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Abstract: Presented calculations and statistical data confirm the existence of a unitary mechanism of time dilation in the special and general theory of relativity. It is shown that during the use of the phase angle of Time 
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, chronological transaction of material bodies and signals through the chronotopic bifurcation point in such temporal areas as Future and Past.
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In the first part of the same name work [3, p. 11], theoretical aspects of the study of the process of time dilation in the special and general theory of relativity were discussed [7, p. 497]. In this work, we will present a series of calculations and statistical evaluations, which will allow, from the mathematical point of view, demonstrating that endogenic mechanism of this metamorphism is universal and does not depend on transgression in both, STR and GTR. In addition, a situation, when the presence of the bifurcation point during the translation from one segment of Time to the other, allows performing the transaction into the Past or Future without disruption of causally chronological conditions, will be considered. 
Here and elsewhere, the terms Time, Future, Present and Past will be in capital letters where they are talked about as real physical objects. Herewith,      Past 
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, Present 
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 and Future 
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are temporal areas, which are the function of Time. The work [4, p. 18] draws attention, in which widened mathematical definitions are formed for these three temporal parameters from the point of their topological morphogenesis. 
Let us establish a functional dependence between:
1) velocity 
[image: image6.wmf]v

 of the clocks moving relative to us and the phase angle of Time 
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;     





2) coordinate 
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 (distance from gravitating masses) and the phase angle of Time 
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Let us recall that calibration mode is understood by 
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, which identifies parametric correlation between coordinate 
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 and proper 
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 time [3, p.15];

Let us use the equation (12) from the work [3, p. 15]:
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Then, performing mathematical operations on the integration and drawing of proportions, we find that
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Formulas (4) and (5) are necessary to establish one-to-one correspondence between current values: phase angle of Time, velocity 
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 and distance 
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. 
1. Calculation of numerical norms of coordinate and proper time in STR, GTR and consideration of calibration constant 
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    [3, p. 15], at the change of the phase angle of Time 
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 from 0 to 
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To perform statistical analysis, it is required to set the following initial conditions:

1) all events take place in the congruent projection on the parameter 
[image: image22.wmf]T

, which extrapolate as space Time of the Universe in the sense that it increases along every non-spatial-like curve directed into the Future [8, p. 72]. It is not difficult to note that 
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 reflects such course of Time from Past to Future, at which all events along the time-like are determined according to cause-and-effect relationships.

2) we accept that  
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 = 1 and  
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             3) for the sake of simplicity of calculations, we select, in all cases (it is intended as areas filled with matter) proper Time 
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, equal, for instance, to 10 temporal units. Which units of measurement (seconds, minutes, hours, days, years etc.) will be involved, depends on the choice of time scale;

4) for the area of measurement of the phase angle of Time measured in the interval 
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∈ [ 0; 
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 [ , the sign of proper Time 
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, it is naturally positive (+);
5) phase angle of Time is calculated within the limits of 0 ≤  
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 <  
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6) still inertial system of reference 
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 and inertial system of reference 
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 conjugated with moving clocks were synchronized before the start of calibration constant.
It is required to define: 

                                                      

a) coordinate Time in the special theory of relativity - 
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t

; 

b) coordinate Time in the general theory of relativity -  
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;

c) coordinate Time depending on the phase angle of Time - 
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, (Table 1). 



               


Table 1. Numerical parameters of coordinate time in the STR, GTR and at the phase angle of Time [ 0; 90° [
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	0,0174328
	10,001520
	3290,4735
	10,001520
	1,0001520
	10,001520
	1

	0,0348914
	10,006092
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	1,0006093
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	2
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	0,0697558
	10,024418
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	10,038194
	131,65916
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	1,0038195
	10,038195
	5

	0,1045265
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	1,0055081
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	6

	0,1218694
	10,075098
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	1,0124654
	10,124654
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	1,0154263
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	12
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	10,785345
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	11,433534
	4,2546001
	11,433536
	1,1433536
	11,433536
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	34

	0,5735763
	12,207745
	3,0396066
	12,207746
	1,2207746
	12,207746
	35

	0,5877851
	12,360678
	2,8944279
	12,360679
	1,2360679
	12,360379
	36

	0,6018141
	12,521345
	2,7610547
	12,521348
	1,2521348
	12,521348
	37

	0,6156611
	12,690176
	2,6382535
	12,690178
	1,2690178
	12,690178
	38

	0,6293203
	12,867595
	2,5249713
	12,867596
	1,2867595
	12,867595
	39

	0,6427868
	13,054061
	2,4202817
	13,054063
	1,3054063
	13,054063
	40
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	13,250122
	2,3233511
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	1,3250122
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	41
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	2,1499766
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	1,4662778
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	14,944756
	1,4944756
	14,944756
	48

	0,7547095
	15,242529
	1,7556592
	15,242533
	1,5242531
	15,242531
	49

	0,7660440
	15,557226
	1,7040894
	15,557231
	1,5557228
	15,557228
	50

	0,7771454
	15,890139
	1,6557523
	15,890141
	1,5890141
	15,890141
	51

	0,7880102
	16,242673
	1,6104089
	16,242678
	1,6242678
	16,242678
	52

	0,7986354
	16,616399
	1,5678434
	16,616404
	1,6616402
	16,616402
	53

	0,8090171
	17,013020
	1,5278633
	17,013026
	1,7013023
	17,013023
	54

	0,819515
	17,434444
	1,4902920
	17,434450
	1,7434450
	17,434450
	55

	0,8290374
	17,882910
	1,4549618
	17,882916
	1,7882913
	17,882913
	56

	0,8386705
	18,360782
	1,4217301
	18,360785
	1,8360785
	17,360785
	57

	0,8480482
	18,870804
	1,3904611
	18,870808
	1,8870808
	18,870808
	58

	0,8571672
	19,416033
	1,3610331
	19,416011
	1,9416040
	19,416040
	59

	0,8660254
	20,000000
	1,3333332
	20,000000
	2,0000000
	20,000000
	60

	0,8746194
	20,626628
	1,3072587
	20,626650
	2,0626637
	20,626637
	61

	0,8829473
	21,300520
	1,2827155
	21,300524
	2,1300524
	21,300524
	62

	0,8910062
	22,026863
	1,2596167
	22,026878
	2,2026868
	22,026868
	63

	0,8987940
	22,811712
	1,2378826
	22,811738
	2,2811727
	22,811727
	64

	0,9063078
	23,662019
	1,2174424
	23,662030
	2,3662030
	23,662030
	65

	0,9135452
	24,585899
	1,1982287
	24,585929
	2,4585911
	24,585911
	66

	0,9205048
	25,593035
	1,1801785
	25,593068
	2,5593055
	25,593055
	67

	0,9271836
	26,694628
	1,1632375
	26,694649
	2,6694342
	26,694642
	68

	0,9335803
	27,904253
	1,1473512
	27,904323
	2,7904277
	27,904277
	69

	0,9396922
	29,237945
	1,1324742
	29,238056
	2,9237970
	29,237970
	70

	0,9455186
	30,715540
	1,1185604
	30,715662
	3,0715549
	30,715549
	71

	0,95105
	32,360637
	1,1055726
	32,360700
	3,2360679
	32,360679
	72

	0,9563046
	34,202966
	1,0934706
	34,203142
	3,4203001
	34,203001
	73

	0,9612614
	36,279402
	1,0822226
	36,279625
	3,6279467
	36,279467
	74

	0,9659258
	38,637009
	1,0717957
	38,637293
	3,8637039
	38,637039
	75

	0,9702956
	41,335551
	1,0621642
	41,335739
	4,1335637
	41,335637
	76

	0,9743700
	44,454026
	1,0532981
	44,454896
	4,4454125
	44,454125
	77

	0,9781475
	48,097225
	1,0451791
	48,097942
	4,8097271
	48,097271
	78

	0,9816271
	52,408292
	1,0377835
	52,408566
	5,2408429
	52,408429
	79

	0,9848077
	57,587631
	1,0310898
	57,588957
	5,7587763
	57,587763
	80

	0,9876882
	63,924068
	1,0250854
	63,924722
	6,3925313
	63,924313
	81

	0,990268
	71,852707
	1,0197466
	71,862001
	7,1853017
	71,853017
	82

	0,9925461
	82,054648
	1,0150717
	82,066567
	8,2055321
	82,055321
	83

	0,9945218
	95,666865
	1,0110456
	95,672997
	9,5667231
	95,667231
	84

	0,9961945
	114,73363
	1,0076526
	114,74943
	11,473679
	114,73679
	85

	0,9975639
	143,35108
	1,0048826
	143,46008
	14,335478
	143,35478
	86

	0,9986294
	191,06138
	1,002746
	191,094974
	19,107306
	191,07306
	87

	0,9993907
	286,49929
	1,001219
	286,541161
	28,653295
	286,53295
	88

	0,9998476
	572,977240
	1,0003046
	572,974178
	57,2986884
	572,986884
	89
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Detailed discussion of the obtained results will be presented in section 3. 

2. Calculation of numerical norms of coordinate and proper time in the STR, GTR as well as consideration of calibration constant 
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 at the change of the phase angle of Time 
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In this part, similar initial conditions specified in section 1 are accepted. However, it should be noted that here, the phase angle of Time is calculated within the limits of 
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 ≤ π and proper Time, also positive. As in the section 1, it is required to define 
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, (Table 2).  
Table 2. Numerical parameters of coordinate time in the STR, GTR and at the phase angle of Time ] 90°; 180° ]
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	-13,054080
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	12,867595
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	-0,6156611
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	-0,5150384
	11,666336
	3,7698190
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	11,433536
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	-0,3090150
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	-0,2923705
	10,456913
	11,698561
	10,456913
	-1,0456914
	-10,456914
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	-0,2756362
	10,402991
	13,162164
	10,402991
	-1,0402991
	-10,402991
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	-0,2588178
	10,352758
	14,928332
	10,352758
	-1,0352759
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	-0,2419204
	10,306132
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	10,306133
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	-0,2249509
	10,263040
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	-1.0263041
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	-0,2079091
	10,223400
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	-10,187168
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	-0,1736461
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	10,154262
	-1,0154263
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	-0,1564297
	10,124643
	40,865893
	10,124643
	-1,0124644
	-10,124644
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	-0,1391729
	10,098275
	51,628552
	10,098276
	-1,0098276
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	-0,1218694
	10,075098
	67,330150
	10,075098
	-1,0075099
	-10,07509
	173

	-0,1045265
	10,055080
	91,526410
	10,055081
	-1,0055081
	-10,055081
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	-0,0871513
	10,038194
	131,65916
	10,038194
	-1.003819
	-10,038195
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	-0,0697558
	10,024418
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	10,024419
	-1,0024419
	-10,024419
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	-0,055113
	10,01522
	365,24563
	10,013717
	-1,0013718
	-10,013718
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	-0,0348914
	10,006092
	821,41183
	10,006092
	-1,0006093
	-10,006093
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	-0,0174328
	10,001520
	3290,4737
	10,001520
	-1,0001520
	-10,001520
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	0
	10
	∞
	10
	-1,0000000
	-10,000000
	180


Complete analysis of the obtained results will be presented in section 3. 
3. Discussion of results 
Currently, there is a well-pronounced tendency aimed at the solution of certain physical tasks with the use of geometric approaches. These approaches became widespread because one can have a deeper look at a range of problems existing in some areas of physics. This study is not an exception; its essence is to obtain a constructive scheme of work of the internal mechanism of Time dilation using the method of natural geometric transformations. 

One of the major requirements, which should be taken into account in the discussion of results, is the imperative at which, all surveys are built from the position of an observer related to the inertial system of reference
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. I.e. all events are accepted as projection on the system of reference
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connected with proper time
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.


If, during mathematical calculations, it is found that numerical values of coordinate Time 
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 and 
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 at fixed coordinate 
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, certain velocity 
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 and at set value of 
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 are identical, one can fully speak about the fact that, from physical point of view, the genesis of internal mechanism of dilation of Time has unitary character.
 


3.1. Results of Table 1. 




How the calculation was done? First, one-to-one correspondences according to the formulas (4) and (5) were established between current values of the phase angle of Time 
[image: image73.wmf]z
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 and concrete values of velocity
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, and coordinate
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. In other words, every angle characteristic has precise value of 
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 and 
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. Then, knowing numerical norms of 
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 and
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, it is not difficult to find 
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 , 
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and 
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. It is lapidarily seen from Table 1: to what degree the concord of values of time for these three cases takes place. Let’s note that for 
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 and 
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, the calculation was done to the sixths or seventh sign after comma, and for 
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 and 
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 - to the sixths sign, respectively.

Let’s select, for instance, several rows with certain values of the phase angle of Time from Table 1 and see which figures will appear for 
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, 
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 and 
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 . 




Example 1: let's select 
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 = 8° and consider that 
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= 10. Herewith,          
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8° = 1,009876. In parallel, we find that the following is proportional to this angle: velocity 
[image: image96.wmf]v

 = 0,1391729 c and distance 
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= 51,6285560 
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. In this case, 
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 = 10,098275; 
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= 10,098276 and 
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 = 10,098276. As it is seen, the results turn out to be identical to the fifth sign after comma.


Example 2: let’s select 
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 = 59° and consider that 
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= 10. Herewith, 
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59° = 1,9416043. We find synchronically that the following corresponds to this angle: velocity 
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 = 0,8571672 c and distance 
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 = 1,3610331 
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. In this case,             
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 = 19,416035; 
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= 19,416011 and 
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= 19,416040. Eventually, the results are identical according to their values till the fourth sign after comma.

Example 3: let's select 
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 = 89° and consider that 
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 = 10. Herewith,   
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89°  = 57,2986884. Simultaneously, we find that the following is proportionate to this angle: velocity 
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 = 0,9998476 c and distance 
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= 1,0003046 
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. In this case, 
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= 572,977240;  
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= 572,974178 and 
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 = 572,986884. It is well distinguished that final numbers correspond till the fifth sign after comma. 
It is universally known that angle values, except for degrees, are measured additionally in both, minutes and seconds. Let’s review a task with widened angle unites of measurement.

          

Task 1.




                               Given: 
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  = 89° 49′ 49′′;

We accept:  
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= 1;  
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 = 1;  
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= 10

We need to find: 
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  and 
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Solution:  





                   1) we find the value of calibration constant
[image: image127.wmf]z

sec

Y

, 
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 89° 49′ 49′′ = 337,5861013;
2) according to equation (3), we establish that 
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= 3375,861013;
3) using (4), we define that 
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 = 0,99999561
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 and relying upon (2), we establish that 
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= 3374,836535;

4) using (5), we have 
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 =1,0003046 
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 and then, considering (1)                            
[image: image135.wmf]gtr

t

=3376,760067;





 
From the mathematical point of view, it is reasonable to analyze items 3) and 4) in task 1 with respect to the internal verification content. For this purpose, we adapt the definitive: about measure of central tendency [9, p. 28], which is written down as 
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 on this task. Consequently, mean 
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 is defined as 
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 and then, 
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= 3375,798301.            
From the gnoseological point of view, it is undoubtedly an important result. Actually, mean 
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is identical to 
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 in the integer part. From this fact, it possibly follows that out of three values in task 1, only the numerical value of Time 
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 will be significant. This conclusion obliges to use Time 
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 as priority in temporal statistics. 





Generalizing the results of the first, second and third examples, and, naturally, task 1, one can say that the change of precision of coincidence of numerical values of coordinate time from the fifth sign after comma to the first sign as well as directly in the integer part in task 1, is determined by the understanding that, for instance, quantum and topological fluctuations appear in the relational velocity segment as well as in the field of critical gravitational potential with a bigger likelihood ratio.  
There is a separate question of approximation of the results in projection on spatial-time hyper-surface relative to set event obtained in Table 1. It is clear that the area of change of the phase angle of Time from 0 to 
[image: image144.wmf]2

p

 is projected on the light cone of the Future. The scheme in Fig. 1 is borrowed from [8, p. 81] with a small addition. The above presented position is fair for both, special and general theory of relativity. Taking into account the imperative in this work about the domination of proper time 
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 as substantive system, relative to which the analysis of temporal events is conducted, one can observe the translation in 
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of the observer related to coordinate time 
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. For instance, if 
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= 79° and 
[image: image149.wmf]t

= 10, coordinate time of the observer 
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 is equal to approximately 52,408 of conventional temporal units. Based on this, it can be concluded that chronological transaction in coordinate time is approximately 5,2 times higher than the value of proper time.  

             

Thus, checking entire Table 1 and comparing numerical parameters for 
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,  
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and 
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, we come to a firm conclusion that the process of dilation of Time in STR and GTR is a unitary phenomenon and the internal mechanism of dilation of Time is universal for both Einstein’s theories.





3.2. Results of Table 2.
Similarly with section 3.1, knowing the current value of 
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, we find 
[image: image155.wmf]v

 and 
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. The next step is to define 
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 and 
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. Table 2 demonstrates the degree of real correlation of found characteristics. It is easy to note that numerical data in Table 2 will be symmetrical to those, which are contained in Table 1. The difference is only in qualitative evaluations. 





In parallel, we note that in the conditions, when the phase angle of Time covers the interval ]
[image: image160.wmf]2

p

; π ], basis principles of the special and general theory of relativity do not reflect full physical picture describing the temporal area of the Past.               

1. Let us analyze the numerical presentations in the context of fundamental principles in the STR. In Table 2, it is established that velocity 
[image: image161.wmf]v

 has a negative value. It is clear that such configuration cannot be materialized within the frames of spatial-time continuum of the reality surrounding us, because it is difficult to find such physical system, in which a scenario with negative velocities would be realized. However, there were attempts to give reverse arguments. Let us formulate them as follows: a) inertial system of reference related to moving clocks 
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 is transferred to the mode of uniformly retarded motion (dilation represents negative acceleration) relative to immovable inertial system of reference 
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; b) negative velocity is allowed in the case if the movement of the immovable inertial system of reference 
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 relative to inertial system 
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prevails; c) it is forecasted that the velocity, as kinematic invariant, can take negative values, which are integrated into temporal areas identical to the Past. Theoretically, it is unlikely to specify such quasi-systems, in which variants a) and b) would be fully adapted. As for the variant c), it cannot be realized even hypothetically. It is related to the fact that, according to Table 2, even in the event of presence of the sign of minus in velocity, during the calculation of  
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, the sign of this characteristic is always positive. Hence, it is nor rightful to speak about temporal areas of Time congruent to the Past. 
 The fundamental conclusion obtained from Table 2 for the STR is the velocity taken according to the mode is always lower than the velocity of light, 
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. Thus, the following is observed strictly: 1) the second principle of Einstein (concept of consistency of velocity of light) [7, p. 276]; 2) thesis about the fact that velocity of light is the terminal velocity of transfer of interactions and signals from one point of space to the other [5, p. 512]; 3) principle of causality [7, p. 301].
2. Let’s consider numerical parameters for GTR. In Table 2, it is clearly seen that coordinate 
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(distance from gravitational radius) fully depends on 
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. As the phase angle of Time changes from 90° to 180°, the distance from 
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 increases uniformly, i.e. 
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. In other words, the situation when 
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 can become smaller than gravitation radius is excluded completely. Let us consider predicted values for the time in the section of GTR. As for 
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, the time of 
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 has positive sign. It means that, in these conditions, there is no possibility to adapt temporal areas of the Past for the given time norm definitively. 
3. Now, let us consider the data in Table 2. It establishes that the phase angle of Time 
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 has consecutive numbering of angle values. The fundamentality of this event ensures transgression of values of calibration constant 
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 through chronotopic [6, p. 34] point of bifurcation [1, p. 56]. 
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 is implied as this point. In the proposed contemplations, we have: 
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Mathematical calculations shows that time 
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 related to action 
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 within the limits of  
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 < 
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 ≤ π forms a group of effective negative numbers. It is easy to note that a known mathematical operation – operation of time reversion, i.e. 
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⟶ – 
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, is well formed here. 

Based on this, a conceptual follows: inversion of Time is set by not mechanical postulation, but is formed as result of strict mathematic actions.  
For instance, let’s take the values of 
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 from Table 2.
Task 2




                               Given:    
[image: image189.wmf]z

Y

 = 105° 49′ 49′′;

We accept that:  
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 = 1;  
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 = 1;  
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= 10


                       We need to find:
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Solutions:  





                   1) we find the value of 
[image: image196.wmf]z

sec

Y

 , 
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 105° 49′ 49′′ = − 3,6658411;
             2) according to equation (3), we establish that 
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 = − 36,658411;
3) using (4), we define that 
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 = − 0,9620739 c and relying upon (2), we establish that 
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 = 36,658356;


                                4) using (5), we have 
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=1,0803962 
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 and then, considering (1)                 
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= 36,658403;
Obtained numbers have good convergence and demonstrate that only item 2) can ensure translation to the Past. In other words, chronological transaction in 
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 relative to coordinate time 
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 is about 3,6 times (in absolute value) bigger than proper time 
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. As for items 3) and 4), they do not generate areas of negative Time at all.
In this section, the conclusions a priori adequate to the whole complex of postulates, which are the consequence of the operation of reversion of Time, take place. For instance, the following is preserved: 1) certain 
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-symmetry, herewith, 
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 as physical value refers to 
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-odd parameters [2, p.720]; 2) principle of causality.  As well as other conditions [4, p. 18].
To sum up, we want to note that for the phase angle of Time changing from 
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p

 to π, the process of dilation of Time described in the special and general theories of relativity also narrows down to a unified unitary mechanism. Constructively, this fact is in certain concord with calculation facts. 
Conclusion. 
As result of the research of the set task in this article, we arrive at a non-trivial solution. Namely, the work of the internal mechanism of dilation of Time narrows down to one general physical process. This conclusion can be made only in the case, if the method, the basic elements of which are calibration mode 
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 (phase angle of Time) and calibration coefficient
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, is used.
It is important that for out area of visible part of the Universe, where the Space is filled with matter, the following values of the phase angle of Time are objective and really effective 
[image: image213.wmf]z

Y

 ∈ [0; 90°[ ∪ ]90°; 180°]. Because, at this section of angle characteristics, both, temporal areas of the Past and temporal areas of the Future of our World are reflected.
In addition, we would like to make the following remark: one should not view the concept proposed in this work as alternative program aimed at substitution of Einstein’s fundamental theories. The formulated hypothesis fits well within the Einstein’s fundamental doctrine. Herewith, it is a direct consequence following from the STR and GTR, which widens our notion about the effect of dilation of Time. 
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