]Solar Cycle 25 Is
Flnally Here

An overview of what we know from
Cycle 23 and 24, and some theories as
to what we mlght see from Cycle 25




Carl Luetzelschwab, K9LA

Set off the fireworks! Solar Cycle 25 is finally here, so
now is a good time to review some basics, including
what solar minimums and sunspots are, and why
they’re important for amateur radio. After reviewing
what we know so far, we’ll be able to make some
predictions about what we can expect from Solar
Cycle 25. Be sure to read Steve Ford’s, WB8IMY,
article and Bernie McClenny’s, W3UR, “How’s DX”
column in this issue for more on Solar Cycle 25.

Observing and Measuring the Sun
Sunspots are the oldest direct record of the activity of
the sun. A solar cycle, or sunspot cycle, starts at solar
minimum (when there are few sunspots), goes through
solar maximum (when there are many sunspots), and
then ends up at solar minimum again.

Sunspots are the darkened regions of reduced surface
temperature that are caused by the sun’s magnetic
fields rising up from below the sun’s surface and
poking through. The term “surface” is somewhat of a
loose term, as the sun is not a solid.

Sunspots are a subjective parameter, because visual
counting by humans is required, and there can be an
unintentional bias in the counting process by the
observer. This, in fact, was the main reason why the
old sunspot data set was reviewed in the last decade.
The new data set was created in 2015, and that is
believed to be a more accurate representation of past
solar activity.

In 1947, to achieve a more objective parameter of
solar activity, scientists starting using radar receivers
from World War Il to measure the radiation from the
sun at a wavelength of 10.7 centimeters (2800 MHz).
Although the data doesn’t extend back in time like sun-
spots, the 10.7-centimeter solar flux parameter is pre-
ferred over the more subjective sunspot data because
the solar flux measurement is the output from a cali-
brated antenna/receiver system. In this process, there
is no need for human interpretation.

It is difficult to determine the best correlation between
sunspots and 10.7-centimeter solar flux, given that
they are from two different processes in the sun. Those
two parameters are indeed correlated, but unfortu-
nately not on a daily basis, because a daily 10.7-centi-
meter solar flux value does not map to a unique daily
sunspot number.

The next logical step was to look at monthly averages
(also known as monthly means) of both parameters.
This helped a lot, but still the correlation was just not
good enough. The next step was to average 12
months of monthly mean data — these are called
smoothed values. The correlation is very high doing it
this way, and that’s how sunspots and 10.7-centimeter
solar flux values are best correlated.

Observing and Measuring

the lonosphere

Propagation on our HF bands is influenced by the ion-
osphere — the portion of our atmosphere in which
solar radiation at various wavelengths ionizes neutral
atmospheric constituents resulting in electrons and
positive ions. The electrons are the important factor in
propagation.

For our radio endeavors on the HF bands (3 —

30 MHz), we are interested in the three regions, or
layers, of the ionosphere: the D region, the E region,
and the F region, which is further divided into the F1
region and the F2 region (see Figure 1).

We measure the ionosphere with an instrument called
an ionosonde, which is a swept-frequency radar
looking straight up. From the resulting data, the
maximum electron density in the E region, the
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Figure 1 — A typical electron density profile as a result of the
ionization process. Note that the electron density profile is a con-
tinuous function versus altitude. There aren’t any thin layers as
the name “layer” suggests. Also note that the E region and the
F2 region have very distinct maximums, whereas the D region
and the F1 region do not.
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Space Weather and

Assessing the lonosphere

For a broad assessment of HF propagation and what is
important for our amateur radio endeavors, we can sim-

plify all that data to just the sunspot number and the
Kindex.

Sunspot Number

When the sunspot number is consistently at or above 70
for a couple months, 10 meters should offer consistent
worldwide openings. For 15 meters, a sunspot number
at or above 50 will offer good propagation. Those sun-
spot numbers for 10 meters and 15 meters correspond
to 10.7-centimeter solar flux values of 100 and 90,
respectively.

K Index

This parameter varies from 0 to 9, and is reported every
3 hours. It is a measurement of the activity of the Earth’s
magnetic field. As the K index increases, the Earth’s
magnetic field becomes more disturbed. In general, the
MUFs in the F2 region of the ionosphere become lower,
possibly causing a radio amateur to lose propagation on
the band they are on, and have to move down in fre-
quency to continue the contact. For best propagation,
we would like to see a K index of 3 or lower.

maximum electron density in the F1 region, and the
maximum electron density in the F2 region can be
calculated.

This calculation allows us to determine the highest
frequency, also known as the maximum usable fre-
quency (MUF), which allows a contact over a given
path at a given time. Propagation usually consists of
our radio wave going up to the ionosphere and being
bent, or refracted, enough to return it back to Earth. A
frequency higher than the MUF is not refracted
enough and goes off into space.

Correlating Propagation to

the Sun and the lonosphere

Now we're back to another correlation issue between
the state of the ionosphere and what the sun is

doing. Before proceeding, we should realize that
10.7-centimeter solar flux and sunspots are proxies for
the wavelengths of radiation involved in the ionization
process. We use these as stand-ins, due to the fact
that before the space age, we had no way of mea-
suring radiation at extreme ultraviolet (EUV) wave-
lengths (the true F2 region ionizing radiation) because
its energy is used up in the ionization process and
nothing gets to ground level for measurement. Now
that we have satellites above the atmosphere, we can
measure EUV. But our propagation predictions were
developed before the space age and had to be corre-
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Figure 2 — During Solar Cycle 24, there were some years that
were good for 160 meters and 10 meters.

lated to sunspots (later, they could also be correlated
to the 10.7-centimeter solar flux).

EUV is the most important ionizing wavelength for our
amateur radio endeavors. The discovery that more
radiation at EUV wavelengths improved propagation
on the higher HF bands gave us the correlation we
needed to understand why more contacts were pos-
sible on the higher frequencies as more EUV impinged
on our atmosphere. At solar minimum, the ionosphere
can’t refract the higher HF bands (15, 12, and 10
meters) back to Earth, because there isn’t enough
ionization.

Around solar maximum, the ionosphere can refract the
higher HF bands back to Earth. On the other hand, the
lower HF bands (160, 80, 60, and 40 meters) are
generally best around solar minimum, because less
ionization means there is less ionospheric absorption
— loss that reduces the signal strength (see Figure 2).

Where Cycle 25 is Headed

Figure 2 is good history, but it is not enough to deter-
mine when 160 meters and 10 meters will be good
during Solar Cycle 25. It all depends on how big Cycle
25 will be. As Steve Ford mentions in his article, there
are pessimistic forecasts for Cycle 25 (a small cycle),
and there are optimistic forecasts (a big cycle) for
Cycle 25. Unfortunately, most of the forecasts are for a
small cycle. But remember these are forecasts, not
concrete truths.

If Cycle 25 is similar to Cycle 24, the good years for
160 meters are roughly for another year from now and
toward the end of Cycle 25. The good years for 10
meters will be roughly 2023 through 2027. A bigger
Cycle 25 will shorten the 160-meter lengths and
extend the 10-meter lengths.



Further Resources

Resources including websites and books are available for monitoring
the status of Cycle 25 or for more information about the ionosphere and
HF propagation. Recommended resources include:

m Daily 10.7-centimeter solar flux (along with other parameters) at
www.solen.info/solar

®www.spaceweather.com
= www.swpc.noaa.gov/products/solar-cycle-progression
=www.solarham.net

B Propagation and information about who is working who on a given band
is available at www.dxmaps.com/spots/mapg.php?Lan=E

u https://pskreporter.info/pskmap.htmi
=www.wsprnet.org/drupal
Ewww.reversebeacon.net

B For an assessment of the ionosphere itself, http://prop.kc2g.com
shows worldwide MUFs for a 3,000-kilometer path using ionosonde
data.

mRobert Brown’s, NM7M (SK), The Little Pistol’s Guide to HF
Propagation, available for free at https://k9la.us

u Chapters on “Propagation” in The ARRL Antenna Book and The ARRL
Handbook

B The CQ Shortwave Propagation Handbook — 4th Edition by Carl
Luetzelschwab, K9LA; Theodore Cohen, N4XX; George Jacobs,

Be aware that the sun can hiccup, as
seen by big spikes in the 10.7-centimeter
solar flux and sunspot number. This can
give us good propagation on the higher
HF bands for a short time. This happened
recently at the end of 2020. Read the
“How’s DX” column in this issue for more
details on this. Always watch for a big
spike in the 10.7-centimeter solar flux
(and sunspot number), and head to the
higher HF bands if it happens.

Carl Luetzelschwab, K9LA, started his radio career as
a shortwave listener in the late 1950s, using a National
NC-60 receiver. After discovering amateur radio, he
received his Novice license in 1961. He selected KOLA
as his call sign in 1977. Carl enjoys propagation,
DXing, contesting, playing with antennas, and fixing/
using vintage equipment. Carl is a graduate of Purdue
University (where he earned his Master’s degree in
electrical engineering) and worked for Motorola (in
Schaumburg, lllinois, and Fort Worth, Texas), and for
Magnavox in Fort Wayne, Indiana (now Raytheon), as
an RF design engineer. He retired in October 2013.
Carl is currently the ARRL Central Division Vice Direc-
tor. You can contact Carl at k9la@arrl.net.

For updates to this article,
see the QST Feedback page
at www.arrl.org/feedback.

W3ASK; Robert Rose, K6GKU (SK), from CQ Communications.

VOTE

If you enjoyed this article, cast your vote at
www.arrl.org/cover-plague-poll

All ARRL members can now enjoy the digital
edition of QEX as a member benefit. Coming up
in the March/April 2021 and future QEX issues are
articles and technical notes on a range of amateur
radio topics. These are at the top of the queue.

m Hidetsugu Yagi and Shintaro Uda, in this reprint of
their 1926 article, describe their classic Yagi-Uda array
antenna.

m Robert J. Zavrel, W7SX, extends the Yagi-Uda array
concept to the “W7SX Array” by not restricting element
lengths to a half wavelength.

® |n his essay series, Eric Nichols, KL7AJ, discusses
electro-mechanics and control theory.

m Jerry Spring, VEBTL, discusses the onset of Solar
Cycle 25 and the MG Il index.

m Phil Salas, AD5X, describes his method and fixtures
for measuring antenna tuner loss.

m Peter DeNeef, AE7PD, addresses RF exposure from
a 70-centimeter band collinear dipole array.

m Kai Siwiak, KE4PT, describes lightning-induced elec-
tromagnetic pulse effects.

QEX, a forum for the free exchange of ideas among
communications experimenters, is edited by Kazimierz
“Kai” Siwiak, KE4PT, (ksiwiak@arrl.org) and is pub-
lished bimonthly. All ARRL members can enjoy the dig-
ital edition of QEX as a member benefit. The printed
edition annual subscription rate (six issues per year) for
members and non-members in the United States is $29.
First-class delivery in the US is available at an annual
rate of $40. For international subscribers, including
those in Canada and Mexico, QEX can be delivered by
airmail for $35 annually; see www.arrl.org/gex.

Would you like to write for QEX? We pay $50 per
published page for full articles and QEX Technical
Notes. Get more information and an Author Guide at
www.arrl.org/gex-author-guide. If you prefer postal
mail, send a business-size self-addressed, stamped
(US postage) envelope to: QEX Author Guide, c/o Maty
Weinberg, ARRL, 225 Main St., Newington, CT 06111.
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