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Introduction

Hhenthejetémmsnmmdasamotmm
canal-cmM mole eammitles were em to a In! an?
troublesone noise source. No realisticm at estimating
mmmtyxespnmetnthls mmwm.mmc
mam I35 sufficient to demand flu develn'mt af'mise retire
schema such as Perceived Noise level and in: various hintin
(1). The Perceived "0151x255 meedure Has canon-led nu: noise
spectra aboveflniz simlitus Wanton overall
sensation was expectedfrom the 1m Wes.

Improved instrumentation and melon of loll Winn has
forlmmmmnmwdmumdmlw
mmmmemmmwswmmmmmw
noise responses. “afar-cute]: we areno- at an point flux-e any
desclepnncy between recognised «uteri; “amounted him le-
aeuon are too readily W‘w’mm:: mm. It
appears that sap deflnitiva nut in the infra-emit: resin would
help an situation." Adeqwxbe urination of mum-y 2mm of
10: am inns-sonic mummies would'be vallnhle.

Awtayeflecbsmtmflhmmpammmm
the level. at which :1th carnation occurs, that In. B: thres-
holdnfhearingatapn'uculn-neqmnq. mien-thin
Mimlmlmmmwbaiminmnmmm
mammdeuawlthneentmkantheflmmdmn
1m mqmmies aid-inhome museum for extension
Mommlevelflaemnem.

52m 7
'Inmisnepu-mnt-ahan unmet-aw m
presenting 1w Mum stinflaticn to the ear.‘ m are:
headflmnes and chute: presentation.

' (1) Kenya

mWonesmdavelnpd m,1mflspeniar,muot
ummmmmmwndemu-
uludlmearcups. mummmwmmmt
offlnemupflnmnceotfixelammima
tubal enclosed volunh «Moment!!!-

mumsawdmssmhwlsatlsodanmoofldh
generated sufficient}: the (rounds: mam-mun distortion

for mahbld investimlnn.

 

  
      
  
  

  
 



  

 

The frequency response of the system was flat to about 200 Hz

so band limited noise as well as pure tones could be used for
the stllnulers.

2. Pressure Chamber

Six 0.146 m diameter loudspeakers were mounted on the sides of
e 1200 ldtre cabinet. The chamber would acconmodate a seated
listener with an adequate nargin of comfort. In this case the

' entire subJeort was immersed in the sound field in what perhaps
could be regarded as a more natural situation that: the head-

phones. mimum levels available in this chamber are roughly
1130 GB.

Monaural Thresholds
Initial threshold work used the headphones. Thresholds of hearing

down to 1.5 Hz were obtained and were reported in reference (2).
The most striking property of the date was the apparent change in

slope of mammomisfiheunnwmmmmmi This occurred

at about '18 Hz where at the sane frequency the tonality and
'smoothness' of the auditory sensation were lost.

At that tinnfithsislope mama'mcmmwite abrupt caused sane

concern to the author. However, after carefully 'checking the

harmonic distortion of the system and repeating the threshold

determinations the only possibls‘ibonal'u'sun “3 that the effect

was real and items somehow caused by a change in the aural detec-

tion procé‘ss.

Binaural Ear one I'I‘hresholds and the Binaural Adv-ant e

A dual channel headphone system was used to examine the binaural

threshold of hearing. when these data were compared with the

monaural thresholds it was appaaent that the bimm'al case

produced the more sensith thresholds. To fully investigate the

problem binam-al and monaursl thresholds were observed in the some

sitting for a youp of subjects.

when equal sensation levels were presented to each ear the advan-

tage of binaural over monaurAI listening did not differ from the
accepted value of 36B as can be seen in Table 1.

' TABLE 1

maaamamnns
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Erequency Hz

Equalised

Binaux'al Advan-
tage dB

  

   

  

Standard Error
of Mean

 

     
     

Frequency Hz

 

  Equal ised
Binaural Advert

OVERALL MEAN 3.1 1 0.19 dB

f'.‘There was :-.o :45? .oant variation with mouency so one can
conclude that the binaural threshold of hearing had the same shape,
as but wad 3 :13 more sensitive than the Monaural threshold.

         



 

  Bimural Chamber 'flu-esholds I

When whole body exposure to infraeound became available threshold
data were collected. The subJects reported body vibration in this
type of sound field. especially below10 Hz. m binaural thres-
hold data for the youp (see Table 2) agreed with previously
reported earphone data deueted for binaural listening. ‘lhe ex-
pected discrepancy between the two deta sets, that.“ the differ-
ence between eat-mom and free field thresholds established for
more common frequencies above 100 Hz was not present. 111a
discrepancy is generally thought to be caused byphysiological
noise in the small enclosed volune around the ear when earphones
are used. The large enclosed volume of the headset probably
minimized this error.

TABLEE

     

 

   

    

 

    

  
  

Freque noy Hz

Threshold of hearing
binaural, wholebody.

 

Freque noy Hz

Thmshold of hearing

binaural. wholebody

Standard Error of
:Mean

whittle recently measured similar threholds (3). His data again
demonstrated the sup frequency dependence as the investesations
reported in this paper.

Existing LCMPregan Tone
Threshold Data

when the existing data for binaural hearing thresholds f-‘rom head-
phones (adJusted for two ears where required) and the various cham-
ber experinents were compared they demonstrated good agreement on
both overall sensitivity of the hearing mechanism and its frequency
dependence. Visual inspection of the data suggested that two
distinct data. sets were present. Within each set the behaviour of
the threshold of hearing could be described by a simple linear
relationship between sound pressure level and log (frequency) how-
ever tne slope in each set was different.

The best fit lines to the available data had slopes of;-

222 dB/Octave for frequencies above 20 Hz
12.} (in/Octave for frequencies below 20 Hz

The cross-over point for the two regions appears to be 92dB at 15.5
Hz. A good approximation to the threshold of hearing below 100 Hz
and above about 2 Hz my be obtained by constructing lines with the
required slopes above and below this point.

Tone Versus Octave Band Noise Thresholds

The headphone mentioned previously had a flat frequency response
up toabout 200 Hz nnkins the system very convenient for re-
producing bsnded noise. When the noise threshold data were com-
pared to the tone data there appeared to be a difference betweeen

the two sets and this difference was freqwnoy dependant. A more  
 



   
  

   

    

  

      

  

  

    

  

    

   

     

    

detailed investigetion or this effect-was perfumed. Noise and
tone date were collected at the sass sitting to allow lure scam-ate
comparison. This investigation determimdthst between 30Hz to
100 Hz no significant difference existed between tone and noise
threshold date, below 16 Hz however- the noise thresholds were soon
‘3 dB sure sensitive. thisdifference was significant It t1! P a
0.001 level. A full account or this 'nesult can be found in
reference '8. '

Discussion

The threshold of hearing for pure toms has been deter-sand by
several investigators. These data shes a pleasing agreement in the
‘lowfreqwncy region. We are therefore in a position to debersdm

whetl-ier or not a low frequency text will he heard.

Whittle referents (3) has extended this area to hiynr levels am!
has evolved a preliminary set of equal loudness contours for tone.
These contours still demonstrate the slope mange even at supra-
threaheld Isiah.

The usefulmss of equal loudmss contours lies in the linens they
provide for calculating the overall lmdness of a complex noise.
Inmsonic energy from aeroplane engines has I broadhmd character
since the thresholds of hearing for mise Innis appear to be m
sensitive than for pure tom, the possibility exists that the equal
loudness contours willalso differ. m calculated loudmss of s
predominantly ultrasonic noise would under these circmtsneee be
underestinted if contours derived from pun tone work were med.
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