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

MHz 
from WWV, 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 WWV (Fort Collins, Colorado)
• Latitude: 40.6758 
• Longitude: -105.0389
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WWV - Callsign Lookup by QRZ Ham Radio, [15]

https://www.qrz.com/db/WWV


To Spring Brook, Pennsylvania (PA), USA 6

[16] https://www.gpsvisualizer.com/display/map/20241101135441-47194-map.html

https://www.gpsvisualizer.com/display/map/20241101135441-47194-map.html


Bearing Calculation: 7

[14] https://www.gpsvisualizer.com/display/map/20241018114723-35166-map.html?center=-4.854,36.093245&zoom=2

https://www.gpsvisualizer.com/display/map/20241018114723-35166-map.html?center=-4.854,36.093245&zoom=2


• The distance between WWV and Spring Brook is 2466.4363 kilometers.

• Searching for elevation angle = 6 deg.  (Manually )
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Choosing this 6 deg. Elevation: That was so close! 10



Best ray @5MHz, elevation = 8 deg. 11



• Ray Data for the 8 deg. Elevation
Source: WWV
Dest.: Spring Brook
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The distance 
between WWV and 

Spring Brook is 
2466.4363 
kilometers

Makes sense!

Why did the cumulative 
ionospheric absorption got 
steady after the 222 distance 
sample? Investigating…



Total (Cumulative) Absorption
• Obtained via integrating the refractive index complex components along 

the ray path [26]
• Zawdie et al. (2017), used the complex refractive index formula with no 

magnetic field -> they require specifying the effective collision frequency in 
the collision frequency grid. 
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[26] Pederick and Cervera (2014), Radio Sci., 49, 81-93, doi:10.1002/2013RS005274
[27] Zawdie et al. (2017), Radio Sci., 52, 767-783, doi:10.1002/2017RS006256.



Same environment @10 MHz 14



Picking the 10 degree-elevation ray 15



Ray Data again: (A First fraud x-axis !)
• Can we consider x-axis as the ground range? 
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Exploring the Ground Range Variable 17

Manually Plot



Total Absorption!
• Supposed ~100 dBs, [Dr. David McGaw]
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Total Absorption vs. ground points 19
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Same environment @15MHz: No reception! 20



10th ray @5 MHz, 
WWV->W2NAF, max 5 hops
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Same @7 MHz 22
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Same@15 MHz 23
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Real WWV -> San Antonio
• [Steve Cerwin, 2027 Solar Eclipse Data]
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Future Work
• 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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A Good Learner is a Good Developer!
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Thank you!   Any Questions?
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