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Patented Nov. 10, 1942 2,301,907 
UNITED STATES PATENT OFFICE 

FREQUENCY MODULATON DISTORON 
COREECTION SYSTEM 

Roger Joseph Pierracci, Cedar Rapids, Iowa, as 
signor to Collins Radio Company, Cedar Rapids, 
Iowa, a corporation of Iowa 
Application July 24, 1941, Seria No. 403,910 

8 Claims. (C. 19-1715) 
My invention relates broadly to modulation 

Systems and more particularly to a frequency 
nodulation distortion correction system. 
One of the objects of my invention is to provide 

a System of frequency modulation in which the 
distortion at wide phase angle deviations is mini 
nized. The system of my invention applies par 
ticularly to phase modulators in which the side 
bands are added to the carrier in phase quadra 
ture. The operation of phase modulators in the 
production of frequency modulated signals is well 
known to the art. Present systems use a maxi 
nun phase shift of the order of 30 degrees at 
low audio frequencies. 

In Systems using 30 degrees phase shift, analy 
sis of the demodulated frequency modulation sig 
nai shows that distortions of the order of 7-8 
percent are present. At 60 degrees phase shift 
the distortion is of the order of 28 to 30 percent. 
This is due to the non-linear relation of the 
phase shift angle and the amplitude of the side 
band Voltage. It is the object of the system of 
my invention to provide an approximately linear 
relation between phase shift angle and side band 
amplitude for maximum phase shifts as high as 
60 degrees or more. 
Other and further objects of my invention re 

side in the provision of an improved circuit ar 
rangement for frequency modulation systems, as 
set forth in the following specification by refer 
ence to the accompanying drawings in which: 

Figure 1 shows vectorily the relation of the 
carrier and side bands in the frequency modula 
tion distortion correction system of my invention; 
Fig. 2 shows graphically the completed relation 
of phase shift angle and side band amplitude in 
the frequency modulation distortion correction 
System of my invention; Fig. 3 diagrammatically 
shows the frequency modulation distortion cor 
rection circuit of my invention; and Fig. 4 shows 
curve diagrams representing the voltage rela 
tions in the frequency modulation distortion cor 
rection circuit of my invention. 

Fig. 1 illustrates the mechanics of the system . 
of my invention by vector representation of the 
carrier and side bands. The side bands are added 
at an angle of 90 degrees as shown in the figure 
and their amplitude varied in accordance with 
the audio frequency. However, the carrier is also 
amplitude modulated simultaneously at twice the 
audio frequency in such a manner that approxi 
mately a linear relation obtains between side 
band amplitude and angle of phase shift. 
In Fig. 1, the side band amplitude BC is given 

by: 
BC=sin pt (1) 

where 
-P- 
2 

is the audio modulating frequency 
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The carrier amplitude OB by 

OB=K1--Ra cos 2 pt (2) 
Where K1 and Ka are arbitrary constants of 
Operation. 
The angle of phase shift 9 is expressed by 

(3) 
B 

6 searc tan OB 

from (1) and (2) 
sin pt 

K--K cos 2p (4) 
If K and K2 are properly chosen, it can be shown 
that an approximate linear relation between the 
phase shift angle 8 and side band amplitude sin 
pt exists. Since (4) is a transcendental equa 
tion, the solution is not a simple matter. In this 
case, point-by-point solution is the best means of 
establishing Operating conditions. In an actual 
case, the maximum value of 8 (the limiting value 
approaches 90 degrees) is selected and K--Ka 
cos 2 pt considered as a function of time Kf(t). 
0 is then assumed to be linear with sin pit and 

f(t) Computed at intervals of the audio fre 
quency cycle, SO that this linearity obtains. From 
the resultant plotting of Kf(t), the constants 
K. and K2 may be evaluated. Actual plots show 
that the modulation of the carrier very closely 
approximates a double audio frequency cosine 
wave and is the reason for the selection of the 
expression K1--Ka cos 2 pt to represent the car 
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Fig. 2 shows the computed relation of phase 
shift angle 0 and side band amplitude sin pt for 
the case where maximum was chosen as 60 de 
grees and the Constants K1 and Ka 0.65 and .188 
respectively. The points approximate a straight 
line very closely and negligible distortion should 
result. The dotted curve shows the relation be 
tween 0 and sin pt when the carrier is unmodulat 
ed. The solid line shows the relationship of the 
phase shift angle 8 and the side band amplitude 
sin pt when corrected for distortion. 

Fig. 3 shows the circuit arrangement of the 
system of my invention. The speech input cir 
cuit is indicated at connected through audio 
frequency transformer 2 to the speech amplifier 
3. The speech amplifier 3 comprises a balanced 
triode system constituted by tubes 4 and 5, as 
shown with their grid circuits connected to the 
secondary winding of speech input transformer 
2, through the audio correction network com 
prising resistors 6 and , and condensers O and 
lf. The secondary winding of speech input 
transformer 2 has its mid-tap 8 connected to 
the cathode circuits of the triodes 4-5 and to 
ground 9. The output of the speech amplifier 
3 is coupled through transformer 2 with the bal 
anced nodulator comprising tubes 4-5. The 



2 
tubes f4 and 5 are operated without a direct 
current anode supply and receive energy solely 
from the audio power delivered by trans 
former 2. 
The circuit of the balanced modulator includes 

the balanced tank circuit 6 comprising induc 
tance 7 connected at opposite ends with the 
anodes of tubes 4 and 5 through coupling con 
densers 8 and 9. The inductance T is tuned 
by tank circuit condensers 20 and 2 which are 
connected in balanced relation with their ad 
jacent capacity areas connected to the cathode 
circuits of tubes 4 and 5 and to ground indi 
cated at 22. The inductance has its mid 
point 23 connected through the audio shunting 
choke coil 24 with the cathode circuit of tubes 
4 and 5. The radio frequency side band energy 
developed in tank circuit f6 is supplied to the 
output system 25 leading to additional stages of 
frequency multiplication and amplification 
through conductor 26, condenser 27 and resistor 
28 connected to ground 29. Radio frequency en 
ergy is excluded from the speed frequency arm 
plifier circuit coupled through transformer 2 
with the balanced modulator tubes 4-5 by the 
inclusion of the choke coils 30 and 3 between 
the anodes of tubes 4 and 5 and the secondary 
winding of the speech frequency input trans 
former 2 as shown. 
The oscillator for the transmitter is shown at 

32 constituting a triode controlled by piezo-elec 
tric crystal 33 and having its Output circuit 34 
connected to a phase shifting network compris 
ing resistance 35, variable condenser 36, variable 
condenser 37 and resistance 38. Connections are 
taken from taps 39 and 40 in the phase shifting 
network to the control grids of the balanced mod 
ulator tubes 4-5 and to the control grid 4 of 
the carrier wave amplifier tube 42, respectively. 
The phase shift of the between the grid voltages 
of the balanced modulator and carrier tubes are 
plus and minus forty-five degrees from oscilla 
tor voltage. Thus the total phase angle between 
carrier and side band voltages is ninety degrees. 
The connection taken to the control grid 4 of 
the carrier wave amplifier tube 42 includes cou 
pling condenser 43. The input circuit to the 
carrier frequency amplifier tube 42 is. completed 
through resistance 44 to ground 45 and from 
ground 46 to the cathode 47. The output circuit 
of the carrier wave amplifier tube 42 includes 
plate 48 which connects through coupling con 
denser 49 with the common load impedance T 
of the balanced modulator tank 6. The carrier 
is thus added to the side bands and carried 
through conductor 26 leading to the output sys 
tem. 25. The voltage for the plate 48 of the car 
rier Wave amplifier tube 42 is obtained from the 
variable tap 50 on output resistor 5f in the out 
put circuit of wave form corrector tube 52. This 
anode voltage is amplitude modulated in accord 
ance with voltage appearing across resistor 5. 
The anode Voltage is passed through the series 
connected variable resistor 53 shunted by con 
denser 54 through the choke coil 55 for im 
pressing audio frequency voltage on plate 48 of 
tube 42. The auxiliary grid 4a in tube 42 con 
nects to the lead from the wave form corrector 
tube 52 intermediate the resistance condenser 
Combination 53-54 and choke coil 55. The value 
of resistance 53 controls the parameter K1 in 
the formulas recited above while the position of 
the tap 50, on resistance 5 controls the param 
eter Ka in the above formulas. The radio fre 
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2,801,907 
42 is modulated at double audio frequency in 
accordance with the plate voltage. A by-pass 
condenser 46a connects across the plate poten 
tial supply circuit for tube 42 as indicated. 
The manner of obtaining amplitude modula. 

tion of the carrier wave amplifier tube 42 con. 
stitutes the novel and important feature of my 
invention. This amplitude modulation of the 
carrier at twice the audio modulation frequency 
is obtained by the coaction of a frequency double) 
tube 56 with the Wave form corrector tube 5. 
heretofore referred to. The frequency double: 
tube 56 is a full wave rectifier including plat 
electrodes 5 and 58 and cathodes 59 and 60 
The plate electrodes 57 and 58 are connected t 
the output of the speech amplifier at the sec 
ondary of transformer 2. The cathodes 59 an 
60 are connected through load resistor 6 an 
biasing resistor 62 to ground at 64. Resistor 6. 
is connected across the potential --B at 6 
through Series resistor 62. The voltage devel 
oped across resistor 62 limits the operating angl 
of the diode rectifier 56 and aids in controllin 
the characteristic of the plate voltage curve a 
shown in B of Fig. 4. This source of potentie 
--B which connects at 65 can be from a commo 
Source and Supply all points in Fig. 3 marke 
--B. The cathode heating potential for all c 
the tubes may be obtained from a commo 
source. The load resistor 6 is provided with a 
adjustable tap 67 which connects to the contri 
grid 68 of the wave form corrector tube 5 
Proper bias is obtained for the wave form col 
rector tube 52 through the series cathode resistic 
69 shunted by condenser 70 and connected to 
path to ground indicated at 7. Potential fo 
the screen 74 of tube. 52 is supplied through ri 
sistor 73 from the source at 66. The screen p 
tential is by-passed to ground by condenser 7 

Referring to Fig. 4 it will be understood th: 
the wave form of the voltage delivered by th 
full wave rectifier tube 52 has high harmon 
content and must be passed through the circu 
of wave form corrector tube 52 which constitut 
a wave form correction circuit that corrects t) 
wave form to within five percent of the tr 
double audio frequency. The tube 52 functio: 
as a super-control remote cut-off tube whi 
Shapes the half Wave pulses from full wave rect 
fier tube 56 to the desired form. The supe 
control Wave form corrector tube 52 is biased 
cut-off and the grid voltage limited to the thres 
old of grid current on audio peaks by the cat 
ode resistor 69 and shunted condenser 70 he 
tofore described. In Fig. 4 the curves shown 
A represent the voltage output of tube 56 whi 
are applied to the control grid 68 of wavefol 
corrector tube 52. The characteristics of the super-control we 
form corrector tube 52 when operated in t 
manner described are such that the wave fo 
of the plate voltage and grid voltage are not al. 
but follow the general contour shown in B 
Fig. 4. The plate voltage (solid curve) appro 
mates a true double frequency cosine wa 
Slight discontinuities at the points ABCD in 
be minimized by reducing the operating angle 
the diode full wave rectifier. This is acco 
plished by means of resistors 62 and 63 oper 
ing from the plate supply voltage 65 of frequel 
doubler tube 56. 
The system of distortion correction of my 

vention permits large angles of phase shift 
the phase modulator with low distortion. T 

quency output of the carrier wave amplifier tube decreases the amount of phase multiplication 



2,801,907 
quired for wide band frequency modulation and 
results in simpler apparatus and a reduction of 
noise due to random disturbances in the phase 
modulator circuit. Present systems use 30 de 
grees phase shift and a multiplication of 4000 
to 5000. 
quency when the phase is modulated to the 30 
degree maximum is 7-8%. Application of this 
system of correction to this circuit would reduce 
the distortion to 1-1.5 percent. The latter figure 
is based on experimental data. 

If a system using 60 degree maximum phase 
shift is used, the phase multiplication can be 
reduced by half to 2000 to 2500. Thus the ran 
dom noise should be reduced 6 db. The distortion 
without the correction system would be 28-30% 
and with correction 2 to 3 percent. These latter 
figures are also based on preliminary experi 
mental data, and could probably be bettered by 
a more accurate synthesis of the double fre 
quency audio voltage referred to above. 
While I have described my invention in One 

of its preferred embodiments, I desire that it be 
understood that modifications may be made and 
I intend no limitations upon my invention other 
than may be imposed by the Scope of the ap 
pended claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States is as follows: 
1. In a frequency modulated signaling System 

a radio frequency Oscillator, a carrier Wave emi 
plifier having a cathode, an anode, a control 
grid electrode and a Screen grid electrode, means 
for impressing unmodulated radio frequency en 
ergy from the Oscillator which is shifted in phase 
at a fixed value of 45 degrees leading the oscilla 
tor voltage upon the control grid electrode, means 
for impressing a doubled audio frequency modu 
lation simultaneously upon said screen grid elec 
trode and said anode, and means connected with 
the output of said carrier wave amplifier Sub 
ject to the composite influence of a basic audio 
frequency modulated side band voltage and a 
carrier voltage modulated at twice the audio fre 
quelcy. 

2. In a frequency modulated signaling system 
an audio frequency modulation circuit, a balanced 
amplifier connected with said audio frequency 
modulation circuit, a balanced modulator having 
symmetrically arranged output circuits and a 
common input circuit, a tuned tank circuit Con 
nected with the output of said balanced modul 
lator, a carrier wave amplifier having a pair of 
input, circuits, means connected between said 
audio frequency modulation circuit and one of the 
input circuits of said carrier wave amplifier for 
impressing a doubled audio frequency modula 
tion upon said carrier wave amplifier, an oscil 
lator, means for applying energy from said OS 
cilltor to the input circuit of said balanced modul 
lator at a fixed phase difference lagging the 
Oscillator by 45 degrees, the input voltage at said 
carrier wave amplifier leading the oscillator volt 
age by 45 degrees whereby the net difference at 
the input circuits of the said balanced modulator 
and the said carrier wave amplifier is 90 degrees, 
and a connection between the output of said car 
rier wave amplifier and said tuned tank circuit, 
whereby said tank circuit is subjected to the 
composite effect of said balanced modulator out 
put and said carrier Wave amplifier output. 

3. In a frequency modulated signaling system 
an audio frequency modulation circuit, a bal 
anced amplifier connected with Said audio fre 

The distortion at lowest audio fre 
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3 
having symmetrically arranged output circuits 
and a common input circuit, a tuned tank cir 
cuit connected with the output of said balanced 
modulator, a carrier wave amplifier having a 
pair of input circuits, means connected between 
said audio frequency modulation circuit and one 
of the input circuits of said carrier wave am 
plifier for impressing a doubled audio frequency 
modulation upon said carrier wave amplifier, 
means for correcting the wave form characteris 
tic of Said doubled audio frequency modulation, 
an Oscillator, means for applying energy from said 
Oscillator to the input circuit of said balanced 
modulator at a fixed phase difference lagging 
the Oscillator by 45 degrees, the input voltage at 
said carrier wave amplifier leading the oscilla 
tor voltage by 45 degrees whereby the net dif 
ference at the input circuit of said balanced 
nodulator and said carrier wave amplifier is 90 
degrees, and a connection between the output of 
Said carrier wave amplifier and said tuned tank 
circuit, whereby said tank. circuit is subjected to 
the composite effect of said balanced modulator 
output and said carrier wave amplifier output. 

4. In a frequency modulated signaling system 
an audio frequency modulation circuit, a bal 
anced amplifier connected with said audio fre 
quency modulation circuit, a balanced modula 
tor having symmetrically arranged output cir 
cuits and a common input circuit, a tuned tank 
circuit connected with the output of said bal 
anced modulator, a carrier wave amplifier hav 
ing a pair of input circuits, means connected be 
tween said audio frequency modulation circuit 
and one of the input circuits of said carrier wave 
amplifier for impressing a doubled audio fre 
quency modulation upon said carrier wave am 
plifier, an oscillator, means for applying energy 
from Said oscillator to the input circuit of said 
balanced modulator at a fixed phase difference 
lagging the oscillator by 45 degrees, the input 
voltage at said carrier wave amplifier leading the 
OScillator voltage by 45 degrees whereby the net 
difference at the input circuits of said balanced 

5 modulator and said carrier wave amplifier is 90 
degrees, and a connection between the output of 
said carrier wave amplifier and said tuned tank 
circuit, whereby said tank circuits is subjected 
to the composite effect of said balanced modula 
tor output and said carrier wave amplifier out 
put, and a condenser and resistance connected 
in parallel with respect to each other and dis 
posed in series between said means for correct 
ing the wave form characteristic of said doubled 
audio frequency modulation and said carrier wave 
amplifier. 

5. In a frequency modulated signaling system 
an audio frequency modulation circuit, a bal 
anced amplifier connected with said audio fre 
quency modulation circuit, a balanced modulator 
having Symmetrically arranged output circuits 
and a common input circuit, a tuned tank cir 
cuit connected with the output of said balanced 
modulator, a carrier wave amplifier having a pair 
of input circuits, means connected between said 
audio frequency modulation circuit and one of 
the input circuits of said carrier wave amplifier 
for impressing an audio frequency modulation 
at twice the frequency of said first mentioned 
audio frequency upon said carrier wave ampli 
fier, an oscillator, means for applying energy 
from said Oscillator to the input circuit of said 
balanced modulator at a fixed phase difference 
lagging the Oscillator by 45 degrees, the input quency modulation circuit, a balanced modulator voltage at said carrier wave amplifier leading 



4. 
the oscillator voltage by 45 degrees whereby the 
net difference at the input circuit of said carrier 
wave amplifier is 90 degrees, and a connection 
between the output of said carrier wave amplifier 
and said tuned tank circuit, whereby said tank 
circuit is subjected to the composite effect of 
said balanced modulator Output and said carrier 
wave amplifier output. 

6. The method of maintaining a linear rela 
tion between phase shift angle and amplitude of 
side band voltage in frequency modulator sys 
tems which comprises compositely modulating 
a carrier wave amplifier by adding the voltages 
of the side band frequencies at an angle of ap 
proximately 90°, varying their amplitude in ac 
cordance with an audio modulating frequency 
deriving a second modulating signal from said 
audio modulating frequency at double the said 
audio modulating frequency and simultaneously 
subjecting the carrier wave amplifier to modula 
tion by said second modulating signal in such 
manner that approximately a linear relation ob 
tains between side band amplitude and angle of 
phase shift. 

7. The method of minimizing distortion at 
wide phase deviations in frequency modulation 

2,801, 
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systems which comprises simultaneously modu 
lating the output voltage of a carrier wave am 
plifier system and the side-band voltage of a 
balanced modulator system, the balanced modul 
lator system being modulated by an audio fre 
quency signal and the carrier wave amplifier 
system being modulated simultaneously by a sec 
ond signal which is derived from the aforesaid 
audio frequency signal, the second signal being so 
derived that it is always twice the value of the 
signaling frequency. 

8. The method of effecting an approximately 
linear relation between phase shift angle and 
side-band amplitude in frequency modulation 
systems which comprises compositely modulat 
ing the output voltage of a carrier wave ampli 
fier system and the side-band voltage of a bal 
anced modulator system, the balanced modulator 
system being modulated by an audio frequency 
signal and the carrier wave amplifier system be 
ing modulated simultaneously by a second signal 
which is derived from the aforesaid audio fre 
quency signal, the second signal being so derived 

25 
that it is always twice the value of the signaling 
frequency. 

ROGER JOSEPH PERACC. 
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