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. The present invention relates to signaling sys 
items and more particularly to identification and 
selective signaling Systems. 
The object of the invention is to provide a 

Selective signaling System. Whereby a response 
can be elicited from a remote Station in anSWe 
to a specified signal transmitted from a trans 
mitting station. 
application, for Wartime purposes, to recognition 
and identification of “friend' or “foe' and will 
be described specifically with reference to such 
a System. 

It is conceived that a proper recognition signal 
system designed in accordance with this inven 
tion and using radar or other wave energy trans 
mitting and receiving equipment will make it 
statistically impossible for an enemy to identify 
himself as friendly unless he possesses all of the 
elements of the System together with a code which 
may be varied from day to day or hour to hour 
if necessary. In general my system comprises an 
arrangement for transmitting, say from a radar 
antenna, a coded pulse of wave energy instead 
of the usual single-valued pulse. The coded pulse 
is composed of selectively spaced unit impulses 
readily SuSceptible to a large number of varia 
tions in Spacing. A receiving System at the target 
Station may be arranged for reception from all 
directions in azimuth. The receiving system is 
provided with special decoding apparatus so that 
it will respond only to the coded pulse trans 
mitted by the transmitting station. At the target 
station, the response of the decoding device may 
be used to operate an indicator or other appa 
ratus. If desired, the decoding apparatus at the 
target station may be arranged so that after re 
Sponse to a coded pulse, it will initiate the trans 
mission, for example, by radar, of a second coded 
pulse signal having a code which is different from 
the first coded signal, and receiving means at the 
first transmitting station may be arranged to 
respond only to Such a second coded pulse trans 
mitted from the target station. By this means 
the target station can identify itself to the initial 
transmitting Station as a friend and not an enemy. 
Many arrangements for producing such iden 

tification have heretofore been proposed in the 
prior art. Such systems have usually, however, 
involved a sequence of mechanical or electrical 
operations at the receiving station in accordance 
With the time intervals between the units of a 
code signal. Such systems lack a sufficient vari 
ety in the poSSible codes. They also involve the 
possibility and even the probability of improper 

- timing between the coding and decoding devices, 

My invention has particular - 
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as well as the likelihood of operation due to stray 
pulses. In the present invention these difficulties 
are eliminated by arranging the coding and de 
coding devices in Such a way that the time inter 
Walls involved depend upon the velocity of Wave 
energy in a homogeneous conducting medium 
Such as upon the Velocity of Sound in a Sound 
conducting medium. Furthermore the present 
invention provides for the examination of the 
Selective response producing coded pulse as a 
Whole, rather than in Sequence, as heretofore. 
The invention will best be understood from the 

following description, taken in connection with 
the accompanying drawings, in which Fig. 1 is 
a Schematic diagram of a modification providing 
a complete identification system; Fig. 2 shows, in 
a longitudinal Section an embodiment of an ele 
Inent of the coding and decoding device; Fig. 3 
Shows the device in Fig. 2 in elevation; Fig. 4 
ShOWS the device in Fig. 2 in a transverse sec 
tion taken along the line 4-4 in Fig. 2; Fig. 5 
ShoWS in a longitudinal Section a modification of 
the device shown in Fig. 2; Fig. 6 shows the de 
vice of Fig. 4 in elevation; Fig. 7 is a perspective 
View of a modification of the device shown in 
Fig. 2 illustrated without an enclosing casing; 
Fig. 8 is a Schematic wiring diagram of trans 
mitting positions of my system; and Fig. 9 is a 
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Schematic Wiring diagram of receiving portions of 
my System. 
My invention is herein described as applied 

primarily to a radar signalling system, that is, 
a System in which short impulses pf ultra high 
frequency electromagnetic waves are transmit 
ted in the form of a beam and reflections from 
a target are received, and cause to operate an 
indicator for the purpose of determining the dis 
tance and direction of the target. Such a trans 
mitting station may be installed on land, at air 
ports or other points, or it may be installed on 
a ship. In Such arrangements the system may 
be used to Search for enemy aircraft or other 
Ships. Friendly aircraft and ships may likewise 
become targets in which case it becomes impor 
tant to be able to distinguish friendly targets 
from enemy targets. The present invention pro 
Vides arrangements for producing such identifica 
tion and involves suitable installations on the 
friendly targets. While my invention will be de 
Scribed With Specific reference to radar identifica 
tion Systems, it will be understood by those skilled 
in the art that it has application to other types of 
Selective signalling as hereinafter described. 

Referring now to Fig. 1, a directional radar 
transmitting antenna is indicated at located 
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at station 1. The antenna may be energized 
in any Suitable manner for radar distance deter 
mination as by the transmitter 2 through a 
transmit-receive relay 3. For the purposes of the 
present invention the transmitter 2 is controlled 
by a coder 4 which in turn is energized by a repe 
tition rate oscillator 5 which determines the 
number of Signals transmitted in a given time 
interval. The energy transmitted from antenna, 

is received at station 2 on the antenna 6 which 
preferably has 360° coverage. The received en 
ergy passes through a transmit-receive relay 7 
to a receiver amplifier 8 and thence to a decoder 
9. The decoder permits passage through it only 
of Signals which correspond to the code produced 
by the coder 4 at station 1. All other signals are 
rejected. If a proper signal is received it passes 
through the decoder 9 to initiate the operation of 
a keying oscillator f which, in turn, energizes a 
coder if f at station 2. The coder operates 
transmitter 2 to Send an impulse by way of re 
lay 7 to the antenna 6. Coder if preferably pro 
duces a different code from that produced by 
coder 4. The new coded pulse is broadcast by 
antenna, 6 and received by antenna, at station 
1. Here the coded pulse is passed by Way of re 
lay 3 through the radar receiver amplifier 3 
to the decoder 4. The latter is adjusted to pass 
only signals having the code established by coder 
f f at Station 2. It rejects all other signals. Sig 
nals passed by the decoder 4 may operate a sig 
nal indicator 5 and may also, by way of conduc 
tor 6, operate to change the intensity or other 
characteristics of an indication produced by a 
Cathode ray tube 7. Thus signals produced by 
the decoder 4 may be made effective to differen 
tiate Such signals from reflected Signals received 
at Station 1 from reflecting targets. Fig. 1, thus 
indicates diagrammatically a complete recogni 
tion Signal System in which a coded pulse is 
transmitted from the first Station, received by the 
Second station, where it is used to initiate the 
transmission of a Second and preferably different, 
coded pulse which in turn is received by the first 
station and used to Operate an indicator. It 
follows that an indication Will be produced at 
Station 1 only if station 2 has a decoder 9 re 
sponsive only to the coded pulse produced by 
coder 4 and provided station 2 has a coder 
which produces a coded pulse which can oper 
ate the coder 4 at station 1. Such a four-instru 
ment double-code system is particularly desirable 
when used in connection with a radar arrange 
ment where the original coded pulse may be re 
flected by other targets, water waves, etc. The 
Security offered by Such a System will be even 
more evident from a consideration of the coding 
and decoding devices. 
One form. Of coding device is illustrated in Figs. 

2, 3 and 4. A magnetostrictive (for example 
nickel) tube 2) is mounted concentrically about 
an axially disposed permanent magnet 2 having 
enlarged poles 22 and 23, whereby the tube 20 
forms part of the magnetic flux path of the 
magnet. The tube 20 is thus magnetically polar 
ized. Surrounding the magnet 2 and within the 

... tube 20 is a non-magnetic metallic cylinder 24 
having a Series of radial slots 25 cut into its pe 
riphery. In the center slot a thin electromag 
netic coil 26d. is Wound. The coil 26a will be des 

, ignated as the energizing coil. The slots on either 
side of the coil 26a are filled with a set of similar 

... coils b to g on the left, Fig. 2, and preferably a 
Second similar set b to g on the right of coil 26a. 
The metallic cylinder 24 on which the coils are 
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wound provides electrostatic and electromag 
netic Shielding between them. 
The ends of the tube 2 are imbedded in a 

mass of energy absorbing material 29. The mate 
rial 29 may, for example, be soft rubber, Glyptal, 
or similar material. The ends of tube 20 may be 
tapered to facilitate the gradual absorption of 
energy by the lossers 29, and to prevent a Sud 
den change in impedance. The whole design is to 
such as to terminate both ends of the tube in its 
characteristic impedance when the tube is re 
garded as a transmission line for compressional 
wave impulses, so that no energy Will be reflected 
back into the tube from its ends, but all energy 
traveling down the tube Will be absorbed by the 
material. 29. 
An electromagnetic and electrostatic Shield 30 

surrounds the tube 20. The whole mechanism 
may finally be mounted within a case 3, leads 
to the coilsbrought out at 32. 
The operation of this coding device is as fol 

lows: Let the coil 26 be energized by a short 
electric pulse having a time length, say, of the 
order of one microSecond. The electromagnetic 
field produced by the coil Will modify the mag 
netic flux in the tube 20 and, due to the resulting 
magnetostrictive effect in the tube, produce a 
compressional Wave pulse which Will immediately 
start to travel along the tube 26 in both direc 
tions from the center. As the pulse travels along 
the tube 20 it will carry With it a magnetic dis 
turbance Which Will Successively link the coils 
b to g on the left and coils b to g on the right. 
There will thus be induced in each of these coils 
an impulse of electromotive force of approxi 
mately one microSecond time length. The time 
interval between the Voltage impulses, produced 
in the several coils will depend upon the physical 
Spacing between the coils which may be made 
equal as shown or may be varied if desired. The 
time intervals between the voltage pulses will 
otherwise depend only upon the velocity of 
propagation of the compressional wave pulse 
through the tube 20. If the tube 20 be made of 
a homogeneous material, the time spacing of the 
Voltage pulses can be extremely accurately de 
termined. 
A modification of the coding device is shown 

in FigS. 5 and 6 in which a permanent magnet 
33 is mounted externally of the coil system or, if 
desired, the magnet 33 may be an electromagnet. 
The magnetostrictive tube 34 in this case is 
mounted inside of a cylindrical metallic element 
35 mounted close to but spaced from the tube 34. 
Slots in the element 35 carry coils 26a, b to g on 
the left, and b to g on the right, as in element 24, 
Fig. 2. The ends of the tube 34 are imbedded in 
a losser material 36 in a similar manner to that 
shown in Fig. 2 So that there will be no compres 

60 Sional wave reflections from the ends of the tube, The operation of this arrangement is quite simi 

65 

70. 

lar to that described with reference to Fig. 2. 
Before describing further modifications of a 

Suitable Coding device it is desirable to consider 
in detail the manner in which the coder is used. 
Let us refer then to Fig. 8 which shows a sche 
matic wiring diagram of the transmitting por 
tions of the system. 
The coding device is shown diagrammatically 

at 27 With the Several coils lettered a to g. Coil 
d is the initiating coil and is connected to the 
output of a Square wave generator as will be ex 
plained later. Coil a is also connected to output 

5 
tube 38. The coils b to g on the left of coil a are 
connected in Series, aiding, with the correspond 
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ingly positioned coils b to g on the right of coll 
a. The several coils are also connected through 
"a code selecting switch 39 which has three Sepa 
rately adjustable arms 40, 4 and 42, each Selec 
tively connecting with three contact studs. One 
of each of these studs is a blank and is grounded; 
the grounded studs are marked O. The other 
contact studs are lettered b to g corresponding to 
the coils of the device 2 with Which they are 
connected. The adjustable SWitch arms 40 to 
42 are connected, respectively, to output ampli 
fier tubes 43 to 45, whose anodes are in parallel 
with each other and with the anode of tube 38. 
The combined output of these amplifiers is coul 
pled through condenser 46 to the radar trans 
mitter, which may be of any conventional type 

- and therefore is not shown in detail on the draw 
ings but is schematically indicated in Fig. 1, at 2 

- for station 1 and at 2 for station 2. 
The square wave generator for the energiza 

tion of coil a is activated by the repetition rate 
oscillator 5 in Fig. 1. The latter is preferably an 
Oscillator of Conventional type Which produces a 
peaked wave form impulse of negative polarity 
at the rate at which it is desired to Send out the 
recognition signals; it may conveniently be a unit 
of the regular radar System. The output of the 
repetition rate oscillator is connected to the ter 
minals 47, 48 in Fig. 8. The peaked wave im 
pulses are then impressed upon the grid Of alm 
plifier tube 49 whose output is connected to the 
cathode-grid circuit normally conducting Cath 
ode follower vacuum tube 50. The output circuit 
of the latter includes the primary winding 52 of 
the transformer 5. The output circuit of a 
vacuum tube 53 is similarly connected in series 
with transformer winding 52. The grid circuit of 
tube 53 is connected through winding 54 of trans 
former 5 and thence through resistor 55 to 
ground. In parallel with resistor 55 is the oper 
atting coil 57 of an impulse time delay device 58, 
the operation of which will be explained later. 
A third winding 59 on transformer 5 is con 
nected to the grid of an amplifier tube 60 whose 
output circuit, by way of a connection to the 
cathode, is connected to the grid of the first out 
put amplifier 38 and to the COder impulse initiat 
ing coil a. In the circuit just described, the tube 
49 is an amplifier tube; tubes 50 and 53 together 
comprise a Square Wave generator of the blocking 
-type and tube 60 is an amplifier. 

The device 58 is an acoustic time delay de 
vice and is similar in construction to the coding 
device previously described. It consists of a mag 
netically polarized magnetostrictive rod or tube 
6t, one end of which is embedded in a losser ma 
terial 62. This material and the manner of its 
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coupling to the tube 6 are such that this end of 
the tube Will be terminated in the characteristic 
impedance of the tube 6 regarded as an acoustic: 
transmission line. The coil 5 is a thin coil Sur 
rounding the tube 6. When an impulse is passed 
through the coil 5, a compressional Wave impulse 
is produced in the magnetostrictive tube 6. The 
compressional Wave impulse, after its production. 
in the tube, travels along the length of the tube 
towards the ends in both directions from the coil 

- 57. The impulse which travels towards the end 
embedded in losser material 6 is completely ab 
Sorbed by this material. The impulse which 

60 

65 

end of a definite time interval after the originat 
ing impulse appeared in the coil 5. This time 
interval is determined by the time required for the 
compressional wave discontinuity to travel from 
the coil 57 to the upper end of tube 6 and back 
-to the coil 57. This time interval can be repro 
duced with great accuracy if the tube 6 be made 
of a suitably annealed homogeneous material 
Which has a low temperature coefficient or which 
is protected from severe temperature changes. 
The operation of the square wave impulse gen 

erator, including vacuum tubes 52 and 53, will 
now be apparent. A suitably peaked impulse of 
negative polarity impressed upon vacuum tube 
50, which is normally conducting, provides a de 
crease in the flow of plate current, sending an 
impulse through the coil 5. A corresponding 
impulse is thereby induced in coil 54 and in 
pressed upon the grid of tube 53 resulting in Oscil 
lation of tube 53 due to the feed-back between 
grid and plate, the latter being normally with 
out plate voltage by reason of the short circuit 
presented by tube 50. However, the impulse pro 
duced in coil 5 is also passed through coil 5, 
thereby producing a compressional Wave impulse 
in the magnetostrictive tube 6. The voltage pro 
duced in the coil 5 by the compressional Wave 
impulse reflected from the upper end of tube 6 
at a definite time interval later is in such a direc 
tion as to stop the oscillation of tube 53. The 
potential impressed upon the grid of cathode foll 
lower tube 6 is thus rapidly increased and a 
shorter time interval later rapidly decreased, 
whereby a Square Wave impulse is impressed upon 
initiating coil of the coding device. 
The square wave impulses are produced in the 

output of amplifier 60 at the rate of the repetition 
rate oscillator 5, Fig. 1. Each impulse will briefly 
energize coil a. There will thereby be produced 
in the magnetostrictive tube 26 a compressional 
Wave disturbance which will immediately coin 
mence to travel along the tube towards the ends 
in both directions from the coil d. This comi 
pressional Wave disturbance Will carry With it a 
magnetostrictive flux change, which will succes 
sively cut the several coils b to g, inducing volt 
age impulses in them. The correspondingly let 
tered coils to the left and to the right of coil a are 
connected in series, aiding, to obtain the max 
imum possible voltage change. When the com 
pressional wave impulse reaches the ends of the 

: tube 20, all the remaining energy is absorbed by 
the losser 29. The time required for the compres 
sional wave impulse to travel from the coil a to 
the coil g may be of the order of thirteen micro 
seconds, so that the time intervals between the 
potential impulses induced in adjacent coils a to 
g will be of the order of one microsecond. The 
potential impulses themselves should be of the 
order of one microSecond in length. 

In the particular arrangement shown in Fig. 8 
there are thus seven impulses available, Spaced 
one microsecond from each other, from which 
any desired number may be selected to produce 
the desired code signal. As an example of a 
method for selecting a suitable code, and one 
Which provides many differtent codes, I have 
shown a code Selecting Switch 39. This has three 
separate switch arms 40, 4 and 42. Each switch 

70 
travels toward the upper end of tube 6 is re 
flected back from that end. As it passed under 
the coil 57, the magnetostrictive flux change ac 
companying it causes a voltage pulse to be in 
duced in the coil. This voltage will appear at the 

arm has three positions, one of which, marked O, 
is grounded in each case. The other tWO posi 
tions are connected to adjacent coils of the cod 
ing device; thus the SWitch arm 40 may be ad 
justed to select no signal or to select the potential 

75. impulse from either coil b or coil c. Similarly, 
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switch arm 4 may select no signal or the signal 
impulse produced by coil d or coile; and finally 
switch arm 42 may select no signal or the poten 
tial impulse produced by coil for coil g. 

If we assume, for the moment, that the code 
to be transmitted is selected as being that pro 
duced when the Switch arms 40 to 42 are in the 
positions shown in Fig. 8, it will be evident that 
an initial impulse, one microsecond in length, is 
produced when the coil a is energized. The next 
impulse begins four microseconds later When coil 
c is energized. A third impulse will begin eight 

O 

microseconds after the initiating impulse, name 
ly when coil e is energized. The last impulse will 
be produced approximately twelve microSeconds 
after the initiating impulse, namely when coil g 
is energized. The four impulses are amplified 
individually to the required degree by the vacuum 
tube amplifiers 38, 43, 44, 45 and passed on to 
the radar transmitter. These amplifier tubes 
are arranged to exercise a limiting action to COmi 
pensate for any Small attenuation of the Con 
pressional wave pulse in tube 2 while the pulse 
is traveling past the Various coils. The out 
going impulses should thus be as nearly identical 
aS possible in both amplitude and time Width. 
The transmitted impulse, which forms the coded 
recognition signal, will thus comprise a Series of 
four one-microsecond pulses With Spaces of three 
microSeconds between then. By Selecting dif 
ferent groups of coils by meains of SWitch 39, codes 
having differently Spaced unit impulses can be 
obtained readily. 
The coded pulse will be received by the target 

Station 2 at which station the inpuses are passed 
through a suitable receiver-amplifier 3, Fig. 1. 
The last amplifying tube of the receiver-amplifier 
may be represented by amplifier tube 63 in Fig. 9. 
The received coded impulse is then passed to a 
decoding device diagrammatically indicated at , 
28, which is Substantially similar to the coding 
device 27 at station 1, except that a separate 
initiating coil k is used and the corresponding 
coils on opposite sides of the initiating coil are 

... connected series aiding only When they are in 
use for the receipt of the selected code. Coils 
which are not used by the Selected code are Con 
nected in Series opposition. The code Which is 

...to be received is set up on a code selecting 
Switch 64 corresponding to Switch 39 in Fig. 8. 
The switch 64 could be a simple switch like 

the switch 39 in Fig. 8, but in order to obtain 
greater selectivity I prefer to use a Switch. Where 
by the coils not used by the selected code Will 
be active to prevent an indication should false 
signals be received. To this end switch 64 has 
three Switch elements 65, 66, 67 corresponding to 
the three switch elements 40, 4, 42 of switch 39 
in Fig. 8. 

However, each of the switch elements 65, 63, 
67 has four switch arms simultaneously operated 
to make contact with one of three contact Studs. 
Each switch element has an indicating arm 68, 
69, 70, respectively, with the three positions 
marked to correspond with the elements of the 
code corresponding to the markings of SWitch 
39 in Fig. 8. Thus switch element 65 has the 
three positions O, b, c, similarly Switch element 
66 has the three positions O, d, e and SWitch ele 
ment 67 has the three positions O, f, g. If the 
selected code, as set up on the Switch 39 in Fig. 8, 
included the coil elements a, c, e and g, the Switch 
64 is similarly set so that an indication will be 

... produced only if the coils a, c, e and g in the 
decoding device 28 are simultaneously activated. 
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70 

5 

of the usual single-valued pulse. 

, tion of an indicator at the latter. 

8 
and if the remaining coils at that instant are not 
tenergized. 

In the decoding device 28, correspondingly po 
sitioned coils on the left and on the right of the 
energizing coil k are connected in Series, aiding. 
A separate amplifier is provided for each pair of 
coils. Each amplifier comprises a cathode fol 
lower tube and a class A amplifier. The Cath 
ode followers are numbered in Fig. 9, 63d to 63g, 
inclusive, and the class A amplifiers numbered 
.73a, to 3g, inclusive. The latter are all con 
nected in parallel so that their combined out 
puts energize final amplifier tube 72, which may 
directly operate an indicating device, Such aS 
the signal indicator 5, or the cathode ray tube or 
the keying oscillator. 10, all in Fig. 1. 
The tube 72 is biased far below cutoff so that 

only the Summation of Sufficient Voltage impulses 
corresponding to the number of coils in the Se 
lected code can produce an indication. The 
:Switch 64 serves to connect pairs of coils in the 
Selected code across the grids and cathodes of 
their respective amplifiers in Such polarity as 
to make the grids positive when signais are re 
ceived. The Switch at the same time connects 
pairS. of Coils, not being used by the selective 
Code, to their respective amplifiers in such polar 
ity as to make the grids negative. It will thus 
be evident that in order to produce operation of 
the indicating device it is necessary that all the 
coils in the selected code be energized simultane 
ously. Moreover, only in this case Will an indica 
tion be produced, for if non-Selected coils should 
be energized at the same time, the total voltage 
appearing at the grid of amplifier T2 will be re 

the tube. 
The Systern ShoWin in Fig. 9 may be used both 

at stations 1 and 2, in Fig. 1, in which case it will 
represent the elements 9 and 4. 
Slinnarizing rny Systern, it will be seen that I 

provide for the transmission, for example from 
the radar transmitter, of a coded pulse instead 

This coded 
pulse is capable of variation in the time-space 
relations between the elements of the pulse in 

... a large number of combinations by the simple 
Setting of three dials each having three positions. 
Additional dials and additional dial positions may 
of course be provided if a more complex code is 
desired. My invention further involves the use 
at a target Station of a receiving system prefer 
ably having 360 coverage and which is capable 
of responding Only to a coded pulse precisely the 
Same as that transmitted by the transmitting 
station. The Wrong setting of any dial by as 
much aS One position in the code must result in 
the rejection of the signal and failure to operate 
the indicator. In the simplest forgia of my in 
vention it is, of course, Sufficient to have trans 
mission of the coded pulse from one station and 
itS reception at a target station with the opera 

For any pur 
poses however it Will be preferable to Se a more 
complete System. Such as that illustrated in Fig. 
1 Where the coded pulse transitted by Station 
and received by Station 2 actuates a new trans 
initter at Station 2, transmitting a differently 
coded pulse Which in turn is received at Station 1 
With a properly adjusted decoder to produce a 
final indication at Station 1. Positive identifica 
tion, in Wartine, of friendly aircraft and ships 
can thereby be made. 
The magnetostrictive coder and decode above 

described probably offers the simplest and most 
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easily duplicated device and one which can be 
produced in quantity with precision and at low 
cost. As above mentioned, it is only necessary 
that the magnetostrictive element be uniform 
In cross Section and be acoustically and magnet 
ically homogeneous. The former can be obtained 
by using an accurately made cold drawn tube of 
nickel or a nickel alloy having a low temperature 
coefficient. Homogeneity can be assured by prop 
erly annealing the tube; if of nickel, the tube may 
be annealed at 1100 for two hours. As an ex 
ample, but without limitations, it is suggested 
that a nickel tube may be used having an outer 
diameter of A inch and an inner diameter of 
0.2 inch with a cross-sectional area of 0.1135 
Square centimeter. Such a tube will have a chair 
acteristic impendance of 4,350,000 dynes per kine 
Or mechanical ohms per square centimeter. With 
Such a tube a losser device on each end must 
provide a resistive load of 493,500 mechanical 
ohms. This should contribute no mass or stiff 
neSS to the System. It is believed that suitable 
high loSS materials cycle welded to the tube Will 
present such a load which will prevent compres 
Sional Wave reflections from the ends of the tube, 
The desired polarizing flux in the nickel tube is 
in the vicinity of 3,900 gauss. 

In place of using a magnetostrictive tube, the 
phenomena of piezoelectricity may be employed. 
For instance a rod of quartz may be used having. 
a series of electrodes along the rod to give the 
desired time delays. Such a device is shown in 
perspective in Fig. 7. The quartz element 30 has 
a center electrode 8a to which the initiating 
inpulse is applied. This produces a compres 
Sional wave impulse which travels along the crys 
tall to the left and to the right of electrode 8 a. 
As it does so, it produces electric potentials suc 
cessively at the electrodes b to g on the left and b 
to g on the right. The various electrodes may be 
Connected in pairs in series aiding, and the pairs 
to individual amplifiers through a switching de 
vice in a manner similar to that shown for the 
magnetostrictive acoustic line shown in Fig. 8. 
Similarly for a decoding device the piezoelectric 
element may be arranged in a circuit similar to 
that shown in Fig. 9. 

It will be observed that the crystal element 8 
has its ends cemented into blocks of iOSSey Ina 
terial 82 to prevent reflection of the acoustic in 
pulses from the ends of the Crystal. 
In the magnetostrictive delay lines, such as is 

shown at 58 in Fig. 8 for example, the generation 
of a pulse at varying times after a fixed pulse in 
the same coil may be effected by using only one 
losser at one end of the tube, the other end being 
left free so as to completely reflect the compres 
sional wave pulse. By varying the length of tube 
between the center of the initiating coil and 
the reflecting end of the tube by sliding the coil 
along the tube, an adjustment can be made SO 
that the reflected pulse will reach the initiating 
coil at any desired time after the initiating pulse. 
The variation in pulse time will be a linear func 
tion of the displacement of the coil on the tube. 
Such a reflection type of magnetostriction 

acoustic delay line may be used for Various pur 
poses; it may, for example, be used in a blocking 
oscillator regulate pulse widths in accordance 
with well-known methods. An example of Such 
use is shown at 58 in Fig. 8 as previously de 
scribed. As such the acoustic delay line replaces 
the electrical delay line previously used, with 
the advantages that the pulse length is adjust 
able with narrow limits by a simple mechanical 
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10 
motion of the coil over the magnetostriction tube, 
and the pulse length is not affected by line volt 
age changes. 
While my invention has been described with 

particular reference to a “friend or foe' identi 
fication System it obviously also has application 
to other identification or selective signaling Sys 
tems. For example, a Sea, coast may be equipped 
With many identifying radar beacons constructed 
in accordance With the invention herein de 
scribed. These beaconS will answer when inter 
rogated by the proper code and will send back 
their own code number. With Such a System the 
captain of a vessel approaching an unknoWn. 
coast can set up on his scanning radar the code 
of the desired beacon. When the beacon comes 
Within range it, will show brightly on the radar 
cathode ray tube screen. By interrogating three 
beacons a ship's navigator can, by triangulation, 
obtain his exact position. Other modifications 
and applications of my invention will be appar 
ent to those skilled in the art. 
Having now described my invention, I claim: . 
1. In a signaling device, an elongated compres 

sional wave transmission element, input trans 
ducer means for creating compressional Waves 
therein in response to electrical impulses applied 
thereto, a plurality of transducer means uniform 
ly spaced along said element in pairs on both 
sides of said input transducer means for produc 
ing output electrical impulses when Said com 
pressional waves pass, means for applying a 
chronological series of electrical impulses to Said 
input transducer means, and means for selec 
tively connecting to a common output circuit 
those output transducer means wherein each in 
pulse of said series appears simultaneously. 

2. In a signaling device, an elongated compres 
sional wave transmission element, input trans 
ducer means for creating compressional waves 
therein in response to electrical impulses applied 
thereto, a plurality of transducer means uni 
formly spaced along said element in pairs on both 
sides of said input transducer means for produc 
ing output electrical impulses when said compres 
sional waves pass, means for applying a chrono 
logical series of electrical impulses to Said input 
transducer means, means connecting each of said 
pairs of output transducer means in series aiding, 
and means for connecting to a common output 
circuit those output transducer means wherein 
each impulse of said series appears simulta 
neously. 

3. In a signaling device, an elongated compres 
sional wave transmission element, input trans 
ducer means for creating compressional Waves 
therein in response to electrical impulses applied 
thereto, a plurality of transducer means uniform 
ly spaced along said element in pairs on both 
sides of said input transducer means for produc 
ing output electrical impulses when Said con 
pressional waves pass, means for applying a 
chronological series of electrical impulses to Said 
input transducer means, and means for connect 
ing to a common output circuit those output 
transducer means wherein each impulse of Said 
series appears simultaneously, means connecting 
in series aiding the members of each of Said 
pairs of output transducer means wherein each 
impulse of said series appears simultaneously, and 
means connecting in series opposition the men 
bers of each remaining pair of Said output trans 
ducer means. 

4. In a signaling device, an elongated COpres 
sional wave transmission element, input trans 
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ducer means for creating compressional waves 
therein in response to electrical impulses applied 
thereto, a plurality of output transducer means 
spaced uniformly along said element in pairs on 
both sides of said input transducer means for 
producing output impulses when said compres 
sional waves pass, means connecting in series aid 
ing the members of selected ones of said pairs 
of output transducer means, means connecting in 
Series opposition the members of each of the re 
maining pairs of said output transducer means, 
and means connecting the series-aiding connect 
ed pairs to a common output circuit. 

5. A signaling device comprising, acoustical 
delay means, input electroacoustic transducer 
means arranged to initiate an acoustic disturb 
ance in said delay means in response to the im 
pression thereon of an electrical pulse, means to 
impress input electrical pulses upon said input 
means, two similar series of individual output 
electroacoustic transducer means having CO 
responding members in pairs at substantially 
equal acoustic distances from Said input means, 
an output circuit, and means connecting the 
members of a selected pair in Series aiding to 
said output circuit. 

6. A signaling device comprising, acoustical de 
lay means, input electroacoustic transducer 
means arranged to initiate an acoustic disturb 
ance in said delay means in response to the in 
pression thereon of an electrical pulse, means to 
impress input electrical pulses upon Said input 
means, two similar series of individual output 
electroacoustic transducer means having cor 
responding members in pairs at Substantially 
equal acoustic distances from Said input means, 
an output circuit, means connecting Selected Ones 
of said pairs to said output circuit With the men 
bers of each pair connected in Series aiding, and 
means connecting the members of an unused pair 
in series opposition. 

7. A signaling device- comprising, means pro 
Viding a wave energy delay path, input wave 
transducer means arranged to initiate a disturb 
ance in said path in response to the impression 
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thereon of an initiating wave impulse, means to 
in press an initiating wave impulse upon said in 
put means, two similar series of individual output 
Wave transducer means having corresponding 
members in pairs along said path at substantially 
equal delay distances from said input means, an 
output load, means to connect selected ones of 
Said pairs to said output load with the members 
of each pair connected in one sense, and means 
simultaneously to connect the members of an 
unused pair to said output load in the opposite 
SES 

8. A signaling device comprising, means pro 
Viding a Wave energy delay path, input wave 
transducer means arranged to initiate a disturb 
ance in Said path in response to the impression 
thereon of an initiating wave impulse, means 
to impress an initiating wave impulse upon said 
input means, two similar series of individual out 
put Wave transducer means having corresponding 
members along Saidpath in pairs at substantially 
equal delay distances from said input means, an 
output, load, and means connecting the members 
of a Selected pair in mutually aiding fashion to 
Said output load. 

EDWIN E. TURNER, Jr. 
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