Electron microscopes produce images
using electrons which have wave
properties just as light does. Since the
wavelength of electrons can be much
smaller than that of visible light. much
greater resolution and magnification
can be obtained. A scanning electron
microscope can produce images with
a three-dimensional quality, as for
these Giardia cells inside a human
small intestine. Magnification is about
2000, Giardia is on the minds of
backpackers (and others) because it
has become too common in untreated
water, even in the high mountains,
and causes an unpleasant intestinal
infection not easy to get rid of.
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FIGURE 27-1 Discharge tube, In
some models, one of the screens is
the anode (positive plate).
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he second aspect of the revolution that shook the world of physics in the

carly part of the twenticth century (the first was Einstein’s theory of

relativity) was the quantum theory. Unlike the special theory of relativity,
the revolution of quantum theory required almost three decades to unfold, and
many scientists contributed to its development. It began in 1900 with Planck’s
quantum hypothesis, and culminated in the mid-1920s with the theory of
quantum mechanics of Schrodinger and Heisenberg which has been so effective
in explaining the structure of matter. The discovery of the electron in the 1890s,
with which we begin this Chapter, might be said to mark the beginning of
maodern physics, and is a sort of precursor to the quantum theory.

m Discovery and Properties of the Electron

Toward the end of the nineteenth century, studies were being done on the
discharge of electricity through rarefied gases. One apparatus, diagrammed in
Fig. 27-1, consisted of a glass tube fitted with electrodes and evacuated so only
a small amount of gas remained inside. When a very high voltage was applied to
the electrodes, a dark space seemed to extend outward from the cathode (nega-
tive electrode) toward the opposite end of the tube: and that far end of the tube
would glow. If one or more screens containing a small hole were inserted as
shown, the glow was restricted to a tiny spot on the end of the tube. It seemed
as though something being emitted by the cathode traveled across to the oppo-
site end of the tube, These “somethings™ were named cathode rays.

There was much discussion at the time about what these rays might be.
Some scientists thought they might resemble light, But the observation that
the bright spot at the end of the tube could be deflected to one side by an




