electron—and experiments showed no delay. This too confirmed Einstein’s
photon theory.

DNy Exl Photon energy. Calculate the energy of a photon of blue
light, A = 450 nm in air (or vacuum).

APPROACH The photon has energy F = hf (Eq. 27-4) where f = ¢/A
(Eq. 22-4).
SOLUTION Since f = ¢/A, we have

he (663 X 1073]:5)(3.0 X 10°m/s)

E=hf=—-= =44 x 10717,
By (45 X 107 m)

or (44 x10771)/(1.60 x 107" J/eV) = 2.8eV. (See definition of eV in
Section 17-4, 1eV = 1.60 X 107"].)

EXERCISEB A beam contains infrared light of a single wavelength, 1000 nm, and
monochromatic UV at 100 nm. both of the same intensity. Are there more 100-nm photons
or more 1000-nm photons?

Photoelectron speed and energy. What is the kinetic
energy and the speed of an electron ejected from a sodium surface whose work
function is W, = 2.28 eV when illuminated by light of wavelength (a) 410 nm,
(b) 550 nm?

APPROACH We first find the energy of the photons (£ = hf = he/A). 1 the
energy is greater than W, then electrons will be ¢jected with varying amounts
of KE, with a maximum of Kg,., = Af — W,.

SOLUTION (a) For A = 410 nm,

J -
hf = % —485%10]  or  3.03eV.

The maximum kinetic energy an electron can have is given by Eq. 27-5b,

KEpa = 3.03eV — 2.28eV = 0.75¢V, or (0.75eV)(1.60 x 107" ] feV) =

1.2 X 107 ]. Since ke = 1mv’ where m = 9.1 X 107" kg,

2KE
Pax = \;"? = 5.1 X 10°m/s.

Most ejected electrons will have less KE and less speed than these maximum
values.

(b) For A = 550nm, hf = he/A = 3.61 x 10°"7] = 2.26 eV. Since this photon
energy is less than the work function, no electrons are ejected.

NOTE In (a) we used the nonrelativistic equation for kinetic energy. If » had
turned out to be more than about 0.1¢, our calculation would have been inaccurate
by maore than a percent or so, and we would probably prefer to redo it using the
relativistic form (Eq. 26-6).

EXERCISE C Determine the lowest frequency and the longest wavelength needed to
emil electrons from sedium.

It is easy to show (see Problem 28) just by converting units that the energy
of a photon in electron volts, when given the wavelength A in nm, is

1.240 x 10°eV -nm
A (nm)

E(eV) = hoton energy in ¢V
P ay
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