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Aims of this research

m Investigation of the modified geodesic deviation equation in the Kerr metric;

m Obtaining the dependence of tidal accelerations on distance in the Kerr
metric for the modified deviation equation;

m Analysis of the nature of tidal acceleration for two particles falling radially.
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Deviation of geodetic lines

T(v+du)
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Fig.1: The deviation of curve '(v) from curve (v + dv)
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Deviation of geodetic lines!

Duq‘ -0 % _
dry > dTo
where U’ is the tangent vector to the geodesic, 74,7 are affine parameters.

Fv) ul(v+dv):

ni — infinitesimal vector deviation.
If d7y is an infinitesimal arc on geodesic 1 and d7y the arc on geodesic 2
corresponding to the connecting vectors n'(7) u n'(7 + d7), we have:

drp ax
H71+)\, where an =0

The geodesics are infinitesimally close in a neighborhood U, where the
relative change in the curvature is small

The difference between the tangent vectors to the two geodesics is
infinitesimally small in the neighborhood U:

Tl << 1 (1)
where du’ = Ué(Tg) - u4(7—1),

When deriving the geodesic deviation equation, only first-order terms are
taken into account.

1Synge J.L.,1934, 1960
a IL R
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Geodesic deviation equation

D21’]a
dr2

where Fi’g‘”y = g*’ R, is the Riemann curvature tensor, u” is 4-velocity vectors.

= Rg,, u’ntu” (2)

Let U, U is not an infinitesimal quantity 2:

D2,,7a 5
g2 R, uyntuy — T, P AutAu” —
arg, mPulAu” — T8, Aut Au” (3)
where 'y;,, is Christoffel symbols, Au® = ug' — uf*.

2 Ciufolini 1., 1986; Hodgkinson D.E., 1987
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Kerr metric

2M 2
ds? = (1 - J) a? + P dr? — 2de?
z A
p

2Mr222sin?0 \ . 2Mr?a .
- (r2 +a+ 721 sinP6 + ———sin*9atd¢ (4)
p P

where M is mass black hole, @ is angular momentum, p? = r? 4+ a°c0s26,

A=r2 —2Mr+ &, rr =M=+ /M2 — 2.
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Christoffel symbols
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The nonzero components of the curvature tensor in the Kerr metric

Riozs = —% (aMcose <3r2 - aZCOSZG)) ,

aMcos6

Ripso = — 5 (Br2 - azcosz> y—2 [(r2 +a%)% + 2a2Asin20] ,
M
ROy = aMcoso (Srg _ azcos2) -2 [2(r2 L)+ azAsinze] 7
aMcos6 3an0s .
~Faooz = Arzte = =5 (3r2 - azcosz) < = > (r2 + a2) sind,

_ _ M a o o\ (3aA%® 2 .2\ o
—Ri220 = Ry330 = _F (3r — & cos) 5z (r + & )sme,

™
—Rio10 = Rosez = 5 (3r2 - azcosz) = Rozo2 + Rosos

™

—Ri220 = Rigzo = ——¢ (Sr2 - azcosz) y? [(r2 +a%)? + 232Asin29]
o
M

—Ri212 = Rosos = —;—6 <3r2 - azcosz) y—2 [(r2 +a%)% + 232Asin29]

where ¥2 = (r? + a%)? — @A
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Geodesic motion in Kerr spacetime

i

up = (4], 41,0,0), s = (13, 43,0,0)

The normalization condition:
ik ik
gikuyuy =1, gkl =1,

.

The geodesic equation for Kerr spacetime 6 = 3:

1 2a82M 2aML
dt [<r2+a2— ar >E+ a

1 |

ds A

2
(5
ds

dé 1 oM 2aME
@ _ (1=,
ds AK ) + r }’
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Generalized geodesic deviation equation

D2 n 1
ds?

2 (rgo,,.n") {(Au())z - 2u$Au°] _2 (r}”n") [(Aw)z - 2u11Au1}

2 2
= R t¥n°u + Rl ;ouln' ud — 'y (Auo) —2rl, (Au1) -

D2 ,]72
ds?

2 () ()" + 2o -2 () [ ()" r2fa] 0

2 2
= R udn°ud + Rgjouin'uf —2rg, (AUO) —arf, (AU1) -

D23 1 1 1.1 1
sz Rioruin’ui + Riguin'uf — 4rg, ALl Au'—

2(rg ') [2avtad’ + Bau + ujad]
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Tidal acceleration (%SZ )
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Fig.2(a,b): The dependence of the components of the tidal acceleration vector on
the distance. The mass of the black hole is M = 1, the minimum distance to the
horizon is 10~%r,, the angular momentum of a radially incident particle is

Ly = L, = 0.3, , the energy of the particles is E; =1, Eo = ¥
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2
Tidal acceleration (D ’76)
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Fig.3 (a,b): The dependence of the components of the tidal acceleration vector on
the distance. The mass of the black hole is M = 1, the minimum distance to the
horizon is 10~%r,, the angular momentum of a radially incident particle is

Ly = L, = 0.3, , the energy of the particles is E; =1, Eo = ¥
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ds?

Tidal acceleration (
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Fig.3 (c,d): The dependence of the components of the tidal acceleration vector on
the distance. The mass of the black hole is M = 1, the minimum distance to the
horizon is 10~%r,, the angular momentum of a radially incident particle is

Ly = L, = 0.3, , the energy of the particles is E; =1, Eo = ¥
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Conclusion

m The paper presents an analytical form of the modified geodesic deviation
equation for two test particles falling radially in the equatorial plane.

m We have shown that for reverse orbits, there is a change in the sign of the
tidal acceleration components.
®m An increase in the energy and angular momentum of the particles does not

significantly affect the nature of the change in the components of tidal
acceleration.
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Thank you for your attention!
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