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1 
The present application is a.division of appli 

cation Serial No. 334,774, ?led May 13, 1940, now 
Patent No. 2,411,910. 
The present invention relates to a sound rang 

ing system and more particularly to one employ 
ing continuous waves'and is particularly applica 
ble to high frequencies of the order of 4000 to 
5000 cycles per second and higher and may par 
ticularly be applied in or near the supersonic 
range for signaling and sound ranging in water 
or other heavy dense media. 
The method of sound ranging presently em 

ployed in general does not permit rapid observa 
tion of foreign objects or obstacles in the vicinity 
of the observing or listening vessel. Usually in 
this type of work a supersonic beam is employed 
which sends out a ray of sound only in one direc 
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tion and therefore makes it necessary forthe ob- ' 
server tosearch each direction independently in 
some successive step-by-step manner, If, for in 
stance, the range to be searched in water is 5000 
yards, the echo from an object of this distance 
will take six seconds to return so that if this is 
the range which is being observed and if it is 
further assumed that the beam is approximately‘ 
15°, for a 360° sector one set of observations would 
take approximately 144 seconds or longer. It is 
highly desirable for many purposesto reduce this 
time if possible. More rapid observations of ob 
stacles in the vicinity of the vessel are necessary 
not only for e?ective collision prevention with 
other moving vessels, but also for purposes of 
military observations such as the detection of 
submarines, mines or torpedoes. 
The criterion in the avoiding of collision be 

tween any two obstacles is the constancy of the 
direction of approach. If two vessels are always 
moving towards each other with the same angu 
lar direction between them, a collision is bound 
to occur. If, on the other hand, this angle is 
constantly changing, the vessels will not collide. 
The present system employs in general this prin 
ciple and it may be applied either to intermit+ 
tent or continuous observations by the use of di 
rection determination by means of the principles 
of phase displacements in the fundamental sig 
naling frequency. ‘ ‘ 

Without further enumerating or describing the 
features and advantages of ‘the present inven 
tion, the invention will be fully and completely 
described in the speci?cation below in connection 
with the drawings illustrating an embodiment of 
the same in which Fig. 1 shows diagrammatically 
the receiving system as a whole; Fig. 2 shows in 
fragmentary perspective a receiving apparatus; 
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2 
Fig.‘ 3 shows a top view of the device shown in 
Fig. 2; Fig. 4 shows the transmitting device part 
ly in section; Fig. 5 shows the intensity curve in 
a horizontal projection of the radiation of the 
transmitter shown in Fig. 4; Fig. 5A shows the 
horizontal projection of an intensity curve by a 
beam projector; Fig. 6 shows the intensity curve 
of the device indicated in Fig. 2 in a horizontal 
projection; Fig. 7 shows a top view of the ele 
ment of Fig. 1 directly below it; Fig. 8 shows 
schematically the layout in relation to a vessel of > 
the system; and Fig. ‘9 shows a directional dia 
gram for the receiver of Figs. 2 and 3. 
In the system any type of transmitter may be 

employed which is capable of sending out the de 
sired compressional wave with the intensity pat 
tern either of Fig. 5 or 5A. If that of Fig. 5A is 
used, the beam must be rotated. ‘In Fig. 4 the 
central unit I may be any high frequency trans 
mitter as, for instance, a magnetostriction os 
cillator, a piezoelectric crystal‘ quartz oscillator 
or a Rochelle salt or magnetic oscillator. The de 
sired beam pattern of the oscillator i of Fig. 4 
is indicated in Fig. 5 where the oscillator is not 
rotated, the curve 2 indicating the horizontal in 
tensity curve with reference to a vessel. It will 
be noted that this curve is referred to the keel 
line of the vessel on which the apparatus is in 
stalled and is in the form of a cardioid with a 
blind spot or direction between the lines 0A and 
OB aft towards the stern of the vessel in which 
angle the receiver is installed. This intensity 
curve may be obtained either by the construc 
tion of the oscillator or transmitter itself or it 
may be produced by screening by means of the 
sound screen 3 which is so placed with respect 
to the transmitter l to prevent radiation in the 
aft portion of the ship. The whole structure of 
Fig. 4 may be installed in a well or sea-chest 
within the vessel and be projected belowthe keel 
of the vessel so that it will be free to transmit its 
compressional waves in all directions. 

If desired, in the present system the intensity 
or radiation pattern of Fig. 5 may be varied ac 

' cording to the direction in which listening is de 
sired to be effected. If desired, the casing sur 
rounding the transmitter i including the shell 4 
as well as the sound insulating means 3 may ‘be . 
?xed in a stationary position and the transmit 
ter l, which may be given a form of a directive 
beam ‘as above stated and as shown in Fig. 5A 
by the intensity curve 6, may be rotatable within 
the housing by means within. the vessel. In this 
way the beam as shown by the curve 6 will be 
rotated around'in the desired listening sector. 
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‘ I ‘The w'idthof such beam may be made to have 
the desired angular opening as between the lines 
QC and'OD or as further illustrated in Fig. 8 
between the lines ii and I2 by proper design of 
the transmitter itself and the beam may be ro 
tatedvatiany slow speed of the order of one or 
two revolutions per second. 
In the'present system, therefore, the trans 

mitter I may be either stationary or rotary and 
further may operate continuously or discontinu 
ously as will be seen from the description below. 
In the system as schematically shown in Fig. 8, 

. ' 4 

cillating element. In this way the stems 3| act 
similarly to a loaded rod with equal loads at each 
end of the stem. The resonance of the system 
should be a one-half wave length resonance with 
no substantial mass in the stem 3i itself so that 

_ practically the stem acts as a pure elastic mem 
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the transmitter or projector i0 projects a beam or ' 
pencil of compressional waves within the angle 
formed by the lines ii and i2. This projector i0 
may be rotated by means of the shaft i3 through 
the drive l3’ through the whole 360°, as indicated 
by the circle i4, sending continuously through the 
keying commutator i 4' its beam except within the 
aft sector formed by the lines l5 and it when the 
circuit to the projector i0 is broken by the insu 
lating segment l5’ in which sector the projector 
will be silent. The purpose of this is to acousti 

15 

20 

cally shield the receiver I‘! which, of course, may 7 
also be shielded by acoustic insulation is posi 
tioned within the housing I!) in which the pro 
jector i0 rotates. In this way the direct signal 
will not be picked up by the receiving unit I'i. 
The receiving unit i‘! is indicated in Figs. 2 and 3 
and comprises a suitable housing 20 supporting 
two directional receiving units 2i and 22, respec 
tively, each of which has a horizontal intensity 
pattern for reception in the shape of a ?gure 8 as 
indicated in Fig. 6. 
The unit shown in Figs. 2 and 3"must be direc 

tional in the present system from the point of 
view of the phase relationship with respect to the 
compressional wave. The unit 2| of Fig. 2 is com 
posed of 'a group of thin laminations 30 of magne 
tostrictive material. These laminations are in the 
shape of a grill with a great number of parallel 
stems or bars 3|, 3| , each terminating in end 
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The system further must be so loaded by the 
loads of the elements 32 and 33 that the distance 
between the outer edges 5 and S’ is nearly or ex 
actly one-half wave length in the medium in 
which the unit is to act as a receiver or trans 
mitter since it may so'be used. It will be noted, 
therefore, that, for instance, in the water medium 
the magnetostriction elements must be loaded to 
compensate for the difference in velocities of 
sound in nickel with that in water. Inasmuch as 
the velocity of sound in nickel is about three times ' 
as high as that in water, the system must be 
loaded to bring‘the, normal one-half wave length 
of nickel in a uniform rod by means of loading to 
the corresponding one-half wave length in water. 

With the design of the system-as previously de 
scribed the unit of Figs. 2 and 3 will be directive 
in the shape indicated in Fig. 6. This is illustrated 
in Fig. 9. ‘If sound is approaching from the NS 
direction and the unit 2| is one-half wave length 
long as referred to the medium, the energy picked 
up by each face will be moving in opposite direc 
tions with the result that there is a maximum of 
compression or expansion in the stems 3i of the 
unit 2i. Therefore, for sound approaching in the 
horizontal longitudinal direction of the unit, the 
unit 2i will pick up maximum sound energy. 
‘However, in the position which the unit 22 has in 
relation to this sound wave, the whole unit will be 
acted upon similarly with the result that no mo 

- tion of the unit will take place. Therefore for 
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plates 32, 33. These laminations are all held to- ' 
gether either by means of the coil 35 which is 
shown as alternately threading in and out be 
tween successive bars or by means of the pins 34, 

‘ 34 holding the'laminations together ingthe edge 
plates or surfaces 32, 33. In place of making the 
coil 35 in the form of a single winding threading 
alternately back and forth between successive 
bars, individual coils for each of the bars 3i may 
be used. The whole block of laminations when 
assembled together is supported in their mid sec 
tion by means of the inverted V-shaped projec 
tion 33 which is formed by the inverted V-shaped 
projection at the end of each of the laminations 
and which, therefore, form a wedge when the 
laminations are assembled in the block, which 
wedge is supported by the brackets’3'l and 38 
which extend from the casing 20 of the unit. _ 
The unit 22 is similar to 2i except that it is 

positioned in av direction normal to the unit 2i 
and therefore the V-shaped support of this unit in 
the bracket 38 must run normal to the V-shaped 
support for the wedge 36. The units 2i and 22 
operate at a frequency to which the system is 
resonant. 
The laminations are designed so that the stems 

3i with their end masses provided by means of 
the side plates 32 and 33 operate as a one-half 
wave length system with the stems 3| substan 
tially narrow as compared with the width and 
length of the elements 32 and 33 the masses of 
which are proportionately effectively carried by 
the stems 3| making up the half wave length 05 
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sound approaching normal or transverse to the 
unit 22, as for instance, from the NS direction, 
no sound energy will be picked up. Consideration 
of the explanation in relation to Fig. 9 will show 
that in-Fig. 6 the ?gure-eight curve composedof 
the curves 25 and 26 belong to the unit 22 while 
the curves 23 and 24 belong to the unit 2 i. Con 
sidering the radiating faces small as compared to 
the wave length, it may be shown that the in 
tensity'pattem is expressed by the equation 

I 
r=sin cos D) 

where spacing between radiating faces is one-half 
wave length. In the equation, r is the polar vec 
tor and D the polar angle, both taken from the‘ 
origin. 
The unit above described directly ties in to a 

cathode ray tube or a tube of a similar nature to 
indicate directly the direction of the source of an 
approaching sound wave. In this case each unit 
2i and 22 has its energy impressed upon separate 
tuned ampli?ers 40 and II, respectively, the out 
puts‘ of which each operates respectively a pair 
of plates 42, 43 and 44, 45 of a cathode ray tube 
48. As the oscillations picked up by the units 2| 
and 22 are harmonic in character, a cathode ray 
tube would produce straight line indication for 
two circular ?gure-eight patterns. While the pat 
terns in Fig. 6 are not circles, nevertheless even 
without compensation they are substantially near 
to the shape of circles so that a clear indication 
can be obtained. Compensation may be intro 
duced to ?atten down the patterns of Fig. 6 to 
even more circular form if'necessary. This may 
be done by making the output of the ampli?ers 
pure harmonics, or by the addition of magnetic 
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?eld control on the electron beam, or in any well 
known manner. An indication as a line 41, as 
shown in Fig. '7, may be referred on the face of the 
tube 46 to a scale 48 so that the angular direction 
of the source may be determined. In order to 
eliminate the double directional effect ‘particu 
larly in the aft direction if desired, a sound screen 
or acoustic insulating means may be used directly 
aft in the casing 20 of the receiver as illustrated 
by the sound screen. or insulation 50. 
In the present system it will be noted that the 

receiver is active simultaneously in all direc 
tions. With this system, therefore, a signal 
could be sent out in all directions, if desired, or 
a beam could be rotated in the desired listening 
range. for instance, 180° from starboard through 
forward to port on a vessel. If such rotation 
took place in one-half second, a complete sound 

‘ ranging of the entire sector for a distance of 
5000 yards would take place in six seconds. . 
The units 2! and 22 are preferably elongated 

vertically and may in this dimension be a num 
ber of wave lengths so that a large amount of 
energy can be picked up and noise other than 
from a horizontal direction may be eliminated. 
This result will follow, since a long vertically 
placed receiver is horizontally directive. The 
thickness of the laminated stack must, however," 
be small as compared to the wave length in the 
compressional medium 01 the compressional 
energy to be received to establish the desired 
pattern as set forth in Fig. 6., 
Having now described my invention, I claim: 
1. A submarine signaling system comprising, 

in combination, a pickup unit composed of two 
similar elements arranged substantially at right 
angles to each other, each of said elements hav 
ing pickup suriacespositioned at points one half 
wave length apart in the signaling ‘medium at 
the signaling frequency, cathode ray tube indi 
cating means having two pairs of parallel plates 
at right angles to each other, and means oper 
atively connecting each of‘ said elements to one 
pair or said parallel plates. 

2. A submarine signaling system comprising, 
in‘combination, a sound pickup‘unit composed 
of similar elements ‘ arranged substantially at 
right angles to each other, each of said elements . 
comprising one-half wave length system both in 
the signaling medium and in the element itself 
at the signaling frequency and cathode ray tube 
indicating means operatively connected to said 
elements for indicating the direction of a sound 
source picked up by said units. 

3. A submarine signaling system comprising, 
in combination, a sound pickup unit composed 
of similar elements arranged substantially at 
right angles to each other. each of said elements 
comprising one-half wave length system both in 
the signaling medium and in the element itself 
at the signaling frequency and cathode ray tube 
indicating means operatively connected to said 
elements for indicating the direction of a sound 
source picked up by said units, each of said pickup 
units having a circular group intensity pattern at 
right angles to the other. 

4. A system for sound ranging on a vessel com 
prising, in combination, means for producing a 
sound beam, means for rotating said beam from 
a direction in the aft section 0! the vessel around 
in‘the forward direction to the aft section on‘ 
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6 
the other side of, the vessel leaving a section in 
the aft portion of the vessel where no sound 
beam is transmitted, a sound pickup unit having 
a polar sensitivity characteristic curve in the 
shape of two ?gure 8 curves at right angles to 
each other, cathode ray tube means for observ 
ing, with said sound pickup unit, the sound echo 
received fromv a distant object located in the 
sector through which the sound beam sweeps, 
and for indicating the direction of said echo as 
picked up bysaid pickup means. 

5. A submarine signaling system comprising, 
in combination, means for transmitting sound in 
a polar pattern characteristic having a general 
cardioid-shaped curve and a receiving system 
positioned in the silent zone of the cardioid curve, 
said receiving system comprising a pair of di 
rective receiving units indicating sound compo 
nents at right angles with each other and a 
cathode ray ‘indicator operatively 1 connected 
thereto to indicate the direction of a received 
impulse emanating from an object in the path 
of the sound waves propagated by said trans 
mitter. ' ' . 

6. A submarine signaling system comprising, 
in combination, means for transmitting sound 
in a polar pattern characteristic having agen 
eral cardioid-shaped curve and a receiving sys 
tem positioned in the silent zone of the cardioid 
curve, and means included in said receiving sys 
tem for indicating the direction. of a source of 
‘sound re?ected from an object in the path of 

, the sound waves propagated by said transmit 
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ting means. I 
'7. In a system forv directive determination of 

a source of sound energy reflected from an ob 
ject, means for projecting a sound wave,- means 
for rotating said projector of said sound wave ' 
about a vertical axis and continually producing 
sound thereby except in a sector indicated asa 
dead zone, a receiving system positioned in said 
dead zone, said receiving system adapted to re 
ceive ‘sound reflections in components at right 
angles to each other, and means for indicating 
the direction of sound re?ected from an object 
in the path of the sound waves propagated by 
said projecting means and picked up by said 
receiving system. 

EDWIN E. TURNER, Ja. 
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