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SUMMARY

An interim report of the status of our study on the effects of
high-intensity, low-frequency noise is presented. A method has been
implemented in which Discrete Fourier Transforms are computed from
samples of two analogue waveforms. One source represents input to
a system, the other represents the system output. The input spectrum,
output spectrum and cross-spectrum are computed. The transfer func-
tion is calculated by dividing the averaged cross-spectrum by the
averaged input spectrum. Limitations of the method in application
to the Cochlear Microphonic are illustrated and the suitability of
the method for characterizing the external auditory canal is demon-
strated.
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Foreword

In conducting the research described in this report,
the investigator(s) adhered to the ''Guide for Laboratory
Animal Facilities and Care,'" as promulgated by the Commit-
tee on the Guide for Laboratory Animal, Resources, Nation-
al Academy of Sciences-National Research Council.




Appendix A

1. Abstracts of papers MMI and MM2, presented at Acoustical
Society of America, Atlanta, GA, Spring, 1980.

2. Figures and text, MMI.

3. Ffigures and text, MM2,
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The tasks targeted in the initial contract period for DAMD17-78-C-8067
have been developed and the experimental results examined in two papers pre-
sented at the 99th Meeting of the Acoustical Society of America in Atlanta,
GA, 21-25 April, 1980. The figures and text are enclosed here along with
copies of the abstracts for the two papers (JASA, Suppl, 67, Spring, 1980).
The salient features from our conclusions will be described.

The use of Discrete Fourier Transforms (DFTs) from two sources, repre-
senting input and output and taken simultaneously, is a powerful method of
analysis for linear systems which have a wide frequency response. Our pro-
cedure for deriving the transfer function incorporates the cross-spectrum
which reduces the effect of uncorrelated noise, a difficult problem in phy-
siological experiments. The procedure works well for measuring the transfer
function of the external auditory canal, a system which can be driven with a
broad band of noise and which shows resonant peaks in its output.

The application of the procedure to the Cochlear Microphonic (CM) en-
countered some basic limitations which were difficult to recognize; the basis
for these limitations lies in the properties of the cochlea. The cochlear
system can be described as a series of low-pass filters with high-frequency
limits which decrease from the base to the apex of the cochlear coils. At
any location along this system, there will be one frequency region for which
cochlear output will be at a maximum. The range of input (signal) intensity
over which the voltage within the most sensitive frequency region remains
linear (undistorted) is about 30-40 dB. Above this intensity the output is
non-linear, i.e., distortion develops.

A broadband input signal contains frequencies within the most sensitive
region and also, frequencies below that region but which can fall within the
(low-) passband for that cochlear location. As input intensity increases the
output (CM) in these lower frequency regions reach a linear segment of their
intensity function and, if intensity is increased further, they, too, enter
a distortion region.

As the intensity of a broadband input is increased from low to high,
therefore, the transfer function and the coherence function must be used
together to characterize the properties of the one cochlear location from
which the CM is recorded. At low intensities the transfer function will de-
scribe the operation of the system in a valid way only in its most sensitive
frequency range, since the coherence function will show a value of 1.0 only
within this range. As intensity increases, the CM in the most sensitive fre-
quency region will begin to distort and the coherence function will tend
toward zero. Simultaneously the input at frequencies below the most sensi-
tive region will enter the (low-) passband region of the CM, the transfer
function will now indicate a valid description in this adjacent lower fre-
quency region as shown by the coherence function approaching a value of 1.0.
With still further intensity increases the CM output in this region will dis-
tort, coherence will tend toward zero, etc.




Thus, the ''system transfer function' is itself a function of input
signal intensity when the signal is broadband noise. The value of the
coherence function can be 0 because of two reasons, distortion or low
signal/noise ratio. Without special tailoring of the input noise band,
one cannot obtain a broadband reference condition that can be used as a
basis for contrast with the effects produced by high-intensity, low-fre-
quency noise. Although a firm baseline is not available, the effects of
the Jow-frequency noise in the CM can still be determined by the method.

The data we have generated on the CM are illustrated by the figures
in paper MM2 (Appendix). Paper MMI represents data describing the transfer
functions for the external auditory canals of four species. Some short-
comings in stimulus generation are apparent from the input spectra shown
in paper MM2. We were unable to generate 65 Hz noise bands with sufficient
intensity to test the hypothesis that distortion produces high frequency
components within the 2 kHz frequency region. Because of this we used
250 Hz noise bands. The distortion we detected in those experiments occur-
red at multiples of the upper cut-off frequency of the input spectrum.
Funds for additional instrumentation are included in the extension of the
proposal to improve our signal generating capabilities in order to produce
a valid test of the original hypothesis.

Because of the limitations of the CM, as discussed above, it seems clear
that the method, as applied to the Cochlear Microphonic is highly suitable
for measuring the CM spectrum from one location but not suitable for determin-
ing the location along the cochlear partition from which spectral components
might originate. There are other differences between the behavioral experi-
ments in which the phenomenon was defined and the physiological experiments
inwhich we are measuring the CM spectrum and caution should be used when
assuming that the two sets of experiments are parallel. |In the physiological
experiments anesthesia must be used and the animal is maintained in a head-
holder. In the anesthetized state the middle ear muscles are not active, while
in the behavioral experiments they were capable of activity. In the behavioral
experiments the sound field was carefully developed to deliver sufficient
power, in the free-field, to reach 120 dB SPL. Because of restrictions of
space a carefully calibrated sound field was not possible in the initial period
of the contract. Some improvement is expected from the speakers and power
amplifier to be ordered during the extension.




FRIDAY MORNING, 25 APRIL 1980

ANSLEY ROOM, 9:00 A.M. TO 12:00 NOON 1

Session M. Physiological Acoustics II: General (Poster Session)

James H. Patterson, Jr., Chairman

Contributed Papers

MM, Acoustic properties of the axternal auditory canal in chinchilla,
guinea pig, cat, and man. D. C. Teas (Deparntment of Psychology,
University of Flonda, Gainesville FL 32811), R. E. Hill (Iastitute
for Advanced Strdy of Communication Processes (1ASCP)
University of Florida, Gainesville FL 32611}, D. F. Dolan, J. P.
Walton (Department of Speech, and 1ASCP, University of Flerida,
Guitesville, FL 32611), J. {{. Patterson. and C. K. Burdick (UU.S.
Army Acroimedical Research Labortory, Fort Rucker, AL 36350)

The zcoustic pressures produced by a kand of noise were meas-

gt . .
- _urgd 2 the entrance to the auditery canal and near the tympunum.

The stimuiway produced by 2 TDH-3v carphone activatd by a
nuise band tailored to produce an apgroxmately fat spectrum ba-
twezn U] and about 4 kHz at the entrance to the 2ar capal, A
corrpuiar program caiculuted the output power spectia, the signal
auise, e Cross-power spzctruim, the transfer function, the co-
rereace funciion, and the phase betwzen the taput and output
puwserspecira. ‘The transfer funciton in 2ach animal shows an upper
frequency peak, the location of which varies with the apparznt
volume ot the canal, beinyg highest for the guinea pig and lowest for
man. The magaitudz of the resonance i larzest for the cat and
smaliest for the guinea pig. [Supoorted in part by DAMD 17-78C-
8067 sad NSF-77-16907.)

MM2. Spectrum of the CM produced by high-intensity, low-frequency
noise bunds in the chinchiila. D. C. Teas tDz2paniment of Psvchology,
Uaiverstty of Florida, Gainasvitle FL 32511, R, E. Sill {lastitute
for Advinced Study of the Communication Processes (IASCP) Uni-
versity of Florida, Caiaesville FL 32611}, D. £, Dolan and J. P.
Walton (IASCP and Department of Spesch, Uaiversity of Florida,
Guinesville, FL 32611, and J. H. Patterson and C. K. Burdicx (U.S.
Army Acromedical Res=arch Luboratory, Ft. Rucker, AL 36360)

Hizh-intensity, low-frequency ociave hand noise in the free ficid
has bzen reported to produce permanent threshold shift at 2 KHz in
chinchillas {Burdick, Patterson. Moza, and Camp. J. Acoust. Soc.
Am. 64, 233 (1978)). We have delivered 100- and 250-Hz low-pass
noise to the chinchilla with intact piana put open bulla and have
me tsured the specirum of the CM recorded with elecirodes ia
tum [ und turn Il. SPL’s were measursd at the pinna. The out-
put of the microphore was lad to channel 1 of an A'D con-
vecter. The CM was led to channel 2. Thz inputs to the A/D’s were
adjusted 10 the same rms level to minimizz digital noise. A computer
nrogram calculated FET's and produced severul calculations from
them (~ee previous abstract). At SPLs beiow 100 JB, the outpin
spectrum (CM) is similar to the input spectmim (micro~honed, Above
109 JB the output spestrum contuins Srequercies above the pass.
baad of the input spectrum. The coherence tunction indicates thit
the hizh-Trequency ontput is ot present i the input powar spectrum.
[Sapportad ia part by [DAMDIT-7RC-80A7 and NSF 77-16907.]

U.S. Army Aeromedical Research Laboratory, P.O. Box 577, Fort Rucker, Alabama 36362
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Ine analogue voliage is read in Ecochs unich are initicte
by g ?rigger oulse. The digitized daie can be savad on Tlccoy disks

~
i

for laber pro ng In this study 12 Epochs cauld L chiginad
in atout 29 sec, thus reducing the time required for ostcining dota
lne qigitizing rate is a [initing Tecture - our date are valid up

0 a "ro"uerﬂy of dbout 5 khz.

In this study one A/D inpul wos tne voltege Trea o 1/2 in.
23S nicroohone near o TDH-39 earchone piaced close to the pirna, ond
the other was frem a second 1/2 in. microphene with a srobe tuoo
inserted into the canal. The stinulus was a broadband noise, ora-
erphcsized with additional low-pess noise to help flatten the inout

spectrunm.
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. .3 . Reproduced from
-~ best available copy.
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Ye have used the method described in the previous peper

to s%udv the scectrum of the cochlear micropnonic (Gid) in response to

ipuiation by high intensity, low-Trequency noise. Our observations
| imited to lowpass bands of noise with cut-off’s ot 106 and 248
or 230 Hz since still lower frequencies could not be delivered at
ntlv strong intensities. The stimuli were delivered with two
n. speCKO"S noused in a single cabiret. As exvected the cut-
sub spactea show O voltage in frequency regions outsids the input
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OUne of the difficulties in the use of this method to
gggggcierize.the XFR for CM lies in the bendooss characteristic
of 4 given recording location along the cochlear partition as
stinulus intensity increases. For example, at Turn I the CM
i1 b2 strong in the 3 to 5 kilz region for a low intensity
sroncoand input.  As the intensity of the broadband stimulus
is ircroasad, the bandpass for that location will increcse
voltage in the nost
L sansitive freguency region (3 to 5 kHz) will Tirst increase
zad than, @b higher intensities, the Ccherence Tunclion will

dacrense, indiceting distortion.  Our data show a fairly narrou

-~

‘J

ange of intensities over which the COH remains at 1.9 in the

t

w05t sansitive frequency region.  Thus, with this nethod the
AR dapands upon intansily end can give invalid results for g

breadband stinulus if interpreted without recegnizing the

PO AL WD

faci of cochlzar location.
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Fig. 5.

XFR and COH functions for Cochlear Microphonic (CM) response produced
by 2 kHz low-pass noise band pre-emphasized with 0.7 kHz low-pass noise
band. Free-field stimulation. External microphone measured SPL as indica-
ted on each panel. The upper cut-off of the noise band was limited to 2 kHz
in order to exclude the frequency band to which the Turn | electrodes were
most sensitive. CM was recorded with differential electrodes in Turn I,
At 55 dB (top panel) the COH is less than 1.0, indicating that XFR is suspect.
At 60 dB, COH is very good. At 70 dB some distortion appears, but the COH
is still good. At 100 dB the COH had deteriorated, due to distortion in
the output waveform.
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