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Introduction

Within last several decades many theoretical physicists investigated what isn’t present in
the Nature. It is the Superstrings Theory, the Higgs theory, The Dark Energy and the Dark
Masses hypotheses, etc. Here some of last results from LHC and Tevatron:

WIMP-nucleon cross-section results from the second science run of ZEPLIN-III:
http://arxiv.org/abs/1110.4769 : ”This allows the exclusion of the scalar cross-section above
4.8E-8 pb near 50 GeV/c2 WIMP mass with 90% confidence.”

A search for charged massive long-lived particles: http://arxiv.org/abs/1110.3302 : "We
exclude pair-produced long-lived gaugino-like charginos below 267 GeV and higgsino-like
charginos below 217 GeV at 95% C.L., as well as long-lived scalar top quarks with mass
below 285 GeV.”

Search for Universal Extra Dimensions with the DO Experiment:
http://arxiv.org/pdf/1110.2991 : ”No excess of data over background was observed.”

Search for new physics with same-sign isolated dilepton events with jets and missing
transverse energy at CMS: http://arxiv.org/PS _cache/arxiv/pdf/1110/1110.2640v1.pdf : "No
evidence was seen for an excess over the background prediction.”

Search for Supersymmetry with Photon at CMS: http://arxiv.org/abs/1110.2552 : ”No
excess of events above the standard model predictions is found.”

Search for neutral Supersymmetric Higgs bosons...: http://arxiv.org/abs/1110.2421 : ”In
the absence of a signifcant signal, we derive upper limits for neutral Higgs boson production
cross-section...”

Search for Chargino-Neutralino Associated Production in Dilepton Final States with
Tau Leptons: http://arxiv.org/abs/1110.2268 : We set limits on the production cross section
as a function of SUSY particle mass for certain generic models.”

Model Independent Search at the DO experiment: http://arxiv.org/abs/1110.2266 : ”No
evidence of new physics is found.”

Search for the Standard Model Higgs Boson in the Lepton + Missing Transverse Energy
+ Jets Final State in ATLAS: http://arxiv.org/abs/1110.2265 : ”No significant excess of
events is observed over the expected background and limits on the Higgs boson production
cross section are derived for a Higgs boson mass in the range 240 GeV ; mH ; 600 GeV.”...

etc..etc. There are more than 100 similar negative results and there are no positive
results absolutely (for instance: http://www.scientific.ru/dforum/scinews ).

On the other hand already in 2006 - 2007 the logic analysis of these subjects described in
books [1] and [2], has shown that all physical events are interpreted by well-known particles
(Ieptons, quarks, photons, W- and Z-bozons) and forces (electroweak, strong, gravity).

”Final Book™ contains development and continuation of ideas of these books. Chapter
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1 gives convenient updating of the Gentzen Natural Logic [3], a logic explanation of space-
time relations, and logical foundations of the Probability Theory. The reader who isn’t
interested in these topics, can pass this part and begin readings with Chapter 2.

Chapter 2 receives notions and statements of Quantum Theory from properties of prob-
abilities of physical events. In Chapter 3 Electroweak Theory, Quarks-Gluon Theory and
Gravity Theory are explained from these properties.

For understanding of the maintenance of this book elementary knowledge in the field
of linear algebra and the mathematical analysis is sufficient.



Chapter 1

Time, Space, and Probability

1.1. Classical propositional logic

Let’s consider affirmative sentences of any languages.

Def. 1.1.1: Sentence < ® > is true if and only if ®.

For example, sentence <It is raining>>> is true if and only if it is raining1 [4].

Def. 1.1.2: Sentence < O >> is false if and only if there is not that ®.

It is clear that many neither true nor false sentences exist. For example, < There is rainy
21 august 3005 year in Chelyabinsk>>.

Still an example: Obviously, the following sentence isn’t true and isn’t false [5]:

< The sentence which has been written on this line, is false.>>

Those sentences which can be either true, or false, are called as meaningful sentences.
The previous example sentence is meaningless sentence.

Further we consider only meaningful sentences which are either true, or false.

Def. 1.1.3: Sentences A and B are equal (design.: A = B) if A is true, if and only if B is
true.

Further I'm using ordinary notions of the classical propositional logic [6].

Def. 1.1.4: A sentence C is called conjunction of sentences A and B (design.: C =
(A&B)) if C is true, if and only if A and B are true.

Def. 1.1.5: A sentence C is called negation of sentences A (design.: C = (—A)) if C is
true, if and only if A is not true.

Def. 1.1.6: A sentence C is called disjunction of sentences A and B (design.: C =
(AVB)) if Cis true, if and only if A is true or B is true or both A and B are true.

Def. 1.1.7: A sentence C is called implication of sentences A and B (design.: C =
(A= B)) if Cis true, if and only if B is true and/or B is false.

A sentence is called a simple sentence if it isn’t neither conjunction, nor a disjunction,
neither implication, nor negation.

Th. 1.1.1:

1) (A&A) =A; (AVA) =A;

2) (A&B) = (B&A); (AVB) = (BVA);

3) (A&(B&C)) = ((A&B)&C); (AV(BVC)) = ((AVB)VC);

! Alfred Tarski (January 14, 1901 October 26, 1983) was a Polish logician and mathematician
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4)if T is a true sentence then for every sentence A: (A&T)=Aand (AVT)=T.
5) if F is a false sentence then (A&F) = F and (AV F) = A.
Proof of Th. 1.1.1: This theorem directly follows from Def. 1.1.1, 1.2, 1.3, 1.4, 1.6.

Further I set out the version of the Gentzen Natural Propositional calculus? (NPC) [3]:

Expression ”Sentence C is a logical consequence of a list of sentences I'.” will be wrote
as the following: ”I" - C”. Such expressions are called sequences. Elements of list I" are
called hypothesizes.

Def. 1.1.8

1. A sequence of form C I C is called NPC axiom.

2. A sequence of form I't- A and I' - B is obtained from sequences of form I' - (A&B)
by a conjunction removing rule (design.: R&).

3. A sequence of form I',I'; F (A&B) is obtained from sequence of form I'; - A and a
sequence of form I'; - B by a conjunction inputting rule (design: 1&).

4. A sequence of form I' - (A V B) is obtained from a sequence of form I' - A or from
a sequence of form I' - B by a disjunction inputting rule (design.: IV).

5. A sequence of form I'y [A],I'; [B],I'5 - C is obtained from sequences of form I'; - C,
I FC, snd I'; - (AV B) by a disjunction removing rule (design.: RV) (Here and further:
I'; [A] is obtained from I'j by removing of sentence A, and I'; [B] is obtained from I', by
removing of sentence B).

6. A sequence of form I'},I"; I B is obtained from a sequence of form I'; - A and from
a sequence of form I'; - (A = B) by a implication removing rule (design.: R=).

7. A sequence of form I'[A] - (A = B) is obtained from a sequence of form I - B by
an implication inputting rule (design.: 1=).

8. A sequence of form I' - C is obtained from a sequence of form I' - (= (—=C)) by a
negation removing rule (design.: R—).

9. A sequence of form I'; [C],I"2 [C] F (—=C) is obtained from a sequence of form I'; - A
and from a sequence of form I'; - (—A) by negation inputting rule (design.: I-).

10. A finite string of sequences is called a propositional natural deduction if every
element of this string either is a NPC axioms or is received from preceding sequences by
one of the deduction rules (R&, I1&, IV, RV, R=, I=, R—, I-).

Actually, these logical rules look naturally in light of the previous definitions.

Example 1: Let us consider the following string of sequences:

1.((R&S)& (R = G)) - ((R&S) & (R = G)) - NPC axiom.
2.((R&S) & (R = G)) - (R&S) - R& from 1.

3.((R&S)& (R = G)) I (R = G) - R& from 1.
4.((R&S)& (R = G)) F R - R& from 2. (1.1)
5.((R&S)& (R=G))F G -R = from 3. and 4.
6.((R&S)& (R = G)) F S - R& from 2.

7.((R&S) & (R = G)) F (G&S) - I& from 5. and 6.

2Gerhard Karl Erich Gentzen ( November 24, 1909, Greifswald, Germany August 4, 1945, Prague,
Czechoslovakia) was a German mathematician and logician.
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This string is a propositional natural deduction of sequence
((R&S) & (R = G)) I (G&S).

since it fulfills to all conditions of Def. 1.1.8.

Hence sentence (G&S) is logical consequence from sentence
((R&S) & (R = G)).

Th. 1.1.2:

(AVB) = (=((-A4)&(=B))). (1.2)
(A= B) = (= (A&(—=B))). (1.3)

Proof of Th. 1.1.2:
The following string is a deduction of sequence
(AVB) - (~((~4) & (~B))):
((mA)&(—B)) F ((—-A) & (—=B)), NPC axiom.
((wA) & (—B)) F (—A), R& from 1.
AF A, NPC axiom.
At (= ((-A) & (=B))), I from 2. and 3.
((wA) & (—B)) F (—B), R& from 1.
B+ B, NPC axiom.
Bt (=((-A)&(—B))), I= from 5. and 6.
(AVB) - (AVB), NPC axiom.
(AVB) (= ((-A) & (=B))), RV from 4., 7. and 8.
eduction of sequence (—((—A) & (—B))) - (A V B) is the following:
—A) F (—-A), NPC axiom.
—B)  (—B), NPC axiom.
-A),(—=B) F ((-A) & (—B)), 1& from 1. and 2.
( ) I—( (= ((-A) & (—B))), NPC axiom.

l_
l_

1.
2.
3.
4.
5.
6.
7.
8.
9.
A

(

)E (= (—A)), I from 3. and 4.
) A, R— from 5.
)E

)s

—~

—

B
B

)

(AVB), iV from 6.

B)), NPC axiom.

= (AVB))t (= (—B)), I- from 7. and 8.
- (AVB))F B,R- from 9.

- (AVB))F (AVB), 1V from 10.
—(=(AVB))), 1= from 8. and 11.
AV B), R— from 12.

N — o —
— — — — >
- - A<
—~~

= (
= (

(= ((-A)&(—B))) = (AVB).
A deduction of sequence (A = B) - (— (A& (—B))) is the following:
1. (A& (—B)) + (A& (—B)), NPC axiom.
2. (A& (~B)) I- A, R& from 1.
3. (A& (—B)) - (=B), R& from 1.
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4. (A= B)F (A= B), NPC axiom.

5. (A& (—B)),(A = B) - B, R= from 2. and 4.

6. (A= B)F (- (A& (—B))), I- from 3. and 5.

A deduction of sequence (— (A& (—B))) - (A = B) is the following:
1. A=A, NPC axiom.

2.

3.A,(-B) - (A& (—B)), 1& from 1. and 2.

4. (= (A& (—-B))) F (= (A& (—B))), NPC axiom.

5.A,(= (A& (—B))) F (= (—B)), I from 3. and 4.
6.A,(—(A&(—B))) - B, R— from 5.

7. (- (A& (—B))) F (A = B), I= from 6.
Therefore,

(=B) F (—=B), NPC axiom.
(

(—(A&(=B))) = (A= B)UJ

Example 2:

1. A+ A - NPC axiom.

2. (A= B)F (A= B) - NPC axiom.
A,(A= B)F B-R= from I. and 2.

(=B) = (—B) - NPC axiom.

(—B),(A= B)F (—A) - I from 3. and 4.
(A= B)F ((-B) = (—A)) - I= from 5.

7.+ ((A=B) = ((-B) = (—A))) - I= from 6.
This string is a deduction of sentence of form

3.
4.
5.
6.

(A= B) = ((=B) = (—4)))

from the empty list of sentences. I.e. sentences of such form are logicaly provable.

Th. 1.1.3: If sequence I' — C is deduced and C is false then some false sentence is
contained in I".

Proof of Th. 1.1.3: is received by induction of number of sequences in the deduction
of sequence I' — C.

The recursion Basis: Let the deduction of sequence I' — C contains single sentence.
In accordance the definition of propositional natural deduction this deduction must be of
the following type: C — C. Obviously, in this case the lemma holds true.

The recursion Step:The recursion assumption: Let’s admit that the lemma is carried
out for any deduction which contains no more than n sequences.

Let deduction of I" — C contains n+ 1 sequence. In accordance with the propositional
natural deduction definition sequence I' — C can be axiom NPC or can be received by the
deduction rules from previous sequence.

a) If I' — C is the NPC axiom then see the recursion basis.

b) Let I' — C be received by R&. In this case sequence of type I' — (C&B) or sequence
of type I' — (B&C) is contained among the previous sequences of this deduction. Hence,
deductions of sequences I' — (C&B) and I' — (B&C) contains no more than n sequences.
In accordance with the recursion assumption, these deductions submit to the lemma. Be-
cause C is false then (C&B) is false and (B&C) is false in accordance with the conjunction
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definition. Therefore, I" contains some false sentence by the lemma. And in this case the
lemma holds true.

c) Let I" — C be received by I&. In this case sequence of type I'j — A and sequence of
type I'; — B is contained among the previous sequences of this deduction, and C = (A&B)
and I' =T"|,I',. Deductions of sequences I'} — A and I, — B contains no more than n
sequences. In accordance with the recursion assumption, these deductions submit to the
lemma. Because C is false then A is false or B is false in accordance with the conjunction
definition. Therefore, I" contains some false sentence by the lemma. And in this case the
lemma holds true.

d) Let I" — C be received by RV. In this case sequences of type I'j — (AV B), I2[A] —
C, and I'; [B] — C are contained among the previous sequences of this deduction, and I" =
I'1,I5,I'5. Because these previous deductions contain no more than n sequences then in
accordance with the recursion assumption, these deductions submit to the lemma. Because
C is false then I'; [A] contains some false sentence, and I'; [B] contains some false sentence.
If A is true then the false sentence is contained in I'>. If B is true then the false sentence is
contained in I'3. I.e. in these case some false sentence is contained in I'. If A is false and
B is false then (A V B) is false in accordance with the disjunction definition. In this case I'y
contains some false sentence. And in all these cases the lemma holds true.

e) Let I' — C be received by IV. In this case sequence of type I' — A or sequence of
type I' — B is contained among the previous sequences of this deduction, and C = (A V B).
Deductions of sequences I' — A and I' — B contains no more than n sequences. In accor-
dance with the recursion assumption, these deductions submit to the lemma. Because C is
false then A is false and B is false in accordance with the disjunction definition. Therefore,
I' contains some false sentence by the lemma. And in this case the lemma holds true.

f) Let ' — C be received by R=-. In this case sequences of type I'j — (A = C), I, — A
are contained among the previous sequences of this deduction, and I' = I';,I';. Because
these previous deductions contain no more than n sequences then in accordance with the
recursion assumption, these deductions submit to the lemma. If A is false then I, contains
some false sentence. If A is true then (A = C) is false in accordance with the implication
defination since C is false. And in all these cases the lemma holds true.

g) Let I' — C be received by I=-. In this case sequences of type I'[A] — B is contained
among the previous sequences of this deduction, and C = (A = B). Because deduction of
I"[A] — B contains no more than n sequences then in accordance with the recursion assump-
tion, this deduction submit to the lemma. Because C is false then A is true in accordance
with the implication definition. Hence, some false sentence is contained in I". Therefore, in
this case the lemma holds true.

i) Let I’ — C be received by R—. In this case sequence of type I' — (= (—C)) is contained
among the previous sequences of this deduction. This previous deduction contains no more
than n sequences then in accordance with the recursion assumption, this deduction submit
to the lemma Because C is false then (—(—C)) is false in accordance with the negation
definition. Therefore, I" contains some false sentence by the lemma. And in this case the
lemma holds true.

j) Let I' — C be received by I-. In this case sequences of type I'; [A] — B, and I'; [A] —
(—B) are contained among the previous sequences of this deduction, and I' = I';,I'; and
C = (—A). Because these previous deductions contain no more than n sequences then in
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accordance with the recursion assumption, these deductions submit to the lemma. Because
C is false then A is true. Hence, some false sentence is contained in I" because B is false or
(—B) is false in accordance with the negation definition. Therefore, in all these cases the
lemma holds true.

The recursion step conclusion: If the lemma holds true for deductions containing n
sequences then the lemma holds true for deduction containing n + 1 sequences.

The recursion conclusion: Lemma holds true for all deductions L.

Def. 1.1.9 A sentence is naturally propositionally provable if there exists a prpositional
natural deduction of this sentence from the empty list.

In accordance with Th. 1.1.3 all naturally propositionally provable sentences are true
because otherwise the list would appear not empty.

But some true sentences are not naturally propositionally provable.

Alphabet of Propositional Calculations:

1. symbols p; with natural k are called PC-letters;

2. symbols N, U, D, ™ are called PC-symbols;

3. (, ) are called brackets.

Formula of Propositional Calculations:

1. any PC-letter is PC-formula.

2. if g and r are PC-formulas then (¢ r), (qUr),(g D r),("q) are PC-formulas,;

3. except listed by the two first points of this definition no PC-formulas are exist.

Def. 1.1.10 Let function g has values on the double-elements set {0; 1} and has the set
of PC-formulas as a domain. And let

1) g("q) = 1—g(q) for every sentence g;

2)g(gnr)=g(q)-g(r) for all sentences ¢ and r;

3)a(qUr)=g(q)+a(r)—g(q)-g(r) for all sentences g and r;

4)g(g>r)=1—g(q)+g(q)-g(r) for all sentences g and r.

In this case a function g is called a Boolean function 3.

Hence if g is a Boolean function then for every sentence g:

A Boolean function can be defined by a table:

a(qg) g(r) algnr) glqur) glgdr) ¢("q)
0 0 1

0 0 1
0 1 0 1 1 1
1 0 0 1 0 0
1 1 1 1 1 0

Such tables can be constructed for any sentence. For example:

3George Boole (2 November 1815 8 December 1864) was an English mathematician and philosopher.
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g(9) a(r) g(s) g ((rn(s))N(q)))
0o 0 0 1
0 0 1 1
0o 1 0 0
o 1 1 1 :
10 0 1
10 1 1
10 1
I 1
g(r) a(s) ale) g(((rNs)N(r>4q)) > (gNs))

(1.4)

—_—— e = OO OO

0
1
0
1
0
1
0
1

—_—— O O == O O

Def. 1.1.11 A PC-formula g is called a t-formula if for any Boolean function g: g(q) =

For example, formula (((rNs)N(r D ¢q)) D (¢Ns)) is a t-formula by the table (1.4).

Def. 1.1.12 Function @ (x) which is defined on the PC-formulas set and which has
the sentences set as a range of values, is called an interpretation function if the following
conditions are carried out:

1. if py is a PC-letter then @ (px) = A and here A is a simple sentence and if ¢ (p;) = B
then if s £ k then A # B;

2. ¢(r0s) = (@(r&e(s)), 0(rUs) = ((r)Ve(s)), ¢(r>s) = ((r) = 0(s)),
O(r) = (=9 (r).

Def. 1.1.13 A sencence C is called rautology if the following condition is carried out:

if (g) = C then ¢ is a t-formula.

Lm. 1.1.1: If g is a Boolean function then every natural propositional deduction of se-
quence I" - A satisfy the following condition: if g (¢~'(A)) = 0 then there exists a sentence
Csuch that C T and g (¢~ '(C)) =0.

Proof of Lm. 1.1.1: is maked by a recursion on a number of sequences in the deduction
of ' A:

1. Basis of recursion: Let the deduction of I' - A contains 1 sequence.

In that case a form of this sequence is A - A in accordance with the propositional natural
deduction definition (Def. 1.1.8). Hence in this case the lemma holds true.

2. Step of recursion: The recursion assumption: Let the lemma holds true for every
deduction, containing no more than n sequences.

Let the deduction of ' A contains n + 1 sequences.
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In that case either this sequence is a NPC-axiom or I' - A is obtained from previous
sequences by one of deduction rules.

If I' - A is a NPC-axiom then the proof is the same as for the recursion basis.

a) Let ' A be obtained from a previous sequence by R&.

In that case a form of this previous sequence is either the following I' - (A&B) or is the
following I' - (B&A) in accordance with the definition of deduction. The deduction of this
sequence contains no more than n elements. Hence the lemma holds true for this deduction
in accordance with the recursion assumption.

If g (¢~'(A)) =0 then g (¢~ '(A&B)) =0 and g (¢~ ' (B&A)) = 0 in accordance with
the Boolean function definition (Def. 1.1.10). Hence there exists sentence C such that C € I
and g (¢~'(C)) = 0 in accordance with the lemma.

Hence in that case the lemma holds true for the deduction of sequence I' - A.

b) Let I' - A be obtained from previous sequences by 1&.

In that case forms of these previous sequences are I'y - B and [, - G with ' =T1"1,I
and A = (B&G) in accordance with the definition of deduction.

The lemma holds true for deductions of sequences I'; - B and I'; - G in accordance
with the recursion assumption because these deductions contain no more than n elements.

In that case if g (¢~'(A)) =0 then g (¢~'(B)) =0 or g (¢~'(G)) = 0 in accordance
with the Boolean function definition. Hence there exists sentence C such that g (¢~'(C)) =
OandCeTljorCeln.

Hence in that case the lemma holds true for the deduction of sequence I' - A.

c) Let I'- A be obtained from a previous sequence by R—.

In that case a form of this previous sequence is the following: I' - (= (—A)) in accor-
dance with the definition of deduction. The lemma holds true for the deduction of this
sequence in accordance with the recursion assumption because this deduction contains no
more than n elements.

If g (¢ '(A)) =0 then g (¢ '(=(—=A))) = 0 in accordance with the Boolean function
definition. Hence there exists sentence C such that C € I'and g (¢~ '(C)) =0.

Hence the lemma holds true for the deduction of sequence I" - A.

d) Let I' - A be obtained from previous sequences by 1.

In that case forms of these previous sequences are I'} - B and I, F (—=B) with ' =
I'1 [G],I2[G] and A = (—G) in accordance with the definition of deduction.

The lemma holds true for the deductions of sequences I'y - B and I'; - (—B) in ac-
cordance with the recursion assumption because these deductions contain no more than n
elements.

If g (¢~'(A)) =0 then g (¢ '(G)) = 1 in accordance with the Boolean function defi-
nition.

Either g (¢~ '(B)) =0 or g (¢~ '(—B)) = 0 by the same definition. Hence there exists
sentence C such that either C € I'y [G] or C € I, [G] andg (¢~ !(C)) = 0 in accordance with
the recursion assumption.

Hence in that case the lemma holds true for the deduction of sequence I' - A.

e) Let I' - A be obtained from a previous sequence by V.

In that case a form of A is (B V G) and a form of this previous sequence is either '+ B or
I'- G in accordance with the definition of deduction. The lemma holds true for this previous
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sequence deduction in accordance with the recursion assumption because this deduction
contains no more than n elements.

If g(¢'(A)) =0 then g(¢'(B)) =0 and g(¢'(G) = 0 in accordance with
the Boolean function definition. Hence there exists sentence C such that C € I' and
g(¢'(C)) =0.

Hence in that case the lemma holds true for the deduction of sequence I' - A.

f) Let I' - A be obtained from previous sequences by RV.

Forms of these previous sequences are I'y - A, I, A, and I3 - (BVG) with I' =
I'1 [B],I'2[G], T3 in accordance with the definition of deduction. The lemma holds true for
the deductions of these sequences in accordance with the recursion assumption because
these deductions contain no more than » elements.

If g (¢! (A)) = 0 then there exists sentence C; such that C; € I’y and
g ((pfl(Cl)) = 0, and there exists sentence C, such that C; € I'; and g (@*1(C2)) =0in
accordance with the lemma.

If g (¢! (BV G)) =0 then there exists sentence C such that C € '3 and g (¢~ (C)) =0
in accordance with the lemma. Hence in that case the lemma holds true for the deduction
of sequence I' - A.

Ifg (¢~ '(BVG)) =1theneither g (¢~ '(B)) =L org (¢~ '(G)) =1 in accordance with
the Boolean function definition.

If g(9~'(B)) =1 then C; € I'| [B]. Hence in that case the lemma holds true for the
deduction of sequence I' - A.

If g (¢~'(G)) =1 then a result is the same.

Hence the lemma holds true for the deduction of sequence I' - A in all these cases.

g) Let I' - A be obtained from previous sequences by R=>.

Forms of these previous sequences are I'} - (B=-A) and I'; - (B) with I' =T"},I
in accordance with the definitions of deduction. Hence the lemma holds true for these
deduction in accordance with the recursion assumption because these deductions contain
no more than n elements.

If g (¢~ '(B = A)) =0 then there exists sentence C such that C€ T’y and g (¢~ '(C)) =0
in accordance with the lemma. Hence in that case the lemma holds true for the deduction
of sequence I' - A.

If g(¢~'(B=A)) =1 then g (¢~ '(B)) = 0 in accordance with the Boolean function
definition. Hence there exists sentence C such that C €I and g ((p_1 (C )) =0.

Hence the lemma holds true for sequence I' - A in all these cases.

h) Let I' - A be obtained from a previous sequence by [=.

In that case a form of sentence A is (B = G) and a form of this previous sequence is
I'y F G with I’ = T'y [B] in accordance with the definition of deduction. The lemma holds
true for the deduction of this sequence in accordance the recursion assumption because this
deduction contain no more than n elements.

If g(¢~'(A)) =0 then g (¢ '(G)) =0 and g (¢ '(B)) =1 in accordance with the
Boolean function definition. Hence there exists sentence C such that C € I'y [B] and
g(o7'(0)) =0.

The recursion step conclusion: Therefore, in each possible case, if the lemma holds
true for a deduction, containing no more than »n elements, then the lemma holds true for a
deduction contained n 4 1 elements.
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The recursion conclusion: Therefore the lemma holds true for a deduction of any
length [

Th. 1.1.4: Each naturally propositionally proven sentence is a tautology.

Proof of Th. 1.1.4: If a sentence A is naturally propositionally proven then there exists
a natural propositional deduction of form - A in accordance with Def. 1.1.9. Hence for
every Boolean function g: g (¢~'(4)) = 1 in accordance with Lm. 1.1.1. Hence sentence
A is a tautology in accordance with the tautology definition (Def. 1.1.13) [

Designation 1: Let g be a Boolean function. In that case for every sentence A:

o Aifg(o~'(4)) =1,
A% = { (—A) ifg (9~ '(A)) =0.

Lm. 1.1.2: Let By, B, .., By be the simple sentences making sentence A by PC-symbols
(-, &, V, =).

Let g be any Boolean function.

In that case there exist a propositional natural deduction of sequence

g pd g
BY,BY,...BlF A,

Proof of Lm. 1.1.2: is received by a recursion on a number of PC-symbols in sentence
A.

Basis of recursion Let A does not contain PC-symbols . In this case the string of one
sequence:

1. A% - A9, NPC-axiom.

is a fit deduction.

Step of recursion: The recursion assumption: Let the lemma holds true for every
sentence, containing no more than n PC-symbols.

Let sentence A contains n+ 1 PC-symbol. Let us consider all possible cases.

a) Let A = (=G). In that case the lemma holds true for G in accordance with the
recursion assumption because G contains no more than n PC-symbols. Hence there exists a
deduction of sequence

B}.B,.. B} - G°, (1.5)

here By, B>, .., By are the simple sentences, making up sentence G. Hence By, B>, ..,Bi
make up sentence A.
If g (¢ '(A)) =1 then

A®=A=(-G)

in accordance with Designation 1.
In that case g ((p*1 (G)) = 0 in accordance with the Boolean function definition.
Hence

GY=(-G)=A

in accordance with Designation 1.
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Hence in that case a form of sequence (1.5) is the following:
B}.BS,...Bl F A%

Hence in that case the lemma holds true.
If g (¢~'(A)) =0 then

A= (-4) = (=(=G)).

in accordance with Designation 1.

In that case g ((p*1 (G)) =1 in accordance with the Boolean function definition.

Hence
G'=G

in accordance with Designation 1.
Hence in that case a form of sequence (1.5) is

B}.BS,...B}FG.

Let us continue the deduction of this sequence in the following way:
1. B{,BS,...B} - G.

2. (=G) F (=G), NPC-axiom.

3. B},BS,..,B} b (= (—G)), I from 1. and 2.

It is a deduction of sequence

B}.BS,.. B} AL

Hence in that case the lemma holds true.
b) Let A = (G&R).

In that case the lemma holds true both for G and for R in accordance with the recur-

B}.BS,...B} - G®

and

B}.BS,.. B} - R,

here By,B,,..,B) are the simple sentences, making up sentences G and R. Hence
B1,B5,..,B; make up sentence A.

If g (¢~'(A)) =1 then

A% = A = (G&R)

in accordance with Designation 1.

sion assumption because G and R contain no more than n PC-symbols. Hence there exist
deductions of sequences

(1.6)

(1.7)
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In that case g (¢~ (G)) =1 and g (¢~'(R)) = 1 in accordance with the Boolean func-
tion definition.

Hence G9 = G and R® = R in accordance with Designation 1.

Let us continue deductions of sequences (1.6) and (1.7) in the following way:

1. B},BS,...B - G, (1.6).

2. BY,BS,...B{ - R, (1.7).

3. B},BS,..,B} F (G&R), 1& from 1. and 2.

It is deduction of sequence BY,Bj3, .., B} - A.

Hence in that case the lemma holds true.

If g (¢'(A)) =0 then

A = (-A) = (~(G&R))

in accordance with Designation 1.

In that case g (G) = 0 or g (R) = 0 in accordance with the Boolean function definition.

Hence G® = (—=G) or R® = (—R) in accordance with Designation 1.

Let G? = (—G).

In that case let us continue a deduction of sequence (1.6) in the following way:

1. B{,BS,...B} - (—=G), (1.6).

2. (G&R) F (G&R), NPC-axiom.

3. (G&R) F G, R& from 2.

4. B}, BS,...B} - (~(G&R)), I- from 1. and 3.

It is a deduction of sequence BY, B3, .., B - A%.

Hence in that case the lemma holds true.

The same result is received if RY = (—R).

c)LetA= (GVR).

In that case the lemma holds true both for G and for R in accordance with the recursion
assumption because G and R contain no more than n PC-symbols. Hence there exist a
deductions of sequences

B}.BS,...B{+G® (1.8)

and

B}.BS,.. B} - R, (1.9)

here B, B>,..,By are the simple sentences, making up sentences G and R. Hence
B1, B3, .., By make up sentence A.
If g (¢'(A)) =0 then

AT = (=4) = (~(GVR))

in accordance with Designation 1.

In that case g (¢~ (G)) =0 and g (¢~'(R)) = 0 in accordance with the Boolean func-
tion definition.

Hence G® = (—G) and R? = (—R) in accordance with Designation 1.
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Let us continue deductions of sequences (1.8) and (1.9) in the following way:
. B{,BS,...B} - (—=G), (1.8).

. B},BS,...Bl - (—R), (1.9).

. G+ G, NPC-axiom.

. R+ R, NPC-axiom.

. (GVR)F (GVR), NPC-axiom.

. G,B{,B3,...B} - (= (GVR)), I~ from 1. and 3.
.R,B{,BS,...B} - (= (GVR)), I- from 2. and 4.
.(GVR),B{,BS,...Bl - (=(GVR)),RV from 5., 6., and 7.
.B},B3,...BlF (~(GVR)), I~ from 7. and 8.

It is a deduction of sequence B?,Bg, ..,BI% FHAS.

Hence in that case the lemma holds true.

If g (¢~'(A)) =1 then

O 00 3N DN B~ W~

A=A = (GVR)

in accordance with Designation 1.

In that case g (¢~ (G)) =1 or g (¢~ '(R)) = I in accordance with the Boolean function
definition.

Hence G9 = G or R9 = R in accordance with Designation 1.

If G9 = G then let us continue deduction of sequence (1.8) in the following way:

1. B},BS,...B} - G, (1.8).

2. B},B3,...Bl+ (GVR),1V from 1.

It is deduction of sequence B?,Bg, ..,Bg FHAS.

Hence in that case the lemma holds true.

The same result is received if R® = R.

d)LetA=(G=R).

In that case the lemma holds true both for G and for R in accordance with the recur-
sion assumption because G and R contain no more than n PC-symbols. Hence there exist
deductions of sequences

B}.BS,...B} - G® (1.10)

and

B}.BS,.. B} R, (1.11)

here Bi,B;,..,B; are the simple sentence, making up sentences G and R. Hence
B1,B5, .., B, make up sentence A.
If g (¢~'(A)) =0 then

A% = (-4) = (~(G = R))

in accordance with Designation 1.
In that case g (¢~'(G)) =1 and g (¢~ '(R)) = 0 in accordance with the Boolean func-
tion deduction.
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Hence G® = G and R? = (—R) in accordance with Designation 1.

Let us continue deduction of sequences (1.10) and (1.11) in the following way:
1. B}, BS,...B} - G, (1.10).

2. B},B3,...BlF (-R), (1.11).

3. (G=R)+ (G = R), NPC-axiom.

4.(G=R),B},B3,...B] - R,R= from 1. and 3.

5.B},BS,...B]F (= (G = R)), 1= from 2. and 4.

It is deduction of sequence BY,Bj3, .., B} - A.

Hence in that case the lemma holds true.

If g (¢~'(A)) =1 then

A=A=(G=R)

in accordance with Designation 1.

In that case g (¢~ (G)) =0or g (¢ '(R)) = I in accordance with the Boolean function
definition.

Hence G® = (—G) or R? = R in accordance with Designation 1.

If G¥ = (—G) then let us continue a deduction of sequence (1.10) in the following way:

1. B{,B3,...B} - (—=G), (1.10).

2. GF G, NPC-axiom.

3. G,B},BS,..,B{ F (= (—R)), - from 1. and 2.

4. G,B},BS,..,B} - R, R— from 3.

5.B},B3,...BlF (G =R), = from 4.

It is deduction of sequence B?,Bg, ..,Bg FHAS.

Hence in that case the lemma holds true.

If R9 = R then let us continue a deduction of sequence (1.11) in the following way:

1. BY,BS,...B F R, (1.11).

2. B},B3,...Bl+ (G = R), 1= from 1.

It is deduction of sequence B}, B3, .., Bf - A®.

Hence in that case the lemma holds true.

The recursion step conclusion: If the lemma holds true for sentences, containing no
more than n PC-symbols, then the lemma holds true for sentences, containing n+ 1 PC-
symbols.

The recursion conclusion: The lemma holds true for sentences, containing any number
PC-symbols []

Th. 1.1.5 (Laszlo Kalmar)*: Each tautology is a naturally propositionally proven
sentence.

Proof of Th. 1.1.5: Let sentence A be a tautology. That is for every Boolean function
g: 9 (¢ '(A)) = 1 in accordance with Def. 1.1.13.

Hence there exists a deduction for sequence

B}.BS,...BlFA (1.12)

4Laszlo Kalmar (March 27, 1905 August 2, 1976) was a Hungarian mathematician and Professor at the Uni-
versity of Szeged. Kalmar is considered the founder of mathematical logic and theoretical Computer Science
in Hungary.
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for every Boolean function g in accordance with Lm. 1.1.2.
There exist Boolean functions g; and g, such that

g1 (97 '(B1)=0,02(¢"'(B1)) =1,
g1 (971 (By)) = g2 (¢~ '(By)) fors € {2,...k}.

Forms of sequences (1.12) for these Boolean functions are the following:

(=By),BY,...Bl' FA, (1.13)

B,BY,..BP - A. (1.14)

Let us continue deductions these sequence in the following way:
. (—B1),BS',...B{' F A, (1.13).
. B1,BS', .. .B{' F A, (1.14).
(=A) - (—A), NPC-axiom.
(=A),BS',...B{' b (= (=By)), I= from 1. and 3.
(-A),B5',...B{' b (—By), I- from 2. and 3.
.BY', . B{'F (—(—A)), I- from 4. and 5.
. BS',..,B{' A, R— from 6.
It is deduction of sequence Bj', ..,Bi‘ F A. This sequence is obtained from sequence
(1.12) by deletion of first sentence from the hypothesizes list.
All rest hypothesizes are deleted from this list in the similar way.
Final sentence is the following:

N Uk W

FA.

n
Therefore, in accordance with Th. 1.1.3, all tautologies are true sentences.
Therefore the natural propositional logic presents by Boolean functions.

1.2. Recorders

Any information, received from physical devices, can be expressed by a text, made of sen-
tences.

Let a be some object which is able to receive, save, and/or transmit an information [10].
A set a of sentences, expressing an information of an object a, is called a recorder of this
object. Thus, statement: “Sentence <A>> is an element of the set a” denotes : “a has
information that the event, expressed by sentence < A >, took place.” In short: ”a knows
that A.” Or by designation: "a® < A >".

Obviously, the following conditions are satisfied:

I. For any a and for every A: false is that a® (A& (—A)), thus, any recorder doesn’t
contain a logical contradiction.

II. For every a, every B, and all A: if B is a logical consequence from A, and a®A, then
a*B.

*[I1. For all a, b and for every A: if a® < b®A > then a®A.
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For example, if device a has information that device b has information that mass of
particle % equals to 7 then device @ has information that mass of particle % equal to
7.

1.3. Time

Let’s consider finite (probably empty) path of symbols of form q°.

Def. 1.3.1 A path o is a subpath of a path 3 (design.: o < P) if o can be got from B by
deletion of some (probably all) elements.

Designation: (o) is o, and (o)™ is ot (o).

Therefore, if k < I then ()" < (ar)’.

Def. 1.3.2 A path o is equivalent to a path B (design.: o ~ B) if o can be got from 3 by
substitution of a subpath of form (a®)* by a path of the same form ((a*)*).

In this case:

III. If B < o or B ~ a then for any K

if a®K then a® (K& (0A = BA)).

Obviously, III is a refinement of condition *I1I.

Def. 1.3.3 A natural number ¢ is instant, at which a registrates B according to k-clock
{g0,A,bo} (design.: g is [a®B 1 a, {go,A,bo})) if:

1. for any K: if a®K then

a® (K& (a®B = a* (g5b;)" 854))
and
a’ (K& <a’ (g5b8)7" gtA = a’B)) .

2. a* (a"B& (a" (25b3)" " &34 ) ).

Lm. 1.3.1 If
qis [a®aB 1 a,{gp,A,bo}], (1.15)
pis [a*BB T a,{go,A,bo}], (1.16)
o < B, (1.17)
then
q=p-

Proof of Lm. 1.3.1: From (1.16):

a® ((a"BB) & (—a* (2b3) " Vg3 ). (118)

From (1.17) according to III:
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a® ((a'BB& (ﬂa° (g5bg) P g(')A)) & (a*BB = a'ocB)) . (1.19)
Let us designate:
R:=a*fBB,
§:= (—a" (e5b5) " g5,
G:=a‘oB.

In that case a shape of formula (1.18) is
a® (R&S),
and a shape of formula (1.19) is
a’® ((R&S)&(R=G)).

Sentence (G&S) is a logical consequence from sentence
((R&S) & (R = G)) (1.1). Hence

a® (G&S),

in accordance with II.
Hence

a’ (a'ocB& <ﬁa' (gobg) P g5A)>

in accordance with the designation.
Hence from (1.15):

a® ((a’ocB& (ﬁa° (g5bs) P g5A)) & (a®aB = a* (g)b?)* g(’)A)) .
According to II:
a® ((ﬁa' (g3bs) P g6A> &a® (g3b)" g(')A) (1.20)
If g > p,i.e. ¢ > p+1, then from (1.20) according to III
((~a" (g3b5) """ g4 ) &a* (22b3)" 834 ) &
(a (25b5)7 234 = a* (25b5) " g3 )

a

According to II:
a® ((—a* (g3b) """ g3A ) &a* (g3b3) " gsa )

It contradicts to condition I. Therefore, ¢ < p L.
Lemma 1.3.1 proves that if

q is [a.B T a, {g07A7b0}] ’
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and
pis [a®BTa,{go,A,bo}]
then
q=Pp-

That’s why, expression “q is [a®B T a,{go,A,bp}]” is equivalent to expression ’q =
[a.B Ta, {gOaAabOH'”

Def. 1.3.4 x-clocks {g;,B,b;} and {g>,B,b,} have the same direction for a if the
following condition is satisfied:

if
r= [a. (gTbT)quB T av {g27Bvb2}]7
s = [a*(g}b})"g}B 1 a,{g2,B,b2}],
q<p,
then
r<s.

Th. 1.3.1 All k-clocks have the same direction.
Proof of Th. 1.3.1:
Let

ri= [a. (gIbI)q gIB T a, {glvabZ}] s
§i= [a. (gIbI)ngB T a, {g27B7b2}] s

q<p.
In this case
(g7b7)? < (g7b})”.

Consequently, according to Lm. 1.3.1

n

Consequently, a recorder orders its sentences with respect to instants. Moreover, this
order is linear and it doesn’t matter according to which k-clock it is set.

Def. 1.3.5 x-clock {g>,B,b,} is k times more precise than k-clock
{g1,B,b, } for recorder a if for every C the following condition is satisfied: if

q1 = [a.CTa7{glaB7bl}]7
q2 = [a.CTa7{g2aB>b2}]a
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then
<L <q+l.
Lm. 1.3.2 If for every n:
dn
qn-1 <k <gn-1+1, (1.21)
n
then the series
q +i¢]n_Qn—lkn (1 22)
0T ek, '

converges.
Proof of Lm. 1.3.2: According to (1.21):

0 S qn — anlkn < kn

Consequently, series (1.22) is positive and majorizes next to

+14 ,
1 n;kl...kn

convergence of which is checked by d’ Alambert’s criterion [

Def. 1.3.6 A sequence H of k-clocks:

<{g07A7b0}7 {g17A7b2} IER) {gjaAvbj} s

is called an absolutely precise K-clock of a recorder a if for every j exists a natural

In this case if

qj=[a"Cta,{g;Ab;}]

and

o ‘blk
= Q+Zk1k2

then
tis [a'C T a,fl} .

Lm. 1.3.3: If

k;
q —qo+27q] 1

ki-ky-..-k;

with

number k; so that K—clock{gj,A,bj} is k; times more precise than K—clock{gj,l,A,bj,l }

(1.23)
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n-1 < % <gn-1+1,
n
and
di—d;_1-kj
di=dy+) -——- (1.24)
0 j_;kl-kz-..-kj
with

dn
dnfl < ; < dn,1 +1

n

then if g, < d,, then g < d.
Proof of Lm. 1.3.3: A partial sum of series (1.23) is the following:

. q1 —qokr g2 —qik2 Gu — qu—1ky
Oui=aqot T T ek
_ qa 29 Qu_ qQu-1
i L o L S S Y SOy Sy
L
Q"_klkz--'ku'

A partial sum of series (1.24) is the following:

dy

D,=—-.
“Tkiky -k,

Consequently, according to the condition of Lemma: Q, < D, [
Lm. 1.34If

qis [a'ocCTa,Iﬂ ,
dis [a’BCTa,fI} ,
and
oa<p
then
qg<d.

Proof of Lm. 1.3.4 comes out of Lemmas 1.3.1 and 1.3.3 immediately [
Therefore, if o ~ 3 then ¢ = d.
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1.4. Space

Def. 1.4.1 A number ¢ is called a time, measured by a recorder a according to a x-clock H,
during which a signal C did a path a®0a® (design.:

t:=m (aﬁ) (a*aa®C)),
if
r= [a'oca'CT a,I-NI] — [a'CT a,ﬁl} .
Th. 1.4.1
m (aﬁ) (a®aa®C) > 0.

Proof comes out straight of Lemma 1.3.4 [

Thus, any “’signal”, ”sent” by the recorder, "will come back” to it not earlier than it was
“sent”.

Def. 1.4.2

1) for every recorder a: (a®)" = (a*);

2) for all paths o and B: (o)’ = (B)" (o).

Def. 1.4.3 A set R of recorders is an internally stationary system for a recorder a with
a k-clock H (design.: R is ISS (a,ﬁ )) if for all sentences B and C, for all elements a; and

a, of set R, and for all paths o, made of elements of set R, the following conditions are
satisfied: _ ~
1) [a’aEa}C T a,H} — [a'a}C T a,H} =

= [a’aga{B T a,Iﬂ - [a'a}B T a,ﬁ] ;
2)m (afl) (a®0a®C) =m (aﬁ) (a*a’a*C).
Th. 1.4.2
{a} —ISS (a,FNI).

Proof:
1)As a® ~ a®a® then, according to Lemma 1.3.4 : if we symbolize

p= [a'a'BTa,fl] ,
q:= [a'a’a’BTa,ﬁ] ,
ri= {a’a'CTa,ITI} ,

s = [a‘a'a'CTa,fI} ,
theng=pand s=r.

That’'s whyg—p=s—r.
2) Since any series o, made of elements of set {a} coincides with o then
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m (afl) (a*0a’C) =m (aﬁ) (a*a’a°C). O

Thus every singleton is an internally stationary systeminternally stationary system.
Lm. 1.4.1: If {a,a;,a,} is[SS (aﬁ) then

[a’aga’aECTa fl} - [a’aECTa,fI} =
= [a ajajalB T a, H} [ ‘a;BTa,fI]

Proof: Let’s symbolize

p: {a'aIB T a,ITI} ,
q:= [a'a'aga{B 0 a,ﬁ} )
ri= [a SCTa H]
5= [a'aEaIaECTa,H] ,
u:= [a'a}a}BTa H}
wi= {a’aIaEC 0 a,FI] .
Thus, according to statement 1.4.3
U—p=S—WW—Tr=qg—Lu.
Thus,
Ss—r=q—p

n
Def. 1.4.4 A number [ is called an aH (B)-measure of recorders a; and a, (design.:

Z:K(a,ITI,B> (aj,ay)
if
I=0.5- ([a atalalB 1 a, H} [ °a;B¢a,ﬁD.

Lm. 142 1f {a,a;,a,} is ISS (aﬁ) then for all B and C:

K(a,ﬁ,B) (a,ap) zﬁ(a,f[,C) (a,ap).
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Proof: Let us designate: Let us design:

pi= [a’a{B T a,ITI} ,

q:= [a'a}aia{B 0 a,fl} ,

ri= [a'a}C 0 a,ﬁ] ,

5= [a'a}a§a{CTa,FI] ,

u:= [a'aEaIB 0 a,ITI} ,

wi= [a'aﬁa}C 0 a,fl] .
Thus, according to Def. 1.4.3:

U—P=W—Tqg—U=S—W.
Thus,
q—p=s—r

O
Therefore, one can write expression of form /¢ (a,PNI ,B) (aj,ay)” as the following:

”E(a,ﬁ) (a1,a)”.
Th. 1.4.3: If {a,a,,a,,a3} is ISS (aﬁ) then
1) E(a,fl) (aj,ap) > 0;
2) 6(3,?]) (aj,a;) =0;
3) E(a,ﬁ)

(ar,a2) :ﬁ(aﬁ> (a,a1);

4) E(a,ﬁ) (al,az)+€(a,ﬁ> (az,a3) 2£<a,ﬁ) (aj,a3).
Proof: 1) and 2) come out straight from Lemma 1.3.4 and 3) from Lemma 1.4.2.
Let’s symbolize

p= [a'a{C 0 a,fl] ,
q:= [a’a}aEa{C 0 a,Iﬂ ,
ri= -a°aIa§aIC 0 a,ﬁ} ,
§i= _a'aga{C 0 a,ﬁ] ,

u:i= {a'azagagaIB 0 a,ﬁ} ,

w = |a*ajajajajajC 1 a,H} .
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Thus, according to statement 1.4.3
wW—u=gq-—Ss.
Therefore,

w—p=(q—p)+@u—s).

According to Lemma 1.3.4

Consequently,

(q—p)+u—s)>r—p

O
Thus, all four axioms of the metrical space [7] are accomplished for E(a,ﬁ ) in an

internally stationary systeminternally stationary system of recorders.
Consequently, ¢ (a, H ) is a distance length similitude in this space.

Def. 1.4.5 A set R of recorders is degenerated into a beam ab, and point a; if there
exists C such that the following conditions are satisfied:
1) For any sequence o, made of elements of set R, and for any K: if a®K then

a® (K& (0ajC = abjajC)).

2) There is sequence 3, made of elements of the setR, and there exist sentence S such
that a® (Bb]C&S) and it’s false that a® (Bajb}C&S)

Further we’ll consider only not degenerated sets of recorders.

Def. 1.4.6: B took place in the same place as a, for a (design.: j(a) (a;,B)) if for every
sequence o and for any sentence K the following condition is satisfied:

if a®K then a® (K& (0B = aa}B)).

Th. 1.4.4:

1(a) (a1, a}B).
Proof: Since aia] ~ oajaf then according to III: if a}K then
aj (K& (cajB = oajajB))

g
Th. 1.4.5: If

1(a)(ai,B), (1.25)

1(a)(a2,B), (1.26)
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then
1(a)(az,a}B).

Proof: Let a®K.
In this case from (1.26):

a® (K& (cajB = oaja3B)).

From (1.25):
a’((K& (ca}B = cajajB)) & (aajasB = cajajalB)).
According to II:
a® (K& (cajB = oajajalB)).
According to III:
a’ ((K& (oa}B = oajaja}B)) & (dajaja]B = oajaiB)).

According to II:

a® (K& (ca}B = oajajB))

O
Lm. 1.4.3: If

1(a)(ar,B), 1.27)

- [a'aBTa,Iﬂ , (1.28)
then
= [a'oca}BTa,fI] .
Proof: Let’s symbolize:
t;:= [a®aB ta,{g;,A,b;}].
Therefore,
a’ (a'ocB& <ﬁa‘ (g;b;)tfrl g}A)) ,
from (1.27):

a* ((a'(xB& <—|a° (g;b;)th g;A)) & (a*oB = a'oca{B)) :
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According to II:

a’ (a'oca}B& <ﬁa' (g;b;)tj + g}A)) , (1.29)

Let a*K. In this case from (1.28):
a* (K& (a’ocB = a® (g}h%)" g}A)) .
Therefore, according to III:

a’ ((K& (a'ocB = a* (g}b3)" g;A)) & (a*0alB = a'ocB)) :

According to II:

a® (K& (a*0atB = a* (g7b3)"g54) ). (1.30)
From (1.27):
a’ ((K& (a' (g;b;)tﬁrl giA = a’ocB)) & (a*aB = a’(xafB)) :
according to II:
a’® (K& <a' (g;b;)t"+1 giA = a'oca}B)) .

From (1.29), (1.30) for all j:
t;=[a*aa}B1a,{g;Ab;}|.
Consequently,
t = [a'aaIBTa,ITI}

0
Th. 1.4.6: If {a,a;,a,} is ISS (aﬁ)

1(a) (a1,B), (1.31)

1(a)(az,B), (1.32)
then

Y4 (a,ﬁ) (aj,ap) =0.
Proof: Let’s symbolize:
t:= [a'BTa,ﬁ] .

According to Lemma 1.4.3:
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from (1.31):

= {a’a{BTa,I—NI} ,
from (1.32):

t= [a'aIaEB 0 a,ﬁ] ,
again from (1.31):

t= [a'a}agaIB 0 a,ITI} .
Consequently,
1 (a,ﬁ) (a;,a3) =0.5-(r—1)=0

O
Th. 1.4.7: If {a;,a,a3} is ISS (a,fl ) and there exists sentence B such that

5(a)(ar,B), (1.33)

1(a)(a,B), (1.34)
then

¢(a,H) @as.20) = £ (a,1) (a3,a1).
Proof: According to Theorem 1.4.6 from (1.33) and (1.34):

0 (aﬁ) (a1,a) = 0; (1.35)

according to Theorem 1.4.3:

! (a,ﬁ) (a,ap) + ¢ <a,P~1) (az,a3) >/ (a,H) (ar,a3),
therefore, from (1.35):
¢ (a,fl) (az,a3) >/ (a,ﬁ) (ar,a3),

i.e. according to Theorem 1.4.3:

E(a,ﬁ) (a3,ap) 2€<a7H) (a,as). (1.36)

From
14 (a,ﬁ) (az,a;)+/ (a,fl) (aj,ap) >/ (a,ﬁ) (a3,ap):

and from (1.35):
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14 (a,ﬁ) (az,a;) >/ (a,ﬁ) (a3,a;).

From (1.36):

14 (aJZI) (az,a;) =/ (a,ﬁ) (az,ap)

O
Def. 1.4.7 A real number ¢ is an instant of a sentence B in frame of reference (9?3]71 )
(design.: t = [B | <.Ka[fl}) if

1) R is ISS (aﬁ)

2) there exists a recorder b so that b € R and {(a) (b, B),
3)t= {a'B T a,ITI} —E(a,ﬁ) (a,b).

Lm. 1.4.4:

[a‘BTa,PNI} = [a'B | fﬁafl} )
Proof: Let R is 1SS (aﬁ) a; € R and

1(a)(ar,a’B). (1.37)
According to Theorem 1.4.4:

1(a)(a,a’B).

From (1.37) according to Theorem 1.4.6:
0 (aﬁ) (a,a;) =0,
therefore
[a*B | Raft| = [a*B1a,H| ¢ (a.H) (a,a) = [a°B T a,]

O
Def. 1.4.8 A real number z is a distance length between B and C in a frame of reference

(‘Raﬁ) (design.: z = ¢ (Stafl) (B,C)) if

D Ris 15 (a, ),

2) there exist recorders a; and a, so thata; € R, a, € R,
h(a)(a;,B)) and §(a) (az,C)),

3)z= B(a,f]) (ap,ay).

According to Theorem 1.4.3 such distance length satisfies conditions of all axioms of a
metric space.
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1.5. Relativity
Def. 1.5.1: Recorders a; and a, equally receive a signal about B for a recorder a if
< f(a)(a,a}B) > =< f(a)(a;,a3B) >.

Def. 1.5.2: Set of recorders are called a homogeneous space of recorders, if all its
elements equally receive all signals.
Def. 1.5.3: A real number c is an information velocity about B to the recorder a; in a

frame of reference <9?a1:i > if

¢ (maﬁ) (B,atB)

Cc =

[aIB | SRafI] - [B \ E)Kafl} .
Th. 1.5.1: In all homogeneous spaces:
c=1.

Proof: Let ¢ represents information velocity about B to a recorder a; in a frame of
reference (%aﬁ)

Thus, if
R is ISS (aﬁ) ,
oy (maﬁ) (B,a’B), (1.38)
[ = [B | 9?&?1} : (1.39)
b = [a;B | fKaIﬂ , (1.40)
then
:nin' (1.41)

According to (1.38) there exist elements b; and b; of set R such that:

7(a)(b1,B), (1.42)
1(a) (ba,a3B), (1.43)
z:£<a,ﬁ> (b1,bs). (1.44)

According to (1.39) and (1.40) there exist elements b/ and b} of set R such that:
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2(a) (b1,B).
1(a) (b3,a3B).
= {a’BTa,ITI} —E(a,ﬁ) (a,b}),

= [a’a}BTa,ﬁ] —/ (a,ﬁ) (a,b5).
From (1.38), (1.42), (1.45) according to Theorem 1.4.7:

4 (a,ﬁ) (a,by) =/ (a,fl) (a,b}).
Analogously from (1.38), (1.43), (1.46):

4 <a,ﬁ) (a,by) =/ <a,l-1) (a,b5).

Analogously from (1.47), (1.42), (1.49)according to Lemma 1.4.3:

= [a'b{B 0 a,ﬁ} —/ (a,fl) (a,by).

From (1.43) according to Lemma 1.4.3:

{a’aiB 0 a,ﬁ} = [a'bEaEB T a,fl] .
According to Lemma 1.3.4:

[a'bEaiB 0 a,ITI} > [a'bgB T a,lﬂ .
From (1.43):

1(a) (a2,b3B).

According to Lemma 1.4.3

[a'agbgB 0 a,Iﬂ = [a‘bgB 0 a,fl} .
Again according to Lemma 1.3.4:

{a’aEbEB 0 a,f[} > [a'aEB T a,fl] )

From (1.54), (1.52), (1.53):

[a’agBTa,Iﬂ > [a'b}BTa,fI] > [a'agBTa,ITI},

therefore,

(1.45)

(1.46)

1.47)

(1.48)

(1.49)

(1.50)

(1.51)

(1.52)

(1.53)

(1.54)
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{a’azB 0 a,ITI} = [a'bEB T a,Ifl} i
From (1.48), (1.50):
= [a'bgB T a,f]} —/ (a,ﬁ) (a,by).

From (1.42) according to Lemma 1.4.3

h= [a'bgb{B 0 a,ITI} —/ (a,fl) (a,by).

Let’s symbolize

u:= [a’CT a,Ifl} ,

d:= {a'b}a'CT a,ﬁ} ,

wi= [ 'bga'CTa,ITI} ,
[a b3bja*C T a H]

[a bibja*C 1 a,ITI} ,

p:= [a"bth3btaC 1 a, H}

[a b3bth3a CTa,fI] .

Since R is ISS (a,fl) then

From (1.55), (1.51), (1.57), (1.59):

(t2+e (aﬁz) (a,bz)) - (zl + <aﬁ) (a,b1)>

therefore

:J—d’

I :j—d—€<a,f1> (a,b2)+e(a,ﬁ) (a,by).

From (1.56), (1.57), (1.58) according to Lemma 1.3.4:

¢ (aﬁ) (a,bs) = 0.5- (w—u), ¢ (aﬁ) (a,b1) = 0.5-(d —u).

From (1.61), (1.62), (1.63):

(1.55)

(1.56)
(1.57)
(1.58)

(1.59)

(1.60)

(1.61)

(1.62)

(1.63)
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h—t1=05((j—d)+(j—w))=05-(j—d+p—j)=05-(p—d).
From (1.60), (1.57), (1.44):
z=05-(p—d).
Consequently
I=h—n

g

That is in every homogenous space a propagation velocity of every information to every
recorder for every frame reference equals to 1.

Th. 1.5.2: If R is a homogeneous space, then

[a;B | i)taﬁl} > [B | &Raﬁ] .

Proof comes out straight from Theorem 1.5.1.

Consequently, in any homogeneous space any recorder finds out that B ”’took place” not
earlier than B “actually take place”. ”Time” is irreversible.

Th. 1.5.3 If a; and a, are elements of R,

RisISS (aﬁ) , (1.64)
pi= [aIB ] fKaIﬂ , (1.65)
gi= [aEaIB | malﬂ, (1.66)

.= f (g{aﬁ) (al,aZ) 5
then
z=4qg—p.

Proof: In accordance with Theorem 1.5.1
from (1.64), (1.65), (1.66):

g—p="~ (mafz) (alB,a%alB),
thus in accordance with Definition 1.4.8 there exist elements b; and b, of R such that

1(a)(b1,a}B), (1.67)

1(a) (b2,a3alB), (1.68)
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q—sz(ERaITI) (b1,by).

Moreover, in accordance with Theorem 1.4.4

1(a) (aj,a}B), (1.69)

7(a) (a2, a3a7B).

From (1.68) in accordance with Theorem 1.4.7:

¢ (snaﬁ) (bi,by) = ¢ (iKaﬁ) (bi,a2). (1.70)

In accordance with Theorem 1.4.3:

E(Siaﬁ) (b1,a5) :e(&)tafl) (a2,b1). (1.71)

Again in accordance with Theorem 1.4.7 from (1.69), (1.67):

E(%aﬁ) (ag,bl)zé(iﬁaﬁ) (az,ay). (1.72)

Again in accordance with Theorem 1.4.3:

14 (‘Kaﬁ) (az,a;) =4 (%aﬁ) (ajay).
From (1.72), (1.71), (1.70):

/ (‘Kaﬁ) (by,by) =¢ (fﬁaﬁl) (ajaz)

0

According to Urysohn‘s theorem® [8]: any homogeneous space is homeomorphic to
some set of points of real Hilbert space. If this homeomorphism is not Identical transfor-
mation, then R will represent a non- Euclidean space. In this case in this “space-time”
corresponding variant of General Relativity Theory can be constructed. Otherwise, R is
Euclidean space. In this case there exists coordinates system RY such that the following
condition is satisfied: for all elements a; and a, of set R there exist points x; and x, of
system R* such that

£<a,ITI) (ay,a) = (Z‘]le (xs,j _xk’j)2>0.5'

SPavel Samuilovich Urysohn, Pavel Uryson (February 3, 1898, Odessa - August 17, 1924, Batz-sur-Mer)
was a Jewish mathematician who is best known for his contributions in the theory of dimension, and for de-
veloping Urysohn’s Metrization Theorem and Urysohn’s Lemma, both of which are fundamental results in

topology.
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In this case R* is called a coordinates system of frame of reference (%aﬁ ) and numbers

<xk7 15Xk 25+ ,xk,y> are called coordinates of recorder a; in R.

A coordinates system of a frame of reference is specified accurate to transformations of
shear, turn, and inversion.

Def. 1.5.4: Numbers (x;,x2,...,x,) are called coordinates of B in a coordinate system

R* of a frame of reference (%afl ) if there exists a recorder b such that b € R, f(a) (b,B)

and these numbers are the coordinates in R* of this recorder. N
Th. 1.5.4: In a coordinate system R" of a frame of reference (%aH ): if z is a dis-

tance length between B and C, coordinates of B are (by,b,..,b,), coordinates of C are

(c1,¢2,..,¢3), then
" 0.5
2
z= (Z(Cjbj) ) -

j=1
Proof came out straight from Definition 1.5.4 [J
Def. 1.5.5: Numbers <x1,x2, . ,xy> are called coordinates of the recor-der b in the

coordinate system R! at the instant t of the frame of reference (%aﬁl ) if for every B the
condition is satisfied: if

t= [b'B \ ‘.Kalfl}

then coordinates of < b*B > in coordinate system R* of frame of reference (iKaITI >

are the following:

<x1,x2, ... ,xﬂ>.

Lm. 1.5.1If
T:= [b*C 1 b,{go,B,bo}], (1.73)
p:=[a"h® (g0h5)" 2B T a,{g1,A,b1}], (1.74)
q:= [a'b' (g505)" ' 208 1 a,{gl,A,bl}} , (1.75)
t:=[a*h°Cta,{g1,A,bi}] (1.76)
then
p<t<gq
Proof
1) From (1.75):
a’ (a'b' (g500)"" gB& (ﬁa’ (g7b})"" g} )) : (1.77)

Hence from (1.73):
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(b" (e5b2)""" g38 = b°C)
then from (1.77) according to II:
a® (a’b'C& <ﬂa‘ (g2b?)e"! g;A)) .
According to 11, since from (1.76):
(a%b°C = a® (g7b})"g74)
then
a® (a* (27b})’ giA& (~a" (g1b})" ' giA) ).

Ift > g thent > g+ 1. Hence according to III from (1.78):

a* (" (eb)"" gt (a (b)) ' eia) )

it contradicts to I. So r < g.
2) From (1.76):

a® (a'b'C& <ﬂa' CH gIA)) )
Since from (1.73):
(b*C = b* (g5b5)" 5B)

then from (1.79) according to II:

a® (a0" (ghb})* gB& (—a (efb]) "' i) ).

Since from (1.74):
(a®b° (g3b]) " g0B = a® (g}b)" g1A)
then according to II from (1.80):
a® (a® (gb?)" giA& (a® (gib?) "' gi4 ) ).

If p >t then p >t 4+ 1. In that case from (1.81) according to III:

a° (ao (gIbI)l‘-‘rl gIA& (ﬂa. (gIbI)H—l gI ))’

(1.78)

(1.79)

(1.80)

(1.81)
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it contradicts to I. So p <t [

Th. 1.5.5 In a coordinates system R* of a frame of reference (%afl ) : if in every instant
t: coordinates of®:

b: <xb,l +v 'tyxb,Zaxb,?n cee 7xb,,u>;

go: <X0,1 +v-t,x072,x073,...7x0,,,>;

bo: <X()71 +Vv-1,X0.2 —{—Z,XQ73, e ,xO,/_,>; and

tc= [b‘C | %alﬂ;

Ip = |:b.D | Sﬁaﬁ],

qc = [b.c 1b, {gOaAabO}];

qp = [b.D T b7 {gO,A,bO}],

then
l _
lim2- (4b—4c g,
-0 (1 _v2) tp—1Ic
Proof: Let us designate:
11 := | b (g0*bo* )% zo°B| ‘J{alﬂ , (1.82)
12 = b (g0*bo*) B | mafl] : (1.83)
15 1= | (20°bo* )% 20" B| iKaIﬂ : (1.84)
t1 = | (20°bo* ) go°B| %aﬁ] . (1.85)
In that case coordinates of:
< b®(20°h0*)C go*B >:
(Xb,1 V- 11,Xb2, X3, Xbu) » (1.86)
< b*(g0"ho*) " gy*B >
<xb,l+v't27xb,27xb,3a"'axb,/.l>a (187)
< (go.bo.)qc 80°B >: <X(),1 +Vv-13,X0,2,X03,- - - ,xO"u> s (1.88)
< (20°00") T 0® B> (x0.1 + V- 14,X02,%03, -+ X0 ) (1.89)
<L b*C>: <xb71 +V-fc,Xp2,Xp3;- - - ,xb7y> . (1.90)

According to Theorem 1.5.1 and Lemma 1.4.4 from (1.82), (1.86), (1.83), (1.87), (1.90):
a*h*® (go'bo.)qc g().B | c.Ka[fl =
a*h® (g0°bo*)“ go*Bta,H| =

0.5
I+ ((Xb,l +tp)? +):’;+2X%,j> ,

Sbelow v is a real positive number such that [v| < 1)
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a*h*® (g9°ho") "' B | RaH | =
a*h® (20°bo*) "' Bra,H| =
0.5

fh+ ((Xb,1 +v1)* 4 Z?ZZXZZ,J) .

According to Lemma 1.5.1:

0.5
u
f+ ((xh,l +vn)+ Y x%w-)

J=2
0.5
2
xb,j) (191)

0.5
u
th+ <(be1 —|—vt2)2+ x12,7j> )
=

IA

u

tc+ ((xh,l +vie) + Y

j=2

IA

According to Theorem 1.5.1 from (1.82), (1.84), (1.86), (1.88):

5\ 0.5
H=t3+ ((XO,I + Vi3 —Xp 1 —Vl1)2+2’l]{:2 (x(),j —x;,_,j) ) .

From (1.83), (1.85), (1.87), (1.89):

0.5
2 2
h=t4+ ((xo,l Fvts—xp1 —vh) + X5, (x0,j —%b,7) ) .
Hence:

2
(h—13)> =v* (11 —13)> =20 (11 —13) (0.1 — 1) + Xy (X0 — %)
2
(2 —1a)* =2 (2 —1a)” =20 (12— ta) (x0.1 —%p.1) + Xy (0,7 = %,7) -

Therefore,
hh—1t4 =1 —13. (1.92)
Let us designate:
Is 1= [bo' (g0°bo*) ™ go°B | ‘.Kalﬂ ) (1.93)
In that case coordinates of:
< bo* (80°b0® ) g0*B > (x0,1 +v-15,X02 4+ 1,X03, ..., X0u) -

hence from (1.84), (1.88) according to Theorem 1.5.1:

05
ts—13 = ((x071 +vis —x0.1 —vi3)* + (x02 +1 —x02)° + Y3 (%0, —XO,j)Z) ,
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hence:

ts—13 = \/11_7#
Analogously from (1.93), (1.85), (1.89):

th—t5 = \/ll—ivz
From (1.94):
From (1.92):

Hence from (1.91):

0.5
tr+ < xb1+vt1 —f—be])

2

0.5
< tc+ ( xb1+vtc —}-bej)

21 2w\
<t tvlt+——]) + A
< gt (o (0 7)) B

Orif ! — Othent, — 11, and

0.5
u
. 2 2
}1_% t1+<(xb71+vt1) +be,j>

j=2
0.5
R o)
= fc+ ((xb,l +vic)” + be,/) .
j=2

Since, if v? < 1 then function

(1.94)
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hence

lim [b' (80°D0") ™ g0°B | maﬁ} —rc. (1.95)
Analogously,

lim [b' (20°D0%)™ 20" B | maﬁ] = 1p. (1.96)

According to Theorem 1.5.1 from (1.82) and (1.83):
[b° (80°b0")"” go°B | 9331'7} - [b' (80°bo*)" go°B | RaH

B , 21 ;
= <1+m(6]0—61€)>—1
2Z(QD_QC)‘

V1—y2
From (1.95) and (1.96):

21 —
Jim 204D~ 49c)
-0 tp—1Ic

=+/1—12

[l
Corollary of Theorem 1.5.5: If designate: ¢}) := gp and g := g¢ for v =0, then

st st
lim2; 12 —9¢ _

L,
-0 Ip—1Ic

hence:

limI2=9€ _ /122,

1-0 gy — g

For an absolutely precise k-clock:

st st 4D —qc

dp —dc mm

Consequently, moving at speed v K-clock are times slower than the one at rest.
Th. 1.5.6 Let: v (Jv| < 1) and / be real numbers and k; be natural ones.

Let in a coordinates system R* of a frame of reference (iKaﬁ ): in each instant ¢ coor-
dinates of:

b: <xb,1 +V-t,Xp2,Xp 3, ,xh7#>,

g <yj,1 +V't7y1'727)’j,37-~an7#>,

u;: <yj71 +v-t,yj2+1/ (ki -...-kj),yj73,...,yj,y>,

for all b;: if b; € 3, then coordinates of

b;: (X0 V- 1,Xi2,Xi35 - Xig)s

T is <{g1,A,u1}, {gz,A,l.lz} . {g.,-,A,uj} y e >
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In that case: 3 is ISS (b, f)

Proof
1) Let us designate:

[b'bIB b, T

—

pi= :
g:= [b'bgb;mb,f] ,

ro= [b'b;mb,f] ,

5= [b'bgb;mb,ﬂ ,

t, = [b*b3B | &Ralﬂ (1.97)
ty = [b*b3bIB | %alﬂ, (1.98)
1 = _b'b{C|EKafI], (1.99)
ty = [b*b3pIB | %alﬂ. (1.100)

According to Corollary of Theorem 1.5.5:

q—pr
t,—t, = , 1.101
a—1Ip T2 ( )
s—r
ty—t, = i (1.102)
From (1.97-1.100) coordinates of:
K D*DIB >t (Xp1 + Vi, Xp2, X635+ Xbyt) s (1.103)

K D*BILYB >t (xp1 + Vig, Xp 2, X3, Xpy) s

< b*hIC > <x;,71 + Ve, Xp 2, Xp 3, - - - ,xb7y>, (1.104)
< b.babTC > <xb’1 + VI, Xp2, Xp 35 - - - ,xb”,_,> .

Let us designate:

0= [bIB | Stafl] : (1.105)

1= [bTC | Rad| . (1.106)

—

Consequently, coordinates of:
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< bIB > <X171 + VI, X1,2,X1 35 - - ,xl,y> R
< bIC > <X171 +Vt2,X1,2,X135- - - ,X17u> .

According to Theorem 1.5.1 from (1.104), (1.106), (1.99):

J=2

0.5
u
2
t,—th = ((xb,1+Vfrx1,1WZ)ZJFZ(xb,jxl,j) > .

Analogously from (1.103), (1.105), (1.97):

0.5
u
2
tp—1 = ((xhl—}—vtp—xl,l—vtl)z—}—z(be—ij) ) .
Hence,

th—ty=t,—11. (1.107)

Let us denote:

1y = [by"biB| Rafl|
g 1= [bz'bIC | %aﬁ} .

Hence, coordinates of:

< b2*biB > (X201 + V13,22, X035, X2 ) s
< b*hiC > <x271 +VI4,X02,X23,. .. ,x27’u> .

According to Theorem 1.5.1:

0.5
u
33—t = ((X2,1 +vi3 —x1 —vt1)2 + Z (x2,j —Xl,j)2> .

0.5
u
th—1t) = ((XZJ + vty — X1 —vtz)z + Z (XQJ' —x17j)2> .

j=2
Hence:
3—14=1H—1. (1.108)
And analogously:
lg—13 =1t — 1y (1.109)

From (1.108), (1.109), (1.107):
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ty—tp =t;—1,.
From (1.102), (1.101):

gq—p=s—r. (1.110)
2) Let us designate:

P = [b'CTb,f] ,

q = [b'ab'C b, ﬂ ,

/.
r:

[b'oﬁb'C +b, ﬂ :

here atis b1D3...byby_, ...by,.
Hence according Definition 1.4.1:

m (bf) (b*ab*C) = ¢ — 1, (1.111)
m (

bf) (b*a'b°C) =+ — p'. (1.112)

Let us designate:

o= :b'C\EKafI},
f= [b;ifc | i)taﬁ]
B = :bgbIb'C | maﬁ],

BN

tw:= [bY...b3B35°C | maﬁ}, (1.113)

fpr = [b,:Hb,: L D3BIC | ‘Jialﬂ ,
Iy = [bl’v...b,:Hb,: L D3BIHC | maﬁ} :
o= [b'a*b'c | %alﬂ .

Hence in accordance with this theorem condition coordinates of:

< b°C>:
<Xb,1 + V0, Xp 2, Xp 3, - - - 7xb,,u> ,
< bib*C>:

<X1_’1 + VI, X12,X1,3;- - ,xl’“>,
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<

<

<

<

<

b3bIHC >

<x2,1 +VI2,X22,%23,- - - ax2,,u> ,

CEIN

by b3BHC >

<Xk,1 + Vi, Xk 2, Xk 3y - - ,Xk7y> ,

b 1bk -

L b3BIbC >

<Xk+171 Ve 15 Xk+1,2,Xk+1,35 - - - 7xk+17/4>,

<,

by - -bp by - bSHIHC >
<xN,1 T VIN, XN 2, XN 35 - - - ,XN,y>,
b*a'b°C >

<xN+1,1 FVIN£1,XN+1,2,XN+135 - - - 7XN+1,p> .

Hence from (1.113) according Theorem 1.5.1:

If designate:

then for every k:

Hh—t

(

Hh—n

_(

ey

Tk — Ik

_(

ey

INt1—IN

(

u
P2y =Y, (1 —Xa1)*,
j=1

le+1 — Ik =

L
1—v2

1%
1—

u

2 2
Prs+1 —V Z
Jj=2

7‘)2 (xk+1,1 —xk,l)

0.5
(¥es1,5 —Xk,j)2> :
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Hence:

INy1—l0=
0.5
2 2 yvH 2
(pb,l =Y, (1= x,)
1 0.5
_ 2 2 M 2
- 12 + (PN,b -V ijz (xb,j *XN,J') )

0.5
N-1{ .2 2 M 2
+ X <pk,k+1 -V Zj:2 (xk+1,j _xlw') )

Analogously, if designate:

N [b‘ocb'C | ‘Kalﬂ

then
TN+1 — o =
(P%,b —v? Z?:z (2,7 =201 ,j)z) "
el e R (S AN O L
+r) (p/%-i-Lk VL (e —xee1,)) 2) "
hence

INt1—To = Tyl — Do (1.114)

According to Theorem 1.5.5:

-~ ’,17
N1 —lo = % and ty 1 —1p = =2

From (1.114), (1.111), (1.112);
m (bT) (b*ab*C) = m (b7 ) (b0:'b C).

From (1.110) according to Definition 1.4.3: Q is ISS (b, T) O

Therefore, a inner stability survives on a uniform straight line motion.

Th. 1.5.7

Let:

1) in a coordinates system R* of a frame of reference (%afl ) in every instant ¢:

b (X1 4V 1, Xb2,Xb 3, - Xy )

gj- <yj,l+V't>yj,27yj,3a"'7yj,,u>a

u;: <yj71 +V~t,yj72+l/ (k] . ...-kj),yj73,...,yj7y>,
for every recorder q;: if q; € 3 then coordinates of
q;: <Xi,1 +V‘f7xi,27xi,37---7xi,,u>,
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T is <{g1,A,u1}, {g2,A, w2} .., {gj,A,llj}, . >
C: (C1,C,Cs,...,Cy),
D: (Dy,Dy,Ds,...,D,),

tc = |:C ’ fKaPNI} ,

Ip = [D ‘ 9{&[‘7} ;

2) in a coordinates system R of a frame of reference (Sbf) :
C: (C},G,C5,....C),

D: (D\,Dy,D},....D,),

1= [C | SbT},

1 = [D | Sbﬂ .

In that case:

(tD—tc)—v(Dl *Cl)

th—te = ;
Vv

D,-C, = ( _Cl)_v(tD_tC)'
V1—v?

Proof:
Let us designate:

u 0.5
pa7b = (Z b —a] ) .

According to Definition 1.4.8 there exist elements ¢ and qp of set 3 such that

1(b) (qc,C)), t(b) (qn, D)
and
¢ (Sbf) (C,D) =t (b, f) (qc, Q).
In that case:
e =[c13bT] = [qzC | 3p7],
= [D | Sbﬂ - [ql‘)D | Sbﬂ.
According to Corollary of Theorem 1.5.5:

[qgc | s)zafz} - [c | snaﬁ] _—
|apD | Fail| = [D| Fal| =1
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Let us designate:

T = [b'C b, f

T = [b'D 4 b,f:

1= |b*C | Rad|,

= _b.D | EKaIﬂ ,

t3:= b*B | RaH| ,
fy = _ng°B | SKaITI] ,

ts .= [b*qeb*B | ERaFI],
t 1= _qZ)qu’B ] ‘.Kafl} ,

= |qeabarh®B| Radl |,

13 := |b*q¢qpqcb°B | EKaIA-i] .

Under such designations:

hence:

hence:

Sequencely:

tg —t7 =15 —14 hence: tg —t5 = t7 — t4 and
¢ (Sbf) (C,D)

=0.5([b*atabarh®B 17| - [b°qtb*B 1b,7]),

¢ (Sbf) (C,D) =0.5(t5 —15) VT2 = 0.5 (tr — 1) VT 12,

(t7 —16)* = (xc,1 4 vi7 — xp1 — vig ) + Y, (xe —xp;)%

(t6 —t4)2 = (xp,1 +Vvts —xc,1 — Vf4)2 +le':2 (xc.j _xD,j)29

(t7 — t6)2 =2 (t7 —l‘6)2 +2v(xcq —xp1) (t7 —1t6) + p%c#lu’
(t6 —14)> =12 (t6 —1)* +2v (xp1 —xc.1) (to — ta) + Pav.ac-

0.5
7 —14 = \/% <V2 (XD-,l _XCJ)Z—’_ (1 _v2) piCan) :
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Let us designate:

0.5
u
Rap = <P§.,b N —bj)2> -

J=2

Under such designation:

~ R
£(3bT) (€, D) = e,
Since
Cy = xc,1 +vic, Dy = xp 1 +Vip,
Civ1=xc,j+1, Djr1 =xp j+1
then
0.5
V2 (Dl —vip—C1+ Vtc)2
ch7qD = n (1 —V2) (D] —vip —Cy —i—vlg)z s
+Y,(D;—C))
hence:
0.5

v (tp —tc)” —2v (tp —1c) (D1 — C1)
Ryc.ap = +pé[) ) . (1.115)
—?Yi, (D =C))

Moreover, according to Definition 1.4.7:
ih—tc=(T2—11)—
(¢ (b.T) (b,ap) ¢ (b, T) (b.c))
According to Theorem 1.5.5:

T —T :(tz—tl)\/l—vz. (1.117)

According to Theorem 1.5.3:

(1.116)

(1 —1c) = (Xp,1 + vty —C)? +Z’;:z (xb, —Cj)z’
(tr — ID)2 = (xb,1 +vi2 —D1)2 +le:2 (b, — Dj)z'

Therefore,

(h—1c)?

=2 (1 —1c)* +2v (1 —xc1) (1 —1c) + Phoge>
(12 —Z‘D)2 =V

2 (ty — tD)2 +2v(xp,1 —xp1) (2 —1tp) + plzan‘
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Hence,
Hh—1 =
= (tp—tc) + 152 (xc1 — xp,1)
+?lﬂ (Rbqu - Rb,%) .
Because

¢ (b, f) (b,qp) = ;?’%2, 0 (b, T) (b,qc) =

then from (1.116), (1.117), (1.118):

1%
1 —tr=(tp—tc) /1 —v2— ﬁ(xm —xc1),
—V

hence:

ﬁ((l)] —C1)—v(tp—1tc)),

hence:

;o (tp —tc) —v (D1 —Cy)
tD_tC == ﬁ_vz N
(D] —C1>—V(ID—tc)

vV1—y? '

It is the Lorentz spatial-temporal transformations’ .

Di—-C =

1.6. Probability

There is the evident nigh affinity between the classical probability function and the Boolean
function of the classical propositional logic [9]. These functions are differed by the range
of value, only. That is if the range of values of the Boolean function shall be expanded from
the two-elements set {0; 1} to the segment [0; 1] of the real numeric axis then the logical
analog of the Bernoulli Large Number Law [13] can be deduced from the logical axioms.
These topics is considered in this article.

Further we consider set of all meaningfull sentences.

"Hendrik Antoon Lorentz (18 July 1853 - 4 February 1928) was a Dutch physicist who shared the 1902
Nobel Prize in Physics with Pieter Zeeman for the discovery and theoretical explanation of the Zeeman effect.
He also derived the transformation equations subsequently used by Albert Einstein to describe space and time.
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1.6.1. Events

Def. 1.6.1.1: A set B of sentences is called event, expressed by sentence C, if the following
conditions are fulfilled:

1. C € B;

2.if A€ Band D € Bthen A = D;

3.if D€ Band A =D then A € B.

In this case denote: B :=°C.

Def. 1.6.1.2: An event B occurs if here exists a true sentence A such that A € B.

Def. 1.6.1.3: Events 4 and B equal (denote: A4 = B) if A4 occurs if and only if B
occurs.

Def. 1.6.1.4: Event ( is called product of event 4 and event B (denote: C = (4 - B)) if
C occurs if and only if A4 occurs and ‘B occurs.

Def. 1.6.1.5: Events ( is called complement of event 4 (denote: C = (#4)) if C occurs
if and only if 4 does not occur.

Def. 1.6.1.6: (4+ B) := (#((#4)- (#B))). Event (4 + B) is called sum of event 4 and
event B.

Therefore, the sum of event occurs if and only if there is at least one of the addends.

Def. 1.6.1.7: The authentic event (denote: ‘T) is the event which contains a tautology.

Hence, T occurs in accordance Def. 1.6.1.2:

The impossible event (denote: ¥ ) is event which contains negation of a tautology.

Hence, F does not occur.

1.6.2. B-functions
Def. 1.6.2.1: Let b(X) be a function defined on the set of events.

And let this function has values on he real numbers segment [0; 1].
Let there exists an event (j such that b((G) = 1.
Let for all events 4 and B: b(A4-B)+b(A- (#B)) = b(A4).
In that case function b(X) is called B-function.
By this definition:
b(4-B) < b(A). (1.118)
Hence, b(‘T - () < b(T). Because T - () = ( (by Def.1.6.1.4 and Def.1.6.1.7) then
b(Co) < b(T). Because b((p) = 1then
b(T) = 1. (1.119)
From Def.1.6.2.1: b(Z - B)+b(7Z - (#B)) = b(‘T). Because 7D = D for any D then
b(B) +b(#B) = b(‘T). Hence, by (1.119): for any B:
b(B) +b(#B) = 1. (1.120)
Therefore, b(‘7)+b(#7) = 1. Hence, in accordance (1.119) : 1+5(F ) = 1. Therefore,

b(F)=0. (1.121)
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In accordance with Def.1.6.2.1, Def.1.6.1.6, and (1.120):
b(A-(B+C)) =b(A-(#(#B)-(#(C)))) =
=b(A)-b((A-(#B)) - (#C)) =b6(A) —b(A- (#B))+b((A- (#B))- C) =
=b(4)—b(A4)+b6(A4-B))+b((#B)-(4-C)) =
:b(ﬂ-iB))wLb(ﬂl C)—b(B-4- C)

(#(#(A-B))-#H(A-0)))) =
)

And b((4 ) (A-C))=b
=1-b((# ( B))-(#(A-C)))
=1-b#A-B))+b((#(-B))-(1-C)) =
_1—1+b(ﬂ )+b((#(ﬂ B))-(A-C)) =
=b(4-B)+b((4-C))-b((A-B)-(4-C)) =
=b(4-B)+b((4-C))—b(A-B-C)because 4-4=4.
Therefore:
b(A-(B+C))=b6(A-B)+(A-C)—b(A-B-()) (1.122)
and
b((2-B)+(4-C))=b(A-B))+b(4-C)—b(A-B-C). (1.123)
Hence (distributivity):
b(A-(B+C))=b6((A-B)+(4-0)). (1.124)

If 4 =T then from (1.122) and (1.123) (the addition formula of probabilities):

b(B+C) = b(B) +b(C) — b(B- ). (1.125)

Def. 1.6.2.2- 19: Events B and ( are antithetical events if (B- C) = F.
From (1.125) and (1.121) for antithetical events B and C:

b(B+C) =b(B)+b(C). (1.126)

Def. 1.6.2.3-20: Events B and ( are independent for ‘B-function b events if b(B- ) =
b(B)-b(B).

If events B and C are independent for B-function b events then:

b(B-(#C))=0b(B)—b(B-C)=0b(B)—b(B)-b(C)=0b(B)-(1-b(C)) =0b(B)-b(#C).

Hence, if events B and ( are independent for B-function b events then:

b(B- (#C)) = b(B) - b(#C). (1.127)

Let calculate:

b(A-(#4)-C)=b(A-C)—b(A-4-C)=b(A-C)—b(4-C) =0. (1.128)
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1.6.3. Independent Tests

Definition 1.6.3.1: Let s7(n) be a function such that st(n) has domain on the set of natural
numbers and has values in the events set.

In this case event A4 is a [st]-series of range r with V- number k if A, r and k fulfill to
some one amongst the following conditions:

Dr=landk=1,4=st(1)ork=0, 4= (#st(1));

2) B is [st]-series of range r — 1 with V-number k — 1 and

A= (B-st(r)),
or ‘B is [st]-series of range r — 1 with V-number k and
A= (B-(#st(r))).

Let us denote a set of [st]-series of range r with V-number k as [st](r,k).

For example, if st (n) is a event B, then the sentences:

(B1- By (#B3)), (Br - (#B,) - Bs), (#B1) - By Bs)

are the elements of [st](3,2), and
(@1 -132-(#1;3)-1;4-@5) e [s1)(5,3).

Definition 1.6.3.2: Function st(n) is independent for B-function b if for 4: if
A € [st](r,r) then:

b(ﬂ)zljlb(st(n)).

Definition 1.6.3.3: Let st(n) be a function such that s7(n) has domain on the set of
natural numbers and has values in the set of events.

In this case sentence 4 is [st]-disjunction of range r with V-number k (denote: t[st](r,k))
if 4 is the disjunction of all elements of [st](r,k).

For example, if st (n) is event (, then:

(#O1) - (#G) - (#G3)) =1t[st] (3,0),

tfst] 3,1) = (G- (#G) - (#G)) + ((HG) - G- (#G)) + (#G) - (#G) - B3)),

tlst](3,2) = ((C- G- (#G))+((#G) - G- G)+ (G- (#G) - G3)),

(G- G- G) =t[st] (3,3).

Definition 1.6.3.4: A rational number ® is called frequency of sentence A in the [st]-
series of r independent for B-function b tests (designate: ® = v, [st] (4)) if

1) st(n) is independent for B-function b,

2) forall n: b(st(n)) =b(A4),

3) t[st](r,k) is true and ® = k/r.

Theorem: 1.6.3.1: (the J.Bernoulli® formula [13]) If st(n) is independent for B-
function b and there exists a real number p such that for all n: b (st (n)) = p then

b(0[s1] (1) = gy P (1=

8Jacob Bernoulli (also known as James or J acques) (27 December 1654 16 August 1705) was one of the
many prominent mathematicians in the Bernoulli family.
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Proof of the Theorem 1.6.3.1: By the Definition 1.6.3.2 and formula (1.127): if B €
[st] (r,k) then:

b(B)=pt-(1-p)*.

Since [st](r,k) contains r!/(k!-(r—k)!) elements then by the Theorems (1.127),
(1.128) and (1.126) this Theorem is fulfilled.

Definition 1.6.3.5: Let function sz(n) has domain on the set of the natural numbers and
has values in the set of the events.

Let function f(r,k,/) has got the domain in the set of threes of the natural numbers and
has got the range of values in the set of the events.

In this case f(r,k,l) = T[st](r,k,1) if

1) f(r,k,k) = t[st](r,k),

2) f(rk,d+1)=(f(r,k,1)+t[st](r,l+1)).

Definition 1.6.3.6: If ¢ and b are real numbersand k— 1 <a <kand [/ < b <[+ 1 then
T[st](r,a,b) = T[st](r,k,1).

Theorem: 1.6.3.2:

b
Tlst)(r,a,b) =°< = < v, [st](A) < = > .
r r

Proof of the Theorem 1.6.3.2: By the Definition 1.6.3.6: there exist natural numbers r
and ksuchthatk— 1 <a<kand !/ <b<I[+1.
The recursion on [:

1. Letl =k
In this case by the Definition 1.6.3.4:

k
T[st](r,k, k) =t[st](r,k) =< v, [st] (A) = - >.
2. Let n be any natural number.

The recursive assumption: Let

k+n
r

k
Tst)(rk k+n) =*< — <v,[s1](A) < —=>.

By the Definition 1.6.3.5:
T[st](r,k,k+n+1) = (T[st](r,k,k+n)+t[st](rnk+n+1)).
By the recursive assumption and by the Definition 1.6.3.4:

Tst](r,k,k+n+1) =

K K ktntl
= T SV () € T 4 v o () =

Hence, by the Definition 2.10:
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k k 1
Tlst](rkk+n+1) =< = <v, [s1](2) < 2L
r r
Theorem: 1.6.3.3 If st(n) is independent for B-function b and there exists a real number

p such that b (sz (n)) = p for all n then

b(T[st](ra,b)) = Y M—p"-(l—p)rk,

|
a<k<b ™"

Proof of the Theorem 1.6.3.3: This is the consequence from the Theorem 1.6.3.1 by
the Theorem 3.6.

Theorem: 1.6.3.4 If st(n) is independent for the B-function b and there exists a real
number p such that b (st (n)) = p for all n then

p-(1—-p
b (Tl (p—e)r-(p+€))) 2 1~ L)
for every positive real number €.
Proof of the Theorem 1.6.3.4: Because
Zr,(k—r‘p)z-ir! p(l=p)F=rp-(1-p)
= k- (r—k)!
then if
J={keN|0<k<r-(p—e)}n{keN|r-(p+e)<k<r}
then
r! Kk rk_ P (1-p)
— - <2
,;lk!-(r—k)! PP s 0
Hence, by (1.120) this Theorem is fulfilled.
Hence
lim b (T'[st](r,r-(p—¢€),r-(p+¢))) =1 (1.129)

r—oo
for all tiny positive numbers €.

1.6.4. The logic probability function

Definition 1.6.4.1: B-function P is P-function if for every event °© < © >>:
If P(° < ®>) =1 then < O >> is true sentence.
Hence from Theorem 1.6.3.2 and (1.129): if b is a P-function then the sentence

<(p—8) <V [s1](A) < (p+€)>

is almost true sentence for large r and for all tiny €. Therefore, it is almost truely that
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v, [st](A) =p

for large r.
Therefore, it is almost true that

b(a) =v,[s1](2)

for large r.
Therefore, the function, defined by the Definition 1.6.4.1 has got the statistical meaning.
That is why I’m call such function as the logic probability function.

1.6.5. Conditional probability

Definition 1.6.5.1: Conditional probability B for ( is the following function:

b(C-B)

b(C)
Theorem 1.6.5.1 The conditional probability function is a B-function.
Proof of Theorem 1.6.5.1 From Definition 1.6.5.1:

b(B/C):=

(1.130)

b(C/C)= béfc)c)
Hence by Theorem 1.1.1:
6(C/0) =) =1
Form Definition 1.6.5.1:
b((41-8) /C) +b((a- (#8)) /) = S C LB PIC A (D))

Hence:

b((4-B)/C)+b((A-(#B))/C) =

By Theorem 1.1.1:
b((C-A)-B)+b((C-A)-(#B))

b((4-B)/C)+b((A-(#8B))/C) =

b(C)
Hence by Definition 1.6.2.1:
b((1-B)/C)+b((A- (#8))/C) = b(bC(éfl)

Hence by Definition 1.6.5.1:

b((4-B)/C)+b((A-(#B))/C)=b(A/C) o
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1.6.6. Classical probability

Let P be P-function.

Definition 1.6.6.1: {B;,B,,...,B,} is called as complete set if the following conditions
are fulfilled:

1. if k # s then (‘B - By) is a false sentence;

2. (Bi+B,+...+ B,) is a true sentence.

Definition 1.6.6.2: B is favorable for 4 if (B-(#4)) is a false sentence, and B is
unfavorable for 4 if (BAA) is a false sentence.

Let

1. {B;,B,...,B,} be complete set;

2.forke{1,2,...,n}and s € {1,2,...,n}: P(By) =P(Bs);

3. if 1 <k < m then By is favorable for 4, and if m+ 1 < s < n then ‘B, is unfavorable
for 4.

In that case from Theorem 1.1.1 and from (1.119) and (1.120):

P((#4) - B) =0
fork € {1,2,...,m} and
P(A4-B,)=0

forse {m+1,m+2,...,n}.
Hence from Definition 1.6.2.1:

P(A-B) =P (B)

fork € {1,2,...,n}.
By point 4 of Theorem 1.1.1:

A=(A-(Bi+Bo+...+ Bu+Bps1...+B,)).

Hence by formula (1.124):
P(4)=P(4-B))+P(A-B)+...+
+P(/q'ng)+P(/q'$m+l)+"'+P(’q'$n) =
=P(B1)+P(B)+...+P(By,).

Therefore

mm:%

1.6.7. Probability and Logic

Let P be the probability function and let B be the set of events A such that either A occurs
or (#A) occurs.
In this case if P(A) = 1 then A occurs, and (A - B) = B in accordance with Def. 1.6.1.4.
Consequently, if P(B) = 1 then P(A-B) = 1. Hence, in this case P(A-B) =P (A) - P(B).
If P(A) =0 then P(A-B) =P(A) - P(B) because P(A-B) < P(A) in accordance with
(1.118).
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Moreover in accordance with (1.120): P(#4) = 1 —P(A) since the function P is a B-
function.

If event A occurs then (A-B) =B and (A - (#B)) = (#B) Hence, P(A-B)+P(A- (#B)) =
P(A)=P(B)+P(#B)=1.

Consequently, if an element A of B occurs then P (A) = 1. If does not occurs then (#A)
occurs. Hence, P(#4) = 1 and because P(A) +P (#A) = 1 then P(A) = 0 . Therefore, on
B the range of values of is the two-element set {0; 1} similar the Boolean function range
of values. Hence, on set B the probability function obeys definition of a Boolean function
(Def.1.1.10).

The logic probability function is the extension of the logic B-function. Therefore, the
probability is some generalization of the classic propositional logic. That is the proba-
bility is the logic of events such that these events do not happen, yet.



Chapter 2

Quants

Quantum theory evolved as a new branch of theoretical physics during the first few decades
of the 20th century in an endeavour to understand the fundamental properties of matter. It
began with the study of the interactions of matter and radiation. Certain radiation effects
could neither be explained by classical mechanics, nor by the theory of electromagnetism.

Quantum theory was not the work of one individual, but the collaborative effort of
some of the most brilliant physicists of the 20th century, among them Niels Bohr', Erwin
Schrodinger?, Wolfgang Pauli®, and Max Born*, Max Planck® and Werner Heisenberg®.

Quantum Field Theory (QFT) is the mathematical and conceptual framework for
contemporary elementary particle physics (Eugene Wigner’, Hans Bethe®, Tomonaga®,
Schwinger!?, Feynman'!, Dyson!?, Yang'? and Mills'#).

2.1. Physical Events and Equation of Moving

Denote:

X :(xl,xz,X3),

INiels Henrik David Bohr (7 October 1885 - 18 November 1962) was a Danish physicist

2Erwin Rudolf Josef Alexander Schrodinger (12 August 1887 - 4 January 1961) was an Austrian physicist
and theoretical biologist who was one of the fathers of quantum mechanics

3Wolfgang Ernst Pauli (25 April 1900 15 December 1958) was an Austrian theoretical physicist

4Max Born (11 December 1882 5 January 1970) was a German-born physicist and mathematician

SMax Karl Ernst Ludwig Planck (April 23, 1858 October 4, 1947) was a German physicist

SWerner Karl Heisenberg (5 December 1901 1 February 1976) was a German theoretical physicist

"Eugene Paul Wigner (Hungarian Wigner Jeno Pal; November 17, 1902 - January 1, 1995) was a Hungarian
American physicist and mathematician.

8Hans Albrecht Bethe (July 2, 1906 - March 6, 2005) [1] was a German-American nuclear physicist,

9Sin-Itiro Tomonaga (March 31, 1906 July 8, 1979) was a Japanese physicist

10 ulian Seymour Schwinger (February 12, 1918 - July 16, 1994) was an American theoretical physicist.

Richard Phillips Feynman (May 11, 1918 - February 15, 1988)[2] was an American physicist

12Freeman John Dyson FRS (born December 15, 1923) is a British-born American theoretical physicist and
mathematician

13Chen-Ning Franklin Yang (born October 1, 1922) is a Chinese-American physicist

14Robert L. Mills (April 15, 1927 — October 27, 1999) was an English physicist

57
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: = (x0,X),

x )
/d3+11 = /dxo/dxl/dxz/dx3,
/d3y : :/dyl/a’yz/a’y3,
;%

C

Sentence of type: <Event 4 occurs in point x > will be written the followig way:
<L A(x)>".

Events of type ° < 4 (x) > are called dot events. All dot events and all events received
from dot events by operations of addition, multiplication and addition, are physical events.

A(D) means: (4 (x) &° < (x) € D>>).

Let P be the probability function.

A function p 4 (x) is called absolute probability density of event 4 if for any domain D:
if D C R**! then

[ @15 pate) = P(AD)).
D

If J is Jackobian of transformation

N, X0 — VX
X0 xO = )
V1—y2
Xi — VXg
X — x;c = 2.1

VA

X; —>x'j:xj for j £k
then

d (xg,X')

I = 9 (xo,X)

=1

Hence, absolute probability density is invariant under the Lorentz transformations.
It

L pa (xo,X)
pﬂ('x()?X) L fd“yp,q (xo,y)’

then p g (x0,X) is a probability density of event 4 in an instant x.
In transformations (2.1):

pa (x0,X) = p'g (x0,X) =
pa(xo,X)
Jadry-pa(xo+v(ye—xk).y)

Therefore, p 4 is not invariant under these transformations.
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Further there are considered events 4 (x) such that p 5 is the zero component of some
3+ 1-vector field j4

(o= (ja0.da) = (jao0.ja1,jaz2, ja3)).
Hence, there exist real functions jz (x) such that!3

Ja0
Pa=—
c
and under transformations (2.1):
20— fag = Ja,0 —Viak
AT T

k=] _ Jak—vjao
UV e

j/qu — ji‘zl,s = jﬁl,s for s # k.

| o 100 o ._ 1, 0 _
12~—[0 1],02-—[0 0],3 = [02 12]— 14,

the Pauli matrices

S B O I P I
“l1r o2 i o2 ]o0o —1|

Aset C of complex n x n matrices is called a Clifford set '¢ of rank n [15] if the following
conditions are fulfilled:

if o € C and o, € C then 00ty + 0,0y = 28k 3

if oo + o0y = 28y - for all elements o, of set C then oy € C.

If n = 4 then a Clifford set either contains 3 matrices (a Clifford triplet) or contains 5
matrices (a Clifford pentad).

Here exist only six Clifford pentads [15]: one light pentad :

m._|o 0 @._| %2 O
P [02 —61]’[3 ' [02 -0y |’

Denote:

2.2
pol.— | 0 02 =
) 02 —O03
o .| %2 L
YO . {12 Oz]’ (2.3)
w._. | 02 12,
pH: 1[_12 02}, (2.4)

three chromatic pentads:

15¢ = 299792458
16William Kingdon Clifford (4 May 1845 3 March 1879) was an English mathematician and philosopher.
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the red pentad C:

(il = [ N 02 ]7@21:[3; 02 ],CB]: [ o 02 } 2.5)

Gl 03] —03
o _[ 02 —o1] ,u_.[ 02 o1 ],
= [ —o; 0y | -6 _1[ -1 0, |’ (2.6)
the green pentad 1:
n_| o1 02 2 _ [ -0, 0, B _ | O3 0,
N [ 0, —o ] M= 0, o | 0, o5 |’ (2.7)
0] 0 6] w_.[ 0o o],
= [ -0y 0 | & _1{ -6y 0 |’ (2:8)
the blue pentad O:
n_| o1 02 2] _ | —02 02 B _| —03 0,
k { 0, o }76 [ 0, -0 X 0, o3|’ (2.9)
o _ | 02 —o3 | ju_.| 02 o3|,
Yo = { —o3 0 ],9 =il & 0, | (2.10)

two gustatory pentads:
the sweet pentad A:

Am:[ 0, —061]7&2]:[ 0, _62],&3]:[ 0, —(53]’
o —Oj b} - -

A[m:[lz (1)2]7&41:1[ 0, 12];

the bitter pentad T:

0, 12

Further we do not consider gustatory pentads since these pentads are not used yet in the
contemporary physics.

Let us consider the following set of four real equations with eight real unknowns: b?
with b >0, o, B, %, 0, Y, v, A:

=Pa .
b* (cos? (ar) sin (2) cos (6 — y) - sm2 o) sin (2) cos (V—A)) = —%‘, .11
b? (cos? (a) sin (2B) sin (6 —y) — sin® () sin (2)) sin (V—A)) = —#22 '

b* (cos? () cos (2B) — sin® () cos (2x)) = —222.



Physical Events and Equation of Moving 61

This set has solutions for any p4 and jg 4. For example one of these solutions is the
following:

1. A value of b? obtain from first equation.

2. Let

gy = 2K, 2.12)

In this case:

cos? (o) sin (2B) cos (6 —y) — sin® (o) sin (2)) cos (L — A) = — 2L,
cos? (o) sin (2P) sin (6 — ) — sin (1) sin (2 ) sin (v — ) = — 42
cos? (o) cos (2B) — sin? (a) cos (2x) = — =22,

3. Letp=1y.
In that case:

(cos2 (a)cos (6 —7) — sin? (a)cos(v—A))sin(2p) = A
(cos? (o) sin (8 — ) —sin? (&) sin (0 — A)) sin (2B) = —“22
(cos? (o) —sin* (ar)) cos (2B) = —*“22.

Cc

4. Let (0—7v) =(v—A).

In that case:
cos (2a) cos (0 — ) sin (2B) =

cos (2a) sin (8 — ) sin (2 B)
cos (2a)cos (2B) = — =22

>s.||

5. Let us raise to the second power the first and the second equations:

cos? (Z(X)COS (6 —7)sin® (2B) = ( M')Zz,
cos? (2a) sin® (6 — y) sin® (2B) = (—*22)",
cos (2at) cos (2B) = — 22,

and let us summat these two equations:

sin? (2B) cos? (2at) (cos2 (6 —7) +sin” (6 — Y))
S )

os (2a) cos (2B) = — 22,

Hence:

{ sin® (2B) cos® (2at) = (—%)2—% (—%)2,
cos (20) cos (2p) = — 22,

C

6. Let us raise to the second power the second equation and add this equation to the
previous one:

{ sin? (2B) cos? (2a) = (—%)2—1- (—%)2,
cos? (2ar) cos? (2B) = (—uiﬁ)z

C
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cos® (2a) = (—%Y—I— (—%Y%- (_%Y’ (2.13)

We receive cos? (20t).
7. From

cos? (2at) cos? (2B) = (—%)2

we receive cos? (2B).
8. From

cos” (20) cos® (8 —y) sin* (2B) = (_ %) 2

we receive cos® (0 —7).

If

@1 := bexp (iy) cos (B) cos

(
(i6)
@3 := bexp (iL)cos (%) sin (o), (2.14)
@4 := bexp (iv) sin () sin (o)

then you can calculate that

4
pa = Y 00 (2.15)
s=1
. 4 4
j )
2% = VY 0%
¢ k=1s=1

with € {1,2,3}.

Let h = 6.6260755 - 1073* and Q (QC R'*?) be the domain such that: if x € Q then
|x,| < 5 for r € {0,1,2,3}.

And let Q (Q C R?) be the domain such that: if x € Q then |x,| < < for r € {1,2,3}.

Let Rq be the set of functions such that for each element @ (x) of this set: if x ¢ Q then
¢ (x) =0.

Hence:

/ dﬁ'@(i):/_ dxo/_ dxl/‘ de/. dxs - @ (x)
(Q) —% _% _% _%

for every domain D (D C R'*3).
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Let for each element @ (x) of Rg here exists a number J,, such that

J@Z/(Q)dx-<P*(X)<P(x)-

And let Rq be the set of functions such that for each element ¢ (¢,x) of this set: if x ¢ Q
then ¢ (7,x) = 0.
Hence:

& & i
/ dx-o(,x) :/ dxl/ dXZ/ dx3- @ (t,x)
(D) - % %

for every domain D (D C R3).
Let for each element @ (¢,x) of Rq here exists a number J, such that

J :/ dx- " (1,%) 9 (1,%).
e
Let u € Rg and v € Rg and denote:

4= /(Q)dx-;ﬁ(xmx). (2.16)

And letu € Rg and v € Rq and denote:
ﬁ*V::/ dx-u” (t,x)v(t,X).
@)

In that case operations u * v and uxv fulfil all four properties of a scalar product:

L (ii9)" = [igdx- (i (1) P(2))" = [y dx- 7" (x) 8 (x) = P &

2. (5 f) = g -1 (5) £ (50) 4 F () —

= Jigydx-u(x) % v(x) + fgydx-u(x) + f (x) = uxv+ux f;

3. if z is a complex number then

wx(zv) = [igydx-u* (x) (2v(x)) =z [iq)dx- w0 (x) v(x) =z (uxV);

4. i = [ig)dx-T (1) (x) = figy dx- |7 (x) > 0;

Therefore, these operations are scalar products on Rg and Rg and, therefore, these
linear spaces are unitary spaces.

Denote:

Cw,p (I,X) = { 2n ©XP (tht) (ZTCC) €xp (—I%PX) if x € Q; and

0, otherwise.

3 2.17)
Gp (X) := { (%) “exp (—i%px) ifxeQ;

0, otherwise.

with natural w, py, pa, p3 (here: p(pi, pa, p3) and px = pix; + prxs + p3x3).
Since
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G h h 2me si —k
/7 iﬁt exp <ikcx> exp <—incx> dx = :c% and
sint (n —k) s B 1,if n =k,
nin—k) "™ 7 ) 0, otherwise.
then
Gp * Gk = Bp 1= 8p; ko Opy k1 Ops k2 Ops ks
and

Sp*Ck = Bp 1= 8p, &y 8y 12 Ops s
Hence, functions ¢, and ¢; are orthogonal and normalized and ¢, and ¢, too. Moreover
if # € Rq then (Fourier series of function i)'’

(=) oo S} oo

a(txxxa)= Y Y Y Y GukikoksSukikoks (1:X1,X2,x3)

Wifmkl:—ookzz—oo]q:—oo
with
Ak o ks *= Gwpki ko k3 * Us

and if u € R then

(=) oo oo

U(t,x,x,x3)= Y Y Y Gk (1) Gk koks (X1,%2,X3)
ki=—o00ky=—oc0kz=—c0

with
Aky ke k3 (t) = Gy ko ks *u (t) >

Therefore, functions ¢y, «, k, form an orthonormalized basis in space Rg and functions
Gk, k2 k; form an orthonormalized basis in space Rq.
Let j € {1,2,3,4}, k € {1,2,3,4} and denote:

L=Y L Y-
kK k=—coky=—coky=—o0

Let a Fourier series for @; (r,x) (2.14) has the following form:

oo

Qi (1,x)="Y Y ciwpSup (t,X). 2.18)

w=—c p

If denote: @;p (f,X) := ¢ wpGw,p (£,X) then a Fourier series for ¢; (¢,x) has got the
following form:

17 Jean Baptiste Joseph Fourier (21 March 1768 16 May 1830) was a French mathematician and physicist
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Y Y 0jwp(t,%). (2.19)
w=—co p
Let (¢,x) be any space-time point.
Denote:
A= Qrpl () (2.20)
the value of function @y, in this point, and:
1
Cj:= Ea,(pj,w’p Z Z [3 190 0s. wp | liex) (2.21)
s=1lo=
the value of function (%a,(p iwp— T Y2 B%Ba(psvw_p .
Here Ay and C; are complex numbers. Hence, the following set of equations:
4
{ Zk:l Zj>k7W7PAk = Cj’ (222)

* — .
Zjkwp — "k jwp

is a system of 14 algebraic equation with complex unknowns z_jvp '8

18 A calculation of the ¢ jw,p partial derivative of 7 is the following:
019 wp = 0:Cj, ng%p (£,%)
=CjwpO <2n exp (ihwt) <2m) exp <fi%px)) =
e : exp (—ihpx> o (exp (ihwt))
) exp ( i px> ihwexp (1hwt =

Tic
=ihwejwp <2L exp (ihwr) <2m> exp —ig px >

= thCj,W,chva (t X)

I
9}
!
%
=
l\)
;i
/N
[\)
aj=
\_/
ol

Hence

019jwp = 1hwojp.

Similarly for k # 0:

kQjwp = OkCjwpGup (£,X)

3
2
= Cjwpk (2}; exp (ihwr) (%) exp (*igpx)
h h \2 h
= Cj’W’pﬁ €xXp (tht) (Tnc) ak (exp ( i— pX)
ex ﬂh X
p c p

(NI

= fih Cj £ex (ihwt) o
- ¢ PRCIwp o SXP 2me

'h
= —1Epkc]',w,p<;w,p (t,x).

Hence:

)
)-
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Zl,l,w,pAl + Zlvz:W,PAz + Zl,S,W,pAS + Z1747w_’pA4 =
h b,

=i (w+p3)A+ i (p1 —ip2) Aa,

2,1,wpA1 T 222,wpA2 + 223 wpA3 +22,4wpAs =
.h h .

=17 (w—p3)Ar+ iz (p1+ip2) A,

ZB,I,W,pAl + Z3,2,w,pA2 + Z3,3,w,pA3 + Z3,4,W,pA4 =
h h ,

=17 (w—p3)As — i (p1—ip2)As,

24,1, wpA1 +242,wpA2 + 243 wpA3 + 24444 vp =

.h ‘h )
=i (w+p3)Aq —i (p1+ip2)As,

ZsLl,w,p = —Z1,1,w,p>
Z>1k,2,w7p = —22,1,wp>
Z>lk,37w7p = —33,L,wp>
ZT,4,w,p = —Z4,1,wp>
Zg,Z,w,p = —222,wp>
Z;,,’),w,p = —Z232,w,p>
Z;A—,W,p = —242wp>
Z;,3,\4/,[) = —233,wp>
Z§,4,W,p = —Z43wp>
sz1,4,W,p = —Z44wp-

This system can be transformed as system of 8 linear real equations with 16 real un-

'h
Ok Pjwp = L Pk®jwp:

Therefore,

s=1o=1

'h 4 3
Ci= 1; <W(Pj-,w7p + Z Z B%Pu@s,w,p) |(r7x>~
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knowns X, := Re (2 wp) for s <k and y, g :=Im (zs4,p) for s < k:

—y1,1b1 +x1202 —y12b2 +x1303 — Y1303 +X1.404 — Y1 4D4
= —wby — B p3by — M piby+ 2 pra,
yijair +x12b2 +y1 a2 +x13b3 +y1 303 +x1 4bs +y1 404
= Yyay + hpsay + 2 pray + hpabs,
—Xx12a1 —Y12b1 —y22b2 +x2303 — y23b3 + X2 404 — Y2 4b4
= —wby — B p1by — M poay + 2 psb,
—x12b1 +y12a1 + Y2202 +x23b3 +y2 303 + X2 4b4 + y2 4a4
= Yway +2pray — B paby — L paas,
—x13a1 —y13b1 —x2302 —y23b2 — y33b3 + X3 404 — y3 44
= —Ywbs+ B pabs+ M piby — pras,
—x13b1 +y13a1 —x23b2 +y23a2 +¥3303 + X3 4b4 + y3 404
= Ywaz — 2psaz — Dpras— U poby,
—X1,4a1 —Y1,4b1 —X24a2 — y2 4b2 — X3 4a3 — y3 4b3 — y4.4b4
= —Ywby+ B p1b3+ 2 praz — 2 psb,
—x1,4b1 +y1,4a1 — X24b2 + Y2 402 — X3 4b3 +y3 403 + Y4 404

h h h ho o
= cwas — p1az + ¢ pabsz + p3aa;

(here a; = ReAy and by = ImA;.)

This system has solutions in accordance with the Kronecker-Capelli theorem. Hence,
such complex numbers z; x wpl(x) €xist in all points (¢, x).

From (2.22), (2.20), (2.21):

Z ZjdwpPhwpl(rx) = (catq’j,w,p - Z Z st]aoc%w,p [t
k=1 s=1o=1

that is

4 3
%at(pj,w,p = kZ,] < Zl B%}(aa(pk,w,p + Zj,k,w,p@k,w,p) (2.23)
—1 \a=
in every point (¢,x).
Let K,,p be the linear operators on a linear space, spanned of basic functions ¢, (¢,X),
such that
Kp G /déf{ Qw’,p’,ifwzwlep:p/§ ‘
PP 0, if w # w' and/or p # p’.

Let

QjJ( | <Z,X> = Z (Zjvkv"V?p | <I7X>) KWVP

W7p

in every point (¢,X).
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Therefore, from (2.19) and (2.23), for every function @; here exists an operator Q; x
such that a dependence of @; on ¢ is described by the following differential equations 19,

4
305 =c ¥, (B3 +B10 +B10s + Qi) 0. (2.24)
k=1

and Qj:k - Zw!p (Zj‘7k>W7p|<t’x>> Kw7p = _Qk’j.
In that case if

ﬁj,k ‘= 1ic ([3%81 + [352}(82 + BB3;(83 + Qj,k)

then H is called a Hamiltonian® of a moving with equation (2.24).
A matrix form of formula (2.24) is the following:

9,9 =c (B11ay + B9, + B9, +0) o (225)
with
D1
_ | ¢
?= 0%
P4
and
9y W —®p 13—W3 14— Wi4

i+ % %3 —Wr3 1Y 4 —Woy
1% 3+®13 1d3+023 %33 134 — W34
104 +W14 1024 +W24 1034 +DW34 1044

0= (2.26)

with @,y = Re (Qy x) and Oy = Im (Q, ). Matrix @ is called a state vector of the event
A probability.

An operator U (t,tp) with a domain and with a range of values on the set of state vectors
is called an evolution operator if each state vector ¢ fulfils the following condition:

@ (1) =U (t,10) 9 (to). 2.27)

Let us denote:
N 3
H;:=c Z iB[S]as.
s=1
In that case
H= ﬁd + iCQ

according the Hamiltonian definition:

19This set of equations is similar to the Dirac equation with the mass matrix [16], [17], [18]. I choose a form
of this set of equations in order to describe the behavior of p, (7,x) by spinors and by Clifford’s set elements.

20Sir William Rowan Hamilton (4 August 1805 2 September 1865) was an Irish physicist, astronomer, and
mathematician, who made important contributions to classical mechanics, optics, and algebra.
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H=ic (B“]al + B3, +pBla; + Q) .
From (2.25):

Hence:
0,0 = (ﬁd + ic@) 0.
This differential equation has the following solution:

aq()p — i (ﬁd +icQ) ot,

t a(p . t ~ PN
e H
/t_to 0 1/t_t0( d+1CQ> or,

t r_
Ine (1) —Ine (1) = (—i/ Hdat—iic/ Qat>.
=ty t=ty

Since ﬁd does not depend on time then
[ A ~
/ Hdal =Hy (l—l‘()).
=ty

Hence, according logarithm properties:

n(;p((tto)) _ <_iI-AId (t—t0)+C/t;0 Qat).

Therefore,?!:

A~ t ~
¢ (1) =@ (to) exp (—in (t—to)—i-c/t [ Qat) .
=t
Hence, from (2.27):
A~ o~ t ~
U (t,tp) = exp (—in (t—1) +c/ Q8t>

1=t

21 For an operator S:

with 3’3 :=SSand ! :=§"§.
Here 1 is the unit operator such that for every

¢

clu=u.

<
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A Fourier series for @; (¢,x) in Rq has the following shape:
) (t0,x) = Y ¢jp (o) Gp (0,%)
P
with (2.17)

3
o (x) = { (3) exp(~ilpx) ifx €
0, otherwise

and with (2.19)

cjp (to) = Gp (X) %@ (10,X) .

That is in a matrix form:

h\?> /[h
cp (to) = /(Q) dxg - <27tc) exp <1Cpxo> ¢ (t0,X0)

Hence,
h > h h\? h
¢ (t0,x) = Xp:/(.) dxp - <2nc> exp <1Cpx0> ¢ (t9,X0) <27tc> exp <—1Cpx> .
That is:
h\’ h
0 (f0,X) :/(Q)dxo- Z e exp —1Ep(x—xo) ¢ (f0,Xp) -
P

Therefore,

v [ () (Br (0T @) gt

An operator

K (t —1t9,X —Xq,1,1p) := h ’ Zpexp<_iﬁd(t_t0)+cf;t:toé3l)'
0, 0,4,10) - 27c -exp (_i%p(x_xo))

is called propagator of the event 4 probability.
Hence:

(p(l,X) :/ dX()'K(l—t(),X—X(),l,l‘())(p(t(),X()). (2.28)
Q)
A propagator has the following property:

K([—to,X—Xo,l,lo) = /dX] -K(l—tl,X—Xl,l,ll)K(h —l‘o,X1—X0,l1,l()).
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2.2. Double-Slit Experiment

In a vacuum (Figure 1, Figure 2, fig 22): Here transmitter s of electrons, wall w, and the
electrons detecting black screen d are placed[21].

Electrons are emitted one by one from the source s. When an electron hits against
screen d then a bright spot arises in the hit place of d..

1. Let slit @ be opened in wall w (Figure 1). An electron flies out from s, passes by a,
and is detected by d.

If such operation will be reiterated N of times then N bright spots shall arise on d against
slit a in the vicinity of point y,.

2. Let slit b be opened in wall w (Figure 2). An electron flies out from s, passes by b,
and is detected by d.

If such operation will be reiterated N of times then N bright spots shall arise on d against
slit b in the vicinity of point yj.

3. Let both slits be opened. In that case do you expect a result as on fig. 22? But no.
We get result as on Figure 42%[22].

For instance, such experiment was realized at Hitachi by A. Tonomura, J. Endo, T. Mat-
suda, T. Kawasaki and H. Ezawa in 1989. Here was presumed that interference fringes are
produced only when two electrons pass through both slits simultaneously. If there were
two electrons from the source s at the same time, such interference might happen. But
this cannot occur, because here is no more than one electron from this source at one time.
Please keep watching the experiment a little longer. When a large number of electrons is
accumulated, something like regular fringes begin to appear in the perpendicular direction
as Figure 5(c) shows. Clear interference fringes can be seen in the last scene of the ex-
periment after 20 minutes (Figure 5(d)). It should also be noted that the fringes are made
up of bright spots, each of which records the detection of an electron. We have reached a
mysterious conclusion. Although electrons were sent one by one, interference fringes could
be observed. These interference fringes are formed only when electron waves pass through
on both slits at the same time but nothing other than this. Whenever electrons are observed,
they are always detected as individual particles. When accumulated, however, interference
fringes are formed. Please recall that at any one instant here was at most one electron from
s. We have reached a conclusion which is far from what our common sense tells us.

4. But nevertheless, across which slit the electron had slipped?

Let (Figure 6) two detectors d, and dj and a photon source sf be added to devices of
Figure 4.

An electron, slipped across slit a, is lighten by source sf, and detector d, snaps into
action. And an electron, slipped across slit b, is lighten by source sf, and detector dj, snaps
into action.

If photon source sf lights all N electrons, slipped across slits, then we received the
picture of Figure 3.

If source sf is faint then only a little part of N electrons, slipped across slits, are noticed

228ingle-electron events build up over a 20 minute exposure to form an interference pattern in this double-
slit experiment by Akira Tonomura and co-workers. Figure 5(a) 8 electrons; Figure 5(b) 270 electrons; Fig-
ure 5(c) 2000 electrons; Figure 5(d) 60,000. A video of this experiment will soon be available on the web
(www.hgrd.hitachi.co.jp/em/doubleslit.html).
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by detectors d, and dj. In that case electrons, noticed by detectors d, and dj,, make picture
of Figure 3, and all unnoticed electrons make picture of Figure 4. In result here the Figure
6 picture is received.

L~

Figure 1:

Let us try to interpret these experiments by events and probabilities.

Denote the source s coordinates as (xo,yo), the slit a coordinates as (x4,y,), the slit b
coordinates as (xp,yp). Here x, = x;, and the wall w equation is x = x,. Denote the screen
d equation as x = x,.

Denote
an event, expressed by sentence: <electron is detected in point (¢,x,y)>>, as C (¢,x,y),
an event, expressed by sentence <slit a is open>>>, as 4,
and an event, expressed by sentence <slit b is open>>, as B.

Let 7y be an time instant of an electron emission from source s. Since s is a dotlike
source then a state vector @ in instant #y has the following form:

Q¢ (1,%,9) |i=1o = P (10,%,¥) 8 (x —x0) 8 (y — yo) - (2.29)

Let t,, be an time instant such that if event C (¢,x,y) occurs in that instant then C (¢,x,y)
occurs on wall w.

Let #; be an time instant of a electron detecting by screen d.

1. Let slit a be opened in wall w (Figure 1).

In that case the C (¢, x,y) probabilities propagator K4 (f — fo,x — x5,y — ys) in instant ,,
should be of the following shape:

Kea (t —10,X — X5,y — ¥s) =1,
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Figure 2:

Figure 3:
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Figure 4:

¢ RN (| i

Single-elecoron Build-up of Interfe

Figure 5:
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Figure 6:

= Kca (tw _thx_xsay_YS)S(x_xa)S(y_Ya) .

According the propagator property:

K(t_t()rx_-xsvy_ys):
= /Rdxl/Rd)’1 K (t—t1,x—x1,y —y1) K (t1 —t0,%1 — X5, y1 —Ys) -

Hence:

Kea(tqg —1t0,Xa — X5, Ya — Ys) =
= AdXAdy'ch(td—IW7Xd—X,Yd—Y)
Kea (ty —10,x — X5,y — y5) 0 (x —x4) 6 (y — ya) -

Therefore, according properties of d-function:

Kea(ta —to,Xqa —Xg,ya — Ys) =
= Kcg (td —Hhy, Xd —Xa,Yd _)’a) Keca (tw —10,Xq —Xs,Ya _)’s) .

The state vector for the event C(z,x,y) in condition 4 probability has the following
form (2.28):

Qca (ta,xa,ya) :/dxs/dYS‘KCﬂ (tg — 10,%0 — X5, Ya — Ys) Q¢ (10, X5, Vs) -

Hence, from (2.29):
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QOca(te, Xa,ya) = /dxs/dys'KC}’l (ta —to,Xqg — X5, Ya — ¥s)
Pc (t07xsvys)6(xs _XO)S()’S _yO) .
That is:

Oca(ta,xa,ya)
/dxv/d))v KC,'ZI — by Xd — Xg,Yd — ya)KCﬁl( —10,Xq — xs;ya_ys)
Oc (thxsays)S(xs _XO)S(yS _yO) .

Hence, according properties of 3-function:

Qca(ta,xq,ya)
= Kca(tg—tw,Xq—Xa,Ya —Ya) Kca (tw — 10,Xa — X0,Ya — Yo) @ (to,%0,0) -

In accordance with (2.15):

Pca(ta,xa,ya) = (me (tasXa,Ya) ©ca (ta,Xa,Va) -

Therefore, a probability to detect the electron in vicinity AxAy of point (x4, y,) in instant
t in condition A equals to the following:

Py (ta,xa,ya) =P (C(t4,AxAY) /| A) = pca (ta,Xa,Ya) AxAy.

2. Let slit b be opened in wall w (Figure 2).
In that case the C (¢,x,y) probabilities propagator K- (t — o, x — x5,y — ys) in instant z,,
should be of the following shape:

Kep (=10, — X5,y = s) li=1,
= K¢ (tw — 1o, X _xS7y_yS) S(X_xb) S(y _yb) .

Hence, according the propagator property::

Kep (ta —10,%0 — X5, Ya — Ys) =
= /RdX/Rdy'Kczz (ta —tw,Xg —X,y4—)
KCQ'}(tw_t07x_XS7y_ys)S(X_xb)s(y_yb)'

Therefore, according properties of d-function:

Kep (ta —10,%a — X5, Ya — Ys) =
= Keg(ta—tw,Xa —Xp,Ya — Yb) Kes (tw —t0, X5 — X, b — Vs) -
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The state vector for the event C (¢,x,y) in condition B probability has the following
form (2.28):

©c (ta;Xd,ya) Z/dxs/dys'Kcas (ta —t0,Xa — X5, ya — Ys) O (10, %5, s) -

Hence, from (2.29):

Ocs (ta,Xa,ya) = /dxs/dys'Kcas (ta —1t0,Xq — X5, Ya — Ys)
Oc <[0aXS7YS)5(XS _XO)S(YS _}’O)'

That is:

Ocs (ta,Xa,ya)
/dxs/dYV KC{B — by, Xqg — xbuyd_yb>KC$ (tw_t07xb_x‘vvyb_ykv)
Q¢ (10,%5,5) & (x5 — x0) 8 (ys — ¥0) -

Hence, according properties of d-function:

QOcs (ta;Xd,ya)
= Keg(ta —tw,Xa —xp,ya — yb) Kes (e —to, X — X0, Y5 — ¥0) @¢ (t0,X0,Y0) -

In accordance with (2.15):

P (tarXa,Ya) = Qg (ta,Xa,Ya) 95 (taXa, Va) -

Therefore, a probability to detect the electron in vicinity AxAy of point (x,,y,) in instant
t in condition B equals to the following:

Py (ta,xa,ya) :=P(C (ta,AxAy) /B) = pe (ta,Xa,ya) AxAy.

3. Let both slits and a and b are opened (Figure 4).
In that case the C(z,x,y) probabilities propagator K g5 (t —to,x — X5,y — ys) in instant
t,, should be of the following shape:

Keag (t—1t0,x — x5,y = Ys) li=1, =
=Kecas (tw _thx_XSay_ys) (S(X_xa)s(y_ya) +6(x_xb) 6()7—)71,)) .

Hence, according the propagator property::

Keas (ta —10,Xa — Xg,Ya — Vs) =
= [pdx [pdy-Kcas (ta —tw,Xa — X,Ya —Y)
Kcas (tw *t07x*x57y*))s) ’
((B(x—xa) 8(y—a) +8(x—x5) 8 (y —y5)).
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Hence,

Keas (ta —10,Xa — X5, Ya —Ys) =
Jrdx [pdy-Kcas (ti—tw,Xq —X,Ya —y) Kcas (ty —1t0,X — X5,y — ys) -
‘S(X_xa) 8()’_)7(1)
+ Jrdx [gdy-Keas (ta —tw,Xa —Xx,Ya —y) Keas (ty — 10, — x5,y — ys) -
S (x—xp)8(y—yn)-

Hence, according properties of d-function:

Keag (ta —1t0,Xq — Xg,Ya — Ys) =
Keag (ta —tw,Xa —Xa,Ya — Ya) Kcas (tw —10,X0 — X5, Ya — Ys)
+Kcas (ta —tw,Xa —xp,ya — Yb) Keas (tw —to,Xp — X5, Y0 — Ys)

The state vector for the event C (z,x,y) in condition 4 and B probability has the follow-
ing form (2.28):

Qcas (ta,xa,ya) Z/dxs/dys'KcM; (tg —10,%0 — X5, Ya — Ys5) O (t0, X5, Ys) -

Hence, from (2.29):

Ocas (ta,Xa,ya) = /dx.v/d)’s'KCﬂ$ (tg —10,Xq — X5, Ya — Vs)
Q¢ (10, %5, Y5) & (x5 — x0) 8 (ys — y0) -
That is:

9cas (ta;xa,ya) = [ dxg [ dys:
. < Kcas (td —ty,Xd — Xa,Yd _ya) Kcas (tw —10,Xa — Xs,Ya _))x) )
+Kcas (ta—tw,Xa —Xp,Ya — Yb) Kcas (tw —1to,Xp — Xs, b — Ys)
Oc (thxsays)s(xs _XO)S(ys _yO) .

Hence, according properties of d-function:

Ocas (ta,Xa,ya) =
_ < KC,’ZICB (td —tyyXd —Xa,Yd _ya) KCﬂlﬂ (tw —10,Xa —X0,Ya _yO) )
+Kcas (ta — tw,Xa — Xp,Ya — Yb) Keas (tw —10,X5 — X0, Y5 — Yo)
0 (t0,X0,Y0) -

That is:

(PC,‘M% (fd7xd7)’d) -
= Kcas (tg —tw,Xa — Xa,Ya — Ya) Kcas (tw —10,%4 — X0,Ya — Yo) 9 (to, X0, Y0)
+Kcas (ta —tw,Xa —xp,ya — yb) Kcas (tw —to,Xp — X0,y — Y0) @ (fo,X0,Y0) -

Therefore,

Qcas (ta,Xa,ya) = Qca(ta,Xa,ya) + QOcs (ta,Xa,Ya) -
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And in accordance with (2.15):

peas (ta:Xa:Ya) = Qg (la.Xa:Ya) Ocas (ta,Xa,ya)

1.e.

T

Pcas = (Pca+0cs) (9ca+Pcs)

Since state vectors Q-7 and Q3 are not numbers with the same number signs then in
the general case:

(9ca+9cs) (9ca+Ocs) # Ora®ca+Olz0cs.

Therefore, since a probability to detect the electron in vicinity AxAy of point (x4, y4) in
instant ¢ in condition 4B equals:

Pup (ta;xa,ya) := P (C (ta, AxAy) | AB) = pcas (ta,Xa,Ya) AxAy
then

Pup (tasxa,Ya) 7 Pa(ta,xa,ya) + Py (ta,x4,ya) -

Hence, we have the fig.23 picture instead of the Figure 3 picture.

4. Let us consider devices of Figure 6.

Denote event, expressed by sentence “detector d, snaps into action”, as 2, and event,
expressed by sentence “detector dj, snaps into action”, as 2. Since event C (¢,x,y) is a
dotlike event then events D, and D, are exclusive events.

According the property 10 of operations on events:

(Da+Dy) + (Dat+Dy) =T,

according the property 6 of operations on events:
(Da+ Dp) = DDy,
Hence:
Dy+ Dy + DDy =T.
According the property 5 of operations on events:
C=CT=C(Di+ Dy +D,Dy).

According the property 3 of operations on events:

C=CDa+ CDy+ CDyDy.

Therefore, according the probabilities addition formula for exclusive events:
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P(C(ta)) = P(C (1) Do) +P (C1a) Dy) +P (C (11) DDy ).

But

P(C(ta)Da) = Palta),
P(C(ta) Dy) = Py(ta),
p <C(fd)6a@b> = Py (ta),

and we receive the Figure 6 picture.

Thus, here are no paradoxes for the event-probability interpretation of these experi-
ments. We should depart from notion of a continuously existing electron and consider an
elementary particle an ensemble of events connected by probability. Its like the fact that
physical particle exists only at the instant when it is involved in some event. A particle
doesnt exist in any other time, but theres a probability that something will happen to it.
Thus, if nothing happens with the particle between the event of creating it and the event of
detecting it the behavior of the particle is the behavior of probability between the point of
creating and the point of detecting it with the presence of interference.

But what is with Wilson cloud chamber where the particle has a clear trajectory and no
interference?

In that case these trajectories are not totally continuous lines. Every point of ionization
has neighboring point of ionization, and there are no events between these points.

Consequently, physical particle is moving because corresponding probability propa-
gates in the space between points of ionization. Consequently, particle is an ensemble of
events, connected by probability. And charges, masses, moments, etc. represent statistical
parameters of these probability waves, propagated in the space-time. It explains all para-
doxes of quantum physics. Schrodingers cat lives easy without any superposition of states
until the micro event awaited by all occures. And the wave function disappears without any
collapse in the moment when an event probability disappears after the event occurs.

Hence, entanglement concerns not particles but probabilities. That is when event of the
measuring of spin of Alices electron occurs then probability for these entangled electrons
is changed instantly on whole space. Therefore, nonlocality acts for probabilities, not for
particles. But probabilities can not transmit any information

2.3. Lepton Hamiltonian

Let ¥, and @, be terms of Q (2.26) and let @y, O3, Yo and Y3 be a solution of the
following equations set:

-0+ 03— Yo+ 13="101;
—09— 03 — T — 3= "022;
—By—03+ 1o+ 3= 19373;
—0Op+ 03+ Yo — Y3="044
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and Oy, 1y, Oy, Y2, Mo, Ms, Mo, M4, Mno, Mna, Mg, Mg 4 be solutions of the
following sets of equations:

O+ Y1="012;
=01+ Y 1="034;

-0 — 1= ;
O — Yr=W34;

Mo+ Mg o= 0 3;
My — Mg o= V24;

{ M4+ Mg 4= @) 3;

My — Mg 4= M3 4;

My g —Mna= D145
My o+ My a= 0235

My 4 — My o= 1 43
My 4+ My o= 23

Thus the columns of Q are the following:
the first and the second columns:

—i®¢+103 —iYo+1iY3 10 +11 + 0,4+ 1>
10+ —0, -1, —10¢ —103 — 1Yy —1iY3
iMo+iMpo+Ms+Mos  iMyo+iMna+Mga+Mnyp ’
iMC,O _iMT]A —|—M§74 —Mn’() My —iMG,O +My—Mg 4

the third and the fourth columns:

iMo+iMe o —Ms—Mps  iMgo—iMna—Mgy4+Mno
iMgo+iMna—Mga—Myo  iMo—iMeo— My +Mpy
—i0) — 103 +1Yy+1Y3 —10;4+1Y; — 0,4+ 1»
—i10; +i1; 4+ 0, -1, -0y +103 +iYy—iY3

Hence,

Q:

_IMC O'Y[C] IMC4C[4]—
—iMy oY — My a4+
+1M9,OY[9 ] + 1M974e[ }

Therefore, from (2.25):
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3
z B (9y +i0y +iYyyP) +
v=1
+iMoY© + M, B —

1
22,0 — (1®nBO Y B0 ) @ =
Caz(P <1®OB +iXoB™My )(P— —1M§70'Y[g] IMCACW_ 0.

+iMo oYy +iMo 4014

5. | 12 02
R {02 _12].

(M 4t ol = _pl
with k € {1,2,3} then from (2.30):

with

Because

(80 +i0®g + Yoy ) + Z Bl (ak+1®k +1YkY[5]) 0+
+2 (lMo’Y[O] —I— 1M4[3 4])
— (90 +1® + iYoy> ) Z ¢ (O +iO + Ty })

[ ] o
2 (—idtg o +iM 1Y)

3
(90 +10y +iT0Y[5]) — ¥y i (0 +1O¢ + iYkY[S])
+ =1 ¢+

+2 (—iMmo%[qO] —iMy4m [4])

— (90 +i@9 +iYoy) — Z 0l (9 +i@ +iYyyl)

+ ¢ =0.

+2 <1Me O'YL)] +1Me 49[4])

In (2.30) summands

—iMy oty — Mg+
+1Me,07([3 Iy iMp 4614

contain elements of chromatic pentads and

3
Y B (3 i@k + i) + iy + b1
k=1

contains only elements of the light pentads. The following sum

3
I/‘i[ =C Z B[k] (iak — ®k — Y/{Y[S]) — CM()’Y[O] — CM4B[4]
k=1

(2.30)

2.31)

(2.32)
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is called lepton Hamiltonian.
And the following equation:

3
(Z B[k] (iak 0 — Tky[5}> —M()'Y[O] _M4B[4]> 0=0 (2.33)
k=0

is called lepton moving equation
If like to (2.15):

@Y= — 120 and @TplHlg = — L2

and:

Paugs:=jgasand pgugs: = jas (2.34)
then from (2.14):

LN sinPsiny cos(—6+v)
+cosPcosycos(y—A)

_MAG o —smBsmxsm.(—G—H))
c +cosPcosysin(y—A)
Hence, from (2.11):

2 2 2 2 2 2
”ﬂ,l +uﬂ’2+uﬂ73+uﬂ74+uﬂ75 =C.

Thus, of only all five elements of a Clifford pentad lends an entire kit of velocity com-
ponents and, for completeness, yet two “space” coordinates x5 and x4 should be added to

our three x,x;,x3. These additional coordinates can be selected such that
C <xs< c  TC cu< C
L e e <
h ="~ h h """ n

Coordinates x4 and xs are not of any events coordinates. Hence, our devices do not
detect of its as space coordinates.
Let us denote:

6(1 xl,xz,x3,x5,x4) =, xl,xz,)@)'
- (exp (i (xsMo (2, x1,%2,%3) +XaMy (t,x1,%2,%3)))) -

In this case equation of moving with lepton Hamiltonian (2.32) shape is the following:

(Z Bl (lak — O =Yy ) igs — 5[4]@4) 0=0 (2.35)

k=0

Let g1 be the positive real number and for u € {0, 1,2,3}: F, and B, be the solutions of
the following system of the equations:

*O.Sng,quF = *@H *T,u;
_ngy+Fy: _®H+Yﬂ'
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Let charge matrix be denoted as the following:

Yi=— [ (1)2 2021 ] . (2.36)
2 12
Thus?3:
~0,— T,y =

_ I 02| b 02 | _
- ol n)onln -

o _ ®/.112 02 + Yplz 02 _
- 02 G‘)‘ulz 02 _Y,u12 N
_ [ (=0u—Yy) 12 02 } _

02 (_®p+Yy) 12

231f products AB .5 exist for all j, s then

Boo Boi -+ Bon ABoo ABo1 -+ ABg,
A Bio Bir -+ Bin | _ | ABip ABi1 - ABy,
Bm,O Bm,l U BW!J! ABmA,O ABm,l e ABm,n

and if products B; ;A exist for all j, s then

Boo Boi -+ Bon BopA BpiA -+ Bp,A
o B B | Prod Budo B 2.37)
Bm,O Bm,l Bm,n Bm,OA Bm,lA BmﬁnA
If A and all B; s are k X k matrices then
Boo Bog Boz -+ Bon
Bip Big Bip -+ Bin
A+ | Byo By1 Byp - By, | =
Bn,O By1 Bn,Z Bn,n
Boo Boi Bop By
Bio Big Bip - Bip
=Aly+ | Bao B21 Bap - By | =
Bn,O By1 Bn,2 Bun
Boo+A By Bop2 Bo,n
Biyo Bi1+A B> Bin
(2.38)

I
=)
D
=]
=
R
=
N
)
o+
b
=
W
B
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_ [(—O.Sng,_,-i-F,_,)lz 0, :|
02 (‘ngu+Fu)12 '

And

F’u+0.5g1YB =
= F,u14 +0.5g1YB,u

_ I, 0o | L 0 _
_F,,[02 12}+o.5g1( [02 2.12}>Bﬁ,_
. F‘ulz 02 . O.Sng'ulz 02 .
AL 0,  05g1B21y |

[ F,12—0.5g1B,1, 0> ]
02 Fylo—giBy 12 |’

Hence,
—0@, YY) = F,+0.5g1YB,
and from (2.35):

3
(Z B[k] (iak+Fk+0-5g1YBk) —'Y[O]ias _ B[4]ja4> 6 =0

k=0
Let  (¢,x1,x2,x3) be the real function and:
lN](X) _ | exp (1%) 1, 0,
’ 02 exp(ix)l2 |
In that case for u € {0,1,2,3}:

02 exp (ix) 12
4 €XP (1%) 1, 0,02 }
9,02 auexp (ix) 12

_ [ %% exp (i%) 1 0, ]
o

a,ff Y [ exp (1%) 1, 0, }
)

0, idyxexp (ix) 12

X exp(i%) 1, 0,
0, 2exp(ix) 12 |’

and

_ exp(i%) 1 0,
0, 2exp(ix) 12 |-

(2.39)

(2.40)
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Hence:

Moreover you can calculate that:

TOT = y9cosX 4 pHsin%
2 2’
Ul = [3[4]cos&—y[0]sinl,
2 2
U'U = 1g
U'yu = v,
plu = upH
fork € {0,1,2,3}
Let
xﬁr = X4COS%—X58in%,
Xy = xwos%%—msin%.

In that case by the partial derivate definition for any function u:

dsu = 8Qu-84xﬁt+8’5u-84xg—zagu-cos%—l—agu-sin%,
X X

Osu = Oyu-0sxy+ dsu-dsxs = dyu- (—sini) + d5u - cos X

Let d4x = 0 and 05 = 0; hence, 04U = Ud4 and dsU = Uds.
From (2.39):

3
(Z Bl (19, 4+ F, +0.5g,Y B) — 7”05 — B[‘”i84> ¢=0.
s=0

Let
B =B —lax
u 14 21 HA:

According to (2.42) and since U'U =14and UTYU =Y then

( L3oB (8.+E-+0500'70 (B + 3ur)) - ) 5'G5—o.

—y0%i (—sin 29} + cos £9%) — B*li (cos 29, + sin £0%)

Hence:

(2.41)

(2.42)

(2.43)
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v3 B (ia +F,+0.5607Y0 (B§+gl—lacx)>— 560
— (- st1nX+B cos%)id} — (Y% cos % + B sin%) o, '

Since U is a linear operator then

3 S (- Tty | 7T _
¥3 Bl (la Y F, 40580 YU(B asx))U 06 =0
B ( Y[0] sin X +B cos X )18’ U — (y[O] cos % + B sin X )13’ Uf

and since 04U = Ud,4 and dsU = U9ds then

y3 Bl (iasﬁT +FU+0.56,0 YO0 (B, + g%asx)> -
— (40" sin% + BHIT " cos % ) id, Up=0.  (2.44)
<Y[O]UJf cosk + Bl 1U%sin% >1E)’

Since
T = y%cos g + B sin g,
GBIT = Bcosk —y0sin¥
2 2
then
UYlgut = Y007 cos K + B0 sin %,
uiptlout = gHlUf cos 5 X — YU sin )26,
Hence,
T = A5 cos Z + BT sin X
2 9
Ul = pllpf cos 5 X — YO0 sin %
Therefore,

YOIUt = U0 cos % 2 UTB[“] sin % >
Ul = Uty sin § Ly ytpl cos .

Thus, from (2.44):
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v3 B (ia Ut +FUT+0.5¢,0 YO0 (B; + gilasx)) -
Uyl cosk —U U B sin % ) sin % o

+ (TtyO s1nX+UTB[4] cosx> cos % ! Ug=0.

B ( Utyl0) cos — UM sin% ) cos % .
(UW[O]sz—i-U'B[4 cos’zc) sin %

Hence:

3 [s] (:3 777 7T 7t /o 1 _ -
roB (0 +EUT+05aU Y (B+ o)) U§=0. (2.45)
—UTBWiaﬁ;— UW[O]ia’S

Since (2.41):

then for s € {0,1,2,3}:

05X,

asx ~
TYU .

o,Uf =i22ytyt =

e ()
= (asﬁf) (176) + U9, (17(p> —i%y gt 176) + U0, (ﬁ@) =
(axYUT—i—U a) ( cp).

Since YU = U'Y then
2Ly gt 0%, = 0%y + 0%,
Hence,
i0,U" = —ﬁTaEXY +U"i0,.
Therefore, from (2.45):

Y3 B (—ﬁTaSTXY + U9+ KU +0.5,U'Y (B; + gl—lasx)) — )~
~UBM™ia), — UT%i,

Hence:
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Yo 0B <l7 110+ UTF +0.5g ﬁTYB;) Voo
L OBMig, — Oy *=

with F/ ::~17FSNI7T.
Since BIIU = UBY for s € {0,1,2,3} then

y3  UTBH (ias +U*p;’+o.5glz7TYB;) “Vis—o
~UBHig, — UTyio, ¢="

Hence, if denote: @' := U ¢ then since U is a linear operator then:

3
ﬁ(ZWW@+H+0kmmyﬁ%%—wmQa:Q

s=0
That is
3
Y BUI (i0, + F, +0.5g1YB,) — Bidt, — y%%ia, | ¢’ = 0.
s=0
Compare with (2.43).

Thus, this Equation of moving is invariant under the following transformations:

X4 —>xﬁ¥ :)C4COS% — X5 sinl‘

2,
X5 —>x’5 :)C5COS%+X4Sil’1%;
Xy —>x;1 =x, forpe{0,1,2,3}; (2.46)
¢—¢ =U9,
1
B, — B, =B, — ga,,x,

F,—F,=UFRU".

Therefore, B, is like to the B-boson field of Standard Model?* [20]. field.

2.4. Masses

Let
€1 =

& = (2.47)

oS oo~
S o= O
S~ O O
- o O O

24Sheldon Lee Glashow (born December 5, 1932) is a American theoretical physicist.



90 Quants

Functions of type :

h

.h
e SXP <—1C (x4 + nxs)> € (2.48)

with an integer n and s form orthonormal basis of some unitary space 3 with scalar product
of the following shape:

@)= [ L dxs [ o (2.49)
T —h
(compare with (2.16)).
In that case from (2.15):
(0,0) = pa, (2.50)
6. 88g) — _JAk
(cp,B <p) -
fors € {1,2,3}
Let?
M, M.
Ny (t,x1,x2,x3) := trunc (Cho> , N (t,x1,X2,x3) := trunc <Ch4> .

Hence, functions Ny (¢,x1,x2,x3) and Ng (¢,x1,X2,x3) have got integer values.
In that case to high precision:

- . h h
@ =0(t,x1,x2,x3)-exp | —i xsng) (t,x1,%2,x3) +x4ENm (t,x1,%2,X3)

and Fourier series for @ is of the following form:

- 'h
@ (1,X1,%2,X3,X5,%4) = Q(,X1,X2,%3) - ¥ 8y Ny (1.%)O—s Ny (1.x) EXP <—IC (nxs 4 sx4)>

ns

with

_ sinm(n+Ny)

- TI:(H +N§)
h " . .. h sinT (s + N,

S sNg = e /_E exp (1 (sx4)> exp <1chx4) dxy = M

with integer n and s.
If denote:

ZFunction trunc (x) returns the integer part of a real number x by removing the fractional part. For example:

trunc (—2.0857) = —2.
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J (X, —n,—s) := @ (t,X) 8, Ny (1.%)Os.Ng (1.x)

then
6(I,X,X5,X4) =
. 2.51
=Y, f(t.x,n,5)exp (—i® (nxs +sx4)). 25D
The integer numbers »n and s are denoted mass numbers.
From properties of &: in every point (¢,x): either
¢(t,X,X5,X4) =0
or integer numbers ng and sg exist for which:
O (1,%,x5,x4) =
. 2.52
= f(t,X,n9,50) exp (—1% (noxs +S0x4)) . ( )
Here if
mo := 4 /n% + s(z)
and
h2
m .= —zmo (253)
c

then m is denoted mass of Q.
That is for every space-time point: either this point is empty or single mass is placed in
this point.

LICH

300 200 100

Figure 7:

Equation of moving (2.39) under the transformation (2.46) has the following form:
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5 B (ilo, + F,+0.5¢1Y B,y ’
"\ L BY (10, + Fu+ 0561 Y By ) +v%ial + Blio
-exp (—i2 (n'xs+s'x4)) Uf =0

with:

I X _ oqin X
n' =ncos s —ssiny,

I — pnein X X
) —ns1n2+scos2.

But s and 7 are integer numbers and s’ and n’ must be integer numbers, too.
A triplet (A;n,s) of integer numbers is called a Pythagorean triple [19] if
A =n 457

Let € be the tiny positive real number. I call an integer number A as a father number
with precise € if for each real number % and for every Pythagorean triple (A;n,s) here exists
a Pythagorean triple (A;n’,s") such that:

‘—ssin%—kncos%—n’ < Ag,
‘scos%+nsin%—s’ < A&

For example: number 325 is a father number for the following Pythagorean triples
(Figure 7):

(325;323,36).,
(325;315,80),
(325;312,91),
(325;300,125),
(325;280,165),
(325:260,195)
(325;253,204) ,

Here € is maximal ratio value of difference between adjacent s values to father number.
That is here € = % = 0.15. But for any value of precise € here exists a fitting father
number in long distant domain of the natural numerical line. But I can not calculate it since
more high-end machine than my computer is needed for such calculation.

The nearest-neighbors to 325 father numbers are numbers 333 and 337. But these father
numbers have got one at a time triple. Hence, fathers, having many “children”, are isolated
numbers on the natural numerical line. I suspect that these numbers are fathers of particles
families.

Here are three families (generations) according to the Standard Model of particle

physics [20]:
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Each generation is divided into two leptons:

()G ) (),
(6) () ()

The two leptons may be divided into one electron-like (e~ - electron, u~ - y—lepton, T~
- T-lepton ) and neutrino (V,, V,, V¢); the two quarks may be divided into one down-type (d,
s, b) and one up-type (u, c, t). The first generation consists of the electron, electron neutrino
and the down and up quarks. The second generation consists of the muon, muon neutrino
and the strange and charm quarks. The third generation consists of the tau lepton, tau
neutrino and the bottom and top quarks. Each member of a higher generation has greater
mass than the corresponding particle of the previous generation. For example: the first-
generation electron has a mass of only 0.511 MeV, the second-generation muon has a mass
of 106 MeV, and the third-generation tau lepton has a mass of 1777 MeV (almost twice
as heavy as a proton). All ordinary atoms are made of particles from the first generation.
Electrons surround a nucleus made of protons and neutrons, which contain up and down
quarks. The second and third generations of charged particles do not occur in normal matter
and are only seen in extremely high-energy environments. Neutrinos of all generations
stream throughout the universe but rarely interact with normal matter.

and two quarks:

2.5. One-Mass State

Let form of (2.51) be the following:

4

~ h
t = —i— t 0) &.
¢ (1,X,X5,X24) exp< 1Cnx5) ka( ,X,n,0) &

k=1

In that case the Hamiltonian has the following form (from (2.39)):

H=c <Z Bio, + %nv[ol + @)
k=1
with X
G:=Y BM(F,+0.5gYB,).

u=0
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Let
O) = VI 12 = [+ K3+ K3+
and
® (k) +n+k3
1 ki +iko
er (k) := 2.54
1 () 2/0 (k) (0(k)+n) | ©K)+n—ks (2>9)
—ky —iky
Let
R 3
Hy:=c Y BVio, +hny”l, (2.55)
s=1
Since (2.53):
2
c
hn=m—
n=m,
then equation of moving with Hamiltonian Hy has the following form:
ti00 = (X B, +my”) ¢ (2.56)

This is the Dirac equation (Paul Dirac®® formulated it in 1928).
Let us denote

MOPERNUIS

for s #£ 0.
Let us calculate:

I Al
—  YOIBRIyOIRUI 44l gLIA I gls] —
— OBl _ 0l 0l glills] —
= <_(BMBUL+BMBM)::_25M

for s #0 and j # 0.
and

Y0 4 Olyls) ORIl | 0l0lgE — gl | glil —

for s # 0.
From (2.56):

26Paul Adrien Maurice Dirac (1902 — 1984) was an English theoretical physicist who made fundamental
contributions to the early development of both quantum mechanics and quantum electrodynamics.



One-Mass State 95

(17 Zys]la —mh> ¢=0.

Let us multiply both parts of this equation on

(l'yo]a[ Z’Y la’+mh>

s'=

Hence,
az
~-y fw[olatv[‘]la — Y3 Yoy Liyllo,
—717[ ]am +my 17[ 19, _0
+13 17 o ¥ yia, °=
—I—Z? 17 lio, m7—23  my cylslio,
2
_mhzc
Hence,
32
<+Z‘ v[s 18 Z 1Yoy )cp 0
_ h2
Since

3 3
Z vligy Z 7io,

3 3
= — L Y0 -

s=1s=1
[lly[lla 91 +¥2y10,0, +v3)y11950,
+11y219,10, +v[ Wmazaz +v3]v[2]8382

+y 319,05 + ¥21yB19,05 + ¥B1y1195095

—99
+v2y19,9; +y11y?9,0,
R 1959; +41yP19, 04

— 9,9

+1P21930; +yPy710,05
9303
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Hence,

3 , 3 >

Y. #lioe Yy, = 2191 +0:0: 4030 = Y 0%
s=1

s'=1 s=1

Thus,

2C2 o
2 ) ¢=0. (2.57)

(-2 +x 2

This is the Klein-Gordon?’?® equation for a free particle with mass m

Let us calculate:
~ 3
Hpe; (k) (%) 2 exp g—i%
— (cx2, BHid, + b)) (52) e (

=cY3_ Bligye (k) 3%) exp (—ilkx) +
+hny%e; (k) (%) 2exp (—i%kx) =
3
= CZ B[S 161 (k) 9y (%) > exp (—ihkx) +
+hn (Zm) exp (—ikx) y¢; (k) =
3
— e Bier (0 (-i2k) () exp (~i2k) +
+hn (ﬁ) Zexp (—1%kx Ve (k) =
3
Y., (—ihk )[3[‘]161 (k) (zim) > exp (—i%kx) +
3
—i—?n (52)2 exp (—ilkx) YO, (k) =
=h (Z}Tlcc) exp( %kx) (Zgzlk‘yﬁ —i—n’y[o]) e1 (k)
, k3 ki —iky n 0
. L 2 _.E ki +1iky —k;3 0 n
= h (27tc> eXp( lckx> n 0 ks —ki ik
0 n —k1 —ik2 k3
(l)(k) +n+k3
‘ 1 ki +ik
2v/0 (k) (0(k)+n) | ©K)+n—ks
—ki —1ky

k3o (K) + k3 + k% + k3 + no (k) +n?
ko (k) + ik o (k)

(D 2 b
me) P\ | no () + 02— ko (K) + K + K2+ K3
—k1o (k) — ik (k)

1 ks +n+o(k) 3 )
= ki ik — 2ex —i—kx
B (D(k)z\/m(k)(m(k)—l—n) n+o(K) -k h(2m> p( ck>'

—k1 —ikp

270skar Klein, 1894-1977
28Walter Gordon, 1893-1939
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Therefore,

Hoe, (k) <2hm> ’ exp (—i?kx) = ha (k) ¢; (k) (;m) ' exp (—iikx) . (258)

3 .
Hence, function e; (k) (52 )2 exp (—iZkx) is an eigenvector of Hy with eigenvalue

ho (k) = hv/k2 +n2.

3

Similarly, function e; (k) (52-)* exp (—iZkx) with

ki —ikp
1 @(k)+n—k3

2ok (k) ) | —ktik
OJ(k> +n+ks

() (k) .

(2.59)

is cigenvector of Fly with cigenvalue he (k) = hv/k? + %, too, and functions
h 2 h h 3 h
e3 (k) <2nc> exp (—ickx> and e4 (k) <2nc> exp <_ickx>

i —(D(k)—l’l-i-l@ i

1 ki +1ikp
2/ @) 1) | ©0)+n ik
ki +iko

with

e3 (K) := (2.60)

and

k| —iky
1 —(!)(k)—l’l—k3

~ 20K (k) +n) ky — iky
o (k) +n—k3

es (K): (2.61)

are eigenvectors of Hy with eigenvalue —ho (k).
Here ¢, (k) with u € {1,2,3,4} form an orthonormal basis in the space spanned on

vectors €, (2.47).

2.6. Creating and Annihilation Operators

Let $ be some unitary space. Let 0 be the zero element of $. That is any element F of 9
obeys to the following conditions:

OF =0,0+F=F,0'F =F,0"=0.

Let 0 be the zero operator on ). That is any element F of § obeys to the following
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condition:

OF = OF, and if bis any operator on §) then

0+b=b+0=5,0b=0b0=0.

Let 1 be the identy operator on ). That is any element F of § obeys to the following
condition:

1F = lf =F , and if bis any operator on $) then
16 =b1=b.

Let linear operators b, (s € {1,2,3,4}) act on all elements of this space. And let these
operators fulfill the following conditions:

3 ~
{Bliboa = blbos+boaeblic= (52) BadssT,

{bsx;by i} = bsxby w + by wbsx = {bj,k,bjgk/} =0.

Hence, '
byxbsk = b}y bl, =0.

There exists element }70 of $ such that }FOT 170 =1 and for any b, y: bs,kfo =0. Hence,

Fybl, =0.
Let
4 ) h
Ys (X) = Z Z bnkens (k) exXp (_lckx> .
k r=1
Because A
Y ens(K)eny (k) =8¢
r=1
and ;
h 2
Y exp (—ik (x— x’)) = (nc) 3 (x—x/)
k C h
then

(vl (), we (X)} = wi®wy (X) +wy (X) vl (x)
= 9 (X - X,) 8s.,s’/l\-

And these operators obey the following conditions:

Wi () Fo = 0, {ws (%), vy ()} = {wl (), v (%) } = 0.
Hence,

s () wy () = wi () v (x) = 0.

Let .
W (t,x) =Y @ (t,x) v (x) Fo. (2.62)
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These function obey the following condition:
pi (t,x’) ¥(t,x)=¢' (t,x’) o (1,x)d (X — X') )

Hence,

/dx’-qﬁ (t,x') P (t,x) = p (t,X). (2.63)
Let a Fourier series of @; (7,x) has the following form:
4 h
0.0 = LY. r1p) e (p)exr (-icp).
p r=1

In that case: -
2mc ~
E(I)p) = <h> Zcr (tvp)bj,pFO-

r=1

If
Ho (x) := ¢ (x) How (x) (2.64)
then % (x) is called a Hamiltonian Hy density.
Because 3
Ao (1,%) =i (1,
then
/ dx' - (x') ® (1,%) = igt‘P(t,x). (2.65)

Therefore, if

]I?H::/dx"%(x')

then H acts similar to the Hamiltonian on space ).
And if

E (Fo) = Y (1,p) B 1,p)

then Ey (17‘0) is an energy of ¥ on vacuum K.

Let us consider operator N, (Xo) := ! (x0) Wa (Xo).
Let us calculate an average value of this operator:

<1Va(xo)>\y::/de-lva(xo)p(t,x).

In accordance with (2.63):

<ﬁa (x0)>\P:/de/de’-‘P+ (1,%) W (%0) W (x0) ¥ (1,%) .

Since in accordance with (2.62):
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4 ~
P (,x) =Y 9;(t.x)V] (x) K.

=1
then
<1/\\,“ (XO)>‘{’ -
4 _ 4 N
= /de/gdx’-Z(p: (t,x’)FJ\VS( ") ! (%0) Wa (X0 Z xX)Fy =
= fax[ax-} Z(ps 1) @ (6,X) F v (%) W (%0) W (x0) W1 (X) .
s=1j=
Since
i (x0) W (X) + s (') W (x0) = 8 (x0—X) 8,01
then

= /dx/dx ZZ%”‘ 0 (t,%)-

s=1j=
. <8 (xo—x ) SSV‘,FO 1- FO \pa (X0) Ys (X )) W, (X0) wj (x) Fp.

Since IFJT = I’FOT and fg\pj; (x0) = O then

(), =

- /dx/ dx'- ZZ‘Ps £,X) 9, (1,%) 8 (x0—x') 8 aFy Wa (x0) W] (x) Fo.

s=1j=

According with properties of d-function and o:

~ 4 ~.
(Ratox),, = [y s X206 30003 (0.0 F v (x0) ) 0

Since

~

Wl (%) Wa (%0) + Wa (%0) W (%) = 8 (x0—%) 5 41
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then
<ﬁa (XO)>‘P -
4 ~ua o~ ~
=[x Y300, (10 B (8000208, v (0w (x0)) Fo
j=1
4 A~LAN A~ ~ ~
=[x Y 0 (1x0)9;(1%) (5 (x0—X) 8y TFo — Fy ! (%) (Xo)Fo)
j=1
4 ~a o~ ~p~
= [ dx- Y 0 (x0) 05 (1.%) (a(xo—x) 8;.aFy Fo —o'o) :
j=1
4
=[x ¥ 0 (.%0) 05 (130 (3(x0—%) 811~ 0)
j=1
4
= ), dx Y @i (1,%0) 9 (,%) 8 (x0—%) 8 4.
j=1
Thus:

(Na(x0)), = 0 %0 (1,30

(2.66)

That is operator N, (xp) brings the a-component of the event probability density.
Let ¥, (1,x) : =y, (x0) ¥ (7,X).
In that case

(Mato)), = [ dx [ dx' " (1) v (x0) W (x0)
Vi (%0) W (%0) Wi (x0) ¥ (£,).

Since

Wa (X0) Wa (x0) =0

then
<z?fa (xo)>% —0.

Therefore y, (Xo) “annihilates” the a of the event-probability density.

2.7. Particles and Antiparticles

Operator H obeys the following condition:

~ 27c 3 2 + 4 +
H= (h) Y ho(k) (Y blbrc—) blbrk |-

k r=1 r=3
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This operator is not positive defined and in this case

~ 2mc 3 2 2 4 2
Ee(F)= (=) Lho®) | Yle @)=Y le@p)f ).
p r=1 r=3
This problem is usually solved in the following way [25, p.54]:
Let:
vi(k) @ = 1es (k),
(k) @ =7%; k),
de .= —b;ik,
d27k .= —bz k-
In that case:
e3(k) = —vi(-k),
es(k) = —w(-k),
bix = —d;,k,
bix = —dj

Therefore,

The first term on the right side of this equality is positive defined. This term is taken
as the desired Hamiltonian. The second term of this equality is infinity constant. And this
infinity is deleted (?!) [25, p.58]

But in this case dnkﬁ() % 0. In order to satisfy such condition, the vacuum element E)
must be replaced by the following:

But in this case:

And condition (2.65) isn’t carried out.
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In order to satisfy such condition, operators W, (x) must be replaced by the following:
W5 (X) = 05 (x):=

::g’r—i (bnke,’s (K) exp (—i?kx) +dyyevr (K) exp <il:kx> )

Hence,

==
Il

/dxﬂ‘[ /dx(])T ) Hoo (x) =
_ (MC> ) ho(k Z (Bhbric = dfydc)

r=1

And again we get negative energy.

Let’s consider the meaning of such energy: An event with positive energy transfers this
energy photons which carries it on recorders observers. Observers know that this event
occurs, not before it happens. But event with negative energy should absorb this energy
from observers. Consequently, observers know that this event happens before it happens.
This contradicts Theorem 1.5.2. Therefore, events with negative energy do not occur.

Hence, over vacuum ®j single fermions can exist, but there is no single antifermions.

A two-particle state is defined the following field operator [28]:

| 0 (x) Os, (x)
W5 (X,Y) = ‘ 0 () 05, ()

In that case:

where

x (+bjpdj odj—phrx

and
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)

+ (—di_pd] yj 1)

+ef (K)e, (p)ef (p)e; (k) x
<+b,kb b],kbr,p) +

+ (0l abinben) |-

If velosities are small then the following formula is fair.

6
2 —~ —~
i — 4h< E‘:) <H0+Hh)

where
=) ) (o(k)—o(p)) x
k p
2 2
r=1j=1
and
Hy @ =) ) (o(k)+o(p)) x
k p
2 2
2DIDY (bT pbrkbrkbLP dj pdr—kdr kdjy—p) -
j=1r=1
Therefore, in any case events with pairs of fermions and events with fermion-

antifermion pairs can occur, but events with pairs of antiftrmions can not happen.
Therefore, an antifermion can exists only with a fermion.



Chapter 3

Fields

3.1. Electroweak Fields

In 1963 American physicist Sheldon Glashow! [44] proposed that the weak nuclear force
and electricity and magnetism could arise from a partially unified electroweak theory. But
... there is major problem: all the fermions and gauge bosons are massless, while exper-
iment shows otherwise. Why not just add in mass terms explicitly? That will not work,
since the associated terms break SU(2) or gauge invariances. For fermions, the mass term
should be myy?

myy = my(PL+Pr)Y =
= m(Y(PLPL)V+V(PrPr)VY)
m(PrWL + Y YR)-

However, the left-handed fermion are put into SU(2) doublets and the right-handed ones
into SU(2) singlets, so WYz, and Y, Y are not SU(2) singlets and would not give an SU(2)
invariant Lagrangian. Similarly, the expected mass terms for the gauge bosons,

1 2
EmBB'uBIJ

plus similar terms for other, are clearly not invariant under gauge transformations B,, —
BL =B, —9,/g, The only direct way to preserve the gauge invariance and SU(2) invariance
of Lagrangian is to set m = 0 for all quarks, leptons and gauge bosons:. There is a way to
solve this problem, called the Higgs mechanism” [35].

No. The Dirac Lagrangian for a free fermion can have of the following form:

Ly =" (B0 -+ By + B3, + B3s + imy)) .

Indeed, this Lagrangian is not invariant under the SU(2) transformation. But it is beautiful
and truncating its mass term is not good idea.
Further you will see, how it is possible to keep this beauty.

I'Sheldon Lee Glashow (born December 5, 1932) is an American theoretical physicist.
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3.1.1. The Bi-mass State

Let us consider [23], [24] the subspace 3y of the space 3 spanned of the following subbasis
(2.48):

2%Cexp( 1§(s0x4))81,2mexp( 1§(sox4;))£2,

J:= 71e €XP (— 15(s0x4))83,2mexp( ig (s0x4)) €4, 3.1)
2%Cexp 1%}1(n0x5))81,2mexp( 1%}1(n0x5))£2,
T exp (i (npss)) 3. exp (<32 (o)

with some integer numbers sg and ng.
Let U be any linear transformation of space 3y such that for every @: if @ € 3y then
(2.49, 2.50, 2.16):

(UQ,U9) = pa, (3.2)
S ablpa) . Jas
(U%B U¢) .
fors e {1,2,3}.
In that case:
UTB[”]UZBM

foru € {0,1,2,3}.
Such transformation has a matrix of the following shape:

(a”+b”i) 12 02 (C”-l-ig”) 12 02
U-— 0, (a‘+b‘i) 1, 0, (C‘—i—ig‘) 1,
’ (u”+iv”) 12 02 (k”—l—is”) 12 02
0, (u +iv) 1, 0, (k*+is) 1,

with real functions
a’(t,x), b’ (t,x), ¢’ (t,x), g7 (t,x), u” (¢,x), vV’ (£,X), kK’ (t,X), s
a‘(t,x), b*(t,x), ¢ (¢,x), g* (£,x), u‘ (¢t,x), v (t,x), k* (£,x), s* (¢,x )

These functions fulfil the following conditions:
V”2 +b”2 +M”2 +a”2 — 17
C”Z +g9’2 +k”2 +S”2 — 17

a”g” » ”b” ’7+a” 99 ”—i—b”g”v”
’72+v”2

)

_u”a” » ”b”g” + V”Cl”g” bncn 99
”2 +V”2 °

v42+b‘2+u42+a‘2: 1’
24 g 2tk st =1,
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. a‘g‘u‘—M‘b‘C‘—l—a‘C‘V‘—{—b‘g‘V‘
st = — u‘2_|_v‘2 ,

—u‘a‘C‘—u‘b‘g‘ +vcaag4_bﬁcav4

k‘=
u?+v2

U has 4 eigenvalues: exp (io ), exp (iaz), exp (io3), exp (ioy) for 8 orthonormalized
eigenvectors:

€1,1,€12,€21,€22,€31,€32,€41,€42.
Let
K= [ €11 €12 €1 €2 €1 €2 €31 €42 ] .
Let 61, 0,, 03, 64 be solution of the following system of equations:

0;,+6,+054+04=04,
01+6,—03—-04 =0y,
0, —0,4+63—04 =04,
0, —6,—05+064=0;.

and

U, :=exp(i0;),

eXp (192) 14 04 +

Uy:=K 04 exp (—i0;) 14 K,
[ exp(i63) 1, 0, 0, 0, ]
02 exXp (—i93) 12 02 02 +
Us; =K . K',
3 02 02 exXp (193) 12 02
L 02 02 02 exXp (—ie3) 12 i
I eXp (i94) 12 02 02 02 i
02 exp (—i94) 12 02 02 +
Uy =K ) K'.
4 02 02 exp (—194) 12 02
L 02 02 02 exp (i94) 12 i
In this case:
UL,U,UUy =U

and
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exXp (iez) 12 02 02 02

U, — 02 exXp (*192) 12 02 02

2= 02 02 exXp (iez) 12 02

02 02 02 exXp (—i92) 12
Besides
el(01+6) 0 0 0
0 %) 0 0
Uil = 0 0 £1(01162) 0
0 0 0 £®%)

Let x and ¢ be thesolution of the following set of equations:

{ 0.5%+¢=061+6,,

X+6=01—06,
Le.
X = —462,
¢ =01 +36,.
Let
Ul .= exp (ic)
and (2.40)

| P (1%) 1, 0,
0, exp(ix) 12 |’

In that case:
vuldig = Us.

Here real functions
a(t,x), b(t,x), c(t,x), g (t,%), u(t,x), v (t,x), k(t,%),s (£,x)
exist such that:

(a+ib) 1, 0, (c+ig) 1, 0,
UnlUs — 0, (u+iv) 1 0, (k+is) 1
374 (—c+ig) 12 02 (a—ib) 1, 02
0, (—k+is) 1 0, (u—iv) 1

and

WV 2 =1.
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If

U(+) X 02 (I/l + iv) 12
0, 0,
02 (—k + iS) 12

and

(a+ib)1, 0y
02 1>
(—c+ig)la 0z
02 02

then

02 02
0, (k+is) 1,
12 02
0, (u—iv)l,

(c+ig)ly 0

(a—ib)1, 0
0, 1,

UsUy = vy = yHy),

Let us consider U,
Let:

(q+ic) 14

and

X .

T 2/(1-a) (—g—ic) 14

1 |: (b—i-\/(l—az)) 14

| { (VI=a)-b) 14

These operators are fulfilled to the following conditions:

boly =Vo, Ll =L
boly =0=10,0,

(lo —£y) (Lo — £y) = 1,
b+ 0, =13,

EO'Y[O] = ’Y[O]go, g*,Y[O] = Y[O]g*’

505[4] — B[WO, E*B[‘*

and

U0y (=) = gyl0l — (bo— L) V1= a?pl,
UGTBHU ) = apld + (bo— )1 — a2y,

| pllg,

From (2.39) the lepton equation of motion is the following:

u=0

3
(Z B (19, + F, +0.5¢1YB,) +y"ids + Bid,

(g—ic) 14

(\/m_b) 1

(—q + iC) 14

<b+ m) 14

) UG =0,

(3.3)

(3.4)

(3.5)

(3.6)

3.7
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If
o U =Ty, (3.8)

for k € {0,1,2,3,4,5} then

UTYS B (10, + F, + 0.5¢1YBy) U5 =0
O UOTds + BT )T, :

Hence, from (3.7):

Yo oB¥ (id,+ F,+0.581YB,)
v | % aa5—(€o—€*)\/1—a284) UG =0,
R (VI—a? (KO—E*)85+a84>

Thus, if denote:

Xy = (lo 4+ €) axa + (Lo — £.) V1 — a2xs,
x,S = (EO +€*)ax5 - (Eo _8*) MJQ;

then
3
(Z B (10, 4 F, +0.5¢1YB,) + (y[(’]iag + B[‘”iag)> ¢ =0 (3.9)
u=0
with
¢ =Ug.
That is the lepton Hamiltonian is invariant for the following global transformation:
5§ =005,
x4 — Xy = (bo+0) axqg + (b — £.) V' 1 — a’xs, (3.10)

x5 = x5 = (b + £i) axs — (bo — L) V' 1 — aPxy,

/
Xu %xy—xy.

3.1.2. Neutrino

Wolfgang Pauli postulated the neutrino in 1930 to explain the energy spectrum of beta de-
cays, the decay of a neutron into a proton and an electron. Clyde Cowan, Frederick Reines
found the neutrino experimentally in 1955. Enrico Fermi’ developed the first theory de-
scribing neutrino interactions and denoted this particles as neutrino in 1933. In 1962 Leon
M. Lederman, Melvin Schwartz and Jack Steinberger showed that more than one type of
neutrino exists. Bruno Pontecorvo® suggested a practical method for investigating neutrino

2Enrico Fermi (29 September 1901 28 November 1954) was an Italian-born, naturalized American physicist
particularly known for his work on the development of the first nuclear reactor, Chicago Pile-1, and for his
contributions to the development of quantum theory, nuclear and particle physics, and statistical mechanics.

3Bruno Pontecorvo (Marina di Pisa, Italy, August 22, 1913 — Dubna, Russia, September 24, 1993) was an
Italian-born atomic physicist, an early assistant of Enrico Fermi and then the author of numerous studies in
high energy physics, especially on neutrinos.
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masses in 1957, over the subsequent 10 years he developed the mathematical formalism
and the modern formulation of vacuum oscillations...
Let 3,y be the unitary space, spanned by the following basis:

ZTUI()

P sinh(2nom) (cosh (Bnoxs) +sinh (2noxs)) 1,
e/ sz (cosh (Enoxa) +sinh (Bnoxy) ) &2,
Joo = < 70\ sz (cosh (Bnoxs) —sinh (Bnoxs)) &3, > . 3.11)
2Lm mﬁ?z"r‘; ) (cosh (hnom) — sinh (%nox4)) €4,
2%0 exp (—i %h(nox5)) €1, 5 2m exp (— }C‘ (noxs)) €,
T D (1% (n0w0) e 2 exp (1 (o) 4

Let 3, be the subspace of the space 3.y such that if ¢ € 3, then @ has the following
shape:

4

~ h
(p(t,x,xs,x4) = exp (—lcnox5> Z Jx (l‘,X,no,O) €

k=1

That is @ has the following matrix in the basis Jy:

S
Il
PP hooc oo

(3.12)
L Ja
Let us consider the following Hamiltonian on 3,:
R 3
Hou:=c | Y B0, +v%i0s + Bl¥io, | : (3.13)
r=1

Ho4¢ = c (X2_, B"ia, + Yids + Bios) ¢ =
=Y | pllcio, ¢+
+70¢ids exp (—ilnoxs) Zk L fie(t,%,10,0) g+
B[410184exp( it nOX5) ):k S (8,x,10,0) & =
= Zr:l B : Cla (P+
+90ci (—ilng ) exp (—iltnoxs) Xi_ fi (t,%,10,0) &+
+0=
1B "Icio (p+hn0'y[ ]exp( it nOX5)Zk L Jie(2,X,m0,0) €. =
¥3_, Blcid,d + gy,

Hence, on this space:



112 Fields

3
Hys=Hy:=cY B0, +hnoy”. (3.14)
r=1
Let 3, be the subspace of the space 3.y such that if @, € 3, then
Qo =0, 0and ¢ € 3., and if ¢ € 3, then (£,0) € S,. If @, = £, @ then in the basis J.y:

(=g +ic) fi
—(—q+ic) f2

(—q+ic) f3
—(—g+ic) fa
s __ 1 —J/(=a)+b) fi
(V@8 5
—(—V(=a)+b) £
—V(1=a®)+b) fu

S
o
|
|

Let us consider the Hamiltonian I/-\IO74 mode of behavior on the space 3,:
Hence,

Ho %o = Y7 B"i9, 0.+
NV (g—ic) _ h 2o

5 \/ﬁ 2nc \/ Sinh(2nem)
fi (cosh (1 nox4) +sinh (2 nox4)) €+
P +1 (COSh ( n0x4) + sinh ( n()x4)) &+ 4
o+ f3 (cosh ( nQX4) —sinh ( n0x4)) &+
X +f4 (cosh ( n0x4) —sinh ( n0x4)) €4 +

+(VT=a) = b) edsexp (it (moss) -

(fig1 + fr&2 + f3€3 + fags)

ic) h 21
+l3[4] ic \/q(] B e sinh?zr(l)on) x

fi (cosh (1 nox4) +sinh (2 nox4)) €1+
3 +1 (cosh ( n()X4) + sinh ( n0x4)) &+
1 +5 (cosh (2 I’l()X4) —sinh (2 n0x4)) &+
+f4 (COSh ( l’l()x4) —sinh ( n0x4)) €4

+ (V=) =b) e exp (i (o))

(flgl + o2 + f383 +f484)

+
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Ho 460 =cy? B0, g.+
+,Y[Q]1 (g=ic) h_ 27tngy

(1—a?) 2mc sinh(2nom)

fi (cosh ( nox4) + sinh ( nOX4)) €1+
as +fo (COSh ( I’lQX4) + sinh ( n0x4)) &+
+f3 (COSh ( n0x4) —sinh ( n0x4)) €3+
X +f4 (COSh ( nox4) —sinh ( n0x4)) €4 +
(1—a?) b) Zmas exp ( (n0x5)) .
-(fi&1 + fo&2 + f383 + fa€a)

(g—ic) h 21n,
6[4] ICZ\/q(] 2) 27c smh?Zr(L)oTE) X

fi (COSh ( n0x4) + sinh ( nox4)) €1+
P +1 (COSh ( n0X4) + sinh ( n0x4)) &+
4 +f3 (COSh ( n0x4) —sinh ( n()x4)) €3+
+f4 (cosh ( nox4) —sinh (hn0x4)) €4

+(VI=@ - b) daexp (<18 (n035) -

(fig1 + &2 + f383 + faga)

Therefore,

Ho 4o = c¥_, Bio, ¢+
0 V1=a2—b
h h+Y[ ]ICW X
X (0+ 5n-0s5exp (—i2 (noxs)) (fi€1 + f2€2 + f3€3 + faga)) +

[4];~_g—ic_h 27tng
+B lcz\/l a2 2mc \/ sinh(2noT)

f] (84 cosh ( n0x4) + 84 sinh ( noXx4 ) &1+
+f (84 cosh ( n0x4) + 04 sinh ( I’LQX4)) €+
X +/5 (94 cosh (2 n0x4) dysinh (1 n0x4)) &+
+fa (84 cosh ( nox4) d4 sinh ( )C4))
+0

Hence,

Ho 4o = c ¥, Bio, ¢+
+y[0]ic( ib no) v 1\/1“7”}’ zic exp( i%n0x5) X

X (fie1 + fo&2 + f3€83 + fa€s) +

[4]; .h g—ic h 2Tt
+[3 1C¢ noz\/l a2 2mc \/ sinh(2noT) X

fi (sinh (2 n0x4) +cosh (! nox4)) €1+
+1 (smh ( nox4) + cosh ( I’LQX4)) €+
+/; (sinh (2 nox4) —cosh (! n0x4)) &3+

+f4 (smh ( n0x4) cosh ( x4))

Therefore,
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Floa®o = X, B0, ot
—I—hnoy[ ] VZ{/Lb Z}TIEC exp( iz nox5)

X (fie1 + f2&2 + f3€3 + fa€4) +

[4]; _g—ic_ h 2mng
+hnOB 12\/1 a2 21 smh(Znon)><

fi (cosh ( nox4) + sinh ( n0x4)) €1+
+1 (cosh ( n0x4) + sinh ( nox4)) & —
—f3 (cosh (2 n0x4) —sinh (2ngxy) ) €3—

—f4 (COSh ( I’l()x4) —sinh (2110)64)) €4

Hence, in basis J,v:

Ho 4o = c X3, Bi9,., + hnp x

o PR
0 12
0 —f3
o vice—b | O 4. q—ic | —Ja
x| YA fi BT | g
2 0
J3 0
fa . 0
—023 1[ii[’]lar(p()4—hrz()><
0 ] [ f1 ]
0 f2
0 f3
o) vica?—b | 0 4. q—ic 5 | Ja
X ,Y[]Z\/lfaz fi +BH]2\/@YH 0
bis 0
/3 0
L f4 L 0 ]
with
1 0 O 0
[0 0 0
00 -1 O
00 0 -1
Since

then
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Therefore,

0
0 [ (g—ic) fi
0 (q—ic) f>
0 (q—ic) f3
0__1 — 0__1 (g—ic) fa
W | (VI=@=b) fi | 4y .
Vi—a2—b)f 0
V1—a®—b) fs 0
0
Vi—a>—b)fy
—(—gq+ic) fi,
_(_Q+lc)f27
—(—q+ic) f3,
3 1 —(—C]+1C)f4,
ﬁo,@o:cZBmi&@o—l—hnoy[O]ﬁ —(—V1i=a+b) A,
= —da
. (VT @ ) p
- _M—Fb f3,

Hence,

Thus, in space 3.:

too.

3
I‘I()746O =cC Z [3[’118,60 + hl’l()’Y[O] 60.

r=1

Hos$o=cY>_, B[_’] 10,9, +hng x

3
ﬁo,4 —Hy=c Z BIia, +hngy?,

r=1

- (—mﬂa) i

Let 3. be the subspace of the space 3,y such that if ¢, € 3 then

¢, =/, 9and ¢ €3, and if ¢ € 3, then (£,0) €3

Jov:

S

*

2/ (1—a?)

(—q+ic) fa
b++V1—a? fi

b++vV1—a? b
b++vV1—ad?) f;

b+v1—02 f4

« If @, = £,0 (3.12) then in the basis
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Similarly to @, you can calculate that

3
H074$* = Hoﬁ* =C Z B[r]lar$* + hnO’Y[O]$*-,

r=1

t00.
Let
[ ©(K)+no+k; | [ o (K)+ny—k3 |
e (k) := (k)l Tk cer (k)= (—)kl —iky |’
L i ki —iko 1 L i —ky +1kp
eZL(k) T i (D(k)—|—n()—k3 | ’eZR(k) T i 0)(k)—|—n0+k3 | ’
esr (k) := —eir (k), e3p (k) :==ejr (k),
eqr (K) := —exr (k), esr (k) := ez (k
with

o (K) :=\/n3+ k3 + k3 + k2

( no, k1, kp,k3 are real numbers).
In this case:

_ 1 est (k)
N T SICIGERD [ esr (K) ] '

Let

here s € {1,2,3,4}.
And let:

€ (K) := Log, (K)
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Denote
k3 ki — ik no 0
3 .
~ _ M _ ki +1iky —k3 0 no
Ho (k) ; Brkr no 0 ks —ky +ik
0 no —k1 — ikz k3

In that case

e (1) -
— i (K)e,, (K) <2hm> e <ll;>

[}

— hok)e, ) 5 ) Lexp (i).

h

Therefore, e, (k) (zic) exp (i) is an eigenvector of Hy with the eigenvalue ho (k).

Similarly you can calculate that

€02 (k) (22‘3) : exp ( ) €1 (k) (22c) : exp( ) (%) (k) (ﬁ) % exp (i%)a

are eigenvectors of Hy with the same elgenvalue and
3
o3 (k) (z5c)° , exp (ig). €4 (K) (erltc) . exp (ig).

€43 (k) (220) exp (1 ( ) g*4 (k) (ZIT;C) exp( )
are an eigenvectors of HO with the eigenvalue (—h

o (k)

)-
Vectors e (k) (zgc) exp (i), e,, (k) (5 )> : exp (i) with s € {1,2,3,4} form an or-

thonormalized basis in the space 3,y (3.11) and

4
Z Exs, r Cus,r! k) + eos N (k) €os,r’ (k)) = 8","'

forr,r’ €{1,2,3,4,5,6,7,8}.
Let

;s (k) = U(_>§*s (k)
1 1

)

(3.15)

\/ (erb) vi—az2ve®

[ <a—im) (—g+ic)es
(—gq+ic)esr (k)
(a—i\/l—a2> (\/l—az—i-b) est, (K)

( { —a2)+b> esx (k)

(k)

K) +np)
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and

ey (k) == U e, (k)
1 1

\/ (\/— b> 2\/03 k) +no)

(a+ V1 —a2) (q—ic)es (K)
(g —ic)esr (k)
<a+i\/l —a2> (\/1 —a? —b) est, (K)

(VI=a)~b) e (k)

For these vectors:

M»

ke, (k) +eb; (K)el, ;s (k) =8

r:l

and since U7 TU(-) = 14 then ¢/ (k) and ¢, (k) form an orthonormalized basis in the
space 3.y, too.

Let
(c+ 1q) err (K)
o — U, _ 1 0
¢ (k) :=U"e, (k) 2\/(n(k) (o (k) +np) (a— 1b)(e,)L(k) .10
€rR k

/ 1 b / b /
er(k)=< 1—m,or(k)+ 1+ e (k))-

Let for j,j € {1,2,3,4,5,6,7,8}:

{Wh 0w} =8-x)8,1,
(W ). 0} =0= {wr 0).w; (0}

and let

In that case:
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4

4
Yo i (z () borct Y e () b)

r=1 r=1

shy o %
Sy dx e T el (R) g (X)

h o\’ Mk
_ () dx - et KX pmickx
2mc Q)

In accordance with (3.15):

Y itk (Z Corj (K) bork+ Y €., (K) b*nk)
k

r=1 r=1

h

3 8
_ o /. —i%k(x—x/) e (X
<27tc) /(Q)dx ;e j;lﬁm vy (x).

Hence, since

3
ilk(x'—x) _ L I
§e <2nc) S(X x)

and according properties of d:

Thus:

’Zk eii%kx ( f:l gor,j (k) bor,k + Z;‘:I g*nj (k) b*r,k) = Wj (X) ‘

Let

3.17)
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Y (x) = 5t x

h(h
< cosh (Mnoxs) + ) 2 ()t

27ng + sinh (%nom)
)Ew e

X sinh(2ngT) ( cosh (%n0x4) -
+exp (—il (noxa)) Loy Wrya (X) €,

+

—sinh ( %nom)

That is in basis J.y (3.11):

IR IR IR IR IR

SESESES

»

w

— N e e

That is in this basis:

Let

In that case:

Hence:

b = <h>3 dx-ei%k"(m—)e ‘(k))T(U“)w(x))
or, @ Eorj ’

Vs = (;;)3(mdxeﬂh(v<kmﬂkDT(U<mmm).

(3.18)
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Since U)TU) = 14 then

h\? b
e = () dx- & (k) (x).
b (Q) b

h o\’ ,
e = () dx- et (k) y(x).
b (Q) bl
That is:

/ /
or,k = bOr’k and b*r7k == b*nk.

And from (3.17):

M»

€t (K) Dok + €. (K) burc) - (3.19)

=Y igkx
k

For operators b,k and b, x:

\
I

T h \3 T
bor’,k”borvk = (TTCC) 8r,r’sk,k/la

Let

b= V2 (1—a?) (

In that case:

k ork+€*rk xr,k =

Al

bork +

1 1
b,
VVI—-d2—-b = VVI-d2+b

l—a or
b—v1—-a? b+ l—a
b+ 1—a7 l—a

,*r ) }’k

3 ~
bir/’k/,b*r,k = (zhﬂ) 8rr/sk,k’l’
bi,/7k/,b*rk = 6
biﬂ wobork p = 0,
i i -0
bor' Kk bork - 0
i i n
b irip =0,
{bor s bork} =0,
{b*r’,k’ *rk} 0
¥ ~
{b*r' k”bork} 0. (320)
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And from (3.16):

e;r (k) bo”k + e*r (k) b*r,k

= ¢ k)b,
Y as)
Zﬁ L, ()b
+ —a
b—i-\/l—a2 K)b
—\ ————=¢€, ork-
b— \/l—azfr "
For b,k:
2 3 =
[Pl =47 () b
T T n
{br’7k” br,k} 0,
{by b} =0
From (3.19):
/ —iMkx d /
vi(x) = Y Zénj(k)bk
K r=1
V1—a? ih
e VRO ST
1—(1 r=1
b+ l—a _h
Let:

In that case:

Let

3.21)

(3.22)
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Hy:= U HU T,

For this Hamiltonian:

/ dx- X* HO\l/

* hk/
1/ AA k
/ b+ l—a kl ; *r' K =or

H 2671 kx or k)bork+e*r(k)b*rk)

r—l

h/
SRS

Aot Zi&&@%mﬁﬁﬂmmw+
ﬂt@@%w@@%@

/ l—a ZZ X 7lhkx Z b*r k/eor

3 (e, (k)bor, + e, (K) b, )+
hHy (k)< +Zi: (e, (k) bl;,k +¢,, (k) bl:r,k) )

Hence:
/«uxuw%v@>
(Q)

= [ ax. vi—a v DV X“hk"Zb i
@) k K

h < ('0( )Zr:l (gor ( )bohk +§*r (k) b*r,k) - >
— (k) 24: (égr (k) bor,k +§;r (k) b*r,k)

_ / 1 _az Zh )geigk/xe—izkx.

Zb () (( Zry € () berict €y () burk)
*r! K =or’ ﬁ 3( ! (k)bor,k“‘Q;r (k)b*r,k)

= Z+ i:z kl(/dxe kk’>
¢ Xrr (e (6 () o+l (K) €, () i) —
| Dy (’T( )€y () borsc+ €, (K') €, (K) bk )
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Since

7ih _ /X ZTCC 3
/(Q)dxe ¢ (k—K) :<h> 5k,k’

then
/Q dx- ! (x) Hp (x)
V1—a2 ore
= Vhrvima e Z(h) Bk

T2, (£ ()€ (R bork € (K, ()b ) —
Zb*""'(zrz( 0 (K)ot €2 (K €, () )

In accordance with properties of d:

((®)
—1—a2 2 3
_ /P a Y ho (k) <m>
b+ V 1 —a2 Kk h
$r [ E (W Wbl Wl (WD) =
A s (¢ e (0 bo -l (K) el ()b ) )
Since
el (K)e, (k) = 8.,
egr’ (k/)éir k) = 0
then

gy 2 ) ()

_ b—V1-a? Z <2nc> '

b+V1—a?
4
Z b Z rr'bor,k + Ob*r,k) - Z (Sr,r’bor,k + Ob*nk)
r=1 r=3

me\? [h—V1i—a?
= (h> R e S

V1i—a?
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4 2 4
Y bl | X Srberk— ¥ 8rbork
r=1 r=1 r=3
B <2nc> P b—vV1—a?
~ \h

b+vi-a®
2 4
Lho0 (£ b Lol
k r=1 r=3

Therefore,

/ dx-x! (%) Hyy' (x)

5 J—a 2 4,
- () e m (b £t
r=1

l_a r=3

Similarly you can calculate that

/dx-)(O Ho\lf,
3 ) A
B 2mc V1—a? ; .
B <h> b+v1-— a2 Zh (;’1 b°’>kb*r’k o r_zébor,kb*hk> .
Since
=~ e\ &
lP(t’p): <h> Z ( 7p)brpFO
r=1
and (3.20)
{birlyk/;bor,k} =0, {bir’,k”bink} =0, {bir/,k”bZr,k} =0.
then
7 I 27'CC ' 7
b*r_’kbor,klp = — ork Z Cr ,p b*rkb
Similarly
bIr,kb*nk{\I} = 6'
Hence,

iy @x- ' (x) Hoy' (x) ¥ (1, %0) = Jiq) dx-x (x) Hox (%) ¥ (1, %0)

Thus, the function Y’ (x) can be substituted for the function % (x) in calculations of a
probabilities evolution.
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Let

Vo) () i [ (c+ic%st (k) :|’lno,(s) (k) = [ (a—ib)ey (k) } '

esr (K)
Hence, from (3.16):
6;( 1(1k) z)zhm X
cosh (2noxs) + ) .
L ¢ c+iqg)eg (K)+
210 < +sinh (2ngxy) (c+ig) e (k)
X sinh(2noT)

h +
n cosb (Enl?m) — ﬁz
—sinh (Eno)m)
+exp (_i% (”0x4)) lno,(s) (k)
Therefore, in basis J,y:

Therefore, from (3.22):

Let

Hence, in basis J.y:

(3.23)
Let:

r=1

3
Hy:=cY B9, +hng (ay[o] — bB[“]) ,

3
r=1

0 0 ny O

5 . 0 0 0 n
Hy=(c+ig)| 0 o o |

0 —no 0 0
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0 0 —ny O
~ . 0 O 0 -—n
HI,V = (C_IQ) no 0 0 00

0 ng O 0

In that case in basis J,y:

Let

3
Hio (k) := Y Bk, +no (ay[OJ _ bﬁ[“l) ’

r=1

3
Hyo (k) = Y Bk o (af +5p).

r=1

In that case

Ayt — [ o)
Hy Hyp(k)

An neutrino and it’s lepton are tied by the follows equations:

ﬁv,o (k) Vn(),(s) (k) +1/—i\’,llno,(s) (k) =0 (k) Vn(),(s) (k)

fors € {1,2} and

[/:Iv70 (k) Vi, (s) (k) +I§V,lln0,(s) (k) = —(D(k) Vg (s) (k)

for s € {3,4}.
I suppose that such neutrino can fly 1.5 cm. [36] and give birth to it’s leptons.

3.1.3. Electroweak Transformations

During the 1960s Sheldon Lee Glashow, Abdus Salam, and Steven Weinberg independently
discovered that they could construct a gauge-invariant theory of the weak force, provided
that they also included the electromagnetic force.

The existence of the force carriers, the neutral Z particles and the charged W parti-
cles, was verified experimentally in 1983 in high-energy proton-antiproton collisions at the
European Organization for Nuclear Research (CERN).

Let (3.8) does not hold true, that is U(~) depends on x. And let denote:

B (F,+0.5¢,YB,). (3.24)

3
K=

u=0
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In that case from (2.39) the equation of moving is of following form:

3
<K + Y BHio, +yios + B[4Jia4> ¢ =0. (3.25)
u=0
Let us consider for this Hamiltonian the following transformations:
o— ¢ =Ug,
xq4 — Xy i= (bo + i) axg + (o — L) V' 1 — a’xs,
x5 = x5 := (bo + L) axs — (o — €)' 1 — a%xy, (3.26)

Xy — Xy, :=x, for u € {0,1,2,3},

3
K—K =UCku)—iy i (aym—)) Ut
u=0

with
84U(*) = U(*)84 and 85U(*) = U(f)asi
Since
(bo—Ly) (bo—L,) =13
then

x4 = axy—(lo—0) V1 —a2xs and
xs = (lo—L)\V1—a?x,+axs.

Since for any f:

Bg = 84f . ng4 + 85f . 82X5,
/5f = 84f . 8’5x4 + an - 8’5)65

then

uf Oaf -a+0sf-(lo—t)V1—a?,
Af = 84f-(—(EO—E*)\/I—a2)+B5f-a.

Therefore, if
3
K+ 3 i, -+ i + B“hag) V=0
u=0

then
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Hence,

+X2 o Bi9, U +40 Ui ((— (bo— )T~ a2> A +a85> 0

UG KT = iZﬁ:o Bl (ayU(*)) 4SSl

+X3 0 BMig, + Vi (<_ (bo—0)V1— a2> 94 +aas) UG =0,

B (aa4 F(le— )T azas)

UG KTy = iZﬁzo Bl (BFU(*)) UGty

TR (aa4 F(le— )T azas)

since U(7) is a linear operator such that 04U (™) = U(~)9, and 95U~) = U(-)9s.
Since
Uy =1,
for any f:
0 (U f) = (30) £+ (UO8s) = (20 +U3,) 1,
and
Yy = y) (aY[O] -tV -2 _azBm)
gy = yo (aﬁw F(lo—t)V1—a? _azy[O])
then
UGK — i):zzo [ (ayU(*))
+Zz:0 Bk ((auU(_)) + U(_)au)
+U) (= (0~ £) VT= 2Bl x
xi ((— (lo— )1 —a2) N +a85) ¢=0
+U) (aB + (L, —£) V1= a27[°]> X
Xi(ads+ (bo—Ly) V1 —a285>
Therefore,

UK —iy3 Bk (8,0))
+ Yoo BYi ((9,0)) +U )
(= (6o £) VT =B x
< () VT =@y rads) | |9
+ (@B + (6~ L) V=) x
x (ady + (0 — £) VT~ a5

I
L

+iu)
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3
<U()K + Y pHivg, +iv ) <+y[°}as + 3{4}34)) =0,

u=0

Hence,
3
u) <K+ Y BMig, +i <+’Y[O}a5 + 3[4}84) 9=0
u=0

since BHU) = UCIBM for u € {0,1,2,3}. Compare with (3.25).
Therefore, this equation of moving is invariant under the transformation (3.26).
Let g» be some positive real number.
If design (here: a,b, c,q form U in 3.4)):

. q(9,a)b—q(dub) a+ (duc) ¢*+
Wou = _2giq< +a (a,,a)c+(b (Qub) ¢ +c* (yc) >
Wi e 1( (0ua) a* — bq (d,c) +a (9,b) b+ )

MO T 00\ 4a(9uc) e+ g7 (9ua) + ¢ (Qub) g
W, = —2-L < q(9ua)c —a(dua)b—b* (dub) — )
- 24\ —c(9uc)b— (9ub) ¢* — () qa

and .
W()_"ulz 02 (W] o IWQ_JU) 12 02
0, 0, 0, 0,
W, = . 3.27
a (Wiu+iWay,) 1o 0, —Woul2 02 (3-27)
0, 0, 0, 0,
then |
i gy =2
i (a,,U ) U S82W (3.28)
and from (3.24), (3.25):
Yo oBHi (9, —i0.581BY —i3gaW, —iF,) ) ~
=0. 32
< 9L + BHia), ¢ (3-29)

Let (3.4) d' (¢,x), b’ (¢,x), ¢ (¢,x), ¢’ (¢,x) are real functions and:

(Cl/—f—ib,) 1, 0 (C’—i-ig/) 1, 0

U= 02 P 0, 0,
T (—C/ + ig’) 12 02 (a’ - ib,) 12 02
02 02 0> I
In this case if
v"=uv'v")

then there exist real functions a” (¢,x), b” (¢,x), ¢ (¢,x), ¢" (t,x) such that U" has the similar
shape:
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(a// +lb”) 12

U// —

(_C/l+ig//) 12 02

Let:

"n._
Wy =

Hence,

2i

82
2i

W// —

82
2i

— (a,,U’) Ut 2y

82
Since from (3.28):

then

82

82
Therefore, if

g// — 1

° o 2/(1-d"7)

", l
2y/(1—a"?)

* *

(@)U (U/UH)T

_ (U U Uy -

2i

2i

02

02 I, 02

0, 0, 0,

2i

&2

82
21

82
21

82

82

2, UNU'T —
Ut -=

(U U +U'WU".

i (b"+ (l_a/’Q)) 14
(q”—l—ic”) 14

(V=™ ") 14
(—q"—ic”)l4

(" +ig") 1

(a// _ ib//) 12

2i _
- = v,

W, = it <9HUH) y Ot

(o (o)) (e

)

v (a'uU(*)) Uty

(aHUH) Cmiras

A ((aHUH) U<7>+) 't

(¢"—ic") 14
(M— b”) l4

(—q”-i-iC”) 14

(14 T 1

then under the following transformation

¢ =U"9,

= (00 d xg+ (€= 0) V1 —a"xs,
= (0 00) " xs — (60— 07) V1 — a2,
= x,, forp e {0,1,2,3},

3
— Z Bl

u=0

X4 —))CZ
X5 —>x’5’

"
Xu — xy

1
K K" (F’u +0.5g1YB, + 2g2le/)

(3.30)
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fields W, and W, are tied by the following equation

XN 2 XN
W, =U'WU"" — 2 (9,U") U

(3.31)
like in Standard Model.
From (3.28):
2
- = (=)} (=)t
W =i (au ) U,
Let us calculate:
a‘uWV - ava ==
2 2
a,,( i (pu ) > av< i (a0 v >
2 @)U (auO) (@00
T e\ —@au - o) @u ) )
Since
9,0yU7) = 9y0,U")
then
a'uWV - a\/W‘u — (332)

= 2 (3w) (3,017) - (3w ) (A ).

And let us calculate:

W/JWV - va -

_ <_ig22 (3,0) U(—)T) <_ig22 (a.0) U(—)T) ~
> .

— <_ig22 (3VU(*)) Uyt

B _i ( (a,,UH) Ut (av (—)) Ut >
- g\ - (BVU(*)) Ut (BF,U(*)) Ui
Since
vyt =14
then
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Hence,

(BHU(’)> v+ uC,u =0, and (aVUH) v U Ui =0

Hence,
(auUH) Ut =y, U and (aVUH) Ut = _yOa, Ut
Therefore,
WIJWV - WVW/J -
4= (apU(*)) UGy, u-)i4+
- & + (BVU(*)) U(*)TU(*)BﬂU(*)T
4 _ _ _ _

= (- (20) )+ (2w (30 ))

since

Uty = Ig.

Therefore, in accordance with (3.32):

Wy — oW, = i%Z (W, W, — W, W,)] (3.33)

In accordance with (3.27) matrix W, W, — W, W, has the following columns:
the first and the second columns are the following:

2iW Wy —2iW, Wy 0,
02 02

2Wou Wy + 2iWo yWa , — 2Wo (Wi v — 2iWo Woy - 02 ’
02 02

the third and the fourth columns are the following:

2Wo Wiy — 2iWo Way — 2Wo y W1, + 2iWo s Wa 02

02 02
—2iW; Way +2iW, Wy 0, °
02 02

And matrix d,Wy, — dyW,, has the following columns:
the first and the second ones are the following:

a‘uWON - avw()“u 02
02 02

8,,W1 vt iayWQ’V — BVW1 e i8VW2,H 0,°
02 02

the third and the fourth columns are the following:
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aluW1 R ia‘uWZN - a\/W] N + ia\/WQ‘_”u 02

02 02
—a'uW()N + avW()”u 02 )
02 02

Therefore, in accordance with (3.33):

i% (21W1  Way — 2iWs Wi )
= I Wov— Wy,

i% (2Wous Wi i+ 2iWo y W — 2Wo oWy — 2iWo, Way)
= Wiy +idWoy — oWy, —idyWa ,

i% (2Wo Wy — 2iWo ,Way — 2Woy Wi+ 2iWo , Wi )
= I Wiy—id Wy — Wi, +idyWa,

i% (—2iW) ,Way +2iWa Wi y)

- _a‘uWQN + avw()”u.
Hence,
a\/WO,‘u - a/JWO’V — &2 (W]‘7IIJW27V - W17vw27p) N (334)
a\/Wl M - a/_lW1 v 82 (WZ,,UWO,V - W27vw07p) N (335)
aVWZV,, = a#WQ,V -2 (WO,,uWLv — W()?VWL,U) . (3.36)

The derivative of (3.34) with respect to xy is of the following form:

aVaVWO,,u = apavWO,v_

—2 ( (avWI 7;1) WZ,V +W Wi (avWZ,v) >
- (avwl ,v) W2,y - Wl RY (avWZ,,u) )

Let us substitute dy,W; uand BVWQW for its expressions from (3.35) and (3.36):

avav"VO,,u = ayavWQv_
(0uWiy — 82 Wa, Woy —WayWo ) Way
-8 +Wi 4 (0 Way) — (Oy W1 v) Wa =
—Wl,v (a,uWZN — 82 (WO,le A WO,VWI ,,u))

= a,uavWO,v
(0uWiy) Way — g2 (Wa WoyWay — WayWo  Way)
—82 +Wi (0vWay) — (0w Wi y) Wa =

—Wiv0 Way + 82 (Wi yWo Wiy — Wi yWoy Wi )
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= —gZ (Wi Wiy +WayWay) Wo it
+85 Wiy Wi+ Wa,Wa ) Wo y
< (0uW1y) Way — Wi y0,Way >
—82
+Wiy (avWZ,V) - (ale,V) W2+t
+a,uavW0_’v

Hence,

avavVVO,p =
= —g3 (Wi Wiy + Wa W) Wo u+
+83 (Wi Wi+ Wa Way) Wo
< (a,uWI ,V) WZ,V - Wl ,va,uWZ,V >
—82 +
+Wi M (avWZ,V) - (ale,V) WZ,#
+a‘ua\/WO7v.

Therefore:

avavvvo,p =
= _g% (WO,VWO,V +WivWiy + WZ,VWZ,V) Wout
+23Wo v Wo v Wo .
+85 (Wi v Wi+ Wa Way) Wo v
< (a,uWI 7v) WZ,V - Wl ,va,uWZ,v )
—&2 +
+Wl,y (avW2,V) - (avwl,v) Wz,y
+a‘uaVWO7v.

Thus,

avavVVO,,u -
= — g3 (WoyWoy + Wi Wiy +Wa Way ) Wo u+
+g% (WO.,VWO,,u + Wl ,VWI U + WZ,,uWZ,V) WO,V
< (ayWI ,v) W2,v - Wl ,va,uWZ,v )
—82 +
+Wl N7 (avWZ,V) - (avWI ,v) W2,y
+a’ua\/WO7v.

(3.37)

Since
sz =WovWoy +WiyWiy +WoyWay
and
<WV yVT/,,> = WoWo + Wiy Wi+ Wa,Way = <VT/V |vT/,,>

for

Wo.u _ Wov
W:u == Wl M and Wv - W] RY
Wa Wav
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then
~ \2
avévw(),,u =- (gZWv) Wout
(a,qu ,v) WZ,V - Wl ,va,uWZ,v
—&2 +
+Wi 4 (O Way) — (W W1 y) Wa
“I‘a‘ua\/W()’v.

Hence,

N2
00doWo = — <82W0> Wo ut+
+85 (Wo| W) Woo
( (0uW1,0) Wa,0 — Wi 00, Wa o >
—82 +
+Wi 4 (doWa,0) — (doWi,0) Wa
+ap80W0$0.

Since dg = %B, then

_\2
CizatZWO# =— (82W0> Wo u+
+g3 <V~VO \Wu> Wo.0
( (0uW1,0) Wa0 — W 00, Wa g >
—&2 +
+Wi 4 (9Wa,0) — (doW1,0) Wa
+8,,80W070.

And for s € {1,2,3}:

~\2
asastO,,u = - (gZWs) WO,,u
+43 <Ws|v~vp> Wo.s
< (a,uWI ,s) W2,s -W ,sa,uWZ,s >
—82
+Wl M (asWZ,s) - (asWI,s) W2,,u
+8,,BSWO,S.
Therefore,
- cizazzgvf),u + 23:1 8§Wo,u =
- (gzﬁ/o) Wou+ &3 <W0 !Wp> Wo.0

- (0uW1,0) Wa,0 — Wi 09, Wa 0 +
—82
+Wi 4 (doWa,0) — (doW1.0) Wa
—|—a,uaoWo,0

3 ~\2
£ () W
+g% <Ws’ﬁly WO,S

< (a,uWI ,s) WZ,S - Wl ,sa,uWZ,s >

—82

+W1 M (asWZ,s) - (asWI,s) W2,,u
+a,uasWO,s

+
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Hence,
- Cizzgwo# + 23:1 aEWO-,.U 2:
(gzﬁ’o) Wou— Yo, (gzﬁ’s) Wo u
+a3 Y0 <WsIWu> Wos — &3 <W0|V~Vu> Wo0
( (0uW1,0) Wa0 — W 00, Wa g >
te +Wi 4 (doWa,0) — (doWi,0) Wa
_ 23 ( (a,uWI,s) W27s - WLsauWZ,s )
- +Wl,,u (asW2,s) - (asz,x) WZ,,u
+0, Y21 9sWo.s — 0,00Wo 0 — -
Hence,

(~2+ 521 3) Wou = 83 (WG — Ty W2) Wot
+g3 <Zs:1 <Ws\Wy> Wo,s — <VT/0|VT/#> Wo,o)
( (0uW1,0) Wa,0 — W1 00, Wa 0 )
e +W1 4 (d0W2,0) — (d0W1,0) Wa
N 23 ( (ayWI,s) W2,s - Wl,sa,uWZ,s )
+Wl,,u (asWZ,s) - (asz,x) W2,,u
+0, Y21 9sWo.s — 9,00Wo 0.- (3.38)

This equation looks like to the Klein-Gordon equation” of field Wo,. with mass

h o, &
m=—g wg—Y) w2 (3.39)
s=1

and with additional terms of the Wy, interactions with others components of W. You can
receive similar equations for W ,, and for W5 ;.

If
Wo— W LW = Wi o W,C’::Wk,ifs;ék
\/1— \/1—
then
3
_ZV’[V/Q
S
s=1
~ o 2 ~ s 2
) ()
o V2 V2 $
1=(3) 1=(3) sk
42.57)

<_Czat + ;as> o= h2 ¢
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Wi+ (%)zﬁlkz_ﬁlkz_ (g)zwo2 YW
= N2 s
1= (2) sk

) (1—(2)2)W§—V(1—(Z)2)W£_ZWS,Z‘

- (2 s

Hence,
7712 > - 2 _ T2 s 2
/ /
Wo> =Y W2 =Wy - ) W
s=1 s=1
Therefore, such "mass” (3.39) is invariant for the Lorentz transformations:

You can calculate that it is invariant for the transformations of turns, too:

W/ = W,cosh — WjsinA.
W/ =W, sinA+ W;cos\;

with a real number A, and r € {1,2,3}, s € {1,2,3}; and it is invariant for a global weak
isospin transformation U’:

Wy = W) =UWU"

but is not invariant for a local transformation (3.31). But local transformations for Wy,
W1, and Wy, is insignificant since all three particles are very short-lived with a mean life
of about 3 x 10~ seconds.

That is in (3.38) the form

varies in space, but locally acts like a mass - i.e. it does not allow to particles of this field to
behave as a massless ones.

A mass of the W-boson was measured, for instant (Figure 29), between 1996 and 2000
at LEP® [26].

Let®

O := arctan Z—;,
Z, = (Wpcoso— Bysinau), (3.40)
Ay = (Bycoso+ Wy, sinar).

In that case:
Yv 8vvOvoyWo , = cosou- Yy gy vOvOvZy, +sino- ¥y gy vOvovA,.

If

5The Large Electron-Positron Collider (LEP) (Figure 28) is largest particles accelerator (ring with a circum-
ference of 27 kilometers built in a tunnel under the border of Switzerland and France.)
bhere o is the Weinberg Angle. The experimental value of sin® o0 = 0.23124 £ 0.00024 [27].
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ng’vavavAlJ == 0
v

then
my

myz =
(o1 Y04

with my from (3.39). It is like Standard Model.

Figure 28:

The equation of moving (3.29) under F,, = 0 has the following form:

Yo oBHi (9, —i0.581B.Y —i38:W,) ) ~
=0. 341
( +y%i0s + B“lio, ¢ 41
Hence, in accordance with (3.27) and (2.36):
Zf,:o BHix
. I, 0
8,,—10.5g1By (— |: 02 2‘12 :|>_
Woulz 02 (Wiy—iWp,) 1, 02
X —il 02 02 02 02
282 (Wi +iWa,) 1, 0y —Woul2 0,
0, 0, 0, 0>
+v1%i95 + B*lia,
$=0.

In accordance with (3.40) [29]:
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DELPHI
f\] _|||||IIIIIIIIIIIII||IIIIIIIIIIIIIIIIIIIIIIIIIIIII_
ooy | =
> E WW — ggey 2152 pb™" 3
B 80 F 5
3 - 4 data :
™0 o
*E r ]
5 60 [ ]
L} r .
50 F —Z
0 b =
30 F E
20 | -
10 E —Z
0
55 60 65 70 75 BG 85 90 05 100 105
W mass (GeV/c)
Figure 29:
B, = -2, 81 +A, 82 ’
\/ &1 +&3 \/ &1+
Wo, = Z, 82 +A, 81 '
Va+e \Ja+e

Let (e is the elementary charge’: e = 1.60217733 x 10~ ).
8182
=222
\/81+83

and let

(g3+g}) 1l 02 0, 0,

~ 1 2
Zy —7 02 2g112 02 02

" /g% + g 02 0, (g-¢ghl 0, ’
0, 0, 0> 2871

7Sir Joseph John ”J. J.” Thomson, (18 December 1856 - 30 August 1940) was a British physicist. He is
credited for the discovery of the electron and of isotopes, and the invention of the mass spectrometer.
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0, 0, (W1 T in"u) 1, 0,
W= 02 0> 0, 0,
w82 (Wiu+iWay,) 1, 0, 0> 0, ’
0> 0> 0> 021>
0 02 02 0
~ 0 In 02 0
A=Ay 0, 0 1o 0y
0 00 02 1z

In that case from (3.41):

<22:0 Bl (8“ + iegy —i0.5 (Zu + Wu)) + 7995 + [3[4]i84> ¢=0.

(3.42)
Let in basis (3.11) (3.23) :
gv
o=
(Pe,L
(pe,R
In that case
¥ Bl <By6+iA,,e [ $2 ] ~i0.5 (Z,+W,) @) o
+ (Y05 + B*io,) ¢ (3.43)

Here the vector field A, is the electromagnetic potential 8. And (Z, + Wy> is the weak
interaction potential Evidently neutrinos do not involve in the electromagnetic interactions.

3.2. Quarks and Gluons

The quark model was independently proposed by physicists Murray Gell-Mann® and
George Zweig!? in 1964.

8James Clerk Maxwell of Glenlair (13 June 1831 - 5 November 1879) was a Scottish physicist and mathe-
matician. His most prominent achievement was formulating classical electromagnetic theory.

9Murray Gell-Mann (born September 15, 1929) is an American physicist and linguist

10George Zweig (born on May 30, 1937 in Moscow, Russia into a Jewish family) was originally trained as a
particle physicist under Richard Feynman and later turned his attention to neurobiology. He spent a number of
years as a Research Scientist at Los Alamos National Laboratory and MIT, but as of 2004, has gone on to work
in the financial services industry.
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The first direct experimental evidence of gluons was found in 1979 when three-jet
events were observed at t he electron-positron collider PETRA. However, just before PE-
TRA!! appeared on the scene, the PLUTO experiment at DORIS'? showed event topologies
suggestive of a three-gluon decay.

The following part of (2.30):

3
Y B (—ide+ O + TeyP)) —
k=0

[0]
~MyoY, + Mol + 9=0. (3.44)
_Mn,071[10] _Mn,émm +
+Mo oYy + Mg 4614
is called the chromatic equation of moving.
Here (2.6), (2.8), (2.10):
0 0 01 0 0 0 i
o_ (0010 CM* 0 0 i O
T="lo1 00| 0 —i 0 0
1 000 -1 0 00

0 0 0 i 00 0 1
o | 0 0 —io 4 |0 0 10
M=o i o0 of " 0 -1 0 0
i 0 0 0 1 0 0 0

are mass elements of green pentad;
0
0
Ye = _1

0

—oc oo

coo |

co—o
| o
L.

- oo o

coc o

=

are mass elements of blue pentad.
I call:

o Mo, M 4 red lower and upper mass members;,
o My 0, My 4 green lower and upper mass members,

® My, Mg 4 blue lower and upper mass members.

I'PETRA (or the Positron-Electron Tandem Ring Accelerator) is one of the particle accelerators at DESY in

Hamburg, Germany.
I2DORIS (Doppel-Ring-Speicher, "double-ring storage”), built between 1969 and 1974, was DESY’s second
circular accelerator and its first storage ring with a circumference of nearly 300 m.
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The mass members of this equation form the following matrix sum:

_MC,O’Y[QO] +MC,4C.>[4} —

M = —Mmo%[?] _Mn741~|[4]_|_ =

+ Me70’Y[eo} + M9749[4]

0 0 —Mg MCJLO 0 0 Mg 4

_ |0 0 Mo Moo | 1 0 0 Mng
~Moy Mo O 0 ~Mos ~Mj,, O
M?;WO Me70 0 0 _M§7U,4 Me74 0

with MCJLO = MC,O — iMm() and MCJ]A = M§74 - iMn’4.
Elements of these matrices can be turned by formula of shape [28]:

cosg ising Z X —1iY cosg —isin%
isin % cos g X+1Y —Z —i sin% cos g
Zcos®—Ysin® X —i YCO,SG
_ +Zsin0
B .( Ycos6 _
X+1< 4 7sin6 ) —ZcosB+7Ysin6
Hence, if:
cosQ isinQ 0 0
isinot  coso 0 0
Vas (o) = 0 0 cos0, isinal
0 0 isinot  cosal
and .
_M/c,oyg +M§;,4C[4]—
M= _Mﬁ,OVT[?] _Mﬂ,4n[4]+ = U2T,3 () MU, 3 (o)
+My vy, + M 01
then
M/C,O = MC,O ’
M1I1,0 = My ocos20.+ Mg osin2a,
My o = Mg 0 cos 20, — My g sin 20,
M/C,4 = M§,4 y

M1/1_4 = My 408200+ Mg 4 sin 201,
My 4 = Me 40820, — My 4 5in20..

Therefore, matrix U, 3 (o) makes an oscillation between green and blue chromatics.

*
MC-,nA
—Mg 4

0

0
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Let us consider equation (2.30) under transformation U, 3 (&) where o is an arbitrary

real function of time-space variables (a0 = o (f,x1,x2,x3)):

1 . .

3
M9y +i®y +iYyy?)
— U2Ji3 (OC) VEIB ( v 10y + 11, A) + U273 (OC) 0.
+iMoyO +iM B + M

Because
Uy 5 () Un s () = 1,

Uz 5 () YU, 5 (o) =7,
U3 5 () Y023 (o) =41,
Uj 5 (o) B¥IU 3 (0r) = B,
U;,3 () Bl = B[I]UzT,s (o),
Uy 5 (00) B2 = (B cos 20+ BB sin2a) U5 5 () |
Uz 5 (o) BB = (B cos 20— B1?) sin2a) U7 5 (00)
then

1 1 . .
(C o+ U2T,3 (o) < 0;Uz3 (o) +10g + 1Toy[5}> o=

plll @1 +U2T73 (0) 01U 3 (a0) + 1O +iY1Y[5b +
(cos20t- 0y —sin2aL- 03)
+ UZT_3 (o) €os2a- 9, — sin2a- 93 Uy 3 ()
i (®2cos20.— @3sin2a)
+1i (sz[S] cos20,— Y3y sin ZOL)

+B[2]

+ UZT.S (o) os20- 93 + sin20u-dy Ua 3 ()
+1(®,sin20+ O3 cos2a)
+i (Y3y°) cos 2004 Yo7l sin20x)

+ 3[3]

+iMoy® +iMyBlH + M’

Let x} and x be elements of other coordinate system such that:
d : =(cos2a-0d, —sin2a-03),

d5 : = (cos2a-d3+sin2a-9;).

Therefore, from (3.45):

1 1 . .
(c o + U2T,3 ) c 0, U3 (1) +1®0 + IYO'Y[S]> ¢=

- (cos20u- 93 +sin20.- d7) P

(3.45)

(3.46)
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B[l] (81 + U2T,3 (OL) 81U273 (OC) +10; + iTl’Y[S]>
+B2 (3 + UL (@) %U23 (o) +i0) + 07 )
+ BB (9 + UJ 5 (0) 94U (@) +i04 + 05y

+iMoYO) + My pH 4 M’
with
@), := 0, cos20.— O3 sin 20,
@) := 0, sin20+ O3 cos 20,
Y, :=T,cos20.— Y3sin2a,
Y% :=TY3cos20.+ Y sin2a.

Therefore, the oscillation between blue and green chromatics curves the space in the x;,
x3 directions.
Similarly, matrix

cos¥ sind 0 0

—sin® cos® 0 0
Ui(9) = 0 0 cos¥ sind
0 0 —sind cos®

with an arbitrary real function O (¢,x,x;,x3) describes the oscillation between blue and red
chromatics which curves the space in the xy, x3 directions. And matrix

Ua@=1 ¢ o o= o

with an arbitrary real function ¢(z,x;,x2,x3) describes the oscillation between green and red
chromatics which curves the space in the x1, x, directions.

Now, let
coshe —sinho 0 0
—sinhc  cosho 0 0
Vo1 (0) := 0 0 coshc sinho
0 0 sinhc cosho
and 0
N i
= —M” ,Y[O] M// = UJ,I (6)MUy (o)
MY+ ,49[ !
then:
Mg,o =My,
My o = (Myocosh26 — Mg 4sinh20)
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Mg o = Mg ocosh26 + My 4sinh 20,
1/
My y =Mga,
My 4 = My 4cosh26 + Mg osinh 20,
Mg 4 = Mg 4c0sh26 — My g sinh 26 .
Therefore, matrix Uy, () makes an oscillation between green and blue chromatics with
an oscillation between upper and lower mass members.

Let us consider equation (2.30) under transformation Uy (o) where © is an arbitrary
real function of time-space variables (¢ = G (¢,x1,x2,x3)):

1 . .
Ug,l (0') <C d; +10g +1Y0’Y[5}> Uo.1 (6) o=

3
M9y +i0y +iYyy) +
:U(;I(G) VEIB (V v vy ) Uo’l(G)(p.

+iMoYO +iMyBH + M

Since:
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then

Uy (0) fosh2a- L9, +sinh26-9) U, (o)

+ (cosh26- 19, +sinh26-9;)
+i (0 cosh26 + O sinh20)
+i(Yocosh26 + sinh 26 Y1) yP)—
U(ﬂ] (6) fosh26-9; +sinh26 - 19) Uy (0)

—pll + (cosh26-9; +sinh20- 19;)

+i(0®; cosh26 + O sinh 26)
+1 (Y cosh26 + Yy sinh26) !

— A @2 + U(;ll (6) (02U,1 (0)) + 10, + inY[SD
— Bl (33 +Uq | (0) (93001 (0)) + i3 *iYW[SD

— iM()’Y[O} — iM4[3[4] — M“

Let 1" and x| be elements of other coordinate system such that:

Hence:

that is

and

0.
i,l = cosh2c
ox}

ot 1

5 = —sinh20
x| ¢

0.

% = csinh2c

ot
5 =cosh2c

sz a)C3 sz . aX3 .

o o ok, ox 0

a’-_i_éﬁ+i%+i@+i%_
P9 otor’  Oxy of  Oxp off  Ox3 off

0
=cosh2c- 3 +csinh2G- a—x] =
= cosh26-0; +csinh26- 91,

1 1
-0, = — cosh26-9; +sinh206 - 9;
c c

(3.47)

(3.48)
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_2&_{_1%4_88}@_{_88}@
ot ox)  Ox;ox]  Oxpdx] 0x30x]
10

0
= h2c- — h2c-— — =
= COS o + sin c o1

= cosh20 -0 +sinh2G - fat.
c

Therefore, from (3.47):
B (g 3+ Uy (0) LaUp,1 (0) + 10 +iXyy"
( 6)0,Up,; () + i@/ +iY"y?

B[z 0 + UO h azU() 1 (0)+ 10, —l—iTz'Y[s]

YRy
N— N— N——— N /

+ b (a3 +Ug 1 (6)93U0,1 (0) + i@3 +iY3y")

+iMoy® + iMy B + M7

with
0f := 0gcosh26 + O sinh 20,
O := 0 cosh26 + @) sinh 20,
Y :=Yocosh26 +sinh2c -1,
Y| :=7Ycosh26+ Yysinh2c.

Therefore, the oscillation between blue and green chromatics with the oscillation be-

tween upper and lower mass members curves the space in the ¢, x; directions.
Similarly, matrix

cosh¢  isinho 0 0

| —isinh¢ cosh¢ 0 0
Uop (9) := 0 0 cosh¢ —isinh¢
0 0 isinh¢  cosho

with an arbitrary real function ¢ (¢,x1,x2,x3) describes the oscillation between blue and red
chromatics with the oscillation between upper and lower mass members curves the space in
the ¢, x, directions. And matrix

&0 0 0
0 e' 0 0
Uos(M:=1 74 o , o
0 0 0 ¢

with an arbitrary real function 1 (¢,x,x;,x3) describes the oscillation between green and red
chromatics with the oscillation between upper and lower mass members curves the space in
the ¢, x3 directions.
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Now let
e'x 0 0 0
~ V4
0= ‘o e o
0 0 0 &
and
Coyé My G~
M= —M'Oyﬁ’] ,4nH =U" (0) MU (x)
+My, oY[eo] +Mé746[4]
then:
M&,O = ( Ocosx—MgAsinx),
M&A = (M§4COSX+M§0SIIIX),
{]’4 = (My4cosy —Mypsiny),

Meo = Meocosx +Me4s1nx

2

(

( )
Mgy = (Mgacosy —Mggsiny).
Therefore, matrix U (x) makes an oscillation between upper and lower mass members.

Let us consider equation (3.44) under transformation U (x) where ¥ is an arbitrary real
function of time-space variables () = (¢,x1,%2,x3)):

. 1 _ _ _
0" 0 ( L3r+iew +Mu ) U ) 9=

3
- ijT (X) <Z ﬁ[v] (av +10, —i—iTv'Y[S]) +A2> U (X)(P
v=1

Because
YU (1) = U (0)v7,
BT (x) =U () B,
BEIT () = U (x) B,
BEIU (x) = U (x) B¥,
ij—k (X) [7 (X) — 14 )
then

1 1 ~, ~
(20410700 (30 ) +i00+ Ty ) 9=

( £ B (20 () (3,0 () + iy + 1) )(p.

~ A~ ~

+U" (x)MU (x)
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Now let:
e“ 0 0 0
~ 0 & 0 0
U (K) = 0 0 eZK 0
0 0 0 ¢
and .
Mg+ Mg L
. o . N
M= | My — My i+ | =07 (MU (%)
0
+ M oYy +Mp 8
then:
Mg = (Mecoshk —iMe4sinhk),
My 4 = (Me4coshi+iMesinhk),
My o = (Myocoshk —iMy 4sinhi),
na = (Mnacoshk+iMygsinhx),
My, = (M g coshk+iMy 4sinhk),
M&A = (M§’4 coshk —iM¢ o sinhK) .

Therefore, matrix U (k) makes an oscillation between upper and lower mass members,
too.

Let us consider equation (3.44) under transformation U (x) where x is an arbitrary real
function of time-space variables (k = ¥ (¢,x1,x2,x3)):

U~ (x) (i 3, +i0y +iYoY[5]) U(x)p=

=U"'(x) (23: Bl (E)VJri@)V +iTVy[5]> + 1\71) U (x) .

v=1
Because

WU () = U (k)%
01 () Bl = BT (x)
U~ (x) B =BT (x),
U~ (x) BB = BRIT (x),

U1 () U (k) = 14,
then

<i3r +U7'(x) (iaﬁ (K)> +i0p —i—iYoYm) 0=
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)q,.

U ()) + i@y + 0¥ +

U
K

Bl (av +U" (x) (
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o

coTo @90 | <

o ~0 0
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cocnNoc ocogo
0‘|_AOO o — O O o - O O
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Let U be the following set:

U:= {Uo,l,U2737U1,3,Uo,27U1,2,Uo,3,l7,l7}-

<
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Y~ M/~ /~ —~ —~
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ISENS
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=&
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Z >
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S 3
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>
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S
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=
N~—
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>
]
(@)
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72
=
N
=
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>
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2.
=
=
[\
=

Ay cos2¢— Az sin2¢
0) A2Up 2 (9) = Ay cosh2¢ + Ag sinh2¢
Ay cos20 + Assin2O

~~ Y~ N
Ip)
N~—
>
(3]
S
)
—~
Ip)
S~—
Il

=
SN— 8
>
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S
az
I

L
>
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U~ (%) AU (1) = Aa

U~ () Al (k) = Aq

Uo_,sl (1) A4Up3 (1) = Agcosh2t — Ay sinh2t
Ule (6) AsUi2 () = Agcos2g+ Ajsin2g
U1_31 (0) AsU13(9) = A4

U731 () AgUs 3 (0) = Agcos20— Agsin2a
U_,11 (6) A4Up,1 (0) = A4cosh26 + Assinh206
Ufll (6) AsUp, (0) = Ascosh26+ Assinh20
Uy (o) AsUp3 (o) = Ascos 20+ Agsin2a
Upd (9) AsUp3 (9) = (Ascos28 — A sin20)
Uo,z1 (¢) AsUp2 (¢) = Ascosh2¢ — Ajsinh2¢
Uof,31 (1) AsUp3 (1) =As

U~ (k) AsU (k) =As

U™ (0)AsU (1) = As

U~ (x) AU (X) = As

U~ () AU (x) = Ag

Up, (9 AsU12(g) = As

Usa (0) AUo2 (9) = Agcosh20+ Agsinh2¢
U1_31 (9) AsU1 3 (8) = Agcos2V — A sin20
U731 () AgUz 3 (0) = Agcos20i+ Agsin2a
Uy (6) A¢Uo.1 () = Agcosh26 — Agsinh 26
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U1 (x) AsU (¥) = Ag
then for every product U of U’s elements real functions G’ (,x1,X2,x3) exist such that

8
v @) =LY AG
r=1

with some real constant g3 (similar to 8 gluons).

3.3. Asymptoiic Freedom, Confinement, Cravitation

The Quarks Asymptotic Freedomin phenomenon and the Quarks Confinement phenomenon
has been was discovered by J. Friedman'3, H. Kendall'%, R. Taylor!3 at SLAC in the late
1960s and early 1970s.

Researches of the phenomenon of gravitation were spent by Galileo Galilei'® in the late
16th and early 17th centuries, by Isaac Newton!” in 17th centuries, by A. Einstein'® in 20th
centuries.

From (3.48):
ot
3 = cosh20, (3.49)
0
a% — csinh2o.

Hence, if v is the velocity of a coordinate system {#',x'} in the coordinate system {7, x}
then

sinh20 =

Therefore,

v = ctanh20. (3.50)

13Jerome Isaac Friedman (born March 28, 1930) is an American physicist.

14Henry Way Kendall (December 9, 1926 — February 15, 1999) was an American particle physicist

I5Richard Edward Taylor (born November 2, 1929 in Medicine Hat, Alberta) is a Canadian-American pro-
fessor (Emeritus) at Stanford University.

16Galileo Galilei ( 15 February 1564[4] — 8 January 1642), was an Italian physicist, mathematician, as-
tronomer, and philosopher

17Sir Isaac Newton PRS (25 December 1642 — 20 March 1727 was an English physicist, mathematician,
astronomer, natural philosopher, alchemist, and theologian

18 Albert Einstein ( 14 March 1879 — 18 April 1955) was a German-born theoretical physicist
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Let p
26 :=m(x) -
o= o)<
with A
0)()6) =1
|x]

where A is a real constant with positive numerical value.
In that case

At
v(t,x) =ctanh | —— | . (3.51)
] x
and if g is an acceleration of system {¢’,x] } as respects to system {7,x; } then

v co(x1)
glrw) =2 = .
ot (cosh2 o (x1) x%) X1

Figure 30:

Figure 30 shows the dependency of a system {r’,x]} velocity v(z,x;) on x; in system
{l , X1 }

This velocity in point A is not equal to one in point B. Hence, an oscillator, placed in
B, has a nonzero velocity in respect to an observer, placed in point A. Therefore, from the
Lorentz transformations, this oscillator frequency for observer, placed in point A, is less
than own frequency of this oscillator (red shift).

Figure 31 shows a dependency of a system {¢’,x} } acceleration g (¢,x1) on x; in system
{t,x1}.

If an object immovable in system {7,x; } is placed in point K then in system {#',x} } this
object must move to the left with acceleration g and g ~ 3

I call:

e interval from S to oo the Newton Gravity Zone,
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Figure 31:

e interval from B to C the the Asymptotic Freedom Zone,

e and interval from C to D the Confinement Force Zone.

3.3.1. Dark Energy

In 1998 observations of Type la supernovae suggested that the expansion of the universe
is accelerating [37]. In the past few years, these observations have been corroborated by
several independent sources [38]. This expansion is defined by the Hubble!® rule [39]:

V(r)=Hr, (3.52)

here V (r) is the velocity of expansion on the distance r, H is the Hubble’s constant
(H ~ 2.3 x 107 18¢71 [40)).

Let a black hole be placed in a point O. Then a tremendous number of quarks oscillate
in this point. These oscillations bend time-space and if # has some fixed volume, x > 0, and
A =M then

A
v(x) = ctanh <x2) . (3.53)

A dependency of v(x) (light years/c) from x (light years) with A = 741.907 is shown in
Figure 32.

Let a placed in a point A observer be stationary in the coordinate system {z,x}. Hence,
in the coordinate system {#’,x’} this observer is flying to the left to the point O with velocity
—v(x4). And point X is flying to the left to the point O with velocity —v (x).

Consequently, the observer A sees that the point X flies away from him to the right with
velocity

19Edwin Powell Hubble (November 20, 1889 September 28, 1953)[1] was an American astronomer
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Figure 32: Dependence of v (light year/c) on x (light year) with A = 741.907
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Figure 33: Dependence of V4 (r) on r with x4 = 25 x 103 Ly.
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Hc! T T
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Figure 34: Dependence of H on r

A A
V4 (x) = ctanh <2 - 2> (3.54)
X3 X
in accordance with the relativistic rule of addition of velocities.

Let r :=x — x4 (i.e. ris distance from A to X), and

V4 (r) ;= ctanh (/; - A) . (3.55)

Xy (va+ r)2

In that case Figure 33 demonstrates the dependence of V, (r) on r with x4 = 25 x 103

Ly.
Hence, X runs from A with almost constant acceleration:

=H. (3.56)

Figure 34 demonstrates the dependence of H on r. (the Hubble constant.).
Therefore, the phenomenon of the accelerated expansion of Universe is explained by
oscillations of chromatic states.

3.3.2. Dark Matter

”In 1933, the astronomer Fritz Zwicky?® was studying the motions of distant galaxies.
Zwicky estimated the total mass of a group of galaxies by measuring their brightness. When
he used a different method to compute the mass of the same cluster of galaxies, he came up
with a number that was 400 times his original estimate. This discrepancy in the observed
and computed masses is now known as “’the missing mass problem.” Nobody did much with

20Fritz Zwicky (February 14, 1898 February 8, 1974) was a Swiss astronomer.
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Figure 35: A rotation curve for a typical spiral galaxy. The solid line shows actual mea-
surements (Hawley and Holcomb., 1998, p. 390) [42]

Zwicky’s finding until the 1970’s, when scientists began to realize that only large amounts
of hidden mass could explain many of their observations. Scientists also realize that the
existence of some unseen mass would also support theories regarding the structure of the
universe. Today, scientists are searching for the mysterious dark matter not only to explain
the gravitational motions of galaxies, but also to validate current theories about the origin
and the fate of the universe” [41] (Figure 35 [42], Figure 36 [43]).

Some oscillations of chromatic states bend space-time as follows (3.46):

0 0 . 0
o] = cos20.- Py sin20. - a—y (3.57)
0 0 . 0
aiy/ = cos20(~$—|—sln20t-afz.
Let
z : =x+iy, e z=re?;
7 0 =X+

Because linear velocity of the curved coordinate system (x’,y’) into the initial system

(x,y) is the following?!:
v (6,r) = \/<x (9,r))2+ (y'f (9,r)>2

then in thic case:

L] L] ,
20,/ o .9
. t’y' o
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Figure 36: Rotation curve of NGC 6503. The dotted, dashed and dash-dotted lines are the
contributions of gas, disk and dark matter, respectively.
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v(0,r) =[x

Let function 7' be a holomorphic function. Hence, in accordance with the Cauchy-
Riemann conditions the following equations are fulfilled:

o 0y
oax oy’
of 9y
dy

Therefore, in accordance with (3.57):
d7 = efi(Z(x)dZ
where 2o is an holomorphic function, too. For example, let

200 := %((x—i—y)—f—i(y—x)).

In this case:

I g (1= (A (50)+ B(1.50) +C(1,70))
where
rCoS r2
A(t,r,0) : _4 \/Eeexp (2t(sin26)—icos29),
B(t,r,0) : ——2\\//ferf<Q(9)\2>,
C(t,r,0) : :—\/ﬁ-cose-Q*(G)-erf<Q(9)\2>
where

Q(0) := (cos®—sinB) +i(cosO+sinB).

Figure 37 shows the dependence of velocity v on the radius r at large ¢ ~ 10% and line
(1) at ® = m, and line (2) at 6 = 13n/14. Compare it with Figure 35 and Figure 36.

Hence, Dark Matter and Dark Energy can be mirages in the space-time, which is curved
by oscillations of chromatic states.

’






Conclusion

Fundamental Theoretical Physics contains sequences of theories, each of which is explained
of previous ones by rules of the classical logic. For example, optics is absorbed by theory of
electromagnetism, classical mechanics - by special theory of relativity and quantum theory,
the theory of electromagnetism and weak interactions - by theory of electroweak interac-
tions of Sheldon Glashow and so on. That means that basic notions and statements of every
subsequent theory are more logical than basic notions and axioms of the preceding one.

When these basic elements of the theory become absolutely logical, i.e. when they
become notions and rules of classical logic, theoretical physics will come to an end, it will
rather be logic than physics.

Any subjects, connected with an information is called informational objects. For ex-
ample, it can be a physics device, or computer disks and gramophone records, or people,
carrying memory on events of their lifes, or trees, on cuts which annual rings tell on past
climatic and ecological changes, or stones with imprints of long ago extincted plants and
bestials, or minerals, telling on geological cataclysms, or celestial bodies, carrying an in-
formation on a remote distant past Universe, etc., etc.

It is clearly that an information, received from such information object, can be expressed
by a text which made of sentences.

A set of sentences, expressing an information of some informational object, is called
recorder of this object (p.15).

Obviously, the following conditions are satisfied:

I. A recorder does not kept logically hereafter refers to the classical propositional logic
inconsistent sentence.

II. If a recorder contains some sentence then one contains all propositional conse-
quences of that sentence.

+III. If recorder a contains sentence “recorder b contains sentence A” then recorder a
contains sentence A.

For example, if recorder a contains sentence “recorder b contains sentence “Big Theo-
rem is proved” ” then recorder a contains sentence “Big Theorem is proved”.

Some recorders systems form structures like clocks. The following results come from
the logical properties of a set of recorders (p.16)

First, all such clocks have the same direction, i.e. if an event expressed by sentence A
precedes an event expressed by sentence B according to one of such clocks then the same
for others as well (p.18).

Secondly, time, according to this clock, is irreversible, i.e. there’s no recorde which can
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receive information about an event that has happened until this event really happens. Thus,
nobody can come back in past or receive information from future (p.32).

Thirdly, a set of recorders are naturally embedded into a metrical space, i.e. all four
axioms of metrical space are received from logical properties of the set of recorders (p.23).

Fourthly, if this metrical space is Euclidean, then the corresponding “space and time”
of recorders obeys to transformations of the complete Poincare group. In this case Special
Theory of Relativity follows the logical properties of information. If this metric space is not
Euclidean then suitable non-linear geometry may be built on this space. And an appropriate
version of the General Relativity Theory can be implemented in that space-time (pp.29-48).

Therefore, basic properties of time - unidirectionality and irreversibility, metrical prop-
erties of space and principles of the theory of relativity derive from logical properties of
the set of recorders. Thus, if you have some set of objects, dealing with information, then
“time” and “’space” are inevitable. And it doesn’t matter whether this set is included in our
world or some other worlds, which don’t have a space-time structure initially.

Such ”Time—Space” is called "Informational Time—Space”.

Because we receive our time with our informational system then all other our times’
notions (thermodynamical time, cosmological time, psychological time, quantum time etc.)
should be defined by that Informational Time.

As it is well known, classical propositional logic can be formulated on the basis of the
properties of Boolean function. If the range of this function will be extended to the interval
[0, 1] of the real number axes then we shall obtain the function which has all properties
of the function of probability. Logical analogue of Law of Large Numbers in form of
Bernoulli is derived for this function. So, probability theory is a generalization of classical
propositional logic and, therefore, it is also propositional logic (pp.48-56).

I consider the events, each of which can bound to a certain point in space-time. Such
events are called dot events[45]. Combinations (sums, products, supplements) of such
events are events, called physical events.

The probability density of dot events in space-time is invariant under Lorentz transfor-
mations. But probability density of such events in space at a certain instant of time is not
invariant under these transformations. I consider the dot events for which density of proba-
bility in space at some instant of time is the null component of a 3+1-vector function which
is transformed by the Lorentz formulas (pp.58-59).

I call these probabilities the traceable probabilities.

It is known that Dirac’s equation contains four anticommutive complex 4X4 matrices.
And this equation is not invariant under electroweak transformations. But it turns out that
there is another such matrix anticommutive with all these four matrices. If additional mass
term with this matrix will be added to Dirac’s equation then the resulting equation shall
be invariant under these transformations I call these five of anticommutive complex 4X4
matrices Clifford pentade. There exist only six Clifford pentads I call one of them the light
pentad, three - the chromatic pentads, and two - the gustatory pentads.

The light pentad contains three matrices corresponding to the coordinates of 3-
dimensional space, and two matrices relevant to mass terms - one for the lepton and one for
the neutrino of this lepton.
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Each chromatic pentad also contains three matrices corresponding to three coordinates
and two mass matrices - one for top quark and another - for bottom quark.

Each gustatory pentad contains one coordinate matrix and two pairs of mass matrices -
these pentads are not needed yet (pp.59-60).

It is proven (pp.65-68, 80-82) that any square-integrable 4x1-matrix function with
bounded domain (Planck’s function) obeys some generalization of Dirac’s equation with
additional gauge members. This generalization is the sum of products of the coordinate
matrices of the light pentad and covariant derivatives of the corresponding coordinates plus
product of all the eight mass matrices (two of light and six of chromatic) and the corre-
sponding mass numbers.

If this equation does not contain chromatic mass numbers then we obtain Dirac’s equa-
tion for leptons with gauge members which are similar to electroweak fields obtained for
gauge fields W and Z (pp.83-89, 106-139).

If this equation does not contain lepton’s and neutrino’s mass terms then we obtain the
Dirac’s equation with gauge members similar to eight gluon’s fields (pp.141 —155). And
oscillations of chromatic states of this equation bend space-time. This bend gives rise to the
effects of redshift, confinement and asymptotic freedom, and Newtonian gravity turns out
to be a continuation of subnucleonic forces (pp.155-157).

And it turns out that these oscillations bend space-time so that at large distance space
expands with acceleration according to Hubble’s law. And these oscillations bend space-
time so that here appears the discrepancy between q uantity of the luminous matter in space
structures and the traditional picture of gravitational interaction of stars in these structures
(pp-157-162)

Thus, concepts and statements of Quantum Theory are concepts and statements of the
probability of dot events and their ensembles.

Elementary physical particles in vacuum behave as these probabilities. For example, in
accordance with doubleslit experiment.

Thus, if between event of the creating of a particle and event of the detecting of ones
here events do not occur then at this period of time this particle does not exist - here only
probability of this particle detecting in some point. But this probability, as we have seen,
obeys the equations of quantum theory, and we get the interference. But in a cloud chamber
events of condensation form a chain, meaning the trajectory of this particle. In this case the
interference disappears. But this trajectory is not continuous - each point of this line has a
neighbour point. And the effect of this particle moving arises from the fact that a wave of
probability propagates between these points.

Consequently, the elementary physical particle represents an ensemble of dot events
associated probabilities. And charge, mass, energy, momentum, spins, etc. represent pa-
rameters of distribution of these probabilities. It explains all paradoxes of quantum physics.
Schrodinger’s cat lives easy without any superposition of states until the microevent awaited
by all occures. And the wave function disappears without any collapse in the moment when
an event probability disappears after the event occurs (pp.71-79).

Thus, the fundamental essence of nature are not particles and fields, but dot events and
connecting them probability.

Hence, the fundamental theoretical physics is one among of extensions of classical
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propositional logic.



Epilogue

... They sawed dumb-bells ...

”What’s the matter?”” Balaganov said suddenly, stopping work. "I’ve been sawing away
for three hours, and still it isn’t gold!” Panikovsky did not reply. He had made the discovery
a half hour before, and had continued to move the saw only for the sake of appearance.
”Well, let’s saw some more,” redhaired Shura said gallantly. ”Of course we must saw,’
remarked Panikovsky, trying to defer the moment of reckoning as long as possible. ... 1
can’t make it out,” said Shura, when he had sawed the dumbbell into two halves. ”This is
not gold!” ”Go on sawing! Go on!” gabbled Panikovsky...”

Ilya Ilf, Yevgeny Petrov. ”The Little Golden Calf”. M., 1987.
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