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2 
characteristic shown in Fig. 4, as will be ex 
plained more fully later. 
While this receiver of Fig. 1 has been illus 

trated as having a damped transmission line, it 
will be understood that in this receiver the trans 
mission line L. may be undamped, or open cir 
cuited at the end. In this case, the tap 20, P 
is moved to a point on the line where the re 
flected wave cancels the incident wave. The 
operation of this modified receiver will be ap 
parent from the description of the receiver of 
Fig. 3 which will be given later. 

In the receiver of Fig. 2, use is made of the 
fact that when the line I, made up of Series in 
ductance and shunt capacity C, is open or short 
circuited at the far end, a reflection of signal 
energy transmitted by the line I occurs along 
the line. The combination of this reflected en 
ergy with the incident energy results in com 
bined energy, the amplitude of which varies. 
That is, when the signal freuency is changed 
with signal modulation a phase difference be 
tween the incident and reflected waves of line 
L is caused such that their resultant amplitude 
changes. Consequently, amplitude modulation 
of the energy in the line at different points there 
along is effected by permitting far end reflec 
tions. By obtaining the output from the line L. 
at two different points P2, P4 by way of leads 35, 
37, connected at points such that at one point 
the incident and reflected waves combine to in 
crease the resultant, while at the other point the 
two Waves combine to decrease the resultant, two 
separate waves with modulation envelopes 180° 
out of phase may be obtained. These two waves 
may be, and are, applied as shown to the differ 
ential detectors A and B by Way of leads 35 and 
37, respectively. 
The detected output appearing on the anode 

42 of detector A is i80 out of phase with respect 
to the detected output appearing on the anode 
43 of detector tube B. This necessitates the use 
of a push-pull transformer T connected to the 
Outputs of tubes A and B. The demodulated 
signal may be utilized in circuit A. Where this 
receiver is used to receive amplitude modulated 
signals the output electrodes 42 and 43 of de 
modulators A. and B, respectively, must be con 
nected in parallel relation. So that the amplitude 
changes add rather than oppose each other. 
The receiver of Fig. 2 has an important ad 

vantage which is that the differential detectors 
employed in the Output produce a cancellation of 
distortion resulting from square law detection 
and consequently a reduction of noise appearing 
With the signal in the output circuit. 
The transmission line I of the receiver of 

Fig.2 may be undamped or open-ended, or short 
circuited at its far end, or end away from its input 
terminals. 
When the receivers of Figs. 2, 3 and 3a are used 

to receive phase modulated waves, switch 46 is 
thrown to its frequency modulation position, i. e. 
S0 that the detector outputs are combined in 
phase opposition. Also, a correcting circuit CC, 
which will be described in detail more fully 
hereinafter, is added. Briefly, the correcting cir 
cuit has a characteristic of output of frequency 
as shown in Fig. 4. Incidentally, for a more de 
tailed description of the receivers shown in Figs. 
1, 2, 3 and 3a, reference is made to my parent 
application Serial No. 618,154, filed June 20, 1932. 
In Fig. 3a, the grids 34, 36 of differential de 

tectors C and D are fed, by means of a trans 
former T2, cophaSally with signal energy from 
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the output of the unit 2. Lines 3 and 5 also feed 
detectors C and D in phase opposition with fre 
quency or phase modulated energy by Way of 
transformer T, the input of which is connected 
with the output of the coupling tube A. Tube A. 
in turn has its input circuit connected to a point 

on transmission line L. The resultant am 
plitude modulation components fed to the de 
tectors C and D are effectively 180° out of phase. 
By means of the push-pull output transformer 
T4, connected with the anode circuits of C and D 
respectively, the rectified energies appearing in 
the output circuits of C and D are combined in 
proper phase When frequency modulation is re 
ceived. - 

The receiver illustrated in Fig. 3a may be 
readily altered to receive either frequency modiu 
lated or amplitude modulated signals by merely 
connecting the outputs of tubes C and D in push 
pull relation for frequency modulated waves, or 
in parallel relation for amplitude modulated 
waves. This is accomplished by switch 46. 
While the receiver of Fig. 3a has been illus 

trated as utilizing a damped transmission line, 
it will be understood that in this receiver the 
transmission line I may be undamped, that is, 
open-circuited or short-circuited. In this un- “ 
damped case the tap 0 is adjusted to a point on 
the line where the reflected wave cancels the in 
cident wave at the carrier frequency. 
Wolume controls, coupling tubes, and addi 

tional amplifiers may be added to the receivers 
in appropriate places. Since the use of such ele 
ments will be obvious to those skilled in the art, 
and for the sake of simplicity, such elements have 
been omitted from the present disclosure. 
The receivers of Figs. 2, 3 and 3a may, of 

course, be operated with one detector tube 
Switched off. 
The receivers described above may, in accord 

ance with the present invention, be used for the 
reception of phase modulation waves. As already 
explained to some extent, this is accomplished by 
adjusting the circuits for frequency modulation 
as described above and using a correcting filter 
or circuit at the receiver which has its output 
voltages inversely proportional to its input fre 
quency So that its characteristic is as shown in 
Fig. 4, wherein audio frequency impressed on the 
input terminals of the correction circuit is plotted 
against Woltage output. y 
When phase modulated signals are received on 

a frequency modulation receiver, the signal out 
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put of the frequency modulated receiver varies 
in amplitude directly with the frequency of the 
signal at the input of the frequency modulated 
signal receiver. Consequently, the audio fre 
quency output of this receiver would be distorted 
and would be lacking in low frequencies. The 
output of the receiver instead of being the same 
for all audio frequencies, as shown by the dotted 
line of Fig. 5, would be directly proportional 

60 

to the frequency of the signals impressed. on the 
input of the receiver, as shown by the full line 
of Fig. 5. In order to compensate for this dis. 
tortion of the signal frequency when phase modul 
lated signals are received on a frequency modu 
lated signal receiver, a filter circuit or correction 
circuit, the amplitude of the signal frequency in 

65 

the output of which is inversely proportional to 70 
the frequency of the signals impressed on the 
input of the circuit, as indicated in Fig. 4 of the 
drawings, is utilized in accordance. with the 
present invention to adapt a frequency modulated 
receiver for reception of phase modulated sig- 75 
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inals. The combination of the effect of a filter 
circuit or correction circuit having characteris 
tics as illustrated by Fig. 4 with the effect of the 
inherent characteristics of a frequency modu 

is lated receiver on phase modulated signals gives 
an over-all characteristic such as the dotted line 
of Fig. 5, which is a true reproduction of the sig 

. nal wave applied as phase modulation to the car 
rier at the transmitter. 

10 This correction filter or circuit CC is used with 
the receiver and is connected at a point follow 
ing the detector, as shown in Figs. 1, 2, 3 and 3a. 
Various forms of filter or correction circuits, 

which will affect the signal frequencies passed 
15 therethrough in such a manner as to make the 

amplitude of the signals at the output thereof in 
versely proportional to the frequency of the sig 
nais applied to the input, may be used. Several 
preferred forms of correction circuits, will now 

20 be described. • . 
In Fig. 6, phase modulated waves picked up on 

the antenna are translated into signal waves by 
the frequency modulation receiver FMR such as 
described in Figs. 1, 2, 3, or 3a. The correcting 

25 circuit CC is added to reproduce an undistorted 
sigma in jack J. That is, in Fig. 6 the signal 
frequencies to be corrected are applied to the 
primary winding of a transformer 5 and are 
impressed from the secondary winding of Said 

30 transformer to the input electrodes 62, 56 of 8. 
thermionic tube i to energize the same. The 
contro electrode 52 of tube 5 is maintained ai 
the desired operating potential by means of a 
biasing source 55. The anode electrode 56 of 

35 tube 5 is connected through a parallel circuit 
comprising a resistance 5 and capacity 58 to the 
cathode 54 by way of a high potential charging 
source 59. The low frequencies of the signaal 
potentials are emphasized by means of the ca 

40 pacity 58 connected across the resistor 57. The 
impedance of this resistance 57 and capacity 58 
in parallel is high at the lower signal frequencies 
and low at the higher signal frequencies. The 
amplification factor of the tube 5, which de 

45 pends upon the external impedance of its anode 
cathode circuit, will be high at the lower signal 
frequencies and low at the higher signal fre 
quencies. The signal frequency oscillations ap 
pearing on the anode of tube 6 are impressed 

50 therefrom by way of a coupling condenser 60 
to the control grid 6 of a thermionic amplifier 
62. These distorted or corrected signal frequency 
potentials are amplified in 62 and appear in the 
primary winding 63 of the transformer winding 

55 64. The corrected signal frequencies may be 
utilized from the secondary winding 65 of the 
transformer 63. In order to operate 62 at the 
desired point on its characteristic curve, biasing 
potential is supplied from the source 66 by Way 

60 of resistance 67 to the control electrode 6 of 
tube 62. 

If the single distortion or correction tube 5 
does not effect sufficient distortion or correction 
of the signal frequencies passed therethrough, 

65 a second tube, connected in circuit and operated 
similar to tube 5, may be connected in cascade 
with 5 to apply more distortion or corrective 
effect to the signal. This arrangement is shown 
in Fig. 6a. 

70 in Fig. 7, the signals to be corrected are im 
pressed on the input winding of a transformer 
50 and utilized from the secondary winding 35 
of transformer 6 in the same manner as in the 
arrangement of Fig. 6. In Fig. 7, however, no 

as amplifier is shown connected with the correction 

tube 5, although it is understood that the cor 
rected signals can be further amplified, if neces 
sary, by connecting the output of tube 5 with 
the input of a thermionic amplifier. The sec 
ondary vinding of the transformer 50 is con- 5 
nected in parallel with the potentiometer resist 
ance O in order that the desired signal amplitude 
may be impressed on the input electrode 52 by 
way of the tap 7. In this arrangement the 
resistance R2 is of such a high impedance to the 10 
signal current as compared to the impedance of 
the capacity C to the signal current that the 
current passed through the -circuits. Ra, Ca is 
governed mainly by the resistance of R2. This 
makes the current through the circuit elements 15 
C2, R2 constant with frequency so that the volt 
age across Ca will be inversely proportional to 
the frequency of the applied signal due to the 
fact that the impedance of the condenser Ca 
varies inversely as the frequency of the signals 20 
applied across the terminals thereof wary. The 
potentials appearing at the terminals of Ca are 
impressed on the input electrodes 52, 5 of cor 
rection tube 5. 

In the arrangement shown in Fig. 7a correction 28 
is applied to the signal in the same manner in 
which correction is applied thereto by the air 
rangement shown in Fig. 7. However, in Fig. ca, 
8, second tube 5' is added for the parpose of 
varying the amount of distortion or corrective 30 
effect applied to the signal waves relayed there 
through. When . tube SA is switched of full 
correction Will be obtained by means of the tube 
5A in the same manner in which correction is 
obtained in the arrangement of Fig. 7. With the 85 
tube 5" turned on signal potentials, the ampli 
tude of which may be determined by the tap ', 
will be applied from the parallel resistance to 
the terminals of the resistance R4 by way of 
resistance R3. The resistances R3, R4 will affect 40 
all of the frequencies of the signal impressed 
thereon in like manner so that no corrective 
effect will be applied to the signal appearing on 
the input electrodes 52' of the tube 5'. Conse 
quently, the oscillations at signal frequency, ap- 45 
pearing on the anode 56 of tube 5 ' and applied 
therefronto the transformer 3, will be the same 
for all frequencies and will represent in a normal 
manner the signal potentials applied at the in 
put of the correction circuit. By moving the 50 
taps and 7' along the resistances 70 and T0, 
the amount of corrected signal and uncorrected 
signal reaching the output circuit 63 can be ad 
justed to give the desired characteristic to the 
signal frequency in the output circuit, which 55 
characteristic may be somewhere between full 
correction of the signal and no correction. 
This type of correction circuit is useful where 

it is desired that the transmitter radiate a com 
bined frequency and phase modulated signal or 60 
a cross between frequency and phase modulated 
signal. Furthermore, such an arrangement is 
especially desirable where a correction circuit of 
this type is used in the signal amplifier circuits 5 
of the transmitter and a second correction cir 
cuit of this type is used subsequent to the detector 
in the receiver receiving signals from said trans 
mitter. 

In the correcting circuit shown in Fig. 8, as in 70 
the prior arrangements, the signals to be cor 
rected are impressed on the transformer 50 and 
the Corrected signals are utilized from the trans 
former 64. In this arrangement, however, a 
different means is provided for emphasizing the 75 
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the primary winding 63 of a transformer 4. 
This phase modulation receiver, including the dif 
ferential detectors 98 and 00, the frequency con 
trol means 08, and the repeaters 20 and 2, 
impart to the modulated signals from frequency 
modulated dynatron 90, a distortion which is the 
converse of the distortion given to the initially 
received phase modulated signal by the frequency 
modulation receiver FMR. The two distortion 
effects add to provide in the output of transa 
former 64 a signal which is truly representative 
of the signal impressed on the original phase 
modulated wave. The corrected signal frequen 
cies may be utilized from the secondary winding 
65' of this transformer. 
Any one of the correction circuits illustrated in 

Figs. 6, 7, 7a, 8, 9, and 9a, may be utilized with 
the frequency modulated receivers of Figs. 1, 2, 3 
and 3a, as indicated in Fig. 10, in which is the 
aerial system, 2 is a signal amplifier of any type, 
and 80 indicates any one of the phase of fre 
quency or amplitude receivers of Figs. , 2, 3 and 
3a connected to 2 by way of leads 3 and 6. The 
correction circuits of Figs. 6,7,7a, 8, 9 and 9. 
may be incorporated in the receivers by merely 
connecting the primary winding of the transo 
former O of any of the correction circuits to the 
output terminals of the detectors C, AB, or CO of 
the receivers of Sigs. , 2, 3 and 3a, respectively. 
When the receivers Bre so modified phase modul 
lated signals may be received thereoE without 
diistortio, 
In Fig. 1, a plurality of aerial systems, i, Y 

and 2 may be coupled through radio frequency 
amplifiers 3, Yi and 21 to the amplifier and/or 
combining unit indicated diagrammatically at 2. 
The units 51, Y and Zi may be heterodyne re 
ceivers which reduce the signals to an internedi 
ate frequency for transmission over the lines to 
the unit 2. The unit 2 may include the radio 
frequency amplifiers or a heterodyne receiver in 
addition to the combining unit. The output of 
the unit is, as indicated, connected by Way of 
leads 3 and is to a frequency or phase or ample 
tude modulated signal receiver 80 of the type 
shown in any of the Figs. 1, 2, 3 and 3a. 
When the unit 8 includes a frequency modul 

lation receiver, a correction circuit, as illustrated 
in Figs. 6, 7, 7a, 8, 9, or 9a, may be included in 
the unit 3 f shown dotted between the receiver 8. 
and the output jack in order to enable distortion 
less reception of phase modulated waves. 

Furthermore, it will be obvious that the present 
invention is especially applicable to diversity re 
ceiver systems in which automatic volume control 
for the radio frequency amplifiers is provided. 
Such a system then might take the form of the 
arrangement disclosed diagrammatically in Fig. 
1a. In this arrangement, a direct current con 
ponent is derived from the output of the demodu 
lation tube or rectifier, and fed back to the radio 
frequency amplifiers of the units 21, Y and 21 
where it is used to determine the biasing poten 
tial applied to the tubes therein thereby deter 
mining the amplification factor of the tubes. 
The arrangement is such that the desired rea 
tion between received signal strength and biasing 
potential may be maintained. A more complete 
Understanding of the details of this volume con 
trol may be had by referring to Moore U. S. Fat. 
#1849,632, and Crosby U. S. Pat. #1,835,761. 
Although in the arrangement of the present 

invention as strated above, in general tubes of 
the triode type, except for the dynatrons of Figs. 
9 and 9a, are used, it will be understood that said 

5 
circuits may obviously be modified to use any of 
the types of tubes in general use today. For ex 
ample, tabes of the screen grid type may be in 
sertedº :à place of the triodes illustrated Without 
departing from the spirit of the present inven 
tion. Furthermore, other tubes also may be ut 
lized, the Osly provision being that the tubes have 
the desire operating characteristics. 

clann 
1. The method which includes subjecting a 

phase modulated Wave to a frequency demodula 
tion and amplifying the higher frequencies of the 
derinodulated V&Ves to a lesser extent than the 
lower frequencies of the demodulated waves. 

2. Means for r ceiving and demodulating waves 
of substantially constant amplitude the phase of 

0. 

which is varied substantially in accordance with 
signals comprising, Wave absorption Ineans, sig 
rial combining means, , plurality of transmission 
channels of diferené electrica character con 
necting said absorption ineans to said combining 
means, signa dienodulating Means connected to 

Said combining neains, and 3, circuit, for inters 
fying the higher nodulatio frequencies result 
iRag fron said tiernodulatio relative to the lower 
GLLLLmLLLL LLmmmLLLLLLL LLLLOLmLmLLL LLLLL zL LTSTS 
Inodulation, connected with sais denotiuating 
E88 w 

3. Receiving Eleans including the combination 
of signia Responsive Eleans, comining means, a 
pit reality of chaniels connecting said combining 
Kea2MS to S8 di responsive means, one of saidi 
chanels including signal wave phase shifting 
means, and a filter circuit connected to said con 
bining means, the character of said filter circuit 
being Such that the amplitude of the signal in 
the output thereof is inversely proportional to 
the frequency of the signa appliedi to the input 
thereof from saidi combining meams. 

4. Means for demodulating high frequency os. 

92 

3. 

ciliations modulated in phase at signal frequency 
comprising, signal collecting means, signa com 
oining means, a plurality of channels of different, 
electrical length connecting said combining 
means to said collecting means, the electrica 
length of one of Said channels varying with the 
hase of the received signal, indicating means, 

and a correctio circuit interposed bet veen saiši 
demodulating means andi said Indicating means, 
said correction circuit incitiding a frequency dis 
criminating reactance whereby the voltages ap 
plied from said correction circuit to said indicat 
ing means vary inversely as the frequency of the 
signal components impressed fron said demodus 
lating means on the input of said correction 
circuit. *?? 

5. Means for demodulating high frequency os 
cillations modiulated in phase at signal frequency 
comprising, signa collecting means, signali come 
bining means, a plurality of channels of different 
electrical iength connecting said combining 

50 
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means to said collecting means, signal demodui- , 
lating means coupled to saidi combining means, 
signal indicating ineans, and a correction circuit 
interposed between said demodulating means and 
said indicating means, said correction circuit in 
cluding a thermionic tube having its input; elec 
trodes connected to said denodulating neans and 
its output electrodes connected to said indicating 
means by means of ohmic resistance and react 
ance so related that the output voltages Wary 
inversely as the frequency of the audio frequency 
signals on the input of said correction circuit. 

6. In a system for amplifying and demodulat 
ing Waves modulated at signal frequency, Wave 
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are amplified to a greater extent than the de 
modulated waves of higher signal frequency. 

20. The method of signalling which includes, 
receiving a wave which has been modulated so 
as to include frequency and phase modulated 
components, substantially eliminating amplitude 
changes in said wave, subjecting said wave to a 
frequency demodulation, and attenuating the re 
sulting demodulated waves of lower frequency to 
a lesser extent than the demodulated waves of 
higher frequency. 

21. The method which includes, subjecting a 
modulated wave, modulated so as to be a com 
bined frequency and phase modulated wave, to a 
frequency demodulation, and attenuating waves 
of lower frequency resulting from the demodula 

tion to a lesser extent than waves of higher fre 
quency resulting from the demodulation. 

22. The method of radio reception which in 
cludes, receiving high frequency carrier wave 
energy which wave energy is modulated so as to 
include frequency and phase modulated signal 
components, heterodyning the received energy, 
substantially eliminating amplitude changes in 
the heterodyned energy, subjecting the hetero 
dyned energy to a frequency demodulation and 
amplifying the resulting demodulated waves in 
such a way that the demodulated waves of lower 
frequency are amplified to a greater extent than 
the demodulated waves of higher frequency. 
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