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OSCAR:  YOUR OWN COMMUNICATION SATELLITE

J. G. Pronko
Project OSCAR, Inc.

P.O.B. 1136
Los Altos, CA 94022

ABSTRACT

Since the advent of the space age, amateur radio operators and leisure time scientists have
been involved in designing and building sophisticated spacecraft to be used for non-profit,
educational and scientific communication purposes. The author describes the development
of a series of communication satellites known as OSCAR (Orbiting Satellite Carrying
Amateur Radio), the first of which was launched “piggyback” in 1961.

INTRODUCTION

In a period just prior to 1961 a group of amateur radio operators (more colloquially known
as “hams”) from the San Francisco Bay area formed an organization known as Project
OSCAR. This small band of engineers who were associated with the area’s aerospace
industry had a common goal in mind and that was to build, with volunteer labor and
surplus components, the world’s first “piggyback” launched satellite. It bore the achronym
“OSCAR” for Orbiting Satellite Carrying Amateur Radio. In December of 1961 this
package was launched on an Air Force Thor-Agena rocket as a replacement for a dead
weight ballast brick used in the upper stages. The satellite was separated from its host
(Discovery 36) by means of a compressed coil spring and subsequently placed into a
circular polar orbit. By today’s standards OSCAR-1 was not very complex, it carried a
simple telemetry beacon transmitter licensed to broadcast on an international amateur radio
frequency. However with the success of the launch of this hardware came an era of
successively more sophisticated communication satellites available to ham radio operators,
amateur scientists, science educators and interested individuals from the general public.

PHASE II:   LOW-ALTITUDE POLAR-ORBITING SATELLITES

With the experience gained from building and arranging for the launch of another five
satellites (which are no longer in operation) the program has now progressed in technical
complexity through a second phase which includes at present two actively used satellites
AMSAT OSCAR-7 (AO-7) and AMSAT OSCAR-8 (AO-8). These satellites were built by



an international team of amateur radio volunteers under the auspices of a more recently
formed nonprofit, international organization known as the Radio Amateur Satellite Corp.
(AMSAT) based in the Washington, D.C. area. These latter two satellites have both been
placed in reliable, low-altitude, circular, polar orbits by “piggyback” rides through NASA
launch opportunities in November 1974 and March 1978, respectively.

Listed in Table I are some of the orbital parameters for these two satellites. Each satellite
carries two communication transponders which can be switched on or off. Table II lists the
transponder passband and beacon transmitter frequencies. All of these frequencies fall into
internationally recognized amateur radio bands. One needs to be a licensed amateur radio
operator to transmit on the uplink frequencies. The transponders vary in power output from
2 to 10 Watts ERP and the power is derived from 14 Volt Ni-Cd batteries recharged by
solar cells and a regulation system. The satellite electronics are fairly elaborate and in the
case of AO-7 consist of two transponders, two telemetry encoders, four telemetry
transmitters and a data memory. The encoders process the telemetry data which in turn are
transmitted in international Morse code or RTTY format on any of the beacon frequencies.
The satellites have aboard telecommand reception capabilities allowing various systems on
board to be switched on or off.

Figures 1 and 2 illustrate an artist’s concept of AO-7 and AO-8, respectively. The
approximate physical dimnesions of each are (AO-7 - 44 cm long and 42 cm diameter) and
(AO-8 - 38 x 38 x 33 cm). In both figures the longest antennae are the 29 MHz (linearly-
polarized) transmitting dipoles. The four pronged antennae at the base of each satellite are
the 1/4 wavelength, 146 MHz canted-turnstile antennae which are phased for circular
polarization. On AO-7 this antenna serves simultaneously as a 3/4 wavelength, 432 MHz,
circularly-polarized, receiving antenna while on AO-8 the 435 MHz transmitting antenna is
a (linearly-polarized) monopole which uses the satellite body as a ground plane. Each of
these space craft are stabilized by internal bar magnets which align the spacecraft with the
earth’s magnetic field.

PHASE III:   HI-ALTITUDE, ELLIPTICAL ORBITS

The latest generation of satellites is of the so called Phase III concept. These amateur
designed and built spacecraft have incorporated into them attitude control, spin
stabilization, highly directional antennae, microprocessor command and control and are to
be placed into high-altitude elliptical orbits. Figure 3 illustrates the first of the Phase III
spacecraft just after being attached to the side of the host satellite in preparation for
launch. Unfortunately this payload was lost with the May 1980 failure of the ESA Ariane
launch vehicle. A replacement space craft is presently being readied by AMSAT and will
be available for a future launch opportunity. Figure 4 illustrates an artist’s concept of a
Phase III satellite in orbit.



The satellite is stabilized by spinning it about its symmetry axis at a rate of one to three
Hertz. This spin-up is accomplished near perigee through an interaction between the
earth’s magnetic field and the magnetic field generated from current passing in wire loops
positioned in the arms of the spacecraft. This process is controlled by a microprocessor
coupled to earth and sun sensors. A kickmotor will take the satellite from its transfer orbit
to the final elliptical (Molniya like) orbit at an inclination of 57E and an apogee and
perigee of 34,385 and 1,500 Km, respectively. With a period of approximately 10.5 hours,
the satellite will be above the horizon for longer durations than the Phase II satellites. To
account for the greater signal path loss imposed by the greater distances between the
satellite and the earth’s surface, high gain antennae and higher transmitting power is used.
The satellite receiving and transmitting antennae will both have gains of approximately
10 dBi while the transponder output will be 50 Watts (with uplink and downlink
frequencies similar to the Mode B transponder of AO-7). The 146 MHz downlink antenna
consists of a driven and reflector element mounted on each arm of the satellite and phased
for circular polarization. The high gain 435 MHz receiving antenna as shown in the artist’s
concept of Figure 4 is a helical antenna while the one used on the spacecraft shown in
Figure 3 was a set of three dipoles set off of the spacecraft body and phased to produce the
necessary gain and circular polarization. Since the spin axis of the satellite is always
parallel to the major axis of the orbital ellipse, the high gain antennae face the earth at
apogee and away from the earth at perigee. In order to maintain a reasonably constant
signal intensity over the entire period of the orbit, the transponder is switched to omni
directional monopoles near perigee.

As with the Phase II satellite, this series will carry telecommand circuitry allowing direct
control of spacecraft functions by specified amateur-radio ground control stations.
However, in addition, there is an elaborate microprocessor system which will control most
of the housekeeping functions as programmed. The transponder passband on the first
Phase III spacecraft was 180 kHz wide. In general, the passband is subdivided to take into
account the modes of communcation that will likely exist. In addition certain channels have
been set aside for specific use, such as public service, education and emergency-disaster
forms of communication. Two beacons were aboard the first Phase III spacecraft and were
positioned infrequency on either side of the downlink passband. The general beacon at
145.810 MHz was capable of being transmitted in Morse code or RTTY and would have
disseminated bulletins of general interest pertaining to the use and operation of the
satellite. The engineering beacon, at 145.99 MHz,was configured for phase shift keying
and transmitted blocks of data consisting of ASCII characters. The information content
was related to the welfare of the satellite.



UOSAT - BRITAIN’S FIRST AMATEUR SPACECRAFT

An AMSAT team, centered at the University of Surrey, England and backed by the
University’s Department of Electronic Engineering and donations from British industry,
are assemblying a satellite to complement the OSCAR series as a non-communications
experimental and scientific spacecraft. The mission objectives which represent only a
slight departure from those of previous AMSAT satellites, are 1) to provide amateur radio
operators with a scientific tool for the study of space communications propagation 2) to
test new and novel methods for use in future amateur communication satellites 3) to
provide a means of stimulating a greater degree of intesest in space sciences in schools and
universities through active participation in scientific experiments.

The payload will consist of the usual service circuitry but in exchange for a transponder
will carry experimental modules such as a magnetometer, radiation counters, an earth
pointing slow-scan TV camera, synthesized voice telemetry systems, and phase reference
beacons on the traditional HF amateur radio frequencies of 7, 14, 21 and 28 MHz. This
spacecraft which will be launched “piggyback” in mid 1981 is illustrated schematically in
Figure 5.

SUMMARY

The very nature of amateur radio has, from the very beginning, been one tinted with the
pioneering spirit; first the development of radio communications and now in the intriguing
arena of space flight and space communications. The benefits derived from the existence
of the amateur satellite service go far beyond the individual communicating “ham” radio
operator. Science educators at all levels have found these satellites invaluable in their quest
to teach the space sciences. The principles of satellite tracking, telemetry interpretation,
Doppler shift, orbital mechanics, Faraday rotation and wave propagation are just a few of
the subjects made so demonstrably lucid through the OSCAR series of satellites. As the
spacecraft become more sophisticated, so will the range of experiences available to these
amateur scientists. In addition the Russian amateur radio community had a pair of such
spacecraft launched in October 1978. These satellites, which were of the Phase II type,
were operational for nearly a year. The launch of another such satellite is expected in
1981.

The funding for OSCAR satellites has been through donations from the individual amateur,
industry, as well as various societies and organizations. Through the use of volunteer
technical help from all parts of the world, these systems have been designed and built at a
tiny fraction of the cost of their commercial counterparts.



Space science has now captured the enthusiasm of many educators and amateur
experimenters as well as the “ham” communicator. Groups continue to form in many
countries with the intent of designing, building and arranging for the launch of
sophisticated space hardware, available to the general public for educational purposes.
Consequently an ever increasing demand exists for the means to launch a variety of useful
space experiments developed by these competent liesure time scientists.

Interested parties should contact AMSAT headquarters at P.O. Box 27, Washington, D.C.
20044 for more details. The author wishes to thank M. R. Smithwick for making available
his artist’s concepts of the AMSAT-OSCAR satellites in orbit.

Figure 1   Artist’s Concept of AO-7



Figure 2   Artist’s Concept of AO-8

Figure 3   A Phase III Satellite Attached to its Host



Figure 4   Artist’s Concept of a Phase III Satellite

Figure 5   Schematic Diagram of the UOSAT Satellite



TABLE I - SOME ORBITAL INFORMATION
ON THE PHASE II SATELLITES

SATELLITE AO-7 AO-8

ALTITUDE (km)
PERIOD (min)
!2 (deg)
INCLINATION (deg)

1450
114.94
28.74
101.7

909.6
103.2
25.81
98.98

TABLE II - THE TRANSPONDER PASSBAND AND BEACON
FREQUENCIES IN MHz

SATELLITE AO-7 AO-8

UPLINK
MODE A

DOWNLINK

145.85 - 145.95

29.4 - 29.5

145.9 - 146.0

29.4 - 29.5

UPLINK
MODE B

DOWNLINK

432.125 - 432.175

145.925 - 145.975

UPLINK
MODE J

DOWNLINK

145.9 - 146.0

435.1 - 435.2

BEACON 29.502, 145.972
435.1, 2304.1

29.402, 435.095


