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Maurray G. Cresby, Riverhead, N. Y., assignor to
Radio Corporation of America, a corporation

of Delaware

Application May 4, 1940, Serial No. 333,257
9 Claims. (CL 250—20)

This application concerns new and improved
circuits and means for converting frequency
modulation or other variations in the frequency
of wave energy to amplitude modulation with a
minimum of circuit elements. In the several
modifications of my invention, multiple-tuned
circuits are empleyed which have one point of
high impedance and one point of low impedance
which makes possible a sloping filter which slopes
linearly between the high and low impedance
points.

In describing my invention in detail, reference
will be made to the attached drawings wherein,

Figs. 1, 2 and 3 each show the essential fea-
tures of three modifications of my circuits and
means for converting frequency changes in wave
energy into corresponding amplitude changes
and demodulating the same. In each modifica-
tion, multiple-tuned circuits are used to produce
the two opposed sloping filter characteristics
necessary to accomplish the conversion. Figs. 4
and 5 are curves illustrating the reactive char-
acteristics of the multiple-tuned circuits and
Figs. 6, 7, 8 and 9 are curves illustrating the

characteristics of the filters formed by the tuned =

circuits.

The circuit of Fig. 1 shows a specific embodi-
ment of the invention in which one of the tuned
circuits is common to the multiple-tuned circuits

of both of the sloping filters which are provided.

Transformer | has a primary winding 2 coupled
to a source of wave energy 4 the frequency of
which changes in accordance with signals. ‘The
secondary winding 6 of transformer 1 is tuned

to the mean frequency of the wave energy sup- :

plied from winding 2 which is similarly tuned.
Both windings are shunted by damping resist-
ances DR and the secondary winding 6 feeds the
circuits for both sloping filters one of which con-
sists of resistor Ri, condenser C2, and tuned
circuit C1, Li. The other filter circuit consists of
R2, 1.2, and tuned circuit LI, Cl. 'The outputs of
the two sloping filters are taken as the impedance
drop across the multiple-tuned circuits and are
fed to the control grids 10 and 12 of infinite im-
pedance diodes {4 and {6. The detected outputs
are taken from the cathode resistors 18 and 20
connected between the cathodes of the detectors
and fed therefrom to the grids 24 and 26 of am-
plifiers 30 and 32.
with the anodes 36 and 38 of tubes 30 and 32
combines the detected outputs for frequency
modulation reception when switch S is connected
in the push-pull position or for amplitude modu-
lation reception when switch S is connected in

Transformer 34 connected 5
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the parallel or push-push position. The output
is made available for utilization at jack 1.

Figs. 4 and 5 show the reactance versus fre-
quency characteristics of the multiple-tuned cir-
cuits consisting of €2, LI, Cl, and L2, LI, CI.
The reactance curves for the respective multiple-
tuned circuits are indicated on the figures. RI
is - chosen large enough so that the current
threugh its cireuit is determined predominantly
by the value of RI and to a lesser extent by the
impedance of the multiple-tuned circuit which
it feeds. Consequently, when the frequency
reaches the resonant point Pl of the reactance
‘characteristic of multiple circuit C2, Ci, L1, illus~
trated in Fig. 5, the sloping filter output will be
as shown in Fig. 6 at the point F3 on curve D.
When the frequency.is at the high impedance
point ¥2 of the reactance.curve of Fig. 5, the
voltage drop across the multiple-tuned circuit. C2,
Cl, Lil will be as shown at frequency Fe of curve
D, Fig. 6. '

In the case of multiple circuit L2, Ll, Ci, the
reactance curve of which is shown in Fig. 4, the
anti-resonant point Fl. of the reactance char-
acteristic of Fig. 4 corresponds to the maximum
output point Fc-of curve C in Fig. 6. The res-
onant point F2 of the reactance curve of Fig. 4
corresponds to the minimum point ¥4 of curve C.

Fig. 3 shows another arrangement of elements
of the type used in Fig. 1 in which the tuned cir-
cuit L, Cf is not common to both multiple cir-
cuits. In this modification a second tuned cir-
cuit ¢’I, I’f is connected in series with induct-
ance 1.2, circuits C2, C{, L{ and C’f, L'{, L2 are
tuned substantially to anti-resonance at the
mean frequency of the wave energy. Such a
circuit is desirable in the case where the maxi-
mum point of one sloping filter does not coincide
with the maximum point of the other sloping
filter as is the case with the filters the charac-
teristics of which are shown. in Fig, 7. In the
tuning illustrated by the curves of Fig. 6 the
maximum points of the two sloping filters coin-
cide. It might be contended that such circuits
would distort when used for reception of fre-
quency modulation since the characteristic of
the sloping filter is not linear over its complete
range. However, since the desired resultant
characteristic is that which exists between the
frequency - variation of the wave and the re-

~sultant detected current, a tuning as shown in

Fig. 6 may be used. The differential detector
current produced by a tuning as shown in Fig. 6
effects an overall detector characteristic such as
shown in Fig. 9 so that the conversion of fre-
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quency modulation to amplitude modulation is
linear and undistorted. This linear resultant
characteristic is present due to the fact that the
detected output is equal to the difference bhe-
tween the detected outputs produced by curves
C and D of Fig. 6 separately. It can be seen
from the curves that the difference is equal to
zero at the carrier frequency and increases as the
carrier frequency is departed from in a manner
similar to that illustrated by the tuning curves
of Fig. 6.

The tuning characteristics illustrated in Fig.
8 in which the minimum points of the sloping
filters coincide, also produces an overall char-
acteristic which is linear as shown in Fig. 9 and
will, therefore, convert frequency modulation into
amplitude modulation wtihout distortion.

The circuit of Fig. 2 is an alternative form of
multiple-tuned circuit which may replace those
used in Fig. 1 or in Fig. 3. This circuit operates
in a manner exactly similar to the operation of
Fig. 3. The only difference between the two cir-
cuits lies in the fact that Fig. 3 uses a different
arrangement of the three elements of the multi-
ple-tuned circuits to produce the same type of
reactance-frequency characteristics and, there-
fore, the same type of filter characteristics. Pur-
ther description of the “equivalences” of the
multiple-tuned circuits of Figs. 2 and 3 is con-
tained in the book: “Transmission Networks and
VWave Filters,” by T. E. Shea (D. Van Nostrand
Co.) pages 129, 132, 139 and 140.

Any of these circuits may be used for the dis-
criminator circuit in an automatic frequency
control system as well as for demodulating fre-
quency modulated wave energy. That is, the cir-
cuits can be operated to respond to fast or slow
frequency variations. Also, the detected output
from resistances 18 and 20 or from the trans-
former 34 may be used for both the frequency
modulation output and automatic frequency
control for the receiver,

What is claimed is:

1. In a system for demodulating wave energy
modulated in frequency at signal frequency, a
first circuit comprising parallel connected react-
ances tuned to the mean frequency of said wave
energy, a pair of electron discharge devices each
having input and output electrodes, a second
tuned circuit comprising parallel connected re-
actances resonant to said mean frequency, the
second circuit having one terminal connected to
an input electrode of each of said tubes, a con-
denser coupling the other terminal of said second
tuned circuit to the other input electrode of one
of said tubes and to said first parallel circuit, and
an inductance coupling said other terminal of
said second tuned circuit to an input electrode
of the other of said tubes and to said first paral-
lel circuit.

2. The method of converting frequency varia-
tions in wave energy into corresponding ampli-
tude variations which includes the steps of, pass-
ing said wave energy over a first path which
passes waves of carrier wave frequency with max-
imum Intensity and attenuates upper side band
energy -as & function of the frequency spacing
from said carrier frequency while attenuating to a
higher degree the lower side band energy as a
function of the frequency spacing from said car-
rier frequency, passing said wave energy over a
second path which passes waves of carrier wave
frequency with maximum intensity and attenu-
ates lower side band energy as a function of the
frequency spacing from said carrier frequency
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while attenuating to a higher degree the upper
side band energy as a function of the frequency
spacing from said carrier frequency, and com-
bining waves from the outputs of said paths to
obtain a resultant of varying amplitude.

3. The method of converting frequency vari-
ations in wave energy into corresponding ampli-
tude variations which includes the steps of, pass-
ing said wave energy over a first path which
basses waves of carrier wave frequency with maxi-
mum intensity and attenuates upper side band
energy as an inverse function of the frequency
spacing from said carrier frequency while atten-
uating to a higher degree the lower side band en-
ergy as an inverse function of the frequency spac-
ing from said carrier frequency, passing said wave
energy over a second path which passes waves
of carrier wave frequency with maximum in-
tensity and attenuates lower side band energy as
a function of the frequency spacing from said
carrier frequency while attenuating to a higher
degree the upper side band energy as a function
of the frequency spacing from said carrier fre-
quency, and combining waves from the outputs
of said paths to obtain a resultant of varying am-
plitude.

4. The method of converting frequency varia-
tions in wave energy into corresponding ampli-
tude variations which includes the steps of, pass-
ing said wave energy over a first path which
passes waves of carrier wave frequency with
maximum intensity and attenuates wave energy
of lesser frequency as a function of their fre-
quency spacing from said carrier frequency, pass-
ing said wave energy over a second path which
passes waves of carrier wave frequency with
maximum intensity and attenuates wave energy
of higher frequency as a function of their fre-
quency spacing from said carrier frequency, and
combining waves from the outputs of said paths
to obtain a resultant of varying amplitude.

5. The method of detecting wave energy of
variable frequency and constant amplitude which
includes the steps of passing said wave energy
over a first path which passes over the operat-
ing range of frequencies waves of mid-band fre-
quency with maximum intensity and attenuates
upper side band energy as a function of the fre-
quency spacing from said mid-band frequency
while attenuating to a higher degree the lower
side band energy as a function of the frequency
spacing from said mid-band frequency, passing
sald wave energy over a second path which
basses over szid operating range waves of mid-
band frequency with maximum intensity and at-
tenuates lower side band energy as a function
of the frequency spacing from said mid-band fre-
quency while attenuating to a higher degree the
upper side band energy as a function of the fre-
quency spacing from said mid-band frequency,
and deriving from said paths a resultant wave of
constant mid-band frequency and of varying am-
plitude.

6. In a system for demodulating wave energy
modulated in frequency at signal frequency, a
resonant circuit tuned to the mean frequency of
said wave energy, at least two electron discharge
tubes each having a pair of input electrodes, two
parallel tuned circuits each having one terminal
thereof connected to a first input electrode of
each of said tubes, a capacitative reactance cou-
pling the second terminal of one of said parallel
tuned circuits to the second input electrode of
one of said tubes and to the said resonant cir-
cuit, and an inductive reactance coupling the
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second terminal of the second of said parallel
tuned circuits to the second input electrode of
the second of said tubes and to the said reso-
nant circuit.

7. The method of converting frequency varia-
tions in wave energy into corresponding ampli-
tude variations which includes the steps of trans-
mitting said wave energy so as to pass waves of
a selected frequency greater than the mean fre-
quency of said wave energy with maximum in-
tensity and attenuate waves of lesser frequency
as a function of their frequency spacing from
said selected frequency, simultaneously transmit-
ting said wave energy so as to pass waves of a
second selected frequency less than the mean

frequency of said wave energy with maximum -

intensity and attenuate waves of higher fre-
quency as a function of their frequency spacing
from said second selected frequency, and com-
bining the passed waves to obtain a resultant of
varying amplitude.

8. The method of detecting frequency modu-
lated carrier waves which includes passing waves
of carrier frequency with maximum intensity, at-
tenuating waves of lesser frequency as a func-
tion of their frequency spacing from said carrier
frequency, simultaneously passing said waves
with maximum intensity while attenuating waves
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of higher frequency as a function of their fre-
quency spacing from the carrier frequency, and
combining the total passed wave energy to pro-
duce a resultant wave of varying amplitude
and constant frequency. )

9. In combination with a tuned circuit reso-
nated to a desired carrier frequency, means im-
pressing upon said circuit 2 band of signal fre-
quencies whose mid-band frequency is equal to
said carrier frequency, a pair of electron dis-
charge tubes, each tube having a cathode and at
least one cold electrode, means connecting the
cathodes of both tubes to a common alternating

-potential point of said tuned circuit, a resistive

impedance connecting the cold electrode of one
tube to a second point of said tuned circuit, a
second resistive impedance ccnnecting the sec-
ond tube cold electrode to said second point, at
least one resonant circuit connected in shunt
with said tuned circuit, said shunt circuit being
rescnated to said mid-band carrier frequency, a
first connection between said shumnt circuit and
the junction of one resistive impedance and its
respective cold electrode, and a second connec-
tion between said shunt circuit and the junction
of the second resistive impedance and its respec-
tive cold electrode.
MURRAY G. CROSBY.




