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A method is given for determining a spin-optimized self~consistent-field (SO-SCF) function
based on optimized spatial orbitals and a spin function which is optimum in the S, M s Spin
space. Results are presented for Lits), Li¢P), Be*(S), B*+(S), and Be(lS). SO-SCF wave
functions and energies are very similar to those obtained with restriction to the normally
paired spin function, but the use of the entire spin space greatly improves the description of
spin-dependent properties. Whereas single-spin-function calculations of the spin density at
the nucleus are for Li(%S) and LiP), respectively, 9% and 100% in error, the corresponding

SO-SCF errors are only 2% and 7%.

I. INTRODUCTION

There has been much recent interest in develop-
ing practical independent-particle methods capa-
ble of yielding good descriptions of spin-depen-
dent properties of open-shell atoms. The meth-
ods receiving serious attention are all of the self-
consistent-field (SCF) type in which the spatial
orbitals are optimized by applying an energy-
minimization principle. The simplest and most
widely used such procedure, the restricted Har-
tree-Fock (RHF) method,! fails because the or-
bitals are optimized without regard for spin-de-
pendent perturbations upon the closed-shell elec-
trons. Early attempts to remedy this situation
involved the separate optimization of a-spin and
B -spin orbitals in a determinantal wave function.?
This, the unrestricted Hartree-Fock (UHF) meth-
od, in general leads to a wave function which is
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not an eigenfunction of 82, Improvements beyond
the UHF method involve the removal of this de-
fect.

The generation of many-electron spin eigenfunc-
tions was very early discussed by Pauling,® who
gave rules for the handling of the several spin
functions spanning an n-spin space of given §2
and $;,. Serber? and Yamanouchi® considered
the matrix representations of the permutation
group having spin eigenfunctions as bases, and a
comprehensive compilation of the formulas needed
to generate spin eigenfunctions from arbitrary or-
bital products was given wide circulation by Ko-
tani ef al.° The production of a spin eigenfunction
from a spin-orbital product was pointed out by
Léwdin” to be a projection, and Pauncz, de Heer,
and Lowdin® gave rules by which such projections
could be characterized. Harriman® gave explicit
formulas for density matrices involving projec-
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tors, and several workers'® have given explicit
formulas and discussions of the properties of the
“Sanibel” coefficients occurring in the projector
algebra. Essentially equivalent is the “spin-free”
approachtoquantum chemistry described by Mat-
sen.'’ More recently Goddard'? has applied these
group-theoretical concepts toderive one-electron
SCF-like equations for functions having arbitrary
but specified spincoupling.

The necessity to consider all spin functions
spanning the spin space of an atom was pointed out
some time ago by Pratt.’® Actual use of more
than one spin function in calculations also has an
appreciable history; for example, Harris and
Taylor™ found it advisable to include both spin
functions in studies of Li and LiH, These calcu-
lations were not of the full SCF generality, but
they indicated that the optimum spin function did
not exactly correspond to singlet coupling of the
Li 1s electrons., A similar result was reported
by Ritter, Pauncz, and Appel,’® and recent Hyl-
leraas-type calculations by Larsson' on Li (35)
indicate that for a given spatial function, opti-
mization of the spin function usually improves
the value calculated for the Fermi contact inter-
action. Kutzelnigg and Smith'” have pointed out
the increased generality produced by the use of
general spin functions in wave functions based on
spin-orbital products, and Smith and Larsson’®
have reiterated the role of the full spin space.

Actual applications by SCF-type methods have
lagged somewhat behind the ideas indicated in
the preceding paragraph, LOwdin” made the con-
crete proposal that the spatial orbitals be opti-
mized after spin projection of a Slater determi-
nant built from pure-spin orbitals. This method,
sometimes denoted spin-extended Hartree-Fock
(SEHF), corresponds to the use of an a priori
determined spin eigenfunction, and has the prac-
tical virtue that the spatial orbitals can be re-
quired to satisfy certain orthogonality relations.®
SEHF calculations of first-row atoms have been
carried out by Goddard?® (who refers to this meth-
od as “GF”), Kaldor,* Sando,?? and Lunell.*

A potential defect of the SEHF method is that
its spin function does not correspond to close
coupling of o and B spins into pairs, and it may
often be better to optimize spatial orbitals using
the spin eigenfunction which maximally couples
pairs. We call this procedure “ maximally paired
Hartree-Fock” (MPHF); it is called the “G1”
method by Goddard. The limited-basis-set
studies of Ritter, Pauncz, and Appel*® on Li,
larger-basis-set studies of Goddard® and Lunell,*
and numerical studies by Hardcastle, Gammel
and Keown,? all indicate that MPHF energies can
be appreciably better than SEHF energies. How-
ever, the arbitrary choice of the maximally
paired spin function interferes with good estima-
tion of spin-dependent properties. For example,
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MPHF functions have zero spin density at the
nuclei of atoms having no s open shells, such as
Li (3(P), N (*S), or Mn (°S), in contradiction with
experiment.

The obvious next step is to choose an optimum
spin eigenfunction as well as to optimize the spa-
tial orbitals. This method, which we call spin-
optimized SCF (SO-SCF), will be seen to yield
considerable qualitative improvement in the
description of spin-dependent quantities. In this
paper we report SO-SCF studies of several three-
and four-electron systems,®

II. THE SO-SCF FUNCTION

One way to write a wave function based on an
orbital product and a general spin eigenfunction
is the form

v=QEZ 6, (1)

where @ is the antisymmetrizer, = is a product
of spatial one-electron functions,

E:xl(l)xz(Z)-’- xn(n) (2)

and ©is a linear combination of all independent
spin functions spanning the space of appropriate
S and Mg:

e_Z)k t,6, - (3)
The best function ¥ is obtained by simultaneous
optimization of the orbitals in = and the coef-
ficients #5, in ©. This is the function we call the
spin-optimized self-consistent field (SO-SCF)
function.

The SO-SCF functions presented in this paper
can alternatively be described as an antisymme-
trized spin-projected Hartree product of spin or-

bitals
¥=a00,(1)¢,(2) ¢, (), “)

where 0 projects a spin state characterized by
S and Mg, and the spin orbitals ¢; are of the
mixed-spin form

<pl.=xi(aia+bi8). (5)

Both the x; and the ratios a;/b; are to be deter-
mined variationally.

However, a given wave function often corre-
sponds to an infinite number of different sets of
a; /b; ratios, so that these ratios cannot be de-
termined uniquely. For a two-electron singlet
state, for instance, both ratios are completely
immaterial and cancel out upon projection,? as
there is only one spin function describing this
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state, viz. aB - Ba. A three-electron doublet
state has two independent spin functions, which
may be chosen as

6,=2""%*(aBa ~ Baa) ®6)
6,=6""%(2aap - afa - faa)

so that although there are three a;/b; ratios,
there is only one actual spin parameter to be de-
termined variationally, namely the ratio ¢, /¢, in
Eq. (3) for ©. These illustrations indicate why
the SO-SCF function is represented more con-
veniently by Eqs. (1)- (3) than by Eqgs. (4) and
(5). It may also be noted that there exist SO-SCF
functions (such as that for S N) which cannot as-
sume the form given in Eqs. (4) and (5).

III. METHOD OF CALCULATION

The SO-SCF wave function is determined by a
procedure similar to that used by one of us?! for

the SEHF function, It can be shown that the
operator H-EI has vanishing matrix elements be-
tween the SO-SCF function and all states singly
excited therefrom (within the space spanned by

the basis orbitals)., This extension of Bril-
louin’s theorem is the basis for the following
operations.

First, an arbitrary guess is made for ¥,
choosing = and © in the forms given by Egs. (2)
and (3). Then all possible linearly independent
singly excited states

a

¥ =QE=,
i i

% ()

are form, where Ez—a indicates the replacement

of x; in E by X,, With x, orthogonal to x;. The
same © is used for ¥ and all ¥;%. A configura-
tion-interaction (CI) calculation is made to find
the optimum wave function of the form ¥ +%; ,

X Cia\Ilz-a, following which the effects of con-’
figuration mixing are incorporated (to first order)
in ¥ by modifying the orbitals:

r_
X; =% +Z>acz'a Xq @)

This process is repeated until convergence is
achieved.
The spin function © is then optimized by per-

TABLE I. SO-SCF wave functions for °S states of three-electron systems.

Basis orbital? X1 X1¢’ X2
Li(%9: ©=0.99999280,—0.003 78640 ,P
15(3.0000) 1.14359 0.60995 0.028 04
35(5.4000) ~0.07779 0.07839 0.00060
35(2.9972) 0.007 11 0.27138 0.02058
3s(1.3465) 0.01155 —0.00230 0.28475
35(0.8451) —0.007 64 0.00243 0.64913
45(5.3300) —0.104 62 0.128 27 —0.00230
45(0.7257) 0.003 22 —0.00122 0.11476
x(0)¢ 3.35256 1.788 13 0.082 21
Bet ¢S): ©=0.99998510, —0.00545816,
15(4.000) 1.143 92 0.67073 0.040 74
45(6.870) -0.076 21 0.10120 —0.00230
35(6.870) -0.10780 0.11123 0.00049
35(4.040) 0.01209 0.19032 0.025 25
35(2.002) 0.003 82 —0.00089 0.387174
45(1.327) 0.000 32 ~0.00058 0.62580
X(0) 5.163 09 3.027 34 0.183 88
B (S): ©=0.999982306,—0.005 95236,
15(5.000) 1.14119 0.71021 0.04770
45(7.860) ~0.02254 0.05939 ~0.00129
35(7.860) —0.16103 0.176 96 0.00099
35(4.840) 0.02115 0.117 14 0.026 54
3s(2.702) ~0.00232 ~0.00188 0.39035
35(1.875) 0.003 12 —0.00113 0.60952
X(0) 7.19842 4.47989 0.30087

aQrbital exponents are given in parentheses.
b01= (aBa —Baa)/V2; 6,= (2aaf ~apa ~paac)/V6.

CWave function at nucleus.
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forming a CI calculation including the functions
¥y,

v =QES0 (9)

where = is the spatial function calculated in the
previous step and 6, are the spin functions span-
ning the space of appropriate S and M_. The re-
sulting CI coefficients are used to construct a new
approximation to © according to Eq. (3). The
spatial orbital variation and the spin function op-
timization are repeated until the changes fall be-
low a prescribed limit, In practice we do not
wait for orbital convergence to carry out the spin
function optimization; the fastest way is to de-
termine © after each = iteration., It should be
noted that whereas the = optimization is an
iterative procedure, the best © for a particular
= is found in one step, which is in general faster
than a step in the orbital variation. It therefore
does not take significantly longer to optimize
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for by having to calculate more complicated ma-
trix elements.

IV. RESULTS AND DISCUSSION

SO-SCF calculations were carried out for the
2§ ground state of Li, Be*, and B**, The basis
sets were those used by Goddard®* in his MPHF
calculations. No exponent reoptimization was
necessary, as the SO-SCF orbitals differ only
slightly from the MPHF orbitals. Our SO-SCF
wave functions are given in Table I. In addition,
we determined the SEHF, MPHF, and SO-SCF
wave functions for the lowest 2P excited state of
Li (Table II), The nine-orbital basis set of Weiss?®
was used, The basis orbital exponents were op-
timized for the SO-SCF function by the method of
steepest descent with parabolic interpolation ?
and these exponents were also used for the MPHF
function. Weiss’s original exponents were found
to be optimal for the SEHF function, Finally, we

determined MPHF and SO-SCF functions for the
1S ground state of Be, using a five-orbital set
with exponents optimized for the SO-SCF function.
These wave functions are shown in Table III.

The energy, spin density at the nucleus, and
orbital overlaps given by the SO-SCF functions
for the three-electron systems are collected in

both = and © than to optimize = for a predeter-
mined 6. However, unlike the SEHF case, any
transformation among the occupied orbitals will

in general alter the wave function (this is gener-
ally true for any form of © but the SEHF func-
tion®?), No orthogonalization is therefore possible,
and the improvement in the wave function is paid

TABLE II. Wave functions for Li (¢P).

Basis orbital? X1s X1g' Basis orbital X9 b
SEHF function: ©= (2afa - aaf~paq)/V6
1s(3.00) 0.88913 0.89341 2p(1.500) 0.13291
35(9.60) —0.00082 —0.00098 4p(2.120) 0.044 36
35(3.38) 0.104 54 0.11034 4p(1.275) 0.324 86
3s5(2.52) 0.058 21 0.044 14 4$(0.785) 0.50649
4p(0.566) 0.16075
X(0)P 2.606 60 2.61914 0.0
MPHF function: 6= (afa —Baa)/V2
15(2.9440) 1.17057 0.627 94 2p(1.5053) 0.13056
35(9.5460) —0.00101 —0.00905 4p(2.1161) 0.055 27
35(4.3055) —0.23753 0.23917 4p(1.2041) 0.38840
35(2.9228) 0.04148 0.21648 45(0.7316) 0.51010
4p(0.5316) 0.08556
X(0) 3.33604 1.78958 0.0
SO-SCF function: ©=0.99999400;+0.003 445 046,°
15(2.9440) 1.170 54 0.627 97 2p(1.5053) 0.13063
35(9.5460) —0.00101 —0.00904 4p(2.1161) 0.055 29
35(4.3055) —0.23738 0.23902 4p(1.2041) 0.38843
35(2.9228) 0.04135 0.216 62 45(0.7316) 0.51007
4$(0.5316) 0.08550
x(0) 3.33593 1.78967 0.0

aQrbital exponents are given in parentheses.
bwave function at nucleus.

o, = (afa - Baa)/V2; 6,=(2a0f~apa—paa)/ V6.
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TABLE III. Wave functions for Be (19).

Basis orbital? X1s X1s’ X2s X2s’
MPHF function: ©=60,=(apaf+papa ~appa —paap)/2
15(5.6858) —0.04904 0.469 05 0.008 44 0.04160
15(2.9479) 1.088 03 0.65136 0.004 95 -0.02368
3s(3.6747) - 0.045 66 —-0.16056 0.01859 —-0.11770
2s(1.3767) -0.04740 0.048 89 —-0.25646 0.92741
25(0.8441) 0.04230 —0.01185 1.20511 0.17591
x(0P 2.7319 5.4479 0.0787 0.4199
SO~SCF function: ©=0.99986156, —0.016 63996,C
1s(5.6858) —-0.05033 0.468 60 0.01052 0.036 83
15(2.9479) 1.09546 0.64941 0.01972 - 0.05545
3s(3.6747) —-0.04410 -0.16137 0.01711 —-0.11573
25(1.3767) —0.058 96 0.055 32 —0.256 63 0.937 94
25(0.8441) 0.029 99 - 0.006 00 1.202 86 0.176 36
X(0) 2.743 2 5.4389 0.1368 0.4199
a0rbital exponents are given in parentheses.
bg, = (20:088 + 2BBacr — 0B — BaBa — affo — Baah)/VIZ.
CWave function at nucleus.
TABLE IV. SO-SCF results for three-electron systems.
Energy Spin density Orbital overlaps
(hartree) at nucleus (X1glX1677 {X14 Xog) (X145 1Xgg)
Li(2S) —'7.447565 0.2265 0.928 32 0.136 15 0.22760.
Li(ZP) —-7.380087 -0.0169 0.927 66 e e
Be+(ZS) —-14.291620 0.9937 0.94915 0.200 42 0.29992
BTt Es) —23.389919 2.5166 0.960 65 0.237 14 0.33365
TABLE V. Comparison of calculated and experimental results for Li.
Energy Spin density Orbital overlaps
(hartree) at m{cleusa (qglX1g7) (X16!X2g) (X1 I X2g)
Lils)
RHFb —-7.432726 0.1666 (28%) 1.000 00 0.0 0.0
SEHF?! —-17.432813 0.2412 ( 4%) 0.99990 0.0 0.0
MPHF?* —17.447560 0.2100 ( 9%) 0.928 22 0.140 05 0.233 09
SO-SCFC —17.447565 0.2265 ( 2%) 0.92832 0.13615 0.227 60
Expt. —7.47804 0.2313¢ o ‘oo oo
LiCP)
RHF?® -7.365 068 0.0 (100%) 1.00000 s e
SEHFC —-7.365091 ~0.0218 ( 20%) 0.999 96 oo oo
MPHF® ~17.380082 0.0 (100%) 0.927 66 soe aee
SO-SCFC -7.380087 -0.0169 ( 7%) 0.927 65 s e
Expt. ~17.41016% —o0.0181f
2Error in percent of experimental value is given in dc. E. Moore, National Bureau of Standards Circular
parentheses. No. 467 (U.S. Government Printing Office, Washington,
bg, Clementi, IBM J. Res. Develop. Suppl. 9, 2 D.C., 1949).
(1965). €P. Kusch and H. Taub, Phys. Rev. 75, 1477 (1949).
CThis work. fK. C. Brog, T. G. Eck and H. Wieder, Phys. Rev.

153, 91 (1967).
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6
TABLE VI. Comparison of calculated and experimental results for Be(ls).

Energy Orbital overlaps

(hartree) (islx1sr)  (Xpslxes)  (islxes)  (islxeg) (uagflxas)  (XpgrlXes?)
RHF2 - 14.573 02 1.00000 1.00000 0.0 0.0 0.0 0.0
SEHF?’ —14.587 21 0.95313 0.995 47 0.0 ~0.01155 0.036 85 0.0
MPHFb —14.589485 0.951 06 0.873 92 0.18070 0.36293 0.115 34 0.246 37
SO-—SCFb ~14.589498 0.953 54 0.87965 0.175 94 0.31382 0.14049 0.226 30
Expt.c —14.667 4 soe “es ese see “oe coe

4E, Clementi, IBM J. Res. Develop. Suppl. 9, 2 (1965),

bThis work.
CE. Clementi, J. Chem. Phys. 38, 2248 (1963).

Table IV, and the Li calculations are compared
in Table V with the RHF, SEHF, and MPHF re-
sults and with experimental data, It is obvious that
the SO-SCF functions are almost identical with
the corresponding MPHF functions, and that the
contribution of the “open-shell” spin function is
very small. These observations confirm those
of earlier studies. '5:® The energy improvement
of the SO-SCF function over the MPHF function is
insignificant, but the spin density at the nucleus
is greatly improved. Whereas the MPHF spin
density for Li (3S) is 9% in error, the inclusion
of both possible spin functions reduces the error
to 2%. The effect is even more dramatic in the
case of Li (3P). The MPHF function yields an
identically zero spin density at the nucleus for
this state, as there are no unpaired s electrons,
The very small contribution of the second spin
function to the SO-SCF function brings the spin
density to within 7% of the experimental value,
These facts suggest that both spin functions are

needed to obtain a good general description of
the spin properties of lithium.

The results for Be (!S) are qualitatively con-
sistent with the observations already made for
lithium. As shown in Table VI, the SO-SCF and
MPHF energies are very nearly equal, and the
second spin function appears with a very small
coefficient in the SO-SCF function. In Be, as in
Li, the increased flexibility provided by the sec-
ond spin function results in a small, but signifi-
cant decrease in the splitting of the spatial or-
bitals within each shell, We anticipate that these
observations will probably apply also to heavier
atoms, where UHF?® and SEHF?! calculations do
not in general give good agreement with experi-
ment,

ACKNOWLEDGMENT

It is a pleasure to thank Dr. Vedene H. Smith
for a number of helpful discussions.

*Supported in part by the National Science Foundation,
Grant GP-5555.

TPresent address: Department of Chemistry, Tel
Aviv University, Tel Aviv, Israel.

p. R. Hartree, The Calculation of Atomic Structure
(John Wiley & Sons, Inc., New York, 1957); C. C. J.
Roothaan and P. S. Bagus, Methods Computational
Phys. 2, 47 (1963).

i3 A. Pople and R. K. Nesbet, J. Chem. Phys. 22,
571 (1954).

L. Pauling, J. Chem. Phys. 1, 280 (1933).

‘R. Serber, Phys. Rev. 45, 461 (1934); J. Chem.
Phys. 2, 697 (1934).

ST, Yamanouchi, Proc. Phys.-Math. Soc. Japan 20,
547 (1938).

b, Kotani, A, Amemiya, E. Ishiguro, and T. Kimura,
Table of Molecular Integrals (Maruzen Co., Ltd.,
Tokyo, 1955).

’p. 0. Lowdin, Phys. Rev. 97, 1509 (1955).

’R. Pauncz, J. deHeer, and P. O. Lowdin, J. Chem.
Phys. 36, 2247 (1962).

%J. E. Harriman, J. Chem. Phys. 40, 2827 (1964).
See also A. Hardisson and J. E. Harriman, ibid. 46,
3639 (1967).

"R, Pauncz, J. Chem. Phys. 37, 2739 (1962);

F. Sasaki and K. Ohno, J. Math. Phys. 4, 1140 (1963);
N. Karayianis and C. A. Morrison, ¢bid. 6, 876 (1965);
V. H. Smith and F. E. Harris, ¢bid., to be published;
V. H. Smith, J. Chem. Phys. 41, 277 (1964); F. E.
Harris, ibid. 46, 2769 (1967).

Up A, Matsen, Advan. Quantum Chem. 1, 59 (1964).

2w, A. Goddard, Phys. Rev. 157, 73 (1967).

BG. W. Pratt, Phys. Rev. 102, 1303 (1956).

Yp, E. Harris and H. S. Taylor, Physica 30, 185
(1964); H. S. Taylor, Ph.D. dissertation, University
of California, Berkeley, 1960 (unpublished).

Bz, w. Ritter, R. Pauncz, and K. Appel, J. Chem.
Phys. 35, 571 (1961).



183 SPIN-OPTIMIZED SELF-CONSISTENT-FIELD WAVE FUNCTIONS 7

63, Larsson, Phys. Rev. 169, 49 (1968).

"W, Kutzelnigg and V. H. Smith, J. Chem. Phys. 41,
896 (1964).

18y, H. Smith and S. Larsson in “Proceedings of the
Conference on Deunsity Matrices, Queens University,
Kingston, Ontario, Canada, 1967” (unpublished).

p, 0. Lowdin, J. Appl. Phys. 33, 251 (1962).

2. A, Goddard, Phys. Rev. 157, 93 (1967); J. Chem.
Phys. 48, 450, 1008 (1968).

?1y, Kaldor, J. Chem. Phys. 48, 835 (1968); 49, 6
(1968); Phys. Rev. 176, 19 (1968).

2K M. Sando, Ph.D. dissertation, University of
Wisconsin, 1968 (unpublished).

g, Lunell, Phys. Rev. 173, 85 (1968), has carried
out MPHF and optimized-spin-function studies on Lis)

PHYSICAL REVIEW

VOLUME 183,

which differ from the present work in that only the 2s
spatial orbital was optimized. His results are quali-
tatively similar to those reported here.

W, A. Goddard, Phys. Rev. 169, 120 (1968).

%D, L. Hardcastle, J. L. Gammel, and R. Keown, J.
Chem. Phys. 49, 1358 (1968).

%A similar phenomenon was observed by C. F. Bunge,
Phys. Rev. 154, 70 (1967), using orbitals of the form
X; a+x; B for two-electron systems.

2TF, E. Harris, Advan. Quantum Chem. 3, 61 (1967).

A, W. Weiss, Astrophys. J. 138, 1262 (1963).

¥R, K, Nesbet, in Quantum Theory of Atoms, Molecules
and the Solid State, edited by P. O. Lowdin (Academic
Press Inc., New York, 1966), p. 157.

NUMBER 1 5 JULY 1969

Annihilation of Positrons in Argon I. Experimental
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The annihilation of positrons in argon has been investigated as a function both of argon den-
sity and applied electric field. The direct annihilation rate decreases with increasing field as
observed in earlier work. These electric field results are compared with simple theoretical
models of the positron-argon atom interaction in the following paper. A small nonlinear de-
pendence on density of the direct annihilation rate became apparent at densities larger than
about 10 amagats. The linear portion of the direct rate was characterized by Zg=27.3 + 1.3,
From the density dependence of the orthopositronium lifetime, the free orthopositronium
annihilation rate (A;) and linear quenching rate in argon (o) were found to be

Ay =(7.53 % 0.18) X 10° sec™!,

xq= (0.24 + 0.02) x 10° sec™! amagat™!.

The role that impurities play in these measurements is also discussed.

I. INTRODUCTION

Recent investigations of the lifetime of positrons
in argon have shown that the free positron anni-
hilation rate cannot be described by a single ex-
ponential. *~* Time spectra of the annihilation y
rays show clear evidence of a shoulder followed
by an exponential decay presumed to characterize
annihilation of positrons at thermal velocities. It
has been shown that the shoulder is removed, and
the lifetime of the exponential increased, when a
moderate static electric field is applied.® Typi-
cally, a field of about 80 Vcm™!'amagat™ is suf-
ficient to increase the direct lifetime by a factor
of 2. These results provide the only available

experimental test of the validity of models that
describe the positron-argon interaction at low rel-
ative velocities, A further series of these mea-
surements has been made with improved instru-
mentation offering greater experimental precision;
the measurements were performed to a greater
degree of statistical accuracy. The results of
these measurements are used to test the validity
of several empirical potentials describing the ef-
fective positron-argon interaction in paper II
which follows.

While engaged in this program, several other
features of the decay of positrons in argon were
measured in order to facilitate comparison with
the results of other workers. These measure-



