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Two quantum particles

Finding the probability to have particle 1 in the interval [x,,X,+dx,] and finding particle 2 in [x,,X,+dx,]

2
| CD(Xl’ Xz) | dX1dX2 for example in a diatomic molecule.

For a fixed total energy E one obtains for
fixed X, — zml 6 2 CD(Xl X )+V(X1 2) CD(Xl’ X2) = (Epot t Ekinl)cD(Xl’ X2)
fxed x, —f2- (X, = %) DX, %) = (B + Egn2) P(X, %)

Schrodinger equation for two particles E = E  + B, + B
2
2hml ox 7 P(X, %) ~ 22 , =%,) P(X, %) = EP(X,X;)

Py is now replaced by —i7 2 - and P, is replaced by —il 5% 3%

p1 pz —_
in the energy equation + +V =E
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Two quantum particles in the center of mass system 03/02/2005
2hml ox 7 P(X, %) 3 22 , =%,) P(X, %) = EP(X,X;)

X — MXTMpXp — M 0 4 0 0o —_Mm 9 _ 0
2 m,+m, m+m, 0z 0Xy ' 0%,  mytm, 0Xz 0%,
1 9 1 @

2 + 2
my axl M 9x, 5 6xA

CD(XZ’ XA) V(%) P(X;, %) = ED(X;, X,)

o—»X ©

Product solution for a given kinetic energy of the center of mass system "X

P, %) =P (% )Py (X,)  — ‘Zinz o, 2CD (%) = B P (X;)

A diatomic molecule therefore has a de Broglie wavelength that corresponds
to the total mass and to the energy of the center of mass system.

Schrédinger equation for the internal coordinate
2 2
D, (%) +V (%) By (%) = Eyy Dy (%)
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Diatomic molecules 03/02/2005

For small oscillation energies around the

equilibrium distance the potential can be expanded to second
order and then expresses a harmonic oscillator \/ = %sz

Schrddinger equation for the internal coordinate:

ZL{ o2 CD(XA) +3 2 :uwo CD(XA) Ei CD(XA) - By = hwo(n"'%)

Measuring the regular distance between energy levels of the emission or absorption
spectrum is sufficient to compute the linearized force Cx between the atoms.
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