Circular Polarization
and OSCAR Communications

OSCAR users are switching to circular polarization to lessen
signal fading. Build this low-cost antenna system and hear
what you've been missing.

By Bermie Glassmeyer,* WHKDR
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Fig. 1 — Both uplink and downlink signals must
pass through the ionosphere to reach the OSCAR
satellites. Approximate distances from the earth’s
surface are shown.

location relative to our position on earth.
This is easy to do using tracking devices
available from ARRL hq.' and other
sources, and the OSCAR operating
schedule, published monthly in QST.
Once the position of the satellite is
established, it is time to consider another
unknown: spacecraft rotation. A perspec-
tive may be gained by studying Fig. 2. The
direction of orbit for OSCAR 8 on a
south-to-north evening (ascending) pass is
indicated by the positive z-axis (top of
spacecraft). For a north-to-south morning
(descending) pass, the direction of orbit is
indicated by the negative z-axis.
Therefore, the positive z-axis points in the
direction of the earth’s gcomagnetic north
polc, and the negative z-axis points in the
direction of the south geomagnctic pole.
The north and south geomagnetic poles,
distinet from the more familiar
geographic poles, define the earth’s
magnetic field. Because this axis inclines
about 12 degrees from the geographic
axis, the geomagnetic poles lic 798 miles
from the geographic poles. The stabiliza-
tion system aboard OSCAR 8 consists of
four permanent magnets aligned along the
z-axis. These magnets allow the spacecraft
to remain parallel to the earth’s magnetic
field.

The OSCAR 8 spacecraft currently
makes one 360-degree rotation about its
z-axis every five minutes. The 2-meter
antennas (four canted turnstiles) mounted
on the negative z-axis (bottom of the
spacecraft) and the 10-meter dipolc
mounted on the x axis both rotate on the
z-axis. Result: additional polarization
rotation and fading.

Circular Polarization

Now that we have some idea of the or-
bital mechanics of the spacecraft, let’s

'A simple tracking device, the OSCARLOCATOR,
is available from ARRL.
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Fig. 2 — The path and orientation of OSCAR 8 as
it orbits the earth.

take a look at the types of polarization
used in space communications. The two
most likely polarization candidates are
right-hand circular polarization (RHCP)
and left-hand circular polarization
(LHCP). To understand these two forms,
we must choose one of the two conven-
tions of circular polarization theory. One
theory is the 1942 classic physics defini-
tion; the other is the definition of the In-
stitute of Electrical and Electronics
Engincers (IEEE). Arguments lasting to
the wee hours of the night have occurred
between these two schools of thought. [
chose the IEEE convention, since all re-
cent work done in the field uses it. Let’s
accept it and proceed. The IEEE conven-
tion is taken from a viewpoint at the rear
of the antenna looking in the direction of
travel of the wavefront, as shown in Fig.
3. As we look in that direction, an RHCP
wave will turn clockwise. An LHCP wave
will turn counter-clockwise.

Most vhf opcrators know that vertical
and horizontal polarization are not com-
patible; about 20 dB of signal strength is
lost when the transmitting station uses one
polarization and the receiving station uses
the other. But circular polarization can be
used with vertical and horizontal polariza-
tion, and any form in between.

Because of Faraday and satellite rota-
tion, the polarization of the rf energy
from space is indeterminate. Observing
the intense fading of a received signal such
as the 435.095-MHz beacon from the
OSCAR 8 spacecraft has changed the
thinking of many recent OSCAR converts
who would rather switch than fight Fara-
day rotation. If you tune in the beacon
and get QSB (fading of the received
signal), that’s it — polarization rotation
— unpredictable and ever-changing.
Regardless of the polarization at the
spacecraft or earth station antenna,
whether uplink or downlink, when the
signal passes through the ionosphere its
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Fig. 3 — Types of polarization. (A) Horizontal
polarizaton. (B) Vertical polarization. (C) Right-
hand c rcular polarization. (D) Left-hand circular
polarization.

polarity is changed. Sometimes the rota-
tion is as much as 180 degrees in a five-
minute period, as on 10 meters. By switch-
ing to circular polarization, it is possible
to change a marginal signal to ‘‘solid
copy,”” and gain the hands-on experience
you will need to become proficient in
space communications. )

The best possible system would be
switchable RHCP and LHCP on both the
uplink and downlink frequencies. Both
RHCP and LHCP are useful because the
effects of Faraday rotation may be so
severe that the polarization sense may ac-
tually become reversed!

Assembling such an antenna system is
not difficult. Fig. 4 shows four Yagi
antennas, a pair for 144 MHz and a pair
for 432 MHz. Note how each antenna is
mounted at a right angle to its counter-
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ONLY CENTER OF REFLECTOR SHOWN FOR DETAIL

NOTCH SLIGHTLY TO
FIT INTO MESH OF
REFLECTOR SCREEN

HELIX MOUNTING DETAIL

Fig. 8 — The details of the helix-mounting arrangement. See Table 1 for a number-keyed parts fist.

Table 1

Parts list for the helix mounting detail shown in Fig. 8.

Piece No. Description

U bolt, TV type

U bolt spacer

U bolt nut with lock washer
Refiector mounting plate (see Fig. 9)
Coaxial receptacie, N type

1- x 2-in. heavy gauge wire mesh
Helix boom-to-refiector brackets

No. 8-32 bolts with nuts and washers
Boom, approx. 1- X 1+n, tomato
stake, 6 feet long

10 Boom spacer, 1- x 1in, tomato stake
11 No. 8 wood screws with washers

W0 ~MN AW -

Comments

Use to bolt antenna to elevation boom
As above

As above

Rivet through reflector to boom brackets
Rivet to mounting plate

Reflector, cut approx. 22 in. square

Rivet through reflector to mounting plate
Bolt boom brackets to boom

Boit to boom; cut to give %-in. spacing
Attach spacers to boom (three places)

Notes: 1) Mount reflector mounting plate to boom brackets observing 9-inch clearance for boom.
2} Wire mesh may be bent to provide clearance for U bolis.
3) When positioning the reflector mounting plate, try to center the coaxial receptacie in the wire-mesh

screen.

Follow the dimensions shown in Fig. 9.
Heavy aluminum wmaterial is recom-
mended; 0.060 inches (1.5 mm) is the
minimum recommended thickness.
Thicker material will be more difficult to
bend, but two bends of 45 degrees spaced
about 1/4 inch (6.4 mm) apart will work
fine for the brackets in this case. The

measurements shown are for TV-type
1-3/4 inch (44.5-mm) U-bolt clamps. If
you -usc¢ another size, change the dimen-
sions to suit. Drill the four holes in the
reflector mounting plate and mount the
coax receptacle, using pop rivets or nuts
and bolts. It is advisable to check
clearance between the coax receptacle and

the elevation boom before final assembly.
The thickness of the U-bolt spacers will
affect this clearance. Mount a short piece
of pipe, the same size as the elevation
boom you will be using, -to the U bolts,
wire mesh reflector, reflector mounting
plate and boom brackets, as shown in Fig.
8. Position the plate in the center of the
wire mesh reflector. [t-will be necessary to
bend some of the mesh to clear the U
bolts. Loosely tighten the U bolts so the
plate can be adjusted to fit the mesh.

The wood boom assembly shown in
Fig. 8 is two six-foot lengths of tomato
stake joined' together in three places.
Mount one spacer in the center and the
other spacers one foot in from each end.
Position the notched ends of the boom to
fit into the mesh. When the correct align-
ment is obtained, clamp the assembly
together and drill holes for rivets or bolts
through the reflector mounting plate,
brackets and wood boom assembly, When
drilling the boom holes, place the reflector
flat on the floor and use a square so the
boom is perpendicular to the reflector.
Mark the boom through the holes in the
boom bracket. When the assembly is com-
plete, give the wood boom a coat of
marine varnish.

The most unusual aspect of this anten-
na is its use of coaxial cable for the helix
conductor. It is readily available, inexpen-
sive, light in weight, and easy to shape in-
to the coil required for the helix. Nine
turns will require about 22 feet (6.71 m),
but allow 25 feet (7.62 mm) and trim off
the excess. The author used an FM-8 type
of coaxial cable, but any type may be used
that is near the 1/2-inch (12.7-mm)
diameter required, and has.a center con-
ductor and shield that .can be soldered
together, Strip about four inches (102

'mm) at one end of the cable down to the
center conductor, but leave enough braid

to solder to the center conductor. This will
become an electrical short. The exposed
center conductor should be measured 3.3
inches (84 mm) from-the short and the ex-
cess cut off. This is the dimension P in
Fig. 7. Wind the 25-foot length of coax in
a coil about 10 inches (254 mm) in
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Fig. 9 — (A) The helix reflector mounting plate (part no. 4 in Table 1). (B) The boom brackets {part no. 7 in Table 1),
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diameter. Check Fige } o deotermine
which wayw 1o wind the coil for RHCF or
LHCP. SEp the codl oser the boom and
mioy e The stripped cnd of the cable toward
the voay recepiachke, which will beoome the
stprting point of the ning furns. Solder the
conier conducior o the coas recepiacle,
and start the Qs fwrm 3.0 inches (E3LE
mm| [rom the pomi of connectisn a thc
oo redeptacle. Ticewraps oo wscd 10
fasici the ooax to the wood boom. Mark
the boam using dinsenssoi S b Fig. 7. The
ersd fac=wrap will be only bl ths distanee
when il [irsl comes moeommet with the
boism, ien each steeocssive rn on tha
wiide of Lhie bovon will be spoced by dimen-
sethn M. Ling 1w De-wiaps s0 they [orm gn
X oarcund the Boom and coax. Onee the
(irsl wrap is secwne, wind cach tarn and
lasten the cabbke ong possl al o Lang
Betore cach tarn |5 rightened, maks sure
the dimensions aie oomedl. When you
reach mine tarns, check gl dimensions
wgiwin . Cun U coas o the ninth twm, sivip
criough of the end 1o solder @ shovt, The

expossed slder commections o éach cad of
the coan conductor may be faped and
spraved or oovercd with a RTV-1ype
covering io weatherprool them.

The coaxipl 75-ohm guaricr-waselength
matching sectvon shown in Fig. 10 is con-
nected i serses with the feed line at the
antenna feed poimt, The formula for
determining the correct impedanse value
for 4 ocoaxinl guarer-wave maiching
transformer is

¥ 22,

£, =

where
£, = desired vransformer impedance
£, = transmission-ling impedance
&, = amenna impedance

The impedlance of (he helix s Dpprox-

mately 140 ohins, To mach the £3-ohm
tramstlsslon ki, A transformer of §5.3
olims m reguared. The Ti-o0hm cable used
here s close cnosugh 1o thie vilue Tor &
gowsd] stantehi. The transformer should be
comiecied directly o the femals connsoior
moanted on the reflector mounting plage
Use @ double-female adapier o connect
the Feed line to the maiching rransformer.,
Wrap the connectorns with plastic elecirical
tap, then spray with an acrylic resin for
walermrooiing

To moant thee antennes on an clova-
tign boom, a counterbalance is required.
The hest way (o do this s fo mownt an arm
bt two Feet (610 mm b long 1o the eleva-
pion boom, at some podnd that is cear of
the rotator, masl and other anfennas,
Paant the arm away from the direction the
heflices arg peanting in, and add weight 1o
the end of the arm until balance is found.,

D mot run beng lemgths of coas to this
amienna, unbess you dse handloie, Evei
short rans of good RG-R/L coax are quie
lossy: M fect of loam ROG-BCL0 a1 430
SIH 2 has 8 bs of 2 dB. There wre othes
aptions il you musd make loag runs and
can”l use hardline. Sorke AMELCWTS AboLibl
tlhe convertcrs, transverters, amplifiers
and fileers at the ontenna. This could be
done with the Bella antenna very casilyg
the wnils couald be mounted Behind the
relecior, which will pbwo add ooumier-
bakance. 1T this approoch s used, check
local électival codes Belore rnming any
power lines 10 1he Rnicnia

Many theorcrically minded amatewrs
will argue thar polorization sense does moi
change as the signal passes through the
ipnosphere. 5o far, only a few active
OSCAR & Sasde J oweers have discovered
thoa # pays to switch polariration sense.
With ane RHCP, one LHCP helix and a
retote uhf spdt switch, voo will be able to
determine for yoursell il this phepomenon
cxists, With pevive sapelbites equipped Tor
Til-cm transmiszion and reception arbiting
the carth every day, we only necd poine
ogr antennas skyward 1o enjoy and learm
from  the csciting world ol satelin
COnNEmUnICAtinsT. T

Thete (wi OSCAR DXEpaidilicress, Hab
Scnaanbahim, KV4FE, of Chnstiansted, Vingin
Islarsds, and Bud Ansley, WEVPH, ol Passdena,
Calviornia, mave pul mamy new soots in ihe
Caribbsein on ima alr far DSCAR D¥ern, The
pllogiapt was Laden al the KVEFT antenny
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“HAMFEST CALENDAR™
RULES AND REGS

O Q8T will I your homfest in its
monihly “Hamfess Calendar,'' free of
chorge, There are ceriain goidelines,
however

Hawrfests wall bw fisied ondv orce,. Spons
sors may specify the issae im which the an-
noancement should appear. Mormally, il
the evemi will occar before the [Oth of the
manth, we recommmend bisting 6 n the
previous month®s issoe, The deadline for
receipy of hamiess imformation & the E5th
ol the seooml month preceding publsca-
thnt, In other words, iF am event is August
%, the announcement showld be i the July
issue, and will need to arrive in Mewington
tv the 15th of May al the very latest. For
an Augusd 19 cvent, the sponsar oowld
choose cither the July Bssue, with the May
15 deadline, or the Augiesl issue. with a
Tune |5 doeadiineg

We will sckpowlodge all information
received a1 Hg. for “*Hamfest Calendar
with & posicard  siating the date of
publicaion. I you do not recese an
ackpowlodgerment within two weeks, vour
letter may not have arrived a Hg., o
please send us a duplicate copy.

O,  wes, “Hamiesi Calendar™ i
separaie from the hamfest seotion of the
Ham Ads. See the Tirst page of the Ham
s scction n ehis =g Tor meore informa-
tion, — Marge Tewney, WEIFSN
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