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Abstract

The developmimt of mxiern teleccxnrmications system is a rmjor factor of prcgress in countries

experiencing a fast economic grin. General information is given on the recent develcpmsnt of micr~

wave systems and of micrmave activities in general in Erazil.

Introduction

Brazil is a large country, occupying 8,500,000 sq
km or abut half of South -ica (by ccnprison,
excltiing Alaska, the U.S. cover 7,800,000 sq km) .
Brazilian ~pulation is over 100 tillion arrl increases

at the annual rate of 3 ~ cent.

Contrasts are present in all Brazilian statistics.

Vast regions in the country have a very low ~pulation

density. On regions covering over 64 per cent of the

country, pqmlation density is abut 3 per square
kilmter, dmn to 1 over 42 per cent of the total area.

At the .sanE time Erazil has scxms of the largest cities
in the Anerican continent. The n@srcplitan area of

the city of S% Paulo concentrates 8 million pxple.
In and around Rio de Janeiro live 6 million. F@cife,

Salvador (F!ahia) , Relo Horizonte, Curitiba, Porto
Pkgre =e all cities with nrre than one million people.

Cantumications of all kid have always been

difficult in the country. The Portuguese discoverers

ad colonizers met the obstacle of coastal ranges of

rmuntains mlcing difficult the acess to the interior.
‘The country as a whole is nnstly hilly ard where the

~m is flat, other obstacles are present: thick
tropical forest, very wide rivers, macshland a-d so on.

Natuxal obstacles and widely scattered ~ulation
asked for the developwnt of two of the 20th century
rm?ans of canmmications: air travel ad radio ccmnuni-
Cations .

7+nEteur radio ad c~cial broadcasting had an
early develmt in Brazil. The country has nowadays

appromtely 25,000 registered radio armteurs, 1,000
camercial broadcasting stations and 50 ~cial TV

stations .
The Ck2velqxwant of large-scale teleccantwnications

in a country like Brazil requires huge investments.

l?roin early develxt until almut 15 years ago,

practically all tele communications were handled by a
large n- (over 800) of small private ccznpanies w
a couple of ras jor ones, these mstly of foreign capi~

The first micr~ve system in c~ ial o~ation
in Brazil was built in the late fifties. This wasa
hi-capacity, 4 QIz :ystem linking Rio de Janeiro,
BS1O Horizonte W Sao Paulo to the new capital, Rrasi-
lia. It operated for about ten years &fore cor@ete
substitution by rmx%xn equipnmt.

EN8FUYIEL’s National system

In 1962 the Heral Govemmmt decided that all
interstate cd internatimal ccanmnicatioms muld

P-essively ~ tiansferrsd. to the control of a
~Y to k f- tltder Cbwrnmnt sponsorship.

Action was delayed by econcanical ard plitieal
difficulties. only in 1965 EMBRXEL (zesa Brasilei-
ra de W1 ecomunica@es) was formed C@ in 1967 it
embarked in a crash program, which eventually resulted
in progressively putting in operation, in a 4-year
pe.rioii (1969-1972) , a total of 17,000 km of major

microwave links, including about 12,000 km line-of-
sight and 5,000 km trqxxcatter.

Table I gives the ~table for the scheduled

o~ation of EMBRATEL’s basic system, spreading over

the Erazilian territory as shown by Figure 1.
This system is ncw in full Ccmm2rcial o~atim

and it has already ken -ed, kmt.h in channel
capacity and in new routes.

Ir@ementation of a netvmrk in such a vast ad

varying tiritory is a story all by itself. I@teoro-

lcgical data were practically inexistent, and no
previous propagation studies were available.

Site lccation had to rely strictly on surveying
and on accepted international practice.

It mat be considered as a major engineering

accmplishmnt that with a very few exceptions, all
links are presently ~ating in accordance to CCIR
Standards .

Major exceptions worth mzmtioning are four of the

35 hops in the 1858 km line-of-sight 12elenw12rasllia
(13LM-E?.SA) route, where large daily variatias in

htidity cause serious fading. Irq?roved space diver-
sity is ncw being @l~tei, based on statistical

data collectd over one year of o~ation.
7Qs0 in the 1500 km, 6 hop tropcscatter EMem-

B@naus (BLM-IQJS) link, parallel to the Anbazon river,
problems with intcxmiiulation noise did occur @ were
already reprted at the 1973 Seattle International

Conf=ence on Comnunicationsl.

FJE3RATEL’s line-of-sight links o~ate according

to CCIR, inthe6GHz (5.9 t06.4) ardinthe4C33z

(3.6 to 4.2) -S. Hops average 50 km, reaching 80

km exceptionally. Space diversity is used where

n-essary. Antenna towers with heights varying frcm

30 to 135 neters zuxi 10-ft standard or high-~ fcmzin-

ce parakolic antennas are used. All links -ate

with Solid-state equiprmt, except for 1800-channel

links, which utilize traveling-wave tubes, for

transmitting pas of 7 to 10 watts.
EMBRIYt!EL’s tropscatter links operate in the 900

MHZ ad 2 GHZ bards, with all solid-state equi~t
except for Per tetrcdQs for the lUWX and p=wer
klystrons for the higher frequemies. Transmitting
pwr is 1 kw. 18- or 27 neter billlmard ad. 10 or
12 meter ~abolic antennae ae utilized.

The effects of the progressive implementation of
the mtional microwave system on toll (interstate)
calls were dramatic, as shown in Figure 2.

Until Mven_&r 1969 no DDD smite was available
~ator-assisted toll calls averaged S3mut half a
million ~ mnth. By Member 1970, operator-assisted

calls had reached the level of about 1.5 million w
mnth. lhis figure did not change from then on. At
tie saw? tire, DDD calls, beginntig in 1970, reached
the sam 1.5 million figure by June 1971. BY Oecem—
ber 1973, an average of 4 million calls P mnth were
ccnpleted by DDD users.
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State Systems

EMBRATEL’S national network reaches all State

capitals and other inpmtant cities in the country.
M each state a lccal cmpany takes care of the state
system ad. of its connections with EM8RATEL’s system.

The S~o Paulo S~te micrcwave system of the
TELESP (Telecmw.nicagces de S~o Paulo) cc@any can k
taken as an example.

AS late as January 1973, TEIESP operatd only 100
km of micrcwave links in the State. On January 1975,
1130 km were in o~ation. Table II gives typical
system paramters . It should be mntioned that TELESP
also haa 120-channel 2QIz links ard 960 or 1800-channel
llGHZ links.

270 thousard long-distance calls originate daily
fran TELESP system (microwave or not) . Urban telephone
services also had a considerable grmth. In the city
of S~o Paulo, from one million calls in 1967, a total
of 14.5 million was reached in 1972.

Other state system also had a remarkable expan-
s ion. In the southern state of Parana, the lccal

~Y, m~~, has OVer 2500 lm of line-of-sight
microwave links in _ation. Toll Cdk through
TELEPAR’s systm increased from -t 200 thousad per

nrmth in 1973 lm 1.5 million in 1974.
~s explosive grcmth of services available to

the public could lead to the wrong conclusion that
Brazilian tele conrmunication system will very smn
satisfy all demand. This is not so, first of all

because only in 1967 significant action was taken to
depart f rcan 20 years or more of no sulxstarkial grmth.
Mmmver, Brazilian economy, which has been grcwing 9
or 10 w cent a year since 1968, demnds a parallel
grmth in mnimnicatims. It is then very difficult
to close the gap.

Expansion plans

System Expan sion

FMBRXEL’s basic systa has ken already expatied,
koth in channel capacity aIY3 in extension. A new,
considerate expansion is expected in tie near future.
Table III ccmpares EMBRATEL’s systein in opswation in
1975 with the system planmil for 1980.

A similar grmth is eqx?cted in state systents.
TELESP haa already contracted or will contract in 1975
3580 km of new links for the state of =0 Paulo.

The present five-year expansion plan of Brazilian
national teleccmnun ication system calls for a total
investmnt of akout US$ 8 billion. Capacity of the
national basic system should increase 200%. Telex ser
vice, 88%. International satellite service, 130%. S=
marine cables capacity should expand six tires. FM
the mst _sive, mst urgently needed grcwth, that
of telephone t erminals, should reach 190%. W yet,
despib all this effort, by 1980 a density of less than
10 telephone terminals per 100 inhabitants will still
keep Brazil in a low psition in world statistics.

Local prcziucti.on of micrcwave equipsnt

Micrmave equipamt in o~ration in Brasil is
practically all manufactured abroad. EMBRWEL’s basic
system utilizes @pent hilt by NEC, Philips, Stan-
dard Electric, GFE, CSF ard other well known manufac-
turers . SmE of these ccrqanies already had factories
in Brazil, but there was no lccal production of micro-
wave equi~t, although these factories were already
prcducing ccmmnicaticns equiprent in the W, VHF and
UHF bands. It is worth noticing that teleplxme ex&_
ges and other conventional telephone equipmnt, mnu-
f aotured. by kcal branches of Ericsson, Plessey, GLE
arid other intamaticmally known names already sup@y
about 90 w cent of the mrket and production is
expanihg at the rate of 30 per cent per year.

Major difficulties for the expansion o E micrmave
equi!ywmt manufaclmring in Brazil are the shortage of
s~ialized mrpmer and the absence of significant
prduction of conpnents for the micrcwave harrls.

The Federal Government is taking steps to change
this situation, through sev=al incentives to indus-
tries and sponsored R&D pro jects in universities.

Plans are already in effect for the lcnal produc-
tion by Philips, MC+T.elefunken anii NEC, of 7GHz, 900-
channel’ systems, except for central supervisory unita.
By 1977, NEC, Philips ard Italtel shculd also furnish
6GHZ, 1800-channel equipnmt nmmfactured in Brazil.

Cables, waveguides and antennas are al.reacly in
prcfiuction in the ccuntry.

Research projects

Regarding research projects, acme of the m jor
ones in the area of teleccmumications are spneoreii
by TELEBRAS, the Federal @vernmen t holding C-y fOr
teleccmmnications. TELEBRAS spneors resesrch on
antennas * related ccnpnents at the Catholic Univer-
sity, Rio de Janeiro; propagation studies, particularly
regarding tropscatter pro~gation in the equatorial
zone, at the Catholic University, Rio de Janeiro and
at the Aeronautics Institute of Technology, S~o Jo&
dos Caqms, S .P.; optical transmission and PCM trans-
mission stutiies, at Canpinas State .University, Canpi-
nas, S .P. ; and electronic switching zuxl. rural telephony
development at Sao Paulo State University, S~o Paulo,
S. P..

Brazil’s National Research Council (CNPq) , the
National Developnmt Bank (BNDE) , the State of %0
Paulo Research Foundation (FPJ?ESP), amng other federal
and state organizations, are also sponsoring projects
or financing new developments in the teleconmmications
area in genecal and in micrcwave in particular.

~ial rrention should be made to the educational
satellite program being develcped by the Institute for
Space Research (INPE) . Ewimnts recently ~formed
utilizing NASA’s XL’S-F satellite should lead to a final
decision on the viability of the program and prepre it
for the fut e utilization of a symbronous satellite

Fover Erazil .

Microwave edmation

Micruwave people are presently traind in Brazil

in scire of the major universities * colleges (koth

undergraduate ad. graduate levels) ad. in a few

technical schcols .

Apart from a few pioneering isolated cmrses given
at different places, regular academic courses on micrc-
wave theory and applications were first offered by the

Aeronautics Institute of Technology (ITA), s. JOS6 dos

CZUIIFOS, S= Paulo, at a tim (1952) when ncl micrwave
system was in opration in the country. The late Prof.
Karl Spnge.nkerg, of Stanford University, then a visit-
ing professor at ITA, ti a m jor role in t,his farsi-
ghted initiative.

Micrcwave industrial applicaticms sttities have

recently @e their delmt in Brazilian universities.

To our kncwledge, * academic groups are engaged in
research activities in this field, one at the Campina

Grande campus of the Federal tiversity of Paraiba

(UFPb) and the other at the Escol.a de Engenharia Ma@
(EEM) , *O Citetano , S% Paulo. The UFPb group is

engaged in a pro jsct for f cd processing arid preser-
vation, utilizing microwaves * conventional IIX2thcxis.
~s project should opn new pxsibilities for the 1-
scale utilization of lccal agricultural and dairy
prdmta by the lm-inccxm2 ppulation of the north-
eastern region of Brazil. The Em group is engaged in
shilar activities in food technology emti is also

developing micrcwave industrial msuremd: techniques,

under the sponsorship of the State of so I?SU1O
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Research Foundation.

Conclusion

This is a general and necessarily incm@ete
picture of micrcwave developmmt h Brazil. What has
keen done in the last few years leads us to &lieve
that, except for a major econcxnic disaster, microwave
activities will continue to increase at a fast pace,
playing an @rtant role in the development of @em
oannunications all over the country and helping indus-
tries, research laboratories ard universities in their
efforts to bring @em technology and better living
standards to the Brazilian ~ple.
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SPUPAE 900 1+1 959 19 3 lst/69
SOUI’H CTA-FNS 900 3+1 281 4 7 2nd/69
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ESA-@JA 900 1+1 192 2rd\69
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TERMINAL ‘m 900 1+1 55 lst\69
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TA13LEI - EMBRATEL’s Basic System jlopl~tation

FIGURE 1 - Map of Brazil (on Vue-graph only)

Please follow EMBRilT!EL’s links on a
.s&uxiard g-aphical IMp. l@in cities

~viati on Table I as follms:

SPO- S~o Paulo, PAE- Porto Alegre,
CTA- Curitiba, FNS- Florian6@is,
FkTO- Rio de Janeiro, BSA- Bras~lia,

QYA- Goi%ia, BHE- E@lo Horizonte,
SDR- Salvador, FK23- I@cife,
FLA- Fbrtaleza, SLZ- S~o Luiz,

URA- LE33rl%dia, CPE- Carp Grade,
WA- Vit6ria, BLM- E?e16m, ANS- Ar@mlis,

NlW3- I’4anaus, CBA- Cuiti, I?KF Rio Erxu120,
PV3 Porto Velho
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FIGURE 2 - Toll calls E rmnth throuqh EMBRATEL’s
National Sy&em

Channel capacity 300/900

Frequency : 7125 to 7425 ~Z (300 ch. )
7425 to 7725 ~Z (900 ch. )

Diversity : fr~
Noise figure :lodB
Threshold level : -76 dBM
IF
IF karxiwidth

: 70 MHz
: 20 MHz (.2 dB pints)

Transmitter&rm?er :.5W
Reband width : 60 to 1364 kHZ (300 ch. )

60 to 4287 kHZ (900 ch. )
Sub-b .b . Width :.3t036kHz
EYequency deviation : 200 kHz ntle ~ channel

TABLE II - TELESP ‘s system PaIaM2ters

1975 1980
in o~ation plannefi

Total distance (km)

Line-of -sight 11,908 18,688
Tropscatt=.r 4,848 4,580

I channd ca~citv - voice
(million &.km) -

Line-of-sight 900 *. 17.4

Line-of sight 1800 ch. 4.9

!l?ropscatter .53

Total 22.8

24.6
44.3

.50
69.4

Channel capacity - T-v.

(thousaml Ch km)
Line-of-sight 20.8 47.0

TABLE III - -T$3L’s National System Expansion
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