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Maiter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

ASTRACT OF THE DISCLOSURE 
A two-axis magnetic system for driving chart plotters 

and other devices. A marker carrying head floated on an 
air bearing over a platen with no mechanical inter 
connections. A plurality of electromagnets in the head 
and means for selectively energizing the electromagnets 
to move the head across the magnetic platen, and along 
both axes simultaneouly if desircd. 

-awaukauabare-m 

This invention relates to plotters and to drive systems 
suitable for usc with plotters and other positioning de 
vices. The systern of the invention will be destribed 
initially as incorporated in a chart or graph plotting de 
vice but other applications will be readily apparent and 
sonic will be described. 

. In a typical system, a piece of paper is placed on a 
plater or pate member and a moving element or head 
member carrying a chart marker is moved over the paper. 
The chart marker may make a continuous line or an 
intermittent line or may be operated under the control of 
an external source making a mark as desired. A variety 
of chart rharkers is presently available and may be ultilized 
with the systern of the invention. 

It is an object of the invention to provide a new and 
improved system which is small, light and of low inertia 
while having high resolution, accuracy and repeatability. 
A particular object is to provide such a systern which may 
be used with any of a wide variety of signal sources. An 
additional object is to provide a system which may be en 
tirely digital in operation. A further object is to provide 
a systern which may be analog, wholly or in part. 

It is an object of the invention to provide a new and 
improved system incorporating a magnetic drive for the 
moving member and one requiring no mechanical co 
nections to the moving member. An additional object is o 
provide such a system which does not require any posi 
tion feedback or followup information for its operation. 
Another object is to provide such a system which may 
utilize a feedback control if desired. 

It is an object of the invention to provide a drive sys 
ten for usc in plotters and the like, which system will 
provide the propulsion fog-producing the relative motion 
between the members, the control of the relative posi 
tion of the two members, and restraint against rotation of 
ote rhether relative to the other, all acting along each 
1)f two axes and independently of each other in response 
to input information. The input information may be digi 
tial in tilte with the motion occurring in discrete steps 

(epeatable and which may be made very small. 
(bject of the invention to provide a system for 
g "ciative movement if two members incorporat 
e member having at one surface thereof an al 
i::itern of nonmagnetic material and magnetic 
head metaber having first and second parallel 

(J:sts aligned with the pattern, each of the 
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magnets having a pole face at a surface of the head mem 
ber positioned adjacent the plate member surface, with 
the sets having corresponding magnets, and means for 
selectively energizing corresponding magnets of the sets 
fo: pioducing relative movement between the members 
alloy the pattern. 

It is an object of the invention to provide a system 
for independent stepwise relative movement of two mem 
bers along two axes incorporating a plate member having 
at one surface thereof a grid of nonmagnetic material en 
closing zones of magnetic material with the grid defining 
a first axis and a second axis in the plane of the surface, a 
head member having a first set of magnets aligned with 
the first axis and a second set of magnets aligned with 
the second axis with each of the magnets having a pole 
face at a surface of the head member positioned adjacent 
the plate member surface, means for selectively energiz 
ing magnets of the first set for producing relative move 
ment between the members along the first axis, and means 
for selectively energizing magnets of the second set for 
producing relative movement between the members along 
the second axis. 

It is a further object of the invention to provide such 
a system wherein the head member has a first set of 
magnets aligned with the first axis, a second sct of magnets 
aligned with the second axis, a third set of magnets dis 
posed parallel with the first set, and a fourth set of mag 
nets disposed parallel with the second set, with the en 
ergizing means selectively energizing corresponding mag 
nets of the first and third sets and corresponding magnets 
of the second and fourth sets for producing the relative 
lovenients. 
It is an object of the invention to provide such a system 

including a tool carrier for a chart marking pen or the 
like mounted on the head member. A further object is to 
provide such a system incorporating means for spacing 
the head member from the plate member, typically a fluid 
bearing comprising means defining at least one cavity at 
the surface of the head member and means for directing 
a stream of fluid under pressure into the cavity for out 
ward flow between the surface to the surrounding at 
mosphere. 

It is an object of the invention to provide a system in 
corporating new and improved magnetic structures for 
precise control of the relative movement of the members 
and for providing very small and repeatable stepping in 
crements. An additional object is to provide such a sys 
tem wherein the sets of magnets may comprise various 
numbers of individual magnets as desired providing for 
various so-called multiphase operation, with the three 
magnet set and three-phase driving system being presently 
preferred. A further object is to provide such a system 
which may incorporate full-step operation and partial-step 
operation by varying the sequence in which the magnets 
of a set are energized and/or the magnitudes of the mag 
net energizing currents. 
The invention contemplates the utilization of a plate 

member and a head member, with the head member sepa 
rate from and movable along a surface of the plate men 
ber and with first and second pluralities of controlled elec 
tromagnetic elements in one of said members and disposed 
along first and second axis, respectively. The system 
further contemplates means for energizing selected ele 
ments of the first plurality for producing forces between 
the members holding the members against relative move 
ment along the first axis and for changing the selected 
elements for producing forces between the members pro 
ducing relative movement along the first axis, and simila 
independent means for energizing selected elements ol 
the secondary plurality for controlling relative movement 
along the second axis. 
The invention also comprises novel details of construc.   



27,436 
3 

ion and novel combinations and arrangements of parts, 
which wift more fully appear in the course of the follow 
ng description. The drawings merely show and the de 
scription merely describes preferred embodiments of the 
presett invention which are given by way of illustration 
or example. 

In tha krawings: iFIG. is a perspective view of a preferred embodiment 
of the invention illustrated as a chart plotter; 

FIG. 2 is a botton isometric view of the head member 
of the system of FIG. i; FIG. 3 is a sectional view taken along the line 3-3 of 
FIG. 2; FIGS. 4 and 5 are enlarged partial sectional views 
taken along the lines 4-4 and 5-5, respectively, of 
FIG. 2, showing the head member positioned over the 
plate member; FIG. 6 is a diagram of an electrical driving circuit for 
energizing the head member; FIG. 7 is a view similar to that of FIG. 2 showing an 
alternative form of the head member; 

FIG. 8 is an enlarged isometric view of one of the mag 
nets of FIG. 7; FIG. 9 is a view similar to that of FIGS. 2 and 7 show 
ing another alternative form of the head member; 

FIG. 10 is a partial sectional view taken along the line 
10-10 of FIG. 9; and FIG. 1 is a side view illustrating another embodiment 
of the invention. The system as illustrated in FIGS. 1-6 includes a plate 
member 10 and a head menber 11, The upper surface of 
the plate member carries a grid 12 of nonmagnetic ma 
terial enclosing zones of magnetic material, with the grid 
defining first and second axes which normally are orthog 
onal. These axes are sometimes referred to as the X 
axis and the Y axis. 

Typically the plate member 10 may be a sheet 14 of 
ferromagnetic material such as iron, having a plurality 
of parallel grooves 15 formed therein, with one set of 
grooves normal to the X axis and another set of grooves 
normal to the Y axis, Zones or teeth of magnetic material 
16 project upward between the grooves. In the preferred 
structure illustrated in the drawings, the grooves are at 
right angles to each other and are equally spaced along 
both axes, leaving the projecting zones of magnetic ma 
terial of square cross section. In a typical structure, the 
grooves or slots 15 are .030-inch wide and .030-inch deep 
and are spaced .030-inch apart along both axes. The 
grooves may be left open with the air serving as a non 
magnetic material, but it is preferred to fill the grooves 
with a plastic or other nonmagnetic solid to provide a 
smooth upper surface for the plate member. 

In a typical plotter, a sheet of paper 20 rests on the 
plate member 10 and the head member moves over the 
sheet 20. If desired, means may be provided for holding 
the paper in position on the plate member and ofie em 
bodiment is illustrated in FIG. 1. A manifold 21 is posi 
tioned on the underside of the plate member 10 and con 
municates with a plurality of openings 22 provided in the 
plate member. The openings 22 may be around the pe 

... riphery of the grid 12 and may be interconnected by a 
channel 23 in the upper surface of the plate member if de 
sired. Openings may alse be provided over the face of 
the grid if desired. A vacuum may be applied to the mani 
fold 21 via line 24 for holding the paper down against 
the upper surface of the plate member 10. After a mark 
ing operation is completed, a slight pressure may be ap 
plied on the line 24 providing a lifting force on the 
sheet 20, 
The head member includes four sets 27, 28, 29, 30 of 

Inaginets mounted in a base 3 with the pole faces of the 
magnets at the surface of the base. In one form of con 
s it ctica, the base 3 may be a cast plastic member with 

gie is embedded therein with the magnet pole faces 32 
' ' ' ' ' ' ' - r s ir fire ?yf the base, such as is shown in F.G. 
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4. 
3. Each pole face 32 has one or more ridges of ragnetic 
material and preferably is provided with a piticality of 
ridges of the same width and spacing as the Zon:, 16 of 
magnetic matcrial in the plate membct. The set of ring 
nets 27 and the set of magnets 29 are disposed 
one of the axes of the grid, say the X axis, and are 
to propel and position the head member along th: 
Similarly, the sets 28 and 30 are utilized to pro ld po 
sition the head member along the other axis, typic:ity the 
Y axis. The sets of magnets may be identical in construc 
tion and set 27 is shown in FIG. 3 comprising an E-shaped 
core 33 (which could be an assembly of lanination stamp 
ings) with a pole face 32 at the end of each arm and with 
a coil 34 disposed about each arm. A plate 35 of magnetic 
material may be affixed to the tops of the cores 33, as 
shown in FIG. 3, to act as back iron for the return flux. 
The operation of the system is the same for motion along 
each axis and it may be operated to provide simultaneous 
motion along both axes to produce a diagonal motion or 
may be operated to provide motion along one axis and 
then along the other. Operation along one axis with the 
sets 27, 29 will be described in conjunction with FIGS. 
4 and 5, recognizing that operation along the other axis 
will be the same. Magnetic coupling is utilized between the head men 
ber and the plate member for moving and positioning or 
restraining the head member with respect to the plate 
member. FIG. 4 illustrates the condition with the coil of the B'magnet of the set 27 energized and with the 
coils of the A and C magnets unenergized. Under these 
conditions, the head mernber is moved to bring the ridge 3 
of magnetic materia in the pole face if t c 3 agrict 
into alignment with the zones of rhagnetic fraterial ji 
the plate member. In the multiridge pole facc illustrated, 
the spacing between the center lines of the two adjacent 
ridges of the pole faces of the A and B magnets afici 
the spacing between the center lines of the two ad 
jacent ridges of the pole faces of the B and C magnets 
is 4% of the pitch of the grid on the plate member, where 
the pitch is the distance from the center line of one 
groove or one tooth to the center line of the next groove 
or tooth. - If the C magnet is energized and the B magnet is de 
energized, the set of magnets will be moved to the right 
% of the pitch to bring the pole face of the C magnet 
into alignment with the zones of magnetic material of the 
platen or plate member. If the C magnet is now de 
energized and the A magnet is energized, the head mern 
ber will be moved to the right another /3 of the pitch. 
De-energizing the A magnet and energizing the Binagnet 
will move the head member to the right another 4 pitch 
bringing it back to the condition illustrated in FIG. 4. 
If the B magnet is now de-energized and the A magnet is 
energized, the head member will be moved to the left v3 
pitch. Thus it is seen that the head raember may be 
moved relative to the plate member in a stepwise manner 
by energizing the magnets of the set in the appropriate 
sequence. The three-magnet set illustrated requires three 
driving currents and is somtimes referred to as a three 
phase system. It should be noted that a four-phase or 
higher phase system could be utilized if desired. 

It should be noted that the spacing between the pole 
faces is not limited to that illustrated. The system will 
operate with any spacing that satisfies the expression: 

s=p(n-1/gs) 
where: 
is is the distance between the center lines of the pole faces 

or of adjacent or outer ridges of the pole faces of the 
magnets which are energized in sequence in the step 
ping operation, 

p is the pitch of the grid, 
n is an integer, 1, 2, 3, . . ., and 
p is the number of phases of the systeia at is greater 
than two, 
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Referring to FIG. 5, it should be noted that in the 
at set 29, the spacing between the centerlines of 

adjacent ridges of the pole faces is % of the pitch 
th sequence of the three magnets of the set is the 
e of the sequence of the three magnets of the Set 27. 5 

hown in FIG. 4. The operation is the same as de 
ed in conjunction with FIG. 4. Consider the situation 
re the magnets B, B' are energized initially. Then the 

magnets B, B' are de-energized and the magnets A, A 
are energized. This will cause both magnet sets to move 10 
to the left providing aiding forces for moving the head 
member. If the sequence of magnets is the same in both 
sets, the spacing between the pole faces should be the Sane, 
that is, both should be p(n-1/g} or both should be 
p(n-1/h). Where a reverse sequence is utilized in one 
set, the spacing of one set should be p(n-1/d) and the 
spacing of the other set should be p(n-1/b). In FIG. 4, 
n-1, and in FIG. 5, n=2. The use of two sets of magnets disposed in parallel 
produces a balanced pair of tangential forces which act 20 
on the head member in the horizontal plane, and hence 
tend to eliminate a net torque about an axis normal to 
the plate when the head is stepping. The use of two sets 
also produces resisting torques tending to lock the head 
against rotation about the axis normal to the plate when 2 
the head is static. The use of the reverse sequence tends 
to eliminate torques acting on the head member about 
an axis parallel to the plate or pole faces. This is be 
cause the normal components of attractive force are 
caused to act at points nearly equidistant and on oppo 30 
site sides of the centroid of the head member. 
A typical electrical driving circuit for one axis is 

shown in FIG. 6 and includes a three-stage ring counter 
40 and amplifiers 41, 42, 43 which provide the current 
for energizing magnets AA, BB', and CC, respectively. 35 
The amplifier 41 will be energized when the counter 40 
is in the A stage, the amplifier 42 will be energized when 
the counter is in the B stage, and the amplifier 43 will 
be energized when the counter is in the C stage. A pulse 
on the --X input to the counter will advance the counter 40 
in the positive direction, i.e., from A stage to B stage 
or B stage to C stage or C stage to A Stage. Similarly, 
a pulse on the -X input will advance the counter in 
the opposite direction. 
Any suitable source may be utilized to provide the 

pulses to the counter input for driving the head men 45 
ber relative to the plate member. The system illustrated 
is completely digital in operation, with the head member 
advancing one step in the positive direction for each 
pulse on the plus input line and one step in the negative 
direction for each pulse on the minus input line. In the 
embodiment being described, one step is equivalent to 
A pitch. In an alternative arrangement, a so-called half 
step operation can be achieved, in which each step is % 
pitch. In this mode of operation, the magnets of a set 
are energized in the sequence A, AB, B, BC, C, CA, A, 
etc., producing movements per step one half that achieved 
with the sequence A, B, C. This half-step mode of op 
eration is readily achieved by modifying the logic cir 
cuits of the ring counter. 

Other alternative arrangements may be utilized in 
higher phase systems. For exaguple, in a five-phase system 
with magnets, A, B, C, D and E, the sequence A, B, C, 
D, E, A or the sequence A, AB, B, BC . . . may be 
used. The preferred sequence for magnet energization in 
a five-phase system is AB, ABC, BC, BCD, CD, CDE, 
DE, DEA, EA, EAB, AB. This sequence provides sub 
stantially equal tangential forces for each step and also 
rovides a reduction in normal force variations. Similar 
lies its may be achieved with the 2, 3, 2, 3, sequence in 
his her odi phase systems, such as Seven and nine. 
Mears are usually provided for spacing the head mem 

her fi in the plate member to prevent direct contact be 
v. 2, in the members or between the head member and 
the paper resting on the plate member and thereby elimi- 75 
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6 
nate friction forces between the two members. Various 
arrangements may be used, including fluid bearings, wheels 
or balls. In the embodiment of FIGS. 1-6, a cover 46 or 
housing is positioned over the magnets and engages the 
base 3 in sealing relation. A control line 47 is termi 
nated at the cover 46 by a coupling 48. The control line 
47 includes a conduit for a supply of fluid Under pres 
sure into the housing 46 and a cable for the electrical 
connections to the magnets. The control line 47 pref 
erably is a highly flexible line which provides substantially 
no loading on the head member. A plurality of openings 
49 through the base 31 provides for air flow from the 
interior of the head unit to the bottom surface thereof. 
Grooves 50 may be provided in the bottom surface of the 
base 31 linking the openings 49. Typically air will be used 
as the fluid, but other gases and liquids may be utilized 
for different applications. 

With this arrangement, there is a constant flow of air 
through the control line 47 into the housing 46, through 
the openings 49 and outward to the atmosphere between 
the bottom surface of the head member and the top Sur 
face of the plate member. This air flow provides an air 
bearing between the two members. The attraction force 
provided by the magnetic coupling between the members 
and the repulsion force provided by the air bearing are 
balanced by appropriate adjustment of the air bearing 
orifice characteristics and the air supply pressure to main 
tain the head member at a substantially constant spacing 
above the plate member, typically in the order of one to 
a few thousandths of an inch. 
The air bearing spacing system may take various forms 

and one alternative embodiment is illustrated in FIG, 7. 
A cavity 53 a few thousandths of an inch deep is pro 
vided in the bottom face of the base 31 centrally posi 
tioned between the pola faces of the magnet. The air 
conduit in the control line 47 is branched into four sepa 
rate lines which terminate at four openings 54 positioned 
in the cavity 53. With this construction, there is no pres 
sure differential across the housing of the head member 
and problems of leakage are substantially eliminated. 

Referring again to FIG. 1, an appropriate tool carrier 
57 is mounted on the head member 1 and typically may 
be disposed at one corner of the head member. The tool 
carrier is adapted for carrying a tool for engaging the 
plate member or a sheet of material positioned on the 
plate member. A wide variety of devices is availbale for 
this use and typically may comprise a narking pen with 
a solenoid for moving the pin into and out of engage 
ment with the chart paper. The electrical control for such 
a marking pen may be contained in the control line 47. 
An alternate form of magnet construction is also illus 

trated in the head of FIG. 7 and one magnet thereof is 
shown in greater detail in FIG. 8. Coils 58, 59 are posi 
tioned on the arms of a U-shaped armature 60, with the 
coils connected in series or in parallel to provide aiding 
flux in the core. Pole faces 6, 62 are carried at the re 
spective ends of the U-shaped core 69 (which could be 
made of lamination stampings), the pole faces preferably 
being grooved in the same manner as the pole face 32 of 
FIG. 3, with the two pole faces spaced the width of one 
groove so that the two pole faces 61, 62 provide a plurality 
of unifornly spaced grooves and lands or ridges. 
Another alternative construction for the head member 

is illustrated in FIGS. 9 and 10 with the housing removed. 
The magnet construction may be in the form shown in 
FIGS. 1-6 or in FIGS. 7 and 8, but with the coils and 
cores carried on a top member 65 and the pole faces car 
ried in the base 31 with a small air gap between the cores 
and pole faces. The cores may have a wider. Section 33a at 
the air gap. The top member 65 is supported from the 
base 3i by a flexure support structire which may con 
prise a plurality of flexible rods 66, typically four rods 
disposed at the corners of the head member. The air bear 
ing spacing system of FIG. 7 may be litilized with two 
outlets 54 in the cavity 53. The housing nortinally is car 
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ri'i on the top member 65. The tool carrier may be sup 
in ; 1 cc from the top Inember 65 or from the base 3i, de 
r:tilting upon the type of operation desired. 

the basic purpose of the construction of FIG. 9 is to 
increase the stepping speed. Each time the head is caused 
to step very large accelerations are produced. At very 
high stepping rates the peak forces required to act on 
the head would be very large. If, however, the mass that 
is acted upon directly is made small, such as the thin 
b::se plate 31, then the peak forces will be reduced by the 
ratio of the masses. Since it is not essential that the nuch 
larger mass of coils and cores be accelerated at the high 
rates of the base, the former can be coupled to the latter 
through flexible elastic elements. These are made flexible 
in the tangential direction and stiff in the support direc 
tion. Damping means may be used to prevent uncontrolled 
oscillations of the top relative to the base. 

Another alternative embodiment is illustrated diagram 
matically in FIG. 11 and includes the head member 11 
disposed above the plate member 10. A support sheet 
67 is positioned above the head member 11, and a fol 
lower unit 68 rests on the support sheet. Typically the 
support sheet 67 may he a thin sheet of plastic or other 
nonmagnetic material while the follower unit 68 and the 
head member 11 have coacting permanent magnets there 
in for coupling the follower unit to the head member, The 
follower unit may incorporate a fluid bearing suppled in a 
litic 69. Another fluid benring may be utilized between the 
plate 67 and the head member 11 desired, With hi? 
embodiment, the tool carrier may be mounted in the fol. 
lower unit or at the corner thereof and the chart paper 
or other material to be marked may rest on the support 
plate 67. The structure of FIG. 11 is especially suited for 
a high performance plotter, some advantages of which 
are: (1) very small, light follower unit which could be 
easily removed and replaced; (2) excellent chart visibil 
ity, including the option of back lighting through the Sup 
port plate 67 (if translucent); (3) easy conversion to 
transform plotter into automatic or semi-automatic curve 
follower by replacing marker of unit 68 with optical 
pickup head; (4) high speed, high performance head mem 
ber il. The efficiency of producing tangential forces by 
the pole face to plate relationship is greatly increased. Since 
there is no paper in the air gap between the head member 
11 and the plate member 10, the total gap can be made of 
the order of 1 mil, or about ys the total gap if paper is 
interposed. 

While the system of the invention has been described 
above as incorporating two sets of magnets disposed in 
parallel for each axis of motion, the system may be uti 
lized with only one axis and two spaced parallel sets of 
magnets. In another alternative arrangement, the sys 
ten may be operated for two axes with only one set of 
magnets per axis. 

While the invention has been described aboye in the 
form of a horizontally disposed chart marking device, 
it is readily useful for other purposes and in other 
orientations. The system may be utilized to generate 
relative motion between the head member and the plate 
member for any functions which can be programmed. 
The plate member may be disposed vertically to provide 
for writing or drawing in a vertical plane. The entire 
System may be inverted with the head member restrained 
to provide motion of the plate member over the head 
Thember. With this arrangement, the plate member could 
carry a workpiece and the system could be utilized to 
digitally drive the workpiece past an operating station, 
s: ct as a machine tool cutting edge. The tool carrier, 
of course, may be utilized to carry a wide variety of 
tools in addition to a chart marking pen and one typical 
application is an engraving tool which may be utilized 
in conjunction with nonmagnetic metals and other 
that eats. 

Altbough e Memplaty cmbodie?ts of the invention 
it.: y : been disclosed and discussed, it will be understood 
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that other applications of the inventicin are possible and 
that the entibodinents disclosed may be subjected to vari 
ous charges, anodifications and substitutions without 
necessarity departing from the spirit of the invention. 

claim as my invention: 
1. In a system for controlling relative movement of 

two members along two axes, the combination of: 
a plate member; 
a head member separate from and movable along a 

surface of said plate member; 
a first plurality of controlled electromagnetic elements 

in only one of said members disposed along a first 
aX1S; 

a second pluarlity of controlled electromagnetic ele 
ments in said one member disposed along a second 
axis, with the other of said members having a layer 
of material providing a continuous magnetic path; 

means for energizing selected elements of said first 
plurality for producing forces between said members 
holding said members against relative movement 
along said first axis and for changing the selected ele 
ments for producing forces between said members 
producing relative movement along said first axis; 
and 

means for energizing selected elements of said second 
plurality for producing forces between said men 
her holding said members against relative move." 

, ment along said econd Axis and for changing th; 
eigeted elements for producing forge's list Weef &ld 
members producing relative filove the fit along sld 
second axis. 

2. In a system for relative noveernint of two metal 
bers along two axes, the combination of: 
a plate member having at one surface thereof a grid 

of nonmagnetic material enclosing zones of mag 
netic material, said grid defining a first axis and a 
second axis in the plane of said surface; 

a head member having a first set of magnets aligned 
with said first axis, a second set of magnets aligned 
with said second axis, a third set of magnets dis 
posed parallel with said first set, and a fourth set 
of magnets disposed parallel with said second set, 

each of said magnets having a pole face at a surface of 
said head member positioned adjacent said plate 
member surface, said first and third sets having 
corresponding magnets and said second and fourth 
sets having corresponding magnets; 

means for selectively energizing corresponding mag 
nets of said first and third sets for producing rela 
tive movement between said members along said 
first axis; and means for selectively energizing corresponding mag 
nets of said second and fourth sets for producing 
relative movement between said members along said 
second axis. 

3. A system as defined in claim 2 including a tool 
carrier mounted on said head member and having means 
for carrying a tool directed toward said surface of said 
plate member. . 

4. A system as defined in claim 2 including means 
for spacing said head member from said plate member. 

5. A system as defined in claim 4 whereia said spacing 
means comprises means defining at least one cavity at 
said surface of said head member and means for directing 
a stream of fluid under pressure into said cavity for 
outward iow between said surfaces. 

6. A system as defined in claim 2 wherein the se 
quence of the magnets of said first set is the reverse 
of the sequenct of the corresponding magnets of said 
third set and the sequence of the magnets of said second 
set is the reverse of the sequence of the corresponding 
magnets of the fourth set. 

7. A system as defined in calim 2 wherein the se 
quence of the magnets of said first set is the reverse 
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of the the sequence of the corresponding inagnets of said 
third set and the sequence of the magnets of said second 
set is the reverse of the sequence of the corresponding 
magnets of the fourth set, and the spacing of one of Said 
first and third sets and of one of Said second and fourth 
ets, betwcen the centerlines of pole faces of magnets 
in the energizing sequence, is p(n--i/p) and the Spac" 
ing of the other of said first and third sets and of the 
other of said second and fourth sets is p(n-1/g) where 
n is any whole number, p is the pitch of the grid and 

is the number of phases of the systein. 
8. A systern as defined in claim 2 wherein said head 

member includes a first unit remote from Said plate 
member and with the coils and cores of said sets of 
magnets carried thereon, a second unit adjacent said 
plate member and with the pole faces of said sets of 
magnets carried thereon and flexible support means coul 
pling said second unit to said first unit. 

9. A systern as defined in claim 2 including a head 
follower member and means for supporting said head 
follower nember in parallel relation with said head 
member, said head member and head follower member 
including interacting magnetic coupling means for cou 
pling said Inembers together so that the head follower 
member duplicates the movement of the head member. 

10. A system as defined in claim 2 in which said 
means for energizing magnets provides for energizing the 
... agaets of a set one at a time, 
1. A system as defined in claim 2 in which ?aid 

ricans for retizing magneth provides for energizing 
the magnets of El set in the sequence A, AB, B, C, 
C. ..., where A, B and C designate it dividual magnets, 

12. In a system for relative movement of two frienbers, 
the combination of: 
a plate member having at one surface thereof an al 

ternating pattern of nonmagnetic material and mag 
netic material: 

a head member having first and second parallel sets 
of magnets aligned with said pattern, each of said 
magnets having a pole face at a surface of said men 
ber positioned adjacent said plate member surface, 
said sets having corresponding magnets; and 

means for selectively energizing corresponding magnets 
of said sets for producing relative movement between 
said members along said pattern. 

13. A systern as defined in claim 12 including means 
for spacing said head member from said plate member 
comprising means defining at least one cavity at said 
SLlrface of said head member and means for directing 
a stream of fluid under pressure into said cavity for out 
ward flow between said surfaces. 

14. In a system for stepwise relative movement of 
two members along two axis, the combination of: 

a plate member having at one surface thereof a grid 
of nonmagnetic material enclosing Zones of mag 
netic material, said grid defining a first axis and a 
sccond axis in the plane of said surface; 

a head Imember having a first set of magnets aligned 
with said first axis and a second set of magnets 
aligned with said second axis, each of said magnets 
having a pole face at a surface of said head member 
positioned adjacent said plate member surface; 

means for selectively energizing magnets of said first 
set for producing relative movement between said 
members along said first axis; and 

In eans for selectively energizing magnets of said sec 
ond set for producing relative movement between 
Said members along said second axis. 

i5. In a plotter for making charts and the like, the 
Cintination of: 

... plate member having at one surface thereof a grid 
of nonmagnetic material enclosing zones of magnetic 
material, saict grid defining a first axis and a second 
axis in the plane of said surface; 
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a head member having a first set of magnets aligned 

with said first axis, a second set of magnets aligned 
with said second axis, a third set of magnets dis 
posed parallel with said first set, and a fourth set of 
magnets disposed parallel with said Second set, 

each of said magnets having a pole face at a surface 
of said head member positioned adjacent said plate 
Inember surface, said first and third sets having cor 
responding magnets and said second and fourth 
sets having corresponding magnets, w 

said head member including means defining at least 
one cavity at said surface of said head member; 

means for directing a stream of fluid under pressure 
into said cavity for outward flow between said sur 
faces; 

a chart marker carried on said head member positioned 
for marking on a chart resting on said one surface 
of said plate member; 

means for selectively energizing corresponding mag 
nets of said first and third sets for producing step 
wise relative novement between said members along 
said first axis; and 

means for selectively energizing corresponding magnets 
of said second and fourth sets for producing step 
wise relative movement between said members along 
said second axis. 

16. A plotter as defined in claim 15 wherein said 
cavity is centrally disposed in said surface of said head 
Fer with" said polls faces positioned around said 

cavity, 
17, A plotter as defined in glain i? wherei is ach of 

said set of magnets comprises thfee fragists, with 
the sequence of the magnets of the third set being the 
reverse of the sequence of the magflets of the first set 
and with the sequence of the magncts of the fourth set 
being the reverse of the sequence of the magnets of the 
second set. 

18. A plotter as defined in claim 15 wherein said zones 
of magnetic material are substantially equally spaced 
along said axis and wherein each of said pole faces ex 
tends over a plurality of said Zones, with each pole face 
having a plurality of rows of magnetic material spaced 
by nonmagnetic material, with the spacing of said rows 
substantially the same as the spacing of said zones. 

19. A system as defined in claim 2 in which said 
means for energizing provides for energizing the magnets 
of a set in the sequence AB, ABC, BC, BCD, CD, CDE, 
DE . . ., where A, B, C, D and E designate individual 
magnets. 

20. In a plotter for making charts and the like, the 
combination of: 

a first plate member having at one surface thereof a grid 
of nonmagnetic material enclosing zones of magnetic 
material, said grid defining a first axis and a second 
axis in the plane of said surface; 

a second plate member disposed in spaced relation 
with said first plate member; 

a head member having a first set of magnets aligned 
with said first axis, a second set of Inagnets aligned 
with said second axis, a third set of magnets dis 
posed parallel with said first set, and a fourth set of 
magnets disposed parallel with said second set, 

each of said magnets having a pole face at a first 
surface of said head member positioned adjacent 
said first plate member surface, said first and third 
sets having corresponding magnets and said second 
and fourth sets having corresponding magnets, 

with said head member disposed between said plate 
members and including neans defining at least one 
cavity at said first surface and at a surface opposite 
said first surface; 

a head follower member including negas defining at 
least one cavity at a surface thereof and disposed 
adjacent said second plate member; 
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means for directing a stieam of fluid under pressure 
into each of said cavities for outward flow along said 
surfaces; --- 

a chart Inarker carried (il said head follower mem 
ber positioned for raacking on a chart resting on said 
second piate member; 

means for selectively er: srgizing corresponding mag 
nets of said first and third sets for producing stepwise 
relative movement between said head and first plate 

12 
a second member disposed in contiguous relationship 

to the first member for independent displacernent 
between the first and second members along each of 
the first and second coordinate aves, 

a plurality of first means provided in the first member 
at spaced positions along the first and second coordi 
nate axes to define a grid, 

second means having magnetic properties and provided 
in the second member at spaced positions along the 

members along said first axis; and 0. first coordinate axis, said second means being selec 
leans for selectively energizing corresponding mag- tively energized and being disposed at particular po 
nets of said second and fourth sets for producing sitions relative to contiguoits ones of the first means 
stepwise relative movement between said head and and cooperative with the first means, when selec 
first plate members along said second axis; tively energized, for interacting magnetically with 

said head member and head follower member includ- 5 the first means to produce arbitrary displacements be 
ing interacting magnetic coupling means for coupling tween the first means and the second means along 
said members together so that the head follower the first coordinate axis, and 
member duplicates the movement of said head mem- third means having magnetic properties and provided 
ber. in the second member at spaced positions along the 

21. In a system for providing a controlled relative 20 second coordinate axis, said third means being se 
novement between two members along first and second 
coordinate ares, the combination of: 

a first member, 
a second member disposed relative to the first member 

for independent displacement between the first and 
second members along each of the first and second 
coordinate axes, 

first magnetic mean operatively coupled to a partic 
ular ting of the first titl feand membery and lo?op 
trattyff with the other ofte of the first and second 
members for producing a magnetic in teraction be 
tween the first means and the other member to pro 
vide an independent and arbitrary displacement be 
tween the first and second members along the first 

2 5 

() 

lectively energized and being disposed at particu 
lar positions relative to contiguous ones of the first 
means and cooperative with the first means, when 
selectively energized, for interacting magnetically 
with the first means to produce arbitrary displace 
ments between the first means and the second means 
along the second coordinate axis simultaneously with 
the displagement between the first and second mem 
her along the first enordinate ast, 

25. In a systeh for praylling f 'ontralled relative 
movement between two memberg along first and sectivit 
coordinate axes, the combination of: 

a first member, 
a second member disposed in contiguous relationship 

coordinate axis, and 35 to the first member for independent displacement be 
second magnetic means operatively coupled to the par- tween the first and second members along each of 

ticitlar one of the first and second members and the first and second coordinate aces, 
cooperative with the other one of the first and set- a plurality of first means provided in the first men 
ond members for producing a magnetic interaction ber at spaced positions along the first and second 
between the second means and the other member to ' coordinate ares to define a grid, 
provide an independent and arbitrary displacement second means having magnetic properties and pro 
between the first and second members along the sec- vided in the second member at spaced positions 
ond coordinate axis simultaneously with the displace- along the first coordinate aris, said second maans 
ment between the first and second members along being selectively energized and being disposed at 
the first coordinate axis. 45 particular positions relative to contiguous ones of 

22. Jin the system set forth in claim 21: the first means and cooperative with the first means, 
the other one of the first and second members having when selectively energized, for interacting magnet 

magnetic properties and the first and second means ically with the first means to produce arbitrary dis 
being provided with magnetic properties for coop- placements between the first means and the second 
erating with the other one of the first and second 50 means along the first coordinate axis, and 
members to produce a displacement between the third means having magnetic properties and provided 
first and second members repsectively along the first in the second member at spaced positions along the 
and second axes and the first and second means hav- second coordinate axis, said third means being Se 
ing properties of becoming selectively emergized to lectively energized and being disposed at particular 
control the relative displacements between the first positions relative to contiguous ones of the first 
and second members along the first and second co- means and cooperative with the first means, when 
ordinate aires. selectively energized, for interacting magnetically 

23. In the system set forth in claim 22: with the first means to produce arbitrary displace 
the first magnetic means having properties of becom- 60 ments between the first means and the second means 

ing selectively energized and of producing magnetic along the second coordinate axis simultaneously with 
lines of force-when energized for cooperating with the displacements between the first and second mem 
the other one of the first and second members to bers along the first coordinate axis. 
produce a displacement between the first and sec- 26. In the system set forth in claim 25: o' 
ond members along the first coordinate axis and the 6s the first member defining a magnetic grid structure 
second magnetic means having properties of becom- and each of the second means respectively having 
ing selectively energised and of producing magnetic at least one element for interacting magnetically 
lines of force, when energized, for cooperating with with the grid structure of the first member to pro 
the other one of the first and second members to vide a displacement of the first member relative 
produce a dism placement between the first and sec- to to the second member along the first axis, the ele 
ond members along the second coordinate aris. ments in the second means being displaced relative 

24. In a system for providing a controlled relative to each other and to the grid structure of the first 
movement between two members along first and second member to provide for the clisplacement of the sec 
cucordilate aires, the cunbitation of: until men her relative to the first member along the 
a first member, 5 first axis, each of the third means respectively hav 
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ing at least one element for interacting magnetically 
with the grid structure of the first member to provide 
a displacement of the first member relative to the 
second internber along the second axis, the elements 
in the third means being displaced relative to eacht 
other and to the grid stricture of the first member 
to provide for the displacement of the second frien 
ber relative to the first member along the second 
axis. 

27. In the systern set forth in claim 26: 
the first and second members being planar and being 

disposed in contiguous relationship to each other. 
28. In the systern set fortii in claim 26: 
the first member having magnetic characteristics the 
second means including first windings selectively 
energized for obtaining a magnetic interaction of 
the first means with the first member to produce a 
force for displacements between the first and sec 
ond members along the first aris when selectively 
energized and the third means including second 
windings selectively energized for obtaining a mag 
netic interaction of the second means with the first 
member to produce a force for displacements be 
tween the first and second members along the second 
arts when selectively energized. 

29. In a system for providing a controlled relative 
movement between two members along first and second 
coardinate axe, the combination of 

it first heriter, 
a second member spaced from the first then her tid 
movable relative to the first member along first and 
second coordinate ares and including first magnetic 
means for interacting magnetically with the first 
member to drive the second member relative to the 
first member only along the first aris and including 
second magnetic means for interacting magnetically 
1. iih the first member to drive the second member, 
independently of but simultaneously with the opera 
tion of the first means, relative to the first member 
only along the second axis and inhibiting rotation of 
the second member relative to the first member 
about an axis substantially normal to a surface de 
fined by the first and second axes, 

third means for providing for a selective energizing 
of the first means to obtain a selective driving of 
the second member relative to the first member 
along the first axis, and 

fourth means for providing for a selective energiz 
ing of the second means to obtain a selective driy 
ing of the second member relative to the first men 
ber along the second axis. 

30. In the system set forth in claim 29: 
the first member being in the form of a grid and the 

first and second members being constructed to pro 
vide simultaneous but independent movements of the 
second member relative to the first member along 
the first and second coordinate axes. 

31. In the system set forth in claim 29: 
the first and second members being planar and being 
disposed in contiguous relationship to each other. 
32. In the system set forth in claim 29: 
the first magnetic means being magnetically inter 

active with the first member for providing for the 
determination of the position of the second member 
relative to the first member along the first axis while 
driving the second member relative to the first men 
ber along the first axis and the second magnetic 
incairs being itagnetically interactive with tie first 
nienier for providing for the determination of the 
Positic.' of tie second member relative to tie first 
inier her cling tile second axis while driving the sec 
oil in 'niher relative to the first member along the 
sectorict (i.vis. 

55. In the systein set forth in claim 30: 
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the first lein her being in the form of a magnetic grid 75 

4. 
and the first and second magnetic nearts in the sec 
ond member being constructed with magnetic prop 
erties for cooperation with the magnetic grid to 
provide displacements along the first arid second 
coordinate arcs antil the third and fourth means 'g. 
spectively including first and second windings re 
spectively collpled magnetically to the first and sec 
ond magnetic means, 

34. In the systern set farth in claim 29: 
the first and second menbers having magnetic prop 

erties and the first magnetic means and the second 
magnetic means being operative magnetically upon 
the second member to affect the magnetic properties 
of the second member and, in accordance with the 
magnetic interaction between the first and second 
members, the magnetic properties of the first mem 
ber to obtain a driving of the second member relative 
to obtai" a driving of the second member relative to 
the first member along the first and second axes. 

35. In a system for providing a controlled relative 
movement between two members along first and second 
coordinate axes, the combination of: 
a first member, 
a second member spaced from the first member and 

movable relative to the first member along the first 
and recond coordinate airey and including first mag 
natic means for producing a magnetic interaction 
with the first member to drive the sepand member 
relatlye to the first member along the first fli finil 
for himultaneously pravlding far a determinutlin fif 
the position of the lettihal mieinber relative to the 
first member along the first aris and further titcluding 
second magnetic means for producing a magnetic 
interaction with the first member to drive the second 
member relative to the first member along the sec 
ond aris simultaneously with the drive of the second 
member relative to the first member along the first 
axis and for simultaneously providing for a determi 
nation of the position of the second member rela 
tive to the first member along the second axis, 

third means for providing for a selective energizing 
of the first magnetic means to obtain a selective driv 
ing of the second member relative to the first member 
along the first axis, and 

fourth means for providing for a selective energizing 
of the second magnetic means to obtain a selective 
driving of the second member relative to the first 
member along the second axis. 

36. In the system set forth in claim 35: 
the first and second members being constructed to 
provide simultaneous but independent movements 
of the first member relative to the second member 
along the first and second coordinate aires. 

37. In the system set forth in claim 35: 
the first member being in the form of a magnetic grid 
and the first and second means being provided with 
magnetic properties and being disposed for magnetic 
cooperation with the first member to provide arbitrary 
movements along the first and second axes and the 
third and fourth means respectively including first 
and second windings respectively coupled magnet 
ically to the first and second magnetic means. 

38. In the systein set forth in clain 35: 
the first and second members being planar and being 

disposed in contiguous relationship to each other. 
39. In a system for providing a controlled relative 

movement between two members along first and second 
coordinate areas, the combination of: 

a first member, 
a second member disposed relative to the first member 

for independent movement relative to the first mem 
ber along the first and second coordinate aves, the 
first and second members being constructed to pro 
vide for an indication of the positioit of the first and 
second members relative to each other along the 
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first and second coordinate axes in accordance with 
the movements of the first member relative to the 
second member along the first and second coordinate 
?&S, 

first magleic means disposed on the second member 
and selectively energizable for producing a magnetic. 
force between the first and second members to pro 
vide an independent movement of the second mem 
ber relative to the first member along the first acis, 

second magnetic means disposed on the second men 
ber and selectively energizable for producing a mag 
netic force between the first and second members to 
provide an independent movement of the second 
member relative to the first member along the second 
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the second member relative to the first member about 
an axis substantially normal to the surface defined by 
the first and second axes. 

47. In the systern set forth in claim 46; 
the first and second pnenbers being planar. 
48. In the systern set forth in claim 21: 
the first magnetic means being constructed to prevent 

rotation of the second member relative to the first 
member about an axis substantially normal to a sur 
face defined by the first and second ares. 

49. In a system for providing a controlled relative 
novement between two members along a particular axis, 
the combination of: 
a first member, 

axis simultaneously with the movement of the second 15 a second, member spaced from the first member and 
member relative to the first member along the first movable relative to the first member along the par 
axis, ticular axis and including first magnetic means dis 

third means for selectively energizing the first magnetic posed on the second member for interacting mag 
means, and netically with the first member to drive the second 

fourth means for selectively energizing the second mag- 20 member relative to the first member along the par 
netic means. ticular axis and second magnetic means disposed on 

43. In the system set forth in claim 39: the second member and cooperative with the first 
the first and second members being constructed rela- magnetic means for interacting magnetically with the 

tive to each other to provide discrete movements of first member to inhibit rotation of the second men 
the first member relative to the second member along 25 ber relative to the first member on any axis sub 
the first and second a res. stantially normal to the surface of the first member, 

41. In the system set forth in clain 39: and . 
the first and second members having magnetic chara second means for providing for a selective energizing of 

acteristics and the third means including first wind. the first and econd magnetic means to obtaia 
ings energizable to produce a magnetic force between 30 driving of the recond member relative to the first 
the first member and the first magnetic meany for 
providing a movement of the second member relative 

member along the particular axly, 
50. In the system set forth in claim 49, the first and 

second members being planar and being disposed in con 
tiguous relationship to each other and the particular axis 
being linear. 

51. In the system set forth in claim 49, the first mag 
netic means being cooperative with the first member for 
providing for the determination of the position of the 
second member relative to the first member along the 

40 particular axis while driving the first member relative 
to the second member along the particular axis. 

52. In a system for providing a controlled relative 
movement between two members along a particular axis, 
the combination of: 
a first member, 
a second member spaced from the first member and 
movable relative to the first member along the par 
ticular axis and including first magnetic means dis 
posed on the second member for interacting mag 

50 . netically with the first member to drive the second 
member relative to the first member along the par 
ticular axis and to simultaneously provide for a de 
termination of the position of the second member 
relative to the first member along the particular aris, 

second means for providing for a selective energizing 
of the first magnetic means to obtain a driving of the 
second relative to the first member along the par 
ticular axis, and 

third means disposed on the second member for pro 
60 viding an air bearing to maintain the second men 

ber in displaced but contiguous relationship to the 
first member. .. 

53. In the system set forth in claim 52 the first magnetic 
means including at least one winding for selectively enter 

65. gizing the first magnetic means. 
54. In a system for providing a controlled relative indi 

cation of displacements between two members along first 
and second coordinate axes, the combination of: 
a first member, 

70 a second member disposed relative to the first men her 
for independent displac, nett between the first and 
second members along ach of the first and second 
coordinate txes, 

first magnetic inletins operatively cupled to a pair 
ticular one of the first and second unenbers all cl 

to the first member along the first axis and the fourth 
mears including second windings energizable to pro 
duce a magnetic force between the first member and 35 
the second magnetic means for providing a move 
ment of the second member relative to the first men 
ber along the second axis. 

42. In the system set forth in claim 39: 
the first means being constructed to inhibit rotation of 

the second member relative to the first member about 
an axis substantially normal to the surface defined by 
the first and second axes. 

43. In the system set forth in claim 39: 
the first and second-members being planar and being 45 

disposed in contiguous relationship to each other. 
44. In a system for providing a controlled relative 

movement between two members along first and second 
coordinate axes, the combination of: 
a first member, 
a second member disposed in displaced relationship to 

the first member for movement relative to the first 
member independently along the first and second co 
ordinate axes, 7 

first magnetic means mounted on the second member 55 
for interacting magnetically with the first member 
to produce an independent movement of the second 
member relative to the first member along the first 
axis, 

second magnetic means mounted on the second member 
for interacting-magnetically with the first member to 
produce an independent movement of the second 
member relative to the first member along the second 
axis simultaneously with the movement of the second 
member relative to the first member, and 

third means disposed on the second member and co 
operative with the first member for maintaining the 
second mentber in displaced but contiguous relation 
ship to the first member. 

45. In the systen set forth in clain 44: 
the third aneans constituting a hydrostatic air bearing. 
46. In the system set forth in clain 44: 
the first intagnetic means being constructed to interact 

with the first member in inhibiting the rotation of 75 
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c. cop'ieitive frith the other one of the first and seconcil 
iii. 1; it's for prociticing a jagic tic interaction be 
fi'ee the first niasielic in eans and the other niemi 
it') to pro l'icle for an inclependent indication of a 

3. 
and being disposed at particular positions relative to 
contiguous ones of the first magnetic means and co 
operative with the first filagnetic incans, when selec. 
tively energized, for interacting with the first mag 

ciisplace ignt between the first and second members 5 riatic means to provide for indications of displace 
it.g. the first coordinate axis, and ments between the first magnetic means and the 

secotal ragnetic means operatively cott pled to the par- second magnetic means along the second coordinate 
ticitlur one of the first and second thenbers and co- axis. - 
perative with the other one of the first and second 58. In the system set forth in clain 57: 

is, stribers for procliticing a magictic interaction be- 10 the first member defining a magnetic grid structure 
t 'gen the second magnetic nucans and the other men- and each of the second magnetic means respectively 
icy to provicle for an independent indication of a dis- having at least a pair of elements for interacting with 
F. ciceicit between the first and second members the magnetic grid structure of the first member to 
along the second coordinate. 3 is simultaneously with provide for an indication of displacement of the first 
the displacement between is first and second men- 15 member relative to the second member along the first 
bers along the first coordin," fe (xis, axis, the elements in the second magnetic means being 

55. In the systein set forth in clain 54: displaced relative to each other and to the magnetic 
the other one of the first and second members having grid structure of the first pienzber to provide for the 

iriagetic properties and the first and second mag- indication of displacement of the second member rela 
pietic inea is being provided with magnetic properties 20 tive to the first member along the first axis, each of 
aid being respectively provided with first and second the third magnetic means respectively having at least 
windings for cooperating swith the other one of the a pair of elements for interacting with the nagnetic 
first and second members to provide for an indica- grid structure of the first ember to provide for an 
tion of displacement between the first and second indication of displacement of the first member rela. 
leinbers respectively along the first and second axis, 25 tive to the second member along the second axis, the 

56. In the system set forth in claim 55: elements in the third magnetic means being displaced 
the first 1:44 netic means having properties of becoming relative to each other and it the agittle grid strip. 

selectively energled by the first wiriding thid of pids tire of the fir?t ni?inher to piti title for the little-utits 
lucing magnetic lites of force, when energized, for of till placement (if the settind if they relull"g to the 
cooperating with the other one of the first and secotid at) first them her along the setti Hilal, 
members to provide for an indication of a displace- 59. In the syster ?et forth in clain 26 
ment between the first and second members along the first member having magnetic characteristics and 
the first coordinate axis and the second magnetic the second magnetic means including wiridings and 
means having properties of becoming selectively ener- having magnetic characteristics for interacting with 
gized by the second vinding and of producing mag- 35 the first member to provide for indications of dis 
itetic lines of force, when energized, for cooperating placements between the first and second members 
with the other one of the first and second members along the first axis when selectively energized and the 
to provide for an indication of a displacement be- third magnetic means including windings and having 
tween the first and second nembers along the second magnetic characteristics for interacting with the first 
coordinate axis. 40 member to provide for indications of displacement 

57. In a system for providing a controlled relative in- between the first and second members along the sec 
dication of displacement between two members along first ond axis when selectively energized and the first 
and second coordinate a tes, the combination of: member being planar. 
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