R. H. RINES 2,539,593

ELECTROACOUSTIC SYSTEM

Jan, 30, 1951

Filed Juiy 18, 1945 2 Sheets-Sheet 1

G ‘
A

1 mAxiMuM RADIO

< DIRECTIVITY

MAXIMUM SOUND
DIRECTWVITY

Xl
, 1=
\souno - TRANSMIT TER SOUND TRANSMIT TER

SOUND - TRANSMIT TER-
OR RECEIVER OR RECENVER OR RECEIVER

13

,[?\/34010 FREQUENCY TRANSMITTER
OR RECEIVER

21

RADIO FREQUENCY .
TRANSMITTER 70
OR RECEWVER ‘ -

LAY

L

4

INVVENTOR.

7
77 72 ) .
WA s Robert H Rines

e

ATTORNEY.




Jan. 30, 1951 | R H. RINES 2,539,593

) ELECTROACOUSTIC SYSTEM
Filed July 18, 1945 _ 2 Sheets-Sheet 2

3z

r-3 6
A=
\{ S 5 117

1o

26

RADIO FREQUENCY
TRANSMITTER
OR RECEIVER

/l.
z
. 1"v .
' soz//vo/rm/vsmlrrfﬁ
OR RECEIVER
®
o Lo
SoUND /as-c/zmmﬁ
: 7
28
1
INVENTOR,
., Kober? K. Kines

ﬁag{’g‘_ ')‘WE?%NC’Y ' .
ILLA / , % e

ATTORNEK




Patented Jan. 30, 1951

2,039,593

UNITED STATES PATENT OFFICE

2,539,593
ELECTROACOQUSTIC SYSTEM
Robert Harvey Rines, Brookline, Mass.
Application July 18, 1845, Serial No. 605,722

(ClL. 250—86)

23 Claims.

1

The present invention relates to the transmis-

sion and reception of intelligence, using both

sound and electromagnetic énergy as the agencies
of communication, and more particularly to
methods and means employing the directive dis-
crimination of sound beams. The term “sound”
will be employed hereinafter, in the specification,

to include the supersonic, as well as the audible,

part of the sound spectrum, and to include also
all kinds of elastic vibrations. The invention, in-
deed, finds particular application to supersonic
communication.

An object of the invention is to prov1de a new
and improved combined-sound-and-electromag-
netic system for communiecation.

A further object is to provide a new and im-

proved system for modulating and demodulating

radio waves. :

Another object is to provide a new system for
mechanically modulating radio waves.

Another object of the invention is to prov1de

a new and improved combined-sound-and-radio
system for communication employing a vibratory:

diaphragm of the character described in Letiers
Patent of the United States 2,063,944, issued De-
cember 15, 1936, to George W. Pierce.

A further object is to provide a new and im-
proved system for modulating a radio wave in
accordance with a sound wave.

A further object is to provide a new and im-
proved system for secret signaling.
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Other and further objects will be explamed '

hereinafter and will be pa,rtlcularly pomted out
in the appended claims.

The invention will now be more fully explained
in connection with the accompanying drawings,
in which Fig. 1 is g diagrammatic view of circuits
and apparatus embodying the invention; Fig. 2
is a similar view of a modified rotatably adjust-
able system; Fig. 3 illustrates an omni-directional
modification; and Fig. 4 is a perspective view of
a further modification embodying an electromag-
~netic wave guide system, illustrated as of the
horn type.

Four coplanar conducting diaphragm elements
7,8, 1T and I8 of the character described in the

said Letters Patent are illustrated in Pig. 1, me-
~ chanically connected together:in the form of two
pairs, but insulated from one another.
_diaphragms may be in the form of plates or rods,
* or they may be of any other suitable form. The
adjacently disposed boundaries or ends of the

* diaphragms 7 and 9 are shown connected. to- .

The
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Pierce on the said December 15, 1936.
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gether rigidly by insulating members i3, through
the medium of rivets t{ and (8. The adjacently
disposed ends of the diaphragms 17 and 19 are
shown similarly connected together rigidly hy
insulating members 23 through the medium of
rivets 21 and 25. It is desirable that the insulat-
ing members {3 and 23 be constituted of mate-
rial that shall insulate or isclate not only elec-
trically but also accustically. As sound or vibra-
tion dampers they will prevent sound-vibration
interference between the diaphragms 7 and 9 and
between the diaphragms {7 and {9, respectively.
The connections between the pair of diaphragms
7 and 9 and the pair of diaphragms {7 and {9 may
be of the type described in Lefters Patent .
2,063,945, also issued to the said George W.
The
greater the number of these diaphragms em-
ployed, the more directive will be the system. Ac-
cording to the modification illustrated in Fig. 2,
therefore, not only the diaphragms 7 and 9, but
also the diaphragms {7 and 19, as well as several
further diaphragms 27 and 23, are shown con-
nected: together rigidly by insulating members,
diagrammatically indicated at 3. Only two
such pairs of diaphragms are shown, for illustra-
tive purposes, however, in Fig. 1.

As described in the said Letters Patent, the
said other ends of the diaphragms 1, 9, {7 and {9
may be respectively provided with units for in-
terconverting - vibrational and electric  energy.
Electric current or voltage may thus be oblained
in response to mechanical vibration or pressure,
or mechanical vibration or pressure may be ob-
tained in response to electric current or voltage.
These interconverting units - may, as shown, be of
the magnetostrictive type, or of any other de-
sired type, such as piezoeleciric or magnetomo-
tive. Magnetostrictive cores 5, 45, 55 and 35 are
shown insulatingly connected at 63 to the said

. other ends of the respective diaphragms 1, 9, 11

45

.and 8. These cores are respectively associated

with pickup coils 3, 43, 33 and 33, respectively
connected to sound transmitters or receivers i,
41, 51 and 3{. Only a single infterconverter 3, 5

: of mechanical and electric energy is shown, how-

ever, in the embodiment of Fig. 2. With insulat-
ing members {3 that isolate electrically only, the

- transverse vibrations of the element 29 of Fig. 2,

50

cooperating with the 1nterconverter 3, 5, may be
coupled to the other diaphragm elements as well.
The energy may be amplified, as is also explained

..in the said Letters Patent.
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When the system is used for transmitting elas-
tic vibrations, for example, the transmitters i,
4{, 51 and 3! will excite the respective cores b5,
45, 55 and 35 into magnetostrictive vibration with
the result that, at the critical frequency, a sound
beam of maximum intensity will be emitted or
transmitted from the diaphragm elements 17, 9,
i1, 19 for propagation along the direction 6—6
into the sound-conducting medium in which the
elements are disposed. This is effected by means
of a plane-wave fronf at right angles to the direc-
tion of the beam of signal sound waves, making
the Pierce angle ¢ with the plane of the dia-
phragms on which the wave front is incident.

This angle ¢ is determined by the relation
.,V
sin == v

where V is the velocity, at the critical frequency,
of the propagation of the transverse mechanical
sound-wave vibration in the diaphragm, and Vo
is the corresponding velocity of propagation in
the medium, which hére may be the air. In
transmission, for example, the sound beam is
produced by exciting the disphragms 7, §, 1T and
19 into transverse fundamental or harmorie
vibrations that travel along the diaphrasms with
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& velocity having a component, in the diréction .

of the sound beam, equal to the velocity of the
sound beam in the medium. Similay, bub réverse,
condifions prevail for reception, the diaphragms
being set into vibration by the received imping-
ing sound wave. When the diaphragms 7, 9, {7
and 19 are disposed at the critical angle, the dia-
phragms become excited into transverse vibra-
tion in response to the impingement thereon of
the received signal-sound beam. This is because,

as explained in the said Letters Patent, at the -

critieal angle 4, the periodic impulses of pres-
sure of the sound beam all strike certain poinis
of the diaphragm in the same phase, say, a push;
“and the rarified impulses similarly all strike other

points in phase, say, a pull. Measuring distances’

in the direction of propagation of the sound beam

in the medium, these alternate high-pressure and

" low-pressure points are spaced a half-wavelength
apart.

It is preferred, as before stated, to employ the

signal sound at supersonic frequencies or, at least,

at other high frequencies above those of speech.

At the critical angle ¢, if the half-wavelength of °

transverse vibration in the diaphragm is greater
“than the half-wavelength of the longitudinal
- waves in the medium, the periodic displacement
of the parts of the diaphragms will be such that
- cumulative interaction cccurs between the trans-

“verse vibrations of the segments of the dia-_

- phragms and the supersonic or super-speech com-
ponents of vibration of the sound beam, the
number of segments being proportional to the
frequency. The sound-wave pressure fluctusations

" in the medium strike all vibratory regions in the
diaphragm in the proper phase to enhance the
vibration, producing spacial resonarnce between
the diaphragm and the vibrations ir the medium.
There¢ results an interchange of supersonic or
super-speech energy between the medium and
the diaphragms 7, 9, 17 and 19 af the ¢ritical
angle corresporiding to resohant response of the

" diaphragm.

The mechanical elements 7, 9 and 17, {9 may
each, or together, be provided with means for
rotatably adjusting them to the desired angle o.
The rotatable adjusting means is not shown in

- Fig. 1, since it is desired that theé units of Fig. 1

be stationary. The rotatable adjusting means
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may, however, be of the type deseribed in the said
Letters Patent 2,063,945, or as illusirated in Fig.
2. The adjusting means may comprise a manu-
ally controllable arm 28, rigidly secured to an-
other insulating member 13, and rotatable about
a pivot 16. The unit, as a whole, may, however,
be mounted in a rotatable housing (not shown)
attached to the plates 13.

The diaphragms may be constituted merely of
metal conducting strips. In accordance with the
present invention, these strips may be electro-
magnetically excited as at their secured-together
or inner ends by the application of radio-fre-
quency energy directed thereupon from radio-
frequency transmitters 2, in order that they may
support radio-frequency energy of predetermined
frequency to serve as an antenna, comprising
two pairs of radio dipoles 7, 9 and 17, {9, respec~
tively. Conversely, the dipoles 7, § and {7, 19
may be excited by radio waves applied there-
upon from space, feeding the received radio-
frequency energy supported by the dipoles to
the radio-frequency receiver 2 to evidence the
received radio-frequency energy. This four-
element array provides a directional radio pat-
tern with prinecipal maximsg, in the direction 4—4,
at right angles to the plane of the diaphragms,
A reflector (not shown) may be employed behind
the diaphragms, to eliminate back radiation.

Provision is thus made for simultaneously
sending or receiving a sound wave along one di~
rection 6-—86, determined by the Pierce angle @,
and a radio wave along another direction 4—4,
transverse to the plane of the diaphragm. These
directions may, under certain circumstances, be
the same, as hereinafter explained in connection
with Fig. 4. The radio wave will be modulated
by the mechanical vibrations of the diaphragm
during the transmission or reception thereby of
the sound wave. The modulated radio waves may
be received at a distant receiving station for de-
modulation by a demodulator of suitablie and well-
known form, or by a diaphragm, as described
herein.

The invention is thus applicable to the trans-
mission of radio waves modulated by transmitted
or received sound waves. The modulation may
be effected by mechanically vibrating the dia-
phragms by exciting them or applying vibrational
energy in response to the vibration of the mag-
netostrictive cores, or in response to the applying
to or impinging upon the diaphragms of a sound
beam received through the medium in which the
diaphragms are disposed. The invention is also
applicable to the reception of radio waves, as
they, too, will become modulated by thefrans-
mitted or received sound waves. At least four
combinations of radio and sound transmission
and reception are thus possible according to the
present invention; namely, electromagnetic
transmission and sound-wave transmission, elee-
tromagnetic transmission and sound-wave recep-
tion, electromagnetic reception and sound-wave
transmission, and electromagnetic reception and
sound-wave reception.

If the diaphragms are constituted of vertically
disposed cylindrical rods, such as the rods 70 and
99 of Fig. 3, s an illustration, the radio waves
may be transmitted or received in all directions
of azimuth, and the sound waves may be ftrans-
mitted or received along conical surfaces making
the critical Pierce angle ¢ with the rods. An
omni-directional combined radio -and - sound
transmitter or receiver may thus be provided.

As the plurality of transmitters or receivers f,
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41, 51 and 31 may obviously transmit or receive
elastic vibrations at different frequencies, it is
possible, according to the present invention, to.
modulate the radio waves simultaneously accord-
ing to different sound signals. There may be as
many different modulations as there are different
sound channels I, 41, 5 and 31. The radio-fre-
quency transmitters or receivers 2, moreover, may
provide different radio-frequency channels to the
diaphragms 7, 9 and the diaphragms. 17, 19 re-
spectively. The invention, accordingly, provides
for a multiplicity of types of secret signalling,
both for transmission and reception.
In Fig. 4, there is illustrated an application
of the present invention to use with a different
type of radio-frequency and sound-vibration con-
ductor than the elements of Figs. 1, 2 and 3,
namely, the flared fruncated-cone apparatus
30 illustrated in Fig. 17 of the said Letters Pat-
ent 2,063,944, having a flare angle of 6/2. The
trunecated cone- 30 is shown provided with a base-
disk 32, connected to an inter-converter 3, 5 of
mechanical and electromagnetic energy. This
apparatus yields, by reflection from the conduct-
ing wall-surfaces of the cone, a cylindrical par-
allel-sided or converging sound beam 28, parallel
to the axis of the cone. This sound beam, wheth-
er produced by magnetostrictively vibrating the
dise 32, or produced in response to a sound beam
received by the disc 32, may be caused to modu-
jate a radio beam transmitted or received by the
cone, operating as a wave-guide electromagnetic
horn. An antenns probe 34, positioned in the
horn approximately a quarter of the radio-fre-
quency wave-length in front of the base disc 32,
may be excited, for transmission purposes, by
radio-frequency energy from a radio-frequency
oscillator. 2, through a radio-frequency chaniel
35, shown as a coaxial line. 'The probe 34 in the
horn may serve also for reception, in which event
. the member 2 would serve as a detector circuit.
The dimensions of .the cone should, of course, be
such as to support the particular radio frequency.
A combined - directive - modulated - radio - fre -
quency-and-sound-beam transmitter or receiver
is thus provided, the apparatus constituting both
a directional sound transmitter or receiver and
an electromagnetic horn. ~
Further modifications will occur to persons
skilled in the art, and all such are considered to
fall within the spirit and scope of the invention.
What is claimed is: )
1. An electro-acoustic system having, in com-
bination, conducting means adapted to support
radio-frequency energy of predetermined. fre-
quency directed thereupon, the conducting means
being transversely vibratory in response to elastic
vibrations of predetermined frequency and of
sufficient dimensions to produce mechanical reso-
nance therein in response to the elastic vibrations
substantially simultaneously with'the supporting
of the radio-frequency energy by the conduct-
ing means, means for applying radio-frequency
energy of said predetermined radio frequency
to the conducting means and means for apply-
ing transverse elastic vibrations to the conduct-
ing means at the mechanical resonance frequency.
2. An electro-acoustic system having, in com-
bination, conducting means adavted to support
radic-frequency. energy of predetermined fre-
quency directed thereupon, the conducting means
being transversely vibratory in response to elastic
vibrations of predetermined frequency and of
- sufficient dimensions to preduce mechanical reso-
nance therein in response to the elastic vibrations -
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substantially simultaneously with the supporting
of the radio-frequency energy by the conducting.
means, means for exciting the conducting means
with radio-frequency energy of  said predeter- .
mined radio frequency, and means for transverse-
1y vibrating the conducting means at the me-
chanical resonance frequency.

3. An electro-acoustic system of the character
deseribed in claim 1 and in which the conducting
means comprises a pair of elements, the said
radio-frequency energy is.applied to one of the
elements and the said transverse vibrations are.
applied to the other element provided with means
for coupling the said transverse vibrations to the
said one element. ’

4. An electro-acoustic system of the character
described in claim-1 and in which the conducting
means comprises a wave guide.

5. An electro-acoustic system of the character
described in claim 1 and in which the conduct~
ing means comprises an electromagnetic horn. ‘

8. An electro-acoustic system having, in com-
bination, conducting diaphragm means adapted
to support radio-frequency energy of predeter-
mined frequency directed thereupon, the dia-
phragm means being transversely vibratory in
response to elastic vibrations of predetermined
freqiiency and of sufficient dimensions to pro-
duce mechanical resonance therein in response
to the elastic vibrations substantially simultane-
ously with the supporting of the radio-frequency
energy by the diaphragm means, means for ap-~
plying radio-frequency energy of said predeter-
mined radio frequency to the diaphragm means
and means for applying transverse elastic vibra-
tions to the diaphragm means at the mechanical
resonance frequency.

7. An electro-acoustic system having, in com-
bination, conducting means adapted to transmit
or receive into or from space radio-frequency
energy of predetermined frequency, means con-
nected with the conducting means for energiz-
ing the. conducting means with radio-frequency
energy of the prédetermined frequency to cause
the conducting means to transmit the radio-

frequency energy into space or for evidencing

radio-frequency energy received by the conduct-
ing means from space, the conducting means be-
ing transversely vibratory in response to elastic

-vibrations of predetermined frequency and of
-sufficient dimensions to produce mechanical res-
.onance therein in response to the elastic vibra-

tions in order to -transmit or receive the said
elastic vibrations substantially simultaneously

-with the transmission or reception of the radio-

frequency energy by the condueting means, and

.means mechanically connected with the con-
.ducting means for inferconverting vibrational

and electric energy at the said mechanical reso-
nance frequency.

8. An electro-acoustic system having, in com-
bination, conducting means adapted to transmit

. or receive into or from space radio-frequency en-

ergy of predetermined frequency, means con-
nected with the conducting means for energizing
the conducting means with radio-frequency en-
ergy of the predetermined frequency to cause the
conducting means to transmit the radio-fre-

‘quency energy into space or for evidencing radio-

frequency energy received by the conducting
means from space, the conducting means being
transversely vibratory in response to elastic vi-
brations of predetermined frequency and of suf-

- ficient dimensions to produce mechanical reso-

nance therein in response to the elastic vibrations
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In _order to transmit or receive the said elastic
ons substantially stultaheously with the

trans ,1s‘smn or receptlon of the radlo frequency‘

applymg mechamcal‘transverse ‘vibrations of the
said resonance frequency to' the “conducting
means or for ev1den01ng the mechamcal trans=

1ece1ved by the conductmg means.

9. An electro- -acoustic system of the character
descrlbed in c1a1m 8 and in which_ the conductmg
means_ comprlses k) d1aphragm '
10. An electro-acoustic system of the character
described in claim 8'and in wh1ch the conductmg
means comprises a wave guide.

. An electro acoustm system of the character
descrlbed in clalm '8 and 1"1 Wh1ch the conductlng

2,539,593
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t1a ly parallel to the’ d1rect10n of transmission or
receptlon of the ‘said ‘¢élastic vibrations and hav-
ing flared walls dlsposable at an ‘angle to the
sald dlrectlon such that the sald transverse elastic

ponent 1n the sa1d direction, ‘substantially equal
to the veloc1ty of the sald elastlc vrbra tions in the

T 13, :An electro-acoustic system of the character
descrlbed in clalm 8 and in whiéh' tne conductmg
S '1s angularly dlsposablo in a medium at an
angle 0 the dlrectmn of transmissicn or reception
of the sald elastlc v1brat10ns in"the medium such
that the transverse elastic vibrations in the con-
ducting means have a velocity component along
the said dlrectlon substantially equal to the veloc-
1t‘, 'of the ‘elastic vibraticns in the medium.

14. An electTo-acoustic 'systém of the character
descrlbed in clalm 8 and in which the conducting
means is. adapted omni- d1r°ctlonally to transmlt
or recerve the said radio~ frequency energy.

Y15, An electro-acoustlc system having, in com-
b1nat10n conductmg means adapted to transmit
1nto space radlo frequency energy of predetﬂr-
mined frequency, means connected with the con-
ductmg means for “energizihg the conducting
means w1th radro-frequency energy of the pre-
determlned frequency to cause the conducting

1nto space “the conductlng means bemg trans-
Versely Vlbratmy in response to elastic vibrations
of predetermmed frequency and of sufficient di-
mens ons to produce mechanical resonance there-
in’ in response to the ‘elastic vibrations in ordeér
to transmlt or receive the said elastic vibrations
substantlally simultaneously with the transmis-
sion of the radio-frequency energy by the con-
ducting means, and means connecting the con-
ductmg means with means for applying mechan-
ical transverse vibrations of the sard resonance
frequency ‘to the conducting means ‘or for evi-
dencmg the mechamcal transverse vibrations of

the said resonance freQL1ency recelved by the con- -

ductmg means.

16. An electro- acoustic system having, in com-
brnatlon conductmg means adapted to receive
ﬂom space radio-frequency energy cf predeter-
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mmed frequency, mesns connected with the con-. -

ductmg means  for evrdencmg radio-frequency
energy “received by the conducting means from
spac€, the conducting means heing iransversely

_v1bratory in response to elastlc v1brat10ns of pre=-

75

i

determined frequency and of sufficient dimen-
in reésponse to the elastlc Vlbratmns 1n order to
transmit or receive the 'said elastic v1brat1_on_s
substantially simultaneously. with the reception
of the radio~frequency_energy by the conducting
means, ‘and means connecting the conducting
means with meéans for applying mechanical trans-
verse vibrations of.the said resonance, frequency.
to the conducting means or for evidencing the
mechanical transverse vibrations of the said. reso-~
nance frequency received by the conductmg_
means.

17. An electro-acoustic system having, in com-
bination, a plurality of. conducting elements
adapted directionally to transmit or receive info
or from’space radio=frequency energy of prede-
termined. frequeficy, means connécted. with the
conductlng elements for energizing the conduct-
ing ‘elemeni*s with radio-frequency energy of the
predetermmed frequency to cause the conducting
€lements’ ‘to transmit the radio-frequency energy
mto space or for evidencing radio-freguency en=
ergy received by the ‘conducting elements from
space, the conducting elements being transversely
vibratory in response to elastic vibrations of pre-
deterrhined freqiency and of sufficient 'dimen-
sionis to produce mechanical resonance therein
in résponse to the ‘elastic vibrations in order to
tran‘smlt or’ recelVe“ the‘said elastic “vibrations‘ sub‘-
or réception of the radio= frequency energy by the
conductmg eléments, and means connecting the
conductmg elements with means for applying me-
chamcal ‘transverse vibrations df the said reso-
nance frequency to the conducting elements or
for evidencing the ‘mechanical transverse vibra-
tions of the said resonance frequency recelved by
the conductlng elements. "

18." An electro-acoustic system of the character

described in claim ‘17 and in which the piurality
of conducting élements are respectively cnergized
by or respectively ieceive a plurali‘y of different
predeterrined radio frequericies and are frans-
versely vibratory ‘at the sarr\e mechamcal reso-
nance frequency.
"~ 19. An electro-acoustic system of the character
described in claim 17 and in which the plurality
of conducting elements are energized by or re-
ceive the same predétermined radio frequency and
are respectively transversely vibratory at a plu-
rality of differént mechamcal resonance frequen-
cies.

20. An electro-acoustic system of the character
described in claim 17 and in which the plurality
of conducting elements are respectively energized
by or respectively receive a plirality of different
predetermined radio frequencics and are respec-
tively transversely vibratory at a piurality of
different mechanical rescnance fregusncies.

21. An electro-acoustic system having, in com-
bination, a plurality of electrically and mechan-
ically isolated conducting elements adepted di-
rectionally to transmit or receive into or from
space radio-frequency energy of predetermined
frequency, means connected with the conducting
elements for energizing the conducting means
with radio-frequency energy of the predetermined
frequency to cause the c¢onducting elements di-
rectionally to transmit the radio~frequency en-
ergy into space or for evidencing radio-frequency
energy directionally received by the conduc'ing
elements from space, the conducting elements
being transversely vibratory in response to elastic
vibrations of predetermined frequency and of suf-
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ficient dimensions to produce mechanical reso-
nance therein in response to the elastic vibra-
tions in order to transmit or receive the said
elastic vibrations substantially simultaneously
with the directional transmission or reception of
the radio-frequency energy by the conducting ele-
ments, and means connecting the conducting ele-
ments with means for applying mechanical trans-
verse vibrations of the said resonance frequency
to the conducting elements or for evidencing the
mechanical transverse vibrations of the said reso-
nance frequency received by the conducting ele-
ments.

22. An electro-acoustic system having, in com-
bination, conducting means adapted *o support
radio-frequency energy of predetermined fre-
quency directed thereupon, the conducting means
being transversely vibratory in response to elas-
tic vibrations of predstermined frequency and of
sufficient dimensions to produce méchanical reso-
nance therein in response to the elastic vibra-
tions substantially simultaneously with the sup-
porting of the radio-frequency.energy by the
conducting means, means for applying radio-fre-
quency energy of said predetermined radio fre-
quency to the conducting means, means for ap-
plying transverse elastic vibrations to the con-
ducting means at the mechanical resonance fre-
quency, and vibration-absorbing means at a
boundary of the conducting means to damp the
vibrational energy at the said boundary.

23. An electro-acoustic system having, in com-
bination, a plurality of conducting elements
adapted directionally to transmit or receive radio-
frequency energy of predetermined frequency di-
rected thereupon, the elements boing transversely
. vibratory in response to elastic vibrations of pre-
determined frequency and of sufficient dimensions
to produce mechanical resonance therein in re-
sponse to the elastic vibrations substantially si-
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10 :
multaneously with the directional transmission
or reception of the radio-frequency energy by the
conducting elements, means for applving radio-
frequency energy of said predetermined radio
frequency to the conducting elements and means
for applying transverse elastic vibrations to the
conducting elements at the mechanical resonance
frequency.

ROBERT HARVEY RINES.
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