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In answer to the assertion by Lakhtakia [1] that B® s

unknowable, presumably unmeasurable, the experimental
conditions for its measurement are defined.
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1. INTRODUCTION

The defining algebra for the vacuum field B® has been
discussed in detail [2-10}, and is

B x B = jp0p®* ot cyclicum, (1)

where B and B are plane waves, and where B(®) 15 the
scalar magnitude of the magnetic flux density of an electro-
magnetic beam propagating in the 3 axis through the vacuum.
Equation (1) is written in a circular basis [2-101, (1), (2),
(3) and B®™ is a real and physical magnetic flux density
which is defined by the well known conjugate product B® x B,

Thus, if B 1is unknowable as asserted by Lakhtakia [11],
then so is the conjugate product. The latter, however, is
the fundamental entity of magneto-optics, and is reviewed in
Ref. [6] by Zawodny. The term unknowable is irreqular, but
presumably means unmeasurable. If Lakhtakia 1is indeed
asserting that B x B {5 unmeasurable, he is contradict-
ed by experience, for example the inverse Faraday effect
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[111, Tight shifts [12], and the optical Faraday effect [13].
Significantly, Lakhtakia [1] refers to none of these phenome-
na, well known for some thirty three years.

2. EXPERIMENTAL MEASUREMENT OF B

By salving the classical, but relativistic, Hamilton-
Jacobi equation of one electron, e, in the electromagnetic

field, A4,, it can be shown [5, 14] using, for the most part,

standard methods of solution [15] that there exists a
characteristic square rocot power density dependence (denoted

78/%) of the magnetization, M, set up by B® in a plasma
of N non-interacting electrons. This is measurable experi-

mentally by a straightforward modification of the well known
demonstration of the inverse Faraday effect by Deschamps et

al. [16], twenty four years ago. An I3’2 dependence of M(®
is not obtainable at first order from the plane waves B
and B® because at first order in B'® it would average to
zero. At second order in B(® (first order in I,) magneti-

zation 1is produced as in the conventional interpretation
[2-10] of the inverse Faraday effect. The condition for the

observation of the ;72 dependence of M is [5, 14]

< € p(a) 2
(.l) _B r

where @ is the angular frequency of the electromagnetic beam
(for example the 30 GHz microwave frequency of Deschamps et
al. [16]), and e/m is the charge to mass ratio of the
electron, i.e., about 2 x 10" C kgm’. In condition (2), it
is straightforward to show [5, 14] that

| . el (e} (3)
dot (Vs

where €, is the permittivity of the vacuum in S.I. units, c
the speed of Tight in the vacuum, and N the number of non-

interacting electrons. In terms of B) the magnetization
under condition (2) is given by
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2mew? ' )

and is to order one-half in the beam power density I,
(Wm?).)
Measurement of |M‘¥| as a function of I3/ therefore

proves unequivocally the presence of B in the vacuum, with
several fundamental consequences in the theory of fields and
particles [2-10].

3. EXPERIMENTAL DETAILS

These have been discussed elsewhere [14], but are
reproduced here 1in summary. Deschamps et ai. [16] have
demonstrated experimentally the phenomenon of magnetization
by microwave pulses of an electron plasma set up in helium

gas by pulses of megawatt peak power. The microwave pulses
were detected through Faraday induction in a 100 turn
induction coil by a synchronized oscilloscope. The plasma
was produced in a pyrex tube filled with helium gas, a tube
0.065 m in diameter and 0.2 m in length. The area of the
sample was therefore about 0.003 m’. For a peak microwave
power of 1.0 MW the peak power density was therefore about 3
x 10° W m?, producing a peak B from the equation [2-10]

kS
B = g0 gf3) =[_E§3]26<N {5)
€,C

of about 0.002 T. The 30 GHz frequency used by Deschamps et

al. was about 2 x 10" rad s, so under their reported [16]
axperimental conditions

e
~ 50=pg!o),
W i (6)
In consequence, the Hamilton-Jacobi equation of e in A,

shows that the magnetization M will be dominated by an 7,
dependence under condition (6). Specifically [5, 14],
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Ne?
M3 ~ - T, (7)
2m*w’e,C
In terms of B3,
(23 . _Ne’c? g
M 2m2m3B B (&)

which is a result of classical special relativity applied to
the orbital angular momentum of e in A,. The expected I,

dependence of |M| from Eq. (7) was observed and reported
in Fig. (2) of Ref. [16a].

This is alone sufficient to show, by reference to Eq.
(8), that B 1is an experimental obervable, but to isolate

the 72/? profile of Eq. (3) unequivocally and definitively
through experiment, condition (2) must be satisfied experi-
mentally by increasing Bf® for constant ®. This can be
done by increasing the peak power density, by shortening the
pulse time and decreasing the sample area (the area of the
pyrex tube). With contemporary detection technology, e.g.
oscilloscopes that can detect nanosecond pulses and shorter,
the detection of the expected I3/2 profile should be straight
forward.

4. DISCUSSION

The theory of B has been developed extensively in
Refs. [2-10], and it is clear that it is a new vacuum field,
the field fundamentatlly respansible for ali magneto-optic
phenomena [6]. We have discussed the precise experimental

conditions under which its chavacteristic I)/? profile domi-
nates, because such a profile cannot be obtained from the
plane waves B and B at first order in B!®, It can
only be obtained from B, and serves therefore to filter
out the specific effects of B from any putative first
order effects of B and B™® ., These three physical vacuum

fields are cyclically related by Eq. (1) in such a way that

Ehe existence of any one means the existence of the other two
2~101].

Lakhtakia [1]7 has chosen to assert the non-measurabil-
ity of B® . This assertion is unscientific, however,
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hecause it is made without scholarly refarence to well known
phenomena, such as the inverse Faraday effect [11], phenomena
which can be interpreted [2-10] in terms of the conjugate
product B x B . The latter is therefore an experimental
observable, and 1is algebraically equal to B0 g@()s,

Therefore B is an experimental observable, as discussed
extensively in the recent Titevature {2-10]. Lakhtakia {17
has incorrectly asserted that the longitudinal E‘ is real,
whereas it is shown repeatedly in the literature [2-10] that
it 1is unphysical, and represented by the pure imaginary
iE® ., This is a direct vesuit of the defining algebra
of 1B [2-10],

E® x g& - g et cyclicum (9)

which is cyclically symmetric in E® | E® and iE® . No
physical effects at first order are expected from iE(*, and
none have been observed.

One of the most profoundly important consequences of
B 4is that the photon, in the quantized field theory,

carries mass, because B js a longitudinal polarization
prohibited by special relativity in a boson without mass.
Several other consequences of B are developed in detai]
elsewhere [2-10].

Lakhtakia [1] refers to a paper by Santamato et aJ.
[17] in support of the assertion {1] that B {is unknowable.
The work by Santamato et al. [17] reports the induction by a
laser of collective precession of molecules in an aligned
nematic film. The induction of magnetization by a magnetic
field such as B® involves the transfer of crbital angular
momentum, but the effect reported by Santamato et al. [17] is
the well known ability of circularly polarized radiation to
transfer mechanical angular momentum to material matter.
Such an effect was first reported by Beth [18] and is a well
kno?n textbook phenomenon, mentioned, for example by Atkins
[197.

Finally, Lakhtakia [1] refers to papers by Grimes [20]
and himself [21] and claims that there is confusion in the
work of Evans and others [2-10] between complex valued
phasors and real fields. Essentially, in conflict with
experience, these papers appear to assert that the well known
conjugate product is unmeasurable. This assertion is best
answered by recourse to the defining algebra (1), in which
the phasors B® and B® form the cbservable iB(©)B®)*
through a cross product, the ordinary conjugate product of
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magneto-optics [5}.

Summary

Lakhtakia [11 asserts that B® is unknowable.
Theoretically, B is a direct result of the defining
algebra {1) of this paper. The experimental measurement

of B® was discussed and is summarized in relation to
Lakhtakia’s questions:

1. The uniform magnetic field B is measurable

through its characteristic I3/ profile.

2. B®Y s understood to act at second order
in B 1in several experimentally established magneto-
eptic phenomena such as the inverse and optical Faraday
effects and Tlight shifts in atomic spectra. The well
known conjugate product is exprassible nowas iB(OB® |
another experimental observable.

3. iE®Y) is unphysical and for this reason is not

experimentally observable. It is a pure imaginary
quantity.

ACKNOWLEDGEMENTS

Several colleagues contributed by discussion and co-
authorship to the development of B’ theory, among these
are: Yildirim Aktas, Keith A. Earle, Ahmed Hasanein, the late
Stanislaw Kielich, Mikhail Novikov, and Jean-Pierre Vigier.

REFERENCES

(11 A. Lakhtakia, Found. Phys. Lett. submitted for publi-
cation.

(21 M. W. Evans, Physica B 182, 227, 237 {1992).

[3] ?iggg) Evans, Physica B 183, 307 (1993); 190, 310

[4] M. W. Evans, The Photon’s Magnetic Field (World Scien-
tific, Singapore, 1992).

[5] M. W. Evans and J.-P. Vigier, The Enigmatic Photon,
Vol. 1, The Field B™ (Kluwer, Dordrecht, 1994); M.

W. Evans and J.-P. Vigier, The Enigmatic Photon, Vol.
2, Non-Abelian Electrodypnamics in preparation.



Reply to Lakhtakia

[6]

[7]

[14]
[15]
[16]

(17]

[18]
[19]

[20]
[21]

NOTE

193

R. Zawodny 1in M. W. Evans, and S. Kielich, eds.,
Modern Nonlinear Optics, Vols. 85(1) of Advances in
Chemical Physics, 1. Prigogine and S. A. Rice, eds.
(Wiley Interscience, New York, 1993/1994).

M. W. Evans and A. A, Hasanein, The Photomagneton in
Quantum Field Theory (World Scientific, Singapore,
1994).

M. W. Evans in A. Garuccio and A. van der Merwe, eds.,
Waves and Particles in Light and Matter (Plenum, New
York, 1994).

M. W. Evans, Found. Phys. lett. 7 67 (1994); Mod.
Phys. Lett. 7 1247 (1993).

M. W. Evans, Found. Phys. lett. and Found. Phys. in
press, 1994 / 1295,

P. S. Pershan, Phys. Rev. 130, 919 (1963); J. P. van
der Ziel, P. S. Pershan, and L. D. Malmstrom, Phys.
Rey. 143, 574 (1966).

W. Happer, Rey. Mod. Phys. 44, 169 (1972).

N. Sanford, R. W. Davies, A. Lempicki, W. J. Miniscal-
co, and S, J. Nettel, Phys. Rev. lett. 50, 1803
(1983).

M. W. Evans, Found. Phys. Lett. submitted for publica-
tion.

L. D. Landau and E. M. Lifshitz, The Classical Theory
of Fields, 4th edn. (Pergaman, Oxford, 1975).

J. Deschamps, M. Fitaire, and M. Lagoutte, Phys. Rev.
Lett. 25, 1330 (1970); also Rev. Appl. Phys. 7, 155
(1972).

E. Santamato, B. Daino, M. Romagnoli, M. Settembre,
and Y. R. Shen, Phys. Rev. lett. 57, 2423 (1986).

R. A. Beth, Phys. Rev. 50, 115 (1936),

P. W. Atkins, Molecular Quantum Mechanics, 2nd edn.
(Oxford University Press, 1983).

A. Lakhtakia, Physica B, 191, 362 (1993).
D. M. Grimes, Physica B, 191, 367 (1993).

Although the present author viewed [20] and [21] as

papers which raised objections to the spin field B and

which therefore deserved a scientific reply, Physica B did
not give him the right of reply.



