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A fast method to calculate combination differences, related to the rotational analyseg of 
diatomic molecular spectra is presented. The computational method uses a linear fitting 
of all possible differences between lines of R- and P- ty@ branches. The time-consuming 
search for coincidentes is reduced to compare slopes of the linear fitting. An actual example 
is given for the La160 spectrum. 

Apresenta-se um método rápido para o cálculo de diferença combinadas, relacionadas a 
análise dos espectros das moléculas diatômicas. O método computacional usa um ajuste 
linear de todas as possíveis diferenças entre as linhas dos ramos de tipo R e de tipo P. A pro- 
cura de coincidências, que consome muito tempo, é reduzida k comparação das inclinações 
do ajuste linear. Um exemplo concreto é fornecido pelo espectro da La160. 

Severa1 are the steps to go through in the analysis of molecular diatomic 
spectra. After the plate has been measured, the screw-readings have to 
be reduced to wavelengths and wavenumbers. This can be accomplished 
by fitting the position of the standard lines to a high degree polynomial 
and the coefficients obtained can be used to calculate the wavelengths 
and wavenumbers of the unknown lines. Next, the picking out of branches 
has to be d ~ n e ' - ~  and then a rotational quantum number must be assig- 
ned to each line of every branch. This assignment is one of the leading 
steps to derive the rotational constants of the molecule. But, unless the 
origin is ~esolved, which is not the usual case, it is previously necessary 
to find the so-called combination differences4. This task can be tedious 
enough and very time consuming, unless some combination differences 
are already known from previous analysis connected to the leve1 under 
analysis. Otherwise, a computer technique, as the one to be described, 
will be preferable. 
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The relations4 

A2F' ( J )  = R(J) - P(J) = 4B" ( J  + $1, (1) 

A2F" (J)  = R(J - 1 )  - P(J + 1 )  = 4B" ( J  + f )  , (2) 
are called combination differences for the R and P branches. The nota- 
tion is the usual one in molecular spectroscopy. We are not taken into 
account D, constants in Eqs. ( 1 )  and (2) because they are not important 
in our discussion, i.e. assignment of J values. 

Without knowing J, we have to use a relative numbering of the lines in 
every branch we have picked out, say x, which is related to J simply by: 
J = x + p, where p is a constant to be determined. A11 possible differen- 
ces between R and P branches should be performed in at least two bands 
with a common level (lower common vibrational level to compute Eq. 1, 
and upper one to compute Eq. 2). 

Every time we match an R with a P branch, we obtain a set of combination 
differences. Besides, we have to search for the right one in each band. 

Now, the relationships 1 and 2 can be written as 

where the coeffícients A and C will 1et us know B" and p, and then J will 
be 'easily found. 

To compute the coefficients A and C we fit each set of combination diffe- 
rences to the linear equation (3), using a least-squares fit technique. So, 
we obtain as many A and C values as the number of combination diffe- 
rences we can form in each band. 

To form the combination differences in each band we proceed as follows: 
if we label as Ri and Pi every line of the R and P branches, we can have 
this first set: R ,  -P ,  , R,-P, ,. . ., R,-P,. Since the number of lines 
in each branch is not necessarily the same, these differences will be per- 
formed as long as both branches can be matched. 

If we now shift the R branch with respect to the P branch, we will have 
this new set: R ,  - P, , R, - P,  , . . . , R, - P,,, . We proceed in this way 
until a11 the differences are formed. 

After finishing the above operation in at least two bands, and the linear 
fitting is performed, we have to search for coincidences between one slope 



(A's values) of the first band with one of the second one. When the coinci- 
dente is foùind, we can see that the corresponding sets have members that 
are, within experimental error of measurements, the same. Using the uniqiie 
value of A found in this way, we obtain B,, for the upper or lower leve1 
we are dealing with. The coefficient C will be different, unless. which i; 
a rare case, we are using branches with lines covering lhe same range 
of .I values. In every band, C will aliow us to determine the .I value of 
the first member of the set of combination differences. Since the linear 
fitting will be affected for some error, .I will not be found as an integer 
or a half integer (depending of the type of electronic transition), but will 
be so close to it that .we can round it without uncertainty. 

After knowing J for the first member of the set, the associated R, and P, 
lines can be easily numbered, and then all the other lines of the branches 
we are using. 

It may occur that the first Jine in the R branch we have picked up has a 
lower J value than the first one in the P branch. In such a case, no coinci- 
dente between sets of combination differences will be found at all. But 
we can reverse the role of R and P conveniently, to proceed as before. 
The only change will be the negative slopes in both bands, but the entire 
procedure remains the same. 

We have written the above procedure in a Fortran language that proved 
to be very satisfactory. The time consuming search for combination diffe- 
rences is reduced to compare two sets of slopes, what is rapidly done 
because they are prihted out in increasing or decreasing order for each 
band. Any risk of close coincidence by chance is avoided because all 
possible differences are taken into account. 

We have been using this technique to make a detailed revision of the 
analysis of La 160 and to analyse La 180 with excellent results. In Table I 
we show excerpts of branches actually used in our work. They are the R 
and P branches of the 0-0 band of the B-X system of La 160 and the R- 
and P-type (here the analysis is more involved, and is not within the scope 
of this paper) of the 0-0 band in the region of 7,900 A of the A-X system. 
The data given are our own measurements using a semi-automatic photo- 
electric comparator and thorium lines excited in electrodeless discharge 
as standard references. 

Table I1 shows excerpts of the computer output. The first three sets of 
differences belong to the B-X system and the last three to the A-X system. 



J R ( J )  INT. P ( J )  INT, J R ( I )  INT. P ( J )  INT. 

Table I - Excerpt of wavenumbers and relative intensities of Iines of R- and P-type branches 
of La160 Left side of page corresponds to the 0 - 0  band at 5,600 A of the B-X system The 
right side to the 0-0 sub-band at 7,877 A of the A-X sys!rm 

At the begining of each set, x indicam that a certain line of the second 
branch has been matched with the first line of the first branch to start the 
set of differences. A and C have the meaning given before. Next, the stan- 
dard deviation of the recalculated differences is given, and finally, the 
J number corresponding to the first difference in the set. 





The constants so obtained can be compared with those given in the 
analysis of Akerlind5. 
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