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®  Dissertatio De Tempore =

Could time be
three-dimensional?

Mpr. Enzo Bonacci (Italy), Honorary Doctor”

Abstract

In order to rectify the lack of symmetry between time and space in Relativity an elegant hypothesis seems the 6D
continuum. Beyond any aesthetical consideration and even accepting the mathematical consistency of some recent 3T
theories, it is however necessary to supply a physical proof that time could effectively be tridimensional.

Introduction

Starting from two fundamental questions:

1) How many dimensions does a single temporal coordinate have?

2) How many temporal coordinates are necessary to define completely an event in the space-time continuum?
We find that each time coordinate seems to show a bidimensional nature, while the correct number of temporal
coordinates necessary to define an event seems to be three.
In order to describe a so formulated SO(3,3) space-time the best representation in Euclidean conditions is given by three
orthogonal axes (spatial directions) and three orthogonal surfaces (temporal orientations). Such 6D Cartesian reference
frame, where the six coordinates are pairwise mutually perpendicular, becomes 6D Gaussian in a curved (but locally flat)
space-time.
Being the space-time metric changed, all the equations in the ordinary 4D Relativity are subject to a six-dimensional
revision.

(") Ph.D. Honoris Causa in Theoretical Physics by Cosmopolitan University



How should

we represent time?

Let us analyze the space-time structure,
the concept of event E(s,t) and the
squared invariant interval Ag2=As2—c2At2,
without prejudices on time component.

In its simpler representation gravity

is expressed by the vector acceleration g
whose dimensions (m-s-2) show a link
between a linear space and a squared tim

J

Permitting to permutate cause and effect
in a well formulated proposition, the
Reciprocity Principle applied to Lorentz
equations leads to a 3D time

P——

Algebraic condition of reality for —c2At=:
negatively oriented real temporal surface
AS=—c2At? seems better than squaring th
usual imaginary linear coordinate icAt

ZJ

Algebraic symmetry SO(3,3): since
As?2=Ax2+Ay2+Az2

then it should similarly be also
At2=At12+At22+At32

|
|

TS

In Einstein’s triangle of velocities the
measures of time At have in common
an orientation (perpendicular to the

moving direction) and not a direction

|

Through an ideal diode-photodiode devic

e
in uniform circular motion (v=wxr) time
measures are different on each orientation

E——

Differently from a linear space coordinate
each time coordinate is 2-dimensional
At2, requiring a surface to be measured
namely the one perpendicular to motion

The temporal coordinates necessary to
define a single event in the space-time
continuum are three, each one oriented

At v, A0 lw, Aplr
perpendicularly to a space axis J

|

fa—

-~

@

\Instantaneous

6D reference frames:

~

Cartesian Gaussian /

6D Lorentz

equations: ty’=ty, t,=t..

6D squared invariant interval:
A02=Ax2+Ay2+Az2-c2(At,2+At2+At2).
6D field equations: G,,=kT,, ; 1, v=1,...,6.




Each temporal coordinate is bidimensional

Differently from a linear space coordinate, each time coordinate is 2-dimensional A#2, requiring a surface to be measured
(namely the one perpendicular to motion).
Such thesis is supported by a three-fold argumentation:

1) the dimensional analysis of the gravity vector g, showing the link between a linear space and a squared time;

2) the algebraic reality of the invariant interval, leading to a negatively oriented temporal surface AS=—c2At2;

3) the observation that in Einstein’s triangle of velocities the measures of time At have in common an orientation.

Time as a surface from the dimensions of g

In any acceleration the linear space measure x is related to a squared time measure t2.

Gravity in its vectorial formulation on Earth is the constant acceleration g and according to my opinion it is more than a
mere coincidence.

Since gravity is a direct expression of the space-time structure, the ratio between linear meters and squared seconds in g
could be a noticeable indication of the general connection between the spatial coordinate, to be treated as linear (i.e.
described by an axis), and the temporal coordinate to be intended as squared (i.e. laying on a surface).

Let us represent the temporal surface as a square (whose side is the measured time t) perpendicular to the displacement
vector x oriented towards the Earth as the gravity vector g.

g=x/t?

t (s)

X (m)

EARTH



Time as a surface from algebraic reality

In Ao? the interpretation of the negative temporal term —c2A#? from squaring the imaginary temporal coordinate icAt
(with i= 1£1) presupposes an unjustified assumption of dimensional homogeneity between spatial and temporal
coordinates, so that they are considered all linear.

The condition of “algebraic reality” would lead to rather different conclusions: in order to be real a temporal coordinate
should be a surface with a negative orientation AS=-c2At2; furthermore it should be a nonsense to think still about Ao,
being Ao? the minimal irreducible physical reality according to time measures on surfaces.




Time as a surface from the triangle of velocities

The locally quasi-Euclidean space-time permits the Pythagorean theorem when composing the trajectories in the Uniform

Rectilinear Motion:

lo = cAto

v constant

-

[2=l,2+d?
(cAt)?=(cAty)?+(vAt)?
At2 (c2—v2)=c2At 2
At2 (1-2)=Ato?
At2=Atx2/(1-?)

At= }’Ato

The measure of time does not depend on the specific direction of 1, but upon its orientation, always perpendicular to the
vector velocity v; what the same measures of At have in common is a surface:




An event requires three time coordinates

The temporal coordinates necessary to define a single event in the space-time continuum are three, each one locally
oriented perpendicularly to a space axis.
Such thesis is supported by a three-fold argumentation:

e the Reciprocity Principle applied to Lorentz transformations, leading to a three-dimensionally oriented time;

¢ the algebraic symmetry between space and time, opening to the SO(3,3) model;

e the measure of time by an ideal diode-photodiode device in uniform circular motion, revealing the 3T.

3D time from the Reciprocity Principle

If cause and effect are not inescapable in the physical description then action and reaction can be considered equivalent
and Newton'’s third law of motion should be reformulated as reciprocity.

The reciprocity principle in physical description expresses the invariance following the substitution between subject
(cause) and direct object (effect) within a well-formulated proposition.

Overcoming the scheme cause/effect for the benefit of a perfect logic symmetry and temporal reversibility, it seems the
missing link to unite Relativity and Quantum Mechanics with respect to the acausal and precausal paradoxes.

In a Euclidean space-time (flat) the Fitzgerald contraction must be interpretable both in the conventional direction:
o<v<c = Ax<Ax, (the speed of the body generates the length’s contraction in the movement direction), and in the
reversal:

Ax<Axo = o<v<c (the length’s contraction in a certain direction generates the speed of the body).

Similarly, based on reciprocity and time’s three-dimensionality, in a Euclidean space-time (flat) the time dilation can be
read both in the conventional direction:

o<v<c = At>At, (the speed of the body generates the time dilation in the movement direction),

and in the reversal:

At>At, = o<v<c (the time dilation in a certain direction generates the speed of the body).

If time were not three-dimensional, the second interpretation would not be possible; in fact, without a direction
identifying At, a temporal dilation could not be associated with a specific vector velocity v.

3D time from algebraic symmetry

Since in Ag2=As2-c2At2 the spatial term is

As2=Ax2+Ay2+Az?

then the temporal component should be

A=At 2+At2+At 2

by algebraic symmetry.

Such aesthetical consideration induced many researchers to explore the orthogonal without reflections group SO(3,3)
with different approaches.

Overcoming three fundamental objections

There are three serious objections, evidenced in particular by Strnad, against the multidimensional time hypothesis:

1) there would be tachyons observed in four dimensions;

2) there would be closed time like loops which violate causality;

3) the sign of the Maxwell action would be incorrect.
The works of many researchers, e.g. Ziino, confuted each of them, showing how the apparent paradoxes come all from the
fact that if the real world has multiple dimensional time, then the picture of the world which we measure by a
monodimensional clock would be a distorted one.



Beyond the speed of light?

In a (4+n)D space-time (with at least one time extra-dimension u) the normal motion at v<c along the temporal
dimensions u and t (with an infinitesimal variation At=¢):

p . A(Xa,ya,Za,ta,ua)

v2=(Ax2+Ay?+Az2)/(At2+Au?)<c?

p . B(xs,yB,Z8,ta+€,uB)
v<e

would appear faster than light in the usual 4D space-time (if the time extra-dimension u was somehow hidden):

p ‘ A(xa,ya,Za,ta)

At=£—0= v2=(Ax2+Ay2+Az2)/ 2 — 0

p ‘ B(x8,yB,Zs,ta+€)

v>C

Multilocation of a particle?

In a (4+n)D space-time (with at least one time extra-dimension u) the normal motion at v<c along the temporal
dimension u (keeping t invariant):

pl . A(XA,YA,ZA,tA,uA)
v2=(Ax2+Ay2+Az2)/Auz<c? P: ' B(xs,y8,Z8,ta,us)

Pl. C(xc,yc,zc,tauc)
v<e

would be interpreted as appearance of a particle in many places at the same time ¢ in the usual 4D space-time (if the time
extra-dimension u was somehow hidden):

P: . A(xa,ya,Za,ta)
Pz. B(xs,yB,z8,ts)

Ps. C(xc,yc,zc,ta)



The four pioneers of the model SO(3,3)
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The quantum approach by Chen

Basic quantum principles of single particle (non-localization, non-determinism, spin and related statistics) are derivable
from pure geometry of two extra time dimensions and the consequent 6-dimensional KK theory could unify
electromagnetism and gravity. Xiaodong Chen uses the two dimensional world sheet starting the calculation from the
same lagrangian of bosonic string, but instead of considering the extra dimension o as string, he interprets it as world line
of extra dimensional time. He proves that only one extra time dimension ¢ leads to complex space-time values, while two
extra time dimensions ¢ and ¢ give the correct possibility of physical observable in measurement (under the hypothesis
they are both compact small loop satisfying 2n-period condition and whose radius has scale of Planck length). A
puntiform particle moves along three separate world lines, each one associated with one proper time; and the whole
trajectory of particle becomes a wave in space. The projections of extra two world lines in 4-dimensional spacetime are
space like because of their signs, but in the whole 6-dimensional spacetime, all three world lines are light like. Electron
can be expressed as time monopole. Chen introduces the 5th component of momentum-energy tensor for general
electromagnetic field, which can also help us to get spin magnetic moment but cannot include strong and weak forces
because these interactions are related to nucleons which have finite spatial size.

World line rand world line o on t—x; plane in Minkowski space. Particle can move along both world lines, slope of ris u/c.
At t=0, the single particle will be shown at all positions: —x;,—x», ... —x» with different values of rand o (-7, c1)..(— @, on).
Also the single particle will be shown at x=0 at different time: t,, t., ..t, with different rand o values; where x,=h/mu and
tn,=h/mc2? which are De Broglie wavelength and period:

World lines ois a infinitesimal loop to fixed point (x,, t). 7 perpendicular to loop o, so 7 can point to any direction, the
slope of zis from — to oo which means the momentum is from —oo to oo:

w1
(020}

Current universal time is t=-t., particle reaches x. at t=0, it is in future since t=0>-t.. When event 2 happens at x., the
particle interacts with other particles, so particle’s world lines is changed, its next movement will be based on new world

line 7:
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The field equations by Lunsford

Danny Ross Lunsford thinks that Weyl’s theory in 4D failed because lacking of a proper variational integrand.

He finds that first in 6D we obtain a variational principle with no arbitrary factors:

[RWYdso=/RWdQ=0, where W=FmnFp,, .

He develops a Weyl geometry over SO(3,3) as base, under which gravity and electromagnetism are essentially unified via
an irreducible 6-calibration invariant Lagrange density and corresponding variational principle.

The extra dimensions are given a physical meaning as “coordinatized matter”.

Matter appears by interpreting source-free homogeneous fields over a 6-dimensional space of signature (3,3) as
interacting inhomogeneous fields in spacetime.

The inhomogeneous energy-momentum relations for the interacting fields in spacetime are automatically generated by
the simple homogeneous relations in 6D.

The Einstein-Maxwell equations are shown to represent a low-order approximation, and the cosmological constant must
vanish in order that this limit exists.

The conformal covariant derivative of a tensor of weight Nis D,, :

Dy To)=(Vo+NAJTw) -

It’s a formalism necessary to a joint field theory for the electromagnetism A and the gravitation g.

Lunsford’s combined electromagnetic and gravitational equations are:

Run=(2R/W) Tmn—(1/2W) (DD + DnDin) W

1 8o (YRFM) = 5 DmW
4

Since T has conformal weight —1, the equations are calibration invariant.

The underbars on the indices of the Ricci tensor indicate the symmetric part.

When do these equations take on the form of Einstein’s equations?

Before we must introduce the conformal wave equation for W(=weight):

DmD™W=0 (conservation of “geometrical charge” invariantly written).

Then we may write:

Rm—l/ 2gmn(R_A)=(2R/ W) (Tmn_1/4gmn(w/ R) (R_A)_(l/ 4R) (DmDn+Dan)W) .

The last two terms on the right must cancel:

((DmDn+Dan+gmn(R—A))w=O .

Contracting with the metric and by the conformal wave equation for W:

(R-A)W=0.

Thus we obtain general relativity only in the limit:

A=0, R>0, W0, R'W—->—4nG.

If R and W differ from zero by a factor of first order, their product is second order and may be ignored; so the Einstein-
Maxwell equations are to be regarded as first-order approximation to the full calibration-invariant system.

12



The spinorial interpretation by Sparling

George Sparling’s work has three six-dimensional spaces which at one level are on an equal footing and which are bound
together by a new integral transformation, which he calls the =Z-transform.

Two of these spaces can be understood at the space-time level as twistors. Then the third space can be given a space-time
interpretation, but only if we have two extra dimensions: so it is the requirement of symmetry between the spinor spaces
and the space-time that dictates that the extra dimensions be there.

In Sparling’s theory, the two twistor spaces are each six-dimensional, forcing space-time to also have six dimensions, in
accordance with Cartan’s unifying triality. Because the twistor spaces’ geometry is ultra-hyperbolic, the extra dimensions
are time-like (minus sign).

The four dimensional space is hyperbolic as usual, but in the surrounding space there are equal numbers (3 each) of space
and time dimensions, so the formula for s2 reads something like s2=x2+y2+z2-t2-u2-v2, where u and v represent the new
time variables.

The structure is a Xi-transform, which moves between the three spaces in the directions given by the bendings of the
upper case Greek letter Xi. The distorted squares represent the wave operator. The product of a wave operator and a Xi
transform, taken in any order, is zero:

The analytical structure underlying the spinorial theory. Image credit: Erin Sparling.

Sparling’s spinorial theory is based on Einstein’s general relativity and Elie Cartan’s triality concept, which can link space-
time with two twistor spaces. Twistor spaces are mathematical spaces used to understand geometrical objects in space-
time landscapes:

Cartan’s triality symbol links two twistor space and space-time. Image credit: Erin Sparling

13



3D time from diode-photodiode measure

[ Diode-photodiode reference frame J

e 2
Uniform Circular
Motion
o J
[
| |
4 N\ 4 N\
Laser in Laser in
radial direction ) tangential direction
& J

-

" )

Radial Time

[ Tangential Time ]
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Diode-photodiode measurement in UCM

Diode-photodiode measurement system.

Time is measured on an orientation, Let the diode be puntiform while the
i.e. between two parallel planes diode-photodiode: photodiode is distributed on the opposite wall:
2
TN\ \N\NN\NCET 4
3 ; |
‘ s
2 |
5 |
17
i
Caption:
1) Diode
2) Laser ray
3) Photodiode
4) Feedback

5) Chronometer

Why the Uniform Circular Motion?
* Each point of a continuous trajectory is assimilable to an instantaneous UCM.

¢ In fact, each point individuates the three instantaneous vectors:
v=tangential velocity;
r=radius of curvature;
w=angular velocity.

* The rectilinear trajectory is a limit case of degenerated UCM: r—ow, w=0.

In the Uniform Circular Motion: v=axr Along any continuous trajectory:

®
Diode ‘

Circular trajectory

Trajectory N

~ ,,

-

Instantaneous circumference of curvature



Inertial ime t;

* y is the relativistic coefficient.

e The laser ray is emitted in any direction perpendicular to the motion.

Composition of the trajectories in the URM:

f P, A oo

Z o

v constant

—

The locally quasi-Euclidean space-time
permits the Pythagorean theorem:

l2=1,2+d?
(cAti)2=(cAt,)?+(vAt)?
At (c2—v2)=c2At 2
At (1—2)=At,?
At=Ato?/(1-f7)
Ati=yAt,

li=cAt; inertial laser ray trajectory, i.e. relative to a DP reference in URM at velocity v.
lo=cAt, laser ray trajectory at rest, i.e. relative to an immobile DP reference.

di=vAt; inertial trajectory of the diode, i.e. in URM at velocity v.

¢ In UCM the tangential time coincides with the inertial one: Az=At;.
® The laser ray is emitted in direction of the vector angular velocity @.

Tangential time 7

Composition of the trajectories in direction
tangential to the rotation:

o constant

d;

L

T |

The locally quasi-Euclidean space-time
permits the Pythagorean theorem:

1 2=12+d;?
(cAr)?=(cAty)?+(vAT)?
A7 (c2—v2)=c2Aty?

A2 (1—2)=Aty?
Ar=Aty2/(1-?)
Ar=yAt,

ATt=At;

l.=cAr tangential laser ray trajectory, i.e. relative to a DP reference in UCM at velocity v=awxr.
lo=cAt, laser ray trajectory at rest, i.e. relative to an immobile DP reference.
d;=vAr inertial trajectory of the diode in UCM, i.e. rectified in tangential direction.
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Angular time 6

Composition of the trajectories in direction tangential to the rotation, at different diode-photodiode distances &:

The laser ray is emitted in radial direction.

Denote ¢ the diode-photodiode distance when: Af=At;.

il
T

710

il

Axis’

1

1

!

i P

A A
5 1,”” 1, '
1
99 !
F :
1
| .
T 1
57 L” l,” i E
1 1
A ) |
F) | |
1 1
raNEEREE
| ' |
’ ’ ! ! !
6’ 60 10 l() : : :
' | '
] ! ]
] ! ]
] ! ]
4 : | |
) ' | '
SERRREENE
AREREEREE
) ' | '
) ' | |
! i | i
) ' | '
L]
AFSEVSEP S
* 4 4 A
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Relationship between the angular time in UCM A6 and the one at rest At,:

When 6<6o: When 6=56: When 6> 6o:
\
10 lo \ 10 lo 10 lo
\
\
di dimux di E di i
(v=c)

ly,=cA6 angular laser ray trajectory, i.e. relative to a DP reference in UCM at velocity v=axr.
lo=cAt, laser ray trajectory at rest, i.e. relative to an immobile DP reference.
d;=v40 inertial trajectory of the diode in UCM, i.e. rectified in tangential direction.

The locally quasi-Euclidean space-time permits the Pythagorean theorem:

lp<ly?+d2 lp=l2+d2 le=l2+d?
(cAB)2<(cAty)?+(vAB)? (cAB)2=(cAty)?+(vAB)? (cA0)2>(cAty)?+(vAB)?
A (c2-v2)<c2Aty? A (c2-v2)=c2At,? A (c2-v2)>c2At 2

AR (1)< Ato? AR (1—3)=Aty? AR (1—)>Aty?

A< At2/(1-?) AP=At2/(1-?) A®>At2/(1-?)
Ab<yAt, AB=yAt, A0 >yAt,

AG <At AQ =At; A0 >At;

In UCM the angular time is: A0<At; beside; A0>At; far away, growing with the distance.

18



Radial time p

Composition of the trajectories in direction radial to the rotation, at different diode-photodiode distances &:

The laser ray is emitted in tangential direction.

19



Relationship between the radial time in UCM Ap and the one at rest At,.

Beside (short 5): Far away (long 6):

t

»

l,=cAp radial laser ray trajectory, i.e. relative to a DP reference in UCM at velocity v=axr.
lo=cAt, laser ray trajectory at rest, i.e. relative to an immobile DP reference.
d;=v4p inertial trajectory of the diode in UCM, i.e. rectified in tangential direction.

The locally quasi-Euclidean space-time permits the Pythagorean theorem:

[2>>12+dy? [2>12+di?
(cAp)2>>(cAto)?+(vAp)? (cAp)2>(cAty)?+(vAp)?
Ap? (c2-v2)>>c2Aty? Ap? (c2-v2)>c2At 2

Ap? (1-2)>>Aty? Ap? (1-2)> Ato?
Ap?>>At2/(1-?) Ap?>Ate2/(1-?)
Ap>>yAt, Ap>yAt,

Ap>>At; Ap>At;

In UCM the radial time is: Ap>At;, asymptotically decreasing towards At; with the distance.

\ 4

20



The six-dimensional spacetime

After introducing proper reference frames for an event in the 6D space-time, we should six-dimensionally extend: the
Lorentz transformations, the squared invariant interval, the metric tensor, the quadratic form, the Ricci curvature tensor,
the scalar curvature, the contracted Bianchi identities, the conservation equations, the Lagrangian of matter, the Einstein
field equations, the scalar function and the variation principle.

6D instantaneous vectorial reference

()

The three instantaneous vectors v,m,r and their relative planes z,0,0 altogether constitute an instantaneous Cartesian
reference system vwrzdp on whose orientations the following times are measured:

Ar=tangential time, measured on the orientation perpendicular to v.

Ab=angular time, measured on the orientation perpendicular to @.

Ap=radial time, measured on the orientation perpendicular to r.

6D Cartesian reference in a flat space-time
Z

y

The three spatial axes x, y, z and the three temporal orientations t, t,, t, are mutually orthogonal and immobile.

Each position P(x,y,z,t.ty,t;) is unique, i.e. representable without ambiguity.

The three times 7, 6, p are in biunivocal correspondence with the three times t,, t,, t,, because the measures in the
instantaneous reference vwrz8p are univocally projected on the fixed reference xyzt.tyt,.

21



6D Lorentz transformations

Let v, be the constant velocity along the spatial axis x; denote S.=v,/c and y=(1-2)"(-¥2).
The 6D Lorentz transformations have two further equations: t,’=t,, t,’=t,.

L (
X =Yy (X—Vx-tx)
y'=y
< z’=7
Ux tx, =Yx* (tx—X'Bx/C)

ty’ =ty

k t/=t,

6D mvariant interval

Denote K and K’ two inertial reference frames with parallel and equioriented coordinate axes.
Let vy be the relative velocity of K’ respect to K (constant and parallel to the spatial axis x).
Denote Bi=v./c and p=>1-L2)"(-V2).

In K the event “1” is E:(x1,Y1,Z1,tx, tys, ) and the event “2” is Eo(Xo,Y2,2Z0, o, tys,lz2).

In K’ the event “1” is E; (%Y ,2: tx tys s L") and the event “2” is Eo'(x2),Y 2,22, teo by, 22).

( X1’='Yx'(X1—Vx'tx1) ( X2,='Yx'(X2—Vx'tx2)
Y1, =Yy Y2, =y2
Zl’ =74 Zz’ =Z>

Event “1” in K’: < Event “2” in K’: <
tx’ =Yx* (txl_X1° Bx/ C) txo’ =Yx* (txz_X2 'Bx/ C)
ty =t 1y’ =t
y1 =%yl y2 —Lly2
\ tz1,=tz1 \ tz2,=tz2

Let us verify the invariance of the six-dimensional interval Ao2=Ax2+Ay2+Az2-c2(At2+At,2+At,2) when the inertial
reference frame changes.

In K:  A02=Ax2+Ay2+Az2—c2(At2+Aty2+At,2) =(Xo—X1) 2+ (Yo=Y 1) 2+ (22— 21)2—C2[ (txo—tx1) 2+ (tya—ty1) 2+ (tro—t71) 2]

In K’: A0™2=AX2+Ay’2+Az2—c2(Aty 2+Aty 2+At, 2) =(X2"—X1 )2+ (V2" —y1 )2+ (22 —217)2—2[ (o't )2+ (ty—ty )2+ (ta— 1) 2]
A0™2=[1x(Xo—Vitxo) —yx(Xi—Vitx1) 12+ (Y2—y1) 2+ (Z221)2—C2 { [ x(txo—XoPx/ €)—yx(txi—X1Px/ €) I3+ (tya—ty) 2+ (tro—t2) 2}
A0 =y [ (Xo—X1)—Vx(txo—txn) 12+ (Ya—y1)?+(Za—21) >—€2 { yx?[ (txo—txn) —(Xo—X1) Bx/ €12+ (tyo—tyr) 2+ (tra—t21) 2}
A0"2=y?[ (Xo—X1)—Vx(txo—tx1) 12=yx?{ €[ (txo—tx) —(Xo—X1) Bx/ C]2} + (Y2 y1)2+(Z2—21) >—C2(tyo—ty1)>—C2(tro—tz1)?
A0"2=12[ (Xo=X1)2(1-Bx2)~(€2—Vi®) (txo—tx1)? ]+ (VoY1) 2+ (22~ 21)>—C2(tyo—ty1) 22 (tro—n1)?
Ao’ =Yx? [(x2—x1)2 / sz—(txz—txl)zcz/ Yx2)] + (Y2—Y1)2 + (Z2_Z1)2_c2(ty2_ty1) 2—c2 (tzz_tzl)2
A0"2=(X2—X1)2—(txe—tx1) 2c2+(Y2—y1)2+(Z2—21)2—C2(tya—ty1)2—C2(tra—121)?
A0’ 2=(Xo—X1)2+ (Y2—Y1)2 +(22—71)2—c2(txo—tx)2—C2 (tyz—tyl)2_02(t22—tz1)2
Ao’2= (Xo—X1)2+ (Y2—Y1)2 + (Z2_Z1) 2—c2 [(txz—tx1)2+ (tyz—ty1)2+ (tz2—tz1)2]

Ao’2=A0?
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A meaningless opposite?

t-

te ty

The symmetrical Cartesian reference frame would consist of three temporal axes tx, t, t, and three spatial orientations x,
Y, z mutually orthogonal and immobile.

Such reference doesn’t seem to have any physical reason to be introduced; anyway each position P(t.,ty,t,,X,y,z) would be
unique, i.e. representable without ambiguity. This apparently meaningless scenario could however be explored.

6D Gaussian reference in a curved space-time

X

Xz

X

The three spatial lines X, X,, X; are not necessarily neither rectilinear nor mutually orthogonal and the three temporal
surfaces X,, X;, Xs are not necessarily neither plane nor reciprocally orthogonal. The only condition is that each event
E(X:,X2,X3,X,,X5Xs) is unique, i.e. representable without ambiguity.

The position P(x,y,z,t.ty,t,) is in biunivocal correspondence with the event E(X;,X2,X3,X,,X5,Xs). In fact, by keeping the
relativistic assumption about the quasi-Euclidean nature of space-time continuum at local level, there is the biunivocal
correspondence between the measures in any Cartesian reference xyzt.t,t,. and the same taken in a Gaussian reference
X XXX, X;Xe in curved space-times locally almost flat.
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6D General Relativity

If space and time are both three-dimensional, then:

the metric tensor g, is six-dimensional: 1,v=1,2,3,4,5,6;

the quadratic form ds?=g,,,dx,dx, is six-dimensional: 1,v=1,2,3,4,5,6;

the Ricci curvature tensor R, is six-dimensional: 1,v=1,2,3,4,5,6;

the scalar curvature R, trace of R,,,, is 6D: R6=R;2=R1+R22+R33+R 14+R55+Res;
the contracted Bianchi identities V*(R,,—/2Rg,,)=0 are 6D: 1,v=1,2,3,4,5,6;
the conservation equations V*T,,=0 are six-dimensional: 1,v=1,2,3,4,5,6;
the Lagrangian of matter is six-dimensional: L¢;

the Einstein tensor G,,=R,,—2g,, R is six-dimensional: y,v=1,2,3,4,5,6;

the source tensor T, is six-dimensional: y,v=1,2,3,4,5,6;

the Einstein field equations G,,=kT,, are six-dimensional: y,v=1,2, ... ,6;

the 6D equations G,,=kT,, are 36, reducible to 21 in case of symmetry;

the relativistic scalar function J4=14—-R4/2k is six-dimensional: J6=L6—-R6/2k;

the relativistic variation principle 54 vg d4X=o0 is six-dimensional: §/J6vg d6X=o0.

The six-dimensional source tensor T, is super-symmetrical, consisting of 4 quadrants each with 9 components (because
the usual 4D energy density quadrant enlarges itself with 8 extra-components in 6D):

Too Tos To2 T03 T04 T05
Energy density Tio Tu Ty Ty Ty, Tis Energy flux
Tso T», Tao T23 T24 T25
T30 T3 Ts. Ts3 Tay T35
Momentum density Tio T T, T T, Tas Momentum flux
Ts0 Ts: Ts» Ts3 Ts4 Tss
[
Conclusions

According to my opinion, the commonly accepted version of space-time in four dimensions hides two unjustified
assumptions:
1) there exists only one temporal coordinate;
2) the temporal coordinate is measured on a line like the spatial ones, although with imaginary values.
Through logical, epistemological and physical argumentations and recalling the independent contributions by other

researchers about similar topics, this dissertation has explored a possible scenario where:

1) an event requires three time coordinates to be defined;

2) for measuring time a surface is a more effective geometrical entity than a line.
The main consequences of a three-dimensional time (instead of monodimensional) measured on mutually orthogonal
surfaces (instead of axes) are the introduction of new six-dimensional reference frames in flat and curved space-time and
the reformulation of Relativity equations in 6D.
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