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i i

PREFACE

This S tandard was prepared by the Standards Australia Committee on Acoustics Instrumentation and

Measurement Techniques. It is identical with and reproduced from IEC 1043:1993,

Electroacoustics—Instruments for the measurement of sound intensity—Measurement with pairs of

pressure sensing microphones .

The objective of this S tandard is to specify the performance requirements for sound intensity

instruments , comprising sound intensity probes and processors, which detect sound intensity by pairs

of spatially separated pressure sensing microphones.

Under arrangements made between S tandards Australia and the International S tandards Bodies, ISO and

IEC, as well as certain other Standards organizations, users of this Australian S tandard are advised that

the number of this Standard is not reproduced on each page; its identity is shown only on the cover and

title pages.

For the purpose of this Australian S tandard, the source text should be modified as follows :

(i) Terminology The words ‘Australian Standard’ , should replace the words ‘International

Standard’ wherever they appear.

(ii) Decimal marker Substitute a full point for a comma as a decimal marker.

(iii) References The references to International S tandards should be replaced by references to the

following Australian S tandards :

Reference to International Standard or other

publication

Australian Standard

IEC

651 Sound level meters

AS

1259 Sound level meters

1259.1 Part 1 : Non- integrating

942 Sound calibrators —

1260 Specification for octave-band and

fractional octave-band filters (under

c o n s i d e r a t i o n ) . ( Re v i s i o n o f

IEC 225:1966)

—

ISO

9614 Acoustics—Determination of sound

power levels of noise sources using

sound intensity

9614-1 Part 1 : Measurement at discrete points

—

—
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Standards Australi a. Permission may be conditi onal on an appropri ate royalty payment. Requests for permission and informati on on
commercial software royalti es should be directed to the head office of Standards Australi a.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use exclusively
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Standards Australia wil l also permit the inclusion of i ts copyright material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.
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Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of materi al in print form or in computer software programs to be used commercially , with or without payment, or in
commercial contracts is subject to the payment of a royalty . This policy may be vari ed by Standards Australia at any time.

Full document details: AS 4241-1994

http://www.avadocuments.com/doc/as-4241-1994
http://www.avadocuments.com/doc/as-4241-1994


i i i

CONTENTS

Page

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Cl ause

1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Normative re fe ren ces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

3 Defin i ti on s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

4 Grades o f accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

5 Reference en vironmen tal con di t io n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6 Sound in ten si ty processors: requ iremen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6. 1 Frequ ency ran ge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6. 2 Fi l te rin g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6. 3 A-wei g ht in g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6. 4 In d icato r accu racy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6. 5 Provi sion for microphone separat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6. 6 Presen tati on o f resul ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6. 7 Time averagi n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6. 8 Crest factor hand l in g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6. 9 Pressu re -residua l in ten si ty in dex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6. 1 0 Provi sion for phase compensat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6. 1 1 Provi sion for ran ge sett i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6. 1 2 Provi sion for overl oad in d icati on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

6. 1 3 Provisio n for correcti ons fo r atmospheric pressure and tempe ratu re . . . . 8

6. 1 4 Operat in g envi ronment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7 Sound in ten si ty probes: req u irements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7. 1 Mechan ical con struct io n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

7. 2 Response to sou nd pressu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

7. 3 Response to sou nd i ntensity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

7. 4 Di rect io na l response characte ri sti cs . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

7. 5 Perfo rmance i n a stan d in g wave f ie l d . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1

7. 6 Pressu re -residua l in ten si ty in dex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1

7. 7 Environmen tal cond i ti ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

8 Sound in ten si ty i nstrumen ts: requ iremen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

9 Power supp l ie s: requ i remen ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

Full document details: AS 4241-1994

http://www.avadocuments.com/doc/as-4241-1994
http://www.avadocuments.com/doc/as-4241-1994


i v

Cl ause Page

1 0 Sound in ten si ty probe cali brato rs: requ i remen ts . . . . . . . . . . . . . . . . . . . . . . . 1 2

1 0 . 1 Sound pressure cal ib rators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

1 0 . 2 Resid ual i n tensi ty testin g devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

1 0 . 3 Sound in ten si ty cal i brato rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3

1 1 Sound in ten si ty processors: performan ce veri fi cat io n . . . . . . . . . . . . . . . . . . . 1 3

1 1 . 1 Octave an d on e- thi rd octave f i lte rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3

1 1 . 2 Sound in ten si ty i nd i cat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4

1 1 . 3 Time averagi n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4

1 1 . 4 Crest factor hand l in g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5

1 1 . 5 Pressu re -resi dua l in ten si ty in dex and operati n g rang e . . . . . . . . . . . . . . 1 5

1 2 Sound in ten si ty probes: performan ce veri f icat i on . . . . . . . . . . . . . . . . . . . . . . 1 6

1 2 . 1 Frequ ency respon se . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6

1 2 . 2 Di rect iona l response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7

1 2 . 3 Perfo rmance i n a stan d in g wave f ie l d . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7

1 2 . 4 Pressu re -resi dua l in ten si ty in dex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7

1 3 Cal ib rators: pe rfo rmance veri fi cat io n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8

1 3 . 1 Sound pressure cal ib rators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8

1 3 . 2 Resid ual i n tensi ty testin g devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8

1 3 . 3 Sound in ten si ty cal i brato rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8

1 4 Fi e ld cal ib rat io n and checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 9

1 5 Marki n g and in struct io n man ua l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1 5 . 1 Marki n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1 5 . 2 In stru ctio n man ual s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Annexes

A Period ic veri f icat i on procedu res . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

B Sound in ten si ty processors empl oyi ng auto rangi ng . . . . . . . . . . . . . . . . . . . . . 24

C Sound in ten si ty processors based on DFT analysers convert in g narrow bands

to one -octave or one- thi rd octave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

D RC networks for g en erat in g known ph ase shi fts . . . . . . . . . . . . . . . . . . . . . . . 28

E Dynam i c capabi l i ty i nd ex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Full document details: AS 4241-1994

http://www.avadocuments.com/doc/as-4241-1994
http://www.avadocuments.com/doc/as-4241-1994


v

INTRODUCTION

Th i s I nternati on al Stan dard speci fi es the requ i remen ts for sou nd i n tensi ty i nstrumen ts,

compri si ng sou nd in ten sity probes and processors, whi ch de tect sou nd i n tensi ty by pai rs

of spat ia l ly separated pressure sensin g mi croph on es. These i nstrumen ts, and o the rs

employin g d i ffe rent detectio n methods, are sti l l th e sub j ect o f deve lopment .

Sound i n ten si ty i nstrumen ts have two mai n app li cat i on s. The fi rst is th e i nvest ig ati on o f

th e rad i at io n character i sti cs o f sou nd sources. The second is the de te rminat io n o f the

sound power o f sou rces, especi al l y i n si tu , whe re sou nd i ntensi ty measu remen t enab les

sound power de te rminat ion to be made unde r acou sti cal con di t io n s whi ch ren der determi -

na t io n by sou nd pressu re measu remen t impossib le .

Th i s In ternat ional Stan dard app li es to i nstrumen ts to be u sed fo r the determin ati on o f

sound power i n accordan ce with the req u irements o f I SO 961 4-1 and ensu res we l l- def in ed

pe rfo rmance for in struments used in o th er app l icat i on s.

Speci f icat i on s and to le ran ces are based on cu rrent i nstrumen t techn o logy and on typical

in dustri al req u irements fo r dynamic capab i l i ty i nd ex.

Requi remen ts fo r the veri fi cat i on o f perfo rman ce of probes and processors are wri tten in

te rms of type tests. A scheme for peri odi c verif i cat io n, servi n g as th e basis o f th e peri od i c

recal i brat i on s requi red i n many coun tri es, is g iven i n an nex A.

Probes and processors are treated separate l y and tog ether; in the la tte r case they are

cal le d “ in struments”.
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1

AUSTRALIAN STANDARD

Acoustics—Instruments for the measurement of sound intensi ty—
Measurement with pairs of pressure sensing microphones

1 Scope

The primary pu rpose of thi s Stan dard is to ensure th e accuracy of measurements of sou nd

in ten sity app li ed to th e de terminat i on o f soun d power i n accordance wi th I SO 961 4- 1 .

To mee t the requ i remen ts o f that stan dard , in struments are requ i red to ana l yse th e sound

in ten sity in on e-th ird octave or octave ban ds, and op ti ona l ly to provide A-wei g hted ban d

level s. They are al so req u ired to measu re sou nd pressu re level in ad d it i on to sou nd

in ten sity l evel to faci l i ta te th e u se of th e f i el d i nd i cato rs descri bed i n ISO 961 4 -1 .

Th i s In ternat ional Standard on ly app l ie s to in struments whi ch de tect sou nd i n tens i ty by

pa i rs of spat i al ly separated pressure sensin g microphones.

Th i s I n te rnati ona l Stan dard speci fi es pe rfo rmance req u irements fo r in struments u sed for

th e measurement of sou nd i n tens i ty, and th e ir associa ted cal i brato rs.

Th e requ i remen ts are in tended to redu ce to a practi cal m i nimum an y d if fe ren ces in equ i v-

al ent measuremen ts made usin g d i ffe rent in struments, i ncl ud in g i nstrumen ts compri si n g

probes an d processors from d i ffe rent manufacturers.

2 Normative references

The fo l l owi ng normative documents contai n provisi ons wh ich , throug h reference in thi s

text, constitu te provi sion s of thi s I n te rnati ona l Stan dard. At the t ime of pu b li cat io n , the

ed i ti ons i n di cated were val i d . Al l no rmati ve documen ts are sub ject to revis i on , and parti es

to ag reements based on thi s I nte rnati on al Standard are en cou raged to in vesti g ate the

possib i l i ty o f app l yi n g the most recen t ed it i on s of the normat i ve documen ts l i sted bel ow.

Members o f IEC and ISO mai nta in reg iste rs of cu rrent l y val id I nternat i on al Standards.

ISO 961 4- 1 : 1 993 , Acoustics — Determin ati on o f sou nd power level s o f noi se sources
usi ng soun d in ten sity — Part 1 : Measu remen t at di screte po in ts

IEC 65 1 : 1 979 , Soun d l eve l meters

IEC 942 : 1 988 , Soun d cal i brato rs

IEC 1 260 : 1 9XX, Speci fi cat io n fo r octave-ban d and fracti ona l octave-band fi l te rs (u nde r

considerat i on ) . (Revisi on o f IEC 225 : 1 966)
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2

3 Defin i ti ons

For the purpose of th is In ternat io nal Stan dard, the fol l owin g defi ni t io n s appl y.

3. 1 sound intensity probe: Transdu cer system from wh i ch sign als may be processed to

ob tai n th e soun d i ntens i ty component i n a speci fi c di rect io n.

3. 2 p-p probe (also known as a two microphone probe): Probe composed o f two

pressu re sensi ng microph ones spaced apart by a fi xed an d known di stance , i n whi ch the

sound pressu re componen t i s measured by th e two microphones an d the mean val u e i s

considered as th e sou nd pressure exi sti ng at the re fe ren ce poi nt of th e probe , wh il e th e

sound pressure d i ffe rent i al is u sed for th e pu rpose o f deri vin g the soun d parti cle vel oci ty

componen t.

NOTES

1 A side-by-s ide p-p probe has the two m icrophones arranged as shown in fi gure 1 .

2 A face-t o- face p-p probe has the two mi crophones faci ng each other and separated by a spacer as

shown i n f ig ure 2.

Fi g ure 1 — A sid e-by-sid e p-p probe Fi g ure 2 — A face- to- face p-p probe

3. 3 reference poin t of a probe: Poi n t at whi ch th e sou nd i ntens i ty is deemed to be

measured .

NOTE — The reference poin t of a probe i s not necessari l y th e physical mi dpoi nt , but occurs halfway between

the effecti ve m icrophone centres.

3. 4 probe axi s: Axis passi n g th rou gh the re ference po i nt and al on g wh ich a compon ent

of part icl e velocity i s sensed .

3. 5 reference di recti on: Di recti on o f i n ci den ce o f p l an e prog ressive waves on the probe,

paral l el to the probe axi s, for wh i ch th e soun d i nten sity respon se o f the probe i s speci f ie d.

COPYRIGHT
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3

3. 6 phase d i fference between probe channel s for a p-p probe: Dif ference i n ph ase

response between the channe l s in a p-p probe , i ncl ud in g microph ones, preampl if i ers an d

cab les, if th ey are an i n tegral part o f the probe , when subj ected to the same in put . I t i s a

fu ncti on o f freq uen cy.

3. 7 nominal separat ion of microphones in a p-p probe: Fixed valu e of separati on u sed

fo r the pu rpose o f comput i ng soun d i nten sity d i rectl y in an in strument . I t i s th e mean val ue

of the e ffecti ve separati on of the microphon es i n a specif i ed freq uency rang e .

3. 8 sound in tensi ty processor: Device whose fu ncti on i s th e de termin at i on o f sou nd

in ten sity i n con j un cti on wi th a speci fi ed probe . The processor presents resu lts i n one

octave or on e-th ird octave ban ds, i n terms of sou nd i nten sity and sound pressure , o r

sound i n tensi ty l evel an d soun d pressure l evel .

3. 9 sound intens ity instrument: Comprises a sou nd i n tensi ty probe an d a compat i bl e

sound i n tens i ty processor.

3. 1 0 residual in tensi ty: Fal se i nten sity produced by phase d if ferences between

measu remen t chann el s, wh ich occu rs when the processor i s sub jected to i den ti cal e l ec-

tr i cal i n pu ts to the two channe l s, o r when the transducers i n the probe conn ected to th e

processor are subj ected to id ent ical sou nd pressu re in puts.

3. 1 1 pressure-resi dua l i ntens i ty index: Dif fe ren ce between the i n di cated soun d

pressu re l evels an d the i n di cated res id ual i n tensi ty l evel s, cal cu l ated wi th ai r density o f

1 , 2048 kg/m
3
, i n one octave or one- thi rd octave band s, when th e processor i s subj ected to

id ent i cal e lectrica l pi nk no ise in pu ts to the two chan nel s, o r when the transducers

connected to the i npu ts are sub jected to i den ti cal p in k no ise soun d pressure i n pu ts. Th is

in dex appl ie s on ly where it is essent i al ly i nd ependent of i nd icated soun d pressure l evel .

3. 1 2 dynamic capab il i ty i ndex: Di ffe ren ce between pressure- res id ual i ntensity i nd ex

fou nd in an i nstrumen t and K factor, descri bed as b ias erro r facto r, i n I SO 961 4 . I t si gn i -

fi es the maximum di ffe ren ce between soun d pressure l eve l and sound i nten sity l evel wi thi n

wh i ch measurements accordi ng to I SO 961 4 can be made fo r d if fe ren t g rades o f

measu remen t accuracy.

3. 1 3 operating range: Ran ge of soun d pressu re l evel s, in decibel s, be tween the h i gh est

an d lowest level s o f p i nk noi se in d icated by a processor or i n strumen t, wi thi n whi ch the

pressu re -residua l i n ten si ty i nd ex mee ts the requ i remen ts o f th i s stan dard.

3. 1 4 el ectrostatic ac tuator: Devi ce u sed for e lectrica l measu remen ts o f the frequency

response o f con den ser microphones. I t i s a metall ic g rid wh ich i s he ld close and para l le l to

th e mi crophon e di aph ragm. An alte rnati ng test vo ltage , normal ly superimposed on a hi g h

stati c vol tag e , i s app l ied between th e actu ato r and the di aph ragm. The resul t in g e lectro-

stati c fo rces mimic the e ffect o f a sou nd pressu re on the mi croph on e .

3. 1 5 real t ime operation : Mode of ope rat ion of a processor such that al l pe rt i nen t data

appearin g at i npu ts wi thi n the to tal averag i ng t ime are u sed i n comput i ng sou nd pressu re

an d sound i ntens ity.
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NOTE — Depending upon parti cu lar character is ti cs of the processor, even in real ti me operati on some

pert in ent data can be effecti vely lost or not fu l l y taken i nto account, as descri bed i n annex c.

3. 1 6 phase di fference compensat ion : Fu ncti on provid ed i n some processors whi ch, by

applyi ng correct io ns for phase d i fference , of fe rs an i ncrease in th e pressure -residu al i n ten-

si ty in dex found du ri ng the process o f cal i brat i on .

NOTE — Appl icat ion of th is fu ncti on does not reduce the component of resi dual i ntensi ty caused by elec-

tr ical noi se.

3. 1 7 au torang ing : Fu nct ion provi ded i n some processors whi ch automatical l y se lects the

op t imum ran ge fo r accuracy, l i neari ty and pressure- res id ual in ten si ty in dex.

NOTE — The use of an autorangi ng fu ncti on is described in annex B.

3. 1 8 sound pressure cali brator: Cal i brato r su i tab le fo r th e pressure cal ib rat io n o f

microphones or sou nd pressure measu ri ng /an alysi n g chann e ls i n a sou nd i ntens ity i n stru -

men t.

3. 1 9 residual in tensi ty tes ti ng device : Device wh i ch , by app l icat i on of id ent ical soun d

pressu re simul tan eou sly to th e microphones o f a p-p probe, al l ows di rect compu tat i on o f

pressu re -residua l i n tens i ty in dex i n a frequ ency band and at one or more sound pressu re

level s.

3. 20 sound in tensi ty ca l ibrator: Cal ib rator wh ich al lows d irect cal ib rat i on of the sou nd

in ten sity i nd icati on of an i n strumen t.

3. 2 1 type test : Examinat ion of one or more measur i ng i nstrumen ts or tran sdu cers of th e

same type wh i ch are submi tted to a nat i on al servi ce o f legal metro logy; thi s examin at i on

in clu des th e tests necessary for th e approval of th e type .

3. 22 verif i ca tion: All th e ope rat ion s carri ed out by an organ o f th e nat ional service o f

legal metro l og y (or o the r le gal l y author i zed organi sat i on ) havi ng the object o f ascerta i ni ng

an d con fi rming th at th e measuri ng in strument en t ire ly sati sfi es the requ iremen ts o f the

regul ati on s for veri fi cat i on .

3. 23 in i ti a l veri fi ca tion : Verif i cat io n of a measu rin g i nstrumen t whi ch has not been

verif i ed previ ou sly.

3. 24 period ic verif i ca tion: Subsequen t verif icati on o f a measuri ng in strument carri ed out

pe riod ical l y at i n te rvals and accord i ng to th e procedu res la i d down by reg ul ati on s.

4 Grades of accu racy

In struments, processors and probes are classif i ed accord in g to th e measurement accuracy

ach ieved . There are two degrees o f accuracy, desi gn ated as class 1 and class 2 . The

same requi remen ts appl y to both classes, th e d if fe ren ces are onl y i n the to l eran ces

al l owed, an d i n pressu re -resi dua l i ntens ity i nd i ces, where class 2 requ i remen ts are l ess

strin g en t than those for class 1 .

Th ere is an addi ti ona l class, desi g nated as 2X, wh ich appl ie s to processors and in stru-
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