GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: F
£V MATHEMATICS AND DECISION SCIENCES

SEEELLELEN  Volume 18 Issue 2 Version 1.0 Year 2018

Type : Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Probability and Entanglement
By G. Quznetsov

Abstract- Here the concept of "TRUE" is defined according to Alfred Tarski, and the concept
"OCCURING EVENT" is derived from this definition.

From here, we obtain operations on the events and properties of these operations and
derive the main properties of the CLASSICAL PROBABILITY. PHYSICAL EVENTS are defined as
the results of applying these operations to DOT EVENTS.

Next, the 3 + 1 vector of the PROBABILITY CURRENT and the EVENT STATE VECTOR
are determined.

The presence in our universe of Planck's constant gives reason to presume that our world
is in a CONFINED SPACE. In such spaces, functions are presented by Fourier series. These
presentations allow formulating the ENTANGLEMENT phenomenon.

GJSFR-F Classification: MSC 2010: 81P40, 03B48

PROBABILITY AND ENTANGLEMENT

Strictly as per the compliance and regulations of:

© 2018. G. Quznetsov. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Ref

1. Tarski, A. The Semantic Conception of Truth and the Foundations of Semantics,

Philosophy and Phenomenological Research, 4, 1944.

b

standard

Print Journal

Probability and Entanglement

G. Quznetsov

Abstract- Here the concept of "TRUE" is defined according to Alfred Tarski, and the concept "OCCURING EVENT" is
derived from this definition.

From here, we obtain operations on the events and properties of these operations and derive the main
properties of the CLASSICAL PROBABILITY. PHYSICAL EVENTS are defined as the results of applying these operations
to DOT EVENTS.

Next, the 3 + 1 vector of the PROBABILITY CURRENT and the EVENT STATE VECTOR are determined.

The presence in our universe of Planck's constant gives reason to presume that our world is in a CONFINED
SPACE. In such spaces, functions are presented by Fourier series. These presentations allow formulating the
ENTANGLEMENT phenomenon.

.  TRUTH

Science presents its ideas and results with language texts. Therefore, we
will begin by considering narrative sentences:
By Alfred Tarski [1]
A sentence < © > is true if and only if ©.
For example, sentence <1t is raining>> is true if and only if it is raining
A sentence < © > is false if and only if there is not that ©.

A A-B

Figure 1: The Venn diagrams for A, B events
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Let X =
°<€ random shot hit target x>

(A+B)rC=A+(B+C)= (aC)+B=(A+B)(C+B)
A+B+C

Figure 2: The Venn diagrams the associativity and the distribution

For example, < 2 + 3 =4 >.

Still an example: Obviously, the following sentence isn’t true and isn’t
false [2]:

< This sentense is false. >

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

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

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

II.  EVENTS

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

1. C € B;
2. if Ae Band D € B then A = D;
3. if D€ Band A= D then A € B.

In this case let us denote: B:= °C.

An event B occures if a true sentence A exists such that A € B.

Events A and B equal (denote: A = B) if A occures if and only if B
occures.

Event C is called product of event A and event B (denote: C = (A - B))
if C occures if and only if A occures and B occures.

Events C is called complement of event A (denote: C = (—A)) if C
occures if and only if A does not occure.

(A+B) :=(=((—4) - (—-B))). Event(A + B) is called sum of event A and
event B.

Therefore, a sum of event occures if and only if there at least one of
the addends occures.

Events obey following properties (you can test these formulas by Venn
diagrams — see Figure 1, Figure 2. Venn diagrams):

1. associarivity: (A-B)-C=A-(B-C)=A-B-C,
(A+B)+C=A+(B+C)=A+B+C;
2. distributiviy: (A-B)+C=(A+C)(B+C),
(A+B)-C=(A-C)+ (B-C);
3. if C occures then for every A: (A-C) = A;

4 (~(~a) = A
5. cummutativity: (A-B) = (B-4), (A+B) = (B+A4).

[11. CLASSICAL PROBABILITY

Let P(X) be a probability function[3, pp.49-57] defined on the set of
events.
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Notes

Hence,

1. this function has values on the real numbers segment [0; 1];
2. for all events A and B: P(A-B) 4+ P(A- (—-B)) = P(a);

3. for ever event A: if P(A) = 1 then A occures.

Let there exists an event Cy such that P(Co) = 1.

By this definition: P(Co - B) + P(Co - (—B)) = P(Co) = 1.
Because Cp - B =B and Co - (—B) = (—B) then

P(B) + P(-B)) =1 (1)
Let us calculate:
P(A+B) =P(=((—A) - (=B))) =1 —P((-4) - (-B))
=1—(P(-A) —P((—A)-B))=1—P(-A)+P((—A) -B) =
=1-1+P(A)+P(B)—P(a-B)

Hence,
P(A+B)=P(A)+P(@B)—P(A-B) (2)

this is the formula for adding probabilities.
The events A and B are incompatible if and if only P (A -B) = 0.
The formula for adding probabilities for incompatible events:

P(A+B)=P(A)+ P(B) (3)

The events A and B are independent if P (A-B) =P (&) - P (B).

[V.  PHyYsIcS EVENTS

Events of the type ° <At the point (t.x) A > (for example, ° <At
the point (t.x) the temperature dropped to 0C>>) are called dot events.
Physical events are dot events and events derived from physical events by
the 7.7, 7+”, and ”—” operations.

Let! (Xa,0, Xa,1, Xa,2, Xa,3) be random coordinates of event A.

Let Fy be a Cumulative Distribution Function i.e.:

TN (43071’1,3327333) =P ((XA,O < Jlo) N (XAJ < $1) A (XA,Q < xz) N (XA’3 < xg)) .

If
. 9°F
Jo ’ o 8.%18:1728.%37
.. ___®F
Ji ’ o 8%081‘28%3 ’
.. ___?F
J2 ’ - amoaxlamg, ’
. 9°F
J3 ’ - 61‘081’161‘2

then (jo, j1,j2,j3) is a probability current vector of event.

If p:=jo/c then p is a a probability density function.

If wa := ja/pa then vector uy is a velocity of a probability of A propa-
gation.

(for example for wus:

__ &F
" J2 ( 810311323> ¢ Ao13F Axo
g == = =F = (-

(leazgama) A123F A.’L’o

Probability, for which u? + u2 4+ u2 < ¢ are called traceable probability.

1:(:0 =ct
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Denote:

10 10 0 o ._ | 2 02 | _
12.[0 1],02.[0 0},5 - [02 12] L

the Pauli matrices

Jo 1 [o = [1 0
=1 0P T 1 0 0T o0 —1 |

A set C of complex n X n matrices is called a Clifford set of rank n [4]
if the following conditions are fulfilled:

if ap € C and o € C then arr + arag = 20k r;
if agayr + arap = 26k, for all elements a, of set C then ok € C.

If n = 4 then a Clifford set either contains 3 matrices (a Clifford
triplet) or contains 5 matrices (a Clifford pentad).
For example, light pentad (:

“._ | ok O o ._ | Oz I2 M ._ .. | 02 I
/6 T |: 02 —O0k :|”7 T |: 12 02 ”B =1 —12 02

The following set of four real equations with eight real unknowns: b?
with b >0, o, B, x, 0, v, v, A

has solutions for any traceable py and ja x[3, pp.62-63].
If

Pa1 = bexp (iy) cos (B) cos (a),

a2 := bexp (i0) sin () cos (a) ,

a3 := bexp (iA) cos (x) sin (@) , ()
a4 :=bexp (iv) sin (x) sin (a)

then you can calculate that

Pa

4
> i anss (6)
s=1
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Function ¢, is a state vector of event A.

V. ENTANGLEMENT

The presence in our universe of Planck’s constant gives reason to presume
that our world is in a confined space: |x| < wc/h. Functions
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Notes

3

On (X) := (%) : exp (—i% (nx)) .

form an orthonormal basis of this space with scalar product of the follow-

ing shape:

(@), /E /ﬂ /ﬂdﬂcgwtx)x(tx)

For the state vector:

(pa (1), (1)) =P (A(2)) .

Let

@ (:%) = Y ann () én (%)

n

be a Fourier series of ¥, t,x
That is:

Hence,

A(t) = ZAn (t)

there 4, (t) are incompatible, independent events:Therefore, if P (A (¢))

1 then A (t) occures. Hence, one among Ay, (t) occures.

Operator 7, defined on the state function ¢ set and has values on this

set, is an realization operator if (Fo, ) = 1.

This operator can act in the measurement process or as a result of

some other external disturbance.

Let wap ((t,%) (1,y)) be a state vector of event A (¢, x) and event B (7,y).

In this case the basis of space present the following functions:

ons (X,y) == (i)s exp (—i% (nx + sy)) .

2me

The scalar product has the following shape:

(‘TO/(E T) 7%@7 T)) =

h h h h h h
dx1 dxo dxs dy1 dy2 dys -
h h h h h h

&(t7 7-7 x7 y)T % (t’ T? X7 y) *
The Fourier series:

ons (%) (1,y) = Y > ansns (6:7) éns (x,3).

Hence,
(onp (8, 7)) pap (t,7)) = Z Z aZ,B,n,s (t,7) anpns (6, 7),
(QDA,B (t,T),LpA,B (t,T)) = P(A (t) ~B(7’)),

DD P (Aa(t)Bs(7))

P(A(t)-B(7))
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For example: Let

wap ((t,x) (1,y)) =
arp1,4 (6, 7) 1,4 (X,y) +anp2,3 (6, 7) P23 (X, y) +
arg3,2 (t,7) ¢3,2 (X,y) + anpa1 (6,7) pa1 (X, ).

Such event called entangled if aapn,s are not factorized.
In that case:

(QOA,B (t7 T) » PAB (t, T)) =
t

afp1a(t,T)anp1a(t,7)+ 0] p0g (6 T)ans2s (t,7) +

aI,B,3,2 (ta T) Qa.8.3,2 (tv T) + aI,B,4,1 (tv T) aa,B.4,1 (tv T) .

Let to pas ((¢,%) (7,y)) acts realization operator: (¢, 7p) = 1. Then
A(t)-B(7) occures. Therefore, in accordance with the sum definition, one

among events Ay, (t) - Bs (7) occures.

VI. CONCLUSION

Hence, events of entangled pair can occure in any time moments.
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