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W E wish to demonstrate here a canonical transformation on
the hamiltonian describing the interaction of a neutral

pseudoscalar meson field with a single nucleon through pseudo-
scalar coupling, which has the property that it reveals the equiva-
lence theorem between pseudoscalar and pseudovector coupling
in a new light and at the same time reduces the hamiltonian to a
form in which it may be amenable to strong-coupling treatment.

The hamiltonian with which we begin is

II=P~+e p+igP&~&, +a„, e„=gj'Ie+(V&)2+&2PIdx, (1)
where all symbols have their usual meaning, units are chosen so
that k and c are unity, and the subscript 0 represents the evalua-
tion of the corresponding meson field quantity at the nucleon
position. Under the canonical transformation

II—+II'= e'~He '8
with
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the hamiltonian takes the form
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Hence we see that pseudoscalar coupling is equivalent to a
nonlinear pseudovector coupling together with some additional
non-spin-dependent nonlinear coupling terms. ' It should be noted
that the above transformation is exact to all orders in the coupling
constant in contradistinction to other derived forms of the equiva-
lence theorem. ' The strong nonlinearity of the hamiltonian in the
meson field is reminiscent af recent heuristic proposals by Heisen-
berg, ' Finkelstein and Ruderman, 4 and Schiff, ~ and suggests the
possibility that pseudoscalar meson coupling may provide the
elements required for the explanation of nuclear force saturation
and of the relative independence of one-particle motions in nuclei
required by the nuclear shell model on a basis other than exchange
forces,

The hamiltonian {3)is in a form such that the method of Foldy
and Kouthuysene may be applied to obtain the equivalent non-
relativistic hamiltonian. The result, disregarding all terms which
vanish as the nucleon becomes infinitely heavy (after writing
g=f I/I and assuming f remains finite as M~ oo), is

however, that Hulme s criticism was removed in a rigorous treat-
ment of the problem for the high energy limit in 1936.~ Heitler in
particular requotes the same criticism in the second edition of
reference 2 in 1945. Current practice, on the other hand, appears
to follow the pattern of quoting the criticism stated by Heitler,
and then of using the formula anyway because it fits the data so
well.

It is hoped that the present letter will suKce to establish recog-
nition of the rigorous treatment on which Eq. (1) is based.
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By the introduction of suitable source functions, it would appear
possible to treat the hamiltonian (4) by the methods previously
developed for strong coupling.

Similar treatments are possible for the charged pseudoscalar
meson field with pseudoscalar coupling and for the second-
quantized form of the Dirac field in both the Schrodinger and
interaction representations. These, together with further investi-
gations of the strong-coupling theory, will be presented in future
publications.
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2 The last term is of course strongly divergent. However, in the second-
quantized form of the Dirac theory its analog is the more familiar "con-
tact" term.
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S part of a joint investigation of the actinium spectrum,
interferometer exposures were made which yielded about 15

lines showing well-resolved hyperfine structure. The structure was
in the form of flag patterns with either three or four components,
with large degradation of spacing and intensity indicating a low

nuclear spin. Since no more than four components were observed
in spite of J values of at least 3 as shown by a term analysis, the
number of levels in the split term is spin-limited, with I=) for
Ac~', the isotope used. Evaluation of the nuclear magnetic dipole
and electric quadrupole moments must await a more complete
analysis of the spectrum, and will be reported later.
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'N Eq. (25) replace G2 by G2'.

In Appendix 1, replace the last two lines by "where Gi' is the
statistical weight of two atoms in the 'P state, and G2' is 1 and is
hence different from G2."

In Appendix 4, Eq. (50) should be replaced by

B=f, B.vt(v)dv=4 20X10~'T~. . (50)

The value of B for T=300'K is ?.25X10~P. The equation for
B' should be replaced by

B'=f P„'vF(v)dv = ( i GG&/') (G2'/Gv) (v P/up)vB (1/24) B. —
The above corrections do not a6'ect any of the other results in

the paper, since the correct expressions were used in calculating
the results.
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