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 Modified Lorentz transformations and quantum mechanics 

 
Jae-Kwang  Hwang 

JJJ Physics Laboratory, Brentwood, TN 37027 USA 

e-mail: jkhwang.koh@gmail.com 

Abstract; 
We live in the 4-D Euclidean space. The 4th dimension is assigned as the absolute time (ct) axis 
and energy axis (cPt = E0) based on 4-dimensional Euclidean space. This 4th dimension can be 
indirectly felt through the observable relative time (ctl) and observable total energy (cPtl = E). The 
space-time distance is d(x1x2x3x4) = ctl. The modified Lorentz transformations are introduced by the 

time-matching of the absolute times in the 4-D Euclidean space. The size of x’ (or x’) of the moving 
object is expanded to the size of x = x’ (or x = x’). These modified Lorentz transformations are 

approximated to the Lorentz transformations as t → tl when v/c << 1 and to the Galilean transformations 

as v/c is close to zero. The relative time (tl) and energy (E) are defined as the 4-dimensional distance 
and 4-dimensional volume, respectively. The geometrical space-time shape has the (x1,x2,x3,ct) 

coordinate system with the metric signature of (+ + + +) but not the (x1,x2,x3,ctl) coordinate system 
with the metric signature of (+ - - -). Therefore, d(x1x2x3x4)2 = (ctl)2 = (ct)2 +x2 = x12 + x22 + x32 

+ x42 and V(x1x2x3x4) = E = mc2 = (ct)x1x2x3 from (x1,x2,x3,x4) of the geometrical space-
time shape. The warped shape can be described as the wave function of the quantum mechanics. 
The instant force action, twin paradox and possible space travel are explained by the absolute time 
and wave function collapse of the modified Lorentz transformations and quantum mechanics.    

Key words; Modified Lorentz transformations, 4-D Euclidean space, Quantum mechanics, Wave 
function collapse, Absolute time, Space expansion. 
 

1. Introduction 
 
The space-time geometry has been one of the main topics of the physics research. This research 
includes the special and general relativities, quantum mechanics, manifold mathematical physics, 
cosmology and standard model [1-14]. The Lorentz transformations have been derived in the 
special relativity [1,2]. The 4th dimension in the 4-D Minkowski space has been considered as the 
observable time dimension which is separated from the rest three space dimensions. In the physics 
research, the observed time of t (expressed as tl in the present paper in Table 1) has been treated 
as the real relative time axis in the space-time geometry of 4-D Minkowski space. Because of this  
definition, the space-time geometry has been very complicated as seen in the special and general 
relativities. In this case, the space-time geometry has been expressed as the coordinates of 
(x1,x2,x3,ctl) with the metric signature of (+ - - -) [1-3,10,14].  In this case, the space-time distance 
is s2 = (ctl)2 - x12 - x22 - x32. However, in the present work, The space-time geometric shape has 
the (x1,x2,x3,ct) coordinate system with the metric signature of (+ + + +) based on the 4-D 
Euclidean space.  Therefore, the space-time distance is d(x1x2x3x4)2 = (ctl)2 = (ct)2 +x2 = x12 + 
x22 + x32 + x42. The time of t in the special relativity based on 4-D Minkowski space is expressed 
as the relative time of tl in the Modified Lorentz transformations based on the 4-D Euclidean space 
of the present paper. Because this research includes the new physical concepts on the modified 
Lorentz transformations, the results of the present work are presented in the introduction section 



as shown in Figs. 1 - 3 and Tables 1 and 2 for the readers. In the present work, the observable 
relative time of ctl is defined as the space-time distance as shown in Figs. 1 - 3. In this case, the 

space-time geometry is expressed as the coordinates of (x1,x2,x3,ct) with the metric signature of 
(+ + + +).  This new geometry has been applied to the momentum space, too. Also, the modified 
Lorentz transformations are, for the first time, introduced in the coordinates of (x1,x2,x3,ct) in 
Figs. 2 and 3 and Tables 1 and 2.  Then it can be reasonably applied to all cases of the general 
relativity, quantum mechanics, manifold mathematical physics, cosmology and standard model 
including the CPT symmetric universe, big-bang process and special and general relativities 
[5,6,12,13].  

Table 1. Comparison of Modified Lorentz transformations (MLT), Lorentz transformations 

(LT) and Galilean transformations (GT). The times of tl and t are called as the relative time and 

absolute time, respectively.

 

Lorentz 

transformations

tl’ =  (tl – vx/c2)

x’ =  (x – vtl)

By using 

x = ct, and x’ = ct’  
tl = t,  and tl’ = t’
t’ =  (t – vx/c2)

Modified Lorentz 

transformations

x’ =  (x – vt)

v/c → 0

tl’ =  tl

Galilean 

transformations

x’ =  x – vtl

v/c << 1

t → tl,   t’ → tl’

t’ =  (t – vx/c2) = 

((1-v2/c2)0.5tl – vx/c2)   tl’ =  (tl – vx/c2)     tl’ =  tl

x’ =  (x – vt) = 

(x – v(1-v2/c2)0.5tl )   x’ =  (x - vtl)     x’ =  x - vtl

Table 2. Comparison between the quantum mechanics and general relativity theory. 

Dimen-
sions 
(n) 

Volume Distance 
(ℓ) 

4 

 

 

Energy 

 

 

𝐸 = 𝑐∆𝑡∆𝑉= 𝑐∆𝑡∆𝑥1∆𝑥2∆𝑥3 = ∫𝑐𝑡(𝑥)𝑑𝑥        = ∫𝐸|Ψ(𝑥)|2𝑑𝑥 

    (Quantum mechanics) 

∆ℓ2 = 𝑐2∆𝑡𝑙2 = 𝑐2∆𝑡2 + ∆𝑥12 + ∆𝑥22+ ∆𝑥32, ∆ℓ2 = 𝑐2∆𝑡𝑙2 = 𝑐2∆𝑡2 + 𝑎(𝑡𝑙)2 (∆𝑥12 + ∆𝑥22 + ∆𝑥32) = 𝑐2∆𝑡2 + 𝑎(𝑡𝑙)2∆𝑥2 

   (Metric,  General  relativity) 

3 Volume 𝑉 = ∆𝑥1∆𝑥2∆𝑥3 

∆ℓ2 = ∆𝑥12 + ∆𝑥22 + ∆𝑥32 

2 Area 𝐴 = ∆𝑥1∆𝑥2 

∆ℓ2 = ∆𝑥12 + ∆𝑥22 

1 

 

Length 

 

𝑙 = ∆𝑥1 

 

∆ℓ2 = ∆𝑥12 

 

 



First, the time, t in the Lorentz transformations (LT) of the special relativity corresponds to tl in 
the modified Lorentz transformations (MLT) in Table 1. The photon with the constant speed (c) is 
the flat space with the zero charge [15]. The particle and matter with non-zero rest mass (m0) are 
the warped spaces. The rest mass energy of E0 = m0c2 is defined as the four-dimension space 
volume of (ct)x1x2x3 in Table 2 and Fig. 4.  The whole flat space (photon) can be treated 
like a rest particle because a particle size with the light velocity (c) is infinite in MLT as shown in 

the present work. Then 
𝑥𝑥′ → ∞ as v → c in MLT. Note that the negative time, negative mass 

(energy) and negative momenta are possible in Fig. 1 [15]. E0 < 0 and m0 < 0 for pt < 0. The well-
known Lorentz transformations in the special relativity are, for the first time, modified by using 
the 4-dimensional Euclidean coordinates. The 4th dimension axis is the absolute time (ct) axis in 
the present work. Then the modified Lorentz transformations are written about this absolute time 
(ct) rather than the observable relative time (ctl). Then the metric signature of (+,+,+,+) is used 
rather than that of (+,-,-,-). If this idea is reasonable enough to be considered, this work could 
extend the research on the general relativity and standard model. I wish this can open the gate for 
the related research in the near future.   

2. Modified Lorentz transformations and new coordinates of (x1,x2,x3,ct)  
 
The 4th space dimension axis is the same as the absolute time axis of ct in Figs 1 – 4 [15,16]. The 
4-dimensional 4x4 matrix is the simple extension of the 3-dimensional 3x3 matrix. Therefore, ctl 
is defined as the space-time distance of d which is treated as the observable relative time of tl = 
d/c. The real absolute time of t is along the 4th dimension axis. The 4-dimensional space geometry 
can be described as coordinates of (x1,x2,x3,x4) = (x1,x2,x3,ct) with the metric signature of (+ + 

+ +). The 4-dimensional vectors can be added and subtracted in the coordinate system of 
(x1,x2,x3,x4) = (x1,x2,x3,ct) with the metric signature of (+ + + +). In this coordinate system, the 
space-time distance of d for one 4-dimensional vector is generally preserved when the 4-
dimensional vectors are added and subtracted.  
 

Fig. 1. Time and energy are defined. See Figs. 2 and 3. 

ct

x1x2x3x

ct
ctl

Time definition:

ct = x4 = d0(x1x2x3x4)

ctl = d(x1x2x3x4)

v = x/tl

Ptl

x

ctlPt

Pt

Energy definition:

E0 = V0(x1x2x3x4)

E = V(x1x2x3x4)

cPt = E0

cPtl= E

Px1x2x3

We live in the  x1x2x3 space. The 4th dimension can be indirectly felt through 

the observation of the relative time (ctl) and energy (cPtl). The space-time distance is 

d(x1x2x3x4) = ctl. The rest mass (m0) is defined as m0=E0/c2.

ct

x1x2x3

ctl

Time definition:

ct = s(x1x2x3,ctl)

v = x/tl

x=ctl

photon

particle

/ = 1/(1-v2/c2)0.5

v=0

0<v<c

v=c

4-dimensional Euclidean space Minkowski space

Pt

photon

particle

+ 

E = mc2, E0 = m0c2, tl = t,  

= 

x4 = ct

= 

d = ctl

x4

x1x2x3

v = x/tl

t: absolute time,  tl: relative time 

+ 

Note that the negative time, negative mass (energy) and 

negative momenta are possible. E0 < 0 and m0 < 0 for pt < 0.



When the primed coordinate system is moving with the velocity of v along the x-axis of the 
unprimed coordinate system, the Galilean transformation is x’ = x – vtl and tl’ = tl. The Galilean 
transformations are good as the low-speed approximation of v/c → 0 in Table 1. Then, the Lorentz 
transformations are previously known as x’ =  (x - vtl) and tl’ =  (tl - vx/c2) by considering the 
photon speed of c and the metric signature of (+ - - -). Here  = 1/ (1 – v2/c2)0.5. The relative time 
of tl in these Lorentz transformations with the metric signature of (+ - - - ) in the special relativity 
corresponds to the observable relative time of tl in the present work with the metric signature of (+ 
+ + +) in the modified Lorentz transformations in Figs. 1 - 4. Therefore, these modified Lorentz 
transformations can be made by considering two times of t and tl in terms of the 4-dimensional 

x1x2x3x4 space (4-D Euclidean space) in Figs. 1 - 4. The observable relative time (tl) and real 
absolute time (t) should be separately considered. In Figs 1-4 and Table 1, t = tl/. Therefore, t → 
tl only when v/c << 0. 
 
So, I tried to derive the modified Lorentz transformations in the 4-dimensional x1x2x3x4 space by 
using the relation of tl =  t. It is assumed that the x1, x2 and x3 axes correspond to the x, y and z 
axes in Figs. 2 and 3. For the flat space like photons, x = ctl.  In Figs. 2 and 3, the relative 
velocity (v) of two 4-dimensional spaces is not zero along the x axis. Then v = x0/tl. And the 
modified Lorentz transformations are derived by using the relation of tl =  t. In Fig. 3, how to 
derive the modified Lorentz transformations is shown. Then the observable relative time of tl in 
the previous Lorentz transformations (LT) in the special relativity is replaced with the real absolute 
time of t in the new modified Lorentz transformations (MLT). This means that the previous Lorentz 
transformations (LT) are the approximate form of the new modified Lorentz transformations under 
the assumption that t → tl when v/c << 1 in Table 1. In the new modified Lorentz transformations, 
by using x= ct and x’ = ct’ in Fig. 3, x’ =  (1-v/c) x and t’ =  (1-v/c) t. In Table 1, Lorentz 
transformations and Galilean transformations are compared for the better explanation. In Table 2, 
the energy and space-time distance are, for the first time, defined.  
 

Fig. 2. The whole flat space treated like a rest particle is shown in the 4-dimensional 

space. The flat space corresponds to the photons. See Fig. 3. 

ct

x1x2x3x = ct

ct

For the flat space 

v = 0 

y’ = y 
z’ = z v = 0 

x’ = x 
y’ = y 
z’ = z 

x’ = x 

x’

x = x1
’ + x0

’ =  (x’ + vt’)

Object (       ) and  its image (            ) should be time-matched by the absolute times 

of x = ct and x’ = ct’ when they are compared in the rest and moving frames.
The time matched size is x = x = xx’ = x’ =  x’ to show the expansion of the size.

ct

x1x2x3x = ct

ct

ct’

x’ = ct’

For the flat space 

ct’

x’ = x 

tw

tw

x’ = x1 – x0 =  (x – vt)

x1x2x3

ct’
ct

x = ct

ct ct’

x’ = ct’
vv

xx’ = x’,   xt’ = vt’ x’x = x,   x’t = -vt

xx’ = x’
x’x = x

tw(Time width) 

= constant.

Rest 

object 
Moving 

object



The space size of x in the modified Lorentz transformations of Figs. 2 and 3 are generally expressed. 
When the object is moving in the moving primed frame, the object size is x’ seen in the primed 
moving frame. This object size is expanded to x seen in the unprimed rest frame. Therefore, 
generally x = (x’ + vt’) in Fig. 3. In this case, the object in the moving frame and its image in the 
rest frame are not time-matched for the absolute times. It is fine to use these expressions for the 
modified Lorentz transformations between two coordinate systems of the moving and rest frames. 
However, when we try to compare the sizes of the object and its image, the absolute times should 
be time-matched as shown in Fig. 2. The time-matching of the absolute times means x = xx’ in 
Fig. 2. The time-matched sizes of the object and its image are x’ and x = x’, respectively, as 
shown in the middle case of Fig. 2. This indicates that the size of x’ (or x’) of the moving object 

is expanded to the size of x = x’ (or x = x’) in Fig. 2. Also, by the same principle, the absolute 
times of the object and its image can be compared by taking the absolute time part (tt’) of t = (t’ 
+ vx’/c2). And tt’ = t’ in Fig. 3.  
 
In Fig.1, the time momentum (pt=E0/c) is the momentum along the time axis. When the matter 
does not move along the space axis, it has only the rest mass energy of E0 with the time momentum 
(E0/c) along the time axis. When the matter moves with the velocity of v along the x1x2x3 space 
axis, the non-zero space momentum of px should be used as shown in Fig 3. The total energy (E) 

and total momentum (P = cE) are obtained from the equations of 𝑃⃗ = 𝑝𝑥𝑥̂ + 𝐸0𝑐 𝑡̂  and P2 = px
2 + 

E0
2/c2. Here the three-dimensional x1x2x3 space we live on is taken as the three-dimensional 

x1x2x3 space with the positive time momentum in Fig. 1. Then there are momentum and energy 
transitions of the particle with the rest mass of m0. For the momentum transition of the particle, tl 
=  t. The momentum space can be described in the space-time coordinates of (x1,x2,x3,ctl). And 
the particle shape is transformed according to the energy transition of the particle. Then the particle 

Fig. 3. The flat space corresponds to the photons. Here, the relative velocity (v) of two 

4-dimensional spaces is not zero and along the x axis with v = x0/tl. The absolute 

times are time-matched to induce the modified Lorentz transformations. 

ct

x1x2x3

ct’ x’

x0

x1

ctl ct

x0 = vtl = vt/(1-v2/c2)0.5

x1 = ctl = ct/(1-v2/c2)0.5

x = ct for the flat space 

x’ = x1 – x0 =  (x – vt)

y’ = y 
z’ = z v = 0 

x’ = x 

x

ct’

v = x0/tl

ct

x1x2x3

ct’
x’

x0
’

x1
’

ctl
’

ct

x0
’ = vtl

’ = vt’/(1-v2/c2)0.5

x’ = ct’  for the flat space 

x

ct’

v = x0’/tl
’

x = x1’ + x0’ =  (x’ + vt’) 
x1

’ = ctl
’ = ct’/(1-v2/c2)0.5

Object size (x) in the rest frame is 

extended to x’ in the moving frame.  
Object size (x’) in the moving frame is 
extended to x in the rest frame.  

Rest object: Moving object:

tl = t, tl’ = t’

t’ =  (t – vx/c2) for x’ = ct’ t =  (t’ + vx’/c2) for x = ct

By using 

x = ct, and x’ = ct’  
tl = t,  and tl’ = t’
x’ =  (1 – v/c)x

x =  (1+ v/c) x’

tl’ =  (1 – v/c)tl

tl =  (1+ v/c) tl’

t’ =  (1 – v/c)t

t =  (1+ v/c) t’

v v



size is enlarged following the equation of x = x’ in Fig. 1. From the equation of x = x’ in 
Figs. 1, x → infinite value (flat space) as v/c → c (photon speed). This means that the particles 
become the photon when they have the photon speed of c.  In other words, only the photons have 
the speed of c as the flat space.  
 

3. Quantum mechanics based on the 4-D Euclidean space  
 
It is thought from Fig. 1 that always the x1x2x3 space with the positive time momentum and its 
partner x1x2x3 space with the negative time momentum are born in the process like the big bang 
from the nothing with the zero energy. This pair production of the x1x2x3 space and its partner 
x1x2x3 space takes place on the x0y0z0 space (mother universe) with the infinite time and space 
scales [15]. It is assumed that the three-dimensional quantized flat x1x2x3 space has the positive 
time momentum (positive energy) because our universe has the positive energy. In the present 
work, the energy is defined as the 4-dimensional space-time volume in Table 2.  

 
Therefore, always the x1x2x3 space with the positive time displacement of q and the energy of E0 
and its partner x1x2x3 space with the negative time displacement of –q and the energy of E0 are 
born in the process like the pair production from the x1x2x3 space with the energy of 2E0 in Fig. 
4. This pair production of the x1x2x3 space and its partner x1x2x3 space takes place on the x1x2x3 
space. The x1x2x3 flat space is warped by the time displacement. The time displacement of the 
flat x1x2x3 space corresponds to the warped x1x2x3 space in Fig. 4. The charge of the warped 
x1x2x3 space is defined as |q| = ct of the warped x1x2x3 space [16] which is called as the electric 
charge. The warped x1x2x3 space with the positive charge of +q>0 is defined as the anti-matter 
and the partner x1x2x3 space with the negative charge of –q<0 is defined as the matter. The total 
time displacement of the warped x1x2x3 space is the 4-dimensional space-time volume called as 
the energy (E=E0) of the warped x1x2x3 space in Table 2 and Fig. 4 [16]. The flat space has the 
zero charge which means the zero warped space-time volume. The warped space of the particle 

Fig. 4. Lorentz transformations and particle wave function [16]. See Fig. 2. 

q

-q

E0 x

ct

Quantum mechanics based on the Euclidean space (TQSM)

Modified Lorentz transformations for the elementary particles:  

x = x0, v = x/tl,  E = ctV = |q|V = ctV0 = ctV0 = |q|V0= E0

Charge conservation for the elementary particles: |q|= ct = constant. 

The absolute time width (ct)  and its associated charge (|q| = ct) for 

the elementary particles are, always, constant in all coordinate frames.

=ct

E0

E0



can be explained as the wave function of the quantum mechanics in Fig. 4. The size of the particle 
follows the Modified Lorentz transformations in Fig. 1. 

 
In Fig. 5, It has been known that the inflation could be explained based on the modified Lorentz 
transformations. If the universe at the big bang has the very fast speed as shown in Fig. 5, the 
universe can experience the inflation of the sudden size expansion to the huge size. Current space 
expansion of our universe could be related to the space size expansion due to the Modified Lorentz 
transformations in Figs. 2 and 3.  
 

Fig. 5 The accelerated expansion and inflation of the universe are explained. See Figs. 

2 and 3.  

Inflation

Present 

local universe
B

B

x/x’ = 10100, at v/c = (1-10-200)0.5 for the inflation

x/x’ = 5, at v/c = 0.980

A

Fig. 6. Twin paradox is explained. 

ct

x1x2x3x 

ct(A)

ctl(B1)

Twin paradox of A and B

ct

ctl(B2)

Relative time (4-dimension distance): ctl(A) < ctl(B) = ctl(B1) + ctl(B2):  

B lives for the longer time than A in their relative times. 

Absolute time (4th dimension axis): ct(A) = ct(B) = ct(B1) + ct(B2): 

B and A meet at the same age in their absolute times. 

ctl(A) = ct(A) ctl(A) > ct(A) 

x 

ct(A)

ctl(B1)

ctl(B2)

ctl(A)



The elementary particles have the three kinds of charges of the electric charges (EC), lepton 
charges (LC) and color charges (CC) [11.15,16]. In the present work, each charge corresponds to 
one three-dimensional quantized warped space [11,15,16]. So, the warped x1x2x3 space 
corresponds to the electric charge. It is proposed that the second warped x4x5x6 space and the 
third warped x7x8x9 space correspond to the lepton charge and color charge, respectively. The 
leptons with the electric charges and lepton charges are originated from the intertwined states of 
the warped x1x2x3 and x4x5x6 spaces. The quarks with the electric charges, lepton charges and 
color charges are originated from the intertwined states of the warped x1x2x3, x4x5x6 and x7x8x9 

spaces. In Table 2, the simple comparison between the quantum mechanics and general relativity 
is shown for the short reviewing of the volume and distance of the 4-dimensional space and time. 
In Fig. 3, it is indicated that the Modified Lorentz transformations are based on the flat photon 
space. 
  

4. Absolute time, twin paradox, space travel and instant force action 
 
In the 4-dimension coordinate system, the 4th dimension axis is the absolute time (t) axis in the 

present work as shown in Figs. 1-4.   The physical space of our universe is based on the flat space. 

Then the flat space corresponds to the photon space. Therefore, the flat space is moving with the 

light speed of c [15,16]. The absolute time can be expressed as ct in the 4-dimension coordinate 

system. Then the twin paradox of two persons (A and B) is described in Fig. 6. Two persons meet 

at the same starting position of the earth. Then in the left figure, the A person is just at the same 

position of the earth and the B person travels to the star, comes back to the earth and meets the A 

person at the earth. In the right figure, the A and B persons are traveling by using the different 

spaceships. And two persons meet at the star. Then the twin paradox is whether two persons are at 

the same age or not. This looks like the 4-dimensional vector addition problem. The 4-dimension 

distance corresponds to the traveling relative time of ctl. The relative time (4-dimension distance) 
is ctl(A) < ctl (B) = ctl (B1) + ctl (B2):  The B person lives for the longer time than the A person in 
their relative times. And the 4th dimension coordinate is the absolute time of ct. Then the absolute 

 
Fig.7.  Space travel is explained based on the wave function collapse of the 

quantum mechanics. 

Modified Lorentz transformations and quantum mechanics.

x/x’ = 1010, at v/c = (1 – 10-20)0.5

x/x’ = 5, at v/c = 0.980 (muon)

xd=vtl

xs

/ = 1/(1-v2/c2)0.5

xsmax

v/c = 0 

v/c = 0 

0 < v/c < 1 

Space travel: A particle can move only the space

distance of xd=vtl. But if the wave function collapse is

used, the particle can move the space distance of xs in

a short time of tl. Here the particle wave function is

formed instantly. If the particle speed is close to c, the

particle can move the long space distance of xs ≤ xsmax.

So, if the spaceship to get the speed close to c in a

short time (tl) can be built, the space travel between

the galaxies could be possible.

x’

x

E

E0

wave function collapse

E = E0

E0



time is ct(A) = ct(B) = ct(B1) + ct(B2). Therefore, two persons of B and A meet at the same age in 
their absolute times. Two persons lives the same age if the same absolute time clocks are used for 
the A and B persons. The twin paradox takes place because the A and B persons use the different 
relative time clocks.  

 

In Fig. 7, the space travel could be possible by using the wave function collapse and Modified 
Lorentz transformations. Also, in Fig. 8, the instant action of the gravitational force and Coulomb 
force can be explained by using the wave function collapse and Modified Lorentz transformations. 
These two cases are shown as two examples to which the Modified Lorentz transformations can 
be applied.  
 

5. Summary 

In summary, the Lorentz transformations in the special relativity are modified based on the 4-D 
Euclidean space rather than 4-D Minkowski space in the present work. The 4th dimension is 
assigned as the real absolute time (ct) axis and energy axis (cPt = E0). This 4th dimension can be 
indirectly felt through the observable relative time (ctl) and observable total energy (cPtl = E). The 
space-time distance is d(x1x2x3x4) = ctl. The relative time of t in the special relativity based on 4-
D Minkowski space is expressed as the relative time of tl in the Modified Lorentz transformations 
based on the 4-D Eulcidean space of the present paper. The modified Lorentz transformations are 
introduced by using the present space-time geometry. In Figs. 2 and 3, the final modified Lorentz 
transformations can be used generally to any length of the flat spaces. It is concluded that the 
special and general relativities can be modified based on this modified Lorentz transformations. 
These modified Lorentz transformations are approximated to the Lorentz transformations as t → 
tl when v/c << 1 and to the Galilean transformations as v/c is close to zero in Table 1. In the present 
work, it is proposed that the accelerated space expansion of the universe can be explained in terms 
of the modified Lorentz transformations.  

Fig. 8. Instant force action is explained based on the wave function collapse 

of the quantum mechanics. 

Modified Lorentz transformations and quantum mechanics.

x/x’ = 1058, at v/c = (1-10-116)0.5 (graviton with Planck length size)

x/x’ = 5, at v/c = 0.980 (muon)

xd=vtl

xs

xsmax

BA

v/c = 0 (Particle observed 

by the wave function 

collapse) 

v/c = 0 

0 < v/c < 1 

xs

The graviton (mg) with the speed of v < c has the

non-zero rest mass of m0g and maximum force

range of xsmax. The value of xsmax could be the

galaxy cluster size. The photon with the speed of v

= c has the infinite force range of xsmax = ∞. The

quantum wave function collapse and modified

Lorentz transformations could explain the instant

action of the gravitational force and Coulomb force

between two distant matters.

m1 m2
q1 q2

mg

E0

E0

E

E = E0



When we try to compare the sizes of the object and its image, the absolute times should be time-
matched. The time-matching of the absolute times means x = xx’ in Fig. 2. The time-matched 
sizes of the object and its image are x’ and x = x’, respectively, as shown in the middle case of 
Fig. 2. This indicates that the size of x’ (or x’) of the moving object is expanded to the size of x 
= x’ (or x = x’) in Fig. 2. 

The twin paradox is explained in terms of the 4-dimension coordinate system. The twin paradox 
is caused by using the different relative time clocks observing the 4-dimension distance of ctl. If 
two persons use the same absolute time clocks observing the 4th dimension coordinate of ct, there 
is no twin paradox. The relative time (tl) and energy (E) are defined as the 4-dimensional distance 
and 4-dimensional volume, respectively. The geometrical space-time shape has the (x1,x2,x3,ct) 
coordinate system with the metric signature of (+ + + +) but not the (x1,x2,x3,ctl) coordinate 

system with the metric signature of (+ - - -). Therefore, d(x1x2x3x4)2 = (ctl)2 = (ct)2 +x2 = x12 + 

x22 + x32 + x42 and V(x1x2x3x4) = E = mc2 = (ct)x1x2x3 from (x1,x2,x3,x4) of the 
geometrical space-time shape.   

  

Finally, the wave functions and energy of the moving particle are described in terms of the present 
modified Lorentz transformations. In this physical concept, the space travel between the galaxies 
could be possible if the spaceship with the velocity close to the photon velocity of c can be built 
in the future. Also, it is shown that the quantum wave function collapse and modified Lorentz 
transformations could explain the instant action of the gravitational force and Coulomb force 
between two distant matters.  
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Figures

Figure 1

Time and energy are de�ned. See Figs. 2 and 3.

Figure 2



The whole �at space treated like a rest particle is shown in the 4-dimensional space. The �at space
corresponds to the photons. See Fig. 3.

Figure 3

The �at space corresponds to the photons. Here, the relative velocity (v) of two 4-dimensional spaces is
not zero and along the x axis with v-x0/t1. The absolute times are time-matched to induce the modi�ed
Lorentz transformations .



Figure 4

Lorentz transformations and particle wave functions [16]. See Fig. 2.



Figure 5

The accelerated expansion and in�ation of the universe are explained. See Figs. 2 and 3.

Figure 6

Twin paradox is explained.



Figure 7

Space travel is explained based on the wave function collapse of the quantum mechanics.



Figure 8

Instant force action is explained based on the wave function collapse of the quantum mechanics.


