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In this paper it has been shown that the electromagnetic field lends itself to a
clagsification similar to the Petrov classification of the gravitational field.
A certain tensor possessing all the algebraic properties of the conformal
curvature tensor has been couched in terms of the electromagnetic field
tensor. The Petrov classification of this tensor shows that the non-null
electromagnetic field corresponds to Petrov type ID whereas the null electro-
magnetic field is always of type IIN.

1. INTRODUCTION

In the absence of an invariant formulation of gravitational energy the
classification of the radiative and non-radiative types of gravitational fields
has been done on the analogy of the electromagnetic field. This has been
effected through the algebraic structure of the conformal curvature tensor
Chrii of the gravitational field. Herein we construct a tensor Ly for the
electromagnetic field analogous to the conformal curvature tensor, the Petrov
classification of which gives back the two types of electromagnetic fields, the
null and non-null. It is found that according to this scheme the non-null
electromagnetic fields correspond to Petrov type ID and the null electro-
magnetic fields are always of type IIN. The other Petrov types do not
manifest themselves in this scheme.

2. Tar TENSOR Ly

The electromagnetic field is given by an antisymmetric tensor Fy; which is
connected with the metric of the Riemannian space through Einstein-Maxwell
equations. We define a tensor Py as follows:

Py = 2F B~ F iy F ry— Fip by . .. .. 1)

It can easily be seen that

P [ni)ie = 0
Pripng =0
2
Ppir = Pons|* @)
P, hltik] = 0
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The contracted tensor Py is given by
Py = ¢"* Py = —3F, F;. .. .. .. (3)

If Py =0 the electromagnetic field disappears. Hence we define another

tensor
Lyie = Prige+8[90iB o+ ginBons— gniBsy— gy E i)

+ 31 F7(gnigis — Gnigir) - . . @)
where E;; is the electromagnetic energy tensor given by
By= —F,Fi+3FFry,. e 9

It is clear that L possesses all the algebraic properties of Py, indicated in

(2) and also
Ly= gLy =0 .. .. .. .. (6)
identically.
It may be noted here that L;;; is the only possible tensor quadratic in
Fy; possessing the algebraic properties of the conformal curvature tensor
Cryi- Since the electromagnetic energy tensor is a quadratic expression in
Fy; the tensor Ly is of the proper order in F; for effecting the classification.

3. TuE ELECTROMAGNETIC FIELD

Usually the electromagnetic fields are divided into three classes:
(@) FuF90, FiFis0 '
(b) FuF95£0, FoFé=0 . . M
(¢) FyF" =0, F Fi=0
where
*F‘j = ‘%GHHFW .. . . .. (8)
€8l being the Levi-Civita tensor. Of these three types the first two are non-
null and the third defines a null electromagnetic field.
For the consideration of the Pirani matrix we find that by proper choice
of the tetrad A:a) at a point the physical components of Fy can be expressed
in the following form for the three cases, viz.

Case (@): Fa=(1,0,0,8,0,0 .. .. .. .. (9a)
Case (b): Fu=1(0,0,0,0,B8,0), 0B .. .. .. (9b)
Case (¢): Fq=(0,0,a,0,2 0) .. .. .. .. (90)
where F, is the six-vector corresponding to the physical component F 4 :
Fan = FyXy M, . O ¢ 1))

The physical components of Ly with respect to this tetrad assume the form
. M N
AB = N - M (11)

12
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in six-dimensional representation, M and N being symmetric matrices of third
order. The matrices M and N in the three cases are given by

(a’) M= dl&g (%FZ: _iFZa _iFZ): N= dlB:g (2“:8, '—“ﬁ: _“ﬁ) v (120')

00 o
(b) M = diag (—1F,. }F,—3o® 4F,+36%, N = [0 0 %aﬁ] - (12b)
. 038 0
00 O
() M = diag (0, — %o, 30?), N = [0 0 %mz] .. .. .. (12¢)
0 22 0
where
F, = Fy, O O &)

It is seen that the matrices (Pirani 1962) in the cases (@) and (b), i.e. for
the non-null electromagnetic fields, are of type ID and for the case (c), i.e. for
the null electromagnetic field, it is of type 1IN.
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