
Gen Relativ Gravit (2014) 46:1613
DOI 10.1007/s10714-013-1613-y

RESEARCH ARTICLE

Kerr-like phantom wormhole

Galaxia Miranda · Tonatiuh Matos ·
Nadiezhda Montelongo García

Received: 2 May 2013 / Accepted: 24 September 2013
© Springer Science+Business Media New York 2013

Abstract In this work we study a Kerr-like wormhole with an scalar field with opposite
sign as source (Phantom). It has three parameters: mass, angular momentum and
scalar field charge. This space-time has a naked ring singularity, otherwise it is regular
everywhere. The main feature of this wormhole is that the mouth of the throat lies
on a sphere of the same radius as the ring singularity and apparently does not allow
any observer to reach the singularity, it behaves like an anti-horizon. After analyzing
the geodesics of the wormhole we find that an observer can go through the wormhole
without troubles, but the equator presents an infinite potential barrier which does not
allow any geodesic from reaching the throat. From an analysis of the Riemann tensor
we obtain that the tidal forces are small and could allow the wormhole to be traversable,
from the north pole, for an observer like a human being.

Keywords Kerr-like wormhole · Phantom field · Ring singularity

1 Introduction

The research on wormholes started with Einstein trying to give a field representation of
particles [1]. The idea was further developed by Ellis [2], who tries to model particles
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as bridges between two regions of the space-time. Later on, in the seminal Morris and
Thorne’s work [3], the idea of considering such solutions as connections between two
separated regions of the Universe attracted a lot of attention.

In the 80’s, the astronomer Carl Sagan asked for help to physicist and turned out that
the solution proposed by Ellis [2], actually could be interpreted as the identification,
the union, of two different regions of the space-time. The idea of Ellis is the following,
no matter how far the two regions of the space-time are -or even if those two regions
were in different space-times- by means of this union one could just identify them,
and obtain a solution which allows to go from one region of the space-time to another.
Morris and Thorne [3] showed that these wormhole solutions need to violate the
energy conditions. Such type of matter is called exotic (see [4] for a detailed review
on this subject). The solutions can exist but they need to be generated by matter which
apparently does not exists. This is the reason why these solutions remained in the
realm of fiction.

However, more and more evidence was building towards the presence of unknown
types of matter and energy in our Universe, which do not necessarily satisfy energy
conditions. Now we know that the Universe is formed by 68% of dark energy. This
new type of matter composes the majority in the Universe, and happens to be every-
where [5]. There is now an agreement among the scientific community that matter
which violates some of the energy conditions is very plausible to exist. Thus, the issue
that wormholes can be rejected due to the fact that they violate energy conditions
is, at least, diminished. The existence of wormholes in the universe is very interest-
ing; they could be highways to stars and galaxies, otherwise impossible to visit. Of
course, this is very speculative to this stage, but no observation can discard the exis-
tence of phantom energy. Nowadays, we know that a combination of phantom and
quintessence fields could be the dominant component in the Universe [6]. The fact
that phantom energy can be the source of wormholes [1–5] is more than exciting, and
brings up new questions to investigate about the existence of stars made of this kind of
matter.

Maybe, the main problem faced by wormholes is their stability. The stability prob-
lem of the bridges has been studied since the 60’s by Penrose [7], in connection to the
stability of the Cauchy horizons. The stability of the throat of a wormhole was studied
numerically by Shinkay and Hayward [8], they show that the wormhole proposed by
Thorne [3] collapses, possibly towards a black hole and its throat closes, when it is
perturbed by a scalar field with stress-energy tensor defined with the usual sign. They
also found that the throat of the wormhole grows exponentially, when the perturbation
is due to a scalar field of the same type as the one making the wormhole; thus show-
ing that the solution is highly unstable (see also [9]). In [10] it was conjectured that
rotation of the magnetic field could stabilize a phantom star. The idea is that a rotating
solution would have more possibilities to be stable than the one proposed by Thorne,
as well as more possibilities to be stable than the general static spherically symmetric
solutions of wormholes.

We look for wormhole solutions which are traversable, that is, a test particle can go
from one side of the throat to the other in a finite time without facing large tidal forces
and rotating, following the conjecture that the rotation can stabilize the wormhole.
Some rotating solutions were studied in the past, as an approximation [11,12] or as
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an exact solution of the Einstein equations [10]. Nevertheless, this last solution has a
main problem, it is not asymptotically flat and must be matched with a static one.

In this work we study the solution obtained in [13]. It has three parameters: mass,
angular momentum and scalar charge. It has a naked ring singularity which is the same
as in the Kerr solution. We will show that it is possible to go through the throat from
the north pole.

This work is organized as follows: In Sect. 2 we introduce and analyse the metric,
including its invariants and parameters. We give some of the limiting cases of the
space-time, analyse the functions that comprise the metric and study the geometry
of the wormhole and study the geometry of the wormhole. In Sect. 3 we study null
geodesics and find that are repelled by the ring singularity. In Sect. 4 it is shown that
null and weak energy conditions are violated. In Sect. 5 we analyse the tidal forces
and find that the easiest way to go through the throat is by the polar geodesics which
can go from one part of the throat to the other side, while the tidal forces are infinite
on the ring singularity, it is not possible for a traveller to go through the wormhole
approaching from the equatorial plane. Finally we give some discussion in Sect. 6.

2 The line element

We consider a stationary and axially symmetric space-time possessing a time-like
Killing vector field (ξ)α = (∂/∂t )

α , generating invariant time translations and a space-
like Killing vector field μα = (∂/∂ϕ)α generating invariant rotations with respect to
ϕ. The corresponding line element can be expressed in Boyer-Lindquist coordinates,

ds2 = − f (dt + ω dϕ)2 + 1

f

(
Δ

(
dl2

Δ1
+ dθ2

)
+ Δ1 sin2 θ dϕ2

)
, (1)

where

Δ = (l − l1)
2 +

(
l2
0 − l2

1

)
cos2 θ, (2)

Δ1 = (l − l1)
2 +

(
l2
0 − l2

1

)
, (3)

The line element components ω and f read

ω = a
(l − l1)

Δ
sin2 θ, (4)

f =
(
a2 + k2

1

)
eλ

a2 + k2
1 e2 λ

, (5)

where

λ = a2 + k1
2

2 k1 Δ
cos θ, (6)

l1, l0 being parameters with units of distance, such that gll > 0, that is
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Fig. 1 The function f with
l1 = 1.0, l0 = 1.1, a = 0.11,
k1 = 0.10 for different values of
θ . Observe that there is a
minimum in 0.918 when θ = 0

l2
0 > l2

1 > 0, (7)

these parameters are related with the size of the throat, while a and k1 are parameters
with units of angular momentum. Observe that the function λ is well behaved every-
where, except in Δ = 0 just in the ring singularity. In Fig. 1 we plot the function f .

Line element (1) is a solution of the Einstein’s equations Rμν = −κ�μ�ν for an
opposite sign scalar field given by

� = 1√
2 κ

λ, (8)

where κ = 8 π G
c4 . It is due to this opposite sign that we call this solution a Phantom

Wormhole.
The asymptotic behaviour of metric (1) can be seen as follows. For large positive

or negative values of l → ±∞, we have that ω → 0 and λ → 0 thus

f → 1

and Δ,Δ1 → l2, so that the line element

ds2 → −dt2 + dl2 + l2
(

dθ2 + sin2 θ dϕ2
)

, (9)

is a flat space in spherical coordinates, i.e., metric (1) is asymptotically flat.
The scalar curvature (and the other invariants of the metric) are of the form

I nvariants = F

8 k2
1 Δr1 Δ

r2
1

(
a2 + k2

1e2 λ
)r3

, (10)

where F is a complicated function free of singularities that takes different forms for
each invariant of the metric, and r1, r2, and r3 are positive coefficients whose exact
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Fig. 2 The Ricci scalar for the metric (1), with l1 = 0, l0 = 1.0, a = 0.5 and k1 = 1.0

value depend upon the chosen invariant. For the scalar curvature (r1 = 4, r2 = r3 = 1),
it is clear that the condition Δ = 0 makes it diverge at the location of the ring singularity
(see Fig. 2).

The ADM mass and angular momentum [14] are given by

M = − 1

8 π
limSt→∞

∮
St

(k − k0)
√

σd2θ, (11)

J = − 1

8 π
limSt→∞

∮
St

(
Kij − K γij

)
φi rj√σd2θ. (12)

In our case we obtain

M = −l1, (13)

J = a. (14)

Thus the wormhole has a negative mass, which is responsible for the bounce of
geodesics from the singularity, and an angular momentum given by the parameter a.

If we set a = 0, from (4) we get ω = 0; the metric (1) transforms into

ds2 = − f dt2 + 1

f

(
Δ

(
dl2

Δ1
+ dθ2

)
+ Δ1 sin2 θ dϕ2

)
, (15)

where the line element component f now reads

f = e−λ, (16)

and the parameter λ is give by

λ = k1

2 Δ
cos θ, (17)

123



1613 Page 6 of 14 G. Miranda et al.

Fig. 3 The function K with
l1 = 1, l0 = 1.1, a = 0.11,
k1 = 0.10 for different values of
θ . Observe that K = 1
everywhere except close to the
ring singularity

To see the geometry of the wormhole, it is convenient to write metric (1) as

ds2 = − f (dt + ω dϕ)2 + K

f
dl2 + Δ1

f

[
K dθ2 + sin2 θ dϕ2

]
, (18)

where K = Δ/Δ1. Again, the quantity between brackets [ ] can be interpreted as the
solid angle element modified by the function K multiplying dθ2. The modification of
the solid angle is due the fact that the space-time is now axially symmetric. Never-
theless, this modification is small everywhere (except near a sphere of radius l1, the
radius of the ring singularity). At large distances of the phantom star |l| → ∞ it takes
on the usual form K = 1 (see Fig. 3).

The wormhole throat might be described by an embedding diagram in three dimen-
sional Euclidean space at fixed time and for a fixed value of θ . Under these conditions,
metric (18) reduces to

ds2 = f −1 K

(
dl

dR
)2

dR2 + R2dϕ2, (19)

with R2 = R2 sin2 θ0, where R2 = f −1Δ1. The embedding surface is given by

z(l, θ0) =
∫
l1

√
K

f
−

(
dR
dl

)2

dl, (20)

Since gRR = f −1 K (dl/dR)2 < 1 near θ = π/2, the term inside the square root is
negative and the function z is not well-behaved, the throat can not be visualized near
the equatorial plane. In Fig. 4 we show the embedding diagram seen from different
angles.
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Fig. 4 The throat of the
wormhole for different values of
θ . Here we set l1 = 1.0,
l0 = 1.1, a = 0.11 and
k1 = 0.1. This plot shows the
embedding diagram for a
wormhole with metric given by
(1). Since our metric is axially
symmetric, the shape of the
throat change for different
values of θ

3 Geodesics

We start with the study of the geodesics using the Boyer–Lindquist coordinates. We
first are interested in radial geodesics to see whether an observer can penetrate the
wormhole or not. Of course the ring singularity apparently does not allow any observer
to penetrate the wormhole, at least going by the equator. Nevertheless, the easiest
possibility of a traveller for going trough the throat is that the observer travels by the
polar geodesic, that means, the line that joints the north pole with the south pole. In
the surface of the sphere of radius l = l1 the traveller meets the mouth of the throat,
where the tidal forces reduce its magnitude due to the symmetry of the singularity as
we saw in the former section. In order to see that, we obtain the polar geodesics in
different coordinate systems.

For doing so, let τ be an affine parameter and uμ = (ṫ, ṙ , θ̇ , ϕ̇), with ṫ = dt
dτ

,
etc., the vector velocity of an observer, such that the equation uμuμ = −1 holds. In
Boyer–Lindquist coordinates this expression reduces to

−1 = − f
(
ṫ + ω ϕ̇

)2 + 1

f

(
Δ

(
l̇2

Δ1
+ θ̇2

)
+ Δ1 sin2 θ ϕ̇2

)
, (21)

For the polar timelike geodesics θ = 0, this implies that Δ1 = Δ and ω = 0, that
means that from this geodesic, the observer does not feel the rotation of the wormhole.
The Eq. (21) reduces to

−1 = − f ṫ2 + 1

f
l̇2, (22)

In this metric ∂
∂t is a Killing vector, thus we obtain that

f ṫ = √
2E, (23)
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E being a constant. Then the geodesic Eq. (22) reduces to

1

2
l̇2 + 1

2
f = E2 (24)

This last expression is a dynamical equation where we can know the motion of the
test particle if we know the “potential”, in this case given by 1/2 f , in terms of the
prolate coordinates (σ x = l − l1 and y = cos θ , where σ = l2

0 − l2
1) is

1

2
ẋ2 + f

2σ 2 = E2. (25)

In order to have a better interpretation of Eq. (25) we can transform it into

1

2
ẋ2 + f

2σ 2 + 1

2σ 2 = E2 + 1

2σ 2 (26)

where now the potential and the total energy are given by

V → f

2σ 2 + 1

2σ 2 E2 → E2 + 1

2σ 2 (27)

Interpreting the dynamical equation ẋ2

2 + V = E2, we see that the potential V is a
potential well, the particle can fall into the well and remain there or, if the total energy
of the test particle is bigger than E2, the test particle continues through the throat. It
is important to mention that this analysis is only valid for geodesics with θ = 0, since
other values of θ = const. lead us here to non-physical geodesics.

We can integrate Eq. (25) in terms of the variables τ and x . This equation transform
into

dτ

dx
= ±

(
2E2 − f

σ 2

)−1/2

(28)

which can be reduced into quadratures as

τ = ±
∫

⎛
⎜⎜⎜⎜⎝2 E2 −

(
a2 + k1

2
)

e
a2+k1

2

2k1(σ2x2+l0
2−l1

2)

σ 2

(
a2 + k1

2e
a2+k1

2

k1(σ2x2+l0
2−l1

2)

)

⎞
⎟⎟⎟⎟⎠

−1/2

dx (29)

This integration can be performed numerically, the results are shown in Fig. 5,
where we see that an observer can travel through the throat in finite proper time τ . The
plot show different possibilities for the journey. As usual, positive values for x means
that the observer is on one region of the space-time and negative values for x means
that the observer is on the other one.
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Fig. 5 Time-like polar
geodesics in the proper time for
the values E2 = 0.5 (solid line),
E2 = 0.75 (dashed line) and
E2 = 1 (doted line) of the total
energy. Here we set l1 = 1,
l0 = 1.5, a = 0.1, k1 = 0.11
and σ = 1.25

Now for the general case, with θ �= const., in terms of the momenta in Boyer-
Lindquist coordinates

pl = Δ

Δ1 f
l̇, pθ = Δ

f
θ̇ ,

and the conserved quantities

E = f (ṫ + ωϕ̇), L + ωE = Δ1 sin2 θ

f
ϕ̇

the Euler-Lagrange equations for the geodesics of (1) are,

ṗl = (a2 + k2
1)(l − l1) cos θ

2k1 f−Δ2 E2 + a(l − l1) f Δ−
Δ1Δ2 E(L + ωE)

+ (l − l1) f 2Δ1

Δ2

(
1

f
+ (a2 − k2

1) cos θ

2k1Δ f−

) (
p2

l + p2
θ

Δ1

)

+ f 2

Δ2
1 sin2 θ

(
1

f
+ (a2 − k2

1)(l − l1)Δ1 cos θ

2k1Δ2 f−

)
(L + ωE)2

− (l − l1) f

Δ
p2

l , (30)

ṗθ = (a2 − k2
1) sin θΔ−

4k1Δ2 f−
E2 − a(l − l1) sin 2θ f

Δ2 sin2 θ
E(L + ωE)

+ f 2

Δ1 sin θ

(
sin 2θ

2 f sin3 θ
+ (a2 − k2

1)Δ−
4k1Δ2 f−

)
(L + ωE)2
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Fig. 6 Paths of geodesics
falling into the wormhole for
different θ , with the values
l1 = 1, l0 = 1.1, a = 0.1,
k1 = 0.11, E = 1.0 and
L = 0.5. With the singularity
(cross) at l = l1 and θ = π/2

-2

-1

 0

 1

 2

-2 -1  0  1  2

y

x

+ f 2

KΔ

(
(a2 − k2

1)Δ− sin θ

4k1Δ f−
− (l2

0 − l2
1) sin 2θ

2 f

)

×
(

p2
l + p2

θ

Δ1

)
. (31)

where

Δ− = (l − l1)
2 − (l2

0 − l2
1)

and

f− = (a2 − k2
1)eλ

a2 − k2
1e2λ

.

For the general case for a non constant θ the geodesic equations can be solved
numerically. In Fig. 6 we can see the paths of null geodesics projected on the xy-
plane, (x = l sin θ , y = l cos θ ). In general, null-geodesics are repelled from the
singularity. This follows from the potential log gtt being repulsive near the singularity
(if a ≥ 0.1 and k1 > 0) and from the fact that the mass of the wormhole is negative
and is located at the ring singularity.

4 WEC and NEC Violation

In this section we analyse the Null Energy Condition (NEC) and Weak Energy Con-
dition (WEC) violation of the phantom matter in this space-time. NEC violation stip-

ulates, T
α̂β̂

μα̂μβ̂ < 0, for all null vectors μ, while WEC violation establishes that for

all timelike vector u, T
α̂β̂

uα̂uβ̂ < 0
To make the analysis tractable, we choose an orthonormal basis et̂ , er̂ , e

θ̂
, e

φ̂
,

et̂ = f − 1
2 et ,

er̂ = ( f −1 K )
1
2 er ,
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e
θ̂

= f −1 KΔ
− 1

2
1 eθ ,

eϕ̂ = ωet + eϕ√
f −1 KΔ1 sin(θ)

. (32)

For simplicity we use a radial outgoing null vector, μ = et̂ + er̂ , thus

T
α̂β̂

μα̂μβ̂ = Tt̂ t̂ + Tr̂r̂ = 1

2 κ
(Gt̂t̂ + Gr̂r̂ ). (33)

ρ − τ = Tt̂ t̂ + Tr̂r̂ = − (a2 + k2
1)2

4 k2
1

(l − l1)2Δ1 cos2 θ f

Δ5
≤ 0, (34)

Near the singularity (l = l1 and θ = π/2) the inequality in (34) holds, while at
the throat l = l1 and far from the wormhole we have ρ − τ = 0. Taking μ = et̂ , the
energy density is given by

ρ = − (a2 + k2
1)2

16 k2
1

Δ sin2 θ + 4(l − l1)2 cos2 θ

Δ5
, (35)

From (35), we get ρ < 0 near the wormhole, WEC is violated. From (34) and (35),
near the wormhole NEC and WEC are violated.

5 The gravitational tidal forces

From the physical point of view it is important to know whether the wormhole is
traversable or not. In this section we study the tidal forces constraints [3,11,12] of
metric (1). For simplicity we consider a traveller going radially through the wormhole,
beginning at rest in space station in the lower universe and ending at rest in space station
in the upper universe. We introduce the orthonormal basis of its own reference frame,

e0̂ = γ et̂ ∓ γ (v/c)er̂ ,

e1̂ = ∓γ er̂ + γ (v/c)et̂ ,

e2̂ = e
θ̂
, e3̂ = eϕ̂ .

(36)

where γ = [1 − ( v
c )2]− 1

2 . For simplicity we assume here that the traveller do not feel
any acceleration larger than about 1 Earth’s gravity. Following the same idea as in the
work of Morris and Thorne [3] and [11,12], the radial tidal constraint is given by

|R1̂0̂1̂0̂| ≤ g⊕
c2 × 2m

≈ (108m)−2, (37)

where the height of our traveller is 2m (in SI units). We have |R1̂0̂1̂0̂| = |Rl̂t̂ l̂ t̂ |. Then
the first tidal constraint reduces to
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|Rl̂t̂ l̂ t̂ | = Δ1

4 f sin2 θ
|2 sin2 θΔ f

∂2 f

∂l2 − Δ1 f sin2 θ
∂ f

∂l

∂K

∂l
− K sin2 θ

(
∂ f

∂θ

)2

+ f sin2 θ
∂ f

∂θ

∂K

∂θ
+ f 4 K

(
∂ω

∂l

)2

| ≤ (108m)−2. (38)

While the lateral constraints are reduced to the study of |R2̂0̂2̂0̂| ≤ (108m)−2, and
|R3̂0̂3̂0̂| ≤ (108m)−2. Since our metric is axially symmetric, we have that

|R2̂0̂2̂0̂| = γ 2|R
θ̂ t̂ θ̂ t̂ | + γ 2(v2/c)|R

θ̂ r̂ θ̂ r̂ |. (39)

Now we assume that, for example, the traveller is at rest at the throat [3], this implies
v → 0 and γ → 1. Then |R2̂0̂2̂0̂| = |R

θ̂ t̂ θ̂ t̂ |. Thus, the second tidal constrain is given
by

|R
θ̂ t̂ θ̂ t̂ |=

1

4Δ2 f sin2 θ
| − ΔΔ1 sin2 θ

(
∂ f

∂l

)2

+ f Δ1 sin2 θ
∂ f

∂l

∂Δ

∂l

+2 f Δ sin2 θ
∂2 f

∂θ2 − f sin2 θ
∂ f

∂θ

∂Δ

∂θ
+ f 4 K

(
∂ω

∂θ

)2

| ≤ (108m)−2 (40)

Finally our last constraint can be written as

|R
φ̂ t̂ φ̂ t̂ |=

1

4 f Δ sin2 θ
|−Δ1 sin2 θ

(
∂ f

∂l

)2

+ f sin2 θ
∂ f

∂l

dΔ1

dl
+ f 4

(
∂ω

∂l

)2

+2 f sin θ cos θ
∂ f

∂θ
−sin2 θ

(
∂ f

∂θ

)2

+ f 4

Δ1

(
∂ω

∂θ

)2

| ≤ (108m)−2. (41)

We can also force the traveller to approach the throat using the geodesics with
θ = 0, in that case we have that ∂w/∂θ = 0 and ∂ f/∂θ = 0. We can see that through
this geodesic the Riemann tensors simplifies. From Fig. 7 we can see that the tidal

Fig. 7 The tidal forces for
θ = 0 using l1 = 100, l0 = 110,
a = k1 = 10−4. All components
reach their peak value at the
throat of the wormhole (l = l1)

123



Kerr-like phantom wormhole Page 13 of 14 1613

forces, for a wormhole with l1 ≈ 5 × 10−3 M�, can be smaller than (108m)−2 for
certain values of a and k1, therefore the wormhole could be traversable if the traveller
approaches the throat form the north pole. Let us now analyses the tidal forces at the
equator. Setting θ = π/2, we get

|Rl̂t̂ l̂ t̂ | = 2|R
θ̂ t̂ θ̂ t̂ | = |R

φ̂ t̂ φ̂ t̂ | = 1

16

∣∣∣∣∣
a4 − 6a2k2

1 + k4
1

k2
1(l − l1)6

∣∣∣∣∣ . (42)

from (42) we see that near the throat the tidal forces go to infinity, as expected (the
singularity lies at l = l1 and θ = π/2), hence the wormhole is not traversable if
a traveller approaches the throat from the equator. The wormhole is traversable for
θ = 0 but is non-traversable for θ = π/2. The wormhole is traversable since there
is at least one θ which makes the tidal forces small enough to allow a traveller to go
through the wormholes throat.

6 Conclusions

We have analysed metric (1) and shown that this metric represents a wormhole, which
throat is shown in Fig. 4. This metric contains a ring singularity very similar to the
Kerr solution, all the invariants of the metric are regular everywhere except on this
ring. The throat is found outside of the ring singularity, the mouth of the throat is on a
sphere of radius l = l1, around the wormhole. We have shown that polar geodesics, that
means, geodesics going through the polar line are regular, an observer can go through
the throat if the observer trajectory remains on the polar geodesics and contains an
energy bigger than 1/2 f , for any values of the free parameters. On this trajectory
the tidal forces are very small, therefore this wormhole could be traversable. For any
other angle the mouth of the wormhole lies on the sphere, but close to the equator,
the effect of the wormhole is to repel the test particles. On the equator, the repulsion
is infinity and everything bounces from the singularity, even the light is repelled by
the wormhole. Thus, the sphere l = l1 has an effect contrary to the horizon of a black
hole, namely, an observer can reach the sphere, goes thought the throat, but this sphere
does not allow the traveller to reach the singularity. Of course, the traveller can come
back to its original world without much troubles.

Acknowledgments We would like to thank Dario Nuñez for many helpful discussions. The numerical
computations were carried out in the “Laboratorio de Super-Cómputo Astrofísico (LaSumA) del Cin-
vestav”, in the UNAM’s cluster Kan-Balam and in the cluster Xiuhcoatl from Cinvestav. This work was
partially supported by CONACyT México under grants CB-2009-01, no. 132400, CB-2011, no. 166212,
and I0101/131/07 C- 234/07 of the Instituto Avanzado de Cosmologia (IAC) collaboration (http://www.iac.
edu.mx/). GM is supported by a CONACYT scholarships.

References

1. Einstein, A., Rosen, N.: Phys. Rev. 48, 73 (1935)
2. Ellis, H.G.: J. Math. Phys. 14, 395 (1973)
3. Morris, M.S., Thorne, K.S.: Am. J. Phys. 56(5), 365 (1988)

123

http://www.iac.edu.mx/
http://www.iac.edu.mx/


1613 Page 14 of 14 G. Miranda et al.

4. Visser, M.: Lorentzian wormholes: Form Einstein to Hawking. I. E. P Press, Woodsbury, NY (1995)
5. Lobo, F.S.N.: Phys. Rev. D 71, 084011 (2005) e-print: gr-qc/0502099
6. Varum, S., Shafieloo, A., Starobinsky, A.A.: e-Print: arXiv:0807.3548
7. Penrose, R.: Battele Rencontres. In: de Witt, B.S., Wheeler, J.A. (eds.) Benjamin, New York (1968)
8. Shinkay, H., Hayward, S.A.: Phys. Rev. D (2002), e-print:gr-qc/0205041
9. Gonzalez, J.A., Guzman, F.S., Sarbach, O.: Class. Quant. Grav. 26, 015010 (2009)

10. Matos, T., Núñez, D.: Class. Quant. Grav. 23, 4485 (2006)
11. Teo, E.: Phys. Rev. D 58, 024014 (1998)
12. Kuhfitting, P.K.F.: Phys. Rev. D 67, 064015 (2003) e-print: gr-qc/0401028, e-print: gr-qc/0401048
13. Matos, T.: Gen. Relativ. Gravit. doi:10.1007/s10714-010-0976-6 (2010)
14. Stephani, H., Kramer, D., MacCallum, M., Hoenselaers, C., Herlt, E.: Exact soltuions to Einstein’s

field equations, 2nd edn. Cambridge, U.P., U.K (2003)

123

http://dx.doi.org/10.1007/s10714-010-0976-6

	Kerr-like phantom wormhole
	Abstract
	1 Introduction
	2 The line element
	3 Geodesics
	4 WEC and NEC Violation
	5 The gravitational tidal forces
	6 Conclusions
	Acknowledgments
	References


