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Perturbations to 60 kHz WWVB Reception

During the 2017 Great American Solar Eclipse
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How It All Began...

Built an Elecraft K2/100 HF transceiver in the Spring of 2003.

The K2 led to the development of a WWVB-based frequency 
standard that led to a successful participation in the 
November 2003 ARRL Frequency Measuring Test.

FMT experience led to the design of specialized hardware 
that made even better FMT results possible.

FMT error analysis led to making HF Ionospheric studies in 
between FMTs.





KD2BD’s FMT Hardware

Normally, the frequency of the on-air signal = (VFO / 4) + 1000 Hz
Here, the VFO is operating 4x the frequency needed by the receiver.
Therefore, the on-air signal = (VFO / 16) + 1000 Hz

              = (10,544,000.00 Hz / 16) + 1000 Hz

On-air signal = 660,000.00 Hz   +/- 0.000625 Hz







“A Frequency Standard For Today’s WWVB”

Design Published in November/December 2015 QEX



An Antenna for WWVB Reception

 A single turn of 40 conductor 
ribbon cable, 5 meters in length

 Forms a 40 turn coil containing 
200 meters of wire

 Balanced H-Field probe with 
dipole-like directivity

 Parallel capacitance establishes 
resonance at 60 kHz



Some Interesting LF Propagation Effects

 Reception is generally due to some combination of skywave 
and groundwave propagation.

 Skywave propagation is the result of D-Layer refraction.

 The D-Layer does NOT completely dissipate after sunset!

 Propagation favors West  East paths over East  West paths.→ →

 Signals are v-e-r-y stable.  Fading is v-e-r-y  s-l-o-w!



Predicted Contours:
WWVB 70 kW ERP at 60 kHz



JJY in Japan: 50 kW ERP at 60 kHz



Challenge...  Accepted!



How to “FMT” WWVB 
Without a GPS Disciplined Oscillator?

 Use WFAN on 660 kHz as a frequency reference.

 Use existing FMT receiver for WWVB reception.

 Discipline a local oscillator against WFAN to serve as 
both a WWVB receiver LO and as a precise 1 kHz phase 
reference signal.

 Keep it interesting… Homebrew everything!  











Tracking the Eclipse



Viewing the Eclipse



Great Circle RF Path from WWVB to KD2BD



Path Intersection Over Nebraska
at 17:57:20 UTC

41.2 N Latitude / 99.55 W Longitude
289 surface miles (93 wavelengths) from WWVB





Phase Plot Observations

 17.75 degree/hour average 
phase advancement over 8 
hours.

 Solar flare occurred just as RF 
path entered totality.

 Maximum phase shift occurred 
13 minutes after totality 
crossed the RF path.

 D-Layer rise of about one half 
mile.





Amplitude Plot Observations

 Signal strength increased 4 dB 
above “normal”.

 Maximum signal strength and 
maximum phase shift occurred 
simultaneously.

 Each occurred 13 minutes after 
totality crossed the RF path.

 Skywave dominant path since 
the amplitude was not affected 
by the gradual D-layer height 
reduction during the day.



Further Information

http://www.qsl.net/kd2bd/eclipse_experiment.html
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