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What polarization do you receive 
on Skywave HF signals?

• Vertical?
• Horizontal?
• Same as the transmitter?
• Random?• Random?



What polarization do you receive 
on Skywave HF signals?

• Vertical?
• Horizontal?
• Same as the transmitter?
• Random?• Random?

The answer is None of These !



Elliptical Polarization is the Answer
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Elliptical Polarization can be clockwise or counter-clockwise



HF Ionospheric Experiment

• Learn about antenna polarization
• Practice building phasing harnesses
• Practice building shorted stubs
• Construct possible Field Day antenna• Construct possible Field Day antenna
• Spare antenna switch adds Vertical antenna



So What’s Going On?
• Ionosphere is magnetized plasma, ionized gas
• Magnetized plasma has “bi-refringence”

– Two different refractive indices

• Linear polarized signal splits into two separate 
counter rotating circularly polarized signalscounter rotating circularly polarized signals

• O-Mode = Ordinary wave (what you normally hear)
• X-Mode = eXtrordinary wave which is much weaker

• This is not Faraday Rotation which is just rotating 
the plane of the wave while retaining a single 
polarization



First Documented in the1940s

• March 1940 QST
The Ionosphere
and Radio Transmission

• June 1940 Bureau of Standards
Letter Circular LC-575
Characteristics of the Ionosphere in Washington DC



X and O

• O-mode signals
– Aligned with the electrons of the ionized plasma
– Travel faster with less loss

• X-mode signals• X-mode signals
– Travels higher into the ionospheric layer
– Not aligned with the ionized plasma, more loss
– Therefore slower to be received and weaker



Benefits of Elliptical Polarized Antennas

• ~3dB of signal gain when aligned
• ~20dB of signal cancellation (reuse frequency?)

• Ideally antenna should be aimed at transmitter• Ideally antenna should be aimed at transmitter
• Different transmit antennas, QSB can make it hard to 

make consistent measurements on the ham bands
• WWV frequently used as constant reference signal
• The time ticks can be used for O/X time difference 

measurements



Transmission Lines
• Wavelength = 300,000,000/Hz in meters
• Meter = 3.28 feet
• Electrical X VF = Physical length

• Shorted ¼ wave inverts impedance
– A shorted cable is an open
– An open cable is a short

• A ½ wave cable transfers the same impedance• A ½ wave cable transfers the same impedance
– You can easily measure a short (for a ¼ wave cable) at twice the frequency

• Matching impedances
– Two 50 ohm cables in parallel are 25 ohms
– A ¼ wave length of 35 ohm cable can match the 25 ohms back to 50 ohms
– 35 = (25 X 50)^.5
– I could have reasonably used two parallel lengths of RG11 75 ohm

• This would have provided a 56.25 ohm load
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EZ-NEC
Antenna
Modeling

What will
an antenna
do before

you build it !



RG58
50 ohm

9913
50 ohm

RG83 35 ohm
(notice the inner/outer diameter ratio is different?)



Shorting the far end of the cables to verify cable lengths
before attaching the UHF male PL259 connector

You can use an MFJ Analyzer
or a Grid Dip Oscillator

I used an alligator clip on the end of the coax
(picture deleted)

or a Grid Dip Oscillator

The MFJ has better resolution



Tuning 1/4� cables for a short circuit at twice the frequency where cable is 1/2 �

Picture of MFJ Antenna Analyzer
At 28.2 MHz showing R=1 and X=2
Minimum resistance and reactanceMinimum resistance and reactance

Deleted for yahoo upload



RG83 35 ohm cable has thick outer cover, thin dielectric, thick center conductor

There was no way to solder the shield inside at the 4 holes

Soldered at rear of connector, trimmed excess braid, filed off excess solder so sleeve fit

Connector weather-proofed as a whole with Rescue Tape

Soft drawn solid center conductor fit nicely into center PL259 pin

Cut the loose fringe
after soldering braid
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Inside of Ameritron RCS-4 Remote Antenna Switch



Rear of Ameritron RCS-4 Remote Antenna Switch PC Board - Unmodified

Picture deleted for Yahoo upload



Rear of Ameritron RCS-4 Remote Antenna Switch PC Board – Simple Modification

Ant InAnt 1Ant 2Ant 3Ant 4

X X X X X X

NC   NO  Com NC   NO  Com



Elliptical Polarized Inverted Vee Antennas

North

East South

West
Completed just before the approaching snow storm
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2 Baluns on top of the mast
4 foot PVC extension on 16 foot metal mast
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W6EL Propagation Prediction
Dec 19, 2010 2200Z Flux=81

Path=856mi Azimuth=268 MUF=16MHz
Predicted Takeoff Angle=21  F Layer

Signal strength differences of >3dB
may be attributed to Elliptical Polarization



N-S broadside to WWVE-W edgewise to WWV

The N-S antenna should be 2.78 dB better, but it is not !



15 MHz WWV Reception Analysis
Measurements hard to take with QSB but E-W is dominant over N-S antenna



Optimum antenna orientation for
X and O observations

NVIS = Near Vertical Incidence Skywave

TX2

RX

Antenna “aimed”
at TX2 signal

TX1

Antenna not “aimed”
at TX1 signal

If separate transmission lines went to the shack for each antenna,
the two signals could be compared in real time for visible imbalance
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FD Antenna?…FD Antenna?…

Probably a little bit low to the ground right now,
but it is staying put until Spring…


