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THE PHOTOELECTRIC EFFECT
by
M. Brandl

1. Overview

la. Macroscopic View of Light. On the macroscopic, everyday-
world scale, light clearly exhibits the properties of a wave. It under-
goes refraction at boundaries between different media, reflects at surfaces,
diffracts around obstacles, and exhibits interference: all of these are wave
phenomena. The wave nature of light was given a solid theoretical basis
in 1864 by Maxwell’s prediction of the existence of electromagnetic waves
produced by oscillating electric charges.!

1b. Microscopic View of Light. On the microscopic scale, how-
ever, the electromagnetic wave picture of the nature of light breaks down.
Molecules, atoms, nuclei, and elementary particles do not “see” light as
an electromagnetic wave; that is, they do not interact with light as they
should interact with a simple set of time-varying electric and magnetic
fields. Rather, they seem to interact as if a beam of light were made up
of discrete particles, each one carrying a specific amount of energy, mo-
mentum, and angular momentum. These particles are called photons.?

1c. Photoemission Supports the Photon Model. The photoelec-
tric effect produced the first conclusive experimental evidence for the
photon picture of light. It demonstrates that atomic electrons absorb
energy from a beam of electromagnetic radiation in discrete amounts,
which shows that a beam of electromagnetic radiation is made up a small
discrete “bundles” of energy.

2. The Experimental Evidence

2a. First Observations. The photoelectric effect was first noted by
Heinrich Hertz in 1887. He observed that if an electric discharge between
electrodes is illuminated with ultraviolet light, the intensity of the dis-
charge is increased. This implies that more electrons are freed from the
electrodes to jump across the gap. In 1888, Wilhelm Hullwachs observed
that electrons are emitted from the surfaces of such metals as zinc, rubid-

1See “Electromagnetic Waves and Maxwell’s Equations” (MISN-0-210).
2See “Characteristics of Photons” (MISN-0-212).
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ium, phosphorus, and sodium when they are struck by a beam of light.
This effect was called “photoemission.” Obviously, some electrons in the
metals are able to absorb enough energy from a beam of light to escape
from the surfaces of the metals. This particular observation in itself can
be explained by the electromagnetic wave picture of light: the electrons
are accelerated by the electric field in the wave until they gain enough
kinetic energy to break out of the metal. Experiments were then devised
to examine the details of the process of photoemission, and these details
showed the electromagnetic wave picture of light to be untenable on a
microscopic scale.

2b. Millikan’s Photoelectric Experiment. The definitive exper-
imental work on the photoelectric effect was done by R.A. Millikan in
1914 (for which he was awarded a Nobel prize in 1923). The experimen-
tal setup is shown schematically in Fig. 1. A vacuum tube is composed of
a metal plate and a metal collecting cup. The plate is illuminated with
light of known intensity I and known frequency v. Most of the electrons
freed from the plate by the light, called “photoelectrons,” travel to the
collector. A variable voltage supply producing a voltage V is connected
across the plate and collector. If V' < 0, the collector is positively charged
relative to the plate, and the photoelectrons are accelerated as they cross
the tube. If V' > 0, the collector is negatively charged relative to the
plate, and the progress of the photoelectrons to the collector is impeded.
In this case the potential difference is called an “impeding potential.”
Since the electrons are ejected from the plate with some initial kinetic
energy, some of them will make it to the collector despite the electric field
that is trying to turn them back. Any electron having an initial kinetic
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Figure 2. Plot of photoelectric
current against impeding potential.

Vo

energy greater than the potential energy difference between the plates
will still strike the collector. Those photoelectrons which do arrive at the
collector return to the plate through the circuit. A galvanometer mea-
sures the “photocurrent,” ¢, flowing in the circuit, which is proportional
to the number of photoelectrons striking the collector per unit time. If
an impeding potential V is placed across the plate and collector, the gal-
vanometer reading indicates how many photoelectrons per unit time are
liberated from the plate with an initial kinetic energy greater than the
potential energy difference between the plates.

2c. Results of Millikan’s Experiment. The experiment itself is per-
formed by setting the intensity I and frequency v of the light illuminating
the plate to known values, and then measuring the photocurrent as a func-
tion of the impeding potential. The results look like those shown in the
Fig.2. When V < 0, nearly all of the photoelectrons reach the collector,
so the photocurrent is large.> As V become positive, the external elec-
tric field opposes the motion of the photoelectrons, so the least energetic
photoelectrons are kept from striking the collector, and the photocurrent
drops. As V is increased, fewer and fewer photoelectrons can reach the
collector. Finally, at a critical potential called the “stopping potential,”
Vo, none of the electrons have an initial kinetic energy high enough to
reach the collector, and the photocurrent drops to zero. If V' is increased
above Vj, the photocurrent remains at zero.

This implies that, for a given intensity and frequency of light striking
the plate, there exists a maximum value for the kinetic energy of the

3The photocurrent is actually larger for more negative values of V because the
externally applied electric field helps free more electrons from the plate, but this effect
is irrelevant to the purpose of the experiment.
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photoelectrons when they are emitted from the plate given by
Ek,maw = 6V0 . (1)

Not all of the electrons are liberated from the plate with this kinetic
energy; most have less. This can be explained in terms of the way in
which the electrons are bound to the metal of the plate.* The kinetic
energy of each photoelectron is determined by the energy absorbed by
each photoelectron from the light, E;, minus the energy required to leave
the metal surface, ¢:

Ex =FEp —¢. (2)

The maximum photoelectron kinetic energy occurs for photoelectrons
with the minimum binding energy, ¢o, called the “work function” of the
metal surface.

EK,maz - EL - ¢() = eVO . (3)

By examining the characteristics of the stopping potential V or the max-
imum kinetic energy Ex mq, We are also examining the characteristics of
Ep, the amount of energy absorbed from the incident light by each elec-
tron. We will now see what happens to Ex and the photocurrent when
the intensity I and frequency v of incident light are varied, and we shall
also see how the photocurrent varies as a function of the amount of time
the light has been on.

2d. Dependence on Intensity of Incident Light. Figure 3 is a
plot of photocurrent versus impeding potential for several different values
of the incident light intensity (with the frequency being held constant).
The current is larger when the intensity is larger, which means that the
more intense the light is, the more photoelectrons are freed from the

4See “Appendix A: Explanation of the Work Function.”
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metal.® However, the value of the stopping potential is the same for all
values of the intensity. Changing the intensity of the light striking the
plate changes only the number of photoelectrons emitted. There is no
measurable minimum value of the intensity required for photoemission to
take place. This implies that the amount of energy absorbed from the
light by each electron is independent of the intensity of the light. This
result has been tested and found valid over an intensity range of seven
orders of magnitude.

2e. Dependence on Frequency of Incident Light. Figure 4 is a
plot of the maximum photoelectron kinetic energy as a function of the
frequency of the light illuminating the plate. The results of two different
experiments are shown, one using a potassium plate and the other using a
sodium plate. In each case the resulting graph is a straight line, indicating
that the maximum kinetic energy depends linearly on the frequency. The
slopes of the lines are the same for both metals, and would be the same
for any metal used to form the plate. The value of the slope, according to
Millikan’s original results, is (6.57 & 0.33) x 10734 Js. Later experiments
gave a more precise value of 6.62517 x 10734 Js, which is the value of
Planck’s constant. For each metal, there is a definite “cutoff frequency,”
vg, below which no photoelectrons are emitted, regardless of the intensity
of the light striking the plate. The value of the cutoff frequency is vy =
¢o/h, where ¢q is the work function of the metal of which the plate is
constructed. The equation of the line for each metal is, therefore,

EK,maw = h(l/ — l/Q) = hV — ¢0 5

5The photocurrent is, in fact, directly proportional to the intensity of the incident
light at a fixed value of the impeding potential.
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which implies that the amount of energy absorbed by each electron is
EL = hv. (4)

The amount of energy absorbed by each electron from the light beam
depends solely on the frequency of the light. When the frequency of the
light striking the plate is less than v, each electron absorbs an amount of
energy Fr < ¢, which is not enough to free it from the plate. For such
frequencies no photoelectrons are emitted.

2f. Time Dependence of Photoemission. Attempts have been
made to determine how long it takes for the electrons to absorb enough
energy from the light to escape from the plate. No detectable time lag
has been found. The electrons absorb the energy from the light beam
nearly instantaneously.® This result is independent of the intensity and
frequency of the incident light (so long as the frequency is high enough
to cause photoemission, of course).

3. The Classical Interpretation

3a. Description of the Mechanism. In the electromagnetic wave
picture of the photoelectric effect, the beam of light which is incident on
the plate is simply a region of space in which there exists time-varying
electric and magnetic fields. The electrons in the plate are accelerated by
the electric field of the wave and oscillate harmonically in phase with the
field. They pick up more energy with each oscillation until they absorb
enough energy to escape from the plate. They are further accelerated by
the field as they leave the plate, and thus acquire some additional kinetic
energy.

3b. Dependence on Intensity of Incident Light. The electromag-
netic wave interpretation predicts that the amount of energy absorbed
from the incident light by each electron depends on the intensity of the
light. The intensity of an electromagnetic wave is proportional to the
square of the amplitude of the electric field of the wave. Thus if the in-
tensity of the incident light is increased, the amplitude of the electric field
in the light is also increased. This in turn means that the electric force
accelerating the electrons in the plate is greater, so the electrons absorb
more energy from the light. This would make the stopping potential de-
pend on the intensity, a conclusion which contradicts the experimental

6 An upper limit of 1079 sec has been set on the time lag. Smaller time intervals
can not be measured.

10
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results.

3c. Dependence on Frequency of Incident Light. The electro-
magnetic wave model of the photoelectric effect does not predict the lin-
ear dependence of the maximum photoelectron kinetic energy on the fre-
quency of the incident light. Furthermore, it predicts that photoemission
will occur for any frequency of the incident light, as long as the intensity is
high enough. This prediction contradicts the experimental observation of
the existence of a cutoff frequency, below which no photoemission occurs
regardless of how high the intensity is.

3d. Time Dependence of Photoemission. The electromagnetic
wave interpretation of the photoelectric effect predicts that there will be
a finite, measurable delay between the time when light begins to strike
the surface of the metal and the emission of the first photoelectron. We
can easily derive a classical expression for the approximate lower limit of

this time:” 23
-3
I \u ’

where ¢, p, and p are the work function, density, and mass-per-atom of
the metal and [ is the intensity of the light. As an example, potassium
has a work function of 1.8eV = 2.9 x 107! J, a density of 860kg/m?,
and each atom has a mass of approximately 6.5 x 10726 kg. If we now
allow light whose intensity is the same as that of sunlight, 103 W/m?2,
to illuminate a piece of potassium, the time it will take before the first
photoelectron is emitted is

2.9x 10719

tem = 5 = 1.6 x 10_3 S.
(103> W/m?) (4.2 x 10-1°m)

(Each atom is in a cube of side 4.2 x 10719m.)

Such a time lag would be easily detectable. For lower intensities, the
time lags should be even longer. For a more extreme case, an intensity
of 10712 W/m? would yield a time lag of 1.6 x 10*s which is 4 hours and
34 minutes!

The prediction of such a time lag definitely contradicts the experi-
mental observation that photoemission occurs nearly instantaneously.

3e. Failure of the Electromagnetic Wave Model. As the pre-
vious three paragraphs show, the electromagnetic wave picture of light

7See “Appendix B: Time Delay for ’Classical’ Photoemission.”

11
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completely fails to explain the details of the photoelectric effect. It is
still true that light acts like an electromagnetic wave on the macroscopic
scale, that is, a beam of light still behaves exactly like a region of space
filled with a continuous, time-varying electric and magnetic field when we
observe its behavior on a scale of distances much larger than the size of
an atom. But we must now revise our picture of the way light interacts
with matter on a microscopic scale.

4. The Photon Model

4a. Planck’s Quantum Hypothesis. The photon theory of electro-
magnetic radiation was first proposed by Albert Einstein in 1905 as a
result of Max Planck’s theoretical work on blackbody radiation. Planck
found that in order to explain the way in which radiation is emitted from
a heated object, it was necessary to assume that it was emitted in discrete
“bunches,” each bunch containing an amount of energy hv, where v is the
frequency of the emitted radiation and h is Planck’s constant. Planck as-
sumed that this “quantization” was solely a property of the process by
which the radiation was emitted, and that the total outgoing stream of
radiation could still be considered a continuous electromagnetic wave.

4b. Einstein’s Photon Postulate. Einstein carried Planck’s quanti-
zation idea one step further and postulated that electromagnetic radiation
itself was quantized—that a beam of electromagnetic radiation consists
of numerous concentrated bundles, called photons. The energy carried by
a single photon is

Epn = hv, (5)

where v is the frequency of the radiation and h is Planck’s constant.
Not only is electromagnetic radiation emitted in discrete bundles, but it
retains that same “granular” structure as it propagates through space. It
is therefore also absorbed in discrete amounts.

4c. Macroscopic Beams Contain Many Photons. The amount of
energy contained in each photon is so small that a beam of electromagnetic
radiation must contain a very large number of photons in order for it
to be detectable on a macroscopic scale. Therefore, it is impossible to
detect the granularity of radiation on a macroscopic scale. All we can
see is the net effect of a large number of photons, which causes a beam
to appear to be a continuous electromagnetic wave. The situation is
analogous to the structure of matter: on the microscopic level, a table
is a complex assortment of molecules (or, on an even smaller scale, of

12
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elementary particles), but on a macroscopic scale it looks and acts like a
continuous, solid piece of material. Following the same analogy, just as
we need not worry about the microscopic structure of a table in using it in
the everyday world, we also have no need to worry about the microscopic
structure of light when we deal with its macroscopic properties. In the
everyday world, a table is a solid piece of material, and a beam of light is
an electromagnetic wave.

4d. Microscopic Systems Interact with Photons. It is only on
the microscopic level of molecules, atoms, nuclei, and elementary par-
ticles that the quantized nature of electromagnetic radiation manifests
itself. On this level, a beam of electromagnetic radiation of frequency v
consists of a stream of photons, each one having energy hv. The interac-
tion between electromagnetic radiation and matter on a microscopic scale
can therefore be described in terms of the interactions between individual
particles and individual photons. In such interactions the photons dis-
play particle-like properties, with each one having a definite energy and
momentum.?

5. The Photon Interpretation

5a. Introduction. In his 1905 paper, Einstein pointed out that the
photoelectric effect provided an excellent experimental test of his pho-
ton theory. His predictions were borne out by the experiments, and he
received a Nobel prize in 1921 for his work.

5b. Einstein’s Photoelectric Equation. The photon interpretation
of the photoelectric effect is particularly simple. When a beam of light
strikes the surface of a metal, some of the photons in the beam strike
some of the electrons in the metal. FEach electron involved absorbs a
single photon, so the net amount of energy absorbed by one electron from
a beam of light of frequency v is the amount contained in a single photon:

EL = Eph = hv.

An electron bound in the metal by an energy ¢ would then escape with
kinetic energy
Ey=hv—¢.

This equation is usually called Einstein’s equation for the photoelectric
effect.

8In fact, photons act precisely like particles having zero rest mass; the particle
dynamics involved are examined in “The Compton Effect” (MISN-0-219).

13
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5c. Dependence on Intensity of Incident Light. The photon the-
ory predicts that the photoelectron kinetic energy is independent of the
incident light intensity, and that the photoelectric current is proportional
to the intensity. Both predictions are borne out by experiment. In the
photon picture of electromagnetic radiation, the energy carried by each
photon in a beam of frequency v is hv, which is a fixed amount. The
intensity is therefore a measure of the number of photons in the beam:

I=hvoy,,

where ¢, is called the “photon flux,” number of photons striking a sur-
face of unit area perpendicular to the beam per unit time. A more intense
beam just has more photons in it: the energy of each photon is indepen-
dent of the intensity. Therefore, since each electron absorbs just a single
photon, the amount of energy absorbed from the light by each electron
is independent of the intensity of the light. Thus the maximum photo-
electron kinetic energy (and hence the stopping potential) is independent
of the light intensity. This prediction is completely in accord with the
experimental evidence. Changing the intensity of the light changes the
number of photons striking the plate, and so presumably changes the
number of electrons which absorb photons. One would therefore expect
that the number of photoelectrons emitted per unit time (the photoelec-
tric current) would be proportional to the intensity of the light. This is
also in agreement with the experimental results.

5d. Dependence on Frequency of Incident Light. The photon
theory makes the correct prediction about the relationship between the
maximum photoelectron kinetic energy Eg, mazr and the frequency v of
the incident light:

Ek,mam = hv — ¢0 )

where h is Planck’s constant and ¢q is the work function of the metal. The
particular prediction is verified by the experimental results. The slope of
the graph of Ej ;42 vs. v is indeed equal to Planck’s constant, and the
intercept is equal to the work function, within the limits of experimental
error. The photon theory also correctly predicts the existence of the
cutoff frequency, below which no photoemission occurs. If the frequency
v of the incident light is less than ¢q/h, each photon has an energy of
hv/¢o. Therefore since the electrons are all bound by an amount ¢ >
¢p, no electron can absorb enough energy to escape from the metal by
“swallowing” a single photon.? No photoemission occurs for a frequency

9An electron could conceivably escape by absorbing two photons sequentially, but
the chances of this occurring are vanishingly small.

14
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less than vy = ¢g/h.

5e. Time Dependence of Photoemission. The photon interpreta-
tion of the photoelectric effect predicts that there will be no appreciable
time lag between light striking the surface of a metal and the start of pho-
toemission. This is in complete agreement with the experimental results.
Each electron absorbs the energy it needs to escape in a finite but very
small interval of time. We can make a rough guess at the value of the
amount of time the absorption occurs in, by setting it equal to the length
of time it would take for a photon (traveling at the speed of light) to cross
an electron. The size of an electron is not a well-determined quantity, but
is of the order of 10~!'* m. Therefore, the absorption time is, roughly,

107" m 1
taps = =———=—— = = x 107%s.
T 3% 108m/s 3 °

There is no way in which such a short time interval could be measured.

5f. Success of the Photon Interpretation. The photon theory of
light successfully explains all of the observed details of the photoelectric
effect. We must therefore conclude that, on a microscopic level, elec-
tromagnetic radiation is quantized, and that its interaction with matter
on this level must be described in terms of the interactions of individual
photons with individual particles.
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Glossary

e cutoff frequency: the lowest frequency of light that will cause the
emission of electrons from a metal surface.

e impeding potential: the potential difference, between a metal plate
and a collector, that decelerates photoelectrons emitted from the metal
plate.

e photocurrent: the current of electrons between the metal plate and
collecting cup in a vacuum tube illuminated by light of sufficiently high

15
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frequency.

e photoelectric effect: the emission of electrons from a metal surface
exposed to light of sufficiently high frequency.

e photoelectrons: the name given to electrons emitted from a metal
surface via the photoelectric effect.

e photoemission: another name for the photoelectric effect.

e stopping potential: the impeding potential required to completely
retard the photocurrent.

e work function: the minimum energy binding electrons to a metal
surface.

A. Explanation of the Work Function

The conduction electrons in a metal are not bound to individual
atoms of the crystal lattice, but are free to move about inside the metal.
They are, however, bound to the metal itself by a potential barrier at
the surface. In order to escape from the metal, these electrons must be
given enough energy to overcome this barrier. The electrons in a metal
are therefore sitting in a potential well. Each electron’s “depth,” ¢, in
the well is the amount by which it is bound to the metal (see Fig.5).10
Different electrons are situated at different depth in the well, since the
Pauli exclusion principle requires them all to be in different states.

Each electron struck by a photon absorbs the energy of the photon.
The dynamics of the collision process are rather complicated. Since both

10That is, an amount of work equal to ¢ must be done to remove the electron from
the metal.

16
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momentum and energy must be conserved, a free electron cannot absorb
all of the energy of a photon because there would be some “excess” mo-
mentum left over.'? However, an electron bound inside a metal is able to
transfer this excess momentum to the crystal structure of the metal, and
escape with all of the photon’s energy.

An electron bound at depth ¢ must be given an amount of energy
equal to ¢ to enable it to escape from the metal. Any additional energy
given to it will appear as kinetic energy after it is liberated. Therefore, if
an electron bound at depth ¢ absorbs a total amount of energy E from
light striking the metal, its kinetic energy upon leaving the metal will be

Ey =EL —¢. (6)

Of course, if Ef, < ¢, the electron will not be emitted.

Different electrons are bound at different “depths” ¢. Assuming each
electron absorbs the same amount of energy from the incident light, those
which are least tightly bound will be liberated with the greatest kinetic
energy.

There exists a minimum value of the binding energy ¢, for electrons
at the very top of the conduction band (at the Fermi level). This value,
called ¢q, the work function of the metal, is solely a property of the metal
involved. Therefore, if we assume that all the electrons absorb the same
amount of energy Ey, from the incident light, the maximum kinetic energy
with which an electron can be emitted from the metal is

Eimaz = Er — ¢ =eVp.. (7)

B. Time Delay for “Classical” Photoemission

We can use a simple argument to set an approximate lower limit on
the amount of time it should take for an electron at the surface of a metal
to absorb enough energy from an electromagnetic wave to escape from
the metal.

Assume that there is one free electron per atom in the metal. If
we also assume that the electrons on the surface of the metal are evenly
distributed, then each electron can be imagined as occupying a small

1See “The Compton Effect” (MISN-0-219).
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square about an atom on the surface. The size of this square is determined
by the spacing d of the atoms (see Fig.6).

Each electron can absorb the energy that falls on its own square. The
maximum rate at which an electron can absorb energy from the incident
light is simply the total amount of energy falling on its square per unit

time,
dE
() -1 5)
dt max

where I is the intensity of the light, and d? is the area of the electron’s
square.

The maximum amount of energy an electron can absorb from the
light in time t is, therefore,

ELmax = Id*t. (9)

The value of d can be estimated from the mass density of the metal and
the mass of each atom, if we assume that the atoms in the crystal are
arranged in a simple cubical array. This assumption will not generally be
true, and may cause an error of a factor of two or so in the result, but
we’re only looking for an approximate final answer anyway.

If the atoms are arranged in a simple cubical array with spacing d,
then we can divide up the metal into a number of cubes whose sides have
length d, with each cube containing one atom. Since the volume of each
cube is d?, there is one atom per each d® of volume in the metal. The
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number density of atoms is, therefore,

1
Nu, - @ . (10)

The number density of atoms can also be determined from the mass den-
sity p of the metal and the mass u of each atom:

N,=2. (11)

Combining the two expressions and solving for d gives

d= (%)1/3. (12)

Finally, we can determine how long it should take for photoemission to
occur. The time t.,, required for emission to occur is just the amount of
time needed for the electron to absorb an amount of energy equal to the
amount by which it is bound to the metal, ¢. The first electrons emitted
will be the ones with the smallest binding energy, that being equal to the
work function of the metal, ¢g. Therefore, we can find the minimum value
of tem by setting Ep mqr = ¢o in Eq. (11) and solving for ¢, which gives

_ o

om = 725 - (13)

Combining Egs. (12) and (13), the time delay is

2/3
fem = 2 (5) . (14)
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PROBLEM SUPPLEMENT

h =6.62559 x 10734 Js = 4.13557 x 107 % eV's
J =6.24181 x 108 eV
c=3.00 x 10°m/s

1. The longest wavelength of light that will cause photoemission from
sodium is approximately 540 nm.

a. Find the work function of sodium.

b. Find the maximum kinetic energy for photoelectrons emitted when
light of wavelength 400 nm strikes a sodium plate.

2. Pure silver has a work function of ¢y = 4.7eV. A crude calculation
of the type used in the text, using the atomic weight and density
of silver, gives a spacing between atoms in a silver crystal of about
d = 12nm. Note that d-cubed was taken to be the mass-per-atom
divided by the density of the silver. It has been found that light of
intensity 1 x 1071 W/m? can still cause photoemission from silver. If
the electromagnetic wave interpretation were correct, how long would
it take before the first photoelectrons were emitted?

3. When light of wavelength 244 nm illuminates an aluminum surface, a
stopping potential of 1.0 V is needed to reduce the photoelectric current
to zero.

a. Find the work function of aluminum.

b. Find the wavelength of light that would require a stopping potential
of 1.5V.

Brief Answers:

1. a. ¢g =2.3eV.
b. Kg,, ax = 0.8¢€V.
2. tem = 5.23 x 107 s = 1.66 years

3. a. ¢g = 4.08eV
b. A =222nm.
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1.
2.

3.

MODEL EXAM

h =6.62559 x 1073* Js = 4.13557 x 10" eV's
J =6.24181 x 108 eV
c=3.00 x 10°m/s

See Output Skills K1-K4 in this module’s ID Sheet.
The photoelectric work function of aluminum is ¢y = 4.08 V.

a. Find the cutoff frequency and the corresponding cutoff wavelength
for photoemission from aluminum.

b. Find the maximum photoelectron kinetic energy and the stopping
potential when (ultraviolet) light of wavelength 200 nm illuminates
an aluminum plate.

Photoemission can occur in a gas, as well as in a metal. Consider the
(extremely hypothetical) case of a monatomic hydrogen gas with all of
the atoms being in their ground state. Each electron is bound to its
corresponding nucleus by an amount equal to 13.6 eV. Since the radius
of an electron’s orbit in a hydrogen atom is » = 0.053 nm, each electron
can absorb only that amount of energy from a beam of light that falls
on a disc whose area is mr? = 8.82 x 102! m?. If light of intensity
I = 1.00 W/m? illuminates the gas, find how long the electromagnetic
wave theory would predict it should take for photoemission to occur.

Brief Answers:

1.
2.

3.

See this module’s text.
a. vp = 9.87 x 10" /s, \g = 304.1nm
b. Eimaez = 2.12eV, Vp =212V

tem = 247s.
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