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Patented Aug. 19, 1947 2,425,981 

UNITED STATES PATENT OFFICE 
2,425,981 

BALANCED FREQUENCY DESCRIMINATOR, 
Eliott Bard and Manuel Julio Kobilsky, Buenos 
Aires, Argentina, assignors to Hartford Nation 
all Bank and Trust Company, Hartford, Conn., 
trustee 

Application (October 27, 1943, Serial No. 50,844 
(C. 250-?) 6 (Claims. 

This invention relates to improvements in fre 
quency detecting Systems and more particularly 
to balanced frequency detectors especially useful 
in frequency stabilizing circuits. 
As known in the art, the main disadvantage of 

the common frequency discriminator resides in 
the critical adjustment of the tuned circuits 
thereof and in order to avoid this drawback, dis 
Criminators of the so-called frequency counter 
type have been developed which are fully ex 
plained in the prior U. S. patent applications of 
M. Zeigler and M. J. Kobilsky, Serial Number 
464,380, filed November 3, 1942, Patent Number 
2,406,309, dated August 20, 1946, and M. Zeiler, 
Serial Number 477,990, filed March 4, 1943. The 
combination of a frequency counter with a mixer 
tube and a fixed reference oscillator particularly 
useful in frequency stabilizing systems, consti 
tutes an unbalanced frequency detector which is 
easily adjusted and which by utilizing compen 
Sating Voltage, will provide a zero output for a 
predetermined frequency independently of the 
Variations in the supply voltages. 

However, due to the particular frequency trans 
mission characteristic of the mixer device, the 
unbalanced frequency detector comprising a fre 
quency Counter provides a zero output voltage for 
a plurality of frequencies, so that in a frequency 
stabilizing system the frequency discriminator 
Curve thereof crosses the frequency control curve 
of the System to be stabilized at several points 
Which constitute working points of stable equilib 
rium, and it has been found in practice that sud 
den changes in the operating conditions may shift 
the frequency detector from one working point 
to another, thus upsetting the normal operation 
of the Whole frequency stabilizing system. 
In the prior U. S. patent application of M. Zeig 

ler Serial No. 488,582 filed May 26, 1943, a fre 
quency Stabilizing System has been described, 
Which comprises an unbalanced frequency de 
tector System but in which the range of the fre 
quency control has been effectively restricted, by 
a limiter Stage inserted between the frequency 
discriminator or counter and the reactance tube 
thereby limiting the operation of the frequency 
Stabilizing System to one stable working point 
Only. 
We have found however, that by using two un 

balanced frequency detectors in a balanced ar 
rangement and by connecting their out-puts in 
push-pull or opposition, a frequency detector is 
obtained which will provide a Zero output voltage 
for Solely One predetermined frequency and the 
frequency detector curve thereof, when used in 
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a frequency stabilizing system, will cross the fre 
quency control curve at one point only. In the 
balanced frequency detector according to the 
present invention the variable frequency is simul 
taneously balanced with respect to a lower and a 
higher fixed reference frequency, respectively, by 
mixing it with said reference frequencies So as to 
obtain a first and a Second difference frequency 
respectively. These difference frequencies are 
then separately applied to frequency discrimina 
tors or counters which develop in their output 
circuits D. C. voltages proportional to the fre 
quency of said difference frequencies. By Con 
necting the output circuits of both frequency 
discriminators or counters in opposition or “push 
pull,' a resulting balanced detector output voltage 
is obtained which, being equal to the difference of 
the two D. C. Woltages, is Zero when the variable 
frequency corresponds to the mean value of the 
reference frequencies, and which is proportional 
in magnitude and sign to the deviation of the 
variable frequency from said mean Value. 
Therefore the main object of the present in 

vention is to provide a balanced frequency de 
tector which Will have a Zero Output Voltage for 
solely one predetermined frequency value. 
A further object of the present invention is to 

obtain a frequency detector, the detector chair 
acteristic of which will be independent of the 
variations in the supply voltages and/or circuit 
parameters, due to the balanced arrangement of 
the components thereof and also to its push-pull 
output circuit. 
A still further object of the present inventio 

is to provide a balanced frequency detector which 
Will have twice the sensitivity of the unbalanced 
detector of the frequency counter type. 
Another object of the present invention is to 

provide a balanced frequency detector which, 
when used for frequency stabilization purposes, 
Will furnish a stabilizing system having one work 
ing point only. 
These and other objects and advantages of the 

present invention will become apparent from the 
course of the following description, when read in 
conjunction. With the accompanying drawings, 
which illustrate One preferred embodiment of the 
invention, by way of example. 
In the drawings: 
Fig. 1 is a connection diagram of the basic 

layout of a balanced frequency detector accord 
ing to the present invention. 

Fig. 1d. is a graph illustrating the relative po 
Sition of the detector characteristic. Of the ball 
anced frequency detector with respect to the fixed 



3 
reference frequencies and also with respect to 
the frequency control characteristic curve of the 
stabilizing System shown in Fig. 3. 

Fig. 2 is a circuit diagram of the balanced fre 
quency detector according to the present inven 
tion. 

Fig. 3 is a connection diagram illustrating a 
frequency stabilizing system using a balanced fre 
quency detector according to the present inven 
tion. 

Fig. 4 is a connection diagran illustrating a 
frequency modulation transmitter stabilized by 
means of a balanced frequency detector accord 
ing to the present invention. 
The same reference characters are used to in 

dicate like or corresponding parts or elements 
throughout the dra WingS. 

Referring now to Fig. 1, it may be seen that 
the balanced frequency detector according to the 
present invention comprises a crystal controlled 
oscillator O' generating a lower fixed reference 
frequency f. and an oscillator O'' which is also 
controlled by a crystal and which generates a 
higher reference frequency f', oscillators O' and 
and O' are coupled to one of the inputs of the 
mixers M' and M' respectively, the other in 
puts of which are connected in parallel and com 
prise the input terminals () and 2 of the bal 
anced frequency detector, to which the variable 
frequency f is applied. 
Due to the abovementioned arrangement, 

mixer M' develops in its output circuit a first dif 
ference frequency F'd. While mixer M' generates 
a second difference frequency f'd the Output 
circuits of said mixers M' and M' being coupled 
to the frequency discriminators or counters D' 
and D' respectively, which transform said dif 
ference frequencies f'd and f'd into D. C. Volt 
ages' and v' proportional to the frequency f' d 
and f'd respectively. 

In view of the fact that the output terminals 
4, 6 and 6, 8 of the discriminators D' and D' 

respectively are connected in opposition or push 
pull, the detector output voltage W developed be 
tween output terminals 20 and 22 of the balanced 
frequency detector will be equal to the differ 
ence of said voltages ly' and v' and will also be 
proportional in magnitude and sign to the devia 
tion of the variable frequency f from the mean 
value of both reference frequencies f' and f', 
as will be explained hereinafter. 

Considering the individual response character 
istics of the frequency discriminators or count 
ers ID' and D', we can Write for the Woltages )' 
and v' 
(1) y' =k'if'd--k'2.(f'd)?--k'3. (fd) 3-- . . . 
(2) y' = lc’1.f'd--k'2.(f'd) 2--ic'3. (f'd) 3- . . . 
Where f'd and f'd represent the difference fre 
quencies generated by the mixers M and M' 
and k'1, k'2, k'a and c'.1, k'2 and c'.3 represent 
the coefficients of the transfer characteristics of 
the discriminators ID' and D' respectively. 
As both voltages 2)' and ' are connected in 

opposition, detector voltage V will be equal to the 
difference of o' and v', or 
(3) V-1c1 (f'd-f'a) --c2. I(fd) 2-(f'd)?) 

-k3. I (fa) 3- (f'd)3]+ . . . 
where - 

since both discriminators or frequency counters 
D' and D'' are arranged to have like transfer 
characteristics. 
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4. 

Considering Equation 3 it will be evident to 
those skilled in the art that the detector voltage 
V, developed between the output terminals 20 
and 22 of the balanced frequency detector Will 
be zero only when the difference of the frequen 
cies f'd and f'd is zero, viz. when the variable 
frequency f. corresponds to the mean frequency 
of the fixed reference frequencies f' and f'. 
Consequently, the balanced frequency detector 
according to the invention will have a Zero de 
tector voltage only when the variable frequency 
f passes through a point equidistantly located be 
tween the reference frequencies f' and j', aS may 
be seen in the graph shown in Fig. 1d. 

Since in Equation 3 the higher order terms are 
of much smaller magnitude than the linear term 
of the difference frequencies f'd and f'd, a de 
viation of the variable frequency f from its cen 
tral or mean value fm will produce between the 
output terminals 20 and 22 of the balanced de 
tector a voltage V-2K (f), where K represents 
the transfer constant of the balanced frequency 
detector and f= (f'd-f'd) lepresents the fre 
quency deviation. Thus the D. C. detector volt 
age V of the balanced frequency detector Will not 
only be proportional in magnitude to the fre 
quency f but will be either positive or negative 
depending on whether the variable frequency if 
is above or below the mean frequency fm. 

It may be seen in Fig. 1 that oscillator O', 
mixer M', discriminator D' and OScillator O', 
mixer M', discriminator D' constitute in fact 
two unbalanced frequency detectors which, due 
to the location of the reference frequencies f' and 
f' with respect to the variable frequency if, and 
also due to the push-pull connection of the dis 
criminator output, circuits, form together a bal 
anced frequency detector which has a zero out 
put voltage for the predetermined mean value of 
the variable frequency f. 

Fig. 2 represents the circuit of the balanced 
frequency detector based on the diagram of Fig. 
1, in which input terminal 2 is connected to 
ground potential, while input terminal 0 is con 
nected to the signal glids g’1 and g''1 of tWother 
nionic mixer tubes M and M' respectively, the 
load resistances 24 and 26 of Which are connect 
ed to the positive pole of a direct current source 
2s from Which the othel Supply voltages for the 
other electrodes of the tubes are derived as is 
known in the art. 

Injector grids g'3 and 9'3 of said mixer tubes 
M' and M'' are coupled to Oscillators O' and O' 
respectively, constituted by triode tubes controlled 
by the corresponding quartz crystals 28 and 30. 
Oscillator O' generates the lowei' reference fre 
quency f' Whereas oscillator O' generates the 
higher reference frequency f', so that in the plate 
circuits of the mixel's M and M'' the corre 
Sponding difference frequencies fa and f'd are 
developed. The plate circuits of said mixer tubes 
M’ and M' are provided With filter condensel's 
29 and 3 respectively, which constitute short 
circuits for the reference frequencies f' and f' 
so that only the difference frequencies f"d and 
f'd alre applied to the inputs of the discrimina 
tors ID' and D'' which, in the presentennbodiment 
of the invention, are constituted by frequency 
counters of the type described in the prior U. S. 
patent application Serial No. 477,990. 
Said frequency counters D' and D' comprise a 

thermionic counter valve W1 and V2 and an inte 
grating circuit constituted by a half-wave diode 
rectifier V'3, V'3 respectively, the frequency 
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counters being coupled to the corresponding 
mixers M' and Mi' through coupling condensers 
32 and 34 and potentiometers P' and P' formed 
by the resistances 36, 38 and 40, 42 respectively. 
The screen grids of the tubes W. and W2 are con 
nected through a common Woltage-dropping re 
sistance 4 to the positive pole of direct current 
supply source 27, to which the plate circuits of 
both tubes are also connected. These plate cir 
cuits are constituted by resistance & 6, self-induct 
ance 48, and resistance 5, a self-inductance 52 
respectively, inductance 43 constituting the pri 
mary Winding of a transformer T1, the Secondary 
Winding 5 of Which, together With a load re 
sistance 56 and the half-Wave diode rectifier W'3 
formed by anode 58 and cathode 66, constitutes 
the integrating circuit of the frequency count 
er D'. 

Inductance 52, inserted in the plate circuit of 
the counter tube V2 constitutes the primary wind 
ing of a Coupling transformer T2, the Secondary 
winding 62 of which is connected in Series with 
load resistance 64 and the half-Wave diode recti 
fier W'3 comprising anode SS and the cathode 6 
thus forming the integrating circuit of the fire 
quency counter D'. 
The Operation of the frequency counters has 

been fully described in the prior U. S. patent ap 
plication Serial No. 477,990 where it has been 
eXplained that When a sinusoidal Voltage is ap 
plied to the control grids G1 or G2 of the counter 
tubes W1 or W2, the plate current of said tubes 
fiOWing through the plate circuits constituted by 
48, 46 and 52, 59 respectively, will vary for each 
half period of like sign of the applied difference 
frequency so as to generate across the induct 
ances 48 and 52 voltage impulses which, when 
rectified by the half-Wave diode rectifier valves 
W3 and W3 and integrated over a time which is 
Sufficiently large compared with the period of the 
difference frequencies f'd and f'd develop across 
the load resistances 56 and 64 the voltages }'' and 
'' proportional to the frequency of said differ 

ence frequencies fa and f'd. 
AS may be seen in Fig. 2, the output terminals 

20 and 22 of the balanced frequency detector are 
Connected to the ends of Said Ioad-resistances S. 
and 64, the junction 6 of which is connected to 
the Common Cathode 6), so that both load re 
Sistances form a push-pull output circuit wherein 
a detector output Voltage W is developed which, 
being equal to the difference of said voltages vy' 
and 2', is proportional to the deviation of the 
Variable frequency if from the central or mean 
frequency fm, as explained hereinbefore. 

In short, the balanced frequency detector ac 
cording to the present invention is formed by two 
Separate unbalanced frequency detectors of the 
frequency Counter type, each constituted by the 
reference oscillator O' (O’’) mixer M (IV) and 
Counter tube W1 (W2) each unbalanced frequency 
detector being provided with an integrating cir 
cuit the load resistances 56 and 6A of which are 
Connected in push-pull or opposition. in view of 
the balanced arrangement of said frequency de 
tectors and due to the push-pull connection of the 
frequency counter OutputS, a balanced frequency 
detector is obtained Which provides a Zero output 
Woltage Without the use of a compensating volt 
age and in which slight Wariations of the circuit 
parameters Will be automatically compensated. 
Moreover, the balanced arrangement will com 
pensate for Slight and opposite variations of the 
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6 
reference frequencies, thus greatly improving the 
performance of the novel frequency detector. 
The balanced frequency detector according to 

the present invention is particularly adapted for 
frequency stabilization purposes by applying to 
the input thereof the frequency of an Oscillator to 
be stabilized and feeding back the detector output 
Voltage through a reactance tube to the oscil 
lator, the frequency of which should of course be 
approximately the arithmetic mean of the two 
fixed reference frequencies f and f'. 
The circuit arrangement for this purpose is 

shown in block diagram in Fig. 3, in which the 
balanced frequency detector is represented by the 
rectangle S6, and in Which the output Voltage W. 
of the frequency detector is applied to a reactance 
tube or equivalent device 68 which controls the 
frequency of an oscillator 70 which in turn is 
coupled to the input terminals , 2 of the bal 
anced frequency detector. 
Those skilled in the art will readily understand 

that in the frequency stabilizing system shown in 
Fig. 3, the frequency of the Oscillator Will tend 
automatically to adjust itself very near to the 
central or mean frequency fm of the reference 
frequencies f and f', since every deviation of the 
OScillator frequency from fm will produce a cor 
responding Woltage W in the output circuit of the 
balanced frequency detector 66, and said voltage, 
acting through reactance tube 68, will tend to re 
adjust the oscillator 70 to its original frequency. 
A low paSS filter may be included in the output 

circuit of the balanced frequency detector, to ex 
clude from the output voltage the components of 
the frequency of the Voltage impulses and har 
nonics thereof, so as to obtain solely a voltage 
Which Will Wary proportionally to the deviation 
of the frequency f to be controlled. 

In View of the fact that the detector output 
Voltage W has a Zero value for only one predeter 
inined frequency, the above described frequency 
Stabilization system has only one Working point, 
viz. the detector characteristic and the frequency 
control curves cross at One point only, as may 
be observed in Fig. 1d. 
AS illustrated in Fig. 4, the novel balanced fre 

quency detector may be also applied to frequency 
modulated transmission. The transmitter an 
tenna, 2 is connected through a power output 
section 6, a driver or doubler 78 and a separator 
8 to an Oscillator 8 which is also connected to 

the input of the balanced frequency detector rep 
resented by rectangle 66. The output of the bal 
anced detector is applied through an output low 
paSS filter 32 to the reactance tube or similar de 
vice 83 which controls the frequency of oscillator 
8. 
The frequency stabilizing circuit of Fig. 4 is 

Substantially that shown in Fig. 3, except for out 
put low-paSS filter 82 and modulator 86 connect 
ed to the Same, so that the balanced frequency 
detector Output, when passing through said low. 
paSS filter 82 is modulated by the intelligence 
amplified by the modulator 86. The reactance 
tube 84 therefore acts both as stabilizer and as 
modulator, and while the balanced frequency de 
tector SS maintains the oscillator 8 near the cen 
tral frequency fm, the output of the oscillator is 
also frequency modulated by superposition of the 
intelligence derived from modulator 86. 

In the described embodiment of the novel bal 
anced frequency detector, frequency discrimina 
tors of the frequency counter type have been util 
lized which are described in the prior U. S. patent 
application No. 477,990. However, it is to be un 
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derstood that this invention is not limited to 
the type of the discriminator hereinbefore spe 
cifically described for the purpose of illustration 
and that variations and modifications may be 
made without departing from the spirit of this 
invention, and such variations and modifications, 
or the use of such individual features or subcom 
bination of features as do not depart from the 
spirit of this invention are, although not specifi 
cally described herein, contemplated by and 
Within the scope of the appended claims. 
What we claim is: 
1. A balanced frequency detector having zero 

output at a frequency value of a variable fre 
quency wave corresponding to the mean fre 
quency of two fixed reference frequencies, com 
prising a first crystal-controlled oscillator for 
generating a wave having the lower of said ref 
erence frequencies, a second crystal controlled 
oscillator for generating a wave having the 
higher of said reference frequencies, first and 
second thermionic mixer tubes each having an 
injector grid, a signal grid and an output elec 
trode, means to connect said signal grids in 
parallel and to apply thereto said variable fre 
quency wave, means to couple said first and said 
second oscillators to the injector grids of said 
first and second mixer tubes respectively, fre 
quency counters coupled to the output electrodes 
of said mixer tubes for deriving a first and a 
second voltage proportional to the frequency of 
the difference frequency waves generated in the 
output circuits of said first and said second mixer 
tubes respectively, each of said frequency coun 
ters comprising a direct current source, an in 
ductance connected thereto, means to vary the 
current a like value for each half period of like 
sign of the respective difference frequency wave 
and thereby generate voltage impulses across 
said inductances, and means to integrate the 
voltage impulses to produce a voltage, and means 
to connect the respective frequency counters in 
push-pull to produce an output voltage varying 
as the difference of the respective derived volt 
ages and which is zero for said mean frequency 
value of the variable frequency wave and pro 
portional to the deviation of said variable fre 
quency wave from said mean frequency value. 

2. A balanced frequency detector having Zero 
output at a frequency value of a variable fre 
quency wave corresponding to the mean fre 
quency of two fixed reference frequencies, com 
prising a first crystal-controlled oscillator for 
generating a wave having the lower of said ref 
erence frequencies, a second crystal-controlled 
oscillator for generating a wave having the higher 
of said reference frequencies, first and second 
thermionic mixer tubes each having an injector 
grid, a signal grid and an output electrode, means 
to connect said signal grids in parallel and to 
apply thereto said variable frequency wave, 
means to couple said first and second oscillators 
to the injector grids of said first and second mixer 
tubes respectively, and frequency counters cou 
pled to the output electrodes of said mixer tubes, 
each of said frequency counters comprising 2, 
thermionic tube including a cathode, a control 
grid and an anode, means to couple the control 
grid to the output electrode of the corresponding 
mixer tube, a resistance, a self-inductance and 
a current source connected in series circuit ar 
rangement with said cathode and anode, and 
voltage integrating means inductively coupled to 
Said anode circuit, Said Voltage integrating means 
comprising a half-wave diode rectifier tube and 
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8 
a load resistance coupled thereto, the respective 
load resistances of the frequency counters being 
interconnected to produce an output voltage vary 
ing as the difference of the voltages developed 
across each of the load resistances. 

3. A balanced frequency detector having zero 
output at a frequency value of a variable fre 
quency wave corresponding to the mean fre 
quency of two constant reference frequencies, 
said detector comprising means for generating 
a Wave having the lower of said reference fre 
quencies, means for mixing said variable fre 
quency wave with said lower reference frequency 
wave to produce a first difference frequency wave, 
means for generating a Wave having the higher 
of said reference frequencies, means for mixing 
said variable frequency Wave with said higher 
reference frequency wave to produce a second 
difference frequency wave, frequency counters 
coupled to the respective mixing means, each 
of Said frequency counters comprising a thermi 
onic counter tube including a cathode, a control 
grid and an anode, means to couple the control 
grid to the corresponding mixing means, a re 
sistance, a self-inductance and a current source 
connected in Series circuit arrangement with said 
Cathode and anode, and Voltage integrating means 
inductively coupled to said anode circuit, each 
of said voltage integrating means comprising a 
half-wave diode rectifier tube and a load resist 
ance coupled thereto, the respective load resist 
ances of the frequency counters being connected 
to produce an output voltage varying as the dif 
ference of the voltages developed across each of 
the load resistances. 

4. A balanced frequency detector having zero 
Output at a frequency Vaille of a variable fre 
quency Wave corresponding to the mean fre 
quency of tWO constant reference frequencies, 
Said detector comprising means for generating a 
Wave having the lower of said reference fre 
quencies, means for mixing Said variable fre 
quency Wave with said lower reference frequency 
Wave to produce a first difference frequency wave, 
means for generating a wave having the higher of 
Said reference frequencies, means for mixing said 
Variable frequency wave with said higher refer 
ence frequency Wave to produce a second differ 
ence frequency wave, frequency counters coupled 
to the respective mixing means, each of said 
frequency colunters comprising a thermionic 
counter tube including a cathode, a control grid, 
and an anode, means to couple the control grid 
to the corresponding mixing means, a resistance, 
a Self-inductance and a current source connected 
in series circuit arrangement with said cathode 
and anode, a winding inductively coupled to said 
self-inductance and a diode rectifier and a load 
resistance coupled to said winding, the respective 
load resistances of the frequency counters being 
connected to produce an output voltage varying 
as the difference of the voltages developed across 
each of the load resistances. 

5. A frequency stabilizing apparatus compris 
ing in combination a Source of electrical oscil 
lations the frequency of which is to be stabilized 
and including frequency adjusting terminals and 
an output circuit, and a frequency detector com 
prising two mixers each including two input ter 
minals and an output circuit, and a source of 
direct current, one of the input terminals of 
said mixers being connected in parallel to the out 
put circuit of said source of electric oscillations, 
OScillators for generating a lower fixed reference 
frequency Wave and a higher fixed reference fre 
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quency wave, means to couple said oscillators one 
to each of the other of the input terminals of 
said mixers, two frequency counters having input 
terminals coupled to the output circuits of Said 
mixers and connected to said source of direct 
current, each frequency counter comprising 
means for impulsively varying said direct cur 
rent in response to the variations of the difference 
frequency waves produced in the output circuits 
of said mixers, a circuit connected to said Source 
of current and including said current varying 
means and a self-inductance, Voltage integrating 
means coupled to said self-inductance, the out 
put circuits of said voltage integrating means 
being connected in push-pull and constituting a 
balanced output circuit for producing a Voltage 
proportional to the frequency variation of Said 
source of electrical oscillations, frequency ad 
justing means having input terminals connected 
to the output of said balanced output circuit, 
and output terminals connected to the frequency 
adjusting terminals of the Source of Oscillations, 
whereby a correcting adjustment is impressed on 
said source of oscillations is response to Variations 
in the balanced output circuit of the frequency 
detector. 

6. A frequency modulated transmitter con 
prising in combination an output circuit ter 
minating in a transmitting antenna, a frequency 
modulated oscillator including modulation ter 
minals and output terminals connected to Said 
output circuit, two mixers each including two 
input terminals, an output circuit and a Source 
of direct current, one of the input terminals of 
each mixer being connected in parallel and being 
coupled to said frequency modulated oscillator, 
oscillators for generating a lower reference fre 
quency wave and a higher reference frequency 
wave, means to couple said oscillators one to each 
of the other of the input terminals of Said mixers 
to produce in the output circuits of Said mixers 
first and second difference frequency Waves, two 
frequency counters having input terminals 
coupled to the output circuits of said mixers and 
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Connected to Said source of direct current, each 
frequency counter comprising means for impul 
sively varying said direct current in response to 
variations of the outputs of said mixers, a circuit 
connected to said source of current and includ 
ing said current varying means and a self-induct 
ance, voltage integrating means coupled to said 
self-inductance, the output circuits of said volt 
age integrating means being connected in push 
pull and constituting a balanced output circuit 
delivering a Voltage proportional to the fre 
quency deviation of said Source of OScillations 
from the mean frequency value of Said lower 
and said higher fixed reference frequency Waves, 
a source of voltage proportional to intelligence 
to be transmitted, a band-pass filter element Con 
nected to said intelligence Voltage Source and 
to said balanced output circuit, and frequency 
adjusting means connected between the Output 
terminals of said band-pass filter and the modul 
lation terminals of said frequency modulated 
Oscillator. 

ELLIOTT BARD. 
MANUEL JULIO KOBILSKY. 
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