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Abstract We investigate obstacles of superluminal “warp
drive” travels from interactions with interstellar matter and
from curvature effects. The effect of collision of interstellar
dust particles and photons with the spacecraft will all lead to
a pressure proportional to the apparent velocity of the space-
ship vs . The force exerted on the spacecraft from the curva-
ture effect has two non-trivial components. The radial and
longitudinal components scales as v2

s and v4
s respectively.

The above obstacles become increasingly important when
the spaceship travels at high superluminal speeds.
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1 Introduction

The warp drive solution [1] provides a possible way for time-
like observers to travel superluminally within the framework
of classical General Relativity (GR). In this scenario, the
warp bubble, a region of the spacetime deviating from the
flat metric, is driven by the local expansion or contraction
in its neighboring spacetime. By a proper parameter setting,
the propagating speed of the warp bubble can be arbitrar-
ily large, while the internal spacetime of the warp bubble
remains quasi-Minkovskian. Hence, the spacecraft inside the
warp bubble can travel between two distant points in an arbi-
trarily short period and remain inside its local lightcones. See
[2–5] for recent reviews.

There are several theoretical challenges on the warp drive
geometry currently. For example: (i) To generate a warp drive
spacetime, exotic matters violating the Weak Energy Con-
dition (WEC) and Null Energy Condition (NEC) [1,6] are
required. Superluminal travel and NEC violation are closely
related [7,8]. It is realized that the NEC violation is a generic
feature of warp drive spacetimes [6]. (ii) The Alcubierre drive
requires an unphysically large amount of negative energy, so
there appears no practical way to create an Alcubierre drive
even if we have control of NEC-violating matter [9,10]. (iii)
In the superluminal region, the warp bubble suffers from a
“horizon problem”: there are event horizons that prevent any
observers inside the spaceship to interact with the bubble
[11]. (iv) A superluminal warp drive metric leads to quantum
instabilities [12–15]. (v) To move the warp drive, the flux of
the NEC-violating matter is superluminal. It thus becomes a
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chicken-and-egg problem of how to move the NEC-violating
matter in a superluminal way in order to start the warp drive.
One of the main focuses of this field is to solve the above
theoretical puzzles, see for example [16–27].

In this paper, we investigate the possibility of superlumi-
nal travel through warp drive scenario in another prospec-
tive. The above works are concerned with the feasibility of
a warp drive metric, while we focus on the potential prob-
lems arise in the process superluminal travel. That is, even
if we could overcome all puzzles listed above and construct
a warp bubble, the additional challenges preventing us from
superluminal travel is still severe. We consider two situa-
tions that occurs during the interstellar travel. Firstly, a real
spacecraft with non-zero volume will feel a “distortional”
force due to the nontrivial curvature gradient. Secondly, as
indicated by [12], the warp drive metric will accumulate par-
ticles in the front part of the bubble, so interstellar matters
will be “attracted” and collide with the spacecraft. We study
the case for two typical interstellar matter, dusts and pho-
tons, and work out the condition for them to collide with the
spaceship, the energy shift when the collision happens, and
the collision frequency. Then we combine all these results
and get the dependence of pressure felt by spaceship on its
apparent velocity vs . We find that, although in both cases the
pressure depends on vs linearly when the spaceship is placed
at the center, the vs dependence of photon comes from the
energy shift, while that of dust comes from the collision fre-
quency.

The paper is organized as follows. We briefly introduce
the warp drive scenario in Sect. 2, and then work out the
distortion force exerted on the spaceship in Sect. 3. After
that, the geodesic of matter in the warp drive spacetime is
studied in Sect. 4, and the total effect on collision between
spaceship and interstellar matter is presented in Sect. 5. We
finally conclude in Sect. 6.

2 The Alcubierre warp drive spacetime

2.1 The warp drive metric

The geometry of the Alcubierre warp drive [1] is described
as1:

ds2 = −c2dt2 + (dx − vs f (rs)dt)
2 + dy2 + dz2, (2.1)

where

vs(t) = dxs(t)

dt
, rs =

√
(x − xs(t))2 + y2 + z2. (2.2)

1 Alternative constructions of warp drive spacetime can be found in
[28].

Fig. 1 f (rs) for a warp bubble with R = 2, σ = 1 or σ = 10. Here, R
is the radius of the bubble and the parameter σ describes the thickness
of the bubble. For large σ , f approaches to a step function

Here, the parameter rs refers to the distance between any
spacetime point (x, y, z) and the center of the bubble. The
function f should vanish at a large distance for the spacetime
to be asymptotically flat, and becomes a unit at the center of
the bubble for the bubble to travel at an apparent velocity vs .2

A specific expression of f provided by Alcubierre is

f (rs) = tanh [σ(rs + R)] − tanh [σ(rs − R)]
2 tanh (σ R)

, (2.3)

and plotted in Fig. 1.
We can understand the warp drive geometry more easily in

the limiting case σ → ∞. In this limit, f approaches a step
function with f = 1 for rs < R and f = 0 for rs > R. Recall
that R is the radius of the warp bubble, we see the spacetime
outside the warp bubble remains quasi-Minkowskian, while
the “internal” of the bubble propagates along the x axis with
an apparent velocity vs . Since there is no fundamental limit
on the parameter vs , we can take it as large as possible, so
the warp bubble can take a distant trip with arbitrarily short
time.

2.2 Frame of reference in the warp drive spacetime

The metric (2.1) describes the global geometry of the space-
time. However, to clarify physical meaning of quantities cal-
culated, a local observer is required. For example, to work out
the interaction between particles and the spaceship, we need
to parallel-transport their 4-velocities to the same spacetime
point and take the inner product in the associated tangent
space.

2 In this paper, we consider the case of constant speed dvs/dt = 0 for
simplicity.
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A natural choice of the local observer is the one associ-
ated with the spaceship itself. However, in the local frame
of the spaceship, there exist event horizons; moreover, par-
allel transport of any vector crossing the warp bubble would
be mathematically complex. Hence, in this paper, we would
prefer to work with an observer remoted from the warp bub-
ble, whose existence is ensured by the asymptotical flatness
nature of the metric (2.1).

3 Distortion force

Since the warp drive spacetime is curved, we expect a dis-
tortion force acting on the spaceship with finite volume. If
the gradient of the curvature is large enough, the resulting
distortion force may have a significant impact on the space-
craft and then interfere with the superluminal travel. Since
in reality, the most important parameter we concern in warp
drive metric (2.1) is vs , which determines the efficiency of
the superluminal travel, we will fix R and σ and determine
the dependence of distortion force on vs .

For simplicity, we will work in a “comoving” coordinate
(t, x̄, ρ, θ ), related to the original coordinate by

x̄ = x − vs t, ρ =
√
y2 + z2, θ = arctan

y

z
, (3.1)

so x̄ is the apparent x coordinate of any spacetime point
viewed by the center of the bubble. The apparent velocity is
v̄ = dx̄/dλ. The metric is

g̃αβ =

⎛
⎜⎜⎝

(v2
s ( f − 1)2 − c2) vs(1 − f ) 0 0

vs(1 − f ) 1 0 0
0 0 1 0
0 0 0 ρ2

⎞
⎟⎟⎠ , (3.2)

note that θ is absent in the metric due to the axial symmetry
of warp drive spacetime.

For a realistic interstellar travel, the spaceship had better
not to receive too much deformation during the trip. More
precisely, we wish for any two neighboring points on the
spaceship A and B, their “distance” rAB remains roughly
invariant. Here we do not require our spaceship to be a rigid
body with constant rAB , but to ask the deformation �rAB is
small compared to rAB . In the comoving frame, this means
that the velocity of all the points on the spaceship should
vanish, i.e. dvμ/dλ ≈ 0 and vi ∼ 0. However, the geodesic
equation

d v̄μ

dλ
+ 	μ

νχ v̄ν v̄χ = 0, (3.3)

tells that, in the comoving coordinate, any point other than
the center of the bubble would have a non-trivial velocity
due to the non-zero Christoffel symbol. Hence, there must
be an external four-force Fμ to balance the curvature term

in the geodesic equation. Now, with the external force Fμ,
the geodesic equation becomes

d v̄μ

dλ
+ 	μ

νχ v̄ν v̄χ + Fμ = 0. (3.4)

Note that the distortion of the spaceship comes from the cur-
vature term 	

μ
νχ v̄ν v̄χ , so in principle, we shall call this term

the distortion force. On the other hand, Fμ is the force resist-
ing the deformation, which comes from the stiffness of the
spaceship. Here for simplicity, we shall call Fμ as distortion
force since, in our case d v̄μ

dλ
� 0 and Fμ � −	

μ
νχ v̄ν v̄χ .

Since vi ∼ 0, the only non-trivial component of (3.4) is
ν = 0, χ = 0, which gives

Fμ = 	
μ
00, (3.5)

which is the desired distortion force (or, more precisely, the
distortion force density). The geodesic equation (3.4) is valid
in any coordinate, and Fμ is covariant. Thus, Fμ is invariant
under a coordinate transformation, and we can express it in a
certain coordinate for simplicity. Here, we choose to work in
the comoving coordinate and express Fμ in the component
form. Since the system enjoys axial symmetry, Fθ = 0, and
the rest non-trivial spatial components are

Fx̄ = x̄b(rs)

(
−1 + 1

2
coth [Rσ ]a(rs)

)

×
(

1 − v2
s

c2

(
−1 + 1

2
coth [Rσ ]a(rs)

)2
)

, (3.6)

Fρ = ρb(rs)

(
−1 + 1

2
coth [Rσ ]a(rs)

)
, (3.7)

where we define two auxiliary functions

a(rs) = − tanh [σ(−R + rs)] + tanh [σ(R + rs)], (3.8)

b(rs) = −v2
s

2
σ coth (Rσ)

×
(

sech[σ(R + rs)]
rs

− sech[σ(−R + rs)]
rs

)
.

(3.9)

We plot the distortion force in Fig. 2 for a practical warp
bubble to comprehensively illustrate its behavior. We also
plot the x and ρ components of the distortion force as a
function of positions in Figs. 3 and 4.

We see from Fig. 3 that Fx is relatively small near x̄ = 0
and Fx = 0 at x̄ = 0. This can be seen from our auxiliary
function a(rs), since a(0) = 0 and a′(0) is suppressed by the
hyperbolic functions. The result suggests we put the space-
ship in the y− z plane, and the distortion force on x direction
would be minimized.
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Fig. 2 Vector plot of the distortion force for a warp bubble with param-
eters σ = 1, R = 20m, vs = 2c

Figure 4 shows that for a certain warp bubble, Fρ takes its
maximum near ρ = R, and its everywhere positive except
for two zero points, ρ → ∞ and ρ = 0. A detailed proof
can be found in Appendix B.

Now we can conclude our result. From Eqs. (3.6) and (3.7)
we see Fx ∝ v4

s and Fρ ∝ v2
s . However, Fx can have at most

three zero points, one is x̄ = 0, the other two is expressed by
the condition

a(rs) = 2
1 − c

vs

coth [Rσ ] , (3.10)

and the details are in Appendix B. Besides, F(ρ) = 0 when
ρ = 0. Hence, we can always place our spaceship at the
center to make distortion force minimized. However, since a
real spaceship has a finite volume, it will still feel a non-trivial
force which scales as v2

s and v4
s in radial and longitudinal

direction respectively.

4 Motion of particles in the warp drive spacetime

In this section, we work out the motion of particles in the
warp drive spacetime, and see whether these particles can
collide with the spaceship. We also evaluate the energy shift
of these particles. It is generically difficult to evaluate the
geodesics with arbitrary initial conditions. However, as we
will see later, the collision effect depends linearly on vs if
the spaceship is placed at the center of the bubble, which is
small compared to the distortion force when vs 	 c. Hence,
if a deviation of the center cannot contribute a O(v3

s ) factor,

then the collision effect would be subdominant compared to
the distortion force. Hence, in our preliminary investigation
here, we will only work out the case when the spaceship
is right at the center of the bubble. A more complete study
would be left for further investigation.

4.1 Geodesic equations

Given the warp drive metric (2.1), we can work out the
corresponding Christoffel symbols, which we present in
Appendix A. The geodesic equation is then

d2xμ

dλ2 + 	μ
νρ

dxν

dλ

dxρ

dλ
= 0, (4.1)

where λ is the affine parameter.
The geodesic equation (4.1) can then be decomposed into

four differential equations

ẗ + f 2 fxv3
s

c2 ṫ2 + fxvs
c2 ẋ2 − 2 f fxv2

s

c2 ṫ ẋ − f fyv2
s

c2 ṫ ẏ

+ fyvs
c2 ẋ ẏ − f fzv2

s

c2 v2
s ṫ ż + fzvs

c2 ẋ ż = 0, (4.2)

ẍ +
(

f 3 fxv4
s

c2 − f fxv
2
s − ftvs − f ∂tvs

)
ṫ2

+ f fxv2
s

c2 ẋ2 − 2 f 2 fxv3
s

c2 ṫ ẋ

−
(
f 2 v2

s

c2 + 1

)
fyvs ṫ ẏ −

(
f 2 v2

s

c2 + 1

)
fzvs ṫ ż

+ f fyv2
s

c2 ẋ ẏ + f fzv2
s

c2 ẋ ż = 0, (4.3)

ÿ − f fyv
2
s ṫ

2 + fyvs ṫ ẋ = 0, (4.4)

z̈ − f fzv
2
s ṫ

2 + fzvs ṫ ẋ = 0, (4.5)

where the dot refers to the derivative with respect to the affine
parameter λ. For convenience, we define the 4-velocity of an
object as Uμ ≡ dxμ/dλ. Fortunately, we do not need to
go through the full equations. Note that the dust particles
should have negligible initial velocity compared to the speed
of light in view of a static observer. Hence, in the comoving
coordinate, the dust particle should have a conserved angular
momentum, perpendicular to the plane determined by the
velocity vector vs and the line connecting the dust and the
center of the bubble. A similar argument also applies to the
photon case. The conserved angular momentum ensures that
the particles only travel in the plane. Thus, it is sufficient
to consider only two coordinates.3 Hence, we may safely

3 The case is similar to an unbounded trajectory of a point mass around a
compact object, e.g. the deflection of light by the Sun. The conservation
of angular momentum restricts the movement to be two-dimensional.
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Fig. 3 The x̄ component of the Tidal force with a ρ = 0, b ρ = 1 as a function of x̄ for different vs . Warp bubble parameters are R = 2, σ = 1 in
natural unit

Fig. 4 The ρ component of the distortion force with a x̄ = 0, b x̄ = 1 as a function of ρ for different vs . Warp bubble parameters are R = 2,
σ = 1. All numerical values are in natural units

suppress the z coordinate and take ż = 0 when evaluating
equations (4.2) and (4.3).

4.2 Dynamics of photons

One main component of interstellar matter is the free photons.
In this section we consider the interaction of a single photon
with the warp bubble, and determine the energy shift of the
photon.

Fortunately, for our concerned case where the spaceship
is placed at the center, the trajectory of the photons which
could meet with spaceship, as well as the energy shift, i.e.,
the ratio of photon energy when it hits the spaceship to its
energy far from the spaceship, is studied in [29,30]. Here we
directly present their results.

Firstly, the apparent angle of the four-velocity of the pho-
ton when approaching the spaceship approaches 0. By appar-
ent angle, we mean the angle between the x-axis and the four

velocity of the photon, which we illustrate in Fig. 5. This
means that

We are also interested in the energy shift of the photon.
The result from [29] shows the photon energy shift ηp is:

ηp = E(rs = 0)

E(rs 	 R)
= 1 + vs

c
, (4.6)

where rs is the apparent distance between the photon and the
spaceship viewed from a remote observer. When vs 	 c, the
energy shift simplifies to

ηp → vs/c. (4.7)

4.3 Dynamics of dust matter

Another important matter content in interstellar space is dust.
Usually, dust will have a speed much smaller than the speed
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Fig. 5 The original scenario
where the particles propagate
from infinity to the center of the
bubble, shown in a, is equivalent
to that in b, where a particle is
emitted from the center of the
bubble. The photon cannot go
outside the bubble unless the
apparent angle ζ approaches 0

Fig. 6 The trajectories of dust particles with a large initial x position,
and initial y positions at y = 0.5, y = 0.75, y = 1, y = 1.25 and
y = 1.5 respectively. The parameters of the warp bubble read σ = 10,
R = 2, vs = 100. All numerical values are in natural units. Here,
x ′
s ≡ x − vs t represents the apparent distance of dust and spaceship in
x axis, so x ′

s = 0 means spaceship and dust have the same x coordinate
in the view of the remote observer

of light, so for a warp bubble with superluminal speed, we
can safely set their speed to zero when they are remote from
the bubble. Hence, the boundary condition for the geodesic
equation is set to be

Uμ(r → ∞) = (1, 0, 0, 0), (4.8)

and for each dust particle with y coordinate limr→∞ y = y0,
we can uniquely determine its geodesics.

We numerically evaluate the geodesic equation with dif-
ferent y0, and the trajectories are illustrated in Fig. 6. We
see the dust particles entering the warp bubble from rest will
tend to move towards the center of the bubble, but will not
exactly reach the center. The dust particles with a larger ini-
tial y position will arrive at the x–z plane further away from
the spaceship. This is consistent with the numerical result by
[30].

One may notice that, in Fig. 6, the point where the trajec-
tory of the dust particles starts to shift is inside the bubble.
This comes from the fact that, with respect to the bubble,

the particle carries a large initial velocity along x-direction,
while it takes some time to accelerate along y-direction.

We can comprehensively understand the result in Fig. 6 in
another way. It is found that in a generic warp drive space-
time, the Ricci scalar has the greatest impact on the surround-
ing spacetime [31,32]. This reaches an agreement with our
result. One may find from Fig. 6 that the acceleration of the
dust reaches its maximum near the boundary of the warp
drive bubble, where the trajectory starts to bend. The maxi-
mum value of the gradient of the Ricci scalar is also near the
boundary of the bubble. This means that dust acceleration is
positively correlated to the gradient of the Ricci scalar.

In order to calculate the energy of the collision, we need
the four velocity of the particle at the collision event. The
four velocity can be calculated from the apparent velocity of
the particle when arriving at the center of the bubble, i.e., the
apparent velocity of the particle viewed from the spaceship,
which we will call the final velocity for simplicity. To study
the properties of the final velocity, we numerically integrated
the geodesics equations (4.2) and (4.3) for a dust particle.
This particle starts at rest far away from the warp bubble. Its
initial velocity is set by Eq. (4.8). As discussed above, for
a spaceship located at the center of the bubble, dusts with
initial coordinate y0 �= 0 is hard to hit the spaceship. Thus, it
suffices to consider the dusts with y0 � 0 only. We depict the
result in Fig. 7. We see that under the high-speed condition,
the x-component of the final velocity of these dust particles
approaches to vx = vs −c. In the frame of a remote observer,
the four velocity of the particle can be formally written as

vα = (γ, γ vx , 0, 0). (4.9)

The Eq. (4.9), along with the normalization of vα

vαvα = −1, (4.10)

gives the expression

vα =
(

c√
v2
s − 2vsc

i,
c(vs − c)√
v2
s − 2vsc

i, 0, 0

)
. (4.11)

Note that the four velocity is imaginary, this is because the
particles, when inside the bubble, travels along a spacelike

123



Eur. Phys. J. C (2022) 82 :861 Page 7 of 10 861

Fig. 7 The final apparent velocity minus the speed of the bubble as a
function of the speed of the bubble, measured in a remote observer. The
dust particle starts at rest at x = 2.5, y = 0, and the parameters of the
bubble are R = 2, vs = 20, and σ = 10. All numerical values are in
natural units. The center of the bubble is placed at x = 0 at start

geodesics viewed by a remote observer. Similarly, since the
apparent velocity of the spaceship is vs , we can work out its
corresponding four-velocity

uα =
(

c√
v2
s − c2

i,
vsc√

v2
s − c2

i, 0, 0

)
. (4.12)

The energy of the dust particle per unit mass seen by an
observer on the spaceship is thus:

Ed = −uαvα = v2
s c

2 − c4 − vsc3

√
v2
s − c2

√
(vs − c)2 − c2

, lim
vs→∞

Ed = c2. (4.13)

Note that, the energy is a scalar coming from the inner product
of two vector, so its value is independent of the reference
frame we choose, so we can evaluate it in a remote observer
for simplicity.

We can conclude from the above result that, under high
speed condition vs 	 c, a dust particle entering the warp
bubble will interact with the spaceship with energy Ed ∝ v0

s .
Finally, for completeness, we also plot the final velocity

of a dust particle entering the bubble with initial coordinate
y �= 0 in Fig. 8. Similar to the above case, the final velocity
approaches a certain value for large vs . We can read from the
plots that, as the initial y position increases, the final veloc-
ity along the x-axis decreases. Thus, the head-on collision
between the dust particle and the spaceship is weakened.
Besides, the combination of Fig. 8a, b tells that, the total
apparent velocity of the dust particle approaches the speed
of light for large vs . Hence, the condition vx = vs − c for the
y0 = 0 case can be regarded as a specific case with vy = 0.

5 The pressure caused by photons and dust particles in
the interstellar space

Now that we get the trajectory of photons and dust particles
as well as their energy shift at collision event, the rest thing
we shall do is to work out the frequency of the collision. After
that, we can get the dependence of collisions on vs .

5.1 Photon collision

Since the photons colliding with spaceship at the center will
all have a vanishing apparent angle ζ , we may take the fol-
lowing simplification. We take σ to be large enough, such
that the spacetime when rs < R and rs > R are almost
flat. Hence, the photons colliding with the spaceship must
enter the bubble through the neighborhood of the spatial
point (vs t, 0, 0), the area of the neighborhood denoted as
�A. Moreover, since light rays emitted at �A with any inci-
dence angle will all have a vanishing apparent angle inside
the bubble, the photons colliding with the spaceship at a cer-
tain time must originate from a spherical shell. We illustrate
the above point in Fig. 9.

Since the position and velocity of interstellar photons are
randomly distributed, we see that the collision frequency
should be proportional to the differential volume of the pho-
ton layer. In this case, the total momentum dpp of photons
travelling towards the area �A in an infinitesimal time dt
comes from a certain solid angle d� is:

dp′
p = pav(ρp dV )

(
�A cosθ

4πR2
p

)

= pavcρp

(
�A cosθ

4π

)
d� dt, (5.1)

where pav is the average momentum value of the interstellar
photons. For each photon through the bubble, the blue-shift
causes its energy to increase by ηp ∼ vs/c, so the total
momentum of photons at the bridge within time dt is:

dpp = ηp

∫

�

dp′
p = Eav

4
ρp�A

(vs

c

)
dt. (5.2)

Here Eav is the average energy of interstellar photons Eav .
The interaction of the high-energy photons with the space-
craft will lead to the momentum transfer, causing the light
pressure Pp on the foredeck.

Pp = (1 + n)

(
dpp
dt

)
1

�A
= (1 + n)

4
ρpEav

(vs

c

)
∝ vs,

(5.3)

where n is the reflection coefficient of the spacecraft fore-
deck. We can thus conclude from Eq. (5.3) that the pressure
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Fig. 8 The apparent velocity as a function of vs , measured in a remote
observer. The parameter of the bubble read R = 2, vs = 20c, and
σ = 10. The center of the bubble is placed at x = 0 at start. Figure 7a
shows the x component of the velocity of the dust particle at the center
minus the speed of the bubble as a function of vs , with initial position of
the particle to be x = 2.5 and y0 = 0.5, 1.0, 1.5 respectively. Figure 7b

shows the y component of the velocity of the dust particle at the center
as a function of vs , with initial position of the particle to be x = 2.5 and
y = 0.5, 1.0, 1.5 respectively. All the velocities here are the apparent
velocities measured by a remote observer. All numerical values are in
natural units

Fig. 9 The photon layer. The photons which will arrive at the center
of the bubble after time t are laying on a shell with radius R = ct and
thickness cdt . The distance between the center of the bubble and the
center of the shell is vs t

from photon collision is proportional to the spacecraft appar-
ent velocity vs .

5.2 Dust particle collision

The velocity of interplanetary dust particles, which is typ-
ically around 10−4c, is extremely small compared to the
velocity of our warp bubble. The dust particles that hit the
warp bubble will therefore be mostly those staying on the
cylinder that our warp bubble swaps through. At the same
time, since the spaceship is much smaller than the warp bub-
ble, we consider our spaceship as a point sitting at the center
of the bubble. In this case, the total momentum dpd of dust
particles entering the warp bubble in an infinitesimal time dt

is:

dpd = p′
avρdπ�Avsdt (5.4)

where p′
av is the average momentum value of dust particles.

The average pressure caused by dust particles at the bridge
is thus:

Pd = (1 + n)Ed

(
dpd
dt

)
1

�A
∝ vs (5.5)

where n is the reflection coefficient of the spacecraft front
deck. We see the collision with photons and dust particles
will both contribute a pressure proportional to vs .

6 Conclusion and outlook

We considered two possible obstacles on the warp drive
spacecraft through interstellar travel and calculated their
dependence on the speed of the warp bubble vs . Our results
shows that when vs 	 c, the distortion force scales as v2

s
and v4

s in radial and longitudinal direction respectively, and
would be minimized when we place the spaceship in the cen-
ter of the warp bubble. The pressure on the front deck of the
spacecraft caused by the interstellar photons and dust parti-
cles collision is proportional to vs , and hence subdominant
compared to the distortional force.

Our work can be extended in various directions. Firstly,
we may consider a warp bubble with varying speed vs , and
see whether non-trivial accelerations may lead to new phe-
nomenons. Secondly, investigations on the collision effect
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when spaceship is not placed at the center may be interest-
ing. Thirdly, it is interesting to study whether dark matter or
even dark energy can interact with the warp bubble as well
as the spaceship. Finally, a stability check, on both classical
and quantum levels, is worth studying.
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Appendix A: Christoffel symbols

In this appendix, we provide all the non-zero Christoffel sym-
bols under the warp drive metric gαβ :

	t
t t = 1

c2 ( fx f
2)v3

s , 	t
xt = − 1

c2 ( fx f )v
2
s ,

	t
yt = − 1

2c2 ( fy f )v
2
s , 	t

xx = 1

c2 fxvs, (A.1)

	t
xz = 1

2c2 fzvs, 	t
xy = 1

2c2 fyvs,

	t
t z = − 1

2c2 ( fz f )v
2
s , (A.2)

	x
tx = − 1

c2 ( fx f
2)v3

s , 	x
xx = 1

c2 ( fx f )v
2
s ,

	x
xz = 1

2c2 ( fz f )v
2
s , 	

x
xy = 1

2c2 ( fy f )v
2
s , (A.3)

	x
ty = − fyvs

2
− ( fy f 2v3

s )

2c2 , 	x
tz = − fzvs

2
− ( fz f 2v3

s )

2c2 ,

(A.4)

	x
tt = ( fx f 3v4

s )

c2 − vs( ft + vs fx f ) − f ∂tvs, (A.5)

	
y
tt = − fy f v

2, 	
y
tx = fyv

2
,

	z
tt = − fz f v

2, 	z
t x = fzv

2
. (A.6)

Appendix B: Stable surface under the distortion force

In this appendix, we will show that we cannot find any surface
where Fρ = 0 except for the trajectory where ρ = 0, but a
surface with Fx̄ = 0 is possible. We define a new function
n(σ, rs) as:

n(σ, rs) = tanh [σ R − σrs] + tanh [σ R + σrs]
− 2 tanh [σ R]. (B.1)

Now that rs < R for our spaceship, and since tanh x is
a concave function for x > 0, we immediately know that
n(σ, rs) < 0, which means

−1 + 1

2
coth [Rσ ]a(rs) < 0. (B.2)

Thus, the only place where Fρ = 0 is along the x̄ axis.
However, we can make x̄ component of the tidal force zero,
Fx̄ = 0, by imposing:

c2 − v2
s

(
−1 + 1

2
coth [Rσ ]a(rs)

)2

= 0. (B.3)

Together with Eq. (B.2), we obtain the requirement for a
sphere with zero Fx̄ :

a(rs) = 2
1 − c

vs

coth [Rσ ] . (B.4)
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