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This invention is a piezoelectric element having sep 
arate outputs in response to stress in directions at right 
angles to each other. One use of such elements is in 
phonograph pickup cartridges for playing single groove 
binaural records. In such records, a needle tracking the 
record groove is moved simultaneously in two directions 
at right angles to each other, the needle excursion in each 
direction corresponding to the output of one of the two 
binaural channels. When the element is used in a binaural 
phonograph pickup, the output for each channel appears 
between a single electrode and ground. 

In the drawings, Fig. 1 is a diagrammatic side elevation 
of a binaural pickup; Fig. 2 is a section on line 2-2 of 
Fig. 1; Fig. 3 is a diagram of the record groove; Fig. 4 is 
a circuit diagram; and Fig. 5 is a circuit diagram for an 
other pickup. 
The phonograph pickup is intended for single groove 

binaural records where the inputs from two binaural 
microphones are cut in the groove at right angles to each 
other. For example, the output of the left microphone 
might cause the record cutter to have a lateral excursion 
in the groove while the output from the right microphone 
might cause the record cutter to have a hill and dale ex 
cursion. In another system, both microphones cause the 
record cutter to have excursions along planes inclined 
45 degrees to the record surface and 90 degrees to each 
other. This latter system is diagrammatically illustrated 
in Fig. 3 where the record surface is designated as 23, 
the record groove as 24, and the record cutter as 25. One 
of the binaural channels causes excursion of the cutter in 
the direction of arrow 26 while the other of the binaural 
channels causes excursion of the cutter in the direction 
of the arrow 27. In playing the record, the needle foll 
lows the record groove and duplicates the excursion of 
the record cutter. 
The pickup has a piezoelectric element of one of the 

polarizable ceramics such as barium titanate having one 
end fixed in a stationary support by a rubber bushing 2 
and having the other end fixed in a socket 3 in a chuck 
4 for a needle point 5. The element may be secured in 
the socket 3 by cementing and the needle 5 may likewise 
be secured in the chuck by cementing, thereby producing 
a rigid assembly. 
The piezoelectric element consists of a bar of ceramic 

having four longitudinally extending electrodes sym 
metrically spaced about its longitudinal axis. The shape 
of the bar should be such that its stiffness is the same in 
all directions radial to its longitudinal axis. Among such 
shapes are bars of square or circular cross section or of 
the cross shape illustrated where the bar has four longi 
tudinally extending radial flanges or ribs 6 spaced 90 de 
grees from each other. Longitudinally extending elec 
trodes 7, 8, 9 and 10 are coated on the ceramic between 
adjacent flanges resulting in diametrically opposed pairs 
of electrodes with each pair centered on an axis 90 de 
grees from the other. For example, the electrodes 7 and 
9 are opposite each other and are centered on an axis 11 
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2 
while the electrodes 8 and 10 are likewise opposite each 
other and are centered on an axis 12. The ceramic is po 
larized in the directions indicated by arrows 13, 14, 15 and 
16. The arrow 13 extends directly from the electrode 9 
to the electrode 8 while the arrows 14, 15 and 16 ex 
tend from the electrode 9 through electrodes 10 and 7 
to the electrode 8. The polarization could be described 
as directly between adjacent electrodes 8 and 9 and in 
series from electrode 9 successively through electrodes 
10 and 7 to electrode 8. The degree of polarization is 
the same between any two adjacent electrodes in order 
that the piezoelectric properties may match. This polari 
zation may be obtained by first connecting electrodes 10 
and 8 together, and 9 and 7 together, and then applying 
polarizing voltage between 7 and 8 to polarize all four 
legs 6 equally, with direction of polarization pointing from 
7 to 8 (16), 9 to 8 (13), 9 to 10 (14), and 7 to 10 (op 
posite to 15). It is now necessary to reverse the polariza 
tion from 7 to 10. This may be accomplished by con 
necting electrodes 7 and 8 and 9 and 10, then applying 
polarizing voltage between 7 and 16 in such a direction 
as to reverse the polarization previously established across 
7 and 10. This applies voltage across 8 and 9 in the same 
direction as previously, and if first polarization is made 
complete, no further change in polarization of leg corre 
sponding to arrow 13 will take place, and all polarizations 
will be equal. 

In the assembly, the piezoelectric element is oriented 
so that the needle 5 is directly in line with one of the 
longitudinal flanges 6. The assembly is then located in 
the bushing support 2 so that the needle is perpendicular 
to the record surface. With this orientation, the move 
ment of the needle due to the recording of the left chan 
nel of the binaural system will be in the direction of arrow 
17 while the movement of the needle due to the recording 
of the right channel of the binaural system will be in the 
direction of arrow 18. Since the arrows 17 and 18 are 
at right angles to each other, the needle can follow in 
dependently the recording in each channel. 
Any opposite pair of electrodes, for example the elec 

trodes 8 and 10, are grounded. The output of the right 
channel then appears between electrode 9 and ground 
and is due to the polarization in the directions indicated 
by the arrows 13 and 14. The polarization indicated by 
the arrows 15 and 16 produces no output for the right 
channel because the voltages generated by the needle ex 
cursions from the right channel recording are equal and 
opposite. The left channel output appears between elec 
trode 7 and ground and is due to the polarization indi 
cated by the arrows 15 and 16. No output for the left 
channel is obtained from the polarization due to the 
arrows 13 and 14 because the voltages generated by the 
needle excursions from the left channel are equal and opposite. 
To reconstitute the sound, the output from the right 

channel is fed through amplifier 19 to speaker 20 while 
the output from the left channel is fed through amplifier 
21 to speaker 22. The speakers 20 and 22 are so located 
that the sound reproduces the input from the binaural 
microphones used in recording the record. 

For perfect reproduction, it is necessary that the 
ceramic bar be accurately made, accurately oriented, 
and accurately polarized. Accuracy in manufacture in 
sures the equality of the deflection characteristics about 
axes 11 and 12 so that equal forces from the needle pro 
duce equal deflections about these axes. Accuracy of 
polarization insures equality of output due to the polari 
zation indicated by the arrows 13-16 inclusive so that the 
output for the right channel due to the polarization in 
dicated by arrows 13 and 14 will (for equal needle ex 
cursions) be the same as that obtained in the left channel 



3 
due to the polarization indicated by arrows 15 and 16. 
Furthermore, the equality in polarization results in com 
plete cancellation of output in the right channel due to 
the polarization indicated by arrows 5 and 16 and like 
wise results in complete cancellation of the output in the 
left channel due to the polarization indicated by arrows 
13 and 14. Inaccuracy in orienting the needle 5 with 
reference to the record surface results in a component 
of movement in one of the channels appearing as an out 
put in the other channel. Inaccuracy in all of these 
factors results in interchannel cross talk which should 
be kept to a reasonable minimum. Some of the errors in 
manufacturing may tend to cancel each other. It is also 
possible by changing the orientation of the needle 5 to in 
troduce a compensating error which may be helpful in 
minimizing the interchannel cross talk due to other 
CaSCS. 
The pickup handles the binaural channels independent 

ly both as to electrical and as to mechanical forces. The 
outputs for the channels appear in separate electrodes on 
opposite sides of the element and are partially shielded 
from each other by the grounding of the intermediate 
pair of electrodes. 

Fig. 5 is a circuit diagram showing another pickup 
having the binaural channel outputs each appearing be 
tween a single electrode and ground. The pickup element 
is a bar of polarizable material such as barium titanate 
ceramic having four longitudinally extending electrodes 
28, 29, 30 and 32 spaced 90 degrees from each other. 
In a preferred form the electrodes are arranged between 
adjacent ribs or flanges 32, 33, 34 and 35 with electrode 
28 between flanges 32, 33, electrode 29 between flanges 
33, 34, electrode 30 between flanges 34, 35 and electrode 
31 between flanges 35, 32. The bar is polarized by a 
field between electrodes 28, 30 and electrodes 29, 31 pro 
ducing the polarization indicated by arrows 36, 37, 38 
and 39. 
The piezoelectric element is assembled, for example 

as shown in Fig. 1, oriented so that the needle 5 is 
centered directly below one of the electrodes, for ex 
ample the electrode 30, and the adjacent flanges or ribs 
34, 35 are inclined at an angle of 45 degrees with respect 
to the record surface. 
the needle 5 by the recording of the left channel exerts 
a force in the direction of arrow 17 and causes bending 
of the piezoelectric element about axis 40 which extends 
along the center line of flanges or ribs 33, 35. Because 
the axis 40 is at the neutral axis of the piezoelectric ele 
ment, no output is produced by the polarization in the 
direction of arrows 37 and 38 except that due to irregul 
larities in the ceramic or in the application of the elec 
trodes or the degree of polarization. In this connection 
it should be noted that the polarization indicated by 
arrows 37 and 38 are opposite to each other so that such 
output as might exist due to the irregularities would tend 
to cancel. A force in the direction of arrow 17 produces 
a tension stress in rib 34 and a compression stress in 
rib 32. This produces a voltage between electrode 29 
and ground electrode 36 and produces a voltage of the 
same sign and magnitude from electrode 28 to electrode 
31, Electrode 31 accordingly by reason of the voltage 
generated due to the polarization of arrow 36 tends to 
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direction of arrow 18 does not produce any output due 
to the polarization in the direction of arrows 36, 39 ex 
cept that due to irregularity-in the ceramic or the elec 
trodes or the polarization. The force in the direction 
of arrow 18 produces a tension stress in the rib 35 and 
a compression stress in the rib 33. The tension stress 
in the rib 35 causes a voltage to be generated due to 
the polarization in the direction of arrow 38 between 
electrode 31 and ground electrode 39. This voltage is 
fed to the right channel amplifier 19 and right channel 
speaker 26. The stress in the direction of arrow 18 
produces a voltage between electrodes 28 and 29 of the 
Same magnitude and sign as the voltage between elec 
trodes 3 and 39. That is, electrode 29 assumes the 
Same polarity as ground electrode 30 and electrode 28 
assumes the same polarity as electrode 3:. This means 
that by reason of the voltage generated by a force in 
the direction of arrow 18, no voltage is fed to the left 
channel amplifier 21. m - 
The Fig. 5 pickup has very low interchannel cross 

talk because a voltage produced by the recording in one 
channel which normally would be electrostatically coupled 
to the other channel is opposed by an equal and opposite 
voltage generated by the same stress in the other channel. 
The result is that when the needle is following a record 
ing for only one of the channels, an output is generated 
in the output electrode for that channel while the output 
electrode for the other channel in which there is no 
recording remains at ground potential. The Fig. 5 pick 
up has the advantage of having its output for both chan 
nels between a single electrode and ground. This is the 
conventional single ended output in common use in the 
phonograph industry. The pickup accordingly can be 
readily substituted in existing phonographs. 
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When so mounted, excursion of 
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When either the top or bottom electrodes 28, 30 in 
Fig. 5 is grounded, the voltages appearing on the out 
put electrodes 29, 31 due to a vertical force on the needle 
5 are in phase with each other. When either the left 
or right electrodes 29, 31 in Fig. 5 is grounded, the volt 
ages appearing on the output electrode 28, 30 due to a 
vertical force on the needle 5 such as caused by turntable 
rumble are out of phase with each other and may be 
trapped in a filter connected across the channel output 
electrodes. When any one of the four electrodes is 
grounded, the adjacent electrodes may be used as out 
put electrodes respectively for the left and right channels. 
For example, if the electrode 30 is grounded, the left 
and right channel outputs will then appear respectively 
on electrodes 29 and 31. Similar analyses may be made 
for the grounding of any other electrode. Rumble may 
also be reduced when either the top or bottom electrode 
(28 or 30) is grounded by connecting a low pass filter 
from ground to the one not grounded. The foregoing 
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assume the same potential as ground electrode 30. This 
means that the force due to the recording of the left 
channel as indicated by arrow 17 produces an output 
at electrode 29 which is fed through the amplifier 2, 
and speaker 22 as in Fig. 4. The voltage appearing on 
electrode 29 does not appear on the right channel elec 
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trode 31 and accordingly does not produce any output 
in the right channel speaker 20. The recording due to 
the right channel produces a force on the needle 5 in 
the direction of arrow 18 and causes bending of the piezo 
electric element about the axis 41 which extends along 
the center line of flanges or ribs 32, 34 or along the neu 
tral axis of the piezoelectric element. The force in the 
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disclosure for reduction of rumble is being claimed in 
application Serial No. 737,574, filed May 26, 1958. 
What is claimed as new is: 
1. A piezoelectric element having separate outputs re 

spectively in response to bending in about one and the 
other of two axes substantially at right angles to each 
other, comprising a bar of polarizable ceramic having 
two pairs of longitudinally extending electrodes, with the 
electrodes of each pair on opposite sides of the bar and 
with the respective pairs arranged on a different one of 
one of said axes, said bar being polarized from one elec 
trode of one of the pairs in divergent directions to an 
adjacent electrode of the other pair, one of the directions 
of polarization extending directly from said one electrode 
to said adjacent electrode, the other direction of polariza 
tion extending serially from said one electrode through 
the remaining electrodes to said adjacent electrode, one 
of the pairs of electrodes grounded, and the output-for 
bending about one and the other of said axes appearing 
respectively between ground and one and the other of 
the remaining two electrodes. . - 

2. A phonograph pickup for binaural records having 
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two channels cut in a single record groove in two direc 
tions at right angles to each other comprising a bar sup 
ported at one end and having a needle coupled to the 
other end for bending the bar about axes substantially 
at right angles to said two directions, said bar being of 
polarizable ceramic having two pairs of longitudinally ex 
tending electrodes, with the electrode of each pair on 
opposite sides of a different one of one of said axes, said 
bar being polarized from one electrode of one of the 
pairs in divergent directions to an adjacent electrode of 
the other pair, one of the directions of polarization ex 
tending directly from said one electrode to said adjacent 
electrode, the other direction of polarization extending 
serially from said one electrode through the remaining 
electrodes to said adjacent electrode, one of the pairs of 
electrodes grounded, and the output for bending about 
one and the other of said axes appearing respectively be 
tween ground and one and the other of the remaining 
two electrodes. 

3. The piezoelectric element of claim 1 in which the 
bar has four longitudinal flanges so it is of cross shape 
in transverse section and the electrodes are between ad 
jacent flanges. : 

4. The piezoelectric element of claim 1 in which the 
bar has equal stiffness in all radial directions. 

5. A piezoelectric element having separate outputs re 
spectively in response to bending about one and the other 
of two axes substantially at right angles to each other, 
said element comprising a bar-like body of polarizable 
ceramic having a pair of electrodes centered on one of 
the axes and spaced on opposite sides of the other of the 
axes, a second pair of electrodes centered on said other 
axis and spaced on opposite sides of the first axis, said 
body being polarized on one side of the first axis from 
one of the electrodes of the second pair in diverging di 
rections respectively to one and the other of the elec 
trodes of the first pair, and said body being polarized on 
the other side of the first axis from one electrode of the 
first pair to the other electrode of the second pair and 
thence to the other electrode of the first pair. 

6. A piezoelectric element comprising a bar-like body 
of polarizable ceramic having four longitudinally extend 
ing electrodes symmetrically spaced about the longitu 
dinal axis of the element in diametrically opposed pairs 
centered on axes substantially 90 degrees from each 
other, said bar being polarized by a field from one pair 
of electrodes to the other pair of electrodes, means ap 
plying forces to said element in two directions at right 
angles to each other to cause bending about axes at right 
angles to each other and at 45 degrees to the axes ch 
which the respective pairs of electrodes are centered, 
means for grounding one electrode, means for connect 
ing one of the electrodes adjacent the grounded electrode 
to an output for bending of the bar in one of said two 
directions, means for connecting the other of the elec 
trodes adjacent the grounded electrode to another out 
put for bending of the bar in the other of said two direc 
tions, whereby cross talk between said outputs is reduced. 

7. A phonograph pickup for binaural records having 
two channels cut in a single record groove in two direc 
tions at right angles to each other comprising a bar Sup 
ported at one end and having a needle coupled to the 
other end for bending the bar about axes at right angles 
to said two directions, said bar having four symmetrical 
ly spaced longitudinally extending ribs with two pairs of 
diametrically opposed ribs respectively substantially 
centered on one and the other of said axes, four elec 
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6 
trodes Symmetrically spaced about the longitudinal axis 
of the bar with each electrode between adjacent ribs, 
said bar being of polarizable ceramic and polarized by a 
field from two diametrically opposed electrodes to the 
other two electrodes, means for grounding one electrode, 
means for connecting one of the electrodes adjacent the 
grounded electrode to an output for bending of the bar 
in one of Said two directions, means for connecting the 
other of the electrodes adjacent the grounded electrode to 
another output for bending of the bar in the other of 
Said two directions, whereby cross talk between said out 
puts is reduced. 

8. A phonograph pickup for binaural records having 
two channels cut in a single record groove respectively 
in two directions at right angles to each other and at 
45 degrees to the record surface comprising a bar sup 
ported at one end and having a needle coupled to the 
other end for bending the bar about two axes at right 
angles to said two directions, said bar having four lon 
gitudinally extending radial ribs spaced substantially 90 
degrees from each other with diametrically opposite pairs 
of ribs centered on one and the other of said two axes, 
four electrodes on the bar spaced 90 degrees from each 
other with two electrodes centered on an axis perpendicu 
lar to the record surface and the other two electrodes 
centered on an axis parallel to the record surface, said 
bar being of polarizable ceramic and polarized by a field 
from said first two electrodes to said other two electrodes, 
means for grouilding one electrode, means for connect 
ing one of the electrodes adjacent the grounded electrode 
to an output for bending of the bar in one of said two 
directions, means for connecting the other of the elec 
trodes adjacent the grounded electrode to another out 
put for bending of the bar in the other of said two direc 
tions, whereby cross talk between said outputs is reduced. 

9. A phonograph pickup for binaural records having 
two channels cut in a single record groove respectively in 
two directions at right angles to each other and at 45 de 
grees to the record surface comprising a bar supported 
at one end and having a needle coupled to the other end 
for bending the bar about two axes at right angles to 
said two directions, four electrodes on the bar spaced 
substantially 90 degrees from each other with two elec 
trodes centered on an axis perpendicular to the record 
surface and the other two electrodes centered on an axis 
parallel to the record surface, said bar being of polariz 
able ceramic and polarized by a field from said first two 
electrodes to said other two electrodes, means for ground 
ing one electrode, means for connecting one of the elec 
trodes adjacent the grounded electrode to an output for 
bending of the bar in one of said two directions, means 
for connecting the other of the electrodes adjacent the 
grounded electrode to another output for bending of the 
bar in the other of said two directions, whereby cross 
talk between said outputs is reduced. 
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