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22 (till whom it may concern: 
Be it known that I, LUCIEN I. BLAKE, a 

citizen of the United States, residing at Bos 
ton, in the county of Suffolk and State of 
Massachusetts, have invented or discovered 
certain new and useful Improvements in 
Submarine Signaling, of which the following 

''. is a specification, reference being had to the 
O 

drawings accompanying and forming part of 
the same. 
As an understanding of the nature of the 

invention upon which my present applica 
tión is based, involves a knowledge of the 
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phenomenon of resonance, the following 
statement of well recognized principles is 
apposite. The fundamental principle of 
acoustic resonance is reflection. In any 
portion of a gaseous medium which is iso 
lated, -by which term as used herein is 
meant wholly or partially confined by bound 
ary walls of any suitable material differi 
in its physical properties from the incloser 
medium, -a, reflection occurs at the surface 
of the boundary walls, of any acoustic dis 

resent in that medium. This 
isturbance will travel back and 

forth between the walls or boundaries to pro 
turbance 

duce a tone of definite pitch, dependent upon 
the volume and shape of the medium inclosed. 
The chamber or cavity formed by the bound 
ary walls is called a resonance cavity. The 
method of exciting a given medium to re 
sonance is immaterial. It may be effected 
by sound vibrations brought into it from an 
outside and remote source, or by vibrations 
originating within the cavity itself. It is 
not necessary in any of the applications of 
the principle hereinafter described, or in gen 
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eral, that the cavity be entirely surrounded 
by reflecting walls, for an opening may be 
left in the latter through or at which vibra 
tions may be imparted to the medium within 
the cavity, and another through which the 
regular periodic vibrations of the medium 
affected may be communicated to any other 
medium without the boundaries of the cavity. 
The function of the resonance cavity thus 
becomes a reinforcer of sound, whether re 

so 
ceived or produced. 

In all aerial sound producers resonance 

tles. In these the column of air inclosed ! within the walls of the resonance chamber is 
set into regular periodic or harmonic vibra 
tion at the embouchure by either the so-called. 
flute mouth-piece or a reed. When the 
length of the air column is great in compari 
son with its other dimensions, as in the case 
of a pipe, the pitch is controlled by the 
period of travel of the disturbance from end 
to end of the pipe, and this is called the free 
period of the pipe. In the flute mouth 
piece form a thin jet of air or steam impinges 
upon the sharp edge of an opening into the 
chamber and the rhythmic effect of friction 
produces a vibrating reed of air or steam 
which is continually controlled in its rate of 
vibration by the regular periodic vibrations 
of the column of air in the pipe. 

In the case of the reed mouth-piecc the 
reed is set in vibration by the air or steam 
impinging upon its unconfined edge, and the 
air or steam column sustains and reinforces 
these vibrations, controlling their rate and 
consequently the pitch of the tone if the reed 
be not too stiff. In either case the free vi 
bration of the column within the pipe or 
chamber is the essential source of sound. 

In connection with the consideration of 
i the action or effect of these resonance cayi 
ties, it is important to bear in mind the dis 
tinction between the free vibration of the in 
closed medium and the forced vibrations 
which occur in consonant materials excited 
by any source of sound. In the phenome 
non of resonance, one definite pitch is conspic 
uous or natural for each given set of condi 
tions, while in the case of consonance, sounds 
of any pitch are reinforced. In the former 
the size and shape of the mass of confined 
medium control in determining the pitch, the 
character of the containing walls, within cer 
tain limits hereinafter more fully explained, 
being immaterial provided they are capable 
of reflecting the disturbances; while in the 
latter, the physical character of the conso 
nant body is the controlling consideration, 
size and shape being immaterial. 
I have discovered and practically demon 

strated that under proper conditions aliquid 
medium may be readily brought into sonor. 

chambers are the essential elements for giv-ol's resonance with a tone of given pitch, and 
ing intensity of sound. Their action is ex- that an isolated pórtion of liquid medium ... emplified in the case of organ pipes and whis- | possesses, according to its dimensions, a cer 
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tain musical pitch of its own. If, under such produce resonance. This may be conclu 
conditions, harmonic vibrations be set up sively demonstrated by the following ex 
within a body of liquid the latter may be periments: If a pipe 4 inches in cross sec 
caused to strongly reinforce these vibrations tional area and several feet long be made of 5. and consequently intensify the sound pro- hard metal, say, 1/8 of an inch thick, which 76 
duced by them. Such a liquid mass will also would produce very much greater rigidity 
reinforce sounds delivered into it from a dis- than would be required in any ordinary tone 
tance, whereby weak tones will be rendered producing instrument, and provided with an 
more aldible, so that it may, therefore, he embouchure similar to that of an organ pipe, 
utilized, like an aerial resonator, both for the it may, if submerged in water, be operated 75 
production and reception of Sounds. Avail- to produce a tone by a jet of water in the 
ing myself of this discovery, I have employed same manner as an organ pipe is operated. 
liquid resonators in systems of submarine by air. It will be found, however, that the 
signaling with results of a highly useful and tone produced has a pitch wholly independ 
novel character. ent of the length of the pipe, thus showing so 
The desirability of securing the advantages that the water column is not set in reso-, . 

of resonance for intensifying sound, either nance. The reason for this, as I have found, 
produced for transmission or received from a is that the rigidity of the walls is not suffi 
distant source, in the art of submarine sig- cient to withstand the variations in hydro 
naling, has been recognized by those skilled static pressure and thereby reflect the regu- 85 
in the art. As an abstract proposition it is, lar periodic or harmonic vibrations imparted 
in fact, self suggestive from analogous re- to the mass of liquid within the pipe. If the 
Sults in the application of the same broad walls of the pipe yield, then any change in 
principle in the case of wind instruments, the pressure originating at the embouchure. 
whistles, and in general those devices in which of the inclosed liquid will be instantly re- 9c. 
a sound of given pitch is reinforced by a reso- lieved at that point, and therefore no change 
nating body of air or gas. No useful or prac- in pressure will be propagated through the 
tical application of the principle to subma- pipe to undergo reflection, and thereby to 
rine signaling, however, has ever been made, produce resonance. In short, the liquid col 
So far as I am aware, and for the reason, umn remains quiescent at its normal pres- 95 
which my discovery has now rendered ap- sure, and takes no part whatever in the pro 
parent, that conditions essential to the at- duction or reinforcement of sound. If the 
tainment of the resonance of isolated bodies same pipe, however, be made of very hard 
of liquid, have not been recognized or se- and tough steel, with walls even more un 
cured in any apparatus that has been de- yielding than the practically incompressible Too 
signed or proposed for use either as produ- water surrounding them, it will be found to 
cers or receivers of sound under water. produce, when operated by a water jet in 

In all wind instruments and other devices the same way, a tone of definite pitch that 
in which the resonance of a confined or iso- varies with the length of the pipe, thus lated body of air is utilized, the resonating. proving that the liquid mass within the Io5. 
medium is of such a highly compressible na-same is brought into resonance. To convey. 
ture in comparison with the materials ordi- an idea of what is required in securing the 
narily constituting its boundaries, that the E. character of inclosing walls for a 
latter may be of almost any rigid material, liquid resonator, it may be stated that air 
such as wood, paper or verythin metal. If, is over twenty thousand times more com- I Io. 
however, the medium which it is desired to pressible than water; and water over sixty - 
set into resonance be a liquid, which is prac- times more compressible than hard steel, so 
tically incompressible as compared with any that to secure the requisite rigidity of the 
gas, the rhythmic changes of pressure within walls in the case of a liquid resonator I have 
it which correspond to sound, exert exceed-found it necessary to build them up by I 15 
ingly powerful total pressers over the bound- shrinking very tough steel tubes upon one 
ary walls of the chamber or cavity contain- another. . . . . . . . . . . 
ing the liquid, according to the laws of hy- Applying the principle of the discovery 
drostatics. Such pressures, as is well known, that the boundary, walls of the chamber or . . . 
may bend and even burst walls of ordinary cavity for a liquid resonator must be of this I 20. 
strength. Therefore, if liquid resonators special character in order to withstand the 
be constructed without due regard to the variations of, hydrostatic pressure, and 
effect upon the retaining walls of these varia- thereby produce the reflection character tions of hydrostatic pressure, they present Fistic. of resonance, I have produced appa 
3onditions...which actually remove the ele- ratus for use in systems of submarine sig- 25, 
ments upon which reflection depends, but 'naling capable of intensifying sounds, both 
the effect of which is negligible when the sent and received, and which possesses all, 
medium is an easily compressible gas, such the advantages, in submarine work which 
as air. It is for this reason that a water distinguish similar devices for aerial sound. . . 'olumn in an ordinary organ pipe does not producing and signaling purposes, and which 30. 
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of steel. 
with the other open and beveled on an angle : 
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have always been recognized and adopted 
as the most effective for fog signals, alarms 
and similar purposes. 

In this specification, while I have illus 
trated the application of the principle of 
resonance to sound receivers as well as to 
sound producers for submarine systems, the 
description and specific claims relate mainly 
to the latter, as my improvements in sound 
receivers constructed in accordance with this 
principle, are illustrated and claimed more in 
detailin other applications. 
- Referring now to the accompanying draw- - 
ings: Figure 1 is a view in elevation of a 
sound producer embodying my invention, 
showing the means for operating the same. 
Fig.2 is a longitudinal cross section of the op 
erative parts of the sound producer. Fig. 3 
is a sectional view of a sound receiver. 

Referring to Figs. 1 and 2, A is a cylinder 
It is shown as closed at one end 

of about 60 degrees to sharp edges. It is not 
necessary that the cylinder be closed, but, as 
will be understood, to secure the same freepe 
riod of vibration of a column of liquid within 
it, an open cylinder must be of double the 
length. In practice I have found that for 
good results a cylinder designed for a given 
itch and having a bore of 3 inches in diam 

eter and 11 inches long should have walls 
1-1/2 inches in thickness of very hard and 
tough steel built up by shrinking several tubes, 
one over the other. B, B, are side bars con 
necting the heads C, D, of a rigid frame. In 
the head Cissecured, or integral with it is cast, 
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a chamber E, provided with an inlet through 
which water is introduced by a pipe G from 
any suitable source capable of delivering it 
at a high pressure. Within the chamber E 
is a spider H carrying a plate K of slightly 
smaller diameter than an opening in the end 
of the chamber, and which therefore leaves an 
annular orifice L preferably of about 1/32 of 
an inch in width. In the head D is a circular 

E. threads, on the exterior of the cyl inder A engage. By this means the cylinder 
is rigidly supported with its beveled edge in 
proper position relative to the annular orifice 
L and with the capability of adjustment with 
respect thereto. The cylinder A is adjusted 
to bring its edge in close proximity to the an 
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nular orifice L, and is submerged at any de 
sired point where the sounds or signals are to 
be produced. Water under pressure, prefer 
ably from 125 to 200 pounds, is then supplied 
to the chamber E, and issuing therefrom in 
the form of an annular jet impinges upon the 
edges and beveled end of the cylinder A, with 
the result that harmonic or regular periodic 
vibrations are set up in the column of wa 
ter within the cylinder. inder. These vibrations, owing to the unyielding character of the 
boundaries of the chamber or cavity in which 

opening with threaded walls with which cor 

8 

the column of water is contained are reflected 
back and forth from the walls and the column 
is therefore set in sonorous resonance. Such 
an apparatus will produce a tone of definite 
pitch dependent upon the dimensions of the 
chamber or cavity within the cylinder A. I 
have found that sounds thus produced will be 
carried to great distances through water and 
may be detected ahd rendered audible by 
suitable sound receiving instruments the 
more readily because of their distinctive mu 
sical character. By interrupting or varying 
the pressure of the water supplied to the 
chamber E, or by deflecting the jet issuing 
from the orifice in said chamber, distinctive 
signals, according to any prearranged code, 
may be sent by this device. 

In Fig. 3 I have shown the application of 
my discovery to a device for receiving sound. 
S represents a portion of the skin of a steel 
vessel, which is selected for purposes of illus 
tration. To the inner surface of the skin is 
secured, as by means of bolts P. passing 
through flanges at its end, a steel cylinder M 
of the same character as that described in 
connection with Figs. 1 and 2. The oppo 
site or inner end of the cylinder M is closed 
by a head N of corresponding thickness, the 
edges of which are threaded to engage with 
threads in the inner surface of the cylinder. 
A small orifice Wis formed in the head N and 
an ordinary microphonic transmitter T is se 
cured over the same so as to be operated by 
the resonance of the column of water con 
tained in the cylinder M. Wires, O, O con 
nect the microphone with an ordinary tele 
phone receiver. A small opening R may be 
drilled through the ship's skin in order to 
permit access of the water into the cylinder 
M, but this is not necessary for reasons pre 
viously described, as sounds coming E; 
the water would be transmitted through the 
wall of the ship to the water column in the 
cylinder M, even were no passage of commu. 
nication present. The head N, by means of 
its threaded connection with the cylinder M, 
may be adjusted to vary the dimensions of 
the chamber within the cylinder, and thus 
control the pitch of the resonant cavity in or 
der to tune it to any desired soiirce of sound. 
In this device the column of water within the 
cylinder M will be set in resonant vibration 

Ic 

by a given sound transmitted to it through 
the water and entering either through the 
ship's wall or the opening R. The sound thus 
intensified operates the microphone, which 
produces in the telephone receiver an audible 
sound. - - 
While I have described the invention by 

reference to specific forms of apparatus, it 
is evident that their construction may be 

2 

greatly varied. In general, the sound pro 
ducer may be submerged at any selected sta 
tion or placed in a tank attached to the walls 
of a vessel. The receiver may be similarly 



5 

by the resonance of an isolated mass of liq 

-2. 

located so that by means of the apparatus 
signals may be transmitted from the shore to 
a vessel, or conversely, or between vessels 
within the limits of practical transmission. 
What I now claim as my invention is:- 
1. The improvement in the art of subma 

rine signaling by sound, which consists in in 
tensifying the sounds produced or received 
uid, as set forth. 

2. The improvement in the art of subma 
rine signaling by sound, which consists in producing regular periodic or haruonic vi 
brations in an isolated body of liquid, and 
producing by the resonance of such body in 
tensified sounds, as set forth. 

3. A liquid resonator consisting of a recep 
tacle with walls capable of withstanding the 
variations of hydrostatic pressure accom 
panying regular periodic or harmonic vibra 
tions set up in a body of liquid contained 
within the same, and reflecting the said vi 
brations to produce resonance, as set forth. 4. A liquid resonator comprising in com 
bination a receptacle with walls capable of 
withstanding the variations of hydrostatic 
ressure accompanying regular periodic or 
harmónic vibrations set up in a body of liq 
uid contained within the same, and reflecting 
the said vibrations to produce resonance, and 
means for setting up such vibrations in the 
liquid, as set forth. 

5. A sound-producer for submarine sig 
naling, comprising a receptacle with walls 
capable of withstanding the variations of 
hydrostatic pressure accompanying regular 
periodic vibrations in a body of liquid con 
tained therein, and reflecting the same to 
produce resonance, and means for imparting 
such vibrations to the liquid, as set forth. 

'852,847. 

6. A submarine sound producer, compris 
ing in combination, a receptacle forming a 
resonating cavity for liquids, and a source of 
liquid under pressure for setting up harmonic 
vibrations in the column of liquid within the 
said cavity, as set forth. 

7. A submarine sound producer, compris 
ing, in combination, a receptacle forming a 
resonating cavity for liquids, a source of liq 
uid under pressure, and a nozzle adapted to 
direct a jet of liquid so as to impinge upon 
the edges of such cavity, as set forth. 

orifice with sharp edges and constituting a 
jet of liquid to impinge-upon the edges for 
E. a rhythmic vibration of the liquid 
contained in the receptacle, as set forth. 

9. In a sound E. for submarine sig 
naling, the combination with a source of 
rhythmic vibrations, of a resonating cavity 

capable of withstanding the variations in 
hydrostatic pressure accompanying the vi 
brations imparted to the liquid contained 
resonance, as set forth. 

10. In a sound producer for submarine sig 
naling, a liquid resonator composed of a cyl 
inder of hardened steel walls of a thickness 
capable of withstanding the variations in 
hydrostatic pressure accompanying the har 
monic vibrations of a column of water con 
tained within the cylinder, as set forth. 

LUCIENI. BLAKE. 
Witnesses: . 

FULTON BLAKE, 
J. CoNVERSE GRAY. 

composed of a hollow cylinder with walls. 
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8. A submarine sound producer, compris- - 
ing, in combination, a receptacle having an 

55 
resonating cavity, and means for causing a 

therein, and reflecting the same to produce 


