
 

   

  

  

   
  

   

   
    

    

Proceedings of The Institute of Acoustics

DIFFUSION AND ABSORPTION OF OUADRATIC RESIDUE DIFFUSERS

D. E. Cornmins, N. Auletta. B. Suner

oommins-bbm. consultants in acoustics
9-H Kensington High Street - London we 5MP

I - INTRODUCTION

The need tor homogeneous diffusion of sound In large concert halls has led to the design at quadratic
residue diffusers using Schroeders theory, Such a solution seems most approprate when "contemporary
music" is to be performed with non-classical distributions of musicians throughout the hall or in the case or
muhipurpose concert halls. where musioanty should not be obtained at the expense of clarity or intelligibility.

The diffusion of sound by quadratic residue dilfusers Is due to the lnterterence of sound waves reflected by
the bottom ol each cavity and ot Incident waves. The key parameter is the variable depth ot the successive
cavities: it is computed using the elementary number theory of Legendre and Gauss.

The diffusing characteristics oi quadratic residue dittusers can be defined according to

- the number oI directions ol dittuslon within a frequency range.
- the energy efficiency.

From the first characteristic and the selected design frequency, one can define the following parameters:

 

  
   - the prime number N. which is equal to the number of cavities tor one period,

- the cavity width

     

 

and compute the cavities depth.

Il - EXPERIMENTAL STUDIES OF A OUADRATIC HESIDUE DIFFUSER  

  

  Because of the Important role that such objects would play It used In large amounts in a concert hall.
preliminary laboratory studies have been conduded on prototypes lo delerrnlne 2  

   

 

- their diffusing properties,

  

 

- their absorption ooetllcient

The prototype quadratic residue dilfuser (fig. 1) was designed as Iollows :  
- normal design Irequency ot 400Hz,
- ettective trequency range 400 to ZOOOHz,
- pn'me number N = 23.
- cavity width : 85cm,
- thickness oi separating walls : O,ch.

 

    
  
   
  From these values. the depth of the cavities were obtained and the quadratic residue diltusers were built in

plywood. ‘       
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".1 TEST OF DIFFUSING PROPERTIES

Two series oi tests have been perionned on 1/4 scale ditiusers. The measured sample was made oi tour
complete periods (4N). The first series at measurements has been perton-ned in a normally reverberent
industrial hail: this means that between the source. a loudspeaker. and the receiver. an omnidirectional
micmphone. many dillerent sound paths are possible. Time delay sped/ometry was used and the tollowing
conditions were caretully checked :

- separate the reflected sound train the direct sound.
- make sure that all the contribution at the ditiuser le comalned within the analysis window.
- make cenaln that none oi the energy reflected by the room Is contained within the analysis window.

The loudspeaker signal was a sine-wave'with nnear irequency modulation. The third-octave bands measured
were those between 1600 and GDDOHz. ooneeponding at a 1/1 scale to 400 to 2000Hz._

The measurements were perionned in the tar-field totest the plane-wave assumption and compare
experimental and theoretical results.

The distances between source and quadratic residue diltuser (D) and between quadratic resldue dit'luser
and receiver (H) were respectively setat D a 5m and R - 2.5m (which corresponds at a 1/1 scale to 20 and
10m).

To verily the properties ct quadratic residue ditiusers. similar measurements were pertormed on a Hat panel
oi identical dimensions : thus. the ablnty otthe method to Identity a specular reflection can be demonstrated,

The tests were perionned lor three angles oi incidence 20° . 30° and 60° (larger angles are at course not
accessible In a reverberam room). Only the 30 diagrams are shown here (ilg. 2) since they are quite
representative; they show striking agreement with the theoretical results :

- number oi diiiractlon lobes,
- eiiective irequency range,
- negligible eiiect oi angle at Incidence (iig. 3).

".2 MEASUREMENT OF THE ABSORPTION COEFFICIENT OF OUADRATIC RESIDUE
DIFFUSERS

At the design stage at a concert nan, control room or studio. it is essential to have a grasp or the aborption

characteristirs ol quadratic residue diiiusers. For this purpose a 10 m’. 1/1 scale, quadratic residue dfliuser

was built and tested in a 200 m3 reverberation chamber. according to standard NFS 31003.

".21 Description oi prototypes and results

The first type oi quadratic residue ditiuser (fig. 1) Is made of a wooden irame and oi a 3cm thick bottom with

the loliowing dimensions: L = 2 x 2.262m I - 2,191m h = 0.965m. The venicai partition walls are made 01

8mm thick plywood with a 8,5cm interval. The bottom or each cavity is made oi a wood brace 70mm thick.

The results show (llg. 4. curve A) that quadratic residue ditiusers show excess absorption around the design

irequency. namely 0.45 at 4oon. In lower octave bands. where the dittuser acts as a quasi reflective plane,
the absorption coeificient goes as high as 0.5 (at 250 and 315Hz). In highter octave bands, the absorption

coellicient is greater than or equal to 0,2.

224 Prcc.l.O.A. Vol 10 Pan 2 (1988)

 



  

Proceedings ot The Institute ot Acoustics

DIFFUSION AND ABSORPTION OF OUADHATIC RESIDUE DIFFUSERS

Absorption measurements were also perton'ned on another prototype made at a damped aluminium

sandwich. The results show a similar excess absorption (fig. 5).

11.22 Reduction ot excess absorption

An Investigation of this absorption peak. tollowlng Schroeders initial work. concludes that the phenomenon

is linked to the depth ot the deepest cavities. Theretore. as a pragmatic solution, the quadratic residue
dittusers were modified so that these cavities (fig. 6) have a variable depth thus hoping to spread the
absorption peak without deteriorating the fiftuslng characteristics. This test was pertormed on 1/1 and 1/4

scale quadratic residue dittusers. 0t course. both ditluslon and absorption had to be measured.

- 1. Dittusion 01 modified quadrch residue dittusere

This test was pertormed on morfitled 1/4 scale dittusers and took place in a semi-anecholc chamber to
eliminate some at the problems encountered in the reverberent chamber. The TDS method was similar and
comparative measurements were also pertorrned on a reflecting plane.

Both the quadratic residue ditiuser and reflecting panel were placed at 2,28m lrom the retacting tloor ot the

semi-anechoic chamber. The distances between source and sample and between sample and microphone
were identical to those described above (D - 5m. R - 2.5m).

The experimental results are shown for a 30° incidence angle in figure 7. They ciearty show that the
dittuslng properties at the quadratic reeldue dittusers have not been significantly altered by the
mormicalion.

‘ 2. Absorption ot moditled quadratic residue drltueere

The absorption coefficient has been measured on a1/1 scale modified quadratic residue dittuser under the

commons described in section 11.2. The result is shown In tlgure 4. curve B and a significant decrease oi

the absorption coeffident Ie obtained :

4OOHz a 0.25 or a 44% decrease
'20sz = 0.15 are 25%decrease

The absorption peak is still present around 250Hz but ls somewhat 'damped' :

250Hz = 0.30 or a 40% redudlon.

Ill - CONCLUSIONS

Quadratic residue dittusers are ol interest to acoustical consultants Involved In the design at concen halls,
theatres. studios, etc. since they provide quasl— omnidirectional dittusion and since their diltusing properties

can be computed accurately, unlike those at, tor Instance. the 'Carlatldes' ot the Musikverein. Theretcre

they have been Introduced in several building projectssuch as the new Brest rnuItI-purpose hall which
requires good intelligibility or clarity as well as acoustic 'equilibrium". it has also been planned in the new

Paris concert hall which will be the'ome ot the Ensemble Interoontemporaln and Pierre Boulez since
multidirectional diffusion would 'depolarize' the hall and make it possible to distribute the musicians in

varous ways.
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Nevertheless. in the design, the absorption characteristics at quadratic residue ditlusers should not be

lorgolten :they should actually be measured. not only on prototypes. but also on samples or the very

dittusers that will be Installed In the hall. The method to be used lor these measurements deserves to be
Improved to take into account the specific leatures oi quadratic residue ditiusers such as their thickness.
Standardized absorption coeltia‘ent measurement methods were used blindly here; even though their

acwracy is questionable. one may conclude that they provide reasonably reliable relative values.

The authors hope that other designers and users ol quadratic residue dittusers will Investigate thoroughly

their diltuslng and absorbing properties and confirm or disprove the existence at intrinsic excess absorption.
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FIGURE 2 l COHPAREDDIPFUSING CHARACTERISTICS OF DIFFUSBRS

AND 01’ A FLAT PANEL FOR AN INCIDENT ANGLE O? 30‘

DIFFUSER _ PLAT PANEL "'""“‘-" 228 PI‘OC.I.O.A. Vol 10 Pan 2 (1989)  



Proc.l.O.A. Vol 10 Pan 2 (1988) 229'

 

DIFFUSION AND ABSORP I

 
 

Proceedlngs oi The Instltute ol Acoustlcs

 



 

Proceedings of The Insfltute of Acoustlca

‘DIFFUSION AND ABSORPTION OF OUADRATIC RESIDUE DIFFUSERS

 

"mt-mummmvaoflanmm

mmmmm

Anmazmmnum

Ilclm'lflme

 um! I wanna mmElm

HIM“ MB III!” “Ill-Ila

.230 Proc.l.O.A. Vol 10 Pan 2 (1983)   



Proceedings of The Insmute oi Acoustics

‘DIFFUSION AND ABSORPTION OF OUADRATIC RESIDUE DIFFUSERS

'16)” I l nan lumen 0' “I'll-D “I!!!”

Proc.l.O.A. Vol 10 Part 2 (1983) 



 

   

     
    

Proceedings of The Institute 0' ADOUStICS

'DIFFUSION AND ABSORPTION OF OUADRATIC RESIDUE DIFFUSERS

 

" .‘s\

I -/
      

   
  

  

  
FIGURE 7 : COHPARED DIFFUSING CHARACTERISTICS OF MODIFIED

DIFFUSERS AND OF I m-r PANEL 30R All INCIDENT

ANGLE OF 30‘   
      

 

   
  

DIFFUSER FLAT PANEL
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