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ABSTRACT.

86 impulsive and non-impulsive sounds were rated for
annoyance by 10 subJdects. The sianals had the same amrlitude
spectrum with a maximum frequency of 4.75 KHz. By chanains the
Phase of the srectral comeonents different levels of impulsivity
were obtained. The two impulsive sisnals and the one non-
imeulsive sianal were created by Placins the seectral cowronents
in cosine. sine, and random Phase resmectively., The sianals had
coefficients of impulsivity of 10.8, 7.9, and -0.2 Tesrectively.
Further, sianals had intensity levels 89 and 95 dBA., pPulse
repetition rates 10 and 20 Hz, and half the siasnals had pPink
noise added at a level 12 dBA lower than the level of th= sound.
Each sianal lasted 3 seconds and was rereated 4 times. The
sianificant results were. The four females and six male sub.ects
rated the impulsiue sounds respectively 3.7 dB less annovina and
2.6 dB more annovins than the non-impulsive sounds. Overall,
impulsivity had no effect. The hish pPulse repetition rate
increased annovance by 2.2 dB. Addition of Pink noise increased
annovance of the non-impulsive sounds 1.2 dB, but decreased the
annovance of the impulsive sounds 0.3 dB.
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INTRODUCTION

The necessity and usefulness of a correction for
impulsivity in predictina the annorvance of helicorter sounds is
a matter of controversy. Helicopters tend to eroduce pulse
trains in which most of the eneray is concentrated in a small
Proportion of the Pulse period. Some have felt that this
impulsive auality of the sound leads to a greater annovance than
would have been predicted on the basis of the amelitude spectrum
of the sound. To test this hryrothesis, field tests and
laboratory studies have been done with results usually ransina
from no arparent effect of impPulsivity (ref. 1-4) to aprarent
impulsivity effects corresponding to intensity effects up to 7
dB (ref. 5-11), Some studies have even found impPulsive noise to
be slishtly less annovina (ref. 12-14),

Procedures have been prorposed for correcting srectrum-
amplitude based measures of annovance, such as EPNdB, for the
effects of imrpulsivity. The most poPular pProrPosals are the

crestfactor (CF) and the coefficient of impulsivity (CI). Both
are desisned to be added to the PNdB level for a 0,5 s period.

The formulas are

CF = L{peak) - L{rms) - 12

where L(peakK) is the peak A~weishted sound pressure level and

L(rms) is tha root—-mean—-sauare A-weishted sound Pressure level

for the period, and

CI = (16 los (5/P)) - 2.4

where P is the rms A-weishted sound pressure and S is the rms

value of the difference between the sauare of the sound pressure



and the sauare of P. The prorosed corrections are limited to a
maximum of 6 dB.

In the studies referenced above, when immpulsivity as
measured by the above formulas was varied, other features of the
sounds varied at the same time. The lack of asreement in the
studies about the effects of impulsivity could have been mainly
a result of the inability of the EPNdB or other similar measures
to correctly account for the effect on annovance of these other
factors.

In 1980 (ref. 14) we conducted three studies in an attemet
to comeare the annovance of sounds that diFFired in impulsivity
but were otherwise as similar as possible. The mulse trains
were constructed with identical Fourier amplitude spectra so
that all features which depend only on the amelitude smectrum
and its slow time history were the same for these pulse trains.
ImPulsivity as defined by the above formulas was varied amons
the pulse trains by varvina the relative phases of the Fourier
series components. The compPuter used for these exrperiments only

allowed spectral components with fresuencies up to 800 Hz.

"Three nearly identical experiments were run. The second was
run as a replication of the first because we were so sureprised
at the results, Only one asmect of the procedure was chansed,
the duration of the sounds was increased from 3 s to 12.5 s
because most of the earlier studies had actual or simulated
flvovers with durations lonzger than 3 s. The third exreriment
was another replication desisned to make the experiment more
similar to the other studies done in this area. Other studies
typically used volunteer subdects havins a wider an older ase
ranse than that of our collese students, so we replicated the

exreriment on volunteer secretaries from the derpartment.

The main results of these three exreriments are summarized
in table I. The exPeriments are described in details in ref. 14.

We found that sub.dects rated the impulsive sounds sianificantly
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less annovira under all three exrerimental conditions. These
results contradicts most other results rerorted in the
litterature,

The Present study was desianed to analvyse these differences
more closely. The sound from real helicoeters and aircrafts have
freauency comeonents of much hisher freauencies than used in the
described exmreriments (where the max. fresuency was 800 Hz).

Our new comeruter allowed us to use sianals with much hisher

freaquencies (up to 15 KHz2).

Further, the impulsive sisnals used in the first three
studies consisted basicly of a sound impulse rereatina itself,
but with no noise between the impulses. Noise from real
helicorters consists of a mixture of many sound sources, f.ex.
the noise immulses created by the main rotor surcrimeosed on the
more constant ensine- and wind noise. We therefore used
impulsive sisnals that sometimes had a random noise sisnal

superimposed.

Finally, we wanted to test whether the slore of the
impulsive waveform would be A better predictor for the annovance
than the impulsivity. We therefore used impulsive sianals with
different sounderressure slores. We should emphasize here, that
all sounds, immpulsive and non—-impulsive, with the same pulse
repetition rate, had identical amerlitude spectra. The
experiment itself was done under controlled laboratory
conditions with a desian aepropriate to minimize the effects of

exFerimental noise on the data.




EXPERIMENT

Method
SubJdects

Nine Stanford University underaraduate students and one
middleased laboratory technician served as subJjects. They uwere
run individually and each received $ 4 for erarticiratina. All
claimed normal hearinas and uere naive toward the exrerimental
purpose and erocedure.

ArParatus

An Apple II microcomeputer supepoTted by two disk drives was
used both for aeneratina the stimuli and for controllina the

exreriments.

The synthesized sianals were stored in the memory of the
computer. They were outrut at a samplina rate of 30 KHz throush
a Teomar model "Ample D/A DAI1O1" 12 bit diasital-to-analoa
converter. The sisnals were mixed with white and/or pPink noise
at different levels in a self desisned switch box and sianal
mixer which was controlled by the comeruter. A two stase Krohn-
Hite 3323R active filter was set to low Pass the analos output
below 4.7 KHz to minimize diaital rinaina., A Sony TA-F30
Intearated stereo amelifier feedina a set of KOSS Pro/4AAA
dynamic headrhones binaurally comrleted the sianal path.

The sound levels were initially calibrated with a Bruel &
KJdaer 2203 sound level meter, and a Bruel & KJjaer 4103
artificial ear. When runnina the experiments levels were
calibrated with a Ballantine true rms voltmeter model 320A
connected Parallel over the headphones.

Stimuli

The origsinal waveform used was synthesized usina the model

shown on fia, 1. This is an idealized helicorter noise imrulse




model of Boxwell and Schmitz (ref. 15). The parameters used fFor
“he waveform in this series of experiments were tau=5 mseo..
eta=0, beta=0, which means the orisinal imrulse is a triansuilar
wave lastins 35 mseo. This imrulse was rereated each 100 msec
creatins a Pulse repetition rate of 10 Hz. This waveform was
fourier analvyzed. The obtained Fourier spectrum was modified
and used for the synthesis of three stimuli. Comeonents above 4
kKkHz were aradually attenuated proportionally to their freasuency
in a way so all fresuencies above 4.75 KHz were totally
attenuated. The resultins speotrum is shown on fia. 2 labelled
‘no PinKk noise’. It is obvious that the sianal has most of its
enersy at low freaquencies. Parts of the spectrum between O and
1 KHz are pPlotted masnified on fia. 3. The spacina between the
spectral lines is 10 Hz, whiocn is the same as the pPulse
repetition rate. The three waveforms used in the exmreriment
were all synthesized from the same spectrum and are shown on
fia. 4,

Fiaure 4 shows the time history of the three sianals.
Waveforms labelled A are measured at the output of the 4.7 KHz
lowrass Filter. The waveforms labelled B are measured as the
microrhone outPut from the artificial ear and should represent
the waveform of the sianals at the subJdects’ eardrums. These

waveforms are shown enlaraed on fia. 5.

The waveform named ‘cosine’ wave was synthesized usins the
spectrum on fia. 2 with each spectral compPonent at its aoriainal
Phase. This sianal is also a maximum impulsivity sianal as it
have all its components in cosine Phase, which creates impulses

of maximum heiaht.

The waveform named ’‘sine’ wave was synthesized by usina the
same spectrum by pPuttina all spectral comPonents in sine phase,
which means that all components will have a positive slore at
time O. Conseaucntly, we obtain a sisnal with maximum steee

slopPe.



The third waveform named ‘random’ was senerated by Puttina
each spectral component at a phase randomly between zero and two
Pi. The coefficients of imeulsivity for the sisnals ‘cos’ and
‘sin’ are 10.8 and 7.8 respectively, well above the maximum
prorosed correction of 6 dB. The random waveform has a

coefficient of imeulsivity of ~0.2.

On output the rulse trains were subect to three
manipulations. First, the sisnals were manirPrulated so the pulse
repetition rate was either 10 or 20 Hz. Second. the intensity
was varied between B89 and 95 dBA by the swithcbox/mixer. Third,
PinKk noise was surerimeosed on half of the sianals throusah the
switchbox/mixer -at a level 12 dBA lower than the level of the
sound from the computer. The resultins combined spectrum is
shown on fis. 2 labelled ‘with pink noise’. The pinK noise is
Pperceived as fairly loud when the sound is impulsive (sianals
‘cos’ and ‘sin’), but hardly audible when the sianal is non-
imPulsive (‘rnd’). The level of the pPinK noise is so low that
the overall level of the sisnals as well as the coefficients of
impulsivity do not chanae. All sisnals had a white noise masker
sianal added in order to mask a low level, hish freauency
rinains sound speciallvy heaéd with the ‘sin’ waveform (pProbabply
caused by impPrecission in the sianal srynthesis calculation). The
level of this white noise masKer was 54 dBA, and the noise was

hardly noticeable.

It should fFinally be mentioned that all sisnals with the
same pulse reretition rate have the same spectrum. The sisnals
with 20 Hz pPulse reretition rate were senerated by dumpina every
second value of the waveform. This means, that the spectrums of
the signals with 10 and 20 Hz pulse repetition rates are not the

same.




Procedure

SubJects were tested individually. They were instructed
that they would hear a series of sounds lastina 3 seconds each.
They were to rate the sounds for annovance on & scale from one
10 nine with one beina "least annovina", 8 beina “most
annovina". It was stronmsly emphasized that the subJject should
use the full answer ranae if possible. To this end, the subJents
first heard all 24 sounds in the "rresentation trials”. Then the
subJects did between three and eisht "practice blocks" each
consistina of B trials. The ratina was done verbally after each
- sisnal finished and was entered into th2 computer by the
exrerimontér. The subJdects continued with practice blocks until

they used the full answer ranse reasonably well.

Now the exPperimental sewuence took place. When finished.,
the subJjeocts were asked about their orinions and feelinas about

the sounds, the experimental erocedure, and the ratins scale.

Finally, they were debriefed concerninas the content and the
aims of the experiment, A comrPlete session lasted aperoximately

45 minutes.

Desian

A within subJect completely factorial randomized desian was
used. The subJjects were each presented a different random order
of 96 exmerimental trials. This resulted from the crossina of
the three waveforms (cos,sin,rnd) with two levels each of Pulse
rerpetition rate (10, 20 Hz), sound intensity (89 dBA, 95 dBA).,
noise (Pinik noise at a level either eaual to O dBA or 12 dBA
undeic the sound intensity) and four remplications for each

combination of these factors.

RESULTS

Results will be rerorted as statistically sisnificant if

the level of sianificance exceeds PC.0!l unless otherwise
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specified.

Table II shows the means of the annovance ratinss for each
subJect averased over the four rerlications of each simnal.

An analysis of variance (ANOVA) was conducted an the
ratinas from each subJject separately usins the rooled
interactions with rerlications as the errorterm. This analysis

showed the followins:

~ Nine of tha ten subJects rated the sounds sienificantly
different. T—tests rerformed fo'* each individual showed
that no subJect rated the two impulsive sounds (cos.sin) as
sianificantly diffferent at even the .03 level of
sianificance. All excemrt subiect 10 rated each of the
impulsive sounds as sisnificantly different from the non-
impulsive sound. But, the subJects did indeed not zaree
about whether the impulsive sounds were more or less
annovina than the non-imepulsive sounds.

~ All subJjects rated the 93 dBA sounds sianificantly more
annovyins than the 89 dBA sounds.

- Eisht of the ten subJects rated the sounds with 20 Hz prulse
reretition rate as sisnificantly more annovins than the
sound with 10 Hz rulse reretition rate. SubJject 4 rated the
hish pulse repetition rate sound as sisnificantly less
annovina than the sound with low rulse repretition rate.
SubJject 1 showed no sianificant (P¢(.03) effect of Pulse
repetition rate.

-~ No clear tendencies were arrarent for the sound with or
without rPink noise surerimrosed. Subdect 1, 2, and 10 rated
the sounds with PinK noise as sianificantly (P£{.05) less
annoving than sounds without PinK noise. SubJects 3,3, and
9 rated the sounds with PinK noise as sianificantly (r<.03)
more annovina than sounds without Pink noise.

- A few different interaction terms showed sisanificance.

These will be described later.
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It arrears from table I] that sex is an .important faoctor in
the ratinas of the effeot of .mpulsivity. This variable was not

mart of the orisinal desisn, so the sianificance of its efFfects
are rrobably overestimated. All subJects are rocled in “saroue
ALL". For the sake of further analvsis, the subJects will be
split ur in two subsroumrs based on sex, with the 8 male in one
srour and the 4 females in the other. An ANOVA uas rerformed
with sex as a sroupr variable and all others as rereated
veasures. The sound factor was not a sianificant main effect.

but it interacted sisnificantly with the sex factor.

Serarate Tepeated measures ANOVAs were done for the two

arours to clarify the nature of the interactions with sex.

The mean ratinas for the 2 subsrours and for all subjects
rooled are shown in table III, where also sianificance levels
are shown. The averase standard deviation for reelications of
the same sound was 1.38 for males, 1.33 for females, and 1.36

overall.

The males rated the impulsive sounds an averase of 1.1
points more annovina than the non-impulsive sounds, whereas the
females rated the impulsive soui:. 1.6 roints less annovina. The
impulsivity effect was sisnificant at the .03 level of
sianificance for the females. When all subjects were roocled, the
subJects on averaase rated impulsive and non—-impulsive sounds

nearly c«ually annaovina.

The 95 dBA sounds were rated 2.6 Points more annovina than
the 89 dBA sounds for all three arours, and this effect was

sisnificant,

Sianals with 20 Hz rul:e rersetition rate were {Oor the three
arours rTated 0.8, 1.2, and 0.9 rPoints more annovina than the
sianals with 10 Hz pPulse repetition rate. The effect was

significant only for the last two sroups.
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The addition of pink noise to the sianals did not have a
sianificant maineffect on the annovance ratinas.

The rerlication effect was sisanificant and reflected an
increase in annovance ratinss over trials. The mean ratins for
all subiects were for the four rerlications: 3.82, 5.83, 6.24,
and 6.31 roints resrectively. The rerlication effect interacted
sianificantly with intensity. The ratinas arew lers with time at
the hish intensitr.

Few interactions were sianificant. Sound tyre interacted
sianificantly with the noise factor. The mean ratins for the
impuisive sound decreased 0.23 roints when rPink noise was
surerimposed, whereas the mean ratins for the non-impulsive
sound increased 0.353 roints when the noise was rresent, The
three way interaction between the factors Pulse reretition rate,
noise, and sex showed sisnificance. Both males and females
rated the 20 Hz pulse reretition rate sounds as on averase 0.3
points less annovina when Pink noise was suprerimposed than when
no noise was addes. The same effect was present for the males
For sisnals with 10 Hz rulse reretition rate. But the fFemales
fate& these sianals as 1.0 point more annorvins when rink noise

was present than when no noise was added.
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DISCUSSION

One of the factors in the experiment was intensity. The 6
dB difference between the two levels of this factor and the
correcpondina averase ratins of these two levels maKe it
paossible to translate ratinas differences into a dB difference
for all factors usina linear interpolation. By arelyina this

method to table III we =et table IV.

Table IV presents the mean ratinas of each factor averaaed
over all other factors and replications. From this table it is
clear that the effect of imepulsivity is more complex than the
results from our earlier (1981) experiments which are summarized
in table I. In those exreriments the maximum Frequency of the
spectrum was G600 Hz. We found then that the subiects on averaae
rated the impulsive sounds respectively Z.7, 3.5 and 4.5 dB less
annovina than the non-impPulsive sounds in the three experiments.
This effect was significant at a .01 level in each experiment.

This is clearly not the case in the Present experiment.

The results (see table II and IV) revealed that impulsivity
(sianals ‘cos’ and ’‘sin’) on averase had no effect on annovance.
But if we look at the individual scores it becomes aepparent that
the sex of the subjects seeminaly has an important effect. All
females rated impulsive sounds sianificantly less (3.7dB)
annovyina than non—impPulsive sounds. Most of the 6 male sub.dects
behaved exactly opposite, and on averase thevy rated the
impulsive sounds 2.6 dB more annoryina than the non—-impPulsive
sounds. The effect for the male subJects was not sianificant,
thouah. A closer looK at the male sub.jects revealed, that the
one subJect, that rated oprPosite the rest of the male sub.ects
was the older sub.dect (ase apeproximately S50). This therefore
suagaests that also ase misht have an impPortant influence on

annovance of impulsive sound.

This ageeffect is in opPpPosition to the results from our

1981 expPeriments were we exactly tested for the age effect., and
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found no sianificant effect. The ditference between the 2
series of experiments is the increased hish freauency content of

the pPrescnt sianals. But any conclusion concgrnins ase effect

must await further testins.

If we exclude the ‘old’ male subJject. the rest of the male
subJdects rTate the impulsive sounds as sianificantly (4.1 dB)

more annovina than the non—impulsive sounds.

Whether this sexual (and marbe a=e) difference in annorance
of these impulsive sounds is a seneral characteristic or a pPure
coincidence in this exPeriment would rTeauire further testina. At
the moment we can only hvypothesize about the reasons for these

difference.

Several of the male sub.jects mentioned that they had a
distinect Physical feelina of discomfort when they listened to
the impulsive sounds. They felt that somethina pounded on their
head and eardrums and typically saidl "The beats are settina at

me". None of the female subjects expPressed these sensations.

As mentioned earlier, t—tests revealed that subJects didn‘t
rate the cosine and sine phase impulses sianificantly different.
Therefore, the increase in slope did not influence the perceived

annovance of the impPulsive sisnals.

The effect of Pulse repetition rate was in the 1881 series
of experiments veported in table I very small, thoush the
tendency was towards increased annovance for increased pulse
rerpetition rate. This phenomenon is more Pronounced in the
Present experiment, where a Pulce repetition rate of 20 Hz on
averaae sianificantly increased the annovance 2.2 dB over noise
with pulse repetition rate of 10 Hz. It aepears that increased
freauency sPectrum makes the effect of pPulse repetition rate

much more pronounced.

The analvsis also showed that the annovance increases
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sianificantly over trials (up to 1.1 dB after 4 trials). This is
not surerisins. Annovance is aenerally considered as correlated
to duration, so the lonaer duration increases annovance., Thisg is

confirmed here.

Finally, the noise factor. Half of the sianals had pink
noise (also cutoff at 4.7 KHz) superimposed at a level 12 dBA
urnder the level of the sisnal. This doesn’t increase the
overall sound pressure level nor the coefficient of impulsivity
of the sianals. The noise had no effect on the annovance by
itself, althouah the pink noise was Perceived as fairly loud
when the sianal was impulsive. On the other hand, the rink
noise had a sianificant effect (level .05) in interaction with

the sound factor.

Addition of the pinK noise increased the. annorvance of the
non—-impulsive sounds 1.2 dB, but it decreased the annorance of
the imPulsive sounds with 0.5 dB. As some subJjects expressed it:
"The backaround noise had a soothina (or mufflina) effect®.

This is an interestina example of a situation where annovance

can be decreased by addins more noise,

The noise level was 12 dBA under the sianal level. We
don‘t expect that we Just by increasins the level of the pink
noise can decrease the annorvance of the impulsive sound much

more. But further research is needed to clarify this auestion.

Finally, a few remarKs concerning the use of a limited
ratina scale. The annovance scale used was limited to ratinass 1
througsh 9. A problem with this Kind of scale can be a certain
floor and/or ceilina effect. MWhether this was the case here is
hard to say. We found that intensity interacted significantly
with replication. Low intensity sianals increased in annovance
over replications, whereas ratinas of hish intensity sianals
staved the same. This could indicate a ceiling effect in the
way that subJects started out with hish ratinas of the hish

intensity sounds. Even if these sisnals became increasinsly
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annovina over trials there was not much raoom left on the scale
for hiaher ratinas. Whether this is caused by a ceiling effect
or other reasons can pProbably only be tested with an exreriment
usins an open—-ended ratins scale. On the other hand, the
subJjects were asKed about their feelinas about the scale used.
No one felt that they were limited by the scale; most actually

felt the scale was too wide.

Concludins we can say that the increase in freauency
content of the impulsive signals comepared to our 18981
experiments had certain, distinct effects. It confused the
annovance characteristics of impulsive sound, created distinct
sex differences in annovance ratinas, and increased the effect
of hiah pulse repetition rate. The results do still not suPPoOrTt
most of the research done elsewhere which stated thnat increased

imPpulsivity leads to increased annovance, ’
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Table I. Effects of imeulsivity and pulse repetition rate on

annovance in three exreriments expressed in dB
relative to one level of each factor. Level of
significance is indicated. Exp. I. Mean ase of
subJects = 19 vears, sianal duration 3 sec. Exm II:C
Mean ase of subdects = 19 vears, sisnal duration 12.5
sec. Exp. III: Mean ase of subJlects = 368 vears.,
sianal duration 3 sec.

(From Ahumada, Fish, Henckel (1981) - ref. 14).

SRS S S ER S ZaAES SIS IEIINAIISSNISTIIZITIITITIITITIISIIITIIIBII

EXPERIMENT I II IlI

———— —— ————— G . = . A S A S G A e W ST s T S S ) YOS i S S M St e — S — S ST = S Ve D W A WP

SOUND IMP. — NON-IMP. ~2.7 #% =3.5 #% —~4.,5 #»

PULSE

REP. 20Hz - 10Hz +1.5 » +0.3 +1.1

RATE

R S e ST ST T e SR S S eSS oEoaCS IS SRS aoSoR=zao=mas
#* p{0.01

* p<0.05
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Table II. Mean annovance ratina over 4 replications for
each subdect.

IS RN S S S T I NS I NS S S NS AT ARBEI SIS IIIEEEIIS SIS IR RSN
SOUND IMPULSIVE IMPULSIVE NON-IMPULSIVE
-PHASE -C0s -SIN ~RANDOM
PULSE REP.
RATE, Hz 10 20 10 20 10 20
PINK NOISE - + - + - + - + - + - +
SuBJ. INT.
-SEX dBA
1M 89 5.0 3.0 3.3 3.8 5.5 4.3 5.0 4.3 3.0 3.8 3.8 4.5
95 7.5 5.8 7.3 5.3 7.8 7.0 8.8 5.8 5.3 4.0 5.3 4.8
24 89 6.5 3.8 6.8 5.5 5.3 5.5 7.0 5.0 2.3 2.3 2.5 4.3
s 7.5 6.8 9.0 B.5 6.5 6.8 8.3 8.0 5.0 5.3 7.0 7.5
a-F 89 4.3 4.3 5.5 3.8 3.5 4.5 5.0 4.3 3.8 5.3 6.5 7.3
95 5.0 7.5 6.8 8.0 6.8 7.8 7.5 8.5 8.3 9.0 8.8 9.0
4-M 89 6.8 7.3 4.5 5.0 7.5 7.0 4.0 6.3 3.8 4.5 4.5 5.3
85 8.5 8.5 8.3 7.8 9.0 9.08.38.5 7.3 6.8 6.8 7.5
5_M 88 5.3 5.5 8.5 4.8 3.8 3.8 7.0 4.0 2.0 2.3 2.0 2.8
95 6.8 7.8 8.8 8.5 5.8 7.5 9.0 8.8 3.8 5.3 6.3 7.8
5-M g8 2.3 3.8 5.0 5.5 4.8 2.3 5.8 5.3 7.3 7.5 6.8 7.5
8s 5.3 5.3 7.5 7.8 7.0 A.0 8.5 7.8 9.0 9.0 8.8 9.0 1
J-M 89 3.3 2.8 4.8 5.0 3.5 3.8 4.3 3.5 1.8 2.0 3.0 3.5
85 7.8 5.0 8.5 8.8 7.0 5.8 8.5 8.3 3.5 5.0 5.8 6.0
8-F 89 2.8 3.3 7.0 4,0 2.3 4.3 6.0 4.5 4.5 6.5 6.8 7.3
85 6.3 7.0 9.0 7.8 5.3 7.3 7.57.5 7.3 8.3 8.8 9.0
g-F 89 2.3 5.5 4.3 4.5 2.5 4.0 4.8 5.0 6.5 7.3 8.0 8.8
95 5.3 7.3 7.3 6.8 4.0 7.5 6.8 7.0 8.5 9.0 9.¢ 9.0
{o-F 89 5.0 1.8 6.5 4.8 5.0 5.3 7.3 5.3 5.5 5.5 6.8 5.3
95 7.3 7.8 9.0 8.3 8.0 /.8 8.8 8.8 6.8 8.3 9.0 9.0
X 2 3 2 2 2 E i 2 s i -t E 2 i 2 i At 2t A 2R A R R
A
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Mean ratinss for different arours of the 10
subJjects averased over raretitions., subJects and
all other factors. The sounds ‘cos’, and ’‘sin’
are impulsive, ’‘rnd’ is non—-impPulsive. The pink
noise had a level 12 dBA lower than the level of
the noise it was superimposed to. Levels of
gsianificance are shown.

SUBJECTS MALES FEMALES ALL

-— o —— - ———— —— - oo — - ————

ORIG 6.1 5.8 » 6.0
SOUND SIN 6.3 5.9 » 6.1

RND 5.1 7.4 6.0

89 dBA 4.5 5.1 4.8
INTENSITY

95 dBA 7.1 *» 7.7 *% 7.4 %%
PULSE 10 H=z 5.4 5.8 5.6
REP.RATE 20 Hz 6.2 7.0 #% 6.5 ##»
PINK NO 5.9 6.2 6.0
NOISE YES 5.7 6.6 6.1
R A S TN E TS S ST S oS SNSRI DINS SRS umEIZ=

*# p<0,01

* p<0.05
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Mean ratinas in dBA relative to one level of each
factor for different arours of the 10 subJects
averaaed over subJects and all other factors. The
sounds ‘cos’ and ‘sin’ are impulsive. The sound
‘end’ is non-impulsive. The level of the eink
noise was 12 dBA lower than the level of the
noise it was superimerosed to.

SUBJECTS. MALES FEMALES ALL
COS ~ RND +2.4 -3.8 » -0.1

SOUND
SIN - RND +2.8 -3.5 » +G.2

INT. 95dBA - B89dBA +6.0 #* +B8.0 ** +8.0 *#

———————— — —— O . G —— T A . —— G — - - — G . = —— —— T o - —

PULSE

REP. 20 Hz - 10 Hz +1.8 +2.7 #n  +2.2 »»

RATE

PINK ‘yes’ - ‘no’ -0.4 +0.8 +0.1

NOISE

-5 -A-F-5 44555255244 B 55545t tFEEFrEEFEEEEETEEEEY SR
#*# p{0.01

* p<0.05

IR T T TP
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Fia. 1 Idealized ahalytio helicorter impulse. In this
exPeriment tauxS msec, beta=0, and eta=0 (from
ref. 15).
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Fia. 2 Powerspectrum of all signals with 10 Hz rPulse
repetition rate. Uprer curve is spectrum for
signals without Pink noise. The ‘floor’ at -90 dB
is c¢r=ated by the spectrum analvyzer and not by the
amplitude of the spectral components. Lower curve
is spectrum for sianals with pink noise
suPerimposed at a level 12 dBA under the level of
the sisnal.
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Time history of the three waveforms used.
have pPulse repptition rate 19 ilz, and all have the
same ampPlitude sPectrum (see fia, 2). The sianals
are named acccordins to the mrhase of their
freauency comronents. The waveform labelled A is
the ouvrut of the 4.7 KHz low-rPass fFilter. The
waveform labelled B is the microphone outrut fFrom
the artificial ear.
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have pulse repetition rate 10 Hz and all have the
same amplitude srPectrum. The sisnals are named
accordina to the phase of their freasuency
comPonents. Sianals are measured as the
microrhone output from the artificial ear (same as
B waveforms on fia. 4) and should represent the
waveform of the sisnals at the subdects’ eardrums.
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