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Potential energy curve N

E(R) m Unbound states.
m Bound states.

* Dissociation energy = D,

* Equilibrium internuclear
distance = R, (bond distance)

= Potential energy curve
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HARMONIC OSCILLATOR

R, R

o 1im Viy(R) = o # D,
R—o0

o Minimum at R = R,

o 1im Vi(R) = 1kR2 <
R0 h() e

Potential energy curve W

= Harmonic potential energy
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Classical treatment N

m Classical energy
2
po 1 5, 1 5
E="+—k¢*=-kA
o T2 T3
mamy
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F=—kg=ua— —kqg=u—=
q=H q 'udt2
1 q(0)=0

q(t) =Asin(0r) - 0 =2nv =+/k/u
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Classical treatment

period of oscillation

. V= %« /k/u = Frequency (s~ 1)
= (O =271V = Angular frequency (s_l)
s T =1/v = Period (s)



HARMONIC OSCILLATOR

Classical treatment

R.W. Roninette, Am. J. Phys. 63, 823 (1995)
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Quantum treatment ~

— Eigenvalues Pt snry
i Energy
L2 4 -
1 2 ; Transition
©) En: (fl‘|'§)\h\/ /9 n207172,-.. n=4\ : Tﬁinlerg‘f//
ho n=3\ E } - / Ep=(n+1)ha

n=2 :
o Minimal energy — Ep = %hv — "='\@E/_lm

Zero point energy internuciear soparaton %
-

o AE=FE, 1 —E,=hv— ,U@.
x=0 represents the equilibrium

Vibrational quantum separafion between the nuclai,
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[ll.B. Eigenfunctions
.

o 1/4 g
0ulq) = @)~ (%) P PH (Vo)
= Eigenfunctions = q Hermite’s polynomials = H,(z) = (—1)"e" L&
Parity = n even, n odd

ll’{:]l‘-x} E:] = Ig@

Vv, E, =

— ("1 _ 2\ ,—0g’/2
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o Nodes = n
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Quantum treatment ©

o Parity

n=0,2,4,... = 0,(q) = ¢,(—q) — even functions
n=1,3,5...= ¢,(q) = —0y(—q) — odd functions

Parity

even-even=even > fjoiofodd(CI) dg=0

even- odd = odd

odd -even= odd > [T feven(q)dg =2 [ feven(q)dq
odd - odd =even
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Quantum treatment >

m Classical allowed and forbidden regions

E=T+VR3E>V 5 -A<g <+A

Classical limit

=
\ N Classical limit




Quantum treatment -
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> J.J. Diamond, Am. J. Phys. 60,
912 (1992)
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Fig. 1. The graph of the penetration probability P(n) vs quantum number
n for values of n ranging from n=0 to n=250.
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= Problems
* No dissocation limit (1 n)
* Anharmonicites = k3 q3 + kg q4 + ... — AE # constant



