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C. Pellegrinie: CONNECTIONS BHTWIEN SOME GEOMETRICAL AND ME=
CHANICAL PROPERTIES IN GENERAL RELATIVITY.

Usging the tetrad ﬁechnique(1) it is possible *to
establish a connection between some properties of the Rie~

mann curvature
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relative to the directions defined by the unit vectors vi,
uK, and some physical properties of the gravitational and
matters fields. This connection furnishes some methods to
measure certain properties of space-time as they are deter

mined by the matter present in it

In (1) Rikem 1S the Riemann tensor and giiop 18

given by
7 = g 7 — =
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The metric de? - gindeXK with signature

(+++, =) will be used.
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Now, if we change the direction of uf by an in

finitesimal rotation, leaving v' unchanged, we obtain
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The condition that J K = O is
g K m - K,JM) Z .
, - T 2 / =
(AZ4EW v égQquy ’ “ @ <4)
Whon written in the form Pje u® = 0, a solution
of (4) apart from the trival one v® = 0, exists only if

//7?6//:0

Tow we are interested in two cases: when v% is
identifled with a tangent to a geodesgic or when with a vec=

tor h(a)l of a tetrad. In the Tirst case let / be the geo-
: dxt
desic, s the parameter along it such that vt =45
K

vivi=~ 1+ Also u™ and J uk are chosen orthogonal to vt
Since (4) is a tensor equation a pértioalar coor

dinate system can be used to simplify the calculation. If a

system in which vt =,fiy so that uf = c/u4 = 0, is consglide—

red, (4) reads
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The equation AAQA 4/f'9 is of third degree in

.
K. For each solubtion a direction u~

.
orthogonal to vK s found,
such that </K = 0, If coincident solutions occur a degene-—
racy arises, otherwise the threoe vectors are orthogonal to

each other.
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The physical meanings of these directions becg

mes apparent when a two parameter family of geodesic /ﬁ(t),
]'“'l 3 0y ¢

to which / Ybelongs, is considerecd, ITf X = xt(s, t) is the

equation of a generical geodesic of the family and
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then the equation of geodesic deviation is given by
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Introducing a tetrad k(a)i, with x(4)i = vi, pro

pagated by parallel transport along the geodesic, (6) can
be written as
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In the physical interpretation ?7ﬁﬁ}in (7) stands

for the relative coordinates of two particles moving along
/7 (%) and A I t) and accordingly - K(O<) (4 ) is

their relative acceleration due %to the gravitational field(gh

When eg. (5) is satisfied (6) and (7) become
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So it is seen that in the direction defined by

T

(5) the relative acceleration has the same direction as the
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vector Jjeining the two particles and is proportional to the

(x)

Riemann curvature,

In the second case we take V(K) k(a)K, sSumming
(1) over (a) wo obtain
7 ’ﬁ%ﬂfﬂ%ﬁaﬁfzgj /‘féaﬁuz
k ) gé%@m %z;ée;’/\/':a)/{}(”;) 2 56’6’ ¢ s (1 1 )

for the average curvature relative to the direction u€.

Then we have that cf? = 0 if

{%ié' é;%k,) né = o (12)

For every solution of ;VRie - ?gie/y = 0 g di=
rection ig obtained in which O/? = 0., Now from the Binstein

equation Ry = = A (T, = 1/2 856 T)s so that
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: e
As seen from (13) the quantity T;x wt uk is sta-

1 ig defined by (12). This means that if uf ig

tionary when u
. 1{7 o . . .
considered as a vector A(a)* of a new tetrad, the intrinsic
F‘l(a'al> £ .
component T of the matter energy momentum has a statio~
nary value with respect to infinitesimal rotations of +the
tetrad.
Conversely to determine the stationary value of

T(aa) under local Lorentz transformations ig equivalent to

finding the principal directions of Rixe

(x) = It is possible %o use the (10) %o perform a physical
measurcment of X for our three directions in every
point of space-time,
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