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MEANS FOR SENDING AND RECEIVING
COMPRESSIONAL WAVES

Laurence Batchelder, Cambridge, Mass., assignor,
by mesne assignments, to Submarine Signal
Cempany, Bosten, Mass., a corporation of Dela-

ware

Applicatien January 19, 1934, Serial No. 707,284
(CL 177-—386)

7 Claims.

The present invention relates to a device for
transmitting and receiving compressional waves
from a desired direction without the rotation of
the device. Such a device has already been de-
scribed in my patent application filed April 1,
1933, Serial No. 663,963.

In the present invention the transmitfer is of
a considerably different construction from that
shown in my previous application. It is to be
used, however, in substantially the same rela-
tion in transmifting compressional waves in a
desired direction. In the present invention the
individual oscillatory elements are of the crystal
type and these are arranged preferably in rows
which are spaced apart center to center slightly
less than one-half wave length of the compres-
sional wave to be transmitted. The individual
row tends to concentrate a sound wave in a plane
perpendicular to the row, and the group of rows,
when bearing the proper phase relation to one
another, narrow the transmission from that of
the plane perpendicular to the rows to 2 bsam in
that plane.

In the present system the oscillatory crystals
which preferably are of the Rochelle-salt type,
but other types may be used, have a natural tun-
ing much higher than the frequency at which the
device is to be operated. TIFor instance, the crys-
tal itself may have a natural tuning as high as
100 kilocycles whereas the frequency for the op-
eration of the device may be in the neighborhood
of 30 kilocycles.

In using the crystals in this manner it is pos-
sible to have the electrical energy and the acous-
tical energy correspond identical in character
and phase throughout its vibration so that when
a phase difference is established between two ad-
jacent crystal rows by the impressed elecirical
potential, this phase difference will be preserved
in the produced compressional waves. In the
present invention this is an important feature,
since by this means it is possible to be certain of
the acoustic phase between successive rows of os-
cillatory crystals. The acoustic phase in the
present invention establishes the direction of the
beam as will appear from the description given
below. .

The invention will be better understood from
a consideration of the drawings in which Fig. 1
shows a view of the transmitter with parts brok-
en away to illustrate some of the details of con-
struction; Fig. 2 shows a fragmentary face view
looking from the right in Fig. 1 with part of the
casing removed; Fig, 3 illustrates the relation of
suecessive phases of the rows of crystals; Fig. 4
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2
shows a fragmentary view illustrating a modifi-
cation of the crystal arrangement shown in Fig.
2: and Fig. 5 shows schematically the relation of
successive phases of Tows of crystals spaced an
unequal distance apart.

As illustrated in Fig. 1 the transmitter may be
mounted in the skin of a vessel as shown by f.
In the usual method of mounting a heavy iner-
tia ring 2 may be riveted to the vessel by means
of the rivets 8 and be made tight to the skin by a
weld & between the skin and a projecting flange
§ of the ring 2.

The oscillator or transmitter which is desig-
nated as 8 may be mounted upon the ring 3
through the projecting plate Tthrough which the
nolts 8 may pass to hold the oscillator rigidly to
the ring. A gasket {8 of suitable material may
he provided between the plate 7 and the ring 2
to make a watertight joint. Upon the plate i
are mounted suitable insulating strips 9, §, ete.,
which may be “bakelite’” or material of any such
nature. These strips may be held to the plate i
by means of the small screws i1, {1, ete. Be-
tween the strips of Bakelite or other such ma-
terial there are positioned the crystals 12, 12,
etec. 'These, as indicated in Fig. 1, are spaced
apart a definite and equal distance by means of
the strips 9 and, as indicated in Fig. 2, they are
arranged in rows, the crystals abutting one an-

other at their end to form a continuous crystal

surface. While this manner of construction is
preferably employed, a slight space 38 may be
left between the crystals in their rows, as indi-
cated in Fig. 4, so that each crystal is separated
from the rest in the row. The crystals, as will
be noted, are preferably used as pressure type
crystals as contrasted with tortional or bending
crystals.

The electrodes are provided at both sides of
the rows as shown by {3 and 14. The electrodes
on one side of the row (3, for instance, are con-
nected to the terminal posts 5 to the right of
the oscillator as indicated in Fig. 2 by means of
the conductors i§ which may be conducting
strips or small bars, whichever is preferable. At
the left a similar set of binding posts {7 are pro-
vided to which the electrodes i4 are connected
by means of the conducting strips i8.

These terminals, as indicated in Fig. 1, are
mounted in the plate 1, being insulated there-
from by insulating discs 19 and 28 which space
the terminal away from the plate 7 which might
be, and preferably is, made of metal. The exter-
nal conductors are connected to the terminal
posts at the left side of the plate T as indicated
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in Fig, 1, by the conductor 2! which is shown
connected to the binding post 22 forming an ex-~
tension of the terminals to which the electrodes
are connected. Individual terminal conductors
are employed in the present invention for each
group of crystals since each group, which in the
bresent case comprises a row, must be excited
separately in order that the desired direction of
the compressional wave beam may be obtained.

The plate T may be covered by means of a cas-
ing 28 which is provided with a removable plate
24 so that easy access may be had to the termi-
nal binding posts. The front of the plate-T is

covered by means of g rubber cover 25 which is

preferably molded to a ring 26 which has a pro-
jecting tongue 27 to which the rubber cover may
snugly adhere. The ring 28 may be metallic or
any other suitable hard material capable of hold-

ing the cover closely to the plate 7. In Fig; 1 this

is obtained by means of the screws 28 passing
through the plate 7 from the left or rear and
threading into the ring 28. A gasket 29 may be
provided between the surfaces to-make the joint
watertight.

Between the rubber cover 25 and the crystals
{2 there may be a space 30 left which might be
filled with a suitable liquid in which the crystals
are not scluble for making a good scund conduct-
ing mediumn from the crystals to the water sur-
face. The rubber itself may be of the sound trans-
parent type so as to provide good transmission
into the operating medium.

The present invention is more particularly ap-
piied to submarine signzling and signaling in lig-
uids where the oscillator or transmitter has rela-
tively a fized position, as indicated in Fig. 1 where
the oscillator is mounted in the skin of the ves-
sel.

In ¥ig. 3 the rows of crystals are indicated as
having positions 41, 42, 43, 84 and 45. In order
to produce compressional waveg in the medium
in the directicn of the arrow 48 it is necessary that
the vectors along the wave front lie in the same
direction. iIn order to satisfy this condition each
of the vectors 45, 47, 48, 49 and 59, positioned at
the crystals, will have an angular displacement
proporticned to the perpendicular distance to the
wave front A—A. In this way the vectors along
the line B—B, C—C and D—D, parallel to the
line A—A, will all have, respectively, the same
cirection, that is all the vectors on the line B—B
will be in the direction of the arrow 49, those
along C—C in the direction of the arrow 48§ and
those along U—D in the direction of the arrow 47,

It will be noted that in order to obtain g de-
sired direction for the propagation of the com-
pressional waves, as indicated by the arrow 49,
each vector at the source, that is at the oscil-
lators, must have a definitely established phase.
If, therefore, any uncontrollable factors come be-
tween the impressed electrical power and the ra-
diated acoustic power, although the impressed
power may be definitely established and correct,
it might follow that the: acoustic power will-have
phase variations so that the vector compressional
waves will not be right for the production: of the
beam in the desired direction. This happens fre-
quently in transient conditions as, for instance,
when employing the transmitter for the purpose
of voice transmission. If the signals or the vari-
ations in the signals are of short duration, there
may be a certain phase difference between the
building up of the electrical potential and the
generation of the acoustic vibration. This is
avoided in the present invention due to the use

10

15

20

45

50

55

60

70

4

oi substantially non-resonant sources so that the
vectors of the compressicnal waves which are pro-
duced at the sources always bear the same phase
relation to the vectors of the impressed electrical
potential.

It should also be noted that as a rule it is im-
possible to construct a greup of resonance struc-
tures which will be exactly alike and which will
respond identically at the same frequency and
have the same point of resonance. In most ap-
paratus of the present type the resonant fre-
quencies are sufficiently far apart so that the at-
tempt to-operateat resonance usually brings about
a condition where some structures are being oper-
ated before the resonant point is reached and
some after,.

For instance, if one structure is resonant at
18,000 cycles and another at 18,500 cycles, if the
system is operated at 18,200 cycles, the first strue-
ture wiil be operated beyond resonance and the
second 1105 quite at resonance. Under these con-
ditions it frequently happens, as shown by the
reactance curve, that a reversal of phase actually
cceurs and that with the same impressed voltage

5 one- structure will be 180 degrees out of phase

with the other. By using resonant structures in
which the point- of resonance is far beyond the
operating range, this is avoided and there is no
chance of a reversal in phase as there is when
the structures are being operated at their reso-
nant frequencies. In ordinary mechanical sys-
tems it has been found very difficult to obtain
sufficient energy or efficiency in- acoustic oscil-
lators without operating them at or near their
resonant frequencies, but in the case of the pres-
ent invention with the use of crystal structures,
particularly that of Rochelle salts, it is possible
to obtain a substantial acoustic efficiency even
though the structure is operated far from the
point of resonance.

The electrical potential for energizing the erys-
tals and translating the electrical energy to com-
pressicnal wave energy is impressed across the
electrodes 18 ang 4 as indicated in Fig. 1. The
potential established across these surfaces of the
crystal produces a contraction and elongation of
the crystal in the longitudinal direction, that is
horizontally as shown in Fig. 1. This directly im-
presses-the compressional wave energy into the
medium- through the space-3% and the cover 25.

The crystals, as has been mentioned above,
are operated in the desired phase by any suit-
able means and preferably in the manusr de-
scribked in my application Serizl Mo. 663963 men-
tioned above.

In the description above it is stated that the
crystals-should be arranged in rows spaced apart
center-to center slightly less than one-half wave
length of the wave generated or received. Al-
though I prefer this spacing, others may be used,
but if the spacing is greater than one-half wave
length the distances between rows may not be
equal. If a longer base is desired, unequal spac-
ings greater than one-half wave lensgth of the

- wave to-be generated or received may be em-

ployed: In such cases the phase differences be-
tween any two rows must be proportional to the-
distances- between those rows, In this manner
the beam will have a definite and unique direc-
tion for: the wave length chosen and likewise
the  frequency received.

Several advantages may be gained by unegually
spacing the rows and energizing the crystals-in
proportionately different phases. ©Ono of these
advaniages is that most any type of surface
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can be accommodated as, for instance, the side
of a vessel where beams and girders can not well
be cut or removed. In addition to this, the direc-
tive effect can be controlled by exciting the rows
of crystals in a predetermined phase relationship.
This relationship may be such as to either produce
a broad or narrow beam and to provide or elimi-
nate some of the secondary maxima that produce
limited directive waves in other than the normal
direction of the beam itself, particularly whera
the sound produced or received is not purely of a
single frequency.

Figure 5 shows the relationship of unequal
spacing of units and the necessary phase com-
pensation to have all of the units act in the same
direction. In this figure the units are indicated
2s 80, 84, 82, 63, 64 and 83, the arrows 10, T4, 13,
18, 74 and 73 being the initial vector direction
necessary to produce the ultimate horizontal
direction indicated by the arrow §6. In this case
the rotation of the vector 78 to the position 7§’
corresponds to the time lag necessary with respect
o the relative position of the units 60 and 61,
and similarly the time lag between 7!’ and T
corresponds to the relative position of the units
€2 and 81. If the units were equally spaced, the
angle increment of the vactors between suceessive
units would be equal, but where the spacing of
units is net equal, this must vary as indicated in
the figure. It will, of course, be understood that
the vector diagrams of Figs. 8 and b refer to
vectors of a single frequency. Vectors for waves
of other frequencies will be diffsrently phased
and therefore will not combine in the same man-
ner ag indicated in these diagrams.

In receiving waves by the device just described,
the same meangs as descriked for the generator in
my copending application may be used as the
phase receiving cirenit. In such a case, a selective
filter is used tuned to the frequency for which
the phase shifting device is calibrated. By us g
different calibrations, different frequencies may
be listened to and in this manner within the
listening range the most favorable frequency may
be used.

Having now described my invention, I claim:

1. In a means for sending or receiving a beam
of compressional waves of a chosen high fre-
quency in & desired direction, a transmitter com-
prising a plurality of rows of oscillatory crystals
including oscillatory surfaces having long and
short dimensicns, means spacing apart said rows
and insulating them from each other, said crystals
bresenting oscillatory surfaces having their long
dimension aligned in the direction of the row
and their short dimension transverse thereof,
said rows being spaced apart a distancs slightly
less than a half wave length of the compressional
wave desired to be received and having g width
smaller than the half wave length.

2. In a means for sending or recéiving a beam
of compressional waves of a chosen high fre-
quency in a desired direction. a transmitter com-
prising a plurality of rows of oscillatory crystals
having oscillatory surfaces and forming in each
row a substantially continuous surface, means
unequally spacing said rows apart, said spacing
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conforming to the proportional phase differences
at which said crystals are to be energized and
means acoustically coupling the surfaces of said
crystals with g propagating medium.

3. In a means for sending or receiving a beam
of compressional waves of a chosen high fre-
quency in a desired direction, a transmitter com-
prising a plurality of rows of oscillatory crystals
having oscillatory surfaces extending substan-
tially continuous throughout the individual rows,
sald crystals being cut in rectangular prismatic
shape and having a long dimension in the dirsc-
tion ¢f the row and a short dimension forming
the width thereof, means spacing said rows apart
with unequal spacing proportional to the phase
differences with which successive rows are to he
energized, the width of said rows being smaller
thar cne-half wave length of the compressional
wave in the propagating medium used to energize
the crystals.

4. Means for sending a beam of compressional
waves in a desired direction having a casing, &
plurality of oscillatory crystals having compara~
tively small end faces and positioned end on end

= to form a plurality of parallel I'OWS, means posi-

tiocned between said crystals for spacing said
rows of crystals irom each other a distance fur-
ther apart than the width of the crystals and
means providing an acoustic transmitiing medium
from the face of the crystals to the external
progagating medium.

5. Means for sending a beam of compressional
waves in a desired direction comprising a casing
having a back plate, a plurality of spacing ele-
ments mounted to form parallel rows over said
plate, means holding said spacing element vigidly
to said plate, a plurality of oscillatory crystals
having comparatively small end faces positioned
end on in said rows and forming a continuous
crystal surface for the length of the row and
means acoustically coupling the crystal surfaces
with the propagating medium,

8. Means for sending a beam of compressional
waves in a desired direction having a plurality of
rows of oscillatory crystals, means spacing said
rows apart and holding said oscillatory crystals
adjacent to one another to form a continuous
crystal surface in cach row, said mesans spacing
said rows apart a distance somewhat less than
ore-half wave length of the heam to be trans-
mitted and means acoustically couvling said
crystal surfaces with the medium in which the
keam is to be propagated.

7. Means for sending a beam of compressional
waves in a desired direction having s casing and
a plate contained therein, a plurality of oscillatory
crystals, means mounting said oscillatory crystals
on saild plate in rows having said crystals posi-

ioned end on and forming a continuous crystal

surface for the row, said mounting means spacing
said rows apart from one another, said crystals
being provided with electrodes positioned against
said mounting means on either side of said rows
of crystals and having terminals taken out at
opposite ends of the rows.

LAURENCE BATCHELDER.



