You would think that with the 160 meter band relatively close in
frequency to the 80 meter band that the two would exhibit very similar
propagation characteristics. Truth be told, they are worlds apart. Cary
Oler and Ted Cohen, N4XX, shed some light on why 160 mefers is so
unpredictable and what's being done to reveal its secrefs.
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®he propagation characteristics of the 180
meter band (1800-2000 kHz) have puz-

4 zled both amateur and profassional com-
municators for decades. While located not that
far below the 80 and 75 meter bands (3500~
4000 kHz), predicling propagaticn on Topband,
as it is affectionately cailed, has heen an exer-
cise in fulllity. For example, John Devoldere,
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ON4UN, in has bock Antennas and Techniques
for Low-Band DXing' notes that“. . . (T)he more
[ have been active on 180, the more | am con-
vinced on how little we know about propagation
on that band.” Attempts by Davoldere to find a
carrelation between solar and gesmagnetic
indices {e.g.. sunspot numbers, the K and A
indices (whole day indices), and the three-hour
k-index}, and propagation on 160 meters. found
fittle or none. Even Jeli Briggs, K1ZM., in his new
hook DXing on the Edge-~The Thrill of 180
Meters,? comments that *{T)o me, personally.
the biggest 1ask yet unmet [on Topbandl is fig-

uring out just what makes 160 meters tick.”
Briggs even went so far as to say, * . . . I'll bet
my last dellar that no one . . . cut there can pre-
dict the exotic openings with any degree of real
accuracy . . . " The following information won’t
put you in the position of winning that'bet, but it
sure will give you an appreciation for just how
complex the phenomenon of radiowave propa-
gation on Tepband really is.

Electiron Density in the
D-Region of the lonosphere

Signals in the 160 meter band are most strong-
ly affected by changes in the electron density
of the ionasphere’s D-region.? During the day,
the D-region is strongly lonized, and so itis the
major source of absorption on 160 meters.
During the night, the density of the D-region
drops dramatically (although it does not disap-
pear completely); this results in a correspond-
ing drop in signai absorption. Importantly, small
changes inthe density of the D-regicncan have
a profound influence on absorption levels dur-
ing the nighttime hours. The primary reason for
this is that at low radic frequencies, electron
collisions with neutral ions occur much mare
frequently than they do at higher frequencies.
This results in what is known as a high colii-
sion frequency, which inturn results in high lev-
als of signal absorption. Put another way, small
increases in electron density at low frequen-
cies produce large changes in signal abscrp-
tion. When ceonditions on the 160 meter band
are s good that you momentarily believe you
are listening te a goed opening on the 20 meter
band, what may in fact have produced these
extracrdinarily good conditions were unusual-
ly large depletions in electron density in the D-
ragion. Just what can cause such large drops
in D-fayer eleciron density is still notwell under-
stood by the ionospheric scientific community.

Effects Caused by the

Eleciron Gyrofrequency
Propagation on the 160 meter band is difficult
to predict for other reasons as well. One major
reascr, in addition to the unpredictability of the
level of D-region absorpiion, is that the fre-
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quencies in the 160 meter band are so close to
the electron gyrofregquency {which is in the
range 700 1o 1600 kHz).* A map of the D/E-
region electron gyrofrequencies (in kHz) is
shown in fig. 1. Basically, the gyrofrequancy is
ameasure oftheinteraction between a charged
particle (here, an electron) inthe Earth's atmos-
phere and the Earth’'s magnetic field. The clos-
er a carrier wave is to the gyrofrequency, then,
the mora energy is absorbed by the electron
from that carrier wave. This is particularly true
for radio waves traveling perpendicular to the
magnetic field.

In North America, we would expect that sig-
nals from, say, Western Europe would traverse
paths roughly perpendicular to the Earth's
magnetic fisld, and so they would be heavily
attenuated because of their interactions with
electrons in the D- and E-regions. Further, the
signals should be strongly efliptically polarized,
with the major axis of polarization lying in the
direction of the magnetic field. (High-frequen-
cy [HF, 3-30 MHz] signals are mors nearly cir-
cularly polarized.) Thus, in addition to the atten-
uation brought about by the proximity of the
gyrofrequency to your Topband carrier fre-
quency, the 160 meter signals you receive
from, and transmit to, Europe also will arrive
with decreased strength if your antenna and
the antenna of the aperator in Europe are not
oriented to match this polarization.
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1— Global map of electron gyrofrequencies, in kHz.

Finally, during geomagnetic activity, such as
that experienced following the occurrence of a
flare on the Sun, the orientation of the Earth’s
magnetic field lines can change, producing
variations in received signal strength. In some
cases signals are degraded below usable lev-
els, while at other times significant signat en-
hancement can occur.

Effects Caused by the
Auroral Qval

The auroral ovals {one around each pole} have
a profound impact on radiowave propagation.
If the path over which you are communicating
lies along or inside one of the auroral ovals, you
wiil experience degraded propagation in one of
several different forms: strong signal absorp-
tion {which is usually what happensy}, brief peri-
ods of strong signal enhancementi {primarily
caused by tilts in the ionosphere that allow sig-
nals to become focused at your location), or
very erratic signal behavior (strong and rapid
fading, etc., caused by a variety of effects such
as multipathing, anomalous and rapid varia-
tions in absorption, non-greai-circle propaga-
tion, and polarization changes).

Fig. 2 is a map showing the great circle path
from Washington, D.C. to Japan. Also shown
is the position of the overhead Sun (in the south
Atlantic), the terminator (it is within an hour of

sunrise onthe East Coastofthe U.8.), the pole-
ward position of the very quietauroral zone (the
green line closest to the poles), and the
expanded position of the auroral cvals during
weak minor geomagnetic storm conditions (the
green line closest to the equator).

As shown, the great-circle path frem D.C. to
Japan can be influenced in one of two primary
ways. During exceptionally quiet geomagnetic
conditions (k-indices of zero lasting for more
than about 8 hours), the auroral zone can con-
tract to the approximate poleward positionillus-
trated by the highest-latiiude green line in fig.
2 and allow the D.C.-Japan signal to pass rel-
atively unscathed through the polar regions.
Butsmall increases in geomagnetic activity can
produce large changes in the position of the
auroral zone. If the eguatorward boundary of
the auroral zone crosses through the D.C.-
Japan great-circle path, signal degradation will
occur through absorption in the D- and E-
regions and other instabilities of the auroral
ionosphere.

Fig. 3 is an excellent example of the vari-
ability that can occur in the auroral zone. This
sequence of images was obtained from the
POLAR spacecraft (Ref. 5). it snaps piciures
of the auroral oval every few minutes that its
orbit allows. The top sequence of images
{beginning at 0336 UTC on 10 December 13997)
shows the appearance of the auroral cval in a
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osrery quiet state. Very little activily is visibie and,

© . fact, alf of the activity occurs welt north of
Alaska. A Topband signal crossing through the
nigh-latitude regions would have stayed out-
side of the aurorai zone, resulting in good sig-
nai strength and stability (compare with the
poleward green-line in fig. 2). These were the
conditions that apparently existed on 8 and 9
December 1897, as weil, during which time
excaptional propagation conditions were ob-
served between the East Coast and Japan in
the half-hour period just before sunrise on the
East Coast.

Conditions, however, changed rapidly follow-
ing the arrival of a mild interplanstary distur-
bance at 0530 UTC on 10 December (see the
middle row of images). These images show a
more energetic auroral zone about an hour and
a half after the arrival of the disturbance. Notice
how the zones have expanded and how they
now encompass a good portion of Alaska, The
most intense areas of auroral activity are also
located in the areas nearest the equatorward
boundary of the zone of activity. Signals propa-
gated from Washington, D.C. 1o Japan or from

_.the western U.S. to Europe would have had to
| .neirate through these disturbed regions. In so
doing, they would have been heavily absorbed
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Fig. 2- Greal-circle map from Washington, D.C. to Japan just before sunirise on the East Coast. The location of the auroral oval for very quiet and
mildly active conditions is denoted by the green lines. The overhead Sun is in the South Atlantic. The sunrise/sunset ferminator and the area of
the Earth where the Sun is 12 degrees below the horizon is shown by the grayline region.
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Fig. 3— The sequence of images is from the PCLAR Spacscraft and shows the northern polar auroral oval. Top threg images: very quiet aurcral
oval. Middle three images: intensifying auroral oval. Bottom three images: minor auroral storm conditions.

by the increased D- and E-region ionization that
migrated equatorward to intersect the great-cir-
cle paths by 0712 UTC. During the height of the
auroral activity, the oval intensified and expand-
ed even further southward to completely anguif
the Aiaskan and much of the Canadian ionos-
phere. Communications between Washington,
D.C. and Japan arcund 1216 UTC {near sun-
rise on the East Coast} would have heen high-
ly unlikely, if not impossible.

Anocther imporiant aspect of the auroral
icrnosphere is its latitudinal thickness. Inthe top
row of images, the auroral oval is very thin and
diffuse, suggesting a much more stable ionos-

phere and weaker levels of ionization. A signal
that passes through this auroral ionosphere
would encounter Its heaviest absorption only
while it was within the auroral ionosphere.
When the auroral zone is confracted and lat-
itudinally thir, it is possible for a Topband sig-
nat to navigate through the auroral zone with-
out being heavily absorbed by skirting under-
neath it, as fig. 4 iilustrates. During periods of
very quiet geomagnetic activity, areas of the
auroral zone may only have a latitudinal thick-
ness of approximately 500 kilometers {300
miles). But radio signals reflected from the £-
region can travel over distances of as much as

500 to 2,200 kilometers (300 to 1,375 mites) at
heights below the icnosphere {for low take-off
angles of between 20 to 0 degrees, respsc-
tively). When the geametry is just right, 160
meter radic signals can literally skirt under-
neath and through the avroral zone into the
polar ionosphere (which is more stable) and
from the polar ionosphere back into the middle
latitude ionosphers without ever coming in cen-
tact with the auroral ionosphere. Such propa-
gation is nct as rare as you might think, and it
can provide unusually stable openings to
transatlantic and transpacific regions. But be-
cause the aurcrai oval is in continual move-
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Fig. 4- An example of how a 160 meter signal can pass through the auroral zone without inter-
acting with the disturbed conditions in the auroral fonosphere.

ment and changes rapidly, such conditions
often do not last very long.

As nature would have i, the most heavily
ionized ragicn of the auroral ionosphere is that
region nearest the local midnight sector, whicks,
unfortunately, is an important time and regicn
for 160 meter DX signal propagation. The mid-
night sector of the auroral zene is also the most
unpredictable and volatile. Look how rapicly
auroral activity changes near Alaska in the bot-
tom panel of the images in fig. 3. In only 27 min-
utes, activity ranged from fairly intense (at 1216
UTC) to mildiy active (at 1243 UTC). A closer
inspection of these images alsc reveals fine
sfructures that can materialize and demateri-
alize in a matter of minutes. Because the visi-
bile light manifested as the auroral ovals is pro-
duced by beams of energetic electrons being
sprayed into the high-latitude Ionosphere, even
these smail-scale features can have profcund
impacts on absorption levels of 160 mater radio
signals.

Part of the trick to successfully working Top-
band DX is to get your signal through the polar
regions without passing into the auroral fones-
phere. Operators in the western and southern
regions of the United States can literally “shcot”
their signals to Japan {o the south of the auro-
ral zone, avoiding the absarption that their col-
leaguas to the north and east unforfunately
encounter. Auroral-zone absorption probably
accounts, in large part, for the fact that Stew
Perry, W1BB (SK), recognized worldwide as
the “Father of Top-band DXing,” never com-
pleted a two-way contact with a Japanesa cper-
ator on 160 meters.

Correlation of 160 Meter
Signal Strength with
Sunspot Numbers

It is interesting to note that 160 meter signal
sirengths are very difficuli to correlate with
solar activily. However, there /s a weak corre-
lation (Ref. 6).

The correlation between sunspot numbers

and signal strength is only about 5% as strong
asthe correlation on higher fraguencias. Infact,
the correlation is so low that most empirical
algorithms that predict signal strengths of 160
meter signals completely disregard sunspot
numbers or solar flux levels. The weak corre-
lation is primarily due to the fact that lower fre-
quency signals (e.g., 18002000 kHz} are re-
figcted by the lower regions of the nighitime
ionosphare, when solar ionizing radiations
have dropped to minimal levels. This explaing
why attempis to correlate conditions on the 160
meter band with sunspot numbers {or the 2800
MHz solar flux] fail.
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