc~1,by 0 tv ,s' Cr, and Cs thcn 

the correct. and fair comp.-arisol Lu determine w1ic c.' teeiCvision is w-orth 

the extra cost" is not whether 

0 tv~s ,.0 s is larg r" thanC0 T-0-C S 
Ctv - C 

Stv, S rs s 
* 

which is, essentially, a marginal revenue to marginal cost ratio, but 

rather is whether 

0tv's is larger than 0 

Ctvs 
 r,s
 

"" An illustration of the above will help convey the nneaning. A pro

posal of the executive secretary of the iational Education Association, 

Sam Lamberg, reported in the Palo Alto Tircs of Vay 4, 2972, suggested 

that a national average cost stanidard for education (elermentary and 

secondary) of 11200 per pupil per year be established. This would cor

respond to 
% 

Cs . Cost figurcs for one hour of p~rograing por day of 
5 

"Sesame Street" averaged over the estimated audience of 7 million pre16 
school children came to $0.65 per child for the first year. Part of 

"'" ..... C ..... .
 this coct Is undo-Lt -- to but.io ,1 


us suppose that in addition to these mostly oft-._ar coz'ts there is a 

10: increasc in cost to _rvide Lhe hard-;are (as if one were required 

to purchase the television sets and install th2 means of distributing 

the prograr signals) and that the Dpcrar.min- is increa-ed to eight 

hours a day. The cost per pupil would then be $(!.i0)(0.65)(0) = 572. 

Further, assu:ie., very conservatively, that radio would cost only one

tenth as much as television, or $0.57 per pupil per year. 

The correct comparison should not be 

tvs S > . 

r s s 

* An individual firm in a purely competitive mar.et will not produce at 
a level of outout such that the raio of mar,inal revenue to arjr1a, cost 
is a maxirnu':-. It -,ill ,xi:-seinstead, Thc' ratio of total reveniue to 

-to,,l. cost,. This -'nc .. I beljcv', apn2.>'2, i ti, ric:'.nt ca.e of 
com:parin.., the of ,c ci.decorcbil'aLiJ otoa.-.- in rp)cc.t 

c "rc2C.:-;.- n -,, Cf thC .tI'eir )i:I cI Ic*z th J.C', o ' Iutl cot4., cf t. 



but rather should be 

0tvs ? 

> 
$.200.oo 
,r,s.2o0.0o 

4 ,5.72 
+ ,U•37 

two 

It is easily 

comparisons. 

seen 

In 

that very 

the 

diff

first case, 

er

it 

ent 

is 

regul.ts may come from the 

likely that radio would be 

used in the majority of cases. In the second comparions, television 

'aould be able to prove in, and rightly so, for only small increases 

in total outpLtt over the 'system with radio. Also, a nation's total 

a direct factor in determining which techbudget for education becoi:.es 

nology to use, as well it should. 

Ap!icaticn 

In the light of these fidings and discussion the design and analysis 

of alternative national telcccnmunications syctcms should proceed on the 

that they will re required to carry sev.eral channels of television.basis 
largest single bandwidthFull-action television, at least so far, is the 

item to be encountered for transmission over the syst6m. Any other edu

cational technology ray, therefore, be accom::m!odatcd once bandwidths suf

1icient for teievision have been reserved. 

http:becoi:.es
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Cection 13 

The potential. applications of te].ecom:,unicationls -technology are 

limited only 1,y :.an 's ingcnuity0 The telcz... lcati, .atej.lite 

ho].d great promise of pcrmitt1ng this technology to reach into even 

the most remote parts of a country. For sufficieritly large scale 
for high penetration. 1,2

is the l.east-coct methodapplications it 

The task is to be able to determine the least-cost satellite system 

for particular applications. The develop.,ent of an appropriate model 

is well underway. 

The 	 lIonr Recne Goal 

The final model of the essential parts of a national joint tele

phony/ cducational techiology sat, ity system, as no. perceived, will 

be able to answer the following questions: 
-1i. 	 At a given point in time, characterized by a) the ,u!. *r of 

ci-ties, to..ns and villages to be served by the system,.; and 

b) the demand for service (the nnber of channels into and 

out of each ciZy, Jton or v"ilLe), what is the least-cost 

combination of satellite io,-:er and earth station s 'iivi-s

and po::crs that wi.ll pr;vicde the service? 1 

2. 	 Tak'ing into acccunt .c of scal in the f c=m

-
ponents, what is the lcast-cost scheduJ.e for increa ir the 

capacity of the earth stations as the demand at their locat-ns 

increases?
 

hat 	ccm3. As the demand between any two cities increases, for ..


binations, in terms of the number of channels and the separa

tion distance between the cities, may it become less expensive 

to serve the com.rnications. needs by terrestrial facilities 

rather than by satellite (this will be a function of the sat

ellite fill as well as of com'ponent costs)?
 

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

cations satellite in servinc the dem:and for comm:,unications. 

Will it, srvc the in.n mon:, only ].i-:ht trafficeventurl]] as .

can be overfl.: trafficcenters orb'~ :ct.3.it cost-effective in servii overf~ow-traffic 



The answ.ers to all these questions tog,.thcr constitute the necCo

sary infor:,ation .ith which to detla-i-1nc the lo.ngran1 c iim!]..uncfntat in 

of national telecommunications facilities to serve given projected 

needs. 

Present :.'ode] Canab i lity 

The model in its present form is a firs, step toward the realiza

tion of the final model. It has been devised primarily with the edu

cational part of the system in mind. The imp].ementation of the modcl. 

as a ccmputer pro-ram enables a least-cost system to be detcr'::ined 

that will provide television prograa reccption at'any number of 	 !::all 
' 

"slave" stations (earth stations) as broadcast from a foe', "ma.:ter H 

origination stations and separate voice or digital co='xnic tion fr:. 

the slave stations to the master stations. (At present the pro-sram 

will not accommodate different sizes of slave stations, nor comuni-

When thce rather significant additk...cations among slave stations. 

-
are madc,*the ans.er to question one w:ill have been ivcn) 

Within the mode]., the cost of the satellite is entered as a char-e 

per watt of ratellite powcr used. This approach permitS the .-lcct;.n 

of the satellite as a separate component of the model. D-orinz3 this 

selectic-n the costs -d canacities of the varicus catcllit'cS"."e that hf 

been descrilod in the domr.stic satellite filings before tle FCC werc 

qompared (although the methodology is completely general and can be 

used with any set of satellites) under several olausible demand con

ditions to determine the satellite (includinc replacements, spares arn 

increases in number as dcmand grows) .,ith the s.:,allest cost per :.;at 

of power. 

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

Clds(c,N) = Cs(CN) + Cb(c,N) + NCe(c,1) 

itnd 
Clds(c,N) is the cost of the total, satellite system 

r.. 
c is the nu-.ber of video channels carried by the sate.lite 

N is the minimuni number of video-receive earth stations in 
s cyi c 

t h e 

C(OJ1) is the cost of tVat part of the sace s".. -!,. (i .r.. 

systerm 



Salcllitc Systcm Cust Paramncters with C/y $15, 000 and c = 4 

N C (c, N) Cb(C, N) 

100 13,277 190, ,153
250 11, 404 -244, 95.1 
500 9, ,137 263, 59.1 

1,00O 8,115 295,771 

2,500 6,999 ,127,823

5, 000 6' 459 520, 435 


10, 000 6, 085 697, 998 


I Satellite System Cot;r Parameters with C 
I 

N Cce(c, N) Cb(c, N) 
100 21, 118 244, 623 
250 12, 392 264, 884 
500 11,101 293,152 

1,000 9, 218 400, 766 
2, 500 7, 638 492, 540 
5, 000 6, 881 623, 697 

:10, 000 6, 365 860, 615 

Cs (c, N) CIds(c, N) 

1,719, 027 3, 237, 18 
1,969, 774 5, 065, 735 
2, 626, .164 7, 60S, 6.10 
3, 515,082 11, 925, 763 
5,101,800 23, 027, 163 
6, 8S6, 546 39, 700, 523 
9, 391,. 256 70, 938, 144 

$30, 000 and c = 4
w/y 

Cs(c, N) Clds(c, N) 
2, 025, 320 4, 318, 709 
3, 407, 118 6, 770, 07-t 
3, 828, 800 9, 672, 1-: 
5, 0.11, '458 14, 663, 023 
7, -130,076 , 27, 016, 832 

10, 01-1, 70.1 45, 0-.15, 536 
13, 600, 203 78, 10S, 272 

SatellitC System Cost Paramcters with C/y = $50, 000 and c = 4 

N Ce(C, N) Cb(c, N) 

100 31, 185 258, 583 
250 
500 

19, 415 
11, 785 

287, 112 
389, 192 

1,000 10, 338 439, 389 
2,500 
5, 000 

8, 287 
7, 311 

564, 27. 
739, 032 

10, 000 6,649 1,045, 2-16 

C s(c, N) 

1,890, 907 
3,418, 220 
5,1663, 671 
6, 659, 990 
9, 812, 110 

13, 221, 370 
17, 928, 6.10 

CIds(c, N) 

5, 56S, 063 
8,559, 295 

11, 945, 315 
17, 437,072 
31,093, 520 
50, 516, 352 
85, '66, (-t0 

"i~ro 1.. -prcccnt ... .vc Outpu t of the 
Prec:nt .odel. 



Cb(ei) is the cost of the master station(s) 

CC(C,)) .s the cost of a slavc station 

Cw/Y is the cost of' the use of one watt-vear of sate1]Htr 

The program 'in....ze, the cost of the overall. system. It does not 

minimize the cost of the earth stations alone. Conceivab]y, other 

pricing policics fct' catelJ.ite po.;er could be used that would alter 

this stratt,y. The model can e, :i.y accomonodate these changes by 

varying the cost per watt of satellite poi:c_'. 

Future .ork 

As work has progressed toward the final model (one that will in

elude the effect on costs of handling a nation's regular commercial 

telephone and telegraph traffic over the same satellite systcm that 

is used to transmit the educational prc.-ras.mii:r), it has become apparent 

that before modifications to the present computer program can be made 

some kno41".ac must be obtained abzut the least-cost schcdu].e for in

creasing the capacity of a given earth station facing a given demand 

profile (qucstion 2). The follo.:i.n- model has been proposed and its 

fcasibi1i-Ty w:ill be invcstigated .,ithin the next two weeks as contacts 

at Philco-Ford a. G'.'E Len'-urt al.o,.w the pertinr.,nt cost information to 

be assembled. 

Let F(n) be the cost' of an earth station with a capacity of n 

channels working through a particular. satellite (identical earth sta

tions are assumed for transmit 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. chan1 

nels. Assume a linear increase in demand for channels through the
 

earth station such that n (t) = a +'bt where t is the number of years
C 

since time zero, a is the demand at time zero, and b is the number of
 

channels per year increase in demand. Suppose that when t = T the end
 

of the planning period will have arrivcd.
 

The present worth of the costs of meetirjg the increasing demand 

out to t ;.e t. T it: T-t_ 

,',,. ) - ."a + 1i1 ___ p-..:f'i".v. "° 3r,,fb x.-ni;'.(a +,}knj,n;)L
 

http:kno41".ac


Pec-ue F(n) un: f(n,,. ) are not ruseeptible to mathcmiatica.l ex-

p.n'ess.oI (they, arc not co:it.mzuous functions, and they depend on -I1and 

on the ch.re per :att of cate..lite power, C ) it is riot possible 

to the .....:..o W1 ) by di.fiercnti.at].on. It wil]. be ne.ces

sary to proceed by direct evaluation for several values of k' with 

each set. of values for a,b, and i%. The probable outcome will be as 

shown in Figure 2. 

The pararn-eter k' is the nuiber of tines during the planning per

iod of length,iT that the station will undergo upgrading, if there wzere 

only one size station in the system. With more than one size the effect 

of econcmie_ of scale must be included. All the stations' schedules 

will interact to produce the overall schedu.e. As an example, Brazil 
has about i,700 towns and villages of less than 2,OC0 population and 

1,000 towns of betwcen 2,000 and 5,000 population. Suppose that there 

and N1 towns and villages that will require n1 channels at first (a 1 n,) 

and N2 that -,:ill recuirc (a 2 n If renresents1:owns n2 channels = ) d(i) 

the disco <nt factor that accounts for economies of scale, then the cost
 

of meeting the demarid for n and for n2 channels with different equip1 2 
ment is: 

Cil,, = rId(i': )F(n I ) -F I':d(i )F(n ),
yr: 1(a 1 E'2 (12)n2 

and the cost of ::.ectin& t"e de:.:and u-ing the ]arer capacity equip'ent 

throughout is: 

CN+ 1,1= (N1 + N2)d(JI1 + 112 )(n2). 

It may be that CN1 + V2 is less than CN1,?N2 in which case, only 

the larger capacity station would be install.ed. It may also be that
 

even if CN + N is larger than C it would still be more econom

1 22
 

ical to use only the larger capacity station.
 

Suppose, for instance, that the larger capacity station would at 

some time be needed at the N locations which have an initial demand 

for only n1 channels. Then, if CNI + is larger than CN, but

{ 
N2 

*i- ~2 n( 2+ I 2 

http:install.ed
http:di.fiercnti.at].on
http:p.n'ess.oI


(/ 

1 23 . . 

k'
 

Figure 2. The Present Worth of the Cost of Upgrading
the Capacity of an Earth Station ovcr the 
Planning Pcl'cd of lc..Th T, as a Functicn 
of the nuibe.:" of Upgradiz-s. 



or 
f ( n vwf'(i ,kni/b) ++ D2 CN, + miii n x k! C". 

it would still be less expensive to install only the larger capacity 

station. In words: economies of scale and station upgrading 

schedules can be such that it is lcss e>.).nsivc to install only one 

size station than to install two different ,-izes and later upgrade 

the smaller size to the same capacity as the larger size. 

From considerations such as the above, it will be possible to con

struct, a light-route crowth strategy. The objective of' this mode], is 

to dct..rmine the cror's-over point (in distance-channel space) for var

ious terrestrial technologies. That is, at any given distance and 

channel rc.cuiremcnt, it is less exprensive to serve the ].ink-using 

the satellite (and if so, what size earth station is reauired for this 

link as well as to scrvc the other satellite-linked cities) or shou.d 

cable pairs,terrestrial facilities be used, and which one (ope'n wire, 

microwave, coaxial cable, etc.). Ccmbininr, this type of infornation 

from all routes will be a necessary step in determining the total re

quirements on satellite capability and thus help to detcr:nsine which 

satellite is used. 

This is an itcrative process since the cross-over poiiits will Le 

determined by the opti.rmta: size stati os and the optirum schedule for 

station upjradings. These will be determined by the number of stations 

and the rcquired initial. capacity of the stations and the cost per '...att 

of satellite power, which, in turn will depend on the optimum size of 

the stations and the optimum schedule for upgradings. It will be neces

sary to make initial estiamtes for some parancters, run through a].. 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.. Iflcbel, 

•I. 	 Introduction 

It has been noted in the literature that a very simple relationship exists 

between a nation's gross domestic product (GDP) and its telephone density (the 

number of telcphones 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,
3 

there is more demand than there is facility to satisfy the demand. Especially 

in such a supply-limited situation, there is impetus to determine the least-cost 

method of providing service, since the target for the c6mmunications entities 

of these LDC's is a development plan to upgrade the present telecommunications 

system to make it compatible with the socioeconomic level of the country, and 

to do so vithin the telecommunicattions budget. 

We feel that the telecommunications satellite can significantly reduce the 

costs of service 'to dispersed populations or subscribers (e.g., interconncotion 

of CATV companies) while maintaining the same standard of performance as 

obtained with terrestrial systems. In fact, we believe that the satellite makes 

economically feasible some services that otherwvise could not be supported by 

LDC's, and that further experience with telecommunications via satellite will 

improve its economic advantage for these services. * 

This advantage, however, may not be realizable unless the large cost of 

the satellite, and, to a much lesser extent, thi" 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 simultaneously receive 

and retransmit several dissitmi lar signals (be they telephone, telegraph, television, 

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

* Au ifidication of the continuing trend to lower costs for satellite services is 
the clranatic reduction ill S.:1cc.-segmnt pe-!r-yar costs of a tlephone circuit. 
U:inl, fi),,Ilacrs ucn', lllv a vailable, the gi' ph il Fig. I wa:: ploucd. (qcc :iso* 
1'(:ftrle c .1) (It I'1ouhi I,- e aip1.,.' i ' d tht thS, c11. (10 .,i illtcIdo 1Whgrotund 
soL'11lt 1 of uho -:V.;ill. Th . y Z11% .liOWi OaIy t.so1 :lra' cI tion to the( d(l.-]iliW!;
coal:; t'urr'i'u l l ':'inp, .'[ r:itentcJ iii ::l 'litc Lcch:oli;'.) 
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agency plan"nIg be encouraged where a national satellite is being considered. 

for a share in 
in addition to commercial telephony,

A prime candidate, 
It'has received wide

a multipurpose system is educational pfogramming. 
6 especially in LDC applications. 

over the past few years,
spread attention 

Traditional ap
this is because of its potential for reducing costs. 

In part, 
In fact, it is largely 

to education have always been labor intensive. 

proaches 
 so accute. 

cost squeeze in education has become 
reason that the presenlfor this 


have benefitted from technological innovations and improve-

Other "inlustries" 

This increase in effi
ments to increase the productivity of their employees. 


Although no corresponding increase in effi
ciency permitted higher wages. 


teachers and administrators participated in the
 
ciency occurred in education, 

as produc-
As Baumol states, "...(this) suggests that, 

upward wage trends. 
costs of running 

tivity in the remainder of the economy continues to increase, 


so that whatever
 
the educational organizations will mount correspondingly, 

can be reasonably certain that
 
thenngnitude of the funds they need today we 

the day after that." 5
 
and even more on 

more tomorrow,
they will require can,
 

Reducing the labor-intensive nature of the educational enterprise 


help to open the way for technologically motivated reductions in
 
of course, 

With low-cost earth stations, the distribution of educational materials 
cost. 

a voice talk-back capability, becomes a very 
with or withoutvia television, 


attractive alternative to the slow and costly process of specialized training
 

of teachers and th2 subsequent continual problem of motivating teachers to 

so that the affective com
care must be exercised

work in rural areas. Due 


the instructional component is being
 
ponent of education does not suffer as 

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 television program distribution with 

It will also outline the work in progress toward a model to 
audio feedback. 

a least-cost configuration of a multipurpose system to provide 
determine 

or both) and regular 
both television listribution (commercial or educational 

telephone service. 
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II. Least-Cost TV/Return Audio System 

A. Terrestrial Systems 

An investigation of terrestrial tcchnologies revealed that only coaxial 

cable and microwave radio facilities 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 repeaters and the destination terminal. These are shown 

schematically in Fig. 2. The average distance between repeaters (called th, 

hop distance) is 30 miles. 

origination destination
 
terminal repeaters terminal
 

Figure 2. -A Microwave Radio Relay Link 

Each origin and clstination terminal requires the following equipment: 

$4,500transmitter or receiver (per TV channel) 
1, 900antenna and feed 

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 
4,500transmitter or receiver 
1,900antenna and feed 

200batteries and charger 
multiplex equipment - heavy route, per channel (voice) 2, 000 

light route, per channel (voice) 1,000 
installation and alignment - first channel (voice) 900 

each add'l channel (voice) 200 

.These costs can be represented in equation form by 

Ct (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 

is the mIumber of television channels being distributed.and c 
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Each repeater station requires the following equipment: 

$7,000transmitter and receiver (per TV channel) 
3, 800antennas and feed 
2, 000standby batteries and charger - first channel 

each add'l channc 200 
6,000tower (150', guyed) 
1, 300installation and alignment - first channel 

each add'l channel 500 

voice feedback equipment 
7, 000transmitter and receiver 
3, 800antennas and fced 

200batteries and charger 
1, 100installation and alignment 

or, in equation form, 

Cmr(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 be used in 

final destination has beenthe distribution network at the ends of branches where a 

reached and the particular city in question is not serving, simultaneously, as a 

repeater link for other cities. Nevertheless, each terminal station will have its 

video transmit counterpart somewhere upstream towards the origination station. 

to be mod-This is significant in that it allows the costs of the micro'ave system 

eled (on the low side) as the total number of stations used, whether terminal or 

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

Cms(c. N) = (1 + "rt(N))NCmr(C) 

where Cms(c, N) is the cost of the microwave system 

N is the number of cities being served by the system,
 

c is the number of TV channels being distributed.
 

q(N) is the ratio of the number of microwave repeater stations be

tween cities to the number of cities connected by the network. 

To make the cost-components of a repeater station comparable to those 

Included later on for satellite earth stations, the equipment costs of a repeater 

station were modified to reflect the costs of land (land, grading, roads, and 

towcr foundation) and maintenance. Maintenance was assumed to b: 15 per cent 

of first cost (an average figure us.d hy Pacific 	Tclephone and Tclcgraph Co.) 

and land COS(S w~ere asstInied toover a 25-year period (FITT uses 1.5.99 years) t 


be $8, 001[ (this allows for t112 fact thai not all sit(s will rcquirc lan or towers).
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The other costs incident to the design and 	implementation of the system (such 

spare parts, engineering, commercial poweras transportation, documentation, 
common to any other telecommuniconnection, etc.) were broadly assumed to be 

cations system being considered, and were not, therefore, explicitly inclu.1ed. 

to thefavyrablu to 1110 microw'0%ave(Another reason is that one comparison of 	the cost of a microwave system systemi 

on the supposition thato1 ieter
cost of a satellite system was done 

repeater stations would be required, i.e., 71(N) = 0. Thus each station
-nediate 

city to be served, similar to the placement of
would be located at or near a 

used, and support costs forsatellite system weresatellite earth stations if a 

either type of installation would be fairly 	comparable.) 

The addition of these costs to Cmr(C) gives.' 

- 1)Cmr(c) = $72, 600 + $17, 500(c 

and
 

Cms(c, N) = (1 + I(N))N($72, 600 + $17, 500(c - 1))
 

c are known in any given situation. "q(N), 	 on the other
The values of N and 

can be known accurately only after a preliminary route survey with topo
hand, 


graphic maps and path profiles has been complcled. It was sufficient fen, our
 

rough estimate of the functional dCpendencie
purposes, nowever, to derive a 

area to be


of 71 on N. A uniform distribution of cities throughout the entire 


Although not a vcry likely distribution for an actual sys
served was assumed. 


tem, it might be argued that the number of repeaters required to serve such a
 

upper bound since any departure from
as andistribution could be considered 


uniformity would allow advantage to be taken of the clustering that would appear.
 

of the N

It was further assumed that the origination station was located at one 


follows.

cities to be served. The straight-forward derivation of 71(N) is as 


miles long by W miles wide. For

Consider a region of rectangular shape L 

each city will be at the center of a smaller rectangle that 
a uniform distribution, 


1/ 2 The intercity separation

is L/N 1/ 2 miles long by W/N miles wide (see Fig. 3). 

1/2
1/2 
miles (long lin!.) or W/N miles (short link) de 
distance is thus either L/N 


or to the width

pending oa whether the direction of travel 	is parallel tothe lenglih 


cities are connected to thelir ncighbors

of the rectangle. If, insofar as Ipassible, 


using s'hort links fewer intercity repeaters will be required than with alny otlier
 

I)N 2 short

link patter. With this paittern, the network will consist of (N1/2 

links and (N1/ 2 - 1) long links. 
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In calculating the total number of intercity repeaters implied by this 

pattern, we let ti represent the average inter-repeater (hop) distance and 

D represent the distance between cities., or the link length. Because h is 

the average hop distance and not the maximum, and because of the large 

numbers of equal length links involved, a reasonable approximation for 

tile average number of repeaters per intercity link as a function of link length 

is taken to be n = (D/h - 1). This number will generally not be an integer. 

An equation for the total number of intercity repeaters, N,', may now 

be written. 

NiX= NI/. 2 (N1/ 2 - 1) x (the average number of repeaters 
in a short link) 

+ 	 (N / 2 - 1) x (the average number of repeaters 
in a long link) 

N - - 1) + (N1/2 - - 1)NI/2(N / 2 l)(W/hN 1/ 2 I)(L/hN1/ 2 

or 

(N 1/ 2 = - 1)(W/h - N1/2)/N + (N1/2 - I)(L/hN1/2 - 1)/N 

For very large N, this equation would yield a negative value for "q. To 

prevent this, -\ was defined as the larger of the valtIC given by the abovC Cqtia-. 

tion and zero. For L = 1,500 miles, W = 1,000 miles (corresponding rou-,hly 

to the size of the Rocky Mountain region), and h = 30 miles, Table I gives some 

representative 	values of N and the corresponding n. 

TABLE I 

-q(N) for representative val
ties of N 

N 

100 2.46 
250 1. 16 
500 .52 

1,000 .07 
1,140 	 .00 

10, 000 .00 
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B. Satellite System 

A satellite long-distancc transmission system consists of the following 

components: 1)a video-transmit, audio-receive up-link earth station at each 

television origination point; 2) a satellite; and 3) a vidco-receive, audio

retransmit earth station at each local receive point. (The number of local 

ceive points will generally be greater than the number of cities being served. 

In any.event, 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 subscribers ,io'further distribution is nec

essary). For simplicity, our analysis assumed that all earth 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 signal. 

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

Css(C,N)= CS(c,N) 4-Cb(c,N) + NC,(c, N) 

where 
Css(c,N) is the cost of the satellite system (in $) 

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

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

Cs(c, N) 	 is tile cost of that part of the space segment of the system 
actually used by the educaLtional system (here is an implicit 
assumption of a multipurpo.,e s'-stem and the consequent 
cost saving through sharing) (in $) 

Cb(c, N) 	 is the cost of the master video-transmit, audio-receive 
station(s) (ii $) 

C (c, N) 	 is the Cost of a video-receive, audio-transmit earth 
station (ill $) 

The earth station costs include the following: 

1)equil)m 1nt costs 

2) Site costs (,l;sumed to be -10 per cent of the antenna costs) 

3) i allastacosts (assumed t( 1)e 10 per cent (if tiation eCluiplIn, nt 
Costs) 



-8

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

5) the cost of channel separation and demodulation to baseband for each 
video clhinnel receivec. On a per-channel basis, this cost has been 
estimated to be near $1, 200, as follows. A lower )oun(d nay be 
estal)lished by looking at the function and cost of an ITFS (iostr.,c
tional television fixed service) down converter. 'The down con
verter, used with an ITlIS receive -station, does no more i n 
shift the frequency of the incomin rf signal down to the proper 
TV carrier frequency, usinlg a dohuble conver:; ion procesS, !nd 
then amplifies the result. The cost of the dowVnI conveCrteL" is .,00. 
Demodulation is not included (it, of course, is not necessa rv in 
ITFS transmissions). An upper bound may bL taken to hu $1,500. 
This is the cost of the eCquipment nee'ded at a cablelicadeni ;ite 
to prepare a TV signal, received from a mnicrowave link, for 
transmission on the cable. This $1,500 does not include dtullod
ulation either, but does include ANI modulation, frequency 1]r1ns 
lation to the proper cahile chanel, and power amplification. In
sofar as demolula tion can be considered to require equi pin t of 
lower cost than does mordulation, the comprornlise figure of $1,200 
is reasonable. 

The computer program developed here at Stanford uses extensive cost in

formation that we gathered on earth station components together with a value for 

the cost per-watt per-year of satellite rf power to calculate earth Station costs 

and configurations for the criterion of mini mum ove:rall satellite syStemlI COSt, 

Thus, if the cost per watt-of-space-segment-use increases, minimizing total 

system cost would require that the earth stations be made niore sensitive, and 

consequently, more costly so that less satellite pocwer need be used. Simii",ly, 

if only a few earth stations are to be constructed, their unit cost should bV much 

highe" than if many are needed. 

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 be incurred in providing sufficient satellite capacity to just meet these 

demands aic calculated using the costs of currently proposed satellites. Then the 

amount that must 1)e charged for a watt-year of satellite capacity is determined 

such that the present worths of tih revenue streams associated wilh each demtaid 

curve are equal to the present \vorths of the costs, respectively, of satisfying 

the demand. The range of charges runs from C/y= $15, 000 per watt-year to 
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Cw/y = $50,000 per watt-year. Cw/y is the cost to the education system of 

ona watt of satellite rf powcr 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 satellite antenna of 10' 

equivalent diameter 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 

eqations for C,nsand C developed in the last two sections. Figure 4 

gives the costs for systems that carry four video channels and Figure 5 pre

sents the costs for 12-channel systems. Each figure also inclu'jcL a plot of 

what the microwave network would cost if nr(N) = 0. This approximates tle 

case where the cities involved are not spread throughout an enti2:e 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 satellitu system is dramatically less expensive than the terrestrial 

system. In fact, providing 12 channels via the satellite is less costly than 

providing -1clhinnels with the microwave network, even though to provide 12 

channels through the satellite involves stacking the TV channels so close to

gether in frequency that adjacent channels must be transmitted on carriers 

that are cross -pola rized with respect to each other (pc-rmitting some overlap

ping occupancy of the available frequency spectrum) and the earth stations 

must be equipped with two antennas and two preamplifiers. 

In view of this cost dependency 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 education sys

tem is the Rocky Mountain region. In the eight states of this region there are 

1168 cities. There are 361 cities of greater than 2, 000 papulation and 100 cities 

of greater than 10, 000 population. An education system transmitting to this area 

would be of most use in the smaller cities where large or specialized curriculum 

aids are not readily available. Thus, mcst of tie 361 cities of g'eacter than 2, 000 

papnat ion would prolably wis:h service. This is an obvious ca-es, then, of where 

the satellite sysitem would be less exponsive. 



TABLE
 

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

N Ce(c, N) Cb(c, N) Cs(c, N) cIds(c, N) 

100 13, 277 190, '153 1,719, 027 3, 237,180 
250 11,404 244,954 1,969, 774 5, 065, 735 
500 9,437 263, 594 2, 626, 404 7, 608, 6.10 

1,000 8, 115 295,771 3, 515,082 11, 925,763 
2, 500" 6, 999 427, 823 5,101,800 23, 027, 488 
5,000 6, 459 520, 435 6, 886, 546 39, 700,528 

10, 000 6, 085 697, 998 9,391, 256 70, 93 144 

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 II, 101 293, 152 3,828,800 9, 6i 2, 456 

1,000 9, 218 400, 766 5, 044, 458 14, 663, 023 
2, 500 7, 638 492, 540 7, .130,076 27, 016, 8:32 
5,000 6, 881 623, 697 10, 014, 704 45, 045, 536 
10,000 6, 365 860, 615 13, 600, 203 78, 108, 272 

TABLE 4 

Satellite System Cost Paramcters with Cw/y $50,000 and c = 4 

N Ce(C, N) Cb(C, N) c.(c, N) Clds(c, N) 

100 34,185 258, 583 1,890, 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, 246 17, 928, 6-10 85, '166, 6.1) 



TABLE 5
 

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

N Cc(c,N) 

100 44, 205 
250 23,173 
500 24, 865 

1,000 21,722 
2, 500 19,078 
5,000 17, 832 

10, 000 16, 980 

Cb(c, N) 


328,056 

3541861 

457, 012 

506, 487 

739, 824 

9 19, 098 


1, 248, 249 


TABLE 

Cs(c, N) Clds (c, N) 

3,083, 175 7,832, 028 
5, 168, 194 12, 566, 348 
6, 227,586 19, 117, 216 
8, 287,900 30, 516, 720 

12, 093,080 60, 527, 104 
16, 257, 658 106, 335, 184 
22,008, 800 193,059, 920
 

6 

Satellite Systum Cost Purameters with Cw/y $30, 000 and c= 12 

N C (c,N) 

100 68, 250 
250 41, 094 
500 27,071 

1, (101 2.1, 318S 
2, 500 20,( 606 
5,000 18, 844 

10, 000 17, 650 

Cb(c, N) 

354,861 

460, 870 
61,1, 462 
689,948 
877, 653 

1,140, 515 
1,601, 609 

TABLE 

Cs(c,N) Cds(c,N) 

3,418,916 10, 598,739 
6,113, 468 16, 847, 920 

10,116, 378 24, 266, 196 
11,992, 616 37, 00, 112 
17, 622, 336 70, 051, 760( 

23, 679, 1;72 119, 038, 928 
31, 992, 6,10 210, 097, 520 

7 

Satellite System Cost Parameters with C $50, 000 and c = 12 

N C (c, N) Cb(c, N) 

100 81,443 450, 293 
250 41, 094 606, 186 
500 38,959 669, 417 

1,000 26,058 773, 462 
2, 500 22, 161 1,(130, 177 
5, 000 19 , 873 1,386, 1.16 

10, ( 1'11( 18, 332 1,997,533 

Cs(c,N) 

5,082, 237 

9,968,821 


10,121, 57.1 
17, 017, 98. 
23, 275, .;08 
31, 278, 336 

,12, 237, 20 1 

CIds(c,N) 

13, 676,797
 
20, 8.18, 576 
30, 270, 368 
43, 8,19, 0.10 
79, 706, 912 

132, 027, 90.1 
227, 550, 608 
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Ill. Examples of Program Capability 

Since the printouts of satellite system costs given in section 1I-B were obtainud 

some modifications of the program have been made -- mostly format, although 

some were substantive. With these modifications in force, representative cal

culations of the costs of satellite service for four Latin American countries 

were made. The program accepts as input parameters the values of the variable,; 

shown on the printouts under INPUT PARAMETERS, as well as the following 

variables. 

1. The longitude of the country's geographical center 

2. The latitude of the country's northernmost boundary 

3. The latitude of the country's southernmost bounrlary 

4. The longitude of the westqrnmost boundary 

5. The longitude of the easternmost boundary 

6. The latitude for the maximum slant range calculation 

7. The longitude for the maximum slant ran'ge calculation 

Two cases were considered for each countryl (Brazil, Peru, M,.xico, and 

Colombia). First, it was assumed that only one TV origination station would 

be provided and that it would be at the capital of the country. It would transmit 

to receive stations located at every city of 2, 000 or more inhabitants. Second, 

it was assCimed that there would be 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 carried 

for educational purposes was specified as 4. When more than one TV origina

tion station is permitted, each is assumed to he capable of transmitting two 
with tle satellite carr'in:r I maximum of 12 chlla cl-.: at any one tin . 

channels to every village (any s'izc)/ The nume11r of villages was d(2terminuc 

by looking at either the latest census of popIlation 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 cities, towns, 
above 2, 000 population. We used 1,800. 

case 2. Brazil's 1960 census of population lists 6, 535 cities, towns, 
and villages (total). There are 28 cities on the accompanying map that were 

and the numbOr of receive stations will be roundedused as origination stations, 

to 6, 500. (By way of contrast, the Hammond World Atlas lists only some 7416
 

and villages witlh only three of these having populations lowercities, tovns, 
than 1,000) 

Peru 

case 2. Peru's Anuario Estadistico Del Peru, 1966 shows 24, 908 

places of greater than 50 inhabitants. However, only 7, 909 of these have 

more than 200 inhabitants. We used the figure of 7, 950 in the program. 
for the total number of towns and villages and cities)(Ilammond lists only 363 


The number of origination stations is equal to 12.
 

case 1. Peru's AnuarioEstadistico Del PerU, 1966 lists 355 cities and 

towns larger than 2, 000 population. (llam :nond ists only 1,18) 

Mexico 

case 1. The Anua rio Estadistico 10 los Estadcs Unidos Mexica nos, 

1966-1967 has ;iine categories oi localities: ciL!aldeS;, villIas, pueblus, con

gregacioncs, haciendas y fincas, ejidos, ranchos, rancllrias, and otras. 
In running this program tihe arbitrary choice was mlade to assume 1hat the 

first three categories include all cities and lowns larger than 2, 000 popula 

tion. This number is (362 + 528 + 5,189) = 6, 079. We uscd 6, 050. 

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

Colombia 

case I. There are 193 cities and towns listed in Hammond as larger 

than 2, 000 population. 

case 2. Hammond shows 306 as the total number of cities, towns, 

and villages. There are 18 sites for origination stations. 
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BRAZIL 

Area: 3, 286,170 sq. mi. 
Population: 83,90'J, 0-k ( )900 

OA VISTA Rural 59.7 pir cent (1900) 
46.0 per cent (1980 projected))}, 
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*** BRAZIL ***
 

I,' 0 'JT PARAMETERS 
"ND AREA 3286i70 SQ MI 

" 4GLATIUGE CF CCUNTRY'S GECCRAPHICAL CENTER 
$50000.
CGST OF SATELLITE PCIER (5/mATT-YEI:R)ASSUMED 
10.0
DISCOUNT' FACTOR 

NO. UF 1V-TRASMIT/AUI)IO-RECEIVE IMASTER) STATICNS 1 

NO. OF TV-RECEIVF/AUIC-PI.NSI'IT (SLAVE) STATICNS 1800 
4NO. OF TV ClittNELS PEP MASTER STATIN 
4NO. OF TV CHMAIFLS PFIR SLAVE STAT ION 

43 013SICNAL-IO-NOISE RATIO P-CLIRED 'R TV 
43 DB-OR AUDIOSIGNAL-IC-NOIS.RATIC PECUIREG 

OUTPUT PAA/iMETERS 

MASTER SIATION 
ANI ENA: DIAMETER 49.6 FT LNIT COST $ 554768. 

o00C,0RCV, PRE-AMP: NOISE TEMP 20. CF.G K UNIT COST s 

TXMTR PWR AMP: CLIFLT Piv, 350.C W i NIbT* COS] $ 17000 
$ 96095bINITIAL Ct'IITAL COST PER STATION 
$ 1126t5PRESENTICRTH OF I FN-YEtR ANNUAL CCST StREAM 

SLAVE STATION 
ANT'f: 'tN,:," IAVFTER ll.[ FT LNII COST 1, 6466. 

KCVR PRE-AMP: NOISE TEM-P 180. LEG K UNIT CUST 1, 7000 

PRR 3C.C 1N LNIT CCSI $ 6000'TXMTR PV,'R A:.AP ObTPLT 
INITI/it. CAPITAL CCST PER STATION $ lit41 1 

PRESI't, WGRTIf Cr TE-YE#i ANN'LAL COST STREA. $ 25337 

SATELLITE 2f 
FTSA1LLLITE ANTErNA N-S CIMAETER 4-5 

-0.0SAIELI. 1IE ANTr NA E-' D A'vE TER 4,'Z' FT 

MAXI!'-J 1 SLANT EFAfCERIPANSMISSI0ON 23001.7 M{ 
17.13 14POWER CHARGED P'7 TV CHA1NNEL 
4i572 WPOWER tC'HARGED P.'R AUDIO CHANNEL 0.01. 

TOTAL CCST PER Y-tR CF SATELLITE PlWER $ 3519270 

PRESENXT viORT11 CF !E,,-YEAP ANNUAL CCST STREAM $ 21622384 

16280752.TOTAL INITIAL CAPITAL C.ST 

(NOT INCLUDIr\' SATELt.ITE COSTSI
 

PRESFNT WTH OF TM'AI.-SYSTEI' IEN-YEAR CLST $ 69342720. 

ANNUAL CCST 1: TOTAI. SYSTIFM PEP SLAVE STATION $ 6241. 

ANNUAL COST OF TOTAI. SYSIEM FJ. SLAVE STATICN PER TV CI-ANNEL $ 1560. 



- J/k" 

BRAZIL (CCNCT) 

LINK CALCULATILNS 

TV UP-LINK 2.5 GHZ)
 
OUTPUT P.R PER CHANI'E. CF MASTER STATION PWR AMP 
MASTER STATION ANTENNA GAIN 

PATH LOSS 
SAIELLIT[. ANTENNA GAIN 
EQUIVALCINT INPUT NCLSE PR DENi'SITY AT SAT. RCVR 

NOISE eAbA,;WIDTH (25.1 M-Z) 


UP-LINK CNR 


'TV DGWr-LIt.K ( 2.5 GFZ)
 
CUTPLT PuWER OF SAI[:LLITE TPfhNSPONCER 


SATELLITE ANTENNA GAIN 
PATH LCSS 
SLAVE STATICN ANTE!I',A Co.N 

E,,)UIVALFIT INPUT NUISE PWR CENSITY AT SLAVE STATICN RCVR 

NOISE FANDviIDTH 

DOWN-LINK CNR 


TV TOTAL CNR 
TV TOTAL ShR ((2 /2F)- 1)t¢ 2) tC/N) { !/H :KP) 

WHERE f3= RF BANDWII-; F = t;IIIF.ST ,ASr-BAND FR 'QULNCY; 

C/N = TV TCTAL. CNR; KP = A fCISE ULEIG-TIN . ftACTUk 

AUDIO UP-LINK ( 2.5 Cp-i) 
STA. FWR. ,AMP.CUTPLT Pri_.;.. I' C-,",,,,L AT SLAVE 


SLAVE. STATI)N ANIENNA GAIN 


PATH LCSS 

SATELLITE ATErNA GAIN 
EOUIVALET INPUT NdISE PWR CENS IIY Al SAT. RCVR 

NOISE EANi)WIDTI (0.100 MhZ) 

UP-L INK CN1R 

BACK-CFF CF SATELLITE TPtNSPCfDEPR 

TNT
CNR FRCM INTERMiODULATICN IN SATELLIE 

AUDIO fDCWN-LIPK ( 2.5 CI-Z)
 

OUTPUT PWR PEIR CFANNEL T SAT. TRANSPCNCER 


SAI LI.LIE ANIEN A GAIN 

PATH LCSS 

IMASIER SiAIION ANTENNA CAN 

INPUT NOISE PAR 1ENSIIY AT VASTER STA.RCVREQLJIVALL.,T 
NOISE PAND,.IDT. 


1)iR
DOwN-L. INK CrR 

AL,01C ICT Al. CNR 
2 1-, s:{*IhI 

10- A \ i. .' f"C , I,ATI 0 U A
gL,)I t 1.J I tL S.' " {( (I ( ,I.?F )_I),:.2.(.i C., , . I) 

'-_lE. r'\ l" IS I F : I A:'-l -A 

SI kL;L.E VCICE SICNAL ; CT-FR I A'I S AS ICVF 

923.4 ID 
q9.4 DB
 

-191.6 DB 
27.6 Dik 

17.6 DB 
-74.0 )B
 

31.4 Gil 

12.3 Dil
 

2..6 
-19 .8 

36.9 
2U5.C 
- 74. () 

1.3.1. 

13.0 D11
 
4=6* DR
42.9 


13.8 l)r
 
j .rj t 

-I 1.i[ 
24.6 DP 

19o. 6 )P 
-50.O DI. 

30.1 DB
 

10.0 IiB 
16.9 DIl 

D 
l
 

DR 
Dt0
 
Db
 

13 b 

-29.0 

24.0 


-191.4, 
4N9.4 
_12.1 

-30.0 


15.*.4 


13. ) 

, .1 

DIR
 
('11 
DIk
 

Dfl
 
)13
 

L)!k 

l 

http:t;IIIF.ST


*'* BRAZIL It-* 

"PUT PARAMETERS
 
LAND AREA 
 3286170 SO MI 
LATIrTUDE OF C{.114 fRY'S GEOGRAPHICAL CENTER -* t, DEG 
ASSUML U COS: (F- SAI LL rE PUNLRI W ATT-YEAR) 50000. 

,DISCJUNIt,' IAcl 10.0% 
NO. OF IV- I-,AKt-I /AtDiiO-RECEIVE (MASTER) STATIONS 28 
NO. (t TV-I'L(A I \'E/AtDI0I-TRANSMI, (.SLAVE) STATIUNS 6500 
NJ. If IV (I ,ktLLS P1 N MASTER STATIJN 2 

,NO. _J I V C'Awtr~iLS PERP SLAVE S'ATI0:4 12 
SIGNOAL-TU-I WIL RATIO RQfUIRNED [OR TV 43 0B 
S1(,'IAL-ILJ-( Sf AI REQUI RED IUR AUDIO 43 OB 

OU PU PAAME It S 

MASTER STAT 1(1N
ANILrN;,: DIAMETER- 45.4 FT UNIT COST 5 526790. 
RCVR PPLF--AMP: NOISE IEM P 2C2., DEG UNIT COST 1K 80000 
TxlMiR pl.i A0U: OUTPUT P v"R 350.0 N UNI T COST S 17[)00 
INIVIAL. CA' IIAL COST PE-RN SI, iATJ 1,, 610i302 
PRLSU NI Nitmil Of' 1LN-YEAR AN.NUAL COST STREAkl , 1313421 

SLAVE S ATI , 
AflNI A: DIAMETER 12.0 FT UNIT1 COST , 2606. 
R(.VH POF-hIP: NOISE TEMP jJO DEL; K UNIT COST , 7000 
lxMt* N 'K AMP OUTPUT 30.0 W UIT COST 6 000 

, I IAL C(AP'I fAL CGJSi PER STA 111' ,2 1. 
Pkf S I wu,.Ui H h- I iL.- 'TA' AM UAL CJSI SIREAM 3 5"i' . 

SAT ELLI I l 
SATFULI I ANTENNA N-S )IAIIETER 43 FT 
SATF I I F AN FIKWNA F-6, l-NITI i 4.'Z- -0.0 FT 
MAX I MUM S.LANT RANGE UR 1 RANSISSIUN 23001.7 MI1 
P ,,-N CHAGttL- PER TV CHANNLL 16It 48 1 
P W' 1 N CIIARt;t1,0 PEFR AUDIO CiHANN!EL O,14 9 6O W 
1I1AL COS1 PLl Y:AR OF SATELLIIE POWEk $ .20O0186 
PR SENT 'URI OF TEN-YEAR ANNUAL COST S REAM $ 74957920 

TOTAL INITIAL CAPI TAL COST 80262352. 
(NOT INCLUDING SATELLITE COSTS) 

PRIESENI WORTH OF TOTAL-SYSTEM TEN-YEAR COST $ 344055296..
 
ANNUAL COS1 O1F TOTAL SYSTEM PER SLAVE STATION $ 8575.
 
ANNUAL COSI OF TOTAL SYSTEM PER SLAVE SIATION PER TV' CHANNEL $ 715



BRAZIL (CONTI
 

LINK CALCULATIONS
 

TV UP-LINK 1 2.5 GHZ) 
OUTPUT PWR PER CHAN4NEL OF ,MASTER' STATION PWR AMP 24.2 D8 
MASTER STATIUN ANTENNA GAIN 48.6 0B 
PATH LOSS -191.6 DB 
SATELLITE ANTENNA GAIN 27.6 DB 
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 196.6 DB 
NOSE BANDWIDTH (25.1 MHZ) -71,.0 DB 

UP-LINK CNR 31.4 DB
 

TV DOWN-LINK 1 2.5 GHZ) 
OUTPUT POWER OF SATELLITE TRANSPONDER 12.6 DB 
SATELLITE ANTENNA GAIN 24,.6 DB 
PATH LOSS -191.,8 DB 
SLAVE STATIUN ANTLNNA GAIN 3o.6 DII 
EQUIVALENT lNPUT NOISE PWR DENSITY AT SLAVE STATION RCVR 205,0 DB 
NO SE t3AN WOTH -74.0 08 

DOWN-LINK CNR 13.1 D[' 

TV TOTAL CNR 13.0 DB
 
TV TOTAL SNR (=6*(((B/2F)-1|*4'2*(C/N) (B/F*KP) 42.9 DB 

WHERE B = RF BANDWIDTH; F = HIGHEST bASEBAND fPFQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE iEIGHTlNG FACTIOR 

AUDIO UP-LINK ( 2.5 GHZ) 
OUTPUT PO;ER PER CIA;,NEL AT SLAVE STA. 'WR. AMPo 13.0 DB 

SLAVE STATION ANTEl!'A GAIN 366 Dli 

PAIi LOSS -19i. DP 
SATELLITE ANTENNA GAIN 24.6 DB
 
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR •19(s.6 Dl.
 
NOISE BANDWIDTH (0.1.00 MHZ) -50.0 DB
 

UP-LINK CNR 29.8 08
 

BACK-OFF OF SATELLITE TRANSPONDER 10.0 DB
 
CNR FROM INTERMODULATION IN SATELLITE TWT 16.9 D8
 

AUDIO DOWN-LINK 1 2.5 GHZ) 
OUTPUT P~wR PER CHANNEL AT SAT. TRANSPONDER -28.3 DB 
SATELLITE ANTENNA GAIN 24.6 D3 

PATH LOSS -191.6 DB 
MASTER STATION ANTENNA GAIN 48.6 DB 
EQUIVALENT INPUT NOISE PWR DENSITY AT MASTER STA.RCVR 212.). DR3 
NOISE BAND';IDTH -50.0 D11 

DOWN-LINK CNR 15.4 D8 

AUDIO TOTAL CNR 13.0 DB 
AUDIO TOTAL SNR =3Dc( C(B2Fi) :)2h:C/NL(II/Ei1 L/KP' ) ),3.b e DiR 

WHERE KP' IS THE PLA K-TIO-AVERAGE PJ,;I-', ATII0 FOR A 

SINGLL VOILE SIGNAL; OTHER IARA'ETE;S AS ABOVE. 
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LIMA 
*HUANCAYO 

Cuzco 

ICA 

AREQUIPA 

h.zPE R U 
Area: 513,{K)0sq.mi. X 

Populalion: 11, 649, 600 (1966 est.) . .;'I"ACNA 
Rurl ,.."S p.) .,t (IcI I) 

•1",. I),'C(:U ;J I) 'uJccl L:()2 (I' 



*m* PERU *
 

I1 T PARAMETFIRS 
MNC AREA 1lS®u So MI 

LATITUDE CGF COUNTRYIS GECCPAPHICAL CENTER -9.0 DEG 
ASSUMED COST OF SATELLITE P(ThER (S/WATT-YEAR) $5000 . 
DISCCU.NT FACTnR 10. 010 
NO. OF TV-TRAN'SM!T/LDIC-RFCFIVE (PASTER) STATICNS I 
NC. OF TV-i CEIV-/AU2EO-TRAN.M[T (SLAVE) SIATICNS 355 
NO. OF TV CHANNELS PER fvASTFR STATICN 4 
NCI. OF TV CHAtNELS PER SlAVE STATICN t 

SIGNAL-TG-;NLISE RAI 1r Rl 1II:ED FOR TV 43 DII 
SI.GNAL-TO-k.OISE ;RAIiO RECUIRED FCR AUDIO 43 DB 

iOUTPUT PARAMETERS 

MASIER STATION 
AN1 FI.NA: DIAMETER 24.2 FT LNI1 COST $ 47,2. 
RCV k PA E-A."P NOISE TE.' 40. EEG K UNIT COSI $ 40000 

TX,'.II' Pv,'R A'."P: CUTPUT Ilt.IR ICC.0 W LNIT CCS1 $ 10000 
INl IT.L C/,PI1AL CCST PER STAI HIAN $ 10 559 
PRESEN1 WORTH OF IEN-YEtR ANNUAL CCST STREAM $ 36174 

SLAVE STAT ION 
Ar\NE r\A: CI AVETER 12.0 FT UtI r COST $ 26C,. 
RCVR I --A*iP: NOISE TEMP 180. D0u K UNII GOST $ 70:)0 
TXMT R A*P, OUTPLT 5.0 W LNI T C SI $ 2000A.'.:P PMk 
liITIAL ChPlI",L CCST FER STATION $ 1157d 
PRf.SF-.I WURTH1I OF IEN-YEAR Ar:NUAL CCS1 SIREAM $7 

SATE:LLfI E 
SATE Lt. I TE ANI Er.kA N-S DI A'ETER 9.0 -V', FT 
SATELL [IF AN IL-1-*JA E- . D1 A, .ETER u5 -0.0 F:T 
PlAXI L .i:1 SLA-,T PAi\ E FCR TPANSVISSI -N 2251*2.4 1T 
PO,WER, CHARG:D PiRf TV CHANNEL 3.12 W 
PCi, ER CHARGED PER AUECIO CL-ANNEL 0.0136,M6 iW 
TOTAL COST PER YFAR CF ShAIELLITF PHWER $ 46/.,'c 6 
PRESI-NT WO<TIi CF TEN-YEAR ANNUAL COST STREAM $ 3)i'c.7 

TOTAL INIIIAL CPPITAL CCST $ 25b7055. 
(NOT INCLUDING SATELLITE COSTS) 

PRESENT V,f.RTH CF 1OTfL-SYSTEM TEN-YEAR CCST $ 11 C70911. 
ANNUAL COST OF TOTAL '_Y_4-EM PEP SLAVE STATIEN $ 5052. 
ANNUAL CCSi" OF TOTAL SYSYEM PER SLAVE STAT ION PU, V CHANNEL $ 1263. 

http:DISCCU.NT


PERU (Ccc\' r
 

CALCULAT[.(NS
 

TV UP-LINP. 1 2.5 G6ibM 
f]UTPUi P'.R PER ('Ai,NEL F iVASTER SIATILN PWR AMP 1.0 DD 
,,ASTL; SI ATIUN A ,TENi:NA CAIiN 43.2 DR 
PAIH LC.SS - i').[.5 D[
SAT 	[:I.L ![ ANTENN4A GAl N .55-2 013
 
Ec!UIVAL!['t, INPur C,ISF PrnR CENSITY AT SAT. RCVR 196.6 oil 
NI - PA:NDWIDTIi (25.1 1 fZ01 -74.0 Oil 

UP-LINK CNR 
 27.4. DO
 

TIV D0LNN-L.1. K 1 2.5 G-/)
 
OUT PUT P0,.,FR (IF SA 1!LL ITE TP.ANSPONDER 
 4.9 D13
 
SA L I.ITf- ANTLi\ A G_,I .32.2 I. 
PATH LSS -19 1 .6 GB 
SLAVI1 S AT I N I,'\ fE;i\'A CAIN 3o.6 13 
E'JUI VAL1.iT I N)UI NC[S F PW.4 OL.SITY PT SLAVE STAT ICNf RCVR 205.0 OB 
iNLJ ISL I A.;L'; I(C IH -7q.0 OB 

DOWN-L I NK CNR 13.2 DO 

TV 	 TGTAL CR. 13.0 DR 
rV 	 IUTAL SNR (=64 ((P/2F)- ),::*2) :(C/N) .,(E/FI*KP) 42.9 DB 

WIIERC R 'I )IF; = ;HESizAF F i .t.SF.iAN[ FPi .(U[ICY; 
C/N L TV TfOF/.I. CNR ; KP A KGISE ,EI3HTIPC FACTCR 

AUD.). UP-I. NK ( 2.5 C- Z) 
OUTPLT !' f PEq C[',NtEL SLAVE P P.:2 Al STA. 4,R 6.0 D 
SLAVE SIA]ICN ANTFNA CAIN 36.6 DO
PATI LCSS -191.6 0B 
SAIi-LLII .t GAI NA\TEtNA 32.2 D3 
E~U I VAL f-,.I INPUT NCISF PhR DENSITY AT SAT. RCVR 1'T6.6 DOB 
NOISE FA; ICIH (0.1.00 MIFZIJ -50.0 DR 

UP-LINK CNR 
 29.8 DO
 

BACK-OF-F GF SATELL ITE TRANSPCNDER 10.0 DO
 
CNR FRGM iNTERMUOLLATICt, IN SATELLITE TWT 
 16.9 DO 

AUDIW DOWN-L INK 1 2.5 GHZ) 
CUIPUT Pr'P PER CFANNEL AT SAT. TRANSPONCER -26.6 DR

SATI:LLITE ATENC 'A GAIN 32.2 DOB
 
PATH LCSS 
 -191.5 GB
 
MASTER SIATION NTEt-NA CAIN 
 43.2 DB
 
EQUIVALLNI 
 INPUT NCISF P ,R CENSITY AT P'ASTER STA.RCVR 210.3 D3 
NOISE EbANiJDiIDIH -50.0 DR
 

DoWN-LINK CNR 
 15.4 DO
 

UL)If10 UTAL CNR 
 13.0 Df 
AULJI(0 UTAL SNR ( t'3t(((B/2f}-I* 2)*(C/N\) ;C/F}t(I/KPJJ .#3.5 DU 

i-itkL KP IS THE PL-AK-TG-AVERAF. PC .4 R, IC FC A 
SIN(,I.& VCICE SIw.NAL; CTC[" PA -A., HIRS PS AHOVE 
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*~* PERU ' 

T PARAMLTERS 
,AND APF,\ 1150u SON MI 

LATITUDE CF CCUNTRY'S GECCR/IPI-IC4L CENTER -9.0 [)(:G 
ASSUMED COST OF SATELLITE PC ,ER ($/, ATI-YEAR) $50000. 
D!SCCUNI FACTOR 10 .0'; 
NO. OF TV-TRANS;IT/ALOIC-9FCEIVE (VASTER) STATICNS 12 
NO. OF TV-t),FCEIVE/AUDIC-TPANS'IIT (SLAVE) S1ATICNS 7950 

NO. OF TV CHA .NEIS FEP Vi'SIFR STATIWI 2 
NU. IJF TV CHAr,NELS P.P SIAVE ST\IILN 12 
SIGNAL-TO-NLiISE RATIO RE,,UIREI1 F TV 43 DIl 

43 n
SIGNAL-TO-NOISE RAHIC PECLIRED FOR AUCIC 


OUTPUI PARAMETERS
 

MASTER STATION 
ANTENNA: DIAMETER 39. 6 FT U,',NIT COSI $ 145430. 
RCV, PkE-AMIP: NCISE TEMP 40. CEG K UNIT COSt $ OOO0 

TXIM R Pl,,R AMP: OUTIPLT P".R 3C.C W LNIT COSI $ 6000 

INITIAL CAPITAL CCST PER STAr ION $ ILJ60 
PRESENT WORTH CF TEN-YEkR ANNLAL CCSI STREAM $ 3L3866 

SLAVE STATION
 
ANTENNA: CItMETER 10.8 FT UrjI r coS r175.s 
RCVR PRF-AMP: NOISE TE*U' 320. DEG K UNIT COST s 1000 

TX.VTR PWR AMP CUTPUT PWR 5.0 W LNI T COST s 2000 
INIrIAL CAPITAL CCST FER STATW[N 17091 
PRESENT WORTH 01- TFN-VE.I ANNUAL CCST STREAM $ 191/I'( 

SATELLIIE 
SATELLITE ANTENNA N-S DIAIVETER C,0 *,'4 FT 
SATELLITE NT E, A E-t,, 0IA!-ElER i1.,5' -0.0 FT 

MAXI VUM SLANT PAINC E FCR TRPS VISS ICN 22532.4 MI 
POWFER CHARGED PER TV CHANNEL 6.55 W 

PCWER CHARGED PEP AU [O CFANNEL 0.O05548C W 

TOTAL COST PER YFAR CF SATELLITE POWER $ 4463622 

PRESENT WORTH OF TEN-YEAR ANNUAL CCS1 STREAM $ 27424480 

$ 23795872.
TOTAL INITIAL CAPITAL CCST 

(NUT INCLUDING SATELLITE CCSTS)
 

PRES3ENT vORITI OF TCTAL-SYSTFi' TEN-YEAR COST $ 184375936. 

ANNUAL CCST OF TOTAL SYSTEM PER SLAVE STATICN $ 3757. 

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



P IU (CON ' T)
 

INK CALCULATIUNS
 

FV UP-I I K ( 2.5 Ch.) 
JUTPUT l' -'. PR ChI'.NNEL CF MASTER STATIC,\ PVWR AMP 13.5 DB 

1AST E, STATION tt,rr-mNA GAIN 41.5 DB 
-191.5 D6PAIH LESS 

SATELLIIF ANTE(T.hA GAIN 35.2 DB 

C U IV A. (_'I INPU I NC 1SF PWR CISITY AT SAT. lCVR 1. 6.6 013 

NOISE ! 'PAOWIITH (25.1 iVFZ -74.0 0 

27.2 DBLIP-LINK (N.R 

T 00-aN-t. If, K ( 2.5 GH-Z) 

OUTPUT It'.ER OF SAIC LLI FE TRANSPONDER 8.2 0B 
SAIELLIIi. ANTENNA CAIN 32.2 D8 

-191.6 DBPATH I.tGSS 
SLAVE STATIrN ANTINA CA IN 35.7 013' 
EQUIVALLEIN:'r ;,;LISE PWR CFNSITY AT SLAVE STArICN RCVR 202.7 DB 
NJ SI .'AfD'. 10 IlI -74.0 0B 

13.2 DBODWN-LINK CNR 

TV TOTAL CNR 13.0 DB 
[V TOTAL SNR (=64(E/2F-'1)42) '(C/N)4(B/F) KP) 42.9 D 

wHI-kE B = RF BAr, F);ICT-; F = IIIGI-EST B'SHFBAN'C F.EQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE tFIGHTNG FACTOR 

AUDIO UP-L I NK ( 2.5 (;HZ) 
(;OIPUI PL-N'tR PEP C1,\,NUL AT SLAVE SIA. FlR. APP. b.0 08 

Si.AV: STATION A..r':A CMN 35.7 DR 
PATH LOSS -191.6 08 

32.2 OBSATELLITE ANTENNA GAIN 
,U IVAL.ECT INPUT NCISF PWR CENSITY AT SAT. RCVR 196.6 D8 

N)I SE 13t,N0v10TH (o. 10C MhZ -56.0 0B 

UP-LINK CNR 28.9 08 

BACK-OF,': OF SATELLITE TRANSFCNDER 1l.0 08 

CNR FRICM iNTERMODULAT ION IN SATELLI TE ThT 18.0 DB 

AUDIO DOAN-LINK ( 2.5 GhZ) 
OUTPUT PWR PER CHANNEL AT SAT. TRANSPCNDER -33.6 0B 

SATELLITE ANTENNA G.IN 32.2 DB 
-191.5 DBPATH LOSS 


MASTER SIATION ANTFNNA GAIN 47.5 0B 

EJUIVAL.E'NT INPUT NCISE PWR .[NSITY AT WASTER STA.RCVR 210.3 DR 
NO SE VANOW 1IOTH -50.0 DB 

COvqN-LIIK CNR 14.8 DB 

13.0 D
AWDIO TOTAL CNR 

,UDIkJ TJIAL SNR I 3'( {J 2F - }'/)( IKPI I )' I )} dt3 . 5 DB 

WHERE KP' IS THE FF,.K-TO-AVERAGr. POW[R RATIO) FOF A
 
SINGLE V(JICE SIGNAL; CIHEF rArAC'iEFS PS AUCVC
 

http:ANTE(T.hA


T " .N'.NA 

.- - .!EXICA LI 

,=JCUIDAD JUAREZ 

, HERMOSILLO 

*CHIHUAHUA 
"NUEVO LAREDO 

TORREON 
MONTERREY 
, 

'- MATAMOROS 

SSALTILIO 

*DURANGO 

GUADALAJTAAMEXIC 

AGUAS S\LIENTES SA EN.TMIO*MERIDA 

IMORELIA 
,
* 

CITY 
CT 

TOLUCA yERACRUZ LIAVE. 

ME ICO " - . 
PUEBLA "'V~

' 

Area: 769.373 sq.ni. 
PF'ulation: 45, 671, 000 (1967) 
R:'al 43.1 r cent (1967) "

2~3 p-2 r ccnt (19 80 projected) 
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**~ MEXICO ,: 

NPUT PAtRAMETERS 
760373 SQ MILAND AREA 

24.0 DEGLATIHUDE OF CCUNT'YIS GEOGRAPHICAL CENTER 
ASSUIED COST UF SATELL[TE POhER (S/WATT-YEAR) f500OO. 

10.0CRDISCUUNT FAC-, 
NO. OF TV-IRAr, SMII/AUDIO-RECEIVE ( MASTER) STATIONS I 
NO. 01: TV-RECLIVE/,'UUiU-TRANSM!T (SLAVE) STATIONS 6050 

4NO. OF TV CHAN:NELS PER MASTER STATION 
4NO. OF TV CHAl'.NLLS PLR SLAVE STATJION 

S1C;NAL-O-fJOISE KAiIU REQUIRED FOR' TV 43 DB 
43 DBSIGNAL-TU-NLISL RATIO REQUIRED FOR AUDIO 

OUTPUT PARAMIETERS 

MASTER STATIGN
 
ANIENNA: DIAM4ETER 51.1 FT UNIT COST $ 566922. 
RCVR PRE-AMIP: NOISE TEMP 20. DEG K UNIT COSY $ 80000 
TXMTR PvtR AiP: OUTPUT PWR [00.0 W UNIT COIST $ 10000 
INITIAL CAPITAL COST PER STATION $ 965415 
PRESLNT i;OR1 H O TEN-YEAR ANNUAL COST STREAM $ 2011519 

SLAVE STATION 
ANTENNA: IAMETER 10. FT UNIT COST $ 1472o 
RCVR PRE-AMI,: NOISE T:tP 320. OLG K UNIT COST $ 1000 
TXMIR Pa;R1 Ai.P OUTPUT PwR 10.0. UNIT COST $ 3500 
INI YIAL CAPI I'L CO0ST 1'ER STAT I,(5.I $ 7286 
PRESENT ',OR1U. OF TEN-YEAR ANN'UAL COST STREAM $ 9211 

SATELLITE 
SATELLITE A",ENNA N-S DIAMETER " FT 
SAT ELII L ANf CNNA F-. DIA,..METER -0.0 FT 
MAXIMLIM SLAJ' I ifR 23166.1 M!.,ANCE TRANSMISSION 
POWERLtCHAi-uLJ) PER TV ChANNLL 12.31 W 
PO;ER C-AGE I) PER AUDIO CHANNEL 0.001346s V1 
TUTAL" CGST PER YEAR. OF SATELLITE POWER $ 2667778 
PRESENT NORTh OF IE"-YEAR ANNUAL CUST STREAM $ 16390825 

TOTAL [NII[AL CAPITAl. COST $ 16010013. 
(NOI INCLUDING SAIELLITF COSTS) 

PRLSENT -. UORTH O: iOTAL-SYSTEM 7EN-YEAR COST $ 74227984. 
ANNUAL COST OF TUIAL SYSTEM PER SLAVE STATION s 1983. 
ANNUAL LJST OF TOTAL SYSTEM PER SLAVE STATION PCR TV CHANNEL $ 497. 



MEXICO (CON'T)
 

L:NK CALCULAT IONS
 

TV UP-LINK 1 2.5 GHZ) 
OUTPUT PWR PER CHANNEL OF MASTER STATION PWR AMP 18.0 DB 
MASTER STATION ANTENNA GAIN 49.6 DB
 

-191.7 DB
PATH LOSS 

32.4 DBSATELLITE ANTENNA GAIN 

EQUIVALENT INPUT NOISE Pl.,R DENSITY AT SAT. RCVR 	 196.6 DB 
-74.0 DBNOISE BANVWIDTH (25.1 MHZ) 


31.0 DB
UP-LINK CNR 


TV DO6N-LINK ( 2.5 GHZ) 
OUTPUT (OiER OF SATELLITE TRANSPONDER 11.1 DB 

29.4 DBSATELLITE ANTENNA GA.N 
-191.8 DOPATH LOSS 

35.7 DB
SLAVE SIATlION ANTENNA GAIN 
NOISE PWR DENSITY AT SLAVE STATICN RCVR 202 DOEQUIVALENT INPUT 


-74.0 Db
NOISE dANDWIDTH 


DOWN-LINK CNR 	 13.1 DO
 

13.0 DB
TV TOTAL. CNR 

42.9 DBTV TOTAL SNR (=6{({(B/2F)-I)**2)*(C/N)*(B/FVtKP) 

WHERE B = RF BANDIDTH; F = HIGHEST BASE.AND FREQUENCY; 
C/N = TV TUTAL CNR; KP = A NOISE WEIGHTING FACTOR 

AUDIO UP-LINK ( 2.5 GHZ) 

OUTPUT PU;EtR PEk CHANNEL AT SLAVE STA. PWR. AM,;P. 9.0 DB 
35fl7 DBSLAVE SVATI UN ANTLi'JA GAIN 

-1'108 L) BPATH LOSS 

29.4 DBSATELLIE ANTENNA GAIN 


196.6 DB
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 

-50,.0 DBNUISE iANDWiDTIH 0.100 MHZ) 

UP-LINK CNR 	 28.9 DO 

11.0 DBBACK-OFF OF SATELLITE TRANSPONDER 
18.0 DBCNR FROM INTERMUDULATION IN SATELLITE TWT 

AUDIO DOWN-LINiK 1 2.5 GHZ) 
OUTPUI PlR PER CHANNEL AT SAT. TRANSPONDER -34.6 DB 

29.I- DOSATELLITLE ANTENNA GAIN 
-191.7 DB
PATH LOSS 


49.6 DOB
MASTER STATION ANTFNNA GAIN 
EQUIVALENI INPUT NOISE PWR DENSITY AT MASTER STA.RCVR, 212.1 DB 

-50.0 DBNUISE BANDIU)TH 

T. 8 5.BDOWN-II,,NK CNR 

13.0 oIAUDIO TOTAL CNR 
C ) 	 I ,.I./Kr ' })I{.ilAUL1b I "/ _. )....II :,? ). .IC I '),I.( / 4 ..5 u, 

NILikL k!" I S 111L i'tK-i O-A\'I',. l. P[(;CF' RATIO] 'OR A 

SI N'GLI: VOILE SI ;NAL; OliL.k I'ARAMLIERIS AS ABOVE 
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-** t.EX iCO * 

0JTPARAMETERS 
LAN) ,RLA 700.373 SQ MI 
LATITUII "F CCUNTRY'S GEOGRAPHICAl. CFNTER 24.0 DEG 
ASSU.''FI) CrST OF SATELL ITF POWER (i,/WATT-YEAR) $50000. 
DI SCOUNT FACTOR 10.0% 
NO. OF IV-TRANSMIT/AUOfIO-Pf:CEIVE (VASTER) STATICNS 22 
KO0. OF IV-RECEIVF/ArJDIC;-IRtANSMIT (SLAVE) STATIONS 11000 
NO. IF TV CHANNir-.IS PER YtSTEP STATICN 2 
Nr). OF TV CINAN'.:[LS PrU SLAVE STATION 12 
SIGNAL-TO-NOISE RATIC FECUIRFE FOR TV 43 DB 
SIGNAL-TO-NOI SE PAT IlU PECUIRE) FCR AUDIC 43 DB 

OUTPLT PARAMETERS 

MASTER SIATIIN 
ANIENNA: CIAPETER' 4A .7 FT UNIT COST $ 5230'15. 
RCVR PRE-AP: NOISE TEMP 20. DEG K UNIT CCST $ 80000 
TXt.'fP, P, AMP: OUTPUT PvWR ic.0 W LNIT COST $ 3500 
INIIIAL CAPITAL CCST FER STAT ICN $ 596386 
PIr:SENT Wo.RTI- OF TFN-YEAR ANNLAL COSI STREA14 $ 1274759 

SLAVE STAT ICN 
AITEI'NI.A: CIAt,'FTER 1.0.7 FT UNIT COST $ 1400. 
RlCV, PI'F-AMP: NOISF TEMP 320. DFG K UNIT COSI $ 1000 
TXi'iT Pik A!,P GLTPLI Pl., 5.0 W UNIT COST $ 2C0C 
1Nil IAI. CAP ITAL COST PFP STATICN $ 1693. 
PRESENI WC-TH OF1 TEN-YE .R AN.UAL COST STREAM $ 19L65 

SATELL ITE 
SAlEI.Ll1 E Ar IL.NA N-S DIAt-'FTER 9.6 FT 
SATELL 1 ANTrttA F-%, OIAY-TER 5.7 FT 
MAXI, %UN SLA NT IA;,tE -*R IRANS.I[SS JON 2316b. 1 MI 
POWER CIARGED PU' lV CI-iANNEL 13.27 W 
POW EfI CHARGE PF: AUCIC CH.NNEl. 0.00o566 
T(JTAL COST PER YFAR OF SATEIL IT(.* P-.',C!=.R $ iiB.;A.034 
F'SNET" wOrT iF TrN-YEAR ANNUAL COST STRFAM $ 511276280 

TUTAL INITIAL CAPITAL CCST $ 41007328. 
(NOT INCLuOING SAlMELLI F. COISTS) 

PRESENT t,ORTHt OF TOTAL-SYSTE," TEN-YEAR COST $ 289843712. 
ANJUAL COST OF TOTAL SYSTEIM PER SLAVE STATICN to 4269. 
ANNUAL CCST OF TOTAL SYSTE; PER SLAVE S!AT IN PER TV ChA"'N,,EL $ 356. 
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VEXICO (CCN'T)
 

LINK CALCULA7IONS 

TV UP-LI NK ( 6.0 GHZ) 
8.7 DBOUTPUT ft,'R PER CHANNEL CF MASTER SIAI LUN VWK AfP 

56.1 DR
MASTER STAT ICN ANTENNA GAIN 
-Ili(.3 D[BPATH LOSS 

40.0 OR
SATELLITE ANTEN.NA AAIN 
AT SAT. RCVR 19).6 DBE0UIVAL-N T INPUT NCI 1SF PWP IENS ITY 

--71,.0 D
NOISE [-ANOWIDTH (25. 1 VhZ) 

28.2 DB

UP-LINK CNR 


TV DOwN-LINK ( 2.5 GHZ)
 
11.2 DBOF SATELLITE TQANSPONDFRCUTPUT PheR 
29.4 DBSATELLITF ANTEV.NA CG1N 

-191.8 DB 
PATH LCSS 


35.6 DB 
SLAVE STAT CN ANTENNA GAIN 

,Oa7 DB

EQUIVALFNT IJPUI INCISF PW- DENSITY AT SLAVE STAT [CN RCVR 

-74.0 DB
N0iIS E,NDW 10TH 

13.1 D0
DOWN-LINK CNR 

13.0 DB

TV TOTAL CNR 
TV TOIAL SNP I=6(6((/2F)-)2."2)(C/N4)( I/F'KP) 42.9 DR 

!!ASEEANL FQI-lUENCY;WHERE B = RF BAt,.,I, IDTH; F HIGHEST 

TV TTAL CNR; KP - A NIIISF- EIGHrT!NG F ACTkr
C/N = 


AU91l) UP-LINK C6.0 c;HZ)
 
6.0 OC


I0J1 PUT P'je.C P t'E Ci Alh'J: L Al SLAVE SIA, PI,). AM"P. 
43.2 D5

SLAVE SlAiP Ch, A,, .r'i' HNA CAIN 
-19(. Dill 

PAItI LOSS 
37.0 0B

SAI ELL ITE ANTFt ;A GAIN 
196, 6 Di

EQLJVALENT INPUT NC ISE FW. 1:FNS ITY AT SAT RCVR 
-5,u.0 Di

NO.ISE , IDIH (O. LOC ,v'HZ) 

33.4 DB
UP-LINK CNR 

10.0 DB
BACK-Of UF SATELLITE TRANSPCNDFR 

16.9 DR
Cf\R FRC;M INTFP1.Di.JLATI(N IN SATELLITE TV',T 


AUDI1 D.v, N\-LI 1 K 1 2.2 GHZ)
 
-31. 8 DBCFAI"h4EL AT SAT. TRANSFCNDEROUTPUT PeP PER 

28.3 I)B
SATI:LLIT ANrEN,\A GAIN 

- 19 .6 DBi
PAIH t.CSS 

4. /W
AIASlER STATION ANTE:1'..A GAIN 

AT MASTER STARCVR 212.1 DC 
E JUI VALENT INPUT NC ISE PW.' CENS I IY 

-50.0 )In
J I SLE I".!.N DIi I ; 

15.3 DB
lO[IN-I. INK Cf.1 

.L.0
AL(Al 0 T ,L CNR 

Wk' 

Wi,~'l I'" 15 II FI'/K-1;P--' VA-If P ' " PArIIo Uh' A
 
. b/I.; (II- , "' R 1.'F ILFS AS AF"VF
SI !';LI VIII CE SI '.; 

http:ANTEV.NA
http:ANTEN.NA
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SANTA MAR'I'A-r-.j"' 
BARRANQUILLA o' 

,'CAItTAGENA 
4.,, 

CMONTE RIA 

* CUCUTA 

BUCARAMANGA L.....r 

•MEDELLIN : --- .." 

*TUNJA 
MANIZALES 

IMAGUE'ARN'IENIA, OBOGOTA C 
CAL 

l 

ONE IVA 

'POPA YA N 

.. 

PASTO 

IN,COLOMB:IA 

Area: .139, 2S ' 

PO0PUlatioll: IS, I(0,00.) 1(1965) 
Rural 53. 9 per cenw (10hM )

37. 9 C'ii (lw) projecled) 

, 

./ 

.. 



NPtJr PARAXETERS
 
439823 SO ,iI
LANO A4FA 

5.O DEGLATITUDE OF CCUNTRYIS GEOGPAPITClL CENTER 
ASSU:MED CCSf OF SAIELLITE Pfl,,ER ($/WATT-YEAR) $500co. 
D I S C GUN T FA C TOR,cI) . Olt 

NC. OF IV-TRN4SMIT/ALD 10-FEClIVE (PASTER) SIATICNS 1 

NO. OF TV-iECEIVE/,LCI,.I-TF4NSt'IT (SLAVE) STATIGNS 193 
4NOl. OF IV CHANNELS PER VASTER STTICN 
4No. OF 1V CIANNELS PER SLAVE STATIGN 

4'3 f1[SIGNAL-IU-MO!ISE RAT 1 C' RECUPI EIC FOR TV 
43 DBSIGNAL.-Tfj-NIlSE RATIO P.EQUIRED FOR AUDIC 

OUTPUT PARA%,M ETE[ S 

MASTER STATIC'N 
UNIT CUST , b .'76.ANTE(,.RA: EI fVETF'R 28.4 FT 

DEG K UNIT (CUS1 1 17000RCVi PRL-AtAP: NOISr TEV,1) 30. 
W UNIT COST . 35(,0TXt'Tf l'i'NR AMP: CUIPLI PtR 10C.0 

$ 132 574INITIAL C4PIT AL C.CST PEP STATICN 
PRESENT WORTH OF TEN-YFAM ANNUL. CUSI STREAM $ 25tb0l 

SLAVE STAl ICN 
CIA FIER 12.2 FT UNIT COST 1, 7276.AN XA 

I 'C, K 7.000RCVR PRF-AMP" NOISE: TFIMP IFG UNIT CU .$ 


TXI.; I F I","r R i.l (UT rJT P.;.F 0.5 W U? i I IST 5 ('0
 
t I ,'),5 I I 1/ CAIItI L C..SI PF P SI ATIP N 

PP ES Ei I ,C TH 0IF I EF- YEA RAI N NUAL CUP SI TU, A' $ 24702 

SATELLITE
 
9.4 FTSAtELL 11: ANT EN:.1A N-S LI'-, ETEP 
L3.3 FTSAl 'LI'.1F A.T F E-I-; li"t,MFTcF 

MAXI!'U:.;, SLArI' ,',:E FCf- IIAPtrlSSICN 22.41G.5 ;. I 
-POVEP C- AkGFC Pf[ TV CHANEL e:.241W 

0.0212."' I'..PCli:LR CtlARGEED PF. 6U[I0 CHANNEL 
TOIAC COST Pr(% YFAR CF SATLITE PnWFR $ t6e 3 9 

F',':SEI',T 9 ORTH 0,f- TEN-YEF ,.NUAL CLST STREAM $ 2 17 7l 

20230116.TOTAL INITIAL CAPI TAL C.ST 

(NOT INCLUDING SATELLATl: COSTS)
 

*(dG/Ol,PRESENT WO[:T1I CF T..TAL-SYSTF4' TEN-YEAP CCST $ 
, 6624.AN'NUAL CCST OF TOTAL SYSIEM" PFIP SLAVE STATI N 


ANNUAL CCST OF TOTAL SYSTEIV rF!" SI.AVE 'TATICN PER IV CHANNEL $ 1656.
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COLWI'.!A(CCI T) 

LINK CAL CULAT I CNS 

IV UP-L N'K ( 6.0 GHZ 
OuTPUT (%rF PFR CI-Ai"'t.EL GF MASTER STATICN PWR AMP 
MAST[P SIAIICN ANIrNhA GAIN 
PATH L(ISS 
SA EtLI I 4 FF'N A (; 1N 
[QUIVALUIkINPUT N'CISF PWR DE2NSITY AT SAT. RCVR 
NOIS.. iFAND,'I [IT (25.1 MHZ) 

UP-LINK CNR. 

TV D W,,'.-L IK ( 2. 5 cf-7i 
OUI'PI.I .'CW F F SA t[IEi.ITE TQANSPCNCFR 
SATELI I Il iA,,ENNA G/" NI 
PATH' LCSS 
SLAV' 'IA , k ANTFr,NA Ct I N 
EQU IVAINT INPUT CISE PWR DENSITY AT SLAVE STAT ICN RCVR 
NOISF FAhK;I O1"H 

DOJWN-L IN'K CM, 

TV IOFrAL C.R 
TV TOTAL SW ( ([(./2F) ?)}dCIt~J:( /F) KP) 

Wt -:EI P w RF Q': w I 0TH; F = t-IG-EST ,AK!A D FREQUENCY; 
C/N = TV IL:AI. CNR; KI = A NC1"E FIG-lTINC FACHR 

AUDIO UP-L IN ( 6.0 GH;7)
 
UI PEWUR .U C- . AT SLAVE STt. rWP AMP. 


SLAV: S I IIi A'TI[ tA GPI-N 

.PATH LOSS 


.SAIFL.I 1E AN!F,. NA GAIN 
E0W I WV, NT INTi'!" :;[SF OW'.R GNSITY AT SAT. RCVR 
NOS FANL>$'itTH (o 100 "F-21 

UP-L 1NK CN 

LACK-CiF OF SAT ELL ITF T,/NSPiONF* 

CNR FROM I 'TRJ)ULAT IN SATELLITE ThT 


AU 1)10 DJWN-L INLK ( 2.2 GI-Z }

(CUTPLI fflv, PE. r.hAWl FL AT ' , TRANSPCN[ER 

SAT [ L!YE ANI-l' NA GA N 

PATH LCSS 


,S,'[. srATIC"; ANTF:,A CAI N 
Fi.UI V/1, 1. FNI jr( T . ISE- PWR PHNSITY AT PAST&R STA.RCVR 
\JI LFs % i211' 

DtI;;I,'.LI~ t £ 'il14 

A1)1i, I Y 

A(t'l) (: lI TA.L &I, *.3", ( '/2i - : .(F1 
K, 1TF .. ,., 

[ 
:I A,. F IS Pf s::-I;- T vrrA,. r ' PA T FOR s mI'I f m : i al ', ( w,,, ; t f lh : r h , , tFf S', / Sl' n b 'V",

8.0 
52.1 

-199.1 
43.6 

196.6 
-74.0 

27.2 

3.5 
33.0 

-191.6 
37.2 

205.0 
-74.0 

13.2 

13.0 
42.9 

-4.0 

44.8 

-199.2 

40.6 

1.';),6 
-50.0 

Zi7TH, 

DOB 
DLA 
DB
 
DO
 
D
 
D8
 

DOB
 

DB 
DB 
DR 
DB 
[B 
DB 

DB 

DO 
DB 

DR 
91' 
Dl 
DO 
DB 
DO 

I I .0 
18.0 

-27.7 
31.9 

-[.90.4 
43.4 

207.6 
-50.0 

.H8 

13 0
 

43.5 

D3. 
B 

DB 
0) 
D9 
DB 
C[ 
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c 
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* ,COLGIIA '* 

43'826 SO MINPUT PARAMElERS 

LAND ARLA 5.0 DEG


CENTERCF CCUNTRY'S CECCRAPHICALLATITUDE $50000.
PfiER ($/MATI-YEAP,1ASSUMED CCST Clr SATELL.ITE 10.0-: 

DISCOUNT FACTOP 18
(MASTER) STAT IONS 

KO. OF IV-1 RAI,,Sf41T/AUDI O-PECE IVE 
SVIT (SLAVE) SIATICNS 306 

NO. OF TV-1,ECEIVF/AU.'i-',-TI, 2 
MASTER STATICNNO. UF TV CliANELS PEP 
 12 

TV CHAr.NELS PEP SLAVF, STAT ICN 43 DB
NO. OF RATIC RECLIRED FCR TV
SICNAL-'TJ-rt)ISF 

43 0B

AUDIO


SIGNAL-TC-NCISE RATIG P[KUIP D FOR 


OUTPUT PAR AMETERS 

MASTER STATION s 279)3.UNIT COST
DIAMEFR 1.5 FT 

ANTI[.-NA: IlCOO5C. DEG K UNIT COST $

NOIS[ TEMP 
6000
PCV, PRE-AMP: 
 UNIT COST30.0 W
CLTPLT PVPTXi1I'R Pv'R At'P: 
 $ 5050 

Pr:PPSTIONINITIAL CtIPTAL CCST 11279t 
TENI-YE P4 /,NNUAL CCST $STRE:AM 

PRESENT WCRTH CF 


SLAVE STPTIUN LNIT COST I o771.
 
DIA [IFTEP 12.C FT 


A I'EikNA-
 UNIT COCS 1. 7000

180. BFG K
lNISE TEVP
RCV,, PPF-At',P: 
 UNIT CCCT , 850
 

OTPLT Pr-,R 1.0 t 
IXMT, Pi A.P 30719
 
II' l
IAL. CI.P ITAL. COST PFP S1AT IC N 

$ '1839
,NUAI. CCST STPEA.

PRES ENT 1c',RTH 0FI TF N-YC AP. 

F 
Sf.TE LI I' 9.4 PT 

ANTENNA N-S DIA./ETER
SATELLITE FT
13.3

.[TEP
01 .-
SATf.LLITt ANTFNA 22t tv ) r.I 

MAXI ML.. SLA.";T ,'*A(,X!F FC9 IFt4\SV,'1SS1CN 
2.29 W 

POwER CI-ARGE) Pl'l' TV CHAt',NEL 
0.0C 10046 , 

C[ANEL
P~aEf-. CHAGFC PEP, /'U IVc 
$ .5551 91 

PER YFAP OF SAIELLITO P(WER
TOTAL. COST $ 9I, 96109STREAMT FN-YEAP AINNUAL COSTPRESENT 40PTH OF 

602)167. 
TOTAL INIIIAL ChPITAL CCST 


(NOT 1!4CLUDINu" SATELLII I COSTS) 

$ 2b1,54 4 0. 
PR'ESENT W(RTH OF T11AL-SYSTF. TEN-YEAP COST 

$ 13852. 
CF TO(TAL SYSIEM PER SLAVE STATICNANNUAL CCSI $ 1154. 
OF SYSTEM PEP SLAVE STATICN PER 1V CHANNEL 

If.NUAL COST TOTAL. 
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COLCMP IA(CON'T
 

.II\K CALCULATIONS
 

TV UP-LINfK ( 6.0 C17) 
OUIPUT P.I< PE( CHAN.NEL CF PASTER STATICN PWR AMIP 13.5 DB 
MASTF Sl1'~i(h" ANTENNA GAIN 48.8 D 
PATH LCSS -199.1 DB 
SATELLITE ANTFNNA (AIN 43.6 D 
EQUIVALFT INPJr NCISF PWR CENSITY AT SAT. RCVR 196.6 DB 
NOISE i!AND,IOTH (25.1 VHZ) -74.0 DB
 

UP-tiK CNP 29.4 UD 

TV DOW%:-LINg ( 2.5 GHZ) 
OUTPUI iiFt_ 0l.: SATELLITE TPA!SPCNDFP 3.6 CB 
SATELLITE ANTEiUNA GAIN 33.0 DB 
PAT H LCSS -191.6. 118 
SLAVF ST.', !IfN ANTEF;N. C.'Ix 3Y. 0 DC 
U-(U1JIV LF*N,: I",I'UJ N(71 SE PLO DE'S ITY AT SLAVE STATICN RCVR 205.0 DB 
NOISE FA,':!ALTH -74.0 DB 

DCWN-L I NK C'. 1.3. 1 DB 

TV TOTAL CNR 13.0 DB 
TV TOTAL SNR (=6*((ti/2F)-I): ? 1(C/N)*(EF)IKP) 42.9 OR 

WHERE B~ = iF 4 AND Y I iH F kI-GHEST F R l; = BASj 0A NC ,CUE NCY; 
C.N = TV TCTAL CNR; KP - A NfJ[SF -EiGHINl FA1Gk 

AUDIO U: -LiP,. {(t:.0 G147) 
Ol'f't l PI . :"' (CI-Ji'MFL AT SI.AVE STA. PI. APP. -1.0 03B 
SLAVL STA1 ]C1 ANTf.AA -Alf' 44.6 B!.
.PATH L('.SS -199.2 oFD
 
SATFLL ITF ANTEINA GAIN 40.6 D5
 
QU II-A L N! I'I'U1 NCISE PJ! LFNS ITY AT SAT. RCVR 196.6 DC 

NOISEr ,'m" IOTH,.., 0. IO0 ,ilZ) -50.0 D!i 

LP-LIr.K CNR 31.7 DB 

BACK-UFF OF SATELLIIF TRANSPCPFR 10.0 Dil 
CNR FRCI INTI f.:C0LJLA1 ICN IPJ SiTELLITE TWT 16.9 DR 

AUDIO DGWN-L I NK 1 2.2 GHZ 
OUTPUT PVW; P ER CIHAI..NFI. AT SAl. TRANSFCNI)ER -23.9 DO 
SAIELLITE QKTF"NA GAIN 31.9 D, 
PATH LUSS -190.4 DB 
:iASTER STATI. ANTFNA GAIN 40.1 P B 
r(t I'.,At I iNPJT PWR AT ST RCVR 031 NFISE CFNS [TY VtSI ER . 207.6 

0CW'>-LIK CNR D,f 15.4 

l/w")Itl !!.mIA cr;-, 1,..O0 D!I 

AL I(' AI .:(: ( Z " , (((['/21)-I) (C/ N) IB /f ) /lr,-, 2 ) (I5 p 
, KPI IS Tiw: , At'-I:-A.PC.F: II : CF A 

I'.. II \' CT(:..I,:T. 1 ; ECl I ! P P,& A' ASUII.(,SA ,.JVI: 
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IV. Sketch of Progress 

Sejeral parts of the final model are presently being constructed. 

For the terrestrial systems costs needed for comparison with the satellite 
system costs I have been working clo;ely with Pacific Telephone and Tele
graph Co. of San Jose. Two parts of the overall progran of six parts have 
been written. These parts deal with costs for T Carrier equipment on 

cable-pairs and N Carrier ecquipment on cable-pairs. Each is appropriate 

for a different cross-section and total link length. The other paris to the 
program Will deal with microwave radio, open-wire lines, the determi 
nation of the least-cost cable-pair size to serve in a given situialion, and 
the couple,- program that VWill take the output from these separate parts 
and provide answers in the following matrix format. The length, L, of 

the telecommunications link under study will be given along the abscissa 

of the output graph. The increase in channel demand per ,'ear that mu,;t 
be satisfied by the link, YID, will be given along the ordinate. The matrix 
element d&.ig atcd by any pair of values (L, YID) will contain .the least-cost 

type of terrestrial telecommuications facility that will ,;atisfy these re 
quirements and the present worth of the facility for the whole pv'.-ioJ of 

study. 

In considering the time element in a satellite systemn it is ne..5;sarv 
to know the costs of upgrading earth stations. This cost has been difficult 
to obtain from industry inasmutch as the type of station with which we are 
dealing (very low cost) is not in widespread use. Neverthelcss, Some handle 

on these costs will be. obained from data gathered for the teleconfcrencihli 

report. The cost will be taken to be the replacement cost of the component. 

(either antenna, preamplifier, or power aniplifie") or components whose 
upgrading will render the required increase in earth station channel capacity. 

A step toward the cam pletion of tie integration of eCLucationalI requirements 
and telephony requirements into one system has been mnade with ti1e completion 
of a version of the original least -cost satellite system program that treats the 

case where only telephony service is desired. The system is simple in con
figuration ill that each earth station is assumed to have tLe same G/T and the 

same pmv.cr amplifier. F['rtlir work viii alh w perhaps thrce differvol Sizes 

of arh lstation to I). dutlcrnilil d accortlin, theLc nLnLI rLec!i l:. sTl 
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"INTRODUCTION
 

II thc United Si::A.- and th-Ouhout much of the Western world
 

there is a growin.,. 'ness of the enormity of. the task that hae
 

been defin.-d for the vx'ious national cducat*ion systems. Educators,
 

for seve-'a, re.-:on.s, arc refer.ing to the Fituation as the "crisis in
 

education". .12 The .n-inciral reason being given is the lack of funds
 

to provide a basic ed0iucatoin by traditional methods to the burgconirg
 

numbers of' people for hom such education mean differw.. an may well the 

ence betwecen livin and mcrely su,istin;. 

Becauc the core of education is cc:=nunication, it is perhaps 

only natural that teleco:-municati.on0 ; technology is being investiated 

as an ingrcdicnt of both more efficient and possibly., at the seae ti:r.s, 

nore effective ed-acaticnal systems. Surely, the potential is there. 

Yet, it is bein:; tapp.d, with few exce-pions, in a piecemeal. fachion 

that nulli.-ies the one clear advantage it has, in terms of efficiency,
 

over traditional classroom-teacher situations -- thab -of being capable
 

of reducing the student-te"cher ratio. The imnortance of this advan

t-.ge was Pointed cut by' the Aadf .r -" e". fcl
Educatiz"al ...

ir: a study to i:;':estiate the new instru tiional techno].o:-'es with re

gard to school fi.nances. I a sunary stacnmec.nt before the Prcsidn' s 

Co:.mission of School Finance, the Academy's Executive Vice President, 

S.idn. G. i":ecnly .:y to rcduc unit costs sb.stanti.all 

is to incrcase the util-teacher ratio dramatically." 3 

The advantage of transmitting educational prcgrams by radio-waves
 

* using a geo-statiznary satellite is imm..ediately apparent. A satellite 

offers to a large country or group of' countries lacking adequate ground 

corriunications (and this is almost aloays the case, as far as educational 

technologies are concerned, for some regions of every country) a system 

*that can cover a geographic area of a million square kilometers. The
 

satellite signals can reach isolated, mobile.and dispersed populations
 

:it-h case, and r-,'..rit studlez ,h-, t._h'.a
th. cost of the distribution 
systemn fzr tal c:.!'' i,.... •..... c:: e - . . . .'l.y less byr.atel . 

than for ic:,nnr- b . ' " f":cil'' 

C, S: 2 
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contrul.] .. d, by thr, national iistry (department, bireau, etc.) of 

-
t,,2C_:1C,:to:! or a compjrabl e entity. In any event, it .culd be 

v(ry c "'.rab.efro?:i an economic standpoint. Tor little additio:al 

cost, a revenue pro'ucing ser,zce could be provided using the same 

satel.iite -ind slijttly enlarged earth stations. 

Section B of this rep6rt descr:-bes progress toward the devel

opment of a mrndcl to determine the least-cost joint system. 

limnc.uch as a telecomrunicaticns system may be used to carry a 

variety cf technological approaches designed to enhance the educational 

process, some evaluation as to which approach or approaches to use 

would bc desirable. Section A of this report presents the progress 

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



Section A 

EDUCAT ]O1:A L T'.CH XOY 
A Sum:ary Of Recccnt Ev,iuations 

"The forms of sccicty we shall see in the twenty
first,century in my -ad!dgent, will depend less 
upon our relationship a.s workers to the mcans of 
production of*goods and services and more -- much 
more -- upon our relaticnship as total social be

ings to the means of production of information, 

ideas and imagses." Rose K. Goldsen
 

Cornell University 

Education, as contrasted with instruction, is seen as "a prepara

tion for life through more 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 sense
 

the aims of education include the transmission of knowledge, the in

stallation of values and the development of intellectual, pihys.cal, 

social, and artistic skills and ccpetencies." 
3 

It may be argued that att... otin, to evaluate the effectiveness 

of any particular educational system or process in contributing to the 

abcove implied cbjectives is tantan-unt to measuring (ouantifyin,) the 

.whole individual and the "uscfulr.e2s" he is imputed by society. Surely, 

there is no more herculean task.'
 

Most people are ',ell aware :f this problem. For instance, Jamiscn 

and Suppes in discussing alternatives for improving productivity and ef

fioiency in education state their belief that "clearly categorizing and 

measuring the outputs of an educational system is presently an impos

sible task." 4 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 reach 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 processes
 

are based largely on the ability of these processes to perform the in
structional part of education and are,thereby, i..ying thnt the affec

e .--- : r ' .f c educat cn is inv:triant under t!,2 several oltcrnnti'c 

r : Jai.is ,n Supp-s alup* as their dul'initJon oF the*ILrLu, zmn3 

output of educational cyctv..r; with su...etbility to measurement cvar).v 

1 



in mind, two types of proxy measures: "I) enrollmcnts weighted by time 

and type Cof exposure, and ) distributions of scores on acicveiient

tests."
 

In and of itself, this approach b.iases the educational reformer 

toward methods and systems alternatives that reportedly ma::i.ize this 

"objectively" determined transference of information -- with little 

overt rcgard to other aspects. I would agree with Miller that such 

a bias, although understandable, creates the possibility of our "ne

glecting important variables in the educational systems we are eval

uatiug because we do not have adequate ways to measure them." 5 I feel 

of Bruner and Olson. 0
it appropriate to reiterate the following caveat 

The aslu.ption that Knowl_dc was central to the.edu
cational enterprise and that it was indeen6nt frm tr 
form of experience i'rcm which it derived and the goals for 
which it was used has had several imnortant &andDers12lin. 
effects on educational thought. First it has ).Ed to a 
certain b].irndness to the effects of the medium of inszruction 
as ojposed to the content, a blindness which 'rT,uhan 1-.s 
alerted us to, and secondly, it has led to an unsatisfaz-ory
 
and restricted conccptoion of ability. As the effects c.' ex

perience were co.plc.el. assirilated -o the account of -he 
acquisitlion 01 knowieorge, expjrieze was con.cicred ]e-- and 
less central. to the ac.:uisition of ability. Since kn....cd:-c 
was all, a.ility could Le ta.-eu for 7.ranrcc -- ozne ':l abili
ties- which :-.taybe used to accuire aln.:_ied- . iit
.. :..ere 

then projected rather directly ;.nto t.e mind in the -"r:'. of 
genetic traits (Jensen, ) while the culture and ex::. ience 
were both inrred as rossible ca::didates to account fcr :heir 
development. The effects of this stranl:e turn has becn to 

-obscure the importance of developing abilities, often thereby 
making schooling irrelevent. 

Of course, technology is but an instrument and in the strict sense 

of the word is neutral. The final ,judgement on the effectiveness of 

various technologies will depend almost entirely on the software, on
 

-theprograms which they are used to disseminate. With this -:iew, the
 

educational technologies are seen as tools to be used in the educa

tional process much as a textbook -- i.e., that they are net capable 

in and of themselves of more than impartin, information, nor were they
7 

ever intended to do more. To the extent that this is true, it is 

cuite :ronsible dci.- :i'h the cz:tint evalunli: :s of tr.:..1 .'s only -.

nitive, not the affecLivv, cO:::,pojitznL of educLion. 

http:co.plc.el


Nevertlvc2.,s , it would be hoped that the current trend in some 

schools of edi-cution toward an emphasis on the rccipien:, of cducatioi., 

on learning theories and away from an cmphasis on the dispcnser of 

information, on teaching methods will be furthered by the intrcducticn 

of technology. Ccrta-.nly the potential. for encouraging this shift ir. 

emphasis is irhcrent in much of the recent technology. Epeciall. de

signed currir:uic can place the major burden of the informational, 

cognitive aspects of education on the technology and free the teacher 

to improve the affective content of the interaction with and ar.ong 

students.
 

The point of view adopted here in rvviewing the findinL~s to-date
 

of educational effectiveness studies is that it is rational to surno.

that telecoamunications technology is neutral. ThLe context in which 

such technology is used will determine the effects of its use in the 

affective doma'n. If evaluation of the isarned-information caiabilihv 

of various technologies shows differences among them, it is fitting 

to use them :.hen the ratio of this capability to the corresponding 

cost if imple::cntation is larger than ,:hen conventional methods are 

employed.
 

Findin'Fs 

Now, wiat have the various studies of and experiments with eau

cational technolczy shown? The results which see:m of most relevance 

here are that:)) remote television instruction can teach at least as
 

well as a conventional classi- om lecture situation if some form of
 
8,9,10
 

feedback to the instructor is provided; 2) instructional. radi*
 

and radio-vision (aural material supplemented with still pictures prc

vided by one of several means such as facsimile, slow-scan TV, pre-dis

tributed handouts, predistributed film strips, etc.) can be , in some
 

instances as effective in teaching as television (sometimes it can be
 

even more effective); 3) a balanced approach to using the technol.ogy:
 

will produce the most learning. That is, in general, "use the cirplEst,
 

barest, clearest, and least distracting presentation possible." ThiC
 
I as ireser.t1.v used 

result, coupled with the previous one, indicates that televiion/.ay 

be optimal only a small percentage of the time; ) o 'id"rirlcoy: rs 

Z,],',:i' :1ii ':: .... .' no 1. ..,:7 i" 

nology is worth the cost." 11.,12 (It is probable that this statc..cn-. 

http:statc..cn


was focusred on the American scene where only a few "experiments" in 

E'TV have sul'ficient adience to be.nfi.t to any extent frcm eceno:nies 

of scale, since, in the same report, it is noted, with impl)ied en

thusiasi.', that El Salvador's present systematic approach to improving 

education never could have been possible without advanced instructional 

technology.) Hiowever, when other effects are included, most practi

tioners are enthusiastic about the results and the low cost levels
 

being achieved. 

A word rcgarding some experiments that are now in the planning 

stage may be indicative of the perceived value of on, technology in 

compariscn to the others. Of the several being given az.tention in 

the current literature, there are none which involve purely radio. 

All are using television' This may be due, in part, to the recognition 

that most people, given a choice between radio or television, will 

choose television. Also, the effectiveness of radio may not be kno.n 

and the entcrtainment aspects of television are nrobably not seen as 

a possibl deterrent to learning. Strong pressure is thus created for 

keeping up with the Joneses." ETV is clearly the ne.cr nediuri and 

will attract its share of proponcnts if for no other rcnson. As Forsy-the 

points out., "If prescnt circui.ista:2cs ,:ere the product of systematic 

planning and convincin:g evidence, few. wculd resist them, Uut that, 

unfortunately, is not the case. Or, the contrary, it is more reason

able today than ever before to regard radio as a versatile, a practical, 

and an effective instructional mediu:a." .3 

*The probable outcome of all this is that television will continue
 

to be provided in the educational context not only because there are
 
some applicaticns in which it is more effctive than other technologies,
 

but also because of its popular image. (As Skorhia puts it, "It has
 

been generally assumed that comrnuni1cation through more than one sense 

is better than comunication through Dnly one: For example, that teJ.e

vision teaches better than radio, sound-film better than silent film,
 

movies better than -still pictures, color TV more effectively than mono

chrome, and so on.") 14 W'hether in these applications the added bene

fits of television exceed its added cost is moot 

beeau.-e we -arc ccu-t(.rid to t:in:in , 

education in terms of the classroom setting -nt aro try inf to duplict 



the cIst.ro:....at the re::,:te location. As one technologi st said, "I con

sici . .r L ."u: :"','::t... , one that c:.-tab ish:.: an envino:c for the 

off-campus student w,:hich, as closely as possible, approxi,.'atcs the situ

ation of the regula:r ful1-time student on caiapus. 15 

In th-isame li T-h I believe' that the fo.1.lowing observations will. 

co:ntribute to a c.carer understanding of the relative merits of the 

technologies. 

Other Considcrati -ns 

Most com...rcsons of technologies have been based on dunlicating a 

classroom situation and measuring the ability of .either radio or tele

vision to instruct as wc!]. as if students :.;ere in the live, traditicnal 

setting. I have no quarrel with the findings that radio can, in many 

of these cases, concentrate the attention of the students to a higher 

degree and actually produce better retention. These compariso±.s, ho::

ever, are structured such that television has been forced int'o the .-.1d 

of a more limited mediu.. In instances, such as "Sesam.e Stret" v 

the image and motion capabilities of the television have been integrated 

into the total presentation, results seem to shc".; that television has a 

clear advantage. (Undoubtedly, the age of the audience is an imoprtant 

variable, as well as the subject matter to be presented.), 

In cor.vlarin5 radi, and television the sitatemenT is cften .ade tha 

television costs five times as much. From this, the cenclusi:n is
 

drawn t.at unless televiZi1n is five ti:.=es better in it2 ability to
 

instruct, radio is the "best buy" in terms of dollars Der unit of re

tained information. It may still be that radio iS more "cost-effective",
 

but the proper comparison must account for. the total. learning experience
 

and, therefore, the total educational budget, as fo.lows.
 

Television and radio have been Ased in conjunction with and largely 

in support of the total educational infrastructure. The measuremerts 

of efficacy using television or radio are, then, measures of the effi

cacy of the total system (including either radio or television). Su 

pose that one could (even though one cannot) quantify the output of the 

total .. -- ,,-i-tcviin an(: also the outil,,t .fthe to.tn lyste:.

vith-radio. Let the cutm,.t of the .. st,.-.ith-tc].ev. ior bu rc;.re..."-' 
b- 0 ' t.. . .. 0 

r,s 
LvV 

of the su-to i without cithner radio or t-elevision, i.e., with purcly "r,

http:st,.-.ith-tc].ev


ditiOnal. inputt to ducatlior, be r'pre*enkcd by 0.. If the cost of the 

, v~te:. ,rc* thcn rc'prj',.." e3, , ... ,'e-ivc~1,by 0 tv ,s' Cr, and Cs thcn 

the correct. and fair comp.-arisol Lu determine w1ic c.' teeiCvision is w-orth 

the extra cost" is not whether 

0 tv~s ,.0 s is larg r" thanC0 T-0-C S 
Ctv - C 

Stv, S rs s 
* 

which is, essentially, a marginal revenue to marginal cost ratio, but 

rather is whether 

0tv's is larger than 0 

Ctvs 
 r,s
 

"" An illustration of the above will help convey the nneaning. A pro

posal of the executive secretary of the iational Education Association, 

Sam Lamberg, reported in the Palo Alto Tircs of Vay 4, 2972, suggested 

that a national average cost stanidard for education (elermentary and 

secondary) of 11200 per pupil per year be established. This would cor

respond to 
% 

Cs . Cost figurcs for one hour of p~rograing por day of 
5 

"Sesame Street" averaged over the estimated audience of 7 million pre16 
school children came to $0.65 per child for the first year. Part of 

"'" ..... C ..... .
 this coct Is undo-Lt -- to but.io ,1 


us suppose that in addition to these mostly oft-._ar coz'ts there is a 

10: increasc in cost to _rvide Lhe hard-;are (as if one were required 

to purchase the television sets and install th2 means of distributing 

the prograr signals) and that the Dpcrar.min- is increa-ed to eight 

hours a day. The cost per pupil would then be $(!.i0)(0.65)(0) = 572. 

Further, assu:ie., very conservatively, that radio would cost only one

tenth as much as television, or $0.57 per pupil per year. 

The correct comparison should not be 

tvs S > . 

r s s 

* An individual firm in a purely competitive mar.et will not produce at 
a level of outout such that the raio of mar,inal revenue to arjr1a, cost 
is a maxirnu':-. It -,ill ,xi:-seinstead, Thc' ratio of total reveniue to 

-to,,l. cost,. This -'nc .. I beljcv', apn2.>'2, i ti, ric:'.nt ca.e of 
com:parin.., the of ,c ci.decorcbil'aLiJ otoa.-.- in rp)cc.t 

c "rc2C.:-;.- n -,, Cf thC .tI'eir )i:I cI Ic*z th J.C', o ' Iutl cot4., cf t. 



but rather should be 

0tvs ?> $.200.oo ' o00 4 ,5.72-.,io57 

rs, 4 '.2 0 0 . 0 0 + P . . 

It is easily seen that very different regul.ts 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 

'aould be able to prove in, and rightly so, for only small increases 

in total outpLtt over the 'system with radio. Also, a nation's total 

a direct factor in determining which techbudget for education becoi:.es 

nology to use, as well it should. 

Ap!icaticn 

In the light of these fidings and discussion the design and analysis 

of alternative national telcccnmunications syctcms should proceed on the 

that they will re required to carry sev.eral channels of television.basis 
largest single bandwidthFull-action television, at least so far, is the 

item to be encountered for transmission over the syst6m. Any other edu

cational technology ray, therefore, be accom::m!odatcd once bandwidths suf

1icient for teievision have been reserved. 
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Oection 13 
CATE1ITI I. Li,..o 

The potential.applications of te].ecom:,,unicationls-technology are 

limited only 1,y :.an 's inrrcnuity, The scu.icati'.ate.lite 

ho.d+ great promise of permitt.1ng this technology to reach into even 

the most remote parts of a country. For sufficieritly scale 
for high penetration. 1,2

is the ..east-coct methodapplications it 

The task is to be ab].e to determine the least-cost satellite system 

for particular applications. The develop:,%ent of an appropriate model 

is well underway. 

The lIon.: Rnere Goal 

The final model of the essential parts of a national joinu tele

as nowphony/ educational technoogy sat]llity system, perceived, will 

be able to answer the following questions: 
." 1i. 	At a given point in time, characterized by a) the ,u! r of 

cities, to..ns and villages to be served by the syste.-?, and 

b) the demand for service (the nnber of channels into and 

out of each city, ton or vila e), what is the least-Cost 

combination of satellite io,.:er and earth station scr'iivitie 

and po:.:crs tha -il.l provicde the service? 

2. Ta'King into account c : of scal in the of c=m
-

ponents, what is the lcast-cost scheduJ.e for increari" the 

capacity of the earth stations as the demand at their loca"ons 

increases?
 

hat 	ccm3. As the demand between any to.:c cities increases, for ..


binations, in terms of the number of channels and the separa

tion distance between the cities, may it become less expensive 

to serve the com.rnications. needs by terrestrial facilities 

rather than by satellite (this will be a function of the sat

ellite fill as well as of com'ponent costs)?
 

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

cations satellite in servin,- the der'and for corz:munications. 

Will. it,event-ura.]y srvc as the ij.n: .mon: only ].i-:ht traffic 

centers or can it be cost-effective in servii overfl.: trafficoverfVoi.-.traffi
b'(. 	 ,cc.n. 




The answ.ers to all these questions tog,.thcr constitute the necCo

sary infor:,ation .ith which to detla-i-1nc the lo.ngran1 c iim!]..uncfntat in 

of national telecommunications facilities to serve given projected 

needs. 

Present :.'ode] Canab i lity 

The model in its present form is a firs, step toward the realiza

tion of the final model. It has been devised primarily with the edu

cational part of the system in mind. The imp].ementation of the modcl. 

as a ccmputer pro-ram enables a least-cost system to be detcr'::ined 

that will provide television prograa reccption at'any number of 	 !::all 
' 

"slave" stations (earth stations) as broadcast from a foe', "ma.:ter H 

origination stations and separate voice or digital co='xnic tion fr:. 

the slave stations to the master stations. (At present the pro-sram 

will not accommodate different sizes of slave stations, nor comuni-

When thce rather significant additk...cations among slave stations. 

-
are madc,*the ans.er to question one w:ill have been ivcn) 

Within the mode]., the cost of the satellite is entered as a char-e 

per watt of ratellite powcr used. This approach permitS the .-lcct;.n 

of the satellite as a separate component of the model. D-orinz3 this 

selectic-n the costs -d canacities of the varicus catcllit'cS"."e that hf 

been descrilod in the domr.stic satellite filings before tle FCC werc 

qompared (although the methodology is completely general and can be 

used with any set of satellites) under several olausible demand con

ditions to determine the satellite (includinc replacements, spares arn 

increases in number as dcmand grows) .,ith the s.:,allest cost per :.;at 

of power. 

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

Clds(c,N) = Cs(CN) + Cb(c,N) + NCe(c,1) 

itnd 
Clds(c,N) is the cost of the total, satellite system 

r.. 
c is the nu-.ber of video channels carried by the sate.lite 

N is the minimuni number of video-receive earth stations in 
s cyi c 

t h e 

C(OJ1) is the cost of tVat part of the sace s".. -!,. (i .r.. 

systerm 



Salcllitc Systcm Cust Paramncters with C/y $15, 000 and c = 4 

N C (c, N) Cb(C, N) 

100 13,277 190, ,153
250 11, 404 -244, 95.1 
500 9, ,137 263, 59.1 

1,00O 8,115 295,771 

2,500 6,999 ,127,823

5, 000 6' 459 520, 435 


10, 000 6, 085 697, 998 


I Satellite System Cot;r Parameters with C
I 

N Cce(c, N) Cb(c, N) 
100 21, 118 244, 623 
250 12, 392 264, 884 
500 11,101 293,152 

1,000 9, 218 400, 766 
2, 500 7, 638 492, 540 
5, 000 6, 881 623, 697 

:10, 000 6, 365 860, 615 

Cs (c, N) CIds(c, N) 

1,719, 027 3, 237, 18 
1,969, 774 5, 065, 735 
2, 626, .164 7, 60S, 6.10 
3, 515,082 11, 925, 763 
5,101,800 23, 027, 163 
6, 8S6, 546 39, 700, 523 
9, 391,. 256 70, 938, 144 

$30, 000 and c = 4w/y 

Cs(c, N) Clds(c, N) 
2, 025, 320 4, 318, 709 
3, 407, 118 6, 770, 07-t 
3, 828, 800 9, 672, 1-: 
5, 0.11, '458 14, 663, 023 
7, -130,076 , 27, 016, 832 

10, 01-1, 70.1 45, 0-.15, 536 
13, 600, 203 78, 10S, 272 

SatellitC System Cost Paramcters with C/y = $50, 000 and c = 4 

N Ce(C, N) Cb(c, N) 

100 31, 185 258, 583 
250 
500 

19, 415 
11, 785 

287, 112 
389, 192 

1,000 10, 338 439, 389 
2,500 
5, 000 

8, 287 
7, 311 

564, 27. 
739, 032 

10, 000 6,649 1,045, 2-16 

C s(c, N) 

1,890, 907 
3,418, 220 
5,1663, 671 
6, 659, 990 
9, 812, 110 

13, 221, 370 
17, 928, 6.10 

CIds(c, N) 

5, 56S, 063 
8,559, 295 

11, 945, 315 
17, 437,072 
31,093, 520 
50, 516, 352 
85, ,66, (-t0 

"i~ro 1.. -prcccnt ... .vc Outpu t of the 
Prec:nt .odel. 



Cb (C,1) is the cost of the master station(s) 

CC(C,)) .s the cost of a slavc station 

Cw is the cos,'t of' the use of one watt-year of satellite 
po.:er 

The program 'in....ze, the cost of the overall. system. It does not 

minimize the cost of the earth stations alone. Conceivab]y, other 

pricing policics fe:t catelJ.ite po.;er could be used that would alter 

this stratt,y. The model can e, :i.y accomnodate these changes by 

varying the cost per watt of satellite poi.:c'. 

Future .Work 

As work has progressed toward the final model (one that will in

elude the effect on costs of handling a nation's regular commercial 

telephone and telegraph traffic over the same satellite systcm that 

is used to transmit the educational prO--ra.mii.:r), it has become apparent 

that before modifications to the present computer program can be made 

some kno-1c.dc must be obtained abzut the least-cost schcdu].e for in

creasing the capacity of a given earth station facing a given demand 

profile (qucstion 2). The follo.:i.n- modol has been proposed and its 

fcasibi1i-Ty w:ill be invcstigated i.,.thin the ncx:t two weeks as contacts 

at Philco-Ford a. G'.'E Len'-urt al.o,.w the pertinr.nt cost information to 

be assembled.
 

Let F(n) be the cost' of an earth station with a capacity of n 

channels working through a particular. satellite (identical earth sta

tions are assumed for transmit 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. chan1 

nels. Assume a linear increase in demand for channels through the
 

earth station such that nC (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 

channels per year increase in demand. Suppose that when t = T the end 

of the planning period will have arrivcd. 

The present worth of the costs of meetirjg the increasing demand 

out to t ;.e t. T it: T-t_ 

,',,. ) - ."a + 1i1 ___ p-..:f'i" b x.-ni;'.(a +,}knj,n;)L
 

http:pertinr.nt
http:kno-1c.dc


Pec-ue F(n) ,n f(n,,,. ) are not ruseeptible to mathcmiatiea., ex-

p.n'ess.oI (they, aI ot coztiuous functions, and they depend on -I1and 

on the ch'.rle per ",.:'att of cate..lite power, C ) it is riot possible 

to...:.'.u:n c:W: ) by difierntI.at'.on It will. be ne.ces

sary to proceed by direct evaluation for several value of k' with 

each set. of values for a,b, and i%. The probable outcome will be as 

shown in Figure 2. 

The pararn-eter k' is the nuiber of tines during the planning per

iod of ].en~th , that the station will undergo upgrading, if there wzere 

only one size station in the system. With more than one size the effe( 

of econcmie- of scale must be included. All the stations' schedules 

will interact to produce the overall schedu.e. As an example, Brazil 
has about i,700 towns and villages of less than 2,OC0 population and 

1,000 towns of betwcen 2,C0 and 5,000 population. Suppose that there 

and N1 townes and villages that will require n1 channels at first (a 1 n,) 

1:owns -.ill recuirc n renresentsand N2 that n2 channels (a 2 = ) If d(i) 

the disco <nt factor that accounts for economics of scale, then the cot
 

of meeting the dcmarid for n and for n2 channels with different equip1 2 
ment is: 

CI~~'' = rI1 d(i': )F(nl ) -F I'"d(i' )F(n )
yr: 1(a 1 E'2 (12)n2 

and the cost of ::.ectin& t"e de:.and u-ing the ].a'er capacity equip'ent 

throughout is: 

CN+ 12 = (N1 + N2 )d(JI1 + 112 )F(n2 ) . 

It may be that CiN1 + V2 is less than C141N2 in which case, only 

the larger capacity station would be install.ed. It may also be that
 

even if CN + N is larger than C it would still be more econom

1 22
 

ical to use only the larger capacity station.
 

Suppose, for instance, that the larger capacity station would at 

some time be needed at the N locations which have an initial demand 

for only n1 channels. Then, if C I + is larC than CNI, but

{ 
N2 

*i-+ 'R2 I 2 n( 2 

http:install.ed
http:difierntI.at'.on
http:p.n'ess.oI


,//'7
 

Irc(k') 

1 2 3 4 5 

k'
 

Figure 2. 	 The Present Worth of the Cost of Upgrading
the Capacity of an Earth Station ovcr the 
Planning Pcl'cd of 2c:..Th T, as a Functicn 
of the nuvibc:" of Up-radiz.-s. 



or 
f ( n 1Cl+ << CMN, + mii (-wf' x + C".(i,)kni/b) k! 

it would still be less expensive to install only the larger capacity 

station. In words: economies of scale and station upgrading 

schedules can be such that it is lcss e>.).nsivc to install only one 

size station than to install two different ,-izes and later upgrade 

the smaller size to the same capacity as the larger size. 

From considerations such as the above, it will be possible to con

struct, a light-route crowth strategy. The objective of' this mode], is 

to dct..rmine the cror's-over point (in distance-channel space) for var

ious terrestrial technologies. That is, at any given distance and 

channel rc.cuiremcnt, it is less exprensive to serve the ].ink-using 

the satellite (and if so, what size earth station is reauired for this 

link as well as to scrvc the other satellite-linked cities) or shou.d 

cable pairs,terrestrial facilities be used, and which one (ope'n wire, 

microwave, coaxial cable, etc.). Ccmbininr, this type of infornation 

from all routes will be a necessary step in determining the total re

quirements on satellite capability and thus help to detcr:nsine which 

satellite is used. 

This is an itcrative process since the cross-over poiiits will Le 

determined by the opti.rmta: size stati os and the optirum schedule for 

station upjradings. These will be determined by the number of stations 

and the rcquired initial. capacity of the stations and the cost per '...att 

of satellite power, which, in turn will depend on the optimum size of 

the stations and the optimum schedule for upgradings. It will be neces

sary to make initial estiamtes for some parancters, run through a].. 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.. litcel, 

I. Introduction 

It has been noted in the literature that a very simple relationship exists 

between a nation's gross domestic product (GDP) and its telephone density (the 

number of telcphones 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,
3 

there is more demand than there is facility to satisfy the demand. Especially 

in such a supply-limited situation, there is impetus to determine the least-cost 

method of providing service, since the target for the c6mmunications entities 

of these LDC's is a development plan to.upgrade the present telecommunications 

system to make it compatible with the socioeconomic level of the country, and 

to do so within the telecommunications budget. 

We feel that the telecommunications satellite can significantly reduce the 

costs of service 'to dispersed populations or subscribers (e.g., interconnection 

of CATV companies) while maintaining the same standard of performance as 

obtained with terrestrial systems. In fact, we believe that the satellite makes 

economically feasible some services that otherwvise could not be supported by 

LDC's, and that further experience with telecommunications via satellite will 

improve its economic advantage for these services. * 

This advantage, however, may not be realizable unless the large cost of 

the satellite, and, to a much lesser extent, thi" 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 simultaneously receive 

and retransmit several dissitmi lar signals (be they telephone, telegraph, television, 

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

* An ifidication of the continuing trend to lower costs for sntellite services is 
the clranatic reduction ill Sl):cc-seVment per-year costs of a tlephone circuit. 
U:inlg fi,,Il rcs w*nc, ra lv availabde, th l' ph il Fig. I wa:: ploucd. (sc also 
'(:ft.rle c .1) (It IAou1hid a' p1 a.,:iiz.,d h-tt ' . .ostS 1o 1',.,I incIKILde 1h ground 
soy'11ltl oJ uho Th . y aC s1%''. o;ci. :lraw tion to-:Vs;ill. o.iv t.o the dl:C-1iliW;!
¢c .-sI.,; t'urr(.iulv l.',.inp, t.\r':riten'c, iii ::l .litc Lcch:1ll;,.) 



I I Figure 1 

O Inteisa i I INTELSAT IV SATELLITE COSTS 

18, 000 ' ] The In-Orbit Per-Circuit Per-Year cost! 
' ' - ' vs !1 

. The Satellite Capacity (in circuit-years,j over 
the desig4 lifetime of the satellite) 

15, 000 J 

0 12,000 

>4 

124 ' 
5 

_9, 000, 
(9Intelsat II 

I 

o. I : 

II! 

6,000 ......... .... I , . 

I t 

- _ _ _ _ _ _ _iI _ __ _ __ _ 
:3, 000I 

Intelsat iII 

I_ Iesa IlIntelsat IV 
100 1, 000 10,000 100j, 633 

Satellite Capacity (circuit years ) 



-2

agency planning be encouraged where a national satellite is being considered. 

for a share in 
in addition to commercial telephony,

A prime candidate, 
It'has received wide

a multipurpose system is educational pfogramming. 
6 especially in LDC applications. 

over the past few years,
spread attention 

Traditional ap
this is because of its potential for reducing costs. 

In part, 
In fact, it is largely 

to education have always been labor intensive. 

proaches 
 so accute. 

cost squeeze in education has become 
reason that the presenlfor this 


have benefitted from technological innovations and improve-

Other "inlustries" 

This increase in effi
ments to increase the productivity of their employees. 


Although no corresponding increase in effi
ciency permitted higher wages. 


teachers and administrators participated in the
 
ciency occurred in education, 

as produc-
As Baumol states, "...(this) suggests that, 

upward wage trends. 
costs of running 

tivity in the remainder of the economy continues to increase, 


so that whatever
 
the educational organizations will mount correspondingly, 

can be reasonably certain that
 
thenngnitude of the funds they need today we 

the day after that." 5
 
and even more on 

more tomorrow,
they will require can,
 

Reducing the labor-intensive nature of the educational enterprise 


help to open the way for technologically motivated reductions in
 
of course, 

With low-cost earth stations, the distribution of educational materials 
cost. 

a voice talk-back capability, becomes a very 
with or withoutvia television, 


attractive alternative to the slow and costly process of specialized training
 

of teachers and th2 subsequent continual problem of motivating teachers to 

so that the affective com
care must be exercised

work in rural areas. Due 


the instructional component is being
 
ponent of education does not suffer as 

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 television program distribution with 

It will also outline the work in progress toward a model to 
audio feedback. 

a least-cost configuration of a multipurpose system to provide 
determine 

or both) and regular 
both television listribution (commercial or educational 

telephone service. 
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II. Least-Cost TV/Return Audio System 

A. Terrestrial Systems 

An investigation of terrestrial tcchnologies revealed that only coaxial 

cable and microwave radio facilities 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 repeaters and the destination terminal. These are shown 

schematically in Fig. 2. The average distance between repeaters (called th, 

hop distance) is 30 miles. 

origination destination
 
terminal repeaters terminal
 

Figure 2. -A Microwave Radio Relay Link 

Each origin and clstination terminal requires the following equipment: 

$4,500transmitter or receiver (per TV channel) 
1,900antenna and feed 

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 
4,500transmitter or receiver 
1,900antenna and feed 

200batteries and charger 
multiplex equipment - heavy route, per channel (voice) 2, 000 

light route, per channel (voice) 1,000 
- first channel (voice) 900installation and alignment 

each add'l channel (voice) 200 

.These costs can be represented in equation form by 

Ct(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 mIumber of television channels being distributed. 
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Each repeater station requires the following equipment: 

$7,000transmitter and receiver (per TV channel) 
3, 800antennas and feed 
2, 000standby batteries and charger - first channel 

each add'l channel 200 
6,000tower (150', guyed) 
1, 300installation and alignment - first channel 

each add'l channel 500 

voice feedback equipment 
7, 000transmitter and receiver 
3, 800antennas and fced 

200batteries and charger 
1, 100installation and alignment 

or, in equation form, 

Cmr(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 be used in 

final destination has beenthe distribution network at the ends of branches where a 

reached and the particular city in question is not serving, simultaneously, as a 

repeater link for other cities. Nevertheless, each terminal station will have its 

video transmit counterpart somewhere upstream towards the origination station. 

to be mod-This is significant in that it allows the costs of the micro'ave system 

eled (on the low side) as the total number of stations used, whether terminal or 

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

Cms(c. N) = (1 + "rt(N))NCmr(C) 

where Cms(c, N) is the cost of the microwave system 

N is the number of cities being served by the system,
 

c is the number of TV channels being distributed.
 

q(N) is the ratio of the number of microwave repeater stations be

tween cities to the number of cities connected by the network. 

To make the cost-components of a repeater station comparable to those 

Included later on for satellite earth stations, the equipment costs of a repeater 

station were modified to reflect the costs of land (land, grading, roads, and 

towcr foundation) and maintenance. Maintenance was assumed to b: 15 per cent 

of first cost (an average figure us.d hy Pacific T'elephone and Tclcgraph Co.) 

and land CoSts were asstInied toover a 25-year period (FITT uses 1.5.99 years) t 


be $8, 001[ (this allows for t112 fact thai not all sit(s will rcquirc lan or towers).
 



The other costs incident to the design and 	implementation of the system (such 

spare parts, engineering, commercial poweras transportation, documentation, 
common to any other telecommuniconnection, etc.) were broadly assumed to be 

cations system being considered, and were not, therefore, explicitly inclu.1ed. 

to the
(Another reason is that one comparison of 	the cost of a microwave system 

favrablu to th1 mirVaVC SVste 
on the supposition / thatL iter

cost of a satellite system was done 

repeater stations would be required, i.e., 71(N) = 0. Thus each station
-nediate 

city to be served, similar to the placement of
would be located at or near a 

used, and support costs forsatellite system weresatellite earth stations if a 

either type of installation would be fairly 	comparable.) 

The addition of these costs to Cmr(C) gives.' 

- 1)Cmr(c) = $72, 600 + $17, 500(c 

and
 

Cms(c, N) = (1 + I(N))N($72, 600 + $17, 500(c - 1))
 

c are known in any given situation. "q(N), 	 on the other
The values of N and 

can be known accurately only after a preliminary route survey with topo
hand, 


graphic maps and path profiles has been complcled. It was sufficient fen, our
 

rough estimate of the functional depenidCnce
purposes, nowever, to derive a 

area to be


of 71 on N. A uniform distribution of cities throughout the entire 


Although not a vcry likely distribution for an actual sys
served was assumed. 


tem, it might be argued that the number of repeaters required to serve such a
 

upper bound since any departure from
as andistribution could be considered 


uniformity would allow advantage to be taken of the clustering that would appear.
 

of the N

It was further assumed that the origination station was located at one 


follows.

cities to be served. The straight-forward derivation of 71(N) is as 

miles long by W miles wide. For
Consider a region of rectangular shape L 

each city will be at the center of a smaller rectangle that 
a uniform distribution, 

1/ 2 The intercity separation
is L/N 1/ 2 miles long by W/N miles wide (see Fig. 3). 

1/2
1/2 
miles (long lin!.) or W/N miles (short link) de 
distance is thus either L/N 

to the width
pending oa whether the direction of travel 	is parallel tothe leng lh or 

cities are connected to thelir ncighbors
of the rectangle. If, insofar as Ipassible, 


using s'hort links fewer intercity repeaters will be required than with alny otlher
 

I)N 2 short

link patter. With this paittern, the network will consist of (N1/2 

links and (N1/ 2 - 1) long links. 
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In calculating the total number of intercity repeaters implied by this 

pattern, we let ti represent the average inter-repeater (hop) distance and 

D represent the distance between cities., or the link length. Because h is 

the average hop distance and not the maximum, and because of the large 

numbers of equal length links involved, a reasonable approximation for 

tile average number of repeaters per intercity link as a function of link length 

is taken to be n = (D/h - 1). This number will generally not be an integer. 

An equation for the total number of intercity repeaters, N,', may now 

be written. 

NiX= NI/. 2 (N1/ 2 - 1) x (the average number of repeaters 
in a short link) 

+ 	 (N / 2 - 1) x (the average number of repeaters 
in a long link) 

N - - 1) + (N1/2 - - 1)NI/2(N / 2 l)(W/hN 1/ 2 I)(L/hN1/ 2 

or 

(N 1/ 2 = - 1)(W/h - N1/2)/N + (N1/2 - I)(L/hN1/2 - 1)/N 

For very large N, this equation would yield a negative value for "q. To 

prevent this, -\ was defined as the larger of the valtIC given by the abovC Cqtia-. 

tion and zero. For L = 1,500 miles, W = 1,000 miles (corresponding rou-,hly 

to the size of the Rocky Mountain region), and h = 30 miles, Table I gives some 

representative 	values of N and the corresponding n. 

TABLE I 

-q(N) for representative val
ties of N 

N 

100 2.46 
250 1. 16 
500 .52 

1,000 .07 
1,140 	 .00 

10, 000 .00 
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B. Satellite System 

A satellite long-distancc transmission system consists of the following 

components: 1)a video-transmit, audio-receive up-link earth station at each 

television origination point; 2) a satellite; and 3) a vidco-receive, audio

retransmit earth station at each local receive point. (The number of local 

ceive points will generally be greater than the number of cities being served. 

In any.event, 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 subscribers ,io'further distribution is nec

essary). For simplicity, our analysis assumed that all earth 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 signal. 

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

Css(C,N)= CS(c,N) 4-Cb(c,N) + NC,(c, N) 

where 
Css(c,N) is the cost of the satellite system (in $) 

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

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

Cs(c, N) 	 is tile cost of that part of the space segment of the system 
actually used by the educaLtional system (here is an implicit 
assumption of a multipurpo.,e s'-stem and the consequent 
cost saving through sharing) (in $) 

Cb(c, N) 	 is the cost of the master video-transmit, audio-receive 
station(s) (ii $) 

C (c, N) 	 is the Cost of a video-receive, audio-transmit earth 
station (ill $) 

The earth station costs include the following: 

1)equil)m 1nt costs 

2) Site costs (,l;sumed to be -10 per cent of the antenna costs) 

3) i allastacosts (assumed t( 1)e 10 per cent (if tiation eCluiplIn, nt 
Costs) 
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4) 	the present worth of maintenance costs over an assumcd 25-year 
lifetime using a discount rate of 10 per cent. Annual maintenance 
costs are assumed to be 15 per cent of equipment costs. 

5) the cost of channel separation and demodulation to baseband for each 
video clhinnel receivec. On a per-channel basis, this cost has been 
estimated to be near $1, 200, as follows. A lower )oun(d nay be 
esta)lished by looking at the function and cost of an ITFS (iostr.,c
tional television fixed service) down converter. 'The down con
verter, used with an ITlIS receive -station, does no more hin 
shift the frequency of the incomin rf signal down to the proper 
TV carrier frequency, usinlg a dohuble conver:; ion process, !nd 
then amplifies the result. The coSt of the dowVnI convterteL" is .,00. 
Demodulation is not included (it, of course, is not iiecessa rv in 
ITFS transmissions). An upper bound may bL taken to hu $1,500. 
This is the cost of the eCquipment nee'ded at a c le hlICeden ;ite 
to prepare a TV signal, received from a mnicrowave link, for 
transmission on the cable. This $1,500 does not include dtullod
ulation either, but does include ANI modulation, frequency 1]r1ns 
lation to the proper cahile chanel, and power amplification. In
sofar as demolula tion can be considered to require equi pi.n t of 
lower cost than does mordulation, the comprornlise figure of $1,200 
is reasonable. 

The computer program developed here at Stanford uses extensive cost in

formation that we gathered on earth station components together with a value for 

the cost per-watt per-year of satellite rf power to calculate earth Station costs 

and configurations for the criterion of mini mum ove:rall satellite syStemlI COSt, 

Thus, if the cost per watt-of-space-segment-use increases, minimizing total 

system cost would require that the earth stations be made niore sensitive, and 

consequently, more costly so that less satellite pocwer need be used. Simii",ly, 

if only a few earth stations are to be constructed, their unit cost should bV much 

highe" than if many are needed. 

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 be incurred in providing sufficient satellite capacity to just meet these 

demands aic calculated using the costs of currently proposed satellites. Then the 

amount that must 1)e charged for a watt-year of satellite capacity is determined 

such that the present worths of tih revenue streams associated wilh each demand 

curve are equal to the present \vorths of the costs, respectively, of satisfying 

the demand. The range of charges runs from C/y= $15, 000 per watt-year to 



"%,w/y LD I1; ,.VO, to the education system of 
Cw/y= $50, 000 per Watt-y-..L. 
ona watt of satellite rf poc,,er for one year. 

Tie costs shown in Tables 2 through 7 are representative of those ob

taining for a country whose area may be covered by a satellite antenna of 10' 

equivalent diameter 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 

eqations for C,nsand C developed in the last two sections. Figure 4 

gives the costs for systems that carry fpur video channels and Figure 5 pre

sents the costs for 12-channel systems. Each figure also inclu'jcL a plot of 

what the microwave network would cost if nr(N) = 0. This approximates the 

case where the cities involved are not spread throughout an enti2:e 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 -1clhinnels with the microwave network, even though to provide 12 

channels through the satellite involves stacking the TV channels so close to

gether in frequency that adjacent channels must be transmitted on carriers 

that are cross -pola rized with respect to each other (pcrmitting some overlap

ping occupancy of the available frequency spectrum) and the earth stations 

must be equipped with two antennas and two preamplifiers. 

In view of this cost dependency 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 education sys

tem is the Rocky Mountain region. In the eight states of this region there are 

1168 cities. There are 361 cities of greater than 2, 000 papulation and 100 cities 

of greater than 10, 000 population. An education system transmitting to this area 

would be of most use in the smaller cities where large or specialized curriculum 

aids are not readily available. Thus, most of the 361 cities of gcaIter than 2, 000 

p:wlat ion whild prolably wis:h service. This is an obvious ca-es, then, of where 

the satellite sysitem would be less exponsive. 



TABLE 2
 

Satellite System Cost Paramtcers with Cwy= $15, 000 and c = 4
 

N Ce(c, N) Cb(c, N) Cs(c, N) cIds(c, N) 

100 13, 277 190, '153 1,719, 027 3, 237,180 
250 11,404 244,954 1,969, 774 5, 005, 735 
500 9,437 263, 594 2, 626, 464 7, 608, 6.10 

1,000 8, 115 295,771 3, 515,082 11, 925,763 
2, 500" 6, 999 427, 823 5,101,800 23, 027, 488 
5,000 6, 459 520, 435 6, 886, 546 39, 701), 528 

10, 000 6, 085 697, 998 9,391, 256 70, 93 144 

TABLE 3 

Satellite System Cost Parameters with C $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 3,828,800 9, 6i/2, 456 

1,000 9, 218 400, 766 5, 044, 458 14, 663, 023 
2, 500 7, 638 492, 540 7, .130,076 27, 016, 832 
5,000 6, 881 623, 697 10, 014, 704 45, 045, 536 

10, 000 6, 365 860, 615 13, 600, 203 78, 108, 272 

TABLE 4 

Satellite System Cost Paramcters with Cw/y $50,000 and c = 4 

N Ce(C, N) Cb(C, N) c.(c, N) Clds(c, N) 

100 34,185 258, 583 1,890, 907 5, 568', 063 
250 19, 415 287, 412 3, '118, 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 79 311 739, 032 13, 221,370 50, 516, 352 

10, 000 6, 649 1,045, 246 17, 928, 6-10 85, '166, 6.1t) 



TABLE 5
 

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

N Cc(c,N) 

100 44, 205 
250 23,173 
500 24, 865 

1,000 21,722 
2, 500 19,078 
5,000 17, 832 

10, 000 16, 980 

Cb(c, N) 


328,056 

3541861 

457, 012 

506, 487 

739, 824 

9 19, 098 


1, 248, 249 


TABLE 

Cs(c, N) Clds (c, N) 

3,083, 175 7,832, 028 
5, 168, 194 12, 566, 348 
6, 227,586 19, 117, 216 
8, 287,900 30, 516, 720 

12, 093,080 60, 527, 104 
16, 257, 658 106, 335, 184 
22,008, 800 193,059, 920
 

6 

Satellite Systum Cost Purameters with Cw/y $30, 000 and c= 12 

N C (c,N) 

100 68, 250 
250 41, 094 
500 27,071 

1, (101 2.1, 318S 
2, 500 20,( 606 
5,000 18, 844 

10, 000 17, 650 

Cb(c, N) 

354,861 

460, 870 
61,1, 462 
689,948 
877, 653 

1,140, 515 
1,601, 609 

TABLE 

Cs(c,N) Cds(c,N) 

3,418,916 10, 598,739 
6,113, 468 16, 847, 920 

10,116, 378 24, 266, 196 
11,992, 616 37, 00, 112 
17, 622, 336 70, 051, 760( 

23, 679, 1;72 119, 038, 928 
31, 992, 6,10 210, 097, 520 

7 

Satellite System Cost Parameters with C $50, 000 and c = 12 

N C (c, N) Cb(c, N) 

100 81,443 450, 293 
250 41, 094 606, 186 
500 38,959 669, 417 

1,000 26,058 773, 462 
2, 500 22, 161 1,(130, 177 
5, 000 19 , 873 1,386, 1.16 

10, ( 1'11( 18, 332 1,997,533 

Cs(c,N) 

5,082, 237 

9,968,821 


10,121, 57.1 
17, 017, 98. 
23, 275, .;08 
31, 278, 336 

,12, 237, 20 1 

CIds(c,N) 

13, 676,797
 
20, 8.18, 576 
30, 270, 368 
43, 8,19, 0.10 
79, 706, 912 

132, 027, 90.1 
227, 550, 608 
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Ill. Examples of Program Capability 

Since the printouts of satellite system costs given in section 1I-B were obtainud 

some modifications of the program have been made -- mostly format, although 

some were substantive. With these modifications in force, representative cal

culations of the costs of satellite service for four Latin American countries 

were made. The program accepts as input parameters the values of the variable,; 

shown on the printouts under INPUT PARAMETERS, as well as the following 

variables. 

1. The longitude of the country's geographical center 

2. The latitude of the country's northernmost boundary 

3. The latitude of the country's southernmost bounrlary 

4. The longitude of the westqrnmost boundary 

5. The longitude of the easternmost boundary 

6. The latitude for the maximum slant range calculation 

7. The longitude for the maximum slant ran'ge calculation 

Two cases were considered for each countryl (Brazil, Peru, M,.xico, and 

Colombia). First, it was assumed that only one TV origination station would 

be provided and that it would be at the capital of the country. It would transmit 

to receive stations located at every city of 2, 000 or more inhabitants. Second, 

it was assCimed that there would be 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 carried 

for educational purposes was specified as 4. When more than one TV origina

tion sfation is permitted, each is assumed to he capable of transmitting two 
with tile satellite carr'in:r I maximum of 12 chna lsclh. at any ole tin . 

channels to every village (any s'izc)/ The num1ber of villages was d(terminuc 

by looking at either the latest census of popIlation 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 cities, towns, 
above 2, 000 population. We used 1,800. 

case 2. Brazil's 1960 census of population lists 6, 535 cities, towns, 
and villages (total). There are 28 cities on the accompanying map that were 

and the numbOr of receive stations will be roundedused as origination stations, 

to 6, 500. (By way of contrast, the Hammond World Atlas lists only some 7416
 

and villages witlh only three of these having populations lowercities, tovns, 
than 1,000) 

Peru 

case 2. Peru's Anuario Estadistico Del Peru, 1966 shows 24, 908 

places of greater than 50 inhabitants. However, only 7, 909 of these have 

more than 200 inhabitants. We used the figure of 7, 950 in the program. 
for the total number of towns and villages and cities)(Ilammond lists only 363 


The number of origination stations is equal to 12.
 

case 1. Peru's AnuarioEstadistico Del PerU, 1966 lists 355 cities and 

towns larger than 2, 000 population. (llam :nond ists only 1,18) 

Mexico 

case 1. The Anua rio Estadistico -le los Estadcs Unidos Mexica nos, 

1966-1967 has ;iine categories oi localities: ciL!aldeS;, villIas, pueblus, con

gregacioncs, haciendas y fincas, ejidos, ranchos, rancllrias, and otras. 
In running this program tihe arbitrary choice was mlade to ass ume 1hat the 

first three categories include all cities and lowns larger than 2, 000 popula 

tion. This number is (362 + 528 + 5,189) = 6, 079. We uscd 6, 050. 

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

Colombia 

case I. There are 193 cities and towns listed in Hammond as larger 

than 2, 000 population. 

case 2. Hammond shows 306 as the total number of cities, towns, 

and villages. There are 18 sites for origination stations. 
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BRAZIL 

Area: 3, 286,170 sq. mi. 
Population: 83,900, 00 (196) 

OA VISTA Rural 59.7 pir cent (1900) 
46.0 per cent (1980 projccted) 

MACAPA 

BELEM 

SAO LUIS 
MANAUS FORTALEZA "% 

TERESINA 
NATAL 

JOAO I'ESSOA 

MACEO,. 

ARACAJU-

SALVADOR S 

CUIAA DRASILIA 

GOIANIA 

BELO HORIZONTE 
VITORIA v' 

* ''IT. RO1CAMPINAS 
"
 SAO PAULO * iZRIUDr, JANEICO 

ANTOS
 
ul"o
)-fiL~0,11AN .Li:ICURITIBA

SPORTO
d,'". IRI /PORiT], A'~:Gt. L lIMA GC)"" .. 
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*** BRAZIL ***
 

I'f,'T PARAMETERS 
1,ND AREA 3286i70 SQ I 

LATIUGE CF CCUNTRY'S GECCRAPHICAL CENTER " 4G 

ASSUXED CGST OF SATELLITE PCIER (5/mATT-YEI:R) $50000. 
10.0
DISCOUNT' FACTOR 

1
NO. UF 1V-TA. S-IT/AUI)IO-RECEIVE IMIASTER) STATICNS 

NO. OF TV-RECEIVF/AUIC-PI.NSI'IT (SLAVE) STATICNS 1800 
4NO. OF TV ClittNELS PEP MASTER STATIN 
4NO. OF TV CHMAIFLS PFIR SLAVE STAT ION 

43 013SICNAL-IO-NOISE RATIO P-CLIRED 'R TV 
43 DBSIGNAL-IC-NOIS.RATIC PECUIREG -OR AUDIO 

OUTPUT PAA/iMETERS
 

MASTER SIATION
 
LNIT COST $ 554768.
ANI ENhA: DIAMETER 49.6 FT 

K UNIT COST s o00C,0RCV, PRE-AMP: NOISE TEIMP 20. CF.G 


TXMTR PWR AMP: CLIFLT Pi.,R 350.C W iNIbT* COS] $ 17000 
$ 96095bINITIAL Ct'IITAL COST PER STATION 

CCST STREAM $ 1126t5PRESENTICRTH OF IFN-YEtR ANNUAL 

SLAVE STATION 
ANT'f: 'tN,:," IAVF'TER 11.[ FT LNII COST 1, 6466. 

NOISE TEM-P 180. LEG K UNIT CUST 1, 7000KCVR PRE-AMP: 

TXMTR PV,'R A:.AP ObTPLT PRR 3C.C 1N LNIT CCSI $ 6000'
 

INITI/it. CAPITAL CCST PER STATION $ lit41 1
 

PRESI'tT WGRTIf Cr TE-YE#i [ Af,NLAL COST STREA. $ 25337
 

SATELLITE 2f 
4 -5 FTSA1LLLITE ANTErNA N-S CIMAETER 

-0.0 FTSAIELI. 1IE ANTr NA E-' D A'vE TER 4,'Z' 


MAXI!'-J 1 SLANT EFAr:CCIR 1'ANS.-ISSI0ON 23001.7 M{
 
17.13 14POWER CHARGED P'7 TV CHA1NNEL 

0.01. 4i572 W
POWER tC'HARGED P.'R AUDIO CHANNEL 
TOTAL CCST PER Y-tR CF SATELLITE P .:Er $ 3519270 

PRESENXT viORT11 CF !E,,-YEAP ANNUAL CCST STREAM. $ 21622384 

16280752.
TOTAL INITIAL CAPITAL C.ST 

(NOT INCLUDI\'6 SATELt.ITE COSTSI
 

PRESFNT MWTH OF TM'AI.-SYSTEI' IEN-YEAR CLST $ 69342720. 

ANNUAL CCST 01: IOTAI. SYSTIFM PEP SLAVE STATION $ 6241. 

ANNUAL COST OF TOTAI. SYSIEM FJ. SLAVE STATICN PER TV CI-ANNEL $ 1560. 
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BRAZIL (CCNCT) 

LINK CALCULATILNS 

TV UP-LINK 2.5 GHZ)
 
OUTPUT P.R PER CHANI'E. CF .MSTER STATION PWR AMP 

MASTER STATION ANTENNA GAIN 

PATH LOSS 

SAIELLIT. ANTENNA GAIN 

EQUIVALCINT INPUT NCLSE PR DENi'SITY AT SAT - RCVR 

NOISE EAWIDTH (25.1 MZ) 

UP-LINK CNR 


'TV DGWr-LIt.K ( 2.5 GFZ)
 
CUTPLT PuWER OF SAI[:LLITE TPfhNSPONCER 

SATELLITE ANTENNA GAIN 

PATH LCSS 

SLAVE STATICN ANTE!I',A Co.N 


SLAVE 	 STATICN RCVRE,,)UIVALFIT INPUT NUISE PWR CENSITY AT 

NOISE FANDviIDTH 


DOWN-LINK CNR 

TV TOTAL CNR 
- 2)	 : KP)TV TOTAL ShR ((2 /2F) 1)t¢ tC/N) { !/H 

WHERE 	 f3= RF BANDWII-; F = t;IIIF.ST ,ASE-BAND FR 'QULNCY; 

C/N = TV TCTAL. CNR; KP = A fCISE ULEIGTIN. i'ACTUFk 

AUDIO 	 UP-LINK ( 2.5 Cp-i) 
o AT SLAVE STA. FWR. ,AMP.CUTPLT P .. I CI-,"., ,,A,L 


SLAVE. STATI)N ANIENNA GAIN 


PATH LCSS 

SATELLITE ATErNA GAIN 


CENS IIY Al SAT. RCVREOUIVALET INPUT NdISE PWR 


NOISE EANi)WIDTI (0.100 MhZ) 


UP-L INK CN1R 

CF SATELLITE TPtNSPCf\DEPRBACK-CFF 
TNTCNR FRCM INTERMiODULATICN IN SATELLIE 

AUDIO fDCWN-LIPK ( 2.5 CI-Z)
 
PWR PEIR CFANNEL T SAT. TRANSPCNCER
OUTPUT 


SAI LI.LIE ANIEN A GAIN 

PATH LCSS 

IMASIER SiAIION ANTENNA CAN 

INPUT 	 NOISE PAR 1ENSIIY AT VASTER STA.RCVREQLJIVALL.,T 
NOISE 	 PAND,.IDT. 

1)iRDOwN-L. 	INK CrR 

23.4 Di 
19.4 DB 

-191.6 DB 
21 .6 DI 
17.6 DB 
-74.0 

31.4 


12.3 
2..6 

-19 .8 
36.9 

2U5.C 
- 74. () 

1.3.1. 

13.0 
4=6*42.9 

13.8 l)r 

)B 

Gil 

Dil
 

D 
l 

DR 
Dt0 
Db 

13 b 

D11
 
DR
 

j . j 

-I 
24.6 

19o. 6 
-50.O 

30.1 

10.0 
16.9 

-29.0 
24.0 

-191.4, 
4N9.4 

_12.1 
-30.0 

15.*.4 

(t 
1.i[ 

DP 
)P 

DI. 

DB
 

IiB 
DIl 

DIR 
('11 
DIk 
Dfl 
) 13 

L)!k 

13. )
AL,01C 	 I CT Al. CNR 

.gL,)It' 1IJI tL S'%" { ( ( IF: _I):.'.2 . I, rI )*;.(II/ ,F') , . 

' -_lE. r\l"I IS I F 1: P -A0-i .A .' fr C. , , IA i' { 1 C ApIA:' -l 
I A'I S AS ICVFSI kL;L.E VCICE SICNAL ; CT-FR 

l 
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*'* BRAZIL It-* 

"PUT PARAMETERS
 
LAND AREA 
 3286170 SO MI 
LATIrTUDE OF C{.114 fRY'S GEOGRAPHICAL CENTER -* t, DEG 
ASSUML U COS: (F- SAI LL rE PUNL R ( WWATT-YEAR) ,5000. 

,DISCJUNIt,' IAcl 10.0% 
NO. OF IV- I-,AKt-I /AtDiiO-RECEIVE (MASTER) STATIONS 28 
NO. (t TV-I'L(A I \'E/AtDI0I-TRANSMI, (SLAVE) STATIONS 6500 
NJ. If IV (I ,ktLLS P1 N MASTER STATIJN 2 

,NO. OF IV C'Awtr~iLS PERP SLAVE S'ATI0:4 12 
SIGNOAL-TU-I WIL RATIO RQfUIRNED [OR TV 43 0B 
S1(,'IAL-ILJ-( Sf AI REQUI RED IUR AUDIO 43 OB 

OU PU PAAME It S 

MASTER STAT 1(1N
ANILrN;,: DIAMETER- 45.4 FT UNIT COST 5 526700. 
RCVR PPLF--AMP: NOISE IEM P 2C2., DEG UNIT COST 1K 80000 
TxlMiR pl.i A0U: OUTPUT P v"R 350.0 N UNI T COST S 17[)00 
INIVIAL. CA' IIAL COST PE-RN SI, iATJ 1,, 610i302 
PRLSU NI Nitmil Of' 1LN-YEAR AN.NUAL COST STREAkl , 1313421 

SLAVE S ATI , 
AflNI A: DIAMETER 12.0 FT UNIT1 COST , 2606. 
R(.VH POF-hIP: NOISE TEMP jJO DE( UNIT COST ,K 7000 
lxMt1* N 'K AMP OUTPUT 30.0 W UIT COST 6 000 

, I IAL C(AP'I fAL CGJSi PER STA 111' ,2 1. 
Pkf S I wu,.Ui H h- I iL.- 'TA' AM UAL CJSI SIREAM 3 5"i' . 

SAT ELLI I l 
SATFULI I ANTENNA N-S )IAIIETER 43 FT 
SATF I I F AN FIKWNA F-6, l-NITI i 4.'Z- -0.0 FT 
MAX I MUM S.LANT RANGE UP. 1 RANSISSIUN 23001.7 MI1 
P[H,,,l-P. - PER;ttE TV CHANNLL 1/6.38 1 
P W' 1 N CIIARt;tLU PEFR AUDIO CiHAN!:L O.,l4 9 6O W 
1I1AL COS1 PLl Y:AR OF SATELLIIE 'OWEk $ .20O0186 
PIE SENT 'URI OF TEN-YEAR ANNUAL COST S REAM $ 74957920 

TOTAL INITIAL CAPI TAL COST 80262352. 
(NOT INCLUDING SATELLITE COSTS) 

PRIESENI WORTH OF TOTAL-SYSTEM TEN-YEAR COST $ 344055296..
 
ANNUAL COS1 O1F TOTAL SYSTEM PER SLAVE STATION $ 8575.
 
ANNUAL COST OF TOTAL SYSTEM PER SLAVE SIATION PER TV' CHANNEL $ 715.
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BRAZIL (CONTI
 

LINK CALCULATIONS
 

TV UP-LINK 1 2.5 GHZ) 
OUTPUT PWR PER CHAi4NEL OF MASTER, STATION PWR AIMP 
MASTER STATIUN ANTENNA GAIN 
PATH LOSS 
SATELLITE ANTENNA GAIN 
EQUIVALENT INPUT NLISE PWR DENSITY AT SAT. RCVR 
NOSE BANDWIDTH (25.1 MHZ) 

UP-LINK CNR 


TV DOWN-LINK 1 2.5 GHZ) 
OUTPUT POWER OF SATELLITE TRANSPONDER 
SATELLITE ANTENNA GAIN 
PATH LOSS 
SLAVE STATIUN ANITLNNA GAIN 
EQUIVALENT lNPUT NOISE PWR DENSITY AT 
NO SE t3AN W TH 

SLAVE STATION RCVR 

DOWN-LINK CNR 

TV 
TV 

TOTAL 
TOTAL 

CNR 
SNR (=6*(((B/2F)-11'*21*(C/N) (B/FI*KP) 

WHERE 	 B = RF BANDAIIDTH; F = HIGHEST bASEBAND fPFQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE iEIGHTlNG FACTIR 

AUDIO UP-LINK ( 2.5 GHZ) 
OUTPUT POU;ER PER CIA;,NEL AT SLAVE STA. 'WR, AMPo 
SLAVE STATION ANTEl!'A GAIN 
PAIi LOSS 
SATELLITE ANTENNA GAIN 
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 
NOISE BANDWIDTH (0.1.00 MHZ) 

UP-LINK CNR 


BACK-OFF OF SATELLITE TRANSPONDER 
CNR FROM INTERMODULATION IN SATELLITE TWT 

AUDIO DOWN-LINK 1 2.5 GHZ) 
OUTPUT PwR PER CHANNEL AT SAT. TRANSPONDER 
SATELLITE ANTENNA GAIN 
PATH LOSS 
MASTER STATION ANTENNA GAIN 
EQUIVALENT INPUT NOISE PWR DENSITY AT MASTER STA.RCVR 
NOISE BAND';IDTH 

DOWN-LINK CNR 

AUDIO TOTAL CNR 
AUDIO TOTAL SNR =3D( I(BI2F-) :)'2h:CIN)(II/E)1(L/KP' ) 

WHERE KP' IS THE PFLA K-TI-AVERAGE PUJ,;I, PATI ( FOR A 

SINGLL VOILE SIGNAL; OTHER PARAt' ETE,;S AS ABOVE 

24.2 D8 
411.6 0B 

-191.6 DB 
27.6 DB 

196.6 DB 
-71,.0 DB 

31.4 DB
 

12.6 DB 
24,.6 DB 

-19.,8 DB 
3o.6 DII 

205,0 DB 
-74.0 08 

13.1 D[I 

13.0 DB 
42.9 DB 

13.0 DB 
366 Dli 

-19i. DP 
24.6 DB 

19(s.6 Dl. 
-50.0 DB 

29.8 D1 

10.0 DB 
16.9 D8
 

-28.3 	DB 
24.6 D3 

-191.6 DB 
48.6 DB 

21.2.). 	 DI3 
-50.0 	 D11 

15.4 DJ 

13.0 DB 
e,3.b DiR 
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,A LA RA IQUITOS 

PIURA/ 

\ CH-ICLAYO 

\,TRUJILLO"\7 
CIMI3OTE -

LIMA 
0 HUANCAYO 

• " CUZCO 

ICA 

AR EQUIPA 

Area: 513,0',0 sq. mi. 

Populaiton: 11, 649, 600 (1966 est.) . J'I"ACNA 
Rur.l " ",S p,.) 'pt (1)1

•1". 2 I),' c(:Ut (i' ;,'; ) I) 'rujcc:lL~() 



*m* PERU *
 

I1 T PARAMETFIRS 
MNC AREA 1lS®u So MI 

LATITUDE CGF COUNTRYIS GECCPAPHICAL CENTER -9.0 DEG 
ASSUMED COST OF SATELLITE P(ThER (S/WATT-YEAR) $5000 . 
DISCCU.NT FACTnR 10. 010 
NO. OF TV-TRAN'SM!T/LDIC-RFCFIVE (PASTER) STATICNS I 
NC. OF TV-i CEIV-/AU2EO-TRAN.M[T (SLAVE) SIATICNS 355 
NO. OF TV CHANNELS PER fvASTFR STATICN 4 
NCI. OF TV CHAtNELS PER SlAVE STATICN t 

SIGNAL-TG-;NLISE RAI 1r Rl 1II:ED FOR TV 43 DII 
SI.GNAL-TO-k.OISE ;RAIiO RECUIRED FCR AUDIO 43 DB 

iOUTPUT PARAMETERS 

MASIER STATION 
AN1 FI.NA: DIAMETER 24.2 FT LNI1 COST $ 47,2. 
RCV k PA E-A."P NOISE TE.' 40. EEG K UNIT COSI $ 40000 

TX,'.II' Pv,'R A'."P: CUTPUT Ilt.IR ICC.0 W LNIT CCS1 $ 10000 
INl IT.L C/,PI1AL CCST PER STAI HIAN $ 10 559 
PRESEN1 WORTH OF IEN-YEtR ANNUAL CCST STREAM $ 36174 

SLAVE STAT ION 
Ar\NE r\A: CI AVETER 12.0 FT UtI r COST $ 26C,. 
RCVR I --A*iP: NOISE TEMP 180. D0u K UNII GOST $ 70:)0 
TXMT R A*P, OUTPLT 5.0 W LNI T C SI $ 2000A.'.:P PMk 
liITIAL ChPlI",L CCST FER STATION $ 1157d 
PRf.SF-.I WURTH1I OF IEN-YEAR Ar:NUAL CCS1 SIREAM $7 

SATE:LLfI E 
SATE Lt. I TE ANI Er.kA N-S DI A'ETER 9.0 -V', FT 
SATELL [IF AN IL-1-*JA E- . D1 A, .ETER u5 -0.0 F:T 
PlAXI L .i:1 SLA-,T PAi\ E FCR TPANSVISSI -N 2251*2.4 1T 
PO,WER, CHARG:D PiRf TV CHANNEL 3.12 W 
PCi, ER CHARGED PER AUECIO CL-ANNEL 0.0136,M6 iW 
TOTAL COST PER YFAR CF ShAIELLITF PHWER $ 46/.,'c 6 
PRESI-NT WO<TIi CF TEN-YEAR ANNUAL COST STREAM $ 3)i'c.7 

TOTAL INIIIAL CPPITAL CCST $ 25b7055. 
(NOT INCLUDING SATELLITE COSTS) 

PRESENT V,f.RTH CF 1OTfL-SYSTEM TEN-YEAR CCST $ 11 C70911. 
ANNUAL COST OF TOTAL '_Y_4-EM PEP SLAVE STATIEN $ 5052. 
ANNUAL CCSi" OF TOTAL SYSYEM PER SLAVE STAT ION PU, V CHANNEL $ 1263. 

http:DISCCU.NT


PERU (Ccc\' r
 

CALCULAT[.(NS
 

TV UP-LINP. 1 2.5 G6ibM 
f]UTPUi P'.R PER ('Ai NNEL F iVASTER SIATILN PWR AMP 1.0 DD 
,,ASTL; SI ATIUN A ,TENi:NA CAIiN 43.2 DR 
PAIH LC.SS - i').[.5 D[
SAT [:I.L ![ ANTENN4A GAl N .55-2 013
 
Ec!UIVAL!['t, INPur C,ISF PrnR CENSITY AT SAT. RCVR 196.6 oil 
NI01 - PA:NDWIDTIi (25.1 1 fZ -74.0 Oil 

UP-LINK CNR 
 27.4. DO
 

TIV D0LNN-L.1. K 1 2.5 G-/)
 
OUT PUT P0,.,FR (IF SA 1!LL ITE TP.ANSPONDER 
 4.9 D13
 
SA L I.ITf- ANTLi\ A G_,I .32.2 I. 
PATH LSS -19 1 .6 GB 
SLAVI1 S AT I N I,'\ fE;i'A CAIN 3o.6 13 
E'JUI VAL1.iT I N)UI NC[S F PW.4 OL.SITY PT SLAVE STAT ICNf RCVR 205.0 OB 
iNLJ ISL I A.;L'; I(C IH -7q.0 OB 

DOWN-L I NK CNR 13.2 DO 

TV TGTAL CR. 13.0 DR 
rV IUTAL SNR (=64 ((P/2F)- ),::*2) :(C/N) .,(E/FI*KP) 42.9 DB 

zAF FWIIERC R 'I )IF; = i ;HESi .t.SE.F AN[t FPi.(U[ICY;
 
C/N L TV TfOF/.I. CNR ; KP A KGISE ,EI3HTIPC FACTCR
 

AUD.). UP-I. NK ( 2.5 C- Z)
 
OUTPLT !' :2 Al STA.
f PEq C[',NtEL SLAVE P 4,RP. 6.0 D 
SLAVE SIA]ICN ANTFNA CAIN 36.6 DO
PATI LCSS -191.6 0B 
SAIi-LLII .t GAI NA\TEtNA 32.2 D3 
E~U I VAL f-,.I INPUT NCISF PhR DENSITY AT SAT. RCVR 1'T6.6 DOB 
NOISE FA; ICIH (0.1.00 MIFZIJ -50.0 DR 

UP-LINK CNR 
 29.8 DO
 

BACK-OF-F GF SATELL ITE TRANSPCNDER 10.0 DO
 
CNR FRGM iNTERMUOLLATILN IN SATELLITE TWT 
 16.9 DO 

AUDIW DOWN-L INK 1 2.5 GHZ) 
CUIPUT Pr'P PER CFANNEL AT SAT. TRANSPONCER -26.6 DR
SATI:LLITE ANTENC 'A GAIN 32.2 DOB
 
PATH LCSS 
 -191.5 GB
 
MASTER SIATION N.TEt-NA CAIN 
 43.2 DB
 
EQUIVALLNI INPUT NCISF P ,R CENSITY AT P'ASTER STA.RCVR 210.3 D3 
NOISE EbANiJDiIDIH -50.0 DR
 

fT
 
DoWN-LINK CNR 
 15.4 DO
 

UL)If10 UTAL CNR 
 13.0 Df 
AULJI(0 UTAL SNR ( t'3t(((B/2f}-I* 2)*(C/N\) ;C/F}t(I/K'P j .#3.5 DU 

i-itkL KP IS THE PL-AK-TG-AVERAF. PC .4 R, IC FC A 
SIMI.& VCICE SI .NAL; PTI-CPA :A&ES PS AHLUVE
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*~* PERU ' 

T PARAMLTERS 
,AND APF,\ 1150u SON MI 

LATITUDE CF CCUNTRY'S GECCR/IPI-IC4L CENTER -9.0 [)(:G 
ASSUMED COST OF SATELLITE PC ,ER ($/, ATI-YEAR) $50000. 
D!SCCUNI FACTOR 10 .0'; 
NO. OF TV-TRANS;IT/ALOIC-9FCEIVE (VASTER) STATICNS 12 
NO. OF TV-t),FCEIVE/AUDIC-TPANS'IIT (SLAVE) S1ATICNS 7950 

NO. OF TV CHA .NEIS FEP Vi'SIFR STATIWI 2 
NU. IJF TV CHAr,NELS P.P SIAVE ST\IILN 12 
SIGNAL-TO-NLiISE RATIO RE,,UIREI1 F TV 43 DIl 

43 n
SIGNAL-TO-NOISE RAHIC PECLIRED FOR AUCIC 


OUTPUI PARAMETERS
 

MASTER STATION 
ANTENNA: DIAMETER 39. 6 FT U,',NIT COSI $ 145430. 
RCV, PkE-AMIP: NCISE TEMP 40. CEG K UNIT COSt $ OOO0 

TXIM R Pl,,R AMP: OUTIPLT P".R 3C.C W LNIT COSI $ 6000 

INITIAL CAPITAL CCST PER STAr ION $ ILJ60 
PRESENT WORTH CF TEN-YEkR ANNLAL CCSI STREAM $ 3L3866 

SLAVE STATION
 
ANTENNA: CItMETER 10.8 FT UrjI r coS r175.s 
RCVR PRF-AMP: NOISE TE*U' 320. DEG K UNIT COST s 1000 

TX.VTR PWR AMP CUTPUT PWR 5.0 W LNI T COST s 2000 
INIrIAL CAPITAL CCST FER STATW[N 17091 
PRESENT WORTH 01- TFN-VE.I ANNUAL CCST STREAM $ 191/I'( 

SATELLIIE 
SATELLITE ANTENNA N-S DIAIVETER C,0 *,'4 FT 
SATELLITE NT E, A E-t,, 0IA!-ElER i1.,5' -0.0 FT 

MAXI VUM SLANT PAINC E FCR TRPS VISS ICN 22532.4 MI 
POWFER CHARGED PER TV CHANNEL 6.55 W 

PCWER CHARGED PEP AU [O CFANNEL 0.O05548C W 

TOTAL COST PER YFAR CF SATELLITE POWER $ 4463622 

PRESENT WORTH OF TEN-YEAR ANNUAL CCS1 STREAM $ 27424480 

$ 23795872.
TOTAL INITIAL CAPITAL CCST 

(NUT INCLUDING SATELLITE CCSTS)
 

PRES3ENT vORITI OF TCTAL-SYSTFi' TEN-YEAR COST $ 184375936. 

ANNUAL CCST OF TOTAL SYSTEM PER SLAVE STATICN $ 3757. 

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



P IU (CON ' T)
 

INK CALCULATIUNS
 

FV UP-I I K ( 2.5 Ch ) 
JUTPUT l' -'. PR ChI'.NNEL CF MASTER STATIC,\ PVWR AMP 13.5 DB 

ASTE, STATION tt,rr-mNA GAIN 41.5 DB 
-191.5 D6PAIH LESS 

SATELLIIF ANTECP.;!A GAIN 35.2 DB 

Ci.U IV A. (_'I INPU I NC 1SF PWR CISITY AT SAT. lCVR 1. 6.6 0B 

NOISE ! 'PAOWIITH (25.1 iVFZ -74.0 0 

27.2 DBLIP-LINK CNR 

T 00-aN-t. If, K ( 2.5 GH-Z) 

OUT PUT It'.ER OF SAIC LLI FE TRANSPONDER 8.2 0B 
SAIELLIIi. ANTENNA CAIN 32.2 D8 

-191.6 DBPATH I.tGSS 
35.7 DB.SLAVE STATIrN ANTINA CA IN 

EQUIVALLEAINl:'r NLISE PWR CFNSITY AT SLAVE STAI'ICN RCVR 202.7 DB 
NJ I S F 'AN ',.D10 II -74.0 0B 

13.2 DBODWN-LINK CNR 

TV TOTAL CNR 13.0 DB 
[V TOTAL SNR (=64({(E/2F-'I)42)'(C/N)'(B/F)KP) 42.9 D 

wHI-E , = RF t3Ar, F);ICT-; F = IIIGI-EST B'SHFBANC F.EQUENCY; 
C/N = TV TOTAL CNR; KP = A NOISE tFIGHTNG FACTOR 

AUDIO UP-L I NK ( 2.5 (;HZ) 
(;OIPUI PL-N'tR PEP C1,\NNL A[ SLAVE SIA. FlR. APP. b.0 08 

Si.AV: STATION A.',.r':A CMN 35.7 DR 
PATH LOSS -191.6 08 

32.2 OBSATELLITE ANTENNA GAIN 
,U IVAL.ECT INPUT NCISF PWR CENSITY AT SAT. RCVR 196.6 D8 

N)I SE 13t,N0v10TH (o. IOC MhZ -56.0 0B 

UP-LINK CNR 28.9 08
 

BACK-OF,': OF SATELLITE TRANSFCNDER l.0 08 

CNR FRICM iNTERMODULAT ION IN SATELLI TE ThT 18.0 DB 

AUDIO DOAN-LINK ( 2.5 GhZ) 
OUTPUT PWR PER CHANNEL AT SAT. TRANSPCNDER -33.6 0B 

SATELLITE ANTENNA G.IN 32.2 DB 
-191.5 DBPATH LOSS 


MASTER SIATION ANTFNNA GAIN 47.5 0B 

EQUIVAL.E'NT INPUT NC ISE PWR CENSITY AT WASTER STA.RCVR 210.3 DR 
NO SE VANOW1OTH -50.0 DB 

COvqN-LIIK CNR 14.8 DB 

13.0 DAWDIO TOTAL CNR 

,UDIkJ T,.IAL SI'R I 3'( f2 2 I I "°Z '( I/IB t)' I KPI J dt3 . 5 DB 

WHERE KP' IS THE FF,.K-TO-AVERAGr. POWCR RATIO) FOF A
 
SINGLE V(JICE SIGNAL; CIHEF rAA.'Ci[FS PS AUCVC
 



T: !".N.\NA 

- -" .!EXICA LI 

,JCUIDAD JUAREZ 

, HERMOSILLO 

,.~ * CHIHUAHUA 

"-- <-, NUEVO LAREDO 

" MONTERREY MATAMORO!
TORREON ST O
 
x "i;. " A LTILIO 

* DURANGO 

MERIDAAGUAS S\LIENTES S LNT-.GUADALAJTAAMEXIC 

MORELIA CITY 

TOLUCA yERACRUZ LIAVE. 
PUEBLA "'V~-

ME ICO " - . ' 

Area: 760.373 sq.ni. 
Fo' ulation: 45, 671, 000 (1967) 
R:al 43. ,2r cent (1967) "

~r).23 ccnt (19 80 projeced) 
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**~ MEXICO ,: 

NPUT PAtRAMETERS 
760373 SQ MILAND AREA 

24.0 DEGLATIHUDE OF CCUNT'YIS GEOGRAPHICAL CENTER 
ASSUIED COST UF SATELL[TE POhER (S/WATT-YEAR) f500OO. 

10.0CRDISCUUNT FAC-, 
NO. OF TV-IRAr, SMII/AUDIO-RECEIVE ( MASTER) STATIONS I 
NO. 01: TV-RECLIVE/,'UUiU-TRANSM!T (SLAVE) STATIONS 6050 

4NO. OF TV CHAN:NELS PER MASTER STATION 
4NO. OF TV CHAl'.NLLS PLR SLAVE STATJION 

S1C;NAL-O-fJOISE KAiIU REQUIRED FOR' TV 43 DB 
43 DBSIGNAL-TU-NLISL RATIO REQUIRED FOR AUDIO 

OUTPUT PARAMIETERS 

MASTER STATIGN
 
ANIENNA: DIAM4ETER 51.1 FT UNIT COST $ 566922. 
RCVR PRE-AMIP: NOISE TEMP 20. DEG K UNIT COSY $ 80000 
TXMTR PvtR AiP: OUTPUT PWR [00.0 W UNIT COIST $ 10000 
INITIAL CAPITAL COST PER STATION $ 965415 
PRESLNT i;OR1 H O TEN-YEAR ANNUAL COST STREAM $ 2011519 

SLAVE STATION 
ANTENNA: IAMETER 10. FT UNIT COST $ 1472o 
RCVR PRE-AMI,: NOISE T:tP 320. OLG K UNIT COST $ 1000 
TXMIR Pa;R1 Ai.P OUTPUT PwR 10.0. UNIT COST $ 3500 
INI YIAL CAPI I'L CO0ST 1'ER STAT I,(5.I $ 7286 
PRESENT ',OR1U. OF TEN-YEAR ANN'UAL COST STREAM $ 9211 

SATELLITE 
SATELLITE A",ENNA N-S DIAMETER " FT 
SAT ELII L ANf CNNA F-. DIA,..METER -0.0 FT 
MAXIMLIM SLAJ' I ifR 23166.1 M!.,ANCE TRANSMISSION 
POWERLtCHAi-uLJ) PER TV ChANNLL 12.31 W 
PO;ER C-AGE I) PER AUDIO CHANNEL 0.001346s V1 
TUTAL" CGST PER YEAR. OF SATELLITE POWER $ 2667778 
PRESENT NORTh OF IE"-YEAR ANNUAL CUST STREAM $ 16390825 

TOTAL [NII[AL CAPITAl. COST $ 16010013. 
(NOI INCLUDING SAIELLITF COSTS) 

PRLSENT -. UORTH O: iOTAL-SYSTEM 7EN-YEAR COST $ 74227984. 
ANNUAL COST OF TUIAL SYSTEM PER SLAVE STATION s 1983. 
ANNUAL LJST OF TOTAL SYSTEM PER SLAVE STATION PCR TV CHANNEL $ 497. 



MEXICO (CON'T)
 

L:NK CALCULAT IONS 

TV UP-LINK 1 2.5 GHZ) 
OUTPUT PWR PER CHANNEL OF MASTER STATION PWR AMP 18.0 DB 
MASTER STATION ANTENNA GAIN 49.6 DB
 

-191.7 DB
PATH LOSS 

32.4 DBSATELLITE ANTENNA GAIN 

EQUIVALENT INPUT NOISE Pl.,R DENSITY AT SAT. RCVR 	 196.6 DB 
-74.0 DBNOISE BANVWIDTH (25.1 MHZ) 


31.0 DBUP-LINK CNR 


TV DO6N-LINK ( 2.5 GHZ) 
OUTPUT (OiER OF SATELLITE TRANSPONDER 11.1 DB 

29.4 DBSATELLITE ANTENNA GA.N 
-191.8 DOPATH LOSS 

35.7 DB
SLAVE SIATlION ANTENNA GAIN 
NOISE PWR DENSITY AT SLAVE STATICN RCVR 202 DOEQUIVALENT INPUT 


-74.0 Db
NOISE dANDWIDTH 


DOWN-LINK CNR 	 13.1 DO
 

13.0 DB
TV TOTAL. CNR 

42.9 DBTV TOTAL SNR (=6{({(B/2F)-I)**2)*(C/N)*(B/FVtKP) 


WHERE B = RF BANDIDTH; F = HIGHEST BASE.AND FREQUENCY;
 
C/N = TV TUTAL CNR; KP = A NOISE WEIGHTING FACTOR
 

AUDIO UP-LINK ( 2.5 GHZ) 
OUTPUT PU;EtR PEk CHANNEL AT SLAVE STA. PWR. AM,;P. 9.0 DB 

35fl7 DBSLAVE SVATI UN ANTLi'JA GAIN 
-1'108 L) BPATH LOSS 


29.4 DBSATELLIE ANTENNA GAIN 

196.6 DB
EQUIVALENT INPUT NOISE PWR DENSITY AT SAT. RCVR 

-50,.0 DBNUISE iANDWiDTIH 0.100 MHZ) 

UP-LINK CNR 	 28.9 DO 

11.0 DBBACK-OFF OF SATELLITE TRANSPONDER 
TWT 	 18.0 DBCNR FROM INTERMUDULATION IN SATELLITE 

AUDIO DOWN-LINiK 1 2.5 GHZ) 
OUTPUI PlR PER CHANNEL AT SAT. TRANSPONDER -34.6 DB 

29.I- DOSATELLITLE ANTENNA GAIN 
-191.7 DB
PATH LOSS 


49.6 DOB
MASTER STATION ANTFNNA GAIN 
EQUIVALENI INPUT NOISE PWR DENSITY AT MASTER STA.RCVR, 212.1 DB 

-50.0 DBNUISE BANDIU)TH 

T. 8 5.BDOWN-II,,NK CNR 

13.0 ofAUDIO TOTAL CNR 
AULbi1I 1{.l I, /I r.L ) :,?)..I C/I '),I.( /FI ,.I./Kr' }) 4=.35 

NIiLkL Kill IS 111L i'tK-i O-A\'I',. l. P[(;CF' RATIO] 'OR A 

SI N'GLI: VOILE SI ;NAL; OliL.k I'ARAMLIERIS AS ABOVE 
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-** t.EX iCO * 

0JTPARAMETERS 
LAN) ,RLA 700.373 SQ MI 
LATITUII "F CCUNTRY'S GEOGRAPHICAl. CFNTER 24.0 DEG 
ASSU.''FI) CrST OF SATELL ITF POWER (i,/WATT-YEAR) $50000. 
DI SCOUNT FACTOR 10.0% 
NO. OF IV-TRANSMIT/AUOfIO-Pf:CEIVE (VASTER) STATICNS 22 
KO0. OF IV-RECEIVF/ArJDIC;-IRtANSMIT (SLAVE) STATIONS 11000 
NO. IF TV CHANNir-.IS PER YtSTEP STATICN 2 
Nr). OF TV CINAN'.:[LS PrU SLAVE STATION 12 
SIGNAL-TO-NOISE RATIC FECUIRFE FOR TV 43 DB 
SIGNAL-TO-NOI SE PAT IlU PECUIRE) FCR AUDIC 43 DB 

OUTPLT PARAMETERS 

MASTER SIATIIN 
ANIENNA: CIAPETER' 4A .7 FT UNIT COST $ 5230'15. 
RCVR PRE-AP: NOISE TEMP 20. DEG K UNIT CCST $ 80000 
TXt.'fP, P, AMP: OUTPUT PvWR ic.0 W LNIT COST $ 3500 
INIIIAL CAPITAL CCST FER STAT ICN $ 596386 
PIr:SENT Wo.RTI- OF TFN-YEAR ANNLAL COSI STREA14 $ 1274759 

SLAVE STAT ICN 
AITEI'NI.A: CIAt,'FTER 1.0.7 FT UNIT COST $ 1400. 
RlCV, PI'F-AMP: NOISF TEMP 320. DFG K UNIT COSI $ 1000 
TXi'iT Pik A!,P GLTPLI Pl., 5.0 W UNIT COST $ 2C00 
1Nil IAI. CAP ITAL COST PFP STATICN $ 1693. 
PRESENI WC-TH OF1 TEN-YE .R AN.UAL COST STREAM $ 19E65 

SATELL ITE 
SAlEI.L11 E ArsINN,' A N-S DIAt-'FTER 9.6 FT 
SATELL 1 ANTrttA F-%, OIAY-TER 5.7 FT 
MAXI, %UN SLA NT IA;,tE -*R IRANS.I[SS JON 2316b. 1 MI 
POWER CIARGED PU' lV CI-iANNEL 13.27 W 
POW EfI CHARGE PF: AUCIC CH.NNEl. 0.00o566 
T(JTAL COST PER YFAR OF SATEIL IT(.* P-.',C!=.R $ iB.';A.034 
F'SNET" wOrT iF TrN-YEAR ANNUAL COST STRFAM $ 511276280 

TUTAL INITIAL CAPITAL CCST $ 41007328. 
(NOT INCLuOING SAlMELLI F. COISTS) 

PRESENT t,ORTHt OF TOTAL-SYSTE," TEN-YEAR COST $ 289843712. 
ANJUAL COST OF TOTAL SYSTEIM PER SLAVE STATICN to 4269. 
ANNUAL CCST OF TOTAL SYSTEC PER SLAVE S!ATION PER TV ChA"'N,,EL $ 356. 



tE XICO (CCN'T)
 

LINK CALCULA7IONS 

TV UP-LINK ( 6.0 GHIZ) 
8.7 DB
OUTPUT Pl,'R 	PER CHANNEL CF MASTER SIATICN PWR AMP 

56.1 DRMASTER STATICN ANTENNA GAIN 
-Ili.3 D[BPATH LOSS 

40.0 DRSATELLITE ANTENNA GAIN 
SAT. 	 19).6 DBE0UIVAL-N T 	 INPUT NCI 1SF PWP IENS ITY AT RCVR 

--71.0 D
NOISE [.ANOWIDTH (25. 1 VHZ) 

28.2 DB

UP-LINK CNR 


TV DOwN-LINK ( 2.5 GHZ) 
11.2 DB
CUTPUT Pe-R OF SATELLITE TQANSPONDFR 
29.4 D,
SATELLITE ANTEI.NA CG1N 

-191.8 DB 
PATH LCSS 


35.6 DB
 
SLAVE STAT 	CN ANTENNA GAIN 

INPUI INCISF PW- DENSITY AT SLAVE STAT[CN RCVR 2O2. DB
EQUIVALFNT 

-74.0 DB
NOiIS E 13,NDW 	 10TH 

13.1 D0
DOWN-LINK CNR 

13.0 DB
TV TOTAL CNR 
TV TOIAL SNP I=6 (1{/ 2/F)-I)1."C2) (C/N4)'i (2/F)'KP) 42.9 DR 

WHERE B = RF BAUD,I,IDTH; F HIGHEST !!ASEEAN FQI-lUENCY; 

TV TCTAL CNR; KP - A NIISF EIGHT!NG FACkrC/N = 


AUr)IO UP-LINK 6
b.O c(hZ)
 
6.0 D[C
IJ1PUT P'jrep. P C.i-AI\'J:L Al SLAVE SIA, PI-J) - AM"P. 

43o2 D5SLAVE SIA 'ICs A,,riIHNA CAIN 
-19(. Dill 

PAItI LOSS 
37.0 0B


SAI ELL ITE ANTFt NA GAlN 

196, 6 Oi

E-(,LJI VALFNT 	INPUT NC ISE FW 1:FNS ITY AT SAT RCVR 
-5,u.0 Di

NOISE , DlH 0. LOC V'HZ) 

33.4 DB

UP-LINK CNR 

10.0 DB 
BACK-OF UF SATELLITE T-ANSPCNDFR 


16,9 DR

Cf\R FRC;.I INTFPODiJLATICN IN SATELLITE TV',T 


AUDI1 D.3v,N\-LI IK 2.2 GHZ)
 
-31.8 DB

OUTPUT PeP 	 PER CFAI"h4EL AT SAT. TRANSFCNDER 
28.3 1)B

SATI:LLITE ANrEN,\A GAIN 
-190.6 DB

PAIH t.'-,S 
4 7.AIASlER STATION ANT .N'A GAIN 

MASTER STA.RCVR 2]2.1 DC
E )UIVALENT 	INPUT NC.ISE fWR CENSIIY AT 

)n
-50.0
,NJISE I: .'I 

15.3 DB

ClOWN-. INK Cf'I 


L3.0 Wk' 
(l 1 0I TL CNR 

r 

WitII '2[ I' 15 1 i. I'llI,. - .VHAC C.,r PV . PAr III Uh' A 

VC

S 'I,;LI V I CE. S[ '.,;';I. IiT f 1TP ARI"FI f'S AS AI: E 

http:ANTEI.NA
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SANTA MAR'I..,.., '
 
BARRANQUILLA o'r
 

,"'CAItTAGENA 
I',
 

CMONTE RIA 

)CUCUTA 

.BUCARAMANGA L 


MEDIELLIN
 

TUNJA
 
* MANIZALES 

IMAGUE'ARN'IENIA, OBOGOTA C 
*'cALlPAILMIA 

ONE IVA .. 

CA L 

'POPA YA N 

PASTO 

COLOMBIA 

Population: IS, (196 ). /0I,) 
Rural 53. 9 per ce (I0 r)) 

37'. 9)p, *i(l )prjcld 



NPtJr PARAXETERS
 
439823 SO ,iI
LANO A4FA 

5.O DEGLATITUDE OF CCUNTRYIS GEOGPAPITClL CENTER 
ASSU:MED CCSf OF SAIELLITE Pfl,,ER ($/WATT-YEAR) $500co. 
D I S C GUN T FA C TOR,cI) . Olt 

NC. OF IV-TRN4SMIT/ALD 10-FEClIVE (PASTER) SIATICNS 1 

NO. OF TV-iECEIVE/,LCI,.I-TF4NSt'IT (SLAVE) STATIGNS 193 
4NOl. OF IV CHANNELS PER VASTER STTICN 
4No. OF 1V CIANNELS PER SLAVE STATIGN 

4'3 f1[SIGNAL-IU-MO!ISE RAT 1 C' RECUPI EIC FOR TV 
43 DBSIGNAL.-Tfj-NIlSE RATIO P.EQUIRED FOR AUDIC 

OUTPUT PARA%,M ETE[ S 

MASTER STATIC'N 
FT UNIT CUST , b .'76.ANTE(,.RA: EI fVETF'R 28.4 

DEG K UNIT (CUS1 1 17000RCVi PRL-AtAP: NOISr TEV,1) 30. 

TXt'Tf l'i'NR AMP: CUIPLI PtR 10C.0 W UNIT COST . 35(,0
 

$ 132 574INITIAL C4PIT AL C.CST PEP STATICN 
PRESENT WORTH OF TEN-YFAM ANNUL. CUSI STREAM $ 25tb0l 

SLAVE STAl ICN 
CIA FIER 12.2 FT UNIT COST 1, 7276.AN XA 

I 'C, K 7.000RCVR PRF-AMP" NOISE: TFIMP IFG UNIT CU .$ 


TXI.; I F I","r R i.l (UT rJT P.;.F 0.5 W U? i I IST 5 ('0
 
t I ,'),5 I I 1/ CAIItI L C..SI PF P SI ATIP N 

PP ES Ei I ,C TH 0IF I EF- YEA RAI N NUAL CUP SI TU, A' $ 24702 

SATELLITE
 
9.4 FTSAtELL 11: ANT EN:.1A N-S LI'-, ETEP 
L3.3 FTSAl 'LI'.1F A.T F E-I-; li"t,MFTcF 

MAXI!'U:.;, SLArI' ,',:E FCf- IIAPtrlSSICN 22.41G.5 ;. I 
-POVEP C- AkGFC Pf[ TV CHANEL e:.241W 

0.0212."' I'..PCli:LR CtlARGEED PF. 6U[I0 CHANNEL 
TOIAC COST Pr(% YFAR CF SATLITE PnWFR $ t6e 3 9 

F',':SEI',T 9 ORTH 0,f- TEN-YEF ,.NUAL CLST STREAM $ 2 17 7l 

20230116.TOTAL INITIAL CAPI TAL C.ST 

(NOT INCLUDING SATELLATl: COSTS)
 

*(dG/Ol,PRESENT WO[:T1I CF T..TAL-SYSTF4' TEN-YEAP CCST $ 
N , 6624.AN'NUAL CCST OF TOTAL SYSIEM" PFIP SLAVE STATI 


ANNUAL CCST OF TOTAL SYSTEIV, IF!" SI.AVE TSTATICN PER IV CHANNEL $ 1656.
 

http:ANTE(,.RA
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COLWI'P!A(CCI' T) 

LINK CAL CULAT I CS 

TV UP-L I.,K 6. 0 GHZ I 
OUTPUT (%F. PFR CI-Ai"'t.EL CF MASTER STATICN PWR AMP 
MASTIP STAI ICN ANh NNt GAIN 
PATH L(ISS 
SAlEt LI I I 4A F', ,A (;6IN 
[QUIVALIki INPUT NCiSE PWR DENSITY AT SAT. RCVR 
NOISL ','AND,.: I IH (25.1 MHZ) 

UP-LINK CNR 

TV Dl -LI K ( 2. 5 cf'7 
OUI'OU I .'CWF:P C. SA EI-I _ITE TQAN.SPCNCFR 
SATELI Iu I AENNA G/" N 
PATH' LCSS 
SLAVE' 'Al Jqk ANI r,NA GtIN 
EQUIVALINT INPUT rCLISE IPWR DENSITY AT SLAVE STAT ICN RCVR 
NOISF i'AKi';IOTIH 

DOJW'N-L 	 IN,K CNR, 

TV TiOTAL C.R 

TV TOTAL .... (((.12F)) ?)}dCIt)J( /F)WKP) 


W ER,-I 	P w RF ' .. I TH; F - tIG-EST 'A,:KAN1D FREQUENCY; 
C/N = TV ICIAI. CNR; KI = A tNC " E ,FIGH INLC FACTOR 

AUDIO UP-L [NK ( 6.0 G-H7)
 
UTPT PEWUR . U C W L. AT SLAVF STt. P'WP AMP. 


SI. AV:: 	 SI,'II , A\I[IC tA GII N 
.PATH 	LOSS 

.SAIF-..h1E ANF.NA GAIN 
E0 IHWVAI NT IN'U t : SF OW',,.R OGNSITY AT SAT. RCVR 
NOWS ,ANG"i'TH (o, d00 "F-2 

UP- INK CN 

BACK-Cf[ OF SAT LL.. ITF T.,NSPON)I. 

CNR FROM I .TFR,ULATICN IN SA1ELLITE "IT 


AU0)10 D!JN-L I ,K ( 2.2 Gt-!Z
 
CUTPLI Uv'. PE. rC-.W FL AT S. T.TRANSPCNC[R 

SATE[t I E AN4I1-' NA GA N 

PATH LCIS 

.AS"[, SrATIC"4 ANTFA CA I N 
iF:.IJIV, .I:FNI [:kPiUT . SrR .P N'SITY AT VASTFR STA.RCVR 

-JI&L 	 AN,,'. , 

A1, l}). (i, 	 I . t ; . 

At,'1I(: I0TAL. &I',, 1 *3:(I / i ). : 
, I :. K, IS l*-F PC'\:-Tr-A\V:A itr 'W..R P ATI ' FOR A s ml~ t Vw a ( t,' w' ; 	 r ( i m , t , hrl' p h'/r ,' W;',t I/ S n,, ' 

8.0 
52.1 

-199.1 
43.6 

196.6 
-74.0 

27.2 

3.5 D[
 

DOB 
DL 
D13
 
DO
 
On
 
D8
 

DOB
 

33.0 
-191.6 

37.2 
205.0 
-74.0 

13.2 

13.0 
42.9 

-4.0 


41c.8 
-199.2 


40.6 
1...C)*6 
-50.0 

Zi7TH, 

11.0 
1840 

-27.7 
31.9 

-[90.4 
43.4 

207.6 
-50.0 

14.H 

1 3.0 

43.5 

DB 
Dil 
DB 
[B 
DB 

DB 

DO 
Db 

DR 
9D1'
 
D 
DOR 
D, 
Dr 

D. 
OB
 

D)B 
0) 
D9 
DB 
CE 
c 

[Of; 

kI; 

G'-, 

http:CI-Ai"'t.EL
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* ,COLGIIA '* 

43'826 SO MINPUT PARAMElERS 

LAND ARLA 5.0 DEG


50000G
LATITUDE CF CCUNTRY'S CECCRAPHICAL CENTER 

$50000.
ASSUMED CCST Clr SATELL.ITE PfE. ER ($/NATI-YEAR 10.0 
DISCOUNT FACTOP 18

(MASTER) STAT IONS 
KO. OF IV-1 RAI,,Sf41T/AUDI O-PECE IVE 

SVIT (SLAVE) SIATICNS 306 
NO. OF TV-1,ECEIVF/AU.'i-',-TI, 2 

MASTER STATICNNO. UF TV CliANELS PEP 
 12 
TV CHAr.NELS PEP SLAVF, STAT ICN 43 DB

NO. OF RATIC RECLIRED FCR TV
SICNAL-'TJ-rt)ISF 

43 0B

AUDIO


SIGNAL-TC-NCISE RATIG P[KUIP D FOR 


OUTPUT PAR AMETERS 

MASTER STATION s 279)3.UNIT COST
DIAMEFR 1.5 FT 

ANTI[.-NA: IlCOO5C. DEG K UNIT COST $

NOIS[ TEMP
P.CV, PRE-AMP: 6000
UNIT COST30.0 W
CLTPLT PVPTXi1I'R Pv'R At'P: 
 $ 5050 
Pr:PPSTIONINITIAL CtIPTAL CCST 11279t 

TENI-YE P4 /,NNUAL CCST $STRE:AM 
PRESENT WCRTH CF 


SLAVE STPTIUN LNIT COST I o771.
 
DIA [IFTEP 12.C FT 


A I'EikNA-
 UNIT COCS 1. 7000

180. BFG K
lNISE TEVP
RCV,, PPF-A, P: 


UNIT CCCT , 850
 
OTPLT Pr-,R 1.0 t 

IXMT, Pi A.P 30719 
IN I IAL. ClP ITAL. COST PFP SAT IC N 

$ '1839
,NUAI. CCST STPEA.

PRES ENT ',CRTH 0FI TF N-YC AP'. 

F 
Sf.TE LI I' 9.4 PT 

ANTENNA N-S DIA./ETER
SATELLITE 
 13.3 FT
 
SAI[t.LLITt ANTFNN.A E-%i C1, .TP 

22t r.l
v. I 
MAXI ML;. SLA.";T ,'*A(,X!F FC9 IFt4\SV,'1SS1CN 

2.29 W 
POwER CI-ARGE) Pl'l' TV CHAt',NEL ,
0.0C10046

C[ANEL
P~aEf-. CHAGFC PEP /'U IVc 
$ .5551 91 

PER YFAP OF SAIELLITO P(WER
TOTAL. COST $ 9I, 96109STREAMT FN-YEAP AINNUAL COSTPRESENT 40PTH OF 

602)167. 
TOTAL INIIIAL ChPITAL CCST 


(NOT 1'4CLUDINu SATELLII[ COSTS)
 

$ 2b1,54 4 0. 
PR'ESENT W(RTH OF T11AL-SYSTF. TEN-YEAP COST 

$ 13852.SYSIEM PER SLAVE STATICNANNUAL CCSI CF TO(TAL 1154. 
OF SYSTEM PEP SLAVE STATICN PER 1V CHANNEL $ 

If.NUAL COST TOTAL. 
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COLCMP IA(CON'T
 

.II\K CALCULATIONS
 

TV UP-LINfK ( 6.0 C17) 
OUIPUT P.I< PE( CHAN.NEL CF PASTER STATICN PWR AMIP 13.5 DB 
MASTF Sl1'~i(h" ANTENNA GAIN 48.8 D 
PATH LCSS -199.1 DB 
SATELLITE ANTFNNA (AIN 43.6 D 
EQUIVALFT INPJr NCISF PWR CENSITY AT SAT. RCVR 196.6 DB 
NOISE i!AND,IOTH (25.1 VHZ) -74.0 DB
 

UP-tiK CNP 29.4 UD 

TV DOW%:-LINg ( 2.5 GHZ) 
OUTPUI iiFt_ 0l.: SATELLITE TPA!SPCNDFP 3.6 CB 
SATELLITE ANTEiUNA GAIN 33.0 DB 
PAT H LCSS -191.6. 118 
SLAVF ST.', !IfN ANTEF;N. C.'Ix 3Y. 0 DC 
U-(U1JIV LF*N,: I",I'UJ N(71 SE PLO DE'S ITY AT SLAVE STATICN RCVR 205.0 DB 
NOISE FA,':!ALTH -74.0 DB 

DOWN-L I NK C'. 1.3. 1 DB 

TV TOTAL CNR 13.0 DB 
TV TOTAL SNR (=6*((ti/2F)-I): ? 1(C/N)*(EF)IKP) 42.9 OR 

WHERE B~ = iF 4 AND Y I iH F kI-GHEST FRl; = BASj 0A NC ,CUE NCY; 
C.N = TV TCTAL CNR; KP - A NfJ[SF -EiGHINl FA1Gk 

AUDIO U: -LiP,. {(t:.0 G147) 
Ol'f't l PI . :"' (CI-Ji'MFL AT SI.AVE STA. PI. APP. -1.0 03B 
SLAVL STA1 ]C1 ANTf.AA -Alf' 44.6 B!.
.PATH L('.SS -199.2 oFD 
SATFLL ITF ANTEINA GAIN 40.6 D5 
QUIV.ALEN,! IN"UI NCISE UP ENS ITY AT SAT. RCVR 196.6 DC 

NOISEr ,sm'I,.,IOTH . 0. 100 -50.0 D!ia ,lZ) 

LP-LIr.K CNR 31.7 DB 
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IV. Sketch of Progress 

Sejeral parts of the final model are presently being constructed. 

For the terrestrial systems costs needed for comparison with the satellite 
system costs I have been working clo;ely with Pacific Telephone and Tele
graph Co. of San Jose. Two parts of the overall progran of six parts have 
been written. These parts deal with costs for T Carrier equipment on 

cable-pairs and N Carrier ecquipment on cable-pairs. Each is appropriate 

for a different cross-section and total link length. The other paris to the 
program Will deal with microwave radio, open-wire lines, the determi 
nation of the least-cost cable-pair size to serve in a given situialion, and 
the couple,- program that VWill take the output from these separate parts 
and provide answers in the following matrix format. The length, L, of 

the telecommunications link under study will be given along the abscissa 
of the output graph. The increase in channel demand per ,'ear t1at u,;t 
be satisfied by the link, YID, will be given along the ordinate. The matrix 
element d&.ig atcd by any pair of values (L, YID) will contain .the least-cost 

type of terrestrial telecommuications facility that will ,;atisfy these re
quirements and the present worth of the facility for the whole pv'.-ioJ of 

study. 

In considering the time element in a satellite systemn it is ne..5;sarv 
to know the costs of upgrading earth stations. This cost has been difficult 
to obtain from industry inasmutch as the type of station with which we are 

dealing (very low cost) is not in widespread use. Neverthelcss, Some handle 

on these costs will be obained from data gathered for the teleconfcrencihli 

report. The cost will be taken to be the replacement cost of the component. 

(either antenna, preamplifier, or power aniplifie") or components whose 
upgrading will render the required increase in earth station channel capacity. 

A step toward the cam pletion of tie integration of eCLucationalI requirements 
and telephony requirements into one system has been mnade with ti1e completion 
of a version of the original least -cost satellite system program that treats the 
case where only telephony service is desired. The system is simple in con
figuration ill that each earth station is assumed to have tLe same G/T and the 

same pmv.cr amplifier. Firtlier work viii alh w perhaps thrce differal Sizes 

of arh lstation to h . duthrl lilr d accorlin, theLc nL nLI rLec!i l:. sTl 


