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CHAPTER 1CHAPTER 1

Propagation
 

1. INTRODUCTION 
I will try to answer the following questions in this 

chapter: 

•	 When can I work DX on the low bands? 
•	 Are conditions on 40, 80 and 160 meters the same or 

similar? 
•	 Are conditions very variable? 
•	 Are conditions predictable? 
•	 Is there any good propagation-prediction software? 
•	 Are there any other tools to help me catch the difficult 

ones? 
•	 What are crooked paths, when do they happen and what 

causes them? 
•	 What directions should I aim my antennas? 

In the last five years we have seen more publications than 
ever before covering propagation, antenna modeling and digital 
communications. It should come as no surprise that the availabil
ity of powerful computers is a major reason for this evolution. 
Speaking of antennas and digital communications, the more that 
is being published on these subjects, the more we all benefit. 

I cannot, however, say the same thing about publications 
concerning propagation, especially related to the low bands. 
The number of variables influencing low-band and especially 
160-meter propagation appears to be so vast that scientists 
have only discovered the proverbial tip of the iceberg. So far, 
no one has come up with a forecasting system that works. 

At best, we seem to be able to correlate some of the 
known parameters with actual observations. But the full “why 
and how”—the global picture—is still missing. But don’t let 
this scare you off, the elements of mystery and discovery on 
the low bands makes for half the excitement and fun there! 

A number of publications (Ref 101, 103, 104, 105 and 
167) cover the basic principles of radio propagation by iono
spheric refraction, primarily on HF. Let me recommend in 
particular Robert Brown’s (NM7M) excellent books: The 
Little Pistol’s Guide to HF propagation and The Big Gun’s 
Guide to Low-Band Propagation (Ref 167 and 179). These 
books are must-reads for anyone who wants to have a more 
than casual understanding of propagation. 

The existence of books of this caliber makes it easy for 
me, since I will not have to explain the basics of propagation. 

This chapter on low-band propagation is thus not meant to be 
a general-study book on propagation. I have written it for the 
dedicated low-band DXer, who tries to understand the “how” 
of propagation (not necessarily the “why”) to help him work 
an elusive new country or maybe to generate a better contest 
score. 

This chapter is mainly based on observations, your 
observations and mine. You will soon find that the basic rules 
that govern propagation on the low bands are rather simple. 
You need a path in darkness, one that exhibits (most often) 
sunrise and sunset peaks. These are the simple but very 
important ground rules. 

Testimonies of literally hundreds of low band DXers are 
used to identify what may seem like odd propagation phenom
ena. I will mention possible or probable mechanisms that 
govern these phenomena. These can be widely accepted, or in 
some cases more speculative and yet-to-be-proven mecha
nisms. What is important is that you be able to recognize 
“odd” phenomena and circumstances and that you know how 
to take advantage of them. That’s what this chapter is really all 
about. 

I will try to cover propagation on the three low bands 
(40, 80 and 160 meters), explaining similarities, but also 
pinpointing important differences. Understanding the basic 
mechanics is very essential. If you realize that on 160 meters 
the opening over a 18,000 km path will occur maybe one day 
a week, and then only during a specific time of a “good” 
year, and that the opening will last maybe 3 to 5 minutes, you 
will realize how important it is to know when you have to try 
to make that contact. 

A spectacular example to illustrate this was my QSO on 
160 meter with ZL7DK in early Mar 1998. 1998 was a good, 
low sunspot year. I knew I had a 3 to 5 minute window both 
in the morning as well as in the evening. After observing the 
two windows for almost two weeks, one morning the weak 
signals from Chatham Island finally came through and I was 
able to work them. That morning “I had the skip.” Other 
mornings their signals made it into England, France or Ger
many, without any spillover in Belgium. Why? In addition to 
just noting these facts, I will try to describe and explain a 
mechanism that seems to fit these facts. 

Over the years numerous HF propagation programs have 
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popped up. While these have proven their use for predicting 
propagation on the higher bands (the MUF-related bands), I 
have never had any much use from then on the low bands, 
certainly not on 160 meters. 

In the world of commercial HF-broadcasting and HF
point-to-point communications, the challenge consists in find
ing the optimum frequency or maybe the best angle of radiation 
(to select the right transmitting antenna) that will give the 
most reliable propagation, as a function of the time of day. In 
low-band DXing, the problem is quite different. The chal
lenge is to determine the best time (month, day and hour) to 
make a contact on a given (low-band) frequency, with a given 
antenna setup, between two specific locations. 

Cary Oler and Ted Cohen (N4XX) wrote in their excel
lent article “The 160-Meter Band: An Enigma Shrouded in a 
Mystery” (Ref 142): “Topband is one of the last frontiers for 
radio propagation enthusiasts. It involves regions of the Earth’s 
environment that are very difficult to explore and are poorly 
understood. These factors have led to our failure to predict 
propagation conditions with any level of accuracy. They also 
account for our inability to explain some of the puzzling 
mixtures of conditions that make this one of the most interest
ing and volatile bands available to the Amateur service.” 

Bill Tippett, W4ZV, hit the nail on the head when he 
wrote: “If 160 were perfectly predictable, we would all 
become bored with it and take up another hobby. Let’s just 
enjoy it as it is because we’ll never be able to figure it out!” So, 
don’t expect this chapter to predict all kind of exotic openings 
on 160 for you! 

2. WHEN CAN WE WORK DX ON THE 
LOW BANDS? 

Let’s have a look at the following time cycles: 

• The 11-Year Sunspot Cycle 
• The 27-Day Sun-Rotation Cycle 
• The Seasonal Cycle 
• The Time of Day 

2.1. The Sunspot Cycle 
It is well known that radio propagation by ionospheric 

refraction is greatly influenced by the sunspot cycle. This is 
simply because ionization is caused mainly by ultraviolet 
(UV) radiation from the sun, and UV is highly dependent on 
solar activity. 

Solar activity can influence HF propagation in three 
major areas: 

• MUF (maximum usable frequency) 
• Absorption from D-layer and E-layer 
•	 The occurrence of magnetic disturbances 

The sun’s activity is usually expressed in term of the 
Smoothed Sunspot Number (SSN) or the Solar Flux Index 
(SFI). You can get the SFI on WWV (eg, on 10 MHz), but if you 
have a computer with a permanent connection to the Internet, 
you can use a very nice program called IonoProbe, written by 
VE3NEA. (See www.dxatlas.com/IonoProbe/). IonoProbe is 
a 32-bit Windows application that monitors the space weather 
parameters essential for HF radio, including SSN/SFI, Ap/Kp, 
X-ray/Proton flux and auroral activity. IonoProbe downloads 
near-real time satellite and ground-station data, stores that 
information for future use and displays it in a user-friendly way. 
Time-critical parameters, such as X-ray flux, proton flux and 
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auroral index, are updated every 15 minutes. An alarm can be 
set up to notify you of a geomagnetic storm within a few 
minutes after its start (Fig 1-1). 

You can also view a Solar Terrestrial Activity report in 
the form of a chart on www.dxlc.com/solar/. (See Fig 1-2.). 
Fig 1-3 shows the progress of the present cycle (daily, monthly 
and smoothed). The next solar minimum will likely occur 
sometime in 2006 with Cycle 24 peaking in 2010. (See: 
sidc.oma.be/html/sidc_graphics.html  and 
www.sec.noaa.gov/SolarCycle/ and www.wm7d.net/ 
hamradio/solar/index.shtml.) Note that the smoothed sun
spot number in Cycle 19 peaked almost twice as high (200) as 

Fig 1-1—A number of ionospheric parameters can be dis
played together, for a time frame of 1 day, 1 week or 1 
year. For example, the Effective SSN, the Kp Index, Auroral 
Activity, X-Ray Flux and Proton flux are shown here for the 
last week. These are updated continuously using the 
IonoProbe program by VE3NEA. (Courtesy of VE3NEA.) 
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Fig 1-2—A Solar Terrestrial Report shows the day-by-day evolution of the Solar Flux, the Sunspot Number and 
the Planetary A Index. (Courtesy of Jan Alvestad.) 

Cycle 23 (just over 100). Old timers will remember the 
spectacular 10-meter signals we enjoyed in 1957-1958 at the 
peak of Cycle 19. 

2.1.1. The MUF1 
The critical frequency is the highest frequency at which 

a signal transmitted straight up at a 90º elevation angle is 
returned to earth. The critical frequency is continuously mea
sured in several hundred places around the world by devices 
called ionosondes. At frequencies higher than the critical 
frequency, all energy will travel through the ionosphere and 
be lost in space (Fig 1-5). The critical frequency varies with 
sunspot cycle, time of year and day, as well as geographical 
location. Typical values are 9 MHz at noon and 5 MHz at 
night. During periods with low sunspot activity the critical 
frequency can be as low as 3 MHz. During those times we can 
witness dead zones on 80 meters at night. 

Fig 1-6A shows a world map with the critical frequencies 
for midwinter and a low Smoothed Sunspot Number (SSN=65) 
at 0000 UTC. Fig 1-6B shows the same map for midsummer 
with a high Smoothed Sunspot Number (SSN=240) at 1200 
UTC. 

At frequencies slightly higher than the critical frequency, 
refraction will occur for a relatively high wave angle and all 

lower angles. As we increase the frequency, the maximum 
elevation angle at which we have ionospheric refraction will 
become lower and lower. At 30 MHz during periods of high 
solar activity, such angles can be of the order of 10º and even 
as low as 1º (Source: VOACAP by NTIA/ITS; see www. 
uwasa.fi/~jpe/voacap/). 

The relation between MUF and critical frequency is the 
wave elevation angle, where: 

MUF = Fcrit / sin(α) 

where α = angle of elevation. 
Table 1-1 gives an overview of the 

multiplication factor (1/sin α, also called 
secant α) for a number of elevation angles 
(α). For the situation where the critical 
frequency is as low as 2 MHz it can be 
seen that any 3.8-MHz energy radiated at 
angles higher than 30º will be lost into 
space. This is one reason for using an 
antenna with a low radiation angle for the 
low bands. 

The MUF is the highest frequency at 
which reliable radio communications by 
ionospheric propagation can be main-
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Table 1-1 
α (°) 1/sin(α) 
10 5.8 
20 2.9 
30 2.0 
40 1.6 
50 1.3 
60 1.2 
70 1.1 
80 1.0 
90 1.0 
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Fig 1-4—Conversion from 2800-MHz solar flux to 
Smoothed Solar Number (SSN). (Courtesy The ARRL 
Antenna Book, 20th Edition.) 
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Fig 1-3—At A, evolution of 
Sunspot Cycle 23, showing 
smoothed (dark line), 
monthly (jagged dark line) 
and daily (light line). At B, 
Sunspot Cycles 21, 23 and 
23 superimposed with 
monthly and smoothed 
data. (Courtesy of Solar 
Influences Data analysis 
Center, Royal Observatory 
of Belgium.) 

Fig 1-5—Ionospheric propagation: At A, we see 
refraction of the vertically transmitted wave—this 
means that the frequency is below the critical fre
quency for that refracting layer. At B, the angle is too 
high and the refraction is insufficient to return the 
wave to Earth. At C, we have the highest angle at 
which the refracted wave will return to Earth. The 
higher the frequency the lower the angle will become. 
Note the skip zone, where there is no signal. 
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Fig 1-6—At A, Mercator-projection world map with the 
critical f0F2 frequencies for midwinter and a low Smoothed 
Sunspot Number (SSN = 20) at 0000 UTC. At B, map for 
midsummer with a high SSN of 240 at 1200 UTC 
(Maps generated by PropLab Pro software program.) 

Fig 1-7—At A, Mercator projection of the world showing 
the 3000-km equal-MUF lines for Jan 1 (0000 UTC) for an 
SSN of 20 (A-index=5). Note that there are areas in the 
Northern Hemisphere where during the night the MUF is 
below 7 MHz. Also note the great-circle (short) path 
between Europe and California. At B, a frequency map for 
Jan 1, 0800 UTC (SSN=11.9, K=0). The MUF is below 7 MHz 
on the path between Europe and the USA. At C, a similar 
map; the only difference is that the SSN = 99.5. This time 
the path between Europe and the USA is open on 40 
meters. (Map A generated by PropLab Pro. Maps B and C 
were generated by W6EL’s MiniProp Plus program.) 

tained over a given path—this is called the “classical MUF.” 
Another common use of the term MUF refers to the median 
statistical value. Fifty percent of the time, the actual MUF 
observed on any given day will be higher than the median (and 
50% of the time it will be lower). If you take 85% of the 
(median) MUF, the path should support signal propagation 
90% of the time. This is also called FOT or the Frequency of 

Optimum Traffic. At 115% of the (median) MUF, it should 
only support signal propagation 10% of the time. This is called 
the Highest Possible Frequency or HPF. 

Finally, just because signal propagation is supported 
does not mean that we will be able to communicate. For that, 
you have to consider the (S+N)/N, which is a function of the 
modulation type used and the noise field at the receiver, 
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among other things. 
The MUF changes with time and with specific locations on 

the earth, or to be more exact, with the geographic location of the 
ionospheric refraction points. The MUF for a given path with 
multiple refraction points will be equal to the lowest MUF along 
the path. Fig 1-7A shows a typical 3000-km MUF chart on a 
Mercator projection map produced by Proplab Pro. (See Section 
3.2.8.1.) 

Each point of the MUF map is the midpoint of a 3000-km 
path. If an MUF of 7 MHz is shown for a given location, then 
you can expect an MUF of 7 MHz for any 3000-km path for 
which the mid-point is the given location. In other words, the 
MUF for a signal, transmitted 1500 km away from the given 
location and for which the path goes through the ionosphere 
above that location is the value shown at that location on the 
map. 

It is generally accepted that the optimum communication 
frequency (FOT) is about 80% to 85% of the MUF. On much 
lower frequencies, the situation is less than optimum, as the 
absorption in the ionosphere increases and the atmospheric 
noise generally increases. We now have computer programs 
available that will accurately predict MUF and FOT for a 
given path and a given level of solar activity. These programs 
are very useful in predicting propagation on the higher bands, 
as well as for 40 meters. Their usefulness is limited on 80 and 
they are even less useful on 160 meters, since propagation on 
that band is not ruled by MUF. 

During low sunspot cycle years, the MUF is often below 
values sustaining 7-MHz long-distance propagation. For 
example, during low sunspot years the 7-MHz path between 
Europe and the USA very frequently closes down during the 
night and contacts are only possible near sunset (eastern end) 
or near sunrise (eastern end of the path). Even 80 meters can 
sometimes suffer from this phenomenon. The low sunspot 
years are therefore not always the best years for low-band 
propagation—despite the widely held belief of many low 
banders. 

Fig 1-7B shows a so-called frequency map, generated 
using the MiniProp Plus program (see Section 3.2.8.1). This 
frequency map (which really is a MUF map) allows you to 
quickly assess the frequencies you can use into a given area of 
the world. Fig 1-7B is for a low sunspot number (SSN=12) on 
Jan 1 at 0800 UTC (Europe sunrise). Note that the map says 
there is 3.5-MHz, but no 7.1-MHz, propagation between the 
USA and Europe, confirming what I showed earlier. Fig 1-7C 
is for an SSN of 100, which guarantees enough ionization for 
a 40-meter path between Europe and the USA. In both fre
quency maps the geomagnetic A-index (see Section 3.2.5.) 
was entered as 0, which means there would be virtually no 
solar-induced geomagnetic activity to disturb the path. 

Fig 1-8 shows an “Oblique Azimuthal Equidistant” pro
jection (commonly called a great-circle map) from Proplab 
Pro that allows us to see the MUF values encountered along 
a great-circle path between a QTH (the center of the map) and 
a target QTH. In this example the great-circle map is centered 
on Western Europe. From these maps we can see that the MUF 
is lower during local winter and much lower at night than 
during the daytime. 

Another very useful map projection is the “Polar Azi
muthal Equidistant” projection in Proplab Pro. This map 
shows either the Northern or the Southern hemisphere and is 
very suitable for analyzing polar paths. Fig 1-9 shows an 
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example of such a map centered on Brussels, with equal-MUF 
lines for midwinter at 0800 UTC (sunrise in Western Europe) 
for a sunspot number of 20. Note again the low MUF zones 
between Europe and the USA. Fig 1-10 shows the same map 
for a sunspot number of 200, indicating that 40 as well as 
30 meters will remain open all night long between Europe and 
North America at this level of solar activity. 

Fig 1-8—Map showing 3000-km, equal-MUF lines, 
displayed on a great-circle projection (Azimuthal 
Projection). In this example only the MUF lines up to 
10 MHz are shown, in order not to clutter the map. All 
the radial lines departing from the center QTH (Bel
gium) are great-circle lines, indicating the straight-line 
beam headings to all target locations. This same map 
projection (without the MUF lines) can be used to show 
beam headings from a particular QTH to DX around the 
world. (Map generated by the PropLab Pro Program.) 

Fig 1-9—The same 3000-km equal-MUF information as 
shown in Fig 1-8, but now displayed on a Polar Azi
muthal Equidistant projection. This example is for 0800 
UTC (sunrise in Western Europe). Notice the low MUF 
over the North Atlantic and North America. This shows 
why 40 meters can often go dead between Europe and 
the US during low sunspot years. (Map created by 
PropLab Pro software.) 
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Fig 1-10—The same 3000-km equal-MUF map shown in 
Fig 1-9, but for a very high sunspot number of 200. 
Note that even 10 MHz will remain open all night long 
between the USA and Europe. (Map created by PropLab 
Pro software.) 

Finally, the MUF has nothing to do with propagation on 
160 meters, since the maximum usable frequencies are always 
greater than 1.8 MHz, even at solar minimum. 

2.1.2. Attenuation through D-layer activity 
During the day, the lowest ionospheric layer in existence 

is the D-layer, at an altitude of 60 to 90 km. Fig 1-11 shows 
how low-angle, low-frequency signals are absorbed by the 
D-layer. The D-layer absorbs signals, rather than noticeably 
refracting them, because it is much denser than the other 
higher ionospheric layers. The density of neutral, non-ionized 
particles, which make up the bulk of the mass in this region, 
is 1000 times greater in the D-layer than in the E layer. (See 
Ref 121.) For a low-frequency signal to propagate through any 
layer without large losses, the number of neutral atoms should 
be small. Statistically speaking, a free electron in the D layer 
during the day would collide with nearby neutral atoms about 
10 million times per second! Electrons are thus not given 
much of a chance to refract signals in the D layer and absorp
tion occurs instead. The “collision frequency” is high, result
ing in high levels of signal absorption. 

During a typical day, the level of ionization of the D layer 
follows the solar zenith angle, but is greatly influenced by the 
level of solar x-ray flares. During the night, the ionization 
level of the D layer drops dramatically but some very small 
level persists. The remaining ionization in the D layer helps 
determines the attenuation during the night on 160 meters. 
Small variation in D-layer ionization can cause large fluctua
tions in signal absorption on Top Band. This is especially 
important in multi-hop propagation modes, where the signal 
has to traverse the D layer twice for each hop. 

The absorption level is inversely proportional to the 
arrival angle of the signal, so high-angle signals pass through 
the D layer relatively unattenuated. This is one reason our 
high-angle (low to the ground) dipoles work so well for local 
traffic on 80 meters. 

I think this mechanism may also play a role in the often
reported phenomenon where, for periods shortly after sunrise, 

Fig 1-11—D-layer absorption. The high-angle signals 
pass through the D-layer and are reflected by the E/F 
layer. Low-angle signals are absorbed. This explains 
the need for a high-angle antenna to work short dis
tances during daytime. 

high-angle antennas often take over from low-angle antennas 
for working very long (eg, long-path) distances. (See also 
Section 2.4.4.4.) How might the sunspot cycle affect this 
phenomenon? When sunspot activity is low, the formation of 
the D layer is slower; D layer build-up before noon is less 
pronounced, while the evening disintegration of the layer 
occurs faster. This is because there is generally less energy 
from the sun to create and sustain the high ionization level of 
the D layer. This means, in turn, that at a sunspot minimum, 
absorption in the D layer will be less than at a sunspot 
maximum, especially around dusk and dawn. 

The absorption mechanism of the D layer has been 
studied repeatedly during solar eclipses. Reports (Ref 121, 
125 and 180) show that during an eclipse, D-layer attenuation 
is greatly reduced and propagation similar to nighttime condi
tions occurs on short-range paths. This means that propaga
tion between two stations that are fully in darkness will only 
be influenced by the variation in the remaining D-layer den
sity to a very small degree. Most of the attenuation will come 
from (bottom of) E-layer absorption (see also Section 2.1.3). 
Things are different when operating in the gray line, where 
signals have to punch through an already much ionized 
D-layer. During high sunspot years gray-line signal enhance
ment will be less pronounced because of greater D-layer 
absorption, thus producing less chances for signal ducting 
(propagation without intermediate hops). 

2.1.3. The influence of the E-layer on the 
attenuation mechanism 

During the night the D layer that causes high absorption 
during the day is almost totally absent. Why then is nighttime 
absorption usually so much higher on 160 compared to 
80 meters? The answer is that the absorbing region moves up 
from the D region in daylight to the lower E-layer region (85
95 km high) in darkness (Ref 169). Even in the dark iono
sphere there is still sufficient ionization in the lower E-region 
(and still a high-enough electron-neutral collision frequency) 
to cause such absorption, which is much more pronounced on 
160 than on 80 meters. The typical absorption (in the iono
sphere) for a single hop under these circumstances is 11 dB on 
160 meters and 5 to 6 dB less on 80 meters (Ref 169). This 
limits the multi-hop communication range on 160 meters 
to approximately 10,000 km, assuming vertical monopoles, 
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1500 W transmit power and a typical receiving sensitivity at 
both ends. 

We will see later that many longer paths on 160 are by 
ducting mode, rather than multi-hop modes. Ducting elimi
nates the losses connected with the E-layer as well as losses 
incurred through ground reflections (See 2.4.4.4). 

2.1.4. Magnetic disturbances 
Auroral activity is one of the important low-band propa

gation disturbances and is still largely a field of research for 
scientists. Amateurs living within a radius of a few thousand 
miles from the magnetic poles, however, know all about the 
consequences of aurora! The most favorable periods during 
the 11-year sunspot cycle (that is, when there is the least 
geomagnetic activity) occur during the up-phase of the cycle. 
The phenomenon of aurora will be covered in more detail in 
Section 3.2. 

2.1.5. Low-band propagation during high sunspot 
years 

For years, the generally accepted notion was that low
band DXing was not favored during high sunspot years, but 
not everyone shares this opinion now. Since there must be 
enough ionization to sustain some sort of propagation mecha
nism (refraction, ducting, etc), higher levels of solar activity 
should in theory be advantageous for low-band DXing, as 
well as for DXing in general. On the low bands sunspots 
affect mainly the 40-meter band. 

In the past there were fewer DX signals on the low 
bands during high sunspot years. To a large degree this was 
due to the absence of other DXers to work. The relative lack 
of specific interest in low-band DXing kept run-of-the-mill 
DXers away from the low bands when 20 meters was open 
day and night. Multiband and specific low-band awards 
increased emphasis on low-band operating during contests. 
Further, the growth of an elite group of Top-Band DXers has 
been very instrumental in raising the activity on the low 
bands all through the cycle and all throughout the year. 

Some 30 years ago the average DXer “discovered” the 
low bands and added them to the list of what were considered 
DX bands. Nowadays, every DXpedition includes 40, 80, 
and 160-meter work in their operating schedules. Some 
DXpedition even set out to work only or mainly the low 
bands! Even in the middle of the summer in the high sunspot 
years we can often hear several stations calling CQ DX on Top 
Band. 

Still, the sunspot cycle has some impact on low-band 
propagation, although not as drastic as on, say, 10 meters, 
where the MUF rules propagation. Low-band propagation, 
particularly on 160 meters, is rather “digital.” Either the 
waves are reflected in the ionosphere or they are not, and 
they are lost into space. 

On 160 meters, the main limiting mechanism is one of 
attenuation, since 1.8 MHz is always lower than the MUF. 
There are a number of ways in which Top-Band signals are 
attenuated during their travels. If enough signal survives 
being attenuated by all these mechanisms and we can hear 
the signal above the local noise floor, then we say we have 
propagation. Distance plays an important role on 160 meters. 
N6TR recognized this when he introduced the Stew Perry 
(W1BB) Top Band contest, where scoring goes by distance, 
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just like in VHF/UHF contests. We know that the sun is 
involved in various mechanisms causing the cumulative path 
loss. 

1.	 Aurora: It appears that we enjoy the geomagnetically 
quietest years during the minimum and the rising phase of 
the sunspot cycle (Ref 142). See Section 3.2. and www. 
spacew.com/swim/bigstorm.html 

2.	 Ionization levels in the E and F layers during the night: On 
160 and 80 meters, when the entire path is well into 
darkness, propagation is primarily by multiple hops in the 
F layer, with little or no D layer absorption. However, the 
remaining ionization of the E-layer takes its toll in attenu
ation (up to 11 dB ionospheric loss per hop on 160 
meters). The sun’s activity (as witnessed by the sunspot 
numbers) will influence E-layer absorption. The differ
ence may not be a spectacular number of dB, but we often 
operate on the verge of what is possible (very low S/N 
ratio), where a few dB can make the difference. (See 
Section 2.4.4.) 

3.	 D layer: The remaining ionization of the D region during 
the night plays a role, especially in the multi-hop propa
gation. (See Section 2.4.4.) During gray-line twilight 
periods the absorption in these regions is more substantial 
than during the night, hence high levels of sunspots do 
influence gray-line propagation. 

4.	 Ionospheric ducting: Conditions conducive to an iono
spheric ducting mechanism are more easily met during 
low sunspot years. (See Section 2.4.4.5.) 

We all know that good propagation, especially over long 
distances (> 7,000 km) occurs much more frequently during 
low sunspot years than during high sunspot years. On 160 
meters during high sunspot years, I can reach to the US 
Midwest when conditions are good. But I never work Califor
nia during the high sunspot years. As a rule, good openings 
between western Europe and the West Coast of the USA 
happen only during low sunspot years. 

2.2. The 27-Day Solar Cycle 
The sun rotates around its own axis in approximately 27 

Earth days. Sunspots and other phenomena on the sun can last 
several solar rotations. This means that we can expect similar 
radiation conditions from the sun to return every 27 days. 
DXers (both on the low and the higher HF bands) look forward 
to a repeat of very good conditions 27 days after the last very 
good ones have occurred—and their expectations are often met. 
This is probably the only somewhat reliable propagation pre
diction system for 160 meters that we have at this time! If 
conditions are good today, the lack of bad things is why 
propagation may possibly be good 27 days from today. If you 
just have had outstandingly good conditions on 160 meters, 
always mark your calendar for 27 days later—There is a fair 
chance you may have the same or similar good conditions 
again. 

However, if conditions today are very bad (maybe due to 
a solar flare), there’s no telling whether conditions will be bad 
in 27 days, since a solar flare does not repeat every 27 days. A 
recurring coronal hole, however, would most likely repeat in 
the next 27-day period, since these tend to hang around for at 
least several solar rotations. Unfortunately, during the early 
years of a solar cycle this predicting system may not be very 
reliable because the sunspots don’t hang around for even one 
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full revolution most of the time. As the cycle matures, the 
27-day recurrence becomes more important. 

2.3. The Seasonal Cycle 
We know the mechanism that originates our seasons: the 

declination of the sun relative to the equator. This tilt reaches 
a maximum of 23.5º around Dec 21 and Jun 21 (See Fig 1-12.). 
This coincides with the middle of the Northern Hemisphere 
winter propagation season and the middle of the summer 
propagation season. At those times the days are longest (or 
shortest) and the sun rises to the highest (or lowest point) at 
local noon in the non-equatorial zones. 

On the equator, the sun will rise to its highest point at 
local noon twice a year, at the equinoxes around Sep 21 and 
Mar 21. These are the times of the year when the sun-Earth 
axis is perpendicular to the Earth’s axis (sun declination is 
zero), and when nights and days are equally long at any place 
on Earth (equi = equal, nox = night). On Dec 21 and Jun 21, 

Fig 1-12—These drawings show the declination of the 
sun at the different positions (solid vertical lines) at 
different times of the year. The gray line is represented 
as a zone of variable width (shaded area) to emphasize 
that its behavior near the poles differs from that near 
the equator. 

the sun is still very high at the equator (90º – 23.5º = 66.5º). 
The maximum height of the sun at any latitude on earth is 
given by the expression: 

Height = 90º – north latitude + 23.5º (with a maximum of 90º). 

In other words, the sun never rises higher than 23.5º at the 
poles, and never higher than 53.5º where the latitude is 60º. 
The seasonal influence of the sun on low-band propagation 
will be complementary in the Northern and Southern hemi
spheres. Any influence will be most prominent near the poles 
and less pronounced in the equatorial zones (±23.5º of the 
equator). 

But how do the changing seasons influence propagation? 

1.	 The longer the sun’s rays can create and activate the 
D layer, the more absorption there will be during dusk and 
dawn periods. During local winter, the sun will rise to a 
much lower apex and the rate of sunrise will be much 
lower. Accordingly, D-layer ionization will build up 
much more slowly. 

2.	 If the sun rises quickly (local summer in areas away from 
the equator) the configuration of the D, E and F layers 
necessary to set on a wave-ducting mode will last for a 
much shorter time than in winter. Gray-line propagation 
will thus last longer in the winter than it will during 
summer. 

3.	 In non-equatorial areas, many thunderstorms are gener
ated in the summer. Electrical noise (QRN) easily masks 
weaker DX signals and can discourage even the most 
ardent DX operator. On north-south path (US-to-South 
America or Europe-to-Africa), the Northern Hemisphere 
summer is usually the best season, since QRN is likely to 
be of less intensity than the QRN during the Southern-
Hemisphere summer. 

4.	 When the nights are longest during local winter, you will 
have the greatest possible time for DX openings. Indeed, 
you must be in darkness or twilight not to suffer from 
excessive D-layer absorption. 

5.	 The occurrence of aurora is most pronounced around 
equinox (Mar-Apr and Sep-Oct). 

2.3.1. Winter
 
(15 Oct to 15 Feb in the Northern Hemisphere)
 

Winter is characterized by lower MUFs, shorter days, 
lots of darkness, sun rising slowly, longer gray-line duration 
(see Section 2.4.4.1) and less electrostatic discharges (QRN) 
from local thunderstorms. This period is best for all stations 
located in the Northern Hemisphere during the winter. Con
versely, this condition will not exist in the Southern Hemi
sphere. Therefore the winter period in the Northern Hemisphere 
is ideal for east-to-west and west-to-east propagation between 
two stations both located in the Northern Hemisphere. Typical 
paths are US-to-Europe, US-to-Japan, US-to-Asia, etc. 

2.3.2. Summer
 
(15 Apr to 15 Aug in the Northern Hemisphere)
 

Summer is characterized by higher MUFs, longer days, 
faster-rising sun, increased D-layer activity at dusk and dawn, 
and higher probability of QRN due to local thunderstorms. 
These factors create the worst conditions for east-to-west or 
west-to-east propagation in the Northern Hemisphere. How
ever, good QRN-free openings to the west can be possible, just 

Propagation 1-9 



CH1.PMD	 10 2/17/2005, 2:39 PM 

around local sunrise at the eastern end of the path. While most 
amateurs may be fighting the local QRN in the Northern 
Hemisphere in summertime, our friends down under are 
enjoying excellent winter conditions. This means that sum
mertime is the best time for transequatorial propagation (for 
example, from Europe to Southern Africa or North America to 
the southern part of South America). 

2.3.3. Equinox period
 
(15 Aug to 15 Oct and 15 Feb to 15 Apr)
 

During these periods the ionospheric conditions are fairly 
similar in both the Northern and the Southern hemispheres: 
similar MUF values, days and nights approximately 12 hours 
long on both sides of the equator, reduced QRN, etc. Clearly 
this is the ideal season for “oblique” transequatorial propaga
tion,” on the NE-SW and NW-SE paths. Typical examples are 
Europe to New Zealand and West Coast US to SE Asia (NA 
morning) or East Coast NA to Indian Ocean (NA evening). 

2.3.4. Propagation into the equatorial zones 
In principle, all seasons can produce good conditions for 

propagation from the Northern or Southern Hemisphere into, 
but not across, the equatorial zone. On 80 and 40 meters the 
only real limiting factors can be the MUF distribution along 
the path and especially the amount of QRN in the equatorial 
zone itself. Unfortunately, there is no rule of thumb concern
ing the electrical storm activities in these zones. From Europe, 
we work African stations and stations in the southern part of 
South America on 160 meters mainly during the months of 
June, July and August. A similar situation exists between 
North America and the southern parts of Africa and South 
America. 

2.3.5. Low bands are open year-around 
It is clearly incorrect that DX on 80 and 160 meters can 

only be worked during the local winter, a popular belief not so 
very long ago. The equinox period is the best time of year for 
equatorial and transequatorial propagation, while in the middle 
of our Northern-Hemisphere summer (if QRN is acceptably 
low for us), we often work rare DX stations from down under 
or from the equatorial zones. Even good east-west openings 
can happen in the middle of the local summer, so long as there 
is a darkness path and the QRN level makes listening for the 
signals at all possible. Of course the operators on both sides 
must be willing to try, and not take for granted that it won’t 
work. Over the years I have worked quite a few rare ones over 
an east-west path in summertime. Here are a few examples: 

XYØRR (Burma) was worked on Sept 3, 1991, on 
160 meters, shortly before his sunrise. After a QSO on 
80-meter SSB, we moved to 160 meters, where 579 was 
exchanged. After the QSO XYØRR called CQ a few times, but 
nobody else came back. Those convinced that summer time is 
not a good time for 160 meter were wrong once again. The 
little story behind this contact is that I normally don’t have a 
“long” Beverage up for that direction during the summer. 
There happened to be 2.5-meter (8-ft) tall corn growing in the 
field in that direction. That day I spent a memorable couple of 
hours putting an insulated wire right on top of the cornfield. 
You must try that sometime for fun! 

Another striking example is what happened during the 
DXpedition of Rudi, DK7PE, to S21ZC in early Aug 1992. 
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The first night he was on 160 meters, I was in the middle of a 
local thunderstorm (S9 + 40 static crashes) and no chance for 
a contact. The next day, the QRN was down to S7, and a 
perfect QSO (579) was made over quite a long path (compa
rable with a path from ET3PMW to the US East Coast in June, 
or from the West Coast of Africa to California). See also 
Section 3.3. 

2.4. The Daily Cycle 
We know how the Earth’s rotation around its axis creates 

day and night. The transition from day to night is very abrupt 
in equatorial zones. The sun rises and sets very quickly; the 
opposite is true in the polar zones. Let us, for convenience, 
subdivide the day into three periods: 

1.	 Daytime: from after sunrise (dawn) until before sunset 
(dusk). 

2.	 Nighttime: from after sunset (dusk) until before sunrise 
(dawn). 

3.	 Dawn/dusk: sunrise and sunset (twilight periods). 

2.4.1. Daytime 
Around local sunrise, the D layer builds up under the 

influence of radiation from the sun. Maximum D-layer ioniza
tion is reached shortly after local noon. This means that from 
minimum absorption (due to the D layer) before sunrise, the 
absorption will gradually increase until a maximum is reached 
just after local noon. The degree of absorption will depend on 
the height of the sun at any given time. 

For example, near the poles, such as in northern 
Scandinavia, the sun rises late and sets early in local winter. 
The consequence will be a late and very gradual buildup of the 
D layer. In the middle of the winter the sun may be just above 
the horizon for regions just below the Arctic Circle, situated 
at 90º – 23.5º = 66.5º above the equator. Or the sun may 
actually be below the horizon all day long for locations above 
the Arctic Circle. Absorption in the D layer will be minimal or 
non-existent under these circumstances. This is why stations 
located in the polar regions can actually work 80-meter DX 
almost 24 hours a day in winter (provided there are quiet 
geomagnetic conditions—see Sect 3.2). Contacts between 
Finland or Sweden and the Pacific or the US West Coast are 
common around local noon in northern Sweden and northern 
Finland in winter on 40 and 80 meters (occasionally even on 
Top Band). 

I suppose that this is not a good example of “typical” 
daytime conditions, since in those polar regions they never 
actually have typical daytime conditions in midwinter but 
remain in dusk and dawn periods all day long! 

I’ve mentioned before that during typical daytime condi
tions, when the D-layer ionization is very intense, low-angle 
signals will be totally absorbed, while high-angle signals will 
get through and be refracted in the E layer (160 and 80 meters). 
Only at peak ionization, just after noon, may the absorption be 
noticeable on high-angle signals. The signal strength of local 
stations, received through ionospheric refraction, will dip to a 
minimum just after local noon. As stated before, to obtain 
good local coverage on 80 meters during daytime you must 
have an antenna with a high vertical angle of radiation. This 
can easily be obtained with a low 80-meter dipole. On 
160 meters, middle-of-the-day propagation is essentially lim
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ited to ground-wave signals. On the opposite end of the low
band spectrum, 40 meters basically stays open for DX almost 
24 hours per day in winter, albeit with much-attenuated 
signals around local noon. 

2.4.2. Nighttime 
(black-line propagation) 

After sunset, the D layer gradually dissipates and almost 
completely disappears. Consequently, good propagation con
ditions on the low bands can be expected if both ends of the 
path, plus the area in between, are in darkness. The greatest 
distances can be covered if both ends of the path are at the 
opposite ends of the darkness zone (both located near the 
terminator, which is the dividing line between day and night). 
During nighttime in a period of low sunspot activity, the 
critical frequency may descend to values below 3.7 MHz and 
dead zones (skip zones) will show up regularly. Skip zones are 
also common on 40 meters during nighttime. Skip zones due 
to MUF do not occur on 160 meters since the MUF is always 
higher than 1.8 MHz. In contrast to gray-line propagation, 
Brown, NM7M, calls propagation with one of the stations at 
the terminator “dark line propagation.” (Ref 140.) 

2.4.3. Midway midnight peak 
North-south (±30º) paths exhibit a clear propagation 

peak at local midnight time halfway on the path, both on 80 
and 160 meters. When I make schedules on these bands with 
African or Indian Ocean stations, I will always try to have 
them at “midway midnight.” 

Although it has been generally accepted that an east-west 
path only exhibits a sunrise and a sunset peak, many critical 
observers have witnessed (at least on 160 meters) a similar 
halfway midnight peak. I have observed that this is especially 
true during high sunspot years, when the gray-line (twilight) 
enhancement seems to be less common than during low 
sunspot years. This peak certainly does not exist on 40 meters, 
where the signal peaks are only before and around sunset, and 
around or after sunrise. Although I have observed this phe
nomenon several times, it was Peter, DJ8WL, who raised the 
question on the Internet. The exact mechanism may not be 
understood, but it probably is connected to the fact that the sun 
is exactly “on the other side” of the Earth, creating ideal 
ionization conditions in the E and F regions of the ionosphere 
on the dark side of the Earth. I will explain how to calculate 
these peak times, using sunrise-sunset times in Section 5.1. 

2.4.4. Dusk and dawn: twilight periods 
As mentioned before, the terminator is the dividing line 

between one half of the Earth in daylight and the other half in 
darkness. The visual transition from day-to-night and vice 
versa happens quite abruptly in the equatorial zones and much 
more slowly in the polar zones. The gray line is a band 
between day and night, usually referred to as the twilight zone. 
Actually, “gray zone” might have been a more appropriate 
term than “gray line.” Dusk and dawn periods produce very 
interesting propagation conditions that are not limited to the 
low bands. However, the mechanisms involved can differ very 
substantially between high bands (10, 15 and 20 meters) and 
the low bands (40, 80 and 160 meters). 

For low-band operators in particular, it is extremely 
important that they be able to visualize the situation using 
maps or globes that show the terminator, the great-circle lines 

and the auroral oval. (See Section 4.1.) For a long time many 
have speculated about what actually produces the enhanced 
propagation conditions we experience almost daily on the low 
bands at either dusk or more frequently at dawn, especially 
during low sunspot years. It has become widely accepted that 
these twilight effects are due to the onset of a specific propa
gation mechanism—one that is characterized by lower loss 
than the standard multi-hop model. The ducting mechanisms 
involved are discussed in detail in Section 2.4.4. 

But besides the role of the ducting mechanism at dusk 
and dawn, there is another reason why we are able to work DX 
much better during twilight periods. When the sun is rising in 
the morning, all signals coming from the east (which can often 
cause a great deal of QRM during the night) are greatly 
attenuated by the D layer existing in the east. The net result is 
often a much quieter band from one direction (east in the 
morning and west in the evening), resulting in much better 
signal-to-noise ratios on weak signals coming from the oppo
site direction. This does not necessarily mean that we will be 
heard better, since the better signal-to-noise ratio obviously 
only influences receiving and not transmitting. 

It is also important to know how long these special 
propagation conditions exist—in other words, to know how 
long the effects of the radio-twilight periods last. You should 
understand that the rate of change from darkness to daylight 
(and vice versa) depends upon the rate of sunrise (or sunset). 
There are two factors that determine this rate: the season (the 
sun rises faster in summer than in winter) and the latitude of 
your location (the sun rises very high near the equator, and 
peaks in the sky at low angles near the poles).

 It is also clear that propagation where the signals depart 
or arrive at an angle perpendicular to the terminator will enjoy 
the greatest signal enhancement, since these paths travel the 
shortest distance through the D layer and the bottom of the E 
layer. Carl, K9LA, reports that while a multi-hop path is 
limited to 10,0000 km in total darkness, extensive ray-tracing 
exercises have proven that propagation in the gray zone is 
limited to half this distance (5000 km), all other parameters 
being the same. This validates what we already know—The 
best place for 160-meter propagation is in the dark ionosphere 
(Ref 169). For 80 meters the maximum distance for a propa
gation path along the terminator is 8000 km. Here too, the 
absorption in the lower E-layer region limits the distance a 
signal can travel and still be heard. 

2.4.4.1. The gray line on the low bands 
When both ends of a path are in the twilight zone, one 

side at sunrise and the other at sunset, then we have a so-called 
gray-line situation. However, the term gray-line propagation 
is also loosely used where only one side of the path is in 
twilight (usually at sunrise at the eastern end of the path). 

The effect of advantageous propagation conditions at 
sunrise and sunset has been recognized since the early days of 
low-band DXing. Dale Hoppe, K6UA, and Peter Dalton, 
W6NLZ, first used the term “gray line” for the zone centered 
around the geographical terminator (Ref 108). See Fig 1-12. 

In the past, some authors have shown the gray-line zone 
as a zone of equal width all along the terminator. This is 
incorrect so far as radio-propagation phenomenon is con
cerned. R. Linkous, W7OM, recognized that the zone width 
varies in his excellent article “Navigating to 80-meter DX” 
(Ref 109). 
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The mechanisms that determine the width of the gray 
lines mean that we have a narrow gray line near the equator 
and a wider gray line near the poles. The time span during 
which we will benefit from typical gray-line conditions will 
accordingly be shorter near the equator and longer in the polar 
regions. Therefore the gray-line phenomenon is of less impor
tance to the low-band DXer living in equatorial regions than 
to his colleagues close to the polar circles. This does not mean 
that there is less enhancement near the equator at sunrise or 
sunset; it just means that the duration of the enhanced period 
is shorter. 

Some authors (Ref 108 and 118) have mentioned that 
gray-line propagation always happens along the terminator. 
On the low bands there have only been occasional instances of 
such propagation. From the following examples of gray-line 
propagation, it should be clear that propagation does not 
happen along the gray line but rather through the dark zone, on 
a path that is in most cases nearly perpendicular to the 
terminator. In the zone along the gray line there is more 
attenuation due to the absorption in the D layer (and in the 
lower E-layer region). Gray-line propagation on the low 
bands is a different affair from what often is called gray-line 
propagation on the HF bands, where the propagation path does 
follow the direction of the gray line. 

W4ZV states: “Here is what I have observed many times 
for what I call ‘long-path modes,’ SSW before sunrise and 
SSE after sunset. Signals on these paths typically peak at 
midway between sunrise/sunset times at each end of the path, 
and appear to be optimum when there is ~40 minutes of 
common darkness for 80 meters, and ~80 minutes of common 
darkness for 160. These paths are doing something different 
since the arrival and departure azimuths are nearly aligned 
parallel to the terminator at each end of the path. Here is an 
example: users.vnet.net/btippett/dx_aid_plots.htm.” 

Gray-line propagation occurs right at sunrise or sunset. 
The low bands usually peak from shortly before to shortly 
after sunrise (sunset). These sunrise/sunset peaks are more 
pronounced during low sunspot years than during years of 
high sunspot activity. Usually the sunrise peak is much more 
pronounced than the sunset peak. 

2.4.4.2. Examples of remarkable gray line 
propagation 

Many of us remember the unforgettable DXpedition to 
Heard Island in Jan 1997 (at the bottom of the sunspot Cycle 
22). K9LA (Ref 152) described how US East Coast stations, 
against all expectations, worked Heard Island on 160 meters 
day-after-day, on what was considered to be an extremely 
difficult path. Fig 1-13A shows the theoretical great-circle 
path between Heard Island and New York (mid January at 
2300 UTC). Note that the path (heading of 250º) makes an 
angle of approximately 30º with the terminator on Heard 
Island. Fig 1-13B shows the same path, with New York as the 
center of the azimuthal projection map. This path (heading of 
130º) makes a similar sharp angle (25º) with the terminator at 
the US-end of the path. Most, if not all, US East Coast stations 
who worked VKØIR and who had access to a variety of 
directive receiving antennas (such as Beverages) noted that 
the VKØ signals arrived at a heading of approximately 60º, 
right across Europe. (See also Section 4.3.) 

Fig 1-13C shows the path between Heard Island and 
Spain. The path (beaming 300º) now makes a perfect 90º angle 
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with the terminator on Heard Island. Similarly, the path 
between the US East Coast and Spain (beaming 65º) also 
makes a perfect 90º angle with the terminator at the US end 
of the path (Fig 1-13D). I am convinced that the signals at 
Heard Island traveled across Europe to the US East Coast. 
This is supported by testimonies from US stations and it 
again confirms that enhanced gray-line conditions most 
often go together with a signal azimuth that is nearly perpen
dicular to the terminator. 

K1GE confirmed that this has happened with other 
stations from the Indian Ocean as well. I was listening every 
day during the Heard Island DXpedition and witnessed that 
the signals faded out completely in Europe at exactly the 
same time they faded out in North America. This seems to 
confirm that, indeed, the path to the US was right across 
Europe. What makes this path skew to more northerly regions 
is explained in Section 4.3.1. 

To be fully correct, I must admit that the QSOs between 
the US East Coast and Heard Island at 2345 UTC is only half 
a gray-line QSO. However, stations a little further inland in 
the USA who worked VKØIR just prior to that did it on a 
double-sided gray-line path. 

The VKØIR expedition to Heard island was a living 
testimony to how the width of the gray line depends on the 
latitude of the station involved. Many remember how VKØIR 
(located at 53º south latitude) was worked almost every day on 
160 meters until more than 30 minutes after local sunrise, 
while 80 meters QSOs were made as late as 0050 UTC, which 
is 11/2 hours after sunrise on Heard island during that 
DXpedition. 

Another striking example of gray-line enhancement 
involved a QSO I had on 80 meters with Kingman Reef, a 
particularly difficult path late in the Northern-Hemisphere 
winter season from Europe. I made QSOs with Kingman 
Reef and Palmyra around May 1, 1988. If we analyze sunset 
and sunrise times for that date, we see that sunset on those 
islands is roughly 40 minutes after sunrise in my location. 
This means that there is theoretically no opening, but we can 
force things a little and take advantage of the gray line: Split 
the 40 minutes in half and try a QSO 20 minutes before 
sunset in Palmyra (or Kingman Reef) and 20 minutes after 
sunrise here in Belgium. 

Does this sound like a nice 50/50 deal? Certainly not! 
Those Pacific islands are situated only about 6º north of the 
equator; Belgium is 51º north. This means that the gray line 
lasts just seconds out on KH5 and maybe 40 minutes in 
Belgium. I made the schedules right at Pacific sunset time. On 
Kingman the QSO was made 5 minutes after Kingman sunset, 
on Palmyra 4 minutes after sunset, and in both cases 40 to 
45 minutes after sunrise in Belgium (where the gray line is 
fairly “wide”). This is a striking example of how knowledge 
of the mechanisms involved in propagation can help you make 
a very difficult QSO. Here’s proof of how marginal a situation 
it really was: From Palmyra only one QSO was made with 
Europe, and only two from Kingman Reef. 

Over shorter paths, stations can often be worked on 
80 meters for hours after sunrise (or hours before sunset). 
Contacts between the US East Coast and Europe are quite 
common in midwinter as much as 2 hours after sunrise in 
Europe during low sunspot years. 

The width of the gray line on 160 meters is much more 
restricted than on 80 meters. Even in the middle of the winter, 
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Fig 1-13—At A, the great-circle short path from Heard Island to New York. The angle compared with the terminator 
at Heard is quite sharp. At B, the other end of the same path, you also see also a sharp angle (25°) compared to 
the terminator. At C, the path from Heard island to Spain makes for a perfect 90° angle with the terminator, as it 
does with the bent path from the US East Coast, over Southern Europe, to Heard island. US East Coast stations 
reported that the Heard Island signals came in a path over Europe, at least for the first days of the DXpedition. 
The crooked path from Heard to the US East Coast also was launched on a path at right angle to the terminator at 
Heard Island. (Figures created using DX-AID software, with additions by ON4UN.) 

I have seldom worked real long-haul QSOs more than 
15 minutes after sunrise on Top Band. I often copy stations quite 
late after sunrise, but with weak signals on a very quiet band, 
which is possible because of the absence of noise from the east. 
This phenomenon has been confirmed many times by Jack, 
VE1ZZ, who can copy European stations on 160 meters up to 
3 hours before his sunset. This does not mean he was able to 
contact the many European stations he heard. For that he had to 
wait almost two hours! Anyhow, at that time of the day the 
European stations are probably listening to the east. VE1ZZ 
reported that signals were quite weak and only copiable because 
there was absolutely no noise whatsoever when this happened. 

At this time in the afternoon toward the daylight area, the 
D layer acts as a shield to ionospheric-propagated noise. This 
provides a much lower noise floor for the station in sunlight. 
The stations at the eastern end of the path are subject to high 
noise levels because they do not have the advantage of the 
D-layer absorption attenuating the atmospheric noise propa
gated into their area. Just watch your S meter on 160 meters at 
2 PM during winter and then again after sunset, and you will 
probably see a 20 or 25 dB higher atmospheric noise level, 
provided you are in a quiet location with little manmade noise. 
Twenty dB is a difficult spread to overcome. This explains the 
one-way propagation under such circumstances. At the same 

Propagation 1-13 



CH1.PMD 14 2/17/2005, 2:39 PM 

time, in Europe, there is no D-layer screen and signals from 
the east are 50 dB stronger than Jack’s signal before his sunset. 
This one-way propagation is quite common during quiet 
magnetic conditions (low A and K indices). Similar observa
tions have been made from Europe, where UA9/Ø stations are 
heard long before European sunset, but again we have to wait 
until almost sunset to make contact. 

On 160 meters there are rare times when I can work DX 
well after sunrise from my location in Europe—when I can 
work ZL stations on a genuine long path (21,500 km) about 30 
to 45 minutes after our sunrise during low sunspot years. The 
few ZLs worked on this long path had to be worked right 
through a wall of English stations, who were enjoying their 
sunrise peak at exactly that time. 

Sometimes, when conditions are really good with no 
atmospheric noise, signals can also be heard a very long time 
after sunrise at the eastern end of the path. GW3YDX reported 
copying many W6/W7 stations as well as KL7 on 160 meters 
until more than one hour after local sunrise. Really excep
tional was the fact that he copied K6SE at 1130 UTC, 3 hours 
after local sunrise! That same day, GM3POI reported hearing 
KL7RA at 1230 UTC, also on Top Band (in midwinter)! We 
have, of course, to be careful and not extrapolate these obser
vations to the whole of Europe—the stations that reported 
these extraordinary conditions are located at the fringes of 
Europe, almost at the back door of North America, and quite 
far north (52 to 53º N). 

VE7VV suggests that we should not discount paths (long 
or short) on 160 meters, where part of the middle of the path 
is in sunlight. All this means is that the signal must not be 
making ground reflections in this region because the top of the 
E layer is where the signal is reflecting back upwards. Actu
ally, these topside E-layer reflections are just what is needed 
for E-to-F layer ducting propagation with very low loss, since 
there is no passing through the absorptive D layer. (See Sect 
2.4.4.3.) 

To me, it is clear that these exceptional QSOs must occur 
on a bent path. (See Section 4.3.) The signals appear to travel 
near the North Pole, staying in darkness as long as possible. 
W8LT has reported the same experience on 80 meters, work
ing EI and G stations between 1000 and 1100z. He confirmed 
that the best antenna for this propagation was a half-square 
broadside N/S. To him, this indicated that a crooked path was 
involved. I believe that this kind of propagation can only occur 
during a short period around winter solstice and when mag
netic conditions are exceptionally quiet, with resulting low 
auroral-zone absorption. 

Similar conditions are quite common on 40 meters dur
ing the European winter. With a good Yagi antenna, I can 
work North America 24 hours a day on 40 meters, when there 
is no geomagnetic disturbance. At local noon, when the sun is 
highest, I hear W8s and W9s quite commonly, followed 
somewhat later by W6 and W7/VE7 stations, all on a direct 
polar path. The West Coast will keep coming through with the 
beam pointed approximately 350º, until at 1430 UTC the band 
will also open on the long path. Shortly later the bent short 
path will close. 

These specific propagation paths and times are appli
cable only to moderate-distance DX when it comes to 
160 meters. Really long-haul propagation on 160 seems to 
follow the rule of enhanced propagation only occurring at 
dawn/dusk. During a long period of tests (in Nov and Dec) on 
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160 meters between New Caledonia (FK8CP) and Belgium I 
found that his signals always peaked right around sunrise 
(from 3 minutes before, to 3 minutes after sunrise). This “short 
peak” is valid only for the very long path to Western Europe. 
FK8CP reports openings into Asia (UA9, UAØ) from much 
earlier, until a little later after sunrise. 

Close-in DX (2000 km or 1500 miles) can be worked as 
late as 45 minutes after sunrise on 160 meters, again depend
ing on your latitude. FK8CP reports working DX in the Pacific 
as late as 50 minutes after his sunrise in the middle of his local 
summer (which is quite late, considering the latitude of New 
Caledonia). 

On 40 meters, the gray line is of course “wider” than on 
80 meters (remember the gray line is a zone of variable width, 
not to be confused with the terminator, which is a line uniquely 
defined by sun-Earth geometry). In the winter, long-haul DX 
can be worked until many hours after sunrise (or many hours 
before sunset), again depending on the latitude of the station 
concerned. For example, stations at latitudes of 55º or higher 
will find 40 meters open all day long in winter. Even at my 
location (51º north), I have been able to work W6 stations at 
local noontime, about 3 hours into daylight. At the same time, 
the band sometimes opens up to the east, so we can say that 
even for my “modest” latitude of 51º N, 40 meters is open for 
DX 24 hours a day on better days. 

2.4.4.3. Propagation without lossy ground 
reflections? 

Multi-hop propagation with intermediate ground reflec
tions has long been the traditional way to explain propagation 
of radio waves by ionospheric refraction. Not too long ago 
some scientists stated that these ducts did not exist and that all 
propagation had to be by means of multiple hops from the 
Earth to the ionosphere and then back again. In the last 
20 years enthusiastic low-band DXers have made literally 
thousands of observations of propagation “anomalies” that 
yielded much stronger signals than could be predicted. 

This mass of observations spurred propagation scientists 
to take a closer analytical look at the available data. Theoreti
cal research enables scientists to calculate path losses due to 
ionospheric absorption (deviative and non-deviative losses), 
free-space attenuation (path-distance related) and earth (ground 
or water) reflection losses. The ionospheric reflection loss on 
160 meters during the night is approximately 11 dB per hop 
(about 4 to 5 dB less on 80 meters), excluding ground reflec
tions (Ref 169). 

While the theory of propagation with ground reflections 
and the knowledge of the attenuation involved at each step is 
satisfactory to explain short- and medium-range contacts 
(maximum of 10,000 km), the losses through ground reflec
tions and ionospheric (E-layer) losses are no longer accepted 
by most experts as adequately explaining some of the high 
signal levels obtained over very long distances, especially 
when gray-line propagation and genuine long-path situations 
are involved. 

On 160 and 80 meters, when the entire path is well into 
darkness, propagation is primarily by means of multiple hops 
in the F layer, with little or no D-layer absorption, but with 
additional attenuation due to the remains of ionization in the 
E layer. This seems to be the model that fits observations when 
neither end of the path is in the twilight zone. 

Even this model does not explain why there generally is 
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a significant signal enhancement where either or both ends of 
a very long-distance path are in the twilight zone (more 
specifically, when the eastern end of the path is at sunrise). 
In the twilight zone there should actually be more D- and 
E-layer absorption, compared to the full-darkness situation. 
In fact, during low sunspot years, gray-line enhancement is 
more prominent compared to high sunspot years, because 
the ionization of these attenuating layers at sunrise and 
sunset during high sunspot years is more pronounced. 

Thus there must be another mechanism involved that 
compensates for the additional D- and E-layer losses in the 
twilight zone, a mechanism where we can happily end up 
with an overall loss that is significantly smaller than the full
darkness, multi-hop model with little or no D- and E-layer 
absorption. Signal ducting could well be that mechanism 
behind twilight-zone enhancement. 

Sometimes, signals are ducted as though they were 
confined inside a pipe (waveguide) in the ionosphere, with
out lossy intermediate reflections from the Earth’s surface. 
Such ducting explains strong signals sometimes heard over 
very long distances. Gray-line enhancement seems to go 
hand-in-hand with ducting (see Section 2.4.4.3) and this is 
more pronounced during low sunspot cycle years. Recent 
propagation-prediction software tools (Ref 153) include 
models that support three-dimensional ray-tracing and duct
ing, including geomagnetic effects. Proplab Pro is one such 
program that explicitly computes 80 and 160-meter ducting 
modes for many long-distance paths. 

I first came across a description of the phenomenon of 
ionospheric ducting in an article by Yuri Blanarovich 
(ex-VE3BMV, now K3BU) in 1980 (Ref 110). More than 
20 years later the phenomenon of signal ducting (iono
spheric ducting) on the low bands finally seems to have been 
accepted also by the scientific community. 

I have to admit, however, that the multi-hop-only model 
without ducting can help to explain why paths that are across 
saltwater generally produce stronger signals, due to the 
minimal reflection losses at saltwater reflections. (Of course, 
paths can include combinations of Earth-ionosphere mul
tiple hops, as well as in-ionsphere ducting mechanisms.) 

Dan Robbins, KL7Y, a recent Silent Key who is sorely 
missed by the amateur fraternity, worked for years in the 
field of HF radar. He maintained that HF signals really do 
bounce off the Earth, and that the losses on Earth reflections 
(especially from saltwater) are mostly insignificant—usu
ally much less than the losses due to an ionospheric reflec
tion, at least for frequencies below the MUF. 

Textbooks, including Ionospheric Radio by Davies, 
provide charts that indicate that sea-water reflection loss is 
a fraction of a decibel on 160 meters for all but the lowest 
angles (3º or less). A land reflection might typically average 
several dB, so it is easy to see why long paths over water can 
produce stronger signals on the low bands compared to paths 
that require multiple reflections over poor ground. This is 
one area where I believe many propagation programs fail, 
since they do not know the geography at the reflection 
point—They plug in an “average value,” something like 2 or 
3 dB. On an all-water long path with multiple ground reflec
tions the program could be off by 10 to 20 dB. One of the 
exceptions is the Proplab Pro ray-tracing program men
tioned above, which contains an Earth/water/ice geographi

cal database that is used to compute realistic reflection 
losses. 

2.4.4.4. Ionospheric signal ducting 
Based on experimental observations (Ref 100) and theo

retical studies (Refs 131 and 151), others have come to the 
conclusion that some very specific ducting modes were allow
ing exceptionally strong signals to be heard over very long 
paths. 

Due the layered structure of the ionosphere, waveguide
like channels (ducts) appear in which radio waves can propa
gate over long distances. Fig 1-14 shows the nighttime 
electron-density distribution, showing a dip in electron den
sity above the E-layer peak. This valley is responsible for 
setting up a waveguide-like 160-meter duct, bounded by the 
F-layer at the top and the top of the E-layer on the bottom (Ref 
151). Top Band signals get trapped between the E and 
F regions rather than propagating between the E-region or the 
F-region and the ground. The trick is to get the signal to enter 
this duct, and then later to get it out of the duct at the end of 
the path. 

Cary Oler and Ted Cohen (Ref 142) point out that this 
kind of E-F ducting is most typical for 160 meters because Top 
Band signals can be refracted more effectively at higher wave 
angles than signals at higher frequencies can be. From the 
launching point of such a duct path, refraction occurs when the 
signal travels through the E layer, resulting in bending of the 
waves into a lower angle (in other words, there is not a 
complete reflection). The wave is propagated further at the 
required angle to start the ducting. Relatively high launch 
angles from the Earth are required to punch through the D and 
E layers, so that the wave can finally be reflected up into the 
E-F region. This may be another explanation why higher 
wave-angle transmit antennas sometimes beat out very low-

Fig 1-14—Electron-density profile for a point near 
Iceland, roughly halfway between Europe and North 
America on the North Atlantic path. Notice the dip in 
the electron density between the E and the F layer. This 
dip is responsible for waveguide-like propagation 
(ducting), with the bottom-side of the E-layer and the 
topside of the F layer serving as “duct walls.” 
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angle antennas, especially on 160 meters. (See also Section 
2.1.2.) 

The transition from darkness to daylight causes what is 
known as ionospheric tilting, which can also help bend a 
signal into (and out of) the duct. In addition, horizontal 
ionospheric tilting is often required to be able to work into a 
duct. This condition typically exists at the terminator, pro
vided that the angle between the propagation path and the 
terminator is close to 90º (Ref 151). 

Once inside, how does the signals leave a duct? Towards 
the sunrise end of the path a change in the slope of the 
electron-density contours can alter the local refraction angle 
of the duct, and the signal angle becomes steep enough to 
break through the E region back down to Earth. This mecha
nism favors the relatively high elevation angles often observed 
for such received signals. The exit of the signal from the duct 
often produces a spotlight-like illumination of the Earth, 
making signals very strong in a specific location, while 
being inaudible at another location only a few hundred miles 
away. 

Why is ducting not an everyday occurrence? The iono
sphere is particularly turbulent around sunrise, so the well
defined contours of electron density required for signals to 
leave the duct are not necessarily there every day. Nick Hall-
Path, VE7DXR (Ref 177) summarizes the situation as fol
lows: “I suggest that sunrise enhancement could be caused 
by ionospheric tilts occurring just before sunrise at the 
receiver. Those tilts direct signals to the receiver, from a 
duct between E and F regions. The D-region would tend to 
absorb such signals rather quickly, however, and no good 
answer has been offered as to why enhancements occur on 
some mornings and not on others. Perhaps on mornings 
when strong signals are heard, there is some retardation of 
D-layer absorption caused more by terrestrial air move
ments than by solar and geomagnetic influences.” This 
supports the suggestion by Robert R. Brown, NM7N, indi
cating the importance of the ozone layer in this mechanism 
(Ref 176). 

2.4.4.5. The influence of sunspot cycle on ducting 
Higher sunspot numbers means more ionization. How 

much more? Brown (Ref 170) reports that going from a SSN of 
5 to 100, the electron density at the bottom of the E-region 
increases only modestly, by a factor of merely two. This results, 
however, in an increase of the critical frequency of the E layer of 
approximately 30%, which is significant. To penetrate the bot
tom of the E-layer, the wave angle must now be steeper (again 
explaining why higher angles seem to do well near sunrise and 
sunset). This steeper angle results in shorter consecutive hops 
inside the duct, and consequently more loss on the path. 

To sustain a ducting path between E layer peak and the 
F-region, the valley between these two regions (see Fig 1-14) 
must be present all along the path. What could cause this 
valley to disappear? Scientists suggest that even modest 
increases in electron density in the ducting region will fill up 
the valley and halt the ducting mechanism. The required levels 
are levels that will barely increase signal attenuation. Even 
very modest levels of auroral activity can be disastrous to this 
mode of propagation, not only by the creation of extra absorp
tion but mainly by stopping the duct itself. 

NM7M has stated that sources of ionization for the E 

valley are starlight, galactic cosmic rays and solar X-rays 
scattered by the geocorona. Those are listed in order of 
increasing strength. Starlight and galactic cosmic rays are 
obviously not directly related to solar activity, although cosmic 
rays can be affected by a geomagnetic field stirred up after a 
solar flare or a blitz from a coronal hole. Solar X-rays scat
tered by the geocorona, however, do increase with increasing 
solar activity. So the E valley tends to be lowest at times of low 
SSN and rises with high SSN. This means that there should be 
more ducting (and better Top-Band DX propagation) in times 
of low SSN, which confirms our observations on the air. 

2.4.4.6 Chordal hops 
Others authors have pictured another very specific way 

of signal ducting called chordal-hop propagation. In this 
ducting mode waves are guided along the concave bottom of 
the ionospheric layer acting as a “single-walled dunct.” The 
flat angles of incidence necessary for chordal-hop propaga
tion are possible through refraction in the E layer, and because 
of tilts in the E layer at both ends of the path. Chordal-hop 
propagation modes over long distances are estimated by some 
to account for up to 12 dB of gain due to the omission of the 
ground-reflection losses. Long-delayed echoes, or “around
the-world echoes” witnessed by amateurs on frequencies as 
low as 80 meters can only be explained by propagation 
mechanisms excluding intermediate ground reflections. 

2.4.4.7. High wave angles at sunrise/sunset 
Hams generally accept the notion that low radiation angles 

are required for DX work on the low bands. Those who can 
choose between a low-angle antenna and a high-angle radiator (a 
low dipole, for example) confirm that 95 to 99% of the time, the 
low-angle antenna is the better one. But there are the occasions 
where the low dipole will be the winner. This only seems to 
happen during the gray-line period (dusk or dawn) though, and 
more specifically, after sunrise. W4ZV wrote: “I very often saw 
post-sunrise conditions favor the inverted-V, even though pre
sunrise almost always favored the vertical. Usually the vertical 
was about 10 dB better before sunrise, then they would both be 
equal at exact sunrise, then the inverted-V would be 10 dB better. 
I believe the post-sunrise peak is high-angle for the following 
reason. Beverages and verticals are both low-angle antennas 
and are therefore very complementary. After sunrise, in addition 
to the vertical being down on transmit, the Beverages would 
become poor for DX stations (but still good for local USA which 
was probably still low-angle). I remember when I first worked 
YBØARA (near Jakarta before he moved to /9 in Irian Jaya ) well 
after sunrise. He was perfectly readable on the inverted-V but 
was inaudible on any Beverage.” 

In the 1960s, Stew Perry, W1BB, speculated that at sun
rise and sunset the ionosphere acts like a big wall behind the 
receiving or transmitting location, and it focuses the weak 160
meter signals like a giant, poorly reflective dish on one area at 
a time just ahead of the densely ionized region in sunlight. This 
seems like an acceptable explanation, since it appears that 
losses at low-incident (grazing) angles are very high near the 
LUF (Lowest Usable Frequency) of a path. This may also 
explain why very often at sunrise and at sunset high-angle 
antennas seem to perform better than low-angle antennas. 

Another now generally accepted way of explaining the 
fact that high-angle antennas often have the edge at sunrise/ 
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sunset is that a high-angle signal on its way to the F-layer can 
punch right through the absorbing E layer. A lower-angle 
signal spends too much time passing through the D and the E 
layer and hence it suffers increased absorption. In other 
words, over the same distance, a two-hop, high-angle signal 
can be considerably stronger than a single-hop, low-angle 
signal due to the effects of the D and E layers. 

During the very successful XZØA expedition in 1999 by 
far the best receiving results at sunrise (working into the USA) 
were obtained using a horizontal dipole only 6 meters high. 
Low-angle Beverages were much worse than this low dipole. 
Over 400 QSOs were made into North America with this 
receiving antenna, and that was not at a sunspot minimum! 

Yuri Blanarovich (K3BU) testified that during one of his 
recent Top Band operations from VE1ZZ’s QTH: “I had an 
inverted V at 70 ft and 4 square vertical array, and I was able 
to crack the ‘one-way afternoon’ Europeans with the inverted 
V almost two hours before the 4 square was heard. These 
verticals have ocean of radials under them and are sitting at 
the ocean shore on a small hill.” This means the VE1ZZ 
vertical array can produce low radiation angles, which evi
dently was not what was needed under those circumstances.

 G3PQA notes that his dipole (high-angle antenna) 
always outperforms his low Beverage (which has very little 
off-the-side, high-angle radiation) when working ZLs on 
80 meters on long path at equinox, when there is a daylight gap 
and when conditions peak after sunrise. This also seems to 
confirm that a high angle is required to pierce through the D 
and E layers to get into some sort of a ducting mechanism. 

2.4.4.8. Antipodal focusing 
Most low-band DXers know that it is relatively easy to 

work into regions near the antipodes (points directly opposite 
your QTH on the globe). This is despite the fact that those are the 
longest distances you can encounter—You would expect weak 
signals as a result. The phenomenon of ray focusing in near
antipodal regions explains the high field strengths encountered 
at those long distances. This is in addition to the gray-line 
phenomenon. Antipodal focusing is based on the fact that all 
great circles passing through a given QTH intersect at the 
antipode of that QTH. Therefore, radio waves radiated by an 
antenna in a range of azimuthal directions and propagating 
around the earth along great-circle paths are being focused at the 
antipodal point. Exact focusing can occur only under ideal 
conditions—that is, if the refracting properties of the ionosphere 
are ideal and perfectly homogeneous all over the globe. Since 
these ideal conditions do not exist (patchy clouds, MUF varia
tion, etc), antipodal focusing will exist only over a limited range 
of propagation paths (great-circle directions) at a given time. 

The smaller the section of the azimuthal shell involved in 
the focusing (ie, the narrower the beamwidth), the closer the 
actual properties will approximate ideal conditions. To gain 
maximum benefit from antipodal focusing, the optimum azi
muth (yielding the lowest attenuation and the lowest noise 
level) has to be known. 

Fixed, highly directive antennas (fixed on the geographi
cal great-circle direction) may not be ideal, since the optimum 
azimuth is changing all the time (winter vs equinox, vs 
summer). Rotatable or switchable arrays are the ideal answer, 
but omnidirectional antennas or antennas with a wide forward 
pattern perform very well for paths near the antipodes (by 

summing all paths, as with “diversity” antennas). The focus
ing gain can be as high as 30 dB at the antipodes, and will range 
up to 15 dB at distances a few thousand kilometers away from 
the exact antipode. 

While the effect on 80 meters seems to spread quite a 
distance from the theoretical antipode, on 160 meters the 
focusing appears to be more localized. On 160, the Gs can 
benefit from this effect into ZL, while on the European 
continent the effect seems to be all but non-existent. This is 
very different from 80 meters. Since the G-ZL antipodal
focusing example obviously coincides with gray-line propa
gation, and since the gray-line period is much more restricted 
in time on 160 compared to 80 meters, it should be clear that 
the focusing phenomenon applies to a much narrower region 
on Top Band. W4ZV, then WØZV, witnessed from firsthand 
experience this on 160 from Colorado. He was only about 
300 km from the antipode to FT5ZB, whose 80 watts to an 
inverted-L was consistently and amazingly strong. 

3. PROPAGATION VS LOCATION 
Working the low bands is very different, depending on 

whether you live near the arctic regions or near the equator. 
Let’s analyze what causes these differences. Previously, I 
have referred a number of times to the geographical location 
of the station. There is a close relationship between the time 
and the location when considering the influence of solar 
activity. Location is the determining factor in five different 
aspects of low-band propagation: 

1. Latitude of your station vs rate of sunrise/sunset 
2. Magnetic disturbances 
3. Local atmospheric noise (QRN) 
4. Effects caused by the electron gyrofrequency 
5. Polarization and power coupling 

3.1. Latitude of Your Location vs 
Solar Activity 

This aspect has already been dealt with in detail in 
Section 2.3. The latitude of the QTH will influence the MUF, 
the best season for a particular path and the width of the gray
line zone. 

3.2. Magnetic Disturbances (Aurora) 
In his book Aurora Australis F. R. Bond wrote: “The 

aurora (Southern and Northern Lights) is mankind’s only 
visible marker of the interactions taking place in the vast and 
complicated region of the Earth’s magnetosphere.” Brown, 
NM7M, stated: “… and Top Band Propagation is another 
aspect of those interactions.” (Ref 140). 

Auroral absorption, most often evidenced by the aurora 
at high latitudes, is a very important factor in the long-distance 
propagation mechanism on the low bands. It is certainly the 
most important one for those living at geomagnetic latitudes 
of 60º or more, as well as for all of us living in more southerly 
regions when we are trying to work stations on paths that cross 
areas affected by the aurora. We are interested in what effect 
this phenomenon (which we hams mostly refer to simply as 
aurora) has on low-band radio propagation. 

3.2.1. Auroral absorption 
Auroral absorption (AA) is very frequent and takes 

place due to the influx of auroral electrons. The ionization 
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density of the affected areas in the ionosphere is very high and 
absorption of signals on 1.8 MHz can exceed 35 dB. Auroral 
absorption is relatively brief in duration, occurring during the 
times of visible auroral displays. Absorption regions tend to 
be elongated in longitude and narrow in latitude, just like the 
aurora display itself. 

AA events are always accompanied by geomagnetic 
activity due to ionospheric current systems. Hence, the inter
est in the records of auroral-zone magnetometers for predict
ing times of low magnetic activity (or conversely, periods of 
high auroral absorption). 

3.2.2. Coronal mass ejections (CMEs) 
Sporadic outbursts of plasma, called Coronal Mass Ejec

tions (CMEs), represent the release of considerable matter/ 
mass from the sun’s corona. They are the sources of blasts of 
solar wind that can disrupt the geomagnetic field, giving rise 
to auroral ionization and shutting down propagation on the 
low bands. 

Only the plasma from a CME that goes out of the sun in 
the direction of the Earth may possibly hit the geomagnetic 
field and cause a magnetic disturbance. CMEs off the backside 
of the sun do not bother us, since they represent material 
ejected into space in directions that never can result in an 
encounter with the Earth. 

3.2.3. Aurora 
The plasma coming from the solar corona is called 

interplanetary plasma. Magnetospheric plasma is plasma that 
is trapped within the Earth’s magnetic field. The solar wind 
consists mainly of protons and electrons. Magnetic activity 
here on Earth results from the impact of the solar wind on the 
magnetosphere. 

The solar wind blowing by the Earth’s magnetic field 
acts like a gigantic dynamo, where huge electrical currents are 
generated. This energy is often pent up in the Earth’s mag
netosphere. At times the energy is violently released, acceler
ating electrons in the tail regions of the Earth’s magnetosphere. 
These electrons, since they are charged particles, are con
strained to follow the magnetic field lines of the Earth. And 
since many of these field lines penetrate the Earth in the high
latitude regions, these electrons end up with trajectories that 
take them into the high-latitude ionosphere, where they col
lide with constituent particles and ionize the lower regions of 
the ionosphere. This process also releases photons of light, 
which we see as auroral activity. The increased electron 
density and disturbed ionization patterns contribute to increases 
in auroral absorption and can cause signals to begin experi
encing multipathing and fading. 

So far as low-band propagation is concerned, the auroral 
belt at a height of approximately 65 miles (100 km) acts much 
like the D layer does during the day—it absorbs all low-band 
signals trying to go through the belt. Sustained periods of low 
auroral activity appear to be most common during the rising 
phase of the solar cycle. Fig 1-15 shows the relation between 
the solar flux and the A index over a typical solar cycle. 

The auroral belt is centered around the magnetic poles. 
The magnetic North Pole lies about 11º south of the geo
graphic North Pole and 71º west of Greenwich. The magnetic 
South Pole is situated 12º north of the geographic South Pole 
and 111º east of Greenwich. The intensity of the aurora 
determines the diameter, the width and the ionization level of 
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Fig 1-15—This graph shows the geo-magnetic activity 
(measured A-index) as a function of the solar cycle. It 
appears that the geomagnetic activity is lowest during 
the upswing of the solar cycle. 

the auroral belt. At very low activity the auroral oval retracts 
to a major-axis dimension of approximately 3500 km, with a 
belt width or only a few hundred km. During a very heavy 
aurora the belt can grow to a major-axis dimension of more 
than 8000 km, with a belt width of more than 3000 km. 
Ionization in the auroral oval is usually not constant all the 
way around. The ionization is—as a rule—minimum at the 
local noon meridian and maximum at local midnight. Of 
course, local noon is of very little interest to us low banders 
since our signals typically propagate only in darkness. 

The Earth rotates around the axis going through the 
geographic poles, while the auroral oval is centered around the 
magnetic poles. This means that the position of the often 
irregular-shaped oval changes position continuously with 
respect to the Earth rotating underneath it. 

3.2.4. Effects caused by the auroral oval on 
low-band propagation 

The aurora belts (also called aurora ovals or even auroral 
donuts) have a profound impact on propagation. If the low
band path over which you are communicating goes along or 
through the auroral oval, the result is usually degraded propa
gation caused by strong absorption of the signal. On the higher 
bands (20 meters and up) fast selective fading (multipathing) 
is a common sign of aurora. I have very seldom heard this on 
Top Band, and only infrequently on 80 meters, where these 
episodes always seem to be of short duration. 

During exceptionally quiet geomagnetic conditions 
(K indices of zero for at least 8 hours), the auroral zone might 
shrink to a major-axis of about 40% as compared to when 
geomagnetic conditions are heavily disturbed, while its width 
might be reduced to a few hundred kilometers. The ionization 
levels in the shrunken oval can be extremely low during extended 
fully quiet conditions. Under such circumstances most polar 
paths will either pass along this small and almost undisturbed area 
and signals will suffer hardly any degradation. 

During disturbed conditions, however, the auroral 
oval can very rapidly grow to an average size of some 
8,000 km. Under such conditions all path that cross or touch this 
extended oval will be affected by severe absorption in the D and 
E regions and by other instabilities of the auroral ionosphere. 

Cary Oler and Ted Cohen (Ref 142) state that when the 
auroral zone is contracted, it is possible for Top-Band signals 
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to pass through the auroral zone without suffering heavy 
absorption by skirting underneath the auroral oval. During 
periods of very quiet geomagnetic activity, the width (not the 
diameter!) of the auroral belt is only a few hundred km. On the 
other hand, radio signals reflected from the E layer can travel 
over distances of 500 to 2,000 km through the stratosphere 
and atmosphere, on their way from or to Earth for a propaga
tion hop. This means that with proper geometry low-band 
signals can literally skip underneath and through the auroral 
zone into the polar ionosphere inside the auroral belt, where 
the ionosphere is more stable. They then continue from the 
polar ionosphere back into the ionosphere at latitudes below 
the auroral belt, without ever coming in contact with lossy 
region of the belt itself. 

I have often found that propagation into or through polar 
regions favors the use of low-angle antennas much more than 
propagation into or across equatorial zones. I suppose this is 
so because low-angle hopping has more chances to skip 
underneath the auroral oval, hence suffering less attenuation 
than would be the case with higher-angle hopping. 

Besides “undershooting” the auroral doughnuts, a com
mon way for stations outside the oval to deal with aurora is 
to launch their signals in a non-great-circle route, called a 
“bent path” or a “crooked path” away from the auroral oval. 
A signal launched directly at the auroral oval will bend 
away from it because the enhanced ionization in the auroral 
zone creates horizontal ionization gradients. These horizon
tal gradients refract signals in the horizontal plane. (See 
Section 4.3.2.) 

For stations inside the auroral belt, propagation to the 
world outside the belt is all but impossible once a geomag
netic disturbance has set in. It has been reported though that 
stations inside the aurora oval can hear quite well, but they do 
not seem to get out at all. For example, VY1JA experienced 
much frustration during the 1998 November Sweepstakes 
contest hearing strong stations that couldn’t hear him. I 
suspect that the launch angle to skip under the oval was not 
right at VY1JA’s end. 

For stations just outside the aurora belt near the North 
Pole, usually the only (marginal) opening is directly to the 
south. Frequently, these stations enjoy better propagation 
towards the equator than stations 1000 or 2000 km further 
south when the aurora is on. 

On at least one occasion on 160 meters, I experienced 
propagation conditions similar to those on VHF during an 
extremely heavy aurora. Around 1600 to 1800 UTC on Feb 8, 
1986, I heard and worked KL7 and KH6 stations on 80 meters, 
at the same time that auroral reflection was very predominant 
on VHF and 28 MHz. From Europe, this was on a path straight 
across the North Pole and the signals had the buzzy sound 
typical for auroral reflection. This seemed to indicate to me 
that under exceptional conditions (the aurora was extremely 
intense), aurora can be beneficial to low-band DXing. This 
particular aurora generated an A index of 238. K-index values 
were reported between 8 and 9. This was one of the largest 
geomagnetic storms since 1960. A similar situation existed in 
Jan 1987, when in Europe we could work KL7 stations during 
several days on 160 meters. 

Will, DJ7AA, recently reported a similar happening (Feb 
18, 1998): “Around 0130 I heard K1UO with a very big signal 
out from nothing working a SP3 station. I went on 1835 and 
one CQ brought me a huge pile with really big signals 

banging in here, even from call areas like W5 or WØ. I wonder 
what NAØY was running, I think he was the loudest ever heard 
WØ here in my place. Interesting, all signals having a little 
flutter on it sounds like aurora, and they all coming in over my 
Beverage to South America, about 3-4 S-units stronger than 
on my big 500-m Beverage to 320º.... At 0300 the band died. 
When checking the NOAA home page I saw a very big auroral 
zone over the Northern Hemisphere at this time, while WWW 
said: Major Storm...” 

There is almost always a temporary enhancement of 
conditions right after a sudden rise in the K index. Except for 
polar paths, however, it seems that a low K index doesn’t help 
for most 160-meter propagation. 

Enhanced propagation conditions shortly after a major 
aurora appear quite regularly. I witnessed a striking example 
on 80 meters in Nov 12, 1986, only nine hours after a major 
disturbance. N7AU produced S9 signals via the long path for 
more than 30 minutes, just before sunset in Belgium. Nor
mally, long-path openings occur to the US West Coast from 
Belgium only between the middle of December and the middle 
of January, and even then the openings are extremely rare this 
far west in Europe. During the November opening, I heard 
N7UA calling CQ EUROPE with signals between S6 and S9 for 
almost an hour. The propagation was very selective, since 
only Belgian stations were returning his calls! A few days 
earlier DJ4AX was heard working the West Coast and giving 
57 reports while the W6/W7 stations were completely inau
dible in Belgium, only 200 miles to the Northwest. 

I presume that an ionospheric-ducting phenomenon was 
responsible for such propagation. This means that very spe
cific launching conditions had to be present at both sides of the 
path. It appears that duct “exit” conditions are very critical and 
thus area selective—more so for longer path lengths. It also 
seems that auroral disturbances can occasionally create and 
enhance such critical conditions. 

3.2.5 A and K indexes 
The most common way to quantify the level of geomag

netic activity is through the A and K indices. (Ref 158.) 

3.2.5.1. The local K-index 
The K index indicates the magnitude of irregular varia

tions in the magnetic field over a 3-hour period. This index is 
calculated from the actual measured value at each observatory 
station. There are a number of these observatories worldwide. 
Since magnetic-field measurements vary greatly depending 
on location, the raw measurements are normalized to produce 
a K index specific to each observatory. 

The K-index scale is quasi-logarithmic, increasing as the 
geomagnetic field becomes more disturbed. K indices range in 
value from 0 to 9 (0 = dead quiet, to 9 = extremely disturbed). 
The K index that we often monitor on radio station WWV is 
an index derived from magnetometer measurements made at 
the Table Mountain Observatory located just north of Boul
der, Colorado, and hence is referred to as the “Boulder K 
index.” Every 3 hours new K indices are determined and the 
broadcasts are updated. (See also Section 3.2.7.1.) 

3.2.5.2. The local A index 
The underlying concept of the A-index is to provide a 

longer-term picture of geomagnetic activity using measure
ments averaged over some time frame. The A-index is the 
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mathematical average of the
Table 1-2 a indices over the last 24 
Ap index Corresponding Kp hours. 
0-2 0 The overall A index is
3-5 1 
6-10 2 an averaged quantitative mea

11-20 3 sure of geomagnetic activity 
21-35 4 derived from the 3-hour 
36-61 6 K-index measurements. For 
62-102 6 each 3-hour K index, a con
103-166 7 version is made to the A index 
167-268 8 using a conversion table. (See>269 9 

Table 1-2.) The A index is 
the average of the last 8 A 
indices. 

Table 1-3 A indices are always 

Category A index range linked to a specific day. 

0-7 Quiet Therefore, estimated A indi
8-15 Unsettled ces are issued during the day 
16-29 Active itself. For example, the Boul
30-49 Minor Storm der A-index (in the WWV 
50-99 Major Storm announcement) is the 24-hour
100-400 Severe storm A index derived from the 

eight 3-hour K indices re
corded at Boulder. The first 

estimate of the Boulder A index is at 1800 UTC. This estimate is 
made using the six observed Boulder K indices available at that 
time (0000 to 1800 UTC) and the best-available prediction for the 
remaining two K indices. At 2100 UTC, the next observed 
Boulder K index is measured and the estimated A index is 
reevaluated and updated if necessary. At 0000 UTC, the eighth 
and last Boulder K index is measured and the actual Boulder A 
index is produced. For the 0000 UTC announcement and all 
subsequent announcements the word “estimated” is dropped and 
the actual Boulder A index is stated. 

A and a indices range in value from 0 to 400 and are 
derived from K indices based on the table of equivalents. Both 
A and K indices (for Boulder, CO) are broadcasted by WWV 
(on 2.5, 5, 10, 15 and 20 MHz) every hour at 18 minutes past 
the hour or on the web here: www.sec.noaa.gov/ftpdir/ 
latest/wwv.txt. 

3.2.5.3. Geomagnetic activity terms in English 
instead of numbers 

As an overall assessment of natural variations in the 
geomagnetic field, six standard English terms are used in 
reporting geomagnetic activity. The terminology is based on 
the estimated A index for the 24-hour period directly preced
ing the time the broadcast was last updated. These are listed in 
Table 1-3. 

3.2.5.4. Planetary A and K indices 
The Geophysical Institute in Goetteningen, Germany 

averages the data from 12 observatories (10 in the Northern 
Hemisphere and 2 in the Southern Hemisphere) to give plan
etary values, Ap and Kp (the subscript p stands for Planetary). 

Table 1-4 shows an example of K, A, Kp and Ap indices 
from a Boulder report from Jun 24, 1997. It lists the Daily 
Geomagnetic Data from Fredricksburg, VA; College, Alaska 
and the Estimated Planetary values from NOAA. You will see 
differences between the observations (at Fredricksburg and 
College) and the Estimated Ap and Kp values. 

The K values are listed for 3-hour intervals. Both A and 
K indexes are available from various sources on the Internet 
(see Section 3.2.7.1). 

3.2.5.5. Converting K values to auroral oval 
average size 

For the radio amateur it is important to assess the size and 
width of the aurora oval to be able to evaluate (on a map or on 
a globe) whether a given path will touch or pass through the 
auroral oval. Simplifying somewhat, we can say that the oval 
is a circular ring, of which the statistical equivalent average 
radius (at midnight) is given in Table 1-5. 

If you only have K values, these data allow you to 
manufacture oval disks of various diameters, which can be 
used as overlays on maps or on a globe, to help visualize 
possible crossings of great circle paths with the auroral oval. 
Of course the oval is a statistical description and does not 
describe how the ionization is distributed or how energetic it 
may be. In other words, the local intensity of the aurora is not 
the same in all points of the oval and at all times of the day. 

3.2.6. Viewing the aurora from the satellites 
The only source of really reliable information is to use 

Table 1-5 
K index Oval Average Oval Average 

Radius (km) Width (km) 
0 1800   500 
1 2050   800 
2 2300 1100 
3 2550 1400 
4 2800 1700 
5 3050 2000 
6 3300 2300 
7 3550 2600 
8 3800 2900 
9 4050 3200 

Table 1-4 
Date Fredricksburg College, AK Estimated 

Local Local Planetary 
June  A K indices A K indices Ap Kp indices 
16  8 1-2-1-2-2-3-3-1 3 1-0-0-3-0-1-1-0  5 1-1-0-2-2-2-3-1 
17  6 1-2-2-1-1-2-2-2 1 0-1-1-0-0-0-1-0  5 0-2-2-1-1-2-2-2 
18  3 1-1-1-1-1-1-1-1 0 0-0-0-0-0-0-0-0  4 0-1-1-1-1-2-1-2 
19 11 2-2-4-2-2-2-2-3 6 1-2-3-3-2-0-0-1 10 3-2-4-3-2-2-2-2 
20  6 2-1-2-2-2-2-1-2 2 0-1-2-0-2-0-0-0  5 2-1-1-1-2-2-1-2 
21  2 0-0-0-0-0-1-1-2 2 0-0-0-3-0-0-0-0  3 0-0-0-1-1-2-1-1 
22 15 2-4-3-3-3-3-3-2 4 1-2-3-1-1-0-1-0  9 1-3-3-2-3-2-2-2 
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real-time maps, which now are available from various sources 
on the Internet. Today we have satellites that produce almost 
real-time pictures. These can give us much more information 
than what we’ve had before. Views of both North and South 
Poles and the auroral oval are available at: www.sel.noaa.gov/ 
pmap/. These are updated when the NOAA Polar-Orbiting 
Operational Environmental Satellite (POES) satellite passes 
by about every hour. The satellite maps out the auroral zone 
for that pass. 

The POES images are based on particle-sensor readings 
the spacecraft makes as it passes over the polar regions. Instru
ments on board continually monitor the power flux of the 
protons and electrons that could produce aurora in the atmo
sphere. These readings are valid only for those longitudes 
where the spacecraft passes overhead. The readings may be 
considerably different at other positions along the auroral oval. 
This is why SEC must examine the results of 100,000 other 
polar passes in order to form a statistical picture of what is most 
likely happening elsewhere. This means that what the maps 
actually shows is based on data obtained from previous passes. 
It is not a real-time picture, but a combination of real-time data 
and best-fit extrapolations taken from a huge database. 

Fig 1-16A shows a typical POES-generated polar view 
during a very quiet geomagnetic spell. The black line shows 
the orbit of the satellite making the measurements, and the 
dots on either side represent the measurements done in the 
direction of the stacked black dots. The arrow in the upper
right quadrant shows the local noon meridian, where the width 
of the oval is usually smallest. Note that the local noon 
meridian is not related to propagation on the low bands, since 
propagation at local noon is impossible anyhow due to 
D-layer absorption. Fig 1-16A shows that the total power in 
the Northern Hemisphere during quiet geomagnetic condi
tions is 2.3 GW (that’s Gigawatts = billions of watts), and 
what NOAA calls the auroral “Activity level” is 1, with a good 
confidence factor n = 0.85. (When the confidence factor 

approaches n = 2, NOAA is indicating that their statistical 
model is considered inadequate for this particular time frame 
because the satellite is not covering an area sufficiently well 
to make accurate maps.) 

Fig 1-16B shows a short history of the Planetary K (Kp) 

Fig 1-17—North Polar view generated by the POES 
satellite, during magnetically upset period (K=5-6). Very 
dark areas inside the auroral doughnut are areas of high 
ionization, while the lighter tones outside the doughnut 
show much less ionization. The width of the oval is 
generally smaller at the local noon meridian. The particular 
view is for 1839 UTC on Sep 16, the day after the view in 
Fig 16A. Note that the auroral zone is at its widest around 
local midnight (across the USA) while the activity is 
minimal around local noon. The red arrow shows the local 
noon meridian. (Source: NOAA Web page.) 

Fig 1-16—At A, North Polar view generated by the POES satellite, during a magnetically quiet period (Kp=1-2). Inside 
the bright, light-shaded auroral zone “doughnut” dark areas are areas of high ionization. Darker areas outside the 
doughnut indicate lower levels. The black lines show the orbit of the satellite making the measurements, and the 
dots on either side represent the measurements done in the directions of the stacked white dots. At B, 
interplanetary Kp for time period in A. (Source: NOAA Web pages.) 
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Table 1-6 
Power (Gigawatt) Kp index NOAA Aurora 

Activity Index 
0-2 0  1 
2-4 1 2 
4-6 1  3 
6-10 2 4 
10-16 2  5 
16-24 2+  6 
24-39 3  7 
39-61 3+  8 
61-96 4  9 
>96 5 10 
>200 8 
>500 9 

indices (at www.sel.noaa.gov/ftpmenu/plots/2003_plots/ 
kp.html) over the same period of days shown in Fig 1-16A 
and Fig 1-17. The Kp rose to 6 on Sep 16, 2003, and peaked 
at 7 on Sep 17, 2003, indicating a magnetic storm was in 
progress—and indicating that aurora should be possible. 
Fig 1-17 shows the POES-generated polar view for Sep 17, 
2003, during that magnetically upset period. Here, the total 
Northern Hemisphere power rose to 113.7 GW, with an 
Activity level of 10. The auroral oval did indeed intensify 
greatly and did spread to lower latitudes, especially across 
Northern Europe and Northern Asia.

 There are many other pictures available taken from 
various spacecrafts. Table 1-6 lists the conversion from Total 
Hemisphere power, as reported by the NOAA, to the more 
familiar planetary Kp values and to the latest NOAA Aurora 
Activity Index. 

3.2.7. Putting it into practice 
3.2.7.1. Getting geomagnetic data and using them 

Both A and K indexes (for Boulder, CO) are broadcast by 
WWV (on 2.5, 5, 10, 15 and 20 MHz) every hour at 18 minutes 
past the hour. All DX-clusters provide a command (sh/WWV) 
that will list the latest WWV numbers. The IonoProbe pro
gram (See Fig 1-1) also monitors the electromagnetic data 
relevant to HF radio. The list of parameters monitored in
cludes Ap/Kp indexes and the NOAA POES Aurora Activity 
parameter on a scale of 1 to 10 (Fig 1-18). 

You can view a Solar Terrestrial Activity Report, which 
shows a chart of the solar flux, the sunspot number and the 
planetary Ap index, on www.dxlc.com/solar/. See Fig 1-2. 

How do we use this data? Low A and K numbers acquired 
at stations near the polar regions for a sustained period are 
prerequisites for good conditions on paths that go near or 
through these polar regions. It is the K index that is the most 
important one, since it gives you a more differentiated status 
than the A index. “Near the poles” means that the Boulder 
figures are not the most suitable ones! K indices obtained from 
the observatories in Inuvik, Baker Lake and Cambridge Bay in 
Canada are ideal because they are located within the aurora 
belt, when it is active. 

We have to realize that K and A indices are measure
ments derived from what has already happened. If these 
indexes have been zero for 8 hours (or longer) and provided 
there is no abrupt change, the chances are real that the low 
bands will be in fair-to-possibly-good shape on polar paths. 
1-22  Chapter 1 

Fig 1-18—IonoProbe, which you can have running 
permanently on your computer, looks for continuous 
updates on the Internet, and shows you the very latest 
geomagnetic data. 

Because of the sun’s 27-day rotation cycle, low geomag
netic activity may be recurrent, especially during the declin
ing and minimum phases of the solar cycle. During the 
ascending and maximum phases, the recurrent trend often 
becomes very unreliable (see also Section 2.2). It is a good 
idea for the serious low-band DXer to make a continuous log 
of broadcast A and K values. Such logged A indices are 
particularly interesting to predict the level of magnetic activ
ity in another 27 days. W4ZV keeps a piece of paper marking 
the distance for 27.5 and 55 days and he uses this “ruler” to 
quickly calibrate the graph at www.dxlc.com/solar/. 

I guess most top banders have come to grips with the fact 
that K and A indices are there to confirm what they have already 
witnessed—good or bad conditions. N6TR, a well-known Top-
Band DXer from the US West Coast, complained: “I am very 
skeptical that any of the numbers mean much. I have had good 
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openings with high K numbers, and no openings with longstanding 
low numbers. About the only thing I can count on is that 
interesting things seem to happen just as the K starts to rise.” 

Since auroral absorption is often initiated by CMEs on 
the sun, we should be able to predict auroras 2 to 4 days before 
they hit us (al least for the CME-induced auroras). Before 
satellite technology was available, we had no detailed infor
mation on CMEs and forecasting was based only on the use of 
recurrence tendencies, extrapolating conditions only from log 
data of A- and K-values from 27 and 54 days earlier. 

You can also subscribe to Sky & Telescope magazine’s 
AstroAlert service (actually written by Cary Oler of STD). 
This gives 24-48 hour notice by e-mail alerts of major CME 
events. See: skyandtelescope.com/observing/proamcollab/ 
astroalert/article_332_1.asp. 

3.2.8. More information 
Today we have a number of satellites that keep a constant 

eye on the sun and send a continuous flow data to the Earth, 
data that is being converted into “readable” reports that are 
available in abundance on various Web sites on the Internet. 

Solar Terrestrial Dispatch has a website (www. 
spacew.com/) where you can find all sorts of information 
related to amateur radio and radio propagation. Under a 
special heading “HAM Radio” the following topics are cov
ered on this site. 

• MUF map 
• Ionospheric X-ray absorption map 
• Critical F2-layer frequency map 
• Critical E-layer frequency map 
• F2-layer max height map 
• Daily report on solar activity 
• Solar and geophysical indices 
• Current 10.7 cm flux 
•	 Latest forecast notes 

You can subscribe to a very useful daily summary of 
auroral activity. This is sent to you by e-mail from www. 
spacew.com/www/sublists.html. These reports forecast mag
netic storms based on sun-surface and solar-wind observa
tions, done from satellites. Such reports—together with viewing 
the NOAA-generated images themselves—are helping low
band DXers to better understand what makes it all tick and to 
better plan their activities. 

Since mid-Mar 1998, Cary Oler from Solar Terrestrial 
Dispatch has made available a 160-meter Web site, which can 
be reached at: www.spacew.com/www/topband.html. This is 
called “The Topband radio propagation section” and contains a 
variety of tools for the 160-meter DXer. In addition to high
latitude K values, which are updated every hour, Oler has 
created a table where he shows the probability of DX contacts 
for a large number of polar paths. It also contains the latest 
auroral-zone pictures and maps (visual and UV) as shown in 
Section 3.2.6. These predictions are limited in that they only 
take into account the influence of magnetic disturbances. This 
is somewhat of a one-way information—When conditions are 
magnetically disturbed, we know the paths through the polar 
areas will be dead. But low K-indices, even for a relatively long 
spell, are no full guarantee that the path will be okay. 

There are other mechanisms that enter into the picture on 
160 meters and that determine the overall attenuation on a 
given path. These mechanisms are still largely unknown or, at 

least, are open to speculation. 
Solar Terrestrial Dispatch (STD) also makes available 

various software packages for those who are vitally interested in 
the details. STD Aurora Monitor is a software package that 
collects data from a large number of sources and makes those 
available for the user (real-time and latest data) in a handy 
format. STD Aurora Monitor also includes Ground Based Data 
(visual and other data from on Earth) as well as a Forecast on 
geomagnetic activity. You can download a free trial version at: 
www.spacew.com/aurora/trial.html. The program collects: 

Fig 1-19—Visible-light image of the Earth. The auroral 
belt is obviously only visible on the dark side of the 
Earth. Note the terminator moving across North 
America. (Photo courtesy University of Iowa.) 

Fig 1-20—Ultra Violet Image (UVI) showing the auroral 
oval. UV imaging makes it possible to see the aurora in 
daylight. (Courtesy STD.) 
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•	 VIS: Earth image by the NASA Polar spacecraft’s Visible 
Imaging System. See Fig 1-19: eiger.physics.uiowa.edu/ 
~vis/images/. Animation images can be seen at: eiger. 
physics.uiowa.edu/~vis/images/anims/. 

•	 FUV (Far Ultra Violet) images taken from NASA’s 
Image spacecraft. More information at: sprg.ssl.berkeley. 
edu/image/  and www.sec.noaa.gov/IMAGE/ 
About%20the%20IMAGE%20Spacecraft and 
pluto.space.swri.edu/IMAGE/index.html. 

•••••	 UVI  (Ultra Violet Image): science.nasa.gov/uvi/ 
default.htm  and uvisun.msfc.nasa.gov/UVI/ 
LatestImage.html. See Fig 1-20. 

If you would like to see a geomagnetic storm from space, 
have a look at a short movie that you can download at: 
pluto.space.swri.edu/IMAGE/wic_197.mpg. 

SWARM (Solar Warning And Real-time Monitor) is 
another software program developed by Solar Terrestrial 
Dispatch. Go to solar.spacew.com/swarm// for details. Swarm 
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monitors everything from geomagnetic and ionospheric con
ditions to solar activity and solar-wind conditions, all in real
time. It is particularly valuable for the prediction of quiet 
geomagnetic intervals and for the arrival of interplanetary 
disturbances. Swarm also audibly alerts you when geomag
netic activity surpasses certain threshold levels. You will 
never again be spending valuable time calling CQ on a polar 
path when the K-index is up to 4 or higher. 

Low-band DXers, using SWARM can determine pre
cisely when geomagnetic storming is likely to commence. 
They will also be informed beforehand what is the potential 
intensity of geomagnetic storming. The software also reports 
all possible related data, such as solar flux values and sunspot 
numbers. SWARM let you look at real pictures of the aurora 
(visible and UV). Figs 1-21 shows a typical SWARM scenario. 

SWIM (Space Weather Information Monitor) is a state-of
the-art, professional program also created by Solar Terrestrial 
Dispatch. SWIM is a more advanced version of SWARM. SWIM 

Fig 1-21—One of the many 
dozens of screens from the 
SWARM program, this one 
showing the history of the 
Penticton 10.7 cm solar 
radio flux. (Courtesy STD.) 

Fig 1-22—One of the 
many SWIM screens, 
which show all imagin
able data related to space 
weather. Graphs and 
pictures are automati
cally updated in “near
real-time,” so long as 
your computer is con
nected to the Internet. 
(Courtesy STD.) 
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can monitor, display, animate or print to your printer over 200 
space-weather related Internet resources. See Fig 1-22. You 
can expand and manage thousands of additional Internet re
sources quickly and easily. You simply cut and paste Internet 
URLs for resources you find interesting and SWIM will imme
diately begin managing those resources for you. It tracks near
real-time geomagnetic A and K indices from as many as 26 
global magnetic observatories world-wide. For further info: 
solar.spacew.com/swim/. 

SWIM is 100% compatible with the database produced by 
SWARM. The difference is that SWIM allows you to manage 
image resources on the Internet (eg, graphs, maps, anything 
graphical in GIF, JPEG, or PNG image format). For example, you 
can use SWIM to collect all of the real-time 
h-alpha solar images, x-ray images, and SOHO images and then 
review them at your convenience—or animate them like a movie. 

SWIM is very sophisticated and requires a Windows 
NT4, 2000 or XP computer system. Due to limitations in the 
way Microsoft’s Windows 95, 98 and Me operating systems 
handle memory management, SWIM will not function very 
well, if at all, under these operating systems. 

3.2.8.1. Viewing the paths. 
If you wish to know whether certain paths will be disturbed, 

you must visualize the path as well as the auroral oval. These will 
immediately reveal what’s going on for that path for a given 
auroral intensity. Maps in various projections, as well as globes, 
can be used. You may have to fabricate your own auroral ovals 
to use with the map or globe (see Section 3.2.4.). 

Nowadays, when every ham has at least one computer in the 
shack, computer programs do just what we want, with much less 
hassle. There are numerous propagation-prediction programs 
around, but only a few address aurora directly. The following 

four programs all have their own merits and shortcomings, but at 
least they address geomagnetic conditions: DX-AID, W6ELProp, 
DX-Atlas and PROPLAB PRO. These four programs were exten
sively used to create figures used in this chapter. 

I find DX-AID extremely useful for generating great
circle and Mercator-projection maps, including variable-sized 
auroral ovals based on the K-index. DX-AID works well on my 
computer running Windows XP Professional. The program is 
written by Peter Oldfield. He can be contacted at 
poldfield@compuserve.com. DX-AID is not only a mapping 
program, it also does classic HF-propagation forecasting, 
which is really of little interest to low banders (except on 40 
meters). 

W6ELProp, by Sheldon Shallon, W6EL, is another user
friendly program that has some excellent mapping possibili
ties. (W6ELProp is a Windows version of MiniProp Plus.) It 
predicts ionospheric (sky-wave) propagation between any 
two locations on the earth on frequencies between 3 and 30 
MHz. The latest Windows version of the program is freeware 
and can be downloaded from: www.qsl.net/w6elprop/. 

PROLAB PRO is a professional ray-tracing program 
(See Fig 1-23). The author, Cary Oler of STD, calls it a “High-
Frequency Propagation Laboratory.” It is a full-fledged propa
gation-prediction program that also generates a range of maps. 
It is probably the most sophisticated and most advanced 
program available, but it is possibly too professional for the 
average ham (even a dedicated low bander) because of the 
very complex user interface. But if you really want to study 
propagation in fine detail, I can highly recommend this 
program. It actually does three-dimensional ray tracing that 
include the effect of the Earth’s magnetic field and will 
predict and plot skewed paths. You can order and download 
the program from www.spacew.com/www/proplab.html. 

Fig 1-23—3-D ray 
tracing by PropLab 
Pro. This software 
even addresses the 
subject of path 
skewing, although 
certainly not all the 
mechanisms 
causing this 
phenomenon are 
known well enough 
to be fully de
scribed in any 
present-day model
ing program. 
(Courtesy STD.) 
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A PROPLAB PRO Windows version has been announced for 
release mid 2003. 

DX Atlas is a software mapping program. See Fig 1-24. 
DX Atlas displays world maps in rectangular, azimuthal and 
3-D globe projections. Overlays are provided for amateur 
prefixes, CQ and ITU Zones and Grid Squares. For any point 
selected by the user, latitude, longitude and Grid Square are 
displayed. The user can select a home location, from which 
the heading and distance are automatically calculated (both 
short and long path) to the mouse cursor on the map. Maps 
can be zoomed in and out, and the gray line can be added to 
any map display. The gray line automatically reflects the 
current time and date (as set on the computer), or a fixed time 
(past or future) can be entered for a specific purpose. Sunrise 
and sunset times for any point on the map are also shown. 

A great variety of ionospheric maps can be called up in 
DX Atlas, such as: MUF (3000) map; F2-layer critical fre
quency map; F2-layer height; E-layer critical frequency; 
D-layer peak density; Auroral activity. The following geo
magnetic maps can also be displayed: Geomagnetic latitude; 
Corrected geomagnetic latitude; Magnetic dip; Modified 
magnetic dip; Magnetic dip latitude. The geomagnetic data 
input can be obtained automatically from the program 
IonoProbe, written by the same author (see Fig 1-1 and 
Section 3.2.7.1). You can download a trial version from: 
www.dxatlas.com/. 

There are a number of other tools available on the 
Internet (GeoClock , Geochron , DX-Edge , DX4WIN , 
VOACAP), but I have found few that address the issue of the 
auroral oval, which means they are less-than-ideal for visual
izing transpolar propagation paths on the low bands. 

3.2.8.2. Correlating geomagnetic data with 
conditions 

Statistical analysis has been done on a representative 
group of long-haul DX QSOs from the US West Coast on 
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Fig 1-24—Screen shot from the 
DX-Atlas mapping program. Note 
the aurora ovals on this azi
muthal projection. Various other 
map projections, and a large 
number of mapping facilities are 
available. (Courtesy DX-Atlas.) 

160 meters for a 2-month period. The occurrences were 
checked against the K index: 
•	 62 percent of all QSOs were made on days with a K index 

of zero 
•	 30 percent with an index of 1 
•	 Not one QSO with a K index above 3. 

In another study, the Top Band Monitor did a survey 
and tried to correlate A-index figures with days of good 
conditions on Top Band during the 1993/1994 winter. The 
author tried to link upward swings in A index with good Top 
Band conditions, and downward swings with bad conditions. 
My conclusion from studying the data was that only 10% of 
the good opening on 160 meters were correlated to a down
ward swing of the A index. (Ref 173.) 

KBØMPL, who has a PhD in statistics, did a study on 
A-indices and 160-meter propagation (Ref 174). She con
cluded: “Boulder A-index changes, by themselves, appar
ently are not related to good or bad propagation days.” She 
continued adding, “This does not mean that there is no 
relationship between good propagation and the A-index.” 

Along the same lines Tom Rauch, W8JI, wrote on the 
Top Band Reflector: “I’ve given up totally on watching the 
A and K indices to estimate how the band is. What I find is 
generally when ten through twenty meters is good, 160 is 
poor.” That sounds like a simple and sensible guideline. 

But we should not forget that magnetic activity is far 
from being the only mechanism that rules conditions on the 
low bands, and more specifically on 160 meters. There are 
still many unknown mechanisms that make the residual 
attenuation on 160 meters vary significantly, even when the 
geomagnetic activity is low. 

Sometimes we have weeks of really good conditions 
(for example at the end of Nov and in Dec 1998) followed by 
weeks of fairly flat propagation. During both periods there 
are up and downswings of geomagnetic activity. The low 
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Fig 1-25—This map shows the mean number of thun
derstorm days in the US. The figure is related to both 
mountainous terrain and seasonal weather patterns. 

bands—and more particularly Top Band—are still areas 
where many things still have to be “discovered.” That’s what 
makes these bands so interesting and appealing to many! 

Trying to assess or predict propagation conditions on 
the low bands (especially 160 meters) going only by the A 
and/or the K-index definitely doesn’t work. While it is true 
that high magnetic indices will almost always result in poor 
propagation for paths near or through the auroral doughnut, 
paths that don’t transit these zones may not suffer at all—and 
they may even be enhanced. Path attenuation by mechanisms 
other than aurora is consistently there on Top Band, and 
scientists have not—so far—been able to unambiguously 
correlate these mechanisms to any measurable phenomena. 

3.3. Local Atmospheric Noise 
Most local atmospheric noise (static or QRN) is gener

ated by electrical storms or thunderstorms. We know that 
during the summer QRN is the major limiting factor in copy
ing weak signals on the low bands, at least for those regions 
where thunderstorm activities are serious. To give you an idea 
of the frightening power involved, a thunderstorm has up to 
50 times more potential energy than an atomic bomb. There 
are an estimated 1800 thunderstorms in progress over the 
Earth’s surface at any given time throughout the year. The 
map in Fig 1-25 shows the high degree of variation in fre
quency of thunderstorms in the US. On average there is a 
lightning strike somewhere on the earth every 10 millisec
onds, generating a tremendous amount of radio-frequency 
energy. 

In the Northern Hemisphere above 35º latitude, QRN is 
almost nonexistent from November until March. In the middle 
of the summer, when an electrical storm is near, static crashes 
can produce signals up to 40 dB over S9, and make even local 
QSOs impossible (and dangerous). In equatorial zones, where 
electrical storms are very common all year long, QRN is the 
limiting factor in low-band DXing. This is why we cannot 
generally speak of an ideal season for DXing into the equato
rial zones, since QRN is a good possibility all year long. If you 
live in the USA check: www.lightningstorm.com/ls2/gpg/ 
lex1/mapdisplay_free.jsp. 

The use of highly directive receiving antennas, such as 

Beverage antennas or small loops, can be helpful to reduce 
QRN from electrical storms by producing a null in the direc
tion of the storm. Unless directly overhead, electrical storms 
in general have a fairly sharp directivity pattern. 

Rain, hail or snow are often electrically charged and can 
cause a continuous QRN hash when they come into contact 
with antennas. Some antennas are more susceptible to this 
precipitation noise than others—Vertical antennas seem to be 
worst in this respect. Closed-loop antennas generally behave 
better than open-ended antennas (such as dipoles), while 
Beverage receiving antennas are almost totally insensitive to 
precipitation noise. 

In very quiet places it is not uncommon for atmospheric 
noise generated on the other side of the world (often on the 
other side of the equator) to be propagated just like regular 
signals and to be heard many thousand miles away. This often 
shows up as “waves” of noise at the peak time for gray-line 
propagation between the areas concerned. 

3.4. Effects Caused by the Electron 
Gyrofrequency on Top Band 

Modern DXers are aware of some special mechanisms 
that determine propagation on Top Band. The theory concern
ing gyrofrequencies on 160 meters is covered in detail in the 
literature (Ref 142). 

The gyrofrequency is a measure of the interaction between 
an electron in the Earth’s atmosphere and the Earth’s magnetic 
field. The closer a transmitted signal is to the gyrofrequency, 
the more energy is absorbed from the signal by the electron. 
This is particularly true for radio waves traveling perpendicu
lar to the magnetic field. Gyrofrequencies are not influenced 
by the sun but change with location on the Earth. They vary 
between 700 and 1600 kHz around the world. A map of the D/ 
E-region electron gyrofrequencies is shown in Fig 1-26. 

You should remember is that Top-Band signals will be 
less strongly absorbed and behave more like a conventional 
signal is expected to behave the farther the frequency is 
removed from the electron gyrofrequency. Check the map in 
Fig 1-26 to determine the values of gyrofrequency your 
signals will encounter for a given path. 

Absorption is higher along paths where the signal fre
quency is closer to the electron gyrofrequency, particularly on 
paths that are normal to the magnetic field. In other words, 
north-south paths are less affected than mainly east-west 
paths, such as from US East Coast to Europe, or the US East 
Coast to Japan. Similar paths in other parts of the world may 
not be as sensitive because gyrofrequencies are lower. 

If I had to quantify the impact of the gyrofrequency on 
Top-Band propagation and compare it to the impact of the 
auroral oval, then I’d say that the auroral oval is the proverbial 
elephant, while the gyrofrequency is the mere mouse. 

3.5. Polarization and Power Coupling on 
160 Meters 

Power coupling has to do with the way waves, generated 
by the transmit antenna “couple” into the ionosphere. It 
appears that the polarization of the antenna plays an impor
tant role in achieving optimal coupling (minimum losses). 
Power coupling is greatest when the E field from an antenna 
is parallel to the geomagnetic field and the least when the two 
are perpendicular to each other. 
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Fig 1-26—This grid shows the worldwide distribution of the electron gyrofrequencies. These values are deter
mined by the Earth’s intrinsic magnetic field and are not influenced by the solar cycle. (Courtesy Cary Oler, STD.) 

In certain areas of the world vertical polarization will 
produce strongest signals, while in other areas horizontal polar
ization will. Fortunately, in the US as well as in Europe, vertical 
is the way to go. This may explain why even 0.5-λ high dipoles 
do not seem to work well from these regions on 160 meters, 
while they do fine on 80 meters. There are areas of the world, 
however, where horizontal polarization on Top Band is the 
more suitable polarization. This is true for large parts of Asia, 
Africa and parts of Australia. The geomagnetic latitude of the 
location is an important factor in this mechanism. 

Fig 1-27 shows a Mercator map showing the geomag
netic latitude compared to the geographic latitude and longi
tude. W8JI, in an e-mail message on the Top-Band reflector, 
put things in perspective. Losses incurred by TOA (take-off 
angle) effects (a high-angle antenna vs a low-angle antenna) 
can be more than 10 dB. Losses incurred if you have very 
poor ground (in the far field) vs very good ground can be 
4 dB. Losses due to improper magnetoionic power coupling 
can amount to approximately 1 dB. 

Most Top Banders use transmitting antennas with ver
tical polarization, which fortunately seems to be the right 

Fig 1-27—Mercator-projection world map showing the 
geomagnetic latitudes. These are not the same as the 
geographical latitudes, since the magnetic North and 
South poles do not coincide with the geographic ones. 
(Map generated by PropLab Pro.) 
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choice from a power coupling point of view, at least if your 
QTH is at an average or higher-than-average latitude. It is 
only stations within 20º of the magnetic equator that may be 
concerned about power coupling. Even at these low latitudes 
it is better to have a vertical polarized antenna with a TOA of 
25º than a horizontally polarized antenna with a TOA of 90º. 
This antenna would radiate 10 dB less signal at 25º (typical 
for a dipole less than 1/2-wave high). With this antenna you 
may win 1 dB in power coupling but lose 10 dB due to an 
inappropriate radiation angle! 

4. PROPAGATION PATHS 
This section discusses the following items to help in

crease our understanding of low-band propagation paths: 

1. Great-circle short path 
2. Great-circle long path 
3. Particular non-great-circle paths 

4.1. Great-Circle Short Path 
Great circles are all circles obtained by cutting the 

globe with any plane going through the center of the Earth. 
All great circles are 40,000 km long. The equator is a 
particular great circle, the cutting plane being perpendicular 
to the Earth’s axis. Meridians of longitude are other great 
circles, passing through both poles. 

When we speak about a great-circle map we usually 
mean an azimuthal-equidistant projection map. This map, 
when covering the entire world, has the unique property of 
showing the great circles as straight lines, as well as showing 
distances to any point on the map from the center point. On 
such a projection, the antipodes of the center location will be 
represented by the outer circle of the map. Great-circle maps 
are specific to a particular location. They are most com
monly used for determining rotary beam headings for DX 
work. The advantage of a great-circle map is that headings 
are straight lines, while the disadvantage is the extreme 
distortion near the antipodes. 

Fig 1-28 shows great-circle maps using DX-Aid cen
tered on Boston, Omaha, San Francisco, Brussels, Moscow 
and Tokyo. There are various sources on the Internet where 
you can download great-circle maps or programs to make 
such maps. 

4.2. Great-Circle Long Path 
A long-path condition exists when the station at the 

eastern side of the path is having sunset at approximately the 
same time as the station at the western end of the path is 
experiencing sunrise. A second, necessary condition is that 
the propagation occurs on a path that is 180º opposite to the 
short-path great-circle direction. 

We will see further how “crooked-path” propagation 
can satisfy the first condition, but is not a genuine long-path 
propagation. One example is the path from Western Europe 
to Japan at 0745 UTC in midwinter. This involves a path over 
Northern Siberia and not across South America, as it would 
be if it were a true long path. 

4.2.1. Long path on 40 meters 
Long-path QSOs are quite common on 40 meters. From 

Europe we have a genuine long path to the US West Coast 
around 1500 to 1600 in midwinter. A very similar long path 

exists between Japan and Europe around sunrise time in 
Europe, especially around the equinox. In midwinter, when all 
the darkness is in the Northern Hemisphere, there still is some 
long path between Europe and Japan, but there is a generally 
much-stronger path that is a somewhat-crooked short path 
across Northern Siberia. In general, the signal direction is 
about the same as the usual short path direction. 

During midwinter, both long and crooked paths exist 
simultaneously for about 10 or 15 minutes around 0745 UTC 
(see Fig 1-29). This often makes copy very difficult, because 
of multipath propagation due to the different time delays on 
each path. During the JA low-band contest in Jan 1998, I had 
to ask several JA stations to slow down their CW to allow me 
to copy through the multipath echoes. 

4.2.2. Long path on 80 meters 
Genuine long paths to areas near the antipodes are 

very common on 80 meters all through the sunspot 
cycle, provided there is a full-darkness path and that the long 
path coincides with areas of lowest attenuation (see also 
Section 4.3.1.2). Long paths on 80 meters are less common 
than on 40 meters, except to areas very close to the antipode. 
Very often paths which we call “long paths” are crooked or 
bent paths, somewhere between long and short paths (see 
Section 4.3.). 

4.2.3. Long path on 160 meters 
Genuine long-path QSOs on 160 meters are almost 

always to places near the antipodes. Such long-path QSOs 
are very rare during the sunspot-maxima years. During the 
low sunspot years I can hear G stations working ZLs long 
path on 160 meters approximately 30 minutes after my 
sunrise, but only on very rare occasions have I been able to 
work ZL on long path myself. Other near-antipode long-path 
QSOs have been made between VK6HD (Perth) and the US 
East Coast in midwinter (eg, the QSO between K1ZM and 
VK6HD at 2115Z on Jan 27, 1985). 

Real long-path QSOs (long path that show no path 
skewing) on 160 meters only seem to occur during a period 
centered around the one or two years at the minimum of the 
sunspot cycle. WØZV remembers a few genuine long-path 
QSOs made from Colorado; for example, with UA9UCO and 
JJ1VKL/4S7. Another one that made history was between 
PY1RO and several JA stations at JA sunrise. Other long
path contacts were made between US East Coast stations and 
well-known calls, such as 9M2AX, VK6HD and VS6DO. 

Many of the often called long-path 160-meter QSOs are 
really skewed long paths, and they happen at all stages of the 
sunspot cycle. Examples are the early 2003 QSOs between 
JT1CO and many US-East Coast stations. See users.vnet.net/ 
btippett/dx_aid_plots.htm. 

During the 1987-1988 winter, my first winter on 
160 meters, I tried for weeks to make a long-path QSO 
with N7UA, but we never heard signals at either end. 
During Dec 1992, I ran a daily test with FK8CP on the long 
path (his sunset is within minutes of my sunrise), but we 
never made a QSO either (see also Section 4.3.1.4). 

During Dec 1997 N7UA, with whom I had many long
path tests back in 1987/1988, made numerous so-called long 
path QSOs into Eastern and Northern Europe as well as into 
the UK around 1510 UTC. But were these genuine long-path 
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Fig 1-28—Azimuthal projections centered on Boston, Omaha, San Francisco, Brussels, Moscow and Tokyo. (Maps 
generated by DX-AID.) 
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Fig 1-29—The great-circle path for midwinter (0745 
UTC) shows the short and the long path that exist 
simultaneously on 40m from Belgium to Japan. Both 
run along the terminator, a typical situation for the 
higher bands, but very uncommon for 80 meters and 
impossible on 160 meters. (Maps generated with DX-
AID, with additions by ON4UN.) 

QSOs? Let’s have a look at non-great-circle paths, also 
called crooked or bent paths. 

4.3. Crooked (Skew) Paths 
Most propagation paths over relatively short distances 

on 40, 80 and 160 meters are great-circle paths. We do know, 
however, that signals often come from anything but great
circle directions. So let’s distinguish two categories for the 
path bending we often observe: 

1.	 Bending caused by aurora: This case is the classic one. 
During periods of high geomagnetic activity (aurora), we 
identify signals coming from headings off great-circle 
directions, when the great-circle path would otherwise 
have to go through the auroral oval. We have all witnessed 
repeatedly how signals seem to be bending around the 
aurora belt. In Europe we work US West Coast stations 
beaming to central or South America under such circum
stances. 

2.	 Bending not caused by aurora: A second type of bent 
path on 80 meters (and especially on 160 meters) was 
witnessed by many operators on the US East Coast in Jan 
1997. During the first few days of the VKØIR operation 
they remember well how the signals peaked right across 
Europe (60º) instead of on the direct path, which is about 
110º. This could not have been a case of seemingly 
bending away from the aurora oval. Rather, it almost was 
like the signals were being attracted to it! During the 
VKØIR operation geomagnetic conditions were generally 
very quiet. The reason for this kind of bent path must be 
different, since there is no aurora involved. 

Tom, W8JI, suggested on the Top Band reflector: “Skew 
paths are actually fairly common, and don’t seem to be tied to 
anything unusual going on if the path is long. So it seems to 
me signals simply come from the direction of least absorp

tion. And by the way, there always is the same skew on 
transmit as there is on receive.” This lines up perfectly with 
what Thomas, KN4LF, wrote: “160 meter propagated signals 
are always going to travel along the path of least absorptive 
resistance.” Sounds very logical, doesn’t it? The question 
here is: “What causes here such path bending?” 

4.3.1. The non-heterogeneous ionosphere. 
4.3.1.1. The mechanism for deviation from great
circle paths 

It is generally accepted that there are only three ways that 
signals propagate through the ionosphere: 

•	 By refraction caused by ionization gradients 
•••••	 By reflection caused by auroral ionization 
•••••	 By scattering of signals by ionospheric or atmospheric 

irregularities, as well as irregular surfaces (ground or 
water). 

The general mechanism that causes signals to deviate 
from the great-circle path is the presence of horizontal ioniza
tion gradients in the ionosphere. Signals traveling into a layer 
with a higher degree of ionization will be refracted or reflected 
away from the gradient. Very steep gradients can be caused by 
aurora, for example. When there is low geomagnetic activity, 
however, scattering in the ionosphere itself (or at ground
reflection points) could be another mechanism that can cause 
path skewing. 

The ionosphere is not a perfect mirror, but should rather 
be thought of as a cloudy and patchy region, with different 
areas of ionization. Tom, W8JI, stated: “There is more scat
tering and skewing going on than most of us ever know about, 
probably because it isn’t a shiny smooth mirror up above.” 

We often visualize a radio wave as a single ray sent in a 
specific direction, refracted in the ionosphere (which we think 
of as a perfectly shiny mirror) and reflected from a perfectly 
flat reflecting surface on the Earth. HF energy, however, in 
most practical cases is being radiated in a range of azimuths 
(particularly for a vertical transmitting antenna) and over a 
range of elevation angles. Some signal is thus taking off in the 
“wrong” direction (that is, not in the great-circle direction 
towards our target) and may change course en route by any of 
the mechanisms described above and yet still arrive at the 
target! 

Part of our signal, of course, actually does take off in the 
“correct” great-circle direction, but it might encounter the 
auroral belt and be totally absorbed there. Even if it isn’t 
completely absorbed, it may be reflected or scattered there— 
And who knows what direction it may end up taking? When 
and if some signal does reach the destination, there is usually 
one path (straight, bent or whatever) where the received signal 
is substantially stronger than those received on other paths. 
Thus we are mainly aware of the most successful path. 

Sometimes we hear signals coming from various direc
tions at the same time. Tom, W8JI, wrote: “Many times the JAs 
are SW, and many days the JA signals arrive from multiple 
directions. When K1ZM and AA1K hear JAs from the NW, I’m 
hearing them better from the SW.” This clearly demonstrates 
that signals from JAs don’t travel on just one path. They are 
propagated in many directions and are received in different 
places from different directions. The mechanisms behind all 
of this are very complex ones, and aurora is but just one, but 
important, cause of path bending. 
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Reception from multiple propagation paths normally 
does not cause any problems, since the difference in propaga
tion delays usually is quite small (1 to 10 ms). Sometimes, 
however, the delays are of an order of magnitude that cannot 
be explained by a slightly bent path. Tom, W8JI, wrote: “I can 
hear K9DX, when he is beaming NW, scattering in from the 
SW with 1/4 second to 1/2-second delays on the echo. (Between 
John’s TX antenna and my RX antenna there is probably a 60 
dB null on the direct path).” Such a long-delayed echo must 
obviously involve some other mechanism than minor path 
skewing. 

The path direction may vary from day to day, and even on 
a given day may switch continuously and at a very rapid rate. 
Mike, VK6HD, observed in the Low-Band reflector: “Last 
night I had 6 QSOs with NA between 1134 and 1155 Z. With 
the first one I thought there was very strong QSB, but then I 
checked my Beverages and I found that when the signal went 
down on the NE beverage it came up on the SE one, and vice
versa. This switching was happening about every 20 sec
onds.” 

Clearly, many paths on the low bands are not simple 
great-circle paths. Testimonies in this respect are overwhelm
ing. W8JI worded it as follows: “The only nearly 100% 
agreement you will see is people with directive antennas who 
do a lot of listening over long periods of time all agree that not 
much ever comes in through the magnetic pole areas, and that 
paths on lower bands are not predictable.” 

As to the exact why and how, those questions remain 
largely unanswered. Cary Oler and Ted Cohen (Ref 142) point 
out that “Weak sporadic-E clouds, that might not affect the 
higher frequencies, can achieve a substantial impact on 160 
meter signals by increasing absorption or refracting sig
nals.” Such sporadic-E clouds can induce a waveguide-like 
hop between the F-layer and the sporadic-E cloud. They are 
also considered as a possible cause for skewed paths. There 
still is a lot of discussion ongoing in scientific circles about the 
mechanisms that trigger path skewing. Here are some regular, 
well-documented skew paths. 

4.3.1.2. The classic skewed-path example: ZL 
propagation from Europe 

New Zealand is about 19,000 km on the short path from 
my QTH in Belgium, or about 21,000 km on the long path, 
very close to being the antipode (see Fig 1-28). From Belgium 
the short-path heading to New Zealand is 25° to 75° and the 
long-path heading between 205° and 255°. When I work ZLs 
on 80 meters on long path during the Northern Hemisphere 
winter, signals always arrive via North America, at a heading 
of approximately 300°. This is 90º off the great-circle long
path direction. The path is not a great-circle path, but is 
inclined as if the signal were trying to leave the Southern 
Hemisphere as fast as possible (both the ZLs and the Europe
ans beam across North America in the winter). 

As we continue into spring, the optimum path between 
Western Europe and New Zealand moves from across North 
America to across Central America (Feb-Mar). Eventually, 
beaming across South America will yield the best signals later 
in the year (from Apr onward). Somewhere around the Spring 
Equinox all three paths produce equally good signals, when 
the strongest strong signal strengths are heard. 

Theory says that there are an indefinite number of great

circle paths to the antipode. Since low-band DX signals travel 
only over the dark side of the globe, however, the usable 
number of great-circle headings is limited to 180º (assuming 
there is no auroral activity screening off part of the aperture). 
This very seldom means that signals will arrive with equal 
strength over 180º, not to mention with the proper phase. The 
relatively short differences in path lengths cause time-delay 
differences too short to be able to noticed by ear. The strongest 
signals are received from the direction where the attenuation 
is least. This confirms W8JI’s comment that: “Signals simply 
come from the direction of least absorption.” 

These New Zealand-to-Western Europe QSOs are well
documented examples of gray-line propagation, but none of 
these propagation paths ever coincide with the terminator 
itself. The actual path happens to be more-or-less perpendicu
lar to the terminator at all times of the year (see also Section 
2.4.4)! 

To summarize, on 80 meters I have observed for over 
40 years that long paths and paths to areas near the antipodes 
are skewed in such a way that the signals will apparently travel 
the longest possible distance in the hemisphere where it is 
winter. This is judging from the direction of arrival of these 
signals. 

Similar long-path QSOs between western Europe and ZL 
are possible on 160 meters during the bottom of the sunspot 
cycle. But here also, the signals do not arrive via the genuine 
long-path direction (205 to 255º) but from a direction at right 
angles with this heading (right over North America). 

4.3.1.3. South America across North America in 
Northern-Hemisphere winter 

A similar path bending is also quite common on 
80 meters over shorter paths. During the European winter, 
signals from Argentina and Chile regularly arrive in Europe at 
beam headings pointed directly at North America, up to 90º 
off the expected great-circle azimuth. The signals from South 
America appear to travel straight north in order to “escape” the 
summer conditions in the Southern Hemisphere, and are then 
propagated toward Europe. One striking example was when I 
worked 3Y1EE (Peter 1st) on 80 meters (Jan 28, 1987). The 
signals were totally inaudible from the great-circle direction 
(190º) but were solid Q5 from 310º (signals coming across 
North America). Similarly, when I worked CEØY/SMØAGD 
on 160 meters (Oct 1992), signals were only readable on a 
Beverage beaming 290º, while the great-circle direction to 
Easter Island is approximately 250º. 

4.3.1.4. The skewed path between Europe and the 
US West Coast 

Early on, some people believed that long path on 80 
meters between the US West-Coast and Europe followed the 
gray-line terminator. We now know that what we commonly 
call a long-path QSO on the low bands actually involves 
signals transmitted in a direction different from that directly 
opposite to the short-path direction. The path cannot actually 
follow the terminator, since absorption inside the gray line is 
high. We can safely say that low-band signals never actually 
propagate far inside the gray line. (See also Section 2.4.4.1). 

Nowadays, everyone acknowledges the existence of 
crooked (bent or skewed) paths. This means there is not only 
a short and a true long path, but any number of alternative 
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Fig 1-30—The 80-meter long path between Europe and 
the US West Coast is neither a short path (the line 
running through the auroral belt), nor a genuine long 
path (20,000 km in daylight). Instead, it is a crooked 
path (the curved darker path). In Europe signals 
generally arrive at headings of 70° to 110° from True 
North. (Map generated by DX-AID, with additions by 
ON4UN.) 

paths that may be available for propagation. The so-called 
long-path on 80 meters between Scandinavia and Eastern 
Europe to the US West Coast is an example of such a crooked 
path. Looking at the darkness distribution on Earth for this in 
Fig 1-30 and Fig 1-31, it is clear that a genuine (reciprocal) 
long path is out of the question, since signals would have to 
travel for nearly 20,000 km in daylight (Africa, South Indian 
Ocean, Antarctica and South Pacific) around 1300 UTC, or 
along the entire path in the twilight zone around 1600 UTC. 

In Europe the beam headings generally indicate an opti
mum azimuth angle of approximately 90º, which again is 
almost perpendicular to the terminator (see Section 2.4.4.). 
Along their way, the signals will be least attenuated in those 
areas of the ionosphere where the MUF is lowest, and thus 
they seem to travel along a crooked path, avoiding areas of 
higher absorption. OZ8BV reports a 90º to 100º heading when 
working the West Coast on 80-meter long path from southern 
Denmark. Ben is using a 3-element Yagi at 54 m (180 feet) and 
is well placed to confirm this path (the genuine long path 
would be 150 to 160º). 

D. Riggs, N7AM, is using a rotary quad for 80 meters and 
he wrote: “We have learned that the 80-meter long path 
between the Pacific Northwest and Scandinavia is following 
the LUF (lowest usable frequency). I have always believed 
that the long path to Europe was not across the equator but 
leaves us at 240º and since the MUF is highest at the equator 
it cannot continue at 240º but it bends westerly going under 
the Hawaiian islands, across the Philippines under Japan 
and across the Asian continent to Scandinavia. The MUF 
charts prove this fact. The fact that the long path to Europe 
lies north of the equator is proven by the northern Europeans 
and after the West Coast peak.” 

Fig 1-31—Great-circle map centered on Seattle, show
ing the 160-meter path for contacts into Northern 
Scandinavia around 1500 UTC in midwinter. The actual 
path is a crooked one (white curved line). At both ends 
of the path, the direction is perpendicular to the nearby 
terminator. Propagation along the terminator in the 
twilight zones is impossible because of the additional 
D-layer absorption. (Map generated by DX-AID, with 
additions by ON4UN.) 

So-called long-path QSOs have been made on 
160 meters between the northern part of the West Coast of 
the USA (N7UA) and Northern Europe (Scandinavia and the 
UK). Neil, G4DBN, was one of the lucky ones to have done 
that from the UK, and he wrote: “Bob N7UA and I had a QSO 
at around 1505 Z on 29 Dec 1997 and he was only audible on 
my North-West rx antenna.” That does not look like a typical 
azimuthal direction for long path, which should be approxi
mately 150º. This QSO happened on a crooked path, almost 
but not following the gray line. It was outside the gray line at 
some distance from it because the additional D and 
E-layer attenuation inside the gray line would make propaga
tion over such distance impossible. 

Similar QSOs from Scandinavia are probably easier 
than from anywhere else in Europe based on much 80-meter 
long-path experience, where it happens every day, all through 
the sunspot cycle, for quite a few months in wintertime. On 
160 meters, long-path QSOs between the US West Coast and 
either OH or SM have not been really commonplace, but 
have occurred a number of times. These occur during both 
high and low sunspot cycle years. 

During the 1997-1998 seasons a number of QSOs were 
made between the US West Coast and Scandinavian stations 
on 160 meters. SM4CAN, SM4HCM and SM3CVM all con
firmed that the signals were coming from due East (90º), 
instead of the short path (335º) or long path (145º). N7UA 
quoted that he was using his JA Beverage, since the SM 
stations were not audible on the over-the-pole European 
Beverage. SM4HCM called it “a skewed path, somewhere 
between long path and short path.” (See Fig 1-32.) N7UA 
added that “…the lower the frequency, the more the long path 
moves towards North, away from the true reciprocal head-
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Fig 1-32—Great-circle map centered on Seattle, show
ing the midwinter so-called long path to Western 
Europe (light curved line) around 1600 UTC. This is 
clearly a crooked path that skirts the auroral oval. The 
real long path, the path directly along the terminator, 
is open on 40 meters, however. (Map generated by 
DX-AID, with additions by ON4UN.) 

ing.” This observations seem to be related to the principle that 
the lower the frequency, the more easily a horizontal ioniza
tion gradient can cause path skewing (see also Section 4.3.1.1. 
and Ref 147). 

The historic QSO made during the winter of 1999 
between N7UA and 5B4ADA is an interesting case. At the 
time of the QSO, 5B4ADA’s sunset was 1436 UTC and 
N7UA’s sunrise 1552 UTC (76 minutes of common dark
ness). Notice that the QSO (at 1510 UTC) was almost halfway 
between those times. It seems to be quite common for the path 
to peak near the mid-point between Europe/Asia sunset and 
North America sunrise, and it seems to confirm the observa
tion that for best signal-launching conditions the path direc
tion must be at right angles to the terminator. This keeps the 
signal as far as possible away from the lossy gray-line zone 
(see also Sections 2.4.4 and 4.3.1.). Similar true long-path 
QSOs were also made between 4X4NJ and the US West Coast 
in that same period. 

Bill, W4ZV, reports a number of so-called long-path 
QSOs on 160 (with JT, UA9, S2, XU, XZ, 3W5, 4S7 and 9V1). 
All occurred with a common darkness path varying between 
59 and 109 minutes. Bill also remarks that QSOs over the short 
path or over near-polar regions seem to be best during low 
sunspot years, while the so-called long path seems to peak up 
in higher sunspot years. Scientists owe us an explanation for 
that remarkable and valuable observation. 

While 80-meter long-path QSOs between the US West 
Coast and Europe occur every winter on an almost-daily basis 
throughout the sunspot cycle, short-path QSOs (at USA sun
rise) only occur when the following conditions are met: 

•	 Near sunspot-minimum years when absorption is mini
mum. 

•	 When the geomagnetic field is extremely quiet (Ap < 5). 
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Fig 1-33—The Alaska-to-Western-Europe 80-meter path 
around 1630 UTC in midwinter. The real long path is 
totally impossible because it travels for 25,000 km in 
daylight. The genuine short path travels in the twilight 
zone; hence there is a high degree of absorption. The 
most likely path takes off from Alaska in a westerly 
direction and arrives in Europe East of the short-path 
bearing. Note again that these two paths are perpen
dicular to the terminator. (Map generated by DX-AID, 
with additions by ON4UN.) 

•••••	 Centered on the period of maximum Winter Solstice dark
ness (Dec 21). 

•	 Most common to stations located in the northern part of 
Europe. 

It’s clear that the short path suffers from the aurora oval, 
while the so-called long path stays clear of it! 

4.3.1.5. The skewed path between Europe and 
Alaska 

Besides the short path between Europe and KL7, we 
Europeans can often work Alaska on a non-genuine long path 
before their sunrise and just after our sunset on 
80 meters. At that time (around 1600 UTC in midwinter) 
signals usually arrive in Europe from the East/North East. 
This is clearly a bent path across Siberia to Alaska, thus 
avoiding the auroral belt (Fig 1-33), and is certainly not a true 
long path. If the path were a genuine long path, it would go 
right across the South Pole, which is in continuous daylight in 
the Northern Hemisphere winter. KL7Y noted the signals 
come in from the South West, approximately 45º from the 
genuine long path. 

But when geomagnetic condition have been quiet for a 
long period, it sometimes is possible for signals to travel 
through the heart of the auroral zones. I remember an amazing 
QSO in the 1970s with KL7U on 80 meters at about 1600 
UTC, hearing him only when listening at 350º, which is the 
direct short path right across the magnetic North Pole (the 
straight-line short path in Fig 1-33). Going only by the time of 
the contact, this would usually be called a long-path QSO; 
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however, it was not, since the signals did not come in from the 
true long-path direction (approximately 160º) but almost from 
the regular short-path direction. It is obvious that this can 
happen only when there is no auroral absorption at all, since 
this short path goes right across the magnetic North Pole. This 
path is the equivalent of the JA-Europe path described in 
Section 4.3.3.1. 

4.3.1.6. The Heard Island case 
The VKØIR example has been covered in detail previously 

in Section 2.4.4.2. From the viewpoint of path skewing, the path 
is very similar to the one between Europe and New Zealand 
(Section 4.3.1.2.). For several days the signal appeared to be 
traveling through areas of low MUF (although we know that 
160-meter propagation is not directly MUF related). Therefore 
the path from Heard Island to the US East Coast seems to travel 
as much as possible through the Northern Hemisphere, avoid
ing higher MUF areas in the South. The bent path also meets the 
most advantageous launching conditions where the path direc
tion (at both ends of the path) is perpendicular to the terminator 
at those points (see Section 2.4.4.1.). This explains why these 
signals were received on the US East Coast via a bent path 
across Europe in Jan 1997. (See Fig 1-13C and D.). 

4.3.2. Skewed paths avoiding the auroral zones 
The second reason for path deviation is to avoid the 

auroral oval. When there is aurora in the Northern Hemi
sphere, signals on the low bands—if not totally attenuated— 
will often appear to arrive from a more Southerly direction 
than you would expect from great-circle considerations. The 
path between North America and Europe is greatly affected by 
this phenomenon, because the magnetic North Pole lies right 
on that path. Between Japan and Europe there is much less 
influence. 

The aurora was described in detail in Section 3.2. Let us 
analyze a few paths that suffer frequently from the effects of 
aurora. To view these paths, get your globe, maps or switch on 
your mapping program that can show the auroral oval. With 
DX-AID (see also Section 3.2.8.1) you can plot the great
circle paths, enter various values for the K-index and then 
watch the evil effects of the auroral oval. 

The short path between the West Coast of the US and 
Western Europe has always been a difficult path, because of 
the interference of the auroral oval with the great-circle direct 
path. For this reason, the short path is very rare between the 
West Coast and Northern Scandinavia, which is inside the 
aurora oval. 

Fig 1-34A shows the path between Western Europe 
and Seattle (in midwinter) at sunrise in Europe, for a K index 
of 0. The auroral oval has retracted to its minimum size 
and width. Although the great-circle path goes through the 
auroral oval, attenuation may be minimal, either because the 
signal underskirts the ionosphere at the narrow oval or 
because of slight bending around the oval. Fig 1-34B shows 
the same for a K-index of 9 (heavily disturbed magnetic 
conditions). Note the extreme width and major-axis size of 
the oval. Under such conditions, since Seattle actually lies 
on the border of the oval, there may be little escape from the 
aurora. As a rule, stations further south (eg, Southern Cali
fornia stations) may possibly make it into Europe, beaming 
across South America. 

I remember one striking case like this where I made a 

Fig 1-34—The West-Coast-to-Europe “short” path on 
80 meters. At A, we have minimum geomagnetic 
activity (K=0) and the signals either travel the genuine 
direct path, or maybe very slightly bent southward. At 
B, the situation for a K index of 9 (major disturbance). 
Note the extent of the auroral zone. The only way to 
make a QSO into Europe is for stations at both ends of 
the path to beam towards South America. (Map gener
ated by DX-AID, with additions by ON4UN.) 

good QSO with W6RJ on 80 meters where Bob was using a 
KLM Yagi beaming to South America, while I was using my 
South-American Beverage to copy him. The direct path, 
across the aurora oval, was totally dead at that time. Obviously 
the attenuation on this crooked path is greater than on a 
straight path when there is no auroral absorption, so only 
stations with good antennas and some power may regularly 
experience this path. 

Even when the auroral activity is very low, Bob finds that 
the short path between Northern California and western Europe 
(a great-circle path of 25°) hardly ever peaks that far North, 
and he confirms that 75% of the time the path goes right 
towards South America, and the rest of the time peaks at 
around 40º. 

An even more striking example of path skewing due to 
aurora is the path between Europe and Alaska on 80 meters. 
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Looking at the map or globe, there is a great-circle path that is 
only about 7,500-km long, but it beams right across the 
magnetic North Pole. The distance is similar to the distance 
between Western Europe and Florida. Straight short-path 
openings are rare exceptions, happening only a few times a 
year, when the K index has been at zero for some period of 
time. The main difference between the Seattle and the Alaska 
case it that from Seattle it take much more path bending to go 
around the oval. Because of its more northerly location, 
Alaska actually lies inside the auroral oval. There is, of 
course, also the so-called long path between Europe and the 
US West Coast and Alaska. This was covered in detail in 
Section 4.3.1.5. 

W4ZV, who operated for many years from Colorado as 
WØZV, points out that he never saw skew from Colorado to 
JA, since the JA bearing (315º from CO) is nowhere close to 
Magnetic North (13º from True North). He also added that he 
worked Europe much more frequently from Colorado peaking 
on his 70º Beverage than his 40º Beverage, which was the true 
great-circle bearing from there. Under very severe geomag
netic conditions (K index = 6), signals would even peak on his 
110º Beverage! W4ZV, now in North Carolina, confirms that 
a similar path exists from the US East Coast to the Far East. 
Signals from JA quite frequently skew to the south during 
geomagnetic disturbances (see also Ref 159). 

Similar experiences are told by N5JA (Texas), who said 
that he found the best direction for UU4JMG changing from 
40º at 0145 UTC, to 60º at 0215 UTC, to 90º at 0230 UTC and 
eventually to 120º. He reported shifts going the other way as 
well: “I’ve seen ON4UN in years past become first audible on 
the 90º, then be best on the 60º, and later best on the 40º or 20º 
Beverages.” (What goes up must come down!) 

KØHA, a top-notch Top Bander from the “black hole” of 
the USA (Nebraska), has had similar experiences copying 
European stations best on his 140º Beverage rather than on his 
43º or 86º antenna. 

Another striking example occurred on 160 meters during 
the first night of the CQ-160-M contest in Jan 1991: With the 
exception of VE1ZZ, not one North-American station was 
heard until 0400 UTC. At that time North-American stations 
started coming through rather faintly, but they were only 
audible when beaming to South America (240º). No signals 
from the usual 290º to 320º direction! Between 0400 and 0700 
UTC, 80 W/VE stations were worked in 25 states/provinces. 
All of the signals came through across South America, includ
ing K6RK in California. On the North-American Beverage 
only a few of those stations would have been worked. 

The W4s in the Southern part of the East Coast normally 
have a tough time piercing through the New-England wall of 
signals trying to get into Europe, except when the aurora is on, 
says N4UK. That’s the only time he can beat the W1s and W2s 
into Europe on a path skewed to the South. He thinks the skewed 
path is a great equalizer. It explains that when the aurora is 
hitting, he can still bend around it on his Southerly skewed path, 
while the W1s and W2s are too close for skewing. 

Steve, VE6WZ, who lives right below the auroral belt, 
says there is not much skewing around the belt on 160 meters 
from his place. “On 80 meters, I have noticed that in the last 
3 years every 80-meter contact from VE6 into Europe has 
been skewed, peaking to the E-SE (not the direct path NE).” 
When he copied Wolf, DF2PY, on 160 meters he was defi
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nitely best on the SE Beverage (South America) and very poor 
on the N-NE Beverage (Europe). 

Bill, W4ZV, remarks: “The longer the path, and/or the 
closer to crossing near the magnetic poles, the more often 
they skew. It’s common here to hear JAs on two paths, one 
west or southwest and the normal northwest path. Often there 
is multipath as well, a fairly common phenomenon with JAs 
arriving from both 210 and 330 degrees.” 

It is clear that all these skewed paths are caused by 
magnetic disturbances, as they all happened during periods of 
fairly high geomagnetic activity. In general, you can say that 
path skewing on relatively short paths (< 10,000 km) is quite 
common during disturbed conditions. Skewing can be any
thing from 30º to almost 90º further south of the normal great
circle direction. 

For a station at high or mid-geomagnetic latitudes there 
are only two ways on 160 meters to make a QSO into an area 
that is completely hidden behind the auroral doughnut. Either 
you wait for the day when auroral absorption is very low or 
non-existent (this happens a couple of days during each 11
year cycle) and work the station right across the magnetic 
pole. Or you find your way around the problem. That is, you 
work the station on a crooked path going around the auroral 
oval. Under such circumstances signals often appear to be 
coming long path (the direction the signals arrive from are 
close to opposite from the short-path great-circle direction) 
and likely travel a long distance on a crooked path. By 
traveling around the auroral doughnut they avoid auroral 
absorption, but by traveling a very much longer distance (than 
their direct great-circle path) they suffer considerable addi
tional attenuation. 

Along the same lines W4ZV wrote: “This can be done even 
in high flux years and even under relatively high geomagnetic 
activity. Otherwise, we must wait for the very bottom of the cycle 
and only on days with Kp of 0 or at most 1 to work through the 
auroral oval to the other side. Taken over an entire solar cycle, 
these days are rare indeed that contacts may be made by short 
path through the auroral oval.” 

On several occasions these crooked (long) paths have 
been reported to be quite unstable, and quite abruptly switch 
directions (over 90º), especially right at or after sunrise. Make 
sure to use all your Beverages and keep twisting that selector 
knob. 

4.3.3. Crooked polar paths in midwinter, or 
pseudo long paths 

4.3.3.1. Europe to Japan 
In Northern Europe we can work Japan in midwinter, just 

after our sunrise (0745 UTC) on 80 meters. The most common 
opening to Japan on 80 is at JA sunrise, around 2200 UTC. At 
first you might be tempted to call the 0745 UTC opening a 
long-path opening. Careful analysis using directive receiving 
antennas has shown that the signals come from a direction 
slightly east of north rather than their true long-path heading 
of 210°. The opening is rather short at my QTH (typically 15 
to a maximum of 30 minutes in midwinter during low sunspot 
cycle years and almost non existent during high sunspot cycle 
years). Fig 1-35 shows the great-circle path along the termi
nator, along the gray-line zone, and is not a typical example of 
gray-line propagation, where low-band signals usually travel 
more or less perpendicular to the terminator. 
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Fig 1-35—The direct short path between Europe and 

Often such specific propagation paths (more or less 
along the terminator) are very area selective, probably because 
ducting phenomena are involved (see Section 2.4.4.3), 
occurring only when the necessary launching and exiting 
conditions exist. In several cases I was able to work JA 
stations with signals up to S9, while the same stations were 
reported to be undetectable in Germany only a few hundred 
kilometers away. In all cases the signals were loudest when 
they were coming in about 10º east of north. In Japan the 
openings seem to be very area-selective as well, as can be 
judged from the call areas worked. Northern Japan (JA7 and 
JA8) obviously leads the opening. Central Japan follows 
30 minutes later, and southern Japan often is too late for this 
kind of opening at my QTH. In midwinter there is a 11/2-hour 
spread in sunset time between northern and southern Japan. 

On 40 meters the situation is somewhat similar, and 
yet very different at the same time. At 0745 UTC in midwinter, 
JA 40-meter signals arrive from north or northeast (as on 80 
meters), but when that path fades about 15 to 30 minutes later, 

Japan at Europe sunrise in midwinter is an example of 
quite exceptional propagation. Adding the auroral oval 
to the great-circle map from Fig 1-29, we see that the 
alternative path (the light curved line) would skirt 
around the auroral belt. It would be at right angles to 
the terminator at both path extremes, and because of 
this consideration would be the most-favored path. In 
actual practice, however, I never have seen JA signals 
come out of the northwest along that path at that time 
of the day. Instead the signals come on the (heavily 
attenuated) short path from Japan. (Map generated by 
DX-AID, with additions by ON4UN.) 

These are certainly far from ideal conditions for low 
attenuation and the signals on the JA path are substantially 
weaker than the signals normally heard from Japan from the 
same heading, but at JA sunrise. Low-band propagation over 
long distances along the terminator is clearly not the rule, 
because of additional D-layer absorption (see Section 2.4.4). 
If present, signals are weaker than normally expected over 
similar distances on paths that do not follow the terminator. 

If we look at the darkness/daylight distribution across 
the world at that time (0745 UTC in midwinter), we see that 
we have indeed more than one path possibility: Paths ranging 
from true short path (30º) to alternative crooked paths bent 
slightly east or even west of the magnetic North Pole, all 
across areas in darkness. These alternative bent paths go right 
through the North Pole auroral zones, and hence will very 
seldom produce stronger signals than the path along the 
terminator. 

A number of years ago Hoppe and others (Ref 108 and 
Ref 118) considered that low band gray line propagation went 
along the terminator, as is the case on the higher bands. It has, 
however, been proven over and over again that this is not the 
rule on the low bands (see Section 2.4.4.1), where the most 
spectacular propagation enhancements seem to occur when 
the propagation path are perpendicular to the terminator. The 
Europe-to-Japan short path at 0745 UTC in midwinter is a 
remarkable exception to the general rule, as well as some of 
the SSE – SSW crooked path QSOs mentioned by W4ZV in 
Section 2.4.4.1. 
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Fig 1-36—The classic path between western Europe 
and Japan. At A, the situation at sunset in Europe, and 
at B, for sunrise in Japan. At both times, the path 
direction is almost perpendicular to the terminator. 
(Map generated by DX-AID, with additions by ON4UN.) 
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it is immediately replaced by a genuine long path, where the 
signals now come in across South America, along the termi
nator as shown in Fig 1-35. I have never observed this genuine 
long path across South America on 80 meters, let alone 160 
meters. 

At JA sunrise time at 2200 UTC, the short-path direction 
is almost at right angles to the terminator (see Fig 1-36B). A 
similar good launching angle (with respect with the termi
nator) occurs at sunset time in Europe around 1600 UTC 
(Fig 1-36A). From that point of view the 1600-UTC and the 
2200-UTC openings are almost identical. In real life however, 
we find in Europe the 2200-UTC opening much better. The 
reason is obvious: At 2200 UTC we have a sunrise peak, while 
a sunset peak is much less pronounced (if it occurs at all). 
Further, 1600 UTC is in the middle of the night in Japan. 

4.3.3.2. New England to Japan 
Brown, NM7M, analyzed a seemingly similar path (Ref 

140) on 160 meters: W1 to JA. It is quite different, however, 
since the auroral zone lays right in the middle of the direct path 
between New England and Japan. He also found two open
ings; one he calls a “gray-line” path (the opening around 2140 
UTC in midwinter) and another one that he calls a “black-line” 
path. I consider the former path as a most atypical gray-line 
path for low frequencies, even though both ends are in twilight 
(a double gray-line situation). NM7N claims that the few 
signals heard or worked on such occasions came out of the 
northeast direction, which is a crooked path across Europe. 
See Fig 1-37A. K1ZM, however, who actually made these 
QSOs, said the path was from the southeast and not over 
Europe (both in Dec 1996 and Jan 2000). The morale of this 
story: Make sure you have receiving antennas covering all 
directions, and keep switching them. 

The theoretical great-circle path between W1 and Japan 
at 2140 UTC (East Coast sunset in midwinter) goes parallel 
with the terminator, hence suffering severe attenuation due to 
the D-layer already building up in that zone. The alternative 
crooked path travels across Europe (according to NM7M) or 
even further to the southeast, as witnessed by K1ZM. Whether 
beaming NE or SE, the signals paths are nearly perpendicular 
to the terminator and hence enjoy excellent launching condi
tions, since they spend little time in dusk/dawn where D-layer 
absorption is enhanced. 

The great-circle path from New England to Japan in 
midwinter at 1200 UTC makes an angle of approximately 50º 

Fig 1-37—The two openings (for both 160 and 80 
meters) from New England to Japan. At A, the theoreti
cal 2140-UTC straight-line short path, which goes along 
the terminator and right through the aurora oval. This 
is, however, not the way the signals actually travel. 
N7MN quotes that propagation was across Europe 
(curved light line), while K1ZM, who made the contacts, 
received the signals from the southeast (outside 
curved line). At B, the morning 1200-UTC opening. 
Actual signals arrive in New England from beam 
headings somewhat further west than the short path 
heading in order to skirt the auroral oval. At C, the 
geometry for an all-night (“black-line”) path (shown in 
white) at 0930 UTC. Even at this time, the beam heading 
is often bent further south than the direct path. (Map 
generated by DX-AID, with additions by ON4UN.) 
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with the terminator, and it is common knowledge that many of 
these paths are bent southward (many US East coast station 
claim paths from 270º to 205º), making the angle with the 
terminator more like 90º. The 1200-UTC opening is a one
sided gray-line signal enhancement (Fig 1-37B), since it 
occurs at East Coast sunrise while Japan is still fully dark.

 QSOs have, of course, been made much earlier (0945 
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UTC). At that time we have a most typical black-line path (see 
Section 2.4.2) occurring at midnight for the point halfway 
between the path ends (Fig 1-37C). Here too, a slight skewing 
around the polar regions is very common. At this time of the 
day there is no signal enhancement by gray-line phenomena, 
since both ends of the line are well into darkness. 

4.3.3.3. Other paths 
Similar paths exist on 80 meters in midwinter between 

California and Central Asia (Mongolia) around 0030 UTC, 
between Eastern Europe (Moscow) and the northern Pacific 
(Wake Island) around 0615 UTC, and between the East Coast 
(and the northern part of the Midwest) of the US and northern 
Scandinavia around 1230 UTC. All of these polar-region 
paths are east of the North Pole and should not be influenced 
by aurora as much as paths going west of it. Use your globe, 
map or mapping program (DX-AID or DX Atlas) to visualize 
the paths that appear to avoid the auroral belt. 

4.3.4. Selective paths/areas 
I have often wondered how a DX station, or worse yet a 

DXpedition, can make low-band contacts while hoards of 
stations keep calling after a QSO has started. We’ve all seen 
cases where 80% of the pileup just keep calling (especially in 
Europe). For an observer, located in the middle of all these 
callers this is pure chaos. 

I am convinced that selective skip is the reason why the 
DX station can work stations despite this seemingly chaos. 
ZS6EZ, an eminent low bander and DXpeditioner stated: “On 
my DXpedition, it was very often like a searchlight, where 
only one very small area is audible at a time, and that area 
moves around with time. There is no regular movement either. 
You might have W1, W8, W9, WØ, W3, W4, W5, WØ, W7, WØ, 
W9, etc. in a single opening. The pileup is never audible; just 
a few stations at a time.” He adds: “This is why I contend that 
the argument of the East Coast Wall doesn’t hold in most 
sunrise openings to Africa. If the “spotlight” is on the West 
Coast, the other coast is not even audible.” 

John, K4TO, commented to me on the same subject: “I 
have also observed that given propagation into a particular 
area, one signal might be ten dB stronger than another, even 
though both stations were running the same power and com
parable antennas. Given a few seconds time lapse, and the 
situation reverses. The station that was stronger earlier on, is 
now the weaker of the two. Having observed this first hand, I 
find that my own anxiety level about working a particular DX 
station is now reduced to near zero. I feel that sooner or later, 
the propagation will come to favor me. I wish more DXers 
would have this same experience. I believe everyone would 
relax and enjoy the hobby more. Operating manners and 
techniques would improve greatly.” 

I think that this area-selectivity may also be partly due to 
polarization rotation of signals on 160 meters. This can also 
explain the slow QSB that we often witness on Top Band. 
Sometimes we must wait a few minutes for polarization to 
“come back” in order to hear a marginal signal again. This is 
why on Top Band, where weak signals are involved, it is often 
essential to get a full call at a first try. Often a second try at a 
partially received call brings dead silence, until a minute or so 
later the same signal slowly comes out of the noise again.

 Signal ducting between the E and F-layers provides 
another possible explanation for the “searchlight effect.” The 

landfall of the searchlight would relate to finding stations with 
appropriate launch angles, such that the RF could enter (or 
exit) the duct. 

A most striking example was a QSO I made on Mar 13, 
2003, with VP6DIA on 160 meters. During the 15 minutes 
before my local sunrise, his signals were solid Q5 and I 
worked him on a single call. I heard nobody else in Europe 
calling, and I was in touch with a number of East Coast 
stations on the Internet top-band chat channel. They all con
firmed not hearing a beep, while the signals remained solid Q5 
all the time here. 

The late Dan Robbins, KL7Y, came up with another 
theory that might help explain selective propagation. He 
concluded from his work with HF radars that the ionosphere 
can act as a “filter” for the angle of radiation: “Near the MUF, 
high angles are “filtered” out. But below the MUF, low 
angles may also be filtered out. Once angles are filtered out 
they are gone, and the same narrow range of angles will 
propagate over and over again, even if the filtering condi
tions disappear on later hops. If the range of allowable angles 
is narrow, the propagation will occur in narrow distance 
bands from the transmitter, since distance is a function of 
angle of radiation. This is why one guy works the S9 DX and 
his buddy 300 miles away hears nothing. This is why the band 
appears dead, except for that loud 3B8 or whatever.” 

In other words, for any given path there will be an 
optimum frequency and angle of radiation that produces the 
maximum signal. If we are restricted to one frequency then 
there will be one range of optimum radiation angles for that 
path. According to Dan Robbins the optimum angle may be 
surprisingly narrow at times—narrow enough to account for 
almost all instances of selective propagation. 

Fortunately, most of the antennas we use on the low 
bands have rather broad vertical lobes, nothing like the arrays 
used for OTH radar. This effect of “angle selectivity” is thus 
largely smoothed by the broad lobe of our transmit antennas. 

4.3.5. Path skewing: a summary 
On the low bands, and more specifically on 160 meters, 

we continuously witness bent propagation paths (crooked or 
skewed paths). At one end of the path (or more likely at both 
ends of the path), a signal arrives from a direction that is 
substantially different from the great-circle heading. Docu
mentation of these facts is so overwhelming that there is no 
doubt about these bent paths. 

Robert R Brown, NM7M, wrote on the Top Band reflec
tor: “In summary, path skewing results from horizontal gra
dients in electron density. For interpretation, the problem is 
to locate the gradient and identify its source. Without any 
gradient or source, reports of skewing are incomplete.” 

I am a radio amateur, not a scientist, and so I take issue with 
this statement. Most skew-path reports are by hams, not scien
tists. By looking at the similarity of many reports hams can 
benefit from them, without necessarily knowing the source of the 
gradient(s) causing the bending. So, fellow low-band DXers, 
keep on reporting such odd paths on the Top-Band reflector. 

For the low-band operator it is important to know that 
these bent paths are quite common, both to be able to antici
pate them and to make good use of them. Many of the 
observations are clearly linked with high geomagnetic activ
ity. In these cases signals arrive from directions away from the 
auroral zones, which seems logical. In this case some sort of 
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horizontal ionization gradients are causing reflection and 
bending of the path away from the auroral wall. 

What is not so clear to me is how waves, bent away from 
the auroral doughnut (bent southward in the Northern Hemi
sphere when you are located south of the doughnut), are bent 
back north in order to skirt around the aurora belt. If that were 
not the case, a target that is behind the auroral doughnut would 
still remain unreachable. In my opinion, such crooked paths 
must involve two bending mechanisms, one bending away 
from the aurora zone, and one bending back in northerly 
direction beyond the auroral doughnut. 

In addition to these aurora-related crooked paths there 
are also many documented cases of signal-path bending on 
paths that do not go through high-latitude areas where aurora 
may be present. These are clearly not related to strong geo
magnetic activity. A number of witnesses of both cases are 
listed in Section 2.4. 

Many crooked paths cannot be explained by using the 
present state-of-the-art (ray tracing) computer models. Our 
present understanding of wave propagation makes it impos
sible to predict propagation along the terminator for various 
reasons, such as instability and enhanced D-layer absorption. 
Since these crooked paths happen in the absence of geomag
netic disturbances, reflection by steep ionization gradients 
wouldn’t seem to be involved. 

Wave scattering is another alternative mechanism for 
skew paths. Signals received from a given direction (deter
mined using a directive Beverage receiving antenna) may not 
actually travel in that direction over the entire path. The areas 
of the ionosphere that cause scattering are thought to be near 
the terminator, where the ionosphere is turbulent around 
sunrise and sunset. This could be an explanation for some of 
the crooked paths we enjoy on 160 meters—where electro
magnetic disturbances are not involved and where the appar
ent propagation direction is along the terminator. Many 
mysteries, however, exist! (Ref 178). 

It appears to me that a great number of possible causes 
and mechanisms are involved on Top Band, making our 
signals skew and travel along paths that are not always along 
a great circle. What we all observe—skewed paths—occur
ring regularly, day after day, is a fact. Explaining the mecha
nisms behind such skewed paths is the role of the scientists. 
Once they know all the mechanics behind it, they may even be 
able to write propagation-prediction software that works, and 
half of the fun of DXing on 160 meters will be gone! Not 
having all the answers yet, however, should not stop us from 
taking advantage of so-called anomalies and enjoying DXing 
on the low bands. 

4.3.6. Path skewing: Concluding remarks 
In many of the great-circle maps used in this section, the 

crooked paths are represented as a nicely curved lines. This is 
only a symbolic representation of the real paths. What we 
observe is the azimuth takeoff angles at both ends of the path 
represented in these maps. The path the signals actually travel 
on their way between the terminal points is probably not along 
a nicely curved line. If we accept a scatter-reflection mecha
nism to explain these bent paths, the signal may actually travel 
in a straight line towards the scattering area (a region with a 
horizontal ionization gradient of some sort). Often there is a 
combination of various mechanisms that determine the actual 
path over its entire path. The real path will likely follow a 
1-40  Chapter 1 

jagged line rather than a nicely curved one (see Ref 159). 
Since DX signals often come in from other directions 

than the great-circle direction, any serious low-band DXer 
should have a choice of receiving antennas. You must switch 
them continuously, searching for the direction that produces 
the best received signal. Once this direction is established, 
you should transmit in that same direction as well. 

5. TOOLS FOR SUCCESSFUL DXING ON 
THE LOW BANDS 

5.1. Sunrise/Sunset Information 
Now that you have read through the foregoing para

graphs, let’s get practical. The most important tool is still 
sunrise/sunset information. Today all computer-logging pro
grams include a SR/SS calculator. But I still use the SR/SS 
tables in a booklet form—It’s often faster than a computer 
program if you want to look up information for a certain date 
or for a certain period of time. 

5.1.1. The ON4UN Sunrise/Sunset tables 
The booklet of sunrise/sunset tables I created some years 

ago shows sunrise and sunset times for over 500 different 
locations in the world (including 100 different locations in the 
US) in tabular form. Increments are given per half month. 
Fig 1-38 shows an example of a printout for one location. 

I have tried all the propagation aids that are described in 
this book, and many others as well. The only aid I regularly use 
is the sunrise/sunset tables. Why? You can grab the tables any 
time and look up the required information in seconds. Just

 -W6-CAL-

USA (SAN FRANCISCO) 
 
=============================== 
 
37.78 DEG.N. 122.41 DEG.W. 
 

DATE SUNRISE SUNSET 


JAN 1 15.25 01.01 

JAN 16 15.24 01.15 

FEB 1 15.14 01.33 

FEB 16 14.58 01.49 

MAR 1 14.41 02.03 

MAR 16 14.19 02.17 

APR 1 13.55 02.32 

APR 16 13.33 02.46 

MAY 1 13.14 03.00 

MAY 16 12.59 03.13 

JUN 1 12.49 03.26 

JUN 16 12.47 03.33 

JUL 1 12.51 03.36 

JUL 16 13.00 03.31 

AUG 1 13.13 03.19 

AUG 16 13.25 03.03 

SEP 1 13.39 02.40 

SEP 16 13.52 02.40 

OCT 1 14.05 01.54 

OCT 16 14.19 01.32 

NOV 1 14.35 01.12 

NOV 16 14.51 00.58 

DEC 1 15.06 00.51 

DEC 16 15.19 00.52 


Fig 1-38—Example printout for one of the more than 
500 locations in ON4UN’s Sunrise/Sunset tables. Times 
are given for half-month increments. 
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 o , o , ON4UN Astronomical Applications Dept. 
 
Location: E003 45, N51 00 Rise and Set for the Sun for 2003 U. S. Naval Observatory 
 

Washington, DC 20392-5420  
 
Universal Time 
 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
 
Day Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise Set Rise  Set 
 

h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m h m  h m 
 
01 0748 1549 0722 1635 0631 1725 0522 1817 0419 1906 0336 1950 0335 2003 0410 1932 0458 1832 0545 1724 0636 1620 0725 1542 
 
02 0748 1550 0721 1637 0629 1727 0520 1819 0418 1908 0336 1951 0335 2002 0411 1930 0459 1829 0546 1722 0638 1618 0727 1541 
 
03 0748 1551 0719 1639 0626 1729 0518 1820 0416 1909 0335 1952 0336 2002 0413 1929 0501 1827 0548 1720 0640 1617 0728 1541 
 
04 0748 1552 0718 1641 0624 1730 0515 1822 0414 1911 0334 1953 0337 2002 0414 1927 0502 1825 0549 1717 0642 1615 0729 1540 
 
05 0748 1553 0716 1642 0622 1732 0513 1824 0412 1912 0334 1954 0337 2001 0416 1925 0504 1823 0551 1715 0643 1613 0731 1540 
 
06 0747 1554 0715 1644 0620 1734 0511 1825 0410 1914 0333 1955 0338 2001 0417 1924 0505 1821 0553 1713 0645 1612 0732 1540 
 
07 0747 1556 0713 1646 0618 1735 0509 1827 0409 1915 0333 1955 0339 2000 0419 1922 0507 1818 0554 1711 0647 1610 0733 1539 
 
08 0747 1557 0711 1648 0616 1737 0507 1828 0407 1917 0332 1956 0340 1959 0420 1920 0508 1816 0556 1709 0648 1608 0734 1539 
 
09 0746 1558 0709 1650 0613 1739 0504 1830 0405 1919 0332 1957 0341 1959 0422 1918 0510 1814 0558 1706 0650 1607 0735 1539 
 
10 0746 1600 0708 1651 0611 1741 0502 1832 0404 1920 0331 1958 0342 1958 0423 1916 0512 1812 0559 1704 0652 1605 0737 1539 
 
11 0745 1601 0706 1653 0609 1742 0500 1833 0402 1922 0331 1959 0343 1957 0425 1915 0513 1809 0601 1702 0654 1604 0738 1538 
 
12 0744 1602 0704 1655 0607 1744 0458 1835 0401 1923 0331 1959 0344 1957 0426 1913 0515 1807 0602 1700 0655 1602 0739 1538 
 
13 0744 1604 0702 1657 0605 1746 0456 1837 0359 1925 0330 2000 0345 1956 0428 1911 0516 1805 0604 1658 0657 1601 0740 1538 
 
14 0743 1605 0701 1659 0602 1747 0454 1838 0357 1926 0330 2000 0346 1955 0430 1909 0518 1803 0606 1656 0659 1559 0740 1538 
 
15 0742 1607 0659 1700 0600 1749 0451 1840 0356 1928 0330 2001 0347 1954 0431 1907 0519 1800 0607 1654 0700 1558 0741 1539 
 
16 0741 1608 0657 1702 0558 1751 0449 1842 0355 1929 0330 2001 0348 1953 0433 1905 0521 1758 0609 1651 0702 1557 0742 1539 
 
17 0740 1610 0655 1704 0556 1752 0447 1843 0353 1931 0330 2002 0350 1952 0434 1903 0522 1756 0611 1649 0704 1556 0743 1539 
 
18 0740 1612 0653 1706 0553 1754 0445 1845 0352 1932 0330 2002 0351 1951 0436 1901 0524 1754 0612 1647 0705 1554 0744 1539 
 
19 0739 1613 0651 1708 0551 1756 0443 1846 0350 1933 0330 2003 0352 1950 0437 1859 0526 1751 0614 1645 0707 1553 0744 1539 
 
20 0738 1615 0649 1709 0549 1757 0441 1848 0349 1935 0330 2003 0353 1949 0439 1857 0527 1749 0616 1643 0709 1552 0745 1540 
 
21 0737 1616 0647 1711 0547 1759 0439 1850 0348 1936 0330 2003 0355 1947 0440 1855 0529 1747 0617 1641 0710 1551 0746 1540 
 
22 0735 1618 0645 1713 0544 1801 0437 1851 0347 1938 0330 2003 0356 1946 0442 1853 0530 1744 0619 1639 0712 1550 0746 1541 
 
23 0734 1620 0643 1715 0542 1802 0435 1853 0345 1939 0331 2003 0357 1945 0444 1851 0532 1742 0621 1637 0713 1549 0747 1541 
 
24 0733 1621 0641 1716 0540 1804 0433 1855 0344 1940 0331 2003 0359 1944 0445 1849 0533 1740 0623 1635 0715 1548 0747 1542 
 
25 0732 1623 0639 1718 0538 1805 0431 1856 0343 1941 0331 2004 0400 1942 0447 1847 0535 1738 0624 1633 0717 1547 0747 1543 
 
26 0731 1625 0637 1720 0535 1807 0429 1858 0342 1943 0332 2004 0401 1941 0448 1845 0537 1735 0626 1631 0718 1546 0748 1543 
 
27 0729 1627 0635 1722 0533 1809 0427 1859 0341 1944 0332 2003 0403 1939 0450 1842 0538 1733 0628 1629 0720 1545 0748 1544 
 
28 0728 1628 0633 1723 0531 1810 0425 1901 0340 1945 0333 2003 0404 1938 0451 1840 0540 1731 0629 1627 0721 1544 0748 1545 
 
29 0727 1630 0529 1812 0423 1903 0339 1946 0333 2003 0406 1936 0453 1838 0541 1729 0631 1626 0723 1543 0748 1546 
 
30 0725 1632 0526 1814 0421 1904 0338 1947 0334 2003 0407 1935 0454 1836 0543 1726 0633 1624 0724 1543 0748 1547 
 
31 0724 1634 0524 1815 0337 1949 0408 1933 0456 1834 0635 1622 0748 1548 
 

Fig 1-39—Printout of the Sunrise/Sunset times for a whole year on a day-by-day basis. This is a service provided 
by the US Naval Observatory. 

September 2003
 
Brussels, Belgium 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

1 2 3 4 5 6 
Sun Rise: 6:54am Sun Rise: 6:55am Sun Rise: 6:57am Sun Rise: 6:58am Sun Rise: 7:00am Sun Rise: 7:01am 

Sun Set: 8:30pm Sun Set: 8:28pm Sun Set: 8:25pm Sun Set: 8:23pm Sun Set: 8:21pm Sun Set: 8:19pm 

7 8 9 10 11 12 13 
Sun Rise: 7:03am Sun Rise: 7:05am Sun Rise: 7:06am Sun Rise: 7:08am Sun Rise: 7:09am Sun Rise: 7:11am Sun Rise: 7:12am 

Sun Set: 8:17pm Sun Set: 8:14pm Sun Set: 8:12pm Sun Set: 8:10pm Sun Set: 8:08pm Sun Set: 8:05pm Sun Set: 8:03pm 

14 15 16 17 18 19 20 
Sun Rise: 7:14am Sun Rise: 7:15am Sun Rise: 7:17am Sun Rise: 7:19am Sun Rise: 7:20am Sun Rise: 7:22am Sun Rise: 7:23am 

Sun Set: 8:01pm Sun Set: 7:59pm Sun Set: 7:56pm Sun Set: 7:54pm Sun Set: 7:52pm Sun Set: 7:49pm Sun Set: 7:47pm 

21 22 23 24 25 26 27 
Sun Rise: 7:25am Sun Rise: 7:26am Sun Rise: 7:28am Sun Rise: 7:30am Sun Rise: 7:31am Sun Rise: 7:33am Sun Rise: 7:34am 

Sun Set: 7:45pm Sun Set: 7:43pm Sun Set: 7:40pm Sun Set: 7:38pm Sun Set: 7:36pm Sun Set: 7:33pm Sun Set: 7:31pm 

28 29 30 
Sun Rise: 7:36am Sun Rise: 7:37am Sun Rise: 7:39am 

Sun Set: 7:29pm Sun Set: 7:27pm Sun Set: 7:24pm 

DST is in effect for the entire month.
 
Courtesy of www.sunrisesunset.com
 

Fig 1-40—Printout of the sunrise/sunset table generated from www.sunrisesunset.com/. 
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keep the little booklet within reach on your operating desk. 
The tables never get outdated, since sunrise/sunset times 
hardly change over the years. Most graphical systems (globe, 
slide rule or computer-screen world maps) are far too inaccu
rate to be useful for 80 and especially for 160 meters. 

There are a few copies of this handy sunrise/sunset 
booklet (100 pages) still available. Send $10 plus $5 for 
worldwide airmail postage to John Devoldere, ON4UN, 
Poelstraat 215, B9820, Merelbeke, Belgium. 

You can print you own tables that show the SR/SS times on 
a day-by-day basis for a whole year. Go to aa.usno.navy.mil/ 
data/docs/RS_OneYear.html. Fig 1-39 shows an example print 
out for the author’s QTH. A similar program listing sunrise and 
sunset times in a table covering one month can be generated from: 
www.sunrisesunset.com/. (See Fig 1-40.) At aa.usno.navy.mil/ 
data/docs/RS_OneDay.html you can find the sunrise and sun
set times for just one day. If you need the exact coordinates to 
input a particular city or island, you can find them at 
gnpswww.nima.mil/geonames/GNS/index.jsp. 

5.1.2. General rules for using sunrise/sunset 
times 

For all E-W, W-E, NW-SE and NE-SW paths you can 
expect normally two propagation peaks (for short path): 

1.	 The first peak will occur around sunrise of the station at 
the eastern end of the path. 

2.	 The second (generally less pronounced) peak occurs around 
sunset for the station at the western end of the path. 

For N-S paths there are no pronounced peaks around 
either sunset or sunrise. Often the peak seems to occur near 
midnight (see Section 2.4.3). The use of the tables can best be 
explained with a few examples. 

5.1.3. Example 1 
What are the peak propagation times between Belgium 

and Japan on Feb 15? From the tables: 

Belgium: 15 Feb: SRW = 0656 SSW = 1659 
Japan: 15 Feb: SRE = 2130 SSE = 0824 

where: 

SRE = sunrise, eastern end 
SRW = sunrise, western end 
SSE = sunset, eastern end 
SSW = sunset, western end 

The first peak is around sunrise in Japan or SRE = 2130 
UTC. This is after sunset in Belgium (SSW = 1659), so the 
path is in darkness. Always check this. The second peak is 
around sunset in Belgium or SSW = 1659 UTC. This too is 
after sunset in Japan (0824 UTC) so the path is in darkness. 

5.1.4. Example 2 
Is there a possibility for a long-path opening on the lower 

bands? The definition of a long-path opening (see Section 4.2) 
says we must have sunset at the eastern end before sunrise at the 
western end of the path. In the example this is not true, because 
SRW at 0656 UTC is not earlier than SSE at 0824 UTC. 

5.1.5. Example 3 

Is there a long-path opening from Japan to Belgium on 
Jan 1? 
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Belgium: 1 Jan: SRW = 0744 UTC SSW = 1549 UTC 
Japan: 1 Jan: SRE = 2152 UTC SSE = 0740 UTC 

Here, SRW at 0744 UTC is later than SSE at 0740 UTC. 
This is indeed a valid condition for a long-path opening. It will 
be of short duration and will be centered on 0746 UTC. Being 
a so-called long path does not mean that the direction of signal 
arrival is the opposite of the short path! In Section 4.3, I 
explained that this so-called long path to Japan is a typical 
example of a midwinter crooked path. 

5.1.5. Pre-sunset and post-sunrise QSOs 
In practice, long-path openings are possible even when 

the paths are partially in daylight. Near the terminator we are 
in the so-called gray-line zone and can take advantage of the 
enhanced propagation in these zones. The width of the gray 
line has been discussed earlier (Section 2.4.4.1.). A striking 
example of such a genuine long-path QSO was a contact made 
between Arie, VK2AVA, and me on Mar 19, 1976, at 0700 
UTC on 80 meters. The long-path distance is 22,500 km. Note 
that the QSO was made almost right at equinox (Mar 21), and 
the path is a textbook example of a NE-SW path. On that day 
we had the following conditions: 

Sunrise west (Belgium) = 0555 UTC
 
Sunset east (Sydney, Australia) = 0812 UTC.
 

This means that the long path was in daylight for more 
than two hours. The QSO was made one hour after sunrise in 
Belgium and more than one hour before sunset in Australia. 

Another similar example was a QSO with VKØGC from 
Macquarie Island (long-path distance 21,500 km). On Jan 21, 
1985, a long-path contact was made on 80 meters that lasted 
from 0800 until 0830 UTC, with excellent signals. This was 
more than one hour before sunset on Macquarie (0950) and 
almost one hour after sunrise in Belgium (0731). Because the 
locations of these stations (VK2 and VKØ) are fairly close to 
the antipodes from Belgium, the long paths can safely be 
considered genuine long paths. Indeed there are no crooked 
paths that could provide an alternative to the genuine long 
paths. The gray-line globe is a unique tool to help you visual
ize a particular path like this. Another example (Palmyra/ 
Kingman Reef) was described in detail in Section 2.4.4.2. 

Every now and then we hear about almost magical QSOs 
where on 160 meters contact was made well after sunrise 
(UUØJZ to KL7 four hours after sunrise), but these QSOs can 
certainly never be predicted (see Section 2.4.4.2)! 

5.1.6. Calculating the half-way local midnight 
peak 

For east-west paths (± 45º), in addition to the usual 
sunrise and sunset peaks there is often a so-called mid-way 
midnight peak (see Section 2.4.3.). To calculate the time of 
this peak use the sunset/sunset tables or a program to deter
mine both sunrise and sunset times for both ends of the path. 
For example, a path between Denver (CO) and Belgium on Jan 
15. The sunrise/ sunset data are: 

Colorado: sunset: 0001 UTC, sunrise: 1419 UTC 
Belgium: sunset: 1606 UTC, sunrise: 0738 UTC 
Midnight in Colorado: 0001 + (1419 − 0001)/2 = 0710 UTC 
Midnight in Belgium: 1606 + (2400 + 0738 − 1606)/2 = 2352 

UTC 

The halfway midnight peak time is calculated as the 
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mathematical average between the two midnight times: 

Local half-way midnight is: (2400 - 2352 + 0710) / 2 = 0339 
UTC 

For North South paths (± 30º) there is a distinct propaga
tion peak at local midnight at the half-way spot for both 
80 and 160 meters. This peak is commonly called the midnight 
peak. How do we calculate the exact time of this midnight peak? 
Example: Path between New York and Paraguay on Jun 15. 

New York sunset: 0028 UTC, sunrise 0925 UTC 
Paraguay sunset: 2108 UTC, sunrise: 1034 UTC 

Calculate the two local midnight (sun)times as follows: 

Midnight-New York: (0925 − 0028) / 2 = 0429 UTC 
Midnight Paraguay: (1034 + 2400 − 2108) / 2 = 0643 UTC 
Halfway midnight time: (0429 + 0643) / 2 = 0536 UTC. 

5.1.7. Calculating Sunrise/Sunset times 
On the CD-ROM is the listing for a basic program 

developed by Van Heddegem (ON4HW) to calculate sunrise 
and sunset times. It is based on classical astronomy and 
calculates precise sunrise and sunset times. The program does 
not use any arcsine or arccosine functions since they are not 
available in all BASIC dialects. 

For low banders, especially on 160 meters, it is important 
to know precise sunrise and sunset times for both ends of a 
path. Graphical tools such as slide-rules are generally not 
accurate enough for this purpose. On some of the long-haul 
paths, openings may only last a few minutes right at sunrise 
(sunset), so accurate information produced with computer 
programs or the ON4UN sunrise-sunset booklet is critical. 

5.2. Propagation-Predicting Computer 
Programs 

Earl, K6SE, in a message on the Internet, wrote: “I gave up 
long ago on trying to predict DX conditions on 160 meters. One 
major observation I’ve made over the years is that on a night 
conditions are good to EU from here (northwest), conditions to 
JA (northeast) that same morning are not exceptionally good. 
And, if conditions are good to JA in the morning, that evening 
conditions to EU are not good. The only “prediction” I use now 
is: if conditions are exceptionally good in any particular direc
tion on a given night (ie, to EU 28 Dec 97 in the Stew Perry 
contest), I hope there will be a repeat one solar rotation later (27 
days). Generally, I’ve come to the conclusion that 160-meter 
conditions are unpredictable, hi, so I just check the band every 
night to see what’s happening.” 

To be perfectly honest, in my 40+ years of DXing on 80, 
and in my 15+ years on 160, I have never successfully used a 
propagation-prediction program. Usually when operating one 
of the major CQ WW contests, one of my friends will run the 
propagation predictions on his computer and bring them 
along. I have never found anything there that I did not know. 
The easy paths, the well-known conditions were there, clearly 
on paper, but the marginal ones—the exotic ones—were not. 
And by the way, these prediction programs usually do not 
cover 160 meters. Rightfully so, because basically propaga
tion on Top Band uses quite different mechanisms than the 
higher bands (that is, 160-meter propagation is not MUF 
related). 

Tom, N4KG, who says that he lives on the low bands, 

recently wrote: “I find very little correlation between solar 
flux and low band propagation, particularly on 160 and 
80 meters. Each of the low bands has a distinct characteristic. 
Forty meters does follow solar flux in that the MUF can drop 
below 7 MHz when the flux levels are very low. During these 
times, 40 meters will close shortly after sunset on Northern 
paths and there will be no European sunrise opening to the 
USA. With slightly higher solar activity, 40 meters will stay 
open all night. On 80 meters, solar flux is not so much of a 
factor. The BEST times are just before local sunset and after 
local sunrise. There is a significant enhancement at the 
terminator, which seems to be a daily event. 

There seems to be some validity to the theory that 
propagation is enhanced at the very start of a solar distur
bance, but then the band goes flat for several days until the 
ionosphere stabilizes again. 160 meters does not correlate 
with anything! You may see nice enhancements at sunset and 
sunrise, or you may see nothing at sunset and sunrise but find 
good openings between 0200 and 0500 to Europe (from USA). 
On signals from the east, I have seen peaks at their sunrise 
and I have seen them peak a full hour before sunrise (before 
any daylight) and then vanish. Propagation prediction pro
grams seem to be almost useless and often misguiding on the 
low bands because they fail to model the focusing effects at 
sunrise and sunset and they do NOT look at non-great circle 
paths. Most over the pole paths to the opposite side of the 
world come via skewed LP, at least here in eastern USA....” 

I could not have said it better myself! This being said, 
current propagation prediction programs are useful for pre
dicting 40-meter propagation, and some of them include 
very useful viewing and mapping facilities (see Section 
3.2.7). For me, the final acid test that would make me a firm 
believer in propagation-forecasting programs, is when such 
a program would successfully forecast the odd 80- and 
160-meter openings and paths (directions), like the Europe 
to ZL path described in Section 4.3.1.2. I also would like to 
see a quantitative confirmation of bent paths that we so 
often experience. For anyone to accurately model the entire 
system that determines attenuation on 80 and 160 meters, we 
will have to know all possible mechanisms. Today I have the 
impression that we see only the tip of the iceberg but the 
issue is still being addressed. 

There may be light at the end of the tunnel. Rod Graves, 
VE7VV, himself an active low-band DXer, has written a 
program that attempts some new approaches to predicting the 
more odd openings, the ones that other programs don’t seem to 
recognize. The concept of the program is quite novel and 
employs a zone method developed by the author. It supports 
(E-F region) ducted paths and also directly addresses skewed 
paths. These are not skews due to magnetic disturbances, but 
skews due to the structure of the ionosphere at a given time. The 
program seems to predict very long-distance and long-path 
openings on 80 and 160 meters much better than any other. The 
limitation of the software is that it does not take into account 
auroral absorption. The software is still in a development phase, 
but may become available at a later date. VE7VV also admits 
that signals from locations near the antipode may travel paths 
other than the ones his program checks. 

VE7VV comments: “Like most others, I do not use a 
program to tell me when the bands might be open to unknown 
locations. I just turn on the receiver to see what, if anything, 
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is coming in from wherever and enjoy the discovery of the 
unexpected DX. However, when I want to make a sked with 
someone, or when there is a new DXpedition, I run the 
program to determine when the band might be open to that 
specific location and when the predicted optimum times are. 
I use this as my guide for when to be sure to be listening or for 
when to make the sked. Sometimes the program shows only 
what is common lore, or just provides another way of deter
mining what could have been done with sunrise/sunset tables, 
or grayline devices, but the program does it very conveniently 
for me. Sometimes, however, the program reveals times of 
openings, or times of peak signal strength, that are not 
obvious. This is especially true for paths over 10,000 km, 
particularly on the low bands (40-160) where refraction and 
ducting phenomena are more prominent.” 

I believe that the sunrise/sunset tables and a good map
ping program (eg, DX-AID or DX Atlas) are the best tools in 
your search for a new one on 80 or 160 meters. Know the dark 
path, and you’re all set. All you need then is luck and that 
makes 160 meters an adventure! 

5.3. ON4UN Low-Band Software 
5.3.1. ON4UN propagation programs 

When I was writing the original Low-Band DXing book, I 
developed a number of computer programs as tools for the active 
DXer. The programs are fully color compatible, and available 
only for MS-DOS on a 31/2-inch diskette or a 
Zipped-file by E-mail attachment (see order form in the back of 
this book). The software runs perfectly under Windows (also on 
XP) in a DOS box. While the majority of my programs are 
technical programs related to antenna design (and are covered in 
the antenna chapters of this book), a group of programs deals with 
the propagation aspects of low-band DXing. The Propagation 
Software contains the following modules: 

1. SUNRISE/SUNSET TIMES 
This program lists the sunrise and sunset times in half

month increments for the user’s QTH. The user’s QTH can be 
preprogrammed and saved to disk. The QTH can be changed 
at any time, however. On the screen, the sunset and sunrise 
times of a “target QTH” are listed side-by-side with your own 
time. The target QTH can be specified either by coordinates or 
by name. On screen you also see the great-circle direction as 
well as distance. The software works in miles as well as 
kilometers. You can also modify the display increments and 
can also list the times in single-day increments if you wish, 
which is very handy for following the gray line on a DXpedition. 
Fig 1-41 shows a screen print, which gives all relevant data 
for the ZL7 (Chatham) expedition from Feb 15 to Mar 10. 

2. The DATABASE 
When specified by name, the latitude/longitude coordi

nates are looked up in a database containing over 550 loca
tions worldwide. This database is accessible by the user for 
updating or adding more locations. The database can contain 
data for up to 750 locations, and can be sorted in alphabetical 
order of the country name or the radio prefix. You can also 
print the data on paper. 

3. Listing Sunrise/Sunset Times 
The program also allows you to list (scroll on screen) or 
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Fig 1-41—Screen dump of the Sunrise/Sunset module 
of the ON4UN LOW BAND SOFTWARE. This example 
shows, side-by-side, the sunrise/sunset times for 
Belgium and ZL7, in one-day increments from Feb 15 to 
Mar 10. These precise data are invaluable when short 
windows are available, such as in this case. 

make a full printout of the sunrise and sunset times (plus 
directions and distances from your QTH) for a given day of the 
year. This is a really nice feature for DXpeditioners and for 
contesting. 

4. Gray-Line Program 
This section of the program uses a unique algorithm that 

adapts the effective radio width of the gray-line zone to the 
location and the time of the year. This width is also different for 
80 and 160 meters. In addition, the user can specify a minimum 
distance under which he is not interested in gray-line informa
tion. The printout (on screen or paper) lists the distance to the 
target QTH, the beginning and ending times of the gray-line 
window, as well as the effective width of the gray line at the target 
QTH. Fig 1-42 shows a screen dump of a gray-line run for 
Belgium on Feb 27. Notice the short Chatham island opening 
predicted between 0614 and 0623 UTC. I made the QSO on 160 
meters at 0623, and copied ZL7DK until 0634 UTC. 

The ON4UN LOW BAND SOFTWARE is on the CD 
bundled with this book. 

Fig 1-42—The ON4UN LOW BAND SOFTWARE gray-line 
module calculates all possible gray-line openings for a 
given day. This example is for Mar 6, 1998, when 
ON4UN worked ZL7DK on 160 meters. Gray line was 
predicted between 0626 and 0636 UTC and a QSO was 
made at 0633 UTC. 
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6. DIFFFERENCES BETWEEN THE 40, 80 
AND 160-METER BANDS 

6.1. 40 Meters 
•	 Forty meters is like an HF band that works at night time 

(it’s almost like VHF for a Top Bander!). 
•	 Propagation prediction can be done by classic MUF-based 

programs. 
•	 Gray-line propagation also happens along terminator, as 

on the higher HF bands. 
•	 Gray-line zones can be very wide (many hours even at 

medium latitudes). 
•	 Skewed paths are not as common as on 80 and 160 meters. 
•	 40 meters allows you to work any distance, if properly 

equipped. 

6.2 80 Meters 
•	 With well-equipped stations at both ends, just about any 

distance and path can be covered at the right time of the 
year. 

•	 During low sunspot years, 80-meter propagation may be 
influenced by MUF. 

•	 Gray-line enhancement always occurs on paths perpen
dicular to the terminator. 

•	 Working DX through the auroral belt is not uncommon, 
even in high sunspot years. 

6.3. 160 Meters 
•	 Propagation is not at all dictated by MUF, and only 

marginally by the solar cycle. 
•	 Besides the auroral phenomenon we still do not know what 

makes a good DX night or a bad one. Mystery is still a big 
part of Top Band! 

•	 Auroral absorption is most pronounced on 160 meters. 
•	 Skewed paths most frequently occur on Top Band. 
•	 Gray-line enhancement always appears to occur on paths 

perpendicular to the terminator. 
•	 160 meters has a distinct area in which working DX is 

more or less like a piece of cake— anything in a circle of 
approximately 5,000 km around your own QTH. For 
instance, Western Europeans can work the East Coast of 
the USA almost daily. The “light-gray” zone is W5, W8 
and W9 land. WØ land is “dark gray” and for anything 
beyond that, conditions must be well above normal. This 
is quite different from 80 meters, where longer distances 
are possible every day and where the transition between 
“easy” and “difficult” seems to be much more vague. 

•	 Real long path (that is, without path bending) on 
160 meters is rather exceptional, except for stations very 
near the antipodes, and as a rule only occurs during low 
sunspot cycle years. 

•	 If 80 meters is swinging, there is no guarantee that 160 meters 
will be any good. When 80 is bad, though, 160 will likely be 
bad as well. So don’t extrapolate from the higher band to the 
lower band. This very often does not work. 

•	 Very typical for 160 meters is a slow and deep QSB, 

especially on very marginal paths. It’s advisable to get 
a call right the first time—There may not be a second 
time or it may be minutes later. I have seldom seen this on 
80 meters. Patience is important also…you may have to 
wait for propagation to peak to you. 

•	 During low sunspot cycle years, 160 meters usually has 
very pronounced peaks at sunrise (sometimes also at half
way midnight), especially for really long-haul paths— 
where the sharp peak is usually within minutes of sunrise. 
You can almost set your watch by it. The sunset peak on 
160 meters is also much less pronounced. There seems to 
be a broad “peak” within an hour or so after sunset. 

•	 On 160 meters skip is often very selective (for various 
reasons). 

•	 Working DX through the auroral donut is very difficult 
during high sunspot years. 

•	 The thrill of working a new one on 160 meters is ten times 
the thrill of doing it on 80 meters! 

7. THE 160-METER MYSTERY 
Understanding and predicting propagation on 40 meters 

is pretty straightforward and 80 meters is well understood as 
well. With the right equipment and knowledge on both ends, 
you could probably work 300 countries in a year on 
80 meters. 

One-sixty is a totally different ball game. The more I 
have been active on 160 meters, the more I am convinced of 
how little we know about propagation on that band. True, we 
know a few of the parameters that influence propagation, but 
far from all. For a long time I have kept daily records of the K 
and A indexes, sunspot numbers, etc, together with my own 
observations of conditions on 160, to find a correlation 
between the data and actual propagation. But I have found 
very little or none; only negative correlations. We know more 
or less when it definitely will not work, but not for sure when 
it will work. 

Of course, we must realize that on Top Band we are 
in a gray area, where things are sometimes possible but 
often not. There are dozens of parameters that make things 
happen, or not happen. They all seem to influence a deli
cate mechanism that makes really long-haul propagation on 
160 meters work every now and then. Understanding all of the 
parameters and being able to quantify them and feed them into 
a computer that will tell exactly when we can work that elusive 
DX station halfway around the globe will probably be an 
illusion forever. 

There is no interest from the broadcasters in this subject. 
Broadcasters and utility traffic operators are interested in know
ing the frequency that will give them best propagation. They are 
not interested in studying the subject of “marginal propaga
tion,” just on the edge of what is possible. Therefore, long-haul 
DXing on 160 meters will probably always remain a real 
hunting game, where limited understanding, feeling, expertise, 
and luck will be determining factors for success. Don’t forget 
your hunting weapons—your antennas and your equipment. 
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