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INTERNATIONAL STANDARD ISO 1000-1973 (E)

SI units and recommendationsfor the useof theirmultiples
and of certain other units

1 SCOPEANDFIELDOFAPPUCATION 2,2 Supplementaryunits

This International Standard consistsof two parts+In the The Confdrence Gdn6rale des Poids et Mesureshas not
first part (_ctions2 and 3), the International System of classifiedcertain units of the International System under
Units is described1I. In the secondpart (sections4 and 5, eitherbase unitsor derivedunits. !
and the Annex), selected decimal multiples and sub- I
multiples of the SI unitsarc recommendedfor generaluse, Them units, listed in Table 2, are carled "supplementary
and certain other units are givenwhich may beused with units" and may be regarded either as base units or as
the International Systemof Units. derivedunits. J

2 $1 UNITS

The name Syst_me international d'Unlt_s (International TABLE2
System of Units), with the abbreviationSI, wasadoptedby
the 1l th ConferenceG_n_raledesPoidset MesuresJn1960. Du.ntity Nameof=upplamlntl_Sl unit I SymbolI

/ I.._ Thissystemincludesthree classesof units : planeangle r_dian red
-- baseunits, tolldangle sleredian sr

-- supprementaryunits,

- derivedunits,

whichtogethor form thecoherent systemof SI units. 2.3 Derivedunits

Derived units are expressedargebraicallyin termsof base
2.1 Baseunlts units and/or supplementary units. Their symbols are

The International Systemof Units is founded on the Seven obtained by means of the mathematical signs of
baseunits tiered in Table 1. murtipllcation and division; for example, the SI unit for

velocity is metre per second {m/s) and the SI unit for
TABLEI angularvelocity is redianper second(red/s).

For some of the derived SI units, specialnames and
Nameof Symbol symbolsexist; those approvedby the Conf6renceG_n_rale

(2uantJt¥ barn SI unit
desPoidset Mesuresare listedinTable 3.

length metre m
It may sometimesbe advantageousto expressderivedunits

mass kIJogram kg in terms of other derived units havingspecialnames;for
time gerund • example, the SI unit for electric dipore moment is usually
electriccurrent ampere A expressedas C.m Insteadof A.s.m.

t hermodynamlc tom_rature kelvin K

amount of substance mole me]

lumJnou=[ntensIW _ndalo ed 3 MULTIPLES OF SI UNITS

The prefixes givenin Table4 (SI prefixes)are usedto form

.._ For the definitions of the baseunits andthe supplementary namesand symbols of multiples (decimal multiples andunits,see the Appendix. sub.multiples)of the SI units.
i,

i 1 ) Full Information abogt the International Syltam of Unitl Is given In a publicalion tram the International _uteau of Wolght$ end Measures :

' _ Le Sy_rame Inlarnarional d'Unitdx (authorized English tronllet_ons have been published in the Unhed Kingdom through tim National PhyllcsI
Laboratory, and In the United Etat0s of America throLJgh the National B=Jr0auof Slafldor d$}.

1



leo 1000-1973 (E)

The symbol of a prefix is considered to be combined with TABLE 4 _,
the unit symbol t ) to which it is directly attached, forming

with it the symbol for a new unit which can be provided with Flct0r by which Prefix

a positive or negative exponent and which can be combined thi unit is multiplied Name Symbol
with other unit symbols to form symbols for compound
units, 1o" tara T

Examples 101 gibe G
10* moga M

1 crn 3 (10"2 m) z 10"am _
10 ) kilo k

1_JS-I (10"6s) "1 lOeS'I 10 = hecto h

1 mm2/s (10"z m)=/s 10"e ma/s 10 dace da

10" decl d
Compound prefixes should not be used; for example, write
nm (nanometre) instead of mum. 10 "= cone c

10 -a milli m
NOTE - Becaule the name of the bale unit. kilogram, for mass
centaInl the nlme of the SI prefix *'kilO". the namesof the decimal 10 4 micro IJ
multiples end lub-muqiples of the unit Of m_ls are formed by 10 == neno n
adding the prefixes to the word "gram"; for example, m_lllgrem
(me) insteadof micro kilogram (gkg). 10-it pica p

IO-I= ter_nto !

TASLE 3 10 -,e atto a

Expnl=l_d in tetml
Natal of of Wm or lupple.

QuintiW datival gymbo3 mentary 51units
El unit _r in _rme oWothe

d=dved Sl units 4 USE OF THE SI UNITS AND THEIR MULTIPLES

frequency hertz HZ 1HZ= tS" _ !

force newton N t N = 1 kg'm/sz
4,1 The choice of the appropriate multiple (decimal

prmure,=tress pastas Po 1 Pa = 1NIm _ multiple or sub.muJtipie) of an SI unit is governed by

, energy, work, convenience, the multiple chosen for a particular
quantity of heat joule J 1 J = 1 N.m application being the one which will lead to numerical

values within a practical range.
,: ,¢_o_,qr watt W 1W = 1 JIs

electriccharGe, 4.2 The multiple can usually be chosen so that the
quantity of electriclly coulomb C t C = t A,s numerical values will be between 0,1 and 1 0go,

electric potential, Examples
potential difference,

tension, electro* 1,2 X 104N can be written as 12 kN
motive force volt V 1 V = 1 J/C

e_ectriccapacitance farad F 1 F = I C/V 0,003 94 m can be written as 3,g4 mm

electric resistance ohm _ I N = I VIA 1 401 Pa can be written as 1.401 kPa

etectrlc conductance siemens S 1 S = 1 _" 3,1 X 1O'as can be written as 31 Rs

flux of magnetic However, in a table of values for the same q_JantJty or in a
induction, magnetic discussion of such values within a given context, it will

flux weber Wb 1 Wb = 1 V.= generally be better to use the same multiple for all items,

magnetic flux even when some of the numerical values will be outside the
density, magnetic range 0,1 to 1 000. For certain quantities in particular
induction tells T 1 T = 1 Wb/m= applications, the same multiple is customarily used; for

example, the millimetre is used for dimensions in most
inductance henry H 1 H --- 1 Wb/A rn_chanical engineering drawings.

luminous flux lumen Im 1 In1= 1 cd.er

illuminanco lux Ix 1 Ix = 1 Im/m s 4.3 It is recommended that only one prefix be used in _1
forming a multiple of a compound Sf unit.

1) In this CIN_the term "untt wmbol" me=asonly e symbol for abaea unit, aderived unit with a specialname or B suppleffientaryun;t_ _ae,
however,1ha note about the baseunit kilogram.
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leo 1000-1973 (E)

4.4 Errors in calculationscan be avoidedmoreeasilyif all 5.3 In a limited number of cases,compound units are
quantifies are expressedin $1 units,prefixesbeingreplaced formed with the units givenin Tables5 and 6 togetherwith
by powersof 10. SI units and their m, ltiples;for example, kg/h; kin/h. See

also the Annex. columnsSand 6,
4.5 Rulesfor writing unit wmbo]s :

TABLE 5

4.5.1 Unit symbols should be printed in roman (upright) Unit
WPe (irrespectiveof the type usedin the restof the text). Quantity Nzml of unit lymbol OefinlUon
should remain unaltered in the plural, should be written
without a finalfull stop (period) and shouldbeplacedafter time minute min 1 rain= 60s
the complete numerical value in the expressionfor a I hour h I h= 60rain
quantity, leavinga spacebetween the numericalvalue and 1

the unit symbol. I day d d----24 h
q

Unit symbolsshould be written in lower.caselettersexcept planeangl01 degree 1= -- br/180)red
that the first letter is written in upper casewhenthe name I minute 1' = (1160)=
of the unit isderivedfrom a proper name. I second 1"= (1160}'I

Examples : volume i litre I 1I = t dm)

m metre [s =Bcond mass tonne t 1 t = 10J ko
A ampere
Wb weber

TABLE 6
4.E.2 When a compoundunit is formed by multiplication
of two or moreunits, this may be indicated in one of the I Unit
following ways: Quanpw Nah'_of unit I Oellnition[ lymbol

N.m N.m N m energy tlectronvolt eV oloctronvoltis thekineticenergyacquired
NOTE- Whenusingo unitsymbolwhichcoincideswiththesymbol by an electronin
for a prefix, specialcareshouldbetakento avoLd¢oalusion.The

P unit newtonmetrefor torque_houldbewritlan, for example.Nm passingthrougha
P_ or m • Nto avoidconfusionwithraN. themiBinewton. ,otenl lal dtflerenceof

_i_+ 1voltinvacuum;
When a compoundunit is formed by dividing one unit by 1eV= 1.60219x 10"_+
another, this may be indicated in one of the following (approximately}

ways : massof atomicmass u (unified}atomicmail
m anatom unit L=nitisequalto the

-- or m/s or by wrirting the productof m and s_ . for fraclion1/12of the
S example m,S-I massof anatomof the

nuclidelaC:
In no case should more than one solidus (as inm/s) on the I u= 1.66053 x 10-=' b
same line be included in such a combination unless [approximately)
parentheses be inserted to avoid all ambiguity. In
complicated cases,negativepowers or parenthesesshould length aslronomic AU1} t AU = 149600X 10" m
be used. unit ISystemof astronomic

constants.1954)

mrsec pc 1 parsecisthedistance
at which1 =tronomic

5 NON SI UNITS WHICH MAY BE USED TOGETHER unitsubtendsananWaof 1seCOndofarc;
WITH THE SI UNITS AND THEIR MULTIPLES

1 pc= 206265 AU

5.1 There are certain units outside the SI which am = 3o857x 10'=m
i_everthelessrecognizedby the Comit_ International des [approximately)
Poids et Mesures (CIPM) as having to be retained either 3re=sure
becauseof theirpractical importance (Table 5) or because of fluid bar2) bar 1 bar = 101Pe

,_ Thil unilhasnointernaSonalsymbol;AU istheabbreviationof
of their use in specializedfields (Table 6).

theEnglishname;thenbbreviationoftheFrenchnameisUA.

5.2 Prefixesgivenin Table4 may be attachedto manyof 2) The bar II not mentionedby CIPMin this groupof units;In
the unitsgiveninTables5 and6; for example,millilitre, ml; manycountries,however,there arespecialrequirementsfor this
megaeleotronvolt.MBV. Seealso theAnnex, column6. unit.
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ANNEX

EXAMPLES OF DECIMAL MULTIPLES AND SUB.MULTIPLES OF SI UNITS

AND OF SOME OTHER UNITS WHICH MAY BE USED

For a number of commonly used quantities, examples of decimal multiples and sub.multiples of SI units, as well as of some other units which rn_y be used, are given in this

Annex. It is suggested that the selection shown, while not intended to be restrictive, will none the lessprove helpful in presenting values of quantities in an identical manner
{n similar contexts within the various sectors of technology. For some needs (for example, in applications in science and education) it is recognized that greater freedom will

be required in the choice of decimal multiples and sub.multiples of SI units than is exemplified in the listwhich follows.

NOTE - Factor| for converllon to SI unitl from the other units llltcd ere given in the relevant partsof ISO/R 31,

Units out_de the SI which am nevertheless recognized
Item No, SelecSon by the ClPM m having to be retained either because Remerkl, WldinlormaRon Ibout

In Quantity SI unit of multiplesof of their pr=ctical Importan_ or because of their use unltl umd in SPlcill fields
150/R 31 the 51unit in Ipecizdized fields

Unltl MullJples at units givenIn column S

(t) 121 (3) 14) Igl 16) (71

PART I : SPACE AND TIME

1-1.1 ]lane angle red o The units degree and grade (or gon).

(redian) (degree) with their decimal subdivisions, are
f

mred (minute) recommended for use when the unit
redian is not suitable.

_Jrad
(_econd) grade (g) or gon, lg = 1 gee = 270

rod

%2,1 solid angle sr

(steradian)

1-3.1 ,..7 length km 1 internationalnaut]calmge = 1852m
m

(metre)
cm

mm

_Jm
nm

1-4.1 area km= ha (hectare), 1ha-- 104 m =
m=

dm 2 a (are), 1 a= 101 m =
clTi2

ml312



(1) 12) (31 C4) 15) (el I;')

1-5.1 volume m_ In 1964, the ConferenceG(_n_r,le dQs
hi Poide et Mesures declared that the
I hi= 1O-h m3 namelitre (I) may be used asa special

drn) I name for the cubic decimetre (din3)
(litre} and advised against the ur_ of the

cl name litre for high.preclsionmeasure-
1 cl= 10-s ms ments.

cm3 ml
1 rnl= 10-6 m_

= 1 cm3
mm)

1.6.1 time ks d Other units such asweek, month and
(day) year (a) are in commonuse.

s h
(_.vacond) ms (hour)

ps min
ns (minute)

1-8.1 angularvelocity rad/s

1-10.1 valoeity m/z km/h 1 knot = 0,514 444 m/s

1 km/h:=_16 m/s

1.11.1 acceleration mls2

PARTII : PEFRODICAND RELATEDPHENOMENA

2.3.1 frequency THz
GHz
MHz
kHz

Hz
(hertz)

2.3.2 rotational s.z min"1 The designationsrevolutionper minute
frequency (r/rain) andrevolution per second(r/s)

are widely used in specificationson
rotat]no machineryz)

S_IaltoIECPubliccfion27,1 (tg?1).



Unln outside the SI which itl nevwlhllcU rllcogn]zKI

trim No, Selection by thl CIPM as h_vin9 to be retained either becaul4 Rernatks,w_dinform|lion|bout
In OuantJty SI unit of multlplJ! of of thai,' practlcat imporlanal or blcauN of their use unilsumd In N_©lll fhlld|

iS0/R 31 the SI unit in spe©_alizldflllds

Units Multiples of units givenIncolumn 5

(1) (2) (3D (4) (5) (6l (7J

PART Ill : MECHANICS

3,1,1 mass Mg t

kg (tonne)

(kilogram)

g

m9

;Jg

linear density kg/m 1 tax = 10 .6 kg/rn

mg/m The tax is used in the textile industry.

3-2.1 density Mg/m J or t/m z or g/ml For Iitre, seeitem 1-5.1.

(mass density) kg/m 3 kg/dm z or kg/I g/I

g/cm 3

3.5.1 momentum kg.m/s

3.0.1 moment of kg,m 2/s

momentum,

angular

momentum

3-7. ! moment of kg.m2
inert;a

3-8.1 force MN

kN

N

(newton)

mN

PN



(1) (2) (31 (4) (5) (6) i71

3.10,1 moment of MN.m
force kN.m

N.m
mN.m
_N.m

3-11.1 pressure GPa
Mpa

b_r11 1 bar= 10s Pa
kPa

mb_r
Pa

(pascal)
_bar

mPa
_Pa

3-11.2 stress GPa
MPaor N/ram 1
kPa

Paor N/m2

¸3-19.1 viscosity Pa._ P (poisa}21
{dynamlc) mPa.s 1 cP= 1 mP_,s

3-20.1 kinematic m2/s St (_tokes)21
viscosity mm2/s 1cSt = 1 mm2/s

3-21.1 surf.ce tension N/r_
mN/m

1) Forthebar.me5.1 nndTable6. pa_ 3.

2) Belonglto theCGSwstem;oughtnot tobeuf_dto,that WithSl units.



Units outridethe 51 whicharen_rlhafe=: recognizad
item No. _lh0cUon by the CtPM is havingto be te;sFtledetlherbecaum Rmmatk|,etldinformstionabout

In (]u_ttty SI units ofmulEplssof of their practicalimportanceor bdcaumof |heir u== unitJuNdinspecialfl*lds
ISO/R31 filegl unit In _ciallzed fJolds

Units Multiplosof units0ironin column5

(t) (2! (3) (4) (51 (gl (71

• '3.22,1 I "energy, TJ The un(ts W.h. kW.h, MW,h, GW.h and
work GJ GeV TW.h ereusedin the field of consump-

MJ MeV t[on of electricalenergy.
kJ keV

The units keV, MoV and GeV areeV
used in atomic and nuclear physics

J (erectronvolt) and in acceleratortechnology.
(joule)

mJ

3.23.1 power GW
MW
kW

W
(watt)

mW
pW

PARTIV : HEAT

4-1,1 thermodynamic K
temperature (kelvin)

4-2.1 Celsius °C The CelskJstemperature t is equal to
temperature (degree the difference t = T- To between

Celsius)1) two thermodynamic temperatures T
and To, where To= 273,15 K.

4.1.1 temperature K For temperature interval, °C may he
4.2.1 interval used insteadof K.

I) For ched_n_ti_n_nd_h__s__ degree_e_ius _C)__e__t_ 2 underm_ d_ni_ion_f ke_vin;n _heApf_endiK.pa_e2_



(1) (2) (3) 14) 15) (ol (7)

4-3,1 linear expansion K"l For degreeCelsius,seefootnote,page8,
coefficient

4-4.1 heat, TJ
quantity of heat GJ

MJ
kJ

J
mJ

4.G,1 heat flow rate kW
W

4"?,1 thermal W/(m.K} For degreeCelsius,seefootnote, page8.
conductivity

4.8.1 coefficient of W/(m=,K) For degreeCelsius,lee footnote, page 8.
heat transfer

4-10.1 hect capacity kJ/K For degreeCelsius,seefootncte, page 8.
J/K

4-11.1 specificheat kJ/(kg,K) For degreeCelsius.seefootnote, page8.
capacity J/(kg*K)

4.13.1 entropy kJ/K
J/K

4.14.1 spacificentropy kJ/(kg*K)
J/(kg.KJ

4-16,1 specificenergy MJ/kg
kJ/kg

J/kg

4-18.1 specificIctent MJ/kg
heat kJ/kg

J/kg



Unitl outsldlthe SI whichim nevlrtholemr_ognlz0d
R|m No, be[lotion by (he CIPM as b=vlngto berelaln_l either becou_ Rlmllk|,0nd inform|lionabout

In Quantity $1unitl ofmultiplesof of thl_r pracllcalimpor_=ncaor becaumof thalruP unJtlu_d in spec[alfllldl
ISO/R31 Ihe$1unit in _clJlJ=ecl fl_lds

Unitl Multlpfllofuaill givenin column5

(1J (2) (3) (4) (5) (6) (71

PARTV : ELECTRICII'Y ANDMAGNETISM

5-1.1 elecfrlecurrent kA
A
(ampere)

rnA
pA
nA
pA

5.2,1 erectriccharge, kC 1 A.h = 3,5 kC
quantityof C

electricity (coulomb)

nC

pC

5-3.1 volume density C/ram_
of charge, MC/m] or

chargedensity C/cm]
kC/m3

C/mJ
mC/mJ
IJC/mJ

5.4.1 ! surfacedensity MC/m= or
of charge C/ram=

C/cm:
kC/m:

C/m:
mC/m2
_JC/m_



I1) (2l (3) f4) (5) (6) (7)

5.5,1 electric field MV/m

strength kV/m or V/ram

V/cm

V/m

mV/m

pVlm

5-6.1 electric MV

potential kV
V

5.6,2 potential (volt)difference
mV

(tension)
HV

5-6.3 electromotive

force

5.7,1 displacement C/cm =
kC/m 2

C/m2

mClm _

tJC/m =

5.9.1 electric flux, MC

flux of kC

displacement C
mC

5.11,1 capacitance F

(farad)
mF

IIF

nF

pF

5-12.1 permittivlty F/m

gF/m

nF/m

pF/m



Until outlide the SI which me nevertholm rlrognJzld

II|m No, SelKdon by thi ClPM is hlvin0 to be tetlined either becaum Retnlrkz, lndinformIlk_n about
in Quint_ty SIunits of muttiplN of of their practical importance or becaum ot their um unit= mwd In IpBcimlfletdl;

ISOIR 31 thl SI unit in mldllized fbldl

Unltt Multiple of unitsgiven in column5

(1) 12) (3) (4l (5) (G) I?)

5-17.2 electric C/cm =

polarization kC/m 2

C/m 2

mC/m 2

pC/m =

5.18.1 electric dipole C.m
moment

5-19.1 current density MAIm 2 or
A/mm =

A/cm =

kA/m =

A/m 2

5-20.1 llnear current kA/morA/mm

density A/cm
A/m

5-21,1 magnetic field kA/morA/mm

strength A/cm

A/m

5-23.1 magnetic kA

potential A
difference mA

5-24.1 m=gnetlc flux T

density, (tesla)

mBgnetlc mT

induction pT
nT

I_ _tt_--_ •. ,, _ •, • • ....



(1] (21 (3) 14) (5) (6) 17)

5.25.1 magrletic fJux Wb

(flux of magne. (weber)

tic induction) mWb

5.26.1 magnetic vector kWb/m or Wb/mn

potential Wb/m

5-27,1 self inductance H

(henry)

5.27,2 mutual indue- mH

tance I_H
nH

pH

5.29.1 permeability H/m

_JH/m

nH/m

5.34.1 electromagnetic A.m =

moment,

magnetic

momenL

5.35,1 magnetization kA/morA/mm

Aim

5-38.1 magnetic T

polarization mT

(IEC Pub magnetic dipole N,m=/A or

27, item moment Wb.m

85)

5-41,1 resistance GR

MR

k_

R

(ohm)
mR

I.,_l



Unils outside the $1 which am Mvwrfl_llu recognixed

[lira No, Selection by the CIPM _ havJ_ ta be mtainlKi eithuf bwcaula Remlrkl, lnd Intormlflon tabour
in Quantity 51 until of rnuldplelof of their practical ImpoMzmce or becaum of their usa unltluwJ_rlsplmJ=l tllldl

ISO/R 31 the SI unit Jn t_ecl=llzed ti*lds

Ullltl Mull_pl0sof unit| glvBn in column5

I1) {21 (3) (41 (5l (Sl (7l

5-42,1 conductance kS

S

(siemens)

mS

pS

5-43.1 resistivity G_*m p_,cm = 10 "s [_.m
M_.m

k_.m _*mm_- = 10 -6 _.m= p_.m
_,m

iii

_*cm are also used,

m_.m

p_,m
n_,m

5.44,1 conductivity MS/m

kS/m

S/rn

5-45.1 reluctance H -J

"5-46.1 H

5-49.1 impedance M_
kQ

5-49.2 modulus of

impedance mQ

5.49,3 reactance

5.49.4 resistance

5-51.1 ! admittance I kS

5-51.2 modulus of I S mSadmittance pS

5-51,3 sur,ceptance l i
5-51,4 conductance

i



(1) (2l (3) (4) (E) (6) 17)

5-52.1 active power TW In electric power technology.
GW "apparent power" is expressedin volt-
MW amperes(VA) and "reactive power" is
kW expressedin vats (var).

W
mW
gW
nW

PARTVl : LIGHT ANDRELATEDELECTROMAGNETICRADIATIONS

6.3.1 wavelength m _ (Sngstr_m).

nm 1 _ = 10"l°m =0,1 nm= 10-4 pm
pm

6-6.1 radiant energy J

6.9.1 radiant flux, W
radiant power

6-I 1.1 radiant intensity W/sr

6-12.1 radiance W/(sr.m2)

6-13.1 radiant W/m=
exitance

6-14.1 irradlance W/m=

6"1g.1 lumlnous cd
intensity (candela)

6"20.1 luminousflux Im
(]umen)

6"21ol quantity of Im.s 1 Im.h = 3600 Im.s
light
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180/R 31 111181unit in wcllllzld fblds

Unit/ Mulltlphllofunlllgivenin column§

I1) (2) |3) (4) IS) (h) (7)

1_-22.1 luminance ccl/m2

8-23.1 lumrnous Im/m2
exltonce

6.24,1 illuminorme Ix
{Iux)

6.25.1 lightexposure Ix.s

6.28.1 luminous Im/W

efficacy

PARTVII : ACOUSTICS

7.1.1 period, s

3oriodic time I ms
I

I.IS

7-2.1 fr0quency MHz
kHz

Hz

7-5, I wavelength m
rnm

7.7.1 donslty kg/m3
(massdanslly)
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7-8,1 static pressure Pa

7-8.2 (instantaneous) mPa
sound pressure IJPa

7-10.1 (instanta_e()us) m/s
soundparticle mm/s
veJocity

7-12.1 (instantaneous) m3/s
volumevelocit,

7-13.1 velocity of sound m/s

7-15.1 soundenergy kW
flux; W

sound power mW
pW

r pW

7-16,1 soundintensity W/m2
mW/rn=
pW/m=
pW/m_

7-17.1 specificacoustic PH/m
Impedance

7-18.1 acoustic Pa,s/m3
Impedance

7.19.1 mechanical N,dm

impedance

7"20.1 soundpower dB

• , level (decibel)
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7-21.1 sound pressure d5
level

7-26.1 sound reduction d5

index,
I sound transmis-

sion loss

7.27,1 equivalent m 1

absorption area
of a surface or

object

7.25.1 reverberation s

time

PART VIII : PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS

8-3.1 amount of kmol

substance mol

(mole)

mmol

pmol

8.5.1 molar mass kg/mo_

g/mol

8-6.1 moPar volume mJ/reel

dm_/mol I/reel

cm]/mol

8,7,1 molar internal kJ/reel

energy J/tool

5.5.1 molar heat J/(moI,K)

capacity
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8.9.1 molar entropy J/(moI.K)

8,13,1 concentration mol/dmz or mol/I
mol/m3 kmol/mz

8.15,1 molality mol/kg
mmol/kg

8-36.1 diffusion m=/s
coefficient

8-38.1 thermal m=/s

diffusion
coefficient
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APPENDIX _}

DEFINITIONS OF THE BASE UNITS AND SUPPLEMENTARY UNITS OF THEINTERNATIONAL SYSTEM OF UNITS

BASEUNITS

metre

The metre is the length equal to 1 650 763,73 wavelengthsin vacuumof the radiation correspondingto the transition
betweenthe levels2pj e and 5ds of the krypton.86 atom.

(I lth CGPM(1960),RetoJut_on6}

kilogram

The kilogramis theunit of mass;it isequalto the massof the international prototypeof the kilogram.

(1stCGPM(1g89)and3rdCGPMHgOfl)

second

The second is the duration of 9 192 631 770 periodsof the radiation correspondingto the transition between the two

hyperfinelevelsof the groundstateof the caesium.133atom.
(13thCGPM(1967),Resolution1) !

ampllr8

The ampere Is that constant electriccurrent which, if ma(nlained in two straight parallelconductorsof infinite length,of _
negligiblecircularcross.section,and placed 1 n_tre apart in vacuum,wouldproducebetween theseconductorsa forceequal
to 2 X 10"7 newtonper metreof length.

(CIPM(194E),Resolution2 approvedbymo9thCGPM(1948})

" kelvin

The kelvin, unit of thermodynamlc temperature,is the fraction 1/273,f6 of the thermodynamictemperature of the triple
pointof water.

(13thCGPM(1967),Relmuflon4)

NOTES

1 The 13th CGPM (1967_Resolution3I alsodoc_dedthat the unit kelvinand its symbolK shouldbe usedIOexpressanInterv_lora
differenceof temperature,

2 in additionto thethermodynar_ctemperature(symbolT) expressedin keJvins,useisalsomad_of Celsiustemperature(symbolt) defl_ed
bytheequationr = T- Te whereTo= 273,15Kbydefinition.TheCelsiustemperalureIsin generalexptessegin degreesCelsius(symbol°C),
The unit"degreeCelsius"is thusequalto theunit '*kelvin'*andaninterValor a differenceof Celsiustemperaturemayalsobe expressedin
d_tNI Cell]US,

mole

The mole is the amount of substanceof a systemwhich contains as many eJementaryentitiesas there are atoms in
0.012 kilogram of carbon 12. Whenthemole is used,theelementary entitiesmust bespecifiedandmay beatoms, molecules,
}ons,electrons,other particles, or specifiedgroupsof such particles.

(14thCGPM(tg71), Resolution3)

¢andela _1

The candelais the luminous intensity,in the perbend[cu]ardirection, of a sur/aceof 1/600 000 squaremetre of a blackbody
at the temperatureof freezing platinumunder a pressureof 101 325 newtonsper 5qua[emetre.

113thCGPM(196?),Reloludon5l

2O
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._'_ SUPPLEMENTARY UNITS

radlan

The radlan is the plane angle botv_en Two radii of a circle which cut off on the circumference an arc equal in length to the
radius.

(lEO R_:ommendatlon R 31, part I,seCOndedition, December 1965)

steradisn

The steradJan is the solid angle which, having its vertex in the centre of a sphere, cuts off an area of the surface of the sphere

equal to that of a square with sides of length equa_ 'm the radius of the sphere.

(1$o Recommendation R 31. part I, secondedition. December 1_5}

J
/ I__ _1
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Oclavc, Half-Oclavc, und 'l'hird-  clavc
Braid Fihcr Scls

lim'mhl(qillll

Or,lit'rill I)l_j,,cli_. Srh,t, li.lt cbl" l:rtqll..tl¢_ Ilan,ls

Noisr_ anti related signals are _uhjc<'k,dIo sllecll'tltll All _eta_,. I,and fih,.r _cl did,les Ih,' "Jll'[ tl'tltll hll. :.
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fact.rs as wa+'eBrril+ allll)]ilutle, fl't'tlllellcy handl+ddlh+ qll+ll¢il,s leas spa'rifled hi Ih_, lln.+'ious ,_lllPli+';lll Sttmdard
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_'+_'! which is iI,+l+itlell +is illlWlltllt, ll P*iltlllil, Ihlwt,+.er, Piir irit,+l:_- lllllilt'i!i,ill'il Ihilt fl+i'qlii+lll+y ]l;lllll+ fiIh'r
h IliP alld

".../ Url/llll2111 lilirp_J_iet lilt')' lift' rlll!pt+l) ' flll+fl,l'i, lll I)'llt+P; ill+Iht+ (ih;ll'ili'h,l'lMil'P, slil,cifil, ll ill %llll!fil!illl _llllilJ:lld Z7 I,HI-

_llllll+ liht'll_llliellllll arid flir lirex it) + _+ill bt +<!tilled Ilili_+l, hi 1953 hiixi, bt.cil +littclrlvll ill illlill)' ihlt, llllll'ilt+ Ill" l<'tlill

Ihi+ iJtl¢lllllelll* Ih, cau+e Iltii:_t, Pi iilil_ difl+Pr widely ill sliuP- _,i_lll_i¢iiil<'l, ;lllll illliilV lll'/_liili,_iilllJll+ ilre i'qiiilllil'(I idlh

Iriiin+ ll'll,,'l, ftll'tn_ anll llme _+lirlaliiln+ nil single nliniJil't, filler +i_l+ i:lniflllililill_ Ill lh;ll MiuillarlJ, I".r Ihe i'lii+',

_iueh lie Ihal gk'en ll)' Ih+ rtqidiilg ill ,<l+uund-lexl,I Illl_h'l'l ill Illli_l!+, fill" I+lii+li iInla_+l! haJId allal)'+J+ i> illlllrullriitie,

¢1111de+erib+ li hOiSt+ Itl IIm I'xlelil rl,qulre+l I'lll+ ll.,l_ hi enverlllg +i I_i'++ad I¥i'qiil'lli!)* I'illl_e, Illl,,iP_lllt'illt'lll+ llliltll_

nl£111)*+ilu:illolit, The lllelt, r illt, a:+ur+illi, nt l+ lll'l+ii +lllillie- whh i,llher ihc _llilllt'r +el'ion i)l" +l'llh Iht, +l+r'le+ +lleclfit, d

Illi_lllfd i t' (11 ll'l" illeii+llrelllenl+l lnlpiirlillll lilllilll_ xihil, I ht'rehl lire eUlllliilliJiJt', _l incqhnd of IriillP;l't+rl+lrl_ lilt, lie-

i+ lille+lrUln ailal)+sls, "l'h+ +,li+.,l!trlllil _iliiil)'P;l_+ ii1+1)'I+_'lll;IdC' ilri!llll_lllPi ill i'l)lllJlllli)ll:_ t+pel!ll'tllll lll'()lldJi;lllll Illli_le IlliitJe

ll_ Ii c+lilinuou+l)+adjuHallle ilal'l'llle-llllnd wlit+t ,llll;ll)'+l,r I lt'llll fillel'+ _+1"lille seril,+ lil Ihe tqlLiiilileiil i'Plidin_; _+illi

|)y a series of Cflllligtli+llS ]lrl_adl)tllld flIh, l':i, tll+ ll), _itlllll_ fillers in ilw lil]ler :+t!i'lt,s [P,gl*+'t,ii ill .4llllt, llilix ..{,

+_ltl0!ll inlernledltlle l)elll'een these lwo, Suiiable Man, I_ill, i'ieri_l, has _llllll'll Illlil ill lluln)' t'ase_ gl'ellh!r

dlJrdl tire l'ellillred I'tiP Ihe+_e llnal)'+_is i)'_llt_lll_i+ _ill Ihlil rePil)hilitlil ill iht_ I'll, qiit, lil:+'¢ +_llITIrlllli Ihilll i_ lll'll_,ilJl!d h)'

_uli_l_l.ril)' iillil'tlrlll ri,_lill+; t'lin lip lllllliiiied Jly ll_ili_ ll+_lli%e Jl;lllll filier_ is dcsh'lil_h_ ;ind jusilfi_ilde, Thi_ ill,ed

any tln_l)';<er lhal iiiet, l_ iht, _liindiirli l'_r iis l)'lle, r_P_lilll,iI ill _+ll, ii_ixe LiS_' ill lilill',lllslil_+e I_iilill lind Ihlrtl-

"l'h_ sl, l_eihe llelll'tllk_ IIP,l!d ill _lll'elrlllil alh'l[),_PrPi I)l_llil'L_ liailrJ filll'P; llJlhllll/411 rilJ jlt'il+lli'lll;lili_t , ._lllllll_lrd_i

fall illlfl IWti l)l'l)l;d ¢llisset: I I ) clinstalli b;lll(hl'itllh fJll+.'l+_ i_ere llV;ii];ih[l_, +l'Jle lll'l_P,i'rll >ialltlal'll, t ht, lefllro I ilil'hltll,s

where Ihe Ul)|ler JlIintl,cdll, i frl+,qllelleV i't,illliiilS .1 _lilio fper2[fil'liliilll_ frlr hilll'-Oi'llil_ lllind lind Ihlrd-otmive banll

slanl ilUiilbl, r iif e)'ele_#l)er _l_l,tlliti Ic/_i ;i]ln_,e Ih_ Joi_'l_r filter>, I_'hii!h li_ilt' li i'illitl tlf upper hi Jllwer llallll-t,d_qt,

llaildofdte freqilelIP)' ll%'tq" Iht, liillill_ rlilige i)f IIle anal)'l, frt, qiitqlt!)' i_f _ i/3 illid _ I'+1 rc,_l)t,¢li,+,el), ' I"ri,qu_nl'_¢ dl,_-

ffl anll I_1 +'iill_l_iill i)erl'enl;lgl_ lllilidlt'idlh l'illcrs wJleic ignliliilil_ fllr lht,_e llhels lilly'l+ Ill!ell sllecil'ied in tqili-

Ihe tllll)t'l" llanll-ellle fft'qliPlie), ht.+qi'+_a I:lliisllinl l'_illll hi _lll'l'elit'_, wJih Ihe I)re_i.l'l'ell lilllillit!r _eriL,t, ;Jill] witJi Ihtl_e

lh_ Ioleer llan+l-edge freqllrqlcy _'l_r ihe liill[li/j ran,ql,, ¢llos_qi I+llrIh _ i)l:lli_e balld scl'ie_, ,_ _lte_ell ill ,'+llnel'illllll

"rhi_ _lle¢iflcalion is _lllii!('i'ilell 'wiih Ihe lllller i)'lle i)l" _lalidiiid :+;l,f_-I{J(l(J, _l t't!l'l;iln aiilOlllil _1" i'_uniliilg I_'a_i

+ flher, i_lih,h has ]lel,n I'+)llllll pariil,ill;irl)' allliJh'ahle h_ dime ill bl+l<'l'l[ng h I li'_l'FIt'tl IIIIllllltq' st'i'll!+ ill ,_et'lire

Ihe aillil)'_iPi tll+ _lliiiltl_ t,xlt, lldilig tIvt, i+li blillltl frt'qlleill" ' eililill;llillh' Piei_ _lf frl+qllt'li_it_s llrill4re_illl4 llillh ll)' pIJllt, i+_

rlilige, _llwo Ihtr llelii++'e_il alid h)' lirIwerti lif leli, ,%117'tle_.'ilililliis

ctiilP+i'tl ll)' tht' rolllldliig llii, It+_i Ihali Ili_ frlqllil+,nct _llih_ro

iStq_l_llh'li)_,_, lillCl_p+ lll.rllihi_.tl Ill' ihi_ _lleHfil!iiliml, l,'tir all I+ihl!i's_
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the :,lleei[ieallf_ns fur rhllr,cleri_,ti_s _ll_' I,'i_en iu lerm_ fihl.l_, w_llhl Ihen he inllre i:_:,lly. Ihl.ir use ll*_l I_e _ls wide-

/_ uf frequency ralil'_s and i,cluhl lie alllllled hJ unils hll:.l.d _.llr_'Kid its iF dl'_dl;ibfu, alill Iht. dv_.el,qnnelll 1Jr Ihe fiehl .%
ull lllhl, r illillll;lilll fll.qlll,lll,_. , _*l,ril._.. llflllli_,e e_;llil:llitill ;lllll i'liniltll hill he ils ra]lill ;is _ulllll _¢"

olherwi_e I,i, I.,_il_h'.

Tile conlnl*lh.i, i.flll_:hlded Ihal Ihe ll_e i_f fillers fur

Ih_.-.ignillhin lit ]:llh!r Sl.l_ lllli.,e and _iglial an_ll),i_ has I,eeonle sn extl.n,_i'.'e and

..ni-il:d Ihal il i_ ll_ I,lllgl.r llrll_'tleahfu t. inl,_'l all needs

For nulnv llllrpfl_.e_ of _.lilillhirdlzalluli. il i- deslrahle _hh _l _,t_llldal'd r.lll_Li(_iilg _i :,ingle trall:,nli,._hln hiss

Io spe_i_ ¸ ii filler _el ellnl;liliing a I_arliL'uhlr liuln],er _lf ch;iracler_slie _l i+_*ch handwidlh. In Ihls slandarl].

i'ihers i.o_erlnl,. Ihe usual :ludi_l.frellUl.Ue )' rlinge, a.,, wll_. three t4rildl,:_ _Jf i,.r_lrm_llil:e llrl. _l_lWlfied, Iwo _lr each
done in Ainerielln _lanlhlrd Z_l.lll-llJ_3. I[Liwe,.er. b_lnd_vidlh. 'lile n_llilenllalure selech'll illinois a Class

el her _llllllie;it iLUl'_rt'qlllre fuwer _iller_. Iha n I his, or flhtr_, lllllllhe r hi i.iie]l g ra dr. _ff iWl [orllla n¢l.. "]'h_s syslenl allows

_l freql_n_, ,, _n _ _if_n_ _m_n_l_ l_ve _ _h_ _ _h_ N_ee_f_u_i_l_ _f l_ili_ll_l_ nl._r_ r_g_l r_qu_re_len_s

_e i_s_ _llge_ _'_"_le_l_ I_le _._e _l_r_eri_lie _q_i_ [r_ f_ :,_l_r_ _f _li', _r_,._s n_¢_:..;_r) ' I_ nlee_

Ty_l_ _l _e_lricl_._ clll_ge_ The :q_n_h_r_ _._1_. i_u_l_ _er_rln_n_:e s_e_o

Type 0 Ioptiml_l ran._el

The Tylw II fiher ,.el 1"l_illaill_ ii rllodej'all, lllllllbl.r ilf _,)ualitalive

filler b;Hitls and i_ intemfud to _,alisl-y user l'eqllh'elllenl_ l)esi_riplion of

similnr Io those f_ir _]i[,,]i lhe f_riller st'l :.li,'L'ifk'd h.'.' ']'riM_mission

Amerk':Nl _4t;indnrd Z21,I0. lc)33 i_, alqil_,priale. The ]hind_i,llh Clas:_ Ik._gnaliun l.,Iss Slupe

Type I_ filler _:el im'hMe,, addifiuna] fiber b;uld_, _dlirh

exllerlellt'e has _.howil Io be de_.irahh, f_Ir many r_.seai'*.,h O_la_e Cl;is_, I Low

l)l'oblenis aliil 111_re e_.h,ll_i_e indl]_Irla] aud nlilltary f:la:_sII _*h.lerale

invesligalhln_., hl Tyl)e 0 filler sels. life tnaliHf;]clilrer ]fulfOcla_e Chs_, [] _*lod¢,rale ._

, ) may pro_id,: any sel of filler bail,is lie _pecifie*.. hill each Cla:_, ]II lllgh iv
'_._,_.._ fiher fllrldsh_.d I1111_[itlPl.l tile l)erf_irrnallee l'_'ql]irclnen1_

ofthis_.land;*rd, Type O, th_'refure, aJh_ws_]_eeia]-]_url._e Third Ocla_e Chlss II Moderale

filter _cls to qualify under Ihe slaudard, adding licvdell Ch*ss Ill Iligh

ilexih]lil),.

I The Cla_ II vharacleri:qfu as Hw_ifi_,d f_lr llet a','e, ha]f-
r octa_e, aim Ihlrd-ocla_e baml filters is emlshk.rt.d to

[ l)l.t.igllnlillll ;)[ Filler ChlH'ac,h!rislh,_, ineel the nu.j,,,ily of lleeds f(ir eut'h ha,ld_ddlh. ["i.' lhe

i oi_la',_., lii..l [tilt.r. it is shllilar h) the eharaelori_,lie _.llei:i -

In viewoflhe greal '.'ul'h.l'," ufsounds Io be nieasiweil, fi_l ill lhe former Alnt, rii!_in .'_larldlil'd Z2.1.I0.19._3.

il is ne_essar) • Io seleel for ii Slalldard the eharaelerislii.s A Class l i'harai'h.rislie of fu_er slope has alsu heen sl)eei-

lhal are judged Io be llSeflll for lhe _l'l!illl!M lllllllh_r of fled for l_el_l'_e I*ilIld fillers t_i pr,.,vhfu a inl.il_;llrelilelll

CllSeS. The eolllltl[llee pr,:llarin _ this _.lumlard has ap- _,Iimd:ird l'_r a hlr'g_, I,las:_ of fi_,hl lesl:_ lhlll eilll be con-

llroaclwd Ihe |lrllblelll h)' re..iewhlg illlllly stll.'elrli lakerl ihll'lell wllh Slldl i!i'lJIllinlh:ill filters+ ]"or hlllr.ol:llll.e lind

on a i¢ille vlii'[_l), of/lCOllSlie tCllllece#.. This review Wil_; Ihi_d-ociave fillers, it I+].lu._sII1 whh higher shllle has becll

nefl_S_llf)' III Pnlllre thM Ihe filler _'lllli'iielei'i_tlcs Ill I)e SlWl_i[ied Ill illl.t.I the ilel!lhi llf ii_/t.r_ reqnlrhlg gi'¢lltel"

specifiedwould lie lldeqiiule Io lileatllll.' Ihe _l)et'lril Ihat i]isl!l'hnhiillhlli.

nc_lir hi llrai:llee ", AI lhe sliili¢ Iinll.. Ihl. tli'l)illl reviewed 'l'llese are Ihl_ _hlsses wlllch Ihe i!¢lllllnill_.e lleli_ved

Ih_ filler chlii':lelerillil:s Ihlil al'¢ i_eOllilllli0flll), riJllilln, tlhullllJ Ill. _pi2,i:ifil_l] al IhP Ihlle ill- ])reiilll'[iliiin of Ihis

llllle, so Ihiil .'ill adc'clliiilt' filler Ihill is al_o reilS_liilllll_ :;liilithird. .{ddiliuna[ l:Jlaril_tl!ri_ties wilh alljlropl'iille

in cosl ciilllll be ._pecified. [Jniess Ihe slleeifll:alhillS ill'l) ClllS_i IiUIiibl.l'h (-Iiii lie alhlell ill lilly lllne Ihe)' bl_eonle

lilad_ siifficielillv rl.sll'ielil¢, lilaily lisers Ilia)' lie iill.'llJle _iiff[Cielill)' llet'lled. "I'll*' sile#!i[it_aliOli i'_'qii[l'es Ihal Ihe

lo Olllaiii a l'l_ll_;ollllhie slll_ell'lilll iliiaiysis llf (!liiillll¢lll]). T)'lle iillil Chlss _.).llillil] _, lie hl,.hilh!d hi life designiilion

en_ollnlel'ell iloisl_s hy Ihe il_e of fiih!fs Ihal llit'_l Ihe ofli fiher.

lilillidarll. The s_rioilS' ll_.llel:l of this i_illlaliilll is Ihal Tile choh'e u[ l*iher l-ur a gb.'l!li Inoilsurolilllnl [_ biised

" _ Ihe)' iiiii) ]11' ini>led [lltll Ihln_:ill_ thai Ihe i'l.>lill is i!(ll'- IllIoII Ihl' ill'l>lll'ill')' rt.q¢liled. 'rhe ll;illlhlidlh el'flit of. ii .4

1_ i'12¢tl ht.t'ilil_e Ihl!). iii I, II_hl_ ii _l(ill[lil[d filh'r. Oil Ihl. I'illl!l" Ill-_lll'lld_ . IlllIln ilS II'lill_*llli:¢_[IJII ]list ill the hand lJ)
olher haiid..._llllll., llardshiil wll_ih] resii[I It) Ihll_;l_ wilh edgi.s_ Ihe _.llllii. ill" life Ii'llll_llli_4_;ion ill,is _hara¢lerlsllc

i illiilillltll lll'ell_, if only thl. i'l.l]llirt.lll/.lllS [if tht • illli_il _l_..I.l'e lllllSllll, ihl+ Iiilllll. illll[ Iht. illlllil Illli.le _llIPplrlllll slope.

!. Illume w_i'e Io be I_lae_d (ill IhL. filler nllili'iil:lcrislil'_. The Aplmnlli_. II discusses I]liS sllbjccl lilid gil'_ ilalu aild
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O('+'I"+'+'I'i,FI'+I.F-OC'I X'+]'. '+XI) TIIIIII+.CJ(FI'XVI': lJ +.NI) ]']I.'FI'II{ .gl':'l++_ cl

rt_J't_IL_t+_ +_lluwin_ _l'l_cIii_n i)f l+ilh,r dlariich_r'[_llf:_ 'l'r+in1_il,]11 l{1_l)tJlv:.i_

..f;._ svhich Ivill yIL.h| Illt++l+.lllt,nlel+ls I',lllrl/_ +l'ilhin slJucifh'd
• error limil_ zlt L+'+iriillls i+.i_' P+|)c++'Irliill_h+llL's. Tht' Irilll_'i_+/ll r_sp_+tlni_ I:h_ll';il:l_'riP+lil:_. llJ" +I l+ih_r _'l

£11"+]11ol c)_I)l+lm +11}" (:4311c:l!1"11ill thin .StII IId;Ird. h i'+ 11nP_lllllr'd

th+l Itll IIIIP+ (lljL+l"ll]++illl'P'rllt+lrl!j IIItilt:+£1+ll_ d,sir:t+ Id" IJIt'

_l)C'_'Ifi_'llIiI_ll oJ" l:l]l_!r (.*ll£1ril(,ll_ri_Iii_ ShIll_t_ l)'p+_ +_pe+'iflt'd ill .'+_rll_rh:;iri ._hHldaz'd Hp_,+ifi+'i_llt+rl i++_J

J"i+om the slandp,)illl of:,illli_l_¢ily ill xl_x'dill,_ ii ++liter:i- If) dt, lt!rrrlil1_ filt_.r_._l h!'.uls and lhlll 111o (,f{<,i:l c_f Ilriy

I'_CAlioIt, £1sm,_]_ Iltlllllj_r o1+:+lr_i/_lrl.j[ll(P _II1ellIP+ [P+(IC- Irllllsl4)lll <_i_+l+_l'li(]nilltrU(_ll+:C(I ))_ I]lP. _ut fill II1,: ]nlll-

this o[14_11(+oln})li¢_lles Ih£' +tmt+i+_llol" ,..cl)llotn_++ll r_!a] _I.III Ph>'si_+dl)' _lllll_n+ll,l_: I._,slzrtP. ll¢_!_lld]+l_ II) _.lll+l.t.)ll

[illel'S, sinre real fiIl_,r_ dll not )ii,,]d ('harzlclt.rislie+ _IF+- ;IflVI_tlCL'<]lh_.i_r), an_l nl_ll]_if:irlllr_n_ pr_+i'_ss_.s. _.X/[lll lJl_
pz'oxim_1_11_ Ionl_ slr_i_Ii1-1iile sz3_11+lelllP++II _v+_ de_id_,d _pe._il+J_,I chi+r_It:lt, ri_lir_, Xlll_n lh_ _[J1_Plt,iI ouIpul J_

lll_zl lh_ l_Irlitlnl; cIlar_iu1t,rlsl_¢s wt+llld ll+z _p_clfi_,<1 h), npplied I_ _Ii o_cJJl¢+_l'_ii_h, ii Ir_lll_*it*ill rl'spr)tlSL't ll_Ir-

ml_llletr_zll[t:_l +_xpressit_n_ I+,+++edllp+_ll lhe des[_tl J'orltlllJ_ lJeiil_ir])' d_ilnped o_,iJ]_lli_m:+ _.Ulilt-lill_+_ t,+llh_d "_rlzl._i_l_.,"

Ihe IrallsilIissitlrl l_J_s _lol)_ c_larllel_.l'[sl[t. P+l)e_:il'_ctHi+_n Ihe tljll)x_d_h, zllll_llllII Ill Ijl[_. I)'p_ ul + I'u_llurl_u [11 tile

a_Id life _l_[li%'llIPll[ hill]dwidlh ntltl iH+rnii_d nlt,z+rl fr_,- sla_I_I+_]'

feasibk, la I,c more +.Irl+++l]11Ihesr It'_llilell.eliIP+.

In the bo(_)' (jl+ lilt' _l_+tidnrd Iht + Ill;*lh_.lll+lticz_l stalk.- jl_'l]H_r_'lllt'tH_ fiJr I_llll)(!rlljllr4_ Illt(] IH:rliid[I)' nr_" i_l-

Ine/ll (ii"L'ilCh ch_ira¢1<:ri_lic i_ tile Jl;l++i_l'_+(lll[rl!lll_nh II chldu+d. "flit' Wrilillg (;i_llt l) ('_Jnl!llld_tJ, ll_ixvuxer_ lh:ll

is tlll_lmhi_uq)us and tli_l _libj_,:l h) _+rr_jr_ of elzr'+*. PhIl. l_v++ii;_bl_ kn,_¢lL.tl/+_, wl_L+ll Ih_" _l_tld;ll,j _s':l_ xvr_ll_./I

Iill_, Itllerl)r_'l_l+_)_l. or ru'ill'+_dlleli_lll, Ill _,ai'h i:_isi!, h<i_¢- et)uI(] .I,_I _ippurl ri+_id n_Jnlt,ric_d r_+rjllil_+rllell1_ l'tJl+ lh,!

u_,'er_lilt+ rllillhemal[t':tl reilllirC'lllt, lll is _l(:c:ilrllI)lltlit'tl l+), [n_llt'lIL't' ()_"lll_l_llI'li+: illltl t,Juclrost_ilii' i+it+Jd_,si_ni¢_;_-

(i',.-,,,._J a /_r+iphtca] repr+.,St+l+tZiliUll ++'llivh is ct)ll'+'L,lliCllt £111d ;+'ill cltzJl+lll+, +]lld ,,[l+l'+ili_)l+, ++ilh any /isnttl+ill1+'q, tIlal lh+*)"
_Je ntleqtJnte {or lllOSl l..tl/_illt.+rill+_ e+Jli1p+ll'iP+ons. T<l rm,_+l +s+mld l_e hoth a(Jl+qlltllq ariel nq)nh:Iitil)t'ril1|_ r 111 _'tlltll'U

lJle rez111irPllle/ll+ of tile sldltJtl+_id, llt)l 4111])+rlllJSl all l+_)Jnls dev_.h+I+lllt,+il. The+ Sl)_'+:+l+i_'+_llt+rlJnt, llId+._ +i ql]n]+l+_llx'+

on . l+ih+r _harneler[+lie l+P l++t;+P_,ii the, twc+ CllPXl,+ ml+llelll_'lll i)ll th++_e [11_llel1('l,P++ +iii<I ;'l_l+l)ll+ll)+'lldS t]+_,
+hox_'xl, b;It lh_ nther rl+quJr+.+itzcnl+ ++zl 4.[_e(:lJx+ l++t_iI- d+velnl+mt,++l l+J' o}tjecl['_e 14'++I+,tld _'l+e¢+l'Jl':ilJt+tl++P+_I

wi(llh, i+um[l_+ll ille_lll I+Jt'(jltt'lll'_', llL+lXJttltlnl ripph+, ele, Ih+_t I'lllllre +tarld+lrds i+1+_)'illelHd+ t!f_a.+cl+xl+q;Hml/l:rlixe

' ":" musl alsu be reel. recju+rl.JTII.JIIs.
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|, Plll'pO_(! Zlll(J S(,o|)l- + si_rmJ, bClXltq'll II_I_ ++Iidt'd p,dnts i.. Ir;lllstuis_iurl s)'s-

tom. (Sec ,I.2 () .r Amvri<'+,n Sland;+rd NJ, I-I ')i){J.l
|,I Itlll'l)O_'l" I'ht'lmrl+++_'e+fflhissh"ld+lrd f'Jr f+lhPr_'vt_' MI'II'+I:I. thb +prr_li,++li.II I111' liu.,_+ui_+.+u I++++ b Ihl'

I IPi Ill t+lll.'l:if)' i)ll¢'l]C'lllal Imadwidth_ ;Hid t'hilFaC'It'fisliUS it.du+li++n in i.+_+.= h_el++r.l,dl,,_u,h._tlh,,t_e+.l) thviiq,ilt .lqdi,.d

whMb lllgl)* ltt_ ll_e+l IL_ ¢!ll_llle lhal ;Ill _ill_il',st!s t+f lll)i'q! hJ lht' _lh'i iJi -iri*'- idlh iI_ l+r,+ptq lllplll IPflairl_nI_lll -+hlqwdml+'e,

will bt. ¢+UllSi'+leill w_lh_tl l_ll()_ll ll)hq'_iJll4._ _I3t+13 nlildt, alldlh<'<mfPlllrhqil"lvrl_+_ lh"Mh+f h+if_Pm_Wl'l_;H1i+IllU'il;Ul_e'

w_lh ;+illlilllr fiI1(_r _elS lllt'l'IJll_ lht!sl! sl)u+'ific+Hh_rls, l,,ri_tw +ff n l_h'r, I+'prt,+erilitiP rhr + h;mgP _,_ i_m-mi,-h,_ I+,,_.

I_ _ I1'111_11+1 • plli'l _14'II hilh tvPI-q I I+1111r111+ll_llIIII31"lr;lll'llll_"
].2 St'ollr!. The MllnIlitrd f_r flher _t't_ [_ _;ll[lt+d IO 111_! _i+,t_ I+ut._ itt lh_, p+,_l,ailtl illV,l_ottql _lhen tlm fihcf i_ i,_erted

rt![_tlifelllL.lllP _ fill + _lll+ll),_ll_+ _i_ ii fllllt,1_itll t+f fielILjtqlf}, + bt, l_r'l+/l II." pl+q.'l + ll'rlIlill;tlill_ iIllJ_+'dall+l'_.

n bl'oadllitllil r]t't'll'_CllJ si_rl_l[. 1.+i)£ _ll,lJll_+llcal lllt_l_lll'l _- '_(}l E3: It/,'IdII+Iti,+;i dllol +h+llrl+',l ill _lUt,llt.ln Sr_m+h, rd Nl.l-

lilt'Ills Irl. elP !lro*nrol _ [c-lra l_d i¢_," anil ottlplJfi_r a14! it_ +h.fitwd _d,,_+.. hl r.r+ru'+liml _.ilh _llvt _Jmrm'l,,ri+li_.

entilh)yc.d It} COll'*t'rl lhv ac,llrsHc si_llal 1_J )e a alvzed N¢)IE I: l._+tti.ii I,+_._ i_ ,_ If'till _II_ll (rP+l.Ctllh tl.t.+l irl +H+1"

illlO lh_ l't'qU;IVd elt.clrieal _[gnal. m,clhm _ilh fill+q-, lhP hl-eHi++n l.u_ te_+Iri.p fl,mi ilh_.ili+,n

ht IIw b+_.e III ++f IIw p,_l+et d+'li_,'red h' Ihal Imrt ,,f IJh" s)+lt'lll

2 l_f_ll[llOll_ lh+d _ill t_+Ir+,_ Ilw r=*ln-du+t,l, b_'f,*t,, ia-_rl,m ,,f iI.. tr;m.ilu,'er.
• h+ lh,' lu_ll t'l dl,lil ei,.d I. llml _i 111vlldrl +_ftlu' __"II'III ;I II l'i" iII_4+IILIIll

These defillJt[ons are bast,d upoll lh_l_e gi_ +_nin ..'tlm,tf nfllw tr_m_du+_'_, l+_'e T._ -f _m,'H+ aJ_ _,r_ir+d_=rd _+Irl'lqldl. l Forp;IP+_i_t' l_llel-_qlt'l=lh+tl bl'l_t¢lll l_'_i_l[_l' ll'rtllla_llilLp _lllll_'d;_ll+ L+%
CAll Statzdltl'¢] **_(!Ollslicill 'r'_l'lllillolot_.V lhl_;141din_ Me" thv ht,_t•th.II I_'•_ (ldtltachti_tli *'ml,h_ilqt lht. minimmn t;duv

chluucal ._ rock al_( _ Ihla It_ I . SI.I- 90. ,, r_'fvJ_•al i_.the _ame _ IIw Itauw+l+_ml_ I.<_ ((lll+'_ll'h'rl_lic.

'+.! Wu+++_Filler (Fillt'rL A _tlve fihcr i_ a IranMucer 2.6 'l_!rn_iul+li_+g Inqwd+met'P+. 'l'he h+rmi_ll+ting ira-

for +,epnraling wu'+'es _ii tile l,asi+; .f lhcir fl+vqucrle) '. 11 l)ed:_llee_ llfc lh_ • hllped;Incc_ _f tile exlerslal illJllll ;lad

inlrmluct._ rehili_el+',+ small illst!rll_Ol i_'_ ttl Wil',<'s Ill otlt_iUl C_(cllit:_ lJt'lt_et'n _hit'h lhe filler is cormectcd,
Oil@ U[" IIIt)l'+_ fl+t_qllellt'y halltls, .+lid r+hdi'.cly large II1"

srrtioll Ios_, Io wllvr:+ ++f.th+,r frequenci,'s. (Set, 6.12 of '>,7 Ih.lll++l.-Vldle) Ilil+ph', \Vlum 1he I++lll+nlissiml
l_lll¢.+fig+lll Slandard Sl.l-ltlf, tl+l loss +ha_+a_'ler_+.l+e hi the IY;lll._llllP.t, iun baml rcmlaitl+

a _t.rlt,_ o[ lll_l _illl;l ;ind llliniulu, or l+ipl_le_,tlw pcq_k.lo-

2.2 lhlnd-l+a_++ Fiht.r, ,&Imrld-pa_s filh+r i_ a wave filler x+dlc)' rilq)h' is dcfhled ;is I]]+'differcttre in decibel+ be-
"+_"_ lhAl has n shl_]C'll'atlsll+[s_iun baml exh'ndi_+g fruln +i Iwt'Pl3 lhe exlre+m's uf llliltil)illnl ii11(+lll[Ixh1111rlltr_lll_- _)

....,_+++ lower band-edge frequency grt':IIcl +tharL m+,roItJ +i f_lliIc fl3[s+ioll loss h+ lh, pass ]mml l+_+_iUll,

upper balld-ed_t + fl'eqlle/Icy.

NOTI+: "lhi+ dr.fillilhm b i,h.ailr,l Io lhe <h+lh+ili<m in (+,15 ++f

Amerlc+n P';latld+.d P;J.I-IUh(I +,x+'+•ld IJmr lhv ++,rid+ '%md.ed++t. 3, RIJqliJl'c*Itll.+lllS
freqLtCtlc '" llrl. +llb+rilllh.d [+_i""_ Hhd_ freqlWllt _, +' (_qh+_ _+l+<i111Plll'++
ilt O.i_l tip .,_*lllt'ril'+in +Nl+md;ird P,I.J-Jq(flJ b 14'_tr[clt'd 14J ;i t¢+

• quezl¢)alwhi_hlhert'+p.rt+ei+3dllhtqt_++ lheln+i_imuI+tt+++Ima_e, 3,] Filler St'l'., "J'hc filler _.t'l shMl provide _=llHlnber
•' In Ihb +lal_dat,J Ihe re+lri+'li,+rl din'+ n,+l +q'l'b t,, liw fr,'qu,,n_ie+ t>f filler Jmll<ls ac.col+d+ng hi Ihe sch_d;lle+ lisled ill rj'able

Iirnillng th,-' m+t.lm.tl. 'l'ht+IC'_tr_+, lhe h+rm "band.e,lg+ rrcqUerl¢)'"
i+U/tl+( h+a'-'[Jl voafii*on._;vt' ]*: urld &l]Jwr=dx II. l+arltlshalJ _t+ ' I iP {3orl't'mj_+_ll(tln_ T)'p_ ;4ylll_+Ol:

I( for I{e+lHcled Range

2,;I Filler Ihmdwhllh. The imndwidlh of a filler is 1he I'.' fur l'.'xh,n,Jed Ihlngu

difference bPtween 1he upper arid h+wer band+vdge fre- O for Opli<)rl;d Range
quencles, zttld defines Iht. Ifztzlsmissh)ll IJ;tnd or pass The rifler batlds nre idetllified by lilt: (lesl/+llZll[tJn mean

band. In Ihis specificalimt Ihe balulwldlh is ,Ic_crilwd frcquerlc)'[mof Ibe brnd as dcfi.cd ill 3.2,
b)' lhe interval ill Dcla'+es [_elweetlthe upper and h)wer
Imnd.cdge frequencies, :1.2N mh I 31 ' ?re I +P__'v+ fm

3,_,] ll#ud I]esiVs.llhm I;'rt,q++t,¢u'i¢,#. 'l'h+ ,.'aJm+:+of

').,| _13_l.'lrllllh The sl)+Clrlllll of +I fLirl¢lhJn of tlnlt+ i+ iIil?all frc+ltlvr+t"¢ I'm+ Ll_.¢+r__t)l' Imml desigrtall.r+ in Table

• a dct+cr+l+lh+/i t+f if+ resohlt JOll +nlo couiporlcl+l+i, each tff ] are based LIJ+OJl IJle l+t.UOlllllltPlld;Itit)nP; of _')._+ lJa,_e 3+ of

a d ffe en frequerlcy and lu+ualJyl diffet'_.l+t in aml)lilmle Amerir'an Sland+,rd SJdM+J(+11. I+and tk.sign:tliot_ fie-

11114+1phase. ISeu 1.34 (] I of .'*Xl+lerJe+utStUlZdltrd SI.]- quench+s shall I,e roul+tled aevordlng Io American SI/111-
]96(I.]A Contittl+olts S/Jectrttt/t is 1he Sl)eCll'ttm ofa _*ll'¢e dard S].(l-]%f),

t the earllt)otterlls of which ale COlllhtllOtlslv dislribuled ;I.'),2 Precise I'_tl.+'s +t[fm. Pterise vtdues of nonli-

over a fl'eqtterlcy feglon. (See ].;IT of ,_li;erJi'alJ Stan+l;trd tlnl mvan fr'cqllt.ncy f,. shrll be cttlcll]llle(I from the for-

S1.1.1960.1 ,"_ II It+t, Ao'se +_¢c • is ;t conlinUOllS llttlllls gi_et_ ht Tulde 2.

specll+llln wJtt)sc SJle('Irlltll t]ells[ly lll1¢'arl.sqllal+e arnp][- 3.3 N.rtlhi:tl " "_+q <' I¢'_ l_;tlld_[dlh_, 'J']lt' tlOltlill;l]
t tttde per tlllil frt,qLJellt'v i+, irtdel)vndetll _tf frt.qlleXlCy blmd+edge fregstt!lttJes arid Jmndwldlh++ for Ihc orhltC,

i_ over ++sprc/fi_d fruqtlellCy rallgt,, ]mlf.oclave, _llld Ihh'd.ochr.e band fillers Ill'l! dP/irled

2,5 1 s "s_" I++t+,s, 'l'r+msrnission Loss is Iht! hy tile rdrli<ms gi_e. ht Tahle 3, The freqm'm'y fm in
reduclllm J;l th_ mzi_nltlllh, uf s¢+m¢ cJulractcrL,,lic of a each Imnd ;_ l]=e geolnclrh: me.tl of the tJlqW/' zlzld hJwer
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nominal b,nd-edge freqt,t'ncie_,, _ and /z, which are tlcperlding up<m the steepness or lhe slope of the traas-
defined by Table 3, mission loss _+'sfrequency curve, l"Jlter deslgnalions must

_i_¢_ 3"I" I¥ _I IIP'P+ I II I. Pi_' XP; l'¥t'qlli Ill')' Cllllrll¢'h'ri_,lll's. . beilr lhu al>prol+riale l+;la+ssymbt,l.

of lrllllXidlml l+'llh,r_,, When felled +Is_pc'cifit+d in Set:- '_OrE: Ill sh+' Iral+-missiotl hth.+ dmr,cleri+ri<:_ njwc+0ud helmv,
liorl +I+ lh+ r_t+l++{Irllle fillers ol + a Piul slmll l:UllrlJrlll Io lhe lb. lll,+Ifht'It1+d+t+al _l+ih'fllt+nl i++the lt.+erlling UOrl+idt'r+lliO;l. The

gr,lJ+hicul fl.pz_t*+t,lll+lliOll fl¢l.Oflljilln_IDl_ l+ll_h ¢,hnrAltl_#i_l]<3 r_

requ}r+_nlelils +tl the paragr+lph_ below. I"or _;luh mtt'l" qlliwnlt,nl i+ .d&d f.r e.i]x,.rlivm:e, lb. Ucllnll Iilh,r (:lmracle_'-

uhltrZlcltq+]:qic'+ trul1+rlli:,_Jon loss [+ specified with resl)ecl isti+',in mhlili+m m falliri_ +qdfi. lh_.Ira,.mi+si,m l+++limh_ +h.wn.

l0 the IIIJIL[IHIITll ll'illi+flli_+_i{lll ]4]PiS ill the fl'Pqtlt'lll'_+ + I'/ing_ mliml sirauhaneull-ly lilt+el the rt+qllirCfilt,Xll_l 4}r1 Pad+hand I'nb
fi+rtmly i'.uP :t,(l I Z¢ll+loil I._/_+,4+1/i++ Bandwidth {++et.3,T 1. Orl e.eh

.,el Io/_ I lit*line+lied in TaMe 3. "J'r+llxsmissioll loss charac- l*l.t a &,fled ,'u+_. i., _ho.n a+ +*if t'+.,nlple of a chnractvfi+tle

l+r]sllCS ilrqt _l'0lll+¢(] uxlder I]lrqt+2 cl+l_e+ _1, II, or Illl ..,,,+h,g all rt'qll_14,llll,lll+,

"lhble l

"filhle of l'+ilter llal.l_ "1+. lie Peo'+idl.iI

Mean Otln_e Ihlrld_ IIMf-Ocla+e!Inn+l* 'l'hird-Oct._e ll_l.l_ An)'
lland Frequrnt'y Band

Number /'. (c/+l Type II Type E Type 11 "l_+'p+ E T)'p_ 0 'l'Hit' E Type O

'-- I .I 25j x

i 15 31.5 x • x
!.+, " lh III x

! 16.5 ,15 x
;o.

, I? _ll •

III 63 x x
! Iq 101
!+. x

19..i qll

++ 21 190 _ x x

' +D "; _+ ')'_ frill x x

!"" _2,3 IIIll

2:1 'Jilll x x

i 2.1 250 . x =_25 :112+ x "x

' L+ 2_,3 355

r 2(I IIItl x x

F 27 500 _ _ x
211 6311 x x --

--- _

21) HIJO x x '_

30 lO00 x x x _,

31,5 l.lllll "_

"" 32 I I+_11(I x x

33 2000 x _ _
3.1 25110 x _ +,.,7,

+,|.t+_ 2Hill)

35 ;11+%11 _ x

:Jfi 4000 _ x x

37 5I/IHI • x

37,5 5(+(+()

39 riO00 x

_ 40 [llll(l(I X
I

I_ _/ ,ILL5 I 12011
i .ll 1251111 It

.12 ,++0,,
: ,1_| 211llll(I x
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Orht_.eII;_ntl_. /.- lIP"at (61 At any frequenry,[, below or nbo_e II)/m tile

II_df.(htn_e Ilund, /" = i(ll.no transmission I_ss shall be more thnn ,15 decibels.
17) A graphical representation oflhe nllowtthle limits

'l'hitd.()it;J_t' llaml. /'_ = lid 'tl° is gh'en in Fig. I.

NO'I'E_n b.an)"i.regt.r, pt_,,ili_t.,rl.'g_li_e,ur zero. 3.,t.2 0c1111"_ BIItfd l"Hters --Cltiss II

I (l I At any frequellt_}'./, in the rallge from 4 to 3
Tahle 3

Nominal l|nnd-Edge Freq.ene[ci4 the transmlnslon loss shalt not be mere thzm

.... [+ao//_/Aq do iba .. 10rag,,¼I 7/3
Ocla_e Iland Ilalf.Ot'la'. e "l'hlrd-Oct_e

Iland Iland , ]'m /m

121 At uny frequene}',/, in Ihe range irom--_ to _2F'orm.l_ A = '2""t[. A = 2"0"[. . f, = 2"1;_1"._
anti from _22[_ to H/"m die Irmlsmission loss shall lie-- l_ = -"mh, [__ 2m/,, h = 2mr,,
,_1or c [bnn

N,m_rh._l Value [0= IhTf17I[. [0-" l)._ltl'J/. [_ = I).Jlt)Cl_J/,,

/'2 = I.'I[42/m [I " I'lllIJ2/_ [:e= 1.1225/,_ l0 lagl0 3 I + .| - decibels.

Iland_idlh/: -/n 11.7U?I/'¢_ O,;III1:1/',_ O._?:|[6f_ [

;': (3) At an)' frcqtut,.e)'./_, below ._ ur above flf,n the
/'l = nominal [.',er band.edge frrquem:y
/1 =nurnin;d upper baml-ed/:e frrquenty Iransnl_sslon Io_;_ _haJl be more than 60 decihel_.

._ [_= cnlculaledfromfonmd,t, oUl'._hle2 I'll A gruphical representation of the allowable limits
isgivenhiFig.2.

".._ ,'_.,1.'_ II#lf.Oetat, i, lla.d k'ilt_ws- Chtss II

3.4.10ctare I?and Filter_ -- Class I • 6[_ 71"_
,, 3[._ [_ 1! ) At any frequency [, in the range from T to

(I I At any frequency, [, in the rang_ from ."Tf" to .1._
file Irallsnl_ss[on lbss sillll[ not he [b_/1more

the transmission loss shall not bu more than

- ' 5

8 " l0 tog0o_"

q/°" 0 lid

191A' any I',,quenc)., 1", _n ,he rnnge from'@ to_2 IO' At any frequun':Y /,intherangefr°mNl°-" /,.n
the transmission loss shall be more than and from 2114fro o 0f)/tjn tile transmission loss shall he

more lhan

y_l'_o_/" 9:. !oo[,.(31At ff_ql,e,ley,[,in lhe
any range from

t ' J31 At ilnyfrequency,/', below j_ or above 9Ihe transmission loss shall be more than

the Irltnsm[ssion loss :,ball be more than 60 decibels.

1 (3 !all0

(4) At any frequency,/, in Ihe range" from V'2"2[. to 3.4.,1 Ilal[.Oct_r_ Bt_rlrl Filh,rs --Chtss III
6/. 7.:.

, 5/m the transmissi°n I°ss _hall be mare than (I)Atanyfrequeney,[,intherangefrom-_"to"ff-

the Iransmission loss shall be ml}rc than

_-S"?7s-:-'_ :..... - .............
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• 0 MINIMUM _

,°i c,--

30 -- -- ----.---_,

TRANSM/Sd_ION LOSS - /" !
MINIMUM 40 7 _----- -- --

TRANSMISSION LOSS TL,_>4fld B TL>4Sdll

70
0,1 0.15 0,2 0.4 0,60.S I 1.5 2 6 8 10

FREQUENGY RATIO - f/fro

Fig. l

Trallsmisshm Ll_ss Limits--Otrla;e IJland FtllL'r. Clns. [

._....-_ ' (Filter Characte,'istic Must Also Mee= |{equlrements in 3.6 and 3.71

• Jm ) I/4 t

(21 At arly frequency, f, hi he range lrom-_- o 2" Its (3l'At any frequency, [, below-_ or above H[_ the

and from 211_[m IO 6/'_ the transmi_sion loss shall be Iransmlssion loss shall be more tban 60 decibels.
more than (.ll A graphical represenlatign of tbe allowable limits

[5 It_iX ,7 is given in Fig. 5.
f" "/-Iq_o J

10 logl0 '_ + de,Abels.-, _f_ [ ] .] 3,4,6 Third-Oet.re B_ nd Filters -- Chtss III
9f. lo/,_[

13) At any frequency, f, brlow _ or above 6[,_ tile (1) At any frequency, f, in the range from "_" to 9

transmission loss shall be more than 70 decibels, tile transifiission loss shall not be more Illan

(,l.) A graphlral representat ion of the allowa hie limits 5[ (_ /T)43is given in Fig..1. 10 Iog=o_" 1 + 1040 - decibels,
3.4.5 Third.Ot.tat'e B_md Filtvrs- Class II

9f.. 10/_, , , /,. ,_1¢6.
• (11 At any h'equeney,f, intherungefrom"_(o T .(21 Alanyfreq.ency,/,in lerang¢/rom_'to." /m

the transmission loss shall not be more Ihan and from 21"af,, to 5[,_ Ihe transmission loss shall be

"[ -,,,°,,10 lofilo _" 1 ÷ lO-lO - tlec_bels,
I'n .' r rx t-I

,o .,-,.,.,[ (21 At ,ny fr_queni:y,/, in tile range from-_-to .

and from ...l"afr_ to 8/',, Ihe Iransmisslorl loss sball be
more tha. (3) AI any frelluvncy, A below _" or above '_fm Ibeq

'_"_ i [ l ([_.. __)4] ,rans,nisslanlossshal, be m,)re d)an "/_ decibels.
10 Iogl0 _ + 10.I0 - decibels. I'll /', graphical rupre,_enlal[un of Ibe allowable I[mils

is given in Fig. 6,
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MINIMUM
:"-" TRANS MISSION LOSS I / p'," "_._ I I I I

I I ,'//\\'
I ' / "

//20 --MINIMUM -- "_

TRANSMISSION LOSS 3C / p /
dD

WITHRESPECTTO %_

MINIMUM 40 I' _' _%

TRANSMISSION LOSS -- ' / i -

so_,,_'-'--EXAM,LE 'L'L:
-- -_'-- MAXIM UM -- _(LIMIT

-. 60 I
TL:_SOd8 TL>SOdD

II-70 _ I I I I I I I I
0.1 0.15 0.2 0.4 0.6 0.8 I 1,5 2 6 8 10

FREQUENCY RATIO - f/fm

Fi_. 2
• TrllltSlllJ_SiOll L.ss Lh.;l_--Oelzl'.u ]hm,l Filter. ChLss II

,"_'_, ' (Filler Ch_rncterL_lie_%l,,_1._,,so_leel 'lecl,,iremenli in 3.()n,d 3.Tt _ii

MINIMUM

O ,TRANSMISSION LOSS I I/l_'_ / I I J I:

MINIMUM
LIMIT

\TRANSMISSION LOSS .//;e _dB _

WIT_ RESPECT TO _X':_*

MINIMUM 40
TRANSMISSIONLOSS _ _

AMPLE

EDJ q_- MAXIMUMLIMIT
60dB TL> :

rio'0 r i I I I I I I
I0.1 0.15 0.2 0.4 0.6 O.S I 1.5 2 4 6 8

, 0.09 FREQUENCY RATIO - f/fro 11.1
"-w_* .FI_. 3

Tro,._mi_ia. L_)ss Limil_,-llI_ll'-OL,ht',_'llI..lFilter.CI._ II

(Filter CharacleHsllc M._I .._,h_oh|eel lh_l.irernunls in 3.f) _nd 3.71
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2C ..... MINIMU .... _-
r LIMIT-'-__, !

TRANSMI$$10N L055

WITH RESPECT TO
MJN,MUM ,C I--- ........... t_/7/" ...... _'-

TRANSMIS61QN LO'S t- : II_._"

6C PLE - _

,/
•"0.1 0.15 O.Z 0.4 0.6 0.8 1 1.5 g 4 6 8 tO

FREQUENCY RATIO - f/fro

Fi_. 4

TP|lll_llli_.t*i_ln l.os_ t.imils--llnIGOcht_u lJlqllll Filter, CI_ Ill

_ ' (_'iher Ch_r_I:tcdsli__llltl Al_0 .Meet Rc_Idcel.ent_hl3.6 _n_1:1,71
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3.8 'l'nlerance on Varlalhm of :_linhnuln Trm_,mTs- "l "_.2 lhunidir,'. 'l'fie n_tnl:FncttLrer sfiMI _peci_" II1_:

_, l_[t_lt[,os_. Th_ nlhlimunl Iransm_:-_,_onlo_s of nny filler h_.,grom_lrlc ,,,nhte_belwu_:n wfi_ch the fifior sel will flint-
|land in n ,_cl ._hafi nol iliff_r from the minilnUlll it;ilLs- tlOll corrcrlly arid II1_! corr_,spCJtldhlg_t*r:llissil_lt_ e.x]lo-
mi._slonIons of an)' other filler band by rrlor_ Ihan 2 ill] sure pt,ri¢lds, Th_ triLnsnllssion Io_ efiuritclcrlsllc sfildl
for Cla_s I and II i'iher_, or IJ;,'more tfian I dll for Class _onform Io 1fie al_[_llc._*l,leseclhmn _ff Ild_ slz*nd_lrd over
|II fih_r_. If this dlf_renue exceeds Ihese vahtcs, con. the range uf relalivc hu_uldilJ_ of (J Io 9(} p_rc4_nt,hul
_ormlmce with thi_ speclficalion may fie nchh_ved by w_tfi alJ I_l_r_lnct,_ irl_:re:lS_l b_,'(L5 dll,

d_terndning the difference by nl('as_tretllenl to al_ accu- 3.13,;| l_l_tli_li_s_ I"h,hls, The influct_ce of ii_ag_t.lic
racy ofl:).5 Ill| nnd by nlaklnfl the hlfi_rmation available nnd clt,ctroslalic fi_,lds, v_fir_lhm, and sonic excil_*tlon

to the user or"the filler set. sllnfi I_e r_duced Io II ]eve] con,,is_ent wilfi satisft_:l_Jry

3.9 I{eulovn| of Fi]ler_ I"rotn Cirt, uit. If mean_ ar_ usage in 1fie etlvirr_anlental situallons for whi_fi th_
filter set is intended,

incorporated in tfie filter set Io renlove all filter b,_nds
from th_ circuit, Ihe manu_ulttrcr sfiall cxpficltly stale NOIE: _lan_l_l_'lt_r_,r_ar_ en_,uru_¢d lu d_l,_p c_l_j_,c'li_
the charncterlstics of the subslhuted broadband cir_ull

as to mfilband transmission loss and frequency charac- ,3.1.1 Flitter I)_signathtn, To mecl Ih_ requiremen*s of
terlsti_, h is rcconlmend_d tfiat Ihe mlrll_nd trnnsmis° thi_ _landard, a filh'r _el de_iguatitnl _fiall inchtd_ Ifie
_ion 10_sfall wilfiln the lolerance _)n minim*m_ trans- appfi_able Type .ud (]las_ _ytubols, No filter s_t _fialI
nfi_si0n ]os_ given for the individual filter fiand_ in 3._1. be slaled ItJ bc in _l_,c_r_lwfifi Ihi_ _t_L_J_r_l uuless its

3,10 Fiber ']'_.rudualing Iml_l.danee_. The inpul and 1)'p_ aad Cfilss _yulhol_ ur,_g[,.'en. IExalnple: American
output terminulhlfl impedances ne_e_snr;,' to ensure Stan_l_rd O_lav_' fiaud Filler Type E Class il._
proper operation of I fie fifiers shall be purely resistive
and cun_taul, prefi,raldy _qunl to 600 or I0,0{}0 ohms.
The filter sl_ll salis_y 1fie regui:'emenl_, of Ifiis ,,pc'_ifi- 4. _|clhod of "]'e_,l
calion with -+5 per_enl deviafion iu value of the lerm-
inatlng impedancc_. If the filler is designed Io operable 4,.] Filler Trau_,mi_,_¢m I,o_s (]harn_,ll,ri:.,Ih,. The
w_th special connections, t]l_' n_q:essnr)' terul_n_llng traltstllb, slo11fi_s> i'h;ir;l_'lt,risl_c uf _.,ncll filler band alld

_'"_,, condilions shall b_'cxpficitly sl_led b)' the manufaclurer, the broadband cir_,uil *_f3.C}shall I,e m_.rsured a_'t'¢_r,lillg
, Io tfit_ filfiowhlg ba_i_ prot'edure, TIw hll_Ul ternlh_t*b,_f "

",,.,_*" 3.1 | Ma:_in_unl lnlJ|ll, "]'fie nlantlt'acltlr_r >flail stale l}Le fiber _,fiall bt_ ro:lrlecled Io a var_al_h:.fr_qtlrtlr'¢_
I|lr nliiximum h_pwi fllow_r or _o_tagel for wh_cfi t_l_ fill_'r _dnc-wa_eo>cifilth_r o1"zero eqLliVnl,.'lll sour_'e hllllL'dan_:e
_cl will m_el Ifie i_erfornlanc,_ requirements of th[_,-i_L'4:i- in ser_s _h}l nit inl_Ul I_ralilulliug JntllCdal_,:eof Ifie
ficntiun. It is reclmlnl_nded th_ll genera] [nlrposc filler valuc spcclfied by 3.10. Tfie o_t:_ll_*tq_routput _ll;_ge

"i sct_ fi_ capablt_ o[ attainting al lea_t on_ nlilfiwall, or _|ln]l be nlcasured on n s_lilnble, n¢¢11rall_'*ohmeler. _'1.
one vo]l_ input, The OlJlpltl lerlnh_nl_ of Ihe filler _fiall I1¢'_'otulcrled Io
3.12 ']'r_nM_nl |{t.spou_t% _'hen Ii slnusoidal _ignal of an oulput lernlinalh_g hatp_,d;inceof the value SpeCifiL'¢l
nominal mean frequ_*ncy[_ is suddenly apldled 1o the by 3.10, am1 Ih_' t_utpul _l_tge _lcr,_s_ thi_ ltnl_edauce
properly t_rnlinnled input of t_ filter, Ifie pellk of the _hnll b(' m_,asttredwith _lse_'ondsuilabh., ne.curale _o11-
envelope of _igfl_l appearlng nl its properly tet:ltll_llt,_l meier, I_, The ruHo Ui/l:, sh_dl lie delt, rmh_ed at _q>-
output _hnll not cxce_'d the steady slal_ value IJ_,*nlor_ pro|_rillle fi'equencies IIIr_lJ_ll_t_l 1he frequ_'11cyr_ngc
Ihan a factor of 1,26, or 2 dB. nece,,sary Io denlon_lrale compliau, e with II_is spe,'ifica-

tion, at_d th_ mh_imum ','_dueof I =/l:-, sfiMl be holed.
ThL'u:

3.13 ]II_luuIlcL' Of |*_Xld!rllnl Ct=nlliti_m_i [{eft.rcllce "]'ransln[ssitm [.t3ss=

3_13.1Teml,,_r.t.r_,.Th,,tr.',n_n,i_i,,nIo_ cfiar.c- r.
leri.*tic _hafi ,.onform Io Ihe apF,Ih'ahle _.e_qlons of _fii_ '_1 I,_g _, Mhfimuln Vahb¢

_tandardo..,,_rthe,temperunm,r..ge uf-I_1"to 500[;, l"il,er'rr_n:.mis_ionLo_,_=_¢,anyFrequency=butwithalltolt.ranct._i,,crea_edbyo.,3,ll_.Ir ,fiein-
n,_en_eof temp,_ralure exceeds this '.'aiu,.,, conformam:¢ :_(I Io= _ - Reference "l'rausmi_siun I.o_.
with t}_i,_specification may l,e a,.'fiie'.ed fiydet,..rnliuing

theinfluencel,y mea_ure.,enlt,,a. i,,'curacy of IL5 till ,I.l.) Cl.,r.ru.rlsti..s¢,/'Si..-n_n.,. T,.stSi_m,I.
and by making tfi¢, inrormutio. ;_'=':_ih.hlelu _fie u_er of When d,¢ trnn-mi:_sitm loss al freque,,cie,, below the

Ihe filler sel. I)nssfiaud is bt,jllg Illeilsllretl, a sllil;Ibh' tecfinique nill:,t
"l'hL'm.uufacturer..hMI indk'at_, tfie amhk.nl It.roPer;i- b_ t.mllloyed for remo'.hig tile offt.cl_, of os_.'illalor hi*r-

ture limits and corresponding Iwriod_ of exposurt, wfiid_ monir_ from die al)purenl rt,spon_eof Ihe filter. _ tllnt.d
¢:nnn0l lie ex_:ceded withutil rbk of pernlnn¢_l danlu,qe vohnleler nt the' outpul o1"the filler is not to lie tzsec|
to the _ppnrutus. for remu..ing tficse effi..cl_, sin_:¢ il would sim*lltatlt.olis]_
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Filter|}_ndTransiIl_ionLoss_t Any Fr_i.crlcy= '.}()i_Jgi0,_ - Ik'_r_,llce"rr_n._iifi_i_nL(}_s

Fi_. 7
_(!]l{'llllllil' I|f T_o.%'()lllllcll_r 'rr_l Arlr_lli_._l_lllelll

remove any di._torlion or noise illtroduced b)' Ihc filt,_r,1.2 '['_sl Cire.ils
sel, which s)}ould properly he ascribe(I lo _nal),_s error 4.2.1 Tfrt_.l_.llm_,ler .Ih.thl.I. 'rhe hvo-vollmcter
of Ih_ s_t. nlelho_ of meastll'irlt; Ir,_r_._nli_si_)nJt_ssof Ihe filter ._t_l

4,L2 h I ! L_,r_! D _r g 7' st. In _s _lJl'sl 'ng _:o:_. m_)' be c_rried ol_l _s _hown _n I"_i_.7. Conne_l _ surf-
p[i_n_'ewith this _t_md_rd, lh_' filtt'r _; ._hall I_e me_- _ble, _ccur_te, ._ille-_',_e o._cillntor I_) the input of the
ured _t the nl_xi,_tml inpt_l ._ecifiecl by Ihe nl_nL_f,_- _lter _'ith a ser_ imp_(l,_n_:eeqtla] Io Ih_l fram which
Itlrt,r nc_ording Io 3.1 | and al_o _ll inpul levels of I0 th_ fil{er sel is nor._,_l].v expecled I_l ooerale. Tile os-
decil_el._:_nd 30 _le_i_)clsl_elo_"th_ nl_xlmum illpl_t l_cJ, cil]ator _ource inl|_ed_lllt.e is not a |}_lrl of fills serie_ Jm-
Colnl)liance _llrdl b_ obtr, incc| _t nil Ihre_ input I,:','_l_ p,_]_nce. The ouIpLlt _t"IIl_ o._cill_lor _sm_;urcd b7 ,_

Ill_ _illl UlIX le_.,..i

_._j lil.i[_d by noise _nd hum Io lO d_cil_elsand 3tl (It,_ih_,l_, zt.rt_.Tcrnlinatc Ih_ filtt,r b'., its rnl_l tcrrilin_ling [lll"
re_p_cli_,el)',lt,s_ {h_mlhal rc(itJired for m_l_inltl.l I_,_cl. p_!._n_e nlld dclcr.lirl_ tlL_ol_lpt_t _oh_ll;e using tl suit-

ATTENUATOR

FILTEH
SET

For an)' n_ellsur_ment I_oinl:
_'_mtl_t be idenli_'a] for I:i]ter and Attenuator po._ilion., ors I and S_.

AIl_,lltl_Ltori_,adjt_ted _o m_ke L_ idt'_.i_al for Filter _n(l .'_ttenualor po_ition_ ors I _d S..
Then:

•_ Filter I|,_nd "l'ran_mi._ioll Lo_._ _1 ,,_.n;,'l"rert,_ency = .'l ,_.), l"r_(i._'_l_:," - "l'_i_ _
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able, ac_:urale vollnlch.r _'_. The paral[d comhinali,m I'.)1Amc.rh:_m Smndtud_ '_ociaziim, .lnreHean Start.

ofloatl irnpedanue _lnd'vullmeler impi,danee t'tln_liltlle_ dard Aco.sllrtd Tf,rmimdogy (h_chiding Meelmnieal
this lerndnaling hnpedance. The lrlul_rnis_ion l<l_schar- Shock rind _ ibratlonh _;l.l.ltJ(l(l. Nt,l_ Y.rl+: 1911U.

_+ aclerls1_e ol+ lh_ l+ilh,r at aa)' _reqllenc)' is calcuhttvd ill l_I] .,'xnlr:r'icall :_landard_ -+x_,,ckili,m, .ltaerieaa Start-
relation Io the n)inJnltlrll ;ibsohtltt Iransmi_sion I._ hy dardl_refi'rred['reqt.'m'h'._fi_r.JICUttslh'al._h'a_tlren£ents,

the formulas given in ]:ig, 7. ._l.fi-19fiU. New Yurk: I%(L
NO'I'I'::Wilh n_+lliabh,h,_requil.]Wrllil i_Im_._il+h'I_ in_rrumt.nl I'l I ."4cl_nl.:Yt'r.L. W. llan+h_ idlh err_w (ff symmelrical

Ihh, ImHcvia'lilt f<+rdire*'r-rt*adirl_+_r+mhm_+*li,:te_.l,ipt,,ali.n. hand-pa_s fillPrr, m+ed for amd) :_[stff iltd_c m_d vihralion.

4.2._ Slll+Milllthm .lh'lhml. Use of nn ndjuslnble, ]ournal o1+the ..Icoustlcal St+oh,t)" o/ Amvrlca, x't+l "l.I,
calibrated attenualor, properly terminated, in a suh- ItJfi2, p 1fi53,
stitulltm method is a suitable allernllte for delerlnining 151 Sepme)'er. L. W. On barldwi.dlh error ol" Ihllhrr-

i the tran._nlission loss characteristic, "l'tds ._ub_lhuti_m _orlh barld-pa_s filt,rrs. ].urnal o[the.,Irou._tlral Sot'ie O"

i+ process avoids tim need for aeeuralely calibrated volt- ¢J[.+lmeriea, x_t 35, HJfi3, i) .l(i,I,
meters of a wide range of _un_ilivh)', The lechniip_e n[ 161 Inlernalional 'l'eleph.ne and "lblegrallh Corpura-

: measuremenl and calculation is given ira Fig. _1. lion. Reference Data /+Jr Radio Engim+ers. New York,
Clmple_s 5 Io 8.

, 171 Whir. Electromagnetic_, Im:. A Ihn.thook on

;: 5. ]_eferellees Electrical Filters. SynthesL_, Design and Apldleation.

• ]{ockville, \laryland: 1063. (:olllahls exlensi_e hlbllog-
11] American Standards A_soeiadan. American Sial. raphy.

_. dardSpeeificationforOetuve-BmldtYIterSet/or..Inaly_i_ 181 Schultz, T. J. Con_er.-iun IJet_een ,_lt[ and new
of Noise and Other Sounds, Z2-|,10-[953, New York: oclnve band levels. ]onrnal o[ the Aeousth'al Society o/

1953. (Superseded hy American Standard SI.I 1+1966. ) America, vid 36, no. 12, Dec ItJfi.], p 241.5.

(-
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/"_ Appendix A C

Conversion Between Oehlve Band Levels Mc,asured wJlh Fillers

Meeting Amer|ean Sh|ndard Z24.10-1953 and
Fihers Meelh|g This Standard

A]. Basis of (_)nvers[on OLO o OH.A_O-_DGr"--0 0 0 0--"

American .qlandard Z21.10-19.33 fi)r an octave hand le_
NEW N

filler sol spet'ified a parlicular series of" hood-edge fie+ B_NI_-£O0C I'1 ' ; ' i'1
qucnclcs, whereas Ihls slandard specifies a series shihed FnEOUE_iClES _ [ l I
upward approxirnate]y I|l percent lu be in accordallce NEW [. I I
with the preferred freqnencies of AmeJ'ican _;talldard CEN'rE++C+ESmN*I"mNA ,_ A
SI,6-iI)(}{). OChlve band _ler measurenlerlls are u_ed raEQul:ti¢lES.tm

princ[l)ally for measuring hroadhand noises wilh rehl- Let:

lively continuous speclra. This Appendix gives a l;lel[md L o = level in any old octave hand, O
oftransferrhlg the resll]lS ofnleasurelrlenls mode wilh one Lot I =]evcl in next higher oJd octave ]Jarl(I. 01[

set of l,i]lers to correspotld_ng results with lhc oilier seh L.v = level in corresponding new octaxe hand, N,

for noises ol,lhls {;lass. In the l,ollowing discussion, oclaxe cOrllained in 0 and O11, d ere A's Ill [)ercenl
hands spet'il+ied ill hnlerican ,_landard Z'_-1,11)-1953 are ahoxe 0 in I'requency
called '+01dhands," whereas oclave bands _peciffed hert+ia Then:
are railed "new bands."

L v=L o +O.-371Lon-L o)

It is assumed that the frequency spectrum Ihrough .]'he ,:orn,rlion Io he applied'to L o is shown in Table
_+'_%\ conligtmus ncta_e hondo has a eorzlintmusly slopiag AI. %hie ..t,2 +-.ll+Jwscorresi}tmding old and new filter

, j cht_raeteristlo whereln Ihe power per nnll l,requency ha.ds.
'_-._" varies as a,puwer of the fi'equeney, h can Ihrn lie S}lolVrl

tha! for oela_e ballds lhv level tin dill in a new hand

differs from the h_el in the ¢orrespundi.g old hand h)' A3 Ii]lLrl)ohllJel| of Old Band Level
a correelion lhal is 0.237 limes tile difference between Frolll _e',_' ]Jllll(l Levels

thelevels of'the t_o old hands Ihal illclude Ihe ,ew hand, .]'his diagram i'eprese.ls the relalionship ol an old
The correclion is poslth'e if Ihe higher-freq.ency hand

has a, higher level. C.on'+ersely, the lexel in an old hami hand, O, Io I}]e corresponding new hand, N,
differs from Ihc level in tile corresponding new band by a n_wDESIGNATION

correction that is 0,237 Ihnes the difference belL_een the CEriTER _ _7
levels in Ihe two new hands thai include tl+e old hand. rRl:OuEnclE$,tr+ I I :

has']'heaC°rrt_cli°nhigherleveLiSnegative if' tile higher-freqlmncy ba.d FaEOUENClESa='mO'EOaI:NEWI'1 N:L i"i NIl [] I

Computalion direclions and lahtdar aids for perform, ol.c_o_,.D-_oo_"-O 0 0"-" O--
tog Ihese inlerpolations are gNen in A2 and A3, The FREQU[NCIE= 0

melhod is easily, applied and its aruurat, y is considered
consJslenl wilh the characlerisl_c ace.rat I' al)talned in LeI:
field measurements of' noise. For a t iscl sslo of he has c L_, = level ill any new octave hand. IV

prohlems in conversion, see ]lel'erence H. L,VL = level in next lower new octave hand, NL
L o =level in corresponding old oclave hand, O

conlained hi NL + N. where A' is I[_ percent

ahove O in l'req,ency
Then : . •

A2. Inlerpolation of New lhmd Level
From Ohl Band Levels Lo = L,v - 0.2371L,v - L,v,,.I

' "['he correction term to he applied to L,v is shown in "_--"

"_ This diagram represents the relationship of a new ']'able A3, "rahJe A4 shows corresponding new and old
bahd, N, and the corresponding old band, O, filter hands.

20
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C_,rre('lhlns I(pL o 'lb (.)llllllil I+_Upward_jll.rlrunlShl[ie _lrrel'li,)n I_lwnwardSlle(>lrl.n *_htlle (_rrecth)n

{lli,_h_r_'le,liJi,nc)' Ilan,I AI)l)lo IIIigh_r Frrq._,ric'ylla,d SI_IrrlIACT
Ila_ Iligher l.e_rll I.o Ila_l_JI,cr I.e_'ll fromL o
l.ou- I.. in till _111 l.ou-/., irl ,Ill (IB

0 fl 0 {}
I I)+2 - I (}.2
2 0.5 * 2 0.5
3 (I.? - 3 0,7
,I 1,0 - .I 1.0
5 1.2 - 5 1.2 !
f) I..I -_ 6 I..I
7 . 1.7 - 7 1.7
II I.Q - II I.Q
9 2.1 ' - 9 2.1

I0 2.1 -III 2.+1
II 2,6 -I I 2,6
12 2,_¢ -12 2,,_

()Ill ()('lIl_l!-I}lllld l_l!ll'l_. '|'ll I|l' U_ecl for I{_tli'uJnlill_

' _'12_¢t ()(.lalo.llanil I.e_Pls

i'_¢ Lr*.t.J_ _o¢ "lht._e "l_l (:llh.,l_lr Le_.eli

OhlO[la_rllarld_ l'_arNP++(}+la_e Ilan(I
I_nlere({On

_._ . " () 'r/sl ()11'"/.I .%''r Ill I

_J :IT+T_ ;_.1311 ll3
?:'_.J3(i I:ill.3llll ITS;

I _il.30ll :lllli+0llll 2:_{l
31111.llllll hllll. I '21Ill ._1111
611(I.17{111 1700-2I(111 Illll(I

171111-7IIIII 2 IIIII.IIl(lli 7llllll
: 2 1{10.Illll(I -ll_(lll.i)fi(lli .tli(ll)

: .ltlllll.l) (i(l(i __l Illlllf)

• i"alf Illnl¢' ll.Otl - I, 0 li_lilt nell bilnil,

'lhbh. ,ill

! {Jlirrel!llllll_ Io l.#4 Til ()lllnhl L 0

Upil'aflt Sllf¢lfilrrl ,t;10li¢ (:lifrl'l'lliul l_lwnwafd Sliel:ll-Unl _lop¢ C_rrel:lion

IIIilh+f iryfqllfllc) ' llanll _t_lllll417r IIIilh+r l"ffiilieney li+nd AI)I)
Ilal Ili_ller L_ell lf_mLv Ihs Lotifr l_lell ill 1.#;
I._t- l.m+in till dll 1.._-#'_l+ in (ill dll

0 0 O 0
I 0,2 - 1 0.2
2 0.5 - 2 0,5
3 0.7 - 3 0.7
,I 1,0 - 4 I.O
$ 1.2 - 5 1.2
6 1.4 " f} I,'_.
7 I.? - 7 1.7
8 1,9 - II 1.9

"'* 9 2.1 - 9 2.1
_ J l0 2..1 -10 2..i

I I 2,6 -I I 2,6
12 2.H -12 2.8

i=
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T.idt! A4

]%'ewOcta_e-|hu.I I_u4_ 'lh Hv Used for (_dmdafing

[t_e Levelsfor NewOvhz_elhnld To Cldcu].le Levels["or
(_ezlltrl_lloil Old OClll_l! IJllrlrls

A' Ic/_) A'L Ic/sl 0 Ic/_l

63 --_1 37-75125 fl 75-150
...50 125 150-300
5(10 250 3(10-600

I(tOll 500 600-12(10
2000 1000 1200.2.100
40()fi 2000 2-1(10-Ifil)O
8()011 4000 .lS()(bc)bOO

*Take same L._ -Lv L as Fornext band,

,---x G

Appendix B

Band-Edge Transmission Loss for Minimum Bandwidlh Error

Traditionally, filler bandwidli+s ha_e l..en exl+res_t,d restlhs of tile iatler two investigations arc given in Table

w

in terlns of the halbpower or 3 dll dawn freq,eIldes of fil.
the filler, llowever, when random noise is analyzed Ihe The I,andwldlh error e.r_es for fractional octave
energy which is transmilled by a band,pa_s filter d['- fillers are symmelrlcal ab,,.n Ifie -3 dll per oelave slope
pen& not only on tile frequency inlerval belween two in speclrnm level Ipink noi-el. This is Ihe slope which

points of equal transnfisslon Io_s, but also on IIle steep- provide_ equal power in each fiand of a serles ofconstanl
hess of Ihe Ir_nsndssion Ios_ dmraelerislic of Ihe filler percentage bandwidlh fiher_. Ilm_ever. Table Ill reveals
and the slope of the speclrum beill,_ analyzed. "['hlrly Ihal a _ery small differem'e is lay.bed belween correct-
representative speclra examinecl by file Writing Graup iag for _ez'o bandwlchh error on pink .r while nolse, hi
revealed speclrUm level slopes ranging from +fi to -21 additioa, it wa_ finmd Ihal Ihe analylical sohllinn for

dll per octo..'e, zero oJlOf in while noise analysis ga_e Ihe same hand-
The bandwidth error* for a niamber of filler eluwae- edge allenLJaliorl f.r all handwidlhs of Ihe same filler

terisfirs and speclrmn level slope_ was firsl comptlled flJr eomplexhy, while lilt' zea'a pi,k nalse error adjLlslnlenl
an idealized filter Is.-'e ]leferen(,e II and Illell for Ihe prochnred a slighlly diffi'renl band-edge altenualion [.r

maximally flat or fi.lterWorlh fiber characteristic [see each fiher handwMIh of file same emnplexily. F't_rIhird-
Reference 5 I, In addition, Ihe band-edge allenualian for re'lave fillers, tile two crileria differ only one parl in file
_ulterworth filters required Io give zero bllndwidlh error _eeond decimal idaee. Owing Io Ihe milch grealer r;Jnl-
when analyzing while and pink noise was compuled. The [didly in carryingool nllnlerical inle_rallon Io deterlzlhle

I the effective bandwhllh f6r while noise aim Ihe sliI_hl '_

'_4/ "llzmdtddlh err.r refi'r. I,= rl.. diff=_ren,','I.,ll..... ft., .-i-,' shifting i. the handwidt!_ error axis Iolcard idus luld
p._,,r Iraa_mined l,_ Iht. real filler .nd d,;*l Iran.milh'd h) an mlnus errors, the Collllllillee declded on _dlite noise far
ideal filler ,*f nond.al band_idllh Ihe e[fecllvc balldwidlh/'efel't.nt.
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'lhhh_ II1

t_l_+ |lerfllrllllllll'l! of |lulh.r_urlh [hlm#l):l_ Fllh+rs

A II i II_ A i A z
n dll/+brlav+ dll dll dll rill

Fur one.Ovl,_e h_rld_ltJlh 2 -3 ll.:l? 0 3.ti+l
- I_, II ILI(_ #I.IIT +1+0_
- _). 13 11.711 (I,:12

-12. "+l_ 1.35 11.92

:1 -:1 II+l I_ (I 3,58
- I). II 11,211 11.113 3,(+._
- (J, +3 11,31 (I.IJ
-12. +b 11.511 0.21+3

•I -3 II,llll 0 3.,I_
- f_. (I (LIJ ().(III 3,,111
. l).+3 11.17 0.051_

-12. th 11.20 11.1211

;"or hal_'-Oul_e band_idlh 'J -:1 I). 13 11 ,3.1J()
- Ip, ( 11,l() 11,1123 ,I.112
- _1, +3 (I,3fm IIiI1_
-12. 11) 11.711 11.21)

\ :1 -:1 II, lll II 3d+3

_. - f). II 11.211 (LOll? 3,6_
. i), +;I 0,23 (I.(I/ll)

I -3 if, Ill I1 3,46

- 1). l) ILI I 11.11113 3,.III

- 11. i3 0,1:1 0.(115
ll_, +l) ILl3 11.11:15

+
Pal" lhlrd.o_lavc hnnd_iclll_ 'J -3 (l..l.l 0 *I.113

- I+. II ILl6 (J.(ll I .I,02
l i). 43 IL_I 11,1117
-12. +l_ II,¥_l I),J 211

;1 -3 ll,19 II _,1)+1

• - l+. l) [l,2() O,(ll)3 3,(:5
l _1' +;I 1121 (I.Ill.I
-12. +6 ll,2.1 0,1132

4 -3 (IJO 0 3.4/t
- 6. II I).ll 0.00l 3,,111
-- 9, +:l 0.12 0,007

-12, +6 O,J3 0.016
¢:

n = number of resonant elements r)r pole palr_
= _peclrum le_l _lope i. (tll/o¢la_e

II I = bantJwhhh rrror for filter 3 +ill down _l _ominal t:uloff or
b_nd.edl_e [reqtJcn.:ie_

I/I : lmml.idlh error (or fillrr mliu_ml I'or zern band_ldth err.r

on pine n_i_e
A m: numlrlal handled_e (re_lueney tram;mi_._.i_, h)_ requlred l_

. glve z_r_) l,andw_dtfi rrrur un pink noi_e

A_ = nominal bantl-ed_r ffe(luPnry Ir.n_mi_ia. Jo_ required Io
I ._ive :tero h_nd'+ldtfi error tin '_fihe noise

I

{,",.



American National Standards

The standc_rd in this booklet is one of nearly _,000 standards approved to date

by the American National Standards Institute. formerly _he USA Standards In.
stlfute.

The Standards Institute provides the machinery for creating voluntary start.

dards. It serves to eliminate dupt_cation of standards actlvit[es and Io werd can.

fllctlng standards into single, notionally accepted standards under the deslgna.
tlon "American National Standards."

Each standard represents general czgreement among maker, seller, and user

groups as to the best current practice with regard to some specific problem. Thus

the compreted standards cul across the whole fabric of production, distribution,

and consumption of goods and services. American National Standards, by reason

of Institute procedures, ret_ect a nationa_ consensus of manufacturers_ consumers,

and scientific, technical, and professlonol organizations, and governmental agen.

_ .ci_s. The. completed standards are used widely by industry and commerce and
oflen by municipal, state, and federal governments. _*"_/I

_'J The Standards Institute, under whose auspices thTs work is being done, is the

United States crearinghouse and coordinating body for standards activity an the

notional level. Itis a federation of trade associations, technical societies, prates.

slonol groups, and consumer organizations. Some 1,000 companies are a_liated

with the Institule as company members.

The Amerlcon National Standards Institute is the United States member of the

Inlernationa[ Organization far Standardization (ISO). the International Electro.

technical Commission (IEC), and the Pan American Standards Commission

(COpANT). Through these channels American ?nduslry makes its position felt on

the internal;anal Jeve[. American National Standards are on file in the libraries
of the natlonal standards bodies of more than 50 countries.

For a free list of all American Natlonal Standards, write:

AmericanNationalStandardsInstitute,Inc

1430Broadway NewYork,N. Y. 10018
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5.II.2 The equivalent sound i)rossIll'e level (SPL) of tile ,'lllll)ient soi._e signal should be do-
torndnod from the lap_ recording of tile ambient noise Mgllal obtained IlL tile test site
wllhouL tile presence of tile aircraft solse Mgllal. It is dosh'sblo to record Ihe am-
blent noise signal with the system gain set at the levels where aircraft noise measure-
meats will be made.

5.3.3 Ths gain of tile tal_' recorder should bs adjl_stecl so that tile record level 'will be lvJlhte
tile linear operating characteristics of tile tape recorcler for tlle peak of the aircraft
noise signal. (It is suggested that tho maximum rll',s level should be 12 db below tile
maximum of the liscar response level).

6, ])._ATA REDUC'PION EOUIPM ENT - The following equil)nmnt is the mini,'aun_ required to
reduce tile basic data acquired ill tile field on aircraft exterior noise:

6.1 ltand Pass Fillers - Octavo band pass filter sols designed to meet rsquiremeats of
ASASl,6-1960, are recommended, Thoasoofflltersdosignedtomeet requirements of

ASA Z2,i. 10-1953, is also satisfactory, but standardization on ASA S I. 6-1.960 should be
anticipated.

•,_ 6.2 Sound Ievol Meter o ,.Grnp ic Level Recorder - Average or rms-typo indication with the
,_ rras type preferred

6.3 Tope Roeordez' - Playback to be eOml)atible with l'eeot'der used for data acquisition.

7. DATA REDUCTION TECIINIQUES

7.1 Calibration - The data redaction system should bo cnhbraled m file same nlannar aszllsed
to calil)rsto the electrical recording systoel (3.2).

7.2 Pen ,qlx_ed - The g'rapl'de level reeordor*s Pan speed should be at tile minimum which will

,lot distort tile signal tr_mo to shnplify tile "fairing" of the recorded signal.

A typical pen speed for reducing aircraft l'ly-over noise dab's. Is 100 ram/sac.

7,,3 Solnld-l,evo] Iih_tor Indicator - Tile dynamic charaetel-istics of the sound-level meter In-
dicator, If used, should conform to the IEC Draft lleeonnnendatioa, Specification for Pro-
cision Solmd Levol Maters.

8. DATA REPOWI'ING - Graphs, tables or reports containing data -- all data shall be con-

varied to rms -- on ah'craft exterior noise should bo accompanied by the following mini-
mtmL iafol'matioa on tosL conditions:

k_ 8, I Airplane and engine type

8.2 Airphlee heading, altitade, airspeed, and location relative to the mlerophoaes.



3.3.2 An lnserL voltage device Is recommended Io record a known signal on the tape re.order
just prior to and after recording aircraft noise dale. It is recommended that this
chock bo made under fiekl-nperating conditions to ensure against drift or error and to
supplement the calibrations described in paragraphs 3.1, 3.2, and 7.1.

'4, ACCURACY

4.1 Combined System Accuracy - The combined recording and reduction system when sali-
bratcd as recommended should be capabl0 of measuring a plane progressive wide band
sound wave arriving In tbo direction of the axis of callbratlun cf the microphone with an

accuracy of + 1 db.

4, 2 Frequency Response - The response of the combined system to a plans, progressive
slnusoidal sound wave should be constant wilhin + 3 db over the freqneucy range from
37.5 cps to 12,000 cps excluding tire directional frequency characteristics of tim micro-
phons,

4.3 Directional Frequent 7 Characteristics - Tile sensitivity of tire microphone to plar, e
snund waves arrivingfrom any directionwilhin,15dog ofthe taxisofcalibrationshouldnot

differby more than 1db below 1000 cps, 2 db between I000 and 4000 cps, 5 db between

'_ 4000 and 8000 eps and 6 db between SO00 and 12,000 cps,

5. FIELD MEASUREMENT TECIINIQIIES

! 5.1 Acoustical Environment - Basle data on aircraft noise should be acquired under eondi-

_ tions of wind velocity less titan 10 kn. It is also rceomumnded that data bn taken when
• _ tim relative humidity is above 30%. The Lest should be run in an area free of obstruc-

tlons, such as hills or buildings, whieb cnsld reflect, obstruct or dal:eavt the measured
sound wave. :_! {, ' '

i 5.2 Micrcplmne "Positioning and Orienlstinn - For measurements made of aircraft flying
directly ovcrbead, tire microphnlreF/should be oriented with the_l; longitudhml axes par-
allel to the ground and perpendicular to the vertical projection of tile flight path. For

other then overhead l'iights, the microphone diaphragm should be oriented to receive as
close togTazing ineklenseof thesound as the testconditionspermit.

The heightof the mlcrophonc above ground levelshould be 5 ft.

I 5.3 l:_ecordingof the Ambient Noise - The ambient noise ofthe measurement system and the
testarea (thatis, theenmposito response ofthe system tollmbackground noise and tlre

I electrical noise of the equipment) must be determined so that the validity of the nmnsured
alrcr_fft imiso level can be established.

___. 3,1 The octavo band pressure level el' the aircraft noise signal shoukl exceed the corre- ._
spending octave band pressure level of the ambient noise by at least 10 db
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_. 1. Plm]_3SI:; - The purpose of lhL_ recommended practlco is te (]cl'ino mensurenmnt teeh-

.-e ntquee and equipment for _loqu_sitioe and reduction of b,tsic data on ,tirorsfL exterior

_i noise, P._:_,-mt_ ts tr usable _to)osousoof tlesotech g/cosec this e u|inontfcr
_o research or monitorisg-type tests,
_c

=_" 2. MF_ASURF.MENT EQUI _MENT - The following equipment should be used to acquire

_! basin data in tile field on uirurnft extorter noise:

eo 2.1 system

! ii Microphones, 2.2 Microphone windscreen - optional

_,_' 2.3 Tripod or similar microphone mounting provisions

"_j _..4 Gain control (or attenuator)

_ 2.5 Tape recorder with N. A. B. aqn,tliz,ttion for 7-1/2 or 15 ips or a t,tpe rocorda_" h,tviug
¢ __. uniform frequency characteristics over ilm r,tsgo from 20 to 12,000 cps.

,f_ -o'e 2.6 ACoustic nnlibrator system using else w,tva or broad band noise of known _eund pros- :
' __ sure level.*

._ IL,

di
=g_= 2.7 Insert voltage device - optional.

• ._,_.
_ 3.1 Microphone Calibration - The microphone should be calibrated according to A.SA

s. Standard Z24.11 195,t, or thelatest ,tpproved revision thereof,

"_{_ 3,2 Recording System Calibration The complete electrical recording system should
'_ receive n frequency and ,tmpliicde calibration by use of sine wave voltage of known

_s amplitudeand atfrequenciescovering thernnge from 20 to 12,000 cps. A broadband
_$ _ sign,t] of known amplitude can also be used. *
o

J_$,,; 3.3 Sensitivity Cheeks in tbo Field
CS_o

_2 _ 3, 3.1 Prior to and after each test an acoustic calibration of the system shonld bc made in
'_=_,- the field as a sensitivity check. This acoustic calibration should be used to establish
oe The acoustic ouli-.,,o= a reference level during subsequent a||alysls of the stored data.

®_ - brator should produce ,t sine wave or broad baud noise of known sound prossnru level
._$i_ at the f`tco of ilia microphone button,*

_ j *If broad baud noise is used, the sige`tl should be described In terms of its rms vahle and
! _ n]mximum pcak/rms factor for ,t 'In0 clipping" level.

¢Opyrlllht 1_)(_ lly II_Ity II Automotive I[nlda*mr$, laL PrI_Iad In U* I. A.
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STANDARD VAI.UI!._ OF ATMOSPHERIC AgSO_iJTION AS A FL_NC'I'|OH O]: 'CEMPEIb_,TU[_F- lmlu_d 0-_]--'_

: ANDIIUMrDITY FORUS/:]HEVALUATINGAII_C_FT FLYOVERNOISE Rovl,_d

. -- 1, INTRODUCTION - This report proposes a method by which value,., can be obtained for
_ the absorption of sound in air over a wide range of Iomporature and htmaldity conditions.

; _I Although it was £cve aped primar ly for use in evaluating aircraft fly-over noise mea-
'_ _o_ suremonts, tho information should be applicable to other noise problems as wall.

"° There are a number of factors which influence the propagation of aircraft noise from an,_
i. _ a_rcraft flying overhead to a point on the ground. Tile purpose ho_, however, is to con-

1 =a.-.- sider only the classical and molecular absorption of sound energy by the atmosphere, It
•_x'i_

i _.--" is felt that spherical divergence, scattering, refraction, and other effects should be

i __: treated separately.

':_ _°e: The method presented is based ell the theory of i,hmsc_ the laboratory results of Harris 2
: Z._,;_ and field data from Rolls lqoyec,3 Booing', t and Douglas5. Although the final information

:,i waeasedfromthesesourcese y,lbowerlcsofmanyotherindivid lsand'oups,,,ere
'i _,_, used to arrive at a selection of the present method.

:_ ._-_' The experimental results of Harris were obtained for a single temperature of 20 C
_e_._ (68 F). Essentially, these data were used, and curves based on Kneser_s theory were

:_ /-.._ _-_ "modified" to fit them. The modified curves then serve as n basis for obtainh_ values
:_ _ge_ over a wide range of temperatures° humidities and frequencies. Once these curves were

"_ "--J _'_-. established they were compared with field results to select a method for prefltettztg" ab-
:;! . sorption values for bands of noise by using the absorption value for a single frequency.

i

i:_ _t_ Comments on the use of the proposed method, absorption values and some discussion
: i ! of standard atmospheric conditions are included in the report,
i

:.= _ 2. THE THEORETICAL CURVES OF KNESER - The tlleory of Kneser indieatns that there

::: _e arc two significant types of atmospheric absorption. These are classical absorption
:,_ .,.s: which is a function of frequency and temperature, and molecular absorption which is a

:-_ _ function of frequency, temperature and humidity, Both types are linear with distance

j_._i and are expressed here in units of decibels per 1000 feet,

_.: Classical absorption results from energy dissipation through tile effects of heat conduc-

•._ '_:'._i_ tlon and radiation, viscosity and diffusion, It is relatively unimportant except at higher

': _,'_$_ frequencies and varies only slightly with temperature; however,
it

_ _]'_ since at 10,000 eps it amounts to a little over 5 dB/1000 feet. Values of classical ab-

"_' _ _i sorptlon are given in Figure 1.

eo

r_

Co_¢llht 1_64 l_ Io_ety e# Avtl_env_ _nllnlnr_ I_ PHnte4 I_ g. L
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l_{olecular absorption results from a relaxation process of oxyguu molecules, It varies
over a wide ranoc of values and may be as high as 100 dB/1000 foot at t0,000 cps over a
range of temperatures between 0 and 100 F.

i

Both theory and experimental results indicate that for a given frequency th0ro is a value
of humidity at which molecular absorption has a muxbnum wdue, As the humidity goes

r,i above or below this value the absorption decreases. The absolute humidity* at which
maximum absorption will occur increases with frequency in the manner shou'n ill

; Figure 2 from an empirical formula by i,:eeser. I,Tnoser also provided values of maximum
_ molecular absorption as a function of lrcqueney and temperature (Figure 3). Tim re-
,,: maiuin_ problem is to determine what portion of the maximum molecular attenuation will
_ occur at humidities other than that for the maximum value. Itero again Kneser's theory

., supplied a curve to accomplish this. This curve is shown in Figure 4 und is a plot e[
,.. normalized molecular absorption against normalized humidity. One need only know the
,: temperature and absolute humidity in order to obtain both classical and molecular at-

tenuation from the curves in Figures 1 through 4.

_ 3. ]_'IODIFICATION OF KNESER'S THEORETICAL CURVES - Most of the experimental data
reported in the literature show the same trends predicted by Knoser's theory, ]iowever.

L the), do not agree with the values obtained by Kneser'n theory, nor do the different sets of

experimental data ag_'ee with each other. U*ffortunateiy. the experimental data from the._, laboratory were usually obtained at only one temperature and none offer a complete sot
of data over a wide range of temperatures and humidities. The general practice used to

_, obtain a fairly complete set of data is to alter the theoretical curves to fit experimental
data. This is the manner in which the currently proposed set of curves has beun ob-
tained.

An investigation of the experimental data in the literature indicated that those obtained by
Harris were the most dependable from the standpoint of the manner in which the tests
wore conducted and the munner in which the data seemed to check out with data from the

field, The method presented hero essentially follows the pattern of adjusting i_csarfs
theoretical curves to fit Harris' data.

*Relative humidity is a more familiar term than absolute humidity, because it has
significance to weather and comfort. It is the ratio of the amount of water in a parcel
of air at a given temperature divided by the amount of water that peroel of air would
have at the condensation point times 100 percent, Ilowever, molecular absorption is
concerned with the amount of water In the air regardless of how much there could be.

, Therefore, absolute humid iy i *g'rams per cubic meier is used hero, A curve relating

,i_ ']I"-j temperature, relative humidity m_,dabsolute humidity is presented in Figure 9. ,_
!

p_ II i
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I Because Ills deternlila_tioo of atll_ospheric ehsorptles dcpol3rts on several curves one

: must be arbitrary ill deciding which of lhesc curves should be altdrcd to make thetheoretical curves agree with CXl2orimsntsl I.];ttll. The al*plIocch _2.k(,a hero WaS tO llsO

1 both the classical absorption curve (Figure 1) and tile curve of ubsolute humidity st

! which mnxhnum absorption occurs as a function of i'requen_y (1,'i_mre 2), us ln'csenled
! by Kneser. "riLetheoretical curve relating nermalizcd molecular ahsorpiioa is nor

: I realized absohlte ]tumidity (Figure 4) and tile c(u'vo llrescnliug maximum moleuulac ab-
: _ sorptlon vslues for different h'equencics lind icmperamrcs (Figure 3) were then ad.*

i Justod to fit tile data of Ilarrls.

:... The totalabsorptioavalues (i,e,, a comhinati_mof molecular and classical)inFil_'ure3
of Harris' paper were used as presented, llowever, ia Figure 4 of Harris' paper, hisi

:_ plot of normalized ebsorpiion as a flmetion of normalized humidity includes the effects
1 of classical absorption. Classical absorption was subtracted from Harris' total ab-

.! sorption values and u modified curve relating normalized n_ioleeular absorption as a
function of normalized humidity was obiulsed, This curve is plotted in Figure 5 along

i with the curve from Figure 4 in ]larris' paper, a similar curve presumed by Berunek 6
J and Kneser's iheorolloal curve. TILe modified Harris curve was selected for ihs cur-

i rently proposed method.
}
i In Figure 5 of Itarrls' paper a comparison is made between his experimental values and

_i '_"_ Knoser's theoretical values for maximum ahsorption coefficients as a function of fro-
' t _'_"_" queney, llowever, Harris' values cues again include classical absorption and ills
i_ theoretical values do not. Comparing only the nmlecular absorption of Ilarrls' total ab-

!' i sorptlon values show them to be lower than flmory would predict, llarris' data are sp-

i_ proximately parallel to the theoretical curve ofa mol as a function of frequency
Inm_

! t (Figure 3), TILe theoretical curve was simply shifted downward to match llarris' data.

iii The adjustment is shown ia Figure 6.
:_ Theoretical va]ues of maximum molecular absorption for three frequencies were plotted
•:_ as functions of temperature, The measured or extrapolated values of llarris obtained

;i at 20 C (68 F) were plotted and modified curves parallel to the theoretical curves were
drawn through lhem, The modified curves Is Figure 6 were used to obtain the complete

:l set of modified data presented in Figure 7.
l

i The curves In Figures 1, 2 and 7 and tile curve in Figure 8 which is takeu from the
,q modified curve in Figure 5 then supply a complete set of curves on which to base total

.._ atmospheric absorption for u wide range of temperature and humidity conditions. The

. _ curves In Figure 9 are presented to show tile relationship between temperature, relative
humidity and absolute humidity, These curves are taken from Evans and Bazley,
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4, FIELD DATA - While laboratory data are obtained under comparatively carefully con-

trolled nosdilions, field values of atmospheric absorption coefficients are obtained under
a fairly wide range of eonditimm ',vhieh are not carefully measured, These data are
nsnally obtained from a series of tests in which tim sonnd levels are measured on the
ground as a particular type airplane flies over lhe measm'ement point at a rmlge of slit-
tudes from a few hundred to a few thousand feet. The data are plotted as a function of
altitude, inverse square losses are removed, and the excess attenuation is attributed to
atmospheric absorption. It is usually assumed that the surface temperature and relative
humidity are representative of conditions at all altitudes and that tlle sound propagation
was in all cases vertical.

Three fairly complete sets of atumspherlc absorption values obtained h'om field tests of

: aircraft fly-over noise levels are discussed below. These three sets of data, taken by
; completely independent groups and under a variety of atmospheric conditions, indicate
j that by making certain general assumptions a fairly rellaiHo prediction of absorption

! i values can be made using" the proposed procedure.
i

: x 4.1 Rolls Royce Data - Figure l0 Is a plot of atmospheric absorption values in one-third
! : octave bands as obtahmd by Rolls Royce using a Canberra aircraft arm' a fly-over alti-
! tude range of 500 to 4000 feet. The measured values are plotted as flat lines, ex-

i.., tending across the frequency range of the band fez" which the}, were determined.

i _ "_' Surface temperatures ranged from 13 to 19 C and surface relative humidities ranged
I : from 45 to 53_. The upper solid line plotted in I,'ig!.lre 10 was calculated by the method
,!; described above using the average of tile surface temperatures and average of the sur-
% face relative humidities. Tile averages were a temperature of 00. 0 F, a relativei
i., humidity of 40_ and an absolute humidity of 0.5 g'm/meter 3. The lower solid

i line was calculated from the same method but for different atmospheric conditions,
:.l The condltlolm were based on the assumptions that the absolule humidity was constant
,.: over the altitude range, but that the temperature decreased with altitude at the lapse
:, rate given by a NASA standard atmosphere. The average temperature over the test
i altitudes was then 53.2 F. The lower curve varies more from the measured data than

the upper eu_'e in the middle frequency range, but shows much bettor agreement with
• : the measured data in the upper frequency range. If we assume further that, because

the fly-over noise spectra slopes down rather rapidly with frequency, and that the band

:1 level at higher frequencies Is controlled by energy in the Imvor part of the band, we
_; have very good agreement between the lower curve and the measured values. This leads
d to a general rule that for one-third octave bands up to about 4000 cps the geometric
.T mean frequency adequately represents the band for atmospheric absorption analyses,
,,_ but above 4000 eps the lower limiting frequency of the band should be used. On this

._ basis the circles plotted on the Imver curve would be the values derived from the cur-
reallyproposedmethod. .

!: T 0i_,. I i ,,lUll
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The band centered at 5000 cps Indicates that a frequency between tile GI_IF and the
lower limit of the band offers the best fit, but for simplicity tim lower lbniting fro-

: quency is assun_ed. Also the frequency absorption wtlues measured are conMslently
bigher tban those predicted. This oouklwcll be because jet exhaust noise tu this fre-
quency range is propagaled aft from timnag'inn rather time straight down. The mea-
sured values tben would represent the absorption over a distance greater tlutn tbe air-

, plane altitude. Tim available data are no_ sufficient to cheek out this possibility.

t' 4.2 Boeing Data - The Booing data were extracted from Boeing Document No. D0-4084 TN
dated September 1962. Values for the commercial octave bands at 53 F and 61% rela-

I. tire humidity (absoh|te humidity 6.3 gin/meter 3) were obtained by correcting tim pro-

posed standard day values with tim data in Figure ,t of tim Boeing report. It was as-
sumed that those were the data determined by Boeing under the stated coudlttons. The
valu6s delermiued by Boeing are plotted in Flg'ure 11 as the fiat lines extending across
the frequency range of the band, The levels calculated for tile estimated average condi-
tions over the test altitude range of 200 to 3200 feet are shown in the solid line. Again,

the measured data fall below tbe calculated data In tim upper frequencies. However,
: assuming the GMF for the first seven bands, and 1, 05* times the lower limiting fro-

• quency for the 8th band, the cMculated aud measm'ed data show very good agreement.
i : The predicted values based on these assumptions are plotted as circles.

, ' j 4.3 Douglas Data - The absorption values determined by Douglas were obtained from
• : _"" DC-8 fly-over noise tests. 6 Surface-averaged atmospheric ccnditions were 77 F, 59%i
: ! relative humidity and 13.0 gm/meter 3 absolute humidify. The measured values are

. plotted in Figaro 12 as straigbt lines over the frequency range of each band, 'Yho solid
, ' line was calculated on tim basis of the estimated average conditions over the test alti-
_, tude range cf 300 to 3400 feet, The same general trend toward values measured in, r

: the upper frequencies which were less than those predicted is seen bern, but again the
._ agreement is good by assuming the GMF through the 7th band and 1.05 times the lower
i limiting frequency for the 8th band.

On the basis of the preceding comparisons with field data it is felt that fairly realistic
atmospheric absorption evaluations can be made for bands of jet exhaust noisn using the

absorption values of the following frequencies as representative cf the absorption in
octave or ono-tldrd-oetave bands:

a. Octave Bands (Preferred or Commercial)

1. Geometric mean frequency for the first seven octave bands

2. 1.05 tlmes the lower limiting frequency for the 8tb octavo band

*Beranek has suggested in Noise :[Iodueilou thai using a factor cf 1.2 times the lower

,_._. limiting frequency of the octave band as representative of the octave band offers a best
fit in some eases. The :t. 05 factor was selected on the basis of the best fit for the

:. 4800/9600 cps ha,rid, for bptb tlm_oe,iu_ data and t.lje.Dou_ln_ d_Ha lhnl follow.
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b. One-Third Octave Bands (Preferred)

.. i. Geometric mean frequency fox. bands centered at 4000 eps
and below

2. The lower limiting frequencies for bands centered above
4000 eps

Figures lS and 14 prescllt total absorption values proposed for preferred and commnrelal
octave bands, respectively, over a temperature range of 0 to I00 1,_and over a relative
humidity range from i0 to 90q_. Data are given for the 4th through 8th octave bands.
While there is a small mnount of absorption in the tower bands it can usually be neglected.

)

_ Similar information is provided for one-third oelave bands in Figure 15, In cases where

i ! absorption at these low frequencies nmy bu significant, (e. g. fur propagution over very
large distaness), values can be obtained from the Information in Figures 2, 7, 8, and 9,

: ] 5. STANDARD ATMOSPHEIRIC CONDITIONS - Both Boeing 4 and Douglas have conducted
'. i surveys of tnnlperatare and hmnidlty conditions at United States and World Airports. Both
i _ studies resulted in average surface conditions of 50 F and 70% relative humidity. Another
i ; standard of 59 F and 60_,_ relative humidity has been proposed from Europe. Although
t

! such standards are arbitrary and the means of averaging to obtain such standards are
', _h rather dubious, it is recommended that the 59 F and 70% relative humidity standard be
)_ _.w _ adopted. It is felt that these conditions are more representative of most airports which
I'

_._ are involved in serious noise problems, The resulting total absorption coefficients for
!z preferred and commercial octave bands are given below,

i :Preferred Octave Bands
Band No 4 S 0 7 8

GMF (cps) 500 1000 2000 4000 8000

a total dB/1000 feet 0. 7 1.4 3.0 7. 7 14.4

Com{-non Octave Bands

Band N.o 4 5 6 7 0
300 60__00 1200 2400 4800

lh'equeney Range eps 600 1200 2400 4800 9000

a total dB/1000 feet 0, 6 1, 1 2, 5 6, 2 ll, 3

+

i
.?
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! ,
• t 6. USE OF TIlE DATA PRESENTED - The air absorption values which have b_ca proposed

i should bc used with caution in real;leg' cstimaics of sound propat_ation losses. 'i'l_e values

at bigh frcquuncics over a wide with in and tuvary range c]]augcs frequency _h.gugcs
atmospheric conditions. Wberc large propagatiol| distances are lavolvccl l:trge diserep-

t aneles can occur if consideration is not given to the spectrum shape of t]]o i_oisc aod to
the actual conditions of tbe atmosphere. In aircraft fly-over noise evaluations, consid-

;. _ oration should also be given to the angle between the source and iho receiver, so that
i_ the best esthnate of tbc propagation distance ts obtained.

i] " Many of today's aircraft will not meet all the roqulroments nccessal T to permit applica~

i?.. flea of the octave band values as It is believed, however, thal if the fro-presented.

it_:( quoncy and direetivity characteristics of tbe noise arc known, eng'ineerh,gostia, ates of
the frequencies representative of bands of noise can be made and absorption values can
be determined, using the curves in Figures I, g, 7 and 8.

i. 7. RECOMMENDATIONS - It is recommended that the following standards be adopted:

!. _ a. The cmwes of Figures 1, 2, 7 and 8 for determining atmospheric absm'ptlon

[ ! values as a function of frequency.

i]I b. The supplementary octave band values in Fignrcs 13 and 14 wben the fro-

/"-_'_ quency and directlvity elmracterlsties of the noise permit, (Broad band

'.._j noise witb a spectrum falling off fairly rapidly at high frequencies,

t. _ nearly vertical propagation and atmospheric conditions rnprescnlative of

:l the altitude runge.)

: o. Conditions at the eartb's surface of 59 F and 70% relative humidity
• (absolute humidity 8.7 g'm/metor 3) as a standard atmosphere for

i I acoustical evaluations.

{ PREPARED BY SAE COMMITTEE A-21,
AIRCRAFT EXTERIOR NOISE MEASUREMENT
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DEFINITIONS AND PROCEDURES FOR COMI+UTL'CG TIIE EFFECTIVE PERCEIVED

_'_ NOISE LEVEL FOR l"U'fOVl_l{ ,_.IIiCRAI,'T NOISE

, c?_n

w w_:

_==_ 1, []_T/1ODUC TIONcta,
me- fi

i_ 1,1 The Introdllctlon of different t_'eS of jot engines, _o,13(_ _roducing nudlble tones, bavo pronl])t_d

_'_ll studies to obtain an improved single-number measure of complex ah'craft fi.vover noise which Is

_:_ related to subjective response. Previous studies rusuited b'_sl)ceiflcation of tile norse In terms of

_-_i the pel'eeived noise level according to tile deflnlilens and procedures of ARP S6sh,

__ 1.2 Several judgment tests on aircraft flyover noise slgaals having different durations and spectra con-
"_0,2 raining tonal comi)onettts have shown tile desirability of adjustments to tbe pot'cetved noise level

o _ (as computed by the procedures of AllP S6SA) to account for tile signal time history and the pl'osenee".., 8
-:_ of audible discrete frequency eonlponeats in the sound sl)eetrum.

E_ 1,S The effeeth'e perceived noise2 level, EPNL, specified _ll units of I'I)NdB, IS a Sll)gle Rumber R;e_-

_,_ sure calculated from objective aeuustle nlensnt'emollts in aeeordallOU wllb the pl'ucodtll'eS deflaed
_,_ In tills (IoeUll_ent, II is calculated from a time seqttenco of tone-adjusted perceived IloJse levels

• _ _ which are calculated fron_ one-tblrd octave band noise spectra. Tile tune adjustnlents are deter-
_._,_ mined from one-third octave band spectra, by a procedure which estilnates tile extent of diserele

a_ frequency (lone) components from iz.regularltles Ill Ibu shape of Ibo one-third oelave band t_olse

,, ,,_ The development of the computational })l'oeeduco for EPNL is based upon the resells of a number' of_v/'lO ,i

_._..== separate judgment tesls. It is subject to revision :IS a result of additional Judgment test s of cuin-
g _ .= plex flyover noise signals,

_-*" 2, EXPLANATION OF TEa/itS

: .- .oZ." Pereeh'od Noise Level, PNL: Tbe perceived noise level of a given sotmd is a result of a caleula-
1:_ tton as specified In Paragraph 2.2 of SAE ARP 865A. Tile unit of perceived noise level is termed
flEa

[$ the PNdll.

= = = NOTE: The procedure specified In SAE AIIP 865A yields an approxhnation of
-_ the perceived lIOiSl] level as determined I)1, subjeettve exl)erimcnt on a
; _. fundamental psyehoaeottstieal basis: nRalel.',', that t]l¢_perceived noise
. _ level of a given sound is nnlnerlcally equal to tile sound I)rossure level
_ of a reference soulld that Is jndgcd by listeners to bare the same per-

'__ eoived noisiness as tile giver so_lnd, tile rttferenco sound being a band
_'_, of random noise one octavo in width centered on 1000 Ilz (eps),

{i
2.2 Pereeh, ed Noise Level, I)NI. (k): PNL (k) 1_ tile perceived noise level calculated from one-0th'd

octave band levels detertnbled at tile k-Ut Interval of rinse, where k is ll number indicating the
number of 0.5-second intei_fiI_ elapsed from all arbitrary reference time zero of the flyover SJgllal.

2.3 Tono-Corl'eeted Pereeh, ed Noise Le;'td_ PNLT (k): PNLT (k) Is the ;,aluo of PNL (k) Rdjusted fox'
*- w_ >. xl _ . ='_ r = Ib_ pro.once of tor.al t.oniponultt&, I, u, PI'4LT (b) I',_;L (k) + C (k), an npucified bt Attachment I of

this document.

CopyRoh!1972 bySoclol_olAulomolivoI_noineort,ln¢. PdateainU.S.A.
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,/_ Maximu m Tone-Correcled PereelvcdNolso Level. PNLTM: The PNLTM Isthe maximum valueof thn

I t PNLT (k)which occurs duringan aircraftflyovernoiseevent. _,,.)

NOTE: The PNLTM will generally be different in value from the percoived noise level
calculatedfrom thenta.xlnlumsoundpressure levelsoccurringin each octavo

or one-lhlrdoctave])andduringa flyover. (blaccordancewlthNote 2.
Step 2.2 of ARP S65A, the perceived noise level calculated from the maximum

• band levels is designated the composite perceived noise level, abbreviated
PNL_,) These differences may bt_ accounted for as follows:

(a) The PNLTM includesa corrcctlonfortonalcomponents;

(b) PNLTM Is calculated from a sblgle one-third octave hand
spectrum, scanned within a very short tittle interval (net
exceeding,_0milliseconds);

(e) Typically, the maximum sound pressure levels In the indi-
vidual frequencybands wiltoeettrstdifferenttimes during
the flyover,

2.5 Tone Car.rootless: A complex noise signal may generally be said to contain a tonal component if tile sound
pressure level in a given frequency band, as roeasttred tieing an appropriate narrow bandwidth filter, is
appreciablygreaterthanthe soundpressure levelinadjacentfrequencybands. Thischaracteristicmay
also be observed wilen there are severnl tones with several fundamental frequc_eics and bsrnlontcs or when

thenoise signalcontablsa randolnnoiseconlponcntwithsignificantenergy ina narrow bandof frcquency.
This AItP is concerned wgh tones that are of sufficiently great anq)litude that Ills flyover noise signal is
capable of exciting g,e acoustic sensation of pitch. Tbe manlier of detot.r_lining the presence of to0es and
thetone-eorrectionfactorisdefinedin Attachment I,

._,.../ NOTE 1: Narrow-band analysis of a flyovvr noise signal amy reveal many tonal cam- _._
ponentsthatare not significantlyaud[l)[osincealloymay be mashed by accom-

panyblffbroad band noiseor by odmr tonalcomponents. Tone=correctlon
factorsgenerallyare notappliedunlessIbe tones.Idcntifiedby tbe proced-
urea described in Attachment 1, are distinctly audible.

NOTE 2: The procedures for identification of audible tones described In Attachment 1
yields approximate values for the protrusion of tones above the broad band
spectrunl. Irregularities in measured one-third octave band noise spectra,
due to factors other than tones, slay result in incorrect estimates of the
tone magnitude and, under some conditions, may identify s tone when none

Is aotually present (a "pseudo" tone I. Whore it is suspected that an incor-
rect tone correction has been introduced, suppletnentary data analyses may
be necessary, using filters with band-widths narrower than one-third of an
octave. Sources of spectrum irregularities, other Ilion tones, include re-
flection5 from the ground plane, fluctuations in sound propagation through

the atmosphere, and bacl_ground levels (smblolg acoustical noise or elec-
trical noise).

2.6 Dttrntlon: b_ a field situation, the duration of a flyover noise signal may be considered as the time Interval
in seconds during which the sound pressure levels of the flyover noise noticeably protrude above the sound
pressure levels of the ambient noise at the measurement site. The duration, thus defined, is influenced by

both the flyover noise signal prod tile ambient background noise level.

To remove the influence of the ambient noise levels in the computation of tile EPNL, tile duration, d, is
defined as the interval in seconds between values of PNLT (lO which are 10 dg less than PNLTM.
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_. CALCULATION P]IOCEDURE
s

The effovth, a perceived noise level, EPNL, expressed In EPNdB, Is calculated hl accordance with rile
following procedure:

Step I

Sound pr_.ssul'c ]ev01s In tho 2,l Olle-tJdrd octavo hands having center freqtlenOiefl from 50 Io

: 10,000 tlz shall be determined for a eoslinuous sequence of one-haft second time intervals

throughout the tlnlo period of the flyover tlo]so.

NOTE I: It Is recommended that the overall ele'ctrleal performance of the data

acquisllien a;]d reduction system meet th_ rcqnJt'el_lunts of di¢_ latest
version of SAE ARP 796.

NOTE 2: "YI_edata reduction system may be compose(] of analog and digital ela-
rnallts meeting the performance characteristics of the lalest version of
SAg AIIP 796.

NOTE 3: Measured speelra should be adjusted to comps:haste for bz_ckground levels
resultin G from anlblont acoustic noise or electrical noise in Ihe data ac-
quisition er l'eduction equlplllent. It Is recol_nlcnded that a ollu-t]lir(l
octave band spectral analysis be made of baaed;round salsa levels (result-
lllg from ambient acoustic IlOlse and eleclrleal noise In th(_ data acquisi-
tion system) recorded at the annie system gain setting as vnlployed during

• z'ccordings of tha flyovei" noise signals from the aircraft. The spectral

noise analysis for tile flyover noise signal should then be compared to the
: spectral analysis of the background IIOIse, zllld the ineasurod ol]o-ddrd

octave band levels, L(1)flyover, _hoLt_d }2¢_adjusted to compeilsato for back-
x.

ground noise levels L(I)backgroulld widlin the range of 3 < L0) flyover " L0) background

< 10. Values of L (1) I]yover less than 3 dB greater than L (i) bauhground should be

,, deleted from calculation of pNLTor discrete frequency corrections,

Step 2

! _ Perceived noise levels, PNL (k), shall be calculated for each one-third oetavv band spectra

_i determined at k-t]t lntorvalsia accordance wllh Paragraph 2.2 of SAE AIIP 865g.
4 1

NOTE i: In general, computed quantities, such as PNI, (k) PNLM and C (k) cables,
may be computed to the nearest one-lentil of a d|3,

Step 3

The pz'eavace of and eorrectiess I'or to_al eonlpon0nts in the spoctrulr, are dcterlnined aueordlng
to Atlachment I of this document

NOTE: Whelt die tone corrections determined from one-third octave hand spectra
in accordance to Attachment 1 result in tone corrections ',vbieh are sus-

pected to be Incorl'ect, additional analyses may be made with filter band
widths, narrowcc than one-third octave hand. Results of the narl'ow-band

analysis may then he used to COI._lplltOrOVlSOd _oue-eorrections. C (k). lie-
Cause procedures for Ilarrow ball(] frequerlcy analysts or Ilm_-varyJllg noise
spectra are nol standardized asd nla.v bo subject to posslhle errors, the rise

' of such procedures shon]d b_ noted, and tile proe_Jdill'e described, when eln-

L-.J played,



...JARP -4-,,L,, . top o 9f _ The tonal eorreotlon_, (2 (k), determlned in Slop 3, are to be addud to the percelved noise
levels, PNL (k). dQlermlned In Stop 2 io deternllno I*NL'I' (IQ. Thus:

'i

PNLT (I¢) = PNL (k) _ C (k)

Step ,5

The effeedve perceived noise level, in EJ'NdB, is defined by the following expression:

PNLT

i I0 dt
EPNL = lO. log_ i0

where PNLT Is the instantaneouspercolvednoise levelnnd T lsa i1or_11alIzhlgeonslant,S0l equal
to I0 seconds. In practlco, PNLT is not available directly as all Integ|'able fuaetiOll, It Is (_onl-
puled from one-third octave band sound pressure level_ determined at discrete one-halfsecond
intervals. The basle working definilloa for EpNL Is obtained by replacing the above lategral

definition with the follmving stllnnlatlo;i expression:

PNL'r (k)
2d I0

, EPNL = I0 log l_-0 I0 -13

i In tbls expression, the Integration is approxlmated by a sumrflatlonprocess whle]l extends overthat
time period of the flyover signal between the first and b_st thnes at which I, NLT (k) is within l0 dB

l:. of PNLTM; d IS the du:'atlon in seconds betwo,m the first and last values of PNLT (k) wldcb are 10 dB ,-
h less thanPNLTM. _ _

NOTE 1: Wllen 10 dB-down points fall between the cfllctdtttod I,NLq' (k) values, as is
file llsua] altso, the poinls to be used for lho sun'Lmal Ion sholdd be astablished
by and inuluda lho first lind last points for wbich I,NLT (l_) _> (PNLTM - i0).

TI_o durailon lima, d, sho01d bo taken as 0.5 seconds time the number ofr points h}_lud_d In the summation. Thus, fOP flyovel" noise slgnnls having
multiple maximum values, nmxima, with some minimum values bet',veon
successive m,'_xlma falling more than l0 dB below PNLTM, tile su;nznatlon
process should include all PNLT (k) values within tile I.ltial and fhml
values of pNLT (k) which arc within 10 dB of PNLTM.

NOTE 2: A factor, D, accounting for the effect of the sic,real time history and dura-

tion may ha calculated as follows:

D = EPNL - PNLTM

PREPARED BY

, 'k_s/ SAE COMMITTEE A-21, AIRCRAFT NOISE MEASUREMENT

/{
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ATTACIIMENT 1

CALCULATION OF DISCRETE FBEQUENCYCORI{ECTIONS
FOR ONE-TIIIRD OCTAVE BAND NOISE SPECTRA

Step 1:

Computo: e(J,I) = L{J)" L(1) where:

I = 1/3 octavo frequency band iRllnbcr, ranging from 1 = 19, eOl*r_Bpollding to 80 HZ,
up to t = 39, eor_'osponding to 8,000 llz,

j = l + 1. up to J = ,i0, corresponding to lo, 000 llz,

i L (1) _ sound pressure level in the l-th I/3 oelave frequency band at the k-th lime interval.

s(j, i) = numerical difference between successive band sound pressure levels, with s(j, 1) = S for I < 19.

Step S:

:i Designate (by encircling or other moans) those values of s(j, I) where:i
"-. I ,t). I) - _(j-t.1-1)I > _all3

i

: Step 3:

i A. ff tile encircled s(j,I) is i)osit[ve and algebraically greater than s0-1. i-I) encircle LOb

___./, B. ff tile encircled s(J,i) is zero or negative and algebralcaBy loss than s(j-l, [-1), encircle LOb

Step 4:

A. For encircled values of L(I) located between adjacent non-encircled values, b(i-1) and L(i-}I):

i. Set L'(1)= L(I+I) + L(I-])
2

ff tile levol in tile highest band, L(.tO) is encircled:

Sot L'(.IO) = L(39) + s(39,SS) if
L(39) and L(38] are =lot cnelreted;

Set L'(40)= L(39)+ s(39)37) if
2

L(38) is encircled, but L(37) is not;
Set b' (40)= L(30)+ s(39,36) If L(37) and

3

L(se) are encircled, but L(36) is not.

B, For two successive encircled values. L(i) and L(I+I),:

Set L'(I)= 2 141-1)+ LtiA_
3

and b' (l_l) = L{I-1) + 2 L(i_2)
3

i
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"..., tbeleveI,l.Iho'L,voh, bosIfr  ,,ono,oreo°olroled ,:
P Set L'(39) = L(38) +,s(38.87)

and L'(40)= 1,(38)+ 2 s (35,37),ifL(37)and
L(38} are not ench'eled;

Set L'(39) = L(._8) + s(:38, 3fi) and
2

L'(40)= L(38)+ s(38,35),if

L(37) is each'clod but L(3fi) is not;

Set L'(89)= L(38)+ S(3S,35)and
3

L'(40)= L(3S)_ 2 s(SS,S.5)ff
3

L{._G)and L(37) are encircled, but L(35) is not.

Step 5:

For each encircled band level determine:

F(i)= L(i)- L'{i)> 0

Whore F values greater tban 5 dB occur Inadjacent bands, I,'{i}, F(i+l). and provided

] s(i+2,1.-l)I < 5 for2 adjacent bands,

J Set F' = 10 log antllog _10 + antllog

i , o oo.oo t,ood,ooent ,,oh.oooo,,,.o.ldotbo r.o.o,oa o
.500800-- .50005000]]zHZ'range,thevalues shall he halved, and Ihe F' vahm ascribed to die

Step 6:

I-,. Determine the tonal correction C from the following equations, where F indicates eilher F or F' as detor-

mined in Step 5:

C=0 F<3
for 1/3 octavo

= _ 3 < F < 20 bands betweenC
500 and 5000 llz.

C=6.7 2O_<F

C = 0 F < 6 for 1/3 oclavobands

F in the range 50 - 10,000 IlzC = 6 < F < 20 but outside the range 500 - 5000 IIz,

C=3.3 2O_F

fltep 7:

k. _J Select the maximum value of C determined In Step 6 for tim k-th time Interval. This value defines the tone "J

_r correction, C(k), that is to be used In I,aragraph 3, Step 4, to obtainPNLT(k).
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,/'*_ TABLE A-[

2

An Example of the CalculatEon Pz'oeedure for Determining
A Discrete Freq.eney Correction for One-Third Octave

_211dFrequency Spectrum

Step 3 1+2 II 5 5 6

Band f(i) L'(1)S(J,J) L(1) F(i) F'(i: C ,

19 80 71_
-8

20 i00 66 /-_

<9
21 125 k.L_9 75 -i.o o

22 160 8h

23 200 /_ + 1

24 250 __ 83 +4,0 0

25 315 80

26 _t00 _(k__''" 82 +2,0 0
0

' 27 500 8Jt

28 63O 83
- 1

29 80O 82
:+ 1

30 1000 83
+2

31 1250 _ @

32 1600 84.3 +i0.7

0 14.0 4.7'

33 2000 _ 83.7 +11.3

34 2500 _35 3150 82 + 2.0 0
-3

36 4000 81

-3
37 5000 78

- 3
38 6300 75

- 2
39 8000 73 f""_

40 i0,000 7_ _ 71 + 6.0 1.0

m In accord wlth S_ep 7, the dlscrete f_equeney eorreetlon
is 4.7 dB.
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DEF'INITIONS AND ])FIOCEDURI_S FOR COMI)UTING TFI_ PEI_CEIVED

NOISE LIZVEL OF AIRCRAFT NOISE "- - ,.. : ,,. :!.j.n,...

l. FNTFI.0DUCTION /,p ", .. ",

'rile introduction of commercial jet alrez,'aft operat ons as we as t le genera ncrease It] air traffic
has resulted in an lnlermltlonnl concern over aircraft imise, The perceived noise level is a single

Iltllnht)r r_ltlllg of tile noise ]Jtlsud Ill)on objective acoustic nleNIgtlr(21nents which is related to the rela-

tive subjective response to the noise, Tile perceived noise level, as defhmd in this document, is
based only on the noise spectra nleasured Ill oelave or one-third octave bands of fz'_quency. As such
it is most accurate in l,_lling breadhalld sounds of sitntlaz' time duration wldch do not contain strong
discrete frequency components,

When sddltional factors such as the duration and the presence of discrete frequency compnnents are
_':*_ to be laken into account, the effective pereeh, ed noise level (F_PNL) may be a preferred measure.
E_O

° _" _ CALCIILA*I'ION OF PEItCEFVF:D NOFSE LEVI':L IN PNdB FROM MEASUFIED NOISE DATA

._E=_:- 2,1 l?.xl)lnnalion of Terms: Jget=

,.... 2, 1.1 Perceived Noise LeveF in PNdB - Perceived .else level of a gives sound in ]_NdIl is the result of a

, _P[_ eRICUIIIIiOll as specified in paragraph 2.2.
o _

',¢',;_ NO'I'E: This procedure gives an approximation of the perceived

i _,,_,, ,_ noise level as determined by subjective experiment on n

g,_._ fundnmentnF psychoacoustlcul basis: mlmvly, that per-
; o_ _ eeh'ed noise level of n given sound is nun_erlcally equal

:" _ e. to the sound presstlre level of a reference sound tlntt is
=.,._._ judged by listeners lo have the sam_ i)_,reeived noisiness

_ _ ;lS lhe g[ve/_ sound, the re 'ere[}_e ,_ol/11(1 [}eillg a b lad of

$,_ random not.'.le one octave in width centered on 100o Itz (cps),

N_ 2, 1.2 _ - A unit of perceived noisiness. The numerical vaFue of dm perceived noisiness of rt sound
rQt¢

•_ : _ within n given f .eq tone.',, : _t, in trays, is related to 111ob;tnd i)z.esstlre level, This relationshi l) Is
_ _ glvc)l in Table I. Table IFproridns an alternate means of calculating file ;tl)propriate noy value bb'

r_.g
.. ,.:_ means of equations. (The equations In Table i[ may be the preferred method for computer eompttta

_ tFon of soy values. )

P_ NOTF': 1: In order to avoid confusion, attention Is drawn to the fact
,,_'_ tlmt noy values given herein are Ihe _azno tie given in

g_ Ilef, 1 but differ frr*m those giveu in Role, 2, 3, 4, and 5,
The differences between tile vnluds given hero mid those

of Refs. 2 aml 3 result from ml,or changes made to facili-
tate eonlptlter eonq)fltlltiolls_ the elgtllges are not btlsed on
/4OWps2.,choa,2ot_fit le tuft dRl5 iiltd Ill't. gen_rllHy /IOLlut'gu

enough to necessitate re-calctll_ltloll of pcrcel_'ud iioFse
< _ levels previotmly c:lleulnted by I]lc I$1b|es given irl Fiefs.

2 and 3.

Copyrh_hl 1969 bV Sorlol[ olhulomollvo £nDlnce)s, lnc, Pl;nlod II) U,S.A,
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l, It. A. Pinker: C.mbutallon .f perceived N,Jhm I.eveh M:dhenlatlcal ],'ormubitbm of tim N_,. "des.
NGTJ,; Note NT, 68,1. Febs_lary 1068.

2, SAI': AllP 865. dated 10-10-1i,l:

`5. K. D. Fh'yler and if. S. Pcarsun,q: M.dlfieathm nf Noy Table, JASA, Vol..'16, 19_,1, p, 3_4,

4. K. D. Kryter lind ]{. S. Pearson,: Some I.:ffevts nf Spectral Content and Dora/bin ml Perceived Noise
I_'.'tH, JASA, Vol. ',15, 191;3, p. 860-_80.

0. K. D. Krytcr: Sealing Iluman Reactions to the Smmd From Aircraft. JASA. Vol. 31. 1959. p. 1.115-1.120.

NOTI_ 2: The values.of'l':dJle I and il may lie used for calculating no._/values
got' either octave or one-third octave bands. The difference in octavo

or one-third octavo band c_m_l)umllon arises In the sumnl:/tion tie-
scribed In Stop `5 of Section `5.2,

NOTE 3: Tables I and It present Information for pref(_rred one-third octavo frequency
mt:asuremcnt9 (Itef: USAS SI, 0 1907, Preferred Frequencies for Acous-
':col Measurements). In e:llculnting perceived noise levels based nil tile
older octave b:lnd frvquenc..ios (fief: ASA Z2,t. IQ-190_,), little orrt_r will
be Incurred by using th(_ values of Tables 1 and II as follows:

Octavo Band Limits Preferred Frequency Octavo
irt ][z I 13a/ld Collier hl l[z r ,

`57.5 - 75 00

i .,,_.,_ 75 1,50 100
)50 _100 200
`500 600 400
000 1200 800

)200 2400 1000

, 2400 4800 2100
" 4800 - 10,000 61100

2,2 Calculation Pl'oeodure - Porceh,od noise level (PNL) in PNdtt is c:llculnted according to tile folh_wing

procetlt_ro:

Step 1 - Tha 5ottnd pressure level ill tacit one-third octave fro(leOne)' band (o1- full octavo frcque/lcy
band) is 0onvortod to it no 3,value by reference 11_Table l, entering tile "l':ll)[o at the *lpprol)rbllo band

center frequency (or by use of the equations and CollslatlLS given Ill Tflb]o II :it the appropriate band
center frequency),

NOTN 1: Unless specifically designated otherwise, the perceived noise level Is to be
calculated frotil frequency b:tnd sound pressure levels read tit the s.qtno instant
intinlc. Sucha ealoubttod perceived noise level should be referred to as tile
instantaneous perceived noise level, or Mmpl.',, the perceived noise level,
nbbreviatcd PNL. Tbt_ nlaxiJtzUlll value of the instantaneous perceived noise
loyola occurrin G in :l set of instantaneous perceived llolso levtds calculated
dtlrhlgsuccesslvotime intot'vals is doslgtl:ltcd tlto tllaxin_unl perceived

IiO[S'_ level, abbrvvhttod I_NLM, or PNL (l]lax).
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_i_ NOTE 2: I,'nr _o]m, Iipplluall(ms, ;in airez_llt flyt_vur noise Hlgnal be

nIIL_'

([e_ez'Ji)edby enlcul;illnga pereelvu(lmH_e levelv.hzuu:dnglhe
Jll11_JlIltlJl_ z+oilrld J)I'O_INLIr_ levels iJCC_Llrl+Irlg Jn (![luh I)4'11[LVtl ((_1_

on(liIblz'll oet_%'e) fr(!qll¢_llCy bzlnd, _vl_n (b0ugb tbu II1NXJlllllnl

Bollnd presl+ul'e ]ew_ls in tile l'requ_n_, b{llld8 ill) iiot o(_tlr aL

tile _lllne biN[ant o[ + [Jrll_, Tile i)l_z'celvod n[Jl+_e level e_letll_led

I'ronl mleh maxbnIlm band Iew]_ should be deslgn:ite(l as tile

(:omposite percelvcd n(Hse level, IdJhrovlalud I+NI,C. ()r PNL

(e.nlp),

S[ep 2 - 'i'ho hey v_llue_ foul_¢I in Step i z_l'¢_ combined In the mlmner d_scrlbed In tlm following fornluhls:

Octavo bauds:

-.N=I_,mII,X ÷ 0,3 [_n Inmtlx ]

Oneithlrd octave bands

N=n +O+lfi [ Zni n ]
-- nlUX nlnx

where n Is th0 nulnbez' of noya In tile b_n(I baying the greatest noy vah£o, and _ n is the sum of the
tlnlx

hey values inall Iho bands.

Step fi -_N a converted into the pez'ce red noise level (PNL) lit PNdB by the following expression:

f ,_ 2NL = 40 + 33,22 lOglo_N

NOTE: Far_N values of I. 0 or greater, tim PNL can be found from *rable 1 I)y trenllng the quantity in
tile 1000 IIz column as tile hey value and reading SPL as PNL.

I

: PREPAREDBY

i _ SAE COMMITTEE A-21, AIRCRAFT NOISE MEASUREMENT
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TAII LI':II

/'_q_l DEI,'INITK)NSAND l)Jlr)Cl'13Llltl,:Si,'f)J_COMlJU'l'l,lf;Till':PHIICHIVI':D

NOI,_H LEVHL OF AII_CI_I,'TNOISE

Tho V_LlUeN, Innoys, given Ill'I'iiIJlc!furn imrtlculai'frequc.cyIm).lIsrelntcd
to thel):i)tll_)uundl)ressurclevel,5, by Lhogvrlera!IJ:l_i_equ:dlon

N=A , 10Mj (L-lie) for

N < 0.1and L_< 150

whuro Mj, Lk and A dcl)cndupon the blindcv)it_rfrequencyn.d thc n1:ti.'Jlltudoof L.

For LI<- L<

M1 (L'LI) ]N=0,1 []0 0. i < N_ 0.3

ForL 2 ,-L<L 3

I M2 (L-L3)

N = 10 0,3 _<N _<].0

For L3 --<r' < Lc

, 10M3
/_"_" N = (L-L3) 1.0_< NI L_< 150i

I For _<L < 150

I m4 (h-L.I)
,'i: I No 10

Nolo that for froquenvy I),'tmls ]roving comer fl*eqLmncies h'om ,100 to 6300 IIz lnclusivv.

: L3 -- L,I nl_ _ :I _ M.I (l.c. one set of valut,.q of Lk and Mj stlffice lo d,2fmv m)y values

for N > ] and L <LSO), The valuv_ of _,Ij and Lk al'u t_]mlaled ill 'l'able 11.

.............. [7--- ................... ::......................... - ....
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._ SAE Recbmmended_actice

I. Scope - This SAE Recommended Practice establishes the instrument-
ation and procedure to be used in measuring the mazlmum exterior sound
level for engine powered equlpmen_ underla.71 kw (20 bhp). It is Intended
to include equipmen_ such as lawn mowers, snow blowers, tillers, etc.
Z$ is not intended $o include equipment designed primer!iv for opera$1on
on highways or within fae$orles and buildings, or vehicles such as motor-
cycles, snowmobiles, and pleasure motor boa_s that era covered by other
SKE Standards or Recommended Practices.

This SAE Recommended Practlec may also be used when measuring the max-
i_mum e_tsrior sound level on similar squlpmen$ powered by elestrialty or
luther power sources.

2. Instrumentation - _he following Instrumentation shall be used for
:the measurement required:

2.1 A precision sound level me_er which meets the Type 1 require-

ments of ANSI SI.4-1971, Speclflcatlon for Sound Level Meters.

_._ AS an alternative to making direct measurements using a sound
level meter_ e microphone or sound level meter may be used wi_h a mag-
netle tape recorder and/or s grsphlm level recorder or indicating meter,

p_-'_ng the system meets _he requirements of SAE JIB4.

: _ A sound level calibrator (see paragraph _.2.4_.

2._ The microphone shall be used with an acceptable windscreen.
[To be acceptable, the screen must not affect the microphone response
_moro than.± i dB for frequencies from 20 to _000 Hz and ± l-l2 dB
ifOr frequencies from 4000 _0 IO,O00"Hz (see Paragraph 4.3).
i,

_._' An anemometer or other device for measurement of ambient wind
speed.

e.6 An enSlne speed indicator (accuracy ± 1% of ful I range).

_.7 A thermometer for measurement of ambient temperature.

3. Procedure

3.1 Teat Si_s _ The test area shall consist of a flat open space
ifree from the effects of any large reflecting surfaces such as a sign-
iboard, building, or hillside located for a minlmum distance of 30.4 m

i(100_.) from the measurement zone. (See Fig. l).

_.l._ The entire surface of the measurement zone shall _e:,synthetic

I isu_e mounted to 19 mm (3/4") thickness ezterior plywood o_ 13 mm
i _l, thlakncss marine plywood wlth suitable adhesive.

.°



Acoustlasl properties tested per ASTM C423-66 after mounting on ply-
wood shall be:

--. Hz Sound Absorptlon Coefficients

125 .00..06
250 .O7 - .12
500 .15- .28

Ice0 .28 - .34
2000 .38- ._7
4000 .40 - .62

3.1.3 Not more than one person other than the equipment operator

and the observer r_adlng the meter shall be within 15 m (50 ft.)of the
iyshlele path or In_trumentstlon, and that person shall be'directly be-
;bled the observem who is readlns the meter, on a llne through the micro-
iphone and the observer.

3.1.4 The A-welzhted sound level (Ineludlng wind effects), due to
isourees other than the equipment beln_ measured, shall be at least lO
dB lower than the level of the equipment belnE measured.

•3.e _gulpment Operation

3.2.1 Operate the "equipment at the eomblnatlon of load and speed
Whi_-h_producos the maximum sound level without violating the manufact-
[_r, ioperatlon specifications.

3.2.2 RECOMMENDED LOADINO TECHNIQUES.

3.2.2.1 Wslk-B6hlnd Mowing Equipment - Test as mobile equipment
_i(ParaEreph 3.3.5). Run the enElne or motor at the mower manufacturer's
imaximum specified speed. Set the blede at the closest available settles
;tO a51 mm (. in.) cutting height. Engage the blade Red .elf-propelllng
imechanlsm If avallable. Additional loading mechanism is not deemed
necessary.

3.2.2.2 Ridlns, MowlnE Equlpment - Test as mobile equipment (pa_a-
iEraph 3.3.5). Run the engine or motor at the mower manufacturer'=
speelfled maximum speed. Set the blades at the closest a_lable settln_
to a _l mm (2 In,)euttlnE heizht and engage the blades. Obtain the max-
imum sound level with auxi!larN load andor by _o_Ing a load. (See par-
iagraph 3.2._.)

3.2.2.3 Walk-Behlnd Snow Blowers and Tillers - Test as equipment
which is not tDsvellnE (paragraph 3.3.4). Run the engine or me,or at
the equlpme_t manufacturer's specified maximum speed. En_age all mech-
anisms other than propelling. Load the equipment with an auxiliary
ioad to obtain the mar!mum sound _vel. (See paragraph 3.2.3).

2.2.4 0arden Tractors wlth Attachments Other than Mowers - Test

as_ jpara_raph 3.3.6. _un the englne(s) or motor(s) st the tractor
msnu'T-acturer=s specified maximum speed. With the a_taehments engaged ,
ob_aln the maxJmum sound level with an auxillsrN load and/or by _owlnE
a load. (See paragraph 3.2.3.)



3.2.2.5 Miscellaneous Equipment - Run the englne(a) or motor(a)
s_ themanufacturer,s apeclfied maximum speed. With the equipment
engaged, obtain the iaximum sound level with an auxiliary load and/or

bM_-_ng a lead. (See paragraph 3.2.3.)
3.2.3.;Auxlllary Loading - The A-welghted sound level of the auxil-

iary load shall be at least lOdB less than the equipment being measured.
The presence of the auxiliary load shall not affect the sound radiated
to the microphone. Auxiliary loads may be applied by brake, generator,
pump, or another similar device. As the equipment Is loaded to obtain
the maximum sound level, the engine speed may be somewhat less than the
manufacturer,s specified maximum due to normal engine governor regulation.

3.3 Measurements.

3.3.1 The microphone shall be located at the apex of the triangular
measurement zone area, at a height of 1.2 m (4 ft,)above the ground
[plane. (See paragraph 3.l.1 and Flg. 1.)

3.3.2 The sound level meter shall be set for "slow" response and
£Om the A-welghted network.

'3.3.3 The amblent wlnd speed relative to the source and microphone,
ambient temperature, maximum engine speed, test condition engine speed
and ambient A-welghted sound level shall be measured and recorded.

3.3.4 For equipment which Is not traveling, teat as follows: with
th_-oerator In normal posltion, orient the equipment tO obtain maximum

sei )level. TaMe meaaurements to nearest 0.5 db at 7.6 m (25 ft_)
ifr_'_the nearest aurlaee of the equipment. Operate the equlpment as
specified In Section 3.2. Repeat the test at least three times, and
more if necessary, to obtain two readlngs that are within nne dB of each
other. Report, to nearest 0.5 dB, the average of two highest readings

which are wlthin 1 dB of each o_her.

3.3.5 For mobile equipment, take measurements to nearest 0.5 dB at
7.6 m (25 ft.) from the nearest surface of the equipment along a
path of straight llne travel. Operate the equipmen_ as speaifled in
8estion 3.2.

•The applicable reading for each test run will be the highest sound level
obtained from the equipment as It moves along the llne of travel. The

equipment shall be run st least three times In each direction. Report,
to nearest 0.5 dB, the avernge of two highest readings from the loudest
elde which a_e within 1 d3 of each other.

3.3.6 For equipment that can be operated in two modes, mobile end
not traveling, test as specified in paragraphs 3.3.4 and 3.3.5. Report
the higher value.

: 4. General Comments

Xt is strongly recommended that persons technically trained and

exvieneed In the current technlques of sound measurement select the
equipment and conduct the te_ts. \ ..



_.2 Proper use of all test instrumentation is essential to obtain
Valid measurements.. Operating manuals or other literature furnished by
th_-_nstrumont manufacturer should be referred to for both recommended
o[tlon of the instrument and precautions to be observed. Specific
It_ _ to be consideredare:

4.2.1 The type of microphone, its dlroctlonal response character-
istics, and its orientation relative to the ground plane and source of
nolso.

_._.2 The effects of ambient weather conditions on the performance
of all instruments (for example, temperature, humidity, and barometric
pressure). Instrumentation can be influenced by low temperature and
eautlon should be exercised.

_.2.3 Proper signal levels, terminating impedances, and cable_ngths
on multi-lnstrument measurement systems.

4.2.4 Proper aeeustloal eallbratlon procedure, to include the Influ-
ence of extension cables, ate. Field calibration shall be made Immed-
lately before and after each test sequence. Internal calibration moans
_a acoaptable for field use, provlded that o_ternal calibration is ac-
Qsmpllshed immediately before or after field use.

_.3 It is recommended that measurements be made only when wind
speed is below 19 km/n (12 mVh).

_.4 It is recommended that care be taken in selecting a test site
aL.._jlaclng the plywood panels so that panel vibrations do not contribute
_o _he sound level resdlngs.

5. References - Suggested reference material Is as follows:

5.1 6NSI SI.I - 1960, Acoustical Terminology "

5.2 ANSI SI.13 - 1971, Methods of Moasuremen_ of Sound Pressure
Levels.

! 5.3 ANSI SI.4 - 1971, Spooiflcstlon for Sound Level Meters.

Applications for copies of these documents should be addressed to:
Amorlcan National Standards Instltu_a, Inc., 1430 Broadway, New York,
New York 10018.

5.4 sag J184, Qualifying a Sound Data Acqulsi$1on System.

5.5 ASTM C a23-66, Method of Test for Sound Absorption of Acoust-
Isal Matorlals in Reverberation Rooms.

1  PPE w!x

, i .To convert the sound level readings obtained at '7.6 m (25 ft_) to

eq_.._/alent I_ m (56 f_._readings, subtract 6 dB(A) from the 7.6 m (25 ft.)
readings.
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_NTRODUCTION

?he,_ll Engine Powered Equipment Subcommittee was organized by the SAE

rehlole Sound Level Committee to develop a new sound level measurement

_rosedure for small engine powered equipment. The scope of the subaom-

llttee was to establish the instrumentation and procedure to be used in

leaaurlng the maximum exterior sound level for engine powered equipment

_tnder'20hp. Members of the subcommittee include individuals from engine
i
|SZufSoturera, equipment manufacturers, and an acoustical consulting firm.

f

:arly in 1971 SAg members In the construction equipment industry t_ere de-

,eloping a new sound level messur_men_ procedure to replace SAg J952 Stand-

trd, Sound Levels for Englnc Powered Equipment. Several members of the

EAE Vehicle Sound Level Committee found the construction equipment industry

|eeauremsnt procedure unastlefactor-J for small engine powered equipment

_ou _evel_ measurement. Two factors were a major concern of the SAg Va-

:Isle Sound Level Committee in the development of a new sound level meas-

irament procedure':

i. Distance between noise source and microphone.

2. 'Surface of the teat site between the noise source and the

microphone.

;UMMARy,RESULTS

!he sag Small Engine Powered Equipment Subcommittee developed a new sound

.evel measurement procedure for small engine powered equlpment. Data was

_;athered in an effort to improve the test site used in the measurement

_,fexterior sound level of small engine powered equipmen_ such as mowers_

i'Idin_mowers, garden tractors, snowblowers, etc. The procedure developed

.re es a shorter measurement distance and an artlfleial test surface.

'he new procedure provldsa accurate, repeatable sound level data. Also

he method of loading the test equipment was recommended.



DISC USSION

i. The problem areas that were considered in development-of this sound

# k_val measurement procedure _re:

.a. !4easurement D.istance:

In the.pastj most SAE procedures for exterior sound level mess-

• ursment have used the 50' measurement distance between the micro-

phone and noise source. On most small engine powered equipment

the noise source Is very close to an absorptive ground or grass

surface and has a low grazing @ngle between the noize source and

the test bite surface. The no_se absorptlon characteristic of

a test surface may vary with type of grass, density of grass,

• its length, and the soil coidltions, along with the type of

Soil. Reducing the dlstance from the noise source to the micro-

phone decreases the possibility of variation due to the attenu-

_'_ ation of the test surface.
i r "j

_he sound levels of small englne powered equipment are normally

to 15 dBA lower than larger equipment _hat used the 50' meas-

uring dlstance. Reducing the measuring distsnee effectively

will 'allow a higher background level on the teat site area.

Another consideration in the radu6tion of the measurement dis-

tance was that the cost of the artificial test surface area

wouid be greatly reduced. The measurement zone was finally

established, using a fixed location for the microphone 25' from

the nearest surface Of the equlpment being tested.

b. Test Site Su!face:

_._. Prallmlns_7 investigations on a rotary mower tested by 7 dlf-

feront committee members and on thelrtest sites showed a 6

dBA variation in measured sound level between the ? measure-

ments. •he large variations in sound level readlngs could be



test sltes. To reduce the varlatlon between measurements on

different test sites, the committee declded.to consider using

' an artificial surface for testlng the equipment.

The committee thus sponsored and conducted 3 separate field

tests. The flrs$ field test compared sound level measurements

made over grass to measurements made ova_ a polyurethane foam

surface. The second field test combined a synthetic turf sur-

face under the vehicle path and a polyurethane foam surface

between.the vehicle path and the microphone. The third field

test compared erase to using all synthetic turf materlal on

the test sits. The final all synthetic turf material corre-

lation was within 1.1 dBA to grass. Thls correlation held

: true with eli various types of small engine powered equipment.

_ Besides the good correlation between the artificial synthetic
J

"_/_ turf surface and grassj the surface has these other advantages:

l_ The surface Is more durable than grass and other metsrlala_

which is needed when mlklng many tests.

2. Test slte la portable and can also be used In winter

weather.

' 3. This material can be used in indoor test fscllltles.

The subcommittee has concluded a aeries of tests on a rotary

lawnmower sent around and tested at the subcommltts_ members

various synthetic turf test sites and on grass. The variation

In sound level measurements on grass was 3½ dBA and the varle-

t/on on tartan turf was 2_ dBA.

k



Since the original approval of SAE Ji046, the test site mater-

ial manufacturer has discontinued his artificial turf produe_.

The subcommittee has subsequently made tests on two Monsanto

• materials and approved one which most closely duplicated the

Original surface. These tests have shown a direct correlation

between the sound absorption coefficients and the noise ievels

obtained by the equipment. Thus the physical description of

the material was removed from the test site description and

the tolerance on the sound absorption coefficient was expanded

to Include both the original material end the new materiel.

0:c. _eeommend.ed Losdln_ Techniques

Xn SAE J952B Sound Levels for Engine Power Equipment, the

equipment Operations specified: "Operate the equipment at

the combination of load and speed which produces the maximum

sound level without violating the manufacturer's operation

t IJspeeiflca ion . The subcommittee decided this statement was

•vague and difficult to interpret, so recommended loading tech-

niques were developed by the committee for various classes of

equipment. However, these loading techniques de not necessar-

ily result in normal or typical operating sound levels.

APPEhDIX

i. _he materials used for test sites that have been evaluated and ap-

proved by the subcommittee are:

i. _artan Turf, manufactured by 3M Co. (no longer in production).

I 2. Astro Turf $20, manufactured by Monsanto Co., St. Louis, Mo.

k-.J0ther materials may be used but have to be checked for qualifi-
k

cations per ASTI4 C423-66 fox* sound absorption coe£flclents.
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PIIECISION SO!.'.";I) 1.1.;%'1".I.MI".TI,'.IIS i

fl
l,I This Re¢_lllnlendadoh_pplie_ILl soundlos'elnlolers for high pr_,cislnllnppnr_tosfar I;Ihornlor3,'

use,or for a!:curazelile:isllrenlenli iii s_ll[chstable, ll_gh Jidelil)>alld Illllil qulilll_,';_pparalu_is ! i
required. _: :

1.2 This app.ir_iusi_ill becalled: _'}

i_ +'Sol_olll_lre de p[_C[iIoN" [rl [:renchl , 2

"pr_ision sound I_sel nl_icr" in English;

i lITl_llrll_i IIl%')[O_lep " hi P.u_si_n,

1.3 This I_eco,nlll_'ndailcindoes not apply Io apparatus for nl,.=il_ur[ngdilconllnuou_,_cilindsor
soond Of S'Or)' ihort dgr3lloll.

2. OhJ_l '" .•

2.1 In viewor lhe dllllouhyof esl:ibllshing.'l quandt._tis'ellle;isuremenlo£ a sons.lion nndor the
i rt 'compl¢_il),o1"operationo£lll_ bullion ¢.'tl',J[ i_ IIOl pOSSlbI¢,in the prescnLstateof &he_lt+ to
'_ designan objecllvenoisenleasul'in_apparalu__i_illg iresuh__hlch alre_.hsolulelycoinpariible,

foralll)pesofnoise,s_llhihnsc_lvcnbydirectsubjectivenlcihods,

,-i 2.2 Hobever,itisconsideredessentialtostand_rdlzc_llapparalushpslhichnoisescarlh_nle,lsurcd
'_i underclo_el)'de,sledcondltions_o ihalresultsobtaln_'dby usersof_ilCh _4pp3rlllUScan he

compared,

_._ • 2.3 _'he obJ_cl¢_fIhc presentRecolnm_ndationis lhcrct'orcto specif._'the ch_lracletisilcsof _n
'* ....._F," ; llppliratlil _or accUral¢lyincaslltlng ccrt:llnwei_hl_.d sound pressers'les_ls. The wci_hlhlg

"_ appliedtoeach slnutoida[componentoI"Ihe $ollndpressureis givdngs _ifuncllonof freqoenc_
by threestandardrei'eren¢©cur_es,call_dA, B.C. ...

<'_ 2.4 SoundI_el ille:ers_rcusedto mcas¢lr¢il widevariely uPnoises,underninnydifferingcondlllons,
i_) _ndl'or_v=rlrryofpurpos:s,Thenolsesmaydilrerlnl_v¢l,spectruc,l_ndwnscrorm,,_nd'these

ch_rac[._st c_ nl_ysas' _' h dnlc ill different;s_vs. The nolsc ma_+'bemldnly from a single

i_i'l source, o_ i, It.in, bc a ntlxior¢ I'r_.lm _;iny SOOl'_c,. ,( mli, hi_ nic;t_tlred ouldoor.i in 31"1ope,
• - field, il_a clc) a_lon_closelyspacedhard-facedbuildln._s,in a highly reycrbcraniroom,,_r in

lu ari¢¢holcchanlher. It nl_)' be mc;_surcdin order to estimateIhc h.'aringd_nili_c riik, 1o
estllll;Ite_n.oyanc¢. Io r.'i:¢ihi.,cffccik>encsso1"_cousdcal tr,:_lnlet_l,to corr.pare¢o=llpciing

._ produeli,or l'or m._nyother purposes,: III eachc.lsethe n_en_uremertltechrliq_leInus¢h_ chosenIo soil tile SilO,ilionin o_def that a
u_cruI_zn__;zlidresultbc ebiaine_l,because[hl_quality of the measuringinslrulncnldoesnot

'_J._j. lion= det¢rmln_1h¢resell, The lualiiy c_ll;ill'cut theconsistencyofrc=dlngsobtained fromd_yto d_y or obialncdin rcpe:i_d trl;lls under sinlil_r condilionsand it limits tile absolute
iCi;OiltC_/With_hlch thesoundpressureat the microphoneis nlcasurcd.

_ ." The lnstrumclltdescribedin IhlsRecommendaiionrcpr¢sents_ pr3cllc_lconlbinallonofcharac-

i_] t_risilcs Illa__s'ill_chies'=a high dcgrcc of siabili_,>and =ccur;=cy.It i__kc prescnibestcom-
promisebutas pointedout ab_s'e,lll_ ni_itllcrof use_'ill deicritlin¢,in !;,+_ pari_thes'nlidiiy

% Or I_n)' ll_e;i_l_rcm_l_ll m;lde ss'ilh _.n inslrunlcxlt Ihnt _ellls Ibls sp_cIr'i,._n, ].11 p_lrti¢olar,

i_ _l¢ must I.le ,;_,crci_ed_o theirth_ prcs,:n_'co1"the ub_crs'irdoesnot inl41iii;li_ thec=lihratiun.2.5 In orderIo slruplil'ythe procedureI'orcallhr=tlonaz_dch_ckingof lilt apparatus,the Recommen-
dation is _ritiull primarilyin termso(dic (r_ ii_ld rasp_nse. . •

'i] S.95 i
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3.1 For the d¢l_il_tLon_ or' til_ t_rt$1s ill tld'_ _,2¢Oill:L_e;id;ition, r_f,2renc¢ "dlould l_ inad_ to th_

[0[¢rn:ltion:tl filc_:Lrut¢¢iln_c;li V(leahLtl_try, PtZh_ic;It_o_ _d((]_), filcclro,_ott_tics, i_ ,

3.2 Soun.dh,_clisdclnc$h>: i[I
f,

, P,1 !!,

_sher¢p_ i_ thatr._ll,s,soundpressuredue to thespandbeingmeasured,weighted}n accordance i I
wIih theeur_esA. Bor Condpo isthe referencepressure12,10"_N/re" _ 2.[0 -I _ bar(dyll/e_lt:)l. .,

": ' ii3.3 Sound levels are expressedin dc¢ibets_the weightingcurve used mtist always be stated
(¢.g,soundlevelA _=x dB,or soundlevel,_x dB (At}..

,_J G¢ller_| techglcal ch_ruCl_rl_tJ_

• " 4.l As_und_¢v_mc_r_gen_ra_yac_m_nat_n_fam_cr_n_an_mp_[fi_r_cc_t_in`x_ght_n
", n_tworks,an attenuatorand an }nd[cating'inslrI_menthavingcertain'dynamicch_raeleristics.

4.2 Thesound{esetmeiershallcoverd_efrequencyrangeasdefinedintl_eAppcndix.

4.3 ltsh.'dl}ncludcatlea_toneofiht_c_el_htingnet_orhscaLledA, ltandC. Thereladvc_esponse
versusfrequencyof the complel_in_lruntent_}th any one of thesen_tworksinclu_Jea,shall

._..j eRua(thatspecifiedhtthela_leforthecorrespoltdin._[yiabcltedcolumn,CurveA.C_rveg or
!' . . CuTveC, "_}t]linthe [olerancesind[caled. \Vhc_ [h__pp_r_tushasmorethan onenetwork,

it shoutdbepossibleIo take measurementson any of thenetworksprovided. Altll_Ugl_curve_

I_ '- ' A,B_l_dCtakece,ra{npopcr eso" hee_r noaccount, heymuslb¢¢o_lsdc¢d obcp rey
eo_went}onab

i " '," "t The tolerancesretaketo the whot."apparatus,}.e. they inctude the tolerancesrelating1othe
• I • microphone,totheampLi_ers,thewclghtingneI_orks,Ih=alt_nua_orsnnd theind[cating}nstru.

_ mcnt;they_pplytolhefunclionin_oftheappa_atu_ina freesoundfieldinthedirectionspccid_d
I: :' by the m_nufaclurer.

i • Thisspecifieddirectionshafibemarkedon thesoundleveln,eterhsclf,and themanufacturer

" $fi,'IfiS|_I[e}hatthehtstru_ent{stobeusedfor measurementsin anessezltiallytlreefield.T[ICmarkingandstatementshallnotberequired,ho_sevcr,ifthed}reclionspecifiedtendstoacat}-
• b_t}on nlsoproperI'or nle,tsure;nenl${I__ d_ffUS¢soundfield(this direct}oilis t_luallybetween

• ," 60 andgO from theaxisof s)mnlctryol'lhe microphone)or irthe soundlevelmeterissulfi:ient,y
•"" ornnld}rectionaiin sensiti_ty Furmsingle¢_tibradonto b¢correct for measuremen(sin both a

1 ": .ft_eand _ diffusesound£_td.

4,4 %Vhentilemicrophoneis_ituat_dina freesoundfieldo["frequencyt000Hz (c/s)andis'f_c[ng1,1thedirectionof ealibration_p¢¢illcdb) the manul_cturer,thercacin_,_rthesound1¢_clmeter
• =,halt'hefilJ soundpressurelevele_istin_at thepointNforethe h_t:' ! tJ!iOnOfthemictophone,
• " ,,. wlthiit_ oler.snceof._.-ldB,underspcc[Gcdr¢Ibt¢iz¢_¢ondil[o_,4[Tfiemlcrophon¢{stohe

connectedtO the _ound!¢vcI meter}n Ihc nlan,ler inlcnded t'or _tornl=}use_nd Ihe observer' , ..istobehia position,specifiedb._themanufacturerasproperfor _h¢user

j : .1_.95
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4.5 If= n:ll response'curd:is provided,,d_¢manufaclurcrdl*_llslate tile fe I ency range thereof t

_nd the ioler,meulinl[Is,
B

4.6 It is r¢c,_nmt_n.Jctlill;it m_ m:nlul_cturcr_.hourdnisb in:_ical¢meansE_rensuring that Ih¢ i i
insirumcn¢rc.lds¢o_rcqdyin a dilful_ _¢]dwithin Ih¢ tol:r;mccsgiven in the Appendix. _i

;] f: 4.7 _fth_s_u_id_c_n_teris[n_endedr_ruSe_era_ot_rang_n_rc_han_d_3_hsh_l_h_e ._
:.1 more than one _enslti_hyrange. It is r_'co_i_lciidL'dthat the _*tleilU_ttorshould h¢ ill

I0 dII :_Iepl. Eachral_¢ shall overlapits neighbourby at Ic_sl $ dB, "

i_ 4.8 lfandcro_h_n¢_'e'_s_ncnb_e_t_Lhern_ran_smcn'i;ne_s,aryin_r"_t_me_'.his$P_ci_. !' lion, dlen it must t_ suppliedaspart of lhe _pp:,ralus. • i

t
" 5. _iictu_hon_ch=raetorlciies

" 5.| Th_ microphoneshallb_of the omniclir_:donalprcl_r¢ type.

" • _.2 T_c v_r[_ti_nof the sensitivityo1"the microphoneov©ron 0ngl= of _--'90* from an angleo£
l,¢idenccspecifiedby themanuNciurer(generallythe a._[sof syntmelryof tile microphone)

i shallnot e_eeedd_=v_luesgi_ienin T=hle I•

£.t ,...
; TAm._ I

_ Permls_l_Tetoleralictxon microphone zenslliri_y
i''_ overnn _iI_le of -- _OI

,t "<-' I :'I j . • Frtquen¢i/i

7

C__'' '""" '_ ' -'
I_)0- 2000 ! --2
2000.4000 t ' ' _;_

; 4000._1000 I ' ' --6
=

j At _ny an_!¢less Ih_n30' Promit:is an_.leof Incidence=the varlallonsor sensitivityshell _0t
exceedthe valuesgivenin T_hIe ]l,

] .Per_ll[zll_l¢Iolerance_oil mieropl:olleselt$]lll'lty
' " over an att_/e less th_l_ 30 = . ,

F_equ¢n¢l¢= I _rm_lbl! loler_nces

Hi (c/s) da

gplo _.000 0._I .,. +0__

2000- 4 _oJ 0,_ -- l
• ' 4COO-gt_ 0,5 ' _ lJ

80_Oi IZ_ 0,$ -- 2
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, l,,,+t+,,;hes,n.,+,rica,rro,+d.JIh+,.,tal rread+snot 'i

This lar;alk_n of +._:n_ill;ily _h.dl'h_ill_.;l_urtM:;hh Ih,: nlh:r_[IhOuc nlouiit_d ;n the mannerin _
sqdehiI is IL_h_ used;1_purl at' d1¢so0nd]_vc[meier.Ilk*_hscr,¢r I',¢ingin a posilionspecified

'. by Ihe nl;nn:r.lclurcra_ properI'or Ihe user. I

5.3 Th__cnsithilyof Ihe ndcr_phon_shallnol chan_eby.marc Ibun _ 0.5 dB for n vari_li0nor I
I

fl :h IO_-'in the Stalicpr¢>_ure, *i

I_ 6. Characl_rl_deso1"the indicatingIn_ttllnlenl
m 6.1 "[hcindic:_linghlstrumenlshall b_of thesquare-lawtype.

6.2 Tile scaleo1"the indie,'llinginstrumemshallbe gr'adu_tedin stepso1"I dU. over a rangeor at

leastIg dB.
, , 6,3 his r_,eomnl_ndedthai theSe;IIeO1"the indlca;inginstrumen=shouldhegrada_ted1"rum--5 to t

., + IOdB, •

i_ 6.4 Theerror _ntrodueedby a changeor range_h;dl b_ lessthan 0,5 dB.
B

I 6,5 Theaccuracyof thegraduationsshall be _- 0.2 dB,exeep_for the Iow©rpa_to( thescaleFhich
overlapsthe udia¢_ntattenuato_scKing,I'or 'whlch_ toleranceof .:- O._dB is p_rmitled. It

;_ ' ih_ll al_o b_posslhlcto read to Ih¢ sameaccuracy.

, 6•6 "l'h¢sound level meteras a whole shall,possessthe 1"allowingdynamicchal-acteristic,which
'_ _hallhe d_signaleda_ _ltl.
.J 6.6A Ira pulseo( slnu_oida_s!gnalh_qnga frequencyof I CO0IIz (c/s)anddurationo(0._ s
'_ !,_'_ is applied,the masilUUl_li_adingsl_allh: I ._. I dB lessth_n Ihe reading(o_ a steady z
:: i _ signalo( thesame frequencyandamplilude.

i:I .....+' ' :• 6.6,2 Ira sinusoidalsignal,at _nv, frequencybetween1(30and I_.<0d tlz (c/s), is suddenly I
appliedandflseteafl_rh_ld cofl_tanhthe maximumreadingshalle_ccedthefinal sl_ady [
readingby 0.6 _ 0._dB. ' '" ]

;:J_ 6.7 Thesoundlewl nlelcrmayalso he provided_ilh the followingd)namlc charac_:rislic,_hich

• ' i may bcdesignatedasSlow.
"6.7,1 Ira pulseofslnusoida[signalhavinga frequencyI 0,30Hz (e/_l anddurationof 0._s is

applied, the maximum reading shall be 4 ._ I dB less than the reading for a steady
signalof thesanlci'rcquencyandamplilude,

6.7.2 _a_nus_ida_signa_atany_r_qu_n_yb_:v`_n_and_25_z(c/s)_issudd_n_ya_1_d
_nd thereafterheldconstant,th=maximum readingshallexceedIhe finalsteadyreading

by 0._ -_ _._ dD.

6,7,3The itcadyrc_ding1"orany slnuso[dulsignalbetween31,gand 12500 Hz (c/s)shallnot

:,_1 " diJT¢f I'rom th_ coTrespondln_ F/J,I _e_ding by mo_'c [hun O,I d_.

6,8 The characteristics specified in SuNclauses 6.6 and 6.7 shall b_ maintained for.allw¢[ghl[ngs
andsensitivityrangesof the sound[c_=lme_er.

6.9 Thedynamiccharacteristicusedshallbeslatedin the testreport.

?. Amgligcr charaelerl_d_

" .?.i For clectricalcalibration it is rccommcndcdt hat a re_i_tanee_f kno¥,n vaTucshould bc inserted

in serieswith the cnrlh leadof themicruphon:,andthat.convenientmeansbe providedfor
connectionto {I.
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9.2 ]f th_ s,_nnd Io_el nwtcr it b_ttet)' oper;Ll,.d,a sultablo nlcans sh:dl b_ provided co ensure that i '

adequ _h ,' ' o: _'_._run n h_d. o a h_nccu c) of lesound we nccrrcnlans ;_

.!
, ' ',v tl ll_'_p¢cii.'d t_)l_r ncas. . ', 1I

7.3 lrth¢ sound level meier ':;m nko b: usedwidl a cabt_ between die microphone and the =mplifier,

the cor_'¢ction_ ¢orr_spou.Jing to thls nl,_thod L_fu_o shall bc stated by tile amnufacturcr, j
t

?,4 If tile microphone is replaced by an cquhalcnt clecirical inlpedancc, the basic noise voltaic
level sll_LIh."at least 5 d]3 below the vohage corresponding to ihe minin_dlll sound level measur- , '

able. _sh[ch=tct of Ihc _cighting curves b: u_ed. t

?.5 When the mlcropP, one is replaced by' an cqu sa _nt electrical ilup_danc_ and when the sound

Its¢l nlezcr is ¢_po_cd k_ a sound field ._reat:r :ban 20 dfi _bos_ the minlmlml the inslrum=nt

is intended to measure, tile reading of th_ =ound level meter sha_l be at [e,_sl20 dB b_low that !
: .wfiieh _soold b¢ obtalncd in normal operation, This condition shaLl be fuhiLlcd for the whole t

ranEeo_"_.¢ scale of dz: indicnlin_ inslrumom, whatever Ihe sound los'el, for all w©ighzlngcarves .
and for nil Prequ_ncies bczs_c.-n20 nnd 12$00 Hz (c/s).

Azl¢,ctcndoncablemaybeu=cdto potnlittheamplifiertob_removedfromthe intensesound
feld, but, if so, th." sound I_._e[m_s_r shai[ be suitably marked to indic.st= the maximum sound
Ic_cl to which the ampiilicr may bc exposed. This t¢st tha[i be made with hands of noise not

i widerthanoneoetnre.

!I ?•6 The influence orvibrotions shMl be reduced to a minimum. This influence shall be indlc_ted
I

b_ the znanuracturer Pot the complete _ppatat_s, includin_ microphone. _nd I'or frequencies

_' "_"_. between 20 and 5C_O llz Ic/_), in terms uP the sound lc_cl that _ouid produce a tcadln_ equal

! _J_r_ to that produe=d by an aeccieration oP.l,g" . Tilts indication sh_[I be quoted Pereach response
;d . curve provided.

7.9 '_ze effects or m_gnctic and electrostatic fields shaft be ttdwcd to • minimum. They sitbll

=-, also be indicated by zh¢ runnel'accurst for th_ complete apparatus, including microphone, in

i_] terms or th_ sound le, e[ corresponding tn a nl=gnezi= field 0679.58 A/m (10c) _t 50 or 60 IIz
, (c/_!) in n dircclion whleil $ivcs maximura indication. This indication shall b= quoted for ea¢it
;, response curva provided.

?.fi The temperature range over which the calibration of the complete apparatus, includin_ micro-

, phone, is not affected by more than 0.5 die shall bc speclfi:d by the manufacturer. If tiI¢ effect

i el'temperer,era is greater titan 0,5 dB. th: corrzctions to h_ appficd shall be stated by th_ manu-

l lecturer." Tllese corrections shall apply oscr tile tenlporatur¢ range -- IO_ In 50 _C.," 'YEt manut'acturcr shall state the temperature limits which may not be cxwcdcd without risk or

:,: pe_'mnneut dama._c to the apparatus•

7.9 Th_m_nufa_tur_tha_s_a_eth_rang¢_fhumidi_y_v¢rwhith_h_c_m_e_a_tus_in_ud_ng

mlcroplkon¢, is intended to operate. Any effect of humldi_y silali b¢ less than 0•5 rill; between
; 0 end 90_," relath© humidity.

i] 1.10 The =mpIifier shall hay© = powcr-h_ndlinfi _pacity o1"at lease12 dB greatrr than that ¢ortcs- I
_onding to the m_xilnum tending of the indicating instrument. ]

.,t I,_ ' ' ?.ll When pros lsic)n is made for connecting ex orn=dapparatus having a )peckz;,:_impedance, Per

example headphones, to the sound lesel meter, th_scnnnecti_)nshall not alT;.:t :be indication by] mote than 0.5 d_l; od_un_is: the indicating instrument shall h= auzomalic_Lly d_¢onnccted. I
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• g, CalH)nldq. und _erlti_tl.;I .[ die ,:haraclcti_lk'_iff Ihe _uundIcy'elmetw

_] g.I Tbe conlpleh.' _O[llld I_'_'t metershnll b,2cailhrat_dat I'rcquencle_co_crill_ Ihe range_.0to
_| / ['e_.) fla_*tl d iedcoo gel'_n by'pan_ pro_r_._he_cs._rri_in_t tile

•_ ntierophon_in the d r_d m oI"illCiden¢¢spc¢i _._rby the nl;mu(actur.2r,The ctbser_ershall
_1 . be in Ih¢ po>itionspeCillcdby te mznul_c u cr 'or n_rnta! useel"thesoundlevellOOter. If

it isl_¢¢cA_ary"h) g!,enil e_ten,Jh_n¢abl¢qs nlcfl[iofledill _Rub-t*'J;lUSe7,_ tO_atisfgIh¢le require,

i" meets, thls fact _hag bc ._tated. ,
l:I g.2 The sen*in,it:. of Ih_¢onl_leteapparatusI_r fi diffusesoundfidd is dellnedas thereel.mean.

squ_tre_;iblccf the_n=iti_itie._for allor_erl[_litOfl)inOff_e field,takingaccottllt,for eachorlcnKt,

:- ; ' finn.of'the ureaof the_'orrespondingsurface¢[em_nt. Forthi_purpos_it will generally'sutteeto measurethesensbi_byat angl_sof incidenceo1"0=, 30'. 60.90 =, i2O'. 150' and IgQ' from
!_ . Bfl _iS Ofs)'nlol_try'Of the ndcrnphoneand In valculal_:the rnndom-ineid_nc¢responseby'the:

" ," roller,begformula:

•." $__ K_.'+ Kfl_ + K=S=,,...+ K.._=
I " '

•_ . whereSi_tb_rand_minc_ncesen_d_ty(Given_br_xam_1_nmi_v_spern_npersqu_r ©
moire or in mifiivohsper miorob_r(millivoh_ p¢rd:.ne per squarecentimetre).

.I So,3"=_,S. S_,_arc thesenshi_itlesat the respective'angles.

.' K_ _=K, =, O,OIg ", . ,

:.] , .x, = K,.,.o._,_ ; "
z K== K=,,- 0.224

• _" The r_ndom incide._e senshiviq, shot;Idbe del_rmined at leatt at the frcqucnciet 250, 500,
10_0, 2 000, 4 000, S 000 and 12 _00 tlz (c,s),

i"_f 8,3 These measurements _hall be used to _cri_' that the requirementsof Sub,ciaus_ 5,2 are met., If it is necessaryto use;mc_tensioncableasmentionedinSub.clause7.gto satisfytheserequlr_-
r_CrKS+this l'netshall be nlarhed Oll tile sound tc_el meter, ,

;; g.4 Tb_ requlr*nlents relating to Ihe d._namic characteristics of the indicating instrument (Sub-
clauses 6,6 and 631 shall bc checked at a steady rcadlng of the indigatinginstrument4 dB less
then tile full scale reading.

: It is also r_conmlendcd that they be _hecked for _n indic'allen g dg above tbe minimum indica-! .

lion or the indicating instru,ncm.," Thischeck shall be made usingan electricalsignal, prct'crably'in seriesv.'ith the microphone, for nil
theresponsecur_¢spro,,'ided,

_1 _'S Th, vcr_t_¢il|ion o1" th_ squar(_ ,aw o_"addition (,,_[ue b,d[cgtt-d _ square root of the sun1 or (be
mean-square value_or tile indh'idudlcomponents) shall be eff¢_tcdby usinga tWO-lonegenerator,

: " or a similarorr:,n_zmentfor pro_Jdlngtwo non.harmonic(rcqu_nclcs.firstsuccessivelyand then
; Smulun¢ous.v

The measur¢met_tsshall be madefor different ¢0mblnntions of non.harmonic frcquen¢ic_anddilTer¢nlposhk_nsof the icscl switch. Fo_ this purpo_c, an el¢ctrlcalsignal or frequencyt;,
J the root-mean squar_ _alu¢ of"_ld_h is adjusted to gi'_'ea ¢_rmin rcadhlg x on tile indicating

lnstmnlcnt, sh,_llha appliedat the microphoneinput to tlzcamplifier.

' The t'ignalf_ _ha[Ith_n b: r_pl_cedby u _,ignal[., I'uifilling the conditions previously specified
and the r.m._, _ati*_¢_fLtb_Si_=l,d./*_h.lll b_ _d;u;tedto _h¢ tbe _nme rc_ldlngx nn the indicating
instrunlcnt.

"J _.." ' ' " B.100
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1be t_sLIslgnal_./i a.d .1_>hall Iben bc _pplk.d _h,uhaneou_ly.file t_so_ig a s be ng_qu.'tlly . I .
_tteltu;It_Jin s_zcha nl;lnlter;1_to le_lOlethe' read'rip x, The aH_qlt;Ut[onr¢lltlit'eJ _h_ll be ! ;
,]__'O.lall|" for _';i._Jl;.f_nal. The _jtl_;lL11,:lltof the atlenunfiunufeaeh s[_ltu[._halln_t aiTect
lb.: other. "]hi_ [c_I shalrbe made J_)r._salueof the read|riga'_- d dB belowthe full scale _ i
roadln_tof theJndlc_tinL_hlsLrontenL

• I
t
* ,

S.6 The vcrifi_alionof the scale¢:dibrntionor the bed|caringInstrument(Sub-clau_e6.5) shall be
cffeeledh)"an cl¢cmea]methoJ at frequenciesof 31.$, 1000 and 3 000 Ilz te/s). ' :

8.7 The_zceuracyof;be ind[c_t[onion Ihe_tlenu_.lorshallbe scrificd_y _ppfyingto Ibe amplifier r1
• . sinuso[da[ini,ut_otta'..'csof adjustable_mplitude_ndo_frcquencles31._¢, I 000 andg gO0Hz (c/s). ,"

Theerrorshaft ah_a._s"be lesslllan 0,_ rill with respectto a read_ngcorrespondingto _ sound

pressurelevel oI'SOdB. I

I

,' , '

8.8 The completeapparatussl_ll be eMihratedin absolutevalue._=t somefrequencyspecifiedby
I_ themanur._cturer,calledr_e_rnrefreqr_e.O'. Tlds shallbepreferably1000 llz (c/s] but shall

. ==tleastahva._sl[ebelween2COandl0d_Hz(c/O,Theaccuraeyoftbe_ppamtusatthcrel'_reil¢¢
'_ frequency,includingerrorsdueto freelleld itppro_,_nlaliolx _rtd Ihos¢due to theactualelcclro-

acousticalmc;tsuremen:s,shallalwa:,'sbewithin -- [ dB. wJ_hrespectto xz.teading¢orrespondin_
:_ to a soundpressurelevelof $0 dU.
]
,_a Th_stolerancesaall_pp[yfor staidard rePereneeconditionso£.0 C, 65_. relatiw humidityand

] .a, atmosphcrlepressureof 10OOnlillibar_s.

i_ 8.9 For sotmd Icwl w.c[ersdesignedfor the mcac*U[¢lnenlof sourtdpress_K¢levelsgreaterthan
I _dB_h_s_und_¢_me_s_hthemi_r_ph_n_r:_facedbyan_qui_n_ectr_a_im_edance_
i ,,'_, sbel hesubjected _ subs_ ia y sinu oida _ounds.or Io band_of noi_ehavingit band*aldth
_tt _ lessthaxlon,:.octave._t a 5otlnd-pre='snNlesel of lg0 dB Q[euchfrCgllenc_, Or at each OC|;!tYe
,:_f ""'*_'_/ b_nd.bet'_¢en20 and 12_00Hz Ic/s).

i Yt.rhensinew.*t'.esare used.the frequencyshall bechan$¢dat a tale not in excess0£ I oetav_
!,_1' per l0 s. The oth'ntlator_hal[bc setso tll_.t 100dl| correspondsto full.s_afereadingof the

i.: indicating inslrumenl. No specialantivibrationor olh:r specialproleetiv¢rneasure_for the-i
. apparatusshall beused. The m,_ximumresultingreadingof the _nd_catin_instrumentshall
_ b¢sl_tedif it _ not at least20 di_ belowthe full;scarereading.

, The testmaybe repeated_thi_hersettingsir appropriate',==ndthe mahuNeturershallslatethe
i! highestsellin_at which tile imerumcnlhas beentesledand tgurM Io produceno mlerophoMcs

i_ greaterthan20 dP_b¢lolvfull some,as prescribedabo._e. It is p.*rrnissibleto eonducleertaint_s_sal Icy©Isabove 100 dBovera I_milcdfrequencyrangebut ,ny such limitation shall be

reported.

i!,

9. Rattng plate .

!_11_ _h¢ _pp_ratusshall c_rx7 dmmarkings:-- _recl_lotr$otmd/ere/ meltr;

-- [he ma_ufa:tur_f'_tlanle;

t_¢ typeand the _¢riattlumber;

-. the serialnumber oP the _]ctophone
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: '..kI'PI;NDIX

RELATIVE RE_pO'.;SI_S.%_D A,'.;ROCIA'I*I!I)TOLERANCES

FOSLf'HCE FtCI.D CONDITIONS

_, The Inlcr;lll,_¢ Stllttt [$ ,"_ro _tt th_ r_l'_,'cp_c fr_q ¢ _cy

Fr_lu_t¢) CuP,¢ A Cu_¢ II C.r_¢ C Tolcr_n_ lilltil_

j ; |ldt (¢ II . dH dll dU dl],o, !
]
i IO _ "70,4 -- JH,I. _'14,] 5 _ :'i

|2 -- 6:1.4 -- ]},2 -- I 1,2 _ " -- "_

',' t6 "s -- _67 _ 2,,, .... ,,, 5 --.

:[ ' • _ --_,8 --24,2 -_- 6,2 " 5 --_

25 _44,7 --:0,4 _ 4.4 8 " _6 '

_", 4Q -- ]4.6 -- 14.2 _. 2.0 ) _ 3 '

6Z _26.2 " -- 9.8 " _ 0,6' 3 --_

.d

125 -- 18.t _ 4,2 I _ I

];: ,.oo - zo.,_ - :.o o I -z
2SO -- S,6 -- I,) 0 I --I

' !i 315 -- 6.6 "1 -- o.a o t ' --t
• [*

_.' 400 -- 4,8 -- 0,8 0 , --,
"" 800 _ 3.2 _ 03 0 I --I

fdO -- t*? -- 0,1 O 1 -- l

"l_ 80o _ O,S 0 ' O' I -- I
_'+ lifo o o ' 0 I --I
_" | _80 0.6 ." 0 U I -- I

•1600 1.0 0 -- 0.1 I --I +
2C_0 I._ -- 0.1 _'0.2 1 _1

2_'00 1.3 -- , _ 03 I --I

I •

8180 1.2 .-- 0,4 _ 0,5 I _l
4000 1,0 -- 0,'/ * -- 0.8 I --I

$0OO 0,$ _ .1.2 _ t,3 13 NI.$ .

i 63C0 _ 0.1 . _ 1,9 -- 210 .I._ _2'

" 8000 -- I*l -- 1,9 -- l,O I.$ --1

, * 128_ -- 43 _ 6,1 -- 6,_ l --6

..0000 -_ q._ _ll,l ' --II. _. 3 --,m

These P.'spon_cs ;_re b._cd t_n ._;¢guc_c;t'¢ ealeulal_[ front I _._ "; 10"l_, _hcr¢ n [_ a pO_[l{v¢ or

._ negativeinteger. , ,

_.I05

. .. ..
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F tquen¢os on H!
Frequency In HI (¢_J)
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t INTERNATIONAl. ELECTROIECII_ICAL COMMISSION

t OCTAVE, I IALF-OCTAVE AND TI IlI_,D-0CTAVE IIAND FILTERS

INTENDED FOR Tilt:; ANAL'I'SIS OF SOUNDS AND VIBRATIONS
!

:_ . . FORE,VO_(D
|l Th_f_m_a_d¢_{_I_n$_ra_r_me_s_f_h_I_C_n_e_dmic;L_m_¢_¢M_pr_p_:dbyT`:¢_ni_alC_mm_t¢_s_n_hi¢ha_hh_

Nal_otlal Co¢1_11ii1¢¢_ha_lr*{{a special i:ll¢i¢$t Ih,It¢i,'$ate itpr¢l¢:lttd, txpr _s, as n_arh" at postibl¢ t an intttn;flior_l
_a consensusoto,dniouuu1_ s_bjeclsdealL_i_h. '

"_fl 21 Th_yh_*:_h¢_tm_fs©¢an_'n_nd:_d_n$f_rIn_er_a_n_t_e`andt_ey_Ie:a_:p]¢dby¢h_Nad_na_C_nImiI_n_h_m_

! 11 In _tdct Io prz_mote IhN btItmalion_T tgplli_liof m,the t E C elptcwqc_l[he with tb:l¢ all _lllon:t] _omm[Itc¢_ h_iving _1
I_ _'_[ nO z),_lJoil_l rules, _ h_nptcr_arin_ such p_!_._ho_ld uu_ the l E C t_o_exzd_tinll$ as th_ fundlm¢_l;d _l:lis/'og t.'_
1', _ul_ in |o fat a{ _,*fion;tl co_wbl$on$ Y.ill _glDd,

_, _ "rb_ d_ir_biligy IS r_.ognl:ed of extending {_ler_atlonal a.-rcement on thr_e m=lg_ IhrOu;l{ _r_endeavour la h;*rmani_,e
_dqna{ startdl rdizatlon r¢lel '_hh th¢_¢ tg¢onllneudadon$ [g 5,) f_t _l| aadona[ ¢ondiuens '_(ll pet rail* Th_ National

!"1 COi_lllit Igcl pt©di_etheir lnlluenee I_. l_dl Iha} cnd. , ,
I

[ I , '

:' ' ' PREFACE
_ i ,,

_ ":'_" This Recommendationhas beenpreparedby IEC TechnicalComnlilzeeNo. 29. Ercctro.acoustics.

i_ A draft was discussed at the nleetlngshcid in Rapallo in 1960,in Hcl_ink} in {961. in linden.Baden

t _ ' |nl_62andin,.',i_-Ic$._ainsia1964, Asarcsuh,_fthi_lattcrme_ting, alinnldraftwas'subnlJRedtoth¢
i, Ii" National Committees for approval under the St.: Months" Rule in No_emb_r. 1964.

The followingcountriesvotedexplicl/I)'in favour of pubEeaEon:

"l A.,,,.,i... ',,_,_ ': .
Austria Japan

:" ! BcIGIuBI NetHerlands _.

]. Canada .Nor'_ay
Czechoslovakia . Romania

"l Denmark ' " S_vtdtn

{ • ° _ Finland Swilzcrland
•_$ . France ' Turkey
i-J_ Gcrrnany Un[tedKingdom

Ista¢!

i_ " The UnhedStatesNationalCommitteecast a negative_ote on the ground that they believethe
tccomrn_ndatlon$contained if} th_l Publication strongly discourage fiber design approaching tile ideal '
for noise_nalysis,Forexample,if the frequencyrc_pons_of a Butterv.'or!hfilter,is cenlercdwithin the

J tolerant, theetr¢ctivcband_idth is 7_"grealct than it _houldbe.

__ R.123
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OCTAVE. IIAI.I:.OC'rAVE AND TI IlPd).OCTA',T BAND FILTI.'.RS

s

,r

• IN'I'I'NI)EI) I:OR Till" ANALYSIS OF SOUNI)S AND YIBIL-VI'|ONS

:_ I. Scope

. • ; . . Tb s Recon mcndafioIapplies z_ band fificr_COInl_**Olll_'kno_n *3S0¢[_'¢C.fi_lff-[iCla_e and tb[rd-
•_ 0¢_v¢ band fillers of the passive or acli_c type, the latter includhl_ ampfifier ¢l_ulcnl%c.g. tubes,

!'_ V3Ives;ifld.'or tr,'ln$iSlOr$.

: . It specifies Ih_ most importanl characteristics o1"tfiese fillers IOgctber with the ¢orrcsporldlng

• . to[¢raneeL

2, Object ".

(i! ' The objectof the presenl gecomnlendatlon is tospecifythe efiaracxeristicsof band.pass filtersto
. t be u_d ia sound and _ibrafion anal)'sls for gbich octave and dfird.octaY¢ band.pass fillers are

!i • pt_'er ed,
"; To permita ¢omparhoa of Ilxeresults ofmeasurcmenls in x_hicb bandfiller.;arc used,it is necessary
_ to use filtershaving cerlain _ell dellncd characteristics, such as limiling frequencies (cuboff fre./,"t

iI" "L:,,__,,._ ,. quenc,e0.$elccti,izy, att¢nuallon,,_rmlnafingimpedaneeSpa_._a,,ds
1;
:; Tfic pasl-bands shall be so chosen that ritetold.band['requen¢iesfn, (gemxlctr[c:llmeal,s bets_een

_i'"_ the Upperand lower limhlng f¢¢qu¢ll¢ie_)correspond to the preferredfrcquenck,s. given in Table I,

i ,_ definedby [SO P_bfi¢=fiong_.fifi,Preferred Frequencies for Acoustical Measurements,

!_._ For example,accordingto T_bIe [. an octave band fillermi_bl base ogleof tb¢ fo flowingmid-band
frequeacles:

• ' ' 16; 31.5; g3; 125; 250; 500; I O0012(_00;4 000: fi000: Ififi00 tlz (c/s).

!] _ so, or fi,,z:rs m_l). ¢ompr[$_ [11,,hg: band.pass fillers s_ccifi_ d ol"on,y _ seIecfio n thereof."
g--4

i • . 4. T;rmlnatlngInlpedane_s .

1 To ensure proper operation, t_c terminating impedances hczsveenw fiich the filter Is insetted sbafi
, . be purely resistlveand constant preferably_ilb zx_'alueof C_ ohms. .

I Terminations may, [n ptacficc, have a varietyof values,provided that they arc compatifil¢with tfi¢ ,

!_ ' design of the fil,er.It is recommendedthat it fie al_says possible to use a 600 ohms terminafio_ and that a high ira.
I " pcdanc¢termination prel'¢rabl)'abo_e 10000 ohms should also b¢available,

"['heutlenualio, valuesshall rcm:lin wilhin their talcS'erie,s i£fi}¢ terminating impedances 'diil_:r
by :_ L'; from their nonli_lal_alu¢_.

D. 12/_
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The manuf',_¢tor_,r shall i_dlcal¢ tile nla_inlum "_nliaee %_ll[cb may be _Lpprlcd ,'11the input of |he

fillers %%[lltOtl[ ri_k Of abnt_rtll.d oper,Llion or dclerioration,

FO_ a 600 ollnL_ filler. 'lh¢ peak _alu¢ vf the pernli%dbl: o,nt.f, :lpplied vht n 600 ohm_ resislor It_

Ihe input shall I'e al le.,t 2.2 V 1i,¢, 2 ' 0.775 I 21, This _ahle corresponds,for a sin.s_ill,iI _nhago. [ i
IO _1 iltpLl[ p,_er L_f_I _1%V;ll tlt_ input I_r111111;t1_191'the tilter _ithin it_; pa._s.baltLI. ;_lr the electrical '. t

¢har_t¢lcrisd¢_ (p;l_s.bar, d. ,'1Itc1111;11i,_1101L', I _p¢¢ifivd in this P_ccQ m[It¢llda [[Oll sllal[ be .lppr_lpriate I'or

Ih¢ nl_xJrllunl _olt=_.¢ illd[c_Hcd b)' lh¢ nl,'lnu_l¢lurcr.

6, Ban,lnldlh, _tlt ¢llll._llon alld sde¢lbily

6.1.1 Tb_ ¢lT_ctlv: band_idlh of a giv¢_ transmission s).st_m is the band_idtb of.an idcal _).su_m _hicb :

i o) has a uniform transmission in ilS pass-band equal to Ihe,maxhhum tr_ns t_mion of lie systcnt
\.

i ... _nder consideration;..,

." ' _). ;r_t_sm[l$ file $_¢ power as the s)'steril under co_s]der._t[ofl _ ben both Syslcnts re¢¢[%'_ ider_l[cR]

• signalsat th©inputhavinga uniformenergydisl[ibution at all I'rcqu¢n¢ics{'_vllil¢rlo_¢).

,'"_ ' 6,1.2 The¢ff,_¢li'_cband_idthshallbegivenby dlc manuf'acturer, ,

I"_,_ s" 6.1.3 TILefr,:quencyrespons_of th_ filt_r shouldp_c_er,_biys,) lie v,ilh[n [he _ivcn tolcrarlC_Sthat tb."
elTecthebandwidthas _bo_e0efin_dis _thin -+.10_ of the nominalp_ss•band,i,e. octave•hal_
Oeta'*_ or tldrd-ocla'.e.

Th_ minintum in_rtlon Io*;s (corresponJing to m:lximunl transmission) in the pass-band sbould bc

l used as the romance for calculatin._ file ¢ffecdvc bandwidth.

: 6.2 AIItnl_atlon h_ _e I_a_s.band

6.2.1 The nominal insertion loss in'lh¢ pass-band shall b_ indicated by _l_c.manu_ct,,rer and nlarked on

th© apparatus. This loss shall b_ the same I'or all the tlhers of a s=t o1" filt=rs.

6.2.2 Th_ variation .I of Ihe attenualion. _hh respect Io the nontinal insertion loss, for th_ limiting _c-

quencics_ _nd f.,, shall satisfy th_ _ollp_ing rdatlon:

- 0.._ dl] ---- :9 _ 6 dB,

!| Hole. _ The hequendct f_ =ncl/'= ar_ tinkcd Io =hemid-band frequency,f_ by Ih¢ foltowlnll re allons: :

Oeta_'e band._her_: "

_. .. f. - _,:,t,

i_ _.'_ r©J'_ - 2s'_ and [1 -/m! I'_- _"O.T071f,*

I f,-l. 1'2 = t.4t42/,.• "

t II=_f.oe_me _,_d_hew:

! "'. _hcr¢h-f_ 1'2""- 1.4142/_

." and [* - f.l _l" 2 .-, O.S_I/.

'I f= -[. '1 z"_ _.t_,_:/.,.

, .. • li
1



w



e.

")'be I :1 _dcfin_*d indhidu:dl_ fil dee Sub-oh us¢_6,22 to 0,3.) inel._i_c sh_uld be plott_d nn Ihe I |

graph and j,_incd by t_, slrai_ht fin¢_, olin I'_r fil_. Upl_¢rand one for Iho Io_wr liillhs. I I
'These llnl_l', are al,t_ _ulllnlarlzcd ill "f abi_.'II ', Varlalit_n. I o1"lh¢ alleu_Jafinn. _ifll _especl to IIle _/

.omlnal insetfiun loss. [i

7. ]_on-lln¢,1rby d[_tOtlJOlt(fiarlnou]e dJ_lttrth}n} L_
I

7,l The allenUaliqn .In_. measured nt Ill. told.band l'requen_-vft. shafi be ¢Onslanl _hl,ln _ 0.5 dB, '

',_bate_er tile inpul _nha_e, for zdl values'up to the nlll sinltlltl permissible vnltag¢ defined in Clause 5.
i;

t ?.2 The reflulrenl_nts of C).ILI_eiSS .1 h_ nlet f_r nnv input soha.ee up In the r11_lxiltluntpermissible
i _ ' _,'obag¢asdefined in Clau:;efi, _ben lh,: total oulput _oh;_ge(in¢Ioding any'products of di_lortion) I_

._ measl_rcd.7 fi, Effe¢l of batlrr.v _011age . ' .

If the liher is batlcry-opcruled, meanssb_ll be p_ovld:d In ensure thal adequate baltc_)+voltages ore

r i'n;zJllla[11¢d_o lbal the performance of file 11licerenlains s_ilbiz_the sp_eifi_:dlolera11¢es,
i,

_: , ° 9: ]nflu_,c¢ o_nt_:nell¢ _nd *eleetroslntlefields .

_ Tbe [nl]u_nccof l_:lgnetJe ,and eleclroslalie fields s]ud] be reduced to _ mJflifllUrd. ,_n 3sse$_imt'r_l

" of Ibis infiuenee shall be indicated b_. the nlanuEzcturer, tlzc fiber being tcrnzinatcd b)' its proper
/" impedances ns indicaled izzClau_e 4.

|
!:._ " . _¢_-_hem_a_ur_rncnt_ha_b_n_ade_rca¢h_r_h_as_a_d_d¢_n_din_us_3[nr_ma_ne_ic_d_A_m

" (= 0,130¢) _l'a £rcqucne)q£_.0Ill(e sl _r _ Hire's1us_PcclricdU)tlt,_nlaflu(a¢llir©r,in a¢Tir¢,'lidrlcellini.
I pond[lieIn lh¢ _Ita'.i_11_Jm_,)It_¢ r_tcosured_t I_C_UII_I l_;r_11_1;ll_,Thevalucz_i_¢fib)' lh_nl;lnuf,_¢lurcr

lh_]l b¢lh¢ ¢I¢¢tri¢_l _ollag¢__lez_ured_l the OUl_UlI¢rllliMall under lh_prwiou_l_n1_RUorl*:dCor_diliollS,

!_ I'Ofeachof thebandsif fle_¢_ar),i, c, ff Ih©inle;l_£in__Olhlg¢variesfronl onehCndIOIh_other,
:* ]0, Jllfiue_ee o_slbrati0n _d _xttbterlls_lllrld fields

i!_ For each oflh." pass-bands provided in a s_t of fillers, file mnnul','l¢luler shall st,lie the m:_intumoutput _oha.ee that rcsuhs _ilen the filter is vibrated wittl an acceleration of I g_ - 9.S0 665 m,'s:

(p_nk) _t a f_equen¢y`_ hi_i_r_nges _er _he_ b_e _a_band under _onsiderati_n. A $_ni_r s_]_¢_

: lion for a slated sound pressure le_c[ shaft also be gi:'en. ' '

• 11. Influeneeoftemperature

"_ The tenlpetalure range over '_'bicb tbe [nsc_lion loss 3m, measured _t the mid.b_nd frequency fro,
•_ is got afl'¢ct_d by nmrc Ihan 0.5 dB sh'ql be specified by file manufacturer, If this influence exceeds

0.$ dB, the correction to be applied shall be specified by the manufiaeturer. The correction shall
• upplyto thetenlpcrature r_nge of- 1O Cto - 50 C. Tbe manufacturer shaft indicatelhetemperat_r¢

_ limits ,,hJch cannot be exceeded ,,ithout risk of pcr,nan_:nt dan,age to the
apparatus.

i

'_ 12. Inlltlcnce of humidity , , .

The manuraclurer sbzll specify tl_e runge o£ humidity over _ldch tfie apparatus will function c_r-
. ' rectly, The influence or humidity on Ih¢ in-erlion Io:i_ ia_, measured at the mid.band frcqucne.vJ'r.,

? sh;dl be less fllau 0.5 dl] fqr rcbti_e h.nliditie,; up to _)0%,' ' ' " " ' B,127
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• Fr..q_r_'l_clt.xc,._;i,1.#..¢I_'i#JI._0r._,lu':ltio.R246 (

• I
Thc table l,;ly be cxtendedincilherdlroctionby st,ecc__c I;I, lipliel ion Or d '.i_. OII by 000. Tile _ t• I¢ller _. indic:llcs i, _';ll_h ccb!umn tile _eonl¢lric mid.b:lnd frcqucncict or the liltcr, i

16 "X X x 1(0 X I 600 x

I pl IS0 x I 8_
20 x 200 ' _ 2 000 x x x

2,L4 _ 22.1 .. ; ._ 240 I
/

25 2_0 :181_ •
2

31.S x • x 315 x ) I_0 " x j
$L$ :1_$ x 3 5JO , I

!;I 40 x 400 , x 40_ • x x I

,_ ", 4' x , 4,D ,',00
• JO x , 500 x '( • $00_ I . x

i 56 560 3 ¢_) .x

_'_ 6) x x x 6_O x 5 _00 x

_;_ 71 ?10 x "t lt_

> ,'; "_ 9"3 x 900 9CO0

i!1 _-,__../, . 100 x 1000 z x x 10 00'_ x

; II_ I 120 II _CO X

125 x X • I 250 x 1;_ _ X

140 I 400 x 14 (_

:-'_ 1" x I_(_) I x 16_ , x x

_ Note. _.Thc {_ael preferred rr_ucnei¢_ cal¢otatcd _o.1 1000 • IO_l_ for octa_¢ b_nd 1_11{13,I _ s. lffa_s,I°_OrhnlF-octave

ba rd filters _[td l tl_ _ 10' Iv I'or t hild.OCla_ ¢ ba[l_l I_;Icr_i_here tr i$ a pdSill_ e or _CCati_C integer, or zero, should
be USed i'or the d_i;n o( tilt:_5 rather th=n the r;om_n._l valuet gb¢ll in the tabI¢,

_l_IJrcrllcrdl_ the differ_nc= b:t'_ccn Ih¢ nominal a r•d1_¢ exact flcqucncics II _lcgliglbh:.
FO_ normal acoustical

""

• _ , , B,1.28
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'_• IXTLR_:ATION.'_L,ELECTROTECilNICALCOMMiSSiON

j |,q_CO),t3H;ND._IONS FOR SOUND LEVI!I, 3[E1ERS

' *'] FOREWORD

I1 "lh¢ f,'m:3[ dc,:_.!_n_t,t _.cen.lcn/i of _he LFC. o;1 Ieq_lt_i¢_dtltlt/er$, preP._tedby Technical Comntit.tes. on v.h_ch

'tI all Ih.' N.llb_n.l[ Cpnt_tlin:c_h;iv_;d_:_;_:i,d in!creeLeh._t¢i0ant rr_tc_er_/ed,¢_pr_, asnearI¥aL possible,an inlet.

2) 'Yhty ll_g [11¢fofnL Of tc¢_ll!tlltnd_tJ_n|for ttllcfna[iOlla]u$¢_/1_Ihdy arc _c_t_pledby t_l_N_liona[ Co/nrll_[l_|ltl

J 31 1_ _rder Io ptonl_le ibis [tlt!,rnltional UnJfi¢_li_tl.I_e LIE.C.1_pt¢_¢_ tile _Jlh t_tlt all N_tlon;d Comr_lUee__4ving
I15)'¢trio iI:ltiOtt_ltulfs, I_herlprepatJllltilltJt ttdes_shouldut¢Hie|,IE,C, rezotlvnendatioasas tilt fun_lfncn[_lbails
for lhr_¢.I_l¢_J_t$c__ar_s ;IHIOh31ce_dltio:Bwill NrnlJ[,

•_ , 4) lhe dcli_,lb_[i/yi_ f¢¢p_ll[zqdo1"_'xr¢ndJngtntlrn_tlO_.l[al_r¢_menlon ih¢_ nl:lll¢t$Ihroqghar_tilden',out Io harmonit_

i | , B;tlion,llst_ndlrdizatl,ln rules _ith thole re_onlmen_,_/ionsin _ofat as n;qionJI¢ondillons "_i_lpermit. The _aii,_tlal1 ' Co01JI_U¢¢Ipledgetheirinl!uenc¢low._r_slhl[Ch_*

t._ ..

i _ _, _.,, PKEFACE .
! Thes*.recommen_adonsh_v¢betnpreparedbyTcchni_._lCommhteeNo.29,EItctro=cousties.Work
" wasstartedata mecdngheldin Parisin 1957.whena pr_linfinatydraftpreparedby theFrenchNation=l

i3 Commit/cewasdlscusstd,Ascconddr:fflwasdiscusscdatamceHngheldinStockho[min19$_,and_sa
resuh of th¢_ediscu_sion_a finaldraftwas_ubmitlcdtothe NationalCommitteesForopproval underthe

. ,r_ Sixhfonth'sR0teinSrplember19J9.

• Th=following18countriesvoted¢_pl_cltlyin favourorpublicationof thisdraft:

Auslri_ Japarl

: 1.1 Itd_ium Netherlands
C_¢choslovaki_ Nom'ayDenmark Poland
Finland Rorn_nia

_,_ Franc= Sv.¢dettGermany Svd/zerland
' Hungary UnitedK.in_dom

India Unionof Sovi¢,SocialistRcpubl[c,•

The Unhcd StatesNationalCommitteecast;lnegativev_tcon th_soccasiona_ it couldnotacceptthe

• . lotcrances_ithr¢_ardlodl:directlonalch;tr.lctcti_titso_thtnliCrophoa_.Con_.¢q_ntJy.thisproblcmwas

' re-discussed at a meefin._ I=cld in RJp;lllo in ?spell I-'}60, _nd ,_sa result, an ,'lma_t;lcnt to Clause 5.2 was

,t; ,ubnlitzed to Ih¢ N_tticn_l C'onlmitt¢cs under the Two _.[onlh's I'rac_dutc in August _960".

i: j -



t

,i TILL, [oil_l_in_ 13 ;'q,ullrlci VOICJ CXpllcill)' In I'.L_our or Ibis mncndmcnll
k

Au_llh Nclherland;

B_. _iu Nor_va)'

" C_!¢:Iloslov:*kia Sweden

I:illl;md $1vhzcrl;md

, I1 u;l._a ry Unhcd Kingdom

lndi,1 . United _IQI¢$ of Arll/rllLt t J

"1 haly

i 11olw_0r,fi_ (_ol_nlr[;,_.'*'iz, Dcnm;trk.l:rance_Germnny. Polandand 1h¢U,_.S.R..were nol in
!'_ rllYotl[ or Ill;_ a;u':ndm .-'n1,

, • Scrut;_l_.'of Ih¢r¢iIlll_ or bolh vol¢_by lhc Ch._irma._nd Secrclarlalor T,C. :.9 sho_,edthat therei

bad csidenI!} b:cn a n i;,'_df it:lnd ng _,i In io11' hesc Io erlnces _e ¢ o be lie prcled AS the polnt ii
i
_ ," 0 f Ir¢l;ltk _'l}' nlillot inl polI;ul:.e il h:_$ been decJd¢l110 illchlde goIh _cficSof toIcr_llCCs _" Chlt$c $.2 of these

{_] lecommel_galion_, whh _n e_pI:malion orll_:ir diff':rent _pplic:_Iio=_s, so as nol to delay public_lio, unce_.

" "1"liepre_nl recommci_d,_llor,s apply on1)'Io smmdlevel metersfor generalpurposeslfurlher
i:l - recommend._Iions_ppbil;g to precisionsomldlevel reelersare in prcp_r_llou,

q . ." ..

i;t'

'!i

'il

' B,47
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RECQ:H'_II!ND.VrlOSS; I_H¢ SOL.'_,I'_].KVI:L .MI"I'ER_

J. Se(qte

T eydo 0 _py o;1_l_:ir;ll_J_'ornL_ I tZ_;UlLt,_of_:r}_htJrldtlr_l]Ol}¢ffd[s¢ohlilH;OUSSoullds,

I. _'o1¢: J'ustl;¢ffegoHIrH_lJli_lRt*_l_l_llifl_[o pr¢_iiio¢__l,*Jil_]¢_J _lc:_f_ar,:in prepar_tien.

2. Object

2.1 hi _iew of the dill]:uh)' of c_labli_h_n_ a quanthali_c _:lca_nremcnt ol" a sem_tlon nnd nf _c

comple_..hyof o_:r:nion of the huma_l ¢;,'. h is not i,,_,_l_l'." in tile prc_enl ',Into of the u:t to

design an c,bjcethe poise m_a_urin_ app,lrutu s giving [esuh,__hlch nr: ah_lulely comp;_rable,

for allt_pesof nois_,_hh [hoseg_cllhy d ec subjcc_cI ¢[hod_.

2.2 IIo_:r,h_scon_idcr:dessentlultosti:L1rdzcan lip au by "lehr,,ie_,eatbgomc.%ired

thai IJs_rsof this apixlralt_$ t]irou_houl th'.' _or]d n a) _o_i)a e c r csuI

"; 2.3 Tileobjectoi" he o :sentrccon:mc.d;nion_isthereforeto specifyth'-ch:_rucleristlcsof anh
apparatus to nle:l_tlre ¢ffrtn;_ wei_hIed sound prc_ul¢ 1_1¢]_. T c _lc _ $i _ _pp]icd to ¢_¢h
sinesoldal conlponcnl of tile sound _ras_ure i_ given u_ a (_::ction of freqt::ncy by thr_¢ standard

• referencecurves,ea_edA, Itand C.

i;_:_ 2.4 In practice. _easur_hn¢_ls, may h;ive _o b_. made under very dln'_ren{ condilJons, r_n._._r=gfronl

! thefreefieldora _inrI_so_rce=oncomplelelyd_Wu_e,fi:ld.
i_" 2._ lh order to simplify Ihe procedure for the calibrution _nd eheehlne orthc api),_ratus, these recom.

mc_datlonsarc _rht_n prln:arilyinterra_of tileI'_¢_field_¢sponse.

i " 2.6 Th]_ _pp_ratus wilt be called:
j "sonom_tr¢" in F;cnch,

_:_ "_" '=sound levd n:etcr" in Fngl[sh._.d
! "m)'sIo:,_e]_" in Russbn.

_. 3. Defi,[tions ' ,

; 12 3,1 For the defin{tionsof the terms employed,rcferen:eshould be nlad_to th? International

• i Eleclrot._cllnlcalVocabulary,Group 0S, E ec ro.acoufits(I,E,C.Publieati_n50 (08)).

I.. 3.2 Tileweighted sound levelis definedby: .

- 20 ]og_ _P=- '

_ W|ler_o=isthe r.m.s, so0nd pressuredue 10 the"sound b=_n_l_casuredfreightedinaccordancewith the curies A, Ito: C and p. istile l[e(=renc_prc._sure(2.10-_N/m =_ 2.I0-'dyne/era=),

: Nole: 11flsdefnit[oa isin _ordan¢_ _ith ISO _¢commead;n[onR I_l,

i._, . 3.3 Theweigh_eds_und_sar_cx_r_ss_dindec_b_s;_h_w_irh_In_c_rvcusedsha_ahvaysb_sta_ed
7

: " (e._. sound level A == x dB or sound Iced = :¢ dfi {A)). . . .

i"| = 4. Ge,er=l (echnle;.I char=clerkdcs

4,1 A sound level me.ter is ._neraHy a ¢¢,nlbln_t[on of a microphone, an amr:=fi_r, c¢rtain ",vei=hdng

II :. * ,clworks. an td_cnrlafor _nd an indical[ng [nstrum:nt havJn_ certuht ,_. n I c carac er s cs

•• 4.2" The sound level meter sh,'ll cover the (rc.._ue_cy rung,' 31.5 to 8 _,0 Hz (c/s},
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'1
1 . Fi :_}1 [*.:i_ ,I;_,:$1 .'h I!;.: {',_i;1_. :2._ ::1 isl "F,n',_.' I{. p:l,:,' -_1, _illl_ll _!;¢ IolcriillCe_ irld_¢;ll¢.t.
)

bc _!.::o].

,_ "{'h¢ Iql:,'.;_¢:z r_",_t: to Ih: 'Ciol;_ _.opa_;_z_;, i.e. t!l_y i{_']vd." the .lo_¢r_hc_ r:_,*Ii,l_ tO Ih*z

t ]_$ r I _II I{ _._" .'1_[I]_ o I!1_ f_mctio: hie of I':¢ 1_pp:Ira u:; in a free sound t!_h[ in a Ilart]¢Zl_ar
d[r..'ct_oa _, hi:!: sh;l'.{ be p:¢_tx.} b'; : nl:mt;l'_:lu

|t i_ r¢co;l_*1:_';td_d Ihat'tIl_ nl._lll2_lCtUr.2r _h_!d al{o ind_cal_ ,'lt_'a:hs t'or cnMlrill'., tl_:zt tlt_ ll_ler

sot_ld I::¢1_ ",lithhz the ri_n!T¢ or :h_ .*tppat.'t;u_.
/

4,_ If the "_ou_ld level meter i_ !nt_'ndzd f_r u_ ol':r a total jnt_rwtl nf n_orc th;,n 30 dll it 5]1M}

". Eadl lat_ sh=lJ o;'erJ_p {Is G_ighbour hy at I_a_l _ d_.

i:

: . 5. Mkrcphone charoctetl_tlcs

{ 5.1 Th_ ._:i:rophor,e shah Ee of the omnidirectional t_p_.

': J'_"_%' ._.2 Th_vark, o o£ lo_ni v .'ort_c_zicrop o:::o_eran angleuI, to :F._O_fr,_;:lth_dlr_,'tion
I c _ _d sp:¢ifitd b)' thr r_a..lUfa_tur_r for this purpo_: i_ C!ause 4.3, _!lal} not Cx*ec'd the values gi'v_n

: ia Table L

. _ TkVLE I

, 2"¢rmbMblv tM¢ ta w¢_ on t :irropl o_t" _,. $iti it) o er en at_ le of -- 90

'i',_ "_ (¢,,) ! ' dis

!. I • 1 ,

,i { A n
i

,,.,._o0 ....... _ _1 J ----.|

. _llliiiii' ='4 +,-_
4000 ........ _8 +l --8
80_0 ........ _: 15 +! --15

j .I , ' Two.serl¢:i of permissih{c tolerances for micro rnhone _,en_}tivity ov_r an reticle of -'- P0' are _,[vcn-

IIC¢ord[rt_ to _¢thef t{l_ m _'a s ure ._.'.';_i:1 arc _d¢ witP. il_ _i}_ fophoza_ m o_tat-.d o,1 Ihc.lOUltd level {.

i _ trletcr ¢a{¢ or _{th th_ m_c:ophon¢ alon_, ph&'sicnll), sp.'aratcd fret*1. _he _,a_nd/_vcl Ii:ctcr proper,

I

i but ©leciricnt[yconnc¢led th:r_to.

ij Th_ valu:._ g{l'_}{i_1 Cuh.n,_ A r_t'¢r to tZl_=sur_m_rt;s nt_d_ with t{ic nzicro._'.:_.'l_ Illountcd on the

m _.ound 1¢_:i m_ter as for u{c, any obaer_'_r h_in3 cll::cthcly ougside lilt so_t,.. _![¢!d, .

_.j The '.alt'_:; gbcn irl _'*,,'l#:itl 1_ refer to ln.%_urent,:;lt_; nz_d_ OI1 the nl}c.*k_phon_ atoll:, ph)sJcMly
I_r_r_h!d 2"f31_ 1_ SOk{$1,_[¢_01 Ill¢lcr rdo{.:i, b_iI _locrt{_*dly ' O0;i[l¢¢t_d thort_to, _n) ob=*mrvof

hmin B ¢fl'cclis¢ly outside lb. _ ,nund field.

°

r
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_7 6. Ch:tr;tch'H'.lles nf 1by in_Ee_thL_In,tlmu_'n'r

: 6,1 The lid cati_.z in_!_unl_nt sh:dI ".: of 1: s II:) _. u. ,'1,_,

") 6,2 'Tile s_l_ _t"t',la il d ,'rb n_ instrument _h,_lLhc i'._3d_l:lk'd in _tcps of I d_. it"pof:;ih]_ o_et all

:_ imcrv_lofat ]¢.;,t1:_dr1.

i 6.3 s ¢_o I lll::_d_'d th;It tll_ sca!¢of Lhe nld_carh_ in',Trumcn h_ _ adu,I ,d fron - ._ o + 10 dlt.

6.4 The error[ntrod.¢¢dby a cIi;m_,of range_ha!lb_ le_slhallI dlt.

k_ 6._ FOr t!1_ fi_t fi',_ ditis!ons or"Ill,2 _'._12Gf lilt." in,]L_n!h:_ inilrllttlcrlt, the nc:uracy of tll_ _r;tdtt_o

llon sh:_ll b_ :& I drt, for th_ olT:er di_i_ion_, Itm n:¢uraty shall b: .._'-0.5 dfi. It s]laI] also !
_ bc possible to road to the san_e nc_,racy. " "

_:t 6.6 Ttle souud Ic_el nl.:ter shall po_s:s_ tll_ fotlm_n_, o_'rall dyn.anlic cbat:_cteristics, which may

bc designated n s l'_t:

_ 6.6.1 Ifn p_d_ of _h)u_oidal si'-.a:_l ha_in_ n fr¢:tucnc'_ of I 000 llz (o's) nrtd a dt=rntion of 02

{{ second is applied, ho ,::,_ mu "_ad m, sh:_i; hc 1 dfi Icss thnn tit* t_,ading for a steady
s_ a of esancfftqlu ¢)'_ d'alnpil I¢; o r ic_.sareall_edstcl I)a IleI_a'dnu.q
i_adJn_ 1113}'be tqu.'d 1o [ )_ $ _ld_" _a( I _* Or a _ II_o * d_ 1o _tl'.

;" fi.6.2 IfashntsoMa!fi_nal at any frequency h_twetn 31.51md BgOOltz (c/s issuddcnb'applitd
: _t_d Ihercafter tleld con_tan(, ills I_lagilntll_l r.'adln_ shall ©weed lilt final steady tcnditlfi
:_ .. ." by 0.6._ 0,5dB.

6.7 Th-* sound k'vel nleLer may alsa I,_ provided _itll t!_ following ovcrMI dy_tamic characteristics
; _ which tlt_y II._all.signaled _s _'lolv:

_ "._ _.7.1 |f a pul_ of sinusoidM _i_nal of frequency I 000 Itz (c/s) and duration 0.5 seeon_l is

appff:d, the max mum rcad l_s_ be* _2d_ ¢ ban c c dngforascady gna[
i • of th_ saln_ frequencyand ampIitudc.

' 6.7.2 ]fnsinuso_d_lsignal. atanyfrtquentyb_t_eenSl.SandSOOOHz(c/s).issuddcnlyr*ppficd

!_ and thereafter held constant, the tnaximunl reading sh_ll e.xcced the final steady reading
by fi.6 (+ I, -- 0._) diL

_b 6.?.3 The stead_." tcadin._ for all)' sinusoidat signal bttlve_n 31.5 and $ 000 Ilz (c/s) shall not

!_ 'i diflhr from tfi_ corrcspondiog Fa_t rcaditl._ by mort titan O.l dB.
!-

i 6._ The characltristics speclti_d in Clauses 6.6 and 6.7 shall b_ maintained for _.ll wtifihdngs and
_tll settingsof dec attenuator.

• + 6.9 It is recommended that the dynamid characteristic used hc stated in the test report.

, it 7. AmplIfitr characteristics ' "
; i

!_ " l i "7.t _r¢i_ri_a_al_brn_I_n_ti_r_mmcnd*dthatares_stan¢c_fkn_w_v_Iuc_nscrtcdins_rIcs
it wfffitfi_ tarth lead of the microphone, and that conxtnitnt means b_ pravid*d for connection to it.

ii 9.2 |fthe sound levelnlcttr is battery operated, a suhablc means shall be rr;_ridcd for ch_cking theb_tttry voh_gus under load• . '

• ' 7.3 ll" the sound le_cl nlCter can ;dso be u_;ed with a cable bet.Aeon microphon_ and ampllfi_r, the
corrections corresponding to thi_ m_t fiod ofu_e _ll;t!l bo stated by'th* ma_ut_actu rcr.

_" B. 50 I;
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]llcnl t_llu ,e'. _._ _I!,I 6.'T_ ,',: d! _¢ ¢]tzL'i;_d *_ ;I ;_1,Lld)' T¢;)I!it$ F' of th_ indlc;tli:_ il1_tTumcnt 1

t .,H l,,. t,lh .,, r:,_dil!,.-', : . t4dlli.,_ ' ' ' _

• TIIi, Cl a • : ,_r l_d_L'_ :?$_!:.!:igan¢1_c!ri_.fi_iCtlalIo the ,_nlillilicf, pr_fer_bl';in scri_lwilh

$.4 The x_fiqcalbm _f lb."qu;_dr._ti¢la_' of :Id_!itl,m(_;i_II_indlca:c_ _ _q_lar¢rnol of th_ strut
or the t,_:;hl-.qulr: _;IIu.'_of ;he iIldixid_t;ll ,elL_li%_11¢lll_lSI_;I!Ii'.' ¢i'l¢CIcd h_' 11_i11_a tWG'tOl_
_]lel;lhl_. or ;I_imil.lr ilI r_11:::,'.I'_i for pro_iuh_2r,_o null- h;irll_,_ll_¢ frcqt_¢11¢_s l_tsl succc'di_ciy

: o11It:: ind!:at_,r,shallb: :_I,N_J m the_tl_r,'r,qio:l_ input to lh_ al_pfillcr. T[I_sit,hal fl shall
thenb.' lep[;l_d b)"a _i:':,al f. full_llit_ lh,r ci,i;dit!onspr¢_iau>ty H_:cltled,andther.nl.s, va[ue

: of thesign;[ f'. _hnl{be ::dju_tcd to r-i_ctl:e eaI_:crc_dillg A"on th_ indicatinginstrunlel_t. .

,, -. The l _os r i_ i c.f £zcal:e'_' fl and j:, v.i;b ;fl_ r.111.S,VaIuc_previouslyused.;h_l[ then b_
apll[_f _hwa_tilP,¢oli_I)' -_lld tfl_ t¢_ding ,I' _q" tl.¢ iI1_icalil_3 ill_tftln1_lil IKIIcd, [,J'Itdcr lh¢$_

! col_dith_l:!.II,¢ foilo_du_rek_t];m'-hall obtain:

il i_ trCOmlnendcdthai thi,i rclatiOll shc,u?dhe satisfiedto within _: 0.25 dl). This tell s11nll
be nlade r,_r _ value of th: r_adhl_x _-,7 dll belowthe l'uil-_caI¢readingof the indicatin_

_,$ '[h__alacallbladonofthei:idic_lin_hlslttzmcnt(Clat_c6,5)shallb_checkedbyan ch'ctrlcal
m_thod_,tfr.:quench't_f 3l.5. I 000and;_0O_Hz (¢.'s).

• j _ •*_ j_ 8.6 Tile _..'¢ura:yorth_ il,I!i.::+lion:;on the at;_nu._torsh_ll be ch':cked bF applying sinu$oidal '..ollag_
. ofadjut:tbl_anlplil_leaa offcqa'n.:¢:_31.5.1000_ dSO00 z(¢'_) Inc_chc_seth/_rror

"_'! shall b.+ I_s_than I dB with rc_pcctlo n rc,dlt_gof _OdB. i

i __ ' ,.

i : j 9. l'qazklng "

_'; a 9.1 The _pparattls shall carry the rnarkhlg SottndLevel ;_[eter,
!.J 9.2 It shalla!to be marked at lea_l with
,i

tile t_anuractur¢¢s ilamc

_] -- the 1,']'_¢ "
lb.*scr!al number

,+ -- nn itldieatlon'of th-"range of sound pressure le'e¢lsthat h is designed to measure,

: i_ ' 10.D_crlplhe leallet . .

_'_ I0.1F._ch s_und I_vchnetcrshall be a_comp._nicdby a descriptiveleallet which includes the followk
' information:

i _ the type ofmicrophone (electrostnlle.moving coil, cte,) its serial number and other manufac-
, " • lur]Ytgr_f¢¢¢hCeS+

.¢
: | -- the angle or incid,me¢ specil_edin Claus_ 4._,

E _ the response curves given in Clause4.3.

1 g.52
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---- Ih: ¢fi_.'_'l_ c,l" _lllr:ll_i_{I, IIt,l_'n_t[¢ :l:l_ ¢I¢cIIosL:_L[? fi_'l I_, t,'ill?¢r:lturc ,_nd hutllidIl_ Of1 the I }

-- r41_"¢ortc¢l_+_R lo lh¢ e_dibt'atic, n rcquircd by I_1¢ u_ o:' a llliC_o;lhollc c).l_tl$1Olt c'qblc. _ +
ir
:r

10."1l| i_ :ecom_cndedth,_tih¢ _'ollov,iflg inE_rm:+tlonb_ als_i_leh_.tudi+'1thc dcs_'ritltlv¢Icatlcl:

-- the illtl_;tllC+: of The' IIIi_'rOp!lOi3_, •

t]_ _;_+lltiliVily of Ihe ntJ¢;ophot_¢ as _ I'u I_cliotl o[ ffc_ll_llgy for tile angle of illcld ellC¢+spe_ified

by the _l;ll_t_f;_lUrct, a+. ill _[_L_e "1,3_

-- thedirectionalch.ir;_ctelJ_ti¢_=of themicropP,oncat II_ ficque*lcies_ivenin Cktuse5.2
--the _cnsilhity for a dhTu_csound l_chlc._lt_d;_t_dby Ihc me:hod given i:1Clause 8+2,

-- _.v,';li'r+[ngthai the"pr'-'_cnc-+of ;1B qb_,_verin thesmmdli'.'!,Iitl proxlt_l_lv _o lhe t'nicrol)hor_¢
I_11)'affectthe accuracyof thenl_3suleiItellls+parlicul,_rl),a! tile highc_ flctlllfll_i¢.%

:i i
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_,lpoll_" of Ilw ,h;isr_plI,'t_'l .Icll'r ill . _'4't* 6'4"/d r_'l_litt' Io I1,,' 1.1,' _..tll /;re _llrc' Ii'r_'l fi." I1_" _i _,1. _"

_ " Jl,_ (¢/_) (Ill dll (11_ qlll

, I0 - 3_;,1 - 14,_ 5 - -,
I_.$ ._ 63.4 , .I.1.4 * I I,¢ _ ,

tB

20 ' - _.4 1.24.4 - 63 1 .... "i
: ' ' 21 *-44.6 --._0.1 -_ 4,, _ $ , '-_

!;"1 11.5 --3_.- _ -. 17.2 .-- 3.0 1 -tI
:_ 40 -- 34,1 -- 14.1 -- 2,t3 4.$ - 4J;

t0 --00.._ -IL7 -- 1.3 4 .-4'

Iio -_1.3 '_ 7,4 ". -- o.5 3,f -3,_
_' 100 _ 19_1 -- 5.7 -- 0,3 , 1.1 ' 3,_
_'_T I_1 -- I_.1 ,-- 4.3 -- 0.2 1 -'3

_" 160 _ 1112 ' - 1.0 -- 0+1 3 - 3
" "200 -- 10,/_ -- 2,1 0 3 _ 3

_'1 _:" 250, - 11,6 - 1,4' 0 _ -.3

311 - g.l _ 0.9 0 J _1 ,

i|_,_' 400 -- 4.8 -- 0.5 0 , ' .3

1_ --J.2 --0.3 0 3 --3

, " --I_ 630 1,9 0.1 0 3 - 3

l_O 0 , 0 0 2 -2

--" 12,0 0.6 0 .' '0 ,., --,.5

i

:_'*l 2100 J,._ --_ O.J .-- 0.1 4 -1
• IJlO 1.7. -- 0.5 -- 0,_ 1 -3.5

,1 , 40_0 LO "-- 0,$ -- 0,_ 1,$ -4

• .
)'_ " 1000 0.$ --" 1.2 -- 1.3 6 -4.1

_1 6100 -- 0.1 -- 2.0 -- ,_.0 6 -f
L

_ 11100 - 4., - _o - _o _ -.,_
7-" 16_00 - 6.5 -- &J . -- 1.4 6 .... _

" ._0000 - 9.2 -- I1,0 - ILl 6 -- ,:

: • 13,56

. 2.
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Tille: AN EVALUATION OF HIGH LEVEL NOISE AND ITS REDUC-
TION IN A 3000 IITU/IIR GASOLINE.ENGINE.POWERED FIELD

REFRIGERATION UNIT. _ _.)
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=_ecurflyClml UNCLASSIFIED _- /r'_ '_ "I

IM'TE° t '
AbIIr_: TillsREPORT DESCIDBE$ TEE RESULTS OF RESEARCH

INTENDED TO DETERMINE TIlE SOURCES OF HIGII LEVEL
AIRBORNE NOISE TRANSMITTED FROM A 300(} BTU/IIR MO-
DILL REFRIGERATION UNIT USING AN AIR.COOLED ENGINE
AS THE PRIME MOVER, AN ELEC_IHC MOTOR WAS ADAPTED
TO FQWER THE UNIF AND THE MAJOR NOISE PRODUCING
COMPONENTS OF TIIE SYSTEM (COMPRESSOR, MOTOR, FAN)
WERE ANALYZED SEPARATELY TO DETERMINE TIIEIR CON-
TRIIIUTION TO THE OVERALL NOISE.

ConclM_og, m= UNACCEPTABLE NOISE LEVELS ARE PRODUCED IIY
THE ]000 RTU/HR PORTABLE REFRIGERATION UNIT•

Rgcommend_ttleasl NUMEROUS RECOMMENDATIONS REI.ATED TO
REDUCTION OF NOISE LEVELS ARE CONTAINED IN THIS
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Ikcurll_ Cllu_; UNCLASSIFIED
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kklrlch AS MODERN ELECTRONIC CIRCUIT NETWORKS IN-
GREASE RAPIDLY IN SIZE, AND TDEIR CONTENTS ARE
BECOMING MORE SOPHISTICATED, THE NEED FOR EMPLOY.
IND THE POWERFUL TOOL OF COMPUTER SIMULATION TO
ELECTRONIC CIRCUIT NETWORK DEMON AND ANALYSIS
UECDMES MORE APPARENT. COMPUTER SIMULATZON OFFERS
SEVERAL ADVANTAGES TO THE DESIGNERS OF ELECTRONIC
CIRCUITS. THIS REPORT IS THE RESULT OF A SURVEY ON A
FEW COMPUTER,AIDED ELECTRONIC CIRCUIT ANALYSIS PRO.
DRAMS, THE CHARACTERISTIC FEATURES AND ANALYSIS
CAPABILITIES OF EACH PROORAM ARE DISCUSSED IN
DETAIL. THE COMMON AEPECTS AMOND THE PROGRAMS
ARE TABULATED FOR EASY COMPARISON. THE ACTUAL
COMPUTER pROGRAM EXECUTIONS OF TWO EXAMPLE CIR.
CUlT NETWORKS ARE INCLUDED THE PROGRAMS SURVEYED
ARE ECAP_ ECAF.R. CIRCUS, CIRCUS,IL SCEPTRE, ASTAP,
EELAC* SYSCAP, CORNAP AND SCAP.

Con¢lulbnsl SELECTION OF AN OFtFIMUM CIRCUIT ANALYSIS
PROGRAM DEPENDS UPON THE COMPUTER SYSTEM AVAILA.
BLE TO A POTENEIAL USER, AND UPON HIS PARTICULAR
NEEDS FOR THE PROGRAM.
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Foreword (ThisForewordisnola partof AmericanNatlona[StandardMethodsforJh¢McasurcmcmofSoundPressure
Levels,SIA3.Pl71.)

This standard comprlscs a part of a group of dcfinilions, siandards, and specifications for
usein acouslica] work. It Ilas bccn developed under the Siandards Comntiitec method of
procedure, under Ihc sponsorship ol' the Acoustlca[ Socicty of America.

Amcrican National Standards Committc¢ SI, under whose jurisdlction Ihis slandard was
developed, has lllg following scope:

Standards.specifications,me(hodsof measurcmcnland1est.andt=rulinolosyin Ihcri=ldsof physical
acoustics,itlcludi0galchit¢cluralncoustics,¢lc¢lr_l;icO_slics,_onJcsunduhra'_nnics,andundcrwat©tsound,
but¢_¢]udlngtho_¢a!.p¢ctswhichportal0{osale[y,toleranceand¢omtorL

Various subcommhiees have hccn organized to take care of the commlttcc's program, and
this standard was developed by Working Group SI-51,

This standard is a rc_'ision of Section 2 of American National Slandard Method for the

Physical Measurement of Sound, SI.2-1962 (R 1971),

Suggestions ['or improvement gained in the use or [hls standard will he welcome. They
should be scnl to thc American National Siandards lnstituic, 1430 Broadway, New York,
N.Y. 10018.

Standards Commilt¢c SI, Acoustics, had the ,following personnelat the time it approved
this standard:
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American National Standard
Methods for the Measurement of

_¢r Sound Pressure Levels

|nfroduction Primary interest in this standardis focusedon
soundpressurelevel data which are obtained for
their ownsake.Since Ihe human earis o pressure-

(Thematerialin Ibistmroductionis imcndcd/or purposesof sensitivedevice,soundpressurele_'eldata ore frc-
back_roundandorienlation.) qucnfl:,'sufficient to satisfy Ihe purposesof the

This standardis concernedwith the measurement measurcnlents.
of soundpressurelevels in air undera variety of This standard deals exclusivelywith objective
conditions.Thesoundto be measuredis frequently mclhadsof measurement.In many sltuations, it is
undesired(that is. noise).The basicpurposeof this desirableto make quantitativeassessmentsc}f the
standard is Io establish uniform proceduresfor subjectiveeffects of noisuon human beings, The
obtainingsoundpressureleverdata. measurementsdescribedhereyield thephysicaldata

Soundpressurelevelsto bemeasuredfall into two that arercqulredfor assessingtheeffectsof noisebut
broad ,.:atcgor]es:thosethat are due to a spccitlc the assessmenttechniquesthemsch'cs(l'or example.
sourceandthosethai characterizean ambienlenvi- mcdlodsfor calculatingloudness,noiseratingsw[Ih
ronment _herc the sound is usually generatedby respectto Ihc conservationof hearing,speechinter-
man_'sources,h is sol alwayspossibleto make u foreseeand noisiness,predictionsof structural I'a]l-
clear distinctionhetv,eon thesetwo calegories.For urn) arenot included.
example,theambientnolsein a communityis ofltm Thisstandarddcscribnsthree melhodsthat canbe
generatedby many different sources,but primary usedfor measuringsoundpressureInvels(seeTable

(_ concernmay hefocusedonone particularsource.In I). One method usesa relatively simple, portable"="_'j_ neighborhoodA, the noisegeneratedby the source instrumnnt;the other two methods reqolre more
• ,_ may be masked by the on'_bienlnols¢, while in extensiveinstrumuntatlon,but yield more detailed

neighborhoodB, it maY be audlblc.The ambient information.The cholcaofthemethodto beusedfor
noisethus is important as a referencelevelfor Ihe a specificmeasurementprogramwilt dependon tho
cva]uationor thenoJsofront u particularsource, objectivesof the program.

Even if the ambient noise has a low level,die The lechniqucsfor measuring airborne sound
measurementofsoundpressurele'.'eldoessol always pressurelevelsaresummari;.cdin Fig, I. In plannin_
suffice for the quantitative evoluaUonof a source a seriesof soundpressuremeasurements,it isintper-
becausethe magnitudeof the soundpressurelevel atlve that the purposeof the measurementsbe kept
will dependuponthe distance from the source, the clearlyinmind. In Fig. T,die purposesor"a program
dircctivityof the source,and the acousticenviron- of soundpressurelevelmcasuremenlsare shownto
ment, For this reason, the Iota] acoustic power be either for characterizlnga soundsourceor an
radiatedby a sourceof soundmayprovldca better ambientsoundfield. In chhcrcase,if theobjectiveis
measureOf sourceoutput. Sinceacousticpoweris to obtaindata on whichnnglneeringchungesto the
usually calculalcdI'rom measuredvaluesof sound source.(or soundfluid)are tobebased,bandpressure
pressurewhichdependon theacoost[cenvironment, levelsarerequired.Ontheothorhand,if thepurpose
it is necessarytodesignand calibrate the measure- of the measurementsis to obtain a quantity thai
mcntenvironmentcarefully if the accuracyrequired relates tile magnitudeof the soundsllnlulus to on
for soundrodngsandcomparisonsisto bcocldcved, cstlmoleof Ih¢effect of thenoiseonman.a simpler
All aspeclsof the detcrminolionof soundpowerof measurement(such as a weighted soundpressure
sources ore covered by other Amcri,.:an National level) may be all that is necessary,
Standards. This standard specifically excludes those The three differenl methods for sound pressure
soundpressurelevelmeasurementswhichareobtain. .level nlcusuremcmsdescribedin this standardarc
cd inorder to permitcalculationof the soundpower sumr,'=ari,_edin Table I. The methodto beselected

_t radiated by n source, depends upon the thoroughness of 1hedescription
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required for the purposes of the measurements. A TheJleldmer/Iodutillzcs cquipmcnl for I'rcqucncy-
thorough description rcquircs an analysis ol" the band anul:,rslsand the _com;ti¢ environment may be
sound prcssnr,: lords in narrow frequency b_nds modified to make it approucil known conditions oz"
front measurements nlade at suitable mlcrophonc measurement, or il may bc in an "as is" condition

locations over un appropriate time interval _[Ih the either indoors or outdoors. For exanlpl_, iF measure-
best available instrunlenlati_n, In other situafinns, == ments on a slavic machine arc to hc made in a
simplified measurinL,, procedure nlay bc entirely machine shop. the cnvlronmcnl may bc Icl't"as is"in
adequate for the purposesof the nicusurcmcnts, a rcverbcranl condition so thai the room has ;m

The survcj, meth_d thai udlizcs a hand-held _fz'e_:ton the sound pressure levels at the various
sound-level meter is the leasl tinlc.consumin_ but microphone positions, Ahernati','ely. the environ-
provides compnrqtively llttlc information, that is, the ment may becontrolled to a degree by covering some
weighted sound pressure level. No effort is made to of the room surfaces with sound absorptive m_tcri-
control tits acoustic environment; thai is, the envi. als. The effect of the room on the sound pressure
ronmcnt is in an "as is" condition, indoors or levelmeasurements may then be reduced.
outdoors. 1'he laboralo O, nlethod requires the use of th_ best

Table I
Three Melhods for Sound Pressure Measuremenls DeScribed in This Standard

Mtasuzerllenl _*tet hod Inslrumcnlation Eavimnntcnl [z_calion

Sulvcy So,Jnd-lcvcl meter '*As is"; not Indoors or
cont[olled ouldoors

Field Insffuments Ihat "As h" nr _mi- Indom's or

meal rcquircmenls controlled with uuldoors
of applicable minor ch_n_¢s to

American National add absorptive i

Slandards malerbls, icmove
rell¢cling ohjech, ¢t¢

__-_:,_ Labolatory Lubo/atory inslfu- Controlled envilon- Laboratary
i_ .I merits thai meet menl: anechoic or (indoors,) ,_

• roq_liremenls o f _ nli.anechoic V
American Nalional room
5land.ltds

Fig. 1
Classification ol Airborne Noise Nlea_urentenls According to Purpose

SOURCENOISE
MEASUREMENTS LJSEFORRECORDINGOFNOISE
ICHAR&CTERISTIC,5OF WEIGHTED_OUND EXPOSURES,COM,=ARISONWITH
A SOUND_OURCEI LEVELS CRITERIA, SPECIFICATIONS,ETC
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available, laboratory-grade instrumentation. The encounterednoises,describesteeltniques[[ormeasur-
I'requency-bandanalysis is curried out under _are* ing and reporting steady _nd nunsteudynoisesas

I'ullycontrolled envirt)nmcntalconditionsin a labo- wellus the instrumentation_ystemssuitable for suchratory so thai Ihee[[[[cclof tile roonl on the _ound measurements,and includesGeneral_uidclines [[or
pressurele_'en easurementsmaybupr¢c sol.','deor- noisemoasnrementsin the [[iulduad in the Inborn-
mined. The laboratory melhodis primarily usedfor tory.
sourcemeusufenlents.

The two typesoilnoiseencounteredin practiceare
givenbelow: I. Scopeand Purpose

(I) SteadyNoise
Without audiblediscrete tones 1.1 Scope

1.1.1General reuomotcndationsarc given to as-With audibledlscretctones
(2) NonsteudyNoisu sisl in the deve]opmcntof noisemcusu_'¢rnenttnch-

nlqucs thai are satis[[actory[[oruse undervariousflucluuting noise
Intermittent noise cnvirnnmemalcondhions.
Impulsi','_:noise I.[[.2 The measurementol sound producedhy

Isolatedbursts sourceswhich radiate directly inlo the air is given
Quasi.sleadynoise first priority. The airbornesoundpressuresmay be

partially atlribulabl¢ Io sound Iransmissionalong
Stead}'noiseis relatively constaulovera long pedod
o1"fin c and mu.vor may notcontainaudiblediscrult_ structuralpathwaysandrcradiutiun [tram solid (or
tones, ll" none of Ih¢ frequenciesis audibly dis- nuid)bodies.
tinguisbable1rumthe others, thnnoise is wide-band I,I.3 Primary considerationis givento the inca.
and -unpitched." Nonsteady noise nluy he eltltl:r suremenlo[[ soundcreated as _ hy-producl of the
I ucluating (thai is.doesnot remainat any constant principle[[unctionof thesource,The methodsmay
level during the periodof observation),intermhtcnt alsobeapplied to other sources_hich are intended

to generatosound,Forexample,measurementsmay(that is, returns IO the ambient Jevelduring the
periodof obscrt'ation)or impulsive,Tiles,:difl'erenl bo desiredof Ibc soundpressure._neruted by an

_;.;_'_ typesof noiserequiredlJff=rentmeasurementtech- alarm device operatingin the presenceof multlple.-J niqueswhicharc describedindelail in thisstandard, noisesources.I.I.4 ']'his standarddoesnotconsidersoundprus-
The particular method selected tar measuring sure levelmeasurements_hich areOblUlnedfor the

' noiseIhus dependsupon:
(I) The natureandlocation of the noisusource(s) purposeol determininGIh¢ soundpowerradiat_:dby

'. (2) The use to bc made ol the resulls or the a source.
• measurements 1.2 Purpose.The purpose of Ibis standard is In

(3) The type ol noiseIo bemeasured provide unit[armGuidelinesfor measuringand re.
_4) The time and equipmenl available [[or the portinGsoundpressurel,-'velsobservedunderdiffer-

measurements,and cnt environmentalconditions,This standardis appli-
(5) The skill of the indi','iduul ¢onduclin_ the cableIn the manydifferent typesof soundpressure

measurements level measurementscommonly encounteredin prac-
Befor=maklnGadecisiononmeusuromenlmuthod tie=:. This standard is intended to assist in the

and instrumenlationsystem, the individual who preparationof test codesliar; I) determining coin-
intendsIn carry out a program of soundpressure pliunce_ith a specification,ordinance,or acoustical
level measurementsshouldask himself the [[ollowinG criterion, and 2) obtaining information to assessthe
gencrnlquestions: cf[[ectsofnoiseon peopleor equipment.

(I) What do l wanl tO know?
(2) Whal '.viil I do wilh the dalaoblaincd'?
(3) How accuratedo ] expectthe.data In be? 2. Definitions
The answersto the_equeslionsandconsideration

of the [[i','epreeedln_items shouldprovide guidance ambienl noise.The all-encompassingnoiseas_oci-
on lh¢ method to bechosenIor the measurements atc:d _dth a Givenenvirnnmenl, being usually a
and theinstrumentationsy,stcm to hesel_ctcd, .composite of soundsIronl n1_inysourcesuear and

This standard classifiesthe purposesof the nlea. far.

,_ .,, surcments, identifiesdifferent kindsof commonly discrete lone. A sound wave whoseinstanlancous
9
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soundpressurev_ricsessentiallyasa simplesinu- pressurelevch It is imperativethat the influenceof
/r_ soidalfunctionof tiros:, theenvironmenton Ihc ntcasuremcntof soundpros-

' " flunluodngnoise,A noisewhosesoundpressurelevel surelevelbeconsidered. (_
varlcssi_nifiL'antl)'hut doc_not equal tile umblent 3,2 Typesof Measurements
environmentallevel more th_n once durin_ the 3.2.1 Ambien! Noise _Ieasuremems._.lcusure.
periodof observation, monksor ambient noisearc common])'made both

impulsite noise.A no_scnit,motorized by brief ex- outdoorsand indoors.The observedsoundpressure
cursionsof soundpressure(._eousticintpulscs)_dlich is usually a superpositionof the soundpressures
significantlyexceedthe _mbientnoise,Theduration generatedby man)'snurcesal diflcrenl locations.In
of a slngl¢impnlscis usuall._lessthanonesecond, ibis lyp¢ of measurement,it is tile total sound

pressurethat i'; of imeresl ratiler tb;mt11¢sound
Inlnrmiltent noise,A noise whosesound pressure pressuregeneratedb) an_ of Ihe individualsources
levelequals theambientenvironnt_nt=dleveltwo or operatin_in the environment.A _tatisdcnldescrip- I
more tlmcs during the periodor obser_'ntion.The tlon el"dm combinednoiselevel producedb_ all of l
periodof time during v.hiobthe levelof the noise tb¢ sourcesoperatingsimultaneouslyisfrequentlyof I
rcnlulU_ UL _ll C*_S¢IlI_a][_. C_liS[_n[ _,',_lu¢ dlrfclenl faintest, T)rpica] anlbienl environnlents arc gl_Cn in I
front that of the ambient is on the order of one Table2.

s¢nondor more, 3.2,2 SourceMen_urenlents.This type of mca- iflonstendvnoise.A noisewh_scsoundpressure]cv_l surcnlcnt involvesthe determinationof the sound
shiftssignificantlyduring theperiodof observation, pressurelevel producedb)' a source,locatedeither
periodof obsertndon.The time inlervaldurin.e_dtich outdoorsor bldoors. The source of interest....'ill
acousticaldataareohtalned.Tile periodel ohscrva, frequentlybe opcrafinLzin zh= presenceof other
tion s dcscrmnedby hecharacters ¢so heno se sources.The other sourcesestablish the nnlbicnt
beingmeasuredand shouldbeat leastten times as noise.T)plcal sources_realsoliseedinTable2.
longasthe respons_time of theinslrumentation.The 3.2.3 l':xnmplu.Thenoiselevelsof a largecity are

._.._ greater the vnrlat_onin indicated soundlevel, the frequentlyconlrolied by ;'ehlcuiartruIfic (ambient
Ions=rmust be the obser'.'ationtime for a given envlronmcntalnoise),if"interestis focusedon indi-

f _.J expectedprecisionof the measurement, viduM '.'ehiclesin the traffic, sourcemeasurements

soundleael (noiselevel). Wei[zhtcdsoundpressure arenccessnry.
Icvnlobtalnedbytheuscofamcteringcburncterislle 3.3 Endronmental F'nctors InfluencingAmbient
andthewcight_n_sA. B. C (or other)asspecifiedin Noise_fensurcments
the referencedslandards (see Seclion 12). Tbc 3.3.10outdoors. The soundpressurelevelsmca-
wciBhtinLzemplo)'edmust beindicated.Unit: decibel suredoutdoorst'.'i[IbeinfluL'ncedby:
(dB). (I) Soundabsorptionb)' thesurfaceof Ihe_round

soundpressurelevel.Twenty times tbe logarithmto Table2
thebaseI0 of theratioof _h¢pressureof a soundt_ TypicalAmbientEnvironmentsand Sources
thereferencesoundpressure.Un[c_sotherwise_peci-
fled.th_cff¢cti'.'e(rms) pressure_sto beunderstood. AmbiemEnvimnmenl Source
The r=_crenccsoundpressureis 20 pN/m'-'. Unit: Outdoors
dcclbel (dB), tlinhway Pneumatic fools

Rcsidcnli_l neighborhood Industeial m=¢hlnc_
stend),noise,A noise `._hoscsoundpressurelevel Airporl Slaliunuryengines
rcntalnsessentiallyconstant(theiris,fluctuationsar,: Equipmenluv:dby
negligiblysmall)duringtb_ periodof obscrvatlun, uUliti=:,:trJn-,furm-

¢ls* fen_l_tors,etc
G_ound vclliclcs

Affcraft
3. ACOUStic Environments I_oats_ndships

Indoorsi

3.1 General.The sound pressureobservedin tbe Faclori_s Itandlools
viclnil._ of d_e source may bc influenced b:. the oln_= ,_,_lli_nc_
_eOUSlic.¢nvironnlent in v,hieh the source is oper- Scl_ools Induslrialmachine_

ltospilals ttousdlotdequ_plncnl
ating. Small chang,:sin ori,.mlalionef the source Dwellinss

_,_ ma)' rcsull in npprcciahl_changesin the sound
I0
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(2) Shape of the land contours berant sound field is itself the supurposition of many
(3) Scattering front and absorption by objects sound wavcs,.;hich ms:,' interfere to product: spatial

_" X such as buildings, trees, and people and temporal variations in sound pressure.
(4) lnhol_aogeneities in the atmosphere (turbu. 3.4,2 Optimal Conditions Outdoors. To realize

)once, wind gradients, and temperature gradients) optimal conditions outdoors for sound pressure mea-
t5) Air absorption (ambiunt temperature and hu. surements above a reflecting plane, the following

midity) requirements shall be met:
(6) Timeofday 3.4.2.1 Extent of Reflecting Plane. A hard,
3.3.2 Indoors. The sound pressure levels measured smooth, massive plan..: surface shall extend from the

inside buildings will be influenced by: source under It:st at least a distance _./2 beyond the
(I) Sound rcfiuctlon and absorption by the interi- farthest microphon¢ position, where A is tim

or surfacas wavelength of the sound at the lowest frequency of
(2) Refh!etions front and absorption by objects interest.

within the building, such as furniture and people 3.4.2.2 Absorption Coefficient of Reflecting
(3) External noise sources and the transmission Plane. The norma[-incidenea sound absorption

chorameri_dc_ ¢_fthe structure coefficient of the reflecting plane shall not exceed O,l

(4) Air absorption (ambient temperature and hu- over the frequency range of inteR:st (concrete or
midity) asphalt surfaces usually meet this requirement).

3.4.2.30bstaele_ and Reflecting Surfaces. No

3.4 Emironmenlal Factors Influencing Source Mea- obstacles or reflecting surfaces _dth major dimen.
surentents staRs greater than _./4 (other than the ground) shall

3.4.1 General. Accurate mt:asuremcnts of sources bo within ._k of the source, or within 5k or 5r of the

art: complicated becausa tit.: pattern of sound radi. microphone positions, whlchcvcr is the greater._vhcre
ation depends upon several .:nvironmcntal factors. X is the wa_'clength of sound at the lov,'cst frequency

3.4.f.l Radiation in a Free Field. At large of interest and r is th.: distance from the farthnst
distances from a source in a reflection-free, homo, mcasurclnem position to the center of the source.

'I_.AI["'*_ _' geneouS,in,.urselynondissipativespace, tha ._ound pr,ssuresource,,sphere3'4'2'4 Atn,ospheriChomogencousC'onditionS.,ou hcightThc atmo-
i;i_ varies with th.: distance from the shall be of [0m

that is, tile sound prussure I.:vul Mll decrease six above tile ground or to the h.:ight of the source.
decibels each time tile distance from the acoustic whlehcvcr is greater, with a uniform negative tern.
center of the source is doubled. If tit,: source is large peraturc gradient and ',_itlt no wind gradients. If

compared with th.: wavelength of the sound it measurements must be made under conditions with
radiates, the general trend of pressure will he to positive temperature gradi.:nts (thermal inv.:rsions),
decrease us the distance front the source is incrcas.:d, tile positive tcmp.:rature gradiunt shall not exceed
but sound pressure maxima and nllnima may occur 2°C per 300 m of height and the wind gradient shall
in the vicinity of the source, not cxccud 3 m/s par 300 m of height, Measurements

3,4.1.2 Effect of a Reflecting Plane. Whun the shall not be made when the wind speed exceeds 6

sound source is located near a reflecting plane, sound m/s.

wavt:s reflected froln the plane _ill interfere with 3.4,3 Optimal Condilions Indoors. Optimal condi.
those coming directly front the source. The gcn.:ral lions exist indoors in a free-field or an,:choic room.

trend of the pressure will be to decrease as tile Within the frequenc.v range of int.:rest, the sound
distance front the spume is increased and sound waves refluctnd front the surfacus of tile room make

pressure maxima an_.l minima will occur do.: to ancgligibl.:contributlon(thatis, lessthanO.2dB)to
interference, the sound pressure level at the point of observation.

3.4.1.3 Radiation Within a Room. When a To realize free-field conditions in an enclosure, the

sound source radiates into a room. Ih_ sound '.rill b.: test room shall meet Ihe following requir.:ments:
reflected back and forth many times fronl tile room 3.4.3.1 Size of Test Room. Tile dimensions of

surfaces: these n:flcctions cruate cam pli,:ated sound the anechoic room shall be large enough so that the
field. At any point within the nlom. the: sound microphones can b.: placed in the far radiation field
pressure may be cnn.;idererl In hethe rcsuham of two of the sound source under test and at least X/4
coincident sound fields: th.: direct sound field _hich distant from the absorptiv.: surfaces of the an.:cholc
com.:s directly front the source _dthout being first room, wh.:re A is the wavelength of sound at the

_ ._ reflected, and IIIc revcrhurant sound field. The r.:vcr- lowest frcqucnc.vof interest.
[I
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NOTE:Au_¢fulruleofthumbisthaiIhelarradi_li_nfieldc_ists 3.4.4,3 Nearbyobjects
underoplimalconditionsatdi_tan¢¢_gr.:al_rIhanfi_urliltle_the 3,4.4.3.1 Survey_felhod.The ucoUslieenvj°•_'_ lar_eslsourcedim=:nsion,Thi_d_¢snolimply,thatdislan_esI¢:_s

I thantourlimesthelar_csl_uurL:=dim.:nMon_tr=n¢,:e_:,arilyinthe roflment in which the nlea_uremenlsare madeshall 0
neurfidd. betaken inan "as is" condiliun.

3.4.3.2 Absorption Coefficient of Test room, 3.4.4.3,2 Field ,_fethod. To the exlem pus-
The average normal-incldence st_undabsorption sible,it is usuall)desirable',_ilileacoustlcalmeasure- _.
coefficient of all surfacesof the anechoicroom mentsarebeing madeto removeall objectsfront the
should be equal to or greater than 0,¢)0over the leSt area which are not part of the source or
frequency range of interest. The absorptiveIreat- necessaryfor its operation.
ment shall be uniformly dlstribuledoverall uf Ihe 3.4.4.3.3 I,aboratory Method. All objects
surfaces. Must anechoicrooms _ith absorptive whicharc notpart of the sourceor necessaryfor ils
wedgesat least I nl long meet this erilerhm at operatloa shall be removedfrom Ille anechoicor
frequenciesaho_e100Hz. semi-anechoicroom during the measurements,ex-

3,4.3.3 Obstacles and reflecting Surfaces. cept for the microphone and itsassociated hardware.
Sound reflectblg surfaces and obstructionsother
than the microphone and those associated with the
soundsource under test shall be absent from the 4. Classification of Noise by Type
room.

3.4,3,4 Free Field Abo_e a Itelleellng Plane. A 4.1 GeneraI,Thespectrum ufa noiseisinflaenced by
semi-aneelloic room t_itha free fieldovera reflecting a number of factors, such as die characteristics of the
plane shall incorporate all of the features described source(s), environmental condiliuns, etc. Tile spec-
in 3.4,3.1. 3,4.3,2, and 3.4,3,3 except that the floor ls trum may contain components al one or more
a hard. snlooth, massive plane surface, The average discrete frequencies whose amplitudes are sub-
normal-incidence sound absorption coefflcient:of the stantial[y higiler than those of componenls at ad-
floor shall notexceed 0.1 over the frequencyrangeof jacent frequencies.
interest. A concrete floor meets this requirement. 4,2 Types of Noise, The noises usuallyencountered

_'=-_- 3,4,4 Other Indoor Environments. For man) in practice are classified as steady or nonsteady
, sources, it is either desirable or necessary to noise.

" "_"' make measurements under conditions which are not 4.2.1 Stead)' Noise. The level of a stead), noise
optimal. For example, an indoor environment nlu_r remains t:ssentiallyconstant {that is. fluctuations are
have only a small amount of sound absorption. It negligihly small) during the period of observation.
may be desirable to leave the environment as it is To the typical ohserver, a change in noise level of less
while determining the sound levels in the environ- than one decibel is not likely to be detectable while a
ment when a particular source is in operation, Or, six decibel change _ill be considered significant. If
alternatively, it may he desirable to make the envi- the average noise level is relatively constant but the
ronmcnt nlore closely approximate the optimal con- spectral distribution of the sound changes during the
ditions described in 3,4.3 by introducing absorptive period of observation (as determined by listening).
treatment, the noise shall be classified as nonslead.v.

3.4,4,1 Requirements. When conditions indoors 4.2.1.1 Steady Noise Without Audible l)blerete
are not optimal, useful measurements can be made Tones. This type of noise is frequently referred to as
without excessive errors due to sound reflections "broad.band" noise;prominent discrete components
front walls or other surfaces provided that: and narro',','-bandsof noise are absent. The plot of

(I) The room has an adequate volume pressure spectrum level versus frequency is without
(2) The source is located sufficiently far from the pronounced discontinuities. See Appendix A for

walls and other reflecllng surfaces procedures to identify prominent discrete tones in
(3) The measurement positions are relatively close the presense of broad-band noise.

to lhesource(see7.3.2,1) 4.1.1.2 Steady Noise ',_tth Audible Discrete
(4) Local interference patterns are smoothed out Tones. This type of noise has components at one or

(see 8.3.1) more discrete frequencies which have significantly
I 3.4.4.2 _ualiflcatlon Procedures. Sectiun 10 greater amplitudes than those of the adjacent spec-
_ gives procedures for qualifying indoor environments trum (see Appendix A). Clusters of suchcomponents

as far as requirements (I) and (2) of 3.4.4.1 are or narrow-bands of noise mayhe observed. Th,:.
concerned, plotted spectrum obtained ,._ith a narrow-band an-

12
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alyzer has ver> sharppeaks (promin_m single-fre- duration of a single impulse is usually ]css than one
queney components) or Sleep gradients (nurrow second.Two subcatcgorics oflmpulsive noise are'.

_, bands of noise). The distinguishing feature of nar- 4.2.2.3.1 Isolated Bursts. One or more burstsrow-band noise is ha ts energy s concentrated in u occur during the period of ohservulion. The envelope
relatively nurrow portion of the spectrum, of the burst wuveform may be. that of u decaying

4.2.2 Nonsteady Noise. The level of a nonsteady translcnt or it may he of essentially consUzntampli.
noise shifts slgnificandy during the period of obscr- rude. for example, u tone burst. The burst spacing
vatlon. This type of noise may or may not contain (time interval hct_cen bursts) is such that each burst
audible discrete tones. The classificadon of non. is individually distinguishable with a sound-level
steady noisesdcpends upon the period of obser_alien meter.
which must bc defined for each measurement. 4.2.2.3.2 Quasi-Steady Noise. A train of two

- 4.2.2.1 Fluctuating Noise. The sound pressure or more burstsOccur during the period of observe-
level varies over a range grc=Lter than six decibels lion. Individual bursts in the train may have equal or
with the "slow" meter characteristic (see 8.]) and unequal amplitudes and the burst spacing (time
does not equal the ambient level more dnln once interval between bursts) may be uniform or nonun-
during the period of observatinn. AllernatJvcly. she iform. As the burst rcpmltion rate increases, the
noise may fluctuate between two or more Slcady resolution of individual bursts by a sound-lev¢l meier
levelssix or more decibels apart v_henmeasuredwith b¢comcs difficult; the noise is then classified as
the "fast" meter characteristic of a sound.level quasi-steady.

meter. Fluctuations may occur because of beats 4.3 Examples. Examples of sources of different
between two or more audible discrete tones having types of noise are given in Table 3.
nearly the same frequency.

4.2,2.2 Intermittent Noise, The sound pressure
level equals the ambient level two or more limes 5. Instrumentation for Noise Measurements
during the period of observation. The period of
time during which the leveler the noise remainsat an 5,1 Introduction. Noise measurements arc often
essentlally constant value different from Ihat of the made with a sound-level meter. When one or the

1_;,.;_, ambient is of she order of one second or more. built-in _eighdng networks is used to modlf) the::,_._} 4.2.2.3 Impulsbe Noise (Bursts). Impulsive frequency response of the instrltmcnt, the reading of
noise is characterized by brief excursions of sound the meier is called the soundleveland the _eighling
pressure (acouslic impulses) which slgnificamly ex. network usedmust b_ indicated. When no _eighting
ceed the ambient environmenlal sound pressure.Th_ is used. all frequency components in the range of the

Table 3

Examples of Sources of Different Types of Noise

Steady Nonsteady

WithoutA0dible Flucltlatin=z
dlscretetones Heas'ytraffictara:by)

Distantcity Poundingsurf
Waterfall
AiZ,.condiliohillgsystem(highvelocuy) lqtermUlenl

Aircraftfly-ovet
Withaudible Automobilepassingby
discrele tunes Trainpassingby

Circular saw
Transfottnet Impulsive
Turbojetengine Isolatedbursts

DIop forge hammer
.. DogbalkingPistolshots

Doerskimming
Electricaleircui(bleaker

II Quasi-steady noise

Rivaling
P_t:ulnalic hammer

_ --. Machinegun t3
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instrument arc passed csscntla[ly whhout alien- sound-level meter shall be used whose pcrforrnance
nation and the reading of the meter is the sound meets or exceeds the least stringent requirements of
pressure level. American National Standard for Sound Level Me.

The sound level (_eighted sound pressure Icvcl) is tcrs, SI,4-1971 (see Section 12). 0 I

useful ill ninny situations, h is particularly valuable 5.3,2 Fiehl Method. For field measurements, an
when noises are to be compared which have the same octave-band analyzer or a narrow-hand analy?er of
general character and when the human ear does not the constant bandeddth or ¢unstanl percentage baad-
readily recognize an)' importam qualhadvc differ- wldfll type shall be used. The microphone shall be
¢nces in tile composition of the noises, When tilt: detachable from tilt: instrunlcntadon for installation ...
sound-level meter indicates approxirnalt:ly file santo at the cad of a cable.

sound level for two noises, but the ear distinguishes NOTE: It an analh/¢r _ith fillersthat mc=tIh_r=quir=m=nt¢or
differences in the COnlposilion of the noises, a single ZnJ,m.pis] (superseded)is used.referenceshould bt: made to
number, such as the one a sound-level meier pro- American Ntttlnnal Standard Specification for Octave, Ihlf,
rides, may he misleading, OclaVC,andThird-OclaV¢BandFillerSets. Sl.ll.lghfl, on filters

[or II method tO corl_¢Tt Ih¢ sound prt!ssttr¢ l¢_'¢[ data to the
The single number provided by the sound-level ¢orr_spandinpvalucslorananal)tcrlhalincorporatcsthccurrcnt

runlet iS not suffieicnl for diagnostic purposes. For preferredoctave,bandteenierffcqu=ncies(s¢¢ S¢¢lion12),

studies that are concerned ,._ith the causes of noise 5.3.3 Laboratory Method, For laboratory men-
generation and methods [or reducing Ih¢ noise, a suremenls, instrumentation that meels the re-
frequency anal}sis of lh¢ noise is required, To obtain quirements of 5,3.2 shaft he used. In addition, the
this information, band-pass filters ,.,.'hose geom,:lric microphone shall meet file stability, temperature

mean frequency is either continuously or step-wise eoeffielcicnt, and ambient-pressure coefficient re-
variable are used in conjunction with the sound.level quirements of American National Standard SpoolS-
meter. The sound pressure level, in frequency bands cations for Laboratory Standard Microphones,
of known width, is then obtained. Eight octave-band $1.12.1967 (see Section 12).
fihcrs (for example, those with geometric mean

5.4 Precision Objectbes of Basic Instrumentation
frequencies of 6J, 125, 250, 500, IO00, 2000, 4000
and 8000 IIz) usually cover the significant portions Systems

,_..... of the audible spectrum and provid¢ adequate infer- 5.4,1 Preehlun of Calibration. Th=se systems shall

, • "_ be such that liley arc capable of beinn calibrated at a,, marion to characterize steady noise without audible _ _' I
' discret= tones. When audible discrete tones are discrete frequency bett_cen 200 Hz and 1250 Hz with

present in the spectrum, a spectrum analyzer having the following precisions (sec5.7):
a narrow bandv, idth (for example, third.octave or (I) Instrumentation for survey method: ±2 dB
narrov.,cr) may be required. (2) Instrumentation for field method: ± I dB

(3) Instrumentation for laboratory method: _0.5
5.2 General. Instrumomation for the three methods dB

of noise measurement is described in this section. A complete calibration over the entire frequency
5;2.1 Surrey Method (for Ambient Noise and range of interest shall be performed periodically with

Source Measurements). This method uses only'a a precision sufficient to ensure compliance with the
soand-le;.cl meter to yield Ihc weighted sound pres- frequency response requirements of 5.4.2. Call-
sure level (sound level), brations shall be performed in accordance with the

5.2.2 Field ,Method (for Ambient Noise and general principles of American National Standard
Source Measurements), This method usesoctav= or SI.4-1971.

narrower band analyzers and provides a frequency 5.4.2 Frequency Response, The frequency re-
analysis of the noise in a field environment which sponsc of an instrunmmalion system to a plane
may or may not be changed to approximate optimal progressive sinusoidal sound wave arriving at the

condhions, angle of incidence specified by the manufacturer or
5,2.3 Laboratory Method (Primarily for Source to sounds arriving at random incidence shall con.

Measurements). This method uses precision octave form to the requirements of American National
or narrower band analyzersand providesa frequency Standard $1.4-197i, instrumentation for the lobe-

analysis of tbe sound pressure levels produced by a ratory nmlhod shall satisfy or exceed the frequency
source operating in a free field or a fret: field abovea response requirements of the type of sound-level

rc0eming plane, hinter which hits the mosl stringent performance

5.3 Instrumentation spccifiqations. For the fi,:ld indthod, instrumentation

i45.3.1 Surrey Method. leer survey measure'meats, a shall satisfy or exceed the frequency response re- _a'i
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quirementsof the next most slringcnl sound-level besetcarefully in orderIn bewithin thisrange, If tile
meter specificationsand for the surveymelhod, the appliedsignalissettoo high. therecordedsignalwill

_.._ least, bcdistorted, andsubsequentmcasurcmcntsof Ihc
, 5.4.3 Microphone Characterislics.Microphone reproducedsignalmay be seriouslyin error. If the

charaeteristlusshall conformto tile rcqukementsof appliedsignal issettoo low, theinternalnoiseof the
American National Standard $1A-]971. Micro, recordermay override the sigmd in the frequency
phones for the laboratory mmhadshall satisfy or rangeswhere thesignalenergyis low,
exceedthe approprialcrcqulrcmentsof the:type of Since the signal-to-noiseratio is measuredand
sound-levelmeter with the moststringentperform- specifiedin severaldifferentways.acarefulreviewof
annespecificationsand.in addition,shall satisfythe thesignificanceof an)' particular specificationshall
stability, temperaturecoefficient,and ambient-pros- b¢ madt:for cridcal applications, Tile e¢fcct of Ihc

: surecoefficientrequirementsof AmericanNalional weighthlg characteristic(or prcemphasis)on the
Standard SI.4.1971. For the fieldmclhod, micro, signalto be recordndshall bcconsidered.

phones shall sulis(y or exceed the next most stringent 5.5.1.30lher Charaelerlsfles. In instrument-
sound.level meter specifications and for the survey arian recorders, the nlagnitude of the fluHer shall be
method, theleast, suffieiem[ysnlal] that measurementson Ihe repro-

5.4.4 Filter Characterhticb. The octave and third, daeed signal are not generally affected by it. unless
oclav¢ band fiber sets used for mcasurenlems by Ihe filterbandwiddls of I percent or narrow_:rare used.
field and laboratory methods shaft meet the re- Tile phase characteristic of a system is ordinariis
quirements o1 American National Standard S|.I I- of liLtlesignlficanc¢ in acouslical measurcmems, In
1966. In particular. [nslrumenlation for the field Ihose instances t_hcre accurat,: reproduction of the
method shall nicer a Class [ designation for oeta',,e, recordedwow:formisrequired, careful control of the
band filter sets and a Class I1 designation for third- phase characteristic is necessary, and the frequency.
octave band fiber sels. Instrumentation for the modulationprocess of recording is then the preferred
laboratory toothed shall mee[ a Class [1 designation procedure. For most noise-measurnmcnt appli-
for octave-band filter sets and a Class Ill designnlion cations either a direct-recording or a frequency
for thlrd-octave band lilter sets. Two other types of modulation process may h_ used,

_--=, spectrum analyzers nlay b¢ used far measurements
using the field and laboralor,',methods. One t_p¢ has When the phase characteristic is important, thevt ,,"_ _ a band,.'.,idlhwhich is a constant small fraction of die phase response of the s.'.stem (includingthe recorder)

center frequency of tilt: hand. The mhur has a shall ideally bc an increasing linear [uncllon of
constant bandwidth, frequency. Devialions from this ideal are frequently

specified in termsof the dday (slope of Ih¢ phase vs
5.5 Magnetic Tape Recorders. ]nstrumentalioa. frcqucncf:curt',:) producedby the system.
grade magaclie tape recorders are useful fur data The dynamic range of many s:,stcms will frequenl-
storage and may be used 1o supplemcm tile basic ly he inadequale for the recording of nonstcady
instruments described in 5.3.2 and 5.3.3. noise. For flucluating and intcrmittcnl noise, record-

S.5.1 Tape Recorder Characteristics and Oper- ings may be made at different levels on several
allan. The electrical characteristics that are usually recorderchannels, or the system gain may be adjust-
ofcriticalimporlaneeinthechoieeofatapcrecorder ed (either manaaily or automatlcalb') during the
for noise tunas.foments arc the frequency response period or observalion, A method must be provided
and the signal-In.noise ratio, for determining the magnitude and time of occur-

5.5.1.1 Frequency Response Characterfslle. A rcnce of the gain changes. When recording quasi-
frequency response characteristic that is uniform "sleady noist:, the signal peaks may be distorted
over the frequency range of 45 In I I200 Ilz is becauseof tile veryhigh crest factors (for example,
preferred. This response shal] b¢¢hecked frequently peak.to.rms ratios greater [hart 10) that are fro-
and adjusted foroptimal unlformity.Corrections for quently cacoumered. A rccording level must be
the remaining irregularities shall he applied to the chosen that makes a compromise: between an ad-
resuhs of an analysis of the signal if third-octavc or equate signal-to.nolse ratio and excessive distortion
narrower bands are used, of the signal.

5.5.1.2 Signal-to-Nnise Ratio. Ihe range in lev-
el from the ialcrnal noise h:velof qherecorder [o the 5,6 CalibrationandMaintenance of Insirumentmion.

I level at u,hich Ihe distortion exceeds 2 percent shall The instrumems used for the aeouslical measure-

be as v.,ideas possible. The applied signal level must mcnts shall be ser',,i¢cdat least onc¢ every t'.telve

_ us
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months in accordance with tbo manufacturer's in- (I) lnstalllng tb¢ microphone and [nstrumema-
structions. This shall include checking the perform, tionon a soft mounting.

,.'_ anne or all mechanicalcomponentsand clcclrieal (2) Removingthe instrumentationfrom the high
circuits and replacing substandard items. Thedate of sound levels and ndlizlng long cables: precautions
most recent servicing shall be written on tags at- are necessary Io minimize cable noise, that is, the
taehed to the instruments,To unsurethat die call- noiseproduced wben the cable hself is subjectto
hration of Ihe equipment has not changed during a vibration or flexing.
series of measurements, the instrumentation system (3) Installing the instrumentation behind sultabl¢
shall be calibrated acoustically according Io the barriersor enclosures: a mechanically soft mouadng
manufacturer's instruellons, A comparative cali- shall he used for tbe low-sensitivity microphones dlat
bration provided by a sound-level calibrator or are utilized for the mcasuremcnls of high sound
pislonphonc of knmvn sound pressure level is usually levels.
sails(otto D' for this purpose. The frequency response (4) Determining electrical noise and possible "ml-
o1"the complete inslrumentatlon system shall he cropbonlcs" problems by replacing the microphone
thanked periodically Io insure that the requirements with a bighly insensitive (duamly) n_icroghone,
of 5.4,2 are satisfied. For the laboratory method, 5.7.1.._ Low Sound Pressure Levels. A micro-
microphones sball be ealibralcd by comparison with phone used to measure low sound pressure Invels
reference standard microphones which are calibrated must have high sensitivity and low internal noise.
according to American National Standard Method When conneetnd to suitable Iow-nolsc amplifiers,
for the Calibration of Microphones, S1.10-1966 (see man)' piezoelectric, movlng.coil, and capacitor mi-
Section 12). cropboncs arc suitable for measurements of sound

pressure levels below 20 dB re 20_ N/m =.
5.7 Precautions To BeTaken When Selecting laslru- 5.7.1,5 Low-Frequency Noise. Piezoelectric and
men/aden some capacitor microphones are suitable:for measur-

S,?.l Precaullons (Field and Laborulory Methods) ing sound pressures at frequenciesdown Io fracl[ons
5,7.1.1 Wind (Field Melhod Only). To perform of a bcrzz. Special amplifiers are required for inca-

sound pressure level measurements in a moving air surenlcms o,rlow-frequency noisn. The low.freqnen-

"_"'x stream, a suitably designed _indscreen or nose cone cy sensilivily of = m crophone may :'ary considerably
..... ,A shall be utilized to minimize die influence of the air from the told-frequency sensltivily due to the pros-

stream on the output of the microphone. No such onceof a pressure-equalizing leak. Calibration shall
precaution is necessary if the wind noise is I0 or bc performed over Ihc frequency range of interesl.
more decibels below Ihe signal being measured in g.7.1.6 filch-Frequency Noise. For measure-
each frequency band of interest. Corrections for mnnts above 20000 Hz, miniature capacitor or
changes in microphone sensitivit', for the windscreen pinzoel¢ctric microphones usually glv¢ the mosl
or nose cone used during Ihe measurements shall bc satlsfaulory results.
applied to the observed sound pressure levels. 5,7.1.7 Hum Pickup. Whensound pressure I¢v-

S.7.1,2 Humidity and Temperature. High ha- els are to be measurednear electrical equipment, n
midiq,' or temperature will change the sensitivity or moving.cull microphone shall not he used. The
damage many types of microphones. The micro- inslrumeatafion shall be checked to make certain
phone manufacturer's instructions shall be carefull;,' there is no hum pickup in the instruments them-
followed to avoid such el(eels, selves. Hum can be reduced by moving the instru-

5.7.1.3 High Sound Pressure Lords. Many meats a_ay from tbe source of the magnedc field or
piezoelectric, movlng-coiL and capacitor micro- by selecting a proper orienlation of the instruments
phones may be used for the measuremenl of sound with respect to die atagnetlc field. .
pressure levels up to approximately 140 dB re 20 5.7.1.8 Cables. When a cable is used between
_N/m =, At higher levels, specially clcsigned alieru- the microphone and the acoustical inslrumentadon,
phones r.ith stiff diaphragms shall be used; I]IeS¢ the system shall be calibrated according to the
shall be calibrated at the levels to be measured and. if manufacturer's instructions with the cahle in use.

possible, over the entire, frequency range of intcresL 5.'/.2 Precautions (Survey Me/hod). Sound-level
At high sound levels, spcclal precautions shall be meters with integral nficrophones are generally not
laken to en_t_rethat "micropbonlcs" _rc not guile(, suitable fur a nleasurentenl program that requires
ated by th¢ transntlssion of mechanical vibration to the observance of d*especial precautions of 5,7.1,

the microphone or instrumentation, These include: 5.7.3 Additional Effects on Measured Data _"
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5.7.3.1 Ellecl of Observer and Meter Case on within ±5 degrees for the survey and field m¢lhods
Measured Dala and to within ± 2 degreesfor the laboratory method,

_1,_ 5.7.3.l.l.Survey Method. The sound-level
"liP':

meter shall be held in front of 1h¢ observer, The 6. Inslallation and Operalion.of Source
observer shall be oriented with respect to tile princi-
pal sound source so that the sound energy arrives at 6.1 General, The requirem,.mtsof this section arc
the microphone front tbe side unless some other applicable on[:,'to mea_.urements of sound sources.
orientation is specified by the instrument manu- In many cases. Ihe smmd pressure levels in the
facturcr, vicinity of a source depend upon the support or

5.7.3.1.2 Field and Laborntery Melhods, In mounllng conditions andupon Ihe manner in which
order to minimize the obstacle effect caused [_>r the the source is operaled. This section gives gem:ral
insertion into the sound fieldof the sound-le;'¢l meter recomntendations concerning inslallatiol, and oper.
and the experintentcr holding it, the microphone alien of sources, geference shall be made to individ-
sha bc connec ed to the sound analysis ¢quipmem ual test codes for more detailed information con-
by means of an appropriate cable or e_,tcnsion turning hlstailation and mourning conditions of spe-
connector and inounled on n tripod or other suspcn- uific types of sources (for example, relating ¢leclrical
sionsystem. The observer and all acoustical instru- machines).
mentation except microphone(s), associat_ pro- 6.2 /nstalladooofSIIoree. Whcncveratyplcalcondi-
amplifiers and cables should be located outside the tion of mounting exists for the source, that condition
test area, shall be used or simulated, if practicable.

5.'/,3.2 Microphone Responseand Oriemalton 6.2.1 Meehod of Mourning, Many small sound
5.7,3.2.1 General. Tile microphone call- sources (for example, ballasts for fluorescent lamps,

bralion applied to eompule sound pressure level electric clocks, etc) allhough themsch'es poor radi-
shall conform Io the way tile microphone is used in ators of low.frequency sound, may, as a result of the
the measurement: for example, free-field calibralion melhod of mounting, produce marked increases in
at the appropriate angle of incidence. It should hc low-frequency sound ,._henth,:irvibrational energy is
recognized that microphone calibrations are often transmitted to surfaces large enougit to b_ efficient

1_ _ furnished in terms or the pressure response, _hich radialors. Rcsiliem mounling should bcinterposed if:_..... may differ from the free-field response at high possible her,_cen Ihc device lo bc measured and the
: frequencies by as much as 9.5 dB for one-inch supporting surfaces so Ihat the transmission of

diantcler microphones, vibration to the supporl and Ih¢ reaction on Ihe
: 5.7.3.2.2 Sur'*ey Melhod. See 5.7.3.2.1. source are both minimized, fto;vever, such resilient

$.7.3.2.3 Field and l.aboralory Methods, The nlounls shah not bc used if the device under Icsl is
microphone shah bc oricmed with respect to the no res ent y mounted in field inslallalions.
source so that sound strikes the diaphragm at the 6.2.2 Plane Reflecting Surfaces. When a source is
angle for which the: microphom: was calibrated to mounted near one or more reflecting planes, its
have the flaltcst frequency response characlerlslic, radiation impedance ma3,'differ appreciably front
The variation of the response:with frequency shall be that of free space. If such a mounting is t3,'picalof
taken into account in each frequency band for field installations, the reflecting plane(s) sba[I he
maximum accuracy It should be noted that micro- considered to be a part of tile source. The optimal
phones arc usua I.'.'most sensiUvc for sound propa- cnvironnlcnt for a source mounted near on= rcflec-

gating perpendicular to the microphone diaphragol, ling plane is a semi-anechoic room (free-field above
However. the angle rcqulrcd to obtain the flaLIcst u reflecling plane). Sec 3.4,3.4,
response vs frequency will be a function of the
microphone design. It is [mpernlive lhal reliable 6.30perathm of Source. During the acoustical ml:u-
calibration data hc used to determine the angle of surements, [he source shall bc operated in a manner
operation for Ihe flattest response, h should be typical of normal use in n field installation. The
noted that a microphone may beextrcmel:,'sensitive following operational conditions may be appropri-
at high frequencies to small changes in orientation ale:

I for sound waves arriving parallel to the diaphragm. (I) Deviceunder normal food
Therefore. during a mcasurcmem of sound _hich (2) Device under gullload (if diffcrcal from (i))

I contains significant high-frequency components, it is (3) Device under no-load (idling)

_,,,__j advisable to maintain |he microphone oricmafion to 6,4 Tesl Resulls. The conditions under which lhc
17
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sourceis inslalledandopera,edduringtheacoustical Ih¢source,important directionaleffectsundimcrfer-

f,,._ testing shall be described in thelcst results, once phenomena may appear. Ilento, it may benecessaryto delermine thedireclivitycharacteristics

7. Microphone Positions as u function of frequency in order zo completely 0
specify theacoustical properties of thesource.

The sound fi_:ldof a source in tile presence uf one7.1 General. Microphone positions shall beselected
so that an adequate sampling is obtained of the or more rcflccling p[ane_ resuhs from a super-
sound field in Ihc ambient environment or in the position of the field of tile actuul source and that of
vicinity of a sound source. The number of micro- the image source(s). The direcH;'ity pattern above n
phone positions selectedshall bc adequateto de- reflectingplaneis gL:ncrallymore complexthanthat ,t
scribe Ihe ambient environment or specify the char- of the same source in a free field. !J
acleris[ies of the source. The number of microphonc positions shall be ,

sufficient to ensure that the sound pressure field in
7.2 Ambient Noise Measurements. When the micro- the v c n t_ of the source has been adequately de-
phone position is setccted, the purpLises of tire scribed for the purposes of Ihe measurements.
measurements must be carefully considered. The 7.3.1 OperatorPositions. If the source isattended
microphone shall be Iocat,:d at those positions nor- by an operator, one microphone position shall be
mall)' occupied b)' the ears of the p¢oph.'exposed Io located al each operator position (preferab y v,ith
the sound field. These people may be slanding, the operator absent). If tile operator stands, the
sitting, or lying down. When it is desired to plot microphone shall be at a specified height (for ex-
contours of equal sound pressure level, the re,.iuircd ample. 1.5 nlcters) above the floor plane. If the
number of nfiurophone positions ,.,,,illbc determined operator _;nor_ all) sea t: . ¢ m erophone s a be
by the degree of spatia[ irregu[arhy in the sound at a Io'._erspecified height (for example, 1.1 meters)
pressure field and the resolution desired. The dis- above die floor plane.
tanc,_ bet',roan miL:rophom:IocaLionsis to be spool- 7.3.2 Other Positions. In addition to Ihe operalor
fled in terms of the desired precision with ',dfich Ihe positions ( an',), measurements shall be made at
ambienl ,..nvironmentallevels are to be mapped, se'.'uraIIoealions in the vicinity or the source. When

•*"_" 7.2.1 Outdoors. The preferredheight of the micro- Ihesource is not highh'd reel onal n e suren en s on

.,.,-. phone abovn the ground for ouldoor meusurcntcnts four sides are frequently sufficient. _.VIl_nthe source _
is 1.5 meters• Other h*:ightsmay be used if they is highly directional, measurements Ill marc than 20
prove to be more practicabh:. For example, in different locations nla)' bc required. To locate the
making mcasurcmems near an open w[ndu_, the microphone,one of the following procedures may be
microphone shallb_.,centeredon the open;,,indue., used;the first procedureis suhablefor both indoor
and at a horizontal distance of approximatel) 0.5 and outdoor measurements; the second procedure is
meter front Ihc window, usually used for measurements outdoors when the

7.2.2 Indoors. The preferred height of the micro- microphone is a considerable distance from the
phone above Ihe floor is I.$ meters. Other heights source.

may be used if the)' prove to hemore practicable as, 7.3.2.1 Rectangular Array of MicrophonePosi-
for example, in making measurements in a room tions. The smallest possible imaginary rectangular
where the occupants ;ire normally seated (living paralleicpipcd that will just enclose the source is
rooms: microphone I.I metersabove tile floor) or ulilized fur reference purposes. AI least one vertical
v ng down (bedrooms: microphone 0.6 meter above side of Ih¢ paralleh..pipcdshall be parallel to one of
the floor), the verticalsurfacesof thesource.Minorprojections
7.3 Source Measurements. The distribution of sound from the source arc disregarded. Tile microphone
in the vicinity of most sources is complex. Large positions arc then specified with respect to die
nolse.producing bodies may have surfaces which parallclepiped. The key measuring puinls are shown
vibrate at man)' frequcncie_ wilh many degreesof in Fig. 2. Tile microphone shall belocated at each of
freedom. These bodies ma)' produce sound pressure the four ke)' measuring points.
patterns that are extremely cornpffcated.If the For smallsources_',hoscmaximum lineard[mcn-
wavelength of the emitted sound is large compared stun is less than 0.25 meter, the horizontal dislance

[ widl the dimensions of Ihc source, the sound may be between (h_ microphone positions and Ihe paral-
radiated uniformly in a[I directions. If Ihe lelepiped [s four times Ihe maximunl linear dimen-
wavelength is short compared with the dimensions of stun of the source. Alternatively for snmll sources,

"-.,-1' Fk.
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the location of thefourkeym_..asuringpointsrna',be of diecirclea_;shownin Fig. 3, The heightof the
described with respect Io the cunlcr of the paral- microphone aht,ve the ground plane is dctermincd in

f'_ h:lepipcd, For most sources _hose mnximunl linear tile same manner as for the rectangular array of _t
dimension is equal to or exceeds 0.25 meter, nlierm microphone positions Isec 7.3.2.1). As n mininlunl
phone positions located one meter from Ihe paral- requirement, measurements on the periphery of the
lelcpiped arc suitable. For large sources (or for circlcalnngulardisplnc_memsofO, 90, 180.and270
sources tltat produce higher lords at Lzreater dis- degrees in a horizontal pinna shall be obtain,:d,
tances than al one mctcr}, it nlay hc deslrahlc to hleasurcments may also be made at intermediate
select a larger horizontal distance (for example, two points o deq tatch' describe the sound field in the
meters) between the microphone positions and the vlcinR) of die source. The radius of the circle shall
paralldcpiped, preferably hc more than five: times die major source

For large or hi_.h[)' directional sources, addil[oaal dinlension, but never less than two times the major
measuring points marked off at a suitahl¢ uniform source dimension, hleasuremcnts at mlcrophon¢
interval (for example, one meier) from Ihe key positinns around the complete circumference _f the
measuring points may be used as supp e luntary circle of Fig. 3 nlay not be required for sound fidds

• m crophone pos ons f this spa¢intz results in two kno_rl o ¢_h b t spati fi'_nlmctricts. _.Vhenmeasure-
i •

se s of microphone posl ions near hc corner_ ,ff [ e mcnts at var;,,ingdistances front the source are to be
dotted rectangle of F{g. 2. it may he dasirabl¢ to ohlalncd, Ihc distance of the microphone from the
climinateoncofthetwosets. Theprefcrrcdhcight, h, source shall he marked off at suitable uniform

o1" the microphone above the ground plane is 1.5 intervals un either a logarithmic scale (preferred) or
meters. For special applications, it may be more a linear scal¢.
appropriate Io select h - H/2, but not less than 0,25 7.3,3 .',,licrnphnne Positions for Sound Po_er De-
meter, terminations, If a determination of sound potter is

7.3.2.2 Circular Array of Microphone l'osi- desired, microphone positions shall be selected ac.
lions. The microphone positions arc located on the cording to American National Standard SI.2-1962.

circumferenc¢ of a circle with Ihe source at the center 7.3.4 Microphone I'asitions for Mining Sourcc_, !

e_"_" Location o| ,Measuring Paints in Allernale Prescribed Pa¢lern "
t,

markedona_45.dege¢o
interv_lBbetweenkey
I_lnt$

2O
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The microphone positions used shall he those of 7.2 When d_e fluctualions of the indicating po}nter on
and 7.3. For movlng sources, the microphone may he the sound.level meter are less than ±3 dB using the

_ oriented so that thu highest souud pressure is incident "slow" meter characteristic. Ihe noise is considered
on the diaphragm from the dlreclion for wbich the to be stead)', and tile level is taken to he the average
microphone was calibrated, A erna ve y, the orion, of the maximum and minimum 4evels during the

ration may be such thai the sound pressure from the period of observation. A situation may arise when
moving source intpinges on the microphone din- the use of the "fast" meter characteristic indicates
phragm at the same angle of incidence throughout that the level fluctuules between two or more well-
the period of observation. Tile relative position nf the defined stead)' levels less than 6 dB apart. In this

source with respect to he microplonc, par cuarv ease. theprocedurcsofg.4.2.4maybeused.
the distance of closest approach, shall he specified. 8.2.2 Dam To Be Obtained. For sleady noise in

7.3.5 .'_,.licropbone I'osidons lot Sources'rha¢ Con- frequency bands that do nol contain an audible
thin Audible Discrete Tones. When audible discrete discrete tone. the following data shall be obtained.

tones are present (see Appendix A), the microphone 8.2.2.1 Sur_,ey Melbod. At each microphone
shall be moved in order to reduce the effects of position (see Scctlon 7), the sound level (_ilh A or
localized interferences fse¢ g.3). other appropriate weighting) shall be oblained. No

effort is required to conlrol or change the acoustic
cnvironmem.

8. Measurement of Stead}' 8.2.2.2 Field Melhod. At each microphone po-
und Nonsleady Noise sition (see Section 7). an octave-band or third-octave

band anal)sis shall be obtained. Exceplions to this
8.1 GeneraI. Thepurposeoflhisseetionisloprov[de requirenlenl are discussed in 11,2. No weighting

quantitative guidelines for dutermining the I)pe of shall be used for these analyses. If desired, the sound
noise (that is. stead}' or nonsteady) being measured, level (widl A or ollter appropriate _¢ighling) may be

and to prescribe methods for reading the meter of a recorded. For outdoor measurements of sources.

nolse-mcasuring instrument. Variations in the output cn_ironmenlal conditluns shall approximate as close-
of noise sources combined _ith short-term environ- ly as possible those described in 3.4.2. For indoor

_''"_"i mental changes affecting sound propagation result in measuremcnls of sources, environmental condilionsfluctuations of the sound level. The meier does not shall approximate as closely aS possible those de-

) respond instantaneously when a signal is presented to scribed in 3.4.3 unless it is desirable or necessary to
it; the reading at any instant depends upon Ihe work under the conditions of 3.4.4. in which case

amplitude of the signal a short lime before, the environmenlal conditions shall be full)described.
amount of damping tllat has been applied to the 8.2.2.3 I.ab0ralory Method. At each micro-

meter movement, and Ihe ral= at _hlch Ihe level is phone position (see Section 7). ;In octave-hand or

changing. Two ballistic characteristics are normall) third.oclave band analysis shall he obtained. Ex-
provided for a sound-level meter: "fast" and "slow." cepdons to Ihis requirement are discussed in [ 1.2.
The "fast" meter characteristic has a response time No weighting shall be used for these anal)sos. If

of approximately 0.l second, and Ihu response time desired, the sound level (with A or other appropriate
of the "'slow" meter characteristic, obtained by _¢ightine) may be recorded. The measurements shall

increasing the meter damping, is approximalely I be performed in an anechoic (or semi-anechoic)
second.The meter characteristics are specified more room that meets the requirements of 3.4.3.

precisely in American NafionalStandardSI.4-[971. 8.3 Procedures for Measuring Stead)' Noise with
When the fluctuations of the meter widl the "fast" Audible Discrete Tones

characteristic are greater than ±3 dB. tile "slow" 8.3.1 Meusuremenl I)rocedure Standing waves or
position shall be used. Exceptions Io this rule are large spatial variations in sound pressure are fro-
discussed in 8.4. quenfly produced by sound sources Ihat radiate

t* j8.2 l rocedures for Measuring Stead) Noise Without audiblc discrete tones (see Appendix A). In a free

Audible Discrete Tones field, standing _aves nlay be created by interferences
8.2.1 Measurement Procedure. When measure- bet_een sound waves generated at Iwo or more

,I taunts of stead)' noise are made in a frequency band separated areas on the surface of a large source. In a
that does not contain an audible discrete tone. the free field above a reflecting plane, destructive inter-
level corresponding to the rms sound pressure during ferences _i11 also occur at those locations _her¢ tile

'_ the period of observation is of grealusl interest, difference between tile length of the direct path and
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the path reflected front the plane ix an odd multiple minimum) sound pressure le'.'d producedby spadal
of a half wavelength. Indoors. standing trove inter, and temporal fluctuations shall he reported, These

' furnaces may he particular y pronouncer n ass the data are ohtained in uddhion to the data deserlhed in _ _ 4]roomisextremel_,.,)are.:oroptiml/ud asdescrihedin 82.2 for frequencyhands lhat do not ¢omain an
3,4,3. audible distrain tone.

At a particular point in such an interference field. 8.4 Prater urns lot Measur ng Nmseady Noise
the sound pressure level in a frequency band con. 8.43 General. Noises that are nonsteady areelas-
catalog the discrete tone is rare ._ relevant except sifted in -1.2,2as fluctttating 1raise,intermittent noise,
when evaluating tile effect of ntfise from a fixed
source on an ohservcr whose posJllon wlth respect to isolaled batsls, or qtlusi-sleady noise.Two kinds of temporal fluctuations shall bedis-
the source and all reflecting surfaces is clearl,, tinguished, For the first kind. the noise fluctuates
defined, fCv,:nthen il must he borne in inind Ihat the between Irvo or more well-deflned stead)' levels as,
interference field will shift in space t_ith slight for example, could occur during the cyclic operation
changes of temperature (speed of sound) or frequen- or a machine, The length of tlme the noise remains
cy (machine speed). Usuall_ it is more relevant to _;leady at each of the t_ell-defined levels is sufficient
measure either Ihe ntaxlnrum or the rms sound level to obtain an cstlmate of the average value for each
(or rms sound pressure level) during tile period of level uslng lhe "best" meter eharaclerlsli¢. For the
observation for a suitable choice of microphone second kind. tile level fluctuates ¢ontlnuously aver a
positions, wide range. For example, noise levels near a busy

To reduce the influence of localized interferences, highway may fluctuale over a range of 30 dB or
the n crophone may be mtlr'ed a one c rcu ur ares n more, and Ihe level does not relrudn at a steady eve
a vertical plane _tilh arc lenglhs of at least _/_' and for an appreciable lengtll or tittle during the periodof
preferably greater than _ t_here,,, is the wavelength observation.

of the sound at the audible discrete frequent) of An intermitmm noise is usually "on" for a time
interest, The mlcrophonu shall be moved at a rate of long enough to determine an average level using the
at least one traverse per second, but with a velocity "fast" meter characteristic. The "on" periods may
less than two meters per second to avoid the effects occur at regular or irregular intervals during the

.,,_.....' of wind noise, The motion of tl_e microphone shall period of observation, anti the noise levd may be _:" J 4[
not generate noise or vibration that affects the sound steady or ntay fluctuate during the "on" period.
pressure level readings. The center point of each arc There arc two distinctly different approaches to
shall pass through the measuring points of Section 7 the measurentem of intermittent noise. The con-
and the are radius shall be at least one heeler. The vemlonal approach utilizes standard iastruntent-
microphone shall continue in motion about each alton, and is described in Ibis section.Altcrna_ivel)',
measuring point for a sufficient period or time to the interntiltem noise may he Ireated ;is a burst or
perfillt an average reading to be obtained _illt the series of bursts, and tile methods or Appendix I1may
"slow" reaponse selling of the meter. Almraa veh he used.

the true rms pressure along the path may be deter- Quell-steady noise is a seriesof intpulses whose
mined by direct computation using analog or digital repetition ram is sufflc en h' high tl at te noisecan
technlques, be considered as steady (seeg 2)

To evaluate regions of maximum sound Ire'el. the |l is allen di/'ficult to dislingl_isbbclween i_olated
microphone shall he moved slo_l!., along a path bursts and quasi-sleady noise. When 10 or more
connecting the measuring points shown in Fig. 2 or impulses occur each second, the noise is nearly
Fig. 3 while s nlultaneoush' reducing tile influences ahvays quasi-steady, and nl;ly he conveniently men-
of localized interferences as described ahove, sured with tile equipn_em used for stead' noise

8.3.2 Dat_ To lie Ohlalned, When audible dis- described in Section 5, Whenone impulse persecond
crete tones are present, a narrow.hand analysis shall or less occurs, the noise nearly a ways consists or

be performed, In frequency bands hat con ain an isolated bursts, and may he measured using the
audil_le discrete tone. the ntaximum and average teahniquesdeserlbed in Appendix !3.
sound level or :;pond pressure level observed during In tbe range I-lO impulses per second, the dlstinc.
each traverse or tile microphone _ihallhe obtained. If iion is much less clear. An estimate of tile a_eraue
the sound pressure level fluctuates due to beats level, the magnitude of the [luetuations in sound

I between noise sources, the "slow" selling of the pressure level, and an oscilh_seopepbotograph of the

meter movement shall be used; the maxinrum (and envelope or at least 10 bursts are useful, and provide _ i
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a descriptionof the noise. A calibration of the where
verticalscaleor Ihe oscilloscopein t.:rmsof sound N = thetotalnumberof observations

_,,_.._ pressureor soundpressurelevelshallhemade. Li - thelevelat eachobservationl[ the tlme scaleof the fluctuationsis suchas to
8.4.2 MeasurementProcedures.Becausethechar- make thisprocedureimpractical other techniques

acteristiesof nonstcadynoisearc difficult to define suchasdirect computationel Ihe rmspressureby
quan ave y I cprocedure o befollowedin read- analogor digital meansare required.
ingtile sound-levelmeer v.. varyw I the ultimate
useor the measureddata. The type or data desired NOTE:A usefulr_lc.ol.thurabisthat=henumberofobscrv=tions
usually falls into one of flve categories,, shallequaltherangeortherlucluationsindccihch,

(I) An estimate of the level corrcspondblg 1othe 8.4.2.2 Estimates of Central Tendency. The or.
true rntsvalue of the sound pressure (rnls level)for a crate indication of the meter may he estimated by
specified period of observation. (S¢¢8,4.2.1.) following the procedure of 8.4.2.1 and using the

(2) An estimate of central tendency,'(for example, following equation:
the average level) during the specified period of I N
observation.(See8,4.2.2.) 1, = _ _=_jl, t (Eq 2)

(3) An estimate of the maximunl and minimum
levels (using the "fasl" or "_low" meter character- to estimate the average levd. A better ,estimate of the
istic) during the specifiedperiod of observation, (See average le','d may be obtained if the average is taken
8,4.2.3.) only over the middle 50 percent of the readings.

(4) An estimate of Ihe level during Ihc "on" time The melhod of averaging shall be reported with
of an intermittent noise, or an estimate of the levels th= test results. If the tlm¢ scale of the fIuetuations is
that occur when a noise fluctuates between tx_oor such as to make this procedure impractical, and the
more well defined values. (See 8.4.2.4.) fluctuations arc less than ±5 dB, Ih¢ average o1"the

(5) An estimate of the variations in level with maximum and minimum readingsapproxirnatcs the
time. (See 8.4.2.5.) average level.

Data are obtained by observing the fluctuations of 8.4,2.3 Estlmates of Maximum and Minimum
the pointer on the meter of the noise.measuring Le',el. Tile maximum and minimum level during the

instrument. The observed readings are not indepen- period of observation can be de era ned by obscrv._""j " dent because a finite time is required for the pointer ing Ih¢ meter using the "fast" or "slow" cbaracter.
_='" to assume a new value. When using the"fast" meier istic. When the lime required for a variation from

characteristic, at least one-half second shall be minimum to maximum is five seconds or more, the
allowed between observations: when using tile "slow" meter characteristic may be used. For more
"slow" meter characteristic, the interval hclween rapid variations, the "fast" meter reading is more
observations shall be at least two seconds, rclc;'ant.

8,4.2.1 Estimates of Ille LeYelCorrespondingto 8.4.2,4 Variations In Steady Level, For inter-
True rms Sound Pressure. If tile flucluations of the mlttent noise Ihat ',,ariesbet_een r,vo or more well.
pointer on the indicating meter are bclween d=3dB defined stead3' values when observed using the "fast"
and ±5 dB ("slow" meier characteristic), the Iced or "slow" meter characteristic, tile rms level for each
correspondingto the rms sound pressure is approxi- steads, value is usually of interest, and can be
mutely 3 dB below the maximum level:wben sucres- obtaim:d using the "slow" meter characteristic when
sire excursions are observed to have different max- the levelis stead), for fiveseconds or more. For levels
imum lords, the level is approximately 3 dB below ha arc s cad',, for one to five seconds, the "fast"
the mean of the maximum levels for several ex- meter cllaracteristie shall be used. For shorter bursts,
cursions. I r the range of the fluctuations is greater the maximum value of the "fast" meter readingshall
than _5 dB, the estimate of the levd is less curtain; it b¢ recorded,or the noise shall be treated as intpulsive
may deviate front the true value by several decibels, or quasi-steady.
An estimate may be obtained b_,'reading the sound 8.4,2.5 Determlnalion el Ihe Variations in Let¢l
level meter I0 or more times during the period of with Time. The survey method is not useful if the
observation. The level is estimated from the follow- history of Ie'.'el variations is to be determined be-
ing equation: cause a recording device is reqnlred. The electrical

and mechanical characteristics of the device shall be

_I L = 10 log N i_a 101° (Eq I) such that the history of the fluctuaiiu,l:, of theindicaling meter can be delcrmined,

x_... 23
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g.4.3 I)uta To IlL; ()brained the source not operating shall, if possible, b_ deter-
8.4.3.1 Surge) .S,lelllod. If Ihe noise is rlucluat, mined at [',p c cry)phone oca ons n _ frequen-

ing bet_vcen t_o or more wcH defined values, the c)' bands. If the increase in the sound pressure ]c_cl _I,
value at each Ic'.'el shall be r¢c_arded, Ir tile le','el n an',, g yen hand with the source operating, con)- _i_
[luCluale_ constantly over a range greater dlan _:3 p;ired to the ambient sound pressure level alone is I._
dB using the ",,low" ntcter characteristic, lhc nlax- decibels or nlor¢, liltz sound pressure level due IO
imuln and mlninlum values _nd the rnls or average bulb the source and _ntbicnl sound _ csscnl _ I_ te
level shall be recorded, sound pressure level due to lh¢ source alone. This is

]r the noise is inlerndltent, the level during the lhe preferred uondition, hal is rrequcnlly un-
*'on" period is usually of grealesl inlerCSl. The attalnahle in the field.

average or rms level during thn "on" perlud shah be it" the increase:in sound pressure level in an.'.given
recorded, band. _ith lhe sound source operating, compared to

]I" the noise is qua_i-stc;ldv il inns,' he rea ed as the nmbicnl sound pressure Iceel is 3 decibels or less.
stead), noise with the exception thal the s)stunl gain the sound pressure level duc to the sound source is
shall bn udjusted so dlal the level is measured at lh¢ equal to or less than the amhienl sound pr_..ssure
lowest possible position on the indicating meter level, and the t_o contributions cannot he properl._
seato, The meter may read on'scale if the system gain separated _ith the measuring techniques described in
is increased b)' I0 dlL Ilu_vcr Inan_ instruments rids standard,

will produce an inaccurate reading because or the 9.2 Sur_uy and Field _lelhods. II" lhe increase in
highcrestfactorusual[)'cncoumercdinquasi.stead) sound pressurelevelin an)'givenband. s_ilhIhe
nolsc, sound source operating, comparnd to the amhiem

g.4.3.2Reld and Laboratory31elhods.A mug- sound pressureIcy'el.isbet_cca4 and 15 dccibnls.
netictaperecordingm_y he ohhdncd of lhc non-

thesound pressure]_veldue tolhesoundsourcemay

scad,.'no sc T¢ pcrl'Llrmthel'requcne'.,m_hs s.the bcappro,_imaledby applyinglh¢correctionslistedin
loperecordingshallbe p a'.edback through lhc Table 4. These correctionsare based on the as-

instrumentation s)slcn) containing a spuclrunt an- sumption thai the indicating nlcler glvcs a cIos_
al:,'zer, and a separate plat hack shull hc made each approxlnlati¢in of the value ol'dle rats sound pressure

(':'_'-, lime tileselectedl'rcqucn_:',of the anal)'._cris level.It is ulsL_assumed thatthn amhiem sound _.
l

, changed.Allernalivchan endlessloopoftapet a_ pressureand thesound pressureduc to the sound
......='" bcuscd orthe_na'.ss oraparallesc urn u'.,'crs sourceareincohcrcnland can thnrcl'orebe added on

h,_ving lhc desired band'.',iddl characteristics n]u) be a pressure-squared basis. When lhc contributions
used. from source and ambient sound are parliall) cube.

A dcscrlption of the fihcr outputs as a functi_n of" rent, phase relalions are important and corrections
lilac depends upon the nature or the signal, For in general tcrnls cannot bu stated.
flUclualing noise having ls_o or marc well.defined
stead)'Inlets.therms levelscan bccslJlnalcd(oreach 9.3LaboratoryMethod. Sinceprccisionmcasur¢-

frequcnc_ band of nlcres mcnts arc carried out under controlled environ.
For noiseIc_'clsthu[fluctuatecontinu¢_uslyo_,cra mcntalconditions,thecombined leveloi"[haambient

wide range, [he ma:dmum and ndnimunl levels shall noise and tllc instrumcnt noise shah bc at l_ast IO
be detcrnllncd,and lhcrms or averagelevelshallbc decibelsand prnfcrnb]y15 or mar= decibelsbelow
¢slinlnted. thesound pressurelevelsgeneratedby lh¢source:in

For intermittent noisc, the m'eragn or rms level eachband wilbln the rrccluency rangeof interest.
during [he "on" time shah be cslinlatedin each

l'rcqu_nc_band of interest. I0.QualillcalionProcedures for
For quusi-stcadyn.aise,themelbods of"g.4.1shall Indoor En.,ironmnnls

b= used.The peak Ic'.'elsshould,however,bc nlon-

i[orcd with an oscilloscope to ensure thai no clipping Ig.l Procedure When Source Can Be _lo_ed. One

occurs in lhe amplifying or recording syslcnls, useful qualification procedure for checking items (I)
and (2) in 3.4.4.1 is to rcmow the source under

9. Corrections for Ambient _(d,le I)arin_ e_'aluatlon, and to place n reference sound _=_ureent
Sourco _le_Isor_menls selectedpoints'._hosclocutionsarc definedwith

respectto tbcrcclangul;_r parallelcpipcd(sac7.3.2.l
! 9.1 GenL'ral.The anthicntsound pressurelevelwith and Fig.2).The referencesourceshallhavedimcn-
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Table 4
Corrections for Ambienl Sunnd PressureI.evds

_'_t DEference Decibels) Bel_ecn Correclian (in/.leeilwh) 3"0Bc
lin

Sound PIe_Ule Level Men,tired SIIUlFuCled From Sauna Pr¢_,ute

wilh Sollr_d So.roe Onclating Luw] Measured wnh Shtund .'qo.lc¢
and Amhlenl Snl/nd Pt¢_sllr¢ Opetaling ']'o Ohlglin SollIId Pf_sqf_

Level Ahm¢ Level I)ue h) Sound Source Ahme

4 2.2
5 1.7
6 1.3
7 1.0
8 0.8
9 0,6

I0 0,.1
11 0.3
12 0.3
13 0.2
14 0.2
15 0.1

NOTE: Fol 1hesllrve_.'and li¢lfl m¢lUod%correclionsol'less Iltan n.5 dll
ate scldoxn n¢ccsglrS'.I:ol Ilia]ahu_aluryIllulhoa, u nlgasurgmctRshallnol
be ¢onsidetcd valid if the correction exceeds 0,5 dB, I_xccptionsIo the
laltcr tcquitemcnl ate discus_d in I 1.2.2.

sinus that are small compared with the wa,.,¢[ength of ¢'.,aluadon. the nleasurcmcnl procedure of 10.1 may

sound al the lowest frequency of interest, shall be folloe.ed using the actual source instead of the
radiate broad-hand sound energy having no audible reference source.
discrete Iones. and shall be rula/b'cl) onmidireetion- NOTES:
el. The sound pressure level produced hy the refer- (l) The secondpr_¢¢dur¢(IO.21.*ill b¢ diffictnl io use it the
enc¢ source shall he at Icasl IOdB above the alnbicnl source radiates audihl¢ discrete tune+. The space av,:raging

level in Ihe frequency hands of interesl, procedureof 8.3,1 shallbe uwd m ensurethat a minimumin the• interferencepatlcrrti'inot taken as tcprqsct+lall_¢or the sound

_,,,_"_._ Tile reference sound source shall be operated on field at the k¢) orothermeasuringpoints,
"m_ +j tile floor at each of the polnl,; _) ou the paralleleplped tat Ifthe cmirunmc,t is nolor cannotbequalifiedaccording Ioone of theaboveprocedures.Ihls irfformationshall he reported

"_ shown in Fig. 2, The sound pressure ,:'-'els at the ke) _nh the I¢_1results.
measuring points shall be compared with the sound
pressure levels nlcasured at conVClllenl intervals (for

example. 0,25 nlcler) along a line passing dlrough I I. Reporting Sound Pressure Level Dala
each key measuring poinl and perpendicularto the

surface of the parallelepiped. Tile closest point of I1.1 General. The folloe.,ing information, when ap-
measurement shall he I meier franl =:aeh key inca- plicahle, shall be compiled and reported for measurc-

suring point (for example. 2 meters from tilt: paral- meats that are made according to the requirem,:nts
l¢lepiped), If at oneor more poims along the line the of this standard.

level is at least 6dB below the level at Ih¢ k¢_ 11.1.1 Souud Source Under Test (Source Mea-
measuring point, the direct sound energy will usually suremenls Onl.v)

ha sufficiendy greater than the rcflucled sound an- (I) Description of Ihe sound source under lest

orgy thai the environment approximates a free field (2) Operating conditions
over a reflecting plan.: for survey and field measure- (3) Mounting conditions
ments. If the difference is less th;ln 6 dlL the room 1I.I.2 Acoustic En,dronatent (Indoors)

can often h¢ modlflad to nicer this objective by (I) Location of sound source(s)(ifan_)
covering the v,,alls and other large surfaces near the (2) Dimensions of test rodin; description of the
measuring points with sound absorptive materials, phvs ca treatmenl of the walls, ceiling, and floor:

sketch showing tile location of source(s) and room
10.2 Procedure When Source Caunol Be ._,hned. If contents

II the source being evaluated cannot he remov,:d from (3) Qualifications of test room (see Sections 3.4.4
' the lest site. oi if the sound prcssurl: Ic_cl produced and I0)

i by the reference sound source is not 10 dB abme the (4) Air temperature in degrees Celsius. relative

_t ambient levels produced by Ih¢ source undcr,_o ng humidity in pL:rcent, and barometric pressure in

"x,,./ 25
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milJimctcrsof mercury (fiordand lahoralory mclh- to 10,25, or 50dB.

j_ adsonly) (S) Thedurationo[thc period ofobservation,
; I 1.1.3 AcousticEmironment(Outdoorsh(Survey (6) For sourcemcasuremenls,thesoundpressure _)

and fidd methodsonly.) levelsin decibelsof theambient environmentalnoise
(I) Loealionof soundsource(s)(if an)') with thesourcenot inoperationshallbegiven rc 20
(2) Dimensionedsketchandphologrnph(s)ofthe #N/m =.

test area showingbuildings, lrces, slruclurcs, and (7) The date and time when the measurements
other reflectingobjects wereperformed.

(3) Physicalandtopographicaldescriptionof the 11.2 Comparisonof Data. When the data obtained
8roundsurfuce from measurementsmad= according to the re-

(4) Meteorological conditions at a specified quirementsof this standardarc to hecomparedwith
heightabovethe ground:air Icmpcralur¢in degrees other ucouslicaldata,great,:are shallbeexercisedto
Celsius, retalive humidily in perc_:nt,harornelric ensurethe validity of thecomparison,
pressurein millimetersof mercury,winddirectionin 11.2.1Comparison,_tthOther MeasuredValues,
degrees of azimuth, and averagewind speed in In order for a valid cmnparison Io hemade. it is
metersper second imperative Ihat the condilionsunderwhich the t_o

11.1.4 Instrumentation sets of dula crete obtainedbe as nearlyidentical as is
(1) The equipment used for the mcasuremcnls, practicable. Section I I.I lisls the information to be

including name. I).pt:. serial number, and manu- compiled and reported as part of a series of sound
faclurer pressure level measurements. It is particularly ira-

(2) Bandwidth o[ frequency analyzer (field and pertain Ihal the environmental conditlons as s_cll as
]aboralor.. measurements only) the operating andmounting conditions forthe source

(3) Frequency response of instrumcnlation s'.stem (if any) be nearl) identical.
including ¢.clghling used (if an)') I1.2.2 Comparison with Prescribed Values. Fro-

(4) The time respunsc of the measuring s'.slem: quenlly, sound pressure level measurements arc
that is. "slow." or "fast" resp_lns¢,or alternate m;tde to determine how Ihc meilsured data compare

r_"_ approprialcdescription with a prescribed value or set of values. Four il_
.... (5) For the field and laboratory nlclhods. Ih¢ dlfferenl lcebniques, based on sound pressure level

I

method used to calibrate Ih¢ microphone and the data obtained at a given microphone position, are
dale and place of calibration commonly used to obluin the values Io hc cornpared.

1l.l.5 Acoustical Data In some cases, field or laboralor.., mca_;urcn_entof
(I) The locations and orientation angles of the the sound level may he all thai is r¢quircd for

microphone (askelch shallhc includedifneccssar',), comparison with prescribed values, in this case.
(2) The sound pressure lords ohlui,ed, for all ocla¢c-or thl_d-oc ave hand dua ;ire no rcqmred. If

frequency bands or weightings, or boll used. in no interfcr.:ncc effects arc present, the ambient noise
decibels with reference 20/1N/m =. Whenappropri, requirementsof Section g may be relaxed. However.
ate. the maximum, minimum, and eslintatedaveruge the measured level will not be that of die source
or rms sound pressure levels shall he reported as alone, and in the presence of inlerfercnce effects th.:
required by 8.4.3. level measured with tile source operating m_y b¢

(3) Tile correcHons in decibels, if an)'. applied in lower than the ambient level.
each frequency hand to accounl for the frequency 11.2.2.1 Oela_e- or Third.Ocla_e Band Levels.
response of Ihe microphone, frequency response of The sound pressure lords prescribed forcomparative
thefilters, ambient noise, etc. purposes may bc spccified in either octave hands or

(4) The corrected sound pressure levels shall be Ihird-oclave bands over the fr=:quency range of
tabulated or plotted to the ncarcsl decibel forsurvey interest. Lower and upper ,.:ut-offfrequencies of 45
and field measurements and to the nearest half and I I 200 liz arc usuall;., adequate, ilo'.vcvcr.
decibel for labora.lury measurements. For plotting special eircumslances may require the use of hlghcr
the results of measurements obtained with II_efield or lower cut-off frequencies for Lhe filter sin. The

i and abora or.'.'methods suggested fortualg cgiven level'; prescribed for coutpurutiv¢ purposes may be
i in Fig. 4 for octave, and th rd.oc ave band nalyses given on un octave.hand or lhird-oclav¢ basis. Only
= and in Fig. 5 for narrow-band analyses The scale the field and laboratory., melhods yield oclav¢- or
! length on the ordinate of Figs. 4 and S. correspond- Ihird.oc;av¢ band dula thai may he used for com.

I.=_j ing to a 10:1frequency ralio on the abscissa, is equal parativ¢ purposes.
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i:

31.5 63 125 250 500 IO00 2000 4000 8000

FREQUENCY IN Hz

Fig. 4

Preferred Format for Reporting Octa_e- and "l'hird.Octa_e
lhmd Measurealents ol Sound Pressure Level

11.2.2.2 Sound Le_eh, The ¢.ound-levcl value sound level A. Shap,.:s o[ standard weighting curves
prescribed for comparative purposes may be, for aregivcninAmericanNaUonalStandardSI.4.1971.

example, sound level A. The measured value may bc It is not recommended that the calculation procedure
obtained by using eittlcr the surt'ey, field, or labora- be used _shenaudible discrete tones are prcscm in Ihe
tory methods. Altemativd.','. an approximation to spectrum of th¢ noise.
the measured value may be ¢_htained with the ficld or 11,2.2.3 Band Selection. The value prescribed
laboratory methods b) app ','lag ,:arr,:L:tions to each for comparative purpuscs nlay be based on a band
octave- ur third-octave band ]excl. The resuhanl . selection ntethod. M_asured oeta¢c band sound pres-
mean-square pressures in cal:h band are t.hcn ;iddcd sure levels arc converted to i1¢.._,v,du¢s hy means of

and com'crted to a logarithmic quantity.' such as an equation, a set of tables, or a family of curves.
L
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20 50 I00 200 ,500 I000 2000 5000 IO000 20000

FREQUENCY IN Hz

Fig. 5
Preferred Format for Reporting Narrow-Band Measuremenls

o[ Sound ! ressure Level

The highest number caleuktted by this procedure is new numerical values. These numbers are then added
usually selected as the single-number value. Data with sui[_tble _eightlng. h is common practice to use

that are converted by this tcchniqutJ must hc obtain, a weighting of 1.0 for tile highest number, and
cd using either the fie[d or laboratory methods. A smaller wulghtings for die remaining numbers. The
correction is often applied if audible discrete tones resulting sum may be converted to a logarithmic
arc present in the spectrum, unit. For example, the band pressure levels may b¢

11.2.2.4 Band Summation. The value prescribed converted to loudness index, weighted and summed
for comparative purposes may be based on a band to yield a loudness in soncs, and then converted to a
summation method. Measured octave- or third- catculated loudness level in phons,

octave band sound pressure levels are converted to (Reference: Anlcrican National Standard Proce- 0
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dur= [or the Computation of Loudnessof Noise. 12. Revision o[ American National Standards
$3.4-197l 1s¢¢Section 12J.)Dala that arc convcrled Referred Io in This Document

• by this technique must be obtained by either th,: field

_ methods. A correction isoften When the following American National Standards
or laboratory applied
if,audible discrete Ion_:sare present in the speclrum, rt:ferred Io in this documt:nl arc superseded by a

envision approved by the American Nalional Stan-

11,2,2.5 Band A_eruglnR.The value prescribed dards lnsfitau:, the revisionshait apply:
for ¢omparali'.'e purposes may be based on a band American Nndona] Standard Acoustical Termi.
averaging method. Measured octave band sound nology S1.1-1960American Nalional Slandard Method for Ihe
pressure low:Iscovering a restriclcd frequenc:,'range Physical Measuremcnl of Sound, S1.2.1962 (RI971)
are arithmetically averagr:dto obtain a single.num.
her value. This value is tllen compared v,,ith tile NOTE:ArnerieanNalionalSlandardS1,13-197lrepresenlsa
prescribed value. Data that are converted by this revisionotSeclion2of AmericanNatlonaISlandardSi.2.1962+
technique must b+:oblained using either tht: field or American Nallonal Standard for Sound Level
laboratory mclhods. Meters,SI.4-1971

American National Standard Preferred Fre-

11.2.3 Choice of Methods, for Comparing Data. quench:s and Band Numbers for Acoustical Men-
Data obtained by the survey method may b¢ cam- surements. SI.6.1967
pared by use of the proceduresprescribed in I1.2.2.2 American National Standard PreferredReference
only. Data obtained using the field or laboratory Quantilies for Acoustical Levels, $1.8.1969
methods may b¢ compared using any of the tech- American National Standard Mclhod for Ihe
niques described in 11.2+2,For diagnostic analyses Calibration of Microphones. S1.IO-1966
which are underlakcn to ¢slnblish a basis for ungi- American National Standard Spt:cifieatlon for
nccring action when noise control is desired, the Octave, Flalf.Oclav¢ and Third-Octave Band Filter
techniques described in 11,2.2.1 and 11.2.2.3 have Sels, SI.II-1966
proven useful, For relating measured sound pressure American National Standard Specifications for
level data to Ihe subj¢cliv¢ effects of noise, the Laboratory Standard Microphones, $1.12-1967

(_t'_ techniques described in 11,2.2.4 and 11.2,2.5 have American National Slandard Procedure For theproven useful. Compulation of Loudnessof Noise, $3,4-1971
% ,
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Appendix A bandwiddlanalyzer (approxinla:ely 7 percent) when
Idcntiilcation el"Prominent Discrete Tones X is specified as being 10 dB, The response or the

narrow-handana[)'zer isdown3 dB at ±3,5 percent

AI, Prominent Discrete Tones of the selected frcquchcy,
As it is not aiv.raysobvious at ,.'.hat frequency d_¢

A discrete tone will be audible in Ih¢ presence of sound pressure levels should be chosen in ordL:rto
wide-band noise if its sound pressureh:vcl c_ceeds obtain the urithmelic a','crage of the band pressure
thesoundpressurelevelofthenoiseina Fletcher levelsoneachsideofthediscretelone.themeasure-
critical bandcenteredat that frequency,In general, nlentprocedurerequiresclarification. In the ideal
the tone is just audible (at its masked threshold) ca_¢ of a discrete tone supcrposcd on wide-band
when its t¢','¢Iequals that of the noise in the Fletcher continuous noise. [he selcctivity curve characteristic
critical band centered at the frequencyof the tone of the filter in the narro,.v-bandanalyzer will hc
(Reference I). This is the relationship used to d_:finc traced wilh its center at the frequency of the discret¢
the width of th_ Flctdlcr crltical band, andltlsvalid tone. If the observed hand pressure level versus
for masking noises havingconfinnous spectra _'.'ith- frequencycurve deviates from the selectivity charac-

ter st ¢o I c narrow-band ann yzer a _¢frequency
out exccsslve slopes. Noise spectra obtained using of the discretetone, this is an indicalion that muhipl¢
constant percentage bandwidth filters having slopes discrete tones or narrow bands of noise are present.
greater than approxinlatdy IOdB peroctave (partic-
ularly negative slopes and high levels) nlay pruduce The procedureof Section A2 should be followed,

• retnot¢nlasking for _hich the Fletchercritical band

['_=_"_ conceptisnotvalid,A prominentdiscretetonebedefined as a tone whoselevel is aspecified numbernlay _l_,
Of decibels (X) or moreabove the Icvd ;Ltwhich the
discrete lone would bcjust audibl_ inth,:prcsenc_of
wide.band continuous noise, In many practical situ-
ations, a discrco: ton=:wouldbe classifiedas " promi-
nent" by a panel o.r listeners if Ihe specified number TableAI
of decibels(X) is between5 and IS. The valueof ,V FleleherCriticaltlandwidths(A) asa
must be selected by the user of this procedure, Function of Frequency

To detcrnlineifa discretetoneispronlinent,the Fz=quency I'¢
filler of the narrow-bandanal;,.zerused for tile OIz) (Hz)
measurementsshouldhave a bandwidth that is loo 87
approximatelyequalIoor lessthan thewidth of the 200 $2
Fletcher critical,band, [c (see Tabh: AI), A promi- 315 so
ncnt discrete lone is presen[ if die sound pressure 400 .so630 53
level of the tone measured_ith a t'ilterof band_idth sou s8
._f is at least iX- 10 ingle(/af/fv)] dlI above the IO00 63

1250 71
arithmetic average of the band pressurelevels men- 1400 76
suredon each side of thediscretetone,The term 160o 83
10 Ingle(_'[/f¢)relates the band pressurelevel men- 1800 91

2000 98
sated with a band ',A/in width m Ihe widlh el"the 2500 120
Fletcher critical band if, The valu¢ of X is the 31so ISO
specified number of dccihe)s in the dcfinilion of a 355o 173

4000 204
[ promin¢ntdiscr=:tetone. 6300 404I

The carve of Fig. AI may be used to identify a 8000 589
I prondnent discrete tone with a constant percentage 10ooo 832 0
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Fig. A I

D_,_ Criterionlot theProminenceof a DiscreteTone "• BasedonTentb-OctateBand_vidth

A2. Narrow Bands of Noise A3. Alternate Procedure

From a praclical standpolnl,no distinctionneed Another prooedurc_'oridentifyingprominentdis.
b= made betweenmultiple discretetonesclustered crcle tones in the presenceof broadband noiseis
togetherand narrov.,bandsof noise.However.a describedin Reference2.
narrow band of noisemay bedistinguishedfroma
singlediscretetone if Ihewidthof thenarrowbandas
plotted can bedistinguishedfrom die baadwidlhof
the analyzer,Considerablejudgment must be ex-
ercisedin sctcctingthe frequencieson either sideof ReferencesIo AppelldixA
the narrow band of noiseat which the arilhmelic
averageis to bacalculated.It is usually appropriate (I) FLETCHER, IL Speechand//earing in Cam-
to selectpoints that are between±2 and ±4 hand. man/co/ion. New York: D, Van Nostraad Co, lnc,
w dths from he selected frequency (for exan pl_', a 19.';3,p 101.

[ ? percent analyzer is set to 1000 IZz, Licepoinlsat . (2) S¢clJoll S36.3, Federal Aviation Regulations.
b which the average is lakcn should be 140 to 2l_0Ilz Published in the Federal Register, vol 34, no. 22h

[ _ aboveand below IO00Hz). Nov 18, 1969.
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Appendix B

/kleasurement of Impulsive Noise (Bursts) _'_'

BI. Introduction burst must have a duration of less than 0,25 second
measured het_een the instants at which the in-

In practice, sources that produce an impulsive stantaneous sound pressures have a value equal to
sound are frequently encountered. If the duration of one-half the peak value, [ f the noise is repclhive, the
the impulse is sufficiently long, tile noise may be repetition rate of the ht:rsts must be less than 5 per
analyzed by the methods described in Section 8, second and thearithmetic averageof the peak sound
However. the duration of an impulse is usually less pressure levds (determined using an A-welghting
than one second, and is frequently less than 0.5 network) of I0 consecutive bursts in tilt: train, must
second. Tile methods described in Section 8 are be more than 15 decibels above the A-_eighted

therefore not applicable, When a standard sound- sound pressure level in the pretence of the impulses.
levelmeter is usedto measurea shortimpulse, the
meter will show a momentary rise and dcca.,,,but the
maximum reading obtained is commonly t5 to 30dg 1|3. Instrumentation {Field and
below the peak pressure level of the sound wave. Laboratory Methods)

In Section 8. the characteristic of the noise of

primary interest is usually the value of the effective For the reasons given in Section BI. instrumen-
(rms) pressure of the sound wave. In dealing witb tation appropriate for the survey method should not
impulses of short duration, otber characteristics are be used. A qpical instrun_entatlonsystem that is
also of interest. For airborne impulsive noise, the appropriate forburst measurements is shown hi Fig.
envelope of the pressure versus time pattern is B2. This system consists of a microphone, a wide.
generally of greatest interest. Fig. BI sho_s a t...pica[ band amplifier, a spectrum analyzer or weighting
impulsive noise burst, networks, an oscilloscope (witb camera) and a peak-

To define methods for assessing the effects of reading circuit. The microphone and wide-band

( "'_"_ impulsive.type noise, a considerable amount of ex- amplifier should be of laboratory quality; their
/ per men ada a n us beaeeumu aed Thec ee on combined frequency response should be uniform

=:' of these data has beenhampered by the lack of _'.el[- over a frequene.'-'range whose Iov,:r limit is less than
defined parameters to specif.., the characteristics of a half the Io'._esl frequency of interest and _hose upper I .
burst as well as a simple technique for measuring limit is more than twice the highest frequency of
these parameters. The peak pressure [e'.'eland the interest. Tile peak value of the sound level or sound
burst duration are of major in'tportnnce. For certain pressure level ntay be determined "*ith the aid of a
applications, measuretnents of the values of other peak-reading circuit. The rise time of the peak
parameters may also be of value, and are described detector should be less than 200 ps and of such a !
elsewhere. (See Reference I.) value that a single pulse of 200 ps duration produces

n meter deflection no more than 4 dB below the

deflection produced by a reference pulse having a
112. Categories of Impulsive Noise duration of l0 ps and equal paak amplitude, Tile

amplitude of the tO.us reference pulse should be such
lmpulsive noise is readilyidentified byan observer as to produce a full-scale (+O, -I dB) meter

when only a single burst occurs during tbe period of deflection. The peak value can also be obtained with
observation (see 4.2.2.3.1 of the standard) or the the oscilloscope. The oscilloscope is included in tbe
tlnle intervt:l between acoustic impulses is long. The system to facilitate the measarenleltt of the values of
human ear is less valuable as a guide when a other parameters that may be of interest. It is useful
distinction is to be made between quasl-stead) noise if tbe oscilloscope is equipped with a memory or
with a high burst repetition rate (see 4.2.2.3.2 of the storage feature, a single sweep capability and a
standard) and steady noise. The distinction in this camera to obtain a permanent record for later
case should be made in terms of specified values of analysis. The oscilloscope sweep ntay be synehro-
the parameters that characterize the impulsive noise, nized to a tinling signal derived either from an
B2.l Example of Classification of Impulsive Noise. electrical signal related to the burst or to an a¢ous.

To be classified as intpulsive noise, an individual tical signal.
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In this section, the only instrumentation described csamplc, with an A-weighting network in the an-
is that for burst display. Photographs of such dis. alyzer. A single burst (pressure-time pattern) inci-

a_ plays may be used to obtain the values of the burst dent on the microphone will produce an envelopeparuntetera of interest. Alternatively. hybrid meth- that is highly dependent on the bandwidlh and center
ods (a combination of analog and digital techniques) frequency of the analyzer since the rise time and
may be used to measure and store burstparameters, decay time of the filtersare defined by these param-
Or. digital processing may be utilized to analyze the tiers. It is not clear that the observed peak pressure
characteristics of a burst after it has beenconverted level in a particular band has real significance by
from analog to digital form. However.these methods itself, since this peak is not one that actually occurs
Iie outslde the scope of this documem, in a typical sound wave. Nevertheless. the peak

pressure level in a band may give a useful indication
of the frequency distribution of the sound energy.

B4. Mlcropllone Positions (See Reference 2.)
The characteristics of a burst that are usually of

The some considerations as discussedin Section 7 greatest interest include the burst duration and the
are applicable, However. burst measurements in the magnitude of the burst (either peak, average, or
near-field of an impulsive-noisesourcearc frequently rms), Other parameters of interest and methods of
of interest. For this reason, it may be desirable to measurement are given in Reference I.
make measurements at positions closerto the source
than those described in Section 7.

References to Appendix B

BS. Types of Measurement
(Field and Laboratory Methods) (I) Institute ofElectrical and Electronics Engineers.

Recommended practices for burst measurements in

Wide-band waveforms with the spectrum an:dyzer the time domain. IEEE No, 257. May 1964.
of Fig. B2 removed from the measuring system are (2) PETERSON, A.P.G. The measurement of [m-

;_,_,., usually of greatest interest; however, the burst may pact noise. General Radio E._erimenter. vol 30, no.
I_ :_ also be observed at the output of the analyzer, for 9, 1956.

Fig. BI
Typical Burstof Sound Pressure
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American National Standard
Specification for Sound Level Meters

Introduction Level Meters, l EC Publication 123. published by the
International Electroteehnieal Coat mission,Geneva,

A sound level meter satisfying this specification Switzerland. 1961.The choice of instrument type by
will consist, in general, of the following elements: a the user generally should be guided by the degree of
microphone to pick up sound, an amplifier to raise precision requiredfor the intended application.
the microphone output to a useful level, a calibrated It must he recognized that all practical micro-
attenuator to adjust the amplification to a value phones exhibit certain directional characteristics.
appropriate to the sound level being measured, an particularly at higher frequencies,and that care must
indicating instrument exhibiting the measured sound he taken to minimize errors resulting from these
level, wcightings to adjust the frequency character- characteristics. Since the calibration of the sound
istic of the response, and an output connection to level meter with its microphone is referred to ran-
accommodate additional measuring equipment, dam.incidence response, measurements of direction-

The chief use of the sound level meter is making al sounds should usually be made at a number of
noise measurements in air: but it should be recog, angles of orientation and the results averaged. Alter-
nized that this standard providesfor other uses, such natively, measuremenls may be made at an angle at
as measuring the sound pressure level of many kinds which the response of the microphone approximates
of sound-gencratlng devices in various media, its response to random-lncidencesounds.
Among the variety of uses for sound level meters are: It should also be recognized that the ballistics and

.("_ the precision measurement of the output of noise indicating areother characteristicsof the instrument

"-_-J sources and of noise environments: routine measure- adapted malnly for measuring ordinary machinery'
mcnt of office building ventilation systems: type- noises and other sounds of a reasonably constant
wrltcr, machinery, and other noises, In general, the character, For intermittent sounds, and morepattie-
more precise measurements often require more de- ularly for repetitious sounds involving high peak-to-
tailed analysis than can be made with the auxiliary average ratios in sound pressure, and for impact
equipment which is the subject of other American noises, other specialized equipment will he required
National Standards. in place of the ordinary indicating instrumem.

Because of the diverse nature of requirements for
precision and absolute accuracy for the various
applications, four (4) types of sound level meters are I. Purpose and Scope
specified in this standard. These are:

Type I -- Precision I.I Purpose,Tile purposeof this American National
Type 2--General Purpose Standard for Sound Level Meters and their call.
Type 3 -- Survey bration is to ensure maximum practical accuracy in
Type S -- Special Purpose any particular sound levd meter, and to reduceto the

The precision instrumem has tighter tolerances lowest practical minimum any difference in eorre.
than have been heretofore specified for sound level spending readings with various makes and models of
meters: an instrumenl satisfying this standard will meters that meet the standard,
essentially satisfy Ihe tolerances of Precision Sound
Level Meters. lEC Publication179. puhlished by the 1.2 Design GoaI.Tlle sound level meter lsintended to
International Eleetrotechnleal Comntissian. Geneva, be equally sensitive to sounds arriving at various
Swhzedaad, 1965. Tht: general purpose instrument angles, and to provide an accurate measurement of
has tolerances whb:h are essentially identical to those sound level with certain weightlngs for sounds whhin
required in American National Standard Speeifica- stated ranges and with an indicating instrument that

_, tion for General-Purpose Suund Level Miners, SI.4- has standardized characteristics. The basic cali-
•_ Y 1961, and which ure generally more stringent than hration of the sound level meter is given in terms of u

the tolerances givenin Recommemlati_ns.[or Sound random.incidence acoustic fieldof known properties.

7



AMERICAN NATIONAL STANDARDSI,4-1n71

i__ 1.3 Scope. It is recognized that various degrees of 3.1 Weighting. The frequency c racteristics for Ihe v,--_ precision and accuracy are required in the practical A, B, and C weightings required for Types I. 2, and3
measurement of sounds of various kinds for different sound level meters are given in Table 1. The response
purposes, Hence, this standard provides the rain- for all Ihrce wci_htings is the same at 1000 Hz. The
imum rcquircmems for throe basic types of sound Typo S sound level meter may incorporate one or
level meters: Types I, 2, and 3, with performance more of these weightings, rather than the three
requirements that become progressively less strln- required for the basic types (I, 2, and 3). In this
gent, proceeding from Type I to Type 3. Further, it event, the Type S meter must beclearly labeled asto
is recognized that sound level meters may be desired its capabilities, such as: "Sound Level Meier Type
for special purposes that do not require the cam- S2A," designating a special purpose sound level
plexlty of any of the three basic types. Therefore, mater meeting the general "]'ypc 2 requirements, hal
provision is made for a special purpose sound level with the A weighting only. An optional wldcr range,
meter, Type S, The Type S muter can be qualified to "flat," charactcristiu may also be provided.
the performance of any of the basic types ( I, 2, and 3,1,1 The C weighting is obtained by a nclwork
3), but is not required to have all three v,elghting that is designed to bare its lower frequency [/2
networks, power, or 3 decibels down point, with respect to the

1.4 LImItadons. lfasoundlevulnleter that meets lhis 1000 Hz response, at I0 t,s (or 31,62) Hz, and to
standard is modified, it must bedemonstrated that approach a roll-off of 12 decibels per octave below 10
the modified sound level meter meets this standard, Hz, It is designed to have its high frequency I/2

it its readings are to be stated us sound level and power point at 10;='u(or 7943) Hz, and to approach a
purported to be measured in accordance with this roll-off of at least 12 decibels per octave above
standard, 20 000 Hz. I-In_evcr, in no case shall the roll-off

above 20 000 Hz and below 10 Hz be less Ihan 6

decibelsper octave.
'2, DelJnitions 3,1,2 The B v,eigbting is obtained by adding a

•.. network with a response that has the performance

_' -'_ sound pressure level, 20 times the logarithm to the characteristics equivalent to a simple resistor-caoaci- _i_
base of 10 of the ratio of the pressure of a sound to tar network: it iscascaded wish and isolated from the
the reference pressure. For the purpose of this C network. The I/2 power point for the added
standard, the refcrt_ncepressureis 20 microne;_tons network is at 102._(or 158.49) Hz.
per square meter (2 x 10 "_microbar). Unit: decibel 3.1.3 The A v,eighting is obtained by adding a
(dB). network with a response that has the performance

characteristics equivalent to two simple cascaded
sound leYel (noise le_ell. Weighted sound pressure identical nonlsolated resistor-capacitor net_orks:
level measured by the use of a metering character- tl=es¢ are cascaded with and isolated from the C

istic and weighting A. B. or C. as specified in this network. The I/2 power point for each of the
standard. The weighting employed must be in- identical added networks is at 10_(or 281.84) Hz,
dicated, otherwise the A weighting is understood. 3.1.4 The optional flat characteristieshall have tile
The reference pressure is 20 micron_:wtons our frequency range us stated by the manufacturer.
square meter (2 x 10"_mlcrobar). Unit: decibel (d fl).

relative response le,_el. Amount in decibels by _hlch 3.2 Tolerances

the sound level exceeds the sound pressure level. Tile 3.2.1 The Ioleranccs for Types I. 2. and 3 sound
relative response level is often negative, level meters are given in Tables 2. 3. and 4 and are

shown graphic:lily in Figs. I. 3. and 3 for illustrative

Indicating instrument. A device in which a pointer purposes only. These tolerances apply for sound ul
moves over a scale in response Io an electrical signal random incidence and include all tolerances in the
applied to its terminals. In a sound level meter, entireinstrunlem.

special characteristicsare required, [See Section 5,) The tolerances for the Type S meter shall be
consistent with the performance of the basic type n[weigh|lags. A prescribed frequency response pro-

vided ill a sound level meter, sound level meter to which it is qualified. (See 3.1.)
The optional flat characteristic shall have the

toleranue limits as stated by the manufacturer.
I ,, 3. Weillhting and Amplifier Cllaracter|stics and 3.2.2 All settings of the sensilivity range anen-

Tolerances uator, if provided, shull be accurate for pure lanes

8
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Table I
Sound Level Meter Random-Incidence Relative ResponseLevel

AS a FUllCtJOllof Frequency for Various Weightings

Frequency A Weishting tl W¢inhtins CW¢ild_lingRektOvcResponseRelaliv¢ResponseRelaliveltesponse
tit dn dB 00

tO -70,4 -30.2 -14.3
]2,5 -63.4 -33,2 -11,2
16 -56.7 -28,$ - 8.5
20 -50.8 -24.2 - 6.2
25 -44.7 -20,4 - 4.4
31.0 -39.4 -lT.t - 3,0
40 -34,6 -14.2 - 3,0
50 -30,2 -It,6 - L3
63 -26.2 - 9,3 - 0.8
80 -22.5 - 7,4 - 0,5

tOO -19,1 - 0,6 - 0,3
1125 -16,1 - 4.2 - 0,2
tO0 -t3,4 - 3.0 - 0.1
200 -10,9 - 2,0 0
250 - 8,6 - 1,3 0
315 - 6,6 - 0,8 0
400 - 4,8 - 0.5 0
500 - 3,2 - 0,3 0
630 - 1,9 - 0.1 0
000 - 0,8 o 0
tO00 0 0 o
1250 + 0,6 0 0
1600 * 1,0 0 - 0.1
2000 ÷ 1,2 - 0.1 - 0,2
2500 + 1,3 - 0.2 - 0,3

"" 3150 * 1.2 - 0,4 - 0,5

'_ 4000 + 1,0 - 0,7 - 0,88000 + 0.5 - 1,2 - 1,3
6300 - 0,I - 1,9 - 2,0
8000 - 1,1 - 2,9 - 3,0

I0000 - 2,5 - 4.3 - 4.4
12500 -4.3 - 6.1 - 6,2
10000 - 6,6 - 0.4 - 0,5
20000 - 9,3 -I I,I -I 1,2

within the following tolerance limits with respect to 3.3 Internal Noise and Distortion (Dynamic Range)
the setting for 80 decibels. (If no 80 decibel setting is 3,3,1 In an environment in which tile sound level
provided, the tolerance limits shall apply with re- meter is free of observable extraneous influences, the
spcct to a reference selling stated by the manu- internal noise o1" the sound level meter shall be
facturer.) specified by bands no wider than octave bands and

Type I stated in equivalent sound level for all attenuator
within "4-0,5 dB 22.4 to I1 200 Hz settings. It is intended that this measurement be

made at the amplifier output with on acoustically
Type 2 shielded microphone [n place. In addition, for Type 1

within ._ 0,5 dB 63 to 2000 Hz und Type 2 instruments, the internal noiseequivalent
within ± 1.0dB 22.4 to I I 200 Hz sound level for nil attenuator settings30 decibels or

, Type 3 more above the maximum sensitivity setting shall be
withln :t: 1.0 dB 63 to 4000 Hz at least 40 decibels b_low the ntaxlntunt scale reading

when measured in octave bands.
within ± 2,0 dB 31.5 to 8000 Hz

3.3.2 When the microphone is replaced by an

i_ If more than one sensitivity range is provided, it is equivalent electrical impedance, the background
recommended that the attenuator steps bc at 10 noise level presented to the indicating instrument
decibel intervals, shall be at least 5 decibels below the lowest sound

9
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Table 2

Total Tolerance Limits for Soundal Random Incidence Q
for Type I Sonnd Level Meter

FIg uency A Weighling 0 Weighting C Weighting
_tz dg da dS

10 ±4 ±3 ±2.5
12.5 ±3,3 ±2.5 ¢2
16 ±3 ±2 ±2
20 ±2,5 ±2 ±2
25 ±2 ±2 ±l,5
31.5 ±1,$ ¢1.5 ¢1.5
40 ±1,5 ±1.5 ±l
50 ±1 ±l ±1
63 ±l ±1 ±1
80 ±l ±1 ±l

I00 ±1 ±1 ±1
125 ±t ±I ±l
160 ±1 ±1 ±1

,200 ±l ±1 ±l
250 ±l ±1 ±1
315 ±1 ±l ±1
400 ±1 :Lt ±I
500 ±1 ±1 ±l
630 ±1 ±1 ±1
800 ±1 ±l ±1

I000 ±1 ±1 ±1
1250 ±1 ±l ±l
1600 ±1 ±1 ±I
2000 ± I ± l ± I
2500 ±t ±l ±l
3150 ±1 ±I ±1
4000 ±l ±1 ±l
5000 + 1,5,-2 +1,5,-2 + 1.5,-2
6300 + 1,5,-2 ÷1.5,-2 +1.5, -26000 + 1.3,-3 +1.5,-3 +1.5,-3 .qF

I0000" +2, -4 +2, .-4 +2, -4
12500 +3, -6 .t.3, -6 +3, -6
10000 +3, -_ +3, .oa +3, .m
20000 +3. .oo '3, .o= +3, -_

meter is intended 10 provided, or suilable overload indicator(s) shall be
level may be different for provided.

4. Omnidirectional Response and Tolerances
instrument replaced by

the response to electrical 4.1 Omnidirectional Response. Response 1o sound of
range 22.4 to I I 200 Hz random incidence is used as the measure of omnidi-

decibel up to l0 decibels rectionaI response. It may be measured in a diffuse
to the maximum scale sound field or calcutatcd from free-field responses to

sound arriving in different directions. The free.fluid
Type 2 instruments, The

instruments in the frequency calibration should he accompiish,:d by comparison.
rangef3to8000Hzshallbelinear v.,ithin 1.0decibel under the general principles set forth in 7.2.1 of

vohage cquivalent 1o the American National Slandard Method for the Cafi-
; bration of Microphones, S1.10.1966. except that

sound Ic','cl ix to bc measured instead of microphon¢

sound level for which lin- free-field response level One of tile various methods
decibel shall be stated as a of measurement and calcutatlon is gh'en in Appendix

each weighting network A,
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Table 5

Maximum Allowable Deviation of Free-Field Relative Level
Response

with Respect {o Random-Incidence Relative Response Level When the
Angleof Incidence is Varied from 45 ° to 90 ° from the Axis About

Which the Response Is blest Nearly Cylindrically Symmetrical
These allowances are added arithmetically to the respective tolerance

limits in Tables 2, 3, and 4.

Fre_zency Ty.n¢J TYdPI_2dn T_I_3

3t.5 m 2000 +! ,-I ±2 ±4
2000 to 4000 + L$,-I ±2.5 ±5
4000105000 +2 ,-1.6 ±3 ±6
5000 In6300 +2,5,-2 ± 3,5 ±7
6300 to 8000 + 3 , -2.S _:4,5 ±9
8000 to tO n0o + 3,5,-3.5

lOOOOt_12500 +4 ,-6.5

Table 6

Maxinlum Allowable Deviation of Free-Field Relative Response
Level for SoundsArriving at Any Angle of Incidence with

Respect toRalldom-lncidence Relative Response Level for Any
Angle of Incidence

These allowances areadded ariflmtetically to therespective tolerance
limits in Tables 2, 3, and4.

,,,,,

_" 3].5 m 2000 +l.5,-I ±3 ±5
2000 104000 ÷2.5,-2 -t-3, -4 ±8
4000 Io5000 +3,5, -3 -t-4,-6 ±9
5000106300 -;-4 ,-4 +5,-8 ±12
6300[08000 +5.5,-5.5 +7,=9 ±15
0000In ]OOOO +6.5,-8

J0O00In 12500 +7.5,-I I

4,2 Random Incidence Response and Tolerance observer in a position spcelfied by the m0nufacturer
4.2.1 The frec-flcld relative response level sball be for use of Ibe sound level meter. If the microphone

determined with sufficient accuracy and number of can be detached and used at the distant end of an

frequencies Io establish that Ihe random-incidence extension cable, this mode of operation may be
response level of the sound level meter meets the specified.
frequency responsecharacteristics and tolerance lim-
its given in Tables l and 2. 3, or 4. 4,3 Instrument Diffraction Effects, It is recognized

4,2.2 The maxintum deviation of the free-field that achicvemenl of the tolerances may not be
relative response level as a function of angle of possible for all types of sound level meters unless the
incidcJLce with respect to Ihe rundool-incidenc¢ rein- microphone is detached from Ihe meter, or the

live response level shall not exceed the values given in observer is remote from the meier. Such limitations

_.._ Tables 5 and 6, The specification ;spplics for sound sball be slated clearly in the instructioo book to
incident on the complcle instrument and with the " reduce tile possibility of unknowing mis,se.

15
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5. Indicating Instrument Characteristics reading shall bc2 to 6 decibels tess,

5.4.2 If u sinusoidalsignal at any frequency [,_
between63 and 8000Hz is suddenlyappliedand

5.1 Scale of the tad[eating Instrument thereafter held constant, the maximum reading shall
5.1.1 The scaleof the indicating instrumentshall exceedthefinalsteadyreadingby0 to 1,6decibels.

begraduatedin decibelsin stepsof I decibel,overa 5,4.3 The aboverequirementshold for a steady
range of at least 15 dccibds, reading of 4 declbcls less titan the full-scale reading.

5.1.2 It is recommended that the scale be gradu- 5.4.4 The steady reading for any sinusoldal signal
aledfrom+ I0dcclbelstothelowerlimit, ofanyfrequencybetween31.5and800014zshallnot

5.1,3 The scale of the indicating instrument shall differ from the corresponding "FAST" reading by
be accuratewith :1:(0.2decibel + 2 percentof the more than 0.1 decibcl for Types 1 and 2, and 0.3
numberof decibelsdown from full-scaleindieation) decibelfor Type 3.
for a Type I instrument,±(0.2 decibel+3 percentof 5,4.5 It is recommendedthat the decaytime be
the number of decibels down from full-scale in- essentially the same as the rise time.

dication) for Type 2 inslruments,and ±(0A decibel 5.5 Battery Indicator. If the sound level nlcter is
+6 percentof the numberofdecibelsdown[rumfull- batteryoperated,meansshallbeprovidedto indicate
scale indication) for Type 3 instruments, whether battery voltage is adequate to muimain the
5,2 Ruleof Combinationfor ComplexSounds.The performancespecifiedfor thesoundlevclmeter.
indicatinginstrumentshallbeof the squarehw, type
as verified by the Rule of Combination Measure-
ment Procedure described in Appendix I1.The rule 6. Sensitivity Stability and Checks
of combination shall he satisfied w/thin 0.5 decibel

for the Type I and Type 2 miners and within I.I 6.1 Stability Precautions, The manufacturer shall
decibelsfor theType 3 meter, state tile precautionsnecessaryto ensurethat the

sensitivityof the sound level meter is maintained

_,=,_,, 5,3 Fast Dynamic Characteristic. The sound level within the limits prescribed in 3.2.
meter shall possess the following dynamic character-k" v

• , istics which may be identifiedas "FAST": 6.2 SensltiHty Checks5.3.1 If a pulse of sinusoidal signal having a
frequency of 1000 Hz and duration of 0.2 second is 6.2.1 A Type I instrument shall include a means to
applied, the maximum reading for u Type I instru- check and malmain sensitivity without resort to
ment shah be0 to 2 decibels less than tile readingfor additional equipment. For lhis purpose, the instru-

ment shall contain either an acoustic coupler toa slnady signalof the samc frequency and amplitude.
F.orType 2 and Type 3 instruments, the maximum cheek the sensitivity of the entire sound level meter
reading shall be0 to 4 dccihels less, or means to check the electrical sensitivity of only

5.3.2 If a sinusoidal sienal at any frequency the amplifier and indicating instrument. If the latter
approach is used, it must be possible to cheek the

between 125 and 8000 ][z is suddenly applied and sensitivity of file entire sound level meter with an
thereafter held constant, the maximum readng shall acoustic calibrator of the coupler type,
exceedthef halsteady reading by 0 to I.I decibels. 6.2.2 It is recornmended that the Type 2 inslru.

5.3.3 The above requirements hold for a smady ment be in accordancev.ilh 6.2. l. However, if the
reading 4 decibels loss than the full-scale reading, instrument does not contain means for checking its

5.3,4 It is recommended that tile decay time be sensilivity, it shall be designed so that it is possible to
nssentially the same as the rise time. check the sensitivity of the entire sound level meter
S.4 Slow Dynamic Characteristic. The sound level with an acoustic calibralor of the coupler type.
meter may also be provided with the following 6.2.3 A Type 3 instrument shall be designed so
dynamic characteristics which may be identified as that it is possible to check Ih¢ sensitivity of the entire
"SLOW": sound level meier with an acoustic calibrator of the

5.4.1 If a pulse of sinusoidal signal having a coupler type, or so that it is possible to check its
frequency of 1000 llz and duration of 0.5 second is electrical sensitivity by the insert voltage method,
applied, Ihe maximum reading for a Type I instru- (See 2.1 of American National Standard SI.10.
ment shall bc 3 to 5 decibels less Ihan the reading for 19663
a steady signal of the same frequency and amplitude. 6.2.4 For a Typ_ I or 2 instramenl, the internalor

!"_J' For Type 2 and Type 3 instruments, the maximum external electrical sensitivity check signal shall be

16
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_ sinusoldnl,having a frequencywithin the range of manufacturershallstatethe precautionsthai should200 to ]250 Hz, and hestatedby the manufacturer, he taken by the user to ensurethai readingsare
Fora Type3 instrument,any frequencystaledby the within specification.
manufacturermay he used.The soundlevel meter Foru Type I inszrument,the manufacturershall
shall be in either the C weighting or"flat"operation state tile readings obtained with each weighting
during calibration. However, if the instrument is a network when the sound level meter, with a vibra-
Type S and has no C or "flat" weighting network, it tion.insenshive equivalent electrical impedance sub-
shall be calibrated at a frequency in the range of 200 stituted for the microphone, is vii)rated sinusoidalIy
to 1250 Hz, selected such that the relative response along each of three mutually onbogonul axesat un
level gradient is less than 1.5 decibels per one-thlrd acceleration of 0.1gn over the frequency range 63 -
octave. 4000 Itz. Tile manufacturer shall also state the

6.2.5 For a Type I or 2 instrument, the acoustic readingsobtained under the same excitation with the
sensitivity check signal shall be a pure tone having a microphone mounted in its harmedposition on the
frequency within the range 200 to 1250 Ha, and be sound level meter, noting where the indicated sound
stated by the manufacturer. The sound level meter pressure level exceeds that radiated directly from Ille
shall be in either the C weighting or "flat" operation vibration exciter, as determined by a nearby micro-
during calibration. However, if the instrument is a phone not being vibrated. During the above tests,
Type S and has no C or "fhtt'"weighting network, it precaution should be exercised to reduce the acoustic
shall be calibrated at a frequency in the range of 200 radiation of the shaker.
to 1250 Hz, selected such that the relative response h is recommended that the manufacturer of Type
level gradient is less than 1.5 decibels per one-third 2 and Type 3 instruments provide similar data,
octave,

6.g.6 For u Type 3 instrument, the acoustical or 7.4 AirborneNoise. The sound level meier shall be
electrical sensitivity check signal and method for designed andconstructed so as to minimize effects of
checking shall be specified by the manuhlcturer, vibration resulting from airborne noise. The manu-

_;_ _) lecturer shall state the precautions that should be: _, 7. Sensitivity Under Various Conditions taken by the user to ensure Ihat readings are not
crroneous.

?.1 Temperature, The temperature range over which When the sound level meter whh microphone.
the sensitivity of the sound level meter varies less Type I or Type 2, is exposed to pure tone sound at
than 0,5 decibel at any frequency shall he stated by any frequency or octave band norse at any center
the manufacturer. If this range does not include the frequency inthe range 63 - 8000 ]tz, the readin¢ shall
extremes of - I0* to 50* C, the manufacturer shall be at least 20 decibels greater than a reading taken
suplily temperature correction values over that under the same conditions with the microphone
range, If provision for internal calibration is made in replaced byan equivalent deetrical impedunce. This
the sound level meter, the manufacturer shall state requirement shall be met, wilh each weighting pro-
the effect, if any, of temperature upon the calibration vided and for all attenuator settings 30 decibels or I
system, and thence upon the self.callbrated sound more above the maximum sensitivity setting, at all
level meter over the temperature range of -10* to sound levels that the instrument can indicate up to
50* C, The manufacturer shall state the temperature 130 decibels, h is recommended that the test also be !
limits beyond which permanent damage to the sound made at higher levels, even if over a more limited
level meter may occur, frequency range, and that the manufacturer state the

frequency range and levels over which compliance
7,2 Ilumldily. The manufacturer shall stato the range with the requiremenls has been verified.
of relative humidity over which the sound level meter If an electrical extension must he used to remove
is intended to operate continuously. The effect of the amplifier from the sound field in order to meet
changes in relative humidity on the sensitivity of a this requlremem, the sound level meter shall be
Type I instrument shall be less than 0.5 decibel at marked to indicate the maximum sound level at
any frequency between 20 and 20:000 Hz in the range which the extension is not necessary.
of 5 to 90 percent relative humidity.

_[_, 7.3 Vibration, The sound level meter shall he de- 7.5 M=guede and Eleclrostutie Fields, The effects of
signed and constructed so as to reduce the effects of magnetic and electrostatic field_ shall hereduced to a
vibration resulting from mechanical excitation. The minimum. The sensitivity to magnetic fields, in-
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cludlngthoseon the microphone,shallbe indicated wltb this spceiflcationshallhemarked"Sound Levelby the manufacturerof the soundlevel meter in Meter Typn 1(2or 3)" or"Sound LevelMeterTypn
termsof the numberof oerstedsrequiredto produce S I (2 or 3) A (B or C)," as applicable.The
n zero readingat each attenuator setting,up to a descriptiveterms, "Precision," "General Purpose,"
limit of I ocrsted,in a magneticflcld of 50or 60 Hz "Survey," and"Special Purpose,"may heinc]uded.
in a directionwhich givesmaximumindicationfor asapplicnblu.It alsoshallbemarkedwiththe name
eachresponsecurv¢provided, of the manufacturer,the modelor type, and the

serialnumber.

8, ProvisionFor Use With Auxiliary Apparatus 9.2InstructionManual Data.It is recommendedthat
items of informationspecifiedfor Type I instru-

8.1 Analysis,A soundlevelmeteris frequentlyused mentsbe providedfor Types2 and3, if applicable,
as a precisionamplifier precedingauxiliary up- Eachsoundlevelmetershall bcaccompaniedby an
paratusfor data acquisitionand analysis,including instructionmanualthat providesat leastthe follow-

ing information, in addition to that given on the
datastoragedevices,frequencyfilters,andindicating nameplate:
¢qulpmcnt.When the soundlevelmeier is usedasa
precisionamptirier for auxiliary apparatus, it is (I) Referencesoundpressurespecifiedin 2.1.
recommendedthat the mctcr be set for the C (2) Weightingsspccificdin 3.1and3.2.
weighting,or optional "flat" weightingif it is pro- (3) Calibration procedurenecessaryto maintain
vided,unlcssspecificcircumstancesindicatethat one the accuracyspecified in 3.2, including an cx-
of the otherwcightingsshouldbeusedto obtainthe plnnation of the principles of operation of the
information that is required.The selectionof the calibrationsystemsor devicesandtheir limitations,
appropriateweighting shouldhe basedon consid- (4) Relative positionsof observer,sound level
oration of boththeauxiliary apparatusutilized and meier, and soundsource for normal use, including
thephenomenonbeingmeasuredtoobtainanappro- useof a microphoneextensioncable, if necessary,to
priate signal.lo-noiseleveland to reducethe magni- satisfythe require0_cntsof Section4,rudeofanyodjustmoaIs,othedatamadene o sary(5) Squarelawcharacteristicspecifiedin 5.2.

by the frequencyresponsecharacteristicsof various (6) Dynamic characteristics(fast.slow) specified
componentsof the enlire measuringsystem, in 5.3and 5.4.

(7) Procedureand frequency for acoustic and
8.2 Output Connections.Whenthesoundlevd meter electricalsensitivitycheckasspecifiedin 6.2.
is providedwilh an outputconnectionfor usewith (8) Rangeor temperatureover which the sensi-
auxiliaryapparatus,thomanufacturershallstatethe tlvity variation of the entireinstrument is within 0.5
nominaloutputvoItage,the outputimpedance,and decibd (includingcorrectionsif thisrang=doesnot
the rocommcndcdrange of load impedancesthat include- 10' to50° C). (Sec7,hi
may beconnectedto the soundlevelmeter_ithout (9) Effect of temperatureuponthe batterylifc and
affectingthe indicating instrumentreadingbymare internal cal;hrationsystem(if any), including the

than 0.5decibelin the frequencyrangefrom22,4 to effect upon theentire internally-calibr:atedinstru-
I I 200 Hz. If a resistiveload impedanceof 10000 meat. (See7.1,)
ohmsat theoulputconnectionaffectsthesoundlevel , (10) Limits of temperatureand relativehumidity
meter indicating instrument readingby more than beyondwhich permanentdamageto the instrument
0.5 decibelin Ihespecifiedfrequencyrange,or if the mayoccur.(Se_7.1and7.2.)
indicatinginstrumentcircuitry introducessignificant (I 1) Range of rein.dyehumidity overwhich the
distortionto theelectricaloutput_henconnectedto soundlevel meter is intendedto operate continu.
a resistiveloadimpedanceof 10000ohmsorgreater, ously,lSeeT.2.)
thusound]eve]meter indicatinginstrumentcircuitry (12) Influenceof vibrutmn,highlevelsoundflctds,
mustb¢ automatically disconnectedfrom thedec- and magnetic and electrostatic fidds on the in-
trical outputof the soundlevelmeter,whentheload dications of the complete apparatus, including a
is connected, statementof tile conditionsunderwhich testswere

madeas well asprecautionsto minimizeor deter-
. mine the effectsuponreadingsof theseinfluences,

9. General (See7.3.7.4, and7.53
',._/ (13) Procedureto ensureoptimumoperatingcon-

9.1 Name Plale Data. An instrumentthat complies ditionswhenthesoundlevelmeterisusedwithfilters
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or analyzers, if applicable. (See 8. t.) (19) Directlonal response charactcristlcs and rec-

(14) Electrical impedance that may be connected ommended angular orientation for use with plane
to the output jack (if provided) without producing a wave sound.

......_changnin the meter rcadlng greater than 0,5 decibel (20) Upper limit of sound pressure level that the
(Se¢ 8.2.) instrument can measure within the tolerances given

(15) Far a Type I instrument, pressure or free. in this standard.
field calibration and equivalent electrical impedance
in the frequnncy range of 20 - 20 000 [Iz of the
microphone furnished with the instrument.

(16) For a Type I instrument, the relative re. 10. Revision of American National Standards
sponsc of the microphone, the entire sound level Referred to in This Document
meter, or both, at typical angles of incidence and When the following standards referred to in this
random incidence, document arc superseded by a revision approved by

(17) Type of microphone (electrosiatie. moving the American National Standards Institute. the
coil, etc.) and model(s), revision shall apply:

(18) Any corrections necessary when a micro- American National Standard Method for the
phone extension cabtc is used. Calibration of Microphones, SI.IO-1966

.,L.¢_- 4 , !
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Appendixes (Th©s¢Appcndixc'_arcnota partofAmericanNationalStandardSpc¢i[ieationtar SoundLcvc[M=t©rs,S[.4.

1971,butareincludedfor informationpurposesonty,_ _

Appendix A Approximation of the Random-Incidence Relative Response
Level

This appendix reviews the concept of the random incidence calibration required in
Section 4, and suggests a method for determination of the random-incidence retativc
responsu level {See Section 8 of American National Standard S1.10.1966.)

The square of the random incidence sensitivity (SdfJJJ is the space average mean of the
squares of the sensitivities for all directions, giv,:.n by:

S_, (f) = _ S_n f_ s_o (®. c,.f) sin ® dO d¢ (Eq AI)

where So (O, ,b,f) = the free.field sensitivity to sound incident at the angles O and ¢
(where O is measured from the axis of the microphone and _ is from an arbitrary reference

in the plane perpendicular to the axis), and at frequency./', both S d and So are uxprcssed in
the same units, for example, volts meter_/newton.

For the purpose of basic calibration of a sound Levelmeter as a function of both anglo of
incidence and frequency, it is necessary to determine the relative response level for random

incidence sound as a function of frequency. The relative response level for random
incidence may be calculat©d in a manner similar to the aforementloned from Equation A2:

FI .. ,(R® ededol IEqA21 _ '
R,:=lOlo ,op'Jo So .1 0

_-_) whereRt]isthcrclativeresponselm,elforrandomincideneesoundatfrequeneyJandR
(O, _,.._ is the relative response level for plane wave sound at angles O and _, and at
frequencyJ,

For the purpose of satisfying the specification of Section 4. the relative response level
for random incidence may be computed from relative response levels obtained at a finite
number of frequencies and angular orientations. The contribution (AK) to the random.
incidence relative response from each orientation (0, O) is given by:

g_ 2,(t

•_g (O,, ¢,,f) = ._1 f " f antilog sin O dO d0
_"T "" ."F

m4-_antilog(RfOli)Or'/l[eos (O,-.A-_)-cos (®,+ _%_-_-)]_,_ (EqA3)

where the orientation 0 r and ,¢,s give the position n[ anelemental area on a unit sphere: the [
extent o[ the area is defined by the elements A ¢ and A O; and • and s are integers I
representing the various elements,

Then, the random-incidence relative response level for random incidence is given by:

Rr,r _= I 0 loft® _ _,K {0,, 0,, [) (Eq A4)n
where n is the number of elemental areas.

For this purpose, the sphere is divided into non-overlapping areas that cover the sphere

completely. In no case shall n be less than 7. The angular orientation can be chosen such

that the elemental areas are equal or have approximately equal contribution to the

random-lncldence relative response.
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In general,forequalareasandcylindricalsymmetry,theanglesare selectedbysetting:
nose =±2k k--O,l,2 ...... _(n, odd)n

o _1 l"_Q{ even
cose = ±2k+. {,k= O, I ..... [_-- /. , )

Whenn ischosenas7, the valuesof O whichgive equal ureacontributionsarc:
31°0', 55"9', 73024', 9000', 106036', 124051', 14900'

and

1 tile R(o,f_
AK(O,f) = Tan g' _ (EqAS)

Appendix B Method of Checking the Rule of Combination of the In-
dicating System for Noise

Arrange a circuit whereina seriesof sln¢ waves and one-thirdoctave or octave bands of
noise may be applied ulternatdy to a resistor. The resistor current is measured by a
thermocoupic meter operating inthe ranguin which its reading is proportional to the
square ofthe current. The voltage developedacross the resistoris appllcd as anelectrical
input to thesound{evd meter througha suitublnnetworkrepl0cingthe microphone,or in
series with the microphone, if the acoustic pickup can be made negligible. The rcs[stor
should have a resistance no greater than one percent of the absolute value ofthe input

_.. impedance Of the sound ICVe' meter,

Apply a sine wave voltage at a frequency of 1BOOHz and adjust the thermocouple
:.: currentandsoundlevel metergaincontrolsto valuesthat yieldanindicatinginstrument

deflection of 1.0 decibel below full scale deflection. Now, [nstead of the sine wave.
substitutea onu-third octave or octave band of noise centered at 10OOHz and adjust to
obtain the samethermocouplecurrentasbefore,Note the resul(ingaveragerendingof the
indicatinginstrument.The specificationgivenin 5.2 may beconsideredsatisfiedif this
readingiswithinthe appropriatetolerancesrequired,uscomparndwith the readingfor the
10(30Hz tone,

Repeat the operation given in thepreced[ng paragraphfor adeflection of thnindicating
instrument]Odecibelsbelowfull scaledeflection,The averagereadingfor thenoiseshould
bethesamewithinthe requiredtolerances.

Repeat the above two tests for a tone and a one-third octave or octave band of noise at
frequcnnies of 6300 Hz and 63 Hz, Do both pairsof tests with Ihcsound lave{meter set for
C weighting or FLAT weighting if Ihcy are provided. For the (ustat 63 Hz. use the SLOW
meter characteristic and dclermine the average deflection in thefollowing manner: After
the noise signal has been applied forat least tenseconds, note theinstantaneous deflection
of the indicating instrument. After a wait of at least two seconds, again note the
instantaneous deflection. Continue in this manner until at least 50 values have been
recorded, The average of these va[uns is the desiredaverage deflect{on.

The one.thirdoctaveor octavebandsof noiseshouldb¢derivedfrom a gaussianno[so
source that is "pink" over the range from at least 20 Hz to 20000 Hz, within ± Idecibel.

I by means of one-third on(arc band filters that meet the requirements f,f American
i Nutionai Slandard Specification forOctave, Half.Octave, and Third.Octaw Band Filter

Sets,SI.I {.1966,Type 2 or 3. Her,:"pink" isused1omeana spuctrum-leveldownward
(_ slope of lO decibe[s/10:I frequencyspan. Thn spectrum levelof the noise source beyond

20000 Hz should continue to decrease at a rate of at least as great as I0 decibels/10:l
frequencyspan.
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Appendix

If neither C nor FLAT weighting is provided, the signals may be inserted in the linear _'_)electronic section of the sound level meter between the weighting networks and the v

detection systemof the soundlevelmeter.
[f A or B wcightlng fnust be used for the tests, the test at 63 Hz should bemodified as

follows:Determinethe cutofffrequenciesof tile one.third octaveor octaveband filters
used.For the purposeof thistest.these frequenciesmay beselectedas thefrequenciesst
whichthe responseof thefilter is4 decibelslessthan the maximumresponseof the filter.
For one-thlrd octave hand filtersand A weighting, set the pure tone at a frequencyof 1.01
times the geometricmean of the two cutoff frequenciesto accountfor theshift of the
effective center of the hand by the weighting. For one-third octave hand filters and B
weighting, set the pure tone at a frequencyof I.O07 times the geometric mean. For an
octave hand of noise, the corrcsponsing ratios arc 1.07 for A weighting and [.03 for B
w©ightlng.

, ¢
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American National Standards

The standard in this booklet is one of nearly 4,000 standards approved to date
by the American National Standards Institute, formerly the USA Slandards In.
stllute.

The Standards Institute provides the machinery far creating voluntary stan-
dards. It servesto _limlnaPa duplication,of standards acliv[tIes and to weld con-
flicting standards into single, nalionally accepted mtandords under Ihe designa-
tion "American National Standards."

Each standard represenls general agreement among maker, seller, and user
groups as to the best current practice with regard to same specific problem, Thus
the compleled standards cut across the whole fabric of production, distribufion,
and consumptionaf goads and services. American National Slandards, by reason
af Institute procedures, reflect a national consensusof manufacturers, consumers,
and sclenHfic, technical, and prafesslonaJ organizations, and governmental agen.
cles, The completed slandards are used wldl_ly by industry and commerce and

"_'_" often by municipal, stale, and federal governments.

-_" The Standards Instilute, under whose auspices th_s work Is being done, is the
United Stales clearlnghause and coardlnating body far slandards activity on the
national level. If is o federalion of trade associations, technical societies, prates.

signal groups, and consumer organizalior_s. Some 1,000 companies are of_liated
with Ihe Instltule as company members.

The American National Standards Institute is the U,'liled $1ales member of the
Infernolional Organization for Standardization (ISO), the International Electro.
technical Commission (IEC), and the pan Amerlcc_n Standards Commlsslan
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American National Standard
Methods for the Determination of
Sound Power Levels of Small Sources in
Reverberation Rooms

Synopsis Ihe following slandardsand reconlmendationsshould
beselected:

QuantitiesTo lie Calculated
American National Standard Method for the Physical

Sound power level In frequency bands Measurementof Sotmd. SI.2.I962 (R197 l)

Quantities WMch Cannot lie Obtained American National Standard Methodsfor theMeasure-
merit of Sound PressureLevels,Sl.13.1971

Directional characteristicsof the source i
ISO Recommendation R 495.1966. General Require-

Applicability ments for thePreparation of Test Codes for Measuring
theNoise Emitted by _.laehines1

Type of Source: Device, machine, component, sub. ISO]TC 43 Draft ISO Recomnleudalion No. 2204,
assembly Guide to theMeasurement of Acoustical Noise and

Volume of $ourcel Preferably lessthan 1%of test Evaluation of Its Effects on Maid
room volume

Noise of Source: Steady, broad-bandsound, with or The measurenlentdescribed hereyields physicaldata

_',_.,_ without discrete-t'reqtlencyand that may beusedfor;/,

,_ J narrow-band components (1) Rating apparatusaccording to its sound
power

'_ TestEnvironment:Prescribedreverberationroom output.
(2)Establishingsoundcontrolmeasures.

i LaboratoryMethods (3)Predictingsoundpressurelevelsproducedby a

Direct deviceor machineina givenenclosureor environment.
However,tiledetailedmethodsforutilizingd_edata

Comparison forthese purposesarenotincludedinthisstandard,
In this standard, tile computation of sound power

levels from sound pressure level measurements made in
e reverberantsoundfield is basedon the premisethat
themean-square sound pressure averaged in space and

Introduction time is: l) directly proportional to Ihe sound power
output of the source, 2) inversely proportional to tile

(Thematerial in thisIntroduction it intendedfor purposcl of total absorption in the room, and 3) otherwise dependsbackgroundandorientation.)
only on the physical constants of air density and vein-

This standard describes in detail two laboratt_ry city of sound.
methods for detcrndning the sound power radiated by The relationship between die space/time average

a device, machine, component, or subassembly as a sound pressure generated In the reverberation room by
function of frequency using a reverberant test room an unknown source of sound and die sound power out-
having prescribed acoustical characteristics, White other put of that sonrce can be established by either one or"
methods could be used to measure tile noise emitted two methods: the direct method or the comparison

method. The direct method usesmeasurements of tile
by machinery and equipment, Ihe methods described reverberatifm time [decay rate) in tile room, and the
in thisstandard are particuJariy advantageous for rath_B comparison method uses a calibrated reference sound
the sound.output of sources which produce steady

nots0 and for which direcdvity in fornl;ltJon is not re. t Puhlicatlont o[" Ihu International Otgimization for $landatd-

,_..__d quired. If the source etnits nonsteady noise or i["dJree. izationarc availablefrom American NationalStandards
tivity information is desired, the nlethods specified in Institute, 1430 ltroadway,New York,N.Y.10018.

r 7



A_,tER]CANNATIONAL STANDARD S1.21-1972

ALTERNATIVI_S FOR MEASUREMENT OF DI_CRETE*FREOUENCY COMPONENTS

CHECi_ FOR pRESENCE OF AS,_UMETHA'[
SIGNIFICANT DISCRETe. SIGNIFICANT DISCRETE*

FR_QUENnY COMPONENTS FREOUENCy CO_,IPONENTS
I_EE 6.31 ARE PRESENT

U_ MULTIPLE IM@ROVE Af40
SOURCE QUALIFY THE

POSITIONS TE_T FACILITY
{SEE SECTION 12l {SEE SECTION t31

APPROPRIATE IF TEST_ APPROPRIATE IF FACILITy
INVOLVING SIGNIFICAI_T IS USED FULL TIME AND

DI$CR ET£,FR EOUENCY COMPONENTS LABOR COST MUST
ARE CQNOUCTE_ RARELy /tE M_NIMIZE O

Fig. !
Alternatives for Measurement of Discrete.Frequency Components

source. While tile comparison method is almost exclu, absolute values of the space.averaged sound pressure level,
sively used in industrial test programs, the direct It is recognized that precision measuretnents in re-
nlethod is frequently used in research. It is expected verberation rooms beconrn more complicated when the
that sQnle industrial sound test codes for specific types spectrum of tbe sound to be measured is not dis-
of equipn'tent will specify only one of these methods, tributed smoothly but contains significant discrete-

As far as the direct method is concerned, it sltould he frequency or narrow-band components. One might,
noted that Eq 3 contains a correction temt which was therefore, be tempted to limit the standard to broad-
not used in the corresponding equation inAmerican band soundas was done ht the case of thecortes.
National Standard SI,2-1962 (R1971). This term, pending section of American National Standard

I0 lotto (1 + $3./8V), accounts for tile fact that a space. S 1,2-19fi2 (g 1971). This limitation is particularly
averaging procedure which, for practical reasons, ex- tempting because tile sound generated by most well.
dudes the region near tile walls, tends to yield results designed equipment, in fact, does not contain signifi-
which are cons[stendy somewhat lower than the true cant discrete-frequency components. On the miter
space average taken over tire entire room volume (see band, thor0 is obviously no guaranme that such coal.
[4] 2), While this difference is no larger than the ex. ponents are not radiated by the equipnlent under test.
peered random errors {Table 1), it was felt that die cur- Moreover, there is no longer a serious problem in mea- "'
rection slzould be included to eliminate the systematic surbrg the sound power output of discrete-frequency
differences often observed in comparing data obtained sources, provided the wavelength is short compared to .,,
by the direct method against data obtained from free. the size of the test room [ I, 2].
field measurements (see J3]), This correction is not Ideally, the reverberation room should he big enough
necessary when using the eomparimn nletht_d because for equipped ',vtth rotating diffusers or Imv.frequeney

tbe comparison method is based on relative rather than absorbers, or both), and extensive sampling of the

- sound field should be carried out to provide file desired

2Numbersin bracketsrefer to corresponding numbersin Se,> accuracy regardless of tile shape of tile spectronl all
lion 14.2, References to Ihe Text. entitled by tile source. Tire cost of sucll all ideal facil- Ip'

8
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TableI

_"_ Uncertainly bzDelermining SoundPower Levelsof
SoundSourcesin ReverberationRooms

One.Third
OctaveBand OctaveOand

CenterFrequencies CenterFrequencies StandardDeviation
(Hz) (Ilz) (dB)

125 I00to160 3.0
250 200 to 315 2,0
500 400 to 630 1.$

1000 800 to 1250 1.5
2000 1600to 2500 1,5
4000 5 t50 to 5000 t,5
8000 6300 to I0 000 3.0

ity, however, ishigh and canb# justified only if tile and is relatively steady for at b:ast30 seconds,The
usage factor is sufficiently great. If a facility Is used spectrum of the sound may also include prominent

only occasionally For sound power determinations of discrete-frequency componants or narrow bands.
sounds containing discrete-frequency components, the When a source emits narrow-band or discrele.

extra cost ts not likely to be justifiable. This standard, frequency sound, a determination of its sound power
therefore, allows analternative procedure inwhidl tbe level ina reverberation room requires tbe use of a

source Is tested in a number of po_itions, the number greater number of source locations and microphone

of positions depending upon the prominence of the positions (or a greater path length of a moving micro-
discrete-frequency component, ils frequency, and the plloee). Tile required numbers of locations and post-
properties of file rnverbetation room. The test for the tions depend upon the desired accuracy, Ihe spectrum
presence and significance of discrele-frequency corn- of the radiated noise, and the properties of the test

-;..,_il._.. ponents is described in 6.3, and tile compulation of tbe room. These numbers can usually be reduced if one or

_1__? number of source positions required i=¢described In more rotating dill'users are operated in the test room.,!_7 Section 12. during the measurements. Guidalines for tile design of

It is, of course, possible to bypass tile tests of 6.3 if suitable rotating diffusers are given in Appendix B. The
one is willing to use either the maximum number of u_ of rotating diffusers reduces the effort required to
source positions called for in Section 12 or if tile test make measurements on sources that enlil discrete-

facility is qualified for discrete-frequency sound in frequency components. If tile source emits primarily
accordance wlflr Section 13. A flowchart for tbese discrete.frequency sound below 200 Hz, tlus standard

various alternative approaches is shown in Fig. 1. may not be suitable, and a free.field measurement
should be considered.

1.2.1 Size of Source. This standard applies only to
small sound sources;that is,sources with volumes

1. General width are preferably less than 1% of tbe volume of the
reverberation room used for die teSL

I. I Scope and Purpose, This standard describes a direct 1.3 bleasuremeut Uncertainty. blcasurements made in
method and a comparison method Ibr detennblblg tile conformance with this standard tend to resuh in stan.

sound power level produced by a source. Tbis slandard dard deviations v,,hich are equal to or less tban those
contains test room requirements, source location and given in Table I, The standard deviations of Table 1
operating conditions, instrumentation, and techniques reflect the cumulative effects of all causes of an-

for obtaining an estimate of tbe mean.square sound cerlainty, (See II, 21 .)
pressure front whicb tile sound power level of tile
source in octave or one.third octave bands is cah:u-
lated. It is intended to provide techniques for acuus-

I tlcal measurements that can be used in test codes for 2, Dennitlons

i particular types of equipment,

1.2 Applicability. This standard applies primarily to In Ibis standard tile following dcfinitions sball apply:

e_.9_=..''_,==¢ the measurement of sound tllat is uniformly distrib, comparison melbod. Calculation of sound power leveluted in frequency over tb_ frequeocy range of interest by comparison of measured sound pressurelevels pro-

9
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dueed by ibe source in a reverberation room wfih the NOTE:Thewidth of ih0frequencybandshouldhe Indicaled
mean-squaresonnd pressurelevelsproduced in Ihe by 0 qualifyingmodifier;l'or_xanlpl_,O¢l_Vebandsaundproo-

f "_"sameroom by a referencesoundsource(RSS) of sureloyal,one-thlrdoctavebandsmmdpr=ssu,_t,_vel,el,:, e
known sound power outpul, wavelengdl. X. The speed of sonnd in air (upproxi.

direct method. Calculation of sound power level from mately 345 melers per second) divided by tile fro-
tile measured sound pressure levels produced by the quency in ber tz,
source in a reverberation room and from the reverbera.

tion time and volume of the reverberation room. 3. Test Room l;[eqtlirentenls .*a

discrete.frequency component of tile sound emitted, A t

component having an instantaneous sound pressure 3. I Gener,'d.The lesl room shall be largeenough and
I

which varies essentially asa simple sinusoidal ftmction have low enough total sound absorption to provide an
of time. adequate reverberant sound field for all frequency

bands within the frequency range of Interest. (See

frequency range of interest. For general purposes, tbe Appendix A.) Tile test room shall be adequately iso-
octave bands of interest are those wilh center fro- Iated from extraneous noise.

quencies between 125 and 8000 Hz. The one-third 3.1,1 Criterion for Room Adequacy. The adequacy
octave bands of Interest are Ihosc wilb center fro- of Ihe lest room for nleasurenlents according to this

queneies between I00 Hz and 10 000 Hz, For special standard, including benefits resulting frum slationary
purposes, the frequency range of inleresl may be ex. and moving sound diffusers, shall be established by tile
tended by one octave (or three one-third octaves) at procedure of Section I I.

either end, provided the test room is satisfactory for 3.1.2 Criterion for Adequate Isolation, Tile back-

use over the extended frequency range. For sources ground nol_ level shall be at least 6 dB and preferably

which radiate predominandy high (or low) frequency more than I2 dB below the sound pressure level to be
sound, tile frequency range of interest may be limited measured in each frequency band witllin tile frequency
in order to optimize tile test facility and procedure, range of interest.
For this purpose, any band in whldl the level is 40 dB

_ or more below tile highest band pressure [e'.'el may be 3.2 Room Volume. Tile room volume sllould be at

excluded from consideration, least 180 in3 and preferably 200 m J for measurements_r!!! including Ihe 125.11z octave band, and 70 in"1for men-

mean-square sound pressure. Tile sound pressure surenlents covering only tile 250.Hz and Idgber octave

averaged In space and time on a nlean-square basis bands (see AppendL_: At.
using tile time.averaging procedure specified in 4.2 and
the space.averaging procedure specified in 6.2, 3.3 Room Alisorption. Tile absorption of the test room

The finite averaging time and finite microphone palb affects the nlbtimum distance to be maintained be-
length (or finite number of fL'_edmicrophone posi. t',veen Ihe source and the microphone positions. It may
lions) as well as deviations from tile Ideally reverberant also influence the sound radiation of the source. For

sound field are responsible for the uncertainties gi'.'en these reasons the absorption should be neither too
in Table 1. large nor exlremely small (see Appendix At,

3.3.1 Surface Trot|mont. The floor of Ibe lest room

reverberant sound field, That portion of the sound shall be reflective with an absorption coefficient below
field in tile test room over which the influence of 0.06. None of the other surfaces should have absorp.
sound received directly front Ihe source is negligible, tire properties :_ignificantly deviating from each edict.

¢¢verberation room, A tesl room characterized by a For each one-third octave band w[thhl Ibe frequency
small amount of sound absorption and satisf.ving the range of interest. Ihe mean value of the absorption
criteria of Section 3. coefficient of each wall and of Ihe ceiling should be .,

within 0,5 and 1.5 tbnes die mean value of dte absorp.

sound power level, LI_,. Ten limes tile logaritbm to tile lion coefficient of all walls and ceiling.
base 10 of the ratio of a given sound power to the ref-

once sound power. The reference sound power is 3.4 Criteria for Temperature and HunOdity. The air
I pW (I pW = 10- j:_ W). Unit: decibel (dfi). absorption in tile reverberation room varies with the

temperature and humidity particularly at frequencies
sound pressure level, Lp.Ten times tile logarithnl to above lO0Ol lz. Tbe tentperalure t fin degrees Celsius)
the base 10 of the ratio of the mean-square pressure of and tile relative humidity rh (it+pert:ent) shall be cen-
t sound to tile souare of the reference pressure. The trolled dudng lho sound pressure level n_easttremen Is.

reference pressure is 20 pN/m 2. Unit: decibel (dB), Tile product rh (t + 5°C) :,haU not differ by more than

: I0

f
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:l:10% from tile valueOf tile product whicb prevailed TaMe 2

,._ during the measurementsof the reverberation lime (for RelativeTolerances for the Instrumentation Systemthe dircet method) or reference soundsource(for the

comparison method). Frequency ToleranceLimits
(lit) (dB)

4. |nslrtltTlentatiott 50 to 80 ' • td100 to4000 _ l
5 000 + 1.5, -2

4. | Ge_rM, The char_tcrisOcs of the instrtlmentatlon 6 300 + t,$, -2
8 0on + 1,$,-3

thai[ be consistent widl the procedure selected for aver- IO000 + 2, -4
aging the sound pressure, on a mean-square basis, in 12500 + 3, -6
spaceand in time. Severalahernative proceduresfor
space averaging are listed in 6.2. Those involving auto-

matte sampling of tile sound field by either e moving Oy does not change by more than 0.5 dO in the tern.
microphone or a scanned array combine the space- perorate range encountered in tile measurement. If

a moving ndcrophone is used,care shallbeexercised to
averaging and time.averay,Jng operations ;rod thus re. avoid introducing acoustical or electrical noise (for
quire indicating devices with correspondingly long example, from gears, flexing cables, or sliding contacts)
integrafion (averaging) time constants, that could interfere with the measurements.
4.2 Indicating Device. There are two alternative ap-

proaches to time.averaging the oulput voltage of the 4.4 Frequency Response of the Instrumentation
octave (or one-third octave) band filters, eats): System. The frequency response oP the instrumenta.

(1) Integration of the squared voltage over a fixed lion calibrated for randomly illcident sound shall be
time Interval _D, by analog or digital means. This is determined acco*'ding to the procedures of American
the preferred modred, National Standard Method for the Calibration of

(2) Continuous analog averaging of tile squared volt- Mlcropbones, SI.10-1966 (R I971). Tile random.
age using an RC nelwork with a time constant, To. incidence response shall be within the tolerances given

_ :_,_ This provides only an approximation of tile true time in Table 2.
_.:, ,., ¢ average, and it places restrictions on the "settling" time 4.5 Frequency Analyzer, An octave hand or one-third

and observation time (see 6.4.1). octave band filter set meeting at least the requirements
4,2. I IntegraOon dyern FLied Tbne Interval. If Ihis for ClassII filters of AmericanNational Standard

method is used, the standard deviation of estimates uf Specification for Octave. Half.Octave, and Third-

the level of the mean.square voltage shall be less titan Octave Band Filter Sets, Sl.I 1.1966 (R197I), shall he
0.25 dB for a steady sine wave input over the fre. used.
quency range of interest, and tile average value of a
series of I0 eslimates of the level of the mean.square 4.6 Calibration. At leastbefore each seriesof measure.
value of eo(: ) shall not differ fronl the value obtained ments, an acoustical calibrator with an accuracy of

by continuous integration by more than -+0.25 dO. ± 0.5 dO or better shall be applied to die microphone
The integration time, to,shall be Identical Io theoh- for calibration of the entire measuring system at a

servation period used (for minimum values of observe- single frequency (or preferably at several frequencies).
finn periods, see 6.4; for the relationship between in, The calibrator shall be checked at M_stannually to
Secretion time and microphone traversing or scanning verify that its output has nat changed.
.t_riod, if applicable, see 6.2.1 ). In addition, an electrical calibration of the complete

4,2.2 Continuous Averaging. The time constant, Tn , instrumentation system over the entire frequency range
s}tall be at least 1 second, and long enough to meet the of interest shall be performed at least annually and
criterion of 6.2.1. preferably prior zo e_ch seriesof measurements. An

• acoustieM calibration over the entire frequency range
4.3 The Microphone and Its Associated Cable. The of interest should he performed at least atmuafiy.
microphone shall have a flat frequency responsefor
randondy incident sound over tile frequency range of

:_ |nteresL The microphone shall tnee_ the reqldmments 5. ItlStnllnlion find Opernt|on of Source
for use in a Type I precision sound level metier accord-

ing to American National Standard Specification for 5. I General. When the source is mourlled near one or

_r ._..d Somld Level Meters, SI.4-197 I. The microphone (and more reflecting planes, the radiation impedance mayits associated cable) thall be chosen so that its sensitiv- differ appreciably fi'om that in free space, and tile

11
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.-,_sound power radiated by the source may depend 6. Determlnation of Mean-Square Pressure and
I' strongly upon its position and or[eniaUon, It may be of Number of Source Posit[oils

interest to deterndne the radiated sound power either
for a particular position and nrientalion of tile source 6. I Genera. The major cause of uncertain ty in deter.

or as the average value for several positions and orienta, mining sound power ill a reverberation room is [he

tions, spnllal Irregularity of the sound field. The extent o1"

5,2 Source Location. The source to be tested shall be this irregularit.v attd, hence, the effort required to de-
termine tile recall-square pressure accurately is greater

placed in the reverberation room in one or n'4ore posi. for discrete-frequency sound than for broad.band sound. !

tlons that are typical of normal usage, Tile procedure of 6.3 shall be used to determine if [
NOTI_:tf possible, Ih¢ sourceshouldha located at least 1.5 In significant dJserete-fiequeney components or narrow i
from any wail of the room. bands of noise are pre_nt in life sound gmilled by tile

$.3 Source Mounting. In many cases tile sound power source, If so, the provisions of Section 12 or Section

emitted will depend on tile support or mounting condi. 13 shall be applied in addition to those of this section.

tions of tim source, which shall be carefully described ill 6.2 _,licrophone Positions, Space averaging of the
the test report. Whenever a typical condition of meant- sound field shall be accomplished by one of the follow-
ing or use exists for the apparatus under test, that con. ing two procedures:

dillon should be used or simulated for the test, if (1) Traversing a n_crophone at constant speed over

practicable. No major surfaces of tile source should be a path at least 3 m in length ;vh[le the signal is being
oriented parallel to a nearby sllrface of the reverbera, averaged on a mean.square basis. Tile path may be a

lion room unless the source Is so oriented in its typical line, an arc as obtained by swinging the microphone, a
mounting condition, circle, or some other geometric figure.

NOTES: (2) Using an arrayof at least three fixed micro-
(1) A sotttcenormally mounted througha windrow,wail, el phones (or microphone positions) spaced at least ;',/2

ceilinga_ailbe mounted Ih[oughthe wallor ceiling of the from each other, where _. is the wavelengtll of sound
_ ,_1_ [evet_ratlon teem nnd located al lea_t1.5 m from an_'ethel

lurfa_, exc_pt thai :ioutcesnormallymournedneara corner corresponding to tirelewes[ frequency in tile fre.
• :::.<_1shallbe loealed at the normal distancefrom sucha cur net. queney range of inmrest. Tile outputs of tile micro.

(2) Equipment normaUpinstalled ona table or stand shag phones shall be either scamled automatically and aver- _"
b©_omounted during the lest, aged OH,_1mean-square basis by [lie indicating device,

g,4 Auxillats' Equipment. Care should be taken to or the average shaft be eompmed from the mean-square

assure that any electrical conduits, piping, or air duels outputs of each individual ndcrophone position.
connected to the equipment do not radiate a signg'i. NOTE:A path IcnlIIhof 3 m for the traverseand lllreCpun-
cant amount of sound energy into Ihe test room. If lions for the arra:,'arenlinimum reqltilemenls, t t may beoec©s_alyIOUSea nlor_extensivemicrophon_traverseor_ffay,
possible, all auxiliary equipment necessary for the or u_ movingor slalinnary _ounddiffusers,or bOllhinorder
operation of tile device under test shall be located out. to nlcelthe rcquirelnenlSof 11,5.

side tile reverberation room, 6.2.1 Repetition Rate. The repetilion rate of file
microphone traverse (ortile scanning rate for an array

$,S Operation of Source During Tests. During Ihe of fixed microphones) shall meet the following criteria
acoustical measurements, the source shall be operated (I) There shall be a whole nunlber of microphone

in a specified manner typical of normal use. The traverses or array scans during Ihe observation period

following operational condfiions may be appropriate: (see 6.4.1).
(1) Device under normal toad (2) If integration over a fixed time interval, "to, is
(2) Device under full loud (if different from (I)) used (see 4.2. I), there shall be a whole number of

(3) Device under no-load (idling) microphone traverse or array scans during tile inte.
(4) Device under operating conditions corresponding grating dine of tile bldicating device.

to maximum sound generation (3) If continuous averaging is used (see 4.2.2), tile t
The sound power levels of sources may he deter- traverse or scanning period shall be less than 2 times

n_lned for any desired _t of opelaling conditions (that the tim0 conmam of Ihe indicating device.
is,temperalu_e, hmnldlty, device speed, ele). Tllese 6.2.2 Location of._|ierophone Traverse orArray,
test conditions shall be selected beforehand and shall Tile microphone traverse or array shall be wbhbl that

be held constant during the lesl. Tile source should be part of tile test room wiler¢ the reverherant sound field
warmed up and in a stable condition before any sound dondnates and where the contributiorl of the direct

measurements are made, field to tile measured mean.square pressure is negli.
b

12
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gib]e, To ensurethat tire chmen microphone traverse 6.3.2 Qualitative Procedure,The presenceof a slgni-

_,_, or array is wllhin tile reverberant field, tile following ficant discrete-frequencycomponent can often be de-criteria shall bemet: tected by a simple listening test, If such a eomponent is
(1) The minimum distancebetween the sound audible(or delectableby narrnw.band analysis),Ibe

source and the nearestmicrophone position shaft not measurementsdescribedin 6.3.3 may be omitted. ]n
be lessthan this case.eJfiler the provisionsof lile bottom low of
drain = 0.08 _ Table 6 shall be applied or Ibe test selup shall be quali-
wilere fled asdescribedin Section 13.

V = volume of test room in cubic meters Discrete-frequency components may he present in
T = reverberation time in seconds die spectrtlm evnn when these components are not

audible. A conclusion Ilia[ no s[gnificant diserele-
(2) Th¢ requirements given in l 1.5 sball he met. frequency componenls are present can only be reached

using Ihe chosen traverse or array, by performing the test described in 6.3.3.
The ndcrophone traverse or array shall not fie in any 6.3.3 Estimate of Standard Deviation. An estimate of

plane wilhln I0 degrees of a room surface. No poblt on fire standard deviation of tile sonild pressure levels in
the traverse or array shall be closer than ?,/2 to any the room is obtained as follows:

room surface of the reverberatlml room, ;vhere ?_is dle (I) Sdecl an array of six fixed microphones (or
wavelength of sound corresponding to tbe lowest fre- microphone positions) spaced at least _12 apart where
quency In tile frequency range of intelest, k is the wavelength of the sound corresponding to the

The microphone traverse or array shall avoid areas of lowest frequency of tile frequency hand of interest.
air discharge (if any) or sound beaming from the equip. Locate the source at a single position in the test room.

merit being tested, Obtain the tinle-averaged sound pressure level LI at

6.3 Determination of tile Significance of Discrete. each micropbon¢ position. Instead of a fixed array, a

Frequency Components and Narrow Bands of Noise. If single znlcrophone may be positioned at six points
the source spectrum contains significanl discrete-De- equally spaced along a path at least three wavelengths

queney components or narrow bands of noise, addi. long. The time.averaged sound pressure level is deter-

___;_,, tional microphone positions and more tllan one source mined at eacb point,
location are usually required Isee Section 12) to meet (2) For each oae-tbird octave or octave band within

._g. t_,,_, the accuracy objeclives of Table 1. First, bowevcr, die frequency range of Interest, calculate tlle standard
determination may be made concemblg the presence deviation from the following equation:

and significance of discrete.frequency components or 'Ft'_ '1 I_

narrow bands ofnoisein the spectrum oflhesound s=(n-l)-IP (LI-L'u)2 Jemitted by tbe source.
Allernativdy, it may be assmned that tile speclrum (Eq 1)

of the sound emitted by Ihe machine or equipment where

under test does contain significant discrete.frequency s = standard deviation in decibels

components, In this case, eitber tile additional source L I = sound pressure levels measured at the individ.
positions described In Section 12 shall be used, or the ual microphone positions In decibels
test setup shall be qualified as described in SecUon 13. Lm = aritlunelie mean of sound pressure levels, L/,

If tile room qualifies according to file requirements bl decibels
of Section 13, additional source locations are not re- n = number of measurements (six)

quired, Quafification of the test setup according to Sec- (3) The slandard deviation, s, is used in 12.2 to de-

tion 13 is usually possible only when a rotating diffuser lemfine the microphone path length and tile nunlber of
and additional microphone positions arc used in tile source locations required. Tile magnilude ups dependsroom.

6.3.1 Presence of Discrete-Frequency Components. upon tile properties of Ihe sou0d field in tile test room.
These properties are influenced by file characterisfics

When a discrete-freqneney component is present in the of Ibe roonl as well as tile characteristics of [be source

spectrum of a source, tile spatial dislribution of HIe (tbat is, direelivily and spectrum of emitled sound). In

sound pressure level usually exhibits maxima separated Iheory, a standard deviation of 5.56 dB corresponds to
by minima ltaving an average spacing tff approximately a spectral component of infinitesimal bandwiddl, that

O.8X where _ is Ibe wavelength corrcspondblg to the is,a discrele tone tsee 15] ).
frequency of tile sound. An example of the spatial

_ . variafion in pressure level for discrete-frequency sound 6,4 Sound Pressure Level Readings. Determblati,ns ofis shown in Fig. 2. tile sound pressure level along tile microphone traverse

13
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0

j_ ,._=

Fig.2

_' _c'k Spatial Variation in Sound Pressure Level for a Oi_rele-Freqnency Source

(f= 100OHz;sennspeed= 15 em persecond)

F
(oratindividualmicrophoneposilions_shallinclude (2)Forfrequencybandscenteredon orabove
thefollowingvaluesforeachfrequencybandwithin 200 llz,theperiodofobserYationshallbeat least
thefrequencyrangeofinterest: 15seconds.

(I) The space/limeaveragedba[Idpressurelevels NOTE:Ifthe instrumentationusescontinuoustime!isveraging
producedby backgroundnoise,includingnoisefront (ticsnloolhlng),noobservationshallbestartedistIurswitching
the support equipment, rite motion of the micruphone theaveragcrto 11[towmicroplmncor filteruntil a +'Setllitlg"
and diffuser (if any), and internal electrical noise in II:e time of fivetimes th_ time conslanl of file instrumen¢islion

Ilaselapsed.The observation tinl_ shallb_at least isstong as
measuring inslrumenlalion, the "Sctlllng"finl¢.

(2) The space/time averaged band pressure leveIs

during operation of Ih¢ source being tesled. 6..I.2 Correction for Background Sound Pressure

(3) If applicable, tile space/time averaged hand pros- Leveh The measured hand prosstlre levels shall be cot
sure levels during operation of the reference sound rected, if necessary, for rite background noise accord.
source (see 7.3,2). ing to Fig, 3. Wheu tile background noise level is less

The microphone traverse or array shah be lit,:,same than 6 dg below the sound pressure level with either
for each set of readings and shall meet Ih¢ require, the reference sound source or tile equipment operating,
ments of 6.2. The sound diffuser(s) (if any) shah be the accuracy of the measuremenls will he reduced, aud
operated identically for each se t of readings. No ob. no dala shall be reporled.

servers or operalors shall be in the test room during the' 6.4.3 Calculation of Mean Band Pressure Levels, It' a
measurements unless necessary for operating Ihe device conlit_uous path or automatic: ndcrophon¢ scanning is
uudel Iesi. used, Ihe m_asurcd [_v¢ls (corrected accurdblg lo

6,4, I Period of Observation. Tile readings shall be 6.4.2) in each frequency band of interest constitute file
averaged over the following periods of observation: desired estimate of tile space/time averaged sound pres-

L / (I) For frequencybands cenlered on or below 160 Hz, sueeve,Lp.lfindvdualmicrophoneposifionsare
tile period of observation shall be at least 30 seconds, used, tile levels (corrected accordblg to 6.4.2) for each

14
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Different0 (indecibel=) L}_.=Lp - 10 log. o (TIre) + 10 Ingle (V/Vo)
bolweensoondpressure

O_} _evelmeasuredwithsound +IOIoglo(I+SX/8V)+IOIoglo(B/IO00)-14sourceoperatingand1_3ck*
groundsoundpressute 6 7 B 9 10 11 12 13 (Eq3)

levelalone [ II ii I iI I I I where
Correctiontindecibelsl 1.25 1,0 0.75 0.50 0._5 LIe = sound power levelof tile sourcet_nderlest in
tube subtractedfromsound decibels.Reference: I pW(I pW= 10-12 W)
pressurelevelmeasuredwith Lp = moultband pressurelevel(correctedfor back-soundsourceoperatingIo
obtainsoundpressurelevel ground noise)determined aecurdJng(o 6.4 In
duo1osoundsourcealone decibels. Reference: 20 #N/m 2

T = reverberatioll tittleOf the room hlseconds

Fi8.3 To = l second
CorrectionsforBackgroundSoundPressureLevels V= volumeoftheroom incubicmeters

Vo=Im a

frequencyband of interest thai[ beaveragedby usingtile ;_= wavelengthin metersat the centerfrequencyof theoctaveor one-thirdoctaveband

following equation: S = total surJ_ceareaof room in squarenlelers
/3 = barnnlelric pressurein millibars

erfeclof the InlerfetencepauernformednearIhe roomsur.
LPFFI lOlogz° antg°gl° 1 (Eq2) faees,tSeel2,3,4l.)

where 7.3 Comparison Method. The comparisonmelhod re,

Lp = mean band pressure level in decibels. Refer. quires the use el" a reference sound source ',vhose sound
once: 20 #N/m 2 power output is "known(see Section 10). This method

L I = hand pressure level resuhlng from/lit measure- has tile advantage that it is not necessary In measure
ment in decibels, Reference: 20.uN/m" tile reverberation lime of the test room, In Ibis section,

_=,_ n = Iotal number of n|easuremenlsin the band requirementsfor determining soundpowerby [becorn,

I[_'/'_!_-'_ padson method are presented., 7,3.1 Location of the Reference Sound Source. Tile
7. Calculationof Sound PowerLevel reference sound source shall be mounted on the floor

of the reverberalion room at least 1.5 maway from

7.1 General. In this standard two nlethods are de. any other sound reflecting surface such as a wall or the

scribed for determining tile sound power level of a source being evaluated. Tile distance from the micro-

source. Both methods are based oil the space/tbn¢ aver- pbone path or array shall be such that tile micro-
aged sound pressure level, in oclave or one-third octave pbone(s) is in tbe reverberant field as required by
bands,determined according to Section 6. 6.2.2,

7.3.2 Required Additional Dala. The soundpressure

7,2 Direct Method, In addition to tile data required by level, Lpr, corresponding to p2 av during operation of
6.4.1, the direct method requbes tbat tile reverberation tile reference sound sball b_ determined following the

time of tile roonh T, be determined in each octave procedures of 6.4.
band or one.third octave band witidn the fr_'qnency 7.3.3 Calculation Procedure. Tile sound power level
range of interest by means of the procedures described produced by Ibe source in each octave or one-fldId
in American National Standard hlethod of Test for octave band within the frequency range of interest
Sound Absorption of Acoustical Materials in Rever- shall becalculaled as follows:
berafion Rooms, S 1.7-1970 (ASTbl C 423.66). ,sing al
least the microphone positions specified in 6.2. Lw = Lp + LIce - Lpr (Eq 4)

NOTE:Tile loudspeakerSyslemusedfor tilemeasutenlentof where
the reverberalionlime sitouldbe considereda p_rtof tile test 1-1¢= band power level of source under test in
loom. and should remainin theroom d_lringthe measurements decibels. Reference: 1 pW (I pW = 10-12 W)
of 6.4. l.p = mean band pressure level of source under test

7.2.1 Calculation Procedure. Tile sound power level in decibels. Reference: 20 ,_N/m2 (20,aN/m:

produced by tile source ill each octave band witbbl tile = 2 X 10-s N/m _-)
frequency range of interest sball be eulculal_d from the Lb' r = band power level of reference sound source in

(g.___.. following equation: decibels. Reference:[pW
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Lpr = mean band pressurelevel of referencesound respectto the wall, floor,and ceiling of tbe reverbera.

source in decibels.Reference: 20/._N/m2 lion room,(3) Those items in Section8 which are required for v'
file proper application of tile sound power data.

(4) The statenlent thai the sound power levelshave
8. Infornrnl|on To Be Recorded beenobtained in full conformance wbh file direct

method or Ihe comperisonntetbod of tills stundard.
8.1The followinginformationshallbecompiledand The soundpowerlevelsshallbe indedbels,Refer-
recorded for measurements that are made according [o enter ]0- i a W,
the requirements of ridsstandard.

8.1.1 Sound Source under Test

(1) Description of the sound source under test, in. I 0, Clmrncterisfit.'s and Callbration of Refer-
eludingits mounting conditions once Sound Source

(2) Operating conditions

(3) Location of sound source in test room 10,1 Cburacterisfics of Reference Sound Source. Tile
8.1,2 Acoustic Endronment referencesound source sball bare tile following cl_arac.

(1) Dimensions of test room; deserlplion of the teristlcs over the frequency range of lnlerest:

physical treatment of rise walls, ceiling, and floor; (I) Tile sound radialed shaH be broad band in cbar.
sketch showing rite location of source and room con. acTer without discrete-frequency components; that is,
tents tile sound pressure level ill every one.tenth octave band

• (2) Qualification of reverberation room (Section 1I) shall be at least 5 dR below the corresponding octave
(3) Air temperature In degrees Celsius, relative band level.

humidity tn percent, and barometric pressure in rail- (it) The reference sound source shall be suitably

libars mounted to prevent transmission of vibration to the
! 8.1.3 Instrumentation strncturc on which it rests,

(1) Equipment used for tile measurements, lncludhlg (3) The highest sound pressure level, in any

' name, type, serial number, and manui_acturer direction in any one.ibiril octave band, shall not ex- i
'<_" (2) Bandwidth of frequency analyzer ceed 3 dR relative to tile level of tile mean-square roq°en°yr0spono.ostrum0ntntionsystem 0

!: '::_:' sound pressure for hemispherical radiation.
(4) Metbod used Io calibrate the microphone, and (4) The reference sound source sbail be physically j

the date and place of ealibratinn small (maximum dinlcnsiun preferably less than 0.5 m).

(S) Calibration of reference sound source (for tile (5) The band power level in each frequency band !
comparison method only) shall remain constant witbin the tolerances of Table 3.

8.1.4 Acoustical Data
(1) Locations and orientation of the microphone 10,2 Calibration of Reference Sound Source, The

path or array (a sketch should be included if nece_ary) sound power produced by Ihe reference sound source

(2) Corrections in decibels, If any, applied In each' sbal[ be determined in octave and oneqhird octave
frequency band for Ihe frequency response of the bands with an accuracy as specified ill Table 3, During
microphone, frequency response of tile filter in tbe

passband,backgroundnoise,etc Table3
(3) Corrected sound power levels tabulated or plot- Calibratinn Accuracy for Reference Sound Source

ted to the nearest ball.decibel (The preferred format
for plotting sound power level data is sbown in Fig. 4 One-ThirdOctaveBand
[one octave equals 15 ram, 10 dR equals 20 ram] .) CenterFrequencies l"oleaance(ttz) tdtt)
(4)Dateand timewhentilemeasurementswereper.

formed too ,1.0
125 , 1.0
160 ± l.O

200 to 4000 t 0.5
$ 000 ± 1.0

9. hfformation To Be Reported 6 300 * t.0
8000 _ 1,0

Ill 000 ± LO
The following information shall be reported:

(1) The sound power levels for all frequency bands NOTE:Tile accuracyruquiredby Table 3 can only be obtained
of interest and all operating condidorls of tbe source, by more elaborate mcasurenlent procedures than lllOSede.

_k_" (2) The location of tile sound source under test with scribedin this standard.
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Preferred Format for Reporting Octave alld One-Third Octave Band Sound Power Levels

calibration, the source shall beplaced on the floor bl the broad.band sound measurements for each one-third
tile same manner as during the intended use. O¢laVeband is expressed in terms of the standard devia-

tion of tile measurements,

11. Room Qualification Procedure for the l 1.2 lastrumentatiouand Equipment.The instrumen.
Measurement of Broad-BaudSound tafionand microphonepad_or arrayshaBbe thesame

as inlended for useduring the actual testing of a

I 1.1 Introduction. TIre procedure described in this sec- source. Tile test procedure given in this section requires
tlon shall be used to determine tbe accuracy with the use of a reference sound source having the chata¢.

which broad.band sounds can be measured widl a given teristics specified in I0.1.
t_st facility and i_isllumantatlo_t, it ptovide_ a mt:a_u_e (1) The instrumentation siiaB conibrm to tile re-
of tile uncertainties in the coupling between tile sound quiremenls given in Section 4,

source and the reverberant field as welt as uncertainties (2) Tire microphone path or array shall conform to

_.,._J In the space/time averag!ng procedure. The accuracy of the requirements given in 6.2.

;. i7
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_=='_i I 1,3 Test Procedure. Eigbt or more reverberant field Table 4measurements shall be taken of tbe one.dlird oclave or Maximum Allowable Slaudard Deviations of LI

oelave band sound pressure levels in the loom, each On_.Tldrd Maximum
wbb Ibo reference sound source placed at a different Octave Band Octave Band Allowable Valueof
location witbin file room, under the following condi- ¢¢nl_r Ftcqucndes Center I:rcquendes Standard Deviafon
tlons: (Hz) (Hz) (dll)

(I) The sourceIocalion sball be selected wilbin a 125 IO0 to lfi0 1.5
floor area not closer dlan 1,5 m to a wall and not 2S0 20O to 315 Z.0

closer to tile nlicropbone dzan permitted by 6,2, Tbe 500 400 to 630 1.01000 800 to 1250 O.S
distance between ally two source locations shaU be 2000 1600 to 2500 0.5
grealer than _./4 where X is tile ',vavelengdl of the low- 4000 3150 io shoo 1.0
est frequency for wbich Ibe room is Io be qualified. No 8000 6300 io 10000 1.0
source location dlall fall near a room ceumr line. Tile

source positions shall be in Ibe general vicinity of the
location intended for die equipment being evaluated, bated to: l) limited sampling (space averaging) of file

(2) With tbe reference sound source at eacb of Ibe sound pressure in Ibe reverberaal field, and 2) a limit-
above locations, measurements of the oneabird octave ed number of room modes excited by the source.
or octave band sound pressure levels shall be recorded 11 is assumed 1bat these errors are statlstically inde. .

at leasl to tile nearest half decibel, pendent so that die variances (squares of the slandard
(3) The microphone path or array, sound diffusers deviatiorzs) add. Tlds is die reason that Eq 7 contains

(If aoy), instrumentation, and observatioo time shah be Ihe sum of two terms, Tbe term t/Nm expresses die

idendcal to those used for conducting actual tests with variance due to incomplete space averaging usingNm

equipment in the source area being qualified. If a micropbone positions. Equation 6 explesses an equiv-
graphic level recorder or ploUcr is used as Ib¢ indicat, alence between averaging at a number of discrete
log device, eacb s¢t of measurements sbai] be plotted microphone positions and conlinuous averaging (or
on a separate chart. Integration) over a microphone traverse. Experin_eneal

_"_ I 1A Computalloltal Procedure. For each frequency proof of Eq 6 is furnished in lit. It should be noted
_" band in which Ihe test room is m be qualified, the slan- that, for a micropbone (raverse of given lenglh, Ibis

dard deviation sball be computed using the equation: term is inversely proportional to frequency.
Tile otber lerm in Eq 7 Is based on Lyon's tbeory

I_ "_1/2 for file variance in tbe sound power outpul of a mono.J pole source in a reverberant field as a funcUon of mud.
s = (n - 1)- lit (LI - Lm) al overlap [6], I( should be noted that this (ernl dimin-

=l (Eq 5) idles with tile square of Ib¢ frequency and, tbus, tends
where to govern only at low frequencies. For a given room

s = standard dcviatinn in decibels volume, this lerm also depends on reverberation tbne.
/'1 = sound pressure levels measured according to For this reason, it is recommended that low frequency

1he space.averaging technique described in damping b¢ providedin die room (see Appendix A),
Section 6, in decibels Maling ill gives experimental evidence of tbe (rends

L m = nrithmeUc mean of sound pressure levels, LI, in predicted by Lyon's tbeory. Equalion 7 also shows
decibels that tbe use of nluiziple source positions reduces both

n = number of measurements types of error,Tile error due to a ]inlJted number of

11,5 Qualification. For ¢acb particular frequency band, penni modes is reduced because the exlem to whicb a
given mode isexcited depends on source posilions (see

the test room qualifies for die measurenlent of broad. [7] ). Tile error due to incmnplet¢ space averaging is
band sound it"die compu(ed slandard deviation does reduced because die total number of samples of die
not exceed file limits given in Table 4. sound field is Ihe product of the number of Intern-

phone positions used for each source position tintes tile
12, DeternHnation of the Number of Micro- number of ¢h0sour_ positions,

I phon_and Source Positions for Sources Con- The:constant K in Eq 7 is aa empirical one (see
taioillg DLscrele-FrequcBcy Colnl)oBents Table 5) based on file fact dla( Ibn accuracy of all

acoustical nleasurements falls oft"at very low I'requen-

"_...j 12,1 Introduction, Tile total error (apart from thai due ties so that a rein.gallon of Ibe objectives (see Table l)
to calibration and decay rate measuremen0 is attri- isjusfified at low frequencies.
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TableS

_a_, Number of Microphone PositionsRequiredandValues of Constant K for Determining Number of Source Locations

Octave Band Number of Numberof ConstantK
(andOne-Third Microphone Microphone forDetermining
Octave Band) Positions(Nm) Positions(Nm) Numberof

Cenler Frequencies If 1.5< s _<3 dB If J > 3 dB SoutcaLocations

125(tO0.I25.160) 3 6 5
250(200,250,3ld) 6 12 l0
S0O(400, 500,630) 12 24 20

100O(800, tO0O,1250) and up 15 30 25 _.

Table 6
Procedureto beFollowed in tbe Measurement of

DisCrete-FrequencyComponeutsor Narrow Bands of Noise

Standard Numberof
Deviationt Numberof MicrophonePositions Source

(dB) Procedure (or MicrOptlonoPathLength) Locations

s _<t.5 Broad-bandprocedureadequate Nm " 3 or Icomputed from .'Vs = l
Eq6 for a contiauous path

1.5 < s _ 3 Assume tltata narrow bandof noise Nm determinedfrom Table $ Use half thenumberof
Ispresent el I c_mputedfromEq 6 for a sourcelocations

continuouspath computedfrom Eq 7

s> 3 Assumethatadiscrete-frequencycomponent .,Vm determinedfromTable$ ComputeN:fromEq7
, _-_ ispresent elIcomputedfromEq 6fora .

+,..on=patB

12.2 General. Because Eq l (see 6.3.3) gives only an source locations depends on the reverberation time and
estimateof the truestandarddeviation, three broad volume of tbe room, and on die frequency, For dis-
ranges of values for s are used to determine the number crete.frequency tones, the recommended number of

of microplLone positions (or path length) and tile num- source locations. P/z, shallbe computed fronl tim fo].
her of source locations required to acldeve the accura- lowing equalion and rounded to the nearest higher iB-
ey objectives when discrete.frequency componenls are roger:

t ' tspectrumof the sourceis not necessaryfor carryJng Na >__K 0.78
out tim measurements. Irregularities in tile sound field (Eq 7)
are taken into account insofar as they inflnence tile where

estimate of the standard deviation, s. T = reverberation time of tile room for file one.
third octave band containing the discrete-

12.3 Computational Procedul_s. Tile value of s frequency component, in seconds
calculated according to Eq I is used with Tables 5 V = room volume in cubic meters

and 6 to determin0 the recommended microphone path f= frequency of the discrete coznpoaent in bertz
length and the number of source locations. K = value era constant given in Table S

"Dienumber of microphone positions, Nm. is deter- N m = number of n)icropbone positions for tile
mined froln Table 5, [f a contbmous micropboue tra. narrow.band noise or discrete,frequency
verse is u_d, tile length of the traverse should be at component (see Table 6)
least

After tbe minimum number of microphone positions
t = N m ().12) (Eq 6) (or appropriate microphone path length) and the re-
wbere X is denned as 6.3+_ (I), and N m is the number commended number of source locations Imve bcell

_.._/' of mlcropltone positions. The required number of selected, file procedures of 6.4 shall be followed to ob-
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Table 7

Test Frequencies (or Periods) for Qun[ificalion of Facility for
I_easuring Sounds Containing Significant Discrete-Frequeucy Components g.J

CenterFreq0enciesof One-ThirdOctave 0ands (llzl

100 125" 160 200 260 319 400 500 630 000 1000 1250 1600 2000 2500

Periodof Test Frequency (ms) TeslFrequency (tlz)

7.08 3,54 3,76
7.02 5.60 4,48 3.51 2.74 1130 1410 2260

11.10 8,68 8.06 5.63 4,44 3,4n 3,72 3,22 564 712 1140 1426 2280
11.00 8.00 6,90 5.50 4,40 3,45 2.70 2.20 570 720 000 1180 1440 1800 2300
10.90 8.72 fi.84 5,45 4.36 3.42 2.68 2,18 376 728 910 I160 1435 1820 2320
10.80 8.64 6.70 5.40 4.32 3,39 2,66 2.16 582 736 930 1170 1470 1840 2340
10,70 8,56 6.72 5.38 4.28 3.36 2,64 2,14 368 744 030 1100 1485 1860 2360
10.60 8.48 6.66 5.30 4.34 3,33 2.62 2,12 594 752 940 1190 1500 1880 2380
10.50 8.40 6.60 5.25 4,20 3.30 2.60 2.I0 so0 760 950 1200 1516 19o0 2400
10.40 8.32 6.54 $.20 4.16 3.27 2.56 2,08 606 760 960 1210 1530 1920 3420
10.30 8,24 6.48 5.16 4.12 3,24 3.36 2.06 612 776 070 1230 1545 t940 2440
10.20 8+16 6.42 5,10 4,08 3,21 2,34 2.04 618 784 980 1230 1560 1960 2460
10.10 8,08 6.36 5.06 4.04 3.18 2,82 2,02 624 792 990 1240 1675 1980 2480
10.00 8+00 6,30 5.00 4,00 3.15 2.50 2.00 630 800 IO00 1250 1590 2000 2500
9,90 7+92 6,24 4.95 3.96 3.12 2,48 1.98 636 808 1010 1260 1606 2020 2320
9.80 7,84 6,18 4.90 3.92 3,09 2,46 1+96 642 616 1020 1270 1620 2040 2540
9.70 7.76 6.12 4.85 3.88 3.06 2.44 1.94 648 824 1036 1200 1635 2{)60 2560
9.60 7,68 6,06 4.00 3.84 3.03 2,42 1,92 694 832 1040 1290 I630 2080 2880
9.60 7.80 8.00 4.76 3.80 3.00 2.40 1.90 660 840 1050 1300 1665 2100 2600
9,40 7.52 6.94 4.70 3,76 2.97 2,38 1.88 666 848 1060 1310 1680 2130 2620
9.30 7.44 5.88 4.66 3.73 2.94 2.36 1,86 672 856 1078 1320 1695 2140 2640
9.20 1.36 5.82 4.60 3,68 2.91 2,34 1,84 678 864 1080 1330 1710 2160 2660
9,10 7.28 5.76 4.56 3.64 ' 2,88 2,32 1.83 694 873 [09n 1340 1725 _180 2680

9.00 7.20 5.70 4.50 3.60 2.80 2.30 1.80 690 680 1100 1390 174n 22_n 2700 _i

'_"_'_A"-_. 7.12 6.84 3.56 2,82 2,20 696 808 Ill0 1360 1755 2220 2720 A '_ _,..y 703 1370 1770 2740
++' 700 1380 1765 2760 ¥_

1390 2780

[ncremen{ 0.10 0,08 0.06 0.05 0.04 0.03 0.02 0.02 6 8 10 10 15 20 20

Tolerance t
oflnCtEmcnt tO,03 zO,03 =0.02 20.02 tO,OI ±0.01 _0,005:0.005 =2 _3 =3 _3 =5 t5 =5

n 22 23 25 23 24 26 26 22 26 23 22 27 26 22 27

rain values efLp, the mean band pressure levels In the on the fact Ihal the uear-field sound pressure level of a
one.third octave bands of blleresl. Tile sound power small monopole.type source is proportional to Ihe

emitted by the source is dmn c_culaled using the pro. sound power level in a manner which is essentially
independent of frequency, because the real part of the
acoustic admiltanc¢ seen by sucb a source is essential.

13. Altenlative Qualification Procedure for ty independent of freqoency (see [8]). Tile lest
the Measurement of Discrete-Frequency hequency in the left,band part of Table 7 is sp¢ci-
Components fled indirectly (thai is, in terms of the period) because

i1 is tedious Io set up an oscillator at low frequencies

13.1 Introduction, The accuracyobjectives for this al- using tile courtier in tile frequency triode. Mucll lime
ternntive procedure (see Table 8) are empirical The can be saved by using tile counter in the period inode,
procedure uses frequency rather than source position The qualillcatton procedure given in tiffs section pro.
as the inde_ndent variable in order to include Ibe el- vides data on the total uncertainty due to both a lien-
Sectsof the modal frequency distribution of die partic. ited number nf modes excited by a discreqe-frequency

ular room being qualified, source and In a limited sampling and averaging of

It should bepointed onl 1bar the loudspeaker lest the resulting sound field. Tim fmnler is nm a prob.
(see 13,4) uses n near.field nteasurement to qoalify the lem nt high frequencies. At high frequencies, therefore.

'_'_' frequency response of tlld loudspeaker. "fhis is based tile [bldlblg factur is tbe number of microphone posi-
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Table 8

_,.a_ Maximum Allowable Standard Deviations of LI
On_-Tbird Maximum

Octave band OctaveBand Allowable Valueof
C_nrerFrequencies CenterFrequencies StandardDoylefen

Oh) (ltz) (dB)

125 I00 to 160 3.0
250 200to 315 2.0
500 400 to 630 L5
1000 000to 1250 1.0
2000 1600to 2500 l.O
4000 3150 to5000 2,0
8000 6300to 10 000 2.0

NOTE: Ifa continuousmicrophonetraverseof lengthI isused,
the qualifiea0on test needsIObe carriedout only at frequencies
below/I ore2,whicheverislarger:
f= =6000//
wOe:ef I is in beuz and/in meters;

fg = 5o00(V)-tP
where V isOrevolume of nte testroom incubic meters.

tions used. It may be possible to use discrete micro- for any particular sound source.

phone positions provided an effective rotating diffuser The qualification procedure described in 13.4-13.8
Is employed, but usually it will be advisable to use a makes use of the fact that irregularities in the frequen.
continuous averaging scheme employing a very long cy response of a reverberation room for a given source

microphone traverse. Circular traversesprovide more position and microphone array or path are indicative of
...... length In a given space than linear ones and are easier the uncertainties in the coupling of the source to the

¢_ to automate, reverberant field as ',veilas uncertainties in the
At low frequencies, the bottleneck tends to be the space/time averaging procedure.

small number of modes which can be excited at any 13.3 Insmmtentatlon. In addition to the instrumenta.

given frequency. Tiffs can be improved by introducing tion and microphone array or path specified in 6,2, thea certain amount of damping into the room to broaden

tile frequency response (modM bandwidth) of each following items are required for tile qualification test:
mode (see A4 of Appendix At. It is likely, however, (1) A high-quality loudspeaker of 200 mm diameter
that the qualification criteria (see Table 8) can be met or less, with an airtight back enclosure,
at low frequencies only by using a rotating diffuser of (2) An oscillator, a frequency counter, an amplifier,

a voltmeter, and an octave band or one.third octave
the type described in Appendix B. I t thould be pointed band filter.
out that, at the present time, there is no way to predict

the performance of rotating diffusers, This is Ibe rea- | 3,4 Loudspeaker Test. Locate the loudspeaker on the

son that this section describes an experimental pro. floor of a semianechoic room, Place the microphone at
cedure for determining the combined effectiveness of a distance of lO [o 20 mm in Iron t of die speaker face,

all features of the facility, Using tile indicating device and frequency analyzer (see

13.2 Genemh The procedure described in this section Section 4), record the sound pressure level at constant
may be used to estimate tile uncertainty in tile mea. loudspeaker input voltage over the frequency range for
surement of discrete,frequency sounds in a given fever, which qualification is desired. In each one.third octave

beratlon room, with a given ndcrophone array or patb. band, take measurements to tile nearest half decibel at
If the standard deviations do not exceed file values giv- the frequencies or periods shown in Table 7, •

en in Table 8 over tile frequency range of interest, tile NOTE:Th©loudspeakeris suitableonly if measurementsat
test facility (consisting of tile room, instrumentation, adjacentfrequencies do not differby more than I dO,Theloudspeaker inputvoltagefor this test shouldbe low
and microphone array or path) is considered qualified ' enough to nrevem distortion nbat is, excessivevoicecoil and
for testing sources wlros¢ spectra contain slgni[ican I dlapMagm excursions, particuladyat low frequeneiesLbut

high enough to prevent interferencefrom backgroundnoise
i discrete,frequency cofnponents. No additional evalua, tbotit acoustical and electticab durirg this lest, as well asdu_,
,,...._.' lions (such as given la Section 12) arc then necessary inn the following test.
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13.5 Room Test, The loudspeaker shall be placed at locations, the same set of locations shall be used in run-
tbe location(s) where dle equipment is Io be tested (see nieg the equipment sound test, and tile results for the

_, 5.2). The microphone shall be traversing or the array severallocations shallbe averaged. _t_shall be sampled in the same manner ns it is for sound

pressure oval readings {see Section 6). If a revoMng or 14, References
oscillating sounddiffuser is to be used, the diffuser
shall be In operation, 14.I GeneralReferences

Record the space/time averagedsound pressure level 14.1.1 References to American National Standards.
at the frequencies listed in Table 7, Tile loudspeaker When tile following American National Standards re-
input voltage shall be the same as for the loudspeaker farted to in rids document are superseded by a revision
test (see 13.4). approvedby the American National StandardsInsti-

tute, Inn, the revisionsball apply:
NOTE: If artarrayof FLxedmicrophonepositionsk mad, the
array may either be scanned and the mean-squaresound pros- American Nalional Slandard ['or Acoustical Termi-
sureobtainedautomatically(see4.2h orthe mean-squarevalue nology (Including Mechanical Sbock andVibration).n! the individualmtemphoneposilionsmaybe obtainedby
computation. Sl.l-1960 (RI9"/1)

Frequency variations sball not exceed± O.l Hz dur. American National Standard Method for the Physical
ink eaalt set ofmeasuremnnth, Measurement of Sound, S].2-1962 (RI971)

13.6 Computational Procedure.Computational prone- American National Standard Specification for Sound
dure ts asfollows: LevelMeters. S1.4.1971

(l) Correct tile room levels taken under 13,S to re- American National Standard for Preferred Frequencies
move tile influence of file loudspeaker cbaracteristic by and Rand Numbers for Acoustical Measuremants, SI.6-

subtracting,at eachfrequency, the loudspeaker level ]967 (R1971)
taken under 13,4,

(2) For each one-fldrd octave band. calculate tile American National Slandard blethod of Test for Sound
adtkmetric mean of tile room Ie','ds corrected aecprd- Absorption of Acoustical Materials in Reverberation

Jag to 13.6 (l), and compute the standard deviation of Rooms, $1.7-1970 (ASTM C 423.66)

_x the difference between tile corrected room levels and American National Standard Method tbr tile Calibra.

,_.J file mean levd. tion of Microphones, Sl.lO.lO66(R1971)

n American National Standard Specification for Octave,

s = (n - l)- l/a (L I - L,_) Ihlf.Octave, mrd One.Third Octave Hand Filler Sets,
S 1-1966 (RW71)

, (Eq 8)
where American National Standard Mmlmds for file Measure.

s = standard deviation in decibels ment of Sound Pressure Levels, S1.13.l 97I

:Ls = room sound pressure levels corrected according 14,1.2 References to ISO Recommendations
to 13.6(1) in decibels

L m = mean of room sound pressure levels corrected ISO Recommendation R ,195-1966, General Require-
according to 13.6(I) in decibels ments for the Preparation of Test Codes for Measuring

n = number of measurements in the one.third the Noise Emitted by [',lachines3

octave band (see Table 7) ISO/TC 43 Draft ISO Recommendation No, 2204,
Guide to the Measurement of Acoustical Noise and

13.7 Qualification, For each frequency band, the test
room qualifies for dte measurenlant of sound contain- Evaluation of Ith Effects on Man 3

Ink discrete.frequency components if d_e computed 14,2 References to the Text
standard deviation does not exceed the limits given In

[1] MALING, G. C., Jr, Guidelines for determination
Table 8. of the average sound power radiated by discrete.

13.8 Multiple Source Locations, If desired, the qualifl- frequency sources in a revcrberntion room.Proceed.
cation may be obtained by repeating the room test (see tngs of the 7111International Congress on A coustJc£

II 13.5) with another loudspeaker location and averaging
' [he levels (on a mean-square basis) for each frequencyi aPubllcationsof the InternationalOrnanizatlonfar Standard-
' before computing die standard devialion (see 13.6). izatlnnareavailable fromthe American NationatStandards

i If the qualification is based on multiple loudspeaker lanhule. 143o Broadway.New York. N.Y. 10018.
i
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_'_"_ Budapest: Akadumlai, re1 2, 1971, pp 269.272. [51 SCHROEDER, _,|, R. Die slafistischen Parameter
[2] BAADE, P. K. Equipmem sound power inca- der Frequenzkurven yon grossen R_iumeiI, Acustlca.

surements in reverberation rooms.Journal of Somld vo[ 4, no. 4, 1954, pp 594-600.

and Yibration, vol 16, no. I, May 1971, pp 131-135. 16] LYON, R. H. Stalistieal analysis of power injcc.

[31 PLONER, B. Determining the sound fewer of lion and response in structures and rooms. Joonmlof

rotating electrical machines in a reverberation room. the Acoustical Society of America, vo145, no. 3, Mar
The Brown Boveri Review. vet 54, no. 9. Sept 1967, 1969, pp 545.565.

pp 648-654. [7] WATERHOUSE, R. V, Power output of a point

NOTE: Theabove three papersare recent _tale-of-lhe.att sum- _ource exeit big a single Cartesian mode. ]ollrtlal oftbe
matins andcontain numerous furtherreferences. Acoustical Society o[America, vo149, no. I, pt 1, Jan

[4] WATEI_OUSE, R, V, lnler for once pat terns in 1971,pp 9.16

reverberant sound fields.JolmtaloftheAcoustical [8] BERANEK, L. L, Acottsties_ New York: McGraw-
Society of America, vol 27, no. 2, Mar 1955, p 247. Ilill Book Company, 1954, Fig. 5.8.

_ Appendixes (TheseAppe_dLxe5arenotapan_fAme_ar_NaU_n_Standardht¢_h_d_f_h_)etcrmh_ati_no_
Sound PowerLewis of Small Sources in RevelberatinnRooms, S1.21-1972,but use includedfor Informa.
tion proposesonlY.)

Appendix A

Guidelines for rite Design of Reverberation Rooms

A1. Genertll hand [or 100-1tz third.octaveband) is the lowest bandin the
I'requencyrang_of interest.

For accurate determinalion of tbe souiId power level of (21Inhllgecha_'obcrs(that is, tllo_e withvolumes greaterth_n2Offn_31,air _+b_o_pt(ot_Pn_yca'_ al_t_nd_2¢abin_ed._e.-
device, raacbine, component, or subassembly, tile tin/1In Ib_unifestally of diereverberantfield in the highest

reverberation room should have: frequencybandswithin IheI'requen_ rang©of laletest,

(I) Adequate volume Table AI .'

(2) Suitable shape or diffusing elements, or both Preferred Minimum Room Volume as a Function of

(3) Suitably small sound absorption ever tl)e fie. tile Lo'.vesl Frequency Band of Interest
quency range of interest

(4) Sufficiently low background noise levels Preferredblinimum
LowestFrrquency[landof Interest Room Volumems

125.11zoclaveor

A2. Volume of Test Rooln t00.Hzone-lhlrdoctave 20012J-tlz onc-litird octave t$O
16O'llzone.thirdoctave 100

Note tbc requlr_ments of 3.2. The preferred ll_lnl- 250.tlz ocl_veuz 20O*li_one.thffd
mum volume of tbe lest room is given in Table A I. o¢laveand higller "/O

r NOTES: NOTEt Tile prefcned rooln volumes Wen het_ take inlo
_"_'_ " (I) As shownin Table AI, _volun;eof 200 m3 is|uggesled occount the zequirement of grealer _ccutaey in the 2_0-11z

for general-purpo_ meast_rententsin _dllch the 12_.itz or:lave oct0vc or 20_-11zone-fidrdoctave hand given InT_ble 1.
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APPENDIX

A3. Shape of Test Room and Diffusing Table A2
Elements Recommended Room Dimension Ratios for

_, Reetnngul_ Rooms O
It" the room isnot rectangular,no surf,acesof tile room

should be parallel, If the room is rectangular, the room (l) l.y/l.x = 0.83 Lz/Lx = 0.47
proportions should beselectedso dzat very closespac- (2) I,y/Lx = 0.03 Lz/I.x = 0.65
logs between the frequencies of the normal modes of (3) Ly/Lx = 0.79 Lz/Lx ,, 0.63
the room are avoided. (4) Ly/l.x = 0.6S Lz/Lx = 0.42

{5) l,y/Lx = O,70 LJI, x= 0.59NOTE:Thiscondhionwill be satlslfledif the ttt0o of any two
dtmettsions doesnot e ualor closelyapproximate an integer,
The proportionsl:21/_:41/3 arefrequently used. Olherroom Lx, Ly, andL: arethe lenglh, widdl, andheight of Iheroom.
dimension ratiosthat have been roundto be satisfactory for
rooms havinga volumeof apptoximalely 200 ma are givenin
Table A2. of source position on the sound power produced by the

source (refer go the qualification procedure of Section
Large rotating or oscillating vanes may be used to Il). The average sound absorption coefficient of 011

improve the state of diffusion in a room (see Appendix surfaces of the reverberation room should not exceed

B). 0,06over die frequency range of interest, except Ihat

additional absorption below a frequency given by

f= 2000/t"m/3 (Eq All
A4. Absorption of Test Room

is usually desirable in order to increase the bandwidth

The sound absorption cue fHcients of tbe surfaces of the of the resonance curves of the normal modes of tbe
reverberant room must be small enough Io ensure an room. Tile higbesl value of the average sound absotp.
adequate reverberant field. The sound absorption co- don coefficient, at any frequency, should not exceed
efficieats must be large enough Io minimize Ihe effect 0.16,

" C,_) D
;: _: Appendix B

_' Guldelhms for lheDesign ofRotating Diffusers

The eff,_ctiveness of rotating diffusers depends pei. come by designing the diffuser as a body of revolution

marily on their size. Tile diffuser should theretbre be as (disk, cone, or cylinder) with abou150% open surface
large as the room dimensions pemtfi. The diffuser pan- and balancing Ihe reflective surface areas su that the

els should not be of lightweight construction, A surface center of gravily is on dte diffuser axis. A double conj.
density of at least 5 kg/m a is recommended. Tile speed col diffuser, 6 m in diameter, has been operated sue.
of rotation should be high enough so Ihat sound pres. cessfully at 25 revolutions per minuge,
sures can be averaged over at least one complete revolu. Systemalic investigations of different diffuser designs
tion of Ihe diffuser, are no',v in progress. Diffus_'r surfaces which are nut

The practical design problems associated with large, parallel to any room surface appear to give the best
heavy panels rotating at high speed can best be over. results.
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C)

American National Standards

The standard in Ihis booklet is ane of nearly 4.500 standards approved to date
by the American Notional Standards _nslJlute,formerly the USA Standards In-
stitute.

The Standards Jnstitute provides the machinery far creating voluntary slan-
dards. It serves to eliminate duplication of slandords activ[lles and to weld con-

flicting standards into single, nationally accepted standards under the designa-
tion "Amer;can National Standards."

Each standard represents general agreement among maker, seller, and user
groups as to the best current praclice with regard to same specific problem. Thus
the completed slandards cut across the whole fabric of production, distribution,
and consumpllon of goods ancl services. American National Standards, by reason
of Institute procedures, reflect a national consensusof manufacturers, consumers,
and scientific, technlcot,and professional organizations, and governmental ogen-

_. cies. The completed standards are used widely by industry and commerce and -_often by municipal, state, and federal governments. @
The Slandards Inslltuto, under whose auspices this work _sbeing done, is the

Un_fed States cloarWnghouseand coordinating body for standards activity on the
natlonal level. It is a federation of trade associations, lechnical soc[etles, prafes-

slonaJ groups, and consumer argan}:latlons. Some 1,000 companies are a_llaled
with the Insfftule as company members.

The American National Standards Institute is the United Slates member of the

International Organization for Standardization (150), the International Electro.
technical Commission ([EC), and the Pan American Standards Commission

(COPANT). Through these channels American industry makes its position felt on
the international level. American National Standards are on file in the I]brarles
of Ihe national standards bodies of more than S0 countries.

For a free list of all American National Standards, write_

Am0rlcanNationglStandardsInstitute,Inc

1430Broadw*y N"w YorE,N. Y. 10018
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