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ABSTRACT 

The possible use of a capacitive device to detect gravitational waves is 
discussed. Special emphasis is put on the detection of permanent periodic 
sources. The intrinsic properties of such a method, its sensitivity, 
directionality and its wide frequency band, makes it a very appealing one. 
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INTRODUCTION 

Gravitational waves, first predicted to exist by Einstein seventy years agoW in the frame 
of his theory of general relativity, are more and more one of the most challenging problems of 
experimental physics^2). Gravitational waves can be emitted by catastrophic cosmic 
phenomenons which would give short burst emissions. They can also be due to the evolution 
of rotating systems like binary stars, black holes or neutron stars, leading to emission of waves 
with much smaller amplitude but which are continuous and almost perfectly monochromatic. 
The capacitive system we will discuss is mainly meant for the observatit i of this second type 
of gravitational waves. 

INFLUENCE OF A GRAVITATIONAL WAVE ON OUR SPACE 

The passage of a gravitational wave produces a modification of the space curvature. This 
phenomenon is now well understood theoretically and should manifest itself ai t modification 
of the distance between two points initially at rest in the proper reference framt of a detector. 
Let x,ytz be the coordinates of a point in such frame, provided we have 

Ul,lyl,lz!«a.g 

where Xg is the gravitational wave length. One can fmd(3.2) (the wave traveling along z) the 
change in the distance 5x,8y,5z as solutions of 

d26;t if d2h£) d2h£) 
T ' T ' ^~ + y :T-
dr \ dr df , 

d% 1 ( d2h£t) d2h&) 
—r=7\-y—^+x—r-

d/2 

(1) 

where k+(t) and kx(t) correspond to the 2 polarization states of the wave. In the case of a 
rotating source we find, following K.S. Thorne(2) 

h+[t) = /io+cos(27rvgf) 

AxW = eAoxsin(2TtVg/) 
where £ = ±1 depends on the direction of rotation of the system and v g = c/\ g . Here, h(y+ and 
Aux are given by 
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, = 2 L c o s y M l K 
(J*x-Jyj)(lV ' 

h0x = 4 cosct - -^—2 

,2 

where a is the angle between the axis of rotation of the system and the line of sight from the 
earth to the rotating source. Jxx and Jyy are the components of the object's quadrupole moment 
along the principal axes, in its equatorial plane, and r is the distance of earth from the emitter. 
For simplicity let us assume that the gravitational wave is fully polarized (oc=jt/2), then /tx=0. 
Since the change of the distance are very small, we can solve { 1 ) to get 

Sx = ^xhcos(2KV%t) 

Sy = -i-y/icos(2jTVg() (2) 

Sz = 0 
where 

h (Jxx-Jyy)(nvg)2 

EFFECT OF A GRAVITATIONAL WAVES ON A CAPACITOR 

Let us consider (see fig. 1) two rectangular plates perpendicular to the x axis with separation 
distance d and of size L along y and / along z. The capacitance of this elementary device is 
given by 

r JL 

where £ is the dielectric permittivity of the material separating the two plates. Let a fully 
polarized wave (Ax=0) travel along the z direction. We will have a deformation of the system 
according (2) which will be 

d-tdfl + 2<:os(2iiVg»)} 

L->L(\ - IcosCTtVgfA 

Which will give a new capacitance value 

IL h - jcos(2iWg()N) 

d fl + |cos(2w g r ) , j 
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Since h is very small we can write C as: 

C = Co(l - /icos(27tvg0) (3) 

Note that if the wave propagates along x the capacitance value is not modified to first order in ft. 

Then the capacitance is a function of the time, the amplitude, and the direction of the 

gravitational wave. Here, we will not discuss the case of capacitors with more sophisticated 

shapes than a plane. Other shape capacitors will also be subject to periodic deformations 

provided they are not spherically symmetric. 

A GRAVITATION AL WAVE DETECTOR 

Let us consider a device as sketched on fig. 2 where C\ and Ci are two rectangular 

plates capacitor at potential V. As previously discussed, for a gravitational wave propagating 

along z* , C\ and Ci will evolve as a function of time 

C l = Co(l-Acos(2jtvgf)) 

Cl = Cn(l+Jjcos(2jtVgO) 

(the "strain" of space is reversed, that is h has opposite sign for Ci and Ci because of the n/2 

angle between the two capacitors). Let Co - Q)i = CQ2 be the capacitance of Cj and C? under 

no deformation, 2Q$ the amount of charge stored in the system: 

2<2o = (Coi+Co2)V=2C0V 
since C\ and Ci are function of time, there will be a flow of charge (a current) between C\ and 
C 2 (see fig. 2) 

dt "" l W [dt dt ) 

which gives 

i(t) = ACnV4ïWgsin(2itVgO 

This current has the same period as the gravitational wave and a maximum ampLrude 

/n = 47zQ0vgh (4) 

which is proportional to the dimensionless strain of the space k. Therefore the minimum 

detectable h value corresponds to the minimum value of/ one can measure. Assuming that the 

limit due to the noise is dominated by the shot noise of the difference, A/, of the leakage current 

of C\ and C%. We reach a noise value 

'noise = V2qvmA/ 

* for simplicity we consider only fully polarised waves (ftx=0) 
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where q is the electric charge of an electron and v m the sampling frequency. By using the 
relation (4), we can convert this current to an h value 

ftnoisc - " —V2qVmA/ 
4 7 C V B Q Q 

Taking the minimum detectable amplitude as die double of the noise and measuring over a total 

time 7 \ m , which reduce the noise by a factor \ T ,

t o l v m t the minimal detectable h value is 

, 1 J 2qàf 

With standard commercial type capacitor with Qa=l.5.l(fi C, we can expect to adjust the 
difference of the leakage current to A/= 10 pA. For a 4 months of measurement we reach a noise 
value 

, 6.10-23 
«min -

v g 

taking vg=60Hz (the Crab pulsar frequency) this gives 

Alim» = ! 0 ' 2 4 

which is the "optimistically" expected value for this pulsar^2). 

CONCLUSION 

This gravitational wave detector based on the strain of a capacitive system is very 
appealing: 
- it produces a current proportional to h with the same time dependence 
- a priori such detector has very wide frequency band since it does not need to be tuned to a 
given frequency 
- the detector is sensitive to the direction of the incoming gravitational wave. Therefore, if the 
signal comes from a celestria] object, then the amplitude of the signal should be modulated 
according to the sidéral time. This property would be welcome to distinguish gravitational wave 
signal against terrestrial background. 
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FIGURE CAPTION 

Fig. 1 : Geometrical definition of the quantities used in the text 

Fig. 2 : The principle of the detector. The z axis is normal to the paper 
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