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-
The model setup. The background.

The metric: gmpn = g,(r?,? + Egr(r;lr?-

The background line element: ds? = —B?(t) dt? + A%(t) gj dx' dx/
The matter four-velocity: u, = u,(,o) +e u,(,l), viu, = —1.

ul? = (~B,0,0,0)

The background model is dust: 8t(A(an2A)2 — §A3> =0
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_____________________________________________________
The first order perturbations.

The metric and velocity field perturbations:
géé) = —2B%a gé,-l) = —A2V;b

gI-J(-l) = 2A? (@(;§j)c — %AC + 0@0’) A= §k§k.

u(()l) = —Ba ugl) = —B@,-e

The gauge transformations:
a=a+ %&(Bf)
b=b—g+Ef

c=c+g
v=d+ }Ag+ %Af
e=e+f
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The covariant model definition.

Nonconductive, inviscid and pressureless fluid:

dn = _Ubhna Tpha=0, (1)
1
Tmn = <hmbhna - 3hmnhba) Tba = 0) (2)
1 ba
p= gh Tha=0, (3)
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The covariant model definition.

Nonconductive, inviscid and pressureless fluid:

1.\ AB_ [OA
ate(9-38¢) = 5055 )e “
A3 1
8t< (b+ 3tc)> =d-— §Ac + a, (5)
3 3
8t('458td> A(@t(Ab> - AB(d - 3Act a))
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How to find the solution.

The equations (4-6) are satisfied when:

. A3 B2 1
1 = B <b+ atC AatA (d — 3AC)>, (7)
 BA 1
J—Te—d“—gAC, (8)
. A’B
atl =J <8t (atA> - AB) 5 (9)
Bej = 0. (10)

It is convenient to consider a new gauge function:

h=d— nct 24

: o, (11)
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e
How to find the solution.

When B=1: A(t) = ﬁsinh2/3<‘/§’7\(t - a)>,

i:A3(t) Cj(rvﬁa(p)_'_ Ci(raﬁ790)7 (12)
Jj= CJ'(rﬂ?v 90)7 (13)

X oF1 (2,2;161;—sinh2(\/§7\(t—a))> . (14)

To summarize: The solution is described by the functions C;, C;, which
guarantee that the model is a nonconductive, inviscid and pressureless
fluid, and the two gauge functions ¢ and b.
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How the gauge freedom is related to the gravitational
lensing.

The spatial curvature scalar, energy density, its spatial gradient and
expansion scalar:

R = AQAJ, (15)

grp = WA i A A )+ Ax(t) Ai 16

] = A2 B2 —N+¢ l(t)(b +J)+ 2(t) 1), ( )

8 X, = si‘ajs (0,8, Ai, Dy Ai, DA, (17)
. 81- 3 /ABA 381-/4 . A@tc

0=3% + [z(atA - AB)<h+J)+ “ ] (18)

3(0:A)? 20;A
Ax() = =3(Zrgh 1)+ Ael0) = D (19)
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Time dependence.

10! Ay

0 - —Al (t)
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The family of gauges under consideration.

Ay = 4rp) pM(r) = (r/rs)(lﬂ—t(r/rs))z

0(r) = (s~ )% = (s - 1),

B? B . sy
i = .
A0+ A A A0 A

6tc =

_ v o x| atan 2x—1
c(t,r)—/\ﬁzllg(m>+\/§t <\/§ )1,

where y = x = sinh?3(v/3At/2).
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Work in progress...

Pc

(r/rs)(1+(r/15))?

A = ampD pD(r) =

12

10 /
8
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Thank you for your attention!
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