Again h is Planck’s constant. Since all light ultimately comes from a
radiating source, this suggests that perhaps light is transmitted as tiny particles,
or photons, as they are now called, in addition to the waves predicted by
Maxwell’s electromagnetic theory. The photon theory of light was also a radical
departure from classical ideas. Einstein proposed a test of the quantum theory
of light: quantitative measurements on the photoelectric effect.

When light shines on a metal surface, electrons are found to be emitted from
the surface. This effect is called the photoelectric effect and it occurs in many
materials, but is most easily observed with metals. Tt can be observed using
the apparatus shown in Fig. 27-6. A metal plate P and a smaller electrode C
are placed inside an evacuated glass tube, called a photocell. The two elec-
trodes are connected to an ammeter and a source of emf, as shown. When the
photocell is in the dark, the ammeter reads zero. But when light of sufficiently
high frequency illuminates the plate, the ammeter indicates a current flowing in
the circuit. We explain completion of the circuit by imagining that electrons,
ejected by the impinging radiation, flow across the tube from the plate to the
“collector” C as indicated in Fig. 27-6.
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That electrons should be emitted when light shines on a metal is consis-
tent with the electromagnetic (EM) wave theory of light: the electric field of
an EM wave could exert a force on electrons in the metal and eject some of
them. Einstein pointed out, however, that the wave theory and the photon
theory of light give very different predictions on the details of the photoelec-
tric effect. For example, one thing that can be measured with the apparatus of
Fig. 27-6 is the maximum Kinetic energy (KE,,) of the emitted electrons. This
can be done by using a variable voltage source and reversing the terminals so
that electrode C is negative and P is positive. The electrons emitted from P will
be repelled by the negative electrode, but if this reverse voltage is small
enough, the fastest electrons will still reach C and there will be a current
in the circuit. If the reversed voltage is increased, a point is reached where
the current reaches zero—no electrons have sufficient kinetic energy to
reach C. This is called the stopping potential, or stopping wvoltage, V;, and
from its measurement, KE,,,, can be determined using conservation of energy
(loss of KE = gain in PE):

KEmax = eVp.

Now let us examine the details of the photoelectric effect from the point of
view of the wave theory versus Einstein’s particle theory.

SECTION 27-3 Photon Theory of Light and the Photoelectric Effect

Photons

Photoelectric effect

FIGURE 27-6 The photoelectric
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