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January 21, 2024
Solar Report - Auroras

The solar weather report for today offers a marked contrast when comparing
today’s indices to the indices of January 2021, when we began solar cycle 25.
Let’s look closer at the differences.

In January 2021, which was the beginning of solar cycle 25, we had an SFI or
Solar Flux Index of 77 while the smooth sunspot number or SSNs was 26. Today
the SFI is at 166 and the SSN is 144. In other words, the sun is much more
active today!

If we look at the historical data for solar cycle 25, we clearly see the increasing
activity of our sun; furthermore, based on the trend of the curve we see that the
peak of the solar cycle has not yet been reached! What's more, empirical
measurements consistently show values above theoretical predictions for SFl and
SSN. The chart shows that our numbers are north of the gray uncertainty area.

Sunspot Number Progression (December 2023)

Predicted SSN: 93.2  Actual: 114.2 Latest Smoothed Predicted SSN (6/2023): 77.9 Actual: 125.0
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A more pronounced difference can be seen for the SSN historical numbers.
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10.7cm Solar Flux Progression (December 2023)

Predicted SFI: 120.4 Actual: 159. Latest Smoothed Predicted SFI (6/2023): 109.9  Actual: 15¢€
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How does this increased solar activity affect Ham radio? Well, it affects our
hobby in many ways and one of them is in the appearance of 'Auroras’ in our
atmosphere. The auroras come in two varieties, depending on where
geographically they occur: Aurora Borealis if they occur close to the north pole in
the northern hemisphere, and Aurora Australis if they occur close to the south
pole in the high southern hemisphere.

If one’s been lucky enough to look out from an airplane window at night while
traveling in northern latitudes, one may have been greeted by a view like the one
shown here.

Courtesy Dr. Becky DL2(
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Note the green glowing “clouds” above the white clouds shown in this airplane
picture.

What causes the auroras? This is an active area of research; however, we have
learned quite a bit in recent decades about the mechanisms that give rise to
them. It turns out that auroras are essentially emissions coming from our
atmosphere, mostly from oxygen atoms. They occur when charged particles from
the sun impact the Earth's atmosphere near the polar regions where they’re
focused by the Earth's magnetic field. These impacts cause the oxygen atoms to
absorb and then emit light at very specific frequencies. Another way to say this is
that photons of very specific frequencies are emitted when the oxygen atom’s
electrons drop to a lower energy level.

Energy Level diagram
for atomic oxygen
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Bhardwaj & Susaria (2012)

Specifically we note that the transition of atomic oxygen (not the O2 molecule but
the simple O) at 557.7 nm gives the observed green color.

We know that there are other transitions in oxygen and that some are red in color,
but these occur higher up in the atmosphere and therefore are not easily seen by
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our eyes from the ground. The curious thing is that the red auroras can be seen
from the international special station as we see here.

Aurora seen from the International Space Station
Credit: NASA ESA HST

Another interesting question is why do the auroras seem to end so abruptly at
altitudes of +/- 100 km? It is thought that this is due to the fact that the
concentration of atomic oxygen has a maximum at an altitude of between 90 and
100 km. At lower altitudes another variety of oxygen predominates: molecular
oxygen O2. This is a good thing since life has evolved on earth to use 02. It
should be noted that O2 is much more stable and difficult to ionize, so the auroral
emissions are due to atomic oxygen, O.
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Atomic oxygen concentration (cm™)
Credit: Richter et al. (2021)
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Incidentally, auroras have been observed on other planets with magnetic fields,
such as Jupiter and Saturn. As you’d rightly think, the presence of an aurora in
another planet is a good indicator of a planetary magnetic field.

Composite HST timelapse of Jupiter (visible) and aurora (UV)
Credit: NASA ESA HST

Saturn's aurora seen in ultraviolet light by HST
Credit: NASA ESA HST
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Well that’s fascinating but do auroras affect our Ham radio communications?
Definitely, yes. Auroral communication is an aspect of the Ham radio hobby in
northern latitudes. What's more, in auroral communications, Hams report that
there’s a characteristic warbled sound in the audio signal caused possibly caused
by the dynamic structure of the aurora borealis.

That concludes this note that merely scratches the surface of the phenomenon of
auroras. Hopefully it has motivated you to delve further into it!

Good contacts and good luck!

W2WF

Ref. — Dr Becky Smethurst — physicist at the University of Oxford in her video
https://youtu.be/VtIUJG40WKT4?si=QdX ChkifsEFOhDC




