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It is known that a piezo-electric crystal may 
be considered, in respect of frequencies adjacent 
to its resonance frequency, as equivalent to a 
resonating network consisting of a capacitor, an 
inductor and a resistor arranged in Series. With 
each other; this fact means that Such a Crystal 
develops a current resonance. 
On the other hand crystal-stabilized netWorks 

showing a voltage resonance are often required 
in the art of piezo-oscillators and of piezo-elec 
tric filterS. 
The present invention is directed to provide 

a class of networks which may be easily built up 
and in which, by taking advantage of the current 
resonance of a crystal, a Voltage resonance may 
be obtained at a frequency exactly correspond 
ing with the natural frequency of Said Crystal. 
On the annexed drawing: 
Figure 1 shows a network equivalent to a crys 

tal in proximity of its natural frequency, 
Figs. 2d. and 2b are the resonance Curves of 

a quartz crystal in proximity of the natural fre 
quency of said crystal and more particularly 
Fig. 2d shows the progression of the current 
amplitude in terms of frequency the Voltage ap 
plied to the quartz crystal electrodes being held 
constant, and Fig. 2b shows the progression of 
the phase angle between the current and Voltage 
in terms of frequency; 

Fig. 3 is a diagram of a knoWn, netWOrk Of 
the involved class; 

Fig. 4 is a diagram of a netWork of this inven 
tion including a resistor shunted acroSS a crystal; 

Fig. 5 is a diagram similar to Fig. 4 including 
an inductor shunted acroSS a crystal; 

Fig. 6 is a diagram of a network of this in 
vention including two capacitors in a series cir 
cuit shunted across a crystal; 

Fig. 7 is a diagram of a netWork of this in 
vention including a resonating circuit shunted 
acroSs a Crystal, and 

Fig. 8 is a diagram of a network of this inven 
tion including two crystals with a tap inter 
mediate them. 
As illustrated in Fig. 1, CG, Ig and Rq show con 

ventionally a netWork including a capacitor, an 
inductor and a resistor which in their Whole are 
equivalent to the Oscillatory System provided by 
a crystal; Cpl ShoWS the interellectrode capacity 

(C. 178-44) 
of the Crystal which usually has very reduced 
Value and may be ignored in most cases, 

Considering Figs. 2a and 2b which are the as 
Sociate resonance curves of a quartz crystal in 
proximity of the natural frequency of the crystal 
and ShoW respectively the progression of the cur 
rent amplitude (I) in terms of frequency (f) 
When the Voltage applied to the quartz crystal 
electrodes is held constant, and the progression 
Of the phase angle (p) between the current and 
the Voltage in terms of frequency (f), it derives 
that the phase difference (p) between the cur 
rent and the Woltage is Zero when the maximum 
current amplitude is reached; this means that 
the crystal acts as a pure ohmic resistance (Rq). 
To obtain a Voltage resonance in a crystal 

stabilized netWOrk it is known to insert a crystal 
Q in Series. With one of the two paths of a reso 
nating network including a capacitor C and an 
inductor L arranged in parallel, as shown in 
Fig. 3. However the netWorks of this kind are 
subject to the objection that the crystal, instead 
of keeping itself exactly at the point O of Zero 
phase angle (Fig. 2), tends to act as an inductor 
or as a capacitor respectively according to the 
inductive or capacitive character of the network 
path in which it is inserted; in other words, 
having in mind the diagrams of FigS. 2d. and 2b 
Said point Will shift towards L or towards C, re 
Spectively. It derives that the frequency of op 
eration Will not longer be the resonance fre 
quency of the Crystal but a somewhat higher or 
IoWer frequency. 
The present invention provides for removing 

said objection by connecting one of the taps of 
the OScillatory netWork at a point of the network 
having the average or medium potential of the 
piezo-Oscillator. 

Fig. 4. ShoWS diagrammatically an embodiment 
in which a resistor R. is shunted across a crystal 
Q and one (t) of the two taps of the network is 
connected. With the centre of Said resistor while 
the other tap (t') is connected with the ends 
of Said Crystal by paths including a capacitor C 
and an inductor respectively. 

It has been found that in such a network the 
resonance frequency of the stabilized Oscillatory 
netWork corresponds. exactly. With the natural 
frequency of the crystal and is entirely inde 
pendent of the resistance value of the resistor 
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2 
R. Further the two bands of the resonance curve 
of the network are Symmetrical with respect to 
the resonance frequency. 

It has also been found that the amplitude of 
the resonance Voltage of Such a netWork Or, in 
other Words, its aptitude to be piloted by the 
crystal, varies with the Variation of the resist 
ance value of the resistOr R and reaches an 
optimum when said resistor has a resistance value 

L R=WE 
L and C being the resistance and capacity Values 
of the inductor I and capacitor C in Fig. 4, 
respectively. 
In the embodiment of Fig. 5 an inductor L1 is 

Substituted for the resistor R, and in Fig. 6 tWO 
capacitors C1 and C2 having equal capacities are 
Substituted for said resistor R, the tap t being 
at the centre of inductor T1 and between capaci 
tors C and C2 respectively. 
Both the networks of Figs. 5 and 6 have a res 

onance frequency corresponding exactly With 
that of the crystal Q; of course when tuning said 
networks the values of L1 and of C1, C2 must be 
considered, respectively. 

Figure 7 shows a network in which a tuned 
circuit consisting of a capacitor C1 and an induC 
tOr L1 is substituted for the resistor R. This ar 
rangement is of particular advantage When the 
value of the interellectrode capacity Cp Cannot 
be neglected. Then the network elements Will be 
adjusted in such a manner that the reSOnance 
frequency of the network portion including the 
inductor I, and capacitor C is equal to that of the 
portion thereof including the inductor L1 and the 
capacitor C1 and capacity Cp in parallel. Then 
the effect of capacity Cp will be entirely nullified 
and the resonance frequency of the netWork Will 
exactly have the value depending upon the values 
Lq, Cd and Rq equivalent to the crystal Q. 
In connection with the networks of Fig. 5 and 

Fig. 7 it is particularly useful to closely inter 
couple the two sections of the inductor L1 at the 
sides of the central tap thereof, as ShoWn at S. 
It is thus obtained that said inductor ShoWS no 
impedance against the voltage impressed at the 
ends of the network in that the fluxes in Said tWO 
inductor sections will cancel each other they 
being interlinked and in opposition. Thus undue 
voltage drops are avoided. 

Fig. 8 illustrates a network equivalent to that 
of Fig. 5; in said network the assembly consist 
ing of the crystal and the impedance element with 
central tap is substituted by two crystals Q1 and 
Q2 having identical features, one of them being 
inserted in the inductive path of the resonant net 
Work While the other one is inserted in the 
capacitive path thereof. 
What I claim as my invention and desire to 

secure by United States Letters Patent is: 
... An OSciliatory network of the tWO terminal 

type comprising an inductive element and a 
capacitive element, a tap of Said network pro 
vided between One end of Said inductive and 
capacitive elements, piezo-electric Crystal means 
connected between the other end of Said inductive 
and capacitive elements, the second tap of Said 
network being provided at a point having the 
average or medium potential of Said Crystal 
healS. 
2. An Oscillatory network of the tWO terminal 

type comprising an inductive element and a 
capacitive element, a tap of said network pro 
vided between one end of said inductive and 

2,154,849 
capacitive elements, a piezo-electric crystal con 
nected between the other end of Said inductive 
and capacitive elements, an impedance element 
shunted across said piezo-electric crystal, the sec 
Ond tap of said network being connected with the 
central point of Said impedance element, 

3. An oscillatory network of the two terminal 
type comprising an inductive element and a 
capacitive element, a tap of Said netWork pro 
Wided between one end of Said inductive and 
capacitive elements, a piezo-electric Crystal con 
Inected between the other end of Said inductive 
and capacitive elements, a resistor shunted acroSS 
Said piezo-electric crystal, the Second tap of Said 
network being connected. With the central point 
of said resistor, 

4. An oscillatory network of the two terminal 
type comprising two paths, an inductive element 
in one of said paths and a capacitive element in 
the other path, a tap of said network provided be 
tween one end of Said inductive and capacitive 
elements, a piezo-electric crystal connected be 
tWeen the other end of Said inductive and capaci 
tive elements, a resistor Shunted acroSS said piezo 
electric crystal, said resistOr having a resistance 
Value 

L Ras- Vé 
in Which T, and C are the total inductance value 
and the total capacitive value of the two respec 
tive paths of said network, the second tap of said 
network being connected to the central point of 
Said resistor. 

5. An oscillatory network of the two terminal 
type comprising an inductive element and a 
capacitive element, a tap of Said network being 
provided between one end of Said inductive and 
capacitive elements, a piezo-electric crystal con 
nected between the other end of said inductive and 
capacitive elements, and a capacitive reactance 
element shunted across said piezo-electric crystal, 
the Second tap of Said netWork being connected 
With the central point of said capacitive reac 
tance element. 

6. An oscillatory netWork of the two terminal 
type comprising an inductive element and a 
capacitive element, a tap of said network being 
provided between one end of said inductive and 
capacitive elements, a piezo-electric crystal con 
nected between the other end of Said inductive 
and capacitive elements, and an inductive reac 
tance element Shunted across said piezo-electric 
Crystal, the Second tap of Said network being con 
nected With the central point of said inductive 
reactance element. 

7. An OScillatory network of the two terminal 
type comprising an inductive element and a 
capacitive element, a tap of said network being 
provided between One end of Said inductive and 
capacitive elements, a piezo-electric crystal con 
nected between the other end of said inductive 
and capacitive elements, and a capacitive and an 
inductive reactance element shunted across said 
piezo-electric crystal, the second tap of said net 
work bing connected with the central point of 
said inductive reactance element, 

8. An OScillatory netWork of the two terminal 
type comprising an inductive element and a 
capacitive element, a tap of said network 
being provided between one end of Said in 
ductive and capacitive elements, a piezo-elec 
tric crystal connected between the other end 
of said inductive and capacitive elements, 
and an inductive reactance element shunted 
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across said piezo-electric crystal, the second 
tap of said network being connected with 
the central point of Said inductive reactance 
element and the Sections of said inductive reac 
tance element at the sides of said central tap 
being closely intercoupled with each other. 

9. An oscillatory network of the two terminal 
type comprising an inductive element and a 
capactive element, a tap of said network being 
provided between one end of said inductive and 
capacitive elements, a piezo-electric crystal con 
nected between the other end of Said inductive 
and capacitive elements, an impedance element 
shunted across said piezo-electric crystal, said 
impedance element forming With the interelec 

3 
trode capacity of said Crystal an antiresonant 
circuit at the resonance frequency of said net 
work, the second tap of said network being con 
nected with the central point of said impedance 
element. 

10. An oscillatory network of the two terminal 
type comprising an inductive element and a ca 
pacitive element, a tap of said network being pro 
vided between One end of said inductive and 
capacitive elements, two piezo-electric crystals 
connected between the other end of Said inductive 
and capacitive elements, the Second tap being 
provided between said two crystals. 
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