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Abstract: Maxwell’s equations require a gauge condition for specific solutions. This incomplete-

ness motivates use of a dynamical quantity, &= —V eA — gu d¢/dt. Here, A and ¢ are the vector
and scalar potentials, with permeability and permittivity, € and y, respectively. The results are:

. relativistic covariance
. classical wave solutions
U elimination of inconsistency between the media-interface matching for ¢ and for Gauss’

law

U independent determination of A and
1)

U prediction of two new waves, one being a charge-fluctuation-driven scalar wave,
having

energy but not momentum

U a second longitudinal-electric wave with energy and
momentum

U experimental
suggestions.
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1 Introduction

Classical electromagnetism is central to all of physics, relating electric (E) and magnetic (B) fields with the dynamics of
electrically charged matter. An E field is created by charges. The motion of charges creates an electrical current, which then
influences the B and E fields.

Fundamental issues motivate a more complete, classical electro-dynamic theory. Maxwell’s model is a coupled set of
Partial-Differential Equations (PDEs) at a mathematical point (Maxwell, 1865). Equivalently, the forces depend only on the
local field values. However, real experiments are performed over a finite time and spatial region, without any infinites.
Divergences occur theoretically ata space-time point. Integral forms over a finite space-time region are a present alternative
for Maxwell’s equations (Jackson, 1962; Lorrain and Corson, 1970), but do not address another incompleteness, as discussed
next.

A second motivation is that Maxwell’s equations have an infinitude of arbitrary vector-field solutions. Solutions
require a gauge assumption, such as VeA+xepod/ot=0.

One extreme is the Lorenz gauge (x=1), implying that

the effect of a charge source propagates at light speed, c.

The Coulomb gauge (cx=0) yields electrostatics with ¢ propagation at infinite speed. Values of 0<ox<1 are called the velocity
gauge, and can be interpreted as ¢ propagation at a speed, v>c (Jackson, 2002). Consequently, the gauge

condition is related to (non)locality by its scalar-potential propagation speed.

An alternative assumes a dynamical variation in
E=-V+A—epod/at. Early work by Ohmura (1956) gave

a time derivative of € in Gauss’ law and a gradient of €
in Ampere’s law. Aharonov and Bohm (1963) added a term,

€2\, to the classical electromagnetic Lagrangian for particle motion, where A is a suitably adjusted constant. For A >0, the theory
predicts non-local sources for the current density,

J—-J-VE/p and the charge density, p—p+edg/at. This

theory also predicts non-conservation of charge, which is discussed below in more detail. As A — 0, the lowest excitation state of
€ approaches a delta function of VeA+epod/at,

allowing recovery of charge conservation and classical electrodynamics. For A=1, the Aharonov-Bohm theory is identical to
Ohmura (1956) and van Vlaenderen and Waser (2001). A term of the same form as €%2\ can be added to

independent, which is explicitly allowed by this new theory. A test of this question involves simultaneous measurement

of A and ¢ within an arbitrary gauge (A—A+VA and

& - d-0A/ot). This theory also resolves a difference in
matching conditions at the interface of two media, as

obtained from the electric potential (¢) and from Gauss’ law. This work does not address incompleteness for dielectric



and magnetic materials, requiring the determination of

€ and p.
These issues suggest the need for a more complete
electrodynamic theory, as discussed herein. Section 2 summarises relevant parts of classical electrodynamics. Section 3

elucidates the new theory with € as a dynamical quantity (Ohmura, 1956; Aharonov and Bohm, 1963; van Vlaenderen
and Waser, 2001). Section 4 obtains a covariant wave equation and new

forms for momentum and energy. Section 5 describes explicit wave solutions from the new theory. Section 6 discusses
the new theory vs. present experimental tests of the Maxwell-Proca formulation for massive photons and measurement of
longitudinal waves in free space (Giakos and Ishii, 1993). Section 7 provides the conclusions.

2 Classical electrodynamics

Electrodynamics can be modelled by Maxwell’s equations (Jackson, 1962). Here, bold italic denotes a vector function of time

and space. The electric current density and the electric charge density are denoted by J and p, respectively.

The electric permittivity, €, and magnetic permeability, p,
are assumed to be steady-state, homogeneous, isotropic, and
not necessarily equal to their vacuum values. The B and E fields can be written in MKS units as (Lorrain and Corson, 1970):

B=VxA, (2)
E=-0Alct - V. (3)
This paper focuses on wave-like solutions for the fields and potentials; other solutions (i.e., only of time, or only of space) are

not discussed. The wave equations for B and E are (Lorrain and Corson, 1970):

the gauge-invariant Lagrangian density (Jackson and Okun,

€EUOB/ot

—-VB=pVxJ; (4)

2001); examples are the Feynman gauge (A=1) and the Landau gauge (A=0).

Athird issue is that A and ¢ are uniquely and independently
determined by the classical retarded Green’s operators on

J and p (Griffiths, 2007). However, the Lorenz gauge under classical electrodynamics implies that A and ¢ are not independent
quantities, but rather are related by (Ribaric and

Sustersic, 1990):

€M PE/ot — VE=—p dJ/ot - Vp/€. (5)

The classical wave equations for ¢ and A have the form (Lorrain and Corson, 1970):

€p *dlotz — Vap=ple; (6)
ey Ao = VP A=p . (7
The form, B=VxA, in equation (2) allows an arbitrary gauge function, A, via the vector identity, VxVA=0

f(r,t)=f(r,s)—c> VsAdt.



)

(Danese, 1965), implying that the vector potential isarbitrary under a transformation of A—A+VA, but B

The use of Ockham’s Razor on this issue (Ribaric and Sustersic, 1990) favours the simpler hypothesis of Aand ¢ as
is unchanged (gauge invariant). E in equation (3) mustalso be invariant under this transformation, implying
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that ¢—d-oA/ot. This infinitude of functional forms
can be expressed as a choice of gauge transformation

(Jackson and Okun, 2001; Jackson, 2002). One choice isthe Lorenz gauge, €=0, with the auxiliary condition,
ey PN/ ot —V2A=0:

E=-VeA-epodlat. (®)

The subscript, ‘n’ denotes a component that is normal to the interface. The subscripts 1 and 2 indicate the corresponding value in
media 1 or 2, respectively. The surface-charge density is p,. The matching condition in equation (11) is unchanged
by the A-gauge transformation, because E is unchanged.

The matching condition for equation (6) can be obtained by noting that Ve =V+(Vd):

The use of €=0 eliminates JdE/ot in the derivation of equation (6), and -V in the derivation of equation (7).

-€,Vd),
+€,(Vd)

=p,. (12)

3 The new theory

Aharonov and Bohm (1963) added a term, €%2\, to the classical electromagnetic Lagrangian for particle motion. Here,

A is a suitably adjusted constant. E and € are then canonically conjugated to A and ¢, respectively.
As A— 0, they verify that the lowest excitation state of

€ approaches a delta function of €. As A—0, they also
recover charge conservation and the classical Maxwell’s

equations. They show that € as a dynamical quantity

is indirectly equivalent to altering the assumptions on

localisability of the charge-current interaction, resulting in charge non-conservation for A>0. Distributed (non-local)

sources arise for J»J-VE/u and for p— p+€dE/ot, also
consistent with the present work. The present work uses the

resultant equations of motion for A=1, which are identical to the work of Ohmura (1956), and van Vlaenderen
and Waser (2001). Specifically, the new formulation adds one term in each inhomogeneous equation for

Band E with€ #0, not unlike Maxwell’s addition (Maxwell,
1865) of displacement current:

VxB - €euoE/ot=u(d - VE/N); 9
VeE=(p+€dE/ot)/e. (10)



The homogeneous equations (VeB=0 and Vx E +0B/ot=0)
are unchanged. The curl of equation (9) has the term,
VxVE=0 (Danese, 1965), resulting in the classical B-wave
equation, equation (4). Moreover, € does not occur inthe wave equation for E, equation (5), because Vo&/ot—oVE/ot=0 from
the gradient of equation (10). The wave equations for ¢ and
A are also unchanged via cancellation of terms, 6&/ot and VE,
in equations (6) and (7), respectively. Consequently, the new
theory preserves the classical wave equations for A, B, E, and ¢, as well as the classical expressions for the fields in terms of the
potentials, equations (2) and (3). While the new theory is trivially consistent with the classical forms for €=0, the key point of
the new theory is ascribing dynamical variability to
€+0 (i.e., a scalar wave), rather than to focus on a particular
choice of gauge. This approach is a significant revision of
classical electrodynamics.
Matching conditions at the interface between two media are required to solve Maxwell’s equations. This condition under
classical electrodynamics for the normal component of E is (Lorrain and Corson, 1970):

€E —€FE =€(-0A/0t-V) ,—€(-0A/t-V) =p, (11)

A

The difference between equations (11) and (12) is
€, (0Alot) ,—€,(0Aldt) ,=0. This difference is not due to
equation (12) being written in terms of the scalar potential, since equation (11) is A-gauge invariant in terms of the

potential functions. The key assumption in the derivation of equation (12) is the choice of €=0 for obtaining equation
(6). Other gauges (e.g., Ve A=0) are equivalent to £=0 with
different physical interpretations (Jackson and Okun, 2001,
Jackson, 2002), so the issue is not the choice of gauge.
The matching condition for equation (6) under the new theory is equation (12) (The other matching conditions are
unchanged). Equation (12) also can be obtained by
substitution for E fromequation (3) and € #0 fromequation (8)
into equation (10). Consequently, the difference in matching
condition is eliminated by this new theory. Moreover, equation (12) is a testable prediction of the theory, namely, that surface
charge at an interface produces a discontinuity in the gradient of the scalar potential, rather than a discontinuity in the normal
component of E. An experiment with non-zero
OA/dt should be able to test equation (11) vs. equation (12).

4 Waves, charge, momentum, and energy

A wave equation for € arises (van Vlaenderen and Waser, 2001; Arbab and Satti, 2009) from the divergence of equation (9),
plus the time-derivative of equation (10):

€Y O0°E/ot2 — VZE =—p[oplot+V + J]. (13) Charge conservation corresponds to a zero right-hand side (RHS) for

equation (13), which is an instantaneous equation.

However, all real experiments are performed over a finite time, AT, corresponding to a time average. A long-time average
gives op/ot+VeJ=0 on the RHS of equation (13),

in accord with long-standing experimental evidence (Okun,

1989; Belli et al., 1999) for charge conservation, implying:

(ep %E/ot2 — VEY=0, AT >> At. (14) The zero RHS of equation (14) implies lossless E-wave
propagation in the absence of a source or sink over long time scales, for a time average, (). Nevertheless, long-time-scale
charge conservationdoesnotpreclude charge non-conservation over short time scales, and is a significant departure from the
classical theory. In this context, ‘short” means that AT <At,
where At arises from the Heisenberg uncertainty relation,

AE At=7/2; AE isthe charged-quantum-fluctuation energy; and

h is Planck’s constant. Equation (13) can then be interpreted as charge non-conservation driving the €-wave, and vice versa. (This
interpretation is not unlike energy fluctuations driving
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mass fluctuations in quantum electrodynamics, and vice versa.) Direct experimental confirmation of such quantum charge
fluctuations will require observations, consistent with the Heisenberg uncertainty relation. For example, a bare electron



has AE=mc =0.51MeV, corresponding to At~6x10

This condition corresponds to a discontinuity in VE from
charge fluctuations at an interface.
The resultant form for momentum balance under the new theory is (van Vlaenderen and Waser, 2001):

seconds, which is too fast for direct observations at present. Still, this theory gives testable predictions for inference of €-
waves over short time scales, as discussed below.
Regarding charge conservation, Okun (1989) reviewed

the status of experimental tests (e.g., electron decay into two

2

y-rays, each at m.c /2). A lower bound on the lifetime of an

€M (OP/ot)+(p+€TEIOE+(I-VE/N)xB=VT. (18)
The form for energy conservation under the new theory becomes (van Vlaenderen and Waser, 2001):

oulot+VeP+(J-VE/Y)-E=0, withu=% (e E2+B%). (19) The Poynting vector is P=ExB/u; the Maxwell stress

2

electron is T,>10

years, for long-time charge conservation;

tensor is T=€[EE-IE?] +[BB-":IB*)/\, from the classical

see Belli et al. (1999) and citations therein. Okun (1989) also discussed longitudinal photons (E-longitudinal waves, as discussed
below), which would be emitted at the point in the Feynman diagram where charge conservation is violated (see also Heitler,
1984). Consequently, the longitudinal electric wave (LEW) is directly related to charge conservation, which
is in turn tied to the €-wave under this theory. As discussed
above, charge conservation over long-time scales is not
inconsistent with short-time charge non-conservation under the Heisenberg uncertainty principle, which also allows non-
conservation of energy and momentum.

Equation (13) can be derived directly, using the 4-vector form of equations (6) and (7) (Jackson, 1962):

PA=pJ. (15)

Here, the 4-vector current density is J=(J, icp). The 4-vector potential is A= (A, id/c), using i=(-1)27=(V, dldict), and
c=(ep)™ in the local medium (not necessarily vacuum).

As discussed in Section 3, equation (15) arises from this more

complete theory without assuming a gauge condition. The 4-divergence of equation (15) isT¢@®A) = J, in which

the time derivatives commute with one another and with the spatial derivatives. Also, the Laplacian commutes with the
divergence of A, V¢(V2A)=V?(V+A), because V¢(VxB)=0

and B=VxA. Thus, the D’ Alembertian commutes with the

4-divergence to yield:

F(*A) =i J. (16)

The RHS of equation (16) can be written (Jackson, 1962) asthe RHS of equation (13), —pf* J=—u(V+J +op/ot). Moreover,

-¢ is the divergence of the 4-vector potential (Jackson,
1962). Consequently, equation (16) is an alternative form for



equation (13). Under classical electrodynamics, the right- and left-hand sides of equation (16) are independently zero. Equation
(13) is equivalent to equation (16) under the new theory, as a 4-vector covariant form that is consistent with relativistic
invariance (Jackson, 1962). This derivation elucidates the Aharonov-Bohm (1963) statement about classical charge
conservation, corresponding to a delta

function of VeA+ep od/ot (€=0) for the wave function for

the lowest excitation state. This derivation also provides insight into charge non-conservation (+J*0), arising from the
dynamical variability in €=+ A under this more

complete theory. The €-wave boundary condition is:
(VE) Iy, - (VE), /u, =[0p,/ot+V],]. a7

definitions (Jackson, 1962). An alternative form is (van Vlaenderen and Waser, 2001):
ov/ot+VeQ+JeE+pE/eN=0, with

v=1s (€ E+BY/+EY/|); Q=EXB/Y - EE/Y. (19')

The new form for the Lorentz force from equation (18) then is (van VVlaenderen and Waser, 2001):
F=(p+€dt/ot)E+(J - VE/) xB. (20) Equations (18)—(20) have the current density, J, replaced

by (J-VE/Y); p is replaced by the term, (p+€oE/ot).
These replacements arise from equations (9) and (10),
which have the same replacements. Validation of equation
(20) requires measurement of €(6€/ot) E and (VE/) x B.

The third wave solution (below) shows that € can occur
together with a longitudinal E-wave. Consequently,
this theory predicts that long-time-averaged products,

<(0t/ot)E> and <VExB>, in the generalised force of
equation (20) will be experimentally observable, due to

correlations between the €- and electromagnetic waves, even if the short-time variations in €, B, and E are too fast to
observe directly.

5 New wave solutions

This section addresses explicit wave solutions for B=E=0. The resultant forms are:

-0g/ot=ple, for E=0 in equation (10); (21)
VE=pJ, for B=E=0 in equation (9); (22)
VxJ =0, for B=0 in equation (4); (23)
oJlot+Vplue=0, for E=0 in equation (5). (24) Equations (21)-(24) have no wave-like solutions for

p=constant or J=constant. Rather, these conditions are for
electrostatics and magnetostatics, respectively. Equations

(21) and (22) are equivalent to equations (23) and (24). Note that equation (22), VE=pJ, implies that the line integral,

fJ-dészE-de/u, is independent of the path, and thus is
zero around a closed path, corresponding to no circulating

currents for creation of the €-wave. Rather, € arises from charge fluctuations in equation (13). The condition, B=0,
implies that VxA=0 from equation (2), or A=Vx for an
arbitrary scalar function, X. The resultant equation is:

Px =p[op/ot+Ve<J], A=Vx and ¢ =-ox/ot. (25)
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Here, the D’ Alembertian operator is: ? = V?- 6°/oc??, where

c=(ep)™2 in the local medium (not necessarily vacuum), as

before. Charged fluctuations drive this fourth-order equation.
momentum, Q, in equation (19") yields zero for E=B=0,



and Ampere’s law are based on falsifiability tests for massive photons under the Maxwell-Proca theory, which has an

additional term on the RHS of Gauss’ law (-, $)
and an additional term on the RHS of Ampere’s law

The
along with an energy density of the form, v (E=B=0)=&%2p.

(—uY A). The photon mass is H,, with present experimental

Thus, €-waves have energy, but not momentum. The explicit
limits at a level of H, <10

g; see Luo et al. (2003) and

prediction of wave-like phenomena (€-waves) with energy, but not momentum, is unprecedented, but is not unlike charged,
quantum particle-antiparticle fluctuations having
energy, but no net momentum.

Goldhaber and Nieto (2010). Such tests cannot be used to test the new theory, which is incompatible with the Maxwell-
Proca formulation. As discussed above, the long-time lower bound on the lifetime for single electron

Asecond special case for E=0 gives A=Vy and ¢ =-0x/ct.

24

decay, T, > 10

years (Belli et al., 1999) does not preclude

However, substitution of A=Vx into equation (2) yields
B=0. Consequently, E=0 implies B=0, which is the same as

the previous case. Thus, magnetic wave-like solutions cannot occur for E=0 with the €-wave.
A third case for B=0 also gives A=VY. Equation (4)

simplifies to VxJ=0, implying that J=Vk for an arbitrary

scalar function, k. The resultant wave equation is:

€U O?x/ot? — V2X = uK, with J=Vk and A=Vy. (26) Two scalar-wave equations are involved: equation (26) for

X and equation (6) for ¢. The field is E=-V(¢ +ox/ot), which
has momentum, Q(B=0)=-EE/y, from equation (19"), and an
energy density is v(B=0)=% (€E2+E?/). This solution has a
€-wave, together with a longitudinal E-wave, as indicated by
the term, EE, in equation (19").
These new waves directly drive currents via the gradient of a scalar field, J=V&/y, from equation (25) for B=E=0, and J
=Vk from equation (26) for B=0. Consequently,

electrical-conductivity losses do not occur for longitudinal and €-waves. By contrast, transverse waves under classical
electrodynamics drive currents in proportion to the electric field (Jackson, 1962; Corson and Lorrain, 1970), J=0OE, with a

corresponding ‘skin depth’ and longitudinal decay time (e/o~10-Vs) for typical conductive media.
The nature of the E-wave can be elucidated further by the
fundamental theorem of vector calculus, which states that a
sufficiently smooth, decaying vector field, R, has a unique decomposition, as the sum of curl-free and divergence-free
components (Danese, 1965):



R=Vu+VxW. (27)

If VeR=0, then R=VxW from the identity (Danese, 1965), V-V xW=0. Here, W is the “vector’ potential for this
‘solenoidal’ or ‘divergence-free’ case. A solenoidal current,
VxJ#0, drives these ‘transverse’ electromagnetic waves,

which are well-known in classical electrodynamics (Jackson, 1962; Griffiths, 2007). If VxR=0, then equation (27) has the form, R
=Vu, viathe identity (Danese, 1965), Vx Vu=0. Here,

u is the “scalar’ potential for this ‘irrotational’ or ‘curl-free’ case with a current, J=Vu, exciting the waves in equations
(25) and (26). This gradient-driven current is distinct from the solenoidal current that drives transverse waves.

6 Discussion

How does this theory compare to tests of Gauss’ law, Ampere’s law, and charge conservation? Tests of Gauss’

short-time non-conservation of charge. No short-time tests of charge conservation are known.

Classical theory predicts no LEW in free space. One classical counter-example arises from a stellar explosion, which
ejects concentric, spherical, radially expanding shells of fast electrons (outer shell) and slower-moving positive- ions (inner
shell). These charged shells form a spherical capacitor with a radial E-field that is parallel to the shell’s outward radial
motion. Spherical symmetry implies that the E-field varies as 1/R? with R =radial distance from the centre. If the ejecta are not
spherically symmetric (e.g., dipole shells from the Crab supernova), an E-field component still occurs in the outgoing direction.
The temporal and radial variations in this propagating E-field form a LEW. A second example is a nuclear explosion in vacuum
that produces an LEW for the same reason (Monstein and Wesley, 2002). A third example is a flat-plate capacitor, which has a
longitudinal E-field that changes in time and space between the conductive plates during (dis)charging, even with edge
effects; this example is also valid for other geometries. The temporal variations in charge separation drive the boundary
conditions in each of these examples, which can occur (in principle) at infinity, making the propagation medium
indistinguishable from free space. (Other classical situations also yield longitudinal electric fields, such as wave propagation
at the interface between two dielectric materials, and TE/TM modes in waveguides.) Experimental validation is, therefore, vital.

Giakos and Ishii (1993) measured longitudinal waves in air over many wavelengths from the open end of a rectangular
waveguide at 12.25 GHz (free-space wavelength of 2.45cm), as shown in Figure 1. The entire experiment was elevated
82.5cm above a wooden tabletop at two different indoor sites to minimise any ground waves and reflections. The E-field sensor
was a 3.5 cm long dipolar antenna of 0.0123 cm thick copper wire, oriented along the Zaxis. The non-decaying, free-space,
longitudinal electromagnetic wave has interference oscillations, as shown in Figure 2. On the other hand, the B-wave sensor
was a 3.5cm, square loop antenna of 0.0123 cm thick copper wire, oriented with the axis of the loop along the Zaxis. A
non-decaying longitudinal B-wave was observed, as shown in Figure 3. This result follows from classical electrodynamics
in conversion of the wave-guide modes to low-loss, free-space propagation; see Giakos and Ishii (1993) and references therein.
The observed longitudinal components do not decay according to the 1/R? or 1/R® with distance, but at a much slower rate.
The interference oscillations probably arose from the coupling
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of hybrid TE/TM modes, due to the non-uniformity of the surface impedance of the antennas. The non-evanescent,
longitudinal component of the electric wave in free space is not inconsistent with this new theory. However, this experiment needs
to be repeated with much more care for validation of the new theory. For example, the cause of the interference oscillations
cannot be verified, because the excitation levels of the TE/TM mode(s) were not specified. The antennas had no electromagnetic
shielding to avoid interference among the various field components. Vertical (and several different horizontal) waveguide
orientations should produce the same results.

Figure1 Schematic diagram of the experimental arrangement (E=electric dipole; M=magnetic dipole}, showing

the angle of observation and orientation of the dipoles. Different orientations are indicated as solid lines for the longitudinal field, and
dashed lines for the transverse field (Giakos and Ishii, 1993) (see online version for colours)



Figure 2 Predominantly longitudinal electric field vs. parallel shifting distance of the detector (rectangular dipole antenna) in air with a line-
of-sight distance of 75.5cm at an operating frequency of 12.25GHz (Giakos and Ishii, 1993)

Figure 3 Predominantly longitudinal magnetic field vs. parallel shifting distance of the detector (rectangular loop antenna) in air with a line-
of-sight distance of 75.5 cm at an operating frequency of 12.25GHz (Giakos and Ishii, 1993)
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Classically, radial oscillations of a charged sphere produce no electromagnetic radiation (Panofsky and Phillips, 1969),
because spherical symmetry implies that —0B/0t=VxE=0, i.e., no magnetic wave. Thus, the Poynting vector, ExB/y,
is zero, yielding no classical electromagnetic radiation. Under
this new theory, a charged, oscillating sphere produces both a LEW and a scalar wave. An experiment by Ignatiev and Leus
(2001) used a radially oscillating (120kHz) charged sphere to generate a longitudinal electric wave, for which the propagation
speed was measured at 1.12c. However, details are unspecified (e.g., laboratory setting, antenna geometry, magnetic-solenoid
geometry for excitation of oscillations in the sphere, sensor). Moreover, measurements were in the near-field regime
(wavelength=2.5km), for which ground reflections and interferences are important. This experiment needs replication to validate the
new theory. The reciprocity theorem guarantees transmission and detection by the same geometry.

A computational electromagnetic model can be modified for the new theory, with simulations to guide the above
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PREDOMINANTLY LONGITUDINAL ELECTRIC FIELD (dB]

0 T
0 10 20 30 40
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experiments. For example, isa TM

z

mode (with a large E )

best to maximise the free-space amplitude of E in the LEW
waveguide experiment? Will coupling to other TE/TM modes
in that experiment produce the interference oscillations, as
discussed above? An important question for the oscillating-
charged-sphere experiment is whether monopole oscillations
will produce analogous interference oscillations when
coupled with multi-pole oscillations in the sphere. Detailed
(graphical) results of such analyses are beyond the scope of
the present work.
The present work differs from ‘generalised Maxwell’s
equations’, which include magnetic charge and currents,
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Table 1 Summary of predictions

Classical prediction New theory Testable by measurement of ...

f(r,t)=f(r,s)—c*> VeAdt



A and ¢ as independent quantities

€E,-€E =p,

27 n2 1

Wave equations for A, B, E,

£-0

Evanescent E -wave

Charge conservation

Correlation between A and ¢

—€,(V) ,+€,(Vd)  =p,
Wave equations for A, B, E, ¢
€Y T /ot =V E=—p[op/ot+V =]

Free space E -wave

Charge conservation at long-time scale

El(aA/@l')n1 - 052(8A/61.‘)n2 *0?
Waves

&-wave: energy/no momentum

E -wave: energy+momentum

short-time charge conservation

F=pE+JxB

F=(p+€0E/Ot)E+(J - VE/Y)x B

€EJE/ot and VE xB/Y

beginning with the early work of Dirac (1931). Other recent theoretical work formulates four-potential solutions for B and E
(Dubovik et al., 2000). More recent work by Nahara (arXiv:1006.5026v5 2010) writes the four-potentials in terms of two scalar
potentials (electroscalar and magnetoscalar), and reduces to this new theory for no magnetic charge and no magnetic current.

7 Conclusions

This paper examines the implications of a new electrodynamic theory (Ohmura, 1956; Aharonov and Bohm, 1963; van
Vlaenderen and Waser, 2001), with dynamical variation

in E=-Ve+A-epod/ot. This new theory adds one new term to both Gauss’ law (6&/ot) and Ampere’s law (-VE).

The new theory preserves the classical wave equations, as

well as the classical fields in terms of the potentials. The new theory resolves a difference in the matching condition for

Gauss’ law and the ¢&-wave equation, making A and ¢ explicitly independent. The new theory predicts a non- evanescent

longitudinal-electric wave. Dynamical variability in € is interpreted as a scalar wave that is driven by charge fluctuations on
fast time scales; charge conservation is preserved for long times. (This interpretation is not unlike energy fluctuations driving
mass fluctuations in quantum electrodynamics, and vice versa. The precedent for the latter is supportive of the former.) The
new theory predicts

modified forms for the Lorentz force, the Poynting vector, and electromagnetic energy density.

Table 1 summarises the predictions of this new theory. Some of these predictions are identical to classical electrodynamics (e.g.,
wave equations for A, B, E, &; charge conservation on long time scales). Other predictions are a departure from classical theory. One
change involves non-local source terms for current
density, J—J-VE/M, and charge density, p— p +€5€/ot, which
appear in the force and energy balance equations. Another
difference is non-conservation of charge on short time scales. Experimental tests of these predictions are needed (Okun, 1989; Belli et
al., 1999) and are a subject of future work.
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AHHOTaumA: ypaBHeHMsa Makceenna TpebyroT KanMbpoBKM ANA KOHKPETHbIX
pelleHnit. 3Ta HENOIHOTa MOTUBUPYET UCNOb30BAaHUE AMHAMUYECKOM
BeNMUUHbI, E=-V e A-gudd /ot. 3aecb A 1 d ABNAIOTCA BEKTOPHbIE U CKaNAPHbIe
NOTeHUMabl, C NPOHULAEMOCTbIO U ANINEKTPUYECKOM NPOHMLAEMOCTH, € U L,
COOTBETCTBEHHO. Pe3ynbTaThl:

® PENATUBUCTCKAA KOBAPUAHTHOCTb
® K/1aCCn4eCKkne BOJ/IHOBbLIE pelleHnA

® yCTPAHEHME HECOOTBETCTBMIN MeXKAY COrnacoBaHUA meaua-uHtepdenca ana e m
ONA 3aKoHa laycca

* HesaBMcMMmoOe onpeaeneHe Au ¢

* MPOrHO3MpPOBAHWUE ABYX HOBbIX BOJIH, OAMH U3 KOTOPbIX 3ap GpAYKTYaUMOHHO-
MPUBOAMMbIV CKANIAPHYIO BOJIHY, MMEIOLLYHO

3HEeprusa, Ho He UMNYbC
® BTOPOM NPOAO0/IbHOM 3N1EKTPUYECKOM BOJIHbI C SHEPTMEN U UMIMTYIbCOM

® SKCNepunmeHTa/ibHble NpeanoxXeHunA.
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1. BeepgeHue

Knaccmnyeckasa anekTpomarHeTMsam 3aHMMaeT LEHTPAIbHOE MECTO BCe PU3UKY,
oTHocALWMecA anekTpmuyeckoe (E) u marHuTHOro (B) noneit ¢ guHammKo
3/1eKTPUYECKM 3apaxKeHHoM maTepuun. Mone E co3paetca 3apsgamun. [pukeHune
3apAL0B CO34aET 3/IEKTPMUYECKMIN TOK, KOTOPbIN 3aTem BanseT Ha B n E nona.

dyHaameHTanbHble NPobiembl MOTUBaAUMK Bonee NOAHOE, KNAaCCUYECKUM
3NEeKTPO-gMHamn4eckom Teopmn. Moaeno Makcsenna npegcrasnaet cobon
CBA3aHHbIN Habop ypaBHEHMI C YAaCTHbIMW NPOU3BOAHbIMU (YPaBHEHWUI B
YacCTHbIX MPON3BOAHbIX) B MaTemaTnyeckom Touke (Makcsenn, 1865 r.).
IKBMBANIEHTHOE CUJ/Ibl 3aBUCAT TOJIbKO OT JIOKAJ/IbHbIX 3Ha4YeHuI nond. O4HaKo
peanbHble 3KCNepMMeEHTbI BbIMOJIHAKOTCA B Te4eHME KOHEYHOro BpeMeEHU U
npocTpaHcTBEHHOM 0bnacTn, 6e3 Kakmx-nnbo beckoHeyHocTeln. PacxoxaeHna
BO3HMKAIOT TEOPETUYECKM B TOUKE NPOCTPAHCTBA-BpemeHn. MHTerpanbHble
$OopMbl Hag, KOHEYHbIM MPOCTPAHCTBEHHO-BPEMEHHOM 061acTM ABAAOTCA
HacToAllee aNbTEPHATMBOM ANA ypaBHeHMn Makceenna (Jackson, 1962; JloppeHa
n Corson, 1970), HO He 06pPaTUTLCA K APYron HENOJIHOTY, KaK OMUCAHO B
cnepylowem.

BTopas moTMBauua ABNAETCA TO, YTO YpaBHeHUA MaKcBenia umetoT 6eckoHeyHoe
MHOEeCTBO NPOM3BOJIbHbIX PELLIEeHUIA BEKTOPHOro Nons. PelweHus

TpebyloT KaAMBPOBOYHOrO NPeANnoNoXKeHUA, Takne Kak V e A + agpu 0 / ot = 0.
OpaHa KpanHOoCTb AaTyuK JlopeHy, (a = 1), nogpasymeBas, 4To

3G PEKT MCTOYHMKA 3apsAaa PacnpPOCTPaHAETCA CO CKOPOCTbHO CBETA, C.
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KynoHoBcKaa KannbposKa (a = 0) gaeT 3/1eKTPoCTaTUKK C pacnpocTpaHeHnem ¢ ¢
6ecKoHeuYHOoM CKopocCTblo. 3HaYeHna 0 <ot <1 Ha3bIBaKOTCA AATYMK CKOPOCTH, U
MO3KeT BbITb MCTONKOBAHO KaK pacnpocTpaHeHue ¢ co ckopocTbio, v> ¢ (Jackson,
2002). CnepoBaTtenbHO, AaTYUK

YCNOBWE CBA3AHO C (He) NO0Ka/IbHOCTb MO ero CKaNsPHbIM MOTEHLMAIOM CKOPOCTU
pacnpocTpaHeHus.

AnbTepHaTMBa NpegnonaraeT AMHaMUYECKOe N3SMEHEHME
E€=-VeA-gudd/at. PaHHUe paboTbl no Omypa (1956) gan
BPEMeHHOW NPon3BoAHOM OT £ B 3aKOHe [aycca 1 rpagueHT oT |
B 3aKoHe Amnepa. ApoHoB 1 bom (1963) nobaBneH TepMuH,

€2 / 2\, K Knaccnyeckom aNeKTPOMarHMTHOM NarpaHKmMaHa ana ABUMKEHUA YacTul,
roe A ABNseTcA COOTBETCTBYIOWMM 06pa3om OTperyampoBaHo KoHcTaHTa. Mpu A>
0, Teopua NpeacKasbiBaeT HeNOKa/IbHbIE UCTOYHUKN 418 MIOTHOCTM TOKa,

J>1-VE&/uunnnotHoctb 3apaga, p > p + € 0¢ / ot. d1a

TeopuA TakKe NpeacKasbiBaeT HeCoXpaHeHue 3apaaa, KOTopbln obeyKaaeTca
HUXKe bonee nogpobHo. Kak A = 0, camoe HU3Koe cocTosHue Bo3byKaeHus oT £
npubankaetca K genbta-opyHkuma Ve A+ gudg / ot,

NO3BONAS BOCCTAHOB/IEHME COXPAaHEHUA 3apAaa U K1aCCUYECKOM
anekTpoanHamuku. Mpu X = 1, Teopua AapoHoBa-boma naeHtMyHa Omypa (1956)
n BaH Vlaenderen n Waser (2001). TepmunH Takom ke ¢popmbl, Kak £ 2 / 2\ moryT
6bITb JOOaBNEHbI

Heé3aBUCMMaA, KOTOpPaA ABHO pa3peLlleHbl 3TOW HOBOWM TEOPUMN. UcnbiTaHme aToro
BOMNpOCa npeanosaaraet ogHoBpemMeHHOE nUsmepeHune

A v ¢ B nponsBonbHOM Kannbposke (A > A+ VA
d > ¢ - 0N\ / dt). OTa Teopma TaKXKe yCTpaHAET pasHULLY B
COOTBETCTBYHOLLME YCNOBUA Ha rpaHULEe pa3aena AByX cpes, B KayecTse

MOJIy4EHHbIN U3 3NeKTpUYecKkoro noteHumana (¢) n 13 3akoHa Maycca. 3ta pabota
He YYUTbIBAET HEMOJIHOTY AN AUSNEKTPUKA
18



N MarHUTHble MaTepuanbl, Tpebytowme onpeaeneHun
EV N
31K npobaembl yKa3biBatOT Ha HeEoHBX0AMMOCTb 6onee NoNHOro

31IeKTPOANHAMMYECKON TEOPUM, KaK obcyaanoch 3aeck. B pasgene 2
npMBeAeHbl COOTBETCTBYIOLME YACTU K1aCCUYECKOM 31eKTpOoANHaMUKN. Pasaen 3
NPOACHAET HOBYIO TEOPUIO C | KaK AMHAMMYecKas BenndmHa (Omypa, 1956;
ApoHoB 1 bom, 1963; BaH Vlaenderen n Waser, 2001). Pasgen 4 nony4aet
YpaBHEHWEe KOBAapPWAHTHbI BOJIHbI U HOBbIN

dbopmbl Ana nmnynbca n sHeprun. Pasgen 5 onucbiBaeT ABHble BOJIHOBbIE
pelweHns n3 HoBom Teopun. Pasaen 6 obcyKaaeT HOBYHO TEOPUIO NPOTUB
COBPEMEHHbIX 3KCNEepPMMEHTANbHbIX UCNbITaHMW NpenapaTa Makceenna-fMpoka
ANA MacCUMBHbIX GOTOHOB U U3MEPEHUA NPOAO0bHbIX BOMH B CBO6OAHOM
npocTtpaHcTee (Giakos n NUcun, 1993). Pasaen 7 coaep»KuUT BbIBOAbI.

2 Knaccuyeckas INNEKTPOANHAMUKA

INEeKTPoAMHaMMKA MOXKHO CMOAEINPOBATbL C MOMOLLbIO YpaBHeHU Makcsenna
(Jackson, 1962). 3aecb }KUPHbIM KYPCMBOM 0603Ha4YaeT BEKTOP-PYHKLIUIO
BPEMEHU M NPOCTPAHCTBA. MNOTHOCTb 3N1EKTPUYECKOTO TOKA U NJAOTHOCTb
3NEKTPUYECKOro 3apaaa 0603HaYMM Yepes J U p, COOTBETCTBEHHO.

dNeKTpUYecKaa NPOHULAEMOCTb, € U MAarHUTHAA NPOHULLAEMOCTD, W,
npeanonaratTca YyCTaHOBMBLUETOCA COCTOAHUS, OAHOPOAHOM, U3OTPOMHOM, U

He 06A3aTeNbHO COBMAAAET C UX 3HAaYEHUAMM Bakyyma. Mona B 1 E moryT 6bITb
3anucaHbl B eanHuuax MKS Kak (/loppeHa n KopcoHom, 1970):

B=VxA;(2)
=-0A /0t - V. (3)

[aHHaA cTaTbA NOCBALLEHA BOIHOOOPA3HbIX PeLIEHUI AN NONAEN U NOTEHLNANOB;
ApYyrve peleHuns (T.e. TONbKO BPEMS, UM TONIbKO NPOCTPAHCTBA) He
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obcyxaatoTca. BonHoBble ypaBHeHUA ana B u E anatotca (/loppeH n Corson,
1970):

KannbpoBoYHO MHBapPMaHTHbIN NarpaH»kuaH (Jackson n OKyHb,

ELoB/ot
-VB=uVxlJ;(4)
222

2001); npumepamu asaatoTcs gatimk PeHmaH (A = 1) n kannbposka JlaHaay (A =
0).

TpeTba npobaema B Tom, 4TOo A 1 ¢ 04HO3HAYHO U HE3ABUCUMO APYr OT Apyra
onpeaensaeTca onepaTtopamm KnaccMYeckoro 3anasapiBatollen NpuHa Ha

J n p (Griffiths, 2007). Tem He meHee, AaTYMK JTopeHL, NPU KNaCCUYECKOM
3NIEKTPOANHAMMKM cneayeT, uyTo A u ¢ He ABNAIOTCA HE3aBUCUMbIMU
BE/IMYMHAMM, a CBA3aHbl cooTHoLlleHnem (Ribarié u

Sustersic, 1990):

EWO2E /0t2-V2E=-puad)J/0dt-Vp/e. (5)

Knaccuyeckue BonHoBble ypaBHeHUA ana G 1 A umetot sug, (JloppeHa mn Corson,
1970):
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eEno2dp/ot2-V2p=p/¢c;(6)
ELO02A /0t2-V2A =l (7)

®dopma, B=V x A, B ypaBHeHUM (2) AonycKaeT NPon3BObHYO GYHKLUIO
KannbpoBoYyHoe, J1, c nomoLlbto BeKTopa naeHTn4Hoctn, Vx VA =0

e(r,r)=e(r,s)-c2V e ADT.

S

(1)

(Danese, 1965), noapasymeBas, YTO BEKTOPHbIA NOTEHLMAN NPOU3BOIbHO NpU
npeobpasoBaHnm A - A+ VA, Ho B

Ncnonb3oBaHue 6putebl OKKama no atomy Bonpocy (Ribarié¢ n Sustersic, 1990)
BbICTyNaeT 3a 6onee npocTyto runotesy A n ¢ Kak

OCTaeTcs HEM3MEHHbIM (KaAMBPOBOYHO MHBAPMAHTHbLIM). E B ypaBHeHMH (3)
TaK»Ke 40/1KHbl ObITb MHBAPUAHTHbI OTHOCUTE/IbHO 3TOro NpeobpasoBaHus,
nogpasymeBas

K 6onee nonHoOM anekTpoanHaMU4eckom Teopum 5

yto ¢ > ¢ - OA / Ot. 910 BeckoHeuyHOCTb GYHKUMOHANbHBIX GopM
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MO*KeT bbITb BbipaXKeHa Kak BbIbop KannbpoBoyHOro npeobpasoBaHUA

(AskeKcoH u OKyHb, 2001; Jackson, 2002). Oa4HMM M3 BapUAHTOB ABASIETCA AATYUK
JlopeHu, € =0, c AONONHUTENbHbBIM YC/IOBUEM,

gL O2A /0t2-V2A=0:

E:-V.A-eua(b/at- (8)

NHAaeKe, 'n' 0603HaYaeT KOMMNOHEHT, KOTOPbIA ABASIETCA HOPMAIbHbIM K
nHtepdency. MHaekcbl 1 1 2 yKa3biBalOT Ha COOTBETCTBYHOLLLEE 3HAYEHME B Cpeaax
1 vnun 2, cooTBeTCcTBEHHO. [110THOCTb NOBEPXHOCTHOTO 3apasa pA. Ycnhosue
cornacoBaHua B ypaBHeHUM (11) He n3meHseTcs

npeobpasoBaHuem A-ro Kannbpa, Tak Kak E He meHseTcA.

YcnoBue cornacoBaHua ans ypaBHeHUA (6) MOXKHO NoAy4nTb, 3ameTus, yto V2o =
Ve (Vd):

Ncnonb3sosaHue £ = 0 3anpetuT 0 / 0t npu BbiBOAE ypaBHeHuUA (6), n -VE npu
BbIBOAE YpaBHeHUA (7).

-€2 (V) n2

+E1 (Vo) nl

= PA. (12)

3 HoBas Teopwua

ApoHoB 1 bom (1963) pobasneH TepmuH, A 2 / 2A, K Knaccuyeckomy
3/IEKTPOMArHUTHOM NlarpaHKnaHa gnAa ABUXKEHUA YacTumL, 3aecb A ABnaeTca
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COOTBETCTBYHOLMM 06pa3oM OTPEryMpoBaHO KOHCTaHTa. E 1 § 3atem
KaHOHWYECKM KOHBIOTUPYIOT C A U ¢ COOTBETCTBEHHO.

MockonbKy A = 0, OHM NPOBEPAIOT, YTO HM3LLEE COCTOSAHNE BO3OYKAEHMA
¢ npnbamkaetca K genbta-pyHKUMmM £. NMockonbKy A = 0, OHM TaKKe
BOCCTAHOB/NIEHUSA U COXPAaHEHMA 3apsaaa Knaccuyeckmx MaKkesenna
ypaBHeHMA. OHM NOKa3bIBatOT, YTO £ B KaYecTBe ANHAMUYECKON BENUYMHDI
KOCBEHHO 3KBMBANIEHTHO M3MEHEHUIO NPEaNON0XKEHUIN O

localisability B3aumopaeiicteuma 3apaga Toka, B pe3yibTaTe Yero CTOMMOCTb
HecoxpaHeHue npu X> 0. PacnpeaeneHHas (HeNOKaNbHOro)

MCTOYHUKM BO3HUKatoT Npu ) > J-VE/ uunnpu p > p +£09¢ / Ot, Takke
B COOTBETCTBUM C HacToAwen paboTbl. HacToAwan paboTta ncnonbsyer

Mony4YeHHble ypaBHEHUA ABUMKEHUA Ana A = 1, KoTopble MAEHTUYHbI paboTe
Omypa (1956), n BaH Vlaenderen

n Waser (2001). B yactHocTu, HOBas Gopmy/IMpoBKa A06aBAAET OAMH YNEH B
KaXX40M HEO4HOPOAHOro YypaBHEeHMA anA

BuEc| #0, aHe B otanumne ot Toro Makcsenna (Maxwell,

1865 r.) oT TOKa cmeLeHus:

VxB-eudE/ot=p(J-VE/p);(9)

VeE=(p+e€0df/0t)/e. (10)

OaHopoaHbiX ypaBHeHUA (Ve B=0unV xE+0B/0ot=0)
OCTalOTCA HEM3MEHHbIMU. 3aBUTOK ypaBHEHUSA (9) UMeeT TePMUH,
V x V& =0 (Danese, 1965), 4To NpnUBOAUT K KNaccu4yeckomn B-BosHbI

ypaBHeHue, ypasHeHue (4). Kpome Toro, € He MPoONCXoAMT B BOIHOBOE YpaBHEHMe
ans E ypaBHeHue (5), Tak kKak Vo€ / ot - 0VE / 0t =0 u3

rpagmeHT ypasHeHus (10). BonHoBbie ypaBHeHUA ansa ¢ m
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A ABNAIOTCA TaKyKe 6e3 u3MeHeHU No oTMeHe cpoKkos, 0 / ot un VE,
B ypaBHeHusx (6) n (7), cootsetctBeHHO. CiegoBaTe/ibHO, HOBbIN

Teopus COXPAHAET K1acCUYECKMe BOJIHOBbIE ypaBHeHUA ana A, B, E, @, a Takxke
KNacCUYeCcKMe BbiParKeHUs ANs Nosien B TEPMUHAX NOTEHLMANOB, YpaBHEHUA (2) n
(3). B To Bpemsa Kak HOBas Teopua TPUBUAIbHBIM COrNacyeTca C KNacCUYecKMmm
dopmamm npu £ = 0, KNHOYEBLIM MOMEHTOM HOBOW TEOPUU MPUNUCLIBAHNA
ANHAMMYeCKaa N3MEHUYNBOCTb

¢ # 0 (T.e. CKanApHas BO/IHA), BMECTO TOro, YTobbl COCPEAOTOUMTLCA Ha
KOHKPETHOM

BbI6GOp KannbposKkK. TakoM Noaxon ABNAETCA 3HAYNTE/IbHbIN NepecmoTp
KNaccu4yecKas 31eKTpoANHAMMKA.

CooTBeTCTBYIOLWME YCIOBMA Ha FPpaHuULE pa3aena AByx cpea Heobxoammbl ann
pelweHnn ypaBHeHU MaKcBenna. 3To yC/0BMe, NPU K1acCUYeCcKoM
NEKTPOANHAMUKN ANs HOpManbHoM cocTasnatowei E (loppeH u Corson, 1970):

€2En2 - €lEnl=€2 (-0A/3t- V) n2-€1 (-0A /ot - V) nl = pA. (11)

PasHuua mexay ypasHeHuamun (11) n (12)
€l (0A/0t) n1 - €2 (0A / dt) n2 = 0. 3To pasnnume He ABNAETCA CAeACTBMEM

ypaBHeHue (12) 3anucbiBaeTca B TEPMMHAX CKAaNAPHOro NOTEHLManNa, Tak Kak
ypaBHeHue (11) asnseTca A-kanmbpoBoYHaaA MHBAPUAHT B TEPMUHAX

noTeHumManbHble GYHKUUU. KNroueBbiM NpeanoioKeHnem npu BbiBoae
ypaBHeHua (12) asnaetca Bbibop £ = 0 ANa NonyyYeHUsa ypaBHEHMA

(6). Opyrue nameputenbHble npubopbl (Hanpumep, V © A = 0) akBuBaneHTHol £ =0
C

pa3nnyHble pusmyeckne nHTepnpetaumm (Jackson n OkyHb, 2001;

[xeKkcoH, 2002), Tak 4TO 3TOT BOMNPOC He ABASETCA BbIOOP KaIMOPOBKMU.
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YcnoBsue cornacoBaHua gns ypaBHeHuA (6) B pamKax HOBOW Teopun ABASETCA
ypaBHeHue (12) (Apyrue cooTBETCTBYIOLME YCA0BUA HE USMEHUANUCDH). YpaBHEHME
(12) moxKeT bbITb TaK*Ke NONYYEH NyTEM

3ameHom E u3 ypaBHeHus (3), £ # 0 u3 ypaBHeHuUA (8)
B ypaBHeHuM (10). CnepoBaTesibHO, pa3HULLA B COrNacoBaHUMU

COCTOSIHME YCTPAHSETCA C MOMOLLLbIO 3TOM HOBOM Teopun. Kpome Toro, ypaBHeHMe
(12) aBnaeTca npoBepAemMbIM NpeacKa3aHUe TEOPUN, @ UMEHHO, YTO
NOBEPXHOCTHbIM 3apsA Ha rpaHuULLEe pasaena NPons3BOAUT CKAYOK rpagmMeHTa
CKaNApHOro NoTeHLMana, a He CKAYKOM HOpManbHOM cocTasasatoLen E.
3KCMEPUMEHT C HEHYNEBbIM

0A / 0t gonHa bbiTb B COCTOAHMM NPOBEPUTL YpaBHeHMe (11) No cpaBHEHMIO C
ypaBHeHuem (12).

4 BONHbI, 3apAa, UMMYNbC U SHEpPrua

BonHoBoe ypaBHeHMe ans | Bo3HMKaeT (BaH Vlaenderen n Waser, 2001; Ap6ab u
Satti, 2009) 13 pacxogmMmocTu ypaBHeHuMa (9), naroc Bpems nNponsBoaHas
ypaBHeHua (10):

ELO02E/0t2-V2E=-u[0p /0t +V eJ]. (13) coxpaHeHUA 3apsaaa COOTBETCTBYET
Hynto npaBon Yactun (RHS) ana ypasHeHus (13), KoTopana npeactasaseT cobom
MrHOBEHHOE YpaBHEHME.

Tem He meHee, BCe peasibHble 3KCMNEPMMEHTbI BbINONHAIOTCA B TEYEHUE
KoHe4Horo BpemeHu, & Delta; t, cooTBeTCTBYIOLLEE BPEMEHM CPEAHErO 3HAYEHMUS.
CpeaHux3HavyeHMAanaEsp gonroe Bpema aaet 0p / ot + V ¢ J =0 B npaBoi yactu
ypaBHeHuA (13),

B COOTBETCTBUW C AABHEM 3KCNEepPMMEHTa/IbHble A0Ka3aTenbcTBa (OKyHA,
1989; . bennn n ap, 1999) ansa coxpaHeHus 3apsaga, nogpasymesasn:
<Ep 02€ / 0t2 - V2&> = 0, & Delta; t & Dgr; t >>. (14) Hynesaa PUT ypasHeHua (14)

cnepgyer 6es noTepb KCN-BOJTHA
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pPacnpocTpaHeHne B OTCYTCTBME MCTOYHUKA U TOHYTb B TEYEHUE ANUTENbHbIX
BPEMEHHbIX MacliTabax, B Te4EHNE BPEMEHM B cpeaHeM, <->. Tem He MeHee,
AO0NTroe BpemA macliTaba

COXpaHeHune 3apAaaa He UCKNoYaeT BO3MOKHOCTUN 3apAAKN HECOXPAaHEHNE B
TeyeHne KOPOoTKUX BpeMeHHbIX MaCLUTa6aX, a TaKXKe CywecrtBeHHOe OTK/IOHEHME
oT

Knaccmnyeckasa Teopua. B stom KoHTeKcTe, "KopoTKMe" o3HauvaeT, uyto & Delta; t <
& Delta; t,

roe & Dgr; t BO3HUKAET U3 COOTHOLLEHUA HeonpeaeneHHocTen MelizeHbepra,

& Dgr; t > & Delta; E H/ 2; & Delta; E aHeprus 3apsi>KeHHbIX KBaHTOBbIX
bNYKTyaunit; a TakxKe

4 noctosAHHan MNnaHkKa. YpaBHeHuMe (13) MOXKHO MHTEPNPETMPOBATL KAk 3apasg,
HecoxpaHeHWe BOXAEHUA KCU-BOJTHY, M HaobopoT. (JaHHas nHTepnpeTauma He
oTAnMYaeTcA oT GNYKTyauMit SHEPTUM BOXKAEHMUSA

6 L.M. Hively n G.C. Giakos

MaccoBble KonebaHnA KBAHTOBOW 3/1EKTPOAMHAMMKK, N Hao6opoT.) Mpamoe
3KCMepMMeHTaIbHOe NOATBEPKAEHNE TaKMX KBAaHTOBbIX GNYKTyauuii 3apaaa
notpebyet HabaOAEHUA, B COOTBETCTBMM C COOTHOLLEHNEM Heonpeae eHHOCTH
lenseHbepra. Hanpumep, ronbiv 3N1EKTPOH

nmeet E = MEC = 0,51 M3B, uto cooTtBeTtctByeT & Delta; t~ 6 x 10

3T0 ycnoBme COOTBETCTBYET paspbisy B VE oT
B3MMAIOT KoniebaHUA Ha rpaHuLe pasaena.
MonyyeHHana popma BanaHca MMNysbca B pamkax HoBoM Teopun (BaH Vlaenderen

n Waser, 2001):
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2-22

CeKyH/A, 4TO C/IMLUKOM 6bICTpO ANA NPAMbIX H86IHO,CI,€HMl;i B HactoAllee BpemA.
Tem He meHee, 3Ta TeopmA AaeT nposepAemMble nNpeackasaHna gna N10rmyeckoro
BbiBOAa KCN-BOJIH Ha KOPOTKUX BPEMEHHDbIX N\aCLLITa6aX, KaK ONMMUCaHO HUXKE.

Y10 KacaeTca coxpaHeHus 3apaaa, OkyHb (1989) paccmoTpen

CTATYC 3KCNEePUMEHTA/IbHbIX UCMbITAHUIM (HAaNpPUMep, 3/IEKTPOHOB pacnaja Ha 4Ba

ramMma-siyden, npuyem Kaxabit 8 MEC / 2). HUXKHAA rpaHuLa BpeMEHU KU3HU

EL(OP/0t)+ (p+€0€/O0t)E+(J-VE/ W) xB=V T, (18)

dopma AN coxpaHeHUA S3HEePrMn B paMKax HOBOM TEOPUM CTaHOBUTCA (BaH
Vlaenderen n Waser, 2001):

ou/0t+VeP+(J-VE/u)eE=0,cn="%(eE2+B2/u).(19) Bektop MONHTUHTra
P = E x B / u; HanpaxeHne Makcsenna

3N1eKTpoH te> 10

NeT, onAa COXpaHeEHUA 3apAaa A0/ITOE BpeMA;

TeH3op T = € [EE - J41E2] + [BB - %4IB2] / W, OT Knaccuyeckoro
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cm bennm n ap. (1999) n B Hem umtaTbl. OKYHb (1989) 06CYAMNK TaKKe
NpPoAonbHble POTOHbI (E-NpoA0AbHbIX BOMH, Kak 0O6CYyKAaeTCcA HUMKE), KOTopble
6yayT ucnyckaemble B TOUKe Ha Anarpamme PelMHmaHa, rae HapyLaeTca 3aKoH
coxpaHeHuA 3apaaa (cm Takxke ManTtnep, 1984). ChepoBatenbHoO, Npoao/ibHasA
aneKkTpuyeckan sosiHa (MP) HanpAMyto cBA3aHa C COXPaHEHUA 3apsaaa, KOTOPbI

B CBOIO o4yepeab, MPUBA3AHHOM K KCU-BOJTHbI B 3TOM Teopun. Kak obcyxaanoch
BbllLe, COXPaHEeHUs 3apAaa 6onee A0/Ir0CPOUYHbIX BPEMEHHbIX MaclwTabax He

HECOBMECTUMbIM C KOPOTKMM BPEMEHEM 3aPALKM HECOXPAHEHME B COOTBETCTBUM
C NPUHLMNOM HeonpeaeneHHocTu leiiseHbepra, KOTOPbIN TaKXKe No3BoNAET
HEeCoXpaHeHWe sHepPrnumn U UMMyJsbca.

YpaBHeHue (13) MoKeT bbITb NOly4eHa HeNoCpPeaACcTBEHHO, C UCMO/Ib30BaHUEM 4-
BEKTOPHYIO dopmy ypaBHeHuit (6) n (7) (Jackson, 1962):

A = mrX. (15)

34ecb NNOTHOCTb 4-BeKTOp ToKa J = (J, icp). 4-BeKTOpHbIM noTeHuuan A = (A, id /
c), uicnonbsysa a=(-1) 1/2,7=(V, 8 / dict), n

C = (ep) -1/2 B nokanbHOM cpeae (He 06s83aTeNnbHO BaKyyMm).

Kak y»xe obcyaanock B pasgene 3, ypaBHeHue (15) nosy4aemoro npu sTom
bonee

NoJIHaA Teopus, He Npeanonaran KaIMbpPOBOYHOTO YCNOBUA. 4-AMBepreHumn
ypaBHeHua (15)7e (2A) = [ J, B KOTOpOM

NPOU3BOAHbIE MO BPEMEHM KOMMYTUPYIOT APYT C APYFOM U C NPOCTPAHCTBEHHbIM
npounssoaHbIM. Kpome TOro, nannacnaH KOMMYTUPYET C

aveepreHuma, Ve (V2A)=V2 (Ve A), Tak Kak V¢ (V xB)=0

n B =V x A. Takum obpasom, ganambepTmaHa KOMMYTUPYET C
4-pnBepreHLmA C BbIXOAOM:

R (T¢A)=-He].(16)
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PUT ypaBHeHus (16) moxkHo 3anucatb (Jackson, 1962), Kak B npaBoit 4actu
ypasHeHua (13), -if e J=-M (V ¢ J + dp / Ot). Bonee TOrO,

-¢ aBnAeTca guBepreHums 4-seKTopHoOro noteHumana (Jackson,
1962). ChepoBaTenbHO, ypaBHeHuUe (16) aBnseTca anbTepHaTUBHOM popmon ana

YpaBHeHMe (13). CornacHoO KnacCcM4YecKom 3/IeKTpOAMHAMUKK, NpaBan 1 feBan
YyacTu ypaBHeHUsA (16) He3aBMCMMO ApPYr OT Apyra paBHbl Hy 0. YpaBHeHue (13)
3KBWBAJIEHTHO ypaBHeEHMIO (16) B pamKax HOBOW TeOpUM, KoBapnaHTHOM popme 4-
BEKTOpPa, KOTOPbIN cornacyeTcs ¢ PensiTMBUCTCKOM MHBapUaHTHOCTH (Jackson,
1962). 31oT BbIBOA NpOonMBaeT AapoHoBa-boma (1963) yTBepKaeHue o
COXPaHEeHWUM KNaCCUYeCKOoro 3apaga, YTo COOTBETCTBYET AebTa

dyHKuMAa V e A+ epdd /ot (€ =0) ana sonHoBOW PyHKLUMU

camoe HM3Koe COCToAHKE BO3OYyKAeHMA. ITOT BbIBOA, TaKKe AaeT NpeacTaB/ieHne
0 3apAn0Boi HecoxpaHeHue (e J # 0), BO3HMKaKOLWME B CBA3U C AMHAMMUYECKOM
nameHymnsoctn € = - Ve A nog atum 6onee

noJsiHas Teopua. [paHUYHOE ycnoBuMe E-BOJHA:

(VE) 2 / 12 - (V€) n1/ ul=[0pA /ot +V  JA]. (17)

Onpepenenusa (Jackson, 1962). AnbtepHatuBHasa popma (BaH Vlaenderen u
Waser, 2001):

ov/ot+VeQ+JeE+pE/enu=0,c
V=% (eE2+B2/pu+&/W);Q=ExB/m-£/u. (19"

HoBas dopma ans cunbl JlopeHua u3 ypasHeHus (18), To ectb (BaH Vlaenderen m
Waser, 2001):

F=(p+€0&/0t)E+(J-VE/ ) xB. (20) YpasHeHMa (18) - (20) metoT NAOTHOCTb
TOKa, J, 3aMeHnTb

no (J - V€ / u); p 3ameHaetca TepmuHom, (p + £0€ / ot).
3TM 3aMeHbl BO3HMKAIOT U3 ypaBHeHu (9) n (10),
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KOTOpPbIE UMEIOT Te Xe 3amMeHbl. [poBepKa ypaBHEHUSA

(20) Tpebyet M3mepeHua e (€ / ot) En (VE/ u) x B.

PeweHue TpeTbel BO/HbI (HUXKE) MOKa3bIBAET, YTO & MOXKET NPOU30UTH
BMEeCTe C NPOA0/bHOW 3/IEKTPOHHOM BO/IHbI. Bcneacteue atoro,

3Ta Teopus NpeacKkasblBaeT, YTo A0roe Bpems ycpeaHeHHble NPOoAYKTbI,
<(a€ / ot) E> n <V¢ x B>, B 0606L,eHHOM cuny

YpaBHeHue (20) 6yaet HabaoAaTb IKCNEPUMEHTAIbHO, BCAeACTBUE

Koppensauum mexay &- u SNeKTPOMarHUTHbIX BOJIH, AaXKe eCNv U3MEHEeHMUA
KOPOTKOro BpemeHu B £, B 1 E ABNAIOTCA CAMLWKOM BbICTPO, YTOObI
HenocpeacTBEHHO HabatoaaThb.

5 HoBble BO/IHOBbIE pelueHuna

B naHHOM pasgene paccmaTpuBatloTCA ABHble BO/IHOBbIe peweHua B =E = 0.
MNonyyeHHble popmbl:

-0¢ /ot=p /€, npn E =08 ypasHeHuu (10); (21)
V& = Mk, npu B = E =0 B ypaBHeHuu (9); (22)
V xJ =0, npn B=0 8 ypaBHeHun (4); (23)

0J/0t+Vp/pue=0, npn E =0 BypasHeHuu (5). (24) YpaBHeHus (21) - (24) He
UMEIOT BOZIHOODOpa3Hble pelleHns

P = NOCTOAHHAA NN J = KOHCTaHTa. CKopee BCero, aTn ycnosma gnA
IEKTPOCTATUKN U MAaTHUTOCTAaTUKKN, COOTBETCTBEHHO. YPpaBHEHUA

(21) n (22) akBMBaNEHTHbI ypaBHEHUAM (23) 1 (24). OTmeTuMm, 4To ypaBHeHuUe (22),
V& = mkK, cneayeT, YTO IMHENHbIN UHTEerpan,

[l e an=[VEe an /W, He 3aBUCUT OT NYTH, U, TAKUM 0Bpa3om,
HY/lb NO 3aMKHYTOMY MyTW, YTO COOTBETCTBYET HE LIUPKYNUPYHOLLUM
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TOKM AN CO34aHUA KCU-BONHbI. CKopee Bcero, £ BO3HMKAET U3 GpayKTyauni
3apaga B ypaBHeHuu (13). Ycnosue, B =0,

o3HayaeT, 4yto V x A = 0 u3 ypaBHeHus (2), uan A = Vx ana
NPOM3BOIbHAA CKansapHasa GyHKUMA, X. MonyyeHHoe ypaBHEHME UMEET BUA;:

Bx=p[0p/0t+Vel]],A=Vxund=-0x/ot.(25)

K 6osiee nonHOM aneKTpogMHaMu4eckomn Teopum 7

3aecb onepartop ganambepTtmaHa asnsetca:2 = V2 - 92 / 0c2t2, rae
C = (ep) -1/2 B nokanbHoOM cpeae (He 0b6a3aTenbHO BaKyym), a
A0. 3apaXKeHHble KonebaHMA NpUBOAA 3TO YPaBHEHME YeTBEPTOro nopsakKa.

nmnynbca, Q, B ypaBHeHun (19 ') paeT Hynb npu E=B =0,

M 3aKOH AMnepa 0CHOBbLIBAOTCA HA GaNbCUPULNPYEMOCTU UCMbITAHUIN NS
MaccuBHbIX GOTOHOB No Teopuun Makceenna-fNpoka, KOTopbI UMeeT
[OMNONHUTENbHbIM YNeH B NPaBOM YacTu ypaBHEHUA 3aKoH lMaycca (-py ¢)

N AONOAHUTENbHbIN YneH Ha PUT 3akoHa Amnepa

HapAAdy C NNOTHOCTbO 3Heprun Buaa, V (E=B =0) =§£2 / 2 MmKkm.
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(-ny A). Macca ¢poToHa paBHa Ly, C HAaCTOALLMM SKCNEPUMEHTA/IbHbIM

Taknm o6pa30M, [-BONHBbI UMeEIOT SHEPIrno, HO UMNYNbC HE. ABHbIMN

OrpaHnyeHnA Ha yposHe bir <10

r; cm Jlo n gap. (2003) n

npeacKasaHne BOIHOOOPA3HbIX ABMEHWUI (8-BOHbI) C SHEPTMEN, HO HE UMNYJIbC,
ABnseTca becnpeueaeHTHbIM, HO HE B OTIMUYME OT 3aPAXKEHHbIX, KoebaHui
KBAHTOBAsA YacTUL@-aHTMYACTULA, MMetoLLLne

o9Heprma, Ho He YUCTbIN MMmnynabcC.

Fonbaxabepom n Heeto (2010). Takne TecTbl He MOryT bbITb UCNOJIb30BaHbI ANA
NPOBEPKM HOBOW TEOPUU, KOTOPAA HeECOBMECTMMa C GopmynmpoBKon Makceenna-
MpokKa. KaK yr*Ke roBopnaoCh Bbille, A40NTOEe BPEMA HMMKHAA rPaHNLLA }KU3HW ANA
O4HOrO 3/IeKTPOHA

BTopoit yactHbI cnyyam npmn E=0 gaet A=Vyxun ¢ =-0yx/ ot.

pacnag, te> 10

net (bennn un gp., 1999), He ncknovaet

Tem He meHee, 3ameHa A = VY B ypaBHeHue (2) naet
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B = 0. ChepoBaTtenbHo, E = 0 03HauaeT, B = 0, KOTOpbIM ABASETCA TaKUM XKe, KaK

B Npeablayliem cayyae. Takum ob6pa3om, MarHUTHbIE BONHOOOpPa3Hble pelleHus
He MoXKeT Npon3onTy npu E = 0 ¢ KCKM-BOJHBI.

TpeTtuit cnyyaih ans B = 0 TakxKe gaet = V). YpaBHeHue (4)
ynpouwaetca go V x J =0, nogpasymesas, 4to J = VK ana npomsBoabHOIo
cKanapHaa GyHKUMS, K. YpaBHEHNE PE3YNbTUPYIOLLAA BOHA:

gL 02/ 0t2-V2x=pk, clJ=VkunA=Vy. (26) [ABa ckaNnaApHbIX BOJHOBbIX
YPaBHEHMI y4acTBYIOT: ypaBHeHUe (26) ana

X W ypaBHeHue (6) ana ¢. Mone E =-V (¢ + 0 / Ot), KOTOpPbIN
nmeetca umnynbc, Q (B =0) = -€E / Y, u3 ypasHeHusa (19 '), n
NAOTHOCTb 3Heprum V (B =0) =% (eE2 + €2 / W). ITo peweHne umeet
€-BONIHbI, BMECTE C NPOA0/IbHOM E-BONHbI, KaK NOKa3aHO

TepMmuH, EE, B ypaBHeHuu (19').

3TN HOBblE BOJIHbI HAMPAMYIO YNPaBAATb TOKAMM C MOMOLLbIO FPaAMeEHTa
ckansapHoro nons, J = V€ / u, us ypasHeHus (25) pha B=E=0,unJ =Vk us
ypaBHeHUA (26) npu B = 0. ChepgoBsaTtesnbHO,

MoTepn aNeKTPUYECKOo NPOBOAMMOCTbIO HE MPOUCXOAUT ANA NPOAOAbHbIX U KCU-
BOJIH. B oTAnuMe 0T 3TOro, nonepeyHble BOJIHbI NOA, K1aCCUYECKOM
3N1EKTPOAMHAMUKM NPMBOAA TOKU B MPONOPLMN K SNEKTPUYECKOMY MO
(Jackson, 1962; Corson u JloppeHa, 1970), J = oE, c cooTBeTcTBYIOWEN «TNYOUHbI
CKMH-C/109 'v Npogo/bHOrO BpemeHu 3aTyxaHus (€ / o ~ 10- 17 neT) Ana TMNUYHbIX
NpPoBOAALLMX Cpeaax.

XapaKTep KCN-BOJIHbI MOTYT 6bITb BbIACHEHDI danee
OcHoBHasA Teopema BEKTOPHOIo aHa/in3a, B KOTOPOM roBOPUTCA, YTO

A0CTAaTOYHO rN1aZiKkas, pa3naratoLmxca BEKTOpPHOe none, R, UMeeT eANHCTBEHHOE
Pa3N0XKeHMe, Kak cymma 6e3BuxpeBoit n 6e3anBepreHTHbIX KOMNOHEHTOB
(DANESE, 1965):

R=Vu+VxW.(27)
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EchrmVeR=0,T0R=VxW uns toxxaecrsa (DANESE, 1965), Ve Vx W =0. 3pecb
W ABnAeTCcA «BEKTOP» NOTEHUMaN ANa 3TOro

‘ConeHounpganbHoe' nnu '6esgmsepreHTHoe’ caydyan. ConeHouaanbHbI TOKA,
V x ) # 0, npuBOANT B 3TN «NOMEPEYHbIE 3NEKTPOMArHUTHbIE BOJIHbIY,

KOTOPble XOPOLLO U3BECTHbI B KNaccuyeckom anekTpoamHamumke (Jackson, 1962;
Griffiths, 2007). Echn V x R = 0, To ypaBHeHue (27) umeeT Bua, R = Vu, c nomoubto
ToxaectBa (DANESE, 1965), V x Vu = 0. Mpu aTOoM,

U aBnsetca "ckanapHbiM" noTeHuUuWan ansa atoro '6e3BmMxpeBoro’ nau
'6e3BumxpeBoit' cnydae c Tokom, J = Vu, Bo3byKaatowme BO/IHbI B ypaBHEHUSAX

(25) 1 (26). OTOT rpagMeHT ynpaBaaemMbliii TOK OT/INYAETCA OT CONEHOUAHOIO TOKa,
4YTO NPUBOAUT NOMEpPEYHbIE BO/HbI.

6 ObcykaeHne

Kak aTa TeopmA No cpaBHEHUIO C TeCTaMM 3aKOHa [aycca, 3aKoH Amnepa u
coxpaHeHua 3apsaa? NcnbitaHma Maycc '

KPaTKOBPEMEHHbIN HecoxpaHeHue 3apsaaa. HeT KopoTKOro BpeMeHu UCnbITaHuA
COXpaHeHMA 3apAaa He U3BECTHbI.

Knaccuuyeckan Teopus He npeackasbiBaeT He Jlbto B cBOH604HOM NPOCTPAHCTBE.
OAMH KNacCUYECKUI KOHTPNPUMEP BO3HUKAET U3 3B€34HOM0 B3PbiBa, KOTOPbIN
BbITa/IKMUBAET KOHLEHTPUYECKME, chepmnyeckme, pagmaabHO paclnpstowmecs
060/104KM BbICTPbIX 3NEKTPOHOB (BHELWHAS 060104Ka) U MeaNeHHee ABMKYLLUXCS
NONIOKUTENIbHOCTU UOHbI (BHYTPEHHAA 060/104Ka). ITU 3apAXKeHHbIe 060104KK
06pa3yoT cheprnyecKyo KoHAQeHcaTop ¢ paananbHbim E-none, KotTopoe
napanfienbHo HapyKy paananbHoe aBuxeHue ob6onoukn. Coepuyeckomn
cuMmeTpun cneayet, yto E-nons nsmeHnaetcs kak 1 / R2, ¢ R = pagmanbHoe
paccToAHUE OT LUeHTPaA. Ecnum axkeKTa He chepuyeckn CUMMETPUYHbBIMM
(Hanpumep, annonbHble 060104KM U3 KpaboBMAHOWM CBEPXHOBOM), KOMMNOHEHT E-
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nose no-npexHemy NpomcxoguT B UCxogAalem HanpasaeHUn. BpemeHHble
paananbHble KonebaHWA B 3TOM pacnpocTpaHsatoLelica E-nona obpasytoT Lew.
BTopbiM Nnpumepom ABNAETCA ALEPHbIN B3PbIB B BaKyymMe, KOTOPbIM NPOn3BoANT
Jlbto no Tou ke npuunHe (Monstein n Yacnu, 2002). TpeTbMM NPUMEPOM ABASIETCS
NJOCKOM NNACTUHBbI KOHAEHCATOPa, KOTOPaa UMeeT NpoAobHYo E-none, KoTopoe
M3MEHAETCA BO BPeMeHU U B MPOCTPAHCTBE MeXAy NPOBOAALMMWU NAACTUHAMMU
BO BpeMs (4e3) 3apaaKu, Aaxe ¢ KpaeBbiMu 3dpdeKkTamu; ITOT NpUMep TaKKe
AENCTBUTENIEH ANA APYTUX reOMeTPUN. BpemMeHHble Bapnaunm pasgeneHuns
3apAL0B NPMBOAA FPAaHUYHbIE YCN0BMA B KAXA0M U3 3TUX NPpUMepax, KoTopble
MOTYT BO3HUKHYTb (B NpMHLMMNE) Ha BECKOHEYHOCTH, YTO AenaeT cpesa
pacnpocTpaHeHUA HeEOTAMYMMbI OT cBOBOAHOIo NpocTpaHcTea. (Apyrue
KNnaccmyeckme CUTyaumm, TakKe JatoT NPpoAO0/ibHbIe S1eKTpUYeCcKme Nona, Takue
KaK pacnpocTpaHeHue BOIH Ha rpaHuLLe pasaena Mmexay 4Byma
ANINEKTPUYECKMMM MaTepManamu, a Takxke pexkumsl TE / TM B BonHOBOAaXx. )
JKcnepumeHTaNbHAA NPOBepPKa, MNO3TOMY, KU3HEHHO BaXKHOE 3HAYeHMe.

Giakos 1 Mwmnm (1993), nasmepeHHble NPoAo/IbHbIE BOJIHbI B BO3AYXE B TeYEHUE
MHOMUX OJINH BOJIH OT OTKPbITOro KOHUA NPAMOYro/JIbHOro BOAIHOBOA4A Ha 12,25
My, (8 cBO6OAHOM MPOCTPAHCTBE AJIMHA BOJIHbI 2,45 cM), Kak MOKa3aHo Ha
pucyHKe 1. Becb akcnepmmeHT 6bl1 NOBbILWEH

82,5 cm Hapg, fepeBAHHON CTONELWHNLEN Ha ABYX PA3/INYHbIX BHYTPEHHUX
y4yacTKax, YTo6bl MUHUMMU3NPOBATb /It0ObIe HAa3eMHbIE BOIHbI U OTPAXKEHUA.
OaTtunk E-nons 6bin ganHon 3,5 cm annonbHada aHTeHHa 0,0123 cm TonWwmMHOM
MeAHOro NpoBoAa, OPMEHTUPOBAHHbBIX BAOb OCK Z. , He pa3naratowmxcs, B
cBOH6OAHOM NPOCTPAHCTBE, NPOA0/IbHAA 3NIEKTPOMArHUTHAA BOIHA UMeeT
NHTepdepPeHUMOHHbIE KoNebaHMA, KaK NOKa3aHo Ha puUcyHKe 2. C gpyrom
CTOPOHbI, AATYMK B-BosiHA Bblna 3,5 cm, KBagpaTHaA neTtnsa aHTeHHbl 0,0123 cwm
TONLWMHOM MeAHbIX NPOBOAOB, OPUEHTUPOBAHHbIX C OCb NETAM BAOAb Ocn Z. He-
pa3naratoLmxcs NPoA0AbHOM BO/IHbI B-Habntoganock, Kak MOKa3aHO Ha PUCYHKe
3. 3T0T pe3ynbTaT cneayeT U3 KNaCCUYECKOM 3NEeKTPOANHAMMKM B KOHBEPCUM
BO/IHOBOAHbIX MOJ, C HU3KMM YPOBHEM NoTepb, CBOBOAHOrO NPOCTPAHCTBA
pacnpocTpaHeHus; cm Giakos u Mwmm (1993) m ccbinkm B HUX. Habnopaaembie
NPOAO0/IbHble KOMMNOHEHTbI He pacnaaatoTca B cootBetctBun cl /R2uamn 1 /R3¢
paccToAHMEM, HO B ropa3ao bosnee meaneHHbiMm Temnamu. KonebaHua nomex,
BEPOATHO, BO3HUKAN N3 MyTbl
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rMépuaHbIx pexkumos TE / TM, n3-3a HepaBHOMEPHOCTU NOBEPXHOCTHOTO
COMPOTUBNEHMA aHTEHH. , He ncuesarmowmn, NnpoaoibHaA COCTaBAAOLLAA
3N1EeKTPUYECKOM BO/IHbI B CBOHOAHOM NPOCTPAHCTBE HE MPOTUBOPEYNT 3TON HOBOM
Teopuun. Tem He MeHee, 3TOT IKCMEPMMEHT A0/1KeH BbiTb NOBTOPEH C ropas3ao
60/blUen TWATEIbHOCTbIO, 419 NMPOBEPKN HOBOM Teopuun. Hanpumep, NpUYMHOM
KonebaHui Nnomex He MOryT 6bITb NPOBEpPEHbI, TaK KaK He HBblan onpeseneHsbl
YPOBHU BO36YKaeHUs B pexkume TE / TM (bl). AHTEHHbI He UMenmn
31EKTPOMArHMUTHOrO 3KPaHMPOBAHMA, YTOObI M36eXKaTb MOMEX MeXKAay
Pa3IMYHbIMMU KOMMOHEHTAaMM NoAs. BepTuKanbHana (M HECKOIbKO Pa3NNYHbIX
rOPU30HTA/IbHbIX) BOTHOBOAHbIE OPUEHTALMM A0MKHbI AaBaTb O4MHAKOBbIE
pe3ynbTathbl.

PucyHok 1 NMpuHUMNnanbHaa cxema sKCnepMMeHTabHOM ycTaHoBKM (E =
3NEKTPUYECKUIM AMNnonb; M = MarHUTHbIA AUMNONbHbIN}, MOKa3blBaOLWNIA

yron HabnaeHua n opueHTauum aunonen. PasnmyHble opueHTaumm o603HayeHsl
KaK CM/IOLWHbIE NNHUN AN NPOAOALHOIO NOASA, @ MYHKTUPHbIE IMHUN ANS
nonepeyHoro nons (Giakos n Ucmn, 1993) (cm oHNalMH-BEpPCUIO ANA LBETOB)

PucyHoK 2 MNpeobnagatolle npoaobHOE 31EKTPMUUYECKOE Mo1e N0 CPAaBHEHUIO C
napannenbHbIM CMELLEeHMEM PAaCCTOAHUA AeTeKTopa (NpAMOYronbHaa AMNOobHas
aHTeHHa) B BO34yXe C IMHUKN NPAMON BUAMMOCTU Ha paccToAHMM 75,5 cm npu
pabouen yactoTte 12,25 Ty, (Giakos n Nwnun, 1993)

PucyHok 3 MNpeobnagatole Npoao/ibHOE MarHUTHOE NoJIe N0 CPABHEHUIO C
napansenbHbIM CMELLEHMEM PACCTOAHUA AeTeKTopa (MPAMOYronbHON PaMOYHOM

36



aHTEeHHbI) Ha BO34yXe Npu NPAMOMN BUAMMOCTM Ha pPaccTosHUKM 75,5 cm npwm
pabouei yactoTte 12,25 Ty, (Giakos n Nwunun, 1993)

Knaccuuyeckun, pagnanbHble KonebaHua 3apaxkeHHoN chepbl He NPOM3BOAAT
3NEeKTPOMArHUTHoro usnydenusa (Manopcknii u Phillips, 1969),

NOTOMY YTO chepmryeckas CUMMETPUA 03Ha4aeT, 4To -0B /0t =V x E =0, To ecTb,
HWUKaKON MarHUTHOM BOJIHbI. TakKnm obpa3om, BeKTop MOoNHTUHTa, E X B / MKMm,

PaBHO HY/IO, HE MOJIy4Yan He KNacCuUYecKkoe 31eKTpPoMarHuTHoe msnydyexue. MNoga

3Ta HOBaA TeopusA, 3apAXKeHHasn, Kkonebatowanca chepa npomssoanT
O4HOBPEMEHHO J1blo N CKAaNAPHYIO BOJIHY. dKCnepumeHT UrHatbesbim U Jleyc
(2001) ncnonb3oBanu B paauanbHOM HanpasaeHUn KonebatenbHoe (120kMMw)
3apsrKeHHoM chepbl 4na GOPMUPOBAHUA NPOAONAbHOM 3TEKTPUYECKOM BOJIHDI,
AN KOTOPOW CKOPOCTb PacnpocTpaHeHua bbina namepeHa Ha 1.12c. Tem He
MeHee, AieTan He onpeaeneHo (Hanpumep, N1abopaTopHble YCTAHOBKM,
reomMeTpua aHTEHHbI, MAarHUTHO-CONIEHOMA, FeoOMeTPUA ANna Bo3byKaAeHUA
KonebaHui B obnactu, gatumnk). Kpome Toro, MamepeHua NpoBOAUINCE B peXMME
6aunxKHero nona (4nnHa BonHbl = 2.5km), AnA KOTOPbIX HAa3eMHbIEe OTPAXKEHMA U
NOMEXM MMeIOT BaXKHOe 3HaYeHMe. ITOT IKCNepuMeHT TpebyeT penamkauum ana
NPOBEPKN HOBOM Teopun. Teopema B3aMMHOCTM FrapaHTUpPYeT nepeaady u
obHapyKeHne Tol Ke reomeTpun.

BblunmcanTenbHas sneKTpoMarHMTHaa MoAenb MOXKeT bbiTb MognduUMpoBaHa ann
HOBOM TEOPUMU, C MOAENNPOBAHMEM, YTOObI HAaNPaBNATb Bbille

aKkcnepumeHTbl. Hanpumep, asnaetca TM
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Pexkum (c 6onbwinm E)

BCE BO3MOXXHOE, YTOObl MaKCMMaibHO cBOHOAHOIro NPOCTPaHCTBA amnanTyapl E B
BO/IHOBOZE 3KcnepumenTe MPA? byaet v conpsaxkeHma ¢ Apyrumm pexxmmamm TE
/ TM B 3TOM 3KCNepMMeHTe NPouM3BOAAT NHTEPdEePEHLMOHHbIE OCLUUANALMUN, KaK

obcyKaanoch Bbiwe?
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