Constancy, Thy Name
Isn't the Sun

In This Chapter

4 Is the solar constant constant?

¢ The solar constant and the sunspot cycle

4 Measuring the solar constant from space

¢ The Sun is very round, but equatorial bright features can fool you

@ The Sun and the Earth’s weather

Astronomy is such an old science that it has wonderful and sometimes col-
orful names left over from long ago. “Sunspots,” after all, just look like
spots on the Sun. And they really are. “Planetary nebulae,” on the other
hand, don’t have anything to do with planets. They are really the way the
Sun and stars like it will wind up. But over 200 years ago, the first fuzzy
glimpse of one looked like the fuzzy glimpses of the planet Uranus that
had just been discovered. So “planetary nebulae” they were, and “plane-
tary nebulae” they remain.

Perhaps we have a similar story with the “solar constant.” Though we have
long assumed that the Sun, on which we rely for our very lives, is constant,
measurements made during the space age have shown us that it isn’t quite so.
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The Solar Parameter?

The Sun radiates astonishing amounts of energy each second. The result of nuclear
fusion in its core radiates up through 71 percent of its body and then bubbles up as
convection through the outer 29 percent. Once it reaches the surface, it heats the gas.
That gas radiates the energy that we see, with most of the energy falling in the visible
part of the spectrum.

Some of the Sun’s energy comes in other parts of the spectrum than the visible. Those
other parts are known to be very variable. The amount of radio flux from the Sun
shows flares and other activity, and can easily be observed with radio telescopes on
Earth. 'To study the ultraviolet, x-rays, and gamma rays, we have to observe from space,
but we know that those parts of the solar spectrum also vary violently. Still, the bulk
of the solar radiation is in the visible, and that appears to be pretty constant, at least
during our lifetimes.

The Earth’s atmosphere absorbs some of the solar radiation, and the Earth’s atmosphere
is variable. To find out what the Sun emits, we have to either correct our measure-
ments for the effects of the atmosphere or go above the atmosphere. Both methods
have been tried.

The solar constant is the amount of solar radiation received by each square meter of a
perpendicular square facing the Sun at the top of the Earth’s atmosphere, corrected to
an Earth-Sun distance of 1 astronomical unit, the average distance from Earth to the
Sun.

At All Altitudes

Charles Greeley Abbot, the fifth Secretary of the Astrophysical Observatory of the
Smithsonian Institution, famously devoted his life to measuring the solar constant.
Abbot was born in 1872 and lived to the age of 101, making measurements and pub-
lishing scientific papers right up to the end. His measurements spanned many sunspot
cycles and a long period of time. Abbot started his measurements in 1895, when he
was hired by the first director, Samuel Pierpont Langley, to make solar measurements.
Langley, and Abbot with him, used a device—a bolometer—that allowed incoming
radiation to heat up a cavity. They measured the
Sun Words temperature of the cavity electrically, since the resis-
tivity of many metals depends sensitively on tempera-
ture. They hoped to follow changes in incoming
radiation by following the electrical changes. Note
that since they were basically measuring the heat from

L Bolometer comes from
the Greek word boli, which means
"beam of light.”
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