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Vector Time and some of its Consequences in Physics

J A Franco R*

ABSTRACT: It has been shown that time can be considered as a vector and it will be shown that its
use as such introduces some variations in the shape of equations and laws in Physics. The purpose of this
work is to discuss its mathematical and theoretical implications in Physics. It is worth mentioning that
although this approach is relativistic it was not worked under the Einstein’s General Theory of Relativity,
but under the three-dimensional environment of vectorial relativity, which could be applied in all Physics.
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I INTRODUCTION

In previous work the definition of time as vector was achieved [1] [2]. By this approach, without
assumptions, we were able to derive a vectorial structure of time with spatial components

t'.,t,,t., measured at O at the origin of a moving system, in function of components .7 ,z.

x17 y?
measured by an observer located at the origin O of an stationary system relative to the former. It is
worth mentioning that Hongbao Ma in another approach briefly stated in 2004 a vectorial
presentation of time depending on spatial coordinates, without referring measurements to distinct
inertial observers. Namely, by a very direct procedure he obtained the components of vector time,
associated to a moving point, as the relation between the components of the radio-vector of the

moving point and the magnitude of its velocity, i.e., ¢, =£, t, ==, t = 5, [3]. It is also
v v v

noteworthy to mention that a rigorous presentation of time as a vector, very close to the way we

have presented here can be seen in the work done by Bernard Guy [4] [5], published in 2001 and

2004, respectively.

This work is devoted to the launch of the first possible mathematical implications of vectorial time in
physics. In the following section the fundamentals of time as vector are presented. In section Il a
definition of a new derivative-relative-to-time-components operator is presented. In Section IV
Maxwell Equations are redefined using the new time operator. In section V the Wave Equation
derivation by using this new time operator was achieved and in Section VI some conclusions are
given.

I VECTOR TIME REVISITED

We have established in the analysis of relative motion that time is not only different for observers
with distinct inertial movements, but additionally, it is forced to behave between them as a vector,
whose components are scalars factors of the well-known unit spatial vectors, i, j, k. It is
observed that this concept does not result from any assumption. Instead, the vector structure is
deduced from the analysis of time’s obtained expressions, for one, two, three (or more, if it were
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necessary) spatial dimensions. Although the case for one dimension is straightforward, it is
presented as our first example (Fig.1):

Vv Pulse of Light
—
: B(x, 0, t)
0. 1) VX
A, 0,0) & (6.0.0) & .
(0,0,0) X |
. X' |

Fig.1 Onedimension

The equations that can be made and that originate the vector structure of time, from Fig. 1, are:

' \%

(1)

x=cit x'=k.(x—vir) t':k.(t—clzx)

r'=k.(r—vt)
The two-dimensional general case, presented in Fig. 2, is a very clarifying example,:

Pulse of Light B(x,y,t)
A (XLYT)

A(0,0,0)

X
Fig.2 Two dimensions

Referring to Fig. 2, when O’, moving along an inclined line m, and O coincide, a light pulse is sent
in any direction. By defining «, as the angle between line m, and X axis, the following equations
hold:

x2+y? =c?r? f x'=k.(x—vt.cosa)
or,

17 y'=k(y—vtsina) 2

x|2+y|2 — CZ

Based on these previous relationships, by substituting, working on and grouping properly, we
obtain:
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it =x"+y?=k*[(x—vt.cosa)® + (y —vt.sina)’]
212 = K2 [(x2 + y?) + V2 (t.cos @) + V2. (Lsina)? |- 2w (t.cosar) — 2v.p.(tsin )] 3)
=k [ () +v2(t) - 2v[x(esina) + y.(r.sin@)]]

2 2
Substituting: ¢?.t* =c’t?.(sin® a +cos’ @), and vZir® =v>. Zy
c

, we get:

2 2
12 = k> {[c2.(t.cos @)’ — 2.v.x.(t.COS x) + vz.’c“—z] +e2(tsina)® + 2v.y.(tsine) + vz.i}—z]}

(4)
2 4? = k2. [(ct.c08a — = x)2 + (c.sina —~.)2] = 2 k2. [(t.Cos —lz.x)2 +(t.sina —lz.y)z]
C C c c
From the last relationship, the following expression for time is obtained:
12 2 v 2 : v 2
1" =k".[(t.cosa——.x)" +(tsina——.y)°] (6)
C C

By observing carefully the right hand side of the previous expression, it reminds us the module of a
vector. Thus, as it is suggested, the previous modular expression can be re-organized into its
corresponding two-dimensional vectorial structure, in the following way:

. % . : v . .V TP VA
t'=k. t.COSa—c—z.x. I+ t.szna—c—z.y Jl=k t.COSa.I—C—Z.x.I+t.sma.j—c—2.y.j

(7
t'= k.[(t.COSa.i +t.sina. j)—clz.(x.i +y. j)} = k{(tx.i 1, j)—clz.(x.i + 7. j)}
t, =t.coSax £ o=klt -2 x v
- i ) et t=k|t——1ur
Thus, by defining: <7, =¢.sina ; and = c? (8)
1 v 1
t:txi+tyj ty:k.(ty —C—Z.y) I’:k.(r—v.t)

It can be realized that this vector structure of time can be easily obtained for any number of
dimensions by repeating this same procedure. For instance:

In the three-dimensional case, see Fig. 3, the following relationships hold:

T x'= k.(x —v.t.cosa.cos j3) t, =1.C0Sq.COS f3
X“+y +z"=c"t , . .
s m w2 y'=k.(y—vt.sina.cos f) t, =t.sina.cos f 9)
Xyt =c"t . . .
Z'=k.(z—vt.sin f) t.=tsinf
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Following a similar procedure to that previously used is obtained again the familiar vector structure
expression of time for three (or for any number of) dimensions:

' 1%

2= K2, — )2+ (, — )+ (1~ 2)?] (10)
C C C

r'=k.(r—vt)

All these results lead consistently to consider the behavior of time as a vector when it is referred to
observers located in systems with different inertial movements.

B(XY.z,1)
Pulse of Light_.-" (x,y’,z,t)

Fig. 3 Three dimensions

Obviously, the invariance of the space-time interval of the Special Theory of Relativity is preserved

for any number of dimensions, i.e.: For k:; and substituting general coordinate

»
1-—=
C

components in the expression of the space-time interval, ¢2 % —;'2:
N 2 N N 2
21?2 =Zcz.k2{z‘j —Lz.xj] —kZ.Z(xj —v.tj)z =k2.z (c.tj —X.xjj —(xj —v.tj)2 =
P ¢ j=1 = ¢
o[ 2,2 Vv, 2 2,2 oo 2.2 V2 2 2 o

j=1 4 j=1 c
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N 2 N 2
_ 2 2,2 V. 2 2 2.2 ;2 2,2 2.2 V" 2 2|
=k Z{c .tj+—2.xj—xj—v .tj}—k Z{c 2y —voai + >X; =X | =
j=1 ¢ =1 c
(11)
2 V2 u 2 .2 2 o 2 .2 2 u 2.2 u 2 2 2 2 2 .2 2
=k .1——2 Z(c .tj—xj)=Z(c 15 —xj):Z(c .tj)—Z(xj) = et —r'c=ct°—r
¢ Jj4A j=1 Jj=1 Jj=1

So, the vector character of time is not the result of any hypothesis; it comes directly from observing
vector properties clearly present inside transformations relating measurements of both inertial
observers. It can also be observed, from an epistemological point of view, that time as vector forms
its direction by taking it from the vector velocity v of the moving system O’, leaving such parameter
with a scalar character and functioning as a scaling factor. This can be understood due to both
observers are on the same inclined line, which will imply the scalar character of v. Another
epistemological characteristic of vector time is its dependence on coordinates x, y and z, which

means that it is not an independent vector, a characteristic that appears as remarkable because
differs to that of four dimensions (time as a fourth independent dimension) introduced by Einstein.
This also means that we are still working in three spatial dimensions in this study, and that
magnitudes can continue being defined as in classical physics, but with a modern and relativistic
view. From observing these results we can develop the following definition of time: Time is forced
to behave as a vector with spatial components in each coordinate, when it appears inside the VLT,
but it can appear behaving as a scalar when it is not an element of a transformation such as VLT in
the way we always have known it: as a sequential meter of events. But moreover, time can also
be considered as a vector in the natural way it was referred to previously in [4]. In accordance with
this idea and it perfectly applies to our work, Hongbao Ma says: “this three dimensional time
concept is obtained from the mathematical conception rather than the ontological existence.
Mathematical results are at the epistemological level” [4].

1l PARTIAL DERIVATIVE RELATIVE TO TIME-VECTOR

Let’s try to find out how we can do that. For example by remember the definition of the operator V :

ve|Ziv L lk (12)
ox Oy~ 0Oz

Its relation with the radio-vector of position r of a generic moving point in space can be put as::

r:x.i+y.j+z.k = r:ﬂxz—{-yz-{-zz = @zi’gzl’ @zii (13)
ox r Oy r 0z r
Developing partial derivatives of components x, y, z, depending only on » and ¢, we have:

0o oor oo, 0 OOor 00, 0 0Oor 0o, ot ot ot
e e P P PP o, = =220 (14)
Ox Orodx OtOx Oy Ordy Otdy 0z Oroz Otoz ox 0y Oz
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So, the operator V =§i +ij +§k can be expressed in function of the radio-vector as:
X

oy z
v:iﬁi+i@'+i@k:gﬁi+ﬁlj+iik:i£ - voOr (15)
orox oOrody” oOroz orr Orr- Orvr orr orr
And also with the squared spatial operator, the Laplacian:
2
veve Lit L Oxlel Liv Lji Ik :vzza—[ioﬁj
ox oy~ oz ox oy~ 0Oz ol\r r

R I 4o
vi= 2 T 2T 2 |T 2

ox oy 0z or

By repeating the procedure to obtain the relationship between the space operator V and
the radio-vector r, but referred to the time operator v, and the vector time t, we obtain:

Vel i Ok (17)
o, o, or
. . t t
t=r i+t jre.k = i=tf 4P+t = L R N Ry (18)
o, t o, t' o, ot

Thus, each one of the components of the operatorV can be represented as depending on both
vectors. Let's arrive at such equations depending only on » and ¢. For this, we will develop the

expressions depending on the components ¢, ¢, ¢.:

o oo oo, 0 0o o0, 0 O or 0 o or or or
_————t—— — =——+——; —=——+———; Where, —=—=—-=
ot, orot, otot, ot, ordt, otdt, O, oOrodt, Ootot, ot, o, o,

So, the vectorial-time operator ?z%i +ij +ik can be expressed in function of the time-

G ¢,
vector as:
— . . t . t, . _
oo 00, 00 Oty 0y 0ty Ot g_ot (19)
ot atx ot 8ty ot ot ot t ot t ot t ot t ot t
V=2t 2L 20 s, [7]-Ve 25,0 = v]-< (20)
ott ott Ot t ottt t ot

And also with the squared vectorial-time operator, which we will call it hereon, the T-Laplacian:
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2 2 2 2 (21)
Ve = a2 a2 02 :8_2 < sz‘V‘Z
ot~ o, o, ot
\Y CONSEQUENCES ON MAXWELL EQUATIONS
Differential Integral
Concept Form Form
Gauss Law for electric charges. VeD=p §5D'dA:IVP'dV (22)
(V e): Spatial Divergence Operator; (D ): Electric Displacement; (p): Electric Charge
Density
Gauss Law for magnetism. VeB=0 :ﬁsBodA:O (23)
(B): Magnetic Flux Density
) . 0B _[o¢B
Faraday’s Law (Classic). VxE= e fCE odl = L > o dA (24)
(V x): Spatial Curl Operator; (E): Electric Field
Faraday’s Law (Vectorial Relativity). VxE= —W‘B §CE odl= —LW‘B o dA (25)
=| O . o
(‘V‘ = 5): Time Scalar Derivative Operator; B=ugH D=¢E
Ampere’s Law (Classic). VxH=3+2 §Hadl:jJadA+J‘a—D-dA (26)
ot c S S ot
(H): Magnetic Field; (J): Current Density
Ampere’s Law (Vect. Rel.). VxH=J+[V|D §CH odl :.[SJ odA+LW\DodA (27)

\% APPLICATIONS. WAVE EQUATION.

As we know, the Equation of an Electromagnetic Wave that displaces in free space can be directly
deduced from Maxwell’'s Equations. For example: By taking the curl of Faraday’s Law:

Vx(VxE):—VXEZ_MZ_yO_a(Vg H)

o p (28)

And substituting Ampere’s Law for a free space in where J=0 and VeD=Veg,.E=0:
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oD oE
oV x H) Vo oa 0%E  , o%E
VX(VXE)Z—/UO.TZ—,U(). at .T_ £ .at—z_ . ;

Using the vectorial identity: A x (B xC)=B(AeC)-C(AeB):

, 0°E ) , 0°E
Vx(VXE)=V(VeE)-E(VeV)=—c’— = -E(VeV)=-VE=—c’—
ot t
o (29)
VZE—CZ.—ZZO
ot

A first way of demonstrating the validity of the Vectorial Relativity approach in the derivation of the

wave equation is by substituting the spatial Laplacian and the T-Laplacian by their equivalents,
2 2

v?2 =§—2 and V?2 =§—2, respectively, previously obtained. Namely, the classical wave
r t
2
equation V2E - cz_g =0, can be directly corresponded to the new version in Vectorial Relativity:
ot
VZE-c? V?E=0| (30)

But may be it is better to obtain it in the same vectorial way as we did before in order to observe
the vectorial properties of time as vector and the limitations of its use (as for example, it seems that
the Time Divergence Operator . By taking the curl of Faraday’s Law:

V x(Vx E)= -V x[V]B = ~|V|(V x t1g.H) = 11 [¥|[3 +[¥|D) (31)

Substituting in Ampere’s Law free space conditions in where J=0 and VeE=0. And using the
vectorial identity , Vx(VxE)=V(V e E)—E(V ¢ V), we finally have:

V(VeE)-E(VeV)= —,uo‘ﬂz D= —,Llo.é‘O?ZE

~V2E = —y.6y.V’E = V2E-c2V?E=0 (32)

This implies that the wave equation can be written like each of the following valid expressions:

2 2 2 2 2 2
G L B AR -
ox° 0oy 0Oz ot,” ot~ o,
V2E-c¢2V?E=0 (34)
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—c*.——=0 (35)

Or its cross-combinations:

0°E  0°E O°E
ox? 8y2 oz?
0°E 0%°E O0°E , O0°E

+ + -c =

2V E=0 (36)

o2 »? ezt P ° (37)
2 2 2
v2E_ (2|9 E+a |§+a E =0 (38)
ot~ o, o,
2
v2E_ 2 0 g (39)
or?
o%E 0°E 0%°E  0°E
a2_02' 2 T2 7 |=0 “1)
r a2 ot o,
2
ok E—62V2E=0 (42)
or?

Vi CONCLUSIONS

From a mathematical point of view we consider that vector time introduced through partial
derivatives in Maxwell's equations, has not produced severe consequences for physics since we
could have hoped, until now. Nevertheless, it is left for further research the definition and meaning

of the time divergence operator of some vector field Q, (VeQ), and its Time Curl Operator,
(V xQ), if these ones existed, and their applications in Physics, if it were possible.
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