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TABLE OF EIGENVALUES FOR PURE QUADRUPCLE SPECTRA, SPIN 5/2

Ralph Livingston and Henry Zeldes

INTRODUCTION

The table in this report contains eigenvalues for use in nuclear quadrupole spectros-
copy for the spin 5/ case and allows asymmetries and quadrupole couplings fo be obtained
from experlmentolly measured frequencies. The roots of the spin 5/2 secular equation’

- (84 + 2877 E — 160 + 16052 = O

have been calculated for preset values of 5 ranging from 0 to 1 in increments of 0.001,
where 4 is defined in the usual way with respect to derivatives of the electric field
along the principal axes directions,

(0 /9x) ~ (GE /dy)
J9E /3z

Each of the roots has been multiplied by the factor 1[41(2] - 1)] = 140 fort = 572; this
gives tabular entries that can be applied to experimentally measured frequencies in a
very direct manner, as outlined below.

The calculation was coded for the high-speed digital computer (the Oracle)} at the
Oak Ridge National Laboratory by the Mathematics Panel. E. C. Long and A, S, House-
holder handled the main burden of the work. The problem was coded so that for a given
value each of the three roots was separately calculated and then tested to see that the
three summed to zero, as required by the secular equation, before the next 5 value was
used. As a further check, the entire calculation was performed twice, and the output
tapes were compared. The calculations are tabulated essentially as they were printed
from the machine output tape, so as to involve g minimum of labor and eliminate chances
of error. Consequently, some interpretation of the printed numbers is required, as ex-
plained below,

USE OF THE TABLE

The numbers in the E], E,, E3, and R columns must be interpreted as follows:

1. The last digit (zero) is not significant and should be ignored,

2. All entries are the significant figures after the decimal point; hence every entry
should be regarded as having a decimal point preceding it.

3. Although the entries are used for magnitudes of couplings, E; and E_ must be
regarded as having the same sign, and E; as having the opposite sign. Thus

E.I+E2+E3=0

for every value of 5,

4, Unity should be added to every value in the R column Thus the value of R for

= 0 is 1.999999999 or 2; R is the magnitude of (E E/(E, - E )

The following example should moke the use of the 'rable clear. An iodine {l = 5/2)
quadrupole resonance in a crystalline solid was found to have resonant frequencies at
202.8696 and 325.8298 Mc. The frequency ratio is 1.6061046, The R column immediately
gives n = 0.451. The magnitude of the z component of the coupling is found by dividing
202.8696 Mc by \Ez - E]l = 0.180087105, giving 1126.508 Mc, or, alternatively, by
dividing 325.8298 Mc by IE - E l 0.289238701, giving 1126.508 Mc, the same answer

as before. In the above example the frequencies were adjusted se that interpolation was
not needed.

1See, for example, R. Bersohn, J. Chem. Phys. 20, 1505 (1952).
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