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Lecture 17 Review

Tree hugging (fractally speaking).

Root finding: Newton-Raphson & bisection algorithms.

Application of root finding to particle in a quantum box
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Particle in a Quantum Box

P = |ψ(x)|2dx
a/3

b/3

− h̄2

2m
d2ψ(x)
dx2

+ V (x)ψ(x) = Eψ(x)
∫
∞

−∞
dx |ψ(x)|2 = 1

V (x) =

{
−V0 = −83MeV, for |x| ≤ a = 2 fm
0, for |x| > a = 2 fm

d2ψ(x)
dx2

+ 2m
h̄2
(E + V0)ψ(x) = 0

d2ψ(x)
dx2

+ 2m
h̄2
Eψ(x) = 0

for |x| ≤ a

for |x| > a

2m
h̄2
= 2mc2

(h̄c)2 =
2×940MeV

(197Mev−fm)2 = 0.483MeV
−1fm−2

x

V

-V0

a-a
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Particle in a Quantum Box

B cosαa = Ce−βa

ψ(x) =






Ceβx, for −∞ < x < −a
B cosαx, for − a < x < a
Ce−βx, for a < x < +∞

αa tanαa− βa = 0

√
2m(E + V0) tan

√
2m(E+V0)

h̄2
a−

√
−2mE = 0

ξ tan ξ − η = 0

α =
√

2m(E+V0)
h̄2

=
√
0.483(E + 83)

β =
√

−2mE
h̄2

=
√
−0.483E

−αB sinαa = −βCe−βa

ξ = αa η = βa

ξ2 + η2 = 2mV0a
2

h̄2
= 16.08

f(ξ) = ξ tan ξ − η = 0

with

ψ continuity

ψ’ continuity

⇒⇒⇒⇒
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Numerov Algorithm for ODE Solution



PHYS 3340:18 TE Coan/SMU 5



PHYS 3340:18 TE Coan/SMU 6

courage…
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ψi+1 � 2(1− 5
12h

2k2i )ψi−(1+h
2
12k

2
i−1)ψi−1

1+h
2
12k

2
i+1

See numerov.cc
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Summary

Don’t suffer in silence. Scream for help!!!

Numerov technique for ODE solution.

Numerical solution of square well potential.
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