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i 
Thisv invention relates to' carrier wave trans 

`mission systems and more particularly to fre 
quency selective apparatus for such systems. 
A principal feature of the invention is the 

separation of different frequency compressional 
wave bands by virtue of the different propaga 
tional velocities which the waves experience in 
traversing. prisms and lenses of certain mate 

An object of the invention is to provide simple 
and effective wave filters which are not depend 
ent upon electrical reactance elements or upon 
mechanical resonators. 
Another object of the invention is 

filters effective at higher frequency ranges than 
those for which ñlters are now available. 
In accordance with the invention sound or com 

pressional waves of different frequency bands, 
each individual band comprising one _or more 
communication channels,V are transmitted as a 

 common sound or compressional wave beam. At 
the receiving terminal the beam is directed upon 
a body vin which the propagation velocity for 
the waves varies with the frequency of the waves. 
Thebody may be immersed in a medium which 
presents substantially constant propagational 
velocity characteristics for all of the different 
frequency waves under consideration. Prefer 
ably, the wave propagational velocity in the body 
and in the medium is substantially equal at an 
intermediate frequency in the range of frequen 
cies which is utilized.4 At higher frequencies of 
that range the Wave velocity in the body may 

' exceed that in the medium while at lower fre 
quencies it may be less. Accordingly, the vari 
ous bands in traversing the body and emerging 
from it into the medium experience refractions 
which are different and the bands are, accord 

ingly, dispersed as are the different colors of 
light rays in passing through a dispersion prism. 
The separation of the different frequency bands 
may be accentuated by a lens which focusses 
them into a limited space at an angle determined 
by the frequency. 
The invention will be more readily understood 

from a consideration of the following detailed 
description taken in connection with the accom 
panying drawings in which Fig. l illustrates 
schematically a four-channel multiplexcommu' 
nication system utilizing supersonic carrier 
waves; 

Fig. 2 shows the graphs of several plastic mate 
rials relating propagation velocity of compres 
sional waves to frequency of the waves; and 

Figs. 3 and 4 are perspectives of two different 
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forms which the supersonic lens I8'of Fig. 1 may 
take. . V 

Referring to Fig. 1, the four different carrier 
frequency oscillators I, 2, 3, Il are each con 
nected to the input terminals of an individual 
modulator 5 to which is also connected a respec 
tive‘signal source 6, 1, 8, 9 as, for example„a 
teletypewriter or a telephone line. Modulated 
carrier frequency electric waves of the four dif- . 
ferent frequency bands resulting are superposed 
upon the input circuit of a thermionic amplifier 
Ill to the output of which a submarine piezo-_ 
electric compressional Wave source II is con 
nected. The devicel I is preferably highly direc 
tive in character and emits a beam of supersonic 
energy comprising the four different frequency 
modulated wave bands. ` , 
The compressional source Il may preferably be 

a piezoelectric plate, the outer face I2 of which 
may bev exposed to the water or may be provided 
with a conductive coating surface or other type 
of electrode serving as a diaphragm so that vibra 

 .tions of the piezoelectric element may be im 
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parted to the Water. „The element II may be 
otherwise enclosed within a water-tight casing I3 
shown partly in section and preferably of metal 
lic character. The output circuit of thermionic 
amplifier IIJ maybe connected through a coaxial 
conductor I4,` the outer member of which is 
directly in contact with the water andv leads 
to the metallic casing I3 and the front electrode 
I2 of piezoelectric sound source II. .The inner 
conductor I5 of the coaxial connection is elec 
trically connected to the rear electrode I6 of 
`the sound emitter Il. Accordingly, the device 
II will, because of its larger area flat surface I2, 
transmit to the water a corresponding broad 
beam ofhighly directive sound waves compris; 
Ying the entire range pf frequencies of the cur 
rents impressed upon it by the amplifier I0. 

At- the receiving point the beam of compres 
sional waves impinges upon a prism _I'I. Any 
material which exhibits a different propagational 
velocity for compressional waves than does the` 
Water through which the beam arrives may be 
used as a refracting prism. For use in the sys 
tem of this invention, an additional property is 
very desirable, namely, that the propagational 
velocity for compressional waves in the material 
varies with the frequency of the waves, since such 
a material will refract the different frequency 
compressional waves differently in a manner sim 
ilar to that by which a' dispersion prism differ 
ently refracts different colors of light. _ 

It occurred to applicant following a study of 

c. 



2,428,459 
3 

anomalous ,behavior of certain dielectrics that 
such substances might also exhibit an anomalous 
propagational velocity for'compressional waves. 
Applicant’s researches have 'demonstrated the 
correctness of this surmise. The reason for the 
anomalous wave propagation behavior of these 
materials is not known but it appears possible 
that it may be associated with resonant domains 
in the material which may be a function of longr 

` chain molecules that experience a rotary displace 
ment when a body of the medium as a whole is 
subjected to longitudinalr stress. Below the reso 
nance frequency of the domain the domain i’ol-> 
lows the longitudinal ñeld While above the reso 
nance frequency the field is too fast for the 
domain to follow. 
(methyl methacrylate) cellulose acetate, and 
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If such plastics as “lucite” _ 

other similar materials are subjected to lalternat- ' 
ing electric fields there is found to be an absorp 
tion of the electric energy or a dielectric loss at 
“resonance frequencies” which is peculiar to these 
materials. Applicant has discovered that similar 
absorptions of acoustic or compressional wave en 
ergy occurs in these materials at about the same 
frequency. He has also discovered that certain 
>other materials such as “plioform” and poly 
styrene constitute a second classor species which 
appear to exhibit no anomalous electrical absorp 
tion but do, however, exhibit deñnite acoustic ab 
sorption at what appears to be a resonance fre 
quency of an interior domain. 

Plastics are found, in general, to have a some» 
what higher velocity of propagation for sound 
waves than does water. Turning to Fig. 2 which 
shows the results of measurements madeon ilve 
materials, namely. “lucite,” polystyrene, cellulose 
acetate, "plioform” and benzyl cellulose, it will be 
noted that for each of these materials the velocity 
of propagation varies markedly in the range of 100 
to 900 kilocycles. In obtaining these measure 
ments it was necessary to eliminate another effect 
which also causes an increase of velocity with in 
crease of frequency. 'I‘his eifect is the difference 
in propagation in a long bar and in a thinplate. 
'I'he first velocity, that is, that of the long bar, 
depends on the Young’s modulus of the material, 
whereas the second velocity, that in the thin plate, 
depends on the bulk modulus and the velocity 
corresponding to the latter is higher. In the 
measurements of which the results are given in 
Fig. 2 the width and thickness of thel plate was 
made larger than a wavelength for all measure 
ments and, consequently, the velocity measured 
corresponds to plate velocity due to the bulk 
modulus. Additional details of methods and cir 

' cuits suitable for such measurements may be 
found at pages 24,4 to 247 of the book by W. P. 
Mason entitled “Electromechanical Transducers 
and Wave Filters,” published by D, Van Nostrand 
Company, Incorporated, New York 1942. 
The prism I1 of Fig. l may, accordingly, com 

prise an acoustic refracting element or prism of 
"lucite” (methyl methacrylate) or a similar ma 
terial having different propagational velocity 
characteristics for different frequency sounds. 
Assume, for example, that the four channels of 
the multiplex system of Fig. 1' lie in the range of 
100 to 165 kilocycles. the individual bands extend 
ing respectively from 100 to 105 kilocycles, 120 to 
125 kilocycles, 140 to 145 kilocycles. and 160 to 
165 kilocycles. At 100 kilocycles the velocity of 
sound in “lucite” is lower than in water and the 
mid-frequency elements of beam f1, f1 of the 100 
to 105 kilocycle beam will therefore be bent as in 
dicated in passing through the prism. At 120 
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4 
kilocy'cles the velocity of sound in “lucite” is about 
equal to that in water and so the mid-frequency 
components of the corresponding band fa, f2 will 
pass substantially straight through the prism. At 
higher than 120 kilocycles the velocity of sound in 
“lucite” increases at least as iar as 725 kilocycles 
and exceeds that in water so that the beams fs, fs 
and f4, f4 of 140 to 145 kilocycles and 160 to 165 
kilocycles respectively, will be refracted in a di 
rection opposite to that in which the beam f1, f1 
is refracted. 
Although the bands after refraction by Ithe 

prism are directed in different directions from 
each other they will, if of large cross-sectional 
area, overlap for a relatively l‘ong distance after 
leaving the prism. Moreover, due to the diverg 
ing effect which occurs in the beam this overlap 
will be still further augmented thus making it 
diñicult to separate the beams with apparatus of 
reasonable dimensions. In order to overcome this 
diñlculty a supersonic lens I8 may be introduced 
beyond the prism I1 having such characteristics 
as to focus the various beams. The lens I8 may 
be of cylindrical form as shown in Fig. 3, or 
spherical as shown in Fig. 4, in which instance the 
lenticular surface should have a superficial area 
somewhat greater than that 01’ the prism in order 
to encompass all of the beams which have passed 
vthrough the prism. Ii’ the lens be of cylindrical 
form as in Fig. 3, it will focus the beam f1, f1 along 
a line I9 perpendicular to the plane of the paper. 
If the lens be of the spherical form of Fig. 4, the 
beam will be focussed at a point I9. Similarly, 
the other three beams may be focussed respec 
tively at 20, 2l and 22. It is, therefore, necessary 
only to position individual sound receivers 23, 24, 
25 and 26 at the respective foci of the beams in 
order to pick up these beams. In the case of the 
cylindrical prism I 8, the receiver 23 may be elon 
gated so as to pick up the effect along the line I9. 
If, however, a spherical lens such as is shown in 
Fig. 4 be used the receiving element of receiver 
23 may have a relatively small superficial area. 
While any type of sound wave receiving device 
may be utilized a very satisfactory form may cor 
respond in its general structure to the sound 
emitter I I. Such a receiver may comprise a piezo 
electric element constructed of Rochelle salt 
which presents a high piezoelectric constant and 
is, therefore, very sensitive to sound energy. As 
indicated, the receiver _23 is connected by a co 
axial conductor 28 to an amplifier 29 to the output 
of which a detector 30 and a signal indicator 3l 
are connected in tandem. The signal indicator 
will preferably be designed to cooperate _with the 
signal transmitter 6. If, therefore, the transmit 
ter 6 be a telephone microphone the signal indi 
cator 3| may appropriately be a telephone re 

' ceiver. If the signal transmitter 6 be a teletype 
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writer transmitter, the signal indicator 3| may. 
correspondingly, be a teletypewriter receiver. It 
will be understood that each of the remaining 
sound receivers 24, 25 and 26 will beassociated 
with corresponding apparatus individual to that 
receiver to enable the individual messages to be 
received, selected and'interpreted each without 
interference from the other. 
The lens I8 shown in more detail in Figs. 3 and 

4 may consist of any suitable material having the 
property of focussing sound waves when im 
mersed in water or the medium in which it is to 
be used. In order to have this property it is 
merely necessary that it present a higher propa 
gation velocity for sound Waves than does the 
medium in‘which it is immersed. Accordingly, a 
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body of almost any solid material not having dis 
turbing resonance frequencies of its own may 
serve, although if reflections from the surface are 
to be avoided, the impedance of the lens should 
not differ greatly from that of the liquid. An 
example of a material which is suitable for this 
purpose is ‘ftenite II” (cellulose acetate butyrate) 
which has a velocity slightly higher than that of 
water but constant over the frequency range of 
interest for the filter described here. Other ma 
terials which might be used are “catalin,” (phe 

10 

nol formaldehyde-cast) and various other plas 
tics. Y 

Although the invention has been illustrated as 
embodied in a supersonic wave transmission sys 
tem it is of general application and is not limited~ 
to such systems. The compressionalwave ñlter 
may obviously be employed at a repeater or a 
terminal of a radio system or one involving oon 
ducted or guided waves wherever it may be de 
sirable to separate or filter one or more individual 
wave frequencies or Wave bands from others of 
different frequency. In each such instance the 
electric wave to sound wave transducer i'l and the 
prism il. lens I8 and the compressional wave re 
sponsive devices I9 to 22 inclusive, may be em 
ployed as a unit to constitute a Wave filter. 
The piezoelectric sound transmitter I l and the 

piezoelectric compressional wave receiving de 
vices 23, 2li, :25 and 26 may each consist of Ro 
chelle salt or of quartz. They will besomewhat 
more eñicient if tuned and theymay be so de 
signed as to operate over a relatively wide band. 
This additional selectivity will augment that 0b 
tained by the refraction and focussing features 
of the invention. 
What is claimed is: 
1. In a frequency selective system for compres 

sional waves. a device for directing compressional 
waves having a substantially plane wave front 
comprising a solid homogeneous mass of mate 
rial having a propagation velocity for compres 
sional waves which varies with frequency where 
by the refraction to which the waves are sub 
jected by the device varies with frequency. , 

2. A frequency selective device for compres 
sional waves comprising in combination a solid 
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homogeneous prism of material having a propa- ~ 
gation velocity for compressional waves which 
varies markedly in the frequency range of the 
compressional waves. means directing a beam of 
compressional waves of different frequencies 
against said prism and means positioned to re 
ceive from said prism at least one component fre 
quency of said compressional wave beam re 
fracted from said prism. 

3. A solid homogeneous prism of selected ma 
terial having a plane face in contact with a me 
dium which has a ̀ vibrational propagation ve 
locity for compressional waves equal to that of 
the material for vibrations of a given frequency 
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and which has a vibrational propagation veloc- I 
ity for compressional waves higher than that of 
the material for vibrations of substantially lower 
than the given frequency, and means responsive 
to compressional vibrations transmitted through 
said prism and said medium for actuating a sig 
nal device. 

4. A solid homogeneous prism of selected mate 
rial having a plane face in contact with a medium 
which has a vibrational propagation velocity for 
compressional waves equal to that of the mate 
rial for vibrations of a given frequency and which 
has a vibrational propagation velocity for com 
pressional Waves lower than that of the mate' 
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rial for vibrations of substantially higher than 
the given frequency, .and means for subjecting 
said prism to a beam of compressional waves of 
the order of magnitude of 
quency.   

5. In a system for signaling through a body of 
water by means of compressional waves of the 
order of 100 kilocycles frequency, an immersed 
prism of solid homogeneous material having com 
pressional wave propagation velocity character 
istics which vary with frequency whereby the 
prism serves to differently refract different fre 
quency compressional waves. 

6. A filter comprising a source of a beam of 
sound waves of different frequencies, a solid ho 
mogeneous prism in the path of the 'beam com 
prising a material having a sound wave Propa 
gation velocity characteristic which varies with 
frequency whereby sound waves ofthe beam are 
refracted to an extent depending upon their re 
spective frequencies, a 
the refracted soundwaves to focus them at sepa 
rate points in accordance with the directions with 
which they emerged from the prism and a plural 
ity of sound wave responsive devices positioned 
respectively at said points. 

7. A filter comprising a source of a. beam of 
compressional waves of diñerent frequencies, a 
solid homogeneous prism in the path of the beam 
whereby compressional waves of the beam are 
refracted, a focussing lens intercepting theïre 
fracted compressional waves to-focus them at 
separate points whereby the compressional waves 
are focussed at points which are determined by 
their respective frequencies. 

8. A filter system comprising a source of plane 
sound waves of different frequencies, a refractor 
for sound upon which a beam of sound 'waves is 
projected by the source, the refractor compris 
ing a homogeneous continuous mass of solid ma 
terial having a refraction characteristic which 
varies with frequency whereby upon incidence of 
a sound wave beam comprising a substantially 
continuous frequency range of components each 
having a multiplicity of parallel rays the refractor 
transmits each component so that it emerges 
with a direction characteristic. of its respective 
frequency and free from interference between its 
rays so as to present a component beam which is 
continuously distributed over the emission area 
of the refractor, and a plurality of sound wave 
responsive elements in the path of the refracted 
waves whereby the band of sound wave frequen 
cies selected by each element is determined by its 
superficial dimension in the directionlof refrac 
tion. 

9. A transmission device comprising a solid 
mass of homogeneous material, a source of a 
beam of different frequency compressional waves 
located to direct the beam upon said mass, said 
mass having a thickness which varies in the di 
rection of the beam, the propagation velocity of 
said mass for said Waves varying with frequency 
of the waves. y ' 

10. In combination, a source of a beam of mul 
tifrequency compressional waves, a solid prism 
composed of homogeneous material upon which 
the multifrequency beam of compressional waves 
is projected by said source ‘and for which the com 
pressional Wave propagation velocity varies with 
frequency, and compressional wave indicating 
means responsive to energy of at least one of the 
frequencies of said beam and so positioned as to 
intercept compressional wave energy of the fre 
quency band to which it is responsive after re 
fraction by said prism. 

100 kilocycles fre- Y 

focussing lens intercepting ' 
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11. 'I‘he method of separating a beam of com 
pressional waves into its component frequencies 
which comprises directing said beam upon a con 
tinuous mess of homogeneous material for which 
the Vcompressional wave propagation velocity 
varies according to wave frequency. 

12.V A ñlter system comprising in combination 
a source of a beam of compressional Waves of 
different frequencies, a. refractor element for 
compressione! Waves composed of polystyrene 
upon which said beam is projected b_y the source, 
and a. plurality of compressional Wave responsive 
elements in the path oi’ the retracted waves. 

- WARREN P. MASON. 
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