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Abstract. The idea of superluminal travel in the framework of General Relativity has firstly been
introduced by Miguel Alcubierre. Instead of puncturing through a hole in spacetime as in a
wormbhole, this method of spacetime geometrical modification manipulates the geometrodynamics
contraction and expansion of spacetime curvature so that the intended travelling object’s
hypersurface surfs on the surrounding spacetime hyperspace. In the general relativity framework,
this feat requires exotic matter that violates the null energy condition. However, in the braneworld
framework, the bulk space may naturally support the geometrodynamics requirement without
violating the energy condition. In this paper, we will explore in more detail mathematically, how the
concept has been derived in the framework of General Relativity, and how by embedding the extra-
dimensional terms that represent bulk space of braneworld the travelling object’s hypersurface may
fly-through the bulk hyperspace. We begin by developing the metric to formulate the energy density
expression that governs the spacetime of "flying-through-hyperspace" geometrodynamics in relation
to the necessary parameters describing the spacetime hyper-warped bubble for the braneworld
hyperdrive.
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1. Introduction

To be a spacefaring civilization with current rocket propulsion technologies that is utilizing Newtonian
orbital mechanics, humankind could only travel within the solar system and yet still acquire years of
travel to surpass the outermost regions of the solar system. Thus, not to mention the sensible of
humanity’s dreams for interstellar or perhaps intra-galactic travel, if just by using Newtonian
mechanics-base propulsion technologies, because even if such endeavour may approach up to 99% the
speed of light [1] which is an almost impossible feat by itself, the journey will still take several years,
even of tens to hundreds of thousands of years [2]. Thus, the speed of light, tremendously huge as it
may seems, but nevertheless, if the astronomical scale of the universe is to be considered, light speed is
still slow. Therefore, the idea of hyper-fast travel that could surpass many folds the speed of light is
very much an interesting subject to study [3].

Surpassing the speed of light seems to violate the law of physics. This notion is true if Special
Relativity (SR) is taken into consideration. SR says that any subject of travel that holds any amount of
mass could never even achieve the light speed, not to mention exceeding it. This is due to the increase
in relativistic mass asymptotically toward infinity as the subject approaches the speed of light,
consequently requiring an infinite amount of energy. However, in General Relativity (GR) the concept
of spacetime geometrodynamics [4] seems to show that the dynamics of spacetime itself does not
constrain toward any limit. This notion has been proven at least in the cosmological scale level when
we consider the signatures of the inflationary period of the universe [5] and the proven observable
phenomenon of accelerating expansion of the universe [6]. GR has shown that the dynamics of
stretching and folding of spacetime may exceed the speed of light by either short cutting the spacetime
as in black hole and wormhole [7] or superluminally stretching the spacetime via expansion as during
the inflationary period of post big bang or via contraction as during the theoretically possible scenario
of the big crunch period, or the very dynamics scenario of spacetime expansion and contraction in the
new cyclic universe conjecture by Anna ljjas et. al. [8].

Thus, the idea of superluminal travel is not about finding a way of violating SR. Instead, it is a
geometrodynamical possible scenario in various GR frameworks. Essentially there are two concepts of



superluminal travel: “short cutting” or “surfing” on the spacetime. Short cutting concept is about
reducing tremendously the distance between two different coordinates as in the wormhole theory which
require the topological breaking of spacetime itself, either naturally (from subatomic quantum foam)
[9] or induce (through entanglement) [10]. The surfing concept; involves embedding a bubble of warped
spacetime hypersurface onto the surrounding hyperspace and using the transition region of warped
spacetime properties between the bubble and the surrounding hyperspace that defines the bubble’s
extrinsic curvature to govern its dynamic’s character of expansion and contraction of spacetime.

In this paper, we investigate the idea of spacetime “surfing” which was first introduced by
Alqubierre [3] by further exploring the mathematical derivation underlying the subject in a rather
elaborate detail. Moreover, we study the braneworld cosmological concept that can possibly influence
the embedding mechanism of warp bubble. We will introduce a new method of warp drive using brane-
bulk fluid [11] interaction that enhances the warp drive concept toward the hyperdrive concept.
Braneworld [13] cosmology suggests that there exists 1-dimensional higher spatial extra-dimension
than the 3-dimensional space, known as bulk, that may contain fluid-like substance described by Weyl
tensor [7]. The 3-d universe is the 3-dimensional spatial brane floating in 4-dimensional spatial bulk.
Thus, in deriving the warp bubble expression, the extrinsic curvature not only require to be dealt with
warp bubble hypersurface with brane but also with bulk-brane interaction [14] in line with the idea that
spacetime inflation is driven by geometrodynamics of the interaction.

2. The metric property of hyperspace warp bubble

The concept of spacetime “hyper-surf” is very much about manipulating spacetime locally, thus we
may start by considering a flat spacetime metric that not only describes the hyperspace surrounding the
“hyper-surf” spacetime region but also the “interior” of the hyper spacetime region that is by itself a
flat hypersurface-brane with respect to the surrounding hyperspace-bulk region [14, 15, 16] that is

ds” =—dt” +(1+Y? )dr® +r’d6” +r’sin’ od¢’ 1)

Imagine the “surfing” spacetime region as a warp bubble that moves along the x axis with a velocity of
v,

v

Figure 1. Spacetime warp bubble “surf” (moves) along X axis with velocity of v

S0, we may rewrite the metric (1) as
ds® =—dt* +(dr|, —vdt)2 +Y2dr? +r’d@® +r?sin® 6dg?, @)

which preserved the essence of equation (1) whereby, if the bubble doesn’t move, the equation (2) will
become (1) again. For representing the characteristic of the bubble where the center is located at r =0

and the radius of the bubble can be assigned as R we may consider a function f = f (r)where f =1
always within the bubble’s radii |r| =R,
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Figure 2. Function f = f (r) characteristic with bubble radii
Thus, the essence of equation (2) is always preserved and we may rewrite equation (2) with the inclusion
of the function f = f(r)as

ds® = —dt? +(dr|X —vf (r)dt)2 +YZdr? +r?do® + r’sin’ 0dg” . (3)

If we consider condition at the center of the warp bubble where the spatial coordinate is (vf (r)t,0,0)

which then obviously shows equation (3) reduce to ds® =—dt®. Since the different of proper time is

defined as minus of the line element thus dz®=-ds® therefore dt’=-ds®=dz>which obviously
implies the null-time dilation characteristic of the bubble as proper time is the same as coordinate time
7 =t. Inside the bubble, spacetime condition is as normal as in a stationary non relativistic condition.
We may now expand this notion to find the geodesic and free fall characteristic of the warp bubble. By
relationship of proper time and line element metric, dz? =—ds? =-g,,dx“dx" we may obtain the

extremum [3] of the proper time as below to obtain Lagrangian terms in handling curvature invariants
of the warp bubble [12]

r=[|-g,.%xx"d2, 4)

which is the extremum expression of the proper time. We may obtain the Lagrangian from equation (4).
But before expanding (4) to obtain the Lagrangian we may have to expand and rearrange metric
equation (3). We also consider a flat spacetime inside the warped bubble where the extradimensional
term that represents bulk space is negligible, that is Y = 0. Thus, we may write
ds® =—dt” +(dr| —vf (r)dt)2 +r’d@® +r’sin® 0d¢4?,
=—(21=v*f (r)")dt* —2vf (r)drdt+dr® + rd6” +r°sin’ 6dg” ©)

so we identify the metric components which are

900=V2f(r)2_1’ 9012910:_Vf(r)v 0, =1, gzzzrzv gsszrzsinZH, (6)

by (4)

2 2
(3_/11} ) 3,712 =(1-v*£2)E + 2ufrf —¢* —r*6” —r’sin* 04° =g, X“X" . 0



From the pure definition of Lagrangian L:%q2 where q=s(x(t)), as a coordinate position of a

metric, thus
—dz?  ds?

o2 .2 -\2
== () == 2L 8
q S ( T) d//{,z dﬂlZ ()

since —ds®* =dz® ; ds®=-dz?,

242
and from (7)and (8) g, X“X' =(1—v2 F2)E + 2vfit —r? —r?6 —r’sin® 0g° = 322 =% therefore
2 2 A2 . .
(S—ZJ = 332 = dd/; =G> =g, XX =—(1-v* £ ) —2vff+ 1> +r°60° + r’sin® 04 = 2L,
thus, the Lagrangian is
L :%(_(1_\/2 £2)E —2vfit + 7% + 126 + rsin” 02, ©
and rearrange as,
1 o 2p2, 2027 (¢ 0\2
L:E(—t + 1267 + 12 sin? G + (i — Vi) ) . (10)

We may parameterize the geodesic using proper time itself taking 4 =7 thus the dot indicates the

derivative with respect to . By Euler Lagrange equation i(ﬁj—izo and from (10) we
or\ox* ) ox*
have 4 equations as follow

0/ . . o e AV
a(—t—vf(r—vft))+(r—vft)t—(dt ) -0 , (11)
O /0 ey o e O(VF)
E(r vIE)+ (¢ vft)t—ar|x =0, (12)
a_é . ..6(vf)_
ar+(r vft)t—ae =0, (13)
o . O(VF)
6r+(r vft)t—a¢ =0, (14)
where obviously the solution shall be
X = (X0, 5,5, %) =(£,1,0,4) = (1,v(,0,0), (15)

which are 4 velocities for Eulerian observers that follow timelike geodesics. Since x=v(t) f (r(t))t' :

asat r=0, f=1 and moreover A =7 so that t=dt/d1=dt/dz =1 (since t=rin the warp bubble),
thus the spatial velocity of the warp bubble is at v which is not constrained by the speed limit of light.
This notion of timelike characteristic in the warp bubble can also be proven by considering the following
and referring to the metric equations (6), thus by x, =g, X"

uv



for XDZQOVXVaSince 9022903201 _:1, —=—=vand f =1
or or
ot OX
X, =(v3f?-1)—+(-vf)—=-1 16
0= )=+ () (16)
for XlzgleV!Since g12:g13:Ov ﬂZ:I-, %Z%ZV and f =1
or or
ot 0OX
 =(-vf)—+_—=0, 17
%= () - (7

%, =(-1,0,0,0) (18)

"

is defined as covector that is normal to the hypersurface [3] given by dt=0, and by equation (15)
X, X = -1 confirming the time-like characteristic of the warp bubble. This ensure that the vehicle inside

the bubble can be at stationary or moving at sub-light speed that does not violate the speed of light.

Defining 8 =—vf (r) we may rewrite equation (5) as below

ds® =—(1- 4% )dt* + 23drdt + dr® + r’d6” + r’sin’ 0d g’ (19)
In tensorial form
p=5B
dr? +r?d6” +r?sin” 0d¢® = 5,dx'dx’
pdx = Bdx', (20)

where i, j=1,2,3, which by equation (5) obviously shows that B =—v is only in the direction of the
bubble’s motion. Otherwise it is zero. Therefore, for this case where the bubble is “surfing” along the
x axisonly g = ﬂr‘x =-v while others z,, 5, =ﬁr‘y,ﬁr‘z =0. Now equation (19) in general tensorial

form, can be rewritten as

ds? =—(1— '8 )dt? + 23 dx'dt + 5,.dx'dx’ . (21)
i 1 1]

For even more generalized term to suit the metric tensor g,, of equation (21) the term a =,/a'a, =1
is introduced, thus precisely the equation (21) should be written as

ds? :—(a2 - BB )dt2 +23,dx'dt + &;dx'dx’ (22)

which is the metric as firstly proposed by Alqubierre [3] describing the spacetime metric of warp bubble
hypersurface.



3. Shape function
The function f = f (r)is considered as the shape function of the bubble where the conditions required

areas in Figure 2 where the value is f (r)hr‘<R =1 inside the bubbleand f (r)hr‘>R =0 outside the bubble.

Alqubierre [3] has shown that the function can be written as

tanh (o (r + R))—tanh (o (r —R))
2tanh(oR)

f(r)=

, (23)

ois a factor of the bubble’s thickness. We may investigate this function in four conditions of warp
bubble radii which are as follows:

3.1 The radii is at the positive bubble radius (toward the direction of travel) r=R

At the bubble radius, transition between f =1 and f =0is supposed to be abrupt. However equation

(23) will ensure some delay in the transition but controllable. This transition from 1 to 0 also represents
the spacetime contraction in front of the warp bubble in the direction of travel. As r =R, equation (23)
can be shown to reduce to

tanh( (2R))
R 2tanh(oR)
tanh(o(R))+tanh(o(R))

~ 2tanh( (oR)(1+tanh? (o(R)))’

f(r)

thus
1

= 1+tanh*(oR)

f(r)

(24)

The equation (24) implies that the function’s transition is dependent on the value of the bubble thickness
factor. As the bubble thickness factor reduces toward zero the transition will occur abruptly from

r)|M<R =1 toward f (r)|M>R =0

3.2 The radii is at the center of the bubble r=0
The center of the bubble is where any physical object, a test particle or even a vehicle, stays stationary.
As 1 =0 equation (23) can be shown to reduce to 1 as the following

f(r)._, = tanh(a(;tll;zilg)(a(—R)) and since tanh (o (-R))=—tanh(c(R)),

_ tanh (o (R))+tanh (o (R))
r=0 2tanh(oR)

=1 . (25)

3.3 The radii is at the negative bubble radius (toward the opposite of the direction of travel) r=-R
Similar to the case in 3.1 the transition from 0 to 1 at the rear of the bubble radius is supposed to be
abrupt. However, the equation (23) will ensure controllable delay in the transition. This transition from
0 to 1 also represents the spacetime expansion at the rear of the warp bubble as it moves away toward
the frontal spacetime contraction in the direction of travel. At r =—R, equation (23) can be shown to
reduce similarly as in the case of 3.1



~tanh(o(-2R)) _ ~
" 2t (oR) and since tanh(o(-2R))=—tanh(c(2R)),
_ tanh(o(2R)) _ tanh (o(R))+tanh (o (R))

2tanh(oR) - 2tanh(aR)(1+tanh2(a(R)))

f(r)

therefore
1

i S S
(") 1+tanh®(oR)

(26)

3.4 The radii is at the exterior region of the bubble |r|> R

The exterior region will exhibit flatness of spacetime after the shape function transitions at the rear
spacetime expansion (f =0— f =1)and at the frontal spacetime contraction (f =1— f =0). From

equation (23) as r <-R, (r|,_,+R)<0 and (r| _, —R)<-2R thus

() = tanh(a((r|r<7R +R)< 0))— tanh (G((FLGR -R)< —ZR))
r<0 2tanh(oR)

since tanh(o'((r|r<7R +R)<O))z—l and tanh(o-((r|r<7R —R)<—2R))z—1 thus f(r) _ ~0

r<-

as r>R, (r|_,+R)>2R and (r|_ —R)>0 thus
tanh(a((r|r>R +R)> 2R))—tanh(a((r|r>R -R)> O))
R 2tanh(oR)
since tanh(a((r|r>R+R)>2R))z1 and tanh(c(r|_, —R)>0)=1 thus f(r)_ =0

r>R
thus

f(r)

By Algubierre warp bubble shape function equation (23) sharp transition of shape function as in Figure
2 becoming rather gradual as depicted in the following figure

~0 . (27)

[

f(r)

Figure 3. Function f = f (r) characteristic with bubble radii with gradual transition

The transition region between the warp bubble interior and the surrounding spacetime is actually the
governing factor for the dynamic characteristic of the warp bubble.



4. Dynamic of expansion and contraction
The transition region is best described by deriving the extrinsic curvature. The relationship between the
extrinsic curvature of the warp bubble and the surrounding spacetime is depicted below.

WARP BUBBLE EXTRINSIC CUR\.-‘ATURE

Jnm

Figure 4. The extrinsic curvature between warp bubble and the surrounding spacetime

Beside the flat spacetime base metric that represents the locality, the “surfing” concept is also about
embedding a bubble of warped spacetime hypersurface onto the surrounding hyperspace. The transition
region of warped spacetime properties between the bubble and the surrounding hyperspace can be
elaborated further by the extrinsic curvature. Consider the definition of an extrinsic curvature that is the
Lie derivative of the projection tensor h; =h’ hfgy{,. which is the rate of change of the projection tensor

along the normal vector field n; [13]
1 .5
Kij zzhi hj Lngyo‘- (28)

The normal vector of concern here is actually the vector representing the direction of travel of the warp
bubble n=./nn' =,/B B =/ . Thus we may rewrite (28) as follows

K, —Ehyh" 49 (29)

y5

which can then be expanded as the covariant derivatives of the warp bubble direction of travel vector
. and reduce toward the expression derived elaborately as the following

[aﬂ ey g”] (30)
thus, reduced to
Kuzé(@iﬂjﬂ-ajﬂi), (31)

which is essentially an equation of motion of the warp bubble. The matrix of the extrinsic curvature is

Ky Ko Ky
K=Ky Ky Kyl (32)
Ki Ki Ky



where its trace describes the spacetime dynamic’s characteristic y indicating the warp bubble
surrounding space of either expansion or contraction

y=—alrK | (33)
=—a (K, + K, +Ky),

oY
=—a 5rﬁr —vf (r)?Yr +89ﬂ6 +8¢ﬂ¢

butsince g,=4,=0,

thus, the dynamics characteristic term is reduced to

2
z=—o{arﬂ, or J . (34)

2
where VZ_ZYr =V, » IS the velocity of the bulk. Therefore, the dynamics characteristic can also be
2

expressed as y =a(Vy, —0,5,). The dynamics characteristic term indicates the warp bubble

surrounding space of either expansion or contraction and also its proportionality with velocity.
Expanding 0, S,

:_[ (t)afa(xr)+f(r)avé—xt)J:—v(t)afé(rr) (35)
vov(t)= 2l e ) _o(d/d) (36)

dt OX OX

It represents the velocity of the warped bubble with respect to its surrounding spacetime (in the brane)
without considering the bulk space factor. Thus, it can also be considered as the on-brane velocity

V=V, Inequation (36) and the following equations, X, is the position of the moving warp bubble
with respect to its point of origin.

1
r= r(x,t):[(x—xb (t))2 +y2+ zj}z , X, =X, (t) thus dx, = dX;t(t)dt, X, = &, (t)t (37)

Figure 5. Warp bubble dynamics parameters
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From (35) and (37), since 8,3, = -v(t) , considering V=V it can

6X - brane ar 6X brane !

(x—x,(t)) of (r) : , :
be shown that 9,, B, = ~Virane p . Thus, from equation (34), the spacetime dynamic
r r

characteristic

z Z_a(arxﬁrx —Vbu,k)=a Vorane (X_ % (t)) a (r) F Vour |- (38)
e r or

let o =1 for simplicity and hyperdrive velocity is defined as Vi, = Viane + Vour

brane

Figure 6. The extrinsic curvature between hyperdrive warp bubble and the surrounding spacetime

The hyperdrive velocity is an accumulation of warped bubble on-brane velocity pushed by the
underlying bulk velocity as depicted in Figure 6. Analogically as if wind that represent bulk, push the
kite surfing surfer that represents the warp bubble. Thus, from equation (38), the overall dynamics

(x=% (1)) af (r)
r or
of the hyperdrive warped bubble with brane and bulk interaction is also depicted in Figure 6.

characteristics indicator expressionis y =(V,p — V) + V- Theextrinsic curvature

From this expression we may study the warp bubble regional characteristics that consist of interior-
exterior and transition regions. In the interior region of the warp bubble, f =1, while in the exterior

region of the warp bubble, f =0. Consider only the dynamics of warp bubble with respect to the
surrounding space that is the brane only, thus V,,, =0. The warp bubble interior and exterior region
spacetime dynamics characteristics can be depicted as



= A=V,
rane r &.

(xxz,(r»{af(rn ] = (x—xb(f»[af(r)I ]
’ : f(r=R)=0

| f(r<-R)=0 %

a

r
Exterior region —-R 0 R Exterior region

Interior region

(x—xb(r))[af(r)

— Vbrane
r Or

=0
f(—R<r<R)=1

Figure 7. Spacetime dynamic characteristics in the warp bubble interior and exterior regions

Thus, the expression that represent interior-exterior region is

zzvbrane<x—xb<t>)[af<r)| }:mee(x—xb(t» o (1)

0. 39
r or | r or (39)

f(r|>R)=0

This indicates the disconnection between warp bubble regions of interior and exterior while preserving
flat non-dynamics character.

At the transition where f(r):0<1, 60, these regions constitute two thickening walls with
thickness & =1/c along the direction of the warp bubble travel.

f(r)
] .EI_“_’V r
-R ¢ R
§| |

Figure 8. Spacetime dynamic’s characteristics at the warp bubble’s transition regions

The transition region will show the characteristics of spacetime expansion and contraction. At the front
of the bubble, in the direction of travel

(x—&ﬁn[ﬁ(ﬂ|

<0, (40)
r or |(f1)a(f0)]

X = Vbrane



Figure 9. Transition region at the front of the bubble

of (r) .
po <0, thus x-x,(t)>0, therefore x,(t)<x, which represents space
(f=)-(f=0)
contraction. In the transition region at the rear of the bubble, opposite to the direction of travel (as
opposed to contraction condition (€ <0)), thus & > 0 that is equation (38) is positive in value.

(=% (1))[ of (r)
= Viorane >0, !
x r o(r) |(f:1)a(f:0) -

S(r)

i

since,

—

U’“:

Figure 10. Transition region at the rear of the bubble

of (r) _ ot (-r)]

since also that = <0, which implies that ﬂ<O as always (of either during
6(!’) 8(—r) ‘(f:l)—)(f:O) or

contraction or expansion) , and & > 0 (as opposed to contraction condition), thus x — X, (t) <0, therefore

X, (t) > X, which represents space expansion.

5. Velocity expression

By the Einstein field equation, the relationship between the warp bubble velocity and the energy density
can be acquired. Expanding the Einstein curvature tensor G, in terms of Ricci tensor, rearranging in
terms of the energy momentum tensor and multiplying both sides of the equation with timelike vector
t* as below

1 1 L1 1 .
%(RHV_ERQHV]:T#V , T/Nt”t zg(Rﬂv_ERg”Vjt#t . (42)



=T, = Puar, Can be shown that the energy momentum tensor T,, in equation (42) will result to the

following as proven by Lobo and Visser [13] but require a little modification since the warp bubble
direction of travel is in the X direction (Fig. 5)

Tt t" :_\Fi[(gj +(qj J (43)
“ 327 | oy oz

which is the energy density of the warp bubble that violates the energy condition T, t“t" <0 that is
T,uvt#tv =~PH _varp - (44)

The velocity term emerging in equation (43) from Lobo and Visser calculation is regarded as the overall
velocity of the hyperdrive warp bubble V. It is known that the shape function f = f(r), thus

_o(r) o _dfrjer L of _at(rar _ _
of —76(r), therefore Y T & and % o @ from (37)as y, =Y and z, =7
a_a 0O T oo ey er yae)
oy or 8((x—xb(t))2+y2+zz) oy roor
a_a@f 0O oy o @) ey s s
oz o 8((x—xb (t))2+y2+zz) oz roor

by (43) to (46) the expression of the warp bubble energy density is

2
VriD y2 +2° [ of (I’)
= . 47
P _varp 327r[ r? or (47)

The derivative of (r)/or ~ o which is actually the slope of the transition region in the condition where

f(r):0<1 and @ =0 which is also the thickness factor. The thickness of the bubble is £ =1/c (Fig.
7) thus from (47) the warp bubble velocity expression can be written as

32”pwarp _ §r !

y2+22 _K(?’ZEIOH_warp )E . (48)

VHD = Vbrane + Vbulk ~ gr

This equation shows that the thickness of the warp bubble & and the hyperdrive energy density p,, warp

are the two most important factors that determine the hyperdrive warp bubble speed Vv,,. The
hyperdrive energy density consists of brane density and bulk density terms as

/OH _warp = pbrane + pbulk . (49)

From equations (47), (48) and (49) the expression of the energy densities can be shown as



v [_Aw) 50)

brane =E roor

which is the brane energy density representing energy density that is required for the warp bubble
dynamics with respect to the surrounding space, and

Pouk = (51)

(Véulk + 2Wbu|k) Adf (r) ’

32 r o )’
which is the bulk energy density representing energy density that is required for the warp bubble
dynamics with respect to bulk space.

6. Discussion

Figure 6 shows that the warp bubble is pushed by the underlying bulk space of the braneworld model.
The expression of brane velocity has been developed by analysing the metric property of hyperspace
warp drive by obtaining the extremum expression of proper time from equation (4). By finding the
Lagrangian of the equations (9) and (10), we derived the warp bubble velocity where proper time is
exactly the same with relativistic time, which indicates that the velocity is not constrained by the speed
of light. This can also prove timelike characteristic of the warp bubble interior, thus ensuring that the
vehicle inside the bubble remains stationary, whereas the bubble itself may move at a velocity with no
special relativistic constrain. This leads to the notion that the inertial reference frame is preserved inside
warp bubble. A more generalized metric tensor has been derived as shown in equation (22) which is
similar to the Alqubierre spacetime metric expression. But for this case, the extradimensional term that
represents bulk space is ready to be embedded for the calculation of the warp bubble extrinsic curvature
after the shape function is properly defined as shown in Figure 3.

The shape function is defined by using tangent hyperbolic expression that neatly separate 3
regions with respect to the warp bubble radii as depicted in Figure 3 where it represents analogically as
spacetime mold that is ready for more detail analysis using warp bubble brane velocity terms derived
from the extrinsic curvature expression and expressed in term of dynamics characteristic (38). Figure 4
shows the extrinsic curvature of the warp bubble hypersurface interacting with the surrounding space.

The Lie derivative of the projection tensor of equation (28) represents the extrinsic curvature
which can be expanded as a 3 by 3 matrix. Considering the warp bubble as perfect spherical symmetric,
the trace of the matrix represents the dynamics characteristic that indicates the warp bubble
surroundings either expanding or contracting which is later used to describe the warp bubble shape

function characteristics in greater detail. Since the bulk extradimensional term Y (r) is included in the

dynamic characteristic expression (34), the characteristic expression can be expressed in terms of bulk
and brane velocities (38). The sum of these two velocities is the hyperdrive velocity Vv, . The shape
function based on the tangent hyperbolic function at 3 different radii conditions of equations (25), (26)
and (27) was analysed by using the dynamic characteristic y of equation (38) and the result has shown
relationship with the warp bubble velocity and the slope of the transition region which is also
representing the bubble thickness & . These have shown how the warp bubble is propelled through the
contraction and expansion of hyperspace that is the spacetime surrounding the warp bubble
hypersurface. This also leads to the notion that the motion inertial reference frame is also preserved in
the exterior of the warp bubble. Therefore, the reference frame in the interior of the warp bubble and
the exterior of the warp bubble is completely separated.

Finally, using the Einstein field equation (42), it has been shown that the energy density acquires
exotic matter property of negative energy at the slope of the transition region which also indicates that
beside the hyperdrive energy density p,, ., Which consist of brane and bulk components, the



thickness of the warp bubble boundary & also plays an important factor in determining the velocity of

the warp bubble, which by itself is not constrained by any relativistic limitations (48). As the energy
density has the brane and bulk components, the velocity of the warp bubble also consists of the brane
and bulk components and the figure 6 shows figuratively kite surfing-like dynamics of embedded
hypersurface onto a hyperspace of braneworld. This shows the underlying extra-dimensional of
hyperspace influence on the warp bubble geometrodynamics on the brane which is the 3-dimensional
space universe. In another words, the braneworld “floats” in 4 spatial dimensional bulk of hyperspace.

7. Conclusion

Superluminal capability is fundamentally based on the concept of separating inertial reference frames
between the warp-bubble and its surrounding spacetime. The transition region of the warp bubble is
fundamentally manipulated on how the shape-function characteristic of the warp bubble interacts with
the surrounding spacetime. The trace of the extrinsic curvature matrix provides its relationship with the
warp bubble velocity and the slope of the transition region which also represents the bubble thickness
factor. The velocity of a hyperdrive warp bubble is as superposition of the velocity of the warp bubble
on the brane and the velocity of the underlying bulk. Therefore, the hyperdrive velocity is larger than
the warp drive velocity that is occurring only on the brane whereas the hyperdrive velocity is the
addition of the underlying bulk velocity to the warp drive velocity on the brane. Similar mathematical
characteristics of superposition also occur for the hyperdrive energy density which resulted from the
addition of brane energy density and bulk energy density. Therefore, the hyperdrive requires much more
energy than that of a warp drive. A hyperdrive that utilizes the underlying higher dimensional spatial
energy of bulk space is analogous to a kite surfer that uses wind as the bulk force, which adds up to the
dynamics of surfing, which is originally propelled by the surfing wave motion analogous to the brane.
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