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Nathaniel Frissell, Ph.D., W2NAF

A 19981 First Ham Radio License (KC2DXJ)
A 2007 i BS Physics & Music Education

Montclair State University, Montclair, NJ

A 201571 Started HamSCl

A 20167 MS, PhD Electrical Engineering
Virginia Tech, Blacksburg, VA

A 2016 i Post-Doc / Research Faculty

New Jersey Institute of Technology, Newark, NJ

A 20197 Faculty @ University of Scranton

The University of Scranton, Scranton, PA

A Spent time researching (and ham radio
operating!) in Svalbard, McMurdo Station, and
Adak Island.
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W2NAF Station c.a. 2005
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Super Dual Auroral Radar Network

Northern Hemisphere Southern Hemisphere

Mognetic coordinotes
Mognetic coordinotes
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Super Dual Auroral Radar Network

A 8-20 MHz Over-the-Horizon Radar
A 16 Antenna Linear Phased Array
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SuperDARN Radar, McMurdo Station Antarctica Photo N. Frissell, 2014
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B Ham radio Science Citizen Investigation
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Hamvention 2002 - Booth 5008

: : e ; : FOUNDATION
Ham Radio Science Citizen Investigation
Advance scientific research and Encourage the development of new Provide educational opportunities for the
’ " gy A i y i o G
understanding through amateur radio activities. technologies to support this research. amateur community and the general public. fﬂﬁ?ﬁwf 0 \FFFD‘J mmmpm l":rl'ﬂ]vﬁ‘

A Official NASA Citizen Science Project
A Generated over $6.2 million in federal and private foundation research funding since 2019 (including collaborative grants).
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The Geospace System

. : ,Atmo‘sphere
-

‘Solar Wind . |
Interplanetary Magnetic Field :

. Image Credit: NASA .
.NTS (Net to Scale!) . - :
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The lonosphere
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https://commons.wikimedia.org/wiki/File:lonospheric layers from ni
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lonospheric Skip Propagation

TX: WX6SWW
RX: W2NAF 2001 Dec 21 00:00 UT - 14.250 MHz
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Refraction as a Function of Frequency
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Solar Flares

2017-09-06T11:13:28
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Amateur Radio Observation Networks

© © ® /| main page - Reverse Beacon | x Guest ® 0 ® /B vap| wsprner x Guest ® © ® /& Displey Reception Reports X Guest
<« C | @ reversebeacon.net/main.php H €« C @ Not Secure wsprnet.org/drupal/wsprnet/map Q) i < C | @ Secure hitps:;//pskreporter.info/pskmap.htm
On aiibencs [ show sgras [ sentrevdty [ thecossin B using i moses [ over the last
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There re 4763 acive monsors . 510 on 6m, 167 on 40m, X , 22 on 10m, 15 0n 11m, 9§ on
stay tunod! = unknown, & on 12m, § on 80m, 4 on 60m, 3 on 2200m, 3 on 2m, 2 on 70cm, 2 on Z3cm, 1 on 600m. Legend
Chack out your Woﬂmwww Mm he “Spots Analysis Tool". ‘showhide
You can compare & gven date. ™ Mep  Seslite
WSPRnet
Donate news. Weicome 10 the Weak Signal Propagation Reporter Network
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20293, 70091, 144 485
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Spot Count
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Ee DLARCK - 20m Receiving: PSK31,JT85 on 14.070 MHz (20m)
SRS ool dast Shasn e Mavigation Using: Digital Master 780 6 4.0.647/Rptr V0.6
o filtar selectod, showing all spots DLBLAS - Foum Antenna: (http:/imyantennas.com/wp/) 80-10m OCF dipole or Comtek 40m ver
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‘Who's online
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Reverse Beacon Network (RBN) WSPRNet PSKReporter
reversebeacon.net wsprnet.org pskreporter.info

A Quasi-Global A Data back to 2008 (A whole solar cycle!)
A Organic/Community Run A Available in real-time!
A Unigue & Quasi-random geospatial sampling

HamSCI nathaniel.frissell@scranton.ed

http://hamsci.org




HF Response to Solar Flare

(a) 2017 Sep 06 1138 UT - 2017 Sep 06 1153 UT

13,245 Paths
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1 153 UT — W n=p7) ™ {165 ™™ (n=3879) "W (n=5151) " (n=156) " (n-g5)
(b) 2017 Sep 06 1153 UT - 2017 Sep 06 1208 UT
e = 7 MHz
X9.3 Flare sEse— -
A > ;
= 1T
— =S 3.5 MHz

2,594 Paths

—
| i
TX: 323
RX: 425 4—.~_d{< I

Paths: 2594 1.8 MHz 3.5 MHz 7 MHz 14 MHz _ 21MHz . 28 MHZ
(n=21) {n=98) (n=882) n=779) * =34) " (n=27)

HamSCI nathaniel.frissell@scranton.ed

http://hamsci.org



15

Solar Flare Impacts on the lonosphere
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https://doi.org/10.1029/2018SW002008

Solar Eclipses
Total Partial Annular

Photo by Jim Sackerman, KC2ZFK Photo By Yurakum Photo By
(https://commons.wikimedia.org/wiki/ Smrgeog-commonswiki
:Sun_ecli 2 2022 _in ratov j

) https://commons.wikimedia.org/wiki/File: Annular
Eclipse._Taken_from_Middlegate. Nevada_on

_May_20._2012.jpq)
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https://commons.wikimedia.org/wiki/File:Sun_eclipse_25_oct_2022_in_Saratov.jpg
https://commons.wikimedia.org/wiki/File:Sun_eclipse_25_oct_2022_in_Saratov.jpg
https://commons.wikimedia.org/wiki/File:Annular_Eclipse._Taken_from_Middlegate,_Nevada_on_May_20,_2012.jpg
https://commons.wikimedia.org/wiki/File:Annular_Eclipse._Taken_from_Middlegate,_Nevada_on_May_20,_2012.jpg
https://commons.wikimedia.org/wiki/File:Annular_Eclipse._Taken_from_Middlegate,_Nevada_on_May_20,_2012.jpg

Eclipse lonospheric Radio Effects

Eclipsed SAMI3 - PHaRLAP Raytrace
14 MH2z 1600 UT 21 Aug 2017 A 14.03 MHz A TX: AA2MF (Florida)

— /
/

0 1 2 3 3 S 6 7
Plasma Frequency (MHz)

PHaRLAP: Cervera & Harris (2014), https://doi.org/10.1002/2013JA019247
SAMI3: Huba & Drob (2017), https://doi.org/10.1002/2017GL073549

Amateur Radio and the Eclipse: Frissell et al. (2018), https://doi.org/10.1029/2018GL077324
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2017 North American Solar Eclipses ’

ATotal: August 21, 2017

APartial Eclipse Begins 1604 UTC in Oregon
APartial Eclipse Ends 2013 UTC in South Carolina

nathaniel.frissell@scranton.ed
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Solar Eclipse QSO Party (SEQP)

AContest -like
A2 Points CW or Digital
Al Point for Phone
AMultiply Score by # of Grids

AExchange
ARST + 6 Character Grid Square

AData sources
AReverse Beacon Network
APSKReporter
ANSPRNet

AParticipant-submitted logs
http://hamsci.org/eclipse

Graphic by Spencer Gunning
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2017 Solar Eclipse QSO Party RBN Observation:
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(Frissell et al., 2018, Geophysical Research Letters, https://doi.org/10.1029/2018GL077324)
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https://doi.org/10.1029/2018GL077324

2017 SEQP Observations and Model Resul

Ham Radio Observations
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2017 SEQP Observations and Model Resul
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2023/2024 North American Solar Eclipses ©

AAnnular: October 14, 2023

APartial Eclipse Begins ~1500 UTC in Oregon
APartial Eclipse Ends ~1840 UTC in Texas

ATotal: April 8, 2024

APartial Eclipse Begins ~1710 UTC in Texas
APartial Eclipse Ends ~2040 UTC in Maine
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Festivals of Eclipse lonospheric Science ~

Ham$CI FESTIVALS
OF ECLIDPSEK xe
IONOSPEHERIC
SCIENCE

Graphic by Vikki A. Lawhon,
University of Scranton
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2023/2024 Festivals of Eclipse lonospheric Scien
1. Solar Eclipse QSO Party (SEQP)
& Gladstone Signal Spotting Challenge
Personal Space WX Station HF Doppler Experiment
HF Time Difference of Arrival Experiment
Medium Wave AM Doppler Experiment
Very Low Frequency (VLF) Experiments

a bk WD

https://hamsci.org/eclipse

nathaniel.frissell@scranton.ed
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The University of Scranton

Jesuit Liberal Arts University

~5,000 Students

Located in Downtown Scranton, PA
Undergraduate degrees in Electrical, Computer,
Mechanical Engineering, Physics, and more!

r1amS( nathaniel.frissell@scranton.ed
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University of Scranton Loyola Science Center

2m/440 Satellite
Fan Dipole for 40 & 80 m Circularly Polarized Yagis

4006 Antenna Tower
: A DX Engineering Skyhawk Triband Yagi
| A W3USR 445.875-82.5 Repeater

Omni Directional
e A 6m
A 2m
: A 440 MHz

RS



8 April 2024 SEQP @ W3USR :
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Solar Eclipse QSO Party

E :E https://hamsci.org/segp
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Solar Eclipse QSO Party

2024-Apr-08 00:00 : .
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Spot Density: Continually Operated 45x

Eclipse April 8, 2024 Neeclipse April 9, 2029 ] ) )
TN o — =T .. Fig spots density with

°°°°° » continually operated Tx and RX
" =¢  stations only

Sun elevation at 36
location of totality (°) :

Changes at longer ranges (~6000 kn
Aappeared after 19:30 UT

Anot during the entire eclipse
intervall

H
log(Spot density)

Courtesy of Dr. Kuldeep Pandey NI
httpi/ihamsci.org kuldeep.pandey@nijit.edu TR



Combined Effect of Eclipse & Sunset?

2Changes at longer ranges (~6000 km) appeared after 19:30 UT, not during the entire
eclipse interval!

21s it due to extended shadow like conditions (eclipse + sun3et)

o0 @ o
17:23 1T

Fig eclipse track with local time Fig eclipse shadow at 19:30 UT
+ daynight conditions

https://www.timeanddate.com

Courtesy of Dr. Kuldeep Pandey N ] |

http://hamsci.org kuldeep.pandey@njit.edu
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Kristina
KD8OXT

[ ]
Steve Cerwin

High Frequency T
Time Difference of Arrival

Steve Cerwin WA5FRRIexandros Papadopoulos KC3WYO5erard Piccit{D2ZHK?,
Nathaniel Frissell W2NAE Tom McMahan K1ERPaul Bilberry N5SDUPSamuel Blackshear AB5YO
Aidan Montare KB3UMDand Kristina V. Collins KD8OXT

'HamSCI Community
2University of Scranton
3Space Science Institute
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Multipath TDOA to Deduce Layer Height ~

o : £

_Objectlve.. Measure _changgs in F2 Region )

ionospheric layer height using 300-450 km

unmodified, undisciplined £ Red E
. egion

amateur radios. 90-120 km

Ground Distance
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tsuisis) shly 0:00.00C slataisis) sl
Flg 2a. Two 100 Hz/ms Chirps with 1 ms T|me DE|3Y Fig 2b. Summation produces a Waveform W|th a
Delayed Chirp is 3 dB lower in Amplitude. Beat Note of Period p = 10 ms.

Courtesy of

Zamat | SteyeICar i WASERE nathaniel.frissell@scranton.ed



WASFRINSDUP 26 Feb 2023 60 m

(a) WAS5FRF-N5DUP-60m-20230226-21042-8000SPS.wav

1.00 = (a) TDOA waveform received over a
073 I 317 km path at 5.3 MHz near

& Austin, TX at 2104 UTC on 26
February 2023. Red box
corresponds to expanded data

0.50

0.25

0.00

-0.25

Normalized Amplitude

~0.50 shown in (b).
ey : : . (b) Expanded view of a 10 Hz/ms
Time (2 chirp shows a beat note period

(b) .
1.00] —r— —— —— ——— of 60 ms, which corresponds to

-y cms:i’ia‘a"&er ot a 1.7 ms TDOA. Using the

B it b formulation for 1 and 2 hop

multipath from the F2 region, the

virtual height model calculates a

reflection height of 277 km. This
agrees well with the 280 km

_l.o:.-lo 8.i5 8.'20 8.'25 ‘ a.éo 8.'35 8.'40 8.215 8.50 hmF2 data from the nearby

Time (s) Austin ionosonde.

0.25 -

0.00

-0.25 A

Normalized Amplitude

-0.50 -

-0.75 -
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120°W

AEclipses i
A14 October 2023 Annular Solar Eclipse =
A8 April 2024 Total Solar Eclipse s
APaths (All in Central Texas) \ T
AWASFRF-N5DUP (317 km ground distance) S TS S
AWASFRF-AB5YO (9 km ground distance)
100°W 98°wW 96°W 94°W 92°W
32.5°N N3DUP 32.5°N
32°N 32°N Fig 3. Graph illustrating the 8
31.5°N 31.5°N  April 2024 eclipse path and
the distance between the TX
31°N 31°N
= WASFRF-N5DUP (314 km, -16° azm) o station WASFRF and the two
30.5°N ~——— WASFRF-AB5YO (8 km, -84° azm) 30.5°N  Rx stations N5DUP, AB5YO
30°N * WASFRF (29.6°N, -98.9°E) 30°N on different ground
- W N5DUP(32.3°N, -99.8°E) diStances
29.5°N * WASFRF (29.6°N, -98.9°E) '/29.5°N
W AB5YOD (29.6°N, —99.0°I_E) 4

28°W 26°W 24°W

lo0°wW

92°W

20°wW
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HF TDOA Resulgs8 April 2024

F2 Layer Height Calculated from WASFRF-ABSYO 5.3 MHz TDOA Experiment
Overlaid on Austin lonosonde hmF2 Data
Manual TDOA Scaling by WASFRF
April 8, 2024 Total Eclipse

400

. M

350 e A o

Wk N
.E 300 ﬁf‘ " !
& JUN
& 750 i A Path: 8.8 km ground
g distance for Near Vertical
o 200 Incidence Skywave
- A Analysis by Steve Cerwin
150 A Blue: Austin, TX lonosonde hmF2 WASERFE
A Black: Ham Radio 5.3 MHz Chirp Technique
100 = : t : - -

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
Time-UTC

nathaniel.frissell@scranton.ed

Steve Cerwin WA5FRF
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HamSCl
Personal Space Weather Station

|E E https://hamsci.org/psws

nathaniel.frissell@scranton.ed
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HamSCl Personal Space Weather Station ™

Antenna(s) Software Defined Radio Public
(=100 kHz i 60 MHz)
A Raw 1/Q Output Database &
A HF Spectrum Snapshots Central
A Standards Stations (e.g. WWYV Doppler Shifts) |
: ) Contro
A Passive lonosonde Receiver
G A Amateur Radio Monitor (FT8, WSPR, RBN)
NSS _— ) o
Disciplined A HF Noise Characterization
Oscillator & A Lightning Detection
TEC Receiver
|
@ _ Computer
(e.g. Single Board Computer) Internet
Ground .
Magnetometer A Local User Display
1 A Local Data Reduction
A Sends Data to Central Server o VLF
Receiver

For more information, visit http://hamsci.org/psws

nathaniel.frissell@scranton.ed

http://hamsci.org
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HF Doppler Shift :

TH INCREASES
mcv\E L;F:D FREQ DECREASES
R

NGTH DECREASES
£Q INCREASES

-0
p=

REC‘:‘N €D FR

BEACON N

; X RECEIVER

Figure by
Kristina Collins KD8OXT

FIXED DISTANCE
Ham Collins et al. (2023)

i hitps://doi.org/10.5194/essd _-15-1403-2023 nathaniel.frissell@scranton.ed
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Personal Space WX Station HF Receivers

Grape vl Grape v2 WSPRDaemon -Grape
A Single Frequency A 3 Simultaneous Frequency A Uses RX-888 HF SDR, KA9Q-Radio &
A Build it yourself! Bands WSPRDaemon Software
A Preassembled A 9 (or more!) simultaneous HF Doppler
A 30 Deployed for Total Eclipse bands

A Decodes WSPR/FSTRW spots, too!

\ A

Development led by John Gibbons NSOBJ Development led by Rob Robinett AIGVN,
& Case Western Team Phil Karn KA9Q, & TAPR

HamSC] nathaniel.frissell@scranton.ed
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Grape Build & Distribution

Special thanks to the New England Grape Group for building of
15 fully- assembled Grape lsandto Gary AF8A for Grape distribution!

Bill BIackweII AB1XB -yl
George Kavanagh KBIHFT

W Bob Ren‘WlXP i
Mascot Chewy

HamSC1] nathaniel.frissell@scranton.ed

- N http://hamsci.org
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Grape Build & Distribution

‘& Thank you to entire Grape Team!
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PSWS Grape Statioq2023/2024 Eclipse

AData available
psws.hamsci.org

AMaps by Rachel Boedicker AC8XY

nathaniel.frissell@scranton.ed

http://hamsci.org


http://psws.hamsci.org/

