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1. 
My present invention relates to systems for 

reproducing sound waves, and more particularly 
to systems employing frequency modulated sig 
nals for producing audio frequency waves. 
In the past, it has generally been proposed to 

reproduce recorded sound waves, such as phono 
graph records, by translating the record impres 
sion into a reactance variation, the reactance 
variation being employed to modulate a high 
frequency oscillator. The modulated high fre 
quency oscillations have been demodulated, and 
the resulting modulation energy has been repro 
duced. More specifically it has been proposed 
to utilize, in connection with a phonograph 
record, a pickup device of the electrostatic type, 
variations in magnitude of the capacity being 
employed to vary the frequency of the high fre 
quency oscillator in accordance with the modu 
lation amplitude. The frequency modulated 
Wave energy has been converted into correspond 
ing amplitude modulated Wave energy, and the 
latter has been rectified so as to permit repro 
duction of the original modulation signals. 

In these systems of the prior art various dis 
advantages and defects have become manifest. 
The ideal type of reproducing system of the fre 
quency modulation type should be highly sensi 
tive, of high fidelity, and yet compact and eco 
nomical. In reproducing audio frequencies up 
to 10,000 or 12,000 cycles without the introduc 
tion of objectionable surface noise, there are 
various factors that must be considered. The 
design of the pickup is very important. Gen 
erally, it can be stated that a phonograph pickup 
suitable for a high fidelity system should provide 
a frequency response throughout the usual audio 
frequency range, which is proportional to either 
the amplitude or the velocity of the modulation 
in the record groove. The sensitivity of the 
pickup should be such that the amplification re 
quired between the pickup and the loud speaker 
is not so great as to introduce serious micro 
phonic difficulties. 

It may be stated to be one of the main ob 
jects of my present invention to provide a fre 
quency modulation network for use with a simple 
specially designed pickup, which is adapted to 
reproduce lateral cut records, there being pro 
vided a frequency modulated signal which has 
sufficient frequency deviation to provide a rel 
atively high audio frequency output when ap 
plied to a simple and economical type of fre 
quency discriminator and rectifier. 

It is an important object of this invention to 
provide a frequency modulation network for a 
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capacity pickup device of the ribbon type; the 
frequency modulation network being character 
ized by its ability to produce a relatively high 
audio frequency output in an economical man 
ner; the frequency modulation network consist 
ing of a tube which has a section thereof func 
tioning as a high frequency oscillator of essen 
tially constant amplitude and whose frequency 
is deviated by capacity variations in the capacity 
pickup, and there being developed in the plate 
circuit of the tube frequency modulated oscil 
lations which are subsequently converted into 
audio modulation signals corresponding to the 
originally recorded audio signals. 
Another object of this invention is to provide 

a frequency modulation system which can be 
generally employed for any source of audio en 
ergy which is utilized in conjunction with a re 
actance device, whereby the audio energy is con 
verted into reactance variations; the reactance 
variations being transformed into high fre 
quency oscillator frequency variations, and a 
simple resonant circuit being used as the means 
for converting the oscillator frequency varia 
tions into changes in the amplitude of signals 
to be applied to a simple diode. 

Still another object of my invention is to pro 
vide a relatively inexpensive and highly sensitive 
device for reproducing phonograph records, 
wherein there is provided an oscillator tube 
which provides electronic coupling between a 
frequency modulation oscillator section and a 
simple discriminator circuit arranged in the out 
put circuit of the oscillator tube. 
Yet other objects of my invention are to pro 

wide phonograph record reproducing systems 
wherein one or more elements of the reproducing 
circuits may be located upon the tone arm of 
the phonograph. 

Still other objects of my invention are to im 
prove generally the simplicity, efficiency and re 
liability of recorded sound wave reproducing sys 
tems, and more especially to provide a frequency 
modulation reproducer for sound records which 
is not only capable of producing high fidelity 
reproduction substantially free of surface noises, 
but which secures such reproduction in a highly 
economical manner. 
The novel features which I believe to be char 

acteristic of my invention are set forth with 
particularity in the appended claims; the inven 
tion itself, however, as to both its organization 
and method of operation will best be understood 
by reference to the following description taken 
in connection with the drawing in which I have 
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indicated diagrammatically several circuit Organ 
izations whereby my invention may be carried 
into effect. 
In the drawing: 
Fig. 1 shows a circuit embodying the inven 

tion, 
Fig. 2 shows the resonance curve of the dis. 

criminator circuit, 
Fig. 3 shows the tone arm with all the ele 

ments of the circuit of Fig. mounted on the 
tone arm, 

Fig. 4 illustrates a modified form of construe 
tion wherein solely the oscillator tube is mounted 
on the tone arm, 

Fig. 5 shows the circuit diagram of the modi. 
fication shown in Fig. 4. 

Referring, now, to the accompanying drawings, 
Wherein like reference characters in the yarious 
figures designate similar circuit elements, there 
is shown in Fig. 1 a, circuit diagram of a preferred 
form of the invention. By way of example, the 
invention is shown applied to a capacity pickup 
device. The latter is to be understood as being 
adapted for cooperation with a phonograph 
record of the usual type. The pickup generally 
Comprises a fixed electrode spaced from a nov 
able electrode 2. The spaced electrodes and 2 
provide a condenser whose capacity varies in ac 
cordance with the motion of a stylus secured to 
the mobile electrode. The pickup is schematically 
represented. It is not a part of this invention, 
and reference is made to my application Serial 
No. 414,305, filed October 9, 1941, now Patent 
No. 2,376,456, granted May 22, 1945, for a com 
piete disclosure of the manner of constructing 
the pickup device. -- 
The electrode may be an insulated brass 

plate mounted on a metal frame, and the piate 
acts as the high potential side of the pickup. To 
the metal frame may be secured a thin metal 
ribbon, the latter may be in a plane parallel to 
the electrode . The ribbon is placed under 
tension in order to increase the natural resonance 
frequency of the pickup. Preferably, the natural 
frequency is above 10,000 cycles. Displacement 
of the stylus laterally, as when running through 
the record grooves, results in a change in the 
position of the ribbon with respect to the fixed 
electrode. 
The ribbon, or mobile, electrode 2 is the low 

potential side of the pickup. If desired, the 
nobile electrode could be the high potential side 
of the pickup device. Displacement of electrode 2 
causes a change in the capacitance of the pickup. 
A Coaxial cable is employed to couple the pick 
up to the input electrode 3 of oscillator tube 4. 
The cable may be a high impedance line. The 
tube 4 is a tube of the 6SA7 type; it has a cathode 
5, a plate 6 and five control grids arranged sue 
cessively in the electron stream to the plate. 
Control grid 3 acts as the oscillator input grid. 
The second, third and fourth grids are tied to 
gether; they are designated by the numeral 
since they effectively function as a single elec 
trode. The electrode 7 acts as the Oscillator 

iode. Suppressor grid 8 is grounded inside the 
tube envelope. Electrodes and 8 function to 
diminish any tendency for capacitive coupling be 
tween the oscillator and the output. 
The coaxial cable has its grounded sheath 9 

Connected to the mobile electrode 2, while the 
axial conductor f) connects the fixed electrode 
to the high alternating potential side of the coil 

. The latter is preferably of the powdered-iron 
core type. The cathode 5 is returned to an inter 
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4 
mediate point on coil f, the latter point being 
any desired point above the grounded end of the 
coil which will produce high frequency oscilla 
tions. The adjustable, powdered-iron core of the 
coil is conventionally represented. The grid 3 is 
connected to the axial conductor 0 by Con 
denser f2, and resistor 3 returns the grid to 
grotind. 
The coil is resonated to a desired, mean 

frequency Fc by the combined normal capacity 
of the pickup and the distributed capacity of the 
coaxial line. Merely by way of example, Fe may 
be given a value of 30 megacycles (inc.). It is to 
be understood that when the stylus is in its 
normal position, then the oscillator tuned circuit 
has the value Fe. Capacitance Variations of the 
pickup, are translated into frequency variations of 
the constant amplitude, high frequency oscil 
lations produced by oscillator 5-3-7. The 
anode is connected to a source (--B) of direct 
current through the resistors 4 and 5; the 
condenser 6 bypasses the upper end of resistor 4 
for high frequency currents. In place of the 
pentagrid tube there may be used a 6J type of 
tube. In the latter, a pentode, only a single Screen 
grid is employed between control grid and sup 
pressor grid. 
The natural period of the pickup ?-2 may aid 

in the production of high audio frequency gain. 
By using a period above 10,000 cycles the audio 
gain of the system may be highly improved, while 
the circuit elements are kept relatively inexpen 
sive. To increase the radio frequency gain, the 
Oscillator section of the tube 4 is electron-coupled 
to the plate circuit. Frequency modulation of the 
oscillations is produced by virtue of the varia 
tions in capacity of the oscillator tank circuit. 
The recorded sound waves are converted into 

capacity variations by the pickup device. Hence, 
the latter variations act to vary the frequency of 
the high frequency oscillations in accordance 
with the amplitude of the recorded sound waves, 
The rate of frequency deviation is a function of 
the audio frequencies per se. The extent of fre 
quency deviation, or swing, is dependent upon 
the audio amplitude. The maximum deviation 
may be as high as 15 kilocycles (kc.) to either 
side of Fe, the center frequency. Of course, the 
deviation may vary depending on the value of the 
chosen mean frequency. The generic eXpression 
“angular velocity-modulated' is used herein to 
designate that the modulation of the high fre 
cency oscillations may be either frequency or 
phase, The latter type of modulation differs only 
in that the rate of deviation for higher audio fre 
quencies is greater. Furthermore, it is to be 
clearly understood that this circuit is equally 
applicable to any desired type of audio frequency 
energy source. For example, a microphone 
pickup may replace the phonograph pickup. 
Further, the microphone may be one used in 
hearing-aid apparatus, public address systems, 
binaural systems and the like. There are many 
other applications such as pressure devices, liquid 
height measuring devices, elongation measure 
ment, vibration measurement, etc. in which the 
invention may be incorporated. 
Those skilled in the art are fully acquainted 

with the phenomenon of electron coupling be 
tween an oscillator Section of a tube and a more 
remote positive electrode thereof. It is believed 
Sufficient for the purpose of this application to 
point out that the circuit connected to plate 6 has 
produced therein the frequency modulated oscil 
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lations by virtue of electron coupling between the 
oscillator Section of tube 4 and plate 6. A rela 
tively simple and inexpensive type of discrimi 
nator circuit is provided to transform the fre 
quency modulated oscillations into corresponding 
amplitude modulated oscillations. During this 
transformation process the frequency deviation 
of the frequency modulated wave energy is trans 
lated into corresponding amplitude modulated 
waves. This discrimination action is well known. 
The discriminator circuit comprises the powdered 
iron core coil 7 connected in shunt with conden 
ser 8. The high alternating potential side of cir 
cuit 7-8 is connected to plate 6. The lower end 
of coil 7 is connected by resistor 9 to the junc 
tion of resistors 4 and 5. The junction of re 
Sistors 4 and 5 is bypassed to ground for high 
frequency currents by condenser 29, and conden 
Ser 2 connects the low potential side of coil 7 
to ground for high frequency currents. 
The discriminator circuit 7-8 is mistuned 

with respect to Fe. In other words, and referring 
to Fig. 2, the peak resonance frequency of circuit 
fl-8 may be higher than the frequency Fe of 
the oscillator tank circuit. Fig. 2 shows that F 
may be located along the slope of either flank of 
the resonance curve of discriminator circuit 
7-8. Preferably, it is desirable to adjust the 

iron core of coil 7 so that the resonant frequency 
of the discriminator circuit is such that the mean 
Oscillator frequency falls at approximately the 
70% response point on one side of the selectivity 
characteristic shown in Fig. 2. Hence, the subse 
quent rectifier will have an input circuit whose 
operating point is along a linear portion of a sin 
gle-peak resonance curve. It will be recognized 
that such operation results in translation of the 
frequency modulated wave energy into corre 
Sponding amplitude modulated wave energy. 

It is desirable, of course, that the selectivity 
characteristic, or the 'Q' of the circuit, be so 
chosen that the slopes of the resonance curve are 
as linear as possible. Rectification of the ampli 
tude modulated wave energy is effected by a sim 
ple diode circuit. To secure further economy of 
elements with high audio gain, there is employed 
a diode-triode of the 6R7 type. The numeral 22 
designates such a tube. The latter comprises a 
cathode 23. an anode 24, control grid 25 and a 
plate 26. The anode 24 and cathode 23 function 
as the rectifier diode. The anode 24 is connected 
to its cathode through a series path comprising 
a radio frequency choke coil 27 and load resistor 
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that with this type of system the general hum level 
is acceptable, and microphonics are reduced to a 
very low value. Needle noise is substantially elim 
inated, and reproduction of the recorded sound 
Waves, whether music or speech, is of extremely 
high fidelity. It is also pointed out that the tubes 
4 and 22 employed herein are of commercially 
available types, and are relatively inexpensive. 
Indeed, it can be stated that the cost of manufac 
ture of the present reproducing system is many 
times less than that of the conventional record 
reproducers able to approach the high fidelity of 
reproduction of the present system. 
There are advantages in mounting the various 

circuit components upon the tone arm of the 
phonograph, and in close proximity to the pickup 
device. In Fig. 3 I have shown one manner of 
mounting the circuit components on the tone arm. 
It is not believed necessary to describe Fig. 3 in 
detail, since it is self-explanatory. Each of the 
corresponding circuit components of Fig. 1 has 
been appropriately labeled. The pickup device 
and its attachment are not shown in the figure, 
since such feature is not a part of the preesnt in 
vention. Reference is made to my aforesaid ap 
plication for Such details. However, it will be ob 
Served that it is possible to mount all the circuit 
components upon the tone arm, and in that way it 
is possible to economize on space in the apparatus. 
Where it is not desirable to locate the circuit 

components as shown in Fig. 3, it may still be de 
sirable to mount the oscillator tube directly on 
the tone arm. For example, a construction as 
shown in Fig. 4 may give relatively greater free 
dom from extraneous noises. Furthermore, in 
creased stability may also be secured by locating 
only the pickup device and the oscillator tube on 
the tone arm. It is not believed necessary to de 
Scribe the construction of Fig. 4 in detail, since the 
figure is self-explanatory with reference to Fig. 5. 

In Fig. 5 I have shown the circuit which Would 
be employed with a tone arm arrangement such as 
shown in Fig. 4. Generally, the circuit elements 
of Fig. 5, which are similar to those of Fig. 1, bear 

it corresponding numerals. The essential feature of 

28, and across the resistor there is developed the 
modulation voltage. 
nected from the lower end of coil 27 to ground, 
and bypasses all high frequency components. The 
condenser 39 couples the upper end of coil 27 to 
the high potential side of the discriminator cir 
cuit, -8. 
The audio modulation voltage, which is devel 

oped across resistor 28, is amplified in the triode 
Section of tube 22. This is accomplished by con 
necting grid 25 to the anode end of resistor 28 
through coupling condenser 3, resistor 32 con 
necting the grid 25 to the grounded end of the 
cathode biasing resistor 33. The plate 26 may be 
connected through the output load resistor 34 to 
the junction of resistors 4 and 5. In this way 
there is Secured a considerable increase in audio 
voltage, and the amplified audio voltage signals 
developed across resistor 34 are transmitted to a 
Subsequent utilization network. The latter may 
comprise additional stages of audio amplification 
followed by a proper reproducer. It is pointed out 

The condenser 29 is con 3 
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Fig. 5 is the utilization of a low impedance line 
for connecting the tuned plate circuit of tube 4 
to the discriminator circuit which is mounted on 
the amplifier chassis. The high impedance con 
nection in Fig. 4 is shown running through suc 
cessive damping blocks made of resilient insula 
tion material. The oscillator tube projects far 
enough to permit removal without having to take 
the cover off. 

Considering Fig. 5 more specifically, the os 
cillator coil is tuned by the capacity of pick 
up 2-f to the center frequency Fo. It will be 
understood that in this case the coaxial cable 
9-fo is not employed. The plate coil 7 is of 
the powdered-iron core type. The distributed 
capacity of coil 7 is used to resonate the coil 
to the proper frequency. It would also be pos 
sible to resonate this circuit by lumped capacity. 
The iron core is adjusted so that the coil is 
tuned to Fc. The rectifier-audio amplifier tube 
22 has its diode rectifier electrodes coupled with 
the discriminator coil 4). This coil is tuned by 
its distributed capacity. Again, a lumped ca 
pacity could be used in addition to distributed 
capacity. The iron core is adjusted so that the 
mean frequency Fe is located as shown in Fig. 
2. The audio voltage developed across load re 
sistor 28 is amplified in the triode section of 
tube 22. The low impedance line 50 couples coils 
7' and 40. 
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The low in pedance transmission line. 50 may 
comprise a pair of twisted wires. The terminal 
coil at each end of the line 50 is coupled to the 
respective coils f and 40, and one of the leads 
adjacent to these terminal coils is grounded at 
each end. The plate and oscillator anode elec 
trodes of tube 4 are connected to the --B Volt 
age terminal of the direct current energizing 
source. It will be noted that the positive voltage 
line S8 runs along the tone arm, then parallel to 
the low impedance line, and then into the ami 
plifier housing a 0. Similarly, the heater line 
80 for tube 4 runs along the tone arm, then par 
allel to lines 50 and 60, and then into the am 
plifier housing 0. The dotted line rectangle 90 
designates the tone arm, while the dotted line 
rectangle to denotes the amplifier housing. 
Comparison between Figs. 4 and 5 will readily 
show the manner in which the various ener 
gizing connections are made from the tone arm 
to the amplifier housing. These figures, also, 
show the general location of the low impedance 
line, 
By the term “low impedance' line is meant 

a line whose impedance is low compared to the 
high impedance line shown connected between 
the pickup unit and the oscillator tube input 
grid. It is advantageous to use the low in 
pedance twisted pair of wires 5), because the line 
may be located and positioned in any desired 
way (as in Fig. 4) without causing reflection 
along itself. If the line 50 were of a high in 
pedance, as in the case of the line running from 
the pickup, then it would have to be carefully 
protected. The tubing support of the tone arm 
would have to be designed for it. 
Comparing the circuit of Fig. 5 with that of 

Fig. 1, it will be noted that in Fig. 5 the Oscil 
lator plate circuit has frequency modulated os 
cillations developed across the resonant coil fl' 
by virtue of electron coupling from the oscillator 
section of the tube to its plate circuit. Dis 
crimination is obtained by mistuning resonant coil 
4 in the diode circuit. In Fig. i the mistuned 
discriminator circuit 7-8 is located directly 
in the oscillator plate circuit. It is to be clearly 
understood that it is within the scope of my 
present invention to remove from the tone arm 
all of the circuit components, except the pickup 
device. In other words, and referring to the 
circuit of Fig. 1, all the circuit components shown 
in the latter may be mounted within a common 
housing, while the capacity pickup device -2 is 
mounted directly On the tone arm. 
While I have indicated and described. Several 

systems for carrying my invention into effect, 
it will be apparent to one skilled in the art that 
my invention is by no means limited to the par 
ticular organizations shown and described, but 
that many modifications may be made without 
departing from the scope of my invention. 
What I claim is: 
1. In combination with a variable capacity 

pickup device for reproducing phonograph rec 
ords, an oscillator tube provided with electrodes 
forming an oscillator section; a resonant circuit 
tuned to a high predetermined mean frequency 
coupled to said oscillator electrodes for gener 
ating high frequency oscillations, said pickup 
device being connected as part of Said resonant 
circuit whereby variations in pickup capacitance 
result in frequency modulation of the high fre 
quency oscillations about said mean frequency; 
said tube including a positive output electrode 
which is electron coupled to said oscillator sec 

O 

45 

50 

55 

60 

65 

70 

75 

8 
tion; a resonant discriminator circuit connected 
to said positive output electrode, said discrimina 
tor circuit having frequency response character 
istics exhibiting a maximum and sloping away 
on both sides of said maximum; Said mean fre 
quency lying at an intermediate portion of one 
of said sloping sides; and a rectifier connected 
directly across said discriminator circuit. 

2. In combination with a variable capacity 
pickup device for reproducing phonograph rec 
ords, a space discharge tube provided With elec 
trodes forming an oscillator section; a resonant 
circuit tuned to a predetermined mean frequency 
coupled to said oscillator electrodes for generating 
high frequency oscillations, said pick-up device 
being connected as part of said resonant circuit 
whereby variations in pickup capacitance result 
in frequency modulation of the high frequency 
oscillations about said means frequency; Said 
tube including a positive output electrode which 
is electron coupled to said oscillator Section; a 
resonant discriminator circuit connected to said 
positive output electrode, said discriminator cir 
cuit having frequency response characteristics 
exhibiting a maximum and sloping away on both 
sides of said maximum; said mean frequency lying 
at an intermediate portion of one of Said sloping 
sides; and a rectifier tube coupled to Said dis 
criminator circuit; said tubes, pickup device and 
resonant circuits being held on a phonograph 
tone arm. 

3. In combination, a phonograph tone arm pro 
vided with a variable reactance phonograph pick 
up device; a space discharge tube provided with 
an oscillator section and a positive output elec 
trode, said pickup device being connected as part 
of an oscillator network to said OScillator Section 
to provide angular velocity-modulated oscillations 
which have a predetermined mean frequency; 
a resonant circuit coupled to said output elec 
trode and tuned to said mean frequency; electron 
coupling with said oscillator Section through said 
space discharge tube, to develop amplified angul 
lar velocity-modulated oscillations in Said res 
onant circuit; a line linking said output resonant 
circuit with another resonant circuit tuned to a 
frequency substantially different from said mean 
frequency to function as a discriminator circuit; 
and a rectifier connected to said discriminator 
circuit; said oscillator tube being mounted on the 
tone arm. 

4. In combination, a space discharge tube pro 
vided with an Oscillator section and a positive 
plate electrode; a variable capacity pickup con 
nected as part of an oscillator network to said 
Oscillator section to provide frequency-modul 
lated oscillations which have a predetermined 
mean frequency; a resonant circuit coupled to 
said plate electrode for electron coupling with 
said oscillator section through said space dis 
charge tube to develop said modulated oscilla 
tions in said resonant circuit; said resonant cir 
cuit being tuned to a frequency sufficiently dif 
ferent from said mean frequency to function as 
a discriminator circuit; and means coupled to 
said discriminator resonant circuit for rectifying 
amplitude modulated wave energy appearing 
across the discriminator circuit. 

5. In combination with a variable capacity 
pickup device for reproducing phonograph rec 
ords, a Space discharge tube provided with elec 
trodes forming an Oscillator section; a resonant 
circuit tuned to a predetermined mean frequency 
coupled to said oscillator electrodes for generating 
high frequency oscillations; said pickup device 
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forming part of said oscillation resonant circuit 
whereby variations in pickup capacitance result 
in frequency modulation of the high frequency 
Oscillations; a discriminator consisting of solely a 
passive resonant network; means providing elec 
tron coupling between the discriminator network 
and Said oscillator Section, said discriminator net 
Work having frequency response characteristics 
exhibiting a maximum and sloping away on both 
Sides of said maximum; said mean frequency 
lying at an intermediate portion of one of said 
sloping sides; and a rectifier coupled to said dis 
Criminator network. 

6. In combination with a variable capacity 
pickup device for reproducing phonograph rec 
Ords, a Space discharge tube provided with elec 
trodes forming an oscillator section; a resonant 
circuit tuned to a high predetermined mean fre 
quency coupled to said oscillator electrodes for 
generating high frequency oscillations; said pick 
up device forming part of said oscillation res 
onant circuit whereby variations in pickup capac 
itance result in frequency modulation of the high 
frequency oscillations, said tube including a posi 
tive output electrode electron coupled to said 
Oscillator Section; a sloping filter discriminator 
circuit connected to said positive output elec 
trode, Said mean frequency lying at an interme 
diate portion of the slope of said filter; and recti 
fier means coupled to said discriminator circuit. 

7. In combination with a variable capacity 
pickup device for reproducing phonograph rec 
ords, a Space discharge tube provided with elec 
trodes forming an oscillator section; a resonant 
circuit tuned to a high predetermined mean fre 
Cuency coupled to said oscillator electrodes to 
provide high frequency oscillations, a high im 
pedance line connecting said pickup device in 
Said resonant circuit whereby variations in pick 
up capacitance result in frequency modulation 
of the high frequency oscillations; said tube in 
cluding a positive output electrode electron 
Coupled to Said oscillator section; a discriminator 
circuit, a relatively low impedance line coupling 
Said positive output electrode to the discriminator 
circuit; said discriminator circuit having fre 
quency response characteristics exhibiting a max 
imum and sloping away on both sides of said 
maximum; Said mean frequency lying at an inter 
mediate portion of one of the sloping sides; and 
rectifier means coupled to said discriminator 
circuit. 

8. In combination with a variable capacity 
pickup device for reproducing phonograph rec 
ords, a Space discharge tube provided with elec 
trodes forming a high frequency oscillator; a 
resonant circuit tuned to a high predetermined 
mean frequency coupled to said oscillator elec 
trodes to provide high frequency oscillations; said 
pickup device being coupled by a high impedance 
line to form part of said resonant circuit whereby 
variations in capacitance result in frequency 
modulation of the high frequency oscillations; 
Said tube including a positive output electrode 
electron coupled to said oscillator; a discriminator 
circuit connected to said output electrode, said 
discriminator circuit having frequency response 
characteristics exhibiting a maximum and slop 
ing away on both sides of said maximum; said 
mean frequency lying at an intermediate portion 
of One of the sloping sides; a diode rectifier 
coupled to Said discriminator circuit; and a rela 
tively low impedance line coupling said positive 
putput electrode to said discriminator circuit, 
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9. A system for reproducing signals from a red 

Ord Wherein Said signals are recorded as undula 
tory impreSSions, in the record, Comprising: 
means for producing OSciilatory Waves of a pre 
deternined high mean frequency; a variable ca 
pacity pickup. device having a stylus adapted to 
Vibrate in response to said record impressions to 
thereby produce variations in pickup capacitance 
representative of Said signals; means for fre 
quency nodulating said high frequency Waves in 
response to Said capacitance variations; a pas 
Sive frequency discriminator network coupled to 
Said Wave producing means for translating the 
frequency modulated Waves into corresponding 
ainplitude modulated waves of like mean fre 
tuency; means providing electron coupling be 
tWeen said. Wave producing means and said pas 
Sive discriminator network; and means for de 
riving iron Said amplitude modulated waves sig 
inals corresponding to Said desired modulation 
Signals. 

10. A System for reproducing signals from a 
record wherein Said signals are recorded as un 
dulatory impressions in the record, comprising: 
means for producing Oscillatory Waves of a pre 
determined high mean frequency; a variable ca 
pacity pickup device having a stylus adapted to 
Vibrate in response to said record impressions to 
thereby produce variations in pickup capacitance 
representative of Said signals; means for fre 
quency modulating Said high frequency Waves in 
response to Said capacitance variations; a pas 
Sive frequency discriminator network coupled to 
Said wave producing means for translating the 
frequency modulated waves into corresponding 
amplitude modulated waves of like mean fre 
quency; means providing electron coupling be 
tween Said Wave producing means and said pas 
sive discriminator network; and means for de 
riving from Said amplitude modulated waves sig 
nails corresponding to said desired modulation 
Signals, said oscillatory waves having a mean fre 
quency of the Order of 30 megacycles per second, 
and Said frequency modulating means causing the 
OScillatory waves to be deviated in frequency up 
to 15-kilocycles per Second to either side of said 
near frequency. 

il. A System for reproducing signals in the 
form of undulatory impressions on a record, com 
prising: means for producing oscillatory waves 
of a predetermined high mean frequency; a vari 
able capacity pickup device having a stylus 
adapted to vibrate in response to said record im 
pressions to thereby produce variations in pickup 
capacitance representative of said signals; means 
for frequency modulating said high frequency 
Waves in response to Said capacitance variations; 
a passive frequency discriminator network cou 
pied to Said wave producing means for translat 
ing the frequency modulated waves into corre 
Sponding "amplitude modulated waves of like 
mean frequency; means providing electron cou 
pling between said wave producing means and 
Said passive discriminator, network; means for 
deriving from Said amplitude modulated waves 
Signals corresponding to said desired modulation 
signals and a tone arm supporting said pickup de 
Vice and at least said oscillatory wave producing 
ea.S. . . 

12. In combination with a reactance pickup 
device for Sound records, an electron discharge 
tube provided with a cathode, control grid and 
positive electrode cooperating to function as an 
Oscillator Section, an additional positive electrode 
in Said tube functioning as an output electrode, 
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a resonant circuit coupled to the oscillator sec 
tion electrodes, said resonant circuit being tuned 
to a predetermined high frequency, means con 
necting Said pickup device to said resonant cir 
cuit whereby variations in pickup reactance re 
Sult in frequency modulation of Oscillations pro 
duced by said oscillator section, a resonant out 
put circuit connected to Said positive output elec 
trode, said oscillator section being electron cou 
pled to said positive output electrode whereby 
Said frequency modulated OScillations are applied 
in amplified form to the output electrode circuit. 

13. In combination with a reactance pickup de 
vice for Sound records, an electron discharge tube 
provided with a plurality of electrodes forming is 
an OScillator Section, a resonant circuit tuned to 
a predetermined high frequency coupled to said 
oscillator electrodes, said pickup device being 
connected to said resonant circuit whereby war 
iations in pickup reactance result in frequency , 
nodulation of high frequency OScillations, said 
tube including a positive output electrode which 
is electron coupled to Said OScillator Section, a 
discriminator circuit connected to said positive 
Output electrode, said discriminator circuit being 
tuned to the peak frequency of a resonance curve, 
said predetermined high frequency lying at an 
intermediate portion of one of the slopes of said 
resonance curve, and a rectifier coupled to said 
discriminator circuit. 

14. In a signal vibration reproducing System: 
an electron coupled Oscillator, including an elec 
tron emissive cathode electrode, an electron col 
lecting electrode, and electron flow controlling 
means including at least one electrode grid be 
tween the cathode and the collecting electrode; 
Oscillation Supply means including an oscillation 
frequency controlling resonant circuit having 
variable reactance pick-up structure connected 
for responding to vibrational signal variations 
by correspondingly varying its reactance and the 
tuning of the resonant circuit in accordance with 
Said Signal variations to produce variable fre 
quency OScillations in which the frequency vil 
bration correspond to signal variations; and out 
put means connected to the electron collecting 
electrode for utilizing the amplified variable fre 
quency oscillations developed through the elec 
tron coupling between the oscillation supply 
means and the electron collecting electrode; said 
output means including demodulating means for 
deriving the signal variations from the variable 
frequency oscillations. 

15. The combination as defined by claim 14 in 
Which the resonant circuit is directly coupled to 
the electrode grid; the demodulating means is in 
the form of resonant sloping filter means tuned 
to a frequency different from the mean frequency 
of the OScillations; and the electron flow control 
ling means includes at least one additional elec 
trode grid between the collecting electrode and 
the grid coupled to the resonant circuit, said ad 
ditional grid being connected for improving the 
passage of electrons through the grids to the col 
lecting electrode and diminishing the capactive 
Coupling between adjacent tube elements. 

16. The combination as defined by claim 15 in 
which four electrode grids are positioned between 
the collecting electrode and the grid coupled to 
the resonant circuit, and said four grids are all 
Connected for diminishing the capactive coupling 
between the collecting electrode and the grid 
coupled to the resonant circuit, 

17. The combination as defined by claim 14 in 
which the demodulating means includes sloping 
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filter elements coupled to produce variable ami 
plitudes of response in accordance with variations 
in output signal frequency. 

18. The combination as defined by claim 14 in 
Which the output means include high impedance 
oscillation transfer elements and a coupling line 
having a low impedance with respect to the high 
-impedance elements, coupling the collecting elec 
trode...to the demodulating means. 

19. The combination as defined by claim 14 in 
cluding a novable tone arm holding the pick-up 
Structure, the pickup structure having of the 
undulatingly grooved record reproducing type in 
cluding a Stylus for guiding the structure along 
the grooves of the record to vary the pickup re 
actance in accordance with groove undulations; 
at least part of the balance of said reproducing 
System being also held on said arm. 

20. In a phonograph record reproducing sys 
tem for reproducing signals recorded as undula 
tory grooves on a solid record: a movable tone 
arm carrying variably reactive pickup elements 
including a guide Stylus for guiding the pickup 
elerilentS along the grooves and moving the tone 
arrn accordingly; transducing means including 
high-frequency oscillation generating structure 
for developing frequency modulated electric 
Waves in which the frequency modulations corre 
Sponds to the signal undulations; and demodulat 
ing means for deriving electrical signals corre 
Sponding to the record signals from the fre 
quency modulated electric waves; said oscillation 
generating structure being held by said movable 
tone arm relatively fixed and in relatively close 

21. In a signal vibration reproducing system: 
an amplifying electron discharge tube including 
an electron emissive cathode, an electron collect 
ing electrode, and electron flow controlling means 
for electrically influencing the movement of elec 
trons from the cathode to the collecting electrode 
where they deliver currents corresponding to am 
plification of the electrical flow controlling in 
fiuences; said flow controlling means including at 
least one electrode grid between the cathode and 
the collecting electrode; oscillation supply means 
comprising resonant circuit elements, including 
inductance and capacitance, coupled with said 
flow controlling means for producing frequency 
modulated oscillations corresponding to the sig 
nal vibrations in the movement of electrons; said 
resonant circuit element being connected to feed 
back Some of the amplified energy in the electron 
flow to the flow controlling means for producing 
Said oscillations; and output means connected to 
the electron collecting electrode for electron cou 
pling with said oscillation supply means and de 
veloping amplified frequency modulated oscilla 
tions; Said output means including demodulating 
means for deriving a signal corresponding to the 
frequency modulations. 

22. In a signal vibration reproducing system: 
an amplifying electron discharge tube including 
'an electron emissive cathode, an electron collect 
ing electrode, and electron flow controlling means 
for electrically influencing the movement of elec 
trons from the cathode to the collecting electrode 
where they deliver currents corresponding to am 
plification of the electrical flow controlling in 
fluences; said flow controlling means including at 
least three electrode grids between the cathode 
and the collecting electrode; oscillation supply 
means coupled to some of said electrode grids to 
provide an oscillator tube section producing fre 
quency modulated oscillations corresponding to 
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the signal vibrations in the movement of elec 
trons; said oscillation supply means being con 
nected to feed back some of the amplified energy 
in the electron flow to the flow controlling means 
for producing said Oscillations; at least one of 
Said grids being interposed between the collect 
ing electrode and said oscillator tube section and 
Connected to improve the electron flow therebe 
tween; and output means connected to the elec 
tron collecting electrode for electron coupling 
With said oscillation supply means for developing 
amplified frequency modulated oscillations; said 
output means including resonant circuit de 
modulating means for deriving a signal corre 
Sponding to the frequency modulations. 

CHESTER, M. SENNETT. 
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