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Introduction 
 
This handbook is primarily devoted to radio wave propagation.  
This is not a topic specific to crystal radio but to radio 
generally and here with a mind to LW/MW propagation.  For 
many in the crystal radio hobby, long-distance reception, or 
DX, is an interesting and sought after goal.  Understanding 
propagation adds to the joy of the hunt.  Additionally, as 
crystal sets have no amplification or signal modification other 
than rectification, they are more subject to the vagaries of 
atmospherics and propagation irregularities.   
 
We open with Tom Giella’s excellent layman's overview of 
MF propagation.  This discussion reviews medium frequency 
propagation from a thoroughly modern standpoint, benefitting 
from land and space-based tools and 100 years of progress in 
understanding the phenomenon.  This is the answer and if 
propagation is your only interest then you can stop reading 
after this article.  Following this we step back in time to the 
days of spark transmission and unamplified reception.  First 
Chen-Pang Yang reviews the intellectual background of the 
scientists and engineers who were involved and the new 
observations they were working to explain.  From here I 
provide source documents written by the players themselves.  
These give a feel for the excitement of discovery and 
advancement that characterize the early days of radio.  Finally, 
I provide a personal study on propagation made in the late 
1980's.  This gives some personal perspective as well as 
highlights the interesting kind of projects available to the 
hobbyist. 
 
Of general note, the web is a marvelous source of data and 
information. Many long-time crystal set builders, and many 
others have created dedicated sites to disseminate information 
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and resources, to share their creations and knowledge. I am 
eternally in your debt. All of the material in this handbook is 
copyright for which I have not sought permission. Therefore 
this is not presented for publication or copy. It is only my 
personal resource. I encourage anyone finding this copy to 
pursue ON THE WEB the web pages identified within. I 
include the name of the author and web address of each 
section. I wish to sincerely thank every author presented for 
their excellent pages and ask forgiveness for my editing into 
this handbook. 
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Below is my “ionosond” display for that day.   
 
 

 
 
 
Would that I had such equipment back in 1987.  Times have 
changed and so has the hardware with which we use, but the 
work goes on! 
 
Kevin Smith 
2010 
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Postscript 2010 
 
The above report describes a study I made back in 1987 – 
1991.  At the time my tools included a good communications 
receiver (Yaesu 7700) coupled to a Commodore 64 computer.  
The connection was cobbled together via the game port 
interface.  Looking back, it seems amazing that it worked at 
all.  Today with modern receivers like my Icom R75 we can 
connect directly to a modern personal computer with the 
radio’s built-in interface.  Monitoring several bands becomes 
an easy pursuit with the correct software.   
 
Below I provide two figures made with my current setup.  The 
date 18 October.  The record shows simultaneous monitors on 
2.5, 5.0, 10.0, 15.0, and 20.0 MHz WWV.  The easiest bands 
to interpret are for 10 and 15 MHz.  For 2.5 and 5 Mhz the 
record is best interpreted in terms of D-layer absorption.  20 
MHz is barely reached except for two small blips at 16 and 
17h CST.   
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small compared to the 15MHz carrier. On top of that is a 
second interesting beat in the amplitude with 40 to 50 second 
period or about 0.02Hz (also seen on the power spectrum). 
 
Voila! No noise at all, just signal everywhere. 
 
Supplemental Records 
 

 
Power spectrum of the data collected on 04 June, 1998. The 
data was converted to the frequency domain via a Fourier 
transform. 
 
Fin. 
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MEDIUM FREQUENCY RADIO WAVE 
PROPAGATION THEORY NOTES 
Layman Level Explanations Of "Seemingly" Mysterious MF 
Radio Wave Propagation Occurrences 
By: Thomas F. Giella, W4HM 
http://www.wcflunatall.com/propagation5.htm 
 
0.) Introduction. 
 
Welcome to the "W4HM Medium Frequency Radio 
Propagation Theory Notes" weblog styled website. Contained 
within you will find the most comprehensive explanation of 
medium frequency radio propagation occurrences on the 
Internet. 
 
In my personal opinion understanding and taking advantage of 
low/medium/high frequency radio propagation conditions is an 
integral part of successful DX operation. Therefore this site 
exists as an educational tool. 
 
This website is permanently under construction as I add new 
data and research information continuously. If you see any 
spelling or sentence structure errors I've overlooked "please" 
feel free to advise me, thanks! Also feel free to ask for 
inclusion on this website of "legitimate" propagation theory. 
Remember that the definition of "theory" means that the 
concept has not or can not be definitively proven in a 
laboratory setting but can be inferred via systematic study. 
 
These theory notes are primarily applicable to the 300-529 kc 
long wave aviation and marine navigation beacon band, 600 
meter band, 530-1700 kc AM broadcast band, 160 meter 
amateur band and 120 meter shortwave tropical broadcast 
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band. However much of the content is also applicable to the 
3000-30000 kc HF shortwave spectrum. 
 
A while back I became involved in a propagation research 
project of sorts on 10, 6 and 2 meters. I have set up a 
propagation beacon currently on 10 meters, the frequency is 
28131 kc USB +1500 Hz using 25 watts. Actually there is a 
group of hams running the propagation beacons in the U.S. and 
around the world. Basically it's a marriage between digital 
PSK31 and APRS technology, actually software's run on a 
computer that is interfaced to a transceiver. Beacon 
transmission will commence on other HF bands in the future, 
with the ultimate aim of all HF bands and even 160 meters. It's 
been very interesting so far watching Es and F2 propagation 
openings on 10 meters, when conventional propagation 
wisdom says that the opening should not be occurring. A 
knowledgeable observer can also pick out Sporadic-E (Es) 
openings. You can learn more about the concept by clicking 
here for HF PropNET. 
 
I have attempted to keep the propagation theory explanations 
in simple to understand layman terms, because long 
complicated technical explanations can be boring and make 
one's eyes glaze over. Unfortunately though sometimes while 
trying to keep things simple, certain definitions, meanings and 
technical aspects can get watered down or even lost, which 
tends to open me up to criticism from certain fellow space 
weather scientists that just don't understand the educational 
and public relations concept of the keep it simple stupid 
(KISS) principle. I choose to use W6SAI's (SK) "KISS" 
method of writing and communicating. I have found that this 
method works best whether it be in teaching about space or 
atmospheric weather or any other subject. 
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seen the characteristic signature of signal fading. There are in 
fact two periods of fading superimposed, one of about 50 
seconds, the second about 5 seconds. The fading has the 
typical rounded crests and sharp drop to the separating nodes. 
This pattern results from the beat amplitude of two or more 
interfering signal frequencies. 
 

 
characteristic signature of signal fading 
 
The second chart is from a run of only seven minutes giving 
about a tenth second interval between readings. There the 
fading signature shows with about 50 beats over the two-
minute interval shown. Fading generally results from the 
interference of the same signal arriving from two paths at the 
receiver. A power spectrum of the data shows a strong peak 
around 0.4 hertz corresponding to the dominant beat (25b/m or 
0.4b/s). For a beat to be set up the signals traveling along 
separate paths, (presumably a single hop and a double hop) 
they must not merely be arriving slightly out of phase but also 
with a difference in frequency of 0.4Hz. That shift is extremely 
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The "Grass", Noise Revealed 
 
Some final words and observations concerning the "grass", the 
noise on the records with the very high frequency. Hidden 
within that noise lies some interesting signals and an 
interesting message. This "noise" seen on the records is in fact 
just more signal, but at a higher frequency than I have been 
presenting. The following charts were made on 04 June, 1988. 
They were taken specifically to look at the high frequency 
content of the signal. It should be noted that in both charts the 
signal strength scale remains exactly the same as in all the 
previous charts so the amplitude of the "noise", the range from 
crest to node is quite significant when compared to the daily 
variations being measured. 
 

 
characteristic signature of signal fading 
 
In the above case I gathered a standard 3200 points over 29 
minutes with no filter giving a half-second period between 
points. The chart shows four minutes of data and on it can be 
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We hams are a curious lot with inquiring minds. A good 
number of us have a keen interest in low, medium, high and 
very high frequency radio wave propagation mechanisms and 
this website conglomeration is directed at this forward looking 
group. 
 
We also have a segment in our radio service that is basically 
disinterested in radio propagation and don't feel it necessary to 
understand it in order to successfully work DX, which is 
certainly okay. However within this group exists a total lack of 
understanding concerning the most basic aspects of the subject. 
Often times I will hear them say, "The band is shifting". This 
lack of basic knowledge can be traced back to the licensing 
process where very few questions exist in the exam pools. 
 
Then we have a third and smaller group with gigantic runaway 
egos that insist that they are omniscient by virtue of their Extra 
Class license, ARRL DXCC entity totals and "possible" 
electrical engineering backgrounds. Anal Retentive types?! 
They spend their time arguing with ignorance (Alchemists) 
against explanations put forth via this and other scientists, with 
solid backgrounds in atmospheric and/or space weather 
physics. You know who you are and should be ashamed of 
yourselves. 
 
 
1.) Medium Frequency Radio Wave Propagation Overview- 
 
Popular Myth- We don't understand medium frequency radio 
wave propagation mechanisms and therefore it can't be 
forecasted. 
 
Fact- Yes it can and is on a regular basis at W4HM 
MF/HF/6M Frequency Radio wave Propagation Forecast 
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http://www.solarcycle24.org and MF at 
http://www.wcflunatall.com/propagation.htm . 
 
a.) Medium frequencies encompass 300 to 3000 kc. The 
simplest way to look at medium frequencies with respect to 
propagation issues from a layman's point of view, is to accept 
the fact that propagation is poor the majority of the time (See 
definition #6. Electron Gyro Frequency Absorption), 
especially past approximately 1250 miles (one refraction off of 
the E layer), with occasional short-lived good periods as far as 
3200 miles. 
 
Medium frequency radio waves possess elliptical polarization, 
with the signal splitting into ordinary and extra-ordinary rays. 
These rays can propagate in or out of phase, more often out of 
phase. The out of phase extra-ordinary ray represents a 50% 
power loss on the receive end of a path. 
 
b.) Why is medium frequency propagation poor the majority of 
the time? D layer absorption! At daytime the D layer which is 
at an approximate height of 30-60 miles in the mesosphere, 
totally absorbs medium frequency RF signals the majority of 
the time. I say the majority of the time because at higher 
latitudes, during the winter season and especially at the low 
part of a sunspot cycle, daytime penetration of RF signals 
through the weakened D layer and then refraction via the E 
layer and/or Sporadic E (Es) clouds does occur. Another issue 
is the fact that the D layer does not totally disappear at night. 
Many books that deal with wave propagation erroneously state 
that the D and E layer's disappear after sunset, totally incorrect 
thanks to Galactic X-Rays, Galactic Cosmic Rays and 
Lightning. 
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otherwise. Increased ionization levels increase the signal 
absorption as well. Also, times of high solar activity bring 
instabilities in the earth's geomagnetic field. Both of these 
effects have an important impact on signal strength. 
 

 
Solar activity (flux) vs length of openings 
 
Solar activity (flux) on the other hand does indeed improve the 
conditions in terms of the length of the openings, especially for 
levels of flux above about 120. This is logical when 
considering the overall increased ionization levels. While the 
increased ionization may actually hurt signals by increasing 
absorption and causing greater geomagnetic instability, it does 
make for longer openings. Next: The "grass", noise revealed.. 
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Signal Strength by Solar Activity 
 
The following charts show the relationship of solar flux to 
signal strength and to the length of time for an opening for 
propagation along a circuit. Color coding provides an 
indication of the variation due to season as seen in the previous 
section. In this case I have distinguished "summer" from 
"winter" data on these charts in the following way: Winter = 
October to March, Summer = April to September. 
 

 
Plot of signal strength averaged over the midday period 1700 - 
2000UT 
 
 
Plot of signal strength averaged over the midday period 1700 - 
2000UT (11-13 CST).   
For both summer and winter seasons I see a weak but real 
inverse relationship of decreasing average signal strength with 
increasing solar flux. It has often been stated that propagation 
improves during times of high solar activity, this data suggests 
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c.) Background electromagnetic radiation in the 1 to 10 
Angstrom range (Hard X-Rays) is a major source of ionization 
of the day time D layer, with our Sun as the source of Cosmic 
Rays, also playing a role. 
 
The following information was contributed by Carl 
Luetzelschwab K9LA, a scientist and all around great guy with 
a very good understanding of radio wave propagation. 
 
.....A couple years ago I was playing with Proplab Pro on a 
one-hop 936km path on 160m during daylight. I plotted 
absorption versus sunspot number. I expected a nice 
monotonic increase as the sunspot number increased. But the 
plot showed that absorption started at about 60dB at zero 
sunspots and was constant out to a sunspot number of about 
50. Then it started climbing, reaching 100dB at a sunspot 
number of 150. This suggested that there was something other 
than hard X-rays and Galactic Cosmic Rays as the source of 
daytime D region absorption. So I dug into Davies 1990 (page 
61), Hunsucker and Hargreaves (page 31), and Brekke (page 
233). They all seem to point to the Lyman-alpha line of the 
solar spectrum at 1215 Angstroms ionizing NO as the main 
source of the quiet daytime D region. So in terms of my 
absorption versus sunspot number plot, the flat portion up to a 
sunspot number of 50 is probably due to the Lyman-alpha line 
ionizing NO. Then above a sunspot number of 50 the hard X-
rays start contributing as the Sun becomes more active..... 
 
Carl has produced two really good .pdf files on 160 meter 
propagation in 2003 and 2004. Read them here: 160 Meter 
Propagation & Disturbances To Propagation . He also has a 
propagation website with allot of good information on it at 
K9LA's Amateur Radio Propagation. In 2009 Carl produced 
yet another excellent article on 160 meter operation at Is This 
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Solar Minimum Better or Worse Than the Last Solar Minimum 
on 160m? 
 

 
Ionosphere Ion Types 
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opening hours versus season 
 
When plotting the length of time of the openings by season the 
situation is reversed with longer openings showing a weak but 
real preference to the summer season. This results principally 
from the longer time of ionizing radiation on the ionosphere, 
but in this case moderate to high levels of solar flux can add 
one to two hours of additional opening per day. I agree with 
the oft-stated general conclusion that winter is the best time for 
long distance communication by HF radio, but given the 
scatter I would temper that by addressing more closely the 
question of solar activity. Next: Signal strength by solar 
activity.. 
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signal strength versus season 
 
This chart, already presented in section 3.2, clearly shows that 
the summer season does not provide the same signal strength 
that can be found in winter. In general summer openings have 
low signal strength and greater variation from day to day. 
Overall they are less dependable. The chart distinguishes data 
collected under conditions of different levels of solar flux, 
(low flux in green to high flux in red). Curiously, there is a 
clear association between the strongest signals and the lowest 
levels of solar flux. 
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Ionosphere Profile 
 
Also speaking of the ionosphere at and near solar minimum the 
mid and high latitude D layer of the ionosphere at mesosphere 
altitude cools approximately 2 degrees C, contracts in 
thickness and signal absorption in the layer increases. 
 
While I'm visiting the subject of electromagnetic radiation, our 
Sun emits electromagnetic radiation and matter, as a result of 
the nuclear fusion process. Electromagnetic radiation at 
wavelengths of 100 to 1000 Angstroms (Ultraviolet) ionizes 
the F layer, radiation at 10 to 100 Angstroms (Soft X-rays), as 
well as Galactic Cosmic Rays ionize the E layer. Galactic X-
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rays, Galactic Cosmic Rays and Lightning are the reason that 
the E layer is "always" present at night time, the D layer also. 
Background electromagnetic radiation in the 1 to 10 Angstrom 
range (Hard X-Rays) is a major source of ionization of the day 
time D layer, 
 
Via K7RA's weekly ARRL Propagation Forecast Bulletin #46 
published on November 9, 2007: 
 
In last week's bulletin, Carl Luetzelschwab K9LA said the 
closest measurement we have to radiation that ionizes the F2 
region is the GOES X-ray data at 0.1 to 0.8 nm.  K9LA says 
that is not correct- he received an e-mail from Michael Keane, 
K1MK, with the following information: 
 
"There does exist an instrument that measures solar EUV flux 
directly.  That is the SOHO Solar EUV Monitor (SEM) at 
http://umtof.umd.edu/semflux. One SEM channel covers solar 
EUV in the 17-70 nm range. The other channel monitors just 
the 30.4 nm resonance line of singly ionized helium. In most 
models, this 30.4 nm line by itself represents 25-50% of the 
energy input to the thermosphere/ionosphere." 
 
Galactic Cosmic Rays are not rays at all, but particles. They 
are ionized atoms, atoms with missing electrons ranging from 
a single proton up to an iron nucleus and beyond but typically 
protons and alpha particles, which have 2 protons and 2 
neutrons. They originate from deep space, being produced by a 
number of different sources, such as other stars, and more 
exotic objects, such as supernova, which are exploding stars 
and their remnants, neutron stars, black holes, and distant 
galaxies. Cosmic Ray particles travel very close to the speed of 
light, and are highly energetic. 
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Signal Strength by Season 
 
After spending some four years collecting and analyzing 
propagation data, it is reasonable to have a few observations 
concerning the subject. I have often read general statements 
concerning propagation versus time of year and solar cycle, so 
how did this study compare? Keep in mind that the entire data 
set is from a single circuit, Ft. Collins, Colorado to Houston, 
Texas, and that it is for a single frequency, 15.000 MHz. While 
it cannot be generalized to all HF radio, it provides a good test 
under semi-controlled conditions. Another assumption that is 
implicit in all this data is that the transmitted power remained 
constant over the whole period. I will make that assumption 
while noting that I did not ever confirm it to be true. 
 
The following charts addresses the question of signal strength 
and opening hours versus season. Color coding provides an 
indication of the variation due to solar flux, but this will be 
explored more in the next section. 
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Supplemental Records 

 
06jan89 
Major flare at 1805UT, (1205 CST). Also note the evening 
signal dropout and return. 
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While on the subject of  distant galactic objects, on 12/27/2004 
more than a dozen spacecraft recorded the brightest event from 
outside the solar system ever observed in the history of 
astronomy. This gamma and x-ray producing super flare was 
emitted by a Magnetar star named SGR 1806–20. This star is 
an estimated 50,000 light years distant in the constellation 
Sagittarius on the far side of the Milky Way galaxy and 
obscured behind dense interstellar clouds. A similar event also 
occurred in 1998. 
 
Upon arrival at Earth the X-rays were powerful enough to 
increase absorption in the D layer of our ionosphere and create 
a dayside Sudden Ionosphere Disturbance (SID) and a 
blackout of radio signals, amazing!!! To read more about this 
rare event check out this link at: 
http://skyandtelescope.com/news/article_1464_1.asp and 
http://www.sciencedaily.com/releases/2006/02/060221084628.
htm . 
 
d.) Recently I saw a post on the Topband Reflector lamenting 
the seemingly unexplainable differences in 160 propagation on 
certain paths from night-to-night. is there a reasonable 
explanation? Yes, unfortunately small increases in the density 
of the night time D layer over short periods of time, caused by 
smaller solar flares and also the general variability of the solar 
background X-Ray flux level of greater than A0, can have a 
profound negative impact on propagation in the form of 
increased absorption of high and even mid latitude medium 
frequency signal paths, both on the medium frequency AM 
broadcast band, 160 and 120 meters. Why? It only takes 10 
electron volts (ev) of energy to ionize the atmosphere and 1-10 
Angstrom x-ray photons energize the atmosphere at a factor of 
100. This translates into D layer absorption of medium 
frequency signals. The lower half of the medium frequency 
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broadcast is always affected first followed by the upper half of 
the medium frequency AM broadcast band, then 160 and 120 
meters. If you learn nothing else on this website, remember 
this simple explanation and pass the word. 
 
e.) After much personal observational research over a 35 year 
period, I've come to the conclusion that high and mid latitude 
TA and TP propagation paths tend to open up only after an 
approximate three day period of time passes with an energetic 
proton event of no greater then (10+0) on the medium 
frequency AM broadcast band, 160 and 120 meters. 
 
f.) Also there are daily extremes of the background x-ray flux 
level. So even though the daily average might have been pretty 
good at say A1.1, the daily "extreme" maximum could have 
been C1.5, which would have been bad and would have caused 
a short period of increased D layer absorption. 
 
g.) Though high latitude paths on the day light side of the 
Earth are primarily effected, night time high latitude paths can 
also be impacted by higher intensity energetic proton events. 
This fact is still stubbornly opposed by some otherwise very 
knowledgeable space weather physicists hung up on high 
latitude threshold Riometer data tied to Polar Cap Absorption 
(PCA). 
 
h.) Another wrench in the gears preventing consistent good 
propagation on medium frequencies is related to Sporadic-D 
(Ds) absorption. Sporadic-D (Ds) occurrences have an inter-
relationship with brief but intense Sun based and Galactic 
Cosmic Rays, extremely large positive cloud to ground 
lightning strokes and interrelated Elves. Very large bursts of 
Gamma Rays have also been observed to occur in conjunction 
with Sprites. 
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record for 01 April, 1988, detail 
 
The above view focuses in on 18 to 21 CST showing more 
detail in the features. They clearly represent moments where 
the ionosphere electron density is passing repeatedly through 
the critical density for propagation. These features show a 
sinusoidal variation in electron density with a period between 
25 and 30 minutes, (from drop to drop). I interpret the 
variations as density waves propagating in the ionosphere. A 
test of this would require one or preferable two other beacons 
being monitored at a close frequency to see whether the same 
features appear offset in time. Note also on the first chart that 
there are two signal loss periods between 9 and 11 CST as 
well, more evidence of unsettled conditions in the F layer that 
day. 
 
Similar features appear on other records already presented in 
this article such as 06 January, 1989. 
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Density Waves 
 
On a number of records I found interesting features which 
were not easily explainable. The record below for 01 April, 
1988 shows a series of falls and jumps in signal strength 
between 18 and 21 CST. Similar features can occur on the 
morning side as well as the evening side, but seldom near 
midday. 
 

 
record for 01 April, 1988 
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i.) Also there is another unavoidable problem, Magneto Ionic 
Power Coupling. Antenna polarization plays a large role in the 
success of a long haul DX contact. As a medium frequency RF 
signal traverses Earth's magnetic lines of force in a 
perpendicular manner on high and mid latitude paths say 
between W3 land and SM, higher angle horizontally polarized 
signals are more readily absorbed than lower angle vertically 
polarized signals. On other propagation paths on the globe 
opposite results can be found, i.e., horizontally polarized 
signals suffer less absorption on a propagation path between 
VK6 and W6 or S9 and W4. 
 
Magneto Ionic Power Coupling expert NM7M Robert Brown, 
PhD. has a good educational thread on this bugaboo on the 
May 2002 Topband Reflector. The thread can read in its 
entirety by going to this link Topband Reflector May 2002 
Archives Layer . 
 

Also an excellent but more technically oriented website 
covering 160 meter propagation and more is the "HF 

Propagation Tutorial" by NM7M Bob Brown, Ph.D. and 
hosted by ON4SKY Thierry Lombry and can be found at: 

http://www.astrosurf.com/luxorion/qsl-hf-tutorial-nm7m.htm 
.
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Electron density versus altitude as per section 2.2. This chart 
shows lines of criticality for different transmission frequencies 
on the Houston - Ft. Collins circuit. As the ionosphere ionizes 
in the morning or recombines in the evening, the density 
passes critical in the altitude range of 220 to 250 Km. Note that 
the F-Layer density never falls below critical for 5MHz, but 
does affect 10 through 20MHz. The November 1988 test was 
somewhere between solar minimum and maximum. (from 
Tascione, 1988) 



268 

 

 
curve of the diurnal change in ionosphere density 
 
The plot shows that the ionosphere goes through a morning 
period of fairly rapid ionization peaking perhaps around 10am 
CST (1600UT). Then the process stops and reverses, going 
through a slower recombination period in the evening and into 
the night until near ionosphere sunrise the process again 
reverses and repeats the rapid ionization. This plot in fact 
compares quite well to published mid-latitude ionosonde data 
such as Olivier and others, 1988. It is even possible, where 
circumstances permit, to see more rapid ionospheric variations 
as described in the following section. Next: Density waves.. 
 
 
Supplemental Records 
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Horizontal & Vertical Components Of Earths Geomagnetic 
Field 
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Earth's Geomagnetic Field 
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Poor Man's Ionosonde 
 
My reading suggested a solution to the ionization problem 
described in the previous section. This solution dispensed with 
the notion that the jump in signal strength was caused by some 
jump in F layer ionization. It can be found in the relationship 
between the main parameters affecting propagation: Nec - 
electron density (cm^-3), v - frequency, and a - incident angle 
measured from vertical. The expression is as follows: 
 
Nec = 1.2 x 10^4 v^2 cos^2 a 
 
If this expression were true, then it was simple to devise a test 
to confirm it. If the ionization truly proceeded at a much 
slower rate, it should affect different radio frequencies at 
different times, in a regular manner. The beacon, WWV, 
transmits as previously stated at several frequencies, 2.5, 5.0, 
10.0, 15.0, and 20.0 MHz. With this beacon, I could maintain 
the same basic circuit geometry. In mid November, 1988 I 
conducted a series of recordings at 5.0, 10.0, 15.0, and 20.0 
MHz which, when plugged into the above expression gave me 
discreet electron densities. 
 
F Elev Angle a Frequency   
  5 MHz 10 MHz 15 MHz 20 MHz 

250 71 3.34+E4    
240 71  1.24+E5   
230 72   2.59+E5  
220 73    4.26+E5 

 
The signal jump would give me the exact time that the F layer 
passed the calculated critical density. The following chart is 
my curve of the diurnal change in density, a sort of "Poor-
man's" ionosonde. 
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electron density, radio frequency, and incident angle which I 
explained in section 2.3. The answer to the problem presented 
itself quite simply: My circuit, Ft. Collins to Houston had a 
fairly fixed geometry (if you assume a constant 230 Km height 
for the refracting region, close but clearly not constant), and a 
single radio frequency of 15 MHz. The only variable then is 
the F layer density which goes critical at about 2.6 x 10^5 
cm^-3. Below that density there can be no propagation. As the 
F layer ionizes, quite slowly perhaps, it passes that critical 
density and causes the sudden jump in strength seen on my 
records. 
 
Pretty neat.. If you gather data and think about a thing, you are 
bound to learn something fascinating. The above relationship 
quickly suggested to me the experiment described in the 
following section. 
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Earth's Magnetosphere 
 
j.) Geological effects such as earthquakes and volcanic 
eruptions, as well as meteorological effects such as 
troposphere originating Internal Buoyancy/Gravity Waves 
(IBGW), stratospheric level Quasi-Biennial Oscillations 
(QBO) and stratospheric warming (See definition #20 on 
Stratospheric Warming) have a negative effect on medium 
frequency RF signals in the form of small to medium increased 
absorption variations of medium frequency RF signals via the 
D layer caused by traveling ionosphere disturbances (TID's). 
Also temperature and moisture discontinuities (frontal 
inversions) can refract/scatter medium frequency radio signals 
in unpredictable ways, most notably on high transmitted RF 
power levels. 
 
k.) The Quasi-Biennial Oscillation (QBO) is a wind shift in the 
equatorial stratosphere, an oscillation from easterly to westerly 
and back on the time scale of approximately two years (26 
months) and is a source of Internal Buoyancy/Gravity Waves 
(IBGW's) which create absorptive perturbations in the D and E 
layers. 
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l.) A note, the E-valley/F layer ducting propagation mechanism 
does not exist only during gray line periods. Internal 
Buoyancy/Gravity Waves (IBGW's) are a source of the ducting 
mechanism and allow for occurrences of ducting along any 
propagation path in total darkness. Measurement of the timing 
of arrival of propagated medium frequency RF signals 
demonstrates the existence of the ducting mechanism, versus 
conventional numerous E layer land/ocean surface hops which, 
would allow for approximately 40 db of attenuation on a North 
America to Europe propagation path.  
 
Another note! When it comes to 160 meter vertical antenna's 
you can get a lower take off angle (TOA) from a full 1/4 wave 
vertical or electrical 1/4 wave tee vertical of 10-20 deg., versus 
~30 deg. with the inverted L. However it's a moot point as the 
night time E layer MUF blocks 160 meter low angle 
transmitted radio signals from ever reaching the F layer to be 
propagated. So unlike with high frequency propagation, 
medium frequency propagation success does not require the 
lowest of take off angles. 
 
Also higher take off angles of 30-40 deg. via the inverted L are 
better able to take advantage of the low signal loss E valley-F 
layer propagation duct mechanism, a form of Chordal Hop 
propagation. 
 
A solar flux of at least 150 is necessary for routine stable 
formation of the E Valley/F Layer ducting mechanism. 
Therefore formation of the duct is less prevalent at the bottom 
of solar cycle and long haul propagation poorer at solar 
minimum. 
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Record for 30 November 1990, detail 
 
At the time I had the idea that the rise in signal strength in the 
morning, (and drop in the evening) was associated directly 
with the ionization of the reflecting F layer. As the layer 
ionized under the rising sun the signal would pick up. The 
records though could not be interpreted in that manner. As I 
thought about it, I realized that there were two problems with 
my theory: First, I noted the curious fact that sunrise on the F 
layer, and therefore ionization, took place up to one or two 
hours prior to the morning jump in signal strength (and vise 
versa in the evening). If the rise in strength was caused by a 
rise in ionization, why didn’t it occur earlier? Secondly, the 
duration of the jump, sometimes in just seconds was far too 
rapid. The volume of refracting space in the ionosphere was 
simply too large to be illuminated by sunrise and ionize so 
rapidly. 
 
Thinking about this problem sent me to the textbooks and 
literature. There I learned about the relationship between the 
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Ionization Problem 
 
Early on in my project I encountered a problem in the 
interpretation of the data. Most records like the one below for 
30 November 1990, showed a very rapid increase in signal 
strength from near 60 (S0, no reception) to a maximum of 120 
or more (S9+, extremely strong). 
 

 
Record for 30 November 1990 
 
The time from nothing to maximum was often under a minute 
or two, as shown in the detail chart below where in the minute 
around 7:36 am CST the signal makes its jump. (This also 
shows some of the tight detail available on the records which 
looks spiky on the normal 15-hour presentation charts). 
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m.) Yet another mechanism to deal with that impacts medium 
frequency radio wave propagation in a negative fashion is the 
D Layer Mid Winter Anomaly. It is a period of increased 
medium frequency radio wave absorption at high and mid 
latitudes occurring in mid winter and is associated with sudden 
stratospheric warming and the Quasi Biennial Oscillation 
(QBO). 
 
n.) The HAARP ionosphere research program, earthquakes, 
volcanic eruptions, thunderstorms, lightning (especially 
positive cloud to ground strokes), elves, tornadoes, hurricanes 
and even man made activities such as rocket launches 
including the space shuttle, are all sources of (IBGW's). Many 
times I've heard ham's lament that propagation was going to go 
to crap due to another space shuttle launch, in a sense they are 
correct. 
 
o.) Another issue facing medium frequency AM broadcast 
Band DXers and 160 meter operators is lower latitude 
propagation path absorption due to the Equatorial Ring 
Current. This phenomenon acts as a repository for precipitated 
electrons and the end result is unpredictable medium frequency 
RF signal blockage absorption and refraction. Absorption is 
similar to higher latitude Aurora absorption. 
 
p.) LF propagation theory is out of my realm from a standpoint 
of formal education. Alan Melia G3YNK is studying LF 
propagation and has made some very interesting observations 
and put forth some fascinating theories. 
 
Here are some interesting website links concerning LF and 
ELF radio propagation theory. 
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LF PROPAGATION THEORY INFO BY ALAN MELIA 
G3YNK (link broken) 
 
PROPAGATION OF LONG RADIO WAVES BY J.A. 
ADCOCK VK3ACA (link broken) 
 
RADIO WAVES BELOW 22 KC 
http://www.vlf.it/ 
 
----- 
 
2.) Aurora Oval Blockage, Absorption And Refraction- 
 
The aurora ovals "generally" have a negative impact on 
medium frequency propagation. If the path over which you are 
communicating lies along or inside one of the Aurora Ovals, 
you will experience degraded propagation in one of several 
forms; strong signal absorption, brief periods of strong signal 
enhancement, which is mainly caused by tilts in the ionosphere 
that allow signals to become focused at your location or very 
erratic signal behavior in the form of strong and rapid fading, 
etc., caused by a variety of effects such as multi-pathing, 
anomalous and rapid variations in absorption, non-great-circle 
propagation, horizontal or side refraction and/or scatter 
(skewing) due to changes in electron density and polarization 
changes. (See definition #7. Propagation Path Skewing). 
 
When the Aurora Oval zones are contracted and latitudinally-
thin coinciding with low geomagnetic activity, it is possible for 
a medium-frequency transmitted signal to propagate through 
the Aurora Oval zone without being heavily absorbed by 
skirting underneath it. 
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26may90 
Major flare and geomagnetic storm, propagation never had 
much of a chance! Return.. 
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record of 01 September, 1990 
 
This record for 01 September, 1990 indicates that not all 
geomagnetic activity necessarily destroys propagation. This 
day with Ap=26 had conditions ranging from quiet to major 
storm yet the openings remain generally good. Geomagnetic 
storms in fact can be quite local and do not a priori indicate 
poor communications. Recall that my recordings only probe a 
small portion of the ionosphere located about halfway between 
Ft. Collins, Colorado and Houston, Texas. 
 
 
Supplemental Records 
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During periods of very low geomagnetic activity, areas of the 
Aurora Oval zones may only have a latitudinal thickness of 
approximately 300 miles. But radio signals reflected from the 
E layer can travel over distances of as much as 300 to 1250 
miles at heights below the ionosphere for low take-off angles 
of between 10 and 25 degrees. When the geometry is just right, 
the medium-frequency transmitted signal can literally 
propagate underneath and through the Aurora Oval zones into 
the polar ionosphere which is less disturbed and from the polar 
ionosphere back into the middle latitude ionosphere, without 
ever coming in contact with the highly absorptive Aurora 
Ionosphere. This type of propagation is not as rare as you 
might think and it can provide unusually stable polar region 
path openings to (TA) Transatlantic and (TP) Transpacific 
regions. But because the Aurora Oval zone expands and 
contracts constantly, such conditions often do not last very 
long. (See definition #3. Equatorial Ring Current). 
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----- 
 
3.) Equatorial Ring Current-  
 
A phenomenon that acts as a repository for precipitated 
electrons in the vicinity of the magnetic equator. The electrons 
travel by spiraling around north south magnetic field lines at a 
frequency called the 'gyro frequency. The end result is lower 
latitude propagation path medium frequency transmitted RF 
signal blockage and absorption via the D layer. Absorption is 
similar to higher latitude Aurora Oval absorption and is inter-
related with same. 
 
A reliable gauge for measuring the up to three day lingering 
post geomagnetic storming medium frequency transmitted RF 
absorption is the Dst index, measured in nT's. It is an estimated 
value from Kyoto Japan and is based on a formula. Large 
negative values after a major geomagnetic storm indicates a 
high Equatorial Ring Current level. (See definition #2. Aurora 
Oval Blockage, Absorption And Refraction). Here is a website 
link to the Kyoto, Japan Dst Index 
http://swdcwww.kugi.kyoto-
u.ac.jp/dst_realtime/presentmonth/index.html and the U.C. 
Berkeley website link http://sprg.ssl.berkeley.edu/dst_index 
and a NASA GSFC website link 
http://sprg.ssl.berkeley.edu/dst_index . (See definition #2. 
Aurora Oval Blockage, Absorption And Refraction). Another 
excellent source of a daily Dst figure is at 
http://www.alan.melia.btinternet.co.uk/latest.htm . 
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record of 15 June, 1990 
 
Another storm ending on 15 June, 1990 in the summer season 
has in this record nearly wiped out the opening totally. Ap for 
the record also a high 47. Similarly, the flare and storm on 26 
May, 1990 with an Ap=38 had terrible results for 
communications. 
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Unsettled to Active Field Response 
 
Solar activity can cause disruptions of the earth's magnetic 
field leading to choppy or poor openings. The usual cause of 
these disruptions is the interaction of charged particles 
expelled from the sun by flares with the earth's ionosphere. 
Being charged, they carry magnetic field lines from the sun 
and distort the local earth field lines. The effects are most 
pronounced when the sun's magnetic poles are reversed with 
respect to the earth's. Even when sunspot activity seems low 
particles can still be ejected through coronal holes and disrupt 
local conditions. 
 

 
record of 15 January, 1988 
 
This record of 15 January, 1988 was taken on the last day of a 
major geomagnetic storm. The planetary "Ap" value, (a 
measure of geomagnetic activity) was a high 45. The openings 
here are choppy, short lived but still with good signal strengths 
typical of a winter record. 
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----- 
 
4.) Coronal Mass Ejection (CME)- 
 
A Coronal Mass Ejection is the name given to an ejection of a 
large amount of matter from the Sun's outer atmosphere or 
corona. These ejections typically comprise millions of tons of 
material in the form of charged particles and can be seen 
because the material reflects sunlight. When one of these 
ejections is directed towards the Earth (or conversely, directly 
away from the Earth), it looks like a roughly circular "halo" 
surrounding the blanked out Sun. 
 
The "Halo CME's" are those CME's which are more likely to 
impact the Earth than those which are shot out at right angles 
to the Earth-Sun line. Energetic protons emitted during CME's 
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play a major role in increased day time and night-time D layer 
absorption of medium frequencies. 
 
Coronal Mass Ejections were once thought to be completely 
initiated by solar flares. However it is now known that many 
(CME's) are not associated with Solar Flares but instead with 
collapsing Solar Filaments. If a (CME) collides with the Earth, 
it can excite a Geomagnetic Storm if the polarity of the 
Interplanetary Magnetic Field (IMF) has a negative sign. We 
must be vigilant in watching for geo-effective (CME's), in 
order to not be caught by surprise with a seemingly sudden and 
unexpected Geomagnetic Storm. (See definition #6. Solar 
Filament). (See definition #11. Geomagnetic/Ionosphere 
Storm). (See definition #16. Solar Flare). 
 
Coronal Mass Ejections are not random meaningless eruptions 
but instead a process by which the Sun expels complex 
magnetic signatures enroute to changing its magnetic polarity 
or said a different way the swapping of the Sun's magnetic 
poles. Basically the Sun swapped its magnetic polarity at the 
peak of present solar cycle 23 somewhere between July 2000 
and December 2001. The next polarity swap will occur during 
solar cycle 24 somewhere around 2012. 
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Map for the winter 88/89 which shows the typical short 
openings and strong signals. Major flares on 30 Dec, 88, 1802 
UT (1202 CST); 06 Jan, 90, 1805 UT (1205 CST); 13 Jan, 89, 
1734UT (1134 CST); and 27 Jan, 89, 1917UT (1317 CST). 
Solar flux during the period was understandably high hovering 
between 154 and 170 in early December, jumping to 180 to 
290 through January 89. 
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Major flare at 1805UT, (1205 CST). Also note the evening 
signal dropout and return.  
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----- 
 
5.) Coronal Hole- 
 
The Corona is not part of the Sun's surface. It is instead part of 
the Sun's atmosphere, much like Earth's troposphere. Coronal 
Holes are low density areas associated with open magnetic 
field lines and are found near the Sun's poles at the bottom of a 
sunspot cycle and everywhere during a cycle maximum. A 
Coronal Hole is a dark region where a breakdown in the 
magnetic field structure in the solar corona has occurred. From 
these regions stream the high velocity solar wind that is a 
source of geomagnetic storming on Earth. 
 
Coronal Holes occur most often on the downside of a solar 
cycle and their absence at the bottom of a solar cycle and at the 
beginning of the next, allow for the best medium frequency 
radio propagation conditions. Many think it's the lower solar 
flux values seen at the bottom of a solar cycle that accounts for 
improved propagation conditions but it's actually pretty much a 
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lack of Coronal Holes and geomagnetic storming. (See 
definition #11. Geomagnetic/Ionosphere Storm). 
 
One thing to keep in mind is that the high velocity solar wind 
stream emanating from a Coronal Hole is a neutral 
phenomenon with respect to the Bz (magnetic component) of 
the Interplanetary Magnetic Field (IMF). If the Bz component 
is negative (southward) prior to arrival of the solar stream, 
there will exist a tendency to see a larger swing negative after 
the disturbance arrives. If the Bz component is positive 
(northward) prior to arrival of the solar stream, there will exist 
a tendency to see a larger swing positive after the disturbance 
arrives. 
 

 
 
----- 
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See 
«http://www.ips.oz.au/background/richard/power_1989.shtmll
» for a description of the event and its effects in Quebec. Next: 
Unsettled to active field response.. 
 
Supplemental Records 
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record of 27 January, 1989, detail 
 
The above detail shows more clearly the sudden drop followed 
be a rise back to the former signal level. This was a pretty 
typical flare, strong but not truly large. Another example of a 
typical flare comes from the record of 06 January, 1989. The 
winter and spring of 1989 was a very active period for flares 
and I caught them repeatedly on many records as the map for 
December 89 / January 90 shows. On the 10th of March, 1989 
there occurred a truly powerful outburst which blocked radio 
communications for several hours and the geomagnetic storm 
that followed three days later was so severe that it knocked out 
the power grid in Quebec, Canada, and caused wonderful 
auroral displays as far south as Florida. 
record of 10 March, 1989 
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6.) Solar Filament- 
 
A relatively cool and dense ribbon of gas held together by 
solar magnetic fields. From Earth they usually appear as 
relatively dark lines across the face of the Sun. At times the 
magnetic lines holding the filament open up creating a 
tremendous eruption similar in size and impact of a Coronal 
Mass Ejection (CME). (See definition #4. Coronal Mass 
Ejection). (See definition #11. Geomagnetic/Ionosphere 
Storm). 
 

 
----- 
 
7.) Correlation Of Energetic Protons, Solar Flux and Ap & Kp 
Indices With Medium Frequencies- 
 
I've been observing energetic proton levels, as well as the Ap 
& Kp indices for 35 years and see a direct correlation between 
high energetic proton levels above 10 MeV (10+0) and poor 
propagation on high and at times mid latitude medium 
frequency paths at day AND night, where as the A & K indices 



26 

 

don't as readily correlate. (See paragraph three of definition #2. 
Aurora Oval Blockage, Absorption And Refraction) and 
(definition #7. High Latitude Path Skewing) for a further 
explanation on the lack of correlation of Ap & Kp indices with 
medium frequency propagation conditions. 
 
High solar flux values are "incorrectly" considered to be 
detrimental to medium frequency signals both domestic and 
TA/TP, as more absorption can be present as the transmitted 
signal makes two trips through the D layer, near sunrise and 
sunset. However most medium wave frequency RF signals in 
excess of 3100 miles are propagated via the E valley/F layer 
ducting and/or Chordal Hop/Pederson Ray propagation 
mechanism and a high solar flux value ensures a strong E 
valley/F layer duct mechanism. Actually a solar flux of at least 
150 is needed for a consistent E valley/F layer ducting mode. 
 
The main reason that medium frequency radio propagation 
"seems to be better" at the bottom of a sunspot cycle is not so 
much due to lower solar flux levels BUT due to much less 
geomagnetic activity. 
 
Keep in mind though that the 10.7 cm (2800 MHz) solar flux 
index is not a "reliable" gauge of ionization in our atmosphere, 
as the energy of photons at this frequency is to low on the 
order of one million times. However most are used to solar 
flux and sunspot number and it's a hard habit to break. A better 
indicator is the inter-related background X-ray flux. (See 
definition #1 paragraphs e & f). 
 
An elevated energetic proton flux level greater then (10+0) 
creates noticeably increased winter time day and year round 
night time D layer absorption of medium wave frequencies, 
especially on high latitude propagation paths but it can also 
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Flare Response 
 
Flares result from the sudden release of tremendous amounts 
of energy from the sun's surface. Some eight minutes after a 
flare bursts on the sun, high energy ultraviolet radiation 
impacts the earth ionizing all the ionosphere layers in the 
process. While this might be expected to enhance F layer 
propagation, the D layer density quickly becomes opaque to 
the signal causing a sudden fadeout. Depending on the 
duration of the flare, the fadeout will last from minutes to 
hours and then as the ions recombine there follows a 
logarithmic rise back to normal. The following record of 27 
January shows a classic flare signature against a clean winter 
record. 
 

 
record of 27 January, 1989 
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Summertime blues, solar flux good at 153, Ap=10, pretty quiet 
day but with lousy reception.  
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negatively impact mid latitudes, depending on the intensity of 
the event. 
 
Elevated energetic proton events too small to be categorized as 
a Polar Cap Absorption event (PCA) can still impact high and 
at times mid latitude medium frequency propagation paths in 
the form of excessive D layer absorption. 
 
((((Note, high latitude medium frequency radio propagation 
paths can still be disturbed for days and up to weeks, following 
the end of an official >10 MeV (10+0) proton event.)))) 
 
 
GENERAL GUIDELINES CONCERNING CORRELATION 
OF PROPAGATION INDICES TO ACTUAL MF 
PROPAGATION CONDITIONS- 
 
NOTE!!!  The propagation indices "interpretations" are my 
personal intellectual property. Therefore the propagation 
indices interpretations contained herein is copyrighted © 1988-
2013 by Thomas F. Giella, W4HM, all rights reserved. 
Reproduction of information herein is allowed without 
permission in advance as long as proper credit is given. 
 
All 13 of the following indices have to occur as described 
below in order to see the best global medium frequency (MF) 
radio wave propagation possible. 
 
1.) Dropping geomagnetic field indices numbers are better, Kp 
of 0 best. 
 
2.) A daily sunspot number under 100, under 70 best. 
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3.) A daily sunspot number no higher then the 100 for routine 
stable formation of the E Valley/F Layer ducting mechanism. 
  
4.) Previous 24 hour Ap index under 10, fewer than 7 for 
several days consecutively are best. 
 
5.) Previous 3 hours Kp index fewer than 3 for mid latitude 
paths, fewer than 2 for high latitude paths, 0 for several days 
consecutively is best. 
 
6.) Energetic proton flux levels no greater than 10 MeV 
(10+0). 
 
7.) Background x-ray flux levels of A0 for several days 
consecutively. 
 
8.) No current STRATWARM alert. 
 
9.) Interplanetary magnetic field (IMF) Bz with a (positive 
number) sign, indicates a lesser chance of high latitude path 
aurora absorption/unpredictable refraction or scattering of 
medium frequency RF signals, when the Kp is above 3. 
 
10.) A -10 or better towards a positive number Dst index 
during the recovery time after a geomagnetic storm, as related 
to the equatorial ring current. A positive number is best. 
 
11.) Galactic cosmic rays decrease to -3 units below zero and 
trending towards zero. 
 
12.) Energetic electrons no greater than 2 MeV (2+0). 
 
13. A solar wind speed of less than 300 km/s for several days 
consecutively. 
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"Ideal" recording with winter response, good opening, midday 
sag, and long evening period with strong signal reception.  
 

 
Major flare at 1609UT (1009 CST).  
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average strength for the midday period 1700 - 2000 UT 
 

 
The following section shows the signature of a solar flare since 
finally, that’s what all this is about! 
 
Supplemental: 
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GENERAL GUIDELINES CONCERNING CORRELATION 
OF PROPAGATION INDICES TO ACTUAL HF 
PROPAGATION CONDITIONS- 
 
NOTE!!!  The propagation indices "interpretations" are my 
personal intellectual property. Therefore the propagation 
indices interpretations contained herein is copyrighted © 1988-
2013 by Thomas F. Giella, W4HM, all rights reserved. 
Reproduction of information herein is allowed without 
permission in advance as long as proper credit is given. 
 
All 14 of the following indices have to occur as described 
below in order to see the best global high frequency (HF) radio 
wave propagation possible. 
 
1.) Dropping geomagnetic field indices numbers are better, Kp 
of 0 best. 
 
2.) A daily sunspot number of 150 or higher, 200 or higher 
best. 
 
3.) A daily sunspot number of greater than 100 for routine 
stable formation of the E Valley/F Layer ducting mechanism. 
  
4.) Previous 24 hour Ap index under 10, fewer than 7 for 
several days consecutively are best. 
 
5.) Previous 3 hours Kp index fewer than 3 for mid latitude 
paths, fewer than 2 for high latitude paths, 0 for several days 
consecutively is best. 
 
6.) Energetic proton flux levels no greater than 10 MeV 
(10+0). 
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7.) Background x-ray flux levels greater than B1 for several 
days consecutively, greater than C1 best. 
 
8.) No current STRATWARM alert. 
 
9.) Interplanetary magnetic field (IMF) Bz with a (positive 
number) sign, indicates a lesser chance of high latitude path 
aurora absorption/unpredictable refraction or scattering of 
medium frequency RF signals, when the Kp is above 3. 
 
10.) A -10 or better towards a positive number Dst index 
during the recovery time after a geomagnetic storm, as related 
to the equatorial ring current. A positive number is best. 
 
11.) Rising positive T index number. The T Index tracks with 
the F2 layer critical frequency (foF2) and sunspot number 
(SSN) and indicates the capability of the F2 layer to refract RF 
signals. 
 
12.) Galactic cosmic rays decrease to -3 units below zero and 
trending towards zero. 
 
13.) Energetic electron flux levels no greater than 2 Mev 
(2+0). 
 
14. A solar wind speed of less than 300 km/s for several days 
consecutively. 
 
---- 
 
8.) E Valley/F Layer Propagation Ducting Mechanism/Chordal 
Hop Propagation- 
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record taken on 06 July, 1990 
 
This chart shows a fairly typical (if there is such a thing) 
"summer" record taken on 06 July, 1990. The day had strong 
solar flux at 209, and the geomagnetic field was moderately 
quiet. Still, the signal was weak most of the day with lots of 
noise and levels only in the S3 - S5 (80 - 90) range. A week 
later on 13 July the opening made a brief appearance in the 
morning and then headed south all day. Good day to go 
fishing. 
 
I have taken averaged hourly signal strengths for all 200 
records and put them on a spreadsheet to make further 
analyses. The following graph shows the average strength for 
the midday period 1700 - 2000 UT (10am to 1pm CST) 
averaged together and plotted by month. That is, all February 
data regardless of year together, all June and so forth. 
Although some years may be better overall, you can clearly see 
the seasonal signature with good autumn to spring signal and 
poor summer reception. 
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generally the records are choppy and noisy, fading is a far 
bigger problem. 
 

 
period of June and July, 1988 
 
On 24 June of this period there occurred a major flare at 
1609UT (1009CST) which closed the window for several 
hours. 
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Antenna polarization plays a large role in the success of a long 
haul DX contact. As a medium frequency RF signal traverses 
our planets magnetic lines of force in a perpendicular manner 
on high and mid latitude paths say between W3 land and SM, 
higher angle horizontally polarized signals are more readily 
absorbed then lower angle vertically polarized signals. On 
other paths on the globe opposite results can be found, i.e. 
horizontally polarized signals suffer less absorption on a 
propagation path between VK6 and W4. 
 
You would expect a true long path QSO on 160 to be 
theoretically possible but improbable on most paths during any 
season. However a G to VK long path might be possible if the 
E Valley/F layer ducting propagation mechanism or the 
Chordal Hop propagation mechanism is involved. A 160 meter 
signal can traverse a daylight path via these propagation modes 
if the transmitted signal enters/exits at each end of the path at 
or near sunrise/sunset when the D layer ionization is weak 
(ionosphere tilting). 
 
There is an upward tilt of ionosphere layers towards the east at 
sunrise. As a result, signals coming from the west are refracted 
upward at steeper angles and are therefore heard better on 
higher angle antennas. The opposite is true at local sunset. 
 
A note though, the E-valley/F layer ducting propagation 
mechanism does not exist only during gray line periods. 
Internal Buoyancy/Gravity Waves (IBGW's) are a source of 
the ducting mechanism and allow for occurrences of ducting 
along any propagation path in total darkness. Measurement of 
the timing of arrival of propagated medium frequency RF 
signals demonstrates the existence of the ducting mechanism, 
versus conventional numerous E layer land/ocean surface 
hops. 
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The majority of the time medium frequency RF signals in 
excess of approximately 3200 miles propagate via the E 
Valley/F Layer propagation mechanism or via the Chordal 
Hop (mostly on HF near local sunrise and sunset) propagation 
mechanism. Typically the majority of transmit antenna's 
radiation must be focused between 40-60 deg. to enter the E 
Valley/F Layer duct. (See definition #23.) The Gray line/Gray 
line Propagation). 
 
A solar flux of at least 150 is necessary for routine stable 
formation of the E Valley/F Layer ducting mechanism. 
Therefore formation of the duct is less prevalent at the bottom 
of solar cycle and long haul propagation poorer at solar 
minimum. 
 
You won't see this in any mainstream books on radio wave 
propagation but the vast majority of the time MF and HF 
signals travel around the world not by successive hops off of 
the F/F2 layer and the surface of the earth, whether it be 
landmasses and/or the ocean, but either between the E and 
F/F2 layer. This is especially true on long paths. 
Well Known Chordal Hop LP Routes Courtesy Of Larry 
Duncan K4WLS- 
 
Here are some well known Chordal Hop LP routes from the 
East Coast and Mid-West: 
 
Late Afternoon, Mid-February to Mid-March - Western 
Australia and beyond, and Southern Malaysia: Predominately 
20M. 
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This map shows the period of March and April, 1988. In it you 
see the strong morning and evening signal (in browns) and the 
midday sag in yellow to green. On the right the signal for the 
record of 22 April becomes poor, (blues). This was an active 
day with geomagnetic disturbances disrupting the propagation. 
Also in this map you can see typical evening sporadic low-
level propagation after the main opening has ended, especially 
in early March. 
 
In contrast to the above "winter" view, the following map 
shows the doldrums of summer. It is for the period of May and 
June, 1988. I characterize the propagation in summer as 
generally longer duration, but with lower signal strength and 
much greater day to day variability. It is not unusual to have a 
good strong opening for an hour or two in the evening, but 
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0700-1000 Local, Early to Late Summer - Eastern and 
Southern Africa, and Indian Ocean: 20, 15, 17, 12, and 10M 
(17 through 10M depending on Solar Flux). 
 
0800-1000 Local, Early Fall - Western Australia and S.E. 
Indian Ocean: 20M 
 
0500-0700 Local, * December - Malaysia, Indonesia, and S.E. 
Asia: 40M 
 
Sunset to 1 Hour Before, Fall to Mid-December - Middle and 
Eastern Asia: 40M 
 
0700-0800 Local, Mid-December - Middle East: 
Predominately 20M 
 
Sunset to 1 Hour Before, Mid-December - Northern Middle 
and Eastern Asia: 20 and 40M (20M depending on Solar Flux). 
 
* Sporadically as late as early March 
 
If one is lucky enough to be on the receive end of a ducted 
medium frequency signal due to an IBGW or two, a change in 
the vertical and/or horizontal electron gradient will allow the 
RF to drop out of the duct at your QTH. Galactic Cosmic Rays 
also play a role in where an RF signal drops out of the duct. 
 
A note, high solar activity in the form of increased ionization 
created by ultraviolet and X-ray radiation, can fill in the E 
Valley/F Layer ducting region with medium frequency 
absorptive ionization and interfere with the E Valley/F Layer 
ducting mechanism. In a sense the E/F layer duct is shut down 
and the medium frequency RF signal can only propagate 
between the E layer and land/ocean surface, at a higher angle 
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and with more signal loss. This closing of the duct can be 
reciprocal on each end of the propagation path or one way 
only. (((((When closing of the duct occurs the advantage of a 
low angle vertical radiator is lost, with a higher takeoff angle 
horizontal dipole making the contact still possible, albeit 
maybe weaker.))))) 
 
Medium frequency radio waves possess elliptical polarization, 
with the signal splitting into ordinary and extra-ordinary rays. 
These rays can propagate in or out of phase, more often out of 
phase. The out of phase extra-ordinary ray represents a 50% 
power loss on the receive end of a propagation path. 
 
As follows is a recent experience I had in Florida with this 
propagation mode on 160 meters. 
I began listening for DX on 160 meters at 5:00 pm EST this 
evening February 05-06, 2006. I was watching the OH2AQ 
spot and the stations in ME to VA were working stations in 
Europe and Africa. I could hear the stateside stations real well 
but not a peep out of any DX. 
  
Then right at my local sunset which was at 6:15 pm EST it was 
like flipping a switch as all the DX stations just showed up. It 
was a classic example of the E Valley-F Layer ducting 
mechanism propagation mode with the duct opening up right 
over Florida as the ionized layers changed height with the 
arrival of the gray line terminator. 
 
Once the DX showed up I heard oodles of CW DX stations 
including VQ9LA and 6W/G4WFQ who were 55 on the 
receive loop. MM0SJH, G3FPQ and I7RIZ showed up on 
phone between 1841 and 1849 kc and they were 57. I didn't 
bother to work anything this time as the only countries I heard 

247 

 

Seasonal Variations 
 
The record presented in the previous section represented a 
nearly "ideal" winter record. I found that winter openings were 
generally dependable with a distinct jumps in the morning and 
drop in the evening, and good strong reception all day. 06 
October, 1989 was another good day. It is possible to "map" 
the data from week to week in order to visualize how the 
propagation openings change with time. The following chart 
shows a map of signal strength contoured against time. Local 
Central Standard Time is on the Y-axis and calendar time on 
the X-axis. Each day starts at the bottom and moves up, the 
next day starting again at the bottom next to (to the right of) 
the prior one so the calendar flows to the right. Additionally, 
the Gray curves running along the upper and lower portions of 
the map indicate local Houston sunrise and sunset respectively. 
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is an asymmetry to the opening as well with a longer period of 
strong signal in the evening than in the morning. I attribute this 
to the geometry of the Houston-Ft. Collins circuit with Ft. 
Collins being to the west. By the time the F layer ionizes in the 
morning at a point halfway between Houston and Ft. Collins, 
the lower D layer is already ionized, conversely, in the evening 
there is still a couple of good hours remaining for the F layer 
after the D has dissipated. 
 
Base level, (S0) on this record is 58, the solar flux that day was 
quite high at 239 and the geomagnetic field was quiet. The 
resulting record is pretty close to ideal which is actually quite 
unusual. In all, the project ran for nearly four years from just 
after sunspot minimum to past sunspot maximum and resulted 
in nearly 200 weekly records. The next section provides 
additional views giving a flavor of the variability possible, and 
why. 
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that I've never worked were VQ9LA and 6W/G4WFQ and I 
couldn't break the pileups with 100 watts. 
 
----- 
 
9.) Electron Gyro Frequency Absorption- 
 
Unfortunately medium frequencies fall within or very near the 
electron gyro-frequency which is in the approximate range of 
630 to 1630 kHz and of course the AM broadcast band and 
160 meter band is very close to these electron gyro 
frequencies. There is a direct correlation between the strength 
of Earth's magnetic field lines and electron gyro frequencies. 
 
Basically, the electron gyro frequency is a measure of the 
interaction between an electron in the Earth's atmosphere and 
the Earth's magnetic field. The closer a transmitted medium 
frequency carrier or sideband wave frequency is to the electron 
gyro frequency, the more energy that is absorbed by the gyro 
(spinning) electrons from that carrier wave frequency. This is 
especially true for medium frequency signals traveling 
perpendicular to the Earth's magnetic field, meaning high 
latitude NW and NE propagation paths. Unfortunately this 
form of medium frequency signal absorption is ALWAYS 
present. 
 



36 

 

 
Electron Gyro-frequency Map From Prop lab Pro Software 
 
10.) Medium & High Frequency Radio Signal Propagation 
Path Skewing- 
 
Medium & High frequency radio signal propagation path 
skewing occurs due to changes in the "horizontal" electron 
gradient. Put in simple layman's terms the transmitted RF 
signal will "always" seek to propagate along the path with least 
absorption, which almost always means via a darkness path. 
 
As an example a medium frequency signal (say 1830 kc) 
transmitted from Norway to New England, which is via a polar 
great circle path, will be directly absorbed most of the time by 
the Aurora Oval, with the remaining signal skirting south and 
then west on the darkness path via the E layer, arriving in New 
England from say the SE rather then the expected NE path. 
 
Another example is a high frequency (say 28400 kc) signal 
transmitted from Florida that arrives from the SE at Clipperton 
Island (FO/TX5), which is located in the Eastern North Pacific 
Ocean near 11 degrees north latitude and 110 degrees west 
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The above record shows a fairly "classic" response for a 15 
hour run. In all my runs regardless of duration I collected 3200 
samples only. That was an expedient to simplify the 
programming, keep the record within the memory limits of a 
Commodore 64, and have a simple multiple of the high-
resolution screen's 320 pixel width. For a nominal 15 hour run 
that translates to about one record each 17 seconds which is 
more than sufficient for the project. In addition, I actually 
sampled continuously between saves and read the average of 
many readings for each saved record. Even then, there is 
considerable fading and short second to minute scale noise 
which accounts for the "grassy" surface. 
 
Note also two important features of the record, the very sharp 
discontinuities at the beginning and end of the "opening", and 
the general sag or lower strength of the signal at mid-day. 
More on the discontinuities later, the sag itself is due to 
increased absorption by the lower D layer at it reached full 
ionization near midday and dissipates by the afternoon. There 
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Daily Record 
 
My study utilizes the WWV time standards beacon at Ft. 
Collins, Colorado. That transmitter emits at 2.500, 5.000, 
10.000, 15.000, and 20.000 MHz. I monitor the 15 MHz signal 
which provides a strong signal at my station in Houston, 
Texas. 10MHz openings last longer into the night but would be 
useless for flare detecting at that time as the sun has set! I use a 
Yaesu FRG7700 receiver which is not terribly expensive and 
extremely stable once it has warmed up. 
 
The interface between the receiver and computer uses a 
voltage to ohms converter which proved very acceptable but, 
being a resistance device, was susceptible to temperature 
induced drift. In Houston that was generally only a problem in 
the spring or fall where large changes in day to day 
temperature are typical in the Gulf of Mexico's battle against 
the continent for dominance of the climate of the region. I 
made occasional calibrations as necessary to the interface and 
kept the base level within a narrow range. The following list 
gives the correspondence between the digital signal strength 
readings presented on the charts and the radio's S-meter 
output: 
 

S-meter  Computer 
  S0    60 
  S3    79 
  S5    90 
  S7   101 
  S9   112 
 +10db   132 
 +20db   157 

 
record of 17 feb, 1989 
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longitude. This relatively short path contact gives the 
appearance of the double hop Sporadic E (Es) propagation 
mode, which frequently occurs during a low point in a solar 
cycle, when actually it is a skewed F2 layer propagation mode. 
 
A general east-west band of high (25000-35000 kc) maximum 
usable frequencies (MUF's) exist north and south of the 
geomagnetic equator 
http://www.spacew.com/www/realtime.gif . These bands allow 
for the existence of the north-south propagation mode called 
Trans Equatorial Propagation (TEP). In any event the contact 
between Florida and Clipperton Island was made via the 
horizontal gradients that existed in the band of high MUF's 
north of the geomagnetic equator. 
 

 
Side View Of High MUF Bands North & South Of The 
Geomagnetic Equator 
 
By the way skewed propagation paths are the norm rather than 
the exception on medium frequencies, especially past 
approximately 3200 miles. 
 
----- 
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11.) Geomagnetic/Ionosphere Storm- 
 
A worldwide disturbance of the Earth's magnetosphere and or 
ionosphere, induced by direct connection to the Sun's 
Interplanetary Magnetic Field (IMF), distinct from regular 
diurnal variations. Basically it's a precipitation of electrons 
trapped within our magnetosphere, as the electrons collide. 
The end result is a reduction of the MUF of the F2 layer. (See 
definition #3. Equatorial Ring Current). (See definition #4. 
Coronal Mass Ejection). (See definition #5. Coronal Hole). 
(See definition #6. Solar Filament). 
 
                                                                                                 
Geomagnetic Storm Levels 
 
Planetary K Indices Geomagnetic Storm Level 

K = 5 G1 Minor 
K = 6  G2 Moderate 
K = 7  G3 Strong 
K = 8 G4 Severe 
K= 9 G5 Extreme 
  
Active K = 4 K- 0= A- 0 
Unsettled K = 3 K- 1= A- 3 
Quiet K= 0, 1, 2 K- 2= A- 7 
 K- 3= A- 15 
A= 100-400 Severe K- 4= A- 27 
A= 50-99 Major K- 5= A- 48 
A= 30-49 Minor K- 6= A- 80 
A= 16-29 Active K- 7= A- 140 
A= 8-15 Unsettled K- 8= A- 240 
A= 0-7 Quiet K- 9= A- 400 
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Graphical presentation of the relationships between the 
frequency, ionosphere electron density, and propagation 
incident angle measured from vertical are given in the 
expression: 
Nec = 1.2 x 10^4 v^2 cos^2 a ...(from Tascione, 1988) 
 
For the given circuit parameters: 
v = 15.000 MHz 
a = 72 d ...(h = 230 KM) 
 
Then the Critical ionosphere density from the formula is 
Nec = 2.59 x 10^5 cm^-3. 
 
For densities lower than that value the signal will pass out of 
the ionosphere into space. For densities above that value the 
signal will continue to propagate, but with increasing 
absorption on this circuit.
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"critical" density needed to return reflections. The relationship 
between the three parameters (Nec = electron density (cm^-3), 
v = frequency, and a = incident angle measured from vertical) 
is given by the following expression, (Tascione, 1988): 
 
Nec = 1.2 x 10^4 v^2 cos^2 a 
 
It should be noted that this expression is for the critical 
situation only. Where the angle is approximately known based 
on the circuit geometry and the frequency is known precisely, 
the density calculated will be the lowest density that, below 
which, no return (reception) will be possible. A radio wave of 
a given frequency therefore will continue to travel upwards 
into an ionosphere layer until it reaches the elevation where the 
density rises to the "critical" level (Nec) and the wave will be 
turned back to earth. 
 
For most HF radio communication the main reflecting layer is 
the F layer situated between 200 to 300 KM altitude. The D 
and E layers are generally too weakly ionized to be of much 
importance except during the day over shorter distances. 
Ionization, although falling, persists through much of the night 
in the F layer as well. Intense ionization of the F layer causes it 
to warm and split into a second, higher, level during the day, 
returning to a single layer at night. There are also seasonal 
variations on the theme. The E layer, about 100-150 KM up, 
can persist into the night to some extent and in addition there 
are occasional "clouds" or masses of E level ionization which 
can drift causing sporadic radio openings when the right 
geometries exist. The D layer at about 80 to 90 KM is only 
useful for propagation during the day recombining quickly 
after sunset. In the negative sense, it absorbs signals passing 
through it to or from the F layer. 
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Solar Radiation Storm Levels 
 
Flux Level of > 10 MeV  Solar Radiation Storm Level 
Particles 

10 S1 Minor 
102 S2 Moderate 
103 S3 Strong 
104 S4 Severe 
105 S5 Extreme 

       
Medium Frequency Radio Blackout Levels 
 
Peak X-Ray Level and Radio Blackout Level 
Flux 

M1 and (10-5) R1 Minor 
M5 and (5 x 10-5) R2 Moderate 
X1 and (10-4) R3 Strong 
X10 and (10-3) R4 Severe 
X20 and (2 x 10-3) R5 Extreme 

 
((((Note! Unfortunately elevated Kp indices of as little as a 3 
will create absorptive conditions for medium frequency signal 
propagation on higher propagation paths)))). 
 
Initial phase of a geomagnetic storm is that period when there 
may be an increase of the middle latitude horizontal intensity. 
 
Main phase of a geomagnetic storm is that period when the 
horizontal magnetic field at middle latitudes is generally 
decreasing. 
 
Recovery phase of a geomagnetic storm is that period when 
the depressed northward field component returns to normal 
levels. 



40 

 

 
By the way effects of the solar wind on the magnetosphere 
decreases as we approach the Summer/Winter solstice and 
increase at the Fall/Spring Equinox. Why? Basically it's the 
orientation of Earth's magnetic field with respect to the 
Interplanetary Magnetic Field within the Solar Wind. When 
solar material and shock waves reach Earth their effects may 
be enhanced or dampened depending on the angle at which 
they arrive. 
http://science.nasa.gov/headlines/y2001/ast26oct_1.htm?list10
1234. 
 
The Wang-Sheeley Interplanetary Magnetic Field (IMF) 
Model is used to predict Sun's IMF polarity. When the polarity 
of the IMF is negative a visible mid latitude Aurora display is 
likely as a Coronal Mass Ejection (CME) strikes the Earth's 
magnetic field. 
 
----- 
 

241 

 

Radio Wave Propagation 
 
Because the different 
levels in the ionosphere are 
electrically conducting, 
they interact with 
electromagnetic radio 
waves bending them in 
much the same manner 
that glass or water bends 
light. The refractive index 
of a layer in the ionosphere depends on its electron density and 
has an effect on waves according to their wavelength. Levels 
with higher electron densities (higher altitudes where 
recombination is slower) have lower refractive indices. As a 
wave passes up from below into such layers they get refracted, 
or bent back down towards the lower electron density layers. 
The amount of bending depends on the incident angle and the 
frequency of the wave. Higher frequencies are less affected. 
Finally, in passing through conducting layers, energy in the 
wave vibrates the electrons thus transferring some energy into 
the layer and being partially absorbed in the process. 
 
For much of the radio spectrum the frequencies are simply too 
high to be refracted back to the earth given the range electron 
densities which exist and propagation angles required. This is 
not true in the HF band of frequencies between a few hundred 
hertz and about 30 megahertz. There a delicate balance exists 
where, depending on the natural variations in density of the 
ionosphere, radio waves may be either refracted back to the 
earth or passed out into space. For the case of vertical 
incidence and a given ionospheric density there is a critical 
frequency above which no reflection will be received. 
Inversely, you can say that for a given frequency there is a 
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The early study of the ionosphere involved measuring its 
density variations and electrical properties. Most work was 
done in conjunction with radio studies and radio waves remain 
the primary way to probe its structure. Studies focus on its 
variability and the nature and causes of disturbances. In the 
process much has been learned about the solar-terrestrial 
connection. With a communications receiver and an inquiring 
mind, anyone can reach above the sky and touch the near-
space environment. 
 

 
Daytime to nighttime electron concentrations which constitute 
the midlatitude Ionosphere. Graph with variation between solar 
minimum and solar maximum curves. (from Tascione, 1988)
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12.) Geological/Meteorological Effects On Medium Frequency 
Propagation- 
 
Geological effects such as earthquakes and volcanic eruptions, 
as well as meteorological effects such as Troposphere 
originating Internal Buoyancy/Gravity Waves (IBGW's), 
Stratosphere level Quasi Biennial Oscillations (QBO) and 
warming (STRATWARM) have a negative effect on medium 
frequency RF signals in the form of small to medium increased 
absorption variations of medium frequency RF signals via the 
D layer, due to traveling ionosphere disturbances (TID's). 
 
Also temperature and moisture discontinuities involved with 
cold frontal inversions and air mass triple points involved with 
extra-tropical low pressure systems can refract, diffract or 
scatter medium frequency radio signals in unpredictable ways, 
most notably on high transmitted RF power levels. This is 
another concept that a fellow Physicist and expert in optics 
took me to task over. 
 
As far as medium frequency refraction it's more significant at 
say 3000 kc, then 1850 kc or 1500 kc. But it's also more 
noticeable with higher transmitted RF powers, i.e. WSAI 1530 
50 KW and even more so with BSKA 1521 KC 1000 KW and 
now defunct 2000 kc region 100 KW marine stations. 
 
We know that the medium frequency spectrum is defined as 
300-3000 kc but the differences in refractive properties 
between 300 and 3000 is very significant At 3000 kc refraction 
is a good description, on 160 scattering, at 300 kc diffraction. 
 
Using the strictest definition of RF refraction, its effect on 160 
meters is small but it has been measured by government 
researchers as significant enough to impact 160 but near the air 
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mass triple point. In my opinion scattering is actually the more 
consistent propagation medium for 160 meters along a cold 
front, away from the extra-tropical cyclone center. 
 
However the temperature and moisture discontinuities in the 
vicinity of a triple point air mass structure such as seen with a 
mature extra-tropical cyclone is very complex and fluid. The 
NW quadrant of the extra-tropical cyclone is the location that 
the original government researchers identified as the region of 
existence for the complex temperature/moisture discontinuity 
structure that allows for refraction of RF signals as low as 
1500 kc. I have not been successful at garnering data from the 
federal government that can be released to the general public. 
NOAA has been similarly stymied and therefore is now 
conducting similar research. 
 
The QBO is a wind shift in the equatorial stratosphere, an 
oscillation from easterly to westerly and back on the time scale 
of approximately two years (26 months) and is a source of 
Internal Buoyancy/Gravity Waves (IBGW) which create 
absorptive perturbations in the D and E layers and even 
possibly the F 1/2 layer. A note, the E-valley/Flayer ducting 
propagation mechanism does not exist only during gray line 
periods. Internal Buoyancy/Gravity Waves (IBGW's) are a 
source of the ducting mechanism and allow for occurrences of 
ducting along any propagation path in total darkness. 
Measurement of the timing of arrival of propagated medium 
frequency RF signals demonstrates the existence of the ducting 
mechanism, versus conventional numerous E layer land/ocean 
surface hops. 
 
The HAARP ionosphere program, earthquakes, volcanic 
eruptions, thunderstorms, lightning (especially positive cloud 
to ground strokes), elves, tornadoes and hurricanes and even 
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Earth's Ionosphere 
 
The density and 
composition of the earth's 
atmosphere changes with 
height above the surface. 
From the sun, solar 
ultraviolet radiation 
impacts the upper 
atmosphere, ionizing the 
atoms there in the process 
of being absorbed. As the density of the atmosphere falls to 
very low levels the time it takes for ionized electrons and their 
atomic nuclei to recombine becomes sufficiently long to form 
a persistent ionized zone. This zone of ionized particles is 
called the earth's ionosphere. Due to the chemistry of the 
atmosphere, density variations, and varying energy levels in 
the ionizing ultraviolet radiation, the ionosphere forms distinct 
zones or layers which have been given the rather 
unimaginative names of D, E, F1 and F2 with increasing 
height above the earth. 
 
With the complex interplay of the different factors involved, 
the ionosphere varies considerable with time. Regular 
variations form from the diurnal rotation of the earth bringing 
different parts of the atmosphere under the radiation effects of 
the sun, and from seasonal changes, and from the regular 
change in solar energy associated with the sunspot cycle. Other 
more random variations result from interactions of the earth's 
magnetic field with the charged particles in the ionosphere, 
and from disturbances to the magnetic field by solar activity. 
Its behavior also varies by latitude, with polar, mid-latitude, 
and low-latitude regions all behaving in characteristic ways. 
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visible and radio wavelengths. Visible-light observers 
generally monitor the sun in Hydrogen-alpha light where the 
flares shine brightest. Radio observation has traditionally 
utilized the very low frequency band. According to Mr. Hudak, 
(Sky and Telescope, 1984) this method requires a radio-quiet 
observing site, something simply not available to most 
amateurs today. This report describes observations using his 
method of shortwave fadeout to detect flares. In addition, the 
data gathered reveal several other interesting phenomena 
which I describe as well. 
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man made activities such as rocket launches including the 
space shuttle, are all sources of (IBGW's). 
 
Many times I've heard ham's lament that propagation was 
going to go to crap due to another NASA Space Shuttle 
launch, in a sense they are correct. 
 

 

 
Troposphere Height Jet Streams And Lightning/Thunderstorms 
And Their Interaction With The Ionosphere 
 
----- 
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13.) Polar Cap Absorption (PCA)- 
 
An anomalous condition of the polar Ionosphere whereby 
medium frequency (300-3000 kc) radio waves are absorbed, 
and LF and VLF (3-300 kHz) radio waves are wave guided at 
lower altitudes than normal. In practice, the absorption is 
inferred from the proton flux at energies greater than 10 MeV 
(10+0), so that PCA's, Polar Radio Blackouts and Proton 
Events are interrelated and often simultaneous. 
 
((((NOTE!!! high latitude radio propagation paths may still be 
disturbed for days, up to weeks, following the end of an 
official proton event.)))) This fact is still stubbornly opposed 
by some otherwise very knowledgeable space weather 
physicists, hung up on threshold Riometer readings. 
 
----- 
 
14. Sunspot Group- 
 
Sunspot groups are bipolar magnetic concentration regions on 
the photosphere of the Sun where magnetic field strengths 
many thousands of times stronger than the Earth's magnetic 
field reside. Sunspots appear as dark spots on the surface of the 
Sun because temperatures in the dark centers of sunspots drop 
to approximately 3700 K compared to 5700 K for the 
surrounding photosphere. The difference in temperature makes 
the spots appear darker than elsewhere. Sunspots typically last 
for several days to several weeks. They are seen to rotate 
around the sun, since they are on the surface, and the sun 
rotates fully every 27.5 days. 
 
Sunspot groups have a magnetic classification as follows: 
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Solar Flares 
 
The study of solar flares is 
driven by both practical as 
well as scientific reasons. 
Flares are explosive 
eruptions of energy on the 
surface of the sun. These 
releases are the most 
powerful form of solar 
activity and occasionally 
have severe impact on terrestrial communications and power 
distribution. Tight magnetic fields associated with active 
regions on the sun form sunspots. These magnetic fields 
become twisted and kinked, storing tremendous amounts of 
energy. The process that causes the flare energy release is not 
well understood, and no predictive model exists which allows 
scientists to know in advance when or where a flare will erupt. 
 
The energy released in a flare occurs over the full spectrum of 
wavelengths from the radio to visible, to ultraviolet and x-ray. 
By far the major release of energy is in the shorter wavelength 
ultraviolet and x-ray regions. Ultraviolet energy radiates away 
from the sun at the speed of light and, upon impacting the 
earth's ionosphere 8 minutes later, rapidly ionizes all levels 
disrupting communication. Charged particles released in the 
outburst take longer, arriving about 1 to 4 days after a major 
flare. They interact with the earth's magnetic field causing 
further communications disruptions and auroral displays. 
 
Fortunately, flares last only a short time, up to several hours in 
their extended, or "main" phase after the initial burst. Given 
their terrestrial effects and short duration, flares have long 
been a welcome challenge to amateurs observing at both 
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A - Alpha (a single polarity spot) 
B - Beta (a bipolar spot configuration) 
G - Gamma (an atypical mixture of polarities) 
B-G - Beta-Gamma (a mixture of polarities in a dominantly 
bipolar configuration) 
D - Delta (an opposite polarity umbrae within single 
penumbra) 
B-D - Beta with a Delta configuration 
B-G-D - Beta-Gamma with a Delta configuration 
 
Sunspots usually come in groups with two opposing sets of 
spots. Whether two or twenty sunspots exist in a particular 
group they are counted as one sunspot group and numbered, 
such as 10500. That number would signify sunspot group 
number 10500, with the number counting system beginning in 
1972 if my memory serves me correctly. 
 
One set of sunspots will have a positive or north magnetic field 
while the other set will have a negative or south magnetic 
field. See image below.  
 
The magnetic field is strongest in the darker parts of the 
sunspots called the umbra and weaker and more horizontal in 
the lighter part called the penumbra. The twisted magnetic 
fields associated with sunspot groups are one source of the 
solar flares, coronal mass ejections and geomagnetic storms 
that wreak havoc with the ionosphere here on Earth. 
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Magnetogram Image 
 
The current system of counting sun spots hails from a previous 
era when direct observation of sun spots was inherently 
inaccurate. The sunspot number is derived by counting 10 
points for each sunspot group and then adding one point for 
each spot. So if a sunspot group contains 1 individual sunspot 
the official count becomes 11. 4 individual sunspots in a 
sunspot group equals 44 sunspots. (See definition #24. Plage). 
 
 
----- 
 
15.) Short Wave Fadeout (SWF)- 
 
During a Sudden Ionosphere Disturbance (SID), which is tied 
to a Solar Flare and Coronal Mass Ejection, abrupt increased 
ionization of the D layer results in reduced to total absorption 
of medium frequency circuits which are refracted by the 
Ionosphere on the sun lit hemisphere of the earth. This is 
known as a Shortwave Fadeout (SWF). 
 
Solar flares produce copious amounts of electromagnetic 
radiation including energetic protons which increase the 
ionization of the daytime D layer. Medium frequency 
communication depends on the refraction of signals from the 
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A indices (a, A, ap, and Ap) 
Indices derived from the K index but converted to a linear 
scale as follows: 
 
K    0    1    2    3     4    5     6     7     8      9 
a     0    3    7   15   27   48   80  140  240  400 
 
 
The Ap, or planetary A index is an average daily report which 
I have commonly used to indicate geomagnetic conditions. The 
equivalent values are defined thus: 
 
Ap Condition 
0-7  Quiet 
8-15  Unsettled 
16-29 Active 
30-49 Minor Geomagnetic Storm 
50-100 Major Geomagnetic Storm 
>100 Severe Geomagnetic Storm 
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Some Definitions 
 
 
Sunspot Number 
This is a measure of the number and area of both individual 
sunspots and sunspot groups. Naturally this is based on visual 
observations from a number of observatories, the data reduced 
and averaged. Sunspot numbers were introduced in 1848 by 
the Swiss astronomer J.R. Wolf and have been calculated, with 
caution, back to around 1610 making this the longest 
continuous record of solar activity available. Sunspot numbers 
range from lows near 0 to highs over 200 during maximums of 
solar activity. 
 
Solar Flux 
In many ways similar to the sunspot number, and well 
correlated, the solar flux index is a measure of solar radio flux 
at a frequency of 2800MHz, or 10.7 cm as it is commonly 
called. This measure was introduced in 1947 at Ottawa, 
Canada and has obvious advantages over the sunspot number 
in that it does not rely on visual, often subjective observations. 
 
K indices (K, Kp) 
Quasi-logarithmic index of geomagnetic activity relative to 
quiet levels for a local recording station. These measurements 
are taken over a 3-hour period and reported on a scale of 0 to 
9. Planetary (Kp) values are determined from data from 12 to 
13 stations worldwide. This indice was begun in 1949 at the 
Institut für Geophysic, Göttingen University, Germany. 
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higher E and F2 layers and these signals must travel through 
the D layer at least twice. 
 
Lower frequencies are affected first and higher frequencies 
last. The stronger the event, the stronger the ionization of the D 
layer, the higher the frequency effected via absorption. 
 
Daytime E layer propagation of the medium frequency AM 
broadcast band and 160 meters (See definition #1. Overview) 
usually only occurs during the winter season and especially at 
higher latitudes with a lower sun angle, also at the bottom of a 
sunspot cycle, therefore Swift's rarely are rarely noticed. The 
80/75 meter and 40 meter bands are most noticeably affected, 
with the higher bands least affected. 
 
An SWF can last from several hours on the lower frequencies 
to minutes on the higher frequencies. (See definition #16. Solar 
Flare). 
 
----- 
 
16.) Solar Flare- 
 
A day side Earth bound solar filament and/or approximate C5 
class or higher solar flare can move the proton flux >10 MeV 
(10+0) and initiate large scale high latitude propagation path 
absorption but even smaller C4 class flares and weaker are the 
culprit behind hour-to-hour and night-to-night variations in 
signal strength on the MF AM broadcast band and 160 meters, 
both stateside and DX. This transfer of increased density and 
RF signal absorption from the day-side D layer to night-side of 
the ionosphere occurs through high level neutral winds. 
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X-Ray Class Solar Flare. The rank of a solar flare based on its 
X-ray energy output. Flares are classified by the order of 
magnitude of the peak burst intensity (I) measured at the earth 
in the 1 to 10 angstrom band as follows: 
Class (in Watt/sq. Meter) 
B- I less than (l.t.) 10.0E-06 
C- 10.0E-06 l.e.= I l.t.= 10.0E-05 
M- 10.0E-05 l.e.= I l.t.= 10.0E-04 
X- I g.e.= 10.0E-04 
 
Background radiation in the 1 to 10 Angstrom range (Hard X-
Ray's), as well as Solar and Galactic Cosmic Rays and 
ionization of Nitric Oxide (NO) in our atmosphere is the 
source of ionization of the D layer. 
 
Basically a C-class solar flare possesses energy 1/10 the level 
of an M- class solar flare and an M-class solar flare possesses 
energy 1/10 the level on an X-class solar flare. (See definition 
#15. Shortwave Fadeout).). 
 
Solar flares are not random meaningless explosions but instead 
a process inter-related with Coronal Mass Ejections (CME's), 
by which the Sun expels complex magnetic signatures enroute 
to changing its magnetic polarity or said a different way the 
swapping of the Sun's magnetic poles. Basically the Sun 
swapped it magnetic polarity at the peak of present Solar Cycle 
23 somewhere between July 2000 and December 2001. The 
next polarity swap will occur during Solar Cycle 24 
somewhere around 2010-2011. 
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A true confession, while I can ponder for hours the possible 
physical reasons behind a discontinuity in the data, I 
personally get little pleasure from soldering two wires 
together. With modern Pentium PC computers its probably 
best just to purchase a manufactured A/D circuit and 
concentrate on the science. My own C64 retired soon after the 
end of this study in 1991. 
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described a scanner controller project for use with a 
Commodore 64. Two circuits were presented of which, one 
was an interface between the radio automatic gain control 
(AGC) and a C64 computer "paddle" port. I suspected that the 
unit would work as well with my Yaesu 7700 shortwave 
receiver and there followed correspondence with Dr. Maloney. 
He was a great help and in fact he had the same radio. The 
circuit had one major drawback from my perspective, it was 
battery operated and I was proposing to make regular 
observations of 15 plus hours duration. Finally the solution 
came in the form of a modification by my clever brother in 
Seattle allowing the interface to run off the 11vDC power 
supply or the radio itself. 
 
With the hardware in place after my years of waiting, I was 
ready to go to work. September 1987 was only a year past the 
minimum between sunspot cycles 21 and 22 and the solar 
activity was still fairly low, but picking up rapidly. My goals 
included both detecting flares and a more general one of 
observing radio propagation variation from minimum to 
maximum in the sunspot cycle, a project therefore lasting 
several years. In actual fact I gathered data weekly from 
September 1987 until July of 1991. Each Friday early I would 
switch on the computer and radio and, with a homebrew Basic 
program, monitored WWV's signal at 15MHz. 
 
A technical note on the interface. The device works by taking 
the variable voltage output of the receiver's AGC circuit, 
accessible easily from the rear of the unit, and converting it to 
a variable resistance. The Commodore 64 computer game port 
could read both joysticks and the even-then obsolete game 
"paddles" which worked on resistance. The computer read the 
resistance and converted it to digital values, a built-in analog to 
digital interface. 
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Image Of An X45 Class Solar Flare Click To Enlarge 
 
Click for X45 Super Solar Flare Movie 
http://www.wcflunatall.com/x28superflare031104.gif 
 
17.) Sporadic-D (Ds) Absorption & Wave Guiding- 
 
Sporadic-D (Ds) occurrences have an inter-relationship with 
brief but intense Sun based and Galactic X-rays and Galactic 
Cosmic Rays, huge positive cloud to ground lightning strokes 
and interrelated Elves and Sprites. Very large bursts of Gamma 
Rays have also been observed to occur in conjunction with 
Sprites. 
 
Sporadic-D (Ds) absorption occurs both at day and night. 
Much of the night time occurrence of Sporadic-D (Ds) 
absorption is often masked by lightning QRN, as well as a lack 
of radio operation during thunderstorm events, due to the 
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lightning strike hazard and also due to the operator not being 
able to recognize the mode due to unfamiliarity with it. It's 
doubtful that you will read about the Sporadic-D (Ds) 
phenomena anywhere else other then on this website. 
 
While on the topic of lightning and propagation, an ionized 
lightning channel which normally has a maximum diameter of 
approximately a silver dollar, can reflect RF much like meteor 
trails do. I've personally noticed it on the 70 cm band, as a 
single propagation burst lasting 1/4 to 1/2 second. (See 
definition #20. D Layer Mid Winter Absorption Anomaly). 
 
----- 
 
18.) Sporadic-E (Es) Absorption, Blocking & Refraction- 
 
Just as the E layer is the main refraction medium for medium 
frequency (300-3000 kc) signal propagation within 
approximately 5000 km/3100 mi, so is a Sporadic-E (Es) 
cloud. Sporadic-E (Es) clouds occur at approximately 100 
km/60 miles in altitude and generally move from ESE to 
WNW. 
 
Like Stratosphere level warming and Troposphere level 
temperature and moisture discontinuities, Sporadic-E  (Es) 
clouds can depending on the circumstances absorb, block or 
refract medium, high and very high frequency RF signals in an 
unpredictable manner. 
 
The main source for "high latitude" Sporadic E (Es) clouds is 
geomagnetic storming induced radio aurora activity. 
 
The main source for "mid latitude" Sporadic-E  (Es) clouds is 
wind shear produced by internal buoyancy/gravity waves 
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Solar Flare detection by Shortwave Radio 
Kevin Smith 
http://www.lessmiths.com/~kjsmith/radio/r0ctnts.shtml 
 
Introduction: 
Fun with radio, a hobbyists’ dash into the ionosphere.. 
 
This is the tale of a 
project long in the 
making, nurtured over 
three years of thinking 
and patience, of 
persistent attention, and 
finally of research and 
discovery. I hope it will 
fascinate and inspire the reader as much as it did myself. 
 
The object of this study was to observe solar flares via 
shortwave radio. The technique, described in an article by Mr. 
John Hudak, (Sky and Telescope, Nov. 1984), involves 
monitoring the shortwave signal of a distant beacon and 
looking for a characteristic fadeout signature indicative of a 
solar flare. The equipment utilized in the article included a 
shortwave receiver and a chart recorder. I was interested in this 
project and had the necessary receiver, but no chart recorder so 
things merely stewed in my mind. It would not be easy or 
practical to purchase a chart recorder for a single purpose. 
Instead I considered ways of utilizing a Commodore 64 
computer for the purpose of recording the data. 
 
Things stood that way for three years until one day while 
shopping with my family I picked up a Radio Electronics 
magazine quite on a lark. Reading it later at home I was quite 
stunned to find an article by Dr. Frank Maloney which 
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(IBGW's), that create traveling ionosphere disturbances 
(TID's), most of which are produced by severe thunderstorm 
cell complexes with overshooting tops that penetrate into the 
Stratosphere. Another tie in between Sporadic-E (Es) and a 
severe thunderstorm is the Elve. 
 
The main sources for "low latitude" Sporadic-E  (Es) clouds is 
wind shear produced by internal buoyancy/gravity waves 
(IBGW's), that create traveling ionosphere disturbances, most 
of which are produced by severe thunderstorm cell complexes 
tied to tropical cyclones. High electron content in the 
Equatorial Ring Current also plays a role. 
 
The forecasting of Sporadic-E (Es) clouds has long been 
considered to be impossible. However it is possible to identify 
certain troposphere level meteorological conditions that can 
lead to the formation of Sporadic E (Es) clouds. One is as 
mentioned above the severe thunderstorm cell complex. 
 
Sporadic-E (Es) clouds have been observed to initially occur 
within approximately 150 km/90 mi to the right of a severe 
thunderstorm cell complex in the northern hemisphere, with 
the opposite being observed in the southern hemisphere. To 
complicate matters is the fact that Sporadic-E (Es) clouds that 
initially form to the right of a severe thunderstorm complex in 
the northern hemisphere, then move from ESE-WNW and end 
up to the left of the severe thunderstorm complex in the 
northern hemisphere. So one has to look for Sporadic-E (Es) 
clouds on either side of a severe thunderstorm cell complex. 
Things get even more complicated when two severe 
thunderstorm cell complexes exist approximately 1000- 2000 
miles apart. 
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Not all thunderstorm cell complexes reach severe levels and 
not all severe thunderstorm cell complexes produce Sporadic-E 
(Es). This is where knowledge in troposphere physics and 
weather analyses/forecasting is necessary. Coincidentally I 
have a B.S. in Meteorology and an M.S. in Space Plasma 
Physics and am qualified to identify which severe 
thunderstorm cell complexes are most likely to produce 
Sporadic-E (Es) clouds. 
 
Some of the key elements in identifying which severe 
thunderstorm cell complexes have the potential to produce 
Sporadic-E (Es) via wind shear, from internal 
buoyancy/gravity waves, that produce traveling ionosphere 
disturbances include: 
 
1.) Negative tilted mid and upper level long wave troughs. 
 
2.) Approximate 150 knot/170 mph jet stream jet maxes that 
produce divergence and therefore create a sucking vacuum 
effect above thunderstorm cells, that assist thunderstorm cells 
in reaching and penetrating the Tropopause into the 
Stratosphere. 
 
3.) 500 mb temperatures of -20 deg. C or colder, which 
produce numerous positive and negative lightning bolts and 
inter-related Sprites and Elves. 
 

229 

 

 



228 

 
53 

 

 
Overshooting Top Is The Puffy Blister Just 
To The Right Of Center Of Flat Ice Anvil Top 
 
4.) Approximate 150-175 knot/172-200 mph updrafts within 
thunderstorm cells complexes that create overshooting tops 
(see photograph above) that penetrate the Tropopause into the 
Stratosphere (See definition #20 on Stratospheric Warming), 
launching upwardly propagating internal buoyancy/gravity 
waves, which create traveling ionosphere disturbances and 
then wind shear. 
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Lightning And Thunderstorms And Their Interaction With The 
Ionosphere 
 
----- 
 
19.) Long Delayed Echo (LDE)- 
 
A fairly common propagation mechanism by which an RF 
transmitted signal returns to the sender within 1.25-5 seconds 
and in rare cases of up to 30 seconds. Research in the 1980's 
with HF OTHR discovered one propagation mechanism which 
involves ducting of the transmitted signal in the E-valley-F 
layer duct region of the ionosphere. A signal traveling along a 
magnetic field line much like a lightning induced whistler is 
another possibility. 
 
The best time to observe an LDE is during the Fall/Spring 
equinox period when conditions are more balanced in the 
ionosphere. LDE's are very noticeable on amateur and SW 
broadcast signals between 17-28 mc with a peak near the 
maximum usable frequency (MUF). As recently as fall 2003 I 
did my own brief experiments using Morse code (CW) on the 
15 meters band. I personally observed LDE's of my own 
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transmitted signal of approximately 1.5-3 seconds and I could 
hear a mushy kind of Doppler shift on my returned signal 
frequency. 
 
Claims of very long delayed echo's (VLDE) on the order of 
hours a4nd even days have been reported since the beginning 
of radio. Time periods of this magnitude would point to the 
"seeming possibility" of a refracting ionosphere type medium 
outside of Earth's own ionosphere, possibly somewhere past 
Pluto in the Oort Cloud. However no evidence so far has been 
found of such a medium and 99% of reported VLDE's are 
"probably" hoaxes. 
 
http://heim.ifi.uio.no:80/~sverre/LDE 
http://www.qslnet.de/member/la3za/prop 
 
----- 
 
20.) Sudden Stratospheric Warming (STRATWARM 
ALERT)- 
 
Sudden Stratosphere Warming is a major temperature change 
of the Winter time Polar and middle atmosphere from the 
Tropopause, where the Troposphere transitions into the 
Stratosphere to the base D layer of the ionosphere, which is at 
Mesosphere level. The warming lasts for many days at a time 
and is characterized by a warming of the Stratosphere 
temperature by some tens of degrees (temperature inversion), 
in unison with adjacent Troposphere cooling. 
 
Another way to explain Stratosphere Warming is a major 
disturbance of the Winter time Polar middle atmosphere from 
the lower Stratosphere to the Mesosphere, resulting from a 
breakdown of the single Arctic Circumpolar Vortex into two 
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circulation cells. Air trapped in the vortexes is mixed by the 
new meridional flow and is exposed to sunlight. Solar Lyman 
Alpha ionizes the Nitric Oxide (NO) gasses, resulting in an 
increase in electron density and producing strong medium 
frequency signal absorption at D layer height. 
 
A little related Troposphere level Meteorology: 
 
Interrelated with the splitting and shifting of the Arctic 
Circumpolar Vortex, is a Troposphere level negative North 
Atlantic Oscillation (NAO) and Pacific-North America 
Anomaly (PNA), mid and upper air height anomaly pattern. 
This equates to a large high pressure ridge in Western North 
America extending northward all the way into the Yukon 
region of Canada and a deep trough in the Eastern North 
America, from the eastern U.S. extending down into the 
Yucatan region of Mexico, with a second ridge in the western 
North Atlantic Ocean. This pattern is also called a dual 
blocking ridge and taps Siberian Arctic air, sending it across 
the North Pole into the eastern 2/3's of Canada and the U.S. 
providing for very cold surface temperatures. 
 
As the Stratosphere lies below the Ionosphere, which is at 
Mesosphere and Thermosphere height, you would not expect 
to see Stratosphere Warming effect medium frequency 
propagation in any way BUT medium frequency signals do 
propagate off of Troposphere temperature inversions and 
moisture discontinuities and a temperature inversion is 
involved with Stratosphere Warming. So it's probable that a 
medium frequency signal could do any number of things when 
scattering off of a temperature inversion at any height. 
Unfortunately though some otherwise very knowledgeable 
Physicists stubbornly resist this concept. 
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You can almost always correlate the coldest weather 
occurrences with poor medium frequency signal propagation 
conditions. 
 
Also Stratospheric Warming (STRATWARM) has a negative 
effect on medium frequency propagation, due to increasing 
medium frequency radio wave absorption by the D layer, via 
upward propagating Internal Buoyancy/Gravity Waves 
(IBGW's). 
 
This phenomenon also occurs in Southern Hemisphere Winter 
but is less pronounced. 
 
U. Of Berlin Germany Stratospheric Research Group Layer 
http://www.geo.fu-berlin.de/en/met/ag/strat/index.html 
 
----- 
 
21.) D Layer Mid Winter Absorption Anomaly- 
 
A period of increased medium frequency radio wave 
absorption at high and mid latitudes occurring in mid winter 
and is associated with sudden stratospheric warming and the 
Quasi Biennial Oscillation (QBO). If you look in your radio 
logs for 160 meters you will notice that most of your good DX 
contacts are in the fall and spring. This is due to the D Layer 
Mid Winter Absorption Anomaly. (See definition #17. 
Sporadic-D (Ds) Absorption & Wave Guiding). (See definition 
#20. Sudden Stratospheric Warming (STRATWARM 
ALERT). 
 
Weather In The Upper Atmosphere 
http://www.albany.edu/faculty/rgk/atm101/weather.htm 
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----- 
 
22.) F3 Ionosphere Layer- 
 
A PDF Article Via IPS Australia About The Long Suspected 
But Only Recently Verified F3 Ionosphere Layer 
http://www.wcflunatall.com/F3layer.pdf 
 
The F3 layer primarily exists only in the vicinity of the Earth's 
magnetic equator. This may represent part of an explanation 
for (TEP) Trans Equatorial  Propagation. 
 
----- 
 
23.) The Gray line/Gray line Propagation- 
 
A general east-west transition between daytime and nighttime 
(twilight)  where enhanced propagation conditions "may" 
occur. Near local sunrise the absorptive D layer has yet to 
become illuminated by the Sun, though the higher in altitude 
F/F2 layer has. Inversely near local sunset the absorptive D 
layer is losing illumination by the Sun, though the higher in 
altitude F/F2 layer still is. There is also a strengthening and 
weakening process in the E layer, as well as angle tilts and 
altitude changes in the D, E and F layers. 
 
This process can allow for enhanced propagation conditions 
within the general north-south gray line corridor. It is most 
pronounced on 30,  40 and 60 meters and less so on 80 and 160 
meters. Actually most gray line propagation on 160 meters and 
to a lesser extent on 80 meters is perpendicular (right angles) 
to the corridor. In my professional observation the gray line 
propagation enhancement process is still not totally understood 
and it's benefit exaggerated to almost mythical proportion. 
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(See definition #8.) E Valley/F Layer Propagation Ducting 
Mechanism/Chordal Hop Propagation). 
 
24.) Plage- 
 
A patchy H-alpha brightening on the solar disk commonly 
found in or near active regions of which can last for several 
days or so. A Plage is irregular in shape and variable in 
brightness and marks areas of nearly vertical emerging or 
reconnecting magnetic field lines. Often times a sunspot group 
will emerge from a Plage. (See definition #14. Sunspot 
Group). 
 
Note! I make no claim of ownership of the images displayed 
on this website. Also I have attempted to keep the propagation 
theory explanations in simple to understand layman terms, 
because long complicated technical explanations can be boring 
and make one's eyes glaze over. Unfortunately though 
sometimes while trying to keep things simple, certain 
definitions, meanings and technical aspects can get watered 
down or even lost. 
 
Therefore use these definitions at your own risk with no 
guarantee or warranty implied. The explanations contained 
herein is my intellectual property and copyrighted © 1988-
2013 by Thomas F. Giella, W4HM, all rights reserved. 
Reproduction of information herein is allowed without 
advanced permission as long as proper credit is given. 
 
Thomas F. Giella W4HM 
Retired Meteorologist & Plasma Physicist 
Lakeland, FL, USA at 
w4hm at tampabay dot rr dot com  
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Proceedings of the Institute of Radio Engineers: 1916 
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Proceedings of the Institute of Radio Engineers: 1915 
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Proceedings of the Institute of Radio Engineers: 1913 
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1911 Annual Report to the Smithsonian Board of Regents 
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Some Quantitative Experiments in Long-Distance 
Radiotelegraphy 
By: L.W. Austin, 1911 
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Proceedings of the Royal Society of London  1912 
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