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This invention relates to improvements in neg 
ative resistance crystal controlled oscillators as 
Commonly used in connection with radio systems 
for Various purposes and more particularly re 
lates to the application of crystal control to any 
for of negative resistance device. 

Existing types of crystal controlled oscillators 
are of the regenerative type requiring a circuit 
containing inductance and capacity tuned to ap 
proximately the natural period of the crystal. 
In the present invention the generated fre 

quency of the crystal is practically entirely de 
pendent on its inherent natural mechanical pe 
riod and is not Subject to changes in the tuned 
circuit containing inductance and capacity. 
As the application of piezo electric crystals to 

known arrangements of control is Well known, it 
Will not be described in detail. General arrange 
ments usually consist of an ordinary three-ele 
ment tube having the crystal connected across its 
input and having a tuned tank circuit connected 
to its output or plate circuit. Such airrangements 
depend upon the inherent grid to plate capacity 
of the tube for obtaining feedback. 
The present invention consists of the use of 

a piezo electric crystal in connection. With a neg 
ative resistance device Such as an arc, dynatron 
or a negative resistance tube such as that shown 
in the pending application Serial No. 537,539 filed 
May 15, 1931. The crystal is used in Such a man 
ner that the usual tuned circuit containing in 
ductance and capacity is dispensed with entirely 
permitting the crystal to actually OScillate at its 
natural frequency and almost entirely free from 
external influence. The result is that the crys 
tal is more completely the Single controlling fact 
tor in the deteriniination of oscillation frequency 
than as hitherto been the case. 
Two embodiments of the invention Will be de 

scribed in the following specification in Which: 
Figure 1 is a circuit diagram illustrating the 

in Vention employing an arc or gas-filled two-ele 
ment tube having a negative characteristic, and 

Figure 2 is a circuit diagram showing a dy 
hatron as the negative resistance device. 
Referring to Figure 1, 0 is a suitable source 

of energy for the arc f (which may be a two 
element gas filled tube). 
The numeral 2 denotes a radio frequency 

choke coil, 3 a blocking condenser to keep the 
voltage of off the crystal electrode 4. The 
numeral 5 denotes the crystal proper and 6 is 
the remaining electrode thereof which is con 
nected to the minus side of the source of energy 
0. 

(C. 250-36) 
A potentiometer 7 may be placed in shunt 

With the crystal to provide suitable means for ob 
taining Variable output voltage. 
The output may be taken from the terminals 

i8 and obviously some other means for obtain 
ing a variable output voltage may be employed 
besides the potentiometer as shown. The out 
put may be taken off the crystal electrodes or 
terminals 4., 6. 
In Figure 2 the connections and arrangement 

are Substantially the Same as shown in Figure 1, 
9, 28 and 2i being the filament, grid and plate 
respectively of the dynatron tube. In this cir 
cuit the radio frequency choke 2 serves as the 
plate return to the energy source 0 and may be 
provided with the variable tap 22. The usual 
Source of energy 23 is provided for the filament 9. 

it Will be observed from the two examples 
above given that the piezo electric crystal 5 will 
cause the System as a Whole to oscillate at the 
natural frequency of the crystal, the only re 
quirement being that the value of the negative 
resistance of the tube or other device be low 
enough to enable it to supply the losses in the 
crystal, i. e. capable of returning to the crystal, 
each half cycle, as much energy as the crystal 
expended during the previous half cycle, which 
condition is necessary for Sustained oscillations. 
As the operation of the Various component 

parts of the two circuits shown herein by Way 
of example and the operation of the piezo elec 
tric crystal are Well understood by those skilled 
in the art a detailed description is not necessary. 
For the operation of other negative resistance 
devices other than the dynatrOn and arc herein 
ShoWn and described reference may be had to 
the pending application hereinbefore mentioned 
and although the invention has been disclosed 
in Connection with the Specific details of pre 
ferred embodiments thereof it must be under 
Stood that Such details are not intended to be 
limitative of the invention except insofar as set 
forth in the accompanying claims. 
What is claimed is: 
1. In combination, an output circuit including 

a source of energy, a negative resistance device 
including a radio frequency choke, a piezo elec 
tric crystal means for energizing said device from 
Said Source of energy, a Condenser in Series. With 
Said Crystal, Said condenser and crystal series 
being connected in shunt with said negative re 
sistance device with the condenser positioned be 
tWeen said Crystal and a positive electrode in said 
device, and a potentiometer in parallel with said 
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2 2,029,488 
crystal and output terminals for said combina 
tion connected to said potentiometer. 

2. In combination, an output circuit including 
a negative resistance device comprising a fila 

5 ment, a grid, a plate and a radio frequency choke, 
a Source of energy connected to Said grid and 
Said filament, said radio frequency choke con 
necting said plate to said source of energy, a 
condenser connected to said plate, a piezo elec 

0 tric crystal in series with said condenser and 
connected to the negative Side of Said source 
of energy, and a voltage divider in multiple with 
said crystal and connecting with the Output ter 
minals of said combination for controlling the 

ls potential Output thereof. " . . . . 

3. In combination, an output circuit including 
a negative resistance device comprising a filla 
ment, a grid, a plate, a piezo electric crystal and 

a radio frequency choke, a source of energy con 
nected to said grid and Said filament, a connec 
tion through said choke from One pole of Said 
Source of energy to Said plate and a connec 
tion between said piezo electric crystal and said 
Source of energy, a condenser, said piezo electric 
crystal being in series with said condenser con 
nected to said plate and to the negative side 
Of Said Source of energy, the condenser being 
positioned between said crystal and the plate, 0 
and a potentiometer shunted against said crystal, 
the negative resistance of said device being of a 
value...low enough to Supply energy to Said Crystal 
during any half cycle equal to the energy ex 
pended in the crystal during the previous half 5 
cycle. 
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