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Table I. Energies of terms of (28ns) ~S series in he-
lium.

Table II. Energies of terms of the (2snp) P series in
helium.

@expt.
(eV)

&calc
(eV)

~calcb

(ev)
&calc

(eV)
~calcb

(eV)

57.82
62.95
64.22
64.71

57.87
62.99
64.22
64.70

57.824
62.952

58.34
63.08
64.22
64.71

58.36
63.14
64.26
64.71

58.296
63.141
64.320

aSee P. G. Burke, D. D. McVicar, and K. Smith,
Phys. Rev. Letters ll, 559 (1963); P. G. Burke and
D. D. McVicar, to be published.

bSee reference 2.

aSee P. G. Burke, D. D. McVicar, and K. Smith,
Phys. Rev. Letters 11, 559 (1963); P. G. Burke and
D. D. McVicar, to be published.

See reference 2.

of the n = 5 terms of both series. A summary
of the measured and calculated values of the
energies of the two series appears in Tables I
and G.

Identification of the two series was aided by
the fact that triplet levels are not excited by
proton bombardment but show up strongly un-
der H, bombardment. . This is due to the fact
that in order to conserve spin the triplet lev-
els must be excited by a projectile bearing an
electron to exchange with one in the target at-
om. With the proton beam the terms of the
(2snP) 3P series did not appear.
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Exact statistical calculations of thermodynam-
ic properties of two- or three-dimensional fluids
with realistic interactions have never been ob-
tained over the entire density range. Present-
ed here are the results of rigorous calculations
for a two-dimensional lattice model of a fluid
of hard molecules, the system being of infinite
length and relatively large finite width. The
results provide strong evidence for the existence
of a second-order phase transition for a system
infinite in both directions.

The "hard-square lattice gas" investigated
is illustrated in the inset of Fig. 1; the only
forces present are the infinite repulsions cor-
responding to the nonzero area of the molecules.
Mathematically, this is the Ising model with
interaction +~ for two adjacent sites AA and
interaction zero for two adjacent sites AB or

BB. This is an extremely simple model of a
fluid which yet retains the excluded-volume
effect and reasonable lattice topology. Since
the interactions are either zero or infinity,
temperature enters into the problem in a triv-
ial way, allowing attention to be focused on
variable density.

Onsager' obtained the partition function for
the two-dimensional Ising model of arbitrary
size in vanishing field (in the original magnetic
formulation). Yang and Lee' showed that for
the ferromagnetic case (corresponding to at-
tractions between neighboring molecules of
area one) there can be only the one transition
found by Onsager at zero field (or density one-
half for the lattice gas). There has remained
speculation about the existence of an antiferro-
magnetic transition at some nonvanishing field,


