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Abstract

This paper proposes a novel approach to manipulate the spacetime metric
g,, byemploying gauge-transformed optical soliton beams to generate grav-

itational solitons, enabling a toroidal time machine to achieve apparent super-

luminal velocities ranging from 2c¢ to 10'c and induce temporal regres-
sion (e.g., —32.8 years). Our findings demonstrate that the Lagrangian of two
optical solitons can be transformed into that of a gravitational soliton via a
generalized gauge transformation, involving the coupling of electromagnetic
and gravitational fields, with dynamics governed by the invariant Einstein-
Maxwell Lagrangian. Utilizing eight tangentially emitted optical soliton
beams, combined with meticulous physical computations, we analyze the ef-
fects of polarization angle @, energy density py,, , and the number of gravi-
tational soliton pairs ( N ) on apparent velocity and closed timelike curves
(CTCs), while devising safety control strategies (e.g., precision in @). This
study explores the feasibility of this scheme from both theoretical and engi-
neering perspectives, addressing the invariance of the gravitational soliton La-
grangian, curvature engine design, jump velocity mechanisms, and optimiza-
tions in structure and safety. The results reveal that this method can substan-
tially enhance navigation speeds and enable time travel; however, challenges
related to interstellar voyages and temporal paradoxes warrant further inves-
tigation. This work lays a theoretical foundation for future superluminal
spacecraft and time machine technologies, heralding the vast potential of grav-
itational soliton research.

Keywords

Gravitational Solitons, Generalized Gauge Transformation, Warp Drive
Ship, Time Travel Machine, Superluminal Speed

1. Introduction

Superluminal travel and time manipulation have long been the ultimate aspira-
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tions of humanity’s quest to explore the cosmos and transcend temporal bounda-
ries. However, Einstein’s general theory of relativity establishes the speed of light
(c) as the cosmic speed limit, rendering traditional methods insufficient to sur-
pass this barrier [1]. In recent years, theoretical physicists have proposed innova-
tive solutions, such as harnessing spacetime metric perturbations to achieve ap-
parent superluminal effects or closed timelike curves (CTCs) to circumvent this
constraint [2] [3]. Among these, solitons—stable nonlinear waves—exhibit unique
localized properties in both electromagnetic and gravitational fields, offering a
novel avenue for spacetime manipulation [4]. Optical solitons, as isolated electro-
magnetic waves, have been extensively studied experimentally [5]-[8], yet their
transformation into gravitational solitons via gauge transformations remains un-
derexplored.

Gravitational solitons are hypothesized strong-field excitations capable of pro-
foundly altering local spacetime geometry, potentially generating high-speed ef-
fects akin to the Alcubierre Drive or inducing CTCs through circular trajectories
[9] [10]. In 1994, Alcubierre introduced a theoretical model for superluminal
travel by contracting spacetime ahead and expanding it behind, though its reliance
on exotic (negative) energy was deemed impractical [9]. Furthermore, theoretical
studies have demonstrated that circular beam configurations, such as optical sol-
iton arrays, can induce temporal regression, laying a foundation for time machine
designs [11]. In contrast to these, the gravitational soliton model based on optical
solitons proposed in this article uses existing laser technology to generate gravita-
tional perturbations through gauge transformations, potentially reducing the en-
ergy threshold significantly while offering a controllable space-time deformation
solution [12].

Indeed, in this work, we reveal that the Lagrangian of two optical solitons can
be converted into that of a gravitational soliton via generalized gauge transfor-
mations [13]-[16], entailing the coupling of electromagnetic and gravitational
fields. Evidence supports the adoption of the Einstein-Maxwell Lagrangian, which
encompasses the standard dynamical terms of both fields and their interactions.
This Lagrangian remains invariant under gauge transformations and, notably in
the weak-field approximation, describes the conversion of two polarized photons
into a graviton [17] [18].

Building on this, we propose an innovative approach: utilizing eight tangen-
tially emitted optical soliton beams, transformed via gauge methods into gravita-
tional solitons, to manipulate the spacetime metric g, . This enables a toroidal
spacecraft to achieve apparent velocities ranging from 2c to 10'c and realize
temporal regression (e.g., —32.8 years). Through rigorous physical computations,
we analyze the impacts of polarization angle @, energy density pg,, , and the
number of gravitational soliton pairs (N ) on apparent velocity and CTCs, while
designing safety control strategies (e.g., precision in & ). This paper aims to eval-
uate the feasibility of this scheme from both theoretical and engineering perspec-

tives, providing a reference for future superluminal navigation and time travel
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technologies. In Section 2, we explore the invariance of the gravitational and op-
tical soliton Lagrangians under gauge transformations; Section 3 examines key
aspects of curvature engines and time machines, focusing on superluminal appar-
ent velocities; Section 4 addresses the coordinate velocity of curvature bubbles and
CTC calculations; Section 5 investigates the properties and motion of curvature
bubbles; Section 6 proposes and designs a jump velocity mechanism; Section 7
details structural scheme designs; Section 8 focuses on safety design considera-
tions; and Section 9 presents conclusions and future outlook. Appendices A-C

offer detailed analyses and calculations for further reference.

2. Lagrangian of Gravitational Solitons and Optical Solitons

Considering the metric and gauge transformation constructed below, we propose
to use the following Lagrangian to describe the process of two optical solitons
transforming into a gravitational soliton, that is, the Lagrangian is:

1 1
L=——\J-gR+_J-0F, F* +aJ-gR, F“F’ 1
Tong ¥ IR VIR T ray-oR, P, (1)

where R is the Riemann curvature scalar, describing the dynamics of the gravi-
tational field; F,, is the electromagnetic tensor,

F.,=0,A -0A, (2)

here A, is the electromagnetic potential; g is the determinant of the metric,
ensuring that the Lagrangian is covariant in the framework of general relativity.
While o is the coupling constant (dimension as [length]? controlling the cou-
pling strength);If the solitons are close to merging, F,, ~sech (ku), then the per-
turbation term of R, ~ sech? (ku) naturally appears, therefore, this coupling
term provides a nonlinear feedback mechanism: electromagnetic self-action >
gravitational disturbance > formation of localized gravitational solitons.

This Lagrangian combines the Einstein-Hilbert action (describing gravity) and
the Maxwell action (describing electromagnetic fields), and naturally couples the
two through the metric g, . In a strong field, it reflects the process of two optical
solitons @, forming a gravitational soliton a, . In the weak field approxima-
tion, it can capture the process of two polarized photons transforming into a grav-
iton through interaction. The reason is that it is invariant under the gauge trans-
formation

Gov (U)=[C059(u) _Smg(u)J 3

sin@(u) cosd(u)
and satisfies the gauge potential equation
@, = 9oy @ 9oy + 9oy dGuy (4)

and the gauge transformation converts the gauge potential @, of two optical

solitons into the gauge potential @, of one gravitational soliton, that is,

1 0 \ou(v) A B
=sech? (ku = a, =sech?(ku 5
oy =set () g 5 )" =sean ) 3 5] ®
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We need to verify whether the above reasons are correct: First of all, from the
theoretical framework, the Lagrangian combines the Einstein-Hilbert effect (de-
scribing gravity) and the Maxwell effect (describing electromagnetic fields), and
is covariant in the framework of general relativity. The above gauge transfor-
mation (3) gy, (u) is a rotation matrix that belongs to the SO(2) group and
is isomorphic to U (1), and can act on the polarization states @, (two optical
solitons) and @, (gravitational solitons). We need to verify whether the Lagran-
gian can capture this transformation. In fact, from the perspective of metric and

polarization state, we can analyze the gravitational soliton metric here [18]:
ds? = -2dudv+H (u, x, y)du® +dx* + dy? (6)
where

H (u,x, y)=sech2(ku)[A(x2—y2)+28ny (7)

We can find that this metric satisfies Einstein’s vacuum equation R, =0.

In fact, the gravitational soliton metric here is analyzed from the above metric
and polarization state (6), so we can find that this metric satisfies the Einstein
vacuum equation [18]. Here H (u, X, y) describes a gravitational soliton, whose

polarization state is:

@, =sech’ (ku)(g —BAJ (8)

The corresponding polarization state of the optical soliton is:

@, =sech? (ku)[(l) _OJ )
And they are converted to each other through the gauge transformation g, of
formula (3).

Under the weak field approximation, this transformation corresponds to the
process of two polarized photons being transformed into one graviton. Therefore,
we can analyze the transformation form of @ and calculate Tr (a)'z) :

Suppose original ®’ = ww , the trace is Tr(w?), after the transformation,

o' =g, 00, , then @’ = (guv gy )(guv g}y ) = g,y @og, , considering
95y 9y = ,hence Tr (co’z ) =Tr ( Juy 0OY], ) =Tr (a)a)gLT,V Juv ) =Tr(ow),and it
allows Tr (a)’z) =Tr (a)z) , which proves the trace invariance.

Furthermore, the coupling term R, F“’F’ becomes under the transfor-
mation: R, g/ F” -9 F’ =R, 0g/g,F”F, butsince R, isa tensorand the
rotation only acts on the polarization subspace (such as X, y ), then as long as
we limit the discussion to the non-zero R, components in the polarization
direction, such as R, , R, this combination is a contraction of symmetric
second-order tensors and remains unchanged under orthogonal transfor-
mations.

Hence g,, is a rotation transformation that acts on the polarization states
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@, and @, , ensuring that the Lagrangian remains invariant under the transfor-
mation, because it relies on scalar invariants (such as Tr(a)z) or Det(w) that
remain invariant under SO(2). Here the Lagrangian L is the scalar density,
which remains invariant under coordinate transformations. The gauge transfor-

mation @, (U) corresponds to a rotation in the x-y plane, Ze. the gravitational

part is J—0R,where R isthe Riemann curvature scalar and is invariant

6nG

. . . 1 .
under coordinate transformation; the electromagnetic part Z\/—g F,F* isa

scalar and remains unchanged; the interaction term is aﬁ R, F“F, which
is also invariant under orthogonal transformations, therefore, the Lagrangian is
unchanged under g, .

The gauge potential Equation (4) above, @, =g,v@, 0y, + 9oy, » is similar

to the gauge potential transformation in non-Abelian gauge theory:

w5 )

so the Lagrangian is based on the scalar invariant and remains unchanged.

e Qvm,Q, Iistherotation part, keeping Tr (a)z) unchanged;

e gyvdg,, introduces additional terms, such as g, dg,, :(

But here it is a generalized gauge transformation, which means that it can trans-
form optical solitons belonging to the electromagnetic field into gravitational sol-
itons belonging to the gravitational field. For the concept and framework of this
unified field theory, see references [13]-[18], that is, through the generalized gauge
transformation g,,, @, (two optical solitons) is converted into @, (a gravi-
tational soliton), see details in Appendix A. In quantum field theory, this corre-
sponds to two photons generating a graviton through gravitational interaction. In
classical field theory, the energy-momentum tensor T, of the electromagnetic

field is the source of the gravitational field:
R, —% Rg,, =8nGT ;" (10)

Therefore, two optical solitons (electromagnetic wave packets) may generate
gravitational solitons (gravitational wave packets) through energy-momentum
coupling. The unexpected detail is that this model implies the process in quantum
field theory under the weak gravity field approximation, that is, two photons (the
quantum counterpart of optical solitons) can generate one graviton (the quantum
counterpart of gravitational solitons) through the generalized gauge transfor-
mation. This differs from the description of classical field theory and provides a

potential connection from classical to quantum [19]-[21].

3. Key Points about Warp Drive and Time Machine

The above studies show that using the “Einstein-Maxwell type Lagrangian” and
generalized gauge transformation to transform optical solitons into gravitational
solitons may directly control the curvature of spacetime through the electromag-

netic field and avoid the need for negative energy. This method assumes that the
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electromagnetic tensor directly affects the curvature (such as the Weyl tensor
[22]-[24]) and does not completely rely on the traditional path of Einstein’s field
equations. For this purpose, we assume that:

1) The electromagnetic field is transformed into gravitational solitons through
gauge transformation (such as formula (4)), which directly controls the curvature
of space-time;

2) This mechanism does not rely on negative energy, but instead converts the
electromagnetic tensor into curvature (such as the Weyl tensor), bypassing the
energy-momentum coupling of the traditional Einstein field equations.

3) The “ring time machine” uses rotation and electromagnetic fields to generate
closed timelike curves (CTCs), which can realize time travel.

In the specific construction, first according to the form of

-A h, h

oty
eral perturbation is:

h, = Asech®(ku); h,=h, =Bsech®(ku); h, =—Asech®(ku) (11)

_ 2 A B _ hxx hxy . . .
@, =sech (ku) 5 = , it can be found that its mapping to the lat-

The corresponding perturbation is expanded to the metric as:

ds® = —2c’dudv +[1+h, ]dx* + 2h, dxdy + [1— Asech? (ku )J dy?

(12)
+c?sech? (ku)[A(x2 -y*)+ ZBnydu2

where H =sech? (ku)[A( X2 —y? ) + ZBny is dimensionless, but c?Hdu® has

the dimension of m?

Our goal now is to calculate the exact apparent velocity (Z.e. coordinate veloc-
ity) vy (including non-weak field conditions) under this metric perturbation
(11):

(1) Used Parameters:

h,, = Asech? (ku)
h, =h,, = Bsech?(ku)
h,, = —Asech? (ku)

by =

H =sech? (ku)[A(X2 -y° ) + ZBny (dimensionless)
e C°Hdu®: unit m?

(2) Calculation Target:

Along the X direction, v
h

« =2C (C is the intrinsic speed of the photon).

Consider how h
ity) v .
(3) Calculation method:

e Apparent velocity definition:

h,, affect the apparent velocity (coordinate veloc-

Xy Ty Yy

AX
0 Vg = where At is the propagation time of the photon in the per-

turbed spacetime;

0 Derived from the metric component @,, and the photon path.
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e Steps:
0 Determine the photon propagation along the x-direction (dy =0);
0 Calculate the compression effect of g,, on distance;
0 Derive v, and adjust the parameter to 2c.
According to the above settings, firstly we calculate v, along the X direc-

tion, since dy =0 we simplify the metric to:

ds? = —2c’dudv +[1+ h, ]dx* + c*Hdu? (13)

where h,, cross term contribution is zero (due to dxdy =0). Then according to

formula (13), the metric component is:

g,, =C?H =c?sech? (ku)[A(x2 - y2)+2Bxy]

0w =9 = _Cz
04 =1+h, =1+ Asech? (ku)

0 x=y=0 (disturbance center):

H=0
h,=A
O, =1+A

ds? =-2cdudv +(1+ A)dx*

Then the apparent velocity can be derived as follows: From flat spacetime:
ds® = —c?dt* + dx* =0, we can get the g, of perturbed spacetime to change the

spatial distance:

AX s = Oy AX (14)

where, Ax is the coordinate distance, defined in the coordinate system as
X, — X, in units of length (e.g. meters), but does not reflect the actual geometry,
AxphyS

metric g,, , and the apparent velocity is defined as shown above:

is the proper distance, the actual measured physical distance, scaled by the

ax

\Y} =
eff ,x At

(15)

where At is the coordinate time of the photon’s propagation, and Ax is the
coordinate distance. Here the coordinate time ( At) means that the propagation
time of the photon recorded by the observer (such as t, —t ), corresponding to
the propagation of Ax . The proper time of the photon ( Az ) is related to

ds* =—c*dz? =0. So the current calculation gives

0, AX
C

At= (16)

It is the coordinate time of photon propagation, that is, At is the time rec-
orded by an external observer (such as u=t coordinate system), which can be

compared with the intrinsic time Az=0 (light-like), and is different from
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At#0. Be careful not to confuse: At contains ./0,,AX (proper distance),

which is not similar to the construction of proper time:
At =[\/-g,dt (time-like) (17)

So At is the external time of photon propagation, not the proper time of the

: : : : . AX :
path itself. If in the superluminal scenario, assuming Vv , =—=2C, then it

JYAA
should be g,, =1/4, At =£=¥. That is, the coordinate time At of
c c

photon propagation is shortened, and the apparent speed increases due to space
compression. The apparent speed is the “coordinate speed” (such as the u=t
coordinate system), so At is the coordinate time, reflecting the photon propa-
gation time seen by the observer (u =t ). Thus, if the photon propagates along X,
considering the relationship between du and dv, we can use coordinate time

(based on light cone coordinates) to parameterize u=t, v :V(t) , X= X(t) R

d—uzl, ax_ ot x » and
dt dt ’
2
[%) :—202%+02H + (14 hy )V (18)

Then the geometric effect can be found:

gXX :1+hXX :1+A (19)

The photon propagation time is affected by g,, asshown in (16), and the appar-

ent velocity is:

. S (20)
A VLA VI+A
c
If we assume Vv, , = 2C, we have
¢ == (21)
1+A 4

Therefore, as long as the gravitational soliton

-A h, h

yX vy

A B hXX hx
@, =sech? (ku)(B j :[ yj takes the maximum value (that is, in the

region of ku <1), we can get

3 1

:1——:—

gxx 4 4
c

Veff,x __1_2(:
4

As for the influence of the hXy cross term, since dy =0 alongthe X direction,

h,, has no contribution, so we can calculate in the y direction by taking
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A= —% , maximum disturbance ku <1 and sech? (ku) =1, then we can obtain

vy

3 3
h ~Zsech?(0)== 22
2 (0) 2 (22)
g, =1+h, =1+3/4=7/4 (23)

Since along the y direction, dx=0, the metric (12) becomes:

ds? = —2c’dudv +(1+h,,, )dy’ +c’Hdu® (24)

and because of x=y=0,s0 H =0, we get
ds )’ 2 2
o) =% dudv +(1+hy, VG (25)

Then the apparent velocity in the y direction is

C
Vetty = f (26)
9y
Again, because of g, = 1+ hyy =1-A= % , SO we get:
~2C _0.756c 27)

veﬁ Y \/7

Now we havev, , =v, =2¢ (along x); V4 , =V, ~0.756c (along y); Assuming

eff ,x

xand yare perpendicular, we have

V. =V +V2 (28)
eff X y
2
» =(ZC)2+[%j ~2.14c (29)

\%
Here the direction angle 6 =tan™ (—y] is
V

X

0 = tan [ 27°5¢ =tan™*(0.378) ~ 20.7° (30)
2c

Therefore, we obtain v, ~2.14c > c, and the superluminal goal is achieved.

Furthermore, we can use a more rigorous method and consider the influence
of cross terms to solve the above apparent velocity again, and the detail process is
shown following 4 steps:

(1) Metric simplification and the photon equation of motion

In the central region ( x = y = 0 ) ignoring the higher-order terms (H ~ 0 ), the
metric (12) simplifies to:

NG

ds® = —2¢*dudv + (1—§sech2 (ku)j dx® +2-——sech? (ku) dxdy
4 4

(31)

+(1+%sech2 (ku)]dy2
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The photon trajectory (note: the intrinsic speed of the photon is constant at ¢, and
superluminal speed is only the coordinate speed) satisfies ds* =0, so by substi-
tuting it into (31) we get:

N

0 =—2c*dudv + (1—%sech2 (ku)j dx® +2 -TsechZ (ku ) dxdy

(32)

+(1+%sech2 (ku)]dy2

(2) Parametric path and speed definition
Let dx=v,du and dy=v,du (Note: v, and v, defined in this way are re-

lated to the coordinate time u =t, the coordinate quantities dx and dy, hence

. o dx d o
they are coordinate velocities, Vv, rm and v, :d—y . They are the velocities
u u

measured in the global coordinate system, which may exceed the speed of light ¢,
but do not violate the theory of relativity. Substituting them into Equation (32)
yields:

0=-2c%dv + Hl—%sech2 (ku)jvf +§sech (ku)v,v +(1+ jsech (k )) }du (33)
After rearranging, we get the differential equation:

dv 1 3 V7 3
— 1-=sech?(ku) |vi +-—sech? (ku)v,v +[1+—sech2 ku Jvz 34
oo (1S o s, o ) | 20
(3) Nonlinear coupling of velocity components

Considering the influence of cross terms, since the h, term in the metric

leads to nonlinear coupling of v, and v, , ajoint solution is required, therefore

v
an auxiliary variable k =L is introduced and Equation (34) becomes:
Vv

X

W Viz Kl—%sech2 (ku)j +gsech2 (ku)k +(1+%5ech2 (ku)] kz} (35)

du 2c

Here notice if ku<1, sech’(ku)=~1, the above Equation (35) can be simplified

to:

dv _ F £k+ k} (36)
du - 2¢? 2

(4) Synthesis and extreme value analysis of equivalent velocity

We apply an extremum condition, which corresponds to the direction in which
the photon path has the least energy consumption or the most stable propagation
under perturbations. We choose the minimum rather than the maximum because
the physical system tends to be in a low energy state, so we can let

d l+ﬁk+zk2 =0 (37)
dk|4 2 4
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The extreme value condition helps determine the ratio of the velocity components

k= —g, so that the photon is least affected by disturbances when propagating

in this direction, that is,

k=—1"=v, =—2_v 38
- y Vs (38)
then the modulus of the composite velocity is:
2
Ve =Vi +Vp =V, 1+(§J ~1.06v, ~ 2.12c (39)

So it can be concluded that in the central region where x;, y are small, the cross
term causes the velocity direction to deflect, but the effect on the total velocity
norm is small, and the total apparent velocity v, is still superluminal. Consid-

ering futher that the solution of gravitational solitons (see Appendix A) requires
7
A*+B?*=1,wetake B= e to be symmetric with |A| , enhancing the coupling

between xand y; but h, does not change v, .

4. Coordinate Velocities of Curvature Bubbles and CTCs

The two most important factors of this curvature engine time ship are that the
apparent speed of the curvature bubble is faster than the speed of light and the
CTCs produce time reversal in the bubble. These induced several concepts need
to be explained here:
1) The nature of apparent velocity:
0 Vg ~2.14c is the geometric effect caused by the metric perturbations
(h

O Similar to the Alcubierre drive [9] [25] as the space compresses in front

w> N> hy, ), not the intrinsic speed of the curvature bubble.
and expands in the back, the objects are stationary inside the bubble and
the observers in an external coordinate system (such as the Earth’s coordi-
nate system) to see the objects “moving” faster than the speed of light.

0 The annular beam generates a dynamic h,, in the x-yplane, and the cur-
vature bubble envelops the central region of the annular ring as a local
spacetime deformation zone, without requiring the annular device to be
physically moved.

2) Reasons why the inherent velocity is zero:

0 The passenger cabin is stationary in the center of the curvature bubble. Its
proper time Az is different from the external coordinate time At, but
the cabin itself has no spatial displacement in the curvature bubble.

0 Time travel relies on closed timelike curves (CTCs), generated by the global
effect of a ring beam rotating around the circumference of the ring, rather
than the motion of the capsule.

3) Is the curvature bubble moving?

O In the current design, the curvature bubble wraps around the center of the
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ring, the ring-shaped light beam rotates around the circumference of the
ring, the manned cabin is fixed at the center of the ring (x=y~0), and
the gravitational solitons generated by polarized light solitons compress or
stretch space-time to produce superluminal motion, but all objects in the
curvature bubble have no relative motion and are all stationary.

0 Later, we hope that the curvature bubble will wrap the annular spacecraft
and move along the Earth coordinate system at an apparent speed (such as
along the x direction), while keeping the CTCs in the curvature bubble
in “virtual” movement, that is, we can design 8 polarized light beams to
rotate around the circumference of the ring to produce this “virtual”.

4) Time travel mechanism:

0 CTCs do not rely on the bulk motion of the bubble, but rather on the twist-
ing of spacetime induced by the rotation of the ring-shaped beam (similar
to a rotating universe).

0 The passenger cabin is inside the bubble, and the external time is “ad-
vanced” because Vv, >cC, while the time inside the cabin flows backward
(ie, Ar<0).

O Further analysis shows that v, , <C means that light propagates slower
in the (y ) direction, which does not directly lead to time advancement,

but is the result of space-time stretching. To achieve “time to the future”,

if we adjust g, =0.5, ds*=-0.5¢dt” +%dy2 , dy=0 (time compo-

: . —ds?
nent compression), we can make the proper time dz = -— =-0.5dt,
c

thatis, dz <dt,the apparent time is greater than the proper time, and the
time in the cabin is advanced. However, in order to simplify the problem,
this article only involves the problems of time reversal and superluminal
speed in the subsequent analysis and design. Here we just mention that the
time ring machine we designed can advance time and rewind time in both
directions.

So here v, =2.14c is the geometric effect, not the physical speed of the cur-
vature bubble or ring. The ring device should be fixed in the cabin, the curvature
bubble is generated in the center, the passenger cabin is stationary inside, and the
time effect is driven by CTCs. Below we prove that the CTCs of this model do
exist:

First, the perturbation metric (12) is expressed in polar coordinates
ds? = —2c?dudv +c?Hdu? + g, dr? + 29, dr (edu) + g,,, (wdu)’ (40)

here, through the polar coordinate transformation x=rcosg, y=rsing, the
components of the metric are expressed as:

g, =Cc’H =c’sech? (ku) —%r20032¢+§rzsin 20 (41)
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g, =1+sech2(ku){—%r2cosng+grzsin 2(0} (42)
Upp = r2{1+sech2(ku){%rzcoszw—grzsin Z(pﬂ (43)

Then we calculate the closed integral (j.>ds2 , where the circular path is:

r=R=5m, g=wt, u=t,and the integration steps are as follows:

1) Metric simplification: By (dr=0), and du = d_(p’ the above metric (40) is
w

simplified to:
17
ds” =(-2¢* +¢°H + gwwz)7 (44)
2) Substitute the H component into
H :SEChZ(kU){—%RZCOSZ@+§RZSin 24 (45)
_ 2
Js? = [ (26 +C?H +9,,07)dp = 1.0+ 27R (46)
@ 1)
l 2n 2 . 2n h2 kq)
where ?.fo (c H )d(p: 0, since jo secl Y cos2pdp =0,
2n 2 kq) . .
. sech Y sin2pdg =0, therefore we obtain:
2 —4TCCZ 2
$ds® = 2R (47)

Note that here defining the integral of the quadratic form along the parameterized

2
path as cﬁdsZ = @(3—5] de . Substituting the numerical values for calculation
@

(R=5m, w :% =6x10"s™, ¢=3x10°m/s), the formula (46) becomes

A2
ij)dsz = 41'c20 +2nR* =-27R? <0 (48)
1)

If R=10m, then
ng52 =-nR :—314.16(m2)<0 (49)

That is, the more negative it is, the larger R is, and the higher the energy required.
From the above calculations, we can see that: the metric component of the central

4nc?
P

region g, :%: 2c ; and the circular closed integral (]Sds2 = +27R?;

time reversal is driven by CTCs and exists independently of superluminal speed.
Therefore, this model can mathematically satisfy both superluminal speed and
CTCs at the same time, and the both are realized through different metric com-
ponents without direct conflict. Specifically, the metric perturbation of the gravi-

tational soliton is separable: h,, (u) , dominates the space compression (2 times
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the superluminal speed in the X direction); h, (u) and H(u), dominate the

circular closed integral (CTCs). Their parameters are compatible: A= —% ,

7
B= 7 satisfying A’ + B? =1, without additional constraint conflicts. Therefore,

in the structure of this model, it is necessary to consider designing 8 polarized
beams evenly distributed on the circumference of the ring, with a difference of 45
degrees between each. In this way, energy demand and disturbance stability are
guaranteed, and energy focusing and central area compression coexist with annu-
lar disturbances; the total power required is estimated to be about P ~ 104w,
which is mapped to metric perturbations through gauge transformation. So the
numerical simulations show that metric perturbations are stable in the short term
(sech’ (ku) slowly changing). In this way, a curvature engine time spacecraft can
be constructed in which time reversal and superluminal physics coexist. The time
travel mechanism here are that CTCs allow closed timelike paths, and passengers
can cycle through the past and the future; superluminal speed shortens the exter-
nal observation time, and the internal time flow is controlled by the CTC. No
doubt, if the CTC is confined to a local bubble, global causality may be maintained
and further topological analysis is required. However, the calculation of time re-

versal can be performed, namely if let the return time be A7, then we can get

[ £ qe2
At zﬁ (50)

By taking R=5m, @=6x10"s™, from the above, we know that
(}Sds2 =-27R* = —157.08(m2) , hence we have

F=YIST08 ) 18x10°s (51)
3x10

That is, the period
T =2n/a)=27:/6><107 ~1.047x107"s (52)

and the backflow time of each cycle is 4.18 x 107%s.

5. Questions about Movement of the Curvature Bubble

Question 1: Does the curvature bubble envelop the spacecraft and make it travel
at superluminal apparent speed?

Although the apparent velocity v, ~2.14c is a geometric effect caused by the
metric perturbation, but there is no the intrinsic motion speed of the curvature
bubble or the spacecraft. Similar to the Alcubierre drive, the space is compressed
in the front and expanded in the back, the spacecraft is stationary in the curvature
bubble, and the external observer (such as the earth coordinate system) should see
the spacecraft moving at v, [16]. However, due to the fixed ring device in the
current design, the 8 soliton beams rotate around the ring in the x- yplane, gener-

ating a curvature bubble at the center ( x = y =0 ); the passenger cabin is station-
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ary in the bubble (intrinsic velocity = 0), and the time reversal is driven by CTCs;

therefore, v

« =~ 2.14c is alocal geometric effect, and the curvature bubble itself

is not designed to move as a whole. However, we do not want this “virtual geo-
metric speed”, but hope that the curvature bubble wraps the entire spacecraft and
moves along the earth coordinate system at a superluminal apparent speed (such
as Vg =~2.14c or higher) while retaining the time reversal effect of CTCs. To
this goal, the following adjustments from theoretical and engineering aspects are
made to the structure.

Firstly, we clarify the current limitations:

1) Static properties of curvature bubble:

0 In the current model, the curvature bubble is generated by the interference
of 8 light beams, and the perturbation peak is fixed at x~y=~0, which is
the center of the ring.

0 The spatial distribution of h,, = sech?(ku) is static (or only changes pe-
riodically with time) and is not designed to move along the Earth’s coordi-
nate system (such as in the X direction).

0 Vv, ~2.14c is the apparent speed of the test signal (such as a photon) in
the distorted spacetime inside the bubble, not the speed at which the cur-
vature bubble itself moves.

2) Sources of CTCs:

0 CTCs are generated by the spacetime twist induced by the beam’s rotation
around the ring (angular velocity @ ), relying on the global effect of g,
or g Wa)z .

0 This twist does not require the curvature bubble to move as a whole, but is
a geometric property of the circular path.

3) Challenges of wrapping a spaceship:

0 The current curvature bubble range is about L/k ~lcm (k =10°m™),
which is not enough to wrap the entire 10 m diameter spacecraft.

0 To achieve superluminal movement of the entire spacecraft, the curvature
bubble needs to expand to cover the spacecraft and dynamically adjust to
propel it along the Earth’s coordinate system.

So from above 1) - 3) analysis, in order to wrap the toroidal spacecraft in a
curvature bubble and fly along the Earth coordinate system at v,, while preserv-
ing CTCs, we need:

(a) Extended curvature bubble size:

0 Adjust (k): From the current k =10°m™ and the perturbation range
Yk ~0.01m toreduce k=0.1m" and to extend the range to

1

% ~10 m™, which allow the range enough larger to wrap around the ship

so that h, =Asech?(ku) is still possible. This reducing (k) does not
change (A) or v, , but requires increasing the beam energy to maintain
the perturbation strength.

0 Energy requirement: Since pg,, o h, o P/V, the volume (V ) increases
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by (10/ 0.01)3 =10° times, so the power needs to be increased from 10
W to about 10¥° W.
(b) Dynamically adjust the curvature bubble position:

O Virtual movement becomes real movement:

» The current “virtual move” is that the beam focus is adjusted so that the
h,, peak moves in the x-yplane (e.g., in a circle).

* Instead, move along a straight line (e.g., X direction): adjust the phase
and emission direction of the 8 beams so that the center of the curvature
bubble moves from (0, 0) to (x,(t),0), e.g. X (t)=Vyt.

* Phase modulation: ¢, (t)=k(X —X,(t)), the beam interference peak shifts
along the x-axis with time.

O Metric changes:

Since h,, = Asech? (k(x—veﬁt)), h,, = Bsech? (k(x—veﬁt)),
h, = —Asech® (k (X —veﬁt)) , this means that the curvature bubble moves at v ,
similar to the dynamic bubble driven by Alcubierre. The consistent movement of
h,, does not affect v, ; the curvature bubble moves at v,; precisely because
the central area (disturbance peak) moves at v, , which is achieved by the dy-
namic control of beam interference. The original solution is h, = Asech?(ku),
u=t or u=t—x/c,and the dynamic solution now is
h, = Asech? (k(X—Vyqt)), if U=x—v,t is defined. So ku=k(x—y,t) is for-
mally equivalent. Key difference is that the original u=t—x/c indicates that the
soliton propagates at the speed of light, while the new solution movesat v, (su-
perluminal). The mathematical form of the solution remains unchanged (still
sech?), but the propagation speed changes from cto v, . Physical consistency is
that the gravitational soliton generated by the gauge transformation depends on
the soliton properties of sech’ (ku) , not on the specific speed. v, =2.14c isa
geometric effect, determined by A=-3/4, and does not become invalid due to
the change in the definition of u.

(c) Preserve CTCs:

0 The beam continues to rotate around the ring (angular velocity
®=6x10"s"), maintaining g,, and §ds* <0 inside the bubble.

0 When the spacecraft moves as a whole, the annular structure is fixed inside
the bubble, and the CTCs effect moves with the bubble.

(d) Implementation:

0 Structure: The spacecraft is a 10 m sphere with 8 lasers distributed on the
sphere and a circular path retained inside.

0 Propulsion: The front beam is enhanced h,, <0 (compressed space), and
weakened at the back (expanded space), driving the bubble to move along
the x-axis at v, =2.14c (in a direction of 20.7 degrees).

0 Energy: 10" W (fusion or antimatter level) and material stress 10** Pa (gra-
phene composite) are required.

From these we get a desired result: The curvature bubble wraps the spacecraft,

flying along the Earth coordinate system at v, =2.14c, and the passenger cabin
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inside the bubble is stationary, and CTCs keep time flowing backwards.

Question 2: The generation of curvature bubble, the relationship between ve-

locity and apparent velocity

6.

1) How is a curvature bubble created?

Physical mechanism:

0 The curvature bubble is generated by the interference of 8 polarized soliton
beams, through the gauge transformation (4) converting electromagnetic
disturbances into gravitational disturbances h,, .

0 The beam is emitted along the ring tangentially, with polarization rotated

1

(rotation of polarization @=10°s™ and rotation around the ring circum-

ference with an angular velocity of 6 x 107 s7!, forming an energy

density peak in the x~y=~0 region, so that p, = %260E2 , Eoc \/E ,

8 beams superimposed, and pg,, ~10" J/ m?®, see detail calculation of en-
ergy in Appendix B.
Gravitational effect: The gravitational field is generated through the energy-
momentum tensor T, of the optical soliton. This relationship is supported
by the Einstein field equations.
Under strong fields, the nonlinear effect of h,, is significant, and the form of
@, provides a localized space-time curvature, which is consistent with the
physical image of gravitational solitons.
o h, =-3/4sech’(ku) and other disturbances form a curvature bubble,
and local spacetime is compressed or stretched.
2) What is the speed of the curvature bubble?
Intrinsic velocity: In the current optimized design, the curvature bubble wraps
around the entire ring-shaped time machine, with intrinsic velocity = 0 (rela-
tive to the spacecraft or ring). But the position of its central region changes
with time to make CTCs motion. The beam rotates around the ring (velocity
C), but does not drive the bubble to move.
Apparent velocity is defined as the speed at which a bubble or signal moves as
seen by an external observer (e.g., in the Earth coordinate system). The appar-
ent velocity is the “moving speed” of the bubble, and v = C/ \/a is con-
trolled by h,,, and related to the beam polarization angle. The optimized cur-
vature bubble moves at v, =2.14c (or higher) along the Earth coordinate

system.

Sudden Jump in Apparent Velocity

From the above calculations and analysis, we can know that the curvature engine

time spacecraft we designed has good performance at about 2.14 times the speed

of light. If the radius of the spacecraft is 5 meters, the reflow time is

+157.08

r=—""""~4.18x10%s=4.18 nanoseconds. However, considering the

3x10°

requirements of real long-distance interstellar flight, the apparent speed and re-
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flow time of this curvature bubble are not enough. For this reason, we envision
a jump speed solution. That is, considering the apparent speed is
C c

Cc
Ve S J0e JLHH, VLtA

If H,, isverycloseto -1, then v, may be very large. For this reason, we can

consider that it tends to —1 in 1 nanosecond and then returns to its original value.
Then the v,; may tend to an extremely amazing value in 1 nanosecond, for ex-
ample, the apparent velocity reaches 1000c¢ or more. The following analysis is
made:

(1) A—>0.9999 sudden jump risk and feasibility

The relevant background parameters are given by the above analysis and calcu-

lation, here the Metric perturbation form as formula (12), namely

ds? =—2c?dudv +[1+h,, Jdx* + 2h, dxdy + [1+ h,, J dy® +c*Hdu?
where
h,, = Asech? (ku)
h,, = Bsech® (ku)

h,, =—Asech? (ku)

="

H =sech? (ku)[A(X2 - y2)+ZBXY]

0 A*+B’=1 (eg A=-3/4, B=+7/4)
The apparent velocity is

__C 0, =1+h, =1+A

Vo =—F——
ff \/@

when A — -0.9999, we have
O, =1+ (—0.9999) =0.0001

-— % _100¢

Vo 70,0001
The sudden jump concept is that the ultra-high v, and significant time re-
versal are produced, by briefly jumping A from a small value (such as -0.9) to -
0.9999 and then quickly returning.
(2) Potential dangers
Even assuming unlimited energy and material strength, the following risks may
exist for sudden jumps:
1) Singularity Risk
0 Problem: When A — -1 orexceeds —1 (for example, due to control error
becoming —1.0001), g,, =1+h,, , which causes the metric sign to flip
(from (-, +, +, +) to an unphysical state), possibly forming a naked singu-
larity.

0 Consequences: The fabric of spacetime could collapse, creating a black
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hole-like effect that could destroy the ship or the surrounding area.

O Mitigation: Short jumps (e.g. At =1ns) may not allow the singularity to
form completely in time, but require ultra-precise ( A ) control (accuracy <
107*), such as the control technology of elementary particle flow in elemen-
tary particle experiments.

2) Causal destruction

O Problem: Extreme space-time distortion with v, =100c may induce
closed time-like curves (CTCs), especially in the ring design where
$ds?* <0.

0 If the abrupt jump amplifies the CTCs effect, it may cause excessive time
reversal and trigger causal paradoxes (such as the “grandfather paradox”).

0 Consequences: Timeline confusion, the ship may go back in time and
change its own history.

0 Mitigation: temporarily limit the scope of CTCs (such as backflow within
the cabin only), or accept the many-worlds interpretation (return to the
parallel universe).

3) Gravitational gradient and tidal forces

0 Problem: g,, suddenly drops from 1 to 0.0001, the space is compressed
violently, and the gravitational gradient (tidal force) may reach an extreme
value: curvature oc 0°h,, /ox oc k?Asech® (ku)tanh(ku) . If k=0.1m™,
A=-0.9999, the curvature surges.

0 Consequences: Even if the material strength is sufficient, objects or occu-
pants in the cabin may be torn apart by tidal forces.

0 Mitigation method: The jump time is extremely short (<10~ s), or a uni-
form disturbance field is designed to reduce the gradient.

4) Quantum gravitational effects

0 Question: When g, — 0", the curvature of space-time tends to infinity
and may enter the Planck scale (I, ~ 10 m ), where classical general rela-
tivity becomes invalid.

0 Consequences: Unknown quantum gravity effects could collapse the per-
turbation, or trigger an unpredictable collapse.

0 Mitigation: Short jumps may allow a “jump start” through the danger zone,
but the instantaneous response of quantum effects remains unknown.

(3) Physical impossibility
Even if energy and materials were unlimited, there are still potential obstacles:
1) Control accuracy limit

0 A=-0.9999 needs to be accurate to 107 level, any small deviation (such
as —1.0001) will make g,, <0.

O Current technologies (such as laser phase control) may be less accurate
than this, and in the future, quantum computing plus Al-level control may
be required.

2) Soliton stability
0 The soliton form of h = Asech’ (ku) may be unstable, decompose or
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dissipate when A— -1.
0 It is necessary to verify whether the conversion of optical solitons to grav-
itational solitons can sustain such extreme perturbations.
3) Causal Protection Hypothesis
0 Hawking proposed [26]-[28] that quantum fluctuations may prevent CTCs
or extreme superluminal effects, automatically destroying the state of
g,, 0.
0 Short jumps may be circumvented, but this still needs to be verified exper-
imentally.
(4) Feasibility of short jumps
Advantages: If the jump is completed within At=1ns, singularity and cau-
sality problems may not have time to develop.
Travel distance: AX =V At =100cx10~° =300m .
Time reversal: The Az of a single jump needs to be calculated by 95ds2 ,
which may be small, but multiple jumps can be accumulated. The key is to
design an instantaneous return mechanism (such as laser pulse switching), for
example, to ensure that the time window < 107 s.

Moreover, repeated numerical calculations have found that increasing the

number of rings or beam superposition effect is a feasible optimization direction,

which can not only increase the time return flow A7 to the target value (for ex-

ample, the return time to the Andromeda Galaxy is —410 years), but also try to

maintain the main calculation results of the original model (such as v, and

beam surround mechanism), while considering energy saving. The following is a

detailed optimization design and calculation process:

1) Optimization objectives and constraints
Target
V4 =10'c, to the Andromeda Galaxy (2.5 x 10° light-years):
Sailing time: 91.44 days
Reflow time: —410 years ~ —1.293x10"s
Constraint
@ =c/R (the speed of the light beam around the ring is the speed of light ¢),
which is not easy to adjust.
h, = Asech?(ku) (A determines v, ), maintaining the gravitational soli-
ton form.
Cj}ds2 =-2nR? is the single-ring base value.
Energy saving: avoid large increases in beam power (e.g. 10** W to higher).
2) Increase the number of rings or beam superposition effect
Principle
Single loop reflux:
0 When R=5m, @=6x10"s", ggdsz =-157.08m’ (Single loop path
integration), the time reflux for single loop is Az =-4.18x107°s;
0 When R=10m, 0=6x10"s", §ds’=-628.32m’,
A7 =-8.36x10"°s,
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e Multiple rings stacking:
0 (N) rings run in parallel, each ring contributes cjﬁ)ds2 =-2nR?, total time
return is Atz , where q‘)dstfm, =N ><(—2nR2) is defined as N loop

VN x 27R?

C
0 Advantages: It does not change the single-ring h,, or @, and only am-

path integration, hence A7, is Az, =-

plifies the CTCs effect through superposition.
Calculate the number of rings required ( N )
e Target: Andromeda return —410 years;
e For R=5m, we have:
Total number of cycles: 91.44x8.25x10" ~ 7.55x10", Period (T ) of a single

cycle (the time it takes for the beam to go around the ring):
2n_ 2n 6.2832
o 6x10°  6x10
1 1
uency (f)): f===-——"—-~9549x10°Hz (or cycles/second); There
queney (F ) 1 =4 = ur2w107 (or <y )

are 24 x 60 x 60 = 86,400 s in a day, n,, (Number of cycles per day)
= f x86400 = 9.549x10° x 86400 ~ 8.25x10" ; flight time:
91.44 days x 86400 s/day = 7.9x10°s ; total number of cycles:

n= f xflight time =9.549x10° x 7.9x10° ~ 7.55x10"* . Hence
0 Single reflow time: total reflow time/total number of cycles
_ -1.293x10%
~ 7.55x10°
0 N loop integration paths
sty =—(3x10°xL71x10 ) ~-2.63x10° m?,
2.63x10°

0 The numberof N loopsis N =="—"—~1.67x10".
157.08

~1.0472x107"s ; Number of cycles per second (fre-

~-1.71x10"s,

e For R=10m:
0 Number of cycles: 91.44x4.13x10" ~3.78x10%,

B 10
0 Single reflux: &xlﬂ ~-3.42x107"s,
3.78x10
0 s, =—(3x10°x3.42x10°)" ~~1.05x10° m?,
10
zw ~1.67x10".
628.32

However, we later found from the energy calculation that N =1.67x10" is too
large and the energy requirement may be too high, so it is more realistic to adjust
the number of loops to N ~10°, then we have:

0 For R=5m:

gSols2 =-10°x157.08 = -1.57x10" m?

V1.57x10’

Ar=————"—~-132x10"°s
3x10

= Daily Reflux: —1.32x10°x8.25x10" ~ —1.09x10°s ~ —12.6 days,
= Total return flow to the Andromeda Galaxy: —99.8 years.
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O For R=10m:
<j‘>ds2 =-10°x628.32 = -6.28x10" m?

\6.28x107

AT=————F—~x —2.64x107°s
3x10

* Daily reflux: -1.27 x10°% ~ —14.7 days,

* Andromeda Total Reflux: —199.6 years,

= Furthermore, when N =2.7x10°, the total return time to Andromeda is:
—413 years (reach the target). Therefore N ~10° does indeed superim-
pose and amplify CTCs well.

7. Design of Further Structural Solutions

According to the above calculations and analysis, we set the target as: V,, =10"c:
the navigation speed is achieved by A=-0.99999999999999 . Single loop:
ngsz = —2nR? = —628.32 m?, single return flow: Az =-2.64x10"s; total return
flow required —413 years: @ds2 =—6.28x10" m* (selection: R=10m,
N =2.7x10°).
I) Structural design
e Concept:
O There are 8 main beams, each containing N = 2><105/8= 25000 optical
solitons, and every 2 generate 1 gravitational soliton.
o Specific design:
0 Beam construction: Each beam is a high-density pulse sequence with a
pulse frequency of 3 x 10° Hz (correspondingto R=0.1m).
0 (25,000) optical solitons propagate in parallel within a radius 10 m stacking
ring.
0 Gravitational Solitons: Each pair of optical solitons generates
h,, = Asech?(ku) through the gauge transformation
@, =9y @, 9y +9ovdd,y ; total (12,500) gravitational solitons in each
beam and are together 10° in 8 beams;
0 The path square of every singlering is
$ds® =—-628.32 m* x10° = -6.28x10" m’.
e Energy:
0 Each bundle power is 10™ W x 25000/8 ~3.125x10" W,
0 Total power is 2.5 x 10 W.
II) Recommended solutions and construction details
1) Light source:
0 8femtosecond lasers (wavelength 1550 nm, pulse width 100 fs), with power
10MW.
0 Each output (25,000) optical soliton sequences, with frequency 3 x 10° Hz.
2) Beam path:
O Mainring R=10m, circumference 62.8 m.

0 The optical soliton propagates along the ring, with a polarization angle of
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0 ~70" (Gauge transformation solution).
3) Gravitational soliton generation:
0 (25,000) solitons in each beam, grouped into (12,500) pairs.
0 Each pair is generated by interference and gauge transformation as
h,, =—0.99999999999999sech’ (ku).
4) CTCs system:
0 There are a total of 10° gravitational solitons superimposed,
Ar=-2.64x10"s.
0 Switch control: pulse pause, stop reflux.
5) Energy optimization:
0 Total power 2.5 x 10 W,
0 Pulse operation (10% time): 2.5 x 107 W.
IIT) Verification and Results
Time reflux: Andromeda: —413 years, matches target.

Velocity performance: V, =10"C unchanged, 91.44 days of navigation.

Controllable devices: CTCs can be paused to ensure safety of energy in certain
period of navigation.
IV) The following is a detailed calculation:
Question 1: Cumulative time of jump speed and return flow calculation
Concept clarification

Jump speed:

0 Inactual navigation, V, =10"C may be a “jump form”, that is, the space-
craft reaches a very high apparent speed (close to the metric singularity) in
a short period of time, and then pauses or slows down. This method may
be because h,, — —1 will cause the metric to be unstable, and continuous
operation is unrealistic.

O Assuming that the duration of each jump is very short (e.g., microsecond
or nanosecond level), multiple jumps are accumulated to reach Andromeda.

e Target:
0 Andromeda distance: 2.5x10° light-years = 2.37x10” m,
0 Smooth sailing: t=91.44 days=7.9x10°%s.

Calculate cumulative time

¢ Single jump:

0 Assume h, =-0.99999999999999 (v, =10"c), jump time
t
larity).

jump =10"s (1 microsecond, close to the controllable limit of the singu-

0 Single displacement:

AX =V x At =3x10"x107° =3x10°m

jump
¢ Number of jumps:

0 Total distance: 2.37 x 10*? m,
O Required times:

| 2.37x10%

12
jumps =~ 5 s =7.9x10
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e Cumulative time:

0 Assumedkickinterval At = 10°s (1 milliseconds, cooldown/reset time):

ttotal = N jumps ><<Atjump + Atpause)

~7.9x10”s ~ 250 years

=7.9x102 x(lo-6 +10'3)

0 If the interval is shortened to 107 s:
tow = 7-9%10% x2x107° =1.58x10" s ~ 183 days

Reflow calculation
¢ Single-shot backflow:
O Singlering: Az = -8.36x10%s (R=10m),
0 N=10°: Ar=-2.64x10"s,

0 Number of loops within the jump: = 3x10"s, At =107"s,

jump
n=3x10"x10"° =30
Ar.  =-2.64x10"°%x30=-7.92x10°s

jump
e Total reflux:
0 Ny =7.9%x10%,
0 Afgy =-7.92x10°x7.9x10" ~ -6.26x10%s ~ —19.8 years .
Adjustment
e Original target —413 years, need to increase the jump frequency or (N ):
o If N=27x10":

A7 =-4.35x10"°s,A7.

Jump

=-1.305x10""s,

AT =-1.305%107" x7.9x10" ~ -1.03x10% s ~ —32.6 years

o If reflux (—413 years) is required, the jump time or frequency needs to be ex-
tended.

So from the above analysis and calculation we can draw a conclusion: 183 days
is the cumulative time of the jump, and the return flow is —32.6 years. If we want
to optimize it to —413 years, we may need At = 10°s, N =5x10°. These will
greatly increase the energy requirements, so we change the goal to a total return
flow of time as 32.6 years instead of —413 years. The following calculation is for
this change (please also refer to Appendices C for detail calculations of time re-
wind).

V) Further precise calculations:

1) Defining Metrics
* Aty (Time for a jump): The duration of a single V4 =10"c or the dura-

tion for a spacecraft to reach v, once. Formula: Manual setting (e.g. 107°s).
* At,. (Bump Interval): The pause/cooldown time between two jumps. For-
mula: Manual setting (e.g. 107 s).
o At,, (Jump cumulative time): Total time to reach Andromeda,

N e (Atjump + Atpause) > Attotal =N jumps X (Atjump +At

jumps pause )
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® Ny, (Number of jumps): Total jump times,
Total distance d
Nioms = VAt
eff jump
* Aty (Singlejump backflow time): CTCs reflux within a single jump,
®
AT jump = ATgngie X Njumy » Where Ny = 2—n>< Aty -
* Aty (Single cycle reflow time): The reflow time of the beam around the
. (ﬁ dsszingle 2 2
ring once, A7y =— , where <j‘>dsSingle =-2nR".
C

e Ar,, (Totalbackflow time): Cumulative backflow of the entire Andromeda

Voyage, Az-tolal = Az-jump xN jumps *

e E_. (Total energy consumption): Total energy requirement,
Eiotat = Paingtle X N X N 00 XAty 0, where Py, is the power of a single ring,

N is the total number of rings.
2) Further optimization of calculations ( At ,,, ~183 days,

ATy, =—32.8 years)
e Andromeda distance: d =2.37x10%m,
e v, =10"c=3x10"m/s,
e R=10m, @=3x10"s™,

Single ring: s, =—628.32m’.
Step 1 setup: At =183 days

At =183 days =1.58x10"s,

o Aty =10"°s, At . =10"s,
7
Ny =t 198107 _7 g, 950
At + AL 2x10

jump pause
Single displacement: AX =V XAt = 3x10"° x107° =3x10° m
jumps X AX = 7.9x10" x3x10° = 2.37x10% m.
Step 2 calculation: Ar,, =-32.8 years
At =-32.8 years = -1.035x10°s,
Az,  —1.035x10° §

o = = - ox1g7 < L3110 ‘s,
jumps '

) 3x10’
: = —X A . -
MPom ™ 6.2832x10°°

ATy,  -1.31x107

Verification distance: d =N

o At

e n ~4.77x10°x107° =4.77,

o AT = = z—2.75><1075$,
T e 4.77
e (N ): Solving the formula A7, = —sz'sz for N is
o 3x10
7
_ 6.80625x10 ~1.083x10°
628.32
e Verify that goals are achieved:
5
Aty = \1.083x10 >8<628.32 o 2.75x10°s.
3x10
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Ar.  =-275x10°x4.77 ~-1.31x107*s,

jump =
AT =—1.31x10" x7.9x10" ~ -1.035x10° s ~ —32.8 years
Step 3 hazard control: (h,, —-1)

A=-0.99999999999999 (V,, =10"c),
Threshold: A, =-0.9999999999 (v,, =10°c),

o Aty = 10°s short enough that feedback control ( A ) avoids singularities.
Step 4 energy control:

o Singlering: P, =10"W,

e N =1083x10°,

e Total power: Py =Py xN =10" x1.083x10° =1.083x10° W,

s =1.083x10" x0.01=1.083x10" W,

xAt.  =1.083x10" x%xw =8.56x10%]

jumps jump

Pulse operation: P,

Eotar = Potar et XN

tota otal e

| =8.56x102J.

The above calculation optimization results are listed as following Table 1:

o Pulse optimization (10% time): E,,

Table 1. Optimize parameter calculation list.

Index Definition Formula Value

Aty Time for a jump Settings 10%s

Al e Time for a pause Settings 10°¢s

N; Number of jumps 4 7.9 x 1012
e Veff x Atjump '

Aty Jumps cumulative time N X (At jump T+ Atpause) 183 days (1.58x10s)

[~ ds? —2.75x107°s
ATgnge Single cycle reflow time <ﬁd55.n9|e

c (N =1.083x10°)
ATy, Single jump reflow time ATgoge X % XAt -1.31x10™"s
ATy Total reflow time AT jimp X N jumps -32.8 years (—1.035x10%s )
Etota fotal enengy Paingte X N X N jumps X Ay 8.5 ><.102th .
consumption (Pulse Optimization)

3) Goals achieved

o At =183days, Az, =—-32.8years, ie half a year to reach Andromeda
from the earth, making one 32.8 years younger, and a round trip takes one
year, so the time flow back is —65.6 years, which is very suitable for human
travel.

e Danger control: Vv, =10"c, At =10"°s, feedback regulation ( A) safety.

jump

e Total energy for the entire voyage is required 8.56 x 10** J; the specific calcu-
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lation for the total energy is as follows:
0 Volume calculation: beam cross section 1/k =0.01m (soliton width), area
a=0.01=10"m?; ring circumference L=27R=62.8m, (R=10m),
volume V =axL=10"x62.8=6.28x10"°m?.
O Energy calculation for the single cycle time:
Eqinge = Laser xsingle cycle time =10" x 2.094x10" =2.094x10"J .
Notice here 10™ is the laser power (actual high-power lasers can reach this
level), and single cycle timeis T = 2n__2n —~2.094x10"" s, therefore we have
o 3x10
_ Esingle _ 2094-><:|.07
Pewsnge =y~ 6.28x10°7
If pulses are used, pPgyg,qe can be further reduced by 1%, that is,

Pesinge = 3-33x107 J/m®, then we can obtain:

~3.33x10° J/m°

0 Total power: Py, =Py x N =10"x1.083x10° =1.083x10"° W,
0 Pulse operation: Py, , =1.083x10" x0.01=1.083x10" W,

1.58

0 Eyw =Powier XN At =1.083%x10" x7x107 =8.56x10%].

jumps x jump

Where assuming the laser power: P, =10 W (the reasonable range of ac-

single
tual high-power lasers), bypassing the overly complicated derivation of Einstein’s

equations, and obtaining reasonable values of pgyge: P

ingles Etorar @0d 50 0n, the

detailed calculation can be found in Appendix C.

8. Design for Safety

Safety is one of the most critical challenges in this design! When the apparent
velocity V4 =107c, the A of the gravitational soliton (ie., the amplitude of
h, ) is very close to —1, and the accuracy is required to reach the 14th decimal
place (for example, A=-0.99999999999999 ), which not only places extremely
high demands on the control system, but also needs to consider the influence of
microscopic perturbations such as quantum fluctuations and the uncertainty
principle. We propose to set a reasonable threshold by the polarization angle 6,
and combine it with the analysis of the role of (N ) to try to hit the key points.
The following is a detailed analysis of how to control ( A ) not to reach —1, explore
the relationship between (N ) and v, , and draw on the exquisite methods in
elementary particle physics or laser technology to propose a feasible solution.
(1) The core of the security issue: the risk of A—> -1

Apparent velocity and ( A)

* v, =L, 0, =1+h, =1+ Asech? (ku), if v,; =10c, then we have

O
O, =107,9, =101+ A=10"",
A=-1+10" =-0.99999999999999
o Existing risks:
o If A=-1, g, =0, v, — o, the occurrence of metric singularities and

spatiotemporal collapse may lead to spacecraft disintegration or uncontrol-
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lable effects.
0 Control accuracy requirement: The fluctuation of ( A) should not exceed
107", which is highly susceptible to quantum fluctuations or measurement

€rrors.

Quantum fluctuations:

O The electromagnetic fields ( E ) and ( B ) of optical solitons are affected by
vacuum fluctuations, AEAt > h/ 2.

o If pg, =3.33x10’ J/ m® (pulse optimization value), fluctuations may in-
troduce small disturbances, but amplification effects are significant under

strong fields.

Uncertainty principle:
0 The measurement accuracy of polarization angle 6 is limited by
A6Ap > 1/2, which may lead to uncertainty in A=cos26 .
(2) Analysis of the relationship between (N ) and v,

We found that N is related to time reflux and power, but not to apparent

velocity, the role of verification and clarification (N ) is as follows:

/N x 27tR?

0 ATsingle = _7 ’

0 N=1083x10°: Ary,, =-2.75x10°s, Ar,, =-32.8 years
0 (N) amplifies the CTC effect, which is proportional to the reflux time.

The Source of v :
0 V. isdetermined by ( A) and has no direct relationship with (N ):

C
V., =——, A=c05260,(Obtained by solving the gauge transformation
eff N Y g gaug
equation).

0 N=10" or 10° does not directly affect v, , but reduces Az, .

Power relationship:
0 l:)total = single><

mand, but the v, isstill controlled by 6 (ie A).
(3) Strategy for controlling ( A)

N, the larger the value of (N ), the higher the energy de-

Key: Control the polarization angle &
A=c0s20 (assuming sech’(ku)~1 at peak):
0 Vv, =10"c: 1+c0s20=10", cos26 =-0.99999999999999,
20 ~180° —2.56x107°deg, € ~90° -1.28x107°deg
0 Ensuring that 6<90° is the key to avoiding A=-1.
Set threshold
Safety threshold:
0 Ifsetting v, =10°c: 1+A=10", A=-0.999999999999,
c0s 26 =—0.999999999999, @ ~90° —1.28x107° deg ;
0 The precision requirement is reduced from 107** to 107'?, which is more

controllable than setting V,; =10c.
0 Control methods:

Laser polarization precise modulation:
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0 Technical reference: Using high precision laser interferometers (such as
LIGO) with polarization angle control accuracy of 10~° rad (Approximately
5.7 x 107® deg).

0 Method: Using a polarizing beam splitter and an electro-optic modulator
(EOM) to adjust @ in real-time and maintain 6 <90°.

* Feedback system:

0 Monitor h,, (through interference intensity or soliton power), if
|A| >0.999999999999 reduce 6 or decrease laser power.

0 Response time: 10~ s (picosecond laser technology) is required responding
time period.

* Quantum fluctuation suppression:
0 Compressed state light: Compressed light technology in quantum optics
canreduce AE and control the uncertainty of 6.
(4) Feasibility and Optimization
Threshold suggestion
e v, =10°:

0 At,, =1830days (It takes 5 years to get from Earth to the Andromeda
Galaxy, but traveling within the Milky Way is sufficient), the total reflow
timeis Ar,, =-328years (Scaleby N ~10°).

O High safety, energy requirements may be relatively decreased.

Experimental reference

Particle Physics: The magnetic field control accuracy of the LHC (10 T) can

be used for electromagnetic field stabilization.

Laser technology: Phase locking of femtosecond laser with an accuracy of 10712
sensors @ stability.
Below, we will derive the value of the polarization angle 6 and its control ac-
curacy requirements for three cases of V4 = 10%¢,10%c,107¢c, and analyze the cor-
responding (A) (e, the magnitude of h, ). Accuracy will be expressed in de-
grees or radians, while considering practical technical feasibility. The following is
the detailed calculation process:
1) Calculation formulas and basic relationships

Firstly, the apparent speed can be calculated by

- 1+h,, =1+ Asech?(ku)

Vet \/a 1 O

where we assume sech? (ku) ~1 (peakvalue) and A=c0s26 . Then our targets
are to calculate A, @ and to determine the control accuracy of 8 (ie. Af)
for ensuring that A does not reach —1.

2) Calculate @ and accuracy

Case 1: v, =10°c
e g, and (A):

C

g, =—=10%9,=10°1+A=10"° A=-1+10" =-0.999999
veff
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e Value @ and radians:

cos 20 =—0.999999, 26 = arccos (—0.999999) ~180° —0.02546°,

0~90°-0.01273";20 ~ 1—4.445x10™*,0 ~ g— 2.2225x10™* rad

e Control accuracy:
0 If A=-1 (singularity): cos26=-1,260=180",0=90";

0 Maximum allowable deviation:
A(20)=180"—(180" —0.02546" ) = 0.02546",
A6 =0.01273 ~ 2.2225x10™ rad

0 Accuracy requirement: & should be controlled at the level of 10~ rad.
Case 2: Vv, =10°c
o g, and (A):

Jo, =10°,g, =102 1+ A=10",
A=—-1+10"* = -0.999999999999

0 Value 6:
€0s 26 =-0.999999999999,
26 ~180° —0.00002546°, 0 ~ 90° —0.00001273°

0 Radians:

20 ~ n—4.445x107,0 zg— 2.2225%107" rad

0 Control accuracy and maximum deviation:

A(26)=0.00002546°, A6 =0.00001273" ~ 2.2225%107 rad

0 Accuracy requirement: Level 1077 rad.
Case 3: Vv, =10'c
o ¢, and(A):

J9, =107,g, =10 1+ A=10"",
A=-1+10"" = -0.99999999999999

0 Value 6:
€0s 26 = -0.99999999999999,
20 =~180° —0.000002546°,0 ~ 90° —0.000001273°

O Radians:
20 ~ - 4.445x10°,6 ~ g— 2.2225x10° rad
0 Control accuracy A@ and maximum deviation:
A(26)=0.000002546", A6 = 0.000001273" ~ 2.2225x10"° rad

0 Accuracy requirement: Level 1078 rad.

Therefore the above results can be expressed in below Table 2:
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Table 2. Control parameter calculation list.

Vgt (A) 6 (degree) 0 (radian) A ecog:;rlee) A BCO(I;Zrdoilan)
10%¢ —-0.999999 90° - 0.01273° g— 2.2225x10™ 0.01273° 2.2225x107
10%¢ —0.999999999999 90° - 0.00001273° g— 2.2225x1077 0.00001273° 2.2225x107"
10°'c  —0.99999999999999 90° - 0.000001273° g— 2.2225x10°  0.000001273° 2.2225x10°®

3) Technical feasibility analysis
Accuracy requirements
e v, =10°: Ar~10"*rad (about0.0057°),
e V4 =10°c: A@~10"rad (aboutx 107°),
e v, =10"c: AG=~10°rad (about5.7 x 107°).
Existing technology
= Laser interferometer (such as LIGO):
0 Phase control accuracy: 107 rad,
0 Satisfying v, =10°c and 10°c,but 10'c slightly exceeds the limit.
* Femtosecond laser lock-in:
0 Phase accuracy: 1072 s (corresponding to an angle of 11078 rad level) can
cover all situations.
* Quantum Optics:
0 Compressed state light: reduce A@ to 107" rad (theoretical limit).

9. Conclusion and Expectations

We have proposed a method for controlling the spacetime metric by generating
gravitational solitons through gauge transformation of optical soliton beams, thereby
enabling the apparent velocity of a circular time spacecraft to reach astonishing
superluminal speeds of 2c to 10'c, realizing the dream of exploring distant
galaxies and participating in time travel to rejuvenate life. The data obtained in
this article is astonishing, but there are also many paradoxes related to galaxy
travel and time machines involved. This article only explores the design of physi-
cal calculations, structures, and security from the perspective of theoretical phys-
ics and technology, without delving into these paradoxes or philosophical aspects.
But the author believes that with the ultimate discovery of gravitational solitons
by humans, an era of using gravitational solitons or gravitons to design superlu-

minal spacecraft or time machines will eventually arrive.
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Appendix

Appendix A. Conversion of Optical Solitons into Gravitational
Solitons

I) The calculation process of converting 2 optical solitons into 1 gravita-
tional soliton

1) Initial optical soliton:
0 Each laser emits an optical soliton, and the polarization states of the two

1 0
optical solitons are =sech2(ku)[0 J,

0 Spatial distribution sech? (ku) represents the local envelope along the u
(time) direction, where k=0.1m™.
2) Rotate polarization:

0 The polarization rotator applies ¢, (@ ( (t ))

cos(w(t)) —sin(w(t))
o (1)= (sm(a)(t)) cos(a(t)) (AD
dgy, _do(t) de(t —sm(a) ) —c?s(a)(t)) a2
dt dt cos(w(t)) —sin(a(t))
Note that @, is in the form of zero in vector space, so the definition of the

exterior differential is: dgy, (Y)=Y(gy )= dgstV , Y =d/dt is the tangent

vector in the time direction. So the derivative term of the gauge transformation

here usually takes the form of a time derivative:
@ (t) = gov e Guv + Guv (dgyy /dt) (A3)

3) Transformation calculation:
0 Item 1:

L (ws(a(t) sin(o(0) )1 o
Guv @, Gy =sech (kt){—sin(a;(t)) cos(w(t))}(o —1]
) cos(w(t)) —sin(a)(t))]

[sin(a)(t)) cos(a(t)) (Ad)
:sechz(kt){ co-s(2a)(t))) —sin(Za)(t))J

0 Item 2:

_do(t)(0 -1
gUVngV _T[ j (AS)

4) Mapping to h,, , we get the equation:

sech? (ku)[: _BA]
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cos(2w(t —sin(2w(t -1
=sech? (ku) ( “(t) (20(1) +da)(t)[0 ] (A6)
-sin(2w(t)) —cos(2m(t)) d \1 0
0 Matching of diagonal terms of equations:
cos(2wt)sech? (ku) = Asech? (ku) = A = cos(2at) (A7)

O Matching of off-diagonal terms of equations (U =t ):

Top right corner: —sin 2e(t)sech? (ku) _da(;_t(t) =Bsech? (ku) (A8)

Lower left corner: —sin 2e(t)sech? (ku) +da;_t(t) =Bsech? (ku) (A9)

After eliminating sechz(ku) from the two equations, we can combine the
above Equations (A8) and (A9):

—sin 2a)(t)+da(;—t(t)-cosh2 (ku)=—sin Za)(t)—da(;—t(t)-cosh2 (ku)  (A10)

This allows

do(t do(t
Zﬂocoshz(ku)=0:>ﬂ:0 (A11)
dt dt
. .. do(t) . .
Therefore, @(t) must be a constant. Substituting ot into Equation
(A8) or (A9) yields:
B =-sin2m(t) (A12)

So the solution to the differential Equation (A6) is a constant:
w(t)=9(u)=%arccos(A):—%arcsin(B) (A13)

where A and B satisfy A*>+B®=1.
Therefore, by solving Equation (A13), we can choose an appropriate gauge
transformation matrix g, (u) to convert the polarization state «, of the op-

tical soliton into the form of the gravitational soliton @, , that is,

1 0 )9 A B H B
=sech? (ku = @, =sech?(ku = * Y1 (Al14
O N R (A H g TS
. 3 . J7 . .
Since 005(29):—Z<0,and Sln(20)=T>0, 20 islocated in the second

quadrant. Solve for the principal value of 26 , which is calculated by inverse trig-

3 3
onometric functions: 26 = m—arccos [Z] , where arccos (Z) is the solution of
cos(x) = —% in the first quadrant. Considering periodicity, the general solution

is 9:2n—larccos § + kmarccos E .
2 4 4

arccos Gj ~0.7227 radian (about 41.41") (A15)
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Principal value solution is 6 = 21—0.7227 ~1.2094 radian (z 69.29°) .

NG

All solutions that meet the conditions are: B = T ~-sin(20),
A= —% =c0s(26), 6~1.2094 radian (z 69.29") A 4B=1;

N

hxxz—gsechz(ku), hxy:TsechZ(ku), h :%sechz(ku).

vy

IT) The disturbance of gravitational solitons on space-time
1) Optical solitons through gauge transformation
In this model, gravitational solitons are converted from the electromagnetic
disturbances of optical solitons through gauge transformation. The core equation
of the gauge transformation above is (Al, A6), note that here UV =0, U
represents the region of electromagnetic action of optical solitons, and V repre-
sents the region of gravitational action of gravitational solitons. These two regions
are usually different, but now the intersection is not equal to 0.
O @, : The polarization state matrix of the initial optical soliton (represented
by electromagnetic field),
O 0,y : Transformation matrix (rotation matrix),
0 @, : The transformed matrix represents the gravitational perturbation:

) cos20(u) —sin26(u) _ hy hy
sech (ku)(—sinze(u) —cosZH(u)j [h hj (A16)

yX vy

So @, isa matrix generated from the optical soliton @, through gauge trans-
formation, representing the disturbance of the gravitational field. It directly re-
flects the local deformation of spacetime, corresponding to the perturbation com-
ponent h, —of the metric. Gravitational solitons are not perturbations in weak
fields, but excitons in strong gravitational fields, which can significantly change
the geometry of spacetime (suchas h, — -1, g,, —0 driving superluminal ef-
fects and time reflux.
2) Why does it correspond to h,,, h, , h ?
0 Roleof @,: @, isthe matrix obtained after the generalized gauge trans-
formation, which represents the perturbation of the gravitational field and
is directly related to the perturbation of the metric h,, .
0 Under strong fields, the nonlinear effect of h,, is significant, and the
formof @, provides alocalized space-time curvature, which is consistent
with the physical image of gravitational solitons.

0 The metric perturbation matrix is usually written as:

he he Ry h,

h — xt XX th Xz (A 1 7)
vt yx yy vz

X 7y prd

0 In this model, the gravitational soliton mainly acts in the x-y plane (the

plane of the ring beam), which is simplified to a 2 x 2 matrix, so @, is
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defined as:
h [h“ hxyj (A18)
% = Li =
' {h, h,
where directly assignments are
* h, =Asech?(ku),
= h, =Bsech?(ku),
2
= h, =—Asech®(ku).
3) Consistency
e Symmetry:
0 h, is a symmetric tensor, h, =h,, which is consistent with the «,

matrix form.
e Soliton characteristics:
o sech?(ku) provides spatial locality, which is consistent with the physical
picture of gravitational solitons.
e Metric perturbations:
o g, =1, +h, where n, =diag(-1111), thisis not limited to the weak
field assumption.
0 g,=1+h,, g,=h,, g, =1+h ,
0 Vg4 = C/ M depends on h,,. In strong fields, when h, — -1,
0,, — 0, and the apparent velocity increases significantly.
0 @, represents the electromagnetic polarization of the optical soliton, and
@, is converted to gravitational perturbations through g, . (A) and (B)
are the transformed coefficients that determine the spatial distribution of
the gravitational field.

A B
Therefore, @, =sech? (ku )( 8

Aj is the result of the gauge transformation,
which represents the gravitational perturbation matrix. It is directly mapped to
the metric perturbation by, so the physical meaning of the gravitational soliton

is the local deformation of spacetime, @, — h;, and these components define the

ij 2
geometric effect of the curvature bubble.

Appendix B. Energy for v, =2.14c

1) Objectives and Assumptions
o Target speed: v =2.14c
e Turn off the reflux system: thatis, N=0 or N =1 (not relying on a large
number of gravitational soliton pairs to produce CTCs), and only the superlu-
minal effect remains.
e Destination: Fly to Proxima Centauri, which is approximately
d = 4.24 light-years = 4.01x10"° m away.
e Basic parameters:
0 Pyge= 10" (single laser power, assumed above),
0 R=10m, ©=3x10"s",
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o At,  =10°s, At =107°s.

jump pause

2) Calculate the metric of v =2.14c and (A)

¢, g, =l+h, =1+A= A=—%z—0.782
gXX

¢ Polarization angle: A=cos26 = 70.815", which is much lower than 6 =90

e Metric: v =

at 107¢, and is safer.
3) Travel time calculation
e Coordinate time At :
0 Distance d=4.01x10"m,
d  4.01x10%

o Attotal =

= ~6.246x10" s =1.98 years
Ve 6.42x10

O Result: It only takes about 1.98 years (about 2 years) to fly to Proxima Cen-
tauri, which is much shorter than the time at sub-light speed.

4) Calculate E

¢ Number of jumps N

total
jumps *

d  4.01x10°
Ve XAt 6.42x10° x10°°

Jump

~6.246x10%

jumps T

e Total time verification:

At = N s X (At + Aty ) = 6.246x10% x 2x10°° =1.249x10%s

jump pause )

o Close the backflow system:
0 In the previous article, N =1.083x10° was used for CTCs. Now, N =1

(only single beam effect, no amplification of reflux);

0 Single energy: E;. =Py XAty =10"x10"° =10°J
0 Total Energy:
E E. xNxN. =10°x1x6.246x10" =6.246x10%*J

total — jump jumps

0 Pulse optimization (1% duty cycle, strategy as above):
E, . =6.246x10% x0.01=6.246x10"J

total

Although this energy is about 1000 times that of a large nuclear explosion (e.g.
15 megatons of TNT, 6.3 x 10'¢]), this is the energy required for the total distance
traveled. The energy of each pulse is: 10° J.Current laser technology (10'* W) and

future energy sources (e.g. nuclear fusion) can gradually approach this goal.

Appendix C. Time Rewind

Assuming laser power: P, =10 W (the reasonable range of actual high-

single
power lasers), we bypassed the overly complicated derivation of the Einstein equa-

tion and obtained reasonable values of Pgygingies Pingier Etorar » €tc. The following is

single !
a clear table containing parameter definitions, calculation formulas, and results to
ensure that the logic is rigorous and easy to understand:

1) Confirm the acquisition of relevant parameters

e V=6.28x10"m?’: The volume of a single soliton’s path.
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0 V=axL=10"m?*x2nrx10m=6.28x10"°m?,
0 a=0.01"=10"m? (beam cross-section), L=62.8m (R=10m ring

circumference).
*  Ejuge = Pinge XT = 2.094x10" J : Energy of a single loop.
0 Pige =10"W, T= 2n__2n - ~2.094x10""s,
o 3x10

0 Egpge =10"x2.094x107" =2.094x10"J.
E.

O Peysinge = — 2= =3.33x10° J/m° : Energy density of a single loop.
2.094x10’

o pEMSingIe = W ~ 333><109 J/m3 .

®  Dewsingle = 3.33x10" J/m® : After pulse optimization, the energy density is only
1% of the original.
0 Pulse duty cycle 1%: 3.33x10°x0.01=3.33x10" J/m°.
Here:
0 (V) is the volume of the soliton in the circular path, based on the cross-
sectional area and circumference,
o E

cycle time.

sngle 18 the energy of a single loop, derived from the laser power and the
O Pewsingle =3.33x10°J/m® s the energy density in continuous operation,
and 3.33 x 107 J/m? is the result after pulse optimization, reflecting the en-
ergy saving effect of 1% duty cycle.
2) Calculation details and optimization verification

e Continuous operation:

0 Psingle = 1014 W b4
0 Ejnge =2.094x107J,

O Pewsinge = 3-33x10°J/m?
e Pulse optimization
Duty cycle 1%:
Pingeer =10 x0.01=10" W (Effective power),

o}

o}

O Pesings = 3-33%10°x0.01=3.33x10" J/m?,
0 Total power: P,
o
(o}

otal = Paingle XN =10"x1.083x10° =1.083x10"° W,
Pulse operation: P, . =1.083x10" x0.01=1.083x10" W,
Evoar = Potatett X N jumps % Atjump =1.083x10" x%xw =8.56x10%].

3) Organize the parameter table
Below are the complete parameter definitions, calculation formulas and result

table which cover all key indicators:

Parameter Definition Calculation formula Results
(R) Circular path radius Settings 10 m

() Beam angular velocity around 3x107s!

<
ring R
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Continued
. 2n .
(T) Single surround cycle — 2.094x107"s
1)
(V) Single orbit path volume ax2nR (a=0.01%) 6.28x10°m?
Puingle Single laser beam power  Set value (assuming high-power laser) 10w
single Single surround energy Pingle XT 2.094x10"J
Pesinge Single round.energy density Egingie. 3.33x10° J /m3
(continuous) \Y
. . E . 7 3
Pevsinge Single round energy density Esnge bty cycle 3.33x10"J/m
(pulse) \ (1% Duty cycle)
A 2
(N) Gravitational soliton pairs ( Fsingle 'C) 1.083x10°
2nR?
Aty Jumping time once Setting 10°%s
At pause Jump interval time Setting 10°%s
N Jumping frequency Aluns 7.9x10%
jumps I X
e Atjump + Atpau:;e
o ) 183 days
Abigrar Cumulative time of jumps N jmps X (At jump T Atpause) (158x10"s)
Niump Number of single jump cycles % X Aty 4.77
/ 2
ATgngie Single cycle reflux time _VNx2nR" —2.75x107°s
Cc
AT i Single jump reflux time ATgngie X Njgmp -1.31x10s
) —32.8 years
ATy Total reflux time AT % N jynes (-1.035x10%s )
8.56x10% )
Eota Total energy consumption  Paingie X N % N0 x At x Duty cycle %
(1% Duty cycle)
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