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PHASE MODULATION 
George Lindley Usselman, Port Jefferson, N. Y., 

assignor to Radio Corporation of America, a 
corporation of Delaware - m . . . 

Application November 12, 1934, serial No. 752,629 
8 Claims, 

This invention relates to a method of and 
means for impressing phase modulations. On 
radio Waves Or Oscillations for signaling purposes. 
In particular this invention relates to an in 
proved method of and means for accomplishing 
phase modulation by the use of a pair of tubes 
having their input electrodes connected in Sub 
stantially push-pull relation to a source of car 
rier Waves to be modulated, their cathodes mod 
ulated as to potential differentially by the modul 
lating potentials, and their anodes connected in 
push-pull relation by a common Output circuit. 
In modulators of the prior art it has been 

general practice to apply the modulating poten 
tials to the anodes or control grids or other 
grid or anode like electrodes. In the present in 
vention by applying the modulating potentials to 
the cathodes much of the distortion inherently 
accomplished in modulators known heretofore is 
eliminated. This advantage and others Will be 
apparent from the specification which follows. 
The phase modulator of the present invention 

may also be readily altered to produce amplitude 
modulation in place of phase nodulation. 
Moreover, the circuit arrangement of the pres 
ent invention may be operated to produce phase 
and amplitude modulation simultaneously. 
The normal features of my invention have 

been pointed out with particularity in the claims 
appended hereto. The nature of my invention 
and the manner in which the same is carried out 
will be better understood from the following de 
tailed description thereof and therefrom when 
read in connection with the drawing in which 
the single figure shows for purposes of illustra 
tion only a phase modulator circuit arrangement 
including the features essential to my invention. 
It will be understood that the arrangement shown 
may be departed from considerably without de 
parting from the Spirit of the present invention. 
The-phase modulator stage comprises a pair of 

thermionic tubes W. and W2. The control grids 
of the tubes V1 and V2 are connected as shown 
by way of phase shifting reactances L and C and 
stopping condensers and 2 respectively to an 
inductance in a tuned resonant circuit. A which 
may be coupled to any source of carrier Wave 
oscillations. Preferably the tuned circuit A is 
connected as shown to a source of oscillations O. 
The control grids of the tubes W1 and W2 are Con 

:: nected to the electrical center of the heating 

55 

circuits for the cathodes F and F2 by Way of re 
sistances R1 and R2 respectively as shown. The 
anodes of the tubes W1 and W2 are connected in 
push-pull relation to a tuned tank circuit B com 

(C. 179-11) 
prising an inductance 6 and a variable condenser 
arrangement 5. Condensers , 2, 3, and 4 are 
direct current blocking condensers. Condensers 
3 and 4 are connected as shown between the 
cathode ends of resistances R1 and R2 and ground 
respectively. The electrical centers of the fila 
mentS F1 and F2 are connected as shown to the 
terminals of a secondary winding W2 of a trans 
former T1. The primary winding of the trans 
former T1 may be connected as shown by a switch 
S1 to the source of signal modulations E. A re 
sistor R3 is connected across the secondary wind 
ing of the transformer T1. The center tap of re 
sistor R3 and winding Wa of transformer T1 is 
connected to the anode of an additional ther 
mionic tube W3 and to a contact associated with 
Switch S2. The electrical center of the cathode 
F3 of tube W3 is connected to ground. The grid 
of tube W3 is connected to a biasing source I by 
Way of the secondary winding W4 of a trans 
former T2. The primary winding W3 of the 
transformer T2 is connected to a contact which 
also cooperates with the switch S1. The contact 
member of the switch S1 is of sufficient length to 
complete either or both of the primary winding 
circuits. The switch S2 when closed short cir 
cuits the impedance between the anode and cath 
ode of the tube Va. 
tubes V1 and V2 is supplied by way of a plate 
rectifier D having its positive terminal connected 
to the electrical center of the inductance 6 and 
its negative terminal connected to ground and 
to the electrical center of the cathode F3 and to 
the movable contact of switch S2. 
In pointing out the operation of the device it 

will first be assumed that oscillator O is supply 
ing power at constant frequency to the circuit 
A. Oscillations will be set up in tank circuit A, 
the tuning or response of which is determined by 
the inductance and capacity thereof. Excitation 
voltage at constant frequency will be supplied 
from the circuit A through inductance L, and 
condenser C to the grids of tubes V1 and V2 re 
spectively in substantially phase opposition or in 
push-pull fashion. However, the phase of the 
voltage excitation applied to the grid of modu 
lator tube Vi will be retarded to some extent by 
the inductance L, while the phase of the voltage 
excitation applied to the grid of modulator tube 
V2 will be advanced to some extent by the capac 
ity C. The amount of retardation and advance 
ment in the phase of the excitation applied to the 
grids of these tubes may be varied and will de 
pend upon the retarding or inductive value given 
to the inductance, and the advancing or capaci 
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tive value given to the condenser C and also on 
the value of the resistors R1 and R2 respectively. 
The impedance in each side of the grid circuit 
should be balanced, then if modulator tubes W1 
and V2 have the same direct current bias on their 
control grids, which is the case when no modul 
lation energy is supplied from E, the power sup 
plied by each modulator tube to the circuit B will 
be equal and the potential oscillations in circuit 
B will have a constant phase which will coincide 
with the average phase position of the excitation 
voltage. 

NoW, if We assume that audio frequency mod 
ulations are produced in E and applied through 
the transformer T1 by Way of SWitch Si to the 
cathodes F, F2 of tubes W.1 W2 respectively, the 
bias applied to the said cathodes will vary in 
phase opposition and the tubes having the lower 
bias at any particular instant will Supply the 
most power to the circuit B. Since the radio 
frequency excitation to the grids of the two tubes 
W1 and W2 respectively has a phase difference, 
the power supplied to the circuit B by the anodes 
of the two tubes V1 and V2 will have a phase 
difference. The phase of the oscillations appear 
ing in circuit B will change or approach that 
of the tube Supplying the most power. The 
amount of phase change in the circuit B Will 
be substantially proportional to the difference in 
power delivered by the tubes W. and W2 to the 
circuit B. It is obvious however that there may 
be no greater phase shift in the circuit. B than 
there is phase difference of excitation applied 
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to the grids of tubes Wii and V2 respectively. 
When the device is operated as described above, 

to accomplish phase modulation, the SWitch S1 
is moved to a position such that the Winding 
W. Only is energized. The Switch S2 is preferably 
closed to short circuit the impedance between 
the anode and cathode of W3 So that this tube 
impedance is not included in the anode-cathode 
direct current circuit of the tubes W1 W2. 
When the device is to be used as an amplitude 

modulator the switch S1 is moved into a posi 
tion such that the winding W3 of the trans 
former T2 only is energized. Switch S2 is now 
open. The anode and cathode impedance of W3 
is now connected in series with the direct cur 
rent anode-cathode circuit of tubes W.1 W2. The 
amplitude modulating potentials are applied 
from the anode of W3 in phase or CO-phaSeally to 
the Cathodes F and F2. Due to this co-phaSeal 
application of the modulating potentials and Sub 
stantially anti-phaSeal application of the carrier 
wave potentials to the tubes Vi Wa, carrier fre 
quency Waves of Substantially constant phase 
and of variable amplitude will be produced in the 
circuit B from which they may be utilized. 
A combination of phase and amplitude modul 

lation may be accomplished by moving the Switch 
S1 in a position such that modulating potentials 
are supplied to both primary windings W1 and 
W3. In this case the SWitch S2 is moved into an 
open position so that the impedance between 
the anode and Cathode of W3 is included in the 
direct current anode circuit of tubes W.1 W2. Now 
modulating potentials are applied in push-pull 
and in phase to the cathodes F1 and F2 while 
carrier wave oscillations are applied in substan 
tially phase opposition by inductances I, and C. 
The Output energy in B Will be modulated as to 
phase and as to amplitude Simultaneously in 
accordance With the modulating potentials. 
The Output circuit B may be tuned to the 

fundamental frequency or to an harmonic there 

2,105,849 
of. The circuit B may be coupled to any load 
circuit but is preferably coupled to a radiating 
circuit by Way of an amplitude limiter or an am 
plifier or a frequency multiplier or one or more 
of Said devices. 
Where necessary, the anode to Cathode capac 

ity of tubes W1 and W2 may be neutralized as 
shown by neutralizing condensers N1 and N2 as 
shown. My invention contemplates the use of 
any knoWn type of tubes. All that is essential 
is that the tubes include at least the three elec 
trodes. Where screen grid tubes are utilized the 
neutralizing capacities N1 N2 may not be neces-. 
Sary. . 

In any event, the biasing resistances R1 and R2 
Serve the double purpose of effecting the phase 
of the radio frequency potentials applied to the 
control grids and also as a means for supplying, 
biasing potentials to said control grids. 
When the device is operated as a phase modu 

lator, the phase modulated energy appears in the 
tank circuit B but the amplitude modulated com 
ponent is balanced out. 
When the device is operated as an amplitude : 

modulator the amplitude limiter may be dis 
pensed With by any convenient switching means 
not shown. 
What is claimed is: 
1. In a modulation System, a pair of electron: 

discharge devices each having an anode, a cath 
Ode and a control electrode, a symmetrica circuit 
adapted to be energized by carrier wave oscilla 
tions, phase shifting means connecting different 
points. On Said circuit to the control electrodes of 
Said devices, an impedance connected between 
the control electrode and cathode of each device, 
a transformer having a primary winding ener 
gized by modulating potentials, said transformer 
having a secondary winding, a connection be 
tween a point on the secondary winding of said 
transformer and a point on one of said imped 
ances, a connection between another point on 
the Secondary winding of said transformer and 
a point on the other of said impedances, an 
additional electron discharge device having an 
anode, a cathode and a control electrode, a cir 
cuit including a source of direct current poten 
tial and the anode to cathode impedance of said 
additional electron discharge device connecting. 
the anodes of said pair of tubes to the cathodes 
of Said pair of tubes and a circuit for applying 
modulating potentials to the control grid and 
cathode of Said additional electron discharge de 
Vice to produce additional modulation of the 
carrier wave of a different character in said pair 
of tubes. 

2. A phase modulating means comprising a 
pair of electron discharge tubes each having an 
anode, a Cathode and a control grid, a circuit 
adapted to be energized by oscillations of carrier 
Wave frequency, phase changing means connect 
ing different points on said circuit to the control 
grids of Said tubes, a tuned circuit connected be 
tWeen the anodes and cathodes of said tubes, 
resistive means connecting the control grid of 
each tube to the cathode of the respective tube, 
a Source of modulating potentials connected in 
phase opposition to points on said resistive means 
and an additional circuit connecting said source 
of modulating potentials to the anode and cath 
Ode electrode of each of the devices. 

3. Phase or amplitude modulating meanscom 
prising, a pair of thermionic tubes each having an 
anode, a cathode, and a control electrode, a cir 
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carrier wave frequency, phase shifting means con 
necting different points on said circuit to the 
Control electrodes of said tubes, a source of mod 
ulating potentials, and Switching means and cir 
cuits for applying modulating potentials from 
Said source in phase opposition to the cathodes 
of said tubes or in phase to the anodes of said 
tubes, or both in phase opposition to the Cathodes 
of said tubes and in phase to the anodes of said 
tubes. 

4. In a signalling System, a source of OScilla 
tions, a pair of thermionic tubes each having an 
anode, a cathode and a control electrode, Con 
nections between different points on said source 
of Oscillations and the control electrodes of Said 
tubes, a phase shifting reactance in each of said 
connections, a circuit connecting the anodes of 
said tubes in push-pull relation, a source of mod 
ulating potentials, a biasing and phase shifting 
impedance connected between the control elec 
trode and cathode of each tube, and transformer 
means for impressing the modulating potentials 
from said source in phase opposition on the ter 
minals of said impedances adjacent the cathodes 
of said tubes, to vary the potential of said cath 
odes oppositely in accordance With signals to 
thereby vary the amount of energy Supplied by 
each of said tubes to said circuit. 

5. In a phase modulation System, a pair of 
thermionic tubes each having an anode, a cath 
Ode and a control electrode, a symmetrical cir 
cuit adapted to be energized by OScillations of 
high frequency, phase shifting means of unlike 
character connecting points of high frequency 
potential on said circuit to the Control electrodes 
of each of said tubes to excite the same in phase 
displaced relation, a biasing and phase shifting 
impedance connecting the Cathode of each tube 
to the control electrode of the same tube, neu 
tralizing means coupling the anode of each tube 
to the control electrode of the other tube, an al 
ternating current circuit connecting the anodes 
of said tubes in push-pull relation, and a Source 
of modulating potentials connecting the cathodes 
of said tubes in phase opposition to vary the po 
tential of said cathodes oppositely in accordance 
With modulating potentials to thereby vary the 
amount of energy supplied by each of said tubes 
to said alternating current circuit. 

3 
6. In a transmitting system, a source of oscil 

lations of carrier wave frequency, a pair of elec 
tron discharge tubes each having an anode, a 
cathode, and a control electrode, separate cir 
cuits connecting Said source of oscillations sub 
stantially in phase opposition to the control elec 
trodes of each of said tubes, phase shifting means 
in each of Said circuits, a circuit connecting 
the anodes of said tubes in push-pull relation, a. 
Source of modulating potentials, an impedance 
connected to said source of modulating potentials, 
connections between different points on said im 
pedance and the cathodes of said tubes to apply 
modulating potential in phase displaced relation 
from said impedance to said cathodes, a phase 
shifting and grid biasing impedance connecting 
the control electrode of each tube to the cathode 
of each tube, and a connection including a Source 
of potential between the cathodes of said tubes 
and the anodes of said tubes. 

7. In a signalling system, a source of carrier 
wave oscillations, a pair of electron discharge 
tubes each having an anode, a cathode, and a 
control electrode, circuits for applying oscilla 
tions from said source in Substantially phase op 
position to the control electrodes of said tubes, 
an alternating current circuit connected to the 
anodes and cathodes of said tubes, a direct cur 
rent circuit connected to the grid and cathode 
of each tube, a circuit for impressing modulating 
potentials in phase opposition. On the cathodes of 
said tubes, and a circuit for impressing modulat 
ing potentials on the anodes of said tubes. 

8. In a signalling system, a source of Oscilla 
tions of carrier Wave frequency, a pair of elec 
tron discharge tubes each having an anode, a 
cathode, and a control electrode, phase shifting 
reactances of different character for applying 
oscillations from said source to the control elec 
trode of each of said tubes, an output circuit 
connected to the anodes and cathodes of said 
tubes, neutralizing means interconnecting the 
anodes and the control electrodes of said tubes, 
a circuit for impressing modulating potentials on 
the anodes of said tubes, and a circuit for in 
pressing modulating potentials in phase opposi 
tion on the cathodes of said tubes. 

GEORGE INDLEY USSELMAN. 
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