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1. 

3,122,44 
ACOUST C TRANSFORMER 

Stephen Yaado, Cold Spring Hiiis, Huntington, N.Y., 
assig or to General Telephone and Electronics Laib 
oratories, Etc., a corporation of Delaware 

Fied Mar. 15, 1961, Ser. No. 95,966 
4. Claims. (C. 35.0-8.3) 

This invention relates to acoustic transformers. 
Acoustic waves are employed in various kinds of elec 

trical apparatus including ultrasonic delay lines and dis 
play devices of the type disclosed in my patent application 
Serial No. 855,419 filed November 25, 1959. In these 
devices a localized mechanical strain is produced in a 
suitable transmission media (such as a sheet of piezoelec 
tric material) by applying a voltage across electrodes af 
fixed to opposite surfaces of the sheet. As the strain 
changes, a disturbance in the form of an elastic wave or 
pulse is propagated along the sheet away from the elec 
trodes. When the width of the electrodes is small com 
pared to the thickness of the piezoelectric sheet, the width 
of the pulse, as measured in the direction of propagation, 
is determined by the thickness of the sheet; a thick sheet 
transmitting only relatively wide pulses and a thin sheet 
being capable of propagating much narrower pulses. 

In order to transmit a maximum amount of informa 
tion, the acoustic pulses must be narrow and, therefore, 
the piezoelectric sheet should be as thin as possible. How 
ever, for a given excitation voltage, the minimum thick 
ness of the sheet is limited by the voltage gradient that 
can be impressed on the sheet without causing dielectric 
breakdown. Thus, when the excitation voltage is applied 
directly across the sheet, the magnitude of the acoustic 
pressure that can be obtained with a given voltage is 
limited to a relatively low value. 

Accordingly it is an object of my invention to provide 
an acoustic transformer for coupling high magnitude 
acoustic pulses to an acoustically transmitting material 
without the application of a voltage directly across the 
material. 
Another object is to provide an acoustic transformer 

suitable for the transmission of relatively narrow acoustic 
pulses. 

Still another object is to provide an acoustic transformer 
suitable for propagating high magnitude pulses by the use 
of relatively low excitation voltages. 
A further object is to provide an acoustic transformer 

for propagating high magnitude pulses in a piezoelectric 
media having relatively low dielectric strength. 
Yet another object is to provide an acoustic transformer 

having a characteristic impedance which matches the 
characteristic impedance of the acoustic medium. 

In the present invention a wedge-shaped acoustic trans 
former composed of a plurality of adjacent wedge-shaped 
members is provided. Each of the wedge-shaped members 
consists of first and second acoustic wave-propagating 
sections with a transducer section interposed between ad 
jacent edges of the two wave-propagating sections. An 
acoustically isolating medium extends between the Sur 
faces of the adjacent wedge-shaped members. 
The transducer sections are electrically connected in 

parallel. When a voltage is applied across the transducers, 
each of the wedge-shaped members is strained me 
chanically. The mechanical strain causes disturbances in 
the form of elastic waves, or pulses, to be transmitted 
down each of the wave-propagating sections, the nag 
nitudes of the pulses being proportional to the rate of 
change of the mechanical strain. If the edge of a sheet 
of piezoelectric material or other acoustically transmitting 
medium is placed in contact with the narrow edge of the 
acoustic transformer the pulse is transferred into and prop 
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2 
agated down the sheet. When the thickness of the 
sheet, the thickness of the narrow edge of the transformer, 
and the thickness of each transducer section are substan 
tially equal, maximum energy transfer between the trans 
former and the sheet is obtained with minimum pulse 
width. 

In one embodiment of the invention, each of the wedge 
shaped members comprising the transformer is complete 
ly isolated acoustically from the adjacent members. Thus, 
the pulses travel down the individual wave-propagating 
sections and do not reenforce each other until they meet 
in the piezoelectric sheet. The ratio of the acoustic pres 
sure applied to the sheet to the pressure applied to each 
transducer is substantially equal to the square root of the 
number of wedge-shaped members. 

In another embodiment of the invention, the wedge 
shaped members are acoustically isolated from each other 
only in the regions where the thickness of adjacent mem 
bers is greater than one-half the thickness of the transducer 
sections. Toward the narrow end of the transformer the 
wave-propagating sections are conductively joined in Such 
a manner that the distance between the acoustic isolators 
is never greater than the thickness of the transducer 
ection. 
The above objects of and the brief introduction to the 

present invention will be more fully understood and 
further objects and advantages will become apparent from 
a study of the following description in connection with 
the drawings, wherein: 

FIG. 1 is a perspective view of one embodiment of the 
investion; 

F.G. 1a is a sectional view of one of the wedge-shaped 
members comprising the embodiment of FiG. 1; and 
FIG. 2 is an elevation view of another form of the 

invention. 
Referring to FIG. 1, there is shown a wedge-shaped 

acoustic transformer 20 placed in intimate contact with a 
sheet i of a material capable of sustaining an acoustic 
wave. Sheet 2E is composed of a piezoelectric material, 
ead titanate-lead zirconate, but may be formed of any 
other material having desired acoustic propagation charac 
teristics. The lead titanate-lead zirconate sheet is a piezo 
electric ceramic consisting of a solid solution composed 
of 47 mole percent lead titanate and 53 mole percent lead 
zirconate. 

Transformer () consists of a plurality of adjacent 
wedge-shaped members 2 (FIG. 1a). Each member 12 
is divided into first and second wave-propagating sec 
tions 3 and 14 respectively and a transducer section 5 
cemented to adjacent edges of sections 3 and 4 by a 
conductive epoxy cement. The wave-propagating sections 
23 and 4 are made of zinc, zinc having substantially the 
same acoustic characteristic impedances as the lead-ti 
tanate-lead zirconate comprising sheet St. The transducer 
sections i5 are formed from a lead titanate-lead zirconate 
solid solution. 
The wedge-shaped members 2 are separated from each 

other by acoustic isolators ió made of a suitable insulating 
material such as Teflon. Jumpers 7 electrically connect 
all of the first wave-propagating sections 53 while jumpers 
13 electrically connect ail of the second wave-propagating 
sections 4. A lead termination 19 may be attached to 
the wide end of transformer G to prevent undesired re 
fiedtions. 

In order to assure maximum energy transfer and to 
minimize reflections at the junction between transformer 
18 and sheet , the sheet is acoustically matched to the 
transformer by making its thickness equal to that of the 
narrow edge 26 of transformer 18. This thickness is 
designated by the letter t in the drawings. Similarly, 
the thickness of the edge 21 of transducer section 5 ad 
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jacent the wide end of wave-propagating section i5 is aiso 
equal to t. 
When a saw-tooth voltage having a rapid rise time is 

applied across the transducer sections 5 by generator 22, 
the transducer Sections are mechanically strained causing 
an elastic wave or pulse to be transmitted down each of 
the Wave propagating sections i3. The magnitudes of 
these pulses are proportional to the rate of change of the 
nuechanical strain. The width W of the pulses travelling 
down each of the Sections i3 is a function of the thickness 
it of edges 2:1 of transdicers i5, a thin edge producing a 
narrow pulse and a thick edge a wide pulse. Since a 
narrow prise corresponds to maximum bandwidth, the 
dinnension it is given the smallest value which permits 
wave-propagation to take place without voltage or ine 
chanical breakdown of the transducer members 3. 
As the acoustic pulses travel down the wedge-shaped 

Sections 3, the thickness of each section gradually de 
creases and the acoustic pressures in each of the sections 
E3 increase accordingly. At the edge 23 between trans 
former 0 and sheet i, the individual pulses emerging 
from each of the sections i3 reenforce each other produc 
ing an acoustic pressure in sheet 51 which is proportional 
to the Square root of the number of wedge-shaped mem 
bers 2 in transformer is times the pressure applied at 
the wedge 21 of transducers 35 by the sawtooth voitage. 
Thus, if the voltage applied across transducer sections 
5 produces a pressure P, the pressure P transmitted 

to sheet it is approximately equal to Pvt. where it is the 
number of wedge-shaped sections 32 in transformer 3. 
For example, with t egal to 0.75 millimeter and an ap 
plied Sawtooth voltage having a peak-to-peak magnitude 
of 100 volts volts and a rise time of 0.3 nicrossecond, 
the acoustic pressure P applied to each of the wave 
propagating sections 3 at edge 2A is a boit 0.35 jewton 
per square millimeter. Under these conditions, the acous 
tic pressure P applied to the sheet at edge 29 is ap 
proximately 1.0 newton per square millimeter. The dura 
tion of the propagated pulse is approximately .0 micro 
Second and, therefore, in a lead titanate-lead zirconate 
sheet having a propagation velocity of 3600 meters per 
Second, W equals about 3.6 millimeters. 

it shall be noted that if the wedge-shaped members 2 
were not acoustically isolated, the pressure wave would 
extend through the entire thickness of the transformers and 
a single, very wide pulse (corresponding to a narrow 
bandwidth) would be generated. 

Acoustic waves also travel through wave-propagating 
sections 4 but these are absorbed by lead termination 9. 
In some application it may be desirable to eliminate ter 
mination 9 and utilize the signals reflected from the ends 
of sections 4. 

in F.G. 2 there is shown a view in elevation of a 
form of the invention which is scnewhat simpler to con 
struct than that shown in F.G. 1. in this embodiment, 
wave-propagating sections 13a and 13b are acoustically 
isolated from each other by isolator 16a only in those 
regions in which the thickness of wedge-shaped sections 
3a and 13b are greater than t/2. Similarly, sections 3c 
and 3d, 3e and 3f, 3g and i3h are acoustically isolat 
ed by isolators 6c, 26e and 6g respectively in the regions 
where their thicknesses are greater than t /2. In the 
regions designated 58, sections E3a and 13b are soldered 
together and, in the same way, sections 3c and 3d are 
joined to form region 5., sections 3e and 53f to form 
region 52, and sections 3g and E3h to form region 33. 
Regions 59 and 51 and sections 3b and 13c are separated 
by acoustic isolator 26b wherever their total thicknesses 
are greater than t/2 but are conductively joined at the 
narrow end of the transformer ié). Similarly, regions 52 
and 53 and sections 23f and 3g are separated by acoustic 
isolator 6f and are conductively joined at the narrow 
end of the transformer. Isolator a 6d extends almost to 
the edge 23 between transformer G and sheet 26, a sight 
conductive gap being left to provide a smoother transition 
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4. 
and to permit grounding section 3a–13 without using 
jumpers. A jumper wire 55 is used, however, to elec 
trically connect sections 4a-54h. Acoustic isolators i6a 
25g may be made of Teflon spacers as in the transformer 
cf FEG. I. In some cases, it may be desirable to with 
draw the spacers after the transformer is assembled, the 
remaining air space providing Sufficient acoustic isolation 
between the meibers. 
The transformer is energized by applying a sawtooth 

voitage between terminal 63 and ground thereby exciting 
transducers 5a-2.5i. The excitation of transducers i5a 
15h produces separate pressure waves in each of the eight 
wave propagating sections 43a-3h. These pressure 
waves merge into sections 53-53 and converge upon edge 
23. As in the embodiment shown in FiG. 1, the ratio of 
the pressure at edge 23 to that at each of the transducers 
E.5a-2.5 h is the square root of the number of wave-prop 
agating sections 3a-33i. Thus, using eight sections, as 
shown in FIG. 2, this ratio is approximately equal to the 
V8. 

Since the sections 3a–13h are separated where their 
combined thicknesses are equal to the transducer thick 
ness t and conductively joined for lesser thicknesses, the 
transitions are sinooth and the pressure builds up uniforn 
iy as the pulses travel down the transformer. 

Puises are also transmitted from the transducers 15a 
15 h into sections 4a-4.h. The reflection of these pulses 
may be used to produce a second pulse across sheet 11 
or a termination may be provided to absorb the energy 
as shown in F.G. 1. 
As many changes could be made in the above construc 

tion and many different embodiments could be made with 
out departing from the scope thereof, it is intended that 
all matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as illus 
trative and not in a limiting sense. 
What is claimed is: 
i. In combination with a sheet of material of thick 

ness t having acoustic wave transmitting properties, a 
wedge-shaped acoustic transformer having a narrow edge 
of thickness t in contact with one edge of said sheet, said 
acoustic transformer comprising a plurality of adjacent 
wedge-shaped members, each of said wedge-shaped men 
bers consisting of first and second wave propagating Sec 
tions and a transducer section interposed therebetween, 
the thickness of the edge of said first wave propagating 
section adjacent said transducer Section being substan 
tially equal to t; acoustic isolating means separating ad 
jacent surfaces of said wedge-shaped members, said isolat 
ing means extending between the surfaces of said wedge 
shaped members in the region where the thicknesses of 
adjacent wedge-shaped members are greater than one-half 
t; means for coupling a voltage source across the trans 
ducer section of each of said plurality of wedge-shaped. 
Imembers. 

2. A wedge-shaped acoustic transformer having a nar 
row edge of thickness t comprising a plurality of adjacent 
wedge-shaped members, each of said wedge-shaped mem 
bers consisting of a wedge-shaped acoustic wave propagat 
ing section having a narrow edge forming a part of the 
narrow edge of said acoustic transformer, a transducer 
section having one end affixed to the wide edge of said 
wedge-shaped section, the thickness of the wide edge of 
said wedge-shaped section being substantially equal to t, 
and means electrically joining the other edges of each of 
said transducer sections; means separating adjacent Sur 
faces of said wedge-shaped members, said means includ 
ing an acoustically isolating medium extending between 
portions of the adjacent surfaces of said wedge-shaped 
members, and means for coupling a voltage source across 
each of said transducer sections. 

3. A wedge-shaped acoustic transformer having a nar 
row edge of thickness t comprising a plurality of adjacent 
wedge-shaped inenbers, each of said wedge-shaped mem 
beFS consisting of a first wedge-shaped acoustic wave 
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propagating section having a narrow edge forming a part 
of the narrow edge of said acoustic transformer, a second 
Wedge-shaped acoustic wave propagating section, and a 
transducer section interposed between said first and second 
Wave propagating sections, the edge of said first wave 
propagating section adjacent said transducer having a 
thickness substantially equal to t; means separating ad 
jacent surfaces of said wedge-shaped members, said means 
including an acoustically isolating medium extending be 
tween adjacent surfaces of said wedge-shaped members 
and means for coupling a voltage source across each of 
said transducer Sections. 

4. A wedge-shaped acoustic transformer having a nar 
row edge of thickness t comprising a plurality of wedge 
shaped acoustic wave propagating sections, each section 
having a narrow edge and a wide edge; a plurality of 
transducer sections each conductively joined to the wide 
edge of a corresponding wave propagating section, the 
wide edge of each of said wave propagating sections hav 

6 
ing a thickness substantially equal to t; acoustic isolating 
Ameans separating adjacent surfaces of said wave propagat 
ing sections, said isolating means extending between the 
surfaces of said wave propagating sections in the region 
where the thicknesses of adjacent sections are greater 
than one-half t, said wave propagating sections being con 
ductively joined in the regions where the thicknesses of 
adjacent sections are less than one-half t; and means for 
'coupling a voltage source across said plurality of trans 

10 ducers. 
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