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GLOBAL TELECOIVIMUNICATIONS NETWORK S

ABSTRACT

The present international telecommunications system

is a mosaic of different and separate telecommunications

systems, each providing services of a limited nature to a

specialized community of users All too frequently these

international systems are too poorly interconnected to provide

telecommunications services on a world—wide basis. The growth

pattern of the present international telecommunications systems

has been on an incremental basis, characterized by point-to--

point telegraph and telephone circuits.

This study traces the growth and evolution of inter-

national telecommunications and analyzes the impact of recent

technological advances in electronics on the cost and capacity

of present international telecommunications systems. The

study concludes that a Global Telecommunications Network (GTN),

with the capacity to interconnect each of the existing inter-

national systems is economically and technically feasible. A

proposal to establish such a network is put forth. The pro-

posed network will not supplant the present systems but merely

augment them in such a manner as to increase the availability

of international circuits while at the same time effecting a

reduction in cost for their usage.

By applying the current telecommunications networking

technology of automatic circuit and message switching demand

assigned transmission channels as well as circuit preemption

options, to the design of a GTN, the study has determined that

L —- - .—- -_- - --—_-- - --—--—.——---.—— —--—— - ----•---.— -- - --
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the necessary channelization can be made available to establish

specialized subsystems. One subsystem proposed for establish-

ment in this manner is the Global ~ar Avoidance Telecommuni-

cations Subsystem (GLO~ATS). As a result of an analysis of

the impact of the current model of a war avoidance tele-

communications system (the Washington-Moscow direct communi-

cations link) on relations of ‘the United States and the Soviet

Union , the study concluded that such systems may aid in

stabilizing crises in international relations.

The technical parameters and network design require-

ments proposed by the study are based on the use of a communi-

cations satellite as the primary transmission medium. Costs

of the proposed GTN are analyzed arid derived in terms of the

cumulative costs of the earth terminal stations, leased

satellite channels, leased submarine cable channels and the

computerized switches. The proposed system is achievable

within the next five years.



-

TA fl LE OF COJ~T~~TS

PAGE
- t ”C~ TI’ A T)Tr~ rI17 A T T A r ’~~’~~~~~~~~~ nrr.~uvnsi snI..xs_~ • . . .• • •. .. s . .• . . • .  .

A,.’.OT~ ACT . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
CHA~ r~~s

I. INTRODUCTION TO THE PROB~JJ~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1

II .  i~VOLUTION OF GLOBAL TELECOi/ff ~:UNICATION S NETWORKS . 5
I I I .  PROPOSAL FOR A GLOBAL TELECOt .IflJNICATIONS

NETWORK AND GLOBAL WAR AVOIDANCE TELECOT’ffvIUNICATION S
SUBSYSTE 1~’1 ..i.,......................... s . . . . . . . .  34

IV. NETWORK DESIGN AND Ii.iPLEI.~ NTATI ON ..... .. ........ 48

V .  CONCLUSIONS AND RECOTfl’~ NDATIONS . . .. . .. .......... 78

~ 

_ _ _ _ _ _



-

CHAPTER I

INTRODUCTION TO THE PROBLEM

BACKGROUND

The recent advances in the state—of—the-art in tele-

communications and electronic technology has made possible a

truly global telecommunications network that offers; “inter-

national communications on a scale and of a scope significantly

greater than has been considered possible until very recently.”1

These new advances in telecommunications technology will not

supplant present day telecommunications systems but may

complement them by providing additional capabilities for inter-

connection of present day national and international tele-

communications systems. The advances in technology that may

prove to have the greatest impact on global telecommunications

are the development of a small transportable satellite terminal

and the computerized switch. Through the use of these inven-

tions the present international system may be extended to

provide service to even the most remote regions of the world.

~-r~Iicke1son , Sig. “Communications by Satellite .”
Foreign Affairs, October 1969.1
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HYPOTHESIS

It is possible with minor augmentation to the present

international te’.ecommunications system to provide a world-

wide telecommunications network .

TASKS

To test the hypothesis, the following questions will

be answeredz

a. What will be the cost of the augmentation package

in terms of present day dollars?

b. What is the traffic requirements expressed in

terms of voice grade channels of three kilohertz bandwidth?

c. What areas of the world are presently without the

capability to access the international telecommunications

system?

d, What is the optimum design criteria for the added

systems in terms of bandwidth and power levels?

METHODOLOGY

Chapter I gives the background , states the hypothesis ,

and establishes the criteria and objectives for this study.

Chapter II deals with the evolution of global telecommuni-

cations networks in terms of growth and development from a

service, facility arid cost point of view . Chapter III pro-

poses the establishment of a Global Telecommunications Network

and describes its operational concepts and capabilities.

Chapter IV details the technical design parameters required
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for  the augmentation packages to transit ion from the present

day international telecommunications system to a global tele-

communications network . Chapter V summarizes and analyzes the

material discussed in chapters II, III, and IV . While n~ new

material will be introduced in this chapter , significant

aspects of the material covered in the previous chapters will

be explored in an attempt to isolate data and information on

which to base conclusions.

SCOPE

This study is limited to the following areas:

a, Research and analysis of the international tele—

communications systems present and planned capabilities.

b. Assessing the impact of recent advances in tele-

communications technology on global telecommunications systems.

c. The application of telecommunications networking

technology to design a global telecommunications network ,

that affords each nation of the world the capability to access

the worldwide telecommunications system.

DEFINITIONS

Definitions germane to this study are consistent with

Department of the Army Regulation 310-25, Dictionary of United

States Army Terms, 3. June 1972. The following definitions also

apply to this research effort.

a. TELECOMFIIUNICATIONS NETWORK - A composite system of

interconnected telephone , telegraph , radio arid video sub-

systems for the transmission and reception of information .
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LIMITATIONS

The research shall be restricted solely to unclassified

sources. This approach will facilitate the wide dissemination

of the paper and provide for less restrictive document handling

procedures. Because of the amount of source material available

and time constraints, only thoi. reference materials available

at Fort Leavenworth will be used in this research effort.

-- — “-I-
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CIIAPrE R II

[ CL ~iO ’ Ci’ Gi~OBAL TEL~ C c . .~:’ I CAT JC~~ ~:~ T.)ci~K~

I:,T:~CLuCTiOr

Among the many factor~ that have an e f fec t  on peace

at-id s tabi l i ty  in the international environment are communi-

cation s co.itact .~ ~~ interdependence c n~ na jor  powers.

Jhile all cocrin~nicatioris contacts may not involve tele-

communications directly, tari~entia11y they create an environ—

c~ent which adds ii~petus to the demand for telecommunications

link s and services.

In addressing the Uni ted Nations General Assembly in

1961 , Jawaharlal nehru , President  of India , stated that he

“thought it might be more he lpfu l  if more a t tent ion were directed

to the cooperative act ivi t ies  being pursued by the nations of

the world , ‘even between countries which are opposed to each

other in the political and other f ie lds ’ .” That these

cooperative activities alluded to by i r .  Nehru , L. ye become

increasingly less difficult is possibly the result of ‘the

grow th in international co n~muriications. ~ote how closely the

1Col In , Cherry . ~.Vorl d Communications: Threat ~~
Promise . (Bath , U.K .; ~iley—Interscience , 1971), p. 121.

, —~~- -‘ — ~~~~~~~~~~~~~~~~~~~~~ -- — . —~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ~~~~~~~~~~—,~~‘I~~~~~ ~~~~~ 
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rate of growth of international organizations (Figure 1)

parallels that of the rate of growth of transatlantic tele-

phone circuits shown in (Figure 2),

The rise of global telecommunications also parallels

and reflects the growing interpenetration between the economies

of the developed societies. It is in the area of economics

that the world may show its maximum amount of communications

contacts and interdependence. During periods of international

crises, military relationships and military power are empha-

sized , but economic factors, relationships and power are

crucial in peace. “Developed economies must progress together

or the entire edifice of economic growth may collapse .

Strategic polarities may be less relevant than economic inter-

relationships which are increasingly uniting developed

polities.

This chapter will examine the growth of and develop-

mer t of global telecommunications from a service, facility and

cost point of view. While , at the same time assessing the

impact of this growth and its attending technological advances

on the design of a truly worldwide telecommunications network

arid a proposed design for a Global War Avoidance Telecommuni-

cations Subsystem (GLOWATS).

In addressing the United Nations on 25 September 1961,

President John F. Kennedy declared :

2Richard Rosecrance. International Relations: Peace
or War? (New York : McGraw—Hill. Book Company , 1973), p. 49.

— -——---—--- . - - - —----~~~‘- 
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Figure 1

Growth of International Organ i~~ations
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Figure 2

Official prediction of telephone circuits across the North Atlantic
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We shall propose a global system of communicat ions
satellites linking the whole world in telegraph and
telephone and radio and television.  The day need not
be far away when such a system will televise the
proceedings of this body to eve~y corne r of the
world for the benefit of peace.

The global telecommunications systems that  have evolved since

President Kennedy spoke those ‘- - .~~~~~~, do indeed , make it

possible to transmit television to every corner of the globe .

GROWTH OF GLOBAL TELECONNUN ICATI ON S SYSTEMS

On the eve of the first attempt to bridge the Atlantic

ocean by telegraphy, The Times of London published an article

headed “Shrinking World” , in which these sentences appeared:

So far as human foresight can judge , the Old and
New World will be in telegraphic communication before
tomorrow night. The prospect opened to the world by
this achieven~ent is so marvellous that any attempt to
describe it must give only a faint and feeble picture .
The two most active and energetic nations of the globe
are placed in hourly communication. The Governments
of England arid the United States will be able to
converse rapidly and freely, removing misconceptions
should they arise, and transacting their affairs without
delay of a voyage during which the face of events may
be changed. . . . By bridging the Atlantis these twogreat systems are brought into connexion.

In printing this article , ~~~ Times of London recognized the

potential of international telecommunications links to serve

as a means for intergovernmental coordination . Since that

• 3Orrin E. Dunlap Jr. Communications in ~~ace.
• (New York : Harper & Brothers, Publishers , l9~~), p. 103.

4Colin Cherry . World Communications: Threat or
Promise. (Bath , U.K .; Wiley—Interscience , 1971), p. i~3. 

—..--- ~~~~--- - -



(~ven t the ent i re  world has experienced tremendous growth in

international telecommunications but for the countries of the

North Atlantic region it has been explosive .

Because of differences in societies and relative levels

of economic advancement the demand for international tele-

communications varies from one aiea of the world to another.

Britain is considered to be the world ’s busiest telegraph

center . The United States on the other hand either originates

or terminates over 80 percent of all “international comniuni—

cations traffic.”5 Although , the first trans-Atlantic tele-

phone cable was installed only 20 years ago, by “1970, about

1322 telephone circuits (or equivalent) could be carried

across the Atlantic by cable and about 600 more by satellite .

Both methods have continued to expand their capacities.”6

Figure 2 shows the effect of this growth in capacity on trans-

Atlantic telephone traffic , since the first submarine cable

was installed in 1956. As the number of international circuits

have risen , the cost of using this service has been reduced.

These falling costs are due to the relatively new developments

in electronics that permit the carrying of more and more

messages over the same bandwidth . Figures 3 and 4, illustrate

the falling cost of telecommunications and projects a trend

-‘Judith T. Kidlow.  IntelSat s Studies in Inter-
national Relations ~~~ Foreign Policy. (Lexington, Mass.,
D.C. Heath and Co., 19 7 3) ,  p. 14.

6Coljn Cherry. World Communications: Threat or
Promise, (Bath, U.K.; Wiley—Interscierice , 1971), p. 8~T

L _ _ _‘ A 

-•--•~~~~~~~-~~~
- - --~~~~‘-

. 
~~~ - -~~—--



‘~~~~~~~~~~~~~~~~~~~~~~

11

Figure 3

The falling cost of telephone trunk circuits over the
last fifty years
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Figure 4

Decreasing costs of Telecommunications
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for the future . Recent advances should reduce these costs

further. For example , waveguide , coaxial cables and micro-

wave methods now under development may carry up to and over

100,000 circuits simultaneously across the country . Figure 5

depicts the “relative costs of twisted pair—wire cables,

coaxial cables, microwave radio “clay and helical wave-

guides.”7 Advances in LASER and Fibre Optic technology should

reduce these costs even more .

Now , even with a satellite system that promises cnariy

thousands of telephone circuits, submarine cables still remain

an integral part of international telecommunications systems.

“Additional undersea cable systems are under construction ,

despite the fact that satellite systems hold the promise of

lower circuit cost for large volumes of traffic.”8 Figure 6,

again indicates how the costs of circuits go down as the

number of circuits over a given means increase (in this case

the means is a transoceanic cable system). Telephone and

telegraph circuit cost over the North Atlantic route is

expected to decline because of increased cable and satellite

circuit capacity.

7Jame s Martin. Puture Developments in Telecommuni-
cations. (Englewoods Cliff, N.J., Printice-Hall Inc., 1971)

8Orrin E. Dunlap Jr. Communicatione in $pace.
(New York : Harper & Brothers, Publishers , 19~~). p. 160.
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Figure 5

Cost trend s in te r res t r ia l  transmission
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Figure 6

Decreasing Cost Relative to Capaci ty
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FLAX. . T i n  OF INT ERNAT I ONAL TELEC0~~~ i i , I C A 2 I ON ~

Tii i ~ lannirig of all international teiccomnunica~io~~

i~~~~ ~hc ’ responsibi 1~~ty of a I iil’bcd N at ions  special agency ,

~~~~~ the International Te1eco -~unicat~ ons nion (IT~ ) . 9

At the sauc tir:e , certain aspec”~ of intcrnatic:.al tele—

cor~ unica ’tionu may only concern a sin~ 1e contine nt or a group

of countr ies  or an individual country . Thus , there are three

levels at which planning must proceed ; Global or International ,

Regional and National. An international committee meeting in

Rome under the auspices of the I.T.U., was the first to start

planning for a worldwide telecommunications system capable of

carrying telephone , telegraph and other services. The committee

“ studied the needs of the developing areas of the world (e.g.,

Afr ica , Asia , and South Amer ica )  with regard to relating these

needs to the existing and projec ted netwo rks of Europe and Nor th

A ;. er ica. ”10 Specif ical ly ,  the conn i t t ee  was charged with de te r—

riining the flow of te lecou~munica t ions  between the various areas

of the globe in order to provid e an es timate of how many tele-

phone channels were required to link the whole world . A second

conference hel d in : :exico Ci ty ,  i~exico in 1967 took up thc

question of; .~Jhat is the most feas ible  technical  method to

9Colin Cherr ,’r . ~‘Ior1d Communicat ions :  Threat or
I r omise .  ( Bath , U . k . ;  ‘!i ley— Interscience , 1971), p. l~~~.

10IbicT ., p. 132.

_ _ _ _  _ _  _ _ _ _  ~~~- - - - .--____
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mak e this a viable system , and was the ref inement  of the

original estimate circuit requirements necessary? Figure 7,

shows the principal international and global flow of telephone

or equivalent telegraph traffic; numbers indicate an estimate

of voice grade telephone circuits in years 1962, 1968, and in

1975.

There are three teographical regions for which global

cable systems for telegraph and telephone services have been

planned (see Figure 8)~ first, the North Atlantic for common

American, Canadian, British , European and ~idd1e Eastern

connection; second , the British Commonwealth system and

third , is the Pacific system which serves the United States ’

interests.11 A joint American—British enterprise was

responsible for the first of these cables to be laid across the

North Atlantic. “A second and similar cable was laid between

Britain , Paris and Frankfurt, in 1959 and a third in 1963 was

laid between Britain and Canada.”12 The second planning area

was for an overseas cable system to serve the British Common-

wealth . A Commonwealth telecommunications conference held in

London during July of 1958 concluded and recommended that a

global submarine cable system be installed to link the common-

wealth countries.13 Figure 8, shows the planned global sub-

marine cable system. Figure 9, shows how much of this system

11lbid., p. 87.
12Ibid
13Ibjd., p. 88.

_ _ _
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Figure 7
2 h ’  pr inc ipal intercontinental  f lows of t&ephone traffic ,

or equivalent Telex and telegraphy c~rJ

1~~~~~~r~ i I

~ I ~~~} \ th~7~ ~ —J~~r
I

(7

Thurce: Adapted from World Communications: Threat or

Promise ’? Bath , U.K.; Wiley—InterSCienCe , 1971)
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Figure 8
‘Roun d—the—World ’ Telephone Cable System as conceived
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Promise? (Ba th , 1. .;  ~ i 1ey— Interscience , 1971 )
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Figure 9
The i~or1d’s Principal Intercontinental Trunk koutes (cables an~saLel,ljte for telecommunications (telephony , telegraphy, etc.) as ofApril , 1970
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has been instal led to date , as well as the communications

satellite systems serving the Atlantic , Pacifi c , and Indian

ocean basins. The third area of planning was for the Pacific

cable system installed by the United States , it too is shown

on Figure 10.

IMPACT OF COI/ff~UNICATIO NS SATELLITES

I ON

INTERNATIONAL TELECO MMUNICATIONS

The rapidly expanding capacity of communications

satellites has had a revolutionary e f f ec t  on international

global telecommunications. The emphasis now is on satellites

to improve domestic and regional communications . Pro jec t ions

by the National Aeronautics and Space Administration (NASA) as

shown in Table 11—1 , indicate s the growth in terms of space

communicat ions  segments of satelli te communicat ions systems.

“French space officials estimate that by the year nineteen-

nine ty ,  37 international and 37 domest ic  communicat ions

satellites will have been launched with  i6 to be placed in

orbit by their  own Ariane booster.~~
14 The global market for

civil communications satellites , earth terminal stations and

peripherals is expected to be $4 b i l l ion  by 1980. 15 “Between

1980 and 1990, the market for satellites alone is seen as

14L Farnham . The Chanj ’U ng Market  For Communica t ions
Satellites. (1.:icrowave Journal , Vol. 19, no. 7, July 1975) ,
p. 14. See also the re port on “Who will Dominate the Next
Generat ion Sate l l i te  Communica t ions  r I a rk e ty ’ , Dr.  Paul Pol ishuk ,
same journal  on page 16.

15Ibid .
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TABLE TI-i

Communications Satellite Launches 1980-2000

- - COUNTRY r\ ~~
Arab League 2
Australia 2
Brazil 3
Canada 3

China 3
Europe 5
India 1
Japan 3
Mexico 1
U.S.A. 20

Extracted from Microwave Journal, Vol. 19, no. 7, July 1976
Horizon House

~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~
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•~ ‘ .8 billion , much of this money will be spent for domestic

~ie~ regional sate11ites.I
~
1d Figure 10, illustrates the

expected rise in sales and investments in satellite communi-

cations systems. In this figure “Peripherals” refer  to the

equipment of the terrestrial system.

With the trend toward sn~11er antennae and greater

satellite output power , the cost of the Earth Terminal Station

(ETS) portion of a satellite communications system is expected

to decline . This fact should make satellite communications

more available to the less developed countries (LDCs). Thus,

a major share of the international satellite communications

systems will service installations in the LDCs. Many of these

nations will acquire extensive national communications net-

works including access to regional distribution networks.

Table 11-2 shows the present and planned distribution of ETSs

by country .17 Using these earth terminal stations along with

the planned domestic and regional satellite communications

system , it is hoped that the majority of the membership of

the United Nations will have access to the international

telecommunications system by 1980.

“Communications satellite circuit cost within one

con tinent is essentially in dependent of d istance , whereas

those for terrestrial links are proportional to distance.’18

16
I b i d .

‘7lb i d .
l8James f artin. Future Developments in Telecommuni-

catioris. (Englewood Cliffs , N .J.: Pren t i ce—Hal l  In c . ,  197 1),
p.  232 . 

--—-. -~~~~~~
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Figure 10
Satelli te  communicat ions investment, worldwide
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TABLE 11-2

EARTH TERMINAL STATION (ETS ) RESOURCES*

COUNTRIES INTELSAT DOMSAT or OTHER

Algeria 2 16
Argentina
Au stralia .4
Bahrain 1
Bangladesh 2
Barbados 1
Belgium 2
Brazil 3
Camaroon 1
Canada 3 63
Ceylon 1
Chile 2
Colombia 2
Dominican Republic 1
Dubai 1
Dubay 1
Ecuador 1
Fiji 1
France 5
French Territories 3
Gabon 1
Germany 3
Greece 2
Holland 2
Hong Kong 2
India 2
Indonesia 1
Iran 1
Iraq 2
Israel 1
Italy 3
Ivory Coast 1
Jamaica 1
Japan 2
Jordan 1
Kuwait 1
Lebanon 1
ralagasy 1
Malaysia 1
r.:exico 1
r’~orocco 1
New Zealand 1

*Adapted from Microwave Journal, Vol . 19, no. 7, July 1976,
Horizon House

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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COUNTRIES INTELSAT DOMSAT OR OTHER
Nicaragua 1
Nigeria 2
P.orway 5
Panama 1
Pakistan 2
Peru 1
ih i l li p ines  1
Portugal
Quatar
Romania 1
Saudi Arabia 2
Senegal 1
Singapore 2
South Africa 2
South Korea 1
Spain 3Sudan 1
Sweden i
Switzerland i
Syria i
Taiwan i
Thailand 1
To bago 1
Trinidad i
Uganda i
United Kingdom 3
U.S.A . 8 8
U.S.S.R. 3 2Venezuela i
Yugoslavia i
Zaire i
Zambia i

L .~~~
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However , as satel l i te  capaci ty become s larger , tr a f f i c  volume

rises and as ETS costs drop, the breakeven point between

terrestrial links occur at shorter distances. The cost of
between

vo ice grade circuits/various American cities, via satellite

are shown in Table I I — 3  to i l lus t ra te  the above points.

Figure 11, indicates how the cost per circuit decreases as a

function of route density and satellite capacity . Because of

the traffic carrying capacity of satellites, the cost per

circuit is generally lower than circuits offered by submarine

cables. Look again at Figure 6, and note the economic

advantage to be gained as technology improves the message

carrying capability of cable systems. This is important to

the global telecommunications , in that future satellite

communication s will rely on submarine cable systems to provide

a backup grid of international telecommunications . In some

areas of the world the submarine cable may provide the

primary links between some countries. Tables 11-4 through

II—? indicate the number of existing and planned satellite

communications systems. These systems wil l  have the capabi l i ty

to provide 84,562 telephone circuits or 218 television circuits

by the year 1980 . 



~~
— -
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TABLE 11-3

TYPICAL AMERICAN SATELLITE RATES

PC?

VOICE GRADE CHANNEL*

BETWEEN AND PRICE
Chicago New York $ 500
Chicago Los Angeles 750
Dallas New York 700
Dallas Los Angeles 700
Dallas San Francisco 750
New York Los Angeles 1,000
New York San Francisco 1,000
Washington Los Angeles 1,000
Washington San Francisco 1,000

*Adapted from Telecommunications; May 1975,
Horizon House-Microwave , Inc .

_ _ _  - - .-
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Figure 11

Satell i te systems cost trend s
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~o u r c e z  Future Developments in Telecommunicat ions .  (En ~ 1cwood
C l i f f s , N . J . :  Prentice-Hall I n c . ,  1971 )
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TABLE ii-4

BROADCAST SATELLITES

JETS CHARACTERISTICS

FREQ BEAM FFD DIA G/T COST

NAME ORG . DATE (GHz) (DEGREE (dBw/M (i~) (dB/K) $

ATS—6 NASA 1974 0.86 2.60 —116 3 1 800

ATS—C NASA 1974 2.6 0.9 -112 3 3 5,000

3TASIONP~R USSR 1975 0.714 2.0 --104 3.4 •7,8.+l ?

CTS NASA/ 1976 12.0 2,5 -110 3,2.5, 16 10K

CRC 1.2

JBS NASDA 1978 12.0 lx) -108 1.5 15 350
NHK

EBU/GBS ESA/FRG 1985 12.0 1.2 -100 0.5 4 200

INTELS ’! INTELSAT 1980 11 1 2 .2~~~~~-ll 6 0 .7  4

Source : Microwave Journal, Vol. 19, no. 7, July 1976,
Horizon House 
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TABLE TI-S

Present Communi cations Satelli tes

FREQ CAP. TS DIA OPER
NAME 

-__
ORG . BAND XPNDRS PV/vox (M) DATE

INTELSAT INTELSAT C 12 
30 1971

IV 
_________  ______ — 16~o0cL

12 98,30,
ANIK TELESAT C 12 or 1972

_________  _________  _______  ______ 6,000
12

~‘1ESTAR IJESTERN C 12 or 10 1974
________  _________  ______  ______  

6 , o~QQ ______  ______

STATSIONA USSR C 21 1+20 ~5,12 1974

FRANCE/ 2
SY~PH0NIE Germany C 2 or L6 , 8 , .4 1975
_________  _________  _______  ______ 

1,200 _______  ______

20
INrEL3AT INTELSAT C 20 or 30 1975

IVA _________  _______  ______ l0~ 0OO _______  ______

24
SATCIN RCA C 24 or 13, 10 1975
_________ — ________ _______  ______  

12,000 _______  ______

ALGERIA PTT (LEA SE OF XPN) 1 1-30 11 1975

i’ .SEA NO R WA Y (L EA S~ OF 94 13, 8 1975
OFi -SHORE PI’T XPNDR )

Source : Microwave Journal, Vol. 19, no. 7, duly 1976 ,
Horizon House 

- V 

— - - -.~~~~- 
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TABLE i i—6

PLANI’~EU co~.lr~ JNI cATIor ~S SA ih i~L.LI?ES

FREQ CAP. ES/DIA OPER
NAME ORG . BAND X 1~NDRS TV/V0X ( r n ) DATE

AT&T 24 ~i2.8
C0[~~TAR C01~~AT C 2k or 9.8 1976

__________ __________ _______ _______ 

4, 000 
_______ _______

12/ 9.8,7.
INDONESI PERMUTEL C 12 1200 4.0 1976

SIRIO ITALY Ku 1 1+12 L4,5,4 1976

________- 

JAPAN
ETS—il NASDA S,X ,K 13,10 1977

EIJROPEAN 2
OTS/ECS SP.AGCY Ku 3 18,000 13,3 1977

BRAZIL PPT C 10 1977

JAPANESE NASDA/MPT 
— 

8 8 13,10,
CS C ,K LB ,000 2.5 1979

;ASDA/MPT
ECS ~TT C ,K 13,10 1980

INTELSAT INTELSAT 2280
V c ,i:u 27 1~Th1z 1980

_ -  ~ RW-

I RAN i’r . 8 , 1, 2 1~ 8o

A RA!’-
LEAGU E PTT C 18,3

NAD
CCS—1 N ASDA C , K 10 ,3 1979

.. ource: Microwave Journal, Vol. 19, no. 7, July 1976,
Horizon House 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



--- V — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

33

TABLE 11-7

SPECIALIZED COMT .UJNICATIONS SATELLITES (MOBILE ETS)

ETS
CHAR

FREQ CAPACITY DIA OFER
NAME ORG . ( G H z )  XPNDRS VOICE TTY ( M )  DATE

~ARI SAT COMSAT/ .254 3 
— 

US NAV~ 1975
GEM .806

1.539 1 M/s 1975
1.640
4/6 1 15 132 E/S 12 1975

L~ARCOTS ESA 1.54 2 5O-6O~~ ~~~~~~ 
1977

1.64
.1.70 2 50-60 ETS/l3

L4.50

IMARSAT IMCO 4/6 , 14-160 
— 

ETS 1980
11.7 10
14.5
1.54
1.64 14~ l60 M/A

AEROSAT ESA÷ 0.126/ 2-4 1978
COMSAT 0.131
GEN+ 1.55/

1.65 2— 7
5.0625’

CANADA 5.1375
_ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  t _ _ _  _ _ _

Soi~rce : Adapted f rom ~Iorl~i C o m m u ni c a t i o n s :  Threat ~~
Promiac? (Bath , U . K . ;  Wi ley-In te rsc ienCe , 1971)

- - V~~~ - V  -— .. . . —, - J
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TABLE 11-7

S PECIALIZED CO MM U N ICATION S SATELLITES (~..OBi LE ETS )

ETS
CHAR

FREQ CAPACITY DIA OFER
NAME ORG . (GHz) XPNDRS VOICE TTY (M) DATE

tJARISAT COMSAT/ .254 3 
— ______  - 

US NAV~ 1975
GEM .806

1.539 1 N/S 1975
1.640
4/6 1 15 132 E/S 12 1975

~~~ RC0T S ESA T.~4 2 
— 

50-60 M~~~~~ 1977
1.64
~l.70 2 50—60 ETS/l3
L4,50

INARSAT ii~co 4/6 , 
- 
14-160 ETS ~~ 98O

11.7 10
14.5
1.54
1.64 14.160 M/A

AEROSAT ESA+ 0.126/ 2-4
COMSAT 0.131
GEN+ . i.~~5/

1.65 2—7 V

5.0625 ’
CANADA 5.1375

— — — 
I _ _ _ _ _  _ _ _ _ _ _

Source: Adapted from ~ork~k C o mmu n ic a t i o f l~.: Threa t  or
Promiac? (Bath , U . K . ;  Wiley—IntersCioflCe, 1971)

--_-
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CHA PTER III

PROPOSAL FOR A GLOBAL TELECO1.~IiUNICATI0NS NETWORK

AND

GLOBAL WAR AVOIDANCE TELECCr~T~TJNICATI0NS SUBSYSTEM

Having considered in Chapter II the growth and

demand for  international communications which have been in

part , create d by business and commerce , the econo mic progress

of the LDC s , and the growth of international  organizations,

it is clear that the usefulness of the satellite communi-

cations systems and the technology discussed in Chapter II ,

will depend on their integration into the existing national ,

regional , and international te lecommunica t ions  f a c i l i t i e s .

At the present t ime the international te lecommunica t ions

system is a mosaic of different arid separate communication: ;

systems each providing services to a local area.  2~ e~~
islands of telecommunication service all too frequer~t1~; a~ e

still poorly interconnected fo r  i n t e rn : i . . i o r~~1 &r ~d irter—

contin ental communica tion .  The i n t e rco~in e : t i o n  of local

t elecommunica t ions  systems by ra d io an d cabl e ha~; ir.creased

a~; the demand for long dis tance  service has grown , hu t t h i s

has been accomplished largely through the iac rernenta l  ~vol~~t i o n

of p o i n t — t o - p o i n t  c i r c u i t s  t h a t  b e n e f i t  only those  ox~ each euJ

of the circuit. Even the present ~iuh aarine cable systems ar~

no th~ n~ h u t  coupl ing dev ices  t h a t  i n t e r connec t  two p a r t i c ul a r

— —— -..- -- -- -V. . .



areas on a direct basis.  1’iany of the nat ions that  today st i l l

have rolat ivel~r poor communicat ions access to the global tele-

communica t ion  system are those wi th a prospect for  rapid

grow th over t h i s  decade and beyond . To gain the mo st

economical use of the increased c i rcu i t  capacities discussed

in Chapter II , and the alread y existing extensive international

telecommunications systems, will require the establishment of

a world-wide telecommunications network . A network of global

telecommunications systems that will serve civil and economic

interest , and if used properly may serve as an aid in

controlling hostilities. It could be designed to provide

ample capacity for  both civil t raff ic and intergovernmental

communications in international crises. To organize and rou tE

traffic in such a way as to get the maximum use from a minimum

number of c i rcui ts, such a network should provide for  shared

use by private citizens , businesses , and by civil and inter-

national agencies of the United Nations , and world governments.

The proposed Global Telecom munications Network should also

meet the following criteria:

a. It should be within the present state of the art;

b .  I t  should be highly reliable and continue to

funct ion even if one of the primary c i rcu i t  paths should fail;

c .  I t  should o f f e r  communicat ions  services a t  least

equal in quality to those presently provided by the inter-

national telecommunications systems.

~

--.

~

—— -
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OPERATIONAL COi’~C~ PT

The heart of the proposed Global Telecommunications

- e twork will be -the transmission system (communication

satellites , submarine cables , etc.), and the automatic or

electronic switching system. ~~~~~. tran sai ssi on system will

provide the circuit paths or channels for the network ,

whereas the automatic switching system se lects the circuit

paths for interconnecting users of the network . Recent

advances in technology has produced automatic computerized

switches which can concentrate communications traffic and

route it through a maze of interconnected systems accor ding

to predetermined precedence and preemption requirements.

This flexibility also makes it possible to switch to anoth-::

circuit if one fails.

The proposed network will not only serve high density

traf fic routes , but will also have the flexibility to serve

points with smaller requirements. The transmission system

will u se broadband channels that can be subd ivided into

narrower bandwidths. This is of great importance in allowing

the lesser developed countries with relatively small require-

merits access to the Global Telecommunications Network . In

addition , the transmission system offers the advantage that

the Earth Terminal Stations (ETSs) required at low traffic

locations can be of simpler and cheape r desi gn than those used

on high density routes. Such a system will be unique1~ suited

to expanding service to the developing areas of the world . it

wou1~1 provide added security and reliabilit y, both by making 

-_. --—-~~~~~~~-- - -~~~~~~~~~— - 
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available alternate routes and by givin~ c~irect access to

~~~as that i ntil recently could only Lu reached by radio or

U.,’ iuturneuiu.” c terrestrial Systems o.~ 0 ~~ht~~~~
- rit— .-.~.

The doi,aiai for additioaal , more versatile (in terms of

s~ rvices provided) global co1 :~unications is growing trc~r.em—

Iously. Table 11—1 , shovis tii - .~ rat io of domestic telephone

calls in selected countries. On balance it appears that many

of the LDC s have a higher ratio of overse as telephone calls

to dome stic calls than most of the highly industrialized

countr ies .  This also probably indicates that the requirement

for international telecommunic ations services will have a

higher growth rate in the LDCs. The volume of overseas

telephone calls is expec ted to increase from 20 million in

1970 to nearl~r 30 million by 1980.1 This  means that overseas

telephone c i rcui t s  may also have to be increased by a corr es-

ponding number .  It seems obvious that one or more satellite

communicat ions  systems , in a d d i t i o n  to the ~irc-sent undersea

cable sys tem s , will  be required to p r o v i i c  all of th e services

and t ransmiss ion  capac i ty  -to accommodate  t h i s  expected growth

n d e nand

COi- PUTERIZED ~~ I PCH INC ~

Activation of the computerized s-vitches in the proposed

Global Te lecommunica t ions  N e twor N , should produce econom ies  by

e l im i n a t i o n  or in tegra t ion  of p rev ious ly  d e d i c a t e d  c omm u n i c a t i o n s

1Cornnunication Satellites, ParL 1. (Nouse Com~- .itte~ on
3c~ er ice anu A s t r o n a u t i c s , 196 1) ,  p .  .~~ 7.

_ _ _  

V. - . j
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TABLE 111-1

Ratio of international (local and trunk ) telephone calls
to international calls

— 
1—50 50—500 500—2000 2000—5000 Over 5000

Uomin ican Rep.  of Ireland Ca . uris United States Singapore
Monaco Belgium Au s~ria Portugal Japan
Lebanon Switzerland Ivory Coast Spain Australia
Luxembourg Netherlands Granada South Afr ica  Polynesia
Sudan France Antigu a Israel
Pakistan German F . R .  Denmark German D . R .
Libya Indonesia Norway ~rgentine

4 Thailand Central Africa Mali Trinidad
Egypt Belgian Congo ~ew Zealand
St. Thorrie & Ethiopia ~ew Caledonia

Principe Greece ~igeria
Somalilan d Sweden .-ialaya
Syria Turkey Tietnarn
Mau ritania Italy ~hana
Angola United Kingdom ast Africa
Dahomey Burma
India f.Iozambique
Bermu da U pper Volta

Niger
Yugo slavi a
1~1ac ao
Iceland
Madagascar

Sources Adaptec ] from World Communic ations: Threat or Promise?
(Ba th, U.K.; ~Jiley— Interscience , 1971)
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systems.  The switches will  accept arid switch two d i f f e r en t

types  of t r a f f i c ;  telephone t r a f f i c  and t r a f fi c  in the form

of teletypewriter , data card and magnetic tape .2 The switch ,

under the control of a software and hardware program , will

accept these messages in d i f fe ren t  formats  and convert them

into a common format for trans~ ission be tween swit ching

centers , where they will be again converted into the original

format and passed to their designated addressee .

The switching concept provides for circuit allocation

only as there is a demand for a circuit path . Path selection

is automatically made through a special control module. On

a demand for service , an idle circuit is selected and auto-

matically routed from the calling party or station to t n ~
called stat ion.  Hence , any particular c i r c u i t  path may .~t

one moment be selected for use between terminal A and ~~~ , for

example; at another time this same circuit path may be

selected for use between entire different terminal stations ,

perhaps C and D. Thus , it is unnecessary to allocate specific

circuits to individual terminal stations. Groups of circuits

or individual circuits , mnay of course , be leased to serve

special requirements. This service of leased circuits is in

addition to the concept of “Demand Service ” described above .

One of the measure s of any communications syst ems’

effectiveness is its reliability of service . The reliability

2Gpvernmeri t Use ~~ Satelli te Communica t ions .  ( U . d .
Congress House Committee on Government Operat ions , 19 i .F )
p. 18. See also the TRI—TAC discussion by a,~ors ohn Rardt
and John C. Smith , The Army Communica tor , Fall 1976 , Vol 1,
no. 7, July 1976.

.-- - —-V.- -.
--V.-- - -
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o “ tin i coneuptual global te1c~co rm ,r . cri~- o..:; r V 7  t . .o1~ S

(.C(~atlV J enhanced by using the rian~ circ ..~~t ~V . m ;  a ffor ~ eu b-p 

u:~I . e~ ~
. .V lt~~~

V.i . If , bet’, ’en a :V V.~~~~1c 1~ lar pair  of 

‘i Lm al st a L io n s , -there are al. ,aps .~cv ral ci~’cuI t patm s ,

V. l1~ fO of one path would not -~ .t the me a, , cmm-: O L t  of bu s ine s s .

The der.~anrJ for a circuit to connect t;.o~~c partic-.~1ar ter :.inal

stations would simply be switched to ariothor trans-issi~ r. •
system.

GECGTAT IONARY SATELL1~E Co l ::iCAT:C:c~ ~Yd2E. .

This concept of a global teleconriumications mc- t’,cor.

reli es to a great extent on the use of large ca p a c i t y ,

s:1’.k chronous  satel l i tes  as a primary tr ams ..ission syst e ,

P’ron Figure 12 one can see that by stat L o m : n g  one satellite

over the Atl antic , one over the Pac i f i c  a .~ one over the

i~ hlri:, Ocean every inhabite~ part o~ tue cr1 could be

connected in a global telecommuriicat O .~~G ~~ Lwor~-: • ~ acb

cor.~nunications satel1it’~ v.o~ 1 ? ~arr
: citni b~L~ te1e~’isio;.

circ uits or l~~,OO0 inini viJua l ~~~ .. ~:honu r~ri1it3 in t.~aster

groups  of u p  to 600 C 1 1 C L i t S . ~~ These i. roa ftar i d char,r~eis can

h e  use d In a ~~~
V ’
~ ci~amnel mode , thu s  c~ r,. I Mt- i rig those countries

r i n d  r egion s  “il th rola ti vely Vu all i’e~~~4iremcnts to be comne c t L ’u

1V ~~tO the ~lobal Te1ecommuniuntioi~s ~t t,;orz .

s in  based on t h e  . s~ of th e  dO . ~ r m1 - , Oo :,nunj —
cat ior i s sa t el lit  , ~r ese, t lp  iN s e r v i ce , a n ;  D ’ l u r i, i n ,

~~ .tT/CO: ~TAT . D e u c r i p t i  on of th i s  co m u . i c a t i o m s  s a t el ’. t
I c  at page lE’ , .jcrowavc Journal, Vol . 1’.? , n o .  7 ,  ~Ju1y 197u .  

-.- rn - - V ~~~~~~~
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An international system of communications satellites

par Lu: i’irs L , there are cue ~~ t el i i  tc..~ ~u emsel V C V V~~1

w~ ’’1 Lfl C Q t n f f lO I I  by all par t ies  ano rio ~. L u r I d  i u i ’, on any nati Os. ‘

ter r i to ry , and second , the earth termin al sta t ion which is

owned and controlled separately by the various nations or

com mercial communic ation s car~ ors who are sharing in the

system. 4 The satelli tes are thus shared whi le  the earth

terminal stations are either leased , nationally owned , or

perhaps owned under international agreements by a group of

nations or communications carriers on a regional basis. One

of the benefits that accrues from such an arrangement is the

degree of cooperation required among the various nations and

commercial communications entities to make it work . President

Johnson in a message to Congress in 1967, reaffi rme d America ’s

support of INTELSAT ; “he stressed that America sought no

domination of satellite communicat ions  and -urged the Soviet

Union and the nat ions of Eastern ~u rope to jo in  I N f E L S A F .  The

message concluded:  ‘the challenge of th i s  r~ew t echnology i s

simple—-it is to encourage men to talk to each other rather

than f igh t one another. Historians may write that the human

race survived or fal tered because of how well i t  mastered the

technology of this age ’ .”5

/4. -Coh n Cherry . ,~ori Communica t i on s :  Threat or
Promise?  (Bath , U.K.; ‘J i l ey — I n t e r s c i en c e , 1971 ) ,  p. l~~~.

5Jud i th  T. h i d l o w .  1NTELSAT: St u d io s  in inter-
nat ional  Rela t ions  and Foreiu ’,n Polic~,’. (Lexing~~ n , r.:ass .,
D . C .  Heath and C o . ,  1973 ) ,  p . 63 .

_  _ _  V V. ~~~~.Vrn - 
_
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am : of till . most tragic ebeci -ni t~ ous  Of N l 5~ Oi j ui~Ve

a t t r i b u t a b l e  to messages that  fa i led to arr ive , arr ived too

late or mere misunders tood when they did arrive . ,,e Conflict/

General .‘.‘ar avoidance in recc t times have also been highly

dependent  on rapid , reliable global cofnmunications. Perhaps ,

no single event in the past 25 years has brought the wor ld

closer to a General ~ar than the Cuban Missile crisis of

1962. Telecommunications probably played a key role in reducing

the chances for a General jar. “It was the nightmare of the

‘~.S. Administration during the Cuban Cris is  that  something

would interrupt the flow of messages between hloscow and

~Jashington .
”7 hithin the next year , both Moscow and ~ashington

agreed to establish a “Hot Line ” so that  fu ture crises ar ia

misunderstandings which might lead to war may be resolved.

The ~ashington-i.oscow Hot Line , currently referred to as the

~irect Communications Link (DCL), is entering the space age .

The giant technological leap is being made in order
to create a more foolproof method of emergency communi-
cat ion.  in a nuclear age. intil nov.’, the Hot Line has
been a maze of undersea cables , radIo links and land
lines , all vulnerable to mishap . ~3evera1 mishaps havein fact occurred. For example , a manhole fire north
of Balt imore once knocked out the primary line . A
farmer  in Finland severed the cable ~V/ith his tractor ,
a deep—sea fishing trawler cut the line and so did a

6Alstair  Buchan , et al.,l The Atlantic Papers,
(C am b ri dg e , l’.lass.s Dunellen Inc., 1970), p. 335 .

7ibid. , p. 336.
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hu l i d o s er  operator near Copenhagen . Concern over the
acc idents  10(1 to a U.S.—Goviet agrees.eut to create a
pair of ‘ independent  but parallel clrcu ts ’ gver
separate satellite systems for the Hot Line ,

A new earth terminal s ta t ion  c o s t in g  .~;6.8 mil l ion has

been built to establish one of those circuits , in the DCL.9

This facility which is located .~~~~ Fort ~ctrick , l..aryland ,

uses four non-synchronous llolniya satellItes to establish

d irect communica tion s between ~Jashington and l~oscow , without

crossing the borders of a third country (see Figure 12). “The

other circuit goes from a COIUSAT terminal at Etam , W . Va., and

then to an INTELSAT mid-Atlantic satellite . 3ignals pass

through a leased channel , and are relayed directly to the

Soviet Union.”1°

In order to insure ac curacy, messages be tw ee n the

American President and the Soviet Premier are transmitted in

their native language using teletype format. Even though the

s,’r stem has been in existenc e since 1963, it has only been used

15 t in es  to pass operational t r a f f i c .  The 1-lot Line was first

n :;cd at the start of the Vietnam War when the U . L .  Navy ’ s

n h t p  P Ta ddox was reported to have b e en  attacked by the North

7j ct name se  in the Gulf of T o r i k i m .  On several occasions la ter

In the war , President Johnson u seu the system to advise the

U.t .S.R. on critical developments. i-.:essages were c’xcbangci

during the Three Da~,- War of 1967. ~Jhen the Pueblo was seised

~L.N. ~Jhittemore . -~ .~~~ .—~ o v ie t  H o t  L im e  uC~~, i:m ;
Op eratin .~ ~~ Sate l l i te .  (Parade l~an a:,ine , December 1976),
p. 10.

b L d.

10 Ib i d .

-V.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- -~~~~~~~~ . --- - V.- - - --- 



by the N or th  Koreans , President Johnuoi -i use -u the system to

adv i s e the U . J . S . R . ,  t ha t  the U . . ~ . naval U l i l t S  dispatched to

the Sea of Japan were not a threat to U .3 .3 . h.  securi ty

interest .

Whether  or no t  the thaw that  ensued in U . 3 . —Sov ie t

relations a f te r  the instal lat io.,  of -the 1-lo t Line can be

d i r ec t ly  related to the Hot Line , i tself , is debatable.  But ,

there has been perceptible changes in the nature of those

relations. Prior to the Hot  Line the relat ionship between

the U.S. and the Soviet Union was refer red  to as the “Cold

,Iar , ” which produced the Berlin Blockade of 1949, the Berlin

Wall of 1961 and the Cuban iiissile Crisis  i t s e l f .  Since , the

installation of the Hot Line the relationship has unde rgone

fundamental  changes f rom “Cold War ” to “Peaceful  Coex i s tence ”

Which has produced a Limited Nuclear Test Ban Treaty and led

to an agreement to ban the employment of nuclear weapons in

space.11 This changing behavior pattern has created a climate

of “Detente ” which has produced the :;i.~clear Non—proliferation

‘rr ea ty ,  the banning of biological weapons in warfare ,

Strategic Arms L i m i t a t i o n  Talks (SA dT), auL an increase in

intercultural communications .

From the foregoing i t  appears that the slerukr thread

of t e lecommunica t ions  ( the Hot Line ) tha t  exis ts  between

:.oscow and W a sh ington  has tended to have a s t ab i li : . i r ig  e f f e c t

on re la t ions between -the U . S .  S • ~~~. arid the U . S . ,  and t }I u~

11John Span ie r .  Ui : . u; ,~ a c i o r . . ; i i u ; .  ( N e w  ‘fork :
Praego r Publ i sher s , 1972) ,  g .
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e1~ colu l l ~l1 cations may play an equally Nun  .ent-Ll role is.

I i . u ~ • s L r ~ and harmo~. ~~~~~~~~~~ confl~ et  ~~~~~ thu

o , :her r mi t io - s; of the wor ld .  To that  en , th is  s tudy  prop o ses

t h a t  a Global .~ar Avoidance T c l e c om m . i n i c a t ~ arts Subsystem

( N L C . 5 ~ T S) be establ ished as a subs ,s st em of the Global Tele-

c om mu n i c a t i o n s  i . e tw ork  ( 0 T h ) .  ~mu des ign of the propo sed

GLOWATS should be guided by the ftlloviing considerations :

a. Although , the least complicated design approach

• would be to establish a new global telecommunications network

lsin~ 
dedicated communicat ions  satel l i tes  and terrestrial

. 1 l inks  for  the express purpose of serving as a dedicated

-

. 

‘~LOt~A2S, the dollar cost associated with such an approach is

pr o h i b i t i v e . If such a sy stem is to come about , cost dictates

tha use of those international telecommunications systems that

are existiiu~ presently or planned for implementation in the

future . Utilising these facu lties which the trend s outline-N

in Chapter II indicates will have more than adequate channel

capacity, is not only cheaper but will allow more flexible ar~-d

ci r e rse  routing , thus  enhan cing the survivability of t he

O- V l~ Th through redum-lancy .

b. Frequency spectrum is the bas c commodity used ~r.

to  c o mm un i c a t i o n s  sy st ems  ( t h e  n;a~ or transi.~iss ion i:.cdi ~~m

of the proposed GL OWA TS).  I t  is scarce. The system to be

;~~signed should r.~ake e f f i c i e n t  use of the avaii ; .~b1e frequ i ’ncy

spec trum.

c. The basic communications Lra~isi;issiom system , both

CUJ) 1e arid sa t.~ l1i tes , mu st  be .hghly re l i ab le .  It  SU S  t CO.. ti~ iue

o : 0 1’ . e-/ ~~ . if i . . - 1 i : i .i ua i  segI, m l t V ;  OI
V 

~~~~c V :y t r V  fuil.
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.1. The Subsystem S ñ U U j U  provice tne capabi l i ty  to

I. i n t e r - d ram uubly different tppem o signals , that is ,

lar~e nu m b ers of t elephone , telegraph a~iN data circuits on a

switched basis or television and other signals requiring wide—

band service on a call up basis.

e .  During stable non-ct~~sis pe r iods GLOWATS need not

be d is t inguishable  from the larger Global Telecommunications

Network . During times of crises and hostilities users of the

GLOWATS (i.e., the world governments), have a priority that

would give them first call or~ any non-busy circuit and would

preempt lesser priority users if all circuits were busy .

Operation of GLOWATS will require close cooperation

with the communications agencies and administrations of the

~any countr ies , who will share in the use of the global tele-

communications network . The large body of experience already

acquired b: the I . T . U .  and the various international communi-

cations carrier - indicate that they have been able to resolve

d i f f e r e n c e s  and war :  together riarnor .iousiy and effectively

Thi s  fac t g i v e s  assurance  tha t the technology now under develop-

mer i t and that  uirca c: ; , ’ d ev e l o p e d  can be q u i c k l y  made into an

operable gloha~ te leco m u m i c at i o n s  netviork serving the people

of man ,’ L~ u , . 5 .  This proposal is not only a method for acjuirirtg

b e t t  or an-i c h e ap er  commun ic- it ions  f a c i l i t i es  on a wor ldwide

oasis , bu t alSo an op ; o r t  .u - ,i L;,’ to im p r o v e  c o mm un i c a t i o n s

of all t ip :; to ar~N b e - .ioen mu na t ions , w i t h  the hope and

es poc L a L i o n  tha t hi:; :1;. advance the cause for lasting peace .

(J SCU S S .L on oP inter a t  i oma L i’u l e c ov s u u i  ca t i on s
pldrlrIin f’ on IulU ( 17.

___ _____  ___ 
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INT~ C SUCTI ~

The preceding chapters have examined the grow ~h o.
’

global telecommunications and very briefly anali- ., ed the

potential for reductions in cost for communications services ,

made possibly by the recent advances in telecommunication -

technology . Chapter  III , exploreu a propo sal to e s L a h i i 5 : .  a

Global telecommunications Network (UTN), by augrnentin~ the

present  in te rna t iona l  t e l e c omm t ~n ica t ion  systess with

computerize d switches arid additional co .u.smicatiuns satellite

t e rmina l s .  Such a network wi l l , w i t h  m i r . i m u r  cost ir. nut—

work resources , af f or d  the necessary  c i r c u i t s  and f a c i l i t i e s

to es tabl ish  a Global War Avoidance T e l e c o m m u n i c a t i o r s Sub-

system (GLOWAtS). A subsy:;tei:. that may have potential f o r

promoting peace ar,d stability in international relations.

The ho:~t of social , economic , uma technical la”’ tors to no

- con s idor ed  in des igning  a system to is.plcmemt .me propor.~u.s

advar~c d  in C h a p t e r  I I I , will  bu con sid e re~. I ; td is m .~~; te i ’ .

ECO~’;c : ic iiii ;.ci’ or’ NL O : :Ar : Va. ;c .::~~~~ , N a t  ‘I C

One of the major hind rances to a ic’ -.elo~ img cu .rg ry ’ ;

c ~r-o~’:ress is the 1ac~ of a kq’u a 1,0 cOn .r : u n ~ ( s it  ions

r ’aci Li v ie s . Nilbur Schranam Ku ; ar uod  t hr imvestm ~ mt: ;

_____ - - .  - — - -- V-—-— ’—- —- -— —V.- _____-- --—-- - -V.-—-- — -
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communica t ions  f a c i l i t i e s  in general should be s l ight l y ab .ea; . ,

and never behind , invostmrnts in the o t h e r  institutions of a

developing country ’s ccoraom~ .1 A countup ’s communications

raci l i-t ies , both internal  ur.u extcrr.ai , arid its economic

appear to be correlated. Figures 13 and 14 examine s the

relationship between telephone instruments and per capita

Gross National Product ( G N P ) .  A comparison of the telephone

fac i l i t i e s  available to c i t izens  of countries with a per capita

GN P  above 4~l ,OOO and those available in the Lesser Developes

countries (LDCs) indicates that telephones and other modern

telecommunications facili ties are associated with a trend

toward r i s ing  per capita GhF . ;-Jh u ther the increasing rise in

per capita GNP creates a demand for  addit ional  te l ecommuni -

cations facilities or whether the additional communicatio ns

tend to increase the rate of growth in the weal th of a nation

is not clear . There is , however , a close correlation beLx ;eeri

t he  number of telephones in a coun t ry  and the ncr capita G N P

of that country .

The International Bank for Reconstruction a. u bevelop-

:.ent  nave stated that “the fu ture of small cos~.tries depomur ;

to a critical degree on their external economic relaL~ umsm1 ps ,

including the extent to which they can combine with each othnr

to rnt~iort ;ilise production and create largt marketu .” To

‘J i l b ur  Schr anain . Nas:-; l- .ON1L. a m :  hut iorial buvelo; _a-mt
( . it ar i fo rd , C a l i f . :  Stanford h r : ive rs i ty Press ~~-~i Uh ~ Scc
~ -i ri :; , 19 N), p. ~u6.

.iorlu Sand At l a s  of 
~~ir’ c a p i  ‘~~ A r ’: ~~tion mmd ~~

_____ ~~~~~~~~~ Ir ,ei~~at,io~ i1 ; 3 O ’ V~~~. P S I’  :~~Co:. ~c t iQ mm- .:
a V. , V f l  1 0), ~~~ . ~(3.
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• Figure 13

N orrela t iori  between telephones and Gross N at i o n a l  Product  (G h ) is.
Countries wi th GNI per capita above $1,000 (b .S. ~ollars).
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Jc ’olop t.i:eue eCOnomiC relationships the new and le .;sLr

1evelopecl countries nced to imp rove tJ c’ir telecommunicat~ o:.n

ihic di tic:; and services bo Li for internal and inter-intior :1

cor n n~ cations. ~he proposed Pd~h shoul.d lower the cost oN

international telo-corrunica tions survices nrP:inj; thu .

available to the lesser devclop o countries.

The dilemma facing the lesser developed cOUaltriCs is ,

so-i  much of -the meager resources o~ the country shosl~ Pu

xperded in upgrading the iriterna.tional comnuni catioris

facilities , and how much to devote to 1.lp grauii rag internal

communications and developmental progroms . .~hile , financial

SPsO.A r Ces  are :i major pr -hlci., there rut o ther impe r i l ;  en t s

t r i a t  prevent  or retard the u e trelopirag countries in their

a t tempt  to improve t c l ec omr :un ic at ion s  f a c i l i tie s  a n a l a

services. Am ong these are the poii tics of the area or i-c. los

..‘ial ~ h i aay ~revenL them from rtading use of the internatior:a~

teloco;ar-unications facilities cf a neighborin- (our tsv . ~ n

or ?er to reduce cost it ‘.~zill be i.eccasary under  thc proposcu

~ :at P-torN to : rocemr : the in t e rnat i onal  co; I ,; i e a t i o n s  t rn f ~5 ic

Lo: some of th e s ailer  coantr .~ L S  on ~~ia nina.. basis , u :dm~, t u C

ac~ ii Lie :; of a s±.:gl c o u n t u .  foi c~~ti ~~~ . tO  L W  C i N

D~ L A ; i) F0~ GiU~hL TELEco:::u:TIG~ ~ o~ s ;:~~: .~~~ .. .  s .~~~: ~~~~~~~~~

i n  fate of a . lobal te lecor .  u i a i C n t iO i t i ia.t ’.:orh

1: i m at t I ,, t i ed  -to the de~ a r , 1  f or  U c n r ui c er ;  t a u t  I n :’ r e

p r o v L u n  P.,- thai. net. ;or. • ‘ - n  an:J a r t i c  ~~~ r cl i  cc —

cation :; ;-;ysto: , cost per e h , i . i r  cl I .; i;:ver:- 1p ‘0~~ Oi
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Lu tiLt ] i cation rates. To get si.g i f i c a ; ; L J y  lowe r cos~ per

circuit , reasonably high rates of cii -(;u lL u t i i i c a ti c n  is

require1. The needs of the various countries for later-

na-ti orial telecomr :;unications var ’. The highly ~eveio cci western

industrial countries have an ir; crediate requlrenent fur mar;

circuits to all areas of the gb , the lens developed

countries require only a few. Consequently, the countries

that have direct access to global telecomr-unications systems ,

share those facili-bies on a service basis with those countries

:“ho do not. TI-ic sharing of facilities is -to become more irpor—

tacit as the international system trarinitions to a nL twork of

regional and area systems , tied to centrally locatea~ com~tuter—

ized swi-tches so that any available transmission path may be

u sed  regardless of what country owns the trt-.nsmission :;ystem.

Annex I , shows those countries with access to global tele-

co-nunications.

Pro ble ms may ari se i r~ uo :.getitio ~otwee n cam :. ~ri at

desiring to becor.re nodes in ths CT... Tl,crc nrc a fir.i ~e .st r~~ a r

o” nodal points needed and the :tmmher oc’ pri; nr~ 
s,.I tchim.~

stations, satellite terminals and submarine ca li s , :;tc r s  sili

he limited. If different countries request ground t r; iI.u13 ,

to be located in close proximi t ’ ;  to each other , the nc t c o r . .  a ,

have to be enlarged or a cho ice  maNn  b e t w ec : -  th e  cor.pe i~~i :N

countries as to which will beco; : the nodal oi - . i-

to the world communit ,’ for pru- -.d d~~~ aGlObU. tciecnm~, nr ; ca~

service to that ;trat1 . In c h o i c  a; s:c!. an h.i. : ; :  , mc li eat,e

pol i t i ca l  issue:  mm ,’ :: r i s e .

~ 
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A review of the graphs in Chap ter  II , ind icate  tn.~t

because of the explosive growth in iriterarational telecorrrnsri i-

cations traffic , very careful and elaborate forecasting is

needed in order to prerrict future needs accurately . i redic—

Lions Of i~itcri iational t e l e c om m u n i c a t i o n s  growth are made L ;

t h e  Inter i -ia tj unal  releco~, :an . a tions .i n io m ’ s , Comr.ite ’

Cons.;ltaif de Telephonic et Telegraphie , in their l anual on

Nati anal Telephone Networks.3 There are many difficulties in

accurately proaicting international traffic flow. In the

present age of increasingly shorter lea: time s for drunatic

breakthroughs i; the electronic and telecomrn:nicat .ion .t L’i.i l- I s ,

there is no way to prove that a newly designed  s :/st crr .  will r o t

be out of date ar:d un—econom ic to ssc before it has p~ ic for

i a . e lf .  Nor is i t  known just how the introdcction of some

ne.z system , such as the Videophone , ma,.’ affect the trai :’ic

demanss .4 international political difficul ties such as a ‘.iar

tray affect the ‘olume of message I r u f f i c , b oth te lephone and

telegraph . n ote the cnlntive ~‘odu c~~ion in i nt erna t ion a l  ~ -i~~—

phone traffic during the ‘var ‘ear:-; of 1940 thro u:gh 1)43 as

::hoWm in Figure 1~~.

~ascd on the predictions of tN t  f C~~ OI  ft  tent;; fo r  1

c ont I ne n t a l  t elephon e channels prL-nicted P, t !tC “Rome i inn ’ ,

of 1963, Table IV—1 shows the estimale oi’ tn telat hc-ne circui~~s

°Col in  Cherry . ~~~ ld C o m r u n i - ~aL i n : a : ;  ~nr :~~ or
x’o ..ISit ? (3ath , U .K .; ‘nil ep— lntursc ie ;- -ce , lL?71), .

r,S wres arth~. 5~I t U f C  J .’ U 1 O ~~i a ~~~ t . ,  tn ~‘t~l —

- ;-it i onn (Englewood Cliffs , P .N . , irc:f ice — Nih .rc ., J- ~hlp. 17,

-- V - V.—— ~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~ V ~~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-— 
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-
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‘:~~ .I :a- :r1NN C C . , TNI C Ci~ I :IT C ~~~~~~~

- ot’th Ar .erica——Afric a l9~
~.ort-h America—— Curopu 20, L~8L
he~~th A c i—ica__douth America ~ ,080
North America——Far East (Chi n;, -i’ aprin , etc.) 4CC
i arth America—-Australia CC
sNiro~.ac——South America 300
s~~ro j e——Afr i ca  1, 122

srop e—— Far  East (China , dapan , etc.) CO O
)u rop o-—Aust ra l i a  400
Couth America——Far East (China , Japan , e t c . )  300
Couth America——Australia 50
South America--Africa 50
A r i ca--Australia 40
Africa——Far East (China , Japan , etc.) 100
Par Cast (China , Japan , etc.)--Australia 120
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5?
- cu ed to accommodate L i e (jerrards lou  ia t :- r 2 o n t ~ m e n  cal tele—

ica l~.jofl~ C L CIA U L’ l rt r  19~’-O . Jased Oa th~ rate of

increase an d t h e  p c i r c ip~ e of sa tura t ion , the Uc ;- .arid be t v - c o n

he in o u s tr i a l l ze d  countr ies  in expec ted  to level  off but tee

- orcu-im from the lesser developed countrIes viii continse to

c-iso.  P redic t ions  about any of ~n O s u  .f’ac crs , L special ly

over the neat decad e arc sub ,~ec I to rrocla i.:ceu iz;L~ . Th i s

is articularly true ol’ those demand s involvia the developing

countries. In the face of these u-ncertai .cics da re ~—iill be

no attempt here to be definite about their ~,:aft’ic eemancis .

Thu demand profi le  shown in Figure 16, is en em . are a basin ar.(

moo:; not indicate definite requirements. 
-

GEOGaAFR:C~ L Co:.Si~:~L21c:.n

There are certain geo~ r;:pr.ical ru~ l en s  :mro ~,~ :;oe.~. the

world bet’.veen which telecom:rsrr ications nave traditiantnll~

occurred . These reIions are most easily —p i ioN L;, r op t h t l on

density , individnal classifications , ~ast , pu sect ar~. - ,

conr ~~un ic a tion n ;  ~‘aci1i ties , and trends • ~-.s such , t I - .e~ re - r e

in f luenced the areas in which the p resen t  e a r t h  t e r m l e m , l

sta t ions  and i n t e rcoo tinent a l  submar ine  cable: :  e r a . l0~ ti - i

:‘iguro 17 shows that the jar ;er p ar t  o L  t h e  ‘. o - l - 1 I rtl ci.

I:; spread log.i L i]nai~ ;/ around t1;u a , ’ O f I, i I .  a ei~ . a 
~

-
C

0 north ~~~~ ~ o
° south lati ca r e .~~~~ ‘icr:, — ~~~~ of t:.e e mr C:, ’.

5Co” , m A : l i c : r L i o : a  ~~~~ cdli t o .;  C . ( ‘i’rern i
h 1.ectr~ c ’s Conteit: ; J~n

’ere a h~~;ir~ r~ , 01’ - ; .  1 0;  s~ -2crnc ~ t~~; e
or: Cc-hence and itstronautics , 19;-l ), ra . d . 0.
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Yia

op in ion li’-nsc b. 1 ond t : ìC ’ S c  cx t S C  Li c i e n  . ~‘ _ .r U ne r  :emi,~or

:o - “0 ;  ~~y”  t i o n c -  0 ‘ pop La tion c-x i s ’ o .1on~ ~h e e a t  fcc -n  em~ - .

~~~~~~ 5:, c oa s t s  of Cr ~i tee , Strr- :t es ai -
~ nouth ~ema r ica , the co~ st

O f dh i r i a , alon;, th e  e as ter : :  Cu~i -..t of - -  ;.tralia ar

eons C of .n’t’ica , ~un I:: ~uropc- , l n J i a , Ja r -c n , are it: iochi .ra.

- i , Sh O ’ .S t~~o ore sen t di s  em ~ s e t  ion of thc . ii - , tc;-rr.atio :al

t e l e co e m.on i c at i o as tr ansmi . s ion r e s oc  rot. s ‘, - . c r lmv.ide . ~.ote

tha-I the r;a~ oz-i Ly of the tori-ri ~1 stntio~em for both comnuni—

ca-t i ons satellites and subrcarir.c eeled;o;a ca~ les are along

4 tue coastal areas .

decause of geographical and topographIcal dI~’fercr.cos ,

not all areas of the world are eqnally promising for  po te st i ol

application of the G~N d’ s t r a : i s; . .i ssion  s y st a 3n s .  Ther e are

several reasons f o r  this:

a. Because of the di_ ’I’ere nces is. cIliate , m istarco ,

terr ain , i c- re- i  of eco:~oe.ie de- -ciol- e rt , e Ce . , tolecome- cmi—

I t .  on:; traris ise; ion eg :: te em -ar , ’ - - f o r .  one :cogrcphicai mu - - a

to another, For emamp l .- , tro~ on , N L : f i C  . c a c t, f  is an l ocal

.0 thoP for co;.;:, ;nicntir:g be- t .’cer, . . n O d  .‘m ( ‘lb ’ r e : o

n~ 1r,nd c:-.. i- -n ~~~ Ca , 
11 i —I - ’ e S, , ft C.~~~h O C  ~~~: . c v t r , L U  5.,a: i to

co:., urtcatr in a - l i ’- ’c ; t limb a ’t ;; ,~a m  ail s  ..~ m..d .Ia~n: .
5

t ;hc o thei r hand , in some in .  , : ‘r e n s  .:e e of co ,cunicat l O;:s

:ra t.el1lte~ could , because of ~ -~ a u I l h ’ i c ; i t t~~ r a i n , L u :  out

be ion:; c x p en s i v a  t h e ,  t:.Ic.- o.. n’n c L - . ; - ~~r crC- ia -

b. Phe gcV o : r , ,p h i~~ , a n L ’ a’r~; o.’ ~~r 1  ;~~1 a c~jctatc ’s the

5 j e 1  5-f e - ,  ~.S i’OS ioca -~~. . , th- - - . T  ., :i . .ni tue con~imte r~

i~iOfl’Li , 
- 

a t , i , o- c . l a ‘ .1 -- . N’ , .: r e m i s : . .  —

llr’ctronics i 2 h—~~ ~~~
‘, 

• f - 
‘ C’ - : . - - ,: ~~

,
,
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t: -. t : i - r i a~;; of th-~’ SC . To uc o ;o~~ -~ me -  :‘c:e of t r a t: i c

n,~ ’ cu-c- a wi  h i l t .  L i e -  - - r ’ o~~c -a S — i i  n . Li: tuna : - ~~ss ios .  :g s ’ c~~~

-
~~ iSi -ii -- to Cc lIar ‘1 o n d  u Ui ’ C e :hc c -u n . ;  t r ct ~or :S em,

o :i-ration of the nocsssar ,’ ma th lbrmi:ai n tatios.. and n.’lb tchu~

or the nt c . rco~~.me C ~jir tei V . m t c i  ad :1e mt e .s , cvc.~ If i’ is

ass emeu that i-h-.: acellitcn L..  n b ; . . a r -  me earle sg:;tcr:~s iso

already in opcnot on.

The routes of ‘.‘:orld COn ,.JI:,LCc~t 0~.5 of va r iO~~r; h I m  -

ha -c no evol :e- h m p h m . ’asdi ’ but are -‘;lo;cI ,,’ relatc- J ‘.0 L r c t  :~~ -
V

a;, t i ona l  trade eric- ~,-ul ; t~ ral sca a c;on : .  . ch of t ; .e

C ela ’co:.: uii ca lio os tsn flfi.c fo l io /n t1 . e ge-mural tr-~ .r ron c-s of a

nterr ,a t ioria l  co :. s er c e .  lb i c-r~ mr-- n , f u c  r r i. rc i  tai l ian. deS

(Si-C ~‘i~~ re 12), fi r 3 t, i-s thu -c ’ i’th atm tic; so c -O s , ‘ ;t n- .e

O :rcpco~ —i”aa fast c—o :tc t-hro~ dh tao ~ rez -T i-em 1; tn; ri; , is t n ’
C

ar ropc- to Souia. arerica lea. C - emi-ar’ mc c C e . ;  a e ;~1 ,u,- a 3)

0’.: connoc t~ : r I n :ly  those ar. is o~
’ taO worm - ‘n i en  rise n .f ~~V 3 . . 1  -

- 
-

:-ot o i’or ’  of co : . :: c-n i cmt i o n s , beer : ’;.; -
. Of t r a d e  or poL1 ticem~

:- .~1at~ c-~~ .
9 

~~esu t~ ree ;ei~ or t:’a i- routes :i-i-c~ also nC

rb  cur ,~ : o :~~cr for 1 :tercontin’a , t~~i tolocor:’~,nica~ ion;:,

thcy Tor n t : e  ar ch it oc ter n i chas e’- ‘o rb  f o r  t i-i c Global lb L i- ’ —

ic-s LIons - e t’,, - ur~

“ Col i , Ch e rry . 
- 

. o - I .  -u  . h ’  a t i  ~ . t h i ’ f  ~ :

~ l ’ O . . . e . , : ’; 
~ma th , C . i . . ;  •~ilC , , — i  u 555 j a~, , P L ’ , b 7 1) ,  

~~~
. . , •

____ 
)O J ,.~~ T fo : ’ a . ,a : c 4 r - ; O f l  of c o ra c d a L o , 1

r 
~~~

- - m .iif mar u ’4j n l i no L i t i f ic ;~uLc - :, me.: t,cS;an r t r ;t ffic’
t ’OU to~

i i . ,  n .  E3 for- a -11c c 4 .  : lbon of “Co. ; ’u m o ’ ch t ! .
. io ,;; or:e hd- i 0 i~ ,’ S to: ’
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Thu co - -nn~ caLlous snteii Ito Crr ;,mi i:eIom c;,’ntc-r . :111

- t o  p~ 1 ..U f c ’ ran it pat:4 ‘o :- the - . h . ,  a n  such i t  acm : cot

‘ L O S e  IS ; t e m t c a l  :,;c~~ar.em. - ‘ a l . C  Sc- C ’~l O f l  t.’-t-Sc: ;:tE a:u sa d ie

1 Iid~ i,oci n calc’’la L i e n : ;  sliic., o - i d e  t i i~ bas i To:- -ho

PerLe -- .min. :1-en s.d the Lra~ s’i ss - a :g: n t en s  char t-oteai ~tici- ar~-

uf or Oc -m on c - t r a  Ccci the fua::ibilite ot’ t14e 
~~~50P0 5~~ 

Glob-al

‘.L’c lecon: m m i o r r t l o : -,s : et ’.-io:h . lb:-e eqsac1o.4s mmd ass : . ;p t lom :  t h n t

-see - a re  snot -- a ac-f tho  r e s -i  cc- arc tabmlatclb . These

c: ln ;l;rtionre ~ra: based ot i  c r O n e - . ;  t :no;-.ledgu; ‘c-erich Ca.. be-

i-sor ted b,;, textbooks , technical parer -s , i-raid :a rio  i-s  e nf i , .eU u l i- f

a - of -  r n m ~~o s , ;i:lb CO sjoncnJs that  are pre em a tig available on a

co; .. c-rcial basis.

a. ~ete’~ :: i m at i o n  of r -:a V. . l r ’-o c’ C a r r i e r — t o — a r i s e  ( C/s) —

‘-“ -I - - ‘ . 10ir r . ~ i-rarls;.,i et or  to sa .c-jlitc r-em i - v o n .
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It ’- -.

= :ain of the satelli. to r:.- ceI : t ; t a .  a,sc’?ans ( t - t a r-  eartr.
- ‘ Let a F:t an m ar i e  of 170 f r on  t l , o heIght of ‘~2 ,300 rcilen )

= 10 ‘lb ( f o r  6 . 5  k m h . . )  to ive  a 170 be-a . an’~1e.

a - - a  G e t  p i t  f ro  the- 210 ’:.:

‘ C  = + C/ : + .h0 — 
~~~~~ 

+ lb.

- id to ~~~-
t

It dpnco ntto:., ation (at 2.’ , 300 riles)

A = 2 0 0 0b at 6.5 krn h s

L~,= .isce]laneouc coupling lo~ ccc 1.0 db

= - , - COO + 51 - 1 - 59 - 20 - l1- ’~ = 3d - f t - -v ( a t  (- .5 1~a h ’)

1.0 Nv:

lJ. )u h : c, , i na tj o . t  of ~ ~ ‘ br o - i  -Csa -r i c - : —t o — n o is e  ( 0/ : :) -

~sLo l1i c- t r a ns mi t t e r  to ~~C r ece iver  ~

Is: t:t~ sa t e l l I te  to c - em ’a i  ;; ,,‘s t u ; ;  a d i f f e r e r , C t e c h —

ale-t i e ‘ — ill be :‘nc-d . Ch i c  t echr t lb~r .o  is lac e ’.-.- - as wide devla~ ion.

F:. A. :ai rr -the base band will be 6 ni-r i - , Co r-cco rt:-,odate tr~e ~ ‘ ? .

I)

~~~~~~~~~~ iO 1o~-I _I, ‘ — ‘-- a

F ) 2Nd chm :r;el deviation (fle-aF’; -Jeviatior , of 40 n- b c )

2.0 reh z base- on - 1012 recolo r, ,t,:ca ta Lion:: b’or Loar,ia~

2 . 5 4  r.hz

= % ec ei v er  nit , . ‘, i - - - i c-h I. :1 . .  t’.’~ cc t im ss~-b are

-‘I/N a -t7 - 20 io;~~~~~~J ;~~~~~ 10 lo~ ~~~ x :.

01. = 14 ‘lb (w h i c h  i i i  n ib -c’ a i t ’  r;ii’, i  a of C dt )

)- t c i ’ :. i r t st o C ?  :~~~~o I -cd -er ::oi.’c

I (
~I

1.5.

‘1~~ ’) 
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Tb Nan-tb Ten irral ‘s receiver till r.a’!( a - c  L t t C ~ C i- i-erat c,ne- 

0,
O - ~ ‘U a .

= 10 log I Ta

= 10 log ( ] . 3 ’ C  x io _ 2 3  
~ : 

~~
-o x 10 ;-. lOd )

-: 
= -144 i-

~OtOt’t,1flnitiOr, of Cacullitu Ci artec - a ~~ - m .

:lb = 20 Ob (at 6.5 krnhs)

0
2 

= 49 db (at 6 . 5k r r i hz )

lb.. = C

F-, = 1-d c a-illi ’:i,a tt ::

C .  C O : t c 1 ’ - s . L o l I S

The earth tcrsJnal st,:tbor. -“ill are cor:-io:.tional

t e c hn iqu e : :  to Cr - a n remit 600 voice channels or one -TV charca 1 to

the -Ceo—statiorarj satellite receiver. Thc- power required will

N t ;  one (1) Niloc’,’att into a CO—foot diameter c-isa . The satellite

t n a i ; , ;r i  s c io n  n~. ,;t e-n ‘. ill SO wide deviation techniq ..en Co

tr’aa;snjt tin ; 600 voice channels or the TV cinlarnerci had -: to e-mrCh

reC a-j ’.’a ’i ’ . IL-s , ;n c o i l I  cc r i d  1 h a y - art or C for -cr of 160

; illii-aL C ;; Cc Cc rocei ,‘u a i-  0: .  Li ii- eartb station it; a dc—foot

d i a m t -  Ce: ’ an. c e : e ; ; n .

c - a ’ ,‘c -1, ‘.j Ga ’. i- ad a ,a- . ~~~~~ a - i’af- Ia- ~.2 a,. dit t_- ,~~~~. a ,.,.~L - , - L,.L V - a , - ‘,~ 4 lb d . C

lo; t;:n.icaCh onm ; sat-~-11i ’.~’ n,,’nt ’ns ; .,e~ cct to Ci -,~

j .The : :o ,c- ;-,n of 2a-lio , a ”~J a t flc - , ( ,~ r ’ ; , r .  - ,.ol;u l::t-cn’ft ;m.’.. c c ,

‘I ’
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cffoct~ tha t matt degrade o,r r rall s ,’s c c a 1 ,  aluallty . Cite :ta~ or

::o’’rccs of interference n,IaI loin tna t ta, — c-ffect the sato1~ ite

s / t t e r ,  are :

a. ,~a a ) i o  f requo~sc~,- signal s fror :;  the t r a n smi t t i ng

a • t enon  of th r ~ earth terminal a ; Lr.tion interfering w i t h  other

satellite- ai;-.i terrestrial 
~t. 5tL,. -

b. Aadio frequcnc)~’ si,~a , a ls  f r o m  t e r res t r ia l  radio

communica t i ons  system s I nt e r f e r in g  v,- i th  the receiving antenna

of the earth terminal .

c. botce ”that occurs when the sea, passes directl ,;

bci.irc-J. the sa , a,ellj te . The sun , be ing of such a high noise

tempera Cure , is an extrencit’ powerful noise source , t h a t  t or .ar

to b l ind  the earth terminal ’ s rece iver  to the  sa te l l i t e

tra,:nr,;i tter .

d. Radio frequency signals fro;;; the sa te l l i te ’ s

rmnr;nit ter interfering eu CL receivers of terrestrial sr , ;toct~ .

• IN’ , :i;,,nal n from t rrsntrial tjc;’o;’,’avc tele—

dorm ‘:.iac;i . isis.; nn 4 -C ot her d c c  Cros . n , :nc- tic -s~’ctemc ir,lr :‘fe L’I ’i ttg

the- sate,a..ilte receive:’ .

“he C ’ , : i - -
~ 

imtcrfere’tce ect~ f i  od in  ; :uN p ; .~ra , r at , hs  a , :.n - ;

, ; , m a - o a r -  can be’ cr0 tected a, ,ac,; u o;; in; t4a1 pl;tras . ;a- -~. - ‘C a

-in: . ;  e snou le  a n -  arc  t hat  n n r C i 1  ~~~ ,]. , :~~d ~ C , a U i - O S S  SSL locate~;

I Jc t ; .cc  .a r t i n.  ?at .:r-c 3 ~eio 1 ;.e;.tn : T~~ l t r c’~~ ,~~~ - c - , —
ca f ion’s. (dr - ,l -wooa l C] ifC-; , C .~~ . ; l i-en ’ I C C — i-i n 1 Inc . , 1971)
p. 2 : 0 .

~

---—— — ~~~~~~~~~



Tr ue , e-on cc~~tra~- b . c  od’ torcr :s  ‘ r a.a fm o I’req c€ neg

as:- . I C t e r ’s  . ~ rt  eaana  a l en . r u n  ‘shou l  -t 1; , , i- ij a c  t aa ,~t ;i a? ic UCS

h i ’mt ’dj a l  ac t ions  e d  1 include as a~. o pt d o n  cham~’irem

I s  ~i l~~~~a,~~~je5 of e i t h er -  the satelbJ ~c’ or ~cr ’r-s n r i aI  r;~emtern .

t h u  c t , ;  ~ o~. se- 1ehenor :enion it; :tO C i x  ic- c we-C  to c-cr ane

1 :-o~’ls,ts i ,n  -that it oni~’ o c c a ,r m  ~-.-:ic c- t a . N 0’c -em’ a, :d then oni~

lasts for about fivu mir ;u t es .~~ 1%.gr;i’e l’ depicts ta:ese cases

of interference , except ~‘or the dr- n noise problem.

To discuss acceptable imterfe-”etrse level’s a.cC criteria ,

the 0012 n eco o,men dat i ora s rc , , a r l b r .~, f recjae rn c~ of accur - c; a: ,~
in t e ,~s i tj  of acceptable -degr adat ion of te lephoni c  charecei

po r f o r n e m t e c  sh o t - id  be u s c :  .
‘ C The :dci - i  o b j e c t i v e :  t O L

arorage overall  c~ st em poise ~er e r ~~ r e~ in  a , o L r : .a~ I ,  c-CF 3, 1

r :-t lo o,~ 51 d o ;copni .•etr icail , ’ - - C m i-. Ce - . ~‘ mm ~. i-s egual c-s

a; .‘ieighCeu over a 3 arc cam:, • lb.e 00i2 a ’econt ;,,en,r l O t em~t

this ro~ so ic- -cl not be excee lcu core- t l . a,;: 3d p .: ccc,r t o. the-

ti ne. ’ Clae noare per circuI~~ .,;iic them c; .; cc co;.1 tea a:-:

To ~aI oms:

.1/:: (50/ of the t i r e  ;- er -hic’) = ~-e + lt  10 , la.0C

30 O b2 ~~ For a t;l’ical :;icrc - . a’ et - 
~~~ ~e .’, eme accepr;2 lo

1 fl t a~r t ; t io~ a1 lb- lep i:one at ta) dole F 4  i t .  . - ~~~ 5 -

);a L: 101’ :~adio Nr;,,lb : r c 0 , .  ( ‘ ‘ v  I o n : :  n i t -unri  . .  ._ar - hem ,
; r  ‘C )  pp. 1— ?- . To o  a U :;cr- SSio t i  of t~.C’ at’ . Len a f o r  r o~ ti (-

- Lrl:.’ ‘L ntCrfeFC nec i;i n:;pot- r~t’ C i  -sal c 1’ :; .1 t u
(~l -,i’ ol ct

;:u , ’~; tI-; - L~ aLC - 
C O O . -  C i .  : . - -e ; : .i c ; l b  ~~~~~~~~~~ :.

‘ - : 2.:; 
~~ ~~~~ 

- : r:- ro C em’ 
~ ; “ lb - :. trot: , a::

a: r i al , a e m ; u a : l b ’ l c, . ;  t o  t n t ;  . o : i , - ,  : . C ~~a’~- o . . ~ c l ~ - ,;o~’ ~~a,,;
.-. i- ~ror.;tu t . I Cs , co, -’. ; n . ~ , ~~- , a 1 1 , Ca: 

19 ’l , pag’r 315.

V.
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b/b , in :

— ii; 1O~ 2’; = abs  - i ~ ~~‘ ‘ i  - s ’ - -r: hj p ~2 f

If  the  therma l n o i s e  arid Ic ; L n r i , , o d u l a  t i on  c~~a,ta ’ l L ’n Cb o l - l s ara:

tuc i t  each c on t r ib u t e  ha l f  ‘ n i s  vai~ .e . ‘h~~ n r a ]  no~ ; e

1.; tb -sn:

= ( 1  + 3 6 )  db ~~
C -  ~ op

i-Th ere : . .~~ = thermal  noise  in; a teiep:rone c,;c-a,ne’l.

Ine t e lev is ion  noise recomm er ,da t io r :.: are shown in the

CC I 2 , r e c o m m e n d a t i o n s  in ‘~R efe r e n ce  hata  ~oi 2a ’;b o - r . g i r c -e r s .~~~

he 20 -
~ noise level here is ta -tent as the ‘ses’Cc, level ~~te tne

al lo’iance of .64 :’l of the t ime , cons insr ir .g  o t i e r  un co r r e l a t ed

in t e r f e rence , beco m es

55 — It? = ~
] ~b a b o ve  the-  r j e ; - j~ % , 2€ - e l .  i r ~ t e l e v i s i o n ,

t ; i C  wnole interference power ear, be coms idere--J to f;;1l i~~t0

t he  basebanc for ’ c a r r i e r  sepa ra ti on-c closas  to the  tcaxi :cur.

television frequcric; the- ra t io  of im t e r f c re , ; c e  pc-wer to the:-r..ml

noise power it; essentially the ca ic as t u n e  rari-o of batein ci -  ence

1— uc - ’c- r to dq - . i v a l ent  ~\ o i a tC  I np u t  ( 3 - .: ) .~~~~~ 2 h d . ~ c e m r :i rt:mt ari;i~,

i s  mm i n t e r f e r e n c e  c ri t er i a  .dl d of th e  t ~ 
) “iii a

- a , ;

- 1
151 , 

~~~
. ~~ 6.

~~ Ira t r - r t a : I t L o n a l  emi ’ . ,i i tO r,- .- an . - . d- ’1e~~i’a~~~. •-

- a t  ~
‘s: sa Nt o d~~~lt:( - i ’s. ( w ‘ork ; •Io ~ em~ . ,.. ai ’ ,~ 

-
- F lb .

a u . ,  ~ 5 i - P ) ,  pp .  2 - 5 .
26

_____ pp.  2 — 2 9 ;  • ‘of .. di ;; r - ,;: sioa , - , J .’te-i’mn t ~o ad
. o -c o::~~c . . d a a : o s s  an - .  C t - ~- ;dea r n n f o n  -~oo rt ’~ a r ,  N l~ i- i . ’ o r. a l u m - , —
C s ; ;  i r:~

_  ~~~~-----~~ -~~~~ 
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nb lot.er int’arfere.ice’ ie”as l th ar ,  th e  - d O l L  r~’commenled

1- ’ e L.  a l a ’  k’ived ~ecnen .i cal de sign ;-ani ’a: -c-tea’r; for tne  s;s -m

a; .;ontaln-r’ ,i an ~
‘
~nncx II

‘~~~~~, 3 ’~L 3:-lb C. ’ i’hT T..I.,C 103db.. Of- CC,,

‘C nO s;-~cc segment of t ; -  n ’an ’c; 1 d c c .  5 .  -
- ~r- r : trill

COCI’sIL’t of a ge o— st a t i o n a ry  s a t e i l a c e  o rh i t d . n~,. at 23,300 t iles.

The satellite -‘-ill contain 2It trannuon, erc , each of which can1

han-ale up to -COO telephone d read t:; or one celev~ sion ::ignal .

Pen -c- catellile receiving system sill give a 20 db gain to t -e

r e ce iv e d  si~-nial . ‘the satellite t i - ar i cp o n t d e r s  u t il i : :e s  a l~ C

~i11ir.’att Crans ’;i ttez’ operati.’a,; ot inir:1’Ot.r:t’c frcquenc li.s. The

ra t e  of mu lt i p l e  t ranspon ders  ~r , t oe ‘sa c d i l it s  ~ro-;iden a s

antial amour , C of reCunahuccy , :;o -tha t It s r i  C a an : ;j  o , cb er

,:houi’d fall the en-mtire capac i ty  of the ~ar c il it e  v.111 tot be

lo:; t .

CA 1’h i~~2i Il-al. - t ~~j 1 e u .j

‘There  is so hardware d O v - ~~~L pnr.er-n C :eq-,m1 ’e-d for the

I -, r L , t e l ’ : m i n i c-ta  L i on  1 O~~t i  Sac  o_ the co a a a J c a t i o r ,n  Sa it e I l i  C - ~
I- - an . : ;  iss ion s / s u e - : . - -o r tnn ~ o n .  ~ ~ ‘~~~

,-t t l ,~ - ; ; c  :; tat ions n t - a

ad rca ly en p Iaco-.~ or are colis .erc  a m i .1 -~ r v:r~ las1e . .Lssociat&em

ad CL d c  san Ccli i  t o Lr~~rs- ;r c i cud oc- :,~~ite t:, mi’. r’vo oasis ‘Coo;;

uI  ~, a o u r a i  s t a t l o a s .  The f i r ; .t  t ;~~- it.. ti . - ]agnor on- nor ’ ‘ I ’ ll

c - ’ ‘c tin the traffic rol;t ; ‘ic t. ‘-c , p od - ,t. : ; .O  C 1 ’- r t i1;q ~I a - i - n

a; ca , ’;;: ~o tOe t r ;a ras r’ i : .r i loc-. n r - d i t t i c . The . ; - - ; ; ] l e a ’ ,~ Nst d on  :~~.

- ,, t ,Ic ea . L o  Co be ‘. , s e - l  to :;e- L’! the ~~~~~~~ o r ’ i-~a n . ot ’; i-a sc.- - 
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~~~ m~ - - ’ m ; ;  c - .  a l a ’  ‘.‘ro r ] i -  . Ch c . , .  hen of cha~ n~ ls ‘,-.‘inidr t ai-.~ of

roe e a r t h  . ;  t ;rti oa ; are desig’aec- to S i r r a l i L ’  - r i C h  depen d  or. the

-t : ‘ ~f t  Ic d ensi  ‘C’ a t  t ha t  sn a r H  c ~1r- r- ‘s u at i o : ,  . ‘he i.e n i o r k

i’co ’.’ L i a  s that cm ’~h Ce -miami tara t sen -c-c ;;:; a prl,:.amr ., trans—

lb ‘sc - i  or. I’m L O  .‘. Ill 1 ’rovldu mit least  00 c n a n a ; : c l s

dCI I;,.,, j -- - . 0. ,~ i. c- dad. ~~~

The e bniarine cable U,er ;t used as part of the GT~1

~-‘i Li normally be of th- I ~.:,g-ln mul type ~~a ]  pi--o\’ide at least

300 Y.-lo :-Lone chan r;alr; spaced at 3-n.. Ira La i - -v a i n . 27 The

tuch enL q ; . ic ; : .  of T i n e  i tSt t ~ gnu- c - t ~pee-~ h Interpolation (PAS I ) ,;i2l

i-c er ploca: I -uo 1;acre’an cc t i , i a ’-m i ln  Lenem i ,, ‘ 01’ C}a;uc;iCla; ~ as new

u n ; c -r : ;  o~
’ t i n s  ; ;ubs , an i s?  cab Nt - sy s t e m s .  V. 231 1... a hl ç

a -i l tchiti g sysn-s rhercbt i f l C  ~ersc,, acing the c] rcuit sd sos

i t  on ly when ; they  hogan to t al l .  .3cc-h arc a l-r ar - iCenent  nc -p  i - i ’ ox i—

;.; a ’tei / (b usies  -die c irc~~ ~ -em :a;~c~ t y  of th~ c-~ b- arm - c~:i1e.

P COl~ I.JCCC ’Pia :;0 12 C0’2~aN L I d c d 1  20 2 , ~. a - ’.~ Al

TCLaCC, :I L; l IC A t .~ 1

In  this • ; i  ctior; t i c - ;  oc o . .on i  c pote i t i  ;il of tnc - global

t,- :l- cor n- .c a ;  i c at l o n s  s et w o rl c  I ;  as:;e~em ed in; t - Lj’:~s of cost

comp ;in i sCr l . ;  ‘--i LI t.hr- 1 aresva ,t nor _ s oC~ i n , tc- r c o n t i n e n , t a i  t a - l a  —

~dion ;e t-ransr,m ’ss;o u ,ys~~c m G .  ,.antsly, tri o 1 - a - c - , ; ( - ; ; t - l ,  5dc 1’r~t a i -

mar elii’t,e an;1 cab] 1; s::n L i a r ’ s  . 0 :‘. ü;~
’ 

s O  g,’pe propo~- a - d

____ s~ . 20-2C . Cae lOt ’ a - i i s c ; r s b o r  of ., .C C
a t -  I - :1 C i  i - aX  3q41 g. c-a t

2 ° - - -1b. a.



-~~ - —---- - . .— - -- -‘ -
~~~ 

-- 
V. -~~~~~~~~~~

(~~ 1

:5,a ’ ~~~ ;‘roa -l . Increase th ai :, , , , nc ’r C i  I: ~ i - -n a N t o m a i t e l . ey , . sn  c-

~- .sn ; a e .s ;i a ;  i m i - a l a :  at any one- d.L a , :;  , t x 1 s r e f t r; • tine cost pc-i-

e m m a : , .  I ;ano :il I : ; a a C~~’e-acC

:‘I:o u t i s i s  of co~ ~aaci  SU It ~~S cost b: - ’;r ahaaar , a ;l  nc-n -‘ -~m a - .

sc.apal eqan a ‘Co; alse ’(} i’s;- - tsecc 10. .~aaL ] sons ai-c

a .  Sat  ;i~~t to cos t p e r  ti ,~~~~ne1 •
L)

S -~-~~~c l - i ~~~~- 0 c - - -
— 

- -a + T + Cc-a + —

~~~~ 
- T  — C C C i’ S

~~ ‘ ‘  c - Cd

ac-ore- :

V = Coat p-V. 1’ \-oice channel men -‘ear
C 

-

he-,-elo ni,ent Cost

To cal ;y’s Cc - ’, invest; sr.t in C~~- ,,i,~alc

C A; ,rs al t - srr ;i rca l  operrlbia -. cost
C

.-:u;.1e-cr of satellites in orbit

C r i co t-a b i l i ty  of ‘success fu l  i m o c -u h

0 = Oost of satelli te:

N in-cr c-h coaL i-or launch

= h c , b o i -  Of  ‘sat o l i it u s  la r , C c- e- 2  ‘1t11 a - i :~ To ~eId d o

- - - eaen c i t e  to fail -re ii, O n - C  C

Oapnem t . - of the ny ’s  a u ’ , I i :  -i-01 ce ch :n :;aeT...

C = djsoor;r- t n:ictor —— ii” sc-an t ~ralue of I .00 :~cr  ;sar for

1~~ —ears at C.~ interest

c c n eretor is -t ie . ,- ] ’ .me- to c-- I. cost of the co -a - -dc catloac,

s - C c-ill ‘cc syna C-c - nc o v c - a’ its liFe t Ile o1’ 15 - cat’:;.

- .2 L i l a :•  - eCk lat . Nt. - Nt ; 1 N t -  , ,  .3 ’ ; a Nt
( hint:, - oa-Jc;r , Oalif ; .l;int i O-n ’~ ora ’lo : n , a a ) , . . . .

_ _ _  V .’ --  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~ V.~~~~~ - _ _ _ _
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I . ‘
~~~~‘ - l i m i t ,  n i .n a  J u r  c aic u l :.. t 2 - u .t .  - . a ‘Ce

a t a a : . : a c l  , a O n  3 - U f l i L I i:cL I’ la (cab le : ; / s H ; I , . ~~~
1

C , I ÷~~ ~~~~~~~~~~~~~~~~~~~~ — 3 ” 7 — 0 .
, ]  -f = 

(a -a: c 1~ -

c ;-t - ‘

- h -  i- c

O us t  ‘em aoice c-n-;, mine? -ar n~ le ~~ :-;‘ ‘C ;a ’

C Ann- al o a c r r a t i o n  cost
1 = TeraL~a1 inve stmen t cost

= da1i~mi ~e v a T - t o  of terminals

I A = l~A;ll I r . ve s t r . c n t  cost

-
~ lal va~-c val: c of TA-lI

= T ia ’,’o soot cost per n I l e  of ‘s ib  arias;  cab l e

:3. = dm1 - i a - c  r ’auuo per n , 1 C e  of cable

= F~~e:.aa’at -aluc of ~li .00 u t ’  tee:, 
~ . c am s 5- aCC at ~ 7 iaN-i-os C

dm ~~ac~~ty of a cable 1: voice  channels

- -  I e, ’a , ;ti: of the T tVefl systo;: ‘i.; riles

2 1;.’en;oc-t value OP -~I1 .00 pef I , L’O -‘ for 115 , oar;: at C
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Phis (alnap tci :111 b n i c f 1~ - - am-lw at~~ evaluate a~;e

aton al cilocassa I and anal,t oP it1 Ohap t o rs  Ii , III , and Nt! .

bile t O  r ; o - ,T :.atenial :111 be Nt .trodarced , sipanificant asp-cc-ta:

of the  rcateniai  air a-~y Co ,- e re - i -.-;lll r io c :-.piored to isolate-

a a-’ca wad i.-mf on c c at iorn on ; m-;hic h to ~acsc co Ci an i on s .  Pho :.,c

:e’cow.:-on atioms m- .-arrm u ’ a -Le by ct-c e :ai~ at i o n , r e lat i ve  to the

h:.’po thesis p - C f or t h  in Chap -Cc -i’  I c iii be proposeb cor

l i - a c - c e ’: ta -Ic:..

5, - - . a 0,.
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a ’- r-~ w’ ‘tin ’ - :oi-le. lIar- re ma i n  r ot -a Ct oF ~I,o. - n .I’ t:- .1.ccor ., : :3—

c-mn c - n:’ - a N t  t c . ’macc -cs. in  t c c h n , o l n  . pro ‘Ccc- 0 m c m i I

Cs of cor it i a i CI j’ -a a ct;O.w I: tul : o i . . , , a r : c - , t1o55 C O s t ,

- -‘ut -lie it ‘5’, ia, ,c- t i ; R a  h , ’rc n L ; , , , . :  t~~a ’ q u a N t i ty  a n .  n — c- i l a b i i i

a:’ t n - - l ee.  a ’ , -- 1 :cna: ; ’aci. , an - - I I .  1 l r _ u ,~ - n m a  ;j , .:r c a si ; . ’ C- ,m; C

c- i 1.  Nt r c on [innu , .t - a ’ t - c ~~~0 C u n a n , a , a . L c - r t t , m O c - a t  ci;’;:-. C., a t a b . - I r e

— — —~~-

— _ - -- - V .
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c -u  ta.j li ; I n , a c n  C o~ ‘l:,te c- ’ sa mc i-c ~~~ t i ’.~~i -
, ml -an m . m c cr i n c -
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1 ,C  

-
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