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tion of Delaware 
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The present invention relates to ultrashort 
Wave signalling and in particular to a novel 

, method of and circuit for wobbling and/or modu 
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lating ultrahigh frequency oscillations to in 
Crease the effectiveneSS thereof and/Or to Sig 
nal therewith. The invention, which is equally 
applicable to longer waves and to phase modula 
tion as well as frequency modulation, is a con 
tinuation in part of United States application 
Serial No. 651,809, filed January 14, 1933. 

In order to frequency modulate a master oscil 
lator, or crystal drive transmitter, either the fre 
quency of the frequency determining circuit of 
the master Oscillator itself must be variable or a 
modulating frequency must be added in one of the 
stages of the amplifier following the OScillator. 
The latter method has been used in the trans 
continental test between Bolinas and Riverhead. 
As this method calls for considerable additional 
circuit equipment, it was deemed less practical 
in connection with ultrashort wave transmitters 
which already require a considerable number of 
multiplier circuits when using crystal control to 
increase the constant frequency crystal controlled 
oscillations to the desired frequency. Under cer 
tain conditions it may be more practical to vary 
the frequency of the crystal stage. On account 
of the high multiplication of the frequency re 
quired between the crystal drive and the out 
put stage, a variation in output frequency of a 
certain number of cycles required a very slight 
variation in crystal frequency. This is because 
the said variation is multiplied in the frequency 
multipliers between the crystal stage and final 
stage. It is furthermore only practical to vary 
the crystal frequency a relatively small amount 
and therefore it may be stated that this method is 
perhaps limited in application. According to 
tests, however, it seems that the variations ob 
tained are not only sufficient in ultrashort wave 
technique but are also sufficient for commercial 
short wave frequency modulation. 
At first I tried to modulate a crystal frequency 

involved by varying the air column, and inher 
ently the capacity, of the crystal electrode space. 
One of the electrodes was mechanically connected 
to the moving coil system of a dynamic loud 
speaker. In this test one of the crystal electrodes 
and the coil system were supported from a metal 
diaphragm suspended between rubber rings akin 
to the suspension used in phonograph Sound 
boxes. In a crystal circuit the resonance of the 
air gap between the crystal surface and the elec 
trode surface plays a very important part. A va 
riation of the air gap therefore varies the ampli 

(CI. 179—171) 
tude of the crystal oscillations in the vicinity of 
the resonance of this air column. Some in 
Vestigators have shown that the crystal Will Com 
pletely stop its oscillations at these points. This 
therefore means that the gap should not be va 
ried so much that it passes through any such 
resonance point. The distance between tWO 
nodall points in air at 2000 kilocycles, One Crys 
tal frequency, is Only 3.3 thousandths of an inch. 
This limits the allowable motion of the crystal 
electrode to such an extent that very little fre 
quency variation could be obtained. I partly 
overcame this difficulty by perforating the mov 
ing electrode and thus partly eliminating air col 
lumn resonance. In order to get the greatest va 
riation, however, it was found necessary to keep 
the Swinging electrode quite close to the Crystal. 
Compromising the various factors and working 
Within the linear portion of the apparatus II ob 
tained a frequency variation of plus and minus 
400 cycles at a crystal frequency of 2000 kilo 
cycles. 

I then tried voltage variations On the crystal 
stage tube. Several different tubes were tried, 
UX-210, UX-84.1, UX-865, and the heater type 
UX-210. In the case of the UX-865 external 
coupling capacity was used between plate and 
grid to make the tube active in spite of sta 
bilizing action of the screen grid. It was found 
that best results with this tube were obtained 
when this coupling capacity was fairly high, the 
plate of relatively low potential and the Screen of 
relatively high potential. 
Wariations of all possible combinations were 

tried. The result was that the UX-84.1, which is 
a high mu tube, was found the one giving the 
best results. At a plate voltage of about two 
hundred volts the grid voltage of this tube, used 
as a crystal stage tube, can be varied One hun 
dred volts in the negative direction Without caus 
ing any, save a Very Small, plate amplitude varia 
tion. A frequency variation of plus and minus 
200 cycles in the 2000 kilocycle crystal frequency 
was obtained. The frequency varied as the 1.4 
power of the voltage. 
This is not a very bad curvature, but Suficient 

ly bad to cause distortion. My next task was 
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therefore to devise a compensating circuit in or 
der to make the frequency variation in linear 
proportion with the voltage. Besides the conven 
tional circuits available for this purpose I have 
devised some new ones if possible more directly 
suitable to my purpose. These circuits, which 
will be described more in detail hereinafter, in 
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2 
tortion which is the opposite of the distortion 
described above and compensates the same so 
that undistorted frequency modulation of the OS 
cillations is obtained. 
More specifically, I make use of a coupling cir 

cuit for applying the modulating voltages to the 
oscillation generator, which coupling circuit dis 
torts the applied voltages in such a way as to 
compensate for the distortion introduced by the 
oscillator whose frequency is to be varied. 
According to my invention further, the fre 

quency modulated oscillations are multiplied in 
successive frequency multiplier stages. Each 
multiplier stage is so operated as to act both as 
a frequency multiplier and amplifier, although 
there is, of course, some limit to which this action 
can be combined. 

Still other objects as well as advantages and 
features of my present invention, will become ap 
parent as the fuller description thereof proceeds. 
This fuller description may best be understood 
by referring to the accompanying drawings, 
Wherein: 

Figures 1, 4 and 6 each illustrate a transmitter 
for transmitting, at a high power, exceedingly 
short Wave length energy modulated either in 
amplitude, or in frequency alone; or, modulated 
both in amplitude and in frequency; 

Figures 2 and 3 are curves explanatory of the 
action of my improved modulator circuit used in 
Figure 1, whereby linear variation in frequency 
of an Oscillation generator may be obtained in 
accordance with signal voltages to be trans 
mitted; 

Figures 5, 7 and 8 illustrate alternative modu 
lating circuits Which may be used to replace the 
modulating frequency distorting circuits shown 
in Figures 1, 4 and 6; While 

Figure 9 illustrates an alternative Source of 
modulating potentials which may be used to re 
place the modulating sources of any of the sys 
tems described hereinbefore. 
As already indicated, a system for transmitting 

exceedingly short length frequency modulated 
and/or amplitude modulated Waves is illustrated 
in Figure 1. Voice currents generated by the 
microphone 2 and its following audio amplifier 4, 
Which, of course, may be a keyed tone system such 
as illustrated in Figure 9, are fed to a crystal con 
trolled OScillation generator 6 through a circuit 
including a resistor R, and coupling tube 8. Ordi 
narily the control potentials or Voltages from the 
controlling Source, namely, the microphone or 
keyed audio oscillator, would cause non-uniform 
or non-linear variation in the frequency of the 
Oscillations generated by the Crystal controlled 
generator 6. In other words, the normal char 
acteristic of the generator is indicated as illus 
trated in Figure 3 by curve A where the ordinates 
indicate the frequency and the abscissae the grid 
voltage. The thus obtained non-uniform fre 
quency variation would then, of course, introduce 
a correSpOnding undesired distortion of the Sig 
nal. To remedy this defect, I couple the audio 
or Voltage control Source to the OScillator through 
a non-linear or non-uniform circuit including a 
resistor and coupling tube, the response of which 
varies non-linearly and in a complementary fash 
ion as shown at B, with the voltage applied across 
the same, whereby the output varies in a linear 
desired Way, as shown at C. ? 
The manner in which the compensating distor 

tion of the voltage is obtained and consequently 
linear or nearly linear modulation of the oscilla 
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tions produced in the generator will now be de 
scribed in detail. 
In Figure 1 the audio output of terminates 

across a potentiometer P. The above ground side 
of this potentiometer is maintained negative by 
potentials from generator G through choke L. A 
loading tube 8 has its grid and cathode tapped to 
P as shown. A resistance R is included in the . 
cathode connection. When the superimposed 
audio frequency from 4 swings in the negative di 
rection the grid electrode of the loading tube 8 
swings more negative. This reduces the plate 
current of the tube 8 which passes by way of 
ground through series resistance R. The decrease 
of current through R causes less voltage drop 
along resistance R and therefore produces a more 
rapid rise in the positive direction in the negative 
voltage applied to the grid of the crystal stage 
tube 6. That is, the grid voltage of 6 becomes less 
negative at a rate which is non-linear with respect 20 
to the modulating potentials. When the grid of 8 
goes positive the loading tube 8 draws more plate 
current and, due to the circuit arrangement, this 
causes a greater negative drop across R. In this 
arrangement the circuit is of inverse proportion- 25 
ality. The coupling circuit just described pro 
duces a distortion which is indicated by the curve 
B in Figure 3. This distortion when combined 
with the normal distortion in the generator pro 
duces linear frequency modulation response. 
The same results may be obtained by using a 

circuit as shown in Figure 4. Here the desired 
non-linear response to offset the action of the 
generator is attained in the resistance R and ap 
plied by Way of Source S and radio frequency 35 
choke I to the control grid of the oscillator tube 6. 
As the grid of tube 8 Swings negative the anode 
current through R. decreases. The potential drop 
through R. decreases and produces a rise in the 
positive direction in the negative voltage applied 40 
to the grid of tube 6. That is the grid of tube 6 
becomes less negative. By Operating the tube 8 
in the proper point of its characteristic curve this 
decrease in negative potential can be made at a 
rate slower than linearly with respect to the neg 
ative swing on the grid of tube 8. 
The circuit of Figure 4 has an added desirable 

feature in that the tube 8 also amplifies the mod 
ulating frequency potentials and Simultaneously 
serves as a coupling tube. The linear frequency to 
modulations may be multiplied in frequency as 
desired in the thermionic frequency multipliers 
included in 0, which is coupled to 6. The multi 
plied amplified frequency modulated oscillations 
may be translated to any work circuit for utiliza 
tion. 

It is not essential that the particular crystal 
controlled generator illustrated hereinbefore be 
relied upon. The generator itself may be any 
form of oscillation generator having any form 
of frequency control such as simple tuned cir 
cuits, tuning forks and the like. Also, the fre 
quency varying potentials need not be applied 
to the grid but may be applied to another elec 
trode of the Oscillation generator. 
Thus the modulator circuit of Figure 1 and its 

associated generator included between condensers 
7 and 9 may be replaced by the arrangement 
shown in Figure 5. 
The tube 5 has its control grid variably tapped 

to the polarizing Source PS through resistor ff 
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so that the characteristic of the tube may be rep 
resented by the curve B in Figure 3. The man 
ner in which the non-linear effect is obtained is 
explained in detail in connection with Figure 1. 75 
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4. 
The non-linear action of the distorting resist 

ance 18 and the resistance R1 on the control grid 
compensates the inherent distortion in this Oscil 
lator so that linearly frequency modulated oscil 
lations are produced in 6. 

In Figure 8 the Same or similar results are ob 
tained by coupling any source of modulating 
potentials, as shown, by way of a modulating fre 
quency transformer T and blocking condensers C 
to the terminals of the distorting resistor, which 
is connected in series with a resistor R1, as shown 
Changes in the potentials applied to the terminal 
of the Thyrite resistor from the modulating fre 
quency transformer Talter the resistance thereof 
in a non-linear fashion. This permits a varia 
tion in the flow of current through R1, which is 
non-linear with respect to the modulating poten 
tials. The drop in potential through R1, as in 
the prior arrangement, is applied to the control 
grid of the oscillation generator 6 to insure com 
pensating distortions of the frequency modulated 
oscillations produced therein. 
The frequency modulated oscillations may be 

utilized in any manner by applying the same 
from condenser 9 to a utilization circuit directly 
or by way of any necessary added units, for ex 
ample, frequency multipliers or amplifiers. 
An advantage of the modulation system de 

scribed herein is that the frequency modulation 
circuits do not decrease in any manner the stabil 
ity of the crystal control of the oscillation gen 
erator since the crystal itself is left untouched. 

In place of the microphone and audio amplifier 
4 of Figures 1, 4, 5, 6, 7 and 8 an arrangement 
Such as shown, for example, in Figure 9 may be 
used. 

Referring to Figure 9, screen grid tube 28 con 
nected regeneratively, as shown, to function as an 
audio frequency Oscillator, is turned on and off 
by the action of switch 30. The latter switch is 
in turn operated by means of a key 32 causing the 
electromagnet 34 to move contact 36 to its upper 
position. Opening of key 32, of course, allows 36 
to fall upon its lower contact. In its lower posi 
tion, a large negative bias is impressed upon the 
grid of tube 28 as a result of which little current 
is drawn through resistor 40 allowing sufficient 
plate potential to be applied to tube 28 to cause 
it to oscillate at an audio frequency rate depend 
ing upon, in general, the tuning of grid circuit 
42. In its upper position, contact 36 causes the 
grid of tube 38 to assume Such a potential as to 
allow passage of current therethrough as a result 
of which there is such a fall of potential across 
resistor 40 as to reduce the plate potential of tube 
28 to an inoperative value. Consequently, in its 
upper position, armature 36 will prevent the gen 
eration of audio frequency currents and their 
subsequent passage through condenser 44. If de 
sired, this primary audio frequency so generated 
and so keyed on and off, may be fed through con 
ductor 46 to condenser 7 of Figures 1, 4, 5, 6 and 7, 
Orthrough the primary of the modulation poten 
tial transformer of Figure 8 to the generator 6. 

However, if desired, the audio frequency gen 
erated by tube 28 may be frequency multiplied 
before use in the transmitter. 
One way of doing this is to feed the audio fre 

quency generated through condenser 44 to a dis 
torting resistor 8, the biasing current through 
which is supplied by source of potential 3 and 
controlled by variable resistor 52. The resistor 
48 has a characteristic Such as illustrated in Fig 
ure 2 wherein a relatively Small increase in 
potential causes a disproportionate increase of 

2,054,481 
current through it. Consequently, application of 
audio frequency current to the distorting resistor 
48, will cause the wave form of current passing 
therethrough to become distorted as a result of 
which, in the serially tuned circuit 33, preferably 
tuned to a desired harmonic, harmonic frequency 
energy may be derived which may be fed by 
means of conductor 37 to the condenser 7 of Figure 1. 

However, if desired, the harmonic frequency 
energy may be resonated in a parallel tuned 
circuit 39 and amplified by means of electron 
discharge device 4. By a suitable choice of 
bias from source 3 for device 4, as disclosed 
in the Copending application of C. W. Hansell, 
Serial No. 177,505, fled March 23, 1927, a fur 
ther harmonic may be generated in the parallelly 
tuned output circuit 43 of tube 4. However, it 
may be desired to use tube 4f merely as an 
amplifier, in which case the output energy ap 
pearing in circuit 43 may be fed into a further 
"Thyrite' resistor 45 polarized by source 49 and 
inaintained at a suitable operating point by ad 
justment of resistor 5. A further harmonic 
will then be generated in parallelly tuned circuit 
50 keyed or modulated in accordance with the 
actuation of keying switch 32. If desired this 
harmonic may be fed through conductor 52 to 
condenser 7 of the prior figures, or, it may be 
amplified by means of tube 54 and then fed 
through condenser 7 of Figures 1, 4, 5, 6 and 7 
or through the primary winding of the modu 
lation frequency transformer of Figure 8 to the 
generator 6. 
This novel means for producing oscillatory en 

ergy or energy of varying potentials for modu 
lation purposes in the systems disclosed in Fig 
ures 1, 4, 5, 6, 7, and 8 of the present invention, 
has been disclosed and claimed in my copending 
U. S. application Serial #81,359 filed May 23, 
1936, which is a division of the present appli 
cation and of my U. S. application Serial 
iF651,809 filed January 14, 1933. 
Having thus described my invention and the 

operation thereof, what I claim is: 
1. In an alternating current system wherein 

the frequency of an oscillatory current is in 
herently modulated non-linearly in accordance 
With the amplitude of impressed controlling po 
tentials characteristic of signals, the method of 
obtaining linear frequency modulation of said 
Oscillatory current in accordance with said con 
trolling potentials which includes distorting the 
amplitude of the controlling potentials in a di 
rection to oppose said inherent non-linearity and 
applying the distorted potentials to the oscilla 
tory current to vary the frequency thereof. 

2. In a System for producing an alternating 
Current of a variable frequency varying in ac 
Cordance with a controlling undulating poten 
tial, a source of undulating control potentials, a 
Source of Oscillatory energy, means coupling 
Said Sources together whereby the frequency of 
Said oscillatory source varies in accordance with 
the amplitude of the undulating control poten 
tials, and means, connected with said undu 
lating control source, for altering the wave form 
of Said undulating controlling potentials, where 
by the frequency of said oscillatory source varies 
in Substantially linear relation with respect to 
the amplitude of said controlling potential. 

3. In a System for obtaining a linear fre 
Cuency response, an OScillation generator com 
prising an electron discharge device having with 
in a container an electron emitting cathode and 
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a cold electrode, a source of undulating control 
potentials, and a circuit the potentials at the 
output of which are non-linear with respect to 
the input potentials coupling said sources to 
gether whereby the oscillations generated by 
said device vary linearly in frequency in ac 
cordance with the amplitude of said controlling 
potentials. 

4. In apparatus of the character described, an 
oscillator comprising an electron discharge de 
vice having within an hermetically sealed con 
tainer an electron emitting cathode and a, plu 
rality of cold electrodes, a source of alternating 
controlling potentials, and a circuit the poten 
tials at the output of which are non-linear with 
respect to the input potentials coupling said 
controlling source to an electrode of Said OScilla 
tor, whereby the oscillations produced by said 
Oscillator vary linearly in frequency in response 
to the amplitude of the controlling potentials. 

5. In combination, an electron discharge de 
vice having an anode a cathode and a grid, a 
circuit interconnecting said grid and said Cath 
ode, another circuit interconnecting said anode 
and cathode, said circuits being reactively aS 
sociated whereby continuous oscillations are set 
up, a source of relatively low frequency control 
ling potentials, and non-linear means coupling 
said last mentioned source to One of the elec 
trodes of said electron discharge device whereby 
the oscillations generated by said device vary 
linearly in frequency in accordance with the 
amplitude of the controlling potentials. 

6. In combination, an oscillation generator 
Comprising a vacuum tube having an anode a 
cathode and a grid, said oscillation generator 
normally varying non-linearly in frequency with 
varying potentials applied to One of the elec 
trodes of Said tube, a Source of control poten 
tials, and means, having a non-linear character 
istic coupling said Source to One of Said elec 
trodes whereby the oscillations generated by 
said device varying linearly in accordance with 
the amplitude of potentials supplied from said 
SOLIrCe, 

7. In combination, an oscillation generator 
comprising an electron discharge device having 
an anode a cathode and a grid, said device pro 
ducing Oscillations varying non-linearly in fre 
quency in accordance with the unidirectional 
potential applied to said grid, a source of audio 
frequency potentials, and non-linear means 
coupling said source to said grid whereby said 
generator produces oscillations varying linearly 
in frequency in accordance with the amplitude 
of potentials. 

8. In apparatus of the character described, an 
Oscillation generator comprising an electron dis 
charge device having within an evacuated con 
tainer an anode a cathode and a grid, a fre 
quency controlling crystal connected between 
Said grid and said cathode, said OScillation gen 
erator varying in frequency non-uniformly with 
variations in grid polarizing potential, a source 
of audio frequency potentials, and means for 
polarizing said grid from said source, said last 
mentioned means comprising a resistor in which 
the flow of current caused by applied potential 
is not truly characteristic of said applied po 
tential and a Soruce of potential in series, 
whereby the audio frequency controlling poten 
tials are so altered in shape that the voltage 
On the grid of said oscillator is varied in such a 
way as to cause said oscillator to vary in fre 
quency in a uniform fashion with respect to the 

amplitude of the audio frequency controlling 
potentials. 

9. In a system for producing alternating cur 
rent of a frequency which varies linearly in ac 
cordance with controlling modulating potentials, 
a thermionic oscillation generator of the con 
Stant frequency type including a thermionic tube 
having electrodes coupled in frequency deter 
mining circuits, an impedance energized by said 
modulating potentials, a connection between an 
electrode of said oscillation generator and said 
impedance, and a resistance, the drop of poten 
tial through which varies non-linearly as the 
applied potential connected with said first named 
impedance. 

10. In a system for producing alternating cur 
rent of a frequency which varies in accordance 
with a controlling modulating frequency, a ther 
mionic oscillation generator of the constant fre 
quency type including a thermionic tube having 
anode, cathode and control grid eiectrodes con 
nected in Oscillation generating circuits and a 
piezo-electric crystal frequency determining elle 
ment in one of said circuits, a source of modu 
lating potentials, an impedance connected with 
Said source of modulating potentials, a connec 
tion between the control grid of said oscillation 
generator and said impedance, and a resistance, 
the drop of potential through which varies non 
linearly as the applied potential connected in 
series with said first named impedance and wit 
a source of potential. 

11. In a system for producing alternating cur 
rent of a frequency which varies in accordance 
With a controlling modulating frequency, a ther 
monic Oscillation generator of the constant fre 
quency type including a thermionic tube having 
a control grid, an anode and a Cathode con 
nected in Oscillation producing and frequency 
determining circuits, one of which includes a 
piezo-electric crystal frequency determiningele 
ment, a source of modulating-potentials, an im 
pedance connected with Said source of modulat 
ing potentials to be energized thereby, a connec 
tion between the control grid of said oscillation 
generator and said impedance, said connection 
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including an inductance and a resistance, the . 
drop of potential through, which varies non 
linearly with respect to the applied potential con 
nected with said first named impedance and with 
a source of potential. 

12. In combination an Oscillation generator 
comprising an electron discharge device having 
an anode, a cathode and a grid, said device nor 
mally producing Oscillations varying non-linear 
ly in frequency in accordance with unidirectional 

50 

55, 
modulating potentials applied to said grid from 
a source of modulating potentials, and non 
linear means coupling said source to said grid, 
whereby said generator produces oscillations 
varying non-linearly in frequency in accordance 
with the amplitude of the modulating potentials 
comprising, a resistance, the drop of potential 
through which is non-linear with respect to 
voltages applied to the terminals thereof, induc 
tive means coupling said resistance to the con 
trol grid of said electron discharge device, an 
impedance connected in parallel with said re 
sistance, and a circuit connecting said source of 
modulating potentials to said impedance. 

13. In combination, an oscillation generator 
comprising an electron discharge device having 
an anode, a cathode and grid electrodes, said elec 
trodes being coupled in oscillation producing cir 
cuits, said circuits including a device for nor 
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mally insuring the production of oscillations of 
constant frequency, and means for varying the 
frequency of the Oscillations produced in said 
device and circuits linearly with respect to mod 
ulating potentials comprising, an inductance and 
a distorting resistance and an impedance con 
nected in series between the control grid and 
Cathode of said tube by Way of a source of po 
tentialis, and a circuit for applying Said modu 
lating potentials to said impedance. 

14. In combination, an Oscillation generator 
comprising, an electron discharge device having 
an anode, a cathode and a grid electrode, said 
electrodes being connected in Oscillation produc 
ing circuits, said circuits itncluding means to 
normally insure the production of Oscillations 
Of constant frequency, and means. for varying 
the frequency of the oscillations produced in said 
device and circuits linearly with respect to mod 
ulating potentials comprising, a distorting re 
sistance and an inductance Connected in Series 
between the control grid and cathode of said 
tube, and means for coupling said source of 

8,054,481 
modulating potentials in parallel with said dis 
torting resistance. 

15. In combination, an oscillation generator 
comprising an electron discharge device having 
an anode, a cathode and a grid, said device nor 
mally producing oscillations varying non-linearly 
in frequency in accordance with unidirectional 
modulating potentials applied to said grid from 
a source of modulating potentials, and non 
linear means coupling said source to said grid, 
whereby said generator produces oscillations 
varying linearly in frequency in accordance with 
the amplitude of the modulating potentials com 
prising, a resistance, the drop of potential 
through which is non-linear with respect to vol 
tages applied to the terminals thereof, a second 
resistance and an inductance coupling said first 
resistance to the control grid of said electron dis 
charge device, an impedance connected in paral 
lel with said resistances and a circuit connecting 
Said Source of modulating potentials to said im 
pedance. 
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