Ph. D. & Dr. Sc. Lev Gelimson: Universal Physics: Completely Solving Zeno’s
Paradoxes and Discovering Space and Time Uniparticles, the Universality of
Conservation Laws and Strength Laws of Nature 1/32

Universal Physics: Completely Solving Zeno’s
Paradoxes and Discovering Space and Time
Uniparticles, the Universality of Conservation Laws and
Strength Laws of Nature

Ph. D. & Dr. Sc. Lev Gelimson
(Ph. D. & Dr. Sc. in Engineering in “Physical and Mathematical Sciences”
by the Highest Attestation Commission Classifier)
Director of the Academic Institute for Creating Universal Sciences
Westendstrasse 68, D-80339 Munich, Germany. E-mail: Leohi@mail.ru

http://kekmir.ru/members/person_6149.html
Abstract

Physics regards the 3-dimensional space and 1-dimensional time composed of
points and instants of zero dimensionality and measure but any sum of zeros is zero.
The author’s wuniphysics by the principles of his (meta)uniphilosophy,
unimathematics, and unimetrology exactly measuring the infinite discovered the co-
dimensionality of the uniparticles of continuum, extent, and duration, the
fundamental physical constants self-precision, and the universality of conservation
and strength laws of nature.
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AHHOTALUA

Knaccuueckas ¢usnka cuuTaeT 3-MepHOE MPOCTPAHCTBO U 1-MepHOE Bpems
BITOJIHE COCTABJICHHBIMH M3 TOYEK U MTHOBEHUU HYJEBBIX pa3MepHOCTH M Mmep. Ho
CyMMa JFOOOTO MHOXKECTBA HyJIed paBHAa HyNI0. YHU(U3WKA MO TPUHIUIAM
(Meta)yHuuIocopur, yHUMATEMATUKH W YHUMETPOJIOTUH aBTOpa C TOYHBIM
U3MepeHueM OECKOHEYHO OOJIBIIOr0 M Majoro TpU BCEOOIIHOCTH 3aKOHOB
COXpPaHEHHUs OTKPBLIA COPA3MEPHOCTh YHUUACTHUL] HEIIPEPHIBHOTO, MPOTSHKEHHOCTH U
JUIUTEIBHOCTH, CAaMOTOYHOCTh OCHOBHBIX (PU3MUECKUX TIOCTOSIHHBIX U TIE€PBBIC
IPOYHOCTHBIE 3aKOHBI PUPOIBIL.

KiroueBble cJji0Ba: TPOCTPAHCTBO M BpeMs, IMOTCHIMAIbHAS M aKTyalbHas
0EeCKOHEYHOCTh, MeTayHUPUIOCOPHS, yHUMATeMaTUKa, YHUMETPOJIOT U, YyHU(PHU3UKA,
aKTyalbHO KOHTHMHYaJlbHO OECKOHEYHO Masjlasi YHHMYacTHIA TMPOTSHKEHHOCTH U
JUTUTETHHOCTH, CAMOTOYHOCTh (DYyHIaMEHTATBHBIX (PU3NUIECKUX OCTOSTHHBIX.

YK 1, 125, 50, 53, 539.3, 539.4, 620.17

Mionxen: M3natensctBO BeeMupnoit Akagemun Hayk «Komneruymy, 2014
J100aBIsIIOTCS CCHIIKA Ha HEKOTOPbIE MOCIIEAYIOIINE TPYAbl aBTOPA 110 TEME

«KH#ura npupojasl HanKcaHa Ha s3bike MatemaTukny (["anuneo [Manunein).

«Ecmu g Buaen panelmie Apyrux, TO IMOTOMY, YTO CTOSUI Ha IUI€Yax TUTAHTOBY»
(Acaak HeroToH).

«B Kax7o#l eCTeCTBEHHOM HAyKe 3aKJIOYEHO CTOJIBKO MCTHHBI, CKOJIBKO B HEW
ectb MatemaTukn» (Mmmanyun Kanr).

«HoBast oTpaciib MaTEMAaTHKH, TOCTUTHYB HCKYCCTBa O00OpalliaTtbcs ¢ OECKOHEYHO-
MaJbIMH BEJIMUYMHAMH, U B IPYTUX OOJIee CIOKHBIX BOMpPOCcaxX IBUKEHHUS AET Terephb
OTBETHI HA BOIPOCHI, Kazapiuecs HepaspemumbiMuy (JI. H. Toncroit).

«Bce nayku o Ilpupone nensitcs Ha (QU3UKY M KOJUIEKIIMOHMPOBAHUE MapOK»

(Opuect Pesepdopn).

Pegepar

[loHnMaHue CYIIHOCTH W COOTHOIICHWH MPOCTPAHCTBA, BpPEMEHH, ICHCTBUS,
MOKOSI M JIBMDKCHUS, IMOCTOSHCTBA (COXPAaHEHWS) W M3MCHCHHS, a TaKKe TOYHOE
U3MEPEHUE HCTUHHBIX OECKOHEYHOCTEeW M OECKOHEYHO MAajblX HEMOCHIBbHBI s
kiaccuyeckux ¢unocopun u Hayku [1-12] oxono 2500 nmer. Cm. amopuu 3eHOHA
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Onetickoro (ok. 490 — ok. 430 o H. 3.) [1I, c. 31-32]: «...Anopust «Ctpenay: ecnu
CUHMTaTh, YTO MPOCTPAHCTBO, BPEMSI U TMPOIECC IABUKEHUS COCTOSIT M3 HEKOTOPBIX
«HEICIUMBIX» JJIEMEHTOB, TO B TEUYEHHE OJHOTO TaKOr0 «HEACIMMOT0» TEJ0
(Hampumep, cTpena) JBUTaThCsl HE MOXKET (MO0 B MPOTHMBHOM CiIydae «HEACIIMMOEC)
pa3enuiaoch Obl), a TMOCKOJBKY «CyMMa IOKOE€B HE MOXXET JaTh JBHXEHUS», TO

JIBHYKEHHE BOOOIIE HEBO3MOXHO, XOTSI Mbl €r0 Ha KaXKJIOM I1ary HaOJII0JaeM...»

Knaccuueckasi pusmnka [3] BMecTe co Bcell COBpeMeHHOM Haykou U punocodueit
CYMTAET MPOCTPAHCTBO M BPEMS COCTABJIECHHBIMU W3 TOYEK U MTHOBEHUU HYJIEBOU
Mepbl. Ho cymma mro6oro MHOkecTBa HyJsel paBHa (0. HeT moHMMaHus TTyOMHHBIX
MPUPOBI U CYIIHOCTH HE TOJIHKO OECKOHEYHOCTH, BEYHOCTH U TpoIlecca BoooOIe, a
3HAYUT, 1 MUPO3JAaHUS B LEJIOM, HO U CMEIIAHHON (U3NYECKON BEIMYMHBI (I 5 71
BOJIbI HET M3BECTHBIX JEUCTBUU MEXay «5 m» U «Boaa»). K Meromonornyeckomy
KpU3UCY M JPYrux MepBOOCHOB (u3uku [13] noOaBistoTCS NPUHIMIUAIbHBIE
W3bSHBl TPAAULUOHHBIX MAaTEeMAaTUKA U meTposnoruu. [laxxe B mexanuke [4—12] Her
YHUBEPCATBHBIX MPOYHOCTHBIX 3aKOHOB MPUPOJBI U JaXe HAINPSKCHUW, a 3amac
MIPOYHOCTU TIPUTOJICH JIMIIIB ISl IPOCTOTO HAarpykeHus. Het 00X aHaTuTHYeCKUX
pelIeHnii rapMOHUYECKUX U OUTapMOHMYECKUX YPaBHEHHUH C KIFOUEBBIMU POJISIMU U
HETPUBHAIBHBIX TPEXMEPHBIX YIIPYTHUX 3a/1a4.

CoznanHas o npuHnunam (Mera)yHudunocodun [14—-16], yuumarematuku [17—
32] u ynumerposioruu [17-20, 25-33] ynuBepcanbHasa ¢usuka [19, 25, 29-57]
SBIIICTCS HAJICTPONKON HAJ HUMU U U30paHHBIMU O0JACTSAMU KIIACCHUECKON (PU3UKH.
VYHuBepcagbHble HayKH 00 YHHUIPOCTPAHCTBE M OECKOHEYHOCTH, YHHUBPEMEHH U
BEYHOCTH, YHUIBMKEHUU M YHHUIIPOLIECCE OCHOBAHHBI Ha MOJOKUTEIBHON Mepe
TOYKH B KQKJIOM M3MEPEHHH MPOCTPAHCTBA W/WJIM BPEMEHHU, KaK U 00 HU3BJICUECHHUU
JIOCTOBEPHBIX M3MEPUTENbHBIX JAHHBIX U JIJII OCHOBHBIX (DU3NYECKUX MOCTOSHHBIX,
Hanpumep rpaButainoHHon no Kasenauiry [30] u 3apsiga snekTpoHa 1o MUILTUKEHY
[31]. B yHumexaHuke aepopMUpyeMoro TBEPAOIrO Teja aHAJTUTUYECKUE HAyKU 00
yHUTIapaMeTpU3allii U YHUIIEPECTPAUBAHUH PEILIAIOT (HE)PAaBHOCIOXKHBIE YHU3aAaun
KaK YHHUCHUCTeMbl (YHKIHMOHAJIBHBIX YpPAaBHEHHMM M BEIyT K CTENEHHOW U
WHTETPAJIbHON aHAJUTUYECKMM HayKaM O MakpolsjeMeHTax. B yHUIpodHOCTb
MaTepuaIoB BXOAST OCHOBOIIOJIAratolife HayKu 00 YHUBEPCAIBbHBIX HAPSDKEHUAX, O
BCEOOIMMX MPOYHOCTHBIX 3aKOHAX NPHPOABI U 00 00paboTKe MPOYHOCTHOU
uHpopManuu. B yHUIIPOUHOCTH OOBEKTOB BXOJAT OCHOBOIOJAralolIde HayKd 00
aHAJIMTUYECKOM MaKpO3JIEMEHTHOM UCCIIEJOBAaHUH HAIPsHKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHUSA W MPOYHOCTU CUCTEM, O COCPEAOTOUYECHHHM PABHOCWJIBHOTO HAIPSKEHUS,
00 yHUBEpCAJbHBIX 3amMacax MPOYHOCTH, O TEPHUMOCTH K omudkaMm, 00
YHUHAAE)KHOCTH M YHUPUCKE OOBEKTOB. OTKpBITHI HOBBIE SIBJICHUS MEXAaHUKU U
IIPOYHOCTH U MHOTOYPOBHEBOCThH 3aKOHOB Ipuponbl. Briepseie moutn 3a 2500 ner
HaMJIeH BbIXOJ U3 anopuil 3eHOHA U JPYTUX ¢ TOYHBIM U3MEPEHUEM O0€CKOHEYHOCTEH.

1. Classical Physics
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Along with classical philosophy [1] and mathematics [2], classical physics [3—12]
cannot understand the nature and essence of space and infinity, time and eternity,
action, rest and motion, constancy and change, processes and the universe without
exactly measuring namely actual infinities and infinitesimals. Zeno’s "Arrow"
paradox proving motion impossibility at all is unsolvable for about 2500 years. Space
and time are regarded as composed of zero-measure points and moments but the sum
of any set of zeros is 0. There is no deep understanding the nature and essence of any
mixed physical amount (for "5 liter water" there is no known operation between "5 L"
and "water"). Additionally to the methodological crisis also of other fundamental
principles of physics [13], there are defects of traditional mathematics [2] and
metrology [3]. Even in mechanics [4—12] there are no universal stress and strength
laws of nature, and the strength reserve (safety factor/margin) holds for simple
(proportional) loading only. To three-dimensional elasticity problems, there are no
nontrivial analytical solutions required for testing the finite element method results.
There are no known general power-law solutions to the homogeneous harmonic and
biharmonic equations with key roles not only in elasticity theory [4-6].

2. Universal Physics

Following the principles of (meta)uniphilosophy [14—16], unimathematics [17—
32], and unimetrology [17-20, 25-33], universal physics [19, 25, 29-57] is a
superstructure over them and selected areas of classical physics. Universal physics
includes universal sciences of unispace and infinity, unitime and eternity, unimotion
and uniprocesses based on a positive point measure in each dimension of space
and/or time, of extracting reliable measurement data including fundamental physical
constants such as the gravitational constant [30] and the electron charge [31] via the
classical experiments by Cavendish and Millikan, respectively, as well as deformable
solid unimechanics, material unistrength, and object unistrength. In unimechanics,
analytical uniparameterization science generally solves uniproblems as unisystems of
functional equations. Analytical rebuilding science solves non-equicoplicated
uniproblems. They both give power and integral analytical macroelement sciences.
Material unistrength includes fundamental sciences of universal stresses, of universal
strength laws of nature, and of strength data processing. Object unistrength includes
fundamental sciences of analytic-macroelement investigating the system stress-strain
state and strength, of the equivalent stress concentration, of universal safety margins,
of error tolerance, and of object unireliability and unirisk. They provide discovering
multi-level laws of nature, science, and life and new phenomena of mechanics and
strength. Universal physics has found a way out of Zeno’s and other paradoxes for
the first time for about 2500 years via exactly measuring infinities and infinitesimals.

3. Principles of Universal Physics
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3.1. Fundamental principles of uniphysics

. Urgent problems priority, exclusiveness, and typificability.

. Intuitive conceptual and methodological fundamentality priority.

. Philosophical, mathematical, physical, engineering meaningfulness and synergy.
. Controllability (testability, estimability, generalization, and hierarchization).

. Creating, inventing, and discovering directionality and purposefulness.

. The efficiency of creative inheritance, transparency, and ergonomicity.

NN AW~

3.2. Universalizability principles of uniphysics

. Universalizability of physical amounts and laws of nature incl. conservation laws.
. Free efficient physical quality universalizability and controllability.

N —

3.3. Quasicriticality principles of uniphysics

. Parameters reserves separability, critical and limiting relations efficiency.
. General noncriticality (of subcritical, critical, and supercritical states).
3. General nonlimitability (of underlimiting, limiting, and overlimiting states).

N —

3.4. Unimathematical principles of uniphysics
. Tolerable simplicity (the tolerably simplest acceptable analytical solution).
. Unimodelability, uniexpressibility, unievaluability, and unimeasurability.
. Uniestimability, uniapproximability, and uniproblem unisolvability.
. Unicomputability (overcoming complication, unimathematical data processing).

N W N =

3.5. Composition and uniadditivity unimetrological principles of uniphysics

1. A space and anyone of its parts such as a line part, a figure, or a body are
compositions (naturally ordered systems) of points of the same dimensionality as the
space and of equal positive universal measure in each dimension for every point.

2. A time and anyone of its parts such as an interval or a segment are compositions
(naturally ordered systems) of moments as time points of the same dimensionality as
the time and of equal positive measure in each dimension for every moment.

3. A point can be arbitrarily properly (without any intersection) divided (distributed,
partitioned, fragmented) into parts (subpoints) as quanticlements whose elements
coincide with the point, the (also uncountable) unisum of their quantities being 1.

4. An object content as a quantiset can be arbitrarily properly (without any
intersection) divided (distributed, partitioned, fragmented) into parts contents as
quantisets, the object content uniquantity coinciding with the universal (possibly
uncountable) sum of the parts contents uniquantities.
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5. By any properly (without any intersection) dividing (distributing, partitioning,
fragmenting) a domain into parts, a universal measure of the domain and a universal

integral of a function on the domain are completely (possibly uncountably) additive.

4. Unispace of Multidimensional Infinitesimal Points: Measure, Integration

Classical science [1-12] based on the real numbers without namely actual
infinities and infinitesimals and on at most countable number operations cannot
resolve Zeno’s measure paradox on the impossibility of dividing an object of finite
measure M > 0 into an infinite set of equal parts of measure m: if m = 0, then M = 0;
if m > 0, then M = +oo (heap of infinities without their differentiation). Zero-measure
(OM) and zero-dimensional (0D) points cannot compose 1D lines, 2D surfaces, and
3D spatial bodies. Kepler’s and Cavalieri’s composing an area of intervals, a volume
of areas, and especially a circle of central triangles whose limits are radii has [2] no
justification because of OM and 0D points. Integration has no point-wise summation
nature, is artificial, only potentially infinitesimal, and hence zero-measure fully
nonsensitive without conservation law universality. For example, [.°f(x)dx does not
depend on including or excluding zero-measure endpoints a and/or b. No common
measure M, 1s universal also for mixed dimensions. Linear M,, area M,, and volume
M; measures are only finitely sensitive to bounded parts of lines, surfaces, and space.

Unimathematics [17-32] based on uniphilosophy [14, 15] and metauniphilosophy
[14, 16] is perfectly sensitive and exactly measures and integrates namely actual
infinities with conservation law universality. Quantisets with element quantities q,
uninumbers, also uncountable operations, and uniquantities Q as counting point
unimeasures discover
Also introduce symmetric both half-interval and half-segment |a, b| as a quantiset in
which the both endpoint quantities are 1/2 and the quantity of every intermediate
point is 1:

|a, b| =° 1pa +° ]Ja, b[ +° 1nb =° _1pa +° [a, b] +° .inb
where
=° is quantitative equality of quantitative elements and sets,
+° is quantitative addition of quantitative elements and sets,
the both satisfy the universal conservation laws.

Fundamental unimathematics discovered the essence, nature, and structure of any
continuum as an extensional set, as well as the qualitative dimensionality-measure
phenomenon by unifying all the separate, isolated elements into their continuum.

In any continuum (an extensional set) [2—4], for example, on a line, in a surface, or
in a space, it is possible to distinguish usual points as elements.

Define a separated continuum to be the set of all the separate, isolated elements,
or points, of a certain continuum.

Each point as an element both of a continuum and of its separated continuum is
zero-dimensional and zero-measure. Adding any set of zeros gives zero. Hence every
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separated continuum 1s zero-dimensional and zero-measure, too, even if its
continuum itself is of positive dimensionality and measure. Therefore, a separated
continuum gives namely zero contribution to its continuum dimension and measure.
That is why a continuum of positive dimensionality and measure cannot coincide
with its separated continuum and cannot consist of their usual elements, or points,
only. Points as elements cannot be continuum parts. So classical mathematics based
on the Cantor set theory [3, 4] cannot provide understanding continuum nature,
essence, and structure. Additionally, distinguishing between belonging and inclusion
leads to many well-known contradictions not only in mathematics [4], but also in

philosophy [1] and life.

Universal philosophy, metaphilosophy, mathematics, physics, and metrology by
the author [5-46] unify the relations of unibelonging and uni-inclusion on the base of
the philosophical [1] and, in particular, mereological relationship between the whole
and its parts and exclude many well-known contradictions. For example, uni-identify
both a set consisting of one element and this element itself. The key Cantor concept
(of a set as gathering definite, distinct objects of our perception or of our thought —
which are called elements of the set — into a whole [3, 4]) remains. The same holds
for the possibilities to distinguish set elements and to select and consider anyone or
some of them. But it is not necessary that a set consists of its elements only and can
be reduced to them. Any continuum (extensional set) of positive dimensionality and
measure is a counterexample. Such a set and its separated continuum are very
different but satisfy the Cantor set equality definition which is not valid at least for
continua. Unlike a continuum (extensional set) of positive dimensionality and
measure, a separated continuum consists of its usual elements, or points, which are
hence its parts but cannot be continuum parts.

For introduced quantitative elements and quantitative also continual sets, define
arbitrarily correctly and properly partitioning (splitting) them into any parts if and
only if the universal conservation laws hold. This means that for any element, its
quantity in a quantitative set is equal to the universal sum of the quantities of this
element in all the parts of this set. Also define regularly partitioning (splitting) a set if
and only if its parts are of equal universal measure. Such regular continuum parts
inherit its dimensionality, have an actually continually infinitesimal unimeasure in
every dimension, and are called continual uniparticles.

See the following example of correctly, properly, and regularly partitioning
(splitting) symmetric both half-interval and half-segment |0, 1| into Q|0, 1| = Q also
linear uniparticles of the same actually continually infinitesimal unimeasure 1/Q in
the simplest first order consideration (with the first degree, or power, Q):

0, 1] =° |0, 1/Q| +° |1/Q, 2/Q| +° ... +° |(Q - 1)/Q, 1] =° Z°¥( - 1)/Q, /4.

The same also holds for any linearly modeled variable, e.g. for time. We may
freely correctly, and properly, but not necessarily regularly partition (split) an n-
dimensional space (n € N). We may provide this purely geometrically or introduce in
it any coordinate system, e.g. cylindrical or spherical. By using a Cartesian
coordinate system and correctly, properly, and regularly partitioning (splitting), a
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continuum uniparticle i1s an n-dimensional parallelepiped whose dimensions are of
actually continually infinitesimal unimeasures. They are equal to one another if and
only if the same holds for the corresponding coordinate axes units. If and only if all
of them coincide and a Cartesian coordinate system is rectangular, then a continual

uniparticle 1s an n-dimensional actually continually infinitesimal cube.
Like any continuum, a continual uniparticle contains its separate points belonging
to it but it cannot consist of them only.

actually infinitesimal point measure Q. = Q/Q" and point-wise space nature I1;-"|
xi-0.5/Q, x7+0.5/Q| of half-open/closed point (j-i"x;) (in n-dimensional Euclidean
space R") for which Q(-1"xj) = 1, Qu(j-1"x;) = 1/Q" using countable cardinality ® =
Q{1, 2, ...} and continuum cardinality Q = Q(0, 1] = Q|0, 1| = Q(120 + (0, 1) + 121).
At least continually adding points or point functions gives lines, surfaces, and spaces
(possibly their parts, namely open, half-open/closed, and closed intervals (segments)
oflength M =L (withQ=LQ-1,Q:=L-1/Q;Q=LQ, Q% =L;Q=LQ+1,Q, =
L + 1/Q, respectively), areas, and volumes) or their functions with inventing actually
infinitesimal point-wise summation integration G:
Qla, b] = QZ,[x-0.5/Q,
X+05/Q| = Z\a,b\Q|X-O.5/Q,
x+0.5/Q| = (b-2)Q 1/Q Q = (b-a)Q;
Qila, b| = QiZppx - 0.5/Q,
x+0.5/Q) = X,y Q1[x-0.5/Q,
x+0.5/Q|=(b-a)Q1/Q=D -a.
QITi=1"ay , bl = ILi=1"((b; - a))€2) = Q" ITj=1" (b; - ay);
Qulli=i"[aj , bj] = IL-1"ga[aj, bi] = I1i=1"(b; - a; + 1/Q).
To provide complete (also uncountable) both analytic and geometric additivity
without intersections and absorption, for any (also corner) point (X, y), regard its
angle o namely internal for an area, use floor function [z], and take
q=1/4[1/2 + 20/m] + 1/8 tan(a - [1/2 + 20/m]|n/2)
for a square or simply q = a/(2m) for the inscribed circle (for the 3D space, q =
a/(4m)). For internal point (x, y), a = 2w, q = 1. For boundary differentiable point,
e.g., (x, f(x)), a = m, q = 1/2. Without above additivity,
Gl-0, ®[x|0, f(x)| =] *f(x)dx;
Qqpla, bIX[0, f(X) [=Epasix10.0019 (XY =2 pabZio.0q (X, Y);

Gyaxyla, b]*[0,£(x)]=Qqexy [, bIX[0, fX) )/ Q=T pap0.0001q(X,Y )/ QL =ZpairZroconq(X, ¥)/ €%
G[qa, b]x[0, £(x)] = [.Mf(x)dx + [(q - 1/2)f(a) + (r - 1/2)f(b) + (s + t - 1)(b - a)]/Q+ (q
+r-1)(s +t-1)/Q%

G|a, b|><|()’ f(X)| = G[]/za, 1/2b]><[1/20, 1/2f(X)] = Iabf(X)dX;

G[a, b]x[0, f(x)]=[f(x)dx + [f(a)/2 + f(b)/2 + b - a]/Q + 1/Q>

(for additivity, take
o = /2 + arctan df(x)/dx at (a, f(a)),
o = 7/2 - arctan df(x)/dx at (b, f(b)));
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G(a, b)x(0, f(x)) = G[oa, ¢b]*[0, of(x)] = J."f(x)dx - [f(a)/2 + f(b)/2 + b - a)[/Q + 1/Q.
Q{(x, y)|x*+y*<ior’}=1/2 1Q 1 2nrQ=nr’Q%;
G{(x,y)|[x*Hy* <o} =nr’Q*/Q* = nr?;
Q{(x.y)|xX*+y*<r’}=n(rQ+1/2)=nr’*Q*+nrQ+n/4,
G{(x,y)|x*+y*<r’}=nr*+mr/Q+1/(4Q%);

Q{(x,y)[x*y*<r’} = n(rQ-1/2)=nr*Q*-nrQ-+n/4;
G{(x,y)[x*+y*<r’}= nr*-nr/Q+n/(4Q7).

Universal space discretization, measurement, and integration via multidimensional
infinitesimal points provides intelligently solving urgent complicated problems.

5. Multidimensional Infinitesimal Universal Space-Time, Motion, and Process

Classical science [1-12] based on the real numbers without namely actual infinities
and infinitesimals and on at most countable number operations cannot resolve Zeno’s
arrow flight paradox on motion impossibility. If time is completely composed of
durationless moments, then at anyone moment, the arrow cannot move because no
time elapses. Generally, no process is possible. Point-wise dividing time into such
moments rather than intervals and segments is a special case of Zeno’s measure
paradox. The 4-dimensional (4D) space-time needs efficient 2D data processing.

Unimathematics [17-32] based on uniphilosophy [14, 15] and metauniphilosophy
[14, 16] is perfectly sensitive and exactly namely actually both infinitely and
infinitesimally (with conservation law universality) operates, point-wise measures,
and summation-wise integrates space, time, etc. At least continually adding points
gives curves, surfaces, and space-time. After preliminarily dividing x; by their units
[x], consider x; to be pure uninumbers. Along with unicoordinate infinity (-oo, +o0) =
l-o, o|, e.g., the eternity of unitime T, regard local time t, e.g., the lifetime of an
object indexed via j in J, moments T and t. Consider a curve composing surface z =
f(x, y, T) at this T and 2D representation curves

Z=R(T),

Z=R(T) +k{(T),

Z=R(T) - k(T)
using appropriate positive factor k independent of T via the spherical coordinates R,
¢, & transformation. Build the 3D projection only of a 4D space-time point. Every
space point has at least 3D and a time instant at least 1D infinitesimal nature.
Otherwise, by the common 0D point nature, Zeno’s paradoxes would be valid with
the impossibility of infinite division, motion, and process with change and variation
at all. That is why unimathematics is necessary for real world nature understanding.
Further precising infinities and infinitesimals additionally to simply ® and Q via their
operations and functions also within this (®, Q)-overmathematics in unimathematics,
nothing to say about the next infinite cardinal numbers, makes the space-time point
nature coD. In unimathematics, resolving Zeno’s paradoxes is very simple. Take any
time unit [t]. It consists of € time instants of [t]/Q. Let arrow flight duration be t with
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simply uniform velocity v. Then t consists of t/[t] Q time instants of duration [t]/€Q.
The arrow way is v[t]/Q during such time instant and v[t]/Q t/[t] Q = vt at all, quod
erat demonstrandum. Dividing an object of measure M > 0 into ® equal parts gives
their measure m = M/w. Multidimensional universal actually infinite and infinitesimal
space-time discretization, operation, measurement, and integration discovers the

nature and essence of space-time, motion, and process.

6. Deformable Solid Unimechanics

Deformable solid mechanics [4-12] uses nonuniversal dimensional mechanical
stresses without expressing their risk (danger). There are no known namely analytical
solutions to nontrivial three-dimensional problems without the relative smallness of
some characteristic solids sizes such as thickness even in thick plate theory.

Deformable solid unimechanics [19, 25, 34, 39, 40, 47-49, 57] defines
unistresses. General uniparametrization theory in analytical uniparametrization
science searches for a general solution to a uniproblem in its general pseudosolutions.
General (possibly infinite) linear combination theory explicitly solves a uniproblem
as a unisystem of equations naturally introducing infinite linear independence. In
particular, to the homogeneous harmonic equation VZo(x, y, z) = 0 over desired
function @(x, y, z) in the Cartesian coordinates, X, y, z, in the class of power series

O(X, Y, 2) = Zieg " Zio o “aipX 'y 2",
linear combination theory determines the most general solution
(p(X, Y, Z) = 21:()00 j:o"oEk:o‘”(—l)[i/z][i/2]!(i!j!k!)'IZmzo[i/z](j + 211’1)'(1( + 2[1/2] -
2m)! {m!([i/2] - m)!} " aizpi2), jo2m , k22 2mX y'Z"
where [r] = entier r = floor r is the integral part of a real number r, ag and a,jx are two
arbitrary number sequences, 0 <j < oo, 0 <k < oo. To the homogeneous biharmonic
equation V*V’L(r, z) = 0 over desired function L(r, z) in the cylindrical coordinates,
1, Z, in the class of power series
L(r, z) = 0" S0 a2,
the most general solution is
L(r, z) = Zieo”Zio (- 1)1 + j - 2)1 1 2774y 2o + (21 + )3 - 1)2%00, 214177
where k! =1 and a;x = 0 by k < 0; a¢; and a;j are two arbitrary number sequences.

7. Material Unistrength (Universal Material Strength Science)

Material strength science [4-12] uses nonuniversal dimensional mechanical
stresses without expressing their risk (danger) degrees. For an arbitrarily anisotropic
material with different resistances to tensions and compressions and for any variable
loads with possibly rotating the principal directions of the stress state at a material
point during loading, there are no common limiting state criteria [9, 10] for triaxial
mechanical stresses and no universal strength laws of nature. The Tresca and Huber-
von-Mises-Hencky criteria are quite nonsensitive to pressure with significant effect
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on strength in the Nobel prize winner Bridgman experiments [7] and prescribe values

2 and 3'* to the ratio of the tensile and shear strengths whereas it varies from 1 to 4.

Material unistrength [19, 25, 34-39, 41-46, 50-56] discovers universal stresses,
or unistresses, ¢;°. For stationarily loading any anisotropic material, 6;° = oj/|oy|
where o, is, for usual principal stress o;j , its limiting value which has the direction
and sign of o; and acts at the same material’s point, the both other principal stresses
vanishing, and the other loading conditions being the same. Universalize the Galilei,
Tresca, Huber-von Mises-Hencky, and Pisarenko-Lebedev strength criteria:

0;° = oj/o; (0; > 0), 6;°=0j/0. (0;<0),;=1, 2, 3,
OeG” = max{|010|9 |020|9 |G3O|} <1,
o’ =01°-05° <1,
GeHvMHO — Gio — {[((510 _ 020)2 + ((520 _ 030)2 + (630 _ Gl0)2]/2}1/2 < 1’
G =(1- Pmax [0, 022, [ox”l} +x{[(01° - 622 + (027 - 0:°)* + (0 - 612112} < 1.
Linearly correct criterion 6. = F(o: , 62, 63) = o1 via constant x and generalizing:
c. = F(o1, 02, 03) + X6, = 01, 6.° = F(0:°, 02°, 65°) = 1,

c.’ = F(6:°, 02°, 05°) + X0,° =

For variably loading with initial mean cycle stress omej(t) at time t in T = [to, t1],
6;°(t) = [0j(t)-Omoi(t)]/|OLi(t)-Omoi(t)-

For each uniaxial stress process oj(t), its own reserve n; is defined by the similar
limiting process njcj(t) with possibly taking damage accumulation into account.
Determine the equidangerous cycle of unistresses with mean stress ©.° and
amplitude stress 0,°, then the constantly vectorial reduced unistress 6;° = (0mi°, 65°)
via the limiting amplitude diagram. Now choose the most dangerous, possibly
depending on t, permutations of the stationary indexes ju of the unordered unistresses
without 61,° > 62,° > 63,°. The final universal criterion is

6.° = max {super MaXjuy F(01.°(t), 62.°(t), 03.°(t)), max, |[F(61.°, 62.°, 63.°)|} = 1.

General power strength theory. The t./c. ratio of shear 1. and normal o
limiting stresses of materials [54] takes values at least between 0.25 and 1, not only
1/2 (Tresca), 372 (Mises). Limiting surfaces are convex by 1/2 <1 /oL < 2/3 [11].

In material unistrength [19, 25, 34-39, 41-46, 50-56], general power strength
theory [55] including general linear strength theory [53] generalizing Yu’s twin shear
unified strength theory [11] also fits all these and other data. Use principal stresses o
> 0, > 03, limiting stress o such as yield stress o, or ultimate strength o, , namely o
in tension and or. in compression with 6. > 0 and o = or/oLc if 611 # O . Define
relative (reduced) principal stresses 6;° via dividing o; by the modulus |oj.| of oj. of
the same sign in the same direction by vanishing the remaining two principal stresses
under the same remaining load conditions:

ci°=o0j/lop| =1, 2, 3), 01°>0.°>05°.

Consider one-sided limitations for c. and c.° whose values can be negative or

imaginary and use nonnegative |c.| and |c.°|. Generalize Hosford’s criterion [9] via
e = [a13(01 - 63)* + a12(61 - 62)* + ax(0: - 63)]" < oL (k> 0).
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Uniaxial limiting stresses in tension and compression give strength criteria form
Geo = {3((510 - G3O)k + (1 - a)[(61° - Gzo)k + ((520 - G3O)k]}l/k < 1.
Pure shear reduced limiting stresses 6,° = 1./61t, 6.° =0, 03° = - 1/01c give (K # 1)
0.’ = {(orfor /1" - o1 - o1/ [(o1 T 610)* - 61 - 61](61° - 65°) +
[(ow + GLc)k - GLthLck/TLk]/[(GLt + GLc)k - oL - GLck] [(o:°- Gzo)k + (6,° - G3°)k]} <.
In the simplest case k = 2 and then additionally by o1 = 6. = 6. , we have criteria
6.° = {[oLoL/(211%) - (o1 + 61P)/(20101e)[(01° - 65°)° +
[(o1® + 6L?)/(20101e) - oLOL/(2T)][(01°- 62°)° + (32 - 63°)°]} 2 < 1,
6. = {[or2m) - 1](01° - 60 + [2 - 0L /2u)][(01°%- 0:°)’ + (02 - P P < 1,
0.° = 61° - 63° < 1 (universalized Tresca’s criterion) by t./6L = 1/2,
o’ = {[(61° - 6:°)* + (01° - 62°)* + (02° - 6:°)*])/2} 2 < 1 (Mises et al.) by 11/01 = 1/3'2,
o’ = [(61° - 52°)* + (62° - 65°)"]"* < 1 by 1./ = 1/2'2.
Use general homogeneous symmetric polynomials Pi(61.°, 62:°, 63.°) of power 1i:
o’ = Do aiPi(61n°, 62:°, 03°)]"N < 1.
In the unstressed state, c.° = 0 is natural and leads to a, = 0. Case N = 2 gives form
6e° = [21(01n°102:°+63°) + 82(611°2+62:°7+03,°%) + ba(610°620°+610°63°+62,°63,°)]* < 1.
Replace usual 6, + 0, + 63 and reduced 61,° + 62.° + 03,° "hydrostatic sums" with their
continuous functions f and f° vanishing at - 6., 0, o and -1, 0, 1, respectively:
6.°=[01n"% + 62°% + 63°? - A(61.°02° + G1n°03° + 622°03:°) + bf*(G1n°+0620°+063°)]* < 1.
Constant a provides considering true values of t./c. and not only predefined 372 by a
= 1. This leads by b = 0 to ellipsoidal (by -2 < a < 1) and hyperboloidal (by a > 1)
limiting surfaces and to "hydrostatic" strength limited in compression and unlimited
in tension with concavity everywhere, respectively. This clearly contradicts strength
test data and Drucker’s postulate [9, 10]. The Huber-von-Mises-Hencky cylinder [8—
10] lies between those limiting surfaces as their limiting case. Using b # 0 with
f2(01n° + 02:° + 03:°) = 61" + 620° T 63:°+ 1 if 610" + 620" + 63.° < -1,
flom® +62.° +63,°) =0if -1 <61,° + 62.° + 63.° < 1,
f(o1n° + 622° + 63.°) = 61n° + 62° + 03,°- 1 if 61,° + 62.° + 03,° > 1
makes limiting surfaces paraboloidal. Hence general power strength theory provides
considering any ratio of shear and normal limiting stresses of materials.
Material unistrength gives hierarchies of universal strength laws of nature.

8. Object Unistrength (Universal Object Strength Science)

Object strength science [4-12] uses nonuniversal dimensional mechanical
stresses without expressing their risk (danger) degrees. There are no universal
strength laws of nature. The common reserve is valid for simple loading only. The
finite element method gives often unverifiable and inadequate "black box" results.

Object unistrength [19, 25, 34-56] based on material unistrength includes the
fundamental sciences of analytical macroelements, equivalent stress concentration
factors, universal reserves, reliabilities, risks, error tolerance, and analytical fatigue.
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General reserve theory

To realistically determine the reserves of the stress states vs. the critical ones,
usual safety factor n; is not sufficient because of the ambiguity of approaches:
F(o:, 62, 63) = o, 6. = F(o1, 02, 03), nL = 6./G¢;
F'(o1, 02, 63)/01"! = 61,66, = F'(01, 02, 63)/01"",
ny, = 61./6e, = o.'/F(61, 62, 63) =n.’
takes on any positive values when choosing suitable values of y and even by its
common unit value can take on too optimistic very dangerous values. In example 1
(o1 =250 MPa, o, =240 MPa, o;=210 MPa, o, = 235 MPa),
n. = 5.9, no; - o3/n. = 1439 MPa >> o, .
In example 2, a bar with strengths 100 MPa in tension (o;) and 800 MPa in
compression (o.) is independently contracted and stretched by two force pairs. Stress
c=0 to =-500 MPa + 400 MPa =-100 MPa, n, = 6./|c| = 8§,
no +o'/n. =-3950 MPa << - ., 0/n. +n.o' =3137.5 MPa >> o, .

The main idea to realistically determine the reserve of a system under
consideration is separately taking the reserves of its original parameters into account,
each of these reserves being expressed via a common additional number. It is
obtained from the condition that, by the worst realizable combination of the values of
these parameters arbitrarily modified within the bounds determined by the
corresponding reserves, the state of at least one element of the system becomes
limiting, no element of it being in an overlimiting state. In a general problem, for any
function of an arbitrary set of variables, where (a) means that index a € A is
optional,

z = fluea Za], Z = floen Za], Zw) € Z(w.
The genuine values of the independent variables z, and of the dependent one z usually
deviate from their values calculated. Those should belong to their admissible sets
(domains) [Zq)] if the problem has certain limitations like strength criteria in strength
problems. Otherwise, it is necessary to determine such a combination of the
restrictions Z, of the admissible sets [Z,] that [Z] contains f[,ea Z,]. For the numeric
measures of those restrictions, or the reserves of the independent variables, it is
sufficient that, for any a € A, [Zy] 1s included into a certain Hilbert space L. It has
the norm ||z)||« of each element z«, and the scalar product (zw), Z’ )@« Of each pair of
elements z, and z’. An additive approach extends the relative error and naturally
determines the neighborhood Z (0, Zow) Of set Z« with respect to element zoq) €
L with error &) > 0 as the set of all z’(,) € L) with
12 @ - Z@lliw) < O|Z(@) = Zow|lw-
The additive reserve of set Z, by set [Z«)] with respect to element zy, 1s defined as
Na@) = 1 + 8Up {0 2 0: Z(wy(S(w, Zo@) E [Zw]}-
The multiplicative approach develops, generalizes, and extends the safety factor:
M) = SUP{N@ = 1: Z@w(Nwexp(iPw), Zow) & [Zw]} (0 < @@ < m).
By the both approaches, reserves n, can be expressed via different nondecreasing
functions of an additive reserve ng or of a multiplicative one ng, , respectively, the
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both being common for reserves n, and determined by the condition that there is an

element z € Z in a limiting state by the worst realizable combination of all z,:
ne = sup{n > 1: fluer Zu(na(n), 00)] € [Z]},
Ngm = SUP{N > 1: floea Zo(n(n)exp(19.(ny(n))), zo.) < [Z]}.
For simply (proportionally) loading, the multiplicative reserve is obtained from
F(nmo1 , NG, NimG3) = oL .
By equal reserves of all z,, in example 1 we have for ng and ns, 1.423 and 1.5, in
example 2 for ngy in tension and ngme in compression 1.25 and 2 much less than ny .

Conclusion

Universal physics based on a positive point measure by the principles of
(meta)uniphilosophy, unimathematics, and unimetrology is a superstructure over
them and selected areas of classical physics. It improves fundamental physical
constants, opens new horizons for discovering the essence, phenomena, and laws of
space and infinity, time and eternity, rest and movement, natural, technical, and social
sciences, and gives a way out of Zeno’s and other paradoxes 2500 years unsolvable.
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