Modern Physics: Chapter 5 Homework

Dr. Andrew Brandt
David Joseph Stith

1. (book #2) Which of the wave functions in Fig. 5.16 cannot have physical significance
in the interval shown? Why not?

(b) has no value for some values of z.
(c) is not continuous.

(e) is not single-valued.

2. (book #3) Which of the following wave functions cannot be solutions of Schrédinger’s
equation for all values of £ 7 Why not? (a) = Asecx; (b)h = Atanz; (c) i = Ae® ;
(d) 3 = Ae=".

(a) ¢ = Asecz is discontinuous since sec 5 is undefined.

(b) ¥ = Atanz is discontinuous since tan % is undefined.

(c) ¥ = Ae®” is not normalizable since lim, (%)) # 0.

3. (book #7) As mentioned in Section 5.1, in order to give physically meaningful results
in calculations a wave function and its partial derivatives must be finite, continuous,
and single-valued, and in addition must be normalizable. Equation 5.9 gives the wave
function of a particle moving freely (that is, with no forces acting on it) in the +x
direction as

U = Ae—#(Bt—pe)

where E is the particle’s total energy and p is its momentum. Does this wave function
meet all the above requirements? If not, could a linear superposition of such wave
functions meet these requirements? What is the significance of such a superposition
of wave functions?

¥ above does not meet all the requirements.
¥ is not normalizable since lim,_,., ¥ does not exist.

A linear superposition of these wave functions, however, could meet the requirements.
For instance, the Fourier integral depicted in Figure 3.13 does so. Such a superposition
would yield a wave group that could correspond to a real particle.
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4. (book #9) Show that the expectation values (px) and (xp) are related by

(pa) — (ap) =

This result is described by saying that p and x do not commute and it is intimately
related to the uncertainty principle.

We have,

- (2) ][ (2) e
[ (5 o0) o] (2) v

Q.E.D.

5. (book #10) An eigenfunction of the operator (;‘l—; is sinnx, wheren =1,2,3,.... Find
the corresponding eigenvalues.

Let z, be the eigenvalue for any given n. Then,

d2
——sinnz = z, sinnx
dx?
And we see that )
d= . d 9 .
Sz SN = - (ncosnx) = —n”sinnz
x x

so that z, = .

6. (book #14) In Section 5.8 a boxr was considered that extends from x = 0 to x = L.
Suppose the box instead extends from x = xg to x = xg+ L, where xq # 0. Would the
expression for the wave functions of a particle in this box be any different from those
in the box that extends from x =0 to x = L? Would the energy levels be different?

We could simply express the wave function of a particle in the box that extends from

Tr=xptoxr=x0+ L as
V2mkE,
h

, = Asin (x — xo)



The derivation of the energy levels then remains the same, yielding

27252
Enzm, ’I’L:1,273,...

7. (book #19) Find to probability that a particle in a box L wide can be found between
x =0 and x = L/n when it is in the n'" state.

The probability of finding the particle between any x; and x5 when the particle is in

the nt" state is .
2
. 2 _ 2 i MTX
Py oz = / |t |” dz, where ¢, = \/;smT
z1

Therefore,
L
)
Po,% = /0 I sin? nzx d
L
2 n 1 2
:z/o 3 (l—cos ngrx) dx
1 L . 2n7mc] n
= — |z — ——sin
L 0
1
L

L L L .
— — —sin27 )] — {0 — ——sin0
n 2nm 2nm

Hence the probability of finding the particle between z =0 and x = L/n is 1/n.

8. (book #21) A particle is in a cubic box with infinitely hard walls whose edges are L
long. The wave functions of the particle are given by

NgTT . NyTY . N,TZ
i in

1 = Asin 7 sin——s 7

Mgy Ny, N, € N

Find the value of the normalization constant A.
We have,

L L L
1= / / / A?gin? D2 n2 Y 2 T2 g, dy dx
o Jo Jo L L L

L L
1 2n,,
/ sin? ™ g / (1 —cos r 7ru> du
0 0 L

Then since

U 2nu7ru
{5 B mT L
L
2

Y
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consequently,

L L
x ) L
1= A2/ / sin? 2272 2 Y (—) dy dx
o Jo L L
L
- L L
= A2/0 SiIl2 n;lr (5) (5) d(l?
— A2 £ £ £
2 2 2
3 3/2
Therefore A% = (%) so that A = (%) /

9. (book #25) A beam of electrons is incident on a barrier 6.00eV high and 0.200nm

Use

wide.

T =

o—2k2L 2m(U — E)
h

where ko =

to find the energy they should have if 1.00 percent of them are to get through the

barrier.

We have U = 6.00eV and L = 0.200 x 10™?m and 7" = 0.0100. Also m = m.

9.109 x 10~3'kg and A = 1.054 x 10734J - s.

Now,
2m(U — E
k 2
— WPy g
2m
2
= FE=U- (k2h)
2m
And
T:€—2k2L —InT = —2/€2L
InT
— k2 =5p
Therefore 2 2
2 2
pop - WD M (InT)7 R
412 - 2m SmL2
so that
1n0.0100)2(1.054 x 107347 - 5)2
E = (6.006V)(1.602 x 10193 /ev) — —1n0-0100)7(1.054 5)

=153 x10719J

Therefore electrons in th

8(9.109 x 10~3kg)(0.200 x 10~9m)?

e beam should have an energy of at least ‘1,53 X 10—19J‘ if

1.00 percent of them are to get through the barrier.



10. (book #29) Show that for the n = 0 state of a harmonic oscillator whose classical
amplitude of motion is A, y =1 at x = A, where

1 1/2
Yy = <ﬁvkm) x.

L

We have that when n =0, F = %hu where v = 27”/% and h = 27h.
When x = A, U = F so that

1 1
U:E:>§kx2:§hy

Therefore

Q.E.D.

11. (book #30) Find the probability density |1o|? dx at x = 0 and at x = £A of a harmonic
oscillator in its n = 0 state.

We have,

9 1/4 B
¥n = ( mV) @)~V Hy(y)e /% withn=0= H,(y) =1

n h
a
Yy = (27;_:”) e~V /2

Now, when z = 0, y = 0 so that

2my 1/2
0| dz = (T) dx

And when x = £ A, y = 1 (as is easily seen by the example of problem #10 above) so

1/2
2
|vbo|? do = ( 7;;”) e tdx

Therefore

that




