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Abstract

In this paper I will explore a way to create a gravity like equations just from
coordinate transformations between systems that will be a vector fields. Those
vector fields will represent motion of fields, from their relative transformation of
their motion I will create metric and a field equation that connects motion with
energy. Will add quantum like effects in last part of this paper that will connect
probability with spacetime interval. It will be done by using complex spacetime. I
do not present solutions to those equations only mathematical model and physical
interpretation.



Contents

I Introductionl

I What o]

(1.1 Physical field] . . ... ... ... ... o
(1.2 What gravity does| . . . . . . . . ...

.3 Where Einstein faild . . .. ... ... ... ... o 000000
M4 Treefalll . . . . . ...
Lo _Whatismotion? . . ... ... ... ... o
T Matl cal T [ation

[2

Field equation|

[2.1  Distance in spacetime and coordinate transtormation| . . . . . . . . . . ..
2.2 Lorentz transformationd . . . .. ... .. ... ... ..
[2.3  Free-tall trajectoryl . . . . . . . ..o
2.4 Trajectory with non zero energy| . . . . . . . . . . . . ... ... .. ....
[2.5 Field that is independent of motion| . . . . . . . .. .. ... ... ...
[2.6  Light paths are not always zero spacetime intervall . . . . . . .. ... ...

Il  Complex coordinates and relation with quantum physics|

3

Do we live in complex spacetime?|

[3.1 Complex coordinates transtormation| . . . . . . . ... ... . ... ....
[3.2  Four dimensional spacetime into four dimensional complex spacetime| . . .
[3.3  Normalization of spacetime coordinates| . . . . . . .. ... ... ... ...
[3.4  Complex field equation| . . . . . . .. ... ..o 00
[3.5 More on probability|. . . . . . ..o oo
[3.6 Rotation in complex spacetime]. . . . . . . . ...




Part 1
Introduction

1 What is motion?

1.1 Physical field

In physics we deal with motion, motion is base of all physical phenomena. We can simply
say that motion and how to measure it it’s basis of physics. A physical field so is a
field that has motion in some spacetime and rules how this motion happens. In reality
it’s much more complex than it, there are additional factors other than motion. Things
like symmetries and conserved things. But simplest kind of field is just motion and it’s
background so spacetime itself. Einstein did show that spacetime is not a fixed object,
it depends on energy of objects in that field. Energy in general changes how spacetime
differs from flat spacetime. Objects follow geodesic paths in that spacetime. General
Relativity is based on curvature tensors mainly Ricci tensor as it is in Einstein equation.
I will try another approach, my idea is to focus on observer motion and transformation of
their motion in spacetime relative to each other. I will skip curvature tensors in general.
It means that each observer will define his coordinates and from it I will create rules
for coordinate transformation between those observers. It seems simple but in truth it’s
not easy to explain any motion without a fixed coordinate system, that coordinate system
maps spacetime but itself is a map. My goal is to explain motion in observer base way, not
coordinate or spacetime based. It mean focus on what observer will observe as motion of
all other observers. This way of defining a physical field and motion in that field does not
focus on invariant properties of spacetime itself rather on how motion in seen by observers.
Each observer has it’s own right to say that his perspective of spacetime is true but not
independent way of physical properties and motion of rest of field so observers.

1.2 What gravity does

Gravity is base of all forces in physical world. In it’s simplest formulation it does make
masses fall into each other, in Newtonian picture there is a force between two bodies that
make them attract each other. But this picture did fall short when Einstein did come
up with his field equations for gravity. In this new picture gravity is spacetime curvature
and objects follow shortest paths in spacetime (geodesic). So from laws of motion into
geometry, good question would be what is next? Goal of modern gravity theories is to find
a quantum gravity theory, theory that would connect quantum mechanics with relativity.
In this paper I will not try that, rather try to explain motion thus gravity as simply
effect of what observer see when they move. Rather than explaining motion in terms of
field that is same for each observer, I will try to explain each observer independent view
of spacetime and how they connect. It’s not quantum gravity and even not gravity in
classical sense. It’s just a way observer can make his own way of defining spacetime. So
it’s not a gravity field but rather observer transformation field. This field is always defined
by observer motion and it’s energy. But from it follows that it’s simpler idea about what
motion is than spacetime curvature, from it follows that it’s simpler to make this model
work as it does not depend of spacetime curvature.



1.3 Where Einstein fails

Einstein field equations [I] are most tested gravity theory, those equations are based on
Bianachi identity and can be expressed as:

1
R,u,u - ig;wR = KT/J,V (1)
Those equations are well tested and for now there is none experiment that would show
they fail. But from equations come their doom itself, singularity at the center of black
hole and singularity at moment of big bang. Let’s start with simple example from black
holes. Black holes metric [2] can be written as:

2 s\ 2.2 Ts\ 7', o 2
ds:<1——>cdt—<1——> dr? — d) 2)
r r
There are two singularities in this metric. One is only a coordinate singularity, that when
r = rs and another one is real one where r = 0. It means that objects that will form
a black hole will to form a singularity where General Relativity stops making sensible
predictions. In same manner it fails at moment of big bang.

1.4 Free-fall

Base of all gravity phenomena is free-fall. My approach to free-fall is that it can be
explained by two observers. One free-falling and one stationary of surface of body that
first observer is falling into. Without any curvature tensors I still need to use geodesic
equation for calculation of trajectories. So this model is only coordinate based not a
curvature based. But still to explain motion there is need to use geodesic equation. Let’s
go back to example with two observers. What does stationary observer see? It sees
a falling object and what does falling object see? It sees surface of body accelerating
towards it. Those are two opposite and equal perspective. This way I will explain any
motion by comparing motion of observers seeing same scenario but from opposite ways.
So what is simplest transformation of coordinates that will work in this case? Answer is
pretty simple, it’s not about coordinate but about their relation. This relation is that
their transformation cancel each other out. If in first frame of reference where falling
object is falling and observer standing on surface of body is stationary. In second free-
falling observer is stationary and it’s the surface observer accelerating towards it. If I
connect those coordinates in certain way they will cancel out. Formally lets write down
first observer perspective:

dy” (y) = %dw (y) (3)
And second observer perspective:
da’® (x) = G%Zi—"(i(“g))dxﬂ (%) (@)

Where I do transform coordinates of second observer into first, and opposite. In first case
observer x is stationary, and in second case observer y is stationary. From it follows that
in first case falling observer will move towards stationary observer by amount dy'® (y),
in second case observer on surface of body will move toward free-falling now stationary
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observer with amount da’® (x). But from that their motion are opposites of each other I
can write a transformation that will leave them both constant:

Oy (x(y)) 0er (y ()
W)= "0 o)

dy" (y) (5)

i P00 )
WS Ty o R

In general idea is that all transformations that fulfill this way of transforming will be non
energy content transformations. It means that bodies don’t interact in any way just move
relative to each other same way. But it seems they are in opposite motion. More general
transformation laws will be when transformation laws are not opposites of each other.
Where new vector fields are no longer equal to old ones. This works only in presence of
energy. To be more specific, those coordinates transformations map coordinates of y into
x, and y into x. Then compare how both of them change by how vector fields change not
coordinates , this can be written as:

o 0y (x(y)) 0z’ (y (x)) , .
e = ~ 5, & 0y dy”™ (y) (7)
geo = 920y (%) 9" (x(¥)) ;s (x) (8)

T gye(y)  Oa(x

Those are more general transformations if the give back same vector it means there
is simplest case of transformations involved and there is no energy involved in those
transformations. If there was energy this would be not equal to base vector field.

1.5 What is motion?

Now when I have simplified transformation rule that explains was there energy involved
in any kind of motion in this model, can define more general notion of motion. Field
of motion should only depend on observer relative perspective to all other observers. It
means simply stating motion is what is observed as motion. Motion should be independent
of coordinate system but still depend on observed physical facts. That’s why core of this
model is coordinate transformation between frames. I can take one vector field that lives
in it’s own manifold and translate it’s coordinates into another vector field that lives in
another manifold. But to create most general field I need to define relation between each
point with each other point fo spacetime. Then field itself is defined as complete static
object that contains all observers and all of their perspective so it contains all information
about motion of all objects in field. Making things simpler there can be tensor , metric
field and scalar field that defines spacetime interval. Both fields are related by vector
fields that they are build from. Vector fields don’t change by a scalar function. I need to
use directional derivative [3] in other to compare how two vector fields change. It means
I can’t just take normal partial derivative as those vector fields are not scalars that’s why
I will use directional derivative .



Part 1T
Mathematical formulation

2 Field equation

2.1 Distance in spacetime and coordinate transformation

Next step is to define this idea in precise framework. Base of all spacetime is to define
distance or metric tensor in that spacetime. I will first define a distance transformations
then from it figure out meaning and rest. Simplest way to define spacetime distance is
just to take a flat spacetime metric and apply transformations on it. That would mean
that spacetime metric is in form of:

(v) 0z (y (x)) 92” (y (x))

i =8 y) Oy (y) ©)
0y” (x(v)) 9y (x(y))
(=) —
9w Nas Ozt (X) v (X) (]‘0)
Now from it it’s easy to arrive at spacetime distance. Spacetime interval is just:
0z (y (x)) 92" (y (x))
ds? . =n, dy* (y) dy” 11
a B
dSQ ay (X <Y)) ay (X (Y))dl'“ (X) dz” (X) (12)

@ =T g (x) Oa (x)
But it still lacks basics of relativity that is invariant speed of light.

2.2 Lorentz transformations

I can add Lorentz transformations to those equations. Let me start by simplest case,
there is only flat spacetime metric and a vector fields y and x, where spacetime interval
is defined in their own frame of reference in Minkowski metric:

ds'(yy = muw N (y) dy® (y) A5 (y) dy” (y) (13)
ds't,) = b (x) dz* (x) A% (x) da” (x) (14)
ds{,) = nuwdy® () dy” (y) (15)

ds?x) = Nudr” (x) dz” (x) (16)

ds%y) - dsl?y) (17)

dstyy = ds'(, (18)

Now those equations transform as they should when switching frames. Where we can
only transform vector fields in their respect frames. When they are transformed again,
into other observer frames of reference , we don’t apply another transformations. Those
are transformations that work only locally. For light paths give always zero spacetime
interval. It means that paths of light are equal to:

2 2
Normally Lorentz transformation don’t work for light as light can be stationary. But later

I will explain way to track light rays without zero spacetime interval.
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2.3 Free-fall trajectory

In previous part I was talking about free-fall and other simplest kind of transformations.
Those are transformations that are opposite of each other. So they can be written in a
way that they cancel each other out. But let’s go back to frame transformations. I can
write two spacetime intervals:

, )y X)
) =105 50 ty) oy (y) (y)dy” (v) (20)
o X B x
5t = e gy 00 5 () &

Objects in them follow geodesic paths. It means that variation of spacetime interval is
equal to zero:

0 / ds(,y =0 (22)
) / dst,y =0 (23)

This will lead to two geodesic equations [4] that I can write as:

d*y* dy® (y) dy®
92(}’) e, W) dy”(y) _ (24)
dS(y) dS(y) dS(y)
d?z" (x) dz® (x) dz? (x)
re =0 25
dsfy T sy dse %)

Its important to note that this equation needs to be fulfilled for whole field not for one
line object, as x and y are vectors fields. This case is when those fields are transforming
in opposite way to each other, that physically means that one observer is seeing opposite
event in geometric way than another. What about trajectory that does not transform in
that simple way? For this I need to add energy into equations.

2.4 Trajectory with non zero energy

To add energy into equations I can consider two objects, first one is stress energy tensor,
second one is four momentum. From fact that I assume a field not a fixed object four
momentum for each point of spacetime will fit better. As i don’t define properties of
objects globally rather locally but problem with four momentum is that it does not contain
all information about energy of system, so from it follows I will use stress energy tensor.
I can write stress energy tensor in coordinates of two vector fields :

T = gl gl T (x) (26)
TW = g T (y) (27)

Now I can go back to transformations of field. General transformation can be written as,
where it does not have to be equal to base vector field:

) 9y (),
K = Tt o) )

o _ 02"y (x) 0 (x(¥)), wy
o= Ty oo )

(28)




Spacetime metric for general coordinate transformation is either equal to flat spacetime
with no presence of energy, or it’s equal to some kind of deviation from standard Minkowski
metric. From it I can write general metric tensor for this kind of transformation:

g =, 2 () 027 (3 (x)) By (x (y)) Dy (x (¥)) (30)
ey = gy (y) Oyt y) Oer(x) Oe (%)
_ 0yt (x(y) 0y’ (x(y)) 92 (y (x)) 92" (y (x))
e T g0 ()00 oy (y) Oy ()
Now only thing left is to define how energy affects metric transformations. To do so I

need to connect metric transformations to energy tensor in given frame. I can use Einstein
constant and square operator to construct a field equation:

(31)

O Gy, = K1) (32)

D(y)gﬂl’y—)m KJT(y) (33)
Where square operator is defined:

@ — g(sﬁv(ff V(x) (34)

O = gj vV (33)

Where I use metric of given observer not transformation metric for both connection and
metric itself in that operator.

2.5 Field that is independent of motion

From it follows that I have all mathematical rules defined. But it still lacks one key
component. How this field is independent of motion of observers? I can define a field that
will be tracking each observer movement from point of view of any other observer. This
seems complex, but this gives definition of whole field. Field will be defined as:

FE = { g, (v = %) |,y € RV (36)
F;EZ’X) = {g.u‘l/yt—m: (y — X) |}(7 Yy I~ Rn-l-m} (37)

This fields connects all possible points my metric tensors , by analogy can create same
energy momentum tensor:

T<x ={T3 (y —x) |x,y e R"""} (38)
T = {T Y> (x—y)|x,y e R"""} (39)
And from it follows field equation that connects them, as before it can be written:
D(X)F;S’V"Y) — ng) (40)
OWFy> =71 (41)

Field goes from observer to another observer, it does it for each point of spacetime. This
field defines all motion from all possible points of view of that field. Each point of space
has it’s own vector field defined with metric tensor and stress energy tensor. But still this
view lack quantum physics. My guess is that expanding this ideas to complex spacetime
will give more complete definition of field and could possible add quantum effects to this
model. Now I can track any motion with a field.
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2.6 Light paths are not always zero spacetime interval

As mention in subsection about Lorentz transformation spacetime distance for light is
always zero in all frame of reference. But using definition of a field I can track light path
from any point of spacetime, it means that I can chose a point that light does not cross,
and track it motion from that point. If space distance between those two objects, light
and that point is greater than time distance field will measure space-like time distance
where [ first need to define a distance field opposite to metric field that is a scalar field:

Foey) { sy (v — %) da (y — x) dz” (y — %) |x,y € ]Rner} (42)

o . { Gy (X = Y)dy" (x —y)dy” (x —y) | X,y € R”*’"} (43)

This field only tracks distance but if no energy is present distance may seem flat spacetime,
only change is that there is vector inside metric and vector fields that goes from position
of vector field to position of second vector field and in second case opposite way. That
can bring even in flat spacetime nonlinear effects that will lead to not flat (Minkowski)
metric tensor. Im this field I can chose a point where spacetime distance is not equal to
zero even for light particle, or is equal to zero for any given particle that does not move
with speed of light but this example is trivial as i chose particle trajectory as those points.
It means that field itself only measures distance and from point of view of one observer
that moves at given trajectory his light cone still limits him but he still measures distance
to other points so other light cones and they don’t measure zero spacetime interval. To
have zero spacetime interval light has to be bound to light cone of observer. So this field
gives complete information about changes in field spacetime interval. It no longer fulfill
field equation. Still solutions to field equations are metric tensors defined in this field
so in that sense it does. Spacetime distance approach is less fundamental as it contains
less information and still it does not define motion as it is defined by geodesic in given
vector field and it’s manifold and it’s not connect to energy of system. In truth this kind
o field gives deviation from free-fall like trajectories, if this metric is equal to Minkowski
metric then there is no energy involved and it just turns into distance traveled by vector
field in flat spacetime not in it’s own coordinates system. It follows form fact that there
is no physical change between what observers see, one observer is for example moving
to up another one is moving down, they move exactly same way but from two opposites
viewpoints so in truth only their motion matters, not their coordinate transformation. So
in case of flat metric transformation field turns into:

FOY) .= I, dat (y — x) dz” (y — x) | x,y € R™™} (44)
Fx) . {nuwdy" (x—y)dy’ (x —y) |x,y € R"™"} (45)

So it decodes only motion of observers not how they transform and in truth there is only
motion of them seen from one observer perspective and another one.



Part 111
Complex coordinates and relation with
quantum physics

3 Do we live in complex spacetime?

3.1 Complex coordinates transformation

To switch to complex spacetime, i need to first define a flat spacetime complex Minkowski
metric, and it’s pretty trivial problem. When I have a vector field and it’s complex
conjugate Minkowski metric that is complex is just:

4% = Nud=" (2) &= (2) (46)

Complex fields can be expanded into real and imaginary parts. That will be in those
simplest case equal to:

dzt (z) =
dz" (z)

X (x) +idY* (x) (47)

d M
dX* (x) — idY*" (x) (48)

It’s easy to check to this spacetime interval is real as it will be equal to:

dst. = dX, (x) dX" (x) + Y, (x) V" (x) (49)
452 = 7 dXP (%) dX7 (%) + 7Y () Y () (50)

Now lets go to more complex vector field. I will like before define two complex fields,
¢ and y that will depend on complex coordinates. And respective metrics will be their
inverses. Let me write them down:

© _  Ox*(E(x) X’ (€ (x))
95 = Nap oen (£) agy () (51)

S0 _y D6 O () O (x (9))
T () X (x)

From it I can move to complex spacetime interval that will be just expression from above
with vector fields:

(52)

s X (X)X (X)) oo v

U5t = 108~ g (g) o (&) der (€) dE” (€) (53)
s (X ()08 (X (€)  .
500 =108 5000 v g X )X () (54)

Last part is to write geodesic equations for both metrics. They will be split into two parts
for normal and complex conjugates, connection can have only same indexes all mixed ones
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will be zero so from it follows:

d*¢" (€) e 0 (E) ds” (&) _

A =0 (55)
dst,, s dsg)

27" L dE" (&) dE”
ds?, dsig)  dse

A2 dve dv?

xz(x) VL ) dx” (x) _ (57)
dS(X) dS(X) dS(X)

&> o dx® (x) dx”

XQ(X) b X ) dx” (x) _ (58)
dS(X) dS(g) dS(X)

Where i did skip dependence on complex coordinates to make it simpler to write it.
Connection itself is defined as:

Thw = 9704907 (59)
Fﬁp = F_;))u (60)

This way I have all things defined without still field and it’s equations. But before that
lets go back to spacetime itself.

3.2 Four dimensional spacetime into four dimensional complex
spacetime

Still complex spacetime needs interpretation. Adding complex spacetime complicates
equations so it has to have any physical meaning. Simplest meaning behind complex
number squared is probability. So in complex spacetime, spacetime interval has to be
connected with probability of finding particle. But still problem is that spacetime we
observer has four dimensions. It means that we observe only half of spacetime in this
model. If in normal spacetime we have four real dimensions here it’s eight real dimensions.
Still basis for this is complex spacetime, with probability of finding particle, but to do so
spacetime needs to be normalized. It means that spacetime interval integral can’t give
infinite values. Let’s take into account only simplest spacetime:

(/ dsé):( / wzu(z)dzv<z>)2<oo (61)

It means that I need to define manifold and vector fields this way that integral over
whole manifold gives finite value. When i have this finite value I can write normalization
condition of this manifold:

% ( /M d%)z = % ( /M N dz" (z) dz" (z)>2 =1 (62)

Where normalization constant N has to be finite number and a real number. That gives
simplest wave function like approach. Wave function is equal just to complex fields. It is
written in complex coordinates. I can in this example write it as:

1

UH = \/—Ndz“ (z) (63)
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And it’s complex conjugate:

— 1
U= ——dz" (2 64
T (@) (64)
Now product of this wave functions gives probability [5], or more precise their contraction:
N 2 1 2
= ([ w0) = 5 ([ @ @) <1 (65)
M M

Probability of given path is equal to:

P =/ M) — e ([ itz ) - <z>)2 (66)

This is simplest way to quantize this kind of spacetime adding probability to it. But still
its simplest example, I still need to change it to more complex approach to match classical
field.

3.3 Normalization of spacetime coordinates

Now there is only two things left, apply same rules for more general fields and create field
equation for complex spacetime. I will start by first point of it. It is pretty straightforward
knowing all the classical field. First I do define a complex vector fields that will be equal
to as before, then add metric to it and give condition that this spacetime is normalized.
General spacetime interval is written as:

2 X (X)X (X)) oo v
USte) =10 pen (@) oE © der (&) g™ (€) (67)
s 0 (x(€) I (X&), i
500 =850 00 v g X )X () (68)

Complex vector fields are equal to two wave functions. I can write it:

W= iy () (69)

o — %M‘W (&) (70)
And their complex conjugates:

T - v () (71)

7 - %Mdz“ (€) (72)

12



Those manifolds need to be normalized where condition of normalization is equal to:

< /M ds%§)>2 < 00 (73)
( /M dsfx))Q <0 (74)

= N? (75)

)
( /M ds%x))Q = M? (76)

That naturally will lead to wave vector fields normalizations:

( /M @w)Q 1 (77)
(/M Eﬂcw)z =1 (78)

All those steps need to be fulfilled in other for this equation to work. In normal quantum
mechanics there can be product of wave functions. For example state 5@11“@1,@” would
give probability of state U being in state ®. Here I can define same state. I need to use
mixed metric tensors. I can write mixed metric tensors as:

o v
ds(s.e) = Nap axaf(g)) 65(3%(329((5))) de" (€) dx” (x) (79)
gt — aga(X(E))ayﬂ(f(xndx“(x)dé”(é) (80)

(c8) =T () g (&)

And now total probability is equal to:

1 _
— | 452 /d2_/<1>\11“/\11,,<1>" 81
rM) =3 /M B PR CO R SR oY (81)

This is final expression for probability. Last example is if system is written as linear
combinations of two vector fields. Let me write a field that is equal to linear combinations
of two fields:

UH = eyt 4 copt (82)
U =" + 69" (83)

In this case they have to belong to same metric tensor, it limits possible combinations of
states. So linear combinations of states applies only if they belong to same metric tensor.
Only thing left now is create a field equations for this complex spacetime model.
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3.4 Complex field equation

Now I can move to finally define field equation. I will start by defining transformations
of metric tensors:

i 9€° (x (€)) 9€” (x (£)) O (€ (x
e I 0 (x) ox (x)  0€r (€

)
Ox* (€ (x)) OX” (€ (x)) 067 (x (€)) BE (

Do & 00) s

£(
€ (€
(

)
£)

Yuv = TNa — 85
e = RT08 8 e 000 O () (%)

From it I can define a complex field equation adding complex energy stress tensor:
09 g5, = KT (86)
0% g5, = KT (87)

Where now square operator [6] is defined as:
© _ 2Bo@©v®

0O = g vV (88)
000 — g(cvxﬁ)vnggd (89)

Where probabilities are still defined on same manifold wave function is. It means that I
can write probability in those equations as:

v = ([ ) = ([ gowa) = (90)
p(M) = (/M@“qw)g = (/M gijcp@")z =1 (91)

And finally I can write field that connects all points of spacetime with all other points of
spacetime:

€X) :{ Ty X 5 |€ X € (Cn+m} (92>
FX9 = { e (€ = ) 1€, x € (93)
={19 (x-¢) & x e T} (94)

= {Tﬁ’; (€-x)|&xeC] (95)
mity F,ﬁg ® = Tffg) (97)

Probability states same for each system as defined above. This field now is complex field.
Same way can be defined spacetime distance field:

FO0 = e (X~ 6" (x ~ O & (x~ ) |€x €C™"} (99

FO8) = {gw,ﬁg(é x) dx" (& = x) dx" (€ = x) | &, XGCn+m} (99)
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3.5 More on probability

Now im done with field equation I can formalize probability for many systems and in
general. First I start by a reminder that probability of vector field ¥ being in state ® is
equal to:

_ ]' 2 2 _ S o Tr v
o0 = 77 [ o [ B = [, B0 [, 50 1o
If state is the same state I can take probability of path system takes:
L (a2, a2 = [T [T 101
_NMPS“)pS@_p“ P (101)

I can do same thing for first example instead of taking whole manifold I can take only

path state:
1 — —
P = [ a2 /dQZ/cpqw/quch 102
) NM/p 5(x.€) » S(xg) » H P (102)

Manifold integral can be expanded into sum of all paths on manifold that system can

take:
M) = L/ / ds? / / ds?
NM Jemem Jxmem % Jxmem Jemem X9

ST B B
= — RV
NM E(r)em Jx g e/vl £

" (€00)E (x(6)) g )
07 e g6 o O 00

o€ ( (E))f?%ﬁ(&(x)) N
/ eM/ o (x) O () dx" (x) d§ (§) (103)

It means that total length of all paths has to be finite in order for numbers N and M to
be finite. Units of those numbers are meters squared. Now for many systems, it gets more
complex than before. I need to use tensor product of systems. So general probability can
be written as:

k
1
p(Mi... x My,) = dst .. / ds? -

g NiMi st ) oty ety 0080)

— / [ LR / U, L, DV (104)
My XMy My XMy
Where:

PHLbl = Hr @ Pk (105)
PHrte = OH @ DHE (106)

It means I take tensor product of individual wave functions.
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3.6 Rotation in complex spacetime

Now I can focus on complex spacetime rotations. Those are SU(n, m) |?] rotations where
in case of our universe it will be just SU(3, 1) rotations. Still those rotations will apply to
vector fields not whole field. It means that locally those fields transform by those. They
take place of Lorentz transformations. In simplest way it preserves distance in spacetime
between given frames, it makes speed of light invariant in complex spacetime. Still those
rotation act only on vector fields that are locally living in flat spacetime:

x) Uz (x ) dg” (x) (107)
ds' ()_T]MV 1 (&) £) ( &) dx (5) (108)
dsty) = uwdx" (x)d V( ) (109)
(110)
(111)
(112)

ds'(y = Uk (x) dx° (
dg* (

ds S(e) —Wud§ 3 ) dx” (€) 110
2
dS(X) = dS (x) 111
2 2

Those are still transformations in given Minkowski space with only being transformation
of those fields. Now I can apply those into more general metric. Where I need to take
into account that I do transform only base vectors not their transformations. In those
transformations I need to switch from frame of observer in field &, x to opposites so seen
in another observer frame x (€),& (x). From it follows that full transformation can be
written as, where I start first with observer frame but not flat:

Ox* (& (x)) OX” (€

ity = s P QI E XN 0 v b0 U O ) (119
ity = 12 DLV XNy 0 i @z )

And same way I can transform it into more general transformation that is in field equation:

¢ (x (£)) D€ (x (£)) Ix (€ (x)) IX° (€
£)

g‘)) UL (€) dE° (€) U (€) dx” (€)

Wen =000 o0 o @) oF | (1)
o N (E00) X (E () 08 (x (€) B (x (8)),, 7 (6
d x—€& = Tap agy (5) agé (€> 8)(“ (X) 8 (X) (€> dg <€> B (5) d% (1(§23>

That will give field F&X) and F£) if T transform base vectors. Now spacetime in general
will be not invariant by locally it will be. As said before those transformation act only
locally on complex vector fields.
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