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This invention relates to electrical reproducing
apparatus which has for its primary object the
provision of means to accomplish a linear trans-
formation from one plane to another of an elec~
trical quantity with a one to one point corre-
spondence and in such g manner as fo preserve
all angular relationships and ration of linear di-
mensions.

Another object of the invention is to provide
an apparatus in which an electrical quantity is
generated which is capable of transformation to
a distant point and which is so composed as to
preserve angular relationships and linear dimen-
sions set up at the point of generation.

Still another object of the invention is to pro-
vide means whereby a motion, such as is involved
in writing, can be portrayed on a distant screen
of a cathode ray tube or-other suitable indicator.

Other objects and advantages of the invention
will become apparent from the following speci-
fication reference being had to the accompanymg
drawings in which:

Figure 1 is a diagrammatic representation of
a stationary portion of a circuit embodymg the
present invention;

Figure 2 is a plan view of one form of the in-
ductive apparatus which may be used in carry-
ing out the invention;

Figure 3 is a diagrammatic representation of a
cathode ray tube and associated brlghtenmg con-
trol circuits;

Figure 4 is a central vertical section of a suit-
able movable inductor for use with the mventmn,
and

Figure 5 is a perspective view of a modified
form of the stationary apparatus,

Referring to the drawings, the present inven-
tion provides means to generate two D. C. volt-
ages which vary both in amplitude and polarity
according to the movement of a stylus-carried
inductor in an originating plane which-wiil be
more particularly described hereinafter. -The
D. C. voltages so produced vary in such a man-
ner that their combination has always a unique
relationship in a coordinate system. For exam-
ple, if the face of a cathode ray tube is consid-
ered as a reproducing plane and as being divided
into rectangular coordinates, the voltages pro-
duced by movement of the stylus-carried induc-
tor in the originating plane must be such that
for each point in the effective range of movement
of the stylus in the originating plane there is only
one point on the face of the cathode ray tube to
which the beam of the tube will be deflected.

. "Fo accomplish the generation of these D, C,
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voltages the present invention provides four coils,
designated 1, 2, 3 and 4 in Fig. 1, with coils. |
and 3 conneeted.in series opposition and coils
2-and 4 likewise connected with the center point
of each pair returned to-ground as-at 5. The
output of each coil is connected to a separate
amplifier having substantially uniform.gain and
the outputs of the several amplifiers are rectified.
The rectifiers, which may be diodes, are connected
oppositely for each end of a coil pair and are
combined at 10 and {1 to give difierence volt-
ages proportional to the difference voltage exist-
ing in the corresponding pairs of pickup coils:
Thus, a difference voltage in cecil pair | and 3
appears at I while a difference voltage in coil
pair 2 and 4 -appears at 10. The D. C. voliages
thus produced are connected to deflecting plates
12 and 13 of a suitable long persistence screen
cathode ray tube 14 and determine the X and ¥
deflection of that tube.

- As shown'in Fig. 2-a preferred form of- the in-
vention comprises pickup coils in the shape of flat
Aliptical members disposed in two layers with
coils | and 3 underlying coils 2 and 4. The ellip-
tical shape is chosen for the reason that the re-
gion of linear operation can be-extended. since
& movement of the stylus to be described from
point A to point B-in Fig. 2 will produce the same
voltage in coil set 2 and 4 -as a- movement from
point C to point D. (Points B and D are equally
spaced with respect to the center line of the coils
from points A and C.) The pickup coils are dis~
posed under a plate of non-conducting material
(not shown) in order to provide a smooth writ-
ing-surface, the active, linear area being marked
on the plate. -

A - stylus-carried inductor is provided which
preferably includes a small exciter coil 15 wound
around a holder 1§ and generally in the form of
a solenoid which is-long compared to its diam-
eter-in order that the field produced by the upper
end may have an inconsiderable influence .in
the system. The coil 15 is energized from a suit-
able source of alternating current of any desired
frequency although frequencies between 10 ke.
and 30 kec. are preferred. Movement of the ex-
citer coil' 15 over the plate overlying the coil set
shown in Fig. 2 results in voltages being induced
in-eoils I, 2, 3 angd 4 which vary depending on the
mechanical position of exciter coil 5. When
these voltages are-combined and rectified it will
be found that the deflection of the beam of the
cathode ray tube 14 is such that the position of
the beam corresponds with the position of -the
stylus: in: the; field. . Thus a-line drawn by the
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stylus in the field will be reproduced on the screen
of the cathode ray tube and if the line is curved
as in writing the beam trace on the face of the
tube will be likewise curved. It has been found
that messages may be written with the stylus
16 and such messages are legible for a period
sufficient to ecarry the desired intelligence on the
screen of tube: (4. By increasing: or decreasing
the brightness, the persistence of the screen may
be varied and the message made to last a longer
or shorter period at the will of the operator.
Since it is desirable to trace only the inten-
tional motions imparted to theé stylus 16 by the
operator - a ‘brightness control is’ incorporated
which consists of a small spring switch 1 at
the base of the holder 16. The switch {7 is com-
prised of a leaf spring one end:of whichis:fixed.to
the holder {6 and the other end of which is con-
nected to a stylus point .i8. The spring cooper-
ates with stationary contacts 19 which are con-
nected in the grid circuit of the cathode ray. tube
as‘indicated in Pig: 3. :
. AS shown in Fig. 3 the cathode ray tube is
- provided’ with- the: conventional brightness: con-
"trol 20 in the cathode circuit and an auxiliary
‘negative bias supply 21 is: provided for: the con-
trol grid of the tube. When the negative supply
is- connected to- the: grid: the brightening is cut
down: so that the beam spot-is invisible on the
tube face. Switch IT is disposed in: parallel with
the negative supply and is. adapted to short-the
supply to ground whenever the switch is closed.
Thus when: the ‘operator presses holder {6 .so
that the point of stylus. 18 bears against- the
writing ‘surface; as it will in use, switch 17 is
closed, the negative supply 21 shorted, and ‘the
ful¥ ‘brightness of the beam takes place. -As
previously-stated, the:degree of brightness is con-
trolled by-the conventional brightness control po-
‘tentiometer 20. However, as soorras the operator
releases the holder (6 and:- stylus' 18 from the
writing surface; switch L1 opens and' the bright-
ness of the cathode ray tube is immediately re-
ducediso-that the spot is invisible.
" Irr the apparatus so far described a D: C. volt-
age is produced which varies both: in- amplitude
and polarity depending on the position of the
exciter coil' 15 in the fleld of coils 1, 2, 3 and
4. In the modification shown in Fig: 5 D: C.
voltages are produced which are always of the
same- polarity but-which vary in- amplitude de-
pending on the position of the stylus in-the field.
Tn this modification the coil' set. is prepared: by
winding' over -a cubical form in such- a manner
that substantially half of the form- is covered
with wire forming a coil 50 and a second: coil 51
is’ prepared by covering substantially- half of the
same: face of the cube but with-its turns at right
angles to- the-turns: of*coil’ 50. - Iir the: modifica~-
tion the-active ares is shown as & square-outside
of each coil 50'and §i. It will be found that if
the exciter coil is:moved from: point A to point-B
in & line parallel to the turns. of'coil 51 but per-
pendicular to- the  turns of coil 50, there will be
- produced: & substantiglly linear inerease in volt-
“age incoil 50'and no changein the voltage in coil
BF, - Similarly; motion from point A to point C
parallel to-the turns of coil 50 and perpendicular
to tHe turns of coil 51 will produce a linear in-
crease in' voltagé in coil 5f and no change in
voltage in coil 50; Obviously, as movement of the
exciter coil which-has a-component in each of the
two coordinate directions will change thevoltage
in each-coil.
“Bince tHe modifled form shown: in Fig: 5 pro-
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vides D. C. voltages which vary in amplitude only
it is necessary to bias the deflecting plates of
the cathode ray tube so that the center of the
system is at one corner of the tube and the D. C.
voltage is used to overcome the initial bias. It
may be pointed out that such a system lends
itself very well to the production of mirror images
of the moation: of the exciter coil: in the field as
well as exact correspondence to such motion.

The invention as so far described has been
Iimited to using the D. C. voltages produced by
movement of the exciter coil to position the beam
spot of a cathode ray tube so that writing, for
example, may" be reproduced at a distance. It

% will. be. apparent that radio or wire transmission

is equally feasible. It is only necessary to pro-
vide a.ecarrier which is subject to modulation or
modification: by a -variable amplitude voltage.
The simplest embodiment of this invention .com-
prises a carrier which is amplitude modulated
by two sub-carriers; one representing X axis de~
fiection and one representing Y axis deflection.
These sub-carriers are frequently modulated by
the: X and Y deflection voltages. - As the X axis

5 deflection changes, the degree of frequency devia-

tionr 6f its sub-carrier may be changed in a man-
ner well ‘known in the frequency modulation
broadcasting art. At the receiving end. a. dis-
criminator having its center. fregquency coordi-
nated with the sub-carrier frequency will demod-
ulate the sub-carrier and. give & D. C. voltage
which varies in amplitude and. polarity in exactly
the same manner as the D. C. voltage which was
originally used to-modulate:the X axis'sub-carrier.
The: second sub-carrier system' corresponding. to
the ¥ axis deflection may be similarly demodu-
lated and utilized to operate an indiecator. A
combination of the outputs of two discriminators
can,: of course, be used. to-deflect the heam of a
cathode ray tube. associated with. the receiver.

“The: brightening control which corresponds to
the opening and closing of switech 17 is trans-
mitted,. in this. system, as a third sub-carrier
which.is present when brightening is desired and
absent when it is not. As previously-stated, the
techniques: required for long distance transmis-
sion of these voltages are wellknown.

While the invention has been described in
cormection: with two. preferred modifications, it
will: be appreciated that various other modifica-
tions and changes may be made therein without
departing from: the scope of the invention as de-
fined iny the appended claims, For example, the
one to one point correspondence described may
be. altered: to give any desired degree of com-
parison or ‘expansion in either or both dimen-
sions: by properly designing the:pickup coils.

What is claimed is:

1. Apparatus for the visual reproduction of a
plurality of different angular motions which in-
cludes a. stationary inductor comprising separate
rectangularly related coils disposed on each side
of a.pair of intersecting coordinate axes, a mov-
able . inductor cooperating with said stationary
inductor and having imparted thereto the mo-
tion: to be reproduced, means to. supply an excit-
ing voltage: to said movable inductor, and means
to indicate visually the phase and magnitude of
a.voltage induced in said stationary inductor by
said exciting voltage.

2. Apparatus for -the visual reproduction of a
plurality of different angular motions within a
plane which includes a stationary inductor com-
prising separate rectangularly related coils dis-

18 posed on-each side of & pair of intersecting co-
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ordinate axes, said coils being located below the
plane of motion, said coils functioning in pairs
with the coils in each pair being connected in
series opposition, a movable inductor cooperating
with said stationary inductor and having im-
parted thereto the motion to be reproduced,
means to supply an exciting voltage to said mov-
able inductor, and means to indicate visually the
phase and magnitude of a voltage induced in said
stationary inductor by said exciting voltage.

3. Apparatus for the visual reproduction of a
plurality of different angular motions within a
plane which includes a stationary inductor com-
prising separate rectangularly related coils dis-
posed on each side of a pair of intersecting co-
ordinate axes, said coils being located below the
plane of motion, the coils associated with each co-
ordinate axis being connected in series opposi-
tion, a movable inductor cooperating with said
stationary inductor and lLiaving imparted thereto
the motion to be reproduced, means to supply an
exciting voltage to said movable inductor, means
to amplify and rectify the voltage induced in each
coil of said stationary inductor, and a visual in-
dicator actuated by said rectified voltages, the
position of the indicating element of said indica-
tor being dependent on the sign and relative am-
plitude of said rectified voltages.

4, Apparatus in accordance with claim 3 in

which said visual indicator includes a cathode ¢

ray tube the beam of which is deflected by said
rectified voltage to follow the motion of said
movable inductor.

5. Apparatus for the visual reproduction of a
plurality of different angular motionsg within a
plane which includes a stationary inductor com-
prising separate rectangularly related coils dis-
posed on each side of a pair of intersecting co-
ordinate axes, a plurality of coils connected in
series opposition being associated with each co-
ordinate axis, the coils associated with one of
said axes being disposed above the coils asso-
ciated with the other of said axes, all of said coils
being located below the plane of motion, a mov-
able inductor cooperating with said stationary
inductor and having imparted thereto the motion
to be reproduced, means to supply an exciting
voltage to said movable inductor, means to am-
plify and rectify the voltage induced in each coil

of said stationary inductor, a cathode ray tube, &

means carried by said movable inductor to control
the brightening of said cathode ray tube, and
connections whereby the beam of said cathode
ray tube is deflected by said rectified voltages.

6. Apparatus for the visual reproduction of a s:

motion which includes a stationary inductor com-
prising separate rectangularly related coils dis-
posed on each side of a pair of intersecting co-
ordinate axes, a movable inductor cooperating
with said stationary inductor and having im-
parted thereto the motion to be reproduced,
means to supply an exciting voltage to said mov-
able inductor, means to amplify and rectify the
voltage induced in each coil of said stationary
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induetor, a cathode ray tube, means to transmit
said rectified voltages to said cathode ray tube
whereby the beam of said tube is deflected by
said rectified voltages, switch means carried by

said movable inductor, and means to utilize an

electrical quantity controlled’ by said switch
means to control the brightening of said cathode
ray tube.

7. In a reproducing apparatus including a writ-
ing surface, a stationary inductor disposed be-
neath said writing surface, said stationary in-
ductor comprising separate rectangularly related
coils disposed on each side of a pair of intersecting
coordinate axes, the coils associated with each
coordinate axis being a pair connected in series
opposition with the pair associated with one axis
being disposed above the other pair, a movable
inductor cooperating with said stationary in-
ductor and having imparted to it a motion to be
reproduced, means to supply an exciting voltage
to said movable inductor, means to amplify and
rectify the voltage induced in each coil of said
stationary inductor, a cathode ray tube, means
to transmit said rectified voltages to said cathode
ray tube whereby the beam of said tube is de-
flected by said rectified voltages, switch means
carried by said movable inductor adapted to be
closed when said movable inductor bears against
the above mentioned writing surface, and means
to utilize an electrical quantity controlled by said
switch to control the brightening of said cathode
ray tube.

8. In reproducing apparatus for reproducing
a motion including a stationary inductor compris-
ing g first and second coil wound about a portion
of a cubical form with one of said coils disposed
normal to the other to form intersecting coor-
dinate axes, a movable inductor cooperating with
said stationary inductor and having imparted
thereto the motion to be reproduced, means to
supply an exciting voltage to said movable in-
ductor, means to amplify and rectify the voltage
induced in each coil of said stationary inductor,
a cathode ray tube, means to transmit said recti-
fied voltages to said cathode ray tube whereby the
beam of said tube is deflected by the rectified
voltages, switch means carried by said movable
inductor, and means to utilize an electrical quan-
tity controlled by said switch means to control the
brightening of said cathode ray tube. :

NEIL E. HANDEL.
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