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Chapter 1

IXNTRODUCTION
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One of the meut important problems in the stucy of
general relativity ia the theory of gravitational waves.
The theory of gravitational waves was initiated by cinstein
himself (1917-191¢) in two pipers on the approximate wave
like solutions of hiseapty space field equations.

The investigation of gravitational radiationm in
general relativity theory 1:s hampred by the lack of am
invariant radiation ~ for the non-linesrty of the gravita-
tional field equations of general relativity - which must
be distinguishable, mathe-matically from peculiar choies
of the coordinate system, and physically, from a peculiar
motion of the observer. In & covariant, non-linear, theory
the cefinition of gravitational radiation should not depend
on the weakness of the fields or on special coordinate con-
ditions. In this thesis an invariant definition will be
proposed in chapter III,

In the study of gravitational fields, using general
relativity, the essemtial information about the field is
mainly given by the Riemamn- Christoffel tensor RM .Hence,
in order to get an sppropriate basis for the invaat;lgatim
of gravitational rm!iatl.nn, one wust look clearly inta tbw
-aJ,gnbraic amd dit‘rarmt:l.al properties of this temor. m

L
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an investigation depends largely on the exploitation of
analogies in the gravitational fielu to the electromagnatic
fleld. Thig requires the transformation of aany familiar
results of slectromagnetic theory into some other unfani -
liar forms before these analogies can be worked out. #or
instance, some Qften-used techniques of electromagnetic
theory. 5uch as the resolution into Fourier components,
are not natural for the (non-ltnear) ¢ravitational fields.
The role of the Riemann tensor in this stucy is explained
in chepter I1I.

In chapter IV plane gravitational waves are definsd
and a general plane-wave metric is obtained and the proper-

ties of plane-wave 3pace-tines are studied in detail.

In particular, their characterization as “plane® i3
Justified further by the axmstruction of “sandwich waves”
bounded on both sides by (null) hypersurfaces in flat space-~

time.

In order to get some insight into the behaviour of
gravitational fields we have studied the linearized theory
of gravitation (chapter V). The first calculations along
these 1ines, for the linearised gravitational field were
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carried out by bachs (1961) using the super potential
method developed earlier by bachs and Berymann (1958) 41
rilar calculation for the electromagnetic field has
been given independantly by Lyuboshity and Smorodinskii
(1962). A mush more genersl formalisn {or the linearized
theory has been developed by Pirani (196k).
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Notation Used:
1=~ The absolute derivatives of vector and tensor fields
taken along the curve
xt = x8(y),
u beeing a parameter, are defined in the following

Ranmners
$a% _af LI 3 -
b c
$a, . - dx -
S ‘-ﬂ [ . A, ™ (1-2)
§ gt ab 8 eb 48 P e a ..
il SR AR L
‘S - a ¢ dxd _ e '. dzd.
B b ¢ dxd c dx‘
= 89 . — - B —_— (1=
'i'"u'“h da r.dnch du rbd e g -9
a-- mm ﬂ“ com; derivatives are denoted by
| 2 .p" ® 1‘*“, p * and e (1-6)
v A " a‘ 5 & o | a-7. .

3~ Bmmum 1@ dmutad by round bmmts |
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4~ Articymmetrization 1s cenoted by square brackets
i -
A[nb]. 3 ( “.b ‘ba ) y for tensors oi the second

order (1-9)
‘cba - ‘acb“bnc) (1-10)

for tensors of the third order,

s 4 -
A[nbc] 3 ¢ ‘lbc* Apea® 42ab

f= The wetric tensor is dencted by (8 end {ts deterainarc
18 denoted by g , the Minkowski’s metric tensor is

denoted by

‘. = {2 0
-1 (1-11)
0 -1

The Kronecker delta is givan by:

b 1l ifa=0»
$ =§ (1-12)
a (o] othervige
6~ The sign of the Tiemann tensor is specified by the
Riccigdentity
1 a
v v = = R A (1-13)
[c a3 ‘b 2 "bea ‘a
The Ricci temsor is given by:
. a ‘
L - {1-1%
R TR, | (1-1%)
and the curvature scalar is given bys
R = R

a5
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The Elnstein tensor is cenoted by:

Gp * Ry, -4, R

The Weyl tensor C » 12 defined by
abed

ab _ oadb Ca 'Y bl
> n“‘asce(ad]-tnsd

It bas the property that

c
oa = °

The atternating ( oriented ) tensor is

€ « €
abed [abca)

wvith
€ = - i
123 (~g)° >o

-%00_
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MBEANING OF GRAVITATIONAL WAVES
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It is now belived that, accordin, (v Zinstein s
seneral theory of relativity, whon a particle 15 ne~alerated
Cr a body is deformed in Shape, ravitationnl wuves. aroe
emitted. These waves are a:sumed Lo travel through empty
Space with the speed of light, cerrying with ttem the !'nfore-
mation that 4 shiange has occured ir the gravitaticonal field

ol the source,

Before entering i{nto technicnl Giscursions, it 1s
desirable to clarify the meaning ol the termn Eravitationas
WAVOR, not by s formal derinition, but by scae physical con-
siderations,

For instance, 1f » {an, stonding on the earth, aolds
in his hand a beavy club. it 1irst, the z1.n phangs down
towards the ground, but at a certain woment the wan ralses
it guickly over his head. The club itselrf would produce a
gravitational field, and the action of the man changes thisg
field, not cnly in his naighbourhood but through the whole

, uu;varan. This change in the gravitatinnal field of the
- ‘Gumming club travels out 1nto space uith thn speed of 1ight.
3%* !hﬁn“lmﬂhwutuﬂugithuana reﬁquhles iﬂat iﬂiﬁnown az ' "g:awi-
ol ey (L
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