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24hr WSPR Propagation at Various Power Levels

WSPR Signal / Noise vs Power from 0.1 to 50 Watts
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24HR WSPR UNIQUE SPOTS (1 SPOT PER STATION PER 24HRS)

Spots of KIEHZ on 40m at Various Power Levels
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24HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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24HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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> 24HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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4HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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4HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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4HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

O
Spots of KIEHZ on 40m at Various Power Levels
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4HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

O
Spots of KIEHZ on 40m at Various Power Levels
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24HR WSPR PROPAGATION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels

¢ 0.1lw ¢ 0.2w

(7,]
)
Q
| .
o0
)
()
=
)
S
E
N
<

6,000 9,000 12,000 15,000 18,000
Distance from FN42ex, Km




DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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DISTANCE AND DIRECTION AT VARIOUS POWER LEVELS

Spots of KIEHZ on 40m at Various Power Levels
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Azimuthal Map From FN42ex

Center: 42°58'45"N 71°37'30"WCRadius: 18000 km
Courtesy of Tom (‘Tflg
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EZNEC MODEL OF THE VERTICAL ANTENNA

31’ VERTICAL WITH 42 RADIALS
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Elevation Plot
Azimuth Angle
Outer Ring

Slice Max Gain
Beamwidth
Sidelobe Gain
Front/Sidelobe

EZNEC+

-3dB from dBmax

0.0 deg.
-4.11 dBi

-4.11 dBi @ Elev Angle = 27.0 deq.
44 8 deg.; -3dB @ 9.1, 53.9 deg.
-4.11 dBi @ Elev Angle = 153.0 deq.
0.0dB

~7.0386 MHz

Cursor Elev  27.0 deq.
Gain -4.11 dBi
0.0 dBmax
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FLAT EARTH PROPAGATION ESTIMATE

Understandingthat the Earth is Curved and lonosphere Gravity Waves Exist

13.83
3.33
N/A

225.0

EZNEC+

Angle 1 = RF Launch Angle from Antenna

b = Altitude of Peak Electron Density from lonosonde

¢ =b/Sin Angle 1

a =Sqrt(c"2 - bA2) ) ~ 7.0386 MHz

Elevation Plot Cursor Elev  27.0 deg.
Azimuth Angle 0.0 deg. Gain -4.11 dBi
Outer Ring -4.11 dBi 0.0 dBmax

Sk' D' t = + d Slice Max Gain  -4.11 dBi @ Elev Angle = 27.0 deg.

l p ls a nce ] a Beamwidth 44.8 deg.; -3dB @ 9.1, 53.9 deg.
Sidelobe Gain  -4.11 dBi @ Elev Angle = 153.0 deg.
Front/Sidelobe 0.0 dB




Total Field

EZNEC+

7.0386 MHz

DX Zones

1 — Very High Angle (NVIS)

Shortest Distance

Very Low Radiated Power
2 — High Angle

Short Distance

Medium Radiated Power
3 — Medium Angle

Medium Distance

High Radiated Power
4 — Low Angle

Long Distance

Medium Radiated Power
5 — Very Low Angle

Very Low Radiated Power

Theoretically Very Long
Distance

Realistically Ground Wave
Distance Over Land

Possible Longer Distance Over
Sea Water




DX | Launch Refractive Region Altitude, Km
Zone | Angle 175 200 225 250 275 300 325 350 375
80 61 70 79 88 96 105 114 123 131
1 75 94 107 120 134 147 161 174 187 201
70 127 145 163 181 200 218 236 254 272
65 164 187 210 234 257 280 304 327 350
60 202 231 260 289 318 346 375 404 433

55
50
45
40

245
294

280
336

315
378
450
537

350
420
500
597

385
462
550
657

420
504
600
717

455
545
650
776

490
587

525
629

35

642

713

785

856

927

30 606 693 779 866 953 | 1,039 1,126 | 1,212 | 1,299
3 27 687 785 883 981 | 1,079 |1,178 | 1,276 | 1,374 | 1,472

25 750 857 964 | 1,071 1,178 | 1,285 | 1,392 | 1,500 | 1,607

20 962 1,099 | 1,236 (1,374 1,511 | 1,649 (1,786 | 1,923 | 2,061
4 15 1,305 | 1,492 | 1,678 | 1,865 | 2,051 | 2,238 | 2,424 | 2,610 | 2,797

10 1,981 | 2,264 | 2,547 | 2,830 | 3,113 | 3,396 | 3,679 | 3,962 | 4,245
5 5 4,008 | 4,580 | 5,153 | 5,725 6,298 | 6,870 | 7,443
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Propagation Distance Estimated from RF Launch Angles
and Refractive Region Altitudes from 175km to 375 km
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cExample of best fit equation to propagation estimates for 250km

refractive region altitude.

Propagation Distance Estimated from RF Launch Angles
and Refractive Region Altitudes from 175km to 375 km
° 175 » 200 s 225 - 250
e 275 * 300 e 325 e 350
e 375 ~——Power (250)

il
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How Close is the Flat Earth Model to Reality?
https://planetcalc.com/1421/

Earth Chord vs Arc

Arc deviates from linear
Chord by more than 5%
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How does the flat Earth
approach compare to

this representation from
the ARRL Antenna

Book?
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How does the flat

S Earth approach
compare to this
representation from

l the ARRL Antenna
Book?
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Spot 15° to 45°

compares
reasonably
well in the antenn¢
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Juring one time period the hmF2 varies 25% across the study area, which
is acceptable for purposes of this exercise.

hmF2 and foF2 at 1100hr on 12/31/2017
*Millstone Hill at 1012hr
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Estimated One Skip Distance Compared to Relative RF Power at
the Antenna for Various Refractive Region Altitudes
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Estimated One Skip Distance Compared to Relative RF Power at the
Antenna for Various Refractive Region Altitudes
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Comparing data and the flat Earth model

Unique WSPR Spots of K1EHZ, 12/30-31, 2017, 50w

o Us ® Canada ® Europe
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Azimuthal Map From FN42ex

Center: 42°58'45"N 71°37'30"W Radius: 18000 km
Courtesy of Tom (NS6T)
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Unique WSPR Spots of K1EHZ, 12/30-31, 2017, 50w
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WSPR SKIP DISTANCE AT 50W COMPARED TO

FLAT EARTH SKIP DISTANCE
(REFRACTIVE REGION ALTITUDE 226KM)

WSPR Propagation - 50w, Az 262 to 314, 1014hr, 12/31/2017
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hort range spots from the previous slide show propagation at 7MHz, -
which is above the calculated MUF for this distance.

O
O WSPR Propagation - 50w, Az 274 to 292, 1014hr, 12/31/2017
@

D 100 200 400 600 800 1000 1500 3000 [km]
MUF S.7 5.8 6i1. 6:5 7.2 8:211.1.18:5 [MHZ]

7MHz MUF Distance = 750km

(aa]
<
Q
-]
(@]
=
S~
©
c
20
(7))

200 300 400 500 600 700 800 900
Distance from FN42ex, Km




~Propagation at 7MHz persists when the calculated MUF is below 7ZMHz -—an 4
unexpected observation in this study.
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Characterizing the data with the flat Earth model.

WSPR Propagation - 50w, Az 274 to 292, 1014hr, 12/31/2017
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D

Using the flat Earth
estimates we can relate
the distance of the data
spots to launch angles
from the antenna, and
see how reasonable the
guesses are for the
number of hops.

Signal / Noise, dB
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WSPR Propagation - 50w, Az 274 to 292, 1014hr, 12/31/2017
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* Flat  al ) fror ‘oncepiual models

and suits my purposes over on » distance.

® Patterns for lower power levels similar to those for 50w.




| incidence

onospheric homogeneity is a key assumpt S dynamic

nvironment.
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