Real atomic effect of the reducing of the vacuum in the hydrogen atom by the
heavy proton (nuclear matter)

Grigory Yu. Nekrasov
Federal State University of Education 141014, Moscow region, Mytishchi, Russia

Keywords: Vacuum, Atomic physics, Hydrogen atom, Virtual particles, Electrons, Positrons,
Proton, Relativistic wave equation, Wave-function, Dirac equation, Sequential algorithm

Abstract

The computer program, when it will be executed, then gives a possibility of computation and
gaining of real effect of the reducing of vacuum by matter based on uncertainty relations, i.e. the
effect, appearing in the electron-positron vacuum near heavy nuclear matter, is provided, as a
potential solution of the vacuum energy calculation problem.

Introduction

At the previous we considered the two approaches to the vacuum energy problem in the
light of the reducing of vacuum by matter atomic effect or as an alternative the limitation of
vacuum effect. We reached that in the two articles: (1) ‘A statement of the Cosmological
constant problem and an effect of the reducing of vacuum by matter based on uncertainty
relations’ and (2) ‘A further specification of the Cosmological constant problem by account the
two fermions in the Standard model and an effect of the reducing of vacuum by matter based on
uncertainty relations’. However in these articles there has been calculated so-called inoculating
simple model-based effect which is not the real atomic effect. Due to the complexity of the real
situation with calculating of this effect we have considered and managed with the simple model.
As we remember, this model follows from the 2D geometrical scheme of the effect that is in the
first mentioned article here. With aid of this inoculating model we can compute the maximal
scale for the effect, on which it must terminate for the every left set parameters. In everything
else this model does not have power and describes nature incorrectly. Thus, in the current article
we will represent the computer program, which allows one to compute real atomic effect of the
reducing of the vacuum in the hydrogen atom by heavy proton, i.e. the nuclear matter. The
investigated vacuum in this work will be the electron-positron (e e”) vacuum. We will describe
the effect by natural, and not artificial, method.

1. The details of the work

According to [1], consider the general case of the relativistic wave packet — temporally
developed at arbitrary time Gaussian wave packet at time moment ¢ =0. It has the view
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where @' (O) is the constant spinor at time 0, d is the width of the wave packet and
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This wave-function takes in one single time moment and depends only on the Cartesian

coordinates r = (x, v, z) . In [1] the result of developing of (1.1) at arbitrary time is gained:
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These integrals can be calculated only by use of numerical methods. Take in this wave-function
the time instant ¢ =2s.

We have prepared the initial conditions for the Dirac equation, which must use to
determine the considering effect. This effect will gain for the hydrogen atom, therefore the Dirac
equation must be written using the Coulomb potential [2a]. It has the view

ihaa—l/t/=—ihc&-Vw+moczﬂl//+€A0,(F,t,l)w, (1.10)

where



AOI(r,t,l)=—4;g fs(r,z) (1.11)
and
S(t,1)=6(t-2)0(~(t-2-A(1))), (1.12)

where G(x) is the Heaviside-theta function, and for the lifetime of the virtual pair At(l ) , which

depends on the scale / one must take the formula (4.6) from the previous article (2). The formula
(1.12) is written down at account of the considering time instant ¢ =2 for the initial conditions
(1.3). The wave-function in the equation (1.10) is the bispinor
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a and f are usual Dirac matrices, that can be found from [2b]. Now let’s describe what natural

method is. These conditions mean that at this time instant the free motion of the electron and
positron which does not relate to the task terminates and the Coulomb potential turns on.
Therefore the initial conditions are suitable for the Dirac equation at the time (in SI units) 2
seconds because the modified Coulomb potential (1.11) now has the time dependence (also it has
the scale dependence). This potential activates exactly at this time. At the moment of the
activation, which is the moment of the creation of the pair and each virtual particle, the particles
move freely, actually, we have done in this model that they moved freely all the time before the
turning on of the potential, and at the moment. Then the free motion of the electron and the
positron at the end of it becomes the motion in the Coulomb electrostatic field, which terminates
at being up of the lifetime of the pair. For this time period the particles, as it proposes, make the
forward motion and the backward motion and then they annihilate. After the annihilation, as this
simplified model assumes, the particles do not vanish, and they continue to move in the
potential, but we do not consider that time in our task. This is done to simplify the task, and this
approach remains right solution.

Natural approach presumes using of the Dirac equation and description of the virtual
particle moving in the potential field in the hydrogen atom by this equation. This is real and not
artificial situation that governs in the real world. In this method we assumed that the shape of the
wave packet does not change and not depend of what, where this wave packet is (we think the
shape of the wave packet is spherical, for simplicity), therefore the Coulomb potential must be
usual and depend only on radius-vector » of the central proton in the atom. And, thus, our task
gains the solution only in that case, if we are in usual spherical polar coordinates of the central

body — proton in the hydrogen atom. These coordinates (r, (9,(0) set a location of point in any
wave packet of the virtual particle, wherever it was.
The motion of the virtual particles in our approach is constantly direct, but it occurs at the

time period for the forward motion and for the backward motion, i.e. for the full lifetime of the
pair. By this way the full motion of each particle realizes, i.e. the natural, according the quantum
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field theory, moving of the particles turns out straightened. This peculiarity of the model solves
the task rightly and greatly simplifies it. In such approach the all generality (movings and
orientations) is conserved.

Let’s take the numerical solution of (1.10) with the initial conditions (1.3) and compose
the probability density, as it must look

P(X.t) =y +yos Wy s (1.14)

Then, write the following algebraic equation

Pk (l) 91,1( (1) ra:k(l)Jrl*Alk(l’t)
p(r,t)r*sin(0)drdOdp =0.9973, (1.15)

0 0 ra;k(l)

where r = (r, 0, (0). As one can easily see, (1.15) is the probability integral, adapted for the task,

and it is the 30 rule — the probability of finding of the virtual particle at k& -th radius from the
central body for the scale / and at the time instant ¢ is 99.73%, as we have chosen. At that the
virtual particle does not recombine to make an atom, on the contrary, it exists in the atom, what
the integral limits are explained with. The integral limits are justified for the initial free motion
and have the views

ra;k(l):rk+%l, (1.16)
0., (1)= ¢, (I)=2arctan 1! , (1.17)
Lk 1,k 2 r“;k (Z)

where 7, (l ) is the same that in (5.23) in (2) but without the limitation vacuum effect and the
dispersion. The formulae (1.17) can be derived from the Figure 1 at the condition of absence of
the effect. The algebraic equation (1.15) must be solved relatively of the effective reducing of the
scale Al, (l,t), which is the dynamics considering. Thus, the task of determination of the effect

has now the gaining resolution, and the rest formulae of the applying of the limitation of vacuum
effect do not change, as they are in (2), considering the dynamics.

2. The data needed for the computation

In the computation we have the following values for the physical fundamental constants
in SI units: ¢ =299792458 m/s, i =6.6260755-10""-1/2xJ s, &, =8.854187817-10"* F/m . In

the program we have taken from (2): the electron mass, the Planck length, the radius of the
hydrogen atom, the minimal radius of the effect and
the task, the minimal scale, the inoculating
maximal scale. Also we use the elementary charge
or the value of electron’s charge (without sign) in

SI units: e=1.6021773349-107°C .
The units of angles: @ =7/20, ® =27/20.
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The numbers of the segments on the all axes in the spherical polar coordinate system: on the
radius axis we have taken aMAX =20, on the polar angle we have taken bAMAX =20 and on the
azimuthal angle we have taken gMAX =20. The minimal value of the radius of the atom to

avoid the singularity at the solving of the Dirac equation, because there it stands in the

denominator: p, =107"m ; it is chosen in such a way that p, = 7(min) — 0. The minimal value

of the polar angle to avoid the singularity at the solving of the Dirac equation with the same
reason: Angl@, = z/10" ; it is chosen in the same way, like the minimal value of the radius: it

must go to zero. The maximal scale must be computed by the given below computer program;
this computation is the cyclic computation with the beginning inoculating maximal value of the
scale. As the initial maximal scale is the inoculating value of scale as the initial number of the
segments on the scale axis is the inoculating number of the segments. The maximal inoculating
number of the segments on the scale axis: NMAX, =50. Why this number is so small will be

said below. Knowing the inoculating value of scale and the inoculating number of the segments,
we can calculate the initial length of the segment. The maximal number of segments on the time
axis: MMAX =100.

The small numerical constant & that has dimensionality of time:

e=T (l + NMAX . -IP)—(2MMAX —1)5 . The duration of one single time interval:

o (lmax) =1.60995-10*s . The fractions of presence in number relation of each atom in the full

number of atoms are given in the program, they also are in (2) and they use at the final stage of
the computation. The diameter of the virtual particle’s wave packet is the corresponding scale /.
The segment of the radius of the virtual particle’s wave packet defines by the formula

p(1)=(1/(20-2))(1+0.3-1).

The minimal segment on the scale axis must be the Planck length because, according the
all theory that has been built in the previous articles, the space has divided into the segments of
this length but if it really represents step on the scale axis, the number of such segments will be
too large to compute any program on computer. Therefore we must use an extrapolation in the
way that we should take not the Planck length minimal segment of scale, and the segment of
much more length, than the Planck length; one such segment and the corresponding number of
these segments to fill the full inoculating scale range, and another shorter segment with more
number of these segments, and yet one that will be less, and if it is needed, yet some ones of the
segments to compute the all data in every such approximate case. And then we must predict on
which values of the data will go out and to continue graphically every value which the program
gives on these expected values, when the length is the Planck length. Below we provide the
computer program written in the Wolfram language®, that allows to gain the final result of the
entire this work, summed up into the three articles — the e ¢” vacuum energy in the hydrogen
atom for the entire Universe with the reducing of the vacuum effect; where the all atoms in the
Universe are hydrogen atoms.



in[-]:= Tm1l = AbsoluteTime[];

i1~ mo=9.11-107;
C = 299792458;

1
h=6.6260755 < 107>* — ;
27

1P = 3.99984 - 10713;

€o = 8.854187817 107 1%;

Pnin = 10_115

Ppax = 2.5 <1071

1max, = 2.00008 - 10™;

Alg = 1.99992 - 1071;

NMAX, = 50;

MMAX = 100;

Na = 7.39 - 107%;

1min = 10%° ~ 1.616255 - 1073°;

In[-]:= Ay =0.739;
A, =0.24;
A3 = 0.0104;
Ay = 0.0046;
As = 0.0013;
Ag = 0.0011;
A7 = 0.00096;
Ag = 0.00065;
Ag = 0.00058;

Ao = 0.00044;
AL

dd 1= —2
50

& :=1.60995 « 10724

Inf-]:- &2 :=1.54803 ~ 10"

1 Imin + ALy 1

In[-]:= & = X X

2 MMAX ¢ \/3+16xm62c2 (1min + ALg) 2

hZ
Out[«]=
1.60995 x 10

in[-]:= NO :=0
1 1min 1
in[-]:= MMAXNO = — x X
6 « \/3+15x$ Imin?
Out[e]=
1.93329

in[-]:= mO@ = Floor [MMAXNO]

Out[e]=



2 The solution of the vacuum energy problem.nb

In[e]:= At[l_] =
3+16x < 12
A

1
In[«]:= T[l_] HE— At[l]

In[«]:= d[l_] :

I
[

1
In[«]:= p[l_] s — [
220

d[1] d[1])

rag,e [1_] = Ppins

n[-]:= MID1[px_, py_, Pz_, t_, 1_] :=

(px? + py? + pz?) d[1]? \/(px2+py2+pzz) c2 +mo? c*
EXP[— ] Cos[ t] -
2.h? n

me c2 [ \/(px2+py2+pzz) c? + mo? c* ]
ix Sin t
\/(px2+py2+pzz) c? + mo? ¢* h

(px* + py? + pz?) d[1]?

n[-]:= MID2[pX_, pYy_, Ppz_, t_, 1_] := Exp[— - ]

\/ (px? + py? + pz?) c? + mo? c*

pz c .
Sln[ a t]

\/ (px? + py? + pz?) c? + mo? c*

(px* + py? + pz?) d[1]?
— ]

n[-]:= MID3[pXx_, py_, Pz_, t_, 1_] := Exp[—

\/ (px? + py? + pz?) c? + mo? c*

(py -1 px) c .
Sln[ " t]

\/ (px? + py? + pz?) c? + mo? c*

S[t_, Q_] :=HeavisideTheta[t - 2] HeavisideTheta[- (t -2 - At[1min +Q1P])]

1 e
x—S[t, Q]
47('69 r

AOI[r ,t , Q] :=-

4
Block[{F =@, VU=3.6-10%, VA=1.4625 1032 — x,
3

TT
e=1.6021773349 <10, ne =0, 8 = —,
20
27
& = — , aMAX = 20,
20

bMAX = 20,
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gMAX = 20, 00 = 1072,
Anglee = #}, Do[If[i =0, jo=1;, Null];
If[i>18&&1i <10, j; =9281i;, Null], {i, 0, 10}];
Tm,p = AbsoluteTime[];
Table[r2g yi,r = Mmins s> {X1, @, NMAX;}1];
Table[rag,xi,r = Mmins» {X1, @, NMAX;}1];
For[sl =@, ras; no,r < Mmaxs S1++,
If[sl==0, Print["s1=", 0, " ", "ras; no,r="> N[Ppin]], Null];
Do[1l,; = Imin + x1 1P;

r2s1,1,x1,F = M2s1,x1,F + Lyas
Pas1.1,x1,F = P2s141,x1,F 5
r251,x1,F =3
1y =., {x1, @, NMAX;}];
If[s1>08& (sl==Jg||S1==7F1|[Sl=7Jz|]|s1l=7s]]|

S1==Jg||Sl==7Js||sl==3Je||Sl==737|]|sl==7Jgll|sl=7Jg]|l|slz= Jia),
Print["s1=", s1, " ", "r'asl,na,F=“: r'asl,no,F].v Null]];

Tmye = AbsoluteTime[];
Pr‘int["At19=", Tng _ Tmle, " II’ IIF=II, F];

pl=s1-1;
Tm3p = AbsoluteTime[];

Table[rays,r = Interpolation[Table[{{1lmin + x11 1P}, rays,xi1,r}, {X11, @, NMAX(}],
InterpolationOrder -» 5];, {k5, 1, p1}];

Print["rays,¢[11"];

Tmye = AbsoluteTime[];

Print["Atye=", Tmye - Tmze, " ", "F=", F];

t=2;

T
Table [my,F [17-= ;

ArcTan [ ———r

2 ﬂr‘ay,,;[l]z-% 12

If[(y=Jolly=Jdilly=3d211y=3311y=Jally=3s11y=736ll

y=3711y=3s 11y =175 |1y =Ji), Print["y=", y1, Null];, {y, @, p1}];
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1
Table[Rek,F [1_] = rak,F[ll + ; 1;

If[(k=Je |l k=Js 1 k=321l k=33l k=7Ja || k=7Js||k==Je||

k== 37 |1 k=3g || k=3s || k=3, Print["k=", k], Nulll;, {k, @, p1}];
Tmse = AbsoluteTime[];

Do[l,c1 = 1lmin + 1P f1;
Do [f‘a1,f1 =alp[le];
Do[ebl =ble;

Do [qsgl - gl3;
If[al--0&8%b1:--08&g1--08.&fl =0,
Print["al=bl=gl1=", a1, " ", "f1=", f1], Null];
If[al--08&&b1--08&8& gl -- 0&& fl == 9, tty = AbsoluteTime[];, Null];
If[al == 0&& bl - 0 && f1 == 0 && g1 == gMAX, ttgwax = AbsoluteTime[];

Tg1 = ttguax - tte;
Print["The execution time of the all Cycles Do, (s)=",

Tgl (bMAX + 1) (aMAX +1) (NMAXg +1), " ",
"The execution time of the al Cycle Do, (s)=", Tgl (bMAX +1) (aMAX +1),

" ", "The execution time of the @ Cycle Do, (s)=", Tgl (bMAX +1)], Null];
If[al == aMAX && b1 == bMAX && g1 == gMAX && f1 == NMAX, Print["al=", a1, " ", "bl=",

b, " ", "g1=", g1, " ", "f1=", f1, " ", "This module is finished!"], Null];

€11,1,p1,g1,71,F = —— -

1 (d[1lg]
3/

3/2
J NIntegrate[

@3 (PXTa1,71 Sin[6u1] COS[9g1] +PY Pz, 2 Sin[6p] SiN[0g1] +p2 Py, 1 COS [O03]) MID1[pX, py
B B

1

pz, t, 1s] x
—on’ {pX, -», ©}, {py, -®, ©}, {pz, -, =}, AccuracyGoal -» 10];
(2mh)

b=, (g1, 0, gMAX}|;
Op1=., {bl, O, bMAX}];
Pai,f1=., {31, O, aMAX}]_;

le=-5, {f1, 0, NMAXe} |
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Tmgp = AbsoluteTime[];
Pr‘int["At3e=", Tmsg—Tmsg, " ", "F=", F];
Print["The execution time of the all modules, setting the initial conditions

for the Dirac equation, (s)=", 3 Tgl (bMAX + 1) (aMAX + 1) (NMAXf +1)];
Tmye = AbsoluteTime[];

cl; = Interpolation[
Flatten[Table[{{aal, bble, ggl®, 1min + f11 1P}, 11,41, bb1,gg1,f11,r}> {@al, O, aMAX},

{bbl, @, bMAX}, {ggl, 0, gMAX}, {f11l, @, NMAXf}], 3], InterpolationOrder -» 5];

] r
Print ["ch [E »6,9,1] ] H
o

Tmgg = AbsoluteTime[];
Pf‘int[“At4e=", nge—Tm7g, " ", “F=“, F];
Print["Time At of setting the all interpolation functions for the all

initial conditions for the Dirac equation, (s)=", 3 (Tmgg - Tmy) ];
Print["The execution time of the setting of the initial conditions for the

Dirac equation, (s)=", 3 Tgl (bMAX + 1) (aMAX + 1) (NMAXf +1) + 3 (Tmgg - Tmyg) ]
Tmge = AbsoluteTime[];

Do[l1c2 = Imin + 1P £2;
Do [f‘az,fz =a2p[le];
Do[ebz =b2e;

Do[#g, = 8285
If[a2:-0&&b2--08& g2 - 0& & f2 == @, Print["a2=b2=g2=", a2, " ",
"f2=", f2, " ", "The execution time of the all Cycles Do, (s)=",
Tgl (bMAX + 1) (aMAX + 1) (NMAXg + 1)1, Null];
If[a2 == aMAX && b2 == bMAX && g2 == gMAX && f2 == NMAX;, Print["a2=", a2, " ", "b2=",

b2, " ", "g2=", g2, " ", "f2=", f2, " ", "This module is finished!"], Null];

1 (d[1lg]
€33a2,b2,g2,£2,F = = 3/4 a

3/2
] NIntegrate [
Tt
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ei; (PX Paz,£2 Sin[642] COS [bga]+PY Faz,£2 SIN[6h2] Sin[¢gr]+PZ Pay, 2 COS [612]) MID2 [pX, py
) )

1

pz, t, 14 x

2 171)3/2’ {pX, -, o}, {py, -®, @}, {pz, -@, o}, AccuracyGoa1->1e];
7T

be2 =5 (€2, 0, GMAX}|;
Ob2 =., {b2, O, bMAX}];

Paz,f2=-, {32, O, aMAX}];
1pp =.3, {2, 0, NMAXF}];

Tmige = AbsoluteTime[];
Print ["Atse=", TMigg - TMge, " ", "F=", F1;
Tmy19 = AbsoluteTime[];
c3f = Interpolation]|
Flatten[Table[{{aa2, bb2 e, gg2 &, 1min + 22 1P}, ¢33,.2, bb2,gg2,22,F}» {232, O, aMAX},

{bb2, @, bMAX}, {gg2, 0, gMAX}, {f22, O, NMAX:}], 3], InterpolationOrder -» 5];

) r
Print ["C3|: [E »6,9,1] ] H
o

Tmy,4 = AbsoluteTime[];
Print["Atge=", Tmiz - TMyse, " ", "F=", F];
Tmy3p = AbsoluteTime[];

Do[lfg = 1min + 1P f3;
Do[ras,e3 = a3 p[1es];
Do[eb3 - b3 e;

Do [¢g3 - g33;
If[a3 == 0& b3 == 0&& g3 == 0&& 3 == @, Print["a3=b3=g3=", a3, " ",
"f3=", f3, " ", "The execution time of the all Cycles Do, (s)=",
Tgl (bMAX + 1) (aMAX + 1) (NMAX; +1)], Null];
If[a3 == aMAX && b3 == bMAX && g3 == gMAX && f3 == NMAX;, Print["a3=", a3, " ", "b3=",

b3, " ", "g3=",g3," ", "f3=", f3, " ", "This module is finished!"], Null];
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1 [d[lfsl

C44,3 p3,g3,£3,F = ——
h

3/2
e ] NIntegr‘ate[

@3 (PXT2,53 SiN[613] COS[952] +PY Pz, 3 SIn[6h3] SN [05a] +P2 Pz, 3 COS [O031]) MID3 [pX, py
B B

1

Pz, t, 1e] %

m, {pPX, -, o}, {py, -, ®}, {pz, -», o}, Accur‘acyGoalale];
7T

dg3=-, (g3, 0, gMAX}|;
Obs =., {b3, O, bMAX}];

Pas,f3=., {33, O, aMAX}];
le=.3, {F3, 0, NMAXF}];

Tmy4e = AbsoluteTime[];
Print["Atse=", Tmyge - TMy3e, " ", "F=", F];
Tmyse = AbsoluteTime[];
c4; = Interpolation|
Flatten[Table[{{aa3, bb3 e, gg3 &, 1min + 33 1P}, c44,,3, bb3,ee3,f33,F}» {@a3, 0, aMAX},

{bb3, @, bMAX}, {gg3, 0, gMAX}, {f33, @, NMAXf}], 3], InterpolationOrder » 5];

r
Print [“c4F [E »6,9,1] "] H
o)

Tmyg = AbsoluteTime[];
Print["Atge=", TMigp - TMise, " ", "F=", F];

t=.;
Tmy;¢ = AbsoluteTime[];

Do [ttmDa = AbsoluteTime[];

1y = 1min + Q 1P;
D, = NDSolve[{ih d¢¥lq [y €, ¢, t] =

1
-ihc [(Sin[e] Cos[¢] O, ¥4qg,r[r, 6, ¢, t] + Cos[O] COS[P] — Do ¥lq,e[I; 6, ¢, t] -
r

Sin[¢]
———— Oy ¥bq,e [, 6, ¢, t]] -ix [Sin [6] Sin[¢] Or¥hqg,c[r, 6, @, t] +
rSin[e]
1 Cos[¢]
Cos [9] Sin[¢] - 66‘[’4Q,F[r3 9, ¢J t] S 6¢lI’4Q,F[r‘J 6, ¢J t] +
r rSin[e]
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1
(COS [6] 8r¥3q,rlr, 6, @, t] -Sin[e] - Bo¥3q,r [, 6, @, t]]) +
r

mo c® Yylgr[r, 6, ¢, t] +eylo[r, 6, ¢, t]1 ABL[r, t, Q1, L A 0t¥2q,e[r, 6, ¢, t] ==

1
-ihc [(Sin[e] Cos[¢] 6r¥3q,e [, 6, ¢, t] + Cos[O] Cos[p] — Fe¥3q,r [, €, @, t] -
r

Sin[¢]

————— 9,U¥3q,r [, 6, &, t]] +1x [Sin[e] Sin[¢] 0,¥3q,r[r, 6, ¢, t] +
rSin[e]

. 1 Cos[¢]
Cos[e] Sin[¢] — aest,F[r: 6, ¢, t] + - . ad)wBQ,F[r': e, ¢, t]] -
r rsSin[e]

1
(Cos[e] Or¥hq,r [T, 6, ¢, t] - Sin[0] = Oe¥dgc(r, O, ¢, t]]] +
r

mo cz d’zQ,F[r: e, ¢) t] +EZIIZQ_‘|:[I", e, ¢: t] AeI[r‘) t, Q]J j-hatlll?’Q,F[rJ o, ¢: t] ==

1
-ihc [(Sin[e] Cos[¢] Or¥2q,r[r, 6, ¢, t] + Cos[O] Cos[¢] — Oo¥2q,r[r, 6, ¢, t] -
r

Sin[¢]
- . adﬂl’zQ,F[r: e, ¢, t]] -dix [Sin [e] Sin [¢] ar‘lfzq,F[r) 6, ¢, t] +
rSin[e]
1 Cos[¢]
Cos[6] Sin[¢] — aeIIIZQ,F[f‘, 6, ¢, t] + —— 64,!//2Q,|:[P, 6, ¢, t]] +
r rSin[e]

1
(COS [6] arlﬁlq,r[f‘, e, ¢: t] - Sin [6] - aele,F[r‘J e, ¢: t]]] -
r

mo c? $3Q,F[|”: 6, ¢, t] +ew3Q,F[r: 6, ¢, t] AGI[r, t, Q], ihatw4Q,F[r: 6, ¢, t] ==

1
-ihc [(Sin[e] Cos[¢] O,ylg,c[r, ©, &, t] + Cos[O] Cos[Pp] — Be¥lqe[r, 6, ¢, t] -
r

Sin[¢]
- ad;llle,F[r: 6, ¢, t]] + 3 x [Sin [6] Sin[¢] ardle,F[r‘) 6, ¢, t] +
rSin[e]

. 1 Cos[¢]
Cos [e] Sln[d’] - aele,F[r‘: 6, ¢, t] Y adxle,F[r‘: 6, ¢, t]] -
r rSin[e]

1
(COS [e] a,-lIIZQ,F[I", o, d’: t] - Sin [e] - aelIIZQ,F[r) 6, ¢J t]]] -
r

mo Cz $4Q,F[r: 6: ¢) t] +elI/4Q,F[r'J 9) ¢J t] AOI[P) t, Q]J

r
d’lQ,F[r) 6, ¢, 2] = ClF[ » 6, ¢, ]'Q]J zsz_,F[r‘.v 6, ¢, 2] =0,
p[1g]
W30 rl 6, 2] 3[r ¢1]zﬁ 2 [ 1]}
Q,FLIs 6, ¢, == C3f » 6, ¢, Q| 4Q,F[r': 6, ¢, 2] = c4¢ » 6, ¢, Q| (2
pllq] p[1q]

{!lle,F[r) 9: 4’) t]: lIIZQ,F[r'J 9) ¢J t]: VIBQ,F[P) 6: 4’) t]) zI/‘I'Q,F[r'.v 9) ¢J t] })
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{r, 00, ZQD[IQ]}: {6, Angle®, n}, {¢, 0, 27}, {t, 2, 2+At[1Q] }];
tteD,; = AbsoluteTime[];

TTD = ttTD; - ttTD,;
If[Q =9, Print["Time of the solving the all Dirac equations, (s)=", TZD (NMAXf +1)],

Null];, {Q, o, NMAXF}]S

Tmyge = AbsoluteTime[];
Print["Atge=", Tmige - TMyze, " ", "F=", F];
Print["The execution time of the setting of the initial conditions

for the Dirac equation and the solving of this equation(s)=",
3Tgl (bMAX + 1) (aMAX +1) (NMAX; + 1) + 3 (Tmgg - Tmyg) + TED (NMAX; + 1) ];
Tmyge = AbsoluteTime[];

Do[Print[101i];

fi = 10i;, {i: 1) 5}]5
Table[ttT&, = AbsoluteTime[];

@lo,r[r_, 6_, ¢_, t_] := Evaluate[yly[r, 6, ¢, t] /. @Dy ¢];
If[Q =9, Print["Q=", Q],

If[Q==Ff, || Q=F,]|Q=F3]]|Q=F4|]|Q=Fs5, Print["Q=", Q], Null]];
ttTe, = AbsoluteTime[];

TTT = ttTE; - ttTT;, {Q, 0, NMAX:}];
Print[

"Time needed for the setting of the solutions of the Dirac equation, (s)=", 4 TTZ];
Print["The execution time of the setting of the initial conditions

for the Dirac equation, the solving of this equation and
the setting of the solutions of the Dirac equation, (s)=",
3Tgl (bMAX + 1) (aMAX +1) (NMAX; + 1) + 3 (Tmgg - Tmyg) + TEZD (NMAX; + 1) + 4 TTT];
Table[®2, ¢[r_, 6_, ¢_, t_] := Evaluate[y2qr[r, 6, ¢, t] /. @Dy ¢], {Q, O, NMAX;}];

Table[®3q,r[r_, 6_, ¢_, t_] := Evaluate[y3q,c[r, 6, ¢, T] /. 2Do,¢], {Q, 0, NMAX;}];
Table[®4q ¢ [r_, 6_, ¢_, t_] := Evaluate[ydq,e[r, 6, ¢, t] /. TDg ], {Q, O, NMAX;}1;
Tmyee = AbsoluteTime[];

Print["Atige=", TMypg - TMioe, " ", "F=", F];

Tmy,4 = AbsoluteTime[];



10 | The solution of the vacuum energy problem.nb

Table[plgr[r_, 6_, ¢_, t_] :=2ly e [r, 6, ¢, t] Conjugate [Ty ([r, 6, ¢, t]] +
T24,¢[r, 6, ¢, t] Conjugate[T2q ([P, 6, ¢, t]] + T3q,([F, 6, ¢, t] Conjugate]
©3g,r [, 6, ¢, t1] + T4 [r, 6, ¢, t] Conjugate[T4g,[r, 6, ¢, t]11, {Q, O, NMAX:}];
Print["plg,r[r,6,¢,t]1"];
Tmye = AbsoluteTime[];
Print["Atyie=", Tmyye - TMyie, " ", "F=", F];
Tm,3e = AbsoluteTime[];

Do [1QZ = Imin + Q2 1P;

TMAXQZ =2+ At [1Q2] H

TMAX, - 2
Do[t11 =24 ——— 11
2 MMAX

Do[I-F[i - 08811 == 08 Q2 == @, Print["i=", i];
ttIpg = AbsoluteTime[];, Null];

If[i=-pl8& & 1l1:--08&&0Q2:-0, ttIp,; = AbsoluteTime[];

TIp = ttIp; - ttIpg;
Print["Time for execution of the 11 Cycle Do, (s)=",

(2MMAX + 1) TIp, " ", "Time for execution of the Q2 Cycle Do, (s)=",

(2 MMAX + 1) (NMAX; + 1) TIp], Null];

AE; 11,02,F = A1s,11,02,F 7/« NSolve[Integr‘ate[Integr‘ate[ple,F [r, 6, ¢, t11] r? Sin[e],

1 1Q2

{r, rai[1g], rai[le] + 1 _Ali,ll,QZ,F}]) {9, 9, 2Ar‘cTan[— X—]},
2 RO; r[1lg]

1Q2

1
{¢, 0, 2Ar‘cTan[; xRe—[l]
i,F[lq2

]}] == 0.9973, Al; 11,02, » ReaIS];, {i, o, pl}]s

tin=., {11, @, 2MMAX}];
TMAXQZ =.;
1z =-» {Q2, @, NMAX¢}];

Tmyze = AbsoluteTime[];
Print ["Atize=", TMye - TMyze, " ", "F=", F1;

Print["Note! The execution time of the setting of the initial conditions for
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the Dirac equation, the solving of this equation, the setting of the
solutions of the Dirac equation, the setting of the probability density
and the solving of the algebraic equations relatively the effect, (s)=",
3Tgl (bMAX + 1) (aMAX +1) (NMAXg + 1) + 3 (Tmgg - Tmyg) + TED (NMAX; + 1) +
4 TTT + Tiyye - TMyge + (2 MMAX + 1) (NMAX: + 1) TIp];
Tmyse = AbsoluteTime[];

Table [AAE;, r = Interpolation[Flatten[Table[{{1lmin +QQ2 1P, 111}, AE;j 111,002,F}>»
{111, 9, 2 MMAX}, {QQ2, 9, NMAXf}], 1], InterpolationOrder - 5];, {i2, 0, p1}];

Print["AAE;, ([1,11v]"];

Tmyge = AbsoluteTime[];

Print["Ati3p=", Tmyge - TMyse, " ", "F=", F];

Print["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the setting of the solutions of
the Dirac equation, setting the probability density, the solving the algebraic
equations relatively the effect and advance setting of the effect, (s)=",
3Tgl (bMAX + 1) (aMAX +1) (NMAXg + 1) + 3 (Tmgg - Tmyg) + TED (NMAX; + 1) +
4 TTE + Ty — TMyze + (2 MMAX + 1) (NMAXg + 1) TIp + Tyee - TMyse] 3
Tm,;¢ = AbsoluteTime[];

Table[Al;, ([1_, 11v_] = AAE;,, ¢ [1, 11v];
If[(iv=Je | |iv=Ja | liv=Ja [ |div=Js | [iv=Ja | | iv=Js | | iv=Je | | iVv = Js ||
iv=Jg | | iv = Jo | | iV = jie) , Print["iv=", iv], Null];, {iv, @, p1}];

) 2 (t-2) MMAX
Print ["Aliv,F [1,———m ],
At[1]

Tm,ge = AbsoluteTime[];
Print ["Atise=", TMyge - TMze, " ", "F=", F1;
Print["Note! The execution time of the setting of the initial conditions for

the Dirac equation, the solving of this equation, the setting of the
solutions of the Dirac equation, setting the probability density,
the solving the algebraic equations relatively the effect, advance
setting of the effect and the setting of the expected effect, (s)=",
3Tgl (bMAX + 1) (aMAX + 1) (NMAX; + 1) + 3 (Tmgg — TMyg) + TEZD (NMAX; + 1) + 4 TTT +
TMyoe - TMyig + (2 MMAX + 1) (NMAXg + 1) TIp + TMyge — TMysg + TiMage — TMyye] 3
Imaxg =.;
Tmyge = AbsoluteTime[];

1maXF+1 =

| 11
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1
1/. Flatten[NMaximize[l, Reduce[r‘min 2 — Abs[l-Alg ([1, 2MMAX]], 1, Reals] R 1] ] I[21;
2

Tmspe = AbsoluteTime[];
Print ["Atise=", TM3ee - TMy9e, " ", "F=", F1;
Print["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the setting of the solutions of

the Dirac equation, setting the probability density, the solving the algebraic

equations relatively the effect, advance setting of the effect, the setting of

the expected effect and the finding of the maximal scale for the task, (s)=",
3Tgl (bMAX + 1) (aMAX +1) (NMAX; + 1) + 3 (Tmgg — TMyg) + TEZD (NMAX; + 1) + 4 TTT +

Tmzze - Tlee + (2 MMAX + 1) (NMAXF + 1) TIp + Tmzse - Tm259 + Tnge - Tm279 + Tm3ee - Tnge] H

Imaxg,; - Imin
NMAXg,y = ————;
1p

Print ["AtGeneralTimee=": Tmzge — Tmyg, " “) "F=") F] 3]

4
Block[{vu =3.6-10%, VA= 1.4625 10732 . — x,
3

TT
e=1.6021773349 <10, ne -0, 8 = —,

20
27
&= — , aMAX = 20,
20
bMAX = 20,

gMAX = 20, p0 = 1072,

Anglee

T
E}, Do[If[i =0, jo =1;, Null];

If[i>18&i <10, j; =928i;, Null], {i, ©, 10}];
For‘[F =1, IntegerPart [NMAX; - NMAX; ;] > © | | IntegerPart [NMAX; - NMAX;_;] < O,

F++, Tmy; = AbsoluteTime[];
Table [FZQ)X]_,F_]_ =.5

|"za,xl_,F = Pmins s {Xl: 0, NMAXF}].;
Table[rag, xi,r-1=-3

rag,x1,F = Mmins» {x1, o, NMAXF}]_;
For[sl =0, rasi ne,r < Mmaxs S1++,

If[sl=0, Print["s1=", 0, " ", "rasl,na,F="J N[Prpinll, Null];
Do[ly; = Imin + x1 1P;

P251,1,x1,F-1 =5

r251.1,x1,F = M2s1,x1,F + 1x1}
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Fas1.1,x1,F-1 =5
Pagi.1,x1,F = M2s141,x1,F5
r2g1,x1,F =3
1y =., {x1, 0, NMAX;}];
If[s1>08& (S1==Jp || S1==J1||SL==3Fo]]|S1==733]]|

Sl==Ja||sSl==Js||sl==7Jellsl==737|]|sl=7Jgl||sl=7o]l|Slz= Jia),
Print["s1=", s1, " ", “rasl,ne,F=") r'asl,ne,F]) Null]j;

Tmy, = AbsoluteTime[];
Print ["At11=“, Tm21 - Tmll, " “, "F="_' F] 5

pl =sl- 1;
Tms; = AbsoluteTime[];

Table[rays,g.1 =.5, {k5, 1, p1}];

Table[rays,r = Interpolation[Table[{{1lmin + x11 1P}, rays,xi1,r}, {X11, @, NMAX(}],
InterpolationOrder » 5];, {k5, @, p1}];

Print["rays,¢[1]1"];

Tmy, = AbsoluteTime[];

Print["At,;=", Tmgy - Tmgy, " ", "F=", F];

t=2;
Table[lee,F_l[l_] =-;

If[(YO==Jo | |yO==J1 || yO =32 | | YO ==J3||y0==Ja||Yy0=7Js||y0==7Jg||y@==73;|]Yy0 =

j8 I y0 == j9 [ y0 == j1e): Pf‘int["y0=", ye) " "J "F=") F1, Nu:l-]-];.v {ye) 9, Pl}]5

Table[Niyo,¢ [1_] = pr— - | ;

1
2 Jraya,F[l]Z-; 12

If[(YO==Jo || YO =31 || YO =32 |1Yy0=J3||y0=3Ja||y0=17Js||y0=7Je||y0=7;,]]|Yy0=
Jg 11 y®==7Jo | |Yy® == Jjip), Print["y0=", yo, " ", "F=", F], Null];, {ye, o, pl}];

Table[Reke,F_l[l_] =.;
If[ (kO ==Jo | | kO ==J1 | | k@ ==J; | | k@ == J3 || kO == Js | | k@ == J5 | | k@ == je | | k@ == J; | | kO ==
j8 Il ko == j9 [ ko == le)J Print["k0="1 ke, " ", "F=", F1, NU]']'];J {ke) 0, p1}1];

1
Table[ROkg,F[l_] = rakO,F[l] + ; 1;
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If[(kO==Jo || kO =71 | | k@ =73, || kO=7J3|| k©=7,]||k©=755]||kO=76|| k©=7;]]ke =

Js 110 == 3o | | kO = Jao) , Print["ke=", ko, " ", "F=", F], Nulll;, (Ko, @, p1}|;

Tms; = AbsoluteTime[];

Do [lﬂ = 1min + 1P f1;
Do[f‘al,ﬂ =alp[le];
Do [ebl =ble;

D0[¢>g1 =gl8g;
If[al--08&%b1--08& gl --08&&f1l=-9,
Print["al=bl=g1=", a1, " ", "f1=", f1, " ", "F=", F], Null];
If[al-=-083%bl - 08&& gl - 0&& fl == 0, tte,r = AbsoluteTime[];, Null];

If[al -- 0&& bl -- 0 && f1 == 0 && g1 == gMAX, ttgwx,r = AbsoluteTime[];

T81FE = ttgmax,r - tte,r;
Print["The execution time of the all Cycles Do, (s)=", Tg1lF; (bMAX +1)

(aMAX + 1) (NMAXg +1), " ", "The execution time of the al Cycle Do, (s)=",

TglF. (bMAX +1) (aMAX+1), " ", "The execution time of the © Cycle Do, (s)=",

TglFF (bMAX‘l’l); n ll-’ IIF=II, F]_, Null];
If[al == aMAX & b1 == bMAX && g1 == gMAX && 1 == NMAX,
Pl"int[“al:“, al, n u, "b1=“, bl, " n’ ||g1=u’ gl_' n ||, "'F1=",

f1, " ", "This module is finished!", " ", "F=", F], Null];

€1151,b1,g1,f1,F-1 =+
1 1 (d[lg]
Cllai,b1,g1,f1,F = —/—
3 E 3 El ﬂ'3/4 h

3/2
] NIntegrate [

ei; (PX a1, 1 Sin[6b1] COS [dg1]+PY Pa,f1 SIN[6p1] Sin[dg1]+PZ Pag, ¢1 COS[6p1]) MIDl[pX, pY, Pz, t, 1f1] %
1
—— {pPX, -®, ©}, {py, -®, =}, {pz, -», =}, AccuracyGoal - 10]5
(2 7 8)3"2
be1 =, (g1, 0, gMAX} |;
Op1=., {bl, O, bMAX}];

Fa1,f1 =) {a1, o, aMAX}];
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le=-5, {f1, 0, NMAX¢} |;
Tmg; = AbsoluteTime[];
Pr‘int[“At31=“, Tm51 —Tm51, " “, "F=", F];
Print[
"The execution time of the all modules, setting the initial conditions for the
Dirac equation, (s)=", 3 TglF. (bMAX + 1) (aMAX +1) (NMAXf+1), " ", "F=", F];

Tm;; = AbsoluteTime[];

€lpg=.;
cl; = Interpolation|

Flatten[Table[{{aal, bbl e, ggl &, 1lmin + f11 1P}, c11,31 pb1,ge1,11,r}» {231, O, aMAX},

{bb1, 0, bMAX}, {ggl, 0, gMAX}, {f11, @, NMAXt}], 3], InterpolationOrder -» 5];

r
Print ["ch [ﬁ,e,qs,l] ]:
P

Tmg; = AbsoluteTime[];
Pr‘int["At41="_, ngl —Tm71_' " “, "F=“_' F];
Print["Time At of setting the all interpolation functions for the all initial

conditions for the Dirac equation, (s)=", 3 (Tmg, - Tmyy), " ", "F=", F];
Print["The execution time of the setting of the initial

conditions for the Dirac equation, (s)=",

3 TglF; (bMAX + 1) (aMAX +1) (NMAXg +1) +3 (Tmgy - Tmpy), ™ ", "F=", F];
Tmg; = AbsoluteTime[];

Do [lfz = 1min + 1P f2;
Do[ra,e2 = 32 p[1e2] 5
Do [sz =b2e;

Do[¢>g2 =g23;

If[a2 -- 0&& b2 - 08& g2 == 0&& f2 == @, Print["a2=b2=g2=", a2, " ",
"f2=", f2, " ", "The execution time of the all Cycles Do, (s)=",
TglF. (bMAX + 1) (aMAX +1) (NMAXg+1), " ", "F=", F], Null];

If[a2 == aMAX && b2 == bMAX && g2 == gMAX && 2 == NMAX,

Print[lla2=ll, az, " Il, llb2=ll’ bz, " II, llg2=ll’ gz’ ] ll, II_F2=II,
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f2, " ", "This module is finished!", " ", "F=", F], Null];

€33a2,b2,g2,§2,F-1 =«

1 [d[lfz]

€3342,b2,g2,F2,F = —L — A

3/2
NIntegrate[
7l.3/4

ei; (PX a2, 2 SN [6b;] COS [dga] +PY Faz,¢2 SIN[Op2] Sin[dg2] +PZ Paz, 52 COS[6p2]) MID2 [PX, PY,

1

Pz, t, 1e] x

——— (P -, @), Py~ @), (P2, -, ), AccuracyGoal - 10| ;
(27 B)

be2=-> (82, 0, gMAX} |;
O =., (b2, O, bMAX}];
Paz,f2 =+, {2, O, aMAX}];
1 =03, (F2, 0, NMAXF}];

Tmyp; = AbsoluteTime[];
Pr‘int ["At51=", Tmlgl - ngl, " ", "F=“_, F] ;
Tmy1; = AbsoluteTime[];

C3f1 =43
c3f = Interpolation|[

Flatten[Table[{{aa2, bb2 e, gg2 &, 1min + 22 1P}, 33,7, bb2,ge2,22,F}» {232, O, aMAX},

{bb2, @, bMAX}, {gg2, @, gMAX}, {f22, O, NMAXf}], 3], InterpolationOrder - 5];

r
Print [“c3F [E,e,d),l] ],
P

Tmy,; = AbsoluteTime[];
Print ["Atg =", Tmyy; - Tmyyq, " ", "F=", F];
Tmy3; = AbsoluteTime[];

Do [1f3 = 1min + 1P £3;
Do[f‘a3,f3 =a3p[le]s
Do[eb3 =b3e;

Do [¢gs = g3 2;

If[a3 --0&&b3 -- 08&_& g3 -- 0&& f3 == 0, Print["a3=b3=g3=", a3, " ",

"f3=", f3, " ", "The execution time of the all Cycles Do, (s)=",
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TglF; (bMAX + 1) (aMAX +1) (NMAXg +1), " ", "F=", F], Null];
If[a3 == aMAX && b3 == bMAX && g3 == gMAX && f3 == NMAX,
Print["a3=", a3, " ", "b3=", b3, " ", "g3=", g3, " ", "f3=",

f3, " ", "This module is finished!", " ", "F=", F], Null];

C44,3,b3,g3,3,F-1 =« 3

1 [d [1¢s]

c4 |a3 b3,g3,f3,F =
»03,83,T3, 4
7'['3/ h

3/2
] NIntegrate [

ei; (PX Pa3,£3 Sin[6p3] COS [dg3] +PY a3, ¢3 SiN[Op3] Sin[dg3] +PZ raz, 3 COS [6p3]) MID3[px, py, pz, t, les] x

1
—— {pPX, -», ©}, {py, -, ©}, {pz, -w, o}, ACCUPaCyGoaléle]}
(znﬁ)_’tlz

bes =, (g3, 0, gMAX} |;
Ops =., {b3, O, bMAX}];

Pas,f3 =5 (a3, O, aMAX}];
l3=.3, (f3, 0, NMAXF}];

Tmy,; = AbsoluteTime[];
Print["Atyi=", Tmyy - Tmyzy, " ", "F=", F];
Tmys; = AbsoluteTime[];

Clp1=.;
c4p = Interpolation]|

Flatten[Table[{{aa3, bb3 ®, gg3 &, 1min + £33 1P}, c44,.3,0b3,ge3,33,F}» {233, O, aMAX},

{bb3, @, bMAX}, {gg3, 0, gMAX}, {f33, 0, NMAX;}], 3], InterpolationOrder - 5];

r
Print ["c4F [E,G,d),l] "]5
0

Tmyg; = AbsoluteTime[];
Print["Atgy =", Tmye; - TMysy, " ", "F=", F];

t=.;
Tmy;; = AbsoluteTime[];

Do [ttmDF@,F = AbsoluteTime[];

1, =1min + Q1P;
TDg,F-1 =+
@Dy, r = NDSolve[{ih d¢¥ly [ 6, ¢, t] =
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1
-inc [[Sin[e] Cos[¢] O, ¥lq,r[r, O, 6, t] + Cos[0] Cos[@] — Be¥dq[r, O, ¢, t] -
r

Sin[¢]
———— Oy ¥bo,r [, 6, ¢, t]] -ix (Sin[e] Sin[¢] Or¥lq,r[r, 6, ¢, t] +
rSin[e]
1 Cos[¢]
COS[O] Sin [¢] - aellf4q,p[f‘, 9, d’) t] L ——— a¢df4Q,F[rJ 9: d’) t]] +
r rSin[e]

1
(COS[Q] arw3Q,F[r‘J 9: d’: t] 'Sin[e] - aew3Q,F[r‘J 9: d’: t])] +
r

me c2 Yly ¢ [r, 6, b, t] + e Yloelr, 6, ¢, t]1 AGI[r, t, Q1, ik 6¢¥2q ¢ [r, O, b, t] =

1
-ihc [[Sin [6] COS[d)] ar$3Q,F[r‘: 6, ¢, t] + COS[G] COS[d)] - 691#3Q,F[r‘: 6, ¢, t] -
r

Sin[¢]

_— 6¢W3Q,F[f‘, e, ¢, t]] + 1 x (Sin[e] Sin[¢] ar‘w3Q,F[r‘: 6, ¢, t] +
rSin[e]

. 1 Cos [¢]
Cos[®] Sin[¢] — aed/3Q,F[r‘) 6, ¢, t] + . a¢w3Q,F[r‘) e, ¢, t]] -
r rsin[e]

1
(COS[G] Or ¥, [y 6, ¢, t] -Ssin[e] - Oo¥ldq,r[r, 6, &, t])] +
r

mo c? y2q ¢ [r, O, ¢, t] +ey2qc[r, 6, ¢, t]1 ABI[r, t, Q1, L A d:¥3qr[r, 6, ¢, t] =

1
-ihc [[Sin [6] COS[¢>] arwzQ,F[r: 6, ¢) t] + COS[G] COS[d)] - asll’zQ,F[r: e, ¢: t] -
r

Sin[¢]
- . aqﬂl’zQ,F[r') 6, ¢, t]) -ix (Sin[e] Sin[d’] ar!llZQ,F[f‘, 6, ¢, t] +
rSin[e]
1 Cos[¢]
COS[G] Sin [d’] - astQ,F[P) 9: ¢J t] L a¢¢2Q,F[PJ 9: ¢J t]] +
r rSin[e]

1
(COS[G] arle,F[rs o, ¢: t] -Sin[e] - aele,F[r‘J o, d’: t])] -
r

me c? ¥3q,rlr, 6, ¢, t] +ey3q[r, 6, ¢, t1 ABI[r, t, Q], i 5 8¢ ¥dq,r[r, 6, &, t] =

1
-ihc [(Sin [6] COS[¢] ar‘l’lQ,F[r: e, ¢, t] + COS[G] COS[d)] - aele,F[r‘J 6, ¢, t] -
r

Sin[¢]
- <3¢lI/1Q,F[f‘, e, ¢J t]] + 1 x (Sln[e] Sln[¢] af‘le,F[r‘J 6, ¢J t] +
rSin[e]
. 1 Cos[¢]
Cos[®8] Sin[¢] — Ge¥lqe[r, 6, ¢, t] + ————— Oy ¥lo,r[r, 6, ¢, ]| -

r rSin[e]
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1
(COS[G] arwzQ,F[rx 6, ¢, t] _Sin[e] - as‘I’ZQ,F[rJ 6, ¢, t])) -
r

mo c® Yo e [r, O, ¢, t] +eydq[r, 6, ¢, t] AGI[r, t, Q,

r
$1Q,F[r_v 6, ¢, 2] == C1F[ » 6, ¢, lQ]: WZQ,F[r‘) 6, ¢, 2] =0,
p[1g]
r r
zI’3Q,F[r‘_v 6, ¢, 2] == C3F[ » 6, ¢, lQ]: 'If4Q,F[r') 6, ¢, 2] == C4F[ s 6, &, lQ]}J
p[1g] p[1g]

{¥Lg,elr, €, ¢, t1, Y24 ¢[r, 6, &, t]1, ¥3q,c[r, 6, ¢, t], Y¥hoelr, 6, ¢, t1},
{r, 09, Zep[lQ]}, {6, Anglee, n}, {¢, 0, 27}, {t, 2, 2+At[1Q]}]5
tteDF, = AbsoluteTime[];

TEDFg = ttTDF, ; - ttEDFq r;
If[Q == 0, Print["Time of the solving the all Dirac equations, (s)=",

TTDFe (NMAXe +1), " ", "F=", F], Nulll;, {Q, @, NMAXF}];

Tmyg; = AbsoluteTime[];

Print["Ate;=", Tmyg - Tmyzy, " ", "F=", F];

Print["The execution time of the setting of the initial conditions for the Dirac
equation and the solving of this equation(s)=", 3 TglF. (bMAX + 1)
(aMAX + 1) (NMAXg +1) +3 (Tmgy — Tmyy) + T&8DFe (NMAXp +1), " ", "F=", F];

Tmyg; = AbsoluteTime[];

Table[ttTEFde, = AbsoluteTime[];

Tlg fa[r_, 6_, ¢_, t_1=.;
I'F[Q =0, Pr‘int["Q:", Q, " ": "F=") F1,

If[Q==Ff1 | |Q=F, | |Q=F3[|Q==F4 || Q= fs, Print["Q=", Q, " ", "F=", F], Null]];
ttTeFd, r = AbsoluteTime[];

TTTFd; = ttTTFd; ¢ - ttT2Fdg,r5, {Q, ©, NMAX;_1}1;
Print["Time needed for the unsetting of the F-1

solutions of the Dirac equation, (s)=", 4 TTE&Fd¢, " ", "F=", F];
Print["The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation and the unsetting of the F-1
solutions of the Dirac equation, (s)=", 3 TglF. (bMAX + 1) (aMAX + 1) (NMAX; +1) +

3 (ngl —Tm71) +T§DFF (NMAXF + 1) +4TT§FdF, " ", "F=“, F];
Table[EZQ,F-l[r_: 6e_, d’_: t_] Tess {Q: 0, NMAXr_1} 135

Table[§3Q,F—1[r‘_) 6e_, ¢_) t_] Ze3 {Q} 0: NMAXF—l]’]S

Table['I""Q,F-l[r_: 6_, ¢_: t_] =.5, {Q, @, NMAXf_1}1;
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Tmye; = AbsoluteTime[];
Print["Atie;=", Tmyes - TMyey, " ", "F=", F];
Tmy1, = AbsoluteTime[];
Table[ttTeF, = AbsoluteTime[];
Tly e[r_, 6_, ¢_, t_] := Evaluate[yly[r, 6, ¢, t] /. @Dy ¢];
If[Q=0, Print["Q=", Q, " ", "F=", F],
If[Q=F; || Q=F, || Q=F3||Q=F4 || Q= Ffs, Print["Q=", Q, " ", "F=", F], Null]];
ttTeoF, = AbsoluteTime[];

TTTFe = ttTTFy ;- ttTTFg 5, {Q, O, NMAXg}];
Print["Time needed for the setting of the solutions of the Dirac equation, (s)=",

ATTOF, " ", "F=", F];
Print["The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation and the unsetting of the
F-1 solutions of the Dirac equation with the setting of the solutions
of the Dirac equation, (s)=", 3 TglF. (bMAX + 1) (aMAX + 1) (NMAXf +1) +
3 (Tmgy - Tmy;) + TTDF; (NMAXg + 1) + 4 TTSGFd; + 4 TTSFe, " ", "F=", F];
Table[22y ¢ [r_, 6_, ¢_, t_] := Evaluate[y2q ([r, 6, ¢, t] /. @Dy ], {Q, O, NMAX;}];

Table[®3g ¢ [r_, 6_, ¢_, t_] := Evaluate[43q ¢[r, 6, ¢, t] /. EDg,e], {Q, O, NMAXc}];
Table[Z4q,r[r_, 6_, ¢_, t_] := Evaluate[¥dqr[r, 6, ¢, t] /. TDg,r], {Q, @, NMAX;}];
Tmy,; = AbsoluteTime[];
Print["Atgi =", Tmyg - TMyyq, " ", "F=", F1;
Tmy3; = AbsoluteTime[];
Table[plgr1=-5, {Qs @, NMAX;_;}, {V, 0, p1}];
Table[plg r[r_, 6_, ¢_, t_] :=Tlye[r, 6, ¢, t] Conjugate[Tly ([r, 6, ¢, t]] +

@24, [, 6, ¢, t] Conjugate[®2q ([r, 6, ¢, t]] + E3q,r[r, 6, ¢, t] Conjugate]

T3g,r [y €, @&, t]] + Thg,e[F, 6, ¢, t] Conjugate[§4Q,F[r‘, e, ¢, t11, {Q, 6, NMAXF}1;

Print["plg,r[r,0,6,t]1"];
Tmys, = AbsoluteTime[];

Print ["Atyoi=", Ty - Tmyz1, " ", "F=", F];
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Tmys; = AbsoluteTime[];
Do [1Q2 = 1min + Q2 1P;

TMAXQZ =2+At [1Q2] 5

TMAXg, - 2
24—

Do [tll
2 MMAX

Do[I-F[i = 08811 == 08 Q2 == @, Print["i=", i];

ttIoFe,r = AbsoluteTime[];, Null];
If[i-==p18&&1]1--08&&Q2:==-0, ttIpF, = AbsoluteTime[];

TIDFF = ttIpFl,F - ttIpFQJF;
Print["Time for execution of the 11 Cycle Do, (s)=",

(2MMAX + 1) TIpFg, " ", "Time for execution of the Q2 Cycle Do, (s)=",
(2 MMAX + 1) (NMAXg + 1) TIpFg, " ", "F=", F], Nullj;

AE; 11,02,F-1 =+
AE; 11,02,F = ALlj11,02,F /- NSolve[Integr‘ate[Integr‘ate[ple,F [r, 6, ¢, t11] r2sin[e],

1 1Q2
{r, ra;[1g], ra; [1g2] + 1g2 - Ali,u,qz,;}] s {9, @, 2 ArcTan [; x —RO T
i,F [Lg2

{qs, o, 2Ar‘cTan[:—2l xRel—Q[zl]]}] = 0.9973, Al; 11,02,F>5 Reals];, {i, o, pl}];
i,FL4Q2

ty =., {11, 0, ZMMAX}];
TMAXg; =. ;
lgz =-, {Q2, @, NMAX¢}];

Tmyg; = AbsoluteTime[];
Print["Atys;=", Tmyey - Tmasy, " ", "F=", F];
Print ["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the unsetting of the
F-1 solutions of the Dirac equations, the setting of the solutions
of the Dirac equation, the unsetting of the F-1 probability density
with the setting of the probability density and the unsetting of the
F-1 solutions of the algebraic equations relatively the effect with
the solving of the algebraic equations relatively the effect, (s)=",
3 TglF, (bMAX + 1) (aMAX + 1) (NMAXg +1) + 3 (Tmgy - Tmyy) + TEDFp (NMAX + 1) +
4 TTTFdp + 4 TTTF; + TMygq — TMpzg + (2 MMAX + 1) (NMAXg + 1) TIpFe, " ", "F=", F];
Tm,;; = AbsoluteTime[];
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Table [AAE;; r 3 =.;, {i2, 0, p1}];

Table[AAE;, r = Interpolation[Flatten[Table[{{1lmin +QQ2 1P, 111}, AEi; 111,002,F}>
{111, 9, 2 MMAX}, {QQ2, @, NMAXt}], 1], InterpolationOrder - 5];, {i2, 0, pl1}];

Print["AAE;, ([1,11v]"];

Tm,g; = AbsoluteTime[];

Print["Atys =", Tmyg, - Tmyyy, " ", "F=", F];

Print ["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the unsetting of the F-1
solutions of the Dirac equations, the setting of the solutions of the Dirac
equation, the unsetting of the F-1 probability density with the setting
of the probability density, the unsetting of the F-1 solutions of the
algebraic equations relatively the effect with the solving the algebraic
equations relatively the effect and the advance unsetting of the F-1
effect function with the advance setting of the effect function, (s)=",

3 TglF. (bMAX + 1) (aMAX +1) (NMAXg +1) + 3 (Tmgy - Tmyy) + TEDFp (NMAX; + 1) + 4 TTTFd; +

4 TTTF; + TMygq - TMyzg + (2 MMAX + 1) (NMAXg + 1) TIoFg + Tmygy - Tmayg, ™ ", "F=", F];
Tm,g; = AbsoluteTime[];

Table[Al;y,f2[1_, 11v_] =.;
If{(iv==Je ||dv=J1 || iv=3J || dv=J3||iv=Ja || div=Js || div=Je || iv=3J; || iv ==
Jg | | iv == Jo | | iV == j19) , Print["iv=", iv, " ", "F=", F], Null];, {iv, O, p1}];
Table[Al;y ¢ [1_, 11v_] = AAE;, ([1, 11v];
If[(iv=Je [ ldiv=J1 | [div=Jo | | iv=J3 || iv=Ja || iv=Js | | iV = Je | | iv = J7 | | iv ==
g || iv == Jjg | | iV == J19) , Print["iv=", iv, " ", "F=", F], Null]l;, {iv, 0, p1}];

2 (t - 2) MMAX

Print["Alin[l, L] ],

Tmze, = AbsoluteTime[];
Print["Atys;=", Tmzey - TMagy, " ", "F=", F];
Print ["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the unsetting of the F-1
solutions of the Dirac equations, the setting of the solutions of the
Dirac equation, the unsetting of the F-1 probability density with the
setting of the probability density, the unsetting of the F-1 solutions
of the algebraic equations relatively the effect with the solving the
algebraic equations relatively the effect, the advance unsetting of the
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F-1 effect function with the advance setting of the effect function
and the unsetting of the F-1 expected effect function with the setting
of the expected effect, (s)=", 3 TglF. (bMAX + 1) (aMAX +1) (NMAX; +1) +
3 (Tmgy - Tmy;) + TTDF; (NMAXg + 1) + 4 TTTFd; + 4 TTTFE + Tmygy - TMyzg +
(2MMAX + 1) (NMAXg + 1) TIoFf + Thygq — Tiyyq + TMzgy — TMygg, " ", "F=", F];
Imaxg =.;
Tmz,;, = AbsoluteTime[];

1maxF+1 =

1
1/. Flatten[NMaximize[l, Reduce[rmh,z — Abs[1-Alg¢[1, 2MMAX]], 1, Reals], 1]]&23;
2

Tmy,; = AbsoluteTime[];
Print ["Atye =", Tmzp; - Tmayy, " ", "F=", F1;
Print["Note! The execution time of the setting of the initial conditions for the

Dirac equation, the solving of this equation, the unsetting of the F-1
solutions of the Dirac equations, the setting of the solutions of the
Dirac equation, the unsetting of the F-1 probability density with the
setting of the probability density, the unsetting of the F-1 solutions
of the algebraic equations relatively the effect with the solving the
algebraic equations relatively the effect, the advance unsetting of the
F-1 effect function with the advance setting of the effect function, the
unsetting of the F-1 expected effect function with the setting of the
expected effect and the finding of the maximal scale for the task, (s)=",
3 TglF; (bMAX + 1) (aMAX +1) (NMAXg +1) + 3 (Tmg; - Tmy;) + TEDFr (NMAXg + 1) +
4 TTTFdg + 4 TTTFE + TMygq — TMpzg + (2 MMAX + 1) (NMAX: + 1) TIoF +

Tmygy — TMyzy + TMzgy — TMygy + TMapg — Tmzqq, " ", "F=", F];
Imaxg,; - Imin
NMAXp,1 = ———;
1P
NMAX; _ =. ;
Print ["AtGener‘alTime1=": Tm321 - Tmll) " "J "F=": F] 3] ]

€ = T[1min + NMAX; 1P] - (2 MMAX - 1) &;
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Table[rly ,,u,r-1=-}

r‘:I-O,u,w,F = Ppinss {U, @, NMAXg}, {w, O, ZMMAX}]S
Table[rg,u,u,fF-1=+3

Fo,u,w,F = Mmins» {u.v 0, NMAXF}J {w.v 0, ZMMAX}];

For[a =0, Ia,ne,mee,F-1 < Mmaxs A++,
I'F[a =0, Pr‘int["a:", 0, " ": "r'a,ne,mee,F—1=": N[Prminll, Nu:l-l]}

Do[ln = 1min +nd;
Do[trn =mé;

r':I-a+1,n,m,F—1 =
1 2MMAX (-2 +ty) 4 1 2 MMAX (-2 + ty) ]

1.+ rla,n,mr1-— Ala,F—l [1nJ ] -~ A]-a+1,F—1 [1n1
2 2

At[1,] At[1,]

Fa+1,n,m,F-1 = I"-’La+1_,n,m,F—1.;
r‘:I-a,n_,m,F—l =5

t,=., {m, O, 2MMAX}];
l,=., {n, 0, NMAXF]’];

Iff[a>08 (a=Jella=Jalla=7Jalla=73s|l|

a=Jslla=7Js|la=Jella=J;1la=Jslla=7Js||a=7Ji),

Print["a=") a, " ") "r‘a,ne,mae,F-1=") r‘a,nO,mOO,F-l]: NU11]] // Timing

n[-]:= S=a-1
Out[«]=
9280
In[~]:= Tg288,n0,mee
Out[e]=
2.49984 x 10711
Table[Ri; = Interpolation|

Flatten[Table[{{1lmin + nld, m1&}, r n1,m,r-1}, {N1l, @, NMAX;}, {ml, O, 2MMAX}], 1],

InterpolationOrder -» 5];, {k1, 0, s}];

Rk1 [1: t]
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Do[lal =1lmin +ald;
If[al=0||al==1, Print["al=", a1, " ", "1,1=", 1,11, If[al==F; || al==F, ||
al==f3||al=F, || al=Fs, Print["al=", a1, " ", "1,1=", 1la1], Null], Null];
o[tbl =bls;
If[(b1==0||bl==1||bl==2MMAX)&& (al==0 ||al==1||al==F; ||al=="f, ||

=f3 || al=f4 || al==fs), Print["bl=", b1, " ", "tp=", tps], Null];

2
1 T
IdJ1l,1,b1,6-1= |- 2 MMAX (-2+t51) -
La-Ale . 1[131,T
Ar'cTan[ 2;:4AX( 2+tpy) 72 ]
\/ mn-- 1a1-A13 F- 1[131:Tﬂm )
T
+2
2 MMAX (-2+t
ArcT | IREY.N P [1a1: ﬁ
rc an[ 3 2MMAX (-2+tp1) 1) 2 ]
2 \/ riin=g (La-alee [La, =000 )
72 2 3 2 4
y " +mo” ¢’ +
16 (1 [ 2 MMAX (-2+tp;)
-AlgF 4|1 T TE—
al 0,F-1] 7315 T 1]
2
2 - -
2MMAX (-2+tp;)
o] ArcT la1-ALga,F1 [huTﬂm
rclian [ 2 MMAX (-2+tb1) ]
(Riz [1az,tea]) %= (1a1 Alia,r- 1[ Al T L] ])
T
+2
2 MMAX (~2+tp;)
T la1-ALia,ra [huTﬂ]h
Arc an[ S 1 2MMAX (-2+tp1) 1) 2 ]
2 4/ (Rea[Lazstpal) -2 (1a1'A1kZ:F-1 [131’ At[1a] )
72 2 3 2 4
% 5 +me° c” |;
16 (1 [ 2 MMAX (-2+ty;)
-AL 4|1 v TTE—
al k2,F-1(-+als At[1y]

tp1=., {bl, O, ZMMAX}];

1,=., {al, o, NMAXF}]



26 | The solution of the vacuum energy problem.nb

IdJ11;_; = Interpolation[Flatten[Table[{{1min +alld, b1l 6}, IdJ1a11,b11,r-1}>
{al1, @, NMAX;}, {b11l, @, 2 MMAX}], 1], InterpolationOrder - 5];
IdJ11; ,[1, t]
n[-]:= ti=46
Plot[IdJ11;.,[1, t], {1, 1Imin, 1max;}, PlotRange » {-10, 10}]
t=.
Do [laz =1lmin + a2d;
If[a2==9 || a2==1, Print["a2=", a2, " ", "1,,=", 1], If[a2==Ff; || a2 =f;, ||
a2==f3 || a2=F, || a2 =f5, Print["a2=", a2, " ", "1,,=", 1,1, Null]l];

DO[tbz =b25;

If[(a2:=20||a2==1) & (b2=20 || b2 ==1 | | b2 == 2 MMAX) , Print["b2=", b2,
"M, "tea=", Thal, If[ (2= fy || a2=F, || a2==f3 || a2 = f, || a2 == f5) &&
(b2=20 || b2=21|]| b2 ==2MMAX), Print["b2=", b2, " ", "Tp=", Tp2], Null]l];

1 1
J1a3,b2,F-1 = NIntegrate[IdJ1lp_;[la, t1, {t, Te2s T[1la2]1}1;
T[1la2] - w2 T[1la2]

Tp2 =., {b2, 0, ZMMAX}];

1,,=., {a2, @, NMAXF}]
J11¢_, = Interpolation[Flatten[Table[{{1min + a22d, b22 6}, J1,; p22,r-1}>
{a22, 9, NMAX;}, {b22, 0, 2MMAX}], 1], InterpolationOrder -» 5];
J11e ;4 [1, <]
Do[If[(a==Ff,||a=F,||a=Ffs||a="F,4|]|a="F), Print["a=", a], Null];

1, = 1min +a 1P;
Intl, ¢, = NIntegrate[J11l¢ ,[1l,, T], {T, @, T[1,] -€}];

1,=., {a, 0, NMAX;}]

Flg_; =
Interpolation[Table[{1lmin+a3d, Intl,; ¢}, {a3, O, NMAX;}], InterpolationOrder - 5];

I1;_; = NIntegrate[F1r_;[1], {1, 1min, 1maxg}]
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1
N[— Na 11F_1]
1P

n[-].- t:=46

Plot[IdJ11¢[1, t], {1, 1min, 187**}, PlotRange » {-10, 10} ]
FindRoot [IdJ11;,[1, t] =0, {1, 4 10'13}]
FindRoot [IdJ11[1, t] =0, {1, 8 <107*°}]

t=.

Plot[F1r_;[1], {1, 1min, 1max;}, PlotRange -» {-1.5, 1.5}]
Plot[F1r_;[1], {1, 1min, 2-107*?}, PlotRange » {-1.5, 1.5}]

1
N[— 2, Na I1F_1]
1P

in[-]:= Tm2 = AbsoluteTime[];

in[-]:= ComputationTime = Tm2 - Tml



Conclusion

The given program is made to compute correctly, as it is in the real world, the new
physical effect numerically and to compute numerically the real application of it to the
computation of the vacuum energy in the framework of the considering mathematical model.
This model is built on the basis of the qualitative result of the perturbative approach in the
quantum field theory, which gives the understanding of virtual particles and their motion. Only
these ideas we have used in this model, and we have considered the quantitative description of
them in our manner but not as they appear in the QFT. The approach to calculation of the effect
itself also demanded the mathematical model, from which it must be extracted. This model, as
we considered, is natural that adds importance to it.

The provided computer program is the good chance to gain the influence of the new
natural physical effect on the vacuum energy of the entire Universe in the atoms of matter, when
atoms of the Universe approximately consider with the hydrogen atoms, as it usually does in the
Cosmology, e.g. by the classical specialist on the general theory of relativity A. S. Eddington.
The up-to-date on the time of writing of this paper state is that this program is not possible to
execute. We hope that in the future suitable shell of the Wolfram Mathematica® that uses the
Wolfram language® will be released.
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