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United States Patent Office 2,848,890 
Patented Aug. 26, 1958 

2,848,890 
APPARATEUS FOR SUPERSONIC EXAMINATION 

OF BOEDIES 

Edward Emanuel Sheldon, New York, N. Y. 
Application May 7, 1952, Serial No. 286,521 

9 Claims. (CI.73-67,5) 

This invention relates to a method and device for ex 
amination of various objects and living bodies by means 
of acoustic radiation and in particular by means of super 
sonic waves. The term supersonic waves is used to indi 
cate the acoustic waves of frequencies above the range 
of human audibility, as it is defined in standard textbooks; 
see the book entitled "Piezo-Electricity” by W. G. Cady, 
page. 675, published in 1946. 
There are many devices known in the art for the pur 

pose of supersonic examination. All of them, however, 
relate to producing signals indicating the information de 
sired but are not suitable for providing, two-dimensional 
or three-dimensional images of said information. 
One primary object of this invention is to provide 

means for producing two or three dimensional supersonic 
images of the examined body, as distinguished from one 
dimensional signals produced by devices of the prior art. 
The main problem in using supersonic waves for pro 

ducing two-dimensional images for medical diagnosis is 
the danger of causing damage to the patient by said radi 
ation. The danger of over-exposure necessitates the use 
of a relatively weak supersonic beam. 
The primary object of the present invention, therefore, 

is to reduce the supersonic exposure necessary for pro 
‘ducing a two-dimensional supersonic image, which is very 
important in medical diagnosis. The living tissues are 
easily damaged by large dosage of supersonic energy. 
In order to reduce the supersonic exposure, I use in 

my invention the storage of supersonic images. The stor 
age of supersonic images will allow examination of said 
images without the necessity of maintaining supersonic 
radiation during the reading time. As a result, a much 
smaller total dose of supersonic energy is necessary for 
examination of the human body or of other objects. The 
storage of Supersonic images was accomplished by using 
a storage tube in which the supersonic image can be stored 
in the form of electrical charges for a desired time and 
then may be read as long as necessary. In another modi 
fication of this invention, the supersonic image is stored 
in the supersonic, image pick-up tube, which is provided 
with a special storage target. 
The purposes, of my invention were accomplished by 

means of a novel system in which the supersonic beam is 
projected on the examined body. The reflected or trans 
mitted supersonic beam is modulated by the examined 
body and carries, "therefore, an invisible image-thereof. 
The invisible supersonic image is projected onto a novel 
supersonic image sensitive device, such as supersonic 
pick-up tube. The supersonic pick-up tube has a cathode 
for receiving said image of material sensitive to supersonic 
energy, which in response to said energy, produces elec 
trical charges and potentials having the pattern of the 
impinging supersonic beam. The pattern of charges and 
potentials is scanned in said tube-by an electron beam. 
The electron beam is modulated by said-pattern of potem 
tials on the surface of the cathode. The returning elec 
tron beam, therefore, carries image information. The 
returning electronbeam is: directed to imiltipliers. The 
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beam is produced by sender 1. 

2 
electrons of the returned beam, after multiplication, are 
converted over a suitable resistor into video signals. 
Video signals, after amplification by amplifiers, are trans 
mitted to the storage tube in which they are stored in the 
form of electrical charges. When the stored supersonic 
image is to be read, it is scanned by the reading electron 
beam. The reading electron beam is modulated by the 
stored image and is converted thereby into video signals. 
The new video signals are now transmitted to receivers, 
which may be of kinescope type, facsimile type or elec 
trographic camera type, to reproduce a visible image for 
inspection or recording. 
The invention will be better, understood when taken in 

connection with the accompanying drawings. 
In the drawings: 
Figure 1 represents a diagrammatic-cross-sectional view 

of Supersonic image storage system. 
Figure 1a represents a modification - of the storage 

target. 
Figure 1b represents a modification of the storage 

target. 
Figure 1c represents a modification of the storage tube. 
Figure 1d shows another modification of the storage 
Figure 2 represents a modification of supersonic system. 
Figure 2a represents a modification of supersonic-sys 

tem in which conversion of supersonic images into elec 
tron image is obtained. 

Figure 2b represents a plan view of photoemissive 
Screen. 

Figure 3 represents a modification of supersonic image 
storage system using supersonic pick-up storage tube. 

Figure 3a represents a modification of the storage target 
for the tube illustrated in Fig. 3. 

Figure 4 represents a cross-sectional view of supersonic 
image storage system in which a reflected supersonic 
beam is used as an image-forming radiation. 

Figure 5 represents a simplified - modification of the 
storage system. 

Figure 6 represents a plan view of the storage target. 
Reference will now be made to Fig. 1. The supersonic 

The sender in this 
embodiment of invention consists of plurality of piezo 
electric crystals 1a, 1b, 1c, d, e, if, etc., such as of 
Rochelle salt, tourmaline, or NHH2PO4 known as ADP, 
KH2PO4 known as KDP, KH2AsO4, dipotassium tartrate, 
known as DKT, or ethylene diamine tartrate, known as 
EDT. It is to be understood that any piezo-electric 
material may be used for purposes of this invention. 
Piezo-electric crystals may be of various sizes and cuts. 
They should be selected to provide an equal-and-homoge 
neous output of SuperSonic energy, so that each crystal 
will produce the same quality and quantity. of supersonic 
waves when excited by a high frequency source of 
potential. Quartz crystals usually can be selected to be 
more similar to each other than other piezo-electric 
materials. In case the crystals a, 1b, etc. do not have 
exactly the same output, they should be biased to equalize 
their output. Furthermore, improvement of the homo 
geneity of the field may be obtained by using a mosaic 
of small crystals. Such mosaic can be made by putting 
a plurality of small crystals together mechanically or 
by orientation of small piezo-electric crystals by means 
of Supersonic waves. Each crystal in the sender 1 has 
a metallic backing plate to provide a connection to the 
source of electrical potential 3. The crystals with their 
backing plates are insulated from each other, so that 
each one forms an independent unit. The construction 

- of a superSonic sender comprising a single piezo-electric 
70 crystal or a mosaic of such crystals, the mounting of 

piezo-electric crystals, and the plating of said crystals 
are well known in the art, as evidenced by the book 
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entitled, “Supersonics” by Carlin, published by McGraw 
Hill Company in 1949. It is believed therefore that 
further description of the SuperSonic sender is not neces 
sary. The crystals are energized sequentially by said 
source of potential by means of commutator 3a revolving 
at the predetermined speed regulated by timer 4. In the 
preferred form of this invention, crystals of the Sender 1 
are not excited in turn one after another, but in such a 
manner that the crystal ia is energized first, then the 
crystal. 1 f is energized, then again, crystal 1b. I dis 
covered that living tissues can stand much more of super 
sonic energy, if there is time interval between two irradia 
tions. If we excited two adjacent crystals, such as 1a 
and 1b, one after another, then, due to overlapping of 
two supersonic beams from two adjacent crystals, the 
tissues exposed to radiation from the second adjacent 
crystal, will not have time to recover from the effect 
of the first supersonic beam and may be easily injured. 
On the other hand, if we energize after crystal a, the 
crystal if, we irradiate different areas, which are separated 
from each other, and, therefore, the tissues have time 
to recover. The supersonic waves emitted from the 
energized crystal of the sender 1 spread transversely 
to form a broad lobe of acoustic energy. Such a lobe 
obviously cannot well be used for producing images with 
good definition and sharpness. Therefore, in my inven 
tion, I made use of acoustic lenses 5. The acoustic lenses 
may be of various forms and shapes, and it is to be under 
stood that any device for focusing SuperSonic waves on 
the examined object may be used for the purposes of 
my invention. 
One such modification, are Fresnel plates, which are 

known in the art and, therefore, it is believed that they 
do not have to be described in detail. The supersonic 
beam 6a from the crystal a is focused on the examined 
object 7. Instead of using lenses or mirrors, the sender 
crystals may be shaped to produce a parallel supersonic 
beam. In particular, a concave form of the crystal sender 
will be suitable for this purpose. Such parallel beam may 
be further focused by means of filters having a small 
aperture for transmission of a fine superSonic beam. 
The diagnostic possibilities of supersonic waves reside 

in their characteristic properties of being reflected at the 
boundaries of two media having a different modulus of 
elasticity. Various tissues, fluids and air have different 
reflections, transmission and absorption co-efficient values 
for supersonic waves. Therefore, the transmitted or 
reflected supersonic beam is modulated by the examined 
objects or tissues and carries information as to their 
pattern. For example, a cavity can be demonstrated 
inside of the body regardless of its thickness, a fluid or 
an air containing cavity may be shown, if present inside 
of the examined tissue. 
A very important indication for the use of superSonic 

waves is diagnosis of brain tumors, especially if they 
impinge on ventricles in the brain and deform them. 
Ventricles of the brain contain normally cerobro-spinal 
fluid, which has different absorption, reflection and trans 
mission properties for superSonic waves than the adjacent 
brain tissues. 
ventricles of the brain, it is necessary to inject into them 
air, in order to provide contrast for X-rays. The use of 
my invention will eliminate this difficult and sometimes 
dangerous procedure, as my device is able to visualize 
ventricles without injection of air. The supersonic beam 
6al transmitted through the examined body 7 is now 
focused by means of an acoustic lens 5a on the novel 
supersonic image sensitive pick-up tube 9. The pick-up 
tube 9 has within it a target 16 of material responsive to 
supersonic waves, such as quartz, barium titanate, piezo 
electric ceramics, lithium sulphate, ADT, DKT or EDT. 
The target-cathode 10 may be formed of one large crystal, 
or may be in the form of a mosaic formed by plurality 
of small crystals. In some cases, it is preferable to 
evaporate piezo-electric material on a dielectric base to 

At the present time, in order to visualize 
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produce a very fine mosaic of crystals insulated from 
each other. The impingement of supersonic beam 6a 
on the target 10 causes a so-called reciprocal piezo-elec 
tric effect. As a result, an electric charge or potential 
appears on the surface of the target 10 in the region 
which was struck by supersonic beam. Duration of this 
electrical charge or potential is very short. If the Super 
sonic beam has frequency in megacycles, the dielectric 
charge will persist only a few micro-seconds. The 
electron gun 11 produces the scanning electron beam 12. 
The electron beam 12 is deflected in two perpendicular to 
each other planes, by the deflecting yoke 14. The yoke is 
energized by generator producing saw-tooth waves. The 
scanning deflection system is well known in the art, and 
it is believed, therefore, that it does not have to be 
described in detail. The scanning electron beam 2 must 
reach the target 10 at the time when electrical charge 
on its surface is still present. The synchronization circuit 
6 is provided to harmonize the activation of piezo 

electric sender 1 with the activation of the electron 
beam 12. The electron beam 12 is slowed down in front 
of the target 10 by a decelerating electrode 15, which 
may be in the form of a ring electrode or of a mesh 
screen. Therefore, the electron beam 12 approaches the 
target 10 with a velocity close to zero volt. The scanning 
electron beam 2 is modulated by the charge image, 
having the pattern of supersonic image on the surface 
of the target 10. The electron beam 2a returns now 
to the electron gun 11 along its initial path, which is due 
to the action of uniform magnetic focusing field 20. The 
returning beam 12a is modulated by said charge pattern 
on the target 10. The returning beam 12a strikes the 
gun in the region around its defining aperture 21 and 
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produces multiple secondary electrons. Therefore, the 
aperture disc 22 of the gun serves as the first stage of 
multiplier 23. The secondary electrons are directed into 
multi-stage multiplier 23. The multiplier 23 intensifies 
further said electrons by secondary electron emission. 
The output current from the final stage of the multiplier 
23 is converted over a suitable resistor into video signals 
30c and is fed into pre-amplifier and then into the 
amplifier in the usual manner. So far only the part of 
the image of the examined body was obtained, which 
corresponded to the supersonic beam 6a from the sender 
ia. Now the next sender if is activated. The electron 
beam is now synchronized with the SuperSonic beam 6f. 
In this way, another fragment of the SuperSonic image 
is converted into video signals. This process continues 
until all supersonic senders have been activated and the 
whole image of the examined object has been produced 
in the form of video signals. In the preferred form of 
this invention, the activation of various senders does not 
occur in turn. After the sender a, the next sender to 
be activated is instead of the sender 1b, the Sender if. 
found that in this way the damage to the examined 

body by supersonic waves is considerably reduced. My 
explanation of this phenomenon is that by providing the 
space between irradiated areas of living tissues, I obtain 
a better dissipation of heat energy generated by the 
absorption of supersonic waves. In this way, the sensi 
tive tissues of materials can better recover in the interval 
between supersonic energy pulses. Video signals having 
the pattern of the supersonic image after amplification 
are transmitted by high frequency waves or by a coaxial 
cable to receiver. Receivers may be of kinescope type 
30, in which case, a screen of long persistence phosphor 
is necessary to reproduce the total image of the examined 
body, or a “dark trace” tube known also as a 'skiatron.” 
For examination of immovable object, a facsimile 
receiver 30a can be used as well. The reproduced image 
may be enlarged as much as necessary. 

It is obvious that the sender, acoustic lenses, the 
examined body and the supersonic sensitive pick-up tube 
must be immersed in the liquid in order to reduce losses 
of supersonic energy. It is preferable to use a highly 
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dielectric medium such as oil for this purpose. The 
compartment containing oil and supersonic image storage 
System is not shown in order not to complicate drawings. 

In order to obtain amplification of contrast of the 
supersonic image, the amplifiers are provided with vari 
able mu tubes in one or two stages. Small differences 
in intensity of the succeeding video signals are increased 
by variable mu tubes in non-linear manner, resulting in 
a gain of the contrast of the visible image in receivers. 
The returning electron beam contains two groups of 

electrons. One group are electrons which were reflected 
specularly from the target. Another one are electrons 
which were reflected non-specularly, which means scat 
tered. These two groups can be separated from each 
other before reaching the multiplier. There are many 
ways to separate these two groups of electrons, all well 
known in the art. The best method is to introduce an 
additional helical motion into the primary scanning 
beam 12, which means an additional transverse velocity. 
This is accomplished by the use of two electrodes disposed 
on both sides of the scanning beam 12, and which are 
provided with a positive potential from an extraneous 
source of electrical energy. The helical motion may also 
be produced in other ways, such as, for example, by mis 
alignment of the electron gun 11 in relation to the axial 
focusing field. In such case, the scattered electrons in 
the returning beam will be on one side of the specularly 
reflected electrons. Therefore, it will be possible to 
direct scattered electrons into the aperture of the multi 
plier, while stopping the reflected electrons by the edge 
of the multiplier aperture. The use of scattered electrons 
increases markedly sensitivity of the system, because it 
reduces the inherent shot noise of the scanning electron 
beam. The scattered electrons correspond to the areas 
of the picture which received a strong supersonic exposure, 
because such areas produce stronger charges or potentials 
in the target. 

It is obvious that the above described superSonic image 
reproducing system may be used not only for the trans 
mitted supersonic beam, but for the reflected or scattered 
supersonic beam as well. This system may be well used 
for magnification of SuperSonic images and may serve 
therefore as a supersonic microscope. 

I found that piezo-electric crystals exhibit a marked 
lack of uniformity as to their reverse piezo-electric effect. 
It means that various areas of the same crystals produce 
different charges or potentials when impinged by the 
same supersonic beam. If such differences in output 
exceed certain percentage of the signal, the value of 
reproduced image will be markedly impaired. In order 
to overcome this drawback, I eliminated the focusing 
lens 5a and I placed the pick-up tube 9 at such a distance 
from the examined object that the superSonic beam 6a 
will cover a substantial area of the target 10 or all of 
the target 10 instead of being a beam of pin-point size. 
fn this way, the charge or potential appearing on the sur 
face of the target will represent an integral of various 
charges of potentials corresponding to various points in 
the irradiated area. Therefore, the differences in piezo 
electrical response will now be well equalized. For this 
modification of my invention, piezo-electric crystals of 
the target 10 should not have a high resistivity as e. g. 
quartz. Lithium sulphate will be suitable for this pur 
pose. If the target 16 consists of a few crystals put up 
together to make a larger surface, there should be no 
insulation between separate crystals, in order to provide 
one conducting surface. In some cases, a metallic backing 
plate 10a should be provided on the side of the target 10 
facing supersonic image. In such case, video signals 
produced by impingement of electron beam 12 on target 
10 may also be taken off said layer 10a. 

In this modification of my invention, the scanning 
electron beam 12 must be broad enough to cover the 
area of the target impinged by the supersonic beam. 
This ean be accomplished by electron-optical means for 
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6 
defocusing the electron beam, which are well known in 
the art. In this embodiment of my invention, the deflect 
ing yoke 4 is markedly sinnlified as the broad electron 
beam needs only a small number of scanning motions to 
cover the entire target 10. In some cases, the deflection 
yoke may be eliminated completely. 
The use of supersonic energy pulses, as described above 

also represents a great reduction of supersonic exposure 
to the examined body, which is of great importance in 
medical Supersonic examinations. By using pulses of 
SuperSonic energy, the exposure of one image point of 
the examined body lasts only a few micro-seconds out of 
a frame time of A30-40 second. 
The supersonic sender 1 may also operate continuously 

instead of by pulses from its various component crystals. 
in Such case, the whole sender 1 is energized simulta 
neously. As a result, a broad supersonic beam is pro 
duced, which covers simultaneously the total area of the 
examined object. This system is not very suitable for 
examination of human bodies. As was explained above, 
the duration of potentials or charges produced by super 
Sonic waves in the target 10 is only a few micro-seconds. 
The scanning electron beam 12 cannot in this short 
period of time scan all of the target 10, which would re 
quire 50-350,000 scans in a few micro-seconds, depending 
on resolution of the image desired. Therefore, in order 
to provide the charges or potentials on the surface of 
the target 10 for modulation of the scanning electron 
beam 2, it is necessary to continue supersonic exposure 
of the whole examined area for all the time of each 
frame. On the other hand, in the above described pulse 
system, each image point of the examined body has to 
be irradiated by supersonic energy for only a few micro 
Seconds during one frame time. This represents an in 
crease of supersonic exposure by a factor of one thousand 
in the "continuous' method. As a result, the supersonic 
exposure, by using the continuous system will exceed 
the limits of safe exposure of the human body by a 

In industrial examinations in 
which there are no limitations as to the total dose of 
Supersonic energy used, the system of continuous radia 
tion may be used as well. In such case target 10 prefer 
ably should consist of a mosaic of crystals insulated from 
each other. . 
As was explained above, the main objective of the 

present invention is to provide means of storing super 
sonic images so that the Supersonic exposure of image 
may be kept within limits of safety for the patient or for 
living tissues in general. A few watts of acoustic energy 
per 1 square centimeter can be considered the maximum 
safe dose. It is obvious that it is of utmost importance 
to reduce the superSonic exposure as much as possible 
in order to be able to examine the patient without caus 
ing any injury. The best solution of this problem is the 
removal of supersonic irradiation as soon as the super 
sonic image has been formed. This can be done only 
if the Supersonic image can be stored for the desired 
period of time without maintaining the supersonic irra 
diation. I accomplished this objective by providing a 
novel system in which the supersonic image can be stored 
either in the supersonic pick-up tube or in the special 
intermediate storage tube or in the receiver tube. Be 
sides, the system described above and illustrated in Fig. 
1, if used without a storage tube, suffers from two serious 
deficiencies. The first is that supersonic image when 
examining living tissues is very weak and therefore signal 
to noise ratio may be as low as 2 to 1, whereas for a 
satisfactory image a signal to noise ratio 10 to 1 is re 
quired. The second drawback is the necessity for the 
use of a phosphor of long persistence in the receiver, in 
the event there is no storage tube. This has serious 
limitations as to the brightness, contrast and sharpness of 
reproduced image. The brightness of image produced 
by persistent phosphors is so low that dark adaptation 
of eyes is necessary and the image has to be examined, 
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therefore, in a dark room which will considerably limit 
the usefulness of examination. These drawbacks are 
eliminated in my present system using the storage. In 
this embodiment of invention, video signals having the 
pattern of the examined object are sent from the pick 
up device 9 to a special storage tube 31, in which they 
can be stored for the required time in the form of charge 
images. In this way, the Supersonic image can be assem 
bled from fragments and can be stored in the storage 
starget 39 of the storage tube. When this image is to 
be read, the stored charge pattern may be reproduced as 
a visible image in the same storage tube or may be con 
verted again into video signals. New video signals are 
now transmitted to regular kinescopes, in which they 
can be converted again into a visible image without any 
flicker and with any desired brightness. In this way, 
the need of a persistent phosphor in kinescope is elimi 
nated. My invention will also allow the improvement of 
signal to noise ratio of the system. It is known that if 
we have an image in which signal to noise ratio is below 
10 to 1, we can improve it by storing said image and by 
a gradual build-up of a stored image by superimposing a 
number of images one after another. It means, if we 
Superimpose in the storage target one charge image hav 
ing the pattern of the supersonic image after another, we 
will obtain a build-up image of much better signal to 
noise ratio than the original image. 

In the embodiment of my invention illustrated in Fig. 
1, video signals 30c having the pattern of supersonic 
image are transmitted after amplification by high fre 
quency waves or by a coaxial cable to the novel storage 
tube 31. 

Video signals 30c are transmitted to the storage tube 
3 and modulate cathode ray beam 32 produced by the 
electron gun 33. The cathode 34 of the electron gun 33 
is provided with a negative potential. The second anode 
35 may be in the form of a conducting coating on the 
inside surface of the tube envelope, and is supplied with 
a positive potential in relation to the potential of the 
cathode of the electron gun. The proper operating poten 
tials may be applied to the electrode of the electron gun 
from potential source 36. Between its terminals 37 and 
38, a potentiometer or a bleeder resistance may be con 
nected in order that the relative potentials of the various 
electrodes may be properly selected. The horizontal 
and vertical scanning motion of the electron beam 32 
across the storage target 39 is provided by the deflection 
yoke 4 having horizontal and vertical deflection coils. 
The deflection coils are energized by a cyclically varying 
current of a suitable wave form, which may be obtained 
from a horizontal deflection generator and from a ver 
tical deflection generator. Deflection generators are well 
known in the art and are, therefore, not shown in the 
drawings. The cathode ray beam 32 transforms video 
signals 31 into a stored charge image in the storage 
target 39. 
The storage target 39, shown also in Fig. 6, consists 

of a thin perforated sheet of metal or other conducting 
material, or of a woven conducting wire mesh 39.a. On 
the side of the target facing the electron gun 40, there 
may be deposited by evaporation a thin coating to pre 
vent leakage of charges. On the opposite side of the 
target 39, there is deposited a dielectric storage layer 39b 
in such a manner as not to obstruct the openings 39c there 
in. The scanning electron beam 32 is produced in the 
storage tube 331 by the electron guin 33, and is macdulated 
by incoming video signals carrying the invisible super 
Sonic image. This scanning electron beam 32 should have 
the finest spot compatible with the required intensity of 
beam. In some cases, between the electron gun 33 and 
the storage target 39 in close spacing to the target, there 
is mounted a fine mesh conducting screen for collecting 
secondary electrons emitted from the dielectric layer 39b 
when Scanned by electron beam 32. As a result of the 
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8 
impingement of the scanning beam 32 on the storage 
target 39, there are deposited on the storage target vary 
ing charges at successive points according to the ampli 
tude of modulating input signals. The best way of op 
erating my system is to have the storage surface at Zero. 
potential or at cathode potential and then to write on it 
“positive,” which means to deposit positive charges. This 
can be accomplished by adjusting the potential of the 
surface of the storage target, so that its secondary emis 
sion is greater than unity. The secondary electrons from 
the layer 39 b will be collected by the collecting anode 
or by an additional conducting mesh screen disposed in 
proximity of the storage target and positive charges will 
be left on the storage surface. These positive charges de 
posited on the storing surface of the target may be stored 
thereon for many hours depending on the type of the 
storage material 39b which was used. Whereas BaF2 
has a time constant of 0.1 second, CaF2 has the time con 
stant of 50 hours. Also, precipitated silica, silicon di 
oxide and titanium dioxide may be used for this purpose. 
The storage target must prevent fading of the stored 
image, which would cause its disappearance. It must also 
be free from lateral leakage of stored charges, which 
would impair resolution of the image. 

These conditions are satisfied by equation: 
RoAC-T 

B 

in which 

Ro is equal to resistivity of the target in ohm-cm. 
A=picture area in square centimeters 
C=capacitance of the storage target 
T=storage time for one image in seconds 
B=thickness of storage target in centimeters. 
in case the storage time of three seconds is desired, the 
electrical resistivity of 5 x 1012 ohm-cm. will be suitable, 
if the thickness of target is 108 cm. and picture element 
is 104 square centimeter. 
When the stored image is to be read, the electron gun 

33 is inactivated and instead, electron gun 40 is activated. 
The electron gun 40 produces a broad electron beam 41. 
The electron beam 41 is slowed down in front of the stor 
age target 39 by decelerating electrode 42, which may be 
in the form of ring electrode or a fine mesh screen. The 
passage of the broad electron beam 41 through the per 
forations in the target 39 is modulated by the pattern of 
deposited charges of said storage target. The greater the 
positive charge, the more electrons will pass through the 
openings 39c in the target. The less positive the stored 
charge, the fewer electrons will be transmitted through 
these openings. In this way, the electron beam 41 ir 
radiating the storage target, will be modulated by the 
stored image. The transmitted electron beam 41a, there 
fore, will carry an image. This electron image is ac 
celerated. The accelerating electrode 42 serves to ac 
celerate transmitted electrons 41a to the fluorescent screen 
43. The accelerating electrode may be in the form of a 
ring electrode or in the form of a conducting coating on 
the inside surface of the glass envelope. The accelerating 
electrode is provided with a positive potential from an 
external source of power, as described above. 

Next, the electron image may be demagnified if its ad 
ditional intensification is desired. The electron diminu 
tion of the image, in order to gain its intensification, is 
well known in the art and therefore does not have to be 
described in detail. The diminished electron image is 
projected on the fluorescent screen 43 at the end of the 
tube 31, where it can be viewed by the observer directly 
or by means of an optical magnifying eye-piece or may 
be photographed. The use of an optical eye-piece to 
magnify optically the electronically diminished image ap 
pearing on the fluorescent screen, is also well known in 
the art and therefore does not need further description. 
The fluorescent screen 43 is provided with an electron 
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transparent conducting backing 43a, such as of aluminum, 
which improves its efficiency. 
On the other hand, if magirification of the supersonic 

image is needed, it can also be accomplished by electron 
optical means. Therefore, my device can also be used as 
a supersonic microscope. Magnification of superSonic 
image may also be obtained in storage target 39. 

After the stored image has been read and no further 
storage is desired, it may be erased by the use of the 
scanning electron beam 32 by adjusting the potential of 
the storage target to the value at which the secondary 
electron emission of its storing surface is below unity. In 
such case, the target will charge negatively to the potential 
of the electron gun cathode, and will neutralize the stored 
positive charges. The same results may also be obtained 
by changing velocity of the scanning electron beam 32. 
A modification of the storage target is shown in Fig. 1a. 

In this embodiment of my invention, the storage target 
45 is made of a perforated screen of dielectric material, 
such as glass, silicon dioxide or titanium dioxide. The di 
electric material should have, preferably, electrical re 
sistivity to satisfy the equation discussed above. The 
holes 45a in said screen can be produced by photoengrav 
ing methods. The preferred method is to use ionic or 
electronic etching. The openings must be uniform in size 
and spacing and should be, preferably, not larger than 100 
microns, in diameter. The dielectric storage target may 
be attached to the walls of the tube by means of metallic 
rings, or it may be deposited on the mesh screen, as shown 
in Fig. 1. The supporting mesh screen in some cases may 
be made of insulating material instead of a conductive ma 
terial. In some cases, a metallic fine mesh screen 46 con 
nected to the source of potential can be placed in very 
close proximity to the storage target and then serves to 
collect secondary electrons emitted from the storage 
target under impingement of the scanning electron beam 
32. Obviously, screen 46 must be disconnected from 
source of potential in the reading phase of operation 
when electron gun 40 is activated. 

In another modification of my invention shown in Fig. 
1b, the storage target 45 has a metallic backing 45b de 
posited on it in such a manner that the openings 45a re 
main unobstructed. 
A simplified modification of my invention is shown in 

Fig. 1c. The storage tube 47 has only one electron gun 
48. Video signals from the supersonic pick-up tube 9 
modulate the electron beam 49. The perforated storage 
target may be the same as described above and illustrated 
in Figs. 1, 1a and 1b. The electron beam 49 modulated 
by incoming signals scans the storage target 39 in the 
usual television raster. The scanning motion of the elec 
tron beam is provided by deflecting yoke 14a, which has 
coils in two, perpendicular to each other, planes and 
which are energized by a saw-tooth signal generator. 
The impingement of the electron beam 49 on the target 
39 produces secondary electron emission therefrom. 
The secondary electrons are drawn away either by an 
adjacent mesh screen or by a conductive coating on the 
wall of the tube. As a result, a positive charge image 
remains on the storing layer 39b. 
In the second phase of operation, which is the reading 

phase, the electron gun 48 produces a broad, uncon 
trolled electron beam 50 covering substantially the whole 
area of the stored image. The broad electron beam is 
slowed down in front of the storage target 39 by de 
celerating electrode, which may be in the form of a ring 
electrode or in the form of a fine mesh screen 51. The 
screen 51 is connected to the source of an outside poten 
tial, and it is activated only in the reading phase of the 
operation. The passage of said broad electron beam 
through the perforated target is controlled by charges 
stored in said target. Therefore, transmitted electron 
beam 50a will have the pattern of the stored charge 
image, which has the pattern of the invisible original 
image. The broad beam of electrons is accelerated and 
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is focused on the fluorescent screen 43 and reproduces a 
visible image thereon. Because of dielectric properties 
of the storage target, the change image will persist there 
on for a very long time, dependent on the type of storage 
material used. During all this time, the invisible image 
can be reproduced in a visible form, as a fluorescent im 
age, as was explained above. It is obvious that the stor 
age tubes illustrated in Figs. 1, 1a, 1b and 1c may be 
used as well for converting the stored supersonic image 
into new video signals instead of reproducing said image 
in the fluorescent screen 43. This embodiment 58 of my 
invention is shown in Figs. 1d and 4, in which, instead 
of the fluorescent screen 43, there is disposed a multi 
plier 53. The electron beam 54 is in this modification 

The scanning deflection is provided 
by the deflection yoke 55. The electron beam scans the 
storage target in a television raster. The transmitted elec 
trons 54a are fed successively into multiplier 53 by the 
action of the deflecting field 56. The electrons 54a after 
multiplication by secondary electron emission in the mul 
tiplier 53 are converted over a suitable resistor into video 
signals 47. Video signals 57 after amplification, are trans 
mitted to receivers to reproduce the original supersonic 
image. Final reproduced supersonic image can be ex 
amined as long as the charge image is stored in the target 
39 of the storage tube, without maintaining supersonic 
exposure. It is obvious that my invention can also be 
used for supersonic microscopy and diffraction studies. 

Another modification of my invention is shown in Fig. 
2. In this embodiment of my invention, the supersonic 
sender 1 is the same as was described above. 
The novel supersonic pick-up tube 70 has deposited 

on its wall inside of said tube target 10 made of piezo 
electric materials sensitive to supersonic waves as de 
scribed above. The target 10 has property of becoming 
conductive and producing a current of electrical charges 
and pattern of potentials thereon in response to said 
supersonic radiation. The target 10 in this embodiment 
of invention should be preferably in the form of a mosaic 
of piezo-electric crystals which are insulated from each 
other. Quartz will be very suitable for this purpose be 
cause of its high electrical resistance, but other piezo 
electric materials described above may also be used. In 
some cases, on the side of the target 10 facing the super 
sonic image there is deposited a thin dielectric layer in 
order to improve insulation of crystals forming the mo 
saic target 10. 

In close spacing, such as a few microns, from the tar 
get 10, there is mounted a composite, perforated screen 
60 consisting of a fine mesh screen 60a of conducting 
material. On said mesh, there is deposited a photoemis 
sive layer 60b, such as of CsCAg, cesium, potassium or 
lithium or antimony or bismuth, in such a manner as not 
to obstruct the openings 60c in the mesh screen 60a. 
A plan view of this screen is shown in Fig. 2b. The 
pattern of the electrical charges on the target 10 can 
be considered as a pattern of various potentials or elec 
trical fields. I discovered that these potentials will mod 
ulate the emission of photoelectrons from the photo 
emissive layer 60b, although they are behind said layer. 
The layer 60b is irradiated by a source of light 64 and 
produces a strong beam of photoelectrons. The emis 
sion of photoelectrons from layer 60b depends on elec 
trical fields in its proximity. The more positive the 
charges on the target 10, the more Suppressed will be the 
emission of photoelectrons from layer 60b. In this way 
the photoelectron beam is modulated by the charges in 
the target 10, which have the pattern of the original super 
sonic image. The mesh screen 60a and photoemissive 
layer 60b may be also deposited directly on the target 
10 instead of being separated. 
The photoelectron beam 60d emitted from the layer 

60b is focused by fields 63 and can be further intensified 
by acceleration by electrostatic or by electromagnetic 
fields 62, as well as by electron-optical demagnification, 
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Acceleration of electrons and electron-optical demagni 
fication of electron image are well known in the art and 
therefore, it is believed, they do not have to be described 
in detail. The intensified photoelectron image is pro 
jected on the storage target 64, which is of a semi-con 
ductor such as glass. The photoelectron beam strikes 
target 64 with velocity, at which the secondary emission 
of the target is greater than unity. The emitted second 
ary electrons are drawn away by the adjacent mesh screen 
64a. A a result, a positive charge pattern remains stored 
in target 64. As the target 64 is very thin and has semi 
conductive properties, the charge can pass through it and 
appears on the opposite side of the target, which faces 
electron gun 65. Electron gun 65 produces a fine beam 
66 of electrons. The electron beam 66 is focused by elec 
trostatic or electromagnetic focusing coil 67 and by an 
alignment coil 67a and is deflected into two directions 
perpendicular to each other by deflection coils 68, so that 
it scans target 64 in a television-like raster. The elec 
tron beam 66 is decelerated in front of the target 84 by a 
ring electrode 64b. Also, a mesh screen may be used for 
this purpose. Target 64 has stored on its surface a pat 
tern of electrical charges having the pattern of the origi 
nal supersonic image. The scanning beam 66 neutralizes 
these stored positive charges. The returning electron 
beam 66a is, therefore, modulated by said charges and 
carries video information. The returning electron beam 
strikes the first stage 69a of the electron multiplier 69. 
The secondary electrons from the first stage of the mul 
tiplier strike the succeeding stage around and in the back 
of the first stage. This process is repeated in a few stages 
resulting in a marked multiplication of the original elec 
tron signals. The signal currents from the last stage of 
the multiplier are converted over a suitable resistor into 
video signals and are fed into amplifiers. After ampli 
fication, they are sent by coaxial cabie or by high fre 
quency waves to the receivers of kinescope type 30, "dark 
trace” tube, known also as a "skiatron' type 30b or to 
facsimile type 30a, in which they are reconverted into a 
visible image for inspection or for recording. The photo 
emissive layer 60b may also be in the form of a mosaic. 
In such case, a dielectric layer should be interposed be 
tween the layer 60b and the layer 60a. The light irra 
diation of said mosaic layer causes emission of photoelec 
trons. As a result, a positive charge image remains on the 
mosaic. This charge image is scanned by the electron 
beam 66 and modulates said beam, as was explained 
above. Video signals may be taken off the conducting 
screen 60a or may be obtained from the multipliers 69. 
The pick-up tube 70 may also serve for storage of 

supersonic images if the energy of the scanning electron 
beam 66 is selected, so that it is not sufficiently strong to 
neutralize the electrical charges on the target 64 in one 
scan. With proper selection of intensity of the scanning 
beam 66 and of the capacity and resistance of target 64, ; 
the charge image can be stored in said target for many 
seconds. It is also obvious that the fraction of the scat 
tered electrons in the returning electron beam 66a, which 
is modulated by the supersonic image, may be separated 
from the other electrons of said beam. If only this frac 
tion of electrons is used for producing video signals, the 
signal to noise ratio of the entire system will be markedly 
improved. 

Another modification of my invention is shown in Fig. 
2a. The supersonic image sensitive pick-up tube 70a has 
perforated composite target 71. The composite cathode 
71 in this embodiment of my invention consists of a per 
forated conducting screen 71a on which is deposited the 
photoemissive layer 71b and supersonic radiation sensi 
tive layer 7 c. Both layers 71b and 7ic are deposited 
in such a manner as not to obstruct the openings in the 
perforated mesh screen 71a. The composite screen 7 
is deposited on the wall of the pick-up tube 70a within 
said tube. The mesh screen 71a may be of aluminum, 
gold, platinum or silver. The photoemissive layer may 
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be of CsCoAg, SbCs or other photoemissive materials. 
The supersonic sensitive layer 71c may be of piezo-elec 
tric crystals described above and should be preferably 
of crystals having dielectric properties such as quartz and 
should also be preferably of mosaic type. If the super 
sonic sensitive layer 71c is deposited on the side of the 
conducting layer 71a nearer to the source of Supersonic 
beam, an insulating layer, such as of enamel, mica or 
plastic 71d may be provided to separate said supersonic 
sensitive layer 71c from the conducting mesh screen 71a. 
Instead of an insulating layer 71d, the mesh screen 71a 
may have an insulating coating applied to its surface ad 
jacent to the supersonic sensitive layer 7c. On the 
other hand, if the supersonic sensitive layer 71c is de 
posited on the photoemissive layer 71b, there is no need 
for an additional insulating layer, because the photoemis 
sive layer has high resistance and separates the super 
Sonic sensitive layer from the conducting screen 71a. 
The screen 71a is irradiated by the source of light 61 

simultaneously with the supersonic exposure. The light 
causes emission of photoelectrons 73 from the photo 
emissive layer 71b. The emission of photoelectrons is 
controlled by the pattern of potentials present on the 
SuperSonic layer 71c, which corresponds to the original 
SuperSonic image. Furthermore, the passage of photo 
electrons from the layer 71b through the perforated layer 
71c depends on potentials present around the openings 
therein. Therefore, the transmitted electron beam 73 
in this arrangement is twice modulated by the pattern of 
said potentials and will also have the pattern of the orig 
inal invisible supersonic image. The emitted photo-elec 
tron beam 73 is now accelerated, is electron-optically di 
minished and is focused on the secondary electron emit 
ting semi-conducting target 64 described above and illus 
trated in Fig. 2 and is stored there. The rest of the op 
eration of this pick-up tube 70a is the same as described 
above and illustrated in Fig. 2. The electron image stored 
in the target 64 is scanned by an electron beam and is 
converted into video signals. Video signals are, after 
amplification, transmitted to receivers 30 or 30a for re 
producing visible images. 

It is obvious that the sender, acoustic lenses, the ex 
amined body and the supersonic sensitive pick-up tube 
must be immersed in the liquid in order to reduce losses 
of Supersonic energy. It is preferable to use a highly di 
electric medium, Such as oil for this purpose. The com 
partment containing oil and supersonic image storage sys 
tem is not shown in order not to complicate drawings. 

It is obvious that the above described supersonic image 
reproducing system may be used not only for the trans 
mitted supersonic beam, but for the reflected or scattered 
SuperSonic beam as well. 
The sender may also consist of one or a few crystals 

conly if it is used in combination with rotating disc or 
drum provided with multiple small apertures. 
The SuperSonic beam from the sender is then trans 

mitted in succession through said apertures and is reduced 
thereby each time to a fine beam. The rotating filter 
should be of material which causes no reflection of the 
stopped portion of the supersonic beam, such as of rub 
ber. The transmitted fine supersonic beam impinges suc 
cessively on adjacent areas of the examined body and 
produces each time a Supersonic image point. This sim 
plified form of the sender may be used with any of 
pick-up tubes illustrated in Figs. 1 to 5. 

It is obvious that my invention may be also used for 
supersonic microscopy. The invisible supersonic image 
of the examined body is converted into an electrical po 
tential image or into an electron image. The latter im 
ages are converted again into electrical signals, as was 
explained above. The electrical signals can be used 
to reproduce the invisible image with any desired degree 
of magnification by the use of suitable electron-optical 
fields or deflection circuits. This may be accomplished by 
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enlarging said image in any of the storage tubes described 
above or in any of the receivers. 

It should also be understced that any of the pick-up 
tubes illustrated in Figs. 1 to 5 may be also used for re 
ceiving infra-red images, provided that the cathode 10 or 
its modifications in said tubes is of a material sensitive 
to infra-red radiation, such as barium titanate, titanium 
dioxide, ceramics or others. In such a case, my inven 
tion may serve also as a system for reproducing infra-red 
images of various infra-red wave lengths, or it may also 
serve as an infra-red microscope. In this event polarizing 
?????tial should be provided across infrared sensitive ayer. 

Another modification of my invention is shown in 
Fig. 3. In this embodiment of my invention, the super 
Sonic image is picked up and stored in the same tube. 
This modification has the advantage of being more 
economical in construction. The novel pick-up and stor 
age tube 100 has supersonic image sensitive cathode 10 
described above. In some cases, the cathode 10 has a 
conducting backing 10a on the side facing the supersonic 
image. The Supersonic beam carrying the image of the 
examined body impinges on the cathode and produces 
therein a pattern of electrical charges or potentials cor 
responding to the supersonic image. In this operation of 
my device, the cathode 10 must be of high resistivity, so 
that the changes produced on its surface by the supersonic 
image will not suffer from lateral leakage. A suitable 
material in such case will be quartz. This electrical pat 
tern is scanned by the broad electron beam 101 from the 
electron gun 102. The electron beam may be defocused 
at its defining aperture 103, or it may be defocused by the 
action of magnetic or electrostatic fields 104, after pas 
sage through the aperture 108 in the electrode 106. The 
broad electron beam 101 is decelerated in front of the 
cathode 10 by the action of decelerating electrode 107, 
which may be in the form of a ring electrode or of a 
mesh screen. The electron beam 101, after being modu 
lated by the charge pattern on the free surface of the 
cathode 10, returns through the aperture 108. The re 
turning beam 101a is bent by the action of the magnetic 
or electromagnetic fields 100a and is projected on the 
perforated storage target 39, which was described above. 

Further intensification of the returning electron beam 
101a may be obtained by acceleration and electron-op 
tical diminution. The electron-optical demagnification 
is accomplished by means of magnetic or electrostatic 
fields and is well known in the art. The action of the 
electron gun 102 must be synchronized with the action 
of the supersonic sender so that the electron beam 101 
will arrive to the cathode 10 at the time when the super 
sonic induced charge image is present thereon. The 
action of electron gun 102 should preferably be inter 
mittent, so that the returning electron beam 101a can 
be accelerated and projected on the storage target 39 with 
out interference from the incoming electron beam 101. 
The returning broad electron beam 101a strikes the 
storing layer 39b of the target 39 and produces secondary 
electron emission therefrom. As a result, a positive or 
negative charge remains stored on the dielectric layer 39b. 
In the next phase of the operation, which is the reading 
phase, the electron gun 104 is activated, whereas the elec 
tron gun 102 is inactive now. The electron gun 104 pro 
duces a broad electron beam 105. The beam 105 is 
slowed down in front of the storage target 39 by the 
action of decelerating electrode 111, which may be in 
the form of a ring electrode or of a mesh screen. The 
passage of the broad electron beam 105 through the 
perforated target 39 is modulated by the pattern of de 
posited charges on said storage target. The greater the 
positive charge, the more electrons will pass through the 
openings 39c in the target. The less positive the stored 
charge, the fewer electrons will be transmitted through 
these openings. In this way, the electron beam 105 ir 
radiating the storage target will be modulated by the stored 
image. The transmitted electron beam 105a, therefore, 

20 

25 

30 

40 

45 

50 

55 

60 

55 

70 

75 

14 
will carry an image. This electron image is accelerated. 
The accelerating electrode 110 serves to accelerate trans 
mitted electrons 105a to the fluorescent screen 107. The 
accelerating electrode may be in the form of a ring elec 
trode or in the form of a conducting coating such as of 
Aquadag on the electrodes 106 and 106a. The accelerat 
ing electrodes are provided with a positive potential from 
an external source of power, as described above. In 
stead of fluorescent screen 107, an opacifying screen, such 
as used in "dark trace” tube, may be used as well. 

Next, the electron image may be demagnified if its 
additional intensification is desired. The electron di 
minution of the image, in order to gain its intensifica 
tion, is well known in the art and, therefore, does not 
have to be described in detail. The diminished electron 
image is projected on the fluorescent screen 107, where 
it can be viewed by the observer directly or by means 
of an optical magnifying eye-piece or may be photo 
graphed. The use of an optical eye-piece to magnify 
optically the electronically diminished image appearing 
on the fluorescent screen, is also well known in the art 
and, therefore, does not need further description. The 
fluorescent screen 107 is provided wih an electron-trans 
parent conducting backing, such as of aluminum 107a, 
which improves its efficiency. It is obvious that as long 
as the charge image persists on the storage target 39, the 
fluorescent image 109 can be reproduced. 

After the stored image has been read and no further 
storage is desired, it may be erased by the use of the elec 
tron beam 101 by adjusting the potential of the storage 
target to the value at which the secondary electron emis 
sion of its storing surface is below unity. In such case, 
the target will charge negatively to the potential of the 
electron gun cathode, and will neutralize the stored posi 
tive charges. The same results may also be obtained by 
changing velocity of the electron beam 101. 
A modification of the storage target is shown in Fig. 

3a. In this embodiment of my invention, the storage tar 
get 39 is made of a perforated screen 111 of dielectric 
material, such as glass, silicon, dioxide or titanium di 
oxide. The dielectric material should have, preferably, 
electrical resistance to satisfy the equation discussed 
above. The holes 111a in said screen can be produced 
by photoengraving methods. The preferred method is 
to use ionic or electronic etching. The openings must be 
uniform in size and spacing and should be, preferably, 
not larger than 100 microns in diameter. The dielec 
tric storage target may be attached to the walls of the 
tube by means of metallic rings, or it may be deposited 
on the mesh screen, as shown in Fig. 1. The support 
ing mesh screen in some cases may be made of insulating 
material instead of a conductive material. In some 
cases, a metallic fine mesh screen 112 connected to the 
source of potential can be placed in very close proximity 
to the storage target and then serves to collect secondary 
electrons emitted from the storage target under impinge 
ment of the electron beam 101a. Obviously, screen 112 
must be disconnected from source of potential in the 
reading phase of operation when electron gun 104 is 
activated. 

In another modification of my invention, the storage 
target 111 has a metallic backing layer deposited on it in 
such a manner that the openings 111a remain unob 
structed. 

Instead of reproducing the supersonic image in the 
pick-up tube 100, we may also convert the stored charge 
image in the target 39 into video signals, as was explained 
above. In this modification of my invention, the broad 
electron beam 105 is replaced by the scanning electron 
beam. The transmitted scanning beam is collected by 
the collector electrode and is converted into video signals 
over a suitable resistor in the usual manner. Also, the 
non-transmitted returning electron beam 105b may be used 
for producing video signals. The returning electron beam 
105b may be intensified by multiplier 104a, before its 
conversion into video signals. 
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The pick-up storage tube 100 may be also used for 
the point image method of operation, which was explained 
above, and which was invented to overcome the draw 
backs arising from non-uniform response of piezo-electric 
crystals. In this modification of my invention, the cath 
ode 10 must be of material having a low resisitivity, such 
as lithium sulphate or ADP. The supersonic beam in this 
embodiment of invention represents only one image point 
of the examined body and the charge or potential produced 
by it on the cathode 10 represents, therefore, only one : 
image point. The supersonic beam representing one image 
point is made broad enough to cover a substantial part 
or all of the cathode 10. Therefore, the charge or po 
tential appearing on the surface of the target 10 will rep 
resent an integral of various charges of potentials cor 
responding to various points in the irradiated area. In 
this way, the differences in piezo-electrical response will 
be well equalized. If the cathode 10 consists of a few 
Crystals put up together to make a larger surface, there 
should be no insulation between separate crystals in or 
der to provide one conducting surface. In some cases, a 
metallic backing plate should be provided on the side of 
the cathode 10 facing supersonic image. In this modi 
fication of my invention, the electron beam 101 must be 
broad enough to cover the area of the target impinged by 
the SuperSonic beam. This can be accomplished by 
electron optical means for defocusing the electron beam 
which are well known in the art. In this embodiment of 
invention, the deflecting yoke is markedly simplified as 
the broad electron beam needs only a small number of : 
Scanning motions to cover the entire cathode 10. In 
Some cases, the deflection yoke may be eliminated com 
pletely. The electron beam 101 is modulated by said 
charge or potential on the cathode 10. The returning 
modulated electron beam 101a stores this information on : 
the storage target 39. This process is repeated in suc 
cessive irradiations until all image points have been re 
produced as charge images and have been assembled on 
the storage target 39. Then begins the reading phase of 
the operation, which is the same as was described above. A 

It is obvious that the sender, acoustic lenses the ex 
amined body and the supersonic sensitive pick-up tube 
must be immersed in the liquid in order to reduce losses 
of SuperSonic energy. It is preferable to use a highly 
dielectric medium, such as oil for this purpose. The 
Compartment containing oil and supersonic image stor 
age System is not shown in order not to complicate draw 
1ngS. 

It is obvious that the above described supersonic image 
reproducing System may be used not only for the trans 
mitted SuperSonic beam, but for the reflected or scattered 
SL personic beam as well. 

Another modification of my invention is shown in Fig. 
4. In this embodiment of invention, the function of super 
Sonic Sender and pick-up tube are performed by one and 
the same tube. 
target 86, which is made of a plurality of piezo-electric 
crystals, such as quartz, barium titanate, ADP, DIKT, 
FDT, lithium Sulphate or other piezo-electric materials. 
Each crystal has deposited thereon a conducting layer 
86b, Such as of metal. The target 86 is deposited inside : 
of the tube 85 on its wall. The piezo-electric layer 86a 
may be made of one single large crystal or, preferably, 
may be made in the form of a mosaic of small crystals 
36A, 86B, 86C, 86D, 86E, etc. Each of said crystals is 
connected separately to the source of potential 87. They 
are energized sequentially by the action of commutator, 
as was explained above. The commutator is controlled 
by the timer 4. The supersonic beam 88A produced by 
crystal 86A is focused by the acoustic lens 88 on the ex 
amined body. As was explained above, supersonic waves 
are reflected at the boundary of two different materials. 
Therefore, reflected SuperSonic waves are modulated by 
the examined body and carry its invisible image. The 
reflected SuperSonic beam 89A returns to the sender crys 
tal 86A. The crystal 86A is now disconnected from the 

The novel sender-pick-up tube 85 has 
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source of potential 87 by the action of commutator. The 
returning supersonic beam 89A impinging on its sender 
crystal 86A produces therein a pattern of potentials or 
charges due to reverse piezo-electric effect. This pat 
tern of charges or potentials is of very short duration, 
such as a few micro-seconds. The electron gun 90 is 
activated now and produces the scanning electron beam 
91. The electron beam 91 is slowed down in front of 
the target 86 by decelerating electrode, which may be 
in the form of a ring electrode or of a mesh screen 5a. 
The electron beam 91 must arrive to the crystal 86A at 
the time when the pattern of charges is present thereon. 
Synchronization circuit serves to harmonize the action 
of the scanning electron beam 91 with the return of super 
Sonic beam 89A. This method of operation has the fol 
lowing advantage. The spurious reflections of supersonic 
waves may be eliminated by my device. It means if 
we know that the investigated area is a certain distance 
from the sender, we may calculate the time necessary for 
SuperSonic waves to return from this area and will ener 
gize the electron beam 91 according to this time. In 
Such a case, all supersonic waves reflected from objects 
at different planes than the investigated one will be ig 
nored by the pick-up tube 85 and will not interfere with 
the image. After the crystal 86A has been read by elec 
tron beam 9, we energize another crystal of the sender 
tube, e. g. 86F. The sender preferably should not be 
energized until all supersonic waves reflected by the most 
distant plane of the examined object passed away in order 
to avoid their interference with the new supersonic waves 
to be sent by the next energized crystal. The electron 
beam 92 approaches the target 86 with a velocity close to 
Zero volt. The scanning electron beam 91 is modulated 
by the charge image having the pattern of supersonic 
image on the surface of the target 86. As a result, the 
returning beam 91a is modulated by said charge pattern 
on the target 86. The electron beam 91a returns now to 
the electron gun 90 along its initial path, which is due 
to the action of uniform magnetic focusing field 92. The 
returning beam strikes the gun in the region around its 
defining aperture 90a and produces multiple secondary 
electrons. The aperture disc 90b of the gun serves, there 
fore, as the first stage of multiplier 93. The secondary 
electrons are directed now into multi-stage multiplier 93. 
The multiplier 93 intensifies further said electrons by 
Secondary electron emission. The output current from 
the final stage of the multiplier 93 is converted by a 
Suitable resistor into video signals. Video signals are 
fed into pre-amplifier and then into the amplifier in the 
usual manner. The amplified video signals from the 
Sender-pick-up tube 85 having the pattern of the exam 
ined object, are now transmitted to the storage tube 32. 
or 58, as was explained above. It is obvious that any 
modification of the storage tubes described above may 
be used in connection with this novel sender-receiver 85. 

it is obvious that the supersonic sender-pick-up tube 
85, the examing body and the lenses should be immersed 
in a compartment containing liquid, preferably such as 
of dielectric oil in order to avoid losses of supersonic 
energy. The tube 85 obviously must be rugged and free 
from microphonics. 
A simplified form of my invention is shown in Fig. 5. 

The SuperSonic image produced by the sender 1 is pro 
jected in this embodiment of the invention on supersonic 
waves sensitive receiver 15. The receiver 15 consists 
of a thin plate 1:6 of supersonic sensitive material, such 
as quartz, barium titanate, ADP, EDP, lithium sulphate 
Cr other piezo-electric materials. The piezo-electric 
plate 146 has a metallic backing 116a. The supersonic 
Sensitive layer may be made of one large crystal or of a 
mosaic of plurality of small crystals, which may be put 
together mechanically or which may be properly oriented 
by SuperSonic waves. It may also have a micro-crystaline 
structure. The Supersonic images produce in the layer 
li6 of said receiver 115 electrical charges or potentials 
due to reverse piezo-electric effect. The signals can be 
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taken off the metallic layer 116a and may be fed into 
pre-amplifier and then into amplifier. The amplified sig 
nals are transmitted to one of the storage tubes described 
above and illustrated in Figs. 1, 1a, 1b, 1c or 1d. This 
system should preferably operate with a broad supersonic 
beam representing one image point of the examined body, 
in order to eliminate non-uniformity of the response of 
piezo-electric crystals. The signals representing various 
image points are stored as charges and are assembled in 
the storage target 39 or other storage target of the storage 
tube, according to the pattern of supersonic image. The 
rest of the operation of this system is the same as was 
described above, in Figure 1. 

This supersonic system has the advantages of simplicity. 
It is not as sensitive as other systems described above, 
because it has a much higher noise. In particular, the 
noise in this system will be the noise of the amplifier, 
which is about 2 micro-volts. On the other hand, the 
noise of the systems illustrated in Figs. 1, 2, 3 or 4 is 
much lower, being a noise of the scanning electron beam. 

It is obvious that the sender, acoustic lenses, the ex 
amined body and the supersonic sensitive pick-up device 
must be immersed in the liquid in order to reduce losses 
of supersonic energy. It is preferable to use a highly 
dielectric medium such as oil for this purpose. The com 
partment containing oil and supersonic image storage 
system is not shown in order not to complicate drawings. 

It is obvious that the above described supersonic image 
reproducing systems may be used not only for the trans 
mitted supersonic beam, but for the reflected or scattered 
supersonic beam as well. They may be also used for 
supersonic microscopy, diffraction studies or spectros 
Copy. 
As various possible embodiments might be made of the 

above invention, and as various changes might be made in 
the embodiment above set forth, it is to be understood 
that all matter herein set forth or shown in the accompany 
ing drawings is to be interpreted as illustrative and not in 
a limiting sense. 

I claim: 
1. A device for reproducing supersonic images compris 

ing in combination an examined body a source of super 
'sonic radiation for irradiating said body and producing 
a supersonic image of said body, a vacuum tube hav 
ing piezo-electric means sensitive to supersonic radia 
tion, said piezo-electric means receiving said supersonic 
image and converting said image into an electrical pattern, 
said piezo-electric means being furthermore supported 
by the wall of said tube, means for producing a broad 
non-scanning beam of electrons, said beam being modu 
lated by said electrical pattern on said piezo-electric 
means and means spaced apart from said piezo-electric 
means for receiving said modulated broad electron beam. 

2. A device as defined in claim 1 in which said piezo 
electric means comprise a plurality of supersonic radia 
tion sensitive elements separated from each other. 

3. A device for reproducing supersonic images com 
prising in combination an examined body a source of 
supersonic radiation for irradiating said examined body 
and producing a supersonic image of said body, a vacu 
um tube having piezo-electric means sensitive to super 
Sonic radiation, said piezo-electric means receiving said 
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supersonic image and converting said image into an elec 
trical pattern, said piezo-electric means being further 
more supported by the wall of said tube, means for pro 
ducing a broad non-scanning beam of electrons, said 
beam being modulated by said electrical pattern on said 
piezo-electric means and means for receiving and convert 
ing said modulated broad electron beam into electrical 
signals and means for storing said electrical signals. 

4. A device for reproducing supersonic images com 
prising in combination an examined body a source of 
supersonic radiation for irradiating said body and pro 
ducing a supersonic image of said body, a vacuum tube 
having piezo-electric means sensitive to supersonic radia 
tion, said piezo-electric means receiving said supersonic 
image and converting said image into an electrical pat 
tern, said piezo-electric means furthermore being disposed 
with their back and front surfaces inside said tube and 
being supported by the end-wall of said tube, means for 
producing a broad non-scanning beam of electrons, said 
broad beam being modulated by said electrical pattern 
on said piezo-electric means and means for receiving 
said modulated broad electron beam. 

5. A device as defined in claim 1, in which said piezo 
electric means are in contact with the wall of said tube. 

6. A device for reproducing supersonic images com 
prising in combination an examined body a source of 
supersonic radiation for irradiating said examined body 
and producing a supersonic image of said body, a vacu 
um tube having piezo-electric means sensitive to super 
sonic radiation, said piezo-electric means receiving said 
supersonic image and converting said image into an elec 
trical pattern, said piezo-electric means being further 
more supported by the wall of said tube, means for pro 
ducing a broad non-scanning beam of electrons, said beam 
being modulated by said electrical pattern on said piezo 
electric means and means for receiving and converting 
said modulated broad electron beam into electrical sig 
nals, said means receiving and converting said electron 
beam into electrical signals comprising a target for re 
ceiving said modulated broad electron beam, means for 
producing a scanning electron beam to scan across said 
target and means for decelerating said scanning electron 
beam disposed in proximity of said target, and means 
for receiving said electrical signals. 

7. A device as defined in claim 6, in which said piezo 
electric means comprise a plurality of supersonic radia 
tion sensitive elements separated from each other. 

8. A device as defined in claim 6, which comprises 
in addition means for storing said electrical signals, said 
means being disposed outside of said vacuum tube and 
being connected to said vacuum tube. 

9. A device as defined in claim 6, which comprises 
means returning said electron beam after scanning said 
target and means for deriving said electrical signals from 
said returning scanning beam. 
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