Chapter

Seeing the Invisible

In This Chapter
¢ Why we don’t see right through the Sun

¢ How parts of the spectrum other than visible light help us learn
about the Sun

¢ How solar seismology tells us about the Sun’s inside
& Why the Sun shines

¢ How neutrinos escape from the Sun’s center and tell us about it and
about themselves

When we look up at the Sun, we see right through the chromosphere and
corona. That’s why we see the photosphere, even though those layers are
between it and us. They are just invisible to us because they are too thin
and insubstantial.

Invisibly Transparent

Imagine that you are in a smoky room (thankfully, something that is
becoming rarer). The smoke may be so dense that you can’t even see peo-
ple on the far side of the room. But what if someone walks over to you
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Part 1: What the Sun Looks Like

places of pi have been caleu-
lated, confirming that no pattern
in the digits exisfs, at least up to

that point. The calculations are . ’
carried out in large part fo fest about 2.7. A gas has an optical thickness of 2 when

computer methods. the intensity of the light that gets through is reduced

from there? Halfway over, he or she may become visible. So the smoke has optical
thickness but isn’t entirely opaque.

Astronomers use the idea of optical thickness to explain how much they see through
a gas. When a gas has optical thickness of zero, then it has no optical thickness and
is completely transparent. Read on to see what it means for optical thickness to be
greater than zero.

A couple important and interesting numbers come up all the time in mathematics,
One is m (pi), which stands for the ratio of the circumference of a circle to its diameter.
It is approximately equal to 3.14159265358979323 ... and cannot ever be expressed
exactly as a decimal. In mathematicians’ terms, that makes it an irrational number.
The other important irrational number is e, which is
approximately equal to 2.71828459045 ..., and which

As of 2003, more than a tillion for our purposes, we can think of as “about 3.”

For an astronomer, a gas has an optical thickness of 1
when the intensity of the light that gets through is
reduced by a factor of the special number e, which is

by a factor of e x ¢, which is about 8. So if gas be-

tween you and something has optical thickness of 2,
only about '/s, or about 10 percent, of the light gets

. SunWords through. Even less gets through optical thickness
A gas's opacity is a of 3, and for higher optical thicknesses, it is hardly
measure of how opague—not worth considering the tiny amount of light that gets
fransparent—it is. through. The total opacity of the gas is increasing as

we look through more of it.

This calculation of optical thickness means that we see into the Sun until the gas
between it and us gets to about optical thickness of 2 or so, and we don’t see anything
of optical thickness less than about /. In fact, for many purposes, we can consider the
photosphere as occurring at optical thickness of ¥s.

But optical thickness of /> up to 2 occurs in the photosphere only when we are consid-
ering all the light from the Sun together, which we call whire light. If we look through
a special filter that shows only certain colors that have higher optical thickness, then
the optical thickness piles up to be noticeable before we reach the photosphere, look-
ing down. In particular, if we use a red filter that passes only the red light from hydro-
gen, there is so much hydrogen on the Sun that we reach optical thickness 2 while we
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