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Problem 2.30

Normalize ¢ (x) in Equation 2.154, to determine the constants D and F.

Solution

Equation 2.154 gives the even bound states for the finite square well potential.

Fef® ifx < —a
Y(z) =4 Dcos(lz) if —a<zx<a
Fe k= ifz>a
Here
—2mFE \2m(E + V,
,{:Tm and l:m(h—'_o).

Continuity of ¥ (x) at x = a yields
Fe ™ = D cos(la),

and continuity of dy)/dx at x = a yields

—kFe " = —IDsin(la).
Solve equation (1) for F

F = De"" cos(la)

and plug it into ¥ (x).

Def cos(la)e™  ifx < —a

() = < Dcos(lz) if —a<z<a

De" cos(la)e™ ™ ifx > a

2

D is arbitrary and chosen to have the value that makes the integral of [¢)(z)]
1.

1= [ P

(2.154)

= /a[w(:c)]2 dz + / ()] dz + /oo[w(a;)]de
= /a[De"“ cos(la)e™™)? dx + /a [D cos(iz))? dx + /oo [Des® cos(la)e " dx
— /_a[p2e2na cos?(la)e? ™ dx + /“ (D2 cos?(1)] dx + /OO[DQGZHG, ol e

—a

= D% cos?(la) /
—0o0

a

1
_ D2 2Ka 2 l 2K
e cos(la) 7€

> + D? [az + 1 sin(2lx)]
o 21

0

+ D?e* cos?(la) < -

a 1 [e.e]
e dx 4 2D* / 5[1 + cos(2lz)] dz 4+ D?e** cos?(la) / e
0 a

1 1 1
= D?e* cos?(la) (21%6_2”“) + D? [a + 3 Sin(2la)} + D?e%% cos?(la) <2K6_2’w>

1
= D? [i cos*(la) + a + 2 sin(2la)]
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Solve for D. )

\/1 cos?(la) + a + o; sin(2la)

K

D=

Divide the respective sides of equation (2) by those of equation (1).

—kFe "  —[Dsin(la) Isin(la) 1 1.
Fe—ra D cos(la) - cos(la) B cos(la) K sin(la)

Therefore, the normalization constant becomes
1
\/% cos?(la) + a + 5;[2sin(la) cos(la)]
1

\/% cos?(la) + a + 7 sin(la) cos(la)

1
\/% cos?(la) + a + L sin?(la)

1

D=

Y
1

and
F = De" cos(la) =
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