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we conclude that the law of conservation of nucleons
can be used with considerable confidence in discussions
of “practically observable” nuclear reactions. It proves
very useful, for example, for hyperon reactions where
it permits the conclusion that particles observed to
decay into nucleons must be made from pre-existing
nucleons or be produced in pairs (particles plus anti-
particles). It also follows that nucleons must be found
among the ultimate decay products of such hyperons;
otherwise the decay of nucleons via virtual hyperon
states would be observable. If nucleon pair production
processes should be observed, the number of nucleons
would only be conserved in an algebraic sense.
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to thank Dr. F. B. Harrison, M. Warren, and W. Baird
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* Work performed under the auspices of the U. S. Atomic
Energy Commission.
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LTHOUGH, strictly speaking, a Lagrangian for-
malism in quantum theory is not known, it has
nevertheless very often been used as a starting point
for quantized field theories. The usual procedure is to
apply the Lagrangian formalism before the quantiza-
tion in order to derive the field equations and the
Poisson brackets for the field variables. The quantiza-
tion is performed afterwards by replacing the Poisson
brackets by commutators. In order to overcome the
apparent disadvantages of this way of proceeding,
Schwinger! has recently developed a quantum me-
chanical variational principle. It is the purpose of the
present note to investigate how far this attempt has
succeeded.
For simplicity, we shall not consider a field theory,
but a mechanical problem with » degrees of freedom.
. Classically, this system is described by # second order
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differential equations in the variables ¢, (f) (=1, - - -, %)
or, if one introduces » extra variables, the conjugate
momenta pi(£), by a set of N=2x first order equations.
These canonical equations of motion can be derived
from the variational principle:

ta
5f Ldt=0, (1)
21
where
=1

If one goes over to other variables y:(px,qr), where
l=1, .-+, N, the equations of motion are again described
by (1), where now L is expressed in the new variables. If
the transformation is such that L expressed in the
new variables has again the form (2), apart from an
irrelevant time derivative, then one speaks of a canonical
transformation.

Let us now compare this with Schwinger’s varia-
tional formalism in quantum mechanics. Here, one
starts with a Lagrangian of the form

L=1

N
Z akl(xk:tl—ithl)_H(xk’t%
k, 1=

1

where the matrix ax; is antisymmetric and has deter-
minant #0. The variables x;(f) are now operators in
Hilbert space. The variations have to be restricted to
c-number variations. Using Schwinger’s prescription,
one finds the equations of motion 23 :axd=0H/dx;,
and the commutation relations (/%) %,2> m@um%m |
=0y;. With these commutation rules, one can write the
equations of motion as @r= (¢/%)[ H,xx ]. It appears that
the commutation relations are determined by the
matrix @, and the equations of motion by the Hamil-
tonian operator H.

We shall now see what happens if we go over to new
variables y,=Ux, U™ by means of a unitary trans-
formation which does not depend explicitly on the time.
For these variables, the commutation rules are the
same and the equations of motion have again the form
1= (i/h)[H,yr]. The Lagrangian function must there-
fore, apart from a time derivative, have the form
L'=33" 1 10e:(yy1—Yxy)) — H. The fundamental point is
whether this expression L’ differs from L only by a
time derivative. We shall show with an example that
this is not the case. We take a system with one degree
of freedom, where ax; has the simple form a¢;1=a32=0
and a@i2=—axn=1. The Lagrangian is L=3%(pd+Gp
—pq—qp)—H ; or, if we add (d/d?) (¢p+pg), we have
L=%(pg+¢p)—H. We apply the unitary transforma-
tion U(p,q) =exp(3ig*/#), which gives p'=p—¢* and
¢'=gq. The new Lagrangian is L'=%(p'¢’+¢'p")—H. We
can easily see that L'—L=—%(¢?¢+¢q¢?). This differ-
ence is not the time derivative of a function of p and
¢ and thus the two Lagrangian functions are essentially
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different. It appears therefore that one needs a different
Lagrangian function for each set of canonical variables,
which means that this method is actually not a physical
principle as in classical physics, but rather a set of
rules prescribing how to find the equations of motion
and the commutation rules for a given set of variables.
The Lagrangian function is known when the matrix
ar; and the Hamiltonian operator are given; in other
words, one has to know the commutation rules and the
Hamiltonian beforehand. The variational method seems
then to be completely superfluous.

Instead of taking a new Lagrangian function after
a change of variables, it is also possible to keep the
same Lagrangian expressed in the new variables. It is
clear that the allowed variations for these new variables
will now not be ¢ numbers. Therefore, this procedure is
just as unsatisfactory as the first.

1J. Schwinger, Phys. Rev. 91, 713 (1953).
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N a recent Letter to the Editor,! Sagane e al. state
that our measurements? of the u-meson decay elec-
tron spectrum give a value p~0, corresponding to a
zero intercept at the upper-energy end. Unfortunately,
the distortions due to end effects and bremsstrahlung
are severe in the detector described, and we concluded
that it was not possible for us to say anything about
the value of p. The measured spectrum was shown in
our article to illustrate a method of energy calibration
using the end point, which we believe is not signifi-
cantly affected by the above-mentioned effects.
*Work performed under the auspices of the U. S. Atomic
Energy Commission.
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2 Harrison, Cowan, and Reines, Nucleonics 12, No. 3, 44 (1954)
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XTENSIVE calculations have been carried out to
evaluate the transition probability for u-meson
capture in terms of several electric charge distributions,
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suggested by theoretical analyses of observations on u-
mesonic x-rays and high-energy electron-nucleus scat-
tering.

By means of the density law p(x)=pof(x) (x=7/a)
we have derived the maximum momentum p(x)
= Pof}(x) of a proton at a distance x from the nucleus
center: Py=[3Zmr/4I()]}(%/a) is the maximum mo-
mentum at x=0 and I () is the second order moment
of the shape function f(x).

According to a nuclear model based on this rela-
tionship between the density of particles p(x) and the
maximum momentum p(x), the capture probability
of the meson is:

} iz,
Av

M Vmaxz"“ Vmin2
oo
27ht q

where ¢(x) is the normalized meson wave function,
g=|N+v| (N,v neutron and neutrino momenta meas-
ured in units Mc¢). The quantity in brackets, averaged
over the neutron-neutrino angle, is a sensitive function
of the neutron excess: vmax and wmin are, respectively,
the maximum and minimum neutrino momentum de-
rived as functions of the proton momentum $ in ac-
cordance with the exclusion principle and the con-
servation of energy and momentum.

It follows that the capture of the meson is forbidden
for all protons having momentum p <po(x); therefore,
the summation over protons must be carried out in
momentum space from po to Py, where

po(x) =[142Nof ¥(x)+ Pef (x)
+2u?/3No) f3(x)—2(M ./ M)+2e J—1,

Ny being the maximum neutron momentum at x=0,
© the meson momentum and € the meson binding energy
on the K orbit. Consequently, the conservation of
momentum requires that the integration in the ordi-
nary space be extended from O to xo, defined by the
equation po(xo) =0.

For simplicity’s sake it is still possible to determine
the average behavior of the capture probability accord-
ing to the formula! A= (1/70) (Zett/ Z0o)* (10=2.22 usec)
provided the effective atomic number is defined through
the relation Zetr= { (#2/M .e)*mpop (Z)}%, where

A=g?

o= [ " ~T0/ P oy / [ " (s,

The Schrodinger equation, with Coulomb potentials
derived from the assumed charge distributions, has
been solved by usual nonlinear variational methods.

Numerical inspection of the equation defining Z.s¢
shows that while the exclusion principle and the energy-
momentum conservation tend to reduce the effective
atomic number, an opposite effect arises from nonuni-
form charge distributions allowing larger central con-
centrations. For this reason the values of Ze: for



