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20 Claims. 
This inWention relates to signalling and in par 

ticular to means for Warying in phase the fre 
quency Of carrier Oscillations at Signal frequency. 
The phaSe modulating means may be applied to 
radio tranSmitters in which the modulated and 
amplified OScillations are radiated into a natural 
medium Or in tranSmission Systems wherein the 
modulated OScillations may be impressed for 
tranSimiSSiOn on conductors or other artificial 
channelS. 
FhaSe modulator Systems have been known 

heretofore. Tn general the phase modulating 
Schemes known heretofore have required that, 
either completely new installations be made in 
cluding the modulating schemes, or considerable 
modifications be made to the existing circuits in 
the tranSmitters. 
An object of the present invention is to provide 

a neW and imprOWed phase modulator Scheime 
Which may be applied to completely new instal 
lations Or may, Without modification of existing 
trahSmitterS, be inSerted bodily into transmission 
circuitS now in use to adapt the Same to phase 
modulation Signalling. All that is required in 

' modifying a tranSmitter now in use, as, for ex 
ample, an amplitude modulated transmitter, is 
tO remove the atmplitude modulating unit, and 
Substitute in place thereof the phase modulator 
circuit of the preseat inwention. • 
Moreover, the phase modulator of the present 

invention may be used simultaneously with am 
plitude modulation in new installations and in 
amplitude modulators now in use. This is an ex 
tremely important feature since it permitS multi 
plexing of Signals on the Same carrier frequency. 
Furthermore, the reSulting apparatus is Simple 
in nature and efficient in operation. 
The phase modulator circuit of the preSent in 

?) wention may be introduced or inserted in the ex 
citation leads in any of the stages of the trans 
mitter. For example, it may be inserted betWeen 
the high frequency OScillator, the modulating 
potential Source, and the amplifier. The only es 
Sential is that the phase modulating circuit of 
the present, invention be followed by an amplifier 
of the claSS A type. The reaSon Why thiS re 
quirement, must be met will appear more in de 
tail hereinafter. 
Tn its broadest, aSpect my phaSe modulating 

Scheme comprises a bridge circuit haWing four 
arms, each arm being compOSed of impedanceS, 
the impedances of an opposed pair of armS be 
ing variable, and means for varying at the Sig 
nal frequency the impedanceS of Said armS. NOW, 

(CI. 179-171) 
if a source of high frequency oscillations is con 
nected with one pair of diagonal pointS of Said 
bridge, the potentials appearing acroSS the other 
pair of diagonal pointS of Said bridge, When the 
impedances of Said Wariable armS are Waried at 5 
Signal frequency, Will be phase modulated in ac 
cordance With the Said Signal. 
One apparent advantage to be obtained by the 

use of my invention is that it permits rapid in- . 
terchange or simultaneous use of different typeS 10 
of modulation and So resultS in a considerable 
Sawing of time and maintenance Work. For ex 
ample, an amplitude or frequency modulated 
transmitter may be readily, and with little effort, - 
changed into a phase modulation transmitter by ' 
merely inserting therein my phaSe modulating 
bridge circuit. Subsequently the tranSmitter 
may be reconverted into an amplitude or fre 
quency modulated transmitter by removing the 
bridge circuit of the present inWention and re 
Storing the original connections. Of courSe, both 
types of modulation may be used Simultaneously. 
Another advantage to be gained by the use of 

the bridge circuit phase modulating Scheme of 26 
the present, inWention is that, since it may be 
Substituted Or inSerted in t;rahSmitterS nOW in ex 
istence, the use of phase modulated Signals With 
all the advantages to be gained thereby does not 
necessitate a complete tranSmitting apparatuS 80 
Since all that is neceSSary is the Simplified phaSe 
modulating bridge circuit of the present inWen 
tion. This reSultS in economy Since a limited 
amount of apparatus is necessary to signal with 
Several types of modulation. 35 
The noWe1 features of my invention haWe been 

pointed out With particularity in the claims ap 

20 

pended heret0. 
The nature of the circuit of the present, inWen 

tion and the mode of operation thereof Will be 40 
better understood from the following detailed de 
Scription thereof and therefrom When read in 
connection. With the daWingS, throughout Which 
like reference characterS indicate like partS, and 45 
in Which: * 

Figure 1 is a bridge. circuit used to illustrate 
the principle of the present inWention; * 

Figures 2, 3, 4, and 5 are circuit arrangementS 
similar to Figure 1, which may be used in the 50 
practical application of the invention; 

Figures 6 and 7 show the application of the 
present phase modulating Scheme to a tranSmit 
ter Which may be an installation noW in use or 
a neW installation; While, 55 



10 

15 

20 

30 

40 

2 
FigureS 8 and 9 are graphS Which, With Fig 

ure 1, aSSist in clearly disclosing the principleS 
Of my invention. 
Referring to the drawingS, and in particu 

lar to Figure 1 thereof, the phase modulator cir 
cuit I comprises a, bridge circuit haWing four 
connected arms. The impedances of the arms 
are Substantially equal numerically in their un 
energiZed State. TWO of the OppOSed aTInS may, 
aS ShoWn, comprise Substantially equal reSiSt 
anceS R. and R, While the opposite arms may 
be composed of Substantially equal capacities C 
and C. Tf Oscillations are impreSSed by Way of 
leads 3 and 5 on to opposed pointS 6? and 8 of 
the bridge circuit, potentials of amplitude equal 
to the amplitude of the impressed OScillations will 
appear acroSS the opposed pointS it] and !2 of 
this bridge circuit. Due to the action of resist 
anceS R. and R. and the capacitieS C and C, theSe 
oscillation potentials appearing on the opposed 
points I0 and 12 Will be shifted in phase With 
respect to the OScillating potentials applied on 
the opposed junction pointS 6 and 8. The cir 
Cuit is not a, balanced Or null bridge in which there 
is no output When the bridge is balanced, but; 
is a phase angle bridge in which, aS indicated, the 
Output Woltage e is equal in magnitude to the in 
put Woltage E, and in Which, aS indicated, in Fig 
ure 1, e=E; Sin (ot+d). The relationship of phase 
shift between the input and output oscillations 
may be determined by the equation: 

That the relationship of phase shift, betWeen the 
input Woltage E; and the output Woltage e is rep 
resented by Equation No. 1, given ab0We, Will 
be clear by reference to Figure 1 and to the graph 
of Figure 8. 
In Figure 8 the Woltage E, applied acroSS the 

opposed points 6 and 8 of Figure 1, has been 
plotted along the X axis. The resistances R are 
aSSumed to be larger in impedance than the ca 
pacities C. The potential drop in R is represented. 
in the graph by tR, Which lagS the woltage H. The 
potential drop through C has been represented 
by tXc and leads the Woltage E. The resultant, e 
repreSents the Woltage appearing across the op 
posed pointS ft}, 12. The resultant voltage e 
iS Shifted with respect to the voltage E; by an 
angle 6. Now if the angle ó is bisected we have 
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the following relations: 

2 tan 4=*g+2=* 
C ??an 2 = --2 =?? 

from which 
3- 6=2 tan -1 ??? 

NoW t1=?2 because XC=XC and R=R. (XC=the 
reactance of the condensers). 

AISO 
4- e=#4F??- (-7#%2Co) == 1A2+##92&g 
and 
5 *- - E_- 

s “1= R-;X,=#; 

Substituting Equation No. 5 in Equation No. 4 
we get 

(R2+JXC) 
6. = ----- e= (?-7%) E 

2,046,10? 
From the real part of this equation We get the 
coSine of the phase angle, or, 

In other Words, E=e in absolute Walues but the 
respective woltages are of different phaSe. This 
is because the bridge is not a null bridge but is 
a phase angle bridge, the woltage output of Which 
is equal in magnitude to the Woltage input. The 
Woltages are out of phaSe except When the bridge 
is in a balanced State. Tf the impedances in 
either pair of opposed arms, that is, the resist 
anceS R., R or the capacities C, C, are Waried in 
Walue in phase at Signal frequency, it is obWiouS 
that the phase of the oscillations appearing at 
the output pointS, that is, the opposed pointS ft] 
and [2, Will be shifted in Wariable degreeS at Sig 
nal frequency With respect to the phase of the 
OScillations impreSSed by leads 3 and 5 On to the 
other points 6 and 8 of the bridge circuit. That 
a change in the Walues of the resistances R or in 
the capacities C of the bridge arms results in a, 
phaSe Shift, betWeen the input, Woltage E; and the 
Output Woltages € has been proWen graphically in 
Figure 9, in Which the Walues of the applied Woit 
age E, the potential drop ?R through the resist 
ance R, and the potential drop iXC through the 
capacities are the Wectors of a Wector System. 

First, aSSume that the resistance R is large aS 
Compared to the capacity C. Tn this case the 
potential drop through R is represented by the 
Wector ?1R1 lagging the Wector E. The potential 
drop through C is represented by i1>XC. The re 
Sultant e1 lagS the Wector E; by the angle 61. 
NOW aSSume that the Walue of the resistance R, 

haS been decreaSed Substantially (Say, by modu 
lating meanS) and is Small aS compared to C. 
The potential drop through resistance R. Still lags 
F; but is Smaller and is represented by the vector 
?2E2. The potential drop through C is larger 
and again leads the Woltage F;. The resultant e2 
nOW lagS the vector E; by an aingle d2 which is con 
Siderably larger than the angle 61. This increase 
in phase Shift betWeen F; and e is due to the mod 
ulation of the Walue of R. and the phase shift; A0 
resulting from Said modulation=62-01. 
In a Similar manner it can be shown that 

modulation of the value of C will result in a phase 
shift between E; and e. The phase shift; may not; 
be aS large when C is modulated as when R is 
modulated. 
The phase shifted oscillations may be impressed 

from the leads lf, f3 connected with points {9, 
l2 to any utilization circuit. 
Tn practice either the resistances R., R, or the 

CapacitieS C, C may be varied by the modulating 
potentials. The practical applications of my 
phaSe modulating bridge circuit will now be de 
Scribed. ?= 

Referring to Figure 2 of the drawings, the 
bridge circuit l comprises four arms, as in Figure 
1. Furthermore, an opposed pair of arms in 
CludeS, aS Shown, capacities C and C. Here, 
hOWever, the resistances R., R in the other pair of 
armS are replaced by the impedances between 
the anode I2 and cathode !3 and anode !2” and 
Cathode }3' of thermionic tubes 14 and I4” re 
Spectively. Space current is supplied to the tube 
l4 by Way of Source !6 connected, as Sh0Wn, be 
tWeen the cathode I3 and anode !2 by Way of 
Choking inductance #T. In a similar manner 
Space charge current for the tube I4” is Sup 
plied from Source 16" by Way of choking in 
ductance I?'. The control grid cathode circuits 
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.of tubes f4 and {4/ include biasing batteries l8 
and 18' Which maintain the control gridS 19 and 
f9' at negatiWe potential With reSpect to the 
cathodes and also inductanceS 2t] and 20". Tn 
Order to wary the anode to cathode impedances 
of each of tubes i# and ! 4' in phase at Signal 
frequency, modulating potentials are applied by 
Way of leads 2|{ and 22 to an inductance 23 Sym 
metrically coupled With inductanceS 23 and 2t]'. 
The OSCiliations at Signal frequency flowing in 
the inductance 23 are impreSSed in like phaSe On 
to inductances 2t} and 28]' and from Said in 
ductances in phase on to the control electrodes 
f9 and #9' of tubes {4 and l4'. These in-phase 
potentials are Superimposed upon the direct cur 
rent potentials applied to the control grids f9 
and {9' respectively frorin Sources f8 and {8' re 
Spectively and Wary the conductivity of the tubeS 
in phaSe. NOW if, aS in Figure 1, the carrier fre 
quency OScillations to be modulated are applied 
by leads 3 and 6 to the junction pointS 6 and 8, 
potentials equal in artmplitude to the applied po 
tentials Will appear at the junction pointS It] 
and !?. The potentials at {{} and 12 Will be 
Shifted in phase With respect to the applied po 
tentials. The amouint of phase Shift between 
these potentials Will be determined by the ampli 
tude Of the modulatiing potentials acting On the 
conductivity of the tubes ft; and l2, and the rate 
at which the phase shifts between the applied OS 
cillations and the oscillations appearing at [t] 
and l2 take place Will be determined by the 
frequency of the modulating potentials. The 
phase modulated OScillatiOinS may be utilized by 
connecting any utilization circuit to the leads 
! I and I2. Tn order to insure efficient; operation 
of the modulating circuit, and to insure that the 
phase modulationS On the carrier be truly repre 
SentatiWe of the Signal, it is desirable that the 
load, that is, the current flowing in the Several 
arms of the bridge circtiit, iS maintained at min 
imum. This requirement is Satisfied in accord 
ance With the preSent, ir1Wention by COnnecting 
the output, leads i ! , #3 of the bridge circuit to 
an amplifier of What is knoWn as the claSS A 
type. In this type of amplifier the thermionic 
tube is biased to Such a, 3Oint; that litle or no 
grid current floWS in the input circuit and, there 
fore, little or no load is applied on the bridge 
circuit, Which is to be connected with the grid 
electrode or With the input circuit of the ampli 
fier. * 

Since change in the potential applied to the 
control grid electrode of a thermionic tube re 
Sults in change in capacity of the tube, and Since 
change in the Walue of the capacitieS C, C in the 
arms of the present bridge circuit resultS. in 
phase modulation Of the OScillationS applied, as 
indicated hereinbefore, the arms C, C of the 
bridge circuit may be replaced by the impedances 
Of the thermionic tubes, aS ShOWn in Figure 3. 
In this figure, 3, the other t;WO arms of the bridge 
circuit, include the tWo resistanceS R, and R. The 
bridge circuit is otherWise the Same as the bridge 
Circuit of Figure 2. Furthermore, the Oscilla,- 
tions to be modulated and the modulating Oscil 
lations are applied in a manner Similar to Which 
they are applied to the bridge circuit of Figure 2. 
MoreOWer, the phase modt}lated OScillations are 
derived from the pointS f{!} and f2, as in Figure 2, 
and may be applied to any Work circuit by Way 
Of a ClaSS A amplifier. 
The arrangement of Figure 3 and the Opera 

tion thereof will be obWious to the reader of the 
prior Specification, and a description thereof and 

8 
a statement of the operation thereof is thought 
unneceSSary at this point. It Will be noted hoW 
ever, that, since changes in capacity of the tubes 
due to wariations in the applied modulating po 
tentials are slight, the phase shift reSulting at , 
the junction pointS I0 and l2 Will be less than 
in the arrangement of Figure 2. Where ap 
paratus is limited the arrangement of Figure 3 
may not be as desirable aS the arrangement of 
Figure 2. HoWewer, if the claSS A amplifier, con 
nected With the leadS f f and I3, can be folloWed 
by a frequency multiplier, the bridge circuit of 
Figure 3 may be more desirable than the bridge 
circuit of Figure 2 Since frequency multiplica 
tion of the modulated carrier Will increase the 
phaSe modulation Suficiently to inSure Satisfac 
tory detection of the modulated Wave at the re ceiWing point. 
Although in illustrating the present, invention 

thermionic tubes of the triode type haWe been 
used, it Will be understood that, tubes of any 
other type may be used, and in particular tubes 
Of the Screen grid type in Which the screening 
electrode is maintained at a positive potential 
to eliminate coupling betWeen the input, and out 
put electrodeS. The uSe Of Such tubes in the 
bridge circuit of the present invention has been 
illustrated in Figure 2 wherein the Screening grid 
electrodes 30 and 30' are ShoWn in dotted lines 
connected with a point on the potential sources 
|6 and f6'? 
MoreOWer, the impedance of the tubes l4 and 

14' may be Waried by applying the modulating 
potentials to other electrodes therein. For ex 

5 

10 

26. 

30. 

ample, the modulating potentials may be applied 85. 
to the Screen grid electrodes 30 and 3 f, as indi 
cated in Figure 4, or plate modulating may be 
utilized, aS ShoWn in Figure 5. Since the opera 
tion of the arrangements of Figures 4 and 5 will 

:* be obviouS to one who has read the foregoing * Specification, a description of the operation 
thereof Will not be given at this point. 
Where the modulating potentials are applied 

to the Screen grid electrodes, as in Figure 4, or to 
the plate. electrodes, as in Figure 5, the anode 
leadS include radio frequency choke coils RFC: 
and RFC', aS. Shown. 
In practice the bridge circuits of Figures 2, 3, 4 

and 6 may in new installations be connected with 
a Source Of modulating potentials M and a source 
Of OScillatiOnS O and With a class A amplifying 
meanS A and radiating means RA, as shown in 
Figure 6. The phase modulator here and the 
rest of the apparatus may comprise a new instal 
lation. If phase modulation only is used the class 
A amplifier may be followed by an amplitude 
limiter AT, shown in dotted lines between the 
claSS A amplifier and the utilization circuit. The 
claSS A amplifier amplitude limiter, when the 
latter is also used may be followed by frequency 
multiplying means FM and additional amplifying 
means, if necessary. The amplified frequency 
multiplied or limited and frequency multiplied 
energy may be radiated from the aerial R.A. 
The use of the frequency multiplier may be de 
Sirable in many cases and is particularly desir 
able if a phase modulating bridge circuit, as 
disclosed in Figure 3, is used. • 
When the phase modulating bridge circuit of 

the present inWention is to be utilized With in 
StallationS moW in use of practically any type; 

60; 

70 

aS, for example, an installation including a source 
of modulating potentials M, an oScillator O, an 
amplifier A, and a utilization circuit FM and RA, 
aS ShoWn in Figure 6, the modulator therein, en 75 . 



10 

15 

20 

25 

30 

40 

45 

50 

55 

60. 

65 

70 

16 

4 
closed in the dotted line rectangle and inter 
posed between M and O and A, may be remoyed 
and replaced by a phase modulator bridge circuit, 
aS disclosed in Figures 2, 3, 4 or 5. In this case, 
if the tranSmitter does not already include an 
amplifier of the ciaSS A type, Such an amplifier 
may be interposed betWeen the modulatOr f and 
the utilization circuits FM and RA, aS ShOWn. 
When multiplex signalling is desired by new 

installation the arrangement aS ShoWn in Figure 
7 may be used. Where multiplex operation is 
desired by tranSmitters noW in use, aS, for exam 
ple, amplitude modulated tranSmitterS, Said 
transmitters may be modified aS indicated in 
Figure 7. In Figure 7 the Source of modulating 
potentials M is connected With a phase modulator 
I which is also energized by carrier frequencieS 
from source O. The phase modulated OScilla,- 
tions are fed from I to a claSS A amplifier A and 
from thence to an amplitude modulator AM, 
from which the phase modulated and amplitude 
modulated signals may be fed to frequency mul 
tipliers and amplifiers and radiating meanS and 
to one or more of Such dewices. Tf an installa,- 
tion, as for example, an amplitude modulated 
transmitter, is to be modified for multiplexing 
by adding a phase modulator thereto, the leads 
L, shown in dotted lines between the amplitude 
modulator AM and the source of OscillationS O, 
may be disconnected. The leads between the 
Source of modulating potentials M ahd the am 
plitude modulator AM may be opened and pha.Se 
modulator I may be connected between the mod 
ulation Source M and the amplitude modulatOr 
AM. The Source of oscillations O may nOW be 
connected to the phase modulator l, aS ShOWn. 
The oscillations from O are phase modulated in 
l by the signal potentials from M and the phaSe 
modulated carrier is fed from [ to the amplitude 
modulator AM, which may be Supplied With other 
modulating potentials from a Source M'. The 
carrier frequency oscillations, Which have already 
been modulated in phase by the signal potentials 
from the Source M, Will in the Stage AM be mod 
ulated in amplitude in accordance With the Signal 
oscillations from M'. The carrier frequency oS 
cillations modulated in phase and in amplitude 
may be multiplied in frequency and amplified 
and radiated. 
Tn order that the current in the arms of the 

phase modulating bridge circuit I of the present 
inWention be maintained at minimum, a, claSS A 
amplifier may be interposed betWeeth the ampli 
tude modulator AM and the phase modulator l, 
aS ShOWn. 
HaWing thus described my inwention and the 

operation thereof, What T claim is: 
1. A phase modulator circuit comprising, a, 

pair of thermiOnic tubes having their cathodes 
connected together by Way of an impedance and 
their anodes connected together by Way of a 
Second impedance equal in Walue to the Walue 
of the first impedance, means for applying high 
frequency oscillations to the cathode of one of 
Said tubeS and to the anode of another of Said 
tubes, meanS for Warying the impedances of Said 
tubes in phase, and a utilization circuit connected 
With the cathode of the other of Said tubes and 
the anode of Said first named tube. 

2. The combination With a bridge circuit, haW 
ing four armS and tWo pairS of opposed pointS 
of, a SOurce of modulating potentials connected 
in phase to a pair of Opposed arms, a source of 
high frequency OScillations connected across one 
of Said pairS of Said opposed points, and a Work 

2,045,10? 
circuit connected acrOSS the other pair of Said 
opposed pointS. 

3. Signalling means comprising, in combina 
tion, a bridge circuit having pairs of opposed 
impedances Which are normally substantially nu 
merically equal, one pair of Which impedances 
are Wariable, and pairs of opposed points, a, 
Source of high frequency oscillations connected 
aCroSS One of Said pairs of opposed pointS, a, 
claSS A amplifier haWing its input, electrodes con 
nected aCrOSS another pair of Said opposed points, 
and meanS for phase modulating said high fre 
quency OScillations comprising a source of mod 
ulating potentials connected with said opposed 
pair of Wariable impedances. 

4. A combination as claimed in claim 3 includ 
ing, a frequency multiplier connected with the 
Output electrodes of Said claSS A amplifier. 

5. In a phase modulator, a bridge circuit, hav 
ing four balanced arms, each including an im 
pedance, the impedances in an opposed pair of 
Said arms being wariable, a circuit for applying 
Carrier OScillations to a pair of opposed junction 
pointS On Said bridge, a circuit for varying said 
Wariable impedances in phase at signal frequency, , 
and a relaying circuit connected with another 
pair of OppOSed junction points on Said bridge. 

6. A phaSe modulator circuit comprising, a pair 
Of thermionic tubes hawing their cathodes con 
nected together by Way of a capacity and their 
anOdeS connected together by way of a. Second 
Capacity SubStantially equal in Walue to the value 
Of the first capacity, a circuit for applying high 
frequency OSci!lations to the cathode of one of 
Said tubes and to the anode of another of Said 
tubes, an inductance connected between the con 
trol grid and cathode of each of Said tubes, a 
Source of low frequency oscillations coupled to 
Said inductanceS, and a utilization circuit con 
nected With the cathode of the other of Said tubes 
and the anode of said first named tube. 

7. A phaSe modulator circuit comprising, a pair 
Of thermionic tubes hawing their cathodes con 
nected together by way of a capacity and their 
anOdeS Connected together by way of a second 
Capacity Substantially equal in Walue to the Walue 
Of the first capacity, a circuit for applying high 
frequency OScillations to the cathode of one of 
Said tubes and to the anode of the other of 
Said tubes, a circuit for applying low frequency 
OScillationS to the control electrodes of each of 
Said tubeS, an auxiliary electrode interposed be 
tWeen the anode and control electrode in each 
tube, and a utilization circuit connected with 
the cathode of the other of said tubes and the 
anOde Of Said first named tube. 

8. A phaSe modulator circuit comprising, a pair 
of thermionic tubes of the screen grid type haW 
ing their cathodes connected together by Way of 
a Capacity and their anodes connected together 
by Way of a Second capacity equal in value to the 
Value of the first capacity, a circuit for applying 
high frequency OScillations in phase opposition to 
the anode of One of Said tubes and to the cathode 
of the other of said tubes, a circuit, for applying 
OScillations of a different frequency in phase to 
the Screen grid electrodes of said tubes, means 
for maintaining the control grid electrodes of 
Said tube at a potential different with respect to 
the Cathodes of Said tubes, and a utilization cir 
Cuit connected between the cathode of the other 
??id tubeS and the anode of said first named 
tube. 

9. A phase modulator circuit comprising, a, pair 
Of thermionic tubes hawing their cathodes con 
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nected together by Way of a capacity and their 
anodes connected together by Way of a Second 
capacity equal in Walue to the Walue of the first 
capacity, a circuit for applying OScillations to 
the anode of one of said tubes and to the Cathode 
of the other of Said tubeS in phase oppOSition, a, 
circuit, for applying Oscillations of a different fre 
quency in phase to the anodes of each of Said 
tubes, means for maintaining the control grid 
electrodes of said tubes at a potential different 
than the potential of the cathodes, and a utiliza 
tion circuit, connected with the cathode of Said 
first, named tube and the anode of Said other tube. 

10. The combination, With a bridge circuit haW 
ing four arms and tWo pairs of opposed junction 
points bet;Ween Said arms, of a Source of modu 
lating potentials coupled in phase to a pair Of 
opposed arrias, a source of high frequency OScil 

a.CrOSS One of Said pairS Of Op 
pOSed junction points, an amplifier connected 
across the other pair of Said oppoSed junction 
pointS, a frequency multiplier connected With 
said amplifier, and radiating means connected 
With Said frequency multiplier. 

11. The combiraation, with a bridge circuit haW 
ing four arms, each including an impedance and 
tWo pairs of opposed junction points, of a Source 
of modulating potentialS coupled in phaSe to a 
pair of opp0Sed arms, a, SOurce of high frequency 
oscillations connected acroSS one of Said pairs of 
Said opposed junction pointS, an amplifier con 
nected acrOSS the Other pair Of Said OppOSed junc 
tion points, an amplitude modulator including a 
Source of modulating potentials connected With 
Said amplifier, and a utilization circuit coupled 
to Said amplitude modulator. 

12. The combination, With a bridge circuit haW 
ing four arms and t;Wo pairs of Spaced pointS, of 
a, Source of modulating potentials connected in 
phase to a pair of oppOSed armS, a, Source of 
high frequency OScillationS connected With one 
of said pairs of Said Spaced pointS, and a claSS A 
amplifier connected acroSS the other pair of Said 
Spaced points of Said bridge. 

13. Signalling means comprising, in combina 
tion, a bridge circuit haWing pairS of oppoSed im 
pedanceS, One pair of Which impedanceS is Wari 
able, and pairS of Spaced pointS, a circuit for 
applying constant frequency oScillationS to One 
of Said pairs of Spaced pointS, an amplifier haW 
ing its input, electrodeS connected acroSS another 
pair of Said Spaced pointS, and a circuit for ap 
piying modulating potentials in phase to said 
opposed pair of Wariable impedanceS. 

14. A combination aS Set forth in claim 13 
including, a frequency multiplier connected With 
the output electrodes of Said amplifier. 

15. Tn a phase modulator, a bridge circuit haW 
ing four arms, each including an impedance, the 
impedanceS in an opp0Sed pair of Said arms being 
variable, a circuit for applying carrier oScilla 
tions to a pair of opposed pointS on Said bridge, 
and a circuit for Warying Said Wariable impedanceS 
in phase at Signal frequency Whereby carrier 
WaWe energy modulated in phase at Signal fre 
quency is produced at another pair of opposed 
points on Said bridge. 

16. The combination of a dewice for phaSe 
modulating carrier WaWeS including a bridge cir 
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cuit having a plurality of arms, opposed pairS Of 
said arms being Substantially balanced, a circuit 
for applying carrier frequency OScillationS to a 
pair of opposed junction pointS On Said bridge 
circuit, means for phase modulating Said carrier 
frequency oscillations compriSing a circuit for 
applying modulating potentialS to a pair of Said 
opposed arms, an amplifier connected acrOSS an 
other pair of opposed junction pointS on Said 
bridge circuit, and an amplitude modulator cOn 
nected With Said amplifier. 

17. The combination of a phase modulator in 
cluding a bridge circuit hawing a plurality Of 
pairs of arms, opposed pairS of Said armS being 
Substantially balanced, a circuit for applying car 
rier frequency oscillations to a pair of oppOSed 
points on said bridge circuit, meanS for phaSe 
modulating said carrier frequency OScillationS 
comprising a circuit for applying modulating po 
tentials to a pair of opposed armS, an aimplifier 
of the type in Which Small grid current floWS 
during operation connected acroSS another pair 
of opposed pointS on Said bridge circuit, and an 
amplitude modulator including a circuit ener 
gized by modulating potentials connected With Said amplifier. 

18. A phase modulator comprising, a pair of 
thermionic tubes hawing their cathodes connected 
together by Way of a reactance and their anodeS 
connected together by Way of a second react 
ance, a circuit for applying high frequency OS 
cillations to the cathode of one of Said tubes and 
to the anode of another of Said tubes, a reactance 
connected betWeen the control grid and cathode 
of each of Said tubeS, a, Source of loW frequency 
potentials coupled in phase to Said last named 
reactances, and a utilization circuit connected 
With the cathode of the other of Said tubeS and 
the anode of Said first named tube. 

19. A phase modulator comprising, a pair of 
thermionic tubeS of the Screen grid type haWing 
their cathodes connected together by Way of a 
reactance and their anodeS connected together 
by Way of a second reactance, a circuit for ap 
plying high frequency oscillationS in phase Op 
position to the ahode of one of Said tubes and to 
the cathode of the other of Said tubes, a reactance 
connected betWeen the Screen grid and cathode 
of each of Said tubes, a circuit for applying OSCil 
lations of a different frequency to Said last named 
reactanceS, and a utilization circuit connected 
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between the cathode of the other of Said tubes 
and the amode of Said first; named tube. 

20. A phase modulator circuit including, a pair 
Of thermionic tubes haWing their cathodeS cOn 
nected together by Way of reactance and their 
anodes connected together by Way of a Second 
reactance Substantially equal in Walue to the 
Walue of the first reactance, a circuit for apply 
ing oscillations to the anode of one of Said tubes 
and to the Cathode of the other of Said tubes in 
phase opposition, a reactance connected between 
the anode of each of Said tubes and the Cathode 
Of each of Said tubeS, a circuit for applying Con 
trolling potentials in phase to said last named 
reactances, and a utilization circuit connected 
With the cathode of Said first named tube and 
the anode of Said other tube. 
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