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Wieet 9 Erercise Golutions

6-35  Applying the momentum operator [p, |= (?)d_ﬁi to each of the candidate functions

yields

@ [ HasinGe} =( 4 J{acos(in)

| =

1

(b) [p [{ Asin(kx) — Acos(kx) } = ( , )k{Acos(kx) + Asin(kx)}
(c) [p [{ Acos(kx) + iAsin(kx)} = (}j—,jk{—Asin(kx) +iAcos(kx)}

@ B2}

In case (c), the result is a multiple of the original function, since
—~Asin (kx) + iAcos (kx) =i { Acos(kx) + iAsin(kx)} .

The multiple is G)(ik) =k and is the eigenvalue. Likewise for (d), the operation
[p | returns the original function with the multiplier k. Thus, (c) and (d) are
eigenfunctions of [p, | with eigenvalue 7k, whereas (a) and (b) are not eigenfunctions of
this operator.



7-1

(a)

(b)

(c)

The reflection coefficient is the ratio of the reflected intensity to the incident
o) -i)f

L But

l1/2)@ -+

h—if =@-i)1-i =(1-i)@+i) =t +if =2, so that R=1 in this case.

wave intensity, or R=

To the left of the step the particle is free. The solutions to Schrédinger’s equation

112
; 2mE
are ™™ with wavenumber k =( ;; j . To the right of the step U(x) =U and

£ 2 2
the equation is d—llzl = h—T(U —E)y(x). With y(x) = e™, we find c;—llzl = kzl//(x) ,
X X
I2 12 1/2
2m(U —E) L 2mE E

so that k= |:71—2T . Substituting k =( 7 j shows that {m:l =1

E 1
or —=—,

u 2
For 10 MeV protons, E =10 MeV and m = M. Using

C

n=197.3 MeV fm/c(1 fm =10"" m), we find
h 197.3 MeV fm/c

6= 12 T
(2mE)" [(2)(938.28 MeV/c?)(10 MeV)|

1
k
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7-7  The continuity requirements from Equation 7.8 are

A+B=C+D
[continuity of ¥at x= 0]

ikA—ikB =aD —oC

|:CO tinuity of ks tx 0}
ntnui - =
uity e a

Ce™ L + DemL — FeikL
[continuity of ¥at x=L]
oDe™ " —aCe™ " = ikFe™"
o ¥
continuity of = atx=L

To isolate the transmission amplitude = e must eliminate from these relations

the unwanted coefficients B, C, and D. Dividing the second line by ik and adding to the
first eliminates B, leaving 4 in terms of C and D. In the same way, dividing the fourth
line by « and adding the result to the third line gives D (in terms of F)), while subtracting
the result from the third line gives C (in terms of F). Combining these results finally

yields 4: A= il—“e’” {{2 —( 24 ﬁﬂe“’ by {2 + (ﬁ + %He*" L} . The transmission probability

E o ik
isT—|£
A

cosh? L =1+ sinh? « L, we obtain

1 |af 1 (o k). s 1(a kY .
T _IE’Z —4}ZcoshocL+z(k —a)smh(xL’Z =cosh aL+4(k_aj sinh o L

1[{uU- E s 1| u? )
=1+— 2 |sinh® ¢ L =1+ —| ——— [sinh® o/ L
+4[ I3 +U_E+ :|Sl o +4|:E(U—E):|81 o

2

. Making use of the identities ¢** " = cosha L+ sinh L and




