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Background/My Story
• WX2R   (formerly WN2AIV then KB2IKI)

• Works in strategy planning, media, market research and marketing

• A “pretty basic” ham  (small station and casual operating)

• An “association guy” – I really believe in “groups”

• Was PIO, now PIC for ARRL/NNJ 

• On ARRL Public Relations Committee

• Belong to FLARC, FRC, ACARA (VT), West Palm Beach ARG, Chelmsford (UK) ARS

• Now Public Information Officer for HamSCI – a strong believer in citizen-science
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Ham Radio Science Citizen Investigation

A collective that allows university researchers to 
collaborate with the amateur radio community in 
scientific investigations.

Objectives:

1. Advance scientific research and understanding 
through amateur radio activities.

2. Encourage the development of new 
technologies to support this research.

3. Provide educational opportunities for the 
amateur radio community and the general 
public.Founder/Lead HamSCI Organizer:

Dr. Nathaniel A. Frissell, W2NAF
The University of Scranton

HamSCI Booth at the 2023 Dayton Hamvention
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•Humankind has always been fascinated by eclipses.

•Fear and ignorance led to many interesting theories of how and 
why eclipses came about

Solar Eclipses - Why the Interest?

4

http://hamsci@hamsci.org


hamsci@hamsci.org

Thousands of years ago…

•The ancient Chinese thought that a dragon was eating the sun 
during an eclipse.  They would beat drums and pans to scare the 
dragon away.

•This was a common theme among the ancients who felt that 
various groups of animals, including wolves, chased the sun and 
moon across the sky.

•The animals would occasionally catch and eat the sun or the 
moon, making them disappear until they regenerated.
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Thousands of years ago…
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This Photo by Unknown Author is licensed under CC BY-SA

Centuries ago:

Astrologers were tasked by the emperors 
to predict eclipses

If they missed, they could be executed

Modern Times:

Eclipse predictions are highly accurate - no 
one’s life is at risk!

Accurate predictions allow us to plan 
studies of eclipse-related phenomena 
years in advance
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Eclipse Predictions 
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North American Solar Eclipses

Annular (Oct 2023) Total (Apr 2024)

Photo By Smrgeog~commonswiki 

(https://commons.wikimedia.org/wiki/File:Annular_Eclipse._Take

n_from_Middlegate,_Nevada_on_May_20,_2012.jpg)

Photo by Jim Sackerman, KC2ZFK
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The Moon Casts a Shadow: Umbra and Penumbra

The Moon passes between the Sun and Earth, creating a shadow with 2 parts:

Umbra: innermost region of the shadow; Sun fully hidden & objects in total shadow.

Penumbra: outermost region of the shadow; Sun partially hidden & objects still 
receive some sunlight.

Image:  quora.com/How-do-I-calculate-the-diameter-of-the-shadow-umbra-cast-by-the-Moon-to-the-Earths-surface-during-a-solar-eclipse
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Total and Annular Solar Eclipses

The distance between the Earth and moon varies during the Moon’s orbit

The moon was at apogee (at its furthest from Earth),  fitting inside the Solar disk rather 
than totally obscuring it. This created an Annular Solar Eclipse in 2023.

The moon will be at or near perigee (at its closest to Earth) so it will completely cover the 
solar disk during an eclipse. The result will be a Total Solar Eclipse in 2024.
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Image:  quora.com/How-do-I-calculate-the-diameter-of-the-shadow-umbra-cast-by-the-Moon-to-the-Earths-surface-during-a-solar-eclipse
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Solar Eclipses - 2023 and 2024
• HamSCI is beginning to report observations from the 2023 eclipse

• Hams and shortwave enthusiasts are encouraged to join us in 2024
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• HamSCI is studying how these two eclipses affect the ionosphere
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The Ionosphere - Layers By Night and By Day

Figure by Carlos Molina (commons.wikimedia.org)
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Eclipse Ionospheric Effects

● After sunrise, but before an eclipses passes overhead, we have ‘day’ 
conditions.

● As the eclipse passes overhead, solar radiation is blocked from 
reaching the ionosphere - briefly simulating ‘night’ conditions.  

● We expect the ionosphere’s reaction to be similar to its reaction to the 
normal, 24-hour night-day cycle.

● But, there are differences…
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Differences Between Eclipses and Day-Night

● Eclipse ‘night’ is of much shorter duration than normal night-time.

● The ‘night-time area’ is more localized.

● It is caused by an object (the moon) traveling at supersonic speeds.

● It travels in directions that are different from westward motion of 
normal, daily dawn and dusk terminators.
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Eclipses as Controlled Experiments

● Aside from dusk, dawn, and the seasons, there are very few cases 
where we know ahead of time how much solar energy will be input 
into the upper atmosphere.

● Solar flares, geomagnetic storms, and other space weather events 
occur randomly; they interfere with day to day observations

● We can, however,  calculate eclipses with great accuracy ahead of 
time, and so they can be considered a “controlled” ionospheric 
experiments.

● Hams can particpate in the experiments, or events, known as the 
HamSCI Festivals of Eclipse Ionospheric Science.
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Total Solar Eclipse: April 8, 2024
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FoEIS Events
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•The Solar Eclipse QSO Party (SEQP)

•The Gladstone Signal Spotting Challenge (GSSC)

• Build and install a Grape Personal Space Weather Station (PSWS)
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FoEIS Events
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• Ionospheric layer height experiment:  Time Delay of Arrival Event

•MW (medium wave band) recordings of AM broadcast stations

•VLF enthusiasts:  Monitor the 630, 2200 meter and lower bands
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Solar Eclipse QSO Party:  The More the Merrier

•A QSO Party involves hundreds of hams operating the HF bands (6-160 meters) 
simultaneously - resulting in thousands of QSOs and spots per hour

•It’s ham radio’s version of a cocktail party - in a really, really big room 
(potentially the entire Earth)

•CW, SSB and FT4/FT8 QSOs are welcome

•Popular contesting software such as N1MM+ directly supports the SEQP

•Log and spot data will contribute to scientific research on the ionosphere. (Past 
research results can be found at hamsci.org, search on ‘2017 eclipse’.)

1
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SEQP FAQs and Rules

• 6-160 meters (non-WARC bands) using 
CW, SSB and digital modes like FT8

• The HamSCI website is the ultimate 
resource:

• https://hamsci.org/contest-info

• https://hamsci.org/seqp-faqs

• https://hamsci.org/seqp-rules

• Certificates for all participants

• Results will be published
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Gladstone Signal Spotting Challenge
• The GSSC is for those who transmit and/or receive WSPR (Weak Signal Propagation Reporter, c. 2010) or 

FST4W.

• WSPR is a mode commonly used for propagation studies. Its data lends itself to ‘big data analytics’ and 
visualization.  FST4W is a similar, but higher performance mode.

• Equipment needs are very simple - racks full of gear are definitely not required!

Simple Raspberry Pi based WSPR

Transmitter, courtesy https://tapr.org
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Gladstone Signal Spotting Challenge
• Should appeal to those already interested in radio wave propagation

• Learn more at WSPR.live or WSPRdaemon.org

22
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Gladstone Signal Spotting Challenge

• The HamSCI website has details on the 
Challenge and links to WSPR and 
FST4W information

• https://hamsci.org/contest-info

• https://hamsci.org/gssc-faqs

• https://hamsci.org/gssc-rules

• The 2023 results have been published 
at https://hamsci.org/foeis-results
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Grape Personal Space Weather Stations

The HamSCI PSWS Project is placing 
low-cost SDRs in dozens of locations 
all across the Americas.

The Grape PSWS serves  a very 
specific purpose: Recording changes 
in the Earth's ionosphere through 
measurements of Doppler frequency 
shifts observed by monitoring, on a 
24/7 basis, frequency standard 
stations such as WWV/H and CHU.

Grape PSWS receiver/mixer board

0.88 x 1.56 inches
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Grape PSWS - For More Information

A full explanation of the science 
behind the Grape PSWS, and the 
ways that the Grape system 
components achieve the scientific 
goals, are beyond the scope of this 
talk.

In the simplest of terms, the Sun 
greatly affects the ionosphere.  We 
can sense the bottomside of the 
ionosphere by measuring the 
received frequency of stations such 
as WWV to milliHertz precision.

Full details on how to build, how to 
participate and the science behind the PSWS, 
visit https://hamsci.org/grape

Image: C. Collins, KD8OXT
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Time Delay of Arrival Event

• The HamSCI website has all of the details, including a sign-up form

• https://hamsci.org/tdoa-event-2023

• For the science minded amateur who would like to be part of a controlled experiment

• Transmit/receive a ‘chirp signal’, custom generated for your station/callsign, during the eclipses

• Measure changes in the observed F2 layer height as the solar eclipse impacts the ionosphere

Image: S. Cerwin, WA5FRF

26

http://hamsci@hamsci.org
https://hamsci.org/tdoa-event-2023


hamsci@hamsci.org

In Summary: FoEIS is Fun, with a Purpose

What’s in it for hams?  Long term benefits of participation:

• Improved understanding of HF propagation 

• Improved models of the ionosphere

•More accurate propagation forecasts
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Now is a good time to ask:   What did we learn from the October eclipse?
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Interesting Observations from the October 14, 2023 Eclipse

We are prepared to discuss Observations, but not Findings

• Observations:  What we saw

• Findings:  Why we saw it

• Data analysis, developing and testing theories takes time

• Preparation of articles and papers involves the peer review process -
fundamental to science, but lengthy (years long) 

• Expect findings in late 2024, 2025 and beyond
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Grape Receiver Observation
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Here is evidence that the ionosphere’s eclipse reaction is similar to 
its dawn reaction - important for validating the receive system
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Medium Wave Reception Observation
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These graphs demonstrates the value of control data:  Signals received one 
day prior to the eclipse vs. enhancement during the eclipse event
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Noise and Signal Level Enhancements
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Careful graphing of received signals levels using the FST4W mode show noise 
levels peaking (left) and signal levels peaking (right) during the eclipse
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Participation is Key - The More, the Better

Interested in Participating?

•Follow HamSCI.org/eclipse and join https://groups.google.com/g/hamsci-
eclipse

•Pre-register for the events at HamSCI.org/eclipse

•Operate in the SEQP or GSSC

•Join the TDOA Event

•Put your MF or VLF monitoring skills to work

•Build a Grape receiver
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HamSCI Zoom Telecons—Get Involved!!

33
TangerineSDR Telecon

Engineering telecon to support the 

TangerineSDR and magnetometer board 

development.

Mondays at 9 PM Eastern

(Tuesdays 0200z)

Grape Telecon

Telecon to support engineering and science 

related to the Grape (low-cost) Personal Space 

Weather Station.

Thursdays at 10 AM Eastern

(1500z)

SEQP Telecon

Telecon to support the 2023 and 2024 Solar 

Eclipse QSO Parties.

Thursdays at 4 PM Eastern

(2100z)

Zoom links and calendar at http://hamsci.org/get-involved.
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HamSCI Zoom Telecons—Get Involved!!

• March 22-23, 2024 @
Case Western Reserve University
Cleveland, OH

• Theme will be Alignments
between

• the Sun, Moon and Earth
• collegiate amateur radio recreation 

and STEM curriculum

• data collection and analysis

• professional and citizen science.

Join us in person or online!

https://hamsci.org/hamsci2024
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Publications

Citizen – Science 

Comes Full

Circle in 100 Years
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HamSCI research has been presented and published in many different forums, from general interest magazines to 
peer-reviewed papers, conferences, workshops, websites and PhD dissertations.  Examples include:

● American Geophysical Union Publications:

• Space Weather

• Geophysical Research Letters

• Journal of Geophysical Research: Space Physics

● Frontiers in Astronomy and Space Sciences

● Institute of Electrical and Electronic Engineers’ Geoscience and Remote Sensing Letters

● Institute of Electrical and Electronic Engineers’ Transacations on Antennas and Propagation 

● CQ, Amateur Radio Communications & Technology (CQ Communications, Inc.)

● QEX, A Forum for Communications Experimenters (American Radio Relay League)

● QST (American Radio Relay League)

Publications
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We are especially grateful for the

● support of NSF Grants AGS-2002278, AGS-1932997, AGS-1932972, AGS-2045755,
AGS-2230345, and AGS-2230346.

● support of the NASA SWO2R Grant 80NSSC21K1772.

● support of Amateur Radio Digital Communication (ARDC).

● amateur radio community volunteers who have contributed to HamSCI projects.

● amateur radio community who voluntarily produced and provided the HF radio observations mentioned here, 
especially the operators of the Reverse Beacon Network (RBN, reversebeacon.net), the Weak Signal Propagation 
Reporting Network (WSPRNet, wsprnet.org), PSKReporter (pskreporter.info) qrz.com, and hamcall.net.

● use of the Free Open Source Software projects used in this analysis: Ubuntu Linux, python (van Rossum, 1995), 
matplotlib (Hunter, 2007), NumPy (Oliphant, 2007), SciPy (Jones et al., 2001), pandas (McKinney, 2010), xarray 
(Hoyer & Hamman, 2017), iPython (Pérez & Granger, 2007), and others (e.g., Millman & Aivazis, 2011).
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Questions?
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Thank You!! Keep In Touch!

802-282-6700

pressrelations@hamsci.org
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