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My invention relates to frequency modulation 
circuits and particularly to an improved variable 
resistance modulating means for modulating an 
Oscillator of the resistor-capacitor type. 
An object of the invention is to provide an in 

proved means for supplying a frequency modul 
lated signal. 
A further object of the invention is to provide 

an improved means for producing a frequency 
shift of a carrier wave that is a high percentage 
of the carrier wave frequency. 
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A still further object of the invention is to pro 
vide an improved variable resistor network which 
will not introduce a variable voltage into the OS 
cillator or other associated circuit. 

In one embodiment of my invention, there is 
employed an oscillator in which the output of a 
vacuum tube is coupled to its input circuit through 
a resistor-capacitor delay circuit. The delay net 
work introduces a phase shift to cause oscillation 
at a certain frequency, this frequency being the 
one at which the phase shift in the network is 180 
degrees. By varying the resistance of One Or 
more resistors in the delay network, the frequency 
of oscillation may be changed. Thus, a vacuum 
tube may be utilized as part of the resistance in 
the delay network and the oscillator may be fre 
quency-modulated by applying a modulating sig 
nal to the grid of this tube. 
However, if the plate-eathode impedance of a 

vacuum tube were simply included in the network 
to provide a variable resistor, the best results 
would not be obtained because a varying voltage 
would be introduced into the circuit during mod 
ulation due to the varying voltage drop across the 
Said impedance. 

In my improved circuit, the variable resistance 
for the delay network is provided by utilizing two 
vacuum tubes connected in series relation with 
each other and connected across a constant volt 
age source, the grid of one tube being connected 
to an intermediate point on this voltage Source. 
The other vacuum tube functions as the desired 
variable resistor and, as will be explained, intro 
duces no variable voltage. 
The invention will be better understood from 

the following description taken in connection 
with the accompanying drawing in which 

Figures 1 and 2 are circuit diagrams of two emi 
bodiments of the invention. 

Figure 3 is a circuit diagram of the variable re 
sistor network utilized in the circuits shown in 
Figures 1 and 2, 
Figure 4 is a diagram showing the equivalent 

circuit for Figure 3, and 
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Figure 5 shows curves that illustrate the oper 
ation of the circuit as applied to facsimile, for 
example. 
In the several figures like parts are indicated 

by the same reference characters. 
In Fig. 1, the Oscillator comprises a vacuum 

tube to which may be a pentode having a cathode 
lf, a control grid 2, a screen grid 3, a sup 
pressor grid 4, and an anode or plate 6. The 
tube is self-biased by means of a cathode resistor 
7 bypassed by a condenser 8. 
The output of the tube ?o is fed into a resistor 

capacitor delay network comprising series capaci 
tors 9a, 9b, 9c and 9d and shunt resistors 2 a, 
2b, 2c, 2 fa and 2e. An operating voltage may 
be supplied from a B battery or other source (not 
shown) to the anode 6 through 2 the shunt-resistor 

d. 

Delay voltage from the delay network is fed 
ck through a conductor 22 to the control grid 
In the example illustrated, the shunt resistor 

2c of the delay network is in series with a vari 
able resistor in the form of a vacuum tube 23, its 
associated tube 24 and an associated voltage di- . 
vider 26-27. The shunt resistance from the 
junction point of condensers 9b and 9c to 
ground consists of the resistance of resistor 2c 
and the plate-cathode impedance of the tube 23. 
The tubes 23 and 24 may be triodes as shown, 

each having a cathode, a control grid and an 
anode or plate. The modulating or control signal 
is applied to the control grid of tube 23 to vary its 
plate-cathode impedance and thereby frequency 
modulate the oscillator. The circuit connections 
for preventing the appearance of a varying volt 
age across the plate-cathode impedance of tube 
23 during modulation are as follows: 
The tubes 23 and 24 have their plate-cathode 

impedances connected in series, the plate of tube 
23 being connected to the cathode of tube 24. The 
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lower end of resistor 2 c is connected to the 
junction point of the plate and cathode so con 
nected. 
The series combination of tubes 23 and 24 is 

connected across the voltage divider resistors 26 
and 27, and the control grid of tube 24 is con 
nected to an intermediate point, such as the mid 
point, of the divider. Since the potential of the 
cathode of tube 24 will follow the potential of its 
associated control grid, this being 'cathode fol 
lower' action, the cathode of tube 24 and the 
plate of tube 23 will remain at the constant po 
tential of the above-mentioned point on the volt 
age divider 26-27. Thus, the plate-to-cathode 
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voltage of tube 23 will be constant during modu 
lation as desired. w - - - - - 

The operation of the variable resistor circuit 
may also be explained by referring to Fig. 3, where 
the variable resistor portion of Fig. 1 is shown 
with the parts slightly rearranged, and to the cor 
responding equivalent diagram in Fig. 4 where 
the plate-cathode impedances of the tubes 24 and 
23 are represented by variable resistors R and 
R2, respectively, and where resistor 2 c is indi 
cated as Ro. 
The impedances corresponding to resistors R. 

and R2 increase or decrease together with changes 
in signal voltage. For example, if the grid of 
tube 23 is made more negative, the tube imped 
ance R2 increases, the resulting decrease in cur 
rent through the serially connected tubes causes 
the cathode of tube 24 to become slightly more 
positive with respect to the grid of tube 24 where 
by the plate-cathode impedance R of tube 24 
also increases so that the potential at the variable 
resistance terminals indicated at Rv remains 
practically unchanged. Preferably, the potential 
at Ry is made zero by balancing the bridge formed 
by R, R2 and resistors 26 and 27. This may be 
accomplished, for example, by making resistors 
26 and 2 equal and by employing tubes 23 and 24 
that are alike. 
The invention, which has many applications, 

has been found especially useful in facsimile 
transmission where the carrier wave at one fre 
quency represents “white' and at a different fre 
quency represents “black.' Such a carrier wave 
and its modulating or control signal are illus 
trated in Fig. 5. It will be noted that the carrier 
wave frequency changes almost instantly and 
substantially without the introduction of tran 
sients when the negative control pulse P is ap 
plied. This is a very important advantage of the 
invention. 
In Fig. 2 the circuit is similar to the one just 

described but it includes a cathode follower tube 
3 for providing low impedance coupling into the 
delay network. Here the cathode resistor 30 cor 
responds to the low impedance resistor 2a of 
Fig. 1. 

Also, additional vacuum tubes 32 and 33 are 
included in the variable resistance network for 
the purpose of varying a second shunt resistor in 
the delay network, thus producing a greater shift 
in the oscillator frequency upon the application 
of a control signal. The plates and grids of tubes 
24 and 32, and the cathodes and grids of tubes 23 
and 33 are connected in parallel relation. The 
plate-cathode impedance of tube 33 functions as 
the variable resistance portion of the second 
shunt resistor just as described for the other 
variable shunt resistor. 
Some of the circuit constants for the circuit of 

Fig. 1 are given below, merely by way of example, 
for a design where the frequency is shifted from 
2500 cycles per second to 1400 cycles per second 
upon the application of a negative control pulse 
of a certain amplitude: 
Network condensers 9a, etc.-----mm f-- 470 
Network resistors 2 b, 2 td, 2 le ---ohms-- 100,000 
Network resistor 2C------------- do. 30,000 
Resistor 2d. --------------------do. 15,000 
Resistors 26 and 27---------ohms each-- 5,000 
Plate-cathode impedance of tube 23 and 
of tube 24-----ohms to infinity each.- 15,000 
The invention may also be utilized to advantage 

in the transmission of speech or music since the 
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2,321,269 
modulation is linear within the modulation range 
of the circuit. 

I claim as my invention: 
1. An oscillator of the resistor-capacitor type 

which Oscillates at a frequency dependent upon 
the resistance of an element in a resistor-ca 
pacitor circuit, said element comprising a variable 
resistance circuit which includes a pair of Wacul 
un tubes having their plate-cathode impedances 
connected in Series with each other, each of said 
tubes having a control grid, said series combina 
tion of tubes being connected across a voltage 
Source with the control grid of one of said tubes 
connected to an intermediate point on said volt 
age Source, means for connecting the plate 
Cathode impedance of the other of said tubes into 
Said resistor-capacitor circuit to function as at 
least a portion of said resistance element, and 
means for varying the plate-cathode impedance 
of Said other tube in accordance with a control 
Signal. : 

2. In combination, an oscillator of the type in 
cluding a resistor-capacitor delay network for 
reversing the phase of the feedback voltage, and 
a variable resistance circuit included in said net 
Work for varying the frequency of the oscillator 
output, said variable resistance circuit compris 
ing a pair of vacuum tubes having their plate 
cathode impedances connected in series with each 
other, each of said tubes having a control grid, 
Said Series combination of tubes being connected 
across a voltage source with the control grid of 
one of Said tubes connected to an intermediate 
point on Said voltage source, means for connect 
ing the plate-cathode impedance of the other of 
Said tubes into said delay network to function as 
at least a portion of one of the resistors of said 
delay network, and means for varying the plate 
cathode impedance of said other tube in accord 
ance with a control signal. 

3. In combination, an oscillator of the type in 
cluding a resistor-capacitor delay network for 
reversing the phase of the feedback voltage, said 
network consisting of series capacitors and shunt 
resistors, and a variable resistance circuit in 
cluded in Said network for varying the frequency 
of the oscillator output, said variable resistance 
circuit comprising a pair of vacuum tubes having 
their plate-cathode impedances connected in se 
ries with each other, each of said tubes having a 
control grid, said series combination of tubes be 
ing connected across a voltage source with the 
Control grid of one of said tubes connected to an 
intermediate point on said source, means for con 

5 necting the plate-cathode impedance of the other 
of Said tubes into said delay network to function 
as at least a portion of one of said shunt resistors 
in Said network, and means for varying the plate 
cathode impedance of said other tube in accord 
ance with a control signal. 

4. A variable resistance circuit which includes 
a pair of vacuum tubes having their plate-cath 
Ode impedances connected in series with each 
other and each having a control grid, said series 
combination of tubes being connected across a 
Source of Substantially constant voltage with the 
control grid of only one of said tubes connected 
to an intermediate point on said voltage source, 
means for connecting the plate-cathode im 
pedance of only the other of said tubes into a 
utilization circuit to function as a variable resist 
ance element, and means for applying a control 
voltage to the grid of said other tube only for 
varying its plate-cathode impedance. 

5. A variable resistance circuit comprising a 
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pair of vacuum tubes having their plate-cathode 
impedances connected in series with each other 
and each having a control grid, said Series com 
bination of tubes being connected across a volt 
age divider with the control grid of Only One of 
said tubes connected to an intermediate point on 
said divider, the bridge circuit formed by said 
tubes and said divider being balanced, means for 
connecting the plate-cathode impedance of the 
other of said tubes only into a utilization circuit, 
and means for applying a control potential to the 
grid of said other tube only for varying its plate 
cathode impedance. s 

6. In combination, an oscillator of the type in 
cluding a resistor-capacitor delay network for 
reversing the phase of the feedback voltage, said 
network consisting of a plurality of recurring sec 
tions each consisting of a series capacitor and a 
shunt resistor, and a variable resistance circuit 
included in said network for varying the fre 
quency of the oscillator output, said variable re 
sistance circuit comprising a pair of vacuum 
tubes having their plate-cathode impedances 
connected in series with each other, each of Said 
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tubes having a control grid, said series combina 
tion of tubes being connected across a voltage 
source with the control grid of one of said tubes 
connected to an intermediate point on said 
Source, means for connecting the plate-cathode 
impedance of the other of said tubes into said de 
lay network to function as at least a portion of 
one of said shunt resistors in said network, 
means for applying a control signal to the control 

O 
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grid of Said other tube for Varying its plate-cath 
ode impedance, and a second pair of tubes each 
having a control grid and also having their plate 
cathode impedances connected in series with 
each other and across a voltage source with the 
control grid of one tube in Said Second pair con 
nected to an intermediate point on said source, 
means for connecting the plate-cathode im 
pedance of the other tube of said second pair into 

20 
said delay network to function as at least a por 
tion of another of said shunt resistors, and means 
for applying said control signal also to the con 
trol grid of said last tube. 

MAURCECARZ. 


