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ABSTRACT OF THE DISCLOSURE 

This invention relates to a new and improved acoustic 
radiator such as a fog radiator for allowing an acoustic. 
source to generate a relatively large amount of acoustic 
power into a gas medium. During each cycle, a portion of 
the acoustic energy from the source is stored in the radia 
tor to establish standing pressure waves therein; the re 
mainder of the energy is radiated to the gas medium. The 
geometry of the radiator is selected so that the vibrating 
gases con?ned therein present an optimum load to the 
acoustic source thereby allowing it to generate optimum 
power into the gas medium. The radiator can be made 
in sections having diverse cross-sectional areas. 

This application is a continuation of applicant’s co 
pending application Ser. No. 496,746, now abandoned, 
entitled Acoustical Impedance Matching and Array Form 
ing. 

BACKGROUND OF THE INVENTION 

While the teaching of this invention may ?nd applica 
tion in various ?elds, it will be described as being partic 
ularly useful to the ?eld of fog warning devices such as 
are required by the US. Coast Guard for offshore plat 
forms. Warning devices for emitting audible long range 
signals to warn ships of dangerous obstacles or to signal 
them are well known. In the recent past, offshore oil 
production and oceanographic work have greatly ex 
panded. The need for dependable, e?icient and long-last 
ing acoustic radiators is ever growing. 

It was generally accepted by workers with fog warning 
devices that the classic design theory of horns provided 
optimum design parameters. Although various geometric 
horn con?gurations were built, the classic design principles 
of horns were strictly adhered to. These principles were 
based on the following factors: When a diaphragm is set 
in motion in free space the air particles in front of it are 
given a certain velocity. The pressure of the diaphragm 
against the volume of air in front of it is accompanied by 
a reaction pressure against the diaphragm. This reaction 
pressure is proportional to the air particle-velocity, and 
must obviously be small compared with the forces due to 
the inertia and stiffness of the diaphragm itself. The dia 
phragm therefore works into a very small load, and its 
motion is almost entirely determined by its own stiffness 
and mass. Consequently the useful work done by the dia 
phragm on the air will in general ‘be very small. 
The paramount function of the horn is to properly load 

the diaphragm. An acoustic generator without a load is 
like an engine without a load or like a radio transmitter 
without an antenna. 

In addition to providing a load to the diaphragm the 
horn is designed to meet three important requirements: 
(1) A given applied force acting on the diaphragm must 
cause the air at the throat of the horn to have a nearly 
uniform air volume velocity at the operating frequency; 
(2) the area of the mouth of the horn must be such that 
little sound energy is re?ected, otherwise air-column reso 
nances will occur; and (3) the law of increase of area 
of cross section with length and the rate of area increase 
must be such as to avoid discontinuities, that is, standing 
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waves. This will provide a constant ratio of pressure to 
air volume velocity at the throat at the operating frequen~ 
cy. That ratio is known as the throat impedance. 

If the preceding requirements are met and if the throat 
area is small compared with the diaphragm area, the air 
in the throat is given a proportionately high particle veloc 
ity. As the pressure generated is proportional to this veloc 
ity, the reaction pressure on the diaphragm is correspond 
ingly high and the work done on the air correspondingly 
great. It appears that the smaller the area of the throat, 
the more e?icient the horn becomes. If the diameter of 
the throat is less than a certain value, however, the energy 
used up in overcoming viscous resistance becomes intoler 
ably high. Also, the smaller the throat the longer the horn 
must be, and this is an additional disadvantage. 

Another limiting factor is found in the requirement on 
the area of the mouth of the horn. This area must be 
large enough to give negligible re?ection at the operating 
frequency. Since a horn is designed to eliminate re?ection 
waves from its “open end,” its mouth is made as wide as 
possible; the wider the mouth the less re?ection there is 
from the “open end.” In sum, properly designed horns do 
not allow standing waves within their con?ning walls. 
To serve as a fog warning device it is desirable that the 

horn, for a given quantity of input energy, radiate a maxi 
mum amount of audio energy in the horizontal direction. 
This can be best accomplished by using an array of horns. 
Since the designer was already committed to a small throat 
and a large mouth he could not escape from using a rela 
tively long horn which was frequently “folded.” An array 
of folded horns constitutes a heavy and bulky structure. 
‘One such structure is shown applicant‘s Pat. 3,153,783. 

SUMMARY OF THE INVENTION 

The paramount function of the acoustic radiator of 
this invention is much like that of the horn that is to load 
the diaphragm. 

This radiator, however, is based on entirely different 
design considerations. The area of each mouth of the ra 
diator is selected so that appreciable sound energy is re 
?ected back from the mouth to establish air-column 
resonances, that is, standing waves within the con?ning 
walls of the radiator which can be made in sections. 
The law of increase of area of cross section with length 

is particularly adapted to bene?t from sharp changes in 
the cross sectional areas between consecutive sections 
forming the radiator. Thus, the radiator of this invention, 
instead of avoiding, suppressing, and minimizing standing 
waves or air column resonances within its con?ning walls, 
makes good use of them. The air columns within the ra 
diator are subjected to forced vibrations. If the frequen 
cies of the vibrating diaphragm coincide with the natural 
frequencies of the radiator having a proper acoustic 
length, the amplitude of the reaction pressure against the 
diaphragm may become very large indeed. During part of 
the vibration cycle of the diaphragm, the radiator is 
drawing energy from the diaphragm. An appreciable por 
tion of that energy is stored in the air column con?ned 
between the walls of the radiator in the form of standing 
waves. Some Waves “escape” from the open end of the 
radiator to do work on the surrounding air. The radiator 
therefore makes use of backward-and-forward traveling 
waves to establish a vibrating sound ?eld within the in 
terior of the radiator. The outward-and-backward travel 
ing waves add in magnitude to produce standing waves 
which allow power to ?ow toward the open end of the ra 
diator. While the sections forming the radiator of this 
invention can assume various con?gurations, in practice 
it is convenient to Work with regularly-shaped sections 
having circular or rectangular cross-sectional areas. Cy 
lindrical sections in particular lend themselves better to 
analytical treatment. 
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Analytically and experimentally, the teachings of this 

invention allow the building of simple and complex acous 
tic radiators. The “building blocks” for these radiators 
are sections in which air-columns resonate (called “res 
onators”). 
The teachings of the present invention avoid the unde 

sirable design limitations previously discussed in connec 
tion with fog-horns and allow the design of e?icient, rela 
tively-inexpensive, compact radiators which are particu~ 
larly useful as fog warning devices for offshore platforms. 

It is a primary object of the present invention to pro 
vide an improved acoustic radiator capable of ef?cient op 
eration with conventional signal generating equipment. 

It is another object of the present invention to provide 
a improved acoustic radiator, acting as an impedance 
transformer in conjunction with a conventional acoustic 
generator to provide ef?ciet and optimum operation. 
Another object of the present invention is to provide 

such an acoustic radiator which can be built in sections to 
form arrays. 
A further object of the present invention is to provide 

such an acoustic radiator which is relatively light, occu 
pies a minimum of volume, and is relatively simple to 
manufacture. 
The novel features which are believed to be character 

istic of the invention, both as to its construction and 
method of operation, together with further objects and 
advantages thereof will be better understood from the 
following description considered in connection with the 
accompanying drawings in which presently preferred em 
bodiments of the invention are illustrated by way of ex 
ample. It is to be expressly understood, however, that the 
drawings are for the purpose of illustration and descrip— 
tion only, and are not intended as a de?nition of the lim 
its of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawings: 
FIG. 1A shows in cross-section a driver coupled to a 

single resonant coupler; 
FIG. 1B shows an array of three couplers. 
FIG. 2 shows schematically a driver feeding four sin 

gle-step resonant couplers. 
FIG. 3 shows another arrangement of a driver feeding 

three single-step resonant couplers; 
FIG. 4 shows schematically a driver feeding three 

couplers each of increasing cross-sectional area; 
FIG. 5 shows various response curves; 
FIG. 6 shows a broadside array of multi-step resonant 

couplers; and 
FIG. 7 shows another arrangement of a broadside ar 

ray of multi-step resonant couplers. 
Although the present invention is described hereinafter 

in connection with fog warning devices and particularly 
with respect to the generation of cyclic signals of narrow 
band frequency it is to be understood that the present 
invention is equally applicable to the generation of acous 
tic signals for other purposes. 

Referring to FIGS. 1A and 1B there is shown a fog 
radiator generally designated as 10‘ having a support struc 
ture v12 for supporting three resonators 14, 16 and 18, 
driven by untuned electro-magnetic drivers 20, 22 and 
24, respectively. Each driver has a permanent magnetic 
structure 25, a coil 26 and a diaphragm 28. Drivers of 
this type are commercially available and are used pri 
marily for public address systems. An alternating-current 
electric signal is applied. to the input terminals 30‘, 32 of 
each coil 26. The signal may have a square shape. Prefer 
ably it is sinusoidal. Each resonator consists of a section 
of cylindrical pipe having a radius R and a length L. The 
drivers and resonators are suitably secured to ribs 13 of 
the structure 12 as by welding. The length L is selected so 
that the fundamental resonant frequency of the air col 
umn con?ned within the Walls of the tube resonates at 
a fundamental frequency corresponding to the frequency 
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4 
f of the signal applied to coil 26. A standing wave is then 
established within each of resonators 14, 1'6 and 18 hav 
ing a wavelength >\=c/f, where c is the velocity of sound 
in air. The length L is chosen so that the effective acoustic 
length of each tube is one quarter wavelength or an odd 
multiple thereof, i.e. 

where n is an integer. Each driver-tube combination can 
be thought of as a coupled system consisting of a driver 
and a vibrating air column. The column is the predomi 
nant element in this combination and optimum results are 
achieved when the frequency of the vibrating diaphragm 
coincides with the frequency of the fundamental mode of 
vibration of the air column. As is known to those skilled 
in the art, the effective acoustical length of each pipe is not 
equal to L because of what is known as the “end-effect.” 
For a cylindrical pipe the “end correction” is about 0.6R. 
The magnitude of the end correction for other than cylin 
drical pipes depends on the degree of openness to the air. 
Thus for a tube the actual value of L is 

One can think of the maintenance of air vibrations in 
each tube as follows: As the diaphragm vibrates back 
and forth it produces sound waves which travel into the 
tube. The intial vibration of the diaphragm causes a com 
pression to enter into the pipe. The compression travels 
up to the open end of the pipe. A ‘small fraction of the 
energy in the compression is radiated into the open air; 
the remainder is re?ected back toward the diaphragm. 
When the re?ected wave reaches the diaphragm, it has 
traveled one-half Wavelength since the effective acoustical 
length of the tube is one-quarter wavelength. At this in 
stant, the diaphragm reverses its direction of travel, hence 
the re?ected wave is in phase with the wave produced by 
the diaphragm. Since the forward traveling wave is in 
phase with the backward traveling wave, the two waves 
add and produce what is known as a standing Wave in 
the tube. The standing wave has a maximum air volume 
velocity and a minimum pressure at the open end or mouth 
of the tube, and a minimum volume velocity and a max 
imum pressure at the throat of the tube. This maximum 
pressure at the throat exerts a great “reaction” pressure 
against the diaphragm which allows the diaphragm to 
“pump” a correspondingly great quantity of energy into the 
tube. In other words, as the driver feeds power into the 
tube against a maximum reaction pressure, it “sees” a 
much higher load impedance than it would see if the driver 
worked directly into the air. It is known that for maximum 
e?iciency the driver should work into a speci?c load. It 
is possible to provide this speci?c load by suitably select 
ing the dimensions of the tube. It may also be helpful to 
think of the tube as an impedance transformer transform 
ing the low impedance at the mouth of the tube into a. 
high impedance at the throat of the tube. 

While resonators 14', 16 and 18 have been described in 
connection with a cylindrical tube having a circular cross 
section for the sake of simplicity, it will be understood by 
those skilled in the art that the resonators may have a. 
rectangular cross section or any other cross sectional area. 
It is desired to maintain standing waves only along the 
longitudinal axis, hence the diameter of the tube should 
be substantially less than a wavelength corresponding to 
the fundamental frequency of the driver. 

For a fog radiator it is desirable to have an array of 
sound sources arranged to make the sound intensity greater 
in a given direction usually horizontal. In FIG. 1B res 
onators 14, 16 and 18 are arranged in what is known as 
a broadside or linear array. The spacings between the open 
ends of the resonators should be properly adjusted for the 
desired directivity pattern. For a full discussion of directiv 
ity patterns and desirable spacings reference is made to a 
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text book on Acoustics by Leo L. Beranek, published by 
McGraw-Hill, 1954. 

In FIG. 1B, the drivers are mounted on top of the res 
onators and are covered \with a cover 34 to protect them 
from rain and snow. It is desirable to drive all the drivers 
with electric signals having the same frequency and phase. 
‘If there is a phase difference between any two electric sig 
nals, undesirable pressure cancellations may take place 
in the open air. All the drivers may be driven from the 
same electric source. If necessary, phase shift networks 
may be used in the circuits to compensate for phase dif 
ferences. 
When viewed from the driver, each resonator in FIG. 

1B represents “a single-step” resonator, i.e., the driver 
“sees” only one impedance changing load sometimes re 
ferred to as “coupler.” 

' In FIG. 2 is shown a radiator 40 having four single 
step resonators 42, 43, ‘44 and 45 connected in parallel 
to a single driver 46. The single-step resonators 42, 43 
may each have an effective acoustic length of 1A or 3/1 
wavelength at the driver’s operating frequency. Resonators 
414, 445 may each be 5/4)\ [or 7/4>\ long. The ends of res 
onators 44, 45 are curved to ?t the requirements of array 
forming. The space separations between the open ends of 
the resonators 42~45 should be suitably selected for the 
desired directivity pattern. Since the theory of operation 
of odd-multiple quarter wavelength couplers is the same 
as that of single quarter wavelength couplers, reference 
is made to the prior description. 

In FIG. 3 is shown a different arrangement of a radiator 
50 having three single-step resonators 52, 53‘ and 54 con 
nected in parallel and driven by a single driver ‘56 similar 
to that shown in FIG. 2. Each resonator has a length 
equivalent to an odd multiple quarter wavelength at the 
operating frequency of the driver. The open ends of the 
resonators are bent to keep water and snow out as Well 
as to space them to form a linear array. 
So far the arrays were shown as being formed of single 

step resonators. Such arrays are susceptible of having the 
effective acoustic length of each coupler or resonator 
change with changes in environmental conditions, pri 
marily temperature. When the air temperature changes, 
the sound velocity c in the air also changes and hence 
A changes, thereby introducing a phase shift between the 
forward and backward traveling waves. That phase shift 
can deleteriously affect the load of the air column pre 
cented to the diaphragm. One way to overcome the con 
sequences of changes in the wavelength x is to use a 
driver, the frequency of which is automatically regulated 
with changes in temperature. For example, the oscillator 
generating the electric signal for the driver may have a 
frequency-determining component (a resistor or capaci 
tor) therein, having a value which changes with tempera 
ture by an amount suf?cient to offset the change in the 
wavelength with temperature, and hence in the acoustic 
length of the resonator. Another method is to use a feed 
back loop including the driver or a microphone in the 
coupler to keep the operating frequency at an optimum 
value. 

In sum, without compensating means, single-step cou 
plers have a very narrow frequency pass-band. In prac 
tice, this means that due to a change in temperature, the 
acoustic length of the radiator may become ineffective to 
properly load the diaphragm and, therefore, to accom 
plish useful work on the outside air. Of course, if com 
pensating or feed-back means are provided than any 
change in the effective acoustic length of the radiator will 
automatically be compensated by a corresponding change 
in the frequency of the operating electric signal, and no 
net change in the radiated acoustic power will be noted. 
In accordance with one aspect of this invention, there is 
provided a radiator including a cascade of suitably con 
nected resonators which allows; (1) to broaden the fre 
quency pass-band of the radiator, and (2) to achieve a 
greater impedance transformation ratio. 
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In FIG. 4 is shown a cascade or series assembly 65 of 

three quarter-wavelength sections 61, 62 and 63 driven by 
a driver 60. For an understanding of the operation of a 
cascaded radiator, it may be helpful to remember that 
coupler 63 constitutes the load for coupler 62, and the 
latter forms the load for coupler 61. The interface be 
tween the ?rst-step coupler 61 and the second-step coupler 
62 marks a substantial change (step) from the cross— 
sectional area of the ?rst coupler to the second coupler. A 
step is also provided between the second and third cou 
plers 62 and 63. The ratio between adjacent couplers’ 
areas is selected to give an impedance mismatch between 
the couplers. Depending upon the amount of impedance 
mismatch, re?ections will occur at the interfaces, thereby 
creating a sound ?eld to wherein forward-and-backward 
traveling waves add to 'form standing waves in each 
coupler. In general, a coupler presents a resistive load 
and a reactive load to an adjacent coupler. At resonance, a 
quarter-wavelength coupler presents primarily a resistive 
load: the reactive load substantially vanishes. If the cou 
pler is shorter than a quarter wavelength, then it presents 
a negative reactive load; if it is longer than a quarter 
weavelength it presents a positive reactive load. These 
reactive loads are vector quantities. In a quarter-wave 
length coupler the positive and negative reactive loads 
are equal in magnitude, and hence their resultant is zero. 
Each coupler may be represented by an equivalent elec 
trical circuit using resistive, capacitive, and inductive ele— 
ments. Thus, for example, a quarter-wavelength coupler 
may be represented by a series or parallel tuned circuit 
where the inductive impedance is equal to the capacitive 
impedance. Whereas in an electrical resonant circuit there 
is a cyclic transfer of energy between the inductive and 
capacitive loads, in a quarter-Wavelength resonator there 
is a cyclic transfer between the kinetic and potential ener 
gles stored in the air column con?ned between the walls 
of the coupler. In this respect, the air column is similar 
to a pendulum, a tuning fork, or a stretched elastic string. 
Couplers shorter or greater than a quarter-wavelength 
may ‘be represented by equivalent resistive and capacitive 
or inductive loads. On the other hand, the radi 
ated power from the open end of the radiator con 
stitutes a resistive load designated hereinafter as RL. In 
the cascaded radiators just as in the single step radiators, it 
1s desired to transform RL into a much greater load nRL 
where n is the transformation ratio of the radiator. 
The value of the transformation ratio n of an cascaded 

radiator assembly depends on the transformation ratio of 
each coupler, in turn, depends on its pressure standing 
Wave ratio which can be calculated from a knowledge of 
the geometric parameters, or it can be experimentally 
measured. The pressure within a coupler can be easily 
measured by inserting a small hollow probe tube into the 
coupler._The ratio between the maximum pressure and 
the minimum pressure represents the pressure standing 
wave ratio. If the pressure is uniform througout a cou 
pler, the ‘standing pressure wave ratio is one: no standing 
gvlalves exist and the coupler acts as a conductor of sound 

y. 

In sum, _the load of each coupler depends on its pres— 
sure standing wave ratio, which in turn depends on its 
cross-sectional area. The total transformation ratio n of 
the radiator assembly can therefore be analytically or 
experimentally determined from a knowledge of the in 
dividual couplers’ standing wave ratios. For example, the 
standing wave ratio in a cylindrical coupler opening into 
the air can be approximately calculated as the ratio of the 
area of the coupler to the area of a circle whose diameter 
is twice the wavelength, at the operating frequency a 
divided by 1r. 

Because acoustical phenomena are continuous, slight 
deviations from ideal design parameters produce only 
slight deviations from desired results. This allows multiple 
step resonators to be built from standard size pipes. 

It will be appreciated that the reactive impedance of a 
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coupler depends on the deviation of the Wavelength from 
the design wavelength. As previously mentioned, a change 
in temperature results in a corresponding change in the 
wavelength. Each coupler when loaded with a reactive 
load inverts its load about its characteristic impedance 
at its input end. Since the coupler also develops a reac 
tive component due to the change in wavelength, the in 
verted component is partially cancelled by the developed 
reactive component. The greater the number of couplers, 
the easier it is to balance out the reactive components due 
to a change in the wavelength of the radiated sound waves, 
i.e., to maintain the total transformation ratio n of the 
radiator constant. Consequently, a multi-step radiator 
allows a relatively Wider frequency pass-band. 

Mathematically, it can be shown that for a desired 
particular type frequency pass-band and transformation 
ratio, the ratios between the cross-sectional areas of the 
couplers can be made proportional to the coefficients of 
certain mathematical functions. For example, the areas 
of the couplers can ‘be proportional to the coe?icients of 
a binomial expansion or of the well-known Tchebycheif 
polynomial. In the latter case, the cascade of quarter 
wavelength resonators follows a Tchebycheff-type fre 
quency response. Because the computations become some 
what tedious they can be conveniently programmed on 
a digital computer. The information derived can be tabu 
lated to serve for the design of other cascaded step 
couplers. 

In FIG. 5 are shown three frequency response curves 
70, 71 and 72. Frequency is plotted on the X axis and the 
acoustic response (normalized) on the Y axis. Curve 70 
represents the response of a single‘step coupler. Curve 
71 represents the response of a cascaded step coupler hav 
ing a ?at frequency response, and curve 72 represents 
the response of a cascaded step coupler having a rippled 
response or a Tchebycheff-type response. Curve 70‘ has a 
relatively narrow frequency response, that is, on either 
side of an operating center frequency in the response 
falls off sharply. Curve 71 represents a wider frequency 
response, and within the pass-band the response is uni 
formly ?at. Curve 72 represents a rippled response within 
the pass-band. The amount of ripple that can be tolerated 
depends on the particular application. By suitably ad 
justing the size of the steps in a cascaded radiator, the 
amount of ripple can be controlled. 

In FIG. 6 is shown a broadside array of couplers which 
are arranged in a plurality of assemblies acoustically 
connected in series-parallel combinations. A driver 80 
feeds into a coupler 81. Coupler 81 feeds couplers 82 and 
83 connected in parallel. Since the load of a coupler is 
determined by its size or cross-sectional area rather than 
by its shape, the division of a main tube into two parallel 
branch tubes, each equal in size to the main tube, is 
equivalent to doubling the area of the main tube. As 
previously mentioned, if a tube adjoins a tube of greater 
or smaller area, then a greater or smaller step results. 
Coupler 82 is connected in series with a larger area 
coupler 84 which, in turn, is divided into parallel couplers 
85 and 86‘. Coupler 85 is connected in series with an end 
coupler 87, and coupler 86 feeds into an end coupler 88. 
Similarly, coupler 83 feeds into a larger size coupler 89 
which, in turn, is divided into couplers 90 and 91. Coupler 
90 feeds into an end coupler 92 and coupler 91 feeds into 
an end coupler 93. 

In a broadside array as shown in FIG. 6, the desired 
spacings between the end couplers 87, 88, 92 and 93, to 
achieve a horizontal or other directivity pattern, may not 
allow the couplers to be all one-quarter wavelength long. 
If one coupler is made shorter or longer than one-quarter 
wavelength, then to offset its resulting reactive component 
another coupler in the array is made either shorter or 
longer than one-quarter wavelength. 
On the other hand, if it is necessary to make one or 

more couplers, for sound conduction purposes, several 
one-quarter-wavelength long, the pressure standing wave 
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8 
ratio in these couplers should be lower than What would 
be used in a quarter wavelength coupler, so as to develop 
approximately the same reactive component as that oif 
a quarter wavelength coupler when operated of reso 
nance. For example, if coupler 85 is shorter than one 
quarter wavelength, then coupler 84 may be made shorter 
than one-quarter wavelength to compensate for the re 
active component in coupler 85. Also, if couplers 82 and 
83 are three-quarter wavelength long, then the standing 
wave ratio in these couplers should be approximately one 
third the optimum standing wave ratio for one-quarter 
wavelength coupler. The pressure standing wave ratio in 
a coupler may be made lower or higher by suitably se 
lecting the area of the coupler. If standing waves are not 
desired in a particular coupler, then its size or area is 
selected to achieve that purpose. For example, if it were 
desired to have no standing waves in couplers 82 and 83 
then the ratio of the cross-sectional areas of couplers 82 
and 84 should be equal to the pressure standing wave 
ratio in coupler 84. It will be appreciated that the pres— 
sure standing wave ratio in coupler 84 depends only on 
the load that coupler 84 is presented with, that is, on 
couplers 85, 86, 87 and 88. The ratio between the area 
of a coupler and the area of the load it is equivalent to 
is equal to the pressure standing wave ratio in the coupler. 
If, for example, a tube having a four square inch cross 
sectional area is found to have a pressure standing wave 
ratio of four-to-one, then it will load the acoustic source 
the same as an in?nite pipe of one square inch cross 
sectional area. Thus, the loading effect of that coupler 
is the same as that of an in?nite pipe of one square 
inch area. The same holds whether the source of acoustic 
energy is a driver or a coupler. 
The arrangement shown in FIG. 6 allows a relatively 

broad band-pass which could be of the maximally ?at 
type or of the rippled type, The reason Why a relatively 
broad band-pass is desired is to allow for variations in 
atmospheric conditions, which a?ect the wavelength of 
the sound waves propagated in the air, and for variations 
in the operating frequency of the acoustic energy source. 
The manner in which the areas of the couplers, i.e., the 
steps, are selected determines the type of frequency pass 
band obtained for a given number of couplers. 

In FIG. 7 is shown another series-parallel arrangement 
of a multi-step radiator which forms a broadside array. 
VA driver 101 feeds into a coupler 102. The output of 
coupler 102 is fed into coupler 103. The output from 
coupler 103 is fed into couplers 104 and 105. Coupler 104 
feeds into end couplers 106 and 107. Coupler 105 feeds 
into end couplers 108 and 109. To preserve the cross 
sectional areas of the radiator, closed tubes 110, 111, and 
112 are provided, as shown. The ?ow of sound within 
the radiator from the driver is indicated by the arrows. 

In FIG. 7 all tubes are concentric. The area of coupler 
106 can be obtained from a knowledge of the inside 
diameter of tube 106 and the outside diameter of tube 
110. The other areas can be similarly calculated or meas 
ured. The area changes and lengths in FIG. 7 are similar 
to the ones shown in FIG. 6 yet the physical con?gura 
tions are different. Other physical arrangements will 
readily suggest themselves to men skilled in the art for 
the purpose of obtaining broadside arrays in accordance 
with this invention. 
A re?ection plate 115 is used to form an image of the 

end coupler 106, thereby making the effective acoustic 
length of the array longer than its actual length. A 
similar re?ection plate 116 is used to form an image of 
the end coupler 109. Another function of re?ection plates 
115 and 116 is to allow the end couplers 106 and 109 
to see the same load as their symmetrically opposed 
couplers 107 and 108, respectively. In other words, cou 
pler 107 sees coupler 108 and coupler 106 sees its re~ 
?ected image. The same holds for couplers 108 and 109. 
The use of the re?ection plates 115, 116 allows greater 
directivity or beaming, both because the couplers are 
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evenly matched and because the effective length of the 
radiator is longer than the actual physical length. Re?ec 
tion plates may also be used in the other embodiments, if 
desired. ‘ 

Drivers of the electromagnetic type have both mass and 
compliance in their moving parts, thereby leading to res 
onant effects. When such drivers are operated off res 
onance, the reactive component of the current ?owing 
through the voice coil resistance increases heat losses and 
reduces the operating efficiency. The radiators of this in 
vention lend themselves to reducing the deleterious effects 
caused when the frequency of the signal driving the driver 
shifts. Thus, the radiator is arranged to have a rcactance, 
as seen by the driver, equal to but of the opposite sign 
than the rcactance of the driver, when operated off the 
desired operating frequency. For example, the ?rst step in 
FIG. 6 between couplers 81 and 82, 83 is chosen to be a 
two-to-one step which is a larger step than would nor 
mally be indicated for the ?rst step of the radiator. The 
relatively larger ?rst step provides the reactive component 
required to cancel or offset the reactive component of 
the driver 80. Hence, by proper selection of the areas of 
the tubes both an optimum load and driver rcactance 
cancellation may be achieved. In this manner, the opti 
mum driver efficiency within the‘ pass-band is obtained. 
As an example of a type of radiator shown in FIG. 6, 

which is driven by a 360 cycle signal, the following di 
mensions in inches are given for the sake of illustration 
only: 

Tubes Length Diameter 

87, 93 (each) __________________ __ 

While the invention has been described in connection 
with_ particular type couplers, it is not limited thereto 
and other embodiments will readily suggest themselves 
to those skilled in the art. Also, while electromagnetic 
drivers were discussed other type drivers can be equally 
employed. 
What I claim is: 
1. In combination, 
a signal generator, 
a sound-emitting structure for emitting powerful audi 

ble acoustic signals at a predetermined frequency 
into a ?uid medium when said structure is coupled 
to the output of said signal generator, said structure 
comprising: 

at least two distinct housings acoustically arranged 
in series, said housings having substantially dif 
ferent cross-sectional areas thereby establishing 
a sound re?ecting interface between said areas, 

each housing de?ning at least one sound conduct 
ing chamber, 

each chamber having a determined length dimen 
sion in the direction of sound travel to cause 
each chamber to act as a resonator at said pre 
determined frequency when said structure is 
coupled to said signal generator, 

said length dimension being related to (2n——l))\/4 
wherein n is an integer and A is the wave length 
of said acoustic signals, and 

each chamber upon becoming a resonator having 
pressure standing waves established therein to 
allow said generator to transmit into said me 
dium said powerful acoustic signals. 

2. The combination as de?ned in claim 1 wherein said 
length dimension is substantially equal to (2m—1))\/4. 
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3. The combination as de?ned in claim 1 wherein said 

signal generator is electrically driven. 
4. The combination as de?ned in claim 1 wherein said 

?uid medium is air. 
5. The combination as de?ned in claim 1 and further 

including‘: 
at least one sound re?ector positioned adjacent to said 

structure to allow said acoustic signals to become re 
?ected from said re?ector. 

6. In combination, 
a signal generator, 
a sound-emitting structure for emitting powerful audible 

acoustic signals at a predetermined frequency into a 
?uid medium when said structure is coupled to the 
output of said signal generator, said structure com 
prising: 

at least two assemblies acoustically connected in 
parallel, 

each assembly including at least two distinct hous 
ings acoustically arranged in series, said housings 
having substantially different cross-sectional 
areas thereby establishing a sound re?ecting in 
terface between said areas, 

each housing de?ning at least one sound conduct 
ing chamber, 

each chamber having a determined length dimen 
sion in the direction of sound travel to cause 
each chamber to act as a resonator at said pre 
determined frequency when said structure is 
coupled to said signal generator, 

said length dimension being related to (2n-1))\/4 
wherein n is an integer and A is the wave length 
of said acoustic signals, and 

each chamber upon becoming a resonator having 
pressure standing waves established therein to 
allow said generator to transmit into said me 
dium said powerful acoustic signals. 

7. The combination as de?ned in claim 6 wherein said 
length dimension is substantially equal to (2n-1))\/4. 

18. The combination as de?ned in claim 6 wherein said 
signal generator is electrically driven. 

9. The combination as de?ned in claim 8 wherein said 
?uid medium is air. 

10. The combination as de?ned in claim 9 wherein the 
chambers in said structure which transmit said acoustic 
signals into said medium are suitably displaced from 
each other to allow said acoustic signals to become trans 
mitted in a directional pattern. 

11. The combination as de?ned in claim 10 and further 
including: 

at least one sound re?ector positioned adjacent to said 
structure to allow said acoustic signals to become 
re?ected from said reflector. 

12. In combination, 
a signal generator, 
a sound-emitting structure for emitting powerful audi 

ble acoustic signals at a predetermined frequency into 
a ?uid medium when said structure is coupled to the 
output of said signal generator, said structure com 
prising: 

a plurality of assemblies acoustically connected in 
series-parallel combinations, 

each assembly including at least two distinct hous 
ings acoustically arranged in series, said hous 
ings having substantially different cross-sectional 
areas thereby establishing a sound re?ecting in~ 
terface between said areas, 

each housing de?ning at least one sound conduct-‘ 
ing chamber, 

each chamber having a determined length dimen 
sion in the direction of sound travel to cause 
each chamber to act as a resonator at said pre 
determined frequency when said structure is cou 
pled to said signal generator, 

said length dimension being related to (2n—1))\/ 4 
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wherein n is an integer and A is the wave length 
of said acoustic signals, and ' 

each chamber upon becoming a resonator having 
pressure standing waves established therein to 
allow said generator to transmit into said me 
dium said powerful acoustic signals. 

13. The combination as de?ned in claim 12 wherein 
said length dimension is substantially equal to 

14. The combination as de?ned in claim 12 wherein 
said signal generator is electrically driven. 

15. The combination as de?ned in claim 12 wherein 
said ?uid medium is air. 

16. The combination as de?ned in claim 15 wherein 
the chambers in said structure which transmit said acous 
tic signals into said medium are suitably displaced from 
each other to allow said acoustic signals to become trans 
mitted in a directional pattern. 

17. The combination as de?ned in claim 16 and further 
including: 

at least one sound re?ector positioned adjacent to said 
structure to allow said acoustic signals to become 
re?ected from said re?ector. 
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