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Patented Jan. 8, 1946 2,392,693 

UNITED STATES PATENT OFFICE 
2,392,693 

FREQUENCY DISCRIMINATOR, 
Ellison S. Purington, Gloucester, Mass, assignor, 
by mesne assignments, to Radio Corporation of 
America, New York, N. Y., a corporation of 
Delaware 

Application May 27, 1942, Serial No. 444,630 
(C. 250—8) 4 Claims. 

This invention relates to radio receiving sys 
tems, and more particularly to a system for re 
ducing interference in radio reception. 
The invention further relates to receivers for 

receiving signals of the type produced by the 
transmitter of the special system of radio tele 
graphic communication disclosed in U. S. Patent 
No. 1,690,719 granted to E. L. Chaffee and E. S. 
Purington on November 6, 1928. The essential 
features of that transmission System are: 

i. Creation of two or more continuous wave 
equivalents, usually by a direct or push-pull mod 
ulation process, involving an A oscillator, and a 
lower but superaudible frequency oscillator; the 
difference between the frequencies of the continu 
ous waves being designated the B frequency. 

2. Artificially frequency modulating the A os 
cillator, and consequently “wobbling' all of the 
continuous wave equivalents, the frequencies of 
which depend upon the Aoscillator. 

3. Changing the difference or B frequency for 
purposes of signalling. V 
When the high frequency energy is properly 

received and detected it will produce received cur 
rents of the B frequency which can be sharply 
tuned to, the degree of sharpness possible being 
determined by the key speed of the signal being 
sent. The B frequency energy then operates a 
current detector, such as a heterodyne System, 
to make the conveyed signals intelligible. 
The second process of artificial wobble, or fire 

quency modulation, primarily provides for a high 
degree of selectivity and reduction of fading. This 
frequency modulation is entirely artificial and has 
nothing to do with the signal frequency. Its pur 
pose is to spread the radiated energy over a wide 
band so that stray disturbances are reduced and 
intentional interferences from continuous Wave 
transmitters, spark and other I. C. W. transmit 
ters can produce interference for only a part of 
the time. In this way a diversified transmission 
is produced and since the rate of frequency modu 
lation is chosen low, but with several excursions 
of modulation for a single dot or dash, any selec 
tive fading effects are averaged out very effective 
ly. By the use of a suitable wobbler pattern and 
other features the system becomes private against 
reception by the usual types of receivers. 
The third process of changing the spacing be 

tween the continuous wave equivalents without 
causing them to appear and disappear is primarily 
for maintenance of privacy. This is, also, a fre 
quency modulation process at the signal rate usu 
ally applied to the B oscillator, and it is, there 
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of frequency modulation signalling in the receiv 
ers for such transmission systems. The present 
invention shows the details of one specific appli 
cation, namely, the “back to back' detector dis 
closed in U. S. Patent No. 1,776,065 granted to 
E.L. Chaffee on September 16, 1930. 
The present invention, also, consists in certain 

new and original features of Construction and 
combinations of parts hereinafter set forth and 
claimed. Although the novel features which are 
believed to be characteristic of this invention will 
be particularly pointed out in the claims appended 
hereto, the invention itself, as to its objects and 
advantages, the mode of its operation. and the 
manner of its organization, may be better under 
stood by referring to the following description 
taken in connection with the accompanying draw 
ings forming a part thereof, in which: 

Figure 1 shows a schematic diagram of a trans 
mitter used in connection with this invention, 

Figure 2 illustrates Schematically a receiver 
constructed in accordance with this invention, 

Figure 3 illustrates the continuous wave radia 
tions as received by the receiver shown in Figure 2, 

Figure 4 illustrates the output of the second 
detector of the receiver shown in Figure 2, 

Figure 5 depicts an audio frequency discrimi 
nator used following the third detector of the 
receiving system of Figure 2, 

Figure 6 shows a modified form of part of the 
circuit illustrated in Figure 5, 

Figure 7 shows a modification of the circuit of 
Figure 6, 

Figure 8 illustrates an expander type com 
pensator used as a modified form of part of the 
circuit shown in Figure 5, 

Figure 9 illustrates the use of a limiter on the 
direct current output of the compensator of Fig. 8, 

Figure 10 shows a method of Securing auto 
matic volume control in accordance with total 
energy, as applied to the circuit of Fig. 5, 

Figure 11 illustrates the transmitted Spectrum 
of the transmitter illustrated in Figure 1. 

Like reference characters denote similar circuit 
elements parts in the several figures of the draw 
ings. In the following description and in the 
claims parts will be identified by Specific names 
for convenience, but they are intended to be as 
generic in their application to similar parts as the 
art will permit. - 

I. Referring to the accompanying drawings, and 
more particularly to Figure 1, a transmitter is . 
shown which may be used to produce the desired 
radiations. This transmitter may be constructed 

fore, possible to apply the well known principles 55 in accordance with the teachings of the afore 



2 
said U. S. Patent No. 1,690,719. The transmitter 
is schematically shown as comprising an A Wob 
bler i I, an A oscillator 12, a B wobbler 13, a B os 
cillator 14, a push-pull modulator f5, a power 
amplifier? 6 and a band pass filter which is pro 
vided with an antenna, 8. 
The A wobbler if varies the frequency of the 

oscillations generated by the A Oscillator 2, which 
may nominally be 50 megacycles, from 49.95 to 
50.05 megacycles. The variation is preferably a 
'saw tooth' frequency modulation pattern to dis 
tribute the energy fairly uniformly throughout 
the band. The Boscillator 14, which may nomi 
nally generate oscillations of 50 kilocycles, is pro 
vided with a modulating signal by a key arrange-- 
ment, or B wobbler 3, for changing the oscillator 
frequency between the values 49.95 and 50.05 kilo 
cycles. The B oscillator is thus frequency modul 
lated between these limits with a “square wave' 
signalling pattern. 

It may, also, be said that the B OScillator gen 
erates two amplitude modulated waves, one of 
49.95 kilocycles, dot and dash amplitude modu 
lated, and the other of 50.05 kilocycles, also dot 
and dash amplitude modulated, with the modula 
tion 180 degrees out of phase. In either case sin 
ilar currents will occur in the receiver and the 
principles of frequency modulation sigmal recep 
tion may be applied to supplement the principles 
of wideband artificial frequency modulation in 
producing high grade Selectivity. 
The A and B oscillators 2 and 4 jointly feed 

the outputs thereof into the push pull modulator 
5 so that two continuous wave equivalents are 

produced of frequencies equal to the sum and the 
difference of the instantaneous values of the A 
and B oscillator frequencies. This energy may 
then be passed through a power amplifier 6 and 
a following suitable radio frequency band pass 
filter 7 to create the transmission spectrum in 
dicated in Figure 11; the resultant energy is radi 
ated from the antenna. 8. 
This radiation is seen, from Fig. 11, to cover a 

total band width of 200,000 cycles centered at 50 
megacycles, the energy being substantially uni 
formly distributed throughout the band. Half 
of the total band width is due to the difference 
of the two continuous wave equivalent frequen 
cies, namely twice the instantaneous frequency of 
the B oscillator. The remainder of the total band 
width is due to the artificial variation of the fre 
quency of the A Oscillator. If the transmitted 
spectrum is directly, or after frequency conver 
sion, impressed upon an amplitude modulation 
detector, currents corresponding to twice the fre 
quency modulated B oscillator will be produced 
by the heterodyning action of one of the contin 
uous wave equivalents upon the other. 
A receiver for receiving transmitted energy of 

this type is shown diagrammatically in Figure 2, 
and the receiver is constructed in accordance With 
the teachings of U. S. Patents Nos. 1522,882 and 
1,681,293 granted to John Hays Hammond, Jr. on 
January 13, 1925 and August 21, 1928 respectively. 
Such a receiver may comprise a first tuner 20 
connected to an antenna 2, a first detector 22 
which is connected to a frequency changer oscil 
lator 23; a second tuner 24; a second detector 25; 
a third tuner 26; third detector 27, the latter 
being connected to a heterodyne Oscillator 28. 
The output of detector 27 is fed to a 1000 cycle 
filter 29, the output circuit of which is con 
nected to a reproducer, such as a pair of head 
phones 30. 
In this receiver system the first tuner 20, first 
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2,392,698 
detector 22, frequency changer oscillator 23, sec 
ond tuner 24 and second detector 25 function to 
produce a current of a frequency equal to the in 
stantaneous difference of the two continuous wave 
equivalents, namely 99.9 or 100.1 kilocycles. Such 
currents are sharply tuned by the third tuner 25 
to discriminate against all differences between 
disturbing continuous wave equivalents which are 
outside this range. The heterodyne oscillator 
28 and third detector 2 constitute a current de 
tector for producing audio tones, such as for ex 
ample, 800 cycles at one end of the key modu 
lation of the B OScillator With the key up and 1,000. 
cycles at the other end with the key down. For 
further reducing the amount of interference that 
other transmitters can produce a Special type of 
circuit utilizing both the 800 and 1003 cycle cur 
rents is provided. A brief analysis of the nature 
of such disturbances is given below. 
Suppose, for example, that in the transmitter 

depicted in Figure 1 the A wobbler was inoper 
ative and that the A oscillator is exactly 50 mega 
cycles, then with the key down the continuous 
wave radiations would be 49,950,050 and 50,049,950 
cycles, as indicated at C1 and C2 respectively in 
Figure 3, thereby producing a detected output of 
99.9 kilocycles. With the key up slightly different 
radiations would be produced yielding 100.1 kilo 
cycle detected output. If these radiations were 
observed, and a standard continuous wave trans 
mitter caused to radiate, an interfering frequency 
of 50,049,950 cycles would be produced as indi 
cated at I exactly matching one of the transmit: 
ted radiations with the key down. ?? 
Under these conditions the third tuner 26 and 

third detector 27 would be actuated not only by 
the conjoint action of C1 and C2, but, also, by the 
conjoint action of C1 and I, so that communica 
tion would be disrupted if, for example, I is about 
6 decibels below C2 in strength. If, however, the 
A wobbler i? is operative so that C1 and C2 are 
varied by about 50,000 cycles from mean, then 
the beat note between C1 and C2 remains 99.9 
kilocycles as before, independent of the state of 
wobble, while the beat note due to C1 and I is 
frequency modulated between the approximate 
limits of 50,000 and 150,000 cycles. Under these 
conditions the third tuner 26 with a band width 
of the order of 400 cycles is efficiently actuated 
by the desired signal, but very ineffectually inter 
fered with by the frequency modulated signal 
resulting from the heterodyning of C1 and I. 
The output of the second detector 25 is illus 

trated in Figure 4 and shows the signal energy 
either C1 (99.9 kilocycles with the key down) or 
C2 (100.1 kilocycles with the key up) and the in 
terference I covering the wide band frequency 
modulated energy range from 50 to 150 kilocycles. 
If, for example, C2 and I are equal and the de 
sired signal in the output of the Second detector 
25 is 1 microwatt, then the interfering signal is 
1/100 of a microwatt per kilocycle of band width. 
Hence, with a band width of 400 cycles, suffir 
ciently broad for the desired signal, the interfer 
ence is only 0.4 of one percent as strong in the 
third tuner 26 as it would be if the A wobbler 
were inoperative. Since the signal is independ 
ent of the wobble, the action of the wobbler re 
duces the interference with respect to the signal 
by about 24 decibels. --? ? - 
Further reduction of interference may be ac 

complished by taking advantage of the fact that 
the third tuner 26 is energized with constant am 
plitude signals regardless of whether the key is 
up or down, and could be provided with a lim 
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iter device for improving the ratio of signal to 
interference, or it could be provided with back . 
to back detection. The present invention covers 
the case with the energy converted down to a 
lower frequency, for example to the audio band, 
by use of a suitable heterodyne detector, making 
the audio signal either 800 or 1000 cycles depend 
ing upon the position of the key. 
A typical audio frequency discriminator is de 

picted in Figure 5. In this figure the hetero 
dyne detector tube of the third detector 2 of 
Figure 2 is indicated at 35. The plate circuit of 
the tube 35 feeds, through a coupled circuit net 
work 36 designed for maximum transmission at 
800 and at 1000 cycles, an amplifier tube 37. The 
plate circuit of the tube 37 is connected by a po 
tentiometer 38 to two filter circuits 39 and 40. 
The latter are tuned to 800 and 1000 cycles respec 
tively, and are each connected to the respective 
input electrodes of two tubes 4 and 42. The Out 
put circuits of the tubes 4 and 42 are coupled 
by two transformers 45 and 46 to two rectifiers 
4T and 48. A center point galvanometer 49 may 
be connected between the cathodes of the rectifier 
tubes 47 and 48. The galvanometer 49 may be 
replaced by a relay or other device to control a 
sound type indicator, such as the headphones 30 
of Figure 2. 
The output of the heterodyne detector 35, car 

rying the 800 and 1000 cycle currents and the 
disturbance, feeds through the coupled circuit 36 
and is amplified by the tube 37. The output en 
ergy from the tube 37 passes through the poten 
tioneter 38, and is split up by the two filter cir 
cuits 39 and 40 so that the input grid of the tube 3: 
4 will be energized at a maximum with 800 cy 
cle energy and the grid of the tube 42 will be en 
ergized at a maximum with 1000 cycle energy. 
The tube 4 will, therefore, be most strongly en 
ergized with the key up, and the tube 42 will be 
most strongly energized with the key down. 
The circuit may be so adjusted by the potenti 

ometer 38 that the band width of transmission 
from the plate of the tube 35 to the tube 4-d is 
the same as to the tube 42, so that equal signals 
of 800 and 1000 cycles are produced. Figure 
4 indicates that during a period of several cycles 
of wobble of the A. oscillator substantially as 
much interference or stray energy will be in 
pressed upon the grid of the tube 4 as upon 
the grid of the tube 42, regardless of the posi 
tion of the key. The 800 cycle circuit 39 will 
be energized to a greater extent with the key up, 
and the 1000 cycle circuit 40 will be energized 
to a greater extent with the key down. 
Which circuit is energized to the greater ex 

tent and, therefore, whether the key is up or 
down, may be determined by the use of the recti 
fiers 4 and 48. In this system the amplified 
energy from the tube 4 drives the rectifier 4? 
through the transformer 45, and the amplified 
energy from the tube 42 drives the rectifier 43 
through the transformer 46. A comparison of 
the rectified outputs may be made by the center 
point galvanometer 49, which is connected be 
ween the cathodes of the rectifiers 47 and 8. 
The load resistors of the rectifiers are shown 
arranged in series between the cathodes of the 
rectifiers; the junction of the Series resistor is 
grounded. The galvanometer 49 may, if desired, 
be replaced by a relay to control a sound type 
indicator. By balancing the System carefully SO 
that the rectifiers 47 and 48 produce similar 
effects considerable improvement in selectivity 
over a tuned circuit can be obtained. 
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3 
The sensitivity of the indication, however, is 

not independent of the presence or absence of 
the interference, as it decreases with the in 
crease of interference. This is apparent from 
the following analysis in which Er represents the 
random energy, which, although not of the same 
wave form, is equally impressed upon the two 
rectifiers 47 and 48 when averaged over one or 
two cycles of the A wobble. Eu is the energy 
operating the rectifier 47 when the key is up, 
and Ea is the energy operating the rectifier 8 
when the key is down. The signal energy 
Es=Ea-Ea. 
With the key up or down the numerical mag 

nitude of the difference of the potentials W of 
the cathodes of the rectifiers 4 and 48 is: . 

in which K is a constant of the system, 
If 

is the ratio of the stray energy to the signal 
energy, then the relative sensitivity R given by: 

The following table indicates the change of rel 
ative sensitivity as the ratio of interference 
to signal is increased: 

i 

1:41:.27.21.15 
When the interference in the 1000 cycle circuit 

reaches about 20 percent of the signal on an 
energy basis the circuit of Figure 2 becomes un 
satisfactory. One method of compensating for 
loss of sensitivity for the desired signal as the 
ratio of interference to signaal increases is shown 
in Figure 6. This method determines the effect 
in accordance with the Sum of the rectified cur 
rents as well as their difference. 
In Figure 6 the secondaries of the transformers 

45 and 46 are connected to the opposed rectifiers 
4 and 48 in a manner similar to that shown in 
Figure 5. The output circuits of the rectifiers 4 
and 48 are connected to a dynamometer type relay 
5 which is provided with a rotor coil 52 and a 
stator coil 53. ??? * 
The rectified currents from the output circuits 

of the rectifiers 4 and 48 in Fig. 6 will pass 
through the rotor winding 52 in opposite direc 

5 tions, and through the stator winding 53 in the 
same direction, as indicated by the arrows adja 
cent the respective windings. Thus, the current 
flowing through the rotor winding 52 is propor 
tional to the difference of the two rectified cur 
rents, and the current through the stator winding 
53 is proportional to the sum of the two rectified 
currents. The torque of the dynamometer 5 is 
proportional to the product of the magnetizing 
effects of the currents in the rotor winding 52 and 
the stator winding 53. - · · 
The magnetizing effect for the rotor winding 52 

Will be: 
M= KwEV1-1-X-VX . (3) 

and for the stator winding 53: 
M. =KWEV1-1-X-|- VX (4) 

The torque T, which is proportional to the prod 
uct of the magnetizing effects, is: 

T=CM.M.-CKK, E. (5) 



4. 

and is, therefore, independent of the interference, 
as the increased magnetization due to One wind 
ing compensates for the diminished magnetiza 
tion due to the other Winding. 
In Figure 7 is shown another method of com 

pensation by the use of direct current amplifying 
circuits using tubes with a special grid structure 
for which the plate current is a suitably increas 
ing function of the grid voltage. Tubes of the 
6K7 type, with screen and suppressor connected 
to the plate, have approximately the proper char 
acteristics. In Figure: 7 the secondaries of the 
transformers 45 and 46 are connected to the re 
spective rectifiers 47 and 48. The output circuits 
of the latter include series-related resistors. 55 
and 56, which in turn are connected to the input 
grids of two direct current amplifying tubes 51 
and 58. The latter may be of the special grid 
structure type previously referred to. The in 
put grid of tube 58 is connected to the cathode 
end of load resistor 56, while the grid of tube 57 
is connected to the cathode end of resistor 55. 
The junction of resistors 56 and 55 is connected 
to the negative terminal of the grid bias source of 
tubes, 58-57. The output circuits of the tubes 
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57 and 58 are connected to a resistance network 
59-60. The latter is bridged by an indicating 
device 61, such as a center point galvanometer. 
'The rectified output current of the rectifier 

tubes 47 and 48, in Fig. 7, flows through the resist 
ors 55 and 56 causing a potential difference to be 
built up across these resistors which is propor 
tional to the current passing through then. This 
potential is impressed upon the grids of the tubes 
57 and 58, and controls the plate current as an 
increasing function of the grid voltage. The 
plate current of the tubes 57 and 58 passes 
through the resistance network 59-60 in the 
direction of the arrows towards the respective 
plates of the tubes, and causes a potential differ 
ence to be built up across these resistors propor 
tional to the current flowing them. The gal 
vanometer 6 indicates the potential difference 
across the resistance network 59-60, and, there 
fore, the relative strength of the signals in the 
800 and 1000 cycles channels, thus indicating 
whether the key is up or down. In this system 
the interference raises the average of the grid 
voltages of the two tubes 57 and 58 so that smaller 
difference of the rectified current due to the inter 
ference produces substantially a fixed amount of 
change of plate current in the resistors 59 and 60. 
This does not affect the indication of the gal 
vanometer 6 f. . . . 

Figure 8 shows an expander type compensator 
used in connection with the circuits shown in Fig 
ure 5. In this system the secondaries of the 
transformers 45 and 46 are connected to the rec 
tifiers 47 and 48. Between the cathodes of the 
rectifiers is bridged a resistor 65 shunted by a 
condenser 66. The resistor 65 is in shunt across 
the opposed diode resistors. The input electrodes 
of a tube 67 are connected across the resistor 65. 
The grid circuit of tube 67 includes the second 
ary of a transformer 68, the primary of which is 
connected to a tone source 69. The latter may 
be an alternator generating audio frequency 
current. ' - 

The output electrodes of the tube 67 are con 
nected through a transformer 70 to the input 
circuit of tube 7 f which forms a part of an 
expander type amplifier 72. Connected in the 
grid return path of the tube 6 is a resistor 73, one 
end of which is connected to the midpoint of the 
resistor 65, and the other end is grounded. The 
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resistor 73 is, also, included in the grid circuit of 
tube TI. The output i circuit of the tube : T is 
connected through a transformer T5 to a pair of 
headphones - 76. - 
In the operation of the system shown in Fig 

ure 8, the rectified currents from the rectifiers 47 
and 48 flow through the resistor 65 in the direc- - 
tion of the arrows towards the grounded mid 
point of resistor 65. The difference of the cur 
rents in the resistor 65 is impressed upon the grid 
of the tube 67, and controls the transmission of 
the tone energy from the tone source 69. The 
sum of the two currents through resistor 65 flows 
through the resistor 73 in the direction of the 
arrow towards the cathode of tube. Ti f thereby 
causing a potential difference to be built up across 
this resistor which is proportional to the current 
therethrough. This potential controls the gain 
of the amplifier 72, which is, therefore, controlled 
by the sum of two rectified currents from the 
rectifiers 47 and 48. ?? . ? • 

Thus, when the key is up and there is more 
energy passing through the transformer 45 from 
the -800 cycle circuit than there is through the 
transformer 46 from the 1000 cycle circuit, more 
current will pass through the lower half of the 
resistor 65, than through the upper half. This 
will cause a decrease in the gain of the ampli 
fier 67 so that very little of the tonal current from 
the tone Source 69 will be transmitted to the 
head phones 76. On the other hand when the 
key is down more current will pass through the 
upper half of the resistor 65 thus increasing the 
gain of the amplifier 67, which will increase the 
transmission of the tonal current to the head 
phones 6 thereby giving an audible signal. 
The change of rectified currents is modified by 

the presence of interference in both channels 
When the Signal changes from the 800 to the 1000 
cycle channel. The production of tone by the 
keying tube 67 diminishes as the interference 
increases, but the amplification by the expand 
er tube 7 increases thereby maintaining a sub 
stantially constant tonal output independent of 
the interference. - 

In Figure 9 is shown a limiting device which 
may be inserted in the grid circuit of the tube. 
67 shown in Figure 8. In this modified form of 
the invention two resistors 78 and 79 are con 
nected in the grid circuit of the tube 67, and a 
rectifier tube 80 is connected to the junction of 
these two resistors. In the operation of the cir 
cuit shown in Figure 9, the tube 80 acts to limit 
the potential applied to the grid of the tube 67 
to a definite predetermined value. Hence, when 
no interference is present, and a high potential 
is produced across the resistor 65, the potential 
On the grid of the tube 6 will be held to a defi 
nite limit. As the interference increases the po 
tential across the resistor 65 will decrease. As 
long as it remains higher than the predeter 
mined value the potential on the grid of the tube 
6 will remain unchanged, thus making the out 
put of the keying tube 6 more independent of 
the interference value. 
As it is not practicable to use automatic vol 

ume control upon previous circuits from the final 
tonal output of the system, any automatic wol 
ume control action should preferably be deter 
mined by the total energy, as, for example, by the 
rectifier of the 800 and 1000 cycle tones as shown 
in Figure 10. The rectifier circuits depicted in 
this figure are similar to those shown in Figure 
5, with the exception of the addition of the re 
sistor network comprising three resistors 8,82 
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and 83. The resistors 8 and 82 are shunted re 
spectively by condensers 85 and 86. The resistors 
48' and 47 are connected in Series between the 
diode Cathodes, each resistor being properly by 
passed. The junction of the two resistors 48' and 
47' is grounded. The resistors 82 and 8 are re 
spectively in series with resistors 48' and 47' in 
the respective space current paths of diodes 48 
and 47. The resistor 83 is common to both re 
sistors 82 and 8, and is connected between the 
anode ends thereof. 

In the operation of the automatic volume con 
trol arrangement shown in Figure 10, the recti 
fied currents from the respective cathodes of rec 
tifiers 4 and 48 flow to respective anodes through 
the resistors 8 and 82 in the direction of the 
arrows thereby causing negative potentials to be 
built up at the resistor 83 which are proportional 
to the rectified currents. The negative potential 
of the midpoint of the resistor 83 is used as the 
automatic volume control bias in a manner Well 
known in the art which need not be more fully 
described herein. It is sufficient to point out that 
such bias is applied over the lead from the mid 
point of resistor 83 to prior amplifiers of the 
System. 
While the invention herein is illustratively 

practiced with respect to improvement in the 
previous mentioned patents, it is not intended 
to be in any way limited to any particular trans 
mission system. For example, it may Well be ap 
plied to continuous wave transmission Systems 
with the wave not keyed off and on, but With the 
Wave shifted between two somewhat different 
values, or to any frequency modulation System 
falling within the scope of the appended claims. 
Although only a few of the various forms in 

which this invention may be embodied have been 
shown herein, it is to be understood that the in 
vention is not limited to any Specific Construc 
tion but might be embodied in various forms 
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without departing from the spirit of the inven 
tion or the scope of the appended claims. 
What is claimed is: 
1. A frequency modulation transmission chan 

nel provided with an indicator, a receiver includ 
ing frequency modulation detecting means com 
prising a pair of rectifiers and a differential out 
put, and means interposed between the rectifiers 
and indicator to make the indication substan 

45 

50 

tially independent of interfering disturbances 
upon both rectifiers, said means including a first 
device controlled in accordance With the differ 
ence of the outputs of the rectifiers, means to 
vary the operation of the first device at a peri 
odic rate, and a second device responsive to the 
first device and controlled in accordance with the 
Sum of outputs of the rectifiers. 

2. A frequency modulation transmission chan 
nel provided with an indicator, a receiver includ 
ing frequency modulation detecting means com 
prising a pair of rectifiers and a differential out 
put, and means interposed between the rectifiers 
and indicator to make the indication substantial 
ly independent of interfering disturbances upon 
both rectifiers, said means including a first device 
controlled in accordance with the difference of 
the outputs of the rectifiers, and a second device 
controlled in accordance with the sum of outputs 
of the rectifiers, said first device being a keying 
circuit, and the second device being a variable 
gain amplifier for the output of the keying cir 
cuit. 

3. In -a signalling system. Wherein there is 
transmitted to a receiver Waves composed of the 
Sun and difference frequencies of a high fre 
quency wave and a lower frequency wave whose 
frequency has been varied to either side of the 
lower frequency, means receiving the transmitted 
frequencies and deriving therefrom signals cor 
responding to said signalling variations, a fre 
quency-variation responsive device having an 
input network to which said derived signals are 
applied, and means actuated by the responsive 
device for indicating solely said derived signals. 

4. In a signalling System wherein there is 
transmitted to a receiver waves composed of the 
Sum and difference frequencies of a high fre 
quency Wave subjected to a saw tooth frequency 
SWeep and a lower frequency wave whose fre 
quency has been varied at an audio rate to either 
side of the lower frequency, means receiving the 
transmitted frequencies and deriving therefrom 
audio signals corresponding to said signalling var. 
iations, a frequency-Variation responsive device 
having an input network to which said derived 
signals are applied, and means actuated by the 
responsive device for indicating solely said de 
rived signals. 

ELLISON S. PURINGTON. 
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