5-18: The necessary integrals are of the form
o nTIT , MAZE
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for integers n, m, with n # m and n # —m. (A more general orthogonality relation
would involve the integral of ¥}¥m, but as the eigenfunctions in this problem are
real, the distinction need not be made.)
Such integrals are tabulated, or may be found from symbolic-manipulation
programs. As an example, the Maple commands that show this result are:
>assume(n, integer); additionally(m,integer);
>int(sin(n*Pi*x/L)*sin(m*Pi*x/L) ,x=0..L);
>int(sin(n*Pi*x/L)*sin(n*Pi*x/L),x=0..L);
To do the integrals directly, a convenient identity to use is

sina sinf = 312- [cos{a — B) — cos(a + B)],
as may be verified by expanding the cosines of the sum and difference of a and 3.

To show orthogongality, the stipulation n # m means that o # 3 and a # —g, and
the integrals are of the form
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where sin(n —m)r = sm(n — m)nr = sin0 = 0 has been used.

5-21: The normalization constant, assuming A to be real, is given by

f¢*¢dV=1_—.f¢*wdxdydz
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Each integral above is equal to % (from calculations identical to Equation (5.43)).

The result is s 8/
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5-37: (a) In the notation of the Appendix, the wave function in the two
regions has the form

¢1=Aeik1$+Be—ik13, ¢H=Ceik’$+De—ik':r'

where k= z—"f—:-g, k= 1/2_"1&2___2)_

The terms corresponding to e~ik1T and et Kz represent particles traveling to
the left; this is possible in region I, due to reflection at the step at = = 0, but
not in region II (the reasoning is the same as that which lead to setting G = 0 in
Equation (5.82)). Therefore, the e~ ¥ Z term is not physically meaningful, and
D=0 .

(b) The boundary conditions at £ = 0 are then

A+B=0C, ikiA—iky B=ik'C or A—B=—C.

/!
Adding to eliminate B, 24 = (1 + ‘i:—-) C, so
: 1

C_ 2k anqg = CC _ 4R
A Kk +k’ AA* T (R + k)

(Note that the ratios C/A and C*/A* are real in this case.)
{c) The particle speeds are different in the two regions, so Equation (5.83)

becomes 2
o’y _CCr K akk 4 (a/K)
a2 v AA* kr (ki 4+ k) ((ku/RD + 1)

For the given situation, ki1/k' = v /v’ = 2.00,80 T = R%)TE?I)_)E = g The

transmitted current is (77)(1.00 mA) = 0.889 mA, and the reflected current is

0.111 mA.
As a check on the last result, note that the ratio of the reflected current to the

incident current is, in the notation of the Appendix,

_el*w _BB*

R= = .
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Eliminating C from the equations obtained in part (b) from the continuity condition

K W
A(I-H)=B(I+k—l'), 8o

AV A N
R“((kx/k')—u) =g=1-T

asz =0,

as expected.



