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. Abstract : The paper proposes a model of a unitary quantum
fileld theory where the particle is represented as a wave packet.
The frequency dispersion equation is chosen so that the packet
periodically appears and disappears without changing its form.

The envelope of the process ts identified with a conventional
wave function. Equations of such a field are nonlinear and rela=-
tivistically tnvariant. With proper adjustments they reduce to
Dirac, Schridinger and Hamilton~Jacobi equations. A number of new
expertmental effects are predicted both for high and low energies.

Résumé : Cet article propose un modéle de théorie quantique
des champs unitaire, ou la particule est représentée par un pa-
quet d'ondes. L'équation de dispersion de la fréquence est choi-
ste de sorte que le paquet apparalt et disparaflt périodiquement
sans changer de forme. L'enveloppe de ce processus est tdentifide
d une fonction d'onde conventionnelle. Les édquations d'un tel
champ sont non linéaires et inmvariantes relativistes. Leurs li- /
mites approprides se réduisent aux équations de Dirac, de '
Sehrédinger et de Hamilton-Jacobi. Un certain rnombre de nouveaux
effets expérimentaur sont ainsi prédits aussi bien dans le do-
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maine des hautes que des basses énergies.

Introduction

A theory which. explains everything in terms of field seems
likely to be the most direct way to obtain a relativistic descrip=
tion of quantum mechanical systems and to remove the existing
inconsistencies. In that theory the observables are the quanti-
ties characterizing the field in different points of space-time.
One has the impression that since the advent of the quantum
theory no essential progress has been made in understanding it.
This impression is stremngthened by the fact that neither the quan-
tum field theory nor the yet imperfect theory of eWementary par-
ticles have introduced any essential changes either in the for-
mulation or the solutionm of the following traditional questioms
(1-%). : What are the causes of the probabilistic interpretation
of wave function and how may this interpretation be obtained
from the mathematical formalism of the theory ? What actually
happens to the particle when we '"look at' it in any interference
experiments ? The latter cannot be explained without using the
concept of " pllttlng a particle. "Exorcism" with the comp1e~

.mentarity principle is of no help because this philosophy is
invented ad hoc. Many experts believe that the foundation of
theoretical physics of the future will be some unified field
theory, & so~called unitary program. In such a theory partlcles
are represented as field clusters, or wave packets. Mass is of
pure field origin and the equations of motion and all interac-
tions must result directly from field equatioms.

.This paper treats an extremely simple but previously un-
explored possibility of formulating a unitary quantum theory
for a single particle in more detail than in ('). We shall dls~
cuss only most general properties shared by all particles.

1. The Movement of the Wave Packet in Medium with Dispersion

Since the pHVwicaL reality should be described in terms
of continuoug field neither the concept of particles as invaria-
ble material points nor the concept of their motion can be of
_.{‘ 3

eny fundamental importance. Ouly a restricted region of space
in which the intensity of the field and/or the density of energy
is especially high, may be considered a particle.

Imagine the following experiment. There iz some hypotheti-
cal observer being at vest in some inertial system and located
at point 0 of empty space fres from other fields. A particle
moves relative to this observer with a comstant velocity v €,
Let us introduce a Cartesian system OXYZ so as the ovigin would be
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at the point O and the X=-axis would be parallel to the vector of
the particle's velocity. Let us suppose that the particle is a
wave packet of some yet unknown field. With the help of a hypothe-
tical microprobe the cobserver measures the field of the moving
partlcle as a function of time. It is presumed that the microprobe
is many times smaller than the particle and this hypothetical mea-
suring device neither consumes energy nor influences the field
inside the particle. Obviously, an experiment of this kind is a
Genankenexperiment and in principle it cammot be realized, but
this does not prevent us to regard our imaginary device as the
simplest possible. In other words, we are interested in the be-
haviour of the particle when ''mobody is looking at'" it. Let the
result of the measurement be expressed by the function £(r) des=
cribing the structure of the wave packet the size of which is

very small compared with de Broglie wave A . Knowing v, velocity

of the particle and the structure function f(t) the observer at
rest can calculate "the apparent size' of the particle.

Let us suppose that inside the wave packet f£(t) the linea-
rity of the field laws is not violated and that the packet itself
satisfies Dirichlet's conditions and may be expanded into harmo-

nic constituents A(w) called partial waves :
. 4o

. L ol

Alw) 7o J £(t') e
-C

In order to find the dispersion, equation for partial waves we

write down the Rayleigh relation for group velocity v of the

wave packet :

o ;
E e 1)

. v, dk
V’Vp‘f'k-'a‘}z—"vp*‘k/[a—v—lj (2)

Considering the wave number k of the partial wave as the
function of the phase velocity v_ and integrating this relation,
we obtain : P

3)

where C is an integration constant. The integration was carried
out under the condition that v is a constant and does not depend
on the frequency of partial waves. The last fact follows immedia=
tely from the suggestion made earlier, as well as from the expe-
rimental law of inertia. Indeed, if we accept the particle to be
a wave packet, then its group velocity should be equal to the
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velocity of particle’s classical motion. Because in the absence
of externmal fields the particle moves with constant velocity (the
law of inertia) the group velocity of the packet is a constant
quantity independent on the phase yelocity of harmonic components.

The unsuccessful form of the dispersion equation (3) masks
its main merit : the linear dispersion law which may be extrac-
ted from eq. (3) with the aid of substitution vp = %

w=vk=-C : ' (4)

In this equation the intégration constant C is unknown and will
be determined later.

The harmonic components of the wave packet propagate in
linear "medium" independently of one amother. If the amplitude
of partial wave is equal te A(w), then at the moment of time t
at the distance X from the observer the 'height" of the wave at
the point (¥, 0, 0) is equal to

A=A eTHUE TR A (5)

Because the wave's phase may be determined within an addi=-
tive constant, it is necessary to introduce additional summand ¢
equal for all partial waves. It proves out however, that by
means of simple translation of the origin of the coordinate
system it is always possible to exclude the comnstant ¢ from
further consideration.

The wave packet is a superposition of harmonic components
(eq. 5), and by summing them we shall be able to analyze the
spatial behavior of the packet
P r

deco
[ ~i{wt ~ k X
9(X, t) = Re | Alw) e ( ) 4 (6)
—e
of Freguency klw),
eq. (8) : then after
el “fj)ﬁ‘i S
AN 4 v dw 4t =
C3 .
Lo X -
= Re e v £(t - ;) {7

Analyzing the equation (7) one may see that the wave packet
£(X - vt) during its motion in the "medium" with linear disper=—
sion law given by eq. (4) will at first disappear, but after half

a wave length % A= %1 it will reappear again, restoring its

initial form and amplitude and only changing its sign ; after that
the packet will again disappear in order to appear later and so

on. At points with coordinates X = %—n + % : (n= 0, 1, 2’.3’ vee)
the packet will disappear, whereas at points X = A n it will take

2
up the previous initial form and amplitude (except possibly for a
sign). Thus, the arbitrary packet £(t) moving in the medium with
linear dispersion may be considered as the running packet
£(X - vt) which is "inscribed" in the plane monochromatic envelo=

C . . .
pe Cos ;§. In order to find the integration constant C let us
assume the equality of two wave. lengths, namely for the envelope

A= E%X and for de Broglie wave Ag

27 2mv
BT T T @
Then C = vK, and the equation (7) becomes
5(X, t) = Re e"“BY £(X - ve) (9)

The earlier mentioned constant ¢ (the phase of partial waves is
determined except for this comstant) could enter the exponent of
equation (9) as an additional summand and there fore could be
simply excluded from considerationm.

Any wave packet is constructed by meamns of superposition
of sinusoidal waves which possess different frequencies, wave-
lengths and directions of propagation but nevertheless is con-
fined to change continuously in some interval. Because the par-
ticle is a spatially extended object so the wave packet must
possess finite dimensions. Any dispersion without dissipation
leaves the energy spectrum unchanged, altering only the phase
relations between the constituents of the spectrum, So the
wave packet generally speaking, does not maintain constant its
dimensions and form and smears out in space.

For the case of the linear harmonic oscillator SchrBdinger
(5) succeeded in constructing from the de Broglie waves a packet
having a gaussian form, which was stable and didn't smear out in
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the course of time. Howewver, Darwin(?) and Heisenberg(®) showed
that the oscillator is in this respect a potice-able exception
and in general the packets constructed from the de Broglie waves
smear out in space.

Taking into account the fact of stable existence of parti-
cles their corresponding wave packets are to be constructed so
as" to prevent their smearing. This idea can be successfully rea-
lized for the wave group with linear dispersion law eq. (4). In
this case the wave packet as it follows from eq. (7), does not
change it's form in the gourse of time, but only periodically
appears and disappears. The de Broglie wave is an envelope of
this process and does mot emter into the set of waves represen=
ting the packet, Owing to this statement one may take the dimen~-
stons of the packet much smaller than the de Broglie wavelength.

All the ideas stated above are the consequences from two
postulates :

Postulate | : The particle is represented by a wave packet
and is governed by linear field laws.

From the inertia law follows the linear dispersion law ;
then the particle is proved to be represented by a running wave

acket which is "inseribed™ in a plane sinusoidal envelope.
P :

Postulate 2 : The wavelength of the envelope is equal to
the de Broglie wavelength. ‘

2. Unitary Quantum Mechanics

The wave functiom ¢ = elKBX £(X - vt) of a single particle
was obtained in the assumption of low velocities v <€ C. For its
relativistic extension the wave function phase must be wmade re~
lativistically invariant, or

i(Et - p X

- - > B

- HEE - P D) £ L Fry (10)
[

where E = E[i; ; = %1 and y = fé - v% {in this Section units

7

| are used). As far as the structure function f(§ - vt
is concerned, it could be rvequirad that ¢ would be scalar and
satisfy the Klein-Gordon equation. Then we would have obtained
the following expression for f

where Ei = Xi - Vit ; i,k = 1, 2, 3 and summation over equal in-~

dices. The two-component solution of the Klein-Gordon equation
would have been then of the form :

(y=l g i g of
: 3 |2y 2m x
-1(Et - pX
o = e i 29 3 an
y+1 i =+ 3f
A f 4 e
L2y 2m BE

In a similar way we would have obtained from the Schrddinger
equation the Laplace equation for the structure function Vé f=0

and the particle would have been represented as a spherical wave
packet "
can be used only for illustration, as a rough approximation with
assumed linearity of field laws. Let us proceed in a different
way. The simplest possible first and second order equations satis=
fied by the one-component relativistic wave function with an
arbitrary structure function are of explicitly relativistic form

;
U—-—+im]¢>=0 12
[qu | (12)

(UU»—»-——-32 + o2 = 0 : ‘ 13

TRV S (13)

58 v .

where Uu = {g H %] 4-velocity of particle, Xu = (i, it) and
u, v =1, 2, 3, 4, It would be datural to suppose that a parti-
cle of mass m, having an arbitrary spin is described by the

relativistic equation

(.

where ¢ is an n-component column and A are four square n~row
matrices which describe the spin prope%ties of a particle,
These matrices depend on the particle velocity aund satisfy.
the commutation relations which in turn depend oun the spin
values.

a %m}@ - 0 | (14)

Let us express the particle energy (mass) in terms of”
field. For Dirac-like equations the nature of the charge at
integer spin and energy at half-integer spin are indefinite.
Furthermore, in relativistic electrodynamics according to the
Laue theorem the compomnents of the energy-momentum tensor of
the electromagnetic charge-created field do not form 4-vectors
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and so there is just ome way to express particle energy in the ¢
non-relativistic limit ’

L E-'J(¢*,¢~d3cx (15) %

The usual requirement in -such cases is that the integral (15)
should contaim a Green function. But 1f the principlgs of deve~
loped unitary theory are literally followed the partlgle energy
must be determined in the nom~relativistic limit, as in eq.v(15).

Replace o 0 ad x by § relativistic invariant expression <ol o>
which, fér instance, for a spinor field with a non-zerotrest ;
mass is(la) (where formulae for the scalar and vector fields
are also given).obtain

* 3 ° y  x,° :
= i - - dav 16
<3| 9> = J {@ ivy [aft € @] s tie fb} (16)
v
- y is the Dirac matrix and e = + 1 for the particle and

e = - | for the anti-particle. Then equation (14) is of the
form

2 >4e = an
{Au X * <¢{®>}¢ = 0

This non-linear integro-differential equation is, in our o
opinion, fundamental amd should describe all properties and in- !
teractions of particles. From such eguations the mass spectrum
is obtained as solution of a Sturm-Liouville type problem while
solution of the stability problem gives the life time, In this.
theory all interacticns and particles generations (packets split- §
ting) are consequences of the mutual diffraction of these !
packets due to non-linearity. Anmalytical solution of such pro-
blems requires some new mathematical methods. In orde¥ to simpli-
fy the solution of eq. (17} one+might demand the.partlcle to
be a point ; in that case m = ¢ ¢ and the equation takes the

“form

O T aﬂ@sg (18)

§
|
/

We are not concerned here with the problems of physical inter~
pretation and related omes, we only point out that the latter
cguation is of the same type as the main equations of the non~
line:

inear Heisenberg's theory(®).

To transform from equation (12) of a free particle to the
equation describing the particle's motion in the electromagnetic
field A,’1 we perform (in analogy with classical physies) the trans-

formation A S ie Au. Thus we have f

SRy
H H ‘
{9._.+'€3——'L¢=0 (19)
t -

2%

where L = my + e vy Uu Au is the relativistic Lagrangian. The

generalization to the case of motion in the external field does
not change the linear dispersion law eq. (3) but v

and C =_§;wiil become dependent upon coordinates and time. The

wave function, i.e. the solution of eq. (19), will have the form

-3 T, .
@aelf dt @ - /5 an (20)

The linear character of the dispersion implies that the wave
packet will not smear.ocut (more exactly, it will periodically
appear and disappear). Then the only difference from the free
motion will consist in the fact that the wavelength of the enve-
lope will now be a function of coordinates and time.

For the case of nonrelativistic motion we perform the ordi-
nary transformation from the relativistic wave function to the

non-relativistic one & » ¢ e =T F, By this substitution eq. (19)

and its solution (eq. (20)) do not change their form if L is
considered as the nonrelativistic Lagrangian. We point out that
the trole of phase for the wave function is that of the classical
action function S. This allows to establish a connection between
classical mechanics and the theory developed here. Let us pre-

sent the wave function in the form elsf(i —‘f v dt) and substi-
tute it into eq. (19). Then we obtain for S :

§%+$$S—L=o 21)

Taking Hamilton=Jacobi theory as a guide, let us put ; =7 s,

then eq. (21) yields the Hamilton-Jacobi equation :

%% + B =0 ; where H = 3 v - L is the Hamiltonian of the parti=-

cle. Further it is possible to find the function 8 which depends
on particle's coordinates, physical parameters entering the
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Hamiltonian and on q ronadditive integration constants and then
finally to solve the mechanical pfoblem. The condition p = V §
means that the padsage to dlassical mechanics is performed in the
“ray'' limit. Using the analogy with optics, this procedure corres-
ponds to the limit of geometrical optics when it is possible to
introduce the concept of particle's trajectory, or ray. These
objects are orthogonal to any given surface of constant actiom or
constant phase. On the other hand the quantum object becomes a
classical one as a result of collection of many wave packets

£(t). It is physically incouceivable that all packets which make
up a body come together and disappear simultaneously due to diffe~
rent packet velocities. Therefore, on the average, this combina-
tion generally would becone a steble and invaridble object which
moves in accordance with the laws of classical mechanics whereas
each elementary object obeys the quantum laws. Let us consider
briefly the hydrogen atom. With the help of solution of classi-
cdl problem about the particle motiom in the central field let
us write down the wave function eq. (20) in the following form :

;iEt i rp dr ir¢p¢d i(¢i¢d¢ t t
o= e e r e J e J » f(r—[ vrdt 5 9= J ¢ dt)
Ty 0 0 o
Here ¢j and ¢, are the values of particle's coordinates (radius
and angle respectively) at time t = 0. It is quite natural to
accept as statiomary orbits those which have the envelope as a
standing wave, i.e. ET = 2 g0y h 5 ¢ P, dr = 2 gn, h ; and

it 2

¢ po d¢ = 2 ¢ ng ir where ny, ug, ny are integers. These condi-
tions coincide with the Bohr-Sommerfeld quantization conditions,

The connection of approach developed here with the
Schridinger equation follow from the equation (20). The envelope
may be identified with de Broglie wave and consequently satis=—
fies the Schrddinger equationm. The probabilistic interpretation
of the envelope will be discussed in the third Section,

In conélusiod of this Section let us find matrices Ap.
Suppose that the matrices Au are linear velocity functions, or

A = + i
u Mg uv v

where Ap and Auv are pumerical matrices. Let us act on equation
0 ”
Ly .
(14) by the operator Ay sg=-m from the left
o

\

{1<AA+A [N Y LA P (22)
2 Vuw o g ut 3X X
oo ,
Let us require each component of the system (22) to satisfy the
second order equation (13) ; then
= - ’ 23
Au A0 + A0 Au 2 Uu Uc I (23)

The conditions (23) are fulfilled if the numerical matrices
A are ten 32 x 32 Hermitian matrices which satisfy the follo-
uv

wing commutation relations

k = - I 24
Ay L T 2(5uo St sur 5vo) (24)

The indices u, v, o, T take sequentially the values 0, 1, 2, 3,
4. If the 4=velocity in matrices /\U is assumed zero Uu = (0 then

the equation (14) reduces to the Dirac equatiom.

3. Interpretation of Unitary Quantum Theory

a) The Non-relativistic Case

The envelope of the function Re o(X, t) descyibes thg chan~
ge of the field of the moving packet..In the solution obtained
there are points where the packet disappears (Re ¢ ﬁ‘O) and the
energy of the particle remains in the form of harmonic com?onents
which create vacuum fluctuations 'in every point of space-time.
The magnitude and the time instant of the occurrence of the'fluc—
tuation or background at every point do not depend on the dis-
tance from the particle which has disappeared. This is not howe=
ver in contradiction with the relativity principles, since the
ensueing background does not transmit information. The real world
consists of a tremendous number of particles moving with different
velocities relative to each other. Partial waves of such di§appea—
ring particles add up and give rise to real fluctuations whlch‘
change in a most random way. In such a system some Tandom parti-
cles are found, the appearance of which is due to the energy of
the harmonic constituents of other disappearing particles. The
number of these "particles of no sceruples” changes ccn;tamtly.
They suddenly appear in order to disappear fc? ever, since thg
probability of a situation favourable for FhELT reappearance is
very low, It is not unlikely that all particles exist owlng to
each other. It is obvious that the number of particles in such a
theory is not conserved and all processes which take place are
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random in nature.

The hypothetical measuring device and microprobe mentioned
above cannot be obtained in practice, since all the measuring
devices are macroscopic. At the output of any apparatus which
is an unstable threshold macrosystem some macroscopic phenomena
always take place, such as drops of fog in the Wilson camera, the
blacking of photoemulsion graims, the formation of ions in- the
Geiger counter, the photo effect, ete. In macrodevice of any type
the atomic nuclei and the electronic shells are close together
and form a stable system. This system is no capable of assuming
all imaginable configurations. The nature of the stable state
allows rather numerous but discrete series of states. The tran-—
sition from ome such state to another one is a quantum jump.
Hence, the absorption and emission of energy between atomic
systems takes place in quanta and this is the consequence of
the structure of matter. However, it does not mean that a quan—
tum or a particle moving from one quantum-mechanical system to
other propagates as something unchanging and indivisible. The
energy of a particle may split and vary owing to vacuum fluc-
tuations and external field, but the measurement couditions are
such that we can detect only certain kinds of particles.

Any measurement, finally, is based on the energy exchange
and is an irreversible process. Hence, a particle influences
the state of the macrodevice, losing a quantum of energy & or
acquiring it in a reverse device. The best measuring device is
one in which the discrete threshold emergy is minimal. In hypo-
thetical measurements & = 0, in this case the observer's mea-
suring devices does not influence the particle and such a de-
vice would have 100%Z efficiency and record the vacuum fluctua-
tions.

Let us consider the interaction of a particle with the
macrodevice., The energy of the particle changes periodically
with a frequency Wy Besides vacuum fluctuations are randomly

superimposed and also vary the particle energy. In order to

“detect the particle by a device it is necessary to "wait”,

ntil the sum of the particle energy Re? ¢ and the energy of
vacuum fluctuations ¢ will exceed the threshold 8 :

€ + Re? ¢ > 9
lue of the fluctuation energy ¢ depends on the total num~—

valu
of particles in the Universe and is created by disappearing
icles. The comtribution of a separate partial wave to the
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resulting background in each point is a random infinitesimal quan-~
tity (which may have any distribution) and in accordance with the
central limiting theorem of Lyapunov the sum of vacuum fluctua-
tions from the tremendous number of partial waves will have the
normal distribution with maximal entropy. The probability P of
vacuum fluctuations with energy exceeding ¢4 is

o0
2
S J exp —L—E—l de ‘ (25)
/2t o {202
€0

The variance ¢ depends on the number of particles in the
Universe and in our case is supposed to be comstant. This
theory requires the finiteness of ¢ and, consequently, the
Universe should be finite. By means of Moivre-Laplace formula
and eq.(25) it is easy to obtain the detection probability of
particles :

palopscfoR2 e (26)
2 o2

From the latter formula one can see that the detection probabi-
lity of particle depends oun the sensitivity of the measuring
device.

Thus, the proposed approach leads to the conclusion that the
relation E = w is correct only on the atomic level. So there
way exist particles (after splitting on a mirror) of the same fre-
quency but different amplitudes of packets ¢ and different detec-
tion probabilities. Cne particle, split on the mirror or the
lattice, may be detected in several points simultaneously while
another completely vanishes leaving no traces and only contribu~
tes to vactuum fluctuations.

The uncertainty correlation is the consequence of the fact
that the energy and the momentum -have no fixed values, but change
due to periodic disappearance and reappearance of the particle.
Furthermore, as a consequence of the statistical laws of measure-
ment these values canmot be measured exactly because of the essen-
tially unpredictable vacuum fluctuations. On the other hand, the
center of the wave packet has exact coordinates, momentum and
energy for the hypothetical observer at a given instant of time.
But neither the hypothetical observer nor we ourselves predict
their values at the next instant of time, and we (the macroobser=
vers) have even no facilities to measure them exactly, as the
measurement process by a macrodevice is statistical in nature,
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“The wvacuum fluctuation .makes the laws .of ‘the microworld es-
sentially statistical for :any:observer. The .exact prediction :of
future .events requires exact knowledge of the vacuum fluctuation
in any point at -amy instant of time, but this is impossible as in
this case it is-necessary to have information about the behaviour
and structure of all the various packets in the Unlverse and to
control their motion. "If ~as W. Heisenberg writes in (10~ we
want to know why o ~particle was emitted at that particular time
we would have to know:the microscopic structure of the whole
world including ourselves, and that is impossible”. Therefore it
may be considered that Iiaplace determinism in microphysics of
the present and future is lost once and for all. An analogous
point of view .on ;the origin,of,?robability in quantum mechanics
has been expressed by Feymman ( 1y s “"slmost without doubt it
(probability - L.S.) arises from the need to amplify the effects
of single atomic events to such a level that they may be readily
observed by large system'’.

The envelope -of partial waves which arises as a result of
linear transformations of the wave packet and also of its
splitting and dividing satisfies the Huygens principle. This
explains the possibility to relate formally with the moving
particle the flat monochromatic de Broglie wave, which as if
were propagated in the direction of travel, and all the wave
properties of particles (interfereunces, diffractien, ete,).

For a complete reversibility of the quantum phenomena
under replacing +t by -t it is necessary not only to reproduce
the amplitude and the form of the packet which existed at time
+t, but also to reestablish the vacuum fluctuation which existed
at that time. The equation of unitary gquantum mechanics allow
replacement of +t by ~t with simultaneous substitution of ¢

for @k, or the formal reversibility (the reproducibility of the
amplitude and form of the packet). But this reversibility does
not exist in nature even for the hypothetical observer, because
for the restoration of the previous vacuum fluctuations all
processes in the Universe should be reversible, and that is
impossible. However, 1t may be considered that reversibility

in quantum mechanics is statistical, i1.e. individual processes
way be reversible with only certain probability.

The functi % is strictly monochromatic, but does not
exist as a re ling wave. And although ¢ is rela-
red with the cle it can also be related

with such concepts as p“obakml“-} waves', ''the L%rornatlon
field", and "knowledge waves". The wave i
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for an isolated system, as has been stated by A.D. Alexandrov

and V.A. Fock (1‘) but it can be detected only by numerous iden-
tical experiments although the hypothetical observer may measure
it for a single particle. It will be noted that the envelope is
at rest in all the inertial frames of reference and the wavelengtt
alone changes.

Generally speaking, the function ¢ may be related with the
wave function Y,of quantum mechanics, but the quantity Re? ¢
differs from ¥¥ not only in rapid osc111atlons. The engrgy of
the particle is related with function Re? ¢, whereas ¥¥ 1is rela-
ted only to probabilities.

Contrary to conventional quantum theory, in this approach
the concept of phase plays an essential rolé., For example, if a
particle approaches a potential barrier in the phase of complete
disappearance (Re ¢ = 0), then due to its linearity and superpo-
sitions for small & it will pass through rather narrow barrier
without interaction. On the other hand, for the phase giving the
maximal value of Re ¢ the interaction will take place due to the
non-linearity and the particle may be reflected. This point of
view predicts a new effect : let the flow of wonochromatic par-
ticles fall on the chain of periodic (with period a) rather
narrow (compared with XB) potential barriers. Then an anamalous

tunneling effect should be observed when Ag = 23, which is not

predicted by conventional quantum theory ('3,1%),

b) The relativistic Case

Analysing eq. (10) we see that ¢ contains an oscillating

. C . .
term with a frequency wg =,§§-wh1ch is the Schrodinger
"zitterbewegung''. The physical significance of this very rapid
oscillating process is the following : after the Creator has
stirred up the "medium" and has created the wave packet, the
latter began to oscillate with a fregquency bg like 2z membrane or

a string. If the wave packet begins to move, the de Broglie vi~

\ . . my
brations with a fregquency Wy ﬁ-ﬁy‘ arise because of the disper=

sion. At low energles wg >’mn and the fabt natural oscilliations

do not influence the experlﬂeﬁ, and all gquantum phenomena are
determined by the de Broglie vibratiouns.

With the increase of energy the frequency wy approaches

w, and the resonance phenomenon will lead to an increase of the

3
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oscillation amplitude in accordance with eg.s (11) and to the
growth of the mass. Furthermore, the periodical disappearance and
appearance of the particle will be going on with the difference

. 2 . .
frequency wy = wg < owg = g%rl and the particle will acquire the
low frequency envelope with the wavelength L = E%;' Within the

ultrarelativistic limit the wavelength L becomes much greater than
the characteristic dimensions of the quantum system with which

it interacts. Therefore, the particle is represented as a quasi~
stationary wave packet moving in accordance with classical laws.
This explains the success of applying the hydrodynamic theories

to multiple particle production. But such processes are not the
property of particles of high energies alone. They also take

place when the energies are low, but the largest number of parti-
cles generated is below the threshold and, hence, is unobservable.

4. Possible Experimental Procfs and Implications

The theory developed here will remain a play of fancy if
the following effects are not found experimentally.

1. Let a very weak source emit a beam of N particles per
second. If a shutter is placed iglfront of the source and opens
for a short period of time v ¥ N °, then it is most probable that
no particles will pass through it during this time or just a
single particle will pass through. Let these particles fall at an
angle of 45° on a semitransparent mirror. In conventional quantum
mechanics the particle either passes through the mirror or is
reflected. According to the proposed approach the packet splits
up on the mirror and enters each of the particles beam, which
depend on the phase of the packet at the mirror and the structure
of the mirror at that point. In a gemeral case, we have two diffe-

rent wave packats (subthreshold particles) with smaller amplitudes.

No change of frequency w in the formula E ="W w (redshift) takes
place as all the processes are linear i.e. they do not depend on
the amplitude. This being the case the particle energy Re? ¢ re-
duces and the detection probability of particle is also decreased.
(A large vacuum fluctuation is necessary, but the probability of
its occurrence is low). Comsequently, as a result of measurement
particles sometimes disappear or two particles can be observed
instead of one. The creation of geveral particles from one is not
in conflict with the law of the energy conservation as the energy
of the subthreshold particle may be increased up to the necessary
value by the fluctuations.

A similar experiment with photons was first made by
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M. Cosyns (!3) who placed photomultipliers in each of the pencils

of rays and showed that there are ‘cdses in which coincidences ‘are
registered. For the explanation ‘of this experiment which does not
agree with the principle of complementarity, an assumption was
made that such coincidences result from independent photons which
are quite random to ome another and follow one ancother in short
intervals of time. Unfortunately, he did not try a statistical
verification of this assumption. At the present time we have a
funny situation. A great number of similar experiments have been
carried out (such as Brown-Twiss's experiments (}8-17) which led
to the conclusion that particles always have a definite tendemcy
to come into detectors in correlated pairs. This result confirms
the proposed formulatiom. But it is curious that for the explana-
tion of these experiments contradicting conventional quantum me-
chanics physicists invent saving mechauisms such as coherent
states.

2. Let us suppose that monochromatic particles with energy
E 2 ¢ take part in diffraction experiments. If a single particle
diffracts it creates an interference pattern, but it camnot reveal
itself in i maxima, since the packet energy in them 1is E. <4, If

n coherent particles-take part simultaneously in the interference,
then the enmergy in the maxima may increase because of the super-
position of the fields of different particles and in this case

the device may respond. Thus, the interference pattern made up by
particles is used instead of a beam. This has been observed in
experiments (!°) which so far have not been satisfactorily explai-
ned. In the case of E > 0 as in experiments (20) this effect does

"not take place.

3. The transmission coefficient of coherent particles of wve-
ry low energies (XB 2= 5 A) through a chain of periodic potential

barriers {a monocrystal) is maximum when AB = 2a, where a is the

lattice comstant of the moncerystal target. 4 similar but much
weaker effect must go on again at ultrarelativistic energies when
L = 2a. These experiments will require a flow of monoenergetic
and phase-synchronized particles. Such a flow can be obtained

by separating a narrow beam of moncenergetic particles reflected
from the crystal.

4, So long as the slowly changing part of space-time forms
a field and the local bunch of this field represents a particle
such a theory cannot contain areas or reglons of space in which
the laws of the field do wnot hold. The real

really existing irremova-

ble vacuum fluctuation in this theory will not be invariant under
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rotations, translations, space and time reflections, and other i
transformations (%!) and, conmsequently, the conservation laws
determined by them will be nounlocal and approximate, This takes
place most easily when the particle energy Re? ¢ is of the same ;
order as the variance ¢ of the vacuum fluctuation. But, unfortu- !
nately, these processes take place near threshold and they are
difficult to observe.

5. Since some particles may appear spontaneocusly from the
vacuum or disappear into it at very low probabilities, all the
elements will show a quite new type of nuclear transformations :
any element may transform into its isotrope or into one of its
nearest neighbours in the Mendeleev geriodic table. ‘This was at
one time pointed out by Rutherford ( 2y and these processes have
indeed been found in Geology although they are inexplicable (23),

6. When some particles collide the effects of particles
penetration through one another without any interaction must be
observed in cases when one or both of the particles vanish at
the point of collision. This seems to be illustrated by S-states
of atoms.

CONCLUSION

The proposed outlines of unitary quantum mechanics of a
single particle based on a unified field are extraordinarily
simple from the point of view of a hypothetical observer, A
hypothetical observer "can always measure" the amplitude of the
wave function, but we are not in a position to do so and shall
have to be satisfied with only a probabilistic interpretation
of the wave function. However, we must bear in mind that this
interpretation implies a very simple mechanism which explains
quantum phenomena and reduces the description of entire nature
to some unified field, in the continuous transformations of which
the wonderful variety of observable pheunomena are seen,

In spite of mathematical difficulties the quantum theory
will cease to be riddle and Feynman's sincere words (%) ",., I
can safely say that nobody understands quantum mechanics" - will
belong to history.

The author wishes to express his gratitude to A.D. Alexandrov,

V.A. Boichenko, Louis de Broglie and G.A. Zaitsev for their dis-
cussions, valuable advice and support.
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