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A rigorous formulation of the nuclear motion problem will be presented starting from the full non-
relativistic Hamiltonian for the problem. Both space-fixed and body-fixed approaches will be discussed: 
these approaches differ because while the latter identifies separate vibrational and rotational coordinates, 
the former does not.  

Variational methods can be used to obtain high accuracy solutions for these nuclear motion 
Hamiltonians. Numerical tests show that both space-fixed and body-fixed approaches yield the same 
results. However for strongly bound molecules such as water or H3

+ the body-fixed approach has 
significant advantages in terms of both the ease of computation and the interpretation of the results. 

Calculations using body-fixed Hamiltonians and variational approaches have given results of near-
spectroscopic accuracy for the H3

+ system [1]. Indeed our work on this problem [2] was recently cited as 
only one of five solved problems in the entire area of atomic and molecular physics [3]. 

High quality ab initio calculations on the water molecule still do not reproduce the measured laboratory 
spectra to even near their intrinsic accuracy [4]. These residual errors are not due to the treatment of the 
nuclear motion, for which different codes [5,6] give essentially identical results, but due to treatment of the 
electronic motion and the coupling between electronic and nuclear motion. 

Variational procedures can thus be regarded as giving a definitive solution to the triatomic nuclear 
motion problem as far as high resolution spectroscopy is concerned. As can be judged from other 
presentations at the meeting these methods are making a huge impact on the spectroscopy of water. Indeed 
these methods are now being widely used to study a whole variety of other triatomic species such as ozone 
[7], H2Te [8], CO2 [9] and H2S [10]. 
 
[1]. O. L. Polyansky and J. Tennyson, J. Chem. Phys. 110, 5056 (1999).  
[2]. S. L. Mielke, K. A. Peterson, D. W. Schwenke, B. C. Garrett, D. G. Truhlar, J. V. Michael, M.-C. Su, J. 
W. Sutherland, Phys. Rev. Lett. 91, 063201 (2003). 
[3]. J. Tennyson, P. Barletta, M. A. Kostin, O. L. Polyansky and N. F. Zobov, Spectrochimica Acta A, 58, 
663 (2002). 
[4]. O. L. Polyansky, A. G. Csaszar, S. V. Shirin, N. F. Zobov, P. Barletta, J. Tennyson, D. W. Schwenke 
and P. J. Knowles, Science 299, 539 (2003). 
[5]. J. Tennyson, J. R. Henderson, N. G. Fulton, Comp. Phys. Comm. 86, 175 (1995). 
[6]. D. W. Schwenke, J. Phys. Chem. A 105, 2352 (2001). 
[7]. M. R. De Backer-Barilly, A. Barbe, S. A. Tashkun, V. G. Tyuterev and A. Chichery, Mol. Phys. 100, 
3499 (2002). 
[8]. P. C. Gomez and P. Jensen, J. Mol. Spectrosc. 185 282 (1997). 
[9]. J. Zunga, M. Alacid, A. Bastida, F. J.  Carvajal, A. Requena, J. Mol. Spectrosc. 195, 137 (1999). 
[10]. V. G. Tyuterev, S. A. Tashkun, D. W. Schwenke, Chem. Phys. Lett., 348, 223 (2001). 
 


