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Electron microscope

FIGURE 27-13 ‘Transmission
electron microscope. The magnetic-
field coils are designed to be
“magnetic lenses,” which bend the
electron paths and bring them to

a focus, as shown.
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What s an Electron?

We might ask ourselves: “What is an electron?” The early experiments of
J. J. Thomson (Section 27-1) indicated a glow in a tube, and that glow moved when
a magnetic field was applied. The results of these and other experiments were best
interpreted as being caused by tiny negatively charged particles which we now call
electrons. No one, however, has actually seen an electron directly. The drawings we
sometimes make of electrons as tiny spheres with a negative charge on them are
merely convenient pictures (now recognized to be inaccurate). Again we must rely
on experimental results, some of which are best interpreted using the particle
model and others using the wave model. These models are mere pictures that we
use to extrapolate from the macroscopic world to the tiny microscopic world of
the atom. And there is no reason to expect that these models somehow reflect the
reality of an electron, We thus use a wave or a particle model (whichever works
best in a situation) so that we can talk about what is happening. But we should not
be led to believe that an electron is a wave or a particle. Instead we could say that
an electron is the set of its properties that we can measure. Bertrand Russell said
it well when he wrote that an electron is “a logical construction.”

EZZE] Electron Microscopes

The idea that electrons have wave properties led to the development of the
electron microscope, which can produce images of much greater magnification
than does a light microscope. Figures 27-13 and 27-14 are diagrams of two
types, developed around the middle of the twentieth century: the transmission
electron microscope, which produces a two-dimensional image, and the scanning
electron microscope (SEM), which produces images with a three-dimensional quality.
In both types, the objective and eyepiece lenses are actually magnetic fields that
exert forces on the electrons to bring them to a focus. The fields are produced
by carefully designed current-carrying coils of wire. Photographs using each
type are shown in Fig, 27-15.
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FIGURE 27-14 Scanning
electron microscope. Scanning
coils move an electron beam
back and forth across the
specimen. Secondary electrons
produced when the beam strikes

Central
electronics

; Swee
the specimen are collected and ) M A P
modulate the intensity of the Scanning CRT
beam in the CRT to produce a Electron ==

collector

picture.

coils '\._\
W
o/

Specimen

Grid

Secondary
electrons

As discussed in Sections 25-7 and 25-8, the maximum resolution of details on an
object is about the size of the wavelength of the radiation used to view it. Elec-
trons accelerated by voltages on the order of 10°V have wavelengths on the
order of 0.004 nm. The maximum resolution obtainable would be on this order,
but in practice, aberrations in the magnetic lenses limit the resolution in trans-
mission electron microscopes to at best about 0.1 to 0.5 nm. This is still 10° times
finer than that attainable with a visible-light microscope, and corresponds to a
useful magnification of about a million. Such magnifications are difficult to
attain, and more common magnifications are 10* to 10°. The maximum resolu-
tion attainable with a scanning electron microscope is somewhat less, typically
5 to 10 nm although new high-resolution SEMs approach | nm,
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