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Abstract. In this paper, various types of sources of gravitational waves are considered.
The use of the effect of mutual conversion of electromagnetic and gravitational waves in a
nonlinear optical dielectric medium is proposed as a promising method for creating a source of
gravitational-wave radiation.

1. Introduction
Gravitational waves are the subject of numerous theoretical studies carried out since the
beginning of the twentieth century, and attract attention as a new means of transmitting
information and energy over long distances at the speed of light. According to the modern
theory, distribution of gravitational waves in space is associated with a change in the space-time
metric, i.e. components of the metric tensor, and is caused by oscillations of the quadrupole
moment of the mass of physical objects [1].

Another source of gravitational waves, according to the theory of cosmological inflation, are
quantum fluctuations of the scalar field at an early stage of the evolution of the Universe [2-4].
Indirect estimation of the effect of relic gravitational waves on the anisotropy and polarization
of relic radiation is the basis for experimental verification of theoretical models of the early
Universe [5]. It should be noted that relic gravitational waves themselves were not detected and,
at present, various methods for their possible detection are proposed [6-10].

Moreover, radiation of gravitational waves can be carried out in astrophysical objects during
various dynamic processes, and in this case it is characterized by the frequency which depends
on the size of the radiating medium. In 2016, by the method proposed previously in [12] (see
also review [13]), the first experiments [11] were carried out to detect gravitational waves from
a distant space object whose frequency of gravitational oscillations was in the range of 10-100
Hz.

It should be noted that long ago there was developed a theory [14,15] which predicted the
possibility of generating gravitational radiation as a result of the conversion of electromagnetic
radiation into gravitational radiation in the presence of a strong magnetic field. In this case, the
amplitude of the gravitational wave linearly depends on the square of the static magnetic field
value and on the length of the wave interaction path, provided that the so-called synchronism
conditions, i.e. the law of conservation of momentum during photon-graviton conversion, are
satisfied.



XXI International Meeting of Physical Interpretations of Relativity Theory

Journal of Physics: Conference Series 1557 (2020) 012034

IOP Publishing

doi:10.1088/1742-6596/1557/1/012034

2

2. Generation of gravitational waves
In addition to gravitational wave radiation from natural sources, the possibilities of their
generation and detection in the laboratory are also considered.

Artificial sources imply gravitational radiation of small amplitude and power, and, therefore,
weak gravitational waves are considered as small perturbations of Minkovsky space-time
gµν = ηµν + hµν based on Einstein’s linearized theory of gravity.

Gravitational-wave solution of Einstein equations in a linearized approximation [1]:

h̄µν = −16πG

c4
Tµν , (1)

where

∂µh̄µν = 0, h̄µν = hµν −
1

2
ηµνh, (2)

can be written as follows

hij =
4G

rc5
Λij,kl (n̂)

∞∫
−∞

dω

2π
Tkl

(
ω,
ωn̂

c

)
e−(iωt−r/c), (3)

where Tkl is the energy-momentum tensor of matter, ω is the frequency of gravitational waves,
tensor Λij,kl is determined as follows,

Λij,kl (n̂) = PikPjl −
1

2
PijPkl, Pij (n̂) = δij − ninj ,

vector ni determines the direction of propagation of the gravitational wave.
Research literature considers various sources of gravitational waves, which are determined

by a different type of the energy-momentum tensor. One such source is crystals excited by an
external electric alternating field.

For example, in [16], the component of the energy-momentum tensor of lattice vibrations in
the selected direction under the action of the alternating electric field was determined as:

T11 = d131E3

sin
(
ωL−x
vs

)
+ sin ωx

vs
− sin ωL

vs

sin (ωL/vs)
sin (ω t) , (4)

where dijk is the tensor connecting the crystal tension with the electric field, L is the crystal
length, νs is the sound speed provided Lω/vS = π/2 gives the following power of gravitational
radiation

Lg ≈
GP 2

maxλ
4π2

120c3
(5)

where Pmax is the effective tensile force. The power of gravitational radiation of a crystal excited
to the level which is extremely close to the point of destruction is estimated as Lg ∼ 10−13erg/sec
[16].

The excitation of shock waves arising from the matter irradiation by short pulses of high-
power laser radiation [17,18] is also considered among the sources of high-frequency gravitational
waves. The power of gravitational radiation, in this case, is determined as follows

Lg = 7× 10−18
W 2
L

ρ0
(6)

where WL is the laser power, ρ0 is the medium density. The maximum power of gravitational
waves obtained in these processes is estimated as Lg ∼ 10−17 − 10−19erg/sec [17,18].
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Thus, the considered methods of generating gravitational waves lead to estimates implying
the impossibility of their further detection due to the low power of gravitational-wave radiation.

As an alternative mechanism for generating gravitational waves, we consider the parametric
processes of interaction between electromagnetic and gravitational waves. The result of this
interaction is the conversion of an electromagnetic wave into a gravitational wave, which
determines a fundamentally different approach to creating gravitational waves in laboratory
conditions.

3. Parametric processes of mutual conversion of electromagnetic and gravitational
waves in optical media
In [13,19], the theory of generation of gravitational waves was developed as a result of the
so-called parametric processes of interaction between electromagnetic and gravitational waves.
If a star has intense electromagnetic radiation at a frequency ω0, a gravitational wave with
a frequency 2ω0 is formed as a result of the parametric interaction process. Owing to the
parametric interaction between a gravitational wave with a frequency 2ω0 and the original
electromagnetic wave with a frequency ω0, an electromagnetic wave with a frequency 3ω0 should
also be formed in the star. Thus, generation of a gravitational wave with a frequency 2ω0 can
be inferred by recording the third harmonic of the fundamental frequency in the spectrum of
the star. Naturally, such parametric processes can occur only at a high intensity of the initial
electromagnetic waves inside the star and a sufficiently large conversion length.

In [20], a method for generation and detection of high-frequency gravitational radiation based
on the use of conversion of electromagnetic waves to gravitational waves in an external stationary
magnetic field under laboratory conditions is proposed.

The conversion coefficient α of an electromagnetic wave into a gravitational one is determined
as follows:

α =
GH2

0L
2

c4
(7)

where G is the gravitation constant, H0 is the static magnetic field strength, L is the conversion
length, c is the speed of light. Since for small distances L the conversion coefficient α� 1, this
process with a large value of the coefficient α can be implemented as a result of a nonlinear optical
process amplified in a condensed dielectric medium as a result of a large optical nonlinearity
of the condensed dielectric and a sharp deceleration of the group speed of light during the
interaction of intense laser radiation with matter.

It should be noted that it is possible to carry out laboratory experiments on generation
of high-frequency gravitational waves using high-frequency pulsed laser radiation instead of a
magnetic field.

4. Conclusion
In this paper, various methods for generating high-frequency gravitational waves in laboratory
conditions are considered. The most promising approach is based on the mutual conversion of
electromagnetic and gravitational waves in modern nonlinear optical dielectric media.
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