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Radio Wave and Solar Eclipse Interaction 

The Total Solar Eclipse on Aug. 21st, 2017 provides an excellent opportunity to 
observe radio wave interaction with the ionosphere across the continental U.S.   



Presentation Outline 

▼  Eclipse Background 
▼  Historical Efforts 
▼  Proposed Efforts 

!  Eclipse Mob (LF: 55.5 kHz, 60.0 kHz and 135 kHz) 
!  Georgia Tech (VLF/LF: 1 – 450kHz) 
!  HAMSci (1.8 MHz to 54 MHz) 

▼  Conclusion 
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Eclipse Background 
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Historical Perspective 

▼  Spatial and temporal effects of solar eclipses on radio wave propagation 
continues to be of interest almost 100 years after the first reported study.  
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!  During the Eclipse on April 17, 1912, William 
Henry Eccles1 (1875 – 1968) a prominent 
British electrical engineer and scientist  
recorded discharges – clicks –strays.   

!  Wavelength 5,500 Meters (Frequency 
approximately (54.545 kHz) 

!  Published in Nature2, 1912 

[1] Fellow of the Royal Society, President of the Physics Society, President of the Institute of Electrical Engineers and President of the Radio Society of Great Britain 
[2] W. H. Eccles, “Propagation of Long Electric Waves during the Solar Eclipse” Nature, April 25th 1912 

“Even	the	Lord’s	Jus1ces	temporarily	adjourned	their	si:ngs	
at	the	Law	Courts	in	order	to	witness	the	unusual	event.”	Rough time Integral of the intensity and duration of strays 

The Marconi Transatlantic Station in 
Ireland transmitted to Lousibourg. 



Other 1912 Solar Eclipse Studies 

▼  The 1912 solar eclipse was also collected in France and Denmark using 
the transmitter at the Eiffel Tower in Paris. 
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!  The transmitter had a frequency of 115 kHz 
(wavelength approximately 2,608 meters) 

!  UK study was done at 54.545 kHz and French 
and Demark studies were done at 115 kHz, 
difficult for data comparison. 

[1] Images from de.wikipedia.org  
[2] Telegraphy and Telephony, 1912 

Galena and Galvanometer detector 



Early Attempt at Group Collection  

▼  First Group Effort on Eclipse Affecting Radio 
!  Planned for August 21, 1914 
!  WWI impacts data collection and analysis 
!  Group activity envisioned early on 

7 

[1] http://astro.ukho.gov.uk/eclipse/0311914/S1914Aug21.pdf 



First Theory Paper 

▼  Hantaro Nagaoka, “Effects of Solar Eclipse on Wireless 
Transmission,” Mathematico-Physical Soc., Tokyo, Proceedings 7, 
pp 428-430 December 1914 

▼  Note: The word Ionosphere did not exist until created by Robert 
Watson Watt in 1926  
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Second Try 

▼  During solar eclipse on May 29, 1919, increased signal strength was 
noticed in daytime between Meudon, Paris and Ascension 
!  Wavelength 4,700 meters (approx. 63.829 kHz) 

▼  Hypothesis: increased strength was due to the diminishing effect of 
solar radiation 
!  No particular change in intensity was noticed for most transmit/receive pairs  
!  Many different receivers coupled with different transmitters  
!  Only anecdotal reporting! 
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[1] http://astro.ukho.gov.uk/eclipse/0211919/ 



Early Crowdsourcing Effort 

▼  January 25, 1925 Solar Eclipse 
!  Teamed with Scientific American 
!  Noticed 75 meter daytime signals arrived with intensity associated with 

nighttime signals - Many errors in reporting1 

!  Over 2,000 BCB reporters and co-operation from BCB transmitters 
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[1] Reports in Scientific American and QST 



Ionosphere Ionization Experiment 

▼  In the 1920s, it was understood that the sun caused the ionization of the 
ionosphere. Two possible mechanisms were hypothesized: 

 1) electromagnetic waves emitted by the sun 
 2) particles emitted by the sun  

▼  Sir Edward Appleton (Nobel Prize in Physics in 1947 for ionosphere 
studies) proposed an experiment where the moon during a solar eclipse 
would stop both the electromagnetic waves and the particles. 
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Electromagnetic waves travel at the speed of light (3,000,000 km/sec) 
Particles travel much slower (approx. 1,000 to 2,000 km/sec) 

If the ionosphere becomes re-ionized quickly after the eclipse, then due to electromagnetic waves.  



Wolverhampton Grammar School 

12 

[1] Eclipse 2015 – RSGB Experiment downloaded from http://forums.thersgb.org/index.php?threads/early-results-from-eclipse-experiments.128/ 

Time is local time and amplitude is in S units. 



BCB band during the 1999 eclipse 
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[1] Image from ofcom.org.uk 
[2] “Radio and the 1999 UK Total Solar Eclipse”, Dr. Ruth Bamford, May 2000 

Plot of the variation in the received CW radio signal as recorded in Birmingham RA Regional Office in 
the UK of the 1440 kHz (±1.4 kHz)  carrier emanating from Radio Luxembourg at Marnach (a) for the 
morning of the total solar eclipse and (b) the day after the eclipse 



Reports of 75 kHz reception during  
1999 solar eclipse 
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[1] M.	Sanders,	1999.	"Solar	eclipse	effect	on	the	propaga8on	of	LF	radio	signals"	from	December	3rd	1999,	available	at	URL:	hDp://www.xs4all.nl/~misan/eclipse.htm.		



Eclipse Mob Consortium 

▼  The 2017 Total Solar Eclipse: Excellent opportunity to observe propagation 
interaction with the ionosphere across the continental U.S.   
!  Propose a crowd-source collection of signals across a number of different 

short, medium and long-paths. 
!  Signals will be collected before, during and after the total eclipse.   
!  Amplitude changes reported at each location.  
!  Goal: Disseminate large data collection across the scientific community. 
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Tools for collection are available at 
eclipsemob.org  <http://eclipsemob.org> 



DIY Eclipse Mob Kits & Instructions 

▼  Antenna design with step-by-step instructions 

▼  Available receiver kits (Free!) 
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[1] Hagen, Tom. "A Portable, Calibrated VLF Field Strength Measurement Receiver and Loop Antenna." Society of Amateur Radio Astronomers Association West Conference, 2015. 16 

▼  Integration 



Coverage Plots 

▼  WWVB Coverage Plots during Day and Night 
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[1] source	NIST.gov 



Pre-event transmission tests 

▼ Periodic transmissions during 2017 for event preparation 
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55.5 kHz and 135 kHz collections in Kansas using  
Georgia Tech AWESOME Instrument 



Georgia Tech Solar Eclipse Effort 

▼  Tracking Impact of Solar Eclipse with LF 
!  Eclipse forms moving patch of “night”, surrounded by day 
!  Radio scattering problem using web of transmitters/receivers at 300 kHz 
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Georgia Tech AWESOME Instrument 

▼  AWESOME Instrument Detects VLF/LF Waves Pretty Efficiently 
!  1 MHz sampling 
!  1-450 kHz band 
!  Two orthogonal wire loop channels 
!  25 ns timing accuracy 
!  96 dB dynamic range 
!  Sensitivity ~0.03 fT/rt-Hz 
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Current Radio Receiver Field Sites 
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HamSCI: 2017 Eclipse Experiment 

▼  Eclipse Experiment Methodology 
!  Illuminate the ionosphere with an Eclipse QSO Party. 
!  Use networks such as the Reverse Beacon Network to collect data. 
!  Use amateur radio data to complement data from other sources. 

▼  Eclipse Experiment Preparation 
!  Expand the Reverse Beacon Network 
!  Publicize the Eclipse QSO Party 
!  Do more preliminary studies to establish a baseline  
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Radio Beacon Network 

▼  RBN is an amateur radio reporting system 
comprised of a network of automated 
receiving stations. 
!  Scans and decodes portions of the radio 

spectrum (Morse code, some digital signals). 
!  Network has large spatial resolution in US. 

▼  RBN has the ability to detect space weather 
events over large areas.  
!  A demonstration of this ability is sharp 

decrease in the number of stations the RBN 
heard in the US, associated with the arrival of 
a solar flare. 

23 



Conclusions 

▼  In the past, many studies investigated radio wave and solar eclipse 
interactions 

▼  A number of tools and methodologies exists today to perform 
improved studies 

▼  This presentation outlined three studies to be undertaken during the 
August 21, 2017 Solar Eclipse 

▼  We welcome participation! 
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(1)EclipseMob.org	
Info@eclipsemob.org	<mailto:Info@eclipsemob.org>		

(2)	HamSCI.org	


