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1. Transition dipole matrix elements
2. Natural Normal Modes
1. Transition dipole matrix elements
The transition dipole or polarizability between states n’ and m’ is
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Where n and m are unperturbed (harmonic oscillator) states.

We can work this out for fundamental transitions, i.e. n is the ground state and m is an mth-mode with a single excitation:
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The numbers are related to implementation in S4, enaf.f subroutine.
For double-excited states we have one excitation on vibration o and one on vibration p: 
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1)
First, we investigate case when o = p (“overtone” vibrational states)
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 EMBED Equation.3  [image: image9.wmf]l

Q

Q

E

V

Q

Q

j

i

pp

l

l

pp

pp

l

j

i

j

i

å

å

¹

¶

¶

¶

+

0

2

1

,

,

2

,

m



 EMBED Equation.3  [image: image10.wmf]pp

Q

Q

l

E

V

Q

Q

j

i

n

l

l

l

j

i

j

i

å

å

¹

¶

¶

¶

+

0

0

2

,

2

1

m



[image: image11.wmf]i

Q

E

V

Q

i

i

pp

pp

i

i

0

,

,

¶

¶

»

m
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(12b)

2) The other possibility is that o ( p (“combination” vibrational states)
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This is same for ( being electric dipole (3 independent components), magnetic dipole (3), polarizability (6), G’ (9) or A (27) tensor, so in enaf.f a field of dimension 51 is used.
The Natural Normal Modes

try to replace most of the potential
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by quadratic one,  
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a = M-1 b
In normal modes 
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Then define new coordinates diagonalizing A
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And we will write the potential using the new coordinates 
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