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lim F(k, E) = [ dtexpiFEt ([Sy(t), S;(0)) (13)
E—0
=0

and therefore eq.(4) contains no relevant informa-
tion about gapless modes.

The second flaw in the proof is that even if one
works with the proper non-trivial spectral func-
tions pertaining to the S*(#)S~(-k) or S X(R)SY(-k)
Green function, and arrives at a formula like

lim E(k) «<lim ([[H,S"(%,0)]S (-5 0)]), (14)
E—0 E—0

and even though this double commutator is zero
at k =0, a careful analysis [2] shows that such

double commutators do not necessarily approach
their %2 = 0 value in the limif of zero k.

Such limits are only well behaved if the Hamil-
tonian contains no excessively long range forces
[3].

]The proof suggested by Crisan is therefore
incorrect. The use of Green function notation
does not make unnecessary the analysis found in
previous proofs of the theorem.
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The anomalous magnetic moment of the electron is accounted for by adding a phenomenonological Pauli
term to the Dirac equation. The resultant eigenvalues are applied to (a) the non-linear Lagrangian of the

E-M field and (b) spontaneous pair production.

The Dirac equation for an electron of mass m
with an anomalous magnetic moment, p say, in
a constant homogeneous magnetic field H
(directed along the z axis, say) takes the form
[1,2] (in our units #=c =1 and a = €2 = 1/137)

i—g-;—p={a (P+eA)+vam+ pyg2 -H} (1)

where the term containing u (the so-called Pauli
anomalous interaction term) is an addition to the
usual Dirac Hamiltonian. Since different values
for the energy eigenvalues derived from this
equation appear in the literature [1,2], we have
re-derived the result in a conventional manner,
and we find, in agreement with ref. 2, that the
energy eigenvalues E are given by

(2n + £+ 1)}% +¢ uH]z}%
(2)

E-= t{pz+[m{1+

wheren =0,1, 2, ... is the principal quantum
number, ¢ =+ 1 refers to spin up and spin down,
Pz is the momentum of the particle along the Z
axis and He = m2/e = 4.4 x 10! gauss. For our
purposes it is sufficient to take 1 = (a/ 2m)ug
where uB is the Bohr magneton and so we ca.n
write

Nl»—

E=:{p2 + m2[{1 +— @n+ £+ 1)} +
(3)
a H23
411 H I }
Let us now consider applications of eq. (3).

(a) An exact expression for the non-linear
Lagrangian of the electromagnetic field has been
derived [3,4] in the case where p =0 (i.e. neglect
of the anomalous magnetic moment). Using the
more general eigenvalue given by eq. (3) we have
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derived an additional non-linear correction, L3
say, to the Lagrangian of the magnetic field (the
electric field will be considered later) as follows
(H* = H/H,)

2 /a2
=———-—m _ 2
L2 =352 () &2 %
o g (4)
x f —g exp(-n) {nH*coth(nH*) - 1}
o 7

In the weak and strong field limits we find

m# (l)z H* 4

L2 =_9_67(—2 a7 for H* «1 (5)

4 2
= (2N g2
L2 302 (27r) H*% In(H/H) for H* > 1 (6)

(b) It will be noticed from eq. (3) that, for
values pz =0, z=0and £ =-1, we get a mini-
mum value for |E| given by

|E in = m{1 - (a/4m) H*} (1)
Thus the minimum separation between positive
and negative energy states, AE say, is
2m(1l - aH*/47) and so we can conclude that, for

values of H equal to 4na-1H,, the minimum se-
paration is zero and thus spontaneous pair prod-

uction may occur. This has important astrophys-
ical implications particularly with respect to the
expanding universe if a primordial magnetic field
[5] exists. A detailed exposition of the above
work will be published elsewhere.
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