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UNITED STATES PATENT OFFICE 
FREQUENCY SENSITIVE ELEMENTs 

John Stone Stone, San Diego, Calif., assignor to 
American Telephone and Telegraph 
a corporation of New York Company, 
Application April 12, 1940, Serial No. 329,380 

14 Claims. (C. 179-1715) 
An object of my invention is to produce in 

proved frequency sensitive elements. 
Another object of this invention is to produce 

an amplifying nodulator. Another object of my 
invention is to produce a constant frequency 
Oscillator. 
These and various other objects of my inven 

tion will be made apparent in the following speci 
fication and claims, taken with the accompany 
ing drawings in which I have illustrated a limited 
number of specific embodiments of the invention. 
The term "frequency sensitive elements' as 

used in this specificatiun signifies a device which 
has an impedance-frequency curve whose slope 
at a point of inflection is very steep. Thus if Z 
be the impedance of the device at a point of in 
flection corresponding to the frequency n, and if 
no be the resonance or the antiresonance fre 
quency of the device nearest to n, then 

has been taken as the measure of the steepness 
of the impedance curve at said point of inflection. 

O 

5 

a condenser telephone transmitter may have its 
apparent capacity magnified. Fig. 15 illustrates 
how a crystal may have its antiresonance point 
lowered. Fig. 16 illustrates a feed-back arrange 
ment between the modulator and constant fre 
quency source of energy, and also an arrange 
ment whereby, if desired, the carrier frequency 
may be suppressed in the output or utilization 
circuit 3, 3’. Fig. 17 illustrates the orientation 
of a crystal section in a quartz crystal. The 
crystal section here shown is known as the Curie 
cut and is used as the specific crystal of reference 
in this specification. Fig. 18 is a set of curves 
illustrating more specifically the mode of opera 
tion of the organization of Figs. 6a and 6b. Fig. 
19 is a set of curves illustrating more specifically 
the mode of Operation of the organization of 
Figs. 8a, and 8b. Fig. 20 is a set of curves illus 
trating One mode of Operation of the devices of 

20 Figs. ia and 7b, and the characteristic curves of 
one of our simpler crystals at and in the imme 
diate vicinity of its resonant frequency. Fig. 21 
is a curve illustrating the mode of operation of 
the device of Figs. 9a and 9b. Fig. 22 is a set of 

In United States Patent No. 2,232,891 to J. S. 25 curves illustrating the mode of operation of Figs. 
stone, February 25, 1941, the simple antiresonant 
circuit of Figure 5 was disclosed as the frequency 
sensitive element in an amplifying modulator 
and the mode of operation of the frequency sen 
sitive element in the operation of modulating a 
high frequency current was there fully disclosed. 
The present invention will be best understood 

by having reference to the accompanying draw 
ings. Figures 1, 2, 3, 3a and 4 are highly sche 
matic diagrams illustrative of some of the uses 
to which frequency sensitive elements may be 
put. 

Figure 5 is a circuit diagram of a simple anti 
resonant circuit. Fig. 5a is a circuit diagram 
used to distinguish between the resonant and 
antiresonant circuit. Figs. 6a, 7a, 8a, 9a, 126 and 
13a illustrate examples of frequency sensitive 
elements, while Figs. 6b, 7b, 7c, 8b, 9b, 9a, 12b, 
13b, 3c illustrate, respectively, these frequency 
sensitive elements equipped with condenser tele 
phone transmitters adapted to fluctuate the criti 
cal frequency of the element. Fig. 10 is a circuit 
diagram illustrating the circuit equivalent of a 
piezo electric crystal when vibrating to frequen 
cles in the neighborhood of its resonance fre 
quency nr and of its antiresonance frequency ra. 
Fig. 11 is a circuit diagram used to explain the 
function and mode of operation of the crystal K" 
in the organizations of Figs. 12a, 12b, 13a and 

12a and 12b. 
In Figs. 1, 2, 3,3a and 4 the device A is a source 

of constant and high frequency electromotive 
force, B is a frequency sensitive element, C (which 

30 does not occur in Fig. 3) is a condenser telephone 
transmitter, and D is any suitable transforming 
or translating device adapted to pass the energy 
of the high frequency current on to the utiliza 
tion circuit 3, 3, either as an amplitude modu 

35 lated high frequency current or as an audio fre 
quency current depending on the nature of D. 
f, t , 2, 2’, 3, 3, 4, 4' are conductors. 
In Fig. 1 the frequency elements are combined 

to form a modulator circuit in which the con 
40 denser transmitter C controls the frequency sen. 

45 

sitive element B. Fig. 2 is a similar circuit in 
which the transmitter C controls the source A. 
In Fig. 3 the source A and frequency sensitive 
element B are so connected that the frequency 
of the source A is governed by the natural period 
of the frequency sensitive element B. In Fig. 3a. 
this combination is used to supply the carrier 
frequency to a second, frequency sensitive ele 
ment B which functions as a modulator, the 

50 modulator in turn being controlled by the con 
denser transmitter C. In Fig. 4 a single fre 
quency sensitive element B serves both as a sta 
bilizer for the frequency of the source A and as 
a modulating element under the control of the 

13b. Fig. 14 is a circuit diagram illustrating how 55 condenser transmitter C. 
  



2 
The frequency sensitive element. E. Yaay taxe 

the form shown in Fig. 5, which illustrates ar. 
antiresonant circuit, the behavior of which cis 
cuit is typical of the types of frequency sensitive 
elements disclosed in this specification. In Eig. 5 
C is an air-electric Condeser, Lu is an ai'ecored 
inductance coil, and G is a source of alternating 
E. M. F., with respect to which the condenser C 
and coil are in parallel with each other. This 
is the criterion which distinguishes the anti 
resonant loop circuit of Fig. 5 from the resora:Eas 
loop of Fig. 5a, which latter is the same as the 
organization of Fig. 5 except that its SO3 (ce 08 
high frequency E. M. F. G., its condenser C &nd 
its coil I are all in Series with respect to each 
other. 

Fig. 6a illustrates how the 32ntireSoast fear 
quency sensitive element of Fig. 5 may barns 
proved so that its rate of change of inapadance 
with respect to frequency at a goint of infectio2 
in its impedanceefrequelcy (CAV& YaaS 3 gas 
creased. This improve heat is effectet by pia?co 
ing the condenser C. in Series with the 3ratia 
resonant element of Fig. 5. This cordense a st 
have a predetermined capacity 83 will as 240W 
explained by having reference to sig. 8. 
In Fig. 18, curves , 2 and 3 give, respectively, 

the mode of variation of the impedance, effective 
resistance, and effective reactace of the anti 
resonant loops of Fig. 5 and Fig. 6g to varis. 

. . .tions of the relative frequency of the loop circuit 
and source G when the selectivity S of the loop 

... is 200 and its resistance R=10 ohras. This value 
of the selectivity of the antiresonant loop is that 
may be termed the maximum inhere, selectivity 35 
of a high frequency resonant or. 2 tiresoxaas a 
circuit. It is the selectivity stage y i.e. e.geran 
cise of the ordinary precations used in a desigE 
ing the coils and condensei's for high frequerey 
resonant or tuning circuits. Lower selectivities 40 
may be secured by the Eposefa additioA of 
a resistance to the circuit, a highes' selectivis 
ties up to about 400 can be secred oinly through 
the exercise of extraordinary precautions &ad 
skill. The ordinates are sieh that, they read is 45 
ohms when rr itiplied by 4xi's or RS, where 
R is the resistance of the loop. 
When the abscissae are Anultiplied by 4xit 

they give kA in the expression 78: {{--EA 32s, 
where n is the impressed frequency 2.2d 223 is 
the antiresonant frequency. Rae dotted ligae 
curve 4 is the reactance of the coStiege: C, 
while the dotted line curve 5 i2.strates the Znode 
of variation of the impedance of the entire Cre 
ganization of Fig. 8a, Circiuding elements (, , 
and C1) to variations of the impressed regge,837. 
A comparison of this is ties c. rve Tiki (32.ve 
shows by simple inspection how nuci Giore gree 
quency sensitive between abscissae -2 a.2d 5 
the organization of Fig. 6d. is as coinaed. With 
that of Fig. 5. The effect of the regitive reas 
actance of condenser C1 is to relatialize the e 
fective positive reactance of the ico; 8% is aaxis 
mum value 2Xi0 ohans. 23 Sea 

C 

35 

2 

25 

3. 

50 

6. 

the 7Sige of 
actance of the condeser is refefore, sex gly 
-2X10 ohms at the artiesogaya, a Sciency 74a, 
o 

Cesare TriaS 
where ava is the periodicity of gastieg Elsace £365 
S is the selectivity. Ting west S=2.3 
ne-10, Cs".958x10 saiads, 

- In the foregoing discussion the feeggeracy geza 
sitive element is an antiregona, oop, Ali She 75 

E332.3 
ina 

2,302,328 
refraining improved frequency sensitive elements 
depend ipo. A the electro-mechanical resonances 
of piezoelectric crystal sections such as are com 
YOnly used in controlling the frequency of radio 
transmitters. These piezoelectric crystal sec 
iOS are variously cut from more than one war 
riety of crystal, and this invention is not confined 
to any particular cut or variety of crystal, but, 
in order that the disclosure may be as clear as . . 
possible, a particular cut, known as the Curie 
or perpendicular cut of a quartz crystal illus 
trated in Fig. 17 will be selected for exemplary 
alse in thig specification. We shall further as 
Stre ast, the dimensions of the section are given 
by in-i, lo=0.84, and le=0.05, where ln is the 
length parallel to the mechanical axis, lo is the 
length parallel to the optical axis, and le is the 
lezngth parallel to the electric axis. These lengths 
are "all neasured in centimeters. It will be, 
moreover, assumed that the electrodes are chem 
ically deposited on he crystal surface. 
Such as crystal is shown, for example, in Figs. 

as a ad b. it will have a fundamental resonant 
frequency of 2.5x10 cycles and a fundamental 
satiresonant frequency of 2.50.07704X105 cycles. 
Besides this fundamental pair of frequencies 
these crystal sections have a large number of 
higher or harnonic pairs of frequencies which 
are available for the purposes of this invention, 
but, in the interest of clarity, only the funda 
inental pair of frequencies will be used in the 
illustrations of this specification. Considering 
how the circuit equivalent of this crystal 
sectioE, as shown in Fig. i0, the real or electro 
static capacity of the crystal Ca=6.7588x10-1 
Saradis, the resonance capacity Cr=4.1721X101 
a radis, he inductance Lrs:9.7142X10 henrys. 
if the crystal surfaces are ground and polished 
in air at atmospheric pressures, the selectivity 
s of the branch Cr is about 10, while if these 
S. faces be gro Ltd and polished in vacuum, then 
the selectivity Snay be as high as 4x10. The 
effective resistance of the branch CL may b 
deterrained by the expression 

R-Os 
"i3S in the crystal of selectivity S=10?, 
5-1,5259X20 ohms, while in the case of the 
CSysia of selectivity S-4x10, R=38.1476 ohms. 

- These constants sufficiently define the two same 
ple crystals used as illustrative examplars in this 
S33cification, 

is a sig. 19, curves , 2, and 3 give the mode of 
variation, espectively, of the impedance, the ef- . 
fective resistance, and the effective reactance of 
the S3EEple crystals for variations of the fre 
(A3e33 is the neighborhood of the antiresonant 
frequency which in this diagram occurs at the . 
& Scissa, designated 0.77. The characteristic 
curves of the two sample crystals are not iden 
tical but cannot be distinguished when drawn to 
the Scale of Fig. 19. When these curves are tes 
be ased to interpret the behavior of the crystal 
7izose Selectivity is 10, the ordinates may be 
Aililtiplied by 5.7786Xio and will then read in . 
(shins. When used to interpret the crystal of 
Selectivity 4x10, the ordinates will read ohms 
V7nez Elgied by 2.314x108. : 

he abscissae are the same for both crystals. 
£fegseracies are expressed in terms of the res 

Qa&Race frequency far by the equation n=(1-RAn 
willege A=0.004, or n=nr--0004 knr. Thus the 
frequency interval between abscissa ka-0.77 and 
first .33=0.000047tr cycles. Since the resonance 
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frequency of the crystal is 250,000, each such 
interval comprises 10 cycles. 
Curve 3 discloses for the first time, the useful 

though theoretically unimportant fact that the 
maximum value of the effective positive reactance 
P of the crystal occurs at or approximately at 
the same frequency as does the point of inflec 
tion P1 of its effective impedance and that the 
maximum value of the effective reactance is, at 
least approximately, half the maximum effective 
impedance of the crystal (at abscissa 0.77) or 

X'...-E. (approx.) 
An important application of these disclosures 
will be described later in this specification. 

in Fig. 7a is shown a frequency sensitive ele 
ment consisting of a simple crystal adapted to be 
used at B in Figs. 2, 3 and 3a, in each of which 
an element B without associated condenser trans 
Dnitter is shown. In Fig. 7b is shown how the 
antiresonant frequency of a simple crystal may 
be fluctuated at will through the intermediary 
of a condenser telephone transmitter C' in series 
with the element. Its resonant frequency may 
also be fluctuated at will through the intermedi 
ary of the condenser telephone transmitter in 
series with the crystal as shown in Fig. 7c. These 
alternative combinations of a simple crystal and 
a condenser telephone transmitter are adapted 
to be used at B in Figs. 1, 4 and 3a, each of which 

5 

: 20 

30 

shows an element B having a condenser trans 
mitter associated herewith. When the anti 
resonant frequency is fluctuated by the transmit 
ter C, then the frequency of the constant fre 
quency source A is adjusted to approximate one 
or the other of the frequencies corresponding to 
the points of inflection P1 or Pa on the impedance 
frequency curve of the crystal at and near its 
antiresonant frequency. This impedance-fre 
quency curve is curve f of Fig. 19. 
When, on the other hand, the resonant fre 

quency of the crystal is fluctuated by the series 
transmitter C.' as shown in Fig. lic, then the Con 
stant frequency source A is adjusted to approxi 
mate the frequency corresponding to thia point of 
infection on the impedance-frequency curve of 
the crystal at or near its resonant frequency tr. 
This impedance-frequency curve is the dotted 
curve of Fig. 20. The frequency of the source 
in this case may also be adjusted to correspond 
to such a value asks.15, 20 or 25, and if the dis 
tortion due to the non-linearity of the impedance 
curve be more than is tolerable, then some of 
the known methods of diminishing or sensibly 
eliminating it can be used. 

In Fig. 8a, is illustrated an improved frequency 
sensitive element in which the effective induct 
ance reactance of the crystal (which as may be 
seen from curve 3 of Fig. 19 reaches its maximum 
value at about the point of inflection Pi of the 
impedance curve ) is neutralized by the nega 
tive reactance of the condenser C1. The re 
actance of condenser Ci is shown in the dotted 
curve 4 of Fig. 19. The dotted curve shows the 
impedance of the combination of crystal K and 
condenser C. This latter curve illustrates that 
the combination of Fig. 8a, is markedly more fre 
quency sensitive at or near the point of inflec 
tion P of its impedance curve than is the Crystal 
alone at the points P1 and Pa of inflection of its 
impedance curve (curve f, Fig.19). Fig. 8b shows 
how the impedance of the combination compris 
ing crystal K and capacity C may be fluctuated 

35 

40 

45 

55 

ro 

3 
Fig. 7b the modulator frequency should be ad 
justed to the point of inflection P where the 
combination is highly frequency sensitive. 

Fig. 9a illustrates an improved frequency-sen 
sitive combination in which an antiresonant ele 
ment is secured by placing two predeterminedly 
detuned crystals in parallel. In this combina 
tion the resonance frequency rari of K1 is so rela 
tively detuned with respect to the resonance fre 
quency na of Ka that at an intermediate fre 
quency na the effective reactance of the two crys 
tals shall be equal but opposite in sign. Under 
these circumstances na becomes a pronounced an 
tiresonant frequency. For example, referring to 
Fig. 19, the point of positive maximum reactance 
of crystal Ki, if constructed to resonate at the proper frequency, might occur at a frequency cor 
responding approximately to the ordinate 0.58 
(point P on curve 3) and the maximum nega 
tive reactance might occur, at approximately the 
ordinate 0.784. Then if the crystal Ka is con 
structed to have maximum negative reactance at 
0.758, the reactances of the two crystals will op 
pose each other at this point. ; , , 

In Fig. 21 is shown the impedance frequency 
characteristic of such an organization when the 
selectivities of the crystals are S=4x10, their 
resistances are 38.1476 and the interval of de 
tuning is 10-5 no cycles. The delicate adjustment 
of the detuning of the two crystals of the organi 
zation of Fig. 9a may best be effected by means 
of an adjustable condenser connected in series 
with one of the crystals. , Such a condenser is 
shown at C' in Fig. 9b. Fig.9b illustrates how 
the impedance of such an organization as that of 
Fig. 9a may be caused to fluctuate in accordaluce 
with the same waves of speech or music through 
the association of a condenser telephone trans 
mitter connected in parallel with crystal K as 
shown at C in Fig. 9b, or as shown in Fig. 9c the 
condenser microphone might be in series. 
The theory of the improvements in frequency 

sensitive elements composed of combinations of 
crystals will be greatly facilitated by a consider 
ation of the circuit equivalent of a crystal, shown 
in Fig. 10, for frequencies in the neighborhood 
of its primary resonant and antiresonant fre 
quencies and the mathematical expressions there 
from deduced for the behavior of the crystal 
throughout this range offrequencies. 
From the circuit equivalent of the crystal as 

illustrated in Fig. 10, we deduce that the effectiv 
or virtual resistance of the crystal is 

R.S. f. 1 R" (i) 
p in 1--S 1 n, or - - - - 

p f1. 

that the virtual reactance of the crystal is 

1 m, 
t RS r, 1+Sa( Ten 

X -- 1 7, (2) 
- 1+S( T. n. 

and that therefore its virtual or effective in 
pedance is, 

z - WOR)2(X): (3) 
In these expressions, R is the effective resist 

ance of the branch Co of Fig. 10, S is the se 
lectivity of the crystal or circuit equivalent, 7 
is the impressed frequency, 7tr is the resonance 
frequency of the crystal which is sensibly the 

by a condenser transmitter C". As in the case of 75 same as that of the branch CLo of Fig. 10. Ber 
  



4. 
cause of the high selectivity of the crystal we 
have 

74.6L. (4) 
is a constant to be determined and a is the fre 

quency function of the branch Co. It is defined 
by the expression 

7-7 the 
227 a 72 (5) 

c is the real capacity between the electrodes 
and is therefore given by the expression 

ll. K 10-11 
C.-fi al- (6) 

where K is the inductive capacity of quartz or 
4.55, lolm is the area of the faces of the crystal sec 
tion and also the area of its electrodes. loln=0.84. 
le is the thickness of the crystal section. le=0.05. 
This gives Ca=6.759x10-1 farads. 
The antiresonant point is sensibly reached when 

farads 

a.= 
p 7a 

or by using the relationship of Equation 5 
fa-fril 7, 
22r a p? 

O 

-3-1 
Since these frequencies are readily determined 

we have an expression for p which in the case of 
, the samplar crystal of this specification gives 
p=162. . 

For the antiresonance frequency, we have Sen 
sibly the expression 

-1 C+C. n= 4. LC,C (7). 
Therefore substituting the value given by Equa 
tion 4 

O 

In the case of our samplar crystal this gives 
C-4.172X10-14 farads. We have 

which gives L=9.714 henrys for our samplar crys 
tal for which resonance frequency nr=2.5000X10 
and the antiresonant frequency na=2.5077x10. 
By definition 

therefore 

From this formula we deduce that in the samplar 
whose selectivity is 104, the resistance R=1.526 
ohms, while in the vacuum ground and polished 
crystal section whose selectivity is 4x10, the re 
sistance R-38.148 ohms. It but remains to point 
out that the maximum value reached by the ef 
fective resistance R.' of the crystal at antireso 
nance is 5.7786X106 when S=10 and 2.3114x108 
when S=4x105. 
These formulae and data, together With the 

2,801,828 
characteristic curves of the samplar crystals in 
Figs. 19 and 20 make the mode of functioning 
of these crystals as frequency sensitive elements 
very clear and explicit. They enable One not only 
to apprehend their mode of functioning but also 
to have a quantitative understanding thereof. 
Thus we see that the crystal is the equivalent of 
an extremely selective resonant branch Crushunt 

10 
ed by a negative reactance, which, in the case of . 
our samplar, is about -94,000 ohms in the vicinity 
of the resonant and antiresonant points of the 

5 
illustrated in Fig. 11 at Ia'. 

: 20 

25 

30 

35 

Crystal. o 

To, in effect, remove this capacity shunt from . 
the crystal would imply an inductance shunt 
about the crystal of approximately 0.06 henry, as 

An inductance of such a magnitude can, of course, not be supplied 
by a coil in the case of the high frequency cur 
rents contemplated in this specification, but in 
practice the attempt has been made to meet this 
difficulty by shunting the crystal by a capacity C 
far greater than Ca and then effectively neu 
tralizing this far greater capacity shunt of C+Cs 
by a correspondingly smaller inductance. Such 
an organization is illustrated in Fig.11a. 
Thus if the added capacity C be 999C, then 

the required inductance L will be approximately 
but 0.00006 henry. If the selectivity of the circuit 
CL comprising the added capacity and inductance 
be 200, the effective shunt on the crystal at its 
resonant point will be of the order of 5X10 ohms, 
while if great care be exercised in the construc 
tion of the added coil so that a selectivity of 400 
is attained for the shunt loop, then the effective 
shunt on the crystal will be of the order of 
2X106 ohms. Of course the formula for tunin 
the inductance and capacity is 

. 

42n(C+C) 
since the inherent capacity reactance shunt is 

(8) 
50 

60 

70 

75 

of the order of 105 it will be seen that no material 
advantage is secured by the device of Fig. 11a. . . 
unless the coil is so carefully constructed as to 
secure the maximum available selectivity of 400 
for the loop CL. 
A better and simpler device for minimizing the 

effect of the capacity reactance shunt 
1. 

2an,C 
on the resonant branch Cri, of the crystal is illus 
trated in Fig. 12a. By this device the capacity 
reactance shunt is neutralized by the effective in 
ductance of a second and detuned crystal K". 
The crystal K" is made resonant to a frequency 
nr sufficiently below that of the crystal K to 
make its effective inductance reactance equal 

so that it forms sn antiresonant circuit with the 
real capacity Ca of crystal K. The reactance, re 
sistance and impedance curves of such a com 
bination are shown in Fig. 22. If the selectivity 
of the adjunct crystal K" be 10, then the effective 
impedance of the shunt to the branch CL of 
crystal K will be of the order of 1011 ohms, while 
if the selectivity of the adjunct crystal be 4x10 
then the effective impedance in question will be 
of the order of 5X101. If the selectivity of the 
adjunct crystal K" be equal to of greater than 
that of the crystal K, it will in general be desir 
able to reduce it, and to this end a Suitable re 
sistance may be inserted at the points ( or b. 
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The adjustment of the ratio of the frequency of 

the adjunct crystal K" to that of the crystal K is 
too delicate to be made structurally, but this ad 
justment may be made to the desired degree of 
precision, by an adjustable condenser bridged 
between the points a and b, or by an adjustable 
Condenser or inductance coil at a or . t 

In Fig. 12b is illustrated the preferred manner 
in which the frequency of the organization of Fig. 
12a may be caused to fluctuate in accordance with 
the vibrations of sound waves impinging on the 
diaphragm of the condenser telephone transmit 
ter C. 
The frequency sensitive elements of the type of 

Figs. 12a and 12b are elements which are intend 

10 

ed to be used not at, but near the resonance fre 
quency nr. They are intended for use as rela 
tively low impedance elements. But Fig. 13a 
illustrates a high impedance or antiresonant fre 
quency sensitive element in which the combined 
reactance of the real or C. capacities of the crys 
tals. K1 and Ka is neutralized by the effective ini 
ductance' of crystal K" at the antiresonant fre 
quency of the element. This organization is 
therefore an antiresonant frequency sensitive ele 
ment. A comparison of the frequency sensitive 
element of Fig. 13a with that of Fig. 9a reveals 
the fact that these Organizations are the same 
except for the fact that in the case of the Or 
ganization of Fig. 13a, the capacity shunt formed 
by the real capacities Cal and Ca2 of the crystals 
K1 and Ka, respectively, is balanced by the effec 
tive inductance L' of crystal K" at the antireso 
nant frequency of the element. In other words, 
Fig. 13a is in effect Fig. 9a with the crystal K' 
adjusted to resonate with the real or Ca capaci 
ties of the crystals K1 and Ka, thus forming an 
antiresonant combination which eliminates the 
effect of the Cacapacities. 
The effect of so balancing the capacity shunt 

Ca1--Ca2 by the effective inductance' at the anti 
resonant frequency 

n+n, 
2 

of the element is to change the negative reactance 
shunt of about -5X10 ohns to a high resistance 
shunt of about 101 or 101 ohms at the anti 
resonant frequency nra of the element. As in 
the case of the frequency sensitive elements of 
Figs. 12a and 12b the adjustments of the rela 
tive frequencies of the several crystals is too deli 
cate a matter to be made to depend upon the 
structure of the crystal sections alone. For this 
reason the final adjustments are made by the 
insertion of adjustable Condensers in series at a or 
b and preferably also an adjustable condenser in 
shunt across between the points a and b. The 
serially connected adjustable condenser at a or b 
serves to adjust and fix precisely the frequency 
interval of detuning between the resonant fre 
quencies tra and nr. of crystals Ka and K1, re 
spectively, whiie the adjustable condenser in 
bridge across between the points a and b serves to 
adjust and fix precisely the capacity reactance 
to be neutralized by the inductance rectance of 
the crystal K. '' 
In Fig. 13b is illustrated a manner in which 

the frequency of the organization of Fig. 13a may 
be caused to fluctuate in accordance.with the 
vibrations of sound waves impinging on the dia 
phragm of the telephone transmitter C". If de 

20 
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5 
an effective capacity C to a condenser consider 
ably greater than its real capacity C. The con 
denser telephone transmitter C is shown in series , 
with an inductance coil L. If C and I designate, 
respectively, the capacity and inductance of these 
elements, then 

o'- 
where two is the periodicity of resonance of the 
combination. When this periodicity is greater 
than the impressed periodicity ca, then the re 
actance of the branch CL is a capacity or nega 
tive reactance given by the expression 

co 

This device is a convenient one for amplifying the 
operative or effective capacity of a condenser, but 
it must be used with discretion, because the coil 
I cannot have a Q greater than 400 and its Q 
is usually in the neighborhood of 200, so when this 
device is used in conjunction with crystals whose 
Q's or selectivities are of the order of 104 or 4x105, 
an indiscreet use of coil inductance will unduly 
reduce the selectivity of the frequency sensitive 
element. 

Fig. 15 illustrates a convenient method of ad 
justing the antiresonant frequency of a crystal. 
Just as an adjustable condenser immediately in 
series with a crystal is the most approved device 
for adjusting the resonance frequency nr of a 
crystal, an adjustable condenser immediately in 
parallel with a crystal is the most approved de 
vice for controlling and adjusting the antires 
Onant frequency na of a crystal. This is because 

C 

of the high Q which condensers may be given 
as compared with coils and because they are far 
more easily adjusted as to their capacity than are 
coils as to their inductance. In connection with 
the foregoing, it is pertinent to point out that the 
Q of a circuit, when measured at its resonant or 
antiresonant point is its selectivity S. 
In Fig. 18, A is a source of constant high fre 

quency E. M. F., being preferably a triode ampli 
fer, B1 and B2 are matched or balanced fre 
quency sensitive elements controlled, respectively, 
as to their antiresonant friency by the con 
denser telephone transmitters C and C. The 
branches ab1c1d and abacad are balanced, the 
equal loops C3a and C4I4 are tuned to the fre 
quency of the source A, the equal loops C5Ls and 
Cole are tuned to the frequency of the source, 
The secondary coil L is so symmetrically related 
to the two equal primary coils La and I that it 
receives only the energy of the carrier frequency 
of the current in the two branches ab1c1d and 
abac2d of the bridge or balance which the organi 
zation of this diagram depicts. The secondary 
coil Le is so symmetrically related to the two 
equal primary coils, and Le that it receives 
only the modulated component of the current in 
the two branches ab1c1d and ab2c2d of the bal 
ance. The circuit 4, 4' is used to feed the neces 
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sired the transmitter may be connected in paral 
lel as shown in C'' at Fig. 13c. 

In Fig. 14 is illustrated a means of imparting 75 

Sary amount of the energy of the carrier current 
back to the oscillator A to maintain it in cona 
stant and continuous oscillation at that fre 
quency. 
The bridge is so balanced that when C and 

C are not acted upon by sound waves the 
branches , 8 and , f' are conjugate. When 
C1 and Ca are equally but oppositely acted upon 
by Sound waves, the impedances of branches 
ab1c1d and abacad are equally but oppositely in 
fluenced. The equality of this influence may be 

  



6 
secured, to a degree adequate for most practical 
purposes, through the use of matched condenser 
telephone transmitters C1 and Ca as well as 
matched frequency sensitive elements B1 and B2. 
A final and more refined adjustment of the bridge 
may be made through the use of auxiliary reacts . 
ances in one or both branches in accordance with 
well-known principles. 
When the sound waves act equally and in phase 
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opposite in sign to the reactance of said crystal 
at said second mentioned frequency, said second 
element being so connected in the transmission 
circuit that a condition of substantially zero re 
actance exists in said circuit at said second fre 
quency, a high frequency wave transmitted by 
said frequency sensitive element, and means 
whereby the frequency of said high frequency 
'wave and the second frequency of said irequency 

upon C1 and Ca, then the frequency elements 10 sensitive element are shifted with respect to each 
B1 and B2 should be of the type illustrated in 
Figs. 5, 7a, 9a or 13a, in which the impedance 
characteristic is substantially symmetrical about 
the vertical axis through the antiresonant fre 

other in accordance with modulating waves. 
4. A transmission circuit, a frequency sensi- . 

tive element in said circuit including a crystal 
section antiresonant at a definite frequency and 

quency. Then B1 and Ba are respectively de- 15 having a maximum effective reactance of onesign 
tuned so that Bi is antiresonant at frequency 
n (1--kiA) and B2 at frequency m (1-k1A) where 
n is the impressed frequency. The frequency in 
terval k1An is so chosen as to bring the imped 
ance frequency curves of B1 and B2 to equal but 
oppositely sloping inflection points at the in 
pressed frequency n. 
While this invention has been disclosed in cer 

tain particular arrangements merely for the pur 

20 

pose of illustration, it is to be distinctly under- 25 
stood that the general principles of this invention 
may be applied in other and widely varied Or 
ganizations without departing from the Spirit 
of the invention or scope of its appended claims. 
What is claimed is: 
1. A transmission circuit, a frequency Sensitive 

element in said circuit, said element being 
antiresonant at a definite frequency and having 
a maximum effective reactance of one sign at a 
second frequency near but at one side of the 
frequency to which said element is antiresonant, 
a second element in said circuit having a re 

at a Second frequency near but at one side of the 
frequency to which the crystal is antiresonant, 
said second frequency corresponding to the point 
of inflection of the effective impedance of the 
crystal, a second element in said circuit having a 
negative reactance equal but opposite in sign to 
the reactance of said crystal at said second men 
tioned frequency, said second element being so 
connected in the transmission circuit that a con 
dition of substantially zero reactance exists in 
said circuit at said second frequency, and means 
for fluctuating the antiresonant frequency of said 
crystal in accordance with sound waves. 

5. A transmission circuit, a frequency sensi 
otive element in said circuit including a crystal 

35 

actance substantially equal and opposite in sign 
to the reactance of said antiresonant element at 
said second mentioned frequency, said second ele 
ment being so connected in the transmission 
circuit that a condition of substantially zero 
reactance exists in said circuit at said second 
frequency, a high frequency wave transmitted 
by said frequency sensitive element, and means 
whereby the frequency of said high frequency 
Wave and the Second frequency of Said frequency 
sensitive element are shifted with respect to 
each other in accordance with modulating waves. 

2. A transmission circuit, a frequency sensitive 
element in said circuit, said element being anti 
resonant at a definite frequency and having a 
maximum effective reactance of one sign at a 
Second frequency near but at one side of the fre 
quency to which said element is antiresonant, a 
Second element in said circuit having a reactance 
Substantially equal and opposite in sign to the 
reactance of said antiresonant element at said 
Second mentioned frequency, said second element 
being so connected in the transmission circuit 
that a condition of substantially zero reactance 
exists in said circuit at said second frequency, and 
means for fluctuating the antiresonant frequency 
of Said frequency sensitive element in accordance 
With Sound Waves. 

3. A transmission circuit, a frequency sensi 
tive element in said circuit including a crystal 
Section antiresonant at a definite frequency and 
having a maximum effective reactance of one 
sign at a second frequency near but at one 
side of the frequency to which the crystal is anti 
resonant, said second frequency corresponding 
to the point of inflection of the effective im 
pedance of the crystal, a second element in said 
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section antiresonant at a definite frequency and 
having a maximum effective reactance of one 
Sign at a second frequency near but at one side 
of the frequency to which the crystal is antires 
Onant, Said second frequency corresponding to 
the point of inflection of the effective impedance 
of the Crystal, a second crystal section connected 
in parallel with said first section, said second 
Crystal Section being so cut that its natural fre 
quency will be detuned with respect to said first 
Section by an annount which will cause its maxi 
mum effective reactance of sign opposite to that 
of Said first crystal section to occur at the same 
frequency as the maximum effective reactance 
of said first section, whereby a condition of sub 
stantially zero reactance will exist in said trans 
mission circuit at said second frequency, a high 
frequency wave transmitted by said frequency 
sensitive element, and means whereby the fre 
quency of Said high frequency wave and the sec 
Ond frequency of said frequency sensitive ele 
ment are shifted with respect to each other in 
accordance with modulating waves. 

6. A transmission circuit, a frequency sensi 
tive element in said circuit including a crystal 
Section antiresonant at a definite frequency and 
having a maximum effective reactance of one 
sign at a second frequency near but at one side 
of tile frequency to which the crystal is antires 
Onant, said second frequency corresponding to 
the point of inflection of the effective impedance 
of the crystal, a second crystal section connected 
in parallel with said first section, said second 
crystal section being so cut that its natural fre 
quency will be detuned with respect to said first 
Section by an amount which will cause its maxi 
muan effective reactance of sign opposite to that 
of Said first crystal section to occur at the same 
frequency as the maximum effective reactance 
of Said first section, wiereby a condition of sub 
stantially Zero reactance will exist in said trans 
mission circuit at said second frequency, and 
means for fiuctuating the antiresonant fre 
quency of Said first mentioned crystal section in 

circuit having a negative reactance equal but 75 accordance with sound waves. 
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7. A transmission circuit having two parallel 

branches, each branch having included therein 
a crystal section antiresonant at a definite fre 
quency, and aach section having points of maxi 
nun positive and maximum negative effective 
reactances at frequencies near to but spaced 
from the antiresonant frequency of the crystal 
section on either side of Said resonant frequency, 
the tuning of said branches being such that their 
frequencies differ from each other by an amount 
whereby the maximum effective positive react 
ance of One Crystal section and the maximum 
effective negative reactance of the other Section 
will occur at the same frequency, said crystal 
sections being so cut that their antiresonant fre 
quencies will differ from each other by an 
amount substantially equal to the detuning of 
said branches, a condenser associated with each 
of said crystal sections for aiding in precisely de 
termining the detuning of the branches with re 
spect to each other, a high frequency wave trans 
mitted by said transmission circuit, and means 
whereby the frequency of said high frequency 
wave and the frequency at which substantially 
Zero reactance is produced in said transmission 
circuit are shifted with respect to each other 
in accordance with modulating waves. 

8. A transmission circuit having two parallel 
branches, each branch having included therein 
a crystal section antiresonant at a definite fres 
quency, and each section having points of maxi 
nun positive and maximum negative effective 
reactances at frequencies near to , but spaced 
from the antiresonant frequency of the crystal 
section on either side of said resonant frequency, 
the tuning of Said branches being such that their 
frequencies differ from each other by an amount 
whereby the maximum effective positive react 
ance of one crystal section and the maximum ef 
fective negative reactance of the other section 
will occur at the same frequency, said crystal sec 
tions being so cut that their antiresonant fre 
quencies will differ from each other by an amount 
substantially equal to the detuning of said 
branches, a condenser associated with each of 
said crystal sections for aiding in precisely de 
termining the detuning of the branches with re 
spect to each other, and means for fluctuating 
the capacity of one of said condensers in accord 
ance with Sound waves. 

9. A transmission circuit, a frequency sensi 
tive crystal in said circuit antiresonant at a defi 
Inite frequency, means to practically annul the 
reactance of said Crystal at a second frequency 
at one side of said antiresonant frequency and 
corresponding to the frequency at which said 
Crystal element has its greatest effective positive 
reactance, said crystal having such characteris 
tics that it is equivalent in effect to a series res 
onant combination in parallel with its electrode 
capacity, means connected to said crystal to 
minimize its negative electrode capacity at fre 
quencies in the neighborhood of the frequency at 
which it is antiresonant by opposing to said ca 
pacity a positive reactance, a high frequency 
wave transmitted by said frequency sensitive crys 
tal, and means whereby the frequency of said 
high frequency wave and the second frequency 
of said crystal are shifted with respect to each 

, other in accordance with modulating waves. 
10. A transmission circuit, a frequency sensi 

tive Crystal in said circuit antiresonant at a def 
nite frequency, means to practically annul the 
reactance of said Crystal at a second frequency 
at One side of Said antiresonant frequency and 

7 
corresponding to the frequency at which said 
crystal element has its greatest effective posi 
tive reactance, said crystal having Such charac 
teristics that it is equivalent in effect to a series 
resonant combination in parallel with its elec 
trode capacity, a second crystal section in paral 
lel in said first Crystal Section, said Second crys 
tal section being detuned with respect to the first 
by such an amount that its effective reactance 
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at frequencies in the neighborhood of the anti 
resonant frequency of said first crystal Section 
will be substantially equal to but opposite in sign 
to the electrode capacity of said first Crystal Sec 
tion at frequencies in the neighborhood of its 
antiresonant frequency, a high frequency Wave 
transmitted by said first mentioned frequency 
sensitive crystal, and means whereby the fre 
quency of said high frequency wave and the sec 
ond frequency of said first mentioned crystal are 
shifted with respect to each other in accordance 
with modulating Waves. 

11. A transmission circuit, two crystal sec 
tions connected in parallel with each other in 
said circuit and having antiresonant frequencies 
differing from each other by such an amount that 
the maximum effective positive reactance of one 
crystal at a third frequency on one side of its 
antiresonant frequency Will be opposed by a sub 
stantially equal negative reactance of the other 
crystal at said third frequency, whereby the re 
actance of said transmission circuit will be sub 
stantially zero at said third frequency, each of 
said crystal sections being equivalent in effect to 
a series resonant combination in parallel with 
the electrode capacity of the crystal, means asso 
ciated with said parallel crystals having such 
electrical characteristics as to minimize the ef 
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fect of the combined negative electrode capaci 
ties of the two crystal sections at frequencies in 
the neighborhood of the antiresonant frequency 
of One of Said Crystal sections by opposing there 
to a positive reactance, a high frequency wave 
transmitted by said transmission circuit, and 
means whereby the frequency of said high fre 
quency wave and the third frequency at which 
substantially Zero reactance is produced in said 
transmission circuit are shifted with respect to 
each other in accordance with modulating waves. 

12. A transmission circuit, two crystal sections 
Connected in parallel with each other in said cir 
cuit and having antiresonant frequencies differ 
ing from each other by such an amount that the 
maximum effective positive reactance of one 
Crystal at a third frequency on one side of its 
antiresonant frequency will be opposed by a sub 
stantially equal negative reactance of the other 
crystal at said third frequency, whereby the re 
actance of said transmission circuit will be sub 
stantially zero at said third frequency, each of 
said Crystal sections being equivalent. in effect to 
a Series resonant combination in parallel with 
the electrode capacity of the crystal, means asso 
ciated with said parallel crystals having such 
electrical characteristics as to minimize the ef 
fect of the combined negative electrode capaci 
ties of the two crystal sections at frequencies in 
the neighborhood of the antiresonant frequency 
of one of said crystal sections by opposing there 
to a positive reactance, and means to fluctuate 
the antiresonant frequency of one of said two 
crystal sections in accordance with sound waves. 

13. A transmission circuit, two crystal sections 
connected in parallel with each other in said 
circuit and having antiresonant frequencies dif 
fering from each other by Such an amount that 
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the maximum effective positive reactance of one 
crystal at a third frequency on one side of its 
antiresonant frequency will be opposed by a sub 
stantially equal negative reactance of the other 
crystal at said third frequency, whereby the re 
actance of said transmission circuit will be sub 
stantially zero at said third frequency, each of 
said crystal sections being equivalent in effect 
to a series resonant combination in parallel with 
the electrodie capacity of the crystal, a third crys 
tal section connected in parallel with the first 
two, said third crystal section being detuned with 
respect to the first two crystal sections so that 
its effective positive reactance at frequencies in 
the neighborhood of the antiresonant frequencies 
of said two crystal sections will minimize the 
combined negative electrode capacities of Said 
sections at frequencies in the neighborhood of 
the antiresonant frequency of one of Said Sec 
tions, a high frequency wave transmitted by said 
transmission circuit, and means whereby the fre 
quency of said high frequency wave and the third 
frequency at which substantially Zero react&nce 
is produced in said transmission circuit are 
shifted with respect to each other in accordance 
with modulating Waves, 

14. A transmission circuit, two crystal sections 
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connected in parallel with each other in said 
circuit and having antiresonant frequencies dif 
fering from each other by such an amount that 
the maximum effective positive reactance of one 
crystal at a third frequency on one side of its 
antiresonant frequency will be opposed by a sub 
stantially equal negative reactance of the other 
Crystal at said third frequency, whereby the re 
actance of said transmission circuit will be sub 
stantially Zero at said third frequency, each of 
Said Crystal sections being equivalent in effect 
to a Series resonant combination in parallel with 
the electrode capacity of the crystal, a third crys 
tal section connected in parallel with the first 
two, said third crystal secticn being detuned 
with respect to the first two crystal sections so 
that its effective positive reactance at frequencies 
in the neighborhood of the antiresonant fre 
quencies of said two crystal sections will mini 
mize the combined negative electrode capacities. 
of said sections at frequencies in the neighbor 
hood of the antiresonant frequency of one of 
said sections, and means to fluctuate the anti 
resonant frequency of one of said first two crys 
tals in accordance with sound waves. 

JOHN STONE STONE. 
  


