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3,190,956
FACSIMILE APPARATUS HAVING A MAGNETI-
CALLY BIASED MARKING STYLUS
Angelo Vaccaro, Port Washington, N.Y., assignor to
‘Columbia: Ribbon  and Carbon Manufacturing Com-
pany, Inc., Glen Cove; N.Y., a:.corporation of New York
Filed Sept. 9, 1959, Ser. No. 838,931
8 Claims. " (Cl. 178-—6.6)

The present invention relates to methods and apparatus
for making facsimile. copies ‘of original subject matter
such as.pictures, drawings; photographs, typed and printed
matter, etc,, and more: particularly to the:making of a
facsimile. copy -on a copy sheet by ‘utilization. of pressure-
responsive  transfer -mediums -such ‘as carbon paper. or
like material and pressure-applying means such as a stylus,

According to the présent invention,. the apparatus em-
ployed involves suitable ‘means. for supporting in super-
posed . position a- copy-sheet-and-a: transfer shest, said
sheets. being herein - collectively - called - “copy-producing
material,” 'and also. means. for supporting the ‘stylus and

- operating -mechanism ‘therefor with-means for providing
relative movement’ between the respective supporting
means-so that the stylus may be progressively brought
into operative relation with the entire area: of the copy-

producing material by which the facsimile is to be made. .

The stylus ‘and its-operating mechanism to produce a
facsimile copy. are, responsive to electrical variations de-
rived from the subject matter of the original by photo-
electrically scanning the:latter :and converting the restlts
of the scanning operation to electrical signals:

According to the broader aspects of this invention, the
scanning -of ‘the ‘original may be :performed at a point
remote from the facsimile-producing: apparatus and: the
signal ‘may be transmitted to-the apparatus electrically.

When, as is preferable, the original. is available at the
facsimile-producing: station; the- latter may be scanned
on the same apparatus. which produces the facsimile copy.

To. do this, it has been:proposed heretofore to place
the: original. side by side with the copy-producing-:ma-
« terial on. a.drum. or cylinder: so that the original could
be. scanned by photoelectric. means: and. the. ‘copy-pro-
ducing material separately traced or tracked by the stylus
simultaneously while making ‘a copy.

It has béen discovered, however, that with.the appara-
tus..of the present invention it-is possible to superpose
the -original. on ' the copy-producing ‘material provided
the original is not so thick or:stiff 'as to prevent the mark-
ing ‘pressure. applied by the. stylus to be effective on the
copy-producing material." By so. superposing the original
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the hectograph master sheet so ‘that the image produced
thereon-will be in mirror. reverse. If the copy-receiv-
ing sheet is to be used as a master sheet in'a plano-
graphic duplicating machine . of the offset type or is merely
to be used as a record, the transfer sheet is placed upper-
most in the pile having its transfer surface adjacent the
working surface face-down on the copy-receiving sheet.
If the copy: sheet is translucent, it may be placed above
the face-up carbon sheet, in which case ‘the subject mat-
ter ‘may. be ‘read ‘through the copy sheet. If duplicate
facsimile-copies are required, several copy-receiving sheets
and several transfer sheets are properly arranged in‘the
pile.

One of the important features of the present invention
is‘that the facsimile copies may be made by the methods
and apparatus.-of this invention more rapidly than was
heretofore possible.. This: has been accomplished: by re-
ducing to a minimum the movements of the .stylus be-
tween marking and' nonmarking ‘pdsitions sothat the
stylus is instantly made effective to. produce a mark upon
receiving a signal requiring a mark to be made.

For this purpose, ‘the::present invention provides for
maintaining the stylus.in- operative engagement with the
copy-receiving sheet. (and the original when the latter is
superposed - thereon) during the entire time that the stylus
is'tracing the area of the copy sheet which is to receive

. the facsimile copy. with .a pressure” which :is insufficient

40

on the copy-producing material the cost of the apparatus

may be substantially reduced and the -machine may. be
made substantially less: wide ‘than when. the. original and
the ‘copy-producing material are supported-side by side
on a drum: for instance.

The  superposing .. of “the ‘orlgmal and the .copy-pro-
ducing -material ona. single support has the further ad-
vantage that when the facsimile copy is'to be placed as an
insert on prepared matérial on the-copy sheet, the opera-
tion. of locating the or1g1nal with' respect- to' the prepared
material on-the copy sheet is greatly. facilitated both with
regard: to time and effort since’ the original may be ap-
plied: to the copy-recelvmg material as:an ‘applique.

It ‘will be: understood by those skilied in the “art that

the copy—receiving sheet 'and 'the transfer medium “may.

be of various kinds and. may be variously superposed
dependmg upon the purpose for which the facsimile copy
is to: be used. = For instance; if the:facsimile ‘copy. is to
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to produce a mark on the copy sheet except when a sig-
nal is received requiring a mark to be made at which time
the pressure produced by the stylus-on the copy-receiving
material is increased to produce a mark. In this way the
marking movement .of the stylus.is-infinitesimal and in-
stantaneous, permitting the rate of relative tracing move-
ment-between the stylus and the copy-receiving material
to be. substantially .increased over that which would be
necessitated were the' stylus taken out of contact with the
copy-receiving material ‘when: no :mark is to be ‘made
during the making of a facsimile. +In addition’ to-in-
creasing the speed of the operation; the danger. of.chat-
tering of the stylus-incident to the impact which would be
produced . if the stylus were taken off and appliedto the
copy-receiving matenal during -the making of a’copy.is
obviated.

According ‘to. the present invention in its broader as-
pects, the stylus may be held in operative engagement
with the copy-receiving material. (and on the original if’
the latter is superposed on'the copy-receiving material)
by any suitable means so long as the pressure applied is
insufficient to cause a mark to be made on-the copy sheet
when no mark is called for by the signal, but it has been
found particularly advantageous and preferable to cause
the stylus to be held in such:engagement magnetically
when no mark is calied for and by an-increased magnetic
force as a result of the électrical variations derived from
the original by increased: pressure sufficient to cause a
mark-to be: made on the copy sheet. - In this way it is
possible and convenient'to vary the pressure applied to
the stylus according to.the work at hand so that no mark
is-made on the copy sheet when no mark ‘is called for
and yet.a mark of sufficient intensity is made when the
electrical variations-call ‘for marks ‘to.be -made.

. In the broader aspects of this invention; the magnetic

force controlling the 'stylus may be created and-controlled

by lany suitable means. - For instance; the stylus may
be connected by ‘suitable linkage 10 a reed or armature
under the influence of an electromagnet” responsive  to

. the electrical variations derived from the original to'be

be used ‘as a hectograph master sheet for use in the spirit~

process of . duplication, the master sheet will be above
the hectograph transfer sheet which will have its transfer
surface face-up and in contact with the working face of
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copied. However, it has been found .that substantially
more faithful response of the stylus to such electrical
variations results” when ‘the stylus -itself. constitutes -the
armature responsive to the magnetic force. This is par-
ticularly notlceable when, as -pointed: outabove, the
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stylus remains in operative engagement with the copy-
producing material during the entire time that the copy
is being made because this arrangement avoids the neces-
sity .of using linkage means, spring biasing and damping
means to operate and control the stylus,

In the form of this invention at present preferred, this
is accomplished by making the stylus, or a stlbstantial
paft thereof, magnetizable material, making the copy-
supporting dram bollow, i.e. in the form of a sleeve or
tiibe, locating an electroniagnet within the sleeve with a
‘pole piece Opposite the stylus, and completing the mag-
nétic circuit from the other pole piece 1o the stylus through
structural parts. of the apparatus.” The copy-supporting
driin béing made of non-magnétic material, the flux from
thé électrotagnetic frecly passes through it and through
the copy-receiving material to the arniature-forming stylus
to attract the latter toward the drum when the electro-
magmet is energized. ’

The relative movement between the stylus support and
the support for the copy-receiving material may be ef-
fected by holding the one. statiénary while the other

. fravels, but, regardless of which one of the supports
travels across the other, the support for the stylus and a
support for the electromagnet are so interconmected that
the pole piece of the electromagnet continuously remains
opposite the stylus. .

In some forms of this invention, it is advaniageous to
arrange for the stylus and the electromagnet to be located
on. the same side of the copy-producing material and the
support therefor. ‘This may be dore, while retaining
most of the advantages of the arrangement described
above where the electromagnet is on one side of the sup-
port and the stylus is on the other side, by arranging
for the stylus and/or magnetic means inside the support
for the copy-receiving material to be permanently mag-
netized so that the stylus is held in nonmarking engage-
ment. with the copy-receiving material by the force of
the permanent. magnet while the force to apply marking
pressure to the stylus is supplied by an electromagnet
responsive -to signal variations located adjacent the styius
and_outside the copy-receiving suppoit. -In this .aspect
of the invention, a permanent magnet may be positioned
under the support in position to-attract the stylus. .
_-In -another embodiment of this invention, the perma-
nent magnét may be capable of applying sufficient force
to cause a mark to be made on the copy-feceiving sheet
by the stylus.
energized by a signal calling for no mark, will counteract
‘the force of the permanent magnet so thaf it is then
insufficient to ‘make a mark and yet does not have the
copy-producing material. Alternatively, the stylus may
be permanently magnetized and the support for the copy-
receiving material may be made of magnetizable material
so that the stylus is held against the copy-producing ma-
terial with a force insufficient to make a mark. In this

~case, the electromagnet, ‘which is responsive to signal
variations, has a pole piece having the same polarity as
the permanent magnet-of the stylus carrier s0 that when
a mark is called for the repelling effect of the flux will
force the -stylus teward the copy-producing material with
force sufficient to make a- mark, but. upon response to a
non:marking -signal the repulsive action ef the electro-
magnet would cease.

Other features and advantages will hereinafter appear.

In the drawings: ‘

FIGURE 1 is a plan view of one embodiment of the
apparatus of the present invention. 2

FIG. 2 is a front view thereof, partly in-section..

FIG. 3 is a vertical section taken on the ling 3—3 of
FiG. 1.

~FIG. 4 is an end view of the machine looking in the
direction of the arrows 4—4& of FIG. 2.

“FIG. 5-is a diagrammatic representation of the driving
mechanism for driving the scanning means, stylus and
stylus-operating means of the present invention.

In this. case, the-electromagoet, when .
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FIG. 6 is a diagrammatic representation of the inter-
connection of the various elements of the present inven-
tion.

FIG. 7 is a diagrammatic view of the magnetic flux
path of the embodiment -of the present invention disclosed
in FIGS. 1-6. - ]

FIG. 7a-and FIG. 7b are diagrammatic representations
of other methods according to the present invention -of
maggaetically -controlling the operatioe of the stylus.

FIG. 8 is a detail of a releasable locking mechanism
for the means for feeding the scanner and marking stylus.

FIG. 9 is a diagrammatic view indicating the light path
to and from the original, and also showing a plurality
of copy and transfer sheets superposed on the supporting
drum, , :

FIG."190 is a schematic diagram of the electrical system
for coniverting the light reflected from an original to elec-

trical variations for energizing the electromagnet which

operates the stylus.

Referring to FIGS. 1 to 10 of the drawings, particularly
FIG. 6 in which the apparatus of the present invention
is iliustrated schematically, a piece of sheet material, here-
in called the original 39 from which a facsimile copy is
to be .made, and which has subject matter such as a
picture, dizgram, etc. whith may consist. of or include
written, typewritten or printed matter, is mounted on a
suitable support such as a rotatable drum 31. i

Means for scanning the original comprises a lens 32, a
restricted aperture 33, and a photocell 34. As the drum
31 rotates, the photocell 34, traveling laterally along the
drum by means hereinafter described, scans the original
on the drum along a helical line whose width is such that
the entire surface of the original to be copied is sensed.
The varying amount of reflected light, from the lighter
background and the darker image-portions of the original,
received by the photocell causes electrical variations to
be derived from the original through the response of the
photocell to the light. Light of substantiaily. constant
intensity is caused to impinge upon the original 38 from
a lamp 35 in a concentrated beam directed by -a lens 36
to the spot onthe original being scanned by the photocell.

The signal from the photocell having electrical varia-
tions is fed to an amplifier.37 which, in the form of the

. invention herein disclosed, is a band pass A.C. amplifier.

Recause the signal from the photocell is D.C. and hence
is-not as readily amplified as an A.C. signal, the present
invention provides for converting the signal to A.C.
While this may be done by using an A.C. carrier fre-
quency with the D.C. signal superposed thereon, the
present. invention employs a motor 38 and a toothed
wheel chopper 39 rotated thereby interposed in the light
beam between thephotocell and the original to cause the
normal D.C. signal to have a selected frequency depend-
ing on the characteristics of the chopper 39. The signal
from the A:.C. amplifier is fed through a rectifier 40 (pref-
erably. fuil-wave) and then fed to a D.C. amplifier 41.
The signal current from the amplifier 41 varies the amount
of maguetic flux emitted from a stylus-operating electro-
magnet 42 by reason.of being fed into. a coil 43 thereof.

Mounted adjacent the. periphery of the drum is a stylus
44 having a small pcint 43 and .a lever. 46 which is pivoted
at one end .as at 47 for movement toward and away from
the drum. . _ k

-According to - the - present- invention, the facsimile is

produced by pressure applied to copy-producing material

4% which may include a copy sheet 49 and a pressure-
responsive transfer sheet 58, such:as a carbon paper sheet,
and these are mounted .on the drum in any suitable man-
ner so as to rotate therewith.

In order to decrease the width of the machine, particu-
larly the length of the drum or other support for the copy-
producing material and-the original, the original is super-
posed on 'the copy-producing material to form. a- pile

so that the original is uppermost and the copy-producing

material 48 is beneath it, thereby permitting the length of
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‘the drum to be virtually reduced:by half. 'The original
and the copy-producing material are ofiset either laterally
along the drum ‘or around the drum a slight amount so
as 1o avoid:-the stylus interfering with the light reflected
from the original passing to the photocell:

According to. the present invention, the. sylus 44. itself
forms the armature of the electromagnet 42, and for this
purpose the:stylus lever 46, or-at least a sufficient portion
of .it, is made’ of magnetizable" material; such . as ‘soft
iron, and the electromagnet 42 is placed in such position
relative to.the. stylus  that- when the electromagnet is
.energized: the stylus point 45 will be forced toward the
drum. and - against the original: and the copy-producing
material carried thereby, the pressure applied by the stylus
depending ‘upon the degree: of excitation of the electro-
magnet,

The elements in circuitry- controlling the electromagnet
42 are adjustable so.that ‘when the photocell 34 senses
the background area on the. original, the stylus point 45
is pressed against the original -and copy-producing ma-
terial .so. lightly that no mark:is. transferred from  the
transfer sheet 50 to the copy sheet 49, but when an image
portion of the original is sensed the stylus'is attracted
toward the:drum with a force sufficient to cause a mark
to be made on the copy: sheet by the transfer sheet. - By
having the -stylus normally .engage with the original and
copy-producing material, the ‘movement required -of the
stylus:to make a mark is virtualiy imperceptible and. in-
;stantaneous. upon . the receipt. of a signal calling for a
mark to be made. - Therefore, the time required to make
a facsimile copy can -be greatly. reduced. over arrange-
ments where the stylus moves-on and off the copy-produc-
ing.material in' performing ‘its marking and no marking
functions. : ‘

.. Refefring to FIG5.. 1 to 4, the drum 31 is rotatably
mounted at.opposite ends on ball bearings 51 secured in
stationary hubs 82, .The hubs are secured on. vertical
side plates 53 mounted on a base 54. . In order to rotate
the drum, a. gear 55 fastened thereto meshes with a-gear
58 which is fast on a shaff 57 having a pulley 58 driven
by a.belt 59,  As diagrammatically. illustrated. in FIG. 5
the belt 59 may be-driven by a variable speed. device such
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;as a variable speed motor 594 or alternatively by 2 con--

stant ‘speed: motor and a variable speed transmission.

Extending between' the vertical side plates ‘53 and ro-
tatably mounted therein is a feed screw: 60. which is ro-
tated (FIG.5) by a gear train 61 having gears 61a, 61b
6ic and 634 with the gear 6%a being fast on the shaft
57 and the gear: 61d being fast ‘on the feed screw 69.

The feed screw causes axial movement of ‘a carriage
62 on which'the photocell 34 and stylus 44 are mounted,
by means of a split feed mit 63 secured to the support 62
and engaging the feed screw. ~The carriage 62 is sup-
ported for traveling. movement on-a rod 64 connectsd
between the two side plates 53 which passes through a
bearing sleeve ‘65 connected to the carriage 62 and also
by a wheel or rolier 66 secured to a depending plate 67
of the carriage 62 riding on a rail-68 fastened between the
side plates 53: ‘

The carriage 62 includes a bracket:69, such as shown
in FIGS. -2 and -3, on which is mounted ‘the light bulb
35 and alight tube 78 having the lens 36 therein:to throw
a bright spot of light:on the'drum. ~ Also mounted on-the
bracket 69 is a'light tabe 71 having a lens 32 therein,
and the small aperture 33-(which ‘may be on the order
of one-thousandth of an inch'in'diameter) ‘formed in a
cover 72. Positioned above the tube 71 in alignment with
the light passing through the aperture 33 is the photocell
34. ©A box 73 substantially encloses the photocell to pre-
vent stray light from affecting it. .

Mounted in back of the: vertical plate 69 is-the motor
38 which carries and drives the light chopping wheel 39
with -the. peripheral toothed: portion- of the wheel being
positioned to.interrupt the light through the aperture’ 33.

While the stylus 44 may be mounted to hang vertically
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if desired ‘as indicated in FIGS. 7a and 7b, in the specific
embodiment of the invention shown in FIGS. 1-to 6, it is
mounted to:extend. horizontally on the carriage 62 to
operate adjacent the point on'.the original being scanned.
The: stylus is pivotally' mounted at 47 on.an arm 74 se-
cured.. by screws 75 to the. vertical- plate 69 and pro-
jecting outwardly therefrom. At its other end the arm
74 has a downwardly depending ear 76 to which is piv-

-otally connected as- at 47, a- lever 46 of the stylus 44.

The lever 46 is formed in whole or-in part of magnet-
izable material, such as-soft iron, sothat it will be at-
tracted. by the electromagnet 42. '

It will thus be understood that as the drum revolves,
the carriage 62 with the photocell 34 and the stylus 44
move transversely thereof to scan and trace the original
and copy-producing material respectively in a helical line.
The. pitch of the helical line: is determined by the pitch
of the threads of the feed screw 60 and its speed rela-
tive to the drum. Thus, for example, if the feed screw
has 100 threads per inch; and rotates at one-quarter the
speed of the drum- the spacing between turns ‘theoreti-
cally would be one-hundredth of an inch; However, by
having the beam of light reflected to the photocell origi-
nal from an area one-hundredth of an inch wide and the
point:45 of the stylus of a size which produces a mark on
the facsimile copy sheet of approximately one-hundredth
of an inch, substantiaily the entire surface of the original
and copy-producing material will be scanned -and traced
respectively. :

In this embodiment of the invention, the electromagnet
42 which actuates the stylus 44 is positioned: within the
drum 31 so as to have magnetic flux lines generated
thereby- pass. through the drum- 31, the copy-producing
material and the original. While it is contemplated that
the electromagnet could extend for a full length of the
drum and hence be stationary, the embodiment disclosed
enables. the use of a smaller electromagnet by moving it
in the drum transversely thereof synchronously with the
carriage 62 and "stylus ‘44, - The electromagnet 42 ‘in-
cludes a: magnetic core 77 "about which is wrapped the
coil:43; which when energized magnetizes the. core 77 to
attract the. stylus: 44. - The electromagnet 42 is fastensd
on the.inverted U-shaped:member forming a carriage.78
having ‘bushings 79.through which pass .guide ‘rods 80
secured ‘to and extending between the hubs 52, thereby
supporting ‘the electromagnet 42 for transverse, - sliding
movement, : .

To correlate movement of the stylus 44 and.the elec-
tromagnet 42, there is connected at one end. of the stylus
carriage 62 a length 81 of flexible wire as by a clamping
screw 82, The wire extends over pulleys 834, 83b, 83¢
and - 83d. through the drum 31 (see-FIG. 5) and has

its other end connected to the electromagnet carriage 78.

For movement in the reverse direction, .a second length
84 of flexible wire is clamped to the carriage 62 by screws
85 -and is trained over pulleys 86a, 865, 86¢ and $64
through the dritm 31 and has its other end connected to
the - carriage 78. 'The wires 81 and 84 pass- through
apertures 87 in the hubs 52 to reach the carriage 78. ¢ It
will thus be appreciated that movement of the stylus car-

riage 62 - will cause similar movement ‘of ' the elec-

tromagnet carriage. 78. : .

In ordér to facilitate positioning of the carriage: 62 on
the :feed screw ‘69, the feed .nut 63 as showii. has two
separable half sections 88z and 88p slidable in a slotted
guide plate 89 mounted on the carriage 62 and movable
to engage and disengage the feed screw. -Each half 884
and 885 has a cam pin 99 engaging a cam slot 91 in’a
disk 92 (see"FIG. 8) secured to a shaft 93 which. rotates
within a bushing .94 that is fast on the. depending’ plate
67. ~The other end of the shaft 93 has a handle 95 se-
cured thereto to rotate the circular plate ‘92 ‘and cause
the pins 90 to separate the two feed nut selections 88«
and 88b to release the threaded engagement thereof with
the feed screw 60 or bring them together on-the feed
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screw . after the carriage %2 has been adjusted -to the
desired position. ‘

As shown in FIG. 9, if it is desired to.produce directly
more than one facsimile copy at a time, the copy-produc-
ing material 48 'may ‘consist of one or more additional
interleaved.carbon sheets 88 ‘and copy sheets 89 on.which

-the. reproductions - are produced. Tt will be appreciated
-that ‘the number .of facsimile .copies which can be made
simultaneously .depends upon- the force .of the attraction
-between the electromagnet 42 and the stylus 44 that presses
the 'stylus. against the reproduction sheet, the thickness of
the copy-producing material, and ‘the character of the
transferable carbon'coating on the carbon ‘paper sheets.

FIG. 9 also shows schematically the rays €6 from the
light source 'impinging on an -increment of the original
adjacent-the stylus but transversely spaced therefrom
to permit the light reflected rays §7 from the -increment
o pass by the stylus 44 to the photocell.

Shown in FIG. 10 is a schematic electrical diagram.of
the scanning means and the inscribing means including
the .photocell 34, the A:C.. amplifier 37, the rectifier 49
and-the D.C. amplifier 41. The photocell 34 is connected
‘between the positive side of a D.C. supply 188 and ground
so that there is conduction therethrough when the photo-

cell is sensing white or background -color, while a darker 2

color, such.as black ink, renders the photocell substan-
tially non-conducting. ~The toothed chopper wheel 3%
causes ‘the photocell to-produce a pulsating signal which

is fed through a condenser 101 (having low resistance

to ‘the “pulsating frequency) to a grid 192 of the first
stage of a'‘double stage amplifying electron tube 183,
The signal-is amplified from the first stage:of tube 103
to the grid 104 of the second stage of tube 103 and suc-
cessively amplified and passed through condenser 145

to the grid 106 of tube 287, then through condenser 108 ¢

to the first stage grid 169 of a -double stage tube 110.
The components -of the A.C. amplifier are ¢onsidered to
be well known and the sole function thereof is to amplify
the pulsating .C. signal from the photocell 34.

The amplified signal from the plate 111 of the first 4

stage of tube 110 is conducted to a primary winding 112
of an isolated transformer 113 in the rectifier 40. This
latter includes a ‘secondary -winding 114 which is center
tapped as at 115 while the winding ends are connected
‘through rectifiers 116 to ‘an inductive capacitive filter cir-
cuit, . generally indicated by the reference numeral 117,
to produce a voltage of approximately 20 volts between
the point 118 and ground. This voltage may be adjusted
by a variable resistance 319 connected between the first

stage plate and second stage grid 164 of tube 103 in the -

'second stage of the tube.

Connected -between the -point 118 and the grid 129 of
the second stage of tube 120 is a line containing a resist-
ance 121 and a variable resistance 122 connected to the
negative side of the D.C. supply. This line supplies a
voltage ‘at the junction 118 which is positive with respect
to ‘the voltage at the junction 118 and its value is less
‘than 20 volts so that even when it is subtracted from the
20 voits, there is sufficient plus voltage remaining to. cause

the second stage of tube 116 to be fully conducting when-

ever the signal has a value of 20°volts. When the photo-
cell senses “black,” i.e. an image portion of the original,
there is no plus voltage at junction 118 while the voltage

on'the grid 120 is relatively negative, -derived solely from: _
the negative D.C. supply through the resistors 121 and 122 -

and this is-of a value sufficient to render the second stage
of the tube ‘116 non-conducting. ,
‘Connected between ‘the lead 108 to the positive D.C.
supply and the plate 123 of tube 110 is a resistance 124,
and a lead 125 is connected at a junction 1254 between
the plate 123 and the resistance 124 to a resistance 126.
The other end of the resistance 126 has leads 1264 and
126b connecting it in parallel to the grids 127 and 123
of tubes 129 and 136 -of the D.C. amplifier 41. Tt will
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“be understood that with a plus voltage on the ‘grid 120 of

the second stage of tube 110 to render it conducting,
there is a relatively large voltage drop across the resist-
ance 124 by reason of the current flow through the tube,
while when the tube is non-conductive (as when the
photocell senses “black™) there is a smaller voltage drop
across the resistance 124. - Thus when the photocell senses
“black” the positive voltage to ground in the lead 125 is
higher than when the photocell senses “white.”

The voltage in line 125 is impressed - (after passing
through resistance 126) on the control grids 127 and 128
of the tubes 129 and 130. With the higher voltage in
lead 325, the tubes 129 and 130 are rendered conducting
causing current flow through the electromagnet 42 which
causes the stylusto be attracted against the copy-producing
material with sufficient force to impress a mark on the
copy sheet. When the voltage in the lead 125 is at its
lower value, as when ‘the photocell senses “white,” and
the second stage of tube 110 is conducting, there is insuf-
ficient positive voltage on the control grids of tubes 129
and 139 so that they do not conduct sufficient current
to render the electromagnet 42 effective to produce a mark
on the copy.

jt will accordingly be understood that when the photo-
cell senses a “black” increment, its signal is amplified by
the A.C. amplifier, rectified in the rectifier 4@ and causes
a high. positive voltage in ‘the lead 125, by reason of
the second stage of tube 110 being non-conducting. - This
voltage when impressed on the control grids of the tubes
129 and 136 causes conduction therethrough and since
their output is connected to the positive D.C. supply
through the electromagnet 42, sufficient current passes in
the electromagnet to cause the styius to be attracted with
a force sufficient to cause a mark on the facsimile copy.
When the photocell senses a “white” increment, the sig-
nal ‘from the photocell is amplified causing the second
stage of tube 110 to be conducting which decreases the
positive voltage in the lead 125 and hence on the grids
of tubes 129 and 130 to a value which shuts off the cur-
rent through the electromagnet 42.

It has been found, in carrying out the present inven-
tion, that although the residual magnetism of -the elec-
tromagnet 42 and/or the weight of the stylus may under
most favorable conditions be sufficient to maintain the
stylus- against the copy-producing material at all -times,
particularly when -the photocell is sensing background or
“white”. increments, more satisfactory results can be ob-
tained by applying a greater force yet one which is insuf-
ficient to produce a mark. To do this, the present inven-
tion, in its form at present ‘preferred, provides for em-
ploying the stylus-operating electromagnet 42. It has
been found that by passing a minimum positive value of
current through the electromagnet 42 the value of the
current can be adjusted to maintain the stylus forced
against the copy-producing material with a pressure which
is insufficient to produce a mark on the facsimile copy,
yet which is firm enough to hold the stylus.from vibrating
or chattering.

This is accomplished in the form shown by impressing
on the control grids of the tubes 129 and 130 a bias volt-

-age which has a walue that renders the tubes conducting

for only the adjusted value of current at all times, it being,
of course, effective when-the photocell senses a back-
ground or “white” increment. Thus there is provided a
connection to the control:grids 127 and 128 by a lead 131
through a resistance 132 and a variable resistance 133 to
the negative side of the D.C. supply to-the control grid.
Tt will be appreciated that by -adjusting this resistance 133
with relation to the voltage when the photocell is sens-

‘ing “white” at -the connection, the minimum constant

value of current through the electromagnet 42 may be
applied and this can determine the amount of force with
which the stylus is pressed -against the copy-producing
material and yet not mark the facsimile copy.
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In ¥IG. 7 is shown the lines of flux from the electro-
magnet 42 which pass-through the rods 89, the hub 52,
the side plates 53, the rods 64, the carriage 62, the stylus
lever 46, through. the original and. the copy-producing
material 48 and the drum 31 to complete its path. All
parts in the path except the original 39, and.the copy-
producing material 48 are formed of magnetizable. mate-
rial.

To carry the current to the electromagnet 42 .and yet
permit the latter to travel back and forth relative to the
drum, the present-invention ‘provides a half-round rod
149 having a pair of contact strips 141 thereon located
under the electromagnet carriage 78 to be engaged by
a pair of contact pins: 142 connected by wires to the
energized coil 43.

In FIG. 7a, the magnetic means for controlling the
stylus to cause marks to.be: made on the copy-receiving
sheet in: response to variations in the signal may-be a
rermanent magnet 424 located within the drum 31 oppo-
site the stylus and traversing the drum with the stylus,
as in FIG. 7. The stylus 46 is made of magnetizable
material -and is aftracted with sufficient force to the per-
manent ‘magnet 42a so-as to be capable' of making.a
mark. " However, an electromagnet 142 traveling with
the stylus 46 is positioned to control the stylus so as to
normally, that §s when no mark is to -be made,; counter-
act the force of the permanent magnet 424 and reduce
the pressure of the stylus on-the copy-receiving material
without removing the stylus: therefrom. When the flux
in the electromagnet is reduced. in response to.a variation
in the signal calling for a mark to be made, the perma-
nent magnet - pulls ‘the stylus toward the copy-receiving
material with sufficient force to'make a mark.

As stated above, the stylus carrier may be permanently
magnetized so'as to be attracted to the drum 31a of mag-
netizable material with sufficient force to hold the stylus
against the copy-receiving material but with insuficient
force to cause.a mark to be made on the copy sheet.
This arrangement-is illustrated in FIG. 7b in which the
stylus carrier 46a is a permanent magnet having one pole
piece located at the end at which the stylus 45 is mounted
in position to engage the drum. For purposes of expla-
nation, it its assumed that the stylus carrier 462 has a
north pole-adjacent the stylus and a south pole adjacent
its pivot ‘point. The means.to control the marking or
non-marking .of the copy -sheet  comprises an electro-
magnet 242 which has its.pole piece located adjacent the
pole of the stylus carrier at which the stylus is mounted.
The electromagnet 242 is-so ‘wound that it presents a
north pole adjacent the north pole of the stylus carrier
46a. When the electromagnet 242 is energized in re-
sponse to a variation in the signal calling for a mark o
be made, it being confronted with a permanent magnet
of like polarity on the stylus'carrier 464, the flux from
the electromagnet 242 causes the stylus carrier to be
forced away ‘from the electromagnet toward the drum,
and thus causes ‘marking ‘pressure’ to be applied to the
copy-producing material. . 'When no marking signal ‘is
received by the electromagnet 242, the permanent mag-
net stylus carrier 42a holds. the stylus agzinst the copy-
receiving material with insufficient pressure to. make a
mark.

Variations and modifications' may: be made within the
scope of the claims and’ portions:of the improvements
may be used without others,

Iclaim: :

1. Apparatus for- producing a facsimile- copy of ‘an
original from variations in electrical signals derived from
areas of different. light reflective values in “the original,
comprising non-magnetizable ‘means for supporting copy-
producing material-including a copy shest; a stylus for
producing marks - on said copy. sheet; means for rela-
tively moving the stylus and the support to scan said
copy-producing: material; and electromagnetic. means. for
continuously pressing.the stylus against said- copy-pro-
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ducing material on-the support with either a positive
marking pressure or & positive non-marking pressuré de-
pending on the variations in said signals.

2. Apparatus for. producing a- facsimile copy of an
original from variations in electrical signals derived from
areas of different light reflective values in the original,
comprising non-magnetizable means for supporting copy-
producing material including a ‘copy sheet; a stylus for
producing marks on said copy sheet and having at least
a portion of magnetizable material mounted for move-
ment toward the support; means for relatively moving
the stylus' and the support to scan said copy-producing
material; and electromagnetic means positioned behind
the support-and in close proximity thereto’ for trans-
forming the electrical signals into magnetic flux lines of
sufficient ‘density to cause.the stylus to be attracted

.- against the support through the copy-producing material
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with sufficient force to mark the copy sheet when the
original hasa predetermined value range, and means
for supplying a’ constant flux to cause the stylus to be
continuously . atiracted . against the support through the
copy-producing material with insufficient force to mark
the copy sheet when the signal has a lower predeterminéd
value range.

3. Apparatus for producing a facsimile copy of an
original from variations in electrical signals derived firom
areas of different light reflective values in the original,
comprising -non-magnetizable means for supporting copy-
producing ‘material-including a copy sheet; a stylus. for
producing marks on said copy sheet and having at least
a portion -of magnetizable material mounted for move-
ment toward the support; means for relatively moving
the stylus and the support to scan said copy-producing
material; and electromagnstic means comprising a coil
wound about a magnetizable pole located adjacent and
positioned behind the support for transforming the elec-
trical signals into magnetic flux lnes of sufScient density
to cause the. stylus to be electromagnetically  attracted
toward the ‘support and against the copy-producing -ma-
terial with sufficient force to mark the copy sheet when
the signal has.a predetermined valus range and to bs
electromagnetically attracted with insufficient force to
mark the copy sheet when the signal has a lower pre-
determined value range.

4. Apparatus for: producing a. facsimile copy of an
original from variations in electrical signals derived from
areas- of different light reflective values in the original,
comprising non-magnetizable means for supporting copy-
producing material including a copy sheet; a stylus for
producing marks on ‘said copy sheet and having at least
a portion of magnetizable material mounted for move-
ment toward the support; stylus operating ‘means posi-
tioned behind the support for transforming the electrical
signals into magnetic flux lines of sufficient density to
cause the stylus to be attracted toward the support’ and
against the copy-producing material with sufficient force
to mark the copy sheet when the original has a prede-
termined -value range, and means for supplying . a con-
stant flux to cause the stylis to be continuously. attracted
against the support through the copy-producing material
with-insufficient force to mark the copy sheet when the
signal has a lower predetermined value range; and means
for causing traveling movement Between. the support and
the stylus and stylus operating means as a unit whereby
the stylus scans the copy-producing material,

5. Apparatus” for producing a’ facsimile copy ofan
original from variations in electrical signals derived from
areas -of different light reflective’ values in the original,
comprising non-magnetizable means for supporting the

‘original and copy-preducing material including a copy

sheet “in" superposed  position with the original exposed;
a stylus ‘for producing marks on said ‘copy sheet and
having at least a portion of magnetizable material mount-
ed -for movement toward ‘the support; a photocell in
front of the support to scan the original; means for caus-
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ing relative movement between the support and the sylus
-and photocell to scan the -original -and said copy-produc-
ing material; and electromagnetic means comprising a
coil wound about a magnetizable pole being located ad-
jacent and positioned behind the support for transform-
ing the electrical signals into magnetic flux lines of suffi-
cient density to cause the stylus fo be attracted toward
the support and against the copy-preducing material with
sufficient force to mark the copy sheet when the signal
has a predetermined value, and means for supplying a
censtant flux to cause the stylus to be continuously at-
tracted against the support through the copy-producing
material with insufficient force to mark the -copy sheet
when the signal has a lower predetermined valie,. said
coil and magnetic pole being mounted in fixed position
relative to the position of the stylus and photocell.

6. An apparatus for producing a facsimile copy -of an
original comprising a support for the original, a ‘photo-
cell; means including the photocell for producing -a sig-
nal indicative of the amount of light reflected. from a
small increment of the original; means for relatively
moving the support and the photocell to cause the photo-
cell to-traverse the original to scan it; a marking stylus
adapted to mark pressure sensitive ‘copy-producing ma-
terial; means for relatively moving the ‘stylus and the
material; electromagnetic means controiled by the signal
for magnetically holding the stylus against the copy-
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producing material as.it traverses the same with insuffi- .

cient pressure to mark the sheet when the signal is of
one value and for increasing the pressure sufficiently to
mark the sheet when the signal is of a different value;
and means in the signal means for adjusting the value
of the signal with respect to the light reflective value of
the original whereby the different value signal which
causes marking may be adjusted relative to the amount
of light reflected as scanned.by the photocell.

7. An apparatus for producing a facsimile copy of an
original comprising a support for ‘the -original, a photo-
‘cell; means including the -photocell for producing a sig-
nal -indicative of the amount of light reflected from a
small increment of the original; ‘means for relatively
moving the support and the photocell to cause the photo-
cell to traverse the original to scan it; a .marking stylus
adapted to mark pressure sensitive copy-preducing ma-
terial; means for relatively moving the stylus and the
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material; electromagnetic means controlled by the signal
for magnetically holding the stylus against the -copy-

‘producing material as it traverses the same with insuffi-

cient pressure to mark the sheet when the signal is of
one value and for increasing the pressure sufficiently to
mark the ‘sheet when the signal is of a different value;
and means in the signal means for adjusting the pressure
with which the stylus is held against the copy-producing
‘material in non-marking engagement thereto.

8. -An apparatus for producing: a. facsimile copy of an
original comprising a support for the ‘original, a photo-
cell; means including the photocell for producing a signal
indicative of the amount of light reflected from a small
increment of the original; means for relatively moving
the support and the photocell to cause the photocell to
traverse the -original to scan it; a marking stylus adapted
to mark: pressure sensitive copy-producing material; means
for relatively moving the stylus and the material; electro-
magnetic means controlled by the signal for magnetical-
ly holding the stylus against the copy-producing material
as it traverses the same with insufficient pressure to mark
the sheet when the signal is of one value and for increas-
ing ‘the pressure sufficiently to mark the sheet when the
signal is of a different value; means in the signal means
for adjusting the pressure with which the stylus is held
against the copy-producing material in non-marking en-
gagement thereto; and means in the signal means for
adjusting ‘the value of the signal with respect to the

“light reflective value of the original whereby the different

value signal which causes marking may be adjusted rela-
tive to the amount of light reflected as scanned by the
photocell. .
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