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This invention relates to a defense system and 
means employed therein for destroying missiles 
directed against objects, at a safe distance from 
and before they may reach such objects. 
One of the objects of the present invention is 

the provision of co-ordinated sound responsive 
means for the detection of a missile approaching 
from any direction, and means for orientating 
a defense instrumentality against Such missile, 
and further means for causing such instrumen 
tality to destroy the missile at a predetermined, 
Safe distance from the defended object. 
Another object of the present invention is the 

provision of a defense System against projec 
tiles or the like, wherein is employed a combina 
tion of at least three operatively interconnected 
and cooperating units for detecting and locating 
such projectile while it approaches its object, 
and wherein one of the units controls a defense 
instrumentality, such as a mortar or gun, and 
wherein the two other units control the firing 
mechanism of such defense instrumentality so 
that when the projectile nears a certain danger 
Zone the charge of the defense instrumentality 
is loosed in front and against the projectile for 
destroying it before it reaches the danger Zone. 
A still further object of the present invention 

is to provide a defense System against projectiles, 
Such as torpedoes, and in which System are emi 
ployed electrically energized, Sound-Sensitive 
units cooperating with one another, and wherein 
one of the units controls the training against 
Such projectile of a mortar or gun, adapted to 
shoot depth charges or the like, whereas at least 
two other units control the firing of the gun, 
and wherein the gun is so mounted that it Will 
be constantly maintained at a certain elevation, 
and in which elevation Such gun may be SWung 
in a circular curve Within an angle of at least 
180°, and wherein the gun is adapted to eject 
its charge for a certain distance from the gun, 
and wherein electrically controlled means are 
provided to discharge the gun against an ap 
proaching projectile when it reaches a point near 
the predetermined shooting distance within the 
aforesaid half circle. 
A still further object of this invention is to 

provide in a defense system against sound emit 
ting projectiles or the like, such as torpedoes, a 
plurality of sound responsive control units adapt 
ed to react to the emission of Sound emanating 
from such torpedoes, and wherein One of the 
units controls the constant training of a mortar 
or gun against the approaching torpedo, while 
the other units control the firing mechanism of 
such mortar or gun, and wherein each of the 
units employ pressure... and Velocity actuated mi 
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2 
crophones or hydrophones, notive means for 
operating the latter, means for co-ordinating the 
operation of the units, and wherein two units 
at both sides of the gun controlling unit are 
equipped with variable condensers, connected in 
parallel, and Wherein these condensel's are SO 
designed that their total capacity, which latter 
is being constantly checked against a predeter 
mined or standard capacity of the co-ordinat 
ing means, remains constant when the condensers 
are simultaneously operated in such a Way that 
the vertical center plane passing through the 
velocity microphones intersect at any point of a 
half circle, the radius of Which corresponds to a 
predetermined shooting distance of the gun, and 
that their total capacity becomes different from 
the aforesaid standard capacity When the Verti 
cal planes passing through the microphones in 
tersect at a point beyond such half circle. 

Still another object of the present invention is 
to provide with my microphone-operated units 
the aforesaid condensers of a Special design to 
render them functioning in the manner indi 
cated, and to provide a formula for the proper 
construction of the rotor plates of the con 
densers. 
A still further object of this invention is to 

provide a formula for the calculation of angles of 
ever-changing triangles formed between a con 
stant base and two interSecting vertical planes, 
and Wherein the base conforms with a line con 
necting tWO outer units, and which line passes 
through a central unit, and wherein the intersect 
ing vertical planes correspond to the central 
planes passing through the pressure and velocity 
microphones of the outer units. 
The foregoing and still further objects and im 

portant advantages of the present invention will 
become more fully understood from the ensuing 
description, taken in connection with the accom 
panying drawings, which latter, while showing 
Specific arrangements of the present invention, 
by no means are intended to limit the disclosure 
to the actual showing, and wherein 

Fig. 1 is a diagrammatical top view of a vessel 
equipped with my defense system; 

Fig. 2 is an enlarged end elevation of a vessel 
showing the arrangement of few of the compo 
nent parts of my system; 

Fig. 3 is a diagrammatical illustration of a 
vessel equipped with my defense instrumentali 
ties, With the condensers employed in the end 
units thereof being shown in greater detail, to 
gether with a formula pertaining to their con 
struction, and another formula for the calcula 
tion of certain angles; 
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Fig. 4 is an illustration of a diagram showing 
2Ontrol units forming part of my System; and 

Figs. 5, 6, 7 and 8 represent detail diagrams of 
some of the control devices employed in Fig. 4. 
Up to the present time numerous attempts have 

been made for defending moving or stationary 
objects, such as ships, lighthouses, gun emplace 
ments, etc., against torpedo attacks by Subma 
rines, and it has been determined that the best 
way of defense against torpedos is the destruc 
tion of Such torpedos at a safe distance from, and 
before they may do any damage to the objects 
against which they are directed. Similarly, in the 
defense against submarines or any other attack 
ing ships, depth charges ejected fronn mortars, 
guns or other devices to destroy the offenders 
have been found very effective. 
The present invention utilizes the heretofore 

gained knowledge in an improved and most posi 
tive manner, and employs an automatic defense 
System whereby a projectile, such as a torpedo, 
may be detected and followed until it reaches a 
convenient, but a sufficiently Safe distance from 
the defender, at which it may be destroyed before 
becoming effective. 

Referring now to FigS. 1 and 2, numeral CD 
denotes the body of a ship, equipped at both port 
and Starboard With a combination of at least 
three electrically energized control units, indi 
cated at A, AF, B, B, C and Cf. Each of these 
units is composed of a shaft if, and f' 
(see Fig. 4), extending vertically alongside the 
ship, a combination of a pressure hydrophone 
and a velocity hydrophone 4, and a bi-directional 
notor , all mounted upon the respective shafts. 
The two end or exterior units A and C are addi 
tionally equipped with variable condensers 8. In 
terior Unit B has no condenser. All of the units 
are provided, in addition to the pressure and 
Velocity hydrophones and the motor, with elec 
trically energized controls, responsive to sound 
Vibrations received by the two hydrophones, com 
posed of individual sets of high-pass-filters 2 and 
amplifiers and rectifiers 3 for each of the two 
types of hydrophones. The amplifier and recti 
fier 3 of both hydrophones in each unit are con 
nected With a rectifier bridge 5 and a polarized 
relay 6. These relays control the operation of 
bi-directional motors , and the direction of ro 
tation at which they are to operate. 
CondenSerS 8 of units A and C are in parallel 

With One another, and their combined lead con 
nects with a bridge circuit 3, which is energized : 
by an oscillator 9. Within the bridge circuit...there 
is provided a certain predetermined or standard 
capacity, which corresponds to the total capacity 
of Variable condensers 8, when the latter are at 
a certain setting. Bridge circuit 8 is connected 
to an input armplifier and rectifier , from Which 
extends a lead to a relay 2. This relay is con 
nected with another relay 3, and through this 
relay to a third relay 4. Amplifier 3 of pressure 
hydrophone in unit A is also connected with 
relay 3. Third relay 4 connects with amplifier 
and rectifier 3 of pressure hydrophone in unit 
C and With firing relay 5, which controls the 
firing mechanism of riortar or gun 8. 

Mortar or gun ia is turned by bi-directional 
motor , through hydrophone shaft O’ of unit 
B, within an arc of at least 180 degrees, whereby 
itS aim towards an approaching torpedo is con 
Stantly maintained. The gun is preferably sup 
ported in a ball and Socket mounting, and its 
Sighting angle is kept constant, against the roll 
ing of the vessel by a heavy plumb bob, holding 
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of motors 7. 

4. 
the gun in its mounting at the desired angular 
elevation. 

Fig. 5 diagrammatically illustrates the interior 
arrangement of the high-pa SS-filter 2 employed 
in each of the units with each of the hydro 
phones, and is designed to pass impulses of a cer 
tain frequency only. In Fig. 6 the arrangement 
of rectifier bridge 5 is shown, together with the 
polarized relay 6, which controls the operation 

Fig. 7 illustrates a detail arrange 
ment of oscillator 9, Variable condensers 8, bridge 
circuit (), with its constant capacity 88, ampli 
fier and its output to relay 2, while Fig. 8 is a 
diagrammatical illustration of relays 2, 3 and 

and their connection with firing relay 5. In 
that figure a pilot light 6 and a manually oper 
able cut-out SWitch are also indicated. While 
the instrumentalities illustrated in Figs. 5 to 8 
are specifically constructed for their intended 
purposes, the diagram ShoWn in Fig. 4 includes 
additional devices enunerated in the legend of 
that figure. These additional devices, such as 
pressure and Velocity hydrophones, amplifiers, 
rectifiers, etc., are well known in the art and 
require no further explanation. However, their 
arrangement and cooperation with one another 
and With the instrumentalities ShoWn in detail 
in Figs. 5 to 8, as defined in the diagram of Fig. 4, 
comprises a novel combination designed to pro 
wide the desired new results as will become here 
in after evident. 

Referring to Fig. 3, ship 0) is provided with 
a combination of control units A, B and C, ex 
tending downwardly alongside the ship. End 
units A and C are equipped with variable con 
densers shown diagrammatically and enlarged 
at 8. In this figure there is illustrated a triangle, 
the base of which forms a line extending between 
units A and C, and is indicated at Y. This line 
passes through unit B. The two sides of the tri 
angles AT and CT intersect at a point of circle 
D, indicating the danger Zone. The radius of 
circle D corresponds to a line connecting apex 
T of the triangle with the center of base Y, at 
the unit B. 

Fig. 3 contains two formulas, one for com 
puting angles X and X’ of the variable triangle 
A, T and C, which angles correspond to those 
between the Straight edges of the movable and 
Stationary blades of the respective condensers 
of unitS A and C, and the other formula is in 
tended to facilitate the computation of the ef. 
fective capacity areas a of each of the condensers. 
The derivation of the formula for angles at on 
ac' is as follows: 

in this formula angle Z (Fig. 3) is also called 8. 
ASSume that a perpendicular h is drawn in 

Fig. 3 from point Tagainst a left-hand extension 
of base y of triangle ATC. 
The distance between point B and the point of 

intersection of h with the extension of gy is b. 
b-2)/2=base of triangle having as one of its 

sides the normal h, the other side being line 
A. 

b-I-2)/2=base of triangle having as one of its 
sides the normal h, the other side being line 
TC. 

Tan acs-tan (180-ac) 
(Formula 1) 

tan ac= - h R. sin () 
b-y/2. R cos 0-12 

(Formula 2) 
tan, ac' = h. R. sin 6 bi-oj/2TR cose--of-2 
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Knowing the tangent of an angle, the cosine 
can be found. (Formula 1.) 
(Formula 3) 

-R cos 0-y/2 

Wreh-ry COS 6 Wre-r cos 6 
From Formula 2 

(Formula, 4) 

2-R Cosa y/ cos 69 

R cos 0--y/2 
Cos ac' = 

Wehr, coS 6 
The derivation of the formula for computing 

the effective condenser area, a is as follows: 
Let A equal the total effective capacity area, 

that is when the variable plates fully coincide 
with or are completely opposite the fixed plates. 

Let a be the effective capacity area, that is 
when the variable plates are not in completely 
opposite position to the fixed plates. 

r--r'-diameter of variable plates 

Effective area a=Xincluded angle of sector, 
in this case 180-ac. 

'X (180-2) a 
p2X 180 A. 

180-a- a 
180 TA 

The effective area, a of the variable plates= 

7 a T(d.Y S'-() 180-ac g(d/2)xi= 3) xis = ( – ) TX-360 
The movable blades of variable condensers 

8, 8 are intended to be operated simultaneously, 
and their total effective capacity must remain 
constant and must match the fixed capacity of 
balancing condenser 88 in capacity bridge circuit 
f O before gun 8 may be fired. 
Such condition is effected whenever the verti 

cal center planes passing through the velocity 
hydrophones of the respective condensers meet 
at any point of danger circle D, such as at point 
T of triangle ATC. These vertical center planes 
are represented by the sides AT and CT of that 
triangle, and it is assumed that the straight 
edges of the movable blades of the respective 
condensers coincide with these planes. 
When these planes meet at a point outside of 

circle D, the total effective capacity of the two 
condensers becomes different from the fixed ca 
pacity of balancing condenser 88, and gun 8 
can not be fired. 
The arrangement of the support for gun or 

mortar 8, controlled by unit B, is such that it 
permits not only the ready movement of the gun 
Within at least a half circle, but the mounting 
of the gun is so arranged that the gun Will be 
constantly, maintained at a uniform elevation 
in respect to the horizontal plane, so that when 
the gun is discharged it will place its missile at 
a distance approximating, but preferably Some 
what short of the radius of danger circle D. 
The mortar or gun is equipped with a firing 

device controlled by the combined arrangement 
shown in the Iower portion of Fig. 4, and which 
comprises oscillator 9, capacity bridge circuit 0, 
amplifier and rectifier , the three relays 2, 3 
and 4 and the firing relay 5. Relay 2 is being 
energized by the output from amplifier and 
rectifier if, and makes contact when it is de 

: energized. Relay 3 is controlled by amplifier 
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6 
rectifier 3 for hydrophone of unit A, and relay 
4 by amplifier-rectifier 3 for hydrophone of 
unit C. These relays make contact when their 
respective preSSure-actuated hydrophones re 
ceive sound impulses of a sufficient intensity. 
When all three relays 2, 3 and 4 make con 
tact at the same time, firing relay f becomes 
energized and operates the firing mechanism of 
gun 8. 

Operation 
It has been determined that sound vibrations 

emitted from a passing ship, or from the moving 
vessel itself equipped with my system, are below 
a certain Sound frequency, for instance below 
5000 vibrations per Second. It has been also 
established that projectiles, such as torpedoes, 
emit sound frequencies above the usual sound 
of ships, say above 5000 vibrations per second, 
due to the fact that their propellers are Small 
and therefore are operating at a very high speed. 
The pressure hydrophones employed in my 

System, as Well as the Velocity hydrophones, are 
designed to pick up sounds of any vibration, but 
to induce impulses in the electrical part of my 
system only when these vibrations exceed the 
range of normal, low vibration frequencies of 
Ships, and approximate the high vibration fre 
quencies of an approaching torpedo. Thus 
when pressure hydrophones pick up a sound 
Corresponding to that emitted by a torpedo, the 
Vibration impulses Will be translated to the elec 
tric portion of my System and will cause the units 
to operate, that is shafts f of, Of and Of' will 
be turned by motors 7 until the velocity hydro 
phones will be in line with the sound, at which 
moment the turning motion of the units stops. 
To understand this operation in detail the 

following explanation is in place. Assume that 
an approaching torpedo emits a sound which is 
picked up by the pressure hydrophones of all 
three units. The sound is electrically trans 
mitted to high-pass-filters 2 of the pressure hy 
drophones, passes to amplifiers and rectifiers 3 
thereof, and from there to rectifier bridges 5 
and polarized relays 6. These relays becoming 
energized Will cause the operations of motors 7, 
which will turn shafts O, O, and O’. Both 
preSSure and velocity hydrophones turn with 
these shafts. The moment the velocity hydro 
phones are in a position to directly pick up the 
Sound, which position may be called the zero 
reception, the impulses received by the velocity 
hydrophones are propagated through their high 
pass-filters 2, their amplifiers and rectifiers 3, 
to rectifier bridges 5, and to the polarized relays 
6. At that moment both contacts in the relay 
break, see Fig. 6, in consequence thereof motors 

Stop the rotation of the shafts and of the 
hydrophones. 
As the torpedo approaches nearer and the ve 

locity hydrophones fail to receive the sound in 
pulses, While the pressure hydrophones still are re 
ceiving such impulses, one of the contact points in 
the polarized relay 6 will close and cause the oper 
ation of motors 7. Thus the entire hydrophone 
assembly is turned in the direction towards the 
Sound, until the Velocity hydrophone again 
reaches Zero reception position, at which moment 
the operation of the motors will stop. Bridges 5 
and polarized relays 6 operate so that a direct 
current output is produced, the polarity of which 
depends upon the presence or absence of a phase 
inversion between the two signals received by the 
two hydrophones of each unit. 
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Ihe polarized relay is designed to either make 
contact at One or the other end of its SWitch, or 
to keep the latter open. Depending upon which 
of the switch ends makes contact, motors will 
turn in one or the other direction, until the 
velocity hydrophone is in Zero position, that is 
when its diaphragm is in line with the Sound. 
As the sound direction changes. With the move 
ment of the torpedo, motors Will always follow. 
At the zero position of the velocity hydrophone 
the switch in relay, 6 will open, and the opera 
tion of motors will stop. Referring to Fig. 6, 
two inputs are indicated, one from pressure hy 
drophone i, the other from velocity hydrophone 
4. Both impulses are of alternating currents, 
which are converted by rectifier bridge 5 to pro 
duce direct current output to polarized relay 6. 
Depending upon whether or not the two alternat 
ing input voltages introduced into bridge 5 are 
in phase or out of phase, the upper or lower 
SWitch contacts of relay 6 Will close, while both 
contacts will remain open if there is no current 
in either one or both inputs, or if the tWO cur 
rents differ in frequency. In consequence of the 
aforesaid phase inversion, each unit individually 2. 
controlled by its polarized relay 6 is caused to 
respond in its operation to the Sound impulses 
received by each individual unit. 
The Variable condensers of unitS A and C and 

their relation to each other has been already 
explained, yet their operation must be repeated 
in order to present a clear picture of the func 
tion of the device. Their total capacity re 
mains constant when they are simultaneously 
so turned that the Vertical planes passing through 
their respective velocity hydrophones meet at a 
constant predetermined distance from unit B. 
When, however, these two planes meet at a 
point Outside of danger circle D, the total effec 
tive capacity of the condensers will differ. 
condensers are connected in parallel, and their 
total capacity is being continuously matched 
against the capacity of the capacity bridge cir 
cuit ), which is energized, by oscillator 9. 
While the condensers are at a position at which 
their total effective capacity does not match the 
capacity of fixed condenser 88 of the bridge cir 
cuit (), the latter will not be balanced, and cur 
rent will be delivered to the input amplifier and 
rectifier . The amplified voltage being recti 
fied, will keep relay 2 open. 
When the condensers are in a position at Which 

their total capacity equals the predetermined 
capacity value of bridge circuit 9, the latter be 
comes balanced and no voltage is passed to ampli 
fier and rectifier . . At that moment relay i2 
becomes de-energized and closes the firing cir 
cuit across the relay. At that position of relay 
2, firing relay 5 may become energized and 

could actuate the firing mechanism of gun i8, 
which latter is constantly trained in the direc 
tion towards the target and is maintained at an 
elevation to place its charge, When fired, prefer 
ably in front of the approaching torpedo. 

It is readily conceivable that the firing mecha 
nism may be actuated When units A and C ac 
cidentally assume their correct position, at which 
the total capacity of their condensers equal the 
pre-determined or standard capacity 88 of bridge 
circuit . In order to avoid the firing of the 
gun, due to Such accidental Setting. Of condensers 
3, relays 3 and 4 are interposed. They are 
energized only when signals are received by the 
pressure hydrophones of both units A and C. 
If relays 3 and 4 become energized While relay 

The . 

O 

5 

8 
2 is de-energized and makes contact, the cir 

cuit between relays f2, 3 and 4 is closed, and 
firing relay 5 may then operate. - 
This arrangement may be readily understood 

by consulting Fig. 8 showing relays 2, 3 and 
f4, and their respective arrangements. The 
operation of firing relay 5 may be prevented 
by opening manually operable switch 1. A pilot 
light 6 is provided for indicating the closed 
or open position of the relay circuit. - - 

It is to be borne in mind that sound emitted 
from sources other than those of projectiles or 
torpedoes must not energize any one of the units. 
For this reason it was determined to employ a 
high-pass-filter 2, such as shown in detail in 
Fig. 5, which suppresses all signals below a cer 
tain minimum frequency. It has been found 
that sound vibrations emitted from torpedoes 
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exceed 5000 vibrations per second. Filter 2 is 
designed to block Sound vibrations of less than 
5000, thus preventing ship noises and other 
noises below this frequency from interfering with 
the operation of the mechanism. 
The operation of the Sound controlled units 

in respect to approaching torpedoes from differ 
ent directions is clearly illustrated in Fig. 1. It 
will be seen that my system may detect, follow 
and effectively deal with torpedoes approaching 
at even acute angles, such as in the case of tor 
pedo M, M" at the left of the figure. 

Similarly torpedoes N, N', O, O', and P, ap 
proaching from other directions, become Vul 
nerable. At the moment any of these torpedoes 
approach a point near or at danger circle D, 
mortar or gun 8-fires a depth charge in front 
of the missile. Obviously, more than One group 
of units A, B and C would be required for effec 
tively combatting a simultaneous attack by two 
or more torpedoes. 

In the foregoing description Specific arrange 
ments of my system have been described. Simi 
larly the drawings illustrate only one form of 
a control mechanism, chiefly electrical in nature. 
In Figure 1 of the drawings is indicated but one 
set of units for each side of vessel 00. It is to 
be understood, of course, that more than two 
Sets of units may be employed along one side of 
a vessel, and that the placement of Such sets 
of units in relation to the body of the vessel may 
be chosen for complete protection of its hull, so 
that no part thereof may remain Vulnerable. 

na.Smuch as all the aforesaid modifications 
are quite obvious and depend upon the basic 
three unit arrangement of my System, specific 

is illustrations of Such modified forms are not 
shown, nor are they specifically described. In 
any event, however, all possible modifications of 
my System Will require the employment of a 
combination of cooperative means which will 
produce the desired results. These combina 
tions will include the employment of at least 
One preSSure hydrophone and a velocity hydro 
phone, or their equivalents, as well as motive 
means for turning the combined hydrophones, 
and means whereby these motive means may be 
operated in one or the other direction in re 
Sponse to vibratory impulses received by th 
combination of the two hydrophones. - 
In the Specification particular emphasis is 

placed on the defense of Ships against approach 
ing torpedos. The same or similar arrangements 
may be readily employed for coastal defense or 
for the defense of stationary objects, and against 
missiles or projectiles which are not torpedos, 

- but emit sounds which may be detected by the 
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instrumentalities employed, and which missiles 
may be destroyed before they reach the de 
fender objects. 
Having thus defined the high points of my in 

vention, it will be quite readily understood that 
neither the specific description nor the Specific 
illustrations are intended to limit my invention 
to the instant presentation, and that I shall 
have the right to make changes, improvements 
and rearrangements of the different instru 
mentalities employed, without departing from 
the broad scope of my invention, as set forth in 
the annexed claims. 
I claim: 
1. In a defense system against projectiles or 

the like, the combination of at least three Spaced, 
electrically interconnected-sound detector units 
in cooperation with one another, and comprising 
two outer and one inner unit, a gun or the like, 
a mounting for the gun for constantly main 
taining it at a certain angle of elevation and for 
facilitating its swing within an angle of at least 
180°, whereby the gun is adapted to shoot a 
charge for a predetermined distance, said inner 
unit being designed to train the gun towards 
an approaching projectile, said outer units be 
ing adapted to locate such projectile and to actu 
ate the firing mechanism of the gun when the 
projectile reaches a point near the predeter 
mined shooting distance of the gun, all of Said 
units comprising pressure-and velocity-micro 
phones mounted on a shaft and a reversible 
motor for actuating the shaft, said Outer units 
also having variable condensers operative With 
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their respective shafts, a high-pass filter and an 35 
amplifier and rectifier connected with each mi 
crophone of each unit, a rectifier bridge and a 
polarized relay forming parts of each unit, Said 
polarized relays controlling the operation and 
the direction of operation of the respective 
motors of each unit; means for controlling the 
firing mechanism of the gun, said means COm 
prising an oscillator, a bridge circuit energized 
by said oscillator and being controlled by Said 
variable condensers of the outer units, an ampli 
fier and rectifier, a relay controlled by the latter, 
another relay controlled by the amplifier and 
rectifier of the pressure microphone in one of 
the outer units, a third relay controlled by the 
amplifier and rectifier of the pressure micro 
phone in the other outer unit, and a firing relay 
controlled by the three last-mentioned relays. 
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2. In a defense System against projectiles Or 

the like, the combination of at least three spaced, 
electrically interconnected Sound detector units 
in cooperation with One another, and compris 
ing two outer and One inner unit, a gun or the 
like, a mounting for the gun for constantly 
maintaining it at a certain angle of elevation and 
for facilitating its SWing within an angle of at 
least 180, whereby the gun is adapted to shoot 
a charge for a predetermined distance, said in 
ner unit being designed to train the gun towards 
an approaching projectile, Said outer units being 
adapted to locate such projectile and to actuate 
the firing mechanism of the gun when the pro 
jectile reaches a point near the predetermined 
shooting distance of the gun, all of said units 
comprising pressure- and Velocity-microphones 
mounted on a shaft and a reversible motor for 
actuating the shaft, said outer units also hav 
ing variable condensers operative with their re 
Spective shafts, a high-pass filter and an ampli 
fier and rectifier connected with each micro 
phone of each unit, a rectifier bridge and a 
polarized relay forming parts of each unit, said 
polarized relays controlling the operation and 
the direction of Operation of the respective no 
tors of each unit; means for controlling the firing 
mechanism of the gun, said means comprising an 
Oscillator, a bridge circuit energized by said 
Oscillator and being controlled by said variable 
condensers of the outer units, an amplifier and 
rectifier, a relay controlled by the latter, an 
other relay controlled by the amplifier and recti 
fier of the pressure microphone in one of the 
Outer units, a third relay controlled by the ampli 
fier and rectifier of the pressure microphone in 
the other outer unit, and a firing relay con 
trolled by the three last-mentioned relays, said 
Condensers being connected in parallel and be 
ing so designed that their total capacity, checked 
against a predetermined or standard capacity of 
Said bridge circuit, remains constant when they 
are simultaneously operated in such a way that 
the vertical central planes passing through the 
Velocity microphones intersect at any point of 
a half-circle, the radius of which corresponds to 
the predetermined shooting distance of the gun, 
and that their total capacity becomes different 
from such standard capacity when the aforesaid 
microphone planes intersect at points beyond 
that half-circle. 

NICOLAS HERZMARK, 


