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Researches carried out in different countries have shown that the capability
of recognizing and interpreting the information carried by audible sound waves
plays a decisive role in the space orientation of the blind.

This article presents the results of: acoustical measurements of test acousti-
cal gignals used by the blind such as steps, the tapping of a walking stick and
clapping; model investigations analyzing acoustical phenomena occurring in
the environment of a conventional barrier such as a screen; open space experi-
ments with a group of blind people in order to define a perception distance for the
above barrier under different acoustical conditions; investigations carried out
under laboratory conditions defining a relationship between the threshold
distance of barrier perception and the area of the barrier surface when using
a sonic aid (the so-called sound torch) and without such a device.

The results have shown that the threshold distance is proportional to the
logarithm of the area of the barrier. Thus for the group of psycho-physical pheno-
mena discussed we may use the Weber-Fechner law where the reaction is measured
by the the distance of perception and is stimulated by sound waves reflected
from the screen surface. The efficiency of perception is influenced by the difference
between the acoustical absorption coefficients of the sereen and the environment,
and also depends on the individual capabilities of the subjects.

1. Introduction

The space orientation can be defined as the capability of moving and orienta-
tion in a physical environment whether inborn or acquired (for example through
learning). It means the ecapability of localization, i.e. of limiting or confining an
object such as a source of an acoustical signal, a barrier ete. to a particular
place by means of stimuli acting on the senses through factors carrying particular
information. When those factors are represented by acoustical waves, which
indirectly cause auditory sensations, the range of such sensations for a given
man in given circumstances is called his auditory horizon.

The capability of localization is very important in all those circumstances
where it is difficult or impossible to use sight. Such circumstances occur mostly
at night under conditions of poor lighting, for example during railway works,
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in and outside industrial halls and in mines when the lights go out. They may
also occur during. foggy day, a fire which causes heavy smoke and a battle-
field at night. The extreme case, very important from the cognitive point of
view, is the case of the blind. An explanation of the perception of barriers and
acoustical signal sources by means of hearing should facilitate the learning
of space orientation by the blind. It will also permit definition of the basic
criteria for designing efficient rehabilitation equipment, as well as criteria for
building architectural interiors destined for use by the blind.

Until recently, a number of theories have been developed in order to try
and explain the mechanisms of the perception of barriers by the blind. We can
mention TRUSCHEL’S acoustic theory, Kunz’s compression theory, the thermic
theory of CrocIus, VILLEY’s auditory theory, the pressure theory of LAMAR-
QUE as well as HELLER's theory of the complex reception of impressions. All
these theories describe the phenomena of perception, interpreting the mechanisms
of their creation from specific points of view.

Most of the research, however, has tended to presume that a decisive role
is played by hearing (W. Dora®skr (4] and W. S. SwiErrow [11]) or (e.g.
M. GrRZEGORZEWSEKA [5]) by the “sense of barriers” which acts first of all by
means of hearing and touching. Generally speaking, those mechanisms are based
on the capability of reception and interpretation of the informational content
of acoustical waves. They allow the receiver to assess the directivity of the
acoustical field in a given area and, consequently, to obtain a more or less exact
orientation depending on the images received and the capability of association.

The latest investigations, by M. Korzin, J. KoHLER, and others have
shown that auditory impressions are necessary and sufficient for the perception
of barriers. As an example, measurement results of the perception distance of
a single barrier by a blind person are presented in Fig. 1. A cardboard disk
of area 8, = 1962 cm?® served as a barrier in this test. That disk was moved
noiselessly in the direction of the subject from various sides. The dashed line
shows the results of the experiment when using a “sound torch”, and the con-
tinuous line — the results without such an aid. In subsequent and other current
researches [2, 7, 8] we can observe a tendency to standardize the methods of
measuring the threshold distance and the limits of perception of a barrier by
children, people who were born blind, those who have recently become blind,
and also blindfolded people. The experiments were performed in silence, under
natural conditions and with a “sound toreh” having specific acoustic characteris-
ties.

2. Characteristics of natural acoustical signals

The sound of steps, the tapping of a stick and clapping are all sound signale
which help the blind in space orientation (Fig. 2). They were registered in three
rooms of different acoustic characteristics, namely: in a reverberation chamber,
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Fig. 1. Directivity characteristics of barrier perception according to J. Kohler [7]

in an average room and in an anechoic chamber. As is shown in the figure,
the highest values of the particular groups of spectra occur in different frequency
ranges and, therefore, each of the described signals will be optimally heard on a
background noise of different acoustical characteristics.

On the basis of the described investigations and other studies it can be
stated that at low frequencies the stick tapping spectra include information
connected with the nature of the vibrations of stick-hand system, as well as with
the construction, material and primarily the length of the stick, whereas at
medium and high frequencies the information is rather more connected with
the vibration of the ground caused by the tapping, i.e. with the elastic charac-
teristics of the ground. It can be assumed, therefore, that the employment of
a stick should be more useful when moving around an unknown territory, with
unpredictable obstacles and irregularities in the ground due to changing struc-
ture and surface quality. In the case discussed the propagation of structure
borne waves through the stick, received by hand as vibrations, can be treated
as a parallel, additional and complementary information channel, especially
when the informational content of aerial sound waves is masked by acoustic
disturbances of the environment, as for example in a noisy street.
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Fig. 2. The spectral characteristics of the sound of: a) steps, b) stick tapping, ¢) hand clapping
in different acoustical conditions

Compared to stick tapping, it is easier to differentiate the kind of acoustic
field in the given area with the sound of steps; undoubtedly, it is influencep
by the kind of ground. Clapping should be even more useful, particularly in
a well known environment with relatively flat surfaces, when a person walks
quickly and when information about fragments of the route with special acousti-
cal characteristics is valuable.

3. Results of model experiments

In order to test the theoretical hypotheses discussed in practice, a series
of experimental model investigations were performed. They were carried out
under different acoustical conditions, i.e. in a reverberation chamber, in a room
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of average acoustical characteristics and in free space. 2.25 m high screens
made of plywood, steel-sheet and polyurethane foam of different widths were
used for the measurements. The sound source was a loundspeaker which produced
sound signals directed towards the screen. The reflected signals (or masked
by the screen) were received with a microphone. During the measurements the
microphone was fixed to a stand and placed on a special triwheeled car (Fig. 3)
in order to have the microphone always at the same distance from the ground.
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Fig. 3. Schematic diagrams of sound source position (a loudspeaker) in relation to the ears
(a microphone) during man-barier model investigation referring to a) clapping (falking),
b) sound of steps (stick tapping)

The distance was 1.5 m corresponding to the standard distance of the ear from
the earth. Four basic positions of the loudspeaker, corresponding to every-day
situations, were employed: firstly the loudspeaker was placed on the stand,
a little below the microphone and during the measurements it was moved
together with the microphone (Fig. 3a) — this corresponded to the situation
of the person approaching the barrier clapping or speaking for example. In the
second situnation the loudspeaker and the microphone were placed on the same
stand just above the earth (Fig. 3b), corresponding to the situation in which
the source of information is represented by the steps of the person approaching
the barrier or by stick tapping. Measurements were made to define the value
of the acoustical pressure level as a function of the distance along an axis per-
pendicular to the given barrier. The curves in Fig. 4 show the changes of the
level: in the reverberation chamber (Fig. 4a), in an interior with average acous-
tical characteristics (Fig. 4b), and in free space (Fig. 4¢); in two situations —
with the screen (eontinuous line) and after removing it (dashed line).

It can be observed that in an acousticalgfield}that?is almost perfectly
diffused (anechoic chamber — Fig. 4a) the curves were flattest and the level
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Fig. 4. Increase of the acoustic pressure level in front of the screen and in front of the wall,
a) in the reverberation chamber, b) in an average interior, ¢) and in free space

was equalized at small distances from the screen, whereas in free field conditions
(in free space — Fig. 4¢) the curve was steeper and equalization occurred at
longer distances.

In all cases, removal of the screen caused equalization of the acoustic
pressure level in the previous location of the screen.

On the basis of the investigations described above and other tests we can
differentiate two areas of increased acoustic pressure level in front of the barrier
(shown in Fig. 4¢). We can distinguish a narrower area whose width is close to
a quarter of the wavelength of incident wave and a wider one embracing the
region between the barrier and the place where equalization of the pressure
of the waves oceurs.

To illustrate the influence of the absorbing properties of the screen on the
widths of the described areas, Fig. 5 shows the results of measurements made
in a similar way to those described above when using three screens — one made
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Fig. 5. Increase of the acoustic pressure level in front of a sereen made of plywood of sheet
metal and of sheet metal covered with polyurethane foam in the three situations a, b, ¢
mentioned in Fig. 4

of plywood (continuous line), the second made of steel-sheet (dotted line)
and the third made of steel-sheet covered with a 1 em thick layer of polyurethane
mats (dashed line). As is shown in Fig. 5, the phenomenon of the acoustic
pressure increasing very close to the barrier is true only for the plywood and
steel-sheet screens since it is barely noticeable when the screen is made of
steel-sheet covered with polyurethane foam. It seems that the perception
of a screen by means of the auditory organ should be influenced by the absor-
bing properties of the surface layer. For example, the presence of a wall “masked”
by a eurtain hanging on it, or a brick enclosure “masked” by grape leaves,
might be more difficult to perceive.

It is worth-while to mention that, especially in a reverberant chamber
but also in an average interior, the introduction of the screen covered with
polyurethane mats (in comparison to the plywood and steel-sheet screens)



96 C. PUZYNA

changes the acoustic properties of the given interior. It is shown by decrease
in the acoustic pressure of the sound radiated from the londspeaker in the tested
area. It can therefore be assumed that under the conditions discussed we should
notice a change in the environmental acoustical properties and, particularly,
a change in the directivity of the acoustical field, although it is more difficult
to define the position of the screen when the level of the source of acoustic
signals is the same.

The described selected situations, investigated by means of electroacoustie
apparatus and imitating the man-barrier arrangement, indicate the existence
of specific physical relations which may be helpful in the proper design of the
environment under conditions of poor lighting or in the presence of the blind.

Hence, it can be stated that the bigger the difference between the acoustic
absorption coefficients of the barrier and the rest of the environment, the easier
it is to distinguish the existence of the barrier on the basis of acoustical stimuli.

The experiments carried out indicate that at a distance relatively close
to the barrier it should be possible to distinguish its presence on the basis of
an increased acoustical pressure. We can presume that it might also be possible
to distinguish the barrier at longer distances when using aiding, intermittent
sounds.

4. Results of the free space experimental tests

In order to verify the conclusions, which had been drawn on the basis
of the model research, a series of open space experimental tests were performed
in free space. The experiments were made with a group of people born blind,
20-30 years of age, and with normal hearing (as proved by audiometer tests).

These investigations were carried out under the same conditions as the
model tests, with a plywood screen of area 8, = 2.25 m2. Each of the subjects,
facing the screen, had to walk slowly towards it until he or she perceived it.
Four situations (a, b, ¢ and d) are presented in Fig. 6. The columns in Fig. 6
represent the average distance of barrier perception. Each situation was repeated
in a reverberation chamber (columns dashed diagonally left), in an average
interior (columns dashed diagonally right) and in free space (columns not dashed).
In the situation a, when the subject was wearing ear-protectors, the protectors
considerably limited the inflow of sound information of the presence of the
screen. The distance of perception was relatively small and was identical with
the region of increased acoustic pressure around the barrier. Generally, most of
the tested subjects put the ear-protectors on unwillingly, complaining that they
did not feel well wearing them.

The distance of perception inereased when the subjects were not wearing
ear-protectors and when they were walking on a soft carpet or in free space
along a grassy path (situation b). The individuals tested (not obeying the instrue-
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beration chamber in an average interior and in free space, moving in the following situations:
a) wearing ear-protectors; b) on soft ground ; ¢) on hard ground with a stick ; d) with a sonie aid
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tions given) sometimes subconsciously and reflexively tried to shuffle their
feet, murmur or snap their fingers in order to produce sounds which would
help them in perceiving the barrier (ef. [4, 11]). When the subjects moved
on the concrete or wooden floor or in free space on a concrete path with help
of a walking stick, producing natural aiding sounds, the perception distance
was further increased (situation ¢). When the stick was replaced by a loud-
speaker (held in hands of the tested person) and the loudspeaker intermittently
emitted one-third octave noise with a centre frequency of 4000 Hz, thus pro-
ducing artificial aiding sounds (situation d), the distance of perception, compared
to that obtained with the stick tapping, did not change significantly. This was
perhaps due to the fact that the subjects were not used to carry a cumbersome,
heavy loudspeaker, although some of them said they did not mind it nor found
it helpful whereas others were satisfied with being able to direct the beam of
sound waves aside. Most of the persons, however, complained that the signal
of a frequency of 4000 Hz was unpleasant. Signals were said to be pleasant
when limited to 400-2500 Hz.

In the two last situations (¢ and d), when the distance of barrier perception
significantly increased, the effect was achieved by means of the sonie aid.

In each of the described situations the worst sereen perception was observed
in the reverberation chamber, better results were obtained in the average
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interior and the best — in free space, i.e. in a free acoustical field, where infor-
mation on the presence of the screen reached the subject only from the direction
of the screen location. In the interiors the information was distorted by acousti-
cal waves reflected from the walls. The more diffused the reflected waves were,
the more effective was the masking of the screen location.

The control group did not especially like reverberant chambers, complaining
that they were small and that it was difficult to locate the screen in them.

Under conditions similar to those of the model tests, screens of different
absorption coefficients were examined. The results of experiments carried out
with the same control group are shown in Fig. 7 (similarly as in Fig. 6). Every
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Fig. 7. Average perception distances of the sereen (S, = 1.5 m?) under the conditions men-
i tioned in Fig. 6 for screens

subject used a walking stick and was moving on a hard surface towards:

(a) A plywood screen with an area of 8, = 15000 cm? (the columns denoted
by the letter d). The sereen was made of material with a relatively small absorp-
tion coefficient (a < 0.2).

(b) The same plywood screen covered with two layers of polyurethane foam
(columns denoted by the letter p). Thus the screen had relatively big absorption
(a > 0.4). As is shown in Fig. 7, the distance of perception of the screen covered
with foam is a little larger in the reverberation chamber, a little smaller in the
average interior and significantly smaller in free space, compared to the distances
for the uncovered screen.

To explain the described results we can compare the average values for the
three characteristic interiors where the measurements were made and for the
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sereens used at a frequency of 500 Hz*, namely: values of the absorption
coefficient a,,, of the area 8 and the total absorption 4 = a,,8.

As is shown in Table 1, the average values of the absorption coefficient of
the reverberation chamber and of the plywood screen are similar. Therefore
it is difficult to perceive the presence of the screen on the basis of the different

Table 1. Absorption coefficient and room constant under different conditions

Absorption The area limiting Total
Interior (screen) coefficient the interior (screen) absorption

gy 8 [m?] A [m?*]
Reverberant chambers 0.05 ‘ 80 4
Average interior 0.18 267 48
Free space 1 - -

Plywood screen 0.08 1.5 , 0.12

Sereen covered with l
foam 0.78 1.5 | 117

intensities of the sound waves reflected from the walls enclosing the chamber
and from the screen. In consequence, in the conditions discussed the distance
of screen perception is relatively small. The screen is easier to perceive when
it is covered with foam, a material with high absorption coefficient which lowers
the intensity of the reflections from the screen surface, so that the acoustic
field becomes inhomogeneous and shows clear directional characteristics.

The information that the sereen is in front of the subject might additionally
facilitate the definition of the distance of the screen.

The absorption coefficient of the average room differs from the absorption
coefficient of both the plywood and the polyurethane foam. Hence the distances
of perception of the screens covered with foam and without foam are relatively
small.

In free space, however, the values of the absorption coefficient of the space
and the absorption coefficient of the plywood screen are considerably different,
and this facilitates good perception of the screen up to 4.5 m in front of it.
When the screen is covered with foam (a material with a high absorption coef-
ficient), the absorption coetficient of the screen becomes similar to that of the
free space which, as is shown in Fig. 7, considerably decreases the distance
of screen perception (to 1.5 m).

In summary, the efficiency of perception of a given barrier depended not
only on the intensity of the reflected waves, i.e. on the increased acoustic pres-
sure around the barrier, but also on the difference of the intensity of reflections
from the barrier from that of its environment. Thus it was based on an auditory
evaluation of the acoustical energy distribution of the waves reaching the subject
from the point where he or she was standing.

* The speotrum of stick tapping (Fig. 2) had the highest values at about this frequency.
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5. Results of experimental laboratory tests

The results previously discussed show good agreement between the model
and free space investigations. However the relatively small number of persons
tested and the relatively large differences of the results — especially in the
experiments carried out in free space (the influence of changing weather condi-
tions) — made it difficult for the given acoustical conditions to define precisely
the dependence of the threshold distance of barrier perception and the size of
the barrier. :

To achieve the assumed objective a series of experimental tests with a group
of 19 blind people were performed. A subject was seated in an interior well
attenuated with curtains (at a frequency 500 Hz of a,, = 0.58), and the screen,
as in J. Kohler’s tests, was moved noiselessly towards the subject’s face, until
the moment the person perceived it. During the tests square plywood screens
of four different dimensions were used: S,, = 10000 cm?, 8,, = 2500 cm?,
8, = 625 cm* and 8,, = 156.25 cm®. The direct results of the tests were conver-
ted to functional and statistical relations using a Hewlett-Packard computer,
type HP 9810A.

On the basis of the tests performed, Fig. 8 presents the results of the de-
pendence between the threshold distance of perception R and the area of the
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Fig. 8. Relationship between the threshold perception distance R and the area 8, of screens
made od plywood with the sonic aid device (dashed line) and without it (continuous_ line)
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sereen 8, for the situation without sonic aid (continuous line) and with intermit-
tent sonic aid (dashed line) using a purpose-built “sound torch”.

For the preliminary verification of the results presented in Fig. 8, the re-
sults of the investigations made by Kohler (cf. Fig. 1) who used a standard
round screen of area S, = 1962 cm?® are marked with little squares, whereas
our own results from the experimental free space investigations with a screen
of area 8, = 22500 cm? (cf. Fig. 6) are marked with circles.

As is indicated in Fig. 8, the relations determined are linear. The linear
correlation coefficients — without sonic aid r, = 0.975 and with it »,, = 0.991 —
were significant at the level a = 0.05, and the regression equation for both the
quoted relations is

8,
R = R0+k1g-8—,
0

where R is the distance of perception measured in cm, R, — the reference
distance in em, k — the coefficient of the capability of perception, S, — the
area of the screen in e¢m?, and S, — the reference area equal to 1 cm?

The given equation indicates that the perception distance is proportional
to the logarithm of the barrier area so that the Weber-Fechner law can be
applied in this case, where the size of reaction is measured by the perception
distance and the stimulus is represented by the sound waves reflected from the
screen.

Investigations carried out in a similar way showed that a linear correlation
coefficient for the discussed relationship was important at the level a = 0.05
in other situations also, with only the distance R, and the coefficient k changing.

Figure 9 presents the results of such investigations in the interiors attenua-
ted with curfains (continuous lines — conditions a), after drawing the curtains
together (dashed lines — conditions b) and after shielding the drawn curtains
by metal sheets (dotted lines — conditions ¢), with sonic aid (a group of lines
at the bottom of Fig. 9). The results indicate that when the dispersion of the
acoustic field increased, the threshold perception distances of the screen loca-
lized with the help of the “sound torch” were smaller, implying that the percep-
tion was more difficult. The results are in agreement with the results of the
field investigations, during which the longest perception distances (up to 5 m)
were achieved in free space, i.e. in an unbounded acoustic field.

It is easy to notice, when comparing the free space and laboratory investi-
gations, that the distances for the screens of corresponding areas were similar,
irrespective of whether the screen was fixed and the person moved towards
it or whether it was moved towards the sitting person. It may thus be concluded
that the perception distance was determined by the similarity of the acoustical
conditions — for screens of width 1 m the distance amounted to about 2 m.

A somewhat different course of events, presented in Fig. 9, occurred without
a “sound torch”, in conditions of relative quiet (a group of lines at the bottom
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Fig. 9. Results of investigations as in Fig. 8: in silence and with sonic aid; @ — in the interior
with curtains, b — after drawing the curtains apart, and ¢ — after shielding the curtains
with sheet-metal

of Fig. 9). Under these conditions the threshold distances increased when the
dispersion of the acoustic field increased. Hence dispersion of the field facilitated
the perception of the screen.

Figure 10 shows the investigation results of the relation between threshold
perception distance and the plywood screen area (the upper boundary of the
area tatched in a given direction) and the plywood screen covered with poly-
urethane foam (the lower boundary of each area) in an interior with curtains
(continuous line), after drawing the curtains together (dashed line) and after
shielding the drawn curtains with metal sheets (dotted line). As is indicated
in Fig. 10, the threshold distance of perception of a screen covered with poly-
urethane foam is always smaller than the threshold distance of perception
of a screen of identical area but without the foam.

The biggest differences (giving the greatest decrease of perception distance)
occur in the interior with curtains (a), because the absorption coefficient of the
applied foam is similar to the absorption coefficient of the interior (curtains).
Thus the screen with foam is more difficult to perceive on the background
of curtains. When the curtains were drawn apart (b) and shielded with sheet (¢),
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the differences were smaller. The difference of perception distances of the screens
with and without the foam also decreased when the area of the screens de-
creased, i.e. when the acoustic absorptivity of their area decreased, which
implies indirectly that the value of the stimulus needed for barrier perception
also decreased.

Figure 11 presents the results of an investigation of the relation between
the threshold distance of perception and the area of the plywood screen when
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Fig. 10. Results of investigations, as in Fig. 11. Results of investigation, as in

Fig. 8, of decreasing the perception distance

(dashed areas) after covering the screen sur-

face with polyurethane foam under the condi-
tions as given for Fig. 9

Fig. 8, of decreasing the perception distance

(dashed areas) when the screen was moved

from the gides under the conditions given
for Fig. 9

the screen was moved in front of the subject (the upper boundary of the area
hatched in a given direction) and when it was moved from the side of his left
ear (the lower boundary of each area) under acoustic conditions a, b and ¢
for the interior. It is easy to see that the differences in receiving information
with a pair of ears and with only one ear become smaller when the absorption
coefficient corresponding to the given conditions of the test is bigger, i.e. when
less disturbing sounds reach the right ear facing the interior wall. It should
be concluded therefore that in the free space, i.e. in a free acoustic field, there
should not be any difference in the threshold distance of perceiving the screen
with a pair of ears or with only one ear. Hence, it should be enough to receive

2— A.‘.l.'chives uf Acoustics 2/78
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the impression of the existence of the screen with only one ear. This may be
gignificant for blind people with a unilateral deficiency of the auditory organ.

The results of measurements, which were made under acoustic conditions a
with two groups of people — individuals of outstanding skills and intelligence
(continuous line) and people with lower, limited intelligence (dashed line) —
are shown in Fig. 12. As can be seen from Fig. 12, the perception distances of
the screen with and without sonic aid for the latter group were similar to one
another and remarkably shorter than the distances achieved by the former
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Fig. 12. Results of investigations, as in Fig. 8, using subjects with average and outstanding
intelligence and limited intelligence, with sonic aid and without it

group with the help of a sonic aid. The results indicate that skills and intelligence
might play a very important role in interpretation and association of acoustic
information received through the senses in certain cireumstances in free space.
As all relations presented in Figs. 8 to 12 may be described by the given
regresgion equation, they can be compared with one another by comparing
values of their components which correspond to the particular situations tested.
Table 2 presents (under measuring conditions a, b and ¢) values of the re-
ference distance R,, the perception coefficient k¥ and real threshold area of
perception §,,, i.e. the contact area of the screen and head, when B = 10 em
(the lengths of the sides of squares with such areas are given in brackets).
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Table 2. Values of equation factors B = Ry+ klg(8,/S,) corresponding to conditions of
particular experiments
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gent people

a, b, ¢ — interior under conditions as in Fig. 9.

As is indicated in Table 2, when using:
(a) plywood screens and a one-third octave aiding signal with a centre frequency
of 1000 Hz,
(b) plywood screens and one-third octave aiding signal at centre frequencies
of 500, 1000, 2000 and 4000 Hz,
(¢) plywood screens covered with polyurethane foam and a 1000 Hz signal,
(d) a 1000 Hz signal and plywood screens moved towards the tested person

from his or her sides,

(e) plywood screens moved from the front towards the tested person without
any aiding signals,
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the values of the reference distance I, ranged between —47.7 and —52.8 em, so
the straight line in Fig. 8 was displaced +4-2.55 em in a parallel manner. We
can presume therefore that this distance characterizes the conditions of the
interior, and hence the characteristics of the acoustic field which oceurs
there.

However, the skill of perception, represented by the coefficient k, under-
went significant changes. The best perception of the changes of the screen
which was moved from the sides (k = 61.9) and front (k = 60.6) of the tested
subject. The perception became worse after covering the plywood with poly-
urethane foam (k& = 51.2) and the worst when perceiving the plywood screen
without aiding sound, i.e. under the condition of silence (k& = 28).

For the group of people with a relatively low level of intelligence (as asses-
sed by tests) no essential differences in the perception of the screen with and
without sonic aid were noticed. For this group, the value of the discussed coef-
ficient was very low (k,, = 24). The results indicated that it was difficult for
those people to interpret and associate the received sound information of the
presence of the screen and the factual situation. Hence such tests may also
indieate intelligence level of such people.

6. Conclusions

The discussed investigations show good agreement between the model,
free space and laboratory tests, justifying the assertion that for blind people
as well as for people with normal sight under conditions of poor lighting the
basie source of information about barriers existing in their environment is
audible acoustie vibration.

Impediment in the reception of these vibrations (e.g. by the use of ear-pro-
tectors, by attenuation of the steps of the subjects or by masking the area
of the tests with disturbing sounds) substantially limited the efficiency of barrier
perception.

In normal conditions the efficiency depended on the characteristics of the
acoustical field. Particularly, with natural or artificial sonic aid, perception
distances were the longer, the larger the area of acoustic field of the waves reflected
from the barrier became. As the size of the area is defined by the difference
between the measured acoustic pressure level and level which would oceur
in this place if there was only an acoustic field of freely propagating waves
reflected from the screen, the perception of the screen was hindered by diffuse
sound waves reaching the place from different sides. However, the perception
was easier when the difference between the acoustic absorptivity of the barrier
and of the environment was increased.

For the relationship between the perception distance and the area of the
barrier the Weber-Fechner law can be applied.
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ACOUSTICAL INVESTIGATIONS OF THE EFFECT OF ADDITIVES ON THE ELASTIC
PROPERTIES OF RAW KAOLIN*
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and HENRYK PIECZAROWSKI
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05-800 Pruszkéw, ul. 17 Stycznia 77

To improve the mechanical strength of ceramic bodies various modifying
agents are added in the raw state. The effect of the modifiers on the elastic prop-
erties of kaolin samples in the raw state and after firing was studied by acoustical
methods: a resonance one and a pulse one. The results of the Young’s modulus
measurements obtained by the acoustical methods agree with the results obtained
by other methods. The resonance methods have been found to be applicable
for the examination of raw ceramic materials.

1. Introduction

The mechanical strength and plasticity of raw kaolin materials are often
insufficient to form a sample into a desired shape. A low mechanical strength
in the dried semi-finished products is undesirable since they are liable to be
damaged during the subsequent production stages. To reduce the amount of
damage, various modifying additives are added to the casting slip in order
to improve the plasticity and mechanical strength of the semi-finished ceramic
products.

* Bupported by the interdisciplinary contract No. MR-I.24.
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The paper presents the results of preliminary investigations of the effect
of modifiers on the elastic properties of raw and fired kaolin. The investigations
were performed using non-destructive acoustical methods: a pulse one [1]
and a resonance one [2]. The measurements were performed at the Institute
of Fundamental Technological Research of the Polish Academy of Sciences.
The samples were prepared at the Institute of Glass and Ceramics at Pruszkéw.

2. Sample preparation

The samples to be tested were prepared from KOC kaolin of the following
physical and chemical properties:

(a) chemical composition [9%]

firing losses 11.54 CaO 0.36

8i0, 52.95 MgO 0.48
AL,0, 33.15 Na,0 0.06
Fe,0, 0.58 K0 0.69
TiO, 0.49

(b) mineral composition [ %]

clay minerals 83.28
quartz 12.04
feldspar 4.68

(e) particle-size analysis

dimension dimension
0, 0
[} il T
> 60 i: 7-b 94.0
60-30 99 5-3 i )
30-20 98.7 3-2 67.2
20-10 94.0 > 2 56.7

The following modifiers were added to the KOC kaolin:

(a) Rokrysol WF-1 (coagulum manufactured by “Rokita”, Brzeg),

{b) Glycocel (carboxymethylcellulose sodium),

(e) Ground bentonite (Milowice). :

The casting slip was prepared by first pouring the modifier into water
After mixing, dry KOC kaolin was added, mixed for 2 hours with a stirrer and
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left to stand for 24 hours. The suspension thus prepared was mixed, separated
from the sludge using No. 1 Sieve (3600 holes /em?) and filtered using a laboratory
filter press operated at a pressure of 10° N /m® The discs obtained were de-aera-
ted in a vacuum press to homogenize the eomposition and next formed in the
shape of samples in the same press. Next the samples were dried at 110°C
to thée surface-dry state. After drying, some of the samples were fired in a silit
chamber kiln at 1250°C.

3. Measurement method

The investigated samples had the form of rods several eentimeters long and
a square cross-section of about 1 X1 em. Such a form for the samples made it
possible to perform the measurements on both a concrete tester and a resonance
elastometer. In some cases the form of the samples deviated markedly from the
cubicoid. However, in spite of that, meaningful preliminary results were obtained
on the effect of some additives on the mechanical properties of kaolin.

Raw samples were examined using a BI-8R-M66 Ultrasonic Concrete
Tester manufactured by “Radiotechnika” (Wroctaw). The measurements
were performed using a transmission method at frequencies of 250 kHz and
500 kHz generated by G-250 and G-500 heads. The fired samples were tested
using a Unipan 541 Material Tester and 100 kHz 100 LBN1 ultrasonic heads.
The samples were coupled with transducers using “Epidian 5" epoxyadhesive.

In making the measurements by an acoustical resonance method a modern
version of a resonancee elastometer, produced by IFTR PAS (Warsaw), was
used [3]. This instrument is provided with capacitance type, contactless electro-
acoustic transducers and, therefore, the ceramic samples to be examined were
covered with a thin silver layer. The layer is several micrometers thick and does
not affect the measurement results. The samples excited in a longitudinal mode.
The principle of the measurement is illustrated in Fig. 1. A transmitting electrode

o M7 »

Fig. 1. Schematic diagram of the resonance elastometer
& — generator, N — transmitting transducer, P — sample, O — receiving transducer W - amplifier

XN is biased with a D. C. voltage and fed with a signal from a variable frequency
sine wave generator G. By varying the generator frequency f one can excite
successive resonances in the sample (ef. Table 3). The oscillations of the sample
P are detected by a receiving transducer 0. Next the signal from the trans-
ducer is supplied to an amplifier W. The frequency of the resonance oscillation
is measured with a digital frequencymeter built into the measuring system.
The propagation velocity in the samples is determined from the relation

0= ’Infn? (1)
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where ¢ is the velocity of the elastic wave, 4, — the wavelength, and f, — the
frequency of the n-th resonance.
The wavelength in the case of longitudinal modes is

2
Ay =—1
w=—b (@)

where n is the order of the resonance, and ! — the sample length.

In the case of slender samples where the length I is much greater than the
transverse dimension and the latter is much smaller than the wavelength, the
propagation velocity is expressed by the relation

Gt Yo ok 3)
e

where F is the Young’s modulus, and ¢ — the specific density of the material.

4. Results

The results of measurements and the parameters of samples are summarized
in Tables 1-4 and in Figs. 2 and 3. The results obtained indicate that the addi-
tives denoted in the figures by R (rokrysol), G (glycocel) and B (bentonite)
affect the propagation velocity, and thus the Young’s modulus, to various
degrees. Agreement between the results obtained by the different measurement
methods (the pulse method and the resonance method) is good.

The measurements performed on the raw samples reveal a dispersion of the
ultrasonic wave velocity brought about by the unfavourable ratio of the trans-
verse dimension of the samples and the wavelength [4]. The dispersion of the
ultrasonic wave velocity observed is also due to the large inhomogeneity of the
structure.

Table 1. Parameters of raw samples

Sample Dimensions Matarials

No Im] | bxh[m] o kg m—3]

1 | 01475 | 0.011x0.11 1480 kaolin
kaolin

2 0.1353 0.011 x 0.011 1610 +0.29% rokrysol
3 0.1298 0.011 x 0.011 1500 +0.59% rokrysol
4 0.1407 0.011 x0.011 1430 +1.09% rokrysol
5 0.1404 0.011 % 0.011 1520 +0.29% glycocel
6 0.1525 0.011 x0.011 1590 +0.59% glycocel
7 0.1521 0.011 % 0.011 1510 +1.09 glycocel
8 0.1187 0.011 x0.011 1560 +0.2 % bentonite
9 0.1488 0.011 x0.011 1540 +0.59% bentonite

10 0.0947 0.011 x0.011 1630 +-1.09% bentonite




Table 2. Parameters of fired samples (firing temperature 1523 --20 K)

Sample Dimensions Materials

No 1 [m] bxh[m] |eolkg-m—?]

1 | 00547 | 0.0096x0.0096 | 2270 kaolin
kaolin

2 0.1260 0.0097 x0.0101 1910 +0.2 9% rokrysol
3 0.0708 0.0097 x 0.0101 1780 +0.59% rokrysol
4 0.1283 0.0097 % 0.0098 1730 +1.09% rokrysol
5 0.0588 0.0096 x 0.0099 1830 +0.29 glycocel
6 0.1416 0.0099 x 0.0099 1830 +0.59% glycocel
7 0.0826 0.0099 % 0.0099 1740 +1.09% glycocel
8 0.1099 0.0099 % 0.0100 1840 +0.29, bentonite
9 0.1388 0.0099 % 0.0100 1820 -0.569% bentonite

10 0.0875 0.0099 x 0.0100 1910 +1.09% bentonite

Table 3. The results of measurements on the raw samples

Resonance method Pulse method f = 250 kHz

1
Sa;?é] ®| Resonance o B T ¢
frequency [m/s] [N/m2]-10° [us] [m/s]
[Hz]

1 5018 1485 3.26 98 1505
10072
15106
2 6406 1725 4.80 78 1735
12728
19078
3 5885 1530 3.51 50 1550
11798
17636
4 5229 1470 3.10 04 1495
10452
15724
5 5803 1630 4.04 84 1670
11661
17391
6 5964 1815 5.24 82 1860
11904
17845
7 5967 1805 4.92 83 1830
11841
17755
8 6293 1485 3.44 76 1560
12437
18744
9 5434 1605 3.90 90 1655
10805
16230
10 8970 1695 4.39 56 1690
179356
26679

* ¢,y was detormined as the mean value for the three modes
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Table 4. The results of measurements on the fired

samples - (firing - temperature 1523 +20 K). The

results were obtained by the pulse method at
a frequency of 100 kHz

Sample T ¢ )
No [us] [m/s] [N/m2]-10°
1 12.5 4370 43.3
2 27.9 4515 38.9
3 16.4 4315 33.1
+ 31.2 4110 29.2
5 13.4 4375 35.2
6 32.1 4410 35.6
7 19.6 4225 31.1
8 26.5 4145 31.6
9 33.7 4120 30.9
10 200 | 4310 35.5
A
clms]
5000
a)

4500 # /’—\\

7500 f

1000 k; 2
T : . i
0 0.5 1024/

Fig. 2. The relation of the propagation velocity to the additive concentration in kaolin
a) fired samples, b) raw samples; R — rokrysol, ¢ — glycocel, B — bentonite
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£ 10°4
N/m?]

35

x
5L ‘ - -
0 0.5 10 [5)

Fig. 3. The relation of value of Young’s modulus ¥ to the amount of modifier in the

raw samples, determined by the acoustic resonance method
R — rokrysol, G — glycocel, B — bentonite

In the resonance method the measurements are performed in a range in
which the transverse dimension of the sample is much smaller than the wave-
length and, therefore, one can assume that the wave propagation in the sample
is of the rod type [3].

4. Conclusions

The investigations performed indicate that acoustical methods and, in
particular, the acoustic resonance method can be used for the determintation
of the strength characteristics of ceramic clay materials in the raw state.

The results of the Young modulus mesaurements obtained by acoustical
methods agree with the results of plasticity measurements performed in the
Laboratory of Rheological Investigations of the Institute of Glass and Ceramics,
Pruszkéw Branch [6].
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DIFFRACTION OF A HIGH INTENSITY LIGHT BY ULTRASOUND
IN NONLINEAR LIQUIDS*
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Physics Institute, Gdansk University
80-950 Gdansk, ul. Wita Stwosza 57

The paper presents some experimental and theoretical results obtained in
the examination of high power light diffraction (Nd3+ laser) by ultrasound
(4 MHz) in nonlinear liquids. The diffraction patterns differ from the usual
results for the light of small intensity. The distributions of the light can be
explained by the influence of the optical nonlinearity of the medium (3-rd har-
monie light generation and frequency mixing). The theoretical description pro-
posed appears to explain the experimental results.

1. Introduction

Since coherent sources of light of high infensity became available, many
experimental and theoretical papers have appeared on the nonlinear effects
accompanying light propagation in material media. One of the phenomena,
the diffreaction of high intensity light by ultrasound was first examined in 1971
[8] and has been further investigated [9, 11, 12, 13]. This paper gives a review
of the topic, including some new results and theoretical explanations. We start
with a description of some elements of nonlinear optics required for further
acousto-optic considerations.

The intensities of classical sources of light are small (0.1-100 W/cm?),
but in laser sources intensities from some mW /em? to some decades of GW /em?
[14] are available experimentally, depending on the kind of the laser device
used. The electric field intensities of the optical vector corresponding to such

* This work was carried out in the MR.I.24 research programme.
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light energy densities are 10° V/em to 10° V/em (by comparison, the electric
field intensity of sun light is barely 10 V/em) [10]. Such ‘high electric field
strengths are comparable to the electric fields existing in the interior of matter
(e.g. the electric field from the nucleus on an electron in a hydrogen atom is of
the order of 10° V/em, internal fields in crystals are of the order of 10° V/em,
in liguids 10°-107 V/em).

Thus, one can see that in the strong electric fields ereated with laser beams
some properties of atoms and molecules and, consequently, of the whole material
media can be changed during the propagation of light through them. Under
such conditions the electric polarization of a medium is no longer proportional
to E, i.e. the relation

Py(r,t) = 5B (r, 1) (1)

is not adequate for a description of physical phenomena. An additional non-
linear polarization P, occurs and

Pyp(ryt) = g3 B2ry )+ 52 ES(ry )+ ..., (2)

where x7, x; and x5 are tensors of the electric susceptibility of the first, second
and third rank, respectively.

In linear optics the refractive index of a medium for light has a constant
value, and in the range of linear phenomena the principle of superposition is
valid, i.e. no interaction among various light beams takes place. The electric
fields of very intense light cause changes in the refractive index of the medium
and nonlinear optical effects occur. In this case the principle of superposition
is not valid: the electrie fields of different light beams interact with one another,
and they also interact with the material medium in which they are propagating
(the nonlinear polarization mentioned above).

A special effect in nonlinear phenomena consists in the generation of higher
harmonics of 2w, 3w, ..., where o is the frequency of the fundamental compo-
nent. These harmonics correspond to the consecutive orders of nonlinearity
of the electric polarization of the medium in formula (2).

It may be shown [10] that the tensor of the electric suseceptibility of the
second rank, x;, has components different from zero only in the ease of crystals
belonging to the erystallographic classes which have no centre of symmetry.
For erystals possessing a centre of symmetry and for isotropic bodies the second
order nonlinear phenomena do not occur, but at very high light intensities the
cubie nonlinearity plays a dominant role. For the last ease one can write the
dependence of polarization on the electric field as follows:

P =y E(r,t)+y5: E(r, )+ ... (3)
For isotropic media this gives
P =cobB+ (B34 ..., ~(4)

where a and f denote coefficients corresponding to ¢ and x5 for isotropic media.
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Thus, in a medium with 3-rd order nonlinearity the 3-rd harmonic of light
can be generated during propagation. This results from the following considera-
tion.

If the original beam has the form

E = Ejcos(kr — ot), (5)

where E, is the amplitude of light, k — wave vector, r — vector of coordinates,
o — fundamental frequency, ¢ — time, then, due to the nonlinear interaction,
the 3-rd order polarization will occur:

P® — gEcos® (kr — ot). (6)

Formula (6) may be written as the sum of two terms (in view of the relation
cos?xr = 1(3cosw+ cosdw)):

P® = 38E3cos (kr — wt) +}BE: cos (3kr —3wt). (7)
Using this formula one can estimate the change in refractive index intro-

duced by the nonlinear polarization.
Generally, for the electric induction D in the medium, we have

D = D,+P, (8)

where D, = & E is the electric induection in a vacuum, e, — permeability
of a vacuum. From the definition one can write

aD

X ®)

EEEO =
where &5 is the electric permeability which is a function of the electric field H.
From (9), using (8) and (7), we get

g =n+yE* or An =ng—n = pE?, (10)
where y = 38/2eym, n = l/;, ng = l/;;.

Thus the variation of refractive index due to the 3-rd harmonic is propor-
tional to the squared amplitude of the fundamental. y is the characteristic
constant responsible for the 3-rd order nonlinear polarization of the medium.

In the literature [9] the electrostriction of the medium is considered as
the main reason for the nonlinear polarization and the coefficient y is expressed
by the formula

st Q(iséﬁe)aﬁs_, (11
™
where p is the density, p, — the adiabatic compressibility, ¢ — the electric
permeability, n — the refractive index of the undisturbed medinm.

3 — Archives of Acoustics 2/78
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The quantities g, and o(d¢/dp), are known for many substances and it
was possible to calculate An from formulae (10) and (11) for a chosen value
of E. For a laser beam of power density 102 W/em?, corresponding to B =
2.7-10' V/m, y and 4n were calculated for a few liquids. Results are presen-
ted in paper [9] (see Table 1).

Table 1
Substance ng g-10% o(0z/do)g | fs-1013 p+10%0 An-108
[kg/m?] [N/m?] | [m?/V?]
water 1.3397¢ 0.997¢ 0.82¢ 45.7¢ 0.06 0.44
(0.38)2
carbon disulfide 1.6742 12620 2.39¢ 49.52 0.42 3.19
(2.91)@
benzene 1.522¢ 0.8792 1.569 52.64 0.21 1.61
\ (0.04)8
carbon tetrachloride 1.4720¢ 1.595¢ 1.15% 58.0¢ 0.14 0.99
toluene 1.5130¢ 0.865° 1.60¢ 70.0¢ 0.30 2.24
ethyl aleohol 1.369¢ 0.789¢ 0.95¢ 92.8¢ 0.15 1.14
methyl aleohol 1.338¢ 0.791¢ 0.82¢ 100.5¢ 0.14 0.95
nitrobenzene 1.553% 1.203% 40,02 34.8% 2.21 670.0

a — [22], b — [28], ¢ — [24]
2. Conditions for the third harmeonic generation

The conditions required for the 3-rd harmonie generation [1] are the fol-
lowing:

a. The isotropic medium must be nonactive optically.

b. The electronic absorption of light must be absent or very small.

¢. Performance of phase matching conditions must be present, i.e. the
value of the phase velocity for the fundamental and the 3-rd harmonic of light
in the medium must be the same, i.e. 4k ~ 0, in the relation

3
Ak = Ty =3k, = (13 —na), (12)

where n,,, n, and k,,, k, are the refractive indices and the wave numbers
for the 3-rd harmonic and the fundamental one, respectively.
d. There must be an interaction along the coherence length:

T
I, =——.
R
The formula for the intensity of the 3-rd harmonie of light is as follows [1]:

rsin Hdk}‘ ieh (14)

160, ) = () |
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The first experimental steps in obtaining the 3-rd harmonic generation
were performed by TERHUME et al. [15] in 1962. They used a ruby laser and
a erystal of caleite. In 1969 GOLBERG and SCHUUR [7] examined the 3-rd harmo-
nic generation in liquids, particularly in liquid crystals. The change in the
refractive index and other interesting nonlinear effects were described by
BuoxineaAMm [4] and BLOMBERGEN [3].

Condition b may be achieved by introducing an abnormal dispersion for the
frequency range between the fundamental and harmonic [6] as was fu’st experi-
mentally realized by BEY et al. [2] (see Fig. 3).

The first calculations on the diffraction of intense light generating the 3-rd
harmonic by ultrasound were performed in 1969-72 by JOzZEFOWSKA et al.
[8, 9] (see Figs. 1 and 2). The amplitude distributions are described by the for-
mulae

-+ 00

| ; ; i .
Blow,l, 2,1) = exp(2myt)k=2_:o @, (a)exp ( i % a) exp (2mk A) X
+eo
WP 3 )
X exp( —2niNt) + exp [3 (2mint)] Z [DL(3a) + 4, ()] X (15)
k'=—00

% exp[—i%ﬂ— -3a]exp (Znik'%)exp( —2miNt) for k' = 3k,
n

where » and 4 are the frequency and wavelength of light, respectively, N and A
are the frequency and wavelength of the ultrasound, n, is the optical refractive
index for the undisturbed medium, dn is the amplitude of variationin the index
due to the ultrasound and is proportional to the acoustic pressure of the wave,
¢ is the time, ®}(a) are Bessel functions of argument a = 2zdnl/A, D} (3a) are
Bessel functions of argument 3a, and 4,. are complicated linear eombinations
of the products of Bessel functions of different orders [8].
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light (w+3w)
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Fig. 1. Geometrical situation of the diffraction Ut fra.s;oun d
of light by ultrasound generating the 3-rd / g
harmonie in a nonlinear liquid medium nonlmearlzgmd
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The light intensity distributions are given by
= (1—1)20,@" + E2r2[ D, (3a) + 4,(a)1[Py(3a) + 4,(a)]* (16)

(* denotes the complex conjugate) and for the 3-rd harmonic for the orders
E = +1, +2,... we have

I = B2r2 [0, (3a)+ A ,,(a)] [Py, (3a)+ A, (a)]". (17)

Some experimental work on this problem was performed by Kosmor [11].

+2, +6 w+28, Ju+6Q
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5 R 1A e -
-, - i £ i
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Ultrasound -2, - w-2 2 32’;3‘3

Fig. 2. Spectrum of diffraction pattern in the phenomenon of the diffraction of light by
ultrasound in a nonlinear liquid medium

Lastly, MERTENS and LrroY [13] recalculated the results of J6zefowska
et al. and obtained an exact solution using a generating function method which
gave simple expressions for the intensities of the fringes in the diffraction
pattern,

1 [p O s o]
7 = i o el (18)
N Pl [
Jyy = i [5’ + si(1+r2)2]J‘(3§)’ (19)

where r is the ratio of (real) amplitudes of the light for the generated third
harmonic and the fundamental one, and J;({) is a Bessel function of order

j and argument [ = nslzjil/e_u with the condition [ +# 3j.

3. Experimental conditions

A very high intensity laser beam is required in the experiments. A laser
beam of power density greater than 10'* W/m? was used, corresponding to an
electric field amplitude of the light wave in the beam of 2.7-107 V/m. As our
first investigations with a ruby laser A = 6943 A, and the 3-rd harmonic at
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about 2300 A, were not satisfactory, we used an Nd-glass laser with 2 = 10600 A
(and the 3-rd harmonic about 35300 A) which proved more convenient for the
experiment. Using a switching cell with an Eastman Kodak Q-switch 9860,
we obtained gigantic laser pulses of tens of nanoseconds duration.

Material suitable for the 3-rd harmonic generation must be relatively
transparent both for the fundamental and for the 3-rd harmonic. The generation
takes place along the coherence length of the light beam I, given by the formula
(derived from [12] and [13])

2
Iy = — " — 20
e ]! (20)

where 4, is the wavelength for the fundamental, and n,,, and n, are the refractive
indices of the fundamental and the 3-rd harmonie, respectively.
Conditions for matching after FRANKEN et al. [6] are presented in Fig. 3.
An ultrasonic wave of 4 MHz was used in the experiments.

A

&

3
S)

Refractive index
3

~«——— fFregquency, w
Wavelength, A —>

Fig. 8. Description of phase matching conditions

Fig. 4 presents a schematic experimental arrangement. For the recording
of the diffraction spectra a simplified prism (quartz) spectrograph was used.
From the theoretical predictions one can expect a picture similar to that shown
in Fig. 5.

The most important part of the apparatus is a special ultrasonic-optical
cell which has parallel movable walls (quartz windows) allowing for the adjust-
ment of the interaction distance for the proper matching of refractive indices
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erP

FP

Fig. 4. Experimental arrangement
M; — mirror R = 1009% M, — mirror R= 50%, @ — Q-switcher, Nd@ — Na3+ glass laser, BM — beam-splitter,
PD — photodiode, RF — red filter LUC — light ultrasonic cell with liquid, T — pi lectric tr T,
USG — ultrasonic supply generator, FM — frequency meter, QL — quartz lens, QP — quartz prism spectrograph,
FP — photographic plate
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and for determination of the coherence length. Fig. 6 presents the structure

of the cell. The thickness of the cell can be regulated from 0.05 to 6.27 mm
with a precision of 0.001 mm.

4. Choice of liguids

Experiments were performed in carbon tetrachloride for eomparison wih
the caleulations in [9] and in a 130 g/liter solution of methylene blue (the
substance used in [5]) in methyl alcohol. Figs. 7 and 8 show the absorption

characteristics for these substances, obtained with a Carl Zeiss Jena Specord
71 and 72 IR,
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Fig. 7. Optical absorption characteristics of methylene blue
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Fig. 8. Optical absorption characteristics of carbon tetrachloride

5. Results

Figs. 9 and 10 represent some evidence of the expected pattern, where the
third harmonic was diffracted by the ultrasonie beam.

In addition to obtaining such a pattern, in the experiments of M. Kosmol
a new effect of the appearance of a black hole in the first of diffraction order
instead of the expected light maximum was discovered (Fig. 11, a, b). (The
diffraction of the 0-order beam to an area large compared with those of the 41
order spots is connected with some additional effects of light scattering associated
with obtaining a letter collimation of pulse beam with a duration of about
40 ns.)

The situation is closely analogous to the observation of absorption lines
in a light spectrum, e.g. Fraunhofer lines in the spectrum of the sun. The reason
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1058 632 353 TFig 9. Experimental results for the diffraction of the
nm nm nm 3-rd harmonic by ultrasound in carbon tetrachloride

< +1 of fundamen ta!

~———+1 of 3-rd harmonic

*———0

«———~1 0f 3-rd harmonic
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Fig. 10. Experimental diffraction pattern in carbon tetrachloride for a light pulse of duration
about 40 ns and 20 MW /em?
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Fig. 11. Comparison of two patterns

a) for normal diffraction (bright spots in 41 orders), b) for abnormal diffraction (black
gpots in +1 orders)

for such an absorption here is not clear. A suggestion has been proposed to
explain this effect on the basis of nonlinear inferaction in a multidiffraction
effect [12], and this suggestion is developed below.

6. Selective annihilation of components in the phenomenon of high-power light pulse
diffraction by ultrasonic wave

The effect has not been foreseen by existing theories and, as far as the pre-
sent authors are aware, it has not been described in the literature.

6.1. An attempt at an explanation. The fact of the cancellation of coherent
beams diffracted at angles corresponding to the -1 orders may be interpreted
only as a result of the appearance of other coherent beams propagating at the
same angles but in opposite direction and with phases able to cancel the emis-
sion line, thus giving an absorption line (the medium is absorbing this wave)
(Fig. 12).

Let us consider the generation of the third harmonic in a nonlinear medium
with the 3-rd order nonlinearity and the diffraction of the light of this harmonie
into the first order (-1 order), for instance.

Further, let us assume that the 41 (or —1) beam has still sufficiently high
power to interact nonlinearly with the medium: in particular, the 3-rd harmonie
beam will interact with the fundamental. Assuming that the light diffraction
by ultrasound can be multiple (reiterated) as BRILLOUIN suggested in 1922, we
may consider an intermediate plane in the ultrasonic beam (Fig. 13), where there
is a second process of diffraction. The vibrations of the light vectors of the
overlapping and interacting beams of the fundamental and the 3-harmonic
must there satisfy the formula

B, = BIESY + BV = BGY + B +3EGY BN +3EHVERY®.  (21)



128 M. KOSMOL, A. SLIWINSKI

Fig. 12. Wave vectors of light: & — undiffracted, ky, k; — diffracted interacting in a nonlinear
medium
a) normal diffraction, b) abnormal diffraction with the possibility of cancellation
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Fig. 13. Diffraction of a very high power light beam by an ultrasonic wave when the third
harmonic of the light is generated as a multiple (reiterated) process considered. for two-fold
case

Putting
EGY = Eicos[(o+ 2)t—k,2 ],
B = Ficos[3(w+ 2t —ky,2 4],

where k,, = 3k,, we obtain (among others) expressions such as

(22)

cosr = }(3cosx+cos3x), cosx = }(1—cos2a),
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which are responsible for the third and second harmonics. They are:

(I) BB, = BE:-Byco8®[(0+ Q) —k,ay]c0s[3 (0 + Q)i —3k,2,],  (23)

() B, B, = BE,Bicos[(w+ )t —k,@,]cos[3(w+ 2)t:3k,2,].  (24)

But we have (I) > (II), so we shall consider only

{T) = g—EgEs {(1—cos[2(0+ 2)t—2k,2,])cos [3(w+ )t —3k,2,]}
= -g—EﬁEscos” [(e0+ Q)1 — kwm,]-——g—EﬁEacosz[(w+ )t —k,m] %
Xeos3[(w+ )t —k,a]. (25)
Since

cosacosf = Y[ cos(a+ f)+cos(a—p)], where x = [(0+ Q)t—k,2,],

we have

cos2[(w+2)t—Fk, 2, ]cos3[(w+2)t—k,x,]=
=008 {2 (@ + Q) — oy ] +3 [(0 + Q)8 — ko 2,1} +
+cos{2[(o+ )t —k, 2] -3[(w+ )t —Fk,2,]} =
cosb[(w+ 2)t —Fk,o ] +cos{—[(w+ )t —k, o]} =
=085 [(w+ )t —Fk, 2]+ cos{ —[(w+ 2t +k,2,]} =
= 0085 [(0+ Q) —k,2,] +cos[(o + Q)i+, @,]. (26)
A similar result may be obtained for (II).

Returning to Fig. 12 (b) and attributing the expressions for the wave
numbers k; and — %,

ky=cos[(w+ Q)t—k,2,,]

1 27

—ky=cos[(w+ 2)t+k,x 8 s 4
ky=cos[(w—Q)t—Fk, x_

g b e LY | PR (28)
—ky=cos[(w— Q)i+ k,z_,]

we see that the beams which can cancell one another appear as a result of the
nonlinearity of the medium.

6.2. Discussion and conclusions. It is worthwhile to consider the
physical mechanism of this interaction. Let wus consider the induced
Mandelsztam-Brillouin effect as a possible explanation. Under the influ-
ence of light nonlinear polarization, the density of a medium is chan-
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g'ed due to an electrostrictive effect (see formula (11)) and, as a conse-
quence, an elastic wave (M. B. effect) is induced.

The energy from a light beam of frequency w + 2 is pumped into the ultra-
sonic wave of frequency 2 (this corresponds to the vector g in Fig. 12) but with
opposite phase, thus giving the strong absorption of this particular component.
We can also say that this light induced (pumped) elastic energy forms an elastic
wave propagating in the opposite direction (—q) which gives the appearance
of a light beam in exactly the opposite direction (opposite in phase) which is
coherent to the first beam and is cancelling it out. The first beam gives the
emission line (or bright spot) but the second transformed beam gives the absorp-
tion line (or black spot) as the result of its interaction with the first beam.

This is only a qualitative conception, which requires much more examina-
tion both in experiment as in theory to evaluate the effect quantitatively.
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HOW THE STRUCTURE OF A MEDIUM IS SEEN BY AN ACOUSTIC WAVE*

IGNACY MALECKI

Institute of Fundamental Technological Research
00-049 Warszawa, ul. Swietokrzyska 21

Division of heterogeneous media into three types, depending on the dimen-
sions of heterogeneities. Media with maecroheterogeneities occurring naturally
and in technological materials. Chraracterization of microheterogeneities. Fre-
quency and energy transport ranges requiring quantum representation of waves
in media with heterogeneities caused by crystal structure defects. Quantum
phenomena and background noise for audible sounds. Density of phonons occur-
ring in acoustic impulses. Quantum phenomena possible in biological substaneces.

1. Introduction

The acoustic wave is a unique source of information concerning the medium
in which it propagates. For many centuries only waves in continuous and homo-
geneous media have drawn the attention of scientists. Even before the second
world war investigation of the influence of the structure and heterogeneity
of a medium on the propagation of acoustic waves had begun. However it is
only in the last decade that considerable progress in the investigation of this
problem has been made; many laboratories have concentrated their activities
on the study of this subject. This situation justified the choice of the problem
of the correlation between the structure of media and bodies and acoustic
waves propagation as the focal point of the second FASE Congress.

The sessions of the first and second sections are dedicated to this problem,
while the third section constitutes their logical complement: moving from the
physical phenomena to their perception by man. I think that this is sufficient

* FASE-78, invited paper, unpublished in the Proceedings.
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reason for me to dedicate the opening lecture of the Congress to certain general
aspects of the influence of media structure on the acoustic field.

The acoustic wave “sees” the heterogeneity of the medium if its length
is commensurable with the dimensions of the heterogeneities or with the distance
between them. For a longer wave the medium “appears” to be homogeneous;
however, the heterogeneities influence the value of the attenuation coefficient
and, therefore, the acoustic wave gives indirect information about their nature.
As far as the dimensions are concerned, we may differentiate three ranges of
heterogeneities connected, respectively, with the macrostructure, microstruc-
ture and molecular-atomic structure of a medium. The rather trivial definitions
of the limits between these ranges will be omitted from my considerations.

In the majority of media all the three ranges of heterogeneities exist;
it is the length of the wave that determines the one that we perceive. Of course,
every material medium has heterogeneities due to its molecular-atomic structure
and we should therefore pay a special attention to them. The macroscopic
heterogeneities may be natural or caused by technological processes. In Table 1

Table 1. The frequencies related to the macroscopic heterogeneities

Medium Size of heterogeneities Related frequency
Rocks 1-10m 0.5-5 kHz
‘Water in ocean 0.5-1m 1.5-3 kHz
Reinforced concerete 0.5-1cm 0.25-1 MHz
Organie tissue 0.1-1¢m 0.2-2 MHz
Porous poreelain 0.5 mm 40 MHz

some examples are given of media of this kind and the frequencies corresponding
to the wavelengths commensurable with the dimensions of the heterogeneities.

The microheterogeneities have until lately been almost exclusively of
natural origin and technological processes have influenced them only indirectly.
The situation has recently changed with the introduction of microcomposites,
e.g. in the form of whiskers.

In Table 2 the data pertaining to the microstructure of typical media,
analogous to those given in Table 1, are presented.

Table 2. The frequencies related to the microscopic heterogeneities

Nature of heterogeneities Size of heterogeneities Related frequency
(pm] [GHz]
Magnetic domains 10-100 - 0.05-0.5
Dislocations in a monoerystal 10 0.5
Erythroeytes in blood 4-8 0.2-0.4
Graing in a polyecrystal 1-5 1-5
Punctual defects 0.1 50
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Both ranges of heterogeneities have one essential feature in common:
the medium must be treated as heterogeneous but still continuous; we deal
here with an acoustic wave in the traditional sense. It allows us to use common
methods of description for both of these ranges.

The essential feature is the structure of the heterogeneity; the dimensions
are related to the wavelength, and thus relative parameters are dependent
on the frequency. We may differentiate two basic types of the structure. On the
one hand — the medium with strong heterogeneities, i.e. of markedly different
acoustic impedances. Usually in such a case we deal with heterogeneities in the
form of inclusions in a continuous matrix. These are called grainy media.

On the other hand, we have granular media with weak heterogeneities,
ie. of acoustic impedances not much different from one another. Most often
heterogeneities are close to one another, so that here there is no distinet matrix.

Differences in structure necessitate different mathematical methods for
determining the field distribution in media of the two types. For grainy media
we usually adopt the method of imaginary sources, while in granular media
the method of a small parameter is used. Depending on the degree of the structu-
ral irregularity we may or may not introduce statistical methods.

In Table 2, examples of both types of heterogeneity are given.

2. Molecular-atomic heterogeneities

The image of the acoustical phenomena changes deeply, once we descend
to the molecular-atomic range. The traditional view of the acoustic wave make
sense only in connection with the movement of matter, but the space between

Table 3. Examples of two types of heterogeneities

Grainy media Granular media
ZySZi, D> Zye2Z; D <l
Reinforced concrete Water in ocean
Porous poreelain Organic tissue
Crystal lattice Polyerystal

the molecules in fluids or the atoms in solids is not filled with a material medium,
The acoustic wave is, therefore, a collection of vibrations of discretely distributed
particles; this is often disregarded in technological acoustics. There is an im-
portant difference here, when compared with the electromagnetic wave, which —
regardless of frequency — propagates is space in a continuous manner. The
concept of the acoustic wave-length loses its physical sense in this range,
becoming a formal quantity, since the same distribution of oscillations of particles
may be obtained for a number of wavelengths (Fig. 1). We must, therefore,
look for another solution.
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Fig. 1. Varied concept of wavelength for a chain of particles

Let us consider (Fig. 2) a simple chain of identical oscillators of masses
my,, elasticities K, and distances @ between them; the oscillator has displace-
ment u, and momentum P;. Using Fourier analysis we find the displacements
Ut and momenta P, for the k, mode of oscillation:

m, kg mg kg Mg ko mg
GO &S 0000000 €y 00000003 0000000 €300
IR N a—sbe—a—orl

Fig. 2. A chain of oscillators of masses m, and elasticities K, between them
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This mode of oscillation may be represented in the reciprocal space of wave
vectors as a so-called modal oscillator moving with a velocity ¢, (Fig. 3). This
operation is performed on the basis of classical mechanies, but the energy
transport in the chain of oscillators, representing the acoustic wave, is subject
to the same universal law as the energy flux of electromagnetic wave: it does
not oceur in a continuous manner but in quanta of energy given by the formula

E=hw(fn+—;—), (2)
where 7 is the universal Planck constant, and # is the number of the energy
levels, i.e. the number of phonons.

The energy of the modal oscillator consists therefore of indivisible quasi-par-
ticles called, as we know, phonons; these quasi-particles are analogous to light
photons, though their properties are slightly different.
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Fig. 3a. Representation of a chain of oscillators by a number of k oscillators with a velocity e,
Fig. 3b. Representation of a chain of & oscillators as a flux of phonons nk;

Therefore we shall present the moving modal oscillator as a flux of phonons
of the same velocity ¢, (Fig. 3), consequently entering the field of quantum
acoustics. The probability = of the phonon of energy %, being in a given position
at a given moment of time, is defined by the wave function

v = /=", (3)
where § = It (energy of the system x time).
For phonons not dispersed by external factors this function fulfils the
Sehroedinger equation in the form
oy n?
i
) P —|— y
where m is the effective mass of the phonon.

This is compatible with the equation for the potential of an acoustic wave
in a non-dissipative medium:

Py =0, (4)

oD
ot

—=o*Vid =0, (4a)

It is evident that the quantum equation is of the first order, while the
acoustic equation is of the second order; the quantum equation describes the
flux of phonons moving with veloeity w,

: b hk 4
w = -?;z—-gl‘aadﬂ, my = ?, (O)
while the classical equation concerns the local movement of real particles of

instantaneous velocity:
v = —grad®. (5&)

The continuity of flux equation in a continuous medium, describing the
instantaneous density ¢ of the medium,

iv(ev) = 0, (6)

4 — Archives of Acoustics 2/78
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is formally identical with the equation for the probability density of the phonon
distribution:
0
X 4 div(mw) = 0. (6a)
ot
However, there is an important difference in the relations between the
velocity and the potential. For the acoustic wave we have the Euler equation

dv
¢ = +gradp =0, (7)
and for the phonon flux the quantum acoustical equation
dw
) +grad@ =0, (7a)
where @ is the quantum potential:
B Va
e B (8)
2my; Vo

The gradient of the quantum potential defines the uncertainty of the po-
sition of the phonons, that is the dispersion of their flux. In the case of the flux
of classical particles, having precisely determined positions, the quantum po-
tential is obviously equal to zero.

The relations presented are an illustration of the degree of similarity and
at the same time of difference of the phenomena occurring in the micro- and
macroworlds. The acoustician crossing the boundary between these two worlds
must be fully aware of the complexity of the problems which he tackles.

The energy of a single phonon is given by formula

B, = ho,. (9)

In light flux the scintillations corresponding to the individual photons
had been observed by the beginning of our century. It must be expected that
in view of the development of the technology of hypersound, for which a single
phonon has a relatively high energy (for instance, for a frequency of f = 10** Hz,
the energy E = 107" erg), a similar observation of individual phonons will be
possible. However, this does not seem to be possible at lower frequencies,
gince we deal there with enormous number of phonons. For instance, the weakest
audible sound impulse at a frequency of 4000 Hz and with a duration of 1 msec
carriers 101! phonons. We have, therefore, a double quantum limitation on the
range of applicability of traditional acoustics. The quantization in space occurs
when the wavelength is commensurable with the distance between the oscil-
lators, and in the case of a spatial system — commensurable with the mean
free path of the phonon. It is independent of the wave energy and thus on the
(w, E)-diagram the limit is a vertical line (Fig. 4).
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Fig. 4. Quantum representation limit Num
Such representation is valid for the hatched area; /
coordinates: @ — frequency, E — system trans- -
ported energy w

As for the quantization of energy, it may be sensed only at low intensities,
when the number » is small, e.g. equal to 10. Then the limit on the (w, E)-dia-
gram is an oblique straight line. !
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Fig. 5. Vibration transport in the internal ear represented by a chain of oscillators

For the chain of oscillators previously presented (Fig. 5) the limit of quanti-
zation thus defined corresponds to a transported power of

Nim = [107%ofsinks] W, (10)

where w, = Vkq/m, is the frequency of natural oscillation of the resonator,
and %, = om/e.

The distance between the molecules or atoms and, therefore, the limiting
frequency depends on the temperature and pressure. In Table 4 some characte-
ristic examples are given.

In gases the molecules are moving at random, there is no order and the
mean free path of the molecule is the determining factor. In liquids there is a close
order, while in solids — a distant order; the mean free path of the phonon is
determined in this case.

Table 4. Limit frequency as function of the molecular structure

Medium Temperature Pressure Mean free path | Limit frequency
T[K] P [atm] l f [GHz]
| [m-10~7]

300 1 2 2
Ideal gas 100 1 0.7 6

20 1 0.1 40
Liquids
Co, 273 70 480 0.05
C8, 298 1 7.4 3.25
50, 273 10 34 0.7
CeH, 273 1 6.5 3.7
CH,(C1 273 ; 1 17 1.43
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Let us proceed to the quantum limitation of energy — it is especially in-
teresting for sound perception. A man of very keen hearing has a minimum
audibility threshold of about p, = 2:107° N/m? at 4000 Hz; hence 4, =
= 10~ W/m?2. This threshold coincides with the level of thermal noise caused
by the impacts of molecules of air against the ear-drum. On the other hand,
certain quantum phenomena also oceur in the internal ear, the energy is trans-
ported by chains of oscillators composed of molecules of lymphatic fluid. In
the case of the weakest received signal one such chain is activated. The data
of such a chain are the following: m, = 5-10"* kg, K, = 01N/m, w, =
1.4-102 Hz, @ = 3-107°m, ¢ = 15000 m/s. Introducing these parameters into
formula (10) for a signal of frequency w/2n = 4000 Hz, we obtain for the limi-
ting power N, transported by the chain of molecules, a value of 3.3-107"* W.

This chain collects the energy of the wave falling on the ear-drum. The
limiting power N, corresponds to activation by a wave of intensity iy,
= 1.7-107" W/m?2.

Table 5. Limit frequency as function of the atomic structure

Medium Temperature Mean free path Limit frequency
T IK] ! [m] f[GHz]
273 6.8-10~°7 214
8i 71 4.3-1077 3.4
20 6.5-107 0.023
273 1.8-10—* 590
8i0, 77 2.4-10-8 38
20 181058 0.076
273 5.2:10-° 164
Ge 77 5.2-10~8 16.4
20 T1-10~" 0.12
273 1.4-107° 818
CaF, 77 1.6-10-8 58.7
20 1.6-10~6 0.587
273 1.07-10-° 710
NaCl i 0.8-10—8 95
20 3.7-10~ 2.05

The convergence of that quantity with the andibility threshold i, confirms
the universal character of the quantum limitation.

The phenomena of oscillation transport by the biomolecules of the nervous
system is as yet unexplored to the full.

The natural frequencies of the biomolecules are considerably lower than
those of the lymphatic liquid and are of the order of 10%-10° Hz, and this fact
affects the oscillatory proecesses in the neurons.
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I have mentioned several problems still awaiting their solution. Acoustics
is still being developed, it developes branches and in each of these branches
new problems worthy of scientific and technical research appear. A reflexion
taken from the past seems to be particularly fitting here. In this year there
occurs the centenary of the publication of Lord RavrLricu’s “Theory of Sound”.
Shortly after this book had been published one of the contemporary physicists
said that it contained everything that could be written on sound and that nothing
was left to be done in acoustics. After a hundred years we are more modest.
In Europe alone there are several journals dedicated solely to acoustics and the
papers on our speciality are dispersed in journals of many disciplines, beginning
with linguistics and musicology and ending with architecture and metallurgy.
I think that both we and our successors will have enough subjects to pursue
for at least the next hundred years.

Leceived on September 19, 1978
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EMISSION, ABSORPTION AND PROPAGATION OF ACOUSTIC THz-WAVES IN SOLIDS *
W. EISENMENGER

Physikalisches Institut der Universitit Stuttgart, Teilinstitut 1
(Pfaffenwaldring 57, 7000 Stuttgart 80, FRG)

Recent experimental developments in generation and detection of THz
acoustical phonons have led to studies of phonon emission, propagation and
absorption in solids. New results of this acoustical phonon spectroscopy concern
phonon interactions with collective excitations (phonons, photons, magnons),
localized excitations (resonant scattering of impurities, radiationless transi-
tions) and electronic excitations in metals, superconductors and semiconductors.
The different experimental methods and their applications to phonon interaction
studies are discussed.

Introduction

During the past ten years several new methods have been developed exten-
ding the classical range of ultrasound and microwave acoustics in solids into
the range of THz (102 Hz) and higher frequencies. The reason for this was
an increasing interest in energy transport properties in solids in the range of
thermal lattice vibration frequencies. Typical questions are: the mechanisms
of heat generation or the emission of phonons by excited electrons and the reso-
nance absorption and emission of mechanical vibrations or phonons by impuri-
ties in dielectrie crystals. In analogy to optical spectroscopy this kind of investi-
gation is called phonon spectroscopy in the sense of an acoustical emission and
absorption spectroscopy. Since phonons and photons as Bose-particles are
subject to the same quantum statistics, the well-known close analogy of waves
between acoustics and microwave technique extends also into the range of THz
frequencies. But also the quantum laws of radiation transitions, as for instance

* FASE-78, invited paper, unpublished in the Proceedings.
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valid for atomic emission, photoeffect or bremsstrahlung are as valid for pho-
nons as for photons. In consequence of the short wavelength of 10 A to 100 A
a coherent deteetion in ultrasoniecs and microwave acoustics is not possible
any more.

In the following we report on the progress in spectroscopy with acoustical
phonons in the THz-frequency range. We discuss different experimental methods
and the phonon interactions which have been investigated.

Inelastic neutron scattering

From the Bragg scattering of monochromatic thermal neutrons by
thermal sound waves or sound waves due to quantum mechanical zero-point
oscillations the total w(k)-relation or dispersion curve of the possible lattice
vibrations of the crystal is obtained, as shown in Fig. 1. By the presently availa-
ble high neutron densities in high flux reactors a frequency resolution of 50 GHz
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Fig. 1. Dispersion of acoustical phonons in AL,O, obtained from neutron scattering (H. Bialas
et al.,, Phys. Lett. 43, 97, 1973)
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is attainable. In consequence of this high resolution it is meanwhile possible,
as shown in Fig. 2, to detect the influence of localized lattice vibrations [1]
on the dispersion curve resulting from high concentrations of impurity atoms.
Under the influence of localized oscillations the dispersion eurve splits at the
frequency of the impurity resonance. While the method of neutron scattering is
superior to any other method for the determination of the acoustic dispersion,
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B /% KCL(CN) |
Qs 4 C=037%
4 : 2 10K
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& o 120K
7 Fa/2m=(t,L,0)
oY \ ;
0 01 0.2

Normalized wave number T

Fig. 2. Splitting of the acoustical phonon dispersion by the localized impurity resonance
in KCl CN ([1], R. M. Nicklow)

i.e. the phonon w (k) relation of the crystal, it is not well suited for the determina-
tion of acoustic attenuation or of the mean free path of phonons propagating
in the solid. This is especially valid for the resonance scattering by impurities
of lower concentration. Also the analysis of phonon emission spectra is very
difficult in consequence of the low sensitivity.

Thermal conductivity and phonon pulse measurements

One of the best known and simplest methods to determine the scattering
of THz phonons in solids is the measurement of heat conduction, especially
in the range of low temperatures. Beside the influence of sample geometry and
elastic scattering, especially Rayleigh-scattering, on the phonon mean free
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path, information on inelastic phonon scattering (Umklapp-processes) and
electron scattering can be obtained. In addition, minima in the heat conducti-
vity as funetion of temperature show the influence of resonant phonon scat-
tering by impurities as e.g. paraclectric systems [2], i.e., KCl: Li (as shown
in Fig. 3), paramagnetic ions and ions with splitting of the electronic energy
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o
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KCL: Li
Isotope effect

107+ n,=7 10"7 ¢rm3

:l
»N
I

Thermal conductivity [W-cm"'-K”]

1073

10

-5 1 ]
45 o 70 0 700

Temperature [K] .

Fig. 3. Tunneling resonance of Li in KCl observed in thermal conductivity [2]

states by crystal field effects [3] (i.e. Al,O;: V3*, Al,O,: Ti*"). The frequency
resolution of these measurements is very poor, also the mode dependence of the
phonon secattering cannot be determined.

A significant progress was possible by the introduction of the heat pulse
method [4] by v. GurFELD and NETHERCOT. In this method (see Fig. 4) a sepa-
rate measurement of the propagation of longitudinal and transverse phonon
pulses is possible. In addition, the contribution of diffusely scattered phonons
can be determined. For the generation of phonon pulses in heat pulse experiments
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Fig. 4. Heat pulste method
Top: crystal sample with generator and detector. Bottom: Detected phonon pulse signal. From right to left,

electric coapling signal, longitudinal phonon signal, transverse photon signal [4]
a vacuum deposited constantan film with a thermal time constant of about
107° sec is used as a pulse heater. The phonons are detected with a supercon-
ducting bolometer which is also evaporated as a thin film in the form of a meander.
As substrates, single erystals of Si, Al,0,, SiO,, KCI, ete. can be used. For
these erystals it is known from heat conductivity measurements that the pho-
non mean free path exceeds the order of 1 em which corresponds to the mostly
used sample dimensions. The measuring temperature is determined by the
superconducting transition temperature of the bolometer (Al:1.2 K; Sn:
3.7 K). The ditferences in the propagation of longitudinal and transverse pho-
nons have been demonstrated very clearly in a phonon propagation experi-
ment [5] in undoped and degenerately doped n-InSb (see Fig. 5). While longi-
tudinal and transverse phonons propagate almost undamped in undoped InSb
(mean free path 1 em), the longitudinal wave is strongly attenuated in dege-
nerate n-doped InSb by inelastic electron scattering at the spherical Fermi
surface. Heat pulse measurements have been very valuable in investigations
of phonon propagation velocities and of phonon focussing [6] by anisotropy of
the sound velocity as well as in phonon scattering measurements. Since phonon
generation by heaters and detection by bolometers are experimentally uncompli-
cated, these techniques are often used in connection with other detection or
phonon generation methods. The high maximum phonon radiation power of
the genmerator and the great sensitivity of the detector, as well as the fact that
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n=19-10"cm™

e |

n=10%cm-3

n=2510"cm3

Fig. 5. Attenuation of longitudinal heat pulses in the degenerately doped n-InSb with in-
creasing carrier concentration [5]

thin metal layers can be evaporated on arbitrary crystal surfaces which have
been polished, are of great advantage.

To a certain extent, frequency information, however, with poor resolution
can be obtained as in heat conduction measurements by variation of the heater
power or the heater temperature.

Frequency selective phonon detection by induced optical fluorescence of crystal ions

The first successful frequency selective phonon detection in the THz
range by influencing the optical fluorescence was reported by RENK and DEISEN-
HOFER [7] who used the system Al,0,: Cr3". In this experiment (see Fig. 6)
the splitting of the metastable ruby laser levels in the so-called F and 24-states
with a spacing of 29 em™', corresponding to 0.87 THz, is used. Using ultra-
violet excitation of the crystal at low temperatures the optical fluorescence
is mainly observed from the lower E-level. The 24-level is weakly populated
in consequence of fast radiationless transitions to the E-level. Phonon radiation



ACOUSTIC THz WAVES IN SOLIDS 147

SN

b)
TITTIIITTT =
Absorption o 2
bands E‘
&
P e o
%% = Rub
28§ . . . =
~J N
- - 29cm™ S
5 £ ™
5 | t o
% Ry iR 4
1 2 /r

Fig. 6. 0.87 THz phonon detection by optical fluorescence in ruby (Al,0, : Cr3+)

a) Energy level system and transitions, phonon transitions from E to 24 are observed by enhanced R,
fluorescence. b) Experimental arrangement [7]

at 0.87 THz increases the population of the 24-level by additional transitions
from the E-level under phonon absorption. Correspondingly, the phonon po-
pulation at the frequency of 0.87 THz can be determined by observing the
R,-fluorescence intensity. Heat pulse experiments demonstrated the possibility
of a fast and sensitive phonon detection. In addition, phonon trapping and the
coupling of metastable states in the phonon field could be investigated. Recent
experiments have also been performed with the system CaF,:Eu2t. This
system shows a pressure-dependent level splitting [8] of radiationless transitions
in the frequency range from 0 to 80 cm™' corresponding to the frequency range
from 0 to 2.4 THz. In principle, systems of this kind are well suited for mono-
chromatic phonon detection and also for generating incoherent phonons. A fur-
ther possibility of optical phonon detection and phonon generation lies in the
application of vibronic side lines of fluorescence transitions [9] of rare earth
ions. In this respect the system SrF, : Eu?" has been used for an analysis of the
phonon spectrum radiated from a pulse heater. These optical methods have
go far been applied to special systems, an extension to other substrates appears
possible if special coupling methods or surface doping are used.

Coherent surface excitation of THz phonons

The methods discussed so far concerned the detection and generation of
incoherent phonons. In contrast, coherent phonons can be generated by surface
excitation of piezoelectric crystals in the field of microwaves. For generating
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coherent THz phonons the electrical field of the radiation of a far-infrared laser
is necessary. In a first successful experiment (see Fig. 7), reported by GRILL
and WEIS [10], a quartz single crystal has been used as piezoelectric substrate.
Using a superconducting bolometer as phonon detector, the generation of co-
herent phonons of 0.881 THz and 2.53 THz could be demonstrated. The phonon
pulse propagation at the frequency of 2.53 THz showed a reduced group velocity

Laser
pulse v, =253 THz
¢ Coherent
phonon T=3 72 K
pulses

Incoherent phonons

of

Super-
conducting
bolometer
as detector

\
Laser beam Hypersound

Fig. 7. Coherent THz phonon generation by FIR surface excitation of quartz
Top: phonon pulses by bolemeter detection. Bottom: experimental arrangement [10]

compared to the propagation of phonons with lower frequencies in agreement
with the dispersion in crystalline quartz. Coherent phonons in the THz fre-
quency range can be used for the investigation of saturation and other high
intensity effects. A spectroscopy with coherent acoustical phonons necessitates
continuously tunable far-infrared laser sources.

Phonon spectroscopy with superconducting tunneling junctions

For a versatile spectroscopy with acoustic phonons in the THz range it is
necessary for the phonon generator and detector to be easily deposited on the
substrate surface (see Fig. 8) (as e.g. by vacuum evaporation) and that, in ad-
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Fig. 8. Phonon generation and defection with superconducting tunneling junctions
Top: experimental arrangement. Bottom: Tunneling I-¥ characteristic with detection and transmitting bias
range [11]

dition, generator or detector can be tuned. These conditions are fulfilled to a wide
extent for superconducting tunneling junctions [11]. Phonon detection (see
Fig. 9) is analogous to the internal photoelectric effect. Phonons having a mini-
mum energy of 24 (4 = energy gap) excite electrons from the superconducting
ground state by breaking-off Cooper-pairs. The mean free phonon path for
this process is of the order of 1000 A at frequencies corresponding to hy =
=24 (24, = 0.38 meV or 90 GHz, 245, = 1.2 meV or 290 GHz; 24y, =
= 2.7 meV or 650 GHz). In a vacuum deposited superconducting film of appr.
2000 A thickness phonons of the energy exceeding 24 are, therefore, nearly
completely absorbed leading to an increase of the electron or quasiparticle
density exceeding the thermal occupation. In a superconducting tunneling
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Fig. 9. Phonon detection (0 < eV < 24) with superconducting tunneling junctions by
‘ Cooper-pair breaking [11]
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Junction, consisting of the first metal film, a 15 A thick oxide layer and a second
metal film of the same superconductor, the increased quasiparticle population
leads to a corresponding additional tunneling current. Thus, superconducting
tunneling junctions are suitable for fast and sensitive phonon pulse detection
(see Fig. 10) with a lower frequency cut-off. For phonon generation a DOC-voltage
corresponding to eV > 24 (e = elementary charge, V = battery voltage) is
applied to a similar generator tunneling junction. The battery voltage is suf-
ficient for the breaking of Cooper-pairs in the so-called single particle tunneling
process (see Fig. 11) with a necessary energy of 24. The excess energy eV —24
is essentially converted into kinetic energy of the quasiparticles. This excess
energy can be emitted by quasiparticle relaxation to the gap edge 4 in the form
of relaxation phonons. This process is analogous to the X-ray bremsstrahlung.
After the relaxation decay the quasiparticles recombine again to Cooper-pairs
emitting phonons of the fixed frequency corresponding to hw = 24. The energy
distribution of the relaxation phonons exhibits a sharp upper limit at eV —2A4.
The special form of the quasiparticle density of states in the superconductor
leads to a nearly rectangular speetral distribution at this cut-off frequency.
For the spectroscopy [12] with phonons (see Fig. 12) it is now essential that
using a modulation of the generator voltage V 46V leads only to a spectral
change at the frequency » = (eV —24): h in a narrow band of the width &
= = deV : h. The resulting modulation of the detector signal, therefore, con-
tains only the signal contributions from this narrow frequency band which
is tunable by varying the generator voltage. In this way a spectroscopy with
quasimonochromatic phonons is possible which meanwhile has found several
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Fig. 10. Phonon pulse signals obtained with superconducting tunneling junctions as generator
and detector (Pb — generator, Sn — detector) for a-axis propagation in Al,0, [11]

Ephmm=eV—2A
& R4

_
s
/ e e
oz

A s

Fig. 11. Phonon frequency (eV > 24) in superconducting tunneling junctions
Relaxation: Eppmay = eV —24. Recombination: Epp = 24 [11]
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applications [11, 14], especially in studies of the resonant phonon scattering
of different impurities in insulator single crystals. Such resonances have been
found and investigated for the systems Al,O, : V3T with a resonance at 0.248THz;
Al,O, : Ti** with a resonance at 1.13 THz; Si : O with a resonance at 0.87 THz.
For the system Si:O (see Fig. 13), which is essentially characterized by an
oscillation of the oxygen atom in the silicon lattice, it was possible to give also
evidence for the shifted resonance (compare Fig. 14) of the O"® isotope [13]
which had only the low concentration of 10" atoms/cm? The frequency re-
solution was about 10 GHz. In these measurements as generator a 200 A thick
aluminium tunneling junetion has been used. In thicker generator films acousti-
cal thickness resonances up to 0.8 THz can be observed (see Fig. 15). The sound
velocity, determined from these resonances, agreed within the measuring
accuracy with literature data for low frequencies. With generator and detector
on the same crystal surface, measurements of the resonant backseattering by
impurities [14] and of the phonon reflection at crystal boundaries are possible.
This technique has been successfully applied to the problem of the Kapitza-ano-

Phonon spectrum of Si O
T T T T 1 T i

‘IBO 160
820 878
GHZl lGHZ
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V
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1 1 L L 1 L ]
O Q.4 08 1.2

Phonon frequency [THz]

Fig. 14. 180 isotope phonon resonance absorption
In the range 0.9 to 1.3 THz additional resonance structure indicates new vibrational processes [13]
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maly, i.e. the transmission of phonons from the erystal into liquid helium [15].
In addition, the phonon emission spectrum [16, 13] of superconducting tunneling
junetions could be investigated in detail confirming the predictions of the theory
of superconductivity. Measurements of the phonon intensities emitted by recom-
bination of quasiparticles to Cooper-pairs indicated that even for ideal crystals
and crystal surfaces the total absorption of phonons amounts to about 90%.
Terahertz phonon reverberation measurements [17] in the crystal substrate
analogous to the room acoustical reverberation method (see Figs. 16 and 17)
showed that the responsible phonon absorption processes are not localized in the
crystal volume, but at the interface between the superconducting tunneling
junction and the erystal substrate. In this process THz phonons decay in a wide
frequency range spontaneously into low energy acoustical phonons. Other
investigations concerned insulators, semiconductors, metals and superconduc-
tors, by which new results with respect to the phonon interaction with impurities,
magnons and electrons have been obtained.

Beside their tunability discussed above, superconducting tunneling junc-
tions as phonon generators and detectors are relatively easy to fabricate and
to use. In contrast, they are not suitable for the generation of high intensity
coherent phonons.

The field of phonon physies in the THz frequency range develops already
in many different directions. Beside some fundamental aspects only some of
the main developments could be discussed.

Al,0; : Ti**(0.2%) d=0.3cm
o |
d(Al)~900 &
k A
| Av ~72 GHz
T { i
d25/dv?
; 1
HH sk 133410 GHz
dS/av Ay~ 36 GH2~ =471
(*10)
1 L 1 1 1 1 1 i 1 1 1
0.3 0.6 09 1.2

Fig. 15. Acoustical phonon absorption in Al,0,: Ti*+ at 1.13 THz (4 = precursor, reduced

at lower temperature), dv = 72 GHz
Generator film thickness resonance modes indicate sound velocity in agreement with bulk values



ACOUSTIC THz WAVES IN SOLIDS 155

3
i~ / Ballistic
e R signal
o
o
=~
=] I
w4 I |_[100]
[110]
1
3 : T=134K Sample geometry
il 1-5 Sn~tunnel junctions
Il
Il
1]
Vs I:
|11 and ¢=29°, =668 (1==4)
1
1 : g
Te = 3548 Reverberation signal
I
O |" 1 1 1 ‘ ; 1 1 1 ]
Oil 10 20 30 &0 50 60 70 80 t[u s]

J

Fig. 16. Comparison of the ballistic recombination phonon signal (280 G:Hz) and the phonon
reverberation signal for different propagation directions and generator or detector positions
under vacuum conditions

The (100) and (111) propagation directions differ in the ballistic signal amplitudes as follows from different phonon
focussing factors. The reverberation signal amplitudes agree, indicating a homogeneous intensity distribution [17]
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Fig. 17. The relation between reciprocal reverberation time (280 GHz) and the ratio of the
Sn-covered surface area to the Si-crystal volume

The resulting experimental absorption constant K = 0.87 is in agreement with the ballistic experiments. Further
analysis indicates the importance of interface loss processes [17]
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ACOUSTICS AND THE PROPERTIES OF MATERIALS*

R. W. B. STEPHENS

Physics Department, Chelsea College, University of London
Pulton Place, London SW6 5PR

A brief survey is given of material properties associated with dynamie
deformation of matter and of the possibilities of designing materials to satisfy
certain acoustical and mechanical criteria.

1. Introduction

The purpose of this paper is to collect together in perspective the existing
knowledge of material properties which are involved in the study of acoustics,
and so our concern is essentially related with the dynamic properties of a medium.
However, these properties can be affected by external agencies through the
coupling of electrical, magnetic, electromagnetic or thermal phenomena with
the mechanical properties, so that in considering any particular acoustical
property care has to be taken in defining the measuring conditions. For example
a piezoelectric medium can be stiffened by the application of an electric field so
that the velocity of a surface wave will be different in the cases when the medium
is or is not subjected to an electric field.

The primary interest in the acoustic properties of materials until the last
few decades has been in their use to minimize the effect of airborne sound
and structure-borne vibration on comfort and working efficiency in our everyday
life and to provide appropriate conditions for the hearing of speech and musie.
The increasing industrial and medical use of ultrasound, however, has created
an inevitable interest in the behaviour of materials at the higher frequencies.
At the kernel of such an activity is the piezoelectric transducer and its mechani-
cal properties, and those of the coupling medium to the system under investi-
gations are of vital concern. The bonding medium must possess the optimum
acoustical properties for the transmission of the maximum acoustical power

* ASE.78, invited paper, unpublished in the Proceedings.
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from the transducer to the test medium and additionally must possess adequate
mechanical strength to withstand the applied alternating stresses and tempera-
ture cycles. The development of space research has increased the upper limits
of the working temperatures required of vibrational-isolating materials and also
the need for their mechanical stability at the very high sound pressure levels,
i.e. 160 dB or greater, created by rocket engines.

The theoretical understanding of the dynamic mechanical properties of
materials may be discussed either phenomenologically or from the atomic or
molecular aspect and both points of view are completely understandable only
within the range of perfect elasticity, i.e. the material obeys Hooke’s law, stress
and strain are time independent and strain is completely and instantaneously
recoverable upon the release of load. Elasticity theory enables the medium
to be completely characterized by a set of elastic moduli to give a satisfactory
phenomenological interpretation.

The theoretical calculation of the elastic constants of metals and of ionic
crystals from interatomic forces has been carried out and good agreement obtai-
ned with experiment only for the simpler solids, but it would seem that the dif-
ficulties are of technique and not of principle. More complex are time-dependent
phenomena, anelasticity in metals and viscoelasticity in organic materials and
glasses, and we are concerned here with stress relaxation, creep and internal
friction at very low stresses. It should be stated that the nonlinearity of the
stress-strain curves (shear) due to time effects must be distinguished
from an inherent non-linearity of stress to strain. Phenomenological
theory in the anelastic range appears satisfactory but there is a great
difficulty in relating anelastic properties to interatomic forces.

A great deal of progress has been made in relating the viscoelastic properties
of polymers to chemical structure, to molecular configuration and to the for-
mation and breaking of bonds and, likewise, the anelastic properties of glass
are reasonably understood. Rubber behaves rather uniquely and is described
quite successfully by a statistical theory which depends on the analysis of the
configurational response of a series of mesh points connected by flexible chains
of varying length.

The significant characteristics of the plasticity behaviour of solids is the
inherent non-linearity of the shear stress to shear strain together with the large
permanent deformations. The time-dependent phenomena of creep and stress-
-relaxation in the plastic region are time-wise similar to viscoelastic behaviour
but not with respect to stress. Large applied stresses often result in a permanent
change of material properties referred to as strain or work hardening. The
yield stress observed is much lower than theoretically predicted from the forces
concerned in the slip"‘a,nd glide of a perfect crystal, and by way of explanation
of this divergence the concept of dislocations was proposed and has been used
to correlate a number of mechanical properties, although limited in its quanti-
tative aspect. Fracture and strength of a material are probably those mechanical



PROPERTIES OF MATERIALS 159

properties about which we have least understanding and it is uncertain whether
strength can be described in terms of a true material constant, while fracture
is a complicated phenomenon as various processes could lead to disintegration [1].

The liquid state has received less theoretical attention than that of solids
a8 regards structural aspects but there is an increasing interest academically
and in industrial and medical applications. The use of sonar and underwater
communications in general require a knowledge of the ocean path as regards
depth, salinity and temperature pattern, and internal waves could play the
part of dislocations in solids and influence beam scattering. A brief mention
is only possible of the significance of acoustics in liquid structure. Of all pure
liquids only ordinary and heavy water has a positive velocity temperature
coefficient, dV /dT, at ordinary temperatures, but at 74°C the coefficient has
decreased to zero and subsequently becomes negative as for other liquids.
This anomalous behaviour is explained as due to the dual presence of a non-as-
sociated and close packed form and to an associated form or cluster. According
to HALL [2] the compressibility of the latter under acoustic compression is
mainly due to the breaking of the hydrogen bonds creating a partial destruction
of the associated bulk structure while the compression of the free-space amongst
the non-associated water molecules gives the second contribution to the com-
pressibility. On raising the temperature the structural component of the com-
pressibility decreases due to the falling fraction occupied by the cluster state
but the other compressibility rises due to increasing inter-distance between
molecules, thus leading to a compressibility minimum while at a slightly dif-
ferent temperature a maximum occurs in the sound velocity. Similar cluster
phenomena have been observed by Lt Kin TAT [3] in ultrasonic measurements
with liquid mercury amalgams (Fig. 1). Air bubbles in water increase the com-
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Fig. 1. Cluster phenomena observed in ultrasonie = ; .
measurements with liquid mercury amalgams 20 40 ot
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pressibility [5] so that at 50 9%, concentration the sound velocity reaches a mini-
mum value of 20 ms™' (Fig. 2).
Acoustic relaxation phenomena oceur in all forms of matter and the mole-
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Fig. 2. Velocity of sound in water containing bubbles (after KARPLUS)

cular interaction of oxygen and water vapour is an interesting illustration.
The resulting acoustic damping, due to this cause, begins to strongly complete,
at around 4 kHz, with the wall and audience absorption in a concert hall.
The effect has to be taken into account in experimental acoustic model simula-
tion of auditoria [1, 4].

2. Some experimental considerations

In measuring the acoustical parameters of materials it is necessary to
exercise care in considering the geometrical aspects. MOINTYRE and WooD-
HOUSE [6] have recently pointed out, in connection with the construction of
violins, that Q measurements on bars are not sufficient by themselves to give
all the relevant model damping properties of an isotropic material which is to
be vibrated in other ways. Wood is anisotropic and also inhomogeneous due to
the difference between spring and summer growths, so care has to be taken
in the configuration of the experimental specimen. Fig. 3 indicates the general
procedure for determining the piezoelectric polarisation where the z-axis is
the fibre direction, and electric polarisation takes place in a direction perpen-
dicular to the plane of stress, the sign reversing with the direction of the applied
shear. The rectangular coordinates assigned to wood structure are shown in
Fig. 3, where @ is the radial and y is the tangential direction in tree trunk.
The anisotropy of Oregon pine is shown in Fig. 4. Nematic liquid crystals
contain unique mobile filaments, so-called disinclinations (cf. dislocations of
a solid), and optically behave as a uniaxial medium with a centre of symmetry,
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Fig. 3. Piezoelectric polarization rectangular coordinates for wood
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Fig. 4. The anisotropy of Oregon pine
a — spring growth, b — summer growth, @ is the angle between fibre and pressure directions

so the piezoelectric properties have to be explained in terms of curvature strains.
These arise from the spatial variation of the preferred molecularly oriented axis
and its departure from its equilibrium position. If the unit vector I denotes
the molecular orientation at any point, then [7, 8] the elastic energy density
of a deformed nematic is

1 1 1
B = o by (div L)+ o by (Lewrl L) + — ks(Dourl L)Y,

where k,,, ks and ky, are the elastic constants (of the order of 10~° to 10~ dyne)
of splay, twist and bend, respectively (Fig. 5).

Because of the difficulty of preparing one- and two-dimensional compounds
in bulk, BArRMATZ employed the vibrating reed technique for determining their
elastic constants. The low Young’s modulus measured for the one-dimensional
(TTF —TONQ) system is congistent with the concept of weak interchain coupling
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expected for a material showing elastic one-dimensional behaviour. On the
other hand, the modulus of KCP (also one-dimensional) was nearly one order
of magnitude greater than (I'TF— TCNQ), but showed a dramatic decrease
on dehydrating, indicating the probability that the stronger interchain coupling
arose from the presence of water molecules between the chains. The two-dimen-
sional layered metal [9] dichalcogenide TaSe, showed elastic anomalies (Fig. 6),

E.
101+
7
100
3 anii I
ARTHE, i1l
2 WL 0.99 -
3 098}
1 L L P
Fig. 5. Distinet curvature of a 50 700 150 [K ]
liguid erystal
1 — splay, 2 — twist, § — bend Fig. 6. E modulus normalized to Fygex

which were explained in terms of charge density waves, i.e. the periodic variation
of the amplitude of conduction electron density coupled to a lattice distortion
of the same period.

It is significant to point out that ultrasonic, i.e. dynamic, methods of meas-
urement are made in such short cycling times that negligible creep or plastic
strain can occur, which is particularly advantageous for high temperature
experiments. However, from an engineering point of view, care has to be exer-
cised in using the data since usually only very small strain amplitudes are em-
ployed.

The choice of experimental parameters to be used determines the type of
information conveyed as exemplified by those relating to acoustic emission
signals [10] as given in Table 1.

3. Ultrasonic attenuation in solids

Ultrasonic propagation in erystalline solids may be conveniently divided
into two groups, the intrinsic — which is inherent in all solids and involves inter-
action with phonons and with conduction electrons, and the extrinsic mechanism
involving interaction with material defects. It is essentially with the latter that
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Table 1. Choice of parameters and the type of information conveyed

Emission parameter Type of information conveyed
Waveform Fine structure of source event
Frequency spectrum Nature of source event and integrity
of specimen
Amplitude Energy of source event
Amplitude distribution Type of damage occurring

we deal with in this paper and, in particular, with the attenuation in ceramies
[11, 12].

With an increasing trend towards aircraft engines operating at higher
temperatures the need to operate at temperatures between 1300° and 1400°C
demands use of ceramic materials such as silicon nitride or carbide, which
possess high strength and thermal shock resistance and also good resistance
against oxidation. The problem posed to the acousties N.D.T. operator is how
to test defects of the order of 10 to 100 micrometres in the ceramics. According
to PAPADAKIS [13] the scattering cross-section for a spherical cross-section for
a spherical grain in a cubical material is given by

5/2
f= (Sn2r6f4p2/375E4){(011"'012 _20‘“)2[2 +3(§) ]}’

where C}; are the single crystal elastic constants, f is the frequency, 4 — the
shear modulus, p — the density, and F — Young’s modulus. The equivalent
scattering cross-section for a pore is given by YinG and TRUELL [14] as

64 .\ g.fp?r®
=i iagl,

where g, is a function of the elastic properties of the material and has typically
values between b and 30. It is evident that there is a very strong dependence
of attenuation in ceramics on grain or pore radius (r) so that the scattering will
be dominated by the very large value extreme of the grain or pore size distri-
butions. In comparing pores and grains of equivalent size it is seen from the
equations that porosity is likely to be a dominating source of attenuation,
also the high modulus and low density of the majority of ceramics help to
moderate the attenuation problem. The experiments carried out by TITTMANN
[156] on fine grained and fully dense Si;N, and SiC indicate that the attenuation
is still acceptable at frequencies up to 400 MHz and the frequency dependence
is generally smaller than the f* relation of Rayleigh scattering.

4, Shock waves in solids

This work has so far been concerned essentially with low intensity sound
waves but the changed character of the propagation and the response of the
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medium have long been utilised for investigating molecular phenomena in
gases [1]. The generation of shocks in solids, except for some polymeric media
[16], requires necessarily the detonation of an explosive in contact with it or
the impact of a projec tileon its surface. The step-pressure pulse generated changes
shape during propagation as a result of inertial forces derived from the mechani-
cal properties of the medium and these changes have to be interpreted in terms
of the properties, analogous somewhat to the use of an electrical pulse to de-
termine the parameters of an electrical network. The use of plane-wave loading
simplifies the interpretation of observations, for there is the possibility of phase
transformations in the solid also being induced by shock waves, and it was
Johnson et al. [17] whose shock experiments first revealed a triple point in the
pressure-temperature phase diagrams of iron (Fig. 7).
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Fig. 7. A — Hugoniot curve, B — pressure time curve for material shock-excited
to pressure P
I — phase tranaition, IT — elastic limit

A

5. Design of materials

A knowledge of the detailed effects of structural factors upon physical
properties can often enable materials to be designed to satisfy particular acousti-
cal requirements, and in Table 2 some possible means are given, whereby tem-
porary or permanent changes can be brought about in the normal behaviour
of a material.

As pointed out recently by Wirr [34] bulk absorbing materials are not
very suitable, for example in aircraft, with its specific constraints of high tem-
perature, vibration and space. He has suggested new forms of sound absorbing
structure employing a number of acoustical elements in both parallel and series.
Amongst the various new materials that offer exciting possibilities let us men-
tion metallic glasses which are effectively metals in which the atoms have the
random structure of a liquid but retain the close packing of a solid. They are
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generally extremely hard with tensile strengths greater than good stainless
steels. The absence of grain boundaries is evident in their low ultrasonic attenua-

tion [35].

Table 2. Means of bringing

about changes in behaviour of a material

Process or agency

Application

Stressing of solid

Hardening of material (increase of elastic modulus),
also inducement of residual compressive stresses for
alleviation of fretting fatigne [1]

Nuclear irradiation

Gaamma irradiation of polyethylene changes structure
to rubbery and, with inereased dosage, to brittle
solid [18, 19]

Ion implantation

Applied to surface wave devices erystalline structure
is disturbed and causes velocity change, of opposite
sign in quartz and lithium niobate (Fig. 8) [20, 21]

Varying crystal growth rate

Control of @ of synthetic quartz ecrystal (Fig. 9)
[22]

Use of external agencies

Illumination of acoustic amplifier semi-conductor
to control electron velocity. Modifying acoustio
propagation in liquid ecrystal by applied electric
field [23]

Temperature variation

Changes velocity, acoustic impedance etc. Utilised
in BELL's acoustic thermometer [24]

Compounding of media

Carbon fibres in plastic change acoustic character
as well as mechanical strength and density. Also use
of Cork particles in rubber isolator [26, 25] (I'ig. 10)

Introduction of a second phase

Varying carbon content in steel alters acoustic dam-
ping. Damping in water also inereased by presence
of salts [27, 28]

Graded material

In absorbers for underwater use the medium is mo-
dified in a gradual manner through its thickness, e.g-
by mixing a rubberlike material with {fillers like
graphite and air-containing substances like sawdust
[29]

Monomolecular layers

Formation on liquid surfaces leads to increased
damping of surface waves [30]

By change of material geometry

The addition of ribs to vibration isolators increases
their stiffness. Also compounding of vibration absorp-
tion mountings. Use of wedges in anechoic rooms [32].
Rubber tubing containing air for pressure release
absorbers [33, 31]
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CERTAIN PROBLEMS OF NOISE ANNOYANCE*

AURELIAN STAN

Acoustical Committee, Rumanian Academy of Sciences
Calea Victoriei 125, Bucharest, Romania

Of many objective and subjective problems connected with noise annoyance
the present paper presents the results of investigations concerning the following
issues:

1. Dependence of the effectiveness of an acoustic baffle on the kind of
closed space in which it has been placed.

2. Economic effects of measures taken to diminish noise inside a closed space.

3. Correlation between certain annoyance indices TNI and LNP and g,
and the presentation of results of statistical traffic noise measurements.

Many theoretical and experimental works have discussed the diminution
of the sound level by acoustic baffles placed in free space. It seems sufficient to
mention here only a synthetic review work [1] and the proceedings of a seminar
on the acoustic protection of residential zones with baffles [2]. Much less research
has been devoted to baffle activity in closed rooms [3-5]. In order to determine
baffle efficiency in open and closed spaces, one should consider equation (1)
for the baiffle attenuation in a free field,

- 4
AL, = 101g|~_§§ =10lg - = 6-10IgA*, (1)
where Py and Pj, are the acoustic pressures measured at the same point with
baffle and without it,

N2 = {[O(ug) — Cuy) 2+ [8(us) — S (u,)]1%} x

X {[0(vy) = C(,) 1+ [8(vs) — 8 (1) 1%}, (2)
2 Deyal
e o & Kol o

* FASE-78, invited paper, unpublished in the Proceedings.
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C and 8§ being the Fresnel functions, # and v — the Fresnel parameters and
x, — the distance (Fig. 1) defined by the relation

e, L

Fig. 1. A baffle in a closed space

In a closed space the insertion attenuation of a baffle F placed between
a source 8 and an observer O can be expressed [3] by
I,+1
AL, = 101g ---‘1-75—“’—‘7, (3)
Idi.f+Ircv
where I+ I, is the acoustic intensity measured at an observation point
without the baffle, ag the sum of the sound intensity from the direct field I,
and the intensity from the reverberent field I, which have the following

values:
P 4

Iy = L o wrgivanai B
d 4W(w3+$0)2, rev S

The sum of 4+ I, is the sound level at the same point with the badfile
and congsists of a diffracted wave field intensity

z, %
Lis =1, o N
0

and a reverberent field sound intensity for the changed conditions of I, I,

being the sound intensity in front of the baffle, P — the sound power of the

source, and R = Sa/(1 — a) is the acoustic absorption of the enclosure (room).
One can thus write relation (3) in the following way:

AL 2101 4 144dn(z,+2,)%R
P = e N 1116(2, + 2!/ N'E

(4)

Since equation 10lg(4/N2?) = AL, is the baffle insertion loss attenuation
in a free field (1), relation (4) may be written as

ALr 5 AL: = ALcl (5)
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where AL, is the insertion attenuation loss correction of a baffle in a closed
space:
1+4n (@, +20) /R o

AL, = 101 .
A 81 116(z, + 2o)}/N* R

(6)

From relation (6) one can draw the following conclusions:
a. In an anechoic chamber (¢ =1, B = o), 4L, = 0, the acoustic con-
ditions correspond to those in a free field in which

L =Lg (7)

b. In the case of a reverberent space (¢ = 0, B = 0)
4
ALC = ——101g'ﬁ s ALG,

therefore AL, = 0, and thus the baffle causes no additional attenuation.

In order to show changes in the attenuation correction for a semi-infinite
baffle placed in a semi-reverberent chamber, the value of this parameter was
caleulated for various values of R in the range of 50-1000 m? and for different
distances SO between the source and the observer, SO = x,+x, in the range
of 2-14 m. The results of these calculations are shown in Figs. 2 and 3. The

A
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Fig. 2. Correction AL, as a function of Fig. 3. Correction AL, as a function
the parameter ¥, B = 1000 m? of ¥V for z;+ =z, = 2m and various

values of R

values calculated for the expression N2, as a function of the parameter V,
are given in Table 1.

It follows from Fig. 2 that for given values of B and V the correction AL,
increases with increasing distance between the source and the observer, whereas

Table 1. Values caleulated for the expression N2 as a function of the parameter V
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ol f5godomy dpwa? { o g0 foigst [ o sl ey bty

32! owbloow ‘uo224lomzﬁ| 000795 '00055{ 000417 ’ 000316 |00251‘ 000198 | 000158



172 A. STAN

it follows from Fig. 3 that for a fixed distance SO and a given value of V, the
correction AL, decreases with increasing E. Fig. 4 shows the attenuation varia-
tion AL as a function of various parameters. Thus, for long distances between
the source and the observer, the attenuation is almost independent of the
acoustic absorption of a room, whereas for, short distances z,+ z,, the attenua-
tion AL increases rapidly with increasing R.

4L 4 [@B] R xo* xs(m] R xp+xg[m]
" 1000
o W VN W W T Y ;%QU 14AL (dB)
4 1000
4L} [a8] ;2 — 800
o A 1000 ,, 70} — 500
2 — 50070 g 2
PR TS S S s SRR Tty DR oo _— 200
poas. & 100
ALA |dB 1 N
6 @] 1000 LA 50
4 500 6 11367 Bma 55 D VR W LA B R AW E.
R a1 DB (100 123456 7881018 ¥

0123456788101 V

Fig. 4. Attenuation correction AL as a function of V, R, for various distances between the
source and the observer

Since, in a closed space, the absorption baffle is also an absorbing medium,
it is rather difficult to separate the attenuation due to the baffle diffraction
from the attenuation variation due to the presence of the baffle as an absorbing
medium.

The admissible limits of noise in certain conditions, as established by
various norms, are the result of a compromise between health requirements
and technological and economic possibilities. Since the expense caused by the
effects of noise is very large, noise also has to be analyzed from an economic
point of view. There are general, direct and indirect expenses [7-9], including:

expenses for the periodic checking of the level of noise and vibration in
different places of work, comprising the cost of adequate apparatus and trained
personnel;

time wasted by skilled personel who are employed in medical check up,
as well as the shortage and variation of staff due to the changing of jobs to
those that are less noisy;

a loss of capital invested in the former and new jobs;

sums paid as allowances for work in very noisy conditions, premature pen-
sions or damages for possible accidents on the job due to the effect of noise
and vibration.

These sums should be enlarged by losses due to a lower output on the job
and a poorer quality of product. There are still a number of machines and equip-
ment whose operational noise cannot be lowered to the limits established by
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the various norms without large expense. The cost of solutions leading to im-
proving the acoustic conditions of such a job may be represented as the cost
of diminishing the noise by 1 dB as a result of the solution adopted or by com-
parison of the expense necessary to lower the noise and vibration level to the
overall investment cost.

It seems that in the analysis of economic issues other factors should also be
considered, e.g. the diminished percentage of hearing loss risk (Fig. 5), the
increase of effective working time due to diminished noise, and increased pro-
duction following increased individual output. The measures taken to lower
the level of equivalent noise decrease the hearing loss risk, which has not only
social, but also economic significance.

The admissible value of the noise level for an 8-hour day is known to be
the level I, equal to 90 dB(A). If the noise level L > 90 dB(A) for 8 working
hours, the time of exposure to noise should be shortened to make the danger
to hearing the same as that at 90 dB(A).

The relation between the noise level L and the exposure time #, in hours,
can be expressed by

8
L = Lo+ AL = 90+klg—, (9)

where 10 < k < 20.

Relation (9) is shown in Fig. 6 on a linear-logarithmic scale. It can be seen
that by lowering the noise level L by 3 to 5 dB(A), the working time per day
can be doubled.

Also from time to time the effects of mechanical vibrations at lower fre-
quencies impose a shorter working time. Although it is difficult to single out
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Fig. 5. The variation of the hearing loss risk Fig. 6. Relation between the noise

level L and the admissible working
time ¢
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productivity from the set of factors oceurring in the process of material produe-
tion, nevertheless, our investigations have given some interesting results con-
cerning this issue. Thus, in a weaving plant room, where the total noise intensity
was 100 dB, an increase in productivity of 2-3% was achieved, together with
working time lengthened by over 3 hours.

In summary, it should be stated that in order to correctly estimate the
economic efficiency of the measures taken to diminish noise and vibration,
one should also take into consideration the increased production due both to
a higher productivity and a longer working day in the noise, as well as the di-
minished hearing loss risk.

In the analysis of problems posed by transport noise the two following
aspects exist: objective, concerning the determination of certain physical
parameters® of the noise (L;, Lo, Ly, Lo, 0) and subjective, connected with
a number of psychophysiological factors? (¢, TNI, LPN ete.), which are used to
make conspicuous the bad effects of noise and the reaction of the human com-
munity to physical stimuli. The fact that much space has been devoted in the
literature to the determination of the relationship between the physical and
physiological parameters seems to prove that this issue has not yet been finally
resolved [13-16].

The performance of a number of statistical measurements in Bucharest
in 1976 led to an investigation of the correlation between various noise indices
such as ¢, TNT, LNP and o: TNI and LNP with a percentage of heavy vehicles
in the traffic stream, ete., for comparison with the results of investigations
in Rome [17].

The measurements made show that a dependence which is very close to
being linear exists between the random variables TNI and ¢; and the regression
curve, around which experimental data group with greatest probability, can be
expressed in the following way: TNI = 56.74 +5.670.

; Figs. 7 and 8 show the correlative dependencies between LNP and ¢, in the
form of the regression curves and the relevant ellipses limiting the experimental
data obtained the longer axes of which are calculated from the regression curves.
The results obtained show that although the average indices of INP in both
cases had approximately equal values, the mean square deviations were different.
It can be seen that oy > o5 which indicates a much higher scatter of the results
in the first case. It may have been caused by a greater variety of vehicle types,
their technical defects or by vehicles travelling without a synchronized traffic
light system, the so called “green wave”.

! L; is noise level exceeding respectively i % of the measurement time,
Loq = 101g[ Zf;10L;/10], where f; = ( Y'4)/T,

2't; being the total time for which the noise level belongs to class j, and T — the total measure-
ment time.
2 ¢ = Lyg— Lyy; TNI = Lgy+4¢—30; LNP = Ly + e+ ¢2/50.
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For a sufficiently large number of measurements the probability of a random
vector (x, y), being within the ellipse, can be established beforehand [18]. The
results of investigation show good agreement with the law combined damage
index R and equivalent sound level L,, [19, 20]:

R = —11+831gL,,.

(10)

Fig. 9 shows how the percentage of people annoyed by the traffic noise
changes with increasing L,
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Fig. 9. The damage index B as a function of Lgq
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REPORT ON THE SECOND CONGRESS FASE - 78
Warsaw, September 18-22, 1978

The Second Congress FASE, organized by the Institute of Fundamental Technological
Research in cooperation with the Polish Acoustical Committee of the Polish Academy of
Sciences and the Polish Acoustical Society took place in the conference rooms of the Palace
of Science and Culture on 18-22 September. The Congress was sponsored by FASE (Fede-
ration of Acoustical Societies of Europe) authorities represented by the president of FASE
prof. dr. H. G. DiesTEL, vice-president prof. dr. 0. W. van WULFFTEN-PALTHE and FASE
secretary dr. F. KOLMER.

During the Congress, a meeting of FASE members was held at Jablonna near Warsaw.
The members diseussed current matters of the Federation and chose new authorities. Dr. Paul
Frangors was elected the president of FASE, prof. dr I. MaLECKI the vice-president and
dr. F. KoLMER was reelected as the secretary.

320 scientists from all over the world participated in the Congress. They represented
22 counfries namely: Great Britain, Belgium, Bulgaria, Canada, Czechoslovakia, Denmark,
Trance, Greece, GDR, GFR, Holland, Hungary, Iran, Italy, Japan, Poland, Roumania,
Spain, Sweden, USA, USSR and Yugoslavia.

The number of the Polish participants amounted to 153 persons, the number of foreign
participants — to 167 persons.

The number of papers amounted to 174 including 1 plenary, 11 invited, 118 contri-
buted and 44 poster form papers,

During the opening ceremony, chaired by the President of the Congress prof. dr. Stefan
CZARNECKI, several speeches were presented by: prof. dr Ignacy MALECKI, vice-president
of the Polish Academy of Sciences prof. dr. A. TRAUTMAN and FASE president prof. dr. H. G.
DIEsTEL. Finally, prof. dr, I. MALECK1 presented a plenary paper entitled “How the structure
of matter is seen by the acoustic waves”.

After the opening ceremony the participants saw three films:

. 1. Fragments of 9th ICA Congress, Madrid, 1977.

2. Computer simulation of elastic waves from transducer: a) longitudinal waves,
b) transversal waves — K. Harumi, T. Barro, T. Fusimor: (Japan).

3. Influence of ultrasound on liquid flow through inhomogeneous media — H. V. FAIR-
BANKS (USA).

The second film evoked special interest among the participants. It presented, in a de-
monstrative way, simulation of resilient vibrations in non-steady state. The Japanese side
presented the Organizing Committee of the Congress with this valuable film.

The Congress debates were held in three parallel sections which were divided into
particular sessions.

Section I — Acoustic Wavés and the Structure of Mailer included the following session:

1. Acoustics of Fluids (8 papers).

2. Ultrasonic Waves. Generation and Propagation in Solids (15 papers).

3. Interaction of Acoustic Waves with Material Structure (8 papers).

4, Nondestructive Testing and Flaw Recognition (13 papers).
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5. Materials characterization (15 papers).

Section Il — Ulirasonic Methods of Localion and Recognition was divided into fol-
lowing sessions:

1. Wave Propagation.

. Ultrasonic Diagnostic Methods.

. Holography and Optical Methods in Acoustics.
. Underwater Acoustics (4 papers).

. Geoacoustics (5 papers).

6. Transducers (8 papers).

Section III — Objective and Subjective Bvaluation of Sound in Limited Space dealt with
the following groups of problems:

1. Concert Halls and Auditoria (18 papers).

2. Industrial Halls (8 papers).

3. Urban Areas (16 papers).

4. Methods of Measurements and Subjective Evaluation (11 papers).

Broadly understood problems of nondestructive testing were the most popular among
the participants of Section I and the topies discussed involved not only flaw recognition of
material macrostructure but also attempts at quantitative evaluation of it and analysis of
physical state of materials.

The problem of material eracking was another important subject of Section I.

Moreover, Section I dealt with development of research on generation of acousto-
electric waves and phenomena accompanying it as well as with investigations of liquid
relaxation and generation of acoustic waves by means of lasers.

In Section II the greatest attention was devoted to the theme of ultrasonic diagnostic
methods, understood in a broad sense. It not only included new methods of this quickly
developing scientific field but also a number of fundamental problems in the field of ultra-
sonic waves propagation in biological media as well as construetion of piezoelectric trans-
ducers.

The popularity of this theme is justified by both tradition of Polish research which
has investigated this field for several years as well as rapid progress of ultrasonie diagnostic
methods all over the world. According to eurrent prospects these methods will be soon as
widely used in medicine as X-ray methods nowadays.

Several interesting papers dealing with underwater acoustics and geoacoustics completed
the section forming a synthetic view of ultrasonic methods applied in detection and recogni-
tion of objects of different kinds.

During the debates of Section III a series of lectures were devoted to the problems
which joined psychoacoustics and interior acoustics. They presented interrelation of objective
measurement methods and subjective evaluation. Such interrelation is especially important
when acoustical conditions differ from the statistic theory. Most of the papers touching the
problem of subjective evaluation dealt with speech for which if was easier, compared with
music for example, to have a selection of quantitative criteria.

Significant development of research based on computer simulation and the latest
measurement methods were characteristic factors of the III Section lectures.

T W

Section I
Acoustics of Fluids
L. M. Liamsurv, Laser Generated Sound in Liquid (invited paper).

R. Prowike, Viscoelastic Relawation Region in some Natural and Synihetic Oils
(poster form).
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E. Soczriswicz, Propagation of Ultrasound and Hole Volumes in the Hole Theory of
Ligquids.

K. Takaci, K. Nucisui, Study of Vibrational Relazalion in Liquid Pyridine by High-
Resolution Bragg Reflection Method.

E. Yaroxis, A. VorLrisis, B. VOLEISIENE, Interferometric Studies of Ulirasound Velocity
Dispersion in Aqueous Solutions of Lanthanide Salts.

A. Jusziewicz, J. Kopyrowricz, Z. KOZLOWSKI, Measurements of some Anomalies
in the Propagation of Ultrasonic Waves in Pure Waiter.

L. WERLBAN, l. SKUBISZAK, Properties of Mixtures of Gamma-Butyrolactone with
Selected Ethers and Water Fized by Ultrasonic Methods.

Materialg Characterization

R. W. B. STEpPHENS, Acoustics and Material Properties (invited paper).

1. FrouricH, W. MORGNER, Z. PAWLOWSKI, Applications of Acoustic Methods to Assess
Material Structure (poster form).

S. Kozakowskr, Effect of Internal Stresses in Castings on the Changes in Ultrasonic
Wave Velocities (poster form).

A. KuLig, J. RYLL-NARDZEWSKI, Applications of Flezural Vibrations of Thick Circular
Plaies in Physical Examinations of Solids (poster form).

H. Gawpa, Ullrasonic Investigations of the Mechanical Properties of Stalks of Wheal
(poster form).

A. BroKowsKI, Remarks upon the Lateral Displacement at Rayleigh and Lamb Critical
Angle (poster form).

A. Prnagrskr, %. Pawrowskl, Bond Strength Evaluation with Ullrasonic Method (poster
form).

B. Prfsko, L. Fiuipezy%ski, Ullrasonic Method and Apparalus for Fatigue Testing
of Steal Wires (poster form).

K. A. Kunerr, Z. Koznowski, Ultrasonic Investigation of Oross-Linked Polyethylene
(poster form).

J. LEwaxpowskr, J. RaNacHowskl, E. RYLL-NARDZEWSKA, Ultrasonic Method of
Mechanical Properties Estimation of Ceramic Materials.

7. PawrLowskl, G. FuNkE, Hvaluation of Fracture Risk with Ultrasonic Method.

7. T. KURLANDZKA, Brittle Fracture of Hlastic Dielectric in Presence of Electromagnetic
Forces.

K. ELEK, J. GrRANAT, P. PrELIEGEL, Measurement of the Complexs Young's Modulus
on Samples of Annular Discs, e.g. Grinding W heels.

J. LEWANDOWSKI, Scattering of Compression Acoustic Waves in Inhomogeneous Media.

Ultrasonie Waves. Generation and Propagation in Solids

D. SertE, Sound in Liguid Crystals (invited paper).

R. LE6, Piezoelectric Properties of LilOy Orystals (poster form).

V. K. NouYEN, W. PAJEWSKI, Generation of thé Acoustoeleciric Wave by Means of the
Shear Vibrations Source (poster form).

A. BYszEwskl, A. DRzEwWIECKA, M. SzusTakowskl, Applications of Optical Refleécted
Method for Swrface Acoustic Waves.

W. Crorapiiski, K. GoZpzig, M. SzusTAKOWSKI, B. SWIETLICKI, Acousto-optic Dif-
fraction of Light in Thin Plates of Lithium Niobate Single Crystals.

L. SoLarz, Diffraction of Surface Waves on a Waveguide.

T. 8. LieM, Electromagnetic Acoustic Transducer in Non-Destructive Testing of Metals.
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8. KoLnig, J. Krimko, Hlectromagnétic Generation of Ultrasonic Surface Waves a
Perturbed Boundary Conditions.

P. Loraxc, M. SzusTAKOWSKI, Some Remarks on Causes of Damage in LiIOg4 Piezo-
electric Transducers.

E. Daxickl, Theory of Generation of SAW Bulk Waves and Plate Modés by ITD.

K. REGiNskI, Quasi-Oonlinuous Description of the Acoustic and Optical Vibrations in
Tonie Orystals.

J. BERGER, F. Prique, K. Rousseavu, A. ZarEMBowITcH, Ultrasonic and Brillowin
Scattering Investigation of the Structural Phase Transition of Antiferro-distorsive Orystals.

M. FiscHER, B. PERRIN, A. ZAREMBOWITCH, Acoustical Investigation of Anharmonic
Behaviour of Crystal Showing Structural Phase Transition.

D. Hovz, Problems on Measuring Mechanical Data Important for Acoustics of Inhomo-
geneous Anisotropic Material.

Interaction of Acoustie Waves with Material Structure

W. EISENMENGER, Emission, Absorption and Propagalion of Acoustic THZ Waves int
Solids (invited paper).

P. Bocu, A. DANGER, C. GauLr, Ultrasonic Investigation of the Formation of Guinier.
Preston Zones in Aluminium- Magnesium Alloys (poster form).

L. Lrei§ski, Modulus Defect Stimulated by Ultrasonic Eucitation in Polycrystalline
Metal Samples (poster form).

W. CHOMEA, D. SomaTowioz, Influence of Sodium Ozide on Internal Friction in Iron-
Metaphosphate Glass (poster from).

J. Depurar, Temperature Dependence of Dislocation Internal Friction in Sodium
Ohloride (poster form).

B. Fay, Calculation of the Density of Scaltering Centres.

L. OrrLska, A. OPILSEI, Acoustical Method of the Energy Gap Determination in Semicon-
ductors.

J. A, GaLrrco-Juarez, E. Rieva, Ultrasome Aggregation of Micron Aerosol Particles.

Nondestructive Testing and Flaw Recognition

J. OBRAzZ, Some New Achievements an Ullrasonic Nondestructive Testing (invited paper)

M. Przyeyrowicz, J. Karie, Digital Evaluation of the Flaw Size in Ultrasonic Non-
destructive Testing (poster form).

Z. Pawrowskl, J. GORzZNY, J. SZELAZEK, Ewperience in Ultrasonic Testing of Pipeline
Weld (poster form).

L. ApLER, Selected Problems in Quantitive Nondestructive Evaluation.

T. R. Licar, Developments in Acoustic Emission Instrumentation.

C. Gazanuus, Targets Transfer Functions and Impulse Responses.

T. Prirz, Transfer Function Method for Determining Complex Modulus of Viscoelastic
Materials.

A. JunaeMaN, F. ConEN-TENOUDJI, B. R. TITTMANN, Characterization of Surface Flow
by Wideband Spectrum Analysis.

A. F. BrowN, E. A. Lroyp, Broad-Band Ultrasound in Non-Destructive Testing.

J. P. 8EssarEGo, Bojarski’s Identity — Application to the Target Eecognition.

J. Loziksxki, Study of Temperature Variation within the Heat-Seal Zone. The Ullrasonic
Heat Sealing of Polycarbonate Film Depending on the Physical Parameters of the Process.

A. EraArp, H. WUSTENBERG, E. MUNDRY, Detection of Near-Surface COracks with
Creeping Waves.

B. AupeNARrD, P. PoMEs, Acoustic Hmission Applications during Pressure Testing
of Vessels.

K. PerLLANT, Results of Measurements of Artificial Resin Elastic Moduli.
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J. Lozikski, W. OLIFERUK, T. Prorrowski, Application of Infrared Radiation in
Studying the Ultrasonic Heat-Seal Zonme of Polycarbonate Film.
I. GrABEC, Insensitivity of Acoustic Emission to Shock Loading.

Section II

Holography and Optical Methods

P. Grecuss, Ulirasonic Methods of Material Recognilion (invited paper).

F. I. BRAGINSKAYA, Y. I. VARSHAVSKI, Problems in the Use of Ullrasonic Holography
in Medical Diagnostics (poster form).

E. Yaronis, A. Voreists, K. KuNproTAS, V. SuKACKAS, System of Ulirasonic Digital
Interferometers (poster form).

R. Reisorp, COalibration of Ultrasonic Probe Transducers by Means of Holographic
Interferomeiry.

P. KEwieg, O. LeroY, A. Strwiiskr, Verification of the Theory of Ultrasonic Light
Diffraction by Adjacent Ultrasonic Beams.

P. KaczMarskl, A. Leszozykski, J. NArgiEwicz-Jopko, P. Rajcuert, Frequency
Characteristics of the Laser Beam Acoustooptic Deflector Utilizing LilOy Piezoeleciric Trans-
ducer.

J. Narkiewicz-Jopko, A. LuszczyXskl, P. Rascuerr, P. KaczMarskl, Laser Beam
Acoustooptic Deflector — Haperimental Models.

R. 0. PrupnoMME, Les Speclres de Sonoluminescences.

S. Sasauskas, V. DoMmarkas, Laser Meter of Pulse Response of Ultrasonic Transmillers

Wave Propagation

A. P. 8ARVAZYAN, Velocity of Ultrasound in Biological Tissues (poster form).

R. C. Cuivers, R. J. Parry, Ultrasonic Modelling of Human Tissue. A Prolotype
Foetal Head.

K. P. RIcHTER, R. MILLNER, Ultrasonic-Pulse-Spectroscopy and T'issue-Backscatlering
of Human ILiver in Vitro.

W. H. Rouxp, R. C. CHIVERS, Ulirasonic Propagation in the Human Eye: Parameter
Measurement and Beam Profiles.

L. Frupczy¥skl, Temperature Effect in Soft Tissue — Hslimated and Measured.

G. YARONIENE, Response of Biological Systems to Low Inlensity Ulirasonic Waves.

W. H. Rouxp, R. C. CHIVERS, J. K. ZIENIUK, Influence of the Human Eye on an Ultra-
sonic Beam: A Ray Tracing Approach.

E. A. Vasiutsov, V. I. KoroncueNTSEV, Field Problems of Acoustic Antenna Arrays
on Cylindrical Screens.

R. C. Cmivers, Amplitude and Phase Flucluations in the Propagation of Longitudinal
Waves in Inhomogeneous Media.

T. SALAVA, Heart Sound Analysis in Computer Assisted Systems.

V. T. KOoRONCHENTSEV, Synthesis of Acoustic Arrays in Impedance Scréeen.

R. J. ParrY, R. C. CHIvERS, Sampling of Fast Waveforms in Ultrasonic Materials
Secience.

H. Topa, H. Fukvoga, Analysis of Wave Mode in Composite Cylinder.

R. DyBa, Perturbation and Taylor Series Approach to Finite-Amplitude Problems
in the Case of Intermediate Mach Numbers.
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Ultrasonic Diagnostic Methods

L. HrazDIRA, Biophysical Aspects of Ultrasonic Tissue Characterization (invited paper).

J. Lasgaris, K. Kirgou-IaTRIDOU, D. Karsimantis, Value of Ultrasonography in
Oytologic Diagnosis of Cancer in Abdominal Organs (poster form).

A. Hapipi, Ultrasonography of Echinococeal Liver COysts (poster form).

A. Hapip1, Sonographic Evaluation of Jaundiced Patients (poster form).

T. Powarowskl, Real Time Automatic Transcutaneous Determination of Blood Velocity
by Means of c.ow. Doppler Method Eliminating Angle Dependence (poster form).

G. Lypacewicz, T. Powarowsxkl, K. Lukowska, Ulirasonic Ezaminations of Breast
Pumours with Doppler Method (poster form).

K. ILMURzYNSEA, J. SArLkowskl, Heart Visualication in Real Time for Diagnosis
of Hyperthropic Cardiomyopathy (poster form).

J. ETIENNE, L. FiLipczy®skr, J. GroNiowskl, J. Krerowicz, A. Nowickl, Three
Ultrasonic Meéthods of Placenta Location.

A. M. Hapip1, Contribution of the Echography to the Clinical Thyroidology.

J. GrRYMINSKI, G. Lyracewicz, Use of Ultrasonic Guiding Transducer for Monitoring
Thoracocentesis.

A. M. Hapipi, Pancreatic Sonography.

J. PrEISOVA, New Approach to Interpretation of A-Scan Echograms of Orbital Tumours.

J. Czasgowskl, J. ETIENNE, Z. KrawczYKowa, Blood Flow Estimation in Carotid
and Ophthalmic Arteries by Means of Doppler Technique.

K. Iwaszxiewicz-Gizycka, A. Curoéciokl, T. Powarowskr, J. GRUCHALSKI, Z. Ma-
LEC, Role of Transcutaneous Ulirasonic Doppler Method in Diagnosis of Potency of Congenital
and Surgical Shunts between Aorta and Pulmonary Artery.

R. KuBax, One- and Two-Dimensional Pulsed Doppler Hehography : Signal Processing
and Cardiovascular Applications.

M. PARDEMANN, Ultrasonic c.w. Doppler Technique in Stomatology.

A. WaeNER, T. Powarowskr, Z. Pampuch, Ultrasound Analysis of Peripheral Blood
Flow — Vascular Resistance and Their Changes in Children.

A. Curoscickl, T. Powarowskl, Cardiac Flow Measuréments in Right Heart by Means
of Ultrasonic Pulse Doppler Technique.

Transducers

C. RaNzZ-GUERRA, Analysis of Sandwich Structures as Sonic Sources (invited paper).

K. BRENDEL, G. Lubpwra, Vibracoar — a Pressure Sensor for Measurements in Ulira-
sonic Cleaning Hquipments (poster form).

K. VammeN, Revolving Transducer Real Time Ullrasowic Scamming System (poster
form).

W. Pasewski, Method of Measurements of Electromechanical Coupling Factor Jor Thick-
ness Vibrations.

A. Mark1EWICZ, Transient Performance of Piezoeleciric Transducers for Medical Diagnos-
ties.

K. P. RicaTeR, R. MILLNER, I. DaNz, Properties of Ultrasonic-Broadband-Transducers
with @ Multi-layer Matclhing to Water.

T. Maruk, Analysis of Dynamic Focusing with Ring Transducers.

A. Luxkosevicius, R. J. Kazys, Wideband Ultrasound Techmique: Some Different
Design Approaches.

Geoacousties

A. J. BErkHOUT, Exploration Seismology — The Use of Sound in the Search for Oil
and Gas (invited paper).

A. Jaroszewska, W, Korro¥skl, I. PLESNIAK, B. PrzvGcoDpzkaA, Sonde Testing of the
Freezing Process in Rock Formations (poster form).
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J. ApamczYK, Determination of Solid Compaclibilily Index by Seismic Waves.

R. KunNtzMaNN, Some Results Achieved by the Development of Ultrasonic Modular
Probe USS Applied to Shallow Well Measurements.

G. I. PieTrIEVITCH, Acoustic Indewes of Heterogeneity of Geological Media.

Underwater Acoustics

R. Savamon, A. StepNowskl, Direclional Properties of Broadband Acoustical Beam-
former (poster session).

Z. JAGODZINSKI, Frequency Optimization in Sonar Systems.

A. SrepNowsKI, R. SBaramon, J. Burczy&sk1, New Method of an Hcho Integrator
Oalibration in the Acoustic System of Fish Biomass Estimation.

P. A. Lewin, O. V. OueseN, Hvaluation of Electroacoustic Underwater Transducer.

Section III
Concert Halls and Auditoria

H. Haraspa, Ohanges in Amplitude of Violin Sounds in a Concert Hall (poster form).

E. HoJax, Objective Evaluation of Acoustic Field of Loudspeakers by Impulse Technique
(poster form).

J. MEYER, Acoustics of Haydn's Concert Halls.

H. WINKLER, Raumakustische Massnahmen im Grossen Saal des Palastes deér Republik.

P. HunN, Festlegung der Rawmproportionen Kleiner Studiotechnischer Riwme zur Opti-
mierung der Eigenfrequenzvertéilung bei tiefen Frequenzen.

H. RyrrErt, E. O2IMEK, L. JUGOWAR, J. KoNiEczNyY, Evaluation of Signal Frequency
Changes during Its Decay Process.

R. Magarewicz, H. RYFFERT, Phenomenological Description of the Perception of Mono-
chromatic Signals in the Diffusion Room.

H. Fastr, Reverberation and Post- Masking.

T. HourGast, H. J. STEENEKEN, Predicting Speech Intelligibilily from the Modulation
Transfer Function, I: General Room Acoustics.

R. Promr, H. J. M. STEENEKEN, Predicting Speech Inlelligibility from the Modulation
Transfer Function, I1: Geometrical Room Acoustics.

D. de Vries, W. BEENTIES, Behaviour of Various Speech Intelligibility Prediction
Methods in Sound Fields with Double Decay Reverberation.

I. JaNUSKA, Speech Loudness — Possibilities of the Subjective Rating and Objective
Prediction.

J. Novag, Sub(ective Perception and an Objective Prediction of Speech Loudness.

J. BLAUERT, Some Aspécts of Three-Dimensional Hearing in Rooms.

W. Scumipr, Vergleich dér Objelktiven Kriterien zur Messung des Akustischen Raumein-
drucks.

E. OziMex, Determination of Irregularity of Frequency Rsponse of a Room.

A. ILLenyi, About a Comparison of Studio Monitoring Luodspéakers with Objective
and Subjective Measuring Methods.

A. MELKA, Ezperimental Comparison of Five Methods for Subjective Evaluation of
Sound-Reproduction Quality.

Industrial Halls

8. Czarneckr, E. KorareiXska, How to Use Absorbing Materials in a Shallow Room
for the Optimal Condilion of Noise Reduction (poster form).
G. Grazzini, R. Pompori, Sound Propagation inside Industrial Halls.

7 — Archives of Acoustics 2/78
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0. BscHogrr, Computation of Noise Distribution in Industrial Environment.

A. Coccui, R. PompoLl, On the Evaluation of Noise Level Reduction Obtainable with
Absorbing Acoustic Materials.

P. Do¢xaL, Noise Control by Méans of Room Acoustics in Large Industry Halls with
Many Sound Sources.

Ch. Pritzeow, Sound Screens in Rooms.

J. P. Nagy, A. J. Koroxkai, Noise Reduction by Barriers in a Small Compressor Buil-
ding.

R. Borros, Design Considerations in a Large-Group Telephone.

Urban Areas

R. Jossg, Traffie Noise in Urban Areas (invited paper).

A. StaN, Pollution Acoustique (invited paper).

B. RupNo-RupziNska, J. ZALEWSKI, Prediction of Community Noise Using the Digital
Simulation Method (poster form).

M. WoasciecaowskA, R. KucHARSKI, Prognostical Acoustic Map of the Areas around
the Projécted Fast Railway City Line (poster form).

J. GraBEK, R. KUCcHARSKI, Rules of Predicting the Acoustic Protécting Zones around
Noisy Railway Objects (poster form).

R. KucHarskl, Motorway Noise Propagation from Elevated Roads and Two-Level-
Crossings, Empirical Investigation (poster form).

8. CzarRNECKI, J. SzuBA, Local Means of Traffic Noise Control inside Residence Interiors
(poster form).

U. LEEMANN, Planungsunterlagen und Verfahren zum Lirmschute beim Stddiebau.

M. STAWICKA-WALKOWSKA, Acoustic Characteristics of the Areas Adjacent to Hzpress
Routes.

B. Buxa, L. VeEres, Effect of Velicle Categories and Speeds on Noise Level of Urban
Expressways.

M. Bitg, Design of Highway Noise Shielding Establishments Using Computers.

E. Bucura, J. EAsTEA, Annoyance from Highway Road and Factory Noise.

J. CECHURA, Sound Levels in Building Ewxposed to Ezternal Noise.

A. J. KoroNkal, J. P. Nacy, Method for Designing of Sound Imsulation of Fagades.

B. Szuprowicz, J. Rurkowski, Influence of Built-in Trafo Stations on Acoustical
Climate of Dwelling.

K. D. GOBEL, Beispiele der Anwendung Kiinstlicher Hindernisse unter Beriicksichtigung
ortlicher Gégebenheiten zur Verringerung der Lirmbelastigung fiir Anlieger.

Methods of Measurements and Subjective Evaluation

8. CzArRNECKI, Z. ENGEL, A. MIELNICKA, Paths of Sound Propagation through the Bar-
riers (poster form).

M. RaBIEGA, J. ZALEWSKI, Echo Parameters Evaluation in the Tone-Burst Technique
of Sound Absorption Measurements (poster form).

M. Kierzrowski, M. MapEsski, Automatic Computer System for Measuring Acoustic
Properties of Building Partitions (poster form).

A. Rubpig, Proposal for Extremal Noise Limitation Inside the Cabin of Various Types
of Aireraft (poster form).

T. WALASIAK, J. Miazca, Audibility of Warning Signals by Truck Drivers (poster
from).

V, MeLLErT R. WEBER, Artificial Head with Corrected Frequency Response for Frontal
Sound Incidence.
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R. WeBER, V. MELLERT, Comparative Study of Transportation Noise: Correlation of
Subjective Evaluation with Physical Parameters.

4. Duxkiewicz, Application of the Coherence Function to Random Structure-Born Sound
Measurements.

W. ZippE, Bildung von Rdumlichen Mittelwerten dés Schallpegels mit Hilfe eines inte-
grierenden Schallpegelmessers.

A. BALDACCONI, G. 8PADA, Quantification of Indusirial Halls-Generated Noise Exposure
According to Italian Législation of Insurance.

I. Barpuccr, M. Cosa, Problems Concerning the EHvaluation of Occupational Noise
Ezposure.

The papers of particular sections were presented in three forms: as invited papers
given by relevant personalities in the field of acoustics — the papers dealt with subjects
suggested by the Organizing Committee of FASE (45 minutes); as contributed papers sub-
mitted by the participants and accepted by the Organizing Committee (15 minutes and
5 minutes’ discussion); as poster form papers (5 minutes) to present the basic thesis and
results and two sessions of one hour duration to present the papers in details and to discuss
them in boxes with the help of posters prepared by the authors.

The poster form was highly appreciated. by the participants of the Congress. Dr. Paul
Francois, in his letter form France sent after the Congress, wrote: “The poster form session
which was for the first time introduced to scientific conferences of FASE is very effective
and makes a perfect complement to the papers presented in a traditional way”.

The plenary meeting chaired by dr. F. Kolmer took place after the end of section debates.
The results of the Congress were summed up by the FASE president dr. Paul Frangois. The
debates were closed by the president of the Organizing Committee prof. dr. Stefan Czarnecki.

After the official part the participants met in rooms of Palace of Science and Culture
to have a glass of wine, exchanged their opinions for the last time and sum up their talks
on future cooperation.

The Congress was accompanied by an exhibition of acoustical research equipment
and materials. The following firms presented their products: Briiel and Kjaer from Denmark,
Medata AB from Sweden, INCO from Poland, TECHPAN from Poland, and UNIPAN
from Poland.

In addition to the scientific programme the Congress participants took part in social
events. The events included reception at National Museum, which was preceded by visiting
some of the most valuable Museum displays. They also saw the performance of Verdi's
“Mask Ball” in the Warsaw Opera.

8. Cezarnecki (Warszawa)

REPORT ON PROCEEDINGS OF THE 25TH OPEN SEMINAR ON ACOUSTICS
Blazejewko, near Kérnik, 14-16 September, 1978

The 25th Open Seminar on Acoustics which has annually gathered Polish acousticians
and foreign guests on many years, was organized by the Poznaii Division of the Polish
Acoustical Society, Committee on Acoustics of the Polish Academy of Sciences, and the
Department of Acoustics of the Adam Mickiewicz University, Poznan.
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More than 200 participants, research workers from higher educational institutions
and ministerial institutes currently engaged in acoustics, took part in the seminar. There
were also 15 foreign guests representing centres of acoustics in France, Great Britain, Holland,
Denmark and Czechoslovakia.

It is worth noting the participation of the chairman of the Federation of European
Acoustical Societies, Dr. Paul Fraxgois from France and Dr. E. F. Evaxs from England
(Keele), a well-known specialist in the field of psychophysiological acoustics, who came
to Poland for the first time, invited by the organizers of the seminar,

The seminar was opened by the chairman of the Organizing Committee and the chairman
of the Polish Acoustical Society, Prof. dr.hab. Halina RyrreErT who presented a general
outline of the history of the seminars, of the way in which their form and range of subjects
had developed.

Next, during the official opening of the seminar, Dr. Paul Francgois took the floor,
on behalf of GALF, Groupement des Acousticiens de Langue Frangaise, to present in a syste-
matized way the development of contacts between acousticians from Poland and France,
which led to the signing in 1975 of the agreement on scientific co-operation between GALF
and Polish Acoustical Society. This year it was included in the governmental agreement on
cultural co-operation between Poland and France.

Despite the shortened duration of the seminar, the Organizing Committee decided to
change in some way the form of the sessions and include the issues part of the seminar within
the framework of round-table meetings which took place in the mornings. The reviewing
part consisted of short papers and communiqués from different branches of acoustics in
three parallel sections in the afternoon sessgions. The content of the discussion at the round-
table meetings was closely connected with the directions of the investigations of the Poznaii
centre, comprising the following issues:

modern methods of analysis and processing of acoustic signals,

current directions of investigations in psychoacoustics,

elements of physiology in psychoacousties.

The 25th Open Seminar on Acoustics included three roundtable meetings.

The 1st meeting took place on September 13, opening with a paper by prof. B. Escupi£
(France) entitled “Etat actuel du traitement des signaux acoustiques propa gésdans 'atmo-
sphere et des applications & I'imagérie spatiofréquentielle des bruiteurs”.

The 2nd. meeting took place on September 15, opening with an introductory paper
by prof. L. Pimoxov (France) entitled “Le Facteur Temps en Audition”.

The 3rd meeting took place on September 16, opening with an introductery paper
by prof. E. F. Evans entitled “Studies of Peripheral Physiological Mechanisms Underlying
Analysis of Complex Sounds”.

The meetings enjoyed considerable interest as shown not only by very large andiences,
but also by unexpectedly lively discussions, despite the specialist character of the subjects.
Nevertheless, it was here that the interdisciplinary character of this branch of knowledge —
acoustics — became conspicuous, since many persons engaged in other branches found cer-
tain aspects of the subjects discussed also of interest to them.

The meetings were in turn chaired by doec. dr.hab. Edward Ozimek — in place of
prof. B. Escudié from France, who sent in his paper, being unable to take part in the seminar,
the next by prof. Leonid Pimonov from France, and the third in turn by prof. E. F. Evans
from England.

The afternoon sessions were generally connected with subjects from several branches
of acoustics, including mainly:

— acoustics of speech, music and psychoacoustics,
— physical and ultrasonic acoustics,
— technical and community acousties.

Of the 94 papers and communiqués contributed and published in Proceedings of the

25th Open Seminar on Acoustics, 87 were presented during the sessions.
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Section I. Acoustics of speech, music and psycheacoustics

M. T. RorH, Etude des variations acoustiques de la voyelle dans les monosyllabes en fran-
gais.

G. MERCIER, P. QuiNTON, R. VIVES, Dialogue homme-machine avec Kéal.

J. JARYOKI, A. PAWLAK, Z. WoROBIEC, Measurement of a Power Densily Spectrum
Based on the “Speech Chorus™ Method for Continuous Speéch and Language Tests.

R. Srwanowicz, J. Sosxowskr, Spectrum Analysis of Voice Signals in Terms of Walsh
Functions.

B. W. Kuresza, B. RocALa, J. SoBOLEWSKI, Invéstigations of the Statistical Proper-
ties of Sound.

A. PAWLAK, J. JARYOKI, Z. WOROBIEC, Application of Simulating Methods to the Auto-
matic Olassification of Larynw Transducers.

P. Bmftxowskr, W. MyéLeckl, Z. WoRrOBIEC, Method of Synthetic Spéech Quality
Evaluation.

K. MUSIALIK, Grammars Generating a Fized Set of Messages by Means of a Computer
Voice Response System (CVRS).

J. Zieuitsgr, W. MyYS8LECKI, Parameirical Genération of Basic Intonation Funotions
for the Synthesis of Polish Speech Phrases.

H. HarAIDA, J. FRYK, Zonality of Melodic Intervals as Reproduced by an Average
Gifted Child.

A. Prus, Timbre of Compléz Tones and their Spectral Envelopes.

A. Poores, Comparison of a Human Observer with an Enérgy Detector in the Signal
Detection Process.

S. Prus, Does Psychometric Function Behaviour Confirm the Classical Detection Theory ?

K. Mricka, Detection Probability Determination of a Continuous Signal Parameter Change
Evoking a Blurred Change of Loudnéss.

K. Mricka, 8. Prus, Detection Probability Detérmination of a Continuous Signal Para-
meter Change Evoling a Blurred Change of Pitch.

J. Frorkowski, Utilization of Headphone Listening in the Investigalion of Sound Source
Localization by the Minimum Audible Angle Method.

Cz. PuzyNa, Resulls of the Investigation of the Obstacle Perception by the Blind.

K. Rup~o-Rupzikskl, Perception of Distortions that Result from Differént Distances
to Woofer and Tweeler.

Section II. Physical and ultrasonic acoustics

A. BERrGASSOLI, Interaction des acoustiques dans wn guide.

W. RpzANEK, Mutual Acoustic Impedance of Oircular Panels with the Béssel Distribution
of Vibration Velocity.

M. Czecrowicz, T. SoBow, 8. CZARNECKI, Acoustical Feedback in the Process of Edgetone
Géneration. \

A. Jaroon, H. Ipczax, Scattering of the Sound Wave on the Rigid Surface with Pseudo-
Eandom Irregularities.

R. DYBA, B. Z6£T0GORSKI, Acoustic Noise Nonlinear Transformation Caused by Moving
Boundary Condition Effect.

T. Zamorskr, R. WyrzYKowski, Hyperbolic Horns of Annular Cross-Section.

W. BANDERA, Delermination of the Complex Young's Modulus for Some Viscoélastic
Materials.

8. Nuckowskl, J. SzYMBOR, On the Accuracy of a Nonlinéar System Multidimensional
Transfer Function.

J. ANtoNowicz, M. GALAZEWSKEA, J. TABIN, Field of a Partially Deteriorated Ultrasonie
Focusing Head.
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J. TaBIN, B. StEORA, Influence of Power Dissipation in the Transducer on Ullrasonic
Attenuation Measurements with the Diverging Beam.

E. Kozaczxa, J. Morawiec, Investigation of the Sensitivity of Cylindrical Piezoelectric
Transducers.

J. Goranowski, T. GuDra, Ultrasonic “Planar” Type Transducer.

B. J. Kiorr, Method of Méasuremént of Transmission Loss in Ultrasonic Communica-
tion in Structural Elements.

A. Dyra, Digital Underwater Echo Integrator.

L. Ki1r1aN, Side Scan Sonar Equation for thé Detection of Bottom Targets.

E. Kozaczka, Investigation of Sound Generated by Cavitating Ship Propellers.

S. WexNa, Désignation of Vibralion and Acoustic Paramelers of Ship Accomodation
Bulkhead Properties.

A. KowaLrskl, Measurement of the Target Stréngth of a Skin Diver.

Z. KLUSER, Dependence of the Spectral Level of the Ambient Sea Noise in the South
Baltic on Wind Speed.

M. HorEkc, J. Rarowskl, Vertical Sound Speed Distribution and Gradients in the Ballic
Sea and their Seasonal Variation.

J. Rarowskl, M. HoLEc, Influence of Sound Speech Ohanges in the Baltic Sea on Hydro-
graphic Measurement Accuracy.

J. BErDOWSKI, M. STROZIK, Arrangements for the Investigation and Visualization of
Surface Acoustic Wave Fields.

J. Finax, A. Krzesiiskr, M. Tomaszewskl, Capabilities of the Application of Piezo-
electric ZnO Films to Present-Day Acoustooptic Devices.

7. KLeszozewskl, A. MLeczko, M. Strozig, H. DELEWICE, Practical Application of the
Acousto-optic Modulation of the Laser Light.

7. TyrLczYXsk1, Propagation of a Quasi-Longitudinal Ultrasonic Wave into the b Plane
of TGS Crystals.

J. Mizera, Influence of Ultrasonic Fiel don the Electrochemical Oxidation Process of
Phenol Solutions.

J. BEDNAREK, T. Ciszewski, Z. TALARCZYE, On Some Problems in the Ultrasonic Meas-
wrement of the Level of Loose Materials. :

L. F. Lirikska, Effect of Ulirasound on Internal Friction in Polycrystals.

M. Ko~Narska, Oriteria for Industrial Exposure to Airborne Ultrasound.

D. LEwaxpowska, C. Lewa, 8. Lerowski, Influence of Gas Admixtures on Shear
Viscosity in Liquids.

Section III. Technical and community acoustics

K. BEREZOWSKA-APOLINARSKA, Acoustic Field in Some Urban Structures of Different
Geometry.

K. BEREZOWSKA-APOLINARSKA, W. Koraskl, Influence of Central Quarter Dévelopment
on Noise Propagation.

R. MAKAREWICEZ, Infensity of the Sound Field Generated by a Moving Source in a Semispace
Filled by a Stratifield Medium.

L. Jucowar, Method of Analysis of Dynamic Changes of Phase and Sound Frequency
under Non-Steady State Conditions.

A. Rupiuxk, Acoustic Fiéld in an Aircraft Cabin.

B. Szurc, J. SzozEPANSKI, B. PLEBAXSKI, Methods for Imvestigating Vibrations and
Noise in Trams and the Criteria for their Estimation.

R. J. KUCHARSKI, Problém of Choosing a Road Traffic Noise Index Suitable for the Wide
Recognition of the Acoustic Climate.

M. WoJsciecaowskA, R. J. KucHARSKI, Method of Predicting Railway Noise.
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B. Szurc, J. SzozepAXski, B. PLEBAKSKI, Estimalion of Noise in Railway Vehicles.

W. RYBARCZYK, Statistical Distribution of the Mean Noise Intensity at Work Stands in
Working Rooms.

D. Tryxkowska, R. MicHALSKI, Classification and Matching of Ear Hearing Protectors.

W. TYRCHAN, Substitution Acoustic Mass of the Nozzle and Diffusor System.

W. TyrcuAN, Aerodynamic Noise in the Free Inlet Stream to the Nozsle and Diffusor
System.

L. RurkowsK1, Acoustic Analysis of thé System with Several Degrees of Freedom under
Non-Steady State Conditions.

W. BartuELMUS, A. STUDZINSKI, Comparison of States in Acoustic and Vibratory Methods
of Diagnosing Machines.

E. Hosan, J. FrLorkowskl, G. KiuNirz, Testing Device for Vibrating Systems Using
the B. F. 8. Method.

J. MoraXsk1, Computer Simulation of Frequency Response and Electrical Impedance
for some Loudspéaker Systems.

J. KoraLEWSKI, Influénce of the Magnetic Field of Voice Coil on the Parameters of
Loudspeakers.

M. Niewiarowicz, Influence of the Acoustical Loading of a Mémbrane on the Value
of its Mechano-acoustical Parameters.

Z. DoBRUCKI, Impulse Response of an Eléctromechanical Moving COoil Transducer.

E. HosanN, M. Niewiarowicz, J. FLORKOWSKI, Method of Optical Enlargemént in
Testing the Vibrations of Electroacoustic Transduceérs.

P. ZARNECKI, Multi-channel Signal Processing System Applied to the Time-Frequency
Analysis of Acoustical Data.

A. Puch, Method for Transfer Matriz Measurements on Acoustic Filters.

J. FRENKIEL, Néw Polish Standard for Tape Recorders for Domestic Use.
J. Kamixski, J. JurkiEwicz, K. Basciuk, Synchronous Extraction of Identification
Signals.

Z. Excer, W. Stanpk, Acoustical Oharacteristics of a Multilayer Beam.

D. Nirecki, J. SMurzyNski1, Investigation of the Application of Vibro-Dampers of the
“Powar” Type as Elements for Decreasing the Noise Level in Accomodation.

The participants of the seminar expressed satisfaction with the proceedings of the
25th Open Seminar on Acoustics and appreciatively accepted its new character which is
the expression of the search by our acoustic community for still better forms of creating
an adequate plane for presenting the latest accomplishments and investigation results and,
for deep and inquisitive scientific discussion. The foreign guests also, in warm words, expres-
sed their appreciation of both the academic aspect of the session, the pleasant atmosphere
and the organizational efficiency.

14 papers were entered during the seminar for the M. Kwiek competition for the best
paper, the academic and formal aspects of which had been estimated by relevant reviewers.

The participants of the seminar had the opportunity of seeing exhibitions of measuring
devices manufactured by Briiel & Kjaer and of electroacoustic equipment from the Loud-
speaker Factory “Tonsil” at Wrzeénia.

It should be added that the jubilee 25th Open Seminar on Acoustics coincided with
the 15th anniversary of the Polish Acoustical Society and, in this connection, on Wednesday,
September 13, there was a solemn gathering of member-founders of the Society, which pro-
ceeded in an atmosphere of many interesting reminiscences and reflections.

On the eve of the seminar, on September 13, there was the 16th Congress of the Polish
Acoustical Society Delegates, which elected the Society leadership.

E. Ozimek (Poznan)




