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appareat agreement of the experimental values of A,
reported earlier for many metals, ' with the standard
value of 120 amp. cm~ deg.~ is more than fortuitous.
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Erratum: The Magnetic Threshold
Curves of Suyerconductors

[Phys. Rev. 72, 89 (1947)]
J. G. DAUNT

Mendenhall I.aboratory, Ohio State University, Columbus, Ohio
August 24, 1948

'N a letter with the above title a misprint occurred in
~ ~ Eq. (2), giving the temperature dependency of the
number of superconductive electrons. This should read:

n, = Opt 1 —(T/T, )'j.
This is in agreement with the experimental results ob-
tained so far by penetration depth measurements. ' It also
can be deduced, as pointed out by the author earlier, from
the two-Quid theory of superconductivity of Gorter and
Casimir, s provided a parabolic form' ' is assumed for the
magnetic threshold curves. A further discussion of this
has been given by Miller. s It should be remembered that
this result quoted above treats only the thermodynamic
properties of the superconductor and any subsequent
evaluation of electrodynamic properties must involve
further assumptions.
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Divergence DdBculty and Mixed Meson Theory
GENTARO ARAXi

Department of Industrial Chemistry, Kyoto University, Kyoto, Japan
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& HE divergence of the magnetic moment of the nucleon
is one of the grave difficulties of Yukawa's theory of

mesons. Another difficulty is that the nuclear potential
involves also divergent integrals according to the one-
meson theory, although this fact has not yet been fully
noticed. These difhculties can be removed by mixing a
pseudoscalar field with a pseudovector one. The pseudo-
scalar theory' gives the proton a positive surplus magnetic
moment, whereas the pseudovector theory has a negative
one. They are given by the following divergent integrals:

py =+{e/he)(/e/ee)(2/3e} J Lk'dk/{k'+e')'j

(pseudoscalar), (1}

pe= —(e/Ae)(g'/E'}(2/3m) f [Ie4dte/(k'+E')' j
(pseudovector), {2)

where f and g are, respectively, the constants of pseudo-
vector and six-vector couplings of pseudoscalar and pseudo-
vector mesons with nucleons, and kx/c and AX/c are,
respectively, the masses of pseudoscalar and pseudovector
mesons. If we consider a mixture of both fields and, further,
if we assume (f/~)s = (g/E')~ and a &E, the surplus mag-
netic moment of the proton becomes a following positive
finite value:

pp = (e/2&)(P/&c) E(X/x) —1j. (3)

This amounts to 1.86 nuclear magnetons, i.e., the observed
value, if X=4.7x, f'=0.05hc, and M =10',, where p and M
denote the masses of the pseudoscalar meson and the
proton. Various experimental evidences are in favor of the
pseudoscalar theory. ' The scalar theory does not explain
the magnetic moment of nucleons (in the Schrodinger
approximation), and the vector theory gives the proton a
positive surplus moment. Therefore, there is no remedy
for the difFiculty but the above-mentioned mixture.
Schwinger's mixturel must be ruled out in this respect.

The present mixture removes also the divergent and r '
difficulties from the nuclear potential. The nuclear potential
in the symmetrical pseudoscalar meson theory has the
same form as that given by (4) below, but p and g involve
divergent integrals. The divergent part of p represents a
direct interaction and it can be eliminated in the relativisti-
cally invariant way by introducing its negative in the
Hamiltonian. '4 In the case of the pseudovector theory the
sign of (4) is to be reversed and f and ~ are to be replaced
by g and X. In this case @ and x involve the divergent
terms also. The former can be eliminated in the same way.
On the contrary, the divergent part of x cannot be excluded
in such a way in both cases. However, this divergent term
also disappears in the present mixture. The nuclear poten-
tial becomes the following finite expression:

~=f'(~"'~"'/2) I (&"'"'/3)4+~x I (4)

where A. =3(e&'&x)(e&2)x)/r' —eo&e&'& and @ and x are now

given by convergent integrals. The function x(r) has only
a r ' singularity as Schwinger's mixture. ' The term in-

cluding p is repulsive for small r, attractive for large r,
and it has consequently a shallow minimum in the even
state. This feature of qb distinguishes the present mixture
from Schwinger's. This weakness of the attraction due to
qb may give a favorable effect to the electric quadrupole
moment of deuteron caused by Ax-term. '

The energy spectrum of the nuclear P-decay in the
present mixed theory is somewhat different from the
result of the pseudoscalar theory. It is given by

where b=(g'/f')(~/E:). This reduces to the result of the
pseudoscalar theory if we put b=0. From this and the
experiment of Bjerge and Brostrpms we obtain the life-
time of the pseudoscalar meson as follows

re ——10 e)J[e or 1-6X10 e[J)'sec.,
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according to b =0.3 or 1, where J is the overlapping integral
of wave functions (space part) of 'He 'S and 'Li 3S. If we
assume J=0.5 we have F0=2.5)&10 ' or 4)&10 ' sec. ,

which agrees with experiment. This value of J is quite
reasonable. Such an agreement can only be obtained in the
pseudoscalar theory, as I pointed out already. ' Other
bearing on experimental facts was well discussed for the
two-meson theory by Wentzel. '

The detailed report will be published in Progress of
Theoretical Physics.
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On the Magnetic Moment of Nucleons According
to the Pseudovector Meson Theory

GENTARO ARAKI
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ECENTLY I have been able to eliminate the diver-
gency of the magnetic moment of nucleon. s as well

as that of the two-nucleon potential by assuming a pseudo-
scalar-pseudovector mixed theory of mesons. ' In this calcu-
lation I assumed that the interaction between pseudovector
mesons and nucleons is the 6-vector coupling (g being its
constant).

On the other hand, we can equally assume that the inter-
action is the pseudovector coupling (F being its constant).
On the basis of an assumption of both the couplings we
have still the negative surplus magnetic moment of the
proton. It consists of two terms proportional to F' and g',
respectively, but it does not include a term proportional
to Fg. The g2 term was given previously. The F' term is
as follows:

yp= —(e/2K)(V/ke)(2/eK) f Dk~ K'k~)/(k~+K—2)2]dk,

where AE'/c is the mass of the pseudovector meson. This
result provides us with criteria for various mixed meson
theories.

Ke consider three kinds of the pseudovector mesons.
The first is in. interaction with nucleons by the 6-vector
(antisymmetric tensor of the second rank) coupling, the
second by the pseudovector coupling, and the third by
both couplings. These will be referred to as pvt, pw, and pv,
respectively. Further, we refer to the vector and the
pseudoscalar mesons as v and ps, respectively. If we
consider a mixture of two fields in order to eliminate
divergencies from the magnetic moment of nucleons and
the two-nucleon potential, we have eight possibilities as
follows: (a) ps and v, (b) ps and pvt, (c) v and pvt, (d) pw
and v, (e) pw and ps, (f) pvv and pvt, (g) pv and ps, (h) pv
and v. Cases (a) and (b) were already discussed. In the
cases (a) and (f) we can eliminate the divergency from
the two-nucleon potential but not from the magnetic
moment. ' In the cases (c) and (e) we can eliminate the

divergency from the latter but not from the former. In
the case (d) we can eliminate separately from each but not
simultaneously from both. The case (g) reduces to (b) in
order to satisfy the above-mentioned requirement.

In the last case (h) the conditions are (G/E'I)'= 5(g/X)~
and F'=6g' for that requirement, where ALAI/c is the Inass
of v, and G is a constant of the 6-vector coupling between
v and nucleons. Further, E'I must be smaller than 1.3X
in order that the surplus magnetic moment of the proton
is positive and XI must be larger than E in order that the
electric quadrupole moment of the deuteron is positive.
Then the spherically symmetric part of the two-nucleon
potential is repulsive for large r. If we require that it
becomes attractive for small r, we must restrict EI more
severely so that 1.14E &XI&1.3E.

%'e have thus examined all cases of possible mixtures
of two meson fields and we see that only two cases (b)
and (h) enable us to eliminate the divergencies in question.
If we want to know which assumption is in accordance with
experiments, the more detailed study is necessary.

I G. Araki, Phys. Rev. , preceding letter.
~ The case (f) has been suggested by S. Watanabe in his private com-

munication for me.

Erratum: A Convergent Exyression for the
Magnetic Moment of the Neutron

[Phys. Rev. V4, 2 (1948)]
D. RIVIER AND E. C. G. STUECKLBERG

University of Geneva, Geneva, Switzerland

" 'N our previous letter two misprints have occurred which
~ - make the text impossible to understand: The formulas
defining T' and 0(T') are

T =t2 —r~,

e(T )=0, T &0,
8(T') = 1, T')0.

Dielectric Behavior of Single Domain
Crystals of BaTiO'

GORDON C. DANIELSON, BERND T. MATTHIAS, AND
JOHN M. RICHARDSON

Bell Telephone Laboratories, Inc. , MNrray Hill, New Jersey
August 26, 1948

A N accurate determination of the dielectric anisotropy
of BaTi03 was, till now, partly hindered by the

domain structure of the crystals. More detailed studies of
the domain structure of crystals grown from C.P. in-
gredients indicated that the splitting up into domains is
largely due to impurities. Two ways of obtaining single
domain crystals seemed possible: increase of purity or
the use of mineralizers. The latter way proved to be
successful. The resultant single domain crystals were large
(0.5 cm) flat plates with the optic (c) axis normal to the
major plane.

The dielectric measurements were made by conventional
methods except for the precaution of using painted elec-
trodes in order to avoid the splitting up into domains


