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Patented Mar. 10, 1936 

UNITED STATES 
2,033,135 

PATENT office 
2,033,35 

SUBMAR NESGNALNG 

Richard D. Fay, Cambridge, Mass, and Herbert 
Grove Dorsey, Washington, D. C., assignors, by 
mesne assignments, to Submarine Signal Cor 
poration, 
Maine 

Boston, Mass., a corporation of 

Original application May 21, 1925, Serial No. 
31,873, now Patent No. 1,784,137, dated Decem 
ber 9, 1930. Divided and this application 
August 31, 1929, Serial No. 389,745 

9 Claims. (C1. 177-386) 
The present application is a division of our 

Patent No. 1,784,137, issued December 9, 1930. 
The present invention relates to a method of 

determining the direction of a source of sound 
by comparing the indications of receivers spaced 
at known distances apart. 
The invention is more particularly directed to 

a method and apparatus which will indicate visu 
ally to an observer the direction of a source. As 
opposed to the method described in this specifi 
cation is the binaural method of determining the 
direction of sound. Since the binaural method 

20 

demands the training of an observer to adjust 
for a central image of the sound and since, fur 
ther, the listener must wear a pair of telephones 
On his ears and must, more or less, stay right 
near the apparatus, a visual method has indeed 
many advantages over the well known binaural 
method. 
While the present apparatus has been employed 

mostly for the purpose of determining the direc 
tion of a source of sound, it will be readily seen 
that it has utility in other fields, especially for . 
-comparing phase differences of sound or elec 
tric impulses and also for the measurement of 
short time intervals, depth and distance meas 
urement. . 
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Further objects, uses, and purposes of the in 
vention will be understood from the following 
description and drawings in which: 

Figure 1 shows the position of receivers on board 
of a vessel; 

Figure 2, an apparatus, partly schematic, for 
carrying out the invention; 

Figure 3, a front view of the box of Figure. 2; 
Figure 4, a modification of the indicating ap 

paratus of Figure 2; 
Figure 5, a circuit adaptable to receive the sig 

nal and operate the indicator; 
Figure 6, a modified circuit of Figure 5; 
Figure 7, another modification of the circuit of 

Figure 5; 
Figures 8 and 9, further circuits for operating 

the indicator; and 
Figure 10, a modification of the system shown in 

Figure 2. 
In Figure 1 is shown a vessel f, in which are 

placed two receivers 2 and 3, spaced at a definite 
distance apart. There may be other receivers on 
the same ship at 4 and 5, for instance so that 
not only starboard but also port direction may 
be observed. The receiver base can then conven 
iently be chosen as 5-3; 4-2; 5-4; or 3-2. 

Figure 2 shows schematically in part, appara 
tus for performing the functions of the inven 

tion. The receivers are represented as a and b, 
and may be any combination mentioned above. 
Each receiver passes the signal received through 
a detecting and amplifying circuit before reach 
ing the indicator. Since the circuits for each re 
ceiver are similar, only one will be described. The 
circuit connected to the receiver a, which is shown 
as a microphone, is composed of a battery D, a. 
primary of a transformer , and suitable leads 
connecting the elements in series. The sec 
ondary of the transformer acts as an input to 
the amplifying and operating circuit, which is 
similar to the circuit shown in the patent of Her 
bert Grove Dorsey, No. 1,667,540 which issued 
April 24, 1928. 
The indicator of the circuit consists preferably 

of a discharge tube 20 connected through leads 
2 and 22 to the brushes 23 and 24 respectively, 
which connect to the commutator rings 25 and 
26 connected to the output side 2 of the ampli 
fying circuit. In a similar manner the receiver 
b is connected to the discharge tube 30. 
The discharge tubes are mounted, upon the 

back of a disc 3 and show through slits 32 and 
33 therein. The disc 3 is rotated by a shaft 34 
supported upon bearings 35 and 36. At the end 
of the shaft near the bearing 36 is a bevel gear 37 
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meshing with a second bevel gear 38 which is 
driven by a motor 40 through the worm 39, gear 
4 and shaft 42. 
The motor which thereby drives the disc 3 is 

30 

held at constant speed by proper adjustment of . 
the potentiometer 43 which directly governs the 
voltage supplied to the motor from the power 
source E. The slip rings 44 and 45, tapped to 
the winding of the armature of the motor, are 
connected to the frequency meter 46 through the 
wires 47 and 48 so that the speed of the motor is 
known at all times by the agitation of the reeds 
of the. frequency meter, since the speed of the 
motor depends upon the frequency of its gen 
erated contraelectromotive force. 
In Figure 3 is shown a front view of the indi 

cating mechanism of Figure 2. The dial 50 may 
be adjusted in any position within the circum 
ference of the indicating rings 5 and 52 by turn 
ing the hand knob 53. 
The operation of the apparatus described above 

is as follows: Suppose that the source of sound 
is off in the direction P indicated in Figure 1. 
Then P2 is the line to receiver 2 and P3 is the 
ine to receiver. 3. Since the two paths are indi 
cated as having different lengths, the sound will 
arrive at 2 before it arrives at 3. The difference 
of the time of arrival of the signal at the two re 
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2 
ceivers is to a close approximation equal to the 
time it takes the signal to travel the distance D3. 
Since the distance d between receivers is always 
small as compared to the distance of the Sound 
Source, 2D may be considered perpendicular to 
DP and 2P, and the distance D3 may be set as 
equal to di COS 6. 

Since the Space d is a constant, the measure 
ment of d cos 6 Will give an indication of the 
angle 0 which is the direction of the sound source. 
The speed of the disc is so adjusted that if the 
sound source were dead astern, the indications 
given respectively by the indicators 20 and 30, 
operated by the agitation of their respective re 
ceivers, would occur at the same spot on the 
scale. If the indicator associated with the bow 
microphone 3 were red and the stern microphone 
2 green, then the order of flashing or indica 
tion would be first green and then red. The 
proper speed for such an adjustment is that 
the disc should make one half a revolution in the 
time sound could travel the distance d in Water. 
Thus, if the distance d were 200 feet, the time 
necessary for sound to travel this distance would 
be approximately 2 of a second, and the neces 
sary speed of the disc would be 720 revolutions 
perminute. Other combinations Would, of course, 
produce other speeds. 

If the source were dead astern, then first a 
green signal would flash and then a red, the posi 
tion of both being on the same Spot on the dial. 
If the source were square off the starboard the 
indicators would both operate simultaneously, and 
since they are positioned 180 degrees apart, the 
indications would be 180 degrees apart on the 
dial. 
Perhaps a better system would be to have the 

indicators together instead of diametrically op 
posite, and also to have the disc make One-quarter 
of a revolution in the time the Sound can travel 
the distance d. In this manner the angle of the 
source of Sound from the starboard could be read 
directly. 
This is easily understood. Sounds coming di 

rectly from the starboard will arrive at receivers 
2 and 3 simultaneously and affect the indicators 
likewise simultaneously, which, being together, 
will give a Zero angle. If the sound comes from 
directly forward, 3 will cause a flash of its in 
dicator one-quarter of a revolution before 2 will 
cause a flash of its indicator, and if astern, the 
order of flashing will be reversed but the angle 
Will be the same. The use of different colors or 
slightly different positions, as for instance in 
Figure 3 where each indicator revolves in a par 
ticular circular path, can serve to do away with 
the ambiguity of direction. One of the discharge 
indicators in either event may be colored red 
and the other green. 
When a sound is heard from a distant Source 

or when the indicators flash periodically, indicat 
ing that a distant submarine bell or oscillator 
is sounding its code signal, the dial 50 is turned 
by the knob 53 simply in a convenient manner to 
measure the angular differenee between the posi 
tions of the two indications. According to the 
adjustment of the speed of the rotary disc 3 and 
the position of the indicators on the disc the di 
rection of the source could be given directly. 
The modification shown in Figure 4 differs from 

that in Figure 2 in that in the former figure the 
flashes are apparently brought together and the 
amount of adjustment in bringing the flashes 
together gives an indication of the angular direc 
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tion. The modification of Figure 4 will be ex 
plained more in detail. 
In place of the disc 3 in Figure 2 is substituted 

a rotating mirror which rotates at a uniform 
constant. Speed maintained and determined by 
the same apparatus as is indicated in Figure 2. 
In Figure 4, one of the discharge tubes 20 is per 
manently fixed while the second tube 3C is ad 
justable in an arc. The arc 6 need be no more 
than one-quarter of the circumference. 
The principle involved is best described by 

the operation. If the receivers connected with 
the circuits 62 and 63, respectively, should re 
ceive the signal from the source whose direction 
is to be determined simultaneously, and the in 
dicators 2 and 30 should indicate accordingly 
simultaneously, then to have the indications oc 
cur at the same position of the screen 65, which 

l() 

is either of ground glass or some other suitable . 
material, the angle between the indicators 20 
and 30 should be zero. In Figure 4 these in 
dicators are mounted one above the other, SO 
that they may be made to reflect at the Sam 
point on the screen. 

If the indications should occur at different 
times when the indicators are placed together, 
then the images would be thrown apart a given 
definite angle, depending upon the angular veloc 
ity of the mirror. 

In Figure 4, if the indications are simultaneous 
and 0 is the angle between the lines L and L2 
of the beam of the indicators through the focus 
ing tubes 65 and 66, the angle of the reflected 
beam will also be equal to 6. If, however, the 
indications were to occur at different times, then 
the angle of the reflected beams OL and OL2 
would be changed, dependent upon the speed of 
the rotated mirror. 

If the mirror should rotate through an angle 
6 between the times of the occurrences of the 
two indications, then it can be shown mathemati 
cally that it will be necessary to separate the 
indicators so that the angle 0 in Figure 4 is 
equal to 201. This if the SOund Were coming 
directly from the bow and consequently the 
time interval were the time necessary for the 
Sound to travel the distance d in Figure 1, for an 
angular difference of 6 45 the mirror would have 
to rotate is of a revolution to have the images 
Coincide. 

If d were 200 feet, equivalent to 4 of a second, 
the speed of the mirror would have to be 24/16 
revolutions per second, or 90 revolutions permin 
ute. In this way the scale 6 could be marked 
just double the actual angle starting at the point 
TO with zero degrees, meaning that the sound is 
coming directly from the bow and ending with 
the point 7 with 180 degrees, meaning that the 
sound is coming directly from the stern. For 
this calibration, the fixed indicator will have to 
be fixed in the bisector of the scale which is 
marked 90°. The ambiguity as to whether the 
direction of the source is from the forward quar 
ter or the after quarter can easily be removed 
by having the indicators colored differently. It 
also may be noted that for a given direction of 
rotation of the mirror, the relative shifting of 
the images will assume definite directions with 
One another when the indicators are shifted. If, 
in Figure 4, the mirror were rotating clockwise 
and 30 were connected to the forward sound re 
ceiver, while 20 were connected to the stern re 
Ceiver, then by moving 30 clockwise from its 
present relative position with respect to 20, to 
wards 20 for a signal coming from the bow, the 
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image of 30 would shift towards the left of the 
image of 20. If the sound were coming from the 
stern, the same movement of 30 would shift the 
image of 30 towards the right of the image of 20. 
The calibration of the arc 6 may, therefore, 

be made directly in terms of angular bearing 
on One half of the ship as when the combination 
of receivers 2 and 3 of Figure 1 is used. Simi 
larly, the direction of the port side may be de 
termined by proper use of the receivers 4 and 5. 

In Figures 5, 6, 7, 8 and 9 are shown circuits 
which are useful in operating the indicators 20 
and 30. 
In Figure 5, 80 is the microphone for receiving 

the SOund connected in the usual microphonic 
circuit with battery 8 and transformer 82. The 
Secondary of the transformer is connected to a 
circuit which is both an amplifying and an indi 
cating circuit. One lead 83 connects to the 
cathode of a detector tube. The other lead 84 
connects to the anode 85 of the same tube through 
a high resistance 86. Shunted between the leads 
83 and 84 is an artificial line 87 equivalent to 4 
the Wave length of the wave of the signal which 
is to be received. The anode 85 is connected 
directly to the grid 88 of the tube 89 as shown in 
Figure 5. The flament of the tube 89 connects 
through the battery 90 to the point 9. 
plate of the tube 89 connects to the input of the 
transformer. 92, whose primary and secondary 
are in series.with the discharge indicator 93 of 
the same type as 20 in Figure 2. The secondary 
of the transformer connects to the positive end 
of the battery 90 so that the battery, primary 
of the transformer, discharge tube and secondary 
of the transformer are all in series in the Order 
named. The artificial line as shown is termi 
nated with a plain section such as a T or TT 
or any other suitable section. So that the re 
flected energy appearing at the input side of the 
line is in phase with the energy received. The 
line may be terminated in any other known man 
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of the grid will cause only a slow rise in plate 
current. Ordinarily this would take place in a . 

75 

ner so that the energy may be only partially re 
flected or even absorbed. In this manner the 
line may act to build up the wave energy simi 
larly as a tuned resonant circuit or to absorb 
energy as sometimes is done in filters. However, 
in the present case not only may the energy be 
built up, but the wave form will be preserved 
since the line will treat the harmonics almost in 
the same fashion as the fundamental. 
The operation of the circuit is as follows: 
The signal which is received on the micro 

phone 80 is of the frequency corresponding to 
that adapted for the amplifying and operating 
circuits. The signal in this case has a sinusoidal 
wave so that the artificial line of A of its wave 
length builds up a maximum difference in poten 
tial between the cathode and anode of the de 
teetor tube. When the anode becomes positive 
with respect to the cathode, an increased flow 
of electrons occurs so that the potential of the 
grid 88 is also raised, but since current is flowing 
in the filament plate circuit of the tube 89, an 
increase of current can be regulated so that the 
discharge tube will not operate. The tube 89 
may be run at such a point in its characteristic 
curve that an increase in the positive potential 

tube in which the plate current was at or near 
saturation. However, since the tube 85 is a recti 
fler, there will be very littlepositive charge im 
pressed upon the tube 89 and therefore this con 
dition will be practically eliminated. 

The 

3 
When, however, the anode 85 becomes nega 

tive, then the grid 88 also becomes negative and 
the current in the filament plate circuit of the 
tube 89 is practically made zero, so that the Sud 
den change of current operates to discharge 
through the discharge indicator 93. There may 
be inserted before the detector and the ampli 
fying operating circuit one or more amplifying 
circuits, so that the potential change of the sig 
nal may be amplified. This is illustrated in 
Figure 7. 
in Figure 6, which is a further modification of 

the receiving circuit, the microphone circuit foo 
is the same as that of Figure 5. The secondary 
of the transformer of impresses the signal upon 
a tuned amplifying circuit O2, which has a heat 
ing element 03 adapted to be heated by the 
change in filament plate current created by the 
action of the signal upon the circuit 92. A ther 
mocouple 04 of any suitable type and size acts to 
change the potential of the grid of the tube 106 
in a regenerative feedback circuit. The discharge 
indicator 07 is operated through a transformer 
by the change in filament plate current of the 
tube 06 brought about through the action of the 
thermocouple in controlling the grid of the tube 
O6. 
As has been explained above, Figure 7 shows 

a circuit similar to that of Figure 5. Here the 
signal is first amplified through the amplifying 
tube 8, then filtered through the filter shown 
as , and again amplified in the tube ff2. The 
rest of the circuit is similar to that shown in 
Figure 5. 
The circuit shown in Figure 8 is that shown 

and described in the patent of Herbert Grove 
Dorsey, No. 1,667,540, issued April 24, 1928, which 
can easily be adapted to be used in the present 
System, 
The circuits of Figures 5, 6 and 7 operate in a 

fashion somewhat similar to the circuit of Fig 
ure 9 which is described below. In each circuit 
the negative charge on the second tube does not 
leak of fast enough so that even if the impulses 
persisted only a single indicator will be provided. 
In order to have a second operation of the circuit 
the plate current of the last tube in Figure 5, for 
instance, must have regained approximately its 
normal value. 
The circuit shown in Figure 9 is especially 

adaptable to the present method of direction 
finding. Here the trigger circuit 200 is separated 
from the microphone circuit 20 by means of a 
simple amplifying circuit 202. The amplifying 
circuit 202 serves not only to amplify the signal 
which is received, but also to prevent reactive 
effects of the trigger circuit by packing and harm 
ing the microphone. Since the trigger circuit is 
operated in most cases in less than the first half 
cycle of the signal, there is no chance for a build 
ing up either of mechanical oscillations or electri 
cal oscillations, as is done in tuned systems by 
means of the successive cycles of the Signals. 
The point A of the circuit is the point of low 

potential. With respect to this, the filament 205 
of the tube 203 is at the same potential as the 
grid of the tube 204, both of which are at the 
same potential as the point A when no current 
flows through the high resistance. The potential 
of the filament 205 is regulated by a potentiometer 
207, while the potential of the plate of tube 204 is 

- maintained positive with respect to the filament 
of the tube by the battery. 20, a part of which 
also provides potential for the indicating circuit 
involving the primary and secondary of trans 
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former 2, the primary of transformer 22 and 
the discharge indicator 23. The condenser 26 
serves to tune somewhat the circuit involving the 
input transformer 25 and the transformer 22. 
The action of the circuit is one of a transient 

phenomenon. The incoming signal, after it is 
amplified by the circuit 202, is impressed upon the 
trigger circuit 200. If the current is in such a 
direction that the filament 205 is made more posi 
tive, then nothing takes place in this half cycle. 
When, however, the signal makes the filament 

205 negative, as it is bound to do within the in 
terval of one half cycle, an electron flow takes 
place from 205 to 206, making the grid 206 nega 
tive and causing the potential of the grid 206 to 
fall below that of the point A. The grid of the 
tube 204 also becomes negative, falling below that 
of the filament cf the same tube. Normally a 
plate current is flowing in the filament plate cir 
cuit of the tube 204, but when the grid of the 
tube 204 becomes negative, this plate current 
suddenly ceases causing a discharge through the 
indicator 23. The manner in which this plate 
current suddenly ceases is understood to be as 
follows: When the grids begin to go negative, the 
change of plate current which necessarily follows, 
since there is a tendency to force the electrons 
back upon the filament, builds up a positive po 
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tential upon the plate in a manner which is al 
ways present in an inductive circuit. This voltage 
change is employed by means of the feedback 22 
in the proper direction, which appears to be a 
reverse feed back to make the grids go still fur 
ther negative and prevent any flow of electrons 
from the filament. In this manner, then, the 
filament plate circuit in the amplifying tube prac 
tically has an infinite impedance when this action 
takes place, which, of course, is equivalent to an 
open circuit. In making this filament circuit 
change from a circuit of ordinary impedance to 
one of infinite impedance, the action takes place 
so quickly that a high voltage is impressed across 
the discharge tube 23 to cause a flash of this 
tube. In the first instance, before any change 
occurs, it will be noted that the grids are ap 
proximately at the same potential as the point A, 
since very little current flows through the high 
resistance 24, which is of the order of from 5 
to 20 megohms. 

However, when the negative potential becomes 
impressed upon the grids, a slight current flow 
ing through the resistance 24 will place the 
potential of the grid considerably lower than 
that of the point A. Since, through a resistance, 
the current and voltage are in phase, the po 
tential change occurs at the same time the cur 
rent flows and, therefore, the potential of the 
grids will change simultaneously with the flow of 
current through the high resistance. Since the 
potential difference brings about the change in 
action, it will be advantageous in Some cases to 
have this action lead the flow of current, in 
which event an impedance in place of a pure re 
sistance appears to be helpful. 

It will be obvious, of course, that if the change 
back to normal conditions-that is, the estab 
lishment of the filament plate current-should 
occur as rapidly as the original action, a similar 
discharge could be obtained. This is prevented 
by regulating the time in which the charge leaks. 
off the grids. Aside from this consideration, how 
ever, to prevent the same. signal from operating 
the indicator again, it is only necessary to have 
the charge stay on the grids for One half cycle 
of the signal, since every half cycle there is a 
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tendency to charge the grids negative, which 
would prevent any tendency to establish fila 
ment plate current until the original had ceased. 

In order to prevent an oscillation in the dis 
charge circuit which would produce more than 
one discharge, a small condenser 2 is inserted 
between the discharge tube and the secondary 
of the transformer 2 ft. Thus, a bright momen 
tary illumination is produced by the discharge 
tube, which illumination is so rapid that the We 
locity of the tube about the dial has very little 
effect upon increasing the width of the flash, as 
ordinarily would take place when an illuminated 
mark is rotated. 
Although the illumination is only momentary, 

there is sufficient light so that an impression will 
be made upon the eye of the observer which, due 
to the persistence of vision, will associate itself 
with a particular spot upon the dial or Screen. 
This is necessary, for in most cases the illumina 
tion caused by a distant source of sound will not 
appear the second time in exactly the same Spot 
as the first time. For instance, in the device 
shown in Figure 3, when a distant source is de 
tected, the signal may register when the dis 
charge tube or indicator is in any position. In 
any case, of course, the relative position of the 
indications of the two indicators from the same 
signal will furnish the determination of direction. 
However, in order to have the indications appear 
at the same place upon the dial, certain condi 
tions would have to be present which erdinarily 
could not be controlled. If the source were fixed 
and the detecting vessel fixed, then, in addition, 
the period of the signal would have to be Syn 
chronized with the period of rotation of the in 
dicator. Such a condition would, of course, be 
very rare. Therefore, the position of the indi 
cations will successively vary, so that the per 
sistence of the image upon the eye will have to 
be relied upon to place the occurence of the flash. 
The flash has been designed to accomplish this 
feature by providing a sufficient amount of illumi 
nation to make an impression upon the eye. If 
additional persistence is required, the dial in 
front of the flash may be made slightly fluores 
cent with some proper material, So that the image 
will persist longer than the flash and still not be 
drawn out. In this manner the persistence of 
the image may be made long enough so that a Set 
ting can easily be made. 

Having now described our invention, we claim: 
1. In a circuit for giving a momentary indica 

tion independent of the length of the Signal caus 
ing the indication, an indicator associated with 
operating means responsive to a rapid reduction 
of current, means for maintaining a constant 
flow of current in one part of the circuit, and 
means for interrupting said constant flow of cur 
rent, comprising means operated by the signal 
for reducing the flow of current, means aSSO 
ciated with said current reducing means reacting 
by said reduction of current to interrupt fully 
said constant flow of current. 

2. A circuit for operating once only during the 
receipt of a continuous signal comprising an indi 
cator, means for maintaining a constant flow of 
current in one part of the circuit, said means 
controlled by a grid having a leakage path and 
normally at a constant fixed potential, means for 
charging said grid with a potential of a sign op 
posite to said fixed potential, means for operat 
ing said indicator responsive to said opposite 
charging of said grid and means forming a por 
tion of said leakage path for controlling the time 

O 

15 

20 

2 5 

30 

35 

40 

5 

6) 

75 



i. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

2,088,185 
of the leakage of said charge off said grid where 
by the circuit may be prevented from COming 
back to normal substantially within one half cy 
cle of the signal wave. 

3. A circuit for operating once only during the 
reception of a continuous signal comprising an 
indicator, means for maintaining a constant flow 
of current in one part of the circuit, said means 
controlled by a grid having a leakage path and 
normally at a constant fixed potential, means 
for charging said grid strongly negatively, means 
for operating said indicator responsive to the 
negative charging of said grid and resistive 
means forming a portion of said leakage path 
for preventing the complete leakage of said 
charge of said grid within substantially One 
half cycle of the signal wave, whereby the cir 
cuit will not begin to come back to normal with 
in substantially one half cycle of the signal wave. 

4. A circuit for operating once only during the 
reception of a continuous signal comprising an 
indicator, means for maintaining a constant flow 
of current in one part of the circuit, said means 
controlled by a grid having a leakage path and 
normally, at a constant fixed potential, means 
for charging said grid strongly negatively, means 
for operating said indicator responsive to the 
negative charging of said grid and impedance 
means forming, a portion of said leakage path 
for preventing the complete leakage of said 
charge of said grid within substantially one 
half cycle of the signal wave, whereby the cir 
cuit will not begin to come back to normal with 
in substantially one half cycle of the signal wave. 

5. A circuit for giving a momentary indica 
tion upon the receipt of a signal of wave energy 
comprising means for receiving said signal and 
transforming it into electric impulse, a three elec 
trode vacuum tube having cathode, anode and 
grid circuits, means for establishing and nor 
mally maintaining a current flow in the said'an 
ode circuit, a one way valve ciated with said 
receiving means for placing - a negative charge 
upon the grid of said tube when a signal is re 
ceived whereby said anode current is decreased, 
and an indicator responsive to said decreased 
anode current. 

6. A circuit for giving a momentary indication 
upon the receipt of sound waves comprising a 
microphone, a vacuum tube amplifier having 
anode, cathode and grid, means coupling said 
microphone to said grid, a second vacuum tube 
having anode, cathode and grid, a heating ele 
ment adapted to be heated by a change in cath 

is ode-anode current of said first tube, a thermo couple connected to the grid of said second tube 
and adapted to be heated by said heating ele 
ment, a transformer having primary and sec 

amplifying Said impulse, 

5 
ondary windings, said primary being connected 
to the Cathode-anode circuit of said Second tube, 
an electric discharge tube connected to said sec 
ondary, and means for feeding part of the en 
ergy in said Cathode-anode circuit of said Sec 
Ond tube into the grid circuit thereof. 

7. A circuit for giving a momentary indication 
upon the receipt of a signal of wave energy com 
prising a receiver of Wave energy adapted to pro 
duce a corresponding electric impulse, means for 

a heating element 
adapted to be heated by the output of said am 
plifier, a thermocouple adapted to be heated by 
said heating element and to produce an electric 
potential upon being so heated, a transformer 
having primary and Secondary Windings, means 
establishing and normally maintaining a con 
stant current through said primary, an indicator 
responsive to a high potential connected to said 
secondary and means associated with said thermo 
couple and said primary for causing a Sudden 
change in the current through said primary upon 
the receipt of a signal, 'hereby an indication 
will be produced. 

8. In an apparatus for determining the direc 
tion of a source of sound, means for receiving a 
sound signal, a circuit connected therewith for 
operating an indicator comprising means for 
causing a current to flow substantially in One 
direction only, means for normally maintaining 
the latter means in a state where the current 
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will just be suppressed, means electrically con- . 
nected with the Sound receiver for Overconing 
said state and bringing about a current flow, an 
amplifying valve and circuit operatively con- ; 
nected with said second-named means including 
means for normally maintaining a constant fila 
ment plate current in said amplifying valve cir 
cuit, means forming a part of Said amplifying 
valve circuit and operated by the current flow 
ing through the second-named means to change 
the current in amplifying valve circuit and means 
dependent upon said current change in the valve 
to cause the current to cease abruptly. 

9. In a circuit for operating an indicator Once 
during the reception of a continuous signal, 
means for receiving a continuous wave signal, a 
vacuum tube circuit, means for impressing the 
energy of said receiver on said vacuum tube cir 
cuit, said vacuum tube circuit comprising a rec 
tifier and an amplifier, and an artificial line con 
nected to the input of said vacuum tube circuit, 
said artificial line comprising a number of sections 
and having a length equivalent to one-quarter 
of the wave at the frequency of the signal. 
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