Losung Beispiel 5, Helmut Horner Mat.Nr. 08850092

Definiere Potentialwall (drei Bereiche 0, v0, 0)

1= pot = {@, vO, O};
Schrodingergleichung fiir die drei Bereichei=1...3

2
2= schrgl = Table[—:—z[f[i] "'[x] +pot[[i]] ¢[i] [X] == ekiny[i] [X], {i, 1, 3}]
m

n®y[1]”[x]

out[2]= {—27 = ekiny[1] [x],
m
2 p 2 '
ve Y [2] [X] - Dzltd = ekiny[2] [x], —M = ekin y[3] [Xl}
2m 2m

Allgemeine Losung der Schrodingergleichung in drei Bereichen i=1...3

ngz:= rulesl = {m> @, ekin >0, A >0, v >0, ekin < vo};

\/ 2 (vem- ekinm) A2 ekinm

substEnergy = { >a, k)
h a
2 (vOm-ekinm -
substAlphaK = {a - \/ ( ) L ko V2ekinm };
h n

1sgAllg = Table[DSolve[schrgl[i], ¥[i] [X], X, Assumptions - rules1], {i, 1, 3}] /.

substEnergy // Flatten

out[6]= {z/;[l} [Xx] - C[1] Cos[kx] +C[2] Sin[kx],
U[2] [x] > e C[1] +e*"C[2], ¥[3] [x] - C[1] Cos[kx] +C[2] Sin[kx]}

Ersetzen der wiederkehrenden Parameter C[1] und C[2] durch individuelle
Parameter
n7)= parameter = {{al, b1}, {a2, b2}, {a3, b3}};

1sg2 =
Table[1lsgAllg[[i]] /. {C[1] -» parameter[[i, 1]], C[2] -» parameter[[i, 2]]1}, {i, 1, 3}]

ouig= {¥[1] [x] > alCos[kx] +blSin[kx],
U[2] [x] > b2e**+a2e*”, y[3] [x] »a3Cos[kx] +b3Sin[kx]}
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Darstellung in der Form &<~

. a_ 1ib_ a_ 1ib_
ne= 1sg3 = Collect[TrigToExp[lsg2], e”_] /. {—- >a, —+ - b}
2 2 2 2

ouel: {¥[1][x] > ble ¥ +ale'*X, y[2] [x] > b2e**+a2e*?, y[3] [x] > b3 et *+a3e ¥}

Ann: Welle lauft von links nach rechts -> keine Reflexion im Bereich 3

nfoj= 1lsgd = 1sg3 /. b3 >0
ourior {W[1] [x] »ble ***+alet ™, y[2] [x] > b2e™* +a2e*”, y[3] [x] > a3e ¥}

Anschlussbedingungen

- stetigkeit = {(1sg4[[1, 211 /. x> @) == (1sg4[[2, 2]] /. x> @),
(1sga[[2, 2]] /. x> x1) == (1sg4[[3, 2]] /. x->x1)};
stetigkeitAbl = {(D[1sg4[[1, 2]], x] /. x> @) == (D[1sg4[[2, 2]], X] /. x> @),
(D[1sg4[[2, 2]], X] /. x> x1) == (D[1sg4[[3, 211, X] /. x>x1)};

anschlussbed = Join[stetigkeit, stetigkeitAbl]

out[13]= {al +bl=a2+b2, b2e % +a2e? = a3el kX,
1alk-1blk=2a2a-b2a, —b2e’X1°‘ot+a2<eX1°‘o<::J'La3eij1k}

Berechnung der Parameter aus den Anschlussbedingungen

nf4:= parameterSol = FullSimplify[Solve[anschlussbed, {bl, a2, b2, a3}]] // Flatten

al (k? +a?) Sinh[x1a] 2alk (k-ia)
out[14]= {ble , a2 > - ,
21ikoaCosh[xla] + (k—a) (k+oz) Sinh[x1 o] 7(k—jo<>2+<e2"1“ (k+]'10()2
2ale? ok (k+1ia) 2iale **¥ka
b2 — , a3 - }
,(k,]'lo()2+(52X101<k+jlo(>2 2ikaCosh[xla] + (k-o) (k+o) Sinh[x1la]
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Fertige Wellenfunktion fur alle drei Bereiche
5= regeln = {Im[m] == @, Im[k] ==0, Im[a] == 0, Im[x1] == 0, Im[A] == 0,
Im[v@] == O, Im[ekin] == @, ekin<VvO, m>0, A >0, ekin> 0, vo > 0};
1sgFinal = FullSimplify[lsg4 /. parameterSol, Assumptions - regeln]
psiPiecewiese[x_, A_, x1_] = Piecewise[

{{1sgFinal[[1, 2]], x < @}, {1sgFinal[[3, 2]], x > x1}}, 1sgFinal[[2, 2]]] /. {al - A}
<k2+a2) Sinh[x1a]

Out[16]= {d/[]_} [X] = al e—]’lkx e2jkx+
2ikaCosh[xla] + (k-a) (k+a) Sinh[x1a]

2alk (—jaCosh[(x—xl) o] +kSinh[(x—x1) a])
U[2] [x] - -
2ikaCosh[xla] + (k-a) (k+a) Sinh[x1a]

21ialelkxxD kg
Y31 [x] » — : }
2ikaCosh[xla] + (k—O() <k+0() Sinh[x1 o]

Aefj k x ezjkx (k?+02) Sinh[x1a]

+ X <0
21 kaCosh[xla]+(k-a) (k+a) Sinh[x1a]
out[17]= 2iAetk ) ka X > x1
21 kaCosh[xla]+(k-a) (k+a) Sinh[x1a]
_ 2Ak (-1 aCosh[(x-x1) a]+kSinh[ (x-x1) al) True

2ikaCosh(xla]+(k-a) (k+a) Sinh[x1a]

Transmissionskoeffizient (einmal abh. von k und a; und einmal abh. von v0,
ekin und x1)

a3
niie)= T1 = ComplexExpand [FullSimplify [Abs[— /. parameterSol]|, Assumptions - regeln] ]2
al

T2 = FullSimplify|
Fullsimplify[Tl /. Cosh[u_]%2- 1+ Sinh[u]z] /. substAlphaK , Assumptions - r‘egeln]

4 k? o

Out[18]=
4k?a?Cosh[x1a]?+ (k-oa)? (k+a)?sSinh[x1a]?

1
vo? Sinh { V2 (ekinive) x1 } 2

-4 ekin?+4 ekin vo

out[19]=

1+
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Reflexionskoeffizient (einmal abh. von k und a; und einmal abh. von v0, ekin
und x1)

bl
nz0)= R1 = ComplexExpand[FullSimplify [Abs[— /. parameterSol]|, Assumptions - regeln] ]2
al
R2 = Together [FullSimplify[R1 /. substAlphaK , Assumptions - regeln]]

k2 +/Sinh[x1 a]?

Out[20]= +

Jak2o? Coshixlal?+ (k-a)? (k+a)?Sinh[xla]?
2
a2~/ Sinh[x1 a]?
Jak2o2 coshixlal?+ (k-a)? (k+a)?Sinh[xla]?

vo? — ve? Cosh [ 2+/2 +/m (-ekin+ve) x1 ]
h

out[21]=

. . —ekin+
8 ekin? - 8 ekin v@ + ve? - v@? Cosh | 272 ym l:km vo) Xl}

Probe: R+T=1

ine2p= FullSimplify[{R1 + T1, R2 + T2}]

ou22= {1, 1}
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MANIPULATE: Realteil der Wellenfunktion tber alle drei Bereiche

nz3- physconst = { -» 6.62606896 ~ 187>*, m » 9.10938215 ~ 187*!, echrg - 1.60217649 - 10"} ;
Manipulate [Show|

Plot[Re[psiPiecewiese[xx, 1 /2, x1] /. substAlphaK /. {ekin - Min[EKIN, V@] echrg,
ve » Ve echrg} /. physconst], {xx, -6 107, 6 <10"°}, PlotRange » {-1, 1}],
Graphics[{Thick, Red, Line[{{0, -2}, {0, 2}}], Line[{{x1, -2}, {x1, 2}}]}]],

{{ve, 11}, 0.02, 11}, {{EKIN, 10}, 0, 11 -0.01},
{{x1, 2 10-9}, 01072, 3 10-9}]

VO

EKIN

Teo

x1

()

Out[24]=

. o@m&o-g t;mo-g
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MANIPULATE: Aufenthaltswahrscheinlichkeit tGiber alle drei Bereiche

ne2si= Manipulate [Show[
Plot[Abs [psiPiecewiese[xx, 1 /2, x1] /. substAlphaK /. {ekin - Min[EKIN, V@] echrg,
v0 -» Vo echrg} /. physconst]z, {xx, -6 <107, 6 < 10"°}, PlotRange » {0, 1}],
Graphics[{Thick, Red, Line[{{0, -2}, {0, 2}}], Line[{{x1, -2}, {x1, 2}}]}]],

{{ve, 11}, 0.02, 11}, {{EKIN, 10}, 0, 11 -0.01},
{{x1, 0.5 10-9}, 0-107°, 3 10-9}]

¢ UD
EKIN U:
x1 D
1.0
08

Out[25]=

I T S I S T PR IR SR IS TR SR SN N SR SR SR |
-6.x10° -4.x10° -2.x107° 0 2.x107° 4.x107° 6.x107°

1
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