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Patented Oct. 13, 1942 2,298,437 

UNITED STATES PATENT OFFICE 
FREQUENCY MODULATION 

George L. Usselman, Port Jefferson, N.Y., assign 
or to Radio Corporation of America, a corpora 
tion of Delaware 

Application June 5, 1940, Seria No. 338,838 
(C. 179-1715) 26 Claims. 

This application concerns a new and improved 
method of and means for producing Wave energy 
the frequency of which is modulated in accord 
ance with signals. 
In most crystal controlled frequency modu 

lators known heretofore, it is possible for the 
modulator to drive the oscillator beyond the 
crystal controlled oscillating frequency. This 
produces distortion in the frequency modulation 
process. The present invention eliminates this 
possibility. No frequency modulation is possible 
when the crystal does not oscillate. Thus, we are 
assured of crystal controlled oscillations during 
the entire modulation process in this frequency 
modulator. The crystal oscillator circuit used in 
this frequency modulator is of the aperiodic type, 
except for the piezo-electric crystal, having the 
anode grids grounded for radio frequency. These 
features contribute considerably to the improved 
operation of this circuit. 

In describing my invention reference will be 
made to the attached drawings wherein; 

Figs. 1 to 4, inclusive, each show the essential 
features of a systein for generating wave energy 
and modulating the frequency thereof in accord 
ance with control potentials; and 

Fig. 5 illustrates details of a phase shifting cir 
cuit used under certain circumstances in certain 
of the prior modifications, 
The oscillators in the circuits of Figs. to 4, 

inclusive, are all of the same general type. These 
oscillators are of the crystal controlled grounded 
anode type in which the second grid G2 of tube 
V is bypassed to ground for radio frequency by 
-neans of condenser 4. The third grid G.3 may 
be grounded directly as shown in Fig. 1 or it may 
be biased through a resistance 3 and bypassed to 
ground for radio frequency by means of a sep 
arate condenser C6 as shown in Figs. 2, 3 and 4. 
Both the second and third grids in Figs. 2, 3 and 
4, are supplied with positive potentials through 
resistors 3 and 3' from a source not shown by 
means of lead 8. Resistors 3 and 3' act as aperi 
odic snioothing impedances to keep radio fre 
quency out of lead 8. The anode 0 of tube Vf 
is supplied with positive current and potential 
through tank circuit Cf, Li from a power source 
not shown. This source may be the same as the 
Source which Supplies voltage to lead or it may 
be a separats source. The output circuit 2 for 
the frequency modulator is coupled to the tank 
coil Li as shown. In Fig. 1 this coupling is in 
ductive. In Figs. 2, 3 and 4 this coupling is 
capacitive. The control grid G of the oscillator 
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a point 4 between the crystal x and the neutral 
izing condenser N as shown in Figs. 1, 2, 3 and 4. 
The potentiometer grid leak resistor R is con 
nected between the control grid G of tube W. 
and ground. The cathode 8 of tube W is tapped 
part Way up on resistor R. 
The modulator circuits comprising modulation 

potential source A, transformer T, tube 34, re 
actances L2, C2, C3, etc., are substantially alike 
except for minor differences as stated below. 
The modulator circuit in Fig. 2 is in general 
similar to Figs. 1 and 3 with certain differences. 
The cathode 20 of tube V2 is grounded. The 
control grid 24 of tube W2 is excited by high fre 
quency oscillations because it is connected to a 
tap on resistor R through a blocking condenser 
26 as shown. Fig. 1 shows a phase shifting re 
actance P connected in this modulator grid radio 
frequency excitation circuit. 
The phase shifting network shown ir, Fig. 5 

may be used in place of P in Fig. ... To include 
the network (Fig. 5) in the circuit in place of P 
the leads are opened at the connection points 
and the Substitution made. - 
A resistor R2 is connected to the control grid 

24 of tube W2. The other end of resistance R2 
is bypassed to ground for radio frequency by 
means of a condenser 30 and it is also connected 
to one terminal of the secondary winding of 
transformer T. The other terminal of this sec 
ondary winding is connected through a source of 
negative bias 32 to ground. The primary wind 
ing of transformer T is connected to a signal 
source A. The screen grid 34 of tube W2 is by 
passed to ground for radio frequency by con 
denser .38 and connected to a source of positive 
potential not shown which may be the same 
source connected to lead 8. The anode 40 of 
modulator tube V2 is supplied with positive cur 
rent and potential through resistance R3 and the 
coil L2 of tank circuit C2, IL2 in Figs. 1, 3 and 4. 
In Fig. 2 the anode of W2 is tapped through a 
blocking condenser 44 on coil L2 and receives its 
positive current and potential supply through re 
sistor R3. - 

... In Fig. 1 the coil L2 is paralleled by variable 
condensers C2, C3, C4 and C5 as shown. The 
Connection between condensers C3 and C4 is 
grounded directly. The center point of coil L2 
is bypassed to ground through resistor R3 and a 
blocking condenser 46. The positive current sup 

- ply is connected to the circuit between resistor 
R3 and this blocking condenser 46. As stated 
before, the anode 40 of tube W2 is tapped on 

tube Wi is connected to the crystal electrode at 55 the lower part of coil L2. In Fig. 1 the other 
  



2 
electrode of crystal X is connected (that is, coul 
pled) to the modulator tank circuit betwen con 
densers C2 and C3. This is the opposite end of 
the tank circuit from the end to which the anode 
40 is connected. Likewise, the neutralizing coal 
denser N is tapped on this tank circuit. (on the 
same end of the tank circuit as the anode Con 
nection) between the condensers C4 and C5. 
The center connection point 4 between the crys 
tal X and the neutralizing condenser N is, as 
stated, connected to the control grid Gf of oscil 
lator tube W. 
In Fig. 3 and Fig. 4 the coil L2 is paralleled by 

variable condensers C3 and C4 and by fixed con 
densers C5 and C6. The condensers C3 and C4 
are preferably operated by one control shaft. 
The connection between fixed condensers C5 and 
C is grounded directly. 
to ground at its center point in the same manner 
as for Fig. 1. Likewise, the anode 48 of tube V2 
is connected to the lower end of coil I2 as shown. 
The other electrode of crystal X is connected or 
coupled to the tank circuit between condensers 
C and CS (Figs. 3 and 4) while the neutralizing 
condenser N is connected to the tank circuit be 
tween condensers C6 and C4. In practice, it is 
desirable to keep the middie condensters C3, C4 
in Fig. 1 and C6, C6 in Figs. 3 and 4 substantially 
identical. Likewise, the outer condensers C2, CS 
in Fig. 1 and C3, C4 in Figs. 3 and 4 should be 
alike. 
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In Fig. 2 the coil L2 is paralleled by the con 
denser C2. The center of coil L2 may be con 
nected to ground directly or through a blocking 
condenser 46. The crystal X and neutralizing 
condenser N are tapped on-coil L2 equal distances 

... from the center or ground point. The crystal is 
tapped on the opposite side of the tank circuit 
from that on which the anode 40 of tube W2 is 
coupled. 

In Figs, 1,2,3 and 4 the operation of the crys 
tal oscillator circuit with tube W is the same. 
The operation of grounded anode crystal oscil 
lator circuits has been described in prior art and 
need not be described here. - 
The operation of the modulators in these cfr. 

cuits requires either the use of a phase shifting 
network P in the grid excitation circuit of tube 
V2 or the slight detuning of the modulator tank 
circuit L2, C2, etc., to obtain the phase shift in 
the modulating radio-frequency excitation ener 
gy to be delivered to tube W. 
In Fig. 1 the tank circuit IL2, C2, C3, C4, C5 is 

substantially in resonance. Excitation energy is 
taken from resistor R and after passing through 
phase shifter Pit is delivered to the control grid 
24 of tube V2. In passing through the phase 
shifting network P the phase of the excitation 
energy is rotated say about 90 degrees lagging (it 
could be 90 degrees or any other angle in the 
leading direction depending on the type of phase 
shifter P used). In passing through the tube V2 
this energy is amplified and reversed substantial 
ly (180 degrees) in phase. After passing through 
the anode tank circuit L2, C2, ?c3, C4, C5, the 
phase is again reversed substantially 180 degrees 
and then it is delivered to the crystal X with a 
lagging phase angle of about 90 degrees. Now 
the oscillating current from the grid of tube W. 
passes through the crystal and through con 
denser C3 to ground. Since condenser C3 carries 
both the crystal oscillating current and the mod4 
ulator tank oscillating current this is the element 
which couples the modulator tank circuit to the 
crystal oscillator circuit, The modulator current 
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is substantially equivalent to Fig. 1. 

2,298,437 
in Condenser C3 and the crystal current in con 
denser C3 provide the two controlling voltage 
components. The excitation voltage on the con 
trol grid of oscillator tube V is the resultant of 
these two components. 

In FigS. 2, 3 and 4 the phase shift is obtained 
by slightly detuning the modulator tank circuit 
L2, C2, etc., preferably on the low capacity side 
of resonance. In this case the phase of the ex 
citation energy on the control grid 24 of modu 
lator tube V2 is the same as that on the control 
grid G of the oscillator tube Vi. In passing 
through the modulator tube V2 this energy is 
amplified and reversed substantially (180 de 
grees) in phase. If the modulator tank circuit 
Was in tune it would produce a 180 degree phase. 
reversal but since the modulator tank circuit is 
slightly detuned it gives the excitation energy an 
additional phase rotation of say about 90 de 
grees in a direction depending on the direction 
of detuning. Consequently, the modulator and 
the oscillator components of the grid excitation 
are at approximately 90 degrees phase displace 
ment and the control grid radio-frequency ex 
citation voltage for the grid Gif of oscillator tube 
Wis the resultant of these two components. 
As stated before, Fig. 3 is the preferred form 

of this type of frequency modulator circuit. If 
the phase shifting network of Fig. 5 is connected 
in to replace link B in Fig. 3 and the modulator 
tank circuit L2, C2, etc., is made substantially 
resonant at the oscillator frequency, then Fig. 3 

the phase of the excitation on the control grid 
24 of modulator tube V2 is the same as that on 
the control grid G of oscillator tube VI. In 
passing through modulator tube V2 this energy 
is amplified and reversed substantially 189 de 
grees in phase. Since the modulator tank circuit 
L2, C3, C4, C5, C6 is slightly detuned it represents 
a reactance and the modulating excitation energy 
is given a further phase shift or rotation. It was 
found preferable to detune the modulator tank 
circuit on the low capacity side of resonance so 
that it could be said to represent an inductive 
reactance. . 
Now, as stated before, the condenser C5 (Fig. 3) 

carries both modulator tank current and Gscil 
lator crystal and grid current, so that this con 
denser acts as coupling between the modulator 
and the oscillator circuits. Also, the condenser 
C6 (Fig. 3), which carries the neutralizing con 
denser current and the modulator tank current, 
and which is on the same end of the tank cir 
cuit as the anode connection, by like reasoning 
acts as the uncoupling between the modulator 
and the oscillator circuits. Neutralizing con 
denser N is adjusted to have substantially the 
Sane capacity as the crystal X. Since condensers 
C5 and C6 (Fig. 3) have the same capacity and 
also since the neutralizing condenser N and the 
crystal X have the same capacity the modulator 
circuit is neutralized and it cannot affect tile 
crystal oscillator circuit unless the crystal is 
oscillating. In other words, the crystal must be 
Oscillating before high frequency modulating 
excitation energy can be transmitted from the 
nodulator circuit L2, C2, etc., to the crystal oscil 
lator circuit. . Therefore, this circuit insures 
crystal controlled frequency modulation. 
Another advantage which this circuit has is 

that when modulator currents are cut off the 
crystal oscillator will continue to function as long 
as it is supplied with steady electrode potentials. 
Now since the crystal oscillator circuit is coupled 

In Fig. 3, 
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2,298,437 
to the nodulator circuit in the nanner described 
above when the crystal is oscillating, the radio 
frequency excitation potentials on the control 
grid of oscillator tube W is the resultant of the 
two excitation components, one from the modul 
lator tank circuit and the other from the crystal 
oscillator circuit, the two components being dis 
posed at say about 90 degrees phase anglé. Since 
the modulator tank circuit is detuned in the direc 
tion stated above, it represents an inductive re 
actance and the modulating excitation. energy 
in passing through it is rotated in phase say 90 
degrees in the lagging direction. Consequently, 
the phase of the modulator excitation com 
ponent leads the oscillator excitation component 
by approximately 90 degrees, 
As stated before, the radio-frequency excita 

tion potential on the control grid of the oscilla 
tor tube W is the resultant of these two excitan 
tion components. If the amplitudes of the cur 
rents and voltages in the modulator tube W2 are 
modulated by the signal oscillations from source 
A, the amplitude of the modulator excitation 
energy component delivered from the nodulator 
circuit to the control grid of the oscillator tube 
W will also be nodulated in amplitude accord 
ing to the signal. There is another factor which 
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has an effect on the phase angle of the modulator 
excitation energy component. 
modulator tube W2, being tapped across a por 
tion of the inductance coil of the modulator 
tank circuit, constitutes a variable resistance 
across part of this inductance. Consequently, 

The anode of 
3. 

during the process of modulation the variation 
of anode current in effect causes some change 
in the tuning of the modulator tank circuit. 
Therefore, the modulation excitation energy 
eonponent, which we assumed to have a 90 de 
gree phase relation to the oscillation energy Com 
ponent, not only is modulated in amplitude but 
also is varied in phase angle a few degrees each 
side of the average 90 degree relationship dur 
ing the nodulation cycle. As seen from the vec 
or relations, this causes the amplitude and the . 
phase angle of the resultant grid excitation 
energy of the oscillator to vary according to the 
signal oscillations. These phase changes are 
sdded to each cycle of the oscillations and, con 
sequently, cause a change in the frequency of 
the oscillations. For any value of modulator 
bias within the operating range, the frequency 
shift or change is inited to a Valle Where an 
equal and opposite excitation energy phase shift 
occurs which is caused by the opposite tuning of 
the various circuits due to the frequency change. 
There is also a limit to the possible total range 
of modulation caused by limitations in modulator 
tube current and by the angle of the excitation 
energy components. 
The output circuit C, L of this frequency 

nodulator is electronically coupled to the Oscil 
lation circuit by means of the anode fe of tube 
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vi. This insures minimum reaction on the modul 
lating systern. 
The neutralizing elements N may, if desired, 

be omitted and when this is done it appears 
preferable to obtain the phase shift necessary for 
providing on the grid of V the phase displaced 
excitation voltages as described hereinbefore, by 
slightly, detuning the modulator tank circuit L2, 
C2, etc. Under these circumstances the phase 
shifting element is not included in the connec 
tion between the grid G and grid 24 in Figs. 1, 
2, 3 and 4. When the phase shift is obtained by 
detuniyag the tank circuit, the excitation from 75 

is res'stor of about 20,000 ohms works cest. 

3. 
the modulator, that is the voltage supplied from 
R to 26, is amplified in V2 and supplied to crystal 
X from the modulator in phase with the voltage 
of the oscillator W. except for the phase shift 
occasioned by detuning the tank circuit L2, 
C2, etc. 

In my United States application Serial No. 
361,506, filed October 17, 940, I have illustrated 
several modifications wherein the neutralizing 
condenser NC is omitted. These modifications 
include also additional novel features not dis 
closed herein. For example, the piezo-electric 
crystal is effectively in Series with the grid and 
cathcde of the tube Wii as illustrated in the Sev 
eral modifications of the present application. In 
ny said other application referred to above, the 
crystal is effectively shunted by the impedance 
between the grid G and the cathode of tube W. 
* I have found in working with a frequency 
modulator such as illustrated in Figs. . . to 4, 
inclusive, and, in particular, in Figs. 3 and 4, 
that the neutralizing condenser C may also be 
used to adjust the amount of frequency Swing 
or frequency modulation deviation. In other 
words, the amount of feedback from the modu- - 
lator W2 and tank circuits L2, C2, etc., to the 
crystal X of the oscillator circuit, etc., may be 
adjusted by means of changing the capacity of 
the neutralizing condenser N. This then affects 
the ability of the modulator to modulate the 
frequency of the crystal oscillator. Adjustment 
of the nodulator, anode circuit is primarily used 
to determine or produce the amount of frequency 
modulation deviation. 
The neutralizing condenser N may comprise a 

capacity (variable condenser) or a crystal X, the 
capacity between the electrodes of which is ad 
justable and similar to the capacity between the 
electrodes of the crystal X. When a crystal is 
used for neutralizing purposes, the optical axis 
thereof is of such orientation that the crystal 
does not oScillate. 

Moreover, found during operation that a small 
air gap in the crystal holder gives a greater 
range of frequency modulation than a wide air 
gap does. 
In Fig. 4, I have illustrated a practical embodi 

ment of a frequency modulator arranged in ac 
cordance with the present invention. The oscilla 
tion generation and frequency modulation por 
tion of this circuit is similar to the modification 
illustrated in Fig. 3. Moreover, like parts have 
been designated by like reference characters in 
Figs, 3 and 4 and the operation of the oscillaton 
generator and frequency modulator illustrated in 
Fig. 4, it is believed, will be understood without 
further description. In Fig. 4, however, the out 
put of the Oscillation generator W comprising the 
tank circuit Cf, Li wherein the frequency nodu 
lated Wave energy appears is coupled by con 
denser 50 to the grid electrode 63 of a radio 
fr Quency amplifier tube 65. Negative bias po 
tential is supplied to grid 63 through choke coil 
2. In practice, I have found that a wire wound 

The 
anode 69 of this tube is connected as shown with 
a tank circuit cornprising an inductive reactanc 
70 and a capacity reactance 72. The amplified 
frequency modulated wave energy is obtained 
from this tank circuit by neans of coupling con 
denser 74 and output leads 76. 
The audio-frequency signal Scurce in Fig. 4 is 

connected to the modulator tube Wf by trans 
former T as in the prior modifications. However, 
in this modification, additional mcdulating means 

  



4. 
and circuit details are disclosed. The secondary 
winding of transformer T is connected to a Switch 
80 in such a manner that, in one position, it is 
connected as shown with tone rectifier tube 8 
to produce a rectified tone potential through low 
pass filter f02 across the resistors 86 and 88. 
These resistors are connected by leads 90 and 
90’ and switch contacts 9 and 9 of switch W to 
the grid 24 of tube W2 and to the grid of a Com 
pensator tube when tone keying is to be used. 
Switch contact 9” is connected to the grid of a 
compensator tube not shown. In the other posi 
tion of the switch 80 the secondary winding of 
the transformer T is connected directly across 
resistors 3-3 and to leads 96 and 96' and from 
leads 98. and 96 by switch 9 to the grid 24 
of tube V2 and by switch 9 f' to the grid of the 
compensator tube not shown so that the Oscilla 
tions generated may be modulated in accordance 
with voice signals. In other words, the triple 
pole double-throw switch 80 selects either voice 
modulation or tone signal modulation, which 
ever is desired. The double-pole multiple contact 
switch W permits modulation by voice signals, 
tone signals (spacing wave keying), relayed keyed 
spacing wave keying or steady dash for calibrat 
ing purposes. 
Relay keying is accomplished by connecting the 

front and back contacts of the keying relay to 
the pair of leads 100 and thereby to the control 
grid 24 of tube W and through lead H to the 
grid of the compensator tube not shown. The 
compensator tube not shown in Fig. 4 is keyed in 
phase opposition to the modulator tube V2 so 
that a substantially constant current load is 
drawn from the anode power rectifier. This per 
mits a large amount of smoothing to be used 
without regard to voltage regulation require 
ments. Steady bias potentials are applied be 
tween the leads G and N for test and calibrat 
ing purposes and to supply fixed bias potentials 
for spacing Wave keying. 
The low pass filters 02 and fo3 are used in the 

tone and relay spacing wave keying circuits to 
eliminate or reduce the higher harmonic fre 
quencies incidental to square wave keying in 
order to restrict the band of modulating fre quencies. 
The remaining leads not discussed above in 

connection with Fig. 4 comprise means for Sup 
plying electrode potentials, etc. 
The leads marked 15 v. at the left of Fig. 4 

of the drawings serve as means for supplying 
alternating current to the thermostat control 
crystal temperature regulator at 80'. The leads 
A and B are connected with the audio-frequency 
signal source used for modulation purposes. The 
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next lead designated by an E Supplies negative . 
bias potential when telephony modulation is car 
ried out. The lead F supplies negative bias po 
tential when tone signal keying is accomplished. 
Leads G and N, as stated above, Supply negative 
bias potentials for relay keying and for calibrat 
ing purposes. The lead H. (connected by Switch 
S' to lead H) is connected to the grid of a com 
pensator tube such as for example shown in my 
United States application Serial No. 85,435, filed 
June 10, 1936, now Patent No. 2,153,656, issued 
April 1939. This compensator tube cooperates 
with the keying tube as disclosed in said applica 
tion to regulate the drain on the source of direct 
current supplying the system when keyed. 
Lead D supplies negative bias for the control 

grid of the amplifier tube 65. Lead J Supplies 
positive potential to the anode of tube VI, while 
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lead I supplies positive potential to the anode of 
the tube V2 and to the screen grids of all of the 
tubes. Lead K supplies positive potentials to the 
anode of tube 65 while leads L. and M Supply 
alternating current to the cathode heaters of all 
the tubes. 
The amplitude modulation incidentally caused 

by the frequency modulator is nearly all sup 
pressed by tube 65 and that little which remains 
can be eliminated in a radio transmitter by the 
use of subsequent amplitude limiter stages such 
as the usual frequency multiplier stages. The 
frequency Inodulated carrier energy may then be 
amplified and/or multiplied in frequency in suc 
ceeding transmitter stages before it is delivered 
to the antenna. 
Any suitable type of phase shifting network P 

may be used in these circuits. It may be of the 
type shown in Fig. 1 or like that shown in Fig. 5. 
It may instead be a series coil, parallel condenser 
arrangement. It may be a combination of re 
sistances and coils or condensers or both. There 
may be only one stage or many stages in the 
phase shifting network. 

It should be noted that the terminating load 
On the phase shifting network P, such as the re 
sistor R2 and the control grid capacity of the 
nodulator. tube W2, affects the operation of the 
network and must be taken into consideration 
for phase shift calculations. 

It may be noted in Figs. 3 and 4 that a con 
denser CO has been connected between the cath 
Ode of tube W and ground. This capacity seems 
to aid and strengthen the oscillator oscillations, 
What is claimed is: 
1. In a wave length modulation system, an os 

cillation generator of the electron discharge tube 
type having electrodes including a cathode and a 
control grid coupled in an oscillation generating 
circuit including a piezo-electric crystal and 
other electrodes coupled in an output circuit, an 
additional electron discharge tube having an 
anode and having a control electrode coupled tr 
Said generating circuit to derive excitation volt 
ages therefrom, a circuit coupling the anode of 
said additional tube to said piezo-electric crystal 
to feed amplified excitation voltage to said crys 
tal and from the crystal to the control grid of 
Said first tube, means for shifting the phase of the 
amplified voltage fed by said additional tube to 
said control grid, and means for controlling the 
gain of Said additional tube to modulate the 
wave length of the oscillations generated. 

2. In a wave length modulation system, an os 
cillation generator of the electron discharge tube 
type having electrodes including a control grid 
coupled in an oscillation generating circuit in 
cluding a piezo-electric crystal and having other 
electrodes coupled in an output circuit, a second 
electron discharge tube having an anode and 
having a control electrode coupled to said gen 
erating circuit to derive excitation voltages there 
from, phase shifting means in said last named 
coupling, a circuit coupled to the anode of said 
Second named tube and to said piezo-electric 
crystal, to feed excitation voltage by way of said 
Crystal to said generating circuits, and means for 
controlling the gain of said second tube to there 
by control the wave length of the oscillations gen 
erated. - 

3. In a wave length modulation system, an os 
cillation generator of the electron discharge tube 
type having electrodes including a control grid 
coupled in an oscillation generating circuit in 
cluding a piezo-electric crystal and having 6ther 
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electrodes coupled in an output circuit, a second 
electron discharge tube. having an anode and 
having, a control electrode coupled to said gen 
erating circuit to derive excitation voltages there 
from, a circuit tuned to a frequency slightly dif 
ferent from the mean frequency of Operation of 
said oscillation generator coupled to the anode 
of said second named tube and to said piezo-elec 
tric crystal to feed phase displaced amplified volt 
ages to said crystal and to said generating circuit, 
and means to control the gain of said second tube 
in accordance with signals to modulate the length 
of the oscillations, generated. 

4. In a wave length modulation system, an 
oscillation generator of the electron discharge 
tube type having electrodes including a control 
grid coupled in an oscillation generating circuit 
including. a piezo-electric crystal and having 
other electrodes coupled in an output circuit 
electronically coupled to the generating circuit, 
a second electron discharge tube having an anode 
and having a control electrode coupled to said 
generating circuit to derive excitation voltages 
therefrom, phase shifting means in said cou 
pling, a circuit coupled to the anode oi Said Sec 
ond named tube and to said piezo-electric crys 
tail to feed amplified voltage by way of Said 
crystal to said generating circuit, and means for 
modulating the gain of said second named tube 
in accordance with signals to thereby modulate 
the length of the oscillations generated by said 
first tube and circuit. 

5. In a wave length modulation System an os 
cillation generator of the electron discharge tube 
type having electrodes coupled in an oscillation 
generator circuit including a piezo-electric crys 
tal coupled between two of the tube electrodes, 
and having other electrodes coupled in an output 
circuit, a second electron discharge tube having 
an output electrode and having a control elec 
trode coupled to said generating circuit to derive 
excitation voltages therefrom, means coupling 
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said output electrode of said second tube to an 
electrode of said first tube by way of said crystal 
so that said crystal and said second tube provide 
on said last mentioned electrode of Said first 
tube two voltages the resultant of which controls 
the frequency of operation of Said generator, 
means for relatively shifting the phases of the 
said two voltages, and means for modulating 
the impedance of the second tube to control the 
wave length of the oscillations generated." 

6. In a wave generating and wave length mod 
ulation system, an electron discharge device 
having electrodes including an output electrode 
a cathode and a plurality of control electrodes, 
an oscillation circuit coupled between said 
cathode and plurality of said control electrodes, 
one of which operates in said oscillation circuit 
as an anode, a piezo-electric crystal in said cir 
cuit, an output circuit coupled with said output 
electrode, a modulator tube having an anode, a 
cathode and a control electrode, a circuit cou 
pled to the anode and cathode of said modulator 
tube, means coupling a point on said last circuit 
to said piezo-electric crystal, an excitation cir 
cuit coupling said oscillation generating circuit 
to the control electrode of said modulator tube, 
and means for modulating the impedance of Said 
second named tube in accordance with control 
potentials. 

7. In a wave generating and wave length mod 
ulation system, an electron discharge device hav 
ing output electrodes including a cathode and 
having a plurality of control electrodes, an oscil 

5 
lation circuit coupled between said cathode and 
a plurality of said control electrodes, one of 
which operates in Said oscillation circuit as an 
anode, a piezo-electric crystal in said circuit, an 
output circuit coupled with said output elec 
trodes and coupled to said oscillation circuit by 
the electron stream of said tube, a modulator 
tube having an anode, a ca&hode and a control 
electrode, a tank circuit coupled to the anode 
and cathode of Said modulator tube, means cou 
pling a point on Said tank: circuit to said piezo 
electric crystal, an excitation circuit including 
phase shifting means coupling said oscillation 
circuit to a control electrode of said second named 
tube, and means for modulating the impedance 
of said second named tube in accordance with 
control potentials. . . . . . . . . . ; : 

8. In a Wave generating and wave length mod 
ulation System, an electron discharge device hav 
ing output electrodes including a cathodes and 
having a plurality of control electrodes, an oscil 
lation generating circuit coupled, between said . 
cathode and a plurality of said control electrodes 
one of which operates in said oscillation circuit 
as an anode, a piezo-electric crystal in said cir 
cuit, an output circuit connected with said out 
put electrodes and coupled to said oscillation 
generating circuit by the electron stream of said 
tube, a modulator tube having an anode, a 
cathode and a control electrode, a tank circuit 
tuned to a frequency slightly different from the 
frequency of operation of said generating circuit 
coupled to the anode and cathode of said modul 
lator tube, a coupling between said tank circuit 
and said piezo-electric crystal, an excitation cir 
cuit coupling said oscillation generating circuit 
to the control electrode of said second named 
tube, and means for modulating the impedance 
of Said Second named tube in accordance with 
control potentials. - - 

9. In a wave generating and wave length mod 
ulation system, an electron discharge device hav 
ing an anode, a cathode and a plurality of grid 
electrodes, an oscillation generating circuit cou 
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pled beiween a pair of said grid electrodes and 
said cathode, a piezo-electric crystal included 
in Said circuit, an output circuit coupled with 
Said anode and cathode, a tank circuit compris 
ing parallel inductance and capacity, means in 
cluding said piezo-electric crystal connecting a 
point on said tank circuit to one of said grid 
electrodes of said oscillation generating circuit, 
a neutralizing condenser connecting said piezo 
electric crystal to a second point on said tank 
circuit, a modulator tube having an anode, a 
cathode and a control grid, means coupling said 
modulator tube anode to a point on said tank 
circuit, means coupling the control grid of said 
modulator tube to a point on said oscillation gen 
erating circuit, and means for modulating the 
impedance of said modulator tube in accordance 
with control potentials to thereby modulate the 
length of the waves generated. 

10. In a Wave generating and wave length 
modulation System, an electron discharge device 
having a cathode, an anode and two control elec 
trodes, an oscillation circuit including a piezo 
electric crystal coupled between said cathode and 
said two control electrodes, said oscillation cir 
cuit being aperiodic except for said crystal, one 
of said control electrodes operating in said oscil 
lation circuit as an anode, a coupling between said 
one of Said control electrodes and a point of 
Substantially fixed radio-frequency potential, said 
Cathode and other control electrode operating at 
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a radio-frequency potential above said fixed po 
tential, an output circuit coupled with said anode 
and cathode and coupled to said oscillation cir 
cuit substantially by the electron strean only of 
said tube, a modulator tube having an anode, a 
cathode and control electrodes, a tank circuit 
tuned approximately to the frequency of Opera 
tion of said oscillation circuit coupled to the 
node and cathode of said modulator tube, 
connection between a point on said tank circuit 
and a control electrode of said first named de 
vice, an excitation circuit connecting said oscil 
lation circuit to a control electrode of said second 
named tube, and means for modulating the in 
pedance of said second named tube in accordance 
with control potentials to modulate the frequency 
of the output oscillations. inwave generating and wave length 
modulation system an electron discharge device 
having a cathode and a plurality of control elec 
trodes, an oscillation circuit comprising a piezo 
electric crystal in a holder and an impedance 
in series between said cathode and one of said 
control electrodes, a connection of low radio 
frequency impedance between another of said 
control electrodes and ground radio-frequency 
potential, said other control electrode operating 
in said oscillation circuit as an anode, an out 
put circuit connected with said anode and Cathode 
of said tube, a modulator tubehaving an anode, a 
cathode and a control electrode, a tank circuit 
tuned substantially to the frequency of said op 
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eration of oscillation circuit coupled to the anode 
and cathode of said modulator tube, a connec 
tion between one termiral of said piezo-electric 
crystal and a point on said tank circuit spaced 
from the point thereon to which said anode of 
said modulator tube is coupled, a neutralizing 
condenser coupling the other terminal of said 
crystal to a point on said tank circuit, an excita 
tion circuit coupling said oscillation circuit to the 
control electrode of said second named tube, and 
means for modulating the impedance of said 
second named tube in accordance with control 
potentials. 

12. In a wave length modulation System, an OS 
ciliation generator of the electron discharge tube 
type having electrodes including a control grid 
coupled in an oscillation generator circuit includ 
ing a piezo-electric crystal between said control 
grid and another electrode, an additional electron 
discharge tube having an anode and having a 
control electrode coupled to said aforesaid circuit 
to derive excitation voltages therefron, a cou 
pling including said crystal in series between the 
anode of said additional tube and the grid of said 
first tube to feed voltage from said additional 
tube to said generator, means for shifting the. 
phase of the excitation voltage fed by said ad 
ditional tube to said generator, and means for 
modulating the impedance of the additional tube 
in accordance with signals. 

13. In a wave generating and wave length 
modulation system, an oscillation generator Con 
prising, an electronidischarge device having a 
cathode, an output electrode, and a control elec 
trode, an oscillationi circuit coupled with elec 
trodes of said device including said cathode and 
said control electrode, a piezo-electric crystal in 
said circuit, an output circuit cQupled with said 
output electrode and cathode, a modulator tube 
having an anode, a cathode and a control elec 
trode, means for impressing voltages of the gen 
erated frequency from said generator on said 
modulator tube including a coupling between said 
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control electrode of said nodulator tube and One 
of said two aforementioned circuits, means for 
impressing voltages relayed by said modulator - 
tube on Said crystal, means for introducing a 
phase displacement of about 90 degrees in the 
voltage impressed on said crystal, and means for 
modulating the potential on an electrode in said 
tube in accordance with signals. 

14. In a wave generating and wave length 
nodulation System, an oscillation generator Corn 
prising, an electron discharge device having a 
Cathode, an output electrode, and a control elec 
trode, an Oscillation circuit coupled with elec 
trodes of said device including said cathode and 
said control electrode, a piezo-electric crystal and 
an impedance in said circuit, an output circuit 
coupled with said output electrode and cathode, 
a modulator tube having an anode, a cathode 
and a control electrode, a coupling between said 
Control electrode of said modulator tube and one 
of said circuits, an output circuit including said 
impedance coupled to the anode of said modulator 
tube, said in pedance in said oscillation circuit 
and modulator tube output circuit serving to cou 
ple said circuits to feed amplified voltage from 
said nodulator tube to said generator, phase dis 
placing means in one of said last two couplings, 
and means for nodulating the potential on an 
electrode in said tube in accordance with signals. 

15. In a wave generating and wave length mod 
ulation system, an oscillation generator compris 
ing, an electron discharge device having a cath 
Ode, an Output electrode, and a control electrode, 
an oscillation circuit coupled with electrodes of 
said device including said cathode and said con 
trol electrode, a piezo-electric crystal in said cir 
cuit in series between said control grid and cath 
ode, an output circuit coupled with said output 
electrode and Cathode, a modulator tube having 
an anode, a Cathode and a control electrode, a 
coupling including an impedance between said 
control electrode of said modulator tube and one 
terminal of said crystal, a phase' shifter in said 
coupling, an inductance, a coupling between the 
anode of said nodulator tube and a point on said 
inductance, a coupling between a point on said 
inductance and the other terminal of said crystal, 
and means for modulating the potential on an 
electrode in said tube in accordance with signals. 

16. In a wave length modulation system, an 
Oscillation generator of the electron discharge 
tube type having electrodes including a control 
grid coupled in an oscillation generating circuit 
including a piezo-electric crystal and having other 
electrodes coupled in an output circuit, an addi 
tional electron discharge tube having an anode 
and having a control electrode coupled to said 
generating circuit to derive excitation voltages 
therefrom, a circuit tuned to a frequency slightly 
different from the mean frequency of operation 
of said oscillation generator, a coupling between 
a point on said tuned circuit and the anode of 
said second named tube, a coupling between a 
different point on said tuned circuit and said 
Oscillation generating circuit, a connection be 
tween a point on said tuned circuit and the 
Cathodes of both of said tubes, and means to con 
trol, the gain. of said. additional tube in accord 
ance with signals to thereby modulate the length 
of the oscillations generated. 

17. In a wave length modulation system, an 
electron discharge device having oscillation gen 
erating electrodes, an oscillation generating cir 
cuit, including a frequency controlling piezo-elec 
tric crystal, regeneratively coupled to said elec 
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trodes, the generated voltage phase on at least 
one of said electrodes being of a certain phase, 
means for deriving voltage of the generated fre 
quency from said circuit and feeding said de 
rived voltage by way of said crystal back to said 
one of said electrodes whereat the generated volt 
age phase is of said certain phase, means for 
shifting the phase of said last named voltage fed 
back to said one electrode to an extent such that 
the said fed back voltage and the said generated 
voltage are substantially in phase quadrature 
on said one electrode, and means for modulating 
the amplitude of the fed back voltage in accord 
ance with Signals. 

18. In a wave generating and wave length mcd 
ulation system, Oscillation generating means-in 
cluding an electron discharge device having a 
cathode, an electrode serving as an anode, and 
a control electrode, an oscillation circuit. Com 
prising a piezo-electric crystal, a reactance, and 
an impedance in series between said cathode and 
said control electrode, and a circuit, including 
said impedance between said Cathode and said 
electrode serving as an anode, an output circuit 
coupled with said oscillation circuit, and means 
for modulating the length of the oscillations gen 
erated including, a mcdulator tube having an 
anode, a cathode and a control electripde, a tank 
circuit, comprising a reactance shunted by said 
first reactance, coupled to the anode and cathode 
of said modulator tube, said first reactance pro 
viding a coupling between the said tank circuit 
and the oscillation circuit, an excitation circuit 
coupling said oscillation circuit to said control 
electrcde of said modulator tube, and means for 
modulating the impedance of said modulator tube. 
in accordance with control potentials. 

19. In a wave generating and wave length mod 
ulation system, Oscillation generating means in 
cluding an electron discharge device having a 
cathode, an electrode serving as an anode, and a 
control electrode, an oscillation circuit compris 
ing a piezo-electric crystal, a reactance, and an 
impedance in series between said cathode and 
said control electrode, and a circuit including 
said impedance between said cathode and said 
electrode serving as an anode, a reactance in 
shunt to said impedance for improving the opera 
tion of said generating means, an output circuit 
coupled to said oscillation circuit, a modulator 
tube having an anode, a cathode and a control 
electrode, a tank circuit, comprising a reactance 
shunted by said first reactance, coupled to the 
anode and cathode of said modulator tube, said 
first reactance providing a coupling between said 
tank circuit and the UScillation circuit, an ex 
citation circuit coupling said Oscillation circuit 
to said control electrode of said modulator tube, 
and means for modulating the impedance of Said 
modulator tube in accordance with control po 
tentials. 

20. In a wave generating and wave length mod 
ulation systein, oscillation generating means in 
cluding an electron discharge device having a 
cathode, an electrode serving as an anode, and 
a control electrode, an oscillation circuit com 
prising a piezo-electric crystal, a reactance, and 
an impedance in series between said cathode and 
said control electrode, and a circuit including 
said impedance between said cathode and said 
electrode serving as an anode, an output circuit 
coupled with said oscillation circuit, and means 
for modulating the length of the oscillations gen 
erated including a modulator tube having an 
anode, a cathode and a control electrode, a tank 

circuit, comprising a reactance shunted by said 
first reactance, coupled to the anode and cathode 
of said modulator tube, said first reactance pro 
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viding a coupling between the said tank circuit 
and the Oscillation circuit, an excitation circuit 
coupling said oscillation circuit to said control 
electrode of said modulator tube, a multiple stage 
phase shifter in said excitation circuit coupling . 
and means for modulating the impedance of said 
modulator tube in accordance with control po 
tentials. 

21. In a wave generating and wave length 
modulation system, oscillation generating means 
including an electron discharge device having a 
cathode, an electrode serving as an anode, and 
a control electrode, an oscillation circuit includ ing a piezo-electric crystal regeneratively cou 
pling Said control electrode, said electrode serv 
ing as an anode and said cathode for the pro 
duction of Sustained oscillations, an output cir 
cuit coupled to said Oscillation circuit, and 
means for modulating the length of the Osci- . 
lations generated in accordance with signals in 
cluding, a source of signals, a modulator tube 
having an anode, a cathode and a control elec 
trCde, an excitation circuit coupling said oscil 
lation circuit to said control electrode of said 
nodulator tube to feed to said control electrode 
WCltages of the generated frequency, a coupling 
batween the cathode of said device and said tube, 
a high frequency circuit including said crystal 
coupling the anode of Said tube to the control 
electrode of said device and connections cou 
pling said source of signals to said modulator 
tube to modulate the conductivity thereof in 
accordance with signals. 

22. In a Wave generating and wave length 
modulation system, an electron discharge device 
having a cathode, an anode, and a plurality of 
control electrodes, an oscillation circuit compris 
ing, a piezo-electric crystal, an inductance and 
an impedance in series between said cathode and 
one of said control electrodes and a connection 
including said impedance between the other of 
said control electrodes and said cathode, an out 

- put circuit connected with said anode, a modul 
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to said oscillation generation circuit by the elec- . 
tron stream of said tube, a modulator tube hav 
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lator tube having an anode, a Cathode and a con 
trol electrode, a tank circuit comprising, a ca 
pacity shunted by said inductance, coupled to 
the anode and cathode of said modulator tube, 
an excitation circuit coupling said impedance to 
said control electrode of said second named tube, 
and means for modulating the impedance of 
said second named tube in accordance with con 
trol potentials. ... - 

23. In a wave generating and wave length 
modulation system, an electron discharge device 
having a cathode, an anode, and a plurality of 
control electrodes, an oscillation circuit con 
prising a piezo-electric crystal, a reactance, and 
an impedance in series between said cathode and 
One of said control electrodes, and a circuit in 
cluding said impedance between said cathode and 
the other of said control electrodes, an output 
circuit connected with said anode, and coupled 

ing an anode, a cathode and a control electrode, 
a tank circuit, comprising a second reactance 
shunted by said first reactance, coupled to the 
anode and cathode of said modulator tube, an 
excitation circuit coupling said oscillation cir 
cuit to said control electrode of Said modulator 
tube, and means for modulating the impedance 
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of said nodulator tube in accordance with con 
trol potentials. . . . . . . . . ‘. . . 

24. In a wave generating and wave length 
-modulation system, an electron discharge device 
having an anode, a cathode and a plurality of 
grid electrodes. an oscillation generating cir 
cuit comprising a piezo-electric crystal and a 
reactance, in series between one of said grids 

., and said cathode, and an impedance between an 
other of said grids and said cathode, an out 
put circuit connected with said anode and Cath 
ode, a tank circuit comprising a Second react 
ance shunted by said first reactance, a modu 
lator tube having an anode, a cathode and a con 
trol grid, means connecting said modulator tube 
anode to a point on said tank circuit, means 
coupling the control grid of said modulator tube 
to a point on said impedance, and means for 
modulating the impedance of said modulator 
tube in accordance with control potentials to 
thereby modulate the length of the waves gen 
erated. . . . . . 

25. In a wave generating and wave length 
modulation system, an electron discharge device . 

25 having a cathode, an anode and two auxiliary 
electrodes, an oscillation circuit including a 
piezo-electric crystal and a reactance...in Series 
between said cathode and one of said auxiliary 
electrodes, the tuning of said oscillation circuit 
being determined primarily by said crystal, an 
other of said auxiliary electrodes operating in 
said oscillation circuit as an anode, a connection 
between said other of said auxiliary electrodes 
and a point of substantially fixed radio-frequency 
potential, said cathode and one auxiliary elec 
trode operating at a radio-frequency potential 
above said fixed potential, an output circuit con 
nected with said anode and cathode and coupled 
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to said oscillation generation circuits substan- . 
tially by the electron stream only of said tube, 
a modulator tube having an anode, a cathode 

- and a control electrode, a tank circuit including 
said reactance tuned approximately to the fre 
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quency of operation of oscillation of said oscil 
lation. circuit, means coupling the anode of said 
second tube to a point on said tank circuit, an 

... excitation circuit connecting said oscillation cir 
cuit to a control electrode of said second named 
tube, and means for modulating the impedance 
of said second named tube in accordance with 
control potentials to modulate the frequency of 
the output oscillations. 

26. In a wave generating and wave length 
modulation system, an electron discharge device 
having, a cathode, an anode and two auxiliary 
electrodes, an oscillation circuit including a 
piezo-electric crystal and a capacity in series be 
tween said auxiliary electrodes, a connection be 
tween a point on said circuit and the cathode 
of said device, the tuning of said oscillation cir 
cuit being determined primarily by said crystal, 
One of Said auxiliary electrodes operating in said 
Oscillation circuit as an anode, a connection be 
tween said one of said auxiliary electrodes and 
a point of Substantially fixed radio-frequency 
potential, said cathode and other auxiliary elec 

a radio-frequency potential 
above said fixed potential, an output circuit con 
nected with said anode and cathode and coupled 
to said oscillation circuit Substantially by the 
electron stream only of said tube, a modulator 
tube having an anode, a cathode and a control 
electrode, a tank circuit comprising an induct 
ance and a capacity in series with said first 
named capacity in shunt to said inductance, 
means coupling the anode of said second tube to 
a point on the inductance of said tank circuit, 
an excitation circuit connecting said oscillation 
generating circuit to the control electrode of 
said modulator tube, and means for modulating 
the potential of the control electrode of said 
modulator tube in accordance with control po 
tentials to modulate the frequency of the oscil 
lations in said output circuit. 

GEORGE L. USSELMAN. 

  


