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Many problems in theoretical chemistry re
quire an understanding at the microscopic level 
of molecular scattering. That is, an understand
ing of what inteirn.il and external changes take 
place as two molecules approach one another, col
lide and then recede from one another. From this 
knowledge at thi> microscopic level one can then 
calculate many properties of macroscopic chemical 
systems which cannot be measured presently in the 
laboratory nor observed directly in our environ
ment. 

The applications of molecular scattering 
information are many and far-reaching. In laser 
physics this information is needed in the search 
for new chemical systems with better lasing pro
perties and for performance improvement of exist
ing ones. The discovery within the past ten 
years of a rich variety of molecules and mole
cular clouds in interstellar space has created a 
need in astrophysics for molecular scattering 
data. Many interstellar molecules cannot be made 
in earth-bound laboratories, leaving computation 
as the only method for the determination of 
their properties. The study of our own atmos
phere involves many molecular scattering pro
cesses, including, for example, the formation 
and destruction of ions in the upper atmosphere 
and the creation of air pollutants. Many energy-
related problems also require understanding of 
molecular scattering events. To understand 
combustion processes requires knowledge of the 
associated reactive scattering events and in 
nuclear reactors there are many inelastic and 
reactive collisions involved in the final dis
position of the generated energy. This list
ing is just a brief mention of a few of the 
applications. 

Quantum mechanical approaches to mole
cular scattering can be reduced to the solu
tion of a system of second-order, ordinary 
differential equations of the form, 
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y"(r) + k yir) = V(r)y(r) (I) 

k 2>0 (2) 

y(0) = 0 (3) 

lira y(r) = sin(kr+n) + cos(kr+n)R 

n - constant . (5) 

Here V(r) is called the potential energy function 
or most often simply the potential. Another impor
tant class of equations have non-local potentials, 

"(r) + k2y<r) =/ V(r,r *)y( • )dr ' (6) 

However, the discussion here will be limited to 
the local case. Eq. (1) will generally be a 
matrix equation with V(r) a real, symmetric matrix 
and k 2 diagonal. In this case the sin and cos 
functions in Eq. (4) arc to be regarded as diag
onal matrices and R is real symmetric. The matrix 
R is the desired quantity. From it all micro- and 
macroscopic scattering information can be derived. 

This problem is most commonly solved by start
ing with Eq. (3), assuming an arbitrary, non-
singular matrix for y'(0) and then numerically 
integrating outward to some large r such that 
V(r)=0. the numerical solution then has the form 

y(r) *= sin(kr+n)A + cos(kr+r))B (7) 

and the desired solution is found by multiplying 
from the right by A" 1. That is 

BA (8) 

The single equation problem illustrated in 
the figure below is representative of the nature 
of the problem. For small r where V(r)>k2, the 
solution has exponential behavior. For large 
r where V(r)«k 2 the solution is oscillatory. 
Various methods have been devised to compute 
these functions, some of which try to take advan
tage of their known limiting behavior. A brief 
survey o£ these methods with representative 
references follows. 
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The Numerov1 and de Vogelaere2 algorithms are 
straight forward and have found wide application. 
The method of Gordon3 which makes a piecewise 
linear approximation to V(r) is especially advan
tageous in the large r region. The variable phase 
method1- represents y as a product of an oscillator 
y function and a modulating function which is 
smooth and slowly varying over a large part of the 
integrating range. Several methods ' have also 
been developed for integrating the integral equa
tions equivalent to Eq. (1). In addition a num
ber of unconventional methods have recently been 
developed. These include the L- methods7 (the 
solutions y are expanded in a basis of square 
integrable functions), the R-matrix propagator 
method8 and an iterative method for finding a 
single column of the solution matrix y. It is 
also possible to formulate the problem as a 
smaller system of linear, second-order partial 
differential equations and finite element methods 
for solving these have recently been proposed. 

Because of the matrix multiplication in Eq. 
(1), the computing time required for most of these 
methods increases as N a where N is the order of 
the matrix. The maximum cases solved to date 
typically involve N-100. The greatest need at the 
moment in molecular scattering, is for methods 
which allow a significant increase in N. 

Other important needs for improved algorithms 
are 1) faster, more efficient programs, 2) error 
estimates with variable and automatic step size 
selection, and 3} programs which are generally 
reliable and easy to use. 

Witn the exception of Gordon's method' 
computer programs for these methods are not gene
rally available to or usable by people other than 
the developers. At the National Resource for 
Computation in Chemistry (NRCC), we are now 
attempting to bring together, test and make avail
able the best of these programs. At this meeting, 
we hope to stimulate a broader dialogue on such 
problems between theoretical chemists and the 
community of numerical mathematicians. 

References LBL-8882 

1. A. C. Allison, J. Comput. Phys. j>, 378 (1970). 

2. W. A. Lester, Jr., in Methods in Computational 
Physics, Vol. 10, pg. 211, ed. B. Alder, 
S. Fernbach and M. Rotenberg (Academic Press, 
New York 1971. 

3. R. G. Gordon, J. Chem. Phys. ij_, 14 (1969). 

4. M. LeDourneuf and Vo Ky Lan, J. Phys. B. U), 
135 (1977)'. 

5. N. W. Sams and D. J. Kouri, J. Chem. Phys. 
_5_1, 4809 (1969). 

6. D. Secrest, in Methods in Computational 
Physics, Vol. 10, pg. 243, ed. B. Alder, 
S. Fernbach and M. Rotenberg (Academic Press, 
New York 1971). 

7. D. A. Levin, T. N. Rescigno and V. McKoy, 
Phys. Rev. A 16, 157 (1977). 

8. E. B. Stechel, R. B. Walker and J. C. Light, 
J. Chem. Phys. 69_, 3518 (1978). 

9. L. D. Thomas, J. Chem. Phys. 70, 000 (1979). 

10. H. Rabitz, A. Askar and A. S. Cakmak, Chem. 
Phys. 2_9, 61 (1978). 

Lowell D. Thomas 


