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Abstract: The theory of electrodynamic space-time relativity (TESTR) is the study of the transformation of
time and space between two electrodynamic inertial frames of reference, which have both inertial velocity
difference and electric potential difference. It is a fundamental space-time theory of theoretical physics based on
the Einstein’s special theory of relativity (STR), the electric potential limit postulate and the high-precision
experimental facts of the inversion proportional square law of Coulomb’s force.

It also proposed new basic physical concepts, such as electric potential limit, quaternion velocity, quaternion
electric potential and etc. The two basic physical quantities, electric potential and velocity, are unified through the
form of quaternions. It revealed the inherent relationships between the quaternion velocity or the quaternion electric
potential and space-time. In mathematical form, it starts with the special theory of relativity in the real form and
develop into the complex form and then further into the quaternion form. In the physical sense, it expands the
special relativity from having an only inertial frame of reference to having both the inertial frame of reference and
electric equipotential frame of reference.

This paper discusses in detail the process of establishing the theory of complex electrodynamic space-time
relativity and theory of quaternion electrodynamic space-time relativity as well as their various conversions and
transformations. With the use of the new concept of system time, it leads to the expression of the fundamental
equations of TESTR to be as concise as the form of Galilean transformation. In addition, its content is also more
symmetrical and universal. It can correctly derive a set of more complex equations of the special three-dimensional
theory of relativity. At the same time, proved that the special theory of relativity is a special case of TESTR, and
found another important new special case: the theory of electric potential relativity (TEPR). The basic effects of
TESTR were also discussed. It predicts some important new space-time change effects, for example, the electric
potential time expansion effect. Such proposed effects would provide some theoretical basis for the experimental
validation of TESTR. The appendix of the paper proves mathematically that the basic equations of the theory are
consistent with the hypothesis.

Keyword: special theory of relativity, postulates of electric potential limit, the theory of electric potential
relativity, theory of complex electrodynamic space-time relativity, the theory of quaternion electrodynamic space-
time relativity,

Part 1. The theory of complex electrodynamic space-time relativity (TCESTR)

Einstein’s special theory of relativity (STR) is based on two basic postulates about inertial motion, that is:

1. The principle of relativity: physical laws should be the same in every inertial frame of reference

2. The principle of invariant speed of light: in any inertial system, the speed of light in the vacuum is a constant.
According to these two postulates, the famous Lorentz transform equations can be derived.
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Here, the Lorentz transformation equations are scalar equations, where Vxis the speed along the x-axis of
inertial frame Xg'( X', Y', Z',t) relative to the inertial frame 2x(X,Y,Z,t). C, is the speed of light. X,Y,Z,t and
X', Y',Z',t" are the length and time of the observing system and the observed system, respectively.

Upon analyzing the basic postulates of the special theory of relativity, a question can be asked: is our
understanding of motion complete? Is there another physical reference frame beside the inertial reference frame,
where the same the physical laws still hold true in each frame of reference when it is in different states? In this
physical reference frame, the state of such reference frame cannot be determined through any experiments. Do the
related physical parameters have a limit? And would such limit lead to the relativistic effect of time and space?
After further study, it was proposed that equipotential bodies are of such physical reference systems. Based on
Coulomb's inverse proportional square law and its high-precision experimentst!l, we know that within a closed
conductor of any shape, the electric potential at any point is the same regardless of how much electric charge its
surface carries. In addition, the interior electric field strength E is zero. This is a corollary of Gauss' law of electric
field.

Thus, a thought experiment can be carried out: there are two identical closed metal carriages A and B, and
they are motionless relative to each other and are insulated from each other with only carriage B being grounded.
Suppose there is an electrode of an ultra-high voltage static electric generator connected to B, and the other electrode
is connected to the carriage A. Let the electric potential of the ground be zero. When the electrostatic generator
continues to work, the A carriage is charged with lots of charges (either positive or negative) by the generator. The
electric potential on the surface and in the interior of the carriage increases with it. When the surface electric charges
reach Q, the interior and surface electric potential ¢ are the same everywhere. At the same time, the electric field
intensity is zero. Therefore, when an observer is isolated inside carriage A, it is impossible for the observer to know
the values of electric potential or whether it is positive or negative relative to carriage B through any experiment.
Same can be said for the observer in the carriage B where the electric potential is zero, even when there is a very
high electric potential difference between them. Please note that same experimental results can be obtained in the
inertial frames of reference. The principle of relativity is likely to be true in any electric potential frame of reference.

So, is there any limit to the electric potential? According to electromagnetism, the superposition of electric
potentials is linear, that is, the electric potential has no limit. And the central electric potential of the ideal point
charge is also infinite. Further calculations show that the electric field energy of the point charge is also infinite.
Obviously, this is a wrong conclusion and is universally recognized as the difficulty that electromagnetism cannot
overcome by itself. In the basic theory of modern physics, the issue of point charge energy dissipation is ubiquitous.
If the limit of electric potential exists, then the electromagnetics must be modified accordingly — the point charge
center electric potential is finite, and its electric field energy is likely not to diverge, thus overcoming the theoretical
difficulties in electromagnetism. There is not any the physical experiment that shows that the electric potential
cannot has a limit. Therefore, the postulate of the electric potential limit is reasonable.

In summary, two postulates of equipotential reference system can be put forth:

3. The relative principle of electric potential: the physical law has the same form in any electric equipotential
frame of reference;

4. The postulate of electric potential limit: in any stationary and equipotential frame of reference, the electric
potential limit is a constant @, at any point in the vacuum.
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The value for such electric potential limit &, can only be determined by experiment. In the Planck’s units,
Planck voltage is a very large value of 1.04295 x 1027 volts. It could be used as one of the reference values of
the electric potential limit®,.

By comparing the relative principle of electric potential and the postulate of electric potential limit with the
two postulates of the special theory of relativity, it can be seen that their forms are very similar. When the two
postulates are established, then, the current Maxwell’s equation must be modified. The superposition of the electric
potential will be non-linear, and many physical parameters are likely to have functional relations with the electric
potential of the frame of reference and electric potential limit @, ratio. In physics, there must be a theory of electric
potential relativity (TEPR). It will be specifically used to describe the existence of the relationships between
physical quantities such as space-time and the electric potential in the frames of reference with electric potential
differences. STR is the study of physical parameters relationships such as space-time with speed in the inertial
frames of references. Hence, there must be a higher theory of relativity that studies the relationship of the frames
of reference with both speed difference and also an electric potential difference. This theory can be called the theory
of electrodynamic space-time relativity, where STR and TEPR are both its special cases. In order to establish such
“higher level theory of relativity,” both the electric-charge state (equipotential) and the inertial motion state (inertial
speed) of the same frame of reference must be unified. In modern physics, however, the concepts of electric
potential and speed have no direct correlation. Through in-depth study, it was discovered that in order to solve this
contradiction, new physical concepts such as imaginary motion, complex motion and etc., must be introduced.

Even though the equipotential frame of reference is very similar to the inertial frame of reference, but the
equipotential frame of reference is stationary in the three-dimensional space. It cannot be defined as a regular
inertial reference frame. Equipotential reference frame will be defined as the inertial frame of reference of the
imaginary speed. There is a corresponding relationship that exists between electric potential and imaginary speed.
The electric potential ¢ is equivalent to the imaginary speed Vi. The electric potential limit @, is equivalent to the
imaginary speed of light Cyi. K is a conversion factor. That is:

Vyi = Kb (6)

Coi = Kb, ©)

Where, unit imaginary number is i = v/—1.

From equation (7)

_ o
=2 ®)

K is an imaginary constant, and can be called the electrodynamic conversion factor.

To further investigate a universal space-time relationship, we must extend our concept of motion and space-
time from the real number domain to the complex number domain. The more general motion can be abstractly
understood as the motion state in the complex plane. If the motion in the coordinate reference system possesses
both real and imaginary motion, then we call its motion state the complex motion state. The frame of reference
situated in the complex motion state is called complex inertial electrodynamic frame of reference; it has both
equipotential and inertial motion. The theory to describe this space-time relation of such motion is called the theory
of complex electrodynamic space-time relativity.

As shown in Figure 1, let there be two complex coordinate systems of reference (X, F, t)and Z.'( X', F/, t)in
the same complex plane. Their imaginary axis F and F’, real axis X and X" are all parallel to each other. Since in
complex number, there is no vector, therefore all the relevant physical parameters of motion must be scalars
guantities such as speed and distance. Let (X, F,t) be the stationary observing reference frame that is, the
imaginary speed is zero (the electric potential is zero), and real speed is also zero. While Z:'( X', F',t") is the
observed reference frame and in complex motion state relative to Z¢ (X, F, t), its complex speed is V,,, its imaginary
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speed is Vi, and real speed is Vx, and 6 is the argument. When O’and O origin of coordinates overlap, lett = t" =
0.

Ve =V, + Vi = V| e¥ (9)
The modulus of complex speed is: |V,| = /VXZ + Vg (10)
_ ¢C

Where, Vg, = CTO‘) (11)

Since real electric potential can be converted into imaginary speed, then by symmetry principle, real speed can
be converted into imaginary electric potential ¢i. Therefore, dyi = VX% = —V’éq"’ i,where real electric potential

0

¢ and imaginary electric potential ¢xi together forms complex electric potential ¢, :

e = + Pyl (12)

The modulus of complex electric potential is:

|| = ‘/¢2 + ¢y° (13)

Where, ¢y = —V’E—T" (14)

Multiplying both sides of the equation (12) with the imaginary constant K, and comparing with the equation
(9), we get:

Ve = Ko (15)

This shows that complex speed and the complex electric potential are inter-convertible. Therefore the complex
reference frame of electric potential is a type of complex electrodynamic inertial reference frame. To take it one
step further, the aforementioned four basic postulates will be combined into two basic postulates of TCESTR. Since
complex numbers cannot be compared in magnitude, but their moduli can, we have:

5. The relative principle of complex electrodynamic space-time: the physical law has the same form in any
complex electrodynamic inertial frame of reference;

6. The postulate of complex electrodynamic time-space limit: in any complex electrodynamic inertial reference
system, the limit of complex speed’s modulus of any point in the vacuum is a constant, C; or the limit of complex
electric potential’s modulus of any point in the vacuum is a constant, @,,.

Where, C, is the speed of light in the vacuum with zero electric potential, and is equal to 299,792,458 m/sec.
The limit of complex electric potential’s modulus @, can only be determined by experiment.

One of the inference can be derived from postulate 6 is that in the frame of reference where the electric potential
is not zero, the speed of light C," in the real three-dimensional space is less than C,. However, the complex speed’s
modulus of the light in the complex space is C,. (This is proven in the subsequent paper regarding the expansion
of Maxwell’s equations).

When V, = 0, V. = Vi, the two above postulates become the postulates of the theory of electric potential
relativity. When Vy, = 0, V. = Vg, the two above postulates become the fundamental postulates of the special
theory of relativity. Hence, special theory of relativity and the theory of electric potential relativity are two special
cases of TCESTR.

The special theory of relativity is commonly referred to the motion of the observed system relative to the
observing system along with an axis and is called the one-dimensional special theory of relativity. In fact, such
motion can have two-dimensional or three-dimensional forms, and corresponding the special theory of relativity
becomes more intricate but also more universal. There are already detailed discussions in literature on this matter,
showing that in the real space two-dimensional @ and three-dimensional special theory of relativity P!in arbitrary
direction can be derived through rotation and translation of the coordinate system of one-dimensional special theory
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of relativity; or three-dimensional special theory of relativity B! can be derived through vector transformation of
one-dimensional special theory of relativity. Although they are the difference in their derivation methods, there is
a common theme, that is, through the use of the one-dimension special theory of relativity and appropriate
mathematical approach, the higher dimension real form of the special theory of relativity can be derived. Therefore,
based on the above-mentioned postulates and one-dimension special theory of relativity, TCESTR may be derived
by way of transforming the complex coordinate system.

AF
F Re =X + Fi
R(j‘ = X; + F[
Re,= X, + Ei
F A C2 2 2
,,,,,,,,,,,,,,,,,, P, Rt =X+ Fi
. X,
. X
el
10! _
; 0 v
<8 |
; . AN:] } _
0 X
Figure 1

As shown in Figure 1, let there be a random point Py be in the complex plane. In different complex coordinate
systems, it can be represented by different coordinate parameters. In the complex coordinate system 2. (X, F, t), the
coordinate of P, is represented by the complex distance R, = X + Fi with argument is 6,. In the coordinate system
T (X, F,t"), the coordinate of point P, is represented as complex distance R, = X’ + F'i with argument 6,. Refer
to method of two-dimensional coordinate transformation of real numbers 1, and expanding it into the complex
planar space, reference system X.'( X', F,t") can be obtained through three times coordinate transformations from
reference system 2. (X, F, t).

(1) In the complex coordinate system X-(X, F,t), its time is t, rotating the coordinate system by 6 degree
counterclockwise, we get the complex coordinate system Z¢; (X4, F1,t;), whose time is t4;

(2) Complex coordinate system Zq4 (X4, Fq, t1) is translated along axis X, of a real number in quantity equal to
the modulus of the complex speed |V,|, we get the complex coordinate system X, (X5, F,, t5)., whose time is t,;

(3) Complex coordinate system Z.,(X,,F,,t,). is rotated by 6 degree clockwise, we get the complex
coordinate system Z:'(X',F',t"), whose time ist’.

The detailed derivation steps, numbered corresponding to the above, are as follow:

(1) Rotate the coordinate system Z(X,F,t) by 0 degree counterclockwise, making the real axis X; of the
coordinate system X, (X4, Fy,t;) pass through the origin O’ of the reference system X.'( X', F',t"). Point Py in
Zc(X,F,t) the complex coordinate system has complex distance R., whose argument is 6;. Point Py in the
coordinate system X¢q (X4, Fy, t1) has complex distance R, , whose argument is 8,. That is,

R. = X + Fi = |R.|e®! (16)

Re1 = Xq + Fyi = [R¢q e (17)
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Also, |R.| = |[R¢1], therefore,

Re; = Ree (%7001 (18)
Ry =R e¥ (19)
R¢1 = (X + Fi)(cosb — isinB) (20)
From equations (20) and (17),

X4 = Xcos0 + FsinB (21)
F; = FcosB — Xsin® (22)

(2) Let X¢q (X4, Fq,t1) be the stationary frame of reference whose time is t;. ¢, (X5, F,, t3) is the moving
reference system whose time is t,, and real axes X;and X, are overlapping. The reference system 2., (X5, F5, t;)
moves along the positive X, direction relative to £¢4 (X4, F1, t;) with the magnitude of V.|, hence F, = F;. Since
X4 is the real number axis of ¢, (X4, F4, t1), it can be thought of the real motion. This is the same state that the
special theory of relativity studies. Hence the Lorentz transform equations (1), (2), (4) and (5) can be directly used,
but the parameters in the equations need to be replaced by the parameters of Xq; (X1, Fq,t1) and Z¢p (X5, Fa, ty).

According to the postulate of complex electrodynamic time-space limit, the moduli of the complex speed of
light in all directions are a constant C,. When a coordinate system rotates around itself origin to an angle, the two
origins of coordinate systems before and after the rotation have not been displaced. Their complex distances’
moduli are equal between the origins and point Po. When the light beamed from origins to Py point, the times spent
are the same. Therefore time is not related to the angle of coordinate system rotation, that ist = t;, t, =t’. We

get,
Xy =v(X1 — [Ve[D) (23)
F,=F (24)
=y (t-E9%) (25)
Where, y = (26)

1
2
vy
Co

(3) In the complex coordinate reference systemZ ¢, (X,, F, t2)., Py is represented by the complex distance Ry, ,
with an argument 05, rotating clockwise 6 degree, we get the coordinate system Z.'( X', F/,t"). In Z:'(X,F,t"),
P, is represented by the complex distance R.." with a argument 0,,:

Rez = Xp + Fai = Ry e (27)

R, =X'4F'i = |R.|eP (28)

And also, |[R.'| = |R¢|, hence,

R/=Rye 04=65)0 — Re2 e® (29)

Because R, —R.; =X, — Xj, therefore,

R/ = (Ryq— Xy —Xp)) e¥% (30)

Substituting equation (19) into equation(30),

R/ =R.—(X; —X3) e® (31)

Because V. = |V.|e®, therefore,

Rc, =R -V, (X|1V—C)|(2) (32)
X=X

Lett, = |1VC|2) (33)

t. is a real number, and can be called the system time of complex electrodynamic inertial reference frames. It
is not a special time for any particular reference frame but related to the time of both the observing system and the
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observed system. The following discusses the relationship between the system time t., the observed time t of the
frame of reference, and the time t'of the observed frame of reference:
From equation (25),

_ Co®p _1C”
X1 = vat T vive (34)
Substituting equation (34) into equation (23),

_1 Co? _ Co® ./
X = vat T vat (35)
Substituting equations (34) and (35) into the equation (33),

s 1oy gy
te=(1 y) TAE (t+tH (36)

It can be seen that the system time t. unites the stationary reference frame time t and the motion reference
frame time t’, and that t and t” are exactly equal position in system time.

Due to the relativity of the motions, the magnitude of the relative velocity of motion between the reference
frames, regardless of whether it is measured by the observer in the reference frame . (X, F,t) or Z./( X', F/, t'), is
equal to |V.|, and the sum of the time of the two frames of reference measured by this observer (t + t') is also
equal. Let the system time measured in £.(X, F, t) is t., and the system time measured in £.'( X', F’,t") is t¢, so
there is t. = t;. That is, system time has nothing to do with the choice of the reference system. It is a new way to
express time.

Finally, we obtain the basic equations for TCESTR expressed in system time t; and t;. as the following:

R, =R, — V.t, (37)

te = t¢ (38)

The form of the basic equations is as concise as that of the Galilean transformation. But their physical content

is richer, and special relativity is only one of its special cases. The basic equations contain the following equation:
1

Y= (39)
-
Co?

' Ve

v=y(t-g9x) (40)

X2 =vXy = [Ve|Y) (41)

X; = Xcos8 + Fsin® (42)

_ X1=X3)
te = v (“3)
1, Co? '

Depending on different applications, the above relationship can be further expanded into different forms.

Because of Euler formula, €% = cos6 + isin@® (45)

According to equations (9) and (45), There are cos® = |VX| and sinf = l“//"’| . Substituting them into equation
(42), we get:

1
X1 = = (XVy + FVy) (46)

According to equations (43)(41)(46)and(37), we can obtain equation (47). Therefore, to further summarize,
another expression of the basic equations of TCESTR can be obtained. That is, the extended basic equations
expressed by complex speed and reference system time t and t’ is as follow:
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! Vc
R =R — Vel ((1 - Y)Xl + |Vclyt) (47)
! VC
t'=y (t - 'COZ' Xl) (48)
Where, y =

1
2
1l
Co

Speed and electric potential have a corresponding relationship. Therefore, we can also obtain another set
extended basic equations for describing TCESTR with complex electric potential, and reference system time t, and
t’. This will be discussed later in the quaternion electrodynamic space-time relativity.

By decomposing (47) into equations of a real number and an imaginary number, we obtain:

! VX
X' =X =5 (= y)Xy + [Velyt) (49)
F'i = Fi — i%((l — )Xy + [Velyt) (50)

Therefore when Vg, = 0 and Vy > 0, then |V¢| =V, according to (46) can get X; = X, and, Substituting the
equations into (49), (50), (40) and (39), the special theory of relativity can be obtained:

X'=yX-Vt) (51)
’ Vx

t :y(t—C—OZX) (52)

F'=F (53)

y=-—— (54)

Let V, = 0 and Vg > 0, then |V.| = Vg, |V¢| = i—‘;q; can be obtained based on equation (6) and (7), and

according to (46) can obtain X; = F. Substituting the equations into (49), (50), (40) and (39), a new special theory
of relativity can be obtained:

. . Co
Fi=y (Fl — ;‘;(I)lt) (55)
X' =X (56)
A
t'=vy (t BoCe F) (57)
y=— (58)

This is the aforementioned the theory of electric potential relativity (TEPR), whose form can be seen here as
symmetric to that of the special theory of relativity, but they have different physical meaning.

Part 2. The theory of quaternion electrodynamic space-time relativity

TCESTR describes the relationship between the space-time and the state of complex motion of the reference
frames in the complex plane, but the real axis in the complex plane is one-dimensional. In reality, our real number
space is three-dimensional. Therefore, two-dimensional space of TCESTR must be expanded into four dimensions.
In mathematics, quaternion us the higher form of the complex number. Let A be a quaternion,

A=z + 7,1 + 73 + 74k (59)

Where, i, j, k are the unit vectors, and they satisfy the multiplication rules of quaternion. Ifz,(n = 1,2, 3,4,)
are all real number, then A is a real quaternion. If there is at least one complex number (or one imaginary number)
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in z,,, then A is called biquaternion®®. The real quaternion is a special case of biquaternion. The modulus |A| of
the quaternion A is

|A|2 = le + 222 + Z32 + Z42 (60)

If A is biquaternion, then under normal condition |A| is a complex number. However, because complex
numbers cannot be compared in magnitude, The paper need to define another modulus ||A|| of the quaternion A,
where

Al = 2112 + |22] + |23]* + |z4]? (61)

Here |z, | (n = 1,2,3,4) is the absolute value of z,, ||A|| is a norm. Therefore, ||A]| can be called the
norm-modulus of quaternion A, and it is a real number that is greater or equal to zero. When A is real quaternion,
we get,

Al = [A] (62)

Hence, in order to further expand TCESTR into TQESTR, the physical parameters within the TCESTR must
be expanded to become quaternion physical parameters. For example, quaternion velocity, quaternion electric
potential and etc., whose corresponding reference system would be collectively referred to as the quaternion
electrodynamic inertial reference system. At the same time, the two basic postulates 5 and 6 of TCESTR can be
further expanded into the basic postulates of TQESTR:

7. The relative principle of quaternion electrodynamic space-time: in any quaternion electrodynamic inertial
reference system, physical laws have the same form;

8. The postulate of quaternion electrodynamic space-time limit: in any quaternion electrodynamic inertial
reference system, the limit of quaternion velocity’s norm-modulus of any point in the vacuum is a constant, Cy; or
the limit of quaternion electric potential’s norm-modulus of any point is a constant, .

Where C, is the speed of light in the vacuum with zero electric potential, and is equal to 299,792,458 m/sec.
The limit of quaternion electric potential’s modulus @, only can be determined by experiment.

According to the basic equation (37) of TCESTR, it can be expanded and separated into real number equation
and imaginary number equation:

F'i = Fi— Vpite (63)

X' =X — Vgt, (64)

Notice that equation (64) is a real scalar expression. However, the fact is that the observed reference frame
2c'(X, F',t") moves along the real axis X of the observing reference frame (X, F, t) with vector velocity V. Let
its unit vector be i, because axes X’ and X are the same direction as i. Multiply both sides of equation (64) by i,
equation (64) becomes a vector equation:

X' =X - V,t, (65)

Equations (63) and (65) describe the physical nature more objectively than the complex equations(37). So the
physical quantities of motion will also use a vector, such as velocity, displacement and etc. The equation can be
expanded into three-dimensional. If the vector X’ and X in equation (65) are defined as vector r’ and r in the three-
dimensional space X', Y’,Z" and X,Y,Z, corresponding velocity V, is defined as V., and have the same direction as
r',rand V.. Leti,jk be the unit vectors in the coordinate of three-dimensional space along the axis X,Y, Z,
respectively, we have:

r=Xi+Yj+Zk (66)
r=Xi+Yj+7Zk (67)
Ve = Vi + Vyj+V K (68)
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X', X, Vy becomes r’, 1, V,.. At the same time, let t. become tq accordingly. Therefore, equation (63) and (65)
can be transformed into:

F'i = Fi — Vpity (69)

r'=r—Vt, (70)

Equation (69) and (70) form a quaternion space system composed of three real number vectors and one
imaginary number, and is called type A; quaternion space. This expands the state of motion of the reference system
in the complex plane into motion of the type A; quaternion space, that is, the reference system Xq'(F,X',Y',Z’,
t") moves with quaternion velocity V; relative to the reference frame X4 (F, X, Y, Z,t). Suppose quaternion distance
R’y and Rq are quaternion displacement coordinates at any point P, in the inertial reference
system Xq'(F, X, Y',Z', t') and 2o (F,X,Y,Z t) in the A; type quaternion space, respectively, then:

Ry =Fi+r= Fi+Xi+Yj+Zk (71)
The norm-modulus of Ry is ||Rq|| thatis |[[Rq|| = VF? + X2 + Y2 4 Z2 (72)
Ry=Fi+r' =Fi+Xi+Yj+7Z'k (73)
The norm-modulus of Ry is [|R'g|], i.e., ||[R'q|| = VF? + X2 + Y2427 (74)
Type A; quaternion velocity Vg and its norm-modulus ||Vg|| are:

Vgl = \/vr2+v¢2 = JVXZ + Vy24+Vz% + V2 (76)
Wherei = v—1

Adding equation (69) with (70), and substituting (71), (73) and (75) into it to obtain equation (77). Also,
replacing X', Xy, X5, X, t., t¢ and |V, | of equations (37)(38)(39)(40)(41)(42)(43)and(44) with r’,ry, 1, T, tq t(l and
[[Vql], The fundamental equations can be obtained for TQESTR:

Ry =Rq— Vgtq (77)

ty = tq (78)

The mathematical form of the fundamental equation above is still the same as that of the Galilean
transformation. But its physical meaning is universal, and they have reached a higher level than that of complex
relativity both in mathematical structure and in physical meaning. The fundamental equations contain the following
equations:

where,y = (79)
1 _IVall®
Co?
) Al
v=y(t-grn) (80)
r; = rcos6 + Fsin® (81)
r, = y(r; = |[Vqllt) (82)
_ (ry-ry)
tq = [IVgll (83)
to= (1-5)-5 (t4 1) (84)
a- Y7 1IVglI2

Depending on the need, the above basic equations can be transformed into different variations.

v . v % % v
Because of cos® = ——, sinf = —2 r = X=X+ Y + Z-2, then,
[Vqll [IVqll Vi Vi Vi
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||v Il
According to equations (85)(82)(83) and (77), we can obtain equation (86). The extended basic equations of
TQESTR can be expressed using the quaternion velocity, t and t’ as the following:

Ry’ = Rq — gty (= vy + 11VglIve) (86)
' [IVqll
t =Y(t qu 1) (87)
Where, y = — (88)
1_||vq||2
Co?

When Vg, = 0, Based on equations(62), (71), (73) and (75) ||Vgl| = [Vi|> Rq=1,Ry' =T1",Vy =V, can
be obtained. According to equation (85), and then,

Ve
RTA (89)
Therefore the special theory of relativity in any direction r(x, y, z) in three-dimensional space can be obtained
(41 [5]-
I r V]r
-V,
= - 1
t=y (t - ) (91)
Where, y = (92)
1l
COZ

Because of imaginary speed Vg, and real electric potential ¢ are inter-convertible, and real velocity can be

converted into an imaginary electric potential vector. Hence the quaternion velocity equations can be converted into
another type of quaternion electric potential equations. The quaternion is composed of one real and three imaginary

vectors. It is called B; type quaternion. Through further analysis, B; type quaternion is also a type of biquaternion
[6]

Let B; type quaternion electric potential be ¢y,, then:

bq = ﬁ = (Vo + Vi + Vyj+ V) 22 © (=) (93)
Let o = V“’ Oy = VX“’°,¢Y VY“’“ [y = VZ“’“ then:
0

bnh=¢+ ((bxl + dyi + dzK) (- l) (94)

This shows that B; type quaternion potential ¢y, is composed of one scalar electric potential and three
imaginary components of the vector electric potential.

According to the equation (93) from the definition of ¢}, we get:

Vg _ . %q
Vol — Llidgll (95)
C
Because ||Vy|| = g(;lld)qll (96)

Substituting equations(95),(96) into equations (86), (87) and (88), the extended basic equations describing
TQESTR with the quaternion electric potential, t and t’ are as the following:

Ry’ =Rq '”¢ ||<(1—Y) +—I|<I>qllyt> (97)

¢ =y (e Lol ) (98)

D,Co
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Where, y = ! . (99)

2
1"2:’2”

The above equation can be further simplified into the theory of complex electric potential relativity, the theory
of electric potential relativity (TEPR) and other forms.

Although the content of the theory of electrodynamic space-time relativity is abundant, its fundamental
postulates and the fundamental postulates of the special theory of relativity are the same in the core idea. they are
still the principle of invariance of light speed and the principle of relativity. Therefore, the concept of "spacetime
interval " in the special theory of relativity can be naturally extended to the theory of quaternion electrodynamic
space-time relativity. At the same time, the mathematical expression of the invariance of light speed in the theory
of quaternion electrodynamic space-time relativity can be obtained

X2+ Y%+ 7% +F?% —C’t"* = X% 4 Y2 + 72 4+ F2 — C,°t2 (100)

Through mathematical transformation, the basic equations (86) and (87) of the theory of quaternion
electrodynamic space-time relativity are substituted into the above equation to validate. The equation is proven
to be valid (detailed proof of the process to see Appendix A). In other words, the theory of quaternion
electrodynamic space-time relativity is theoretically self-consistent. Of course, it must also undergo rigorous
experimental testing. Hence, the topics discussed below will provide the basis for future experiments.

Part 3. Discussion on the basic effects of TQESTR

Although TQESTR has various expression forms, the forms can all be obtained through conversion and
simplification of basic the equations (77), (80), (79), (81), (82) and (83). Therefore, they will be the main focus for
the discussions of the basic effects of TQESTR. The effects are called electrodynamic space-time effect.

1. Superposition principle of TQESTR

By analyzing the above equations, one can see that the equations (82) and (80) have the same form as that of
Lorentz transform equations (1) and (4). Therefore, the equations(82),(80) and (79) can also be written in the form
of hyperbolic functions B,

r, = rycosh(¢@) — Cytsinh (@) (101)
Cot" = —r;sinh(¢) + Cytcosh(o) (102)
Where, cosh(¢) = —— (103)
1-(Vally
Co
Because cosh?(¢p) — sigh?(¢) = 1 (104)
From(103) and(104) it can be obtained: tanh(¢p) = 2 (105)
0
Assume: @ = @4 + @5, ”VC‘”“ = tanh(¢,) and ”Vci“ = tanh(¢,)
0 0
[IVgll
C_:= tanh(¢; + @2) (106)
According to the equation(106), the formula for superposition of velocity of TQESTR can be obtained:
[IVgzll+[IVgull
[IVgll = 1+ﬁ\zfq1||||v(;12|| (107)
2
Co
Where,[[Vg1 ]| = /Vg1? + Via? + Vi 24V5,° (108)
[|Vg2ll = \/Vq)zz + Vi + Vi * +V55° (109)
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When the direction of motion of the reference frame is along X-axis, and, V,, V,, are positive real numbers.

[IVgll = Vi, IVq1ll = Vx1, [IVgzll = Vxo , All other terms are zero. By substituting the above-mentioned
formula of superposition, the formula for velocity superposition of special theory of relativity can be obtained:
_ Vx2+Vx4
Vx = T (110)
Co

According to the equation (96), the quaternion velocity equations can be converted into quaternion electric
potential equations. Substitute equation (96) into (107), The formula for superposition of quaternion electric
potential of TQESTR can be obtained:

[|dgzll+dqall
ldqll = 1+|(|1<1>ql||||<1>?12|| (111)

@2
When the only the scalar electric potential is considered, and, ¢, ¢, are positive real numbers. ||dq4l| = ¢,
[ldbg1ll = 1, [|dg2ll = b1, other terms are all zero. By substituting the above-mentioned formula, the formula
for superposition of scalar electric potential can be obtained:

— ¢2+¢1 (112)

Thus a conclusion that differs from the modern physics is deduced: the superposition of electric potential is
nonlinear. However, if the electric potential is far lower than the electric potential limit, the equation (112) will
change back to a linear equation of the current electromagnetics, that is ¢ = ¢, + ;.

2. The time relationship of TQESTR

In any electrodynamic inertia frame of reference, time is isotropic. The time measured by the clock put in the
real space of the inertial frame is the time of the electrodynamic inertial frame. If two events happen at two different
moments t; and t, at the same location r; of the electrodynamic stationary inertial reference frame, their time
difference is At =t, —t,; for the moments t,"and t,’ corresponding to the electrodynamic relative inertial
reference frame, the time difference is At" = t,” — t,’. From equations(80), (79) and (76), the equation of velocity-

time effect of TQESTR is:

At = ! At (113)

2 2 2 2
Vp +Vx“+Vy“+Vyg

Co?
It shows that the expansion effect of the time is not just about speed, but with electric potential.

The expression for the electric potential-time effect of TQESTR is:

At = L At (114)

| _92+ox?+oy? oz’
@02

In the reference frame of complex electrodynamic inertia, i.e., there are only electric potential ¢ and one
dimensional speed Vx, from V,, = %d}, it can be obtained:
0

A= —— At (115)

In(115), when ¢ = 0, the formula for time expansion of special relativity is obtained:
At = —— At (116)

In(115),Vx = 0, the formula for the time expansion effect of electric potential relativity theory is obtained:
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At (117)

This is a new important physical effect, called it the electric potential time expansion effect.

3. Space change effect of TQESTR

In the stationary electrodynamic reference frame X, event A (F1, Xy, Yy, Z4,t;) and event B (F3, X3, Yy, Z5, t3)
occur, the corresponding events in the moving electrodynamic frames of reference ZQ’ are event A’
(F1, X, Yy, Z,',t,") and event B' (F,',X,', Yo', Z,',t,'), Vy is the relative quaternion velocity of two reference
frames. Therefore from the equation(77), the expressions of the space coordinates of the two events are:

qul - qu - Vqtql (118)

qul = qu - Vqtqz (119)

So there is,ARq" = AR — VAt (120)

Where, ARq = Rg; —Rg1, ARy =Rgy' — Ry’

From equation (84),

Mg =(1- l) Co”_ (At + At) (121)
d v/ [IVqll?

Where, Atq = tg, —tq, At =1t —t;, At =t," — t;’

From equation (80), At =y (At — ”:0‘12” Arl) (122)

In the stationary electrodynamic frame of reference, the time can be different when reading the space
parameters of the event A and event B. However, in the moving electrodynamic frames of reference, the reading
of event A' and event B' must be completed at the same time. Therefore, At’ = 0. Substituting At" = 0 into
equations (121) and (122) obtains:

ar, = U 123
0 = vl (123)
By substituting(123) into(120), the equation of space-velocity effect of TQESTR can be obtained:

r_ _ Vq _1
ARy’ = AR, IIVqII(1 y) Ar, (124)
Where Ar; = Arcosf + AFsin® (125)
The equation (124) is expanded into the equations of imaginary and vector equations of real number:

e S Vo 1
AF'i = AFi — it (1 y) Ary (126)

b A Ve (41
e AT (1 Y) Ar, (127)
When V, # 0,V, = 0,0 == ,Ar; = AF, there is:

¢ 2

Ar' = Ar (128)

The scalar form of the above equation: Ar’ = Ar, That is, in any equipotential space of relative stationary, the
real space length is not related to the scalar electric potential. It can be called the effect of electric potential space
unchanged.

When Vg =0,V # 0,[|Vy|| = V;,8 = 0,Ary = Ar

Ar' = %Ar (129)
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The scalar form of the above equation: Ar’ = %Ar, This is the formula for length contraction of the special

theory of relativity.
Substituting equations (95) and (96) into (124), the equation of electric potential-space effect can be obtained.
At the same time, it can also be simplified under certain conditions.

4. Predictions and verifications of the theory

The above derivations indicate that in the theory of electrodynamic space-time relativity, time and space not
only are related to the three-dimensional velocity but also related to electric potential. In principle, different
experiments can be designed to verify the theory. Amongst them, the effect of electric potential time expansion can
be more easily tested.

The equation shows that under completely stationary conditions when there is the sufficiently high electric
potential difference between two reference frames, their time difference will also be found. If the electric potential
is higher, this effect will be more obvious. Therefore, an experiment may be designed: after calibration, two clocks
of high precision T and T4 are put separately in two identical metallic closed rooms C and D, which are isolated and
motionless relative to each other. Room C is grounded and let its electric potential be zero. An electric potential
generator of super high voltage is used to charge room D and maintain the super high electric potential ¢ comparing
to room C. Equation (117) indicates that given long enough time after electricity of room D is totally discharged,
the electric potential in room D becomes zero again. Then two clocks T and Tq are put together to compare their
respective reading of the elapsed time, At, and At’. It can be found that there is a time difference between time At
and At’ recorded by T. and Tq that is induced by electric potential ¢, and At < At’. Comparing the measured values
and the values calculated by equation (117) will verify the theory. If the experiment proves that the theoretic
calculation is correct, then from the experiment data, the magnitude of the electric potential limit &, can be obtained
by the equation:

Dy = —2 (130)

At 2
1-—3
!
At

It would be extremely difficult to achieve very high electric potential ¢ in the laboratory. However, the
advantage of this experimental setup is that through adding the experimental time and improving the accuracy of
the time measurement, it lowers the required the electric potential and increases the possibility of success in the
experiment. Base on the theory of electrodynamic space-time relativity, many new physical effects can be derived,
which in turn, can prove the validity of the theory through experiments based on the said effects.
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Appendix A:
Theoretical verification of the fundamental equations of the theory of electrodynamic space-time relativity

(For definitions of symbols, please refer to refer to the above paper, “the theory of electrodynamic space-time
relativity”)

From the postulate of the theory of electrodynamic space-time relativity, the norm-modulus limit of the
guaternion velocity is the speed of light C;(299,792,458 m/sec) in vacuum in reference system with zero electric
potential. In addition, it is unrelated to the quaternion velocity of the reference frame.

Let there be two events that occur in the reference frame Z4 (X, Y, Z, F, t) with zero quaternion velocity. Event
A emits a signal at the coordinate origin Q,(0,0,0,0,0) of the reference frame, and Event B receives the signal at
another point Q(X, Y, Z, F, t) of the reference frame. The space-time interval between the two events can be defined
as S:

S2 = X2+ Y%+ 72 +F2% — C,2t2 [a.1]

The norm-modulus of quaternion distance R in the theory of electrodynamic space-time relativity is [|Rq]],
where ||Rq||* = X? + Y2 + Z? + F?

Observing the same two events in reference frame Zo'(X',Y',Z',F', t') with quaternion velocity V, the
coordinate points Qpand Q in the reference frame X, now become Q,’ and Q' in reference frame %q'. Letthe two
coordinate origins Q," and Q, overlap, the two events’ coordinates are Q,’(0,0,0,0,0) and Q' (F’,X’,Y’,Z',t"). And
the space-time interval between the two events is now defined as S’

S?=X"*+Y?+ 77 +F? - M [a.2]

The norm-modulus of quaternion distance R’y in the theory of electrodynamic space-time relativity is ||R’
where ||R'g||*> = X"? + Y'?+Z"? + F'?

Based on references [1] and [2] which discusses theory of special relativity, using the same methods, it can be
proven that the space-time interval does not change with the change in the frame of reference. Hence s'? =52,
Then,

alls

X2 +Y?+ 722 +F?—Co%t% = X2+ Y2 + 72 + F2 — C,2t2 [a.3]
The above equation can be expressed in terms of the norm-modulus of quaternion.

/ 12
IR'g11? = Cot'" = [|Rq|[* — Co*t? [a.4]

Its physical meaning is that the norm-modulus C, of quaternion velocity limit is invariant. It is one of the
mathematical expression of the basic postulates of the theory of electrodynamic space-time relativity. When
potential difference is zero between the two reference frames, that is F’ = F, it becomes the equation of the principle
of invariant light speed in the special theory of relativity. For the sake of simplicity, the above equation can be
expressed as

r'24F? — G2t =12 + F2 — %2 [a.5]
Where
r'? = X2 4 Y2472 [a.6]
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2 — y2 + Y2 + 72 [a7]
Below are the fundamental quaternion equations of the theory of electrodynamic space-time relativity (for its
derivation steps and also definition of physical quantities please refer to the 1% paper).

Ry’ = R — o (L= v)r +11Vqllve) [2.8]
/ [IVqll
t :y(t qu 1) [a.9]
Where,
y=— [a.10]
_lIvgll?
COZ
rp = (FV¢ + XVX + YVY + ZVZ) [all]
IIVqII
Separate equatlon [a.8] into a vector equation [a.12] and an imaginary equation[a.13],
oyt (@ =V + [1Vglive) [a.12]
e _ Vq)l _
Fli = Fi— b (@ =yrs +11Vqlivt) [2.13]

Inequation [a.12], the direction of the three vectors r’, r and V,. are the same. Hence it can be converted to a
scalar equation

oo (= vr+ [1VglIve) [a.14]

Where,

IIVglI* = Vi* + Vy?
V2= VXZ + VY2+VZZ
V. = vX t+ vY “+ vZ

Since vector V, and vector r have the same direction, therefore % = v Ty % Then from
equation [a.7] the below equation can be obtained.

— ¥ Vy L 7 V2

r —XVr +YVr +ZVr

Divided both sides of equation [a.13] by i, then the equation becomes the following,

F'=F- m(“ — )y + [Vgllvt) [2.15]

Let A = ((1=y)ry + [[Vgllvt) [.16]
Substituting equation [a.16] into [a.14] and [a.15], and then substitute [a.14] and [a.15] into equation [a.5],

2 2 2
12 12 N2 — _ Vi _ Vo ) _ _ [IVqll
+F? = (Cot) (r ”Vq“A) + (F AL <C0y (-1 r1)>

then

2
2 2rvVp 2 2 FVq) 2 ||Vq||
[IVgll +(||Vq|| A+ [IVq I| (”Vq“ A) ( ( r1)>
2
2 2 2(XVx+YVy+ZVz+FVy) 2 _ IIVqII
= r2+F o A+ |v i (V2 +Vy2) - ( y(t="5 r1)>

2
=12+ F?2—-2r;A+A? - <C0 ( “Vq” r1)>
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2
=r? +F2 + A(A—2r;) — (Coy (s r1)>
0

2
=12+ F? + ||Vl Iyt = yry + 1) (|IVglIvt = yry — 11) — (coy (-5 ‘ﬂ'n))

2
[IVqll
= r2 4 F2 4+ (|Vgllyt = yr)? = ry? - <C0Y (-5 rl))
0

1[Vqll?
=12+ F2 4 Vgl Iyt = 21|Vl IY2try +¥2r2 = 12 = Coy2e% + 22 Vqllry — TE5-v2r,?

=12 + F2 — Gy t?y? (1 - %) + 1, 2y? (1 — %) —r,2

=12 4+ F2 — Cy2t? [.17]

In conclusion, the fundamental equations of the theory of electrodynamic space-time relativity are consistent
with its hypothesis. The mathematical derivation and logics of this theory should also be correct. In addition,
because the theory of complex electrodynamic space-time relativity (TCESTR), the theory of electric potential
relativity (TEPR) and the special theory of relativity (STR) are all special case of the theory of electrodynamic
space-time relativity, their fundamental equations are also proven to be consistent with the fundamental hypothesis.
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** The revised version 4 of the paper, the theory of electrodynamic space-time relativity, The main modification work has been completed for a long
time. The main revisions of this version are: the deletion of the foreword; description of the correspondence between potentials and imaginary speed; further
simplification of the “system time”; the basic equation becomes the most concise form (as in the Galileo transformation form, but the content is more
profound, covers more extensively; added a mathematical validation appendix. However, the content of the core of the paper has not changed like the earlier
version.
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