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THE ABERRATION OF LIGHT AND THE SPACE-TIME METRICS
REDUCTION IN THE CASE OF ROTATION TO CANONICAL FORM

Istvin Huba Arilla SASS

Abstract. This paper presents the reduction to canonical form of the
space-lime metrics corresponding to a rotation of angular speed w round the axis
Oz An interpretation of this is also provided.
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1. Notations
In generalized spherical coordinates:
¥=teR, ¥ =ref0=) 1 =6c[0x] X=geck (1
in geometrized units [1]
=cl,y, r=r, 0=8, ¢= I
1
G, G? de¢ 1
jm=—TM N e GO i, (2)
1: 1
V= EFFM,H' = {-3 ﬂpk

{c = velocity of light, and -

G = the gravitational constant
the expression of metrics for the space-time next to a spherical body is under the
form
ds’ = goude” + g " + g™ + g " (4)
The index "ph" signifies the fact that the respective quantities are
measured in physical units, m,(J,@,v,a denote respectively the mass, electrical
charge, anguler speed, linear velocity and the acceleration.

With the Reissner- Nordstrdm metrics, the components of the fundamental
metric tensor are;
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2m O* 1

Ew =1-—3%-50; g, =-——<
" r ri % g!ll‘l- [5}
gﬂz_rz{ﬂ; EJJE-?‘JEIIUIII?{G
2.Determination of metries
Supposing a point A(r. &, ¢) rotates round the axis Oz at an angular speed
d
i) = —
ar

instead of the ¢ coordinate we will have take &+,
For point A the following metrics will have to be taken:

&' = (g 10 g Nt)' + 8, ()’ + 2, (dO)" + g, (dB)} +200g,,diedt (6)
Noting with

v, =df; ¥, = dr; ¥, =A@, v, = rsinBdg (7
the components of vector
v={v.¥,%,%) (8)
from the vector space R metrics (6) becomies the real quadric form
ds’ R R ©)
ds” = q v ra v +ay v + Za W
where
aw—.]--£+£’;—m*r?sln’ﬂaﬂ,
roor
I|r' . ".!I—'.
¢ r..r,,—-—| 1—-1'—"+£1J <0, (10}
. ¥
ay =a, =-1<0, g,=-arsind <0,

The guadratic form matrix has the form
!_qm O i g |
a o 0 oy, ] i
g 0 a, 0O
e 0 0 a
3.Reduction to canonical form
The reduction of the quadratic form (9) to the canonical form is dome
through the method of eigenvalues and cigenvectors, as in this way we can
determine an orthonormed basis corresponding to an isometry (rotation in RY),
From the characteristic equation

(11)
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PA)=[ A7 = (@ ~1)A— (g +ai) |(@, = A)(=1- 2)
we get the eigenvalues:

fre
Aﬂ_ 1+ ‘ﬁ}{:],-t, =g A =— ll—ﬁ'-",lzi-‘;ﬂ
where

A=(a, 1) +4a, +a,)=0
Metrics (9) aquires the form
ds* = Ay + AV + 4V, + A,
with
v, =di v =dr' v, =r'd8' v, = r'sin8'd¢’
As 4, =a, and 4, =—1it results that
vi=v, and v, =¥,

(1)

(13)

(14)

(15)

(16)

(17)

MNorming the c:gem*mtﬂra that have been obtained from the characteristic system

(@, —A)x, + thy3 % =0
{a, —A)x, =0
{-1-4)x, =)

a,-% + (1-A})x, =0
we get the vectors of the new basis
H'={'E::--:'E|='E:*El‘e}1

where
b g { 2 450 | ]
" m}”x_ﬂ+a3
e = (0,L0,0)
e, = (0,0,10)
e [ +1 0.0 o ]
LE] ;l-l-ﬂ'j* ’ !t_ﬂ+tx:
with

__:1,:,,;,+1+~..I"E}D

i 2ay,
The matrix of transition from the canonical basis

(1%}

(19}

(20)

(21)

B=fe, =(1,0,0,0), ¢ =({0.1,0,0,), &; =(0,0,1,0), &, = (0,0, 0,1)} (22)
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o 0 o 1
W ;1+-::L|rl
] 1 0 0
C=| ; 5 i = (23)
s @ i =
W e? JI-I-EIJ_
Insomuch det(’ =1 (24)

we have a rotation in the space R* with the axes oriented ¢; and e; remaining
unchanged. The rotation angle, ¥ | is determined from the formmulae:

(X : 1 1
CO8 )y = = 8in y = = OF Igy =— (25
l+a” ;1+u‘ 74 ;
Inserting o from (21) and (14) in (25) we obtain

o Y@ 1) + 445 —(ay +1)
-2a,,

g (26)
namely

W

.} (28)

Ly

is the velocity of point A in gencralized units namely the aberration constant in

nonrelativistic case. Taking m =0 and O =0, we gat
f 4 2

w4 +w -2 w e e LI W
tey = =—(1+—w ——W ", == (20
4 2w 2 4 64 316 2 &3

where in the first approximation in the half aberration constant

W=@mrsing =
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