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FOREWORD

The spectacular successes attained in recent jyears by Scientists and Engineers
engaged in rocket development have now made it possible to consider seriously the possibility
of communication over long distances with the aid of repeaters carried by artificial earth
sgtellites. Bandwidths of several megacycles are in prospect for systems spanning
inter-continental distances so that if present hopes are fulfilled, the way will be opened
for a large expansion of world-wide communication traffic in telephone, telegraph, television
and data services.

S¢ far, only very modest pilot experiments have been carried out to prove some of
the theoretical predictions but the potentialities of this communication development seem so
extensive that many proposals for commercial systems have been put forward, Some of the
suggested schemes have been worked out in considerable detail and are based on sound
scientific and engineering reasoning but other suggestions are frankly speculative and
assume equipment or methods beyond the boundaries of present knowledge.

The major purpose of this information bulletin is to survey the kmown factors
which will influence the design of satellite communication systems and to interpret the
published information in terms applicable to this Department's requirements. A commercial
channel must be stable and relisble and above all, compatible with the existing extensive
communication network, For this reason the performance standards likely to be attained must
be examined closely,

It mast not be thought that the prospect of widespread application of satelliile
communications makes present plans for expansicn of cable networks redundant. The two
technigues are likely to prove complementary. On long-haul circuits such as from the United
Kingdom to Australia the inherent time delay complicates the design problem for telephone
applications. This disadventage does not, of course, affect one-way traffic such as
telegraphs, picturegram or television relay.

The Department is closely following overseas development in this subject and in
addition to a survey of the literature, projects are being carried out in the Research
Lsberatories which have a direct bearing on the problems to be expected on sateliite
systems.

M

A/g. Engineer—-in—Chief,
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RADIO COMMUNICATION VIA SATELLITES

1. INTRODUCTION.

1.1 This information bulletin surveys the more important factors relevant to the planning
of communication facilities which include earth satellites in the transmission path.
It also sets out views on the present and future prospects for such systems.

1.2 The main text is a summary of available information and this is supplemented by a
bibliography followed by more extensive coverage of particular aspects in Appendices
to which reference is made at appropriate points.

2. HISTORICAL.

2.1 The idea of using artificial satellites as relaying devices for communication purposes
was suggested in 1945 (ref. 1) and this was followed in 1955 by calculations (ref. 2)
which showed that such a scheme would be quite practicable from a radio engineering
point of view. However, it is only in the last two or three years that rocket
technology has demonstrated the ability %o place the required hardware in suitable
orbits.

2.2 Experimental repeaters now in orbit have confirmed that practical satellite
communications are possible. The ECHO project uses a 100 foot diameter balloon as a
reflector in a near—circular 1000 mile altitude orbit to provide a part time 3 KC/S
channel used for testing between Holmdel (New Jersey) and Goldstone (California).
Project SCORE and its successor COURIER were delayed transmission repeaters, picking
up a signal when within range of the sending station, recording on magnetic tape and
relaying the signal on command from the receive station. The COURIER satellite
weighs 475 lbs* and was capable of a maximum message rate of about 68,000 words per
minute. Messages were transmitted from Fort Monmouth (New Jersey) to Salinas
{Puerto Rico) using the satellite which was in orbit at an altitude of about 800
miles. The life expectancy was one year, but unfortunately the transmitter went off
the air after two weeks. So far as is known, it has not been possible to ascertain
the cause of this failure, but it does illustrate the need for more knowledge of the
factors controlling the reliability of radio equipment in space.

3. REPEATER TYPES (Appendix No. 1)

3.1 Satellite repeaters have been classified into two main types — passive and active.
Passive repeaters are merely reflectors and therefore may be used by many services
simultaneously without mutual interference. However, the high radio path loss
restricts the passive repeater to low altitude, small capacity systems so there is a
trend favouring the active type of repeater.

Characteristics of the two types are as follows.

3.2 Passive Repeaters. The passive repeater is an inert object which works by virtue of
the energy reflected from ite surface. Various configurations have been suggested such
as large flat plates; corner reflectors (as used for radar purposes) and a cloud of
resonant dipoles (needles).

This last suggestion has the advantage that a very efficient reflecting surface would
be provided. However major disadvantages are:

(1) Multipath effects due to reflections from several parts of the cloud will
restrict system capacity. In a large capacity telephone system the effect
will show as intermodulation noise.

{ii) The large cloud of needles may obstruct the free use of other services, such
as radio astronomy.

*Height before Taunch as, when in orbit, a body is in ™ree fall® and hence weightless.
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The most favoured form of passive repeater is the large sphere.

This may be readily folded into a small cannister for carriage in the rocket and on
arrival in orbit is easily inflated.

Furthermore, no orientation is required as, with a sphere, reflection is equally
effective for signals from all directions.

FIG. 1. PROJECT ECHO BALLOON SATELLITE.

Passive repeaters possess the great advantage that all the electronic equipment )
required for a system is located on the ground. Thus for as long as the structure
and surface finish of the satellite can be maintained intact, its performance will
remain unchanged. Considering inflated balloon satellites in orbit above
atmospheric limits, it is thought that collision with micro-meteorites will be the
only likely destructive agency. Punciuring of the balloon is a possibility against
which partial precautions were taken in ECHO by supplyirg enough crystals fo
continue the inflating process by sublimation for a period of up to one month. (The
balloon was inflated slowly by crystal vapour pressure to prevent bursting from
suddenly applied pressure.) Also, erosion of the surface finish by micro-meteorites
will affect the reflecting properties of the sphere. So far, little data is
available on the rate of deterioration expected from this cause.

3.3 Active Repeaters. Delayed re-transmission repeaters of the COURIER type are unlikely
To become a part of a public communication network, so only direct transmission types
will be considered. The major components of am active repeater are receivers and
transmitters together with the necessary power supplies and aerials. In addition
and depending on the types of aerials used, it may be necessary to control the
attitude of the satellite. The simpler method is to employ omnidirectional aerials,
but should higher—gain aerials be necessary, directional control to keep the
terminals within the aerial beams would be required. The forces required to effect
this control may take the form of small gas jets supplemented by a flywheel for fine
setting.
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