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This invention relates to filters for discrin 
inating between energies of different frequen 
cies, and more particularly to filters for selecting 
desired frequencies from undesired frequencies 
When the difference is very Sinal relative to the 
frequencies involved. 
In employing high frequency carrier Waves 

for connunication purposes there frequently 
arise situations where it is desirable to discrini 
irate between frequencies, and filters have a S 
sumed great importance. For example, it is 
often desired after inodulation to suppreSS a car 
rier" and to utilize only one of the two side bands 
resulting from modulation of the carrier. When 
very high carrier frequencies are ernplayed the 
percentage difference between the two side 
bands is exceedingly snail, and separation be 
comes difficult. It is an object of inly invention 
to provide a highly selective filter, and this I 
do by employing a piezo-electric crystal having 
a resonance frequency equal to the desired fre 
quency. 
Owing to the fact that the crystal and its hold 

er form a condenser through the capacitance of 
which frequencies may be transferred which dif 
fer from the resonance frequency of the crystal 
it is desirabie to so arrange the filter circuits 
that, the capacitance of the crystal and crystal 
holder is neutralized, and to do this is a fur 
ther object of my invention. The crystal is 
nounted in one arrin of a symmetrical impedance 
bridge, and the input and output circuits of the 
filter are connected to different pairs of op 
posite corners of the bridge, thus obviating any 
coupling between the input and output circuits 
by reason of the capacitance of the crystal and 
its holder. 

Because its resonance curve is exceedingly 
sharply defined a crystal filter may be too selec 
tive for many purposes. To fulfill the need for 
a band filter, rather than a single frequency 
filter, while iretaining the advantages of a crys 
tal filter, is a still further object of my invention. 
The widening of the filter characteristic may be 
accomplished in a number of ways, and in some 
cases it proves preferable to use a corabination 
of methods. One method is to employ a plu 
rality of crystals of different adjacent reson 
ance frequencies distributed over the desired 
frequency band and connected electrically in 
parallel. In this manner the frequency selec 
tion may be widened from a sharp peak to a 
well-defined band, the width of which will de 
pend upon the range of frequency of the various 
crystals employed. 

(CI. 178-44) 
Another expedient for broadening the filter 

characteristic is the use of a parallel resonant 
circuit shunted across the output circuit of the 
Crystal. In such case, in effect, the crystal filter 
Inay be compared to a single section of a Camp 
bell band filter, wherein the series resonant cir 
cuit has been replaced by the crystal. The crys 
tal filter has the advantage of being so sharply 
Selective that the necessity for more than a 
single Section probably will never arise. 
The invention is described more completely in 

the following Specification, which is accom 
panied by a drawing in which 

Figure 1 is a wiring diagram for a simple form 
of crystal filter; 

Figure 2 is a modification of Figure 1 rear 
ranged in the form of a bridge; 

Figure 3 shows the use of a plurality of crys 
tals; 

Figure 4 is a wiring diagram for a modifica 
tion employing a parallel resonant output 
circuit; 

Figure 5 is explanatory of Figure 4; 
Figure 6 is a resonance curve for the modifi. 

cation shown in Figure 4; and 
Figure 7 is an arrangement, which is a conn 

bination of Figures 3 and 4. 
Referring to Figure 1, a crystal 2is placed be 

tWeen the electrodes of a crystal holder A. Which 
is series connected between an input coil 6 and 
an output coil 8. For neutralization, either the 
input or output coil imay be divided and a neutral 
izing conderaser connected in circuit as shown 
in Figure 1. The filter will, of course, work 
equally well in both directions, and therefore the 
coil 8 may be used as an input circuit, and the coil 
6 as an output circuit. In the simplest case the 
coil 6 is divided into two equal parts and the con 
denser l) is made equal in capacitance to the 
Crystal and its holder. 
From a more general aspect the circuits need 

not necessarily be inductively coupled, for in some 
cases capacitive coupling may work equally Well, 
and Figure 2 is included to show the more gen 
eral case of a reactance bridge comprising a crys 
tal and holder 2, 4 in one arm of a bridge, a con 
deraser in another arm, and reactances 2 and 
4 constituting the remaining arms of the bridge. 
The circuits 6 and 8 may be the input and out 
put circuits, or vice versa. The reactances 2 
and 4 may be capacitive or inductive, and equal 
or unequal, provided that the bridge is brought to 
Symmetry by proper adjustment of the condens 
er f0. The circuits 6 and 8 cannot interact 
With respect to energy transferred thru the ca 
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2 
pacitance of the crystal and its holder because of 
the Symmetrical coupling of the input and out 
put circuits to the bridge, but it is only with re 
spect to such capacitively transferred energy that 
the circuits are symmetrical. For energy trans 
ferred through the crystal 2 by resonance there is 
no opposing energy transferred through the con 
denser 0, and therefore the circuits 6 and 8 are 
operatively coupled together for energy of reso 
nance frequency. 
In Figure 3 the arrangement is much like that 

shown in Figure 1. With the exception that in this 
case a plurality of crystals 2, 2', 2' are shown be 
tWeen the electrodes of the Crystal holder 4. AS 
is schematically indicated in the figure, the plu 
rality of crystals may be situated between the 
Single pair of electrodes of one crystal holder, or 
there may equally Well be employed a plurality of 
separate Crystals and crystal holders electrically 
connected in parallel, as indicated in Figure 7. 

In Figure 4 there is a crystal and holder 2, 4, a 
divided input coil 6, a neutralizing condenser 0, 
and acroSS the output circuit there is connected 
a parallel resonant circuit 20. The output circuit 
in this case is shown connected to the grid and 
cathode of an amplifying tube 22, but this is not 
material to the present invention and has been 
included only to show that the output circuit need 
not necessarily be coupled to a next Succeeding 
circuit by means of transformer coupling. The 
parallel resonant circuit 29 Serves to broaden out 
the resonance curve of the filter. 
The action of the circuit 20 in Figure 4 may be 

explained with the aid of the circuit shown in 
Figure 5, wherein a series resonant circuit C1 L1 
has been Substituted for the crystal 2. For the 
resonance frequency energy freely traverses the 
series resonant circuit C1 1, and is blocked by 
the parallel resonan circuit C2 I2. For a fre 
quency slightly above resonance the series reso 
nant circuit becomes predominantly inductive 
and the parallel resonant circuit becomes pre 
dominantly capacitive, thus tending to create 
series resonance in C1. Il C2 12, accompanied by a 
current flow which tends to raise the potential 
at the point A. On the other hand, for a fre 
quency slightly below resonance the series reso 
nant circuit becomes predominantly capacitive, 
the parallel resonant circuit becomes predomi 
nantly inductive, again tending to create series 
resonance, and so raising the potential at the 
point A. In consequence a resonance curve Such 
as 22, in Figure 6, is changed to a resonance curve 
like that numbered 24. 
In Figure there is suggested a crystal filter for 

the selection of a frequency band governed by the 
use of both a plurality of parallel connected Crys 
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tals and a parallel resonant output circuit. The 
combined circuit has certain advantages not 
found in the individual circuits, for the reason 
that by using the parallel resonant output cir 
cuit, as well as the plurality of crystals, the crest 
of the band filter curve may be Smoothed Out, 
While one of the important advantages of the 

crystal filter is the great Selectivity of only a 
single section, there may be used if necessary, a 
plurality of Sections in concatenation. It is also 
clear that the circuit shown in Figure 1 may be 
connected acroSs a circuit, instead of in Series 
with a circuit, in order to eliminate an undesired 
frequency, the neutralization Serving to prevent 
the elimination of other frequencies through the 
natural capacitance of the Crystal and its holder. 
I claim: 
1. A band pass filter comprising, a plurality of 

21,246 
piezo-electric crystals electrically connected in 
parallel and having different adjacent resonance 
frequencies, and means for neutralizing the inter 
electrode capacity of the crystals. 

2. In combination, an input circuit containing 
a plurality of frequencies, an output circuit, and 
interposed between Said input and output cir 
cuits a band paSS filter COInprising a pair of elec 
trodes and a plurality of piezo-electric crystals 
Situated between Said electrodes and having dif 
ferent, adjacent, resonant frequencies, each crys 
tal having a Surface adjacent each electrode 
Whereby a band of frequencies is passed to said 
output. 

3. A crystal band filter comprising an input 
circuit including an input coupling reactance, an 
Output circuit including an output coupling re 
actance, and means coupling Said Circuits includ 
ing a plurality of parallel Connected piezo-elec 
tric crystals of different resonance frequencies 
distributed over the desired frequency band for 
paSSing a band of frequencies from Said input to 
Said output. 

4. A crystal band filter comprising an input 
circuit, an output circuit, means coupling said 
circuits including a plurality of parallel connected 
piezo-electric crystals having different resonance 
frequencies distributed over the desired frequency 
band, and means to neutralize the effect of the 
capacitance of Said crystals and their electrodes. 

5. A Crystal band filter cornprising an input 
circuit, a parallel resonant output circuit, and 
means Coupling then including a plurality of 
piezo-electric crystals. Whereby a predetermined 
band of frequencies are transmitted by the filter 
having different adjacent resonance frequencies 
for passing from Said input to said output a band 
Of frequencies. 

6. A Crystal band filter comprising an input 
circuit, a parallel resonant output circuit, and 
means coupling Said circuits including a plurality 
of parallel connected piezo-electric crystals hav 
ing different adjacent resonance frequencies for 
paSSing a band of frequencies from Said input to 
Said output. 

7. A crystal band filter comprising an input 
circuit, a parallel resonant output circuit, means 
coupling Said circuits including a plurality of 
parallel connected piezo-electric crystals having 
different adjacent resonance frequencies, elec 
trodes for Said Crystals, and means to neutralize 
the effect of the capacitance of said crystals and 
electrodes. 

8. In electrical apparatus, a bridge circuit hav 
ing a condenser in each of three arms of the 
bridge and a piezo-electric crystal and its aSSO 
ciated electrodes connected in the fourth arm of 
the bridge, and, input and output circuits across 
Opposite corners of the bridge. 

9. A band pass filter comprising a plurality of 
piezo-electric crystals electrically connected in 
parallel and having different resonance fre 
quencies, each Crystal passing currents of fre 
quencies within a narrow portion of said band, 
the portions of said band passed by the various 
crystals being adjacent and overlapping each 
other, and means for neutralizing the inter 
electrode capacity of said crystals. 

10. A crystal filter comprising a symmetrical 
bridge having four arms, a piezo-electric crystal 
in one of Said arms, and a capacitance in each of 
said other arms, at least one of Said capacitances 
being variable for neutralizing the capacity on 
said crystal and for enabling adjustment of said 
bridge. 
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11. An electric wave filter of variable paSS 

band width having a piezo-electric crystal for 
determining the minimum width of the frequency 
band passed by the filter, adjustable impedance 
means for variably increasing the width of the 
band over a substantially Wider range, the maxi 
nun Value of Said adjustable impedance Inleans 
being substantially greater than the impedance of 
the crystal at resonance, and variable means for 
neutralizing the capacity of said crystal, said first 
means having Output terminals. 

12. An electric Wave filter of variable pass-band 
width having a piezo-electric crystal for deter 
mining the minimum width of the frequency band 
passed by the filter, and means comprising a cir 
cuit including a Variable impedance in Series With 
said crystal for increasing the Width of the band 
over a substantially wider range at the will of the 
operator, the maximum value of impedance of Said 
circuit being substantially greater than the in 
pedance of Said crystal at resonance, and Variable 
means for neutralizing the capacity of Said crystal. 

13. An electric Wave filter of variable paSS-band 
Width having a piezo-electric crystal for deter 
mining the minimum width of the frequency band 
passed by the filter, means for variably increasing 
the width of the pass band, and variable means for 
neutralizing the capacity of Said Crystal. 

14. An electric wave filter of variable pass-band 
width having a piezo-electric crystal for deter 
mining the minimum width of the frequency band 
passed by the filter, means for variably increasing 
the Width of the pass band comprising means for 
introducing in series with Said Crystal a variable 
impedance having a variable resistance compo 
nent which is appreciably larger than the in 
pedance of said crystal at resonance, and variable 
means for neutralizing the capacity of said crystal. 

15. A crystal band-pass filter comprising a Syn 
metrical bridge having four arms, a piezo-elec 
tric crystal in One of Said arms, and a reactance 
in each of said other arms, at least One of said 
reactances being a capacitance, Said capacitance 
being variable for neutralizing the capacity on 
said crystal and for enabling adjustment of said 
bridge, and means for variably increasing the 
band width of the filter over a substantially wider 
range comprising a circuit whose impedance is 
substantially greater than the impedance of said 
crystal at resonance. 

16. A crystal band-paSS filter comprising a 
piezo-electric crystal, means comprising a parallel 
resonant circuit connected thereto for variably 
adjusting the width of the band of said filter, and 
a variable condenser for neutralizing the capacity 
of said crystal, the maximum value of the im 
pedance of said parallel resonant circuit being 
substantially greater than the impedance of Said 
crystal at resonance. 

17. An electric wave filter comprising an input 
circuit, an output circuit, circuit means compris 
ing a piezo-electric substance for electromechani 
cally coupling said input and an Output circuit 
including a variable impedance circuit in series 
with said substance for varying the frequency 
band width of the filter, the maximum value of 
said variable impedance circuit being Substan 
tially greater than the impedance of Said crystal 
at resonance, and means for neutralizing the 
capacity of said piezo-electric Substance. 
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18. An electric wave filter of variable pass-band 

Width having a piezo-electric crystal for deter 
mining the minimum width of the frequency band 
passed by the filter, means for increasing the 
Width of the band Over a substantially wider range 
at the Will of the operator, and means comprising 
a. Variable reactance for applying to the crystal 
circuit a voltage of controllable phase and value. 

19. An electric wave filter of variable pass-band 
Width having a piezo-electric crystal for deter 
raining the minimum width of the frequency band 
paSSed by the filter, means comprising a circuit 
including a variable impedance in series with said 
crystal for increasing the width of the band over a 
Substantially wide range at the will of the oper 
ator, and means for applying to the crystal circuit 
a Voltage of controllable phase and value. 

20. In a wave communication system, the 
method of discriminating between a band of sig 
inals and undesired signal waves, which comprises 
Selecting from the incoming signal energy the 
energy which is mainly of the frequencies of said 
band, Separating a relatively small amount of the 
total incoming signal energy and combining said 
Small amount of energy in phase opposition with 
the said Selected signal energy. 

21. A crystal band-pass filter comprising a sym 
netlical bridge having four arms, a piezo-elec 
tric crystal in one of said arms, and a reactance 
in each of Said other arms, at least one of said 
reactances being a capacitance, said capacitance 
being variable for neutralizing the capacity on 
Said crystal and for enabling adjustment of said 
bridge, and means for variably increasing the 
band Width of the filter over a substantially wider 
range, said means comprising an inductance and 
a variable capacitor in parallel to said inductance, 
Said capacitor having such a value and such a 
range of adjustment as to vary the band width of 
the filter. 

22. In combination, a series circuit comprising 
a Source of Voltage, a piezo-electric crystal and a 
parallel tuned circuit, and a potential operated 
utilization circuit connected across parallel tuned 
circuit, the impedance of said parallel tuned cir 
cuit When adjusted to the natural frequency of 
Said Crystal being large compared to the series 
resistance of said crystal at its natural frequency, 
whereby the ratio of the voltage across the paral 
lel tuned circuit to the voltage of said source is 
Close to unity over the range of frequencies 
Eughout which the aforesaid impedance holds 
le. 

23. In combination, a series circuit comprising 
a Source of Voltage, a piezo-electric crystal and a 
parallel tuned circuit, and a potential operated 
utilization circuit connected across parallel tuned 
circuit, the impedance of said parallel tuned cir 
cuit When adjusted to the natural frequency of 
Said Crystal being large compared to the series 
resistance of said crystal at its natural frequency, 
whereby the ratio of the voltage across the paral 
lel tuned circuit to the voltage of said source is 
close to unity over the range of frequencies 
throughout which the aforesaid impedance holds 
true, and means for reducing the range of fre 
quencies Over which Said impedance relation 
holds true, 
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