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• A brief note on the ionosphere

• The merit of Solar Eclipses
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Ionospheric Layers

Figure by Carlos Molina 

https://commons.wikimedia.org/wiki/File:Ionospheric_layers_from_night_to_day.png
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• Day/Night (Diel) Shift

• Solar Flares

• Auroral Substorms

• Geomagnetic Storms

• Traveling Ionospheric Disturbances (TIDs) from atmospheric gravity 
waves (AGWs)

• Solar Eclipses

Sources of Ionospheric Variability
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• Predictable time, path, and 
solar energy

• Will still vary with season, 
maximum obscuration 
(annular, partial, or total), 
location, direction, and 
atmospheric state

Solar Eclipse

Image by J. Sackerman, KC2ZFK



NASA's Scientific Visualization Studio 
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Methodology
• Measuring the ionosphere

• Grape PSWS Receiver Network
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Day/Night variation, solar flares, and geomagnetic storms all cause 
changes in the ionosphere and WWV signal propagation. But one 
particular event causes a specific, predictable change in solar 
radiation: a solar eclipse.

How can we go about figuring out

• How will the eclipse affect HF communications?

• How large is the disturbance?

• How similar are the effects of the eclipse to behavior during dawn 
and dusk?

• How long will the effects last?

Measuring Ionospheric Disturbances
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Doppler Shift

RF figure by Dr. Kristina Collins KD8OXT, see [1]
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• GPS disciplined oscillator to allow 
accurate measurement of Doppler 
shift from WWV/WWVH

• Inexpensive and distributable

• Performs well in bunches

• Version 2 will be able to monitor 3 HF 
channels at a time

Grape V2 prototype image by J. Gibbons N8OBJ, more information in [2]
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Scientific Questions
• Dawn/Dusk variations

• Eclipse similarities and differences

• What can we observe for multipath and mode 
splitting in the signal path?
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1. How do dawn and dusk ionospheric variability vary with local time, 
season, latitude, longitude, frequency, distance, and direction from 
the transmitter?

2. Is eclipse ionospheric response symmetric with regard to the onset 
and recovery timing?

3. How similar is the eclipse to the daily dawn and dusk terminator 
passage?

4. Would multipath HF mode-splitting in the post-eclipse interval be 
similar to dawn events?

5. Would the response be different for two eclipses?

Scientific Questions
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10 MHz WWV Data (N8OBJ, Macedonia OH)

Data from John Gibbons, N8OBJ
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2017 Solar Eclipse QSO Party Data

Plots generated by Nathaniel Frissell, see [3]
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2017 Doppler Shift Data from WA9VNJ

Data from Steven Reyer, WA9VNJ
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Multipath 

Image by Nathaniel Frissell
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5 MHz WWV Doppler Shift Recordings (AB4EJ)

Data from Bill Engelke AB4EJ
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Project Timeline
• 2023: Grape Construction and Distribution

• 2023 October: annular eclipse across western 
United States

• 2024 April: total solar eclipse across eastern 
United states

• 2024: Data Processing
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2023 and 2024 Solar Eclipses

Image from Michael Zeiler, GreatAmericanEclipse.com
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Broader Impacts of the Work

• Public outreach with the amateur radio community

• Accessible citizen science for radio enthusiasts

• A distributed array of small instruments (DASI)

• Graduate Students at Scranton and Case Western
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Questions?

Contact Me:

rachel.boedicker@case.edu

hamsci.org

Join us 9 am EST on Thursday’s 
for the Grape group telecon!
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