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A spacehke section of wormhole space’ume
‘mouth’ 1

D

Outside 1

3
throat Exotic matter
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Outside 2

‘mouth’ 2

Misner, Wheler (1957), Morris, Thorne, (1988)




A few odd things in wormhole spacetime

M1

—r A

9 Ao

M2

pper/Lower half are not symmetrical. H#




| Tradltlonal wormbhole solutlons Were obtained by usmg a thln(thlek) shell
- method. (Matter is conﬁned to a narrow region around the throat. )
1. This requrres lids Wthh confines "exotic’ matter in the throat

->_

Tradltronal Way of ﬁndrng a Wormhole solutlon
1) Guess metric satisfying the flare out condition.

2) Find the EOS for the eorrespondrng matter by calculatrng the Einstein
tensor Then,
The EOS of the matter must be posrtlon dependent.
It is not easy to find out an appropriate matter satisfying the EOS
The solution space eannot be complete.
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Existence condition for a wormhole

At the wormhole throat, g {rr} must have a coordinate singularity.
Therefore, around the throat, assume g, ~ g(1 — b/r)~" with ¢ > 0

’wl

_} ) —(’r — b)ITw)9=w1 mygt be finite.

r

b w1

This determines g=lim (1 — - |gr = ——>0. w; < —1 or w; > 0.
r—b T 1+ wq

From the definition of g {rr}, we also get around the throat,

b 1 I
m(r):— 1_|_fw1_i = m/(b):——. + fub:—-l—

211]1 b

Two types of wormhole throats:

21 2wy

1. wq >0 (vp <0): the mass functlon decreases from b/2 with r.
p(b) = vy /4mb? < 0.

2. w1 < —1 (0 < vp < 1/2): the mass function increases with 7.
The density takes a positive value.




g—z 0Oon R1: v

% OonBl:u

©(0.0), Pg(1,0),

On R1, v=0, dv=0: Solution curve can touch R1 only at special pois 0(0,0), Pg(1,0)

On B1, u=1, du=0: Solution curve can touch B1 only at special points Pg(1,0), Pr(1,vs)

B —1 1 —wu
m = viv — vy + s(1 — u)]
The radius increases/decreases with u when the curve is above/below B2.
The radius increases/decreases with v depending on many factors.
:Signature of 1 4+ w;, whether the curve is above or below R1, R2.

dv,
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Radius takes its minimum at P,.
the asymmetric solution.

r~b|l
The symmetric solution appears in the large \ kappa !

Behavior around the

Radius

ii) The asymmetric solution




Phantom-like matter

1 1

s 0 (w2>— 4—4w1>’ II: 0 < s < wy <0§w2§— +w1>’ II: s > vy (wy < 0).
s B2 ~ o.=/B2§
R2 ;\ O%]'b |

| B

RI1 e v —5 R 7 u
B
Type I Bl Type 11 Bl Type III

The Cyan arrows denote the increasing direction of the radius.

Type 111 does not have a regular asymptotic region:
Begin at the wormhole throat at P, and follow the increasing direction of r
Then, we find that both the upper and the lower solution curves will

reach the point (u,v)= (1,linfty).




w1 > 0 and p < 0 Case : negative energy dens )

,\ R2 /A / / /

Type IV Bl Type V Bl Type VI

Type VI does not allow a wormhole solution with a regular asymptotic region:
Both the upper and the lower solution curves approach (u,v)= (-\infty,-\infty).
Type IV: two regular asymptotic region ending at O.

Type V: One regular asymptotic region ending at O
and one smgular end.

To summarlze, we are 1nterested in the cases w1th Type 111, 1V, V
/ For all the cases,w1w2 - O is satlsﬁed < No isotropic ﬂu1d'>
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Numerical solutions for Phantom-like matter

w1 < —1 Case

Type I solution:

(%

Asymmetric ‘ Symmetric
Solution Solution

r — OO u

Numerical solutions for the Type I with wq = —2 and wy = 1.5.
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Analytic solution for the case 1 + w; + 2wy =

1 =20

1 1 1 1 1

wn %) = (22,13 X 293,081, andb.7 oy, wy) =1, —1

1

Simplest known solution: A — 0 limit gives ¥ = vVpU
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Thanks.you Véry much.




e B S e
R e

Time-travel through a wormbhole

A
gronel

Space outside
wormhole

TA > ATg

The clock which moved has slowed by AT, — ATg.
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After the movement, a
closed timelike curve forms.
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See #9 in the Right figure.
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