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For example, the wave firnction for a fiee particle traveling in the positive x direction is r2(;r) :
Ae^, where ft is related to the momentum p of the particle byp = hkl2z, Since e'o: cosa * lsina,
the free-paiticle wave function can be written

V= Ae'o : Acos(k) + iAsin((a).

Both the real and imaginary parts are sinusoidal and both have the same wavelength 2, related to
kby k:22d2.

The complex conjugate ofa complex number has the same real part as the original number but
its imaginary part is the negative of the imaginary part of the original number. Thus, the complex
conjugate of ry: typ+ itylis f: tl/R - W a\dthe complex conjugate of e'k is e-'k.

The square of the magnitude of a complex number is found by multiplying the number by its
complex conjugate: lAt: Vi. Thus, the square of the magnitude of qzr is

lv4' : (v^+ ivl(vn - iwD: vi + ,y?.
It is the sum of squares ofthe real and imaginary parts. The square ofthe magdtude ofthe free-
particle wave function is

14"'bl2: A"tbA"-ib: A2 eo : 42,

where we have assumed I is real.

If a particle has energy E, its complete wave function Y is the product of a coordinate-dependent
function and a time-dependent function. The time-dependent firnction has the form ei't, wnere a)
is the angular frequency. Since ar 2nf nd.f: Elh. where/is the frequency, the angular
frequency is related to the energy by at:2rE/h. Thus, Y: tyei''.V and, r4lead to the same
probability density:

lYl' : lrlr "t''l' 
= ,y yl ei''e'''t = ,/ i =1,//'.

Questions and Example Problems from Chapter 38

Question 1
Ofthe following statements about the photoelectric effect, which are true and which are false?
(a) The greater the frequency ofthe iacident light is, the greater is the stopping potential. (b) The
greater the intensity ofthe incident iight is, the greater is the cutoff frequency. (c) The greater the
work function ofthe target material is, the greater is the stopping potential. (d) The greater the
work function of the target material is, the greater is the cutoff frequency. (e) The $eater the
frequency of the incident light is, the greater is the maximum kinetic enerry ofthe ejected
electrons. (f) The greater the energy ofthe photons is, the smaller is the stopping potential
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Question 2
In the figure be1ow, why are the minima in the values of I ry I' grealet than zeto?

Probabiliq'.,
density ly(x)l'

^4-eo.toJ Jr.^ra .,{; ra4af,Aa'n

)*- *.qtUt-*.-$ Ifu rw'rd.o^t
-r rq^,t .&o u-* rl. r*d q"l

Question 3
The following nonrelativistic particles a1l have the same kinetic energy. Rank them in order of
their de Broglie wavelengths, greatest frst: electron, alpha particle, neutron.

KF= 7lnv"=?h-> P= {Til'

An ultraviolet lamp emits light of wavelength 400 nm, at the rate (power) of 400 W. An infrared
lamp emits light of wavelength 700 nm, also at the rate of 400 W. (a) Which lamp emits photons
atthe greater rate and (b) what is that greater rate?
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Problem 2
A spectral emission line is electromagnetic radiation that is emitted in a wavelength range
narrow enough to be taken as a single wavelength. One such emission line that is important in
astronomy has a wavelength of 21 cm. What is the photon energy in the electromagnetic wave at
that waveleneth?
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Problem 3
The stopping potential for electrons emitted ftom a surface illuminated by light ofwavelength
491 nm is 0.710 V. When the incident wavelength is changed to a new value, the stopping
potential is 1.43 V. (a) Whai is this new wavelength? (b) What is tle work firnction for tle
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Problem 4
The wavelength associated with the cutoff fiequency for silver is 325 nm. Find the maximum
kinetic energy of electrons ejected from a silver surface by ultraviolet light of wavelength 254 nm
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Problem 5
In a photoelectric experiment using a sodium surface, you find a stopping potential of 1'85 V for

a wavelength of300 nm and a stopping potential of0.820 v for a wavelength of400 nm.

From these dala find (a) a value for the Planck constant, (b) the work function $ for sodium, and

(c) the cutoffwavelength 1.6 for sodium .
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Problem 6
Consider a collision between an x-ray photon of initial energy 50.0 keV and an electron at rest,
in which tki photon is scattered backward and the electron is knocked forward. (a) What is the
energy of the back-scattered photon? (b) What is the kinetic energy of the electron?
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Gamma rays of photon energy 0.511 MeV are directed onto an aluminum target and are scattered
in various directions by loosely bound electrons there. (a) What is the wavelength of the incident
gamma rays? (b) What is the wavelength of gamma rays scattered at 90.0" to the incident beam?
(c) rMhat is the photon energy ofthe rays scattered in this direction?
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Problem 8
A bullet of mass 40 g travels at 1000 m/s. Although the bullel is clearly too large to be treated as
a matter wave, determine what Eq. 38-13 predicts for its de Broglie wavelength.
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Problem 9
A nomelativistic particle.is moving tfuee times as fast as an electron. The ratio of the de Broglie

wavelength of the particle to that of the electron is 1 .813 x 104. By calculating its mass, identiff
the oarticle. '
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Problem l0
lmagine playing baseball in a universe (not ours!) where the Planck constant is 0.60 J.s. What
would be the uncertainty in the position ofa 0.50 kg baseball that is moving at 20 rnls along an
axis ifthe uncertainty in the speed is 1.0 m/s?
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Problem I 1
A 1500 kg gar msving at 20 rnls approaches a hill that is 24 m high and 30 m long. Although the
car and hill are clearly too large to be treated as matter waves, determine what Eq. 38-21 predicts
for the transmission coefficient of the car, as if it couid tunnel through the hill as a matter wave.
Treat the hill as a potential energy barrier where the potential energy is gravitational.
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Problem 12
consider a potential energy barrier like that ofthe figure below but whose height Ui is 6.0 ev

and whose thickness L is 0.70 nm. What is the energy of an incident electron whose transmission
coefEcient is 0.0010?
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