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46 PHOTONS—PARTICLELIKE PROPERTIES OF RADIATION Chap. 2

X ray

FIGURE 2-9

An x-ray tube. Electrons are emitted [ [ i—

thermally from the heated cathode ¢ " | e
and are accelerated toward the anode
target 4 by the applied potential V.
X rays are emitted from the target
when electrons are stopped by —_”[“[
striking it. v

|

Figure 2-10 shows, for four different values of the incident electron energy, how
the x rays emerging from a tungsten target are distributed in wavelength. (In addition
to the continuous x-ray spectrum, x-ray lines characteristic of the target material are
emitted. We shall discuss the lines in Chapter 9.) The most notable feature of these
curves is that, for a given electron cnergy, there exists a well-defined minimum
wavelength 4., for 40-keV electrons, for instance, 2., is 0.311 A. Although the
overall shape of the continuous x-ray distribution spectrum depends on the choice of
target material as well as on the electron accelerating potential ¥, the value of 1,
depends only on ¥, being the same for all target materials. Classical electromagnetic
theory cannot account for this fact, there being no reason why waves whose wave-
length is less than a certain critical value should not emerge from the target.

A ready explanation appears, however, if we regard the x rays as photons. Figure
2-11 shows the elementary process that, on the photon view, is responsible for the
continuous x-ray spectrum of Figure 2-10. An clectron of initial kinetic energy K is
decelerated during an encounter with a heavy target nucleus, the energy it loses
appearing in the form of radiation as an x-ray photon. The electron interacts with the
charged nucleus via the Coulomb field, transferring momentum to the nucleus. The
accompanying deceleration of the electron leads to photon emission. The target
nucleus is so massive that the energy it acquires during the collision can safely be
neglected. If K" is the kinetic energy of the electron after the encounter, then the energy
of the photon is

hw=K—K'
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FIGURE 2-10 2
The continuous x-ray spectrum
emitted from a tungsten target for 0 [ | 20 kev :

four different values of eV, the 0 02 0.4 06 08 1.0
incident electron energy. Wavelength (R)
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Bremsstrahlung
photon

FIGURE 2-11 K
o—

The bremsstrahlung process respon-  Electron ®
sible for the production of x rays in Target K’
the continuous spectrum. nucleus
and the photon wavelength follows from
hej]i=K— K’ (2-13
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