Sunbeam

In This Chapter

4 X-rays penetrate

¢ Rockets go high enough to record x-rays

# Yohkoh mapped the x-ray Sun for 10 years

¢ Other spacecraft also map high-energy solar radiation

¢ X-ray telescopes can piggyback on Earth-viewing spacecraft

As the space age advanced, glimpses of the Sun from rockets gave way to
spacecraft that provided longer views. During the 1990s, a Japanese space-
craft named Yohkoh provided continuous, high-quality x-ray images that
allowed scientists to study violent processes on the Sun.

Imaging X-Rays

When Wilhelm Roentgen discovered x-rays in the 1890s, he soon produced
a photograph of his wife’s hand, with her wedding ring showing prominently
around the finger bone. Images like that dazzled the world. Such x-ray
images show both the desirability of using x-rays and some of the problems

with them.
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Roentgen’s wife’s hand,
including ber ring, taken in
1895. This image is often
called the first x-vay photo.

(Radiology Centennial, Inc.)

The x-radiation is produced by high-energy processes. Your doctor or dentist’s office
has such devices in order to produce the x-rays used for diagnosis. But we are not
x-raying the Sun by putting radiation through it. Rather, we are examining directly the
x-rays that are generated by high-energy and high-temperature processes on the Sun.

D Solar Scribblings

Why are they called xrayse Because they were mysterious. Not long after Roentgen
found them, many other types of rays were reported. One, in particular, was called N-rays.
Dozens of other scientists confirmed the defection. But the existence of N-rays seemed
implausible on other grounds. In 1904, a scientist invesfigating the Neays secretly removed
the prism that was reported o be necessary to produce them; the scientist who inifially
reported the Nrrays claimed to see their effects anyway. His self-deception was thus
exposed. The episode drove the original scientist mad.

The hotter a gas is, the farther to shorter wavelengths its radiation peaks. That is, there
is some wavelength at which a gas gives off more energy than at either longer or shorter
wavelengths. The position of this peak wavelength shifts to shorter wavelengths as
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the gas gets hotter. For the solar photosphere, with a temperature of about 6,000 kelvins,
the peak is in the yellow-green part of the visible spectrum. For the solar corona, with
a temperature of perhaps 3,000,000 kelvins, the temperature is 500 times higher, so
the peak of the wavelength is 500 times shorter. That puts the peak in the x-ray region
of the spectrum.

You can’t merely put an ordinary lens in a telescope to focus x-rays, since the lens
would just get x-rayed. Scientists use several techniques to make images of celestial
objects with x-rays. One way is to use a set of holes or channels, much like the honey-
comb of metal that you often see on commercial fluorescent light fixtures. Only the
x-rays going straight ahead through the small channels are recorded, and their posi-
tion on film or electronic sensors can be noted. Especially for the longer-wavelength
part of the x-ray spectrum, thin coats of metal can be deposited on glass lenses. The
x-rays bounce back and forth between the coats of metal, and the property of light
known as interference allows images to be made.

The property of grazing incidence can be used to focus all x-rays, including the shortest.
If you throw a rock straight down on a body of water, it may just make a plop and not
bounce off. But if you throw a rock across the same body of water at a low angle, it may
skip across at a low, glancing angle. The same property is used to make high-resolution
x-ray telescopes. NASA’s giant Chandra
X-ray Observatory, the x-ray equivalent
to the Hubble Space Telescope, was
launched in 1999 with a nested set of
cylindrical mirrors, each of which focuses
x-rays at glancing angles. Because the mir-
rors are intercepting the incoming x-rays

The Solar Scoop
The Chandra Xray Observatory

uses grazing incidence to make
) very highresolution images of
celestial objects. Its resolution
reaches half an arc second. But

almost edge on, they present a very small the Sun is too bright a source to
surface for collecting the radiation, which is point directly at; the infense sun-
why the mirrors are bent around in cylinders light would burn out the defectors.

with several of them nested together—just to
provide more area.

Solar Rockets

Though spacecraft are best for long-term monitoring of the Sun, there is still a sub-
stantial advantage to using rockets. For one thing, once the spacecraft are aloft, we
usually can’t modify them. Their sensitivities can change, for example, fooling scientists
on the ground. Furthermore, sounding rockets are cheaper than orbiting spacecraft.
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