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How many here are participating in 

HamSCI?
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HOW MANY OF YOU ARE USING

ÅWSPR & WSPRnet?

ÅPSK Reporter?

ÅReverse Beacon Network (RBN)?

ÅDX Cluster?

YOU ARE ALREADY CONTRIBUTING TO HamSCI
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WHATõS THE DIFFERENCE BETWEEN A 
SCIENTIST AND AN ENGINEER?

ÅKnowledge ðInvention

ÅExplores laws of nature ðAttempts to use laws of nature

ÅCreate theories ðImplement theories

ÅCreate tools ðUse tools

ÅSolve theoretical problems ðSolve practical problems
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HamSCIMISSION

ÅAdvance scientific research and understandingthrough 

amateur radio activities

ÅEncourage the development of new technologies to 

support this research

ÅProvide educational opportunities for the amateur 

community and the general public
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WHAT IS HamSCI'SSCIENTIFIC FOCUS?

HamSCIwas started by ham-scientists who study upper 

atmosphericand space physics. These scientists recognized that 

projects such as the Reverse Beacon Network, WSPRNet, 

PSKReporter, DX Cluster, ClubLog, and more are generating 

BIG DATA sets that could provide useful observations of the 

Earth's ionosphere and related systems. Because of this, 

HamSCI'sinitial focus is on these fields of research. In the future, 

other researchers may join HamSCIand broaden its scope.11



A FEW OF THE KEY PARTICIPANTS

ÅDr. Nathaniel A. Frissell, W2NAF, Department of  Physics 

and Electrical Engineering, The University of Scranton

ÅLead HamSCIOrganizer

ÅQSO Today Episode 262

ÅDr. Philip J. Erickson, W1PJE, MIT Haystack Observatory

Åhttp://www.haystack.mit.edu/

ÅQSO Today Episode 259

ÅJohns Hopkins University Applied Physics Laboratory12

https://www.scranton.edu/academics/cas/physics-eeng/index.shtml
https://www.scranton.edu/
https://www.qsotoday.com/podcasts/W2NAF
http://www.haystack.mit.edu/
https://www.qsotoday.com/podcasts/W1PJE
http://jhuapl.edu/


PROJECTS

ÅPersonal Space Weather Station (PSWS)

ÅIonospheric Studies

ÅTotal Solar Eclipse

ÅSwarm-E (formerly know as e-POP)/Golden Ears

ÅResponse to Solar Flares

ÅLarge Scale Traveling Ionospheric Disturbances

ÅTotal Electron Count (TEC) Enhancements during Substorms

ÅAurorasaurus: Citizen Science Observations of the Aurora
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Personal Space Weather Station
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SPACE WEATHER - SO WHAT?

ÅHF Communications Impacts

ÅMaximum Usable Frequency (MUF)

ÅModify Propagation Paths

ÅImprove/Degrade/Block Communications

ÅNoise

ÅVHF

ÅSporadic E Propagation

ÅAurorae Propagation (HF may be blocked)

ÅGNSS (GPS, Galileo, GLONASS, Beidou)

ÅDegradation due to Scintillations
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https://commons.wikimedia.org/wiki/File:IonosphereLayers-NPS.gif



18The Ionosphere and GNSS: Explained

https://youtu.be/w-5Hl2b_wKE

https://youtu.be/w-5Hl2b_wKE
https://youtu.be/w-5Hl2b_wKE
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PSWS GOALS

21

ÅScientists:

ÅBetter sample the environment

ÅBetter understand near-Earth Space

ÅAdvance scientific understanding

ÅHams:

ÅKnow the best frequencies for working DX

ÅUnderstand the RFI environment

ÅCommunicate better during emergencies



PERSONAL SPACE WEATHER STATION
ÅThe Personal Space Weather Station project ultimately aims to create a 

small, multi-instrument system that can make ground-based measurements 

of the space environment.The observations from this project will not only 

be useful to the owner of the system, but also aggregated into a central 

database for space science and space weather research purposes. Initial 

work focuses on the development of a scientific-grade high frequency (HF) 

radio receiver, as well as the necessary software and network 

infrastructure. This project is led by theNew Jersey Institute of 

Technology Center for Solar Terrestrial Research (NJIT-CSTR)in 

collaboration with theMassachusettesInstitute of TechnologyHaystack 

Observatoryand theTucson Amateur Packet Radio, Inc. (TAPR).
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http://centers.njit.edu/cstr/cstr-home/
https://www.haystack.mit.edu/
https://tapr.org/


PSWS OBJECTIVES

ÅCharacterize the ionospheric and geomagnetic response to space 

weather events

ÅGround magnetic field fluctuations

ÅIonospheric density variations (receive transmissions from controlled sources)

ÅCharacterize ionospheric variability and identify sources

ÅIdentify traveling ionospheric disturbances (TIDs) from measurements of at 

least two transmit-receive paths

ÅDetermine impact on HF communications

ÅPropagation paths open or closed, dominant propagation modes, signal 

scintillation, fading and polarization
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PERSONAL SPACE WEATHER STATION
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TangerineSDR

ÅThe TangerineSDRis a Modular Software Defined Radio Project with the following 

objectives:

ÅDevelopment of SDR radios that allow experimentation in a variety of radio modes.

ÅProvide support to unaffiliated other groups that need these radios to support their 

mission.

ÅTo provide hardware modularity so that the user can have a functioning radio with 

different subsets of the possible components.

ÅTo allow varying performance so that beginners can have a functioning radio with a 

minimum of parts yet allow an expert user more functionality as needed.

ÅTo allow users to experiment with differing configurations of data collection, 

networking, transport and visualization.
25
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https://www.youtube.com/watch?v=KO3MO47UFVc

https://www.youtube.com/watch?v=KO3MO47UFVc

https://www.youtube.com/watch?v=KO3MO47UFVc


RedpitayaòSwiss Army Knife for Engineersó
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IONOSPHERIC STUDIES
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Swarm-E

ÅThe e-POPRadio ReceiverInstrument (RRI) (1 of 8 scientific 

instruments on CASSIOPE) measures wave electric fields in the 

10Hz ð18MHz range, at magnitudes from 1 µV/m to 1 V/m. 

ÅStudy the morphology and dynamics of ionospheric density 

structures, auroral wave-particle interactions, plasma nonlinear 

processes created by intense high frequency waves, and the 

mechanism of coherent wave backscatter.
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CASSIOPE
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Swarm-EFIELD DAY ðCASSIOPE 2015

ÅRadio Receiver Instrument (RRI) eavesdropped on 2015 Field Day 

communications

ÅIdentified 14 Hams by call sign and characterized unique 

signatures in their signals related to the nature of how the radio 

waves travel through the ionosphere. 

ÅDeduced the structure of the ionosphere over the U.S.

https://hamsci.org/sites/default/files/publications/Perryetal_Ha

mRadio_2017_rev2.1.pdf

Å$1.3M NSF Grant awarded November 2019 

https://news.scranton.edu/articles/2019/11/news-faculty-

nsfgrant-frissell.shtml

33

https://hamsci.org/sites/default/files/publications/Perryetal_HamRadio_2017_rev2.1.pdf
https://news.scranton.edu/articles/2019/11/news-faculty-nsfgrant-frissell.shtml


GOLDEN EARS

ÅDownload I/Q samples and play in SDR running on your computer

ÅRequires gqrx SDR https://gqrx.dk/ (Linux only but may be able 

to be run on Windows with Linux as an application)

ÅEach data file contains raw 32 bit complexI/Q samplesfor a 

given RRI dipole at a given frequency.The data files do not 

contain any metadata.Translate the CW signals for originating 

station call sign.
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https://gqrx.dk/
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RBN-WSPR DAILY HISTOGRAMS
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RBN-WSPRNETDAILY HISTOGRAMS

ÅThe RBN-WSPRNetDaily Histograms are used to monitor global high frequency (HF) 

ham radio communications in relation to space weather activity. The following data are 

shown:

ÅPanel (a) shows geomagnetic activity indices derived from ground-based 

magnetometer data, including the SYM-H index (black line) and Kp Index (colored 

stems).

ÅPanel (b) shows X-ray flux measurements made by the GOES satellites for monitoring 

solar flares.
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Panels (c) - (h) show density maps 

and histograms of ham radio spots/QSOs 

from the Reverse Beacon Network and 

WSPRNet. The data are located at the 

midpoint of the transmitter and receiver. 

Map bin sizes are 1ě latby 1ě lon, and 

histogram bin sizes are 10 min by 250 km. 

When a userȤreported location is not 

available, a lookup to a public database 

such as

http://qrz.com or http://hamcall.net is 

made. If location is not provided and a 

database lookup is not available, the spot is 

discarded.
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http://qrz.com/


39


