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Harmonic Vibrations of N-Body Systems

Separation of overall (center-of-mass “com”), rot and vib motion:
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Dissociation at high excitations

C;= Hooke’s constant



Morse Potential and Harmonic Approximation
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Harmonic Oscillator

HCL Harmonic Approximation

Energy (W)

X = ABond Length (10%*-10 1)
Symmetric potential >
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Harmonic Oscillator

y(x) : spatially either
symmetric or asymmetric
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Reset energy scale > U(q,)=0
x := displacement from equilibrium

n |
H, = —>——5*3 cx? := reduced mass
Stationary Schrodinger Equation
n |
Hpow (X) =3 - o— = + = cx? by (X) = Ep(X)
21 ox2 2

Energy eigen states
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ator: Asymptotic Behavior
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Harmonic Oscillator
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Asymptotic boundary conditions (y{x) in

classically forbidden region)?
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Gaussian decay of wf in forbidden region, faster for heavy particles ()

and steep potential (c) .
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For HCL: 1 ~ 84 A-2




Harmonic Oscillator Eigen Value Equation

HCL Harmonic Approximation 2 2 lLl
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Harmonic Oscillator
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Harmonic Oscillator: Hermite’s Differential Equ.

HCL Harmonic Approximation 2
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Harmonic Oscillator
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Asymptotic behavior: H(£) not exponential > H = finite power series
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Harmonic Oscillator

Energy (eV)

Solving with Series Method

HCL Harmor
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H

L

(&) = H(E)e <12

Hermite’s DEqu.

5 os

2
{a__ 252

2
K1
A

j}H(¢)=o _
E

k? i—é’E

2 _ MC

YR
A X

Asymptotic behavior > H(£) not exponential
- H= finite power series

-1

11, Ao | =0 >y =T1-EF

0.5

0 0.5

Bond Length (10%*-10 1)

2 n
5852 3 ¢ - z a3 +2)(i +1)& )
—2§£Izoa§ = Z( 2i)a;é! >

k2

W. Udo Schréder, 2004

——1] > g = Z ai[
-0 i=0

5

Hn(g) — En:O aigi

k? :
=n _q|g
2 1);

Discrete EV spectrum,

count states n=,0, 1,...
a; from differential equ.

L

.

(l +2)(i +1a;

i+2

(—2/)a;

(k,%/z —1)a,

N

W,

~
all =0




Energy Spectrum of Harmonic Oscillator
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Harmonic Oscillator

Energy eigen values of |£
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Harmonic Oscillator Level Scheme

HCL Harmonie Approxumation

Equidistant level scheme
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Absorption and emission in infra-red spectral region
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Harmonic Oscillator

Rot-Vib Spectra of Molecules

Assume independent rot and vib - neglect centrifugal stretching

" N " Very different
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Rot-Vib Spectra of Molecules

Assume independent rot and vib E ,
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HOsc-Wave Functions: Hermite’s Polynomials
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Oscillator Eigenfunctions

HC1 Harm. Oscillator Functions v 0-y_ 4
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All have definite parity,
n
Tn = (_1)

spatial symmetry.

Harmonic Oscillator

n = # of nodes
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Unnormalized: E, =

(&) o H(E)e <12 .
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Normalization n=0,1,23,....
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ho = 0.54eV A =84.14A72

0] (0]
JA1=5.454A"1: 1/1=0.012A7%
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Harmonic Oscillator

W. Ud

Calculating Expectation Values
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Mean square deviation from
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MathCad rendition: sj := 4
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HC1 Mean Square Radius <x2> n

11



16

Harmonic Oscillator

W. Udo Schréder, 2004




	Slide 1
	Slide 2: Harmonic Vibrations of N-Body Systems
	Slide 3: Morse Potential and Harmonic Approximation
	Slide 4: Harmonic Oscillator
	Slide 5: Harmonic Oscillator: Asymptotic Behavior
	Slide 6: Harmonic Oscillator Eigen Value Equation
	Slide 7: Harmonic Oscillator: Hermite’s Differential Equ.
	Slide 8: Solving with Series Method
	Slide 9: Energy Spectrum of Harmonic Oscillator
	Slide 10: Harmonic Oscillator Level Scheme
	Slide 11: Rot-Vib Spectra of Molecules
	Slide 12: Rot-Vib Spectra of Molecules
	Slide 13: HOsc-Wave Functions: Hermite’s Polynomials
	Slide 14: Oscillator Eigenfunctions
	Slide 15: Calculating Expectation Values
	Slide 16
	Slide 17: Harmonic Oscillator: General Solution
	Slide 18: Drawing Elements



