Problem 8.19 + Extra Ibraheem Faisal Al-Yousef PHYS410

Introduction

In this problem, I will use the variational principle to compute the ground state energy for four trial wavefunc-

tions.

Variational Principle:

(Y|H ) > Egs; For any trial wave function v

Step 1:  (Y[y) =1

Step 2: (Y[H|Y) = ([T19) + @IV[Y) = (B, o, ..., an))
Step 3: 2ZC1dzaimcn) _ g

Step 4:  E(af,as,...,ax) > Eg

Where o, as, ..., ay are parameters to be minimized into o, a3, ..., o)
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Using integration by parts, we can simplify the Laplacian
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L Griffith’s Introduction to Quantum Mechanics, 3rd ed.
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Trial wavefunction: i (r) = Ae "
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Using the fact that I(8) = / e P dr = 5\/% ; Then taking the first derivative of I(/3)
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Using u-substitution technique, u = e —ort qu = 2are” " dr
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More & Comparison

Using this Mathematica code:

R3

A2

3

(15| V]s) = —Amhe? A2 / (R — r)rdr — —rketarle — _0ke
0

3

B 4h?
 ke2m

1
Wir_] :=

1+a?r?
Normalization = Solve[4PiA~2 Integr‘ate[d/[r‘]z* r?, {r, 0, w}] =1, A, Reals][2] // Normal;

I 2n?Pi

Integrate[D[y[r], r1?+r?, {r, @, »}] // Normal;

V=-A?4Pike~2Integrate[y[r]®+r, {r, @, ©}] // Normal;
En =T+V /. Normalization;
astar = Assuming[{a >@, m>@0, h >0, k>0, e >0}, Solve[D[En, a] == 0, o, Reals]][1] // Normal;

"E(at) =" <>

m - 9.1093837 x 10732, Tr‘aditionalFor‘m] <> "eV" // TraditionalForm

"E(a”)=" <> ToString[ (Assuming[{a >0, m>0, h >0, k>0, e >0}, (En/. astar) // FullSimplify] // Quiet), TraditionalForm] // TraditionalForm

1
ToStr‘ing[Assuming[{cx >0, m>0, n>0, k>0, e >0}, (En/. astar) // FullSimplify] » = /. i > 1.054571817 %1073 /. k> 9x10° /. e > 1.6%107Y /.
e

Figure 1: Mathematica code used to obtain the results for 1y

Using the code to obtain the results for 14, then making a table of comparison:
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E(a*) —Ry | =Ry | —2Ry | —

=Ry

%Difference | 0% 15.1% | 37.5% | 18.9%

Table 1: Results
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