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lation given here, is the definition of the mean life
time 7 of a larmoron. One can as a first approx-
imation use for 7 the average time of free flight
of the real particle, evaluated without taking the
magnetic field into account, but changing the val-
ues of the parameters in the logarithmic term
(the Larmor radius or the Coulomb screening dis-
tance, depending on their relative magnitude). In
this way we indeed get from (4) and (5) the well
known formulae for transport phenomena in a
dilute plasma. It is, however, possible in the
“larmoron” theory to give also a more rigorous
determination of the quantity 7, in particular, by
using to this purpose the method of interpreting
the collision terms for larmorons in a way simi-
lar to the one used in quantum theories of transfer.

If the magnetic field or the acceleration a are
non-uniform and depend on the time, we must
change (1) and (2) will as a consequence become
more complicated. But the “larmoron” theory
will even in that case be appreciably simpler than
the usual transport theory of a plasma.

I express my gratitude to A. E. Glauberman
for discussing this paper.
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A new method to construct a quantum theory of
spinor fields based upon second order equations
has recently been suggested.* The results of
quantum electrodynamics are not changed in such
an approach, but a number of interesting possibil-
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ities arise for a more correct description of
other processes involving spinor particles. The
unusual commutation relations for spinor wave
functions are due to a number of peculiarities of
the theory.

In this note we show that the application of
Schwinger’s dynamical principle to systems with
a Lagrangian of the second order gives unique
commutation rules for fermion and boson fields.
It is clear from the derivation that the same re-
sult is also valid for fields with higher derivatives:
Lagrangians of odd order lead to anticommutativ-
ity of spinors and Lagrangians of even order re-
quire that they commute.

Taking the Lagrangian in the form (m is the
eigen mass, the rest of the notation is the same
as in reference 1):

£ (x) = (1/2m) Oy (x) 2. 0vy (x) — F (1 (x)), (1)
we get, after taking the variation, the equation of
motion

00Oy, -+ md 8y = Payout, -+~ m8,H 8y = 0. (2)

We first of all determine the commutation rule
for x on the hypersurface o with dogy — doj = do,
using the shift operator Gy

1
Gy =g R ds, (372,0.0,7 - 0y a,55)
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As doy —do, we get

Gy = Sdsd,xav%&x = %Sda— (ot0ty) T8 0vy,

G

1
m
[y, Gyl = iogBy.

The matrices @, can be of two kinds: a) o =
- Dirac algebra; b) ozE =+ay, Kemmer al-
gebra. In both cases o @), = (oz,,aﬂ)T so that
always

[87, Ouy]=0. 4)
The commutation relations are the same in both
cases:

(1/m) [etgy, (%), 0oy, (X) autto] = i85 (x — '), ®)

Using Green’s theorem
1 ’ ’ ’
Ja(X) = Sd:u(A (r— %) (run0ey, ()

G

— 0B (x — x) (2t (¥))a) (6)
we get for arbitrary points x and x’:
[7a (%), 78 (¥)] = i8apA (x — X'). )

It is easy to generalize this result to charged
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fields. In the case of integer spin the right hand
side of (7) must be slightly more complicated to
take the auxiliary conditions into account.

*V. Vanyashin’s paper “Second-Order Wave Equations for
Spinor Wave Functions” at the Conference on the Theory of
Elementary Particles, Uzhgorod, October 1958.

1J. Schwinger, Phys. Rev. 91, 713 (1953).
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G’OR’ KOV! has recently shown that the macro-
scopic equations for superconductors, established
earlier by Landau and the author? (see also refer-
ences 3 and 4) follow from the current microscopic
theory of superconductivity. He obtained then an
essentially new result, namely a confirmation that
the charge eeff which occurs in these equations

is equal to twice the electronic charge, 2e. This
result has an obvious physical meaning since the
charge of a Cooper pair is just equal to 2e. Mean-
while, the charge egff was previously usually put
equal to e. It is in that connection advisable to
consider a comparison of the macroscopic theory
with experiments, putting eeff = 2e. The param-
eter k entering into the theory is then equal to

= VZ]ees |

" Howd} = 4.32-107Howdl, 1)

where Hg)yp is the critical magnetic field and 67,
the depth of the penetration of the field in a bulk
metal at the given temperature T. It is now es-
sential that the theory of reference 2 in a weak
field goes over into the theory of F. and H. London
and that 61, in (1) is thus the London penetration
depth. Near the critical temperature (this will
be the only region with which we shall be con-
cerned) the measured penetration depth 6 is for
all metals equal to 6p,. If, however, for tin 6 =
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61, for AT =Tg—T < 0.1° with an accuracy of
10 to 15%, then for aluminum, for instance, 6 ~
81, only when AT < 107%, As a result one can
for tin, lead, and some other superconductors (in
contradistinction to aluminum ) determine the value
of k near T directly from the experimental data
for Hepp and 6. Such a method is very suitable
since Eq. (1) is practically independent of any as-
sumption when 6 =61, and T — T¢ (the result
eeff = 2¢ was obtained for an isotropic model® but
is most probably much more generally true).

If we use the empirical law

8 =8¢ [1 — (T/T )7,
we have near Tg

1 Te dHch
8=‘z‘30°]/ﬁ HcM=‘TCAT'

dHy
x = 1.08.107 | <! crcsgo.
For tin
4 dH,
(Tc =3.73°, d;“ (=151, 3 =5.1- 1o-scm)

we have thus k = 0.158. The limiting field for
supercooling Hgj is for such a value of k equal
to Hgy/HeMm = V2k = 0.224. Experimentally®
Hey/HeMm = 0.232. For the surface energy opg =
HiMA/8T we have' for « = 0.158

A=6.55~166-105YT./(Tc—T)

while we have experimentally, instead of 1.66, ac-
cording to Sharvin’s data® 2.5 and according to
Faber’s data® 1.88. Since in both cases Te—-T >
0.1° and we are dealing with a limiting law as

T — Te we can as yet scarcely consider the dis-
crepancy obtained here to be real (if we determine
k from Faber’s data for A we get k =0.15 and
Hey/HeM = 0.212). In the isotropic model® near
Te

3. (T) =8, (0) V' T./2AT, 8} (0) = mc¥/4nen (2)

(n is the concentration of “free electrons”). If
we use this expression, Eq. (1) takes the form

% = 2.16- 107 |dHp/dT | T. 82 (0). (3)

For tin 61,(0) = 3.5 X 1078, according to refer-
ences 10 and 6, whence k = 0.149. The value k =
0.15 to 0.16 for tin agrees thus with sufficient
accuracy both with experiments and with the re-
quirements of the macroscopic as well as of the
microscopic theory. .

A further check must, in particular, consist in
the measurement of a third effect: the change of 6
with field.2"" The increase of & in tin near T¢



