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Abstract: Whereas the basic physical mechanisms leading to the onset and evolution of tornadoes have been well 

established, some progress can still be useful to identify the conditions supporting the development of a tornado towards a 

violent or catastrophic stage, as well as possible specific and observable events triggering the onset of a tornado in a 

generally favorable atmospheric environment. On the basis of an assumed global anisotropy of the physical spaceand the 

associated non-gauge byuon theory, an additional mechanism of energy accumulation in the process of development of a 

tornado to its mature stage is proposedand its consistency is checked against a dataset of individual tornadoes as well as of 

tornado outbreaks. The results point to a significant link between the angle formed by the cosmological vector 

potentialrepresenting the global anisotropy of the physical space and the surface tangent to the local Earth’s surface and the 

occurrence of the most energetic tornadoes; as a consequence, such tornadoes are shown to occur only at specific times of 

the day depending on latitude, longitude and day of the year. Moreover, a further additional mechanism is proposed for the 

early origin of a tornado, on the basis of the interaction of a large peak current lightning discharge with the cosmological 

vector potential introduced by the byuon theory. It is shown how, in the framework of the proposed theory, a fraction of the 

energy of a tornado at its onset stage can originate from the self-energy associated with the formation of the physical space 

of elementary particles located along the lightning discharge. The verification of the proposed mechanism for the onset of 

tornadoes is delayed to later time when suitable data sets will be available.  
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1. Introduction 

The nature of the origin of tornadoes, especially those 

developing into violent ones (F3 to F5 on the Fujita scale) 

has always been of great interest for researchers, since the 

destructive energy of such tornadoes is comparable with the 

energy of nuclear explosions, i.e. on the order of 20 kton of 

TNT, or 10
14

 J[1]. 

A great deal of theoretical and modeling work was 

performed regarding the onset and time evolution of 

tornadoes[1–3], as well as very effective conceptual models 

were developed, as summarized byKufa and Snow [4]. 

Numerical simulations of real tornadoes sometimes 

suffer from significant underestimation of their intensity, 

even using the most advanced mesoscale or local scale 

meteorological models, such as the state of the art WRF-

NMM model used inLitta et al. [5]: their F3 tornado 

occurred in India was simulated as a much weaker F0 one 

(peak wind speed around 20 ms
-1

 against the observed 

70ms
-1

), that is most of its real energy was not caught by 

the simulation.Nevertheless, such models have been 

successfully used for the simulation and prediction of the 

local atmospheric “ingredients” leading to tornadoes[6]. 

Besides the maximum intensity based on damages 

(Fujita classification) which is heavily dependent upon the 

strength of the winds inside the tornado, recently the path 

length and the path width of a tornado were included in a 

more comprehensive and physically consistent analysis of 

its overall energy in the effort to derive a power law 

describing the temporal behavior of tornadoes analogously 

to Earthquakes [7]. 

In the subject of lightning, their main parameters as well 
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as the process of their development from the leader stroke 

to the return stroke, including possible multiplicity, are 

presented in several works [8,9];  as well, a large 

observational evidence exist about the connection between 

lightning and tornadoes, such as summarized in 

Price[10]where it was tornadoes are associated with certain 

lightning signatures, in particular with a “jump” in total 

lightning (IC + CG) few minutes before tornado touchdown 

and a shift in the CG lightning polarity to a positive one 

around the time of tornado sightings. 

The prevalence of the otherwise relatively rare positive 

cloud to ground lightning flashes (+CG) around the time of 

tornado formation or touchdown is especially relevant 

because +CG carry on average one order of magnitude 

larger electric currents than their negative counterparts (-

CG) with peak currents up to more than 200kA[9,11,12]. 

InMarshall and Stolzenburg[13] an extensive review of 

lightning in different moist convective environments is 

performed, setting the upper and lower limits of the energy 

produced by the lightning flashes to 10
10

 J and 10
7
 J, 

respectively, the upper limit for CG flashes being later 

reduced to about 2⋅10
9
 J[14]. It can be stated therefore that 

a CG flash can develop a quantity of energy 4 to 5 orders of 

magnitude less than the most violent tornadoes. 

Some additional contribution could still be useful to 

explain the origin and source of the huge energy of the 

most powerful tornadicevents, both at their onset and in the 

course of their development in time; this is the subject of 

the present work and will be performed in the frame of a 

known physical theory not yet applied to the field of 

atmospheric sciences. 

The paper is organized as follows: Section 2 describes 

the datasets used for the verification of the proposed 

physical processes concerning the development of 

tornadoes; in Section 3 theoretical insights are proposed 

about the byuon theory and the global anisotropy of the 

physical space (Section3.1.), the role of such anisotropy for 

the additional energy supply to tornadoes (Section3.2.), as 

well as a proposed mechanism for the onset of tornadoes 

from very large peak current lightning (Section3.3.); 

Section4 shows the results of the verification of the 

processes explained in Section3.2. as well as the respective 

discussion. The conclusions and the perspectives for further 

work are set out in Section 5, the last of this article. 

2. Tornado Datasets 

The verification of the hypothesis and the processes 

proposed in this article would require in principle the 

construction of datasets including both tornado events and 

the associated lightning data. Nevertheless, as explained in 

Section 3.3., at the present time sufficient detail is not 

available for the needed lightning data and the verification 

will be limited to the processes described in Section 3.2. 

that are based upon the link between tornadoes, 

discriminated on the basis of their overall energy, and the 

global anisotropy of the physical space. 

Therefore, only data concerning tornadoes are needed at 

this stage of the research, including date, time, peak 

intensity, geographical coordinates of tornado’s touchdown 

and its path length. 

Tornado reporting worldwide lags very much behind the 

quality used in the U.S.A., to which country therefore refer 

most of the data use in this article. 

The first dataset includes 139 violent tornadoes, i.e. F3 to 

F5 on the Fujita scale, from the period 1989 to October, 

2013. The selection of the tornado events was performed 

picking up at least the most intense event from several 

outbreaks occurred in the 25-years period, provided that the 

touchdown (TD) time and the path length were available, as 

well that the most intense event were at least an F3. For 

several outbreaks more than one event were included 

provided they were sufficiently distant in space (at least 

about 0.5° in latitude or longitude) and/or in time (at least 

about one hour), resulting in a total of 83 outbreaks with 42 

tornadoes classified as F3, 76 events in the class F4 and 21 

catastrophic F5 tornadoes, all hitting the U.S.A. except one 

F5 event occurred in Manitoba, Canada. 

Table1 lists the above mentioned 139 tornado events. 

Table1.Tornado events used to build Fig. 4, Fig. 5(a) and Fig. 5(b) in Section 4. In the “Source” column, the abbreviations PE, SE and CA refer to the 

tornado events dealt with in Perez et al. [15],Seimon [16] and Carey et al.[17], respectively; SPC [18] and THP [19] refer to databases of tornado events. 

It’s to be noted that the sources SPC and THP were used throughout the listed tornado events. The standard abbreviations for the U.S. States as well as for 

the Time zones were used. The abbreviation TD stays for “touchdown”. In the “Outbreak” column the F4 and F5 events belonging to the tornado 

outbreaks listed in Table 2 and used to build Fig. 6(a-v) are indicated. 

Source 
U.S. States 

or Country 
Date TD time 

Time 

zone 

TD Lat 

(°) 

TD Lon 

(°) 

Path 

length 

(km) 

Outbreak 

F3 Intensity class 

SPC+THP TX 27-May-97 1:27 PM CST 31.100 -97.367 2.2 
 

SPC+THP TX 27-May-97 12:46 PM CST 31.300 -97.367 5.9 
 

SPC+THP IN 18-Oct-07 9:03 PM EST 38.333 -85.317 7.7 
 

SPC+THP AL 10-Jan-08 4:20 PM CST 33.283 -87.300 7.8 
 

SPC+THP NY 31-May-98 5:30 PM EST 42.533 -75.083 8.0 
 

SPC+THP KS 15-May-95 9:20 PM CST 37.883 -100.667 9.6 
 

SPC+THP KS 16-May-95 5:16 PM CST 37.983 -100.867 9.6 
 

SPC+THP OK 3-May-99 2:20 PM CST 34.883 -98.317 9.7 
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Source 
U.S. States 

or Country 
Date TD time 

Time 

zone 

TD Lat 

(°) 

TD Lon 

(°) 

Path 

length 

(km) 

Outbreak 

SPC+THP OK 10-May-10 4:48 PM CDT 35.333 -97.083 11.0 
 

SPC+THP KY 18-Oct-07 7:09 PM CST 37.450 -87.083 12.0 
 

SPC+THP NC 15-Nov-08 3:10 AM EST 35.483 -77.517 13.0 
 

SPC+THP PA 31-May-98 8:00 PM EST 40.483 -75.750 13.3 
 

SPC+THP OK 3-May-99 2:46 PM CST 34.967 -98.117 14.0 
 

SPC+THP GA 13-Feb-00 11:42 PM EST 31.233 -84.217 14.4 
 

SPC+THP TX 27-May-97 3:05 PM CST 30.500 -97.833 14.7 
 

SPC+THP TX 25-Dec-12 9:05 AM CST 31.167 -95.317 15.6 
 

SPC+THP MS 10-Jan-08 11:51 AM CST 32.583 -89.533 16.0 
 

SPC+THP OK 3-May-99 7:41 PM CST 35.767 -98.150 19.0 
 

SPC+THP PA 31-May-98 7:50 PM EST 39.817 -79.083 20.8 
 

SPC+THP IL 7-Jan-08 3:30 PM CST 42.267 -88.383 21.0 
 

SPC+THP MO 17-May-95 8:34 AM CST 37.833 -94.500 22.4 
 

SPC+THP MS/AL 10-Jan-08 2:13 PM CST 33.417 -88.183 22.4 
 

SPC+THP GA 14-Feb-00 12:49 AM EST 31.067 -84.083 24.0 
 

SPC+THP AL 23-Jan-12 3:58 AM CST 33.700 -86.800 24.9 
 

SPC+THP FL 2-Feb-07 3:10 AM EST 28.883 -82.050 26.1 
 

SPC+THP PA 31-May-98 7:20 PM EST 41.217 -74.867 32.0 
 

SPC+THP IN 18-Oct-07 9:18 PM EST 41.267 -85.600 32.0 
 

SPC+THP AR 31-Dec-10 6:05 AM CST 35.983 -94.567 34.0 
 

SPC+THP MO 29-Feb-12 4:00 AM CST 36.900 -90.217 34.0 
 

SPC+THP GA 30-Jan-13 11:12 AM EST 34.333 -84.950 35.1 
 

SPC+THP TX 7-May-95 3:10 PM CST 33.767 -97.333 41.6 
 

SPC+THP FL 2-Feb-07 3:37 AM EST 28.967 -81.583 42.0 
 

SPC+THP MO 7-Jan-08 6:29 PM CST 37.167 -93.067 42.0 
 

SPC+THP WI 18-Jun-01 7:06 PM CST 45.783 -92.733 48.3 
 

SPC+THP NY 31-May-98 3:22 PM EST 42.933 -73.800 48.8 
 

SPC+THP MO 31-May-13 7:50 PM CDT 38.683 -90.750 52.3 
 

SPC+THP MA 1-Jun-11 3:17 PM EST 42.067 -72.450 60.0 
 

SPC+THP KS 10-May-10 2:43 PM CST 36.867 -97.817 66.0 
 

SPC+THP IL 9-May-95 4:22 PM CST 39.783 -89.650 80.0 
 

SPC+THP MS 25-Dec-12 3:20 PM CST 30.650 -89.683 97.2 
 

SPC+THP NY 31-May-98 4:30 PM EST 42.067 -76.150 99.2 
 

SPC+THP MO 11-Apr-01 10:30 AM CST 40.400 -94.317 122.4 
 

F4 intensity class 

SPC+THP TX 15-May-13 7:06 PM CST 32.383 -97.733 4.4 
 

PE CT 10-Jul-89 4:30 PM EST 41.317 -72.933 5.0 
 

PE KS 15-Jun-92 6:30 PM CST 39.450 -98.217 5.0 
 

PE OK 26-Apr-91 8:45 PM CST 36.450 -95.700 6.0 
 

SPC+THP AR 15-Apr-98 1:50 AM CST 35.883 -90.167 8.0 X 

SPC+THP TX 27-May-97 3:50 PM CST 30.283 -97.800 9.0 
 

SPC+THP TX 25-Apr-94 8:30 PM CST 32.600 -96.767 9.6 
 

SPC+THP MX / TX 24-Apr-07 5:30 PM CST 28.417 -100.317 10.0 
 

PE MN 16-Jun-92 4:18 PM CST 44.033 -95.817 11.0 X 

SPC+THP MA 29-May-95 6:07 PM EST 42.200 -73.367 12.0 
 

SPC+THP MD 2-Jun-98 8:43 PM EST 39.650 -78.933 13.0 
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Source 
U.S. States 

or Country 
Date TD time 

Time 

zone 

TD Lat 

(°) 

TD Lon 

(°) 

Path 

length 

(km) 

Outbreak 

SPC+THP KS 28-May-13 5:39 PM CDT 39.050 -97.717 15.3 
 

SPC+THP KY 2-Mar-12 4:23 PM EST 38.783 -84.633 15.9 
 

PE TX 25-Apr-90 3:44 PM CST 33.050 -96.617 16.0 
 

PE MO 29-Nov-91 6:05 PM CST 37.050 -93.300 16.0 
 

PE OK 11-May-92 3:00 PM CST 34.717 -95.850 16.0 
 

SPC+THP AL 1-Mar-07 1:08 PM CST 31.283 -85.917 16.0 
 

PE IA 31-May-89 6:50 PM CST 42.433 -93.183 18.0 
 

PE IN 2-Jun-90 7:50 PM EST 39.833 -86.033 18.0 
 

SPC+THP VA 6-Aug-93 12:30 PM EST 37.200 -77.400 19.6 
 

PE IL 2-Jun-90 5:07 PM CST 39.067 -88.083 20.0 
 

PE NC 5-May-89 7:01 PM EST 34.933 -80.550 21.0 
 

PE KS 26-Mar-91 6:45 PM CST 37.967 -98.050 21.0 
 

PE NC 5-May-89 5:54 PM EST 35.733 -80.683 22.0 
 

SPC+THP IN 26-Apr-94 11:58 PM EST 40.450 -86.917 22.4 
 

CA SD 30-May-98 7:26 PM CST 43.733 -97.600 22.5 
 

PE SC 5-May-89 5:20 PM EST 34.950 -81.933 24.0 
 

SPC+THP OK 3-May-99 8:10 PM CST 35.933 -97.950 24.0 X 

PE TX 16-May-89 11:08 PM CST 29.300 -100.350 27.0 
 

SPC+THP AL 16-Dec-00 11:54 AM CST 33.200 -87.533 28.8 
 

PE IN 2-Jun-90 8:20 PM EST 38.883 -86.050 29.0 
 

SPC+THP AL 1-Mar-07 12:27 PM CST 32.117 -87.417 29.5 
 

PE AL 15-Nov-89 4:30 PM CST 34.700 -86.750 30.0 
 

PE IA 13-Mar-90 4:53 PM CST 42.067 -91.683 30.0 X 

SPC+THP NE 4-Oct-13 5:12 PM CDT 42.133 -97.083 31.0 
 

PE MS 9-Mar-92 9:40 PM CST 33.000 -90.833 32.0 
 

PE TX 27-Jun-92 6:31 PM CST 32.650 -96.717 32.0 
 

PE TX 21-Nov-92 3:27 PM CST 29.783 -95.317 32.0 
 

SPC+THP OK 19-May-13 6:00 PM CDT 35.250 -97.150 32.0 
 

SPC+THP KS 4-May-03 3:18 PM CST 39.067 -94.833 33.6 X 

PE IL 7-Jan-89 5:19 PM CST 38.417 -87.817 35.0 
 

PE TX 1-Jun-90 4:20 PM CST 31.417 -103.500 35.0 
 

SPC+THP OK 10-May-10 4:32 PM CST 35.200 -97.417 35.0 
 

SPC+THP MS 10-Feb-13 5:03 PM CST 31.183 -89.183 36.2 
 

PE IL 2-Jun-90 4:45 PM CST 41.950 -88.250 37.0 
 

SPC+THP TN 10-Apr-09 11:19 AM CST 35.850 -86.417 37.5 
 

SPC+THP OK 10-May-10 4:20 PM CST 35.317 -97.517 38.0 
 

SPC+THP KS 3-May-99 7:13 PM CST 37.317 -97.400 39.0 X 

PE GA 22-Nov-92 11:44 AM EST 33.900 -84.567 41.0 
 

SPC+THP IL 29-Feb-12 4:51 AM CST 37.733 -88.550 42.6 
 

PE KY 22-Nov-92 4:52 PM EST 38.667 -85.067 43.0 
 

PE NE 15-Jun-90 6:00 PM CST 40.183 -101.067 45.0 
 

SPC+THP KS 28-Feb-07 7:24 PM CST 38.133 -95.100 45.0 
 

SPC+THP AR 21-Jan-99 4:45 PM CST 36.317 -90.600 46.0 
 

SPC+THP TN 18-May-95 3:52 PM CST 35.033 -87.500 46.4 
 

PE OK 26-Apr-91 7:10 PM CST 36.300 -96.700 51.0 
 

PE GA 22-Nov-92 4:45 PM EST 33.317 -83.383 51.0 
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Source 
U.S. States 

or Country 
Date TD time 

Time 

zone 

TD Lat 

(°) 

TD Lon 

(°) 

Path 

length 

(km) 

Outbreak 

PE IN 2-Jun-90 10:00 PM EST 39.217 -84.850 53.0 
 

SPC+THP OK 10-Feb-09 6:48 PM CST 33.567 -97.350 56.0 X 

SPC+THP OK 3-May-99 8:25 PM CST 35.883 -97.683 63.0 X 

PE MS 22-Nov-92 12:14 AM CST 31.867 -89.550 64.0 
 

SPC+THP KS 14-Apr-12 4:32 PM CST 38.467 -98.083 65.8 
 

PE NY 10-Jul-89 1:27 PM EST 41.533 -74.233 68.0 
 

SPC+THP AL 27-Mar-94 10:55 AM CST 33.733 -86.133 76.0 
 

SPC+THP AR 24-May-11 11:10 PM CST 35.450 -93.767 76.0 
 

PE IA 24-May-89 5:11 PM CST 41.067 -94.683 79.0 
 

SPC+THP IN/KY 2-Mar-12 2:50 PM EST 38.433 -86.183 79.0 
 

SPC+THP IL 13-May-95 3:18 PM CST 40.617 -91.283 80.0 
 

SPC+THP OH 10-Nov-02 2:15 PM CDT 40.783 -84.767 84.5 
 

PE IA 24-May-89 5:20 PM CST 41.167 -92.900 106.0 
 

PE OK 26-Apr-91 5:30 PM CST 36.300 -96.417 106.0 
 

SPC+THP MN 29-Mar-98 3:50 PM CST 43.950 -95.567 108.0 
 

PE IL 2-Jun-90 5:20 PM CST 40.400 -91.333 170.0 
 

SPC+THP AR 5-Feb-08 4:50 PM CST 35.067 -93.100 196.0 
 

PE NE 13-Mar-90 5:05 PM CST 40.233 -98.567 198.0 X 

PE MS 21-Nov-92 11:27 PM CST 31.900 -90.367 206.0 
 

F5 intensity class 

SPC+THP 
Manitoba 

(Canada) 
22-Jun-07 6:30 PM CDT 49.900 -97.800 6.0 

 

SPC+THP TX 27-May-97 2:40 PM CST 30.833 -97.600 8.2 
 

SPC+THP WI 18-Jul-96 6:05 PM CST 43.683 -88.583 21.3 X 

PE+SE IL 28-Aug-90 2:15 PM CST 41.550 -88.433 26.0 X 

PE MN 16-Jun-92 4:00 PM CST 43.717 -95.817 26.0 X 

SPC+THP OK 31-May-13 6:03 PM CDT 35.533 -97.950 26.1 
 

SPC+THP OK 20-May-13 2:56 PM CDT 35.267 -97.417 27.0 
 

SPC+THP KS 13-Mar-90 5:30 PM CST 38.150 -97.433 35.0 X 

SPC+THP KS 4-May-07 8:20 PM CST 37.367 -99.167 35.0 
 

SPC+THP MO 22-May-11 4:34 PM CST 37.083 -94.517 35.6 X 

SPC+THP MS 27-Apr-11 1:30 PM CST 32.933 -88.867 47.0 X 

SPC+THP MS 27-Apr-11 2:42 PM CST 34.050 -88.417 60.0 X 

SPC+THP AL 27-Apr-11 5:19 PM CST 34.450 -85.900 60.0 X 

SPC+THP OK 3-May-99 5:23 PM CST 35.133 -97.850 61.0 X 

SPC+THP IA 25-May-08 3:48 PM CST 42.567 -92.783 69.0 
 

PE KS 26-Apr-91 4:57 PM CST 37.867 -96.833 74.0 
 

SPC+THP AL 8-Apr-98 6:01 PM CST 33.283 -87.833 80.0 X 

SPC+THP TN 16-Apr-98 3:50 PM CST 35.283 -87.550 80.0 X 

SPC+THP OK 24-May-11 2:50 PM CST 35.567 -97.967 105.0 
 

PE KS 13-Mar-90 4:34 PM CST 38.000 -97.350 112.0 X 

SPC+THP AL 27-Apr-11 2:05 PM CST 34.083 -88.133 212.6 X 
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In order to perform a more detailed and robust analysis 

of the hypothesized link between the tornadoes and the 

global anisotropy of the physical space, a further database 

concerning eleven tornado outbreaks occurred in the period 

1990-2011 was built, including all the events occurred in 

each outbreak and covering different months, seasons and 

times of the day. All the tornado outbreaks hit the U.S.A. 

with one of them, occurred on August 28, 1990, extended 

to Ontario, Canada; all outbreaks cover a portion of a single 

day but two of them that covered two consecutive days, as 

well as they include at least one F5 tornado but two of them 

where the strongest tornadoes were F4. The considered 

tornado outbreaks span the months of February, March, 

April, May, June, July, August which fall into three of the 

seasons, as well as single tornado events occur practically 

every time of the day and at any latitude between about 

30°N and 50°N. 

All in all, 434 tornadoes populate the second database, 

with 100 tornadoes classified as F0, 150 events classified as 

F1, 92 tornadoes in the F2 class, 57 in the F3 class, 22 

violent F4 tornadoes and 13 catastrophic F5 events. 

Table2 lists the above mentioned 11 tornado outbreaks. 

Table2. Tornado outbreaks used to build Fig.6(a-v) in Section 4. For any outbreak, the number of tornadoes in each intensity class from F0 to F5 is 

indicated. The data are extracted from the SPC [18]and THP [19]databases of tornado events. 

Date U.S. States or Country Nr. of F0 Nr. of F1 Nr. of F2 Nr. of F3 Nr. of F4 Nr. of F5 

March 13, 1990 IA, KS, MO, NE, OK, TX 10 20 13 10 2 2 

August 28, 1990 IL, MI, NY, Ontario (Canada) 4 4 2 1 0 1 

June 16, 1992 IA, MN, NE, ND, SD 15 15 21 10 1 1 

July 18, 1996 WI 6 2 1 0 0 1 

April 8, 1998 AL, AR, GA, LA, TN, TX 4 5 3 1 0 1 

April 15-16, 1998 AL, AR, GA, IL, IN, KY, MI, MS, MO, TN 24 15 12 7 1 1 

May 03, 1999 KS, OK 9 12 7 6 3 1 

May 04, 2003 AR, IL, KS, KY, MO, OK, TN 9 23 11 9 6 0 

February 10-11, 2009 AR, MO, OK, TN, TX 3 9 1 0 1 0 

April 27, 2011 AL, MS 14 39 17 13 8 4 

May 22, 2011 AR, IL, IA, KS, MO, OK 2 6 4 0 0 1 

 

3. Theoretical Insights 

3.1. The Global Anisotropy of the Physical Space and the 

Byuon Theory 

In[20,21]the earliest experiments are described where a 

fundamental anisotropy of the physical space as well as a 

new non-gauge interaction, different from the four known 

ones (strong, weak, electromagnetic, and gravitational), 

were first detected. Besides the lack of gauge invariance, an 

important feature of this new interaction is just its 

anisotropy that arises in a wide range of sizes, from the 

weak interactions, i.e. 10
−19

 m[22],up to the size of our 

Galaxy, i.e. 10
21

 m [23], and more[24]. 

The physical nature of the new force is explained by the 

byuon theory, a non-gauge theory of the formation of the 

physical space and the world of elementary particles from 

some unobservable objects called “byuons”[25–27]. 

According to the byuon theory [32]the potentials of 

physical fields can act upon the process of mass formation 

of the elementary particles because a fraction of such mass, 

associated with the formation of their inner space, is 

proportional to the modulus of a summary potential AΣ, i.e. 

thesum of the potentials of all known force fields calculated 

using the energy relationexpressed by Eq. (3.1.) in Baurov 

and Malov[28]. Such summary potential cannot exceed, by 

magnitude, the modulus of the cosmological vectorial 

potential Ag ,a new fundamental constanthaving absolute 

value mT 109.1 5 ⋅⋅≈gA . 

As the result of the action of the field potentials 

(decreasing 
ΣA ), each particle gains an energy 

2cm⋅∆  

that corresponds to a new force of nature throwing 

substance out of the region with the weakened ΣA . 

Experimental investigations with the use of gravimeters 

and magnets and plasma systems[29], as well as the 

measurements of changes in the β-decay rate of radioactive 

elements[22,30], that were later confirmed by independent 

researches [31], have shown that the substance is ejected 

from the region with the weakened AΣ along a cone with an 

angular opening about 100° around the vector Ag 

determining the global anisotropy of the physical space and 

having the following astronomical coordinates in the 

second equatorial system: °±°≈°±°≈ 1036 ,10293 δα , 

where α is the right ascension and δ is the declination. 

Fig. 1shows the direction of the cosmological vector 

potential Ag projected onto the Earth’s orbital plane, 

representing the direction of the global anisotropy of the 

physical space. 
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Fig. 1. Projection of the cosmological vector potential Ag onto a simplified 
Earth’s orbital plane; VE is the Earth’s instantaneous velocity vector. 

The analysis of a long run of experiments has shown that 

the new force has a nonlinear and nonlocal character and 

can be represented as a complex series in terms of changes 

of the summary potential AΣ as per Eq.(4) in Baurov [21]. 

The first term of the series is the following: 

2 2
12 [ ( ) / ]vF Nm c A A xλ Σ Σ= ∆ ∆ ∆ ∆                      (1) 

where N is the number of stable particles (electrons, 

protons, and neutrons) in the test body, Σ∆A  is the 

difference in changes of the summary potential AΣ at the 

location points of a test body and sensor element,

( ) xA ∆∆∆ Σ /  is the gradient in space of the difference 

potentials Σ∆A ; x  is the length of an arc of a circle for 

experiments with solenoids, therefore a space coordinate; 

eV 332 2 =cmv
; -16

1 m) (T 10−=λ  is the first coefficient of 

the series. 

The fundamental research of the global anisotropy of 

physical spacealong with the basics of the byuon theory 

based upon such anisotropy is summarized in 

Baurov[32]which includes all the relevant bibliography. 

The revealed anisotropic properties of the physical space 

were found to affect as well very powerful geophysical 

processes such as the strongest earthquakes, offering a 

chance for a deeper understanding and even a reference 

framework for a possible prediction in future [33]. 

The following few consequences of the byuon theory are 

most important in the context of this article: 

� Extremely high magnitude magnetic vector 

potentials having a large component  anticollinear 

with respect to the cosmological vector potential Ag 

can effectively weaken the summary potential AΣ, 

resulting in an acceleration of the surrounding 

substance along a conical path[32]. 

� The potential of the Earth’s gravitational field is 

always negative and decreases in absolute value 

with height from the local surface, therefore as per 

Eq. (1) a particle rising from the surface with high 

enough speed, experiencing a substantial rate of 

decrease of the gravitational potential, is subjected 

to an upward force towards higher values of the 

summary potential AΣ. 

� Quantum states of the byuons interact in regions of 

weakened summary potential to minimize their 

potential energy, creating the fundamental one-

dimensional physical space along with rotation of 

the material substance around an axis perpendicular 

to the cosmological vector potential Ag, which 

arises from the residues of such minimization [27]. 

� More precisely, most of the residual potential 

energy of interaction of byuons in the fundamental 

one-dimensional space created by the byuons 

themselves converts into the spin of primary 

particles, such as the electron, any lepton, etc., as 

well as into its mass; according to the byuon theory, 

any natural rotation such as the rotation of planets, 

stars, galaxies and the expected rotation of the 

Universe, arises from this mechanism of 

minimization of the potential energy of interaction 

of byuons [27]. 

� The energy of the rotational motion of particles on 

the boundary of an object having characteristic size 

on the order of 10 cm can be substantially enhanced 

by the coupling of such particles through the 

quantum information channel predicted by the 

byuon theory [25,26]. 

3.2. Tornadoes and the Global Anisotropy of the Physical 

Space 

Whatever the processed leading to the onset of a tornado, 

afterwards itcan further accumulate energy along its path 

by means of well understood processes[2,3]; two further 

concurrent processes are proposed here, which are thought 

to sustain or reinforce a tornado during its development. 

The first process stems from the consideration, already 

expressed in Section 3.1., that the reduction of the summary 

potential AΣ by means of the Earth’s gravitational potential, 

that is always negative, is stronger near the Earth’s surface 

than at any height along the local vertical axis; therefore, 

according to Eq. (1) the flow in an updraft is further 

accelerated at the expense of the gravitational potential in 

the direction of the increasing summary potential, which 

coincides with the direction to the local zenith. 

Such process appears similar to the one described in 

[26,34]: during the motion of a liquid substancepowered by 

a centrifugal pump, in a closed circuit having ascending 

and descending sections (height of about 2.6 m), additional 

energy is released at the level of 15-20%, which can’t be 

explained from the perspective of standard calibrated 

physical models. Of course, the stronger the updraft, the 

greater the acceleration because the uprising particles 

experience a faster change (decrease) of the summary 

potential. 

The second process is likely even more important and 

specific to tornadoes. Recalling Section 3.1., any natural 

rotation arises from the mechanism of minimization of the 

potential energy of interaction of byuons in their 

fundamental one-dimensional space [27]. 
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The latter  applies as well to a tornado that can gain a 

fraction of energy of its rotational motion from the 

minimization of the potential energy of interacting byuons 

in regions with summary potential weakened by means of 

the Earth’s gravitational potential; provided that the 

cosmological vector potential lies around the horizontal 

plane tangent to the local Earth’s surface, this process 

results in the generation of further rotation around the 

vertical axis of any particle while rising in the violent 

updraft associated to the tornado, thus further contributing 

to the energy and lifetime of the tornado itself. 

Fig.2 shows a very simplified scheme of the proposed 

processes contributing to the energy of a tornado system. 

 

Fig. 2.Very simplified scheme of the proposed processes contributing to 

the energy of a tornado system: Ag is the cosmological vector potential and 

β is its altitude with regards to the local Earth’s surface (shaded in the 

picture). 

As a result, the new proposed mechanisms could help to 

discriminate situations favorable for the further 

accumulation of energy into a tornado and therefore its 

development into a high intensity and/or long lifetime or 

path system. 

3.3. From Lightning to Tornado 

In [26,29,35]experiments are discussed where, if the 

magnetic vector potential of a discharge current of intensity 

up to 4 kA is directed opposite to the vector Ag at an 

optimal angle (130°-135°), corresponding to the maximum 

action of the new force of nature, in the discharge can be 

released 20-40% more energy than that supplied by the 

power source; if the discharge currents are increased up to 

200 kA, the situation can develop into an explosion, 

leading to the release of energy few orders of magnitude 

greater than the input energy. 

On the basis of the above mentioned experiments as well as 

of the byuon theory, at least a fraction of the energy available 

for the onset of a tornado can be explained as the result of the 

vector of the lightning current, provided such current is high 

enough, which is collinear to the respective magnetic vector 

potential,lying on the reverse cone of action of the new force 

or at least having a component directed opposite the vector Ag 

in order to weaken the summary potential  AΣ , such additional 

energy coming from the process of formation of the masses of 

the particles in the discharge (electrons, etc.). 

Considering a single cubic centimeter of the substance 

within the lightning discharge with current 100 kA, the value 

of N will be equal to about 2⋅10
20

; m T 10 2−
Σ ≈∆A  and for 

each of the elementary particles (protons, neutrons) the factor 

( ) xA ∆∆∆ Σ /  can be assumed equal to the value of the 

magnetic field in the vicinity of the proton (10
12

 T), as shown 

in Baurov et al.[22], therefore at the optimal arrangement of 

the vector potential of the discharge current with respect to the 

vector Ag (angle between the vectors ≈ 130°), it follows from 

Eq.(1) that a cubic centimeter of discharge will receive a new 

force having an intensity on the order of 10 N. Considering 

that the mass of 1 cm
3
 of air is about 10

-6
 kg, the obtained 

force will result in a huge acceleration on the order of 10
7
 ms

-2
. 

It’s known [36] that a lightning strike can travel at speeds 

around 150,000 km/s, therefore, assuming that its path length 

is between 2km and 10 km, its duration can be estimated in the 

range 10
-5

s and 10
-4

s; furthermore, the average width of a 

lightning bolt is between 2.5 cm and 5 cm, such width of 

course increasing with the lightning peak current. It could be 

noted as well that 10 cm is the order of magnitude of the 

distance a particle accelerated by the new force travels during 

10
-4

s. 

On the basis of the above it appears reasonable to assume 

that the approximately empty cavity (i.e., with vacuum inside) 

created as a result of an intense lightning explosion has a 

characteristic size on the order of 10cm, therefore activating 

the quantum information channelmentioned in Section3.1., 

and allowing the previously accelerated particles at the 

boundaries of the cavity to gain substantial energy in the form 

of rotational motion, in turn contributing to trigger the tornado. 

Fig.3 shows a very simplified scheme of the proposed 

processes contributing to the onset of a tornado. 

 

Fig. 3. Very simplified scheme of the proposed processes contributing to 

the onset of a tornado: Ag is the cosmological vector potential and β is its 
altitude with regards to the local Earth’s surface (shaded in the picture); 

pluses and minuses indicate the cloud and surface electrostatic charges; 

the +CG lightning below the cloud base is represented too. 

The verification of the above described additional 

mechanism contributing to the onset of tornadoes starting 

from intense lightning flashes on the basis of observational 

evidence with real tornadoes is very difficult for few 

reasons. 

A source of difficulty arises from the fact that the 

proposed mechanism is not deemed at allstrictly necessary 
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for the onset of tornadoes but only a contributing process 

that sometimes can trigger tornadoes in otherwise less 

favorable atmospheric environments. Therefore, the fact 

that the onset of a tornado either allows or not for a role of 

the proposed mechanism doesn’t speak about its reality. 

Another source of difficulty lies in the fact that the 

tornadoes arise first at some elevation over the local terrain, 

i.e. inside the convective clouds, therefore the proposed 

mechanism can work both with cloud to ground (CG) and 

intra-cloud (IC) lightning flashes, the latter being hardly 

detected and characterized with regards to intensity, 

polarity, path by ground based lightning sensors. 

Additionally, the path is usually not available even for CG 

lightning. 

Moreover, ground based lightning detection networks are 

mostly privately managed and the respective detailed data 

are confidential, including exact location, polarity and 

intensity, not to speak about the detailed path (if observed). 

It is known[37] that positive lightning flashes (+CG), 

which are likely candidates for the activation of the 

proposed mechanism because they carry the highest peak 

currents, can follow very complex paths including long 

horizontal sections between convective and stratiform areas 

of the storm cloud system before delivering the positive 

charge to the ground. As a result, the only altitude of Ag 

can’t be sufficient to assess its angular deviation with 

regards to the lightning discharge and the associated 

magnetic vector potential in the three dimensional domain, 

its azimuth being needed too. 

At least an extensive analysis of the local atmospheric 

environment supportive of tornadoes would be needed for 

any event, which is out of the scope of this article, as well 

as the observation of the intensity, polarity and possibly the 

paths of both CG and IC lightning would be required, at 

least for the most intense strikes, which could be available 

by means of new and future satellite sensors [38]. 

4. Results and Discussion 

Only the processes proposed in Section 3.2., linking the 

evolution of the strongest tornadoes to the global 

anisotropy of the physical space,will be verified against 

observed data; as stated in Section 3.3., the verification of 

the processes allegedly linking the onset of tornadoes to 

very high peak current lightning discharges are deferred to 

a later time until the suitable data sets will be available. 

Fig. 4 shows the average altitude of the cosmological 

vector potential Ag during the lifetime of 139 tornadoes 

listed in Table 1. The data points are represented separately 

for each intensity class and, in each class, are arranged 

according to the increasing tornado path length. 

 

Fig. 4.Altitude of the cosmological vector Ag during the lifetime of 139 tornadoes occurred in the period 1989-2013 and listed in Table 1; the data points 

belonging to the three most intense tornado classes (F3, F4, F5) are represented separately and in each class they are arranged according to increasing 
path lengths. 

While no clear pattern arises for F3 tornadoes, with the 

F4 tornadoes the altitude of Ag appears to concentrate in a 

range of 20° on each side from the horizontal plane, with 

the spread clearly reducing with the increasing tornado 

pathlength and negative altitudes clearly prevailing. A 

striking evidence arises anyway with the most violent F5 

tornadoes: for all the 21 events the altitude of Ag is less than 

30° far from the horizontal plane, such angular distance 

reducing to less than 20° with 18 out of 21 events, all such 

events occurring with a negative altitude. 

Therefore, also recalling the relevance of the path length 

besides the intensity to characterize the tornado overall 

energy, as stated in Section 1 [7], it appears that the local 

altitude of the cosmological vector potential effectively 

discriminatesthe most powerful tornadoes. 

A closer insight is provided with Fig.5(a) and Fig. 5(b), 

where the path lengths of the same tornado events 

represented in Fig. 4, limited to the classes F4 and F5,are 

shown against the altitude of the cosmological vector 

potential Ag. 

For all the seven F4 events with path length greater than 

90 km the altitude of Ag lies within 20° from the horizontal 
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plane (Fig. 5a), and for six out of seven such events the 

maximum angular distance from horizontal reduces to 10°. 

For all the fifteen out of twenty-one F5 events with path 

length greater than 26 km the altitude of Ag lies in the range 

-20° to 0° from the horizontal plane (Fig. 5b). 

 

(a) 

 

(b) 

Fig. 5.Path lengths of tornadoes of intensity F4 (a) and F5 (b), occurred in the period 1989-2013, against the local altitude of the cosmological vector Ag. 

The abovediscussed results support at least the general 

idea that the most energetic tornadoesare somehow 

connected with the global anisotropy of the physical space, 

which is an original conclusion of this article; here, the 

total energy of a tornado is meant as a combination of its 

maximum intensity in the Fujita scale and the length of its 

path. In the opinion of the authors, consistent clues are 

accumulating as well about the reality of the proposed 

mechanism contributing to the intensification of tornadoes. 

In order to reduce the probability that the above evidence 

was obtained by chance, eleventornado outbreaks occurred 

in the period 1990-2011 and listed in Table 2 have been 

analyzed. In Fig. 6(a-v) two charts are shown for each 

considered outbreak, the first representing the intensity 

class of each tornado in the outbreak and the altitude of the 

cosmological vector potential Ag at its touchdown along 

with the local solar time, the second representing the scatter 

diagram of the tornado intensity as well as of its path length 

against the altitude of Ag. It’s noteworthy that here the 

altitude of Ag at the tornado touchdown is computed instead 

of its average during the tornado lifetime as in Fig. 4, 

Fig. 5(a) and Fig. 5(b) because the lifetime was not always 

available for each tornado; this could introduce small errors 

especially with the longest lifetime events but the 

occurrence of such events just close to the minimum 

altitude prevents such errors to become significant. 

The date of each tornado outbreak is indicated in the 

respective charts. 
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(a) 

 

(b) 

 

(c) 
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(d) 

 

(e) 

 

(f) 
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(g) 

 

(h) 

 

(i) 
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(j) 

 

(k) 

 

(l) 
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(n) 

 

(o) 
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(p) 

 

(q) 

 

(r) 
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(s) 

 

(t) 

 

(u) 
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Fig. 6(a-v). Representation of the intensity class of each tornado in any outbreak along with the
touchdown at the respective local solar time (a,c,e

altitude of Ag (b,d,f,h,j,l,n,p,r,t). 

A striking evidence arises from the 

represented in Fig. 6(a-v): despite the fact that the

the cosmological vector potential Ag performs a daily cycle

modulated by the different geographical coordinates of the 

single tornado events, covering practically any value in the 

range about -30° to 90°,all events with tornado intensity in 

the classes F4 and F5 with path length greater than 30

occur when the altitude of Ag is in the range 

regards to the local horizontal plane, with the only exception 

of the outbreak hitting on May 4, 2003 (Fig.

tornado associated with a path length as long as 63

occurred when the altitude of Ag was anyway

20°.  

In the opinion of the authors, the combined evidences 

resulting from the analysis of Fig. 5(a), 

more significant, Fig. 6(a-v), strongly support the 

hypothesized link between the occurrence of the most 

energetic tornadoes and the global anisotropy of the 

physical space, in turn adding confidence to the proposed 

model of intensification of this extremely

phenomenon of the Earth’s atmosphere.

5. Conclusions 

The main aim of this article was to investigate the possible 

relationship between the global anisotropy of the physical 

space and the occurrence of the most violent tornadoes.

The global anisotropy of the physical space wa

by means of a long series of experiments as well as 

observations of different natural systems at virtually any 

scale of the Universe, from the weak interaction 

galactic ones; on its basis the byuon theory

was built since the early 1990s’till a stage of development 

that allows to offer consistent explanations to a variety of 

physical phenomena covering the fields of nuclear physics, 
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(v) 

Representation of the intensity class of each tornado in any outbreak along with the altitude of the cosmological vector potential 
(a,c,e,g,i,k,m,o,q,s) and of the tornado intensity class along with the respective 

A striking evidence arises from the tornado outbreaks 

: despite the fact that the altitude of 

performs a daily cycle, 

modulated by the different geographical coordinates of the 

single tornado events, covering practically any value in the 

all events with tornado intensity in 

F5 with path length greater than 30 km 

is in the range -20° to 10° with 

with the only exception 

4, 2003 (Fig. 6p) when an F4 

iated with a path length as long as 63 km 

anyway just less than 

In the opinion of the authors, the combined evidences 

 Fig. 5(b) and, likely 

strongly support the 

hypothesized link between the occurrence of the most 

energetic tornadoes and the global anisotropy of the 

confidence to the proposed 

extremely powerful 

arth’s atmosphere. 

main aim of this article was to investigate the possible 

relationship between the global anisotropy of the physical 

occurrence of the most violent tornadoes. 

The global anisotropy of the physical space was detected 

series of experiments as well as 

observations of different natural systems at virtually any 

weak interaction to the meta-

galactic ones; on its basis the byuon theory (Section 3.1.) 

till a stage of development 

that allows to offer consistent explanations to a variety of 

physical phenomena covering the fields of nuclear physics, 

astrophysics, geophysics, as well as 

harness a new energy source[25,26,32]

So far, no weather phenomena were investigated on the 

basis of the byuon theory and this article aims to 

covering the gap with the tornadoes which are likely the 

most powerful phenomena at scales from hundreds of meters 

to tenths of km in the Earth’s atmosphere.

Although one can dispute the details of the 

processes contributing to supply energy to developing 

tornadoes (Section 3.2.), the 

Section 4. for the link between the global anisotropy of the 

physical space and the occurrence of the most energetic 

tornadoes appears much more difficult to discard or to 

attribute to chance. 

Despite the intrinsic huge complexity and chaotic nature 

of the atmosphere at any scale

shown in this articleit is possible to state

powerful tornadoes belonging to the F4 and F5 intensity 

classes as well as provided with path lengths greater than 

some thresholds specific to the intensity class 

when the tangent to the local Earth’s surface assumes 

defined directionsin the Universe.

In other words, such tornadoes can occur only at specific 

times of the day which depend on latitude, longitude and day 

of the year as well as to the 

affecting significantly only on the millennial scale.

All the above deriving from an univ

i.e. the cosmological vector potential 

are predicted to be valid even in extraterrestrial atmospheres, 

provided that the gravitational potential

will represent another important variab

Further verification can be performed increasing the 

database of tornadoes both in the herein considered U.S.A. 

territory and outside, e.g. in Europe, South America and 

other regions of the world.
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altitude of the cosmological vector potential Ag at its 
along with the respective path length against the 

astrophysics, geophysics, as well as offers the chance to 

[25,26,32]. 

weather phenomena were investigated on the 

is of the byuon theory and this article aims to start 

the tornadoes which are likely the 

most powerful phenomena at scales from hundreds of meters 

to tenths of km in the Earth’s atmosphere. 

Although one can dispute the details of the proposed 

processes contributing to supply energy to developing 

the wide evidence provided in 

link between the global anisotropy of the 

physical space and the occurrence of the most energetic 

ch more difficult to discard or to 

the intrinsic huge complexity and chaotic nature 

of the atmosphere at any scale,on the basis of the analysis 

it is possible to statethat the most 

ing to the F4 and F5 intensity 

classes as well as provided with path lengths greater than 

specific to the intensity class occur only 

local Earth’s surface assumes sharply 

in the Universe. 

such tornadoes can occur only at specific 

times of the day which depend on latitude, longitude and day 

of the year as well as to the historical time, the latter 

affecting significantly only on the millennial scale. 

All the above deriving from an universal physical constant, 

i.e. the cosmological vector potential Ag, similar conclusions 

are predicted to be valid even in extraterrestrial atmospheres, 

gravitational potential specific to any planet 

will represent another important variable in the picture. 

urther verification can be performed increasing the 

database of tornadoes both in the herein considered U.S.A. 

territory and outside, e.g. in Europe, South America and 

other regions of the world. Moreover, as suggested 
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inSchielicke and Névir[7], the tornado path width could be 

added to the relevant data to obtain a more accurate 

characterization of its overall energy and some summary 

energy index. 

About the proposed processes allegedly contributing to the 

onset of tornadoes from very high peak current lightning 

discharges (Section 3.3.), the data presently available to the 

authors don’t allow any useful verification; nevertheless, 

such processes are presented because they derive from the 

same fundamental physical theory which made possible the 

above discussed finding.On the other side, the need to verify 

this second class of processes can stimulate the optimization 

or the planning of both ground-based observation networks 

and dedicated satellite missions aimed at the detection and 

full characterization of the lightning dischargesin terms of 

nature (+CG, -CG, IC), location, peak current and detailed 

path. 

Finally, if the processes contributing to the onset of 

tornadoes will be aswell verified, some inference could be 

drawn about the tornado hazard in the changing climate, in 

example in Mediterranean regions where +CG flashes were 

found to carry the largest peak currents in the winter 

months[12]. 
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Appendix 

Abbreviations used in this article: 

AΣ = Summary vector potential (T⋅m) 

Ag = Cosmological vector potential (T⋅m) 

CDT = Central Daylight Time 

CG = Cloud-to-Ground lightning 

-CG = Negative Cloud-to-Ground lightning 

+CG = Positive Cloud-to-Ground lightning 

CST = Central Standard Time 

EST = Eastern Standard Time 

IC = Intra-Cloud lightning 

TD = Touchdown 

TNT = Trinitrotoluene 
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