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Abstract

Starting from the invaluable mathematical conclusion according to which the forsion of a
straight line is undefined and knowing that the rectilinear motion implies moving on a straight
line, we can conclude that a rectilinear motion results in an undefined torsion of line. Thus, the
information about torsion is not preserved in physical interactions that involves straight lines.
Besides that, the information about the curvature of trajectory is also lost for a body that reaches
the rest state, due to the fact that the curvature is well defined exclusively for non null velocities.
To get out of the impasse determined by this paradox I propose, as a possible solution, another
law of inertia which generalizes the current law, inherited from Galileo Galilei.
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Introduction

Both the rectilinear motion and the rest state play very important roles in nowadays Physics, and
that is why for any additional information that we can obtain regarding these fundamental motion
types can lead to deep consequences in overall Physics. Furthermore, the torsion of a curve on
which bodies can move, a notion of which we can easily say was completely neglected
throughout nowadays studies, could constitute a fruitful research subject in the future, research
that would result in plenty of new knowledge in regards to motion.

In this context, this paper highlights upfront dramatic relations, on one hand between the
rectilinear movement and torsion, and on the other hand between the rest state and curvature,
relations that, as it seems, imply simply giving up the rectilinear motion and the rest state,
motion types that present themselves as full of mathematical non-deterministics, incompatible
with reality.

Relying on the staggering fact already known by mathematicians, that the torsion of a line and
the curvature of the point in the rest state are undetermined, I will show that a fundamental
paradox reveals itself in Physics - the solution to which, in my opinion, implies reformulating the
law of inertia.



Mathematical considerations

In differential geometry ([1]) a very important theorem was demonstrated, even named “the
fundamental theorem of space curves” ([2] or [3]), which states that any space curve that could
be traveled by a body (so, any trajectory which can be traveled at finite velocities and
accelerations) has two parameters (curvature and torsion) that uniquely describes the curve until
an isometry is reached. They are characteristic parameters because, if we know these two
important functions of time, curvature and torsion, then we can determine unequivocally the
shape of the trajectory of the body, independently of how is it rotated or translated in space. That
is why, to completely characterise a space curve, both the curvature and the torsion parameters
are needed. Both are invariant intrinsec parameters relative to the curve, of a fundamental
importance, because both parameters, only taken together, cary the complete information about
the shape of the trajectory in interactions. Not just the curvature, but the torsion as well. We
don’t have a mathematical justification through which to favor one of the parameters more than
the other, not to mention favouring the curvature more than the torsion.

Given a curve that can be traveled by a body through space, defined by the position vector r(t) ,
time-dependent vector, the curvature of it is

k=|r' x r"'|/|r']



and its is ([4])
T=(1",l'",l‘"')/|l" X r" 2’

- - -

where ', ", r'"are, respectively, first, second and third derivative of position relative to time,

meaning speed, acceleration and jerk.

Notice that both the curvature and the torsion are fractions, and a fraction is defined only if the
denominator is not canceled. But the denominator of the torsion is exactly the numerator of the
curvature (squared). Therefore, the torsion cannot be defined for a curve which as its curvature
null.

But the line has its curvature exactly null. So, the forsion of a line can no longer be correctly
defined! As a result, the line weirdly enough loses the information about the torsion.

Furthermore, the curvature is, just the same, undefined for null velocities, because the
denominator of the curvature cancels itself if the velocity is null. Thus, the rest state implies the
loss of information about the curvature. Therefore, the rectilinear motion and the rest state
introduces unwanted mathematical non-deterministics.



Physical considerations

1. If the torsion of a straight line cannot be defined, then there is a problem with the information
about the torsion for a movement on a straight line. Let’s suppose that, initially, a body travels a
random medium, for a span of time, on a trajectory with a non null curvature and, thus, a well
defined torsion. And, at the end of the time span, the body exits that medium, freeing itself.

According to nowadays Physics, a free body will travel on a straight line. Thus, our body, freed
from the medium that imposed a trajectory with a non-null curvature and a well defined torsion,
will start to follow a straight line, so will start to follow a curve of a null curvature and,
implicitly, of an undefined torsion.

But what happened with the information about the torsion that the body initially had? Was it lost
in nothingness?

2. Let’s suppose now a reversed situation. A body that is moving on a straight line, with an
undefined torsion, enters at a given time in a medium that alters its trajectory, thus marking the
beginning of torsion for this body. Where is the information about torsion coming from now?
From nothingness? Is there a connection between the undefined torsion of the initial trajectory
and the defined torsion of the final trajectory?

3. The same problems can be raised in regards to the appearance and disappearance of rest state.
As I mentioned above, the rest state means null velocity, and the curvature is undefined for null
velocities. Thus, any interaction that would determine the beginning of rest state, respectively,
the disappearance of such a state, would also determine the disappearance of information
regarding the trajectory of the initial curve, respectively appearance of information coming from
nothingness.

This calls, therefore, for a deep and very strict analysis of the rectilinear motion and rest state,
analysis that I bring into the attention of experts in the field, through this paper, in which I
suggest that it would be best to give up these two paradoxal notions.



Conclusions

As you can see, there is a problem with the rectilinear motion and the rest state. How to solve
this problem? You have the liberty to think of another solution, different than the one I propose
below, solution that should, however, help us get rid of this information paradox determined by
these two mathematical notions.

Meanwhile, until you will find another one, I thought of one myself. I consider that we must
reformulate the law of inertia in such a way that it will neither involve the straight line, nor will
it involve the rest state. Specifically, we need to reanalyse the reasons that determined us to
believe a free body would ever move on a straight line or stay in rest state, in order to better
understand and see if maybe our considerations were superficial to begin with.

Ever since Galileo we believed that a free body either moves on a straight line or stays in a rest
state, but we should not forget that Galileo did not have the means to accurately determine the
curvature or the torsion of a trajectory. In fact, in his time, it wasn’t even known of the existence
of torsion or the fundamental importance of both the curvature and torsion to describe a curve.

And even today we don’t have the means to establish with sufficient accuracy the curvature of a
trajectory or its torsion, accuracy that would undoubtedly ensure that a body travels strictly
rectilinear or stays strictly in a rest state. Therefore, assuming that a body travels on a rectilinear
line or stays in a rest state has no experimental ground but is and will always be a main
supposition.

But the main suppositions must be replaced with other main suppositions when we discover
paradoxes. Thus, trying to get rid of the paradox I just highlighted, I kept bumping with the need
to reconsider the law of inertia, law that continues to force us to make use of straight line and rest
state in such a paradoxical way.

Reformulating the law of inertia is, of course, a bold thing to do, boldness for which I will take
responsibility and for which I ask forgiveness, asking you to not forget that only the logical
necessities led me to such a conclusion.

Therefore, allow me to formulate another law of inertia, law to which I arrived by eliminating all
other options which proved wrong throughout years of my studies:



Free bodies are moving with constant speed on trajectories having constant curvature and
torsion.

After all my studies ([5]), this law of inertia does not contradict with any experimental or
theoretical fact. Also, it does not allow the appearance in Physics of trajectories having curvature
and torsion undefined.

But its most important property is that generalizes the current law of inertia. Because if we
assign the curvature the null value, then we reach the “rectilinear movement” limit. And if we
assign the curvature an infinite value, we reach the “rest state” limit.

Thus, the newly formulated law of inertia could play a role in Physics much like was played by
the parallel axiom in Geometry. Specifically, the new Physics based on this law (Physics we
could name "Helical Physics"), would be more general than the current Physics, just as
non-euclidean geometries are in comparison with the euclidean ones.

Of course, my proposition regarding generalizing the law of inertia is just a humble attempt to
solve the paradox highlighted in this paper, but the main purpose of this paper was none other
than to bring to your attention this information paradox regarding curvature and torsion.
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Abstract

Pornind de la rezultatul matematic valoros conform caruia torsiunea dreptei este nedefinita, dat
fiind faptul ca miscarea rectilinie presupune miscarea in linie dreapta, tragem concluzia ca
migcarea rectilinie lasd nedefinitd torsiunea dreptei. Asadar, informatia despre torsiune nu se
conserva in interactiuni fizice care implicd linia dreaptd. De asemenea, informatia despre
curbura traiectoriei se pierde si ea complet pentru un corp care ajunge in repaus, caci curbura
este definitd doar pentru viteze nenule. Pentru a iesi din impasul determinat de aceasta situatie
paradoxald propun ca o posibild solutie un alt principiu al inertiei, care generalizeaza principiul
actual, mostenit de la Galileo Galilei.

Cuvinte cheie: repaus, miscare rectilinie, curbura, torsiune, principiul inertiei, paradox,
informatie.


mailto:abel.cavasi@gmail.com

Introducere

Miscarea rectilinie si repausul au un rol deosebit de important in Fizica actuald, motiv pentru
care orice informatie suplimentard pe care o putem obtine In legdturd cu aceste tipuri
fundamentale de miscare poate avea consecinte adanci in Fizicd. De asemenea, torsiunea
curbelor pe care se pot deplasa corpurile, o notiune despre care putem spune ca este de-a dreptul
neglijatd in cercetarile actuale, ar putea constitui un subiect de cercetare fructuos in viitor,
aducand cu sine o multime de cunostinte noi privind miscarea.

In acest context, lucrarea de fatd scoate in evidenta o legitura dramatica intre miscarea rectilinie
si torsiune, pe de o parte si Intre repaus si curburd, pe de altd parte, o legdturd care se pare ca
impune pur si simplu renuntarea la miscarea rectilinie si la repaus, miscari ce se prezintd a fi
pline de nedeterminari matematice incompatibile cu realitatea.

Bazandu-ma pe faptul tulburdtor, cunoscut deja de catre matematicieni, ca torsiunea dreptei si
curbura repausului sunt nedeterminate voi arata cd apare In Fizica un paradox fundamental a
carui rezolvare, In opinia mea, impune reformularea principiului inertiei.



Consideratii matematice

In geometria diferentiala ([1]) s-a demonstrat o teorema foarte importanta, numiti chiar ,,teorema
fundamentald a curbelor” ([2] sau [3]), care spune cd orice curba din spatiu care ar putea fi
parcursd de un corp (deci orice traiectorie ce poate fi parcursa cu viteze si acceleratii finite) are
doi parametri (curburd si torsiune) ce o caracterizeazd biunivoc pand la o izometrie. Sunt
parametri caracteristici deoarece daca cunoastem aceste doud functii importante de timp, curbura
si torsiunea, atunci putem determina fara echivoc forma traiectoriei corpului, indiferent cum este
aceasta rotita sau translatata in spatiu. De aceea, pentru a caracteriza complet o curba din spatiu
este nevoie de ambii parametri, atdt de curbura, cat si de torsiune. Ambii parametri sunt
invarianti intrinseci curbei, de o importantd fundamentald, caci ambii parametri, doar luati
impreund, transportd informatie completa despre forma traiectoriei in interactiuni. Nu doar
curbura, ci si torsiunea. Nu avem nicio justificare matematica prin care sa acordim mai multa
atentie unuia dintre parametri in defavoarea celuilalt, deci, curburii in defavoarea torsiunii.

Data fiind o curba ce ar putea fi parcursa de un corp prin spatiu definita de vectorul de pozitie

r(t) , vector dependent de timp, curbura acesteia este

K=[r' x r"|/|r'],



iar acesteia este ([4])

T=(1",l'",l‘"')/|l" X r" 2’

unde 7', "', r""'sunt, respectiv, prima, a doua si a treia derivata a pozitiei in raport cu timpul, deci

viteza, acceleratia si supraacceleratia.

Observati ca atat curbura cat si torsiunea sunt fractii, iar o fractie este definitd doar daca
numitorul fractiei nu se anuleaza. Dar numitorul torsiunii este tocmai numaratorul curburii (la
patrat). Prin urmare, torsiunea nu poate fi definita pentru o curba a carei curbura este nula.

Dar dreapta are curbura tocmai nuld. Asadar, torsiunea dreptei nu mai poate fi definita corect!
Astfel, dreapta pierde In mod ciudat informatia despre torsiune.

De asemenea, curbura este si ea nedefinitd pentru viteze nule, caci numitorul curburii se anuleaza
daca viteza este nula. Astfel, repausul implica pierderea informatiei despre curbura. Prin urmare,
migcarea rectilinie si repausul introduc nedeterminari matematice indezirabile.



Consideratii fizice

1. Daca torsiunea dreptei nu poate fi definitd, atunci apare o problemd cu informatia despre
torsiune la miscarea in linie dreapta. Sa presupunem ca, initial, un corp se deplaseaza intr-un
mediu oarecare, un interval de timp, pe o traiectorie de curburd nenula si, astfel, de torsiune bine
definitd. Apoi, la sfarsitul intervalului de timp considerat, corpul iese din acel mediu,
eliberandu-se.

Conform Fizicii actuale, un corp liber se va deplasa in linie dreapta. Asadar, corpul nostru,
eliberat din mediul care ii impunea o traiectorie de curburd nenula si torsiune bine definita, va
incepe sa descrie o linie dreapta, deci va incepe sa descrie o curba de curbura nula si, implicit, de
torsiune nedefinita.

Ce s-a intamplat cu informatia despre torsiunea pe care o avea initial corpul? S-a pierdut in
neant?

2. Sa@ presupunem acum o situatie inversa. Un corp care se deplaseazad pe o linie dreapta, cu
torsiunea nedefinitd, patrunde la un moment dat intr-un mediu care ii deformeaza traiectoria,
determinandu-i acesteia aparitia torsiunii. De unde apare acum informatia despre torsiune? Din
neant? Existd vreo legitura intre torsiunea nedefinita a traiectoriei initiale si torsiunea definitd a
traiectoriei finale?

3. Aceleasi probleme pot fi ridicate si in legdturd cu aparitia sau disparitia repausului. Cum
spuneam mai sus, repausul inseamna viteza nula, iar curbura este nedefinita pentru viteze nule.
Prin urmare, orice interactiune care ar determina aparitia repausului, respectiv, disparitia
acestuia, ar determina si disparitia informatiei despre curbura traiectoriei initiale, respectiv,
aparitia acestei informatii din neant.

Se impune, asadar, o analizd profunda si foarte severa a miscarii rectilinii si a repausului, analiza
pe care o supun atentiei specialistilor prin acest modest articol in care sugerez ca ar fi mai bine sa
renuntam la aceste doud notiuni paradoxale.



Concluzii

Dupa cum vedeti, existd o problema cu miscarea rectilinie si cu repausul. Cum rezolvam aceasta
problema? Aveti libertatea sa va ganditi la o altd solutie, diferitd de cea pe care v-o propun mai
jos, solutie care sa ne scape totusi de paradoxul informational determinat de aceste doud notiuni
matematice.

Intre timp, pana cand veti gisi dumneavoastra o alta, eu am imaginat, deci, o solutie. Eu unul
consider ca trebuie sa reformulam principiul inertiei in asa fel Incat acesta sd nu mai implice nici
linia dreapta si nici repausul. Mai precis, trebuie sa reanalizdm cauzele care ne-au determinat sa
credem ca un corp liber s-ar deplasa in linie dreaptd sau ar rimane 1n repaus, pentru a le intelege
mai bine si pentru a vedea dacd nu cumva consideratiile noastre nu au fost superficiale.

Noi credem de la Galilei ca un corp liber se deplaseaza in linie dreapta sau rdmane in repaus, dar
nu putem uita cd Galilei nu a avut mijloace pentru a determina cu precizie suficientd curbura si
torsiunea traiectoriei. De fapt, pe vremea lui Galilei, nici macar nu se stia de existenta torsiunii
sau de importanta fundamentala a curburii si a torsiunii pentru forma traiectoriei.

Si nici mdcar astdzi nu avem posibilitati pentru a stabili cu precizie suficientd curbura unei
traiectorii sau torsiunea acesteia, precizie care sd ne asigure fard niciun dubiu ca un corp se misca
strict rectiliniu sau este strict In repaus. Prin urmare, presupunerea cd un corp se miscd pe o linie
dreaptd sau este In repaus nu are niciun temei experimental, ci este si va rdmane mereu o
presupunere principiala.

Dar presupunerile principiale trebuie inlocuite cu alte presupuneri principiale atunci cand
descoperim paradoxuri. Astfel, incercand sa scap de paradoxul pe care tocmai l-am scos in
evidentd, m-am tot lovit de necesitatea de a reconsidera principiul inertiei, singurul care ne
obligd inca sa operdm cu linia dreapta si cu repausul intr-un mod atit de paradoxal.

Reformularea principiului inertiei constituie, desigur, o indrazneald, pe care mi-o voi asuma si
pentru care va cer iertare, rugandu-va sa nu uitati ca numai necesitatile logice m-au condus la o
asemenea concluzie.

Asadar, permiteti-mi sd formulez un alt principiu al inertiei, principiu la care am ajuns prin
eliminarea tuturor celorlalte variante care s-au dovedit incorecte de-a lungul anilor in studiile
mele:



Corpurile libere se misca cu viteza constanta pe traiectorii avind curbura si torsiunea
constante.

Din cate am studiat eu ([3]), acest principiu al inertiei nu contravine niciunui fapt experimental
sau teoretic. De asemenea, el nu mai permite aparitia in Fizica a unor traiectorii avand curbura si
torsiunea nedefinite.

Dar cea mai importantd proprietate a acestui principiu este aceea cad generalizeaza principiul
actual al inertiei. Caci daca atribuim curburii valoarea nula, atunci ajungem la limita tocmai la
,miscarea rectilinie”. De asemenea, dacd atribuim curburii valoare infinitd, ajungem la limita la
ceea ce putem numi ,,repaus’.

Astfel, principiul nou formulat al inertiei ar putea juca in Fizica un rol asemanator celui pe care
l-a jucat axioma paralelelor in Geometrie. Mai exact, noua Fizicd bazatd pe acest principiu
(Fizica pe care am putea s-o denumim ,Fizica elicoidala™), ar fi mai generald decat Fizica
actuald, asa cum sunt geometriile neeuclidiene in comparatie cu geometria euclidiana.

Desigur, propunerea mea privind generalizarea principiului inertiei este doar o incercare umila de
a rezolva paradoxul evidentiat in aceastd lucrare, iar scopul principal al lucrarii nu a fost altul
decat acela de a aduce in atentia dumneavoastra acest paradox informational privind curbura si
torsiunea.
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