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[57] ABSTRACT 

In apparatus for producing a unipolar displacement of 
the radiating face of an electroacoustic transducer to 
generate unipolar accoustic pulses in an acoustic me 
dium, the dimensions of the radiating face of the 
transducer or of an array of radiating transducer faces 
are chosen to simplify the response of the transducers, 
thereby simplifying the required transducer driving 
signals and the apparatus required to generate those 
signals. 
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UNIPOLAR ACOUSTIC PULSE GENERATOR 
APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to electroacoustic transducer 
apparatus and, more particularly, to eiectroacoustic 
transducer apparatus for producing high energy unipo 
lar pressure pulses in an acoustic medium of relatively 
high speci?c impedance (e.g., water). 
Unipolar acoustic pulses are useful in a wide variety 

of applications. In underwater sonar, for example, uni» 
polar acoustic pulses radiating from a transducer can 
be used for high resolution object detection, identifi 
cation, and the like. Unipolar acoustic pulses are typi 
cally generated by producing a unipolar displacement 
of the radiating face of a transducer device (e.g., an 
electroacoustic transducer device) which is immersed 
in or otherwise contiguous with an acoustic medium. In 
general, the unipolar displacement of the radiating 
transducer face (sometimes referred to herein as a uni 
polar transducer displacement or unipolar transducer 
response) results in a sequence of unipolar acoustic 
pulses in the acoustic medium. The individual pulses in 
such a sequence do not generally correspond to the am 
plitude and duration of the unipolar transducer dis~ 
placement. Rather, the sequence of the acoustic pulses 
usually corresponds more nearly to the second deriva 
tive of the displacement of the radiating transducer 
face (i.e., the acceleration history of the radiating 
transducer face). Unipolar transducer displacements 
are emdployed not because they uniquely result in uni 
polar acoustic pulses, but because the acoustic pulse 
sequences produced are relatively uncomplicated and 
of short duration (i.e.. not substantially longer than the 
transducer displacement pulse). This latter feature is 
particularly desirable for pulse repetition purposes. In 
reading this specification, the distinction between uni 
polar transducer displacement and unipolar acoustic 
pulses must be kept clearly in mind. 

In copending U.S. patent application Ser. No. 92,798 
now U.S. Pat. No. 3,715,7l0, J. Bernstein, et al.. dis 
close apparatus for producing unipolar displacement of 
the radiating face of an electro-acoustic transducer. In 
accordance with the principles of that invention, a 
transducer (e..g., a cylindrical piezo-electric trans 
ducer) is driven by an electrical signal having disconti 
nuities in amplitude which initially stimulate vibration 
or mechanical oscillation of the transducer and then, 
after a half cycle of transducer oscillation in the funda 
mental mode. substantially dampen the oscillations of 
the transducer. Transducer oscillations are damped by 
applying signal discontinuities to the transducer which 
would produce oscillations of the same amplitude as 
the oscillations to be damped, but in phase opposition 
thereto, thereby interfering with and tending to cancel 
out the undesired oscillations. Since transducers of the 
type described may exhibit more than one mode of vi 
bration in each physical direction, it is appropriate to 
provide a driving signal having discontinuities for 
damping oscillation in several of the more significant 
modes in order to produce a “clean“ (i.e., sharply de 
?ned) unipolar transducer response. In general, even 
for very simply shaped transducer responses, the re 
quired driving voltage waveforms are quite complex 
and so will be the electrical or electronic apparatus 
used to generate these waveforms. 
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2 
In my concurrently filed application Ser. No. 

354,5 l 8, it is shown that for certain types of transducer 
responses, the transducer driving signal can be consid 
erably simpli?ed by relating the time parameter of the 
desired transducer response to the longitudinal dimen 
sion of the transducer. 

In certain situations it becomes necessary to consider 
the pressure of the acoustic medium on the radiating 
face of the transducer. This is particularly true when 
the acoustic medium has a relatively high value of spe 
cific impedance, as is true, for example, in the case of 
water. In that event. an additional driving signal com 
ponent must be provided to account for the interaction 
of the transducer and the acoustic medium. 

It is therefore an object of this invention to improve 
and simplify unipolar acoustic pulse generating appara 
tus for use with acoustic media of relatively high spe 
ci?c impedance. 

It is a more particular object ofthis invention to pro 
vide unipolar acoustic pulse generating apparatus in 
which the additional transducer driving signal compo 
nent required to account for the pressure of the acous 
tic medium on the radiating face of the transducer is 
simplified and the driving signal generating apparatus 
is also accordingly simpli?ed. 

SUMMARY OF THE INVENTION 

These and other objects of the invention are accom 
plished in accordance with the principles of the inven 
tion by unipolar acoustic pulse generator apparatus in 
which a certain dimension of the radiating face of the 
transducer or of the several radiating faces of an array 
of transducers is chosen to simplify the response of the 
transducers, thereby simplifying the required driving 
signals and the apparatus required to generate those 
signals. More particularly, the greatest or principal di 
mension z of the radiating transducer face or array of 
faces is chosen so that a time parameter In of the de 
sired unipolar acoustic output pulse is substantially 
equal to the quotient z/(‘,,-. where 0,, is the acoustic ve 
locity of the ensonified acoustic medium. 
Further features and objects of the invention, its na~ 

ture and various advantages will be more apparent 
upon consideration of the attached drawing and the fol 
lowing detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. IA is a side view of a piezoelectric transducer 
of the type used for generating unipolar acoustic pulses 
in an acoustic medium; 
FIG. 1B is an end view of the transducer of FIG. 1A; 
FIG. 2A is a diagram of an idealized unipolar dis 

placement of the radiating face of the transducer of 
FIG. I plotted against time; 
FIG. 2B is a diagram of the additional transducer 

driving signal component required to account for the 
pressure of the acoustic medium on the radiating face 
of the transducer in unipolar acoustic pulse generator 
apparatus constructed in accordance with the princi 
ples of this invention; 

FIG. 3 is a schematic block diagram of apparatus for 
generating transducer driving signals of the type shown 
in FIG. 2B; and 

FIG. 4 is an end view of an array of transducers useful 
in understanding the application of the principles of 
this invention to transducer arrays. 
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DETAILED DESCRIPTION OF THE INVENTION 

As shown in FIGS. 1A and 18, a typical cylindrical 
electroacoustic transducer 10 is made up of a plurality 
of discs 12 interspersed with electrodes 14 and bonded 
together with adhesives or the like. Discs I2 are a pi 
ezoelectric material (e.g., barium titanate or lead zir 
conate titanate) polarized to operate in the “33 mode“ 
wherein the mechanical stresses in the transducer ma 
terial are parallel to the longitudinal axis l6 of the 
transducer and perpendicular to the electrodes. Elec 
trodes 14 are interconnected by wellknown wiring ar 
rangements (not shown). 
Transducer 10 has a radiating face I8 contiguous 

with an acoustic medium (e.g., air or water) and an op 
posite non-radiating face 20. The non-radiating face of 
transducer 10 is shown as free. but it may be clamped, 
attached to springs, or otherwise restrained in any man 
ner. 

When transducer 10 is energized by a suitable driving 
signal applied to electrodes 14, radiating face 18 dis 
places, thereby projecting an acoustic signal into the 
surrounding acoustic medium. In many applications, 
the most desirable acoustic signal is a unipolar pulse. 
As is discussed in greater detail in my above-mentioned 
concurrently filed application, unipolar acoustic pulses 
are most readily generated by producing a unipolar dis 
placement of the radiating face of the transducer, as il 
lustrated, for example, by the displacement history of 
FIG. 2A. Although the particular displacement history 
shown in FIG. 2A is not necessarily the most desirable 
in all applications and although the principles of this 
invention are equally applicable to generating a wide 
variety of other unipolar transducer responses, the 
present invention will be readily understood from an 
explanation of its application to generating a trans 
ducer response of the type shown in FIG. 2A. 
Apparatus for producing displacement of the radiate 

ing face of a transducer of the type shown in FIG. 1 is 
disclosed in the above-mentioned application of Bern~ 
stein. et al., and in my above-mentioned concurrently 
?led application. The required transducer driving sig 
nal is typically a curved waveform having a number of 
discontinuities for initially stimulating and then damp 
ing oscillation of the transducer. A driving signal of this 
type is conveniently generated by summing a plurality 
of appropriately shaped and timed signal pulses. Appa» 
ratus for generating a signal of this type is shown in 
FIG. 3. In the apparatus of FIG. 3, rep-rate signal gen 
erator 30 and differentiator 32 produce a trigger signal 
whenever an acoustic output pulse is required. This 
trigger signal is applied to each ofa plurality of pulse 
generating signal channels, respectively represented by 
pulse generators 40-1 through 40-n. Each of pulse gen‘ 
erators 40 produces an appropriately shaped and timed 
output signal pulse. The signal pulses produced by 
pulse generators 40 are scaled and summed by potenti 
ometers S0 and operational ampli?er 52 to produce a 
driving signal waveform applied to transducer 70. If de 
sired, the output signal of ampli?er 52 may be ?ltered 
by low pass filter 60 before being applied to transducer 
70. Signal generating apparatus of the type shown in 
FIG. 3, is described in greater detail, for example, in my 
concurrently ?led application. 
As a rule, if the response of the transducer to driving 

signal discontinuities can be simpli?ed, the quality of 
the acoustic output pulse is improved and the number 
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of modes of transducer oscillation requiring damping is 
reduced. This results in simpli?cation of the required 
transducer driving signal and of the apparatus required 
to generate that signal. As described in my concur 
rently ?led application, a considerable simpli?cation in 
the driving voltage waveform is achieved by designing 
the transducer so that the half pulse duration time pa 
rameter to of the desired output pulse is an integer mul 
tiple of the quotient L/c, where L is the longitudinal di 
mension of the transducer and c is the acoustic velocity 
of the material of the transducer. The quotient U0 is a 
time parameter which corresponds to the time required 
for an acoustic wave to propagate through the trans 
ducer along its length L. 

In certain applications, interaction between the en 
soni?ed acoustic medium and the transducer becomes 
a signi?cant factor in transducer response. This is par 
ticularly true when acoustic pulses are to be transmit 
ted into a medium, such as water, which has a relatively 
high speci?c impedance value, this value being the 
product of the mass density of the medium and its 
acoustic velocity cw. In that event, an additional trans 
ducer driving signal component is required to account 
for the pressure of the medium on the radiating face of 
the transducer. While this additional signal component 
will in general have a distinctly smaller amplitude than 
those signal components considered, for example, in 
my concurrently ?led application, it must still be pres— 
ent in the driving signal waveform for accurate output 
pulse generation. 

In general, the nature and complexity of the addi 
tional signal component referred to above depends on 
three time parameters: the half pulse duration time pa 
rameter l,,, the time required for an acoustic pulse to 
travel the length of the transducer (e.g., the quotient 
U0); and the time required for an acoustic wave in the 
ensoni?ed medium to traverse the greatest or principal 
dimension of the radiating face of the transducer. The 
last of these parameters is given by the quotient z/cm 
where z is the maximum dimension of the radiating face 
of the transducer and c“. is as defined above. As in my 
concurrently ?led application, it is desirable for the 
purpose of simplifying this additional signal component 
to design the transducer so that ID is an interger multi 
ple of the quotient L/(', the relationship to = L/c being 
the most desirable. In accordance with the principles of 
the instant invention, it is also desirable for this purpose 
to design the transducer so that to = (z/c,,.). The sim 
plest additional signal component is required when 
both of these conditions are met, i.e., when to = (L/c) 
= (ZICW). 

In the case of the cylindrical transducer of FIG. 1, z 
is the diameter of radiating face 18. Assuming that to = 
(Me) = (2/0“) for the transducer of FIG. 1 and that 
non-radiating face 20 is not constrained, the additional 
transducer driving signal component required for the 
generation of the output pulse shown in FIG. 2A takes 
the form shown in FIG. 2B. This waveform includes 
two pulses, each of duration to beginning respectively 
at l = 0 and t = 2!“. Each of these pulses includes an ini 
tial discontinuity followed by gradual decay. Between 
these two pulses, the signal waveform has a polarity op 
posite that of the peaks of pulses. Like the other com 
ponents of the transducer driving signal, this additional 
driving signal component may be generated by one or 
more channels of the apparatus of FIG. 3, i.e., by one 
or more of pulse generators 40. 
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The principles discussed above in connection with 
cylindrical transducer of HG. l are equally applicable 
in a wide variety of other situations. In the case of an 
isolated cylindrical transducer of basic diameter d op 
erating in the 33 mode and employing a circular radiat 
ing face of diameter d‘. it is d’ rather than d which 
should be used for z in the preceding relationships. This 
situation is exempli?ed by many practical transducer 
designs employing end masses. 
For an isolated prismatic transducer of any general 

cross sectional shape operating in the 33 mode, : is the 
maximum or greatest dimension of the radiating face. 
In the case of a transducer having a square or rectangu 
lar radiating face. for example, z is the diagonal of the 
square or rectangle. [n the case of a transducer having 
a triangular radiating face, 2 is the longest side of the 
triangle. ln the case of a transducer having an elliptical 
radiating face, 2 is the major axis of the ellipse. 

In certain applications, it may be desired to produce 
transducer responses having different durations. For 
example, such responses may all have the form shown 
in FIG. 2A, but with different values of to. as well as dif 
ferent amplitudes. in accordance with the foregoing 
principles of this invention. this capability is best 
achieved by use of a single transducer for each differ 
ent response duration. Each transducer would then 
have a different radiating face dimension, 2. in accor 
dance with the optimizing principle, 1 =c,.r,,, and, in ac 
cordance with the optimizing principle disclosed in my 
above-mentioned concurrently ?led application, i.e.. L 
= cl“. would have a different length, L. 
The principles of this invention are also applicable to 

arrays of transducers having multiple radiating faces in 
a common plane. in the case ofsuch an array, the maxi 
mum dimension of the array of radiating faces corre 
sponds to the maximum dimension of the radiating face 
of an isolated transducer and is the value of z in the re 
lationships above. For the rectangular array of radiat 
ing faces 80 shown in FIG. 4, z is the diagonal of the 
array as indicated by the segment a —b. As is evident 
from this example, the intervening-portions of the non 
radiating interstices 82 between the radiating faces 80 
must be included in determining the distance 2. 
What is claimed is: 
1. Apparatus for producing a unipolar displacement 

of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in a medium having an 
acoustic velocity cm, said unipolar displacement having 
a half pulse duration time parameter r, and said radiat 
ing face having maximum dimenion z, characterized in 
that 1,, is substantially equal to the quotient (z/cw). 
means for generating a signal waveform, and means for 
applying said signal waveform to said transducer. 

2. Apparatus for producing a unipolar displacement 
of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in a medium having an 
acoustic velocity c... said unipolar displacement having 
a half pulse duration time parameter r, and said radiat 
ing face having maximum dimension z, characterized in 
that t, is substantially equal to the quotient (z/c,,.)_ said 
radiating face of said transducer displacing from a rest 
position to maximum displacement during during a ?rst 
interval of time to and returning from maximum dis 
placement to said rest position during a second subse 
quent interval of time to, and means for applying to said 
transducer an electrical signal including a signal com 
ponent characterized by a ?rst signal pulse at the start 
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6 
of said first time interval and a second signal pulse at 
the end of said second time interval. 

3. The apparatus de?ned in claim 2 wherein each of 
said signal pulses is characterized by a substantially in 
stantaneous rise time followed by gradual decay. 

4. The apparatus de?ned in claim 3 wherein the rise 
time of said ?rst signal pulse is substantially concurrent 
with the start of said ?rst time interval and the rise time 
of said second signal pulse is substantially concurrent 
with the end of said second time interval. 

5. The apparatus de?ned in claim 4 wherein the dura 
tion of each of said signal pulses is substantially equal 
to r,,. 

6. The apparatus de?ned in claim 5 wherein said 
electrical signal component is further characterized by 
a predetermined reference signal level before said ?rst 
signal pulse and after said second signal pulse. 

7. The apparatus de?ned in claim 6 wherein the 
peaks of both of said signal pulses are of a ?rst polarity 
relative to said predetermined reference signal level. 

8. The apparatus de?ned in claim 7 wherein said 
electrical signal component is further characterized by 
a polarity opposite said ?rst polarity during the interval 
of time between said ?rst and second signal pulses. 

9. The apparatus de?ned in claim 8 wherein the radi 
ating face of said transducer is a circular surface of di 
ameter z. 

10. The apparatus de?ned in claim 9 wherein said 
transducer is a cylinder, one end of which is the radiat 
ing face of said transducer. 

11. The apparatus de?ned in claim 8 wherein the ra 
diating face of said transducer is a rectangle of diagonal 
z. 

12. The apparatus de?ned in claim 8 wherein the ra 
diating face of said transducer is a triangle having lon 
gest side 2. 

13. The apparatus de?ned in claim 8 wherein the ra 
diating face of said transducer is an ellipse having 
major axis 2. 

14. The apparatus de?ned in claim 2 wherein said 
means for applying comprises: 
means for generating a trigger signal; 
a plurality of shaped pulse generating channels re 
sponsive to said trigger signal, each of said chan 
nels comprising means for delaying said trigger sig‘ 
nal. means responsive to the delayed trigger signal 
for generating a rectangular pulse of predeter 
mined amplitude and duration, and means for 
shaping said rectangular pulse to produce a shaped 
output pulse; and 

means for summing the shaped output pulses of each 
of said channels to produce said electrical signal. 

15. Apparatus for producing a unipolar displacement 
of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in a medium having an 
acoustic velocity c... said unipolar displacement having 
a half pulse duration time parameter I, and said radiat 
ing face having a maximum dimension 1. characterized 
in that r, is substantially equal to the quotient (z/cw), 
said transducer being characterized by an acoustic ve 
locity r, wherein the dimension L of said transducer 
normal to said radiating face bears substantially the 
same proportional relation to c as 2 bears to c... and 
wherein the radiating face of said transducer displaces 
from a rest position to maximum displacement during 
a ?rst interval of time r, and returns from maximum dis 
placement to said rest during a second subsequent in 
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terval of time in. means for applying to said transducer 
an electrical signal including a signal component char 
acterized by a ?rst signal pulse at the start of said ?rst 
time interval and a second signal pulse at the end of 
said second time interval. 

16. The apparatus de?ned in claim 15 wherein each 
of said signal pulses is characterized by a substantially 
instantaneous rise time followed by gradual decay. 

T7. The apparatus de?ned in claim 16 wherein the 
rise time of said ?rst pulse is substantially concurrent 
with the start of said first time interval and the rise time 
of said second signal pulse is substantially concurrent 
with the end of said second time interval. 

18. The apparatus de?ned in claim 17 wherein the 
duration of each of said signal pulses is substantially 
equal to to. 

19. The apparatus de?ned in claim 18 wherein said 
electrical signal component is further characterized by 
a predetermined reference signal level before said ?rst 
signal pulse and after said second signal pulse. 

20. The apparatus de?ned in claim l9 wherein the 
peaks of both of said signal pulses are the ?rst polarity 
relative to said predetermined reference signal level. 

21. The apparatus defined in claim 20 wherein said 
electrical signal component is further characterized by 
a polarity opposite said first polarity during the interval 
of time between said first and second signal pulses. 

22. The apparatus defined in claim 21 wherein the 
radiating face of said transducer is a circular surface of 
diameter :. 

23. The apparatus defined in claim 22 wherein said 
transducer is a cylinder of length L. one end of which 
is the radiating face of said transducer. 

24. The apparatus defined in claim 15 wherein said 
means for applying comprises: 
means for generating a trigger signal; 
a plurality of shaped pulse generating channels re 
sponsive to said trigger signal. each of said chan 
nels comprising means for delaying said trigger sig 
nal. means responsive to the delayed trigger signal 
for generating a rectangular pulse of predeter 
mined amplitude and duration, and means for 
shaping said rectangular pulse to produce a shaped 
output pulse‘. and 

means for summing the shaped output pulses of each 
of said channels to produce said electrical signal. 

25. Apparatus for producing a unipolar displacement 
of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in a medium having an 
acoustic velocity 0,... the radiating face of said trans 
ducer having maximum dimension 2 and said trans 
ducer having an acoustic velocity :- and a dimension L 
normal to said radiating face, wherein the ratio of z to 
c“. is substantially equal to the ratio of L to c, means for 
generating a signal waveform, and means for applying 
said signal waveform to said transducer. 

26. Apparatus for producing a unipolar displacement 
of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in a medium characterized 
by an acoustic velocity c,,. said unipolar displacement 
having a half pulse duration time parameter to, the radi 
ating face of said transducer having maximum dimen 
sion 2. and said transducer having an acoustic velocity 
c and a dimension L normal to said radiating face, 
wherein I6 is substantially equal to the quotient (Mr) 
and to the quotient (z/cw), means for generating a sig 
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nal waveform, and means for applying said signal wave 
form to said transducer. 

27. Apparatus for producing a unipolar displacement 
of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in an acoustic medium, said 
unipolar displacement having a half pulse duration time 
parameter to, characterized in that to is substantially 
equal to the time required for an acoustic wave to tra 
verse the maximum dimension of the radiating face 
through the acoustic medium, means for generating a 
signal waveform, and means for applying said signal 
waveform to said transducer. 
28. Apparatus for producing a unipolar displacement 

of the radiating face of an electroacoustic transducer to 
produce an acoustic signal in an acoustic medium, said 
transducer having a non-radiating face opposite said 
radiating face. said unipolar displacement having a half 
pulse duration time parameter 10, characterized in that 
1,, is substantially equal to the time required for an 
acoustic wave to travel through the transducer from 
one face to the other and further characterized in that 
In is substantially equal to the time required for an 
acoustic wave to traverse the maximum dimension of 
the radiating face through the acoustic medium, means 
for generating a signal waveform, and means for apply 
ing said signal waveform to said transducer. 

29. Apparatus for generating a unipolar displacement 
of the radiating faces of a plurality of electroacoustic 
transducers to produce an acoustic signal in a medium 
having an acoustic velocity cw. said unipolar displace 
ment having a half pulse duration time parameter to. 
the radiating faces of said transducers forming a copla 
nar array having a maximum dimension 2 characterized 
in that 1,, is substantially equal to the quotient (LI/Cw), 
means for generating a signal waveform. and means for 
applying said signal waveform to said transducers. 

30. The apparatus de?ned in claim 29 wherein the 
radiating faces of said transducers displace from a rest 
position to maximum displacement during a ?rst inter 
val of time to and return from maximum displacement 
to said rest position during a second subsequent inter 
val of time t,,. 

31. The apparatus de?ned in claim 29 wherein each 
of said transducers is characterized by an acoustic ve 
locity c and wherein the dimension L of each of said 
transducers normal to its radiating face bears substan 
tially the same proportional relation to c as z bears to 

Cu" 
32. The apparatus de?ned in claim 31 wherein the 

radiating faces of said transducers displace from a rest 
position to maximum displacement during a ?rst inter 
val of time 1., and return from maximum displacement 
to said rest position during a second subsequent inter 
val of time t,,. 

33. The apparatus de?ned in claim 32 comprising 
means for applying to said transducers an electrical sig 
nal including a signal component characterized by a 
?rst signal pulse at the start of said first time interval 
and a second signal pulse at the end of said second time 
interval. 

34. The apparatus de?ned in claim 33 wherein each 
of said signal pulses is characterized by a substantially 
instantaneous rise time followed by gradual decay. 

35. The apparatus de?ned in claim 34 wherein the 
rise time of said ?rst signal pulse is substantially con 
current with the start of said ?rst time interval and the 
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rise time of said second signal pulse is substantially con 
current with the end of said second time interval. 
36. The apparatus de?ned in claim 35 wherein the 

duration of each of said signal pulses is substantially 
equal to l,,. 

37. The apparatus de?ned in claim 36 wherein said 
electrical signal component is further characterized by 
a predetermined reference signal level before said ?rst 
signal pulse and after said second signal pulse. 

38. The apparatus de?ned in claim 37 wherein the 
peaks of both of said signal pulses are of a ?rst polarity 
relative to said predetermined reference signal level. 
39. The apparatus de?ned in claim 38 wherein said 

electrical signal component is further characterized by 
a polarity opposite said ?rst polarity during the interval 
of time between said ?rst and second signal pulses. 

40. The apparatus de?ned in claim 33 wherein said 
means for applying comprises: 
means for generating a trigger signal; 
a plurality of shaped pulse generating channels re 
sponsive to said trigger signal. each of said chan 
nels comprising means for delaying said trigger sig 
nal for generating a rectangular pulse of predeter 
mined amplitude and duration, and means for 
shaping said rectangular pulse to produce a shaped 
output pulse; and 

means for summing the shaped output pulses of each 
of said channels to produce said electrical signal. 

41. Apparatus for producing a unipolar displacement 
of the radiating faces of a plurality of electroacoustic 
transducers to produce an acoustic signal in a medium 
having an acoustic velocity cw, said unipolar displace 
ment having a half pulse duration time parameter In, 
the radiating faces of said transducers forming a copla 
nar array having a maximum dimension z, each of said 
transducers having an acoustic velocity r" and a dimen 
sion L perpendicular to its radiating face. wherein 1,, is 
substantially equal to the quotient (U0) and to the quo 
tient (:/¢',..). means for generating a signal waveform, 
and means for applying said signal waveform to said 
transducers. 
42. Apparatus for producing a unipolar displacement 

of the radiating faces of a plurality of electroacoustic 
transducers to produce an acoustic signal in an acoustic 
medium, said unipolar displacement having a half pulse 
duration time parameter to, the radiating faces of said 
transducers forming a coplanar array having a maxi 
mum dimension z. each of said transducers having a 
non-radiating face opposite said radiating face, charac 
terized in that I, is substantially equal to the time re 
quired for an acoustic wave to propagate through each 
of said transducers from one of its faces to the other 
and further characterized in that 1., is substantially 
equal to the time required for an acoustic wave to prop’ 
agate a distance 1 in the acoustic medium, means for 
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10 
generating a signal waveform, and means for applying 
said signal waveform to said transducers. 
43. Apparatus for generating a unipolar acoustic dis 

placement of the radiating faces of a plurality of elec 
troacoustic transducers, to produce an acoustic signal 
in a medium having an acoustic velocity cw. said unipo 
lar displacement having a half pulse duration time pa 
rameter r“, the radiating faces of said transducers form 
ing a coplanar array having a maximum dimension z 
characterized in that r, is substantially equal to the quo 
tient (zlcw), the radiating faces of said transducers dis 
placing from a rest position to maximum displacement 
during a first interval of time to and returning from 
maximum displacement to said rest position during a 
second subsequent interval of time to, and means for 
applying to said transducers an electrical signal includ 
ing a signal component characterized by a ?rst signal 
pulse at the start of said ?rst time interval and a second 
signal pulse at the end of said second time interval. 

44. The apparatus de?ned in claim 43 wherein each 
of said signal pulses is characterized by a substantially 
instantaneous rise time followed by gradual decay. 
45. The apparatus de?ned in claim 44 wherein the 

rise time of said ?rst signal pulse is substantially con— 
current with the start of said ?rst time interval and the 
rise time of said second signal pulse is substantially con 
current with the end of said second time interval. 

46. The apparatus de?ned in claim 45 wherein the 
duration of each of said signal pulses is substantially 
equal to to. 

47. The apparatus de?ned in claim 46 wherein said 
electrical signal component is further characterized by 
a predetermined reference signal level before said ?rst 
signal pulse and after said second signal pulse. 

48. The apparatus de?ned in claim 47 wherein the 
peaks of both of said signal pulses are of a ?rst polarity 
relative to said predetermined reference signal level. 
49. The apparatus de?ned in claim 48 wherein said 

electrical signal component is further characterized by 
a polarity opposite said ?rst polarity during the interval 
of time between said ?rst and second signal pulses. 

50. The apparatus de?ned in claim 43 wherein said 
means for applying comprises: 
means for generating a trigger signal; 
a plurality of shaped pulse generating channels re 
sponsive to said trigger signal, each of said chan 
nels comprising means for delaying said trigger sig 
nal, means responsive to the delayed trigger signal 
for generating a rectangular pulse of predeter 
mined amplitude and duration, and means for 
shaping said rectangular pulse to produce a shaped 
output pulse; and 

means for summing the shaped output pulses of each 
of said channels to produce said electrical signal. 

* it * * * 


