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This invention relates to piezo-electric 
crystal devices, and more particularly to such 
devices adapted to be used as transformers 
and particularly adapted to be used for cou 
pling thermionic relays to other devices or 
to each otheryand more particularly, relates 
to improvements on the arrangements de 
scribed and claimed in my copending appli 
cation entitled “Piezo~electric coupling”, Se 
rial No. 155,896, ?led Dec. 20th, 1926, and 
my Patent No. 1,829,234 of October 27, 1931, 
entitled “Piezo-electric transformers”. 

It is an object of this invention to provide 
piezo-electric apparatus which will afford, 
with respect to electromotive forces or cur 
rents impressed upon the input or motor ap 
paratus, and derived from the output, or 
generatorpapparatus, not only the desired 
ratio between potentials or currents, but will 

.i afford also, different resonant conditions in 
the different devices and different phasing 
of eleetromotive forces and resulting cur 
rents, whereby crystal devices having vari 
ous characteristics may be associated in op 
eration to produce various desired effects 
such for instance as a transformer having a 
fiatresponse characteristic over a certain 
range of frequencies. ~ ' ‘ 

It is a further object of this invention to 
provide piezo-electric apparatus comprising 
a plurality of piezo-electric crystal devices, 
associated together in various ways for op— 
eration to produce the desired output char 
acteristics, particularly adapted for coupling 
thermionic relays to other devices, or to each 
other. 1 ~ ' . 

It is still a further object of this inven 
tion to provide a thermionic relay system 
utilizing a plurality of thermionic relays cou 
pled in cascade, in which the coupling means 
comprises a piezo-c'lectric crystal system, hav 
ing .the desired characteristics. Still other 
objects of this invention will be apparent 
from the speci?cation. . 
The features of novelty which I believe to 

be characteristic of. my invention are set 
forth with particularity in the appended 
claims.‘ My invention, itself, however, both 
as to its fundamental principles and as to 
its practical embodiments will best be under; 
stood by reference to the speci?cation and 
accompanying drawings, in Which: 

Fig. 1 is a diagrammatic view of a system 
in accordance with my invention, showing 
one arrangement of the piezoelectric ele 
ments. 

Fig. 2 is a detail view showing a modi?ed 
arrangement of the piezoelectric elements. 

Fig. 3 is a similar view showing a di?'er~ 
ent arrangement which may be employed. 

Fig. 4 shows still a further arrangement. 
Figs‘. 5 and 6 show still further arrange 

ments. 
In my copending application . entitled 

“Piezoelectric coupling”, Serial No. 155,896, 23 

?led Dec. 20, 1926, and “Piezoelectric trans 
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formers”, ‘Serial No. 163,325, filed J an. 25th, , 
1927, I have shown and described arrange 
ments for coupling circuits by means of 
piezoelectric elements and more particular 
ly in the latter application I have shown and 
described‘ an arrangement which I term a 
“piezoelectric transformer” utilizing a 
piezo-electric motor crystal driven by elec 
trical oscillations in one circuit and pro 
ducing mechanical stresses thereby. The 
mechanical stresses are impressed upon a sec 
ond pieZo-electric crystal forming a gener 
ator element and the electrical oscillations 
resulting from the mechanical stresses ‘ap 
plied thereto, are utilized to initiate or con 
trol the oscillations in the circuit desired. 
In accordance with this invention, I have 

provided arrangements ‘for controlling the 
energy transfer characteristics of a piezo 
electric transformer in order to obtain any 
desired characteristics. 
In accordance with this invention, I may 

utilize a plurality of crystal devices associat 
ing electrically in any desired manner with a 
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source of electrical oscillations and operated 
thereby to produce mechanical stresses. The 
mechanical stresses may be applied to a plu 
rality of generator crystals which are linked 
together electrically, and the characteristics 
ofit-he individual crystals, either motor or 
generator, and the association, either electri 
cal or mechanical, may be so chosen as to af 
ford the desired over-all characteristics. For 
example: The motor crystals may_be elec 
trically connected either in series or in paral 
lel, and they may be either mechanically as 
sociated or insolated; likewise, the generator 
crystals may be so arranged. Furthermore, 
the crystals may be arranged mechanically 
either ‘in series or in parallel, or in what I 
may term “horizontal or vertical chains”. In 
any event, it will be seen that a wide range of 
characteristics may be obtained by the proper 
selection of one or more of all of the variable 
factors as pointed out above. _ 
Referring now more particular to Fig. 1, I 

have shown an arrangement utilizing one 
form of piezo-electric transformer for cou— 
pling thermionic relays. In this figure, S 
represents a source of electrical oscillations. 
1. 2 and 3 designate piezo-electric crystal 
motor elements. such for example as crystals 
of Rochelle salt exhibiting the “hour glass” 
con?guration, and provided with electrodes 
11 d 5, 6 and 7, and 8 and 9, respectively. 
'1‘ he electrodes may take any desired form, 
such for example as an internal electrode 
formed within the crystal, and an external 
electrode applied thereto, or a pair of en 
ternal electrodes applied at opposite electri 
cal poles, or in fact, any desired arrangement 
.useful for the pur‘iose. Electrodes 5 and 6 
are connected together as are electrodes 7 
and 8, and electrodes 11 and 9 are connected to 
a source of electrical oscillations such for ex 
ample as the output circuit for a thermionic 
relay or other circuit affording electrical 
oscillations which it is desired to impress 
upon the thermionic ampli?er 26. A plu 
rality of piezo-electric crystal generator ele 
ments are provided such as 10. 11. 12. 13 and 
id. having electrodes 16 and 17. 18 and 19, 20 
and 21, 22 and 23. and 24 and 25 respectively. 
The electrode 16 may be connected to the 

grid or control electrode 27 of the thermionic 
relay 26 having_ a ?lamentary cathode 28 
adapted to be heated by a suitable source of" 
energy such as ?lament battery 30. The elec 
trode 25 may be connected to the ?lament cir 
cuit. A series connection may be made be 
tween electrodes 17 and 18, 19 and 20, 21 and 
22, and 23 and 24, as shown, whereupon as will 
be apparent, the input circuit of the ther 
mionic relay 26 will include crystal devices 
10. 11, 12, 13 and 14-, in series. The output 
ircuit of thermionic relay26 comprising 
anode 29 and a suitable source of potential 

_ 31, may include a similar pieZo-electric trans 
former system 32, the secondary of which 
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is connected in the input circuit of the ther 
mionic relay 33 by means of a connection to 
the grid or control electrode 34 and to the 
?lament 35, and the output circuit of which 
may comprise the anode 36, a suitable indi 
cating instrument which may be a pair of 
telephone receivers 39, and the usual battery 
or other source of potential 37. 

It will be noted in this instance, the motor 
cr'rstals 1, 2 and 3 are mechanically associated 
with each other and are electrically connected 
in series. It will also be observed that gen» 
erator crystal devices 10 and 11 are mechani 
cally associated directly with motor crystal 
1 but indirectly with the crystals 2 and 3, as 
a result of the mechanical connection between 
all of the motor crystals. 

It will be understood that the phase of 
operation of any one of the crystals may be 
reversed by reversing the c'onnectionsto the 
electrodes and it will also be understood that 
he amplitude and frequency characteristics 
of the individual crystals may be controlled 
by the mechanical association between the 
crystals; for example, application or stresses 
to the crystal 10 at a- different point from that 
shown, may result in the vibration of the 
crystal device 10in a different mode and at a 
different frequency or frequencies. 

Referring now more particularly to Fig. 2, 
Ihave shown a source of electrical oscilla 
tions S, the motor crystals 1, 2 and 3, as elec 
trically connected in parallel instead of in 
series, and free mechanically with respect to 
each other, and likewise associated in a dif 
ferent manner with respect to the generator 
crystals 10, 11, and 12. It will be under 
stood, however, that if desired, any one of the 
crystals 1, 2 and 3 may be mechanically as 
sociated with another, and the association of 
the generator crystal or crystals with their 
respective motor crystals may be changed as 
desired. 
Referring now to Fig. ‘3, I have shown 

still a different arrangement in which the mo 
tor crystals 1, 2 and 3 are connected to the 
source of electrical oscillations S as in Fig. 2 
but in which the generator crystals 10, 11 and 
12 are mechanically associated with the mo 
tor crystals in still a different manner, and 
are coupled inductively to the input circuit of 
the ampli?er system 26 by means of coils 45, 
416 and 47 respectively, connected between 
electrodes 16 and 17, 18 and 19, and 20 and 
21: Each of these coils is inductively cou 
pled to coil 48, 49 and 50 respectively, which 
are connected in series or in parallel if de 
sired, and to the input circuit of the ampli?er 
system 26. 

Referring now more particularly to Fig. 11, 
I have shown a system similar to that shown 
in Fig. 2 except that the motor crystals 1. 2 
and 3' are mechanically associated with each 
other as in Fig. 1. In this instance, how 
ever, a portion of the energy of the output 
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circuit of the ampli?er system which may 
comprise any number of stages as ‘desired, is 
fed back into the input side of the motor crys 
tals for the purpose of reinforcing. the oscil 
lations insaid circuit to the'extent, if de 
sired, of producing sustained oscillations. 

Referring now more particularly to Fig. 5, 
I have shown an .arrangement in which there 
are provided not only motor crystals 1, 2 
and 3, but additional motor'crystals 51, 52 
and 53 having electrodes 54 and55, 56 and 
57 , and 58 and 59 respectively, mechanically 
associated in series with the crystals 1, 2‘ and 
3 respectively, and forming what'I may’ term 
a “vertical chain” for operating the generator 
crystals 10. 11 and~12, whereas/the arrange 
ment shown in Fig.1, I term a “horizontal 
chain”. In this instance,‘ all of the motor 
crystals are shown as electrically connected in 
parallel, but it is to beunderstood that ‘any 
desired electrical connection may be‘ pro 
vided. The mechanical association of motor 
crystals 51, 52‘ and 53 and generator crystals 
10, 11 and 12 respectively, is similar. ‘to that 
shown in Fig. 3, but the circuit including 
these crystals is shown as coupled to the in 
put circuit of the amplifier system by means 
of coils 60 and 61 inductively coupled to each 
other instead of‘by a direct connection. 
The output circuit of the ampli?er may be 

connected to a suitable work circuit by means 
of coils 62 and 63' arranged in-inductive rela~ 
tion and a suitable amount of energy ‘may be 
fed back to the input circuit of motor crystals 
1, 2 and 3 by means of coil 64 in inductiveie 
lation with coils 62 and 63. By a suitable ad 
justment of the phase and intensity of the 
energy fed back, it will‘ beundérstood that 
sustained oscillations may be produced in the 
system. It will be understood that by ar 
rangements of the various crystal devices for 
particular modes of vibration and particular 
association with each other, ‘asshown and de— 
scribed in my application entitledv “Orienta 
tion of component crystalsin composite piezo 
electric devices”, Serial No. 155,902, ‘filed 
Dec. 20, 1926, as well as by choice, of the na 
ture and characteristics of the individual 
crystals and their electrical association with 
each other, it is possible-to provide a wide va 
riation in the characteristics of the system. 
Referring now more-particularly'to Fig. 

6, I have shown still a'further arrangement 
which maybe utilized- Inv this ?gure, 7O 
designates a suitable source of electrical os 
cillations impressed upon the. input circuit 
of a thermionic relay 71 of the usual type,‘ 
comprisingr control electrode 72, ?lamentary 
cathode .75 energized by suitable battery 76, 
and anode 74 energized by a suitable source 
such as battery 77 through a suitable choke 
78. Motor crystal 79 may be arranged hav 
ing its electrodes 80 and 81 connected in the 
output circuit of the thermionic relay 71. 
Suitable generator crystal 82 is mechanically 

3 

associated with the motor‘crystal 79, and a 
pair of motor crystals'85 and 86 are arranged 
to be mechanically and electrically vibrated 
by the generator crystal 82 which I may term 
the “master generator crystal.” The motor 
crystals 85 and 86 are provided with elec 
trodes 87 and 88, and 89 and 90 respectively, 
which electrodes are connected in parallel 
as shown, or in series, if desired, with elec 
trodes of the generator crystal 82. 'A pair of 
generator crystals 91 and 92 are also pro 
vided, mechanically associated with motor 
crystals 85 and 86, and provided with elec 
trodesi93, 94, 95 and 96 respectively. In case 
the frequency characteristics of these crys 
tals are different, tuning means 97 and 98 
may be provided for maintaining a separa 
tion of the frequencies, if desired; and the 
output of the entire system may be impressed 
upon the input circuit of a suitable ther 
mionic amplifying system 100. 

It will be‘ seen that in the arrangement 
shown, the stresses developed in the master 
mot-or crystal 79 are passed through the 
master generator crystal 82, the motor crys 
tals 85 and 86 to the generator crystals 91 ‘ 
and 92, but it will be understood that if de 
sired, the crystal 82 may be separated from 
the crystals 85 and 86, ‘whereby he ?nal. mo 
tor-generator systems will be electrically, but 
not mechanically, associated with the master 
motor generator system. As before, by so 
lecting or controlling the characteristics of 
the individual, crystals and the manner of 
theirassociation, both electrical and mechan 
ical, it is possible to obtain Widely different 
output characteristics. 

“Ihile I have shown and described certain 
preferred arrangements of the apparatus ac 
cording to my invention, it will be under 
stood that modifications and changes may be 
made'without departing from the spirit and 
scope of my invention as will be understood 
by those skilled in the art. 

I claim: ‘ 

1. A piezo-electric transformer compris 
ing a piezo-electric crystal device upon which 
an electromotive force of certain characteris 
tics may be impressed, means for impressing 
said electromotive force thereon, a plurality 
of other piezo-electric crystal devices each 
having a frequency characteristic different 
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from the others mechanically associated with ~ 
the first, said crystal device, and means to de— 
rive an electromotive force of characteristics 
different from the first said electromotive 
force as a composite output from the last 
said crystal devices. 

2. A piezo-electric. transformer ystem 
comprising in combination a plurality of 
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pieZo-electric transformers having frequen- ' 
cy characteristics different from one another, 
each comprising a piezoelectric crystal mo 
tor element, and a piezo~electric crystal gen 
erator element mechanically driven thereby, 130 
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electrical connections between the motor 
crystals of each transformer, means for im 
pressing actuating forces on said motor crys 
tals, and means for integrating the effects 
thereof in said piezo electric crystal genera 
tor elements. 

3. A piezo-electric transformer system 
comprising in combination a plurality of 
piezo—electric transformers, each trans 
former having a frequency characteristic pe 
culiar to itself and comprising a piezo-elec 
tric crystal motor element and a plurality 
of piezo-electric crystal generator elements 
driven thereby, and electrical connections be 
tween the generator crystals of each trans 
former for integrating the effects of said 
motor element upon each of said generator 
crystals. 

a. A piezo-electric transformer system 
‘comprising in combination a plurality of 
piezo-electric transformers having frequen 
cy characteristics different from one another, 
each transformer comprising a piezo-electric 
crystal. motor element and a piezo-electric 
crystal generator element, and electrical con 
nections between the motor crystals of each 
transformer and between the generator crys 
tals of each transformer for integrating the 
effects of said generator'crystals in accord 
ance with the operation of said motor crys 
tals. 

5. A piezo~electric transformer system, 
comprising in combination a plurality of 
piezo-electric transformers, each trans 
former comprising a piezo-electric crystal 
motor element and a piezo-electric crystal 
generator element driven thereby, and elec 
trical connections establishing a series cir 
cuit through the generator crystals of each 
transformer. 

6. A piezo-electric transformer system 
comprising in combination a plurality of 
piezo-electric transformers, each trans 
former comprising a piezo-electric crystal 
motor element and a piezo-electric crystal 
generator element driven thereby,'and con 
nections establishing a parallel circuit 
through the motor crystals of each trans 
former. a 

7. A piezo-electric transformer compris 
ing in combination a piezoelectric crystal 
device. means for impressing electromotive 
forces thereon. and a plurality of piezo-elec 
tric crystal devices associated with said ?rst 

‘ device in a manner to be stressed by vibra 
tions thereof, said piezo-electric crystal dc 
vices'having differing characteristics. a cir 
cuit including said ?rst mentioned piezo 
electric crystal device and an independent 
circuit including said plurality of piezo-elec 
tric crystal devices. ‘ ' 

8. A piezo-electric transformer system, 
comprising in combination a plurality of 
piezo-electric transformers, each trans 
former comprising a piezo-electric crystal 
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‘motor element and a piezo-electric crystal 
generator element driven thereby, and elec 
trical connections between corresponding 
crystals of each transformer, said crystals 
having different frequencyv characteristics? 
and operating to receive variable electrical 
currents at each motor element and modify 
the effect thereof at each generator element. 

9. A piezo-electric transformer system 
comprising in combination a plurality of? 
piezo-electric crystal devices, each of said 
devices including at least one motor element 
and one generator element having different 
characteristics, a circuit common to all of_ 
said motor elements for impressing a vari 
able electromotive force thereon, and a cir 
cuit common to said generator element for 
delivering an electromotive force of modi?ed 
character with respect to the applied electro 
motive force. 

10. A piezo electric transformer system 
comprising a plurality of piezo electric trans 
formers of differing frequency characteris 
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tics, each transformer comprising a piezo,‘ 
electric crystal motor element and a piezo 
electric crystal generator element driven 
thereby’a-nd electrical connections establish 
ing a parallel circuit through the generator 
crystals of each transformer. 

11. A piezo electric transformer system 
comprising a plurality of piezo electric trans 
formers having different frequency charac 
teristics respectively, each transformer com 
prising a piezo electric crystal motor element 
and a piezo electric crystal generator element 
driven thereby and connections establishing 
a series circuit through the motor crystals of 
the several transformers. ‘ ' 

12. A thermionic system comprising a plu 
rality of thermionic relays, means for cou 
pling said relays comprising a piezo electric 
transformer system including a plurality of 
groups of electro-mechanically associated 
piezo electric crystals each group having its 
own frequency characteristic, one of the cry 
stals of each group being a motor crystal, the 
other crystal of each group being a generator 
crystal, the motor crystals being connected 
in the output circuit of one of the said ther 
mionic relays, and the generator crystals be 
ing connected in the input circuit ofthe other 
of the said thermionic relays whereby the last 
said relay is provided with a flat response 
characteristic over a given range of frequen 
cies. 

13. A thermionic system comprising a plu 
rality of thermionic relays,'means for cou 
pling said relays in cascade comprising a 
piezo electric transformer system including a 
plurality of piezo electric motor and genera 
tor elements composed of electro-mechanical 
1y associated crystals having differing fre 
quency characteristics, means for delivering 
energy from one of said relays to the motor 
crystals of said transformer system, and 
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means for delivering energy from the gen 
erator crystals to the control circuit of the ' 
other of said relays, said delivered energy 
having a frequency characteristic which is 
the resultant of the frequency characteristics 
of the several pairs-of motor and generator 
crystals. ‘ 

Signed at New York city in the county of 
New York and State of New York this tenth 
(lay of March, A. D., 1927. 
ALEXANDER MOLEAN NICOLSON. 


