by Jim Bacon, G3YLA*

AVE YOU NOTICED how there are those amateurs who
always seem to be around when the bands start to buzz? You
may be one of them, but if you're not, read on!

There are a bewildering variety of propagation modes, and all seem
to come with their own collection of folklore and operator wisdom.
There are three popular methods of working DX on VHF and UHF.
These are via Tropospheric Propagation (Tropo) and Sporadic E layer
ionization (Es}, which occur at very different altitudes, and through
totally different causes (see Fig 1), and Aurora (Au).
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- Fig 1: Troposphere up to the E region, showing weather and propagation
-regionsflayers.

TRCPO

THE TROPOSPHERE is the part of the atmosphere where you will find
our weather. It extends from the surface to about 12km altittde and most
major Tropo openings occur because of special conditions in the lowest
2km.

REFRACTIVE INDEX

You may well ask how the weather can make a radio wave change its
direction. If so, put a pencil in 2 beaker of water. The pencil appears to
bend because of changes in the refractive index from the air to the water,
In this extreme case 1t is a ray of light being refracted, but it is still
electromagretic radiation, just like 2m.

Tropo is slightly different, but again depends upon changes in the
refractive index. The vertical changes in temperature, and especially
moisture, are the most important parameters to measure,

For the refractive index to change in the correct sense, we need cool,
moist air underlying warm, dry air. The casiest way to visualise this is
to picture a cold fog in the valley with warm sunshine on the hills above
{see Fig 2). Remember; it is the change of moisture across the fog or
“cloud top that makes the biggest impact upon the refractive index.

if the change of refractive index is large enough, the radio wave is
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bent back towards the earth and
may become trapped in a duct
where signal losses are very low.
A duct may exist at the surface or
at higher levels and stretch along
the whole length of a major High,
giving rangesinexcessof [500km.

O

Warm, dry air

TEMPERATURE
iNVERSIONS
Now, if we are to capitalise on
these free *air miles’ of propa-
gation distance, we need to un-
derstand some basic meteorol-
0gy. Air temperature usually
decreases with height, because
air is a good insulator and the
temperatare soon falls off as
you move away from the heat source, ie the ground (see Fig 3a).

Highs are frequently associated with gently sinking air, and one
effect of this sinking motion is to dry and warm the air. This warm,
dry air eventually finds itself directly above the undisturbed sur-
face air that is quite
often cool, moist
and foggy. The
change of tempera-
ture across this
boundary is called a
temperature inver-
sion, because it re-
verses (inverts) the
usual decrease of
temperature with
height (see Fig 3b).

In the world of
meteorology, bal-
loons carrying me-
teorological instru-
ments called radiosondes are launched to measure the detailed
temperature and humidity structure of the atmosphere. The data not
only confirms whether an inversion is present, but allows the
calculation of the refractive index itself. The plotted data usually
contains two temperature lines, as shown in Fig 4. One shows the
measured air temperature and
the other a dew point tempera-
ture, but don’t worry too much . s
about this new temperature; i is i tempefamfe
a way of showing the moisture R
in the air, If the two lines are ,r'
close together, the air is moist »7~Dew point

. I [ temperature

and fog or cloud is likely. When
these lines are widely spaced, !
the air is very dry. So understand
just these two things - refractive
index and inversions - and you'll
soon be amongst the DX,

Fig2: Foginthe valley and sunshineon
the hills leads to a temperature
inversion.
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Fig 3(a): Normal temperature lapse-rate, and (b): how
the lapse-rate during a termperature inversion.
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Fig 4: A Tephigram.
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"TROPO FROM THE SHACK - TOP 20 TIPS
I. Use the weather chart and barometer to locate the High (see Fig 5)
"2 "174¢ forecast charts to predict how the High will mo:
3. Note the central pressure of the High. Is it building or dechrung?
=4 M the: High is. declininghuery. up:with: the DX :
5. Tf the High is building, expect conditions to improve.
L6.The i mversmn I8 strongest ulhght winds, (isobars widely spaced).
7 In'the centre of the High, inversion'may be so ow't at the sighals’ :
.are ducted into the ground. Check radiosonde data from the web.
: Fots ma}ummn Afge; pomtymrr beai arouhd theedge ofiihe ngh
9. Large Highs arc slow movmg, s0 the lift may }ast some urne

- when warm air blows across a snow surface: At the end of a cold snap K
it becomes rmsty ag the.warm.air arrives and there are often sunny -

SPORADIC E
SPORADIC E layer ionization is one of the most fascinating modes of DXing

available to the
amateur, but for
many this is
purely by chance.
Research scien-
tists and amateurs
alike are stiil
seeking a com-
plete understand-
ingof Sporadic E.

What follows is
a guide that
should enable you
to spend more
time DXing and
still get the grass
cut this summer.

Fig5: A tropospheric weather map, showingthe preferred
paths for DXing.
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YHF

It gets better; Es propagation does nol require expensive stations with
large arrays and big linears.

CHARACTERISTICS

Firstly, the ‘season’ for Es seems to be mainly concentrated in the
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Fig 6{a): A graph of Es by season, and (b): time of day.

summer months and runs from May to August, as shown in Fig 6a.
It occurs at preferred times of the day, as shown in Fig 6b. The daily
plot shows a rather strange double-peaked shape to the distribution
of reports. An example of Es observed by the EISCAT UHF radar
in Scandinavia shows some remarkable wave-like fluctuations in
intensity of the Sporadic E layer, as shown in Fig 7.

WEATHER
Some research-
ers have pro-
posed links be-
tween Es and
weather fea-
tures. This is
quite a chal-
lenge to ex-
plain, because
most Bs are to
be found at an
altitude of
100km-120km,
whereas any
weather trigger is, of course, at least 100km lower in the tropo-
sphere - below 12km. '
Thunderstorms are the most frequently mentioned candidate,
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Fig 7: EISCAT Es plot, showing how ther height of the
reflection reduces as time progresses.

“and go all the way back to that first paper in the 1930s. However,

if thunderstorms are a weather trigger they are not alone, since there
have been Sporadic E openings with no evidence of thunderstorms.

Jet streams - currents of fast moving air in the upper part of the
troposphere around 12km altitude - are another major player in the
weather list. Jet streams are
associated with weather fronts
(see Fig 8), and contain wind
speeds in excess of 60m per
sccond.

There is a possibility that
Clear Air Turbulence (CAT)
associated with upper ridge
patterns on high altitude
weather charts may also have
some role to play.

Core of strong
winds in upper
troposphere
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Fig 8:Path of jet stream in relation to
frontal systems.
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WIND-SHEAR THEORY
The causes of enhanced E
Iayer ionization have been
discussed and debated since
at least 1933. The generally
accepted mechanism for
mid-latitude Es was devel-
oped by Professor White-
head around 1960 and is
known as the Wind-Shear
Theory for Sporadic E.

Inessence, this utilises the

fact that a charged particle

" moved by the wind through
a magnetic field will be de-
flected.

Furthermore, given that the wind often blows from different
directions at different heights, the deflected ionization may, in
certain conditions, converge into a narrow layer. The ideal case
would be a layer of easterly winds above a layer of westerly winds,
as shown in Fig 9.
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Fig 9: Wind-shear resuits in accumulated
ionisation.

. propagate up to the E re-
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K index

Fig 10: Variation of three-hourly K index.

MAGNETIC FIELD

The K index, which ranges from 0 to 9, is a measure of the disturbance
of the earth’s magnetic field (see Fig 10). When the earth’s magnetic
field is continuously changing, ie during a geomagnetic storm, the
random and varying deflections mean less chance of developing an Es
layer by wind shear, Indeed, Sporadic E is rarcly observed when the K
index is greater than 3.

METEORS

The date of meteor showers is widely believed to influence the occur-
rence of Es. There are many meteor showers through the year; some
coincide with spectacular VHF openings, but not every year. The ions
being deflected by the wind shear are, from the result of rocket
measurements, believed to be mainly metallic ions like iron, magne-
sium and silica. The ablation of meteors, as they burm up when entering

the upper atmosphere, is a pos-
sible candidate for this metallic N

ionization. These metallic ions
have a long lifetime of around
10 days before recombining.

WINDS, WAVES AND
TIDES

Firstly, we must establishacon-
nection between the weather
and the E region, and that link
is; Atmospheric Gravity Waves
(AGWs). They are called grav-
ity waves because gravity is
the restoring force acting upon
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Fig 11: Waves caused by air flowing over
a mountain.
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the initial displacement,
like waves on the sea.

Paths tend to follo
the sun. Those

For Es we need to think | [oeastopen "
. R first, then o
of the way airflow is dis- |the band L%
turbed when ithblowsover |opens A
further 1.3

a range of mountains,
generating mountain
waves, This is iHustrated
in Fig 11. In fact, AGWs
generated by mountains
can interact with a jet
stream flowing above
them. This may then
cause stronger AGWs to

‘west

Fig 12: Map showing how Es openings tend to
move across Europe.

gion and interact with the

background winds above [00km. Turbulence in the region of a jet
siream can also produce AGWs without being anywhere near a
mountain. :

It may well be even more compiex, since the double peak of the Es
carve during the day also suggests some form of tidal influence. The
winds at Es altitudes also vary through the day and, just as the variation
of sea height throngh the day is known as a tide, this daily or even twice
daily variation of wind can also be called a tide. Once the AGWSs have
reached the E region, they have the effect of modulating the back-
ground tidal winds to preduce a variation, or shear, as required for the
wind-shear theory to operate.
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“Jet s earn moves
east with weather
g System _
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Flg 13: Movement of weather trigger.

CO-ORDINATION

IARU Region 1 maintains a database of Es contacts in an effort to
shed light on the many mysteries of this mode of propagation. If
you want to help advance our knowledge of Es then please send
your logs to me directly or via the RSGB PSC {sce RSGB Year-
book]. Data is welcome in any format, but especially if compatible
with Microsoft Office software.

AURORA
THIS IS AN equally illusive mode of propagation, but also benefits
ereatly from a little knowledge of how it works.

SOLAR WIND :

. The solar wind carries a stream of atomic particles from the sun
towards the earth. The solar wind is always blowing, but sometimes
has the equivalent of gusts when the output is greater. There are
many interesting features on the sun’s surface that produce the
material that make these gusts in the solar wind. Features like
flares, coronal holes and sunspots appear to move across the sun’s
surface as it rotates. Therefore a period of high activity may be
repeated the next time around, approximately 27 days later.

A TWIST IN THE TAIL

Everything that heads our way in the gusty solar wind does not just
fall in around the poles to gives auroras. It seems an extra ingredient
is required, and that is the disruption of the earth’s magnetotail (see

Magneto tail

Solar wind

$d
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Fig 14: Magnetotail of the earth’s magnetic field.
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Fig 14). The magnetotail is like a siipstream of particles from the
solar wind which streams away downwind from the earth. During
major disturbances, the forces upon the tail are so great that it
breaks and part of it catapults back along the field lines towards the
polar auroral ovals. These particles somehow acquire enough
energy to reach the denser lower parts of the icnosphere in the E
region and produce the aurora.

AURCRAL OVAL

The auroral oval is the ring around the magnetic pole where
charged particles from the solar wind eventually reach the iono-
sphere. As they spiral down the field lines they excite the atoms of
oxygen and nitrogen to give off the blue, green and red glow of the
aurora. The visible part of the aurora can extend from about 400km
down to 100km. The useful bit for radio propagation tends to be at
the lower limit, in the E region around 100km, where the ionization
density is greatest. The oval extends further away from the pole as
the disturbance gets stronger. A very high K index may allow the
aurora to be visible from southern Britain, but this is extremely
rare. Because of the strange geometry of auroras there are two
periods of activity when the auroral oval is at its more southerly
position. These are roughly around 1800UTC and midnight. There
also seems to be a seasonal prefersnce for antumn and spring.

AURORA ON VHF

Firstly, not all radio auroras are visible auroras, and even some
visible auroras may not be close enough for radio contacts. The
strange burbling quality of the back-scattered signal is because the
aurcoral curtain is a region of fast moving particles that impart their
own random doppler shift on the signal. Spesch becomes husky,
sounding like ghostly whispers and, as a result, the use of CW is
common. )

The best DX direction to beam from Britain is towards the east-
northeast, but other directions through to west-northwest can be
used if there were anyone there to work. The longest paths, in the
range 1500km to 2000km, tend to be more east-west than north-
south.

Aurora fends to have weaker signals than the other modes
discussed so far, so big stations are the order of the day {(or

evening). Weaker events are usually only accessible by the nearby
Scottish stations and are called Scottish type auroras. '
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