
April 9, 1946. E. K. STOOOLA 2,397,992 
ELECTRICAL NETWORK 

Filed Nov. 17, 1942 5 Sheets-Sheet 1 

INFENTOR 
EDWIN. K. STOOOLA 

"24-ee all- 4. 6. 
ATTORNEY 

  



April 9, 1946. E. K. STODOLA 2,397,992 
ELECTRICAL NETWORK 
Filed Nov. 17, 1942 5 Sheets-Sheet 2 
FG-2 

- 
: Cast 7aa I S. Aa -2.5oyo/vis 

*142: rat) || 
| | | I | | || || || 

. H H | s / 
H / H | | | | | 17 

H / g / 
S | | | V | | | | 
SHAH s M 

| | | | | | | | | | | | 7 || | | | | | 
| | | | | | | | -Y| | | | | | 

--1 || | | | | | 
| | | | | | | | | | | | | | | | | | | | | | | | | | 

TTTTTTTTTTTTTTTT 
| | | | | | | f | f | f | 

GAA aloza7/OMy My MAZS 

INVENTOR EDWIN K. Stö56A 
"24-ee-a, 4%e 

ATTORNEY 

  





April 9, 1946. E. K. STODOLA 2,397,992 
ELECTRICAL NETWORK 

Filled Nov. 7, 1942 5 Sheets-Sheet 4 

(r 
s 

S. 
& N. 

W 
Vs is 

HSS S 
L R 

s' Sls || 
S 

Sy NoS 
S s in 
s 

) 
(S N As2OCoo olas 

309/. | (s/so o W MGA E7 
d A apmad a 

(S. n. - Xevoodo baz 

x-saolo ows 
- - */o -/Y -/2 -/b -/Z -A5 -M 

--|--|-- GRID voltage 

INVENTOR 
EDWIN. K. STOOOLA 

BY - 

ATTORNEY 

  



April 9, 1946. E. K. STODOLA 2,397.992 
ELECTRICAL NETWORK 

Filed Nov. 17, 1942 5 Sheets-Sheet 5 
TO OSCLATOR 

FIG. 
B 

NDUCTIVE 

LMITS OF LINEAR OPERATIONS 
OF TUBE-CONTROED 
VOLTAGE DIVIDER 

O77 c62 0.47 REATIVE LEN6-coo 

38 

MODULATING El 
VOLTAGE 75 - 

'ss I T 
INVENTOR EDWIN K. STOD6A 

"24 ee-all, 42/éee 
ATTORNEY 

  



Patented Apr. 9, 1946 2397,992 
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Edwin K. stodola, Neptune, N.J. 
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(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 

3 Claims. 

. The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
This invention relates to electrical networks, 

particularly those which are suitable for modula 
tion of carrier waves. 
One object of my invention is to provide a re 

sistance or impedance network, that may be con 
trolled to function as a voltage-divider by modul 
lating an electron tube, or other non-linear im 
pedance, in the network, so that the output po 
tential between two predetermined points of the 
network will vary as a linear function of the 
modulating force applied to the electron tube 
or have a non-linear function different from that of the impedance. 
Another object of my invention is to provide a 

resistance or impedance network including an 
electron tube, with the characteristics of the net 
work elements so related to the characteristics of 
the electron tube, that modulation of the tube by 
an external force will provide a resultant output 
voltage, between two predetermined points of the 
network, that shall vary as a linear function of 
the modulating force that is applied to the tube. 
Another object of my invention is to provide an 

impedance network, including an electron tube, 
with the characteristics of the network so related 
to the characteristics of the tube, that the phase 
angle of an output voltage between two predeter 
mined points of the network may be controlled 
and caused to vary substantially as a linear func 
tion of a modulating force applied to the elec 
tron tube. 
Another object of my invention is to provide a 

phase shifting network, including an electron 

function of the grid voltage, so the voltage be 
tween two predetermined points of the network 
will be a linear function of the effective voltage 
on the grid of the electron tube. 

. In a radio system in which a carrier voltage is 
to be controlled to establish phase or frequency. 
modulation, it is desirable to establish a direct 
or linear relationship between the modulating 
control voltage and the resulting modulation ef 
fect. 
To establish such relationship provide a volt 

age dividing network, from which an output volt 
age may be derived that is a direct linear func 
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tube, with the characteristics of the network so 
related to the characteristics of the tube that the 
output voltage of the network may be shifted an 
gularly with respect to a basic applied voltage, by 
the effect of, and in proportion tg the amplitude 
of, an external modulating contiol voltage ap 
plied to the tube, 
Another object of my invention is to provide a 

modulation system, wherein a carrier voltage is 
controlled by a voltage dividing network, includ 
ing an electron tube that is controlled by an ex 
ternal modulating voltage to vary the phase rela 
tion between an output voltage and the carrier 
as a linear function of the amplitude of the modul 
lating voltage applied to the electron tube. 
Another object of my invention is to set up an 

irpedance network, including an electron tube 
whose plate-cathode impedance is not a linear 

O 

tion of a modulating control voltage that is ap 
plied to an electron control tube in the network. 
The plate-cathode inoedance of a standard com 
mercial triode, and hence the voltage drop across 
the triode, does not vary in direct proportion to 
the varying potential of the grid. In order to 
procure a voltage drop across the tube, that shall 
be relatively a linear function of the grid voltage, 
I provide a resistor or impedance element, of 
proper characteristics and constants, in series 
with the tube to constitute a voltage dividing cir 
cuit, across which a fixed voltage, such as the 
carrier voltage, may be applied. With a resistor 
of proper value connected in series with the tri 
ode, when the plate-cathode impedance is varied 
by varying the grid voltage, the ratio of the , 
plate-cathode voltage drop to the total voltage 
drop across the circuit, including the tube and 
the fixed resistor, may be made to follow substan 
tially as a direct or linear function of the modu 
lating voltage applied to the grid of the tube 
through a substantial part of the relationship. 
The voltage drop across the tube, in such volt 

age dividing circuit, may then be utilized as a con 
trol voltage that bears a direct or linear relation 
ship to the modulating voltage which is applied 
to the grid. 
Where the impedance device that is connected 

in Series with the tube is purely resistive, the 
voltage drop across the tube will be in phase with 
the voltage drop across the resistor. Where the 
impedance device is partly or entirely reactive, 
however, the voltage drop across the tube will 
be angularly displaced with respect to the total 
voltage across the circuit including the impedance 
and the tube and the angular displacement will 
be varied when the impedance of the tube is 
Varied by the modulating voltage that is applied 
to the grid. - 
The voltage dividing circuit may thus be em 

ployed to provide a plate-cathode voltage drop, 
the value of which is a substantially direct or 



2 
inear function of the modulating voltage applied 
to the grid, or to provide a voltage that is phase 
displaced from a base voltage, in accordance with 
the effective excitation of the grid of the tube by 
the external modulating voltage. 
The manner in which the voltage dividing cir: 

cuit is employed to establish such phase or fre 
quency modulation is illustrated in the accom - . 
panying drawings, in which 

Figure 1 is an equivalent diagram of a voltage 
dividing circuit, as shown in Figure 3; 

gigure 2 is a graph, illustrating the relationship 
between. the grid voltage and the plate cathode 
resistance of a triode at present available on the 
market; 

Figure 3 is a diagram of a voltage dividing cir 
cuit, in which a resistor is connected in a series 
with a triode, to establish a direct linear propor 
tionality between the voltage drop across the 
triode and the total applied voltage across the 
triode and the resistor; 

Figure 4 is a family of curves, showing the rela 
tionship between the grid voltage and the ratio 
between the tube voltage drop and total applied 
voltage across the tube and resistor; 

Figure 5 is an equivalent diagran of the Voltage 
dividing circuit, with a reactor in series with the 
tube; ' v. 

Figure 6 is a diagram of a circuit showing the 
tube and the reactor in Series to constitute a volt 
age dividing circuit: 

Figure 7 is voltage vector triangle for the volt 
age dividing circuit of Fig. 6 when the reactor is 
inductive; Figure 8 is a similar triangle of the voltages. 
when the reactor is capacitive; 

Figure 9 is a graph showing a family of curves 
directed to the relationship of the phase angle 
between the voltage across the tube and the total 
applied voltage, as controlled by the excitation of 
the grid, in the circuit of Fig. 6; 

Figure 10 is a simple schematic diagram of a 
circuit network for establishing a voltage triangle 
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voltage dividing circuit, is kept constant, and the 
resistors varied, the voltage drop across the two 
resistors 2 and 3 Will vary according to the values 
of those resistors. The ratio of the output voltage 
of circuit 5 to the input voltage of circuit 4 will 
vary according to the ratio of the resistance of 
resistor 3 to the sum of the resistors 2 and 3. 
Where the resistance 2 is kept at constant value 

and the resistor 3 is made variable, the drop in 
potential across resistor 3 will not vary directly 
in proportion to the change of resistance of the 
resistor 3, but will vary instead according to the 
ratio of the resistor 3 to the total resistance of 
the voltage dividing circuit. 
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Thus, for example where an electron tube is 
used to constitute the resistOr 3 in the circuit in 
Fig. 1, the voltage drop across the cathode-plate 
of the tube will have the same ratio to the applied 
voltage E from the input circuit 4, as the tube 
resistance will have to the total resistance of the 
voltage dividing circuit. 
As indicated in Fig. 2, the cathode-plate resist 

ance of the tube varies with the grid excitation. 
When an electron tube is employed as a re 

sistor element in the voltage dividing circuit, the 
circuit arrangement becomes such as is shown in 
the diagram of Fig. 3. The input circuit 4 is 
shown connected to the voltage dividing circuit, 
which includes the resistor 2 and the triode 3a, 
through coupling condensers 8 and 9 of low im 
pedance to the impressed frequency. 

4) 

of particular construction, wherefrom a voltage 
is derived to energize a voltage dividing circuit; 

Figure 11 is a voltage diagram of a symmetrical 
layout as in Fig. 10; 
Figure 12 shows a non-symmetrical voltage 

triangle of the system of Fig. 3; and 
Figure 13 is a detailed circuit diagram of a 

phase modulation systern embodying the features 
of Fig. 10. - 

in Fig. 2 is illustrated a simple graph G, show 
ing the relationship between the excitation volt 
age on the grid of an electron tube, Such as a 
triode, and the resistance of the cathode to plate 
of the tube. - 
In the present invention, the electron tube is 

utilized as a variable resistance device to control 
the voltage disposition in a voltage divider circuit, 
such as is illustrated Schematically and simply 
in Fig. 1. 
As shown in Fig. 1, the voltage divider circuit 

includes two resistors, 2 and 3, connected in series 
and energized from an input circuit 4. An out 
put circuit 5 is connected across the terminals of 
the resistor 3, and that circuit 5 is energized in 
accordance with the potential drop across the 
resistor 3. 
If the two resistors, 2 and 3, are of fixed values, 

the voltage drop across each resistor will maintain 
the same proportion relative to the voltage drop 
across the other resistor, when the applied volt 
age 4 is varied. 

If, however, the voltage that is applied to the 

The triode 3a is shown as a typical heater-type 
triode, in which the heater element is shown as 
energized from a source of heating energy, as a 
battery f, connected to the heater element 
through two R.F. chokes 2 and 3. The cathode 
is connected to one conductor of the input circuit 
4 through the condenser 9. The grid is provided 
with a biasing potential derived from a source 
indicated as a battery 4, that is connected to the 
grid through an R. F. choke 23. 
In order to balance out the inter-electrode 

capacitance of the triode a parallel shunt, includ 
ing an inductance and a capacitance 8, is 
connected across the tube 3a. The constants of 
the shunt elements and 8 are such, that, at 
the operating radio frequency, the tube capacity 
and the shunt are resonant to said frequency and 
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constitute a non-reactive circuit, with the shunt 
resistance being very high Compared to the tube 
plate-cathode resistance. The plate voltage for 
the triode is provided by a source indicated as a 
battery 9. The negative terminal of battery 9 
is grounded, and the positive terminal is con 
nected through an R. F. choke 2 to the plate of 
the triode 3a. The cathode D. C. return path is 
provided by an R. F. choke 22. The grid biasing 
battery 4 is grounded at the positive terminal. 
The plate of the tube is connected to the resistor . 
2 through a condenser 5 having negligible im 
pedance at the operating radio frequency to pre 
vent short circiiting of the plate battery 9 by the 
impedance element 7 of the parallel shunt. 
The grid electrode of the triode 3a is shown 

provided with a by-pass condenser 25 to the cath 
Ode, to provide a low resistance path to any ap 
preciable radio frequency voltage between the grid 
and the cathode while, at the same time, permit 
ting the application of a direct current biasing 
voltage between the cathode and the grid. 
The two condensers 8 and 9 in the input circuit, 

and two similar condensers 26 and 27 in the out 
put circuit, connected to the terminals of the 
triode, are provided to isolate the direct current 



voltage within the voltage divider assembly of 
- Fig. 3, when that assembly is connected to the 
rest of a circuit. These condensers all have a 
negligible reactance to the impressed frequency. 

In the arrangement shown in Fig. 3, as the grid 
voltage is varied, the resistance of the tube varies. 
The ratio of the output voltage, representing the 

a,397,992 

drop across the tube, to the input voltage, as ap 
plied to the voltage dividing circuit, depends upon 
the value of the resistor 2, and the relationship 
of that value to the resistance characteristics of 
the tube a, 

Since the resistance of the tube a between the 
cathode and the anode, will vary with the excita 
tion of the grid, the ratio of the output voltage 
to the input voltage will also vary with the grid 
excitation. 
One of the primary objects of my invention is 

to provide a voltage dividing circuit including a 
triode or other form of electron tube, with such 
circuit characteristics that a voltage derived from 
the voltage dividershall be a linear function over 

Substantial region of the grid voltage applied 
to the tube. 

In Fig. , several curves 28a to 28e are shown, 
representing the relationship between the ratio 
of output voltage to input voltage, and the cor 
responding grid excitation, for different Walues 
of resistance in the series resistor 2 connected to 
the tube 3a in Fig. 3. 
The value of the resistor 2, corresponding to 

ech curve 28a to 28e is shown at the upperend 
of each curve. The middle curve 28c correspond 
ing to a resistance value of 15,000 ohms in Series 
With the tube, shows a linear relationship between 
the ratio of output voltage to input Voltage Eo/E 
and the direct current grid voltage, between 
values of Eo/E=0.795 and Eo/E=0.47. Thus with 
a resistor 2 having a certain fixed value of resist 
ance in series with the triode a, an output to 
input voltage ratio may be established that will 
bear a linear relationship to the grid voltage over 
a Substantial range. 

In the present instance, in the circuit shown 
in Fig. 3, the resistor 2 has a resistance value of 
15,000 ohms, and the triode a is the tube known 
Commercially as the "6C5.” The middle curve 
28c in Fig. 4 illustrates the linear relationship be 
tween the grid voltage and the ratio of the output 
voltage to the input voltage of the voltage divider 
circuit. According to that curve, as the grid volt 
ages varied between ten volts and sixteen volts, 
a direct linear relationship will be established 
between the grid voltage and the ratio of the Volt 
ge gross the plate and cathode electrodes of 

the triode, to the input voltage, across the circuit 
including the resistor 2 and the triode 3d in series. 
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Thus, with a circuit including a tube, and a 
resistor having the proper resistance Value corre 
Song to the characteristics of the tea direct linear voltage relationship may be estab 
lished between the grid excitation of the tube a 
and an output voltage of the network circuit over 
an extended range of the relationship, where the 
input voltage is held constant. 
While in the above circuit a tube has been used 

as a non-linear resistance, it is evident that any 
other known type of element, which has a non 
linear relation between its resistance or imped 
ance and the controlling function applied thereto, 
can be used. In addition, all or part of resistance 
2 in Figures 1 and 3 can be constituted by the in 
ternal resistance of the source of voltage E. 
By making the impressed voltage E, in Fig. 3, 

3. 
forecarrier potential and placing a source of modulating potential in series with battery 14, 

the output go will be an amplitude modulated 
garrier which will bear a linear relationship to 
the modulating voltage over a range 'depending 
upon the constants of the circuit. 

Tube controlled phase shifter 
. It is well known that when an alternating volt 
age is applied to a circuit including a resistor and 
an impedance device in series, the voltage drop 
across the impedance device is angularly displaced 
from the voltage drop across the resistor, and that 
teach Such voltage drop is displaced from the ap 
plied voltage. Such circuit arrangement is 
shown, for example, in Fig. 5, in which the ap 
plied voltage from an input circuit , similar 
to that of Fig. 2, is applied to a circuit including 
the resistor 3 and an impedance device 29. The 
circuit is similar to that shown in Fig. 2, except 
that the impedance device 29 is inductive or re. 
active, as distinguished from the non-inductive 
resistor 2 in the circuit in Fig. 2. 

Fig. illustrates a circuit similar to that shown in Fig. 3, except that device 29 connected in series 
with the triode a, is an impedance instead of the 
non-inductive resistor 2 of Fig. 3, 
In Figs. 7 and 8, are shown vector voltage dia 

gains of the voltage dividing circuit shown in 
Fig. 5, depending upon whether the reactor 29 is 
inductive or capacitive. If the reactor 29 is in 
ductive, the relationship between the applied volt 
age and the voltage drop across the reactor 29 
and across the resistor 3 will be as shown in Fig. 7. 
If the impedance 29 is purely capacitive, the rela 
tionship between the voltage drop across the re 
actor 29 and the voltage drop across the resistor 
2 is reversed with respect to the applied voltage as 
shown in Fig. 8. 

In each case, the base line represents the volt 
age drop across the resistor 3, and the perpen 
dicular line El or Ec represents the voltage drop 
across the impedance device 29, the direction be 
ing dependent upon whether the impedance de 
vice is inductive or capacitive. w 

If the value of the impedance 29 is kept con 
st and the value of the resistances varied, 
while the applied voltage is constant, the drop of 
potential across the resistor will vary, as well 
she drop of potential across the reacto 29, in 
such manner as to Way the angle between the 
applied voltage and the voltage across the resistor. 
Another important purpose of the present in 

vention is to provide a system wherein the phase 
ngle of the output voltage with respect to the 

input voltage will be a linear function of the volt 
ge apped to the grid of the triode System illustratively shown in Fig. 6. The phase 

angle between the applied input voltage from cir 
O cuit , and the output voltage across the triode 

a will be the angle whose tangent is represented 
by the fraction, of which the numerator is the 
Pental drop across reactor 2 and the denon 

O 

5 

nator is the potential drop across the resistor, 
or triode 3a, of Fig. 6. 

9, several curves 30a to 30d are drawn, the relationship between the grid citation voltage, 
and the phase angle between the applied voltage 
E and the output voltage Eo, the latter corre 
sponding to the potential dro across the triode. 
The curve 30b, Corresponding to the case where 

a reactor is used having 15,000 ohms reactance, 
shows a linear relationship between the grid volt 
age and the phase angle between the applied volt 

of the electron tube 3a in Fig. 6, 



4 
age and the output voltage for the range of values 
of the phase angle between 15' and 55'. Thus, 
by use of proper circuit constants in a voltage di 
viding system such as shown in Fig. 6, a triode 
may be employed as a variable resistor, and an 
output voltage derived across the triode, whose 
angular relationship to the input voltage will be 
a linear function of the amplitude of the modula 
tion voltage applied to the tube over a substantial 
range of that voltage. 

It should be noted that considering amplitudes 
only, the variation of Eo/E with respect to varia 
tion in grid voltage is not a linear relationship. 
Curve 30e, in Fig. 9, shows the amplitude varia 
tion when reactance 29 has a value of 15,000 ohms. 
If this is considered undesirable it can be elimi 
nated by conventional amplitude limiting or auto 
natic volume control methods. 
As is the case with Figs. 1 and 3, any other type 

of non-linear impedance can be used instead of 
tube 3a in Figs. 5 and 6. Also all or part of re 
actance 29 can be constituted by the internal 
reactance of voltage source E. w 

If source Ein Fig. 6 is a source of carrier voltage 
and a source of modulating voltage is inserted 
in series with grid battery 4, the output Eo will 
be a phase modulated wave wherein the phase 
shift in degrees, will bear a linear relationship 
to the modulating voltage. The amplitude modul 
lation can be eliminated by methods above re 
ferred to. 
Although in the above described circuits the 

linear relationships are functions of the grid volt 
age, the circuits can be arranged to make said 
relationships a function. Of the voltage impressed 
on another electrode or combinations of elec 
trodes. 

Another phase modulation method 
In Figs. 10 to 13, inclusive, I have illustrated 

another arrangement for establishing phase mod 
ulation on a carrier voltage of high frequency. 
A basic diagram of the system is shown in Fig. 

10, which includes an oscillator (not shown) feed 
ing a tank circuit 60, or an equivalent source of 
high-frequency carrier current, and a bridge net 
work including one circuit with an inductor 6 
and a resistor 62 in series, and a second circuit 
parallel to the first circuit and including a capaci 
tol 63 and a resistor 64 in series. 
lel circuits thus constituted are grounded to com 
plete the parallel connection of the two circuits. 

: A voltage dividing circuit shown schematically 
as including two resistors 65 and 66, is connected 
between the two parallel circuits and is energized 
by the potential difference between the two ter 
minal sections of the voltage dividing circuit, at 
points 67 and 68. The juncture point 70 between 
the two resistors 65 and 66 of the voltage dividing 
circuit will have a potential difference relative 
to ground, that will depend upon the relationship 
bctween the resistance values of the resistor 65 
and the resistor 66. 

If the resistor 66 be varied in accordance with 
some modulating voltage, the potential of the 
juncture point To will be varied, and the potential 
difference between the juncture point TO and 
ground will then provide the output voltage whose 
phase-angular relationship with respect to the 
initial source voltage may be caused to vary in 
accordance with the amplitude of the modulating 
Voltage. 

In Fig. 11 is shown a vector diagram of the 
various voltages as distributed in the network of 
Fig. 10. 

The two paral 
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The entire carrier voltage as applied to the net 

work is represented by the vector line D-E. The 
potential of the point B, corresponding to point 
68 below the condenser 63, and the potential of 
the point C, corresponding to point 67 below the 
inductor 6, are on opposite sides of the applied 
voltage D-E, and the potential difference be 
tween the points B and C represents the voltage 
that is applied to the voltage-dividing circuit in 
cluding the resistors. 65 and 66. The potential of 
the juncture point A, representing potential of 
point 70 between resistors 65 and 66, corresponds 
to the point of intersection between the applied 
voltage vector D-E and the potential difference 
line B-C. That point of intersection, indicated 
as A, represents the point 70 of floating potential, 
that shifts above or below the line D-E, on the 
line B-C as a locus. - 
If the resistance of the resistor 66 were in 

creased, with a resultant shift of the potential 
of the point T0 to the position indicated by the 
point A' on the line B-C, the Output voltage of 
the modulating network would then be repre 
sented by broken line D-A', and the amount of 
phase-displacement would be represented by the 
angle between the line D-E and the broken line 
D-A. 
In the basic circuit of the simple diagram 

shown in Fig. 11, the constants and values of the 
elements in the two parallel circuits are chosen 
so the current values in the two main branches 
will be relatively high compared to the small 
cross-current that will flow through the voltage 
dividing circuit including the resistors 65 and 
66 so that variation of the cross-current has a 
negligible effect on the fixed phase shifts pro 
duced by the phase shifting, elements. As the 
voltage drop across the variable resistor 66 is 
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modified by the modulating voltage, to change 
the ratio of the voltage. C-A to voltage C-B, 
the phase or angular position of voltage D-A' 
will be shifted, and phase modulation of the out 
put voltage will result. - 

If the ratio of voltage C-A to C-B is a linear 
function of the modulating voltage, then linear 
phase modulation is obtainable between the ap 
plied modulating voltage and the output voltage, 
as shown by the angular shift of the broken line 
D--A, in Fig. 11, from the original solid line 
D-A, up to about 30 degrees phase shift. 
For the sake of illustration, the vector diagram 

in Fig. 11 has been shown symmetrical. In a 
circuit arrangement such as in Fig. 13, however, 
where the voltage dividing circuit includes a tri 
ode, it may be desirable to have the initial volt 
age line D-A perpendicular to the locus line 
B-C at a point that is not at the middle of the 
line B-C. 

If the characteristics of the network are such, 
that at the quiescent point the juncture TD is so 
located that the voltage represented by the line 
B-A is not equal to the voltage represented by 
the line C-A, then the elements represented by 
voltage lines D-B and D-C should be so pro 
portioned that the line B-C joining these two 
points will be perpendicular to the output volt 
age line D-A, so that for a 30 degree phase shift 
of output voltage in either direction, the opera 
tion of the voltage divider will not depart from 
a linear characteristic. 
The detailed diagram in Fig. 13 illustrates the 

various elements that are included in the circuit 
to establish the phase-modulated output voltage. 
The elements in the bridge network correspond 
to those in Fig. 10, and the elements in the volt 
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age dividing circuit correspond to those already 
identified in Fig. 3, 
The triode 3a in Fig. 13 corresponds to the 

resistor 6, in Fig. 10, and resistor 2 corresponds 
to resistor 65. The combination of resistor 2 and 
tube a and the other elements shown are the 
same as similarly numbered elements in Fig. 3. 
Choke 22 functions to keep the cathode at a high 
R. F. potential with respect to ground. Fig. 13 
shows, in addition a modulating network for the 
grid voltage of 3a wherein voltage applied to lead 
38 is coupled through condenser 53 across re 
sistor 5 in series with grid-biasing battery 4. 
Modulation voltage applied to leads 38 will vary 
the grid bias and, hence, the voltage drop in 
tube. Sa. This voltage variation will result in 
phase modulation as above explained in connec 
tion with Figs. 10 to 12. Condenser 75, has a 
high impedance to the modulating voltage but 
Serves to by-pass any carrier voltage from the 
source of oscillations 40. As the modulating volt 
age varies, the grid potential changes the resist 
ance of the triode 3a, and the potential of the 
floating potential point to as in Fig. 13, is cor 
respondingly shifted between the limits indicated. 
by the two thirty degree angles of the vector dia 
gram of Fig. 12. The unsymmetrical arrange 
ment of voltages illustrated is necessitated by the 
fact that the center of linear operation for the 
tube controlled voltage divider chosen occurs at 
a voltage ratio of 0.62. 
A slight improvement in linearity at phase 

shifts greater than 30 degrees can be obtained 
by using a voltage divider network having a 
slightly non-linear characteristic and setting the 
quiescent point so that the angle between the 
output vector and the vector for the controllable 
voltage across the controllable voltage divider 
is not a right angle. , 
The phase modulators above described can be 

used as components of conventional frequency 
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and the junction of said capacitor and resistor, 
said third branch comprising an impedance con- - - 
nected in series with the anode-cathode path of 
a grid-controlled electron tube, means to vary the 
voltage on said grid over a predetermined range, 
and an output circuit having one terminal con 
nected to the junction of said anode-cathode path 
and said impedance and a second terminal con 
nected to one side of said carrier voltage source, 
the resistance of said anode-cathode path over 
said range of grid voltage variation being a non 
linear function of voltage variation on said grid, 
the magnitude of said impedance being so related 
to the average resistance of said anode-cathode 
path over said range that the ratio of the magni 
tude of a given characteristic of the voltage across 
said anode-cathode path with respect to the 
magnitude of a like characteristic of the voltage 
across said third branch is a substantially linear 
function of said grid voltage variation. 

2. A phase modulation system for a source of 
carrier voltage comprising a pair of branches con 
nected in parallel across said source, one branch 
comprising an inductor and a resistor in series, 
the other branch comprising a capacitor and a 
resistor in series, a third branch connected be 
tween the junction of said inductor and resistor 
and the junction of said capacitor and resistor, 
said third branch comprising a resistor connected 
in series with the anode-cathode path of a grid 
controlled electron tube, means to vary the voltage 
on said grid over a predetermined range, an out 
put circuit having one terminal connected to the 
junction of said anode-cathode path and said re 
sistor and a second terminal connected to one side 
of said carrier voltage source, the resistance of 
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modulation systerhs. It has been pointed out by . 
Armstrong and others that pure frequency modul 
lation is equivalent to phase modulation in which 
themaximum phase shift for a given modulat 
ing voltage is inversely proportional to the nodul 
lating frequency. Hence, any device which pro 
duces phase modulation will produce frequency 
modulation by making the modulating Voltage 
inversely proportional to the modulating fre 
quency. Of course, at any single modulating fre 
quency there is no distinction between the two. 
Hence, in this invention reference has been made 
to phase modulation with the understanding that 
by properly correcting the modulating voltage the 
same devices and methods will produce frequency 
modulation. In the claims the expression 'Wave 
length modulation' will be used as a generic 
designation of both phase and frequency modul 
lation systems. 
The specific circuits and their constants above 

described are to be considered as illustrative of 
the principles of the invention. Numerous modi 
fications can be made without departing from 
the spirit of the invention as set forth in the ap 
pended claims. 

I claim: 
1. A phase modulation system for a source of 

Carrier voltage comprising a pair of branches con 
nected in parallel across said source, one branch 
comprising an inductor and a resistor in series, 
the other branch comprising a capacitor and a 
resistor in series, a third branch connected be 
tween the junction of said inductor and resistor 
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said anode-cathode path over said range of grid 
voltage variation being a non-linear function of 
voltage variation on said grid, the resistance of 
said resistor being so related to the average re 
sistance of said anode-cathode path over said 
range that the ratio of the voltage drop across 
said anode-cathode path with respect to the 
voltage across said third branch is a substantially 
linear function of said grid voltage variation. 

3. A wave-length modulation system for a con 
stant frequency carrier source comprising a pair 
of parallel branches connected across the ter 
minals of said source, one branch including a fixed 
inductance in series with a fixed resistance, the 
other branch including a fixed capacitance in 
series with a second fixed resistance, a third 
branch connected between intermediate points on 
said pair of branches, an output circuit connected 
between an intermediate point on said third 
branch and one terminal of said source, and 
modulating means to vary the impedance of said 
third branch. 

4. A modulation system as set forth in claim 3, 
wherein both resistances are equal, and the in 
ductive reactance equals the capacitative react 
ance at the frequency of said source. 

5. A modulation system as set forth in claim 3, 
wherein said inductance and capacitance eac 
have one terminal connected to each other. 

6. A modulation system as set forth in claim 3, 
wherein the relative impedances of said branches 
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are such that the current in the third branch is 
relatively small compared to the currents in the 
other branches, 

7. A nodulation system as set forth in claim 3, 
Wherein said third branch comprises a fixed re 
sistance in series with the space-current path of . 
an electron tube, and wherein said modulating 



6 
means varies the impedance of said space-current 
path. 

8. A modulation system as set forth in claim 3, 
wherein said third branch comprises a fixed re 
sistance in series with the anode-cathode path of 
an electron tube, wherein said modulating means 
varies the impedance of said path, and a parallel 
resonant circuit connected across Said path and 
tuned to the frequency of said source. 

9. A substantially linear amplitude-modulation 
network for a source of carrier voltage compris 
ing a pair of predominantly-resistive elements. 
connected in series between the terminals of said 
source, one element being a resistance, the other. 
element being the space-current path of an elec 
tron tube having control means to vary the re 
sistance of said space-current path, a source of 
modulation voltage variable over a predeter 
mined range, said control means being connected 
solely to said modulation-voltage source, an out 
put circuit connected solely across said space 
current path, the resistance of said path being 
a non-linear function of Said modulation voltage 
over the range of variation thereof, the magni 
tude of said resistance being so related to the 
average resistance of said space-current path 
that the output-voltage amplitude is a substan 
tially linear function of said modulation-voltage 
variation, 

10. A substantially linear amplitude-modula 
tion network for a source of carrier voltage com 
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prising a pair of predominantly-resistive elements 
connected in series between the terminals of said 
source, one element being a resistance, the other 

... element being the space-current path of an elec 
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tron tube having control means to vary the re 
sistance of said space-current path, a source of 
modulation voltage variable over a predeter 
mined range, said control means being connected 
solely to said modulation-voltage source, an out 
put circuit connected solely across one of said ele 
ments, the resistance of said path being a non 
linear function of said modulation voltage over 
the range of variation thereof, the magnitude of 
said resistance being so related to the average 
resistance of said space-current path that the 
ratio of the Output-voltage amplitude with respect 
to the voltage amplitude of said carrier-voltage 
source is a substantially linear function of said 
modulation-voltage variation. 

11. A modulation network as set forth in claim 
10, wherein the impedance of said output circuit 
is high compared to the impedance of said space 
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current path. 
12. A modulation network as set forth in claim 

10, wherein said output circuit together with the 
capacity of Said space-current path is parallel 
resonant to the frequency of said source. 

13. A modulation network as set forth in claim 
10, wherein the capacity of said space-current 

30 path is neutralized. 
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