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This invention relates to selectivity of electric 
waves in electric circuits with mechanical ele 
ments therein and more particularly to means 
for utilizing the resonant vibration of piezo-elec 

5 tric crystals to control selectivity. 
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It has heretofore been known that an electric 
circuit may be made selective of a particular fre 
quency by placing in the circuit a piezo-electric 
crystal, the natural frequency of which is that 
which it is desired to select. The present inven 
tion is based upon the discovery that such a crys 
tal has what appears to be an inherent capacity 
and that the resonant characteristic may be in 
proved by neutralizing the effect produced by the 
component of this capacity which corresponds to 
the static condition of the crystal. The specific 
embodiment of the invention herein chosen for 
purposes of illustration comprises, specifically 
Stated, a main circuit having two branches, one 
branch containing the crystal and the other 
branch a variable condenser. An output circuit 
is coupled with the two branches through a trans 
former having a divided primary, each of said 
branches containing a portion of the primary. 
The effect of the static capacitance of the crys 
tail is thus neutralized with respect to the output 
circuit by the effect of the variable condenser. 
Due to the divided input circuit no current is 
present in the secondary winding of the trans 
former corresponding to the quiescent electro 
static capacitance of the crystal. The selectivity 
of such arrangement is dependent Solely upon the 
mechanical vibration of the crystal. The vibra 
tion may occur in a plurality of modes, or a plu 
rality of crystals having different frequencies of 
vibration may be used and thus make possible 
transmission of current of a plurality of fre 
quencies. 
A modified form of the invention is a vacuum 

tube oscillator in which a selective circuit of the 
type just described is used in the OScillation pro 
ducing feed back circuit. A variable condenser 
connected in parallel with the Secondary of the 
transformer in the input circuit of the vacuum 
tube may be used to determine which crystal vil 
bration frequency shall produce Oscillation. 

Obviously, the invention may be embodied in 
Other Specific forms. 
A more detailed description of the invention 

follows and is illustrated in the accompanying 
drawing. 

Fig. 1 is a transmission circuit embodying the 
invention. . 

Fig. 2 is a vacuum tube oscillator embodying the 
invention, 

(C. 250-36) 

Fig. 3 is a modified form of oscillator. 
Fig. 4 is an equivalent electrical circuit corre 

sponding to Fig. 1. 
Fig. 5 ShOWS curves explanatory of the inven 

tion. 
The same reference characters are used for 

identical elements in the several figures. 
The transmission circuit of Fig. 1 comprises a 

transformer 5 having a divided primary wind 
ing 6, and a secondary winding 8. One conduc 
tor 9 of a transmission circuit 10 is connected to 
the junction point of the windings 6 and 7. The 
other conductor 11 is connected to the other ter 
minal of winding 6 through a piezo-electric crys 
tal 12 and to the other terminal of winding 7 
through a variable condenser 13, which is non 
polarized, that is, having no direct current poten 
tial applied thereto. The secondary winding 8 
of transformer 5 is connected to transmission 
circuit 14. 
The piezo-electric crystal 12 is of well known 

type and for a more detailed description reference 
is made to the copending application of W. A. 
Marrison, Serial No. 730,165, filed August 5, 1924. 
With respect to the terminals of transformer 5 

connected to the crystal 12 and the condenser 13, 
the windings 6 and 7 are in series aiding rela 
tionship. It therefore follows that windings 6 
and are in parallel opposing relationship viewed 
from the transmission conductor 9 and the other 
two terminals. The condenser 13 is adjusted to 
have a capacitance equal to that of the crystal 
12 when quiescent, that is, when the crystal is 
not in a state of mechanical vibration. Under 
this condition and since the windings 6 and 7 are 
equal, current in conductors 9 and 11 will not 
cause any current in transmission circuit 14 cor 
responding to the quiescent electrostatic capacity 
of the Crystal. The fix in the transformer core 
produced by the component of current traversing 
the crystal 2 and the winding 6 due to the qui 
escent capacitance of the crystal 12 will be neu 
tralized by the current flowing through the con 
denser 13 and the winding . 
The arrangement of Fig. 1 is in fact a bal 

anced bridge arrangement in which the crystal 
12 forms one arm and the condenser 13 another, 
the transmission line 10 being conjugate to the 
transmission line 14. The circuit extending from 
transmission line 10 to transmission line 14 is 
therefore highly selective and the frequency con 
ponents of the current transmissible therethrough 
is dependent Solely upon the mechanical vibras 
tion of the crystal 12. 

In Fig. 2, the highly selective circuit of Fig. 1 
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2 
forms an element in the oscillation producing 
feed back circuit of a vacuum tube oscillator. 
Vacuum tube. 15, which is supplied with space 
current from battery 16 through a choke coil 17 
has its anode or plate connected through con 
ductor 11 to the piezo-electric crystal 12 and 
the condenser 13. A cathode or flament is con 
nected by conductor 9 to the function between 
windings 6 and . The secondary winding 8 of 
transformer 5 is connected to the input circuit. 
of the vacuum tube 15, one termina being con 
nected to the impedance controlling element or 
grid and the other terminal to the cathode 
through a grid polarizing battery 18. The fla 
ment is heated by battery 19 in circuit with a re 
sistance 20. A variable condenser 2 is con 
nected across the Secondary winding 8 for de 
termining which frequency of vibration of the 
crystal 12 is to control the generated oscillations. 
A work circuit 22 for the oscillation generator 
may be connected to the cathode and plate of 
vacuum tube 15 through stopping condenser 23. 

In Fig. 3 an Oscillation generator similar in 
many respects to that of Fig. 2 is provided with 
a plurality of piezo-electric crystals 12. The 
Condenser 3 is adjusted to have a capacitance 
equal to that of the plurality of crystals when all 
of the crystals are quiescent. If the several crys 
tals have different frequencies of vibration, it 
follows that the generation of waves of a larger 
number of different frequencies is possible. 
The Operation of Oscillation generators which 

rely upon the feed back of energy from the out 
put circuit of a three-electrode vacuum tube am 
plifier to the input circuit is well known and it 
is, therefore, unnecessary to give a further de 
tailed description of the operation, & 
In accordance with this invention an oscilla 

tor like that of Fig. 3 was constructed, the foll 
lowing values for the Several circuit elements 
being used. Two crystals having frequencies in 
the neighborhood of 50 kilocycles were used in 
stead of three. The winding 8 was a two-layer 
200 turn (bank Wound) coil on a 4.5' tube. The 
halves of a 100 turn coil on a 3' tube with cen 
ter tap constituted the windings 6 and 7. Con 
denser 13 was a variable condenser having a 
maximum capacity of the Order of 100 micro 
farads. Condenser 21 was variable having a 
maximum capacity of 0.004 of a microfarad. A 
commercial vacuum tube operable with a plate 
voltage of from 130 to 300 volts was used. 

In Fig. 4 an electrical network equivalent to 
the circuit of Fig. 1 is shown as an aid in under 
standing the operation of the actual circuit. The 
Operation of the actual circuit, however, is not 
dependent upon the correctness of this theoreti 
cal explanation. In the circuit of Fig. 4 the equiv 
alent electrical circuit of the crystal 12 consists 
of an inductance L, a resistance R and a ca 
pacity C in Series, shunted by a condenser C1, 
this parallel circuit being connected in series with 
a capacity Ca. The equivalency of such a circuit 
is fully discussed by Mr. D. W. Dye in a paper 
entitled "The piezo-electric quartz resonator and 
its equivalent electrical circuit', published by the 
Proceedings of the Physical Society of London, 
Vol. XXXVIII, page 399. The capacity C rep 
resents the quiescent electrostatic capacity of the 
Crystal. The capacity Ca represents the capacity 
of the air gaps between the electrodes and the 
crystal. The condenser 13 is adjusted to have 
a capacitance equal to that of the condensers C. 
and C2 in Series. In this arrangement it is seen 
that the flux in the core of transformer 5, due 

1994,058 
to the current flowing through the capacities C. 
and Ca in series and the primary winding 8, is 
neutralized by the flux produced by the current 
flowing through the condenser 13 to the pri 
mary Winding . 

Referring now to Fig. 5 it is evident that the 
current flowing in the secondary winding 8 for a 
given voltage impressed upon the system by way 
of conductors 9 and 1 will be different with than 
without the condenser 13. Curve A of Fig. 5 
shows about how the current in the secondary 
8 of transformer 5 varies with the frequency of 
the current flowing in conductors 9 and 1 if 
condenser 13 is omitted. Curve B shows the cur 
rent in the secondary 8 when the condenser 13 is 
adjusted to neutralize the effect of the condens 
ers C1 and Ca. The dotted curve C shows the 
absolute value of the current in the secondary 
8, if the crystal network is omitted. Curve B 

O 

may be obtained from curve A by subtracting 0 
curve C from curve A vectorially, taking account 
of the phase variation as resonance is passed 
through. It is seen that the selective quality of 
this circuit is very much increased by the add 
tion of condenser 13, the circuit acting as though 
a very slightly damped series resonant circuit 
were connected in series with the primary of 
the transformer. 
What is claimed is: 
1. A selective circuit, a piezo electric device 

therein, a translating device upon which energy 
Selected by said circuit is impressed, and means 
including a non-polarized variable condenser for 
neutralizing the effect of the static capacitance 
of said piezo electric device upon said translating 
device. 

2. A selective circuit, a piezo electric device 
therein, a translating device upon which energy 
Selected by Said circuit is impressed, and means 
including a non-polarized condenser for neu 
tralizing the effect of the static capacitance of 
Said piezo electric device upon said translating 
device. & 

3. A Selective circuit, a piezo electric device 
therein, a translating device upon which energy 
Selected by said circuit is impressed, and means 
including a non-polarized variable condenser 
connected in parallel relation to said piezo elec 
tric device with respect to said circuit for neu 
tralizing the effect of the static capacitance of 
said piezO electric device upon said translating 
device. 

4. In a transmission system, a balanced bridge 
arrangement, a piezo electric device connected 
in one arm of said bridge, and a non-polarized 
variable condenser connected in another arm of 
said bridge. 

5. In a transmission system, a balanced bridge 
arrangement having conjugate bridge circuits, a 
piezo electric device connected in one arm of said 
bridge, a non-polarized variable condenser con 
nected in another arm of said bridge, an input 
circuit adapted to impress alternating current 
energy upon one of said conjugate bridge cir 
cuits, and a load circuit connected to the other 
of Said conjugate bridge circuits. 

6. In a wave transmission system, a trans 
former having two primary windings connected 
in series aiding relationship and a secondary 
winding, an input circuit having one terminal 
Connected to the junction between said primary 
windings and the other terminal connected 
through a piezoelectric device to the other ter 
minal of one primary winding and through a 
Condenser to the other terminal of the other 
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primary winding, and an output circuit connected 
to said secondary winding. 

7. In a Wave transmission system, a trans 
former having two primary windings and a sec 

5 Ondary winding, an input circuit connected to 
said primary windings in parallel opposing rela 
tionship, a piezo electric resonator connected in 
Series with One of said windings, a condenser 
having a capacitance equal to the inter-electrode 
capacitance of the resonator when quiescent con 
nected in Series with the other of said Windings, 
and an output circuit connected to said secondary 
Winding. 

8. An oscillation generator comprising a space 
discharge device having an output and an input 
circuit, a piezo electric crystal, means to feed 
back energy from said output to said input cir 
cuit through said crystal, and means independ 
ent of the discharge device to prevent the feeding 
back of the portion of such energy which is due 
to the static capacitance of said crystal. 

9. In an Oscillation generator, a three-electrode 
Space discharge amplifier having an output and 
an input circuit, a plurality of piezo electric crys 
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to said input circuit through said plurality of 
piezo electric crystals, and means to prevent the 
feeding back of the portion of such energy which 
is due to the static capacitance of said crystals. 

10. In an oscillation generator, a three-elec 
trode Space discharge amplifier having an output 
and an input circuit, a transformer having two 
primary windings and a secondary winding, 
means to connect said primary windings in par 
allel opposing relationship to the output circuit 
of said amplifier, a piezo electric resonator con 
nected in series with one of said windings, a 

80 

condenser having a capacitance equal to the , 
inter-electrode capacitance of said resonator 

40 when quiescent, connected in series with the other 
of said windings, and means to connect said 
Secondary winding to the input circuit of said 
amplifier. 

11. In an oscillation generator, a three-elec 
45 trode space discharge amplifier having an output 

and an input circuit, a transformer having two 
primary windings and a secondary winding, means 
to connect said primary windings in parallel op 
posing relationship to the output circuit of said 

50 amplifier, a plurality of piezo electric resonators 
connected in series with one of said windings, 
a condenser having a capacitance equal to the 
interelectrode capacitance of said resonators 
when quiescent, connected in series with the other 

55 of said windings, and means to connect said 
secondary winding to the input circuit of said 
amplifier, 

12. An oscillation generator comprising a space 
discharge device having an output and an input 

tals, means to feed back energy from said output 

3 
circuit, a piezo electric crystal, means to feed 
back energy from said Output to said input cir 
cuit through said crystal, means independent of 
the discharge device to prevent the feeding back 
of the portion of Such energy which is due to 
the static capacitance of Said crystal, and means 
to determine the mode of vibration of the crystal 
controlling the frequency of the generated waves. 

13. In an Oscillation generator, a space dis 
charge amplifier having an output and an input 
circuit, a plurality of piezo electric Crystals, 
means to feed back energy from said output to 
said input circuit through said plurality of piezo 
electric crystals, means to prevent the feeding 
back of the portion of such energy which is due 
to the static capacitance of said crystals, and 
means to determine the one of said plurality of 
crystals controlling the frequency of the generated 
WaWeS. 

14. An electrical filter for discriminating be 
tween a plurality of different frequencies com 
prising in combination one or more piezo-electric 
crystals connected between and serving to couple 
an input circuit and an output circuit, and means 
comprising a variable condenser for neutralizing 
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the effective capacity of the piezo-electric crystal 
or crystals. 

15. In electrical apparatus, a reactance, a piezo 
electric crystal in series with one portion of the 
reactance, and, another reactance connecting the 
crystal in series with all of said first mentioned 
reactance. 

16. In an electrical apparatus, a bridge circuit 
having a reactance in each of three arms of the 
bridge, and, a plurality of piezo-electric crystals 
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35 
and associated electrodes therefor in the fourth 
arm of the bridge, and, input and output circuits 
across opposite corners of the bridge, 

17. A frequency selective network comprising 
a plurality of piezo-electric crystals electrically 
connected in parallel and having different reso 
nance frequencies, and means for neutralizing 
the inter-electrode capacity of the crystals. 

18. In combination, a wave receiving circuit, 
a loop circuit connected serially in Said receiving 
circuit and therefore in such manner that the 
wave in said receiving circuit flows through the 
loop in two parallel branches, a piezoelectric de 
vice in one branch of the loop and an impedance 
means in the other branch of the loop, the elec 
trical characteristics of said impedance means 
relatively to the static characteristics of Said 
piezoelectric device being such that the respective 
portions of the received wave flowing in said 
branches of the loop tend to mutually oppose 
each other in the circulatory path constituted 
by the loop, 
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