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United States Patent Office 3,286,145 
Patented Nov. 15, 1966 

1. 

3,286,145 
EODY CURRENT APPARATUS 

Edward S. Silver, 960 Sterling Place, Brooklyn, N.Y. 
Filed Nov. 8, 1963, Ser. No. 322,418 

14 Claims. (C. 318-31) 
My invention relates to an eddy current apparatus, and 

more particularly to such an apparatus employing the 
phenomenon of variation in eddy current field patterns 
about the vicinity of a predeterminedly positioned dis 
continuity to provide a transducer of improved simplicity, 
versatility and ease of operation. 
A substantial variety of transducer types are presently 

known to convert physical movement into an electrical 
signal. As new applications have presented themselves, 
the transducer art has developed an increasingly greater 
variety of individual types of devices, each having in 
creasingly specialized utility and necessitating various in 
tricate arrangements of operating members. As, for ex 
ample, the well known linear differential transformer is 
one such device which has shown favorable operation 
only when limited to certain definite application. The 
instant invention advantageously avoids the need for such 
a variety of limited utility transducer types, by providing 
a basic transducer mode of operation which may be easily 
adapted to satisfy a considerable variety of system re 
quirements. 

It is known that when a conductive member, such as 
a copper plate, is subjected to the action of an alternating 
magnetic field, eddy currents will be induced therein. If 
the conductive member is homogeneous, the eddy cur 
rent distribution will establish uniform electromagnetic 
fields about the coupling regions. However, should the 
conductive member have a discontinuity, such as a slit 
or scratch, a distinctive variation in the electromagnetic 
field thereabout will be established. Various devices are 
presently known which utilize this phenomenon to locate 
flaws, cracks or other imperfections in an article by scan 
ning the surface of an article with a device producing 
the eddy current pattern and detecting the abrupt vari 
ation of the eddy current distribution at the location of 
the flaw. I have, however, observed that in addition to 
providing such an abrupt variation, the electromagnetic 
field exhibits a regular variation about the coupling re 
gion, with the degree of such variation being directly 
related to the distance from the discontinuity. 

Basically, my invention contemplates the utilization of 
a predeterminedly positioned discontinuity of known con 
figuration, in conjunction with predeterminedly position 
able primary and secondary coil means, such that rela 
tive movement of the known discontinuity about an estab 
lished null coupling condition provides an indication ac 
curately responsive to the extent of such relative move 
ment. Substantial versatility of transducer movement 
may be provided simply by variation of the discontinuity 
configuration, coil placement and direction of transducer 
plate movement. 

In the various embodiments to be henceforth described, 
I show a primary coil means positioned in inductive rela 
tionship with respect to a conductive transducer plate and 
a pair of series opposed secondary coil members space 
separated about the primary coil means and adjacent 
opposed surfaces of the transducer plate. Alternatively, 
the coil members may all be located along one side of 
the plate. For example, an E-core configuration may be 
utilized with the primary coil means forming the central 
leg and the secondary coil means forming the end legs. 
Should the voltages induced in each of the secondary coils 
be equal, they will cancel providing a net zero output 
voltage. This net Zero output voltage, corresponding to 
a balanced condition of the transducer apparatus, is typi 
cally established when the discontinuity is symmetrically 
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2 
positioned intermediate the pair of secondary coil mem 
bers and opposite the primary coil means. Should there 
be slight variations in the characteristics of the secondary 
coil means, or other factors upsetting the exact physical 
Symmetrical arrangement such a balanced null condition 
may occur when the discontinuity is positioned other than 
exactly in between the pair of secondary coil members. 
Suitable adjustment of the discontinuity configuration or 
coil placement will, however, permit compensation for 
such variation, with the term symmetric as hereinafter 
used being inclusive of such an adjustment to obtain a 
Symmetric electrical condition. 

In one illustrative embodiment of my invention, the 
above described basic transducer movement is shown 
utilized to provide a linear transducer. The secondary 
coil members are spaced apart in a linear direction about 
the primary coil member. The transducer plate has an 
overall dimension considerably greater than the coil cou 
pling region, and is positioned such that the primary and 
Secondary coil members are located adjacent opposed sur 
faces thereof. The predetermined discontinuity longi 
tudinally extends in a direction perpendicular to the 
spaced apart separation of the secondary coil members. 
The transducer plate is suitably restrained in the unit 
housing, such that its motion, and hence that of the dis 
continuity, is limited to the direction of the spaced apart 
Separation of the secondary coil members. A balanced 
null condition is established when the longitudinal dis 
continuity is symmetrically positioned intermediate the 
spaced apart secondary coil members. Movement of the 
conductive plate to asymmetrically locate the discon 
tinuity with respect to the pair of secondary coil mem 
bers will increase the inductive coupling to one of said 
Secondary coil members, while decreasing the inductive 
coupling to the other of said secondary coil members. 
Accordingly, the output signal provided by the sum volt 
age of the series opposed secondary coil members will 
experience a variation of amplitude and phase, which 
is operatively responsive to the extent of movement of 
the discontinuity within the coupling region. Movement 
of the transducer plate itself has been found to provide 
preferable linearity and simplicity of operation. How 
ever, my invention also contemplates providing such rela 
tive movement by movement of the coil members with 
the plate being stationary. Further, the basic linear trans 
ducer may be extended over greater operating ranges by 
providing a multiplicity of coupling coil and discontinuity 
groups, suitably circuit connected in successive or vernier 
arrangement. 

In another embodiment of my invention, angular or 
rotary transducer movement is provided by rotating a 
somewhat modified transducer plate about a central axis. 
The primary and secondary coil members are inductively 
positioned adjacent the transducer plate, with the series 
opposed secondary coil members being space separated in 
a radial direction. The discontinuity slit extends in a 
generally spiral direction of gradually varying radius 
about the center of transducer plate rotation. Accord 
ingly, rotation of the transducer plate will vary the lo 
cation of the slit portion intermediate the primary and 
secondary coupling means, to individually vary the induc 
tive coupling of each of the pair of series opposed coils, 
thereby yielding an output signal responsive to the extent 
of such angular variation. 

In another rotary transducer embodiment of my inven 
tion, a plurality of primary and Secondary coupling mem 
bers are circularly disposed about respectively opposed 
regions of a rotatable transducer plate, with each of the 
primary coupling members being angularly intermediate 
a cooperating pair of secondary coupling members. The 
discontinuity means comprise a plurality of angularly 
separated radial slits. The primaries are electrically con 
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nected in parallel adding with their individual field being 
in noninterfering relationship. The secondaries are in a 
series opposing relationship such that the symmetric lo 
cation of the slits opposite predetermined ones of the pri 
mary coupling members, and intermediate the angular 
separation of its cooperating pair of secondary coupling 
members, will define a balanced coupling condition pro 
viding a null at the output of the secondary coupling mem 
bers. Rotation of the plate will upset the null condition, 
providing a maximum signal responsive to the slits being 
positioned opposite predetermined ones of the secondary 
"coil members. The output signal undergoes a series of 
cyclic variations, determined by the number of secondary, 
primary coil arrangements positioned thereabout, with 
the output signal providing an accurate indication of an 
gular rotation. Further, such a cyclic output variation 
may be used in a manner synonymous to a gearing ar 
rangement to effect rotation of a shaft proportionately re 
sponsive to the rotation of the transducer plate. Accord 
ingly, by Such an arrangement a step-up rotational ar 
rangement may be effected in a manner avoiding the me 
chanical engagement problems, such as backlash, of in 
dividual gearing members. 
As a further embodiment of my invention, a single 

transducer plate includes a plurality of discontinuity slits 
and coupling coil groups simultaneously responsive to 
components of motion in more than one direction. As, 
for example, the plate may be closed upon itself to have a 
cylindrical configuration, and include a first slit extend 
ing in the longitudinal axial direction of the cylinder and 
a second slit extending in a circumferential direction. 
This arrangement provides independent output signals re 
sponsive to rotation or axial movement of the cylindrical 
transducer plate. Further, the individual coupling groups 
of such a dual motion transducer may be designed to 
operate with and be sensitive to differing frequencies, so 
as to avoid interference coupling therebetween. 
As another embodiment of my invention, the discon 

tinuity slit may be of a pre-programmed configuration to 
provide an output signal along the length thereof directed 
to operate a servo-positioning arrangement. For example, 
the preprogrammed transducer plate may be attached to 
the carriage of a machine tool, such as a lathe. Longi 
tudinal movement of the feed along the lathe bed effects 
relative movement of the secondary and primary coupling 
members along the length of the preprogrammed dis 
continuity slit. The instantaneous location of the slit 
portion intermediate the pair of series opposed secondary 
coil members will generate an electrical signal, which sig 
inal may be directed to the cross-feed to guide the cutting 
tool in accordance with the preprogrammed configuration 
of the longitudinal slit. 

It is therefore seen that the basic concept of my inven 
tion resides in providing a basic transducer structure which 
permits a substantial versatility of individual transducer 
movements, thereby avoiding the myriad of devices here 
tofore necessary to provide such a variety of movements. 

It is therefore a primary object of my invention to pro 
vide a transducer apparatus of improved simplicity of 
operation and increased versatility. 
A further object of my invention is to provide a trans 

ducer apparatus employing the phenomenon of variation 
in eddy current coupling about the vicinity of a prede 
terminedly positioned discontinuity to provide a transduc 
er of improved simplicity, versatility and ease of opera 
tion. 
Another object of my invention is to provide an eddy 

current apparatus including primary and secondary cou 
pling means inductively positioned about a transducer 
plate containing a predeterminedly positioned disconti 
nuity means. 
An additional object of my invention is to provide such 

an eddy current apparatus wherein the relative movement 
of the transducer plate with respect to the primary and 
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secondary coupling means provides an output electrical 
signal operatively responsive to the extent of such rela 
tive movement. 

Still a further object of my invention is to provide such 
an eddy current apparatus wherein suitable variation of 
the discontinuity configuration or coil placement permits 
substantial versatility of transducer movements. 

Still another object of my invention is to utilize such 
an eddy current transducer apparatus to provide pre 
programmed follow-up servo movement of a positioning 
apparatus. 

Still an additional object of my invention is to provide 
an eddy current apparatus which simultaneously yields 
output signals responsive to components of motion in 
more than one direction. 
Yet a further object of my invention is to provide an 

improved transducer apparatus, accurately responsive to 
rotational movement. 
Yet another object of my invention is to provide a 

transducer apparatus comprising a conductive plate hav. 
ing a predeterminedly positioned discontinuity of known 
configuration, primary and secondary coil means in co 
operative coupling relationship about the discontinuity 
region of the plate, with the positioning of the disconti. 
nuity means effecting a variation in the electromagnetic 
field coupling between the primary and secondary coil 
means to provide an electrical signal responsive to the 
relative location of the discontinuity means thereabout. 
These as well as other objects of my invention will 

readily become apparent after a consideration of the fol 
lowing drawings in which: 
FIGURE 1 is a side elevation view of a linear trans 

ducer apparatus constructed in accordance with the basic 
teachings of my invention. 
FIGURE 2 is a plan view of the apparatus shown in 

FIGURE 1. 
FIGURE 3 is a simplified schematic representation 

showing the basic operation of the linear transducer of 
FIGURES 1 and 2. 
FIGURE 4 is a graphical representation indicating the 

transducer movement provided by the embodiment of my 
invention shown in FIGURES 1 and 2. 
FIGURES5 and 5A diagrammatically show plan and 

Cross-sectional end views of another embodiment of my 
invention to provide rotary transducer operation. 
FIGURES 6 and 6A diagrammatically show plan and 

Cross-sectional end views of still a further embodiment of 
my. invention to provide rotational transducer information of improved accuracy. 
FIGURE 7 illustrates the electrical connection of the 

Secondary coil members shown in FIGURE 6. 
FIGURE 8 illustrates the output signal provided by 

the embodiment of FIGURE 6, over a full revolution of 
transducer plate movement. 
FIGURE 9 diagramatically shows a still further C 

bodiment of my invention to simultaneously provide two 
degree of transducer movement information. 
FIGURE 10 diagrammatically shows another embodi 

ment of ny invention as utilized to provide follow-up 
Servo positioning responsive to the preprogrammed con 
figuration of the discontinuity slit. 

Reference is first made to FIGURES 1-4, which show 
the basic principles of my invention being employed to 
provide a linear transducer movement. Conducting trans 
ducer plate 20, typically formed of copper, contains a 
longitudinal slit 22. Transducer plate 20 is here shown 
constructed of two separate members 20, 20', air-gap 
Separated to form an adjustable slit 22. Plates 20, 20' are 
joined by transverse member 21, connected thereto as by 
Screws 21, with slits 23 in plate 20' being preferably 
provided to permit an adjustment of slit width 22. Slit 22 
may likewise be provided by forming conductive plate 
member 20 of a single member, containing a cut, scratch 
or other known discontinuity 22 therein to effect a suit 
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able variation of the eddy current field thereabout. Pri 
mary coil means 35 is mounted to housing 30 at a pre 
determined location, as by aperture 35-1. Similarly, 
Secondary coil means 40, comprising series opposed coils 
40', 40', is mounted to housing 30 in spaced apart rela 
tionship about primary means 35, as by apertures 40'-1 
and 40'-1. Secondary coil members 40', 40' are spread 
apart in a direction perpendicular to the longitudinal ex 
tent of discontinuity slit 22. Plate 20 is maintained in this 
relationship by biasing means 65 bearing against edge sur 
face 25 thereof, while the other edge surface 26 is guided 
along grooved housing 31. (The linear biasing means 
65 may typically be formed of the biased arrangement 
of ball 66, spring 67 and adjusting screw 68.) 

Primary coil means 35 is connected to a conven 
tional type of A.C. generator 45 by a shielded leads 46, 
47, and upon excitation thereof will establish an eddy 
current distribution within transducer plate 20. This 
eddy current distribution varies about the location of dis 
continuity 22 and will induce a voltage in the secondary 
coils 40', 40'. Coil members 40', 40' are preferably 
identically constructed. 

Accordingly, when the transducer plate member 20 is 
located as shown in FIGURES 1 and 2, with the longi 
tudinal slot 22 symmetrically located intermediate the 
Spaced apart separation of secondary coil means 40', 
40', the electromagnetic field generated by the eddy cur 
rents induced in conductive plate 20 will be so established 
as to generate equal voltages in each of the individual 
Secondary coil members 40, 40'. Hence, their additive 
signal will cancel, presenting a null condition of volt 
age or phase to output meter 50, via shielded leads 48, 
49. It is to be understood that although FIGURES 1 
and 2 show an exactly symmetrical arrangement of the 
slit 22 intermediate the coil members to provide such 
a null or balanced condition, slight variations may be 
found in actual practice should there be minor deviations 
with respect to the characteristics or the placement of 
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coil means 40, 40' about primary coil means 35. Hence, 
the criteria for establishing such a null or balanced con 
dition corresponds to there being equal voltages induced 
in coils 40', 40' and is hence an electrically symmetric 
condition. 

Linear translation of the plate 20 in either of the di 
rections shown by arrows 60 will upset this null voltage 
relationship such that the voltages induced in one of 
the secondary coils will differ from the voltage induced 
in the other of the secondary coils, and accordingly pre 
sent an output signal to output meter 50 operatively re 
sponsive to the extent of such relative movement. As an 
alternative to providing such relative movement by trans 
lating plate 20 relative to the stationary, primary and 
secondary means 35, 40, the coil means 35, 40 may be 
likewise moved. However, I have found that movement 
of the plate advantageously provides simplicity of con 
struction and increased linearity of response. As a fur 
ther alternative (not shown), a single primary coil may 
operate in conjunction with a single secondary coil, with 
the field coupling thereto being dependent upon the sym 
metric location of the slit with respect to the coil loca 
tions. Preferably, the secondary of this arrangement 
will be of a greater extent in the direction of transducer 
movement than is its cooperating primary coil means. 

Linear translation of plate 20 may be provided in a 
variety of manners, depending upon the particular ap 
plication desired; as, for example, FIGURES 1 and 2 
show it being utilized as a comparator gage, wherein the 
work piece W to be measured is inserted in the region 
intermediate plate actuating projection 22 and stationary 
base support 24, with the tip of projection 22 being 
biased towards the work piece, as by spring 27. When 
a work piece of the desired size is placed within this 
region, the longitudinal slit 22 will be predeterminedly 
positioned (as, for example, symmetrically positioned 
as shown in FIGURES 1 and 2) to provide a known 
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6 
output signal. The placing of an oversized or undersized 
piece within this region will suitably translate plate 20 
about its predetermined position to upset the eddy cur 
rent coupling condition intermediate primary coil means 
35 and secondary coil means 40, thereby yielding an 
output signal at 50 responsive to the extent of such size 
variation. 
FIGURE 4 shows a typical transducer characteristic 

obtainable by the apparatus above discussed, utilizing a 
10 millihenry air core primary energized by a 10.3 kilo 
cycle source, in conjunction with identical 20 millihenry 
air core secondary coils. The coils were preferably op 
erated near resonance for increased sensitivity, with it 
being understood that off-resonant operation may also be 
utilized. The slit width was adjusted to 0.008', and the 
distance "d' between secondaries was 115A6 inches. 
Characteristic curve 70 shows a substantially linear re 
sponse about both directions of the null position within 
approximately 0.5', and having a sensitivity of about 
0.179 millivolt output for each 0.001' movement, per 
volt of primary excitation. The operating range may 
naturally be modified by suitable variation of the coil 
characteristics, placement, conducting plate and excita 
tion frequency, as is dictated by the particular applica 
tion, with it being understood that the above parameters 
are merely illustrative and in no way are intended to 
limit the scope of my invention. 
FIGURES 5 and 5A diagrammatically show another 

embodiment of my invention, basically similar in opera 
tion to that above-discussed in conjunction with FIG 
URES 1-4, but utilizing a different slit configuration and 
coupling coil location to provide a rotary transducer 
movement. Plate 120 is suitably rotatably supported by 
a central axis member 130, and includes a spiral slit 122 
having an angularly varying radius about the center of 
plate rotation. A primary excitation coil means 135 is 
located adjacent one side of plate 120 with a pair of series 
opposed secondary coil means 140 adjacent the other side 
being positioned along a radius of conducting plate 120, 
and spaced apart a distance d' about primary coil mem 
ber 135. Accordingly, rotation of plate 120 will effect 
a repositioning of spiral slit 122 in the region interme 
diate the location of coupling members 135,140 to vary 
the eddy current induced voltages generated within indi 
vidual Secondary coil members 140, 140'. The additive 
signal of Series opposed coil members 140", 140' may be 
presented to an output meter, in the manner analogous 
that shown in FIGURE 3 to provide an output variation 
operatively responsive to the extent of angular movement 
of transducer plate 120. 

Reference is now made to FIGURES 6-8, which show 
a further embodiment of my invention for rotary trans 
ducer movement. A plurality of primary coil members 
235-1 through 235-8 are shown circularly disposed in 
Spaced angular relationship adjacent one side of circular 
conducting plate 220. A similar plurality of secondary 
coil members 240-1 through 240-8 are shown circularly 
disposed in spaced angular relationship about the oppo 
site surface of conducting plate 220, with each of the pri 
mary coupling coils 235 being angularly intermediate a 
cooperating pair of Secondary coupling coils 240. Con 
ducting plate 220 is rotatively supported at central axis 
230 and includes a plurality of radial slit members 222, 
illustratively shown equal to one-half the plurality of 
coupling coil groups, angularly separated about the cou 
pling region of primary and secondary coil members 235, 
240. The primary coil members 235 are connected to a 
Suitable A.C. excitation source in parallel aiding relation 
ship and induce noninterfering fields in plate 220. The 
Secondary coil members 240-1 through 240-8 are con 
nected in alternate parallel aiding relationship with the 
alternate parallel branches being connected in series op 
position as schematically shown in FIGURE 7. The dis 
position of the radial discontinuity slits 222 opposite al 
ternate primary coil means, as shown in FIGURES5, 5A, 
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will establish a balanced coupling condition between the 
primary and secondary coil means, to provide a resultant 
null signal across output terminals 250. Rotation of 
plate 220 about axis 230 will periodically upset the null 
condition to provide a cyclic output signal variation 270 
over a complete revolution, as shown in FIGURE 8. By 
presentation of the cyclic output signal to a suitable cir 
cuit, both the complete cycles and portions of the cycle 
may be registered to provide an accurate indication of the 
angular extent of rotation of plate 220 from a reference 
position. The use of several slits 232 and coil groups 
235, 240 advantageously provides an averaging out of 
manufacturing inaccuracies. Further errors due to ther 
mal or other physical changes will have only a secondary 
effect. That is, expansion of coupling coil diameters 
would not vary the effective centers of the coils; resistivity 
changes in the plate 220 would not affect the unbalance of 
a given assymmetric relationship; a size variation of plate 
220 would merely cause relocation of the slits in the ra 
dial direction; and wobble of the plate will have a com 
pensating effect in the additive output signal. 
The cyclically varying output signal 270 may also be 

utilized to drive an output shaft (not shown) at a rota 
tional speed directly proportional to the speed of rotation 
of conducting transducer plate 220 and the number of pri 
mary-secondary coupling groups. Accordingly, this per 
mits a variation of output shaft speeds, while avoiding the 
difficulties of mechanical gearing arrangements. 
FIGURE 9 diagrammatically shows a still further em 

bodiment of my invention, wherein the conducting trans 
ducer plate 320 is of cylindrical shape. Cylindrical 
transducer plate 320 is both longitudinally movable along 
axis 330, and rotatable about axis 330. The extent of 
the longitudinal movement is sensed by circumferential 
discontinuity slit 322-1 in coupling arrangement with pri 
mary coil means 335-1 and longitudinally spaced-sepa 
rated series opposed secondary coil means 340-1. Simi 
larly, rotational movement of cylindrical conductive plate 
about axis 330 is sensed by longitudinal slit 322-2 in cou 
pling arrangement with primary coil member 335-2 and 
the space-separated secondary coil means 340-2. As a 
modification thereof, the extent of the motion sensing ro 
tation may be extended by changing slit 322-2 to be of a 
spiral-like configuration axially varying along the length 
thereof, to operate in conjunction with axially spaced 
apart series opposed secondary coil members. Each of 
the sensing arrangements 322-1, 335-1, 340-1; and 322-2, 
335-2, 340-2 independently operate in the same general 
manner as shown above in conjunction with the single mo 
tion transducers, such that their respective outputs pro 
vide the components of transducer movement in their re 
spective sensing directions. Alternatively, various other 
arrangements may be constructed to provide a plurality 
of sensing arrangements within a single transducer plate, 
as for example to provide indications of respectively 
orthogonal movement within a common plane. Such 
combinations of transducers may be effected either with 
a completely separate arrangement of discontinuity means 
and coupling coil members as shown in FIGURE 9, or 
with a common primary means excited by a plurality of 
excitation frequencies with the separate secondaries being 
sensitive to individual components of the excitation fre 
quency. 

Reference is now made to diagrammatic FIGURE 10, 
which shows a system utilizing the basic eddy current 
transducer concepts of my invention to provide follow-up 
servo movement, responsive to a preprogrammed discon 
tinuity configuration. Conducting plate 420 comprises a 
longitudinal discontinuity 422 varying in a predetermined 
manner along the length thereof intermediate the space 
separation of series opposed secondary coil members 440. 
Conducting plate 420 may typically be secured to the car 
riage of a lathe, such that the coupling coil arrangement 
435, 440 is longitudinally translated along the length of 
discontinuity 422. The particular instantaneous location 
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8 
of the portion of slit 422 within the coupling region pro 
vides an output signal 452 to conventional servo drive 
circuit 450, to provide drive signal 454 to the cross-feed, 
thereby positioning the cutting tool in accordance with 
the programmed information of longitudinal slit 422. It 
is likewise understood that such a servo drive arrangement 
may likewise be used in conjunction with various other 
machine tools, both for continuous control and point-to 
point positioning control, with there being appropriate 
modification of the discontinuity slit configuration and the 
relative movement thereof with respect to the coupling 
means to provide the desired preprogrammed position 
ing. Further, such a basic arrangement may be utilized 
as a function generator to form a slit configuration repre 
sentative of an electrical or mechanical input signal, there 
by providing a transducer movement of said input signal. 

It is therefore seen that my invention provides a basic 
transducer movement responsive to the variation in eddy 
current coupling between primary and secondary coil 
means, as effected by relative movement of a predeter 
mined discontinuity means intermediate said primary 
and secondary coil means, to yield an electrical signal 
operatively related to the extent of such relative move 
ment. In the foregoing my invention has been described 
in conjunction with preferred embodiments. However, 
many variations and modifications will now become ap 
parent to those skilled in the art; as, for example, differ 
ent coil and transducer plate configurations may be em 
ployed within the spirit and scope of my invention. I 
prefer, therefore, not to be limited to the specification 
contained herein but only by the appended claims. 
The embodiments of the invention in which an exclusive 

privilege or property is claimed are defined as follows. 
1. An eddy current apparatus for measuring the extent 

of displacement, comprising primary coupling means for 
establishing an alternating magnetic flux field; conduct 
ing means having at least one predeterminedly positioned 
discontinuity; said alternating magnetic flux field inducing 
eddy currents in said conducting means; secondary cou 
pling means inductively positioned with respect to the 
electromagnetic fields generated by said eddy currents; 
said discontinuity effecting the distribution of said eddy 
currents, whereby the location of said discontinuity with 
respect to said primary and secondary coupling means 
effects a variation in the electromagnetic field coupling 
therebetween; at least one of said means being relatively 
movable; the extent of said relative movement being 
operatively related to the magnitude of said variation in 
electromagnetic field coupling; circuit means electrically 
interconnecting selected ones of said coupling means to 
provide an output signal responsive to said variation of 
electromagnetic field coupling; said output signal indicat 
ing the extent of said relative movement; said conducting 
means comprising a substantially solid plate coextensive 
about the location of said coupling means and of a greater 
dimensional extent than the region occupied by said 
coupling means; said discontinuity including at least one 
elongated slit of uniform width along its length; said 
slit symmetrically positionable with respect to cooperat 
ing coupling members of said first and second coupling 
means, said relative movement effecting a corresponding 
asymmetric relationship of said slit with respect to said 
cooperating coupling members. 

2. An eddy current apparatus for measuring the extent 
of displacement, comprising primary coupling means for 
establishing an alternating magnetic flux field; conducting 
means having at least one predeterminedly positioned dis 
continuity; said alternating magnetic flux field inducing 
eddy currents in said conducting means; secondary cou 
pling means inductively positioned with respect to the 
electromagnetic fields generated by said eddy currents; 
said discontinuity effecting the distribution of said eddy 
currents, whereby the location of said discontinuity with 
respect to said primary and secondary coupling means 
effects a variation in the electromagnetic field coupling 
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therebetween; at least one of said means being relatively 
movable; the extent of said relative movement being 
operatively related to the magnitude of said variation in 
electromagnetic field coupling; circuit means electrically 
interconnecting selected ones of said coupling means to 
provide an output signal responsive to said variation of 
electromagnetic field coupling; and said output signal in 
dicating the extent of said relative movement; one of said 
coupling means including a pair of opposed coupling 
members space separated in a first direction about an 
individual coupling member of the other of said coupling 
means; the positioning of said discontinuity at a pre 
determined location intermediate said pair of opposed 
coupling members establishing a balanced coupling con 
dition between said pair of opposed coupling members 
and said individual coupling member to provide a null 
condition of said output signal; relative movement of said 
discontinuity means in said first direction about said pre 
determined location upsetting said balanced coupling con 
dition in a manner varying said output signal, responsive 
to the extent of said relative movement; said conducting 
means comprising a substantially solid plate coextensive 
about the location of said coupling means and of a greater 
dimensional extent than the region occupied by said 
coupling means; said discontinuity including at least one 
slit within said plate, extending in a second direction 
transverse to said first direction and of uniform width 
along its length; said slit symmetrically positionable with 
respect to cooperating coupling members of said first and 
Second coupling means; said relative movement effecting 
a corresponding asymmetric relationship of said slit with 
respect to said cooperating coupling members. 

3. An eddy current apparatus as set forth in claim 1, 
said cooperating coupling members including a plurality 
of secondary coil means spaced separated in a first direc 
tion about a primary coil means; said slit longitudinally 
extending in a second direction, transverse to said first 
direction; means for moving said plate in said first direc 
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coupling means and of a greater dimensional extent than 
the region occupied by said coupling means; said discon 
tinuity including at least one slit symmetrically position 
able with respect to cooperating coupling members of said 
first and second coupling means; said relative move 
ment effecting a corresponding asymmetric realitionship of 
said slit with respect to said cooperating coupling mem 
bers; said cooperating coupling members including a 
plurality of secondary coil means space separated in a 
first direction about a primary coil means; said slit ex 
tending in a second direction; means for rotating said 
plate about an axis; one of said directions being along an 
arc in the direction of said rotation; and the other direc 
tion being radial to said arc; said relative movement effect 
ing repositioning of said slit along said first direction in 
termediate individual ones of said secondary coil means; 
said movement varying the relative electromagnetic field 
coupling between said primary coil means and individual 
ones of said plurality of secondary coil means; selected 
ones of said secondary coil means being in series op 
position whereby balanced coupling to said series opposed 
coils effects an output null condition; the symmetric loca 
tion of said slit intermediate said space separated, series 
opposed secondary coil means providing said balanced 
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tion; said movement effecting repositioning of said slit 
along said first direction intermediate individual ones of 
said secondary coil means; said movement varying the 
relative electromagnetic field coupling between said pri 
mary coil means and individual ones of said plurality of 
Secondary coil means; selected ones of said secondary coil 
means being in series opposition whereby balanced cou 
pling to said series opposed coils effects an output null 
condition; the symmetric location of said slit intermedi 
ate said space separated, series opposed secondary coil 
means providing said balanced condition; the movement 
of said plate in said first direction asymmetrically reposi 
tioning said slit to upset said balanced coupling condi 
tion in a manner varying said output signal variation 
responsive to the extent of said relative movement. 

4. An eddy current apparatus for measuring the ex 
tent of displacement, comprising primary coupling means 
for establishing an alternating magnetic flux field; con 
ducting means having at least one predeterminedly posi 
tioned discontinuity; said alternating magnetic flux field 
inducing eddy currents in said conducting means; second 
ary coupling means inductively positioned with respect to 
the electromagnetic fields generated by said eddy currents; 
said discontinuity effecting the distribution of said eddy 
currents, whereby the location of said discontinuity with 
respect to said primary and secondary coupling means 
effects a variation in the electromagnetic field coupling 
therebetween; at least one of said means being relatively 
movable; the extent of said relative movement being op 
eratively related to the magnitude of said variation in elec 
tromagnetic field coupling; circuit means electrically inter 
connecting selected ones of said coupling means to provide 
an output signal responsive to said variation of electro 
magnetic field coupling; said output signal indicating the 
extent of said relative movement; said conducting means 
comprising a plate coextensive about the location of said 
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condition; rotation of said plate asymmetrically reposi 
tioning said slit to upset said balanced coupling condi 
tion in a manner varying said output signal variation re 
sponsive to the angular extent of said rotation. 

5. An eddy current apparatus comprising primary cou 
pling means for establishing an alternating magnetic flux 
field; conducting means having at least one predeter 
minedly positioned discontinuity; said alternating mag 
netic flux field including eddy currents in said conducting 
means; secondary coupling means inductively positioned 
with respect to the electromagnetic fields generated by 
said eddy currents; said discontinuity effecting the dis 
tribution of said eddy currents, whereby the location of 
said discontinuity with respect to said primary and sec 
ondary coupling means effects a variation in the elec 
tromagnetic field coupling therebetween; at least one of 
said means being relatively movable; the extent of said 
relative movement being operatively related to the mag 
nitude of said variation in electromagnetic field coupling; 
circuit means electrically interconnecting selected ones of 
said coupling means to provide an output signal responsive 
to said variation of electromagnetic field coupling; said 
output signal indicating the extent of said relative move 
ment; said conducting means comprising a plate rotatable 
about an axis; each of said primary and secondary cou 
pling means including a plurality of individual coupling 
members circularly disposed in predetermined angular 
relationship about an intermediate region of said plate; 
each of said primary coupling members being angularly 
intermediate cooperating secondary coupling members; 
said discontinuity means comprising a plurality of individ 
ual slits; said slits being circularly disposed in predeter 
mined angularly relationship about said intermediate 
region; each of said slits extending in a generally radial 
direction; selected ones of said coupling members being 
in series opposition; the symmetric location of each of said 
slits opposite predetermined ones of said primary cou 
pling members effecting balanced coupling to said co 
operating Secondary coupling means; said balanced cou 
pling providing a null condition of said output signal; ro 
tation of said plate asymmetrically repositioning said slits 
to upset said balanced coupling condition in a manner 
varying said output signal variation responsive to the 
angular extent of said rotation. 

6. An eddy current apparatus as set forth in claim 5, 
said output signal cyclically varying responsive to said 
rotation, and having a maximum value responsive to said 
slits being positioned opposite predetermined ones of said 
Secondary coil members; a complete revolution of said 
plate providing a predetermined plurality of said cyclic 
variations. 
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7. An eddy current apparatus as set forth in claim 3, 
said first direction being perpendicular to said second 
direction; said plate being linearly movable in said first 
direction, whereby said output signal is proportionally 
responsive to said linear movement. s 

8. An eddy current apparatus for measuring the extent 
of displacement, comprising primary coupling means for 
establishing an alternating magnetic flux field; conducting 
means having at least one predeterminedly positioned dis 
continuity; said alternating magnetic flux field inducing 
eddy currents in said conducting means; secondary cou 
pling means inductively positioned with respect to the 
electromagnetic fields generated by said eddy currents; 
said discontinuity effecting the distribution of said eddy 
currents, whereby the location of said discontinuity with 
respect to said primary and secondary coupling means 
effects a variation in the electromagnetic field coupling 
therebetween; at least one of said means being relatively 
movable; the extent of said relative movement being op 
eratively related to the magnitude of said variation in 
electromagnetic field coupling; circuit means electrically 
interconnecting selected ones of said coupling means to 
provide an output signal responsive to said variation of 
electromagnetic field coupling; said output signal indicat 
ing the extent of said relative movement; said conducting 
means comprising a plate coextensive about the location 
of Said coupling means and of a greater dimensional ex 
tent than the region occupied by said coupling means; 
Said discontinuity including at least one slit symmetrically 
positionable with respect to cooperating coupling members 
of said first and second coupling means; said relative 
movement effecting a corresponding asymmetric relation 
ship of said slit with respect to said cooperating cou 
pling members; said cooperating coupling members com 
prising a first and second group; said first group including 
a plurality of secondary coil means space separated in a 
first direction about cooperating primary coil means; a 
first of said slits longitudinally extending in a second di 
rection, transverse to said first direction; said second group 
including a plurality of secondary coil means space sepa 
rated in a third direction about cooperating primary coil 
means; a second of said slits longitudinally extending in 
a fourth direction, transverse to said third direction; 
movement of said plate in a direction having a component 
in said first or third directions providing said asymmetric 
relationship with respect to said first or second group re 
spectively; said movement varying the relative electro 
magnetic field coupling between said primary coil means 
and individual ones of said plurality of secondary coil 
means of said groups; selected ones of said secondary coil 
means being in series opposition whereby balanced cou 
pling to said series opposed coils effects an output null 
condition of the respective one of said groups; the in 
dividual symmetric location of each of said slits inter 
mediate its associated space separated series opposed sec 
ondary coil means independently providing said balanced 
condition of its associated group, whereby said first and 
second groups provide independent output signals respon 
sive to the components of plate movement in said first and 
third directions. 

9. An eddy current apparatus as set forth in claim 8, 
said first direction being rotational about an axis; said 
third direction being linear in the direction of said axis. 

10. A transducer apparatus comprising a substantially 
solid conductive plate; said conductive plate including at 
least one predeterminedly positioned discontinuity; pri 
mary and secondary coil means in cooperative coupling 
relationship, located adjacent said plate; said discontinuity 
effecting the electromagnetic field coupling intermediate 
said primary and secondary coil means, whereby the sym 
metric location of said discontinuity relative to said pri 
mary and secondary coil means establishes a balanced cou 
pling condition therebetween; the asymmetric location of 
said discontinuity relative to said primary and secondary 
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coil means providing an unbalanced coupling condition 
operatively responsive thereto; said plate being movable 
in a first direction relative to said coil means; the extent 
of said plate movement about said symmetric location 
providing an output signal responsive to said unbalanced 
condition; a plurality of secondary coil means being space 
separated in said first direction about a primary coil 
means; said discontinuity comprising a slit longitudinally 
extending in a second direction transverse to said first di 
rection; said relative movement effecting repositioning of 
said slit along said first direction intermediate individual 
ones of said secondary coil means; said movement varying 
the relative electromagnetic field coupling between said 
primary coil means and individual ones of said plurality 
of secondary coil means; selected ones of said secondary 
coil means being in series opposition whereby balanced 
coupling to said series opposed coils effects an output null 
condition; the symmetric location of said slit intermediate 
said space separated, series opposed secondary coil means 
providing said balanced condition; relative movement of 
said plate in said first direction asymmetrically reposi 
tioning said slit to upset said balanced coupling condition 
in a manner varying said output signal variation respon 
sive to the extent of said relative movement. 

11. A transducer apparatus as set forth in claim 10, 
wherein said first direction is perpendicular to said second 
direction; said plate being linearly movable in said first 
direction, whereby said output signal is proportionally 
responsive to said linear movement. 

12. A transducer apparatus comprising a conductive 
plate; said conductive plate including at least one pre 
determinedly positioned discontinuity; primary and sec 
ondary coil means in cooperative coupling relationship, 
located adjacent said plate; said discontinuity effecting the 
electromagnetic field coupling intermediate said primary 
and secondary coil means, whereby the symmetric loca 
tion of said discontinuity relative to said primary and sec 
ondary coil means establishes a balanced coupling con 
dition therebetween; the asymmetric location of said dis 
continuity relative to said primary and secondary coil 
means providing an unbalanced coupling condition opera 
tively responsive thereto; said plate being movable rela 
tive to said coil means; the extent of said plate movement 
about said symmetric location providing an output signal 
responsive to said unbalanced condition; a plurality of 
secondary coil means being space separated in a first di 
rection about a primary coil means; said discontinuity 
comprising a slit longitudinally extending in a second 
direction transverse to said first direction; means for ro 
tating said plate about an axis; one of said directions being 
along an arc in the direction of said rotation; and the 
other direction being radial to said arc; said relative move 
ment effecting repositioning of said slit along said first 
direction, intermediate individual ones of said secondary 
coil means; said movement varying the relative electro 
magnetic field coupling between said primary coil means 
and individual ones of said plurality of secondary coil 
means; selected ones of said secondary coil means being 
in series opposition whereby balanced coupling to said 
series opposed coils effects an output null condition; the 
symmetric location of said slit intermediate said space 
separated, series. opposed secondary coil means provid 
ing said balanced condition; rotation of said plate asym 
metrically repositioning said slit to upset said balanced 
coupling condition in a manner varying said output sig 
nal variation responsive to the angular extent of said ro 
tation. 

13. A follow-up positioning system comprising in com 
bination: article positioning means responsive to a servo 
drive signal; preprogrammed storage means for generat 
ing said servo drive signal; said storage means compris 
ing a conductive plate; said conductive plate having a 
longitudinal discontinuity of a predetermined configura 
tion; primary and secondary coil means in cooperative 
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coupling relationship located adjacent said plate; one of 
said coil means including individual coil members ex 
tending transverse to said discontinuity; said predeter 
mined configuration varying in said transverse direction 
along the length of said discontinuity; the instantaneous 
location of said discontinuity along said transverse direc 
tion varying the coupling condition between individual 
ones of the coil members of said one of said coil means 
and the other of said coil means; said variation of cou 
pling condition generating said servo drive signal; said 
longitudinal discontinuity relatively movable along said 
longitudinal direction, with respect to said coil means; the 
instantaneous transverse location of said discontinuity 
with respect to said individual coil members generating 
said drive signal in accordance with said predetermined 
discontinuity configuration. 
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14. An eddy current apparatus as set forth in claim 1, 

further including means for adjusting said slit width. 
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