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Appendix4: Calculation of A,B,C,D,F
for the finite potential well

Enrico Iacopini

Let us evaluate the coefficients A, B, C, D, F
for the scattering states associated to the finite
potential well. We have seen that

T = —q Ae—i/ca, + Bez’/ca, — Ce—i'ra + Dez"ra,

ikAe e _ jkBe't = 4rCe " — 4rpDe'

T = +a : Ceira+ De—ira — Fez’/ca,

irCe"® — irBe™""* = ikFe™®
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Using the two continuity conditions for £ = +a,
by multiplying the first equation for k£ and
comparing the two, we obtain

kCe' + kDe™"* = rCe'®* — rDe™""®
= De "(r + k) = Ce"%(r — k)

r—k

= D= Ce™*
r+ kK
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and therefore

/_—ema — Cez"ra + De—z‘ra, —
— Cei'ra +C eQz"ra, T—K —ira _
+ k
— Cez”ra, (1 + T — 'IC) — Cez’ra, 2r
r+ kK r+k
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@ Let us consider, now, the two equations
concerning the continuity conditions of 9 and
W' in £ = —a. We have

Ae—z’/ca, + Bei/ca, — Ce—'Lra, + Deifra,
kAe~ ke _ gBek® = rCe=1% — rpe'™@
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@ Let us consider, now, the two equations
concerning the continuity conditions of 9 and
Y in T = —a. We have

Ae—z’/ca, + Beilca, — Ce—'Lra, + Dez”ra,
/cAe_“m _ /{;Bem“ — ,),.Ce—z"ra, _ ,’,.Dez'ra

@ If we multiply the first equation for r, we
obtain

rAe” % 4 rBe*t = rCe "% 4 rDe'*
kAe ke _ gBRe — rCe™ e _ rpe'"e
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@ and if we add them, we get
Ae~"a(r 4+ k) 4+ Be™(r — k) = 2r Ce™ "
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@ and if we add them, we get
Ae~"a(r 4 k) 4+ Be™(r — k) = 2r Ce™ ¥
@ whereas, if we subract them, we obtain

Ae~ R (r — k) + Be**3(r 4+ k) = 2r De'™ =
rT—K
T+ kK

— 2,’. Ce—i’?‘a e4z"ra,

mra

= 2rCe?"®

T—K
r+ kK
=(r + k)e > [Ae_“m('r — k) + Be™*(r + k;)] =

= (r — k)e?a {Ae""’m(r + k) + Be*ka(r — /c)}
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from which we have
e—27','ra, [Ae—ilca(,rZ_/CQ) + Be’llkla(,r_i_k;)Z] —
— 627',7‘0, [Ae—z'k:a(,r.Z_k;Z) + Be”“’(r—k;)ﬂ
=>e—QiTG,[Ae—i/ca,(,r2_k:2)+Beika(,r.2+/€2)+2seik)a,rk;] =
— eQ’i?"CL [Ae—’ilca(,rQ_k;Q) + Be’i/ca(,rQ_l_k;Q) _ QBeika,r.k;]
= A(r2—k?)e %24 sin(2ra) +
+B(r°+K2)e™ 24 sin(2ra)—2B rk e*** 2 cos(2ra) =0
and finally

(r? — k?)sin(2ra)

B=1iAe ke
2rk cos(2ra) — i(r2 + k2)sin(2ra)
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Concerning the parameter C, we have

2r Ce V% = Ae ", (r 4+ k) + Be™(r — k) =
= Ae " (r + k) +

(r? — k?)sin(2ra)(r — k)
2rk cos(2ra) — i(r?2 + k2)sin(2ra)

+7; A e—z‘lca
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and therefore

2r Ce™ e = Ae~ka .
(r+k) [27k cos(2ra)—i(r2+k?)sin(2ra)]
o { 2rk cos(2ra)—i(r2+k2)sin(2ra)
i(r2—k?)sin(2ra)(r—k) .
2rk cos(2ra) —i(r2+k2)sin(2ra) } o
_ika (T+K)2kT cos(2ra)—2ikr(k+T1)sin(2ra)
2rk cos(2ra)—i(r2+k2)sin(2ra) N
(r 4+ k)2kr e—2iTa
2rk cos(2ra) — i(r?2 + k2)sin(2ra)

= Ae

—ika

= Ae
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In summary, about C, we have

e~*ka  (r 4 k)2kr e—21a

2rCe " = A
2rk cos(2ra) — i(r?2 + k2)sin(2ra)

and finally

e—tra p—tika (’f‘ + /C)k}
A - -
2rk cos(2ra) — i(r?2 + k2)sin(2ra)
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Using the above result we can rewrite the
coefficient F and we have

F — C ’LTCL 27‘
'r—|-/c

— pe—ika 2kr

2rk cos(2ra) — i(r?2 + k2)sin(2ra)

8888888
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