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Abstract

By utilizing the Newman-Penrose tetrad formal"ism, we deduce the exact

set of non-Iinear partial differential equations which describe the

collision of gravitational and electromagneÈic waves. Unfortunately,

this set of equaÈions is too difficulÈ to solve using todayr s

techniques and therefore several simplifications are adopted.

The first simplification treats the electromagnetic field as a test

field and hence ignores its stress-energy. Both the exact and weak

gravitational metric are used. In both cases, we deduce explicit

expressions describing the effect of the gravitational wave on the

electromagnetic field. Later, the validity of these expressions is

d,iscussed.

The second simplification uses a po\^¡er-series approach which, although

it does not give an extensive solution to the exact problem, does give

several properties of the exact solution in the vicinity of the

ini¿ial interaction. In particular, the applicability of the Lichnerowicz

conditions is discussed.

Íle find that the gravitational wave changes the Petrov tlpe of the

electromagnetic field and can even reverse its direction of propagation.

Also, observers may experience focusing of, and,/or energy transfer to

the electromagnetic fielcl.

Finally, although the effects d.escribed above are explicit, we find

that they are too small for experimental application to the deÈector of

gravitational waves.
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Notation and Conventions

The metric tensor is denoted n'u. fts signature is

+ - - -. Tensor indicies ÞrVrp range and sum over

OtJ-r2r3. Spinor indicies ArBr... range and sum over

Or1. Ílhere small roman letters appear their sum

always ranges over the values 2r3. Synunetrization

is denoted by round brackets.

o(u"u) =t(AuBv+AuBu)

Antisynunetrization is denoted by square brackets

otu"ul = t(AuBv - AvBu)

Partial derivatives are denoted by

A OrA
'üU

Covariant derivatives are denoted by

A
; l-t




