
. 

MEASUREMEN’L- OIP SOUND LEVELS 

ASSOCIATED WIT-ET AIRCRAFT, HIGHWAY AND 

RAILKOAD TKAFFIC 

R L Field, T M Edrvardv, Pell Kanaav and G L PIgman 

Teehmcal Development Serwce 

Techmcal Development Report No 68 

July, 194: 

lJ S DEPARTMENT OF COhIMl~RCE 

CIVIL AERONAUTIC5 ADMINIS’lRATION 

WASHINGTON, D C 

1322 



TECRi'IICAL DEVELOPMENT REPORT NO. 66 

i%EASUUMENTOFSCWDLFvELS 
ASSOCIAl!!ZD WITHAIRCR.WT,HIGE&'AY 

Am RAILROAD TRAFFIC 

R. L Field 
T M. Edh'arde 

Pell Kangae 
G. L Pigman 

Aircraft Development Division 

Technical Develqment Service 

July, 1947 

CIVIL AERONAIPTICS ADMINISTRATION 
TECBNICALDEYELOFM!3NT SERVICE 

INDIANAPOLIS, INDIANA 



TABLE OF COh'737uTS 

SUMMARY .................................. 

INTRODUCTION ........................... 
PROPERTIES OF SODNDm PRINCIPLES OF SOUND LEVEL MFASlJF3M3N'I. ......... 
EFFECT OF ATMOSPHERIC CONDITIONS AND T!%PJUIN UPON SOUND PROPAGATION ... 
!E%3TEQWMENT ........................ 
TEST PROCEDURE 
A-AIRCRAFT. ........................ 
B . HIGHWAYANDRAILROAD TRAFFIC ................ 
c-GEiNmAL .......................... 

DATA CORRECTION METHODS 
A - COFXECTIONS FOR ELECTRICAL RESEARCH PRODUCTS, INC. Sm LEVEL METE3 .... 
B - CORRECTIONS FOR GEmRALRADIoco.somDLEvELmmR ............ 

TEST I(ESULTS AND DISCUSSION 
A - DOUCLAS C-47 AIWLME .......................... 
B-BEECHC-45AlRPLANiI.. ....................... 
C . NORTH AMERICM SNJ-4 A IRmsrFIE ..................... 
D-STINSON150AIRPLANE ...................... 
E . CESSNA 140 ADPLPXE ........... 
F - AERONCA CHAMPION A IRPLANE ............ ::::. .:: 
G-AIRCRAFTINGENERALAIRPORTTRAFFIC ............... 
H-AIRmSOUNDLEV73LDATA.. .................. 
I -HIGHWAYANDRAlLWAYTRAFFIC ................ 

METHODS OF APPLICATION OF DATA ................... 
CONCLUSIONS .......................... 
AFmNDIcES .............................. 

Pa@ 
1 
1 
2 

2 

7 
9 

10 

10 
11 

12 
15 
16 
18 
19 
21 
23 
24 
25 
26 
28 
54 

I 

II 
III 

1. 

2. 

3. 
4. 

2: 
7. 

a. 

TABLE INDEX 

Inteneity Levels in Decibels for 100-Cycle Per Second Frequency Bmda of 
all Sound Sources Used in Controlled Tests . . . . . . . . . . . . . , . 30 

Specifxations of Aircraft for which Sound Measurements were made . . . . . 31 
Comparative Sound Level Measurements of Aircraft Recorded during Take-Off 
at aDistance Of 500 Feet. . . . . . . . . . . . . . . . . . . . . . 32 

FIGURE INDEX 

Variation of Loudness Level tith Intensity Level and Frequency 
(From ASA Standard 224 2-1942) . . . . . . . . . . . . . . . . . . 33 

vaTiat.ion Of LoudnesB wltb Loudness Level 
(From ASA Standard 224.2-1942) . . . . . . . . . . . . . . . . . . . . 33 

Electrical Research Products, Inc. Sound Measuring Equipment . , . . . . . . 34 
General Radio Co. Sound Meter . . . . . . . . . . . . . . . . . 34 
Field Set-up of Sound Measurmg Equipment . . . . . . . . . . . . . . . . . 35 
Sighting Instrument for Measurement of Aircraft Position mud Altitude . . . 36 
Variation of Inteneity Level and Loudness Level with Dietmce for 
Take-off, Climb, and Cruise Conditions of Douglee C-47 Airplane . . . . . . 37 

Variation of Intensity Level and Loudneee Level tith Distance for 
Take-off, Climb, wnd Cruise Conditions of Beech C-45 Airplane . . . . . . 3a 



Figure Index (Continued) 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28 

29. 

30. 

31. 

Variation of Intensity Level end Loudness Level tith Dietonce for 
Take-off, Climb, and Cruise Conditmne of North American SNJ-4 Airplane . . . 39 

Variation of Intensity Level and Loudness Level with Distance for 
T&e-off, Climb, and Cruise Conditions of Stineon 150 Airplane . . . . . . 40 

Varmtion of Intensity Level md Loudness Level with Dietmce for 
Take-off, &limb, and Cruiee Conditiona of Cessna 140 Airplane . . . . . 41 

Variation of Intensity Level and Loudnese Level with Diatmce for 
Take-off, Climb, and Cruise Conditions of Aeronca Champion Airplane . . . . . 42 

Variation of Intensity Level vith Angular Pooltim Around RI&t Side 
OfFourAircraft . . . . . . . . . . . . . . . . . . . . . 43 

Positions of Equal Peak Lou&-,ess Level Around Straight Take-off and 
Climb Path ofDou&a C-47 Ai~plam . . . . . . . . . . . . . . . . . 44 

Poelticne of Equal Peak Loudness Level Around Straight Take-off and 
Climb Path of Beech C-45 Airplane . . . . . . . , . . . . . . . . . 44 

PositSons of Equal Peak Loudness Level Around Straight T&e-off and 
Climb Path of Noorth American SNJ-4 Airplane . . . . . . . . . . . . . . . . . 45 

Poeitlone of Equal Peak Loudneee Level Around SZralght Take-off md 
Climb Pathof Stlnsonl50 Airplane . . . . . . . . . . . . . . . . . . . . 45 

Positlone of Equal Peak Loudness Level Around Straight Take-off and 
Climb Pathof Cessna140 Airplane. . . . , . . . . . , . . . . . , . . 46 

Poeitiom of Equal Peak Loudness Level Around Straight Take-off and 
Climb Path of Aeronca C-mmpion Airplane . . . . . . . . . . , . . . 46 

Variation of Loudneos Level with Airplane Altitude end Ground Dletemce 
for Douglas C-47 Airplane In Cruieing Condition , . . . . . , . . . . 47 

Variation of Loudness Level with Airplane Altitude and Ground Distance 
for Beech C-45 Airplane in Cruising Condltim . . . . . . . _ . . . 47 

Variation of Loudness Level vith Airplane Altitude and Ground Distance 
for North American SNJ-4 Airplane m Ctiaing Condition . . . . . . . 47 

Vexiatim of Loudness Level with Airplane Altitude nnd Ground Distance 
for Btinson 150 Airplane in CruisFng Conditmn . . . . . . . 48 

Variation of Loudness Level with Airplane Altitude and Ground Dlstmce 
for Cesena 140 Airplane in Ctismg Condition . . . . . . . . . . . . . . 40 

Variation of Loudnese Level with Airplane Altitude and Ground Distance 
for Aermca Champion Airplane in Cruising Condition . . . . . . . . . . . 48 

Poeltiom of Equal Peak Loudness Level Around Take-off and Normal Climb 
Path of Aeronca Champion Airplane . . . . . . . . . . . . . . . . . . 49 

Variation of Intensity Level vlth Dletence for Take-off Condition of 
Miecelleneoue Aircraft in Airport Trafiic . . . . _ . , . . . . . . , . 50 

Variation of Intenelty Level with Totel Engine Power and Propeller Tip 
Speed for Take-off of all Measured Aircraft at 5CO-Foot Distance . . . . . . 51 

Variation of Inteneity Level and Loudneee Level with Distance for Steam 
Driver, Railroad Train Traffic . . . . . , . . . . . . . . . . . . . . . . 52 

Variation of Intensity Level end Loudness Level with Dlatance for 
Passenger Automobile Highway Traffic . , . . . . . . . . . . . . . . 52 

Variation of Inteneity Level and Loudnese Level with Distance for 

TruckHlgtmyTrPraffic.................... . . . . ...53 



Figure Index (Continued) 

32. Variation of Sound Level tith Distance for Hi@way Truck Traf'fic 
Accelerating or Climbing Hills, and for Rallw~y Train Whistles . . . . . . . 56 

33 Variation of Loudneea of Sound with Distance from Sound Source . . . . . . 58 
34. variation Of Loudneee Of Sormd ln-lth Distance from sound source for 

Various Aircraft. . . . . _ . . . . . . . . . . . . 59 
35. Three Typical Examples Shoving Distances at which Different Sound 

Sources Produce Equal Loudneee . , . . . . . . . . . . . . . . 60 



MEASuI(EMEIiTOFSOUNDLETEIs 
ASSOCIATEDWITRAII(CRAFT, HIGEWAY, ANDRAILROADTRAJTIC 

3 

c 

Data were obtained conaeming eomd levels produced at different dletances by 
aircraft Of varioue size0 and engine power ratings, end under take-off, climb, and 
cruise conditions. Sound level readmga were obtained, under controlled flight condltKrm, 
for SIX aircraft V.S+II~ flm 8 OHI@ engine private-omer tmpe of 65 hp to B two- 
engine comnerciel tme of 2kOC hp total Additional measu'mentB were made with rma- 
cellmeoue private, commercial, and military type aircraft in the general airport traffic 
Frequency analyses were made of the sound produced by the controlled aircraft. 

Additional sound level measurements vere made mth h&way truck and paseenger 
CEV traffic, and with railvay freight and passenger trains. Readings were obtwned 
at different di&ances from the traffic path. 

me test results are presented in term of solmd imteneitg 1evelcr, corresponaing 
loudness levels, end aa lou&eea relative to the approximate lou&esw Of the aversge 
voice in conversation at B distance Of three feet. 

vuiation Of intensity and loudneea levels with distance is shovn ior all aircraft 
and traffic sound 8ourceB and for various test conditione. Loudness level contours, 
shoving location relative to the runway of positions of equal peak loudness level, are 
given for tit&e-off and climb of each controlled aircraft. ccmparative eowld intensity 
level values for all aircraft models tested Eve presented. 

In generd, the result8 ahow tr.at the vazloue aircraft models tested produce wound 
Intensity levels ranging from 78 to 103 declbela at B distance of 500 feet from the air- 
plane during take-off. With aircraft 111 flight, the intensity level decreases about 
6.5 to 8.5 decibela for each doubling of diotance from the airplane. 

Sound produced by large aircraft in climb reduces to the arbitrary reference loud- 
neaa level of 70 phone at about 3000 feet dlstence For small aircraft the corresponding 
distance is about 1000 feet, and for trailer trucks and railway traffic B similar distance 
of about 1000 feet is obtained 

INTRODUCMOfl 

!Q,e problem of noise levels created by aircraft in the vicimty of airports has 
become increasingly acute during the past ee'?eral yeai- The importance of this problem 
has grown with mcreasing umber of private and comnercial aircraft in use and, in particdllr 
BB a reatit of the establishment or erpmsmn of airports in residential communities. 

lbe complete solution of this problem ultimately muet come through reduction of 
propeller and engme noises in aircraft, if all criticism of aircraft nm8e is to be 
avoided. Ax-plane md propeller manufacturers now me vorking toward this end In c>- 
operatmn with private and governmental research orgaruzatmm. However, until R eolution 
is reached, end aa an aid to such mlution, a lmovledge of sound levels actually existent 
in airport vicinities is urgently required 



During June, 1946 the Technical Development Service of the Civil Aeronautics 
Administration conducted sound level tests at a proposed airport at Malvem, Pennsylvania. 
These teat8 were not sufficiently complete for general application of the data obtained. 
In April, 1947 an additional test program was commenced to provide more complete end 
fundamental data. 7kis report covers the results of such tests. 

The purpose of the present tests ms to determine sound levels in the vicinity 
of airports associated with particular aircraft, and comparative sound levels produced 
by highway md railway traffic. Pa additional purpose w&s to determine relative sound 
levels produced by vsrlou~ models of aircraft, and to obtain fundsmental data which 
may be of incidental use in noise reduction design. 

The presentstim of sauna level data in such form as to have technical significance, 
and at the sme time to be understood readily by non-technical readers, is difficult. 
For clearer presentation there has been included in this report a section containing 
811 elementary discussion of the properties of sound, methods of sound level meaeurmnents, 
and definition of terms. In addition, all final data are given in terms of relative 
loudness, which is believed to provide 8 simple and direct indication of the loudness 
of sound 6s heard by the average ear, related to a familiar and reco@zable value. 

Aclmowledgement is made to the k?ronautics Comission of Indiana for the use of 
the Stinson aFrplsne used in the tests, and to the Bob Shanlc Airport of Indianapolis 
tier= 8 portion of the tests were conducted. 

PROPERTIES OF SOUND ANDPRINCIPLES OF SOUND LWELMF&WREi%ENT 

The principles of sound level measurements and properties of sound sre discussed 
in detail in various standard texts. The present brief and elementary reveiw of these 
principles is given &s a guide for Interpretation of the test results presented in this 
report. 

SoundBin air exist 8s successive waves of compression and rsrefaction, traveling 
at 8 velocity dependent upon the ratio of the pressure and density of the air. Foi- 
dry air at standard sea-level pressure and 0 degrees C temperature, the velocity of 
sound is approximately 1087 feet per second 

The number of sound waves which pass a fixed reference point in the air per unit 
time deterninee the sound frequency, or pitch The maximum range of sound frequencies 
which can be heard by the human e&r is from approximstely 16 to 20,000 cycles per second, 
All normal Bounds, including those types considered in this report, are a complex corn- 
bin&ion of a large number of sounds of different frequency. 

The characteristics of 8 particular type of sound which determine its magnitude 
andnature are the part1cul.s.r frequencies present in the sound, the relative energies 
posessed by each component wws, and the total energy of al.1 component wwres. 

The sound inteneite is a measure of sound ww'e energy, and is defined as the rate I 
of flow of sound energy through a unit srsa perpendicular to B given direction at R 
given meesuring point. Absolute 80~4. intensity is measured in term of watts per square 
centimeter ? 

r 

c 



Normally, sound Intensity is more conveniently measured by the decibel scale, 

which expresses the existent Bound intensity at a given point B.B a function of the 
ratio of the -bsolute sound intensity to a reference Bound intensity level More 
exactly, the difference D in decibelB between two sound intsneitiee I1 end I2 Is 

exprBBBed by 

D 10 lwloIl/I 2 

-16 
A standard reference level of Bound intensity has been chosen as 10 watts 

per square centimeter, which correaponda approximately to the minimum inteneity 
audible to the human ear az 1000 cyclea per second. 

The intensity level of a particti.ar sound is the difference, in decibels, be- 
tween the intensity of this sound and the intensity at the standard reference in- 
tensity level An intensity level of 20 decibels correBponds roughly to that of 
a barely audible whisper, aPd represents an absolute inteneity of 100 timee the 
reference inteneity. An intBnBity level Of 60 decibels I-epr=BBntB an absolute in- 
tensity of 1,ooO,OoO times the refe 

10 
ence intensity An intensity level of 100 dBCibelB 

representa an absolute intensity 10 times that of the reference intensity. 

The intensity level scale does not correspond, except in ai? approximate maaner 
to the 10udneBs as heard by the average human ear. This variation is related to 
change in Bensitivity of the human eer with the sound frequency and intensity level. 
The average eBr is moat Bensitive at a frequency of 2000 to 3000 cycles per second, 
Bnd is relatively insensitive to low intensity Bounde at the lowest and highest 
audible frequencies. 

For example, a tOnB of 1000 cycle8 per second with a TO-decibel IntenBity 1eVBl 
will sound to the 8~~rag~ human ear of equal loudness as a Bound of 70 cycles per 
second with en intensity level of 80 decibels SimilWly, 8 BOllid Of 1000 CyCleB 

per second and b-decibel inteneity level will Bound of equal loudness as B sound 

of 70 cycles per second with an intensity level of 67 decibels. 

Various sound intensity level8 at different frequencies which appear of equal 
loudness to the average human ear Bre, by definition, of equal loudness level 
The unit of 10udneBs level is the "phon" For convenience, the loudness level 
scale is taken so as to coincide with the intensity level scale for a sound of 
1000 cyclea per second. Standard cu,-VeB WhoWing VBZiation of lOUdneWS level with 
intenrrity level and frequency are Bhown in Figure 1, 8s given in American Standards 
ABBOCiatiOn Standard 224.2-1942. 

Sound level reading8 Lve, by definition, the readings given by a standard 
sound level meter. As 10udneBs level curves define Bounds of equB.l loudness, as 

heard by the eB.r, it is generally desired to interpret sod level readings in term8 
of loudness level Such interpretation is complicated by the fact that normti Bounds 
are composed of many frequency components rather than a single ReqUBnCY 

In order to facilitate such interpretation, standard sound level meters Bre 
arranged 80 that three weighting networks con be used. The three netWOrkS provide 
different frequency reeponse characteristicB which provide, respectively. (1) flRt 
reBponae, which approximates the response of the ear at intensitY levels Of *bout 



100 dBCibBlB, (2) a weighted reBpOr,Be which apprOXi7J&BB the I-eBpO,lBe Of the Bar at 

62, 1ntBnBity level Of 70 decibels, end (3) e weighted reaponee which approximates the 
response of the ear at an intensity level of 40 decibels 

h'lth the selective 118s of theas three weqhting netvorka m the Bound level meter, 
approximate loudness lovely may be obtained by direct readmg over a wide range of 
intensity levels and for sounds containing various frequency components 

The loudness level, as previously mentioned, defines only the intensity levela 

et "hich Bounds of different frequency appear of equal loudness to the eBp. However, 
loudness level does not provide a direct measure of relative 10udneBB perceived by the 
ear For example, a ~OU~~BBB level of 100 phone appears more than 40 times 88 loud 
to the average ear 88 8 loudness level of 50 phone, rather thBn ttice 8~ loud. 

Louchess, as perceived by the average human eBr, 1B measured in weas units, 
and provides a meaBuB of the relative lou&esB of a Bound of particular ~OU~~BBB 

_-----~- 

kVBl compared t0 8 BOund with 8 lOUdneWS level Of zero phone A Bound vith a loud- 
ness level of 100 phons till have a loudness of 88,000 10udneBB units, and will appear 
to be about 2-l 3 times as loud to the average ear as 8 sound with 90 phon loudness 
level corresponding to 38,000 lotieBa units A curve relating loudness in 1oudn~BB 

UIltB t0 the lOUdneWS level 1n phona iB BhO"n in Figure 2, 88 given in A,DBriCU, 

StandB.rdB Association iB Standard Z24 2-1942 

For the pU-pOB=%BOf this report, the term relative lOU$.TleBB iB further id,,TOdUCed 

This tBm iB not standard, but BXprBBBBB the rBti0 Of the 1OUdnBBB UitB COrreBpOnding 

to any 10udnesB level to the 7950 1oudneBB units obtained at a loudness level of 70 
phone The relative 10udneBB may be converted to standard 10udnesB units by multi- 

plying by the factor 7950 

The 70-phon loudness level was chosen ae the reference level for relative loud- 
ness becsuae of its approximate correBpondencB to the 10udmeBB level produced by an 
average voice in normal ccnversatlon at a distance Of three feet The relative loud- 
ness, therefore, represents approximately the 10udneBs of a Bound heard by the average 

eBr FLB compared to the ~OU~IIBBB of B.VBI-~@ convBrBB.tion at a three-foot distance 
On this basis, a sound with loudness level of 100 phone has a relative loudnees of 
11 1, or appears about eleven times as loud to the s&r as the reference conversation 
level 

It is Been that an~llysis of sound level readings is complex, and that some v~.ri- 
ation ensts in choice Of the most useful and Bi@-Jficant form in "hlch to present 
sound level data In this report, the data have been presented principally in terma 
of intensity level, loudness level, and relative loudness 

The degree of annoyance associated vith 8 particular Bound is dependent partially 
upon the objective charactBristicB of the Bound, such as Its intensity, the magnitw.IB 

of particular frequency components, md the Bound duration However, dewpee of an- 
noyance aleo 1s aBBociated vith numerous psychological factors dependent upon the 
Individual listener and his reaction to the particular sound. Such pByCholo@C8l 
feEtorB, other than those average values which BPS incorporated in determination 
Of 1OUdneBB kVBl and lOudneWS unite, CBmOt be measured or considered in a study 
of the present nature. 
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EFFECT OF ATMOSPBERIC CONDITIONS AND TERRAIN UPON SOLN PROPAGATION 

The General effects of variatlonB in atmospheric C~nditiOnB upon propagation 
of sound have been diBcuBsed by numerous inveBtlgatorB It has generally been 
concluded that the most important atmoapherlc factors m this connection are local 
variations or ~Bdients in the WLnd velocity, humidity, Btc , which cause refraction 
and bending of Bound waves through variation in the velocity of Bound 

For example, a1r saturated vith moisture at 50 degrees F ~111 propagate Bound 
at a velocity of about 2.5 feet per second faster thandry ax- Where local var~etions 
or gradients exlat in the moisture content of the sir, the Bound W~VBB will tend to 
be refracted or bent generally 1n the direction of the driest B.X strata 

Variation of vend velocity or temperature vith altitude causes sh~lar apparent 
bending of the Bound path For a vend velocity gradient with the velocity increasing 
with altitude, which is a c-on condition, the sound waves will tend to bend towerd 
the pound when traveling in a downwind direction, and avayfrcan the ground when 
traveling in in upwind direction Under such circmstanceB, it is poaBible that 
et moderate distances a Bound "111 be heard vith greater intensity upwind than down- 
wind 

VFLriation Of atmospheric pressure C8UBeB no vBrlation In the Bound velocity, 
80 long as the rat.10 between the preBsure and denBlty remains conetent 

During the actual time of conduct of the present tests, Covering a total period 
of about two months, the vind velocity varied from about 5 to 20 miles per holu, 
tith a few caBeB of higher velocitieB with a maymum of 25 mile8 per hour. The 
relative humidity varied from 40 to more than 80 percent, the temperature varied 

from 40 to go degrees F, the barometric pressure varied from 28 a5 to 29 30 inches 
of mercury, the sky Sondltions varied from clear to overcast with 1000-foot ceiling. 

In general, no large local varlatlons or gradients for the various factors were 

obtained at one time, except for humidity with the overcast condition 

The test results obtained showed no correlation with such variations in atmos- 
pheric conditions, and in general were conslatent in spite of such variations It 
may be concluded that, at the relatively short dist.3nceB involved in the present 
teats (usually less than 6000 feet) normal variations in atmoepherlc conditlone have 
little effect At pester diBtBnces the effects probably are much more Bi&fxant 

AS a simple test of such CO~C~UB~O~, as related to wind velocity, the Beech 
C-45 airplane was flown around a two-mile square pattern nth the Bound measuring 

equiment at the center of the square The airplane ma flown four times around 
the pattern at a 1500-foot altitude and at a 500-foot altitude, nth the Bound level 
recorder operating continuously The wind velocity at ground level YBB 12 mph, at 
2OCGfoot altitude it YBB 14 mph, and at 5000-foot altitude it was r( mph, all in 
the same direction 

' Lord Rayleigh - "Theory of Sound", VOlB. 1 and 2 



The largest variation in average pesk sound level reading, as the airplane 
passed the center sectlon of each leg of the pattern, was 2 decibela. The highest 
average reading wan obtained as the airplane was dovnwind from the sound recorder 
The 2-decibel variation obtained was considered about the limit of accuracy for the 
test results generally, with all sources of error included 

Variables other than atmospheric, which can materially effect the sound level 
are terrain, trees, houses, and other local obstructions No general rule can be 
given to correct for these factors, as each c&se would itself require a special 
application and be variable vith the seasons of the year and from day to day These 
factors may either raise or lower the sound level, and a generai quantitstive estimate 
cannot be made For a position shadowed from the sound source, such as behind foliage, 
a building, or knoll, attenuated sound waves may reach the observing point, but 
stronger veves may be reflected from other objects or refracted by atmospheric conlitions 
to increase the sound level at that point From this it csn be seen that the sound 
level et a given distance may be lower or higher thea the normal value, depending 
upon the particular shadowing, reflection, and refracted vave conditions 

TEST EQUIPMEXT 

An Electrical Research Products, Inc , Type A A. - 277 Sound Frequency Analyser 
EUldTypt?RA- 246 Graphic Level Recorder (See Figure 3), later referred to as the 
ERPI instrument, "as used for these tests in conjunction w-ith a General Radio Compeny, 
Type 759-B Sound Level Meter (See Figure 4), later referred to as the CR instrument. 

The Sound frequency snalyser was calibrated at the National Bureau of Standards 
snd precise corrections were obtained The snalyser passes frequencies Of B five- 
cycle band vidth Both instruments are equipped vlth nondirectional microphones 
The General Radio instrument is powered by m batteries, vhile the Electricsl Research 
Products instrument was powered in the field by a 115 volt - 60 cycle a.c , portable 
gasoline-powered generator. A frequency meter was used in adjusting the power supply 
to B 60-cycle frequency, while a variable transformer was used to control the voltage 
output The paver supply unit was located at sufficient distance from the microphones 
to avoid interference with sound levels being measured. 

In order to prevent vind interference in the microphones, a "caSe", 15 inches 
square and 18 inches high, was built around each microphone es shown in Figure 5 
These "cfigea" were constructed of a light wood frame and covered with a layer of 
loosely woven open mesh Calibration of the ticrophones vith and without these caes 
indicated no change in sound level readings 

For the determination of the distance and altitude of passing aircraft, two transit- 
type sights, one of which is shovn in Figure 6, were used. Each consists of a hori- 
zontally revolving heed with a vernier azimuth circle calibrated to five minutes of 
=c, end a crosshead sight rotating In a vertical plane vith a vernier quadrant also 
calibrated to five minutes of arc. A bubble level "as mounted on the crosehead si&t 
for leveling the instrument. 



, 

Standard telephone headsets were used to aid in simultaneous reading of each 
instrument. All units vere coordinated by the use of three Army Type BC-322 portable 
radio transceivers 

msT PROCNDWE 

The aircraft sound level msasvements wsre obtained at the Weir Cook Municipal 
Airport at Indlanapolie, and at picked locations, within eight miles of the Municipal 
Airport, which were relatively flat and open and at vhich relatively low normal sound 
levels existed. A portion of the small aircraft measurements vere obtained at the 
Bob Shank Airport on the outskirts of Indianapolis. The tests were divided into tw 
major phases, (1) controlled tests with the sircraft pilot using definite engine paver 
settings end following specified flight paths with relation to the measuring equiprent, 
(2) uncontrolled tests with sound level measurements obtained with airplanes in the 
general airport traffic. 

The controlled tests were carried out with six aircraft. 

H.P RATING 

Douglas C-47 2400 
Beech C-45 900 
North American SNJ-4 600 
Stinson 150 150 
Cessna 140 85 
Aeronca Champion 65 

The uncontrolled tests included aircraft from 65 hp power rating to commsrcial 
and military aircraft of about 5700 hp maximum 

Controlled Aircraft Tske-Off Measurements 

Sound level measurements of aircraft during take-off runs were obtained on the 
airport st varmus measured distances to the side and rear of the runway in use tie 
transxrerss cross-line along which measurements were taken we.8 established at the ap- 
proximate point where the particular aircraft left the ground. A eecond transverse 
cross-line was established at the starting point of the take-off run A longitudinal 
measuring line was established directly to the rear of the airplane in line vlth the 
rUn"*y 

Measurements were taken with the two sound level meters placed at alternate locations 
along the line upon which the readings were being obtained The location points along 
the line were apaced so as to provide an e.pproxuDBte 5 to lo-decibel drop between SW- 
cessive locations Su to eight measuring points were used along each line, with the 
furthest point being approximately 6000 feet from the runway 

The recorder unit of the ERPI apparatus was used to obtain all readings with that 
instrument The record obtained provides a time variation of the sound level es well 
as a measurement of the peak sound intensity. Measurements with the GR instrument 
were read directly from the meter 



For each instrument location, one take-off run of the airplane was made in the 
controlled tests. In csses where the reading obtained was questionable due to inter- 
fering sound, the k&e-off run was repeated. 

For the controlled tests with the Douglas C-47 md Beech C-45 airplanes, sound 
level readings along the transverse line at the take-off starting position, snd the 
1ongltudins.l line to the rear of the airplane, were obtained with the aircraft engines 
being run momentarily at full power without the aircraft moviw. With s.ll other air- 
creft used in the controlled tests, en actual take-off run vas made for euch instnxnent. 
location. 

Controlled Axcraft Climb and Cruise Measurenent: 

Sound level measurements of controlled aircraft in climbing snd cruising phases 
of flight were obtalned by placing the sound mensurlng equipment at fixed locations 
along an isolated open road removed from the airport, and flying the axcraft in an 
upwind directlou across a specified pant on the road The airplane vs.6 caused to 
cross the road tith standard rate of climb and climbing power as used after normel 
take-off for the particular ax-plane, and et altitudes of 200, 400, 600, 800, end 1000 
feet Further level flights were made across the road at cruising power, and et 4C0, 
eO0, and 1200 feet altitude 

The two sighting instruments were placed on the road 1000 feet to each side of 
the desired aircraft crossing point, and measurements were made of the angle from the 
horizontal to the line of si&t to the airplane, at each slgbting point, as the air- 
plane crossed the road 

Cne series of airplane passes was made for each location of the sound measuring 
equipment, and a particular pass VBS repeated if the readlug obtained was uncertain, 
After each series of airplane passes, the measuring equipment was moved to B new location 
on the road, until a maximum distance of 6000 feet from the point of airplane crossing 
YBS reached The locations of the measuring points were spaced to give sn approximate 
5 to lo-decibel difference in sound level at successive points. The twc soand level 
meters vere used at alternate measuring pants along the transverse reed line. 

Frequency Spectrum Measurements 

Frequency analyale of the sound produced by each airplane used ti the controlled 
tests was made vlth the airplane operated at approximately cruising power. With the 
Douglas C-47 and the Beech C-45, the frequency measurements were accomplished by operetinq 
the alrcrs.ft ewines on the sround with the airplane stationery, and placing the measuring 
equipment 300 feet to the side of the airplane in line with the propellers. 

Izith the other aircraft used in controlled tests, the frequency measurements wre 
made by flying the airplane in a continuous close circle at low altitude around the 
measuring eqwpment, attemptlng to hold constsnt the distsnce between the airplane 
and the microphone 



Dui-1% each test an overall sound level record was made, and Sep.Wate recordings 
were made for the frequency band from 10 to 1OCQ cycles per second, and for the band 
from 100 to 10,ooO cycles per second 

Sound Levels of Miscellaneous Aircraft Traffic 

Sound level measurements of miscellsneous aircraft traffic were obtained in ths 
airport vicinity et lmcwn locations with respect to the runway in use. The sighting 
instruments were used for all readings obtained with aircraft in flight. In such case, 
the sights were located at known points relative to the runvay and to the sound messuring 
equipment, and at a dietsace apart of 2000 feet Azimuth and vertical angle readings 
were obtained as the airplane passed the sound measuring equipment, so that the airplans 
altitude and its distance from the sound measuring equipment could be computed. 

Each aircraft, for vhich a sound level measurement was obtained, was identified 
according to its msnufacturer s.nd model. A record was also msde to indicate whether 
the airplane vas in take-off or climb ccnditlon. In the case of commercial transport 
aircraft, the particular air line operator was noted 

Numerous readlngs were t&en vith the sighting instruments, of small aircraft 
after they had completed their first turn In the take-off traffic pattern, and of largs 
aircraft about one minute after take-off from the airport. The purpose of such readings 
was to obtain s. check 011 the normal take-off path of the various aircraft under existing 
wind ccnditicns, and thereby relate altitude of the airplane after take-off vith distance 
from the take-off point. 

B - RIGHwAY.4i?DRALLROAD TRAFFIC 

Sound level measurements of highway truck and passenger csr traffic vere obtained 
at a flat and open section of U.S. Highway 40 vest of Indlsnapolis. 

Measurements were taken at various distances from the road, until a maximum distance 
wea reached at which the sound level decreased tc a value of 60 to 65 decibels. 

Each vehicle with which a sound level reading VBS obtained was identified according 
to type, and the vehicle was timed aver B measured distance to determine its velocity 
The recorder unit of the EWI sound measuring equipment vae used to obtain variation of 
the sound level vith time. 

During this series of measurements, frequency analysis tests were made upon a 1939 
Model Ford sedan and a 1941 Model Ford panel truck The frequency spectra of the twc 
vehicles were measured vith the vehicles stationary and with the engine and reer wheels 
running at a speed corresponding to 40 mph. No satisfactory method could be devised 
for obtaining such a frequency measurement with the vehicle in motion and with the available 
measuring equiment 

Sound level measurements of freight and passenger train railway traffic were obtained 
in a manner similar to that used in the h1ghw.y tests. Measurements were taken alcng 
the main route of the Pennsylvania Railroad and the New York Central Railroad vest of 
Indianapolis. 
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The frequency spectrum measurement of railvay traffic vae obtained with long 
trains, vbich took eufficient time in pseeing to permit ecanning the necessary fre- 
quency band. 

c - IiEtiERAL 

During the tests relating to highway end railw=y traiflc, and upon the Douglas 
C-47 and Beech C-45 aircraft, the two sound level metere ware used vith both the flat 
and the TO-decibel weighting network6 In general, the flat weighting network YBB 
used where the peak sound intensity VBB greater than 85 decibels, and the '70-decibel 
netvork VBB ueed for peak sound intensities between 60 decibele .%nd 85 decibele. For 
reasons discueeed in the following section of this report, subsequent meaeurements 
obtained titb all other aircraft vere made vitb the flat weighting network otiy. 

During all tests, a record v&8 matitained of the gnneral existent atmospheric 
conditions, including vlnd velocity and direction, barometric preesure, temperature, 
relative humidity, and cloud formationB. Such data were obtained from the U.S. Weather 
Bureau at the Indianapolis Municipal Airport. Ao means were available fm measuri~ 
instantaneous variation8 of these factors at the time of Individual teats and at the 
various airplane altitudes wed. 

DATA COFXECTIOlv METEODS 

A - COFRECTIOAS FORELF.CTSICALRESEARCE PF0DUCTS, INC. 
SOmD I..EmL MEm 

In the analysis of the 8ound level data, it is desired to convert all readinge 
obtained vitb the sound level meters to equivalent loudnese level and loudnees unite, 
tiich provide a measure of the loudness aa heard by the average huun ear. The eovnd 
level meter does not provide loudnese level valuee directly, except in EUL approximate 
manner et only two intensity level8 in the range covered by these tests. The follovlng 
method was used to correct all readings obtained vltb the EWI Lnstrument, and to convert 
such reading0 to loudneee level values. 

It VBB found that B "zero" correction to the reading obtained with the KRPI recorder 
is required for the effect of the vlnd screen around the microphone, and for difference8 
between the recorder reading and the meter reading. With proper adjustment of the 
recorder stylus, readings wItbin plue or minue 0.5 decibele of the meter reeding wre 
Obtained. 

To correct the FXPI meter reading8 to true inteneity level valuee, en analyale of 
the frequency spectrum measurement VBB iiret made for each specific 80ma *ovrce. The 
relative sound intensitie0 determined from ouch analyses, for each 100-cycle band in 
the sound epectrum, are ehovn in Table I for each specific noise source 

The method of correction for epeciflc sound BOU-ce~, BB outlined in American Stand- 
arde Aeeociation Standard 224.3 - 1944, "a8 folloved to determine the correction to be 
applied to readinge obtained with each sound eolvce. 



In this computation the lOO-cycle band intensity values given in Table I were used in 
conjunct-ion vith the ca;ibrated meter frequency response. 

Corrections were determined in this manner for readings obtained tith the ERPI 
instrument using both the flat and 70-decibel weighting networks, correcting each 
reading to the true flat response condition. These corrected readings, therefore, 
represent true sound intensity level values 

The correction procedure outlined in American Stsndarde Association Standard 
224 3 - 1944 was also utilized to determine 8 correction value for converting readings 
from the objective true flat response curve to the objective 70-decibel response cvrvs 
for each specific sound mu-ce. Such correction values then were applied to the standard 
70-decibel response curve to determine an effective frequency representing each sound 
eource. The effective frequency for each epeclfx sound source, given in Table I, has 
no physicsl significance, but repreeente the single frequency of sound which provides 
the same difference In corrected reading between the flat and the 70-decibel weighting 
networka as obtained vith the specific sound source used 

This effective frequency as used to convert all sound intensity values for each 
source to corresponding lcudneae level values. This was accomplished by considering 
each sound &B composed only of this one effective frequency, and converting intensity 
level values to loudness level values for this frequency as given by atandsrd loudnsas 
level curves in Figure 1. 

The procedure described above provides only approximations to true loudness level 
values Hovever, the degree of approximation is considered at least as close as that 
obtained by the conventional procedure of utilizing only the standard weighting networks 
incoi-parated in the sound level meter mth no Interpolation for Intermediate intensity 
values The procedure used also provides consistent curves for the plotted readin@, 
without s.n artificial sharp break at an arbitrary level intermediate to the stand4 
lou&@SS levels furnished by the meter weighting netvorke. 

B - CORRECTIONS FOR GWiEPJL RADIO SOUND LEVEL METJ%R 

No accurate calibration of the frequency response of the GR sound level meter 
was available for these tests. Use of a microphone extension cable added to the CR 
instrument also required a large correction to be applied to readings obtained tith 
this meter All readings obtained with this instrument, therefore, were corrected by 
comparison to readings obtained vlth the calibrated EWI meter 

The procedure used in determining such correction was to plot all readings obtained 
with both meters upon the basis of sound level againet distance between the microphone 
and source for each separate test condition. The WPI meter readings were plotted 
after correction to true sound intensity values and the GR meter readings vere plotted 
as reed on the meter. 

An average curve yas drawn through each set of points, and the average difference 
in decibels betveen the tw curves ~8s taken as the correction to be applied to indi- 
vidual readings obtained with the GR meter 



The corrections determined in this manner varied from about plue 11 to plus 22 
decibels for different specific sound sources The plus ll-decibel correction cor- 
responds approximately to the microphone cable correction. 

Mter applxatlon of this correction to the GR meter readings, these readings 
were considered to represent intensity level v.elueS Conversion to loudness level 
values then wa8 made in a manner identical to that used for the ERPI instrument. 

TEST RESULTS AND DISCUSSION 

A - Controlled Sound Level Measurements with Douglas C-47 Airplane 

The Douglas C-47 airplane used for the controlled tests wee powered by tvo Pratt 
and Whitney SIC 3-G engine inetellations with three-bladed constant speed propellers 
The propeller gear reduction we.8 0.5625, and the propeller diameter wae 138 inches 

The operation of the engines and airplane for the various test conditions wee 
es follows 

EWIXX RATE OF INDICATED PROPELIXR 
CLIMB AIR SPEED TIP SPEED 

Men. Press. 
rpm in Hg. hp ft./lain. mph ft./sac. 

T&e-off Run 2600 40 1030 -- 882 
Climb after Take-off 2100 30 600 500 lx) 715 
Cruise 2000 27 550 -- 150 681 

The intensity levels in each 100-cycle frequency band, as measured from the fre- 
quency analysis record for the Douglae C-47 airplane, ere shown in Table I. The relative 
intensity levels for each bend, as compared to the intensity for the lOOO-cycle band, 
exe also sha%m The sound intensity is concentrated principally in the 100, 200, m-,d 
400 cycle bends, which correspond to predominant engine and propeller frequencies. At 
frequencies greater than 1700 cycles per second, the intensity level is so low as to 
provide negligible contribution to the overall intensity. 

Corrected intensity level readings for take-off, climbing, end cruising conditions 
with the Douglas C-47 airplane are plotted against airplane-to-microphone distance 
in Figure 7 

Figure 7 shows the experimental points determined for the cruising power condition 
and the climbing power condition, tith airple.ne altitudes verying from 200 feet to 
1200 feet and the airplane-to-mxrophone distances varying from 2CCl feet to about 6000 
feet. The average intensity level curve drawn through the points for the climb conditiona 
shows e. definite upward trend at the lover end of the curve The cause for this upward 
trend is not known, but possibly may be explained by ground reflection or atmospheric 
effects which are not evident at shorter ground distances. 
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No syetematic separation of experimental points for the climbing condltlon wee 
found vhen separate plots were made for the different altitudes of the airplene et 
the time of reading 

The elope of the straight line portion of the intensity level curve for both the 
crulsmg and climbing conditions is about 6.5 decibels for each doubling of distance 
These figures provide fair agreement tith the 6 decibels expected from theory, which 
neglects ground, atmoapberlc, end air attenuation effects. 

The loudness level curves corresponding to the intensity level curves for the 
climbing end cruising condltlons also ere show-n in Figure 7. Loudness level values 
from this curve mey be converted to loudness unite by the reletionshlp given m Figure 
2. 

There further is shown in Figwe 7 corresponding date end curves obtained et 
various side distances from the runway opposite the point where the airplane started 
the take-off run, end opposite the point where the airplane left the ground Data 
obtained directly behind the starting point of the alrplane in line with the runwey 
are also shovn 

The intensity level readings obtained to the side of the airplane ground-run 
show hi&e= values for the shorter sirplane-to-microphone distances then for corresponding 
distances with the airplane in either climbing or cruising flight. At the greater 
distances, a very rapld decrease in intensity level is obtained 

These observed relatlonehips are probably associated WI'& reflection end attenuation 
effects of the qound, vhich e.re not obtained in such degree after the alrplene reaches 
an altitude of about 200 feet, end with vei-iatlon in engine power settings for the 
take-off end climb conditions 

The slopes of the straight line portion of these curves correspond closely to 
the slopes of the curves shown in Figure 7 for the cruising and climbing conditions 

The intenelty level resdlngs obtained behind the airplane era much lower in value 
than readlngs obtained et identical distances to the side of the airplane at the start 
of the t&e-off run. The elope of the curve, however, has about the eeme value 

Data are plotted in Figure 13 to show the variation in intensity level at ver~oous 
angular poeitions around the right side of the airplane et e constant distance of 300 
feet from a pant rmdwey between the two propeller hubs For thie test condition en 
engine rpm of 2600, and .e manifold pressure of 40 inches Hg were used This pattern 
is not necessarily symmetrical for both the right end left sides of the airplane, due 
to direction of rotation of the propellers. The right side of the pattern normally 
registers hieper levela. Maximum intensity is found et en angle of 15 to 30 degrees 
behind the propeller line, agd a large decrease in intensity 1s found directly behind 
the airplane This is in agreement with the measurements made behind the airplene 
during the take-off run es compared to readings taken et the elde. A noticeable dif- 
ference wee observed in the character of the sound et the side end behlnd the ax-plane, 



but e eeparate frequency analysis was not made for the letter condition. This notice- 
able drop in sound intensity directly behind the airplane is probably due to the contour 
of the sormd pressure vave set up by the propeller coupled with a possible shielding 
effect of the airplane etructure.2 

!Fhe loudneee level curves for the take-off and climb condItiona, shmin in Figure 
7, are combined and plotted in Figure 14 aa loudness level contours around the airplane 
take-off path and the climb path after take-off. These contours ehov locations of 
equal pealr loudnese level during the airplane tabs-off and climb. 

For this contour arrangement, e straight take-off path vae assued, together with 
e rate of climb of 5CG feet per minute, e.n air speed of 120 mph, and zero wind velocity. 
Correction of the contours for di.fferent climb or tind conditions may be readily made 
ii the aircraft engine povsr and rpm remain constant. For example, e 20 mph wind ve- 
locity vi11 cewe the airplane to reach an altitude of lC00 feet et a distance, from 
the take-off starting point, about 3530 feet lees than that indicated. An expansion 
of the distance acale along the take-off end climb path, so that the lOOO-foot altitude 
point coincides with this decreased distance, will provide a eetisfactorlly accurate 
corrected contour plan. 

A vezieticm of engine power or i-pm will cause ve.rie.tion of the loudness level 
contours for vfiich no simple correction canbe made. 

An abrupt change in poalt.ioIl of the lower loudness level contour lines is evident 
es the airple.ne leaves the ground on take-off and climbs to about 2OGfoot altitude 
The @x&z.+. shape of the contour lines in this region has not been closely defined by 
the present data, The experimental potits opposite the t&e-off point and the potit 
corresponding to an airplane altitude of aX, feet were joined in vhat appeared to be 
the most reasonable manner. 

The observed changes Fn contour shape in this transition period from take-off to 
climb conditions are aesocieted with the pound effects, and the variations in paver 
settings, already mentioned in connection with the correepondlng variations in the basic 
curves shown in Figure 7. 

Ihe relative loudness, corresponding to each loudness level contour line is shown 
in e table associated tith the contour plot These figures indicate directly the loud- 
11888, as heard by the human enr, relative to the 70-phon loudness level. 

5e data given in Figwe 7 for cruising conditions is replotted in Figure 20 to 
show v&rietion In loudness level with altitude of the airplane and vlth ground distance 
Corresponding relative loudnees I@ shovn in a table on the figure. It is seen that 

2 Theodore Theodoreen and Arthur A. Regler - "The Problem of Iioise Reduction With Ref- 
erence to Light Airpl.%ues", Rational Advisory Committee for Aeronautics Technical 
Rote No. 1145. 



the Douglas C-47 vlth cruising power will sound ebout 2-l/2 times es loud with the 
airplane directly overhead at lOOO-foot altitude as it vi11 sound when flying et the 
same e.ltltude, but over a point on the around one-half mile from the observer. 

B - Controlled Sound Level Measurements with Beech C-45 Airplane 

The Beech C-45 au-plane used in the controlled teats was powered by two 450 hp 
Pratt and Khitney pods1 B5 Weep Junior en,4nes with direct-drive Hamilton two-bladed 
constant epeed propellers. The dlmeter of these propellers was 99 inches The air- 
plane and engine opereti~ conditiona for various test conditmna were es follows 

ENGINE RATE OF INDICATED PRO-R 
CLIMB AIR SPEXD TIP SPEED 

Men. Press 
=Pm in Hg. hp ft./Din. mph ft /sec. 

Take-off Run 2300 34 400 -- __ 1000 
Climb after Teke-off 2300 30 330 500 125 1000 
Cruise wo 26 210 -- 165 821 

The measured mtenslty level, in declbels, for each 1CGcycle per second fre- 
quency band, 1s shown m Table I 'I?.@ intenelty level for each band relative to the 
10CGcycle per second bend 1s also shown. The meeteat intensity readings were obtained 
in the 100, 200, end 400-cycle bands, similar to that whom for the T)cuglas C-47. 

The corrected intensity level curves for the take-off, climbing, end cruisiw 
conditions, and associated loudness level curves, showing the variatmn in sound 
level with airplane-microphone distance, are shown in Figure 8. It ten be seen that, 
with distance plotted on e logarithmc scale, the titemlty level reletionshlp for 
the climbing condition is a strawbt line with the intensity decreaemE tith increased 
distance. The rate of decrease 1s about 6 5 decibela for each doubling of distance 
from the airplane. The loudness level, tiich 1s related to the loudness 88 perceived 
by the average human ear, doea not exactly follow this straight line varmtion, but 
shows a pro~easively greeter decrease below the straight line es the intensity level 
decreases. 

For the cruising condition, the intensity level relationship again is a strai&t 
line, but with less slope than that for the climbinz condition Lower sound level 
reedinga for the shorter airplane-to-microphone dletemcee are obtained for cruising 
condition a8 compared to the climbing condition. These lower readings can be attributed 
prmcipelly to the higher engine power used in climbing The loudness level for the 
crusmg conditmn also shows e more gradual but greeter deviation from the intensity 
level curve. 

The intensity and loudness level curves for points opposite the start of take-off, 
opposite the airplane when it flret becomee airborne, end directly behind the airpl.ane 
m line with the runway, ere also shown in Figure 8. The inteneity level cuvee for 
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these three teat conditions do not XOL~OW the straight line variation that is found 
for the clmbing condition. This cm be attributed to ground effecta, which apparently 
cause the aomd level to drop rapidly at the greater diatmces 

For pants directly behind the airplane, the intensity and loudneaa levels are 
much lees than for points at right angles to the airplane path. The intensity and 
loudness levele for points opposite the start of take-off are one to two decibela lover 
than at pointa opposite the airplane ee it becomes airborne. For both of them conditions, 

however, the levels are appreciably leee for the greater distance than with the take-off 
end cruise conditions. 

The semi-circular pattern of the intensity level around the right side of the 
Beech C-45 airplane, at a constant distance of 300 feet, ia shown in Figure 13. For 
this teat a constant engine rpm of 2300, end menifold pressure of 34 inches HP: "ere 
used. This pattern show that the intensity level is the greatest at en angle of 15 
to 45 degrees behind the propeller line, compwed tith B maximum at about 15 to 30 
degrees for the Douglas c-47. 

Loudness level contour8 around the Beech C-45 airplane take-off and climb paths 
are plotted in Figure 15 As in the caee of the nouglas C-47, a straight take-off 
path "88 aeeumed, nth a rate of climb of 500 feet per minute, en air apeed of 120 
mph, and a zero wind velocity. 

The loudness level curve for the cruising condition, shown in Figure 8, Is replotted 
in Figure 21 to show +k,e variation in loudness level with altitude end with diatance 
to the side of the cruising path. 

C - Controlled Sound Level Meaeuremente with North American SW-4 Airplane 

The North American SNJ-4 airplane used for the controlled teats wee powered by 
a 600 hp Pratt and Vhitney Wasp Junior engine with a direct drive two-bladed constant- 
speed propeller of 108 inches diameter 

l-he airplane and engine operation data for the varioue teet condition were as 
followe 

ENGINE RATE OF INDICATED PROPELLER 
CLLMB AIR SPEED TIP SPEED 

Mm. Prea. 
rpm in Hg. hp ft./& mph ft /aec 

Take-off Run 2300 33 600 -- _- 1084 
Climb after Take-off 2300 32 580 600 125 1034 
Cllliae 1850 26 4co -- 155 a72 



From the frequency analysis test on the SNJ-4, the measured levels for each 1CG 
cycle band are shown in Table I, together with the relative intensity levels for each 
band as compared to the lOOO-cycle band These data show that tne frequencies between 
50 and 500 cycles per second rnalre the neatest contribution to the overall mtenslty. 
Eovever, frequencies between 50 and 150 cycles per second show the highest peak of 
intensity. The contrlbutlon of frequencies above 1000 cycles per second to the overall 
level is practically negligible 

The intensity and loudness level auvss for the take-off, cllmblng, and cruising 
conditions are shown in Figure 9. The intensity level curve has a fairly uniform rate 
of change in the slope, vlth practically no straight line portaon. The single-engine 
SNJ-4 airplane has an intensity level of 108 decibels during the climb for a stralgbt 
line distance of 250 feet, es compared to 102 decibels intensity level reading for the 
twin-engined Beech C-45 at the sane distance. The loudness level curw colncldes with 
the intensity level curve for measurements at distances from 650 to 1500 feet, while 
et lesser and greater distances there is a gradual divergence. 

For the cruising condltlon, also ahon m Figure 9, a plot of the intensity level 
values produces an approximate stralgbt lme. The slops of this line causes e decrease 
of about 5 5 decibels for each doubling of dlstsnce. The loudness level curve has a 
gr‘adual downward divergence from the lntenslty level curve es would be expected, and 
the divergence 1s accelerated only slightly for the latter portion of the curve 

Curves are also shown m Figure 9 for corresponding data obtained at various dis- 

tances et right angles to the runway opposite the point when the airplane starts its 
take-off run, and also opposite the point where it becomes alrborne. In thu figure, 
likewise, is the plotted curve for data measured directly behind the aircraft et the 
start of take-off Somewhat smilar curves were obtalned for the two groups of points 
to the side of the airplane, with the greatest u-&ensity and loudness levels observed 
opposite the pant et which the aircraft becomes airborne for airplane-microphone dis- 
tances greater than 1000 feet For the points directly behind the SNJ-4 airplane on 
take-off, the levels we about 20 units lower et a dutsnce of 500 feet then for either 
of the side lines, and decrease rapidly for distances over 1000 feet 

To obtain the constsnt loudness level contour pattern for the take-off and climb 
condition, the curves from Figure 9 have been combined and replotted 1x1 Figure 16 It 
is shown m Figure 16 that relatively high loudness level values are found es far away 
8s one mile while the airplane is taking off, with slightly higher values &tuned as 
it climbs to 200 feet altitude A loudness level of 60 phone is obtained for the SNJ-4 
airplane for a distance of 8300 feet, compared to 60 phons at about 6000 feet for the 
Dou&ae C-47 

As will be shown later, it appears that the test SNJ-4 alrplane gave five to eight 
phone higher loudness level values than the uncontrolled AT-6 aircraft (identical air- 
plane) for the same dlstsnces !Fms may be attributed to indlvldual chsracterlstlcs 
of the test model, as well &s different techniques of operation The exceptionally 
high sound levels produced by this model alrplane may partlally be due to the high 
propeller tip speed (1084 feet per second) obtained with the direct drive engine-propeller 
arrangement. 



The ~OU~II~BB levels for the cruising condition at v~rmus side Found distances 
are shown in Figure 22. The SNJ-4 loudness level curves for this condition approximate 
the thin-engined Beech C-45 curves 

D - Controlled Sound Level Measurements lnth Stinson 150 Airplane 

The Stinson 150 airplane used for the controlled tests we8 powered by 8 Frsnklin 
150 hp engine with two-bleded fixed-pitch propeller. The propeller diameter was 74 
inches. !Fne engine exhaust system incorporated e muffler. 

The operation of the engine for the various test conditiona waB es followB~ 

ENGINE RATE OF INDICATED PROPELLER 
CLIMB AIR SPEED TIP SPEED 

rpm b ft./tin mph ft./set. 

Take-off Run 2450 140 -_ -_ 792 
Climb after Take-off 2450 140 500 a5 792 
Ci-UiBB 2300 135 __ 120 743 

The measured and relative intensity levels, for each lOO-cycle bend which contaned 
si&nif~cent components, are shown in Table I. The maximum energy is seen to be in the 
lOO-cycle bend, mtb most remaining energy between 150 and 350 cycles per second. At 
frequencies above 2200 cycles per second the energy contribution becomes insignificant. 

Corrected intensity level readings for the take-off, climbing, and cruising con- 
ditions of the Stinson 150 airplane %re shown 1n Figure 10, plotted against airplane- 
to-mlcrophone distance Also B~OWTN sre the corresponding ~OU~I-L~BB level curves. 

The intensity level curve for the climbing condition appears to be 8 straight lme, 
although some dispersion of experimental points wee obtained. The correBpond1ng curvs 
for the cruising condition appears to curve slightly, althou& B straight line would 
provide a reaBonable fit for all points except et the low intensity end. The slope 
of the Btralght line for the climbing condition is about 6.6 decibels for each doubling 
Of dlBtB.nCe, and the corresponding slope for the cruismg condition is about 7.0 dBcibels. 

In Figure 10 are also Bhovn the intensity level and ~OU~IEBB level V~~UBB for 
locations behind the aircraft starting point, and to the Bide of the runway opposite 
the stsrtlng point and the take-off point. The intensity level curves show a definite 
gradually deCreeB1ng slope. The intensity levels obtalned for the runway side poBitions 
correspond approximately to values obtained for the cltib condition for equivalent 
distances, but the levels behlnd the aircraft on take-off sre lower in value. 

The changing slope of the intensity level curves again may be explained by the 
reflecting and attenuat- effects of the ground In this case it appears that et 
short distances the additional energy reflected from the ground results in sn apparent 



low rate of attenuation, but et large diBtmCeB energy IS reflected to seater hBi&tB, 
or is lost during the reflection process, so that 8 rapid apparent attenuation is ob- 
tained. 

LOU~~~BB level contours for the Stinson 150 airplane are plotted In Figure 17, 
as obtained from the tBlce-off and climb data given in Figure 10. 

For the plotting of these curves, e rate of climb of 500 feet per minute, and an 
air Speed during climb of 85 mph, were BBBUmed. AS in the CFLB~ of the Douglas C-47 
airplane previously diBCusBed, correction may be made to the BBBUmed take-off end climb 
path for wind velocity, air speed, or rate of climb, without changing the contour shape, 
but COrreCtiOn for different power settings would be complex 

Changes in shape of the ~OU&.ZBB level contours again are Observed 8.8 the Blrplsne 
prO~~BB~B dO= tile take-off i-ur, end BtF!d,B t0 climb. Probable ,TQBOnB for Such vari- 
ation have been diBcusBed in connection with other aircraft. 

The ~OU&.ZBB level curve for the cruising condition, BB shown in Figure 10, IS re- 
plotted in Figure 23 to BhOW varietion in 10udness level for v.31-10~~ diBtBr,CeB to the 
Bide of the aircraft path and for different aircraft altitudes. Corresponding relative 
~OU&~BB IS BABO indicated 

E - Controlled Sound Level MeaBuemc%B with Cessna 140 Airplane 

Controlled tests were carried out on a 1946 unmuffled Cessna Model 140 airplane 
The powerplant -as a four-cylinder a5 hp Continental engine, with 8 74-inch two-blade 
propeller. The axplane and engine operating conditions for the verious test conditions 
VBre aB follOVB. 

Take-off Run 
Climb sfter Tske-off 
cruise 

EVCINE RATE OF INDICATED PROPELLER 
CLIMB AIRSPEED TIP SPEED 

rpm hp ft./L&l. mph ft /Bet 

2200 75 __ __ 712 
2250 76 500 75 728 
2250 76 -- 100 728 

The intensity level8 for the CruBe condition, eB measured for each 100~cycle 
per Second band, are shown in Table I The intensity level for each band relative 
to the lCOO-cycle per second band is also BhoM in the sem table. The Bound intensity 
for this airplane is concentrated principally in the 50 to 250-CYC~B frequency range. 
?%IB IS a slightly lower band than for the Douglas C-47 and Beech C-45 airplanes. 
Above UOO cycles per second the intensity is very low, and contributes little to 
the overdl intensity level. 



For the take-off, climb, and cruise condition, the corrected intensity level 
readnga for the Cessna 140 airplane are plotted aqaamat the microphone-to-airplane 
distance in Figure 11. The loudness levels for theme conditions are likewise shown 
The intensity level ewe for the climbinp, condition ia a etrwqht line until the 
airplane-microphone distance is 1700 feet, where the curve begme to slope upward 
In a manner similar to that of the Douglae C-47 Again the reascm for thio 18 -WI-,, 
unlese It can be attributed to &round effects which are not influential at the shorter 
distances The slope of the atra1gbt 11ne portion of the intensity level curve for 
the climb condition ~~rreaponds to B decrease of 6.7 decibels for each doubling of 
distance. 

For the cruising condition, shown in Figwe 11, the intensity level curve is a 
straight line to 1300 feet distance, beyond which it benda dormward 88 in the c&se of 
the Beech C-45. For the straight line portion of the cutve, the slope is lese than 
for the climbing condition, and at no point does the cruising lntenalty level become 
BB high as for the climbing condition The cnusmg loudness level c-e follovs the 
cruisng Intensity curve rith slightly more downward displscement then for the climbing 
conaitlon. 

Data and curves are also aho'dn in Figure 11 for readings obtained at various side 
points opposite the start of take-off, snd opposite the point where the airplane becomes 
airborne The data for various points directly behind the starting point of the air- 
plane, and in line with the runvey, are aleo shown For a distance of about 200 feet, 
the inteneity and loudness curves all correspond for both of the side locations FOP 
the longer distances, the intensity level ma loudness level CupYes for the pointa op- 
posite the position tiere the plane becomes airborne bend down very rapidly in B diverg- 
ing manner, with the loudness curve dropplng at a high rate For points opposite the 
start of take-off, the downward curvature of the intensity and lou&ess level curves 
fe ever, greater, particularly beyond 1000 feet. 

For the lu-,e directly behind the ancraft on take-off, the inteneity level c-e 
haa the 88me slope as the straight lnre portion of the climbing intensity level curve, 
but the level is about 6 decibels lower. The loudneae. level curve has a slight dour+ 
wara curvature with more overall divergence from the intensity level curve than for 
all other conditions 

The VWlatlOn in intei?Wity level at variOW an&llar directions around the right 
Bide of the Cessna 140 airplane is shown in Figure 13. The maximum Intensity level 
for this airplane is at an angle of 15 degrees back from the propeller 11~. The levels 
for this airplane, however, a0 not vary widely with angular direction. T%e intensity 
level in front of the plane at 300 feet IB only three decibels more than directly be- 
hind the airplane, vhile opposite the propeller it is 11 decibels more tha behind the 
airplane. 

Contour petterne for loudness level8 of 60, 70, 80, and 90 phone me shown in 
Figure 18. This contour pattern varies considerably from the patterns for the other 
aircreft The maximum loudnees levels for the Cesena 140 appear to be opposite the 
take-off starting point For all other airplanes tested, the maximrrm in reached op- 7 
posite B point 2000 to 6000 feet from the start of t&e-off Inasmuch BB this test 



wea - on the wme day ma under the come condition8 88 for the Aercme. sirplane, 
it is believed this variation ia caused by 811 inherent characteristic of the airplane 
It wee noted above that relatively little variation in loudnees level exists for angular 
locetions around the airplane at a distance of 300 feet. Inasmuch BB the mound yaves 
are of a more uniform inteneity for all directions than la evident with the other air- 
craft, it 1s possible that after the airplane take-off the pound effects diminish, 
end the 00ma energies exe more evenly dispersed in all directions with less energy 
Fo eny one direction et a particular instant. 

The cruising condition data given in Figure 11 are replotted in Figure 24 to whov 
the variation of loudness level with pound dx%nce to the side of th@ sirplane path, 
ma for different airplane altitudes. 

F - Controlled Sound Meaaurementa with Aeronca Chempion Airplane 

The two-place Aeronca champion airplane wed in the testa was poverea by a 65 hp 
Continental engine vith two-bladed propeller. The propeller diameter was 72 inchee. 
No exhaust muffler W&B incorporha 

The operation of the engine and airplane for the varioue test conditions YBB 80 
follovs 

Take-off Run 
Climb after take-off 
CiYiSe 

ENGINE RATE OF INIIICATED PROPELLEtR 
CLIMB AIR SPEED TIP SF'EED 

m hp ft /ruin mph it /sec. 

2300 65 __ 723 
2300 65 400 6; 723 
2150 60 -- 05 675 

The measured and relative intensity levels for each lOO-cycle frequency band, ae 
determined from the frequency analysis record for this airplane, Eve given in Table I 
The sound energy ia seen to be concentrated in the lOO-cycle band, with moot of the re- 
maining energy in the range from 150 to 350 cycles iv0 slPificmt sound intensity IE 
present at frequencies greater than 2200 cycle.? per eecona. 

In Figure 12 are shown the intensity level data for the t&e-off, climbing, and 
cruising condition0 plotted agelust airplane-to-rmcrophone ai8tmce. 

The average curve for intensity level in climb ia close to a straight line, but 
show e alight decreaee in alope with alstance. The correspOnaing curve for the cruising 
condition shows a Sllailar tendency Some diapersIon of points is obtained et the mod- 
erate distancea, but reasonably g00a CU~Y~S are defined 



CL 

The evereg@ slop@ of the intensity level curve for both the climbing and cruising 
conditions 1s about 6.3 decibels for each doubling of aietum. 

With thy airplane the intensity levela measured opposite the stertmg point 
coFnciae closely to those obtained opposite the teke-cff point. The eVePege curve 
for both conditione shows e decreneing slope from 100 to 400 feet distance, and a 
constant decreaee of about 7 decibels for each doubling of distance at distances 
greeter than 400 feet This curve fall9 slightly below the curve obtained for the 
climbing condition 

The intensity level curve for locations behind the airplane on t&e-off show8 
relatively low intensity values, ee wee found with most of the other aircraft tested 

Data plotted in Figure 13 whov the variation in intensity level at alfferent 
angular positlonrr around the aii-plane. The data were obtained et 8 constant diet-e 
of 200 feet from the propeller hub, end with the engine running et full throttle, or 
about 2200 rpm. A maxImum intenalty IB observed et an angle of about 15 degreea behind 
the plane of the propeller. A minimum level again la found to the ram of the air- 
plane 

!Che loudness level curves for the t&@-off and climb conditions, given in Figrrre 
12, are replotted in Fqure 19 as louane~~ level contours, and show locetions et which 
pealr loudnew levels of the values indxeted are obtained during the take-off run and 
climb of the airplane. The aseumed straight climb path of the airplane, as shown m 
the contour plot, is based upon a rate of climb of 400 feet per minute end an airspeed 
in climb of 65 mph. 

'The lou&esa level contours for thm airplane are relatively smooth and free from 
rapid variations in slope, as compared to those obtsined for most of the other axplanes 
teatea. 

The relative loudnews, correwponding to each loudness level contour line, is shown 
in Figure 19. Thewe value0 indicate directly the relative loudness aa heard by the 
hman ear, and as compared to loudneaw of normal converaetion et a three-foot dletmce. 

The data given in Figure 12 for the cruising condition are replotted in Figwe 
25 to ehow the variation Fn loudness level with dlatence to the side of the airplane 
path, with the airplane et different altitudes. It iw ween that for practically ell 
cruising conditions, except when the airplane is et very low altitude ma almoat over- 
head, the loudneae level on the ground ie lese then the 70-phon reference level. 



G - sOma Level Measurements tith UncontrOll@d AIrcraft in General Airport Traffic 

sound level aate were obtained vith ~~100~ rmacellaneous aircraft awing take-off 
and climb procedure8 111 the general sirport traffic. For each wound level m@asurem@nt, 
the airplane altitude ana its aletanc@ from the microphone pick-up YB~@ masued. All 
data were obtained with the aircraft on the teke-off run or et relatively low altitude 
in the climb after take-off. 

The sound level aate obtained 1n thia menner ior &fferent aircraft are plotted 
against airplane-to-microphone distance in Figure 27. only a few measurements were 
obtained *ntb certain alrcr@ft, and coneidereble dispersion of pointe is observed tith 
acme airuaft where n~merouw readings vere Becured. In most ceaes reasonably good re- 
lationehipe are obtained. In order to simplify the plotting of the data for cedes where 
two OI more aircraft models appear to have the same average curve within the limits of 
estimation, the tiaivlaual sets of aeta are cmbined and plotted as for one alrplar!e. 

A general description of the poverplant installetlon for each of the aircraft in- 
cluded in Figure 27 ia given in Table II Horwepower and propeller sp@ed values given 
are for rated c0naltl0n8, ana may not correspond exactly to actual conditions when the 
Bound level readings w@r@ obtained. 

As the curves shown in Figure 27 BP@ baaed upon ada obtained with e variety of 
individual pilots and eircrait for each axplane model, each curve represents QI~ ep 
proximate average condition Individual aircraft intensity level readings vary frm 
this average by a m~urimum of two to three decibels for the large aircraft, and by seven 
to eight decibels for the smaller aircraft. 

The data obtained for the Douglas DC-3 airplane BL‘@ of particular intereet. Al- 
though lnwfficient data were obtained to provide accurate average curves and definite 
conclusions, a dlfference appear= to exist between sound levels produced by airplarrea 
of this model according to the model of engine wed. lke airplane8 with Wright instal- 
letlona eppeer to produce intensity level values about five decibele greeter then with 
the Pratt ma mitney inhdhtion. We veriatlon In level may be aeaociatea with 
difference in engIn@ power used awing take-off. 

The relatively large variation ~TI individual teet results obtained with the Aaronca 
end Taylorcraft airplanes might be aewociated pertly vlth variation in student pilot 
technique More diapersion Fn individual Bound level readings ~89 obtelnea with these 
sirweft thtmvith eny of the other aircraft tested. 

The elopes of the various curvea shown in Figure 27 are reaeonebly uniform, and 
have an average value of about 6.0 decibels drop for each doubling of distance. This 
average value 18 in general agreement vlth that obtained for the take-off condition 
in the c0ntr0il@a teeta. 

A conwlaereble varietion was noted in the characteristica Of the 00ua emitted by 
the varlouw aircraft, as heard by the ear. The multi-engine aircraft generally appear 
to produce a fairly uniform sound, but with low frequency pulaetionw or beets which ere 
more discernible ae diwtaTLc@ from the airplane increasea Such beata Lve observable up- 
on the recorde obtained by the wound level recorder. 



The military training aircraft, such ew the BT-13 and the AT-6, produce a very 
ah&-p and rapid puleing effect during take-off which effects the @ES atromgly but which 
IS not ti~m al0tlnguishable UPC= the soma record. The unusual effect upon the ear 
appears to be associated with the nature of the sound rather than Its mtensity. 

The amall low-povered aircraft generally produce a fairly mlform sound to the ear, 
without prominent puleea. 

H - &II@& DiWCUWWiOn Of Aircraft SOmd Level Date 

Included in Tnble III, with the intensity level date for miscellaneoue aircraft 
at. a 500-foot aietsnce a~rwg take-off, BP~ the 00mesp0naing valuew for the aircrdt 
usea in the 00ntr0llea teda. The valu@s Riven for the controlled aircraft 
are the average of the values for the take-off and climb conditions. The comperison 
between identical aircraft in the 00m-0llea tests ma the uncontrolled tewtn iB close 
in moat caaee. The principal erceptlon is the intensity value for the SNJ-4 airplane 
compared to the AT-6 airplane, in which ce8e the sound levela for the SAJ-4 appear ep- 
praciab1y greeter. This difference may be aaeociatea with variations In engine power 
used. 

The intensity level data given in Table III are plotted in Figure 28 againat the 
logarithm of the rated engine horsepower, or actual horeepower when Imovn. A reasmebly 
good straight line relationship is obtained except for one experimental point, wbicb 
repre~ente the SnJ-4 airplane used in the conk-ollea tests. All. other points fall with- 
in 3.5 decibels of the average curve shown. 

The plotted pointa IV= abtingdiahea in ~igw@ 28 aOO0i-ding to propeller tip speed, 
but not according to other fsctors which are !C,OVn to mfluence intenelty of generated 
WOUd. However, no conslatent effect of propeller tip speed la observeble in the plotted 
aata 

The relatively close relationship between sound intensity and total engine paver, 
ee ahown in Figure 20, ia considered .Wi-priatiK However, ew p0ida out previouely, 
the exact power val.uee and tip speeds ware not hmoovn in the cae@ of the miscellaneous 
traffic data, end could be computed only .~pproximately from standard engtie 8nd air- 
plane descriptiona. It may possibly be concluded that in most normal arcraft aesiw 
the different factors effecting wound production vary together in such maan@r BB to 
maintaFn e eimple relationship between sound intensity produced and size of the power 
plants. The total engine paver apparently is the proamlnd factor. 

The slope of the curve shown in Fl&re 28 corresponds to an increase of 3 6 decibela 
for each doubling of power This approximates the 3.0-decibel increase theoretically 
obtained by doubling the sound intensity of any wound WOUT‘C~. 

The relative loudness, or loudness relative to the TO-phon conver0etionel level 
aa previouely defined, ia given for all tested aircraft in Table III. It is ahovn 
that the small aircr@ft of lese than 100 hp are about twice 88 loud as thio reference 



1oudneBB level. For aircnft vith total engine power less than 300 hp, the relative 
lou&eee IS 3 4 or lesa The IBBximum lo*eBe vee obtained for the DouglaB DC-4 air- 
plane, with a value of 14.6 times the reference convereation loudness. 

Five of the aircraft listed in Table III, with intensity level0 also plotted in 
Figure 28, utilized engine exhauet mufflere. Theee aircraft were the North Pmerican 
Aavion, Beech Bonanza, StFnBon 150, Bellanca, and the Piper Cub NO eignificent aif- 

ference in Bound level generally IS noted betWeen the muffled and unmuifled eirCr&t, 
the largest difference being measured for the Piper Cub with a decreaee in inteneitg 
level of about three decibels It may be concluded that engine exbauBt muffling has 

little effect upon Bound inteneity, BB the Bound is produced principally by the pr~peller.~ 

The duration of aircraft Bound is difficult to express, 88 the wound level is con- 

tinually changing end the shape of the sound level vB time curve veriee vlth distance 
from the airplane end with ail-plane velocity. In general the duration of aircraft eound 
above a 'IO-phon loudneea level, and at distancee from the aircraft lees then 1000 feet, 
variee from 10 to 30 seconds. The duration of aircreft q ound above the 'IO-phon level 

generally tends to increase with distance, vith the peaf loudneea decreasing 

I - Sound Level Measurements with H1ghve.y end Railvay Traffic 

The measured intensity level data obtained tith railway traffic involving BteBm 
locomotivee are given in Figure 29, as plotted a&net the logarithm of the distance 
from the track. Aleo shown iB the lou&ees level cuve corresponding to the average 
inteneity level curve. 

This conversion of intenelty level to loudness level is baaed upon the meseured 
frequency distribution data given for railway treffic in Table I. 

The data plotted in Figure 29 include both peElseWer and freight trainB pulled by 
ateam locomotiveB, end trave11ing et different VelocitieB. NO eyetematic var1ati.m "BB 

noted for type or epeea Of train 

The eound level produced by traina appears to be fairly uniform eB the train paeses 
the measuring point No attempt was made to meeawe peak inteneitiee aeeociatea vith 
whiBtlee or particular locomotive noiee, although q uch short duration peeks sometimes 
B~-B Of high i,ltBnBity. 

It is Been from Figure 29 that en approximate straight line relationship between 
intenelty level end logarithm of distance la obtalned for diatancea lees than about 200 feet. 
The elope of this line correeponde to a decrease of about 2.5 declbele for each doubling 
Of aistence Beyond 200 feet dietance the curve drops vlth increaeing rapidity. The 
nature of thie curve is very similar to that obtained vith aircraft on the ground, end 
probably is similarly explained by ground effecta. 

If comparison is made of the railway train titeneity level, given in Figure 29 
for a wo-foot distance, to intensity level produced by a1rcrB.n at a similar aietance, 

as given in Table III, it till be Been that the train traffic produces about the Beme 
level eB Small aircraft type. 

2 ibid 



The rBBtitB Of BOUd l.?Vd iT,B~BCZ~LQe,ltB Oil highmy truck and p~BBB,l~i- CBF traffic 
=B Whom in Fig~-e~ 30 aa 31. ThB frequency aietributlon data for e typical light 
paBBenger car ma panel truck WB given in Table I 

The variation in individual readinge for highwey traffic BOUd levels la very large. 

Such variation *pp~ar~ to be dependent upon differencea In individual vehicles of each 
general CHUBB, end to eome extent upon the velocity of travel. However, only a general 
tBZ,dBnCy Could be Ween for iI,CreaBB of BOulld intc%Blty with vehicle velocity, and n0 
BpeCifiC BePBR.tlOII Of p0intB COtid be msde 

The curvea given in FI~WBB 30 and 31 repreeent the apprOximate m&&mm md minimum 
iI-,tBnBity le”BlB, ma COrreBpOnding 10~dne~~ levels, for Bach COBB of vehfcle. The 
difference between maxmum and minimum envelope cuzvee is 15 to 20 decibels, ana 15 
to more than 30 phone 

If the m&Ximum CUTBB Otiy me COnBidBrBd, it iB ObBemed that B BhapB and BiCp 

generally amilar to that found with aircraft iB Obtained The BlOpe iB Of such value 
BB t0 CBUBB 8 3.0 t0 3.5 decibel deCreeBe in IntenBity f?r each doubling Of diBtB,,Ce. 

A definite difference m q Omd levele produced by the different CleWWeB of trucks 
&rd the PaBBengei- C&l-B iB ObBBX'Ved The amaller trucks produce ~U~ILBBB levels about 
four phone leaa than the large semi-trailer trucks, and the DaBBB=L@r CaPB prOdUCB 
levels about eeven phona ~BBB than the large trucks. 

The maximum lnteneity level curve8 for the paaeenger car s9a truck aate were not 
extended to e diBtanCB which lowered the value to 60 or 65 dBClbBlB Upon the baaie 
of the aircraft and railway traffic curvea, Bimil~ly Obtained Vith the BOUTld BowCB 

on the POmd, it iB prObeblB that the CU-VBB for highway traffic may be extrapolated 
t0 a diBtB.nCe of 1000 to 2000 feet vithout serious error 

The duration of high-y traffic 1OUdneBB levele above the TO-phon level 18 about 
fOUr BeCOndE for p.?.BBenger CmB, ad about 10 t0 20 BeCondB for trucks, at R diBt=B 
of 100 feet For rallvay traffic the duration VedeB greatly with length and velocity 
of train In all C*BeB a tendency eIiBtB for duration to increase vith diBtB.Ee from 
the traffic lane, but with decreewing pealr intenelty 

METHODS OF APPLICAT1ON OF DATA 

The data given in this report for ~OU~~BBB level of aircraft are presented in a 
form which my not elWtLyB be applicable for direct uee in pprtlcular C~B~B The fOl- 
lOWing diBCUBBiOn iB intended to indicate the method by which the data ,%%y be applied 

to inalvlaual CBBBB, ma the manner in which COnBideratiOn may be given to other VEV- 
lablee not included 1n the teBtB 

The teBtB involving aircraft take-off and climb, for wnlch the hlgnesr. wound levels 
normally are obtalned aa compared to other flight COnditiOnB, were Carried out vith straight 
climb paths The XeBtB &SO were carried out in flat country, and at picked lOcetlOnB 

where interference of treea, houaee, and other ~bBtruCtionB We8 a minimum. Where ~imiler 
COnditiOIlB exist, direct application of the data may be made. 



Traffic of Bdl aircraft m0Ur.d airpOrta nO&ly dO0B not f0llOw a Straight- 
line climb path, but rather a pattern vllich requires a w-devee left turn when the 
airplane reechee a Bpecified altitude in the climb path after take-off After further 
climb, the aircraft normally makes a &?-degree right turn to leave the traffic pattern 
The specified direction md altitude Of pattWIT tmB VW according t0 different air- 
port requirements. 

The data given in thie report may be applied to any partic&xr traffic arrangment 
If the BpBCified flight path of the aircraft iB kmxTrL. AB an example, a 65 hp ABrmCa, 
folloting a t&e-off flight pattern &B Wt.&d above, vith pattern tUTLB et k,O and 600- 
foot altitude, will produce a ~OU~JMBB level contour pattern GSB ehovn in Figs-B 26. 
These contoare were obtained by locating the airplane turn points upon the straight 

take-off path shown in Figure 19, and replotting the actual airplane path t0 COnWider 
q UCh t-B. The eppropriete BeCtiOnB of the BOUnd leVB1 COntOuTB then vere rotated 
to match the rBViBed airplane path. An eBtimatB We8 made at each turning point regarding 
COrrneCtion Of COntOUr lines t0 obtain COntin"ity. 

The solid contour lines BhoM in Figure 26 repreeent the condition tith no Vind, 
and Bre obtained directly from Figure 19. The dotted contour lines repreeent the con- 
dition where the airplane ie taking off into a 25 mph tina. This iB approximately the 
maximum "ind velocity with vhlch an airplane of this type Would be flown 

The maximum hA&eBB level et any fixed point on the ground, eBBOCieted vith t&e- 
off ana climb of the 65 hp Aeronca, is indicated by the maximum level shown et the point 
88 the Solid curves .zB moved t0 the pOBltiOn Of the dotted cUTeB. 

The loudneea level contoura for each aircraft tested may be 8ppiiea to other dif- 
ferent flight pethe in B. similar manner 

To obtain ~OU&~BB level contoura for aircrait of DOdelB different from ~~OBB for 
which contoura are Whom, Borne lmowleage of the BOUd level produced by the epecific 
airplane must be obtained. A howledge of the ~OU&BBB level produced by the aircraft 
et climbing paver, end et one diatance from the 8irplane, la sufficient to provide a 
reaaonebly accurate contour pattern. Such ~~U~EBB level V&EB for a distance of 500 
fBBt =B shown iOr a number Of L%iBCB~lBJIeOUB ei&E"lB E0dBlB in Table III, 

With the 1OUdneBB lBVB1 at a definite diBtanCe being &JoM, CompUiBOn IUJ be made 
to one of the tested aircraft for which 10~dne~~ level CO~+,O~B we given, Bnd which 
IWBt ClOBely reBBmbleB the aircraft being COnBidered. The difference in 1OUtieBB level 
for the two aircraft et the eeme distance prOVideB a correction value which may be applied 
to the contour curves for the known tested aircraft to obtain the corresponding CWVeB 

for the Untested aircraft. 

For example, It IS whom in Table III that the ~OI&P?BB level for the ll~ugle~ DC-4 
BiX?JlZLE IS about BeVeIl phone greater thm for the DOUglaB C-47 aircrait teated. ,hiB 

differeJEe Of PlUB BBVei, phons may be applied t0 til lOUdneWS level COntOUrS for the 
Do@~B C-47 airplane to obtain the contoue for the Douglea DC-4 airplane, tith proper 
correction being made for differences in flight path. This method is not precise, but 
vi11 provide a reaB0nably eccurate contour pattern. 



The effect of terrain upon the ~OU~LBBB level contome my be very Feat, ae die- 

cueaed in a previous section of this report. Oenerally, no correction con bB made for 
this factor except in an approximate qualitative maMe= However, the bXb3BB level 
V~~XBB determIned for the aircraft under climbing or cruising conditions probably may 
be applied to partlcul~z CB.B~B of variable terrain with reaBoneble accuracy if the im- 
nedlate location where the LIU~~~BB level value IS deaired IS reaBonebly open in nature, 
within Bight of the airplane, has no ClOBe steep hills or other paWBible reflecting 
surfaces; ana *are proper correction to the airplane-to-microphone diBt=Ce is made 
to consider local variationa in ground elevation. 

The effect of trees, houBeB, or other local obetructione in the vicinity Of a par- 
ticular location dB0 may be large, but again may be considered only qualitatively. 
The Bme CmditiOnB hold for Bound levels within buildinga produced by aircraft or other 
OUtBide BOuTCeB In all such ceeee, the actual exietent ~OU~II~BB levele may be higher 
or lower than that shown by the contour curvea for the particular location, dependiag 
upon whether attenuation and shedoting effects of obetructionB are greater or leaa than 
reflection and reeonence effects. In general, e location thiclrly covered by high trees, 
Or inside Of R hOuse with CiOBBd and tight-fitting VindOVB, my be expected t0 have BP- 
preciebly lower 10udneBB levela than thOBe ahown by the contourB for the particukr 
reletive location 

The appliC&iOn Of 1OUdIEBB level data for paBBe=@er CQTB, trUCkB, BDd railWay 
traine may be made directly if the type of traffic ma the diBtWX from the road are 
known. The effect of terrain and other VwiablBB wFl1 be eimil~.r to that obtained 
with aircraft 

For the interpretation and appliCatiOn Of all data the lntenBity level 1n dBCibelB, 
the 10ufmeBB level in phone, the ~OU&IBBB in ~OU&~BB unite, or the relative ~OU~~BBB, 

my be Used. These various unite provide, reapactively, e measure of the q Omd energy, 
the energy ~BV~B heard vlth equal 10udneBB by the average ear, the perceived lou&eBB 

relative to the approximate lower threshold of hearing, and the perxived ~OU&BBB rel- 

ative to the ~OU~JEBB of normal conversational voice et a three-foot diBt8nCB. 

CONCLUSIONS 

1 !i?he BOmd intensity aBBOCi&d nth COnVBntiO& axcraft iB dependent prin- 
cipally upon the total power being dBliVBred by the aircraft engine or engines. Flvpeller 
tip Bpeed iB knOWI t.0 inflUe?XB q UbBt=iti8lly the level of 8OUnd prOdUCBd, and it haB 

been Bhovn by other inveBtigetorB that very low tape speeda, in combination with intensive 
exhWJBt muffling, till rBBfit in greatly dBCreeBed BOUnd intensity The number of 
propeller blades, the propeller tip clearance, the airplane velocity, and other factore 
also are known to influence the Bound lBVB1 produced. It may be concluded from the 
present aat. that, in conventional aircraft with no BXhFLUBt muffling, and with moderate 
Vmintim in PrOpeller tip q peed and Other fE&CtOrB inflUenCi?Jg BOWId PrOdUCtiOn, m 
ByBteiTkiC effect Of these BliBC~llBJl~OUB VBriableB can be readily ObBBrVed, and the 
BOmd level aBBOCi&.Bd with the aircraft iB determined principally by the delivered 
engine power 

2 ThB i,ItenBity level Of aircraft nOiBB, at a diet-e of 500 feet fra the air- 
plane awing take-off, varies from about 78 decibela for smell sircraft to 103 decibels 



for the D~ugle~ DC-4 airplane. These intensity values correspond, reepectively, to 

about 1.4 ana 14 6 times the loudness of the average vcice in convsreation et a dietWe 
of three feet 

3. 41rplene Bound intene-rty level verlee approximately inversely 88 a power Of 
the distance from the airplane. For mOBt aircraft thle relatlonehip iB Buch 85 t0 CaUBe 

a 6.0 to 8 5 decibel increase in inteneity level for each doubling of diBteIICB. 

4. The effect of the pound upon the rate of decreaee of B-d inteneity with 
diBt&nCe iB not obBerv&le when the airplane altitude iB weat. then about 200 feet. 
With lover aircraft altitude, and vlth the airplane on the ground during the take-off 
Nn, the BOUnd epperently iB rBenfOrCed by ground rBflBCtionB et short diBteTICeB, and 
18 repidly ettenUeted by ground effects at PBEztBr diBtBnCeB. 

5. The Fntenelty level directly behind the airplane during the ground take-off 
run is relatively lov Fn magnitude, ma 18 attenuated rapidly with diBtBJICB. 

6. Tie effect of engine exhaust mufflers upon BOmd intensity of aircraft eppeare 
to be small. 

7. Automotive highvaS traffic prodUCBB BDUd intensity levels which Very tidely 
for inaiviaual VehiCleB. Maxmum intenBity level for semi-trailer trucks ia about 89 
decibels et a 50-foot diBteIICB, and 78 dBCibe1B et a 4w-fOOt diBtUICe. Maglmum VdUeB 
for lighter trucks are about four decibels EBB, and for paBBeC,@Br CBi-B are about Beven 

declbele lees 

0. Reilvay traffic producea BOWId intensity levels of about 96 decibels at 50-foot 
dietewe and 84 deClbelB at 400-foot diBtBIICe No COnBiBtent VBi-iBtiOn YBB noted between 
peasanger ma freight trains, or between trains of different velocity. 

9. AUtOmOtiVB Bna aircraft BOWId BOWCBB have all principal frequency componBntB 
with eignificRnt energy et frequencies of 500 cycles per BeCOnd or lees 

10 Normel VBTietiOnB in wind velocity, relative humidity, dud ConditiOnB, ma 

other etmoepheric factore apparently have little effect upon progatetion Of BOWId et 
diBt=CBB leBB thBS about One mile. At Weeter diBtanCeB etmoepheric VUiatiOnB probably 
have much larger effect 

11. Effect of variation in terrain ia important in connection with B-d propagation 
Iru general, ObBtaCleB Buch BB hills, btildinge, or foliage directly between the observer 
and the BOlmd eource may have some attenuating or BhBdOWing effect. Such ObBteClBB to 
the axle or re* of the observer may have a strengthening effect due to BOWId reflecticme. 
HOWBVer, no genBrdly applicable qUB&itatiVB COXTBCtlOIlB can be made for such COn&timB. 







'IXBUd III - COMPARATIVE SO~LE77ELMEASUBEMENTS OFAlR~RECO~DURINGTAgE-OFF 
AT A DISTPXCX OF 500 FENT 

AIRPUNB 
MODEL 

Douglee DC-4 103 
Dou~~~B DC-3 (Aver.) loo 
DoUglee DC-3 (P & W) 98 
Dw~~P.B DC-3 (Wright) 102 
Douglee C-47 96 
North American B-25 ss 
Aorth American AT-6 95 
North American SIiJ-4 101 
Beech C-45 94 
Beech C-45 94 
C~BBWI T-50 (2ENG) 94 
Vultee BT-13 91 
Fairchild FT-19 09 
Nevion IiA-145 8-l 
Bellama 87 
Beech Bonanza 85 
Stinem Detroiter 85 
Stineon 150 85 
StinBOn 150 86 
Ceeena 140 81 
C~BBIK~ 140 83 
LuBccmbe a4 El 
Aeronca 81 
Aeronca Chempicm 81 
Taylorcraft. 81 
Piper Cub 78 

IrnEITY 
LNVEL 

DB 

PPRoxINATE 

LOUDNESS 
LEVEL 
PEONS 

103 
100 

9 
102 

23 
95 

101 
94 
94 
94 

z3 
86 
86 
84 
84 
84 
85 

E 
79 
79 
79 
79 
74 

LcmmESS 
..u. x 10-3 

116 
88 
74 

106 
62 
74 
57 
97 
53 
53 

2 
32 
2-I 
Z-7 
23 
23 
23 
25 
16 
20 
16 
16 
16 
16 
11 

LOUDNESS P.lZa4TIVE 
TO 70 PEON 

LoGDmss LEvm 

14.6 
11.1 

9.3 
13.2 

7.7 
9.3 
7.2 

12.2 
6.7 
6.7 
6.7 

2:: 
3.4 
3.4 
2.9 
2.9 
2.9 
3.1 
2.0 
2.5 
2.0 
2.0 
2.0 
2.0 
1.4 

l COntrOlled TeBtB 



LOUDNESS LEVEL IN PHONS 

FIGURE 2 VARIATION OF LOUDNESS WITH LOUDNESS LEVEL 
(FROM ASA STANDARD NUMBER Z 24 S - ,942 1 



FIGURE 3. ELECTRICAL RESEARCH PRODUCTS, INC. SOUND MEASURING EQUIPMENT 

FIGURE 4. GENERAL RADIO CO, SOUND LEVEL METER 
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FIGURE 6. SIGHTING INSTRUMENT FOR MEASUREMENT OF AIRCRAFT POSITION AND ALTITUDE 
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FIGURE 20 DOUGLAS C-47 

90 

60 

70 

60 

FlG”RE 21 BEECH C-46 

0 I 2 3 4 6 6 7 
GROUND DlSTANCE - FEET IN THOUSAND6 

FIGURE 22 NORTH AMERICAN SNJ-4 

VARIATION OF LOUDNESS LEVEL WITH AIRPLANE ALTITUDE AND 
GROUND DISTANCE FOR AIRPLANE IN CRUISING CONDITION 
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FIGURE 23 STINSON 150 
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FIGURE 24 CESSNA 140 
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FIGURE 25 AERONCA CHAMPlON 

VARIATION OF LOUDNESS LEVEL WITH AIRPLANE ALTITUDE AND 
GROUND DISTANCE FOR AIRPLANE IN CRUISING CONDITION 
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APPExD1cEs 

APPENDIX1 

PEAK SOUND TSVELS PRODUCED BY 
RAILWAY TRAINS AM) HIGHWAY TRUCKS 

APPENDIX11 

COMPARISON OF LOUDNESS OF SOUND 
PRODUCED BY HIGHWAY, RAILWAY AND 

AIR- TRAFFIC 



APPENDIX1 

FEAK SOLm LEVEL9 mmocEo BY 

RAILWAY TRAINS AND BIGWAY TFZKKS 

In addition to the data given in Figures 29 and 31 of this report c~mceming BOUIL~ 

levele produced by railvey and highvas tmck traffic under normal flat, open road WndltioTLs, 
further data vere eecured with regard to peak eound levele produced by such 80UTCe.e. 
The peak levels measured vere obtained under the folloving conditions: 

(1) EigLway trucks climbing hills In low gear. 

(2) Highway trucke eccelerating in low gear. 

(3) Rallvw trains whietling for crossing. 

Them conditions vere chosen ae being repreeentative of relatively common eomde 
produced by these eouroee, but vbich are higher in level than the sound levels given 
in Figures 29 and 31 for flat, open road conditions. 

The data secured for these peek cmditione are given III Figure 32. The data em 
plotted in term of intensity level, in decibale, md also approximate loudnese level, 
in phons, where poeaible. No louaness level values are given for the train wbist1e date., 
a8 no accurate sound frequency measuremnte could be made for this condition and no eon- 
version to loudneee level could be carried out. 

It is eeen from Figuree 31 and 32 that semi-trailer trucks climbing or accelerating 
in low gear produce sound intensity levels 4 to 15 decibels greater then for the level 
cruiee condition, and that the corresponding increase for mall trucke is 1.5 to 11.5 
decibela. The average values are increaeed approximately 10ea14.5 decibels, respectively. 

Similar comparison between sound levels ehovn in Figure 32 as produced by railway 
trains vhietling, end the data of Figure 29 for trains in level cruise condition, show 
an incraaee In sound intensity level of 10 to 20 decibele, with en average increase of 
about 14 decibele. 

The general nature of the curves given in Figure 32 is similar to the correepmding 
curves of Figuree 29 and 31, but .e leeser dispersion of measured data la observed for 
the former case. 





APPENDIX II 

COMPARISON OF LOUDNESS OF SOUND PRODUCED BY 
HIGHWAY, RAILWAY, AND AIRCRAFI TRAFFIC 

DIItECT COMPARISON OF SOUND LEVELS PRODUm BY VARIOUS SOUND SOURCES, SUCH AS AIR- 
CRAFT, RAILWAY, AN!2 HIGIIWAY TRAFFIC, CANNOT BE MADE EXCEPT WITH CONSIDF3ATION OF THE 
RELATIVE DISTANCES INVOLVED IN PARTICUYLR CASES Ancraft commonly do not pass as closely 
to ground observers as does surface vehicular traffic, which tends to compensate for 
higher aound levels produced by meet aircraft when compared at equal distance 

Variation of loudness of sound with distance from sound eource for aircraft, highway, 
and railway traffic is illustrated in Figures 33 end 34. The loudneae values given are 
average values for each particular condltlon. 

The scale of sound loudness, given In the illustrations shown, 1s based upon me 
perceived loudness of eound heard by the average ear relative to the loudness of the normal 
conversational voice at a three-foot alstance Thus, a relative loudness with value Of 
unity is the fame approximate loudness as the reference conversational level, end a rel- 
ative loudness with value of two ia approximately twice 88 loud as the reference level 

THE LOUDNESS RELATIVE TO TKE REFERENCE CONV!&RSATIONAL LEVEL CHOSEN Rns NO DIRECT 
RELATIONSHIP TO MASKING OF CONVERSATIONAL VOICE. Such masking la dependent upon the 
frequenciee present in the sound The reference conversational level ia usea only to 
provide a commonly recognizable basis for the reletlve loudness scale. 

Additumal data for aircraft, in the form of directly applicable loudness level 
contour plots, are given in the man text of the report in Figurea 14 to 19 inclusive 

Comparison of loudness of an-craft sound with that produced by hi&nay or railway 
traffic nay be made xn particular cases by considering 

(1) The type Of encraft 1nv0lved 
(2) The dlqtance of nearest pox-& of zpproach of the aircraft to the ~ouncl location 

vhere comparison 18 dealred 
(3) The enpine power condition of the aircraft, such a8 whether it la using cruising 

or climbing power. 
(4) The dlatance end type of traffic on nearby higtwaya and raIlroads. 

Comparison of tin-we typical cases is given in the following Figure 35. This lllus- 
tration shows, for each typplcal case, the dutence at whxh each type of aowd source 
till produce equal definite loudness of sound at the observing point. 

Slmi1e.r comperlson may be made in a sunple runner for other typea of aircraft, and 
for var1ou8 known and specific distances from any of the types of sound sourcee considered, 
by means of the date given m the previous two figures. 
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IN GENERAL, ANNOYANCE CAUSED BY SOUND IS ASSOICATED WITH 

(1) TRE UPAREN'I LOUDNESS OF SOUND 
(2) THE PARTICULAR FREQUENCY COMPONENTS PRESENT IN THE SOUND. 
(3) TRE PREVAILING BACKGROUND SOUND LEVEL 
(4) TRR DURATION OF TEE SOUND 
(5) THE LENGTH OF Tim BETWEXN OCCURRENCES OF THE SOUND 
(6) INDIVIDUAL PSYCHOLoGICAl FACTORS WRTCH CANNOT BE EVALUATED, SUCH AS DEGREE 

OF FAMILIARITY WITX TEE SOUND. 

In the present report it hae been coneidered that relative loudness of wound lees 
then the reference convereational level probably cermot be considered normally of Benou8 
amoyence . 

With loudness of Bound greater then the reference conversational level, degree of 
annoyance probably increases gradually with the loudness value However, in each individual 
case, all of the above factors listed should be considered 


