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Abstract

The study of own fields and charged particles motion and also charged fission
splinters of a heavy nucleuses into nonrelativistic approximation is the subject
of this article research. The main efforts are concentrated in quest of charged
share components by the radioactive S -disintegration. The corresponding
field equations and equations of motion in the nuclear electrodynamics
processes are obtained and their solutions are found. Analysis of the micro-
scopic equations is generalized to the level of the macroscopic description of
continuous medium electrodynamics and is accompanied by quantum me-
chanical additions. The obtained theoretical results can be a basis for the fur-
ther mathematical modelling of generation phenomenon of powerful direc-
tional electromagnetic fields on the toroid with external winding in the
process of chain reaction fission and for the further creation of the nuclear
electrogenerator (nuclegen) as a peculiar analogy to the quantum generator.
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1. Introduction

At the beginning we should stop briefly on the structural description and the
content of article sections. Sections 2 - 5 are devoted to the coverage of a
behaviour for dotted charged particles and fission splinters within the classical

nonrelativistic nuclear electrodynamics.

In Sections 2 and 3 the consecutive microscopic description on the level of
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Maxwell-Lorenz fields equations and Newton-Lorenz equations of motion is
carried out. Obtained in Section 2 results serve a foundation to the conclusion of
laws for nonrelativistic nuclear electrodynamics of the charged fission splinters
(Sections 3 and 4) and laws for continuous medium electrodynamics with the
aid of macroscopic approach in consideration of statistical description (Section
5).

In Section 6 the nonrelativistic electrodynamic model is supplemented by
consideration more realistic scheme connected with quantumomechanical con-
clusion of the microscopic equations for fields and motions of charged particles
and charged fission splinters.

The important peculiarity of presented work is a definition and solution of
fields equations and motion equations for fission splinters in consideration of
charged share of radioactive inside nuclon £ -disintegration effect [1], Ze. in consi-
deration of emited cascaded electrons but without consideration of y-eradiation [2]
[3] [4]. We propose the toroid is the solenoid with the external winding. Moreover
inside of this toroid all fragments of the nuclear disintegration remain in force.
That is why light charges don’t may escape the system and therefore enter the
formalism. Theoretical results of Sections 2 - 6 can be also the basis for the
elaboration of possible mechanism of hypermotion realization [5]-[12].

Similar to quantum generation phenomenon and some other physical effects
going on intensive avalance-like scheme there are analogous processes occur by
the chain fission of a heavy nucleuses [5] [9] [13] [14]: the vigorous growth of
total number of neutrons, charged particles and charged fission splinters having
enormous kinetic energy of motion is observed. This known phenomenon
(charges motion in vacuum with great speed) is put into basis of nuclear
electrodynamic effect.

On this theory principles may be constructed superpowerful energetical
devices operating no on thermal interaction of various substances but exclusively
on a basis of physical electronuclear conversions. Actually, it is matter of on
principle new stage into energy development which at this point is named the
nuclear electrodynamics.

As at laser technology the nuclear electrodynamic model for own functional
beginning demands the preliminary “‘power reprimand”™ in a state of external
directional electromagnetic field for making of anisotropic backcloth with the
passing of chain nuclear fission reaction in vacuum.

We suppose that the nuclear electrogenerator of direct action can be highly
effective and reliable alternative to contemporary thermal nuclear reactor in the
future. What is more, its role and meaning in subsequent wide and speedy
pioneering of outer space, to all appearance, will be predominating as a basis

component of arised compact hyperreactive accelerators [5] [9].

2. Fields and Motion of Charged Fission Particles

We are interested the calculation recipe of electric E.(R,t)eR® and magnetic
B. (R,t) € R?® fields in the point with coordinate R e R® at the time moment ¢
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which are produced by the point-particles with charges Z;, three-dimensional
coordinates R;(t) and velocities R (t)=v;(t),i=12,---. It is known that
given vector fields into Gaussian units system (taking into account of values in
order 1/c, where c is velocity of light, and of multiplicator 4m in the
expression for potentials) can be written with the aid of microcsopic Maxwell-

Lorenz equations system in the following form

VE. =3 Z6(R -R),

“E!+VxB. ==Y ZR4(R -R),
CTi

VB, =0, B/+VxE,=0. 1)

Here we denote: for the vector V (the differential Hamiltonian operator) is
the differentiation on three-dimensional spatial coordinate R; the feature on top
is the differentiation on ¢z notes xyand XXY correspondingly mean scalar and
vector products; §(R; —R) is the delta-function from R; —R including in the
field sources.

To find solutions of Equation (1) introduce into consideration potentials.

From the third Equation (1) we have for the vector potential a(R,t) :
B.=Vxa. (2)

Taking into account the fourth Equation (1) we obtain for the scalar potential
go( R,t):
E.=-Vgp-a. 3)
After substitution of relations (2) and (3) into the first two Equation (1)
ignoring of values in order 1/c? we derive

Vp+V'a=->7,5(R —R),

Va—V(VaJrgo’):—%ZZiRi&(Ri -R), (4)

where A=VV =V? isthe Laplace operator.

Relations (2), (3) determine potentials a and ¢ ambiguously to an
approximation of the calibrated equalities

a,=a+Vy, o =9y,
where ¥ is the some arbitrary function. Take advantage of given fact so that
potential a and ¢ satisfied the Lorenz calibrated condition
Va+¢' =0

which permits Equations (4) to write in form of two independent Poisson

equationson ¢ and a.Ignoring of values in order 1/c? then we obtain
Ap=-3"7,6(R —-R), Aa:—EZZiRié(Ri -R).
i Co

If for solution of this equations according to the work [2] to make use of

relation
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A= ans(r),

U
where r=r(x,y,z) is vector-radius of the point with coordinates X,Y,Z and

2
|r| = (x2 +y°+ ZZ) is its the Euclidean length, then we may write potentials

Z, 1« ZR
= , a==y /1
¢ z.: 4no, % Z.: 4no;

Further, we shall use relations (2) and (3). Then the nonrelativistic

electromagnetic fields can be found as

E*=in, Ei:_VZi ,
n 4no,
ZR
B.=) B, Bi:EVx#, (5)
. c 4o,

where through o; =|R —R| is denoted the distance between points with vector
coordinates R, and R inspace R®.

Pay attention to that from relations (5) it follows that the field E. is
noncirculatory. Then in fourth equation of system (1) the value B has a order
1/c* and by it may ignore in considered nonrelativistic variant. Therefore in
system (1) last equation may writeas VxE,=0.

Denote (E(R;,t),B(R;t)) the full electromagnetic field in the point R, at
time moment ¢ This field is the sum of external field (Eo (Ri1), By (R, 1)) and
internal fields of the charged particles (E-(R.,t),B.(R, 1)) in the given point.

The equation of /th particle motion with mass m, under the Lorenz force

influence has a form
mR :Z{E(Ri,t)+%RixB(Ri,t)}, (6)
where the notation
E(R.t)=DE;(R.t)+E,(R;1),
i
B(R.,t)=2 B, (R.,t)+B,(R;t)
i

is used, moreover j = j, szj - E., Zij — B,. The equation of motion (6) for
nonrelativistic case taking into account the second line of the system (5) can be

made more precise, namely
miF'éi=Z{E(Ri,t)+3RixBo(Ri,t)] (7)
C
where

Z.
E(R.t) :_Zvi 4n—1+ E,(R.t), B(R.t)=B,(R.t),
i ij
oy =|R. - Rj|,i # j» V; ispartial derivation on elements of the vector R, .

Thus, Equation (7) describes nonrelativistic motion of /-th charged particle,
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i=12,---, in electromagnetic field of external sources and from the direction
of other j-th particles, j=1,2,---,j#1, in the given point R;.Equation (7) can

be attached to the canonical form

oH . oH
—=R, —=-R
oP, OR;
with aid of the Hamiltonian
p2 ZZ. P
H=S—i_ =) Z| (R t) ———-A(R,t) |, i=],
T TSl 52 (R e AR i

into the canonical terms of impulse variables P, coordinate variables R, and

potentials (scalar ¢, and vector A, ) of external field.

3. Fields and Motion of the Charged Fission Splinters

Let us set the problem about conclusion of field equations and motion equations
of the charged splinters (the united particles with internal nuclear structure)
which are generated in consequence of the chain fission reaction. These
compound united particles can be considered as many time ionizated positive
ions for the reason electrons upsetting of the atom outer skin of divided
substance.

For definition of the electromagnetic field of the charged fission splinters we
shall be proceeding in own analysis from the field microscopic equations of
isolated particles (1). Add to the index 7 the index & Then instead of the vector
R, we take the vector R, and expand it into the sum of two vectors:
Ri = R, +1,;, where kis the splinter index, 7/is the index of the particle of given
splinter, R, is the coordinate of the some fixed point (nucleus) of 4th splinter,
I

. is the internal coordinate of ki-th particle (its position) concerning the fixed

point of 4-th splinter.

But as distinct from the works [2] [3] [4] and the others here it is necessary to
mean that considered charged compound fission splinters aren’t “the stable
complexes” but are the powerfully nonsteady particles groups are exposed the
pronounced instantaneous radioactive fission (the S -fission accompanied by
the jy-eradiation). Radioactive instability of the fission splinters in one’s turn
leads to peculiar and simultaneously enough intricate deformation of the fields
electromagnetic equations and the motion of these assembly particles. Thus, our
problem is concluded in so that “to catch” the distinctive peculiarity of
radioactive disintegration of the given instable particles and to obtain corect
from mathematical and physical points of view the note of these equations.

Before to begin the equations synthesis we discuss just one more important
moment of the theory. The problem of classical nonrelativistic electrodynamics
is the registration of radioactive instability of the charged particles. It is well
known that in the given case, ie. when only parts up to the first order on 1/c
inclusive are taken into consideration, to count up the effect of radiation
y-eradiation (the fading) turn out badly. This effect caused by “minus-field” (the

retarding field) of the particle in nonrelativistic case is vanishingly small. In
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connection with given exposition we try by the conclusion of equations to take
into account the effect of charged radioactive disintegration but not of radio-
active y-eradiation accounting.

Subsequently it is important to distinguish between the individual charged
particles in the &-th fission splinter in the point R, with the charges Z, and
the charged nucleus in the point R, is exposed £ -radioactive fission. We remind
that the fission splinters are intensive 5 -eradiators, moreover the beta-fission is the
subnucleonic process stipulated by poor interactions and proceeding for surplus
neutrons of a splinter according to scheme: n— p+e” +v, ie in free state on
average life time in order of 17 minutes neutron decays into proton, electron and
antineutrino. We note also that inside of nucleus the formation of neutron it is
possible owing to additional energy is imparted to proton by other nucleons of
nucleus: p—>n+e‘v Le during f'-fission when the process of proton fission
inside of nucleus is occurs at expence of nucleus energy into neutron, positron
and neutrino.

Therefore, we indicate the charge in the point R, in the time moment ¢
through Z,. The charge Z, is the total proton charge X, of the nucleus
(initial proton charge of splinter + proton charge of f -fission products) and

electron charge Y, of § -fission products:
Z =X +Y,. (8)

Obviosly, value Z, (8) coincides with charged value of initial proton charge
of splinter. Nevertheless, it is necessary to make use of expansion (8) for account
of radioactive fission effect of the nucleus of 4-th splinter.

Further we shall think that solutions E. and B. of field equations can be
approximated as converged rows on parameter |r;|/|R —R|<1, ie the
dimensions of a splinter R, is smaller a distance o, from the observation
point R to fixed point (nucleus) R, of 4-th splinter. Transform equations (1)
taking into account of all expansions including the é-function expansion into the

Taylor’s row on I in the locality of the point (R, —R). Then we obtain

ve. =332, 5 (v o(r, )

+Zxk5(Rk _R)+ZYK§(Rk _R)'

~E! +VxB, :%ZZZH(RK + rki)i(—l)n (r,V)' 6(R,—R)

n=0 !

=]

+32kak5(Rk—R)+
C %

Ol

Zk:YkRké(Rk—R),
VB.=0, B/+VxE.=0. 9)

In equations of system (9) we have operator equality of action to three-

dimensional 5-function:

v 6(R ~R)=-V5(R,~R),

where V, =0/0R,V=0/0R. Consider this system in detail. The first
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equation can be written in the shortened form:

VE.=q-Vp+s, +s_, (10)

where is denoted

q:qu, qkzzzkiﬁ(Rk_R)’ (11)
- -

TS S s RIS LI NS

k .

=YX, 8(R—R), s =YY 5(R -R). (13)
k

k

Then we transpose the second equation of system (9) to the form

, 1. < = (-1)" "
~El+VxB. == J_szVpk+zzzkiz%rki(rkiv) 5(R -R)
k k i n=0

(14)
+> X RS(R=R)+ DY, RS (R, — R)]
k k
where is denoted
j=2jk, jkzzzkiRka(Rk_R)' (15)
K i
Further we make use of operator equality of action to the &-function:

%5(Rk—R):—RkV5(Rk—R). (16)

Differentiate the relation (12) on 0/0(ct):

pﬁ+%RkVpk Z k.Z( ) [rk,rk,V+nrk,rk,V](rk, )" "o (R, -R)=0. (17)

3(n+1)!

Then we add up relation (17) by k and add to right part of Equation (14). The
second equation of field (14) with aid of vector identity V x(axb)=(Vb)a—(Va)b
justifiable for any vectors aand b can be written in the form

—E;+V><B*=lj+p’+me+l(u++u_), (18)
c c

where following designations are introduced

_ (-0 ——
m_zk:mk, pk><R +Z.:Z"'Z_;n(n+1) xfi(V) S(R—R)|, (19)
u, =Y X,Rd(R —-R), u=>YR(R -R). (20)
k k

Here the vector m uses the name of magnetic vector.

Note that in Equations ((10), (18)) summands s,,c'u, and s ,c'u_ (13),
(20) can be associated with outrunning and retarding fields in relativistic and
plus- and minus-fields in quantum electrodynamics [2] [15] [16] [17] [18].

Values s,,c'u, represent own fields of the charged nucleuses of all splinters
and s_,c'u_ represent “the deformation” of total field is caused by the effect of
radioactive S -fission of nucleuses of all splinters.

We consider full charge of the 4-th splinter
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gkzzzki+zkzzzki+xk+Yk' (21)

Taking into account designation (21) for fission-fragment charge and

expressions (11) and (15) can be written that

Q=q+s,+s.=Y ¢ 5(R—R),
k
J=j+u, +u =Y ¢RS(R —R). (22)
k

Values Q and J are determined by equalities (22) on the analogy of
electrodynamic standards may call densities of the fission-fragment charge and
current correspondingly.

It is easy to notice that from system (22) conservation law of the fission-
fragment charge follows directly:

Q
=

Indeed, formula (23) follows if the value 0Q/dt from the first relation of
system (22) to calculate with the aid of equality (16) and then to make use of the

-VJ. (23)

second relation of system (22).

Values p (12) and m (19) in conformity with accepted electrodynamic
standards can be named the fission-fragment electric and magnetic polarizable
densities.

Thus, the system of equations for the field of charged fission splinters into
terms of densities of charge, current, electric and magnetic polarization looks as:

VE*:Q_vpl
’ l ’
—-E +VxB.==J+p'+Vxm,
c

VB.=0, B/ +VxE. =0. (24)

The system of Equation (24) are the system of microscopic fields (E.,B.)
induced by splinters. In other words, these fields where fission splinters are
situated. Notice simultaneously that on own form these fields are quite identical
to the Maxwell macroscopic field equations for continuous medium. Equation
(24) can be named equations of the fission-fragment fields. If introduce instead
of vectors p and m vectors of displacement D. and H. correspondingly to

formulas

D.=E.+p, H.=B.—-m,

then obviously that the system of equations of fission-fragment fields (24)
assumes the form (compare with the system of the Maxwell macroscopic
equations for variable electromagnetic field (E,D,H,B): rotE =—oB/ét ,
divD=p, rotH = j+oD/ot, divB=0, where j+0D/dt is the density of the
full current, | is the density of the conductivity current, p is the volumetric
charged density, | :Lde is the conductivity current, I, :(d/dt)jS DdS is
the displacement current, S is the surface):

VD.=Q, —D[+VxH, =1y,
C
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VB.=0, B'+VxE. =0. (25)

We now move on to formation of equations for dynamics of charged fission
splinters if there are given off electrons arised as a result of radioactive
pf -disintegration.

The motion equation of ki-th particle into 4-th splinter with the charge Z,;,
the mass m, and the coordinate R, at the time moment ¢ into full
electromagnetic field (E(Ry.1),B(Ry.1)) has a form of Equation (6), where
R =Ry, ie

mkiﬁki :ZkiI:E(Rki't)+%RkiXB(Rki’t)i|v (26)

moreover full fields E(Rg,t) and B(Rg,t) in considered case (compare with

expressions for Fand Bin Equation (7)) have a form

Z,; (X +Y)
E(Ri,t)=— >V, —3— -V ~* ¥ _NYy,
( “ ) ZJ: “ 47T0'k|ij § Ano, i ZI:EJ: § 4’T0'k|,ij
X, +Y,
_kal (47_[0_ ) Eo (Rki!t)l (27)
kL.l

B(Ry.t) =By (Ra.t),

where j=i,l#k; V,, —is the gradient vector on the elements of vector R, .

In the system of Equation (27) are denoted
o =|Ri = Ry|s ik =|Ra = Ra| =|Ra =R/,
i =|Ra =Ry|, oy =|Ri —Ru|=|Rq —R/[,
R« =R, R/ =R, |Rq—R]=]|r (28)

One can see beautifully from relations (27) that full field (E,B) includes:

1) intrafission-fragment field created by all particles ki, i= j, of given k-th
splinter and by nucleus of this splinter;

2) interfission-fragment fields corresponding to particles of all other |
splinters, | #k, and to nucleuses of these splinters also;

3) external field (EO, BO) created by external sources.

On the analogy of (6) (i —k) can be written the motion equation of the
nucleus of k-th splinter with charge Z, = X, +Y,, mass m,, coordinate R,
into full electromagnetic field (E(Ry.t),B(R,.1)):

mkﬁk:z{E(Rk,t)%RkxB(Rk,t)}, (29)
where
Z,
Rt v, \% !
( ‘ ) ZJ: 47[0kk1 ZIZZJ: k4no-kl,kj
(X +Y)

-3V,
Zl: Anoy
B(Rk't): Bo(Rkvt)’

for |#Kk, ie system of relations (29), (30) can be obtained from system (26),

+Ey (R 1), (30)

OALib Journal
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(27) by i=Kk,V,, =V, and taking into account identical equalities (28). In this
case we think in relation (27) that the second summand in right part is equal to
zero, V, =0/0R,.

After summarizing of Equation (26) on 7 and adding with Equation (29) for
description of the motion of &-th splinter with mass barm, and coordinate of

masses center R, :

m,; RkI +mR,

m, :Z+mk, R, Z
we obtain the motion equation of 4-th splinter in the form
mkﬁk:ZZki[E(Rki,t)Jrlei><B(Rki,t)}+zk[E(Rk,t)+lexB(Rk,t)}. (31)
i C C

Substitute expressions (27), (30) into Equation (31). Then resultant force
corresponding to intrafission-fragment field for the set of central forces is

obviously equal zero. Consequently Equation (31) acquires the following form:

:_ZZ;VM 4Zkizk|| zz § 4(7txak|+nY)
DA T A

(32)

-3z, {EO(Rki,t)Jr%Rki N BO(Rki,t)}

+(X, +Yk)[EO(Rk,t)+%Rk X Bo(Rk,t)]

where | #K, and external field (E,,B,) satisfies to homogeneous equations

VB, =0, B +VxE,=0.

Thus, Equation (32) is the motion equation of 4th splinter into electromagnetic
field of other splinters and external sources.

It is important to note that Equation (32) on a level with traditional
summands in the right part of the Lorenz force contains also summands are
made a force connected with radioactive charged eradiation of nucleuses into
fission splinters (the accounting of S -charged eradiation by the radioactive
electrodynamic effect).

In following section will be realized the breeding of “the energy equation” for
fission splinters with charged radioactivity, namely the equation in conformity
with it total derivative on the time from energy of system is equal to short-active
and long-active contributions containing the powerful components of different

forces.

4. Power Relations for the Charged Fission Splinters

Proceed to the substantiation of energy equation and internal pulse moment of
k-th splinter on the basis of previous section results.
For working out of energy equation we take ki-th particle and scalarly

multiply motion Equation (26) by velocity R, :

OALib Journal
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My Rki Iféki =Zy Rki E(Rki ,t). (33)

Similarly we treat with the nucleus of 4th splinter. From Equation (29) after
multiply by the vector R, we have

mRR, =ZRE(R1). (34)

Then summarise by 7/ Equation (33) and add with Equation (34). With the aid
of expressions for m R, and of relations (27), (30) we find for internal
coordinate T, =R, —R, that

d

1
dt[ ka,R§ +2mkR )

=ZZkiRkiE(Rki,t)+Zk RE(R1),

or
d 1_=, 1 2 B
m T2 + m,r,R+ mR+ m(R R)
dt( Z ki ¥k Z ki T ok oK j
. 2,2, V.Z.Z
:_szinl i<k z y ki £ki <k
il 4no, Oy ij i 47t0'kik
. X, +Y,
_szivkl4 u IJ ZRKI ki ( I I) (35)
Li.j MOy i dnoy;
Zkaj (Xk+Yk)Z,j

+ZRkiZki Eo (Ry 't)_ZRka
i ]

(X +Y ) (X, +Y,)

4noy

_szVk
' 7 Anoy,
Ok i Ik kj

—ZRka +R (X, +Y ) Eg (Rut),
where 1% j,1 k.

In right part of Equation (35) the first, the second and the sixth summands are
making intrafission-fragment power contribution which can be presented as a
total derivative on the time from intrafission-fragment Coulomb’s energy of
given 4-th splinter EC Ll

szIVkI szl Vk|

ZRV

Oy Jij i Oy ik i 4TEO'k i

=Y (RqV +RyVyy) Zaly - > (RaVy +RYV )—Zkizk

= ki ¥ ki ki ¥ kj SRUk,ij - ki ¥ ki k ¥ k 1IO'kvik

7.7,

TRV, + RV )=

j 8110'kkJ

d
__EEc,k’

or

d d 1 ZiZy ZZy 2.7,
aEc'k:dtSn{z_kEFZ ki = | } (36)

i,,-|rki—rkj |rk|+R -R | |rkj+Rk—Rk|

In general case Equation (35) taking into account the dependence (36) can be

produced in the form
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(;jt[ kalrkl +ka|rk|R +;mkrk +;mk(R2 R;2)+EC,kJ

=Ny + A,

(37)

where is denoted

L 7.7, - Zi (X, +Y,)
A = (R +Fi)viM- (R +Fi)vi¥
kI % k k k 4T[O'k| i ; k ki k 47'[O'klyi|

YRV k(X Y )Z (X +Y ) (X, +Y)

lj ZRk ) k | ,

4oy, K Anoy
Ao =2 (R, +r‘ki)zkiE0(Rki,t)+ R (X, +Y, ) Eo (R 1)

Thus, the energy equation of 4-th splinter (37) in own left part contains
summands of intrafission-fragment kinetic, potential and Coulomb’s energies;
quantities determining interfission-fragment A,, and external A, fields on
the background of f-charged eradiation were in the right part of this equation.

For working out of internal pulse moment equation of &-th splinter we make

use of corresponding expression for the quantity of internal pulse moment

¥y = X mE < +m (R R)x (R ~R,), (38)

where m,;,m, are masses of composed particles and nucleus of 4th splinter,
T, =R, — R, are internal coordinates of particles.
Differentiate relation (38) on the time. Then we obtain with employment of

significances of m,,R, :
'S =D Mgk xT +mk(Rk _ﬁk)x(ﬁk _'R_.k)
= 2 T xRy -m, (R =R )xR +m (R, —ﬁk)x(ﬁk —#_ék) (39)

:kairkixﬁki +mk<Rk _F_zk)xlfék'
1

The following step: put motion Equations ((26), (29)) and equations of fields
(27), (30) into Equation (39). We obtain finally

. X +Y))
Y, =Y. xV, 2 XV ——— Zi
“ IIZJ ‘ ‘ Oy jj g § “ 4oy

_ 1.
:szirki X|:EO(Rki't)+ERki X BO(Rki’t):|

_ (X,+Yk)ZIj
- R -R |xV, ——2 —
IZJ:( ‘ k)x ‘ 4no_kl,kj
_ (X +Y ) (X, +Y)
- R, —R )xV
Zl:( ‘ k) ‘ 4noy

+(X +Y) (R, —ﬁk)x[Eo(Rk,t)+%Rk X BO(Rk't):l’

where i# j,I#k and resulting activity of central forces corresponding

intrafission-fragment fields is equal zero.
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5. Statistical Description of Nonrelativistic Nuclear
Electrodynamics Laws

Maxwell’s equations of electromagnetic field are in reality macroscopic
equations for the description of field and substance with slowly-varying (into
time and space) physical variables. Consequently their employment for the
description of microscopic objects behaviour with quicly-varying physical
variables cannot be recognized fully adequate and theoretically corect.

Macroscopic equations operate with not separate particle but with whole
group of particles (medium). Obviously from this point of view that for the
obtaining of nuclear electromagnetic macroscopic laws it is necessary to carry
out averaging on fission splinters and to avail of statistical mechanics principles
where physical variables describing with the aid of distribution functions are
considered as continuous functions of spatio-temporal coordinates.

We note also for the carrying-out of statistical (macroscopic) physics it is
necessary that averaging on considered splinters occured in the volume with
sizes bigger than interfission-fragment distances but smaller than macroscopic
sizes of the system.

Statistical averaging in statistical mechanics is introduced with the aid of
distribution function or phase density f(x) in phase space where x(t) is
phase vector of the system [19] [20].

In nonrelativistic case macroscopic values can be averaged only on phase
space of coordinates and velocities of particles. Therefore, if ki-th particle is
characterized by microscopic value a(Rki, Rki,t) then the average from it is

defined by this integral
A(R,t)=(a) = [af dp, (40)

where f = f(R,,R,.t) is distribution function, de=]], dRdR, is a
element of the phase space volume, fdg isthe probability of system stay in the
element of volume d¢ (owing to the conservation of probability fde = const
along phase trajectory).

Hence it follows the commutation of operations of the differentiation on the

time and the averaging on phase space and spatial differentiation and phase

at jfdgo _[—fd < >

averaging also:

v{a)=V[afdp=[Vaf dp=(Va), (41)
where
d o . .
—=—+ > RV, + ) RV .,
dt 6t ; ki ¥ ki ; ki V- ki
Vkizi’ V»kizi'
ORy; ' ORy;

So that to receive Maxwell’s equations it is necessary to apply statistical

averaging to equations of fission-fragment fields (24). Then we shall be having
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(VE.)=(Q)~(vP).
~(E)+(VxB.) =<(3)+(p) + (v xm),
(VB.)=0, (B)+(VxE.)=0, (42)

and further, with the aid of commutation rule (41) in system of Equation (42) we

obtain

() +Vx(B)=(3)+{p) +V x(m),
V(B.)=0, (B.)+Vx(E.)=0. (43)

Use designation (40) for macroscopic fields, densities of charge, current and

vectors of polarizations

£=(E), B=(B.), 2=(Q), J=(3),

Then we can rewrite system (43) in the form of Maxwell’s equations:

VE=Q-VP,
—£’+VXB:EJ+P’+VxM,
c

VB=0, B'+Vx&=0. (44)

If resort to designations for vectors of displacement
(D=E+P,H=B-M), system of Maxwell’s Equation (44) can be written in

still more compact form:
VD=0, —D'+V><H:lj,
c

VB=0, B'+Vx&=0. (45)

System of Equation (45) can be obtained by means of the averaging of system
(25) also. We note that system of Equation (45) into known terms of Maxwell
fields &£ B,D and H is comfortable for the employment in the case of
assignment of some boundary conditions.

Continue the derivation of macroscopic equations on the basis of the averag-
ing of microscopic equations. Then analogously by means of the averaging of
Equation (23) can obtain macroscopic equation of the charge conservation

22 _

5 -VJ. (46)

If further to average relations (22) then we find macroscopic densities of

charge and current correspondingly:

O(R)=(Q)=(T4(R,~R))
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J(Rt) =(J)=<§k:gkRk5(Rk - R)>.

Write solutions of macroscopic Equation (44) to an approximation of

summands in order 1/c:

5(R,t)=50(R,t)—vj[Q(Ra,t)—vaP(Ra,t)}4:0 dR,,
B(R,t)=BO(R,t)+ij{%j(Ra,t)+%m+vaXM(Ra,t)Llnlo_ 0R,,

where V_=0/cR,,0, :|R— R,
without sources (external field). For the checking of these expressions it is

» (&.B,) is the solution of field equations

enough to put their in equations (44) and to take into account dependence (46).

6. Quantumomechanical Model of Microscopic Equations

Here we try to apply received earlier results for microscopic equations of nuclear
electrodynamics in nonrelativistic approximation to the model founded on
quantum mechanics with employment of operators theory and own vectors of
states in Hilbert’s space.

Let there is the system of particles with masses m,, charges Z; which is
described by operators of coordinate R, and pulse P into external electromagnetic
field with potentials (¢,, A,) with the aid of Hermite (since the energy is real
value) operator of Hamilton to an approximation of summands in order 1/c:

o STt TA m(R ) Em AR ] @

i

where &ij =|R; = R,|, the anti-commutator by scalar product of pulse operator

P and vector potential A, is defined on the rule {A,B}=AB+BA Operator

~

H (47) gives the behaviour in the time of state vector y(t) for considered

system according to Schrodinger’s equation:
Hy (t)=—>~=w(t). (48)

Here | isthe imaginary unit.
Field equations into terms of Hermite’s operators of electric and magnetic
fields have the form

VE=Y75(R -R),
E49xB- 23[R .5(R-R)).

VB=0, B'+VxE=0, (49)

where in the second equation of system (49) in right part is the anti-commutator
providing the hermicity of sources in field equations and what’s more the

relation

+— (50)
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has place for the operator A. In equality (50) GA/Gt means the open
derivative on the time, ie. we assume that the operator A depends from the
time obviously. Specifically, if in expression (50) the operator A don’t depends
from the time obviosly then we have known as Heisenberg’s motion equation for
operators which are independent from the time obviosly [21] [22]:

dA(t) i

T:_[ﬁ (t), A1) ] (51)

h

Since Equation (51) has open similarity with corresponding equation of
classical mechanics of Poisson’s brackets then the commutator in the right part
of Equations ((50), (51)) is named quantum brackets of Poisson from H and
A also. We remind that commutator by two operators is named the moved
form [A B]=AB-BA. We note also that R =P /m, follows from expression
(47) with an approximation of summands in order c°.

So that to write motion equation for charged i-th particle it is necessary by the
calculation of derivatives on the time from FAQi to take advantage of rule (50).

Then with the aid of expression for H (47) we obtain

miF;éi = |3| _%ZiA\J<F§i’t)'
mR. =_%iz,-“427f%:j +2, Eo(ﬁi,t)+%{%,80(§i,t)} , (52)

where V, = 6/ R, ,i = j. Here external field (Eq.By) is connected with scalar
and vector potentials (¢>0, AO) by dependences (2), (3) so that

Eo=-Vo,— A, By =VxA,
moreover in the right part of Equation (52) over the {A B}" is indicated
rearranged form with vector product: {A B}" = AxB-BxA.

In conclusion we adduce quantumomechanical description of microscopic
field equations of charged fission splinters (24) for average values of corresponding
operators. The system in Hilbert’s space is described by the state vector y (t)
or Hermite’s operator of the density ‘i’(t) =y (t)y (t). Average values A of
the operator A is introduced as

A=y Ay or KzSp(‘i’A).

Formally for notes of fields equations of fission splinters it is necessary
demand the performance of the condition |r;|=|R;—R,|<|R —R| which
guarantees the participation of those observation points R situated out of
splinters and which provides the convergence of the row expansion (in this case
the row converges for sources).

We have for average values of operators (compare with system (24)):
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VB=0, B'+VxE-=0, (53)
where operators are determined by expressions

(j:zk:é,ké‘(ék_R)’
i-3%afno(R-R)}, 6 -1[HA] (51)

and the anti-commutator and the commutator for velocity operator are in the
second and the third relations (54) correspondingly.
Motion equation of ki-th particle in A-th splinter has the form of operator

equation:
My F\A)ki =2 |:é(|:’ikl 1t) +%{|§kimki'BO (l::)ki vt)}x}v (55)
where

é(ﬁk"t) :_vk' { ZZkJGk i~ (X +Ye) Gicie —legzué“kl,u
~Y (X, +Y,)&k,‘”}+ Es (Rat),

B(Ry.t)=By(Raot): =i, 1%k, %ki:%-'

Here the designation ¢ indicates only on the presence of coordinates
operator R with corresponding indexes.
Analogously the motion equation of nucleus of 4-th splinter can be written in

the operator form:

mf -2, é(ﬁk,t)+2ic{nﬁ_k,so(ﬁk,t)} , 50

k

where

E(Rk,t) {szjak ’ Z;z”&m -Z(x, +Y,)&k,vk,}+ Ey (Ret),

é(fzk,t)zso(Rk,t).

Summation of motion equations of particles (55) and addition their with
motion equation of nucleus (56) as a result led to a motion equation of the
masses center of &th splinter.

Field Equations ((49), (53)) and motion equations of charged particles and
fission splinters (52), (55), (56) form the base for further deduction of operator
macroscopic field equations and motion equations into quantumomechanical

interpretation taking into account § -charged radioactive eradiation.

7. Conclusion

Here in essence the nuclear electrodynamics theory is presented. This theory

opens wide perspectives for the creation of power devices in the form of the
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nuclear electrogenerator which functions on new principles of the passing of

nuclear fission reaction into directional electromagnetic fields. Chain fission of

heavy nuclei is one of many physical phenomena which proceed in an avalanche

scheme. In fission there is an impetuous increase in the numbers of neutrons,

charged particles and fission splinters with enormous kinetic energy. The

present theory aims to describe the above process quantitatively. In the future it

could find an application in powerful nuclear electrogenerators operating

exclusively on the basis of electronuclear conversions.
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Notation

above is the transposition sign.

SpA is the spur of quadratic matrix A (the summarized elements of the
main diagonal).

[AB]=AB-BA is the commutator of A and B operators with scalar
product.

{A, B} = AB+BA isthe anti-commutator of A and B operators with scalar
product.

{A/B}"=AxB-BxA is the rearranged form of A and B operators with
vector product.

All items are published in Russian except [1] [2] [3] [6] [11] [12] [13] [14]
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