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Patented Mar. 2, 1948 2,436,946 

UNITED STATES PATENT OFFICE 
CAPACITY-TYPE PHONOGRAPH PICKUP 

Frank B. Tatro, Chicago, Ill., assignor, by mesne 
assignments, to Wirgil A. Hamilton, Chicago, 

Application April 10, 1941, Serial No. 387,792 
2 Claims. 

1. 
This invention relates to a radio-phonograph 

and more particularly to the phonographic "pick 
ups' and the circuits connecting such “pick-ups' 
to the radio or electronic amplifying and repro 
ducing circuits. 

it is an object of my invention to provide an 
improved apparatus for reproducing sound from 
phonograph records or the like. 
A further object of the invention is to provide 

a phonograph record “pick-up' having a higher 
signal to noise ratio and an improved frequency 
response to the higher audio frequencies and 
provide suitable amplifying circuits controlled by 
said “pick-up.' 
A further object of the invention is to provide 

an improved radio-phonograph and an improved 
phonograph pick-up which may be manufactured 
at materially less cost, but which at the same 
time possesses greater fidelity and quality in the 
reproduction of all frequencies within the audio 
range. 
A more specific object of the invention is to 

provide in a radio-phonograph or a phonograph, 
circuits connecting the phonographic pick-up to 
a local oscillator of a superheterodyne radio re 
ceiving or reproducing circuit whereby impedance, 
i. e., capacity varying phonographic pick-ups may 
be employed to effect a frequency or amplitude 
modulation of an "intermediate frequency' volt 
age which is then fed to a detector and an audio 
annplifier. 
Other and further objects and advantages of 

the invention will be apparent from the following 
description when taken in connection with the 
accompanying drawings, wherein: 

Figure i is a fragmentary view in perspective 
illustrating a phonographic tone arm carrying 
a capacity varying pick-up forming part of the 
present invention; 

Figure 2 is an enlarged fragmentary view in 
section taken substantially along the line 2-2 of 
Figure 1; 
Figure 3 is an enlarged end view of the capacity 

pick-up of Figures 1 and 2; 
Figure 4 is a schematic diagram of a Superhet 

erodyne radio receiver circuit and its connection 
to the capacity pick-up of Figures 1 to 3; 

Figure 5 is a schematic diagram illustrating the 
manner of connection of a variable resistance 
pick-up to the local oscillator of a superhetero 
dyne receiver; 

Figure 6 is a view of a rheostat which may be 
used in the resistance pick-up schematically ill 
lustrated in Figure 5; 
Figure 7 is a schematic circuit diagram show 
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ing the connection of a variable inductance pick 
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up to a local oscillator which may be used re 
motely from a reproducing radio receiver or which 
may be part of the radio receiver; 

Figure 8 is a view in vertical section through a 
variable inductance pick-up which may be used 
With the circuit of Figure 7; 

Figure 9 is a view in vertical Section of another 
form of variable inductance pick-up which may 
be used with the circuit of Figure 7; 

Figure 10 is a schematic drawing of the connec 
tion of the windings of the single tapped coil 
forming the inductive pick-up of Figure 9; 

Figure 11 is a view in vertical section of another 
form of inductive pick-up which may be used with 
the circuit of Figure 7; 

Figure 12 is a schematic drawing of the inter 
conection of the coils of the pick-up shown in 
Figure 11; 

Figure 13 is a schematic diagram illustrating 
the connection of a variable inductance pick-up 
to a combined local oscillator-converter of a Su 
perheterodyne radio receiver; 

Figure 14 is a schematic diagram illustrating 
the connection of a variable capacity pick-up to 
a local oscillator for effecting amplitude modula 
tion of the local oscillations; and 

Figure 15 is a schematic diagram similar to 
Figure 14, but showing the connection of a varia 
ble resistance pick-up to the local oscillator. 

Phonographic pick-ups in commercial use are 
relatively expensive to manufacture and have a 
limited frequency response. They generally em 
phasize the lower audio range and have a tenden 
cy to attenuate the frequencies in the band from 
2000 to 5000 cycles. This is the ordinary Scratch 
or noise range of records played at the usual speed 
of 33% or 78 R. P. M. Consequently such pick 
ups have a relatively low signal to noise ratio and 
it is therefore necessary in reproducing the range 
of frequencies from 2000 to 5000 cycles to further 
attenuate the signals within this range in order 
to eliminate noise frequencies or to amplify and 
reproduce the noise frequencies along With these 
lower audio frequencies. This results either in 
the elimination of the desired audio frequencies 
Within this range, or in the unwanted reproduc 
tion of the noise frequencies. 
Applicant has found that this undesirable chair 

acteristic of attenuation of the lower audio fre 
quencies is characteristic of all pick-ups which 
generate voltages from the mechanical vibra 
tions of a needle traversing a record groove. 
Applicant has also found that it is impossible 

to reproduce these generated audio-frequency 
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voltages with fidelity by means of direct ampli 
fication, of the audio-frequency voltages. In 
seeking to overcome these difficulties of present 
phonographic pick-ups and reproducing circuits, 
applicant has found that by means of the in Ven 
tion, if an impedance varying or voltage varying 
pick-up, as distinguished from a voltage generat 
ing pick-up, is used to convert the undulations 
of the sound record into electrical variations and 
such variations are used to effect the frequency 
or amplitude modulations of a locally generated 
oscillation such as produced in a super-hetero 
dyne receiver, the fidelity of response to all audio 
frequencies is greatly improved and audio or 
acoustical frequencies within the scratch or noise 
range of frequencies may be reproduced with 
clarity, and further that all this may be accom 
plished by means of devices and circuits which 
may be manufactured at a cost less than the cost 
of the present type of pick-ups and reproducing 
circuits. 
As shown in Figure 1, the tone arm 2 which may 

be of conventional construction and mounted in 
the usual manner, carries at its outer free end a 
capacity pick-up 4 which may comprise a block 
6 of Suitable insulating material Secured to the 
tone arm in any desired manner as, for example, 
by means of the bracket 8 fixed to the tone arm 
and screws or bolts to passing through the block 
6 and received in the bracket 8. The tone arm 
2 is hollow as is conventional, and the pick-up 4 
is housed within the arm and the necessary leads 
pass through the hollow arm from the free end 
to the opposite end and pass from the arm adja 
cent to or through the pin or pivot on which 
the arm is mounted. The capacity pick-up 4 
comprises in addition to the block 6 a. plurality 
of thin metal plates 2 separated by layers 4 of 
dielectric material which may comprise strips of 
relatively soft rubber or may comprise coatings 
or strips of any suitable dielectric material. The 
plates 2 are made of such material and of such 
thickness or mounted in such manner that they 
may be readily moved or flexed toward and from 
each other by means of a needle as 6 secured to 
the outer plate 2, the needle traversing the sound 
grooves of the record as the record i8 shown in 
Figure 1. 
The needle 6 may be soldered to the outer 

plate 2, or it may be received in a suitable light 
needle holder mounted on this plate. The clamp 
ing screw 28 passes through enlarged central 
openings in the plates 2 and is received in a nut 
22 mounted in the block 6. One or more strips 
or washers 24 of insulating material such as soft 
rubber insulate the head of the screw 28 from the 
outer plate 2. The strips 4 which may be of 
a plastic cushioning material or sponge rubber 
cushion the plates and minimize resonant fre 
quencies that the assembly may have so that the 
assembly will not resonate mechanically at a 
frequency within the audio range. The number 
of plates, the dimensions of plates, the thickness 
and kind of insulating or dielectric material used 
between the plates, and the pressure applied to 
the plates with the clamping screw all determine 
the sensitivity and frequency of response of the 
pick-up 4. 
The pick-up device being sensitive to side-to 

side, or lateral, movements and relatively insensi 
tive to up and down movements, capacity varia 
tions are produced only by the lateral undula 
tions of the record grooves, or side-to-side move 
ments of the stylus. 
One lead 26 (Figure 4) from the pick-up 4 may 
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4. 
be grounded while the other and shielded lead 28 
extends to the contact point 30 of a switch 32 
by which it may be connected to the Superheter 
odyne radio receiver 34 of a combined radio 
phonograph. The switch 32 connects the phono 
graph lead 28 to the circuits of the local oscillator 
or mixer tube 36. The tube 36 comprises a plate 
38, a screen grid 40, an oscillator anode 42, an 
oscillator grid 44, and a control grid 46. The 
out-put or plate circuit of the tube 36 is coupled 
to the in-put of an intermediate frequency ampli 
fier tube 48 by means of the doubly tuned trans 
former coupling 50 tuned to the intermediate 
frequency. The primary 52 of this transformer 
is tuned by the condenser 54 and the secondary 
56 is tuned by the condenser 58. The plate 38 
is connected to the positive direct current supply 
terminal 60 through the primary 52 and the 
wire 62. The screen grid 40 is connected to this 
terminal through the resistance 64 and the oscil 
lator anode 42 is connected to this same terminal 
through the resistor 66. 

The cathode 68 is connected to ground through 
the self-biasing resistor 70 and the by-pass con 
denser 72. The screen grid is maintained at 
ground potential with respect to radio frequency 
voltages through the condenser 74. The fila 
ment 76 for the cathode may be energized from 
the ordinary low voltage filament circuit of the 
radio receiver supply circuit. The oscillator an 
ode 42 is coupled to the grid 44 when the ganged 
switches 32 and 78 are in the position shown in 
Figure 4 through the wire 89, the blocking con 
denser 82, the wiper 84 of the switch. 78, the 
switch contact 86, the wire 88, the feed-back cou 
pling transformer 92, the wire 94, the wiper 96 of 
the Switch 32, the wire 98, the grid condenser 
f00 and the wire O2. The grid condenser f() is 
shunted by the resistor f04 and the tuning con 

40 denser f06 as is conventional. 
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The control grid 46 is connected by the wire 
f08 to the radio frequency coils and band switch 
of the radio frequency amplifying part of the 
radio receiver, the band switch which is con 
ventional and not shown, being ganged to the 
switches 32 and 78 so that with the switches 32 
and 78 in the position shown in Figure 4 and the 
R. F. band switchin a corresponding setting, the 
local oscillator or mixer tube 36 will be set to 
oscillate at the proper frequency to produce in 
the output circuit of the tube 36 the desired in 
termediate frequency signals. With the switches 
32 and 84 in position connecting the wipers 96 
and 84 to the short wave contacts if 0 and fi2, 
the oscillator anode is coupled to the grid through 
the short wave feed-back coupling transformer 

4, the secondary of this short wave coupling 
transformer being connected to the switch point 

O by the wire 6 and the primary connected 
to the switch point ff2 by the wire 8. With 
the wiper 96 in position to engage the contact 
30, the phonograph lead 28 is connected by the 
wiper 96 to the grid lead 98 and to the contact 
point 20 which is connected by the wire 22 and 
the wire 94 to the secondary of the broadcast fre 
guency transformer 92. The wiper 84 of the 
switch 78 at this time through the contact 24 
and the wires 26 and 88 connects the primary 
of this broadcast frequency transformer 92 to 
the oscillator anode wire 80 through the blocking 
Condenser. 82. The mechanical variations trans 
mitted by the needle-f6 from the lateral undula 
tions of the record grooves produce capacity vari 
ations across the output terminals of the capacity 
pick-up 4 and in the circuit of the B. C.’ oscil 
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lator coil across the secondary of the transformer 
92 and the tuning condenser 06. 
The capacity of the pick-up 4 and/or the lead 

28 together with distributed circuit capacity and 
condenser. 06 tune the broadcast oscillator coil. 
to a frequency within the band width of the in-, 
termediate frequency and variations in the ca 
pacity of the pick-up due to the lateral undula 
tions of the record groove effect a frequency mod 
ulation in the Output circuit of the tube 36. The 
doubly tuned resonant coupling circuits of the 
intermediate frequency amplifier stage or tube. 
48 are used to demodulate this frequency modu 
lated signal, which demodulation is accom 
plished due to the selectivity of this I. F. stage. 
The demodulation of the signal in the I. F. stage. 
results in the production of a signal varying in 
amplitude at the input of the diode-detector 
which in conventional receivers is known as the 
"second detector” in which the signal is rectified 
and the modulation frequency re-converted to 
an audio frequency. 
The phonograph signals are therefore further. 

amplified by the I. F. stage 48 and are later de 
tected in a diode-detector fed from the doubly 
tuned transformer coupling 28 and amplified in 
a Subsequent audio amplifier fed from the diode 
detector. It will be evident that the capacity 
pick-up 4 effects the frequency of the locally 
generated oscillations, for this capacity is part 
Of the Oscillator tank circuit. 
Another method of varying the effective im 

pedance and the resultant frequency of a local 
oScillator circuit is by means of a variable resistor 
pick-up as illustrated in Figure 6 by connecting 
such pick-up and a series condenser in parallel 
With the OScillator tank circuit capacity as shown 
in Figure 5. As shown in Figure 6, any suitable 
conventional small rheostat may have on its re 
sistance adjusting shaft 30 the record traversing 
needle 6 so that side-to-side or lateral motion 
of the needle 6 caused by lateral undulations in 
the record groove effect angular adjustments of 
the shaft 30 and consequently variations in the 
resistance of the rheostat 32. One terminal of 
Such resistance pick-up 34 is connected to 
ground while the other terminal is connected to 
a condenser 36 which may be mounted on or 
form part of the pick-up 34. - 
A wire 38 connects the other side of the con 

denser 36 to the ungrounded side of the tuning 
condenser 40 of the oscillator tank circuit, 
which tank circuit includes the secondary of 
the transformer 42, the primary of this trans 
former being grounded at one side and connected 
by the Wire 44 in which is interposed the block 
ing condenser 46 to the plate of the local oscil 
lator tube 48. The mechanical vibrations of the 
needle caused by the lateral undulations of the 
record grOOWe cause variations in the resistance 
of the rheostat 32. This produces a frequency 
modulated signal which may be amplified and 
detected as previously described. 
Another method of varying the effective im 

pedance in the local oscillator circuit is by means 
of a variable inductance pick-up as shown in 
Figures 8, 9, and 11 connected in a circuit as 
shown in Figures 7 or 13. . 
AS shown in Figure 8, the variable inductance 

pick-up 50 may comprise a pair of spaced dia 
phragms 52 and 54 appropriately mounted in 
mounting plates 56 and 58. The diaphragms 
52 and 54 floatingly support a shaft (60, the 

shaft extending beyond one of the diaphragms 
as the diaphragm 52, and having mounted on 

10. 
be connected to a local oscillator in a phono 

5. 
the oscillator section of a converter tube form 

20. 

6: 
or secured to its extending end the record trae, 
versing needle 6. The shaft 60 carries a core 
piece or slug 62 and is positioned within the 
coil form or cylinder 64 on which is wound or 

. Supported a primary coil 66 and an inductively 
related secondary coil 168. As the needle 6 tra 
verses the record groove, the mechanical to 
and-fro movement of the core piece or slug 62 
effects corresponding variations in the inductance 
of the secondary winding. The pick-up 50 may 

graph. remote from the radio receiver and the 
output of this phonograph fed over power lines 
to a local broadcast receiver, or the local oscil 
lator to which it is connected may be used as 

ing part of a superheterodyne receiver. One. 
such circuit with which the pick-up may be used 
is schematically illustrated in Figure 7, wherein 
it is shown as coupled to a local, electron-coupled 
oscillator circuit embodying the oscillator tube. 

25 

0. 
. The tube () may have its plate 2 and its 

screen grid 4 connected to the positive direct 
current terminal 76 in the usual manner as by 
the resistors 8 and 80 and the shunting con 
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denser 62. The control grid 84 of the Oscil 
lator tube 70 may be connected to the usual 
grid condenser 86 which is shunted by the tun 
ing condenser 88 and the grid resistor 90, the 
common connection of the tuning condenser 88 
and the grid resistor 90 being grounded. The. 
wire 92 of a two-wire shielded cable 94 con 
nects the terminal A-2 of the secondary 68 of 
the inductive pick-up 58 to the common con 
nection of the grid condenser 86 and the tun 
ing condenser 88. The second wire 96 of the 
two-wire shielded cable 94 connects the com 
mon terminal A3 of the primary and secondary 
windings 66 and 68 to the cathode 98 of the 
local oscillating tube 70. . The other terminal 
A? of the pick-up is connected to the Shield of 
the two-wire shielded cable 94, which is ground 
ed as at 200. The out-put of the tube 70 may 

5 be fed through the coupling or blocking con 
denser 202 and may be fed over a power line into 
a local broadcast receiver or this electron-coupled 
oscillator circuit may be used as the oscillator 
section of a converter tube forming part of the 
usual superheterodyne radio receiver and tuned 
to the intermediate frequency of the receiver. 
Where the signal is further amplified and de 
tected by the usual detector in Such receiver. 
In the form shown in Figure 9, the inductive 

pick-up 204 may comprise a single coil winding 
206 having the parts 208 and 20 thereof (Fig 
ure 10) interconnected as shown in Figure 10, 
and to the terminals A, A2, and A3 as ShoWn. 
The coil 206 may be mounted in any convenient 
manner as by means of the Winding form or 
cylinder 2; 2 upon the mounting support 2 4 to 
which there is secured at one side of the coil a 
diaphragm 2 6, the diaphragm being fastened 
along one edge and free along its opposite edge. 
The diaphragm 26 has secured at its free edge 
in any suitable manner the needle 6. The dia 
phragm also carries a core piece or slug 2f 8 po 
sitioned to move into and out of the Winding form 
or cylinder 22 in order to vary the inductance 
of the coil 266. Thus as the needle vibrates due 
to the lateral undulations in the record groove 
being traversed, the inductance of the coil 206 is 
proportionately varied. 
In the form shown in Figure 11, the inductive 

pickup comprises a primary coil 222 and a sec 



oridary coil 224 similar to the primary and sect 
ondary coils f66 and f68 of the pick-up shown 
in Figure 8. The secondary coil 226 may be 
mounted as by means of its winding form or 
cylinder 226 on the mounting support 228. The 
mounting suport 228 has affixed to it a diaphragmi 
230 similar to the diaphragm 2 6 of the form 
shown in Figure: 9, the diaphragm 230 having 
secured to its free edge the needle 6. The dia phragm 230 also carries the primary coil 222 16 
which may be mounted thereon in any suitable 
manner, as for example, by means of its wind 
ing form or cylinder 232. The primary and sec 
ondary coils 222 and 224 may be interconnected 
and connected to the terminals. Af, A2 and A3, 
as shown in Figure 12. The inductive pick-ups 
204 and 206 (Figures 9 to 12), may be connected 
to the local oscillator circuit of Figure 7 in the 
same manner as illustrated in said figure with 
respect to the pick-up 50. Whichever form of 
inductive pick-up 50; 204 or 220 is employed with 
the circuit of Figure 7, variation in the effective 
inductance of the pick-up effects the frequency 
modulation of the locally generated oscillationis, 
which frequency modulated signals may be de- g5, ei 
tected and amplified as previously described: 

If the core piece 62 is located on the shaft-60 
so as to lie under the primary winding, and used 
to vary the inductance of that winding instead 
of the secondary, slighit variations in amplitude. 
are produced in proportion to the side-to-side 
motions of the needie. Such amplitude varis 
ations may be employed to control circuits sim 
ilar to those shown in Figures 14 and 15 and later 
to be described, for effecting ani 
tion of the locally generated oscillations: 
Whether the variations of inductance are used 
to effect frequency or amplitude modulations of 
the locally generated oscillations, the output 
signals will pass the usual bandwidth of an in -iri 
termediate frequency channel of any commer 
cial radio receiver having an intermediate fre 
quency for which the pick-up is designed to pro 
duce in combination with other oscillator cireuit 
components; for the side bands are suffieiently 
close to the carrier or oscillator frequenc rts. The 
inductive pick-up 50 or 204°or 220 may be con 
nected to the radio receiver part of a combined 
radio-phonograph as shown in Figure 13: The 
radio receiverportion of this circuit may besiini 
ilar to the radio receiverportion of the circuit. 
shown in Figure 4 and the wiper 96 of the switch 
32 and the wiper 84 of the switch 78 used to 
substitute the coils of the pick-up for the broad 
cast oscillator coils of transformer 92; 
Thus with the switch wiper 96 in engagement 

with the contact 234; the terminal A2 of the cóils 
of the pick-up is connected to the common point 
of connection between the tuning condensers fos 
and the grid condenser 00. At the same time; 
the terminal A? of the coils of the iriduetive 
pick-up is connected to the wire 236, the contact 
238; the wiper 84 of the switch-'88 to the wire 
80; which is connected to the oscillator anodé 
of the local oscillator or mixer tube 36: 
with the switch wipers 84 and '96 in engagenient 
with the contacts 234 and 238; the local oscillator 
circuit is tuned to a frequency within-th F. 
band and variations -in the inductance of the 
pickup provider the frequency modulated sig 
rials which are demodulated by the tunedicii 
cuits of the I.F. stage of tu 
"second detector and audio amplifi 

Figure. 14'illustrates a förmo 
e 48 and féd’tó a 

s 

is 

plitude modula 35 

46 

45 

50's 

6: - This 65 
to irriprove the frequency of response 

plate 242 connected to the positive voltage termis 
rial 244 by the w 246 and the resistor 248. ted through 

the feed-back condenser 264, the capacity of the 
pick-up and the input coil 266 which has its 
ridpoint grounded as at 268 and is tuned by 

d k e the tuning condenser 270 which is grou 

ing proportional amplitude variations in locally 
generated oscillations. These amplitude mod 

pified and reproduced. 
Figure 15 illustrates the connection of the re 

sistor pickup 34 in the feedback connection 
of the same oscillator circuit as in Figure 14 to 
effect amplitude modulation of the locally gens' 
erated oscillations. The resistance pick-up 34. 
is thus connected between the condenser 264 and 
he coil 266 Variations in the resistance of the pick-up 34 as the needle traverses the record 
grooves effects proportional variations of the 
feedback voltage and hence an amplitude mod. 
ulation of the locally generated oscillations: 

It will be apparent from the foregoing de. 
scription that applicant has provided an im 
proved method and apparatus for reproducing 
sèund from phonograph records or the like. 
Applicant has further provided a phonograph 

record “picks up' having a higher signal to noise 
ratio and an improved frequency response to 
the higher audio frequencies; and improved am: 
plifying circuits controlled by said "pick-up." 
The invention has further provided an in 

proved radio phonograph and an improved 
phonograph pick-up which may be manufac 
treef-at-materially less cost, but which at the 
saime time possesses greater fidelity and quality 
in the reproduction of all frequencies within the 
audio range. 
Applicant has further provided in a radio 

phonograph'or a phonograph having: electronic 
amplifying circuits, circuits connecting the 
phénographic pick-up to the local oscillator of 
a stuper-heterodyne radio-receiving or reproduc 
ing circuit whereby impedance varying phono 
graphic pick-ups may be employed to control the 
freeuency or amplitude modulation of an “inter 
mediate frequency' circuit and the frequency 
selecting characteristics of the localiosillator in 
such an intermediate frequeny circuit employed 

. onse of the 
reproducing; circuits to the audio-frequency 
variations of the sound record: 

It is thought that the invention and numerous 
6 of its attendant advantages will be understood 

hg description and it is obvious 
schanges may be made in the form, 
and arrang of the several 

fifthout departing fi or scope 

the forégoing description 

the capacity pick-up 4 may be used to effect am 75 of the inventiorior sacrificing any of its attendant 
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advantages, the form herein described being a 
preferred embodiment for the purpose of illus 
trating the invention. 
The invention is hereby claimed as follows: 
1. A Sound record pick-up comprising a Sup 

porting bracket of insulating material, a con 
denser including a stack of flexible, metal plates 
with dielectric material therebetween, alternate 
plates having Wings at opposite ends, said bracket 
and wings being slidably interlocked to yieldably 
mount said plates on said bracket and a record 
traversing stylus secured to one of said plates to 
effect approaching and recessive yielding move 
ments of the plates. 

2. A Sound record pick-up comprising a Sup 
porting plate of insulating material, a condenser 
including a stack of flexible, metal plates with 
dielectric material therebetween, alternate metal 
plates having Wings at opposite ends, said insu 
lating plate having spaced openings therein, said 
Wings being slidably interlocked in said openings 
to yieldably mount said metal plates on said in 
sulating plate, a record traversing stylus secured 
to one of said metal plates to effect approaching 
and recessive yielding movements of said plates, 
an adjustable clamping member passing through 

0. 

s 

20 

25 

O 
said metal plates, secured to said insulating plate 
and bearing upon the Outer one of said metal 
plates for adjustment to determine the normal 
capacity and also the sensitivity of the pick-up. 

FRANK B. TATRO. 
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