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Objectives

Regenerating a successful reception on April 8, 2001, 7 UTC @5,10 and 15

MHz
from WWYV, Colorado to W2NAF Spring Brook, Scranton

Understanding the Total Absorption Loss profile for each HF ray.

. A dream: Developing PyLAP (D-Region & during eclipses) -> a good model
for signal strength.

A Good Learner is a Good Developer!
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From WWYV (Fort Collins, Colorado)

* Latitude: 40.6758
* Longitude: -105.0389

WWYV - Callsign Lookup by QRZ Ham Radio, [15]
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https://www.qrz.com/db/WWV
https://www.qrz.com/db/WWV
https://www.qrz.com/db/WWV

To Spring Brook, Pennsylvania (PA), USA °
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[16] https://www.gpsvisualizer.com/display/map/20241101135441-47194-map.html

Calculate the great circle distance between two points

This calculator will find the distance between two pairs of coordinates to a very high degree of precision {using the thoroughly nasty Vincenty Formula, which accounts for
the flattened shape of the earth). The "Draw map" button will show you the two points on a map and draw the great circle route between them.

2466.436 4| | 78.829° output format:
—=> | [Ts32592;| initial [ Draw map [EEITINNRD

Lat., Lon. 2 [41.307, -75.5575 | 13317691 ,_Dearing units: [km ~

(approximate)

Lat., Lon. 1 40.6758, -105.038¢| |
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Picking the 10 degree-elevation ray

WWV -=> Spring Brook, on  8/472001 07:00UT 10MHz R12 =100 nHops =153 lat = 40.6758, lon = -105.0329, bearing = 73.6291
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Real WWYV -> San Antonio 26

. [Steve Cerwin, 2027 Solar Eclipse Data]

24 Hour Recordings of WWVB and 5 MHz WWV
Before and After the Day of the 2017 Eclipse.

WWYV and WWVB to WASFRF.
Ft. Collins, CO to San Antonio, TX Path. 23-23 UTC.
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Top Trace (Green): 5 MHz WWV S-meter voltage from R9000 receiver — Linear-in-dB |
Middle Trace (White): WWVB Peak Envelope Voltage — Linear Volts :
Bottom Trace: (Red): WWVB Demodulated Envelope Voltage — Linear Volts
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HAMSCI PERSONAL SPACE WEATHER STATION 2!

« The HamSCI Personal Space Weather Station (PSWS, hamsci.org/psws)
is a NSF-funded Distributed Array of Small Instruments (DASI) project.

* We use observations from PSWS software defined radio (SDR)
instrument known as the WSPR Daemon-Grape, which uses the RX-888
HF SDR, KA9Q-Radio & WSPRDaemon Software, and a GPS-disciplined
oscillator to make precision frequency measurement.

* The system is capable of receiving multiple bands simultaneously from
0.5-60 MHz.

HamSClI Personal Space Weather Station SDR High Frequency
Receiver, [36]
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WWYV TRANSMITTER 28
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o lllustration of HF Doppler Shift. From Collins, [33]
WWYV Transmitter near Fort Collins, CO, [32]

. The NIST WWV Transmitter (Figure 2) near Fort Collins, CO transmits precise carriers on 5, 10, 15, and 20 MHz, We use these as
signals of opportunity.

. As these signals propagate from transmitter to receiver through the ionosphere, ionospheric variability can change the propagation path
lengths and impart Doppler shifts (Figure 3) and amplitude variations to the carrier signal.
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In our experiment, we place our receiver near Scranton, PA (Figure 4).
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Figure 4. Transmitter-Receiver relative locations per Earth’s elliptical model
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PHARLAP VIA INTERNATIONAL REFERENCE |IONOSPHERE

Used IRI-2020 to model ionospheric ray data and absorption at 20, 15, 10
and 5 MHz

Used ray tracing visualization for “successfu
W2NAF, PA

Used PHaRLAP ray tracing and IRI-2020 to model HF rays and received
signal power absorption at 20, 15, 10, 5 MHz as in Figures 5, 6, 7 and 8,
respectively.

I”

reception and absorption at

Investigated criteria for determining the “successful” rays modeled with ray
tracing.

Compared with modeled absorptions for better understanding.




RAY TRACE ERROR DETECTION >
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Figure 5: Visualization for ray debugging
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HF Absorpton on April . 2001 (Freq 20 M 32
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Figure 6: Corrections using Ray Labels
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HF Absorption on April 7, 2001 (20, 15, 10 and 5 MHz) i}

HF Absorption on April 7, 2001 (Freq: 15.0 MHz)

HF Absorption on April 7, 2001 (Freq: 20.0 MHz)
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Figure 7: HF Absorption on April 7, 2001, at 20 MHz UTC Hour

HF Absorption on April 7, 2001 (Freq: 5.0 MHz)

HF Absorption on April 7, 2001 (Freq: 10.0 MHz)
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Figure 9: HF Absorption on April 7, 2001, at 10 MHz Figure 10: HF Absorption on April 7, 2001, at 20 MHz
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HF absorptions vs seasons (5 MHz)

HF Absorption on 15t days of different seasons, 2024 (Freq: 5.0 MHz, nHops: 1)
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HF Absorption on first day of January, May, August
and October, 2024 at 20 IVIHz
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Plasma Frequency (MHz)

Figure 15. Successful reception at W2NAF from WWV
at SMHz (star (#) at receiver’s location)
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GRAPE DIGITAL RF

Used the Grape Digital RF (grapeDRF) Linux-based environment to plot
PSWS Doppler shift spectrogram and Signal Strength observations on April
7, 2024,

Used HamSCl HF Doppler observations collected with a WSPR Daemon-
Grape Personal Space Weather Station.

Compared with modeled absorptions for better understanding.

HamSC]
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Placing Absorptions on

Signal Strength Curves

. Low frequencies show better matches of
IRI-2020 simulated absorptions with
Personal Space Weather Station observations.

. Challenges: To work on the mismatches at
higher frequencies.

Model and
Observation

matching at lower
frequencies
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CHECK POINT TAKEAWAYS

Investigated reception at W2NAF (Scranton, PA) from WWYV (Fort Collins,
CO)

Used HamSCl HF Doppler observations collected with a WSPR Daemon-
Grape Personal Space Weather Station.

Used PHaRLAP ray tracing and IRI-2020 to model HF rays and received
signal power absorption at 20, 15, 10, 5 MHz.

|”

Investigated criteria for determining the “successful” rays modeled with ray

tracing.

Compared with modeled absorptions === way to have our own power
absorption.

HamSCI

http://hamsci.org




Future Work 104

We aspire to model the absorption loss due to ground reflections:
Reflection Coefficient maps covering U.S.
Getting more into Brewster’s angle involvement.

We aspire to figure out a model for D-Region:

SAMI3 model does cover the D-Region!
Modeling the D-Region during eclipse (neither PHaRLAP nor SAMI3)
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