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We introduce a metric in a 4-dimensional spacetime which describes creation of baby-universe from initially flat spacetime.
Such metric may be used for construction of a transient intra-universe wormhole.
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1 Introduction

The problem of creation and existence of worm-
holes has attracted the attention of researchers for
many years. A wormhole is a compact region of space-
time with nontrivial topology. According to Visser
[1] there are permanent (or quasipermanent) and
transient wormholes. The (quasi-)permanent intra-
universe wormhole is a compact region which topo-
logically equivalent to R x X, where ¥ is a spacelike
hypersurface of nontrivial topology. Such wormholes
are essentially three-dimensional objects. The tran-
sient wormhole is created and destructed without hav-
ing R x X topological structure. These wormholes are
intrinsically four-dimensional objects. In this case if we
consider spacelike hypersurface 2° = const then worm-
hole is absent. Such hypersurface is either simply con-
nected or consist of two disconnected regions. Creation
of transient intra-universe wormhole may be thought of
as the creation of baby-universe, it’s separation from
parent-universe at some point of spacetime and pasting
both universe at the another point of spacetime.At the
interval from separation to pasting, both universes are
moving in their own time trajectories. Such construc-
tion was considered in [2] and the energy of transient
wormbhole creation was estimated (see also [3]). How-
ever above mentioned transient wormhole metrics are
not obtained.

The aim of the present paper is to construct the
metric tensor of spacetime such that there is a creation
of baby-universe.

2 Set of Q-like curves

In Ref. [4] a three-parametric set of )-like curves
Q(z,u; A, u,v) = 0 was received. It describes as the
sphere S! separates from initially flat one-dimensional
space R. In other words, this set can be thought as
one-dimensional model of baby-universe creation. Let
us rewrite the set of (-like curves to one parametric

form. It is a simple performed procedure, if we assume
that A, p and v are sufficiently smooth functions of
t. We accept that these dependencies have forms pre-
sented in the table 1. Here )\g, p1 and k are positive
constants such that p; > Ao and & > 1. Moreover,
first and second derivatives of functions u(t), v(t) and
A(t) are equal to zero at the points t1, ta, t3 and ¢t = 0.
The functions fi(t) and P(t) increase, and 5\( ) is a de-
creasing function. Herew1th u( ) =0, g(t1) = w1,

~_)‘g/\/)‘g+ﬂla /\/Ml )‘%7)‘t2 =
Ao, A(ts) = 0.

So we receive that above mentioned set of curves is
determined by equation Q(z,u;t) = 0, where

G(z,u;t), fo<u<wv, x>0,
Q=23 SYz,ust), ifu>v, (1)
G(—z,u;t), f0<u<v,z<0,
Sz, ust) =
2 (12 + X2)°pt = 28 i 2
=T u— 42028 —R
and G(z,u;t) = (A2 — p?)u? + 2 \pzu — A1, Here radius
R(t) is defined by
2 2 2
g2 M =N (2 = A"t = A @)
N 4p2 X212 16p2 24006 '

The sphere S'(x,u;t) = 0 tangents to the hyperbola
G(xz,u;t) = 0 in a point M, = (zxu(v),v), where
zau(v) = A= (A2 — p?)v?/2p)v. This point may be
also described by condition u = v. Functions A(t),
u(t), v(t) evolve according to table 1.

If we change parameter ¢ with respect to table 1 and
assume that ¢ is a time, than we receive time-dependent
curve. It will be denoted by 2. While ¢ € [0, 1] a pro-
tuberant spherical region S is formed from line u = A¢.
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t t<0|te [O7t1] tE(tl,tQ) te [tz,tg] t >3
pt) | 0 fi(t) 11 i 11
A ~ %
v(t) | Ao \/}\317 v(t) o=y 0
NOREEY Ao Ao () 0

Table 1: Parameters A, p and v dependent from t.

As soon as t € (t1,t) a throat is created on formed
protuberant region. When ¢ € [to,t3] the throat is
constricted to a point. At the completion of process
the sphere will separate after the throat will have con-
stricted to a point.

3 3-dimensional surface

If we have rotated Q(¢) at every fixed point ¢,
then we obtain a non-stationary three-dimensional sur-
face X(t). At every point ¢, it is described by sur-
faces H(z,y,z,u;t) = 0, if 0 < w < p(t), and
S3(x,y,2,u;t) = 0, if u > v(t), joined together on
some 2-dimensional surface u = v(¢). Let us introduce
two three-dimensional non-stationary metrics on sur-
faces H and S at every moment ¢.

A first metric tensor is determined on the spherical
part S of surface . We have

ds? = R%cos®n (0052 Ydp? + di/)2) + R%dn?, (3)

] , ME (arcsina, g} , (4)

T
pel0,2n], e [ 5
where
)\8 _ (M2 _ )\2)2y4
ARpN\2v3 7
R was defined by (2). The boundary of the surface S3
is given by formula 1 = arcsin a.
A second metric tensor y,g(H) is determined on
the hyperbolic part H of the surface 3. Let

uF(rit) = 7M2>jl)\2 (r +4/7% — 7"(2)) , (5)
A2 A 5 5

u(t) = \/ﬁa ro(t) = A A (6)

and

Tb(t) _ )\4 _ (}\2 _ ‘LLQ)VZ (7)

2uAv

Then u(r) is determined by equations

)\2
T

1

r € [rp, +00),
t=t,

r € [rp, +00),
te0,t)uU(t,t*],

9)

u=u"(r;t),

u=u"(r;t), if { :: ([;?7’;—}?0) ’ (10)
w=ut(rt), i { ;ggotgfl (11)

Thus, we receive that in moment ¢ € [0,¢*] a three-
dimensional metric tensor on H(t) corresponds to

ds® = r? cos? dp® + r2dy? + (1 + ((u_);)2) dr?,

™ T
pel0,2n], e {—5,5} , T E[rp, +00).

And in every point t € (t*, 3] a three-dimensional
metric tensor on H(t) is two three-dimensional metrics
pasted together on the two-dimensional surface r = rg.
One of them is

ds® = r? cos? dp? + r2dy? + (1 + ((u*);)2> dr?,

™ T

pel0,2n], Ye {—5,5} , T E|[ro,+00)

and another is
ds® = r? cos® Pdp® + r*dip® + (1 + ((u*);)Q) dr?,

T
@6[07277]7 we [_575}7 TG(TO7 rb)'
Without any restrictions we can introduce an

united note for every considering metric:

ds® = r? cos? dp? + r2dy? + (1 + (u;)Q) dr?, (12
pel0,2m, ve [—f 3] . (13)
) 3 27 2

The variable r is changed with respect to equations (8
— 11). Herewith ). is a derivative of u(r;t) with re-
spect to 7. The boundary of the surface H is given by
formula r = ry,.

At the fixed parametric point ¢ a metric tensor on
the surface X(¢) may be receive by pasting together the
metric on §3(t) and the metric on H(t). These metrics
is identified on the two-dimensional surface.
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4 Four-dimensional metric tensor

Now we can construct a four-dimensional metric
tensor g;; on the surface ¥ by using Gaussian normal
coordinates. There are two expression

ds? = dt? — 1202 — (1 n (u’r)Q) dr?, (14)

ds* = dt* — R? cos® ndQ? — R%dn>.

We used denote dQ? = cos? ¢dp? — dip?.
If t € [0,t*] then we paste together (15) and (14),

where v = w~ and r € [ry,+o0). If t € (¢*,¢3] then

three four-dimensional metric tensors are pasted to-

gether. The fist metric is (14) with v = 4~ and

r € [rg,+00), the second metric is (14) with u = u™

and r € (rg,7p), and the third metric is (15). The
metric tensor (15) describes created baby-universe. If

(15)

we find the energy-momentum tensor of whole space-
time, then we receive the violation of energy condi-
tion in some points. This violation exist in the region
t € (t*,#3] and corresponds to negative extrinsic cur-
vature of the hyperbolic part of the surface X.

5 Conclusion

We construct metric tensor of spacetime at which
the baby-universe is created. Further we can construct
a transient intra-universe wormhole with closed time-
like curve and without it. The energy conditions are
violated in the receiving spacetime. At first moment
we have a flat spacetime ds? = dt? — r2dQ2? — dr?, at
the end there are a baby-universe and a parent-universe
pasted together in some point. At the end the parent-
universe becomes flat again.
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E. B. IIanewesa

CO3JIAHUE JOYEPHEI BCEJIEHHON

PaccMaTpuBaeTca MeTPHKA 4-MEpHOTO IPOCTPAHCTBA-BPEMEHH, KOTOPAs OIHCHBAET CO3IAHNE H OTPHIB cepsl S° U3 H3HAYAIBHO
IJIOCKOI'O IPOCTPAHCTBA-BpeMenu. JlaHHBIH OTPLIB 9acTH 3-MEPHOIO IPOCTPAHCTBA MOXKHO PACCMATPHUBATH KAK CO3/AHUE

JOo4YepHEH BCeJEeHHOMH.

IlpuBeseHHaa MeTpHUKa MOXKeT OBITH KCIIOJB30BaHA JJIs IIOCTPOEHHS 4-MepHON KPOTOBOIl HODHI,

TOTOJIOTHYECKasd CTPYKTypa KOTOPO# He 3KBHMBaJIeHTHa R X X, rie X — OPOCTPAHCTBEHHO-NIOAO0HAS THUIIEPIOBEPXHOCTH

HeTpI/IBI/IaJIbHOﬁ TOIIOJIOTUHA.

KiroueBble cJIOBa: Kpomoeas HOPa, OMPbie wWapa.
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