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Philadelphia, Pa., a corporation of Pennsyl 
vania, 
Application April 28, 1944, Serial No. 533,218 

8 Clains. 
1. 

This invention relates to electrical resistance 
devices, and more particularly to a variable re 
Sistance device of novel character. 
The principal object of the invention is to pro 

vide a low cost, highly efficient, variable resist 
ance device which is capable of a wide variety of 
applications or uses. 
In its broadest aspect, my invention contem 

plates the provision of a variable resistance de 
vice comprising a deformable body composed of a 
resilient non-conductive material and a conduc 
tive material, and means for deforming the said 
body to vary its electrical resistance. While any 
suitable materials may be employed in accordance 
with the broad concept of the invention, I prefer 
to use a composition of rubber and a conducting 
material such as graphite. One Such available 
composition, which is preferred, comprises a layer 
of conducting material vulcanized or otherwise 
Secured to the rubber. Alternatively, a homo 
geneous mixture of the materials could be used. 
The invention may be more fully understood 

by reference to the accompanying dra WingS, 
which show certain preferred forms and applica 
tions of the novel variable resistance device. 

In the drawings: 
Fig. 1 is a diagrammatic illustration of a phono 

graph pick-up device employing the novel re 
sistance device of the invention; 

Fig. 2 is a perspective view showing the ar 
rangement of the pick-up stylus in association 
with the variable resistance element; 

Fig. 3 is a cross-sectional view of a specific 
mounting for the combined stylus and variable 
resistance element; 

Fig. 4 is a schematic illustration of another 
phonograph pick-up arrangement embodying the 
invention; 

Fig. 5 is a schematic illustration of still another 
pick-up arrangement; 

Fig. 6 is a schematic illustration of the inven 
tion applied to a gauge or indicator; 

Fig. 7 is a similar illustration of the invention 
as applied to a weight or load indicator; 

Fig. 8 is a Schematic illustration of the inven 
tion applied to a feed-back circuit in an audio 
amplifier and loud Speaker System; and 

Fig. 9 is a Schematic illustration of the inven 
tion as applied to a bridge circuit. 

Referring first to Fig. 1, there is illustrated a 
phonograph pick-up arrangement in which a 
stylus is associated with a resistance element 2 
of the character contemplated by the present 
invention, and in which the vibratory movement 
of the stylus caused by the undulations of a record 
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groove deforms the resistance element and 
thereby varies its resistance. The electrical out 
put circuit of the device as shown comprises an 
output transformer 3, the primary winding of 
Which has its extremities connected to electrodes 
aSSOciated With the resistance device 2. The mid 
point of the primary winding is connected 
through a source of unidirectional voltage 4 to 
the Stylus . The secondary winding of the 
transformer 3 may be connected to the grid of 
an amplifier tube, as well known. 

Fig. 2 shows the resistance element 2 in asso 
ciation with the stylus f. As shown in this 
figure, the resistance element 2 may take the form 
of a block of material of the type above men 
tioned. For example, this element may comprise 
a block of such material which is available in 
blocks 's' thick and is' square, such block 
having a resistance of approximately 377 ohms. 
A Single block of this character is suitable for 
use in the pick-up device illustrated. The block 
2, however, is preferably recessed or cut away 
at its sides 5 to diminish the width of the central 
area. Where the stylus is located. The stylus 
extends through the central part of the resistance 
block which may be molded thereto. The reason 
for diminishing the width at the central part of 
the block 2, as shown, is to subject the entire 
resistance element to distortion by the stylus 
When the latter vibrates laterally in response to 
lateral cut undulations of a record groove. If 
the block 2 were not cut away, and if it were of 
Simple rectangular form, the side portions thereof 
Would present resistance paths which would be 
Substantially unaffected by vibrations of the 
Stylus. A pair of metallic electrodes 6 are ar 
ranged to engage opposite edges of the block 2, 
which preferably is molded directly to the 
electrodes. 
In Fig. 3 there is shown a form of support for 

the Stylus and the associated resistance element, 
Which may comprise an inverted cup-shaped in 
Sulating Support 7, shaped in cross section, as 
ShoWn. The upper end of the stylus may be 
embedded in a resilient anchorage member 8 
Within a recess 9 of the support member. A pair 
of screWS 9 extend through the lower part of the 
Wall of the support at diametrically opposite 
pointS, and the inner ends of these screws engage 
the electrodes 6 associated With the resistance 
element 2. The screws fo, in addition to serving 
aS Supports for the resistance element, also serve 
as electrical terminals by means of which co 
nection is made to the electrodes. Connection 
to the stylus, as indicated in Fig. 1, may be ef 
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fected by means of a conductor extending 
upward through the support member . It will 
be understood, of course, that the assembled unit 
shown in Fig. 3 may be mounted on a tone airn. 
in any Suitable manner. 

In operation of the above described phono 
graph pick-up, the lateral movement of the 
stylus f causes a distortion or deformation of the 
electrically conductive element 2, which effects 
substantial variations in the resistance of this 
element, thereby producing electrical current un 
dulations of substantial magnitude. While it is 
not desired that the invention shall be limited 
to any particular theory of operation of the Vari 
able resistance device, it is believed that the Sub 
stantial resistance variations are due to changes 
in volume of the element. The operation, a C 
cording to this theory, may be best explained by 
Supposing a simple rectangular block (Which in 
practice might be exceedingly small in CrOSS-Sec - c. 
tion) of the material of which the resistance 
element is composed, and by supposing that 
electrodes are engaged with the end portions of 
the block and that a force is applied lengthwise 
of the block or in the direction of current flow cy 
between the electrodes. NoW, in the abseince of 
the force, the block Will have a certain Volume, 
and it will have a certain resistance which is 
proportional to the length of the block and in 
versely proportional to its cross-sectional area. 
Now, when a force is applied as mentioned above, 
the length of the resistance block is decreased 
and its croSS-Sectional area is increased. The 
effect of this is to produce a relatively iarge 
decrease of the resistance of the block. Con 
Versely, a force in the opposite direction, tending 
to elongate the resistance block, will produce a 
large increase of its resistance. Thus, a rela 
tively Small deformation of the resistance ele 
ment will produce a relatively large variation of 
itS resistance. 

In the device of Figs. 1 to 3, the stylus effects 
differential deformation of different parts of the 
resistance element. That is, When moving in one 
direction, the stylus effects compression of one 
portion and elongation of the other portion. The 
resultant Voltage variation produced by this dif 
ferential action is derived through the electrical 
circuit arrangement of Fig. 1, as will be well 
understood. 

In Fig. 4, there is illustrated a phonograph 
pick-up arrangement which is adapted for use 
With both lateral and Vertical cut records. The 
lower portion of the circuit, designated generally 
by reference character 2, is similar to the ar. 
rangement of Fig. 1 and includes a resistance 
element 3 associated with a stylus 4 in the 
manner above described. This portion of the 
device operates in conjunction. With a lateral cut 
record in the manner of the above described de 
Vice. Additionally, however, there is provided a 
second resistance element 3 of the character 
above described associated with the stylus so 
as to be affected by Wertical Vibrations of the 
Stylus when a Vertical cut record is employed. 
An additional primary winding 6 is provided on 
the output transformer 7 and is connected to 
the resistance element 5 and to the Voltage 
Source 8 as illustrated. It will be apparent from 
inspection that vertical vibrations of the Stylus 
will produce an undulatory electrical output. Of 
Course it will be understood that only one por 
tion of this circuit arrangement operates at a 
time, depending upon the type of record being 
enployed. 
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4. 
In Fig. 5 there is shown Schematically the use 

of a variable resistance element 9 and an asso 
cited stylus 28 in direct association with a vac 
uum tube 2. In this instance the stylus vibrates 
laterally, as described in connection with Fig. 1, 
and distorts the associated resistance element 
9. This pick-up unit is connected directly to 

the grid and cathode of the vacuum tube and 
employs no polarizing Voltage source. This ar 
rangement may be used where the resistance of 
the element 9 is very large, e.g. 4-15 megohms. 

in Fig. 6 there is illustrated the application of 
the in Vention to a gauge or indicator arrange 
ment responding to some mechanical movement 
Such as that of a float 22. Thus, the arrangement 
shown may be utilized to indicate the level of a 
body of liquid. The resistance element in the 
form of a block is shown at 23 and has associated 
electrodes 24. Through the action of a lever 25 
carrying the float member 22, a force is applied 
to the lower side of the resistance element, which 
deforms the said element to a degree depending 
upon the position of the float. A circuit 26 is 
connected to the electrodes and includes a source 
of unidirectional Voltage 2 and a suitable indi 
cator 23 adapted to be actuated by direct cur 
rent. The operation of the device Will be obvious 
from the foregoing description. 

In Fig. 7, the invention is applied to a simple 
Inechanical load or weight indicating apparatus. 
In this instance the resistance element 29 is dis 
torted or deformed by the pressure of a Weight 
or load 3, and a simple indicator circuit 3 is 
connected to the resistance element, as in the 
device of Fig. 6. 
In Fig. 8, the invention is shown applied to an 

audio annplifier and loudspeaker system to re 
move distortion due to harmonics produced by 
the loudspeaker cone and driving system. The 
audio amplifier 32, the output transformer 33, 
and the electro-dynamic loudspeaker 34 are of 
conventional form. A resistance element 35, of 
the type herein contemplated, is associated with 
the loudspeaker in a manner to respond to the 
objectionable harmonic Vibrations of the loud 
Speaker. As shown, the resistance element may 
be interposed between the field magnet of the 
Speaker and the cone support, although any other 
Suitable arrangement may be employed. The re 
sistance element is connected in a feed-back cir 
cuit 36 which extends to the input of the audio 
amplifier 32. One Side of the feed-back circuit 
may be connected to B-- through a suitable re 
Sistance while the other Side of the feed-back 
circuit may be grounded. A blocking condenser 
C may be connected as shown, so that the audio 
component only is fed back to the input of the 
almplifier. 

In Fig. 9, the invention is shown applied to a 
WheatStone bridge in which the resistance arms 
are constituted by resistance elements of the type 
here contemplated. Thus, there are four resist 
ance arms of this character designated by the nu 
Inerals 3 to 48. Across one pair of diagonals of 
the bridge there is provided a unidirectional volt 
age Source A, while across the other pair of di 
agonals there is connected a D. C. meter or indi 
cator & 2. This device may be employed to indi 
Cate the amplitude of a mechanical stress or 
movement, and to this end there may be pro 
vided a member 33 which is actuated to vary the 
relative values of the resistance elements and 
thereby unbalance the bridge. 

From the foregoing it will be seen that the 
variable resistance device provided by the pres 
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ent invention is capable of wide application. It 
Will also be seen that the invention provides a 
device of very simple form which, however, is 
highly efficient in effecting a substantial resist 
ance variation in response to a relatively small 
movement or force. 
I claim: 
1. A phonograph pick-up device, comprising a 

deformable body composed of rubber and graph 
ite, a stylus arranged to differentially deform dif 
ferent parts of Said body when actuated by lateral 
cut undulations of a record groove, an output 
transformer including a primary winding, means 
connecting the extremities of said winding to the 
Said parts of said body respectively, means con 
necting the midpoint of said winding to said sty 
lus, a Source of unidirectional voltage included in 
Said last-mentioned connecting means, a second 
body similar to said first body and arranged to 
be deformed by said stylus when the latter is ac 
tuated by vertical cut undulations of a record 
grOOWe, a Second primary winding on said trans 
former, and means connecting said second body 
and Said Second Winding in circuit with said volt 
age SOurce. 

2. A phonograph pick-up device, comprising a 
deformable resilient electrically-conductive body, 
the electrical resistance of said body being varied 
by deformation thereof, a stylus extending 
through the central part of said body intermedi 
ate outer parts thereof so as to effect differential 
deformation of the outer parts of said body when 
the Stylus is actuated by undulations of a record 
groove, an output transformer including a pri 
mary Winding, means connecting the extremities 
Cf Said Winding to the outer parts of said body 
respectively, means connecting an intermediate 
point of said Winding to said stylus, and a source 
Of unidirectional voltage included in said last 
mentioned connecting means. 

3. A phonograph pick-up device, comprising a 
deformable resilient electrically-conductive body, 
the electrical resistance of said body being varied 
by deformation thereof, a stylus extending 
through the central part of said body so as to ef 
fect differential deformation of the outer parts 
of Said body when the stylus is actuated by undu 
lations of a record groove, the central part of said 
body being of diminished dimension laterally of 
the direction of deformation of the body, an out 
put transformer including a primary winding, 
meanS Connecting the extremities of Said Winding 
to the Outer parts of Said body respectively, 
means Connecting an intermediate point of said 
Winding to said stylus, and a source of unidirec 
tional Voltage included in said last-mentioned 
connecting means. 

4. A phonograph pick-up device, comprising an 
insulating Support, a pair of opposed terminal 
in embers carried by said support, a deformable 
resilient electrically-conductive body supported 
by said terminal members, the electrical resist 
ance of Said body being varied by deformation 
thereof, a Stylus extending through the central 
part of Said body So as to effect differential de 
formation of the Outer parts of Said body laterally 
of the stylus axis When the stylus is actuated by 
lateral cut undulations of a record groove, means 
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6 
for Securing the upper end of said stylus to said 
Support while permitting lateral movement of the 
stylus, and means for effecting electrical connec 
tion to said stylus. 

5. A device for translating mechanical vibra 
tions into an undulatory electrical current, com 
prising a deformable resilient electrically-conduc 
tive body, the electrical resistance of said body 
being varied by deformation thereof, said body 
being of relatively Small lateral dimension at its 
central part and increasing in lateral dimension 
On opposite sides of said part, vibratile means 
engaging the Central part of Said body and adapt 
ed to effect differential deformation of the Outer 
parts of said body, and circuit means including 
connections to said body for producing a result 
ant undulatory electrical current in response to 
the differential deformation of said body. 

6. A phonograph pick-up device, comprising a 
deformable resilient electrically-conductive body, 
the electrical resistance of said body being varied 
by deformation thereof, said body being of rela 
tively Small lateral dimension at its central part 
and increasing in lateral dimension on opposite 
Sides of Said part, a stylus operatively connected 
to the central part of said body and adapted to 
effect differential deformation of the Outer parts 
of said body, and circuit means including connec 
tions to said body for producing an undulatory 
electrical current in response to the differential 
deformation of Said body. 

7. A phonograph pick-up device for use with 
records having lateral undulations, comprising 
an elastic electrically-conductive element ar 
ranged to be generally parallel to a record during 
use therewith, the electrical resistance of said ele 
nent being variable by compressive or tensional 
deformation of the element generally parallel to 
the record, a stylus operatively connected to an 
intermediate part of said element and adapted 
when actuated by the lateral undulations of the 
record to effect differential deformation of the 
outer parts of said element, and circuit means in 
cluding connections to said element for produc 
ing undulatory electrical current in response to 
the deformation of Said element by Said stylus. 

8. A phonograph pick-up device according to 
claim 7, wherein said element is composed of an 
elastic non-conductive material and a conductive 
material which renders the element conductive. 

ROBERT B. ALBRIGHT. 
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