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This is a theoretical look at propagation on 630-Meters and 2200-Meters using ray tracing 

software. It expands on the brief discussion in the ARRL Handbooks. Look for a real-world 

investigation of propagation on NDB frequencies (near 630-Meters) in a future QST article. 

 

The 2019 ARRL Handbook (along with several earlier editions) has a short section (Section 

19.8) starting on page 19.32 titled ñPropagation Below the AM Broadcast Bandò. I penned this 

section as an introduction to propagation on 630-Meters (475 KHz) and on 2200-Meters (137 

KHz), and wanted to get across the concept that short hops would be prevalent on our new low 

frequency bands but perhaps with lower ionospheric absorption than on 160-Meters. 

 

That material is ñthe truthò and ñnothing but the truthò, but it isnôt ñthe whole truthò. The 

extraordinary wave needs to be brought into the picture, as that section was only written around 

the ordinary wave. Also, the difference between 475 KHz and 137 KHz needs to be investigated. 

 

As a review, when our transmitted signal enters the ionosphere down at the D region, some of 

the transmitted energy is coupled into the ordinary wave and some is coupled into the 

extraordinary wave. These are the two characteristic waves that propagate through the 

ionosphere [note 1]. Thus it is important to understand how both these characteristic waves 

propagate through the ionosphere on 475 KHz and 137 KHz compared to 160-Meters and higher. 

 

Review of HF and MF Propagation 

 

On HF (3-30 MHz), for all intents and purposes both the ordinary and extraordinary waves are 

circularly polarized [note 2]. Additionally, both waves essentially take the same path through the 

ionosphere with the same amount of ionospheric absorption. Figure 1 shows ray traces (using 

Proplab Pro V3) on a West-East path in the United States (32N/107W to 34N/95W) on 3.5 MHz 

on a December night at solar minimum with both waves launched at 15o elevation angles. 

 

 
Figure 1 



 

The ground distance is a bit different between the two waves, as is the ionospheric absorption ï 

2.4 dB for the ordinary wave versus 3.9 dB for the extraordinary wave. These differences would 

likely not be noticed. If we go up in frequency, these small differences would diminish further. 

 

Now letôs move down to 1.8 MHz under the same conditions. See Figure 2. 

 

 
Figure 2 

 

The paths are more different, and ionospheric absorption is much more different ï 10.5 dB for 

the ordinary wave versus 68.1 dB for the extraordinary wave. This difference in ionospheric 

absorption is why only the ordinary wave is usually considered in 160-Meter propagation. 

 

To exaggerate these differences in paths through the ionosphere and ionospheric absorption, 

Figure 3 looks at ray traces at 1.6 MHz. 

 

 
Figure 3 



 

The paths through the ionosphere are radically different at 1.6 MHz ï the extraordinary wave 

refracts (bends) more than the ordinary wave (as it does at 1.8 MHz and 3.5 MHz). And the 

ionospheric absorption of the extraordinary wave is now huge. 

 

I should point out that the law of physics that says ñthe amount of ionospheric absorption is 

inversely proportional to the square of the frequencyò only applies to frequencies that are not 

impacted by the Earthôs magnetic field ï that is, at HF and higher frequencies. At frequencies 

lower than HF, the Earthôs magnetic field renders that law useless. 

 

The Earthôs Magnetic Field 

 

Whatôs causing these differences in the paths through the ionosphere and in ionospheric 

absorption? The electron gyro-frequency is the cause, which is a result of the ionosphereôs 

interaction with the Earthôs magnetic field. As we move down from 3.5 MHz to 1.8 MHz and 

finally to 1.6 MHz, the operating frequency is nearer the electron gyro-frequency. 

 

The electron gyro-frequency is the frequency at which ionospheric electrons spiral around 

magnetic field lines. Worldwide, the electron gyro-frequency varies from around 700 KHz to 1.7 

MHz. For our path in all the ray traces shown above, the electron gyro-frequency at the midpoint 

is about 1.4 MHz. Figure 4 relates 3.5 MHz, 1.8 MHz and 1.6 MHz (which are all above the 

electron gyro-frequency) to the electron gyro-frequency. 

 

 
Figure 4 

 

We note that 3.5 MHz is far enough away from the electron gyro-frequency so that the ordinary 

and extraordinary waves behave very similarly. But as we move down to 1.8 MHz, the effect of 

the electron gyro-frequency is starting to be seen ï especially in ionospheric absorption [note 3]. 

 

Ray Traces on Frequencies Below the Electron Gyro-Frequency 

 

Also annotated in Figure 4 are our two new bands ï 475 KHz (630-Meters) and 137 KHz (2200-

Meters). They are below the electron gyro-frequency, so we might suspect that there would be 

some interesting changes in propagation on our two new bands. Letôs start by looking at ray 

traces at 475 KHz at the same 15o elevation angle as all previous ray traces. See Figure 5. 



 

 
Figure 5 

 

Indeed, the first change we note is that now the ordinary wave refracts more than the 

extraordinary wave [note 4]. The second change is that there is now less ionospheric absorption 

for the extraordinary wave for the same distance. 

 

Now letôs look at a couple different elevation angles at 475 KHz. The Figure 6 ray traces are at a 

30o elevation angle. 

 

 
Figure 6 

 

Again, the extraordinary wave incurs the least ionospheric absorption for the same distance. The 

ordinary wave at 30o elevation angle now gets up to 80 km compared to only 70 km at the 15o 

elevation angle ï this is due to the higher elevation angle. 

 

Next, in Figure 7, are the ray traces at a 10o elevation angle at 475 KHz. 



 

 
Figure 7 

 

Now the ordinary wave has the least ionospheric absorption for the same distance. Thatôs 

because at a lower elevation angle the ordinary wave only gets up to 68 km ï it barely enters the 

D region, resulting in less ionospheric absorption. 

 

Letôs now go down to 137 KHz and do ray traces at a 15o elevation angle. See Figure 8. 

 

 
Figure 8 

 

At an elevation angle of 15o on 137 KHz, thereôs still enough ionization down low during the 

night at solar minimum to refract both the ordinary wave (it gets to 67 km) and extraordinary 

wave (it gets to 77 km) from the D region. The ordinary wave has slightly less ionospheric 

absorption mainly because it doesnôt get as high into the D region as the extraordinary wave. 

 



On 137 KHz at an elevation angle of 10o, both waves still refract from the D region, with the 

ordinary wave still having less ionospheric absorption compared to the extraordinary wave. At an 

elevation angle of 30o, both waves continue to be refracted by the D region, but now the 

extraordinary wave has less absorption. 

 

Summary Up to Now 

 

Table I shows which characteristic wave has the least ionospheric absorption versus frequency 

and elevation angle for nighttime conditions at solar minimum. 

 
frequency elevation angle best wave 

137 KHz 

10o ordinary 

15o ordinary 

30o extraordinary 

475 KHz 

10o ordinary 

15o extraordinary 

30o extraordinary 

Table I 

 

What this tells us is sometimes the ordinary wave (o-wave) will dominate and sometimes the 

extraordinary wave (x-wave) will dominate. It also suggests that propagation on our two new 

bands can be different, especially in hop distance. 

 

Why Should We Worry about the O-Wave and the X-Wave? 

 

As stated earlier, the polarization of the ordinary wave and extraordinary wave is circular at HF 

(3-30 MHz). Thus is doesnôt matter whether we use a horizontal antenna or a vertical antenna at 

HF when just considering polarization. But be aware that vertical antennas pick up more noise 

and need a good ground system. 

 

On 160-Meters, the polarization tends toward a thin ellipse due to the effect of the magnetic field 

ï essentially linear polarization. The 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 magnetic field. 

 

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

the least absorption (as it does on 160-Meters), itôs major axis is parallel to the vertical magnetic 

field lines ï which says we should transmit and receive with vertically polarized antennas. That 

couples the most energy from our linear antenna into the desired characteristic wave (the 

ordinary wave) that propagates through the ionosphere with the least ionospheric absorption. 

 

Polarization on 630-Meters and 2200-Meters 

 

Using Proplab Pro V2 (I used the old DOS version ï I know where to find the polarization data 

in it!), I ran ray traces on 475 KHz and 137 KHz at a 15o elevation angle during the night at solar 

minimum over the aforementioned West-East path. 

 



As expected, the polarization ellipse turned out to be very thin on both frequencies. This 

indicates near linear polarization (as is seen on 160-Meters) [note 5]. Thus coupling the energy 

from your antenna to the characteristic wave with the least absorption is very important. 

 

From the earlier table showing which characteristic wave was most important at 475 KHz and 

137 KHz versus elevation angle, an antenna with both vertical and horizontal polarization would 

be best on our new bands since each characteristic wave might have its best time. An inverted-L 

would fit this requirement. I originally mentioned a T antenna, but Brian K6STI rightly advised 

that the two sides of the horizontal portion are out-of-phase ï giving minimal horizontal 

polarization. 

 

Daytime Propagation 

 

All the previous ray traces were done during the night at solar minimum. Letôs do ray traces 

during the day (1700 UTC ï around 11:00 AM local time for the West-East path) at various 

elevation angles but still at solar minimum for 475 KHz and 137 KHz. Thereôs more D region 

ionization during the day, so this could be a big problem with ionospheric absorption. Figure 9 

shows daytime results on 475 KHz at a 15o elevation angle. 

 

 
Figure 9 

 

Neither characteristic wave gets above 80km, with high ionospheric absorption for both 

characteristic waves. Compare these results to Figure 5. 

 

At other elevation angles (5o, 30o and 45o), the results are the same: nothing gets above the D 

region and the ionospheric absorption is very high. This also applies to ray traces at 137 KHz. 

The additional daytime ionization really takes its toll (in terms of ionospheric absorption). 

 

Propagation at Solar Maximum of 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). 



 

 
Figure 10 

 

 
Figure 11 

 

Comparing Figure 10 to Figure 5 and Figure 11 to Figure 8 shows there is a small difference 

between solar minimum and solar maximum at night. This is to be expected as thereôs minimal 

direct solar radiation at night affecting the lower ionosphere. No ray traces were done during the 

day at solar maximum as propagation should be worse than during the day at solar minimum. 

 

Propagation Around Sunrise and Sunset 

 

When propagation around sunrise and sunset is discussed, two different mechanisms should be 

reviewed. One mechanism is when the path is more perpendicular to the terminator than along 

the terminator. This is when we see sunrise and sunset enhancements on 160m. Figure 12 (from 

W6ELProp) shows a typical example of this type of path, which is discussed in the next section. 

 


