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The experiments herein reportec provide data on the relations
betwsen mumber and sound pressure level of acoustic impulses
as a function cof the susceptabllity of different people to
auditory fatigue., This information plus previously obtained data
on the effects of puise repetition rates and the results of planned
experiments on the effects of rise time should provide the basis
for establishing a gensral description of the effects of gun noise
on auditory fatigue. This descoription should provide the méias
for specifying the noise characteristics of weapons and opera-
tional procedures for their use with respect to protection of the

hearing of military personnel.
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The great variabillity in the susceptibility of different peraons
to impulses, probably due to variations in the behavior of the
auditory reflex, suggests that damage risk criteria for impulse
ncigse rmast te deaigned to pretect those persons with ears far
mope ssnsitive than those possessed by the average person,
Indi7iaual diffevences In susceptidility tc auditory fatigue are
mach greater for impulse thar for steady state nolse.

Cne ¢f the experiments curndacted revealed that persons susceptible
to auditory fatigue from Impulse ncise were not necessarily more
or lass susceptible 1o 2! aady state nclse.

Note: Copies of this report are filed with the Armed Services
Technical Information Agency, Arlington Hall Station,
Arlington 12, Virginia, and may be obtained from that
agency by qualified investigators working under Government
~ontract.
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The jpreat variability ir the susceptibllity of different persons
to impillses, prokably dus to variations in the hehavior of the
audiory refiex, suggests that damage risk criteria for impulse
nciagn rmat te designed t: pratect those persons with ears f=r
more sensitive then those possessed by the average person.,
Individua® differences in susceptibilicy tc auditcry fatigue are
much giearer for imp.lse than 7For steady atate nclise.

‘ne uf the experiments conducted revealed that persons susceptible
tc aiuditory fatigue from impuise riolse were not necessarily more
or lass susceptible to staady state noise.

Note: Coples of ',y r>:1% are flled with the Armed Services
Technicsl: Inuc™ - lon Agency, Arlington Hall Statinn,
Arlington 12, V. ginla, and vy be obtained from that
agency by qualified investigators working under Cover ment
ontract.
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The great variabllity ir the guuceptibility ot different pecnons

to lmpiniaes, prctably dus to variations in the behavior of Lhe

sudlsory reflex, augegests that damage risk criteria for impulse

nolse rragt b2 designed to protect those pergons with ears f:=v

more sensitive vthan rthose pesseysed by the average peraeon. .y
- Inddaidaal differences 1n sasceptibility to audlitory fatigue are

much greater {or Inp.ize ~har. for gteady state nclse.

Cne of the experimente counducted revealed that persons 3usceptible |
te suditary fatigue from impualee nolse were not necessarily more
cr Jaus guacentidle to ateady state nolse.

Note: Coples of this report are 5iled with the Armed Services
Technical Infermarion Agency, Ariingten Hail Statlon,
Arlingten 12, Virginia, and may be obtained from that
agency by qualified investigaters working under Goverrment
ontract.,
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The great variability i1 the susceptibility or different perusons
o lmpulses, protably dw» tce vartations in the behavior of the
audliory refiex, suggests that damege risk criteria for impulse
Lclae mazt ke desigred tz protect those persons with ears f:x
more sensitive than thoss possessed by the everage person.
indiridaal. differences {i. susceptitliity tc euditery fatigue are
mach gieatver for impulse than for steady atate noise,

Crie of the expsriments ci;idicted revea’ed that peraocns susceptible
te auditory fatigue frem impulee noise were not hecessarily more
ar Lasi susceptible ro sleady state nnise,

Ncte: Coples of this report are filed with the Armed Servicas
Technical Irformation Agency, Arlington Hall Station,
Ariington 12, Virginia, and may be obtained from that
agency by qualified investigators working under Goverument
~ontract,
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The grueat varlabtiilty e vhe sugcoptibliity of differant persons
ro inpulses, prerakbly Cw: to variations in the behavior of t7e
audl iory refiex, suggess that damage risk criteria for impulse
nolg: rrazt ne desigried £» protect *those persuns with ears =
mere sensifive than those prossessed by the average perscn.
Irdyridual differences 1n susceptibility te anditery fatigue are
mactt greater {Ur impu.lse than for steady atate riolge.

{rne of the exnarimert: conducted revealed thal persons gusceptible
tz aaditrry fatigue from Impulse roise were no% necessarily more
or lans sasceptibie t9 3ready state nolee.
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Tezlusical Informatincn figensy, Ariington Hall Statiorn,
Ariingter 12, Virginia, snd may be obtalned from that
- agency by jualified investigators working under Government
: ;ortract.

118

-l A AW e




- WA T M N0 e e el et

Report No. 949 _‘
ABSTHAT
AD No. ACCESSION NO.

). Preparing Institution: Bolt Beranek and Newman Inc.
&0 Moultun Strest
Cambridge 38, Massachusetts

2. Title of Report: 3TUDIES OF TEMPORARY THRESHOLD SHXFT
AUSED BY HIGH INTENSITY ACOUSTIC TRANSIENTS

3. Principal Inveatigators: Norman Ca.ter and Xarl D. Kryter

4. Number of Pages, Illustrations and Date: 18 pages, 2 tables,
12;21@11'“. 20 August

5. Contract Number: LA-49-007-MD-985

6. Supported by: Husearch and Development Division

Office of the Surgeon General

Department of the Army

Washington 25, D. C.
The experiments herein reported provide data on the relations
between number and sound pressures level of acoustic impulses
as a function of the asuaceptabiiity of different people to
suditory fatigue. This information pluz previcusly obtained data
on the effects cf puise repetition rate and the results of planned
experiments on the effects of rise time should provide the basis
for establishing a general description of the effecta of gun noise
on auditory fatigue. This description should provide the meuns
for specifying the ncise characteristics of weapons and opera-
tional procedures for their use with respect to protection of the

haaring of military persounel.

11 -




— —— - &0

]
i
i
!

Repset No. 949

The graat variabllity in the susceptibility of different perssons
to Lmpulses, prubably due to variations in the behavior of the
audi:ery reflex, suggzests thut damage risk sriteria for impulse
nolse nusl he designed to protact those persons with ears f2-
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Indiriduai cifferences 1in sasceptibility te anditory fatigue are
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The pgreat vaciability in the susceptibility of different persons
to impulses, probably due to variaticns in the behavior of the
audl ory reflex, suggests ithat damage risk criteria for impulse
nolas mast he designed ¢n protect those persons with ears far
more scrnsitive than those poasessed by the average person.
Individaal differences in susceptibiiity te auditory fatigue are
much grgater for igpulse than for ateady siate no.se.

One of the experiments conducted revealed that persons susceptible
to auditory fatigue from impuise noise were not necessarily more
or lass susceptible to stealyr state noise.
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The grea” variabll)ity in the susceptibility of different persons
to impulses, yrobably due to variations in the behavior of the
J cuditory reflex, suggests that damage risk eriteria for impulse
‘ nolse must te designed to protect those persons with ears far
more sensitive than those peszessed by the average person.
Individual differences in susceptibility is auditory fatigue are
much greater {ur impulse tlan for steady state noise.

Cne ¢f the experliments conducted revea’'ed that persons susceptible
to avditory fatigue from impulse noise were noi necessarily more
or less susceptible to steasy state nolse,
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STUDIES OF TEMPORARY WIRESIOLD SHIFYT CAUSED .
BY IXGil INTENSITY ACCUSTIC TRANSIENTS '

Norman L. Carter and Karl D. Kryter

Bolt Beranek an¢ Newvman Ine.
50 Moulton Street
Cambridge 38, Massachusetts

INTRODUCTION

‘the rrescnt series of experiments {ollow from a preliminary
study described in BON Report No. 926}, That study, now

. called ixperiment I, was concerned with the effect of pulse

' repetition rate {pulses per second) and the number of pulses
upon thresholds for pure tones in the frequency range of 2500
to 10000 cps. Each pulce had 2 trianzular acoustic waveform,
with a rise time of 0.5 millisecond, duration 1 millisecond
and peak sound pressure level 168 db re .0C02 mlcrodar.
Pulge rates used were 1, 5, 10, 20, 40 and 80 pulses per sec-
ond (PPS). The numbers of pulses were 5, 10, 20, 40 and 80.

That study aliowed the following tentative conclusions:

(1) the freguency of maeximum loss i3 in the regioa of 4000~
5000 cps; (2) the repetition rate most likely to produce
temporary threshold shift was 1 PPS; and (3) the TIS increascl
with the number of pulses.

j One feature of the results was that even though the hsaring

. losaes were for the most part small and unreliabdle, there was

i no doubt that those moderately large losses that did take place
) were "rcal" and not artifacts of the hearing tests. It was
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suppcsed that the explanation for this might be that people
have "thresholds" for acoustic trauma similar to abeolute
thresholdos for hearing, and that apart from day to day varia-
tions in the ear there 1S an "scoustic trauma thrashold value”
of X number of pulses for each person (assuming othor relevant
parameters such as repetition rate, pealt to peak lovel, rise
time, ete., are constant). If this swere true the variability in
the results of Experiment I could be due to the characteristics
of the particular subjects involved as yell as the particular
values of rise time, duration. repetition rate, number of pulses
snd peak to peak level that werc used.

The asgumption of an acoustic traume threshold for pulses also
implies that once this threshold is reached, TTS will show the
pame function of number of pulses for all normal ears, regard-
less of their particular ATT values.* If this is so, then
prolonged and expaensive experimentation would be avoided by
selacting subjects from the low end of the ATT continuun.

#In this discussion the type of function cf TTS above ATT for
any parameter had not been mentioned. It mey be continuous or
a step function (e.g., O db to X db TTS) for any parameter.
Tlds and other experimontal problems, such as the relation of
ATT to other auditory thresholds, are considered in experi-
ments reported below.

-2-
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. of the pulsec were read off the scope in a similar way, after

Report No. 949 Bolt Beranek and Newmar. Inc.

EXPERIMENT I

Cursory examination cof the data cf Experiment I suggested that
en average of one out of four normal hearing young adults could
te expected to show moderate hearing losses (over 20 db) 30 sec-
onds to two minutes after exposure to 80 triangular acoustic
pulses (0.5 millisccond rise time, 1 millisecond duration, 168 db
peak to peak) at a repetition rate of 1 FPS, Accordingly it
was anticipnted that 1f such an expoaure were given to 60 col-
lege studenta 15 of them would show losses greater than 20 db.
Cautisn dictated, however, that in the present context, where
large numbers of subjects are invoilved and the range of sensi-
tivits <o thias atimulus 1s unknown, subjects should first be
expos:d to 40 pulses only, at lower peak to peak levels. The
number of pulses, and possibly their level, could then dbe in-
¢reasad for those subjects showlng no significant threshold
shift, until a criterion (say, 10 db TTS) was roeached.

soparatus_and Procedure

The apparatus used in generating tho acoustic stimuli has been
deacrib~d in detaill in a previous report.2 It consisted of an
arbitrary function generator, or photoformer, capable of gener-
ating any desired electrical waveform (voltage by time), an
amplifier for amplifying and controlling the peek voltage and

a small. high intensity loudspeaker (KLH 6.5) mounted on a
headbanC and held firmly against the sixbject'n heed during
axposure. The Jgvel of the acoustic pulse was measured by
placing the cerphone on a dumny head with a microphone (Altec 21
BR 200) in the simulated ear canal and leading the output of
the microphone to an oscilloscope (Dumont type 304 AR). The
vertical axis of this scope was previously calibrated using a
BBN acoustic calibrator (308-C-3). The rise time and duration

-3~
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callibrating the horizontal axie with a 10C0C cps sine wave.
Photegraphs of the photoformer mausk, w¢lectrical output of the
suplifier, and the acoustic pulse as showvm on the oscilloacope
are presented in Plg. 1.

Hearing loassa were ncasured by a subject-opereted Bekesy audio-
meter {drason Stadler type B-200). As in Experimen® I tests ware
made before snd after exposure, but 1f wes decided to drop the
method of recording hearing losses in terws of & single "loss
aumben” as was done for Expariment I, in favor of the usual
aathod of db thoeshold shift at each test frequency.

fest froquencics were 2000, 400C, 8000 and 500 cps, tested in
that order for 30 second3 each, before and after exposure. The
first frequency tcated after the traln of high intensity pulses
wag 2000 cps, begun 30 seconds post exposure. As 1s usual 1in
thir Lype of pure tone threshold, sudiometry threshold at any
frequency was the average of the midpoints of the excursions
over “he time the frequency was tested.

Porty-five normel hearing college students (29 male, 16 female)
ware exposed to the acoustic transients in the sequence, and at
the levels indicated in Table 1. In scme instances the pure
tone thresholds vere tested a second time after exposure. This
generally indicated that the losses were "real” and not due tu
aome artifact connected with the subject's inexperience with
audiometry.

Results

Tae results presented in Table 1 confirm that there is a con-
siderable range in the susceptibility of young adult <:ubjects
to TTS induced by this tyre of "impuise” noise. Large individ-
ual differences in susceptibility to impulse noise can also be

-4
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scen in Fig. 2 where for the 55 subjects we have plotted the
distribution of thrasholde followlng expooure to impulse nolse
and Lhe dietrisution of pre-exposure thresholds. Similiar vari-
ahilisy among subjects with respect to their susceptibllity to
auditory fatipue from acoustic impulsces was found by ¥ard et a1'3.

Tiws second aim of Lhis ciperiment was to select subjects for
later work. Eighteen of the 45 subjects of Table 1 show a greater
than 10 db loss at oue or mc>e rregquencies following 120 pulses
{or lass) of 1G5 db peak to poalc (or lower). These subjects are
indicated by an asterisk; the ipitialled nurbers are the subjecis
whs proved availuble for the later experimcats.
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EXPERIMENT III

Experiment I indicated, as might be expected, that TTS increased
as a8 function of the number of pulses. The present study was
intended to get quantitative data on the shape of this function.

Apparatus and Procedure

The apparatus for producing the stimull and determining pwre
tone thresholds was 1dentical with that used in the Experiment II
condition. Rise time of the pulscs was again 0.5 millisecond,
duratlion 1.0 millisecond, und repetition rate 1 PPS. The audio-
metry was also similar. Pre-exposure thresholde were the mean
of at least two audiograms giving threshold as a continuous
function of frequency from 2000 to 10000 cps. Each audiogram
took 70 seconds to complote. Post-exposure audiograms were be-
gun 30 seconds and usually also 3 minutes after the last pulse.
Audlograms were also run 6, 12 and, in many cases, 24 minutes
post exposure 1f recovery was not complete and the schedule
allowed. 16 subjects were used. 14 of these are shown with
initials and asterisks in Tahle 1. Subject number 43 was not
avallable, but was replaced by a non-sensitive subject (E.S.)

to increase (hopefully) the variaonce in owr sample. One other
subject (T.H.) was included because of his experience of audio-
metry in other experiments and because an initial exposure gave
signigicant TT8,

The experimental procedure consisted of repeated exposures for
each subject (one day between exposures) in a trial and error
approach to a criterion meximum threshold shift of dbetween 30
and 30 db in the first audiogram after exposure. The usual

method was to guess at an exposure capable of minimal signifi-
cant ITS (i.e. the ATT for number of pulases) using, in all dut

-6-
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two instances,* & peak to peak pulsc levsl of 168 db. If the :
criterion TTS was reachsd quickly, the mumber of pulses was ' *k
dropped in the ratlo of 3/4, 1/2 end 1/4 that mmber; other- n
wige the procedure was to incresse the number of pulses during s
subsequent exposures.

Resulta A

The foregoing experimental procedurs resulted in measures of : .
temporary threshold shift at 13 frequenciss 30 to 95 seconds ? R
after exposure, 18C to 245 seconds after, etc. depending on the .
frequency messured and the post-exposure audiogram. In order
to compare our data with those reported by other investipgators f
1t wae decided to use recovery ourves previously deterluined !

from exposures to steady state noise to estimate the hesring ] .
loss two minutes after exposure, from the first post-exp sure { .
audiogram. The curves used for this are given in PFig. 3.

The extrapolated 'l'm2 values were plotted for cach subject as , ‘
a function of the number of pulses in the exposure. Separate i .
figures were prepared for test frequencies 2000 cps (see Fig. 4, . .
6, 8) and the means of TTS, at 2200-7500 cps, 3000-3500, 4000- .
4500 (l“ Pig. 5, 7, 9), 5000-5500, 6000-7000, and 8000~-9000 cps. é

Data already given have shown that wide individusl differences ;
exist in susceptibility to impulse noise. Preliminsry examing- ;
tion of the present datz indicates that this is true even for the ; -~
selected group of 16 subjects used in the present study.

[P S,

*One subJject (B.K.) objected to peak to peak levels above 162 db s
on the grounds that they hurt. The other (W.B.) proved highly o
susceptible to the pulses. FPulse level was, thereiore, dropped P
in ¥W.B.'s ocase to 156 db peak t¢ peak and the experiment con- O
tinued as with the other sudjects.
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For this reason the results from the 16 experimental sublects
Were divided into three groups. Results for the six most sensi-
tive subjectx are plotted in Figs. 4 and 5, the three next most
sengitive in Pigs. 6 and 7 and for the seven least sensitive in
Figs. 8 and 9.

Clear association between number of pulses and 1'1‘82 at any fre-
quency 1s pregent in only the first two of these groups, total-
a«ing nine subjects. Data from the remaining seven subjects
(Figs. 8 end 9) are not includsd-in the figures following Fig. 9
becaure they show no significant hearing loss.

The sonsiderable degree of varilation still present withi: each
group suggested the further classification of the two most sen-
sitive groups into four sub-zroups. ‘The most sensitive subd-
group now comprised sudjects W.B., C.G.; the second most sonsi-
tive, subjects 8.C., W.H., D.M. and W.R.; The third, subject
H.P.; and the fourth most sensitive sub-group, subjects J.H.,
B.K. Mean TTS, at each of the test frequencies were plotted
for each of these four sub-groups as a functicn of the number
of pulsas. Examples of the test frequencies of 2000 and mean
of average and 4000 and 4500 acps ars presented in Figs. 10 and
11. The smoothed curves fitted visually to these data are re-
drawn in Pigs. 12-15 for esch frequency and each sub-group. The
curves are superimposed in Fig. 15 and average curves over al.
test frequencies drawn for each sub-group of subjects in Pig. 16.

Discussion

In setting up the experimental procedure ard initial plot of the
data of Experiment III three assumptions were made. PFirst it

was assumed that a series of impulse-type noises acts cumulatively
in prodw:ing temporary tixeshold shift, i1.e. that hsaring loss

-8-
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can result from o scries of otherwise hormless impulslve nuises
if they ocewr close enough togather in time. Secon?, 1t was
agsumed that individual differences in the amount of '1'.1‘.‘:32 fol-
lowing a scries of acoustlc pulses were due to differences in
the numter of pulces necessary to produce initial threshold
shift. The number of pulses thought to be necessary to produce
temporary threshoid shift persisting for two mimutes after ex-
posure was called "acoustic trauma threshold (ATT) for number of
pulsee.' The third agsumption was Lhat the rate of increase of
'1'?82 €a the number of pulses is increased is the same for all
ears once the critical number of pulses known as "ATT for number
of pulses” was reached.

The fact tiat all of the smoothed curves of Figs. 12-16 are
exponential in form suggested that a family of curves of the
same general form could take account of the diverasity of the
data and still provide a general account of the relation between
’Pl‘s2 and number of pulsaes.

Our assumption that the function relating umber of pulses and
TTS, 18 the game form for all individuals can be saintained
while still keeping & good fit to the data dy use of the set of
surves illustrated in Fig. 17.

The plausibility of this as a general hypothesis of the relat:on
between mumber of pulses and '1'1‘32 was aided somewtmt by the fact
that in extrapolati ng the uppermost cu:ve the line can be made
to merge quite easily with the 50 db level, commonly taken as
the point beyond which the likelihood of permanemt damage 1s
increased. At this level also the rate of recovery of '1'1‘32

Az rodmod." While the reasons for these phencmensa are
obscure, their occurrence after “'1'1'5,‘" of 50 db or more suggests

-9~




\
\

—

romnd  Smamad

[y

[Re—y

[yp— ——t
b . 3

WY ey

Report: MNo. 940 Bolt Beraneic and Newman Inc.

that this 1s the "threshold” of pormansnt damage, wilch may heve
a different machonium to TTS, and produce a curve of different
ghape to the rather complete sppearing pattorn of curves suggested
in Fig. 17.

Compariscn of Figa. 15 and 10 shows the general similarity of
the curvea wlith those in the hypctheilcal case of Fig. 17.
Such curves ere zenerally known as Guapertz curves, the ganeral
equation of whizh has the furm

Y = Vghx
i.e. the dcpendent variable 18 ¢ double exponential function of
X, anc V is o constont which gives the hypothetical or empirlically
determined upper limit for ¥. The equation generates both the
negatively acaeleorating function shown by owur most sensitive
subJects and an 1nitially positively accelerating function, de-
pendirg upon whethsr or not the constant g is more or less than
3—_:. Ir. both canes g and h must be fractional and positive to
give the initially positively accelerated end then negatively
accelerated functicns suggested in FPig. 17. In the present
context Y and X are the variabies m2 and number of pulses re-
spectively, V is the empirically determined (or guessed) 50 dd
upper limit of '1'1.'52, 2 1s the Y intercept, or amount of '1'1‘82
af'ter & single vulse and h is the rate of growth of '1'1‘32 with
number of pulses.

Tests of this hypothetical relation are given in Figs. 18 and 19.
The data points of Fiz. 13 are the averago TS, over all test
frequancies {2000-9000 cpa) for designated groups of sudbjects
as a function of number of pulses. Fig. 19 gives the same in-
formation for average TTS, at 4000 and 4500 cps. X, 1s the
point of irflection of the smoothed curves, 1.e. that vilue of

-10-
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X at which tho curve changes from a positively to & negatively
accelorated slope. It is noteworthy that this occurs in all
cases at about 17.5 db ‘1'1‘82.

For three out of the four sub-groups (sever of the nine subjects)
the second exponent h 13 very close to the same value (.982).

The name exponent for the fourth sub-group aversges .950. The
relatively small degree of variation in this exponent, which
represents the rate of growth of 1'1‘82 with nusder of pulses, is
regarded as Justifying the original assumption that the rate of
frowth of '1'1'32 with number of pulzas was the same for all ears
regardless ol their "acoustic trauma threshold.”

Since the smallest number of pulses to which the ear can be
exposed is one, the constant "g,” or the point of origin of' the
growth function, is the proportion of 50 db mz produced by a
single pulse. It is interpreted roughly as the extent to which
the subject’'s ATT's have been overreached by the pesk to peak'
SPL's of the particular pulse used in this experiment. In this
sense it is a measure of individual differences in suscepti-
bility.

Most of the difference between the smoothed curves of Pigs. 18 and
19 can be attributed to variation in this constant, supporting
the third assumption that the socurce of individual differencs:

is in the point at which ma first appears rather than the rate
at which it grows after tha subject's “acoustic traume threshold”
is reac . It is important to note, however, that the equation
Y = Vgh implies that if "g" equals zero (there being no loss
after a single pulze) TT3, will continue to equal zero no mattar
how many pulses are presented. This implication is confirmed
empir.cally in our data by the failuve of seven of our sixteen

-11-
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subJects to show significant 'M‘sa after as many aas 200 success-
ive pulyes. Our second assumption that individual differences
conslat in part of the number of pulses necessary to produce
initial threshold c¢hift should therefore be dropped in favor of
spacifying the ATT in terms of paramefers of the single pulse
necesnary to produce an infinitely small but significant ‘1'152
and honce “g." In practice this will, of course, involve ex-
posin;z some subjects t2 more than one pulae, unless the methods
of detecting Trsa are improved,

b —y

The usiefulness of these vaolues of "g" as a measure of individual
, susceptibility to this type of pulse is limited, since the par-
. ticular values derived in this experiment obvivusly apply only to
1 ; this reretition rate and peak to peak levels. In order to derive
: a scale of susceptibllity to this type of pulse which would be
. applicable to all people it would be necessary to know the low-
o | est level at which a pulas of the type we are using was cepable
) of producingz some rrsa, no matter how amall, in the least sus-
| ceptible ears. The same exposure could conceivably produce the
naximm (50 db) TTS, in some ears, whose "g" would then equal
one. Presumably there would be a distridbution of n's2 between
these limits, and hence a disgribution of "g" to be entered in
the equation TTS, = 50(3)‘98 . If, for example, S showed a
m2 of 8 db following exposure to one pulse at this level, then
1t could be calculated that his TTS, after 80 such pulses would be

[

[ Qu———
. 3

—

- m.? ™ 50(.15)'98280
= 50(.16)+2333
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Such a caleulaiicn procodure would still he limited to triasngular
acoustical waveforms with a rise time of 0.5 millisecond, dura-
tion 1.0 millisecond, and a repetition rate of 1 PPS. It would
also apply to only one peak to peak pulsge level.

However, am-iving at the corrections to be applied for altera-
tions in pcok to peak level of the pulse, rise time, snd dura-
tion should be relatively straightforward, and work is progress-
ing under U. S. Army sponsorship at our laboratory and elsewhere
on these queations. Further confirmation of the 50 db “guessad”
"safe" uppuer ilmit for TTS, is also rejuired. Although we feel
that the hypothesis developed above for growth of TIS as a func-
tion cf the number cf exposwres may have promise as & general
description of the growth of TTS from acoustic impulses, 1t is
put forth here as but one possidbility worthy of discussion.

In an exploratory study on TTS from impulses, Ward et u“ con~
cluded that the growth of TIS for most frequencies is linesar
with time, or number of Dulses when given st a constant rate.

Wa are not at all sure that the fitting of straight lines to

our data to indicate a linear growth in TTS as & function of
number of pulses would not ultimstely prove to be the best pro-
cedurc. The necessity of averaging dats such as ours 20roes a
limited number of subJjects can easily result in misleeding,
though suggestively interesting, curvatures.




was 90 U BB WBW  eew) b} ey

1o amantt [ ) L] [ ____ ] g

—d

$ o b
4 H

Repoi's No. 9435 Bolt Beranek and Newman Inc.

EXPERLIONT IV

This expariment was designed to expicre the effect of peak to
pesi: pulse level upon TI‘SQ. The audiometric test procedure
wap the same #3 that used in the previous study. The subjects
were the nine mcst sensitive subjects (W.B., C.G., 8.C., W.H.,
D.M., W.R., H.P., J.H. and B.K,) of Experiment III.

Popr thie study we exposed the subjects to impulses at peak to
peak sound pressure levels of 156 and 162 db. Comparable data
for a level of 16C db was avallcble from tha results of Experi-
ment III. All other variables, including the anumber of pulses
and the repetition rate, were held constant.

Results

Examples of the results of this procadure sre given in Figs.
20 and 21. The hearing losses, from first audiogram begun 30
seconds after exposure, were corrected to 2 minutes post ex-
posure by using the recovery cwrves of Fig. 3.

Wnile the data for each subject and teat frequency shows many
inccnsistencies, the mean '1'182 over all subjects and test fre-~
quencies, as shown in PFig. 22, appears to be linear, and to in-
crease 3 db with each 6 db increase 1in peak to peak level.

-14-
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EXPERIMENT V
5

The final experiment in Lhis serles was undertaken because of the
wlde diiferences nhgerved betwecn subjects in amount of 1'1‘82 fol-
lowing comparable exposures to trlangular pulges, differences
which appeared o be greater than tihvwse commonly found following
exposure to steady state pure tones or octave bend nolse. Beocause
our subjects were sclucied on the basis of susceptibility to im- ;
palme type notse,® this experiment was aimed at finding out the
degree of correlation bLetwecen susceptibility to impulse noise and
octave band noise rather thon at estimating the size of the vari-
ance in 1'1'52 due to the two types of noise in ine population at

lerge.

os
i e o o s

The sixtecn subjects used for xperiment IIXI were exposed to
10 minutes of pre rucurded octave band noise in the frequency ‘
. :1ge 1200-2400 cps. The noise was obtained from a GR nolse
renerator and aitered to a cutoff characteristic of 36 db per ‘
octave. The overall sound pressure level of the exposure in all
cases was 110 db, as measured in the eer cansl on an artificial

head.

Audiometric procedure was the same as in Experiments III and IV.
The first audiozrom after exposuru began 30 seconds post.

Results

Hearing losses, '!’1‘82, at 2000 and 4000 cps are given in Table 2,
Also given in Table 2 are: (a) the estimated average 'M's2 st
2000 and 4000 cps following exposura to 60 impulses at a level

of 168 db (these estimates are derived from the dats in Figs 4-9),

e e A A . oo

aa ..

*However, because of the small dagree of TTS observed in most
persons in our salectior test (see Tatle 1), we are not certain
that our "moderately" sensitive subjects do not really reprssent

the average of the general population.
-15-
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{b) the rank orders of tihe average TTS, for the two nolges, and
{e¢) the renk order eorrvelations for the average of the TTS values
for 2000 snd 4000 cps and for other test {requencies.

These cocfficients indlecate no slgnificant positive correlation
in these 16 subjects tetiueen susceptibility to the impulse type
noise and hearing losses due to noise in the octave band 1200~

2400 cps. Although the pattern of increasingly higher negative
correlations with test frequencles is perhaps interesting, the

highest correlatlon at test frequencles 8000-9000 cps is nega-

tive and accornts for only 25% of the variance.

The results of this experiment show a striking difference be-
tween the ranges of individual differences in suscsptidiliity to
impulse and steady state nolse. Tals is shown in Pig. 23 where
we see that a difference of about 20 db separated the largest
and smallest TTS following exposure to steady state noise in
contrast to a range of about 55 db for impulse noise. It is
interesting to note that the range between the least and most
sensitive ear 1is about the same for the pre-exposure thresholds
{see Pig. 2) as 1t 1s following exposure to steady state noise.

The most obvious, but as yet unproven, explanation for this
greater variability is, of course, that the auditory reflex
relaxecs at different rates for different subjects or conversa.y,
18 not as readily elicitod in some persons as in others. Al-
though it 1s believed that the muscles involved in the asuditory
reflex relax in the typical ear in a matter of a few lundred
milliseconds, our data suggest that in the "tougher" ears per-
haps the muscles are at least pertly constricted after as long
as one second, thereby a2ffording some protection from succeseding
impulses ziven at the rate ol 1 per mescond; whereas in our
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“tender ecared" subjects the muscles are completely reclaxed in
one gecond. It is also possible, of course, that our “tender
cared" subjects completely lack this reflex. We are planning
additional studies on this point.

eliability of Audiogrums

Duringz the course of the oxperiments Just reported we accum-
ulated a number of 'pre-exposurc” uudlograms (the audiogram
given prior to expusure to nolse) for 18 of our subjects.
Hopefully, these audiograms should, for each subject, be quite
similar; if so, the rather small threshold shifts noted as the
result of exposure to impulse and steady state nolse could be
taken as significant.

The genernl reliability of the audiograms obtainid from our
subjects 18 given in Fig. 24. The mean difference between the
first pre-exposurc audiogram and succeeding pre-exposure audio-
grams {given at least 1 day apart) is -1.2 db, indlcating per-
haps some 3light improvement by these subjects in ability to find
their thresholds with continued use of the audiometer. The stand-
ard deviation of 1.4 db demonstrates, however, that even with a
larze amount of audiometric testing (each subject had an average
of 10 pre-exposure audiogrsis) the audiograms are very consistent.

Actually, the effects of noise on hearing is taken as the differ-
ence between two audiograms taken in fairly close succession.
This testing procedure is approximated if we take the first two
rre-exposure audiograms for eoczh =ubject and compare the differ-
ence between them. Doing this, we found mean differences of
+.5 db and -.7 db and standard deviations of 2.4 db and 2.4 dd
at 2000 cps and 4000 cps respectively.

-17-
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These test-retest reliability data indicate that consistent dif-
ferences between pre- and post-exposure audiograms 2f but 2-3 db
at several cricical test frequencies will usually be found with
further experimentsticn to be statistically reliable differences
and presumably attributable to scme interviewing faztor, such as
exposure to intense noise.
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‘Table 1. Temporary Threshold Shift in 45 Subjects at
500, 2000, 4000 and 3000 ¢ps Following Acoustic Pulses
with Rise Time 0.5 mililsecond, Duration 1.0 millisecond

and a Repetition Rate of 1 Pulse Per Second (1 PPS).
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PHOTOGRAPH OF
a. PHOTOFORMER MASK
b. ELECTRICAL OUTPUT OF AMPLIFIER

c. ACOUSTICAL OUTPUT OF SPEAKER
AS SHOWN ON OSCILLOSCOPE

The horizontal (time) scale in b. and c. is 0.2 millisec per div.
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AFTER EXPOSURE (TTS,) FROM MEASURE-
MENTS MADE 30 SECONDS ETC. AFTER
EXPOSURE
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