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SUPERPOSITIONS IN WEYL METRICS

System for Static and Axisymmetric spacetimes

Weyl coordinates: t, p, z, ¢ (time-like, radial, axial,
equatorial)

Metric: ds?> = —e?dt? + A2 (dp? + dz?) + p?e~27d6?
Einstein vacuum eqn:

Vpp+ Ve + V’Tp =0,

Mo =p (V) = W2)?) o Az=2pwp0z

Einstein vacuum eqn: (alternative form):

v(p,z) = % Jo v(0,z+1ipcosa)da,

)\,pp + /\,zz + )\Tf =2 (V,Z)2
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SCHWARZSCHILD BH & BACH-WEYL RING

> UV = Vschw T Vext

A= /\schw + Aext

v

> (!) Aext is not the same as A for a single external source
1 1., d1t+d 1 d1+dp)?—4M?
> VUschw = 11‘1 di+d§+2M ) >‘schw - ln( ! 4511,12
dl?z = p + (Z F M)
_ _2MK(k) _ M
> Vext = — mlp - 7agm(ll,lz)

ho=VAFP+2 , B=1-00
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PROBLEM WITH WEYL COORDINATES

_1 d1+dp, —2M
Vschw = 2 ln d1+dr+2M

v

v

Coordinate singularity (horizon) is placed at
p=0,z€ (-M,M)

(!) Problem: Weyl cordinates do not allow to describe the

v

area behind the horizon

Solution:

v

» A) Trick with pure imaginary p
» B) Transform into Shwarzschild coordinates
» C) Transform into our coordinates
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ALTERNATIVE COORDINATES

» Weyl coordinates with o = ip
ds? = (—e?)df? 4 22 (—dp? + dz?) + o*(—e?¥)d#?,
o= +/r@M —r)sind , z=(r—M)cosf

» Schwarzschild coordinates
ds? = (24 — 1)ePeeds? — ePhet—2vex (er\%’il + rzd02> +

+ o 2ext 1,2 sin? Ad¢?,
r=M (1 + cos ¥ 192) , 8="u4%
» Ours (under horizon only)
ds? = (24 — 1)ePrend? + r2e2ext (ePeedi)ydid, + sin® Od¢?)

Q—]\24(C05192—cos191) , z:]\z—’l(cos%%-cosﬁl)
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> VUext(U1,92) = % fO” <p(sin2 o cos 1 + cos? a cos ¥ )da
> )\ext,12 =

p(0) = Vext(r = 2M, cos § = o)

7 Vext,r — Vext,1Vext,2
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GEOMETRIC INTERPRETATION OF E. EQN
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[e]e]

Aext,12 =

5 Vext,r — Vext,1Vext,2

Fp+Fp—Fc—F

1? ~ A B C D
12 (m/n)?

r—M(1+cos 192),9

Vext(V1,92) = + fo ¢ (sin? arcos Y1 + cos? avcos ¥ ) da

_ U1t
- 2

[m]

=

N
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KRETSCHMANN SCALAR

» K =12(R25)? + 16R% oR2)

tr
> K =8 |(R7)2+ (R79)? 4 (R4)? — i

» Interpretation of negative scalar

» Deviation of two particles u”, u' # 0 spread in t

D6t t 2 D 60 0 t
Tz = —Riyn)ot , 5 =ROpu'u'ot
» Deviation of two particles ", u' # 0 spread in 6
D’st D50
a2z = Rtﬁgurut(w

) a2z - [Rotet(ut)z + Rerer(ur)z} 00
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KRETSCHMANN SCALAR

M =0.2M,b = 0.08M

RN Ge
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KRETSCHMANN SCALAR

M=5Mb=M

RN Ge
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CONCLUSIONS

» Well known methods (using Weyl coordinates) are not
very fit for under-horizon computation

» We found a different type of coordinates (describing
under-horizon only) with well-aranged geometric

interpretation

» We recognize a negative Kretschmann scalar under the
horizon even the spacetime is static and axially symmetric
(however the t-symmetry become space-like, so negative
values are not so suprisingly)
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THANK YOU
Thank you for your attention!
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