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1

This invention relates to means for delaying
electrical signals, and more particularly to an
ultrasonic mercury delay line of the tank type.

An object of this invention is to devise an ultra-
sonic delay line which is of small size, is rather
simple in construction, and yet in which delays
of a relatively long time may be obtained.

Another object is to provide a multiple-path
mercury delay line in which all of the paths trav-
erse a single pool or body of mercury.

A further object is te devise a construction in
which a plurality of ultrasonic mercury delay
lines utilize the same pool of mercury, thereby
providing uniform velocities of travel of the com-
pressional waves in each of such lines.

A still further object is to devise means for in-
dependently adjusting the time delays of each of
a plurality of delay lines, in order to compensate
for manufacturing tolerances and circuit dis-
similarities, to thereby enable such delays to be
bhrought into equality with each other.

An additional object is to devise an ultrasonic
mercury delay line wherein spurious or unde-
sired paths of travel of the energy, which could
result from spreading of the ultrasonic beam,
are substantially eliminated.

Still another object is to provide substantially
perfect reflecting surfaces in the metallic tank
of a mercury delay line, which surfaces may be
very readily and inexpensively oroduced.

Yet ancther object is to devise a multiple-
reflection ultrasonic mercury delay line construc-
tion which utilizes the mercury very efficiently,
thereby reducing the overall dimensions and to-
tal weight of such line without at the same time
reducing the delay time of such line.

A further object is to devise an ulirasonic delay
line construction in which the side edges of the
slightly diverging ultrasonic beam are in effect
clipped off and diverted away from the main heam
50 as not to interfere therewith.

The foregoing and other objects of the inven-
tion will e best understood from the following de-
scription of some exemplifications thereof, ref-

erence being had to the accompanying drawings, .

wherein:

Fig, 1 is a horizontal cross-section through a
mercury ultrasonic tank with reflecting walls,
showing possible paths of compressiocnal waves
therein;

Fig. 2 is a horizontal section through a tank or

delay line according to this invention, showing the
path of travel of compressional waves therein;
Fig. 3 is a vertical section through the device

of Fig. 2, taken along the line 3—3 thereof but on .

a larger scale;
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TMig. 4 is a horizontal section through a modi-
fied construction according to this invention;

Fig. 5 is a schematic diagram corresponding
to Fig. 4 showing the compressional wave path
therein;

ig. 6 is a partial vertical sectional view similar
to Fig. 3 of a modified construction;

Fig. 7 is a section taken along line T—17 of Fig. 6;

Fig. 8 is an elevation of another type of delay
line according to this invention;

Fig. 9 is an end view of the device of Fig. 8;

Fig. 10 is an opposite end view of the device of
g, 8;

Fig. 11 is a section taken along line i1—I1 of
Fig. 9;

PFig. 12 is a section taken along line 12—i2
of Fig, 10;

Fig. 13 is a block diagram of a portion of a
radar system utilizing a delay line according to
this invention; and

Fig. 14 is a block diagram of a portion of a
computer system utilizing the delay line of Figs.
8-12.

In general, this invention relates to a mercury
delay line, which functions to delay broad band
intelligence or electrical gignals from a few miero-
seconds up to several milliseconds. Such a mer-
eury delay line consists of a body of mercury hav-
ing a pair of spaced electromechanical transduc-
ers acoustically coupled thereto, one being a
transmitting transducer and the other a receiving
transducer. Since the mercury line exhibits not
a long pass but a hand pass characteristic, it is
necessary first to modulate the incoming elec~
trical intelligence on a carrier wave. This modu-
lated electrical energy causes the quartz trans-
mitting transducer to vibrate in a piston-like
manner, sending an ultrasonic compressional
wave (one having a freguency on the order of
5..30 megacycles, for example) down the mer-
cury column. Upon striking the guartz receiv-
ing transducer, the acoustic or compressional
wave energy is converted back into an electrical
carrier wave signal like the original, which elec~
irical signal is amplified and demodulated to give
back the original intelligence delayed in time.
In some cases, it is entirely feasible to operate
the mercury delay line without utilizing a car-
rier wave, the line operating also in this case to
delay the electrical signals impressed thereon.

Tn general, delays of anywhere from 25 to 10,000
microsecends might be wanted. The velocity of
compressional waves in mereury is approximately
145,000 centimeters per second, so that five feet
of mereury corresponds approximately to a delay
of 1,600 microseconds or one millisecond. There-
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fore, the range of time delays stated corresponds
to a range of lengths of travel in the mercury of
the compressional wave of from approximately
0.125 fcot to approximately 50 feet.

Mow referring to Fig. 1, in order to provide for
longer time delays with delay tanks of reasonable
dimensions, or in order to decrease the overall
length of the delay devices, a box or tank { con-
taining mercury is used, this box keing more or
less rectangular in outline and having opposite
reflecting upstanding side walls 2 and 3. A quartz
transmitting or input transducer is shown sche-
matically at £ and is mounted near one end of
side wall 2, with the vibrating or inner portion
thereof lying in a plane which makes a small
angle with the inner face of wall 2. Such an
angle may be conveniently provided by beveling
a portion cf the outer face of wall 2. Fig. 1is a
horizontal section through a mercury tank which
might be used. A quartz receiving or output
transducer is shown schematically at 5 and is
mounted near the opposite end of side wall 3, with
its vibrating portion lying in a plane which is
substantially parallel to that of the aforesaid por-
tion of transducer 4. The active or inner faces of
transducers 4 and 5 are both acoustically coupled
to the mercury in tank f.

Fig. 1 indicates several possible patterns of
travel of the corapressicnal wave energy between
input transducer 4 and output transducer 8. The
desired path of travel is indicated by solid lines
A and employs three traverses of the tank {. The
beam starts out substantially perpendicular to
the transmitting face of transducer 4 and is re-
flected back and forth between the side walls 2
and 3, with the respective angles of incidence be-
ing equal tc the corresponding angles of reflec~
tion, the beam of compressional wave energy
after three traverses of the tank impinging on
the receiving tranducer 8. A possible spuricus
or undesired path between transducers 4 and § is
that indicated by the dotted line B, which is the
direct path between said transducers and em-
ploys only one traverse of the tank. This path
B is possible because of undesired and unavoid-
able spreading of the beam of compressional wave
energy. Still another possible spurious or un-
desired path of travel of the compressional wave
energy is indicated by the dot-dash lines C, which
path, similarly to path A, is refiected back and
forth between the side walls 2 and 3 with the re-
spective angles of incidence being equal to the cor-
responding angles of reflection, this path employ-
ing five traverses of the tank. Path C is a re-
sult of spreading or divergence of the beam.
There are other spurious paths as well, employ-
ing seven, nine, eleven and so on traverses. The
paths A, B and C illustrated are all substantially
horizontal.

It may be seen that there is only a rather small
angle between the original directions of paths A
and C, the original directions here referring to
their directions as they emanate from input
transducer 4. In the example illustrated in PFig.
1, the tank has been designed for a time delay, or
time of travel of the combpressicnal wave therein,
corresponding to three traverses of the tank. If
should be apparent that spurious patterns such
as C, which inveolves five traverses of the tank,
give an improper time delay and are therefore
undesired; such spurious patterns are guite seri-
ous since they diverge from the desired path di-
rection by only very small angles. Moreover, as
one goes to designs involving a greater number
of traverses of the tank, these spurious paths be-
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come more serious since they diverge or differ
from the original desired path direction by still
smaller angles.

It has been found, according to this invention,
that over relatively great distances betwen two
compressional wave transducers, most of the
transmitted energy is contained within a circle
equal in diameter to the transmitiing transducer.
However, at distances on the order of 100 inches
and with customarily usad circular transducers
at ultrasonic frequencies, even though the diam-
eter of the transducer is quite large as compared
tc the wavelength of the energy, the radiation
pattern of a plane wave front of uniform energy
emanating from such transmitting transducers
has very noticeabls minor lobes af the sides of
the main beam, these lobss having high enough
relative amplitudes tc be noticed. If this pat-
tern were allowed to develop in a design employ-
ing say eleven traverses of the tank, a number of
spurious paths would be produced due to the di-
vergence or spreading of the beam (or to the
presence of minor lobes), such spuricus paths in-~
volving nine and thirfeen traverses, seven and

5 fifteen, five and seventeen, etc., due to the sym-

metry of the minor lobes about the main beam.
Thus, it may be seen that, in the design of Fig. 1,
one problem which exists is the beam spreading
or divergence and the consequent development
of spurious or undesired paths. As will here-
inafter agpseayr, this problem has been satisfac-
torily solved according tc the present invention.

Another problem which hag beeh soived ac-
cording to this invention is the development of
satisfactory reflecting surfaces for the tank. The
proportion of compressional wave energy re-
flected at the interface beiween two different
acoustic media depends on the relative scoustic
irmpedances of the two media, being small when
the difference between the two impedances is
rather small and large when the difference be-
tween the twc acoustic impedances is rather
large.

It has been found that quartz crystals funec-
tion very effectively as transducers for devices of
the type under discussion. For the lengitudinal
mode, quartz has an acoustic impedance of
15.2X10% in C. G. S. units. For the same mode,
mercury has an acoustic impedance of approxi-
mately 19.6)10%, which is rather close fo that of
quartz, so that mercury can be acoustically cou-
pled to quartz in a quite effective manner with a
minimum of reflection at the quartz-mercury in-
terface; since mercury is a liquid, it may be very
advantageously used as the transmitting medium
in an untrasonic delay line. As the term “acous-
tic impedance” is commonly used in the art, this
quantity is the product of the compressional wave
velocity in a substance and the density of that
substanca.

Since substantially perfect refiection of com-
oressional wave energy iz desired at the walls 2
and 3 of the tank, in order to minimize the over-
all attenuation of the tank from input transducer
§ to output transducer B, it is very important that
a substantial impedance mismatch occur at the
tank side wall-mercury interface. In other
words, it is necessary that the side walls 2 and 3
be highly reflecting, to allow g plurality of trav-
erses of the tank o be made without apprecia-
ble attenuation of the comupressional wave energy.
Another characteristic which the side walls of
the tank, as well as the rest of the tank, must
have is that they rmust be able to contain the
mercury and must not chemically react or com-
bine therewith. Sieel and stainless steel have
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been found to be suitable materials for the wallg
of a tank containing mercury, from the points of
view of necessary strength and chemical inert-
ness with respect to mercury. Steel has an
acoustic impedance of approximately 39105,
while stainiess steel has an acoustic impedance
of approximately 43.6)X105. Considering the rel-
ative acoustic impedances of mercury and steel,
however, it appears from calculations that about
1% of the compressional wave energy striking a
mercury-steel interface would pass inte the steel
and only % of the incident energy would be re-
flected. Experiments utilizing steel with its sur-
face ground very smooth or very fine bear ouf
these calculations; steel with a very fine ground
surface forms a reasonably good acoustic imped-
ance match to mercury, the refiected energy be-
ing down 10 db on the incident energy. There-
fore, if the walls 2 and 3 of the tank | in Fig. 1
are to be utilized as reflesting surfaces as in said
figure, steel with a fine ground surface cannot
be used for such walls, since such material forms
a reasonably good acoustic impedance match to
mercury and not a substantial impedance mis-~
match as Is necessary for good reflection of com-
pressional wave energy.

It has been found, according to this inveniion,
that, if the steel face is lightly sandblasted or
etched, 100 per cent. reflection of comprassional
wave energy results at the mercury-stesl inter-
face. Thus, as one passes from a fine ground
surface to a rough surface, the transmission of
energy changes from the & transmission pre-
dicted in theory, and found in practice, to 1o
transmission or total reflection.

Although we do not wish to be limited to any
particular theory as to why an etched or sand-
blasted steel surface provides 100 per cent,
tion, ag contrasted to only approzimately 19 per
cent. reflection with a finely ground steel surface,
the following is our present understanding of
the theory behind this phenomenon. Mercury
does not wet steel. Hence, at a sandblasted or
etched steel surface, the mereury touches tha

surface, leaving a cushion of air hetween the
mercury and the steel at all the low points of
such surface. Air has an acoustic impsedance of
41.3, which is vastly different frowm that of mer-
cury, so that, at the mercury-air interface pro-
vided by the roughened surface, there is a sub-
stantial acoustic impedance mismatch, which
provides the tcially reflecting characteristic de-
sired. It should be clearly understood that this
invention operates as described above without
gard to the truth of falsity of any theory axpiain.
ing or tending to explain the overation of the
same.

From the above, it may be seen that it is pos-
ible to have a mercury-steel interface which can
be made totally reflecting (when rough) or ah-
sorbing to the extent of 1§ db (when smooth).
Moreover, this change in refisction characteristics
can be accomplished in a rather sizaple and in-
expensive manner. Thus, the problem of pro-
viding satisfactory reflecting surfaces for the
tank has been solved according to this invention.

Figs. 2 and 3 show a censtruction of mercury
ultrasonic delay line according $o the principles
just discussed. The tank 6 is substantially ree-
tangular in outline or configuraiion, is filled with
mercury, as indicated, and has the input and cui-
put. quartz electromechanical transducers & and
5, respectively, located in the pair of upstanding
side walls 7 and 8 in the same way as such
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transducers are located in Fig, 1. The active or
inner faces of transducers 4 and 5 are both acous-
tically coupled to the mercury in tank 8.,  Each of
the walls T and 8, in addition to being provided
with apertures for the corresponding transducers
§ and §, is provided with five equaliy-spaced cir-
cular sandblasted areas 8, the centers ¢f which
onh both walls.all lie in a commen horizontal plane,
so that the circles on each wall are in horizontal
alignment with the other circles on that same
wall. The diameter of each of the sandblasted
circles § is substantially equal to the diameter
of transmitting tranducer 4 and the receiving
transducer 8. The interior surfaces of walls T
and 8 are fine ground throughout their areas, ex-
cept for the sandblasted circular refiectors or
areas 8, so that smooth ground steel surfaces
are provided in between such reflectors.

The circular reflectors 2 on wall 8 are staggered
or displaced with respect to those on wall 7, in
a direction from top te bottom of Fig. 2, which
figure is a horizontal section through the tank,
hy an amount which depends on the angls be-
tween the active or inner face of fransducer &
and the inner face of wall 7, and also on the dis-
tance between walls 7 and 8. This amount of
displacement is made such that the center line D
of the cylindrical heam of compressional wave
energy emanating from transducer 4 will strike
the center of the uppermost (in Fig. 2) refecior
§ of wall &, and so that the center line of such
beam reflected from said uppsrmost reflector on
wall 8 will strike the uppermost refiector & of
wall 7.

The tank § has five sandblasted reflectors on
each of the walls T and § and, as indicated by
the lines D in Fig. 2, which indicate the center
line of the cylindrical beam of compressional wave
energy in the travel of such energy through the
tank, is designed for eleven traverses through
said tank. The circular reflectors are provided
on the walls in areas where reflection is wanted.
The energy from transducer 4 falls almost totally
on the upper most reflector § of wall 8, singe the
distance across the tank is rather shors and since
the diameter of the reflector is equal to the diam-
eter of the transducer 4. Soms very small
amounts of energy, which has spread heyvond the
original diameter of the heam, fall cutside of said
upperniost reflector 8, impinze on the smooth
steel surrounding this reflector, and are substan-
tially all absorbed, since such smooth steel is
highly absorbing.

The energy reflected from this uppermost re-
fiector 9 is projected toward the second reflector,
which is the uppermost refiector § on wall 1,
since the angle of incidence on the first refiector
is equal to the angle of reflection therefrom, The
energy from the first reflector falls primarily on
the second reflector, which is also of the same
diameter as transducer &, with the spread falling
cutside of the second reflector and asgain being
substantially all absorbed by the smooth steel
surrounding this reflector.

The same thing happens to the energy reflecied
from the second reflector toward and to the third
reflector, which is the second refiecior from the
top on wall 2, and also for each and every re-
flection throughout the eleven traverses of the
tank by the compressional wave heam, since all
of the reflectors 9 have diameiers equal to the
diameter of the transmitting and receiving trans-
ducers and since all of the reflectors are sur-
rounded by substantially non-refiecting or ab-
sorbing smooth steel surfaces.
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Thus, it should be apparent that, throughout
its path of travel in the tank, the compressional
wave beam is continuously and successively
clipped or limited in diameter to one equal to
that of the transmitting transducer. Since most
of the transmitted energy is contained within a
circle equal in diameter to the transmitting trans-
ducer, at least out to relatively great intertrans-
ducer spacings, no appreciable amount of energy
is lost by this beam clipping technigue. On the
other hand, by this continuous and successive
beam clipping technigque, the divergeni or side
energy of the beam, corresponding fo the minor
lobes thereof, is progressively eliminated at each
reflector, thus preventing such energy from add-
ing up cumulatively. The energy therefore ar-
rives at the output or receiving transducer 3,
never having had a chance to spread out and de-
velop a radiation pattern in which there are any
appreciable minor lobes, By this technique, the
energy path is uniguely defined, spurious paths
which could be produced by divergence or spread-
ing of the beam heing effectively prevented or
eliminated, so that the proper and desired time
delay is positively obtained. Thus, it il be seen
that we have effectively soived the problem of
spurious or undesired paths of compressional
wave energy by eliminating the same.

It should be seen that the tank of Figs. 2 and 3
is of rather simple design and may be readily
constructed. FEach of the steel side walls T and
8, which may be of stainless steel if desired, is
first fine ground, after which a mask with holes
therein where reflectors 9 are wanted is placed
over the wall and sandblasting is applied. If the
tank 6 is entirely filled with mercury and sealed,
an air-filled expansion tank (not shown) of con-
ventional design is provided, this tank having a
flexible diaphragm contacting the mercury; such
a tank sllows for expansion and contraction of
the mercury resulting from changes in temper-
ature.

In the tank design shown in Figs. 2 and 3, much
of the mercury is used doubly by the cylindrical
beam, as should be seen from a consideration of
the location of the center line D of the beam and
of the diameter of reflectors 9, which have a
diameter egual to that of the cylindrical beam.
Thus, the mercury pool or body is used rather
efficiently, minimizing the amount of mercury
required for the tank,

Figs. 4 and 5 show a modified design according
to this invention, in which the mercury is used
still more efficiently. Fig. 4 is a horizontal sec-
tion through the tank, with the input and output
electromechanical transducers omitted, while
Pig. 5 is a diagrammatic illustration of the path
of the compressional wave energy in the tank of
Pig. 4. The tank {8 is substantially square in
outline and has four steel side walls 1{, 12, {3
and i8. Each of these walls has a planar inner
face, with the exception that, at one end, wall
i1 has a small portion {{¢ which angles inwardly
at an angle of approximately 45° with respect to
the plane of the remainder of wall i{f. There-
fore, walls {i{ and {2 infersect at an angle of
approzimately 45°, instead of 90°, as do the other
pairs of intersecting walls. Wall {1 hag an aper-
ture {5 therein adjacent one end thereof, in
which an input transducer (not shown) may be
mounted. As in the modification of Figs. 2 and 3,
the transducer is adapted to be mounted with its
active face lying at a small acute angle to the
inner face of wall {{, this angle being conven-
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8
iently provided by bevelling a portion of the outer
face of said wall.

Wall 12 has a similar aperture {6 therein in
which may be mounted an output transducer
(not shown). Aperfure {8 has a diameter equal
to the diameter of aperture {5, and the output
transducer is adapted to be mounted therein with
its responsive face at a similar small angle to the
inner face of wall 12.

The inner face of walls 3 and {& are each pro-
vided with four spaced aligned sandblasted cir-
cular reflectors {7, each of these reflectors hav-
ing a diameter equal to the diameter of trans-
ducer apertures 15 and 18§, all of the inner sur-
faces of these walls except for the reflectors be-
ing smooth ground or fine ground., The inner
faces of walls {1 and {2 are each provided with
three spaced aligned sandblasted circular refiec-
tors 8, each of which has a diameter equal to
the diameter of transducer apertures {§ and (86,
all of the inner surfaces of these walls except
for the refectors being smooth ground or fine
ground., Also, the angular portion iifa of wall
4 has o sandblasted inner surface {9, the widih
¢ of this surface being equal to the diameter of
apertures 5 and i§, although the height of this
surface does not necessarily need to be limited
to the dimension ¢, but may if desired cover the
fuil height of tank (8; this reflector {8 may
therefore be rectangular rather than circular.

Tank {8 ig filled with mercury. The reflectors
{7, 18 and i$ are located with respect te each
other to produce a compressional wave beam
path as indicated by the lines and arrows in
Fig. 5. This may be done by taking into account
angle betwen the input transducer and wall

geen in Fig. 5, this design employs sixteen trav-
erses of the tank, with the beam first bouncing
hack and forth between wallz 11 and {8 in a sub-
stantially vertical direction in Fig. 5, and then
bouncing back and forth between walls {2 and
14 in g substantially horizontal direction in said
figure, the change in direction heing effected by
the angular wall portion fig. Thus, in this modi-
fication there is travel of the energy in two sepa-
rate directions through the mercury, utilizing the
mercury still more efficiently than the modifica-
tion of Figs. 2 and 3 and resulting in substantially
a twofold improvemesnt over the previous em-
bodiment. For the same time delay, the quantity
of mercury necessary is substantially less in the
embodiment of Pigs. 4 and 5 than in the em-
bediment of Figs. 2 and 3.

In the embodiment of Figs, 4-5, as in the pre~
vious embodiment described, the energy path is
uniguely defined (thus substantially preventing
spurious paths) by the beam clipping action, be-
cause the diameters of the refiectors {7 and {8
are the same as the diameter of the transmitting
transducer and because the refiectors i7 and {8
are all surrounded by highly absorbing and sub-
stantially non-rveflecting smooth ground steel
areas.

The beam clipping or beam control technique
of this invention is equally applicable to solid de-
lay lines. Thus, if g block of fused quartz having
the configuration shown in Fig. 5 is used, it is
possible to solder a metal having an acoustic im-
pedance rather close to that of guartz, such as
lead, for example, onto the sides of the quartz
in areas where absorption is wanted (that is,
where the beam spreads beyond its original diam-
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eter), leaving the guariz-air interface (at which
there is a large mismatch in acoustic imped-
ances) in areas where reflection is desired.

It has bheen stated above that there is some
refiection of energy by the smooth steel areas,
though +his is very small indesd as compared
to the amount of energy reflected by the sand-
blasted areas. It has been found that energy
falling outside of the reflectors on the fine ground
steel suffers a 1¢ db loss on reflection from such
areas. ¥igs. 6 and 7 illustrate a modification
whereby such loss may in effect bre increased.

Tank i’ is similar to tank { and has a pair of
similar opposite side walls, only one of which is
shown at 8. A vlurality of spaced sandblasted
circular refiectors 9’ is provided on the inner
surface of side wall §’, these reflectors being simi-
lar to those of Figs. 2 and 3. An annular recess
or trough 28, which may be termed a “most,”
is cut around each sandrilasted reflector 8 into
the body of wall 8’ from the inner face thereof,
the beftom of each trough being smooth. As
shown more particularly in Fig. 7, the bottom of
each trough is ineclined with respect to ifs cor-
responding reflector 8’ or with respect to the
inner surface of wall &, since in this, as in all
previous modifications, the sandblasted reflectors
are ceplanar with the inner faces of their cor-
responding walls. Fach trough 28 is inclined in
such a direction that a line perpendicular to
the plane of the bottom of the trough points
toward the bettom end of wall 8’ or toward the
bottom of tank I’.

The unwanted spread or divergent energy im-
pinges on these troughs which surround each
reflector. Due to the fact that troughs 28 are
inclined as ahove described, the small portion
of this spread energy which is reflected there-
from (which portien is approximately % of the
total energy impinging therson, since the troughs
have smooth steel bottoms) is reflected from
the hotitom of the trough toward the bottom of
the tank {’. This energy which is diverted to-
ward the bottom of the tank is effectively elim-
inated as far as the signal-responsive path be-
tween the input and output transducers is con-
cerned, since such energy is diverted entirely
beyond the eifective range of the output trans-
ducer. When a construection in accordance with
that just cdescribed, with inclined troughs 28, was
tested, it was found that the spurious path ener-
gies were more than 50 ¢b down. The unwanted
spread energy which is diverted toward the bot-
tom of the tank is dispersed thereat by multiple

travels through and attenuation by the mercury ¢

and the walls and, at any rate, is effectively pre-
vented from inferfering with the desived energy
flowing between the two transducers in the tank.

It has heen stated previously thai this inven-
tion is apnlicable equally well to liguid and solid
delay iines. It is desired to he made clear, at
this juncture, that the “moat” construction of
Figs. 6-7 may be utilized in such solid lines, as
well as in liguid lines.

Figs. 8-12 illustrate a modified construction
according to this invention, in which a plurality,
here shown as three, of separate or independent
delay lines are operative in a singe common
pool of mercury, and in which, also, the effective
lengths of each of the delay lines are independ-
ently adjustable within a certain range, from
outside the tank.

A nollow prismoidal stainless steel tank 21,
of rectangular ocuter configuration, is formed hy

10

15

20

25

30

35

40

50

o
0N

60

w0

fastening together four planar sides to form the -©
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body thereof, as by means of bolts £2 and dowel
pins 23. The sides are finished to a folerance
sufiicient to provide leak-proof jeints therebe-
tween, and sufficient to make the two ends of
the resulting open-ended elongated hollow rec-.
tangular prismoid substantially parallel. The
opposite ends of the aforesaid hollow prismoid
are closed by means of opposite stainless steel
end plates 24 and 25, which are fastened to the
open ends of the body in a leak-proof manner.
Plates 24 and 23 will be described more fully
hereinafter. When the end plates have been se-
cured to the hody of the tank, a leak-proof tank
is provided, and for use this tank is filled with
mercury.

End plate or end wall 24 may be termed the
input end of the device, since it has mounted
thereon a plurality of input electromechanical
transducers 26, 27 and 28, while end plate or
end wall 25 may be termed the cutput end of
the device, since it has mounted thereon a plural-
ity of outrut electromechanical transducers 28,
38 and 3{. It is to be understood, however, that
all of the transducers are exactly alike and
may be used interchangeably as receiving or
transmitting tranducers, or as input and output
transducers.

Fig. 10 is a face or front view of one end
of the tank. End wall 24 may be fastened to
the body of the tank in a leak-procf manner by
meaans of bolts 232 which pass through spacad
apertures provided in said end wall and thread
into corresponding sligned tapped holes pro-
vided in the corresponding end of the tank body,
and also by means of dowel pins 38 secured ifo
the tank body and passing through suitable aper-
tures 33 provided in end wall 24,

Fig. 9 is a face or front view of the opposite
end of the tank. Similarly, end wall 25 is fas-
tened to the body of the tank in a leak-proof
manner by means of bolts 32 which pass through
spaced apertures provided in said end wall and
thread into corresponding aligned tapped holes
provided in the corresponding end of the tank
body, and also by means of dowel pins §4 secured
to the tank hody and passing through suiiable
apertures 82 provided in end wall 25.

A counterbored tapped filler and drain hole
35 is provided in each of the end walls 24 and
28, the one in wall 24 being omitted in order
to simplify the drawing. These holes are pro-
vided in order to fill and drain the mercury tank.
When the tank 21 is filled with mercury, these
holes are closed by bolts which thread into said
tapped holes,.

The cuter faces of the rectangular end walls
24 and 25 are not parallel to their inner faces, bu
as shown in Fig. 8 are both somewhat roof-
shaped with respect to the horizontal center lines
which are parallel to their longer sides. In other
words, the outer faces of these walls are heveled
inwardly a few degrees from each side of their
horizontal center lines, thus making their maxi-
mum thickness at their center lines and their
minimum thickness at their upper and lower
ends, their thickness at their upper ends being
equal to their thickness at their lower ends. The
reasen for this heveling will appear hereinafter.

Transducer assemblies 28 and 27 are mounted
on end wall 24 above the horizontal center line
cf said wall and are equally spaced from the ver-
tical center line of said wall on opposite sides of
said vertical center line. Transducer assembly
28 is mounted on end wall 24 below the horizontal
center line of said wall with its center on the
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vertical center line of said end wall. Transducer
assemblies 2§, 36 and 3! are mounted on end wall
25 oppositely with respect to those on end wall
24, transducer assemblies 3¢ and 3{ being mount-
ed below the horizontal center line of wall 23
equally spaced from the vertical center line of
said wall on opposite sides of said vertical cen-
ter line, and transducer assembly 28 being
mounted above the horizontal center line of wall
95 with its center on the vertical center line of
said wall.

Transducer assemblies 26—34 are all exactly
the same and are mounted on the corresponding
end walls 24 and 25 in exactly the same man-
ner: therefors only one of such assemblies will
be described in detail.

Transducer assembly 271 includes a substan-
tially cup-shaped housing 85 which is secured to
the outer surface of end wall 24 by means of three
circularly-arranged equally-spaced mounting
bolts 37 which pass through suitable holes pro-
vided in housing 28 and thread into correspond-
ing tapped holes 38 which are provided in plate
24 and which extend into the material of said
plate a suitable distance from the outer face
thereof. Housing 38 has a central circular open-
ing 28 therein and also a larger central coaxial
circular opening 4% therein at the inner or right-
hand end thereof which provides a substantially
vertical annular shoulder at the outer end of
aperture £8.

An annular metallic spacer 81 is seated inside
aperture 48 and is free to move therein with re-
spect to housing 38, the outward or leftward
movement of this spacer being limited by the
contact of the outer face of said spacer with the
aforesaid annular shoulder and the inward or
rightward movement of this spacer being limited
by the contact of the inner face of said spacer
with the outer face of the metallic end wall or
plate 24. In order to permit free movement of
spacer 4{ with respect to bolts 31, three equally-
spaced arcuate grooves 42 are cut from the outer
edge of spacer 44 toward the ceniral opening
thereof, these grooves being of sufficient size to
allow free movement of spacer 4{ past the cor-
responding bolts 31. Spacer £i is adjustable from
outside the tank to move the same inwardly or
outwardiy with respect to housing 3% and to tilt
the vertical faces of said spacer with respect to
the aforementioned vertical annular shoulder, to
thereby correspondingly move and tilt the part of
the transducer assembly, to be hereinafter de-
scribed, that bears against spacer 4(. This ad-
justment is made possible by means of three
circularly-arranged egualiy-spaced adjusting
bolts 42 which thread into corresponding tapped
apertures in housing 3% andg the inner ends of
which bear against the spacer &41. Each of the
bolts 43 iz preferably spaced half-way between
the two adjacent mounting bolts 87. The tapped
apertures for bolts 43 in housing 38 open at the
outer face of said housing, so that bolts 43 are
manipulable from the outside of wall 24; the
desired movements and tilting of spacer 41 may
be had by turning each of the three bolts 43 as
may be desired. A lock nut 44 is provided on each
of the adjusting bolts £3.

A sleeve 45 of insulating roaterial is fixedly se-
cured in a circular bore 48 in wall 24 which ex-
tends inwardly from the outer surface of said
wall. A somewhat smaller circular bore 47 is
coaxial with bore 48 and extends entirely through
wall 24, providing a substantially vertical annu-
lar shoulder 48 at the inner end of bore 48. The
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inner end of sleeve 45 abuts said shoulder, dnd
said sleeve has a length such that its outer end
is Iocated slightly inwardly from the outer face
of wall 24. .

An annular disk 48 of insulating material has
an outer diameter such that it is freely movable
within slesve 45, and disk 45’ is mounted for
sliding movement within said sleeve. A crystal
unit £9, consisting of a thin quartz crystal disk
58 which abuts the inner face of a metallic base
member 5i, is secured to the inner face of disk
45 by any suitable means, such as a stud 53
which threads into member 5{ and a portion of
which engages disk 45’; crystal unit 48 is also
mounted for sliding movement in sleeve £5. Base
member 34 consists of a disk-like body having a
central outwardly-extending boss thereon. The
Gisk portion of member 51 bears against the
inner face of disk 45’ as aforesaid, and the boss
portion of said member extends through the cen-
tral cireular hole of disk 45’. The outer face of
disk 45’ engages the inner face of spacer 41 and
moves with said spacer, thereby to cause mem-
bers £5’, 58 and 51 to slide in sieeve 46. In order
to provide electrical connection to the outer elec-
trode of crystal 58, a conducting clip §2 is main-
tained in electrical contact with meta] member §i
by means of a stud 53 which passes through a
hole nrovided in said clip and is threaded into a
tapped opening provided in the boss part of mem-
ber Bi. The inner end of a flexible lead wire 54
is electrically connected as by soldering to clip
52, this lead wire being coaxial with and soldered
in a metal tube 35 which passes out of housing
38 through a suitable central aperture 56 pro-
vided in the outer or base portion of said housing,
aperture 58 having & larger diameter than tube
5% Tn order to hold tube §% in position with re-
gpect to housing 35 and to electrically insulate the
same therefrom, a sleeve 57 of insulating mate-
rial surrounds and is sealed to tube 55 and in
aperbure 58 of housing 38. Tube 55 extends out-
side of housing 38 and serves as one electrical
connection to crystal 39. The thin quartz disk
59 hags its inner face directly ezposed to and in
acoustic and electrical contact with the mercury
in tank 21 by means of bore 47 which extends
entirely through wall 24, since the crystal unit
49 is positioned in sleeve 43 in bore 48, which bore
is coaxial with bore 47. A second electrical con-
nection to erystal 50 may therefore be made
through metallic tank 21 and the mercury there-
in which is in contact with the tank and with
the crystal.

A narrow resilient washer 58 is also positioned
within sleeve 45 and is free to move with respect
thereto. The outer face of this washer engages
the inner face of crystal 58 and the inner face
of said washer bears against the shoulder 48.
This washer, when the transducer is assembled in
end wall 24 as shown, is normally under com-
pression, so that it tends to expand to its original
shape and it exerts a force which tends to urge
the crystal unit 48 outwardly or to the left in
Tig, 12.

As shown, normally the inner face of spacer
4{ is spaced somewhat from the cuter face of
wall or plate 24, When adjusting bolts 43 are
tightened, the inner ends of such bolts, bearing
as they do on spacer 41, force spacer &1, disk 45’,
and crystal unit 43 inwardly or to the right in
Fig. 12 against the yielding force of resilient
washer 38, disk 45’ and unit 48 sliding in sleeve
45, As bolis 423 are tightened more and more,
eventually the inner face of metallic spacer &{
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comes into contact with the outer face of metal-
lic wall 28, thus positively stopping any further
inward movement of spacer 41 by the metal-to-
metal contact of members 41 and 24. In this
maunner, possible damage to the crystal 80 is pre-
vented, which damage could be produced if suffi-
cient inward pressure were applied to said crystal
to cause it to come into contact with shoulder 48
or to eause it to be forced with too large a pres-
sure against washer 38.

Since washer 58 at all times tends to urge the
crystal unit 4% outwardly or to the left, when
adjusting bolts 42 are loosened washer 958 is
permitted to expand, pushing crystal unit £3,
disk 45’, and spacer &1 outwardly or to the left
in Fig. 12. 'Thus, by manipulation of bolts 43,
crystal unit #98 may be moved outwardly or in-
wardly; by means of the three-point pressure
on spacer &1, the crystal unit 48 may also be
tilted with respect to housing 38 or end wall 24.

Because of the beveled outer surface of end
plate 28, the inner face of housing 36, which
bears thereagainst, is tilted at a small angle to
the inner face of end wall 24. This means that
the inner surface of spacer &i, the inner surface
of disk 45’, and the guartz disk 58 are similarly
tilted at & small angle to the inner surface of
wall 24. As a result, the line E, which is normal
to the active face of crystal 58 and which in-
dicates the direction of travel of the compres-
sicnal wave heam emanating from transducer
91, is directed downwardly at a small angle with
respect to the horizontal or with respect to the
upper and lower sides of tank 24.

Transducer assemblies 25 and 28-3i are all
exactly similer to transducer aszerably 27 de-
seribed above. The transducers 28 and 29 are
both directed downwardly at a small angle with
respect to the horizontal, while the transducers
28, 28 and 31 are all directed upwardly at o small
angle with respect to the horizontal, due to the
mounting of these transducers on the end walls
as previously described and to the beveled outer
surfaces of the end walls. For example, the re-
ceiving transducer 39 responds to energy received
from the direction indicated by F in Fig. 11.

Three sandblasted circular areas oOr reflectors
55, 60 and 81, similar to the reflectors 9 of Fig. 2,
are provided on the inner surface of end plate
94. Each of these reflectors may if desired have
the same diameter as the bores 41, in accordance
with the prineiples underlying, and for carrying
out, the beam clipping technique described in
conneciion with Fig. 2. However, we have found
that, in the three-traverse design of Figs. 8-12,
in which, moreover, the total length of the com-
pressional wave path is somewhat limited, it is
not absolutely necessary to limit the diameter
of the reflectors to the original diameter of the
beam, since for lengths of beam travel on this
order the heam does not diverge sufficiently to
establish spurious paths which appreciably in-
terfere with the desired operation of the device.
Tor this reason, the diameter of each of the re-
fector areas 59, 66 and 6f is illustrated as being
somewhat greater than the diameter of bores 47,

The center of reflector 59 is located somewhat
below the horizontal center line of end plate
24 and in the same vertical plane as the center of
transducer 28, the center of reflector §9 is lo-
cated somewhat above the horizontal center line
of end plate 24 and in the same vertical plans
as the center of transducer 28, and the center of
veflector 61 is located somewhat below the hori-
zontal center line of end plate 24 and in the same
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vertical plane as the center of transducer 21.
How the spacings of reflectors 59, §0 and 61 with
respect to the horizontal center line of end plate
24 are determined will be explained subsequently.
Hxcept for the bores 47 and 335 and for the sand-
blasted areas 5961, the entire inner face of end
plate 24 is uninterrupted and is fine ground or
ground very smooth, to provide a highly polished
steel surface.

Three adjustable reflectors 62, 62 and §4, which
are cylindrical stainless steel plugs having their
inner ends sandblasted to provide reflecting sur-
faces, are mounted in output end plate 25. The
circular inner face of each of the plugs §2-54
is paraliel to the inner face of plate 25. The di-
ameter of each of these plugs is equal te the diam-
eter of reflectors 39-61. The center of plug €2
is located somewhat above the horizontal center
line of end plate 25 and in the same vertical plane
a8 the center of transducer 30, the center of
plug 63 is located somewhat below the horizon-
tal center line of said end plate and in the same
vertical plane as the center of transducer 29,
and the center of plug 64 is located somewhat
above the horizontal center line of said end plate
and in the same vertical plane as the center of

ransducer 314.

The plugs §2-84 are all alike so only one of
them will be described in detail. Plug 62 is
mounted for longitudinal sliding movement in a
corresponding circular bore 65 which extends
outwardly from the inner face of plate 25 and
has a depth which is a substantial portion of
the thickness of said plate. A cap screw 68 ex-
tends through a suitable aperture 67 in plate
25, aperture 87 being smaller in diameter than
pore 63, being coaxial therewith, and being in
communicstion therewith. The inner end of
screw 88 is threaded into a centrally-located
tapped aperture 88 which extends for a suitable
distance into plug 62 from the outer end thereof.
The inner face of the cap of screw 66 is adapted
to bear on a counterbored shoulder provided at
the outer end of aperture 67. In this way, when
serew B6 is tightened, the cap of said serew
hears against end piate 25 and plug 62 is moved
cutwardly or to the right in Fig. 11. A resilient
washer 89 is positioned between the outer end
of plug §2 and the vertical shoulder provided at
the outer end of bore 65, this washer being nor-
mally under compression so that it tends to ex-
pand to its original shape and to thereby exert
o force which tends to urge the plug 62 inwardly
or to the left in Fig. 11. When screw 66 is tight-
ened, plug §2 is moved to the right or outwardly
against the yielding force of washer £9, plug 62
sliding in bore §5. When screw 66 is loosened,
washer 88 is permitted to expand, pushing plug
62 inwardly or to the left in Fig. 11. The com-
pressional wave beam emanating from the input
end 24 of the tank is adapted to impinge on the
reflecting surface of plug 62 and be reflected
thereby, as indicated by lines G and H, respec-
tively. It may be seen that, by moving plug 82
in and out with respect to end plate 25 or toward
and away from end plate 24, the length of the
path traversed by the compressional wave en-
ergy in the tank 2! is correspondingly decreased
or increased, thereby decreasing or increasing
the time delay of the portion of the tank involv-
ing plug 62.

Means are provided both for limiting the range
of movement of plug 62 and also for preventing
rotation of said plug when screw 66 is rotated.
A substantially rectangular slot 10 is cut into the
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cylindrical wall of plug 82, this slot having a
desired depth and a length equal to the de-
sired range of movement of said plug; this slot
is closed at both ends by the material of the
plug. A vertical hole is drilled downwardly
from the upper end face of end piate 25 into
communicasion with bore 85, and a portion of
the length of this hole is threaded. A stud Ti
is threaded into this hole, said stud having a
shank portion 7ia which extends down into bore
§5 and which is of such diameter as to fit nicely
into bore 78 of plug 82. The inward and out-
ward movements of plug 62 are limited by en-
gagement of shank portion Tie with the outer
and inner end wall surfaces of slot 78. At the
same time, as adjusting screw 66 is turned, the
plug 62 is effectively prevented from rotating
also by the engagement of shank portion Tia
with the side edges of slot 70.

Plugs 63 and 84 are both adjustable, have ex-
actly the same construction as plug 82, and are
mounted in end plate 25 in exactly the same
way as plug 62, except that the hole for the stud
11 which coacts with plug 83 is drilled upward-
ly from the lower end face of plate 25, since
plug 63 is below transducer 29, while plugs 82
and 64 are above the respective transducers 38
and 8i.

Except for apertures 47 and 35 and plugs
§2—64, the inner face of plate 25 is uninterrupt-
ed and is groung smooth.

The tank 2{ has three separate delay lines
utilizing the same body or poocl of mercury, and
each line employs three traverses lengthwise of
the tank. Input transducer 27 cooperates with
output transducer 3% to provide one delay line,
input transducer 28 cooperates with output
transducer 28 to provide a second delay line,
while input transducer 25 cooperates with oub-
pbut transducer 8i to provide a third delay line.
The circular reflectors 59—=84 are so located on
their corresponding end plates 24 and 25 that,
taking into account the angle of bevel of the
outer surfaces of such plates and the consequent
tilt of transducers 26—31, the length of the tank
21, and the fact that the angle of incidence of
the compressional wave beam on g reflecting sur-
face is equal to the angle of reflection from such
surface, reflectors §2—84 will each receive a
beam from a corresponding transmitting trans-
ducer 26—28 and will reflect the beam to a cor~
responding reflector 55—8{, while reflectors
88—61! will each receive a beam from gz corre-
sponding reflector $2—84 and will reflect the
beam to a corresponding receiving transducer
2331,

Now referring to Pigs. 11-12, the beam of com-~
Pressional wave energy for one of the delay
lines emanates from the crystal 58 of transmit-
ting transducer 27 along the line B, which is in-
clined downwardly at g small angle to the hori-
zontal, travels to the opposite end 25 of the
tank, impinges on reflector plug 62 along line
G, is reflected therefrom along line H, travels
to end 24 of the tank, impinges on integral re-
flector 61 along line J, is reflected therefrom
along line K, travels to end 25 of the tank, and
impinges on the crystal 58 of output or receiv-~
ing transducer 39 along line ¥. Tt will thus be
noted that this beam frem transducer 27 travels
back and forth three times across the tank and
downwardly from transducer 27 to transducer
38. The path between transducers 27 and 38 is
indicated by dotted lines in Fig, 8.

Similarly, the third delay line path includes
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input transducer 26, plug reflector 84, integra}
reflector §9, and output transducer 31, this beam
also traveling back and forth three times across
the tank and downwardly from transducer 26
to transducer 89.

The second delay line path includes input
transducer 28 (which is inclined upwardly at a
small angle with respect to the horizontal) , plug
reflector 68, integral reflector 66, and output
transducer 29, this beam traveling back and
forth three times across the tank and upward-
ly from transducer 28 to transducer 28. The
path between transducers 28 and 29 is indicated
by dot-dash lines in Fig. 8.

From the ahove, it may be seen that, in the
structure of Figs. 8-12, three separate or in-
dependent delay lines are provided in a single
tank of rectangular prismoidal shape, this tank
containing a single pool or body of mercury
which is common to all three lines. All of the
mercury in the tank is maintained at the same
temperature by normsal convection currents.
Therefore, the velocity of travel of the compres-
sional waves in the mercury is exactly the same
for all three lines, thus compensating for differ-
ences in the lines due to thermal effects; such
differences in velocity could easily arise due to
slight differences in temperatures of the separate
mercury pools if separate pools or tanks were
used for each of the three lines.

By manipulation of any of the separate screws
£8, the corresponding plug reflectors 6284 may
be moved inwardly or outwardly as desired, to
thereby vary the length of the corresponding de-
lay line or the amount of delay of the corre-
sponding line. In this way, differences between
the three lines due to natural manufacturing
tolerances or to circuit dissimilarities may be
compengated for. Also, since the crystal units
of each of the transducers 26—3i are adjust-
able inwardly and outwardly and also for tilt,
the input transducers of each delay line may be
properly aligned with their corresponding out-
but transducers.

If tank 21 is entirely filled with mercury and
ealed, an air-filled expansion tank (not shown)
3 preferably provided thereon, to allow for con-
traction and expansion of the mercury induced
by temperature variations.

Fig. 13 is 5 block diagram of a portion of a
moving-target-indicator (MTI) radar system
utilizing a mercury delay line according to this
invention. Incoming video intelligence, such asg
the output of a radar receiver, is applied to a
modulator 72, to which is also applied a carrier
wave from an oscillator 13 in order to produce a
modulated carrier signal in line 74. As previous-
iy stated, it is not absolutely necessary to use
the osciliator 78 or the modulator 72; if these
circuit components are omitted, the incoming
video intelligence may be applied directly to
point 5. At peint 75, the modulated carrier is
split and applied to two separate channels, one
consisting of a mercury delay line 78, an ampli-
fier 71, a detector 78, and an output resistor 19,
and the other consisting of an attenuator 89, an
amplifier 81, a detector 82, and an output resistor
€3 which is connected in series opposition to re-
sistor 79.

Belay line 78 is constructed according to this
invention and functions to delay the intelligence
for a time corresponding to the periodicity of
the radar transmitter, producing at its output
delayed video intelligence which is amplified, de-
tected, and applied to resistor 79, Attenuator 89
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has an attenuation equal to that inherent in
delay line 78 but provides no delay, so that un-
delayed video intelligence is provided at the out-
put thereof, this intelligence being amplified,
detected, and applied to resistor 83. When thers
are no moving targets within the field of search
of the radar egquipment, successive echo signal
patterns are exactly alike and the undelayed and
the delayed video intelligence are exactly the
same so that they cancel each other, producing
zero signal output at point 84 between resistors
78 and 83. On the other hand, when there are
moving targets within the field of search, succes-
sive echo signal patterns are not alike and the
undelayed and the delayed video intelligence
are dissimilar so that they no longer cancel each
other, producing an output signal at point 84,
which signal is applied to a suitable indicator
(not shown). .

Fig. 14 illustrates the wpplication of the delay
line construction of Figs. 8-12 to the storage or
memory portion of a computing system. In Fig.
14, parts the same as those of Figs. 8-12 are re~
ferred to by the same reference numerals. The
tank 21 of Fig. 14 is in effect reversed with re-
spect to that described previously, in that in
the Fig. 14 circuit transducers 3%, 29 and 3i are
transmitting or input transducers while trans-
ducers 21, 25 and 25 are receiving or output trans-
ducers. However, as previously stated, trans-
ducers 25-31 are all exactly alike and may be
used for either transmitting or receiving ultra-
sonic compressionsl wave energy. The first de-
lay line path through tank 2} is from input trans-
ducer 28, to fixed reflector 64, to adjustable re-
flector 82, to output transducer 27. The second
delay line path is from input transducer £9, to
fixed reflector &8, to adjustable reflector 83, to
output transducer 28. The third delay line path
is from input transducer 3{, to fixed reflector
89, to adjustable refiector 84, to output trans-
ducer 28.

The first delay line channel between trans-
ducers 308 and 27 is used as a control channel,
and for this purpose a reference signal is sup-
plied to input transducer 38 through a modulator
and driver circuit 85, and is also supplied to one
input connection 88 of a phase detecting circuit
81. The delayed reference signal picked up by
output transducer 27 is applied through an ampli-
fier 88 to the second input connection 89 of cir-
cuit 87. Circuit 87 produces at its output con-
nection 99 a signal dependent on the phase rela-
tion between the two inputs 86 and 89, and this
relation depends in turn on the time delay be-
tween transducers 38 and 27 in the mercury tank
21. The output connection may be applied to a
temperature control for the mercury in tank 24,
or it may be applied to a frequency control for
the drivers 85, 2f and 103.

The second delay line channel between trans-
ducers 29 and 28 may be used for storing a series
of electrical impulses representing di'frits the
time duration of the entire series heing ‘equal to
the time delay provided in the tank between said
transducers and the series of impulses bemg
repetitively ftransmitted and retransmitted
through said channel. For this purpose, the
signal output of a modulator and driver circuit
81 is applied fo input transducer 29. The delayed
signal picked up by output transducer 2§ is ap-
plied through an amplifier 82 to a reshaping gate
93, to which clock pulses from-a suifable source
are also applied. The output of the reshaping
gate 93 is applled through an erase gate 94,

10

15

20

25

30

35

40

45

50

60

85

70

75

i8
which is actuated by means of suitable control
signals, to the input connectién of driver circuit
81, so that the series of impulses is transmitted

‘again and again through the second delay line

channel by means of the loop just described.
When the erase gaie 94 is properly actuated by
the control signals applied thereto, this loop is
in efect broken and a certain impuise or certain
impulses are efiectively erased from this channel.

The signals stored in this channel may be
utilized by means of & read gate 93 connected fo
the output of reshaping gate 83 and actuated
by suitable conirel signals applied thereto at 85;
the signals appear in the output connection 87
of read gate 85, which connection is connected
to point 98.

In crder to “write” signals into this memory
or storage system, a write gate 99 has its outpus
connected to point 188 between gate §4 and driver
§1. Gate 89 is supplied from a memory write-in
lead 18i and is actuated by suitable control 51g-
nals suppiied through connection I02.

An arrangement similar to that described for
the second delay line channel is provided for the
third delay line channel between transducers 3(
and 2&. The output of modulator and driver cir-
cuit 103 is applied to input transducer 31, the de-
layed signai picked up by output transducer 28 be-
ing applied through an amplifier {64 to a reshap-
ing gate i85 supplied with suitable clock pulses.
The output of gate i85 is applied through erase
gate 108 to the input connection of driver circuit
103, gate 168 being actuated by suitable con-
trol signals. Read gate 107 is connected to the
output of gate 185 and is actuated by control
gignals applied thereto at 188. The output con-
nection 148 of gate 107 is connected to point 98.
Wnte gate (18 has its output connected to point
{11 between gate {06 and driver i83. Gate (10
is supplied from memory write-in lead 101 and
is actuated by control signals supplied through
connection {12.

In the system of Fig. 14, two memory or signal
storage channels are provided, along with one
control channel, these three delay line channels
utilizing a single common pool or body of mer-
cury in accordance with the construction illus-
trated in Figs. 8-12.

Of course, it is to be understood that this in-
vention is not limited to the particular details
as described above, as many equlvalents will sug-
gest themselves to those skilled in the art. For
example, although this invention has been de-
scribed in connection with compressional waves
in the longitudinal mode in-liguids, it is equally
applicable to solid delay lines, and, when such
solid lines are used, transverse or shear mode
waves may be utilized if desired, according to
the principles set -forth herein. Various other
variations will suggest themselves. It is accord-
ingly desired that the appended claims be given
a broad interpretation commensurate with the
seope of this invention within the art.

What is claimed is:

1. A delay line, comprising a metallic tank
having at least one smooth internal wall a
compressional wave transmitting medium in said
tank, an input transducer acoustically coupled to
said medium, through a wall of said tank, the
portion of said transducer which is coupled to
said medium having a limited area and . being
arranged %o project a beam . of compressional
wave energy having a cross. section commen-
surate with said area foward said smooth wall,
a rough metallic surface of limited area, com-
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parable to the area of said portion, mounted on
said smooth wall to serve as a reflecting sur-
face for compressional waves, said rough sur-
face being so located that a compressional wave
beam emanating from said input transducer and
traveling in said medium impinges on said sur-
face and is reflected toward a region closely ad-
jacent said input transducer, and an output
transducer acoustically coupled to said medium,
said smooth wall providing a reasonably good
acoustic match to said medium and said rough
surface providing substantially a mismatch to
said medium.

2. A delay line, comprising a tank having first
and second opposing parallel walls, a compres-
sional wave transmitting medium in said tank,
an input transducer acoustically coupled to said
medium through said first wall and adapted to
provide a beam of compressional wave energy
directed toward said second wall, the portion of
said transducer which is coupled to said medium
having a limited area, a first reflecting surface of
limited area, comparable to the area of said por-
tion, mounted on said second wall of said tank

and so located that a compressional wave beam

emanating from said transducer and traveling
in said medium impinges on said surface, the
material of said wall surrounding said surface
having an acoustic impedance which provides
a reasonably good acoustic mateh to said medium,
5 second reflecting surface of limited area, com-
parable to the area of said portion, mounted on
said first wall of said tank closely adjacent said
input transducer and so located that the beam
reflected from said second surface impinges on
said second wall in a region closely adjacent said
first surface, the material of said first wall sur-
rounding said second surface having an acoustic
impedance which provides a reasonably good
acoustic mateh to said medium, and an output
transducer acoustically coupled to said medium
at said region in said second wall, said tank be-
ing devoid of interior partitions within the body
of said medium.

3. In combination, a single body of homogene-

ous uninterrupted compressional wave transmit-
ting medium totally devoid of any internal par-
titioning members, a plurality of directional in-
put transducers acoustically coupled to said
medium, each of said input transducers adapted
when energized to project a beam of compres-
sional wave energy of limited cross-sectional ex-
tent into said medium, an equal number of di-
rectional output transducers acoustically coupled
to said medium, each one of said input trans-
ducers being directed to transmit compressional
wave energy to a corresponding one of said out-
put transducers, and a reflector located to re-
flect the beam from each input ftransducer to
its corresponding output transducer, said re-
flector being of substantially the same shape and
area as the cross section of said beam, whereby
a plurality of separate and independent delay
lines are provided which utilize in common said
single medium.

4. In combination, a tank devoid of interior
partition members and containing a single body
of homogeneous uninterrupted compressional
wave transmitting fluid, a plurality of direc-
tional input transducers mounted in said tank
and acoustically coupled to said body, each of
said transducers adapted when energized to pro-
ject a beam of compressional wave energy of
limited cross-sectional extent into said body,
an equal number of directional output trans-
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ducers mounted in said tank and acoustically
coupled to said body, each one of said input
transduecers being directed to transmit compres-
sional wave energy to a corresponding one of
said output transducers, and a reflector located
to reflect the beam from each input transducer
to its corresponding output transducer, said re-
flector being of substantially the same shape and
area as the cross section of said beam, whereby
a plurality of separate and independent delay
lines are provided which utilize in comnmon said
single body.

5. In combination, a tank containing a body
of compressional wave transmitting fluid, a plu-
rality of directional input transducers mounted
in said tank and acoustically coupled to said body,
an equal number of directional output trans-
ducers mounted in said tank and acoustically
coupled to said body, each one of said input
transducers being directed to transmit com-
pressional wave energy to a corresponding one
of said output transducers, whereby a plurality
of separate delay lines are provided, a separate
movable refiector for each of said lines mounted
in said tank, each reflector being so located that
g compressional wave beam traveling in said
body between its corresponding input and out-
put transducers impinges on such reflector, and
separate means for independently moving each
of said reflectors at will toward or away from
one of its corresponding transducers.

¢. In combination, a tank having a pair of
oppesite walls, a body of compressional wave
transmitting fluid in said tank, a plurality of
directional input transducers acoustically cou-
pled to said body, an equal number of first re-
flecting surfaces associated with one of said walls,
each of said surfaces being so located that a
compressional wave beam emanating from its
corresponding input transducer and traveling
in said body impinges on such surface, an equal
number of second reflecting surfaces associated
with the other of said walls, each of said second
surfaces being so located that the beam reflected
from its corresponding first surface impinges on
such second surface, an equal number of direc-
tional output transducers acoustically coupled to
said medium to receive the energy which has
been reflected by its corresponding second sur-
face, whereby a plurality of separate delay lines
are provided, the reflecting surfaces constitut-
ing one group each being separately movable with
respect to the corresponding wall, and separate
means for independently moving each of said
movable reflectors at will toward or away from
one of its corresponding transducers.

7. A delay line comprising a compressional
wave transmitting medium having boundaries,
means at a first boundary for introducing a
substantially directive beam of compressional
waves into said medium propagating in a first
direction toward a second boundary, said beam
having initially a prescribed cross-section, said
boundaries being of a character such that said
waves arriving at either boundary through said
medium are substantially not refiected thereby,
a first compressional wave reflective means at
said second boundary in the path of said beam
disposed to reflect said beam in a second direc-
tion toward a location at said first boundary
other than the location of the wave introducing
means, and a second compressional wave reflec-
tive means at said first boundary in the path
of said beam disposed to reflect sald beam in
a third direction toward a location at said second
boundary other than the location of said first-
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reflective ‘means, said:reflective-means:each hav-
ing -a reflective :area substantially :commensurate
with said prescribed -cross-section -of said ‘beam.

8. A-delay ‘line -according ‘to:¢laim 7 in which
said ‘medium s continuous and -completely -de-
void -of -partition members .of .any ‘kind within
said boundaries.

‘9, A :delay line :comprising ‘a :compressional
wave transmitting medium ‘having “boundaries,
means at-a first'boundary for:introducing a sub-
stantially -directive beam of -compressional waves
into said medium propagating :toward -a second
boundary 'in a first -direction .making a nearly-
normal ‘angle ‘with said ;second :boundary, :said
beam ‘having initially :a 'prescribed .cross-section,
a :first .compressional -wave reflective :means -at
said second boundary /inthe path :of .said ‘beam
disposed to reflect said beam in a second direc-
tion ‘toward ‘a -location at said first boundary
closely adjacent .to the location of the wave
introducing means, a second compressional wave
reflective means at said first boundary in .the
path of said beam disposed to reflect said ‘beam
in a third direction parallel to said first direc-
tion toward .a location at said second boundary
closely .adjacent the location of said first refiec-
tive means, said reflective means each having a
reflecting area substantially commensurate with
said prescribed cross-section of said beam, and
means surrounding each .reflecting area for re-
moving wave energy of the incident beam falling
outside the reflecting -area.

10. A delay line comprising a homogeneous
continuous body of a compressional wave trans-
mitting medium, means at a-first location in said
medium for introducing a -substantially direc-
tive beam of compressional waves into -said
medium propagating in a first direction toward
a second location, said beam having initially a
prescribed cross-section, a first compressional
wave reflective means located at said second lo-
cation disposed to reflect said beam in a second
direction toward a third location closely adja-
cent said first location, a second compressional
wave reflective means located at said third loca-
tion disposed to reflect said beam in a third di-
rection parallel to said first direction toward a
fourth location closely adjacent said second lo-
cation, said reflective means each having a re-
flecting area substantially commensurate with
said prescribed cross-section of said beam, and
means surrounding each reflecting area for re-
moving wave energy of the incident beam fall-
ing outside the reflecting area.

11. A delay line comprising a homogeneous
continuous body of a compressional wave trans-
mitting medium, means at a first location in
said medium for introducing a substantially di-
rective beam of compressional waves into said
medium propagating in a first direction toward
a second location, said beam having initially a
prescribed cross-section, a first compressional
wave reflective means at said second location
disposed to refiect said beam with a single re-
flection in a second direction toward a third
location closely adjacent said first location, said
second direction thereby making an acute angle
with said first direction at said first reflective
means, a second compressional wave reflective
means at said third location disposed to reflect
said beam with a single reflection in a third di-
rection parallel to said first direction toward a
fourth location closely adjacent said second lo-
cation, said third direction thereby making an
acute angle with said second direction at said
second reflective means, said reflective means
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each having :a-reflective ares substantially ‘com-
mensurate with said prescribed .cross-section -of
said:beam, and .means surrounding each :reflect-
ing area for :removing -wave -energy -of the inci-
dent ‘beam falleng -outside ‘the reflecting :area,
said beam in traversing -said ‘medium :in -said
seeond direction employing in part.a portion of
the -medium ‘traversed by -said beam in said first
direction -and :in :part a portion .of the medium
to be traversed by said beam ‘in.said third .di-
rection, ‘whereby -plural use of said medium .is
made :to propagate said beam therethrough.

12. A delay line, .comprising a body of com-
pressional wave=transmitting .material having
four rectangularly disposed ‘parallel boundaries,
the first.and second of which .constitute one pair
of ;parallel opposite :houndaries and the third-and
fourth of which constitute a:second pair of paral-
lel .opposite boundaries, and :a fifth boundary
connecting -two :adjacent :rectangularly-disposed
boundaries and making an angle -of forty-five
degrees.approximately with :each, an input elec-
tro-acoustic -transducer -coupled to said :medium
through.a boundary of said -one pair.and adapted
toproject-a beam of compressional waves toward
its :opposite boundary, -means in ‘said -opposite
boundaries to reflect said beam back and :forth
therebetween, said .means being .constituted :by
reflectors of area limited in :extent :to approxi-
mately {the same .size rand shape as ‘the :cross
section of said beam,:a similar reflector :in said
fifth boundary «disposed to change the direction
of :said /beam by approximately ninety degrees
s0 that said beam. is thereafter reflected back
and forth between the boundaries of :a second
pair of opposite walls, similar reflectors disposed
in:.said :second pair:of -opposite :‘wallsin positions
to -effect -reflection ;back .and.forth .of :said ‘heam
therebetween and an output electro-acoustic
transducer in one of the walls of said second
pair of opposite walls positioned to receive said
beam after g series of reflections between said
one pair and said second pair of opposite walls.

13. A delay line, comprising a metallic tank
having a pair of first and second opposite sub-
stantially parallel walls, a compressional wave
transmissive medium filling said tank and be-
ing devoid of interior partition members, an
electroacoustic transducer mounted in said first
wall and adapted to project a beam of com-
pressional waves into said medium toward said
second wall, said beam having a cross section
of fixed area and shape, a reflector in said second
wall of substantially similar area and shape dis-
posed in the path of said beam to reflect said
beam toward said first wall closely adjacent said
input transducer, the maferial of said second
wall surrounding said reflector being undercut
to provide a reflecting surface in a plane dif-
ferent from the surface of said reflector, where-
by compressional wave energy falling outside
said reflector is reflected in g direction different
from the energy falling upon said reflector,
similar reflector means in said first wall adja-
cent said input transducer and an output electro-
acoustic transducer disposed in one of said walls
to receive said beam after repeated reflection
between said walls.

14. A delay line comprising a plurality of
spaced surfaces bounding a compressional wave
transmitting body, one of said surfaces having
an output transducer associated therewith, and
predetermined areas integrated with other of
said surfaces having a substantially greater co-
efficient of reflection than the portions of said
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surfaces surrounding said areas for causing a
substantially directive beam of compressional
waves to traverse said body a predetermined plu-
rality number of times along substantially paral-
lel paths and then emerge therefrom by way of
said output transducer.

15. A delay line comprising a plurality of
spaced surfaces bounding a compressional wave
transmitting medium, a first surface portion of
said surfaces having a signal input transducer
coupled thereto for introducing a substantially di-
rective beam of compressional wave energy propa-
gating toward and reflecting successively from a
plurality of areas of said spaced surfaces, said
areas having a substantially greater coefficient
of reflection than the portions of said surfaces
surrounding said areas, and a signal output
transducer coupled to a second surface portion
of said surfaces and intercepting said beam suec-
cessively reflected from said plurality of areas.

16. A delay line comprising a plurality of
spaced surfaces bounding a compressional wave
transmitting homogeneous hody substantially
devoid of intruding wave reflecting discontinuities
throughout the entire internal volume thereof,
one of said surfaces having an output transducer
associated therewith, and predetermined areas
integrated with other of said surfaces having
a substantially greater coefficient of refiection
than the portions of said surfaces surrounding
said areas for causing a substantially directive
beam of compressional waves to traverse said
body a predetermined plurality number of times
along substantially parallel paths and then
emerge therefrom by way of said output trans-
ducers.

17. A delay line comprising a plurality of
spaced surfaces bounding a compressional wave
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transmitting medium, a first surface portion of
said surfaces having a signal input transducer
coupled thereto for introducing a substantially
directive beam of compressional wave energy
propagating toward and reflecting successively
from g plurality of areas of said spaced surfaces,
said areas having a substantially greater co-
efficient of reflection than the portions of said
surfaces surrounding said areas and said por-
tions of said surfaces surrounding said areas
having compressional wave energy absorbing
means coupled thereto for absorbing energy
at a substantially greater rate than said
medium, and a signal output transducer coupled
to a second surface portion of said surfaces and
intercepting said beam successively reflected
from said plurality of areas.
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