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UNITED STATES PATENT office 
2,400,953 

METHOD OF AND SYSTEM FOR RECoRDING 
AUDIO-FREQUENCY WAVES 

Henry E. Roys, Indianapolis, Ind., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application September 13, 1943, Serial No. 502,096 
19 Claims, 

My present invention is embodied in a method 
of and system for cutting disc records in ac 
cordance with sound waves, and more particul 
larly to recording systems employing negative or 
degenerative audio frequency feedback. 

In the past, audio frequency recording systems 
have utilized negative or degenerative audio fre 
quency feedback. In all such prior systems the 
degenerative audio frequency voltage was derived 
from the velocity of the cutting stylus. The de 
rived audio frequency voltage was then applied 
to the input terminals of the amplifier driving the 
recording unit. In this way a reduction of dis 
tortion and a more uniform or flat frequency re 
sponse curve was secured. Moreover, the prior 
feedback systems have generally employed a coll 
to translate the vibrations of the cutting stylus 
into an audio frequency voltage for the purpose 
of providing the degenerative feedback voltage. 
It has heen found that undesired coupling re 
actions tend to arise between the cutter driving 
coils and the feedback cols and create difficulties 
in the design of such devices. In particular, such 
undesired coupling reactions necessitate shield 
ing elements thereby increasing the expense of 
the cutting unit and also the weight thereof. 

It may, therefore, be stated that it is one of 
the main objects of the present invention to pro 
wide a negative feedback circuit for a recording 
system, wherein there is no electromagnetic or 
electrostatic coupling between the cutter driving 
coils and the audio frequency feedback elements, 
such prevention of coupling being secured by the 
provision adjacent the cutting stylus of high 
frequency elements from which the audio fre 
quency feedback voltage is derived, while the cut 
ter driving coils operate at audio frequency. 
Another important object of the invention is 

to provide a novel method of using frequency 
nodulation to provide degenerative audio fre 
quency voltage for improvenient of sound record 
ing; the frequency modulation circuit employed 
utilizing a capacitative pickup element which may 
be located very near the cutting stylus or other 
element movable with it thereby making possible 
a highly accurate translation of stylus motion 
into audio frequency feedback voltage, . . . 
Another object of my invention may be stated 

to reside in the provision of a method of deriv 
ing audio frequency voltage, aecessary for nega 
tive feedback operation of a disc recording head, 
from a high frequency voltage produced by a 
combination of a high frequency oscillator and a 
discriminator-rectifier, the tuning of one of which 
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trode of the eondenser being preferably located 
near the cutting stylus without any shielding 
being employed and, the other electrode of the 
condenser being constituted by the stylus holder 
or a member movable therewith; the mess of the moving system of the cutting head being prefer 
ably unaffected by the addition of the condenser 
electrode, and the discriminator-rectifier being 
of suitable form to convert the frequency modul 
lated high frequency voltage to an audio fre 
quency voltage for application to the audio an 
plifier driving the recorder. 
Yet another object of the invention is to inn 

prove the operation of a conventional magnetic 
type of record cutter, wherein the armature has 
a stylus holder attached to it and the arnature 
is part of an electro-magnetic system consisting 
of coils, pole pieces and a permanent magnet; 
my improvement consisting in employing at least 
one condenser electrode disposed closely adjao 
cent to the stylus holder or other member movable 
with the stylus holder which then functions as 
the other electrode of a condenser; this condenser frequency modulating an oscillator whose out 
put is detected and employed to provide nega 
tive feedback voltage for the input terminals of 
the driving audio amplifier; the condenser elec 
trode being very small, not adding to the mass 
of the moving system, and being capable of locate 

30 tion at almost any point adjacent to the stylus 
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holder. Still other objects of my invention are to in 
prove generally the recording of audio frequency 
waves of any type, and more especially to provide 
recordings which are substantially distortion 
less, free of harmonics, of a low noise level, and 
of a high fideity. . . 
The novel features which I believe to be char 

acteristic of my invention are set forth with para 
ticularity in the appended clans; the invention 
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 drawings, in which I have 
indicated diagrammatically several circuit or 
ganizations whereby my invention may be car 
ried into effect. 
In the drawings: 
Fig. 1 schematically represents one possible 

embodiment of my novel recording system, 
Fig.2 illustrates a modification of the frequency 

modulating condenser, 
Fig. 3 shows a further modification of a fre 

quency nodulating condenser, 
is controlled by a condenser; at least one elec- 56 Fig. 4 shows a still further modification, 



2 
Fig. 4a is a detail taken along line 4-4 of 

Fig. 4, looking in the direction of the arrows, 
Fig. 5 schematically represents another embodi 

ment of the invention which utilizes so-called 
“balanced' frequency modulation, 

Fig. 5a is a detail taken along line 5-5 of Fig. 5 
looking in the direction of the arrows, 
Referring now to the accompanying drawings, 

wherein like reference characters in the different 
figures designate similar circuit elements, there 
is shown in Fig. a schematic representation of 
one embodiment of my invention. Warious well 
known units and elements employed in miny in 
proved method and system may be sufficiently de 
scribed by generalized disclosures. For example, 
the cutter unit per se may assume a conventional 
and known form. In the specific figure the cutter 
is shown as of the electromagnetic type, the cut 
ting stylus being adapted to cut lateral record 
ings on a record disc 2 of any well-known form. 
The disc 2 will, of course, be rotated in the usual 
fashion, and the stylus f is vibrated laterally in 
response to audio frequency currents flowing 
through the cols 3 and 4. 
The holder 5 is provided with a sleeve 6 for 

securing the stylus in position. The holder is 
metallic, and may be in the form of a vertical arm 
rigidly secured to a horizontal metallic shaft. 
The latter may be considered as being at ground 
potential. The shaft T will be supported at each 
end thereof by bearings, and will also be properly 
centered for limited motion on the bearings. 
These mechanical details are too well-known to 
show in the figure, and are, therefore, omitted. 
The driving coils 8 and 4 are connected in 

series, or parallel, between the output terminals 
of the audio frequency amplifier 8. The arma 
ture 9 may be of any construction desired. In 
Fig. it is represented as being mounted on the 
shaft in spaced relation to stylus arm 5. The 
armature may be laminated, if desired. Coil 3 
surrounds the upper tapered section of the arma 
ture, while coll 4 surrounds the lower section of 
the latter. The coils are located between the pole 
pieces contacting a permanent magnet 9. The 
coils are not wound directly on the armature, but 
are separate fixed coils which surround the re 
Spective ends of the armature and are spaced 
from it. The coils are not in the air gap field. 
The magnet is shown in part, since it is of sym 
metrical construction. The 'N' (North) pole 
pieces are shown in alignment with the armature 
9. It will be understood that the 'S' (South) pole 
pieces are spaced from the armature 9 in the 
same manner. Audio frequency currents flowing 
through fixed coils 3 and 4 create a flux in the 
air gaps which when combined with the flux 
from the permanent magnet cause vibration, or 
rapid rocking, of the stylus arm S in accordance 
with the audio frequency currents. As a result 
the stylus is caused to cut a lateral groove in 
the face of disc 2. The stylus may be secured to 
the sleeve in any way best suited to the oper 
ator's purposes. The stylus may be a sapphire 
cemented into place, or it may be secured by a 
tapered collet sleeve. The construction thus far 
described is that of a conventional form of cut ter head, 
Assuming that the sound source f is a micro 

phone whose audio frequency current output is 
applied to the input terminals of amplifier 8, 
it is desired to provide audio frequency voltage 
feedback, preferably negative or degenerative, to 
the input terminals of the amplifier. An im 
portant result produced by such negative feedback 
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2,400,958 
is a reduction in distortion accompanied by a 
more uniform or flat frequency responsive curve, 
According to my present invention, audio fre 
quency feedback voltage is derived from the vi 
bratory displacement of the stylus by a method 
employing frequency modulation. 
Let it be assumed that the numeral denotes a usual form of high frequency oscillator which is 

provided with a suitable resonant tank circuit 2. 
The low potential side of the tank circuit is in 
dicated as being grounded, while its high poten 
tial side is conductively connected by a lead 8 
to a relatively fixed metallic electrode f4. This 
electrode f is insulated from ground and may be 
located in close juxtaposition to the arms. It 
is to be clearly understood that the capacitor 
plate or electrode f4 is schematically represented. 
Actually it will be very small in comparison to 
the dimensions of the arm 5. Since the arm is 
is effectively at ground potential, it will be ap 
preciated that the arm 5 and the electrode 4 
cooperate to provide a condenser which is elec 
trically connected in shunt across the oscillator tank circuit 2. 
Merely by way of illustration, and in no way 

restrictive on the scope of this invention, let it 
be assumed that the oscillator has a normal os 
cillation frequency of 30 megacycles (mc.). This 
means that the tank circuit 2 is tuned to a nor 
mal frequency Fe of 30 megacycles. In addition, 
it will be understood that the condenser 5-4 
has its normal capacity value when the stylus 
is at rest, and is in non-vibrating condition. This 
modulating condenser 5-4 is part of the total 
tank circuit capacity which with 5-4 in its nor 
mal position determines the mean oscillator fre 
quency Fe. However, upon lateral vibratory dis 
placement of the stylus arms, the capacity value 
of condenser 5-4 will vary in accordance with 
the displacement of the stylus arm. The capacity 
variation of the modulating condenser will, in 
turn, affect the frequency of circuit f2 in accord 
ance with the instantaneous displacement of the stylus arm. 
The frequency of the oscillations of oscillator 
will be deviated relative to frequency Fe in ac 

cordance with the capacity variation of the mod 
ulating condenser. The extent of such frequency 
deviation will be a function of the amplitude of 
the audio frequency currents supplied to coils 
and . The rate of frequency deviation will be a 
function of the velocity of motion of arms. The 
over-all frequency swing of oscillator it will be dependent upon the percentage change of the 
capacitance of the modulating condensers 
with respect to the total tank circuit capacitance. 
The apparatus designer may work out the maxi 
murn frequency deviation to each side of F in ac 
cordance with the requirements of the system. 
By way of illustration, it may be assumed that 
an over-all frequency swing of 110 kilocycles 
(kc.) is permissible. The oscillator itself can be 
of conventional construction. 
The frequency modulated oscillation energy is 

applied to a subsequent network which is a 
discriminator-rectifier network. Such discrim 
inator-rectifiers are well-known in the art of fre 
quency modulation. Since any of many well 
known forms of discriminator-rectifiers may be 
used, there is shown above the rectangle is a 
characteristic idealized S-shaped response curve 
which relates the rectified output of network is 
to the frequency deviation of its input with re 
spect to Fe. For example, there may be employed 
for network is a discriminator-rectifier of the 
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type disclosed and claimed by S. W. Seeley in his 
U. S. Patent No. 2,121,103, granted June 21, 1938. 
The rectified output voltage of network 5 will 

be of audio frequency, and will be an accurate 
representation of the movements of the stylus bar. 
These audio frequency currents flowing in the 
output clircuit of network 5 are applied over the 
transmission path 6, denoted as "Degenerative 
feedback,' to the input terminals of the audio 
amplifier 8 in a manner known to those skilled in 
the art, one of the known ways being shown in 
the U. S. patents to Wiebusch, 2,162,986, and 
Wieth et al., 2,161,489. It is to be understood 
that the feedback of the audio frequency volt 
age may be made to any desired point of the audio 
frequency amplifier 8 preceding its output ter 
minals. 

It will now be appreciated that according to 
my present system there has been provided a 
method of deriving audio frequency voltage, nec 
essary for negative feedback operation of a disc 
recording head, by means of a frequency nodu 
lated oscillator it controlled by a condenser. One 
plate of this condenser is relatively fixed, and its 
other electrode is a part of the vibratory System 
itself. One advantage of the frequency modula 
tion system for securing the degenerative audio 
frequency feedback is that, there is no electromag 
netic or electrostatic coupling between the driv 
ing coils 3-4 and the modulating condenser 
5-4. Hence, the usual trouble arising from Such 
coupling, where it exists, is avoided. It is em 
phasized that the driving coils 3-4 operate at 
audio frequency, while the modulating condenser 
5-4 operates at a relatively high radio fre 
quency. Due to the lack of magnetic or electro 
static coupling between the audio system driving 
the recorder and the frequency modulation sys 
tem for deriving the feedback voltage, no shield 
ing or wide Separation of these parts is needed. 
This is a definite advantage, since the modula 
tion capacitor plates may be located alongside 
of the stylus bar and near the stylus tip if desired. 
Such a location means, Of course, that the feed 
back voltage is more truly representative of the 
stylus motion than if the parts had to be widely 
separated due to electrical coupling. 
Another advantage of the frequency modula 

tion system is that the modulation condenser may 
be made very small. The inertia of the moving, 
i. e. wibratory, system (i. e. for example arrnature, 
shaft, and stylus bar) need not be increased by 
additional parts necessary to derive the feedback 
voltage. The over-all mass or weight of the entire 
recording head is not so important, but the mass 
of the moving system which affects the frequency 
range and power required to drive the moving 
System is important, and in all cases should be 
minimized. Hence, frequency modulation as used 
in my invention has an advantage in that no 
mass need be added to the moving system. This 
method of deriving the feedback voltage is not 
limited to a disc recording mechanism, but may 
be applied to any transducer, such as a loud 
speaker, for example. Moreover, my invention 
may be employed to produce, if desired feedback 
Other than negative or degenerative. 
The network consisting of the Oscillator and 

discriminator-rectifier 5 may be provided by the 
network disclosed and claimed by C. M. Sinnett 
in his application, Serial No. 459,375, filed Sep 
tember 23, 1942, particularly Fig. 1 of that appli 
cation. Furthermore, similar results can be ob 
tained by using a fixed-frequency oscillator, and 
varying the tunding of the discriminator circuit 
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in accordance with the stylus motion so as to pro 
duce the required amplitude modulated voltage 
across the discriminator. In either case, whether 
the oscillator frequency is modulated or whether 
the oscillator frequency is fixed and the tuning of 
the discriminator circuit varied, a high frequency 
voltage of varying amplitude appears across the 
discriminator circuit and is applied to the rect 
fer. It is this voltage that, when rectified, is 
representative of the stylus rhotion. It is noted 
that the frequency modulation system including 
condenser S-4, oscillator if, and discriminator 
rectifier 5 produces an audio frequency Output 
voltage which is proportional to the amplitude of 
displacement of the capacitor electrodes, in con 
trast to electromagnetic pickup negative feed 
back systems in which the feedback voltage is 
proportional to the rete of change of flux, and 
hence velocity, of the armature or moving coil. 
The location of the fixed capacitor plate is 

subject to variation, For example, in Fig. 2 there 
is shown a modification in which the fixed metal 
capacitor plate 4 may be located adjacent the 
upper end of the stylus arm 5. In this case the 
upper end Of the stylus arm is given an inclined 
face, and the inclined face then provides the op 
posite electrode of the modulating condenser. 

In Fig. 3 there is shown still another method 
of providing the modulating condenser. I this 
case the fixed metal plate d' is located in spaced 
relation to the flat face of the stylus arm 5'. It 
will be noted that the laminated armature 20 in 
this case has the stylus arm bolted directly to 
One end thereof. In other words, the armature 
20 and the stylus arm 5 are provided as a single 
unit on the grounded shaft T. The coils 3 and 
4 surround, as previously explained, the oppo 
site sections of the unit as shown in Fig. 3. This 
form of Construction has advantages insofar as 
economy of production is concerned. However, 
the mode of operation is the same as in the case 
of the construction shown in Fig. 1. The fixed 
plate f4 will be always at a constant spacing 
from the face of arm S. However, the capacity 
variation here is due to area variation. This is 
accomplished by giving the lower edge of plate 4' 
an incline. As the stylus arm vibrates the effec 
tive are of plate 4' cooperating with the ad 
joining face of arm 5' will vary, and hence ca 
pacitative change of the modulating condenser 
'-4" will result. This capacitance change will 
be employed in the same manner as described in 
connection with Fig.1. 

In Fig. 4 there is shown still another method 
of providing a modulating condenser whose ca 
pacitance variation will be a very accurate repre 
sentation of the motion of the stylus bar and the 
stylus which is rigidly attached thereto. In Fig. 
4 the pole pieces 2 and 22 are shown, but a por 
tion of the permanent magnet 9 is broken away 
in order to preserve simplicity of disclosure. 
The stylus arm 5' and the armature 20 are of the 
type shown in Fig. 3. That is to say, the arm 5' 
is secured directly to the end of the laminated 
armature 20. The fixed driving coils 3 and 4 sur 
round the opposite sections of the entire unit on 
opposite sides of the grounded shaft. The coils 
3 and 4 are not in the air gap field. The capaci 
tor plate 30 is here provided by a metallic ele 
ment rigidly embedded in a block of insulation 
material 3. The block of insulation material is, 
in turn, rigidly secured by bolts 32 to the front 
face of pole piece 2. As shown in Fig. 4, the 
lower "N" pole of pole piece 2 is largely ob 
scured by block 3. It bears the same symmetri 



4. 
cal relation to the lower "S'pole which the upper 
"N" pole bears to the upper "S" pole. 
The lead to the high potential side of the 

oscillator tank circuit is run through the block 
to the metal strip 30. It will be observed that 

the capacitor plate on the insulation block 
projects from the pole piece 2 in line with the 
lower section of the stylus arm'. This is more 
clearly shown in detail in Fig. 4a. However, it 
is to be clearly understood that the motion of the 
stylus arm will not be such during its greatest ex 
cursions as to permit contact between the stylus 
arm and plate . The lateral displacement of 
the stylus arm is highly restricted, and those 
skilled in the art will clearly understand that 
the spacing between plate 80 and the adjoining 
side of stylus arm ' will be sufficiently great to 
prevent any contact whatever between the two. 
The advantage of locating the electrode 8 as 
close as possible to the stylus tip is that there 
is derived ultimately an audio frequency voltage 
which is exactly proportional to the stylus 10 
tion. 

It will be appreciated that the insulation block 
8 and its associated capacitor plate 80, being 
mounted on the fixed portion of the cutter head, 
do not add mass to the moving system, and thus 
do not adversely affect the recording itself. Not 
only is there no addition of mass to the moving 
system, but the mechanical phase shift distortion 
is minimized with this form of feedback system 
due to the proximity of said capacitor to the 
stylus tip. With a 0.004 to 0.005 inch spacing 
between the arm ' and the plate 30, sufficient 
capacity variation for the purposes of the feed 
back system may be secured. The nominal dis 
placement of the stylus tip during recording in 
present practice is about 0.001 of an inch, 
In Pig. 5 I have shown a schematic form of the 

system wherein so-called "balanced" frequency 
modulation is utilized. In this form of the sys 
ten a pair of modulation condensers is employed. 
One of these modulation condensers comprises 
a fixed capacitor plate 0 and an adjoining face 
of the stylus arm '. The second modulation 
condenser consists of the capacitor plate 4 and 
its respective adjoining face of stylus arm 5'. It 
will be noted that the condenser electrodes 40 and 
4 are the projecting tips of a pair of metallic 
strips which are rigidly embedded in an insula 
tion block SO. These metallic strips 40 and 4 
are located on opposite sides of the upper end of 
the stylus arm S' in front of the respective air 
gaps of the magnetic system. The stylus arm 
construction may be precisely as shown in Fig. 4, 
except for the fact that there is omitted the 
capacitor plate 80 of Fig. 4. Fig. 5a shows more 
clearly the relation between the strips 4, 4, and 
the stylus arn 5'. In this embodiment the oscil 
lator f has its tank circuit 2 shunted by a first 
condenser consisting of electrode 40 and the sty 
us an ', and the normal frequency is of the 
oscillator will therefore be varied in accordance 
with the capacity variation of modulation con 
denser 40-'. The second modulation condenser 
-' in this case varies the tuning of the tuned 

input circuit 2 of the discriminator-rectifer. 
The specific discriminator-rectifier shown com 
prises a diode rectifier 80 whose output load Bl, 
bypassed for high frequency currents in the 
usual manner, is arranged in series with the reso 
nant circuit 2. 
The resonant circuit 2 is mistuned with re 

spect to Fe; i.e., its resonant frequency is always 
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sufficiently close to the oscillator frequency so 
that the latter falls on the resonance curve of 
circuit 62. The frequency modulated output of 
the oscillator is applied to the m?stuned input 
circuit 2. It will be recognized that this provides 
a very simple form of discriminator circuit, and 
that the frequency modulated oscillations are 
readily converted into amplitude modulated os 
cillations by such a mistined input circuit. Cons 
currently with the frequency modulation of cir 
cuit 12, there is provided a tuning variation of 
the discriminator circuit 2 in acordance with 
the vibration of the stylus bar S'. This concur 
rent tuning modulation of the discriminator cir 
cut 2 is in opposite phase to the effect of the 
frequency modulation of circuit 2 in that when 
the frequency of the oscillator output is in 
creased, the resonance frequency of circuit t2 is 
decreased and vice vess. In this connection it 
is pointed out that this balanced, or effective 
push-pull, form of frequency modulation of the 
oscillator and discriminator has been described 
and claimed by A. Badnalef in application Se 
rial No. 490,814 filled June 12, 1943, now Patent 
No. 2,371,373, granted March 13, 1945. For this 
reason, it is not believed necessary to describe the 
functioning of the balanced frequency modula 
tion circuits in detail. 

It is sufficient to point out that the audio free 
quency voltage developed across resistor , and 
applied through the audio frequency coupling 
condenser Totothe degenerative feedback path, is 
substantially double the magnitude which would 
be secured when employing a single modulation 
condenser as shown in Fig. 1. Furthermore, the 
active electrode area of strips 40 and may be 
very small, since the resultant audio frequency 
voltage produced by this balanced frequency 
modulation is double that produced by frequency 
modulation of solely the oscillator tank circuit 
2. No claim is made in this application to the 
balanced or push-pull form of frequency modula 
tion when used broadly in conjunction with 
transducers. This application, however, con 
tains claims for the particular application of the 
push-pull frequency modulation circuit in pro 
viding degenerative audio frequency voltage in a 
recording system, as illustrated, for example, in 
Fig. 5. 
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 particu 
lar organizations shown and described, but that 
many modifications may be made without de 
parting from the scope of my invention, as set 
forth in the appended claims. 
What claim is: 
1. In a method of recording sound waves 

wherein the sound waves are translated into 
audio currents which are amplified, and the aim 
plified audio currents are translated into dis- . 
placements of a record-cutting stylus, the in 
provement which includes translating the cut 
ting stylus displacements into corresponding ca 
pacity variations, varying the frequency of a 
high frequency oscillator in accordance with said 

O 

capacity variations, translating the frequency 
variable oscillations into amplitude variations, 
rectifying and translating said amplitude varia 
tions into audio currents which are a substantial 
ly accurate representation of the displacements of 
said stylus, deriving an audio frequency voltage 
from said audio currents, degeneratively com 

on the same side of the oscillator frequency and 75 bining said audio voltage with a voltage derived 



2,499ers 5 & & 3.C., 
from said sound-wave currents, and amplifying current of constant frequency in accordance with the fibned völtages todróilade apeutrientifits 13 said capacity variations, translating the result- . 
tratislatio inté siddisplacerients. i.is 2 still: 3r::), ing: amplitude variation of the high frequency 
2.5iibiisioi, sistercept introl voltage, 1. anthef for aislfagivoltage derived from #5 

fee recoiding device, circuits for opt; 2 
ergigsil recording deviserwith saidoamplified. 
voltagé's featnce thé?éfestive valie 6: which is 
is seabyteristic said receding device it an oscillaingenerater of generating flatively flo highfiediency wavés; ifute:EBri?sisting 'safi said displacements, ... it; i.e. . . . . . . . 
vafälle reactancé to said géâeratof whereby out-gi' Tin -a.eynethod of recording sound waves. 
putaves thereof are vied tiridéréidintrol of wherein the sound waves are translated into 
said reactance; cretfits offivertihgi said outputsiq audio, frequency curreats, which are amplified, 
was its wavesváf?sbile teafnpittidé, a rectia 15 and the amplified audios frequency currents are ferttirectifyiigi the váfibberiásiplitude:eonar: it translated into displacements of, a record-cut 
point of silii enterté ?aves? and sizeireuit forci ting styluts; the improvement, which includes 
degreistively teeting Ssaid fectified 1 waves: tor: translating the stylus displacements into corre 
said voltage 'amblffé whereby idistortion in the , sponding is capacity variations, producing high 
recóidifigief said cititiba-voltage is reduced: ; ; ; 120 frequency oseillations of a normal predetermined 

3. A fiethidéof translatitigsburdt waves into "r frequency, deviating: the value of said frequency 
a recgrif-thereof, wife ineludes tonverting, the it in accordance with said capacity, variations, con 
soundtraves into audio frequency durrents, transi verting this frequeney-deviated isgillations into 
lating the audio-currents lite vibratory displace, corresponding audie frequency is currents which més föftla recording elsent providing reactio25 are a substantially accurate:representatien of the 
anite? variations preportistia, to the 8 sibratory is rst-thentioned audio frequency; eurrents, deriv 
disffaeémients; stratislating the: reactaree varias it ingria negative, audio frequency, feedback voltage 
tions'Antib variations of the labrijitute of highufres: i , from said: ; converted audio frequeracy...currents, 
quencycérrefits, deriving audib tunrefits; cfromi, and utilizing said, feedback voltage in the ampli 
the said high frequency turrents which borre-, 30 fication of the firstarrestioned audio frequency 
spbridtésaid vibratory displacements; and done, surrents. 5; 1:... is , i. ; : 'is', '' . . . . . . . . 
blfing the derived' and original aidio frequency 8. In combination, a source of control voltages, 
currents: " . . . . ; : ; ; ; (; ; ; ; ; ; ; ) is an amplifier for amplifying voltages derived from 

said source, a recording, stylus, circuits for actu 

circuit into audio frequency... currents, deriving 
ngitudios Voltage front said audio currents, con- . 

bining saidiaido. Yoltage with a voltage derived 
from said sound wave currents in negative feed 
back.) relation, sandaraplifying, the combined 
voltage to produce as current; for translation into 

. . ; f : .. 

4.in a record cutter unit of the type employ-- 

current due:to the tuning variation of said tuned. . 

ing a permanent magnet provided with spaced 35 
pole, pieces, a vibratory stylus holder: coils as 
sociated with the stylus holder and located be-, 
tween the pole pieces to provide vibration of the 
stylus holder; the improvement which comprises : 
at least: one metallic electrode) located in spaced 40 
relation-close to at least a portion of said stylus. : 
holder thereby to provide a conderaser, which 
consists of the electrode and the adjacent por 
tion of the stylus holder, and a second electrode 
located in spaced relation close to a second ?por 45 
tion off the stylus holder:thereby to provider a . 
second condenser. . . . . . . . . . . is - ; ; ; ; ; 
5.In a record cutter, unit of the type employ. 

ing: a permanent magnetic provided with spaced 
poke pieces, a vibratory stylus holder, coils, as , 50 - 

verting; the waves into audio frequency currents, sociated with the stylus holder. and 'located be 
tween the pole pieces to provide vibratioh of the 
stylus holder; the improvement which comprises 
at least one metallic electrode located in spaced 
relation close to at least a portion of, said stylus 55 

tions into frequency-variable oscillations, deriving holder thereby to provide: a condenser which 
consists of the electrode and the adjacent por 
tion of the stylus holder, an audio frequency an 
plifier having output terminals connected to said 
coils, a network activated by high frequency 60 
power responsive to variations in capacitance of 
said condenser, and means for deriving audio 
frequency voltage from said network and for ap 
plying such derived voltage to said amplifier in 
degenerative phase with the audio frequency volt- 65 
age at the amplifier input terminals. 

6. In a method of recording sound waves 
wherein the Sound waves are translated into 
audio currents which are amplified, and the an 
plified audio currents are translated into displace- to 
ments of a record-cutting stylus: the improve 
ment which includes translating the cutting 
stylus displacements into corresponding capacity 
variations, varying the tuning of a tuned circuit 
which is being acted upon by a high frequency 75 

atinga said recording stylus with said, amplified 
yoltages, a reactance: element the effective value 
of which is varied: by displacements of said re 
cording stylus, means for generating relatively 
high frequency. waves, circuits connecting said 
variable reactance to said generating means 
whereby the frequency thereof, is varied under 
controls, of, said reactance, circuits converting 
waves; oftivariable frequency to waves variable 
in araplitude, means for rectifying the variable 
amplitude waves,and; a circuit for degeneratively 

..feeding. Ygltages, derived from said rectified waves 
to saidsvoltage amplifier... whereby distortion in 
the recording of said control voltages is reduced. 
9. A method of translating. audio frequency 

waves into a record thereof. which includes cora 
translating the audio currents into vibratory dis 
placements of a recording element, providing re 
actance; variations, proportional to the vibratory 
displacements, translating the reactance varia 

audio currents from said last oscillations which 
corresponds to said original audio frequency cur 
rents, and combining the derived and original 
audio currents in degenerative phase. 

10. In a record cutter unit of the type employ 
ing a magnet provided with pole pieces, a vibra 
tory metallic stylus holder, coils associated with 
the stylus holder and located between the pole 
pieces to provide vibration of the Stylus holder: 
the improvement which conprises a pair of me 
tallic electrodes located in Spaced relation close 
to said stylus holder thereby to provide a pair of 
condensers each of which consists of each elec 
trode and the adjacent portion of the stylus 
holder. 

11. In a record cutter unit of the type employ 
ing spaced pole pieces, a vibratory stylus holder, 
coils associated with the stylus holder and lo 
cated between the pole pieces to provide vibra 
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2,400,953. 3 : "...i 6 ji ... - - - - - - . . . . . . .''. '': ; ; ; ; ; ; ; ; ; 
tion if-thie stylus, older; the aprovement, which is 
comprises arrietallic: electrodej located in spaced; 
relation; to sail stylishiolder.thereby to; provide... 
a cofideniser wifetii consists' of the electrode and . 
the adjacent stiftidiofithie-stylusholder, an audio: 5 
amplifieri having oatput terrhinals. Connected: to ti 
said:coils, a 'frequiénity modulation, network-re: 
sponsive to variations fit capacitance of said con 
denser, arid reais for derivitigaudio-voltage fromii. 
the frequency modulation network and for del 10 
generatively applying such derived voltage to sáid 
amplifier.": afisi. . . . . . . * is: u?? ... . . . ; ; i. 

13. , i.a.system?i provided: with a transducet.' . 
coupled to the output terminals of an Emplifier . 
of aidió frequently voltage;is the improvements is 
corprising fieans fibi translating amplifiercure it 
rents fed to the trafisdaise into audio modulated": 
high-frequeney waves; ideriving from said Waves 
audio inaccustonicuriterits, and applying to said: . . 
amplifier in degenerative phase voltage derived go 
fromi'said:sidiiodilation currents; * : :"... : : 

13. In estabiliations with a signal anpliaer hav 
ing; input and certpati terminals, means to apply 
signals to said ipsistérnhaals means for utilize 
ing the sigital output at the output terminals; a s 
degenérative feedbbok path freshi the Ottput: terriff 
minals ties input iterialras, said path', iridhuding'; . 
means for translating the sighals into modulation 
contistinents of a modulated high fiequently wave; 
and other means for deriving said modulationishgl:0 
nals from the fiedufated wave; . . . . . . . . 

14. In a method wherein sound waves are . 
translated into aidio frequency currents which 
are amplified, and the aiiplified audio currents 
are translated into displacements of a physical 
elemerit, the improvenient which includes: trans 
lating the displacements of said element into cor 
responding reactance variations, varying the fre 
quency of high frequency oscillations in accord 
ance with said reactance Wariations, translating 
the frequency-variable 6ssillations into amplitude 
variations, rectifying and translating said ampli- . 
tude 'variations: inite audio feeuency currents . 
which area substantially accurate representation 
of said displacefrients; defiting an audio fres 
quency, voltage forff said aidie currents, degen 
eratively combining said audio voltage with a 
voltage derived fron said sound:wave currents. 
and amplifying the combined voltages to produce 
a current for sak'translation into said displace 
ments. ...: . . . . . . . . . . . . . . . . . . . . . . . . . 

15. In combination, a source of pulsating volt 
age, an amplifier for amplifying voltage derived 
from said source, a transducer, circuits for oper 
a ting said transducer with said amplified voltage. 
a reactance the effective value of which is varied 
by operation of said transducer, means for gen 

35 

40 

50 

sidectified wavesiosaid voltage airii 

is r i r s . r:... f. , 
erating relatively high frequency waves, circuits 
connecting Said variable, reactance to said genr. 
erating means whereby putput waves, thereof...are 
varied under geontrol of said reactance, circuits, converting said output waves into waves variable 
in amplitude, a rectifier for sectifying the t 
able, amplitude component of said conv 
waves, and rai, circuit, for degeneratively if 

16. A method which includes, converting sound 
waves into audia frequency: currents, translating 
the audio frequency currents into. vibratory diss. 
placements of a physical element, providing re. 
actance variations, proportional to the viabitatory. 
displacements, translating the reactance. Variate 
tions into variations in anpludest, speraugibe, 
frequency currents, deriving audio frequeroy gig. 
rents from the said super audible fregueny...cur? 
rents which corresporad to said vibratgry displace..., 
ments, and combining:in phase opposition, the det 
rived and original audio, frequency currents, is 

17. In a reeord eutter unit of the type ?eaplya: 
ing a permanent thagnet-provided with Sgaseg 
pole pieces, a vibratory stylus holder, a laminated: 
armature having said holder, segured to. One side; 
thereof, coils: surrounding the holder and arga-ii, 
ture and located between the pole; pieces to pro-. 
vide vibration of theistylus holder; the aprover 
ment which comprises;at least one:metallie elect, 
trode located in spaced relation: close the at least , 
a portion of said stylus holder thereby ‘to, provide: ; 
a condenser which consists of the electrode and 
the adjacent portion of the stylus holder. . . . 

18. In a record cutter unit of the type employs. , 
ing a magnet provided with pole pieces, a vibra 
tory metallic stylus, holder, provided with an . 
armature coil surrounding the stylus holder and 
armature, located between the pole pieces to pro 
vide vibration of the stylus holder; the improve.-- 
ment which comprises a pair of metallic elec 
trodes located close to the upper end of said stylus. 
holder and, in spaced relation to opposite edges 
thereof thereby to provide a pair. of condensers 
each of which consists of each electrode and its 
respective adjacent edge of the stylus holder. : 

19. In a system provided with a transducer - 
coupled to the output terminals of an anplifier 
of audio frequency voltage; the improvement. 
comprising means for translating amplifier cur 
rents fed to the transducer into frequency modu 
lated high frequency waves, deriving from said 
waves audio frequency modulation currents, and 
applying to said amplifier in predetermined phase 
relation a voltage derived from Said audio fre 
quency modulation currents. 
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