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scattering effects, using the complete interactions Hi and
Hs in turn, and finding that either interaction gave the
same form for these effects. Moreover, one can see directly
that the matrix elements of V'P for processes involving
small momentum transfer are small, just as are those of
p&, so that one may expect both parts of H& and Hm to be
of the same order of magnitude.

The purpose of this letter is to point out that the
interactions Hl and H~ are, in fact, compLetely eqlivaleet for
first-order radiative processes and for many higher order
processes as well. This fact was long ago noted by Nelson, '
but it seems worth while to put forward the following
derivation of the equivalence as in some ways more
comprehensive than Nelson's. Let
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THREE numbers in the recent article on the natural
radioactivity of rhenium are erroneous. They are

contained, respectively, in the last three paragraphs of the
article, and in each case in the last sentence of the para-
graph. The changes are, in order:

2.6X10~ years to be changed to 5.3 X10"years.
3.1 counts per minute to be changed to 31 counts per

minute.
3 &10~ years to be changed to 4 &(10"years.
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be the Hamiltonian of the meson field and the nuclear field
with an external potential V, without interaction between
the two fields. The total Hamiltonian H=HO+Hl may
be transformed by a contact transformation to the form
H'=e'BHe '8, with

S= (gj hc)f—IIyrg%dr

This transformation is a gauge transformation of conven-
tional type, and after some reduction we obtain H'=Ho
+Hi', where
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' ~OR a nucleon field 0 interacting with a pseudoscalar
field II there are available two forms of interaction,

the pseudovector

H, =gfII(e VrP (I/C)year)ed—e,

and the pseudoscalar

Hg ——G IIpygpedr.

These, and the corresponding two interactions with the
scalar, the vector, and the pseudovector meson fields,
were systematized by Kemmer. ' Following Kemmer,
several investigators have carried out calculations with the
pseudoscalar field, using the interaction Hi without the
term in ys, justifying this procedure with the remark that
the term in ys in Hi and the entire interaction Hs would be
negligible in problems concerning nucleons with non-
relativistic velocities. That this argument is unsound
Bethe' discovered by calculating nuclear potentials and

Hi' cfII(e=MP(I e~«~'»&—))+dr —i(g'/c') f(II»% )'dr

The reason why the exponential survives in H&' only in the
term involving P is that y~ commutes with 0. and o but
not with p. The last term in Hl' represents a 8-function
interaction (which has no physical meaning) between
nucleons. Hence the interaction Hl is equivalent to the
first term of Hl' alone. Expanding the exponential, this
gives (i) the interaction H2 with 6=2iMg and (ii) higher
order terms, most of which appear to be merely of the
nature of "mass effects. "4

In view of this result and the greater simplicity of the
interaction H2, it is recommended that H2 be used exclu-
sively in future calculations.

The same method may be used when the meson field is
either charged or symmetrical; in this case, additional terms
appear in Hi', but only of the second and higher orders in
the meson field. Further, the result is true when V is
either an ordinary or a spin-exchange potential, but not
when V is a charge-exchange potential.

%'hen Iit is a scalar field, there is the usual scalar form of
interaction, and also a vector form

gfII(n V&+(1/c)~)+.dr

Using a contact transformation with

S= (g/kc) fUp+dr,
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it is easy to show that the vector interaction disappears
entirely, except for a 8-function interaction between
nucleons as before. Thus, the vector interaction leads to
no physical processes in any order.

For vector and pseudovector meson 6elds, the corre-
sponding gauge transformations lead only to the elimina-

tion of the longitudinal parts of the 6elds. As is well

known, a nucleon may have two distinct couplings with

the electromagnetic 6eld, the 6rst characterized by its
charge and the second by its anomalous magnetic moment. '
Thus a vector or pseudovector 6eld has two distinct forms
of interaction with a nucleon, as given by Kemmer, but a
scalar or a pseudoscalar 6eld has essentially only one.
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