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ol godeolte vin dit ondorzook wan hoofdzakolijle gowijd
| "-udmln an do dubbolo fntortonen, mll:u _.-hnml

ahotinoh worden mgobndun.

hliwm wim hot nodig dat alloreerst do simultnan
snpol word hopuadd,
Lunduvisoerd en op magnetinche bind vt
I won wbille on goluidsdode Tamor godiumn

wongon kouzo wit tweo altornatioven gobuil,
an omyvabten hot frequontiogobiod  Gasen 200 on
Qoeld o stappen yan 100 Mz voor hot gohiod van
i 4000 fof 10 000 Hez bodroogon do sbippen 1000 Fls,
gobiod ondor 1000 Hz blijlkt or aon nagonoog oonsban
i 1L o 14 Hez nodig to sijn voor con juish wises
toonhoogtoversehil; tussen 1000 en 1500 Hy nesmt
. D00 4ot B0 b 76 Ty, i ongoveor 4 tot & %, van do Inabul-
&Oquamia. Disgo procontuats gevoolighold blijft dan eonstant tok
| .“M l'ln. wivien vt bwesde deompelabijging optreadt; do deompol
- bij hooo The oen wonrdo van 800 Hz; boven doze froquentio
o govooligheld niet moeor en bIE op ongovese

LA o toonhoogto der ankolo on dubbels intertonon
wolil tot ulthng tumson hot ,godrag’ van de intertonen
mﬁw 1000 My on indion froquention hoven 1000 e
' hall gobiod der lago tonon in do taonhaogte vin
ol 1y toan golijle ann dio van oon diotinoh gohourdds
et releenlandige gomiddolde in van do
aungoebodon tonen, Boven angoveer 1000 Tl
gohoord on de toonhoogte van da intertoon
ndo bif hot rekenlundigo gomiddoldo van o
Ineh aongeboden tonon,
1o Froquontiogebiod verohuift do toonhoogte der
tnunma v hot intorauralo h'uquuntiwwmhll;

siorl andor 1000 ez in dozo vorsehuiving symmeteiceh
oonhoopte van ven frequentie gelijle aan hob talar
do froguention der aangeboden tone,

d i hot frocuontioverohil waarbi) do langsto
wogbo wordt aan die van do lnsgsbe dor nan
dan hot versohil waarhij do toonhooglo van do

word uibgesloten, 13 nllo oxporimonten word




Dot nterboon golijle wordt am dlo v do hoogate dor aungoboden tonen,
Ondor do 1000 Te wardt nooh do toonhoogte van do onkelo, noch ilio
v do dubbole ntertoan: boimylosd door inforauranl Intonaltoltavariohil ;
o inberbonen wordon golooatisserd aan di aijdo waar do intensiteit van hol

wgobodin i hot hoogt in, .

“Hayan 1000 Fiy wordt de enkels infertoon in geringe mato door interauraal
Intonuttoltuyorohil boimylood. 1) progroasiof afnemende intensiteit van de
huogate frogquentie wordy do toonhoogio van de dubbele intertonen aan-
vankallfle hoger, wiarnn 2o dalt, Progressiove intensiteitsdaling van do
It frogquontio doot de foonhoogte van boide intertonen aanvanlkolijl
dilon, wiaenn con wtijging van de toonhoogte optreedt.

T hot theoretischs godoolte van dit onderzoek wordt aangetoond dut
hiot ypodeag' van do toonhoogte van intertonen verklaard lan wordan nly
du volgondn voranderstellingen worden gemaalet:

(1) focor aor is hilateraal gorepresenteerd in hot centrale gehoorssysteom,
wiehi) do hotorolateralo ropresontatie storker is dan de homoluteralo;

(#) i frequoncy response area” in het gehied onder 1000 Hyz is gymumo-
teduoli 6.0,v do karaktoristioke frequentie; in het gebied hoven 1000 (L P
i ot bnsalo been vin het Vevormige gebied veel steiler dan het apicale,

() dornimtolijko bogrenzing van het geactiveerde gebied aan do ,,uitpgang”
vin o nuclows sochlearis gelijkt op dat aan de ,,ingang'’, hoowol doe
atlynamio range’ aan de uitgang veel Kleiner is.

Do vorandorstollingen zijn gobaseerd op experimentele gegevons wallie
vorlogon wijn bij prooven op katten, marmotten en apen.

Op biwis van doze veronderstellingen kan ook de beweging van do
desidtonn, wollie snellor schijnt te verlopen van de zijde waar de laagstio
fraggnen i wordy nungeboden naar de zijde waar de hoogste wordt gegeven,
din 1 do togenovergesteldo vichting, worden verklaard.

Uooaneludeord wordt, dat bij de mens, op wie direkt clectrophysiologiseh

iharen onmogelijle is, de centrale representatie van zuivere tonen
wversanliomt meb die wolke govonden zijn bij de kat, de marmol en de aap.
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1, INTRODUCTION

I sensation perceived when two pure tones of slightly different
froquoncios, f and (f—A4f) respectively, are simultaneously, and
noparately, presentod to both ears, depends on f as well as on Af.

For /« 1000 ops, the sensation passes from a “rotating tone”,
through one, beating, sound image in the sagittal plane, to two
imuges, upon increase of the interaural frequency difference.

Por [ values in excess of about 1000 cps neither the rotating
tone nor the binaural beats arve heard. At small interaural froquenoy
difforence thore 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
wro distinguished by increasing divergence in pitch as well as in
phanomenal space, that is, the images migrato from the centre of the
fend or the midline position to the two ears at increasing difference
in froquenoy.

i berm “robating tone is used in the sense of v. HorxBosTEL (Drehton)
and v, Buesy, for o continuous rotating or pendulum-ike shift in
wibjoobive loontion of the sound image with a period equal to the frequency
diffsrenoes offsred. The term “binaural beats” applies to the fluctuations in
loudnoss of the tons and the roughness of the tonal sensation which may
e consldered, nocording to v. Buxusy (1036), as rapid fluctuations of
Loudnons,

Taoianni (1060) amsigns the term  “binaural heata” to the whole
sonbinunm  of wubjective effoots describod as ghifts, flucbuations and
rougliness, but inos thero fu an absence of loudness fluctuations in the
Srotating tone” and mn absence of periodical shifts in gubjoctive location
I bonting tones, separation of the continuum in rotating and heating tones
1 Juntiflod, Tho transition zono botwoen rotating and beating tones is rabher
wile and oovers wome to 2 to & ops interaural frequency difference,
Indapondont of fraquoncy.

ove montioned phonomens, the “binaural beats™ wre
0 audifory theory boonuse they constituto . olear
atration of binaural interacbion in- the central wuditory
ool Indionte that the dischnegon of the neurons of the
erve ;n Aome way preserve information about the phase
wbdmulan,
- i phenomenon s relevant to two thooretionl funuon:
" e YH plnoe an the basis for piteh perception and (2) phuse
i Antenalty rolations as tho basis of sound loonlization,
s (1048), Liokrronm (1061),)
| \owevor, has as yet beon given to the faob
intoraural frogquoncy difference the conteal
m bronks down; at the samo time the pitches of
o chnnging.
ain of theso phenomena provides a new oxporimental
s oxplore the mechanism of binaural interaction and
buniby to study the relation betweon the mechanism
und the central mechanism involved in pitch

v lowlght i the central evaluation of auditory
ho ohtained.

uepone of the present study is to gathor paycho-
oglo i on slmultaneous dichotio pure tone stimulution

L o sompare them with existing electrophysiologionl datn in

‘,_,' - Inn&tima the neural representation of simulbaneous

vl oonmiderations in regard to dichotio stimule-
ntod (seotion 2),
pob Lo be considered is the piteh of the single
n the pitches of the double images, and the
of Intornural infonsity differonco on tho pitohes named
An w proliminary to this, it is neoessary to determine
oun dlohotio frequency difforence limen (seetion §),
i, 46 will bo whown that a model of neural woetivity
| auditory systom, based on experimontal duta by
- (1067) and hin askocinten, fully accounts for the
“of wound image pitchos and tho way in whioh thoy
ohngon in interaural froquonoy differanco, w well aa
mentation of an intensity difference hotwesn the two
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pure fone stimuli, In section 6 it is shown that the model in
quostion also accounts for the behaviour of rotating tones.
Uonelusions will be briefly presented in section 7.

2 GENERAL CONSIDERATIONS IN DICHOTIC
SOUND STIMULATION

In dichotie sound stimulation experiments interaural insulation
uiiel thus intensity levels of the signals to be presented are of
arnoinl importance, Furthermore establishment of reference lovels
for the wignaly, standardization of the listening task and proper
poleation of observers are necessary.

2.0, INTURAURAL INSULATION

Tho possibility of overhearing the signals of the opposite car
must be exeluded, Acoustical leakage between the ears may be
due to air conduetion, to bone conduction or to both.

Wrom their experiments on masking. Weert and Lane (1924)
ponoluded that whon earphones are used, acoustical leakago
Listwoen the enrs is mainly due to bone conduction, and that the
el intersueal insulation amounts on the average to about
00 i3, In experiments on binaural beats, Lawe (1925) came to
fhe swme econclusion.

Heanuyvony (1046) measured the interaural insulation for
onephone listening in unilaterally deaf subjects and also found
viluon of about 60 dB, Zwistookt (1953) came to the same con-
oluntons for telephone listening, but found that when the sounds
wro ntroduced to the ears through perforated earplugs instead of
tolophones, the internural insulation could  be increased con-
sldderably, mainly o a result of absence of bone conduction.

0.0, JHPABLINIMENT OF REFBRONCH LEVELS FOR THE SIGNALS
PO W PIRERNTED

Although there is no a priori ground why the reference should
Ty torms of sensation level or of loudness, sound pressure levels
(re 0,0002 pbar) have been usod in the present invostigation,
 In this way oll subjects are presented with the samo signal
lovaln, Aluo, this procodure opens the opportunity to study nenronal
wotivity patterny undor similar stimulus conditions in- eleotro-

MIMUTAANBOUN DIOHOTLD PUIE TONI HETMULT CA

wlologlond oxporimentys, Kven more Important in the possibility
| o of exporimentally  gathered puychophysiologionl
xinting olectrophysiologionl datn, sinee i the lntter
0 oxprossod in dB. 8.P.L,
i of Zwisrooks (1963) 6 can be conoluded that in
poriments sound prosgure levels up to 8090 dB
i the earplug method is employod. FHowover,
gt and Lanm (1024), Pogromew (1020), Baan
0), Lawnnnow and Yanrs (10656), and Bryan and
j_rl_ll}'-a’lhmut 60 dB sound pregsure levels, harmonio
: L audible. Therefore in the prosont study o
| H.0.1. or loss is used.

EATION OF THIE LISTONING TASK

wler b0 abiadn comparable results when o werles of dine
ury ks v presented o & group of observens, it in
At all wubjoots are confronted with oxactly the samo
i ouslent way to moet this requirement is to make
i of the dosivod listening task and presont the stored
i o U subjeots,
Lo alwo opens the opportunity to present the samoe
_ lonmiby lovel and as many timoes ag neoossary
- Mlllelontly reliablo data.
prenon b study the listening tasks wore recorded on magnetio

AU O

1oRn (1019), any group of observers may ho
thair listening abilition, into two mun olumos,
Mmunionl ear” and those who huve not. 16 waw
] tudy that of a group of about 40 potentinl
o, (ibodents who elnimed to be interestod in musto and
Wi 6 muklonl enr), the majority (82) made reproduothle
; wvor the listening taslk but the remuining olght
tone from the other,
doed could be regarded an ponsansdng o “musionl
ol into two sub-olnamen, Tn 22 of Choso subjeots
roduciblo, bhut showed a rather lnrge varlability,
orvorn were suporior in that they showed
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vory wmnll yariability in theie judgmonts. The last named subjoots
partiolpated in the prosont study. All possessed normal hearing
wi monsured by routine audiometrio procedure (sweep frequency
wnd ootnve audiometry), oxternal auditory canals and eardrums
where noemal ot inspection, diplacusis was not measurable and no
subjoot wuffered from tinnitus.

With thowe “super subjects”, the duration of the series of
oxperimonts could be drastically shortened because only o fow
oxporimontal runs woro necessary to obtain sufficient acouracy
of the results, At the start of the main series of experiments 8 of
them were available, The number of subjects decreased in the
oourso of the investigation, one of them was called into military
porvice, n second suffered from an acute tubotympanitis and a
(hivd loft Loiden and was no longer available. Thus only 5 subjects
somploted the whole program. Specially selected subjects wero
nob used in the experiments on rotating tones.

4 SIMULTANEOUS DICHOTIC FREQUENCY
DIFFERENCE LIMEN

A1, INtrRODUCTION

Ralinble data on the dichotic difference limen for frequency are
nonroo, Seumen (1883), Batoy (1916) and v. Horxsosrer (1923a),
uslng buning forks as sound sources, measured it at 500 cps.
Lter, v. Hownnosrnn (1923h) determined the limen at 800 cps.
AL both freguencies the limen was found to amount to some
1020 opw,

More vecontly Tuuntow e al. (1057) determined the liminal
froquency diffarence at 200, 1000, 4000, 6000, and 10 000 cps;
aflor louduoss matehes, The way in which the interaural frequency
difforonce was ohooked s not clearly indicated. A progressive
norense in just noticeable froquency difference with frequency is
roportod,

In the prosent study the range from 200 to 10 000 eps is covered.
I the subrangs 200-8000 eps frequency steps are 100 cps; the
subrango 800010 000 ops s covered in 1000 cps steps, asa pilot study
lind whown that at froquenoies excoeding some 3500 cps the listoning
tawle boonmo too monotonous to ensure consistent vesponses if

MIMULTANROUN DIOHOTIO FUNI TONI NTIMULE ]

o porformed in-an anccholo and  soundproof
1 given n blook dingram of the setup, The program
monns of two identionl RO osoillntors (CGenoral

moy oweillntors 1302A 5 harmonie contont o

o illator
1

Sasklomins miulngndlmn nymenetr ol double trash
& i o pasis awitoh tape oo

my

eillator
n

e . tulephonas o] "
W, | L Blodk dingram of axporimontal motiip,

nobrlonl switeh and a Telefunken MA daoubles
Npooinlly selocted tape showing minimal
81 LGR) is usod ; tapo speed in 38 om fwoo.
I botter than 46 dB; §/N ratio {s hotter
9% Tape speed i ohecked by watroboneops
_I__Mr_am'e signal is rocorded on the flest fow
ek, and again somewhero in the weocond
b, The standard frequency, whioh iu delivered
ofllators s fod into one of the recorder channels
into the othor, care being talkon that aignul
I The wwitoh in commundod by hand wnd furns
oft simultaneously, Signal duration and fnber-
aro controllod by stopwatoh rending, ]
roquenoy  diffaronce botweer the tones of the
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padrad lgnal s web on o thied oseillator (Hewlett Paokard Low
froqueney funotion generator) the dial of which had been calibrated
for low frequoncies againgt an electronio countor (Berkeley 181U
motbor)

Tho wignal of the thivd oseillator ig fod to one pair of detlection
pluton of an oscilloscope (Philips type GM 6666); the output of
a mixing stage, provided with a low-pass filter (Fig. 3.2.-2), and
Into which tho signals of the first two oscillators are fed, is delivered
(o the othor pair,

AT aut put inpat o

P R el e chn g onbpat of mixing stage. Lowaor Grnoing oubjul

ﬁaz-n'.'.-;-plll- | ol onelllntor LI (ef, Fig. 3.2.<1)

.{ll... [l __él]_..,._ ;

Mg, $.2.-2, Mixing stage and low-pass filter.

In this way the frequency difference between the signals to he
pooorded iy oquated to the set frequency of the third oscillator
with the add of the Lissajous curves thus obtained (cf. Figs. 3.2.-3
and 9.2.-4),

I'hoe progeam is offered dichotically via a pair of attenuators and
m mutohod pair of high quality moving coil earphones (Standard
Polophonos serial nos, 2806 and 2306; frequency response flat to
within 4 dB up to 10 000 eps). To meet the requirements of inter-
wirnl wound fnsulation, acoustionl leakage between the ears due
o ade sonduotion and to bone conduction is minimized by the use
of o “differentinl stethophone', as first described by Arison (1858),
Wor thin purpose, the earphones are connoeeted to a stethoscope by
plantlo tubing, A length of woollen yarn i led through the whole
longth of the tublng in order to dampen unwanted resonance ponkes
(v, Bucusy 1000), The axial pressure exerted by the two parts of

the stethosoope on the ears can be regulntoed so an to obtnin n

g, .84 Labsmin f o ggara one CLURGEY woreen (ol Wi, 8 1)
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comfortable, firm fit in the external nuditory meatus, The use of

..,I mmﬁm has the advantage that the earpieces give a good
alrborne sound insulation, and in addition the smallest possible
Wlootive surface for bone conduction is obtained, urthermore, in
nmt with enrphone listening, the opening of the tubing is
wlways in the axis of the extornal auditory canal and the location
af ‘lll.ll opening doos not change between experimental sessions.
mg the experiments, the gignal levels ave checked at the coils
of 'bho oarphones by means of a pVolt metor.

l:.& 'Pl?morrwsxomaxdu PROCEHDURE AND STATISTICAL, DATA
y mcﬂl!m‘} :

'wo signals of frequoencies f and (f Af) of equal intensity and
oqual duration are produced simultancously and presented
dishotionlly. The duration of the signals is 5 seconds in order to
onable the subject to arive at a decision before the signals aro
turned off, Rise and decay times of the signals are about 125 msec
uo n b avoid audible transients. Interstimulus interval is 5 seconds
W arder to minimize the influence of a previous listening task
upon (he next one (ef. diagram in Fig. 3.3.-1).

—

.
¥

R={ 1.8,

"

serc LTS

Wiy '-‘.-1- Dingrammatio ropresentation of discriminatory tasl for
n ol slmultancous dichotie froquency difference limen.

The “YES-NO" type of the two alternative forced choice
m o iw used (Higsi 1061), that is, the subject is regarded
noting positively (YES) if he is certain that he has heard two
tonow simultaneously, differing in piteh, by marking a + on a
oot of paper that sorved as o matrix to read back the per-
apmunes. “NO™ is marked as a point on the matrix.
1‘lh!l wituntion thero is no way of determining whether a
Judgment fn a0 “eorreet” or o “wrong' one. Therefore a special
- wtntintion) mothod for date processing is used,

HIMUTAANBOUR DIOHOPIO FURG TONK HETMULL '. ; A
w00 Af that the subjeet can just distinguish in some-
o p(Af) for the probability that A/ is heard (Lo, in

N of teats the subject reacts positively pN timen),
elo function, p(Af)(Af takes roughly the form shown

il
i|e
l
|
|

|
[
[
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
a

] il

Ag M = At

&l
. Dotermination of just noticeable simultansous dichotio
frequency difforonce,

"
¥

ﬂld o Ay p In vory nearly zero, and for Af = Ay, p is very noarly
by, The Bﬂdﬂlu valuo of the just perceptible difference, M, nuy,

o Iy l’l&llh that the two shaded areas, A and B, nre
plbution of Af is uniform, M is actuplly the mean
the curve gives the accumulatod distribution of

An
¢ bhe ourve equals g‘ p(A)+id, where i stands for

0 oqual — mwrmls in which the range of internural
Bnoss, 4,—4,, i dev:ded the aren of the rectangle,

0 dy=M, so M-An-_f p(A)eid,
]

mation to the ares under the curve is obtained from
| rule.
to the trapezoidal rule we have:

B pin g Be)

- (g R IR R AT S ?)m
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WO M o Ay 1 (hpot protpu e 4 Pretk §pn), where py in the pro-
bubility of o positive renction o w difference Ay, _

Huppose now that Ny obgervations are made at o differonce Ay,
of which a portion A are positive. Then, as an estimate of M, wo
havo, mw Ay —i (hytha-that o hnt§), provided that Ay is
ohosen such that the reaction is almost always positive, and Ao
no that it iy almost always negative.

The varinnee of this estimate is:

VAR = 18 (var Ry 4 var ha -+ ... var by) =
" L
P pfh'(l_Pk) o ___1'__
4 gl e <1 El:wk.

If Ny are made all equal (to N), then:
.2 oo d
var m < } Eﬁ—? hence o(m) < 4 V%.

Thug & i the number of times each difference Af is presented
{0 the subjoeot, and x is the number of steps on which he does not
alwiyn give the same judgment.

A w06 % confidence interval for M we can give m -+ 20.

Thus if n 3 N=4, o=4.

Hor examplo: if i=2 cps, 20<2 cps.

8.4, Tup cnoon or Af POR VARIOUS [ VALUES

1 o pilob study Af had heen observed to be such that the ratio
Aljf ohanges suddenly between 800 and 1000 eps, and again
hotwoon 2400 and 3000 cps. Roughly the curve, which is a log/log
plob of Af v, [, was found to fall within the shaded area of
MID- Bl‘p"'lu

Above and to the left of the shaded area the reactions were
ulways positive and below and to the right of it the reactions were
wlways nogative, Observations need only be made in the shaded
roglon, winee outsido it the results are almost certain.

The steps (1) for Af are chosen so as to increase with f. Table
B4 1 givew the values of i in the whole frequency range in-
vontigatod,

Tone pades are presented in double random order, that is, both
Aho fixed froquoncios and the i values aro randomized. Numbers
~wee amsignod to the various f~(f—4f) combinations, and the
wquence in whioch they are to bo presentod in determined with

—

WIMUT/AANBOUS DIOHONT0 PRI BONI WM

sod when it follows n large difference.

ournoy required.

i A (Gana)
Y |
| MCac
" -

2oy

- L_l.__L_.l_,l_LJ. AT S O Y U S SRR 1 |
_' 02 ol £l 1

. 8id=1. The function Afff (log-log plot).

Tasrm $d. = 1

W table of random numbers, Thus o two-dimensionnl
of stimulus prosentation in obtained, This procedure
§ the objeotion that a small differonce in lews likely

1 gerios aro. run two or more times, depending

Wenguoncy rango i Viluo
(lecfmoe) (0/mon)
(0.0 9
101,05 [
LO-2.0 10
4 2.1-8.0 10
LR U. - .I ﬂﬂ

B 10, 100
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;:alfuin. Bmm

In the frequoney range below some 1000 ops, and at 46 dB re
10,0002 pbar, all 8 observers reported to hear, at low 4f values,
one boating tone; upon inerease of Af, two beating sound images
wre perecived; a further increase of Af leads to the perception of
two non-beating, smooth tones simultaneously. Above 1000 cps
no benting sensations was reported.

or [« 1000 eps, the interaural frequency difference Af, needed
for w just noticenble pitch difference appears to be approximately
vonstant ot some 11 to 14 cps (cf. Fig. 3.5.-1).

B0 A ftopsc)

3 I
L , = . e ‘ '
GR 0b 1 % 0R o8 1 12 o2 05 12 02 05 1 12 Ke

Mg %.6.-1, Linenr plots, for all eight subjects (A-H), of liminal absolute
frpquency difforence, Af, against frequency, f, in the frequency range up
to 1.2 kofsoo, Range covered in 100 cfsec stops.

Botwoen 1000 and 1600 ops there is a transition zone where the
differenos limen rapidly increases with frequency, so that, at the
Jubter frequency, it amounts to some 60-75 cps, ie. to about
40 % of the fixed frequenoy (of. Fig. 8.5.-2). Up to about 2400 cps,
the poreentage sensitivity remains at the same level, i.e., Afff is

proximately constant. The limen then exhibits a second sharp

o I the region between 2400 and 3000 cps (of. Fig. 3.5.-3) at
‘whioh frequeney it is in the order of 300 ops, or 10 % of the fixed
froquenoy. This porcentago sensitivity in maintained up to 10 000 ops

(of, 8.6.-4).
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plots, for all eight subjects, of A/, in porcont ol /,

. for the range between 0.8 and 2.0 kofsoo. Range covered
in 100 ofsec ateps.
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ibjact C. As Fig. 8.5.-2, for the range up to 8.0 ko/weo,
Runge covered in 100 afues sbopu,

o higher froquency rangoes thero in approciable wonttor
powults obtained on one and the same subjoot in suocowsive

mhor of tost sessions thereforo wan nugmonted fn order
sufficiontly relinblo data. Table 8.6,-1 givos the number

ale N, tho numbor of difforoncos n for whioh the wubjoot

) nlways give the sume judgmont, and the 06 %, conlidence.
o oxpromsed in opa.
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g 864, An Mg, 3.5.-2, for the whole range covered. Note the change
of floguenoy senle ot 8.0 kefsec: above this frequency, range covered in
1.0 kejeee steps.

Tapre 3.5. — T

Iepepuoney rnge 2
(Jee/moe) N n {e/sec)
02 0.0 4 1 <2
L= 1.0 4 4 < b
l.ﬂ— 2.0 4 4— 5 < 10 = 11.2
ﬂ.l- 3-0 5 G- 8 < 8.7— 10
B =B B 7— 9 < 45 — b0
(e 8 #-10 =< 100 -112

3.0, DIsoUBBION

The discontinuity of the response curve in the region from
1000 Lo 1600 eps, which was found to be present in all of the
subjoots tostod (i.0. 82 subjects including those who participated
In the pilot study), is of particular interest, as other features of
atditory poreeption have also been found to exhibit a sudden
ohunge in about the sume region.

(1) Up to 1000 ops, the phase difference between stimuli is
foansmitted to the level where the auditory pathways converge,

© WIMULTANHOUR HOROTIO PURR TONN IO S
on that, in thin froquenoy tange, onch oyelo of the signal

by an aotion wave (Ciociorne, 1060),

qoe hos beon adduced according to which  below

w tho binsural fusion moechanism in operatod direotly

siure of the signals, while it is oporated by thelr

Cenvelope ot higher frequencion (Laaxuy et al.,

- rngo betwoon 1000 and 1600 ops, direotional
Iifbite n minimum corvesponding to the change-over
Wi to the intensity oue (Sommrom, 1054),

e Limit for the pereoption of the Hugging phenom-
noy region around some 1000 ops (Crammi

son in excess of some 1000 cps, the binaural
or be perceived (Stmvess and Davis, 1038,
, and the present investigation).

two beating tones are heard simultuneously i

Ing of tho signals is excluded, this phenomenon
10, i o tho single binaural beats, to central intoraction
0 nelghbouring neural populations, Thin leads to the
teal activities due to peripheral stimulation
0 ping to a certain extent. This conclusion i
b the anatomical studies of Barnus et al, (1943),
UM (1040), Niomer et al. (1949), Srorusk (1963), wnd
e W; wteal auditory pathways,

U OF THE SINGLE SOUND IMAGE AND THIE PITCHES OF
OUBLE SOUND IMAGES, AND THE INFLUENCE 01 INTERAURAL
INTENSITY DIFFERENCE ON THE PITCHES NAMED

ANTROnUOTON

wppronoh in used i the investigation of the binaural

and Integeation mochaninm, by moemsiring the wab-
of the porcoived tone or tones when slmulbaneous
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A8 DRTIRMINATION OF PITOI O SINGLE SOUND IMAGI
‘t'&l'r P" wﬂd'wrﬂ

In dotermining the pitch of the single sound image, the task
oonminty in matohing the pitch of the dichotically offered pair of
froquoncios /i and fa, where fo=fy—Af, Af being constant, with
that of w diotically offered pure tone of a variable frequency [y,
where 1> fo= /.

Duention of stimuli is 1.4 sec; rvise and decay times are both
100 muoo | interval botween dichotic and diotic stimulus is 0.6 ke,
(Ofr Fj‘- G.a.l.—l). "

Acoording to Konia (1957), pitch discriminability reaches itn
maximum b this interval.

Aftor an intorval of 5 gee, to minimize fatigue, a second task is
web, for o different value of f;, and so on. Here again the two
alternative forced choice method is used (HArRTS, 1948): the subjeot;
I o docide which of the two, the dichotic or the diotic stimulus,
possenses the highest pitch.

If the piteh of the second tone stimulus is perceived as boing
the higher, he marks “H” on a sheet of paper due to sorve as w B [ e L == = = 1
mitelx to read back the performance; in the opposite case, an -
LY mark s made. '

In w session, each combination of dichotic and diotic stimulus,
in prosonted ten times, the different f values being offered in
random: order,

Puyohophysiologioal procedure and statistical data processing are
Lhe sme as used in determining the simultaneous dichotic frequency

difforence limen,
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b h" ol clliggrnn of npparatun usod fordetorminntion of intertone

Mg &20-1,  Dingearmntio ropresentation of listening task for deter- Mboh . Mader aocording to Dn Homw (1057).

minubion of wingle intertone piteh.
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The basle setup s the same as desoribod in section 8.2, The
npparatun was extonded with two tone generators, an additional
dunl bewm oscilloseope (Teltronix type 636), an automatic slectronio
wwitching and timing unit and a laboratory amplifier provided
with w d B moter (Solartron AWS 51A), to make intensity adjustmont
possiblo, A block diagram is given in Fig. 4.2.2-1.

The higher of the dichotically offered frequencies, fi, is emitted
by n Genoral Radio audiofrequeney oscillator type 1301A (oscillator
1), the lower, fy, is produced by a General Radio audiofrequenoy
anolllator type 1802A (oscillator IT).

The frequency difforence hotween these signals is set on
Hewlett Packard audiofrequency oscillator (oscillator ITI), whose
dinl has been calibrated against a Berkeley EPUT meter.

The diotio signal is produced by a Bruel and Kjir beat frequency
anofllntor typo 1014 (oscillator IV). Its frequency is set with the

() =
ol 2| ea2
ﬂa =N
C
- e
o] e d i b
l—\__—‘
1M
DAJQ&
M CABE [ﬂsk 100k a7k
1 o 1
K
POpRLLIGH [raceey
COULTROTRINTY on_iill‘ne
COMLINUOUS
Ly ¥
C -]
telgam  input gate nput

Wi, 4,222, Timing eirouit,

WIMULTANIMOUN DIOHORIO PO PO ATIMUTLE (YL

¢ 1 and o Howlott Paokurd low froquenoy funetion
202A (oncillntor V), set at the desired froguonoy
onolllntors T and IV, the signals of which are
davice,
mixing stage is ohanged in such n way that ab
the froquency difforonce between onoillators 1
weor oscillators L and IV ean bo obtained, The
s onn thus bo eastly controlled with the ald
ren on the CLR.O. soroen,
solronio switching and timing unit (of. Figs,
W e o produce a train of two pairod pulkes,
of the froquencies fi and fu, simultaneously
o ohannols, The second pair consints of the
produced on both channels simultineously

1o fadar 0 K voriakle dndicater jlght

—;__ B Aner A ¢ standard ndicoter (aht
A =
"

i

i N0y

"'._l'.-a. Thinuey wwitoh and progeam anib,

wo dhapo wre ehookod with the aid of n dual honm
gonm (s propared and noted on a matrix to
oot’n porformanee. o
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429, Resulls

In the frequency range below 1000 ops, at an intensity lovel of
46 dB 8.P.L., without interaural intensity difference and at an
internural froquency difference of 6 cps, the pitch of the single,
boating, sound image corresponds with that of a diotically heard
pure tone of the same intensity, the frequency of which is equal
1o the arithmetic mean, m, of the two frequencies offered dicho-
tlonlly, In fact an intertone is heard (cf, Fig, 4.2,3.-1).

SINGLE INTERTONE PITCH

Af= B eps

a
fis QR 04 06 10 K /oo

Fig, 4881, Piteh of gingle intertone, for Af=6 cfsec, and for the ji
values indicnted.

- 075

In the range over 1000 ops, there also is an intertone, but it
doen not bent, and ite pitoh is lower than that corresponding to
the arithmetio mean of the frequencies of the dichotically offered
tonon, Table 4.2.8-1 shows, for three subjects, the difference
botweon the pitoh of the matohing tone, fz, and that of the tone,

Tasrm 4,29, - I

Mubjeots  / (opw) 1000 1600 2000 2400 8000 4000 5000 6000
Al {opw) B 40 60 75 180 240 800 360

T mefy /% 3o tg0 “si0l 100 868 B0 Bl
pis e fu 00 20 50 180 48 80 42 db

AL mefe 08 20 206 45 20 45 41 40

WECMULIANSOUN DICHOMIO PG TONI WML

noy whioh equals the arithmetio mean of the
, offered dichotionlly,
aro chosen #o an fo remain woll below the uhaded

l‘l‘ln
UMINATION OF TIE PRGNS OF DOUBLE SOUND IMAGIH

Tabornural froquency difforenoes, whon two tonal fmagon
| boh are heard simultancously, the same apparatus
| the matohing procodure, however, is slightly differont,

- : x

| Apparatus and procedure

i witomatio oloctronio switching and timing unit is sot wuch
ng froquoncy, fu, is offered monotioally either to
ho left ear instead of diotiocally (of. Wig, 4.8.1.-1),

{)
1

natie reprosentation of lintening tmak for the
ntion of double intertone pitehon,

ows which channel will be silont when the
srod, and s instructed to disrogard this channel
fo the dichotio stimulus, Matohes are made betwoen
Wi botweon (f—Af) and fug. Again, a two-altornabive
oo procedure is used. Statistionl data procossing in the
wod fn the preceding oxpoeriments,
y 1t had boen obwerved that, in matohing fu, 40 f, after din-
Af) vomponent of the dichatio stimulus, the frequency of
I found 1o bo lous then /1 I fuy be montahod o (/< 4f),
Do higher than the last named froguency.



470 T W, GDHNTHAL

Qvor the whols froquenoy runge, Inorene of frequency difforonoo Af
snumen hoth inberfone piuuhul o whilly towards tho cortbnponding stimulus

ibol, In tho range bolow 1000 aps, the course of the piteh chango of the

turtornon upon inerense of Af in mymmotelenl with regurd to the pitch corre-
wponding Lo the arithmotic mean of the pitehoes of the dichotically offored
froquencion; ub o given value of Af, the piteh of cach of the intertones
Booomen equnl to that of the corresponding primary. In the range ovor
1000 op, and upon increase of df, the Af value at which the pitch of the
lowor of bhe ntertones becomes equal to that of (f—Af) is less than that at
which the piteh of the higher intortone is equalized with that of f

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

Bolow 1000 ops; n value well above those in the shaded aren of
g, 815 for [ values in excess of 1000 cps, Af amounted to
10=15 % of f.

4.8.2, HResults
Romilty wre tabulated in Tables 4.3.2.-1 and 4.3.2.-1L.

Tanrm 4.3.2. - 1

| (ops) 200 500 750 1000

Bublocts ) iore) 90 20 20 20
| [=1x 2.2 2.0 4.2 4.3
fog—{{~41) 1.9 2.4 3.8 3.9

1 [ty 1.5 2.0 3.7 3.8
Jog = (1= 41} 1.1 2.0 4.3 3.5

I=fn 3.0 2.8 3.1 3.0

= fug= (/= 41) 2.0 2.6 2.8 3.7

Tasre 4.5.2. - 1L

! | (eps) 1600 2000 4000
Bubjeots 44 (opa) 180 200 600
1 J=fey . 27 36 81
Jeg— (/= 4f) 20 21 40

11 j"“fﬂ, 28 20 117
Jog= (/= 4/) 20 18 70

/= In 30 a0 00

2 T N R 1 T T A |

MM LBANEOUR IIHOTIO P TONI HIEMULL an
NOH - OF INTIRAURAL INTIONSUY  DEFIRINON UPON
PO Q0 BENGLI AND DOURLI BOUND IMAGIEN
: and procedure

wwod and the procedure are the snme as mentionod
e bnpoed progream in usod as in the iso-intensity
o wlgnal in ono channel i attenuntod by either

¢ 1000 ops, neither the piteh of the single
on of the double intertones are influenced by
ly difforence (of. Mg, 4.4.2-1 and Fig, 4.4.2.-2),
SINGLE INTERTONE PITCH

IR A e Bans

- - n—w-——-r—ﬁ
I 1 p—
uli <14 Auek

. Influonco of interaural intensby difforence on
froquoncy range below L1000 o/soo. At inbenstby
Wi O dntonedby docrense of lower [eoguenny,

el fmago ae woll an the double sound fmages
pord towards tho wide at which Intensity I
uonoy range over 1000 ops, the pitoh of the
lightly influonced by fntersural  intonslty
e b 2,-8). .
o Wby of the hghor froquonay stimulus,
gl ntorionos st i, o Tl whan ety

n-m.'.'- +qm
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4482, Hubjeot A, Influence of interaural intensity difference on
doublo fntortono pitches in the frequency range below 1000 cfsee. Coding
a8 in Pig. 4.4.2.-1.

- -12 A
pilvenos of interaural intonmiby difforonce, for
iy on intertono pitohes. Coding ae bofora,

SINGLE INTERTONE PITCH
BOUNLE INTERTONE PITCH
'l‘-GOOO::pn A f=38Dcps -

Als BOC Cpn

6000,
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1ig 4.4.8.-0. Bubjeot O, As Fig, 4.4.2.-1, for the range from 1000 ofueo — ;
up el o e
v AT 3,4, bt for = 40000 000 s,
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differenco inorenson, Progremsdve intensity dooronso of the lower
froquoncy stimulus oausen the pitches of both intertones firsh to
full, then to vise (of. Pig, 4.4.2.-4 and Fig, 4.4.2.-5),

5, DISCUSSION; MODEL REPRESENTATION

Noithor the volley theory nor the classical place theory of
froquency disorimination can, as such, account for the results of
the Intertone pitoh determination experiments. It can be shown,
however, that they are in full agreement with more recent expori-
montal data assigning a relatively important funetion, in frequenay
annlysis and diserimination, to structures central to the cochloar
norve nourones. In particular a spatial neural activity pattern,
aoh o found in the cat by Hinarr and Warrsierp (1953) at the
outpub of the ventral cochlear nucleus would completely account
for the phenomena observed and, as will be argued in section 6,
furndsh an explanation for a relatively unknown, and hitherto
unexpladned, propoerty of rotating tones.

Wiatrrinrn's (1067) reasoning starts from the fact that experi-
monty on oats by Ganameos and Davis (1943) and on guinea pigs
by TAsAKL (1054) have shown that every auditory nerve fibre can
bo excited by a more or less narrow band of frequencies, grouped
around onoe frequency (the characteristic, or best frequency) for
which the threshold is lowest and for which, at any given stimulus
intennity, discharge frequency is highest. On either side of the
chinenoteristio frequency, the threshold increases so that the
froquency response area of the neuron is V-shaped. In every fibre
menn dischurge rate is related to stimulus intensity according to
un Bewhaped function; at intensities in excess of a given level a
furthor intensity inerease no longer results in a discharge frequency
inorenss, At higher stimulus infensity, each fibre will, however,
plrendy bocome excited by a stimulus of a frequency farther
romoved from the characteristic frequency (Fig. 5.-1).

Prom the iso-intensity contours of Fig. 5.1, the digtribution of
monn pulse rates in the fibre array around the fibre whose char-
netoristio froquency equals the frequency of the stimulus, can be
doduoed if it is assumed that within the small bagilar membrane
wren involved, the characteristio frequency is linearly depondent
on the distance of the region of the membrane sorved by the

MM DA RO DEOROMEE U0 TONI WML ant

CHARACTEMSTIC FREQUINCY

High frag low frag
(base) S e i (Gpox)
stimulus frequency
o vaprosontabion of pulse sabe dinbeibation o (o
0 funotion of stimulus ntensity, for the fracuonoy
A Wofwo, adaptod from Wingwman (1067). N,

N e apox, and that, ;L;';n[n within this wmnll
i of the response curves of individual nourons
III.'.”"I_I;F- ot obtadned is pictured in Pig, 6,2, 1t s to

b I miberor image to that veprosenting the eor
Uy of o intensity contours,

STIMULLS FREQUENCY

9

- (nkemity (rmase

(ehardetaristic (raguency )

bin reprowentation of distribution of mean pulse ratos
il tha Bbro whowe charaeboristio frogquoenoy oiuils
uhbmulum feocquancy.

0ol al detormined input-output relations of the
nuolous, and found that the spatinl pattern of
I-."mor‘tlacl from trapezold body fibires rosem blo,
M, the tnput pattern aw desoribod by GALAMBON
W) Teapozold body fibres, ngain, have o Voshnpod
anme aeon, The madn differencon betweon fnput wnd
- onn b summarizod o followa:

Gput of the nuolous, the dynamio range Is much
W it sldo; Lo, maximum dincharge froquonoy in
il th fnerense of discharge froquenoy with inorease
ity I ok Lowe () though there In an overall
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pouttive correlntion hatweon stimulus intonuity and pulse density,
Individual pulses ave, in the higher frequency range, randomly
distributed in timo,

Hinoe, nocording to Whitfield, the number of fibres emerging
from tho cochlenr nueleus is about equal to the number of fibres
antoring i, while, upon stimulation, the number of active
fibros in the trapezoid body is about the same as in the cochlear
norye, the “spatial’’ activity pattern at the output can be supposed
to resomble the input pattern, if the term “‘spatial” is used in &
Sgonnootive” senso. The main difference between the input and
aubputb patterns of the cochlear nucleus can be summarizod 1
follows: aod2

An follows from (1), activity within the active fibre array will,
it froquencios over some 1000 eps, be randomly distributod in time;

An v 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
Inorenso in moean discharge rate.

It oan be concluded that the central spatial activity pattern is
dotermined both by the intensity and the frequency of the tonal
sthmulue; the frequency determines the localization of the active
wron; ite oxtent is determined by stimulus intensity. Since, for a
glyon stimulus intensity, the mean pulse rate of adjacent neurons
i approximately the same, and constant, frequency and intensity
uee defined only by the extent of the active area. This means that
the fnformation content of the activity is concentrated in the
delimitation of the active arca,

The hohayviour of intertone pitehes can be explained if we assume
that the central vepresentation of the tonal stimulus in man
posombles that in the cat, the guinea pig, and the monkey and if
wo make use of the fact that, as is apparvent from anatomical
(of, neotion 8.5) as well as neurophysiological (Keme el al. (1937),
Apun (1944), Karsukr ef al. (1958) and (1062), Fex (1962),
Mousinaran (1962), Ruesnr ef al. (1968)) evidence, each of the
onen {n veprosented bilaterally in the central auditory system, and
(hit the heterolnteral representation is stronger than the homolateral
one, As mentioned earlier, the diagram representing the active
{ihro array s o mirror image of that consisting of the corresponding
wo-ntensity ourvos,

. : .

MEAEET AN IOUN . DEOMOTI0 ST PONI BRI L A
B boon adduoed (Kamsuir, 1062) to show that,
oy ronponse aron s wymmetrionl o oregard to
ko froguoenoy for nenrons having a eharaoberintio
i oo 1000 op, 16 In markodly anymmotrionl for
4 liowt froquoncy in oxooms of thin froquency, the
oy of the Vo boelng much steepor than the low
Phuw, while the dingrammatio ropressntation of
Wty fnoan dwoscolon trinnglo or trapezium for
' finguenole bolow womo 1000 ops, it i seymmetrioal
Moquoncy ovor 1000 ops, whore the log
Mulvalont of the apical end of the coohlon fn
 BHMULUE  FREGQUENCY ¢ 1ko/ype

AN

nght

ey and both enes, with w froquenoy  below
e Indiowbon conbribution feom hoborolaborsl
vl one dashod line indlontes total aotivity
wblmulivtion of both wmes,

4|
ST o

W the froquonoy rango below 1000 ops, the
Il auditory wystom upon stimulation of the
Alitlon of tho Toft enr and simulbancous stimulabion

b Wha wame froquoney. T will bo woon (hat simulta
o of both onew doon not change the loontion of
Iviby, but oxtonds the aotivated aren; this
ol mupplomontation of loudnews,

g linggramm for froquencion in excom of 1000 opn

B, agudn, the looation of the setivated

e :
i

nge when both ears are stimulated ; agadn, there




: AN 1 W, ODINTITAT
BIIMULUS P REGU ENEY 31K uiioh wn o produce w wingle intortone In plotured, for
ft Pt ' 000 opw, in B, 5.6, which also shows the effeot

rignt aar
whirmulatec

Wby of ono of the stimuli, Hingle intertone
piteh corresponding to the arithmetio mean

ni intennity docrense of one whimulun doos
1o pitah but narrows the aotivated aren, whioh

latt wae Hearonne in loudnoss,
BLirnulated feoguonoy range, o cortain dogreo of moporiodiclty
e N e whion and stimulus froquonoy s retained,

alightly oxpand and conteact in period with
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-

Bath wars 7
”

i
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y
P e LY i
/ .
) Pid

Mg Bt .!\I: g, 638, but for froquencies in oxcess of 1000 c/sec.

Iy an incrense in oxtent of this area, but this increase iz more
matkod {n the divection of higher frequencies (equivalent to an
oxtonion, in the eochlea, towards the base).

T'he result of dichotio stimulation with frequencies which differ

. -
ﬂ nuneteristle fee )

o bolow 1000 o/woo. Expanwion and oonteaetion of
wibn tn poriod with stimulo,

- " aill

SINGILE INTERTONE

BINEL L INTERTONE

fraguancy range ¢ The/spc intensity cecrease of higher freq.
loft

HrEgrensive ntecsity dedreass ol
Nigher traquancy  KLmUILS

1
(Abertatie aiken intertong piteh
W 0.6, Aotivity pattornn, in tho 1aft and right hand widen of tho central

wuditory mystom, upon dichotio whimuilntion; lower fraquency offered to the ) itar e kb
Aot enry winglo dntortone, A fntonsity nb both ontw oqualy 13, O, D, - duanolen ovar 1 kafwae, Upon daorenim
progromive doorense in Intenuity of highor feoquanoy stimulus, Irocuisnolon uanay v, dnborbons pliol e displaoed

T alow 1000 o/weo, Singlo Intertone pitah roming wnoharged.
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the stimuluy, The single Intertone thon hus o heating or rough
oharaotor (of. Wig, 6-6),

Tho oorresponding disgrams for the range ahove 1000 cps are
glven in Figs, 5.7 and 5.8, : '

Owing to the asymmetry of the array, single intertone piteh is
oo to correspond to the pitoh of o tone of & frequency lower
han the momn of the stimulus frequencies. Decroase of intensity
of one of the stimuli results in a shift of intertone pitch towards
that ocorresponding to the frequency of the other stimulus. As
phane reprosentation is lost in this froquency range, the intertone
i wmooth and oxhibits no beats.

Wor an interaural frequency difference large enough to give rise
to i double intertone the situation, for the range helow 1000 eps,
{n piotured in Fig. 5.-9. For oqual stimulus intensities, intertone
pibahon are symmetrical with regard to the mean frequency pitch;
fntennity decroase of one frequency again Jeads to a reduction of
the notivated aren, but intertone pitches remain unchanged. Here
agadn, the intortones oxhibit beats.

The bohaviour of double intertone pitches in the frequency range
over 1 ko in plotured in Figs. 5~10 and 5.-11. At equal stimulug
intonaities, the pitoh of the lower intertone is nearer to that of

SINGHLE INTERTONE

Intensity decrecse of lower
frequency  stimulus
right

Py range > TEae
lmft
)

o oy

i

’ .,
£ L -

for intensity decrenss of lowor frequency.
Totortone piteh is displacod upward.

7 -t
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w frogquenoy, than that of the higher intertone
Dghor atimulus froquency, Thin phonomenon
alon of the diminishing dogroo of overlap
nalaborally and hetorolaterally notivatod aroan in,
C the more markod as the froquency  difforence
ulatlng tonen in Tnrgor, :
al froquonoy difforonce, lower intertone pitoh
to tho piteh of the lower atimulating tone,
intortone dn wtdll helow that of the

r 4
_ m
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i I the loft and eight hand sidos of the central
_lﬂhnuhwinm lowar froguoncy offurad (o
uenolon below 1000 ofwee, Intertone pltohon

e fbenpity docreans of highar feoquen
bl b )

DIIURLE (NTENTONE
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it oA lorge freq it : l o two fuqmndu offored,
b N TN wonslty of the highor stimulathg tone will |
i Nt / A% | | »nmmwmm& array at its high-froquenoy |

s o \i ronult of this, both intertones now shift to o lower pltoh,

a oly, n veduotion in intensity of the lowoer of the stimu-

- | =

N‘Hﬂi tones will oause hoth intertono pitohes first 1 decronne,
then to inerease again (of, Pig, 65.-13),

Wig, 611, As Wig. 5.-10, but for largo frequency difforence.

~ Jusb s the single intertone, both intertones are smooth. Fig.
B, 12 shows the effect of interaural intensity difference on double
{ntertone pitehes. The effect of a decrease in intensity of one of
tho stimuli 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 the lower intertone towards a higher pitch; simultaneously,
the piteh of the higher intertone also increases. Upon further
roduotion of intensity of the higher of the stimulating tones, the

ROVBLE INTERTONE

Peauency ranges THe /yee Intefisily degeaose af lowee feo

laft ri;hl
. ’a." .‘\l .

DOUBLE INTERTONE

frequency range s 1ke Aee Intensity decregse of higher freq.
~ right

Mg 6,218, As Fig. 512, but for decrenso in intenuiby of lowe froquanoy
ﬂm“ll LS &

6. THE "ROTATING TONK"
I, INTRODUOTION

ks

hen two low froquenoy (v« 1000 opw) slnuwoidh of equal
ty and of slightly differont froquonclos, for imtance 400

i iOO 6 opa, nro lod dichotionlly tnm hho m'l. “rolating vone” -

vl ui s JT |

- Fig. b~ 12, Aw Wi G.—E. but for froguencies in excess of 1 kcfﬂeo Note
- ohanges in interbone pltohes s intonsity of higher froquenoy gignal is
, - diminished.
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of the sound image from the loft to the right versus that from
right to left is observed., Mot (1940) 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.

Ihix statement could be confirmed and extended to include an
allied phenomenon; while during the fast phase the sound image
pomning 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 frequeney is offered. In its expanded state, the

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

Tig. 0.1.-1),

0,2, APPARATUS AND PROCEDURD

I trying to objectivate these phenomena the subject is asked
to Indioate the deviation of the sound image from the midline by
plotting it on a running piece of graph paper moving with constant
wpoed, A atrip of graph paper passes under a slit, allowing the
{nsertion of & pencil, in its movement, at a constant rate, away
{rom the observer, At the edge of the slit nearest to the observer,
the midline position is marked. The observer is instructed to follow,
with the pencil, the movement of the sound image. Constancy of
{nteraural frequency difference is checked by means of Lissajous
figures.

0.8, Rpsunis

A typioal 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
desoribed above; also, there was a notable degree of uncertainty
in the phenomenal location of the image in its passage from the
side of the higher stimulating tone to that of the lower one. This
aren of uncertainty is indicated as a shaded area in Fig. 6.3.-2.

(.4, Disousston

Theso phenomena are readily explained by the model deseribed
in soction B, _

1f wo conslder the faot that for frequencies below some 1000 cps
: nttorn of norve npikes shows a correlation botwoeen pulse

Fl“l 0.-"'-
Dingrammatio
roprosonbabion
of uncertuinty
nron Ao phoeno.
ronal  lovation
of lmngo on e
oourme 1o the
e at whioh
lowar froguenoy
fn offered,

o froquency is applied to
W which highor froquency in
, than in the oppouito wenwe;

Fig. 63-1. Typical tracking record of phenomenal location of rotating tons.
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number of aotive fihors per (me-unit, Consequently the number
of notive fibers, and thun the extent of the whole netive fibre array
varios with the phase of the signal (of. Wig. b.-6).

<4
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Wig, 6.4~1, Hxplanation of behaviour of rotating tone.

A upileo donsiby ag & function of gignal phage. B: shifts in extent of activity

(duo to wignal phase difference. (Inset upper vight: of. Fig. 5.-6). C: Location
' of gound image.

Iig. 6.4.~1 shows what happens if the lower of the stimulating

froquencies is offered to the left ear.

Thero will be a continuous shift in phase between activation d'.ue
to hoth of the stimuli, with a period equal to tlm,t.corresp‘ondn}g
o tho frequency difference offered. This phase shift co‘nslsts, in
both sides of the central auditory system, in a progressive Ia,g- of
that part of tho activity due to stimulation of th{? left ear with
rogard to the other. In the whole period, the rotating tone comes

full sivole,

The fmage phenomenally located in the sagittal plane when

R r— m—

rw'w’ ] -
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nobivition are in phase or i countorphase; it i loeated b (he
extromo vight whon the difference (n extent of the aotivated nren,
in fuvour of the wotivity i the loft half of the central nuditory
pathway, is at o maximum; ot tho mement when the differonce in
fuvour of aotivity In the right half of the central anditory syntom
in maximal, the image is phenomenally loeated ab the extrome laft,

When activities are in phase (st midline position) they are wb
thelr maximum, and equal, in both sides of the contral auditory
ayntom, The increasing time lag of the activity due to timulation
o the loft ear will cause aotivity in the right half of the central
auditory aystem to decrease quickly, und that in tho left half to
diminish more slowly. After a short while however, that i, after
moh lews than one quarter period, aetivity in the vight half will
Ineronse again at a rate equal to that at whioh that in the loft half
Wil eontinues to diminish. This means that at the moment where
(ho netivity on the right passes through its minimum, the differonos
in fuvour of left side activity is maximal, and the imago is losnted
il the extreme right.

Aftor oxactly one half period, activities will aguin be equal, hut
louw than when activities were in phase. Again, the imago passen
Whrough tho midline, Activity on the right side continues to in-
aronse, b constant rate, over the remaining half period; on the
loft wide {6 feet continues to diminish at the same rato, to inorenss
sharply to its maximum value from a moment precoding the
somplotion of the eycle by a time equal to that after whioh, on
the right side, decrease of netivity gave way to inoroaso. At this
moment, activity difference in favour of the right hand side of
the eentral auditory system is at ite muximom, and the image is
looated at the extreme loft, It in ovident that, since the time
between in-phase activity and looalization at the extremo right,
and that botweon loculization at the extreme loft and renowed
in-phase activity are, togethor, much shorter than that needed to
puasi from extrome right looalization, vin countorphume, to extrome
loft loenlization, the imagoe appoears to move more quickly from the
loft to the vight (Le, from the side st which the lower fregquoenoy in
offored), than in the opposite direation, No explanation oan be
offored an to why counterphnse notivity should he associated with

Bluering of the fmage eather than with o dimdoishod  Toudmom

pompaeod to bnaphase midine looatization,
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7. SUMMARY AND CONCLUSION

Tho experimontal part of the prosent investigation was mainly concerned
with tho pitoh of the single and doublo intertones which may be perceived
whoen two pure tone sbimuli of slightly differont frequencies are offered
divhotionlly bo the sars.

Ao propuration for this, ib was necessary to debermine the simultansous
diohotio feagquency difforence limen as a funetion of fraquency.

Lintening tosks weore standardized and programs were stored on tape;
axporimoents wore made in an anechoic and soundproof room; acoustical
lonkago botwoon the ears was excluded. The two-alternative forced choice
proeodurs wiam used throughout.

Lo the introduetory oxperiments the rengo from 200 to 10 000 cps was
aovored (subrange 300-3000 epa in 100 eps steps; subrange 3000-10 000 cps
I 1000 opw stops.). It was found that, in the range below 100 cps, an
wpproximntely congtant frequency difference of 11 to 14 eps is needed to
obbnin o just noticonble interaural piteh difference; between 100 and 1500 cps
the Mmen wapidly incresses to 60-76 eps, i.e. about 45 pet. Percentage
nonuibivity thon remaing constant up to some 2400 cps, when a second
uhinrp tlwo ocours; the limen reaches a wvalue of 300 cps (or 10 pet) at
4000 opuy boyond this frequeney, percentage sensitivity remains constant.

Hohwviour of gingle and double intertone pitches in the frequency range
bolow 1000 eps s different from that in the higher frequency range.

In the lower range, the piteh of the—beating—single intertons is equal
tio that of n diotically heard pure tone of & frequency equal to the arithmetic
moeun of the froquencies offered. In the range over 1000 cps, the image
doos nob beati and the pitch is lower than that corresponding to the
arlthmoebio moean,

Ovor the whole range, double intertone pitches shift towards the corre-
sponding stimualus pitches upon increase of interaural frequency difference.

In the ronge below 1000 eps the course of the pitch change of the
ltortonen s symmetrical with regard to the pitch corresponding to the
aeithmetic mean of the frequencies offered. In the higher range, the
fraquency differonce at which the piteh of the lower intertone becomes
prual to that of the lower frequency offered is less than that at which the
highar lutertone is equelized with the higher frequency stimulus tone.

Holow 1000 eps neither the pitch of the single intertone nor those of the
toubly intertones are influenced by interaural intensity difference; images
ure displaced toward the side at which stimulus intensity is greatest.

Ovor 1000 eps, single intertone pitch is slightly influenced by interaural
lnbonwity difforence; upon progressive decrease in intensity of the higher
fraquoncy stimulus, the pitch of the double intertones first rises, then falls.
Progrossive intensity decrease of the lower frequency stimulus causes
the pitohes of both intertones fivst to fall, then to rise.

In the theorationl weetion of the present paper it is shown thal the
bohnyviour of lnbertone pitohes can be explained if the following asaumptions
ara mondo

& 4
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(1) onoh onr In voprosontod bilaterally fn tho contral auditory systom, bhe
hotarnlpboral raprosentation balng stronger thaun the homolaberal one |
(4)  Ohe fretuonoy rosponse nren i symmobeionl with regard 4o the ol
burlabdo froquenay in the range bolow 1 leofuoe; In the vango over |/,
Wis high-feoguoney log of tho Veshapoed aren is muoh stesper thin bhe
I tvaguonoy log;
() the spabinl nobivity pattorn ab the oubput of the cochlone fuolous s
shindlae bo the tnpub sotivity pattern, even bhough the dysmmis range
Wb e output s much loss,
Thesw wammpions are baged on experimentol ovidencs colleotoed in sats,
Phigs wncd monlcoys. On the basia of those nssumptions the hahavioue
‘ﬂ‘h’ :-owutuu tone, (which appears to move more quickly from the nlde
wl whioh the lower fraquenoy is offered to that at which the higher feaquenoy
I npphod, than in the opposite direction), can nlio bo explidned.
I dn sonoludod that, in man, where direct elootrophysiologloal axporl-
et bblon i dmponsibla, the contral repregentation of the pure tone nblmiulug
I whllae to that found in thoe cat, the guinea plg and the monloy.
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De beschrijving van lysosomen als,suicide bags™ is mlsleidenﬁ. -

1l

Toediening van anticoagulantia am comateuse patienten i5 een Kuny
fout.
11

. )
In alle gevallen van chronische neningitis van onbekende aard
men een kweek volgens Sabouraud inzetten.

IV
Bij anurie door barbituraatvergiftijing verdient longlavage overw

A
De demping van de trillingen bij produktie van voculen wordt MM
oorzaakt door absorptie in de mond-keelholte.

Vi
In geval van — van frontaal — op het oog inwerkend gewel
neusbijholte foto’s gemaakt te worden. 3

Nog steeds is niet bewezen dat radi,eala mastectomie d.,m
is voor , curabel” carcinoma mammac.

Vil
Regelmatige audiologische contrdle van patienten, welke
deld met chloroquine verbindingen, is noodzakelijk,

. IX
Een intubatie-set dient op iedere ongevalspolikliniel







