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Jasper J. Okrent, Flushing, N. Y., assignor to

Hazeltine Corporation, a corporation of
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Application May 6, 1942, Serial No. 441,895
(CL 250-—27) |

i0 Claims.

‘The present invention relates to carrier-sig-
nal frequency detectors and, particularly, to fre-
quency detectors which convert frequency vari-
ations of a carrier signal to amplitude variations
of the same carrier signal or the signal derived
therefrom. While not limited thereto, the inven-
tion is particularly suited for use in a frequency-
modulation carrier-signat receiver to derive the
modulation components of a received carrier

signal and will be described in that connection.
- In frequency-modulation carrier-signal re-
ceivers, it is customary to change a received
frequency-modulated carrier signal at some point
in the receiver to an amplitude-modulated car-
rier signal to provide a form of carrier signal
suitable for detection by a conventional ampli-
tude-modulation detector to derive the modula-
tlon components thereof. Such change of form
of the carrier signal and the subsequent detec-
tion thereof are effected in the receiver by a fre-
quency detector which includes g frequency-se-
lective network or frequency discriminator and
means for rectifying the carrier signal of changed
form to derive the modiilation components there-
of. -Such frequency detectors in general are
responsive to undesired spurious amplitude vari-
atlons of the received carrier sighal, such am-
plitude variation being due for example to at-
mospheric conditions or electrical disturbances,
and, therefore, the frequency detector is some-
times preceded by g Hmiting system by which the
undesired amplitude variations of the received
carrier signal may be removed. The use of &
separate frequency detector and limiting sys-
tem has numerotts disadvantages, for example
the increased cost and complexity of the receiver,
the fact that additional vacuum tubes are re-
quired with attendant increased maintenance
costs, and the increaseqd power required to op-
erate the receiver. Both the prior art limiting
-systems and frequency detectors have addi-
tional limitations individual to each relating
primarily to their design and adjustment to ef-
fect the operation desired of each.

In order to avoid the disadvantages attend-
ant upon the use of separate limiting systems
and frequency detectors, it has been proposed
in accordance with one prior art arrangement
that a frequency detector having somewhat re-
duced response to undesired amplitude varia-
tions of a received carrier signal be provided
by the use of g single multi-electrode vacuum
tube. In this arrangement, the vacuum tube
‘Includes  two input electrodes and there are
derived from the received frequency-modulated
carrier signal, and individually applied to the
control electrodes, two carrier signals having
a relative phase which varies with the fre-
quency deviation of the frequency-modulated
carrier wave from a predetermined frequency,

The circuit of each of the control electrodes
includes a self-bias network. In this arrange-

ment, an effective limiting action results from

~ operation of the tube between grid-current rec-
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tification and anode-current cutoff. This ar-
rangement has the disadvantage that the ex-
tent of the effective limiting action is dependent
upon the values of time-constants of the self-
bias networks included in the control-electrode.
circuits, with the result that undesired ampli-
tude variations of brief duration and transient
character are not efficiently lmited. There
is the additional disadvantage with this ar-
rangement that the operating characteristic of
the frequency detector is dependent upon the
intensity of the received carrier signal since it
is the intensity which determines the points on
the operating characteristics of the vacuum tube
at which the control electrodes are blased. Due
to the self-bias feature of this prior art arrange—
ment, the action of the arrangement is so com-
plex that it is difficult to obtain both linear-
frequency detection and effective limiting, espe-
cially over a wide range of intensities of the
received carrier signal. |

It is an object of the present invention, there-
fore, to provide a new and improved carrier-sig-
nal frequency detector which avoids one or more
of the disadvantages and limitations of the
prior art devices.

It is an additional object of the invention to
provide a carrier-signal frequency detector
which possesses g greatly improved effective lim-
iting characteristic and a detector characteristic
having a high degree of linearity.

It is a further object of the invention to pro-
vide a carrier-signal frequency detector of sim-
ple and improved circuit arrangement and one
having an effective limiting characteristic which
Is fixed by the circuit parameters and is entire-
ly independent of the intensity of a carrier sig-
nal applied to the detector.

In accordance with the invention, a carrier-
signal frequency detector comprises an input
circuit adapted to have applied thereto a carrier
signal the frequency of which deviates over s
predetermined range of frequency deviation.
The detector also includes a vacuum tube in-
cluding two input electrodes and an anode, and
means coupled to the input circuit for deriving
from the applied carrier signal two carrier sig-
nals having s relative phase which varies with
the frequency deviation of the applied carrier
signal from a predetermined frequency and for
individually applying the derived carrier signals

to the input electrodes. There is also included
in the detector means for effecting anode-cur-
rent saturation of the tube to render the detector
substantially unresponsive to amplitude varia-
tions of the applied carrier signal, and an output




S .
~ eircult coupled to the aforesaid anode for derlv-
ing therefrom a signal the amplitude of which
varies substantially only with deviations of the
frequency of the applied carrier signal from the
aforesaid predetermined frequency.

Wor & better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawing, and its scope will be pointed out in
the appended clalms,

Referring now to the drawing, Fig. 1 is a cir-
cuit diagram, partly schematic, of a complete
frequency-modulation carrier-signal receiver
embodying the present invention; Fig. 2 is &
graph used as an aid in explaining the operation
of the Fig. 1 arrangement; and Fig. 3 is & cir-
cult diagram of & portion of the carrier-signal
receiver of Fig. 1 and represents a modified form
of the invention. |

Referring now more particularly to Fig. 1,
there is represented schematically a complete
frequency-modulation carrier-signal receiver of
a conventional design embodying the present in-
yvention in & preferred form. In general, the

10

3,843,268

means comprises an additional or space-charge
electrode or grid 38 adjacent the cathode which
is positively energized from & biasing source in-
dicated as 4+8.G. *
The detector additionally includes means cou-
pled to the input circuit comprising terminals
i8, {9 for deriving from the applied carrier sig-
nal two carrier signals having & relative phase
which varies with the frequency deviations of the
applied carrier signal from a predetermined fre-

' guency and for individually applying the derived
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receiver includes a radio-frequency amplifier {0

having an input circuit connected to an antenna
system (4§, {2 and having an output circuit con-
nected to an oscillator-modulator 3. Connected
in cascade with the oscillator-modulator i3, in
the order named, are an intermediate-frequency
amplifier {4 of one or more stages, a frequency
detector 19, more fully described hereinafter, an

- gudio-frequency amplifier {6 of one or more

stages, and & sound reproducer £7.
Tt will be understood that the various units

just described may, with the exception of the
frequency detector {8, be of a conventional con-
struction and operation, the details of which are
well-known in the art, rendering detalled de-
scription thereof unnecessary. Considering
briefly the operation of the recelver as a whole,
and neglecting for the moment the operation of
the freguency detector (3 presently to bhe de-
scribed, & desired frequency-modulated carrier
- slgnal is selected and amplified by the radio-
frequency amplifier {0, converted to an inter-
mediate-frequency carrier signal by the oscilla-
tor-modulator {8, amplified in the intermediate~
frequency amplifier {4, and effectively limited in
amplitude and detected by the frequency detec-
tor 15, thereby to derive the audio-frequency
modulation components. The audio-frequency
components are, in {urn, amplified in the audio-
frequency amplifier i6 and are reproduced by
the sound reproducer {7 in a conventional
menner. | | |

Referring now more particularly to the por-
tion of the system embodying the present in-
vention, the detector 78 includes an input cir-
cult comprising input-circuit terminals {8, {9
adapted to have applied thereto from unit (4
a frequency-modulated intermediate-frequency
carrier signal, the frequency of which deviates
from s predetermined mean or nominal fre-
quency over & predetermined range of frequency
deviation in accordance with a modulation signal.
The detector also includes a vacuum tube 20
having two input electrodes or control grids
21, 22. an anode 23, a cathode 24, and & screen
electrode or grid 25. There is included in the
tube 20 means for effecting anode-current satu-
ration thereof to render the detector 18 substan-
tially unresponsive to amplitude variations of
the carrier signal applied to the detector, This
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carrier signals to the input electrodes 2{, 22. This
means comprises an input transformer 26 having
s primery wWinding 27 coupled to the input ter-
minals {8, (9 through & condenser 28 and having
a secondary winding 29, the primary and second-
ary windings of transformer 26 being tuned by
a, pair of condensers 30, 31, respectively, to the
nominal frequency of the applied carrier signal.
The transformer 28 is thus double-tuned to the
mean frequency of the applied carrier signal and
the signal potentials developed across transform-
er windings 27 and 28 have a quadrature phase
relationship at this frequency. The relative
phase relationship of these signal potentials, how-
ever, varies with the frequency of the applied car-
rier signal over its range of frequency deviation.
In order that the detector {8 shall have an out-
put which varies linearly with the frequency devi-
ations of the carrier signal applied thereto, it is
necessary that the relative phase of the carrier-
signal potentials developed across the transform-
er windings 271 and 28 shall vary linearly with
the frequency deviations of the applied carrier

signal over a predetermined range of frequency

deviation, the precise value of which will present-
ly be considered in greater detail, ‘This linear

phase-frequency characteristic is obtained by re-

ducing the Q, that is, the ratio of inductive or
capacitive reactance to resistance, of the tuned
circuits 27, 30 and 29, 31 to a sufficiently low
value either by proportioning the constants of
the circuit elements themselves, or by the pro-
vision of damping resistors R, R connected in
shunt to one or both of the tuned circuits and
shown in dotted lines for the reason that they
may be comprised in whole or in part by the re-

gistance of the circuit elements 27, 28, 30 and 31,
50

or by a combination of these methods.

The input electrode 2{ of vacuum tube 20 is
coupled to the primary winding 27 to have ap-
plied thereto the carrier-signal potential devel-
oped across this winding. Similarly, the input
electrode 22 is coupled to the secondary winding
29 to have applied thereto the carrier-signal po-
tential developed thereacross. Means are pro-
vided for individually biasing each of the input
electrodes to a fixed operating potential, prefer-.
ably on the linear portion of the operating char-
acteristic of each, comprising the sources of bilas-
ing potentials indicated as —C, —C’ which are
connected to the input electrodes 21 and 22

~ through the respective transformer windings 27

85

70
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and 29. The screen electrode 28 has a positive
potential applied thereto from a source indicated
as +Sc.

There is provided in the detector I$ an output
circuit coupled to the anode 28 of vacuum tube
20 for deriving therefrom g signal, the amplitude
of which varies substantially only with the devi-
ations of frequency of the applied carrier signal
from its nominal frequency. This output circuit
comprises output-circuit terminals 32, 33 and in-
cludes a load impedance comprising a resistor 34
in the anode circuit of the vacuum tube 20. The
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anode 23 of vacuum tube 2§ iz energized from a
source of .space current, indicated as -+B,
through the resistor 34. The resistor 34 is by-

passed to ground for currents of carrier-signal

frequency by a condenser 88 effectively connected
thereacross. |
- Considering now the operationn of the circuit
Just described, and referring to the curves of Fig.
2, a carrier signel is applied from the output cir-
cuit of the unit_i4 to the input-circuit terminals
i8, 18 of the detector I8 to develop in the wind-
ings of the transformer 28 two carrier signsls
having 2 relative phase which varies substantial-
Iy linearly with the frequency of the applied car-
rier signal from its nominal frequency. ‘T'he
transformer 26 thus comprises a frequency dis-
criminator and provides for the input electrodes
2, 22 of vacuum tube 20 two carrier signdls
which it derives from the applied carrier signal.
The space-charge grid 28 has & constant biss
applied thereto from the source +8.G. and is &f-
fective to produce a substantially constant-in-
tensity electrostatic field adjacent to cathode 28,
thereby to cause the anode current of vacuum
tube 20 to saturate at a relatively low value of
input-electrode voltage, as represented by the
broken line X, Fig, 2, whenever both of the input
electrodes 21 and 22 have an instantaheous po-
tential greater than a value e1. The level of zéio
anode current is represented in Fig. 2 by the
broken line O corresponding to an input-elec-
trode potential of e2. The bias of the input elec-
trodes 21 and 22 is preferably adjusted in the
following manner. The electrode 21 is biased to
2 large positive potential at which it nhormally
would produce anode-current saturation of tibe
20 and the bias —C’ of electrode 22 is then ad-

“—Justed to a value midway between the valties at

which electrode 22 biases tube 26 to anode-cur-

.
T

rent cutoff and anode-current saturation. .To
adjust the bias of electrode 21, electrode 22 is

blased so far positively that thig electrode mor-

mally would cause anode-current saturation of
tube 20 and the bias —C is then adjusteg to a
value approximately midway between the values
at which electrode 21 biases vacuum tube 20 to
anode-current cutoff and anode-current satufra-
tion. The carrier signal applied to one of the
input electrodes, for example the electrode 21, is
represented by curve Ea1, and that applied to the
other input electrode, for example the input eleé-
trode 22, is represented by curve Ea, it being
assumed - that -the applied carrier signal under
these conditions has its nominal value of fre-
quency and, consequently, that the carrier sig-
nals applied to the input electrodes 21 ang 22
have a quadrature phase difference. |
Each-of the input electrodes 21 and 22 is ef-

fective to bias the vacuum tube 20 to anode-cur--

rent cutoff when its instantaneous potentiai is
less than the value es. From this it will be evi-
dent that anode current flows only during the
intervals when both of the input electrodes: 21
and 22 have instantaneous potentials greater
than the value es, which condition occurs only
during & relatively short interval of each cyole
of the applied carrier signal, as répresented in
Fig. 2 by the shaded area. The maximum valiue
of the anode current is Hited to its saturation
value Is and thus is substantially independent of
the maximum amplitudes of the positive half-
cycles of the carrier signals applied to the input
electrodes 2! and 22. The minimum value cf
the anode current is, of course, limited by its
zero value represented by the value O of Fig. 2,
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and thus is independent of the maximum ampli-
tudes of the negative half-cycles of the applied
carrier signals. Consequently, it will be seen
that the carrier-signal voltage developed across
the resistor 34 in the output circuit of the de-
tector {8 does not vary substantially in ampli-
tude with variations of amplitude of the applied
carrier signal. | |

Assume now that the frequency of the applied
carrier signal deviates from its mean frequency.
The phase difference between the carrier signals
applied to the input electrodes 2! and 22 now
changes by a phase angle ¢ from the quadrature
phase relationship normally existing between
these carrier signals and, assuming this phase
change adds to the initial quadrature phase dif-
ference as illustrated in Fig. 2, the ~arrier signal
applied to the input electrode 22 under this con-
dition is represented by the broken-line curve
E’22. It will be evident that the anode current
of vacuum tube 26 now fAows during a smaller
interval of each cycle of the applied carrier sig-
nal. The following mathematical analysis of the
detector operation indicates that the average val-
ue of the anode current, over one cycle of the
applied carrier signal, varies linearly with the
pPhase change of the carrier signals applied to
the input electrodes 21 and 22 from their normal |
quadrature phase relationship.

As a starting point for this analysis, it may
be noted that the total shaded area of Fig, 2
represenis the integrated value of anode cur-
rent flowing during each cycle of the applied
carrier signal. It can be shown that this area,
and thus the integrated anode current, has very
nearly the value

Z, w1,
]I,—-—-J;z,,dtr- 5 (1)
where:

Ip=the integrated value of anode current of

ip=the instantaheous value of anode current of
tube 20, |

t=the period of the carrier signal applied to
detector 15, and |

Is—the value of anode current saturation of

tube 26.

The average anode cutrent during each cycle of
the applied carrier signal is thus:
l, 1,

]Ii(a'v*)=4*_ ='4_ (2)

If ¢ has any vilue other than zero, the integrated
value of anode current is defined by the rela-

I’,,=J:£,,dt=l.(—2{—¢) - (3)

Thus, the average énode current over one cycle
of the applied carrier signal now has the value:

| [ 7
o ' I.(§—¢) Ia
I u(av*)= ‘ [ —

tion:

+$

. 7 S - (4)
1t will be seen from a comparison of Equations
2 and 4 that the average anode current varies
linearly with the phase change ¢. The constants
of the transformer windings 21 and 28, their co-
efficlent of coupling, the constants of the con-
densers 80 and 3! and the Q, or ratio of induc-
tive or capacitive reactance to resistance, of the
tuned circuits 21, 30 and 29, 31, are proportioned
such that the phase change ¢ varies linearly over
a predetermined range, for example 20 degreées,
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~ with the frequency deviation of the carrier sig-
nal applied to the detector §8. The output of
the detector 15 thus varies linearly with the fre-
quency deviation of the carrier signal applied
thereto and substantially independently of ampli-
tude variations of the applied carrier signal,
whereby the detector {8 is responsive only to the
frequency deviations of the applied carrier sig-
nal and is substantially unresponsive to ampli-
tude variations thereof. .

From the foregoing description of the Fig. 1
arrangement, it will be apparent that the space-
charge electrode 38 and source of energizing bias
+8S.G. therefor and the biasing sources —C, —C’
for the control electrodes 20, 22 comprise means
for effecting anode-current saturation at a rela-
tively low level of applied carrier-signal intensity
and anode-current cutoff of the vacuum tube 20
to render the detector % substantially unrespon-
sive to amplitude variations of the carrier signal
applied thereto for -carrier-signal intensities,
greater than such low intensity level.

Fig. 3 is a circuit diagram representing a modi-
fied form of the invention which is essentially
similar to the arrangement of Fig. i, similar cir-
cuit elements being designated by similar refer-
ence numerals and analogous circuit elements by
similar reference numersals primed, In the Fig. 3
arrangement, the two carrier signals derived by
the transformer 26 are individually applied to the
input electrode 2! and to a suppressor electrode
37 included in the vacuum tube 26’. This ar-
rangement thus provides an alternative method

of applying the two carrier signals to input elec-
trodes of the vacuum tube 20. The arrangement
and operation of the Fig. 3 modification are

otherwise essentially similar to that of Fig. 1
except for the feature that the portion of the
screen electrode 25 which is positioned between
the input electrode 2f and the space-charge elec-
trode 36 is effective with the latter to control the
level of anode-current saturation Is of the vac-
uum tube 20’. Consequently, the value of the
potentials applied to the space-charge electrode
36 from the source +S.G. and that applied fo
the screen electrode 25 from the source <4Sc
are relatively proportioned to provide the desired
value of anode-current saturation Is. 'The opera-
tion is otherwise essentially similar to that of
the Fig. 1 arrangement and will not be repeated.

While in both the arrangements of Figs. 1 and
3, the means for deriving the two carrier signals
from that applied to the detector §% comprises
the transformer 28, it will be evident that any of
the known forms of frequency discriminators
other than the double-tuned transformer 26 may
be used by which to derive from the carrier signal
applied to the detector {5 two carrier signals hav-
ing a relative phase which varies substantially
linearly with the frequency of the applied carrier
sighal over the range of frequency deviation of
the latter.

While there have been described what are at
present considered to be the preferred embodi-

‘ments of this invention, it will be obvious to those’

skilled in the art that various changes and modi-
fications may be made therein without departing

from the invention, and it is, therefore, aimed in

-the appended claims to cover ail such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:
1. A carrier-signal frequency detector compris-
ing, an input circuit adapted to have applied
thereto a carrier signal the frequency of which

2,843,263

deviates over a predetermined range of frequency
deviation, a vacuum tube including two input
electrodes and an anode, means coupled to said

.~ input circuit for deriving from said applied car-
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rier signal two carrier signals having a relative
phase which varies with the frequency deviation
of said applied carrler signal from a predeter-

‘mined frequency and for individually applying

said derived carrier signals to sald input elec-
trodes, means for effecting anode-current satura-
tion of said tube to render said detector substan-
tially unresponsive to amplitude variations of said
applied carrier signal, and an output circuit cou~
pled to said anode for deriving thereirom a sig-
nal the amplitude of which varies substantially
only with deviations of the frequency of said
applied carrier signhal from said predetermined
frequency.

2. A carrier-signal frequency detector compris-
ing, an input circuit adapted to have applied
thereto a carrier signal the frequency of which
deviates over a predetermined range of frequency
deviation, a vacuum tube including two input

electrodes and an anode, means coupled to said -

input circuit for deriving from said applied car-
rier siecnal two carrier signals having a relative
phase which varies with the frequency deviation
of said applied carrier signal from a predeter-
mind frequency and  for individually applying
said derived carrier signals to said input elec-
trodes, means for effecting anode-current saturg=-
tion and anode-current cutoff of said tube to
render said detector substantially unresponsive

to amplitude variations of said applied carrier
signal, and an output circuit coupled to said an-

ode for deriving therefrom a signal the amplitude
of which varies substantially only with deviations
of the frequency of said applied carrier signal
from said predetermined frequency.

3. A carrier-signal frequency detector com-
prising, an input circuit adapted to have applied
thereto & carrier signal the frequency of which
deviates over a predetermined range of frequency
deviation, a vacuum tube including two input elec-
trodes and an anode, means coupled to said input
circuit for deriving from said applied carrier
signal two carrier signals having a relative phase
which varies with the frequency deviation of said
applied carrier signal from a predetermined fre-
quency and for individually applying said derived
carrier signals to said input electrodes, means in-
cluded in said tube for effecting anode-current
saturation thereof to render said detector sub-
stantially unresponsive to amplitude variations of
sajd applied carrier 51gnel and an output circuit
coupled to said anode for deriving therefrom a
signal the amplitude of which varies substan-
tially only with deviations of the frequency of
said applied carrier signal from said predeter-
mined frequency.

4, A carrier-signal frequency detector com-
prising, an input circuit adapted to have applied

“thereto & carrier signal the frequency of which

deviates over a predetermined range of frequency
devigtion, a vacuum ftube including two input
electrodes, an additional electrode and an anode,
means coupled to said input circuit for deriving
from said applied carrier signal two carrier sig-
nals having a relative phase which varies with
the freaquency deviation of said applied carrier

'signal from a predetermined frequency and for

individually applying said derived carrier sig-
nals to said input electrodes, means including said
additional electrode for effecting anode-current
saturation of said tube to render said detector
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substantially unresponsive to amplitude variations
of said applied carrier gignal, and an output cir-
cuit coupled to said anode for deriving therefrom
8 signal the amplitude of which varies substan-
tially only with deviations of the frequency of
sald appled carrier signal from said predeter-
mined frequency. >

3. A carrier-signal frequency detector com-

prising, an input circuit adapted to have applied
thereto & carrier signal the frequency of which
deviates over a predetermined range of frequency
deviation, & vacuum ftube including two input
electrodes, & space-charge electrode and an anode,
means coupled to said input circuit for deriving
from said applied carrier signal two carrier
signals having a relative phase which varies with
the frequency deviation of said applied carrier
signal from & predetermined frequency and for
individually applying said derived carrier signals
to said input electrodes, means including said
space-charge electrode for effecting anode-cir-
rent saturation of said tube to render said de-
tector substantially unresponsive to amplitude
variations of said applied carrier signal, and an
output circuit coupled to said anode for deriving
therefrom g signal the amplitude of which varies
substantially only with deviations of the fre-
quency of said applied carrier signal from said
predetermined frequency. |

@ A carrier-signal frequency detector com-
prising, an input circuit adapted to have applied
thereto a carrier signal the frequency of which
deviates over a predetermined range of frequency
deviation, a vacuum tube including an anode, &
cathode, two input electrodes, and a space-charge
grid adjacent said cathode and between said
cathode and said input electrodes, means coupled
to said input circuit for deriving from said ap-
plied carrier signal two carrier signals having s
relative phase which varies with the frequency
deviation of said applied carrier signal from g
predetermined frequency and for individuslly ap-
plying said derived carrier signals to said input
electrodes, means including said space-chsarge
grid and means for positively energizing said
space-charge grid for effecting enode-current sat-
uration of said tube to render said detector sub-
stantially unresponsive to smplitude variations
- of said applied carrier signal, and an output cir-
cult coupled to said anode for deriving therefrom
& signal the ampllitude of which varies substan-

tially only with deviatioms of the frequency of

sald applied carrier signal from said predeter-
mined frequency.

7. A carrier-signal frequency defector com-
prising, en Input circuit adapted to heve applied
thereto & carrier signal the frequency of which
deviates over & predetermined range of frequency
deviation, & vecuum tube inciuding two input
electrodes end an gnode, means coubled to salgd
input circult for deriving from said spplied car-
rier gignal two carrier signels having & relative
phase which varies with the frequency deviation
of gald spplied carrier signeal from g predeter-
mined frequency and for individually applying
sald derived carrier signsls to sajid input elec-
trodes, means for effecting anode-current satu-
ration of seld tubs 2% a relatively low level of
epplied carrier-signsal intensity to render said de-
tector substantially unresponsive to amplitude
variations of seid applied carrier signal in excess
of sald low-level Intensity, and an output clrcuit
coupled t0 said ancde for deriving therefrom &
slgnal the amplitude of which varies subsiantially
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only with deviations of the frequency of said ap-
plied carrier signal from said predetermined fre-
quency.

8. A carrier-signal frequency detector compris-
ing, an input circuit adapted to have applied
thereto a carrier signal the freauency of which
deviates over a predetermined range of frequency
deviation, & vacuum tube including two input
electrodes and an anode, means coupled to said
input circuit for deriving from said applied’ car-
rier signal two carrier signals having g relative
pbhase which varies with the frequency deviation
of said applied carrier signal from a predeter-
mined frequency and for individually applying
said derived carrier signals to said input elec-
trodes, means for effecting anode-current saturs-
tion of said tube to render said detector substen-
tially unresponsive to amplitude varistions of
said applied carrier signal, means for fixedly bias-
ing said input electrodes to points on substantially
linear portions of the operating characteristics of
said vacuum tube, and an output circuit coupled
to said anode for deriving therefrom s signal the
amplitude of which varies substantially only with
deviations of the frequency of said applied car-
rier signal from said predetermined frequency.

9. A carrier-signal frequency detector compris-
ing, an input circuit adapted to have applied
thereto a carrier signal the frequency of which
deviates over a predetermined range of frequency
deviation, & vacuum tube including two input
electrodes and an anode, means coupled to said
input circuit for derivineg from ssid applied car-
rier signal two carrier signals having a relative
phase which varies with the frequency deviation
of said applied carrier signal from a predeter-
mined frequency snd for individually applying
sald derived carrier signals to said input elec-

-trodes, means for effecting anode-current satura-

tion and anode-current cutoff of said tube to
render sald detector substantially unresponsive
to amplitude variations of said applied carrier
signal, means for fixedly biasing sald input elec-
trodes to points on the opersting characteristics
of said vacuum tubes substantially midway be-
tween anode-current saturation and anode-cyre
rent cutoff of said vacuum tube, and an output
circuit coupled to said anode for deriving there-
from a signal the amplitude of which vsries sub-
stantially only with devigtions of the frequency
of said applied carrier signal from said predeter-
mined frequency.

10. A carrier-signal frequency detector com-
prising, an input circuit adapted to have applieg
thereto a carrier signal frequency-modulsted over
& predetermined range of frequency deviation in
accardance with a modulation signal, a vacuum
tube including two input electrodes and an anode,
means coupled to said input circuit for deriving
from said applied carrier signal two carrier 5ig-
nals having a relative phase which varies with the
frequency deviation of said applied carrier signal
from & predetermined frequency and for indi-
vidually applying said derived carrier signsls to
saild input electrodes, means for effecting anode-
current saturation of said tube to render said
detector substantiaglly unresponsive to amplitude
veriations of said applied carrier signal, and an
output circuit coupled to said anode and includ-
ing means for deriving from the average space

current thereof said modulation signal.
JASPEE J. OKRENT,
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