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DEVICE FOR RENDERING VISIBLE ACOUSTIC
VIBRATIONS

The object of the present invention consists in mak-
ing an arrangement w1th whose help acoustrc vrbratrons
.Speech, can be converted into continuous successwe
manifestations which may be observed, a certain de-
pendency as regards amplitude and frequency of the
vibrations generated being recognisable.

For the above purpose, according to the invention, in
the new arrangement, the foundation containing the
..fluid tramsmitting medium consists of a material which
is transparent or which reflects the light in the manner
of a mirror, there being on one side of the foundation
a first optical group consisting of a light-source, e.g., a
so-called xenon lamp, and particularly a so-called HBI
lamp, and a reproducing optical system serving to re-
produce a light-spot originating from the light source
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and, on one side of the foundation, there is a second 20

optical group consisting of a multicoloured patterned
viewing plate with a surface which has a grid ora net-
work of lines at right angles to each other, preferably
made of glass, in the region of the focal point of the re-

producing optical system, and also consisting of an ob- 25

jective arranged behind the viewing-plate when, seen in
the direction of the beam of light, said objective serving
to project the beam coming from the light-spots on the
multicoloured viewing-plate on to a screen.

The arrangement according to the invention enables 30

_.astonishing optical effects to be achieved with rela-

tively simple means. If, for example with the help of
loudspeakers, continuous successive sounds are gener-
ated, such as occur, for example when music is played,

Tnew devrce the shape of the individual components
and - the intensity and shading of the colours being
clearly seen, even by the lay observer, to be dependent
on the pitch and intensity of the individual sounds. The

individual vibratory shapes are repeatable, i.e., they are 4

each associated with only one sound. A complete vibra-
tion picture is made up of different figure-fields, of |
which each can have a different generative basis; the
foundation may vibrate in resonsance to the appropri-
ate sound, or the resonsance frequency of the mem-
brane may feed back, or eddies may form within the
fluid, absorbing the sound frequency.

Embodiments of the subject-matter of the invention
are shown by way of example in the drawing, whrch
shows:

FIG. 1: an arrangement according to the invention,
in diagrammatic side elevation;

FIG. 2: a diagrammtic side elevation of a detail of a
variant of the arrangement in FIG. 1, on a larger scale;

FIG. 3: a plan view of the viewing-plate of the ar-
rangement in FIG. 1;

FIG. 4a. a side elevation of a possibility of generating
the wave motions in the transmitting medium;

FIG. 4b: another side elevation of another possibility
of generating the wave motions;

FIG. 4c: another side elevation of another possibility
of generating the wave motions;

FIG. 5: a disgram of a further detail of the arrange-
ment according to the invention,

FIG. 6: a diagrammatic view of another detail of the
arrangement according to the invention; and
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FIG. 7: a further modification of the invention in dia-
grammatic side elevation.

The invention proceeds from the interference tests
described by Pohl in his “Einfuhrung in die Physik,"
vol. 1, Berlin, 1940, in which a fluid medium was
caused to vibrate by a movable wall, e.g., a rod or the
like, giving rise to circular radiating wave motions
which were projected, so that a whole auditorium could
observe these movements. The arrangement according
to the invention contains as essential components a
light-source 1, a reproducing optical system 2, a foun-
dation 3 for the fluid transmitting medium 4, a mul-
ticoloured viewing-plate 5 and a lens system 6 with
which is associated a visual screen 7. According to the
invention, the foundation containing the medium 3
consists of a medium which is transparent, or reflects
the light in the manner of a mirror, and on one side of
the foundation there is provided the light source 1 and
the producing optical system serving to generate a re-
production of a light-spot originating from the light
source, these parts forming a first optical group, while
a second optical group is likewise provided on one side
of the foundation, this group containing a mul-
ticoloured patterned viewing-plate 5, preferable of
glass, in the region of the focal point of the reproducing
optical system 2, and a lens system 6, arranged behind
the viewing plate, sesn in the direction of the beam of
light, said system 6 serving to project the beam coming
from the light-spots on the multicoloured viewing plate
on to the screen 7. In the embodiments shown in the
drawing, the arrangement is such that, with the help of
the acoustic vibrations to be rendered visible, and
through a movable wall influenced by these vibrations,
dynamic phenomena are brought about in the transmit-
ting medium, which are observale in the transmitted
light.

The foundation 3 may consist of transparent mate-
rial, e.g. material transmitting 80 percent or more light;
it may also however consist of reflective material, e.g.,
of material reflecting more than 80 percent of the light
striking it. In the former case it may consist of a glass
plate, but also for example of a sheet of plastics mate-
rial, e.g., the material known commercially as “Hosta-
fan.” A condition of satisfactory operation according
to the invention is that on the one hand it has a maxi-
mum diffusion strength, so that it is as impermeable as
possible to the fluid, and on the other hand in certain
cases it is very thin, e.g., 15 u, as it must, as will be dis-
cussed below, pass vibrations on to the transmitting
medium, energising the latter in order to generate the
wave motion. When the foundation is transparent, the
abovementioned optical groups are located on opposite
sides of the foundation; when the foundation is reflec-
tive, both optical groups are on the same side of the
foundation. A special fluid is preferably used as a trans-
mitting medium, e.g., a fluorine chemical, preferably
the fluid known by the commercial title “F C “75,” a
further condition being that the boiling point is rela-
tively high, e.g., at the level of the boiling point of wa-

60 ter, so that the fluid does not evaporate rapidly, that in

addition its viscosity is low, e.g., corresponding to one
third of the viscosity of water, so that no wetting addi-
tive is needed. It is also necessary to cause or promote
the minimum corrosion of the casing.

The foundation 3 for the transmitting medium can be
bowl- or trough-shaped, the arrangement preferably
being such that the bowl or trough shape becomes shal-
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lower from the centre of vibration outwards, in order
to simulate the running of waves on to a shore, and to
avoid as far as possible the occurrence of standing
waves. In the embodiments shown in the drawing, the
foundation forms an acute angle with the horizontal an-
gle, e.g., of up to 10°% In any case, the arrangement
must be such that the free surface of the transmitting
medium contained in the obliquely extending founda-
tion is contained in a horizontal plane, the thickness of
the layer of medium resting on the foundation increas-
ing continuously from one side to the diametrally-
opposed side. In the variant of the subject-matter of the
invention in FIG. 2, the edge portion “a” of the founda-
tion is not covered by the medium, while the diame-
trally opposed edge portion **b" corresponds to the re-
gion of greatest thickness of the layer of medium rest-
ing on the foundation. Such an arrangement enables
quite fantastic effects of light, form and colour to be
achieved. :

The light source 1 can consist of a so-called “Xenon”
lamp, or of a so-called “HBI" lamp; a condition of this
is that it provides a light-spot of the sharpest contours.
In order to determine the effective cross-section of the
beam of light emerging from the light-source, an aper-
ture diaphragm 8 is provided between the light-source
and the reproducing optical system 2. Associated with
the light-source there is a lens 9 which, seen in the di-
rection of the path of the light 10, consists of a lens sys-
tem 11 on the other side of the light-source, a con-
denser 12 and a subsequent collector lens 13. Between
the reproducing optical system 2 and the optical system
9 facing the light-source 1, there is provided, seen in
the direction of the light and behind the diaphragm, a
flat mirror 14 which is directed, for example, at an
angle of 45° to the optical axis of optical system 9, and
whose purpose is to reflect the beam coming from the
light-source on to the reproducing optical system. The
result is that the optical axis of the system 9 associated
with the light-source forms an angle of 90°, with that of
the reproducing optical system 2.

The reproducing optical system 2 is so designed that
it reproduces the image at aperture diaphragm 8 on
viewing plate 5, which can consist of glass, in a ratio of
1:1. Optical system 2 is more preferably designed as a
so-called schlieren optical system, which contains, coa-
cially to each other at both outer ends, a plane-concave
divergent lens 164, 16, between which biconvex col-
lector lenses !7a, 17h with intense curvature are pro-
vided. The light-source 1, the optical system 9 asso-
ciated therewith, the aperture diaphragm 8, the mirror
14 and the optical system 2 are located, in the embodi-
ments shown in the drawing, on the side of the founda-
tion 3 facing away from the transmitting medium 4.

On the side of the foundation facing the transmitting
medium there are located the viewing plate 5, optical
system 6 and screen 7. In this case the optical axis of
optical system 2 and the axis of viewing plate 5 coin-
cide. The viewing plate consists of several parts of dif-
ferent colours, preferably three concentric rings 19a,
19h, 19¢ on different planes and which can be moved,
e.g., turned, relative to one another. Each ring is subdi-
vided into parts 35, 36, 37, of equal length, succeeding
one another along the circumference, which are
formed as sectors, each part being of a different color
from the preceding one. The succeeding parts of the
rings can be blue, yellow, red, violet, etc., the colouring
of the parts also being different from ring to ring. In
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order to turn the rings, a slow-running synchronous in-
duction motor can be provided, which can operate con-
tinuously or imtermittently, and which can be in a driv-
ing connection with the ring or rings through interme-
diate members, e.g., in the form of a gear system or the
like. Each ring can have its own drive motor, or one
common motor can be associated with all of them. The
surface of the viewing plate 5 bears a grid, or a network
of lines at right angles to one another. The viewing
plate is followed by the objective, which throws the im-
ages formed on to the screen.

The wave motions may be generated in various ways.
Thus for example the fluid transmitting medium 4 may
be energised with the help of the vibrator armature 25
or matrix of a loudspeaker 26, said armature dipping in
the medium, involving to a certain extent in this case
energisation from above, i.e., from the free surface of
the medium. However, the transmitting medium may
be energised from below, i.e., from the surface in
contact with the foundation, to a certain extent involv-
ing energisation from below. For this purpose a loud-
speaker 27 is used, setting the foundation 3’ carrying
the transmitting medium 4’ vibration, in turn energising
the transmitting medium itself. Finally, the fluid trans-
mitting medium 4’ may also be energised both from
the free surface and from the opposed underside, in
order to cause the wave motion. In this case the fluid
transmitting medium 4'’ is energised on the one hand
on the free surface by the vibrator armature 28 or ma-
trix of the loudspeaker 29, which dips in the medium,
and on the other hand by causing foundation 3"’ to vi-
brate by means of a loudspeaker 30. In all these cases
the loudspeaker is arranged eccentrically relative to the
foundation. Preferably, according to FIG. 2, in the
loudspeaker serving to generate the wave motions, the
vibrator coil 36, instead of having the conventional dia-
phragm, is connected to a movable wall, e.g., by adhe-
sion, said wall forming part of a cylindrical member 37
made of a very light plastics material which is not solu-
ble in the transmitting medium, preferably of the plas-
tics material known by the commercial title “Styro-
por,” said wall preferably forming the end-portion of
this cylindrical member. In the embodiment in FIG. 2
two loudspeakers 38,39 are provided to generate the
wave motion, both speakers being arranged eccentri-
cally relative to the foundation and thus being each as-
sociated with two diametrally opposed points on the
circumference of the foundation or of the medium con-
tained in it, one speaker being associated, as a high-
frequency speaker, with the high-pitched sounds, e¢.g.,
of a frequency from about 5,000 Hz up, and the other,
as a low-frequency speaker, associated with the low-
pitched sounds, in this case lying opposite the part of
the foundation covered by a thick layer of medium,
while the high-frequency speaker is associated with the
part of the foundation which is not covered at all, or
only by a thin layer of the medium. Both loudspeakers
may energise the medium from above, or by direct
contact from below, yet the arrangement can be such
that one speaker, e.g., the low-pitch speaker, energises
from above, and the other from below. By means of the
disposition of the transmitting medium on the founda-
tion (cf. FIG. 2), and by means of the special method
of energising the medium, all sounds from a wide range
of high and low frequencies can be made effective, and
every imaginable variation of single and multiple tones-
can now be expressed optically. The energisation of the



3,818,137

5

transmitting medium generates wave motions, the
waves formed being picked up optically at a point re-
mote from the centre of energisation and close to the
energisation point, and are projected in the transmitted
light. Because of the intense dispersion of the radiation
speed of the waves, very interesting dynamic images re-
sult. :

The transmitting medium and the foundation carry-
ing it, and the farthest optical parts of the device, are
enclosed in a casing 31, on one side of which there is
located the objective projecting on to the screen, while
on the other side there is the light-source with its asso-
ciated optical system. ‘

FIG. 6 shows the electrical part of the device. 45 is
the sound source: a magnetic tape, a disc, a micro-
phone (e.g., human voice). This sound source is con-
nected by cables 46a, 46b to the amplifier 47, from
which on the one hand the cables 48a, 48b go to the
speakers 49a, 49b reproducing the sound waves coming
from the sound source (stereo reproduction), and on
the other hand the cables 50a, 50b go to a regulable
and adjustable so-called electronic dynamic compres-
sor 51, whose purpose is to “smooth out” the music to
a certain extent, making loud sounds quieter and quiet
sounds louder. Part 51 is connected to the amplifier 52,
to which the low-frequency speaker 53 and the high-
frequency speaker 54 are connected, serving to ener-
gise the medium in the way described above. In this
way a ‘‘sound’ and a “sight” branch are to a certain ex-
tent established, in such a way that regulation and ad-
Jjustment in accordance with requirements at any mo-
ment can be undertaken independently in both
branches.

As shown in FIG. 7, in which the parts are given the
same reference characters as in FIG. 1, but with the
subscript a, the foundation 3a is reflective and the
whole optical system is on the same side of the base.

I claim:

1. A device for rendering visible acoustic vibrations,
in which a fluid transmittifig medium held on a founda-
tion is caused to execute wave motions with the help of
a movable wall or wall section, and in which the wave
motions thus engendered are rendered optically visible,
in which on one side of the foundation there is a first
optical group comprising a light-source (1) and a re-
producing optical system ( 2) including means to repro-
duce a light-spot originating from the light-source and,
on one side of the foundation, a second optical group
comprising a multicolored patterned viewing plate (5)
with a surface which has a grid in the region of the focal
point of the reproducing optical system, and also com-
prising a lens system (6) arranged behind the viewing
plate when seen in the direction of the beam of light,
said lens system serving to project the beam coming
from the light-spot on the multicolored viewing plate
on to a screen (7).

2. A device as in claim 1, in which the foundation has
a maximum diffusion strength, and consists of transpar-
ent material, and said optical groups are located on op-
posite sides of the foundation.

3. A device as in claim 1, in which the foundation
consists of a reflective material and both optical groups
are located on the same side of the foundation.

4. A device as in claim 1, characterised in that the
thickness of the layer of transmitting medium resting
on the foundation continuously increases from one side
to the diametrally opposed side. :
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5. A device as in claim 4, characterised in that one
edge portion of the foundation is not covered by the
transmitting medium, while the diametrally opposed
edge portion corresponds to the region of grestest
thickness of the layer of transmitting medium resting
on the foundation.

6. A device as in claim 1, in which, in order to deter-
mine the effective cross-section of the beam of light
from the light-source (1), an aperture diaphragm (8) is
provided between the light-source and the reproducing
optical system (2).

7. A device as in claim 1, in which the light-source
(1) has associated with it an optical system (9) which,
seen in the direction of the beam of light (10), consists
of a lens system (11) on the same side as the light-
source, a condenser (12) and a subsequent collector
lens (13).

8. A device as in claim 7, characterised in that the op-
tical axis of the reproducing optical system (2) forms
an angle of 90° with that of the optical system (9) asso-
ciated with the light-source.

9. A device as in claim 8, characterised in that there
is provided between the reproducing optical system (2)
and the optical system (9) associated with the light-
source (1) a flat mirror (14), arranged at an angle to
the optical axis of said system (9), said mirror reflect-
ing the beam coming from the light-source in the direc-
tion of the reproducing optical system.

19. A device as in claim 1, in which the reproducing
optical system (2) includes means to introduce the
image at the aperture diaphragm (8) on the viewing-
plate (5) in a raio of 1:1, and comprises an optical sys-
tem which contains, coaxial to one another, plane-
concave divergent lenses (16a, 16b), between which
biconvex collector lenses (174, 17b) with intense cur-
vature are provided.

11. A device as in claim 1, characterised in that the
viewing-plate (5) consists of several parts (19a, 195,
19c¢) of different colors.

12. A device as in claim 11, characterised in that the
viewing-plate (5) is subdivided into sectors succeeding
one another along the circumference, each succeeding
sector being of a different color from the preceding
one.

13. A device as in claim 11, characterised in that the
viewing-plate (5) consists of three or more concentric
rings (1%a, 19b, 19¢), said rings being rotatable relative
to one another, said viewing-plate (5) being subdivided
into parts of equal length succeeding one another along
the circumference, each succeeding part being of a dif-
ferent colour from the preceding one.

14. A device as in claim 13, characterised in that, in
order to drive the rings, slow-running synchronous in-
duction motors are provided, which are in a driving
connection with the rings through intermediate mem-
bers.

15. A device as in claim 1, characterised in that a spe-
cial fluid is used as a transmitting medium.(4), its boil-
ing-point roughly corresponding to that of water, yet
whose viscosity is considerably less than that of water.

16. A device as in claim 1, characterised in that the

~ fluid transmitting medium (4) is energised, in order to

generate the wave motions.

17. A device as in claim 1, characterised in that the
fluid transmitting medium (4) is energised, in order to
generate the wave motions.
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18. A device as in claim 1, characterised in that the
fluid transmitting medium (4'') is energised on a free
surface by the vibrating armature (28) of a loud-
speaker, dipped in the fluid, and is also energized by
causing the foundation (3'’) to vibrate by another loud-
speaker (30).

19. A device as in claim 17, characterised in that the
fluid transmitting medium (4) is energised with the
help of a movable wall of a loudspeaker in which the
vibrator coil is connected, to a movable wall which dips
into the transmitting medium.

20. A device as in claim 17, characterised in that, in
order to generate the wave motions in the transmitting
medium, two loudspeakers arranged eccentrically to
the foundation are used, which are located adjacent
two diametrically opposed points on the circumference
of the foundation one of said speakers, as a so-called
high-frequency speaker, being associated with a part of
the foundation covered in a thick layer of the transmit-
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ting medium, and being associated with the high-
frequency sounds, and the other, as a so-called low-
frequency loudspeaker, being associated with the low-
er-frequency sounds, and with the part of the founda-
tion covered at most by a thin layer of the transmitting
medium.

21. A device as in claim 1, in which the foundation
has a thickness of 15u.

22. A device as in claim 11 in which said parts are
movable relative to one another.

23. A device as in claim 13 in which the rings are on
different superposed planes.

24. A device as in claim 1 in which the fluid medium
has a vicosity not more than one-third the viscosity of
water.

25. A device as in claim 19 in which the movable wall

forms part of a cylindrical body of light plastic material.
* %k ok %k



