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ON THE EAR’S DISCRIMINATING ABILITY DURING
PHASE SWITCHING AS A FUNCTION OF THE SOUND
PRESSURE LEVEL AND TONE PULSES FREQUENCY

MARIAN KONECNY*, Bratislava

Investigations were made of the discriminating ability of the ear during the switching
on and off phases of the nonstationary tone pulses with a rectangular envelope curve. In
the experiments there were determined the differential thresholds for the switching
on and off phases of tone pulses with the ?nn:.n:@ of 250 Hz and a time range of
8 ms—128 ms, 1000 Hz and 4000 Hz and a time range of 4 ms—128 ms, at 50, 65 and
80 dB levels of the sound pressure. The obtained results confirm that a change in the
sound pressure level of the compared pulses of a selected duration and frequency does
not significantly affect the discriminating ability of the ear with regard to the phase
switching of the puises.

O PA3BPEHIAIOMEN CIIOCOBHOCTH YXA BO BPEMSA ®A3
BKIIOYEHMA U BLIKIIOYEHMSA KAK ®YHKIIMH YPOBHS
3BYKOBOIO JABIEHHSA H YACTOTHI 3BYKOBBIX HMIIYILCOB

B pa6ore HCCIIENYETCS paspelaomas cnoco6HOCTS Yxa BO BpeMst a3 BKMIOYEHHS
¥ BLIKIHO4CHHS HECTAUMOHAPHBIX 3BYKOBBLIX MMITYNIECOB C NPAMOYIONLHON orubaioue.
B akcnepumenrax- onpegenenbt audepenuuansunie MOporn ans a3 BxAOYeHus
¥ BBIKIIOYEHHS 3BYKOBBIX MMIIYJIbCOB C uacToro 250 ru u pnMTenvHOCTHIO 8. no
128 mcex, 1000 ru n 4000 TI H INHTENBHOCTBIO 4— 128 Mcek, NpH ypoBHe 3BYKOBOrO

L. INTRODUCTION

A physical object carrying an information, i.e. an object able to establish at least
a statistical link between the variables describing the physical situation of a certain
object (the source of information) and the attached variables on the side of the
receiver of the information, is called a signal. The signals as such can be
characterized by the values of their physical parameters. A set of values of the
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U:v\mmnm._ parameters determines the signal accurately. In a similar way there is
Qmﬂo.::_:oa also a point in the n-dimensional space and consequently to each signal
a point can also be assigned in a definite n-dimensional space. A set of these points
then forms an n-dimensional continuity, namely the “signal space” [1]. The size of
the coordinates in the signal space is determined by the values of the physical
parameters of the corresponding signal.

In case of the sensorial organs being affected by external signals, a perception
an<n_ov.m in the consciousness of the individual under certain conditions. This
perception again can be characterized by a set of values of its sensory variables and
oosmomcnazw to each perception also a point can be attached in the “‘sensorial
space”. .

The introduction of the terms “signal and sensorial space” is suitable as it allows
to develop a simple formulation of problems occuring in the domain of the present
sensory physics, in this case the S€NsSory acoustics. '

. For example if we designate the distance between two signals S, and S, in the
signal space dS, then the variable defined by the relation
1
Ag= m :v

is called the signal afinity S, and S: [2]. The signal afinity of two signals is the
measure of their discrimination.

If A5 — = the signals are identical and if A; =0 the signals have no affinity and
consequently they can be clearly discriminated. Similarly also in the sensory space
there can be introduced the variable

Between .So signal and sensorial variables there exist relations allowing the
Hnmsmmo.n:m.:o: of the signal variables to sensorial variables and conversely. The
determination of these relations based on the sensory-physical experiments is the

main task of the sensory physics nowadays. The solution of this key-problem is very

e =

work to be done also due to the fact that certain signal variables (e.g. the level of
the sound pressure) affect various sensorial variables (e.g. the loudness, the height
[3]). At present this problem is solved by investigating the effect of a certain
physical parameter of the signal of combination with the other selected parameters
and by using one of them as a variable within one experimental series: this of
course requires to have at one’s disposal a large set of experimental data.

As far as regards the informatory and theoretical aspect the threshold value of
the discrimination of the signals is obviously of great importance, i.e. some critical
value of the variable (2) at which the two signals become just discriminable (if
taking as a basis the signals that cannot be discriminated). In general this critical
value is defined as the minimal perceived difference of the physical parameter and
is called the differential threshold (designated as DL) for this parameter [4].

"The first experimental studies on the discriminating ability of the ear were
devoted to the measurement of the DL -value of the frequencies, the intensity and
the duration of the acoustic signals. Later it was found to be of interest to measure
the DL-value also for other parameters, e.g. the envelope curve [S] or the
switching phases of short sinusoidal tone pulses with a rectangular envelope curve
both with a whole number [6] or a divided number [7] of cycles. In the
experimental work [7] there was measured the differential threshold for the
switching on phase — the initial phase (DL,) and the switching off phase — the
final phase (DL, ) as a function of the frequency and duration of the pulses. In this
connection the question to what extent the DL, and DL, are dependent on the
sound pressure level of the signals seems to be of interest.

In this submitted experimental study the results obtained in connection with the
DL, and DL, dependence on the level of the sound pressure and the frequency of
the tone pulses (at selected values of duration) are presented.

II. EXPERIMENTS

The discriminating ability of the ear with regard to the parameters of the
switching on and switching off phases as a function of the sound pressure level and
of the frequency of pulses was measured at durations of the pulses corresponding to
their threshold height, the tone — pitch duration threshold (as defined by
Doughty and Garner [8]), and at the duration of 128 ms. The frequencies of
pulses were 250, 1000 and 4000 Hz. The sound pressure levels were 50, 65 and
80 dB (measured as the levels of stationary signals from which the given pulses
were cut out); these levels cover the range of most real acoustic signals.

IL. 1. Method and procedure

The subject situated in an anechoic chamber, received a pair of tone pulses. The
response from her followed immediately. The parameters od the first applied
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nﬂcu_m of u:.~mom. ?S:mmav during one pulse train remained unchanged and its
phases of switching were always 0°. The parameters of the second (comparative)

pulse were, except for the switching phase, identical with those of the first one. The

phases of the comparative pulse had in the interval of 0°—35° values corresponding
gradually to the round multiples of 5°, the next value was 45° and then up to the

value of 90° the phases increased by 15°. With such a choice of the phase switching -

nrmbm.nm mrn, entire range of responses from 100 % *‘equal” up to 100 % ““unequal”
was a_m.:_cﬁoa. along 6—9 measured values or points, respectively. This number of
points is considered to be optimal (e.g. according to Ref. [9]).

Thus the set of parameters of the applied pulses was a finite. one; the

constant stimuli was applied. .

._;o .Smw of the S.mﬂ.oa person was to estimate as to whether the applied couple of
pulses is equal (positive résponses) or unequal (negative response). In the case of
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W_?mh, 1. Block diagram of am.o apparatus. TG — tone generator B & K 1024; ES-2 — electronic switch;
— chronometer Radiometer MSM 1a; Att,_, — attenuator RFT X, 716; Osc — oscilloscope
TESLABM 462; EV — electronic voltmeter B & K 2409.

unequal signals (height, colour, etc.) the tested person was not obliged to
discriminate the signals except if voluntarily giving information on such questions
after several pulse trains.

The measuring procedure was as follows: The experimentator selected the
switching phases of the comparative pulse of 0° and informed the tested person by
means of an optical signal that a couple of acoustic signals would follow after an
interval of about 0.5—1 sec. ; the acoustic signals were given by means of a manual
starter. After a positive response of the subject the experimentator increased the
registered switching phase of the comparative pulse up to a value at which the
responses of the tested person were definitely negative. After the increasing series
— as far as regards the switching phases of the comparative pulse — there followed
a decreasing series, which began with the “unequal pulses”. During the intervals
between the couples of pulses the experimentator decreased the switching phase of
the comparative pulse.

One series of the measurements had four increasing and four decreasing series
and lasted about 20—30 min. .

Prior to each measurement the tested person had enough time for training owing
to the fact that her responses given during the introductory period of the test were
not registered ; the subject of course had not been informed of this fact.

IL. 2. Apparatus

The block diagram of the apparatus is shown in Fig. 1. The basic part of the
equipment is an electronic switch ES-2 of laboratory provenience able to generate
pulses with a rectangular envelope curve with an eligible initial and final phase of
the carrier signal which can be independently adjusted within the preselected
interval. Owing to the fact that the measuring method required the application of
a couple of pulses in the course of a definite time sequence, it was necessary to use
a two-channel electronic switch. In the first channel the so-called standard pulse
was generated and in the second channel a pulse was generated with an initial and
final phase varying within a preselected time interval.

Both channels are controlled by a generator of starting pulses GSP which
controlled the linkage units, i.e. the so-called timing unit 7, of the first channel and
the lagging unit Ar of the second channel. The lagging was adjustable within the
range of 1 ms — 3 s. The timing unit of both channels 7, and 7, were identical and
generated rectangular pulses 1 ms — 3 s long that were fed into the electronic gates
G, where the modulating signal was generated in dependence on the control pulses
generated in the phasing units PhU,, (initial phase) and PhU,, (final phase) — [10].
The jump-by-jump selection of the initial and final phase was possible in the range
from 0° up to 180°.

The obtained modulating signal as well as the signal from the tone generator TG
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were supplied to the amplitude modulators M, where the required signal was
generated. The obtained pulses with a rectangular envelope curve were brought to
the attenuators Att, and Att, allowing the adjustment of the levels of the particular
pulses. In the next part of the equipment both channels were connected. The whole
level of both pulses was adjustable by means of the attenuators Att, from where the
signal was brought to the earphones E, the entry of which was permanently
connected with an electronic voltmeter EV and an oscilloscope Osc.

The duration of the pulses was controlled by a time measuring device TM. The
€quipment, except the earphones, was installed in an operation room in front of the
anechoic chamber, in which the subject, isolated from the environment (- 50 dB),
was tested.

Between the tested person and the experimentator there was installed a multiple

communication system ICS composed of two parts, namely the acoustic intercom-

municating system allowing in case of need an intercommunication with the-

subject, as well as a permanent control of his health state during the experiments
(whether quiet, coughing, etc.) and the optical intercommunicating system of signal
lamps enabling the tested person to signalize the values of the applied signals.
The equipment was carefully calibrated (duration and level of the pulses). The
correct adjustment of the level and duration of the pulses was controlled after
ending each series of measurements. The stability of the adjustment of the initial
and the final phase of the pulses was very good ; this parameter played an important
role in the construction of the electronic switch (selection of a convenient switching
of the phase units, jumping change of the phase, etc.). The whole equipment was
supplied from a stabilized network. .

IL 3. Results

With regard to the applied experimental method of the constant stimuli and in
agreement with the general definition of the differential threshold, DL, for
a concrete phase of switching is defined as the value of such a phase (in degrees) to
which there corresponds a 50 % probability indicating that two tone pulses
&moanm by this phase of switching can be discriminated ; thus it can be assumed
that this is a variable of a statistical character (all relations in the domain of

ments represent the empiric probability, namely that a concrete comparative pulse
coupled with a given standard pulse, is perceived as an “unequal” pulse; their
distribution is an approximation of the integral curve of the normal distribution.
There points were approximated by a straight line [11] by using the least square
method. The point in which the obtained straight line intersects the probability
level 0.5 is identical with the point in which this level would be intersected by the
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Table 1

Differential threshold for the switching on phase and switching off phase of the tone pulses as a function of
the sound pressure level.

L{dB]) 50 65 80
f[Hz} duration

fTHz| [ms] DLl 500 DL Sorl - pLp). sop
@ 17.42 3.61 16.96 135 1725 2.36

8 v 16.09 2.18 15.12 0.59 15.75 - 1.14

250 ’ 1 @ 23.22 9.77 18.6 1.58 17.16 0.92
6 v 16.05 2.38 15.36 1.18 14.51 1.18

128 @ 2747 4.35 27.87 6.62 26.36 7.76

v 2672 7.68 26.55 5.5 26.64 8.51
4 @ 17.51 5.05 16.68 3.58 17.35 1.39
U4 16.73 4.16 17.45 0.7 18.3 1.87
1000 P @ 18.03 2.47 16.91 1.59 18.95 0.89

L4 19.5 2.19 18.01 1.67 19.8 34
128 @ 77.47 33 44.66 3.31 57.71 6.06
L4 59.6 15.42 46.56 2.76 54.67 3.04
4 @ 18.43 3.1 20.64 5.28 21.01 3.98

4 17.53 24 19.64 7.52 21.29 3.6

4000 8 @ 16.86 2.32 16.46 3.29 20.54 4.41
4 18.15 2.81 15.52 3.27 19.02 5.79

128 @ 47.67 2.54 48.77 4.79 48.54 6.91
v 45.81 2.69 " 479 7.42 49.47 5.24

integral curve of the normal distribution [12]. This factor has been used in the
statistical evaluation of the obtained results in which except DL — as the average
value obtained from four tested persons — the corresponding deviation was also
computed.

The functional dependence of DL, and DL, on the level of the sound pressure
of the pulses was investigated by using combinations with their other physical
parameters -that can be expected by the following functional relations :

.Uhe =F({, L, 1); DL,=F(f, L, 1); D, =Y¥,=const.=0° (3)
a) f= 250Hz, L=50dB, 65 dB, 80dB, 7=8ms, 16 ms, 128 ms
b) f=1000Hz, L =50 mwv 65dB, 80dB, =4 Em.. 8 ms, 128 ms
¢) f=4000Hz, L=50dB, 65 dB, 80dB, r=4ms, 8ms, 128 ms.
The minimum duration of  the pulses corresponded to Sm height limit for the

corresponding-frequency, maximum of 128 ms. In addition the observed depend-
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Fig. 2a Differential threshold for the switching-on

phase (solid curve) and the switching-off phase

(dashed curve) of the tone pulses 250 Hz as
a function of the sound pressure level,

Fig. 2b Differential threshold for the switching

-on phase (solid curve) and the switching-off

phase (dashed curve) of the tone pulses 1000 Hz
as a function of the sound pressure level.

ence was also investigated at the duration which was near the tone-pitch duration
threshold, which is similarly as the limit height — dependent on the pulse frequency

[8].
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Fig. 2c Differential threshold for the switching-on 60°

phase (solid curve) and the switching-off phase 50°
(dashed curve) of the tone pulses 4000 Hz as
a function of the sound pressure level. a.a.

IIl. DISCUSSION

The fact that the sound pressure level does not affect to a large extent the DL,
and DL, values is from the experimental-technical point of view to some extent
rather surprising, since there is reason to assume that by increasing the sound
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pressure level and by taking into consideration the significance of the click at the
end and, respectively, the start of the pulse, the colour of the comparative pulse

does neither change the relative spectral density of their amplitudes nor their time
behaviour. The key experience made in this experiment and leading to the
conclusion that the differential thresholds with regard to the switching phases of the

tone pulses in a given combination with their other physical parameters show no
significant functional dependence on the level of their sound pressure, is in

pressure levels of the signals ; this certainly will spare time and lower the costs of
the experimental work planned for the future.
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