
  

LOW FREQUENCY RADIO EXPERIMEMTS
WITH AN EXPERIMENTAL LICENSE FROM THE FCC

Brian L Pease, W1IR and WG2XPJ

ABSTRACT
This year I obtained an Experimental License from the 
FCC to legally conduct experiments on two low 
frequency bands with relatively high power.
The licensing process involved submitting a detailed 
online application describing my qualifications, station 
details, and what I proposed to do.
So far I have constructed a full-size dipole for the 
proposed 630 meter (475kHz) ham band and 
transmitted 1 Watt ERP (measured) using a 100W 
Class-E amplifier I built.  2200 meters (137kHz) is next.



  

I became interested in low frequency Above-The-Earth Radio 
after successfully receiving a CW transmission from the

17.2kHz World Heritage station SAQ in Grimeton, Sweden

 SAQ, essentially unchanged 
since 1924, uses a 200kW 
Alexanderson Alternator and 
a huge antenna array.

 The CW transmission was at 
2:30 AM EST in perfect quiet 
winter conditions.

 I used a 6 ft diameter tuned 
loop matched to a Rycom 
Selective Level Meter with 
250Hz bandwidth.

 The CW note was as clean 
as any modern transmitter.



  

I failed to receive SAQ on June 30, as expected on a summer daytime path, but 
I discovered this .01-30MHz online receiver in the Netherlands, in ground wave 

range.  Each user had complete control as though it was their own receiver



  

How I Obtained My Experimental License

 First I visited the Electronic Code of Federal Regulations at 
http://ecfr.gov to read about the Experimental Radio 
Service, which is Part 5 of Title 47 of the CFR.

 Next, I visited the FCC's Experimental Licensing System at 
https://apps.fcc.gov/els .  There is a link to a User Manual 
that takes you through the online process step by step.

 Basically, I had to fill out Form 442 for a new license, along 
with an attachment describing what I intended to do, how 
long it would take, and how it would benefit the World.

 Then I filled out Form 159 for the $60.00 filing fee, credit 
cards accepted.

 Then I waited.  Mine took 9 weeks, but 3 weeks is typical.

http://ecfr.gov/
https://apps.fcc.gov/els


  

It seems that one can conduct just about any type of experiment



  

Reasonable changes can be made to equipment or antennas 
without prior authorization from the FCC



  

Low Profile LF and MF Antennas
Proposed Research and Experimentation

Brian Pease, W1IR, Amateur Extra

Most radio amateurs assume that  verticals are the only practical antennas for long distance 
communication at low frequencies.  Simulations of antenna performance in the proposed 135.7 – 
137.8kHz and 472 – 479kHz Amateur Radio Bands show that resonant horizontal dipole antennas 
located very close to the ground (but with no ground system at all) have significant vertical E-field 
radiation and can potentially perform nearly as well as a 15 meter (50 ft) top loaded vertical with a 
ground system.  This is especially true in locations with poor ground conductivity where vertical 
antennas tend to perform poorly.  The dipoles are directional, with maximum vertical radiation off the 
ends.  In one simulation, a resonant dipole at 475kHz positioned 2 meters (6.5 ft) above the ground 
with ground conductivity of .002 S/m created a vertical Electric field off it's ends only about 3dB less 
than the 15 meter vertical mentioned above.  Even a dipole 2 inches above the ground radiates 
significant energy in simulation.  The Dipoles are also broadband.  The 475kHz dipole 2 meters off the 
ground has 30kHz bandwidth at the 2:1 SWR points, far wider than the proposed band.

Resonant dipoles close to the ground are much shorter than in free space, ~220 meters (715 
ft)for the dipole 2” above ground vs ~315 meters (1033 ft) in free space.  They can be shortened 
further by adding capacitive loading to the ends, loading coils, or with a matching network at the 
center.  For very short antennas, the ends can be grounded, but this can add considerable loss 
especially where ground conductivity is poor.

I think that if these LF and MF bands become reality, these simple low profile antennas could 
allow many hams (who have some space) to experiment with LF or MF that otherwise would not 
attempt it because of the hassles and expense of a tower, ground radial system, top-hat, and tuner.  
These antennas can be run along the top of a fence or attached to trees while standing on the ground.  
Cheap Aluminum electric fence wire and insulators can be used.  I have the space to conduct some 
experiments.



  

Proposal Continued

 I propose to attempt the following:

1) Simulate several more antenna configurations, heights, and ground conductivities for 
each band using the NEC4 method of moments program.

2)  Measure the actual conductivity of the ground where the antennas will be erected to 
better estimate expected performance.

3)  Erect a limited number of antennas (one at a time in the same location), tune them, 
and measure and record lengths, bandwidths, etc.  All antennas will be “in the woods” 
well below the existing tree canopy.

4)  Transmit a carrier of known power from each antenna and measure the vertical field 
strength off the ends and sides in the far field several km away, using a shielded 
Fairchild calibrated loop antenna and a Rycom portable Selective Voltmeter with a 
preamp.  Based on the simulations, the initial transmit power will be adjusted for an 
expected EIRP of ~1 Watt or less.

5)  Compare measured to simulated performance and select the best designs.
6)  If possible, use existing signal “grabbers” linked to the internet, or direct contact with 

other experimental stations to demonstrate long distance communication.  Possible 
modes are CW, PSK31,  and the narrow band weak signal FM digital modes created 
by K1JT, especially WSPR and his new JT9-1 mode designed especially for LF/MF 
communication.



  

Proposal Continued

I have the following equipment on hand now:
1)  Materials to erect the antennas.
2)  A homebuilt 25 Watt Class E amplifier for 472-479 kHz.
3)  A Hafler P3000 300 Watt linear audio amplifier suitable for 135.7-137.8kHz.
4)  An HP3586C Selective Level Meter as a receiver, with an RF output suitable to drive 

the amplifiers for the field strength testing.
5)  A homebuild active loop antenna to receive these bands to select clear channels.
6)  A Trimble GPS frequency standard to lock the 3586C frequency to a fraction of a Hz 

accuracy.
7)  A Fairchild calibrated loop antenna for the field strength measurements.
8)  A battery operated Rycom 3121B Selective Level Meter with preamp for field strength.
9)  Equipment to assemble an RF impedance bridge for tuning/measuring the antennas.
10)  An Advantest R3361A Spectrum Analyzer for measuring harmonic output of the 

amplifiers, etc.
11)  An IC-703 as a low level (SSB) signal source for the digital modes.
12)  A laptop computer with software to send and receive the digital modes.

I will need to fabricate a ~100 Watt amplifier for 472-479 kHz, with adjustable power 
level, and a forward/reverse RF power meter that covers both bands.  I will need to 
assemble and calibrate the RF impedance bridge.



  



  

License Continued



  

My first job was to erect a low dipole for the 630 meter
band.  It ended up being 266 meters (873 ft) long



  

The matching network is waterproof.



  

The final 630 meter (475kHz) dipole



  

I used an AIM-UHF Vector Impedance Analyzer to tune the dipole and 
measure it's impedance, saving many hours.  This plot shows impedance 

at the feedpoint and numerical values at the exact resonance



  

Next I designed a 100 Watt Class-E power amplifier for 475kHz.  I chose 
a push-pull design to allow 12VDC operation and to reduce the second 
harmonic, which is in the AM radio band and hard to filter out. This was 

the final LT Spice design, with low pass filter and CW keyer.



  

The voltage between the two MOSFET drains shows the classic Class-E 
waveform.  The 100 Watt output is clean.



  

The amplifier appears to be at least 95% efficient (difficult 
to measure accurately).  The cooling fan is unnecessary.



  

The final schematic includes CW keyers for both hand key and computer, 
MOSFET protection, and provision to vary power from 0-100 Watts.



  

With an operational 630 meter station, my first task was 
to measure the actual radiated field strength and 

calculate my Effective Radiated Power (ERP)

   I measured 1.45 mV/m vertical 
E-field off one end of the dipole 
(the maximum direction) at 5244 
meters distance.

    The antenna's vertical E-field 
pattern has broadside nulls.

     The calculated ERP was 1.17W 
for 100W RF input, not efficient, 
but very close to expected.

     It works as well as a 25 ft (8m) 
vertical over a ground plane, but 
is easier to build, is broadband, 
and no tuner is needed.



  

Final Comments

1) I have a strong daytime signal at 65 mile (105km) 
range, and have one nighttime report of a good signal 
at >400 miles (644km).

2) I plan to run a wire to extend one end of the dipole to
    allow operation on the 2200 meter band (137kHz).  I
    don't have room to extend the other end, so I plan to
    ground it using our nearby inground swimming pool.
3) I will measure the existing dipole at 137kHz, and may 

build a tuner to match it to 50 Ohms.  I own a 300W 
audio amplifier that works at 137kHz.

4) Quiet winter conditions are coming......................
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