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Foreword

This report wes prepured by the Znginesring and Reseerch
Separtmant of tke :taldwin Pleno Company, under United States
iir Force Coatrzct ZNo. aF33 (616) ~ 3323, Task Xo. 4. The
tagk was adninistered under the direction of dessrs. E. Lazur o
and T. P. ifountz, 3T., WCINE-3, Comrunication and Navigetion ‘
Laboratory, Wright Air Deswelopment Center, “PA¥B, Ohio.

The contract was terainated for the convenience of the :
government on September 13, 1957 by the contracting officer :
et WADC. This report summerizes all research completed up te

the time of contract termination.
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"%
) ; The vibration spectrum and level of speech from differcnt ;
, { znciomicel locutions wag measured using contact microphones 2
;4 edapted for tnis purpvogse. This inforaation 7as uscd to selsct %
{ 3
? the optimum znztomical locations for picking up speech in ex- f
% renely noisy (140 db re. 0.0002 dyne/cma) sound fields near
v 4
¥

jet erngines. On the basis of this preliminery research several

microplione~-noige shield systems for use at sselected anatomical

AR I

locations were developed. Articuletion tests of contact micro-

-

_% phone-noise shield systems were conducted i a 120 db jet moise

% spectrum. Unsu:tistactory articulation scores were obtained with

1} these systems even with optimum electrical equalization of speech

E§" sirnal, anntomicael location and seal around the microphone.

E% A noise cancelling system employing a pressure gradient g
1, microphone (34-76) located in close proximity tc the skin pro- é
% vided satisfactory speech intellibibility in a 120 db jet noige g
%b spectrum.

The contract was cancelled by the contracting officer

at «ADC before an evaluation of this noige cancelling system was

gompleted.
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On the basis of available data it appears that this
nolse cancelling microphone system located on the forcehead or

neck area would provide satisfactory communication in a 140 db Jet

noise,

THE BiLDWIN PIANO COMPANY

CINCINNATI 2, OHIO AF 33 (616)=-3323
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2. a) A. H. Bereskin, brorcbsor«of electrical enginearlng,‘Univéfsity

of Cincinnuti and electronic consultant for Baldwin. (14)
b) Harold A. Conklin, Jr., senior electronic engineer, B.S.EE.,

University of Toledo; seven years experience in. communications,

e
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ordnance electroniecs research and development, and acoustical
rescarch and developme.t at Philco Corp., National Bureau-of

Standards ( Diamond Ordnance ruze Labs.), and Baldwin, (88} R

c¢) Terry Dempsey, acoustical laboratory techrician. (52)

d). Robert K. Duncun, supervising engineer, acoustical research

.section, B.S.EE. Purdue University, Lt. Cmdr. U.S.N.R. with
experience in sonar and electronic equipment. Registered
Professional Engineer; LL.B., Attorney at Law, :Ohio Bar.

Twelve years industrial experience as acoustical and electrical

engineer at RCA, Capehart- Farnsworth, and Baldwin. (27)

8) Roger E. Kirk, senior psychoacoustic engineer, Ph. D. in eXpari-
mental psychology, Ohio State University; two years experience '
in psychoacoustics and human engineering. (584): A

T) De W. Martin, assistant chief engineer and director of research,

Ph. . 1in phygics, sixteen years experience in industrial acous-

tical regeérch and development at ‘RCA and Baldwin, and .as con-
sultant, author and editor in fields of acoustics and audio. (112)

g) R. L. Murphy, intermediate electrical engineer, B.S., Amerigqn»
Television Institute of Technology, six years industrial experience
in measurement of acoustical transducer and audio system per=-
formance. (467)
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Seetion & - Sxnerimontal Procedure

i. Instruzeatation L
z) Yolece sbsorber

Iz order to inweatl-ute rthe vibrution spectrum und level of

szeect: zigrals picked up from logicaliy chosen loc:tioas oa

n
e et i S

the azztoay, it was necedgary to provlie metns Ior inolziing

the talkser's bone conducted speech from his &ir conducted

speeck. Tec tkis end a voice absorber was adazted froa an aveil-
able t0x. The design of the voice absorber is saowm ir Fizure

1. The overail-dimemsions of the voice absorter were 60 x 36 x 22
inches. 71he interior of ths volce absorber ws: lined witk 3 layers.

of jerocor fibre glsss. The mouth plece for the vsice absorber was:

desizned froaz a modified ;:13A oxygen musk. .:n. adjustadbie nsad: Test
held the subject's head firmly in place. 4 sound level meter clcro-
phone wa3 mounted inside the voice absorber anproximately 13

inches from the talker's lins. A VU meter was mountesd on the

front of tke voice absorber so that the talksr could monitor

his speech level while talxing into the voice absorber. The
voice abgorber provided attenuation of sound of the order of 15 -
to 20 db. It was believed that the acoustic. impedance offered

to the voice necharism by tie voice absorber wes not :sizniff--

‘cantly different than that offered by a free field. In order to

ascertain if talking into the wolce absorber produced a chenge
in the spesch spectrum, the spectrum for -a typical talker was
meagured in zn anecholc chamber using s 640AA microphone. TFol-
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levels In the 6 ¢ c. coupler. The Y. K. amplifier was removed

from the equipment setup and an Altec power supply used to provide
the polarizing voltage ror the 640A4 microphone. The microphone out-
put wag led directly to the RCA booster amplifier. Measurement of
coupler sound pressures at different loéations.was not .completed,

but the nigh levels observed suggested the feasibility of microphone -
nolse shield systems: D and E later tried.

Speech equalizer device

It has besn observed by numerous investigators that body conducted
speech sounds differ markedly in spectrum from airborne spéech

3ounds' emitted froa the mouth (2, 3, 8). In general, body con-

ducted speech .sounds contain less hfgﬁ'frqqggnpy'eqe;gy relative
to low frequency energy than do air conducted speech sounds, In
order to render body conducted speech .sounds-maximally intelligible,
electrical equulization of the signal after it has been picked up

from the anatomy is necessary. To this end a passive equalizer

network was developed which provided means for obtaining the fole-

lowingz speech equalization slopes: 6 do/octave, 6 db/octave to

1000 cps und 12 db/octave thereufter and 12 db/octave. 4 circuit

diagruem of the equalizer network is shown in Figure 4.

Low noise transistorized amplifier

‘t'he vibration amplitude of speech gsignals from certain anatomical
location, for example the forehead area, is relatively low:in

level. When equalization of speech signals from the forehead
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aree was ettempted, considerzbie difficulty with elsctrical

noise, T.Y. and redio signul interference, wes encountered.

The T. V. sipnals, redic signuls und hum were found to bte enterinsg the

system primarily through the contact zicrophone ané micropbone cable.
In ordar to nirimize these interference e:ifects, & low noise trangis-

torized emplifier was constructed. The circuit developed separately

by Dereskir (3) is shcwn in Figure 5. A block dlegresm showing 2131
the combinations of equipment used in picking up speech vibrations
frocm different anatomical locations is shown in Figure 6. Tis
system shown ir Figure 6 allows for considerable flexibility in
the types of nicrophonss used.
Speerh Spectrum Measurement
On the bagis of preliminary listening comparisons of the speesch
spectrum from all locations on the head and reck &rea, six anatomical
locations were chogsen for more extensive investigation. The six lo-
cations were (1) right and left side of neck on plane with larynx,
{2) one inch above nasalis, (3) across coronal suture on top and
along midline of skull, (4) one inch below occiptiel protuberance,

(5) great wing of sphenoid and (6) one inch back and below mental

protuberance of mandible. Figure 7 shows the 6 locations used in the

investigation.
The contact microphones was attechsd to the anatomical location
under investigation by means of an adjustable strap.

The subject's head wag poeitioned in front of the voice absorber

g0 that a good seul around the chin, cheesks and noue wag obtainad,
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Figias 7
Amatomicsl Locationre Us:d In Investigation
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o

enerygy below 1000 cps. This is of interest since frequencies

c oy giagt

H
A
g above 100D cps contribute lisproportionately to speech intelli-
) gibility. It should be noted that the duta wes obtuined for one

subj=ct only.

o

e e g g e RO IR

The: faprrite Hontek Microohone wag ugsed to picit u» the body
conducted speech vibrations. The frequency response of this

! microphone has not been deterained due to termination of the

EAPTLAN Lo | RIN 45V vl

contract and tnerefore only relative comparisons aaonz the curves

cen be made. On the basis of listening comparisons of speech

from the six anatomical locations, it appeared that best intelli-

o) pee

gibility could be achieved froa the forenead region.

AWS

2. Spsech level At Four Anatomical Locations

K It is evident from Figures8 and 9 that there is 2 consider-

i able diffarence in speech level at different anatomical locations.
3

In order to maxe a valid comnarison of speech intelligibility
; ameng; the locastions it is necessary to ®quate the gpeech levels

so that they sound equally loud. This was accomplished by having

. the subjects monitor their gp«ech on the sound level meter while

talking into the voice absorber. 1In this way the subjects could

R AT g

maintain a constant vocal effort. Loudness balance comvarisons

were made while the contact microphone weas switched to eackh

=5 N

e,

of the anatomical locations under inveatigation. The amount of
speech signal attenuation necessary for equal loudness wag

determined while the subjects repeated the"Joe . . . . Lawn"test

T
o

P' scntence. The results of the loudness balance tests are shown

S
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in Teble I. Two 3ets oi' loudness balance tests were made for

each subject. In this wey thz variadbility attributadle to

fectors such z3 place-1ent of the microphone and errors in loud-

ness balancing the signals could be determined. The average

dirtfere: ce vetwenn tne first a0 ) gecoad trials was 1.2 db.  This

fnsiestes thnt i

e reliability of tre experimental procedure is

sztisfuctory.

TABLE I

Attenuation Applied To Speech Signals For Zgual Loudnesa
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It is evident froa Table I thut speech signals from the L
é throat armrequired the most attenuation for equul loudness ; 3
4 ]
v} .
& followed by the occiptial protuberunce, nesalis and greuat wing 4

e o

of sphenoid in that order. The results of these loudness

bulance tests are in egreement with the findings of nrevious

investigntors (2, 4, ¢ & 10) to the effect “uat the highest

level speech sounds are those in the region of the larynx. In

5 ell of the articulation tests reported in the results section,
&
the speech signals were adjusted for equal loudness.

When electrical equalization wes applied to the sneech

signuls to render them more intelligible, it wes necessery

to change the system gaia in order to ac. ieve eguszl gpsech

loudness. The amount of attenuation used with the four speech

o S
PO o4 g § sk i

equalization slopes is shovm in Table II. The amount of attenu-

ation applied to each glope for equal loudness was determined

by the loudness balence procedure described above.

TABLE II b

Attenuation Applied To ¥our Speech Equalization
3lopes for Equal Loudness

P

! s ~SIopE X =
. Microphone

0 6 db 6-12 db 12 ab |

—

i

' Electro Voice

|
H
29 12 3 0 \1 :
- : {
! Amperite Kontack .30 14 ! 2 .0 \ ;
- f . i
| * + .

* For a deseription of the different slopes see Part II Section A le ‘
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Articulstion tesls were conducted to determine which ana-
tomaical lozcations provided the best speech intelligibility. L
Three enatomical locations were used; one inch above the nasalis, :
one inch below the occiptial protubersnce und the right side of §

the neck on plane with the larynx. An Amperite Kontack micro-

phone and an lectro-Voice microphone were used to pick up the [

b e PR S T 0 Y

speech vibrations. The listeners and talker were located in

T

quieto

avein B

The contact microphones were connected to the AIC=10
tercommunication System by means of a 600N to 8L matching
trangformer at the output of the speech equalizer device as $

shown in Figure 6. The microphone input to the AIC~-10 System

e B b

wag used so that this part of the 8ystem could remain constant

regardless of the type of microphone used. The subjects listened

SRR )

to PB word lists over 1i79/AIC earphones. The results of these

articulation tests are ghown in Table III.

:

A

It is evident from Table III that the bast apeech intelligibility

gy

is obtained from the forehead area., It i3 interesting to note the

s e

N LA
r o MR T DR rs W

FRRCTE N S

equalization slopes which provided the best intelligibility at the

three anatonical locations. This is an indirect indication of the

= i Th N M YT S, Wdeiam =t tEim UM # L2
PR g Py ¥y Ty g A€ KSR e SA o

relative distribution of speech energy along the frequency continuum.
ile would expect the throat area to require the most eaqualization

since as shown in Figures 8 and 9, it had less high freguency energy -
relative to low frequency energy than either the vack of the head or the -

forehead. This expectation is confirmed by the data in Table III.
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i TABLYE III §
4 1
5 -
g % Results of Artlculation Tests At Three /Anatomical Locations. N
{ P
‘ § Three Esguulizstion Slopes Applied To Speech Spectrum® 1. 3
1 b
i Listeners & Talker In Qulet ;]
I _
1] Right Side Of i One Inch %
E Talker Vicrophone Neck On Plane . Below Occiptial One Inch Above g
i , Witn larynx ! Protuberance ; Naselis é‘
] i
0 6 6-12 12* { 0 6 6-12 12 ' 0 6 6-12 12 :
!¢ 5.s. Amperite 88 9 91 84 9 94 96 9¢ 97 9% 97 93 .-
J.S. Amperite 84 91 91 96 92 97 97 91 97 96 93 97 f
1 «
ﬁ . J.S. Electro-Voice g2 84 78 90 88 91 56 86 93 91 96 94 3
3 ¢
R1: J.Se. lectro-Voice 81 83 84 87 91 92 96 87 . 97 98 97 94 ;
i J.S. lectro-Voice 8l 84 85 85 87 95 95 89 97 93 93 91 :A
; g » AVE, = 85 86 86 88 90 94 96 89 ¢« 96 135 95 92 : %
L : 1]
? i : 4 4
. W.E Amperite 77 83 85 89 88 93 97 92 ' 99 93 91 89 | : k
i . ' !
_gz WeEe Amperite 85 91 90 93 88 91 96 91 ' 99 98 95 96
'ng,.
%

TN .E. Electro-Voice 84 92 88 80 90 87 87 85 97 92 92 81

B

Lo e ie Electro-Voice 8: 79 85 89 91 84 82 81 90 95 93 80
gé T oK. Bleetro-Voice 80 93 79 89 79 85 90 90 95 95 87 20

_ %‘ AVE, o gz 83 ©» 88 72 8¢ 90 88 9% 95 92 85 |
; } .

:§f" . Aon :

i o (Tdo = | 8% 87 86 88 81 91 93 89 96 95 94 88
) i TALKERS) i ,

* For description of equalization slopes see Section le titled Speech equalization device.
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The differences shown in Table III between the egualization
slopes are smell. ‘e would expect apeech intelligibility
differences among the slopes to be more evident under con-
ditions or uigh esmbient noise at the talker end of the system.
hrticulztion Tests In i 120 4b Jet HNoise
articuluztion tests were conducted with the talker located
in the contractor's noise room with a 120 db jet noise spectrum.
Listeners were located in the control room in a relatively low
ambient noise rield (88 db re. 0.002 dyne/cm?). YNoise shields
for use with the contact microphones were obtained bty modifying
existing ear-muffs. Two types of ear-muffs were used for this
purpcse; Straight Away 5Sound Protector AO 372-8 and Safe-~T-gar
wuff Ko. 255, It wus possible to achieve ambient noise attenuation
of the order of 20 db by using these shielding devices around the
microphones. The results of articulation tegts conducted under

the al )»ve cornditions are shovm in Table IV.
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o
Contract 2o. A-uwdd

Tl I

egult: O Artirulation Tests

e
i Talker in 1220 b Jet Yoise
3 Listeners In Lulet®
3
Mgat Side Gf Cne Inch
E Talzer sticrophone Nleck On Pizne Eelow Cccintisn? Cne: Inch Above
{; Witk Lerynx Protuberarce : Hesells
4
i 5 6 642 12 0 & 642 1z 0 6 6-12 12
i
3 4
g R Amperite Xontak 15 19 12 8 zl 214 e 6
i W.2.  Aaperite Xontex 20 18 14 6 22 z2z 11 8
5.3, Amperite Kontak Q20 14 29 3 3z 30 28
. i J.S. ° imperite Kontak 11 19 17 =22 3 35 22 20
I PN Amperite Kontak 30 33 37 28 25
S R Amperite Kontak 22 31 33 30 40
= 4 N
S W.E. © 4-76 mike (mois- 12 z1 19 28 22 22 18 17
s ; ' ture barrier !
] g i presgsed nzainst gkin) ,
E i
§§1 E PSR ' ¥~-76 {moisture 14 16 21 20 25 39 25 22
13 | * barrier pressed
{2 B ; against% skin)
“, ) )
L} T.s. :1-76 mike (mois- 24 35 37 23
5oL . ture barrier .
B + pressed apgainst scin) i
P i ;
5 JeSe | M-76 (moisture . 14 3¢ 40 25
t barrier pressed
‘ apainst gcin) i
f |
J.S. M-76 (moisture 22 25 19 31 29 4 3 22
barrier removed, '
mike aglinst akin)
J.Se M-76 (moisture 29 40 39 23
barrier removed,
i { _mike against skin) !
H 13 4 S

* Data not complete due to ter~inat:on of contract.
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s evident fron the results shown in Teble I¥ thet zpeech

bil}

-
-

7 usipe @8 contect microphone in & 120 db jet nolse

atiaractory. s mignt te expecte., len w2s

rat.o. It will be recalled trat erticulation scores in

ble IIi) were quite satisfuctory. Atteapts ic aciieve ¢
2
Z. b of midbient noize sttenuantion by improving the

e noise siields were unsuccessful.

aft in & 149 db of noige i3 the 1-55 in e nmodified M-34

A microphone ani noige shield typical

BN e ]

:

currently in use wes obtained and articulation tests

; conducted. The results of tnese tests are shovn in Table V. é
TABLE V 3
Results Of Articulation Tests With }-56 ificrophone
In !1-34 Microphone Noise Shield
3 »
Talker In 120 db Jet Noise 5
% Listeners In Quiet E
I ,
EE Talker 4{ Articulation 3core 1
i
: 3.5. J 86 ; .
7.5. f 86 .'
7.s. 89
7.8 81 f :
J.S. ; 79 '
LLEAN 84.2
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Then the results of erticulation testis usins & contact :

microphone an! & lI-%5 microphone are compsred it is evident

ol
PN

tiat the: -o-f mence o the contact microphone under ontizum 1

-

conuitiors (equaslizetion, anetomiczl location, iu2d sea! sround

PSR

ghie!d, ete.}) is fer faferfor L the M-LL. Since urticulution

test scores usinee & contact microphone in 1&D 4bh jel nolzs were

not satisfactory, it wug appearent thet little chence for success

coula be exnected in 140 db rnoise as outlined iz the

QT it i c-clrin A L o

IR RANIRT § [CHTEN

signment. In view of these findings, 1t was deciiled t» try

Paneere

different approach %o tne problea of nickineg up speech frc-. the

s
L
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anatony. These approaches as well as a qualitas
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ive evaluatior
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of the two approaches which were reduced to practic
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cribed in Part IV of this report.
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PART IV

A ’:3“’»0

a

¥ ; A. Alternative lfethods For Picking Up Speech From The Aanutony ]

L o

The results presented in Part III of this report indicate that

the chief probiem encountered with contact microphones in a 120 db

jot noise is poor signal to noise ratio. Attempts to achieve greater :

than 20 db ambient noise attenuation by shielding means around the ;

o
microphone were unsuccessful. Since adequate shielding around the g

microphones could not be obtained, the following five alternative

approaches to improving S/i ratio were considered. ¥ our of the ap- ﬂ

proaches congidered woult involve gsome method of

.

cancelling the noise

which entered the gystea in addition to the use of shielding around

the microphone.
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Systex A

The first system is illustrated in Figure 10. Thisz gystem con~

sists of two contact microprores and noise shields located at adjacent

pleces on tne un:temy. This system requires that the microphones be

locuted on wress winich heve the same nolse level and spectrum at the

surface of the skin but different speech levels. Two possible locat-

ions wculd be the forehead area and the cheek. The ambient noise

levels would probably be very similer at both locetions. In addition,

the noise which is radiated from these areas is provably similar in

spectrun. The signal outpus from the two microphones would be led

to & nixing circuit. The output of the mixing circuit would e proport-

ional to the difference in signel levels between the microphones.
Although the noise levels at the microphones would be similar, the

phagses would be different at high frequencies, so that the noise

signals would not be compietely cancelled. This approach was neither

reduced to practice nor considered promisinge.

System B

The second system is shown in Figure 11. This system con-

sigts of a contact microphone located on the skin to pick up
speech, and an acousticul micronhone located in the same enclo-

sure to pick up noise not attenuated by the noise shield. The acou-

stic micronhonc would feed the noise 1800 out of phase to a

small loudspeuaker located in the enclosure. Such a gystem would

effectively cancel noise i1 the enclosure around the contact

miecrophone, The feasibility of cancelling noise in a small en-
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Pas

i closure nas been previously demonstrated by Olson (J2}. Pre-

IS

liminary work on this system wi:s begun bul not completed orior

to terminition of the contruct.

9y a moiification of teis approuch would involve a bridege in :

the clectronic circuit g0 thut the arcoustic microvhone (%) was 1 -

aiways driven in the null direction. This approach wia not

. et ey
0 e g "

o

B s + by s st e

tried due to termination of the contract.

Se System C

£

i

The third system is shown in Fisure 12. This sygtem uses

a contact microphone located on the skin. 7This microvohone is ?
activated by speech signals as well as noise in the enclosure.

The output of the microphone is {ed 180° out of phasgse to a loui-
speaker in the enclosure which csncels the nolse. The system was :

not reduced to practice.

4, System D
Thne fourth gystem is ghown in Fiesure 13. Thls system con- ‘
3ists of uan ucoustic microphone in close proximity to the skin. :

The microphone would be located so as to achieve a good seal

with the skin. An experimental model of this system was con-
structed. Preliminary tests with this system have shown promise
of providing good speech intelligibility in a noise level of

120 dbe It is believed that this system would not be satisfact-

ory in a noigse level of 140 db.
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Systen E

The fifth syatem is shown in Fipure 14. This system con-

gista of un 1-76 presgsure gradient microphone in a noige shield.

Cne slde of the noise cancelllns, microphone was sealed off from
the otner sl-de ag gnown in iigure 14, The diaphragmg of the noise
cancelling nicrophonc were orientd at right angles to the skin.
Speech wius permitted to enter one side of the enclosure but was
prevented frox entering the other side by a rigid metal plate.
Thus the speech signels activated only one diaphragm of the pres-
sure gradient microphons. HNoise on the other hand could activate
both diaphragms of the microphone. The effect of this arrange-
ment was to cancel the noise entering the enclosure while trang-
mitting the speech signal. This system was reduced to practice
using an early model of the 11-76 microphone in a Safe-T-Muff ear
defender. The onclosure was separated into two sections by a

half inch sheet of neoprene rubber. The inside of the enclosure
was shaped with elay to reduce the internal volume and to produce
a horn effect from the gkin to the mierophone diaphragn. The
inside gsurface of the metal plate,which prevented the speech sig-
nal from entering one side of the enclosure,was covered with

1/16 inch neoprene to simulate skin.

On the basis of listening comparisons of this system with
the M=506 in a i~34 ghield, it is believed that intelligible com-
munication in a 140 db jet noise could be obtained. At the time
the experimental model of thig system was completed, the con-

tractor's articulation test crew was on vacation. It was planned
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to conduct articulation tests on. this noise cancelling microphone k

PRt T s LR

‘8ystem when ‘the articulation test crsew returned,tmt the contract
was terminated before this could be accomplished.
The signal to noise ratio of the microphone syste:n was $ 18 db

in a & do jet noise.. This figure was obtained with the miero-,

phone gysten located on the side of the throut. This is not the
optimum location for the system but was dictated by the:-ghape. of

the. shield enclosgure. The speech quality of the system was judged

good even in this throat position.

On the basis of the daté available it appears that~th1§ micro- 7 i
phone' systém would meet the requirements set forth in the task as-

signment. Specifically these requirements were to: (1) provide )
intelligible communication in a 140 db jet nGise and (2) provide
a minimum of redtriction of nead and body movements of the wearer,

.

PART V

A. Conclusions

The followiny conclusions have been drawn from the data presented

in this report. ‘&’ ‘
1.. The highest intensity level speech sounds are -those radieted '
froa the larynx area. .
2,

Speech intelligibility is best at anatomical locations on. the
forehead (1 inch abbve nagalis) and temple areéa (great wing

of :sphenoid}).

3. There appears to be an inversé relationship for areas on the

.

R R
o
ry JHe % g Yol $3EY

oy,
«

head between speech intelligibility and speéch intensity level.

rena
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4. A micr09@onq,loéated on the throat requires more elactrical

_equalization of the speech spectrum than the same microphone

located on the forehead or back -of the head (oné inch below

e e B

the occiptial protuberance) to achieve maximum intelligibility.

e

5. The maximum overall noise attenuation whick can be achieved

SN M e

by shielding medns around e-microphone located on the skin

is of thé order of 20 db.

PRI

,6e Conventicnal -contact microphones under optimum conditions of

shielding, anatomical location, seal between shiéld and skin

and electrical equalization will not provide satisfactory

vt e N0

articulation scores ir a 140 db jet noise field.

7. Poor signal-to-ndiée ratio is the chief fector respongible
for unsatiéfaétory"pefformancgcof contact microphones ia a
120" db jet noise .system.

‘8.. A noise cancelling system consisting of a pressure gradient.

s

microphone (M-76) 16¢8téd in close proximity to the. skin in

N g s P et Y

L s e ol WA bt Mo b ¢ e n

a gpecial shielding device -can provide satisfactory speech

intelligibility in & 120 db jet noise. It is believed on the ;
bagis of S/N measurement in a 120 db noise field that this g
type of system could provide satisfactory inteiligibility in ©

a 140 db jet -noise.

9. Some system of noise cancelling is necessar, either by tue 3

microphone or in the cavity enclosing the microphone if

satisfactory speech communication is to be carried on in

i g WA ot~

jet' noise fields-of 140 db.
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