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ACOUSTIC IMAGE CONVERSION TUBE 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for governmental purposes without 
the payment of any royalties thereon or therefor. 
The present invention relates to tubes of the cathode 

ray type for converting an acoustic image into a video 
signal and more particularly to such tubes constructed 
to be robust enough to withstand pressures of several 
atmospheres without sacri?cing desired operating 
characteristics or performance. 
A slab of piezoelectric material such as quartz or po~ 

larized barium titanate having lateral dimensions large 
compared to the wavelength of the acoustic energy 
present in an acoustic image applied to an electroded 
side of the slab through a coupling medium will pro 
duce localized electrical effects such that an electrical 
image will appear on the opposite bare side as an alter 
nating potential pattern having the frequency of the 
acoustic excitation. If this piezoelectric slab, which will 
hereinafter be referred to as the conversion plate, is uti» 
lized as the front face of a cathode ray tube with its 
bare face inward; electron beam scanning of this bare 
face will detect the point-by-point variations in electric 
charge distribution thereon corresponding to the 
acoustic energy distribution on its outer face and gen 
erate a time varying signal, i.e., a video signal, which by 
a system common to television practice can be repro 
duced as a visual image on the screen of a cathode ray 
oscilloscope to display point-by-point the intensity of 
the acoustic energy coming from corresponding points 
in the object ?eld imaged on the front face of the con 
version plate. Such a system can not compete with tele 
vision in any medium transparent to light but in medi 
ums opaque or substantially opaque to light such as tur 
bid water such a system is useful and at the present time 
is the only one known which will present to remote 
viewers a “picture” of an object submerged in turbid 
water. 
The optimum thickness for the conversion plate is a 

half wavelength of the acoustic energy utilized to form 
the acoustic image and for both quartz and barium tita 
nate this corresponds to a thickness of approximately 
0.1 inches at a frequency of 1.0 megacycle per second 
(mops). if a half wave conversion plate alone consti 
tutes the end of the image tube, the maximum diameter 
imposed at a pressure of one atmosphere for a fre 
quency of 1.0 mcps is about 6.0 inches for quartz and 
about 4.4 inches for barium titanate. Waters to a depth 
of 180 feet are usually assumed to be mineable and if 
the acoustic image tube is to be employed for mine 
hunting at such depths it would be subjected to pres 
sures exceeding six atmospheres and obviously the di 
ameter of an image tube employing only an unrein 
forced conversion plate is severely limited. The appar 
ent size advantage afforded by quartz is mainly illusory 
because of its unavailability in sizes much greater than 
3 inches except as museum pieces. Strength can be 
gained by dimensioning the conversion plate an odd 
multiple of one-half wavelength thick but in the present 
state of the art this introduces shortcomings which are 
unacceptable. it has been proposed to solve this 
strength problem by bonding the conversion plate to a 
metal front plate which forms an integral part of the 
vacuum tube envelope. This “sandwich" type construc 
tion is difficult to bond on the molecular-scale neces 
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2 
sary and the metal plate constitutes a necessary evil in 
the acoustic path. ' 

In accordance with the present invention the image 
tube is constructed with a pressure relief barrier be 
tween the water medium and the conversion plate 
which effectively protects the conversion plate without 
adversely affecting acoustic performance; and, indeed, 
may well constitute a welcome supplement to the 
acoustic imaging system. 
An object of the invention is to provide an acoustic 

image conversion tube with a window structure which 
will withstand the pressure differential between the 
substantial vacuum of the tube and the hydrostatic 
pressure at substantial depths under water. 
Another object of the invention is to provide a pres 

sure relief barrier between the conversion plate of an 
acoustic image tube and the surrounding medium. 
The features of this invention which are believed to 

be novel are set forth with particularity in the appended 
claims. The invention itself, however, both as to its 
structure and operation together with further objects 
and advantages thereof may best be understood by ref 
erence to the following description taken in connection 
with the accompanying drawing in which: 

FIG. 1 is a diagrammatic representation of an acous 
tic-to~visual system in which the invention is utilized; 
and 
FIG. 2 is a fragmentary view in section ofa relief bar 

rier mounted over the conversion plate of an acoustic 
image tube. 

Referring now to the drawing, FIG. 1 represents an 
apparatus for classifying and identifying objects under 
water by forming from high frequency acoustic energy 
re?ected by such object an acoustic image on a conver 
sion plate of piezoelectric material, scanning the result 
ing electrical image on the opposite side of the conver 
sion plate to develop a corresponding video signal and 
synthesizing a visual image from this video signal. This 
apparatus as shown includes an acoustic lens 10 of suit 
able material such as methyl methacrylate plastic posi~ 
tioned to image an object ?eld on the conversion plate 
11 of suitable material such as quartz or barium tita 
nate, forming the front end of a cathode ray tube 12 
comprised of a generally cylindrical envelope 13 hav 
ing an electron gun l4 and a screen mesh electrode 15 
positioned to collect secondary electrons resulting 
from the scanning of the rear surface of the conversion 
plate ill. The collector electrode 15 is connected 
through an external terminal 16 to a preampli?er 17 
which preferably is included in the underwater assem 
bly with the tube 12. The output of the preampli?er I7 
is fed through a video ampli?er 18 to the intensity grid 
19 of a cathode ray tube 21 having on its face a ?uores 
cent screen 22. Each of the tubes 12 and 21 is provided 
with horizontal and vertical de?ecting coils 23 and 24, 
respectively, which are connected to be energized in 
synchronism by suitable sweep circuits 25 in accor 
dance with common practice in the television art. Also 
in accordance with common practice, the vertical re 
turn trace in the cathode ray tube 21 may be blanked 
through the video ampli?er 18 under the control of a 
signal carried over a lead 26 from the vertical sweep 
generator in the sweep circuits 25. 
Referring now to FIG. 2, wherein parts in common 

with FIG. I are given like reference characters, the 
conversion plate 1 1 is mounted on an axially compliant 
metal bellows 30 which is highly resistant to radial col 
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lapse. The bellows 30, which may be nickel, is fused to 
the open end of the glass envelope 13 of the camera 
tube I2. Adjacent this end of the tube 12, a circumfer 
ential ?ange 31 is formed, preferably integrally with the 
envelope 13, to serve as a support for a cup shaped 
member 32 having its concave surface facing the con 
version plate 11 and preferably made of an impedance 
matching material such as molded Rho-C rubber. The 
central area of the cup 32 in axial alinement with the 
conversion plate 11 is shown as having a meniscus 
shape of 0 power, i.e., its inner and outer spherical sur 
faces are concentric. As was indicated above, this cen 
tral portion of the cup 32 may be other than 0 power 
to form an active part of the imaging system. It will be 
understood that the acoustic thickness of this central 
portion of the cup 32 is preferably an integral multiple 
of 1/2 wavelengths of the acoustic energy projected 
toward the object field being observed. The peripheral 
portion of the cup 32 is cylindrical and surrounded by 
a snug ring 33, preferably metal, for restraining the cup 
32 against radial expansion when the convex surface of 
the cup 32 is subjected to hydrostatic pressure and in 
asmuch as the cup 32 is made of substantially incom 
pressible material, it will be evident that only a very 
small deformation or axial displacement of the cup 32 
can take place. The volume enclosed by the cup 32, the 
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conversion plate II, the bellows 30 and the ?ange 3R - 
is ?lled with a carefully degassed liquid 34, such as cas 
tor oil, having the proper impedance for transmitting 
the acoustic energy to the conversion plate 11. Thus 
any small displacement of the concave surface of the 
cup 32 will result merely in a slight compression of the 
bellows 30 without placing any additional stress on the 
conversion plate 111 other than the forces resulting 
from the compression of the bellows 30 which will be 
small because its compliance can be quite high and still 
avoid radial collapse. Also, it is preferred to have the 
liquid 34 at subatmospheric pressure so that even at the 
maximum depth during use the pressure differential on 
the plate RI never exceeds one atomsphere and prefer 
ably is considerably less. In the arrangement just de 
scribed, the collector electrode 15 is shown as a wire 
mesh screen supported by the metal bellows 30 and 
connected to the external terminal 116 through a lead 
35, the grounded electrode on the front surface of the 
plate 11 not being shown. ‘ 

In manufacturing an image tube of the invention, 
when the cup member 32 and the liquid 34 are of mate 
rials which can withstand the outgassing of the tube 112, 
the pressure barrier assembly will be mounted on the 
tub 12 prior to its being evacuated and thus the bellows 
30 will be in its neutral position at this time. Later, 
upon evacuation of the tube 12 to say 10'6 millimeters 
of mercury or less, the plate lll moves to reduce the 
pressure in the liquid 34 to equal the strength of the 
bellows 31) under compression, the pressure of the near 
vacuum in the tube 112 being ignored. It is thus evident 
that the conversion plate llll is at no time subjected to 
a pressure differential on its opposite faces equal to one 
atmosphere and in practice is made considerably less 
than one atmosphere by suitable selection of bellows 
strength but greater than the vapor pressure of the liq 
uid 34 which is chosen to have a relatively low value. 
This of course means that the area of the conversion ' 
plate 11 is no longer limited by the requirement that it 
withstand one atmosphere of pressure but rather has 
its maximum area determined by a considerably lower 
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4 
pressure differential, i.e., substantially the vapor pres 
sure of the liquid employed. 
‘When the techniques employed for fabricating and 

outgassing the cathode ray tube 12 would deleteriously 
affect both the cup member 32 and the liquid volume 
34 comprising the pressure relief barrier of the inven 
tion, after the tube 12 has been outgassed these compo 
nents can be assembled by the technique indicated in 
broken lines in FIG. 2. The glass ?ange 31 is originally 
formed with diametrically opposed passageways 36 and 
37 (shown sealed off in FIG. 2) and connected respec 
tively through conduits 38 and 39 to a reservoir 40 of 
oil or other liquid under subatmospheric pressure and 
to a vacuum source 41. It will be evident that as the 
vacuum source 41 removes the air from the volume en 
closed by the cup 32 and the conversion plate 11, the 
liquid from the reservoir 40 will ?ow into and eventu 
ally completely ?ood this volume with the liquid 34. 
When this volume is completely ?lled with the liquid 
34, as may be indicated by a liquid trap 39’, the pas 
sageways 36 and 37 in the glass ?ange 31 are sealed off 
as shown in FIG. 2. By sealing the passageway 37 ?rst, 
the liquid 34 is under the known pressure of the reser 
voir 40. This technique results in the liquid’34 being 
con?ned at less than atmospheric pressure which for 
the reasons pointed out above is desirable, it being re 
membered that the subatmospheric pressure chosen is 
preferably slightly greater than the vapor pressure of 
the liquid employed. 
When the liquid 34 but not the cup member 32 would 

be deleteriously affected by the outgassing of the tube 
12, the pressure barrier of the invention can be assem 
bled so that the conversion plate 11 is never subjected 
to a pressure differential greater than a selected subat 
mospheric pressure by evacuating the volume to be 
filled with the liquid 34 simultaneously with the evacu~ 
ation of the tube 12 and then after the tube 12 has been 
outgassed, the oil or other liquid from the reservoir 40 
can be admitted to the volume 34 as above described. 

While for the purpose of disclosing the invention to 
enable those skilled in the art to practice the same a 
preferred embodiment has been described in detail, it 
is to be understood that the invention is not limited to 
the precise structure shown and that many obvious 
modi?cations may be made therein without departing 
from the spirit of the invention, the scope of which is 
pointed out in the appended claims. 
What is claimed is: 
H. An underwater acoustic wave system of the type 

employing a cathode ray tube having for its front face 
a piezoelectric plate for converting an acoustic image 
formed thereon into a corresponding electrical charge 
pattern, characterized in that said tube has an axially 
compliant cylindrical extension on which said conver 
sion plate is mounted, a substantially rigid front wall 
member of acoustically transparent material is secured 
to said tube to form with said conversion plate and said 
extension an enclosure, and a liquid fills the free space 
within said enclosure for propagating acoustic energy 
between said front wall member and said conversion 
plate. 

2. Apparatus as de?ned in claim 1 wherein the liquid 
?lling said enclosure is under subatmospheric pressure 
not less than the vapor pressure of the liquid at the tem 
perature of the water in which the apparatus is to be 
utilized. 
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3. An underwater acoustic device comprising in com 
bination an annular support member, a vacuum backed 
circular piezoelectric plate mounted on said support 
member, a substantially mechanically rigid wall ele‘ 
ment mounted on said support member and forming 
with the front face of said plate an enclosure, and an 
acoustic energy propagating liquid ?lling the free space 
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6 
within said enclosure, said liquid at all times being 
under a pressure no greater than atmospheric but not 

less than the vapor pressure of said liquid at the tem 

perature of the water in which the device is to be uti 

lized. 


