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€ 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 ecritical 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, Zieig~
ler Serial No. 488,582 filed May 26, 1943, g 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
cbtained which will provide a zero output voltage
for solely one predetermined frequency and the
frequency defector 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, voltages, 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 g 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 char-
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 invention
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. la is a graph illustrating the relative po-
sition of the detector characteristic of the bal-
anced frequency detector with respect to the fixed
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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 preseng inven-
tion.

Pig. 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 diagram 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 drawings.

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 7' 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 18 and 12 of the bal-
anced frequency detector, to which the variable
frequency f is applied.

Due to the abovementioned arrangement,
mixer M’ deyelops in its output circuit a first dif-
ference frequency Fa while mixer M’ generates
2 second difference frequency f ‘e the cutpub
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'a and f'’q into D. C. volt-
ages o’ and o'’ proportional to the frequency fda
and f'’a’ respectively.

In view of the fact that the output terminals
14, 16 and 16,18 of the discriminators D’ and D
respectively are connected in opposition or push-
pull, the detector output voltage V developed be-
tween output terminals 20 and 22 of the balanced
frequency detector will be equal to the differ-
ence of said voltages v 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 D' and D’’, we can write for the voltages v’
and v’

1) v=k'1.f etk 2(fa)2FE s (Fadd+ ...
(2) V"=l L R () R s ()3 L

where j’a and £« represent the difference fre-
quencies generated by the mixers M’ and M’
and k'1, k’2, k'3 and k''1, k''2 and k'’3 represent
the coefficients of the transfer characteristics of
the discriminators D’ and D'’ respectively.

As both voltages v’ and o'’ are connected in
opposition, detector voltage V will be equal to the
difference of v’ and ', or ‘

3) V=k1.(f'a—F"a) —}—ZCz.[(f’d)Z——(f”dﬂ]
REN R CAFIT G R S
where :
ki=k 1=k "1; ke=k'2=k""2; Ta=k'3=k""3
since both discriminators or frequency counters
D’ and D'’ ‘are arranged to have like transfer
‘characteristics. :
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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'a and f'’q is zero, viz, when the variable
frequency f corresponds to the mean frequency
of the fixed reference frequencies 7/ and /7.
Consequently, the balanced frequency detector
according to the invention will have a zero de-
tector veltage only when the variable frequency
7 passes through 2 point equidistantly located be-
tween the reference frequencies f* and 7/, as may
be seen in the graph shown in Fig. 1a.

Since in Equation 3 the higher order terms are
of much smaller magnitude than the linear term
of the difference frequencies f'a and f'’q, 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 bhalanced de-
tector a voltage V=2K(f), where K represents
the transfer constant of the balanced frequency
detector and f=(f’a—f"'a) represents 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 f
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 freguency detectors which, due
0 the location of the reference freguencies f’ and
f'* with respect to the variable frequency f, and
also due to the push-pull connection of the dis-
criminator output circuits, form together a hal-
anced frequency detector which has a zero out-
put voltage for the predetermined mean value of
the variable frequency f.

ig. 2 represents the circuit of the balanced
frequency detector based on the diagram of Fig.
i, in which input terminal (2 is connected to
ground potential, while input terminal §0 is con-
nected to the signal grids g’1 and ¢'’1 of two ther-
mionic mixer tubes M’ and M’’ respectively, the
load resistances 24 and 28 of which are connect-
ed to the positive pole of a direct current source
53 from which the other supply voltages for the
other electrodes of the tubes arve derived as is
known in the art.

Injector grids ¢g’s and ¢’z 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 lower reference fre-
quency ' whereas oscillator O’ generates the
higher reference frequency f’/, so that in the plate
circuits of the mixers M’ and M’ the corre-
sponding difference frequencies f'a and f'’a are
developed. The plate circuits of said mixer tubes
M’ and M’/ are provided with filter condensers
28 ang 3! respectively, which constitute short-
circuits for the reference frequencies f' and j”’
so that only the difference frequencies f'a and
f'’¢ are applied to the inputs of the discrimina-
tors D’ and D'’ which, in the present embodiment
of the invention, are constituted by irequency
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 cotinter valve Vi and Vz 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 M’’ 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 Vi and Vz are con-
nected through a common voltage-dropping re-
sistance 44 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 58, g self-inductance 52
respectively, inductance 48 constituting the pri-
mary winding of a transformer Ti, the secondary
winding 54 of which, together with a load re-
sistance 56 and the half-wave diode rectifier V'3
formed by anode 58 and cathode 88, constitutes
the integrating circuit of the frequency count-
er D',

Inductance 82, inserted in the plate circuit of
the counter tube V2 constitutes the primary wing-
ing of a coupling transformer T3, the secondary
winding 62 of which is connected in series with
load resistance 84 and the half-wave diode recti-
fier V’’s comprising anode 88 and the cathode 60
thus forming the integrating circuit of the fre-
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 Gz of the counter
tubes Vi or Ve, the plate current of said tubes
fiowing through the plate circuits constituted by
48, 46 and 52, 50 respectively, will vary for each
half period of like sign of the applied difference
frequency sc¢ as to generate across the induct-
ances 48 and 52 voltage impulses which, when
rectified by the half-wave diode rectifier valves
V'3 and V'’3 and integrated over g time which is
sufficiently large compared with the period of the
difference frequencies f’a and f'’a develop across
the load resistances 56 and 64 the voltages v’ and
o'’ proportional to the frequency of said differ-
ence frequencies f’'q¢ and f'’a.

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 load-resistances 58
and 64, the junction {§ of which is connected to
the common cathode 88, so that both load re-
sistances form a push-pull ocutput circuit wherein
a detector cutput voltage V is developed which,
being equal to the difference of said voliages v’
and v"’, is proportional to the deviation of the
variable frequency f 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’ (M’'") and
counter tube Vi (Vz2) each unbalanced frequency
detector being provided with an integrating cir-
cuit the load resistances 58 and €4 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
voltage without the use of a compensating volt-
age and in which slight variations of the circuit
parameters will be automatically compensated.
Moreover, the balanced arrangement will com-
pensate for slight and oppesite variations of the
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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 /.

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 68, and in which the outpuf voltage V
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 18, 12 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 78 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 voltage V in the output circuit of the
balanced frequency detector 68, and said voltage,
acting through reactance tube 68, will tend to re-
adjust the oscillator 18 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 voliage the components of
the frequency of the voltage impulses and har-’
monics thereof, so as to obtain solely a voltage
which will vary proportionally to the deviation
of the frequency f to be controlled,

In view of the fact that the detector output
voltage V has a zero value for only one predeter-
mined 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. 1a.

As lustrated in Fig. 4, the novel balanced fre-
guency detector may be also applied to frequency
modulated transmission. The transmitter an-
tenna 12 is connected through a power output
section 74, a driver or doubler 78 and a separator
18 to an oscillator 82 which is also connected to
the input of the balanced frequency detector rep-
resented by rectangle 656. The output of the bal-
anced detector is applied through an output low-
pass filter 82 {o the reactance tube or similar de-
vice 84 which controls the frequency of oscillator
89.

The frequency stabilizing circuit of Pig, 4 is
substantially that shown in Fig. 3, except for out-
put low-pass filter 82 and modulator 8§ 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 88. The reactance
tube 82 therefore acts both as stabilizer and as
modulator, and while the balanced frequency de-
tector €8 maintains the oscillator 80 near the cen-

“tral frequency fm, the output of the oscillator is

also frequency meodulated by superposition of the
intelligence derived from modulator 85.

In the described embodiment of the novel bal-
anced frequency detector, frequency discrimina-
tors of the frequency counter type have been uti-
lized which are described in the prior U. S, patent
application No, 477,990, However, it is to be un-
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the type of the dlscrlmmator herembefore spe-
cifically described for the purpose of 1llustrat1on
and that variations and mod1ﬁcat1ons may be
made wlthout departmg from the sp1r1t of this
1nvent1on and such variations and modlﬁcatmns
or the use of such 1nd1v1dua1 features or subcom-
_bma.tmn of features as do not depart from the
spirit of this 1nVent1on are, although not spemﬁ-
cally described herem, contemplated by and
within the scope of the appended cla1ms

What we claim is:

1. A balanced frequency detector having zero

output at a frequency value of a varlable ‘fre-
quency wave corresponding to .the mean fre-
quency of two fixed reference frequenmes com-
prising a first crystal-controlled osc111ator for
generating a wave havmg the lower of said ref-
‘erénce frequencies, a second crysta1 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
sécond 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 freduency of
the difference frequency waves generated in the
output circuits of said first and said second mlxer
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 fr om said mean frequency value.

2. A balanced flequency detector having zero
output at a frequency value of a variable fre-
quency wave cor1espond1ng to the mean fre-
quency of two fixed reference’ frequenmes com-
prising a first crystal- controlled oscillator for
generating a wave havmg the lower of said ref-
erence f1equenc1es a second crystal contlolled
oscillator for gener atmg a wave, hav1ng the h1ghe1
of said reference frequencies, first and second
thermionic mixer tubes each having an 1n3ector
gr1d a signal grid and an output ‘electrode, means
to connect said 51gna1 grids in parallel and ‘to
apply thereto said ‘variable frequency ‘wave,
means t0 coliple said first and second osc1llators
to the injector grids of said first and second m1xer
tubes respectively, and ‘frequency counters cou-
pled to the output electrodes of said mixer tubes,
each of said frequency countels com_prlslng a
thermionic tube 1nclua1ng a cathode a control
grid and an anode, means to couple the control
grid to the output electrode of the correspondmg
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 2 half-wave diode rectifier tube and
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a load resistance coupled thereto, the respective
load resistances of the frequency counters being

}mterconnected to produce an output voltage vary-
ing as the difference of the voltages developed
8cross each of the load resistances.

3. A balanced frequency detector having zero
outptit at ‘a frequency value of a variable fre-
quency wave corresponding to the mean fre-
quency of two constant reference irequencies,

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 g 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 inciuding 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 dicde 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 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-
guencies, means for mixing said variable fre-
quency wave with said lower reference frequency
wave to produce a first difference ircquency 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 counters comprising a thermionic
counter tube including a cathode, o 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 rectifler and a load
resistance coupled to said winding, the respective

load resistances of the frequency counters being
connected to produce an ouiput 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
terminalg 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 integrafing 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 cireuit,
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 com-
prising in combination an output circuit fer-
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 outpub 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 Iower
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 wvoltage source and
to said balanced output circuit, and frequency
adjusting means connected between the output
terminals of said band-pass filter and the modu-
lation terminals of said frequency modulated
oscillator.
ELLIOTT BARD.
MANUEIL JULIO KOBILSKY.
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