
Feb. 2, 1937. A. B. TRIPP 2,069,633 
FREQUENCY DETERMINING UNIT FOR PIEZOELECTRIC 

CRYSTAL CONTROLLING OSCILLATORS 
Filed Oct. 25, 1935 

A Caws77Z 
1 Caaa. 

602/a, 

Fig. 4. 
SNS 

SS 

/ ) 4. AN 5) SSSNSS E1. SSSSSSSSSSS ery 
fig3. 

28 

InN/entor: 
augustus B. Tripp, 
by 74-gé-life is Attorney. 

  

  

  

  

    

  

  



s 

5 

20 

35 

40 

45 

50 

55 

Patented Feb. 2, 1937 

UNITED STATES 

2,069,633 

PATENT OFFICE 
2,069,633 

FREQUENCY DETERMINING UNIT FOR 
PIEZOELECTREC CRYSTAL CONTROLLING 
OSCELLATORS 

Augustus B. Tripp, Schenectady, N. Y., assignor 
to General Electric Company, a corporation of 
New York 

Application October 25, 1935, Serial No. 46,795 
6 (Caims. 

My invention relates to Oscillators, and more 
particularly to oscillators of the electron discharge 
type which include a piezoelectric crystal as the 
frequency determining means. 

Piezoelectric crystal controlled oscillators of 
conventional design usually include an output 
circuit, which is tuned to a resonant frequency 
Slightly above the natural frequency of mechani 
-Cal Vibration of the frequency determining crystal. 
in using such an oscillator for certain purposes 
Such, for example, as a frequency imonitoring unit, 
for checkiing tie carrier frequencies of radio 
transmitters, it is at times necessary to change 
the output frequency of the oscillator from one 
predetermined value to another predetermined 
Value. This is usually accomplished by insert 
ing in the oscillator circuit a new piezoelectric 
frequency determining crystal having the desired 
natural frequency and then adjusting the tuned 
output circuit of the oscillator until its resonant 
frequency is slightly above the frequency of the 
newly inserted crystal. Such a raethod of adjust 
ing the output frequency is somewhat laborious 
and requires considerable skill on the part of the 
operator if the exact desired output frequency is 
to be secured. 

Oine of the objects of my invention is to provide 
a piezoelectric crystal controlled oscillator which 
includes means whereby the output frequency 
inhay be easily and quickly changed from one pre 
determined value to another predetermined Value 
Without adjustment of the tuning elements of the 
OScillator circuit. 

In accordance With my invention the above 
stated object is attained by assembling the fre 
quency determining crystal cell and the elements 
of the output circuit in a self-contained unit 
which may be plugged into or removed from the 
oscillator circuit at Will; the output circuit being 
adjusted and calibrated during the manufacture 
of the unit, so that its resonant frequency is 
slightly above the natural frequency of vibration 
of the piezoelectric crystal. In accordance With 
a further feature of my invention a Suitable con 
nector socket is included in the oscillator assembly 
which is provided With plug-receiving Sockets con 
nected in the oscillator circuit to receive the ter 
minals of the crystal cell and the terminals of the 
Oscillator output circuit. The frequency deter 
mining units are each assembled in a plug body 
which is equipped with plug connectors suitably 
arranged to engage the correct Socket of the Con 
nector receptacle. By using a plurality of units 
pre-calibrated to different desired predetermined 
values the output frequency of the Oscillator may 

(C. 250-36) 
be changed at will by simply interchanging the 
frequency determining units. 

It is a further and more specific object of my 
invention to provide a detachable self-contained 
frequency determining unit for an electron dis 
charge oscillator which comprises a piezoelectric 
Crystal and a tuned oscillator output circuit as 
Seinbled in a container provided with plug Out 
let connectors for engaging the connector sockets 
of a receptacle having its respective terminals 
connected in the oscillator circuit at the proper 
points. 
In constructing detachable frequency determin 

ing units as described above, it is desirable to ad 
just and calibrate during the manufacture and 
aSSenbly thereof the tuning of the output circuit 
contained in the unit to a desired predetermined 
frequency slightly above the natural period of 
Vibration of the frequency determining crystal. In 
a CCOrdance With ny iVention. Such a calibration is 
effected during the assembly of the unit by moving 
the crystal cell with respect to the inductance coil 
forming a part of the output circuit thereby to 
change the inductive coupling between the turns 
of the coil and the electrodes of the crystal cell 
and alter the over-all inductance of the coil. 
When the crystal cell is properly located in its 
Correct position. Within the container Such that 
the output circuit has the desired resonant fre 
quency, the cell may be fixed in place within the 
container in a Suitable fashion as by pouring a 
Sealing compound around the cell. In this man 
ner the Self-contained unit may be calibrated to 
the desired frequency in the course of its manu 
facture and following such calibration is ready 
for use in the manner described above. 

It is an additional object of my invention to 
provide a self-contained unit of the above-de 
scribed type in which means are provided for 
calibrating during assembly of the unit the fre 
quency of the tuned output circuit to a selected 
predetermined Value. 
The novel features Which I believe to be chair 

acteristic of my invention are set forth. With par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
the method of Operation together With furthel 
objects and advantages thereof will best be under 
stood by reference to the specification taken in 
connection with the accompanying drawing, in 
which Fig. 1 illustrates an electron discharge oscil 
lator having my invention embodied therein; Fig. 
2 is a perspective view partially in Section of my 
improved self-contained detachable frequency de 
termining unit, and Figs, 3 and 4 are respectively 
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2 
top and side views, partially in section, of the de 
Vice shown in Fig. 2. - 

Referring to Fig. 1 of the drawing, T have illus 
trated my invention as applied to a piezoelectric 
Crystal controllied oscillator of conventional cir 
cuit arrangeinent. As ShoWn, the OScillator con 
prises an electron discharge device having a 
tuned output circuit 2 connected between the 
anode 3 and the cathode 4; and a frequency de 
termining piezoelectric crystal 5 connected be 
tWeen the control grid 6 and the cathode 4 of the 
discharge device . A resistance 7 and a source 
of unidirectional potential 8 are connected in Se 
ries between the control grid 6 and the cathode 4 
for biasing the grid 6 negative with respect to 
the cathode and a Suitable source of high voltage 
(not shown) is included in the output circuit for 
Supplying the energy necessary to maintain the 
Oscillator in stable operation. The source of high 
Voltage anode potential is shunted by a condenser 
9 for by-passing the high frequency current flow 
ing in the output, circuit of the osciliator. The 
alternating potential generated across the output 
circuit may be impressed on a utilizing circuit (not 
Showa) by the circuit leads indicated at É). A 
direct current blocking condenser is included 
in the Upper circuit lead - 0 which functions to 
pass the high frequency output current of the 
Oscillator to the input of the utilizing circuit and 
to isolate the utilizing circuit from the operat 
ing voltage of the anode 3. 
The operation of the above-described circuit is 

Well known in the art and only a brief description 
thereof is deeined to be necessary to an under 
Standing of my invention. During normal oper 
ation of the device the piezoelectric crystal 5 
vibrates mechanically at its natural frequency 
and produces Voltage pulsations which are in 
pressed on the control grid of the discharge de 
Vice . Such voltage pulsations control the fioW 
of current in the output circuit thereby to pro 
duce an oscillatory current therein having a fre 
quency determined by the frequency of vibration 
of the crystal 5. A portion of the oscillatory en 
ei'gy generated in the output circuit is fed back 
through the grid-plate tube capacity coupling and 
is supplied to the crystal in the proper phase to 
maintain the crystal in vibration at its frequency 
of mechanical resonance. The oscillatory energy 
developed in the output circuit is of course Sup 
plied to the utilizing circuit by the circuit leads 8. 
In accordance with my invention the crystal 

cell and the elements of the output circuit, are 
assembled in a single Self-contained unit Which 
is calibrated during its nanufacture to a desired 
frequency and which may be readily connected in, 
Or disconnected fron, the oscillator circuit. This 
Self-contained unit is shown diagrammatically by 
the circle indicated at 2 and may be conven 
iently plugged into the oscillator circuit by the 
plug connectors indicated at f 3 and 4. 

Referring to Fig. 2 of the drawing, I have illus 
trated the preferred embodiment of the Self-con 
tained frequency determining unit. As shown, 
the unit comprises a separable plug body or con 
tainer 8. Within Which is mounted the elements 
of the tuned output circuit and the piezoelectric 
crystal cell. Preferably, the output circuit tuning 
coil 9 is made in the form of a flat toroid and is 
positioned in the bottom of the hollow interior 
of the plug body 8. A piezoelectric crystal cell 
29 is disposed within the container in such a posi 
tion that the planes of its two electrodes 2 are 
substantially at right angles to the plane of the 
flat side of the inductance coil 9. A condenser 

2,069,683 
22 for tuning the oscillator output circuit may 
be placed alongside the crystal cell 2 in case such 
a condenser is required. The container 8 is pro 
vided with plug connectors 3 and which are 
respectively connected to the electrodes 2 of the 
crystal cell 2 and the terminals of the output 
circuit comprising the parallel connected con 
denser 22 and inductance 3. Preferably the 
connectors 3 are hollow, the bores thereof being 
of Sufficient diameter to accommodate connect 
ing wires 23, each of which terminates in a fab 
ricated connection to one of the crystal cell elec 
trodes 2. A suitable cover plate 24 is provided 
for closing the Open end of the container 8. 
The details of the crystal cell 2i and the corn 

plete electrical circuit of the cell are illustrated 
in Fig. 3 wherein the cell is shown as comprising a 
toroidal member 25 constructed of insulating ma 
terial Such as porcelain which member is closed 
by the Stationary electrodes 2 . Within the mem 
ber 25 is mounted a piezoelectric crystal 26, a 
floating electrode 27, and a spring 28 for main 
taining the crystal under pressure between one 
of the electrodes 2 and the floating electrode 25. 
Preferably, the Spring 28 is of crow-foot design 
and is provided with a plurality of legs which rest, 
against one electrode 2 and an aperture in the 
Central portion which engages a projection ex 
tending from the floating electrode 2: thereby to 
maintain the crystal in a fixed position within the 
ce. 

In the manufacture and assembly of the above 
described frequency determining unit the induc 
tance coil 9 is first placed in the botton of the 
hollow interior of the plug body 8, and its termi 
inals are Soldered. Or other Wise connected to the 
connectors 4. If a condenser 22 be required to 
tune the inductance 9 to a desired frequency, it 
may be placed within the plug 3 along the in 
ternal circumference thereof and its terminals 4. 
Soldered to the Connectors & thereby to connect 
the condense and inductance in parallel. 

Following the above assembly operations, the 
assembled crystal cell having the wires 23 sol 
dered to the electrodes thereof may be inserted 
Within the plug and the wires 23 projected through 
the hollow connectors 3. The wires 23 should be 
made considerably longer than the expected re 
quired length for Soldering to the lower ends of 
the connectors. 
At this stage of the assembly the unit may 

be adjusted and calibrated to obtain the exact 
desired resonant frequency of the output circuit 
formed by the parallel connected inductance is 
and condenser 22. This may be accomplished 
by properly connecting the elements in an os 
cillator circuit and moving the crystal cell 2 
with respect to the coil 9 thereby to change 
the coupling between the electrodes 2i and the 
turns of the coil 9 and change the overall in 
ductance Value of the coil. A convenient method 
of making Such an adjustment is that of push 
ing or pulling the wires 23 extending from the 
connectors 3 thereby to alter the position of the 
cell within the container 8 and vary the cou 
pling between the electrodes 2 and the in 
ductance 9 in the above-described manner. 
When the correct position is obtained the excess 
of wire extending from the connectors 3 may 
be cut off and the ends of the wires 23 soldered 
to the ends of the connectors f3. It will be 
Understood that during the above-described ad 
justing step the cell 20 is entirely supported by 
the Wires 23. 

0 

5 

20 

25 

30 

35 

70 

In order to secure the tuning elements 9 and 75 

  



0 

15 

25 

30 

35 

40 

45 

50 

60 

65 

2,069,633 
22 and the crystal cell 29 in position within the 
plug 8, the interior of the plug may be filled 
With a suitable filler after the elements are cor 
rectly positioned within the plug. It has been 
found that if the frequency determining unit be 
calibrated to an ultra-frequency as, for example, 
10 megacycles, it is desirable to use rock Wool 
as the filler medium. However, if the unit is 
calibrated to operate at a lower frequency any 
form of Sealing compound may be used with 
SUCCeSS. 

Referring to Fig. 4 of the drawing, I have illus 
trated a Side view partially in Section of the unit 
Shown in Fig. 2, together with a suitable socket 
type of receptacle for accommodating the plug 
COInnectors 3 &nd 4 which project from the 
lower Wall of the plug 8. As shown, the re 
ceptacle is provided with socket contacts 5 and 
A6 for acconinodating the connectors 3 and 4. 
Preferably one of each of the pairs of connectors 
3 and 4 should be of a diameter Smaller than 

the diameter of the remaining connectors in 
order to prevent any possibility of the plug be 
ing plugged into the Socket with the wrong con 
nections. 
By using rock Wool or an equivalent material 

as the filler Inedia when the unit is to be oper 
atted at ultra, high frequencies certain undesired 
effects of the filler on the resonant frequency of 
the coil 9 are reduced or avoided. It has been 
found that if a Sealing compound or similar 
material is used in a Unit designed to operate at 
a very high frequency as, for example, from 10 
negacycles upward, the resonant frequency of 
the coil is chainged considerably from its previ 
Ous calibrated Value, and in certain instances the 
change has been found to be sufficient to pre 
vent operation of the osciliator when the unit 
is plugged into the circuit. This change in the 
natural resonant frequency of the coil 9 is 
probably brought about by the change in the 
effective capacity of the coil caused by the in 
troduction of the filler media in the electro 
static field of the coil. Whatever the cause for 
the change inay be, the use of rock Wool pre 
vents. Such an undesired alteration in the reso 
nant frequency of the coil 9 and, accordingly 
should be used as the filler media, if the Unit 
is designed to operate in the above-specified fre 
quency range. In the lower frequency ranges, 
however, the use of rock wool has been found to 
be unnecessary since no such undesired shift in 
the natural resonant frequency of the coil is 
produced by the introduction of ordinary Sealing 
compounds in the region surrounding the coil. 
Accordingly, if a unit is designed to Operate at 
a frequency in the low frequency ranges as, for 
example, in the commercial broadcasting car 
rier frequency range, ordinary Sealing compounds 
may be used as the filler media. With good success. 
Although I have described the frequency de 

termining unit, as including a tuning condenser 
22, it will be apparent that in certain frequency 
ranges such a condenser may be dispensed with. 
Thus, at ultra high frequencies as, for example, 
in the range from 10 negacycles upWard the dis 
tributed capacity of the inductance coil 9 may 
be sufficient to tune the coil to the required reso 
nant frequency. It will therefore be understood 
that in such frequency ranges the condenser 22 
heed not be used. 
While I have shown the crystal cell 3 as being 

mounted at right angles with respect to the flat 
plane of the coil 9, it may be found to be de 
sirable in the lower frequency ranges to position 

3 
the cell Within the plug body 8 in a manner 
Such that the electrodes 2 are parallel with the 
Side of the coil 9. The purpose of mounting 
the cell at right angles with respect to the coil 
in the manner illustrated is to provide a means 
for varying the effective inductance of the coil 
through a Small range for a comparatively large 
displacement of the ceil electrodes 2 with respect 
to the coil. Thus, with the cell mounted as shown, 
a comparatively Small annount of the metal of 
the electrodes 2 is included in the effective mag 
netic circuit of the coil and a relatively large 
Shift in the position of the cell with respect to 
the coil produces Only a Small change in the con 
Stants of the magnetic circuit of the coil. While 
Small changes in the effective inductance of the 
coil 9 have been found to be sufficient to calibrate 
the Output circuit of which the coil forms an 
element to the desired value at exceedingly high 
frequencies they may be entirely insufficient for 
Calibrating purposes when the unit, is designed to 
Operate at a lower frequency. Although theoreti 
cally in the latter case the required change in 
inductance could be obtained by moving the per 
pendicularly mounted cell through a greater range 
of noverinent, initations as to the size and cost 
of the plug body & reduce the practicability of 
Sulch a method of adjustinent. 

In order to retain the desired Small physical 
dimensions of the plug body 3 and at the same 
time obtain the required range in chainge of in 
ductance of the coil 9 for the limited range of 
novelinent of the cell 2: When the unit is to be 
calibrated to operate at a relatively low frequency, 
it is desirable to mount the cell with the electrodes 
2 parallel to the flat, coil 9. With the cell in 
the last-named position the lower electrode 2 
will be adjacent the upper side of the coil 9 
and a considerable amount of metal is thereby 
included in the Inagnetic circuit of the Coil. AC 
cordingly, when the cell is moved a small distance 
with respect to the coil a relatively large change 
in the inductance of the latter Will be produced. 
It follows that the range of inductance change 
for a given movement of the cell 2 is consider 
ably increased by positioning the cell with its 
fiat, electrodes parallel to the flat Side of the coil 
S. in this connection it may be found to be 

desirable to form the electrodes 2 from iron or 
a similar highly permeable metal in Order further 
to increase the range of inductance change for a 
given range of movement of the cell 20. 
From the foregoing description it will be ap 

parent that I have devised an arrangement where 
in the frequency determining Unit may readily be 
connected in or disconnected from an associated 
Oscillator circuit With a minimum of effort on 
the part of the Operator. Since the unit is Self 
contained it, may be exactly calibated during its 
manufacture to produce the desired OScillator out 
put frequency and, further, it may easily be re 
noved from the circuit for recalibration in the 
event such recalibration is necessary. 
The above-described circuit and self-contained 

frequency determining unit is particularly useful 
in certain types of Work requiring an OScillator 
carefully adjusted to produce a predetermined 
frequency. Thus, in transmitter monitoring work 
wherein it is desired to ascertain the carrier fre 
quency of a particular transmitter, an oscillator 
having a definite predetermined output frequency 
is necessary to an intelligent determination of 
the carrier frequency being checked. By pro 
iding a calibrated self-contained frequency de 

termining unit of the type described above an 
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4. 
oscillator output frequency may be obtained which 
corresponds exactly to the desired frequency. In 
addition, by providing a number of units cali 
brated to different frequencies the same oscillator 
may be employed to check a plurality of carrier 
frequencies practically without adjustment of the 
oscillator circuit, the only necessary operation re 
quired being that of interchanging one frequency 
determining unit having the desired value for the 
frequency determining unit previously enployed. 
While I have described what, I consider to be 

the preferred embodiment of my invention, it will 
of course be understood that I do not Wish to 
be limited thereto Since many modifications in 
the structure may be made and I contemplate by 
the appended claims to cover all Such modifica 
tions as fall. Within the true Spirit and SCOpe of 
my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. A piezoelectric crystal controlled OScillator 

circuit including an electron discharge device, a 
piezoelectric crystal and a tuned output circuit 
arranged to be connected therein, said crystal be 
ing mounted in a crystal cell having metallic elec 
trode members, said Output circuit including a 
inductance coil, socket contact terminals con 
nected in Said oscillator circuit for receiving the 
terminals of said output circuit and said piezo 
electric crystal, a separable attachment plug in 
cluding a body provided with connectors for en 
gaging said contact terminals, said inductance 
coil and said crystal cell being mounted on said 
attachment plug, means utilizing Said metallic 
electrode members to tune Said coil to a frequency 
suitable for operation. Of Said Crystal, and means 
connecting the terminals of said inductance coil 
and the terminals of said piezoelectric crystal to 
Said connectorS. 

2. A frequency determining unit for an elec 
tron discharge OScillator conprising in Combina 
tion, a body, a plurality of connectors pro 
jecting fron a, Wall of Said body, a piezo 
electric crystal cell having a pair Of elec 
trodes, said cell being mounted on said body, Said 
electrodes being connected to a pair of Said con 
nectors, a turned circuit comprising an inductance 
coil and capacitor connected in parallel, Said coil 
and capacitor being mounted on said body, said 
coil being mounted in Such position that itS in 
ductance is materially affected by the position of 
Said electrodes relative thereto and in such posi 
tion that said coil and capacitor resonate at a 
frequency suitable for Operation of said Crystal 

5 and means for connecting the terminals of Said 
tuned circuit to a pair of said connectors. 

3. A frequency determining unit for an electric 
discharge oscillator comprising in combination, 
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a body, a tuned output circuit including an in 
ductance coil, a piezoelectric crystal cell includ 
ing a pair of electrodes, said inductance coil being 
of fiat toroidal form and being positioned on said 
body, Said cell being positioned on said body to 
influence materially the inductance of Said coil, 
said electrodes lying in Such planes relative to 
the plane of the flat side of said coil that said in 
ductance is Varied to a desired extent upon move 
ment of Said crystal cell relative to said coil, 
means Supporting said Crystal cell in proper posi 
tion. With respect to Said coil for operation of said 
OScillator, and Connecting means extending from 
said body for connecting said coil and said crystal 
cell in an OScillator circuit. 

4. A frequency determining unit for a crystal 
Controlled electron discharge Oscillation genera 
tor, Said unit comprising a mounting carrying 
both an inductance coil, and a crystal cell having 
a Crystal mounted therein, connections whereby : 
the frequency produced by said oscillation gen 
ei'ator is determined by said coil, crystal and cell, 
Said cell being arranged within the field of said 
coil thereby to affect materially the frequency 
produced by said oscillation generator. 

5. A frequency determining unit for an electron 
discharge OScillator comprising in combination a 
body, a tuned output circuit including an induc 
tance coil, a piezoelectric crystal cell including 
a pair of conducting electrodes, a crystal within 
Said cell, Said inductance coil and said cell being 
mounted on said body, said cell being positioned 
in the field of said coil and in sufficiently close 
proXimity to said coil that the natural frequency 
Of Said tuned circuit is dependent upon the posi 
tion of Said cell in said field, means to connect 
Said tuned circuit and crystal cell in said oscillator 
to determine the frequency thereof, said cell and 
coil being SO positioned relative to each other that 
said natural frequency of said tuned circuit cor 
responds to the operating frequency of said 
Crystal. 

6. A frequency determining unit for an electron 
discharge Oscillator comprising in combination, a 
hollow body, a tuned output circuit including an 
inductance, a piezoelectric crystal cell including 
a pair of electrodes, Said inductance and said cell 
being mounted Within Said body, means for ad 
justing the natural frequency of said tuned circuit 
during the assembly of said unit, said means in 
cluding means for moving said piezoelectric cell 
relative to Said inductance thereby to vary the 
coupling between said electrodes and said induc 
tance, and means for securing said cell in position 
within said body after said adjusted position is, 
determined. 
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