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Introduction

The radiation impedance of a slit was previously studied by Lord Rayleigh [START_REF] Rayleigh | On the open organ-pipe problem in two dimensions[END_REF], for the case of wavelengths much larger than the thickness of the slit. A general expression of the radiation impedance was carried out by Levine [START_REF] Levine | On the radiation impedance of a rectangular piston[END_REF] later. The impedance of a regular array of parallel slits is calculated in section 2, and compared in section 3 with the previous results of Ref. [START_REF] Levine | On the radiation impedance of a rectangular piston[END_REF].

Expression of the surface impedance

A screen in air perforated by an array of slits is represented in Fig. 1. A system of rectangular coordinates (x 1 ,x 2 ,x 3 ) is used: x 1 parallel to the slits, x 2 perpendicular to the slits in the plane of the screen, and x 3 perpendicular to the screen.

The x 3 component of the velocity of air in the slits is uniform and equal to U exp (j w t). This hypothesis is an exact description for the case of baffled pistons located in the slits, and only an approximation when the pistons are removed and a normal acoustic field impinges upon the upper face of the screen. This approximation was successfully used to predict the surface impedance of a porous material covered by a screen perforated with slits [START_REF] Brouard | Acoustical impedance and absorption coefficient of porous layers covered by a facing perforated by parallel slits[END_REF], and was used previously for the case of square and circular perforations [START_REF] Ingard | On the theory and design of acoustic resonators[END_REF][START_REF] Ingard | Perforated facing and sound absorption[END_REF].

The acoustic field does not depend on x 1 . The x 2 component of velocity is equal to zero at x 2 = D/2 ± n D, n = 0, 1, 2, ... ' and the space can be divided by planes nn parallel to x 1 -0-x 3 , as shown in Fig. 1 b, without modifying the acoustic field. In the partition represented in Fig. 2, the pressure and the x 3 component of velocity are given by
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In these equations, Zc is the characteristic impedance, and k is the wave number in air, and km is given by:
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Fig. 2. The perforated screen and the two consecutive planes n 1 and n 2 of the partition.

At x 3 = 0, the velocity is equal to U in the slit and is zero otherwise.
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The average pressure over the slit is:

(6) Fig. 3. The impedance Z~ fork a= 0.1. The imaginary part of impedance for a single piston is indicated by the arrow perpendicular to right hand side axis.
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and the normalized impedance ZN = Z/Zc is given by
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where z~ is given by
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The impedance Z~ is represented in Figs. 3, 4 and 5 as a function of D fork a= 0.1, 1 and 10. The width a is equal to 3 mm, as in an experiment described in a previous paper [START_REF] Brouard | Acoustical impedance and absorption coefficient of porous layers covered by a facing perforated by parallel slits[END_REF]. The three values for k are 10 2 /3 m-1 , 10 3 /3 m -1, and 10 4 /3 m-1 . The second and third values are not related to sound waves, but have been chosen to study the behaviour of eq. ( 9) over large range of values for k a. If 1/D is larger than k, all the kn for n =I= 0, and all the terms on the right hand side of eq. ( 8) are imaginary. The impedance Z~ can be rewritten
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The expression in brackets is the added length lJ defined by Ingard [START_REF] Ingard | On the theory and design of acoustic resonators[END_REF][START_REF] Ingard | Perforated facing and sound absorption[END_REF], and is an evaluation of the inertial effects related to the evanescent modes close to the screen.

The impedance Zn can be rewritten as:

The real part of Z~ is different from zero if 2rt D>- = k' (11) (12) 
when propagative modes (n =1= 0) can exist below the screen.

If the condition in eq. ( 12) is met, kn crosses the zero value periodically when D = 2n n/k, and Zn tends to infinity when D tends to 2n njk. In order to remove the singularities, a small amount of arbitrary damping was introduced by adding in eq. ( 3) an imaginary part to k given by:

Im k = -10-2 Re k. ( 13 
)
In Fig. 5, Z~ is represented only for D > 2n/k, because the fast variations of the imaginary part of Z~ for the small values of D are not clearly representable. It may be noticed that in Figs. 3 and4, the imaginary part of Z~ (and the added length) is continually varying up to frequencies related to the first propagative modes, and does not present any asymptotic value up to these frequencies.

Comparison with the radiation impedance for a single slit

The calculation was performed by Lord Rayleigh [START_REF] Rayleigh | On the open organ-pipe problem in two dimensions[END_REF] in 1904 Table I. Different evaluations of the radiation impedance of a piston having an infinite length (eqs. ( 15), (8), Ref. [START_REF] Burnett | Tables of rectangular piston radiation impedance functions, with application to sound transmission loss through deep apertures[END_REF]) compared with the radiation impedance of an array of parallel slits of width 3m, separated from each other by 50 m (eq. ( 14)).
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where y is Euler constant (0.5772 ... ).

The general expression for Zn in Ref. [START_REF] Levine | On the radiation impedance of a rectangular piston[END_REF] is
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where Hb 0 , H~1 >, and S 0 , S 1 are Hankel and Struve functions of the zeroth and the first order. The value of the imaginary parts of ZN given by eq. ( 15) is indicated in Figs. 3,4, and 5 by an arrow. It may be noticed that for small distances D between the slits, the impedance (and the added length) can differ strongly from the exact value calculated for a single slit.

The values of ZN obtained by eq. ( 15), and by eq. ( 8) with a= 3 mm and D =50 m, are given in Table I for ka = 0.1, 1, and 10. Both evaluations yield very similar results. For ka = 0.1, the value obtained by eq. ( 14), in its range of validity is also reported. Also reported are similar evaluations obtained by extrapolating to ka = 0.1, 1, and 10, the numerical values of the impedance calculated by Burnett and Soroka [START_REF] Burnett | Tables of rectangular piston radiation impedance functions, with application to sound transmission loss through deep apertures[END_REF] for a rectangular slit having a large side 32 times as large as the small side a.

The evaluation by the series is close to the exact value given by eq. ( 15) for ka = 0.1, and 1, but the error in the imaginary part is equal to 10/100 for ka = 10. It may be noticed that the evaluation for the rectangular slit is close to the exact value for k a = 1 and 10.

The imaginary part of the radiation impedance of an array of parallel equidistant pistons, and the added length, do not present any asymptotic value up to the frequencies related to the propagative modes. For large distances, the radiation impedance for the array can be very similar to the radiation impedance for a single slit, if sufficient damping is added to avoid the singularities created by the propagative modes.
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 1 Fig. 1. A screen perforated by parallel equidistant slits. a) Top view, b) side view. The partition by planes parallel to (xpx 3 ) is represented in the side view.
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 45 Fig. 4. The impedance Z~ for k a = 1. The imaginary part of impedance for a single piston is indicated by the arrow perpendicular to the right hand side axis.

Acknowledgement

W. Lauriks is a Senior Research Assistant of the National Research Fund, Belgium.