Propagation 0630-Meters and2200-Meters
Carl Luetzelschwab K9LA December 2018

This is atheoreticallook at propagation on 63Meters and2200Meters usingay tracing
software.lt expands onhe brief discussion in theRRLHandbook. Lookfor a real-world
investigationof propagation orNDB frequenciegnear 630Meters)in a future QST article.

The 2019 ARRL Handboofalong with several earlier editionsas ashort sectiongection

19.8)startingon page 19.32i t | ed A Pr otplaegg aAM oBir Baed wavs is Bando.
sectionas an introduction to propagation on 8@@ters (475 KHzpand on 220Meters (137

KHz), and wanted to get across the concept that short hops would be prevalent on our new low
frequency bandbsut perhapswith lower ionospheric absorptiacghan on 16&Meters

That material is fAthe trutho and Adlet hing but
extraordinary waveeeds to be brought into the pictuas that section was only written around
the ordinary wag. Also, the difference betweefi’5 KHz and 137 KHneed to beinvestigated

As areview, when our transmitted signal enters the ionosphere down at the D segenof
thetransmittedenergy is coupled into the ordinary wave anthe is coupled into ¢h
extraordinary waveThese are the two characteristic waves that propagate through the
ionospherdgnote J. Thus it is important to understand hbwth thee characteristivaves
propagatehrough the ionosphemn 475 KHz and 137 Kelcompared td60-Meters and higher

Review of HF and MF Propagation

On HF (330 MHz),for all intents and purposé®th the ordinary and extraordinary waaes
circulally polarizzd[note 3. Additionally, both wavegssentialljtake the same path through the
ionosphere with the same amount of ionospheric absorpiigare 1shows ray trace(using
Proplab Pro/3) on aWest-East pathin the United State@2N/107W to 34N/95Wdn 3.5 MHz
on a December night at solar minimum witithbwaves launched at A&levation angle
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The ground distance is a bit different betweenttfeewaves, as is the ionospheric absorption
2.4dB for the ordinary waveersus 3.9 dBor the extraordinary wave. €sedifference would
likely not be noticedIf we goup in frequency, treesmalldifferences would diminisfurther.
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Figure 2

The paths are more different, and ionospheric absorption is much more diffée6tB for
the ordinary waveersus 68.1 dBor the extraordinary wavé his difference in ionospheric
absorption is why only the ordinary wave is usually consideré@@Meterpropagation.

To exaggerate these differendepaths through the ionosphere and ionospheric absorption
Figure 3 looksat ray traces at 1.6 MHz.

1.6 MHz, December night, solar min, // :
15° elevation angle pettigtint
Pt .
ordinary, 14.3 dB absorption
- . S
. S e /
o G s
: §% -t
v // NS :
. /'ﬁ.\ : P &
5 . gt
P i
i H
extraordinary, 191.5 total absorption 2 i |
T § § § FTm® § & T & § &

Figure 3



The paths through the ionosphere are radically diffateh MHzi the extraordinaryave
refracs (berds) more than the ordinary wayas itdoes at 1.8 MHz and 3.5 MHzANd the
ionospheric absorption of the extraordinary waveow huge.

| should point out that the | aw of physics th

inver sely proportional to the square of the frec
i mpacted by t he IRRarig, d dFsandhmtenfrequendes.fAi frequahcies
| ower than HF, the Earthodés magnetic field ren

The Earthés Magnetic Field

What 6s causi ng thepadstheougt thé ibnesphesndireiaospharic
absorptionThe electron gyrdrequency is the causenhich is aresultofthei onos pher ed s
interaction withth&ear t h 6 s maAgweanbve downh from B.5IMHz to 1.8 MHmnd

finally to 1.6 MHz,the operating frequency is neathe electron gyrdrequency.

The electron gyrdrequency is the frequency at which ionospheric electrons spiral around
magnetic field lines. Worldwide, the etemn gyrofrequency varies from around 700 KHz to 1.7
MHz. For our path irall the ray traceshown abovgthe electron gyrérequencyat the midpoint

is about 1.4 MHzFigure 4relates3.5 MHz, 1.8 MHz and 1.6 MH@vhich areall abovethe
electron gyrefrequency)to the electron gyrérequency.
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We note thaB.5 MHz is far enough away from the electron gifemuency so that the ordinary
and extraordinary waves behave very similarly. But as we move down to 1.8 MHz, thefeffect
the electron gyrdrequencyis starting to be sednespecially in ionospheric afxgption[note3].

Ray Trace®n FreqguencieBelow the Electron Gyrbreguency

Also annotatedh Figure 4 @& our two new bands475 KHz (630Meters) andl37 KHz (2200
Meters) They arebelowthe electron gyrdrequency, so we might suspect that there would be
some interesting changes in propagation on our two new Hareds$. 6 Sy leoking at ray
traces atl75KHz at the same P=®levation angle as all previous ray tracse Figure 5.
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Figure 5

Indeed, the first change we note is thatv the ordinary waveefractsmorethan the
extraordinary wavénote 4. The second change is that there is now less ionospheric absorption
for the extraordinary wave for the same distance.

Now | etds | ook at a coupl e TheiFigurecGaydraces arlade vat i o

3 elevation angle.
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Figure 6

Again, the extraordinary wave incurs the least ionospheric absorption for the same distance. The
ordinary wave at 30elevation angle now gets up to 80 km compared to only 70 km atthe 15
elevation anglé this is due to the higher elevation angle.

Next, in Figure 7, aréhe ray traces at @1elevation anglat 475 KHz.
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Figure 7
Now the ordinary wave has the | east i1 onospher
becauseat a lower elevation angtbe ordinary wavenly gets up to 68 krn it barely enters the
D region, resultingn less ionospheric absorption.

Let dh@wvgo down to 137 KHz and do ray traces at & élevation angleSee Figure 8.
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At an elevationangleof s n 137 KHz, therebés stil]l enough i

night at solar minimum to refract both the ordinary wéwgets to @ km) andextraordinary
wave(it gets to 77 kmjrom the D regionThe ordinary wave hasightly less ionospheric
absorptioomainlyb e cause it doe s Dddgiongsehe exéraordinarygviive.i nt o t h



On 137 KHz &aan elevation angle of 20both waves dtirefract from the D regioywith the

ordinary wave still having less ionospheric absorption compared to the extraordinary wave. At an
elevation angle of 3Dboth waves continue to be refracted by the D region, but now the
extraordinary wave has less alygion.

Summary Up to Now

Table Ishows which characteristic wave has the least ionospheric absorption versus frequency
and elevation angh®r nighttime conditions at solar minimum

frequency elevation angle best wave
10° ordinary

137 KHz 15° ordinary
30 extraordinary
10° ordinary

475 KHz 15° extraordinary
30 extraordinary

Table |

Whatthis tells us is sometimes the ordinary wavevéve) will dominate and sometimes the
extraordinary wave (wave) will dominatelt also suggests that propagation on our two new
bandscan be differentespecially in hop distance.

Why Should We Worry about the-@Wave andhe X-Wave?

As stated earlier, the polarization of the ordinary wave and extraordinary wave is circular at HF
330 MHz). Thus is doesnét matter whether we u
HF when just considering polarizatioBut be aware that vertical antennas pick up more noise

and need a good ground system.

On 160Meters, the polarization tes toward d@hin ellipse due to the effect of the magnetic field
i essentially linear polarizatiomhe major axis of the ordinary wave is parallel to the magnetic
field lines, while the major axis of the extraordinary wave is perpendicular to the mdmghetic

At the high latitudes, the magnetic field lines are mostly vertical. Thus if the ordinary wave has

the least absorption (asitdoeson-M@t er s), i tdés major axis 1 s pa
field linesi which says we should transmitcareceive with vertically polarized antenn@bat

couples the most energy from dunearantenna into the desired characteristic wve

ordinary wavel}hat propagates through the ionosphere with the least ionospheric absorption

Polarization on 630etersand 22060Meters

Using Proplab Pro V2 (I used the old DOS versidrknow where to find the polarization data
in it!), I ran ray traces on 475 KHz and 137 KHz at &elBvation angle during the night at solar
minimum over the aforementioned W4sdst path.



As expected, the polarization ellipse turned out to be very thin on both frequencies. This
indicates near linear polarization (as is seen onMétrs)[note J. Thus coupling the energy
from your antenna to the characteristic wave with the least absorptieryisnportant.

From the earlier table showing which characteristic wave was most important at 475 KHz and
137 KHz versus elevation angln antenna with both vertical and horizontal polarization would
bebeston our new bands since each charactenstivemighthave its best timeAn invertedL
would fit thisrequirementl originally mentioneda T antenna, but Ban K6STI rightly advised
thatthe two sides of the horizontal portiare outof-phasé giving minimal horizontal

polarization

DaytimePropagation

All the previous ray traces were done during the night at solar miniment 6 s do ray tr a
during the day1700 UTCi around 11:00 AM local time for the WeBast pathpat various

elevation anglebut still at solar minimum for 475 KHz and 137 KHzher eds mor e D r e
ionization during the day, gbis could be a big problem with ionospheric absorpttagure 9
showsdaytimeresults on 475 KHz at a 1Blevation angle.
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Figure 9

Neither characteristic wave gets above 80with high ionospheric absorption for both
characteristic waveS€ompare these results to Figure 5.

At other elevation angles{53(° and 435), the results are the same: nothing gets above the D
region and the ionospheric absorption is very highs also applies to ray traces at 137 KHz.
The additional daytime ionizatioeally takes its tol(in terms of ionospheric absorption)

Propagation afolar Maximumof an Average Solar Cycle

Figures 10 and 11 are ray traces during the night at solar maximum of an average solar cycle
(smoothed sunspot number of around 100)
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Figure 10

Figure 11

Comparing Figure 10 to Figure 5 and Figure 11 to Figure 8 stimms isa smalldifference

bet ween solar minimum and solar maxi mum at
direct solar radiation at night affecting the lower ionospheoeray taces were donguring the

day at solar maximuras propagatioshould be worsthanduring the day at solar minimum.

PropagatiorAroundSunrise andsunset

When propagation around sunrise and sunset is discisedifferentmechanisms should be
reviewed.One mechanism is when the patimisreperpendicular to the terminatdran along
the terminator. This is wheme seesunrise and sunset enhancementd60m Figure 12from
WG6ELProp)shows a typical example of this typepafth which isdiscussed in the next section.
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