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According to my present invention, the record 
ing medium consists of a strip or tape of a dielec 
tric material. Such a tape could be made of 
paper, Celluloid or any other material capable of 
being deformed or embossed by a stylus tip. 
Those skilled in the art are fully acquainted with 
the method of recording of sounds by employing 
a stylus to emboss the surface of a moving tape 
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made of paper or Celluloid. Hence, it Will be 
sufficient to represent the recorder or embosser in 
schematic manner. - 
The numeral in Fig. 1 denotes a microphone 

of any desired form and construction adapted to 
translate sound waves, whether music or Speech, 
into corresponding audio frequency currents. An 
oscillator 2, preferably operating at a frequency 
of 15 kilocycles (kc.), producesoscillations of con 

may, if desired, be higher or lower than 15 kc. 
The mean frequency (Fe) may be chosen from a 
range of the order of 10 to 50 kc. The Oscillator 
frequency is deviated in accordance with the 
audio currents. That is, the oscillator 2 is sub 
jected to frequency modulation. A so-called re 
actance tube 3 may be used to vary the oscillator 
frequency in accordance with the audio currents 
produced at the microphone output terminals. 
The reactance tube circuit may be of any well 

known form. Since those skilled in the art of 
FM are fully cognizant of the circuit details, it 
need only be explained that the reactance tube 
simulates or provides a reactive effect. The latter 
is used to vary the oscillator frequency, since the 
tube gain is varied in response to audio current 
amplitude. The extent of oscillator frequency 
deviation is a function of audio current amplitude, 
while the rate of deviation depends on the audio 
frequencies per se. A maximum deviation up 
to 3 kc. on each side of Fe may be utilized. The 
invention is not restricted, however, to such devia 
tion frequencies, nor is it restricted to the specific 
mean frequency range of 10 to 50 kc. referred 
to above. . - 
The FM oscillatory output of oscillator 2 is 

passed through an amplitude limiter 4 whose 'in 
put-output' characteristic is depicted above the 
limiter representation. Any desired form of lim 
iter may be used to eliminate amplitude modula 
tion effects that may exist on the output energy 
of oscillator 2. The band pass filter 5 provides 
rejection of carrier frequency swings exceeding 
5 kc. from the illustrative mean or center fre 

The output energy at the out 
put terminals of filter 5 is passed through an 
amplifier 6. Therefore, it will be seen that FM 
signals are supplied to the recorder device. The 
recorder may be of any well-known form, and 
is provided with a stylus 8 actuated by an ener 
gizing coil 8 fed with the FM signal output of 
amplifier 6. The stylus 8 functions as an em 
bossing element to emboss on the tape 9 impres 
sions corresponding to the signals. 
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Numerals 0 and 2 denote rollers adapted to 
guide the tape 9 over the roller . The im 
pressions embossed, or engraved, on the upper 
face of tape 9 are of the "hill and dale' variety. 
That is to say, the stylus 8 is subjected to vertical 
reciprocation in response to the FM signal cur 
rents flowing through the energizing coil 8 of 
the recorder device. In Fig. 2 I have shown the 
contour of the impressions produced by emboss 
ing stylus 8 as the tape 9 rides over the roller f. 
The impressions 9 are to be understood as being 
an exact physical representation of the FM sig 
nals. The impressions 9' will appear as shown, 
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4. 
in Fig. 2, in cross Section, at the center of the 
groove. Since the tape 9 is paper, which may 
be properly treated to provide satisfactory em 
bossing, there is provided a cheap and simple 
form of record medium. It is to be clearly un 
derstood that in place of conventional FM sys 
tems there may be employed between audio source 
and limiter 4 the FM system of my aforesaid 

application. 
The reproduction of the embossed tape 9 is 

carried out, according to my invention, in a man 
ner such that a minimum noise level is produced. 
To secure a noise-free reproduction the impres 
sions 9 are translated into capacity variations. 
The latter are, in turn, translated into frequency 
variations of a high frequency oscillator. The 
resulting FM signal energy is then subjected to 
successive demodulations to produce the original 
sounds which were recorded. These steps are 
carried out by the System now to be described. 
The tape 9 is guided over the face of a metallic 

roller f3 by the rollers 5 and . A metallic 
stylus is is pivotally mounted in the usual man 
ner so as to permit the tip of the stylus to ride 
over the “hill and dale” impressions of the tape. 
Since the tape 9 is made of dielectric material 
there is provided a condenser consisting of the 
stylus 5, dielectric tape 9 and metal roller 3. 
The capacitance of this condenser is of variable 
value, and depends upon the variable thickness 
of tape 9. Hence the impressions 9 are trans 
lated into capacity changes. The variable con 
denser is, then, of the type wherein the dielec-. 
tric is the varying element. A second condenser 
is arranged in series with the first condenser. 
The second condenser includes roller 3 as an 
electrode. The grounded convex metal plate f4 
acts as the low potential electrode of the Second 
condenser. Air is the dielectric between metal. 
roller 3 and convex plate 4. - 
Merely by way of illustration it is pointed out 

that the capacitance (maximum) of Condenser 
5-9-3 may be of the order of 3 to 4 micro 
micro-farads (mmf.). The second COndenser 
3- is given a much larger capacitance. For 
example, the condenser 3-4 may be of the 
order of 100 mmf. - These series condensers are 
shunted across the tank circuit 8 of an ultra 
high frequency oscillator 9. The latter may 
have a mean frequency of 30 megacycles. (mc.). 
The specific construction of oscillator 9 is not 
material to my invention, nor is the particular 
oscillator frequency limiting in any respect. It 
is desirable to have the oscillator tank circuit 8 
tuned to a normal frequency which is. Several 
times higher than the mean frequency of the 
recorded FM signals. - 1. 
The frequency of tank circuit 8 will now be 

deviated, or modulated, in accordance With the 
capacity variations across the series condensers. 
Since the small variable condenser and large fixed 
condenser are in series, the effective capacitance 
across tank circuit 8 will be equal to the sum 
of the reciprocals of the separate condensers. 
Changes in the capacitance of the small variable 
condenser will, therefore, be a substantial, por 
tion of the total capacity effect across the tank 
circuit 8. The large fixed condenser 3-4 pre 
vents the occurrence of electro-static noises which 
Would arise from the use of a mechanical rubbing 
contact. By the use of capacity coupling as 
shown, a direct mechanical connection is not nec 
eSSary. , 

It will be clear that the oscillations of OScil 
lator 9 will be deviated a maximum of 30.18 



5. 
Inc. and a minimum of 30.12 mic. This follows 
from the fact that the signals recorded on the 
tape represeat a, i5 kc. oscillatory wave which 
is frequency deviated a maximum and a mini 
Intern of 3 kc. It Will, therefore, be seen that 
the OScillatory output of oscillator E9 will ac 
tually be a modulated wave. In other words, 
the ultra-high frequency oscillations whose mean 
frequency is 30 mic. Will be frequency modulated 
by a primary frequency modulation signal. This 
double modulation method of reproducing also 
tends to maintain a low noise level. The reason 
for double frequency modulation can best be 
explained by stating that if audio frequencies of 
the order of 5. ke, were utsed, the Small capacity 
change caused by the stylus riding in the groove 
Would not be sufficient to produce a frequency 
Shift which could be later demodulated. By 
sing a radio frequency a larger degree of fre 
quency shift is obtained directly from the ca 
pacity variations caused by tape thickness, and 
in this Way the superaudible freduency modula 
tion signals recorded on the tape have sufficient 
amplittlede to be again demodulated. 
The frequency modulated output of oscillator 

9 is subjected to the action of any well-known 
form of discriminator-rectifier 20 in order to 
derive therefrom the primary FM signals which 
Were recorded on the tape 9. Above the rec 
tangle 2 there is shown the typical and ideal 
S-shaped characteristic which is representative 
of the action of an FM detector. For example, 
there may be used for this detector the type of 
FM detector shown by S. W. Seeley in his U. S. 
Patent No. 2,121,103, granted June 21, 1938. 
The output of the network 29 is passed through 
a band pass filter 2 so as to eliminate any 
frequency deviations which are less than 10 
kilocycles and more than 20 kilocycles. It will 
be recognized that the function here is similar 
to that described in connection with band pass 
filter 5 in Fig. 1. The filter 2 keeps out noise 
modulations below 10 kc. A high pass filter 
above 10 kc. would probably prove to be as satis 
factory. If Surface noise and other noises below 
10 kc. are allowed to come through the system, 
then they Will be reproduced in the audio output. 

In Order to eliminate any amplitude modula 
tion effects which may have arisen, there is em 
ployed an amplitude modulation limiter 22. A 
second discriminator-rectifier 23 is then em 
ployed to derive the original modulation from the 
low frequency carrier. This network 23 may be 
Constructed in the same nanner as network 20. 
However, whereas network 20 may have a mean 
frequency of 30 mc., the network 23 will have a 
near frequency of 15 kc. The modulation out 
put of network 23 will be the audio frequency 
CurrentS Which existed at the output terminals 
Of the microphone ! in Fig. 1 at the time a par 
ticular record Was made. Any desired type of 
audio frequency amplifier 24 may now be em 
ployed to amplify the audio currents. The am 
plified audio currents may then be reproduced 
by any Well-known form of loud speaker or other 
sound reproducer. 

It Will be clearly understood that I have 
Omitted from the Schematic showings of Figs. 
and 3 the Specific driving mechanisms for ac 

tuating the tape 9. These are very Well known, 
and are not deemed to be essential to a proper 
description of this invention. Furthermore, it 
will be clear that the tape 9 when provided in 
the form of rolls Will be capable of considerable 
usage, and can be manufactured sufficiently 
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cheaply so as to Warrant destruction of the tape 
When it has served its purpose. Further, the 
signals may be recorded directly on the film, or 
tape, at audio frequencies. S. 
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 
Imy in Vention is by no means inited to the 
particular Organizations shown and described, 
but that many modifications may be made with 
0It departing from the secope of my invention. 
What claim is: 
1. In a capacity pickup device: a netallic 

Sty:S, a metallic support, a record consisting 
Cfa, relatively thin tape composed of paper, a 
face of said tape being provided. With a plurality 
Of elaboSsed ingressions in the form of his and 
dales, said tape being positioned to move be-, 
tWeef Said Sugpost and stylS With the stylus. 
liding in said impressions, and said impressions. 
being representative of frequency modulation 
signals. . . . 

2. A method of recording sound waves which 
includes the steps of embossing -on a dielectric. 
recording. Inedium frequency modulation signals 
derived from the sound Waves, frequency modu 
lating a substantially higher frequency oscilla 
tion in accordance With the embOSsed recording, 
and Subjecting the frequency modulated Oscilla 
tion to successive demodulations to derive the 
Origina SOUnd WaWeS. 

3. In combination with an oscillator of relative 
ly high mean frequency, means for modulating 
the oscillator comprising a pair of condensers ar 
ranged in series across the oscillator tank circuit, 
one of said condensers having a substantially 
Smaller capacitance than the other condenser, 
a record made of dielectric material functioning 
as the dielectric of said small condenser, and one 
of the electrodes of the small condenser function 
ing as a stylus for impressions on the dielectric 
material. 

4. A. Inethod of reproducing a record Whose im 
pressions corresponds to frequency modulation 
Signals of a low mean frequency, translating the 
impressions into corresponding capacity Varia 
tions, generating oscillations of a relatively high 
nean frequency, translating the capacity varia 
tions into deviations of said relatively high fre 
quency oscillations, demodulating the resulting 
frequency-deviated oscillations to provide the 
recorded frequency modulated signals, and Sub 
jecting the frequency modulation signals to fur 
ther demodulation to derive therefrom Sounds 
corresponding to the modulation on the original 
frequency modulation signals. 

5. In coÍMabination with an oscillator of rela 
tively high mean frequency, means for modulat 
ing the OScillator comprising a pair of Condensers 
arranged in series across the oscillator tank cir 
cuit, One of Said Conden SerS haWing a SubStantially 
Smaller capacitance than the other condenser, 
a record made of dielectric material functioning 
as the dielectric of Said Small condenser, One of 
the electrodes of the Small condenser functioning 
as a stylus for impressions. On the dielectric ma 
terial, and a metal guide roller acting as the con 
moi electrode for both conden SerS. 

6. A method of leproducing a record Whose in 
pressions correspond to frequency modulation 
signals of a low mean frequency, translating the 
impreSSions into Corresponding capacity varia 
tions, generating Oscillations of a relatively high 
radio frequency, translating the capacity varia 
tions into deviations of said relatively high radio 



7 
frequency oscillations, demodulating the resulting 
frequency-deviated oscillations to provide the 
recorded frequency modulated signals, filtering 
the latter through a band pass network, subject 
ing the frequency modulation signals to further 
demodulation to derive therefrom sounds cor 
responding to the modulation on the original fre 
quency modulation signals. 

7. In combination with an oscillator of rela 
tively high radio frequency of the order of 30 
megacycles, means for modulating the oscillator 
comprising a pair of capacities arranged in Se 
ries across the oscillator tank circuit, one of 
said capacities having a substantially smaller 
capacitance than the other capacity, a record 
made of dielectric material functioning as the 
dielectric of said Small capacity, one of the elec 
trodes of the Small capacity functioning as a 
stylus for impressions on the dielectric material, 
and means for demodulating the oscillator out 
put. 
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8. A method of reproducing a record whose im 
pressions correspond to frequency modulation 
Signals of a low radio frequency, translating the. 
impressions into corresponding capacity i varia 
tions, generating oscillations of a relatively high 
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8 
radio frequency, translating the capacity varia 
tions into deviations of said relatively high radio 
frequency oscillations, demodulating the result 
ing frequency-deviated oscillations to provide the 
recorded frequency modulated signals, and deriv 
ing from the latter sounds corresponding to the 
modulation on the original freguency modula 
tion Signals. ? ? ? ... ?? - : - 
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REFERENCEs CITED 

The following references are of record in the 
file of this patent: . . . . . ; 

r UNITED STATES PATENTS 
Number Name - - - • Date *** 

200,521 Edison ------------ Feb. 19, 1878 
578,386 Beach ------ ????? ???-? Mar, 9, .1897. 

1943 ,22 June ??------------------- FarrOW ? . 2,322,621 
2,304,633. Farnsworth -------. Dec. 8, 1942 
1,580,112 Bone --------------- Apr. 13, 1926 

FOREIGN PATENTS ? 
Number Country. V Date 

330,990 Germany ------... Dec. 27, 1920 
336,015. Germany ---------- Apr. 21, 1921 


