Solution of the quantum mechanical potential barrier

Boundary conditions for
d’A(X) — @ikx+ a{,—ikx
Yp(X) = bletkIX + b2 g77kLx
Ye(x) = cetkx

n1= | eqs = Sol ve[{

1l+a = bl+b2,

k (L-a) =k1 (bl-b2),

b1 eile +b2 e—ile - CeikL,

k1 (bl eﬁ.le_bZ e-ile) - kCeikL

}, {a, bl, b2, c}]
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sol = FullSinplify[egs]

(k ~k1) (k +k1) Sin[k1L] 2k (k + k1)

out[2]= Ha—> , bl > - — ,
21 kk1lCos[k1L] + (k?+k1?) Sin[kiL] e2iklL (k —k1)2 - (k +k1)?
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The reflection coefficientisR= |af?= a*
Notice how we have to use assumptionsin order to tell Mathematica that k, kland L areredls.

(Complex conjugation istyped asa* —a[Esc|conj[Esc]) or one can use & a=Conjugate[d] a)

n@= | R = Assuming[k € Reals & k1 € Reals & L € Reals, Full Sinplify[(a*a) /. sol [[1]]]]
(k2 -k12)*Sin(k1L]?
Out[3]= 2
4k2k1? Cos [k1L)? + (k2 +k1%)” Sin[k1L]?

To massage Expression we use Expand [k“ +6k2k1? + k1 - (k2 -k1?) 2} =8 k2 k12
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In[41]:= cc =Sinpli fy[
Assuming[k € Reals & k1 € Reals & L € Reals, Full Sinmplify[((c*c)) /. sol [[11]1]1] /.
Cos[2k1L] »1-2Sin[kLL]? /. k*+6k?k1% + k1% -> (k2 - k1%)% + 8 k? k1?]

4 k2 k12

Out[41]= 2
4k?Kk1? + (k2 -k1%) Sin[k1L]?

ngsi= | aa = Si nplify[Assum' nglk € Reals & k1 € Reals & L € Real s,
Full Sinplify[((a*a)) /. sol [[1]]]1] /. Cos[k1L]? > 1- Sin[k1L]?]

(k2 -k1%)%sin(k1L]?

Out[45]= 2
4k2k1? + (k2 -k1%)" Sin[k1L]?

Hereweexpress |af? and |[c P intermsof e = k?andk1?= e~ U

naz= | ccl = FullSinplify[cc /. {k? > e, k1> e-U k%> €% k1% 5 (e-U)*}] /.
Cos[2klL] »1-2Sin[klL]?

1

; 2
14 W SinkllL]
-4 Ue+4 e?

Out[42]=

nae= | aal = Full Sinplify[aa /. {k? > e, k1> e-U}] /. Cos[2klL] »1-2Sin[klL]?

Out[46]=

The transmission coefficient T = |c

3= | T = ccl
1
ougsl= | ————
W SinklL]2
1+ ———
-4 Ue+4 €2

The reflection coefficient R= |a [?

n471= | R = aal

1

Out[47]=
4 e (-Use) Csck1lL]?

1+ 7

Wefinally check the expected relation R+ T =1
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In[50]:= Full Simplify[R+T]

Out[50]=




