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Parabolic approximation
. Parabolic approximation

E(R)
@ Unbound states.

R, @ Bound states.

o Dissociation energy = D,
e Equilibrium internuclear distance
= R. (bond distance)

o Potential energy curve

_ v 1(8%v 2,1(3%v 3
VR)= WURe) + (G (R-Re)+3 (555 ) (R—Re)+§ (535 ) (R—Re)+-.

energy minimum
origin
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Parabolic approximation
. Parabolic approximation

@ Harmonic potential energy

1 .2
Vhar(R) = A (%) (R - Re)2
2 Re \T_z
k—>force
Re R constan
o Rlinoo Vh(R) =00 75 De \/\Jv\/’\\
o Minimum at R = R, Hooke's law
,  1.p2 dVhar
o ’I?ino Vi(R) = 5kRz < o0 F=— d}cly =—kgq
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oy
% Position

o Classical energy
2
1 1
E=P 4 Zkg? = ka2
2n 2 2
mamp
p=
ma + mp
d’q
F=—kq=pa— —kqg=p—"a
q=H q=p di2
1 =0

q(t) = Asin(wt) —» w =2mv =V k/u
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Classical treatment Position

% Position

; Y |

period of oscillation

o v = 5-+/k/pu = Frequency (s71)
e w = 27mv = Angular frequency (s71)
o T =

1/v = Period (s)

Harmonic oscillator
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Classical treatment Linear momentum

% Linear momentum

p(t) = p4(t) = pAw cos(wt) = pwy/ A2 — ¢2(t)

1
p(q) m

<—

1 T/ Phnax — P2(t)
R.W. Roninette, Am. J. Phys. 63, 823 (1995)
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Quantum treatment Energy

% Energy

@ Hamiltonian

A= &1 2 > A@n(a) = Exi)

= Eigenvalues

Potential enargy

of form Energy
Lhx?
— 1y h — 2
o E,=(n+3) hv, n=
hw Ep=(n+1)ho
0,1,2,...
. 1 S~
o M|n|ma| energy — EO = b hy — Internuclear separation X
Zero point energy o
-
o AE = En+1 — En = hy — x=0 represents the equilibrium

separation between the nuclei.

vibrational quantum
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Quantum treatment Eigenfunctions

% Energy

- a\1/4 __ax?
onlq) = (27n1) "1/ (2)* e~ /2, (Jax)
@ Eigenfunctions = ¢ Hermite's polynomials = Ha(z) = (—1)"e?" de
Parity = n even, n odd

do(q) = (2)"" e /2

) = () ge

d2(q) = (&) (1 - 20 g?) e @9 /2

2TV
h

o =

o Nodes = n
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Quantum treatment Parity

% Parity

o Parity

n=20,2,4,...= ¢,(q) = ¢,(—q) — even functions
n=13,5,...= ¢,(q) = —¢y(—q) — odd functions

Parity
even - even = even > f::: foda(q) dg = 0
even - odd = odd
odd - even = odd > fj:j f;sven(q)dq =2 f0+oo f;aven(q)dq
odd - odd =even
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Quantum treatment Classical vs quantum distributions

% Classical vs quantum distributions

o Classical allowed and forbidden regions

E=T+VBE>V o5 -A<gy<+A

Classical
probability

Classical
probability

Classical limit

& N Classical limit
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Quantum treatment Classical vs quantum distributions

% Classical vs quantum distributions
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Fig. 1. The graph of the i ility P(n) vs number

n for values of n ranging from n=0 to n=250.

@ Problems
o No dissocation limit (1 n)
o Anharmonicites = k3 ¢> + k4 g* + ... — AE # constant
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