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The argument for non-existence of the B(a) field proposed by E. 
Comay is based on adding 1r radians to the phase of a plane wave. 
This is trivially incorrect because B(3) is a vacuum component of a 
C conserving Yang-Mills gauge field theory. 

Key words: B(3) field, charge conjugation symmetry. 

1. INTRODUCTION 

Recently, Comay [1) has claimed that the B(a) field is unphysical be
cause it violates charge conjugation symmetry. Comay uses a slight 
variation on the argument by Barron [2J and Buckingham [3) one 
which has been shown already to be tnvially in correct [4-6J. In 
this reply it is shown that the vacuum definition of the B(a) field in 
Yang-Mills gauge field theory trivially conserves the charge conju
gation symmetry C, defined classically as a symmetry that reverses 
the sign of charge while leaving all space-time quantities unchanged. 
Therefore Comay's paper [1) is a repetition of the earlier paper by 
Barron [2], and the same arguments are used in reply. 

2. CHARGE CONJUGATION SYMMETRY AND 
THE B<3> FIELD 

In fairness to Comay the essence of his argument is summarized 
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here: it is that B(3) is disallowed simply by rotating two charges of 
opposite sign through 1r radians, adding 1r radians to the phase of 
an electromagnetic plane wave. It is as serted that this physical or 
dynamical rotation process and charge conjugation are equivalent [11 
in classical electrodynamics (Comay's Fig. 1 and his Eqs. (11) and 
(12)). It is further asserted that such a rotation does not change the 
sign of B(3), so B(3) violates C, the charge conjugation operator. 
It is then further asserted that B(3) is unphysical and incompatible 
with both the Maxwell and Proca equations. Voluminous recent 
argument to the contrary f4-12] is not cited and neither are replies 
to previous criticisms by Comay [13, 14]. 

The flaw in Comay's argument is clear and trivial: The charge 
conjugation operation in classical electrodynamics is an operation 
which leaves all dynamics unchanged. It is never equivalent to a 
dynamical process such as rotation through 1r radians. It changes 
the sign of the equal and opposite charges and changes the sign of 
the B(3) field. The charge conjugation operator does not affect space 
or time by definition, and is never equivalent, therefore, to a dynamic 
or kinematic process such as rotation through 1r radians. 

It is trivially clear, also, that the vacuum definition of B(3
) in 

Yang-Mills gauge field theory [15] conserves the C operator if the 
latter is defined as above. The definition in vacuo of B(3) is 

(1) 

and is part of the definition of the field tensor in a Yang-Mills gauge 
field theory with internal group symmetry 0(3). Here e is the el
ementary charge ( C negative) and 1i the Dirac constant ( C posi-
tive), while A(l) = A(2)* is a plane wave solution in vacuo of the 
d'Alembert equation (C negative). Applying C to each quantity in 
Eq.(1) leaves it unchanged but changes the sign of B(3). Thus B(3) 

is a C conserving field component, i.e., is C negative. 
If we add 1r radians to the phase of a plane wave, it is trivially 

clear that the conjugate product A (l) x A <2> is unchanged, because 
the phases cancel on forming the product. The C operator has no 
effect on A(l) x vecA<2> because both A(l) and A(2) are C negative. 
Therefore Comay's argument collapses and the rest of his paper is 
sequentially erroneous. Comay's other recent papers on B(3) [13] are 
trivially erroneous, because B<3> is part of a Yang-Mills gauge field 
theory that conserves all the discrete symmetries such as C and CPT 
of quantum field theory and which is Lorentz and gauge covariant 
[14]. 
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3. DISCUSSION 

It has become clear in recent months that B(s) theor~ is a standard 
Yang-Mills theory with internal gauge symmetrl 0{3) [4-12, 14,151. 
It begins to correct quantum electrodynamics l12] only at the fifth 
order in the fine structure constant, roughly the tenth decimal place 
in the g factor of the electron and therefore for many practical pur
poses 0(3) electrodynamics is identical with U(1) electrodynamics. 
The advantages of 0(3) electrodynamics include its ability to ac
count from gauge theoretical fundamentals for the existence of the 
well known empirical observable A(l) x A(2) [4-12). The U(l) elec
trodynamics, or Maxwellian electrodynamics, is linear and does not 
use A (I) x A <2>. Many other advantages of 0(3) electrodynamics are 
developed in Refs. [4-12), not cited by Comay [1). 

The fundamental vacuum field equation of B(s) theory is the 
Feynman-Jacobi identity of the 0(3) electrodynamics, a Yang-Mills 
gauge field theory [4-12] 

(2) 

where D~' is a covariant derivative of 0(3) symmetry operating on 
the 0(3) symmetry field tensor [4-12]. The integral form of Eq,.(2) 
is the equation that Comay should have used in his Ref. (13aj on 
the Stokes theorem and B<3>. Equations (1) and (2) are gauge and 
Lorentz covariant equations of Yang-Mills gauge fiefd theory. From 
them it is shown straightforwardly that, in the vacuum, 

v X B(S) = 0. (3) 

There is no "Faraday induction in vacuo" due to B(s) [4-12), a five 
year old theoretical prediction which has been verified empirically 
with great thoroughness by Raja et al. [16). 

In field matter interaction Eq. (1) becomes the inverse Faraday 
effect [4-12), and the vacuum constant ejn is replaced by a material 
molecular hyperpolarizability. Whenever A (t) x A <2> is observed we 
observe B(3)' s effect on matter. The effect of B(s) in vacuo occurs 
at the fifth order in the fine structure constant as above. The self
consistency of the B(s) theory has been evaluated thoroughly in work 
uncited by Comay [4-12). 

3.1. Quantum Field Theory 

The issue of whether 0(3) electrodynamics is invariant under charge 
conjugation is easily examined. If we let U = eit/> be a unitary matrix 
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that describes a gauge transformation then for a sufficiently small 
phase shift in the wave function under this gauge transformation, we 
have 

.,P(r, t) --+ .,P'(r, t) = eit/J.,p(r, t) ~ (1 + i</>).,P(r, t). (4) 

We now apply the charge conjugation operator C: e --+ -eon this 
gauge-transformed wave function: 

C.,P'( r, t) = C(1 + i</> ).,P( r, t), 

= (1 + i</> )C.,P( r, t) + i[C, </>].,P( r, t). (5) 

If this gauge transformation is not invariant under the charge conju
gation operator then [C, </>] =/:- 0. 

Now quantum field theory obeys the CPT symmetry 
C PT.,P = .,P. The parity and time operators are defined by 
P: x --+ -x and T: t --+ -t. The CPT symmetry means that 
CPT = 1. With this it is easy to see that C = T- 1 p-1 = PT. 
A substitution of this form of the charge conjugation operator where 
it acts on the wave function reveals that 

.,P'(-r, -t) = (1 + i</>).,P(-r, -t) + i[C, </>].,P(r, t). (6) 

However, by definition the first term on the right-hand side is the 
gauge transformation of the wave function .,P( -r, -t). This means 
that [C, </>] = 0. This is a result that is generic to all gauge theories. 

We now consider the case where the generator of this gauge 
transformation is given by the 0(3) ~auge theory. We consider the 
operlap between the wave function 1/J(r, t) and .,P(r, t) + c.,P(r, t), 

.,P*(r, t)(.,P(r, t) + c.,P(r, t)) = .,P*(r, t).,P(r, t) 

+ .,P*( r, t)(1 + ic<f> ).,P( r, t). (7) 

We then see that 6</> = V'</> • cr when the variation or overlap is due 
to a phase shift that depends upon spatial position. If we consider 
this overlap parameterized around a loop C that encloses the area 
A, it is apparent that we have the phase shift due to the gauge 
transformation 

</> = J Afdxi. 
l'c=aA 

(8) 

Stokes' law then indicates that this is equal to 

(9) 
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Now in the case of the third Lie algebraic index we have that A~ = 0, 
and the phase due to the gauge transformation is 

4> = ~ L A 1 
X A 

2 
• dA. (10) 

Now consider the commutator (C, ¢]. The action of the charge 
conjugation operator on the gauge connections A 1 and A 2 is C : 
A( r, t) -+ A(-r, -t). Yet, since these gauge potentials corre
spond to the quantized f ield of the electromagnetic interaction, we 
associated this field with a vector boson. Boson wave functions are 
seen to be symmetric on the interchange of coordinates in the wave 
function. Further, this gauge field is time reversal invariant. Fur
ther, we have that each gauge potential commutes with the charge 
conjugation operator. This means that 

CA 1(r, t) x A2(r, t) = A 1{-r, -t) x A2 {r, t)CC 

= A 1(r, t) x CA2{r, t)C = A1 (r, t) x A2{r, t)C. (11) 

Since the commutator of the charge conjugate operator with the 
phase of the gauge transformation is essentially the commutator 
(C, A 1 x A 2 ] it is apparent that this commutator vanishes in 0(3) 
electrodynamics. It is then apparent that 0(3) electrodynamics is 
invariant under charge conjugation. 

4. SUMMARY 

Dr. Comay's article is essentially a series of statements and unproven 
assertions which are made in total disregard of recent developments, 
developments that show beyond all reasonable doubt that his argu
ments are repeatedly and trivially erroneous. If Comay were correct, 
Yang-Mills theory would violate C and CPT, Lorentz covariance, 
and gauge covariance. The Yang Mills theory is in fact the most 
succesful gauge theory of the twentieth century and was originally 
intended to generalize electrodynamics. The B(a) theory was there
fore developed in this spirit. 
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