JERZY WEHR

JErzY WEHR, 54, professor, for many
years the scientific worker of the Institute
of Fundamental Technological Research, Po-
lish Academy of Sciences, lost his life in
the prime of his creative forces, as a mem-
ber of a climbing expedition in Hindu Kush
at the altitude of 6000 m on August 10th,
1977.

This tragic event put an end to the activ-
ities of a man of unusual versatility, a scientist
known in the milien of acousticians who has
managed to assemble around him not only
the closest co-workers, but also many otfher
scientists from all over Poland.

Professor Jerzy WEHR started his scientific career at the Warsaw Tech-
nical University, initially in the field of electronics. Since 1952 he has dealt
with acousties, working in the Vibrations Research Department and, sub-
sequently, in the Institute of Fundamental Technological Research of the
Polish Academy of Sciences. In 1954 he published his first paper on the appli-
cation of transversal and standing waves to the detection of flaws. In 1961
he obtained his Ph. D. degree after presenting a thesis on “The use of non-
reflective transducers in the measurements of ultrasound”. In 1969 he ob-
tained the title of assistant professor, after presenting the paper “Ultrasonic
method of the determination of density and compressibility of liquids”. He
was nominated professor in 1975. In the recent years he performed the func-
tion of the deputy director for scientific matters in the Institute of Fundamen-
tal Technological Research of the Polish Academy of Sciences. He has also
been a coordinator of the interdisciplinary problem of the application of a-
coustic methods in engineering and medicine, involving all the acoustic research
centres in the country.

As a member of the Committee on Acoustics of the Polish Academy of
Sciences, Professor WEHR greatly contributed to the rapid development of
acoustics studies in Poland. He pointed to the main perspective directions
of investigations which he was carryingo ut with his own team. He also stim-
ulated the research work of other Polish research centres.
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The scientific contribution of Professor Jerzy WEHR comprises a total
of B8 publications including 2 books, 10 patents on the ultrasonic detection
of flaws, the ultrasonic methods of measuring mechanical properties of so-
lids and liquids, the piezoelectric transducers and ultrasonic probes, with spe-
cial attention given to the ceramic materials and plastics, and also to the methods
of dimensional analysis and electro-mechanical analogy. In his last works Professor
Wengr attacked the difficult problem of the measurements in dispersive
media.

The results of longstanding and consistent investigations, regarding the
methods of physical acoustics, were published in numerous Polish and foreign
periodicals. Many of these papers were presented by Professor WEHR at acous-
tical meetings in Poland and abroad.

Apart from his scientific activities Professor Jerzy WEHR has developed
a number of measuring devices based on his own patents. The achievements
in this field not only distinguish him as a talented designer but also demons-
trate his ability to take advantage of his own theoretical considerations in the
construction of the above-mentioned devices.

Vast scientific production of Professor WEHR, concerning the develop-
ment of the methods of measuring the velocity and damping of ultrasonie
waves, was recapitulated in an extensive monograph under the title “The
measurements of the wvelocity and damping of ultrasonic waves” published
in 1972. It presents briefly his numerous achievements in this field and cons-
titutes a valuable item in the world’s literature, being based on rich experi-
mental material and due to the clear and concise formulation. The book was
to be translated into foreign languages.

Professor Jerzy WEHR’s scientific achievement has placed him amidst
the world’s best and not numerous scientific authorities on ultrasonic measu-
rements. Over the 25 years of his scientific work he has developed and used
ingeniously a number of experimental methods intended primarily to obtain
the information about the material structure. Special mention deserves not
only his mastery elaboration of diverse experimental techniques but also a tho-
rough knowledge and understanding of the physical phenomena being the
subject of his investigations. He possessed an unusual ability of seeing and
presenting complicated problems in a clear and simple way. In 1966 he was
awarded the Collective Scientific State Prize of the 2nd degree. He also re-
ceived many Polish and foreign medals.

Being for many years the head of the Physical Acoustics Department,
he took care of the young scientific workers and despite of his numerous duties
— always amicable and friendly — he found the time to render adviece to those
needing his assistance. He has left a group of disciples who will continue his
work. A humanist and erudite, speaking fluently six languages, he maintained
contacts with scientists in many countries. He worked in scientific institu-
tions in the United States, the USSR, England, Italy, France, Switzerland
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and Cuba. On his return from Hindu Kush he was to deliver a series of lectures
in recognized acoustic centres in France.

He had many passions. His knowledge of the fine arts, history, politics,
literature and music was amazing. He was an excellent sportsman and ardent
traveller — the mountains were part of his life. He took part in scientific re-
search expeditions organized by the Polish Academy of Sciences to Vietnam
and Spitsbérgen. He climbed the peaks in the Tatra Mountains, the Alps and
the Rocky Mountains, he was also a successful climber in the mountains of
Spitsbergen, Hindu Kush and the Caucasus.

Full of creative forces, he set out every year for subsequent ascents in
the high mountains. This time he did not return, remaining for ever on the
slope of Nadir Shak summit. Polish acoustics has suffered a severe and pain-
ul loss.
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OPENING TRANSIENTS AND THE QUALITY OF CLASSIC GUITARS

A. JAROSZEWSKI, A. RAKOWSKI J. ZERA

Laboratory of Musical Acoustics, Academy of Music
Okélnik 2, 00-368 Warszawa

Analysis of the correlation Petween opening transients of guitar sounds
and the guitar quality as determined by the subjective assessment by music
experts is presented.

1. Introduction

Earlier attempts, carried out in various laboratories, to find out which
of the easily measurable physical characteristics of guitars could well repre-
sent their quality were not very successful. These attempts pertained mostly
to the frequency response of guitar resonators [1-3].

As a rule, the frequency response of a guitar resonator is rather complex
and cannot be approximated by simple functions. Therefore for a pragmatic
type of analysis only the most pronounced resonances or the general features
of the integrated frequency responses are usually taken into account. To add
to the complexity of the problem, the frequency responses depend signifi-
cantly on the type of excitation of the resonators, i.e. on the nature of the
signal, the point of application of the transmitting and receiving transducers
or the location and distance of the microphone, if nsed. In addition, it is well
known that the frequency response depends on the brand of the strings and
their tension.

Although various experiments in our laboratory produced a vast amount
of data, the analysis often showed only slight correlations between easily dis-
tinguishable resonances in the frequency response and the subjective quality
ranking. ‘

Further work was directed to the measurement of the frequency spec-
trum of guitar sounds. For some purely technical reasons, in these experiments
the amplitudes of partials of the sounds analysed, were recorded on the spec-
trum charts at the time instants always corresponding to the maximum of
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signal amplitude. Unfortunately the sound spectra recorded in such a way
were very similar for the worst and the best guitars tested, and could
hardly be used for a comparison of instrument quality. The natural solution
in such a situation would be fo measure the running spectrum of the
subsequent guitar sounds. This method, however, appeared to be very
troublesome. -

The differences in the subjective quality assessment pertained partieun-
larly to the initial transient of the sounds. Sounds characterized by a very rapid
initial transient were often defined as “hard”, “flat” or “noisy” and were
scored low. On the contrary, high scores were mainly assigned to sounds ri-
sing slowly in loudness and usually defined as “soft” or “pleasant”. Thus the
next step in the research programme was the measurement of the opening
transient (attack or onset) times of the subsequent sounds of various guitars, and
a comparison of the results with the subjective quality assessment. This part
of the programme is covered briefly in the present report.

2. The examined instruments

The experiments were performed using thirteen classic guitars well dif-
ferentiated as regards their quality. It must be emphasized, however, that
these instruments ranged from quite poor inexpensive student instruments
to average master-class hand-made guitars. No instruments of a very superior
quality were included in the tests. All these instruments were tuned to A4 =
440 Hz prior to the quality assessment by expert guitar players and sound
temporal analysis. All sounds up to the fourth position were examined, ex-
cept for the E4 string on which the fifth position was also used. In such a man-
ner, the onset times were determined for all the chromatic scale sounds from
El1 to A4, for each guitar tested.

3. Subjective quality assessment

Three well recognized professional guitar players who were experienced
in similar tests served as experts in the quality assessment. The assessment
sessions were distributed over six months and lasted from 30 min to 1,56 h each,
depending on the spare time of the musicians. Instruments were compared in
pairs by playing single sounds or chords (but not tunes) on each of the two in-
struments, using sounds from E2 to A4. The expert’s final task in each com-
parison was to decide which of the two guitars sounded better. The time limit
for the comparison of one pair was approximately 30 min. Usually one or two,
but never more than three judgements were made in one session. The tests
were carried out in a typieal classroom.
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4. Onset time measurements

The experimental arrangement used for the tests was very simple. The
strings in all tested instruments were activated using a small piece of plastic
material with a very thin metal layer thickness 0,3 - 10~ %¢m covering one side
of the plastic. Plastic strings were used. Bass strings had usual metallic win-
ding, the remaining strings obtained a short, very thin, copper wire winding.
Both the strings and the metal layer on the piece of plastic used for string
activation were connected to the electronic cireumit, which, at the instant of
opening the circuit, produced an electric pulse of about 10-* sec duration at
its output. This pulse was fed to the synchroseope and used to trigger the
time base.

The sound signal was picked up using a Briiel & Kjaer 4331 condenser
microphone located 50 ¢m from the top plate in the direction approximately
normal to its center. This signal was fed via a Briiel & Kjaer 2604 amplifier
to the synchroscope and photographed. The onset times were determined as
the time between the detectable beginning of the signal and the moment at
which the amplitude of the signal reached its maximum. In cases where this
procedure could not have been used (i.e. for sounds which increased in loudness
firstly rather rapidly and then only slowly) the time to reach a value of 909,
of the maximum amplitude value was taken as representative.

Preliminary measurements showed that in low quality instruments the
opening transient envelope usually depended strongly on the force applied
to sound the string, particularly at low sound intensity levels. For higher le-
vels this dependence was determined to be insignificant and could have been
neglected. For this reason all the onset time measurements and the subjective
quality assessment were carried out at loudness levels proximal to mezzo-forte
forte.

5. The results

The results are presented in Figs. 1, 2 and 3 which show the correlation
between the onset times and quality assessment in the 13 instruments investi-
gated. In Fig. 1 the distribution of all of the 30 onset time values for each
instrument is shown, the histograms being ordered according to the quality
assessment of the instrument: from 1 (the worst guitar) to 13 (the best one).
The median values and interquartiles of all the 13 distributions are shown
in Fig. 2. To evaluate the relative value of the dispersion of the results the
ratio 2Q/M was computed for each distribution and the results are presented
in Fig. 3. The following additional observations were made:

Sounds with longer onset times had generally a shorter decay and were
often described as “pleasant” and “soft”.

Sounds with shorter onset times had generally a longer decay and were
often described as “flat”, “hard” and “less tonal”.
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Fig. 1. Onset time histograms for 13 guitars of various quality, ranging from very
low quality (1) to very high quality (13)
i, — onset time, N — number of sounds within each f, class
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of the onset times of sounds for 13 gui- medians of the onset times of 13 guitars
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6. Discussion

The results presented in Figs. 1 and 2 show a rather pronounced corre-
lation between the subjective quality scores and the onset times. The presenta-
tion of the results in Fig. 3 shows also that the higher scored instruments show
a smaller relative dispersion of the values of the onset times. For example
the instrument scored 1 (lowest subjective quality) had the longest onset ti-
me — 40 ms; and the shortest — 1 ms (ratio 40 : 1) while the best scored in-
strument (13) had the longest onset time of 132 ms whereas its shortest time
was only 16,5 ms (ratio 8:1). However it must be emphasized that in the
instrument scored 13 only D3 sharp had such a short onset time, the remain-
der were all above 30 ms whereas in the instrument scored 1 most of the sounds
over the whole range of the scale, tested from E2 — E4, had onset times ran-
ging from 1 to 3 ms.

It should be also emphasized that in revealing the relations between the
amplitude envelope form and the quality scores a large amount of informa-
tion is ignored. The shape of the envelope changed dramatically and it is be-
lieved that apart from the onset time, the shape of the envelope may have
influenced the quality scoring.
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7. Conclusion

1. Onset time measurements appear to be useful in the determination
or comparison of guitar quality.

2. The accuracy of the onset time measurement using the method des-
cribed here is limited for a number of obvious reasons and can be estimated
as + 209%. Such an accuracy, however, is quite sufficient for quality control
in production plants.

3. The observation of the time dependence of the amplitude envelope
function in guitar sounds leads to the conclusion that the observed phenomena
are related to the resonance properties of the instruments. These relations
are, however, complex and need further careful investigation.
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EFFECTS OF AIRCRAFT NOISE
ON THE MENTAL FUNCTIONS OF SCHOOLCHILDREN

ZBIGNIEW KOSZARNY

Department of Communal Hygiene of the State Institute of Hygiene, Warszawa

The levels of mental performance of children from two residential regions:
in the neighbourhood of an airport, with a noise level of 95-105 dB (A) during
the flight of a single aireraft, and a relatively quiet suburban Warsaw areas we-
re appraised.

A comparative analysis of the results of the investigations has revealed
a considerable difference in the psychomotoric performances and attention level.

For the inhabitants from the intensive noise area the lengthening of the
time of a simple reaction, reduced visual and motoric coordination, disorder
of psychomotoric control, and reduced ability of the concentrated and divided
attention were observed.

Experiments on the effects of intense noise have also revealed the detrimen-
tal influence of this noise upon all the aforementioned psychological processes
for all people regardless of their acoustic environment. However, stronger effect of
the experimental noise was found for children from the quiet areas and for
children with an increased neuroticity.

1. Imtroduction

Former investigations of the influence of noise upon man have been de-
voted to the biological and psychological consequences of noise affecting the
human organism engaged in professional work. The results of investigations
conducted in laboratories and in manufacturing plants have been reviewed,
inter alia, by BinAscHI and PELFINI [6], BROADBENT [7], and JANSEN [17].
In recent years new, more systematic investigations on the influence of in-
dustrial noise on workers have been carried out [9-13, 22, 23, 28, 31]. Despite
some doubt and controversy in the interpretation of the obtained results, these
investigations point to disadvantageous and complex relationships between
the performance level of various psychological human functions or the per-
formance and quality of certain types of professional work, and the types
and duration of acoustic stimuli. However, it is hard to foresee to what ex-
tent the effects found under conditions of intense industrial noise can be re-
lated to the influence of noise at the place of residence.
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The few papers published so far on this subject reveal a particularly di-
sadvantageous effect of noise at the dwelling-place. This mainly applies to
aireraft noise which, owing to its nature and intensity, constitutes a serious
health hazard for the people living in the neighbourhood of an airport. The
results of these investigations indicate that psychical diseases occur more
frequently in the proximity of airports [1]; the weight of newborn children
is reduced under the effect of aircraft moise [3]; the reactions of children to
noise become modified as a result of their mothers’ stay in a noise-affected
area during pregnancy [2]; and a reduced mean level of speed of mental work
of schoolchildren oeccurs [4, 19].

The present paper analyses similar problems. The investigations attemp-
ted to evaluate some of the psychological processes of pupils born and living
in an airport neighbourhood. Attention has been focussed on learning the
differences in the way the children exposed to different noise intensities at
their dwelling-places react to a standard noise level. Attempts have also been
made to establish the relation between the disorder caused by noise and some
personal features. Imitially the following hypotheses were formulated:

(a) aircraft noise unfavourably affects the psychological processes of
children living in an airport neighbourhood;

(b) the performance of mental functions deteriorates during noisy periods;

(e) certain differences in the reaction to the noise intensity can be ob-
served in the children from the acoustically different regions;

(d) a relation exists between the degree of disorder in mental performance
and certain personal features.

2. Subjects and methodology

The characterization of the ewamined persoms. The investigations involved
138 children from the 6th and 7th forms of a primary school who were born
and living in an area affected by aireraft noise from the Warszawa-Okecie
airport, and 147 children who have lived since their birth within a zone of
relative tranquility, in the Zielonka area near Warsaw.

When choosing the groups to be examined, the following variables were
taken into consideration: age, sex, socio-economie status, and the professional
education group of the main supporter of the family. The analysis showed
that both populations were comparable as regards the above-mentioned wva-
riables. The average age of the children was about 13 years (12.5 in the 6th
form; 13.5 in the 7th form). A factor essentially differentiating between the
groups was the acoustic conditions prevailing at their dwelling-places, notably
in respect of aircraft noise.

The children from the Warszawa-Okecie area live in a zone affected by

aireraft noise at a level of 95-105 dB (A), as produced by a single flying air-
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craft. The actunal intensity of the noise obviously depends on the volume of the
air traffic, which increases with every passing year (in 1975 more than 44 000
flights were recorded). In the area around Zielonka aircraft noise essentially
does not oceur. There is no railway noise in either region. Apart from the
aircraft noise, measurements of noise along traffic routes point to more fa-
vourable acoustic conditions in the Zielonka area. The volume of the automo-
bile traffic in this region is insignificant, while equivalent noise levels on the
two thoroughfares of the traffic system do not exceed 58 dB (A). In the other
streets, which have the character of approach roads to homes, the measured
noise level varied between 45 and 50 dB (A).

In the Okecie residential district the intensity of traffic noise is especially
noticeable along the Krakowska Avenue, attaining a value for the equivalent
level of 74 dB (A). This noise affected 16 % of the examined persons. In the
remainder of the Okecie area, the traffic noise levels vary from 47 to 55 dB (A).
In both regions the buildings are similar, being mainly low, detached houses.

In addition to the above differences in the acoustic conditions at the dwel-
ling-places, it might also be expected that contacts with the noisy centre of
Warsaw are more frequent for the children from the Okecie residential dis-
triect than for the children from Zielonka. Consequently, the acoustic condi-
tions in Okecie are less favourable than those in Zielonka. The Okecie area
will, therefore, in the following pages of this paper be referred to as the noisy
region, the area around Zielonka as the quiet one.

Description of the methods used. For appraisal of the psychological proces-
ses and the verification of the hypotheses we used devices for psychologic
examinations and “paper” tests for the determination of psychomotoric per-
formance, attention, perception and neurotic tendencies of children.

The choice of the above-mentioned variables was dictated by both prac-
tical and other commanding reasons. Previous investigations on the effect
of noise have determined the suitability of many relevant tests and the con-
ditions for their application and their limitations.

The tests have been selected in such a way as to obtain the most compre-
hensive picture of motoric performance and to estimate various forms of
attention. These processes are related to the disposition to mental work [33]
and may be of importance in assessing the state of the nervous system [18,
30]. The description of the tests according to the sequence of their application
in the investigations is given below.

1. “Attention test by Poppelreuter”. The test consists in ordering, du-
ring a strictly defined time, the numbers placed at random in various fields
of the test tables. The measure of the test is the number of ordered numbers. '
The test is used for the investigation of the divisibility of attention.

2. “Two-crossing test” in the ZAzzo system [32] serves for the compa-
rison of the performance at two levels of difficulty of the task which com-
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prises the crossing of one sign followed by the crossing of two signs. The test
provides an estimation of the degree of adaptation of the examined child to easy
but monotonous work which requires a strong will and concentrated attention.
Thanks to precisely defined indicators it is possible to measure precisely the
potential of a child as regards the rate and accuracy of the performed work,

and to estimate its ability in terms of psychomotority control.
™=
3. The “Pidérkowski device” permits assessment of visual and motorie

coordination, the division of attention, and perceptivity; it also examines
the reaction speed at a prescribed rate. In the investigations three rates of
light stimuli, of 93, 107 and 125 pulses per minute, were used. The time of the
examination at each rate was 1.0 min. The results were recorded automati-
cally.

4. “Reaction time meter”. This is a set of devices comprising an elec-
tronic digital time meter, programming equipment to control the exposure
to stimuli, and a generator of optical and acoustic stimuli. The time is mea-
sured to an accuracy of 0.001s. The reaction time is determined by measu-
ring the time period between the moment of visual stimulus and the moment
of pressing by the school-child an appropriate key. The stimuli were gene-
rated at random intervals. A series of 28 stimuli was used for each exami-
nation. The measurement of the reaction time is used for investigation of the
motivation, attention and, especially, the reactivity.

5. “Couvé’s test”. The test consists in crossing, during a prescribed time,
40 precisely determined numbers out of the 100 three-digit numbers in the
table. The Couvé test is used for examining the concentration of attention.

6. “Evident anxiety test”. This test serves [25] to examine the neurotic
tendencies of children at school age (9-16). The Polish adaptation comprises
two scales: the 40-question scale of neurosis and the 9-question scale of fal-
sehood. The neurosis scale measures the mental state of a child as expressed
by uneasiness, anxiety, fear or concern, and by psychosomatic symptoms. The
falsehood scale is a control secale permitting estimation of the frankmess of those
answers of the child which might present him in an unfavourable light.

The conditions and methods of performing the investigations tests. The in-
vestigations were carried out from November to March in the sechool year 1975/
1976. They took place at a time intended for school teaching in a specially
prepared school room. A 4-person group took part in the investigations. Prior
to each test, the pupils had been encouraged to put maximum mental effort
into solving individual tasks.

According to the assumptions and the purpose of this paper the children
from both regions were examined twice.

The first examination was intended to estimate the performance level
of some of the mental functions of the children from the different acoustic
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regions. This investigation was carried out under normal acoustic conditions
in the school.

During the second examination an experiment was carried out to discern
the reaction of the children to the noise emitted by a loudspeaker system.
In the experiment two groups were formed by the method of random choice
_ (including pupils from both acoustic regions). One group was examined du-
ring exposure to the noise while the other was examined in the quiet and cons-
tituted a control group. In order to check the correct choice of groups for
a planned experiment, the results of the first investigation were used.

The interval between the first and the second examination was about
two months for each child.

Each series of investigations was carried out using the same set of tests
and under similar external conditions. The equivalent level during the per-
formance of the tests in the quiet varied from 38 to 43 dB (A). The upper
levels were mostly recorded at Zielonka. The less favourable acoustic con-
ditions found in the test room at Zielonka rather support the hypothesis of
this paper, since a possible reduction of the mental performance of the children
from the airport neighbourhood can be related with a higher likelihood to
the effect of aircraft noise.

In analyzing the noise stress during the second examination, the noise
emitted from a loudspeaker system was an imitation of a starting aircraft
recorded on magnetic tape with a noise level equivalent to 85 dB (A). The
spectrum of this noise is shown in Fig. 1. The distribution of the sound pre-
ssure level indieates that the maximum amount of energy generated by the
loudspeaker system is at low and medium frequencies.

The moment of transmitting the noise was random, the time of a single
exposure was 30 §. During each investigation the noise was emitted about
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Fig. 1. The spectrum of the noise generated by the loudspeaker system
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150 times. Prior to each investigation the noise level was controlled by means
of a noise level meter (Briiel-Kjaer). The investigations lasted from 9 to 12

o’clock a. m., thus being the period of time which is most favourable for mental
work.

3. The appraisal of the mental performance of children from the different acoustic regions

The investigations carried out have revealed considerable differences
in the psychological processes of children living under favourable and un-
favourable acoustic conditions. The results of the investigations are shown
in Table 1 and Fig. 2.

The analysis of the results shows a lower level of performance of mental
functions for the children living in the area affected by aircraft noise. This
applies also to motoric performance and attention. A considerable slowing
in psychometric reaction, the deterioration of visual and motoric coordina-
tion, reduced psychomotoric self-control and the disorder of attention pro-
cesses were observed.

The most remarkable differences could be observed in the examination
of the reaction time. Mean values of the reaction time of pupils from noisy
regions are longer for boys by 0.013 8., and for girls by 0.024 s. Also the stan-
dard deviations of the reaction times are considerably larger for the children
living in an airport neighbourhood. Probably the noise induces not only a re-
duction in the rate of psychomotoric reaction, but also a variation in its pro-
Cess.

Similar conclusions can be drawn from the analysis of the results of the
“two-crossing tests”. Both the speed and performance of work, and the accu-
racy of its execution are much worse in the case of the children from the noisy
region. This applies to two different levels of activity : the crossing of one sign
and then to the crossing of two signs. The relation between the velocity (¥is
V,) and the accuracy of performed work (Wny, Wny) is also disadvantage-
ous. A tendency has been observed towards an acceleration of the speed of
performance of the task, with a simultaneous increase in the inaceuracy in-
dices. Thus the psychomotoric self-control of the children from the noisy region
was also worse.

The investigations with Piérkowski’s device (Fig. 2) have shown a higher
visual and motoric coordination for children from quiet areas, independent
of the exposure rate of stimuli. A significant difference was obtained only
at a rate of 93 pulses/min for boys, and 93 and 107 pulses/min for girls. In view
of unidirectional changes among the boys and the girls as regards the perfor-
mance of the tasks using Piérkowski’s device, an overall estimation was
made of the differences between children from various residential regions
[14]. Apart from the above-mentioned data the analysis has revealed, to the



EFFECTS OF AIRCRAFT NOISE

91

Table 1. Comparison of the results of the psychological testing of children under various
acoustic conditions

Noisy region Quiet region
Name of test SO i i
M G B, M o E,
 d 2 4 5 6 7 8 9
Boys
Poppelreuter’s test 14,50 3.30 | 0.41 16.33 3.93 | 0.43 2.94 | 0.01
Two-crossing test (*):
speed, ¥V, 188.26 | 29.70 | 38.77 | 208.30 | 41.82 | 4.64 3.20 | 0.01
performance, W, 225.68 37.90| 4.81 | 250.36 | 50.63 | 5.62 3.21 | 0.01
inaceuracy, Wn, 4.59 3.73 | 0.47 -3.95 2.77 | 0.30 1.18 | m.s.
speed, ¥, 90.48 15.32 1.94 95.73 16.42 | 1.88 1.96 | 0.05
performance, W, 209.22 39.21 | 4.98 | 224.89 41.50 | 4.61 2.29 | 0.056
inaccuracy, Wn, 9.52 6.28 | 0.79 7.33 4.57 | 0.51 2.39 | 0.056
speed quotient 0.97 0.16 | 0.02 0.94 0.15 | 0.02 1.41 | n.s.
performance quotient 0.94 0.17 | 0.02 0.91 0.15 | 0.02 1.03 | n.s.
Reaction time 226.84 | 48.39 1.08 | 214.17 | 40.86 | 1.05 8.41 {0.0001
“How are you?”
scale of neurosis 15.49 6.69 | 0.85 | 15.20 6.39 | 0.82 0.25 | n.s.
scale of falsehood 3.72 1.69 | 0.21 3.32 1.58 | 0.20 2.38 | m.s.
Girls
Poppelreuter’s test 17.03 4.04 | 0.46 17.756 3.65 | 0.44 1.43 | n.s
Two-crossing test:
speed, ¥ 205.40 | 36.25 | 4.156 | 222.90 38.53 | 4.74 2.78 | 0.01
performance, W, 221.49 | 40.46 | 4.64 | 268.85 | 47.66 | 5.86 6.40 | 0.01
inaccuracy, Wmn, 5.74 4.48 | 0.50 3.84 2.89 | 0.35 2.96 | 0.01
speed, V, 98.45 16.23 | 1.86 | 103.16 15.42 | 1.89 1.76 | m.s.
performance, W, 224.55 | 39,64 | 4.53 | 241.28 | 38.95 | 4.79 2.563 | 0.05
inaccuracy, Wn, 11.23 9.30 | 1.06 7.48 4.99 | 0.61 2.92 | 0.01
speed quotient 0.97 0.16 | 0.02 0.94 0.14 | 0.02 0.93 | n.s.
performance quotient 0.93 0.14 | 0.02 0.90 0.13 | 0.02 1.08 | n.s.
Reaction time 241.57 49.61 | 1.04 | 217.59 39.78 | 1.02 16.46 |0.0001
“How are you?”
scale of neurosis 16.43 7.88 | 0.90 17.71 7.62 | 0.94 0.94 | n.s.
scale of falsehood 3.99 1.97 | 0.23 3.65 K70 | 021 1.09 | n.s.

M — arithmetic mean, ¢ — standard deviation, H,— mean error, { — value of significance factor, P — pro-

bability,

n.8. — statistically insignificant difference

(a) description of the indices is given in the first column of Table 3.

disadvantage of children from the noisy region, a significant difference in the
performance of the tasks at a stimulus rate of 107 pulses/min (3* = 10.599;
P = 0.05), and almost as significant difference at a rate of 125 pulses/min
(42 = 9.228; P = 0.06). The occurrence of larger differences in the performance
of the tasks at lower rates is to some extent a surprise since it might be ex-
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pected that, with objectively more difficult and more complicated operations,
the differences in the task performance by children from the different acoustic
regions would be higher. Perhaps, the difficulty of the intelligence task has
encouraged the subjects from both regions and, because of the strengthened
motivation, the differences in achieving the visual-motoric coordination have
become insignificant.
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Fig. 2. The psychomotoric performance of children living in different acoustie conditions
(Piérkowski’s device)
Clear columns — from the noisy region; dashed columns — from the quiet region.

The results obtained by Poppelreuter’s test (Table 1) have confirmed
the above trends of differences in psychological processes resulting from aco-
ustic conditions at the dwelling place. Although a marked difference was ob-
served only for the boys, nevertheless the tendency observed for the girls
is in agreement with the assumed hypothesis.

The investigations of evident uneasiness as a symptom of neurotic ten-
dencies have shown no difference between the children residing in the different
acoustic environments. The level of neurosis among the tested groups was
similar, and the distribution of results agreed with the distribution observed
for the population of children [25].

4. The reaction of children to acoustic stress

One of the aims of the described investigations was to learn about the
disturbances of the mental processes during experimental exposure to noise
and to determine the differences in the reactions of children from different
acoustic environments. It seemed likely that the children exposed to aircraft
noise at their place of residence for many years would react to the acoustic stress
differently from the children living in a quiet region. An additional tagk was
to explain the role played by neurosis in the development of disorders of psycho-
logical functions under the influence of noise.
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Resulls of investigations of psychological processes in the quiet and in noise.
The results of investigations of the effect of noise in the experimental condi-
tions upon the mental processes of children are shown in Table 2. Besides sta-
tistical inference arising from differences between the mean values — a more
comprehensive comparison was performed using such factors as the differences
in reactions in the experimental groups compared to those in the control group,
in both investigations [15]. This factor is assumed as a basis for drawing con-
clusions.

The analysis of the results of tests performed in the initial stage of the
investigations indicated a lack of significant differences between the experi-
mental and control groups in all the tests, thus confirming the correct choice
of the examined groups.

The investigations of the pupils reactions to the high level of noise (85
dB (A)) revealed a number of significant differences, concerning both psycho-
motoric performance and attention. The highest disorders in performance
occurred during the examination of simple motor-reflex operations and during
the examination of higher degrees of difficulty of visual-motoric coordination.

The extension of the reaction times in the presence of noise was avera-
ged to 0.19 s and 0.024 s for boys and girls, respectively. This means that the
slowing of the reaction times with respect to those obtained when children
were tested in the quiet amounts to 9.2 9% and 11.4 9% for boys and girls, res-
pectively. The deterioration of the results appears not only with respect to
the control group, but also to the rest results obtained prior to testing the
effect of exposure to acoustic stress. In the control group a considerable shor-
tening of the reaction time and smaller scatter of the results were observed.
Thus acoustic stress not only affects the reaction time, but also increases varia-
tions in the speed of execution.

The comparison of the curves depicting the differences between the re-
action time in the quiet and in noise during consecutive exposures to stimuli
throws additional light on the trends of the analyzed relations (Fig. 3). Ta-
king the sequence of stimuli into congideration permits the differences in the
reaction rate as a function of time to be estimated approximately. Although
the time intervals between individual stimuli (according to the assumptions
of the investigations described in the section about the methods) are not equal,
it is obvious that the earlier and the later stimuli are related to the earlier
and the later period of the test, respectively. The time required for the expo-
sure to the whole series of 28 stimuli is about 6 min.

The analysis of the presented graphs points to a difference in the reaction
rates in the quiet and in noise.- For the boys, the reaction times in the quiet
undergo an initial extension, but as time passes, the results improve syste-
matically and uniformly. For the girls the curve is somewhat different.

In the initial stage the results oscillate around the average results from
the whole series, but beginning with the 20th stimulus an extension of the
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Fig. 3. Changes in the reaction time in the quiet and in noise

reaction rate can be observed, probably due to the fall of interest in perfor-
ming the task. Nevertheless, in the final stages the reaction times are much
shorter — as in the case of the boys. Conversely, under the influence of noise
all tested persons showed an initial increase in the rate of motoric reaction,
the reaction times extending slowly thereafter until, at the end of the experi-
ment, a congiderable deterioration of the reaction rate has taken place. The
oscillations of the reaction time are also larger. Initial mental concentration
in noisy conditions is reduced after some time, bringing about a considerable
deterioration in performance.
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The investigations performed by means of Piérkowski’s device (Table 2)
indicate a considerable improvement in the results of the successive tests both
in the experimental group, tested in the noise, and in the control group, tested
in the quiet. However, the improvement of the results of the control group
in comparison with the experimental group, is considerably higher for both
sexes. The largest changes were observed at rates of 107 and 125 pulses/min.
The above differences are statistically significant. At a rate of 95 pulses/min
a significant change has occurred only for the boys and, although a distinet
tendency in favour of the persons tested in the quiet was observed for the
girls, it did not attain significant level.

The noise stress also disadvantageously influenced the processes of at-
tention, the degree of disorder being dependent on the kind of the attention
engaged. The less severe disorders occurred when the concentration and the
resistance to distraeting stimuli were examined; while the most severe oceurred
for the tasks requiring divided attention. Thus a comparison of the results
of the investigations by means of Couvé’s test indicates only insignificant
differences between the children tested in the quiet and in the noise (for boys
t = 1.30; for girls ¢+ = 1.01), whereas the results obtained by means of Pop-
pelreuter’s test, and also the results of the “two-crossings test” show very
significant differences between the investigations in the different acoustic
conditions. BINASCHI and PELFINI [5] came to a similar conclusion. They sta-
ted that the noise affects more strongly the performance of the tasks which
require the divided attention than the tasks requiring greater concentration.

The investigations also indicated that with a lengthening of the acoustic
stress the disorders of the attention processes intensify. This can be clearly
seen from the graph shown in Fig. 4. Improved skill in solving Poppelreu-
ter’s test after 6 min. could only be observed when testing the children in the
quiet. On the other hand in the conditions with noise, the deterioration of
the execution of this test, in comparison with the results obtained during ear-
lier examinations (after 3 min. of work) could be observed. This regularity
occurred both for the boys and for the girls.

In addition to the previous data the analysis of the “two-crossings test”
also confirms the disadvantageous effect of noise upon the tasks performed.
The comparison of the speed and accuracy of work at two levels of activity
indicates reduced speed and performance in both tests, and an increase of
errors in the second test. At the same time an excessive accuracy in the test
of crossing one sign at execution rates that are too slow, and the sacrifice of
aceuracy in favour of speed in the test of erossing two signs are observed. For
the girls, excessive accuracy in performing the work with a simultaneously
decreased speed was present in both types of activities. Also the difference
in the quotients of speed and performance, chiefly for the girls, points to the
disturbances between the two levels of activity. The above lack of concentration
in performing both tests, and the change in the behaviour for each of them,
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Table 2. Psychological processes of the children examined in quiet and in noise; during
the test II the experimental group was exposed to noise

ial Test I Test 1I ¢ P
Name of test or tria Groups M = M # p
1 : 2 3 4 5 6 7 8
Boys
experim. 16.04 4.43 | 15,93 4,57
Poppelreuter’s test t i 1.15 3,78%%% 5.63 | 0.001
Table I control 15.14 4.84 | 18.78 4.40
experim. 16.00 4.01 | 15.61 4.27
Table II t 1.05 4.53%** 7.78 | 0.001
control 15.27 3.54 | 18.72 3.87
Two -crossing test: experim. (200.19 36.02 235.36 36.52
speed, ¥, t 0.20 1.93 3.43 | 0.001
control |198.90 40.84 (249.91 46.17
experim. |241.26 44.88 (285.02 45.09
performance, W, t 0.42 1.88 3.36 | 0.001
control  (237.94 49.51 |301.86 50.61
experim. 4.04 2.86 3.07 2.31
inaccuracy, Wny t 0.42 0.01 0.89'| m.s.
control 4.28 3.68°1 300 2.82
experim. | 93.48 15.42 (117.00 18.71
speed, ¥, t 0.02 2.70%* 4.22 | 0.001
control 93.42 16.84 [126.78 24.17
experim. (219.17 40.28 |277.90 47.89
performance, W, t 0.31 3.26%* 5.57 | 0.001
control 217.01 42.18 |307.89 51.09
experim. 7.85 5.36 7.14 4.57
inaccuracy, Wn, t 0.93 3.26** 5.62 | 0.001
control 8.70 5.55 | 4.98 4.52
experim. 0.94 0.16 1.01 0.16
speed quotient, I.V. i 0.11 0.90 1.06 | m.s.
control 0.95 0.14) 1.02 0.16
experim. 0.92 037 098 0.17
performance quotient, t 0.11 1.62 1.85 | n.s.
ILW. control 0.93 0.15 1.03 0.16
experim. [220.44 47.49 |226.51 48.13
Reaction time t 0.39 19:22%r% 20.11 | 0.0001
control 220.86 45.57 (207.44 36.42
Piérkowski’s device: experim. | 91.98 24.58 |119.01 20.69
P; — 93 p/min t 0.74 1.67 2.37| 005
control 88.60 29.56 (124.23 16.08
experim. | 91.22 28.31 (113.38 25.38
Py, — 107 p/min t 0.74 3.18%* 5.14 | 0.001
control 86.55 33.73 (126.91 25.25
- experim. | 52.35 28.60 | 73.97 37.00
Py — 125 p/min : 0.19 3.47%%x 5.18 | 0.001
control 53.34 31.13 | 95.98 38.41
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c.d. Table 2
1 2 | 8 4 | b 6 % el
Girls
Poppelreuter’s test: experim. | 17.56 5.34 | 18.81 5.81
Table I t 0.64 3.14%* 3.57 | 0.001
control 18.10 4.35 | 21.48 4.12
experim. | 16.84 4.06 | 17.33 5.42
Table II i 0.07 BT e 5.22 | 0.001
control 16.90 3.86 | 20.35 4.38
Two-crossing test: experim. [212.08 40.29 |254.68 49.76
speed, ¥V, t 0.45 1.16 1.82 ms.
control |215.04 36.19 | 263.38 38.30
experim. ;252.79 50.26 1306.86 57.68
performance, W, i 0.16 1.41 1.74 | n.s
control [254.74 46.40 |319.28 45.62
experim. 5.06 4.63 | 4.47 3.96
inaceuracy, Wn, i 0.67 2.61%* 0.46 | m.s.
control 4.61 3.33 | 2.97 2.73
experim. [101.80 14.55 |129.33 20.30
speed, ¥, i 0.87 1.54 2.73 0.01
control 99.44 17.35 |134.54 19.64
experim. |233.40 37.57 [308.16 52.30
performance, W, i 0.32 1.46 3.46 0.001
control [231.22 42.61 | 321.31 b4.16
experim. 9.77 7.67 6.78 5.60
inaccuracy, Wn, i 0.91 1.28 0.15 | m.s
control 8.82 5.76 5.64 5.89
experim. 0.98 0.17 |, 1.01 0.13
speed quotient, I.V. i 1.76 0.53 2.03 0.05
control 0.94 0.14 1.03 0.13
experim. 0.94 0.15 1.01 0.13
performance quotient, t 1.55 0.57 2,21 0.05
L. control 0.90 0.13 | 1.02 0.14
experim. [229.40 46.89 (234,34 45.57
S t 0.33 26.01%** | 26.89| 0.001
control  [229.76 46.63 |210.54 32.61
e davine - experim. | 92.27 27.94 [120.16 17.72
P, — 93 p/min t 0.09 1.25 1.24 | n.s
control 92.71 26.64 [123.68 15.44
experim. | 86.87 30.58 |112.09 28.26
P, — 107 p/min t 0.19 3.01%* 4.33 | 0.001
control 85.82 31.80 [125.67 24.88
experim. | 50.12 29.74 | 70.19 356.27
P, — 125 p/min t 1.08 3.39%#x 6.82 | 0.001
control 44.88 27.97 | 91.91 40.54

-
Al 400

value of the significance
value of the parameter of significance between changes,
a statistically insignificant difference,

differences significant at a level of 0.05,

differences significant at a level of 0.01,

differences significant at a level of 0.001

factor between the means,
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reveal considerable disturbance of the eontrol of the psychomotoric functions
under the influence of noise.

Adaptation to noise. In addition to the above discussed effects of noise
attempts were made to acquire an understanding of the differences in the
reactions of the children from various acoustic conditions to the standard
noise stress. The problem was to find a means of detecting the phenomenon
of the possible adaptation of the children to the acoustic conditions prevailing
at their place of residence.
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Fig. 4. Improving performance in the solution of Poppelreuter’s test under various acous-
' tie conditions: in the quiet, ———-— in the noise

A comparative analysis of the results of the investigations is shown in
Fig. 5. It presents the level of disturbance of mental functioning under the
influence of the experimental noise stress. The dashed columns give the levels
of decreased performance of the execution of tasks in particular tests in the
group of children living in more favourable acoustic conditions; the blank
columns present similar decreased performance in the group of children from
the area affected by aircraft noise. It can be clearly seen from the figure that
the degree of disturbance of the mental processes, caused by the noise is conside-
rably higher for the group from more favourable acoustic conditions. This
applies both to psychomotoric performance and to the processes of attention.
However, the largest difference occurred in the speed and accuracy of the ex-
ecution of various psychomotoric operations. In the processes of attention,
differences were only noted in the examining of its divisibility, while a similar
level of disturbance occurred in the range of concentration of attention for
the children from both regions. Only the index of speed at 93 pulses/min
using Pidrkowski’s device for the boys, and the inaccuracy in crossing one
sign in the “two-crossing test’ of all the persons examined, point to a somewhat
higher disturbance due to the noise effect in the group of children from un-
favourable acoustic conditions. These are probably accidental differences.
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Standardized results

Standardized results

L

Fig. 5. The level of disturbance of mental processes of the children from different acoustic
regions under the effect of an experimental noise stress; clear columns — from the noisy
region ; dashed columns — from the quiet region; the indices are presented at Tables 1, 2, 3.

Generally, it can be said that noise at the place of residence has reduced the
sensitivity of the pupils to the acoustic stress, particularly in terms of psycho-
motoric operations and the divisibility of attention.

Neuroticity and the performance of mental operations in noise. In the investi-
gations concerning the effect of mnoise it has been found that some children
were more susceptible to its negative influence [5, 8, 16]. The reasons for this
are not sufficiently known. In this paper attempts have been made to establish
the interrelation between the performance of mental operations in the quiet
and in noise, and the neuroticity of the examined children. The results of these
investigations are given in Table 3. The obtained results show no relation
between the psychological processes in the quiet and the neuroticity. It should
be suggested that neuroticity in the normal conditions for the pupil’s mental
work, without any physical or mental stresses, does not significantly influence
the performance of the executed operations. The situation is different during
noise stress. The absence of a relationship between the neuroticity and the deter-
mined psychological processes occurred only in relation to psychomotoric
performance, but the process of attention was disturbed.

The children exhibiting higher levels of neurosis showed a greater decrease
in the results of both tests of attention.
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Table 3. Neuroticity of children and the performance of mental operations in quiet and

in noise
Pearson’s correlation faector!
Tests : :
quiet | noise

Poppelreuter, U —0.040 —0.181
Two-crossing test:

speed in the test of the determination of one sign, 7, +0.010 —0.022

performance in the test of the determination of one

sign, W, +0.012 —0.041

inaccuracy in the test of the determination of one

sign, Wn, +0.006 —0.012

speed in the test of the determination of two signs,

¥V, +0.023 —0.064

performance in the test of the determination of two

signs, W, . -+0.035 +0.012

inaccuraey in the test of the determination of two

signs, Wn, +0.007 —0.006

speed quotient, I. V. +0.064 —0.008

performance quotient, I. W. +0.043 —0.011
Piérkowski’s device:

93 p/min, Py + 0.021 —0.12]
107 p/min, P, ; —0.062 —0.143
125 p/min, P, —0.040 —0.071

Reaction time, OR +0.133 —0.021
Couvé’s test, C +0.031 —0.222

. 01‘ — value of correlation factor > 0.171 significant at a level of 0.05 and > 0.228 significant at a level
of 0.01.

5. Discussion

The above results indicate a decreased performance of some psycholo-
gical functions for the children living in the area affected by aireraft noise.
The largest differences involve the simplest destination (target) motions. Ne-
vertheless there was some decrease in the performance of other types of mental
operations and disorder of the attention processes was also noted.

Similar results were obtained by ANpo et al. [4], who investigated the
effect of the aireraft noise on the coneentration of attention for the children
aged from 7 to 10 years. These authors have found that short periods of a de-
creased average level of the speed of work oceur more frequently for the children
from noisy regions than for their counterparts from quiet regions. This
decrease can be observed in the investigations performed in the quiet, but
was not noticed for the work in noise.

The relation between aircraft noise at the place of residence and the men-
tal processes is poorly recognized. However on the basis of the previous data
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it can be concluded that if aircraft noise is one of the elements in the envi-
ronment of a child’s development some changes will be caused in the forma-
tion of the multi — stage functions of the complexes of neuron groups taking
part in both simple and more complicated psychological functions. Consequen-
tly, the noise has a certain share in the determination of the structure of the
funetion, its rate and its process [29]. However, it is not unlikely that in the
case of motoric functions, the decreased performance of the children from the
noisy area may be related to micro-damage of the inner ear. Many authors,
in discussing the results on the effect of noise upon this organ, describe the
occurrence of functional, structural and histochemical changes in the vesti-
bules of humans and animals exposed to noise [20, 24], and also disorder of
the funection of the vestibular organ of progeny who were exposed to mnoise
[26] during their foetal life. As a consequence of these changes, disturbance
of equilibrium [21] can be observed. It can be assumed that noise at the place
of residence produces, via the vestibular system, disturbance in the coordi-
nation of the analyzers responsible for the smoothness and precision of mo-
vements.

The analysis of the reaction of children to the noise stress has shown a con-
siderable disturbance of the psychological processes for persons from both
residential regions. The most severe deterioration was observed when exa-
mining reaction times, in accordance with the previously observed distur-
bance of the reflex functions [6, 11, 12, 31]. Disturbances of other psycho-
motoric functions and of the attention process also occurred. The disturbances
occur primarily in difficult or complex functions that require precise action or
great concentration. At simpler functions no marked effect of the noise was
observed. At the same time an aggravation of the disturbance of the psycho-
logical functions with prolonged noise was found to occur. Mostly, these dis-
turbances did not occur at once; but the negative effect of the noise stress
becomes evident only after some time. It is likely that the same interpreta-
tion would be valid for the greatest deterioration of the results observed when
investigating the reaction times in the initial phase.

The investigations also exhibited to some extent the phenomenon of
adaptation to noise as a result of the effect of a mnoisy environment. ANDo
et al. [4], in similar investigations, did not reach the same conclusion. This
divergence of the results is caused probably by the investigation of different
psychological functions. From the results of the investigations described in
this paper it can be concluded that noise at the place of residence reduces
the resistance of the organism to the disturbing action of acoustic stress mainly
in terms of psychomotoric functions. On the other hand, Ando also investi-
gated the concentration of attention which in our investigations also did not
differ for the children from the two residential regions. The noise disturbed
the attention of the children from the quiet and noisy regions in similar ways.
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Probably the possibility of adaptating to noise is smaller for the more compli-
cated psychological functions.

The analysis of the relation between neuroticity and the performance of
mental operations in noise has ghown a deteriorated performance for children
liable to excessive sensitivity, timidity and psychological breakdown. An ad-
ditional noise stress causes disorder mainly in neurotic persons performing
complicated and difficult operations, while disturbance of the performance
of tasks carried out automatically or requiring relatively simple motorie coor-
dination were not observed. Probably the excessive anxiety characterizing
the persons with a high level of neuroticity does not cause the disturbances of
the psychological processes, under normal conditions but the increased exci-
- tation caused by noise stress produces an accumulation of the tension and the de-
terioration of performance. This phenomenon of the increased susceptibility
of neurotic persons to the disturbing action of noise is probably one of the
decisive factors in the so-called subjective sensitivity to noise.

6. Conclusions

From the results of the investigations and the discussion the following
conclusions can be drawn:

1. Aircraft noise exerts a negative influence on the psychological pro-
cesses of children living in the neighbourhood of an airport.

2. During an acoustic stress of short duration, a reduced mental perfor-
mance was observed for all examined children. ‘

3. The direction and range of disturbances are dependent on the type
of functions examined, the difficulties of the tasks, and personal traits.
The largest changes appear in the execution of the simplest destination mo-
tions. A decreased psychomotoric performance of other types of functions, and
disorder of the attention processes were also observed. Particular susceptibility
to the disturbing influence of noise was observed when examining functions that
require a divided attention and, to a lesser extent, when examining the functions
related to attention concentration.

4. The children from the mnoisy region exhibit adaptation to the noise.
This adaptation applies mainly to the psychomotoric funetions. When exa-
mining more complicated psychological processes, the effects of the adapta-
tion to noise are less evident and in some cases are virtually non-existant.

5. The susceptibility to the disturbing influence of noise is related to the
level of neuroticity. A high level causes a decrease in the performance of higher
forms of the mental functions under conditions of noise. No relationship was
found to exist between the level of neuroticity and the psychomotoric perfor-
mance.
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VARIATIONS OF THE FUNDAMENTAL FREQUENCY IN POLISH VOICED CONSONANTS*

OLGA MATUSZKINA

Department of Acoustic Phonetics of the Institute of Fundamental Technological
Research, Polish Academy of Sciences, Poznai

The aim of work described in this paper was to verify and confirm the
general thesis regarding the Polish language that the variations of the fun-
damental frequency in voiced consonants can sometimes agree with and some-
times differ from the global tone line plotted on a tonogram for the sequence
of the vowels. The evolutions of this line are considered to be critical in the
perception of the intonation contour. Qualitative and quantitative deseriptions
of the character of variations of the fundamental tone in the voiced consonants
161, 1d], Igl, [¥], Ivl, [2l, [53], [v], |m], [n], |9], [r], and [I] are given.

The relation between these changes and the type of articulation of the
consonant was investigated. The results of the investigations support the
assumption that such a relationship exists. In many respects this fact is in
agreement with the data given in the relevant literature, and its explanation
can be sought in the articulatory and physiological properties of the indivi-
dual consonants.

1. Introduction

It is known that certain features of speech, known as prosodic features,
are related to variations of the fundamental frequency. These include various
types of intonation, accent, the methods of indicating the completion of the sen-
tence, ete. However, it is also known that the variations of the fundamental
tone in segments that correspond to the individual speech sounds are important.
The “microvariations” of F,, analyzed in the voiced consonants, are brought
about by many factors, both articulatory and physiological. One of the most
important factors are the fluctuations in sub- and supraglottal pressure,

* The paper was prepared as a contribution to the fundamental project 10.4. “Sys-
tems and elements of bioeybernetics”.

3 — Archives of Acoustics 2/78



106 0. MATUSZEKINA

related to the occurrence of the articulatory barrier in the upper part
of the vocal tract and the variations of the frequency of the vocal chord
vibration.

Although the significance of variations of the fundamental frequency in
particular voiced consonants for the perception of the functional intonation
units is problematic (various viewpoints on this problem are presented by
JassEM [7], WrrTING [19], Pixe [17]), the results of a series of psychophysi-
cal experiments indicate that a listener can discern variations of the fundamental
frequency over a comparatively short segment (HEINZ [6], LUBLINSKATA [10])
and indeed uses them, in addition to other features, for distinguishing the
phonemes (Crsrovid [3], HAGGARD [5]).

Speech synthesis tests concerned with intonation contours (MATTINGLY
[11], OnmAN, Linpquisr [15], OmMAN [16], MEENERT [13]) show the value
of information about the “microvariation” of F, as regards the distinctness
and natural sound of synthetic speech.

The papers by Mour [14], MEENERT [13], and STEFFEN-BATOG [18] are
concerned with a direct investigation of the variation of F, in consonants; the
latter paper is the only, known to the authoress, investigation of the micro-
variation of the fundamental tone in Polish voiced consonants. The data con-
cerning such microvariation in addition to their purely cognitive character may
also be used in experiments concerning the synthesis, the automatic recogni-
tion and the automatic segmentation of the Polish language.

This paper is devoted to the qualitative and quantitative description
of the variation of F, in some voiced consonants of the Polish language, with
special attention being paid to the relation between these variations and the
type of consonant articulation. A well-known thesis of the decrease of F, in
voiced consonants or, in other words, of the decreasing effect of the voiced
consonants on the F, contour has been verified on Polish sounds. A more com-
plete description of the investigations carried out is published separately
[12].

2. Material and methods of investigations

The analysis of F, variations was performed by using a tape recorder,
oscillograph and “Tonograph”). A newspaper text read four times by four
people was used for this study giving a total of 48 sentences.

The segmentation of the oscillogram provided the basis for further in-
vestigations. The segmentation of the tonogram was performed in agreement

1 The principles of operation of the device are described by Kuszprra [8]. Fig. 1 shows
by the way of an example one of the analyzed segments.
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with this segmentation, with the delay of the tonometer indication by one
period with respect to .the oscillograph taken into account.

In some important but ambiguous cases the segmentation’ was checked
with the aid of a spectrograph and an audio-monitoring deviee separator.
F, contours were plotted on the tonograms and the values of ¥, were measu-
red on them at the beginning, in the middle and at the end of each voiced con-
sonant, by means of hyperbolic scales drawn separately for each voice.

Fo(t)

4 (1)

Fig. 1. Evolution of F, in the utterance: “bledem w przygotowaniach ”(Female voice)

The method of plotting the contour on those segments of the tonogram
that have irregularities in F, ehanges was chosen separately for each indivi-
dual case, depending on the source of the irregularity.

The analyzed material contained different numbers (Table 1) of the fol-
lowing voiced consonants:

stop consonants /bl (d], [¥], lgl, ‘
fricative consonants [v/, |2/, [3/, [v/],

liquid éonsonan‘bs Imf, [nf, [nf, [r], [L].
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Table 1. The frequency of the occurrence of typical patterns of variations of the funda-
mental frequency in voiced consonants. Male and female voices

Num- Pattern of variations of the fundamental frequency
Voiced | ber of
conso- |theea-| V' o A s e fibe 2 It ces —uae
pank o e e % | Quan-| % | Quan-| % | Quan-| 9% | Quan-| 9%
sidered| 4\ tity tity tity tity
Ib] 45 44 97.8 1 2.2
|d] 161 152 94.4 8 5.0 1 0.6
171 13 13 (100
la] 42 39 | 92.9 ‘ R A
v/ 260* | 222 85.4 18 6.9 16 6.2 1 0.4
lz] - 34 30 88.2 1 2.9 3 8.8
/51 13 10 | 76.9 3 |23.1
Y 15 1 6.8 1 | 68 13 | 86.6
|m | 87 4 4.6 11 12.6 12. 113.8 51 58.6 9 10.3
Inf 106 12 11.3 24 22.6 29 27.4 34 32.0 7 6.6
Inl 105 11 10.5 17 16.4 29 27.6 40 38.1 8 7.6
[r] 102 74 72.5 13 12.7 12 11.8 3 2.9
1t 53 20 37.7 7 13.2 5 9.4 20 37.8 1 1.9

* 3 cases of the pronunciation of [v/ were not included in any of the typical patterns of f‘o, but lack of
space prevents their detailed discussion in this paper.

3. Qualitative analysis of the typical microvariations of F,

Types of microvariation of F,. As a starting-point for further considera-
tions the assumption was made that the evolution of the fundamental fre-
quency can be described as the resultant of two relatively independent
transients: a general pitch contour and smaller variations in the limits of voiced
consonants which are superimposed on this contour.

Initially the following types of variation of F, in voiced consonants were
distinguished: falling and rising ***\/***, rising and falling -*- A""*, falling
TUN...,rising ... 0 flat ...__.... Numerical data describing the frequency
of occurrence of these patterns are given in Table 1.

Stop consonants [b,[, [d[, ¥/, |g|. It results from the data contained in
Table 1 that for this group of consonants the variation of F, according to the
pattern \/ prevails. Also some utterances included in the pattern groups\and
/(purely because the variations of F, are analyzed strictly between the con-
sonants limits determined from the oscillograms) represent in fact versions
of the pattern \/. This occurs because the fall of F, in voiced consonants some-
times occupies the entire consonant segment, more rarely, only a part of
this segment, but usually it extends into adjacent segments thus indicating
that even in fthe case of the micro-variation of F, a kind of coarticulation oc-
curs.
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Another reason for the transformation of the pattern \/ into the pattern” s
N\ or — is related to the phenomenon which is conventionally referred to
as the “subordination” of the pattern of ¥, in one particular consonant to the
general variation of F, in a larger fragment determined by all vowels. This
is closely connected with the assumption of the resolvability of the F, variations
into two independent elements. The phenomenon observed in this case can be
described briefly as follows: the variation of F, in the consonant (e. g. a decrease
in F,) is subjected to a “deformation” due to the large rise or decrease of F,
occurring in a longer fragment of the utterance.

When the variation of F, in the consonant itself is insignificant, the ef-
feet of the superposition of the patterns is even more evident. This is clearly
shown in Fig. 2a, where the variation of F,in the consonant /d/ (which in other
circumstances would mean a distinet decrease in F,) is subordinated to the
general large rise of F, from [o/ to /e[ in such a way that the beginning and
the extremum are almost at the same level.

Fig. 2b presents an example in which the F, contour in the consonant
lg] is distinetly decreasing. This figure shows that as F, decreases from
le] via [g] towards the middle of [2/, one sees a microvariation in F, in [g/
in the form of a small bulge somewhat different from the generally decreasing
contour. Examination of this point on the separator shows that this /g/, when
cut out of the text, sounds like a liquid consonant, somewhat similar to [¢/. The
consonant [g/, cut for a comparison out of the same segment of another recor-
ding (but with a marked \/ pattern), had the sound of a kind of voiced stop
impulse and was quite different from the previous [g/.

Thus the evolution of F,, presented in Fig. 2b, cannot be reduced to the
same \/ pattern, presumably because of the specific combination of physiolo-
gical and acoustical factors. It is not unlikely that the proximity of [z/ and
the rapid decrease of the fundamental frequency had a decisive influence on
the /g/ shown in Fig. 2b. It is possible that a combination of two successive
drops in F, occurred with the “prevalence” of the drop in [z/. The difference
in levels of the amplitude of /z/ in the above recording and in the same segment
of another recording (in which the \/ pattern was observed for /g/), is also worth
noting. It is not unlikely that the “loeal” increase of F, in [g/ was due to the
increase in the intensity over a given segment (the occurrence of the pattern
N\ instead of the expected \/ pattern can be interpreted in this case as a “local”
increase of the pitch).

Fricative consonants [v], [2], 5], [7]. According to the articulation of the frica-
tive consonants, their pattern of ¥, should be similar to that in the stop con-
sonants. The analysis has shown that this is the case only for [v/, [z/ and [3/
for which, as for the stop consonants, the most typical variation in F, is the
\/ pattern (Table 1).

In some of the pronunciations the phenomenon which has already been
described for stop consonants was observed, namely the fall and subsequent
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Fig. 2. Changes of F, in some utterances
a) “zawodem juz” (male voice); b) “wedréowek do szkoly” (male voice); ¢) “po ukon-
czeniu” (male voice); d) “tyle potem (female voice); e) “kardynalnym "(male voice)

rise of F, over a segment somewhat longer than the consonant itself, while
the lengths of the part of the F, contour and the limits of the consonants are 3
80 related to one another that the pattern of F, within limits of the consonant
may be increasing (if the fall has taken place before the consonantal limit)
or decreasing (if the rise occurred only after the consonantal limit).

As in the case of the stop consonants, the examination of the fricative
consonants reveals minor variations of the fundamental frequency which are
“subordinated” to the pattern of F, over longer segments.

The sound [y/ within the system of phonemes of the Polish language, is
an allophone of the phoneme /z/ spoken in the position before a voiced
consonant. Out of 15 utterances of [y/ 13 featured a decreasing pattern of F,,
and this suggests that this consonant differs from the other fricative conso-
nants as regards the variation of the fundamental frequency. In fact, the falls
of ¥, which were noticed were mostly insignificant and did not deform the
general contour of the melody. Such falls were not observed at all in some of
the pronounciations. :

A third group of utterances was identified in which fairly distinet or even
considerable falls of F, displaced towards the left limit of [y[ occur. (In Table
1 these utterances were included in the pattern groups N\, V or A of F, depen-
ding on the combination of the fall in ¥, with the general pattern of F,.) Al-
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though the reason for this phenomenon is unknown, it can be said, ahead of
next paragraphs that similar falls in ¥, in the proximity of the boundary of
the consonantal segment were frequently observed in the liquid consonants,
particularly the nasal ones.

Nasal consonants |m/, [n[, [p/. The majority of utterances of these con-
gonants are included in one of three patterns: increasing, decreasing,
or flat F,. The typical patterns actually coincide with the pattern of F, for
a segment longer than the consonant itself. Nevertheless, in some of the ut-
terances of the nasal consonants, larger or smaller deviations of the patterns
from the F, contour in the longer segments can be observed. Among others
there is a fall of F, on transitional segments from vowel to nasal consonant,
or more rarely from nasal consonant to vowel (Fig. 2¢).

In addition several utterances of the nasal consonants with a distinctly
decreasing increasing pattern of F, were observed, but the magnitude of these
changes is smaller than for the stop and fricative consonants.

The occurrence of /\ type patterns in the nasal consonants (Table 1) is not,
as it appears in the case of the other consonants, a feature of the consonant
itself. The occurrence of such a pattern is often associated with the consonant’
position being either in front of the pause in the phonation before which the
fall of ', took place, or before a voiced fricative consonant in which an independent
fall in F, occurs and this, for example in conjunction with a preceding rise of the
fundamental frequency, led to the A pattern, or finally to a melodic breakdown.

Lateral consonant [I]. In many utterances of [I/ the tone fell. Close to this
group are a number of utterances of I/ with a pattern of F, of /,\ or — which,
as in the resonant consonants, can be considered as versions of the pattern V.
There were also utterances of I/ in which independent changes on F, could
not be observed. A fall in F, over transient segments was also observed in
some cases, as for instance in Fig. 2d where a drop at the boundary »/l in con-
junetion with the subsequent drop of the pitch before stopping results in the
/\ pattern.

Vibrating consonant |r|. An analysis of the pattern of the fundamental
frequency in this sound encountered difficulties related to the fact that [r/
is very short and the analysis could thus not comprise more than 2 to 4 periods.
Out of 102 cases only 74 revealed any fall in F,. An example of the pattern
of F, for this consonant is presented in Fig. 2e.

Similar changes of F, were also observed in the majority of utterances
which were originally assigned to the pattern groups /,\ and —.

Sinee the variations were insignificant and occurred over a short segment,
it was not possible within consonantal boundaries to read from the scale the
magnitude of the fall or rise in ¥#,. The number of such cases totalled 18. In
the other cases the pattern of F, appeared to coincide with the general pat-
tern of the fundamental frequency.
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4. Statistical analysis of the F, variations in voiced consonants

In addition to the qualitative analysis of the presented material quan-
tative investigations were also carried out. For this purpose the differences
in piteh between the initial point and the central peak were measured for all
F, variations of the \/ pattern. The difference was expressed as a percentage
of the value of F, of the preceding vowel.

The data of the relative fall in tone were grouped into 2.59, intervals.
An example of the histogram of the percentage fall in tone for the stop conso-
nants determined for all the voices is presented in Fig. 3, while the arithmetic
averages and standard deviations of all the empirical distributions are given
in Table 2.

/(X)JL
e

25 B
20

15 -

10 |

O 57567 8 9017127 UxGoes

Fig. 3. Histogram of relative falls of F, in stop consonants. All voices included

From the data in Table 2 it can be seen that the mean relative fall of F,
is the largest in stop consonants, smaller in fricative consonants and the smal-
lest in nasal consonants. The lateral consonant (I and the vibrating conso-
nant [r/ occupy an intermediate place between the stop and fricative con-
sonants. In all likelihood the type of the articulation barrier plays the most
important role for these cases.

In the group of stop and fricative consonants this regularity is confirmed
in the data for the male and female voices considered separately. In both cases
the mean relative fall in the stop consonants is higher than in the fricative
ones. If the sounds /d/ and [v/ are to be considered as representatives for the
stop and fricative groups (the numerical data were most numerous for these
two consonants) one sees that for each individual voice the same sequence
for the mean relative fall of F, is maintained.
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In the series of histograms of the percentage fall of F,, it can be clearly
seen that all the empirical distributions have a marked asymmetry. The hypo-
thesis is set forth, that the magnitude of the relative fall of F, in voiced con-
sonants has a lognormal distribution. By treating the data obtained from
the examined material as random samples from the population of all possible
cases of a fall of pitech in voiced consonants, this hypothesis has been ve-
rified statistically.

For a preliminary verification of the validity of this hypothesis, and for the
estimation of the parameters of theoretical distributions, the graphical method
described, for example, in [1], § 4.5 was used. For this purpose the empirical
distributions were marked on the lognormal paper. It was found that the dis-
tribution funections could be approximated by straight lines. This feature sup-
ported the hypothesis of a distribution for the fall in F, in voiced consonants.
Fig. 4 shows the graphs plotted for the 3 fundamental groups of consonant
and for [r/.

In addition to its simplicity and demonstrativeness the graphical method
has another advantage since it enables to estimate directly the parameters of the
theoretical distributions. Table 3 contains the estimates obtained for the para-
meters x4 and d, as well as for the expected values a, and standard deviations
f of the theoretical distributions?).
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Fig. 4. Values of the relative falls of F; in voiced consonants on a lin-log scale

2 It is known that the probability density function of a random variable with a log-
normal digtribution A(p, o?) is deseribed by the formula

1 1
fl@) = ——= exp| — — (naz—pu)? ).
woV2n 202
The expected value of the random variable a = exp (u +302), while the variance 2 =
exp (2u+ o2)(expa? —1).
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Table 3. Estimations of the parameters of the theoretical distributions of relative falls of F°

Consonant or | *
Voices group of conso- i o a B
nants

all [b] 1.99 0.501 8.33 4.42
all |d] 1.94 0.672 8.17 5.14
all g/ 1.99 0.447 8.09 3.81
male /b, d, g, %/ 2.04 0.503 8.76 4.65
female /b, d, g, ¥/ 1.80 0.636 7.39 5.18
all /b, d, g, 7/ 1.96 0.523 8.17 4.53
all v/ 1.61 0.650 6.17 4.46
all 2] 1.93 0.588 8.17 5.32
male [v, 2, 5] 1.76 0.649 7.17 5.19
female v, 2, 3, ¥/ 1.44 0.685 5.31 4.14
all v, 2, 5, | 1.59 0.665 6.11 4.56
all |m, m, 9/ 1.25 0.775 *4.71 4.28
all Ir] 1.66 0.737 6.89 5.84

It is worth noting that the estimated theoretical parameters of the dis-
tributions of the relative fall of F, in voiced consonants exhibit the same re-
gularity as regards the mean magnitude of the fall for the groups of homoge-
nous consonants as it was mentioned above., i. e., the expected value of the
distribution is highest for the stop consonants (8.179%), smaller for the fri-
cative consonants (6.119%) and smallest for the nasal consonants (4.719%).
From these estimates it can also be seen that the distributions of the relative

Table 4. Values of the Kolmogorov test statistics for verification of the hypothesis of
the lognormal distribution of the relative falls of F,

Mataon Test Sa.l.nple Empirical va.l.ua_ of Critical value of. }Iiolmogo-
size the test statistics rov test statistics *
all b/ 44 D,, = 0.0835 D,, (0.05) = 0.2006
all |/ 152 i = 0.986 Ao,0s = 1.358
all - lg] 39 Dyy = 0.0997 Dy, (0.05) = 0.2127
male b, d, g, %] 149 A = 0.7483 0,08 = 1.358
female [b, d, g, %] 99 Dy, = 0.376 Dy (0.05) = 0.1347
all b, d, g, %/ 248 A = 0.6913 29,05 = 1.358
all Jv) 222 A =1.229 %05 = 1.368
all 2] 30 Dy, = 0.0515 Dy, (0.05) = 0.2417
male v, 2, 5/ 146 i =40.611 Ag.0s = 1.358
female v, 2, 3, ] 117 A = 0.784 Ao.0s = 1.358
all v, 2, 5, ¥/ 263 A = 1.0801 Ao 05 = 1.358
all Im, m, 27 D,, = 0.0219 Dy, (0.05) = 0.2544
all [r] T4 D,, = 0.0387 Dy, (0.05) = 0.1554

* From [20] (Tables 47 and 48)
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fall of the piteh in stop and fricative eonsonants differ considerably in terms
of this parameter for male and for female voices (in stop consonants the
respective values of a are 8.76 9% and 7.39 % while in fricative consonants 7.179,
and 5.13 %, respectively).

After graphical estimation of the parameters of the individual distribu-
tions the hypothesis that the observed values of the fall of F, originate from
the lognormal populations with the same parameters, was verified by means of
the Kolmogorov test.

The wverification was performed at the significance level p = 0.05.
The results of the verification procedure are presented in Table 4. In all cases
the empirical values of the proper statistics (Dn for small n and A for n > 100)
are smaller than the critical value, and thus the Kolmogorov test provides
no basis for rejecting the assumed hypothesis in all cases under investigation,
at b 9%,-significance level.

5. Conclusions

Stop and fricative voiced consonants in the majority of cases exhibit
local falls of the fundamental frequency. The patterns of F, in the other utte-
rances (that is those which are not of the \/ pattern) can be frequently regar-
ded as variants of this pattern, resulting from the influence of many faetors.
The analysis has shown (although it did not raise any doubts previously)
that the form and magnitude of the fall of pitch in a consonant are affected
by such factors as the accent on the syllable with a given consonant, the ac-
cent of the neighbouring syllables, the character of the melody over segments
longer than a syllable (e. g. in a word). Another important factor influencing
the pattern of the pitch in a consonant is the phonetic environment of a conso-
nant (in the form of the neighbouring sounds and pauses in the phonation).

In the investigated material one can find examples of the effects of all
the above factors. Amongst others it would be of interest to investigate the
consonantal combinations for which, according to our observations, a cumu-
lation of the falls of F, is possible, as this would result in a single joint fall
forming a considerable deviation from the level of F, determined by the vo-
wels. It would be also worth -while to investigate the relation between the
nature of the variations of F, in consonants and the accent. It appears that
an accent on the preceding vowel favours an increase of F, in the following
consonant (it might well be the result of the remanent tension of the vocal
cords on the accented syllable).

Generally one can talk of suprasegmental factors (accent, general melody
contour) and segmental factors (phonetic environment of a consonant) influen-
cing the character of the pitch variations in individual consonants. In the
case of the latter factors a co-articulation in the field of the fundamental
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frequency can be observed, and this is evidenced by the fact that the fall of
F, related to the presence of a consonant frequently starts on a tonogram before
the moment at which the initial boundary of a consonant can be determined
from the oscilloscope trace. The subsequent rise of the pitch often extends
through the boundary between the consonant and the next vowel.

The mean fall of F, for stop consonants calculated from the data contai-
ned in this paper is 8.59% of the fundamental frequency of the preceding vo-
wel. For fricative consonants [v/, (2], /3], |y/, the corresponding value is 6.4 9%,
This does not agree with the data contained in previous papers, [18] and [9],
p- 176, according to which the fall of F, for fricative consonants is higher than
the fall of F, for stop consonants.

It seems reasonable to suggest that the difference of the mean values
of the fall in stop and fricative consonants is related to the character of the
articulatory barrier — a complete occlusion in the first group of consonants,
and a gap through which air coming out of the lungs is partly exhaled in the
second group.

From the viewpoint of the variation of F, occurring in the voiced conso-
nant [y| the latter occupies an intermediate position between the fricative
and nasal consonants, since in the majority of utterances, the pattern of the
piteh changes in the consonant [y coincided with the general contour of F,.

A fall of F, occurs in the vast majority of utterances of the vibratory
consonant [r/ (with a mean value of 6.7 %), and places this consonant, in terms
of the nature of the variations, in one group with stop and fricative consonants.
Local falls of the fundamental frequency in the lateral consonant [I/ also occur-
red frequently, the mean fall in the investigated sample being 6.96 9,. Some-
times the frequency pattern of the pitch in the two last sounds agrees (more
frequently for [l than for /r/) with the general contour of F,.

For the nasal consonants [m, n, 9/ the pattern of ¥, in the consonants
themselves is most typically superposed on the pattern of the tone over longer
segments, in agreement with other reports on this subject. However, a fall
of F, also occurs, the relative mean value of the fall being 4.65 9%, for the in-
vestigated material. A number of utterances of the nasal consonants include
an insignificant boundary fall of ¥, (on the vowel/consonant and, more ra-
rely, consonant/vowel boundaries).

Without additional investigation it is diffieult to formulate a hypothesis
about the origin of these boundary falls of F,. They may, for example, be
related to the articulation of the nasal consonants or to the nasalization of
particular segments3. However, it is known that in the perception of synthetic
sounds the boundaries between vowels and liquid consonants are the worst
to be recognized [2], thus it may well be the case that the falls of ¥, observed

3 §. Smith in his list of the distinetive features of “opened nasality” points to the ab-
sence of essential variations of fundamental frequency ([4], p. 146).
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at boundaries of the nasal consonants, even though insignificant, are essential
for perception.

The frequency of the occurrence of local falls of ¥ in the analyzed con-
sonants and the relative magnitudes of these falls, decrease in the order in
which particular groups of consonants have been mentioned here, namely:
stop — fricative — nasal. It would appear that the conclusion may be drawn
that the smaller the constriction (the degree of occlusion) of a consonant, the
smaller is the mean value of the fall of F, in the consonant. The conclusions
drawn for [r/ and [I/ need further confirmation because of the small statistics
of the results.

It seems that the use of information on the behaviour of F, at the tran-
sitions between particular sounds would have a beneficial effect on the quality
of synthetic speech.

The statistically verified hypothesis of a lognormal distribution for the
magnitude of the relative fall in ¥, for consonants, throws some light on the
mechanism of these falls, since it may give evidence of the function of the vo-
cal chords being subject to a law of proportionality in the cases under discus-
sion. It would appear that use can be made of the estimated parameters of
the theoretical distributions in speech synthesis when one is anxious to ob-
tain speech with a highly natural sound. In this case one should define the
fall of 77, at the end of a consonant by means of a random numbers generator,
modulating the lognormal distribution with parameters that correspond to
a particular group of consonants (stop, fricative or liquid).
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A STUDY OF THE UNDERWATER ACOUSTIC DISTURBANCES PRODUCED BY A SHIP
PROPELLER
!

EUGENIUSZ KOZACZKA

Naval College, Gdynia

The paper discusses briefly the problem of the generation of underwater
acoustic disturbances by hydrodynamic sources (. g. a ship propeller).

The results of the investigations carried out in a hydrodynamic channel are
presented. They refer to the following characteristics: the amplitude spectrum
of the disturbances, the propeller performance (characteristic), and the acous-
tic pressure level as a function of the propeller speed at given velocities of
movement relative to the undisturbed water. The results of investigations
performed in an anechoic basin are deseribed . They are illustrated by the ampli-
tude spectra of the acoustic disturbances recorded using a narrow-band an-
alyser with a bandwidth of 3.16 Hz. In addition, the level of the acoustic un-
derwater disturbances as a function of the propeller rotational speed is discussed.

Having in mind certain limitations imposed upon the experiments per-
formed in a hydrodynamiec channel and an anechoic basin the measurements of
acoustic underwater disturbances at the marine conditions were carried. The
electrically driven ship propeller was used. The results discussed in this paper
concern a propeller operating in the presence of cavitation.

In addition to the results of these investigations a method is also pre-
sented for studying the acoustic effects produced by a ship propeller working
under various conditions.

Notation
Aj4, — area coefficient,
y. | — area of the ship propeller blades [m2],
A, — area of the propeller dise [m?],
¢ — sound velocity [m/s],
D — sghip propeller diameter [m],
H|D — propeller pitch factor,
F, — i-th component of the volume force density,
H — propeller pitch,
I — frequency [Hz],
i — index i = 1,2, 3,
J  — effective pitch propeller advance coefficient,
i — index'j =1,2,3,
Jmz — Bessel function of the first kind order ma,
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propeller torque coefficient,

propeller thrust coefficient,

— torque applied to the propeller [Nm],
order of harmonie,

— propeller speed r. p.s.,

— ship propeller efficiency,

— sound pressure,

— sound pressure of the m-th harmonic [N/m?],
— order of harmonic of the sound pressure,
volume rate of the mass source [kg/m2-g],
radius of the ship propeller [m],

cffective radius of the ship propeller [m],

— density of the medium [kg/m3],

angular velocity ifs,

— thrust of the ship propeller, ’
tensor of stress [kg/m - m?2],

— time [8],

— velocity of the stream flowing on to the propeller [m/s],
— number of blades of the ship propeller,
coordinates,

— volume of a propeller blade.
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The generation of acoustic underwater disturbances by a ship propeller
received little attention in the literature on underwater acoustics. The problem
is complicated and has not as yet been comprehensively described either
theoretically or experimentally.

The papers on the generation of acoustic disturbances by systems of the-
“propeller type” are well known, but mostly refer to a gaseous medium.

Among the more interesting papers in this field the publications by GuU-
TIN [1, 2], LIGHTHILL [3, 4], GARRIOK and WATKINS [5, 6] and other authors
[7, 8, 9, 14, 15] should be mentioned. As regards experimental work, there
is virtnally no publication on the generation of acoustic disturbances by a ship
propeller. The paper by ALEKSANDROV [10] deals only in a fragmentary form
with this problem.

The process of the generation of underwater acoustic disturbances can
be divided into two ranges. The first range is concerned with propeller operation
without cavitation, while the other range is concerned with propeller opera-
tion in the presence of cavitation.

The mechanics of the generation of acoustic dlsturbances in the first range
is related to the hydrodynamic effect of a propeller upon the ambient medium.
The acoustic radiation is related, inter alia, to such phenomenon as the action
of the propeller blades on the medium, which generates the thrust force. The
effect of the generation of the thrust force and the periodie changes in the
volume (section 1) define the value of the acoustic pressure produced by the
propeller.

It should be stressed that even in the absence of cavitation, the propeller
operation produces phenomena which are very complex hydromechanically.
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A precise analysis of the flow around the propeller has not yet been made
even for an incompressible fluid model. The formation of swelling and detach-
ment areas, the formation of vortices and vortex lines make the interpreta-
tion of the phenomena observed during propeller operation rather difficult.
In addition, the mutual effect of the propeller blades (the blade cascade ef-
fect) also contributes to the complexity of the phenomena. It is for these
reasons that it is not easy to give an exact mathematical description of the
acoustic phenomensa encountered during propeller operation. Under actual
conditions the ship propeller is working in non-uniform fluid velocity field
and this, in the author’s opinion has a fundamental influence on the magni-
tude of the acoustic effects. It is worth to mention that even for a uniform f1eld
velocity the theoretical description is rather hard to formulate.

Thus an experimental study of the acoustic effects related to ship pro-
peller operation is at present more attractive.

Cavitation on a propeller constitutes an additional source of underwater
acoustic disturbances which, by their nature, differ from those which exist
in the sub-cavitation range.

The growth and collapse of air or gas bubbles produce acoustic effects.
The bubbles, when distributed within the area of propeller operation, can
be considered as point sources of shock waves. Furthermore, the formation
of air bubbles brings about a rapid growth of non-uniformity in the velocity
field, and also in the medium (two-phase medium). This makes the description
of the phenomenon investigated even more difficult.

Sometimes there is also a strong hydroelastic effect which induces strong
torsional vibrations of the propeller blade. These vibrations are the source
of the acoustic disturbances commonly referred to “propeller singing”. This
phenomenon oceurs only for some propellers over certain ranges of speed.
This paper presents the results of investigations of propeller operation in the
subcavitation range. They constitute a particular part of the study of the under-
water acoustic effects associated with the operation of ship propellers.

1. The mathematical and physical description of the generation of underwater acoustic
disturbances by ship propeller

A mathematical description of a ship propeller operating under normal
conditions has not so far been elaborated. The mathematical model of an air-
craft propeller operating in a uniform velocity field developed by GUTIN [1]
can be used only for the qualitative description of the operation of a ship pro-
peller. Although the problem considered in this paper would appear similar,
the results obtained by calculating the sound pressure are several orders of
magnitude smaller than the values obtained experimentally [9]. Since no
formulae have so far been derived which would permit a clear and simple in-
terpretation of the phenomena, the results obtained by Gutin are presented
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below_ to explain some of the mechanics of sound generation by a ship
propeller,

The problem of the radiation of sound by a hydrodynamic source is des-
cribed by a non-uniform partial differential equation of hyperbolic type (so-
metimes referred to as the Lighthill equation) which is of the form:

0*p 1 0% 09  ar, 0*Ty;
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where p is the sound pressure, @ is the volume rate of the mass source, F, is
the component of the body force acting in the i-th direction, T, is the tensor
‘of the stress, and ¢ is the sound velocity.

The third term on the right-hand side of Eq. (1) describes sound genera-
tion by turbulent flow and will not be extensively considered here, since such
effects are not perceptible in the investigations ecarried out.

However, the first term characterizes the time changes of the mass velo-
city in the space of the action of the propeller blades upon the surrounding
medium. It is related to the periodical displacement, by the propeller blades,
of a certain volume of fluid which in turn fills the space left by the blades.

- The resulting radiation is monopolar in its character (this means that a source
of such a type can be replaced with a source of zero order). Such disturbances
generated by a screw propeller are sometimes called the “volumetric noise”
of the serew [16].

The second term of equation (1) is related to the change of body forces ac-
companying propeller operation. The body forces occurring in the field of
a ship propeller are primarily the thrust force and the force from the pro-
peller torque. During rotation there is a periodical change of the body forces
in space. This type of generation results in dipole radiation and is called the
sspropeller force noise” [16].

Since equation (1) is too general to be useful in studying a relationship
between the sound pressure and the quantities deseribing an acoustic field
source, we shall use the relationship derived by GuTiN [2, 9] for a clearer inter-
pretation of the propeller action. This relation defines, for a given observa-
tion point, the value of the sound pressure associated with the parameters
of propeller operation: :
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where p,, is the pressure of the m-th harmonic component of the sound pres-
sure induced by the propeller, w is the angular velocity of the propeller, z is
the number of propeller blades, T is the thrust of the propeller, X is the coor-
dinate along the axis of revolution of the propeller, R is the distance of the
observation point from the centre of the propeller, M is the torque applied to
the propeller, R, is the effective radius of the propeller B, = (0.7 —0.8)R,, R,
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is the radius of the propeller B, = D/2, Y is the coordinate axis perpendi-
cular to the X axis, J,, is a Bessel function of the first kind of order mz, %,
is the wave number, k,, = mwz/c, @, y are the coordinates of the observation
point, ¥ is the volume of the propeller blades, ¢ is the density of medium and
¢ is the velocity of sound in the medium. ;

Formula (2) is obtained from the solution of equation (1) by substituting
appropriate expressions for the first and second terms on the right-hand side
of the equation. These terms are related to the working conditions of the pro-
peller and to its geometry [9]. The method of solving the equation is given
in the Appendix.

Formula (2) describes the propeller operation for a water stream flowing
on to the propeller with a uniform velocity field. It can be seen from formula
(2) that the value of the sound pressure is related to the rotational speed of
the propeller and the number of blades. It also depends on the load of the
propeller in terms of thrust and torque and on the radius of the propeller.
As it has already been stated, this formula describes ship propeller operation
only qualitatively, since the numerical results are not in quantitative agree-
ment with the experimental data [9].

More complex mathematical models of the generation of acoustic under-
water disturbances by a ship propeller use the circulation model of propeller
operation [9]. However these models are very complicated, and their praeti-
cability is limited because the actual distribution of the velocity of the stream
flowing onto the propeller is not always known. Consequently it is not possible
to determine the circulation of the wvelocity on the propeller blades.

The investigation of the acoustic underwater disturbances generated by
propellers can be carried out under the following conditions:

1. in hydrodynamic channels with models of propellers;

2. in anechoic water basins with the propeller operating but stationary;

3. in anechoic water basins with the propeller operating but in motion;

4. at sea, on real propellers.

2. Investigations of propeller operation in a hydrodynamic channel

The propeller operation is, in principle, described by the three following
coefficients:
1. The propeller thrust coefficient

T
o

(3)

where T' is the propeller thrust, n is the rotational speed, D is the propeller
diameter, and p is the density of the medium.
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2. The coefficient of propeller torque load
M

* = D
where M is the torque applied to the propeller.
3. Advance coefficient

v

J = —
nD’

where v is the velocity of the undisturbed water stream.
The so called efficiency coefficient, of the form
e K!“ 3 J

U (6)
is also often used.

The characteristics of the investigated propeller are shown in Fig. 1. The
parameters of this propeller are summarized in Table 1.

B7 @r 6B 47 @8 07 I

Fig. 1. Characteristics of ship propeller No. 1

Table 1
Propeller .Out.er Number Su.r-fa..ce Pi{,m?] Direction of
diameter of blades coefficient coefficient :
No: revolution
D[m] ¢ A4, H|D
il 0. 17 5 0.75 0.7 left
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The investigations were carried out in a hydrodynamic channel on a mo-
del of a five-blade propeller [1, 12, 13].

The measuring system is shown schematically in Fig.. 2

A number of measurements were made (Fig. 3) to determine the spectra
of the acoustic underwater disturbances produced by the propeller rotating
at a speed of » = 20 r. p. 8. One can see here a distinet band centred at a freque-
ney of f, =100 Hz.

|

i s e G

Fig. 2. Diagram of the system for measuring the acoustic disturbances produced by a ship
propeller in a hydrodynamic channel

H — the measuring hydrophone; I — type 2626 charge amplifier; 2 — type 2606 measuring amplifier; 3 —
type 2010 spectrum analyser; 4 — type 7001 magnetic tape recorder; 5§ — type 3347 Briiel & Kjaer real time
1/3 octave analyser with display unit
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Fig. 3. The amplitude spectrum of the underwater acoustic disturbances of propeller No. 1,
operating in a hydrodynamic channel at a rotational speed n = 20 1. p.s. Flow rate of
water stream, v = 1.2 m/s

The spectra of acoustic underwater disturbances generated by the ship
propeller rotating at a speed of 40 r. p. s. are shown in Fig. 4.

It can be seen from Figs. 3 and 4 that the level in the frequency band
corresponding to the fundamental driving has a considerable effect on the
total level of the acoustic underwater disturbances which are generated by
the ship propeller. The frequency of this driving can be related to the parame-
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Fig. 4. The amplitude spectrum of the underwater acoustic disturbances of propeller No. 1
operating in a hydrodynamie channel at a rotational speed of n = 40 1. p.s. Flow rate
of water stream, v = 2.4 m/s

ters of the propeller operation by the following formula

f m = MNz, (7)
where m is the number of the harmonic 1, 2, ..., n is the propeller speed [r.p.s.]
and z is the number of propeller blades.

The measurements were made for various velocities of the water stream
flowing onto the propeller. In this manner it was possible to vary the thrust
load of the propeller over a wide range.

The dependence of the sound pressure, associated with the first harmonie
of the driving of the propeller, on the rotational speed of the screw, for high
velocities » of the flowing stream, is shown in Fig. 5.
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Fig. 5. The relationship between the acoustic pressure level and the rotational speed of
the propeller. Flow rate of water stream, v = 1 m/s
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Fig. 6. The relationship between the acoustic pressure level and the rotational speed of
the propeller. Flow rate of water stream: » =2 m/fs

In order to relate the acoustic effects to the load of the propeller, that
is to the thrust and torque, use has been made of relations (3) (5), and of the
graph presented in Fig. 1. On this basis a graph was plotted of the sound pres-
sure produced by the ship propeller as a funetion of the propeller load in terms
of thrust and torque (Fig. 7).
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Fig. 7. The relationship between the acoustic pressure level L and the propeller load. T' is

the thrust propeller and M — the torque

On the basis of the investigations carried out on the generation of a-
eoustic underwater disturbances by a model of the ship propeller in a hydrody-
namic channel the following conclusions can be drawn.
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1. The maximum value of the sound pressure level is related to the driving
determined by the rotational speed of the propeller and the number of its blades.

2. The sound pressure level increases with increasing propeller speed
and load.

3. No distinet acoustic effects related to the flow around the propeller,
€. g. the detachment of the boundary layer, are observed. Acoustic investi-
gation of ship propellers in hydrodynamic channels is performed under un-
favourable conditions from the acoustic point of view, since the space in which
the disturbances propagate is not large. Thus the distribution of the sound
pressure is affected by interference, and measurements of this type can be
considered primarily as a source of information about the general structure
of the spectral disturbances, but not about their levels.

Measurements are also made in an anechoic basin under conditions of sta-
tionary propeller operation. The conditions in the anechoic basin are more
favourable acoustically, but less favourable from the point of view of the pro-
peller dynamics (as eompared to the investigations carried out in a hydrody-
namic channel), since the flow rate of the water is too low.

3. Investigation of a propeller in an anechoic basin

Investigations of the acoustic effects associated with ship propeller ope-
ration in an anechoic basin were carried out with the propeller operating but
stationary. -
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Fig. 8. Diagram of a system for measuring underwater acoustic disturbances produced
by a ship propeller in an anechoic basin

D, — dynamometer for measuring the thrust force, D; — dynamometer for measuring the torque, E —
eletric motor, H — hydrophone
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The ship propeller was driven by a d. e¢. eleetric motor, which enabled
the speed to be controlled over a comparatively wide range. The thrust pro-
duced by the propeller and the torque applied to the propeller were measured
by means of two dynamometers. The propeller speed was measured with the
aid of an electronic speedometer specially designed for the purpose.

The scheme of the measuring system is shown in Fig. 8. Two ship pro-
pellers were tested on the same measuring, stand. The first of them is the pro-
peller which was also tested in the hydrodynamic channel. Its parameters
are given in Table 1. The other propeller, which was tested only in the anechoic
basin is described by the parameters given in Table 2.

Table 2
Propeller 9“““ Nub1111b£r of sj‘f’gf?‘%t Pitch coeffi- Direction
No %?E‘;tar azes S Alfiin cient of revolution
2 0.5 3 0.35 045 | left

The spectral analysis of the underwater acoustic disturbances was car-
ried out using a heterodyne analyser, with a bandwidth of Af = 3.16 Haz.

It should be noted that for this type of investigation a fixed bandwidth nar-
row-band analyser should be used. This results from the fact that the disturbances
have a discrete character and exact identification of the frequencies related
to these disturbances is only possible when a narrow-band analysis is perfor-
med.

The spectra of the acoustic underwater disturbances produced by pro-
peller. No. 2 at a speed of v = 8 r. p. s. are shown in Fig. 9. A spectral line
whose frequency coincides with the product of the rotational speed of the

y
L/d8]
35

25

6 |
] Kﬂ /\,Zn
g |

2§ 10 20 50 100 200 500 1000 flHz]

Fig. 9. Amplitude spectrum of underwater acoustic disturbances produced by propeller
No. 2 rotating at a speed of m = 8 r.p.s.
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propeller and the number of blades can be clearly seen. This line has a level
which predominates over the whole spectrum. The level defines the total level
of the disturbances generated by the propeller.

Fig. 10 shows the dependence of the sound pressure produced by pro-
peller No. 2 as a function of the propeller speed. The level increases with ine-

reasing propeller speed, until the cavitation bubbles begin to appear on the
propeller.
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Fig. 10. The level of underwater acoustic disturbances produced by propeller No. 2, vs.
the rotational speed

The spectrum of the acoustic underwater disturbances produced by
propeller No. 1 is shown in Fig. 11.

Fig. 11. clearly shows the existence of a spectral line with a frequency
equal to f = 150 Hz. This frequency, as it has already been pointed out is
equal to the product of the number of blades of propeller No. 1 (Z = 5), and
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Fig. 11: Amplitude spectrum of the underwater acoustic disturbances produced by pro-
peller No. 1 rotating at a speed of mn = 30 r.p.s.




UNDERWATER ACOUSTIC DISTURBANCES 133

the rotational speed n = 30. This figure also shows a range of the continuous
spectrum which is associated with the cavitation bubbles.

The interpretation of this part of the spectrum is very difficult. The dis-
tinet character of cavitation does not permit these effects to be described in
greater detail.

It follows from the investigations carried out on the underwater acoustic
disturbances generated by a ship propeller in absence of cavitation in
an anechoic basin, that the total level of the acoustic disturbances is related
to the level of the spectral line of a frequency equal to the product of the pro-
peller speed and the number of propeller blades.

4. Investigations of the propeller at sea

Investigations carried out on the basis of measurement of the acoustic
effects produced by a ship propeller in a hydrodynamie channel and in an
anechoic basin have ecertain drawbacks.

In the case of investigations carried out in an hydrodynamic channel,
where the free space is comparatively small, the occurrence of a strong water
stream produces intense internal noises. It was therefore difficult to measure
the magnitude of the acoustic disturbances generated solely by the propeller.
On the other hand, the acoustic effects of the propeller in stationary opera-
tion in an anechoic basin may be somewhat “deformed” because of the un-
favourable hydromechanical conditions for the propeller. Investigations ecar-
ried out in the two conditions mentioned above are more favourable from the
point of view of the practicality and the costs involved, but they provide only
general data on the disturbances generated by the propeller. The most realis-
tic ones are investigations performed at sea on a floating object.

Investigations were carried out using propeller No. 2, which was used
to drive a small boat.

The measuring detector was located at a distance of 30 m from the pro-
peller. The spectra of the acoustic underwater disturbances were recorded
at the moment at which the plane of the propeller included the point of ob-
servation (the hydrophone).

Fig. 12 shows the scheme of the system used for measuring the under-
water acoustic disturbances generated by the propeller.

The amplitude spectrum of the underwater acoustic disturbances was
measured in real time.

Fig. 13 shows the spectrum of the underwater acoustic disturbances pro-
duced by the ship propeller (propeller No. 2) operating at a rotational speed
of n =15 r. p. s. corresponding to a boat veloecity of about 3.1 m/s. The spec-
trum shown in Fig. 13 is similar to the spectrum shown in Fig. 9, although the
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component corresponding to the driving input 3 mz is significantly enhanced.
Besides, the spectrum shown in Fig. 13, is more complicated. This results
mainly from the fact of the propeller operating near a rigid body (boat hull),
and this eauses an increase in the disturbance amplitude, and also introduces
certain additional disturbances. Furthermore, the driving system of the pro-

Fig. 12. Diagram of a system for measuring the underwater acoustic disturbances pro-
duced by a ship propeller under marine conditions
1 — measuring station; 2 — motor boat driven by an electric motor; 3 — measuring hydrophone
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Fig. 13. Amplitude spectrum of the acoustic underwater disturbances produced by ship
propeller No. 2, rotating at a speed of m = 15 r. p. 8.

peller, operating in the interior of the boat hull, produces vibrations of the hull
plating which also have some effect on the structure of the composite spec.
trum of the underwater noise of the propeller operating near the boat hull.
The non-uniform distribution of the water-stream flowing onto the screw has
a substantial effect on the disturbance spectrum. Fig. 14 shows the relative
changes of the thrust force as a function of the angle of rotation of the pro-
peller induced by the non-uniformity of the velocity field of the water stream
flowing onto the propeller.
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Fig. 14. The relative changes of the loading of the propeller as a function of the angle of
rotation

5. Discussion of the results of the acoustic investigations on the ship propeller operation

The investigations of the acoustic effects carried out under different ex-
perimental conditions permit one common conclusion to be drawn. The spec-
trum of the underwater acoustic disturbances produced by a ship propeller,
in the subeavitation range, depends on the rotational speed of the propeller
and the number of its blades. The level of the disturbance near the frequency
nz predominates in all the spectra presented and defines the overall value
of the sound pressure level. ;

The level of the acoustic disturbance produced by the propeller increases.
as its speed is increased. This level increases with increasing loading of the
propeller, as does the acoustic pressure of the m-th harmonic, according to
Gutin’s formula for aircraft propellers (fermula 2). Nevertheless the substi-
tution in that formula of the actual values of the thrust force and the torque,
of the geometrical parameters of the propeller and of the medium properties,
gives values of the acoustic pressure, e. g. for the first harmonic, which are several
tens of decibels smaller than the data obtained experimentally. Thus this
formula is not useful for the analytical determination of the acoustic pressure
produced by a ship propeller, but may only be used for the qualitative inter-
pretation of the phenomenon. :

In the Lighthill equation (formula (1)) the first two terms on the right-
hand side of the equation correspond to zero and first order sources. Obvio-
usly, this equation is related to the Gutin formula (see Appendix).

In experimental investigations an increase in the sound pressure level
can be observed when the ship propeller is operating in fluid stream with a non-
uniform veloeity field. This applies mainly to the angular distribution,but
the changes of fluid velocity with propeller radius have also some effect on
the magnitude of the acoustic effects related to the propeller operation. A screw
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propeller operating in a water stream with a nonuniform velocity field dis-
tribution in the region of the operating circle of the propeller, is distinguished
by the fact that the propeller blades form different angles of attack depending
on the angle of rotation. The resultant of the thrust forees, being the geo-
metrical sum of the pressure forces produced by the individual blades is a flue-
tuating quantity. An example of such changes is shown in Fig. 14. The flue-
tuation of the thrust force and the torque causes the derivative of the density
of force to undergo greater spatial changes (Eq. 1).

When there is more than one strongly non-uniform region in the velocity
field of the stream flowing onto the propeller, distinet spectral lines at mul-
tiples of the acoustic frequency nz (e. g. Fig. 13) can be observed. Thus it seems
that the change of the propeller load as a funetion of its angle of rotation,
(this results from the non-uniform character of the velocity field of the water
stream), is an essential factor in determining the overall level of the sound
pressure of the underwater acoustic disturbances produced by a serew pro-
peller.

The effect of a rigid body near the propeller e. g. a plate in a plane parallel
to the propeller axis causes an additional increase in the acoustic pressure le-
vel produced by the propeller.

It was found in the course of the investigations that third octave spec-
tral filters (Fig. 3 and 4) are less useful than narrowband, fixed bandwidth spec-
trum analysers (Figs. 9, 11, 13.) 2
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APPENDIX

THE DERIVATION OF THE GUTIN FORMULA

Relation (2) used by GuTIN [2], which enables the value of the acoustic
pressure produced by a blade system to be determined, is obtained by sol-
ving equation (1), with the third term of the right-hand side of the equation
being neglected.

We shall give the method which permits the determination of the “force
noise”, the basic component of the sound pressure produced by the propeller.
Equation (1) for this problem takes the form

1 o -
2 & .
(V —ﬁa?)p = divZF. (13:)
If we present the sound pressure in the form
p(z, y, 2, 1) = p(a, vy, z)eiuf (2a)
and.the density of forces as

F(.’L‘, Yy 2 t) = F(w} Y, z)ﬁid- (32)

then equation (1la) assumes the form of the non-uniform Helmholtz
equation
(P2 +k2)p(@yy,2) = divF(a,yye). (4a)

When the forces act within a limited area V,, the solution of equa-
tion (4a) can be written in the following form:

p(mﬁ Y, g) = —

d: 0Fz oF Y P
/{ o) o dsedvadee,  (6a)

Ar 0z, * 0y, 0z, ] R
where

R = V(@ —a5)? +(y —yo) +(2 —2,)2 .

5 — Archives of Acoustics 2/78
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If we have a concentrated force acting at the origin of the system, as
is the case of a propeller, then formula (5a) is expressed as follows:

1 i i) a \ ¢ HE
p(@,y,2) = —'—-(an +Fy_§' -+

e p) 92) R (3%

Taking into consideration the distribution of the forces acting upon an
element of the propeller surface, in the system shown in Fig. 15, we obtain:

A(ryrd@r

a1 = ——(_)E——m, (7a)
B(r)rd®

aM = -———(T dr, (8a)

where A(r), B(r) are the distributions of the hydrodynamic load along the
blade radius.

Fig. 15. Scheme of the influence of the propeller blade on the ambient medium

The thrust force and the torque are acting on the medium for the time
equal to 7 = bjfro.

In view of the fact that the action of the forces upon the medium is perio-
dic, equations (ba) and (6a) can be expressed as trigonometric series.
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After simplification we obtain the components of the elementary forces
acting upon the medium:

I dl .
AWy = —= gimeat—me0) g, 4@, (92)
'
1 aM
e~ = = glmeat-mS) sin Odrd@, (10a)
1
ar,, = — s Cii_zf gltmewt-mz8) 603 Odrd 6. (11a)
T

Substituting (9a), (10a) and (1la) into (6a) under the assumption that
the velocity of the water stream flowing on to the propeller satisfies the re-
lationship » < ¢, and after some tedious transformations, we obtain the GuU-
11§ formula for the value of the sound pressure of the n-th harmonic in the
following form:

mawz a‘;‘_{_M

¢
Pml = 9%R| R ok}

kR,
J,,,,,( ’;a - y). (12a)

This schematic presentation of the method shows the relationship between
equation (1) and the GuriN formula (2). Equation (12a) constitutes part of
the relationship (2), and defines the dependence of the sound pressure on the
load of the propeller in terms of torque and thrust force.

A similar method is used for the determination of the levels of the har-
monics of the sound pressure of the “volume noise” that results from the fi-
nite volume of the blades of the ship propeller.

An exact derivation of both formulae is given by MINovicH et al. [9].




XXIV-th OPEN SEMINAR ON ACOUSTICS

The XXIV-th Seminar on Acoustics was held at Wiadyslawowo at Gdarisk, September
19-24. The seminar was sponsored by the Gdarsk Section of the Polish Acoustical Society
in cooperation with the Committee on Acoustics of the Polish Academy of Sciences, the Ins-
titute of Telecommunication of Gdansk Technical University and the Institute of Physics
of Gdansk University.

360 persons, participated in the seminar including from abroad. There were acousticians
from Czechoslovakia, Denmark, France, GDR, Japan, Netherlands, Spain, Switzerland,
USSR. Out of the 322 home participants nearly half were members of the Polish Acous-
tical Society.

There were 40 people from the Warsaw section, 38 from Wroctaw, 29 from Gdansk,
21 from the Upper Silesian section, 19 from Poznan, and 7 from the Rzeszéw seetion.

A fortnight before the beginning of the Seminar participants were sent the following
printed material: a detailed programme of the sessions, and a two-volume hook entitled:
“Prace XXIV Otwartego Seminarium z Akustyki — Proceedings of the XXIV-th Open
Seminar on Acoustics” which included 163 four-page lectures submitted for the seminar.
It should be noted that out of 172 papers, only those accepted by the reviewers were prin-
ted.

The evaluation of the papers was performed, as from the XIX.th Open Seminar on
Acoustics, with the cooperation of the Section Boards of the Polish Acoustical Society,
and the assistance of the Editorial Committee of the XXIV-th Open Seminar on Acous-
ties.

The timely sending of the lectures permitted the assumption that they were known
to the participants concerned. Thus 10 or 15 minutes out of the 25 assigned for each lecture,
were devoted to an infroduction and to the presentation of complementary or illustra-
tive material; the remaining 15 or 10 minutes were used for discussion. The breaks between
lectures lasted 5 min. thus permitting sufficient time for moving between the different
lecture halls

The choice of lecture —hall was facilitated by an audio-visual momtormg system
installed in all session rooms. Two remotely switched cameras and microphones in each
room permitted the observation of the sessions from a centrally situated and easily acces-
sible foyer with installed monitors, and also a simultaneous viewing of the sessions in the
technical dispateh room.

The monitoring system of the sessions and the selective announcement system from
the dispatch room to the loudspeakers in the individual rooms, hall, dining-room and cor-
ridors proved their effectiveness in ensuring the punctual realization of the programme
without the need for frowning over-running sessions with music, as has been done at se-
veral previous Seminars. Furthermore, the awareness that in addition to the participants
assembled in the room, other spectators were watching the lecturers and the participants
in the discussion, stimulated the activities of the participants, and eontributed to the high
level of the debates and discussions.

A multi-channel earphone system was also installed for the synchronous translation
of lectures into foreign languages and vice versa. Three cabins located in the technical dis-
patch room in front of the monitors permitted the interpretators to observe the lecturer,
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thus facilitating a synchronous translation of the text. Plenary lectures were translated
gimultaneously into English, French and Russian. The translation of the session lectures
was reduced to a minimum because of the lack of available funds.

The opening session was attended by representatives of the municipal authorities of
Wiadystawowo and of the institutions engaged in the organization of the Seminar.

Occasional speeches were delivered. The Chairman of the Main Board of the Polish
Acoustical Society prof. H. Ryffert opened the session. The audience paid homage to the
memory of prof. Jerzy Wehr, an eminent Polish acoustician, who had lost his life on a ex-
pedition in the Hindukush mountains in the summer of this year.

During the Seminar 3 plenary lectures and 156 session lectures, including 143 published
in the “Prace XXIV Otwartego Seminarium z Akustyki” and 10 amongst papers desti-
ned for poster session were orally presented. The lectures were divided into the following
subject groups:

Musical acoustics — Chairman I.. Pimonov — 8 lectures,
Psychological acoustics — Chairman H. Ryffert — 5 lectures,

Speech acoustics — Chairman J. Kacprowski — 22 lectures,

Interior acoustics — Chairman W. Straszewicz — 11 lectures,
Electroacoustics — Chairman Z. Zyszkowski — 19 lectures,

Medical ultrasound diagnosties — Chairman J. Zieniuk — 7 lectures,
Ultrasonic techniques — Chairman J. Ranachowski — 14 lectures,
Ultrasonic transducers — Chairman W. Pajewski — 7 lectures,
Underwater acoustics — Chairman Z. Jagodzinski — 14 lectures,
Molecular acoustics — Chairman A. Sliwifiski — 22 lectures,

Noise sources — Chairman 8. Czarnecki — 25 lectures,

Lectures not foreseen in the program — Chairman G. Budzynski — 2 lectures.
Poster session — Chairman L. Lipinski — 30 works.

The poster-session consisted of contributions related formally, but not in terms of
subject-mater to the Seminar. As it has already been mentioned, ten of these contributions
were included as lectures in the programme sessions while the others were the subject of
free discussion.

The problem of environmental acoustics was discussed at a special plenary meeting
under the chairmanship of prof. 8. Czarnecki.

Twenty two young authors submitted their papers for the Marek Kwiek competition.
Twenty one of these presented their lectures, and were evaluated by the members of a jury
set up by the Competition Committee. It should be noted that the competition took place
according to the rules as altered last year.

Diseussion sessions, summing up the results of the deliberations in a given group were
held in each of the subject groups. The chairman of these groups presented the results of
these sections at a final plenary meeting. These sessions, under the chairmanship of prof.
I. Malecki, brought out many valuable remarks and observations for future use in the or-
ganization of the next Seminars. The advisability of organizing the recapitulatory sessions
was stressed. It was found that the annual seminars organized by the Polish Acoustical
Society have gained importance in fulfilling their functions as a review of the actual achie-
vements of Polish acoustics, as a platform for the exchange of experience and views, as
a school for the younger generation of acousticians and as an opportunity of establishing
and strengthening links with acousticians from all over the world.

There was a general feeling that the use of the highly efficient equipment for the ser-
vice and organization of the Seminar has saved much time for the participants for indivi-
dual contacts and discussion, and informal group discussions. Coach excursions were orga-
nized during the conference. The location of the conference centre near the beach facili-
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tated the establishment of direct contacts, especially with the many foreign participants.
The importance of the party for lla participants at one table, on the evening of September
21 was stressed.

In brief, the proceedings of the XXIV Open Seminar on Acoustics included 199 scien-
tific papers of which 159 were delivered as lectures. The proceedings are published in Po-
lish with the summaries in English.

Every evening films on acoustiecs were shown, totalling 12 films: 5 French, 4 English,
2 American and 1 Polish. Full-length film and a short-feature film were also projected.

The Briiel & Kjaer exhibited their measuring instruments during the Seminar. The
“3M” displayed audio and visual equipment. The publishing house “Ultrasonics” provi-
ded a comprehensive information about its publications.

The sponsors of the Seminar also displayed large-scale illustrations depmtmg the
development of the Seminars organized by the Polish Acoustical Society and graphic pro-
posals for the mark of this Society.
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Fig. 1. Number of participants of the seminars organized by the Polish Acoustical Society
and the Committee on Acoustics between 19656 and 1977
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Fig. 2. Number of the papers presented at the seminars organized by the Polish Acous-
tical Society and the Committee on Acoustics between 19656 and 1977
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LIST OF PAPERS DELIVERED AT THE SEMINAR

Plenary papers

1. G. BupzyNsk1, Phonic problems of acoustics
2. A. SuiwiSski, Problems of molecular acoustics
3. 4. Jacopzikski, Ulirasonic echolocation

Section papers

Musical acoustics

1. G. W. PapANIKOLAOU, Microphone systems Jor tetraphonic recordings

2. E. LieBER, Tune of pianos, causes and properties

3. J. GEISLER, Acoustical field of stereo monitoring loudspeakers

4. J. REGENT, The character of changes in the acoustic field in the sound due to frequency
correction

5. H. RYFFERT, A. PREIS, Representation of the flute timbre by reference to the timbre
of selected organ pipes

6. R. W. KuLesza, B. RoGALA, J. SOBOLEWSKI, Probabilistic structure of musical
signals

7. K. MvuzaLEwWsK1, System for transient sounds gemeration-

8. M. MuiNEL, Investigation of the quality eriteria of classical guilar strings

Psychological acoustics

1. 8. HLIBOWICKI, A functional parametric model of hearing /

2. 8. HriBowickr, Perceptive changes in the probability distribution of the instantaneous
value of am acoustical signal

3. J. ReNowskl, K. RupNo-RUDZINSKI, A threshold of binawral sound image

4. M. KoNaRskA, Physiological aspects of mon-auditory effects of low-frequency ulira-
sound

5. J. KoNiEczNY, Investigation of the pitch difference perception of selected sounds as
a function of their duration and envelope shape

Speech acoustics

1. 8. BRacEMAXSKI, J. JARYCKI, M. KozAK, Speech transmission as a predictive mea-
sure of a speech transmission quality evaluation

2. E. Tyeurcy, A. PAwWLAK, Z. WoroBIiEc, Application of a phonetic speech function
to segmenlation of continuous speech -

3. J. JaRYCKI, 8. BRACHMAKSKI, M. K0zAK, The measurement of skin vibration acce-
leration during speech production

4. Cz. BaszTURA, Speaker idenlification based on statistical distribulions of time inter-
vals between zero-crossings in the speech wave :

5. A. PAWLAK, Cz. Baszrura, W. MasEwsKr, Time-normalization of utterances in spea-
ker identification

6. W. MAsewskl, Cz. Baszrura, H. HoLuiew, Analysis of zero-crossings in the speech
wave as a technique for parameter extraction in a short-term model of speaker recognition

7. M. Gos, W. MYSLECKI, J. ZALEWSKI, The dynamic control of a computer simulaled
series formant synthesizer in the synthesis of voiced phrases of Polish speech
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8. W. Mikier, P. ZARNECKI, W. TLUCHOWSKI, P. MANIECKA-ALEKSANDROWICZ, A.
SzewcezYKR, Acoustic parameters of children’s speech signal

9. R. GuBryYNOwICcz, P. ZARNECKI, An on-line minicomputer system for processing
some paramelers of the speech signal

10. W. Mikier, R. GuBryYNowicz, W. HAGMAJER, Intonograf — a system for the mea-
surement and wvisualization of speech signal intensity and melody

11. J. KAcrrowsKI, A simulation model of the vocal tract including the effect of nasa-
lization

12. J. ZALEwsKI, J. JURKIEWICZ, H. HOLLIEN, An application of the Itakura measure
for ithe estimation of predictive coded pattern similarity

13. Cz. Baszrura, J. JARrYCEI, Zb. WoRroBIEC, Application of multiple regression
analysis for quality classification of larynz transducers

14. J. JURKIEWICZ, J. ZALEWSKI, W. MySLECKI, A formant contour analysis of Po-
lish speech short phrases by means of the linear prediction method

15. E. Tysurcy, J. ZALEwskl, The distinclive features of vowel jumctures described by
a phonetic speech function

16. G. Kierczewskl, Digital synthesis of speech

17. W. MySLEckr, J. ZALEWSKI, A. Gos, Glotial excitation generation rules for the syn-
thesis of short phrases of Polish speech

18. R. MiLLNER, M. MiLLNER, R. GrossMANN, H. J. HEIN, Evaluation of the US-T M-
glottogram i

19. O.MATUSZKINA, Fundamental frequency variations in voiced consonants of spoken Polish

20. W. Mikier, R. GuBrYNowICcz, P. ZARNECKI, W. TLUCHOWSKI, A. KOMOROWSEA,
A. Szewczyk, Hvaluation of vocal chord paralysis by the analysis of the Fy(f) function

21. B. Apamczyx, W. KunNiszyr-JOZrowiak, E. Smérxa, Synchronization of spea-
king with echo and reverberation in the therapy of stuttering

22. T. van der GRAAF, Vowel analysis with the Fast Fourier Transform

Building acoustics

1. E. G. TzexAx1s, The acoustical design of a sound-recording studio in Athens, Greece

2. E. BROMBERG, J. ZALEWSKI, An approach lo some applications of digilal analysis
technique for characterising properties of “the speaker-listener” acoustic path in auditoria

3. M. TascuERT, Directivity in the digital geometrical method of acoustical field amnalysis

4. St. CzarNECKL, An effect of diffraction phenomena on the acoustic conditions in con-
cerl and industrial halls

5. M. Voar, How to mawximize the cancelling effect of an acoustic resonator acting as an
insulating element

6. 8. WEYNA, Model tests of noise transmission in the accomodation of sea-going ships

7. B. MaRAREWICZ, Intensity of waves in media with screening obstacles

8. B. Prwaxkowskl, L. DUNKRLMANN, A wvertical/horizontal tapping machine with ad-
justable tapping frequency

9. A. Kvrowskl, A. WirtkowskI, Acoustical correction of a vaulted room

10. H. RyrrERrT, E. OzIMEK, Perceptibility of changes of the spectral structure of sound
propagaling in a room

11. E. OziMER, An analysis of the amplitude deformation of sound propagating in enc-
losure.

Electroacoustics

1. A. GaBOR, J. Zarzyck1, The minimization of loudspeaker system mnonlinear distor-
tion by proper bandwidth division

2. 8. Hueowickl, J. ReNowskl, K. Rup~No-RupzifNski, An enlarged equivalent elec-
trical circwit of a loudspeaker .
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3. A. Pucn, R. Wyrzykowskl, The effect of rotor and stator port shape on the acoustic
parameters of a dynamical generator

4. J. ZARzYCKI, A. GABOR, The optimization of the multidimensional functions descri-
bing monlinear distortion

5. K. MusiaLig, W. MAJEWsKI, W. MYSLECKI, The rules for the generation of a limited
set of messages by means of the three channel computer voice response system (CVES)

6. K. Somra, Fast Fourier Transformation and tracking filter capability

7. Z. Borays, Z. Wasowicz, Measurement of loudspeaker responses by means of non-
coherent signals

8. C. Szmar, TLoudspeaker quality factor correlated with subjective evaluation

9. A. DoBruckl, The influence of the constructional properties of a conical loudspeaker
membrane on its vibration and radialion

10. 8. Nuckowskl, B. Rogara, R. ZMONARSKI, Some problems in the optimization of
the spectral method of monlinear distorlion measurements in the electroacoustical part of radio
receivers

11. M. Grasisz, B. W. KuLesza, R. Szxor, Investigations of the electroacoustical pro-
perties of radio receivers wusing impulse methods

12. T. Zavorski, R. Wyrzyrowskl, The radiation of an acoustic horn below the cut-
off frequency

13. B. Boausz, Applications of spectral analysis in infrasound measurements

14. J. KAMINSKI, J. JURKIEWICZ, Investigation of cooperation signals in kinematic pairs

15. 8. NUCKOWSKIL, J. SzYMBOR, A nonlinear nelwork with memory for measuring tech-
nique oplimization

16. A. DEFEVRE, J. PoULIQUEN, M. CHASTAGNER, Measurement of the propagation
velocity of acoustic waves

17. M. RaBiEGA, B. RubpNo-RuDzINsKA, J. ZALEWSKI, An application of digital tech-
wiques to the analysis of the signal obiained in the measurements of the reflection coefficient
using a tone-burst method

18. R. DyBA, B. Z6ET0OGORSKI, On the application of the Peltier effect in metal-semi-
conductor junctions to the generation of sound waves

19. A. Kvung, J. RYLL-NARDZEWSKI, Determination of elastic constanis in circular
discs

Ultrasonic medical diagnostics

1. M. Perzorp, H. PEIN, Koordinalendarstellung fiir mechanische Scanner ohme Funlki-
tonspotentiometer

2. A. Grosric, Q. Vo, I. PREROWSKI, J. FaBIAN, A. BELAN, L. HEJHAL, Noninva-
sive wullrasonic examinalion of aortacoronary bypass

3. J. ETIENNE, Spectral analysis of ulirasound doppler signals in obstetrics

4. P. KEwisg, Application of double exposure hologram imterferometry to the investiga-
tion of wultrasonic field distributions in the liquids

5. P. Kwiek, Theoretical background of time averaged hologram interferometry applied
to ullrasonic field observation

6. A. MARKIEWICZ, Transients in wlirasonic probes used in medical diagnostic equip-
ment

7. T. MARUE, Flectronic focusing of the ulirasonic beam in medical diagnostic systems

Ultrasonic techniques

1. W. Kozroksklr, P. JAROSZEWSKI, Geoacoustic apparatus — petroscope PS-20
2. W. KorroXski, B. ZIENKIEWICZ, Sonic detection and localization of cracks in bore
hole casings :
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3. H. GAspA, The altempt at applying pulsed ulirasonic method for lesting the elastic
properties of the stalks of cereal plants

4. M. EOWALEWSKI, 8. Wacmowicz, Ultrasonic disintegration of ceramic materials
7. StwriEwicz, Ulirasonie vibration in powder element pressing
L. Lrerfiskr, The change of hardness of ultrasonically excited polyerystalline Al samples
R. Kukvurskr, B. NIEMCzZEWSKI, Ulirasonic cleaner with liquid degassification
B. KurrLra, Ullrasonic joining of metal inserts and plastic
. A. Gaca, Application of ultrasonic vibration to the plastic working process of metals

10. Z. Pawrowski, A. Pinarskr, Longitudinal wltrasonic wave lechniques for measu-
ring bond sirength in adhesive bonded joinls

11. J. MAZUREE, %. PAwWLOWSKI, Research in inhomogeneous media using the spec-
tral analysis of acoustic emission

12. R. SuwaLskr, Sound power.levels of airborme noise emilied by ulirasomic cleamers
UM-4 and ATH-1117|TW .

13. A. SKRZYNECKI, Some problems of ultrasonic wire cleaming sysiem consiruction

14. 7. Eaczgowsgkr, §. Rézaxski, Ultrasonic device for fatigue tesls
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Ultrasound transducers

1. Z. KEaczrowskl, E. MiLEwska, The piezomagnetic flexibility of Alfer transducers

2. Z. Kaczrowski, The impedance of Alfer transducers working with acoustic waves

3. E. TALARCZYE, Ullrasonic aerolocation transducer with a vibration plate used in
flexural modes

4. 7. Kruszozewski, A. Mugczro, The study of acoustic field distribution of piezoelec-
tric transducers using the Bragg diffraction method 3

5. I. Wosciecuowskr, The application of hologram interferometry to wlirasonic trams-
ducer investigation

6. W. NASALSKI, Synthetic aperture as a method for inereasing the lateral resolution
in ultrasonic visualization

Underwater Acoustics

1. T. Oraxi, Y. UrABE, Effet non linéaire & la surface limile entre Uean et Vair

9. J. C. SoMER, Real-time improvement of both lateral and range resolution by optical
signal processing

3. E. Wasimwrsow, Metody raséela antennych reszetok

4. J. TamixN, Diffraction of an ulirasonic wave by an elongated targel

5. C. Raxz Guerra, R. CArRBO FirE, Hcho formation by diopiric systems with high acou-
stic impedance mismatch

6. L. Kirian, On some problems of sonar echo mormalization and dynamic range comp-
Tession

7. H. Lasora, On a method of target echo extraction from reverberation background

8. A. SrepNowskl, M. LamBorur, J. C. Brerues, The application of the echo inte-
gration technique to the acoustic estimation of trumpet fish stock off the Atlantic coast of Ma-
rocco

9. E. T. Kozaozga, J. MORAWIEC, Inwvestigation of piezoelectric hydrophones

10. B. K1Borr, The errors in measurements on an underwater transducer in a closed acou-
stic system
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11. W. MarTIN, Hydroacoustic system for position fiwing of freerunning ship models

12. Z. KLUSEK, Influence of seasonal changes of the speed of sound profile in the Baltie
on some properties of ambient sea noise

13. M. Brzozowska, Statistical properties of acoustic signals in the sea scattered by its
rough surface

14. R. SavramoN, R. GubprLEwIcz, E. Niepziarkowska, Digital depth meter.

Molecular acoustics

1. D. SerTE, Acoustic emission in liquid crystals

2. W. F. KunieELs, Akustoelekitrideskije wzaimodiejstwie pri nalidii dwoch tipow no-
sitelej toka i konieCnom wremieni ich Zieni

3. M. Brukis, C. J. LEwa, 8. Egrowskr, M. RoEDING, A. SLrwiNskr, Piesoelectric
properties of some polymers

4. F. M. Mazzoral, R. Franco, Hffect of owygen impurities on the diffusion coefficient
of hydrogen in niobium

5. W. SzacaNowskl, B. WiSLick1, Acoustical study of association phenomena in hydro-
carbon fractions of petroleum

6. L. WERBLAN, L. SKUBISzZAK, Ultrasonic absorption in polar-bulyrolactone-water miztures

7. E. DRESCHER, Length of selective attenuated waves due to structural changes in early
stages of the hardening process

8. Z. TyLczYXsk1, Determination of domain wall thickness in TGS crystals from measu-
rements of longitudinal wultrasonic wave propagation ;

9. A. Drzymaza, H. HERBA, M. C1e$LAK, Ulirasonic investigation of the temperature
dependence of the wiscosity coefficient in cholesterie liquid orystals

10. M. CieSrax, A. DRZYMALA, An attempt to estimate the relazation time in cholesteryl
mirystyate on the basis of the attenuation of dispersion of ulirasomic waves

11. A. Juszxiewicz, Z. BARTYNOWSEKA, Second wultrasomic relavation region in acelic
acid esters

12. W. Nozpriev, Investigation of carbohydrate solutions by an optical ultrasonic method

13. M. SzUSTAKOWSKI, Acoustooptic interaction development and applications

14. M. LaBowskl, O. I. ZINOWJEW, Fine structure of the Rayleigh line of light scattering
in  critical mizture

15. M. LaBowskl, A. ARTYKOW, Study of the acoustical properties of some liquids over
a wide range of frequencies

16. P. SvapkY, P. LoxAJ, Laser induced acoustic waves in some liquids

17. D. CreLys, A. DomAREAS, Generacja akusticzeskogo szumowego potoka w n-InSb
w olsulslvije magnitnoge pola

18. M. Nowrck:, E. NiecHODA, W. WoLIKSKI, G. GACKOWSKA, Acoustooplic Q-swit-
ches for Nd: Y AG lasers

19. H. 8woér, J. Mareckr, Measurements of the Young modulus of natural erystal of
gypsum by resonance method

20. J. LEWANDOWSEI, The acoustical field amgular distribution of a wave scattered in
a random inhomogencous medium

21. E. Soczriewicz, Propagation of ulirasonic waves and the hole theory of liquids

22. B. Niemczewskr, The cavitation intensily of liquids

Sound-proof and vibration-proof protection

1. J. StENICKA, Prediction of structure-borne noise transmission from machines fo cons-
tructions

2. W. RYBARCZYK, Methods of establishing optimum set of technical solutions for redu-
cing mnoise in working room
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3. M. FraczYE, L. KazMuckl, J. REGENT, Designation method of moise source location
in industrial spaces

4. W. RYBARCZYE, Cost analysis and effects of noise abatement in different production
rooms

5. L. Rurkowskl, Hvalualion of shori-time changes of acoustic diagnostic signals

6. M. Mirowska, Investigalions of the propagation parameters of acoustical waves in
sound absorbing fibrous materials

7. J. DEaORrsk1, H. KaczMarREx, W. LaXczax, Transverse vibration test stand founda-
tion for marine diesel engines

8. J. Kozr.owskl, K. SoMLA, A. BOWIAK, Eeal-time measurement and analysis of a ship-
hull vibration

9. T. Drrorr, The selectivily of chamber mufflers

10. B. RupNo-RUDzZINSKA, M. RABIEGA, J. ZALEWSKI, 4 mathematical model of road
traffic moise

11. A. Popsgpkowskl, Methods of reducing the efficiency of siremn noise radiation in
azial fans

12. M. Sromski, The application of the relative acoustic pressure level to the determina-
tion of the sound field disiribution of a non-stationary acoustic source

13. J. KAZMIERCZAK, The veclor representation of the noise spectrum in constructional
research on machines wusing acoustic methods.

14. Z. Duxriewicz, W. Zibzxowskr, Determination of space correlation function of
siructure-borne sound propagation in the beam-plate system

15. Z. STEPANIAR, C. CEMPEL, Spectral and correlation analysis in ball bearing diag-
nostics

16. C. CemPEL, M. GoLEC, Vibroacoustical processes similarity measures and their ap-
plication in the diagnostics of machinery

17. W. BANDERA, An experimental method of complex propagation constant determina-
tion in wviscoelastic materials /

18. W. BarreLMUs, Coherence method of diagnosing machines

19. H. CeMieLifskI, D. NITECKI, Analysis of acoustical signal of drifier drills for acous-
tical diagnosis

20. H. CEMIELINSEI, J. MOTYLEWSKI, Measuring method and stand for acoustical dia-
gnosis of drifter drills

21. H. Kusek, W. Bireckr, W. JANKOWSKI, The perception of acoustic signals against
the background of factory noise

2. A. JarocH, H. Ipczak, J. RENowskl, Influence of rotating diffuser parameters
on the diffusion of the sound field

23. J. JAKUBCZAK, M. MiELCAREE, W. TYRCHAN, The influence of the silencing of
the inlet pipe installation of piston compressors on the sound level in the neighbourhood of the
compressor hall

In the conclusion of this report it is instructive to include some data about the deve-
lopment of the Polish Acoustical Society which was provided on the information stand
during the XXIV Open Seminar on Acoustics (See Fig.).

Gustaw Budeyiski (Gdansk)



