NM7M’s HF Propagation tutorial
by Bob Brown, NM7M

Foreword by Thierry Lombry, ON4SKY

Professor Bob Brown, NM7M, worked as Physicist atvdrsity of California at Berkeley, as
expert of the upper atmosphere and the geomagmeti@sgNow retired, he has celebrated his
81" birthday in 2004, he is still very interested impagation, and works mainly on the top
band of 160 meters.

In 1998 Bob Brown wrote a syllabus about HF propiagafor his students that will become
this tutorial in which Bob introduces us in thediasiting world of HF propagation.

To provide an accurate information to the readetpdk the freedom to add additional
comments (referenced in notes) as some informatiamged over the years (e.g. an URL);
new documents (studies, bulletin, models, image3,veere released and are today available
on the Internet as well as new propagation preaticiirograms, as many information that, |
hope, will complete the already very useful infotima provided by the author. These
updates were made in 2004.

The HTML version of this document is fully illusteal and includes links to most of websites
and programs discussed in the text.

| hope that this document will be become one ofrymdside book.
Ready? Hop!, let's jump in the upper atmosphesmmpany with Bob.

Thierry Lombry, ON4SKY

Introduction
| have to agree there is a lot of information oweré on the Internet; but what about
understanding? Let me put out a few remarks thajhtmhelp your understanding of
propagation.

First, we depend on ionization of the upper atmesphThat results from solar ultraviolet,
"soft X-rays", "hard X-rays", and the influx of alged particles. Leaving the charged
particles out of the discussion today, the solast@is have their origin largely in active
regions on the sun.

Historically, active regions were first counted aatlied, then the next step was to measure
their areas. Both methods have their problems witlther conditions and after WW-II it
was found that the slowly-varying component of sodalio noise at 10.7 cm was statistically
correlated with the method using sunspot countserlavith the Space Age, it was found
possible to measure the "hard X-ray" flux comirgnirthe sun in the 1-8 Angstrom range.

In my opinion, the 1-8 Angstrom background X-rayxflis a better measure of solar activity,
at least for our radio purposes. Let me explain.

First, the X-ray flux has been found to come froegions more centrally located on the
visible hemisphere of the sun; that means a sigmfifraction of their X-rays will reach our



NM7M's HF Propagation tutorial

atmosphere. Second, it takes 10 electron-Volts (#\énergy to ionize any constituent in the
atmosphere; the energy of 1-8 A X-ray photons edsdeat by over a factor of 100.

The energy of 10.7 cm photons is .00001 eV, a facfol,000,000 too LOW to ionize
anything in our atmosphere. So the 10.7 cm fluxy dalls us about the presence of active
regions on the sun, not directly about the statemtation in the ionosphere. If that was not
bad enough, it has been found that the 10.7 cmdéuxcome from the corona above regions
which are behind the east and west limbs of the $hose regions are much less likely to
have their ionizing radiation reach the ionosphéirectly. So the 10.7 cm flux has its
purpose, indicating the presence of active regiand, it is a mistake to think that changes in
that flux are always associated directly with tteesof our ionosphere.

Having said all that, let me conclude by pointing the 1-8 A X-ray flux values are given by
NOAA in ranges which differ by a factors of 10, bues A 2.3, B 4.0 or C 1.5. The numbers
are the multipliers and the letters give the catggdow | have logged the 1-8 A X-ray flux
through all of Cycle 22 and now into Cycle 23. Twan and substance of my experience is
quite simple: the A-range is found around solarimum, the B-range on the rising and
falling parts of a cycle and the C-range duringpbkek of a cycle.

So what about Cycle 23? We suddenly moved oute®thange (with sporadic B-outbursts)
in August of '97, hovered in the low B-range uMirch '98, were in the mid-B range to the
present time when there were recent outburstsaiiCtnange. It is still too early to say if solar
activity has moved into the C- or solar maximum gghaseveral months of data will be
needed before any such estimate can be made.

But logging the 1-8 A X-ray flux, with 4-cycle lggaper, will give you insights as to the state
of the ionosphere and recurrences in the plot selive to point out good/bad times for
DXing. While spikes in the 1-8 A diagram may suddé®t times" for DXing, they can be
brief and difficult to take advantage of. It is ragsroductive to look at the broader peaks in
flux in planning one's DXing. The flares and coromass ejections associated with outbursts
of activity that take place now are more likelygioe bad propagation conditions because of
all the geomagnetic activity that follows. For DX¥irthe broad peaks are more productive.

All of the above involved words, no great mathecwltexercises. But | like to tie it together
mathematically using a simple proportion that esag/can grasp quickly:

When it comes to changes in the state of the idmergp X-rays are to solar noise as, with
DXing, beam antennas are to dipoles. OK?

Having talked about the creation of ionization ¢vd, electrons and positive ions, all sorts
of practical questions come up at once. And sdraerttical ones too. We'll leave the theory
to a later time, when DXing is slack and there @artime to spare.

But when it comes to practical matters, we havéhtow our frequency spectrum against the
ionosphere and see how it all shakes out. Of epwal$ that was done more than 50 years
ago, one frequency at a time, and the idea ofcatifrequencies emerged. Those were for
signals going vertically upward into the variougions overhead, foE and foF2 for E- and
F2-regions, and gave the heights and frequencyslibeyond which signals kept on going
into the next region or on to Infinity.

2/62



NM7M's HF Propagation tutorial

But we communicate by sending signals obliquely aalvthe horizon and that makes a

difference, our higher frequencies penetrating ntloa@ the lower ones before being returned
toward ground. And we have to note our RF exdleselectrons in the ionosphere, jiggling

them at the wave frequency, but they do collidehwitearby atoms and molecules,

transferring some energy derived from the wavethéoatmosphere. That's how signals are
absorbed, heating the atmosphere.

But for electrons, there's a difference betweendeicited by 28 MHz RF and 1.8 MHz RF.
For one thing, it depends on how often electromaginto nearby atoms and molecules. At
those high frequencies, say 28 MHz, the wave freques high compared to the collision
frequency of electrons and absorption losses émgvely small. The same cannot be said for
1.8 MHz signals on the 160 meter band and the wawe collision frequencies are
comparable, meaning that electrons take up RF gremng promptly deliver it over to the
atmosphere.

One can go through all the mathematics but youabaost guess the answer: absorption is a
limiting factor for the low bands, 160, 80 and 46ters, and ionization or critical frequencies

(MUFs) are the limiting factors for the high band$, 12 and 10 meters. That makes the
middle or transition bands, 30, 20 and 18 meteresavhere both absorption and ionization

are important.

We can phrase this in another, practical way - m@der operators do all their DXing in the
dark of night when there's no solar UV or X-raysteate all those electrons that absorb RF.
By the same token, the 10 meter crowd do their @Ambroad daylight, when entire paths
are illuminated, and they couldn't care less.

Those are the extremes but practicioneers on tekherse band”, 20 meters, have to put up
with both uncertainties in MUFs and the absorpbgrelectrons. But in times like now, there

is enough ionization up there to support DXing awvd and dusk, when the absorption is at a
minimum. For that band, Rudyard Kipling's ideaswtimad dogs and Englishmen go out in

the noon day sun" would seem to apply. OK?

Those ideas, darkness and sunlight on paths, bpripe matter of computing with mapping
programs for checking darkness on 160 meter pattisiaylight on 10 meter paths as well as
MUF programs for bands from 10 MHz upward. Butstdast programs should also have a
capability of giving signal/noise ratios for thenolavidths appropriate for the modes. After
all, getting a signal from a DX location is not womuch if it cannot be read above the noise.
For me, VOACARP is at the top of the list but it haffspring and there other programs that
can fill the bill. But | cannot stress mapping pr@ms enough; you just have to see where
you're trying to go and the obstacles along the, W& the auroral zones.

But to use a MUF program, a measure of the cugelarr activity is needed and effective
sunspot numbers (Effective SSN) were for a whilailable in "HF Prop" bulletins from the

Air Force and the Space Environment Center of NG8EC). Those numbers were derived
from observations of actual propagation and amtufpseudo-sunspot numbers". They were
more to the point than using daily values of the/Xfn solar flux. However today only Part
IV of this bulletin is still available via the Inteet. Other products like lonoProfrem

VE3NEA also provides the Effective SSN and othai-tene solar data.
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Note by ON4SKY. The U.S. Air Force no longer proglsiche "HF Prop” Bulletin. They
stopped this some time back. However, the dataaticn Part IV of the old bulletin can be
found on SEC website at a couple places.

For example, under ONLINE DATA click on "Near EdrtiiNear Earth Alerts and Forecasts”
have the daily Solar and Geophysical Activity Reépand 3-day Forecast. This product
contains the Observed/Forecast 10.7 cm flux ancpK/A

Under the "Near-Earth Reports and Summaries”, tb&arSand Geophysical Activity
Summary contains the Satellite Background and SinSjpimber (SSN) in section E and
daily Indices (real-time preliminary/estimated \edit

At last, recall that in recent propagation progrdiks "DX ToolBox" or GeoAlert-Extreme
Wizard", some of these reports can be read frorhimvihe application (if you have an active
connection to Internet of course).

Effects of the ionization

Right now, there's more than enough ionizationhgue to support DXing on the low bands,
160 to 40 meters. But the higher bands are seglity spotty, mainly across low latitudes or in
brief bursts of solar activity. But 10 meters wéturn; trust me.

The discussion so far has dealt with the creatfdnrozation and how various frequencies in
our spectrum make out as far as propagation andr@isn are concerned. There's one
problem with that discussion, the omission of hawthe course of time, ionization reaches
the steady-state electron densities overhead.

So let's turn to that but do it as simply as pdssibThat means we'll focus on electrons,
positive and negative ions. The solar UV and Xsrayeate those from the oxygen and
nitrogen molecules in our atmosphere. | can s&yatbig, complicated ion-chemistry lab up
there but we'll stay at the generic level, notHemgy, just electrons and positive ions.

In simple terms, there is a competition betweenptioeluction and loss of ionization, just like
your bank balance where depositing paychecks ayidgaills are in competition. So for us,
there's a certain number of electrons created peonsl in a cubic meter of air in the
ionosphere by the solar radiation and whateverntmaber of electrons present, some are
being lost by recombining with positive ions torfoneutral atoms or molecules again. If the
two, gain and loss, are equal, there is a steadg-sff ionization; otherwise, there will be a
net gain or loss per second from some cause or.othe

| haven't said so but the atmosphere is only hgitthized, say one electron or positive ion
per million neutral particles. So electrons havgraater chance to bump into a neutral
particle (like in ionospheric absorption) than asifige ion, to recombine to make a neutral
atom or molecule. And, of course, there's a vdfgrdnce in those rates between the lower
parts of the ionosphere, the D-region below 90 kid the F2-region above 300 km. So
electrons created by solar UV would be gobbledagidty in the D-region but linger on for
the better part of a day up in the F2-region.

Good illustrations of the fast processes are foumdadays, solar flares illuminating half the
earth with hard X-rays (like those in the 1-8 Amgst range). They penetrate to the D-
region, release electrons which rapidly transfevevManergy to the atmosphere. As soon as a
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flare ends, the sudden ionospheric disturbance)(8tDadio black-out ends as the electrons
in the D-region recombine rapidly and signal stteegeturn to normal.

The lingering on of electrons in the F2-regionasponsible, in part, for the fact that there's
still ionization and propagation in hours of darkse In short, electrons at high altitude
recombine slowly after the sun sets. But theredsento the story than that, the role of the
earth's magnetic field. Let me explain.

The earth’'s atmosphere is immersed in the geomadieitl so any charged patrticles, say
ionization created by solar UV, will then experiena force from their motion in the field.
For electrons, that means they will spiral aroumal field lines when released by UV and not
fly off in any direction to another location, higher lower in the ionosphere. In the
propagation business, that is called geomagnetitt@p meaning that the earth's field largely
determines the distribution of electrons in theogphere. True, the solar UV creates them
and they are most numerous where the sun is owtingiathey are held on field lines and
linger on after dark, to our great advantage.

But the earth's field also creates problems, eappgdor the low-band operator. It turns out
the gyro-frequency of electrons around field linesabout 1 MHz and comparable to
frequencies in the 160 meter band. Thus, a monerge approach has to be made in the
theory of propagation at that frequency, addingefiects of the earth's field on ionospheric
electrons. The results are quite complicated, vellptically-polarized waves on low
frequencies where linearly-polarized waves weresthey earlier on high frequencies. That is
a subject in itself and has to be left for a railay. But those are not the only ways that the
earth's field enters into the propagation pictuséay tuned.

Earlier, | said there were other ways that thehéafteld enters into the propagation picture.
But that's sort of getting ahead of my developnsmiet's backtrack a bit and look at the
historical picture.

The study of geomagnetism goes back more than &8s ywell before the advent of radio.
It was known that the occurrence of magnetic stosas related to the solar cycle and, by the
same token, it wasn't long before it was realizet HF propagation was related to it too.
The two really came together about 70 years agomvdoeenmercial radiotelephone service
was established across the Atlantic Ocean. Thewodh became apparent that there were
disruptions in service during magnetic storms. Yan find all that discussed in the I.R.E.
journals in the early '30s.

In that period it was thought that the ionospheges the result of solar UV, the photons
reaching the earth 500 seconds after leaving the simd while magnetic storms were known
to disrupt radio propagation, there was no obvimarmection as experience showed magnetic
storms occurred a couple days after the flash pbleadarge flare on the sun. True, there was
the idea of solar material, electrons and prot@tied "plasma”, approaching the earth after a
solar outburst and engulfing the geomagnetic fieldsn compressing it. But the two effects
from plasma and UV seemed separable just becauddf@fences in time-of-flight across
"empty space” that were associated with the twectst

But all that changed with the Space Age when it fwasd that solar plasma was out there all
the time, the solar wind, and that it blew pastith differents speeds, 200-1,200 km/sec, as
well as different particle densities and even earmnmagnetic fields along. But for us earth-
bound souls, the big surprise was that the soksnph distorted the earth's magnetic field,
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essentially taking some field lines on the sunvwsade and pulling them back behind the earth
to form a magnetotail. Moreover, with the solasgsha coming at us, it became clear that a
ordered, dipole field did not go on forever, onlytdo 8-12 earth-radii in the sunward
direction and even that depended on solar activity.

So what does this have to do with propagation, 3slu Well remember | said geomagnetic
control of the ionosphere means that electronshal@ on magnetic field lines, making the
earth's field something of a reservoir for ionosghelectrons. But if field lines can be

distorted, that would surely affect the densityimfospheric electrons gyrating around them
and propagation.

The worst-case scenario is when field lines arggkd way back into the magneto-tail by an
increase in solar wind pressure, taking ionosphefectrons with them. That field
configuration is sketched crudely below where twmpressed field lines are shown in front
of the earth, in the solar direction, and two magtad field lines in the anti-solar direction:

Solar Wind
( <
Magnet o-t ai | * ok k% (
* * * ok ( <-
* * * * (
* * * * ( <-
* * * X * (
* (Earth) * ( SUN
* * * X * (
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(
(

<-

That would mean a depletion of electrons at F2emedieights and drastic reductions in
MUFs, affecting propagation. Fortunately, thatefsa reserved primarily for sites at high
latitudes, around the auroral zones and poleward.

What | described was what takes place during a mgggomagnetic storm. The recovery is a
slow process as ionospheric electrons have toplaced in the usual way, by solar UV and
day by day while the sun is up. So it can takesday the bands to recover when a strong
magnetic storm reduces MUFs by a large fraction.

Now to be practical again, magnetic activity ontleas caused by interactions of the solar
wind out there at the front of the geomagneticdfielThe field region around the earth is
called the magnetosphere so we're talking aboat®fion high latitude field lines that go out
to the magnetopause, the dividing surface betwerastrial and interplanetary regions. But
it must be recognized that this sort of thing istoggled on and off; it is going on all the time
as the solar wind sweeps by. Itis just a mattelegree. But how to deal with it in DXing?

The clue comes from an interaction within the magsghere, local electrons being
accelerated to high energies and then spirallingndfield lines to make visible aurora and
ionization at E-region heights. Those events aggered by solar wind interactions at the
magnetopause and accompanied by horizontal curiantee E-region that show up in

magnetic observations on the ground. It then besoanmatter of using the strength of the
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local magnetic effects at auroral latitudes, withakd A-indices like those you hear about on
WWV, to judge the energy input from the solar wind.

To bring this to a conclusion, good propagationditoons are found when there is a strong
UV input to the ionosphere and low magnetic indi¢ee 3-hour K-index less than 4 and the
daily A-index less than 25. Dreadful propagatianditions were found recently in the

magnetic storm of August 27 when K reached itst]i® and the planetary average of the A-
index was 112. But it could have been worse! Hmwelet's look at the brighter side next
time, how signals get from A to B.

Let's leave a curved ionosphere to later and deeséitat-Earth Physics” to see how signals
get from point A to point B. For that we start kve simple model of the ionosphere in which
the electron density increases upward and peaébaatt 300 km altitude. That's something
like a night-time ionosphere.

Now it may seem strange but one can draw an andletyyeen the flight of a baseball and
RF going up through that ionosphere. For the kakdibgh school physics teaches you how
to calculate how high a baseball would go if throventically upward. In college, the ball is
thrown or hit upward at an angle. The method esgsame in both cases: the ball rises until
the increase in its potential energy in the eamnéyritational field is equal to the kinetic
energy it had from its initial vertical motion.

Neglecting friction, the baseball's path is a palalthat is symmetrical about its highest point
and the ball returns to the ground at the sameeaigihe vertical as it was launched. While
not really parabolic in shape, the flight of RFailgh that simple ionosphere is similar,
reaching a peak altitude that is determined byfitbguency and launch angle, symmetrical
about the peak and returning to ground at the samg&e. How does that happen? Let me
explain.

The flight of a baseball and the path of RF in mpe ionosphere are determined by
gradients, of the gravitational energy of the ballthe first case and the electron density
distribution in the second one. There is a gradadreither of those quantities if there's a
change in value with altitude, say gravitationaérgy or electron density greater at higher
altitudes than lower at altitudes. The gradienésrasponsible for the bending or curvature of
the paths in the both cases and, numerically, #reygiven by the change in value per km
change in altitude. OK?

In spite of all the "Home Run Fury" these dayssliave the baseball part of the analogy and
focus on what happens to RF. So we see that hafis,RF rising and then returning to
ground, are the result of the vertical gradientha electron density in the ionosphere. On
reflection at ground level, angles of incidence &gftection are equal and the path continues
upward again.

But there can be horizontal gradients as well,a@agss the terminator where there is more
ionization on the sunlit side than the side in dads. So if RF signals were sent initially
parallel to the terminator, one would expect thet®Be bent away from the sunlit side, with
its higher level of ionization, and toward the deeks. Right? That's skewing, pure and
simple, with the RF refracted away from the regibgreater ionization.

The height a baseball reaches depends on its gpekdirection; for RF, that translates into
frequency and launch angle. But one sees that flifflerent arguments. Let me add a few
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words there. At any height in the ionosphere, treee electrons and positive ions. If, by
mystical powers, you could grab a handful of eaath then pull them apart, they would be
attracted to each other by the electrical forcas/éen unlike charges and on release, they'd
swish back and forth, carrying out an oscillatorgtion. The frequency of that motion is
called the plasma frequency and it depends on émsity or number of particles per unit
volume, N.

For the ionosphere, where ionization increases ight, the plasma frequency increases
too. For our night-time case, the peak electramsity in the F-region might correspond to a
plasma or critical frequency of 7 MHz for the Fim@g Now vertical ionospheric sounding
shows that pulses of RF below 7 MHz would be regdrto ground while any above 7 MHz
would penetrate the peak of the ionosphere andhgo tfinity.

For oblique propagation, we have to find the effectertical frequency of the RF, just like
the vertical component of the baseball's velocitfzor RF, it's found the same way,
multiplying the frequency by the cosine of the tlerangle at launch. So, in the "Flat Earth”
approximation, 7 MHz RF launched from ground atd#@rees above the horizon (or 60
degrees from the vertical) would have an effectiedical frequency of 3.5 MHz. OK, the
"baseball analogy" would say that the RF goingatffiquely would rise until it reached a
height where the local plasma frequency is 3.5 NMHd then return to ground. Of course, it
would be on a curved path, the RF would be movargltel to the earth's surface at the top of
the path and returning to ground at the same aglhen launched, just like the baseball
problem.

In baseball, there's friction and that changedlilet of a baseball. We don't put "friction” in
the RF problem. Instead, the electron density gtvan height may vary along the path
direction, say become smaller. That would servéilth levels of the ionosphere upward and
weaken the density gradient. As a result, theraldvbe less refraction or bending after the
peak altitude than before, and that tilt servaasdoease the length of a hop and change the RF
angle on return to a lower value.

In reality one would expect some change in electtensity along any path, increasing as a
path goes into sunlit regions or decreasing whenggmto the dark. So even if nothing else
changed, one would not expect hop lengths nor tiadiangles to always remain exactly the
same all along a path.

The above approach, equivalent to mirror reflediohRF, is Newtonian in the sense that the
analogy treats a RF path like that of a particlaséball) and not a wave. When the
Maxwellian or wave approach is carried out, onédithat refraction is the same except that
the effects vary inversely with the square of trevevfrequency. So in a given part of the
ionosphere, 80 meter RF paths are refracted orrbaah more than 10 meter RF paths, either
vertically or horizontally. OK?

MUF and RF attenuation

OK, now we have the idea of critical frequencied &ops so it is no big deal to work out

how propagation on a path may be open or closeBXong on a given frequency. But to do

that, we need at least map of where the RF is ldeandi@ an idea of how many hops would be
involved. Beyond that, some ionospheric detaits raquired, the critical frequencies along
the path at the date and time in question.
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If one gets into the mathematics of all this, iniout that hops via the F-region may reach
about 3,500 km and half that via the lower E-regi@o using those ideas, one can estimate
the hop situation, at least as long as there isanoixture of E- and F-hops. So consider a
path from my QTH in the Northwest to London, sonf&0® km in length. That would work
out, to a first approximation, to 3 F-hops of 2,308 each. Now what about the critical
frequencies at the peaks of the hops; how highheng and what bands might be open to me,
say at 1200 UTC?

To answer that question, one would need some tddtabase, an array of observations from
which an estimate could be obtained by interpahatior a mathematic simulation of the

database that could be used to calculate theatritiequencies. Actually both methods are
used in modern propagation prediction programseliber way, appropriate numerical values
could be obtained for the peaks of the hops. Bwdtwo do with that data?

For a one-hop path, the matter is simple; the gWecvertical frequency of the RF that is

launched must be less than the critical frequencyhfe path to be completed. No problem.
For two hops, the effective vertical frequencyltd RF must be less than the SMALLEST of
the critical frequencies of the two hops to hawermplete path. And the operating frequency
that gives the highest effective vertical frequerniecgtt can complete the path is called the
Maximum Useable Frequency (MUF) for the path at time and for the corresponding solar
conditions.

But the path from my QTH to London involves 3 hopéiat's the story there? Historically,
the idea was handled like the 2-hop path, usingtitieal frequencies at the first and last hop
to determine the MUF. The idea was that if propiagafailed, it usually would be due to
conditions at one end of the path or the other.yway, this is called the "control point"
method and is used in most simple propagation progr More sophisticated approaches
would use critical frequencies at each and every dad the lowest would be the important
one that limits propagation.

It should be noted that the control point methodulMtobe quite satisfactory for MUF
calculations so long as the critical frequencyhaf middle hop is not less than those at either
end of the path. That would be the case for pgtirsg across the more robust ionosphere at
low latitudes where the sun is more overhead duainig@y. But MUF calculations using two
control points for high latitude paths, like frometNorthwest to London, can be misleading
as the critical frequency for the middle hop (oMerthern Canada and Greenland for the path
to G-land) could be lower than at the end pointbthnis propagation not supported across the
entire path using the MUF from control points.

The MUF calculations play an important part in @gation predictions but it must be
remembered that signal strength, in comparison maike, is an important consideration. As
noted earlier, ionization and MUFS are more impurfar the higher ends of the amateur
spectrum and signal/noise considerations for thvetend. In any event, for communication
a path must be open or available and signals neustddable and reliable.

All of the discussion up to this point has dealthwpropagation from a conventional
viewpoint - determined by the ionosphere that isrbead and, in turn, one controlled by the
level of solar activity. Obviously, propagationasomplicated process and it may seem a bit
naive but we try to make all our predictions oni\geg date using using databases which rest
on only a few numbers - sunspot number and magmadices. It is not surprising that
predictions are not 100% reliable. Such high etgigms would deny the variability of the
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original data input from ionospheric sounding arat reflect the roles of dynamic solar
variables.

So far, this brief summary of the principal poitisit are involved in HF propagation has
been largely centered on words and concepts. Mdvareed topics require a good deal of
graphics so | will make appeal from time to timeatdigure or two in one or more of the

reference books given earlier. While figures aeeliest way to convey some of the material,
I will also try to put the ideas in simple wordsittwill carry most of the meaning.

To me, the study of ionosphere and propagation gegdhmmarkedly with the advent of the
Space Age. Thus, with the International Geophyskear (IGY) in '57, high-altitude
balloons, rockets and satellites began to probedb®mns where only radio waves had been
before. So the "Photochemical Era", where solaitqgis and atmospheric processes were
thought to control the dynamics of the ionosphgexe way to the "Plasma and Fields Era"
we're in now, where the interaction of the solandwvith the earth's field and the atmosphere
are the controlling factors for propagation.

In simple terms, hams no longer look out the windowtheir local weather, determined by

the day, time and season, but now turn to the rieteto get a daily report on the Space
Weather. In a sense, propagation and DXing jusainecless mysterious and even more
interesting. That's what we'll be pointing towandPropagation 201, preparing for all the

details in Propagation 301. So go prowling aroura Ihternet and see what you can pick up
between now and then. School starts with the $ession on October 1.

It's no secret that success in DXing means getliggals to and from a DX station and also
having them heard and read at both ends of the path between those two ends, a lot of
things happen in the ionosphere and some of them $ike well-kept secrets. So the hope is
some of that can be dispelled by the discussioriwfullows. But we need a beginning and
the question is where to start. Let's take thg e@&y and cover old ground first, the matter of
ionospheric absorption that was discussed prewousl|

So we go back to the idea that RF excites the relestin going across the ionosphere,
jiggling them at the wave frequency. And they idalwith nearby atoms and molecules,
transferring some energy derived from the wavethéoatmosphere. That's how absorption
takes place, mostly down in the D-region. Buté'®ea frequency dependence we should talk
about now, how absorption varies with the opera@iG and with height, since the collision
frequency of the electrons is not constant; instéadecreases with height and that's a help.
So it's clear now that ionospheric absorption igtle more complicated than | first let on
back in Prop. 101.

But one can get a handle on it by looking at thieeemes, low in the D-region, say around 30
km where the collision frequency is greater thay ahthe frequencies in our spectrum. In
that circumstance, collisions happen so often betrens never have a chance to pick up any
energy from the passing RF. On the other handyigit altitudes, say around 100 km,
collisions are quite infrequent and the electrasadiate most of the energy they acquire and
transfer very little to the atmosphere by collison

So it is in between, where wave and collision festpies are comparable, that electrons take
up RF energy efficiently and then promptly deliverover to the atmosphere. So with
collision frequency falling with increasing altited28 MHz RF is absorbed at lower altitudes
than 3.5 MHz RF, as shown below:
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Relative Absorption Efficiency per Electron

30 40 50 60 70 80 90 100
He (km

That graphic illustrates something that DXers knaWweady, lower frequency signals are
absorbed more than higher ones but it shows whexk happens. That's news, at least for
some.

To go beyond that qualitative result, one must levanalytical form to represent the curves,
call it F(f,h) for frequency f and height h. Themltiply F(f,h) by the number N of electrons

per cubic meter at height h and include the physicastants to give the right units, dB/km.

When all is said and done, the result is:

Attenuation (dB/km) = 4.6E-2 * N * F(f,h)

But that is only at one place, where the electremstty is N. Our DXer's signal is attenuated
by ALL the electrons encountered along the RF patim point A to point B so that means
we need to know something about the propagationembeé distribution of electrons and add
up the results, km by km along the path.

That's a tall order but when it's done, it will bleaour DXer to find just how much of the
radiated power P survived in going from A to B. tBvhether our DXer can be heard still
depends on how well the attenuated signal compaitsthe noise power getting to the
receiver at B. But I'm getting ahead of myself.

The crude graphic shown above can help in undeifstg a lot of simple things. For
example, it is possible to identify various ionospb disturbances just by the absorption they
produce. One approach is to use an HF receiverotator the galactic radio noise coming in
vertically on 30 MHz. Galactic noise gets rightaiigh the F-region as 30 MHz is above its
critical frequency, even at equatorial latitudeserehit might reach 20 MHz in a solar cycle.
That instrument is called a riometer, for Relativrospheric Opacity METER, and they are
generally deployed at high latitudes where ionospltiésturbances are most common.

So now, if some disturbance increases the eledeonsity in the D- or E-region, we see that
the galactic noise signal will be attenuated ardicete the presence of a disturbance. But
there are disturbances and then there are DISTUREEMN So the graphic also tells us that
anything that disturbs the lower D-region will pung strong attenuation of the galactic radio
noise and, electron for electron, the attenuatidhbe much less if the disturbance produces
ionization at much higher altitudes.
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The first case would be for polar cap absorptic@APevents, like we all experienced in May
of '98. In those events, solar protons produce dbtionization around 40-50 km altitude and
give rise to tens of dB of additional absorption 88 MHz and blackout oblique
communication paths going across the polar capsorAl events, say associated with
magnetic storms, give rise to strong ionizationvab®00 km, where the graphic shows the
absorption efficiency is much lower, and auroraaption (AA) events show only a few dB
of absorption of galactic noise on 30 MHz. Of gmyrthere are other differences in the two
types of events, how the ionization is distribuiredatitude and longitude and how long they
last. More on that later.

One last disturbance, again something that wasmithr recent experience with all the flare
activity in the summer of '98, is sudden ionosphelisturbances (SID) from bursts of solar
X-rays. Those X-rays, in the 1-8 Angstrom rangeuksed earlier, were incident on the sunlit
hemisphere of the earth and literally swamped thenal distribution of ionization at low
altitudes, giving intense absorption of signalsnga&cross the sunlit region. But experience
shows, and the graphic indicates, that the effeatse worst at the lower ends of the
spectrum, wiping out 75 meter operations but halittlg effect on 28 MHz, except perhaps
for some solar noise bursts associated with thmfa

Il this would be quite academic, perhaps, werettfor the fact that one can use the Internet
to see these events in action or shortly thereaffbus, records from the X-ray Flux Monitors
on the GOES 8 and 10 satellites are shown at:

http://www.sec.noaa.gov/today.html

giving more meaning to the idea of an SID.

We'll get to that later on but the main thing ferin the records is that plots for O degrees tell
what is going down into the atmosphere, making mummization and affecting the
ionosphere. The 90-degree plots involve partittepped in radiation belts and are more
colorful than informative.

While disturbances come and go, affecting our gbib work DX, we really need to know
something about the normal situation, say theilligion of ionospheric electrons with height
as well as latitude and longitude. That is a sdeo but, believe it or not, it can be contained
in one HD computer disk. I'm talking about theehmational Reference lonosphere (IRI), the
summary of decades of ionospheric sounding all ¢herworld. You can access the IRI
model at this address :

http://www.ion.le.ac.uk/remote sensing/models/teclh

the NSSDC version displayed below being at profesdiuse :

http://nssdc.gsfc.nasa.gov/space/model/modelshri.h

So it will provide data on the robust part of th@osphere at low latitudes where the sun is
more overhead and the mid-latitudes where the ma® is more seasonal in its properties.
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But the model is not reliable at high latitudes; sam below the auroral zones and poleward.
That region is under the constant influence ofghl@r wind and electron densities are highly
variable, even hour by hour. So that model habnitiss. But to bring the model to life, one
needs a mapping program to show the vertical ambad)l distribution of ionization.
Fortunately, we now have such a program availablanhateurs, the PropLab Pro program
from Canada. I'll have more to say about that tiee.

Reference Notes:

A Dbetter representation of the relative absorpdiiciency per electron as a function of
height and frequency in the D-region is found igufe 8.1 in my book, "Little Pistol".

And a more detailed discussion of the analyticaimfoF(f,h), is found in Section 7.4
(lonospheric Absorption) of Davies' book, "lonosptidRadio”, beginning on p. 214. Also,
the variation of collision frequency with heightgsren in Figure 7.5 on p. 215.

Distribution of ionospheric electrons

In the previous page, it was pointed out that fnrtiprogress on propagation requires
knowledge of how ionospheric electrons are distaduOf course, that will be different, day

and night, as well as with seasons and sunspoégychgain, it would be easy way to fall

back on something in previous pages, say the nigig-ionosphere and continue the

discussion from there. But that would involve antendous leap over distance and logic
that's not too productive. So let's talk/walk owywp to higher altitudes, starting from where
we are now, the D-region.

For one thing, the D-region involves a lot of faarlideas and we can work from there. For
example, below the 90 km level, our atmosphererastypwell mixed, about 78% nitgrogen

molecules and 21% oxygen molecules, by volume. fdmaining 1% is made up of

permanent constituents, like the noble gases akasehydrogen, methane and oxides of
nitrogen. Of course, every schoolboy knows abtbt tariable constituents, like water,

carbon dioxide, ozone and various bits of industtebris, smog, that are found in around
heavily populated regions.

Global weather systems keep the lower atmospHleséireed up, in a mechanical sense, but
that is not to say that convection from solar hmgats the only influence of the sun. Indeed,
as was discussed earlier, there are electrons @sitive ions in the lower D-region, released
by solar EUV and X-rays. When the sun sets, onghtnihink that all the ionization
disappears by recombination and the region becaoeésnized and neutral.

Of course, the ionosphere is always electricallytra, with the equal numbers of positive
and negative charges, but recombination lowers ti@nbers. Still some ionization does
remain, produced by other sources; those includeabl X-ray photons in starlight, sunlight
scattered by the gas envelope (geocorona) surnogiiide earth and even charged particles,
the energetic protons in the galactic cosmic raante

So it follows that ionospheric absorption woulddreatly reduced after dark but does not go
to zero. There is good news in this discussiomewer, as some electrons are taken out of
the absorption loop at night by becoming attacleedxtygen molecules. Those negative ions
are so massive that they can't be budged by RRgdmynand just do not participate in the
absorption process.
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And at night, the number of negative ions of molacwxygen in the lower D-region grows
to large numbers in going downward from the 85 krel. That is the very reason that those
solar proton or PCA events mentioned previouslywshauch less absorption when the sun
sets. But when the sun comes up, solar photorgietiectrons from the negative ions and
absorption goes back to the daytime level agaimat @oes not happen for auroral events and
that is another story, about another region higinére ionosphere. More on that later.

In any event, the frequency dependence is stéffiect for whatever absorption occurs, taking
a heavy toll on low frequency signals. But thastil not fatal to propagation, even on the
low bands. Thus, everyone knows about broadcasbss coming in better after dark and
those signals can be heard across very great destaas many SWLs will testify. And even
with more limited power, 160 meter operators cahl work great DX. But in the last
analysis, both SWL and low-band DXers run up adédims same problem, noise. That also
has its origins down at low altitudes so we carl deth that right now, while in the region.

Noise is described as broad-band radiation froroteda@l discharges, either man-made or
natural in origin. Whatever the case, being aaainal, noise will be propagated like any
other signal on the same frequency. That meamsprfe thing, that noise signals that are
below the critical frequency of the F-region ovexthewill be confined to the lower
ionosphere, dissipate down there and not escajdindy. By the same token, noise signals
above the critical frequency are lost and won'tbous very much on the higher HF bands.
But the lower bands do have a problem; so letsahbut it.

Noise of atmospheric origin comes from lightningksts and will be seasonal and originate in
fairly well-defined areas. Among the powerful smes of noise are low-latitude regions of
South America, South Africa and Indonesia. But ave our own noise source, the
southeastern states during the summer months. ré&aldband noise originates from those
regions and is propagated far and wide througtoregin darkness. But once the sun comes
up, ionospheric absorption takes over and the poige heard is of local origin, static crashes
from nearby lightning strikes.

The above points are not news to domestic DXesy @ire quite familiar with their own
situation and can work within its limits. But thog®ing on DXpeditions often go into
unfamiliar territory and don't always think abotetatmospheric noise problem. So 160
meter operators on DXpeditions have been knowretgrbeted by S-9 noise the first time the
receiver was turned on. That evokes instant pamicsets in motion efforts to ameliorate the
problem, say trying different antennas and suchos€& don't work every time and hindsight
often proves the problem could have been avoidedliaige measure, by planning the
DXpedition for a time on the winter side of an atpx, not the summer side.

Of course, the other source of noise is quite |logen-made in origin and coming from
various electrical devices. While the global disiens of atmospheric noise have been
investigated extensively over the last 50 yearsogthe same is true of man-made noise and it
can be categorized as to origin and even giveacuéncy dependence.

As for origins, the worst situation is an indudtsatting and then lesser problems are found
with residential, rural and remote sites, in thaten. In that regard, the VOACAP
propagation program allows one to select the receaiting and then takes that, as well as the
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bandwidth (in Hz) of the operating mode, into cdesation in calculating the signal/noise
ratio that would be expected for a path.

Of course, an operating frequency is put in folheaaculation, giving results for noise power
similar to the rough sort of frequency variatiomsi below:

Noi se Power (dBW Hz) * - Industrial
-140 - 0 - Residenti al
* X - Rural
0 * # - Renpte
X 0 *
-160 - X 0 *
# X 0
# X 0
. # X (o}
-180 - # X 0
# X 0
# X
. #
-200 - #
B S T S S T T ST
3.5 7.0 10.5 14.0 17.5 21.0 24.5 28.0

Frequency( MHz)

It should be realized that those values for thee@ower are averages throughout a day and
subject to considerable variation, with changelsuman activity. So low-band DXers sitting
there in the wee hours of the morning will not hiber buzz of chain saws or weed-eaters but
they might have to put up with other noise, saylspg heaters in fish tanks or hash from
computers, TVs or various forms of consumer el@toin nearby homes.

Last of all, there are extraterrestrial sourceam$e too, from the galaxy, as noted in regard

to riometers, and solar noise outbursts. Galaetito noise is quite weak and reception
requires very sensitive receivers at sites welleemd from sources of man-made noise. But
solar noise is another thing and it can be quitensgt at times when solar flares are in
progress.

As you'd expect, solar noise can pass through thegien if its downward path has an
effective vertical frequency that is greater thae tritical frequency of the F-region. Thus,
solar noise would be heard more often at the tdp@fimateur spectrum, especially when the
sun is at a high angle in the sky. And it can biegstrong at times, whooshing sounds that
rise and fall in intensity, even capable of overpang CW and SSB signals on the higher
bands. By way of illustration, solar noise wasdigered by British scientists during WW-II
and was first thought to be a new form of Germalargamming. OK?

Extraterrestrial noise sources are getting a biafeld so we'd better get back down in the D-
region and move on from there, going above 90 kchsaeing how matters start to change.

Reference Note:
A detailed discussion of radio noise, both atmosphe&nd man- made, is found in Section

12.2.4 of Davies book, lonospheric Radio. In addijtMcNamara shows how to calculate
noise power for the various categories of sitep.dd3 of his book, Radio Amateurs Guide to
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the lonosphere; in addition his Appendix A goest@show how to find field strengths and
S/N values on any path.

Now we have to move up from the D-region, goingva®0 km into greater heights. In
doing that, it is necessary to not only talk akibetionosphere but also the underlying neutral
atmosphere.

A few words about the ionosphere will do for stegtsince that is something we've already
covered. For example, the collision frequencylettons with their neutral surroundings is
quite important in discussing ionospheric absorpticAnd | mentioned that falls off with
increasing altitude. The same is true of the siollis between the neutral constituents. So
neutral-neutral collision frequency goes from ab®913%sec at sea level to 1.2X1€ec at

90 km, dropping about six orders of magnitude. ¥$hme is true of the number density,
going from 2.5x1& particles/m at sea level to 5.9x1Dparticles/m at 90 km.

Clearly, things thin out as we go up and collisibesome much more infrequent. Of course,
you suspected all that but now you know some ofrthmbers. But you may have not
suspected how those changes would affect DXing Bneden VHF. So stay tuned as | go a
bit further; then | will get to the "nuts and bdlts

To go on, | mentioned the atmosphere is lightlyized and | also pointed out that
recombination was the fate of electrons and pasitws, especially after dark. But it does go
on even in the sunlight and one process involvesmbination of positive molecular ions of
oxygen (3") with electrons. When that happens, the neuteaoule (Q) is re-formed but
with excess energy; so it flies apart, into two @y atoms (O). But considering how lightly
ionized things are in the ionosphere, that can Ildrd considered as a strong source of
oxygen atoms. OK?

But during the day, the atmosphere is bathed bygetie solar photons; some, as we know,
ionize oxygen molecules and thus can contributhedonosphere. Others dissociate oxygen
molecules into two atoms. But with such a lowisadh frequency at 90 km, an oxygen atom
can linger around for about a week before findingther oxygen atom and recombine to
form molecular oxygen again.

So the long and short of it is that by the stedllynination of the atmosphere by the sun,
atomic oxygen can build up to become an importanstituent of the atmosphere above 90
km. One step further tells us the atomic oxygers,&, will be created too by all those solar
photons going by. So how long will those ions?astood question; it depends on which
process is considered, perhaps recombination wittlectron to form a neutral atom. It turns
out that if recombination were the only possiblee flor O+ ions, they'd linger around a long
time too. Something else seems to happen butéefeiting to that, let's look a bit deeper
into the J situation up above 90 km. OK?

The recombination of Owith an electron is a radiative process, the exasergy being
given off as a photon while the atom recoils tosssme momentum. But it is slow , | mean
VERY SLOW in the scheme of things. And that seamde the case for other similar
radiative processes, like with metallic ions. ustj seems to take forever for an electron and
metallic ion to get it together and recombine. Baw comes the PUNCH LINE; there are
metallic ions in the upper atmosphere, meteoricidebat has drifted down and been ionized
by solar photons.
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And recombination being a slow process, they lirg@und a long time. In fact, they can
linger around and be caught up in the occasionalthveg activity up around 100 km, wind

shears. And being tied, as it were, to field ljn@g;d shear can compress them into a thin
layer. But their electrons are not far away sa thakes for a thin layer of electrons too. So
now you guessed it; I'm talking about sporadicyeta up around 100 km or so.

The electron population, being squeezed into altyar, looks sort of metallic too when it
comes to wave propagation so RF is really reflettgdhose layers, the sort of thing we
talked about back in Prop. 101, tilted reflectiagdrs. In the present case, the tilt would be
that of the magnetic field lines that hold the ges: But the tilt is not so important to DXers;
it's the presence of a strong, reflecting layeuado100 km altitude.

Sporadic E is known to be a nuisance for HF propaga By its presence, it can RF cut off
from long paths via the F-region up around 300 kmd ahus disrupt long-haul
communications. And the reflecting properties barso great as to not only reflect RF from
the top of the HF spectrum, to the annoyance o2& DXers, but also reflects RF in the
VHF portion of the amateur spectrum, to the joytled 50 MHz and 144 MHz DXers. |
should add that some contestors love sporadic theascan go to higher bands and make
many short-haul contacts on bands that would bee gigad otherwise. All that from the fact
that recombination is so slow for atomic oxygen aredallic ions.

Still speaking about the importance of atomic oxygethe atmosphere above the D-region,
its build-up by photo-dissociation of oxygen molesuserves to add it to the "targets" for the
various forms of incoming radiation, photons orrgeal particles, that pass through the upper
atmosphere. And just to make my remarks rathen€l”, if you saw any bright aurora a
couple weeks ago, at the end of September, the g@er you saw was the 5577 Angstrom
spectral line from atomic oxygen. How about that’should add that the green aurora
"washes out" to become gray aurora at great viewisg@nces. That's a property of the eye,
they tell me.

And speaking of great viewing distances, the basnh& oxygen story | know of has to do

with the early days of Rome. It seems a red gloas ween in the northern sky and the
Romans figured it was the Huns, pillaging villaggsnorth. So they saddled up, got in their
chariots and roared off in the night. No Huns wiexend but the sky glowed again the next
night. More riding, still no Huns. Nowadays, weokv they were fooled by the red line of

atomic oxygen, 6300 Angstroms found up around 1)0@0 You can do a simple graphical

calculation to find the distance of the aurora frim@ Romans. (Using 6,371 for the radius of
the earth and my plastic ruler/compass, | get al3g8®0 km; that works out to about 30

degrees of latitude, putting the aurora up ovemibr¢ghern coast of Norway. Sounds right to
me!)

But back to the ionosphere and th&itn. As | indicated, its recombination with elests
goes very slowly, meaning that it could undergeegtmore likely processes. To make a long
story quite short, an ion-atom interchange can falkee in nitrogen molecules with®O
displacing a N atom and forming a positive nitridde ion, NO.

So now we have all the principal players in theogpheric drama, electrons and negative ions
of molecular oxygen as well as all the molecularsiooxygen, nitrogen and, now we add,

nitric oxide. It is the physics and chemistry obgk ions, in the presence of the neutral
atmosphere, that we have to look to understariti@linysteries of HF propagation.
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But now with the full cast of characters, we hawenvork our way up above 90 km. So the
next stop will be the E-region, up around 105 Kburing the day, it is one of the levels of the
full electron distribution shown below:

Ht (km)
| *
| *
+ *
I *
I *
300 + *
[ F2- Regi on *
| *
+ *
I *
I
200 + F1- Regi on
I
I *
+ *
| *
| *
100 + E- Regi on *
I * * * * * *
I * * * * *
+ * D- Regi on
I
I
B e T L T T T T S S
1E+1 1E+2 1E+3 1E+4 1E+5 1E+6

el ectrons/ cc
Reference Notes:

A brief discussion of the occurrence of sporadiclalgers is given in Section 3.5 of
McNamara's book and a detailed discussion of thehar@sms related to sporadic E,
complete with references, can be found in the Guidlmvember '97 issues of QST.

The Roman aurora story as well as other interestileg about the geomagnetic field may be
found at the end of the second volume of "Geomagmétby Chapman and Bartels, Oxford
University Press, 1940. Great reading!
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We pick up where we left off, going up to the Etoeg You will recall it is the first "step” in
the ionosphere that lies above the D-region, esdlgnan inflection point in the curve that
outlines the vertical distribution of electrons:

Ht (km)
+ *
| *
| *
100 + E- Regi on *
I * % x % %
I * x  *  *x %
+ * D- Regi on
I
I
O+ - 4 - = = = F+ = = = = F = = 4 - F = 4 4 - F = - - - F+ -
1E+1 1E+2 1E+3 1E+4 1E+5 1E+6

el ectrons/cc

In the early days of ionospheric sounding, thdettfon was enough to give an echo, making
it stand out in the records like the peak of theegion. And it is there all the time, the most
well-known and studied part of ionosonde recorBsi there were also surprises in the same
range of the records, sporadic E layers. But thaxe known for their irregular and
unpredictable behaviour and make a separate statlyvill not concern us here.

But those sounders were calibrated in frequenclyeleztron density, and thus they provided
data on critical frequencies. If one does a biioabspheric theory, the electron density and
critical or plasma frequency are found to be relate follows:

fc = (9*E-6)*SQRT(N)

where fc is in MHz and N in electronsiTmGoing to the curve above, the electron dengity a
100 km is roughly 8E+4 electrons/cc or 8E+10 etswsin?, yielding a critical frequency of
2.6 MHz.

The electron density profile given above is fortitag conditions so signals incident on the
bottom of the ionosphere would pass on to the knegverhead if their effective vertical

frequency were above 2.6 MHz. As an illustratiomdHz RF launched at 30° would have an
effective vertical frequency of 3.5 MHz and makehitough to the F-region easily while at
15°, the effective vertical frequency would only b8 MHz and RF would be blocked or
"cut-off* from the F-region. I'm sure you've hedltht term before in connection with

propagation programs.

Now | made a couple of points about the positive @f atomic oxygen (Q: that its
recombination rate is quite low and that it canargd ion-atom interchange with molecular
nitrogen to yield a positive ion of nitric oxide @N). Just to come up with some numbers, |
checked on the situation here at my QTH, usingnternational Reference lonosphere (IRI)
program at local noon for the recent equinox. @tmmic oxygen ion proved to be less than
1% of the positive ions at the 100 km level; algsing some rate coefficients from ion-
chemistry, it turned out that the molecular ionsorabine with electrons at a rate which is
150 time faster than that for the atomic oxygen i@K? See what | mean?
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The relative rates will remain the same with sa@anith angle so that means that at low
altitudes in the D-and E-region, the slow loss cit®" by recombination is not important and

ionization largely disappears as molecular ion®mdmzne with electrons when the sun sets.
Put another way, the level of ionization in thedgion is really controlled by the zenith angle
of the sun, being the greatest when the sun isekigingle in the sky and quickly disappears
by electron recombination when the sun sets.

Of course, the phase of the solar cycle playsata so the experimental studies show that
the critical frequency foE of the E-region duringydme hours is given by the following
expression:

foE (MHz) = 0.9*[(180+1.44*SSN)*cos(ZJf°

where Z is the solar zenith angle, SSN is the satnspmber and the expression between
square brackets it taken to the 1/4 power. It ghdnd noted that this expression does not
apply at high latitudes where auroral ionizationthie same altitude range is common and
would be added to that of solar origin. And it sle®t apply at night where there are special
conditions just above the E-region. More on th&tl.

But beyond those caveats, it should be borne irdrthat the data on which that algorithm is
based had some experimental uncertainty assoondtbdt, say 5%-10% for individual foE
entries from the raw ionosonde records. So it @dnd a mistake to give any reliance on the
predictions that are inconsistent with the datauinp This holds true throughout all of
ionospheric work; the ionosphere is not a High-Qick and though results derived from the
databases can be given to a large number of figuasall of them are really significant.
OK?

Critical frequency maps of the E- and F-regions

Now, in your mind's eye, think of a spherical eaatid the sun situated over some point
between the Tropic of Cancer and the Tropic of @€apn. Circles on the earth's surface

centered on the sub-solar point would be locatlmsng equal solar zenith angles and thus
would have the same value for foE. Of course,highest foE value would be at the sub-

solar point. At the time of the recent equinox, whbe effective SSN was about 75, that
would give foE as 4.1 MHz for local noon at the a&fmu. And foE would have the same

value at local noon for times of the summer andevisolstices at the Tropics of Cancer and
Capricorn, respectively, if the SSN remained thaesa

If your QTH were on the sunlit hemisphere, you wiblé able to find foE for the ionosphere
overhead by finding which circle your QTH was lezhton. Better yet, if you know about
great-circle navigation, like some boating enthstsiayou could calculate foE yourself. All
you need to know is the date, time and your owrrdioates to find the solar zenith angle
with the aid of the your hand-held calculator agtter yet, the U.S. Navy Nautical Almanac
computer program; the equation above tells the rest

This last point brings to the fore that discussiomaking use of "Flat Earth Physics" must
come to an end. To do things right, we really nieplut in the curvature of the earth and the
ionosphere. So from here on, we'll be treatinga@hesphere as spherical and concentric with
the earth. And while we're at it, we'd better auiottom on the ionosphere, up there around
60-70 km where the D-region ionization rapidly headward zero. If nothing else, that is
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needed to find the correct angle for the effectigdical frequency calculation or the fraction
of a path that goes through ionization in the Diarg

Those who know great-circle navigation can prettgilveee how it would go but other

geometers, skilled with a graduated compass aatystredge, can still see some important
facts. For example, it is fairly easy to show tthe angle of approach for RF incident on a
curved ionospheric layer is smaller than for a eléayer, thus raising the effective vertical
frequency and making it more likely that RF can g@uthrough the region. It's also easy to
show that the slant path through a curved ionospletonger than for a plane layer, thus
having RF pass through more electrons along agathncreasing the amount of ionospheric
absorption.

Whether the E-region is a problem or not dependtheroperating frequency. Thus, at the
high end of the amateur spectrum where MUFs offthiegion are important, the operating

frequency is greater than foE and it is possibteRB to go right through the layer, on to the

F-region at greater heights. But that is not pthat some bending/refraction does not occur
in the passage through the E-region. It is jusalseompared to the refraction that brings

oblique signals back down to ground level.

At the low end of the amateur spectrum, the E-mreggothe enemy, keeping signals on paths
with short hops and high absorption. It is to weided at all costs by DXers so their
operating times are all in hours when there is dlaltkness along the paths of interest. So
come sunset, operations begin and come sunrisgctimee to an end. It's as simple as that
but a lot of sleep is lost in the process.

It is the transition bands, 10-18 MHz, where bdth E- and F- regions are important. Thus,
operations are often arranged to coincide with dantusk on the E-region but while critical

frequencies of the F-region are still high. Thistermed "gray line" operation and is

particularly helpful to DXers interested in longtpgropagation. More on that later.

Reference Notes:

Numerical algorithms for critical frequencies aoeiifid in most ionospheric references that
have any quantitative aspect to them. It shouldré®ognized that while the various
algorithms may appear different, they all give goepresentations of the experimental data.

An excellent discussion of ionospheric sounding @&mbgrams is given in Chapter 5 of
McNamara's book, Radio Amateurs Guide to the lohesp Davies' book, lonospheric
Radio, also has a good discussion of ionogramregalnd interpretation in Section 4.9.

While | bought my copy of the International Referenlonosphere, | remember that
University of Leicester, U.K., _(http://www.ion.l&eak/remote_sensing/models/tec.html
provides an online web form of IRI that calculatke electron concentration (TEC) of the
ionosphere and displays results on a world map.

NSSDC (http://nssdc.gsfc.nasa.gov/space/model/ratidditml) also provides a form, but
simpler and at professional usage. The originalgfam accessible for download from
NSSDC does no more exist.

Mapping of RF propagation
So far, we've been down in the D- and E-regiori&ing about how electron collisions are
responsible for absorption or attenuation of sign&lso, we got into comparing the effective
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vertical frequency of a signal with the criticaéfuency of the E-region to determine whether
the signal would be blocked or go up into the Hareg We even have an algorithm for the
critical frequency for the E-region, at least wiilea sun is up.

Now, at this point, any progress up into highelioreg of the ionosphere has to wait until we
settle some pressing questions: about paths framt poto B and how, when the sun is up,
they are affected by ionization in the E-regionut Rnother way, we have to do some
mapping - showing details of the path from pointcAB and where it lies relative to the
regions which are sunlit.

Of course, mapping brings up the question of coatdis and how RF is propagated.
Coordinates are easy; you just need a good aBasthose are not always easy to find. For
example, | spent a small fortune on a new atlaw fitee National Geographic Society only to
learn that it did not have any information on cooaties. | mean "NONE!"

| did get a Rand McNally atlas, "Today's World",abirthday present and found that it had
coordinate grids in it, 1 degree latitude by 1 éegfongitude. | suppose that can be
considered "Good enough for Government Work" oogpheric propagation but | rely on
Goode's World's Atlas that high schools used yagos

As for paths, they are taken, to a first approxiomain radio work, as being along great-
circles on the globe. That would be good exceptife fact that | pointed out earlier that RF
can suffer lateral deviations, skewing one wayha ¢ther, due to gradients of the electron
density across the path. But in the HF range, shatving is relatively minor so we can, at
least for a start, go with the idea of great-csddeing appropriate to show where RF goes.

In simplest terms, a great-circle is the trace splzere that results when it is sliced by a plane
that also goes through the center of the spheerhaPs the best known great-circle is the
terminator which divides the earth into regions ahhare sunlit and those which are not. So
the sun illuminates half the earth and if you tdketrace of that boundary, it also happens to
be the intersection of a plane and the sphericth.e®K?

Now radio paths are different in that they are quayts of the great-circle on the earth, that
from A to B. That is called the short-path fromt& B and the spherical arc can be up to
about 20,000 km in length. But how does that paibear on maps is an interesting question;
it depends on the type of projection.

Now | should say at the outset that if you looktle early part of any atlas, you will be

treated to a discussion of the various types of pragections. The one we see often is the
Mercator or rectangular projection. There, distmi$ increase with latitude and what are in
reality two points, the North and South Poles,wtienately distorted into lines at the top and
bottom of the map. The division of sunlit and deggions, given by the terminator, shows up
as something resembling a sine curve, at leagirf@s of the year away from the equinoxes.
And, depending on length, a radio path will hawet tturved character too.

What is needed for our purposes is both a pathtleaderminator, for the date and time of
interest. The part of the path in darkness will suffer absorption to any extent while the
part in the sunlit region is at risk, ionospheticapeaking. Those who operate on the low
bands, 40 meters down to 160 meters, are interestigdn times when the entire path is in
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darkness. While sunrise/sunset tables are of satpe this is really where mapping becomes
important.

But, first, pause and look at sunrise/sunset tallies the ones in the ARRL Operating
Manuals. Assuming that a path falls fully withihet dark hemisphere, operating times
without the peril of severe absorption depend ortiwr the path is to the west or east of
primary QTH. For a path toward DX to the west réheill be total darkness on the path after
DX sunset and until the sun rises at your QTH. B#rto the east, it is just the opposite,
from your sunset until the sun rises in the eddtave to say the use of tables is tedious and
give not much resolution in time and locations,llyea poor substitute for a mapping
program. But some people still use them.

The mapping program | like best is one includedtie MINIPROP PLUS propagation
program. The entries are simple, date and time caordinates of the terminii. Usually one's
coordinates are default to the calculation andahéerminus is either given by the call prefix,
districts, if the country happens to cover a laagea, or actual coordinates. The program then
gives a Mercator map, with the terminator and searty shown, and both short-and long
paths. It also gives the times of sunrise andedustseach end and it is a simple matter to find
when the path would open and close as well asuh#aer of hours of darkness.

In that projection, paths and the terminator ane-¢ike curves and the terminator moves east
to west with time. There are other programs, liReAID, HF-Prop or WinCAP Wizard 3 in
which the position of the terminator actually adses as you watch it in real-time. Some
people swear by that option but I'm not very extitg it, being more interested in what I'm
hearing on the air.

There is another type of map which | find most hdlpr my propagation work, the azimuthal
equidistant projection. You see that type of nmathe back of the ARRL Operating Manual,
with the first one centered on W1AW. In contrast the Mercator projection, where
distortions increase in going toward the poles, ahienuthal equidistant map is centered on
one point and the distortions increase with distaogvard the antipodal point on the opposite
side of the earth. In fact, the antipodal poindistorted into a circle, in contrast to the
straight lines for the geographic poles in the M&sc projection.

The advantage of the azimuthal equidistant mapasaill great-circle paths going out from a
QTH in the center are given by straight lines. atidition, the distance along the path is
linear, out to the antipodal distance of 20,000 kBut the disadvantage of the azimuthal
equidistant map is that it has to be created foh €arH.

There is another projection in which ALL great tacare straight lines, no matter where on
the map. That is the gnomonic projection, usedasionally in propagation work. The
gnomonic projection is centered on one geograpble pr the other and its disadvantage is
non-linearity, with distortions which increase iairgg to lower latitudes and the maps usually
only cover 30-45 degrees of latitude going equasodvirom the poles.

Myself, | prefer the azimuthal equidistant projeatiin the DXAID program as it includes
auroral zones based on the model used to dispaWNMAA auroral maps on the Internet.
The NOAA auroral maps on the Internet are giveteirms of auroral activity while the maps
in DXAID use K-indices for the corresponding levefsmagnetic activity. So in using it, one
can tell whether a path is more tangential to t@ral zone, for a given level of magnetic
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activity, or actually passes across the polar caylith that kind of knowledge, one
understands conditions far better just on hearisigaal.

In spite of that preference for propagation purgpséave to admit that | find the shape and
motions of the terminator a bit odd in the azimutbguidistant map projection, something

that | have a hard time getting used to. In cattta that, | have no problem with the

terminator in the Mercator projection, its changeih time seem quite natural. So | have to
say that each projection has its function as wsllvatues and that one really needs a
familiarity with both to deal with propagation pilens.

Having said all of that, we have to move on, abthe E-region and into ionization that's
largely responsible for propagation, toward theegion peak. That will take us right into the
matter of propagation predictions by bands, frondamentals as well as computer programs.

Of course, I've already made the point that agalivice propagation program would include
noise, say as signal/noise ratios. Now, | think yan understand it when | say a person
interested in propagation cannot get along withgood mapping program. In the ideal
case, both the forecasting and mapping programddwiogt on the same computer disk.
Failing that, at least both ought to be readilyilatéde to a DXer.

Reference Notes:

The MINIPROP PLUS program by W6EL has been avaldbr some years as a DOS
program and is now available for Windows 16 andb82inder the name W6ELProp". The
Mercator projection maps in this program are exélgragile and fast, making it easy to make
rapid comparisons of paths in time. Today, theeehenwever programs much more accurate
on the market.

"DXAID" for example has excellent graphics, partanly the azimuthal equidistant mapping
version with auroral zones included. It also hgsapagation module that is based on the F-
layer algorithm due to Raymond Fricker of the BB&wever, like always in computing,
today the auroral oval calculated by DXAID is outted and it can be advantageously
replaced by the one provided by DXAtlas, one ofgblelom application that matches exactly
the auroral oval prediction calculated by SEC/NOAA.

All these programs and algorithms are of courseillegty improved, making them more
comparable to predictions that would be obtainedmfrthe International Reference
lonosphere. Earlier tests for example made in 86s,' show that Fricker's work, in
MINIPROP and other programs, comes closer to mimgicpropagation predictions by
IONCAP than other programs available at the timeday VOACAP predictions are still
better, and some applications even rely on reat-tonospheric soundings.

Note by ON4SKY. Today, among the best (I mean ateuand flexible) propagation
prediction programs recently released name "WinCWkzard 3", "GeoAlert-Extreme

Wizard" and "DXAtlas", all three VOACAP-based rungi under Windows 32-bit and
providing additional features (e.g. beacon monitgyriauroral oval, long-term statistical data,
etc).

The ultimate test of paths is found in ray-tracargl the PropLab Pro program from Solar
Terrestrial Dispatch is the only one that is prédgeavailable. The program not only traces
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propagation paths but also provides details on diséribution of electrons, globally or
vertically, and gives a foundation for all ionospbevork. Myself, 1 would be absolutely
LOST without PropLab Pro.

lonization of the E and F regions

Now we have to get down to cases, dealing withdhesphere above the D- and E-regions.
But the transition is a smooth one, going from dl-wexed region largely made up of
molecules and molecular ions to a region wheresiolls are less frequent, atoms become
more abundant and constituents start to be sortethyotheir chemical weight. We'll never
really get up to the case where hydrogen is theimim constituent but that is the idea,
gravitational separation, in the upper reaches algv

The ionization in the E-region is under solar conémd was shown by the critical frequency
depending on solar zenith angle. Now, in going &iglioward the F-region peak, solar
control does continue, up to the F1-region at a0t km altitude. So the critical frequency
foF1 during daytime is expressed similarly:

foF1 (MHz) = [4.3 + 0.01*SSN]*[cos(ZJF

As shown earlier, the electron density in the FJiae is greater than the E-region and the
same is true of the critical frequency. And consteequency contours will be centered about
the sub-solar point. But at large zenith angles,algorithm is less reliable and at night, the
ionization in the F1l-region decreases to low valu#isdoes not go to down to a vanishing
level but, instead, there is a "valley" in the &lec density above the night-time E-region, as
shown below:
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The origin of the valley is complex, related to tfenge from molecular ions of oxygen and
nitrogen down low to the appearance of atomic oryged the ion-atom interchange above
90 km that produces the molecular ion of nitricox{NO). Again, the ionization in darkness
has the same origin as the E-region.

25/62



NM7M's HF Propagation tutorial

Whether day or night, the ionization in the D-reygie just not great enough to significantly
bend or refract HF signals. On the other handinduhe day, ionization in the E-region can
cut off signals from reaching the F-region. In heignals like that go off on low-angle,
shorter E-hops during the day.

At night, HF signals will just pass through the weanization that remains in the E-region,

shown above, just as if it were not there. Thatisther way of saying that the night-time
value for foE is very low, even less than 0.5 Mldnd the region is no impediment to the
advance of HF signals. On the other hand, thaD3 he case for signals in the 160 meter
band. That will be VERY interesting but let's dwre other things first.

For example, let's look at how critical frequenciesy with sunspot number so we can put
effects of the various ionospheric regions in pectpe. For one thing, with the different
heights for the regions, E-region around 100 kmlevthe F1-region is around 200 km and
the F2-peak up around 300 km, the frequency datashow how signals penetrate into the
ionization overhead. That has a bearing on thetlesngf the hops that result or, in more
meaningful terms, on our ability to work DX on tha&ious bands.

So let's look at a crude representation of somelatiaide critical frequency data for daytime
conditions:
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This crude graphic requires that you use your raiegle to make connections between data
points but the results is pretty clear: the loweanid F1-regions which are under solar control
show only modest changes in critical frequency lecteon density as the sunspot number
increases with solar activity. The F-region, oa tither hand, shows large changes in critical
frequency and is not under solar control, withooy aimple algorithm involving the solar
zenith angle like the E- and F1-regions.

The best way to illustrate the difference betweefarscontrol of the E-region and the
situation with the F-region is through the use @fps showing the iso-frequency contours for
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the two regions. So the map below illustratessiheation for 0600 UTC on the spring or fall
equinoxes. Of course, the sun is on the equatdraan0600 UTC, it is located at 90E
longitude. The iso-frequency contours are illustlabelow, circles centered on the sub-solar
point (but distorted by the Mercator projection).

Accordingly, the left side of the figure is the Stuportion of the earth, the right side is in
darkness and terminator consists of two straigietsliat OE and 180 E longitude.
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As noted above, the situation is similar for therEgion except that the critical frequencies
are somewhat higher. But the idea of solar contatlear from this type of figure; the
ionization is where the sun shines and essentialilying in darkness!

Now as far as the F-region is concerned, its psalpiaround the 300 km level and depends
on the season, time of day and sunspot number. aBiltose heights, the electron collision
frequency is low and the recombination rate of tetes with the positive ions (0O2+ and
NO+) is quite low. So ionization continues to ¢x@fer sunset; also, the geomagnetic control
of the ionosphere is shown by the fact that thedten map for critical frequency foF2 is
organized better by geomagnetic coordinates raltiaer the usual geographical coordinates.
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The maps shown below are admittedly crude, of sgtye but they convey how the shape of
geomagnetic dip equator compares with the iso-frqu contour of the F-region at low
latitudes:
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The sunlit and dark hemispheres are the same asebafit it is seen that F-region continues
after sunset, particularly at low latitudes andngldhe direction of the geomagnetic dip
equator.

Such critical frequency maps demonstrate that theosphere is controlled by the
geomagnetic field at great heights but down lowres,distribution of ionization is under solar
control. The transition occurs in going up through F1-region. As for DX propagation, it
is controlled in quiet times by the geomagnetitdfieut it doesn't take much imagination to
think that any sort of disturbance of the field Wwbupset DXing. More later!
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Reference Notes:

Critical frequency maps of the E- and F-regions banseen in my Little Pistol book. In
addition, they will be found in books by McNamaraldavies.

Excellent critical frequency maps are obtained fritw@ PropLab Pro program. In fact, that
program gives a full complement of ionospheric mapd in several projections.

Down-Sizing of the lonosphere

In the previous pages, | showed one sample comtoarglobal map of the F-region, for 10
MHz when the SSN was 137. You can go back to thp ta see how it spilled over into the
hours of darkness. But that was only one cont@o.the question comes down to the rest of
the map, what other contours were like and theiitd in critical frequency.

Looking at the sample contour, it is easy to thimkt parts of the globe closer to the sub-solar
point would have higher values of critical frequgnap to 16-17 MHz. After all, the sun was
more overhead for there and the solar UV had les®sphere to penetrate. But at larger
zenith angles, particularly toward the polar regiotie critical frequencies would be lower,
going down to 6-7 MHz. All that for a SSN of 137.

What about lower SSN, say toward solar minimum?enftor the region where the critical
frequency was 10 MHz earlier, you can just put4& BIHz and at higher latitudes, you can
put in 3-4 MHz while at low latitudes, the valueli$-12 MHz. But whatever the SSN, the
highest critical frequencies are always found atlthwer latitudes. As a practical matter, that
is an explanation why contest DXpeditions go towegdatorial regions; the bands are always
open there and it is just a matter of how far tisegnals go poleward before running out of
sufficient ionization.

So | like to say that the low-latitude regions #re most robust of the ionosphere. But there
is a difference between "robust” and "ROBUST", feaysolar minimum and solar maximum.

Before getting to that, | should point out there &slands of ionization" at low latitudes, as
shown by the additional contours given below:
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What | have shown is somewhat out of scale, toevidlatitude and poorly positioned in
longitude, as you would see if you looked at thiginal global map of the F-region. But it
conveys the idea, islands of strong ionizationhi@ afternoon/evening hours. This is called
the "equatorial anomaly" and has profound effects gropagation, giving rise to long,
chordal hops on HF and DX on VHF. Those regiomesaaregular part of the ionosphere, day
in and day out, and the high level of ionizatiorrthadds to the robustness that | spoke of
earlier.

A few paragraphs earlier, | made mention of the flaat global maps of the F-region change
with solar activity. One way of making these ideasre vivid in one's mind is to think of
them like relief maps, with a "frequency surfackétt rises or falls in height as critical
frequencies change with increasing or decreasirig, SS

The quantitative side of that approach can be shibyvmeans of a N-S slice through the
global maps that one obtains, say from the Progabprogram, for two different sunspot
numbers:
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Those N-S cuts across the F-region maps show théislands" of the equatorial anomaly as
well as the deep notch in between them. Alsdhans again the geomagnetic control of the
ionosphere by the asymmetry of the ionosphere @E 18ue to the fact that the magnetic dip
equator is about 5 degrees north of the geograggjuator at that longitude.

Admittedly, the above graphics are pretty crude tnaly cover the main aspects of the
ionosphere - E-, F- and F2-region maps - showing lomization is distributed and how it
varies with changes in solar activity. It is witlthose regions that we are trying to propagate
signals. So we should lay down some great-citdege where the paths are going relative to
the ionization. The test, of course, is if theeefive vertical frequency along a path is less
than the critical frequency encountered. As losgtlaat's true, propagation will continue;
otherwise, the RF will penetrate the F-region aadoist.

Looking at the last graphic, you can see that télsé' gets tougher at high latitudes where the
critical frequency is on the low side, a few MHEhus, there will be angles at which the RF
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penetrates the ionosphere and is not returnedaendrlevel. That is "skip”, discovered by
John Reinartz back in the mid'20s, and obvioustyg g@rse at higher frequencies.

In that regard, there is one "side light" to thattbe higher bands. Thus, it is quite easy to
"pass the test" and work to the south on 21 MHe,efcample, as the ionosphere is quite
"robust” in the N-S direction. But looking at tlaest figure, one can see that the ionosphere is
"puny” in the E-W direction, with very low criticdfequencies. As a result, when chasing
DX on 21 MHz, skip makes it impossible to hear $tegtion east or west of you that got the
South American contact that you were trying for.

At this point, our discussion comes down to expigrihe aspects of the distribution of
ionization, vertically and horizontally. The vedicdistribution determines how signals are
refracted or bent along a path while the horizodtatribution determines whether a hop is
completed or how long it might be. There are tywpraaches we can follow, the rigorous
one would be to trace ray paths through a modesphere while the practical one would be
to use the model in a propagation program, lookihdhe critical frequencies at the two
control points on a path to see what the MUF wdndcind whether one's RF passes the test.

Ray-tracing takes us back to the analogy betweerdlifht of a baseball and RF across the
ionosphere. Mathematically, the flight of the biallworked out using Newton' Laws, with

equations of motion in two or three dimensions.usbould not be surprised if | tell you that
equations of motion for RF can be worked out, wtlile ionosphere playing the role of

gravity. So, like any baseball or even spacecthé, methods of mechanics work with RF
and the equations of motion solved, step by stefint the path of RF. In that regard, the
PropLab Pro program is outstanding; all you haveaas put in the locations of the terminii,

the date and time as well as the sunspot numberit @olves those equations of motion and
traces out the path of the RF. Just fantastic!

But there is one more thing to add; PropLab Pro aisludes the role of the geomagnetic
field in the equations of motion. At the upper efidhe HF spectrum, that is not important as
the QRG is large compared to the electron gyrodieegy about the field lines. But down
around 160 meters, the 1 MHz gyro-frequency is amaiple to 1.8 MHz and the effects of
the magnetic field no longer appear to be negkgihl the equations of motion. There are
some interesting consequences for wave polarizagsomell as signal absorption. In addition,
signals can get trapped in that valley above tlghtrtime E-region and ducted to great
distances with low loss. But we'll get to thaelaffirst, MUF programs.

ON4SKY's note. The correlation between the geomiagrieeld and the electron gyro-
frequency (EGF) explains the propagation of thedsiwband. This correlation requests some
explanations. EGF is a measure of the interactietwéen electrons present in the Earth
atmosphere and the vertical component of the gepetagfield (Z-field). The closer a
transmitted AM or SSB frequency is to the electgymo-frequency, the more energy is
absorbed by the gyro electrons from that carrieveMaequency. This phenomenon mainly
occurs with AM signals traveling perpendicular ke tgeomagnetic field (especially along
high latitude NW and NE propagation paths). Thisdkof absorption is always present and
cannot be avoided.
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Reference Notes:

Originals of all the figures mentioned above caricasd in my article, "On the Down-Sizing
of the lonosphere”, that appeared in the July/Au§4sissue of The DX Magazine. Also, the
two main F-region maps are on p. 29 of my bookamgipath propagation and also found in
Davies' book, "lonospheric Radio".

In addition, there are a number of ray traces shiommy Little Pistol book, illustrating skip
and showing how RF hops vary with frequency as agHadiation angle.

Performance of ionospheric models

Now we are in a position to talk about propagapoedictions. | say that as you understand
that predictions require some sort of representatib ionospheric maps, both E- and F-
regions, and a method that looks at how effectiedical frequencies compare with critical

frequencies along a great-circle path.

I must admit that | have injected "effective veatifrequency” (EVF) into the discussion; you
normally don't see that term when you read aboppaoyation. In McNamara's book, he uses
another form, "equivalent vertical incidence fregey', in his discussion but | find that just
too wordy and besides, my choice of EVF fits tHedrid tells the story. | hope you agree.

Anyway, we know the test which our RF undergoeg ascends after launch: if its effective
vertical frequency is less than the local critiéequency, it will be contained by the
ionosphere and if not, it will go past the F-lapeak and be lost. The propagation prediction
business has to do with how that test is carrig¢d tmwhat approximation or detail the test is
made and with what sort of model of the ionosphere.

I've already mentioned the control point methodvimch the test is made at the first and last
hops on a path. That method was developed badkWill, by Smith in the USA and
Tremellen in the UK, and was based on the notian ifha path failed, it was usually at one
end or the other. | pointed out that works wellasy as any hops in the middle of the path
do not have LOWER critical frequencies. Beyond,thiau should remember that the method
represented a great step forward at the time, gwaungh it was when ionospheric mapping
was in its infancy.

So the control point method was based on an appeation and its use involved a database
which was both limited and uncertain, at leasthat outset. Nowadays, the database has
improved quite a bit but still will undergo somevigons in the future as the Internation
Reference lonosphere is updated from time to time.

| really don't know the details of the first usdsttte control point method but | am familiar
with some at the present time. For example, tbag®r program in amateur radio circles was
MINIMUF, with source code first published in QST Drecember '‘82. That method used M-
factors, numbers between 3 and 4, for divisiorhef@RG to obtain EVF for comparison with
critical frequencies at about 2,000 km from theseafithe path; for that, MINIMUF used a
database founded on oblique ionospheric sounding.

One can fault the source code of MINIMUF for nokitg into account the earth's field,
leaving out the equatorial anomaly and organizing ionosphere only with geographic
coordinates. Beyond that, the database was rathied in scope. But MINIMUF caught the
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imagination of the amateur radio community andsalits of accessories were attached to
MINIMUF, ionospheric absorption and man-made ndisenention just a few.

MINIMUF's shortcomings, the lack of geomagnetic ttoh in the method and no
consideration of radiation angle, placed it in @mpposition to compete with other programs
that came along and corrected those deficiendisse, | have in mind the work of Raymond
Fricker of the BBC External Services. In the mi@k8 he published programs like
MICROMUF and MAXIMUF which included the role of thgeomagnetic field and put in
radiation angles so one could compare MUF predistior more than just the lowest mode.

Somewhat later, the Germans introduced a progral@MEJF2, that used a grid point
method to obtain critical frequencies from the C@#Rabase and used interpolation to obtain
the spatial and temporal data for making predistiomhey went on to show that FTZMUF2
gave a better representation of the CCIR-Atlas &&t8000 km MUFs than did MINIMUF.
Beyond that, they incorporated FTZMUF2 in their owAUF prediction program,
MINIFTZA.

Note by ONA4SKY. Four years later, in 1991, Bernh&dttner, DL6RAI, also used
FTZMUF2 in his own applicated named Propagatiordieten, PP. This is one of the first
DOS application to display MUF and other signaésgth in a colored line graph. Then in
1994 Cedric Baechleris, HBOHFN, released HAMFT Zelobsn the same grid point method.

But Fricker used an entirely different approach mwhe came to the database for his
calculations; he used mathematical functions toukite the CCIR database, now in the
International Reference lonosphere. Then he usedfuhctions to calculate foF2 at the
midpoints of the first and last hops in his progsamICROMUF 2+ and MAXIMUF, as in
the control point method.

Those were the propagation prediction programslabdai until the IONCAP program
developed in the late '70s by George Lane from @&n by Teters and al. for NTIA/ITS
was brought down to a smaller size where it coeldhicorporated in home computers. Unlike
IONPRED, which Fricker's method was based only @edton considerations - but that gave
accurate results in its limitations - IONCAP dealth fluctuations of signal strength, it uses a
D-region factor, and takes into account man-madsend oday the only application always
maintained and using a reduced set of IONCAP fonetis PropView from DXLaluites.

Note by ON4SKY. In 1985, pressed by the broadcsisiaerest, George Lane improved the
IONCAP model, corrected some algorithms, added fugwetions, and after years of research
and development created the famous VOACAP thatrelaased free of right in 1993. Today
VOACAP is considered as the best ionospheric mddelstandard for comparison.

Then came all series of programs, some as accasdtege VOACAP model for Windows 16
and 32-bit plateforms. Most of them used the nenctions devised by Raymond Fricker and
other scientists or directly the VOACAP engine withadditional algorithms.

In any event, the upshot of the comparisons, iaydtiat Raymond Fricker's programs and
the improvements made by George lane are closegiaement with the International
Reference lonosphere (IRI), then came all non-VOR&#ased applications that give a rough
estimation of propagation conditions, and far bdrath DOS executable like MINIFTZ4 and
other MINIMUF considered as the poorest and disptapften few information.
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But how well the underlying VOACAP database matctiesreal ionosphere compared with
IRI, the best representation available at the mitetsme ?

In that connection, | undertook a study of how itethematical F-layer algorithm in Fricker's
MAXIMUF compared with IRI, not just for a path owé but over the entire world. Thus,
foF2 values were calculated at intervals of 5°atitude and 5° in longitude from Fricker's
mathematical functions and compared with correspandalues from IRIl. That method
showed where Fricker's values were low, where highan overall measure of his methods.

The result was that Fricker's method, when usemdke a map of the F-region, gave good
agreement over the entire globe with the valueshflBl, point by point, but the agreement
could even be improved considerably by the simffleebof 1 MHz added to the foF2 values
calculated by his methods. Put another way, FriskeFF2 map was very much like the map
from IRI, with details such as the islands of i@tian showing up as well as various aspects
of geomagnetic control, but the critical frequescigere a bit low. All in all, | found it
amazing!

And that approach proves to be just another wagsifng F-layer algorithms, seeing if they
can make a good ionospheric map or not. MINIFTZ4gorithm gets good marks in that
regard but with problems from its interpolation hwts while MINIMUF's F-region map has
little resemblance to a real ionosphere on a glebale. That accounts for some of its erratic
predictions for DXing.

Unfortunately, when | made my tests the F-layepalgm of IONCAP was not available so

comparisons with the IRl remain to be done with M@ which sources are available from
NTIA/ITS. Perhaps some of the VOACAP developerd dal that in the future. But whatever

the outcome, VOACAP is always the best HF propagagprogram and provides some of the
other aspects of propagation prediction that arpomant. Thus, in addition to having

methods for calculating MUF, LUF and other HPFRletls with the range of values of critical
frequencies resulting from the statistical variasian the sounding data.

Here, | refer to statistical terms like the medsanwell as the upper and lower decile values of
critical frequencies from the sounding data. Inr@ppgation setting, the median value of the
data at a particular hour during a month would be such that half the observed values lie
above it and half fall below it. If a median valissused in propagation calculations, one
obtains what is termed the Maximum Useable Frequ@tJF) for the path. The upper and
lower decile values of critical frequency have towith the 90% and 10% limits. Thus, the
upper decile value during a month of observatioa feequency which is exceeded only 10%
of the time, 3 days, while the lower decile valuging a month is a frequency which is
exceeded 90% of the time, 27 days.

When those values are used in propagation calongtone then obtains the Highest Possible
Frequency (HPF) and the Frequency of Optimum Trasan (FOT) for the path.
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A sample of that kind of calculation is given bel@w MHz), for a path from Boulder, CO to
St. Louis, MO in the month of January and whenSB&l is 100 :

GV FOT MUF HPF GVr FOT MUF HPF
1 10. 7 13.6 17. 4 13 6.4 7.5 8.4
3 7.4 9.6 12.0 15 13.0 15.3 17.1
5 5.7 6.9 8.7 17 16.6 19.3 22.0
7 6.1 7.4 9.7 19 18.1 21.1 24.0
9 6.5 8.0 9.4 21 17.7 20.6 23.5
11 5.0 6.1 7.2 23 15.9 18.5 21.1

Looking at those numbers, you can see that thedtldF-OT values lie about 15% above and
below the MUF values. That should put you on reti€ the propagation program you use
gives only MUF values, the real-time values for itv@osphere could differ by as much as +/-
15%. And that is only from the statistical varmeis in the basic data; there are still the
approximations in the method to worry about as asglgjeophysical disturbances.

But those remarks apply mainly to the higher HFdsardown on 80 and 160 meters,
ionization is not a concern on oblique paths. Edtenoise and ionospheric absorption limit
what can be done. And propagation programs aressébr those bands as the main criterion
is darkness along paths, not MUFs. But the roléghefgeomagnetic field is important and
affects the modes that are possible. All thatue time.

As for geophysical disturbances, those will be main effort in next chapter and need not
concern us at this point. We are really concemigatin the undisturbed ionosphere and its
properties or modes, variable though they may Ioel While still talking about the VOACAP
program, it is worthwhile to note that its methatksal not only with the statistics of F-layer
ionization, through MUFs and the like, but also dolewer where absorption and noise
become have their origin. So VOACAP has F-regionhods which give not only the
availability of a path, the fraction of days in @mth it is open on a given frequency, but also
D-region methods which give the reliability of a deo the fraction of time the signal/noise
ratio exceeds the minimum required for the mode.

This was not meant to be something just in praiSé@ACAP but for me it is the best HF
propagation analysis and prediction program thetvie at my disposal in the perspective of a
point-to-point prediction. True, there are otheograms based on it and you will have to
judge for yourself whether those programs meet yequirements or not. You should read
the reviews out there, on ON4SKY's website, in @&d The DX Magazine, to get a feeling
for what they can offer you in your pursuit of DX possible, check with a user to see if the
program matches your goals or needs for DXing.

At this point, we've come to where ionosphericudisances from the impact of the solar wind
on the magnetosphere are of real importance. Rsedb say, they add to the uncertainties
that have been cited above. But in contrast tosth@istical side of propagation, there are
clues that help deal with the geophysical sideropagation. That will be our task in future
sessions.

Propagation modes and DXing
Having spent some time with the ionosphere, novhase to be more practical, speaking of
propagation modes and the things that can go wwdmegn DXing. But modes are the first
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order of business. In that regard, everyone kndwsiaHF hops from the various regions - in
the range of 1,500-1,750 km from the E-region dmoué& 3,000-3,500 km from the F-region.
Of course, it depends on frequency and the radiaigle at which signals are launched.

The electron distribution, having greater densittha higher altitudes, always refracts signals
downward. That may seem a bit strange but th#tdscase; rays which are ascending are
bent back toward the earth and the same is truaysf which are going down. The rate of
bending is greater at the higher altitudes, whgs eae close to the greatest concentration of
electrons, but it is always AWAY from the region lufjher ionization. And as | indicated
earlier, how far rays proceed in the ionospheresddp on the effective vertical frequency
(EVF) when they were launched, just like the bakkeligemember?

Let's take the case of some rays where the EVIeng close to the critical frequency at the
peak of the F-layer. In the figure below, Ray Aore where the EVF is less that foF2 and it
is bent back toward ground while Ray B is one whbee EVF is greater than foF2 and it
penetrates the F-peak and goes on to Infinity.

But notice that both rays A and B are bent or ctéd AWAY from the region where the
ionization is the greatest, the F-layer peak. Shatjeneral feature of refraction in the upper
range of the HF spectrum. Now one other thingseems rays can be reversed in
electromagnetic theory so Ray B could be the patigélactic radio noise which penetrates
the F-region below. OK?

/ B
EVF > foF2 /
/
/
/
/
-> - - - e> - - - F- peak
/ \ \
/ \ \
/ \ \
/ EVF < foF2 \ \ EVF = foF2
/ \ \
/! A A\ Cc \
/ \ \
/ \ \
Xt r G ound RX #1 RX #2

Now we come to Ray C, one where the EVF is vergy eose to the critical frequency of the
F-layer. That type of ray, moving almost paratkeithe earth's surface is called a Pedersen
Ray. Those rays can give very long hops but theyeasentially unstable in the sense that any
little increase or decrease in the electron derssity they diverge, going back to ground like
Ray A or off through the F-peak to Infinity like R8.

Just in case you missed the idea, Pedersen R#ys peak of the F-region involve the upper
portion of the HF spectrum as the oblique path mesth those altitudes; that is not possible
for the bottom of the HF spectrum (3 MHz) as evertigal rays can't penetrate that far up in
the ionosphere as foF2 is just too high.
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But that is not to say that Pedersen Rays are isiplesat the bottom of the HF spectrum; it's
just that type of refraction takes place down atbthre E-region where the electron density
levels off for a short range of altitude. So lébsk at some ray paths there, for 80 and 160
meter signals with EVF close to the value of fogpexially at night:

F-region
B / \ B
/ \
/ \
> - > E-regi on
/ \ \
/ \ \
/ \ \
/I A \ A B \
/ \ \
/ \ \
Xt r G ound RX #1 RX #2

Ray path A corresponds to a E-hop where EVF < foi @vers only a short distance to a
receiver. But Ray B is one where the signal ha&VR that's very, very close to foE. But it
penetrates the E-layer and ascends into the Frrelgawever, its EVF is still too low to reach
the higher portions of the F-region and so it fsaced back down. If the down-going angle
of the ray has not been affected, it will contifaea distance along the level of the E-region
and then be returned to ground. In a sense, ttrerpaembles that followed by a Pedersen
Ray but there is that short excursion into the gtene making it an E-F path.

Whether at the level of the E-region or the F-pguiths which have Pedersen-like refraction
cover greater distances than the simple E-or F-hé&gssuch, they would contribute to paths
with few hops and stronger signals; however, asdetrlier, they may be unstable and only
have brief existences. With the varied paths déinaateurs use, such situations are not readily
identified; however, for fixed paths in commeraigk, it is a different story. In that regard, it
is pointed out in Davies' book that HF Pederses tapd occur around local noon on fixed
paths across the North Atlantic, when the densiaglignts along the path are at a minimum.

So the above examples cover the simple, single thgppsan occur, from short E-hops to long
E-F hops, then F-hops and even long Pedersen hafber that, we get into multiple hops;
those are more complicated, of course, but thesmmse simplicity in the second and third
hops in that reflections involve equal angles @idence and reflection from a surface. But
even then, there is the odd chance of complexitigafsurface is not flat or not smooth. The
former would, in effect, change the next launchamgle of a ray, adding or subtracting the
tilt of the surface to its original angle relaito the horizontal direction.

As for rough surfaces, they can give a diffuseetibn and that serves to reduce the power
carried forward in the original direction. At sack reflections, there can be some signal loss,
depending on the signal polarization, surface natand the frequency. As you know, we
distinguish between horizontally and vertically aated waves, meaning the electric field of
the wave is either parallel to the earth's surfacperpendicular to it, as for radiation from a
horizontal dipole or a vertical antenna.
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While there may be signal loss (in dB) on refleatithe process is discussed first in terms of
reflection coefficients, meaning the amplitude loé teflected wave compared to the incident
wave. The graphic below illustrates the case fardgground material and 14 MHz signals;
clearly, the small reflection coefficient for vexdi polarization around 25° means there would
be a large signal loss for waves incident at tadiation angle. But horizontal polarization is
much better in that regard and is the reason whsgt idXers prefer horizontally polarized
antennas.

Ref | ecti on Coeffi ci ent
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Of course, once signals leave an antenna, theigrgse is part of the discussion of
propagation. Everyone knows that salt water is libst reflecting surface for RF and
fortunately 78% of the earth is covered by oceaftsat really helps DXing. But a significant
fraction of ground (and amateur population) liesh@ northern hemisphere and the rest of the
earth involves ice and snow in the polar caps sodiktribution of surface material shown
below is of some interest to the propagation ofiaig;
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We'll do more with reflection loss later on but thle moment, it is important to know it is
there and extracts signal strength with every beurnBut there is one more point to bear in
mind; the angle of reflection can be as importanth& polarization, the surface or frequency.
Thus, losses off of water at low angles are abaiB,labout 3 dB off of the various forms of
ground and in excess of 6 dB off of snow/ice. THiteation gets progressively worse at
higher radiation angles so low radiation anglesukhbe the order of the day. But you knew
that, just because the hops are longer at low angle

Finally, it should be noted that we've pretty vadsumed the ionosphere to be concentric with
the spherical earth. That is a simplification,colurse, and we have to expect tilts in the
ionosphere and those will have effects on wavasnet from the higher altitudes. For one
thing, a tilt ALONG the path will change the anglereturn to the ground; for another, a tilt
ACROSS the direction of a path will affect the paation in the sense that what was a
horizontally polarized wave may now have a vertioanponent to it. So the next ground
reflection becomes a bit more complicated, the aidoss now depends on how the two
polarizations are reflected. And then there am@sphchanges on reflection. But nobody said
radio was simple, did they?.

Let's go on with multiple hops, putting in moretbé details. One matter of interest is the
radiation angle throughout a path. Thus, one mpmbtk one angle, say at the peak of the
antenna radiation pattern, and try to follow itrajoa path. But while the Laws of Optics

apply, with angles equal for incidence and reftactirom a surface, the angle may change
due to a tilt of the ionosphere on one hop or ckaofginclination or slope of ground at a

reflection point.

So there could be some variability in the radiatmgle. And, of course, the height of the

ionosphere is not constant along a path, changitigeipath goes from being in sunlight to

being in darkness. All those aspects of the paithesto change the distance per hop or, for
that matter, how close the path for a given radiaéingle comes to the target QTH.

Leaving aside the variations which result from scef reflections and the like, one can
illustrate path structures by making various corabons of hops.

39/62



NM7M's HF Propagation tutorial

Without citing any particular type of the ionosphkesircumstances, some common paths are
shown below:

F- hop
/ \
/ \
E- hop / \
_ / \
/ \ / \
/ \ / \
/ \ / \
/ \ \
- - F-region
/ \ / \
/ \ / \
/ \ / \
/ -- \
/ Sporadic E \
/ \
/ \
/ \

and various other combinations are possible. Toéa®m shown above are specified as as E-F
and F-Es-F. For longer paths, the number of E-Fghdps may be larger, depending on how
the path is located relative to the terminator. férsdesirability, the rule is that E-hops on a
path are where most losses occur, with ionosplasorption on the sunlit legs and ground
losses, while F-hops in darkness have less logh, fewer ground reflections for a given
distance from point A to B.

The presence of a sporadic E reflection, withouyt iatermediate ground reflection between
reflections from the F-layer, brings up anotheretygf path that contributes to long-path
propagation.

Here, the idea is the same as with the Es refleet@ept that the ground reflection is missing
because of ionospheric tilts, shown as dotted linesveen the two portions of the F-region:

F-tilt .- - - > - - - . F-tilt
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The figure above is "Flat Earth Physics" but initgathe ray reflected off the first part of the
F-region did bend downward but it didn't go downdad the curved earth fell away from it
so it missed the earth and went on to the F-reggain. Make a curved sketch to see what |
mean. OK?

While the tilts shown above are exaggerated, suchrastances are found regularly on paths
going across the geomagnetic equator in the afvevesening hours and give rise to long,
chordal hops with correspondingly stronger signdsit it should be noted that "tilts" really
are another way of representing the changes ieldatron density distribution along a path.
Thus, an upward tilt, one that gives a longer heglly is the same as the case where the
electron density DECREASES along a path directiwh r@sults in less downward refraction.
That is called a negative gradient and, of cowag®sitive gradient is just the opposite.

Finally, there is another interesting variation math structure that results from a negative
gradient along a path, ducting. In that case,stheation is like the E-F hop discussed last
time but the excursions into the F-region are reggbaeveral times:

Again, the above representation is "Flat Earth Rsysand involves a negative gradient, just
like the chordal hop mentioned earlier. But thtm®&y hops are more characteristic of the
upper end of the HF spectrum, 14 MHz and above,raqdire almost the full height of the
ionosphere for their completion. That is the caseven a reduction in electron density along
a path does not reduce refraction at the highguércies to a great extent.

The ducting shown above is for the low end of thkedgectrum and involves smaller vertical

excursions of ray paths than the case for chordps.h That is the case as refraction varies
with the inverse-square of the frequency; thus tliersame gradient or reduction in electron
density along the path, the change in the downwefrdction is much greater at the low end

of the HF spectrum and less of the ionospheregsired for the same type of effects.

Now, having gone through a wide range of mode &iras that are possible, one can use
those ideas in dealing with propagation. But, fiicthe RF from one's antenna pattern goes
off into all the possible modes, be they E-, E-Hdnops and, depending on the operating
frequency, some of the exotic modes, like choragdshor chordal ducting are possible too.
But the mode that gets through for your DX contacsomething of a "survivor”, giving
signals where the others have died out due to ptisoror have the wrong radiation angles
for the path or receiving antenna.

But at this point, about all we're prepared to khabout are the more common modes and
those would be in relatively calm, stable condiionIn short, we'd be looking at the
indicators, SSN and the like, perhaps a map witatgeircle paths on it and pointed our
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beams in the right directions. But the "when, vamg how" have yet to be discussed, to say
nothing of circumstances that are out of the ongina

Myself, | consider "when, why and how" to be thedfpagation imperatives"”, the ideas that
every DXer should have in mind before turning oa thg in pursuit of a "New One". In
short, those ideas should be "Second Nature", the of thing you'd have in mind if
shipwrecked on a desert island with nothing butntlag&ings of a ham station at your disposal.
You should be able to think of the DX QTH, havesaling for what could be done on a given
date and think of when to get on the band of ydwiae. Sometimes the answers are not to
one's liking but an answer should be forthcominthauat too much head-scratching.

So let's see what we can do to get that righgagtIfor normal conditions, and then deal with
disturbances and see what they'd mean for us. Wbat be too burdensome as once the
broad outlines are established, you'll have a mapan program to fill in the quantitative
details, case by case.

Now we've discussed some of the general ideas tgiriopagation in the HF part of the
spectrum and you should have a good grasp of wradt depends on - enough ionization
overhead to refract signals downward, keeping thenthe F-region, and signals getting
through the ionization down in the D-region withoegh strength to overcome the local
noise.

Case study

With that in mind, let's explore propagation withpeactical case, say making a contact
between a central location in the USA and Togo, WAésca in the upcoming CQ WW CW
contest in late November. That'd be a good tese&just how far we can go in predicting
propagation using the simple ideas developed sdfeat done, we can look at how computer
programs do it and see what other details they.offe

So let's use Omaha, NE as our QTH in the USA;slat41°N, 96°W. Togo is a bit harder so
we have to go to the ARRL Operating Manual or DX@Aatto find that it's located in the Horn
of Africa, at 6°N, 1°E, close to the Greenwich Migin. Looking at those coordinates, one
thing is immediately clear - it's quite a ways fr@maha to Togo, more than 90° difference
in longitude and more than 35° difference in |atéu

Considering that the distance around the earthbmuta40,000 km, one can conclude
immediately that the distance to Togo from Omahbaeter than 10,000 km, a quarter the
way around the world. That's confirmed by goinght® azimuthal equidistant map for Central
USA in the ARRL Operating Manual or any logging gram showing the world map (e.qg.

DX4Win); Togo is half way to the antipodal circleaking it quite a haul. But it's not all that

hard if you're on the right band at the right time.

Now we're talking about late November this yeawsocan take the effective sunspot number
as around 80, judging by recent reports from NOAAe chances of making a contact on the
higher bands are pretty good when you considerTibgo is at a low latitude, where the the

electron distribution of the F-region is quite resbu So we only have to worry about

launching the high band RF from Omaha.

As a first approximation, let's think of trying far contact on 28 MHz. For that, ionization
and the MUF are the important things and tell u the contact should be tried during the

42/62



NM7M's HF Propagation tutorial

time the path is well illuminated. So with a longie difference of about 97°, we'd like to
have the sun at least midway between the two Q$&lsat about 47°W of longitude. With
the sun advancing westward at 15° of longitudehperr, that means the time should be about
3 hours after 1200 UTC or 1500 UTC.

But remember Togo is at a low latitude so the aaltfrequency of the F-region there is less
of a problem than at Omaha. That being the caseould be better to choose a later hour,
one when the sun is closer to the longitude of Ganedising the critical frequency near there.
But the time should not be so late as to haveuhesst anywhere on the path. That means we
have to look into the sunrise/sunset tables in ARRL Operating Manual or any
astronomical calendar, paper or program, and sea wWie sun would set at Togo.

In that regard, the Operating Manual gives SR/S8 fitat November 21 and we can use that
as an approximation, taking the ground sunset go s 1736 UTC. That would suggest, as
a first correction, that the 28 MHz band be trietweeen 1530 UTC and 1730 UTC. The
same would apply for 21 MHz too, knowing that lessization is needed for propagation on
that band, so an operating window might be bett@erdened to start earlier and end later, say
from 1500 UTC to 1800 UTC.

As an aside, | should say that last idea has s@nerglity to it, at least for the bands where
MUF are important. So from a given QTH, the lowkahds open the earliest, the highest
bands the latest, and band closing is in reverderorOf course, that is just the availability of
the path; the signal/noise situation still haseddmked at for the best times of operation.

As for the transition bands, 10 MHz to 18 MHz, apsion plays a role there and good sense
indicates the effect can be minimized by avoidimges when the path is well illuminated,
with the sun around its midpoint. In addition, Ww&ow that ionization lingers after sunset,
thanks to the role of the geomagnetic field anddllogv recombination rate of electrons and
positive ions up there in the F-region. As a regalopagation on those bands would be
supported around sunset and on into the eveninghou

In addition, the rising sun on the path near Omabald open up propagation, at least until
absorption became too great. That being the sasesan expect the bands to open shortly
after the sunrise at Omaha, roughly 1350 UTC adegrb the Operating Manual. And with
sunset around 1730 UTC at Togo, another two oethorirs could be added to the operating
time.

Things are shaping up, at least for the bands wlkeregion ionization and D-region
absorption are important. That would give a stgrppoint as sunrise at Omaha, about 1400
UTC, and a closing time of about 2030 UTC for thensition bands. The higher bands
would start later, of course, and end sooner, émeal principle mentioned earlier.

The lower bands, 160 meters - 40 meters, wheregi@meabsorption dominates, would be
open from sunset at Omaha til sunrise at Togo. §twrthe Operating Manual, we find low-
band operations could start at Omaha around 230D & end around 0545 UTC.

But there is the question of noise, man-made orogpieric in origin, to compete with
signals. Here, experience shows that man- made moiess as the hour goes past the end of
the working day. And atmospheric noise, say atolegould be the lowest at times close to
dawn. So low-band operation probably would be nmmwluctive in the later hours of the
operating window. But in view of the high level miospheric absorption and distance
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involved, it could be much more difficult to makecantact on the lower bands than the
higher ones. In addition, antennas and power plgyeater role in that part of the spectrum.
Those resources are developed over time by DXatgelated to their operating experience
in that part of the amateur spectrum. Put anotfagt, DXing on the lower bands, 80 and 160
meters, is tough and not always rewarding for dasperators.

Now, to add a realistic twist to this discussiat,me say that | worked 5V7A on 20 CW last
year at 2312 UTC on November 29. If you look itifoyou will see that was over five hours
AFTER ground level sunset at Togo!. (See? lommatoes linger on in the dark, especially
at low latitudes!) | would hope you could do tlzene this year. At least, the above example
shows how you can "sharpshoot" for a New One, evéh only primitive tools at one's
disposal. Giveitatry. OK?

My good friend, Carl/K9LA, did the propagation foessting for them and you can see how
you might be able to work them too. If you do,liket to hear about it, by e-mail, and would
appreciate getting an analysis of your QSO. OK?

Note by ON4SKY. For a S/N ratio reliability (SNRf) 88 dB in CW and a required reliability
of 90% at the specified date (Novembre 1997) arth @iSSN of 40, VOACAP predicts a
S/N ratio of 40 dB in Togo at the time of Bob's Q&@h 5V7A at 2312 UTC. Taking into
account the date and URSI/88 Coefficients, ICEPA&Lljots for the opposite circuit a signal
power in Omaha of -117 dBW, or close to S7. Botbgpams confirm that a QSO can be
sched at that time with good signals on both si@et selected the best time; according
forecasts, signals were the strongest on 20m batWd80-2300 UTC as predicted "DX
Toolbox" as well. Note that both circuits (K-5V 8Y-K) are quasi reciprocal with very light
differences in the signal strength, MUF and FOT.

Now | didn't work out all the aspects of contestgagation for the 5V7A group; you'll see
what their own propagation guru came up with but $ure it was based on the principles |
outlined above. | have done that sort of thing befdor the recent 8Q7AA and 3B7RF

DXpeditions. In that sort of circumstance, theaids to forecast so they can "Work the
World". So every time interval has to be looked @&m every direction to find the best way
for them to operate in the contest.

The first one for the 8Q7AA group went very welherations going essentially as predicted.
But the second one for 3B7RF got into a bit of ey that was interesting in itself as it will

lead us into the matter of ionospheric disturbaméegeophysical origin. Leaving that to later,
let's go beyond slow, mechanical methods, how "Aheients" handled the propagation
problem, and look at how it's done by computers.

As you know, they do everything practically at #peed of light. But how well do they do it?
That's a good question. As a matter of fact, giat you know now, you might wonder if
they just do the old-fashioned calculations fasted not add much to the problem. So we'll
go with that for a while, looking at how computé@ndle these questions and then look at a
few new ideas.

Reference Notes:
If DX contesting is the sort of thing that intesesou, let me say that the 5V7A crew were

kind enough to provide me with their '96 and '9'htest logs for analysis. | was more
interested in them for the aspects of 160 metgoamyation but you might look at my article in
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the March/April '98 issue of The DX Magazine. lk@ashows how demographics overpowers
propagation.

Propagation prediction programs

Now the past little exercise used old-fashionedstdo do the 5V7A propagation prediction
but at a miserably slow pace. Those really drehoee fundamental ideas - the presence of
F-region ionization, D-region absorption limitingygsal strengths and the geomagnetic field
organizing the ionosphere. So using nothing mioaa the times of sunrise and sunset, those
concepts gave a qualitative view of propagationut ®ithout hard numbers, MUFs and
signal/noise ratios, that would never meet the sesfdthe tough decision-making for a
DXpedition or a DX contest operation.

With computers brought into the matter, the timesumrise and sunset can be calculated with
astronomical precision and DX windows found for king 5V7A on the low bands. The
next big problem would be finding the sort of sigaength that could be expected. So a
knowledge of the operating modes or hop structigeequired, primarily a problem in two
dimensions, in the plane of the great-circle pafhat sort of thing is done very well by the
ray-tracing in the PropLab Pro program.

On the higher bands, where MUFs, absorption andut&fs are a concern, computer
programs can do a decent job of finding how thenay modes would change in the course
of a day, say E-hops during the day and F-hopgat as well as mixed modes across sunrise
and sunset. But those programs cannot deal watiotiospheric effects from electron density
gradients near the terminator or geomagnetic eqsataertain modes, like chordal hops and
ducting, would not included in their analysis. Teideaves a gap when it comes to having a
complete prediction and so computers are fast hilinat be as fully quantitative as hoped
for in replacing the qualitative efforts used esatli

As you might expect, the earliest computer progmaramateur use, MINIMUF, resembled
the scheme with ionospheric maps from the DeptCammerce and just used the control
point method for MUFs, via F-region propagation.eitNer signal strength nor noise were
considered so the method worked best at the tadpeomateur spectrum and for very high
levels of solar activity. That was unfortunate aasateurs used the same methods at low
levels of solar activity, often with misleadingdisappointing results.

But MINIMUF fired the imagination of many amatewsd various accessories, including E-
layer cutoff calculations, were added to the oagicode. For example, MINIPROP Version
1 used the F- layer model in MINIMUF and had catioins for E-cutoff and signal strength
as well. The early work of Raymond Fricker, MICROM 2+ published by Radio
Netherlands, was similar but the E-cutoff was rdgdras giving values for the LUF, the
lowest useable frequency. That's not right as idJ&D-region matter.

But there was a basic difference between FrickdlGROMUF 2+ and MINIMUF, how the
critical frequency information was obtained. Fricke F-region algorithm used 13
mathematical functions to simulate the database chitical frequencies from vertical
sounding while MINIMUF relied on just one functioagjusted to represent the results of a
limited set of oblique soundings.

In another program, IONPRED, Fricker introduced avai scheme of hop-testing.
Essentially, the program looked at each hop inildetathe points where the E-layer was
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crossed and at the highest point where the crifieguency of the F-region was important. So
the hop-testing involved determining whether thedemavas reliable by seeing if operating
frequency was above or below the E-cutoff frequebgy5% and less than the critical
frequency for F-region propagation by 5%.

With an initial choice of radiation angle, the patinucture could be sorted according to E-
and F-hops, depending on the outcome of the téstg ahe way. Fricker also adjusted the
height of the F-region according to local time sp hengths were not constant along a path.
As a result, the path could over- or under-shoetiéinget QTH. If the error was more than 25
km, another radiation angle was chosen and theepsostarted again. In IONPRED, Fricker
also calculated the ionospheric absorption, in @] added that to the signal loss due to
spatial spreading or attenuation and ground redliest

Another innovative feature of IONPRED was the ulsavailability of the path, the number of
days of the month it would be open for reliable camication. That was something like the
FOT-MUF-HPF idea discussed earlier but in the cdd®©NPRED, the number of days was
treated as a continuous variable in contrast touthygeer or lower decile approach with the
FOT-MUF-HPF method.

The IONCAP program has many other methods besideMOF-HPF and some give long-
term availability figures, the fraction of a mortie path would be open, as well as reliability
values, the fraction of time the signal/noise ratimuld exceed some minimum value. Thus,
in contrast to Fricker's method which is based amyF-region considerations, IONCAP
deals with fluctuations of signal strength, a Dioagfactor, as well as man-made noise.

Nowadays, the method used by Fricker in IONPREDHW&en improved upon by the use of
mode-searching in the MINIPROP PLUS program. Thive,idea is to work up a number of
successful modes and then find the one with thatgse signal strength. With computer
speeds in the '80s, Fricker's method was extrernn@lg-consuming, to say the least, but
nowadays computer speeds are such that the whmdegs of mode-searching takes a second
or two!

Therefore many new propagation programs were retetasthe same time as W6ELPro and
today, one generation after IONCAP over 50 appboatare available to the amateur, among
them VOACAP and other WinCAP Wizard 3. But comekbasecond on PropLab Pro.

In a sense, the ray-tracing in PropLab Pro isli&p-testing as it just goes forward for a given
choice of radiation angle and the calculation sibfise trace is lost to Infinity or stops in the
vicinity of the target QTH. As you might expedigtmain problem with that approach is that
the hops may either fall short or go beyond thge&rmaking it a slow, iterative process to
get the path for RF from point A with point B. Bas that, the user would have to evaluate
the suitability of the path, whether the numberEshops would make it too lossy or
otherwise. For that reason, | admire how PropLabdg®es about a problem but it's too slow
for an impatient person like me.

But we can use the ray-tracing in the PropLab Pognam to see paths in both two or three
dimensions. It should be said the 2-D case comidy tlose to dealing with the problem in a

proper sense by putting in the appropriate ionaspfa each hop on the path, considering
date, time and SSN. But it does not take into actterrain, such as the slope of the ground
nor the nature of the reflecting surface. Takimg dop at a time, the calculation does takes
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into account the change in height of the ionospbetenot any tilts or gradients. That is left
for the 3-D case.

The three-dimensional ray-tracing is based on sghédquations of motion for the ray path,
just like Newtonian Mechanics finds the paths ofellites and spacecraft. There are
equations for the path advance along and upwattiengreat-circle as well as the motion
perpendicular to that plane. The skewing of pashsmall in the HF range and thus, it is
usually neglected in ray-tracing. That is becaefection goes inversely as the square of the
frequency and electron density gradients acrodsspiat occur in the quiet ionosphere are
relatively small. The exception to that statemierthe auroral zones where large gradients
occur.

But at lower frequencies, like 1.8 MHz in the 16@ter band, the refraction or bending of
paths becomes larger because of the lower frequamdyther effects become important. In
particular, the gyration of ionospheric electronsuad the geomagnetic field occurs at a rate
which is comparable to the signal frequency. Soehtire approach to the ionosphere has to
be redone, put in more general terms without amyagimations. That complete theory was
due to Appleton, is called magneto-ionic theory had been around for about 60 years.

Polarization and RF coupling into the ionosphere

Among the results of the more general theory aaé phopagation now depends on the angle
between a ray path and the local magnetic fieldhés, the waves which are propagated in
the medium are elliptically polarized, another vedysaying they consist of two components
at right angles to each other and which have agptdference between them. Beyond that,
there are two modes, with opposite senses of ootati the electric field vector, the ordinary
and extra-ordinary waves.

The simple, linearly polarized waves that are suilfar in the discussion of HF signals are
just a limiting case of elliptical polarization, @ one of the two components at right angles
has a very small amplitude compared to the other dn magneto-ionic theory, that limiting
type of polarization results when signals are smrpendicular to the magnetic field. The
other case is circular polarization, when signaés sent along the magnetic field direction.
Then, the two components at right angles are eiuamplitude and out of phase by 90
degrees.

Those features of propagation were evident in #rgy @lays of ionospheric sounding as two
echoes were returned for each signal sent upwaedrdinary and extra-ordinary waves, and
you will see them on any ionograms that you mapeets So magneto-ionic theory is a part
of the reality of radio propagation. But, for DXerthere is something of a happy
simplification as over long distances, the extrdhuary wave is heavily absorbed and only
the ordinary wave needs to be considered.

There is another interesting aspect to propagatmwmn on the 160 meter band, the coupling
of RF into the ionosphere. As you know, there otarization to the waves emitted by an
antenna and on 160 meters, vertical antennas @@ m®st often. That is due to the
wavelength being so long that most horizontal dipaannot be placed very high, in terms of
wavelengths, and thus suffer from high radiatiogles, being the so-called "cloud warmers".

Now in magneto-ionic theory, the polarization ofwave changes continuously in the
ionosphere as it is propagated through the geoniagield. But there are two limiting
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polarizations, typically at altitudes around 60 kmhere the wave enters the ionosphere near
point A and where it leaves the ionosphere neantp®i When worked out in detail, the
theory says that there will be a signal loss, in @Bentry because of any mismatch between
the wave polarization from the antenna and thetilngi(elliptical) polarization at entry point

A.

For example, signals going in the E-W directionnira vertical antenna at the equator are
poorly coupled into the ionosphere because of thlarzation mismatch, with vertically
polarized waves going against the horizontal figlds. Similarly, there may be signal loss at
the exit point B due to any mismatch between thdtilng polarization on exit from the
ionosphere and the polarization of the antennaiat [B.

As indicated, magneto-ionic theory is quite comguiei, with elliptically polarized waves and
all that, but for signals going from point A to pbiB, we need not concern ourselves about
what goes on high up in the ionosphere betweerettvas points, only the antenna types and
the limiting polarizations at the endpoints of tfegh. That makes life a lot simpler.

Another point about this frequency range; signals lsecome trapped in the electron density
valley above the E-region at night. Thus, if tleeyer the region, they may be reflected back
and forth between the bottom of the F-region arldhver limit at the top of the E-region.
That means they'll rattle back and forth betwe@séhaltitude limits like a ball sliding down a
smooth trough. Only if the walls of the trough ©ba in height can the ball get out or,
equivalently, can signals get out of the duct & tbwer ionosphere changes. In that regard,
ducting is undoubtedly responsible for the longtHaXiing done on 160 meters as it avoids
repeated ground reflections and traversals of dlaeil ionosphere which absorb signals at a
very high rate.

Reference Notes:

A review of various propagation programs can benébin the QST issues for September and
October '96, and an updated review on ON4SKY’s viebs

The above discussion gives a very brief summarthefprincipal aspects of magneto-ionic

theory, as it applies to propagation. An analytstanmary of the theory is given in Davies'

recent book, lonospheric Radio; however, it realgquires a strong background in

electromagnetic theory at the level found in ursitgrcourses in physics and engineering. It
should be noted that the method of the theory hlaader application as it represents the
first steps toward the study of plasmas in thersglatem and in out space.

A discussion and some quantitative aspects of jzaléwn loss on 160 meters are given in my
article in the March/April '98 issue of The DX Magae. In addition, a fuller discussion of
magneto-ionic theory and 160 meter DXing is givenTiop Band Anthology, published
recently by the Western Washington DX Club. Yoo cantact me for details.

Radio propagation fundamentals

We turn now to other aspects of propagation, froedigtions to those circumstances which
may disrupt propagation and make predictions goyavBut in doing that, a bit of history
would help chart the course.
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First, radio is more than 100 years old now anddiwrse of events has been onward and
upward, in frequency and into the ionosphere. Tthesgearliest signals were down in the kHz
region and now technology has advanced to the puigtre amateurs are operating in the
GHz part of the spectrum. But it has been a steabiyance in frequency and as we know
now, that means signals going higher and highertime ionosphere as their effective vertical
frequency increased.

Amateur operations start in the medium frequency)vange with the 160 meter band,
around 1.8-2.0 MHz. If one looks into the ray-gsdor that band, it is clear that signals in
normal communications circumstances stay below20@ km level most of the time. Of
course, ionospheric absorption on that band issatghat DX operations are attempted only
on paths in full darkness.

Going to the high frequency (HF) range, 3 - 30 Mkignals go higher toward the F-region
peak around 300-400 km and darkness becomes less):@fessity near the top part of the
spectrum. In fact, solar radiation is needed fagothe level of ionization up to the level

required for propagation.

Historically, in the time that operating frequersci®se, the range of DX contacts increased
and it became apparent that the solar cycle playese in propagation. Moreover, various
disturbances became apparent. So the early "20sammateurs opening up trans-Atlantic
operations and that was commercialized in the '8 with the advent of radiotelephone
circuits to Europe. In that time, it was found tthlae communication links failed during
geomagnetic storms. Those could last for daystlierte were also strange blackouts that
lasted anywhere from just a few minutes up to amr.hdn 1937, those short wave fadeouts
(SWF) were found to be associated with solar flarb¥oreover, it was becoming apparent
that the disruptions to magnetic storming cameyaod@o AFTER solar flares.

From all that, it became clear that the sun waspmnplayer in the field of radio propagation
and scientists began looking into the details. $kéF problem was fairly simple, just being
the release of electrons in the ionosphere fronpti@oelectric effect of solar X-rays. The
magnetic storm effect was a more subtle problem asplied some slower process, not X-
rays moving across the solar system at the spebghof In that regard, those geophysicists
who studied the earth's magnetic field proposed tthere was a stream of matter sent out
from the sun and then its encounter with the gearaigfield was the triggering mechanism.
From the time delays between flares and stormst, éstimates were made of the speed of the
solar matter. More than that, they could not dahatime.

Now that brings up the question of just how far gabmagnetic field lines extend from the
earth. Of course, that goes to the model of tlmerggnetic field in use at the time. That was,
in simple terms, the sort of thing you get if ydufsa bar magnet into the earth and look at
how the field lines extend past the surface ofdagh. In short, the model back in the '40s
and '50s was that for a centered dipole field thas tipped with respect to geographic
coordinates, the dipole axis piercing the eartiwtase at 79.3° N, 71.8° W at the north pole
and the south pole through the corresponding adijqooint.

That was the field used when the first Pioneer spstwots took place after the IGY, an
experiment looking at the strength and orientatibthe earth's field as the spacecraft moved
out, away from the earth. That flight produced BAR surprise, with data showing the

earth's field varying slowly and in an orderly femshas the spacecraft moved outward but
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then suddenly, when it reached something like &headii, the field became weaker and less
organized, almost random in its orientation. Qigathe orderly dipole field no longer
described the situation at those distances, giwag to the presence of an interplanetary
magnetic field. And what was previously consideasdempty space, except for meteoritic
dust and debris, was also found to contain of péagprotons and electrons) that was
streaming away from the sun.

Now, before exploring that extreme, we should labkhe dipole field and see what could be
expected from it. As you know, say from your hggiihool physics course, the field lines pass
out of the southern hemisphere and then after goutgsome distance, they return and enter
the northern hemisphere of the earth. That wasldssical picture; so let's see what it says,
at least until we get into trouble with the Piondata.

Now the magnetic dipole has a system of coordinaité@s own, related to the direction of its

axis relative to the geographic axis and equatqi@he. With the dipole orientation given

above, one can work out the magnetic coordinatesmpfpoint on the earth. For example, my
location at 48.5° N and 122.6° W is one that cqoesls to 54.4° N, 62.1° W in the dipole

coordinates. OK?

But let's look at the dipole and its field lineShey go out from the southern hemisphere and
come back down into the northern hemisphere. But far do they go out? That would be
important when it comes to thinking about the sodin of solar plasma and the dipole field,
suggested by the geomagneticians. It's not hawiotét out where the magnetic field lines
cross the plane of the geomagnetic equator and ther simple relation between that distance
and the magnetic latitude where the field lineststa

Vv L=1/cosp

with ¢ as the magnetic latitude and L is the distancegsoneed in earth radii (Re). Now if
you conjure up the image of a dipole, surroundeddynagnetic lines of force, you can see
that low-latitude field lines do not go out very fasom the surface of the earth. But it's a
different story for high latitude field lines anfdvorked out, we obtain the following:

Mag Lat (degs) Di stance (L in Re)
10 1.03
20 1.13
30 1.33
40 1.70
50 2.42
60 4. 00
70 8.55
80 33.2

So the high latitude field lines are the ones imtist way when it comes to the collision
between the plasma coming from the sun and thé'sdi¢ld. And, by the same token, the
low-latitude field lines that go out only short @isces from the center of the earth are pretty
well protected from the direct effects of the n between solar plasma and the
geomagnetic field. Of course, that fits with yayerating experience, paths going across the
polar cap are far more subject to disruption tlesé going to low latitudes.

Before getting to the nature of the various propiagaeffects that originate on the sun, we
should note briefly that the view of the earth&ddithat | gave in the introduction is not quite
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the full story. In particular, it was suggestedttthe solar wind blowing by the obstacle of
the geomagnetic field is like the flow problem oballet in air, but now with the bullet
(geomagnetic field) fixed and the air (solar windyelative motion. So it was suggested (and
verified) that a bow shock in the solar wind was there in front of the magnetosphere:

* BOW SHOCK
*
Magnet o-t ai | Kok ko * <----
* * * * *
* * * * * <
* * * * *
* . . * * L * Cemm -
* . Magnet ospher e (Earth) . * SUN
* * * * * P
* ' ' * *. * *
* * * * * <
* * *.* *
*.*.*.* * <
*
* SOLAR W ND

Now, to carry the aerodynamics a bit further, itsveuggested that the position of the bow
shock would vary, moving closer to the earth ahbigspeeds of the solar wind. And that
proved to be the case, obtained by satellite obsiens after the original work with Pioneer I.
But the geomagnetic field is a bit different thahaad obstacle and it was expected that the
field could be compressed at times, particularthé solar wind came at it as

a sudden blast. And, as you guessed, that isdbe as shown by magnetic sensors on
geostationary satellites. During some severe ntagretorms, those satellites report
conditions which put them right in the interplamgtanagnetic field, showing that the
magnetosphere has been compressed by the solar amohdhat the magnetopause was
temporarily inside 6.6 Re. Absolutely amazing!

Now, having told you about the troubles of geomégrfeeld lines, think back a bit to what |
said earlier: they are the things which hold yoregcpus ionospheric electrons in place! So
maybe all those disruptions in propagation durirggnetic storms are not all that surprising,
with field lines being pushed around by the solardw

There's more to magnetic storm effects than justpressing the field lines in front of the
earth. As | suggested way back in the introdugctf@id lines on the front of the magneto-
sphere can be dragged into the magnetotail. Inpittecess, the ionospheric electrons of the
F-region on those field lines are removed fromftbat of the magnetosphere and, in essence,
are distributed on much longer field lines on tearrof the magneto-sphere. On both counts,
the high-latitude F-region suffers a loss in iotima and critical frequencies in the affected
regions are reduced. Of course, the sun shingsindand day out, so with some magnetic
quiet, solar illumination will restore the regiom®md communications across those high
latitudes returns to normal.

Those words of explanation will have to sufficeths problems of the magnetosphere are
quite complicated, with unfamiliar or non-classicaleas, and are best left for the
magnetospheric physics-types to wrestle with. \&edmot get enmeshed in the details, only
be able to recognize when there's a problem anskecences that will follow. In that regard,
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the records of magnetometers at high latitudesardest bet as they give vivid portrayals of
the storms that develop, thanks to simultaneoussgeondary effects which result. There, |
am thinking of the aurora, both optical and radi®,well as the current systems which build
up during a disturbance initiated by the solar wind

Again, the details need not concern us but the nie@tures are what we note: optical
emissions coming from above the 100 km layer, Vidftections off of auroral displays,
ionospheric absorption of signals going across @ivea auroral zone and strong magnetic
disturbances observed on the ground from the cusgstems which develop along the
ionized region. More on this next time.

Research Notes:

A good historical account of the early days of cadan be found in the first chapter of
McNamara's book, "Radio Amateurs Guide to the Iphese”. And it's a good book too.
Get a copy if you are serious about radio propagati

Add also the link to ON4SKY's History of amateudi@ appreciated by ARRL's staff and
CQ Magazine's editors too.

Geomagnetic disturbances

The end of the second volume of the book, "Geomtgmeéby Chapman and Bartels, has an
interesting account dealing with the first daysrafgnetic observations in Sweden by Celsius
and one of his graduate students. Knowing whatlevaow, | consider that as "Day One" of
the Space Age. But | have to marvel that it tobky&ars until Oersted came up with the idea
of a current (like an ionospheric electrojet) giyinse to magnetic deflections (on the ground
below an aurora) of a compass. Compare that tiitle the five years it took the French
mathematicians to come to grips with the Biot-Sataw for magnetic effects of currents.
Interesting!

Finally, an excellent discussion of early auroras@rvations in Norway can be found in the
last chapter of Brekke's book, "Physics of the Wgpalar Atmosphere” published by Wiley
& Sons in 1997. Brekke, being a Norwegian, pays dgerto the works and tradition of good
auroral physics established by Stoermer. It'shwarit of reading time, believe me.

In the previous page we made note that magnetienstgive rise to auroral disturbances,
with optical emissions coming from above the 100 layer, VHF reflections off the
ionization in auroral displays, ionospheric absiorpbf signals going across an active auroral
zone and strong magnetic disturbances observedhemground from the current systems
which develop along the ionized region. All thewrmh an enhancement in the solar wind,
perhaps coming at a greater speed, with a greatéiclp density or with the interplanetary
magnetic field pointing south with respect to thaetle's field.

Nowadays, we can read about all those changeseomtirnet. But the most important one
for magnetic storming has to do with the interptang field and its orientation. With the
field pointing south, conditions when Bz is negatithe interplanetary field can merge with
the terrestrial field (a non-classical concept) &aldl lines on the front of the magnetosphere
then transferred to the tail region as the solasmpla sweeps by.

These ideas came forward in the '50s, thanks tcetfoets of J. Dungey of the U.K. and
others. As | said earlier, they go beyond the eletiary considerations we get in classical
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courses on electromagnetic theory and are bedbletihe theorists to discuss. We only need
to know what happens to the ionosphere and thieeenéws is BAD as the F-region loses
ionization with the development of a magnetic storm

But the E-region can gain ionization, with the pesm@®on of auroral electrons. Those
particles are from here inside the magnetosphse#f,iinot directly from the solar wind, and
are accelerated locally, going from a fraction af eélectron-Volt up to tens of kilovolts
energy. And their flux can be quite large, resgitin electron densities of a million or more
per cc from electron collisions with atmospheriastituents in the tens of kilometres above
the 100 km level. The colors of the aurora aréinesy to the collisions with the neutral
constituents and the electron densities that reaunltgive rise to signal absorption.

That last point may seem strange if you go badkéccurves that were given page 10. There,
the relative absorption efficiency per electron waspping off quite rapidly above 100 km.
But in the case of aurora, there are millions et&bns per cc up there and even if electron-
neutral collisions are less frequent above 100 Iksses result just from the sheer amount of
ionization that goes with an aurora.

But to give some numbers, auroral absorption otaup dB or so is found in the riometer
records of 30 MHz galactic radio noise coming imtieally. But that is just for one pass
through the ionosphere. For amateur communicatisag on 28 MHz, that should be
doubled for a complete hop, increased even fultijea factor of 3-4 for the oblique angle of
the path and adjusted for the inverse-square frexyueariation. At lower frequencies, that
last adjustment shows even greater losses on Hasks. So it should be no real surprise that
auroral absorption represents an adverse fact@@ateur communications.

Those remarks dealt with the electron density; sirauld also note the geometry and activity
of the aurora. In regard to geometry, auroralvégtiat any given time is restricted to a
narrow latitude range. (See Research Notes) Rusntextend over a wide range of longitude
and the type of activity varies from west to edstevening hours, aurora tend to be quiet and
not involve a lot of energetic particles (and i@tian). Around midnight, the activity may
increase dramatically, with displays flashing wyldiverhead and in considerable motion. It
is even possible to note from the distinct ray ctrees that the electron influx comes down
the inclined magnetic field lines. Then in the mognhours, the aurora becomes more
diffuse, shows some pulsating patches and morespreic absorption, slowly varying
compared to that around midnight and much grebhter before midnight.

HF signals that go across an auroral region wilvsleffects characteristic of the activity -
steady signals going across in local evening, denable rapid absorption and flutter from
the moving regions of ionization around local mghti and just strong absorption for local
morning. Of course, all those ideas have to bep&ad by the frequency involved, with
devastating absorption on 160 meters and possiintea reflections above the HF range.

The magnetic disturbances at high latitudes whichompany aurora give qualitative
measures of the energy input to the magnetosphiera the impact of the solar wind.
Nowadays, one can go to NOAA satellite data andiobhumerical values for the power
input from observations of the influx of auroraéetrons with energies up to about 25 keV.
The numbers can be quite large, from 1 to 500 Gagswover one hemisphere. Such inputs
can have profound influences, auroral heating aagnatic activity, but our concern is only
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with communications so we have to look at how feagly these events occur and if they can
be anticipated.

Recent data published by NOAA gives a summary ofjmaic storm activity over Solar
Cycles 17-22 to suggest how the levels of magmetiwity might vary, year by year, in Cycle
23. Now when it comes to magnetic activity, indi@e used to characterize what level of
disturbance (from quiet conditions) is in effe@y $n a 3-hour period or averaged over a day.
In that regard, a number of magnetic observatdraa® been selected to provide data for use
in making planetary averages. The actual datassetsormalized to common scales, 0 to 9
for the 3-hour Kp-index and 0 to 400 for the daily-index.

One can obtain those data from the Internet angd kaeords to see if there is any recurrence
tendencies. Indeed, there are and logging Ap @mdis one way to anticipate possible

disturbances that come from long-lived solar sti®amieeping past the earth or stable active
regions which are the source of increased leveisrozing radiation.

Magnetic storminess is categorized in terms of Afu@s and minor storms correspond to
elevated levels of Ap while actual storms corresptmnAp greater than 40 and severe storms
are when Ap is greater than 100. In that regdue storm of May 3, 1998 had an Ap level of
112 while the greatest storm ever recorded waseptegnber 1941 and had an Ap value of
312! Like the March '89 storm which put the Pra@arof Quebec in the dark for a day, that
one affected the power grid in the Northeast. Niaya, the power industry is keenly aware
of the magnetic storm problem and tries to antieiparoblems by getting solar wind data
from satellites, out there ahead of the earth artde solar wind.

Anyway, both minor and major storms affect HF piggtéon for hours at a time or a day by
their adverse effects on F-region ionization butese storms reduce the bands to barren
wastelands for days at a time. Propagation doestitrn until slow photo-ionization
processes replace the F-region electrons.

As we told in the first pages, the propagation aspef magnetic activity are found on the
SEC website of the NOAA under the section "ONLINATA" and "Near Earth". This
section displays the daily Solar and Geophysicaivikg Report and 3-day Forecast. This
product contains the Observed/Forecast 10.7 cmaiiekK/Ap indices.

The effects of magnetic storming are the greasssyou might suspect, at the higher latitudes
and on the higher frequencies. For communicatiomer any distance, differences in
longitude mean that great-circle paths usually gworth and thus are at risk during
magnetic activity. This is not too bad for shoatip communications as the windows of
opportunity can be rather wide. But that is not ¢ase for long-path propagation; there, the
path opens with the rise in F-region critical fregay with sunrise on the path and closes
shortly thereafter as D-region absorption increagedower altitudes. In short, if an
opportunity is lost on a given day, one must wartdnother day and try again. But having
spent many happy hours in pursuit of long-path &ctst | can say it is worth it.

Turning to longer ranges in forecasts, the receDAN prediction for magnetic storminess
during Cycle 23 is shown below:
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Cycle 23 Magnetic Storns
M nor Major Severe
1997 Year 1 12 4 1
1998 Year 2 15 7 2
1999 Year 3 24 17 4
2000 Year 4 29 18 3
2001 Year 5 26 11 3
2002 Year 6 30 23 5
2003 Year 7 33 16 3
2004 Year 8 34 12 2
2005 Year 9 42 17 2
2006 Year 10 34 6 1
2007 Year 11 15 4 1

Given that forecast, we can look forward to majorma activity rising to about 2 per month
by Year 6 (2002) in Cycle 23. That is not a goadspect but there are uncertainties in
forecasts so one can hope for less and see whpa¢hsp

Note by ON4SKY. As expected the first months of ylear 2002 were as disturbed as 2000
with a solar flux 5% higher (F10.6 of 220 SFU v802SFU in 2000) but decreasing rapidly
with sunflares of X-class ejecting fast particléattproduced indirectly some intense and
highly colored aurora over Alaska, Canada and Rthla

The 10.7 cm solar flux is an indication of actiegions on the solar disk and that is a quantity
that warrants logging. Early in a cycle, new aetregions begin to appear but later, some
regions are quite stable, particularly around solakimum, and knowing when the flux may
peak again is quite helpful to DXers.

The origins of the magnetic activity differ throumh a solar cycle, however, with early part
of the cycle giving more of the sporadic coronalssejections responsible for solar wind
blasts hitting the magnetosphere. On the othedhéme latter part of a cycle is one
characterized by fast streams from coronal hole=epwmg past the earth. Those can be long-
lasting so logging magnetic activity, with the Adex from Boulder for several solar rotations
is a good idea, enabling one to avoid times ofgtrmagnetic activity.

One aspect of strong magnetic activity is equatmiwexpansion of auroral displays,
associated with the loss of magnetic field linemfrthe front of the magnetosphere to the
magneto-tail. From the standpoint of propagattbat results in very low MUFs in the polar
cap. But it is accompanied by an expansion ofpihlar cap that can bring on heavy, long-
duration ionospheric absorption. That is the caitle solar proton events, so-called polar cap
absorption (PCA) events. Those events differ iitkisg ways with auroral absorption (AA)
events but both can be present at the same tinfeseTevents will be our next topic of
discussion.

Research Notes:

| have already given some words of praise for tle@ki'Physics of the Upper Polar
Atmosphere”, by A. Brekke. To that | would like smld that the front cover has an
ABSOLUTELY FANTISTIC photo of an aurora taken froansatellite. There is a catch,
however; the photo was made in Antarctica and thek bmust be turned upside down to get
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the aurora positioned OVER the polar cap. But lkenfucius said, "A graphic is worth
many kilobytes of text."

Geomagnetic storms and aurora

We are now into disturbances of propagation, thoasty things that can plague us,
sometimes without our even knowing it. The lagiidcowas magnetic storms and aurora.
Those represent disturbances of the F- and E-regieapectively.

The effects of magnetic storms can be world-widéhansense that ionospheric electrons are
removed from field lines, lowering the MUFs on ma#tross great distances. The part of the
ionosphere which is disturbed the most is in thirpocap as that is the region whose field

lines are most at risk. And recovery from magnstarms is a slow process, requiring the

electrons in the F-region be re-supplied by sunlighslow, tedious process which can take
days after a severe storm.

The effects of an aurora, by itself, are much mooalized in the sense that the increased
ionization is confined to the field lines that geddauroral electrons downward. Short of
being in a full-blown magnetic storm, the effeateid to be brief, measured in minutes or
hours, and when the aurora ends, it is a fairlydrgpocess. Essentially, the problem is to
have the electrons in the ionization recombine wWithpositive ions which were generated by
the influx of energetic auroral electrons.

But now we come to solar proton events. Those afiéict the D-region and originate on the
sun, with protons and other particles accelerafedbuenergies of millions, sometimes even
billions, of electron-Volts (MeV or BeV). So solproton energies, from acceleration on the
sun, are high in contrast to those of auroral sdastwhich are accelerated locally, within the
magnetosphere, up to tens of kiloelectron-Voltde Pprotons are accelerated in connection
with some solar flares and then can leave the sgassing through both the solar and the
interplanetary field.

The interplanetary field generally points toward away from the sun and the outward
progress of protons depends on the degree to wiheit go along the field lines or
perpendicular to them as they leave the sun. IBaiiriterplanetary field is not well-ordered
like the geomagnetic field close to the earth smtgurs will diffuse through the region and
their progress will depend on their momentum orréudius of curvature of their path. The
more energetic protons will have radii of curvatutgich are large compared to the scale-size
of field variations so those protons will follow meorectilinear paths. On the other hand, less
energetic protons will have smaller radii of cutwratin the field and their progress will be
more like diffusion, scattered by the small-scaleganized portions of the interplanetary
field.

All that is a way of saying that the high energgtpns will leave the region close to the sun
faster and make their effects felt more promptligea briefly. On the other hand, the low-
energy protons will diffuse slowly through the flebnd their effects will be of longer
duration. It should not be forgotten, howevert ti@ duration of the acceleration process is
of interest too. Generally, it is considered tatlbe same as the actual flare process but those
can be brief, in minutes, or longer, measured im0

Another way of saying the same thing is if thedlaegion is off the to the east of the solar
disk, solar protons heading toward the earth vallhto stagger through the field lines which
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are more or less perpendicular to their paths.t iBre slower process and protons can be held
in the magnetic field region for times which aredocompared to the acceleration process
that started them. As an example, | had experiantgeone east limb event in August 79
where the solar protons finally reached the ionespii8 hours after the flare! Staggering,
diffusion? Yep!

On the other hand, flare sites toward the west lahthe sun send protons out into the field
which generally trails behind the rotating sun avel get "sprayed"”, as it were, by protons
going along the field lines. That is called thartden hose" effect. The Great Solar Flare
Event of February 23 1956 was a case in point, s Wab flare where the travel time was

measured in minutes. Those were relativistic pladiand had so much energy (over 10 BeV)
that they penetrated to ground level, even at thgnatic equator! Been there, seen that!

But what are their effects? Given the remarksha last paragraph, one can expect that the
duration of the proton bombardment of the earth @apend on the location of the flare site.
That is one propagation clue that NOAA provideshvatery announcement of a solar flare,
the solar longitude involved. So that is one i@mterest, east or west of central meridian.

But as to the effects of the protons, those dementheir flux or number per square-cm per
second and proton energy. The low-flux, low-enesplar proton events were only
conjecture until the Space Age but are detectedadays by satellites and one can see the
data in the Tiger Plots on a NOAA website. But rggewith higher fluxes and greater
energies can penetrate the earth's field and gehnato the ionosphere, the atmosphere and,
on rare occasions, they can reach ground level.

Our interest, of course, is with ionospheric efeghd being energetic charged patrticles, the
protons will leave a wake of ionization as theywplihrough the atmosphere. The extent of
the wake will depend on the relative numbers otgrs in the various energy ranges - around
1 MeV, around 10 MeV, near 100 MeV and beyond. dgrierally, being both energetic and
massive particles as compared to puny auroralrelegt protons penetrate deeper into the
ionosphere (if they get that far through the geameig field) and the heavy ionization near
the end of their physical ranges can cause hugespieric absorption of signals because of
the greater electron-neutral collision rate deeghéD-region.

For solar protons to get down to the ionospherey thust first enter the geomagnetic field
out at the magnetopause and then follow field lireeording on their momentum. The
present view of these matters is in sharp contkatst the early days of ionospheric radio.
Then, the dipole model of the earth's field wa®tais the standard and all discussions about
the effects of solar protons were based on workedonthe Carl Stoermer, the Norwegian
auroral physicist. So the idea was that protonsewserted out according to momentum (or
energy) by the field and there was a sharp cuéendrgy which varied with latitude. But with
the IGY, things changed; the use of riometers, iloglat ionospheric absorption due to the
protons, showed that the cut-off idea was all wrand the polar cap was wide open, full of
low-energy protons, all the way down to the auraahes where the cut-off energy was
supposed to be 100 MeV. That was one of theditss that the earth's field was not that of a
dipole; then measurements made by satellite-bormgnetometers gave the final story, with
the field configuration I've sketched earlier.

The coverage of the large polar cap area with smlatons is in sharp contrast with the
narrow latitudinal coverage of the auroral zoneshgrgetic electrons; beyond that, there is

57/62



NM7M's HF Propagation tutorial

the difference in levels of absorption, tens of@B30 MHz for solar protons as compared to
a few dB for the auroral electrons. So all in sdllar proton events that reach the ionosphere,
so-called polar cap absorption (PCA) events, catidvastating when it comes to propagation
across the high latitudes.

But there are few more aspects to PCAs to thinkuabd-or example, the access for solar
protons to the polar cap is one thing but it hasnbleund that solar protons can get into the
magnetosphere via the magnetotail. And the adoetb® two polar caps is not always equal
for solar protons, judging by satellite data. Beré can be different ionospheric reports from
the two polar caps, depending on sunlight on eachthe access of the protons. All this
makes propagation interesting and confusing!

When it comes to ham radio propagation, there ppopagation effect that can mask the
access to the polar caps. Here, | refer to thetfet there is a reduction in ionospheric
absorption in darkness, the number of dB in absorgoing down by a factor the order of 5
or so. This is due to the fact that the electiesited by solar protons may attach themselves
to oxygen molecules and form negative ions. Nggatins are so massive that they do not
participate in the absorption process. So abswrph a darkened polar cap, at night or in
winter, is less and might be interpreted as a lootgm flux without satellite data to clarify the
situation.

The electrons bound in negative ions are releaseshwgunlight is restored to the D-region.
That is the case for proton events but not for lirelectron events where the ionization is at
much higher altitudes and electron detachment tee$tdm collisions with atomic oxygen,
abundant above 100 km. So auroral absorption @#&nts do not show any day/night effect
like PCA events.

To summarize now and put things in perspectiveoraliabsorption events are limited in time
and space, found during magnetic disturbancesg largmall. Polar cap absorption covers a
wide range of latitudes, the whole polar cap, amad last for days at a time after some solar
flares. And the ionospheric absorption is largekimg PCAs a real threat to ham radio
communications. And if the polar cap expands ze $n the late phase of a magnetic storm,
solar protons can then reach down to much lowdutks and have even greater effects of
our HF propagation.

The beauty of PCAs, if one would call it that, st they are relatively infrequent. The real
threat to ham radio communication is the effectshaf solar wind, so | would say that
magnetic storming is the thing to watch out for,lbgging K-and A-indices to identify any
possible repetitions and then by checking each lojaywhatever means are available.
Magnetic storming is THE threat to our peace andtgwhat the sun provides in the way of
higher critical frequencies by UV radiation canthken away in a jiffy by a blast of the solar
wind triggering a magnetic storm, minor or major.

So monitor/log the magnetic indices; they hold kleg to success in high latitude DXing on
the bands! But when the high latitudes are digdiptry the other directions, say across the
equator. That is pretty safe, the field lines tHeeeng shielded from the ravages of the solar
wind. And there's a lot of rare DX there to makiegs interesting.

This is the end of the line and time to wrap up digeussion. It should be in two parts, the
theoretical side which we compare with the expenitalepart. In regard to theory, the most
general discussion would be one which uses rayagawith the best available model for the
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ionosphere and geomagnetic field. That is simplgaty but as you know, words come easy.
But let's look at how it's done and what it meamsig. Then we can go to the experimental
part.

Appleton’'s magneto-ionic theory
Now it may sound strange but the magneto-ionic héwat | mentioned eatrlier is all cast in
terms of frequencies. Obviously, the operatingdency is of utmost importance. But then
there are three other frequencies; how they comwdtie the operating frequency (QRG)
determines features of propagation.

The first frequency is thplasma frequency for a given position in the ionosphere, it is
another way of specifying the electron densityasRia frequencies in the lower ionosphere
increase with height, up to the F-region peak, dedrease with latitude toward the poles.
And, in a complicated way, they depend on the &artfagnetic field and sunlight. But for
signals to be contained, not penetrating into thesitde of the ionosphere, their effective
vertical frequency (EVF) must be less than thempla$requency at the peak of the F-region.

The second frequency is thedllision frequency Fc between electrons and the neutral
constituents which surround them. As you know,ligioh frequencies Fc determine

ionospheric absorption and are greatest (<2 MHzomgin the lower ionosphere. The

comparison of interest is the operating frequendyGQand Fc. If QRG >> Fc, then

ionospheric absorption is not of great importanéad a good example of that would be up
on the 10 meter band. But the plasma frequencgtilisof great importance as well as

sunlight on a path.

The third frequency is thelectron gyro-frequency Fg, the number of times per second an
electron goes around the local field lines. Fordgkemagnetic field, that ranges from 0.6 to
about 1.6 MHz, in going from low latitudes to potagions. And the comparison between
QRG and Fg becomes very important down on the 1&@miand as 1.8 MHz is comparable
to values of Fg along a path. The consequenceschiding the geomagnetic field in
ionospheric theory are very important and should Im® overlooked in thinking about
propagation.

Before getting to them, we should recognize thaihgggnetic effects have been neglected in
almost all the discussion so far. True, it was fearout that the earth's field serves to keep
ionospheric electrons from running away, once ssdabut that was about it. So for most
amateurs, theory is quite simple: some ionosphabsorption on the lower bands but

otherwise, RF is linearly polarized, depending be transmitting antenna. But all that

changed when Appleton embarked on formulating aengeneral theory which included the

geomagnetic field. The results are not to diffidol obtain but hard to comprehend, given
that the earlier theory is so deeply ingrainedun thinking. But let's take a look at a few of

them and see how things go.

First, the strength and direction of the local n&gnfield is important and propagation

depends on the direction of wave travel relativéhieo magnetic field. That is a new idea to
most hams but is the case as in the more generalythRF waves are now elliptically

polarized, depending on the direction of propagmatithat may be hard to picture so think of
a wave moving along with its E-field vector goingand the direction of propagation but
with varying amplitude as its tip traces out aipsk.
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Not only are waves elliptically polarized but thene two types, depending on the direction
of rotation of the electric field - ordinary andtexordinary waves. The two waves propagate
with different speeds and, oddly enough, are alesbiib the ionosphere (remember the
collision frequency?) at different rates.

Rather than leaving things as they stand at thiatpd should be noted that the wave

polarizations go over to simpler cases when prapagé#s along or perpendicular to the field

direction. To use modern advertising parlance, ethate also cases in the "not exactly”
category, quasi-longitudinal and quasi-transverapggation where the waves are close to,
but "not exactly”, the strict limits mentioned aleov That makes magneto-ionic theory less
stern and forbidding as the elliptically polariasdves are close to circular or linear in those
cases.

That is a brief summary of what happens to RF whenQRG is comparable to the electron
gyro-frequency, say around 1.8 MHz. Added to teahe idea of limiting polarizations where
RF enters or leaves the lower ionosphere. So tbewd be a mis-match between wave
polarization at launch and the limiting polarizatiat the bottom of the D-region. In that case,
the mis-match between the two polarizations melaasoupling of RF into the ionosphere is
less than 100% That is part of the "bad newshatldow end of the amateur spectrum. Of
course, there is also the question of the how tharization of the emerging wave matches
that of the receiving antenna. And the other "baws" is one mode, the extra-ordinary
polarization, is heavily absorbed over distanceammgy that more power could be lost from
that effect.

All this emerged when Appleton worked through therengeneral theory of how ionospheric
electrons respond to RF in the presence of the ggoetic field. Once that is done, the next
step is to incorporate the results into the "equmstiof motion” for waves and do ray-tracing
with the best field model available. The consegesrare interesting, as you can imagine,
with the important result that ducting is possilplst with the typical electron density
gradients present in the ionosphere.

All this is probably more than you wanted to re&dw but you should know that the simple
ideas that are abroad are not the final story. dw& idea from magneto-ionic theory that
applies at frequencies way beyond the electron-frgquency is the rotation of the plane of
wave polarization. Ordinarily, changes in HF paation are attributed to ionospheric tilts,
not an effect from the magnetic field. But it &al, seen with satellites on VHF.

The idea comes from sending linearly-polarized aigialong the field direction. If you think
about it, a linearly-polarized wave is the saméassum of two circularly polarized-waves of
equal amplitude but rotating in opposite directiorighe rest is straight-forward as the two
circular polarized waves travel with different spgemeaning that one gets ahead of the
other, and the polarization of the resultant lihepolarized wave is rotated as it travels
along. That is Faraday Rotation and is an impopan of work on VHF where two circular
polarizations can be present with essentially egogilitudes.

But a problem with Faraday Rotation comes up ordder bands as the extra-ordinary wave
is heavily absorbed and over any great distanae,otidinary wave is the only one that
survives. So it is not so much a question of Fayadotation on 1.8 MHz but one of the
remaining ordinary polarization and how it compavath the limiting polarizations at the
bottom of the ionosphere and antenna polarizations.
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As for the experimental side, that really dealshwithat we know about our surroundings.
Starting from the ground and going up - the georatigriield, the neutral atmosphere, how
solar radiation affects the atmosphere and crelage®nosphere, the solar wind and its effects
on (or in) the earth's field, the solar magnet&diiand solar activity. There's a lot to know
and more to the point, it's important to apprectatg we're dealing with a coupled system.
So any effect that is dealt with in isolation ma he well understood.

The present situation as far as propagation iseroed depends on the use of computers and
that brings up the question about the programsateativailable. For the geomagnetic field,
there is the International Geomagnetic Referenadd HIGRF) while the models of the
ionosphere are found in the International Referdnoesphere (IRI-2001, available on the
Internet at Uiversity of Leicester and at NSSDCho3e two serve as research sources but
also find their way into software such as PropLabdé? DXAtlas.

Then there are also the various propagation progthat are available at present. Viewed by
themselves, they are efforts done in isolation \gitfet-day representations of the ionosphere.
So additional consideration must be given to theitdeof the critical frequencies all along a
path and also the geomagnetic circumstances andummgual ionization, say from solar
protons. That's where mapping programs and the N@&Bsites on the Internet prove their
value. Without using that information, it is harglossible to make a realistic prediction of
anything.

As an example, the week of Nov. 8-14 was charasdras one of considerable magnetic
activity and solar activity. Thus, the following-iAdices were reported from the Boulder
magnetometer: Sun: 68, Mon: 78, Tues: 6, Wed: 4rs:H, Fri: 60, Sat: 38

Without that knowledge, the results for propagatcmmditions from a computer program,

using only input with regard to sunspot counts, Mlauake you think you live on a different

planet as they would have little bearing on actwalditions.

But that is not the whole story as the coronal ngjsstion that was responsible for the
magnetic activity also produced a solar proton ewan November 14. Then, 10 MeV
protons, which are capable of reaching the ionasplteppeared at satellite altitudes around
0600 UTC. The proton flux peaked at 300 p.f.uof{@n flux units or protons/sg-cm/sec/ster)
around 1245 UTC and continued coming out of therpianetary field for more than a day.
Also, there was a weak flux (6 p.f.u.) of 100 MeYbtons, capable of reaching balloon
altitudes (about 30 km), was present. In addittbare was a strong increase in 1-8 A X-ray
background on the 13th.

As | said, these are coupled systems and we halmkoat more than one limited aspect if
propagation is really our interest. Of coursewasgo toward solar maximum, this will be the
case more and more often. But on the cheery fideweek of Nov. 8-14 has to be an
exception. For example, in the year that | spemhy long-path study around the maximum
in Cycle 22 , something like 80% of the days weaeefof any significant disturbance and
even with minor or major disturbances on the réshe days, | was able to make a long-path
contact on over 90% of the days.

That suggests a cautious but optimistic approadualied for, watching all the disturbance
indicators on a regular basis, "going for it" whaopagation looks good and even "looking
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around” when conditions may not be the most promisi | like to say "DXing is an
intellectual pursuit” so it's worth a bit of studiat makes the rewards all the more enjoyable.
Conclusion -

| think I've said all | wanted to so let me closghwvords of a great man that I'm sure you'll
recognize: "That's all folks!"

73,
Bob Brown, NM7M, 1998.

Updated and converted in Word format by Thierry boyp ON4SKY.
Available in HTML format at http://www.astrosurf.eglombry/gsl-hf-tutorial-nm7m.htm
| warmly thanks Bob for his courtesy in allowing meeuse his material
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