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AS A FUNCTION OF FREQUENCY
AND DURATION OF THE TONE PULSES

EMIL RAJCAN,* Zvolen

The discriminating ability of the ear for the switching-on and switching-off phase of
the non-stationary tone pulses with a rectangular envelope curve was investigated. The
difference limens for the switching-on and switching-off phase of the tone pulses of
frequencies 250 Hz, 1000 Hz and 4000 Hz, the sound pressure level of 65 dB and the

corresponding pulses.

h:gmzw:—ngrm—r-ﬁ IIOPOT CABIMHMOCTH I ®A3 BKINOYEHHA
H BBIKITIOYEHHSA KAK ®YHKUHA YACTOTHI ¥ NIHTENBHOCTH
3BYKOBBIX MMIIYJILCOB

Hccnepyerca Paspeuraioas cnocoGHOCTE yxa qns a3 sKOYEHHS M BRIKMIOYe-
HUA  HecTauMoHapHbix 3BYKOBLIX MMIyAbCOB ¢ TipAMoyronbHOR  oruGatowei,
IxcnepumenTans v nyTéM onpepcnensi Rudepeuuansupre MOPOTH CAbILUMOCTH
anst a3 BkAOYeHns 1 BbIKNTIOYEHUS 3BYKOBBIX HMITYLCOB ¢ YacToTol 250 i, 1000 ry
4000 ru, npu yposue 3BYKOBOIO fAasnesus 65 g6 u ANHTENLHOCTH 4——128 Mcek.

SxcnepumenTanbupie PesyanLTaTh CBMACTENLCTBYIOT O  ToM, wuro ang-
tbepenumansupie nopory  ciabimmmocTH  png das  skaovenns u BBIKTIOYEHUS
HECTALUHOHAPHBIX 3BYKOBBIX HMOyNLCOB ROCTHraiOT Gonee BLICOKOTO 3HAYEHHS B ToM
Cllydae, Koria UMmynchl sBNsIOTCS Gonee panurenvubimy, Ina paunoit KOMOHHauuu
busnyeckux N4paMETPOB  UMIyNbCOB  Her CYWIECTBEHHON pasHuupr p Ang-

HMIYJ6COB,

L. INTRODUCTION

An important sensorial organ transmitting an information percejved in the
environment is the ear. From the 5335:0:-583:8_ point of view it is
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therefore necessary to obtain more information on the communicative function of
the ear. The physical carrier of the auditorial information are the acoustic signals.
From the physical point of view the acoustic signals are defined by the values of
their physical parameters, for example by the frequency, duration, sound pressure
level (SPL), shape of the envelope curve or by the switching phases. From the
sensorial standpoint the signals are described by the sensorial parameters, for
‘example the pitch, duration, loudness, timbre.

An information can be transmitted only by means of discriminable signals and
consequently the discriminating ability of the ear plays an important role as far as
its communicative function is concerned. The discrimination of the tone signals
takes place on the basis of the differences in the sensorial parameters by which they
are characterized. The sensorial measure of the discrimination of the signals is the
difference limen (DL) for a certain parameter. In general the DL is defined as the
minimal perceivable difference of the physical parameter (of the acoustical signal)
[1].

A complete characterization of the hearing as a sensorial communicative channel
requires the determination of the number of the discriminable signals with regard
to all sensorial quantities. This task however is very pretentious due to several
reasons and therefore it will be necessary to carry out many more sensory-acoustic
experiments. The relatively early works of an experimental character dealt with the
determination of the DLs for the following physical parameters: frequency,
duration and intensity — of course in their various combinations. Recently,
however, it has been shown that for the DL also other physical parameters may be
of importance, for example the switching phase, the envelope shape, ete. {2, 3],
therefore also the DLs for further parameters become topical.

In the experiments performed in the years 1970—1973 the effect of the initial
phase on the perception of short tone pulses with an integral number of periods and
a rectangular envelope was investigated [4—7]. The obtained results show that the
initial phase affects the pitch of the tone pulses and that its change results in a
perceptional discrimination of the non-stationary tonal signals. In addition it was
also possible to interpret these results theoretically [8] on the basis of the changes
in the spectra of the corresponding pulses.

In the experiments with the pulses characterized by an integral number of
periods (i.e. with pulses at which the initial phase determines also the final phase),
however, it was impossible to get information on how the differences in the
particular phases of switching affect the discrimination of puilses, i.e. the differences
at the phase of switching-on (initial phase) and the phase of switching-off (final
phase) of the pulse and also how the problem appears when the other parameters
of the pulses change. The solution of these problems allowed the construction of an
electronic switch by means of which it is possible to select independently the phase
of switching-on and -off the pulse with a rectangular envelope [9] or in other words
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to use a switch capable to transmit the pulses with a non-integral number of
periods.

II. EXPERIMENT

The aim of the research work into the discrimination ability of the ear with
regard to the switching phases was to determine the functional dependence of the
difference limen for the switching-on phase (DLg) and switching-off phase (DLWY)
on the frequency and duration of the tone pulses with a rectangular envelope.

The experiments were done on four audiometrically examined subjects with a
normal hearing who participated also in earlier experiments (two men and two
women, 20—30 years of age). The applied pulses had frequencies of 250 Hz,
1000 Hz and 4000 Hz. The' duration of the pulses was in the extent of
4 ms—120 ms (it fulfilled the condition 7 =2" ms, where 7 is a natural number).
On the frequency 250 Hz no measurement with the pulse duration of 4 ms was
made. The SPL of pulses, i.e. the SPL of the stationary signals, from which the
signals were cut out, was 65 dB.

IL. 1. The measuring method

The DL and DLy were measured by the sensorial-physical method of constant
stimuli, frequently used in the present.

The subject sitting in a sound-insulated room received a couple of tone pulses
through the earphone. The first — standard — pulse had the zero phase both when
switching-on and -off. The switching-on phase (when measuring the DL) or the
switching-off phase (when measuring the DL) of the second -comparative —
pulse was changed by selected intervals of the switching angles (integral multiplies
of 5° determined on the basis of preliminary measurements). The task of the
subject was to estimate as to whether the received couple of pulses was equal
(positive response) or non-equal (negative response). Therefore, there existed two
categories of responses only. The subject was not obliged to deal with the question
how the pulses differ, if they are non-equal (e.g. in the pitch, timbre etc.). To
questions of this character the subject responded incidentally after several series of
measurements,

IL. 2. Notes-on the statistical evaluation of the results

The relationship between the sensorial and signal parameters of the acoustic
signals has a statistical character and subsequently the DLs too have a statistical
character. The conctete definition of DL is formulated in connection with the

method by which it is determined.
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Fig. 1. Experimental points of ope series of measurements a) approximated by the integral curve of
normal distribution ; b) approximated by the straight line.

The results obtained in the Particular series of our measurements can be
qomamw::& by a series of points as can be seenin Fig. 1. At particular values of the
SWitching-off phases (plotted on the abscissa) there was (in the ordinate direction)
plotted the number of the negative responses of the subject. Thus in the direction
of the ordinate there was plotted the empirical probability indicating that a

Qoﬁo::_:oa“ the responses of the subjects succumb to the normal distribution. The

mwﬂ wm points in Fig. 1 thus determines the empirical curve of the normal
distribution,
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As far as regards the mathematical-statistical processing of the experimental
results the DL is represented by that point of the abscissa which corresponds to the
0.5 probability of the ordinate.

as a measure of the dispersion of the measured values.

I1. 3. Apparatus

The block diagram of the measuring apparatus is shown in Fig. 2. The signal
from the tone generator TG (Briiel-Kjaer 1022) was brought to the phasing units

Fig. 2. Block diagram of the used apparatus,
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wC and to the modulating units M of the electronic switch ES. The electronic
switch passed on the couples of pulses with a rectangular envelope. The timing unit
T allowed the selecti

Bm:.cm_ 8.23_ of the device and moreover controlled the linkage units, i.e. the
lagging unit A and the timing units Ti, T,. These units then formed rectangular
u.c_wom of the needed duration and of the Enonmzsz_mmnm interval. The output
m_.msm_ from the timing units was brought to the modulating units controlied by the
E_oﬂ. pulses o.m the phasing units. The phasing units allowed an independent jump-
-by-jump adjustment of the initial and finaj phases within the selected intervals,

From the outputs of the modulating units the signal was supplied to the attenuators

IL. 4. Results

,E:.w dependence of the DLs for the switching phases on the frequency and
duration of the pulses was investigated under conditions that can be formally
€xpressed as follows :

DLe=F,(/, 7); DLy= Fy(f, 1), SPL = const. = 65 dB (1)
@o = o= const. = (°

a) f= 250 Hz, 7=2- ms, where the integral number » e (3,7)
b) f=1000 Hz, 7=2" s, where the integral number n e (2,7)
€)  f=4000 Hz, 7=2" s, where the integral number n e (2,7)

where @, is the phase of switching-on, and Yo is the phase of switching-off of the
standard pulse.
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Table 1

Difference limens for the switching-on and the switching-off phase in degrees as a function of frequency
and duration of pulses (SPL=65 dB)

duration ms
frequency Hz

4 8 16 32 64 128

DLy 16.96 18.6 17.65 19.11 27.87

250 S$D 1.35 1.58 2.74 3.32 . 6.62
DLy 15.12 15.36 18.21 17.91 26.55

SD 0.59 1.18 3.51 3.24 5.5
DL 16.68 16.91 15.2 15.87 27.06 44.66

1000 SD 3.58 1.59 0.87 0.74 6.33 3.31
DLy 17.45 18.01 15.03 15.54 27.1 46.56
SD 0.7 1.67 0.53 2.98 7.2 2.76
DL . 2064 16.46 20.71 28.67 35.12 48.77
4000 SD - 528 3.29 4.97 7.02 10.81 4.79
DLy 19.64 15.52 20.45 24.75 36.14 47.9
SD 7.52 3.27 7.16 5.66 10.05 7.42

significantly higher values of DLp and DLy were registered already at the
duration of 64 ms and both DLs have the lovest values (less than 16°) at the
durations of 16 and 32 ms. At the frequency of 4000 Hz the DL and DLy had
minimum values at the duration 8 ms and then gradually these values increased.

The results of measurements show that the given frequency and pulse duration
no significant differences exist between DL@ and DLy. The discriminating ability
of the ear with regard to the switching phases as a function of the pulse duration is
however dependent on the frequency (compare Fig. 3). From a definite duration
on, which is the shorter the higher the frequency of the tested pulses is the
discriminating ability of the ear with regard to the switching phases becomes
gradually lower (i.e. the DLy and DLy increase). The tendency of the DL and
DLy to increase with the increasing pulse duration is in agreement with the
tendency of the corresponding spectra of the tone pulses.

II1. DISCUSSION

The fundamental knowledge obtained from the measurements, i.e. that the DLy
and DLy increase with the prolonged duration of tested pulses, is not surprising.
From the spectral analysis of the non-stationary tone pulses it follows that at a
given difference in the switching phases of two tone pulses with the prolongation of
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Fig. 3. Difference limens for the switching-on phase (full line) and switching-off phase (dashed line) as a
function of the duration of pulses of the given frequencies. The vertical bars indicate + 1 SD of DL,

the switching phase. This statement referring to the BmEoEmcnm_-nrwanm_ aspect
of the problem thus — as expected — results in higher DL and DLy as function
of the pulse duration,

In Sect. I1.4 it has been stated that at a given combination of the pulse physical .

parameters, i.e. the frequency, duration and SPL, there exist no significant
differences between the DL for the switching-on and switching-off phases of the
pulse. A comparison of this experimental result with the computations of some

274

of the pulses.

The results obtained in the research work into the functionaj dependence and the
sensorial-physical interpretation of them contribute at the same time to the
elucidation of the differences in the measurements of the DLs for the frequency as
measured by Cardozo [12] and Chistovich [13]. Cardozo was the first who

begin with the zero initial phase and consequently he used such pulses in his
experiments. His measurements are identical with the measurements of
Chistovich in that both applied pulses with a rectangular envelope and an

IV. CONCLUSIONS

1. The difference limens for the switching phases of nonstationary tone pulses
increase with the prolongation of their duration, this increase being the faster the
higher the pulse frequency is.

2. For a given combination of the physical parameters of the pulses no significant
differences exist in the DL for the switching-on and the switching-off phases, this
being in agreement with the spectral density of amplitudes of the corresponding
pulses.

3. The pulses differing by the switching phases may be discriminable by their
pitch and timbre,
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