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Example 7.1

Verify explicitly that the function (7.52) is a solution of the Schridinger
equation (7.51) for any values of the constants A and B, [This illustrates part
of the theorem stated in connection with (7.49).]

To verify that a given function satisfies an equation, one must substitute
the function into one side of the equation and then manipulate it until one
arrives at the other side. Thus, for the proposed solution (7.52),

2
y'"(x) = %(A sin kx + B cos kx)
X

Example 7.2

Consider a particle in the ground state of a rigid box of length a. (a) Find the
probability density [)>. (b) Where is the particle most likely to be found?
(¢) What is the probability of finding the particle in the interval between
x = 0.50a and x = 0.51a? (d) What is it for the interval [0.75a, 0.76a]?
(e) What would be the average result if the position of a particle in the
ground state were measured many times?
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Answer the same questions as in Example 7.2 but for the first excited state of
the rigid box.

The wave function is given by (7.60) with n = 2, so
2mx
2_ = jiatad
P = 222

This is plotted in Fig. 7.7, where it is clear that [i(x)[? has two equal maxima at
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FIGURE 7.7

The probability density |(x)[? for
a particle in the first excited state
(n = 2) of a rigid box.
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When E is very small, the wave
function bends too slowly inside the
well. The function that has the form

Ae™* when x < 0 blows up as
X —» + 00,
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Example 7.5

Consider two identical conducting wires, lying on the x axis and separated by
an air gap of thickness L. = 1 nm (that is, a few atomic diameters). An ¢lec-

_tron that is moving inside either conductor has potential energy zero, where-
as in the gap its potential energy is Uy > 0. Thus the gap is a barrier of the
type illustrated in Fig. 7.21. The electron approaches the barrier from the left
with energy FE such that U — £ = 1eV; that is, the electron is 1 eV below
the top of the barrier. What is the probability that the electron will emerge on
the other side of the barrier? How different would this be if the barrier were
twice as wide?
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Example 7.4

3 /i Y
Verify that the n = 1 wave functlon given in Table 7.1 is a solution of the
Schrodinger equation with E = ﬁmc (For the cases n = 0 and n = 2, see v

Problems 7.49 and 7.52.) ~4 3%»% ¢
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H, molecule emits infrared photons of frequency 1.2 X 10" Hz when it drops
from one vibrational level to the next. This radiation is used by astronomers to
locate clouds of H, molecules in our galaxy.
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Example 7.6
For a particle in a rigid box, consider the nonstationary state with wave func-
tion (7.112) for the special case that « = g = 1/ V2. (The particular value
1/V2 is chosen to guarantee that W is normalized — see Problem 7.58.) -
Evaluate |W(x, )|* and plot it for several different times. T
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7.32 e If a particle has wave function s(x), the probabili-

z

—_— h

(N

|etol™
\ )1

7.29
ty of finding the particle between any two points b
and ¢ is

Pbsxsc)= f lW(x)Pdx  (7.122)
b

For a particle in the ground state of a rigid box, calcu-
late the probability of finding it between x = 0 and
x = a/3 (where a is the width of the box). Use the
hint in Problem 7.29.

a

—
Q /) k4

a
N —_
2

‘l“x

7.35 eee Consider a particle in the ground state of a rigid

7.44

box of length a. (a) Evaluate the integral (7.122) to

give the probability of finding the particle between 4

x = 0 and x = ¢ for any ¢ = a. (b) What does your
result give when ¢ = a? Explain. (¢) What if ¢ = a/2?
(d) What if ¢ = a/47? (e) The answer to part (c) is half
that for part (b), whereas that to part (d) is not half
that for part (¢). Explain.

\10) c =0 =
R O
R c= 0\/: , ?" %
f, %) { n I !
d ‘v 1 < - -~ —_—
© %) 'R

) ge atas b

*+ Consider the infinitely deep potential well shown
in Fig. 7.29. (a) Argue that this is the potential energy
of a particle of mass m above a hard surface in a uni-
form gravitational field with x measured vertically
up. (b) Sketgh the wave functions for the ground state
and the firsﬂtiu excited states of this well. ©)

i~
L~

e.s.

U(x)

Y

FIGURE 7.29

¢« Show that the integral which appears in the nor-
malization condition for a particle in a rigid box

has the value
“ nmwx a
f sinz( )dx ==
0 a 2

[Hint: Use the identity for sin? 6 in terms of cos 20
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7.50 ¢ The wave function sy(x) for the ground state of a
harmonic oscillator is given in Table 7.1. Show that its
normalization constant A is

Ay = (nb?) (7.123)

You will need to know the integral f_:)e_“z dx,
which can be found in Appendix B.

7.53 eee The wave functions of the harmonic oscillator,
like those of a particle in a finite well, are nonzero in
the classically forbidden regions, outside the classical
turning points. In this question you will find the prob-
ability that a quantum particle which is in the ground
state of an SHO will be found outside its classical
turning points. The wave function for this state is in
Table 7.1, and its normalization constant A is given
in Problem 7.50. (a) What are the turning points for a

. " A 1 .
classical particle with the ground-state energy 5 fiw, in
an SHO with U = 1kx2? Relate your answer to the
constant b in Eq. (7.99). (b) For a quantum particle in
the ground state, write down the integral that gives
the total probability for finding the particle between
the two classical turning points. The form of the re-
quired integral is given in Problem 7.32, Eq. (7.122).

To evaluate it, change variables until you get an inte-

gral of the form f_lle')z dy; this is a standard integral

of mathematical physics (called the error function)
with the known value 1.49. What is the probability of
finding the particle between the classical turning
points? (¢) What is the probability of finding it
outside the classical turning points?




