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[57] ABSTRACT 
A sonic signal generator utilizing a substantial amount 
of the surface area of a nodally mounted transducer 
for the generation of sound. A conventional piezoelec 
tric ceramic crystal is affixed to a thin brass disk, 
forming a transducer. The transducer is nodally 
mounted; that is, attached to a mounting member 
along a transducer surface path which does not move 
when the transducer is excited. When the transducer 
is electronically excited, sound in the form of acoustic 
waves emanating from selected surface areas of the 
transducer is directed by means of a novel ported 
structure surrounding the transducer such that se 
lected sound having a given phase is combined and di 
rected through a ?rst series of ports, while selected 
sound having the opposite phase may be directed 
through a second series of ports, the radial centers of 
which are substantially 90° removed from the radial 
centers of the ?rst series of ports. This con?guration 
results in a minimum of acoustic wave cancellation 
and thus a signi?cant increase in transducer efficiency 
for a given power input. 

30 Claims, 11 Drawing Figures 
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SONIC SIGNAL GENERATOR AND HOUSING 

BACKGROUND OF THE INVENTION 

This invention relates generally to the art of sonic sig 
nal generators, and more speci?cally, to the art of sonic 
signal generators using a piezoelectric transducer. 
Many types of sonic ringing devices are currently 

available. These devices typically provide an audible 
alarm upon being energized, such as the mechanical 
bell device now present in most telephone sets. Such 
ringing devices can be divided into two basic catego 
ries, one category using mechanical or electromechani 
cal principles, e.g., the telephone bell, the other cate 
gory using electronic principles, e.g., crystal controlled 
sonic signal generators. 
Signi?cant disadvantages to the mechanical ap 

proach include high power requirements, substantial 
size, weight, and lack of long term reliability. Sonic 
transducers, on the other hand, have had a disadvan 
tage in that although they are more ef?cient than a bell 
they havenot been utilized efficiently since less than 
one-quarter of the transducer surface area has hereto 
fore. been used for sound production. The remaining 
surface areas of the transducer are damped, so as to 
prevent resulting acoustic wave cancellation. This can 
cellation is caused by the out-of-phase wavefronts of 
the generated acoustic waves emanating from the crys 
tal transducer impinging on each other. Such a damped 
transducer is disclosed in US. Pat. No. 3,331,970 to 
Dundon et al. To overcome these disadvantages of con 
ventional mechanical and electronic audible alarm de‘ 
vices, the present invention combines a novel signal 
generator structure with a nodally mounted crystal 
transducer to provide a sonic generator having power 
and size advantages over mechanical devices, and sig 
ni?cant increase in sonic efficiency over conventional 
cyrstal transducer generators. In accordance with the 
above, it is a general object of the present invention to 
provide a sonic signal generator which overcomes the 
disadvantages of the prior art.’ . 

It is another object of the present invention to pro 
vide a sonic signal generator wherein more surface area 
of a transducer is used for sound production than here— 
tofore. 

It is vanother object of the present invention to pro 
vide a sonic signal generator having a greater sound ef 
ficiency than the prior art. 

It is a further object of the present invention to pro 
vide a sonic signal generator having minimum space 
and power requirements. 

It is yet another object of the present invention to 
provide a sonic signal generator which is compatible 
with conventional telephone receivers. 

7 SUMMARY OF THEINVENTION 

Accordingly, the present invention includes a rela 
tively thin transducer which is nodally mounted within 
a ported structure substantially enclosing the trans 
ducer, and which, in response to an energizing signal, 
?exes about its nodal mount, thereby producing acous 
tic waves off its surface areas. The acoustic waves cou 
pled off selected surface areas of the transducer are di 
rected outward from the ported structure through at 
least one selected port, and the acoustic waves coupled 
off . the remaining transducer surfaces are directed 
through at least one port substantially angularly re 
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2 
moved from said selected port, thus reducing wave 
front interference between the acoustic waves. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of the present invention 
fully assembled. 
FIG. 2 is an exploded isometric view of the present 

invention, viewed from above. 
FIG. 3 is an exploded isometric view of the present 

invention viewed from the bottom. 
FIG. 4 is a cross-section view taken along lines 4—-4 

of FIG. 1. 
FIG. 5 is a plan section view taken along lines 5-—5 in 

FIG. 4. 
FIG. 6 is a plan section view taken along lines 6-6 in 

FIG. 4. 
FIG. 7 is a plan section view taken along lines 7—7 in 

FIG. 4. 
FIG. 8 is a plan section view taken along lines 8-8 in 

FIG. 4. 
FIG. 9 is a schematic of the electronic circuitry of the 

present invention. 
FIG. 10 is a plan view of the transducer of the present 

invention. 
FIG. 10a is an elevation view of the transducer of the 

present invention, showing its mode of oscillation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, an isometric view of the assem 
bled sonic signal generator 11, hereafter referred to as 
a generator, is shown, with the sound limiter ring 12 at 
the midpoint position between fully open and closed. 
Acoustic energy in the form of waves is coupled off the 
transducer 36 mounted inside the generator 11, and 
subsequently directed through half-covered ports 13 
through 16, and others not shown, in such a manner 
that sound wave cancellation in the composite acoustic 
wave pattern radiated outwardly from the transducer 
ports is substantially eliminated. ‘ 
The generator 11, shown most clearly in the ex 

ploded views of FIGS. 2 and 3, comprises ?ve basic 
parts. A bottom part 18 includes a plate 20, with an in 
tegral X-shaped baf?e 19 extending therefrom, and an 
integral housing 30 for receiving an electronic circuit 
24. The housing 30 includes three sets of apertures 
21-23 to accommodate input connections to the elec 
tronic circuit 24. ‘ - 

A ?rst port member 26 is secured on plate 20 of the 
bottom part 18 by means of protrusions 88-88'and 
matching receptacles on the ?rst port member 26. The 
?rst port member 26 is positioned such that X-baf?e 19 
is located within the center opening 27 of the port 
member 26, which opening is de?ned by an open cylin~ 
drical section 31. Each of the free ends 28-28 of the 
legs 29—29 of the X-baf?e 19 substantially mate with 
the interior wall of the open cylindrical section 31. 
A conventional transducer 36, comprising a piezo 

electric ceramic crystal 28 secured to a thin brass disk 
29, is nodally mounted on the free edge 35 of cylindri 
cal section 31. A transducer, as shown in FIG. '10, will 
?ex radially in free space (FIG. 10a) about a particular 
surface line or path 36a when excited. This path is re 
ferred to as the transducer’s node line, and is deter 
mined by the physical con?guration of the transducer, 
e.g., the relative diameters and thicknesses of the brass 
disk and tlilé eefainic crystal. 
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A top part 34, which is substantially identical to bot 
tom part 18, has a second port member 33, which is 
identical to ?rst port member 26, secured thereto in a 
similar orientation and manner as ?rst chamber 26 is 
secured to the bottom part 18. When the top part 
-second port member combination is joined to the 
bottom part-?rst port member combination by means 
of protrusions 92-92 and mating receptacles 93—93, 
?rst and second port members 26 and 33 mate to form 
a ported closed cylindrical section 48 (FIG. 4) com 
pletely enclosing transducer 36. When the ?rst and sec 
ond port members 26 and 34 are thus mated, the free 
edge 40 of cylindrical section 34a of second port mem 
ber 34 extends to nearly touch the surface of trans 
ducer 36 along the nodal path on the surface opposite 
to that of the mounted surface. The free edges 37 and 
37a of ?rst and second port members, respectively, ter 
minate at a single plane, forming ports 16 and 14, and 
others not shown. 
When the crystal 28 is electronically excited by the 

electronic package 24, it begins to ?ex about its ?xed 
nodal mount. Referring to FIG. 10a, acoustic waves are 
coupled off all of the surfaces of the mounted crystal; 
e.g., the upper surface 49 exterior of the nodal mount 
36a, the lower exterior surface 49a, the upper interior 
surface 49b and the lower interior surface 49c. The 
acoustic waves coupled off the transducer 36 from the 
upper interior surface 49b, and lower exterior surface 
49a are directed by means of ?rst and second port 
members 26 and 33 through ports 16 and 13, as will be 
more fully explained in the following paragraphs, andv 
also through identical ports (not illustrated) whose ra 
dial center lines are displaced at an angle of 180° to the 
radial center line of ports 16 and 13. Acoustic waves 
from the upper exterior surface 49 and the lower inte 
rior surface 490 are directed through ports 14 and 15, 
and identical ports whose center lines are 180° re 
moved therefrom, each of which ports is 90° removed 
from ports 13 and 16 and those 180 degrees removed 
therefrom. Each of the ports 13-16 and others not 
shown has a circumferential angle 25 of between 60° 
and 100°. Other port con?gurations may, of course, be 
utilized to ?t particular applications in accordance with 
the principles of the invention. For instance, in a partic 
ular application, it may be desirable to utilize a single 
port with wave energy of a single phase .being directed 
through that port. The structure shown in FIGS. 1—8 
could be easily modi?ed to accommodate such an ap 
plication, or additional structure could be positioned 
around the structure of FIGS. 1 and 2 to provide the 
one-port con?guration. Other portions of the apparatus 
to be explained in more detail in the following para 
graphs include the sound limiter ring 12, the separator 
ring 42, te electronic circuit 24. 
A signi?cant part of the generator 11 is the trans 

ducer 36, comprised of piezoelectric ceramic crystal 28 
and brass disk 29, as is generally shown in the prior art. 
According to conventional transducer principles, when 
a ceramic crystalline material is cut and polished in a 
particular fashion, it will physically distort in response 
to an electric excitation signal, producing acoustic 
waves having a frequency dependent upon the physical 
con?guration of the crystalline structure. This fre 
quency may be in a range audible to the human ear. 
This phenomenon is known as the piezoelectric effect 
and is utilized in various ways for two-way conversion 
between acoustic and electric energy. 
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4 
When excited, the crystal 28 will attempt to expand 

in a radial direction and the entire transducer element 
36 will tend to bend in response thereto. The trans 
ducer is conventionally mounted on a circular nodal 
path 36a some distance inward of the periphery of the 
disk 29. The transducer is resiliently secured to the free 
edge 35 of the cylindrical section 31 of ?rst port mem 
ber 26, and ?exes about the nodal path 36a when the 
transducer is excited. Acoustic waves coupled off the 
four surface areas 49-49c of the mounted transducer 
36 tend to substantially cancel each other if they are 
otherwise undamped and undirected. Acoustic waves 
coupled from surface area 49 of transducer 36 and sur 
face area 49c are in phase with each other, as are 
acoustic waves coupled from surface area 49a and sur 
face area 49b. Acoustic waves from surface areas 49 
and 49c are, however, opposite in phase to acoustic 
waves from surface areas 49a and 49b. 
To accomplish the electrical excitation of the trans 

ducer 36, an electronic circuit 24 is provided, the out~ 
put of which is connected to the brass disk 29 and the 
crystal 28 through connections 43 and 44. A slot 46 in 
the separator ring 42 guides and secures the connec 
tions 43 and 44 from the electronic circuit to the trans 
ducer. Referring to FIG. 9, a schematic diagram show 
ing the details of the electronic circuit is shown. Con 
nections 51 and 52 are provided to receive an input sig 
nal for energizing the circuit. Applied to connections 
51 and 52 may be tip and ring lines of a conventional 
telephone line pair leading from a central of?ce to an 
individual receiver unit. Other means of circuit energi 
zation may, of course, be utilized and would be obvious 
to a man skilled in the art. Connection 53 is a ground 
combination for the circuit, and provides a high impe 
dance circuit for two-party ringing control, to be ex 
plained in detail in following paragraphs. It is not re 
quired for one-party lines. Typically, in a telephone sys 
tem application there will be 48 volts DC between con 
nections 51 and 52, and this voltage will normally be 
blocked by capacitor 54. However, nominal ringing 
voltage, which may be applied through either connec 
tion 51 or 52 from the central office to indicate a call 
to a particular receiver is 85 volts AC, and this voltage 
is passed by capacitor 54 to the remainder of the cir 
cuit. This 85 volt AC signal is half-wave recti?ed by 
diode 56, and the resulting half-wave signal charges ca 
pacitor 79 through resistor 58. The charge on capacitor 
79 is used to energize drive circuit 59, which includes 
the transducer 36, connected across the input through 
transistor 62 and resistor 65. 

Resistances 64 and 66 are selected in such a ratio to 
maintain transistor 63 in a nominal on state, when AC 
voltage other than prop er ringing voltage, is present be 
tween connections 51 and 52. By maintaining transistor 
63 in an on condition, transistor 61 is inhibited from 
operation, and circuit 59 is thus also inhibited from op 
erating. Resistance 60a insures that transistor 61 does 
not turn on due to leakage current. Circuit 59 is a varia 
tion of the drive circuit disclosed in US. Pat. No. 
3,742,492 to Proctor, and operates on similar princi 
ples. Circuit 59a acts as a variable resistance, and thus 
connects transducer 36 across the input. One side of 
transducer 36 is connected to the base of transistor 61. 
Circuit 59b essentially acts like a programmable uni 
junction transistor, when allowed to operate by transis 
tor 63. Timing capacitor 57 charges through resistance 
60 and this charge builds up until transistor 61 con 
ducts, thereby discharging capacitor 57, and giving a 
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small in-phase voltage boost to transducer 36, and 
maintaining its excitation. 

In operation an 85 VAC ringing voltage will charge 
capacitor 67 through resistance 68 and diode 69. When 
the charge on capacitor 67 reaches a value greater than 
the breakdown voltage of the zener diode 71, current 
through resistance 64 will be shunted through diode 72 
to the other input line and transistor 63 is no longer 
held in an on state. Circuit 59 is then free to operate as 
described above at its predetermined frequency. 
The circuit shown generally at 73 is also useful in 

protecting the circuit from inadvertent initiation due to 
large voltage transients, such as are typically generated 
by the dialing mechanism of the standard telephone re 
ceiver. Diode 69 provides a half-wave recti?cation of 
the incoming AC signal, whether it be ringing voltage 
or transient voltage, passing the positive half cycles to 
resistance 68. Resistance 68, resistance 74, and capaci 
tor 67 integrate the signal applied from diode 69, and 
the integrated signal is present at one side of the zener 
diode 71. If the integrated voltage has a magnitude 
greater than the breakdown voltage of the zener, the 
drive circuit 59 will be free to operate, as explained 
above for the 85 VAC ringing voltage. In the case of 
large voltage transients, such as encountered in dial re 
ceivers, however, the integration function produces a 
resultant signal having a peak magnitude which is 
below that of the breakdown voltage of the zener di 
ode, which for purposes of the present invention is ap 
proximately 8 volts. Thus, by integrating transient volt 
age spikes, the drive circuit 59 can be protected from 
such inadvertent initiation. 
Another feature of the circuit of FIG. 9 is the ringing 

control, generally shown at 76. In some applications, 
wherein two receivers having different identi?cation 
numbers are located on the same pair of lines, such as 
in two-party telephone lines, it is obviously necessary 
for the system to have the capability of ringing one tele 
phone on the pair without ringing the other. Connect 
ing the circuit of FIG. 9 in a conventional ringer fashion 
for two-party lines (between one of the lines and 
ground) would result in a signi?cant amount of 60 
cycle noise being introduced into the line, which is un 
desirable. To provide the ringing control capability, cir 
cuit 76 is connected between ground and one line of 
the pair. Circuit 76 is a high impedance to prevent the 
introduction of signi?cant 6O cycle noise. FIG. 9 shows 
a- proper operating circuit connection for ringing volt 
age to be applied through connection 51. If ringing 
voltage comes in through connection 51, the circuit 
will function normally, and will provide an audible 
alarm. 
However, if ringing voltage appears on the other line, 

i.e., through connection 52, the 85 volt AC difference 
between connection 52 and ground will break down 
zener diode 77, turn on transistor 78 and discharge ca 
pacitor 67 through transistor 78. Since capacitor 67 is 
thus maintained in a discharge condition, zener diode 
71 will not break down, transistor 63 is thus held on 
‘and the signal generatorwill not produce an audible 
alarm. In the other subscriber’s telephone, connections 
51 and 52 are reversed, and the ringing voltage coming 
in over connector 52 thus will be passed by diode 56 to 
capacitor 79, powering the oscillator 59, as described 
above. . 

Referring now to FIGS. 4 through 6, the ported struc 
ture surrounding the transducer, and port member 26 
in particular, are shown in detail in section views. With 

6 
respect to port member 26, a flat, relatively thin ring 
81, enclosing opening 27, is provided with an open cy 
lindrical section 31, which is integral at one end thereof 
with the inner periphery of the ring 81 and which ex 
tends perpendicularly from said ring 81. A discontinu 
ous upper wall 82 (FIG. 6) is located on the outer pe 
riphery of ring 81 and extends perpendicularly from 
ring 81 parallel to cylindrical section 31. A discontinu 
ous lower wall 83 (FIG. 5), also located on the outer 
periphery of ring 81, extends perpendicularly from ring 
81 in an opposite direction to that of upper wall 82, 
with the ends of each portion of the discontinuous 
lower wall 83 being joined by chord walls 84 and 86 
(FIG. 5), which are substantially the same height as dis 
continuous wall 83. Referring to FIG. 6, the upper wall 
82 has a plurality of protrusions 85—85 positioned at 
spaced intervals along the interior surface of the wall 
82, which protrusions serve to support the separator 

, ring 42. Connecting the lower wall 83 with chord walls 
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84 and 86, respectively, are receptacles 87—87 which 
mate with ?xed protrusions 88-88 located on plate 20 
to secure the ?rst port member 26 to bottom part 18. 
Referring to FIGS. 4, 5 and I6, chord walls 84 and 86 

,mate with surface 44 of plate 20. Transducer 36 is 
mounted to the free edge 35 of cylindrical section 31, 
and seals off that end of cylindrical section 31. Acous 
tic waves coupled off the lower interior surface 490 of 
the transducer will thus proceed into a ?rst chamber 
990 which is formed by the lower interior surface 490 
of the transducer, cylindrical section 31, ring 81, plate 
20, and chord Walls 84 and 86. The ports 93—93 in the 
?rst chamber 99a are formed by the discontinuities 93a 
—93a and sound limiter ring 12 in lower wall 83. 
Acoustic waves coupled off surface 49c of the trans‘ 
ducer thus proceed through ports 93—93 as shown by 
the arrows in FIG. 5. 
Acoustic waves are coupled off the lower exterior 

surface 490 of the transducer into a second chamber 
99b, formed by the lower exterior transducer surface 
49a, separator ring 42, ring 81, cylindrical section 31 
and discontinuous wall 82. Acoustic waves coupled off 
surface 49a thus proceed through ports 92—92, 
formed by discontinuities 92a—92a and sound limiter 
ring 12 as shown by the arrows in FIG. 6. 
Referring now to FIGS. 4, 7 and 8, the second port 

member 33 is shown in some detail in section. When 
generator 11 is fully assembled, free edge 40 of cylin 
drical section 340 nearly touches the upper surface of 
the transducer 36, as explained above. The second port 
member 34 is identical 'to ?rst port member 26, and 
comprises a ?at, thin ring 101, a cylindrical section 
340, discontinuous wall 102 and discontinuous wall 
106, with discontinuous wall 106 having the ends 
thereof joined by chord walls 103 and 104. When port 
member 33 is secured to top part 34 by protrusions 
97——97 and mating receptacles 98—98, X-shaped baf 
?e 95 is positioned with opening 104a. Referring to 
FIGS. 4 and 7, acoustic waves are coupled off the 
upper exterior surface 49 of element 36 into a chamber 
99c de?ned by upper exterior surface 49, separator 
ring 42, ring 101 of port member 33, cylindrical section 
340, and discontinuous wall 102. The acoustic waves 
proceed outward from chamber 990 through ports 
111-111 formed by discontinuities 1lla-—ll1u in 
vertical wall 102 and sound limiter ring 12 as shown by 
the arrows in FIG. 7. 

Referring to FIGS. 4 and 8, acoustic waves are cou 
pled off the upper interior surface 49b of element 36 
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into a chamber 99d de?ned by ring 101, cylindrical sec— 
tion 34a, the upper interior surface 49b of transducer 
36, plate 94, and chord walls 103 and 104. Acoustic 
waves flow outward from the chamber through ports 
112—112 formed by the discontinuities 1l2a—l12a in 
wall 106, and sound limiter ring 12, as shown by the ar 
rows in FIG. 8. 
Thus, when assembled, the generator 11 directs 

acoustic waves coupled off the mounted transducer 36 
in various radial directions, depending on the phase of 
the waves, i.e., the surface off which the waves are cou 
pled. Referring again to FIGS. 4-8, acoustic waves cou 
pled off the surface 49c of the transducer ?ow through 
ports in the direction shown by the arrows in FIG. 5. 
Acoustic waves coupled off surface 49 of the trans 
ducer, being in phase with that off surface 490, ?ows in 
a similar direction, as shown by the arrows in FIG. 7. 
Acoustic waves from surface 49b of the element will be 
of opposite phase to that off surface 49 and 49c and its 
direction is shown by the arrows in FIG. 6. Acoustic 
waves from surface 49a, being in phase with that from 
surface 49b, ?ows through openings in a similar direc 
tion, as shown by the arrows in FIG. 8. The entire sur 
face area of the transducer 36 is thus effectively uti 
lized for the production of sound. In testing, it has been 
shown that directing acoustic waves from the trans 
ducer in such a manner produces at least a 10 db in 
crease in sound ef?ciency. 
To control the sound level, a sound limiter ring 12, 

for purposes of volume control, is provided which is ?t 
ted around the periphery of mated port members 26 
and 33, the ring 12 being guided by revolving spindle 
110 (FIGS. 1-3), which has a circumferential rubber 
ring 111, pressing lightly against knurled portion 112 of 
the sound limiter ring 12. The sound limiter ring has‘ 
plurality of ports which are identical in size and relative 
location to the ports of the ported structure 48, com 
prising mated port members 26 and 33. At one posi 
tion, the ring 12 is coincident with the ports of the 
mated port members, and all the coupled acoustic 
waves ?ow outward from the ported structure. As the 
ring 12 is revolved, however, the solid portions of the 
ring begin to cover the ports of port members 26 and 
33. At the fully closed position, the solid portions of the 
sound limiter ring 12 substantially close the ports in 
port members 26 and 33, thereby substantially decreas 
ing the sound level from the generator 11. FIGS. l-8 
show the sound limiter ring 12 at a midpoint or half 
open position. 
Thus, a sonic signal generator has been disclosed 

which utilizes substantially 100 percent of the plane 
surface area of a nodally mounted piezoelectric trans 
ducer for coupling of acoustic waves into an adjacent 
medium by directing the coupled waves in such a fash 
ion that little or no wave cancellation results. A signi? 
cant increase in acoustic ef?ciency is thereby achieved 
for a given input of power. Volume control means is 
provided which varies the sound level over a signi?cant 
range, according to the desire of the user. 
Although an exemplary embodiment of the invention 

has been disclosed herein for purposes of illustration, it 
should be understood that various changes, modi?ca 
tions and substitutions may be incorporated in such 
embodiment without departing from the spirit of the 
invention as de?ned by the claims which follow. 
What is claimed is: 
1. A sonic signal generator, comprising: 
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8 
transducer means, including a piezoelectric transduc 

ing element mounted on a diaphragm, said trans 
ducer means having upper and lower surfaces and 
operative when energized to produce wave energy 
off said upper and lower surfaces; 

means supporting said transducer means along a 
nodal path of vibration thereof, said transducer 
means ?exing about said nodal path when ener 
gized, said upper surface of said transducer means 
having ?rst central and ?rst peripheral surface por 
tions de?ned by said nodal path, and said lower 
surface of said transducer means having second 
central and second peripheral surface portions de 
?ned by said nodal path; 

means for energizing said transducer means such that 
it ?exes about said nodal path; and 

housing means surrounding said transducer means, 
including means routing wave energy from a first 
one of said ?rst central and ?rst peripheral surface 
portions and from a second one of said second cen 
tral and second peripheral surface portions to the 
atmosphere outside said housing means, sais first 
and second ones of said ?rst and second central 
and first and second peripheral surface portions 
producing in-phase wave energy when said trans 
ducing means is energized. 

2. The signal generator of claim 1, wherein said first 
and second central surface portions are substantially 
equal in surface area, and wherein said ?rst and second 
peripheral surface portions are substantially equal in 
surface area. 

3. The signal generator of claim 2, wherein wave en 
ergy produced off said ?rst central surface portion and 
said second peripheral surface portions has a ?rst 
phase, and wherein wave energy produced off said first 
peripheral surface portion and said second central sur 
face portion has a second phase substantially opposite 
to that of said ?rst phase. 

4. The signal generator of claim 3, wherein said pi 
ezoelectric transducing element is a piezoelectric crys 
tal, and said diaphragm is a relatively thin metal disk 
having two mounting surfaces, said piezoelectric crys 
tal being mounted on one mounting surface of said 
metal disk. 

5. The signal generator of claim 4, wherein said sup 
porting means includes a free continuous edge portion, 
and wherein said free continuous edge is attached to 
the other mounting surface of said metal disk along said 
nodal path of vibration. ' 

6. The signal generator of claim 1, wherein said hous 
ing means includes a hollow body having two ends and 

' a peripheral surface extending therebetween, said 

55 
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transducer means being mounted transversely of said 
body at approximately a longitudinal midpoint between 
said two ends, thereby de?ning de?ning first and sec 
ond housing sections. 

7. The signal generator of claim 6, including at least 
one opening de?ned in each of said ?rst and second 
housing sections, and wherein said routing means in 
cludes means positioned in said ?rst and second hous 
ing sections for channeling wave energy produced off 
said ?rst one of said ?rst central and ?rst peripheral 
sur ‘ace portions through said opening in said ?rst hous 
ingisection and for channeling wave energy produced 
off said second one of said second central and second 
peripheral surface portions through said opening in 
said second housing section. 
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8. An apparatus in accordance with claim 1, wherein 

said energizing means includes means operative in re 
sponse to an input signal to periodically provide a volt 
age boost to said transducer means, thereby maintain 
ing said transducer means in a state of excitation; 

circuit means operative to time-integrate said input 
signal and to provide an output signal having an 
amplitude which is the integral of the amplitude of 
said input signal over time; 

means responsive to said output signal for comparing 
the amplitude of said output signal with a predeter 
mined level of amplitude, and for initiating opera 
tion of said energizing means when the amplitude 
of said output signal is greater than said predeter 
mined level of amplitude. 

9. An apparatus of claim 8, wherein said comparing 
and initiating means includes a zener diode. 

10. An apparatus of claim 9, wherein said integrating 
means includes a parallel connection of a capacitor and 
resistance means, one end of which parallel connection 
is electrically coupled to said zener diode. 

11. An apparatus of claim 8, wherein said energizing 
means includes ?rst and second input lines, neither of 
which are grounded, the input signal to said energizing 
means appearing on either of said ?rst or second input 
lines, and wherein said energizing means further in 
cludes means connected between one of said ?rst and 
second input lines and ground, and operative to pre 
vent said energizing means from operating when said 
input signal is received on a given one of said ?rst and 
second input lines. 

12. An apparatus of claim 11, wherein said prevent 
ing means includes means connected to said one end of 
said capacitor and to said given one of said ?rst and 
second input-lines to maintain said capacitor in a dis 
charge condition as long as the _input signal is present 
on the given one of said ?rst and second input lines. 

13. A sonic signal generator, comprising: 
transducer means, including a piezoelectric transduc 

' ing element mounted on a diaphragm, said trans 
ducer means having upper and lower surfaces and 
operative when energized to produce wave energy 
off said upper and lower surfaces; 

means supporting said transducer means along a 
nodal path of vibration thereof, said transducer 
means ?exing about said nodal path when ener 
gized, said upper surface of said transducer means 
having first central and ?rst peripheral surface por 
tions de?ned by said nodal path, and said lower 
surface of said transducer means having second 
central and second peripheral surface portions de 
?ned by said nodal path; 

means for energizing said transducer means such that 
it ?exes about said nodal path; and 

housing means surrounding said transducer means, 
including ?rst means routing wave energy from a 
?rst one of said ?rst and second central and ?rst 
and second peripheral surface portions to the at 
mosphere surrounding said housing means in a ?rst 
direction outward from said housing means, and 
further including second means routing wave en 
ergy from a second one of said ?rst and second 
central and ?rst and second peripheral portions to 
the atmosphere surrounding said housing means in 
a second direction outward from said housing 
means, said second direction being suf?ciently re 
moved from said ?rst direction to substantially re 
duce interference between wave energy directed in 
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10 
said first and second directions, said ?rst and sec 
ond ones of said ?rst and second central and first 
and second peripheral portions producing out-of 
phase wave energy. 

14. The signal generator of claim 13, wherein said 
?rst and second ones of said ?rst and second central 
and peripheral surface portions are both part of one of 
said upper and lower surfaces. 7 

15. The signal generator of claim 13 wherein said 
?rst one of said ?rst and second central and peripheral 
surface portions is part of one of said upper and lower 
surfaces, and wherein said second one of said ?rst and 
second central and peripheral surface portions is part 
of the other of said upper and lower surfaces. 

16. The signal generator of claim 13, wherein said 
?rst and second central surface portions are substan 
tially equal in surface area, and wherein said ?rst and 
second peripheral surface portions are substantially 
equal in surface area. 

17. The signal generator of claim 16, wherein wave 
energy produced off said ?rst central surface portion 
and said second peripheral surface portion has a ?rst 
phase, and wherein wave energy produced off said sec 
‘ond peripheral surface portion and said ?rst central 
surface portion has a second phase substantially oppo 
site to that of said ?rst phase. 

18. The signal generator of claim 17, wherein said 
?rst routing means includes ?rst means for channeling 
wave energy produced off said ?rst central surface por 
tion and said ?rst peripheral surface portion through 
said housing means to the surrounding atmosphere and 
wherein said second routing means includes second 
means. for channeling said wave energy produced off 
said second central surface portion and said second pe 
ripheral surface portion through said housing means to 
the surrounding atmosphere. 

19. The signal‘ generator of claim 18, wherein said pi 
ezoelectric transducing element is a piezoelectric crys 
tal, vand wherein said diaphragm is a relatively thin 
metal disk having two mounting surfaces, said piezo 
electric crystal being mounted on one mounting sur 
face of said metal disk. 

20. The signal generator of claim 19, whereinsaid 
supporting means includes a free continuous edge por 
tion, and wherein said free continuous edge is attached 
to the other mounting surface of said metal disk along 
said nodal path of vibration. 

21. The signal generator of claim 15, wherein said 
housing means includes a hollow body having two ends 
and a peripheral surface extending therebetween, said 
transducer means being mounted transversely of said 
body at approximately a longitudinal midpoint between 
said two ends, thereby de?ning ?rst and second hous 
ing sections. 
22. The signal generator of claim 21 including at least 

one opening de?ned in each of said ?rst and second 
housing sections, and wherein said ?rs-t routing means 
is positioned in said ?rst housing section and routes 
wave energy produced off said ?rst one of said ?rst and 
second central and said ?rst and second peripheral sur 
face portions through said opening in said ?rst housing 
section, and wherein said second routing means is posi 
tioned in said second housing section and routes wave 
energy produced off said second one of said ?rst and 
second central and said ?rst and second peripheral sur 
face portions through said opening in said second hous 
ing section. 
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23. The signal generator of claim 18, including a plu 
rality of openings, comprising ?rst and second sets of 
openings, de?ned in said housing, said ?rst set of open 
ings being suf?ciently spatially removed from said sec 
ond set of openings to minimize interference between 
wave energy directed outward from said ?rst and sec 
ond sets of openings, wherein said ?rst means for chan 
neling includes ?rst and second channels, said ?rst 
channel connecting said ?rst central surface portion to 
one of said ?rst set of openings, said second channel 
connecting said ?rst peripheral surface portion to one 
of said second set of openings, and wherein said second 
means for channeling includes third and fourth chan~ 
nels, said third channel connecting said second central 
surface portion to one of said second set of openings, 
and said fourth channel connecting said second periph 
eral surface portion to one of said ?rst set of openings. 

24. An apparatus of claim 23, wherein said housing 
means is a right circular cylinder having closed ends 
and inner and outer surfaces, said transducer means 
being mounted transversely of said body at approxi 
mately a longitudinal midpoint between said closed 
ends, thereby de?ning ?rst and second cylindrical sec 
tions. 

25. An apparatus of claim 24, wherein said ?rst chan 
neling means includes a ?rst disk member, and wherein 
said second channeling means includes a second disk 
member, said ?rst and second disk members each hav~ 
ing de?ned therein openings located central thereof of 
approximately the same diameter as said ?rst and sec 
ond central surface portions, said ?rst and second disk 
members being positioned transversely of said right cir 
cular cylinder at substantially one-quarter and three 
quarter points along the longitudinal axis thereof, said 
?rst and second disk members having inner and outer 
peripheries, said outer peripheries thereof mating with 
said inner surface of said right circular cylinder, said 
?rst and second disk members further including third 
and fourth cylindrical sections, respectively, said third 
and fourth cylindrical sections extending vertically 
from the inner peripheries of said ?rst and second disk 
members, and terminating, respectively, at approxi 
mately said upper and lower surfaces of said transducer 
means and coincident with said nodal path of vibration, 
one of said third and fourth cylindrical sections forming 
said supporting means, said ?rst and second disk mem~ 
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12 
bers and said transducer means dividing said right cir 
cular cylinder into four substantially longitudinally 
equal segments, each of said segments having openings 
de?ned therein through which wave energy from one 
and only one of said ?rst and second central and ?rst 
and second peripheral surface portions is directed to 
the atmosphere surrounding said housing. 

26. An apparatus in accordance with claim 13, 
wherein said energizing means includes means opera 
tive in response to an input signal periodically provide 
a voltage boost to said transducer means, thereby main 
taining said transducer means in a state of excitation; 

circuit means operative to time-integrate said input 
signal and to provide an output signal having an 
amplitude which is the integral of the amplitude of 
said input signal over time; 

means responsive to said output signal for comparing 
the amplitude of said output signal with a predeter 
mined level of amplitude, and forr initiating opera 
tion of said energizing means when the amplitude 
of said output signal is greater than said predeter 
mined level of amplitude. 

27. An apparatus of claim 26, wherein said compar 
ing and initiating means includes a zener diode. 

28. An apparatus of claim 27, wherein said integrat 
ing means includes a parallel connection of a capacitor 
and resistance means, one end of which parallel con 
nection is electrically coupled to said zener diode. 

29. An apparatus of claim 26, wherein said energiz 
ing means includes ?rst and second input lines, neither 
of which are grounded, the input signal to said energiz 
ing means appearing on either of said ?rst or second 
input lines, and wherein said energizing means further 
includes means connected between one of said ?rst and 
second input lines and ground, and operative to pre 
vent said energizing emans from operating when said 
input signal is received on a given one of said ?rst and 
second input lines. 

30. An apparatus of claim 29, wherein said prevent 
ing means includes means connected to said one end of 
said capacitor and to said given one of said ?rst and 
second input lines to maintain said capacitor in a dis 
charge condition as long as the input signal is present 
on the given one of said ?rst and second input lines. 

* * * >l< * 
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