
April 25, 1944. G. M. BROWN 2,347,458 
FREQUENCY MODULATION SYSTEM 

Filed April 23, 1942 

source of 
HeH FREQUENCY 
OSCEALATIOAS fift/AMCY 

Aft/PIERs 
AAD AoyaAr 
APIFFERS 

Fig2. 

Inventor : 
George M. Brown, 

His Attornel. 

  

    

  



Patented Apr. 25, 1944 2,347,458 

UNITED STATES PATENT OFFICE 
2,347,458 

FREQUENCY MODULATION systEM 
George M. Brown, Scotia, N.Y., assignor to Gen 

era Electric Company, a corporation of New 
York 

Application April 23, 1942, serial No. 440,172 
14 Claims. (C. 

My invention relates to apparatus for modulat 
ing the frequency of a carrier wave, and more 
particularly to such apparatus of the type com 
monly termed phase modulation apparatus. 
Certain types of frequency modulation appara 

tus introduce serious non-linearities in the rela 
tion between the intensity of the modulating 
wave and the resulting shift in frequency, or 
phase, of the carrier wave. That type of fre 
quency modulation apparatus is subject to a 
peculiar type of distortion in which a carrier 
wave is transmitted through two channels and 
recombined, a different phase shift being intro 
duced in each channel and the carrier Wave in 
each channel being differently operated on by 
the modulating wave so that the recombined 
carrier wave is modulated in phase. Generally, in 
this type of phase modulating apparatus, the 
phase or frequency of the carrier Wave is changed 
a larger amount per unit intensity of the modu 
lating wave at low modulating Wave intensities 
than at high modulating intensities. It is an 
object of my invention to provide a new and in 
proved method and apparatus for modulating the 
frequency, or phase, of a carrier wave in accord 
ance with the intensity of a modulating signal. 

It is a further object of my invention to pro 

10 

5 

20 

25 

vide Stich new and improved method and appara 
tus in which the phase shift, or frequency change, 
of the carrier Wave produced in accordiance With 
the intensity of a nodulating signal is more near 
ly linearly related to such intensity. 
The features of my invention which I believe 

to be novel are set forth with particularity in the 
appended claims. My invention itself, both as 
to its organization and manner of operation, to 
gether with further objects and advantages there 
of may best be understood by reference to the 
following description taken in connection with 
the accompanying drawing in which Fig. 1 illus 40 
trates apparatus embodying one form of my in 
vention; Fig. 2 is a vector diagram illustrating 
Certain electrical characteristics of a part of the 
apparatus of Fig. 1 and Fig. 3 is another vector 
diagram illustrating certain electrical charac 
teristics of another part of the apparatus of Fig. 1. 

In the form of my invention illustrated in Fig. 
l high frequency oscillations from a source 6 
are transmitted through three electron discharge 
amplifier devices , 2 and 3, by means of 
which the phase of the carrier wave is modulated 
in accordance with audio signals from a micro 
phone , and through appropriate frequency 
multipliers and power amplifiers, illustrated as 
a rectangle 5, to be radiated from an antenna, 
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6. The source O may be any suitable generator 
of high frequency oscillations, such as a tuned 
circuit oscillator including an electron discharge 
device. The frequency multipliers indicated by 
the rectangle 5 are such as are usually utilized 
to increase the amount of phase, or frequency, 
shift of the carrier wave produced in response to 
the modulating signals of the microphone f4 and 
to increase at the same time the frequency of the 
carrier wave. The power amplifiers indicated by 
the rectangle 5 are such as are normally used 
to increase the intensity of the carrier Wave be 
fore its impression on the antenna, 6 so as to in 
crease the amount of energy radiated therefrom. 

High frequency oscillations from the source 9, 
impressed by suitable means on a tuned circuit 
including an inductance 1 and condenser 8, 
are also impressed across a phase shifting net 
work connected in shunt to this tuned circuit, 
which network produces high frequency voltages 
in phase quadrature with each other. This net 
work includes a resistance 9 and a condenser 20, 
the reactance of which at the frequency of the 
high frequency oscillations from the source () is 
equal to the resistance 9. 
By reference to the vector diagram of Fig. 2 

the voltage relations in this tuned circuit 7, 8 
and across the resistance 9 and condenser 20 
may be clearly seen. An electrically central point 
of the uned circuit , 8 is grounded, as by the 
condenser 2 , for high frequency oscillations, and 
a reference Voltages are therefore referred to 
such ground. Wector E1 represents the voltage of 
the upper terminal of the tuned circuit , 8, and 
vector E2 the voltage of the lower terminal there 
of. The voltage between these two terminals of 
the tuned circuit , 8 produces a flow of high 
frequency current through the resistance 9 and 
condenser 20, such current being represented by 
the vector . . Since the electrical path includ 
ing the resistance 9 and condenser 2 is capaci 
tive in nature, the current I is leading in phase 
with respect to the voltage across the tuned cir 
cuit 7, 8, and is so represented in the vector 
diagram of Fig. 2, the rotation of all vectors be 
ing considered to be counterclockwise. The cur 
rent I leads the voltage E1 by an angle of 45, 
since the reactance of the condenser 20 at the 
frequency of the Oscillations from the Source O. 
is equal to the resistance of resistor 9. . . 
The high frequency voltage across the resist 

ance 9 is in phase with the current I, and the 
high frequency voltage across the condenser 20 
lags the current I by 90', or by a quarter cycle, 
These voltages are respectively represented by 
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vectors Er and Ec. The two vectors Er and Ec 
are equal in length, since the reactance of the 
condenser 20 is equal to the resistance 19, and 
since the same current I flows through both ele 
mentS. 
The point 22 between the resistance 9 and con 

denser 20 is at a high frequency potential with 
respect to ground as represented by the vector Es, 
this high frequency potential differing in phase 
from the potentials of the terminals of the tuned 
circuits 7 and 8 by 90°, or a quarter cycle, due 
to the phase shifting action of the resistance 9 
and condenser 20. By proper combination of the 
high frequency voltage represented by the vector 
E3 with the high frequency voltages represented 
by the vectors E1 and E2 in accordance with modul 
lating potentials from the microphone f4, a phase 
modulated carrier wave is produced in which the 
change in phase is substantially linear over a wide 
range With respect to the intensity of modulating 
signals. 
To produce this effect, voltage between the up 

per terminal of resistance 9 and ground, repre 
sented by vector E1, is supplied to the electron dis 
charge amplifier device f ; voltage between point 
22 and ground, represented by vector E3, is sup 
plied to discharge device-2; and voltage between 
the lower terminal of condenser 20 and ground, 
represented by vector E2, is Supplied to discharge 
device f3 as follows: The first control electrode 
30 of the device f is electrically coupled through 
a condenser 3 to the upper terminal of the 
resistance 9. The first control electrode 32 of 
the device f2 is electrically coupled through a 
condenser 33 to point 22 between the resistance : 
9 and condenser 20. The first control electrode 
34 of the device 3 is electrically coupled through 
a condenser 35 to the lower terminal of condenser 
20. 
The devices , 2 and 3 are suitably arranged 

to amplify the respective three voltages applied 
to their first control electrodes, and to transmit 
such voltages to the frequency multipliers and 
power amplifiers 5. The respective anodes 36, 
37 and 38 of the devices , 2 and 3 are con 
nected together and to the upper terminal of a 
tuned circuit 39, resonant at the frequency of 
Oscillations from the source fo. The tuned cir 
cuit 39 is coupled to an inductance 40 which is 
connected to the input of the frequency multi 
pliers and power amplifiers 5. The lower termi 
nal of the tuned circuit 39 is connected to the 
positive terminal of a source 4f of operating 
potential for the discharge devices ff, f2 and 
3, the negative terminal of the source 4 being 
connected to ground. 
The cathodes 42, 43 and 44 of the devices ff, 
2 and 3 are respectively connected to ground 
through means for maintaining each cathode at 
a fixed potential, positive with respect to ground, 
such means respectively including resistances 45, 
46 and 47 and bypassing condensers 48, 49 and 
50. The control electrodes 30, 32 and 34 are 
respectively connected to ground through resist 
ances 60, 6 and 62 by which the electrodes are 
maintained near ground potential, and conse 
quently at apsuitable negative potential with re 
Spect to the respective cathodes 42, 43 and 44. 
The second, or screen, electrodes 63, S4 and 

55 of the devices f, f2 and 3 are connected 
through respective resistances 66, 67 and 68 to the 
positive terminal of the source 4, and are con 
nected through respective condensers 69, TO and 
7 to the cathodes 42, 43, and 44, whereby the 
screen electrodes 63, 64 and 65 are maintained 
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at a constant positive potential with respect to 
the respective cathodes 42, 43 and 44. 
Since these screen electrodes 63, 64 and 65 are 

maintained at a constant potential with respect 
to the cathodes of the devices , f2 and 3, they 
serve as electroStatic shields- between the first 
control electrodes 30, 32 and 34 and the third, or 
suppressor, electrodes 76, 77 and 78 of the de 
vices I, 2 and f3. Consequently, interaction 
between the first control electrodes and the Sup 
pressor electrodes is minimized, and it is of ad 
vantage to apply the modulating potentials, in 
accordance with which phase shift of the carrier 
wave is produced, to these suppressor electrodes 
76, 77 and 78. 
The suppressor electrodes 76, 77 and 78 are re 

spectively connected to ground through con 
densers 73,74 and 75 which have low reactance at 
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the frequency of oscillations from the source 0, 
but which have relatively high reactance at the 
highest frequency of modulating signals from the . 
microphone 4. These condensers 73, 74 and 75 
therefore maintain the suppressor electrodes 76, 
77 and 78 at cathode and ground potential as far 
as high frequency Oscillations from the Source 
O are concerned, and are therefore made effec 

tive in suppressing bombardment of the screen 
electrodes 63, 64 and 65 by Secondary emission 
from the anodes 36, 37 and 38. 
The modulating signal potentials are applied 

to the suppressor electrodes 76, 77 and 78 as foll 
lows. Such modulating Signals from the micro 
phone 4 are amplified to suitable intensity in 
an audio amplifier 80, and impressed on the pri 
mary 8 of a transformer whose secondary 82 
has its center tap connected to ground. One 
terminal of the secondary 82 is connected to the 
suppressor electrode 76 of the device f l and the 
other terminal of the secondary 82 is connected 
to the suppressor electrode 78 of the device 3. 
The suppressor electrode 77 of the device f2 is 
connected through a resistance 83 to ground. It 
should be noted that modulating potentials from 
the secondary 82 are applied in push-pull, or 
balanced, relation to the suppressor electrodes of 
those devices f l and 3 whose control electrodes 
are connected to opposite terminals of the phase 
shifting network 9, 20. 

If it be assumed for the moment that no poten 
tial is impressed across the resistance 83, analy 
sis of the operation of the carrier wave phase 
shifting arrangement may be easily understood. 
With no signal input from the microphone 4, 
the discharge devices and 3 are so adjusted 
that they amplify equal amounts of the carrier 
wave from the source 0. Since these devices if 
and 3 amplify potentials which are exactly Op 
posite in phase, as represented by the vectors E1 
and Ea of Fig. 2, with no signal from the micro 
phone f4, the outputs of the devices it and 3 
exactly balance and produce no effect on the 
tuned circuit 39. The discharge device 2 is ad 
justed to amplify the carrier wave from the source 
O so that it appears in the tuned circuit 39 with 

suitable intensity, its phase being as represented 
by the vector E3. So long as this condition per 
sists, that is, with no modulating signal from the 
microphone 4, the outputs of the devices ff and 
3 cancel, and the transmitted carrier wave is 

amplified through the device 2 and through the 
frequency multipliers and power amplifiers 5. 
This carrier wave is constant in intensity. 
Now if a modulating potential is transmitted 

from the microphone 4, its effect On the trans 
mission of the carrier wave from the source to 
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through the devices, 2 and 3 may be ex 
plained most easily for a static Condition. Con 
sider, for example, the condition at one particular 
instant at Which the Suppressor electrode 76 is 
positive in potential with respect to ground, the 
suppressor electrode 78 is negative by an equal 
amount with respect to ground, and the potential 
on the suppressor electrode 7 remains un 
changed. When the suppressor electrode 76 be 
comes positive in potential, the gain through the 
device increases, and the gain through the de 
vice 3 similarly decreases when the suppressor 
electrode 8 becomes negative With respect to 
ground. Consequently the carrier Wave potential 
represented by the vector E1 is amplified through 
the device to a greater extent than when no 
modulating signal was transmitted from the mi 
crophone 4, and the carrier wave from the Source 
fo is similarly amplified through the device 3 
to a smaller degree. The result is that the out 
puts of the devices and 3 no longer cancel each 
other completely, the output of the device be 
ing greater than that of the device 3. 
Under such conditions the potential impressed 

acroSS the tuned circuit 39 is a combination of 
the carrier wave potential amplified by the de 
vice 2, represented by the vector E3 in Fig. 2, 
and a second carrier wave potential which is in 
phase with the carrier wave potential amplified 
by the device , represented by the vector E1 in 
Fig 2. This combination produces a carrier wave 
potential across the tuned circuit 39 which is lead 
ing in phase with respect to the carrier wave po 
tential amplified by the device 2 and represented 
by the vector E3 in Fig. 2. 

It is thus clear that opposite changes in poten 
tial on the suppressor electrodes O and 2 pro 
duce a phase shift in the carrier wave on the 
tuned circuit 39 in a particular direction. If the 
potentials of the Suppressor electrodes 6 and 8 
change in the other direction from that described 
above, that is, if the suppressor electrode 6 be 
comes negative in potential and the electrode 78 
becomes positive in potential with respect to 
ground, an opposite phase shift of the carrier 
Wave on the tuned circuit 39 occurs. 
This results because the gain of the device 3 

is under such conditions greater than the gain 
of the device So that the carrier wave potential 
represented by the vector E2 in Fig. 2 is then 
greater than the carrier Wave potential repre 
Sented by vector E1. Since the resultant of these 
two vectors is in phase with the vector Ea, the 
resultant of this difference between carrier wave 
potentials amplified by devices and 3 and the 
carrier wave potential amplified by device 2 is 
lagging in phase with respect to the potential 
amplified by device f2 and represented by the 
Vector E3. 

This. Vector relationship may be clearly seen 
in Fig. 3, in which the vectors E1, E2 and E3 are 
represented as they are shown in Fig. 2. A vec 
tor designated E2-E is shown at right angles to 
the vector E3, and represents the difference be 
tween the vectors E2 and E1 when the alternating 
potential amplified by the device 3 is greater 
than that amplified by the device . It may be 
seen that the vector 9 which represents the re 
Sultant of the vectors E3 and E2-E1 is lagging with 
respect to the vector E3 and is slightly greater in 
amplitude. 
Since the discharge devices and 3 in effect 

produce linearly a resultant difference between 
the alternating potentials of opposite phase rep 
resented by vectorSE and E2 in response to mod 
ulating potentials from the microphone 4, such 
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modulating potentials may be considered as sub 
stantially equivalent in intensity to vectors drawn 
On a line passing through the Vector E2-E1 in 
Fig. 3. That is, the intensity of the modulating 
signal from the microphone 4 at any particular. 
instant may be plotted on the dotted line 9 
drawn to include the vector E-El in Fig. 3, such 
vector beginning at the end of the vector E3 where 
it intersects the line 9 and extending in an ap 
propriate direction, depending on whether the 
modulating signal voltage is positive or negative 
at the particular instant. 
Now it is desired that the modulating potential 

at any instant shall produce a resultant carrier 
wave potential at the tuned circuit 39, which is 
shifted in phase from the carrier wave potential 
represented by the vector E3 by an angle directly 
proportional to the modulating signal potential. 
That is, if the vector E2-E be taken to represent 
a modulating signal potential and vector 90 to 
represent the resultant carrier potential at tuned 
circuit 39, it is desired that the angle between 
the vectors 90 and E3 be directly proportional to 
the vector E2-E1. 

This, however, is geometrically impossible in the 
arrangement shown. The vector E2-E1 repre 
sents a certain modulating potential, which pro 
duces a phase shift in the carrier represented by 
the angle 6. If the carrier wave potential has 
already been shifted in phase so that it may be 
represented by the vector 92, and the modulating 
signal potential be increased from that potential 
necessary to produce the phase shift resulting in 
the vector 92, the increase being represented by 
the vector 93, and being equal in amount to vector 
E-E1, the carrier wave potential is shifted in 
phase by a less amount than the phase shift be 
tween the vector E3 and the vector 90' 
The resultant of the vectorS 92 and 93 is rep 

resented as a vector 94, the angle between the 
vectors 92 and 94 being represented as 61. It is 
apparent that the angle 01 is less than the angle 
8, because the vector 93 is at a greater angle with 
respect to the vector 92 than the vector E2-E1 
forms with the vector E3. It may accordingly be 
concluded that as modulating signal intensity in 
creases, each new increment of increase in modu 
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lating signal intensity produces a smaller angular 
phase shift in the carrier wave in the arrange 
ment as thus far described. 

Inspection of the lower part of the vector dia 
gram of Fig. 3 shows that this is equally true 
where the carrier wave phase shift is in the op-. 
posite direction. A vector 95, equal to the vectors 
E2-E and 93, is shown extending between the 
ends of vectors 96 and 97. It is at once apparent 

... that, although the vector 95 is equal to the vector 
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E2-E, the angle between vectors 96 and 97 is less 
than the angle between vectors 90 and E3. 
This effect may be substantially eliminated if, 

at the same time that the potentials of the Sup 
preSSOr electrodes 70 and 72 are changed oppo 
Sitely by modulating signal potential from the 
microphone 4, the high frequency potential am 
plified by the device 2 be reduced a suitable 
amount as the difference in the high frequency 
potentials amplified through the devices and 
3 increases. 
The reason for this may be seen by considering 

Fig. 3, in which the vector OO, represents the 
resultant of the vectors E1, increased a certain 
amount; E2, decreased a like amount; and E3, 
also decreased a certain amount. It may be seen 
that the angle between the vectors 92 and foo 
may be made the same as the angle between the 
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vectors E3 and 90, both phase shifts of the carrier 
wave having been made by equal modulating sig 
nal potentials, proportional in One case to the 
vector 93 and in the other case to the vector 
E.-E. The vector O may conveniently repre-. 
sent the required reduction in amplitude of the 
vector E3 to produce the vector i00. 
Symmetry of the vector diagram indicates that, 

for an opposite phase shift of the carrier wave, 

s 

a similar reduction of intensity of the vector E3 l0 
may be utilized to produce a similar phase shift 
of the carrier wave in response to a modulating 
signal potential. Vector iO2 may represent the 
carrier wave potential shifted in phase from the 
carrier wave potential represented by vector 96 in 15 
response to a modulating signal potential repre 
sented by vector 95, the vector E3 being reduced 
in intensity by an amount represented by the 
vector 03. 

It is thus apparent that the carrier wave am- 20 
plified by the device 2 should be reduced in 
intensity in response to an increase of modulating 
signal potential of either polarity. Suitable ap 

" paratus. is therefore provided for in pressing a 
negative potential on the suppressor electrode 7 25 
of the device 2 whenever modulating signal po 
tential of either polarity is transmitted from the 
microphone 4. 
This apparatus includes a voltage dividing re 

sistor iO connected in shunt to the primary 8, 30 
of the transformer across which modulating sig 
nal potentials from the amplifier80 are impressed. 
the primary winding of the transformer is 
connected between the sliding tap if 2 of the 
voltage divider O and one terminal 3 thereof. 35 
The two anodes 4 and 5 of a double diode 
clectron discharge device 6 are respectively 
connected to the opposite terminals of the Sec 
ondary 7 of transformer lif. The center tap 
of the secondary 7 is connected to a point be 
tween the resistance 83 and the suppressor elec 
trode 77 of the device f2. The cathodes 8 and 
9 of the double diode discharge device 6 are 

connected together and through a large con 
denser 20 to ground, and are maintained at a 
positive potential with respect to ground by a 
source 2 of potential, whose negative terminal 
is connected to ground. A voltage dividing re 
sistance 22 is connected in shunt to the source 
2, and the movable tap 23 of the resistance 22 

is connected to the cathodes 8 and 9. 
The apparatus just described including the 

double diode discharge device 6 constitutes a 
full wave rectifier having a load resistance 83 
arranged to impress a negative potential on the 
suppressor electrode 77 during either half cycle 
of modulating signal potential from the micro 
phone 4. The intensity of this negative poten 
tial with respect to the intensity of modulating 
signal potential impressed on the suppressor elec 
trodes 76 and 78, may be adjusted by the movable 
tap f 2 so that a suitable reduction in intensity 
of carrier wave potential amplified by the dis 
charge device 2 is produced whenever there is a 
difference in the amount of carrier wave potential 
amplified by the devices if and 3. 
The positive potential of the cathodes 8 and 
9 with respect to ground is desirable to provide 

Some adjustment of the point at which rectifica 
tion begins. Generally adjustment of both the 
movable taps 2 and 23 of the voltage dividers 
ffo and 22 should be made at the same time to 
provide the most nearly linear relation between 
modulating signal potentials from the micro 
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phone 4 and phase shift of the carrier wave On 
the tuned circuit 39. 
The apparatus thus described, when properly 

adjusted, is effective to produce a carrier wave 
whose phase is modulated substantially linearly 
in response to the instantaneous intensity of a 
modulating signal over a substantial range of 
carrier Wave phase angle. In fact, by the use of 
Such apparatus carrier wave phase shifts may be 
obtained which are twice or three times as great 
as phase shifts obtained by previously used ap 
paratus with comparable linearity. 
While I have shown and described a particular 

embodiment of my invention, it will be obvious to 
those skilled in the art that changes and modi 
fications may be made without departing from 
my invention in its broader aspects, and I, there 
fore, aim in the appended claims to cover all such 
modifications as fall within the true spirit and 
Scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. The method of producing a carrier wave 

having its phase modulated in linear relation 
With a desired signal which comprises generating 
a plurality of carrier wave components displaced 
in phase, combining said components to produce 
the desired carrier wave as a resultant, and in 
creasing the intensity of one of said components 
in linear relation to the intensity of said signal 
from its minimum value thereby increasing said 
resultant and the phase angle between the other 
of Said components and said resultant, and re 
ducing Said other component with increase of 
Said Signal to reduce said increase in intensity of 
Said resultant to an increase of such amount 
that phase angle between said other of said com 
ponents and said resultant increases linearly with 
increase in said signal over the useful range of 
variation of said signal. s 

2. The method of producing a carrier wave 
having its phase modulated in linear relation 
ship to a desired signal which comprises generat 
ing three components of said wave, two of said 
components having a time phase relation different 
by equal and opposite amounts from that of the 
third component, modulating the intensity of 
Said two components equally and oppositely in 
accordance with said signal, and varying the 
intensity of Said third component in accord with 
signal and by such amounts that the angular 
phase relation of the resultant of said three com 
ponents to Said third component varies substan 
tially linearly with the instantaneous intensity 
of the signal throughout the useful range of said 
intensity of said signal. 

3. The method of producing a carrier wave 
having its phase modulated in linear relationship 
to a desired signal potential which comprises 
generating a component of such wave having a 
predetermined intensity, generating and com 
bining with said first component a second com 
ponent of Said wave different in phase with re 
Spect to said first component by substantially a 
quarter cycle, said second component having an 
intensity proportional to said signal potential 
whereby a resultant is produced varying in phase 
relation to said first component in accord with 
Said signal potential, and reducing the intensity 
of Said first component in response to said signal 
potential by amounts such that said phase rela 
tion of Said resultant to said first component 
Varies by amounts substantially proportional to 
the instantaneous intensity of said signal po 
tential. ' 
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4. The combination in a system for producing 

a carrier wave having its phase modulated in 
linear relationship to a desired signal, of means 
for generating three components of such a car 
rier wave, two of said components having a time 
phase relation different by equal and opposite 
amounts from that of the third Component, 
means for modulating the intensity of said two 
components equally and Oppositely in accordance 
with said signal, and means for so modulating 
the intensity of Said third component that the 
angular phase variation of the resultant of Said 
three components varies linearly with the in 
stantaneous intensity of the signal throughout 
the useful range of Said intensity of said signal. 

5. In combination in a system for producing a 
carrier wave having its phase modulated in linear 
relationship to a desired signal, sources of such 
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carrier wave and signal, a utilization device, 
means for impressing said carrier wave on said 
device in predetermined phase, means for in 
pressing said carrier wave on said device with 
intensity substantially proportional to the abso 
lute intensity of said signal, the phase of said. 
carrier wave impressed on said device by said 
last means differing from that impressed on said 
device by said first means by an amount sub 
stantially greater than zero and substantially less 
than a half cycle, and means responsive to said 
signal of either polarity for reducing the in 
tensity of said carrier wave impressed on said 
device by said first means. 

6. The combination in a system for producing 
a carrier wave having its phase modulated in 
linear relationship to a desired signal, of Sources 
of Such carrier wave and signal, a utilization de 
vice, means for impressing said carrier wave on 
said device in predetermined phase, means for 
impressing said carrier wave on said device with 
intensity substantially proportional to the abso 

. lute intensity of Said signal, the phase of the 
carrier Wave impressed on said device by said 
last means differing from that impressed on said 
device by said first means by an amount Sub 
Stantially greater than Zero and less than a half 
cycle, and means responsive to Said signal of 
either polarity for reducing the intensity of Said 
carrier wave impressed on said device by said 
first means by an amount such that the resultant 
of the carrier Wave impressed by said first and 
second means on said device differs in phase 
from said predetermined phase by an amount 
proportional to the instantaneous intensity of 
said signal. 

7. In combination, a source of alternating 
signal potential, a Source of high frequency po 
tential, a utilization device, means for impressing 
said high frequency potential. On said device in 
predetermined phase, means for impressing said 
high frequency potential On Said device in in 
tensity substantially proportional to the abSO 
lute intensity of said alternating signal poten 
tial and in phase differing by substantially a 
quarter cycle from said predetermined phase, the 
phase of the high frequency potential impressed 
by said second means on said device being lead 
ing or lagging with respect to said predeter 
mined phase in accordance with the polarity of 
said alternating signal potential, means con 
prising a full wave rectifier for producing a po 
tential whose intensity is substantially propor 
tional to the absolute intensity of Said alternat 
ing signal potential, and means responsive to 
the potential produced by said rectifier to reduce 
the intensity of said high frequency potential 
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of predetermined phase by an amount such that 
the resultant of the high frequency potentials 
impressed on said device by said first and second 
means differs in phase from said predetermined 
phase by an amount substantially proportional 
to the absolute intensity of Said alternating sig 
nal voltage. 

8. In combination, Sourtes of alternating sig 
nal potential and high frequency potential, a 
utilization device, means for impressing said 
high frequency potential on said device in pre 
determined phase, means for impressing said 
high frequency potential on said device in in 
tensity substantially proportional to the absolute 
intensity of said signal potential and with phase 
differing by substantially a quarter cycle from 
Said predetermined phase, means comprising a 
full wave rectifier for producing a potential 
whose intensity increases in proportion to the 
absolute intensity of said alternating signal po 
tential, means responsive to the potential pro 
duced by said rectifier to reduce said high fre 
quency potential of predetermined phase, and 
means for impressing bias potential across said 
full wave rectifier to adjust the relation between 
the potential produced thereby and said alter 
nating signal potential, thereby to increase 
linearity between said signal potential and the 
resultant of high frequency potentials on said 
device. 

9. In a system for producing a carrier wave 
having its phase modulated in linear relation to 
a desired signal, the combination of a carrier 
Wave Source producing two oppositely phased 
components balanced with respect to ground, a 
Source of Signals, a utilization device, a resistance 
and a capacity serially connected in shunt to 
Said carrier wave source, the reactance of said 
capacity at the frequency of carrier waves from 
Said source thereof being substantial whereby a 
carrier wave component between ground and a 
point between said resistance and condenser is 
produced which is substantially different in phase 
from Said oppositely phased components gen 
erated by Said carrier wave source, means for 
nodulating the intensities of said oppositely 
phased components equally and oppositely in ac 
Cordance with said signals, and means for vary 
ing the intensity of said component between 
ground and said point in accord with said signal 
and by such amounts that the angular phase 
variation of the resultant of said three com 
ponents has a substantially linear relation with 
the instantaneous intensity of the signal 
throughout the useful range of said intensity of 
Said signal. 

10. The method of producing a carrier wave 
having its phase modulated in linear relation 
With a desired signal which comprises generat 
ing a plurality of carrier wave components dis 
placed in phase, combining said components to 
produce the desired carrier wave as a resultant, 
modulating the intensity of one of said com 
ponents in direct proportion to said signal elec 
tromotive force thereby to vary the phase angle 
between said resultant and another of said com 
ponents by progressively decreasing amounts as 
Said electromotive force increases, and decreas 
ing said other of said components with increase 
in Said signal electromotive force Sufficiently to 
maintain said phase angle proportional to said 
signal electromotive force. 

ll. In a phase modulation system, the combi 
nation of means for generating a plurality of 
carrier wave components displaced in phase, 
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means to combine said components to produce a 
resultant, means to vary the intensity of one of 
said components in accord with a desired signal 
thereby to vary the phase angle between another 
of said components and said resultant, whereby 
said phase angle increases by progressively de 
creasing amounts with increase in the vector Sun 
of said components, and means to reduce the 
intensity of said other of said components sufi 
ciently to maintain said phase angle proportional 
to said signal. 

12. In combination, a Source of carrier Wave 
oscillations, a load circuit, a pair of amplifiers 
connected in parallel between Said Source and 
said load circuit, means to displace the phase of 
oscillations Supplied from Said Source to Said 
load circuit by one of said amplifiers with re 
spect to oscillations Supplied by the other of 
said amplifiers, a Source of signal electromotive 
force, means to vary the amplification of One of 
said amplifiers in direct proportion to Said signal 
electromotive force thereby to vary the phase 
angle between the resultant of the oscillations 
supplied to Said load circuit by said amplifiers 
and the oscillations Supplied by the other of said 
amplifiers, and means to maintain the variations 
of said phase angle in linear relation to said 
signal electromotive force, Said last means com 
prising means to reduce the amplification of the 
other of said amplifiers upon increase in Said 
signal electromotive force. 

13. In combination, a source of carrier wave 
oscillations, a load circuit, a pair of amplifiers 
connected in parallel between said source and 
said load circuit, means to displace the phase of 
oscillations Supplied from said source to said load 
circuit by One of Said amplifiers With respect to 
oscillations supplied by the other of Said ampli 
fiers, a Source of Signal electromotive force, 
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means to vary the amplification of one of said 
amplifiers in direct proportion to Said signal 
electromotive force whereby the phase angle be 
tween the resultant of the oscillations supplied 
to Said load circuit by Said amplifiers and the 
oscillations supplied by Said other amplifier varies 
first substantially linearly and then at pro 
gressively decreasing rates as Said signal electro 
motive force increases, and means to reduce the 
amplification of the other of said amplifiers as 
said signal electromotive force increases in either 
direction thereby to extend the range Over which 
Said phase angle varies linearly with Said signal 
electromotive force. 

14. In combination, a source of carrier wave 
oscillations, a load circuit, a pair of amplifiers 
connected in parallel between said source and 
Said load circuit, means to displace the phase 
of OScillations Supplied from said Source to said 
load circuit by one of said amplifiers to oscilla 
tions Supplied by the other of said amplifiers, a 
Source of signal electromotive force, means to 
vary the amplification of one of said amplifiers 
in direct proportion to Said signal electromotive 
force thereby to vary the phase angle between 
the resultant of the oscillations supplied to said 
load circuit by said amplifiers and the oscillations 
Supplied by the other of Said amplifiers, and 
means to maintain the variations of Said phase 
angle in linear relation to Said signal electromo 
tive force, said last means comprising means to 
produce a unidirectional electromotive force 
varying in direct relation to the magnitude of 
said signal electromotive force, and means to 
reduce the amplification of the other of Said 
amplifiers in response to increase of Said uni 
directional electromotive force. 

GEORGE. M. BROWN. 


