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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

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¢| |

S0 EEENS 88 THE UNIVERSITY OF A ENEENE 8

Ham§¢€ i SCRANTON HamS(C]

http://hamsci.org S EEE e e



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

Bearing Calculation:

searing deg j

Example of 2D \numerical raytracing for a a WG584 ellipsoidal Earth
istance bevween WWV and Spring Brook isj2466.4363 kilomete:

ing ionosipheric grid... Elapsed time 13 ©.. 3 sSeconds.

ing 31 2D YNRT rays ...Elaps

ting ray path data

Calculate the great circle §stance between two points
en two pairs of coordinates to a very Jfgh degree of precision (using the thoroughly nasty Vincenty Formula, which accounts for
fio points on a map and draw the great circle route between them.

This calculator will find the distance betW)
the flattened shape of the earth). The "Dralpap" button will show you the

Lat., Lon. 1 40.6758, -105.038¢| = 2466.436 LTV | 786297 output format:
—* ) [1532.57 = Draw map | Leaflet map ~ |
==r=1ill}] .
Lat., Lon. 2 [41.3075, -75.5575 | 1331.769 1 (appmimgtel units:

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

The distance between WWYV and Spring Brook is 2466.4363 kilometers.

6 deg. (Manually ®)

Searching for elevation angle

78.6291

40,6758, lon = -105.0389, bearing

=2 lat=

100 nHops

WWV -» Spring Brook 8/4/2001 07:00UT 3MHz R1Z
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WWW -=> Spring Brook 8/4/2001 07:00UT 5MHz R12 =100 nHeps=153 lat = 40,6758, lon = -105.0389, bearing = 73,6291
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Choosing this 6 deg. Elevation: That was so close!

WWV -= Spring Brook 2/4/2001 07:00UT 5MHz R12 = 100 nHops =15 lat = 40.67538, lon = -105.0389, bearing = 78.6291

m&g'ound Ii%?%e (kmi >00

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Plasma Frequency (MHz)
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Best ray @5MHz, elevation = 8 deg.

WWV -=> Spring Brook 8/4/2000 O7:00UT 5MHz R12 =100 nHops =15 lat = 40.6758, lon = -105.0389, bearing = 73.6291

198 ound Ii%?%e (km} >00

B 0 00 . . _
0 05 1 15 2 25 3 35 4 45 5

Plasma Frequency (MHZz)
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Field Value

. Ray Data for the 8 deg. Elevation
Source: WWV
Dest.: Spring Brook

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

ray_path_data.ground_range f
213 214 215 216 217 218 219 220 221 222 223 224 225 226
1 B8425e+03|  1.8464e+03 .B503e+03| 1.8600e+03| 1.8696e+03 B757e+03| 1.Bf +03|  1.8886e+03 B9 03 8050e+03| 1.9147e+03| 1.9216e+03| 1.9221e+03

lat [41.3662 41.303
lon

ground_range [2.4324e :
[2.5408e+( : The distance

[2.5097c+ e+03 between WWV and

[j Lﬂﬂ erl I Spring Brook is

Tt : 2466.4363
kilometers

group_range
phase_path
geometric_path_length
initial_elev

final_elev !
apogee 2 'HaH]
gnd_rng_to_apogee [1.1702e+03, MaM]

Makes sensel

B plasma_freq_at_apogee A718 MaM]

N
frequency

virtual_height 74 g, NaH]
effective_range

total_absorption

deviative_absorption

Doppler_shift

Doppler_spread [, f"-JaH]
FAl_backscatter_coeff [Mal, Mal]
FAl altitude [Mah, Mak]
FAl_range [Mal,Mal]
FAl_group_range [MaM,MNaM]
FAI_latitude [Mal, Mal]
FAl_longitude [Mah, MaM]

nhops_attemnpted
ray_label
MRT_elapsed_time

ray_path_data.absorption

214 215 216 217 213 219 221

229 230 231

—
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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.

[26] Pederick and Cervera (2014), Radio Sci., 49, 81-93, doi:10.1002/2013RS005274
[27] Zawdie et al. (2017), Radio Sci., 52, 767-783, d0i:10.1002/2017RS006256.
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Same environment @10 MHz

WWVY -= Spring Brook 2/4/2000 07:00UT 10MHz R12 = 100 nHops =15 lat = 40.6738, lon = -105.0389, bearing = 78,629

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Plasma Frequency (MHz)
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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

wej%und Ii%%%e (kmi >00

L . . ]
0 05 1 15 2 25 3 35 4 45 5

Plasma Frequency (MHZz)
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Ray Data again: (A First fraud x-axis !) 16

. Can we consider x-axis as the ground range?

Absomtion vs. Distance

o
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Exploring the Ground Range Variable

lonospheric Absorptions as function of Ground Range Exploration of the Ground Range .
06 - - -
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Total Absorption!

. Supposed ~100 dBs, [Dr. David McGaw] et il el i)
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Total Absorption vs. ground points "
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Same environment @15MHz: No reception!

ring Brook, on  8/4,/2001 07:00 nHops = 1

o
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10" ray @5 MHz,
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Same @7 MHz & R 22
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Same@15 MHz 23
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Absorption
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- Figure 1: WWV -=> Spring Brook 8/4/2001 O7V:00UT 5MHz R12=100 nHops=1 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.

[m] Data View 18 a -@Dlla‘ﬁauﬂ

Y Add Display =  ExportTe = [E] Properties 10 Aug 201? 1t 4dd Display = ExportTo = [ Properties 22 .l'—‘u_,l 201?

[ Time Gragh 22 2%

MM -
i

B 08/10 Jmmh
w_ _

|-=

T s
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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Future Work 2

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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