This wild solar landscape was imaged in
the extreme ultraviolet
(17.1 nm) by TRACE, the
Transition Region and
Coronal Explorer.

THE SUN IS JUST A BALL OF GAS, mostly hydrogen.
How can something so simple produce such complex,
bizarre, unpredictable structures and behavior?
The key is that the Sun’s gas is hot enough to be ionized:
some of its atoms have had an electron knocked oﬀ. These
free electrons can move around. Any substance with
freely movable electrons conducts electricity; metal is an
example. So for this purpose, you can think of the Sun as
like a churning ball of liquid copper.
The slightest electric current in a conductor creates a
magnetic ﬁeld. Magnetic ﬁeld lines try to stay ﬁxed in a
conductor, like strings in clay. It takes energy to drag the
lines sideways through the material, like dragging strings
sideways through clay. Instead, if the ﬁeld lines move
they’ll tend to drag the conducting material — the gas of
the Sun — along with them.
But the Sun’s ionized gas doesn’t want to cooperate. It
has its own agenda: churning and boiling, driven by heat
ﬂowing up from below. So the gas sometimes overpowers
the magnetic ﬁeld lines and carries them with it.
And as you learned in school, a moving magnetic ﬁeld
generates electric current. This current in turn creates new
magnetic ﬁeld, which generates new current, and so on.
Here comes the important part. Wherever in nature
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a runaway positive-feedback arrangement like this gets
going, you’re likely to see it spawn remarkable, chaotic,
endless complexity. Unpredictable emergent phenomena
appear from it — forms of higher-level organization and
structure that you could never have predicted from ﬁrst
principles.
And why does that occur? Because — key point, now!
— we live in a universe with an interesting property:
energy ﬂowing through a system tends to organize that
system into greater complexity, producing emergent
phenomena (at the expense of greater disorder, or entropy,
elsewhere).
After all, that’s the only kind of universe we could
arise to ﬁnd ourselves living in. Life is an example of this
process. On Earth, the energy ﬂow consists of sunlight
arriving, driving processes and complexiﬁcation on the
ground, and eventually radiating away to space as waste
heat. In the Sun’s own case, the energy ﬂow consists of
heat coming up from the interior and radiating to space.
The interaction between magnetic ﬁelds and ﬂuid
conductors is called magnetohydrodynamics, or MHD.
It is a notoriously diﬃcult ﬁeld, precisely because MHD
systems break so easily into positive feedback, chaos, and
emergent phenomena.
— Alan MacRobert
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