shoot_schroedinger.nb

In[1]:= (= potential =)
(% —-=——-=--- *)
VIX_1:==-1/(1+x"2)
Pl ot [v[Xx], {X, -5, 5}]

aut[2]= - Graphics -

In[3]:

(+ plot solution of schreodinger equation for trial e =)
(¥ note: all nunerical constants (hbar,m..)=1 *)

Bl ock [{x0 =10}, sol = NDSol ve[{-psi '’ [X] + (V[X] -e) *psi [X] =0, psi [-x0] == 0. 001,
psi ' [-x0] == 0.001}, psi, {x, -x0, x0}1;
Pl ot [Eval uate[psi [x] /. sol ], {x, -x0, x0}]1]

In[4]:= (% you can play with this 1 %)

Qut[4]= - G aphics -

In[5]:= (* shooting nmethod =)
(% —————— - —— *)
shoot [e_] : =

Bl ock [{x0 =10}, sol = NDSol ve[{-psi '’ [X] + (V[X] -e) *psi [Xx] =0, psi [-x0] == 0. 001,
psi’ [-x0] == 0.001}, psi, {x, -x0, x0}1;
psi [
x071 /.
sol ]
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In[6]:= Plot[shoot [e], {e, -0.6, 0}, PlotRange » {-10,

10;
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Qut[6]= - Graphics -
In[7]:= (= find ground state energy =)

(¥ ——————m e *)

O f [NDSol ve: : ndnum]

O f [NDSol ve: : dsvar ]

O f [Repl aceAl | : :reps]

e0 = e /. FindRoot [shoot [e] =0, {e, -0.5}]
pl ot sol [e0]

Qut[10]= -0.437881
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Qut[11]= = Graphics -

10}]



shoot_schroedinger.nb

In[12]:= (* look at solutions for e0 +/- de =)
( —————m e - *)
x0 = 10;

e =e0; sol 0 =NDSol ve[{-psi '’ [X] + (V[X] -€) xpsi [X] =0,
psi [-x0] == 0. 001, psi ' [-x0] =0.001}, psi, {x, -x0, x0}1;
e =e0+0.01;
sol 1 = NDSol ve[{-psi '’ [X] + (V[X] -e) »psi [x] == 0,
psi [-x0] =0.001, psi ' [-x0] =0.001}, psi, {x, -x0, x0}1;
e=e0-0.01;
sol 2 = NDSol ve[{-psi '’ [X] + (V[X] -e) xpsi [x] =0,
psi [-x0] =0.001, psi ' [-x0] =0.001}, psi, {x, -x0, x0}1;
Pl ot [{Eval uat e[psi [x] /. sol 1], Eval uate[psi [x] /. sol 2], Eval uate[psi [x] /. sol 0]},
{x, -x0, x0}, PlotStyle - {R&Col or [1, 0, 0], R&BCol or [0, 0, 1], Thi ckness[0.01]},

Pl ot Range -» {-0. 3, 0.5}]
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Qut[18]= =~ G aphics -



