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THE AMERICAN RADIO
RELAY LEAGUE

The American Radio Relay League, inc, is
a noncommercial association of radio amateurs,
organized for the promotion of interests in Amateur
Radio communication and experimentation, for the
establishment of networks to provide communi-
cations in the event of disasters or other
emergencies, for the advancement of radio art and
of the public welfare, for the representation of the
radio amateur in legislative matters, and for the
maintenance of fraternalism and a high standard of
conduct.

ARRL is an incorporated association without
capital stock chartered under the laws of the state
of Connecticut, and is an exempt organization
under Section 501(c)(3) of the Internal Revenue
Code of 1986. Its aftairs are governed by a Board
of Directors, whose voting members are elected
every two years by the general membership. The
officers are elected or appointed by the Directors.
The League is noncommercial, and no one who
could gain financially from the shaping of its affairs
is eligible for membership on its Board.

“Of, by, and for the radio amateur,” ARRL
numbers within its ranks the vast majority of active
amateurs in the nation and has a proud history of
achievement as the standard-bearer in amateur
affairs.

A bona fide interest in Amateur Radio is the only
essential qualification of membership; an Amateur
Radio license is not a prerequisite, although full
voting membership is granted only to licensed
amateurs in the US.

Membership inquiries and general
correspondence should be addressed to the
administrative headquarters at 225 Main Street,
Newington, CT 06111 USA.

Telephone: 203-666-1541 Telex: 650215-5052
MCI

MCI MAIL {electronic mail system) iD: 215-5052
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Officers
President: GEORGE S. WILSON I, W4OYI
1649 Griffith Ave, Owensboro, KY 42301

Executive Vice President: DAVID SUMNER, K1ZZ

Purpose of QEX:

1) provide a medium for the exchange of ideas
and information between Amateur Radio
experimenters

2) document advanced technical work in the
Amateur Radio field

3) support efforts to advance the state of the
Amateur Radio art

All correspondence concerning QEX should be
addressed to the American Radio Relay League,
225 Main Street, Newington, CT 06111 USA.
Envelopes containing manuscripts and
correspondence for publication in QEX should be
marked: Editor, QEX.

Both theoretical and practical technical articles
are welcomed. Manuscripts should be typed and
doubled spaced. Please use the standard ARRL
abbreviations found in recent editions of The ARAL
Handbook. Photos should be glossy, black and
white positive prints of good definition and contrast,
and should be the same size or larger than the size
that is to appear in QEX.

Any opinions expressed in QEX are those of the
authors, not necessarily those of the editor or the
League. While we attempt to ensure that all articles
are technically valid, authors are expected to
defend their own material. Products mentioned in
the text are included for your information; no
endorsement is implied. The information is believed
to be correct, but readers are cautioned to verify
availability of the product before sending money to
the vendor.
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TAPR at Ten

In the fever of early packet activi-
ty, circa 1982, few took much notice of
the small group of enthusiasts who
formed Tucson Amateur Packet
Radio. A lot of packet groups were
being formed then, and there was lit-
tle obvious difference between them.
in the case of TAPR, which was
formed for the express purpose of
developing a low-cost terminal node
controller (TNC), the difference would
soon become obvious.

TAPR burst on the scene in early
1983 with their beta TNC, followed at
the end of the year by the “production”
TNC kits. Only a few years later, TAPR
supplanted this design, which came to
be called the TNC-1. with the lower-
cost TNC-2. This later design remains
the basis for many of the TNCs pro-
duced today, and these TAPR designs
have influenced the design of almost
all TNCs.

But “what have they done for us
lately?” That might have been one of
the themes for the tenth anniversary of
TAPR, celebrated during the weekend
of March 6-8 at the TAPR annual
meeting in Tucson. The answer is:
plenty. TAPR continues to do innova-
tive work with the goal of jump starting
areas of packet radio that need devel-
opment.

The conference occupied all day
Saturday and Sunday morning. It was
attended by more than 120, an excel-
lent turnout. For the first time, pro-
ceedings of the meeting were
published. The availability of two new
TAPR kits was announced at the
meeting, and updates on two other
projects were reported. The two new
kits are a new 9600-baud modem
board that is designed to plug into a
TNC-2 or PK-232, and a satellite track-
er box.

As explained by Lyle Johnson,
WA7GXD, the 9600-baud modem is
an upgrade of the older KNG modem
(which still is available from TAPR).

The new design allows full-duplex
operation, adjustment for nonlineari-
ties in the radio, and optional bit regen-
eration for use in a full-duplex,
9600-baud packet repeater. It also
shapes the modulation signal to pro-
duce a raised-cosine waveform, mini-
mizing the transmitted bandwidth and
implements an effective carrier-detect.
A bit-error-rate output allows testing of
link quality.

Lyle and Jack Davis, WA4EJR
spoke about the TrakBox, a JAMSAT
project being distributed by TAPR. ltis
a self-contained unit that provides the
complete satellite tracking function:
Keplerians in, antenna control out. An
RS-232 port allows communication
from a computer. The TrakBox option-
ally can support a 2-line, 16-character-
wide L.CD display, some switches and
a potentiometer for front-panel control,
eliminating the need for a computer
(although one may still be used),
except for loading the Keplerian ele-
ments and setting the internal battery-
backed-up clock. The box also
provides Doppler correction control of
common radios that have an RS-232
interface. It also can be used for func-
tions other than satellite tracking if and
when software is developed for those
applications.

One of the projects undergoing
development is the TAPR deviation
meter. This unit is almost in its final
form, Lyle reports. One low-level
amplifier stage remains to be tamed,
at which point the project will be ready
for final testing. This device will mea-
sure the deviation of 2-meter trans-
mitters. What bhas this to do with
packet radio? Simply this: One of the
major problems encountered in pack-
et networks is overdeviation. Radios
adjusted for 5-kHz deviation, which is
right for voice work, are overdeviating
when a 1200-baud packet signal is
sent. Since most amateurs can’'t mea-

continued on page 11



Demonstrating Celestial Mechanics

Through Measured Doppler Shift

By: H. Paul Shuch, N6TX
Professor of Electronics
Pennsylvania College of Technology
One College Avenue
Williamsport, PA 17701

ABSTRACT

Stable orbits (of natural and artificial satellites alike)
require an equilibrium between gravitational and inertial
forces. For a given satellite altitude, or orbital radius, there
is but a single orbital velocity which affords such an equi-
librium state. This paper shows how students at the
Pennsylvania College of Technology utilize Doppler shift
measurements of received sateliite telemetry signals to
accurately determine the orbital period of Amateur Radio
communications satellites, and from it, their other orbital
parameters.

FUNDAMENTAL ORBITAL MECHANICS

A stable orbit, whether of a satellite around a planet
or a planet around a sun, requires that the inward pull of
gravity and the outward puli of inertia be equal. Kepler tells
us that all satellites orbit their primaries in an ellipse, and
that orbital velocity changes throughout the elliptical orbit
(fastest at perigee, slowest at apogee) in order to main-
tain equilibrium. For the present study, we will restrict our-
selves to analyzing the behavior of satellites in roughly
circular orbits (that is, orbital eccentricities near zero), so
that the satellite’s orbital velocity is essentially constant.
Fortunately, the current generation of MicroSats fills the
bill almost perfectly.

Newton’s famous Inverse Square Law shows the
force of the gravitational attraction between any two bod-
ies to equal a fudge factor (the Universal Gravitational
Constant}, times the product of their masses, divided by
the square of the distance between their centers of mass.
Mathematically,

F= % [Equation 1]

where
M is the mass of the primary (in our case planet),
m is the mass of the secondary (satellite),
ris the distance between them (the orbital radius),
and

G =6.673 x 10711 Nt m2 / kg2, Newton’s Universal
Gravitational Constant.

We now consider the force of inertia pulling a satel-
lite out, which (again according to Newton) equals:
F=mA [Equation 2]
where

m represents the mass of the satellite,
and

A is its acceleration, which in a circular orbit is found
from:

v2

A= - [Equation 3]

with

v representing the velocity of the satellite,
and

r the orbital radius, as defined above.

Combining Equations 2 and 3 gives us:

mv?2
r

F= [Equation 4]

from which we could determine the inertial force acting on
the satellite, given its mass and orbital velocity. Velocity
is of course related to orbital period, which we will derive
shortly from Doppler shift measurements.

Since our Amateur Radio satellites appear (thankful-
ly) to be in stable orbits, we set Equations 1 and 4 equal
to each other:

GMm  mv2
o

[Equation 5]
and then simplify:

9?4: V2 [Equation 6]
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We can now solve Equation 6 for v:

(‘GM)1/2
V= | ~—
r

or forr:

[Equation 7]

_GM

r=<z [Equation 8]

and we see that the velocity and orbital radius of our satel-
lite are inexorably linked, by readily determined constants.

DETERMINING THE GM PRODUCT

At the Pennsylvania College of Technology, second
year electronics students have recently come up with an
independent estimate of the Earth’s mass, based upon
recovering echoes from radio signals bounced off the sur-
face of the Moon. Their novel EME experiment, which
involved observing the lunar orbit and solving Equation 6
above for M, has already been treated in the literature
[Shuch, 1991]. Their published result for the mass of the
Earth, 6.037 x 10* kg, appears to be in error by about 1%.

Let’s utilize a more widely accepted value for the
mass of the Earth: 5.975 x 10* kg. Now we've already
stated that Newton’s Universal Gravitational Constant, a
fudge~factgg for dimensional consistency, is equal to
6.673 x 10 Nt m?/ kg®. Thus we see that the GM prod-
uct encountered in Equations 7 and 8 above is not a
Chevy at all, but rather 4 x 10'* m¥s?, a constant which
relates radius to velocity for any satellite orbiting the
Earth.

DOPPLER, AND OTHER SHIFTY CHARACTERS

The change in frequency of electromagnetic waves
as a function of relative motion is now known as the
Doppler shift. The phenomenon was first described by
Johann Christian Doppler, a mathematics professor at the
State Technical Academy in Prague, in 1842, in a paper
delivered to the Royal Bohemian Society of Learning titled
“On the Colored Light of Double Stars and Some Other
Heavenly Bodies” (Magnin, 1986). Doppler shift varies
directly with both the transmitted frequency and the rela-
tive velocity between the transmitter and receiver, and
inversely with the speed of light. It is utilized in fields as
diverse as aircraft radar (Shuch, 1987), spacecraft navi-
gation, remote sensing, biomedical imaging, and of course
satellite orbita! analysis (Davidoff, 1978).

To understand the Doppler shift for electromagnetic
waves, imagine the headlight on the front of an approach-
ing train, which is traveling at a substantial velocity—let's
say, mach 100,000, a tenth the speed of light. Now we
know the radiation leaves the headlight at the speed of
light, 3 x 10° meters per second. Since it appears that the
train is adding its forward velocity to that of the light beam,
we would naively expect the light from the moving train to
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reach us at a speed 10% greater than that at which it left
the bulb, or 3.3 x 10* m/s.

But of course it can't. Einstein tells us that the speed
of light in free space, whether measured at the point of
transmission, the paint of reception, or some point in
between, will always equal exactly the same value, 300
million meters per second. The wave cannot change
speed, regardless of relative motion between the
observers. Yet the presumed additional velocity which we
had expected the train’s motion to impart to the wave has
to go somewhere. And since it can’t manifest itself in a
speed variation, it instead varies the frequency of the
wave.

The Doppler shift is remarkably symmetrical. It cares
not whether the source of relative motion is the transmit-
ter, the receiver, or some combination of the two. And the
magnitude of the frequency shift is the same whether the
length of the transmission path is increasing or decreas-
ing, though of course its direction varies. Moving closer
together, blue shift, increasing frequency. And moving far-
ther apart, red shift, a decrease in frequency.

Radio amateurs have been aware of the Doppler shift
within the context of space communications, ever since
they began bouncing signals off the surface of the Moon
nearly forty years ago. As the Moon is rising, moving
toward us (or more properly, as we are rotating toward it),
our echoes come back higher in frequency than the trans-
mitted signal. The setting Moon (moving away from us, or
more properly us away from it) gives us the opposite effect,
down Doppler, decreasing frequency.

The phenomenon was spectacularly evident to those
space communications pioneers who first recovered
Sputnik I's 20-MHz beeps on October 4, 1957.' However,
the Sputnik signals had so much chirp on them that more
than one observer overlooked the Doppler shift as yet
another manifestation of an instable transmitter. Today we
often design the transponders of communications satel-
lites with frequency inverting passbands, in an effort to
partially cancel this ever-present “designed-in drift.”

The easiest way to quantify the Doppler shift is to think
of it as a simple ratio. The Doppler change in frequency
f o is to the transmitted frequency (f 0) as the relative veloc-

ity (v) is to the velocity of the transmitted wave (which we

know to equal c, the speed of light). We formalize this rela-
tionship as:

—
Q.

ol<

[Equation 9]

—

The equation can also be solved for the relative veloc-
ity between the points of transmission and reception:

fod
f

(o]

V= [Equation 10]

"Notes appear on page 7



which will enable us to determine the orbital velocity of a
communications satellite, from the maximum Doppler shift
observed on its telemetry beacon, or other transmitted sig-
nal.

SATELLITE SLEUTHING

This avacation has been raised to the level of high art-
form by Geoff Perry and others of the legendary Kettering
Group in England, and the techniques discussed here
should certainly be attributed to them (Davidoff, 1990, 14-
12 to 14-17). The key to determining the orbital charac-
teristics of an “unknown” satellite is to observe
Doppler-induced changes in its apparent frequency, and
to graph them over time. If we can accurately observe
Time of Clasest Approach (TCA), along with Acquisition
of Signal (AOS) and Loss of Signal (LOS) times, then we
can estimate the satellite’s orbital period. From that we
can compute altitude and velocity, thence estimate AOS,
LOS and TCA for future orbits.

The dedicated satellite sleuth relies upon not only
direct observation, but past experience in determining
orbital parameters. A thorough database of the charac-
teristics of known satellites is built up, to which a new-
comer can be compared in trying to determine its general
orbit, and speculate as to its mission.

SELECTING A SATELLITE

The true satellite sleuth delights in “discovering” new
satellites, and working out as many of their orbital char-
acteristics as possible, armed with little more than a receiv-
er with which to recover their signals. The purpose of the
present exercise is somewhat different: to demonstrate to
the student the relationships between the orbital param-
eters of a satellite, and to illustrate how a balance of forces
defines the orbit. Thus a truly “unknown” satellite is hard-
ly a requisite. In fact, the exercise has even more instruc-
tional validity if the measurements are made on a satellite
of known orbital characteristics, against which the stu-
dent’s results can be compared. Let us consider, for exam-
ple, analyzing the 70-cm CW signals from the
LUSAT-OSCAR 19 (MicroSat D).

This particular signal is chosen for my students’ first
exercise in orbital analysis for a number of reasons. The
437.127-MHz frequency is high enough to provide ample,
easily observed Doppler shift (remember, {4 varies direct-
ly with frequency). The 750-mW beacon signal is strong
enough to be readily received on relatively simple equip-
ment. CW is the preferred modulation mode for accurate
Doppler measurements, because the signal can be zero-
beat on a receiver with direct digital frequency readout.
Finally (and this is cheating), the orbits of low-altitude, cir-
cular, sun-synchronous, near-polar satellites such as all
four of the 1990 MicroSats are especially well suited to
the type of measurements required. In other words, if you
pick a satellite with the right orbital parameters, it's easy
to determine its orbital parameters!?

CONDUCTING THE EXPERIMENT

We begin much as the satellite sleuth begins, mea-
suring Doppler shift over successive orbits and displaying
it graphically. The procedure, well documented in the lit-
erature (Talcott Mountain Science Center, 1975), is
repeated here for the benefit of those who might not have
seen it in its entirety.

Once able to successfully (and consistently) receive
the telemetry beacon from OSCAR 19, the student is
asked simply to measure, as accurately as possible, the
received signal frequency, at one minute intervals all the
way from AOS to LOS. This is done initially for two suc-
cessive orbits. The TCA of the satellite to the observer is
indicated by the maximum slope of the plotted Doppler
curves, as illustrated in Figs 1 and 2. These are of course
the familiar Doppler S-curves, which we've used since the
days of OSCAR VI. Their continuously varying slope (rate
of change, or first derivative) holds the key to evaluating
the satellite’s orbit.

The time difference between two successive TCAs is
a first order approximation of the satellite’s orbital period.
It is only an approximation, since the effect we are actu-
ally measuring involves not only the satellite’s orbital
motion, but also the eastward rotation of the Earth. For a
more precise measurement, we determine the elapsed
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time between successive overhead passes. If the satel-
lite is monitored for an extended period, eventually an orbit
is encountered which closely approximates a direct over-
head pass. This is evidenced by a maximum period of vis-
ibility (the difference between LOS and AOS), strongest
signals at TCA, most rapid rate of frequency change
around TCA, and maximum observed Doppler shift just at
AQOS and LOS. For the LUSAT-OSCAR 19 spacecraft, Fig
2 represents just such an orbit.

Our objective now is to produce a Doppler S-curve for
the next overhead pass. With sun-synchronous satellites
(and this is precisely why we chose one), the orbit tends
to trace out identical ground tracks at one or two day inter-
vals. So if we're persistent, within the next couple of days
we'll see an S-curve which looks very much like Fig 2. In
this example, we see the result in Fig 3.

The only thing we have to watch out for is that the two
successive overhead passes must, as nearly as possible,
be identicalin relative motion. If the first observation (say,
Fig 2) was made with the satellite ascending (moving from
South to North), we don’t want to use as our next orbit a
pass in which the satellite is descending (moving from
North to South). Directional beams should help to verify
that both observations were made with the satellite trav-
eling overhead in the same general direction.

Our Doppler S-curves (Figs 1 through 3) now contain
all the information we require to determine orbital period,
and from it, various other characteristics of the satellite
and its orbit.

ESTIMATING ORBITAL PERIOD

The Doppler S-curves shown in Figs 1 through 3
depict received frequency over time, for 70-cm telemetry
signals from the LO-19 satellite. Figs 1 and 2 represent
two successive orbits, while the data for Figs 2 and 3 were
taken one day apant. We will use the first pair of Figures
to roughly estimate the orbital period of LO-19, and the
second pair to refine our estimate.

Note in Fig 1 that the closest approach of the satellite
to the observer (as indicated by the greatest slope of the
Doppler S-curve) accurred at roughly 15 hours, 15 min-
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utes, 36 seconds UTC. TCA for the successive orbit is
noted from Fig 2 as 16:55:42, or about 100.1 minutes later.
We thus have a rough estimate of orbital period, which
contains an assumed error related to the Earth's rotation.

To correct the error, we note the TCAs for two suc-
cessive overhead descending passes (Figs 2 and 3),
which are seen to occur at 16:55:42 on one day, and then
16:26:48 the next. The elapsed time between these two
overhead TCAs is thus 23:31:06 (1411.1 minutes), which
must be nP, an integer multiple of the satellite’s nodal
orbital period.

But before we can accurately calculate P, we must
have a value for the integer n. This we can determine by
dividing the elapsed time between successive overhead
passes, by the estimated orbital period. Mathematically,

. nP
n = int (P_)
est
14111
= int =14
( 100.1 )

If two successive overhead TCAs are indeed sepa-
rated by precisely (n = 14) orbits, then the exact orbital
period must be that elapsed time divided by fourteen, or
P =100.793 minutes. Relative to this refined estimate, we
see that our original estimate of orbital period, based upon
two successive orbits, was off by about 0.7%. If we now
compare our more exact measured value to that published

for LO-19’s orbital period [see Table 1], we see that we
have reduced our error by roughly a factor of a hundred.

ESTIMATING OTHER ORBITAL PARAMETERS

It turns out that, for a circular sun-synchronous orbit,
nearly all the important orbital parameters can be derived
from the satellite’s nodal period. This, after all, is why we
picked this particular satellite for our experiment to begin
with. I'll spare you the algebra and trig derivations; the per-
tinent equations are listed in the Appendix. With them, we
calculate altitude, velocity, orbital increment, visibility
angle, terrestrial range, access time, and Doppler shift for
the LO-19 satellite.

Table 1 summarizes our results. Our “observed” val-
ues listed are either the results of direct student observa-
tion in the Penn College Telecommunications Lab, or
values mathematically derived from those measured
parameters. Similarly, the “theoretical” values shown are
either published parameters for the LO-12 satellite given
in Davidoff (1990, Appendices A and B}, or values math-
ematically derived from those published parameters.

Note that the difference between observed and theo-
retical values® seldom exceeds a fraction of a percent.
Does this mean that my students are uncannily precise?
Hardly! Rather, we conclude that the experiment is struc-
tured to be forgiving of observational imprecision. We
derived period, after all, by averaging elapsed time over

[Equation 11]
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(always suspect), but rather on reasonably precise mea-
surements of frequency drift. Even given dial calibration
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tion at UHF), we can still precisely estimate the rate of fre-
quency change.

CONCLUSIONS

Since their inception in 1961, Amateur Radio satel-
lites have significantly expanded our communications hori-
zons. They have also proved an invaluable aid in the
teaching of celestial mechanics, the study of how heav-
enly bodies interact. If there is truly an underlying order to
the Universe, it is ham satellites which may best enable
our students to glimpse it. As an instructional tool, the
satellite may well rank in importance second only to the
chalkboard.
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Notes

'"The word "beep” really is appropriate here, as the keyed sig-
nal was too long for a Morse “dit,” and too short for a “dah.”

There is a direct analog here to successful moonbounce com-
munication (or any other exotic DX mode, for that matter):
If you know in advance the other station's call, it's about
3 dB easier to pick his call out of the noise!

*To motivate my students, | hesitate to call them “errors,” just
“differences of opinion.”

Pertinent Constants and Equations

Inertia: E=mA
: ve
Acceleration: A= -
T GMm
Gravity: F= >
GM 1/2
Velocity: = (_
r
3 1/2
Period: P=2pix|—
GM
Increment: oW = ﬂ%‘ﬁl [+ Precession]

1 Nt m2
kg2

Gravitational Constant: G = 6.673 x 101

Mass of the Earth: M = 5.975 x 1024kg

3
GM Product: GM = 3.987 x 104 =

Mean Radius
of the Earth:

Rg = 6.371 x 108 m

fo v
Doppler Shift: fy= e

R
o ag age _ . - _1 E
Visibility Half-Angle: 6 = cos (Rgh)
Max. Visibility Ti t Period 29
ax. Visibility Time: = Period x | ———
max 360 deg
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Meteor Scatter Experiments Using

Packet at 144 MHz

By: Giuseppe Zollo, 12KFX

Translated by Domenic Mallozzi, N1DM, from the February 1990 issue of Radio Rivista Packet Column.

Described here are experiments carried out between
BvUQ and I12KDX on meteor scatter (MS) using 1200-
baud packet with bijphase PSK (phase shift keyed) mod-
ulation techniques. The use of digital technologies for
MS communications has been used for many years in
military and civilian systems to broadcast brief messages
over large geographical areas.

tical to expand these techniques for use by ama-

teurs with the minimum equipment to engage in this
passionate activity previously reserved only for more
powerful stations and with very patient operators.

Because the AX.25 protocol was not developed for
MS activity it was necessary to adjust and modify the
frames so that they could interact with the meteor
streams and be reflected back to Earth. With this idea in
mind, last year | set about to write a program for a PC
which could use a KISS TNC to establish a protocol more
suitable for use in MS activities.

To understand the changes required, it is necessary
to explain how meteor scatter warks. l'll give a brief expla-
nation mostly to those among you more oriented to dig-
ital technology than to RF. This explanation will also
demonstrate how the union between the two disciplines
could bring advantages in operation to both technologies.

The Earth is bombarded daily by tons of debris of
various dimensions that comes from outer space. When
they enter the Earth’s atmosphere, this debris terrminates
their own existence in a flash of light. They disinte-
grate due 1o friction of rarefied gas in the stratosphere.
This disintegration generates a cylinder of ionized air
around their trajectory. The cylinder of ionized air unfor-
tunately lasts only a very short period varying from a few
thousandths of a second to almost a minute for larger
meteors.

The ionized air is the very mirror which is required
for the reflection of the radio waves but the arrival of
one meteor in the right position is only approximately
foreseeable. We will discuss this further later. The fre-
quencies that are better reflected by our cylinders of ion-
ized air vary from the shortwave (28 MHz) to the VHF
(144 MHz) with peak performance around 50 MHz.

The coming of age of packet radio has made it prac-
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Because we like to try difficult things, we used VHF
for the MS experiment: In particular, I0VUQ and | have
selected 144.160. Therefore, if you hear strange noises
on this frequency, don’t get scared. Do not interfere or
telephone asking for explanations. Right at that moment
the right meteor we were waiting for could be passing.

The altitude at which the ionized cylinders form vary
from the 80 and the 110 km. Because of the curvature of
the Earth, this system permits QSO up to 2000 km.

We were saying that the meteors arrive by surprise,
but something is known about arrival periods of major
groups. Hundreds of major streams have been cataloged
by astronomers and they have identified the point in the
sky from which the stream appears to come from (ascent
line and declination are found in Dubus, for example).
The period of days in which these streams encounter the
Earth is also known.

DL5MCG has written a suitable BASIC program for
determining the optimal period for a MS QSO between
two stations. In such periods the meteors arrive almost
perpendicular to the point between the two stations.

To make a QSO occur, | transmit continuously hop-
ing that the meteors arrive and make the message arrive
at its destination. To do so | have written a program in
Turbo Pascal which manages all the operations. Details
of the program can be found in Radio Rivista, October
1988. Essentially, the program sets the TNC to transmit
the same message as many times as possible in the
period of the transmitting window. In practice we use win-
dows of 15 seconds. One station transmits the first 15
seconds of the minute, then switches to receive for the
next 15 seconds. Obviously, the other station in the QSO
listens the first 15 seconds and transmits in the next 15-
second window.

The Experiments

From the middle of May, 1989, I2VUQ and | started
to execute a series of tests to verify the possibility of uti-
lization of the small meteor streams for communication
by packet radio.

In the following I'll try to explain the state of the exper-
iments, the success and difficulties encountered, and
also the prospective of future developments of this spe-



ciality that searches to realize the synergy between dig-
ital technologies and VHF DX activity.

Following the publication in Radio Rivista and in
Dubus of my article presenting the MS program for PC,
there have been many hams interested in performing the
first experiments.

The first station to equip itself with a PC, TNC and
PSK modem was that of Alessandro, I6VUQ, at S. Maria
LeMole (JN61hs) to the south of Rome.

Alessandro’s station is composed of a PC, a TNC2
with EPROM1,1,6 with KISS, an external PSK modem,
an ICOM IC202 is used as a transmitter to drive a 50-
watt linear using a QQEO6/40 tube (similar to a 5894).
For reception he uses a TS820 with a Datong UC/1 con-
verter. The antenna is one 9 x 9 crossed elements (used
for OSCAR 13).

My station at Monza (JN45po) is made up of an IBM
PS2/30 computer, an AEA PK80 with EPROM1.11.4¢
loader for KISS, an external PSK modem, an FT201
transceiver feeds a home-brew transmit converter which
then drives a Fisher 150-watt linear (but with only 80-W
effective output due 1o a weak 4 x 250 output tube). The
receiving equipment is a GaAs FET converter with a
0.9-dB noise figure preamp that feeds a Drake R4B
receiver. Two 9-element antennas are fed to produce
right-hand circular polarization.

The distance between our stations is 507 km. This
is considered small by the traditional meteor scatter
experts. However, theory says that a minimum distance
exists. On the contrary, a maximum distance exists,
around 2000 km, which depends on the geometry of the
reflections.

Before we initiated tests on 144-MHz MS, we wanted
to make sure that all the hardware, especially the PSK
modems, was working properly. We performed test
QSOs of 20- to 40-minute durations (the longer periods
are used when propagation over 20 minutes is not suit-
able).

PSK modulation has demonstrated excellent perfor-
mance in QRM between collisions in QSOs of up to 40
minutes.

After verifying that everything was going well, but
doubting the ability to make a MS QSO with only 50 W,
Alessandro moved his digital equipment to the house of
his friend, IPNLK. IONLK is equipped for EME with an
array of four 20-element Yagis and 500 W. And so we
made the first test. That day we felt very good. There was
tropo propagation and 18VUQ managed to decode a
packet for the first time. In fact, we were even able to
have a voice QSO.

After that we have always operated from the same
stations and we have never again had a tropo opening.
in the meantime | had problems with my old frequency
meter which is configured to use an external time base
frequency locked to RAI, the Italian broadcast authority.

The major difficulty | had encountered from the
beginning of the experiments was measuring the fre-

guency output exactly. The PSK modem has a require-
ment to maintain the tones within £ 100 Hz. However, if
the signals are weak it requires more precision...let us
say * 30 Hz.

We also must take into account the fact that the other
station in the system has the same requirement. Having
such precision and stability at 144 MHz is not easy. First
of all, it's required to measure the frequency of the actu-
al output not the 1600 Hz inserted into the mic input of
the transmitter.

The frequency meter (frequency counter) has to
have a precision time base to meet these requirements.
| was unable to arrange the professional grade instru-
ment required, so | phase locked the external time-base
input of my frequency meter to the AM carrier of the local
(RAI) television station. This was used because the RAI
network is phase locked to a cesium beam standard. (In
the US, because of the fact that a significant amount of
programming is not tied to the “network” source it may
be more appropriate to phase lock to WWV, WWVH,
CHU, WWVB or the LORAN-C radionavigation system.
Ed.) ltis also necessary to consider the drift of one’s own
equipment. It is therefore necessary to warm up your
equipment for about an hour so that it becomes temper-
ature stable, and then check the frequency and recheck
it at least every half hour to correct for random frequen-
cy fluctuations.

So now we come to a true and proper test...on the air.
After having missed several chances at major meteor
showers due to other commitments, on Saturday, May
13th, we finally succeeded in making a test during the
Nu Piscidis. The Nu Piscidis in this case occur during the
middle of the day which is convenient. Unfortunately the
conditions were poor. But, we proceeded with the test
anyway.

Within about an hour of beginning the experiment we
began to get discouraged. Nothing could be heard. We
exchanged a telephone call. “Have you heard anything?”
“Not me, and you?” “Very well, let's continue for one more
hour.”

After about a minute, not knowing what to do while
the PC continued to transmit every 15 seconds, | went
near the receiver and heard a strange noise at the fluc-
tuating in the noise...it reminded me of a car at the race-
track: voom..voom..what could it be? | tried moving the
tuning dial of the Drake receiver back and forth and sud-
denly the LED indicators on the demodulator showed
phase lock. Immediately | heard the printer starting and
after a little more tuning | got more printed lines.

You can imagine the joy! The first message:

12VUQ=>12KFX Ul
Odd 8<240>:cgms

It was 11:01. | grabbed the telephone and called
Alessandro and read him the message.

While we were talking the printer does another streak
of printing. At this point there’s need to finish the QSO.
It happened that even IVUQ received my messages.
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We continued again for a while but nothing, even after
resetting the transmit frequency to that of the receiver. |
then discovered | was 140 Hz lower than planned.

Later on while discussing the event we discovered
that Alessandro’s meter (an HP) had not been calibrated
for quite some time and therefore was giving the wrong
readings, sufficient to be out of tune.

Since that day we tried other times: the 20 and the
21st of May on the Omicron Centidis and the 4th of June
on the Arietidi. In all these tries | received an abundance
of frames but none of my frames were received in Rome.

Seeing this asymmetrical (one way) behavior we
began to investigate the phenomenon. However, in the
first tests 10VUQ did not have a preamplifier in line for
reception. The signals received by me did not reach S1,
therefore we were at the limits of the sensitivity of my sta-
tion. Also we considered the path geometry. I0VUQ has
to point his antenna towards the city of Rome with all its
electronic noises. From Monza, | point my antennas to
the east of Milano and therefore don't encounter this
problem. During the attempt on the 4th of June,
Alessandro mounted a preamplifier of unknown noise fig-
ure, and has also modified the connection between the
horizontal and vertical antennas utilizing a hybrid ring in
place of the T connection.

Even with these improvements and even through
having the first message at 10:30 on the 4th of June,
I2VUQ wasn't able to decode any packets.

The 11th of June, we tried one more test from 11:30
in the morning and also on the 16th of June trying to
make use of either the Arietidi or Z Perseidis. We began
to have success.

At the beginning we decoded one or two frames, then
bunches. One swarm at 12:41 had 88 frames with the
message “CQMSPSK.” Unfortunately nothing yet from
the direction of Monza-Rome despite I0VUQ increasing
his power output from 40 to 100 W. He also used a new
preamplifier mounted in a housing at the bottom of the
tower.

While continuing with the investigation to discover
the cause of Alessandro's lack of reception, | began to
make a little modification to the PACKET MS program.

The first version of MS was written in Turbo Pascal
3.0. Right after having initiated the experiment, | acquired
the 5.0 version of Turbo Pascal.

The conversion from version 3.0 to 5.0 was long and
painful, because of several variations between the two
compliers. The on-the-air testing pointed out the neces-
sity of displaying the received frames on both the com-
puter display and the printer; version 2.0 of MS includes
these additions.

In the meantime, JPI came out with his own com-
plete Module 2 compiler at a reasonable price and with
really interesting characteristics. The principal charac-
teristic which distinguishes Module 2 from Pascal is that
the syntax is more fluid, and the presence of the
“Coroutine” which permits the implantation multitasking
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programs. In a multitasking program more “procedures”
can run virtually simultaneously (based on prioritization
standards). This makes it possible to exchange syn-
chronization signals.

This language was much more appropriate for a pro-
gram like MS where multiple functions must be carried
out simultaneously. The major three functions being:

* reception and decoding of the frames
» editing of the messages
» the clock function that sequences the transmission

As soon as | received the compiler from the US, |
began to learn it and how it could be applied to another
version of MS. After examining the compiler | began a
complete rewrite of MS using a new structure.

The rewriting of MS has been informative. A lot of
improvements have been made, for example the han-
dling of the data into the serial port and its handling in
the Module-2 program. Other improvements include a
new clock puise routine (in the Pascal version the clock
was one TSR), and allowing the editing of protocols dur-
ing the transmission sequence.

The “features” added also include the ability to set
the computer clock to the second and to mark every
frame to the second as received. This assists in analyz-
ing the distribution of messages received in each time
interval during a particular window of reception.

I'll reserve a detailed description of the program for
a future article dedicated to whomever wants to exam-
ine the techniques used. But let us return to the activity
on the air.

In examining the reasons for the lack of reception at
10VUQ we considered the possibility of a problem with
the PSK demodulator. Taking advantage of a journey by
Alessandro up north, he took his demodulator with him
to compare with mine. Putting one next to the other and
using a calibrated weak signal, mine appeared to be
much more sensitive. A subsequent investigation detect-
ed some anomalous behavior of the fixed circuit,
the heart of the demoduiator. Anather problem at
Alessandro’s station was interference from spurious RF
signals from stations in Monte Cavo and Ciampino. This
was corrected by limiting the spurious signals by RF fil-
tering. This resolved the question of relative station per-
formance.

Meanwhile, the holidays came and the Perseids went
by while Alessandro was sailing in Greece and | was sun-
ning myself in Liguria.

Other commitments prevented us from making tests
until Sunday the 22nd of October 1989. It was the peri-
od of the Orions, of small bands but with the good inten-
tions to arrive at 6 in the morning in unison with the
maximum variable at the bottom of the meteors (see the
article by Jay A. Weitzen, “Communicating Via
Meteor Burst On Short Ranges” in Transactions on
Communications of the IEEE, November 11, 1987, as
well as the fundamental article by George R. Sugar,



“Radio Propagation by Reflection from Meteor Trail” in
the Proceedings of the IEEE, Volume 52, February
1964).

For science you even get up early. Therefore, we got
up at four in the morning to begin to warm up the equip-
ment so that the VFQ in the radio came to thermal sta-
bility, and then after an hour checking the calibration of
the receiver and transmitter. Finally we got to transmit-
ting using the usual procedure: a window of 15 seconds,
I2VUQ on the odd window and | on the even. Not much
time went by when at 4:48:04 UTC | received the first
correct frames. The printer was disabled so as not to
make noise but the reception on the CRT worked well.

This is the first message received by 10VUQ:

4:40:55 Evenl2KFX=>I0VUQ uil<FO.73 Alex
And this is the first message received by me:
4@:48:4@0dd 18VUQ=>12KFX U11<FO@>r73
alex

At 8:24:11 1 received the last frame, when the trans-
former of my linear decided to become short circuited
between the high voltage and grid windings (sounds
familiar. £d.).

The QSO is done!! But, what was there different from
past attempts?

Certainly on Sunday morning the noise produced
from Rome was a lot lower than on the weekdays. In fact,
conditions were so much more suitable that it was pos-
sible to operate even with the minimal amount of indi-
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continued from page 2

sure deviation, they can't adjust it properly. This problem
continues to plague packet networks. TAPR wants to
change that.

The other ongoing project that was much discussed
was the DSP-1 board. This board, currently in beta test, is
an IBM-PC plug-in card that carries a Texas Instruments
TMS320C25 digital signal processor and associated cir-
cuitry. A joint TAPR/AMSAT project, this board is intended
to eliminate the need for the “modem stack” presently nec-
essary to operate all of the various terrestrial and satellite
packet systems. Jon Bloom, KE3Z, (ARRL Laboratory
Supervisor) reported on and demonstrated software for
the DSP-1 beta board (a RTTY/AMTOR modem and a
1200-baud, Bell 202 packet modem, along with an audio fil-
ter written by Dave Hershberger, W9GR). With the advent
of working software for the board, interest (and, more impor-
tant, activity) has been rekindled. Because of a few errors
in the existing design and a couple of other desired changes,
one more revision of the board is required. Work continues
on this project.

Other presentations at the TAPR meeting included:

+ “Use of Spread Spectrum (CDMA) in the Amateur
Service,” by Dewayne Hendricks, WASDZP

vidual meteors that the Earth encounters every day.

A reason can be deduced by reviewing one burst of
a successful sequence:

5:6:37 Odd 10VUQ=>12KFX Ul 1 <FO> tnx fer
“bel qso”

5:6:37 Odd 19VUQ=>12KFX Ul 1 <FO> tnx fer
“bel gso”

5:6:37 Odd 1BVUQ=>12KFX Ul 1 <FO> tnx fer
‘bel gso”

5:6:37 Odd 19VUQ=>12KFX Ul 1 <FO> tnx fer
“bel gso”

5:6:38 Odd 1BVUQ=>12KFX Ul 1 <FO> tnx fer
“bel gso”

5:6:38 Odd 10/VUQ=>I12KFX Ul 1 <FO> tnx fer
“pel gso”

5:6:38 Odd 10VUQ=>12KFX Ul 1 <FO> tnx fer
“pbel gso”

5:6:39 Odd 10VUQ=>12KFX Ul 1 <FO> tnx fer
“bel gso”

Notice the distribution of the messages in time: 4 in
the 37th second and three in the 38th second, with an
average of six lines a second sent. This shows that the
method of sending multiple times in each block with each
line being approximately 1/6th of a second long match-
es the brief openings found in meteor scatter work.

| hope we have attracted your interest in this tech-
nique of communication. | invite you to join us in further
experiments.

+ “General Purpose Signal Processing Software for a
Radio Workstation,” by Dr. Michael Parker, KT7D

Presentations on 9600-baud packet network implemen-
tation were given by Mel Whitten, KOPFX, and Mike Curtis,
WDG6EHR. Dr. Tom Clark, W3IWI spoke on the use of sur-
plus 900-MHz cell-site equipment for packet backbones,
AMSAT's Phase 1lI-D satellite efforts, and connection of wide-
ly separated packet networks via Internet IP encapsulation.
Mark Oppenheim, KD6KQ, of VITA, gave a slide presenta-
tion about the efforts of that organization. Bill Henry, K9GWT,
of HAL Communications Corp, gave a detailed talk about
Clover Il, the HF communications system being developed
by Ray Petit, W7GHM.

Chuck Green, NGADI, long-time TAPR prototype
builder, schematic checker and all-around stalwart received
an award of appreciation from the organization.

So, TAPR is alive and well and still contributing to the
development of packet radio. You can help develop packet
radio, or just keep abreast of the exciting work being done,
by joining TAPR. Contact them at PO Box 12925, Tucson,
AZ 85732. The small group of amateurs who have done most
of the work have contributed to Amateur Radio well out of
proportion to their numbers. TAPR stands as the clearest
example of what can be accomplished by committed ama-
teurs working together, and its continued success is to be
devoutly wished by all amateurs who hope to see amateur
digital communications continue to advance.—KE3Z
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Cateway

Conducted by: Stan Horzepa, WA1LOU
75 Kreger Drive
Wolcott, CT 06716-2702

DEVELOPMENT OF CALIFORNIA STATE PACKET
RADIO NETWORK CONTINUES

Tetherless Access is responsible for the Macintosh
version of amateur packet-radio TCP/IP software called
NET/Mac. The following describes Tetherless's current
Macintosh networking efforts and its subsequent appli-
cation to ‘pure” Amateur Radio use. The following
describes the results of public grants (although IBM pro-
vided some funding), technology based on Amateur
Radio operations (spread spectrum) and does not pro-
mote the direct commercial operations of any entity.

This year will see dramatic evidence of the return-on-
investment from research and development in the
California State Library Packet Radio Project undertaken
during the mid- and late 1980s. IBM, the Council on Library
Resources, and the California State Library made grants
to the University of California where Dr. Edwin Brownrigg
was the principal investigator in a series of projects that
explored the potential for packet radio — wireless, high-
speed digital communications — among libraries.

While the early goals of the research and develop-
ment were to prove technological feasibility and to adapt
extant FCC rules to packet-radio technology among
libraries, the actual outcome was the need for a fresh
approach. The project showed that the conventional radio
technology and the standard digital encoding techniques
of the time were becoming arcane approaches to achiev-
ing the research and development goals. The FCC was
just then introducing into its rules (Title 47 of the Federal
Code of Regulations) a new Part, 15.247, which allowed
an exotic method of digitizing a radio wave, and that held
promise for packet radio. The new FCC rules were a wel-
comed alternative to the politics of recycling Instructional
Television spectrum for packet radio.

Called spread spectrum, this new method of using
radio to convey digital information under Part 15.247 pre-
sented several advantages for libraries and other civilian
users, as well as large technological challenges to the
telecommunications industry. The major advantages
were that multiple users could share the same radio
spectrum simuitaneously, and that, within prescribed
transmitter power, the FCC would require no user
license.

The challenges were to transfer spread spectrum
technology from the military sector, which perfected it
as a means of secure communication, into the FCC
regulated civilian sector at a reasonable price.

Research and development now under way involve
a convergence of interests in California among The
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Memex Research Institute, Tetherless Access, Ltd and
special-interest user groups. Among the latter is the City
of San Diego Public Library, which is using packet radio
for a 1.54-Mbit/s link among the central and branch
libraries and San Diego State University where the pub-
lic library subnetwork gateways to the Internet.

The Council on Library Resources and Apple
Computer, Inc are the sponsors of the San Diego Packet
Radio Project. One project objective was to prove that
FCC Part 15.247 rules will work for libraries. Dr. Edwin
Brownrigg of the Memex Research Institute and Richard
Goodram of San Diego State University are the principal
investigators.

Tetherless Access, Ltd and the Memex Research
Institute now seek funding to deploy a network of 600
packet radios in the San Francisco Bay Area. These will
be used by civilian groups including libraries. This net-
work will extend as far south as San Jose and northeast
to Roseville. The network’s radios will comply with FCC
Part 15.247 as well as with an authorization from the FCC
allowing Tetherless Access, Ltd to apply FCC Part 97
rules (Amateur Radio) for the network backbone.

Together, the San Diego and Bay Area networks will
prove several technical features of packet-radio: wireless
wide area telecommunications, high data rates, last-mile
access to the Internet, and communication between such
wireless networks through the Internet. They also will
demonstrate two precedent-setting public policy features
of packet radio; common carrier by-pass for public ben-
efit; and, use of the electromagnetic spectrum, a public
good, in support of library service, also a public good.

Accordingly, the Memex Research Institute is seek-
ing the voluntary participation of Bay Area libraries as
nodes in the grant-supported wireless wide-area network.
A single packet radio at a library will serve a local-area
network within the library and gateway it to the wireless
wide-area network extending to the Internet.

—from Ned Kroeker, NTEWB

MIR/'SAREX NEWS

On March 17th at 1022 UTC, German astronaut
Klaus-Dietrich Flade, DP1MIR, and two Russian cos-
monauts—Alexander Kaleri, USBMIR and Alexander
Viktorenko, U9MIR—blasted off from Baikonur,
Kazakhstan. They successfully docked with the Mir
space station 48 hours later.

Between mission assignments, Flade was active on
2-meter FM. Flade also assisted in setting up a digital
speech system which will act as a simplex “repeater.”



When active, the repeater will listen for one minute and
then retransmit the received audio for one minute.

On March 25th, Flade returned to earth along with
Sergei Kirkalev, USMIR and Alexander Volkov, U4MIR.
During their last few months in orbit, Sergei and
Alexander became media celebrities. They were often
portrayed as lonely, abandoned cosmonauts. Their
“plight” even attracted the attention of the rock band U2,
who attempted to uplink the audio from one of their con-
certs via a commercial satellite.

The new Mir crew intends to maintain Amateur Radio
activity from the space station. FM phone and packet
contacts with USMIR and USMIR will continue to take
place on 145.55 MHz.

American hams have also been active in space. The
recent STS-45 AtlantissSAREX mission utilized a 57-
degree inclination orbit. This provided an excellent oppor-
tunity to make scheduled contacts with schoolchildren
throughout the world. Many earthbound amateurs also
enjoyed shuttle contacts on a random basis.

DOVE TELEMETRY STUDIED IN CLASSROOMS

Many schools have collected and decoded telemetry,
monitored the health and studied the properties of the tiny
spacecraft known throughout the worid as DOVE (DO-17).
Physics students at Chaminade Preparatory School in
West Hills, California, have gone one step further by mak-
ing detailed studies of DOVE when its telemetry has been
available. Under the leadership of school teacher Dave
Reeves, KF6PJ, these students have been closely fol-
lowing DOVE’s spin rate. They often share their results
with MicroSat Command Station, Jim White, WDOE.

Jim recently suggested that their spin rate studies
might be greatly aided if he commanded DOVE to col-
lect telemetry at different sample rates, both faster and
slower than the current 16 or 17 “seconds-between-sam-
ples.” DOVE’s current spin rate is around 3 RPM. As Jim
states, "By collecting and analyzing telemetry sampled
at different intervals, students will be able to investigate
the relationship between sample rate and apparent spin
rate. If the sample rate isn't fast enough, incorrect con-
clusions may be drawn about both spin rate and direc-
tion. | will set the DOVE telemetry sample rate according
to their direction.”

This satellite, with its standard FM packet-radio trans-
missions, provides a unique opportunity for doing this
kind of experimentation. Special thanks go to WDJE for
his active involvement in educational efforts. Jim will be
working closely with Bob McGwier, N4HY, and Harold
Price, NK6K, who continue in their voice software devel-
opment and testing for DOVE.

Watch for updates in the DOVE telemetry beacon
transmissions on 145.825 MHz.

—from AMSAT News Service

MODIFYING COMMERCIAL RADIOS FOR SPEED
I have been doing some work converting used mobile

radios to 9600 bit/s and higher for backbone link service.
1 would like to share the following learned information
with the rest of the amateur packet-radio community.

Redicomm UHF Front Mount Mobiles at 9600 bit/s

Note: This Redicomm radio was marketed under the
many names

Receiver Modification

The basic prablem is that the receiver IF filtering is
too narrow to accept the signal from the G3RUH modem.
Add nominal frequency drifts, particularly at a cold hill-
top site, and the link fails.

The solution is to widen the |, by removing the first
(“E” bandwidth) ceramic filter, moving the second (“C”
bandwidth) ceramic filter to the first’s position and jumper
the vacant position of the second filter with a 0.001 uF
capacitor.

The “E” filter has a nominal 6-dB bandwidth of 15 kHz,
while the “C” filter has 25 kHz. The occupied bandwidth of
the 9600-bit/s signal is 20 kHz. The receiver eye pattern
greatly improves and moderate drift is no longer a problem.

Transmitter Modification

Maodify the transmitter for direct FM by replacing the
frequency trimmer and parallel fixed capacitors with a
varactor capacitor. | have been using KV2202 Hyper-
Abrupt varactors with good results. The varactor equals
the mid-range capacitance of the trimmer and fixed pad-
der when biased to 9 volts. Use the series inductor on
the oscillator side of the crystal for frequency adjustment.

The modulation circuit is as follows:

Varactor XTAL

Oscillator
Circuit

470 01 330 pF 47 kN

Motorola MOCOM-35 for 19,200 bit/s

This effort started out as a 9600-bits/s modification
and then 1 realized that wider bandwidths and higher data
rates could be achieved.

™ )
Audio (

+9 V REG

Receiver Modification

Again the receiver is too narrow for even 9600 bits/s,
so you must widen the narrow 455-kHz filter. A discrete
lattice filter is used in this receiver at 455 kHz. Remove
the four ceramic “Tombstone” resonators and the capac-
itors that parallel two of them. Add a 47-pF coupling
capacitor from the top of the input tank (of what was the
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lattice filter) to the top of the intermediate tank. Likewise,
add a second 47-pF capacitor from the top of the inter-
mediate tank to the output tank circuit. The three poles
can now be aligned to form a fairly flat 50-kHz wide band-
pass filter with a linear phase response. With no further
modification, the receiver will operate at 9600 bits/s.
However, if you widen the 10.7-MHz first IF filter, much
higher data rates can be used. Either convert the exist-
ing matching circuitry to the cascaded crystal filter ele-
ments to a wide L-C filter, as was done to the 455-kHz
filter, or replace the filter elements with FM broadcast
receiver ceramic filters.

Transmitter Modification

Modify the transmitter for direct FM using the same
circuitry as for the Redicomm radios. However, | found
that the internal 9.6-volt source wandered enough with
external supply and temperature variations to cause fre-
quency drift problems. A small three terminal regulator
solved the problem.

The use of slightly wider IF filters may be the key to
successful 9600 operation. None of the better quality
voice radios, in particular Motorola’s commercial two-way
products, appear to operate due to the extremely narrow
filters needed to survive in a crowded urban RF envi-
ronment. Currently, the amateur bands permit wider
channel spacing and poorer filter skirts in the band seg-
ments set aside for node linking.

A large number of these high speed links are cur-
rently being installed in the EastNet backbone network,
which serves the New Jersey, New York City, Long Island
and Southwestern Connecticut area. The current over-
loaded condition of this network will be greatly alleviated
by Spring 1992.

—from John C. Papson, WB2CIK

STATION AUTOMATION IMPROVED BY NEW PB
AND PG

Jeff Ward, GOK8KA, reports that bugs in the first
release (December 1991) of the “new version” of PB
have been fixed. In addition, some new features for auto-
mated station operation have been added. These fea-
tures involve using batch files and batch processing.

A new utility called PFH_VAL.EXE helps you create
batch files. It returns as an error ievel the first byte of data
from a PACSAT File Header item that you select. DOS
batch commands are not particularly complicated or com-
prehensive, but a good system can be assembled using
the hooks provided.

PG has been stripped of all functions other than
uploading. It is also possible to have PG upload waiting
messages and exit without human (keyboard) interven-
tion. This should really clear the decks for fully automat-
ed stations based on PG and PB.

The software is now available on UO-22 for down-
loading.

—from AMSAT News Service
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THE LOW DOWN ON AMSAT BULLETIN
DISTRIBUTION

Tom Clark, W3IWI, provides the following informa-
tion on the worldwide distribution of AMSAT bulletins pri-
marily for the benefit of PBBS SYSOPs.

| receive a lot of inquiries about how these bulletins
are generated and distributed and how they interact with
the packet-radio system. First, the bulletins are generat-
ed by people based on the inputs they receive. Dick
Campbeli, N3FKV, collects and formats the weekly
Keplerian elements. Dave Cowdin, WD@HHU, prepares
the weekly AMSAT News Service (ANS) bulletins. The
@AMSAT distribution channel also handles the inde-
pendent SpaceNews that John Magliacane, KD2BD,
originates. All three of these sources prepare material
that is usually distributed on the weekends for posting on
local PBBSs and for reading on various nets around the
world.

All three sources generate material suitable for the
packet-radio network by pre-assigning a Bulletin iD (BID)
to prevent duplicates. As the bulletins originate, the BIDs
are of the form:

ANS Bulletins: $ANS-xxx.yy
Keplerian elements: $ORBS-xxx.z
SpaceNews: $SPCmmdd

where xxx is the day-of-the-year (for example, “039” rep-
resents February 8), yy is a two-digit serial number (for
example, 07), z is a single letter (like O for the analog
OSCAR satellites, D for the digital MicroSats, M for
manned and miscellaneous, N for the two-line NASA for-
mat data) and mmdd is the month and day (for example,
0210).

Each weekend the bulletins are distributed to a list
of more than 100 subscribers in over 20 countries
on all six continents using electronic mail (Internet,
CompuServe, etc.) and within hours they have flooded
the world.

Greg Jones at the University of Surrey has begun
using the @AMSAT distribution to send weekly UoSAT
status reports (which appear with BIDs like $USR0205.0x)

Occasionally it is necessary to distribute special bul-
letins mid-week. These will usually have special BIDs,
for example, a bulletin concerning a major change in the
UoSAT operating schedule had the non-standard BID of
$UOSAT_CHANGE.

We hear complaints about duplicate @AMSAT bul-
letins circulating with BIDs or @AMSAT addresses that
have been changed. We ask PBBS SYSOPs not to
change the @AMSAT address or the BID to prevent
duplication. The “official” @AMSAT material always has
BIDs as described above. When people ask me why
duplicates with BIDs like $12345_W3IWI are appearing,
my stock answer is, “It ain’t my fault!” Also, we urge PBBS
SYSOPs to be sure that their systems will not drop or
create new BIDs on such bulletins.

We ask packet-radio users not to use @AMSAT as



an address for bulletins they originate. A seemingly harm-
less bulletin sent to @AMSAT asking about M/R passes
in your local area will be relayed to over 2000 PBBSs

around the world.

—from AMSAT News Service

EVERYTHING YOU ALWAYS WANTED TO KNOW
ABOUT SATELLITE FREQUENCIES

Ruben Omar Ferreiro, LU6DYD, compiled the fol-
lowing list of operating frequencies for the Amateur Radio

satellite fleet.

AMSAT-OSCAR 10
General beacon

Engineering beacon
Mode B uplink

Mode B downlink

UOSAT-OSCAR 11
Beacon
Beacon
Beacon

RADIO SPUTNIK 10

Beacon/robot
Beacon/robot
Mode A uplink

Mode A downlink
Robot A uplink
Robot A downiink
Beacon/robot
Beacon/robot
Mode K uplink
Mode K downlink
Robot K uplink
Robot K downlink
Beacon/robot
Beacon/robot
Mode T uplink
Mode T downlink

Robot T uplink
Robot T downlink

RADIO SPUTNIK 11
Beacon/robot

Beacon/robot
Mode A uplink

Mode A downtink
Robot A uplink
Robot A downlink
Beacon/robot

145.809 MHz
(unmodulated carrier)
145.987 MHz (switched off)
435.030-435.180 MHz
(SSB, CW)
145.825-145.975 MHz
(8SB, CW, inverting)

145.826 MHz (AFSK/FM)
435.025 MHz (AFSK/FM)

2401.500 MHz (AFSK/FM)

29.357 MHz (CW)
29.403 MHz (CW)
145.860-145.900 MHz
(SSB, CW)
29.360-29.400 MHz (SSB, CW)
145.820 MHz (CW)
29.357 or 29.403 MHz (CW)
29.357 MHz (CW)
29.403 MHz (CW)
21.160-21.200 MHz (SSB, CW)
29.360-29.400 MHz (SSB, CW)
21.120 MHz (CW)
29.357 or 29.403 MHz (CW)
145.857 MHz (CW)
145.903 MHz (CW)
21.160-21.200 MHz (SSB, CW)
145.860-145.900 MHz
(SSB, Cw)
21.120 MHz (CW)
145.857 or 145.903 MHz (CW)

29.407 MHz (CW)
29.453 MHz (CW)
145.910-145.950 MHz
(SSB, CW)
29.410-29.450 MHz (SSB, CW)
145.830 MHz (CW)
29.407 or 29.453 MHz (CW)
29.407 MHz (CW)

Radio Sputnik 11, continued

Beacon/robot
Mode K uplink
Mode K downlink
Robot K uplink
Robot K downlink
Beacon/robot
Beacon/robot
Mode T uplink
Meode T downiink
Robot T uplink
Robot T downlink

AMSAT-OSCAR 13

General beacon
Engineering beacon
Mode B uplink

Mode B downlink

General beacon
Engineering beacon
Mode | uplink

Mode | downlink
Made J uplink
Mode J downlink

Beacon
Beacon
Mode S uplink

Mode S downlink

RUDAK uplink
RUDAK downlink

UoSAT-OSCAR 14
Uplink

Downlink 1
Downlink 2

AMSAT-OSCAR 16
Uplinks

Downlink (PSK)
Downlink (RC)
Downlink S

DOVE-OSCAR 17
Beacon 1

Beacon 2

Beacon 3

29.453 MHz (CW)
21.210-21.250 MHz (SSB, CW)
29.410-29.450 MHz (SSB, CW)
21.130 MHz (CW)
29.407 or 29.453 MHz (CW)
145.907 MHz (CW)
145.953 MHz (CW)
21.210-21.250 MHz (SSB, CW)
145.910-145.950 MHz (SSB, CW)
21.130 MHz (CW)
145.907 or 145.953 MHz (CW)

145.812 MHz (PSK, CW, RTTY)

145.985 MHz (PSK, CW, RTTY)

435.423-435.573 MHz

(SSB, CW)

145.825-145.975 MHz

(SSB, CW, inverting)

435.651 MHz (PSK, RTTY)

435.677 MHz (PSK, RTTY)
1269.351-1269.641 MHz

(SSB, CW)

435.715-436.005 MHz

(SSB, CW, inverting)

144.423-144.473 MHz

(SSB, CW)

435.940-435.990 MHz

(SSB, CW, inverting)
2400.325 MHz (PSK, RTTY)
2400.664 MHz (PSK, RTTY)

435.603-435.639 MHz

(SSB, CW, FM)

2400.711-2400.747 MHz

(SSB, CW, FM)
1269.710 MHz (inoperative)
435.677 MHz (inoperative)

145.975 MHz (FSK/FM)
435.070 MHz (FSK/FM)
435.070 MHz (AFSK/FM)

145.900, 145.920, 145.940,
145.960 MHz (AFSK/FM)
437.02625 MHz (BPSK/SSB)
437.05130 MHz (BPSK/SSB)
2401.1428 MHz (BPSK/SSB)

145.82516 MHz

(AFSK/FM, digital voice/FM)

145.82438 MHz

(AFSK/FM, digital voice/FM)
2401.2205 MHz (BPSK/SSB)
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WEBERSAT-OSCAR 18

Downlink (PSK)
Downlink (RC)

Uplink ATV (NTSC)
LUSAT-OSCAR 19

Uplinks

Downlink (PSK)
Downlink (RC)
CW beacon

FUJI-OSCAR 20

Beacon
Mode JA uplink

Mode JA downlink
Mode JD uplinks

Mode JD downlink

AMSAT-OSCAR 21

Beacon
Beacon
Beacon
Mode B uplink 1

Mode B downlink 1

RUDAK 2 uplink 1
RUDAK 2 uplink 2
RUDAK 2 uplink 3
RUDAK 2 uplink 4
RUDAK 2 downlink
Beacon

Beacon

Beacon

Mode B uplink 2

Mode B downlink 2

RADIO SPUTNIK 12

Beacon/robot
Beacon/robot
Mode A uplink

Mode A downlink
Robot A uplink
Robot A downlink
Beacon/robot
Beacon/robot
Mode K uplink
Mode K downlink
Robot K uplink
Robot K downlink

16 QEX

437.0751 MHz (BPSK/SSB)
437.1020 MHz (BPSK/SSB)

1265.000 MHz (TV/AM)

145.840, 145.860, 145.880,
145.900 MHz (AFSK/FM)
437.15355 MHz (BPSK/SSB)
437.12580 MHz (BPSK/SSB)
437.125 MHz (CW)

435.795 MHz (CW)
145.900-146.000 MHz
(88B, CW)
435.800-435.900 MHz
(SSB, CW, inverting)
145.850, 145.870, 145.890,
145.910 MHz (AFSK/FM)
435.910 MHz (BPSK/SSB)

145.822 MHz (CW)

145.952 MHz (BPSK/FM)
145.983 MHz (BPSK/SSB)
435.022-435.102 MHz

(SSB, CW)

145.852-145.932 MHz

(SSB, CW, inverting)

435.016 MHz (AFSK/FM)
435.155 MHz (BPSK/FM)
435.193 MHz (BPSK/FM)
435.041 MHz (various modes)
145.983 MHz (various mndes)
145.948 MHz (CW)

145.838 MHz (BPSK/FM)
145.800 MHz {BPSK/FM)
435.043-435.123 MHz

(8SB, CW)

145.866-145.946 MHz

(SSB, CW, inverting)

29.408 MHz (CW)
29.454 MHz (CW)
145.910-145.950 MHz
(SSB, CW)
29.410-29.450 MHz (SSB, CW)
145.831 MHz (CW)
29.408 or 29.454 MHz (CW)
29.408 MHz (CW)
29.454 MHz (CW)
21.210-21.250 MHz (SSB, CW)
29.410-29.450 MHz (SSB, CW)
21.129 MHz (CW)
29.408 or 29.454 MHz (CW)

Radio Sputnik 12, continued

Beacon/robot
Beacon/robot
Mode T uplink
Mode T downlink

Robot T uplink
Robot T downiink

RADIO SPUTNIK 13

Beacon/robot
Beacon/robot
Mode A uplink
Mode A downlink
Robot A uplink
Robot A downlink
Beacon/robot
Beacon/robot
Mode K uplink
Mode K downlink
Robot K uplink
Robot K downlink
Beacon/robot
Beacon/robot
Mode T uplink
Mode T downlink

145.912 MHz (CW)
145.959 MHz (CW)
21.210-21.250 MHz (SSB, CW)
145.910-145.950 MHz
(SSB, CW)
21.129 MHz (CW)
145.912 or 145.959 MHz (CW)

29.458 MHz (CW)
29.504 MHz (CW)
145.960-146.000 MHz (SSB, CW)
29.460-29.500 MHz (SSB, CW)
145.840 MHz (CW)
29.458 or 29.504 MHz (CW)
29.458 MHz (CW)
29.504 MHz (CW)
21.260-21.300 MHz (SSB, CW)
29.460-29.500 MHz (SSB, CW)
21.138 MHz (CW)
29.458 or 29.504 MHz (CW)
145.862 MHz (CW)
145.908 MHz (CW)
21.260-21.300 MHz (SSB, CW)
145.960-146.000 MHz

(SSB, CW)
21.138 MHz (CW)
145.862 or 145.908 MHz (CW)

Robot T uplink
Robot downlink

ROSE DIRECTORY IN THE WORKS

The Radio Amateur Telecommunications Society
(RATS) is producing a directory of all RATS Open
Systems Environment (ROSE) facilities operating
throughout the world. If you or your organization oper-
ates one or more ROSE X.25 Packet Switches or
ROSErver/PRMBS PBBSs, please let RATS know. They
would like to include your system(s) in their directory.
(Everyone included in the directory will receive a copy.)

The information they are requesting for ROSE
Switches is: call sign, ROSE address, location, user
(only) frequency, data rate. For ROSErver and PRMBS
PBBSs: call sign, ROSE address (if any), location, user
frequency(s) and data rate(s)

Please include information on the sponsoring orga-
nization and individual(s) including packet radio, other
data and postal addresses; voice, fax, and data tele-
phone number(s); etc.

Send directory information to:
RATS

PO Box 93

Park Ridge, NJ 076556

—from Andrew Funk, KB7UV

DO YOU RECEIVE UOSAT-OSCAR-11 BULLETINS?
If you are receiving UO-11 bulletins, please drop a



postcard to UoSAT. They are very interested in hearing
from folks using the satellite. If you are using the satel-
lite for educational purposes, please send along what
you are doing. UoSAT will post information in future UO-
11 bulletins concerning arrived postcards. Send post-
cards to:

Greg Jones G8/WD5IVD
UoSAT

Elec. Eng.

Univ. of Surrey
Guildford, Surrey

GU2 5XH, England.

—from AMSAT News Service

GATEWAY CONTRIBUTIONS

Submissions for publication in Gateway are wel-
come. You may submit material via the US mail to 75
Kreger Dr, Wolcott, CT 06716, or electronically, via
CompuServe to user ID 70645,247, or via Internet to
horzepa@evax.gdc.com. Via telephone, your editor can
be reached on evenings and weekends at 203-879-1348
and he can switch a modem on line to receive text at
300, 1200 or 2400 bit/s. (Personal messages may be
sent to your Gateway editor via packet radio to
WA1LOU@N1DCS or IP address 44.88.0.14.)

The deadline for each installment of Gateway is the
tenth day of the month preceding the issue date of QEX.

SURVEY FOR NEW PACKET-RADIO SATELLITE

1. (Optional) What is your name, call sign and email or
home PBBS address (if you have one)?

2. (a) In what state do you live ?
(b) What major city is the nearest to your residence?
(c) What is your postal mail ZIP Code?
(d) If you conduct operations from a station besides
your residence, what is the ZIP Code of this site?
If you don't, please enter 00000.

3. Do you currently conduct packet-radio communica-
tions with your system?

4. Do you currently conduct satellite packet-radio com-
munications?

5. If you are not involved with the fields of Amateur
Radio communications enumerated in questions 3
and 4, within the next 2-4 years are you planning on

capability to your system?

6. Over the next 2-4 years, how much money are you
willing to spend on hardware and software for the
ham radio station you operate?

(1) 0-$500 (2) $500-1000  (3) $1000-2000

The Naval Postgraduate School space systems department, consisting of graduate engineering students, is
developing a small low-orbit spread spectrum packet-radio communications satellite due to be launched in 1993
for use by the United States Amateur Radio community. Essentially, it will be a PBBS that will fly by periodically.
To obtain a good estimate of the size of the potential user base among ham radio operators and by geographic
location (to make the appropriate design and protocol decisions), please answer the following survey (answer only
one question per line in your responses). Send your replies to 7996p@cc.nps.

investing the money to be able to add a packet-radio

(4) $2000-4000  (5) $4000-6000 (6) over $6000

7. In the past two or three years, how much money
have you spent on the hardware and software for
the ham radio station you operate?

(1) 0-$500 (2) $500-1000 (3) $1000-2000
(4) $2000-4000 (5) $4000-6000 (6) over $6000

8. Do you currently conduct direct sequence spread
spectrum communications? (By spread-spectrum,
we mean utilization of pseudonoise random spread-
ing code in transmissions.)

9. Which of the following best describes your level of
interest in expanding your communications suite to
include the capability to conduct spread spectrum
packet-radio satellite communications?

(1) I am not interested at all.

(2) | am not interested, but would like to hear feed-
back from those who do become subscribers.

(3) | am interested, but would like to hear feedback
from those who become subscribers before me.

(4) | am most interested. Send me any designs,
prints and protocol information as soon as they
become available.
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FCC Streamlines Experimental License Procedures

The FCC's Office of Engineering and Technology
announced today that it intends to adopt new procedures
to speed up the processing of applications to conduct
experiments pursuant to Part 5 of the Commission's
Rules. Activities permitted under Part 5 range from the
development of telecommunications equipment to the
test marketing of new technologies and services.

Each year, the Commission receives between 800
and 900 applications under Part 5 and recently, the num-
ber has been growing. Since July, 19889, for instance, the
Commission has received 139 applications to perform
experiments relating to the new field of Personal
Communications Services (PCS). In addition, data gen-
erated from experiments are expected to play a signifi-

Surface Mount Chip Component
WAAZ P, Prototyping Kits—

1"”—..—-“\

cant role in decisions to grant licensing guarantees for
innovators of new technologies or services under the
Commission’s pioneer’s preference policy adopted in
April of 1991.

At the present time, the processing time for most rou-
tine Part 5 applications is about 60 days. It is anticipat-
ed that this number can be greatly decreased by treating
many renewal applications on a fast track and reducing
the time required to coordinate applications with the
Commission’s licensing bureaus. The Office of
Engineering and Technology anticipates that under its
new procedures, most renewal applications can be pro-
cessed within a week of receipt at the Commission, and
most routine applications to perform new experiments
can be processed within a week of receipt at the
Commission, and most routine applications to perform
new experiments can be processed within 30 days.

W2\ Only

CC-1 Capacitor Kit contains 365 pleces, 5ea. of every
10% value from 1pf to 33,1, CR-1 Resistor Kil conlains
1540 pieces; 10 8a. of every 5% value from 10{1 to 10 megil
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Immediale One Day Delivery!

Order by toll-free phone, FAX, or mail. We accept
VISA, MC, COD, or Pre-paid orders. Company PO's
accepted with approved credit. Call for free detailed
brochure

ﬁ COMMUNICATIONS SPECIALISTS, INC.
426 West Taft Ave. - Orange, CA 92665-4296

Local (714) 998-3021 - FAX (714) 974-3420

Entire USA 1-800-854-0547

TVC-4G 70 CM ATV Downconverter - Only $89
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IONSOUND™ by W1FM
1.8-54 MHz Skywave Propagation Software - Version 4

State-of-the-Art Forecasting for Amateur, Professional & Military Users
MENU DRIVEN: Easy-to-use interface for Solar Flux, Sun Spot Number, TX Power, TX/

RX Antennas, min. SNR, Local Noise, Bandwidth, Short/Long Path, Frequencies
TABULAR SUMMARY: Signal-to-Noise Ratio, RX Power & Microvolts, S/N and Path

Availabilities, Total Link Reliability, E/F or Mixed Modes, Ant Gain/Take-off Angle
IONGRAM CHIRP PLOTS: Selection of 0-30 MHz or 0-60 MHz Display Windows;

Hi-Resolution Color or B/W graphics shows LUF/MUF, Multipath, Mode Delay
ANTENNA PEAK/NULL CALC: Variations due to GND effects; E/F skip distances

DXCC/FREQUENCY DATA BASES: ASCII file contains callsign Prefixes, Lat., Long.,
Continents, CQ & ITU Zones; Freq./Net List; Printable Distance/ Bearing Table.

Allows confirmation of IONCAP predictions in QST 's “How's DX?" column.
For IBM®*PC’s & compatibles with CGA/EGA/VGA or Hercules Graphics Monitors
$35 Postpaid for 5.25"or 3.5"DSDD. Printed/Bound Manual $15.

Tech Info: 617-862-6742, Evenings. Send US Check/Int’| Money Order to:
JACOB HANDWERKER, 17 PINE KNOLL ROAD, LEXINGTON, MA 02173, USA

P.C. ELECTRONICS VISA-MC-UPS COD
2522-Q PAXSON LN, ARCADIA CA 91007 818-4474565

NOW SEE THE SPACE SHUTTLE VIDEO

Many ATV repeaters and individuals are retransmitting Space
Shuttle Video & Audio from their TVRO's tuned to Satcom F2-R
transponder 13. Others may be retransmitting weather radar
during significant storms. If it is being done in your area on 70cm -
check page 413 in the 91-92 ARRL Repeater directory or call us,
ATV repeaters are springing up all over - all you need is the TVC-
4G 420-450 MHz downconverter, your TV settoch 2, 3or 4 and a
70 cm antenna. We also have downconverters and antennas for
the 900 and 1200 MHz bands. In fact we are our one stop for all
your ATV needs and info. Hames, call for our complete ATV
catalog - antennas, transceivers, transmitters and amplifiers.

We ship most items within 24 hours after you call.



Bits

18th Annual Eastern
VHF/UHF/SHF Conference

The 18th Annual Eastern
VHF/UHF/SHF Conference will be
held May 22-24, 1992 at the
University of Hartford. The University
of Hartford campus is located off US
Route 44 a short distance west of
downtown Hartford, Connecticut.

Friday night will feature an infor-
mal social gathering at a location to
be announced. All day Saturday there
will be technical tatks by well-known
VHFers and “rap sessions” for each
of the VHF/UHF bands. A noise-fig-
ure clinic and contest will be held on
Saturday afternoon.

On Saturday evening there will
be a catered banquet, followed by the
popular “VHF Trivia” quiz and addi-
tional informal social activities.
Sunday morning there will be anten-
na gain measurements (222 MHz
through 2304 MHz, weather permit-
ting) and an informal swap-fest.

The conference registration fee
this year is $24.00 prior to May 15,
which includes annual membership in
the Eastern VHF Society and printed
conference proceedings. Registration
at the door will be $30.00, so it pays
to send in your money in advance!
The Saturday night banquet will cost
$22.00, also payable in advance.

The registration chairman is
David Knight, KA1DT, 15 Oakdale
Ave., Nashua, NH 03062. Those who
have attended in recent years will
receive a preregistration packet.
Otherwise, please contact W1EJ,
KA1DT, or W1GXT far a registration
form (A self-addressed, stamped
envelope is appreciated!)

Housing will be available in dor-
mitory rooms at the University. The
room rates per night are $30.00 per
person, payable by May 15. There
are numerous hotels and motels
nearby for those wishing to make
their own arrangements. Many have

special weekend rates, if you ask
when making reservations. A list will
be included with your registration
materials.

Papers for the conference are
being solicited for publication in the
proceedings. Contact conference

455 Pelham, NH 03076 for details.
The conference is sponsored by
the Eastern VHF Society and the
NEVHF Association with assistance
from volunteers from the New
England VHF community and the
Hamden County Radio Association.

chairman Tom Kirby, W1EJ, PO Box

200 METERS & DOWN by Clinton B. DeSoto. Chronicles the exciting
evolution of Amateur Radio from the pioneers who perfected the “wireiess art”
up through the technical advancements of the mid-1930's. Tells first-hand
how the ARRL came about and how the League saved Amateur Radio from
certain oblivion during the early years. Copyright 1936 (reprinted in 1981). 184
pages $8.00.
Available from: ARRL, 225 Main St.
Newington, CT 06111

JOIN AMSAT

Support the Amateur Space Program

ap
1)
A1~/

AMSAT Has Established Amateur Radio

As a Permanent Resident in Space!

From operating any of 12 Amateur satellites circling the globe today to
participating in Amateur Radio activities from the Space Shuttle, the benefits of
space based Amateur Radio are available to you by becoming an AMSAT
member. Qur volunteers design, build and launch state-of-the-art satelites for use
by Radio Amateurs the world over. We provide educational programs that teach
our young people about space and Amateur Radio. Most of all, we provide our
members with an impressive array of member benefits including:

* Operating aides such as discounted tracking software and land line BBS.
* An extensive network of volunteers to provide you local technical assistance.
* The AMSAT Journal, your bi-monthly periodical devoted to the

Amateur Space program.

It’s Fun! It’s Easy! It’s Exciting!

JOIN TODAY. For more information, call or write for your free
information packet. Or send your dues now, check or charge: $30 U.S.,
836 Canada/Mexico, $45 all else. ($15 towards the AMSAT journal.)

AMSAT, P. O. Box 27, Washington, D.C. 20044

(301) 589-6062; Fax: (301) 608-3410
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