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UNITED STATES PATENT OFFICE 
2,685,067 

IEANS FOR ELAYING ELECTRICA 
SIGNALS 

Harold N. Beyeridge, 

poration of Delaware 

Ari gton, and Jack . 
Stale, Roxbury, Mass., assignors to Raythee 
Manufacturing Company, Newton, Mass., a, cor 

Application March 12, 1948, Seria No. 4,414. 
(C. 333-30) Claims. 

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 traw 
erSea, Single pool or body of mercury. 
A further object is to 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 
brought 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 produced. 
Yet another 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 ultrasonic delay 

line Construction in Which the side edges of the 
slightly diverging ultraSOnic bean are in effect 
clipped off and diverted a Way from the main hean 
So as not to interfere thereWith. 
The foregoing and other objects of the inven 

tion Will be 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 
nercury liltraSonic tank With reflecting Walls, 
showing possible paths of compressional waves 
therein; 

Fig. 2 is a horizontal section through a tank or 
delay line according to this invention, showing the 
path of travel of cornpressional 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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Fig. 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; 

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

Fig. 7 is a section taken along line 7-7 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 

Fig. 8: 
Fig. 1 is a section taken along line - Of 

Fig. 9; 
Fig. 12 is a section taken along line 2-2 

of Fig. 10; 
Fig. 13 is a block diagrain of a portion of a 

radar system utilizing a delay line according to 
his 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 Ynercury 
delay line, which functions to delay broad band 
intelligence or electrical signals from a few micro 
seconds up to several milliseconds. Such a mer 
cury 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 jong pass but a hand pass characteristic, it is 
necessary first, to modulate the inconing elec 
trical intelligence on a carrier Wave. This modul 
lated electrical energy causes the quartz trans 
mitting transducer to vibrate in a piston-like 
nanner, sending an ultraSonic compressional 
Wave (one having a frequency on the Order of 
5.30 megacycles, for example) down the Iner 
cury column. Upon striking the quartz receiv 
ing transducer, the acoustic or compressional 
wave energy is converted back into an electrical 
carrier wave signal like the original, Which elec 
trical signal is amplified and demodulated to give 
lack 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 in pressed thereon. 

In general, delays of anywhere from 25 to 10,000 
raicroseconds might be wanted. The velocity of 
cornpressional waves in mercury is approximately 
145,630 centimeters per second, so that five feet 
of mercury corresponds approximately to a delay 
of 1,000 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 co::pressional wave of froin approximately 
.i.25 foot to approximately 50 feet. 
Now referring to Fig. 1, in order to provide for 

longer tinne 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 being more or 
less rectangular in outline and having opposite 
reflecting upstanding side Walls 2 and 3. A quartz, 
trainSnitting or input transducer is shown Sche 
natically at is and is mounted near one end of 
side wall 2, with the vibrating or inner portion 
thereof lying in a plane which makes a Sinal 
angle with the inner face of Wall 2. Such an 
angie may be conveniently provided by beveling 
a portion of the outer face of wall 2. Fig. 1 is a 
horizontal Section through a mercury tank Which 
night be used. 
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 . The active or inner faces of 
transducers & and 5 are both acoustically coupled 
to the mercury in tank . 

Fig. indicates several possible patterns of 
travel of the compressional wave energy between 
input transducer 4 and output transducer 5. 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 is and is re 
fected back and forth between the side walls 2 
and 3, with the respective angles of incidence be 
ing equal to the corresponding angles of reflec 
tion, the bean of compressional wave energy 
after three traverses of the tank impinging on 
the receiving tranducer 5. A possible Spurious 
or undesired path between transducers 4 and 5 is 
that indicated by the dotted line B, which is the 
direct path between said transducers and en 
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, Sinilarly to path A, is reflected back and 
forth between the Side Walls 2 and 3 with the re 
spective angles of incidence being aqual 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, inine, eleven and so on traverses. The 
paths A, B and C illustrated are all substantially 
horizonta. 

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 . In the example illustrated in Fig. 
1, the tank has been designed for a time delay, or 
time of travel of the compressional wave therein, 
corresponding to three traverses of the tank. It 
should be apparent that spurious patterns such 
as C, which involves five traverses of the tank, 
give an improper time delay and are therefore 
undesired; such Spurious patterns are quite 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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4. 
come more serious since they diverge or differ 
rom the original desired path direction by still 

Smaller angles. 
It has been found, according to this invention, 

that over relatively great distances betwen two 
Congressional wave transducers, most of the 
transnitted energy is contained within a circle 
equal in diameter to the transmitting transducer. 
However, at distances on the order of 100 inches 
32nd with customarily used circular transducers 
at ultraSonic frequencies, even though the diam 
eter of the transducer is quite large as compared 
to the wavelength of the energy, the radiation 
pattern of a plane wave front of uniform energy 
enanating fron such transmitting transducers 
has very noticeable minor lobes at the sides of 
the main beam, these lobes having high enough 
relative an plitudes to be noticed. If this pat 
tern were allowed to develop in a design employ 
ing Say elevel 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 spurious paths in 
WOliving nine and thirteen traverses, seven and 
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 bean spreading 
or divergence and the consequent development 
Of spuriolls or undesiied paths. As Will here 
inafter agpear, this problenn has been satisfac 
torily solved according to the present, invention. 
Another problem which has been solved 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 between two different 
acoustic media, depends on the relative acoustic 
impedances of the two media, being snail when 
the difference between the two inpedances is 
rather Small and large when the difference be 
tween the two acoustic impedances is rather 
large. 

It has been found that quartz crystais func 
tion very effectively as transducers for devices of 
the type under discussion. For the longitudinal 
Inode, quartz has an acoustic impedance of 
15.2X10 in C. G. S. units. For the same mode, 
Inercury has an acoustic impedance of approxi 
nately 19.6X105, which is rather close to 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 
Substance. 

Since substantially perfect refection of com 
pressional wave energy is desired at the Walls 2 
and 3 of the tank, in order to minimize the over 
all attenuation of the tank from input transducer 
6 to output transducer 5, 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 a plurality of trav 
erSes of the tank to be ninade without apprecia 
ible attentiation of the compressional wave energy. 
Another characteristic which the side walls of 
the tank, as well as the rest of the tank, must 
have is that they must be able to contain the 
mercury and must not chemically react or com 
bine thereWith. Steel and stainless steel have 
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been found to be suitable materials for the walls 
of a tank containing mercury, from the points of 
view of necessary strength and chemical inert 
ness with respect, to inercury. Steel has an 
acoustic impedance of approximately 39X10, 
while stainless steel has an acoustic impedance 
of approximately 43.0X105. Considering the rel 
ative acoustic impedances of mercury and steel, 
however, it appears from calculations that about 

of the compressional wave energy striking a 
mercury-steel interface would pass into the steel 
and only of the incident energy Would be re 
flected. 5xperiments utilizing steel with its sur 
face ground very smooth or very fine bear out 
these calculations; steel with a very fine ground 
surface forms a reasonably good a ?coustic inaped 
ance match to Iercury, he refjected energy be 
ing down 10 db on the incident, energy, Ehere 
fore, if the walls 2 anti 3 of the tank in Fig. 1 
are to be utilized as reflecting Surfaces as in Said 
figure, steel with a fine ground surface cannot 
be used for such Walls, Since Such material forms 
a reasonably good acquistic 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 invention, 
that, if the steel face is lightly Sandblasted or 
etched, 100 per cent. reflection of compressional 
wave energy results at the rael'cury-Steel iaiter 
face. Thus, as one passes from a fine ground 
surface to a rough Surface, the traiSinission of 
energy changes fronn the transmission pre 
dicted in theory, and found in practice, to io 
transnission. Or total reflection. 
Although we do not wish to be limited to any 

particular theory as to Why an etchesi or Sahdi. 
blasted Steel Surface provides : 00 per cent. Beilac 
tion, as contrasted to Only approximately 9 per 
cent. reflection. With a finely ground Steel Surface, 
the following is Our present Yiderstainding of 
the theory behind this phenolenon. Mercury 
does not wet steel. Hence, at a sang easted or 
etched steel Surface, the meretry to ches the 
steel only at the high Spots of Such roughened 
surface, leaving a cushion of air between the 
mercury and the Steel at all the low points of 
Such Surface. Air has an acaustic ingeda,369 of 
41.3, which is vastly diffei'etat, frog at of inei 
cury, So that, at the mercury-air interface pro 
vided by the rougheed Sirface, there is a, Sub 
stantial acoustic impedance Inisnatch, Whicli 
provides the totally refecting characteristic die 
Sired. It should be clearly lifierstood titat this 
invention operates as described above Without re 
gard to the truth of falsity of any theory axgia.in 
ing or tending to explain the operation of the 
Sale. 
From the above, it nay be seen that it is pos 

ible to have a Yercury-steel interface which ca: 
be made totally refecting (When l'Ogl) or ah 
Sorbing to the extent of 3 di (when Shooth). 
Moreover, this change in refection chalacteristics 
can be accomplished in a ratheir sizaple and in 
expensive manner. Thus, the problein of pro 
Viding Satisfactory reflecting Surfaces for the 
tank has been solved according to this invention. 

Figs. 2 and 3 show a construction of nercury 
ultraSOnic delay line according to the principles 
just discussed. The tank 6 is substantially rec 
tangular in outline or configuration, is fillei with 
mercury, as indicated, and has the input, and out 
put quartz electrosechanical trainsducers is and 
5, respectively, located in the pair of upstanding 
side Walls 1 and 8 in the same way as such 
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6 
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 6. Each of 
the walls and 8, in addition to being provided 
With apertures for the corresponding transducers 
fi and 5, is provided with five equaliy-Spaced cir 
cular sandblasted areas 9, the centers of which 
on both Walls all lie in a continon horizontal plane, 
so that the circles on each Wall are in horizontal 
alignment with the other circles on that saline 
Wall. The diameter of each of the Sandola.Sted 
circles 9 is substantially equal to the diameter 
of transmitting tranducer g and the receiving 
transducer 5. The interior Surfaces of Walls 
and 8 are fine ground throughout their areas, ex 
cept for the sandblasted circular reflectors or 
areas 9, So that Smooth ground steel Surfaces 
are provided in between such reflectors. 
The circular reflectors 8 Oil Wall 3 are Staggered 

or displaced with respect to those on Wall , i. 
a direction from top to bottom of Fig. 2, which 
figure is a horizontal section through the tank, 
by an amount which depends on the angle be 
tween the active or inner face of transducer is 
and the inner face of Wall , azad also Qin the dis 
tance between Walls and S. This armount of 
displacement is made such that the center iiie D 
of the cylindrical bean of congressional Wave 
energy emanating from transducer is Will strike 
the center of the uppermost (in Fig. 2) reflector 
9 of wall 3, and so that the center line of such 
bear reflected fron said upperanost reflector on 
Wall 8 Will Strike the uppermost reflector 8 of 
Wall . 

ihe tank 6 has five Sandblasted reflector's oia 
each of the Walls 7 and 8 and, as indicated by 
the lines D in Fig. 2, which indicate the cente" 
line of the cylindrical bearin 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 & falls an Ost totaly 
on the upper most reflector 3 of wall 8, singe the 
distance across the tank is ratheir short aid since 
the diameter of the reflector is equial to the diarin 
eter of the transducer 4. Some very Small 
amounts of energy, which has Spread beyond the 
Original diameter of the bean, fall outside of said 
uppermost reflector 9, it inpinge on the Smooth 
Steel Surrounding this reflector, and are sustain 
tially all absorbed, since Such Sinooth steel is 
highly absorbing. 
The energy reflected from this upperriost re 

fiector 9 is projected toward the second reflector, 
which is the uppermost refector $ on wall , 
since the angle of incidence on the first reflector 
is equal to the angle of reflection therefron. The 
energy from the first reflector falls prisiarily on 
the Second reflector, which is also of the same 
diameter as transducer É, with the spread falling 
CitSide of the second reflector and again being 
Substantially all absorbed by the Shoot: Stea 
Surrouliding this reflector. 

The Sarae thing happens to the energy reflected 
from the Second reflector toward aid to ting third 
reflector, which is the second refiector frosta the 
top on wall 8, and also for each and every re 
fection throughout the elevein traverses of the 
tank by the compressional Wave hearin, since all 
of the reflectors 3 have diaineter's equia to the 
diaraeter of the transmitting and receiving trans 
ducers and since all of the reflectors are sur 
rounded by Substantially non-reflecting or a b 
Sorbing Smooth steel Surfaces. 

  



2,685,067 
7 

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 in Ost 
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 technique. On the 
other hand, by this continuous and successive 
beara clipping technique, the divergent or Side 
energy of the bean, corresponding to the minor 
lobes thereof, is progressively eliminated at each 
reflector, thus preventing Such energy from add 
ing up cumulatively. i.he energy therefore ar 
rives at the output or receiving transducer 5, 
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 uniquely defined, Spurious paths 
which could be produced by divergence or spread 
ing of the bean being effectively prevented or 
eliminated, so that the proper and desired time 
delay is positively obtained. Thus, it will be seen 
that we have effectively solved the proiolen of 
spurious or undesired paths of compressional 
Wave energy by eliminating the Saniae. 

It should be seen that, the tank of Figs. 2 and 3 
is of rather simple design and may be readily 
Constructed. Each of the Steel Side was 7 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 5 is entirely filled with mercury and sealed, 
an air-filled expansion tank (not shown) of con 
wentional design is provided, this tank having a 
flexible diaphragm contacting the nercury; such 
a tank allows 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 Cf the center line D of the beam and 
of the diameter of reflectors 9, which have a 
diameter equal to that of the cylindrical beam. 
Thus, the mercury pool or body is used rather 
efficiently, mininizing the amount of inercury 
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 
Fig. 5 is a diagraminatic illustration of the path 
of the compressional wave energy in the tank of 
Fig. 4. The tank E is substantially square in 
outline and has four steel side walls , 2, 3 
and 4. Each of these walls has a planar inner 
face, with the exception that, at one end, wall 
if has a small portion a which angles inwardly 
at an angle of approximately 45° with respect to 
the plane of the remainder of wall . There 
fore, walls and 2 intersect at an angle of 
approximately 45°, instead of 90°, as do the other 
pairs of intersecting walls. Wall a has 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 f, this angle being conven 
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iently provided by bevelling a portion of the outer 
face of Said wall. 
Wall 2 has a similar aperture 6 therein in 

which may be mounted an output transducer 
(not shown). Aperture 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 similai Small angle to the 
iner face of wall 2. 
The inner face of walls 3 and is are each pro 

vided with four Spaced aligned Sandblasted cir 
cular reflectors , each of these reflectors hav 
ing a diameter equal to the diameter of trans 
ducer apertures 5 and 6, all of the inner Sur 
faces of these walls except for the reflectors be 
ig Sinooth ground or fine ground. The inner 
faces of walls and 2 are each provided with 
three Spaced aligned Sandblasted circular refec 
tors 8, each of which has a diameter equal to 
the diameter of transducer apertures 5 and 6, 
all of the inner Surfaces of these walls except 
for the reflectors heing Sinooth ground or fine 
grouzidi. Also, the angular portion a of wall 
A has a, Sandblasted inner Surface 9, the width 
a of this Siirface being equal to the diameter of 
apertures SE and , although the height of this 
Surface does not necessarily need to be limited 
to the dimension 0, but may if desired cover the 
full height of tank 3; this refiector 3 may 
therefore be rectangular rather than circular. 

Tank. : E is filled with nercury. The reflectors 
l, S and is are located with respect to each 
Other to produce a coinpressional Wave beam 
path as indicated by the lines and arrows in 
Fig. 5. This may be done by taking into account 
the angle betwen the input transducer and wall 
: , the internal dimensions of the tank, and the 
fact that the angles of incidence are equal to the 
corresponding angles of reflection. As may be 
Seen in Fig. 5, this design employs sixteen trav 
erSeS of the tank, with the bean first bouncing 
back and forth between walls and 3 in a sub 
Stantially vertical direction in Fig. 5, and then 
bouncing back and forth between Walls 2 and 
A 3 in a Substantially horizontal direction in said 
figure, the change in direction being effected by 
the angular Wall portion a. Thus, in this modi 
fication there is travel of the energy in two sepa 
rate directions through the mercury, utilizing the 
Rercury still more efficiently than the modifica 
tion of Figs. 2 and 3 and resulting in substantially 
a twofold in provement over the previous em 
bodinent. For the same time delay, the quantity 
Of nercully neceSSary is Substantially less in the 
embodiaent of FigS. 4 and 5 than in the em 
bodiment, of Figs. 2 and 3. 
In the embodiment of Figs. 4-5, as in the pre 

vious embodiment described, the energy path is 
uiniguely defined (thus substantially preventing 
Spurious paths) by the beam clipping action, be 
& USe the diameters of the refiectors and 8 
are the same as the diameter of the transmitting 
transducer and because the refectors and 8 
are all Surrounded by highly absorbing and sub 
stantially non-reflecting Smooth ground steel 
2.rea.S. 
The beam clipping or beam control technique 

of this invention is equally applicable to solid de 
lay lines. Thus, if a 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 quartz, 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 quartz-air interface (at which 
there is a large mismatch in acoustic imped 
ances) in areas where reflection is desired. 

It has been Stated above that there is Some 
reflection of energy by the snooth steel areas, 
though this is very small indeed as compared 
to the amount of energy reflected by the sand 
blasted areas. It has beer found that energy 
falling outside of the reflectors of the file ground 
steel suffers a 10 do loss ori reflection from such 
areas. Figs. 6 and 7 illustrate a modification 
whereby such loss may in effect be increased. 
Tank i' is Similar to tank and has a p2ir of 

similar opposite side Walls, only one of which is 
shown at 8". A plurality of Spaced Sandblasted 
circular reflectors 9’ is provided on the inner 
Surface of Side wall 8', these retiector's being sini 
lar to those of FigS. 2 and 3. An annular recess 
or trough 2i, which may be terined a “noat,' 
is cut around each sandiilasted refector 3' into 
the body of Wall 8" from the inner face thereof, 
the botton of each trough being Smooth. AS 
shown more particularly in Fig. , the bottom of 
each trough is inclined With respect to its cor 
responding reflector S' or with respect to the 
inner surface of wall 8', since in this, as in all 
previous modifications, the sandblasted reflectors 
are coplanar With the inner faces of their cor 
responding walls. Each trough 29 is inclined in 
Such a direction that a line perpendicular to 
the plane of the bottom of the trough points 
toward the bottom end of Wall 8 or to Ward the 
bottom of tank . 
The unwanted spread or divergent energy in 

pinges on these troughs which surround each 
reflector. iue to the fact that troughs 20 are 
inclined as above described, the Srihall portion 
of this spread energy which is reflected there 
from (which portion is approximately to of the 
total energy impinging thereon, since the troughs 
have smooth steel bottons) is reflected from 
the bottom of the trough toward the botton 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 effective range of the output trans 
ducer. When a construction in accordance With 
that just described, with inclined troughs 29, was 
tested, it was found that the Spurious path ener 
gies were more than 50 db down. The unwanted 
spread energy which is diverted toward the bot 
tom of the tank is dispersed thereat by in ultiple 
travels through and attenuation by the merculty 
and the walls and, at any rate, is effectively pre 
vented for iriefeling with the desire: energy 
fiowing between the two transducers in the tank. 

It has been stated previously that this inven 
tion is applicable equally well to liquid and solid 
delay ines. It is desired to be made clear, at 
this juncture, that the 'moat' construction of 
Figs. 6-7 may be utilized in such solid lines, as 
well as in liquid lines. 

Figs. 8-2 illustrate a nodified 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 it which, also, the effective 
lengths of each of the delay lines are independ 
ently adjustable within a certain range, from 
outside the tank. 
A hollow prismoidal stainless steel tank 2, 

of rectangular outer configuration, is formed by 
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fastening together four planar sides to form the 

10 
body thereof, as by means of bolts 22 and dowel 
pins 23. The sides are finished to a tolerance 
sufficient, to provide leak-proof joints therebe 
tween, and Suficient to make the two ends of 
the resulting open-ended elongated hollow rec 
tangular prismoid substantially parallel. The 
opposite ends of the aforesaid hollow pris:noid 
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 nanner. 
Plates 24 and 23 will be described more fully 
hereinafter. When the end plates have been Se 
cured to the body of the tank, a leak-proof tank 
is provided, and foil use this tank is filled With 
nercury. 
End plate or end wall 24 may be termed the 

input end of the device, Since it has mounted 
thereon a plurality of input electrollechanical 
transducers 26, 2 and 28, while end plate or 
end wall 25 may be termed the output end of 
the device, since it has mounted thereon a plural 
ity of output electromechanical transducers 29, 
3 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 arid output 
transducers. 

Fig. 10 is a face or front View of Ore end 
of the tank. End wall 2.É may be fastened to 
the body of the tank in a leak-proof manner by 
neans of bolts 32 which paSS through spaced 
apertures provided in said end wall and thread 
iiato corresponding aligned tapped holes pro 
vided in the corresponding end of the tank body, 
and also by means of dowel pins 3A secured to 
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 apped hoes 
provided in the corresponding end of the tank 
body, and also by means of dowel pins 34 secured 
to the tank body and passing through suitable 
apertures 33 provided in end wall 25. 
A counterbored tapped filler and drain hole 

35 is provided in each of the end walls 24 and 
25, the one in Wall 24 being onitted in order 
to simplify the drawing. These holes are pro 
vided in order to fill and drain the inercury tank. 
When the tank 2 is filled with mercury, these 
holes are closed by bots which thread into said 
tapped holes. 
The outer faces of the rectangular end walls 

26 and 25 are not parallel to their inner faces, but 
aS shown in Fig. 8 are both Sorneyhat 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 leveled 
inwardly a few degrees from each side of their 
horizontal Center lines, thus making their maxi 
murn thickness at their center lines and their 
minimurn thickness at their upper and lower 
ends, their thickness at their upper ends being 
equal to their thickness at their lower ends. The 
reason for this beveling will appear hereinafter. 

transducer assemblies 26 and 2E are nounted 
on end Wall 2:3 above the horizontal center line 
of 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 25, 3G 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 25 
equally spaced from the vertical center line of 
Said wall on opposite sides of Said vertical Cen 
ter line, and transducer assembly 29 being 
mounted above the horizontal center line of Wall 
25 with its center on the vertical center line of 
said wall. 

Transducer assemblies 26-3 are all exactly 
the same and are mounted on the corresponding 
end walls 26 and 25 in exactly the Sarine Inan 
ner; therefore only one of such assemblies will 
be described in detail. 
Transducer assembly 2 includes a substan 

tially cup-shaped housing 36 Which is Secured to 
the outer surface of end Wali 24 by means of three 
circularly-arranged equally-spaced mounting 
bolts 3, which pass through suitable holes pro 
vided in housing 36 and thread into correspond 
ing tapped holes 33 which are provided in plate 
23 and Which extend into the laterial of Said 
plate a Suitable distance from the Outer face 
thereof. Housing 38 has a central circular open 
ing 33 therein and aiso a larger central coaxial 
circular opening if therein at the inner or right 
hand end thereof which provides a substantially 
vertical annular Shoulder at the outer end of 
aperture 3. 
An annular metallic spacer 4 is Seated inside 

aperture A6 and is free to move therein. With re 
Spect to housing 38, the outward or left Ward 
movement of this Spacer being linited by the 
contact Of the Outer face of Said Space. With the 
aforesaid ainnular shoulder and the in Ward 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 cirder to permit free movement of 
Spacer 3: With respect to bolts 3, three equally 
Spaced arcuate grooves 32 are cut from the outer 
edge of Spacer is toward the central opening 
thereof, these grooves being of Sufficient size to 
allow free novement of Spacer 42 past the cor 
responding bolts 3i. Spacer i is adjustable from 
OutSide the tank to move the same inwardly or 
OutWardly with respect to housing 36 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 a SSembly, to be hereinafter de 
Scribed, that bears against Spacer É. This ad 
justment is nade possible by means of three 
circularly-arranged equally-Spaced adjusting 
bolts 43 which thread into corresponding tapped 
apertures in housing 35 and the inner ends of 
which bear against the Spacer A . Each of the 
bolts #3 is preferably spaced half-way between 
the two adjacent mounting bolts 34. The tapped 
apertures for boltS 43 in housing 38 open at the 
outer face of Said housing, so that bolts i3 are 
manipulable from the outside of wall 24; the 
desired movements and tilting of spacer it may 
be had by turning each of the three boits 43 as 
may be desired. A lock nut 34 is provided on each 
of the adjusting bolts 63. 
A sleeve 83 of insulating material is fixedly se 

Cured in a circular bore i3 in wall 26, which ex 
tends in Wardly iron the outer surface of said 
Wall. A. Somewhat Sinailei circular bore is is 
coaxial With bore 4 and extends entirely through 
Wall 24, providing a Substantially vertical annu 
lar shoulder 8 at the inner end of bore 46. The 
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2 
inner end of sleeve 45 abuts said shoulder, and 
Said sleeve has a length such that its outer end 
is located slightly inwardly from the outer face 
of Wall 2.É. 
An annular disk 95' of insulating material has 

an outer diameter such that it is freely movable 
within sleeve i5, and disk 45'' is mounted for 
sliding in ovement Within Said sleeve. A crystal 
unit, 6.9, consisting of a thin quartz crystal disk 
5 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. 35'; crystal unit 49 is also 
mounted for sliding movement in sleeve 35. Base 
neinier 5 consists of a disk-like body having a 
central outwardly-extending boss thereon. The 
disk portion of member 5 bears against the 
inner face of disk 5' as aforesaid, and the boSS 
portion of said member extends through the Cen 
tral circular hole of disk 5. The outer face of 
disk i3’ engages the inner face of Spacer A. and 
moves with Said spacer, thereby to cause men 
bers 5’, 58 and 5 to slide in Sieeve S. in order 
to provide electrical connection to the outer elec 
trode of crystal 58, a conducting clip. 52 is main 
tained in electrical contact with metal member 5 
by means of a stud 53 which passes through a 
hole provided in said clip and is threaded into a 
tapped opening provided in the boSS part of men 
ber 5 . 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 Solidered 
in a metal tube 55 which passes out of housing 
35 through a Suitable central aperture 56 pro 
Wided in the Outer or base portion of said housing, 
aperture 56 having a larger diameter than tube 
Si. In order to hold tube 55 in position. With re 
spect to housing 38 and to electrically insulate the 
same therefron, a sleeve 5 of insulating mate 
rial Surrounds and is Sealed to tube 55 and in 
aperture 58 of housing 3S. Tube 55 extends out 
side of housing 36 and serves as one electrical 
connection to crystal 59. The thin quartz disk 
5 has its inner face directly exposed to and in 
acoustic and electrical contact with the Intercury 
in tank 2 by means of bore 3 which extends 
entirely through wall 28, since the crystal unit 
S is positioned in sleeve i3 in bore 46, which bore 

is coaxial with bore it. A second electrical con 
nection to Crystal 56 may therefore be made 
through metallic tank 2i 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 seeve 95 and is free to move With respect 
thereto. The outer face of this washer engages 
the inner face of crystal 5 and the inner face 
of Said Washer bears against the shoulder 48. 
This W.2. Sher, When the transducer is assenbled 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 3 outwardly or to the left in 
Fig. 2. 
As shown, normally the inner face of spacer 

it is Spaced SOmewhat from the outer face of 
Wall or plate 2A. When adjusting bolts 3 are 
tightened, the inner ends of Such bolts, bearing 
as they do on Spacer 4, , force spacer A, disk $5'., 
and crystal unit 49 in Wardly or to the right in 
Fig. 12 against the yielding force of resilient 
Washer 58, disk. Á5' and unit 49 sliding in sleeve 
45. As bolts 33 are tightened more and more, 
eventually the inner face of metallic spacer 4 
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comes into contact with the outer face of metal 
lic wall 24, thus positively stopping any further 
inward movement of spacer 4 by the metal-to 
metal contact of members 4 and 24. In this 
manner, possible damage to the crystal 50 is pre 
vented, which dannage could be produced if Sufi 
cient inward pressure were applied to said crystal 
to cause it to come into contact with shoulder 48 
or to cause it to be forced with too large a pres 
sure against Washer 38. 

Since Washer 53 at all times tends to urge the 
crystal unit 3.9 outwardly or to the left, when 
adjusting bolts 33 are loosened washer 58 is 
permitted to expand, pushing crystal unit 49, 
disk 45, and spacer 8 outwardly or to the left 
in Fig. 12. Thus, by manipulation of bolts 43, 
crystal unit 39 may be moved outwardly or in 
Wardly; by means of the three-point pressure 
on spacer 4, the crystal unit 9 may also be 
tilted with respect to housing 3 S or end wall 24. 

Because of the beveled outer surface of end 
plate 26, 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 3, the inner surface 
of disk 5", and the quartz disk 50 are similarly 
tilted at a small angle to the inner surface of 
Wall 24. As a result, the line E, which is normal 
to the active face of crystal 59 and which in 
dicates the direction of travel of the compres 
Sicinal wave bean emanating from transducer 
2i, is directed downwardly at a small angle with 
respeat to the horizontal or with respect to the 
upper and lower sides of tank 2. 
Transducer assemblies 26 and 2-3 are all 

exactly similar to transducer assembly 27 de 
Scribed above. The transducers 2 and 29 are 
both directed downwardly at a small angle with 
respect to the horizontal, while the transducers 
28, 39 and 3 are all directed upwardly at a Small 
angle With respect to the horizontal, due to the 
in Ounting 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 30 responds to energy received 
from the direction indicated by Fin Fig. 11. 
Three Sandblasted circular areas or reflectors 

59, SG and 6, similar to the reflectors 9 of Fig. 2, 
are provided on the inner surface of end plate 
24. Each of these reflectors may if desired have 
the Sane diameter as the bores 47, in accordance 
With the principles underlying, and for carrying 
Out, the beam clipping technique described in 
COnnection. With Fig. 2. However, we have fourd 
that, in the three-traverse design of Figs. 8-12, 
in which, moreover, the total length of the con 
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 beam does not diverge sufficiently to 
establish Spurious paths which appreciably in 
terfere with the desired operation of the device. 
For this reason, the diameter of each of the re 
fiector areas 59, 60 and 6 f is illustrated as being 
S.OneWhat greater than the diameter of bores 37. 
The center of reflector 59 is located SoneWhat 

below the horizontal center line of end plate 
24 and in the same vertical plane as the center of 
transducer 26, the center of reflector 60 is lo 
cated Soiaewhat above the horizontal center line 
of end plate 23 and in the same vertical plane 
aS the Center of transducer 23, and the center of 
reflector 6 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 2. 
How the spacings of reflectors 59, 69 and 6 with 
respect to the horizontal center line of end plate 
24 are determined Will be explained Subsequently. 
Except for the bores 4 and 35 and for the sand 
blasted areas 59-6, 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, 63 and 64, 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 62-64 
is parallel to the inner face of plate 25. The di 
ameter of each of these plugs is equal to the diam 
eter of reflectors 59-6. The center of plug 62 
is located SOewhat above the horizontal Center 
line of end plate 25 and in the same vertical plane 
as 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 Sanle 
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 
tiansducer 3. 
The plugs 62-64 are all alike so only one of 

them will be described in detail. Plug 62 is 
lounted 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 66 ex 
tends through a Suitable aperture 67 in plate 
25, aperture 67 being smaller in diameter than 
bore 65, being coaxial therewith, and being in 
CCInnaulinication therewith. The inner end of 
Screw its is threaded into a centrally-located 
tapped aperture 68 which extends for a suitable 
distance into plug 62 froin 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 
screw 66 is tightened, the cap of said screw 
bears against end plate 25 and plug 62 is moved 
outwardly or to the right in Fig. 11. A resilient 
Washer 69 is positioned between the outar end 
of plug 62 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 
a force which tends to urge the plug 62 inwardly 
Or to the left in Fig. 11. When screw 66 is tight 
ened, plug 62 is moved to the right or outwardly 
against the yielding force of washer 69, plug S2 
sliding in bore 65. When screw 66 is loosened, 
Washer 69 is permitted to expand, pushing plug 
62 inwardly or to the left in Fig. 11. The corn 
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 E, 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 T0 is cut into the 
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cylindrical wall of plug 62, this slot having a 
desired depth and a length equal to the de 
Sired range of novernent 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 
communication. With boi'e 65, and a portion of 
the length of this hole is threaded. A stud 
is threaded into this hole, said stud having a 
shank portion a which extends down into bore 
65 and which is of Such diameter as to fit nicely 
into bore is of plug 62. The in Ward and out 
ward movements of plug 62 are limited by en 
gagement of shank portion a with the outer 
and inner end wall Surfaces of slot 79. At the 
same time, as adjusting screw 66 is turned, the 
plug 62 is effectively prevented fron rotating 
also by the engagement of Shank portion ict 
With the Side edges of Slot . 

Plugs 63 and E3 are both adjustable, have ex 
actly the Saline construction aS plug 62, and are 
mounted in end plate 25 in exactly the same 
way as plug 62, except that the hole for the stud 

which coacts with plug 63 is drilled upward 
ly from the lower end face of plate 25, since 
plug 63 is below transducer 23, while plugs 62 
and 64 are above the respective transducers 30 
and 3. 

Except for apertures 4 and 35 and plugs 
62-34, the inner face of plate 25 is uninterrupt 
ed and is ground Snooth. 
The tank 2 has three separate delay lines 

utilizing the same body or pool 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 29 to provide a second delay line, 
while input transducer 26 cooperates with out 
put transducer 3 to provide a third delay line. 
The circular reflectors 59-64 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 26-3i, the length of the tank 
2i, and the fact that the angle of incidence of 
the compressional Wave beam on a reflecting sur 
face is equal to the angle of reflection from such 
Surface, reflectors 62-65 will each receive a 
beam from a corresponding transmitting trans 
ducer 26-28 and will reflect the beam to a cor 
responding reflector 59-6, while reflectors 
59-6; Will each receive a beam from a corre 
Sponding reflector 62-65 and will reflect the 
beam to a corresponding receiving transducer 
29-3. 
Now referring to Figs. 11-12, the beam of com 

pressional wave energy for one of the delay 
lines emanates from the crystal 58 of transmit 
ting transducer 2; along the line E, which is in 
clined downwardly at a Sinall angle to the hori 
ZOntal, travels to the opposite end 25 of the 
tank, inpinges on reflector plug 62 along line 
G, is reflected therefron along line H, travels 
to end 24 of the tank, impinges on integral re 
flector 6 along line J, is reflected therefron 
along line K, travels to end 25 of the tank, and 
impinges on the crystal 58 of output or receiv 
ing transducer 3 along line F. It will thus be 
noted that this beam from transducer 2 travels 
back and forth three times across the tank and 
down Wardly froin transducer 2 to transducer 
30. The path between transducers 2 and 35 is 
indicated by dotted lines in Fig. 8. 

Similarly, the third delay line path includes 
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input transducer 26, plug reflector 64, integral 
reflector 59, and output transducer 3, this beam 
also traveling back and forth three times acroSS 
the tank and downwardly from transducer 26 
to transducer 3. 
The Second delay line path includes input 

transducer 28 (Which is inclined upwardly at a 
Small angle with respect to the horizontal), plug 
reflector 63, integral reflector 69, and output 
transducer 29, this beam traveling back and 
forth three times across the tank and upward 
ly from transducer 28 to transducer 29. The 
path between transducers 23 and 29 is indicated 
by dot-dash lines in Fig. 8. 
From the above, 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 connon to all three lines. All of the 
mercury in the tank is maintained at the same 
ternperature by normal 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 

6, the corresponding plug reflectors 62-64 may 
be moved in Wardly 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 
Compensated for. Also, since the crystal units 
of each of the transducers 26-3i are adjust 
able in Wardly and outwardly and also for tilt, 
the input transducers of each delay line may be 
properly aligned with their corresponding out 
put transducers. 

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

Fig. 13 is a block diagram of a portion of a 
in Oving-target-indicator (MTI) radar system 
utilizing a mercury delay line according to this 
invention. Incoming video intelligence, such as 
the Output of a radar receiver, is applied to a 
nodulator 2, to which is also applied a carrier 
Wave from an oscillator 3 in order to produce a 
nodulated carrier signal in line 4. As previous 
iy Stated, it is not absolutely necessary to use 
the osciliator 3 cr the modulator 2; if these 
circuit components are omitted, the incoming 
Video intelligence may be applied directly to 
point S. At point 5, the modulated carrier is 
Split and applied to two separate channels, one 
consisting of a mercury delay line S, an ampli 
fier 7, a detector 3, and an output resistor 79, 
and the other consisting of an attenuator 83, an 
amplifier 8, a detector 32, and an output resistor 
83 which is connected in Series opposition to re 
Sistor 9. 
Delay line 76 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 9. Attenuator 89 
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has an attenuation equal to that inherent in 
delay line 6 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 there 
are no moving targets within the field of search 
of the radar equipment, 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 
79 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. i4 illustrates the ::pplication of the delay 
line construction of Figs. 8-12 to the storage or 
Inertory 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 
taink 2 of Fig. 14 is in effect reversed with re 
Spect to that described previously, in that in 
the Fig. 14 circuit transducers 36, 29 and 3 are 
tranSnitting or input transducers while trans 
ducers 2, 28 and 23 are receiving or output trans 
ducerS. However, as previously stated, trans 
ducers 28-3 are all exactly alike and may be 
used for either transmitting or receiving ultra 
sonic compressional wave energy. The first de 
lay line path through tank 2 is from input trans 
ducer 3, to fixed reflector 6, to adjustable re 
flector 62, to output transducer 27. The second 
delay line path is from input transducer 29, to 
fixed reflector 66, to adjustable reflector 63, to 
output transducer 28. The third delay line path 
is from input transducer 3f, to fixed reflector 
59, to adjustable reflector 64, to output trans 
ducer 28. 
The first delay line channel between trans 

ducers 30 and 27 is used as a control channel, 
and for this purpose a reference signal is sup 
plied to input transducer 39 through a modulator 
and driver circuit 85, and is also supplied to one 
input connection 86 of a phase detecting circuit 
87. 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 90 a signal dependent on the phase relar 
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 
2 . The output connection may be applied to a 
temperature control for the mercury in tank 2, 
or it may be applied to a frequency control for 
the drivers 85, 9 and 03. 
The second delay line channel between trans 

ducers 29 and 28 may be used for storing a series 
of electrical impulses representing digits, the 
time duration of the entire series being equal to 
the time delay provided in the tank between said 
transducers and the series of impulses being 
repetitively transmitted and retransmitted 
through said channel. For this purpose, the 
signal output of a modulator and driver circuit 
9 is applied to input transducer 29. The delayed 
signal picked up by output transducer 28 is ap 
plied through an amplifier 92 to a reshaping gate 
93, to which clock pulses from a suitable source 
are also applied. The output of the reshaping 
gate 93 is applied through an erase gate 94, 
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8 
which is actuated by means of suitable control 
Signals, to the input Connection of driver circuit 
9 , 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 gate 34 is properly actuated by 
the Control signals applied thereto, this loop is 
in effect broken and a certain inpuise or certain 
impulses are effectively erased from this channel. 
The signals stored in this channel may be 

utilized by means of a read gate 95 connected to 
the output of reshaping gate 93 and actuated 
by suitable control signals applied thereto at 96; 
the signals appear in the output connection 97 
of read gate 95, which connection is connected 
to point 98. 
In order to “write' signals into this memory 

or storage System, a write gate 99 has its output 
connected to point to between gate 94 and driver 
92. Gate 39 is Supplied from a memory Write-in 
lead fiti and is actuated by Suitable control sig 
nals Suppied through connection (2. - 
An arrangement similar to that described for 

the second delay line channel is provided for the 
third delay ine channel between transducers 3 
and 2.É. The output of nodulator and driver cir 
cuit f G3 is applied to input transducer 31, the de 
layed signal picked up by output transducer 26 be 
ing applied through an amplifier (4 to a reshap 
ing gate 5 supplied with suitable clock pulses. 
The output of gate 85 is applied through erase 
gate its to the input connection of driver circuit 
f63, gate iOS being actuated by suitable con 
trol signals. Read gate 07 is connected to the 
output of gate i5 and is actuated by control 
signals applied thereto at 08. The output con 
nection to 9 of gate 107 is connected to point 98. 
Write gate fie has its output connected to point 
A between gate 06 and driver 103. Gate ( ) 
is supplied from memory write-in lead of and 
is actuated by control signals supplied through 
connection 2. 
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 equivalents 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 liquids, 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 
Scope 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 to project a beam of compressional 
Wave energy having a cross section commen 
Surate With Said area toward 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 to 
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 match to Said medium, 
a 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 Wali Sur 
rounding Said Second Surface having an acoustic 
impedance which provides a reasonably good 
acoustic match 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 trainSducers, and a reflector located to re 
flect 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 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 
transducers 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 common 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 Con 
pressional wave energy to a corresponding one 
of Said output transducers, whereby a plurality 
of separate delay lines are provided, a separate 
movable reflector for each of Said lines mounted 
in Said tank, each reflector being So located that 
a 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. 

6. In combination, a tank having a pair of 
opposite 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 reflected 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 said 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 have 
ing a reflective; area. Substantially: commensurate 
with said prescribed cross-section of said beam. 

8. A delay line according to claim 7 in which 
Said medium is 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 in the path of said beam 
disposed to reflect Said bean 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 reflec 
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 reflect 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 area 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 
Second 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 boundaries 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 
to project a beam of compressional waves toward 
its opposite boundary, means in said opposite 
boundaries to refect said beam back and forth 
therebetween, said means being constituted by 
reflectors of area limited in extent to approxi 
mately the same size and 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 
So 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 walls in positions 
to effect reflection back and forth of said beam 
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 a 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 material 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 a 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 suc 
cessively reflected from said plurality of areas. 

16. A delay line comprising a plurality of 
Spaced Surfaces bounding a compressional wave 
transmitting homogeneous body Substantially 
devoid of intruding wave reflecting discontinuities 
throughout the entire internal volume thereof, 
One of Said surfaces having an output transducer 
a SSOciated therewith, and predetermined areas 
integrated with other of said surfaces having 
a Substantially greater coefficient of reflection 
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 
dulcers. 

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 a 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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