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le van dit ondergoole wan hoofdsakelijk gewijd
enkele on de dubbele interbonen, wolles gehoord
vulvoro tonen, werbumen oan leloin froquentle

inwh worden angeboden,
alr wan hob nodig dat alloreerst do #imultaan

ol werd bepaald,
1 sgetterdarlaoescd en op magnatisehe band vete

Ì in von wtillo on, goluid-dode knimor gedu:
uitgesloten. Bij allo experimenten werd

ongon kouxo ull twee altornatiovan gebruikt,
nm omvatien het frequentiogobied tussen 200 on

peloeld in stappen van 100 Hex voor hot gebied van
ey van8000 job 10 000 Hg bedroogen de stappen 1000 le,
vantlegebied onder 1000 He blijkt or con nagonoog constant
il van 1) top 1d Ha nodig te zijn voor oon julsh wan

_teonhoogtevermohil; tussen 1000 en 1500 Hy noemt
pel 6 bob60h 75 Ty, di, ongovoor d tot 5 % van do lantab:
froquentie, Dove procentuata govoolighoid blijft dan constant tub

vaar BOU 1e, waarna eon twoode drompolstijging optreedt; de drempel

et dan bij HOO0 Hip oon waarde van 300 Hz; boven dono froquentie
ent p_govoolighoid niet moor en blijfb op ongeveer

| 9toonhoogte der onkele en dubbele interbonen
Oitot uiting tumen hot „gedragvan de intertonen
onder 1000 Hy on indion froquonties boven 1000 Hw
‚Inhot gebied dor lage tonen in de toonhoogte van

lolo intertoongelijk aan dio van von diotimoh gehoorde
nitie heb vokenleundige gemiddelde In van de
fangeboden tonen, Boven ongoveor 1000 1e
i gehoord on de toonhoogte van de intertoon

nde bij hot rokenkundige gomiddelde yan de
sengeBoden tonon,
te froquentiogebied versohuift de toonhoogte der
bounmme van het intormwale fraquontieversohil,

oonhoogten wolle corresponderen met de fraquontien

pied onder 1000 Ha in deze vorsohuiving symmetrisoh
toonhoogte van ven froquentio golijle aan hob valeun
mn de froquention dor aangeboden tonen.

yobiod in hot frequentioveriohil waarhi) de laagate
onhoogte wordt aan die van de laagste dor aan.
dan hot voesohil waarbij de toonhoogte van de

   

     
 



  

   

 

     
  

  

   

    

  
  

  

  
  

  
  
  

  

     

     

  

  
  

 

  

    

   

hogerrwordt aan dle wanle hoogate dor aangeboden tonen.

Onder de 10001e wordt noe: dotoonhoogte van do enkele, noch dio

yando dubbele intertaan boinvlood door Intormimanl intonaltoitavernehil;

de interbonen wordongelooalisvord nan de zijde waar do intonsitelt van hot,

vigoboden signaal het hoogst in,

“Hoven1000 Hp wordt de onkele intortoon in goringe mate door interauraal

Intenatteltavorsohil beïnvloed, Bij progronsiof afnemende intensiteit, van de

hoogute frequontio wordt do toonhoogte van de dubbele intertonen aan-

vankelijk hoger, waarna zo daalt, Progrossiove intensiteitsdaling van de

Inagate frocuontio doet de toonhoogte van beide intertonen aanvankolijk

dalen, waarna, oon ntijging van do toonhoogte optreedt.

In hot thoorotische gedaolte van dit onderzoek wordt aangetoond dat

het „gedrag! van de toonhoogte van intertonen verklaard kan worden «ly

devolgende voronderstollingen worden gemaakt:

(1) doder oor in bilateraal gerepresenteerd in het centrale gehoorssysteom,

waarbij de heterolaterale representatie sterker is dan de homolateralo;

(2) de ,,frequeney response area” in het gebied onder 1000 Fly is symmo-

trinoh tow, do karaktoristioke frequentic; in het gebied boven 1000 Mz

Ie het bewe been van het V-vormige gebied veel steiler dan het apicale,

(4) de ruimtelijke begrenzing van het geactiveerde gebied aan de „uitgang!

van de nuclous cochlearis gelijkt op dat aan de ,,ingang’’, hoowol de

vdynamic vange” aan de uitgang veel kleiner is,

Dove vovondorstollingen zijn gebaseerd op experimentele gegevens welke

verlegen wijn bij prooven op katten, marmotten en apen,

Op basi van doze yoronderstellingen kan ook de beweging van do

dwaaltoen, wolke sneller schijnt te verlopen van de zijde waar do laagste

fraquentio wordt aangeboden naar de zijde waar de hoogste wordt gegeven,

din in de togenovorgostelde richting, worden verklaard.

Goooneludoerd wordt, dat bij de mens, op wie direkt clectrophysiologisch

experimentoren onmogel ijk ix, de centrale represontatie van zuivere tonen

uvergenkoml met die wolke gevonden zijn. bij de kat, de marmot en de aap.
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1, INTRODUCTION

{ho sensation perceived when two pure tonesofslightly different

frequoncios, / and ({/—Af) respectively, are simultaneously, and

soparatoly, presented to both ears, depends on f as well as on Af.

Wor fj 1000 ops, the sensation passes from a “rotating tone”,

through one, beating, sound image in the sagittal plane, to two

images, upon inorease of the interaural frequency difference.

Yor / values in excess of about 1000 cps neither the rotating

tone nor the binaural beats are heard. At small interaural frequenoy

difference there is a single, midline image without beats, at larger

differences the image splits and a bitonal sensation is heard.

In the whole audible frequency range the separating components

are dintinguished by increasing divergence in pitch as well as in

phenomenal space, that is, the images migrate from the centre of the

head ov the midline position to the two ears at increasing difference

in froquonoy.

The term “rotating tone” is used in the senso of v. HORNBOSTEL (Drehton)

and ¥, Buxwsy, for a continuous rotating or pendulum-like shift in

pubjeotive location of the sound image with a period equal to the frequency

difference offered, The term ‘binaural beats” applies to the fluctuations in

loudness of the tons and the roughness of tho tonal sensation which may

be considered, novording to v. Buxnsy (1935), as rapid fluctuations of

loudnonn,
Taweneome (1960) assigns tho term “binaural beats” to the whole

continuum of subjective effects described as shifts, fluctuations and

roughness, but since there ia an absence of loudness fluctuations in the

“potating tone’ and an absence of periodical shifts in subjective location

in howting tones, separation of the continuum in rotating and beating tones

is juntiflod, Tho transition zone between rotating and beating tones is rather

wide and covers some to 2 to 4 ops interaural frequency difference,

Independent of frequency.

   

  

 

  

   
   

   
  

 

   

   

   
  
   

  

 

   

    

   
   

    

  

IULPANMOUA DIOHONIS PORN TONNwontEt ds

Above montioned phonomona, the “binaural beate' are
mh in auditory theory booaume they constitute a clear
wlion of binnural interaction in the central auditory

ni indiowte that the discharges of tho neurons of the
rye In nome way proserve information about the phavo

stimulus,
this phenomenon is relevant to two thooretloal inwuion
, plaoe nn tho basis for piteh perception and (2) phawe

‚ Intensity relations as tho basis of sound localization,
(1040),daenmas (1048), Lxorr.rmar (1051),)

Newhhon Wi, however, has an yet beon given to the fret

li wiginteraural frequency difference the eontral:
, lembroaks down; at the samo time tho pitehos of

“a + wre changing,
tion of theae phenomena provides a new experimental

explore the mechanism of binaural interaction and
sandy tostudy tho relation between the mechaninm

and the contral mechanism involved in pitch
ston,

Phan mn better inwight in the central evaluation of auditory
en may be obtained.

pons of the present study is to gather payohoe

" vii on aimultancous dichotic pure tone stimulation
med to aompare thom with existing electrophysiologioal data in

aie filer (0 invewtigate the neural representation of simultaneous

Mm Lj

joral oonsiderations in regard to dichotie stimula
nbod (Weotion 2).

Jeot to be considered is tho pitch of the single
the pitches of the double images, and the

rural intensity difference on the pitohos named
mwpreliminary to this, it is necessary to determine

nooun dichotic frequency difforence limen (section 8),
B, ib will be shown that a model of noural notivity
wlauditory system, based on experimental datw by
(100) and his associates, fully accounts for the

rv of wound image pitches and the way in which they
m ohanges in interaural froquonoy difforenoo, an well na

gontatlon of an intensity difference between the two
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460 De Wi ODMINIAL

pure tone stimuli, In section 6 it is shown that the model in

question also accounts for the behaviour of rotating tones.

Conclusions will be briefly presented in section 7.

4 GENERAL CONSIDERATIONS IN DICHOTIC

SOUND STIMULATION

In dichotic sound stimulation experiments interaural insulation

ond thus intensity levels of the signals to be presented aro of

crnelal importance, Furthermore establishment of reference lovols

for the signals, standardization of the listening task and proper

poleation of observers are necessary.

Bl INTHRAURAL INSULATION

he possibility of overhearing tho signals of the opposite car

must be oxeluded, Acoustical leakage between the ears may be

due to air conduetion, to bone conduction or to both.

Trom their experiments on masking. Weert and Lanw (1924)

vonoluded that when earphones are used, acoustical leakage

between the ears is mainly due to bone conduction, and that the

maximal interaural insulation amounts on the average to about

60 dB, In experiments on binaural beats, Lanr (1925) came to

the same conclusion.
Svannvous (1046) measured the interaural insulation for

varphone listening in unilaterally deaf subjects and also found

values of about 60 dB, Zwrsrookr (1953) came to the same con-

clusions for telephone listening, but found that when the sounds

ure Inbrodueed to the ears through perforated earplugs instead of

telephones, the interaural insulation could be increased _con-

widerably, mainly o# a result of absence of bone conduction,

0.9. WaAVADLINIMMNY OF ROMDRONCH LYVELS FOR PED SIGNALS

WOM PIBNTD

Although there is no a priori ground why the reference should

hoin torma of sensation level or of loudness, sound pressure levels

(ve0,0002 phar) have been used in the present investigation,

Im this way all subjects are presented with the samo signal

lovely,Also, thi procedure opens the opportunity to study neuronal

wetivitypatterns under similar stimulus eonditions in elootro-

 

  

    

   
  

  

    

    

   

 

  
    

   
  

 

  

 

  

 

  

      

 

   
  

 

  

   

     
  

      

   

   

MIMUIMANWOUR DEOHOPES PIU PON HETMULT ab

lologloa experiments, ven more important in the possibility
vonparion of oxporimentally gathered paychophyaiologionl
High WILK oxisting electrophysiological data, sinco in tho Intter

mreoxprossod in dB, SPL,
ho dataof Zwistockr (1953) ip can be concluded that in
wb experiments sound pressure levela up to 80-90 dB

wl if the carplug method is employed, HHowover,
Wheand Lanm (1024), Prmrvorar (1020), Waan

1060), Lawwowow and Yanrrs (1956), and Bryan and
(1000),at about 50 dB soundpressure levels, harmonto
wy be junt audible. Therefore in the presont study a

he 18.2.1. or less is used,
a is

WINBATION OF THD LISTINING TASK

wiley to obtain comparable results when a series of din»
Hy balen In presonted to a group of observers, ib In
Bunt all subjootw are confronted with oxactly the samo

Pha onstond way to moet this requirement is to male a
orde of the dosived listening task and presont tho atored
gram Lo the mubjootn,
ICR ure alao opens the opportunity to present the same

lvodtIntensity lovel and as many times ay necessary
lolontly reliable data,
i atudy the listening tasks were recorded on magnotiaPre aey

IN ON AUDOTS

MHANITIOND (1919), any group of obsorvors may bo
bo thoir listening abilities, into two main olaamos,
mn vunionl ear” and those who have not, Th waa
Muddy that of a group of about 40 potential

ove, (atudenta who claimed to be interested in muse and
ge amuatonl our), the majority (32) mado reproducible

| Whatever the listening task but the remaining oight
e tone from the other,

ded into two mub-olanmon, In 29of bhous vubjoots
reproducible, but showed a rather Inegevariability,

10 obworvers were superior in that they whoweda
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vory wmall variability in their judgments. The last named subjects

participated in the prosent study. All possessed normal hearing

a mensured by routine audiometric procedure (sweep frequency

and ootave audiometry), external auditory canals and eardrums

where normal at inspection, diplacusis was not measurable and no

wubjeob wuffered from tinnitus,
With thone “super subjects”, the duration of the series of

experiments could be drastically shortened because only a fow

oxporimontal runs were necessary to obtain sufficient accuracy

of the results. At the start of the main series of experiments 8 of

them were available, The number of subjects decreased in tho

course of the investigation, one of them was called into military

service, a second suffered from an acute tubotympanitis and a

third left Leiden and was no longer available. Thus only 5 subjects

completed the whole program. Specially selected subjects were

nol used in the experiments on rotating tones.

& SIMULTANEOUS DICHOTIC FREQUENCY

DIFFERENCE LIMEN

4.1, INTRODUCTION

Teliable data on the dichotic difference limen for frequency are

gonroe, Bwumen (1883), BArny (1915) and v. Hornposrer (1923a),

using tuning forks as sound sources, measured it at 500 cps.

Later, v. Hounnnosrnr, (1923b) determined the limen at 800 cps.

At both frequencies the limen was found to amount to some

10-20 opa,
More recently Trrurtow ¢ al, (1957) determined the liminal

{requenoy difference at 200, 1000, 4000, 6000, and 10000 eps;

after loudness matches, The way in which the interaural frequency

difference was chocked is not clearly indicated. A progressive

inovense injust noticeable frequency difference with frequency is

reported,
In the prosont study the range from 200 to 10 000 eps is covered.

1) the wubrange 200-8000 eps frequency steps are 100 cps; the

wubrange $000-10.000 ops is covered in 1000 eps steps, asa pilot study

hadshown that at frequencies exceeding some 3500 ops the listening

taakboonmo, joo monotonous to ensure consistent responses if

mallesteps wore tukon.
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HMUMANTOUN DICHOUTO PON TONM sient E dh

ents are performed in an anechoio and soundproof
18-1 given a block diagram of the setup, Tho program

dd|hy means of two identical RO oscillators (General
aivequency oscillators 1302A; harmonic content leus

 

ed

oneillator
1   

 

an pens,vet symmetrical double track
: wannes switch tape record

  
 

 

 
oscillator

u   

et gen

OR Bl, Mock diagram of exporimontal setup,

Asymmetrion switch and a Telefunken Mb doubles
wt pecially selected tape showing minimal

BASE.LGR)is used; tape apeod in 88 om/noo.
n better than 45 dB; S/N ratio in better

0,08 %Tape speed is checked by w atroboneape
H & reference signal is recorded on the frat few
nd track, and again somewhere in the seoond

Hh. The standard frequency, whieh is delivered
moillntors is fed into one of the recorder channels

into the other, care being taken that signal
al, Pho wwiteh ix commanded by hand and turns
d off simultaneously, Signal duration and inter
Laro controlled by stopwateh ronding,
roguenoy differonoe between the tonen of the
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paired aignal is sot on n third oscillator (Hewlett-Packard Low

fraquoney funotion generator) the dial of which had been calibrated

for low frequencies against an electronic counter (Berkeley HPU'T

moter)

Tho signal of the third oscillator is fed to one pair of deflection

plates of an oscilloscope (Philips type GM 5666); the output of

a mixing stage, provided with a low-pass filter (Fig. 3.2.-2), and

into whieh the signals of the first two oscillators are fed, is delivered

to the other pair,

   | en
Wig, 43.2. Mixing stage and low-pass filter.

In this way the frequency difference between the signals to be

rooorded is equated to the set frequeney of the third oscillator

with the ald of the Lissajous curves thus obtained (cf. Figs. 3.2.-3

and §,2.d),

Tho program is offered dichotically via a pair of attenuators and

matched pair of high quality moving coil earphones (Standard

Telephones serial nos, 2806 and 2306; frequency response flat to

within 4 dB up to 10.000 eps), To meet the requirements ofinter-

nural sound insulation, acoustical leakage between the ears due

bo alr donduetion and to bone conduction is minimized by the use

of a “differential stethophone’’, as first described by Anison (1858).

Wor thin purpose, the earphones are connected to a stethoscope by

ploatio tubing, A length of woollen yarn is led through the whole

longth of the bubing in order to dampen unwanted resonance peaks

(v. inkweay 1060), Tho axial pressure exerted by the two parts of

the stethosoope on the ears oan be regulated so as to obtain a

AIMULTANTOUN DIOHETTO PUM PONT MWETMU LT dl

 

Hin. We Upper bemelng: output of mixing stage

of oneilintor LIL (of. Wig. $,2.<1),
Lower tracing

 Wi belnnnloum gure on UMO voren (al Wipe ue I)
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© viable, firmfit in the externalauditory meatus, The use of
| Miptekten has the advantage that the oarpieces give a good
airborne sound insulation, and in addition the smallest possible
' Tootive surface for bone conduction is obtained, Furthermore, in
mirast with earphone listening, the opening of the tubing is
ways in the axis of the external auditory canal and the location

of this opening doos not change between experimental sessions.
During the experiments, the signal levels are checked at the coils
oltho oarphones by means of a yVolt meter.
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' PROOMSSING

iata of frequencies f and (f—Af) of equal intensity and

equal duration are produced simultaneously and presented

oally. The duration of the signals is 5 seconds in order to

ovable the subject to arrive at a decision before the signals are

turned off, Rise and decay times of the signals are about 125 msec

go nn to avoid audible transients. Interstimulus intervalis 5 seconds

In order to minimize the influence of a previous listening task

upon the next one (ef, diagram in Fig. 3.3.1).
vr

I wid

sac sec

Wye.Boel, Dingrammatio representation of discriminatory task for
on of simultaneous dichotic frequency difference limen.~~

>ho “YRS-NO” type of the two alternative forced choice

are is used (Hinsn 1951), that is, the subject is regarded

cong positively (YRS) if he is certain that he has heard two

tonen simultaneously, differing in pitch, by marking a + on a

wet of paper that served as a matrix to read back the per-

formance. “NO” is marked as a point on the matrix,
uath ‘uituation there is no way of determining whether a

ent,Jkw ande or a, “wrong one. Therefore a special

    

  

  

  

  
  
  

   

  
  
  

   

WEMUILANWOUR DIOHOPIO PUUD PONW HEIMUL / ; Aut

ve Af that the aubject oan just distinguish in some:

e p(Ap for the probability that A/ is heard (io, in a

hor N of tests the subject reacts positively pV timen),

iometric function, p(A/)/4/ takes roughly the form shown
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Ela

Miles. Determination of just noticouble simultansous diehotie

L frequency difference,

ib Alf Ans p In vory nearly zoro, and for Af=An, p is very nourly

ite, The middle value of the just perceptible difference, M, aay,

vi to be uch that the two shaded areas, A and B, are

pibution of Af is uniform, J is actually the moan

the eurve gives the accumulated distribution of

An

meer the ourve equals { p(4)-id, where i stands for
0

peequal —intervals in which the range of interwural

enoes, A, —A,, is devided, the aren of the rectangle,
Ss dn

tif to AnM, 80 MmAn=| p(A) sid.
ú

mation to the area under the curve is obtained from

| rule,

to the trapezoidal rule we have:

beh Pe nier le Pn
7 Td )

=i (B+ mtpat oo poB),
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WO MeAnei(potpipace Paar ob tpn), where py is the pro-

ability of a positive reaction to w difference Ax. i

Suppose now that Nx observations are mado at a differonce Aq,

ofwhich a portion hy are positive. Then, as an estimate of M, wo

have, MeAn—t (nthatho … shin), provided that Ay is

chosen such that the reaction is almost always positive, and Ao

go that it is almost always negative.
Tho variance of this estimate is:

var m « #2 (var hi + var ha -+ ... + var hy) =

PelPe) a >ey a PECL 1
== 0° aa

Dn Ne 1 4Ny

Tf Ny ave made all equal (to 4), then:
52, ware

var m < } Sr hence o(m)< 42 [5

Thus WV is the number of times each difference Af is presented

to the subject, and is the number of steps on which he does not

always give tho game judgment.
An u 95% confidence interval for M we can give m+ 20.

hus if ns Ned, om}.
Vor oxample: if i=2 cps, 20<2 cps.

id, Tw onoron ov Af vor VARIOUS f VALUES

Tna pilot study Af had beenobserved to be such that the ratio

A}/f chongos suddenly between 800 and 1000 eps, and again

hotwween 2400 and 3000 cps. Roughly the curve, which is a log/log

plot of Af vs, f, was found to fall within the shaded area of

Wig. Bide,

Above and to the left of the shaded area the reactions were

always pouitive and below and to the right of it the reactions were

always negative. Observations need only be made in the shaded

region, sine outside it the results are almost certain.

‘Phe stops (i) for Af are chosen so as to inerease with f. Table

Bedel givon the values of # in the whole frequency range in-

vontigutod,
Pone pairs ave presentod in double random order, that is, both

‘the fixed frequoncios and the 7 values are randomized, Numbers

wroaasignod to the various /-(/—4/) combinations, and the

sequenceIn which they are to bo prosentod is determined with

  
  

 

   

   
  

  

  

  

     

  

  

  

  

  
  
    

 

  

HIMUICANHOUM DIOHONTO THTPOND HUMO Al

id ofw table of random numbers, Thus a twordimensional
Jor of stimulus presentation is obtained, This procedure

mootthe objection that a small difference in lens likely

Hoed when it follows a large difference,
vidual series are. run two or more times, depending

purmoy required,

aj AL (S/sac)

SOCK |e
Je Keno

<a
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 ElJ ij be i ls pd Ee J heal deme eid aha hia
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by li us,

Mig, G41, The function Atl} (logdog plot).

 

      

Tarn Hd, — L

_ Wroquoney range { Value
(lee/uoo) (o/maa)
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In the frequeney range below some 1000 ops, and at 46 dB re
0,0002 phar, all 8 observers reported to hear, ab low Af values,

onobeating tone; upon increase of Af, two beating sound images

aro perceived; a further increase of Af leads to the perception of

two non-beating, smooth tones simultaneously. Above 1000 eps

nobeating sensations was reported.
Wor {1000 ops, the interaural frequency difference Aj, needed

for wm just noticeable pitch difference appears to be approximately

constant at some11 to 14 eps (ef. Fig. 3.5.-1).
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Wg. Bebel. Linear plots, for all eight subjects (A-H), of liminal absolute

frequency difference, Af, against frequency, f, in the frequency range up

to 1.2 ke/soo, Range covered in 100 c/sec stops.

Between 1000 and 1500 ops there is a transition zone where the

difference limen rapidly increases with frequency, so that, at the

Juttor frequenoy, it amounts to some 60-75 ops, i.e. to about

4-6% of tho fixed frequenoy(of. Fig. 3.5.-2). Up to about 2400eps,

thopercentage sensitivity remains at the same level, i.c., 4//f is

approximately constant, The limon then exhibits a second sharp

vino in the region between 2400 and 3000 ops (of. Wig. 3.5.8) at

whiohfrequenoy it is in the order of 300 ops, or 10 % of the fixed

quonoy.Thisporeontagesensitivity is maintained up to 10 000 ops

AIMUTEANHOUM DLOHORTO PUTEE TOND WEEMULE 407

  
\

 

   1 1del

208 1

s

 

  
4 1

2. 08 1 he

plots, for all eight subjects, of A/, in poroont of /,

‚ for tho range between 0,8 and 2.0 ko/soo. Range covered

in 100 o/sec stops.
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lubjoct U. As Fig. 3.5.2, for the rango up to 3,0 ko/soo,
Range covered in 100 ¢/soo slope.

10 highor frequency ranges there ia appreciable sontter

ta obtained on one and tho same subjoot in wuooounive

mber of tost sessions therefore waa augmented in order

win sufficiently reliable data, Table 3.51 gives the number

» N, tho number of differences » for which the subjoob

ways give the same judgment, and the 95% confidence

_expromod inopw.
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8 suojects 6 subjects Ssubjects

We 86-4. Aw Wig, 3.5.-2, for the whole range covered. Note the change

of feequenoy sealo at 3.0 ke/sec: above this frequency, range covered in

1.0 ke/sec steps.

Tapie 3.5. — L

 

 

requeney vange Qe

(leo/moe) N n {e/sec)

Oz 0.9 4 4 <2

Lh = 1,5 4 4 <5

Ide 2.0 4 4— 5 < 10 — 11.2

Dl 4.0 8 6 8 << §.7— 10

Db 8 7-9 < 45 — 50

Dld, 8 8-10 < 100 112

$.6. Dievasion

The discontinuity of the response curve in the region from

1000 to 1600 eps, which was found to be present in all of the

wubjoota tested (ie, 82 subjects including those who participated

inthepilot study), is of particular interest, as other features of

widitory perception have also been found to exhibit a sudden

change In about tho same region.
(1) Up to 1000 eps, the phase difference between stimuli is

branwmivbed to the level where the auditory puthways convorge,

AIMULTANMOUNDIOMOMOPORNONK HUMO 0D

i iiplion that, inthin frequenay range, each oyoleof tho signal

rowented by an notion wave (Onoononum, 1050),
» has beon adduced according to which below

the binaural fasion mechanism is operated direotly
turo of the signals, while it ia operated by their

wdenvelope at higher frequencies (LivaKny vt al,,

Pango between 1000 and 1500 ops, directional

ibith w# minimum corresponding to the change-over

lina to the intensity cue (Sermrpr, 1954),
limit for the perception of the Huggins phenom

noy region around some 1000 epa (ORAMMR

or in excess of some 1000 eps, the binaural

or be perceived (Srmvens and Davis, 1088,

0, and the present investigation).

ibtwo beating tones are heard simultaneously in

Werhonring of the signals is excluded, this phonomenon

‘Hie, Waare tho single binaural beats, to central interaction

wa nelghbouring neural populations. This leads to the

central activities due to peripheral stimulation
pping to a certain extent. This conclusion tt

the anatomical studies of Bannws et al, (104%),
4), Nromor ef al. (1949), Srownnn (1968), and

oontral auditory pathways.

CH OF THE SINGLE SOUND IMAGE AND THI PITCHES OF
ULISOUND IMAGES, AND THE INFLUENCE OF INTERAURAL

INTENSITY DIFFERENCE ON THE PITCHES NAMED

Tarnopuorion

now approachie used in the investigation of the binaural
elden and integration mechaniam, by moasuring the sub:

pitehosofthe perceived tone or toned when dimulbaneoun
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4.2, DETERMINATIONOP PIPOH OT BINGLM SOUND TMAGI '

48,1, Procedure am

In determining the pitch of the single sound image, the taak jal
oonsinte in matohing the pitch of the dichotically offered pair of Er i | |
frequencies /; and fe, where fee /;—Af, Af being constant, with
that of a diotically offered pure tone of a variable frequency fx,
whore fj > fe>/s |

Duration of stimuli is 1.4 sec; rise and decay times are both ;

100 maeo; interval between dichotic and diotic stimulusis 0.6 soa, uO |

(of, Wig, 4.2.1,-1), e
Agoording to Konia (1957), pitch discriminability reaches itp

maximum at this interval.
After an interval of 6 sec, to minimize fatigue, a second task is p i |
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    wot, for a different value of fr, and so on. Here again the two       

  

           
 

 
 

   

         

 

 
 

    

   
      

wilernative forced choice methodis used (Harris, 1948): the subject : Loe———wl

lianto decide which of the two, the dichotic or the diotie stimulus, 8 j b if |

pomnonsen the highest pitch. k 4 q

If the pitch of the second tone stimulus is perceived as boing — i

the higher, he marks “H’’ on a sheet of paper due to servo as a a eeegnl

matrix to read back the performance; in the opposite case, an pt i ll ;

LN mark ig made. Wt 4 |

In w session, each combination of dichotic and diotic stimulus, ereenEl

ia presented ten times, the different fz valuos being offered in Bi |

random order, ET ne | |

Payohophysiological procedure andstatistical data processing are | ll i ij j

the same ae used in determining the simultaneous dichotic frequency de} t if 55 | i j

difference limen, TI bel |
li 2 |

Beelek |
mr Br

Me EIiS Hij
tha   fH} OO ae

06 sec dinggrac of apparatue used fordoetormination of intertone

Wg 42,1, Dingraromatio representation of listening task for deter- pivohes, Wader nooording to Dm Hour (106%),
mination of single intertone pitch.
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42.2, Apparatus

Tho bawio setup is the same as described in section 8.2. Tho

apparatus was extonded with two tone generators, an additional

dual beam oacilloseope (‘Tektronix typo 536), an automatic electronic

witching and timing unit and a laboratory amplifier provided

with a dB moter (Solartron AWS 514), to make intensity adjustment

possiblo, A bloek diagram is given in Pig. 4.2.2.—1.

The higher of the dichotieally offered frequencies, fi, is emitted

by a General Radio audiofrequeney oscillator type 13014 (oscillator

1), the lower, /s, is produeed by a General Radio audiofroqueney

oncillator type 1802A (oscillator I),

The frequency difference between these signals is sct on &

Hewlett Packard audiofrequency oscillator (oscillator IIT), whose

dial has heen calibrated against a Berkeley EPUT meter.

The diotio signal is produced by a Bruel and Kjér beat frequency

oleillator type 1014 (oscillator TV). Its frequency is set with the

ij ext
e OARO2

ri
2 A7 Kk

ropwuvor trecuerney
gantinmous ontime

continuous

VV p
6

trigger input gate (rat

Wig, 42.22. Timing cirouit,

 

 

  
   
  

 

 

  
   

  
  

  

     
  

   

  

     

   
   

 

     

   

     

  

   
  

  

BEMUI/PANMOUM THOHORTO POH ORG ADIM

UTE

ayn

HatorTand a Hewlett Paokard low froquenoy funetion

gehel 202A (oscillator V), set at tho dowired froquonoy

1 onoillators I and IV, the signals of which aro

cing device, |

mixing stage is changed in such a way that at

thor the frequency difference between oxoillator 1

) hetweon oscillators Land PV can be obbained, The

emee enn thus bo easily controlled with the ald

wires on the O.R.0, soreen,

laotronio switching and timing unit (of Higa,

go an to produce a brain of two padrad pulnon,

afthe froqueneios fy and fs, simultaneously

wate channols, The second pair consists of the
Henoy fy, produced on both channels simultaneously

Ol

e lo fader A K standard indicate ant

pm|
* variable indicater fant ta tader 0

 
Ay! ne

mon

48268. Binary awitoh and program unit,

nilwo shape are oheoked with the ald of adual boum
rogram ix prepared and noted on a matrix to

t's porformanae, A
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4,28, Results

Tn the frequency range below 1000 ops, at an intensity level of
45 dB 8,P.L,, without interaural intensity difference and at an

interaural frequency difference of 6 eps, the pitch of the single,
boating, sound image corresponds with that of a diotically heard
pure tone of tho same intensity, the frequeney of which is equal
to the arithmetic mean, m, of the two frequencies offered dicho-
tionally. Tn fact an intertone is heard (cf. Fig. 4.2.3.1).

SINGLE INTERTONE PITCH

Af=6cps

 

 

 ta

fy" on OA 0.6 - 075 1.0 kefoc

Wig. del, Pitch of single intertone, for 4/=6 e/sec, and for the fi
values indicated.

In the range over 1000 ops, there also is an intertone, but it
doen nob beat, and its pitch is lower than that corresponding to
the arithmetic mean of the frequencies of the dichotically offered
tonon, Table 4,2.8.-[ shows, for three subjects, the difference
between the pitch of the matching tone, fr, and that of the tone,

Tasrm 4,23. — I
 

Bubjaota / (ope) 1000 1500 2000 2400 3000 4000 5000 6000

 

Af (ops) B 46 60 75 180 240 300 360

WE mee! Óf mi0ee" 80e 80 10 86 50 ap
EE mel 06° 20 50 180 32 80 4 46
ME mes 03 20 26 45 90 4 41 40

  

  

 

    

   

 

    

  
   

  

    
  

    

    

AUEMULPANHIOUR DICHOTIO PUR TONE ANTM

tn

ATG

fvoquonoy which equals the arithmetic mean of the
, offered dichotioally,

are chowon 66 as to remain woll below the shaded

ij f, del,

ON OF TI PILOTS OF DOUBLN SOUND IMAQTIA

. wiral froquenoy differences, when two bonal imagon

hare heard simultaneously, bho samo apparatus

nutohing procedure, however, is slightly different,
|

|. Apparatus and procedure

‘ieaubomatio eloctronic switching and timing unit is set such
hing frequency, fx, is offered monotically either to

» tho left ear instead of diotioally (of, Fig, 4.8.11),

Seedi}-(%4}———{_}_}-

i) aT
ae
Lt
B

rarmmatic representation of listening taak for the
mination of double intertone pitehon,

 

7

ae
OB 1A sec

knows which channel will be silent when the
d, andis instructed to disregard this channel
dichotic stimulus, Matches are made betwoon

mwbetween (f— Af) und fey. Again, a two-alternative

‘on procedure is used, Statistionl data procosing ia the
widin the preceding oxperiments,

udy it had boon observed that, in matehing fy, vo /, after din.
Mo component of (he dichotic stimulus, the frequency of

in found to bo lows thon /j If fay da matohed to (/—Af),
d

to

be higher than the last named froquanoy,
quently two interbonosinstond of the primarlon are haard,
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Over the whole frequency range, Inoronne of frequeney difforonoo Af

canon both intertone pitcher te abit) towards the corresponding stimulus

toh, In the range below 1000 ops, the course of the pitch change of the
ntertonos upon increase of A/ in wymmobrical with regard to tho pitch corre.

mponding to the arithmotic mean of the pitches of the dichotically offered

frequencion; ut a given value of df, the pitch of each of the intertones

Hevormes equal to that of the corresponding primary. In the range over

1000 ops, and upon increase of Af, the Af value at which the pitch of the

lowor of the intertonos becomes equal to that of (f— Af) is less than that at

which the pitch of the higher intertone is equalized with that of/,

In the main series of experiments, Af was 20 eps for f values -

below 1000 ops; a value well above those in the shaded area of

Wig. 84.1; for f values in excess of 1000 cps, 4f amounted to
10-16% of f,

4.3.2, Results

Rowults are tabulated in Tables 4.3.2.-I and 4.3.2.—IL.

Tapim 4.3.2. — I

 

 

/ (eps) 200 500 750 1000

Subjects A} (ops) 20 20 20 20

1 fm fey 2.2 2.0 4.2 4.3

fag(1 Af) 1.9 2.4 3.8 3.9

mn fofay 1.5 2.0 3.7 3.8

fog—(!—A/) 17 2.0 4,3 8.5

beed 3.0 2.3 3.1 3.9

hug (tf) 2.6 2.6 2.8 3.7

Tapia 4.8.2. — IL

 

 

J (eps) 1500 2000

__

4000

Bubjecte’ 4) (opa) 150 200 600

1 [ml 27 36 81

fing — (=A) 20 21 40

mn fm fay 28 26 117

fog(Al) 20 18 70

40 4g 00

Ti seems tidy) onghyeeern GO: emerge
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WEMUIPANHOU HE DEOKOPIE PEI HONMOEN any

RT NOW OW INTERAURAL INTIENAIEY DEFFDINOR UPON
VON ON BINGLI AND DOUWE KOUND TMAGTEN

and procedure

vbu wed and the procedure aro the same as mentioned
ieMame taped program in used as in the ixo-intensity
Vie signal in ono channel is attenuated by eithor
it

7 eee
low 1000 ops, neither the pitch of the single
weof tho double intertones are influenced by
y differonce (of. Wig, 4.4.21 and Mig, 4.4.2.2),

SINGLE INTERTONE PITCH

ens AteG ens

red

nn in en en aw

1 md

16 Aa Aa
 

A, Influonce of interaural intonaiby difference on
froquency range below 1000 o/mao, Ar Inbenalty

Heaney: Ot inbonulby doerongs of lower frouyuenoy,

Bound imago an woll an the double sound imagen
laplavod towards tho wido at which intensity In
froquonoy range over 1000 opa, the piteh of the
de alightly influenced by intorwural Intensity
lg 44,2063), .

ofIntonaity of the higher frequeney stimulus,
uly )Inbortonos firwt risen, bo fall whenintenaliy

Dare
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 4800 -6 ~12 -18 db

Wig. 4,4,8,-9, Subject A. Influence of interaural intensity difference on

double intortono pitches in the frequency range below 1000 o/see. Coding
as in. Wig. 44.21.

 

SINGLE INTERTONE PITCH

fe 8000 cps A f=360cps
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Wg, 44.23. Hubjoot O, An Wig, 4.4.21, for bho range from 1000 o/soo
upward,
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Influence of interaural intonwity difforonee, for
», On Intertone pitches. Coding an before,
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differanao Inoreason. Progrensvo Intensity deoronse of tho lower

froqueney stimulus onuson the pitches of both intertonos firnh to

fall, then to rive (of. Mg, 4.4.2.4 and Wig, 4.4.2.5),

B. DISCUSSION; MODEL REPRESENTATION

Noltheor the volley theory nor the classical place theory of

frequeney disorimination can, as such, account for the results of

the intertone pitch determination experiments. Tt can be shown,

however, that they are in full agreement with more recent experi

montal data assigning arelatively important function, in frequeney

analysis and discrimination, to structures central to the cochlear

nerve neurones. In particular a spatial neural activity pattern,

such as found in the cat by Hiatt and Warrriecp (1953) at the

outpub of the ventral cochlear nucleus would completely account

for the phenomena observed and, as will be argued in section 6,

furnish an explanation for a relatively unknown, and hitherto

unoxplained, property of rotating tones.

Wurrvrup’s (1957) reasoning starts from the fact that experi:

monts on cats by Ganampos and Davis (1943) and on guinea pigs

by ‘TAsaxt (1954) have shown that every auditory nerve fibre can

be exoited by a more or less narrow band of frequencies, grouped

around one frequency (the characteristic, or best frequency) for

which the threshold is lowest and for which, at any givenstimulus

intensity, discharge frequency is highest, On either side of the

characteriatio frequency, the threshold increases so that the

{roqueney reaponse area of the neuron is V-shaped. In every fibre

mean discharge rate is related to stimulus intensity according to

an S-shaped function; at intensities in excess of a given level a

further intensity increase no longer results in a discharge frequency

inoreawo, At higher stimulus intensity, each fibre will, however,

already become excited by a stimulus of a frequency farther

removed from the characteristic frequency (Fig. 5.1).

From the iso-intensity contours of Fig. 5.-1, the distribution of

moan pulse rates in the fibre array around the fibre whose char-

woteristio frequency equals the frequency of the stimulus, can be

doduoedif it ix assumed that within the small basilar membrane

aren involved, tho characteristic frequency is linearly dependent

on the distance of the region of the mombrane served by the

 

= B

 

  
  
    

  

    

   

  
  
  

  

 

    

   

  

   

UIDANHOUW TTEHDTE WOT VONN WVEM dat

CHANAG TEMETIC FREQUENCY

 

high (req p low fran

(base) pum ETSey (apex)
stimulus frequency

HALEFopreventation of pulae vate distribution in Albron
‘hem ha # finotion of wtimulus intensity, for the freruency

1 he/aee, adapted from Warman (1057),

f om the apex, and thit, again within this small
| the reponse curvos of individual nourona ta

he pattern obtained is pictured in Wig, 5-2, Ib in to
eatit ;

‘jtlh & mirror image to that representing the oor
My af inointensity contours.
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ee fibre array . apex
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Paraat vaprovontation of distribution of mean pulso raten
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wlimuluw frequency,

 

1) ef al, detormined input-output relations of the
nuolous, and found that the #patial pattern of
Foaorded from trapezoid body fibres ronenblow,
Ni, the Input pattern ox described by GALAMHON

Hi). Trapezoid body fibres, again, have a V-shaped
one aren, The main differenoon betweon Input und

p onn be summarlsod an follow:
Wiput of the nucleus, the dynamie range Ie much
Binput sido; Lo, maximum discharge frequoney in
cl Olie ineronne of discharge frequeney with inoroase
Haily ia much low; (2) though there in an overall

a =
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positive correlation between stimulus intonsity and pulse density,

individual pulsen ave, in the higher froqueney range, randomly
dintributed in time,

Since, according to Whitfield, the number of fibres emerging

from tho cochlear nuclous is about equal to the number of fibres

entoring it, while, upon stimulation, the number of active

fibvos in the trapezoid body is about the same as in the cochlear

nerve, the “spatial” activity pattern at the output can be supposed

to resomble the input pattern, if the term “spatial” is used in a

‘sonneotive’’ sense. The main difference between. the input and

oubput patterns of the cochlear nucleus can be summarized au

follows: and 2
An follows from (1), activity within the active fibre array will,

it frequencies over some 1000 eps, be randomly distributed in time;

Aw & rosult of (2), the “shape” of the active fibre array will be

different; beyond a given intensity, an increase of stimulus in-

tonuity will result in activation of more fibres rather than in an

inoroaso in moan discharge rate.

It can be concluded that the central spatial activity pattern is

determined both by tho intensity and the frequency of the tonal

stimulus: the frequeney determines the localization of the active

avon; ite extent ia determined by stimulus intensity. Since, for a

givon stimulus intensity, the mean pulse rate of adjacent neurons

ix approximately the same, and constant, frequency andintensity

ave defined only by the extent of the active area. This means that

the information content of the activity is concentrated in the

delimitation of the active area,
The behaviour ofintertone pitches can. be explained if we assume

that the central representation of the tonal stimulus in man

resembles that in the cat, the guinea pig, and the monkey andif

we make use of the fact that, as is apparent from anatomical

(of, sootion 3,5) as well as neurophysiological (Kemp et al. (1937),

Anus (1044), Karsurr ef al. (1958) and (1962), Fux (1962),

Movanmaran (1962), Rurwen et al. (1963)) evidence, each of the

oars In represented bilaterally in the central auditory system, and

that the heterolateral representation is steonger than the homolateral

one, Aa mentioned oarlier, the diagram representing the active

fibro array is a mirror image of that consisting of the corresponding

jwo-intensity curves,
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nie haw been adduced (KArsunt, 1962) to show thab,
au: neen aron is aymmetrionl in regard to
erintia frequeney for neurons having a charaoterintio

ow some 1000 opn, th lo markedly asymmetrical for
fh heat frequoney in oxoons of this trequeney, the
log of the V being much steeper than the low
This, while the dingrammatio representation of
mitay Ie an inoncolen trianglo or trapezium for

below some 1000 opn, it in neymmotrloal
hont frequency over 1000 epa, where the log
Mjuivalont of the apical end of the doohlew in

— BEIMULUE FREQUENCY (1 he/gae

right

 

torna in the dontral a
el) ow, and both ears, with a froquonoy below

¥ lino indionton contribution from heberolateral
' | lateral var; dashod line indlontes total aotivity
fo wiiinulation of both oars,

W the froquonoy range below 1000 opa, the
Wal wuditory aystom upon stimulation of the
maf the loft car and simultaneous stimulation

h thegame trequoney, Th will be ween that ainulbas
am Ofboth ours doon not change the loeation of
mu Maid but oxtonda tho aetivated area; thin

mural supplementation of loudnows,
Hie ingrame for froquonoios in exoens of 1000 apa
Bed, Horo again, the location of the activated
wieWhen both ears are atimulated; again, there
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Wig. Sed, An Wig, 5-3, but for frequencies in excess of 1000 c/see.

jp an inoreaso in oxtent of this area, but this increase is more

marked in the direction of higher frequencies (equivalent to an

extension, in the cochlea, towards the base).

Tho result of dichotic stimulation with frequencies which differ

SINGLE INTERTONE

frequency range ¢ IKCsac intensity decrease of higher freq

lef

inlertone piten intertone pitch

Wg. fb, Activity patterns, in the left and right hand wides of tho central

auditory nywtom, upon dichotic abimulations lower frequency offered to the

Toy oar; single Intertone, Ax intensity abboth one oqual; B, ©, D,

progroudvo dooranne in Intensity of higher froquenoy stints, Praquendies

: below 1000o/sso, Single intertone pitchromainn unehanger,
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Hoh ae bo produce a single intertone is plotured, for
v 1000 ops, in Wig, 5-5, whiah also shows the offoot

Intonsity of ono of the stimuli, Single intertone
to the pitch corresponding to the arithmetic mean
quencies; intensity doorense of one stimulus doon
grtone pitoh but narrows the activated aren, whieh
D decrease in loudness,
froquonoy range, a oortain degree of inoperlodiolty

) Variation and stimulus frequonoy in retained,
I wlightly expand and contract in period with

OBLIIK freq,
7 t°

   

  

   

 

  
  
   

ae fitite array.
, ' harmeterintle. trea )
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tho dtimulus. ‘The single Intertone then haw a beating or rough

character (of. Wig. 5-6), —

‘The corresponding diagrams for the range above 1000 eps are

given in Wigs, 5-7 and Beb,
Owing to the asymmetry of the array, single intertone pitch is

geen to correspond to the pitoh of a tone of a frequency lower

than the moan, of the stimulus frequencies. Decrease of intensity

of one of the stimuli results in a shift of interbone pitch towards

that corresponding to the frequency of the other stimulus. As

Phase representation. is lost in this frequency range, the intertone

in amooth and exhibits no beats.

Por an interaural frequency difference large enough to give rise

to a double intertone the situation, for the range below 1000 eps,

iy piotured in Wig. 5.-9. For equal stimulus intensities, intertone

pitchow are symmetrical with regard to the mean frequency pitch;

intensity decroase of one frequency again leads to a reduction of

tho notivated area, but intertone pitches remain unchanged. Here

again, tho intertones exhibit beats.

The behaviour of double intertone pitches in the frequency range

over 1 ko is pictured in Figs. 5,10 and 5.11. At equal stimulus

intonaltlos, the pitch of the lower intertone is nearer to that of
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Vig. Bell. As Fig, 5-10, but for large frequoney difference.

Just asthe single intertone, both intertones are smooth. Fig.

Beld shows the effect of interaural intensity difference on double

intertone pitches, The effect of a decrease in intensity of one of

thostimuli is somewhat similar to that of a change in frequency

difference of stimulating tones at equal intensities.

Upon progressive reduction of the intensity of the higher

froqueney stimulus, the reduction of the total activated area will

he more marked at the low-frequency end. This results in a shift

of tho lower intertone towards a higher pitch; simultaneously,

the pitch of the higher intertone also increases. Upon further

reduotion of intensity of the higher of the stimulating tones, the

DOUBLE INTERTONE

intensity decrease of higher freq.
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frequency range» 1ke/sec
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Wig.RisAu=e 6-0, bub for frequencies in excoss of 1 ke/sec. Note

cL ‘changes in interbone pltohenaa intonsity of higher frequonoy signal is
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, 6, THE “ROTATING TONK”

6.1, Inrropverion
    

 

Mil

When two low fraquenoy (y= 1000 ops) sinusoid) of equal
Biity and of slightly different froquonolen, for inbanos 400
400,5 ops, ara led diohotioully tothe ears, a “rotating tone”
vd, HAT inj at. ‘ang ze | AP  
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of the sound image from theloft to the right versus that from

right to left is observed. Mor (1949) remarks on an interesting

property of the rotating tone, If the lower frequency stimulus is

applied to the left ear, the image is reported to move rather fast

from left to right, and moves slowly back from the right to the left.

This statement could be confirmed and extended to include an

allied phenomenon; while during the fast phase the sound image

yomains well-defined, it appears to spread out in phenomenal space

during the slow phase, i.e. in its course back to the side at which

‘the lower stimulus frequency is offered, In its expanded state, the

point at which the image is centered is difficult to locate (cf.

Wig. ‘G.1).

6.2, APPARATUS AND PROCEDURE

In trying to objectivate these phenomena the subject is asked

to {ndieate the deviation of the sound image from the midline by

plotting it on a running piece of graph paper moving with constant

«peed, A strip of graph paper passes under a slit, allowing the

insertion of a pencil, in its movement, at a constant rate, away

from the observer. At the edge of the slit nearest to the observer,

tho midline position is marked, The observer is instructed to follow,

with the pencil, the movement of the sound image. Constancy of

interaural frequency difference is checked by means of Lissajous

figures.

6.8, Rmsuurs

A typical record is given in Fig, 6.3.1.

All observers tested indicated the difference in speed between

the shifting of the image from left to right and from right to left

described above; also, there was a notable degree of uncertainty

in the phenomenallocation of the image in its passage from the

side of the higher stimulating tone to that of the lower one. This

area of uncertainty is indicated as a shaded area in Fig. 6.3.-2.

6.4. Disoussron

Those phenomena are readily explained by the model described

in sootion 5,
If we considerthe fact that for frequencies below some 1000 eps

tho timepattern of nerve apikes shows a correlation between pulse  
  

  
movos faster from aide at
froquoney is applied to

h higher frequenoy in
than in tho opponito wenno;

ng the wlow-moving phano, the
6 |i expanded and blurred in

  

Fi
g.

6.
3-

1.
Ty
pi
ea
l
tr
ac
ki
ng

re
co
rd

o
f
p
h
e
n
o
m
e
n
a
l
lo

ca
ti

on
o
fr

ot
at

in
g
te

ns
.

ty and phase of tho uignal (Garaun
ly differentmomentsin.vb individual. fibers fire ab

tho igual(ys 1

  
  

     

         
   

  

 

Wig. 6.8.68,

Diagrammatie
representation
of uncertainty
aren in phone
monal location

of imago on it
gourwe to the
wide at which
lowar froquenoy

in offeror,

m1002),
ofthe

   



aye De Wo ODINHAL

number of active fibers par time-tnit. Consequently the number

of active fibers, andthus the extent of the whole active fibro array

varios with the phase of the signal (of. Wig. 5.6).
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Vig. 641, Explanation of behaviour of rotating tone. .

Ar pile donsity as a funetion of signal phase. B: shifts in extent of activity

due to signal phase difference. (Inset upper right: ef. Fig. 5.6). C: Location

of sound image.

Vig. 6.4.1 shows what happensif the lower of the stimulating

frequencies is offered to the left ear.

here will be a continuous shift in phase between activation due

to both ofthe stimuli, with a period equal to that corresponding

to tho frequency difference offered. This phase shift consists, in

both sides of the central auditory system, in a progressive lag of

that part of the activity due to stimulation of the left ear with

rogard to the other, In the whole period, the rotating tone comes

full circle,

The image ti phenomenally located in the sagittal plane when
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zs wotivitios ave in phase or In eounterphaso; it in loonted wt the

oxtrome right when the differenge in extent of the activated amen,
d in fwvour of tho notivity in the loft half of the central muditory

el ai in at ® maximum; at tho moment when the difference in

avour of activity in the right half of the contral auditory ayatem

in maximal, the image is phenomenally located at the extreme left,

  

  

Whenactivities are in phase (firat midline position) they are wb
their maximum, and equal, in both sides of the central auditory

dr . The increasing time lag of the activity due to stimulation

the left ear will cause activity in the right half of the central
widitory system to decrease quickly, und that in tho left half to
diminish more slowly. After a short while however, that is, after

muoh less than one quarter period, activity in the right half will

jnerease again at a rate equal to that at which that in the loft half

d= will continues to diminish. This means that at the moment where

tho activity on the right passes through its minimum,the difference

in favour of left side activity is maximal, and the image is located

ib the oxtreme right.
- After exactly one half period, activities will again be equal, bub

lows than when activities were in phase. Again, the imago pasion

through the midline. Activity on the right sido continues to in-

gronds, ab constant rate, over the remaining half period; on the

ge leftside it first continues to diminish at the same rate, to noren

shorply to its maximum value from a moment precoding the

completion of the eycle by a time equal to that after which, on

z the right side, decrease of activity gave way to increase, At thin
moment, activity difference in favour of the right hand side of

the central auditory system is at its maximum, and the image in
looated at the extreme left. Tt is ovidont that, singe the time

between in-phase activity and localization at the oxtreme right,

and that between localization at the extreme left and renewed

in-phase activity are, together, much shorter than that needed to

+ pauw from extreme right loowlization, via counterphase, to extreme

loft localization, the image appear to move more quickly fromthe
loft to the right (Le, from the wide ab whieh the lower froquenay in
offered), than in the opposite direetion, No explanation ean be
affored aa to why countorphane wobivity should he aasoointed with

ming of the image rather than with a dimiotshed loudnom -
pavod to Inephase midline localization,
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7, SUMMARY AND CONCLUSION

The oxporimontal part of tha pronont investigation was mainly concerned

with the pitch of the single und double interbonos which may be perceived
when two pure tone stimuli of slightly different frequencies are offered
diohotionlly bo the cars,

As & preparation for this, it was necessary to determine the simultancous
dishotia frequency difference limen as a funetion of frequency.

Listening tasks were standardized and programs were stored on tape;
oxperimenta were made in an anechoic and soundproof room; acoustical
lonkage between the ears was excluded. The two-alternative forced choice

procedure was used throughout,
In the introductory oxperiments the range from 200 to 10000 eps was

covered (subrange 800-3000 cps in 100 eps stops; subrange 3000-10 000 cps

in 1000 opm atops.). Tt was found that, in the range below 100 eps, an

wpproximately constant frequency difference of 11 to 14 eps is needed to

obtain a jusb noticenble interaural pitch difference; between 100 and 1500 cps

tho limen rapidly increases to 60-75 eps, ie. about 4-5 pet. Percentage

wonsitivily thon remains constant up to some 2400 cps, when a second
harp vide ocoura; the limen reaches a value of 300 cps (or 10 pet) at

4000 apa; beyond this frequency, percentage sensitivity remains constant.

Behaviour of single and double intertone pitches in the frequency range

below 1000 eps is different from that in the higher frequency range.

In the lower range, the pitch of the—beating—single intertone is equal
to that of » diotically heard pure tone ofa frequency equal to the arithmetic

moun of the frequencies offered. In the range over 1000 cps, the image
doon not beat and the pitch is lower than that corresponding to the

arithmetic mean,
Over the whole range, double intertone pitches shift towards the corre-

sponding stimulus pitches upon increase of interaural frequency difference.
In the range below 1000 eps the course of the pitch change of the

Intertonon is symmetrical with rogard to the pitch corresponding to the

arithmetic mean of the frequencies offered. In the higher range, the
Praquonoy difference at which the pitch of the lower intertone becomes
equal to that of the lower frequency offered is less than that at which the
higher intertone is equalized with the higher frequency stimulus tone.
Below 1000 eps neither the pitch of the single intertone nor those of the

double intertones are influenced by interaural intensity difference; images
wre displaced toward the side at which stimulus intensity is greatest.

Over 1000 cps, single intertone pitch is slightly influenced by interaural

Intensity difference; upon progressive decrease in intensity of the higher

frequency stimulus, tho pitch of the double intertonesfirst rises, then falls.
Progressive intensity deerease of the lower frequency stimulus causes
the pitehes of both intertones first to fall, thon to rise.

Tn the theoretionl seetion of the present paper it is shown thab the
behaviour of inbertone pitohoa can be explainedif the following assumptions
are mace:
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) feasts oat In roprononted bilaterally in the contral auditory aywtem, the

(he frequency vouponne aron Ie symmetrical with regard bo the olm
levine frequency in tho range bolow 1 leo/veo; in the vange over 1 ke/aaa,
(he High-frequency leg of the V-shaped area iv much sbeeper than the
lowedvoquenoy loy;

CH) the spatial nativity pattern at tho oubpub of the gochloar juclous In
simile jo the input activity pattorn, ovon though the dynamle range
ib the output is much loss,

Tied) daitinptions are based on experimental ovidence collected in cata,
ple and monloys. On the basis of those assumptions the behaviour
rotting tone, (which appears to move more quickly from the alde

Which tho lower frequencyis offered to that at which tho higher frequonay
În applied, than in the opposite direction), can alvo be oxplained.

Ib In oonoluded that, in man, where direet clootrophyslologioal oxporl:
mentation it impossiblo, the contral representation ofthe pure tone ablmulus

da similar to that found in tho cat, the guinea pig and the money,

fi hoberolaberal reprosentation boing stronger than the homolateral one;

(i)
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SIRE EIN GEN

I

De beschrijving van lysosomenals,,suicide bags”is misleidend,

a

Toediening van anticoagulantia aan comateuse patienten is een kunst
fout.

ill

In alle gevallen van chronische meningitis van onbekende aard
men een kweek volgens Sabouraul inzetten.

Ty

Bij anurie door barbituraatvergiftiging verdient longlavage overwe,

v

De demping van de trillingen bij produktie van vocalen wordtniet ver |
oorzaakt door absorptie in de mond-keelholte.

VI

In geval van — van frontaal — op het oog inwerkend geweld
neusbijholte foto’s gemaakt te worden.

VII

Nog steeds is niet bewezen datradicale mastectomiede
is voor „curabel” carcinoma mammae.

Vill

Regelmatige audiologische contrôle van patienten,welkew
deld met chloroquineverbindingen, is noodzakelijk.
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