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My invention relatesbroadly to piezo elec 
tric frequency control systems, and more par 
ticularly to a system for controllin the tem 
perature of piezoelectric crystals uring the 

ß operation thereof in anelectron tubewoscilla 
tion system. 
One of the objects of my invention is to pro 

vide a system for maintaining the operating 
temperature of 'a piezo electric'crystal within 

10 definite limits for controlling the operation 
of an electron tube oscillator at constant fre 
quency. ~ » 

Another object of my invention is to pro 
vide means whereby a piezo electricv crystal 

15 may directly control relatively large'power 
output without the employment of a large 
number of stages of electron tube ‘amplifiers 
in association therewith. , 

S'till another object of my invention is to 
‘20 provide means for protecting a piezo electric 

crystal against destruction from excessive 
inherent heating during its operation in an 
electron tube oscillating system for preserv 
in g the structure of the crystal and maintain 

25 ing permanent operation of the electron tube 
oscillator. ` 

I have discovered that the influence of tem 
perature on piezo velectric crystals becomes 
more and more important asthe frequencies 

30 at which the crystals are operatedï‘are in 
creased from five hundred kilocycles up 
wards, and it is necessary for constant vfre 
quency operation to maintain the operating 
temperatures of the crystals within certain 

35 limits. y , ~ 

There is, however, another reason for pro 
viding control of temperature for piezo elec 
tric crystals used for the control >of'radio 
frequencies. It is desirable to control'direct 

40 ly with the crystal as largey an output as pos 
sible in order to avoid the use of amplifiers 
in an excessive number of stages. When 
it is attemptedto control energies in excess of 
ten or fifteen watts of radio frequencies by 

45 piezo electric crystal action without the use 

ofampliíiers, ̀it frequently happens that the 
crystal ceases to oscillate and an examination 
of the same will show that the crystal has be 
come seriously heated, sometimes so much so 
as tofbe uncomfortably warmto‘the touch and 
flaws have developed in the crystal which are 
sometimesin the nature of small punctures, 
sometimes in the nature of cracks with white 
snowy edges as if the structure had been pul 
verized in the vicinity of the crack, and some 
times the crystal will throw 0E particles on 
the side or edges of theV crystal which in 
variably impair the action of the crystal. 
An extended study of the crystal when 
crowded to :outputs between 50 and 100 watts, 
that is, when controlling transmitting tubes 
without intermediate amplification so that 
50‘to 100 watts radio frequency energy is de 
veloped has ,shown that the output can be 
materially increased if the crystal is main 
tained at a lower tem erature and,fin general, 
that if .the surroun ings of the crystal are 
such as to easily radiate any heating which 
has developed inthe crystal and passed kon 
by it tothe contact plates can escape, the 
crystal can be operated with greater output 
than whenno special means of cooling'is 
provided. This heating of the’piezo electric 
Icrystal is apparently due to two things: 
First, internal work due to the mechanical 
vibration of the crystal which increases rap 
idly as the elastic limit of the crystal is ap 
proached, that is, as the oscillations become 
more and more violent; and second, heating 
due to brushing. Electrically, the piezo elec 
tric crystal behaves in the circuit like a very 
large inductance in serieswith two very small 
capacities, one on the upper end of 'the in 
ductance and one on the lower end of it. 
The voltage over such an inductance may be ' 
very high. The voltage over the capacities 
at top and bottom of the inductance, consid 
ered in series with the inductance, may be 
high also, but the sum of the two voltages 
`which is what one measures with a'voltmeter 
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connected between the top plate of a crystal 
oscillator and the bottom plate, is relatively 
low beca-use the two voltages under discus 
sion are nearly 150 degrees out of phase with 
each other. The voltages over the large in 
ductance which parallels in this analogy the 
interior of the crystal, corresponds to the 
high piezo electric strain within the crystal 
and the relatively high voltage between the 
crystal plate and the surface of the crystal, 
and which can not be measured by ordinary 
instruments at all because there is no way 
of connecting a Contact with the crystal sur 
face to iii-¿usure the voltage, is responsi 
ble for brushing. Brushing normally never 
occurs through the crystal but rather from 
the top or bottom plate to adjacent crystal 
surface. It is diiñcult to determine which 
of the two effects, internal strain producing 
excessive internal work, or brushing, is most 
ly responsible for the heat developed in the 
crystal; but I have determined that if this 
heating is allowed to readily escape the crys 
tal can be worked to higher output. 
The invention by which I maintain the 

temperature of piezo electric crystals within 
certain limits will be more fully understood 
from the following specification by reference 
to the accompanying drawing, in which: 

iigure 1 diagrammatically illustrates a 
cooling system for a piezo electric crystal ar 
ranged to control the operating characteris 
tics of an electron tube oscillator; and Fig. 2 
shows a modified form of cooling system for 
piezo electric crystals in the control circuit 
of an electron tube oscillator. 
Referring to the drawing in more detail, 

an electron tube 1 has been illustrated hav 
ing iilament, grid and plate electrodes la, 1b, 
and 1c. An input- circuit 2 is provided in con 
nection with the tube and an output circuit 3 
connects between the plate electrode 10 and 
filament electrode 1a. Shunted across the 
input circuit 2, I provide a choke coil 4 and 
a batteri,Y system 5 for impressing a negative 
charge on the plate T which contacts with the 
upper surface of piezo electric crystal 6. The 
piezo electric crystal G rests upon a hollow 
plate structure S through which a cooling 
fluid, such as water or any other suitable liq 
uid, is circulated by means of a pump system 
15. The pump 15 has an inlet 14 connected 
to cooling tank or reservoir 9 from which 
the fluid is pumped through outlet 13, pipe 
connection 12 to hollow portion 11 of plate 8, 
and returned through pipeline 10 to cooling 
tank 9. The hollow plate 8 may be suitably 
insulated from the water circulating system 
by sections of insulated pipe for avoiding 
undesired capacity effects. A thermostatic 
control 18 may project into the cooling water 
in hollow plate 11 for controlling the opera~ 
tion of a driving motor 16 through connec 
tions emanating from terminal box 17 and 
power supply line 19. The driving motor 
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16 drives the water-circulating pump 15. 
The cooling tank 9 will normally have a tem~ 
perature below the designated temperature 
for which the crystal is calibrated and known 
to have a designated frequency. This ar 
rangement will not only prevent excessive 
rises in the crystal temperature permitting 
higher energy operation, but will exercise a 
positive control over the temperature, thus 
regulating the frequency with extreme ac 
curacy. 
The cathode structure 1a of electron tube l 

is heated from a suitable source, such as indi 
cated at 23, controlled by rheostat 24:. The 
output circuit 3 contains inductance 20 and 
tuning condenser 21 with source of high po~ 
tential supply 22 in circuit therewith with 
meters in the output circuit for determining 
the operating characteristics of the tube. 
In Fig. 2 I have represented a circuit in 

which the piezo electric crystal 6 is mounted 
adjacent a plate structure 25 which is readily 
air-cooled by natural circulation of air over 
cooling vanes 26 of said plate. This cool 
ing structure utilizes the principle of heat 
convection just as does the species of the in 
vention shown in Fig. 1, the chief diíierence 
being as between convection by air in the 
one case and by a liquid in the other' case. 
While dissipation of heat generated by 

the crystal 6 is more eífective when cooling 
vanes are provided on the under plate be~ 
cause of the weight of the crystal thereupon 
and the consequently greater heat conductiv 
ity between the crystal and the plate, it is 
not essentialto the carrying out of my in 
vention that the crystal should be superposed 
on the means for dissipating the heat. 

I have illustrated only two methods of 
cooling the plates which are in contact with 
the piezo electric crystal, but it will be un 
derstood that many modified forms may be 
employed and that the methods illust-rated 
herein merely set forth the principle of the 
invention and no limitations are intended 
upon the invention other than are imposed 
by the scope of the appended claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States is as 
follows: 

1. A piezo electric crystal control system 
comprislng a pair of contact plates, a piezo 
electric crystal mounted between said con 
tact plates, and means for circulating a cool 
ing fluid over at least one of said Contact 
plates, said cooling fluid being maintained 
at a temperature below that temperature at 
which the operating characteristics of said 
piezo electric crystal are impaired. 

2. Piezo electric crystal apparatus compris 
ing a support for a piezo electric crystal ele 
ment, said support including a pair of paral 
lel electrodes, a piezo electric crystal element 
mounted between said electrodes, one of said 
electrodes being provided with a hollow me 
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tallic jacket at one side thereof and means 
for circulating a cooling fluid through said 
jacket for extracting heat from said elec 
trodes. 

U 3. Piezo electric crystal apparatus com 
prising a substantially flat conductive plate 
member, a fluid jacket located on said plate 
member, a fluid inlet for said jacket and a 
fluid outlet for said jacket, a piezo electric 
crystal element mounted upon said conduc 
tive plate member, another electrode touching 
another surface of said piezo electric crystal 
element, said conductive surface bein main 
tained at a uniform temperature by t e ypas 
sage of cooling fluid from said fluid inlet to 

~ said fluid outlet for conveying away heat gen 
erated by the movement of said piezo electric 

` crystal element. 
4. Piezo electric crystal apparatus compris 

ing> a pair of conductive electrodes, a piezo 
electric crystal element mounted between said 
electrodes, one of said electrodes having a 
substantially hollow construction, a fluid in 
let adjacent one end of said hollow electrode, 
a fluid outlet adjacent the opposite end of the 
hollow electrode for the passage of a cooling 
fluid in contact with the under surface of 
said electrode for maintaining the contact 
surface of said electrode at a uniform tem 
perature independent of the generation of 
heat under condition of rapid mechanical 
vibrations of said piezo electric crystal ele 
ment. ~ ` 

5. A piezoelectric control system compris 
ing a pair of contact plates, a piezo electric 
crystal mounted between said contact plates 
and means for circulating a cooling fluid 
through one of ksaid contact plates for eX 
tracting heat generated by the mechanical 
vibration of said’ piezo electric crystal con 
ducted to said contact plate, said means in 
cluding one of said contact plates forming a 
fluid conductor. 

6. A piezo electric crystal temperature con 

plates, a piezo electric crystal mounted be 
tween said plates, and means for maintaining 
said crystal at a constant temperature, said 
means including one of said contact plates 
having a fluid conductor. 

7. In a piezo electric crystal control system 
comprising, a pair of contact plates, a piezo 
electric crystal mounted therebetween, a fluid 
conductor in one of said plates, a circulatory 
fluid system, means for operating said circu 
latory system, and thermostatic means asso 
ciated with said fluid conductor contact plate 
for controlling the operation of said circu 
latory system and maintaining said crystal 
at a constant temperature. ` 

8. A piezo electric crystal temperature con 
trolled system comprising a pair of contact 
plates, a piezo electric crystal mounted be 

,„ tween said plates and means for maintaining 
" said crystal at a constant temperature, said 

trol system comprising a. pair of contact ~ 

3 

means including one of said contact plates 
provided with a fluid passage therethrough. 

9. A piezo electric control system compris 
ing a pair of contact plates, a piezo electric 
crystal mounted between said contact plates 
and means for circulating a cooling fluid ad 
jacent to one of said contact plates for ex 
tracting heat generated by said piezo electric 
crystal, said means including one of said con 
tact plates comprising in part a passage for 
said cooling fluid. ` 
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