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In this paper the explicit form of the components of the gravitational superenergy
tensor, ¢S, for the Einstein-Rosen gravitational wave is given.

1. Introduction

The purpose of this paper is to show, based on an example of the ¢ylindrical Einstein—
-Rosen gravitational wave, that the superenergy tensor of the gravitational field which was
introduced in [1] better describes a gravitational wave than the canonical energy-mo-
mentum pseudotensor.

2. The Einstein—Rosen gravitational wave

The interval for the exact solution of the vacuum Einstein’s equations which was given
by Einstein and Rosen possesses, in “‘cylindrical” coordinates x° = ct, x! = g, x2 = ¢,
x? = z the following form

ds? = 20" Y(c2dt? — dg?)— g%e " *¥dg? — e*¥dz>. Q)

The functions y and y depend only on the coordinates x° and x* and satisfy the follow-
ing system of partial, differential equations
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We get equations (2) if we substitute the metric tensor determined by interval (1)
into the vacuum Einstein equations.

The Einstein-Rosen solution for the vacuum Einstein equations is interpreted physi-
cally as the cylindrical gravitational wave. It is easy to check, e.g., [2, 3], that for the
Einstein-Rosen gravitational wave, in cylindrical coordinates ¢, ¢, @, z, globally vanish
the components, 2%, gto* of the canonical energy-momentum pseudotensor g¢ of the
gravitational field {7;}.!

Therefore, the “energy density”” and the “‘energy flux” vanish globally for such gravita-
tional wave. .Consequently Einstein’s pseudotensor, g#, has no value in describing the
energy-momentum transfer by the Einstein-Rosen gravitational wave in cylindrical co-
ordinates.

3. The components, ,S., of the gravitational superenergy tensor, .S, for the Einstein-Rosen
p o ou & /4 gy g
gravitational wave

Let us calculate the components, ,S,’, of the gravitational superenergy tensor, .S,
for the Einstein-Rosen gravitational wave. We have the following analytic expression
for these components, see e.g., [1]
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Using (1)-(3) we obtain
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! Only the components gf3* and gfs) of gt are different from zero in this case.
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The rest of the components of the tensor .S vanishes in this case.

4. Conclusions

It is easy to see from formulae (4) that the components ,S,. of the gravitational
superenergy tensor do not vanish for the Einstein—-Rosen wave in cylindrical coordinates
and, therefore, do not vanish in every other coordinates. In particular the components
So) and ,S;' which define, respectively, the superenergy density and the superenergy
flux density do not vanish. Therefore, we can satisfactorily define the superenergy density
and the superenergy flux density of the Einstein-Rosen gravitational wave. In contradic-
tion, we cannot do this for the energy density and for the energy fiux density because the
gravitational field does not possess an energy-momentum tensor. In summary, we can
say that the gravitational superenergy tensor, .S, is the better tool for the local description
of the Einstein-Rosen gravitational wave than is the energy-momentum pseudotensor gt.

REFERENCES

[1] J. Garecki, Acta Phys. Pol. B8, 159 (1977); Acta Phys. Pol. B9, 291 (1978); Acta Phys. Pol. B10, 883
(1979).

[2) J. Weber, J. A. Wheeler, Rev. Mod. Phys. 29, 509 (1957).

{31 J. Weber, General Relativity and Gravitational Waves, New York 1961,



