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Atomic Physics

Problem B

PROBLEM

Ultraviolet radiation, which is part of the solar spectrum, causes a photo-
electric effect in certain materials. If the kinetic energy of the photoelec-
trons from an aluminum sample is 5.6 X 10" J and the work function of
aluminum is about 4.1 eV, what is the frequency of the photons that pro-
duce the photoelectrons?

SOLUTION

Given: KE,pe=5.6 10717 7=35eV

hf;=4.1eV
h=6.63x10"4Jes=4.14x 10" eVes
¢=3.00%10% m/s

Unknown: f=2

Use the equation for the maximum kinetic energy of an ejected photoelectron to

calculate the frequency of the photon.

hc
KE ax = 7 - hft
KE,, ox+ hf;
f==—
[3.5eV +4.1¢eV]
f_

T 414 x 107 P Vs

f=| 1.8x 10" Hz

ADDITIONAL PRACTICE

1.

The melting point of mercury is about —39°C, which makes it convenient
for many applications, such as thermometers and thermostats. Mercury
also has some unusual applications, such as in “liquid mirrors.” By spin-
ning a pool of mercury, a perfect parabolic surface can be obtained for
use as a concave mirror. If the surface of mercury is exposed to light, a
photoelectric effect can be observed. If the work function of mercury is
4.5 eV, what is the frequency of photons that produce photoelectrons
with kinetic energies of 3.8 eV?

The largest all-metal telescope mirror, which was used in Lord Rosse’s
telescope, the Leviathan, was produced in 1845 from a copper-tin alloy.
The work function of the surface of that mirror can be estimated as
4.3 eV. Calculate the frequency of the photons that would produce
photoelectrons having a kinetic energy of 3.2 eV.
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3.

Values for the work function have been experimentally determined for
most nonradioactive, elemental metals. The smallest work function,
which is 2.14 eV, belongs to the element cesium. The largest work func-
tion, which is 5.9 eV, belongs to the element selenium.

a. What is the wavelength of the photon that will just have the thresh-
old energy for cesium?

b. What is the wavelength of the photon that will just have the thresh-
old energy for selenium?

Carbon is a nonmetal, yet it is a conductor of electricity, and it exhibits
photoelectric properties. Calculate the work function and the threshold
frequency for carbon if photons with a wavelength of 2.00 X 10° nm pro-
duce photoelectrons moving at a speed of 6.50 X 10° m/s.

Two giant water jugs made in 1902 for the Maharaja of Jaipur, India, are
the largest single-piece silver items on Earth. Each jug has a capacity of
about 8 m° and a mass of more than 240 kg. If the surface of one of these
jugs is exposed to UV light that has a frequency of 2.2 X 10'° Hz,a pho-
toelectric effect is observed. If the photoelectrons have 4.4 eV of kinetic
energy, find the work function and the threshold frequency of silver.

Rhenium is one of the rarest elements on Earth. Estimates indicate that on
average there is less than 1 g of rhenium in a kilogram of Earth’s crust
and about 4 ng of rhenium in a liter of sea water. Rhenium also has one of
the highest work functions of any metal. Suppose that a rhenium sample is
exposed to light with a wavelength of 2.00 x 10> nm and that photoelec-
trons with kinetic energies of 0.46 €V are emitted. Using this information,
calculate the work function and threshold frequency for rhenium.

Sodium-vapor lamps, which are widely used in streetlights, produce yel-
low light with a principal wavelength of 589 nm. Would this sodium light
cause a photoelectric effect on the surface of solid sodium (hf;=2.3 eV)?
If the answer is yes, what is the energy of those photoelectrons? If the an-
swer is no, how much energy does the photon lack?

Lithium’s unusual electric properties make it an ideal material for high-
capacity batteries. The purity of a thin lithium foil, used in a lithium-
polymer “sandwich” to create an efficient battery for solar-powered cars,
is extremely important. One way to assess a metal’s purity is by means of
the photoelectric effect. If the work function of lithium is 2.3 eV, what is
the kinetic energy of the photoelectrons produced by violet light with a
wavelength of 410 nm?

Lead and zinc are vital elements in the construction of electric batteries.
For example, the largest battery in the world, in use in California, is a
lead-acid battery, while the most durable battery in the world, working
continuously since 1840, is a zinc-sulfur battery. Zinc and lead have simi-
lar work functions: 4.3 eV and 4.1 eV, respectively. Suppose certain pho-
tons have just enough energy to cause a photoelectric effect in zinc. If the
same photons were to strike the surface of lead, what would be the speed
of the photoelectrons?
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Givens Solutions
E=(6.63%107*7es)(3.3 x 108 Hz)
E={22%x10%]

E=(4.14x 107" eVes)(3.3 x 108 Hz)

E=|14x10"°%eV

8. y=1.80x10"" m/s Ax = vAt
At=1.00 _ 365.25 days\( 24 h \(3600
year Ax = (1.80 x 10”7 m/s)(1.00 year) ays S
A =Ax 1 year lday/\ 1h
c=3.00% 10% m/s Ax=|568x10""m
h=6.63%10"4Tes he  he

E=hf=—=—
f A Ax

(6.63 % 1072*J#3)(3.00 x 10® m/s)
568%x 10 'm

E=|350%107'%7]

Additional Practice B

1. hf, =45V KEpax+ ]l [3.8€V+4.5eV
fi=45e f= K+ ML _ | AV % 107 He
h 4.14x 1077 eVes

KE, 0= 3.8 €V
h=4.14x 1071 eVes

2. hf,=43eV KE, 05 = hf — hf,
KEjqx=3.2¢V f= KEpax + My
h=4.14x10""eVes h

3.2eV+4.3eV
f_

T 414%107° eVes

f=1.8x10" Hz

3.h =2.14eV h
fi.cs ¢ a. KE,,,. = hf — hf,=0.0 eV = 7‘: —hf;

hfLSe =59eV
-15 he
h=4.14%x10" " eVes A=—
5 h:
¢=3.00x 10" m/s X he (4_14><10_15 eV es)(3.00 X 108 m/s)
KE,,,ux = 0.0 eV for both Cs = M = 11V

cases

A= [5.80x 107 m=5.80x 10° nm |

he (4.14 x 107" eVes)(3.00 x 108 m/s)
hfise 5.9eV

b. A, =

Age=|2.1x107 m=2.1x 10> nm
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Givens Solutions
4, 1=2.00x% 10> nm = KEmux:%mgl/zzhf—hf[
2.00x 107 m
5 1 o he
v =6.50 10" m/s SMe :7_}1]([

m,=9.109x 10! kg he 1,
hﬁ=;—gmev

¢=3.00x10% m/s

h=4.14%10""° eVes i (4.14x 10715 eVes)(3.00 x 10% m/s)  (0.5)(9.109 x 107" kg)(6.50 x 10° m/s)?
£ 2.00% 107 m - 1.60 x 107" J/eV

hf,=6.21 eV —1.20 eV

hf,=|5.01eV

T
= —|121x10"° H
f 4.14% 107" eVes

5. f=22x10"Hz KEjax = hf — hfy
KE, . =44¢eV hfy = hf = KEpax
h=4.14%10""% eVes hf, = (4.14x 10717 eV es)(2.2 X 10'° Hz) — 4.4 eV

Bf=9.1eV—44eV=|47eV]

o
=— " = |LIx10"Hz
i 414 x 107 P eVes

6. 1=2.00x 10> nm= KE,y0x = hf — hf,
2.00x 107 m L
o
KE gy = 0.46 eV e = hf = KEpax = = = KEpnax
—15
h=4.14Xx10""eVes (4.14 X 107" €V e5)(3.00 x 10% m/s)
= 0.4
c=3.00% 10® m/s L 2.00x10 m 046 eV
hf;=6.21 eV —-0.46 eV
e
e
= = |14x10"Hz
i 414 x 107 eVes
7. 2=589nm=>589%x 10~ m he
KEmathf_hftZI_hft
hf,=2.3¢eV
_ 8 (4.14 % 107" eV e5)(3.00 x 10% m/s)
¢=3.00x 10" m/s KEyp = 23V

—9
B X
h=4.14%x10"" eVes 589 x 107° m

KE, ;x =2.11eV-23¢eV

No. The photons in the light produced by sodium vapor need 0.2 eV more energy
to liberate photoelectrons from the solid sodium.
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Givens Solutions
8. hf,=23eV he
! ; KEmux :7 - hft
A=410nm=4.1x10"m
—15 8
_ -15 v7, (4.14 X 1077 e€Ves)(3.00 X 10° m/s)
h=414x10""eVes KE= R —23eV
. m

c=3.00x10% m/s

KE=3.03eV—23eV=
9. hf, 5, =43 eV KEyqx = hf = hf;
hft pp=4.1eV KEmux,Pb = hf - hft,Pb = (KEmax,Zn + hft,Zn) - hft,Pb
1
KEpax, zn= 0.0 €V KE g, pb = 3Met”
— —31 1 2
m,=9.109 X 10" kg M = (KEpax.zn + hfyz0) — hfipp
/Z(KEmax,Zn + hft,Zn - hft,Pb)
V=
\/ e
(2)(0.0eV+4.3eV—4.1eV)\(1.60x 1077

"e 9.109 x 10! kg eV

_\// (2)(0.2¢V) \(1.60x107°]
' |9.109% 107 kg)\ 1V

=]

Additional Practice C

1. 4=671.9 nm E = Eiyitia = Efinat= Einitia1 — E1
Eﬁnu]:EIZOGV E:%C

+0eV

Einitial= (
1m

E; itiai=1.85eV+0eV=|185eV

(6.63x 1072*J05)(3.00 x 10® m/s) | 10° nm eV
671.9 nm 1.60x 1077

The photon is produced by the transition of the electron from the E, energy level
to E 1

2. Ejitiat= E4=524 ¢V E= Eiitiat— Efinar= E4— E;

Eﬁnal: E1 =0eV

Il Ch. 21-4

ke

)

;Fh_cz he
E E,—E

E

A

(6,63 x107>*J+5)(3.00 x 10° m/s) 1eV
524eV-0eV 1.60x 1077 ]

A=[237x107 m=237 nm|
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