introducing
satellite communications

Basic information
to get you started

Do you want to access a new Amateur band
that’s always open when it's supposed to be? A band
that doesn’t fade away without warning, that makes
DX contacts sound like locals, and has no skip zones?

Listening to, or working through Amateur communi-
cations spacecraft isn't difficult, but most newcomers
simply don’t know how to go about it properly. Not
sure of what they’re doing, they usually achieve dis-
appointing resulits; deciding that the amount of effort
invested must be so much more than the results
achieved, they give up and go back to their regular
haunts, where they can usually at least find someone
to talk to. This is a shame, because satellites have
come of age and commercial equipment is as readily
available for the satellite bands as for the regular HF
or VHF bands. You can buy or roll your own, but in
either case — just like on 20 meters or the other HF
bands — you have to-have some knowledge of what's
going on if you're going to get the maximum enjoy-
ment out of the equipment.

terminology

A communications satellite is basically a repeater in
the sky. It receives signals transmitted up from the
ground on one Amateur band and retransmits the
same signals down to the earth on a second Amateur
band. It's part of a communications link between two
Amateur stations on the ground as shown in fig. 1;
signals on their way up to the satellite are said to be
uplinked by stations on the ground while the corre-
sponding signals coming down from the satellite are
being downlinked. As the satellite orbits the earth it
passes over different locations; the point immediately
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beneath the satellite at any time is called the subsatel-
lite point. .

The area of the earth’s surface that the satellite can
“see” depends on its altitude; the higher it is, the more
it can see. A commercial communications satellite in
a high altitude over the equator can see about one third
of the earth’s surface. A sateliite at a low altitude sees
much less.

Any station that the spacecraft can see, can see the
spacecraft. When a station can see the spacecraft, it
is said to be in range. Thus any two stations in range
of the satellite at the same time are said to have a win-
dow into the satellite and can communicate through it.

Most orbits are elliptical rather than circular. The
highest point above the surface of the earth in the orbit
is called the apogee; the lowest point of that same
orbit is the perigee.

Evén though the orbit of the satellite is fixed, the
earth rotates beneath it. The time it takes for the sat-
ellite to travel once around its orbit from the place
where the sub-satellite point crosses the equator to
the next time the sub-satellite point crosses the equa-
tor going in the same direction is called the period of
the orbit. When the sub-satellite point has returned
to the equator, the point on earth that was previously
below it will have moved away because of the rotation
of the earth; consequently, a new location will be
beneath it. The number of degrees of longitude that
have passed by during this time is known as the orbital
increment (see fig. 2). The first orbit of the day is
known as the reference orbit.

Earth stations will see different parts of different
orbits as shown in fig. 3. The azimuth, or horizontal
bearing and elevation angle to the spacecraft, will
change with the orbit. The spacecraft will appear to
rise above the horizon when it enters the range of the
ground station. The time at which the spacecraft rises
above the horizon is called Acquisition Of Sighals, or

By Joe Kasser, G3ZCZ, P.O. Box 3419, Silver
Spring, Maryland 20901
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fig. 1. Satellite communications path. Station A is trans-
mitting (uplink). Signals are received by the satellite and
re-transmitted down to station B (downlink).

AOS. The position of the satellite in the sky as seen
by the ground observer will change as it passes along
its orbit, rising higher and passing across the sky, get-
ting lower, and then finally setting on the horizon. The
time at which it sets beneath the horizon of the ground
station is known as Loss of Signals, or LOS.

The path traced by a satellite in the sky as seen by
a particular ground station will vary according to the
type of orbit. The path traced by a satellite in a circu-
lar orbit will usually approximate a section, or chord,
of a circle. The path traced by a satellite in an ellipti-
cal orbit will depend on the apagee and perigee of the
orbit and how close the observer is to the subsatellite
point.

characteristics of satellite signals

In order to copy signals from satellites, we first need
to know a little about the types of signals we're trying
to receive. At any particular time, an observer on the
ground may see the satellite in any direction with
respect to the horizon (azimuth) and at any altitude
between the horizon and a paint directly overhead (efe-
vation). This means that signals from various satellites
arrive at a receiving station from any angle in any
direction.

Radio waves are generated in a polarized manner.
Conventional Amateur station antennas may gener-
ate vertically or horizontally polarized signals, depend-
ing on the position of the antenna with respect to the
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Satellite crosses equator (heading North) at start of orbit N.

Satellite crosses range circle of station B and comes up over its horizon (AOS).
Satellite crosses range circle of station 8 and sets on its horizon {LOS).
Satellite crosses equator at start of orbit N + 1.

Satellite crosses range circle of station A (A0S).

Satellite crosses range circle of station B (mutual access window opens).
Satellite crosses range circle of station B (mutval access window closes).
Satellite crosses range circle of station A (LOS).

Satellite crosses range circle of station A on orbit N + 2 (AOS).

Satellite crosses range circle of siation A on orbit N + 2 (LOS).

fig. 2. Looking down on the earth from the satellite showing track of spacecraft on surface (subsatellite point). Range
circles are drawn as ellipses on rectangular (map) projection. Circles overlap to give mutual access window on orbit N

+ 1 between points 6 and 7.
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ESTEAN ELECTRONICS

TYPICAL SATELLITE ANGLES FOR ONE GROUND LOCATION ON ONE DAY

OSCAR-% DSCAR-11

u.T.C. AZIMUTH ELEVATION u.v.cC. AZIMUTH ELEVATION
HHMM: S5 DEGREES DEGREES HHMM: SS DEGREES DEGREES

1330:00 182 18 28249: 008 ase 3
1332: 00 68 14 2826: 00 3ase 15
1334: 00 35 > 0828: 00 327 31
1336:08@2 16 z 2839: 00 269 38
1500: 08 194 1 9832 P09 231 21
1502: 00 207 18 #834:00 218 9
OSCAR-1@ R&~-7

u.T.C. AZIMUTH ELEVATION u.T.C. AZIMUTH ELEVATION
HHMM: SS DEGREES DEGREES HHMM: SS DEGREES DEGREES

14600: @0 256 ? 1854: 08 347 S5
1700: 02 29@ 12 1858: 20 3449 12
160@: a8 236 1@ 1900: 20 3490 21
1988: 80 235 & 1782: 00 333 32
2000:00 236 1 1904: 80 318 45
1904: 00 2864 5é
RS-5 1908: 00 2492 54
———————————————————————————— 191@: 08 217 41
u.T.C. AZIMUTH ELEVATION 1912:00 205 28
HHMM : S5 DEGREES DEGREES 1919:88 199 18
---------------------------- 1916:00 195 19
1748: 00 4 3 1918:00 192 3
1750: 00 8 9
1752:00 15 17 Space shuttle Challenger
1754: 2@ 24 -~ TR e L
1754: 00 39 39 U:T.C. AZIMUTH ELEVATION
1758: 00 62 q1 HHMM: 5SS DEGREES DEGREES
1800: 60 91 42  mememememeccccccccscsccecsceee=
1802: 00 115 3as B&25: 00 azse a
188400 131 24 P426: 00 330 S
18064: 00 140 17 P&627: 00 334 10
1808: 00 142 1@ P4628: 08 343 29
1810: 08 151 3 B429: 00 7 37
B438: 00 77 43
P4631: 00 113 24
d632: 00 124 13

Shown are azimuth and elevation angles from the ground station
to the different spacecraft at different times of the day. It can
be seen that in order to adegquately copy signals from the
spacecraft, the ground station must be able to receive signals
coming from any azimuth or elevation. This figure only lists
data for one of the daily passes for each satellite. As a rule
they will be audible at other times of the day with signals
coming from other directions.

fig. 3. Typical satellite azimuth and elevation angles for various passes as seen by
a representative ground station.

Dept. AR Kearney, Nabraska SHO47T
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ground. If the radiating elements are horizontal, the antenna is said to be generat-
ing horizontally polarized signals; conversely, if the elements are vertical, the
antenna is vertically polarized. The same polarization also holds for reception.
Thus, vertical antennas receive vertically polarized signals best and horizontal
antennas receive horizontally polarized signals best. True vertically polarized
antennas will copy little or no horizontally polarized signals. Two-meter and other
VHF/UHF FM antennas are vertically polarized, while base stations working SSB/
CW use horizontal antennas. This is because automobile antennas are vertically
polarized, and the maobile stations put weak signals into horizontal antennas. (In
the early days of mobile radio communications, Amateurs fitted ""halo’ antennas
on their cars to send and receive horizontally polarized signals in order to be com-
patible with the base stations. When the mobiles using FM began to outhumber
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fig. 4. Some factors affecting satellite communications.

the fixed stations, there was no further need to use
horizontal polarization and verticals became the rule.
Nowadays, any base station that wants to use FM has
to use vertical polarization.

On the HF bands both types of antennas are used
interchangeably and everyone manages to work every-
body. This is because the polarization of the radio
waves changes as the signals pass through the iono-
sphere. A process known as Faraday rotation rotates
the polarization of the signals. The signal as received
on the ground is not entirely vertically or horizontally
polarized and as such may be copied at somewhat
lower signal strength on any antenna. Perhaps the
good performance of quad antennas is due to their
having both vertical and horizontal elements. When
conditions in the ionosphere are changing, the
received signals may appear to fade — i.e., get weaker
and stronger as the plane of polarization is rotated by
the ionosphere.

Satellite orbits are outside the ionosphere, which
means that signals from the spacecraft are affected
by the ionosphere in a manner similar to that which
affects conventional terrestrial signais: the polarization
of their signals changes. Conventional contacts tend
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to use the same part of the ionosphere. The iono-
sphere is not a constant layer above the earth, of
course, but is instead made up of patches, or clouds.
Since the satellite is moving, its uplink and downlink
signals will pass through different parts of the iono-
sphere at different times, and the effects of the iono-
sphere on the signals will differ as time passes, as
shown in fig. 4.

Not only does the ionosphere refract radio waves
and change their polarization, it may also attenuate
signals or even absorb them. As the spacecraft travels
along its orbit, it may be spinning or tumbling, or the
satellite itself may shield the on-board antenna from
the receiving station. Because of the limitations of its
equipment, the transmitter on the space vehicle is
transmitting at a relatively low power — less than 10
watts output. Consequently, signals from satellites
may arrive at the ground from any direction in azimuth
or elevation, with any polarization, and at any signal
strength (usually very weak). All these may, and usu-
ally do, vary as a function of time.

an ideal satellite receiving antenna

The ideal antenna for copying satellite signals should
be rotatable in azimuth and elevation in order to cope
with all the possible directions from which signals may
arrive. It must be immune to changes in polarization
if it is to cope with horizontal, vertical, and in-between
polarization caused by Faraday rotation in the iono-
sphere. It must also have a reasonable amount of gain
in order to cope with the fading in the already weak
signals generated at the satellite.

Vertical and horizontal polarization are two kinds of
linear polarization. Radio signals can also be circularly
polarized. A circularly polarized antenna will respond
equally to horizontally or vertically polarized signals —
that is, changes in the plane of polarization will not
be detected. Circular polarization also comes in two
kinds, left-hand and right-hand (clockwise and
counter-clockwise). To compound the problem,
lefthand circularly polarized signals are not well
received on righthand circularly polarized antennas and
vice-versa.

antennas in common use on 10 meters

Figure 5 lists the commonly used bands in the Ama-
teur Satellite Service. The most commonly used
downlink bands are 10 meters, 2 meters and 70 cm.
The first band combination that most people try is the
10-meter downlink and the 2-meter uplink commonly
known as Mode A. This is because they usually have
10-meter capability in their stations and can thus
attempt to copy the satellite without adding too much
equipment.
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1. ASSIGNMENTS

1@ METERS 29.3 - 29.35 MHz
2 METERS 145.8 - 146.008 MHz
7@ CENTIMETES 435.@ - 438B.08 MHz

2. SATELLITE TRANSPONDERS

SPACECRAFT MODE UPL INK DOWNL INK

AMSAT - OSCAR & A 145,85 - 145, 95MHz 29.43 - 29.55MHz
AMSAT - OSCAR 7 A 145.85 - 145.95MHz 29.48 - 29.50MHz
AMSAT - OSCAR 7 B 432.125 - 432.173MHz 145.975 - 14%,925MHz
AMSAT - OSCAR B A 145.85 - 145, 95MHz 29.48 - 29.58MHz
AMSAT - OSCAR B J 145,92 - 146,00MHz 435.18 - 435.28MHz

The data supplied on AMSAT - OSCARs & - B is for historic purposes as
the spacecratt are no longer operational.

CURRENTLY ACTIVE

AMSAT - OSCAR 1@ B 435.05 - 435.15MHz 145,95 - 145,83MHz
AMSAT - OSCAR 1@ L 1269.85 - 1269.85MHz 436.93 - 434.15MHz
RS - 5 A 145.91 - 145.95MHz 29.41 - 29.45MHz
RS - 7 A 145.96 - 146.00MHz 29.46 - 29.350MHz

FUTURE (PROPOSED) SPACECRAFT

For launch in early 198é

RS - 9/1@ A 145.96 - 146.@80MHz 29.46 - 29.350MHz
RS - 9718 K 21.26 - 21.3PMHz 29.46 - 29.58MHz
RS - 9/10 2 21.26 - 21.3@MHz 145.96 - 146.080MHz

The RS spacecraft have been ground tested and are due for launch
in 1984,

FUJIr - 1 A 145.85 - 145. ?5MHz 29.40 - 29.50MHz
FUJI - 1 M 1267.35 - 1267.75MHz 434.88 - 435.80MHz

The FUJI spacecraft is being built in Japan under the control of
JAMSAT, a aroup of Japanese Radio Amateurs.

ARSEME

The ARSEME spacecraft built by a group of French Radio Amateurs
is supposed to be launched in the demonstration flight of the
ARIAME 4 rocket in 1984. It will contain a Mode B transponder.

AMSAT -PHASE 3C

The AMSAT Phase 3C spacecratt is also scheduled for launch in mid
1984. It will contain a Mode B transponder as well as other
transponders having either uplink or downlink capability on the
higher frequency bands.

AMSAT has a policy of not obsoleting user equipment, so mode B
will be around for a long time. As mode A is an excellent
introductory mode, it can be expected on any further general
purpose Phase 2 type spacecraft. The Russians also tend to
favour hf so mode A and possibly mode K will also be around for a
while.

fig. 5. Commonly used satellite communications bands.

Once you're hooked on receiving, the price of a transmitter usually becomes
a justifiable expense. Although putting together a minimal receiving and transmit
ting station isn’'t difficult, steerable antennas for the 10-meter band are relatively
large. Therefore relatively few Amateurs can steer their 10-meter antennas in
both azimuth and elevation. Steerable antennas for 2-meters and 70 cm are much
smaller and as a result, more manageable.

Antennas in common use on the 10-meter band include verticals and multi-
element beams optimized for working DX. As such, they have very good
responses to signals arriving from low angles but are not at all suited for signals
arriving at high angles. Vertical antennas respond to low-angle radiation from
all directions, while beams respond to low-angle signals from the direction in
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fig. 7. Typical VHF/UHF operator antenna characteris-
tics. Hears well when satellite is high in sky. Talks well
when satellite is low in sky.

UPLINK

DOWNLINK

C == >

fig. 8. Typical HF operator antenna characteristics. Hears
waell when satellite is low in sky. Talks well when it is
high in sky.

fig. 9. Contact possiblilities.
Overlap of range circles: A)
typical contact possibility;
B) Range circles are tan-
gents. Best DX minimum
time; C) Large window,
longer time.

which they happen to be pointed. Stations using these
antennas have trouble hearing signals arriving from
higher angles.

Conventional literature has touted the turnstile, or
crossed dipole antenna, as the answer to the problems
of satellite reception at 10 meters. It has circular polar-
ization and a high-angle response pattern. It does very
well when the satellite is located at elevations greater

18 April 1986

than about 30 degrees as seen by the observer, but
has a poor response to signals arriving at low angles
(close to the horizon). Typical radiation patterns for
these antennas are shown in fig. 6.

Most Amateurs who have problems working Mode
A fall into one of two categories. The first category
includes the VHF/UHF operator who decides that sat-
ellites offer both a technical challenge and increased
opportunity for some exciting OX. This operator usu-
ally has excellent linear (horizontal or vertical) pola-
rized antennas for the 2-meter uplink bands but has
nothing for 10 meters. Reading that a turnstile can be
a simple, effective device for reception, he builds one
and finds that, sure enough, he can hear something.
It may be weak, but, by golly, those signals are com-
ing from outer space!

Step back for a minute and analyze this situation
as sketched in fig. 7. The uplink antennas on 2 meters
can put a powerful signal into the satellite when it's
at low angles of elevation as seen by this operator.
His downlink antenna, however, receives best when
the satellite is at a high angle. In other words, when
he can hear it, he can’t access it . . . and when he
can access it, he can’t hear it — meaning, he cannot
hear himself.

The second type of Amateur who decides to have
a go at satellite operation is the HF operator, who
usually has a good beam antenna for 10 meters. Read-
ing that a turnstile antenna is a good choice for satel-
lite operation, he builds one and uses it. Now analyze
this situation as sketched in fig. 8. The uplink antenna
on 2 meters puts a weak signal into the satellite when
it is at low angles of elevation as seen by this opera-
tor. His downlink antenna, however, receives best
when the satellite is at low angles. In other words,
when he can hear it, he cannot access it . . . and when
he can access it, he cannot hear it — meaning that
he cannot hear himself. Although this is the inverse
situation to that of the VHF/UHF operator it has the
same characteristics: both are “alligator operators” —
all mouth and no ears.

There is a third category: the apartment dweller who
cannot put up HF antennas at all. This type of opera-
tor can usually install some kind of VHF/UHF array
on a balcony and work Mode B quite well. But when
he tries Mode A, he has problems because of the size
of his 10-meter receiving antenna.

It's no surprise, then, that the vast majority of Radio
Amateurs who decide to become active in satellites
have trouble working them at first.

matching uplink and downlink
antennas

in order to get the most enjoyment out of satellite
operation, it's necessary to match the uplink and-
downlink antennas. Before doing this, however, it's



necessary to consider other aspects of the satellite
communications path.

The Earth-Satellite-Earth ccommunications link is a
line-of-sight path. Each ground station has a range cir-
cle for which a window allows communications into
the satellite. In order to work any other station, the
range circles of the two stations must overlap as
shown in fig. 9. The duration of any contact is
governed by the time that the spacecraft spends in
that window. Thus, the higher the elevation of the sat-
ellite as seen by the ground station, the shorter its
communications range along the surface of the Earth.
The best DX contact between any two stations occurs
when the sub-satellite point of the orbit of the space-
craft passes over the ground where their range circles
just touch — that is, at a tangent to both range cir-
cles. They will, however, also have very little time to
make that contact.

antenna characteristics

The usual three-element Quad or Yagi-type antenna
puts out a good directional low-angle signal. The turn-
stile antenna puts out a good omnidirectional high-
angle signal. Vertical antennas put out good
omnidirectinal low-angle signals. The 3/8 and 5/8
wave antennas used on 2-meters have good
omnidirectional low-angle radiation characteristics.
Somewhat directional high-angle radiation may be
obtained from sloping dipoles attached between the
top of a mast and the ground in the manner of guy
wires (but don’t ever use them as.such), as shown in
fig. 10. If you want to work the satellites successfully,
you must match the characteristics of your uplink
(transmitting) and downlink (receiving) antennas so
that they have similiar radiation patterns.

receiving signals

The satellite downlink is usually marginal because
the spacecraft is using low power and is far away.
Every ESE (earth-satellite-earth) contact practicaily
qualifies the spacecraft for yet another 1000-mile-per-
watt award for QRP communications.

Most modern receivers (and others not so modern)
suffer from a loss of sensitivity at the top end of the
10-meter band so that using a preamplifier to increase
the strength of the received signals is a good idea.
Most Amateurs feel that to communicate with DX sta-
tions they need the biggest antenna they can put up
and the maximum power they can put out. But there's
a fallacy at work in this kind of thinking; if the mini-
mum amount of transmitted power to put an S-9 signal
into a DX location is, for example, 100 watts, then for
that transmitter to use 1000 watts would be a waste
of power . . . or would it? For the moment, ignore the
QRM factor in which the more power you use, the
louder you are and the more likely you are to be heard

HORIZONTAL ANTENNA RESPONSE

45~60°

7 (DEPENDS ON
SLOPE OF
ANTENNA)

SLOPING ANTENNA

fig. 10. Sloping antennas for 10 meters. Optimally, put
slopers on four sides of tower. These will work well for
regular 10 meter contacts. Put dipole or beam on tower.

over the rest of the pack. If the signal is made weaker
or attenuated by the ionosphere for one reason or
another, what happens? In our example, we are receiv-
ing signals from a transmitter having the calculated
100 watts. If a fade equal to 5 S-units takes place, the
received signal will drop down to S-4. This isnt too
serious; S-4 signals can be copied, but what happens
if the station is using the QRP and was S-4 to begin
with? The same fade would take it down to S minus
1 or below the noise level, and no signals could be
copied. The communications link should contain
enough gain to minimize or avoid loss of reception due
to extreme fading. In other words, some kind of mar-
gin should be built into the link.

the communications link

The communications link in a satellite contact can
readily be split into two parts, the uplink and the down-
link. Consider each of these in turn.

In the downlink, the transmitter output power is not
under the control of the Radio Amateur, but is instead
fixed by the satellite. The attenuation of the signals
radiated by the satellite is a function of the distance
between the spacecraft and the receiving station. The
actual strength of the received signal at the ground
station antenna will vary because of the attenuation
due to fading and polarization changes in the iono-
sphere. Thus all the ground station operator can do
is make sure that he has the best and most sensitive
receiving capability that he can have. Ideally, the
receiver should be such that the beacons on the down-
link are receivable at good signal strength. In most
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CRYSTAL
PRODUCTS
9 MHz CRYSTAL FILTERS
Appli- Band-

MODEL cation width Poles Price
XF-9A S58 24 kHz 5 $53.16
XF-98 SSB 24 kHz a8 72.05
XF-8B-01 LS8 24 kMz 8 a5 90
XF-98-02 use 24 kHz 8 95 90
XF-98-10 558 24 kHz 10 125.65
XF-9C AM 375 kHz ;) 77.40
XF-9D AM 50 kHz 8 77 40
XF-9E FM 120 kHz a 77.40
XF-9M cw 500 Hz 4 54 10
XF-9NB Cw 500 Hz - 95,90
XF-9p CwW 250 Hz 8 131.20
XF-910 IF noise 15 kHz 2 17.15

10.7 MHz CRYSTAL FILTERS
WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS
Export inquiries Invited Shipping $3 7%

MICROWAVE MODULES EQUIPMENTS

Use your axisting HF or 2M rig on other VHF or UHF bands

RECEIVE LINEAR
CONVERTERS TRANSVERTERS
MMk 1691-137 $259.95 MMI 1296-144G $329 95
MMK 1296-144G 159 95 MMyx 1268-144 220.95
MM 439-ATV 94.95 MMt 435-28(S) 309 95
MMec 432-28(s) 64 95 MM1 432-28(5) 289 95
MMc 144-28(HP) B4 95 MMt 144-28(R) 339 95
MMc 144-28 589.95 MM 14428 189 95
LINEAR POWER AMPLIFIERS
M 70cm
MML 144-30-LS 109.95 MML 432-30-L 219.95
MML 144.50-S 110.95 MML 432.50 22995
MML 144-100-S 20995 MML 432-100 379.95
MML 144-100-LS 189 95 . ™
MML 144-200-5 372495
ANT e iy
2M -5
10XY-2M $69 95 LOOP YAGIS
70cm 1268-LY $49 .95
TO/MBM28 $39.95 1296-LY 49.95
7TO/MBM48 64 95 1691-LY 59.95
70/MBMBSE 94 95 order loop yagl connector exira

Send B6€ (3 stamps) for full detals of all our VHF & UHF equipments and KVG crystal

products m
Shipping: FOB Concord, Mass @ A8

(617) 263-2145

SPECTRUM
ERNATIONAL, INC.
st Office Box 1084
L MA 01742, U.S.A.

BASEBALL CAP

How about an attractive BASEBALL style cap
that has name and call on it. It gives a
jaunty air when worn at Hamfests and it is
a great help for Inends who have never
mel 1o spot names and calls for easy
recognition. Great for birthdays, anniver-
saries, special days, whatever occasion
Hats come in the following colors
GOLD, BLUE, RED, KELLY GREEN
Please send call and name (maximum 6 letters

per line)

UFBC-81 $6.00
No ham should be without an 1.D. badge. It's just the thing for club meetings,
conventions, and gel-logethers, and you have a wide choice of colors. Have
your name and call engraved in either standard or script type on one of these
plastic laminated |.D. badges. Available in the following color combinations

(badge/lettering): white/red, woodqrain/white, blue/white, white/black, yellow/
blue, red/white, green/white, metallic gold/black, metallic silver/black.

IUID Engraved 1 D. Badge $2.50

Ham Radio’s Bookstore
Greenville, NH 03048

Please Enclose $2.00
to cover shipping and handiing

cases, this means that a receiving preamplifier should
be used ahead of the receiver.

In the uplink, the receiving antenna and on-board
receiver sensitivity are governed by the design of the
satellite. The attenuation of the signals from the
ground as received by the satellite is a function of the
distance from the spacecraft to the transmitting sta-
tion. The actual strength of the received signal from
the ground station antenna will vary because of the
attenuation due to fading and polarization changes in
the ionosphere. The effects of the ionosphere on the
uplink may differ from those on the downlink. In the
past, AMSAT has performed the link calculations be-
fore the launch of the spacecraft and released a recom-
mended value in radiated uplink power (EIRP) for
Amateurs to use with the satellite. This number has
usually been conservative, and most satellite users
have no trouble working through the transponder with
much less power. The common solution to this prob-
lem is to boost the transmitter power until a good
return signal is heard. This is not the optimal solution,
because stations that have problems hearing them-
selves will tend to use too much power, not because
they can’t get into the satellite, but because they can-
not hear themselves getting into it. The ionosphere
may also behave differently in different places at any
time, so that although the sending station may be hav-
ing trouble hearing his own downlink, other stations
further away may be copying him with ease. There's
no easy solution to this situation. The compromise is
to attempt to make your own signal as received on
the downlink equal in strength to that of the tran-
sponder beacon. This means that you adjust your
transmitter power to keep your own signal as strong
as the beacon on your receiver. You can do this either
by reducing the transmitter power gain or by aiming
the antenna away from the spacecraft.

Gain in the communications link can be obtained
by using amplifiers or directional antennas. Directional
antennas are at a disadvantage in that they must be
moved to track the satellite during the pass, while
omnidirectional ones do not. On the other hand,
they're usually cheaper than amplifiers, particularly
high power UHF transmitting types. Thus, to obtain
a certain power output level on the uplink, the
Amateur has the choice of a directional antenna and
low power or an omnidirectional antenna and high
power, or something in between. Similarly, on the
downlink, if the directional antennas are used, a receiv-
ing preamplifier may not be an absolute necessity. In
any event, for reasonable results, make sure that the
characteristics of your uplink and downlink antennas
are matched.

locating the satellite
The common adage, "If you can’t hear them, you



can't work them' must be modified for satellite users
to read, “If you can't locate them, you won't hear
them . . . and if you can’t hear them, you can't work
them."

In order to work satellites, an Amateur has to know
not only when a satellite is in range, but also where
fo aim his antenna in order to put a signal into it. A
number of different techniques have been developed
over the past few years: graphical “circular slide rules”
were first used very successfully for Phase 2 low-orbit
satellites. As the personal computer found its way into
ham stations, computer programs were developed to
locate the satellites and the graphical plotters could
be used to augment computer-generated data.

Fortunately, the first OSCAR satellites used by large
numbers of Amateurs (AMSAT’s OSCAR 6, 7, and
8 and the early RADIO spacecraft) were in circular
orbits, which made locating them easy. All you had
to do was pick a “reference orbit’’ as published in the
Amateur Radio press and add the orbital increment
to determine the position of the next equator cross-
ing (start of the next orbit) and then add the period
of the orbit to find the time of the following orbit.

When the first Phase 3 satellite (AMSAT's OSCAR
10) was put into service, it was placed into an ellipti-
cal orbit with a high apogee and a low perigee
definitely a non-circular orbit. AMSAT's Tom Clark,
Wa3IWI, an astronomer by profession, wrote a program
that utilized Keplerian elements for keeping track of
the position of any satellite in the Amateur Satellite
Service. This and many other programs have been
widely disseminated and there should be at least one
member of each radio club who knows how to get
hold of them. (AMSAT can supply copies of such soft-
ware through its Software Exchange.) Locating the
satellite, therefore, should not be a problem.

reference
1. Tem Clark, W3IW), "“Basic QOrbits,” Orbit, March/April, 1981

Now you can get in on the fun in packet radio!
MODEL PK1

* Aeady 1o opeiate - wired and leated

* Operates with Yoice Transceivers.

* Eawy to leamn, sasy o oparaie

* Buill in Packwt Modem and CW identification

* Use with & computer, terminal or Telatype
Machine

* Torminal: ASCIl or BAUDOT, 45 1o 9600 Baud

* Radio Link Speeds of 300, 600 or 1200 Baud

* Automatically selscts AX. 28 or VADCA

‘ Repaster Command Lockout

* Full §-digipeater operation in AX.25

* Qwei 80 s

* Stores received messzges for delayed mading

" Able 1o displey other calis while connected

Gparnes a4 n weanied sgperie SPECIAL PACKAGE DEAL!!!
5 wm"ﬂm for Teletype Motor Control Amateurs Only
Ingludes PK1 Installed In

* Standard mamary ts 4K, sapandable to 14K
cabine! wicable set & pwr. supply

* ABK RAM svail on spacil order
$169.95

" Cln n cusiomired for LAN's.
. N?ul for sharing of woice channels
CIII sign, 5510 & VADC # programmaed in ROM

Dimaniiond: 23 X 11 X 5 (inchas)
Powst Reguirement: 12 volis DC at 200 ma

PK1 - FCC CERTIFIED - wired and tested in cabinet $149.95
PKIS- Subassembly board - wired and tested $109.95

PKDOC - Documentation only - Refundable on first PK1
purchase § 9.95

Please specity Call Sign, 551D Number, and Node Number when ordering
Contact GLB lor additional info and available options.

We offer a complete line of mnsmmm and m:mm $irips, preselector
preamps, CWiD'ers & synih for d¢ il use.

Reques! our FREE catalog. MC & Visa welcome, » 1M

GLB ELECTRONICS INC.

151 Commerce Pkwy., Buffalo, NY 14224
716-675-6740 9to 4

ham radio
NEW BOOKS

RADIO DATA REFERENCE BOOK
5th Edition
by G. R. Jesop, G6JP and R. §. Hewes, G3TDR

A brand new edition of the reference “'bible” for all Amateurs and eleclronic
enthusiasts  Perfect compliment to ARRL HANDBOOK. Covers unils and sym
bols, hasic calculations. resonant circuils and filters. circuit design, antennas
and transmission lines, radio and TV services, geographical and meteorological
data, materials and engineenng data and mathamancal data 1985 5th
edition 244 pages

RS-RDR Hardbound §14.95

1986 WORLD RADIO TV HANDBOOK
40th Edition
Otten referred 1o as the SWL's bible, this 40th anniversary edition 15 sure o
be a best seller. Its loaded with all the latest call signs. schedules, frequen
cies, and other important information for TV and radio broadcastérs around
the world Covers LF, MF and SW broadcasting services as well as TV sla
tions around the world. Also includes equipment reviews and other special
features It you haven't seen a copy before, you don’t know whal you're
missing! 1986 40th edition

GL-WRTV86 SoMtbound $19.95

Please enclose $3.50 shipping and handling

= HAM RADIO’S BOOKSTORE e

Greenville, NH 03048

CRESCENT RADIO ELECTRONICS 25001..
A Broadband, “No-tune” HF Power Amplifier,
Soon to become available® to the
Amateur Radio Service

Featuring,
o roadband Output Netw orks
(N0 servos OF sensing circuils)
o Continuons Duty 1500 Watts Output
o Commercial Serviee Power “IIHIII\
o Rugged B8TT Industeial Power Triode
o [ull-cabinet Cooling System

o Standard Amateur Band Coverage

Please b oisit
BOOTH 111 at DAYTON HAMVENTION
Dayton, Ohio April 25, 26,27

Your Hosts

NICK TUSA RON SCALISE
KSEF WASZFP

Crescenl Radio Electronics, Inc.
Research, Development, Manufacturer
129 somerset - LalPlace, La. 70068

(H04) 736-0022

*FCC type approval, patent, pending » 112
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