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; S 3,132,206
HIGH SPEED PRINTING APPARATUS
Paul F. King, Webster, N.Y., assignor to Xerox
Corporation, a corporation of New York
Filed May-6, 1960, Ser. No. 27,324 -
11 Claims.” (Cl, 178—15)

The present. invention ' relates generally to- electronic
printérs: wherein alpha-numeric characters presented on
the face of a cathoderay tube are xerographically record-
ed, and ‘more particularly. to' an: improved high speed
printer adapted'to effect a line advance or to.permit print-
ing‘of ‘a partial -line without interripting -the .input in-
formation supplied to the tube. :
<= For business purposes, thé final output information pro-
vided. by electronic. computers must ordinarily be in the
form of a printed record. - Mechanical version of printers

2

In view of the foregoing, it is-the principal object of this
invention to provide an electronic hard: copy: printet ‘of
the line advance type. which operates efficiently and' at

high speed.

More. particularly, it is an object of this inivention to

. provide -an ‘electronic. hard copy .printer - in which data’
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which have been devised vary: from ' electrically-operated

typewriters wWorking at a maximum of 20 characters per-
second . to line-at-a-time ‘printers which: are capable -of
printing 1,000 or-more 120-character lines per-minute.
As faster computets-and data processing systems. have be-
come available .there has arisen a need for correspond-
ingly faster printers having a speed capability far beyond
that: of mechanical printers. ‘ 7 _
In‘one ‘existing: form: of high-speed printer, a:Charac-
tron tube acts to transform input- pulse code. information
into: light. rays- -of . predetermined: configuration. The
alpha-numeric characters displayed on' the :face of. the
Charactron tube, are projected onto a xXerographic printer
and recorded on ordinary. untreated. paper.. : Thus, pulse-
- code data of electronic processors may be convérted to
printed records in the form of letters, numerals; charts
and graphs..”" - AT
" ... In the-Charactron tube, the.electron beam ‘is shaped
to form a symbol .or.character by projecting.the eleéfrons
from the gun through a very.small aperture. of the ‘de-
sired pattern, By ‘placing several . different apértures in
a stencil-like matrix and selectively' deflecting the beam
relative’thereto, a like-number of differently shaped char-
-acters-may.be obtained.” As the electron-beam-continues
its passage, it is subsequently. realigned and then deflected
tothe .desired line location” of the face . of the tube. A
display tube of this type is capable of speeds as high-as
one million characters per minute,

. When. projecting the image from the Charactron tube-

nto ‘a recording web  for' xerographic printing, it is the
usual practice to hold the: web stationary during the print:
“'ing .of 2 line and then to mechanically. ratchiet ‘the web

- forward for ‘printing 4t the -next. Iine position. *“While
~ this ‘arrangement: can -acéommodate. a random’ printing -

rate within a given line, it requires'a dead time of ‘at least
20 to 50 milliseconds at the end of each. line to allow for

~.the advance of the ‘web.

In some applications this restriction is not material, in

- others it impairs the efficiency of: the system and in some
intsances- it renders the  system unworkable. In ‘many:

. data processing systemis'having-a hard copy ‘output print-
er, information.is fed to the cathode-ray character form:
ing tube!from magnetic fape input-or buffer storage tape
‘units, Because of ‘the’ dead ‘time' limit of  conventional
.-line"‘advance mgchanisms,'it“becomes necessary  to ‘bring
these units“to a stop duting the. time the receiving web is

" being advanced st -

*'The ‘delay /imposed by th‘é“ requiremehts for web:.ac‘l\-x

vance:can be é.vpided in certain-instances ‘by. providing-a
continously moving web.. However, Cthi’sqintréduces"new
limitations~into “the -data processing. systéin. .. A printer
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fed to.a ‘cathode-ray tube adapted to display alpha<nu-
meric information is recorded-on a xerographic web whose
movement-is. so-controlled. relative -to . the operation.of .
the tube as to effect a line-advance or permit the printing
of a partial line. without interrupting the flow. of input
data to the-tube, - o

Still~another. object “of: the invention is to provide a
high speed . printer to receive and print information at a
random -rate. : ERRTEI F NE

Also an object of the’ invention is to provide. a- pulse
responsive: servo. system- for driving ‘a xerographic web
in synchronism with the deflection of a cathode-ray beam.

Briefly stated; these and, other objects of the invention

-are attained by the use of.a character-forming cathode

ray tube whose screen presentation is optically projected
onto -the -surface.of ;a~ moving xerographic' web. - The

- tube character -display: is produced by deflection’ of the

electron beam across the screen thereof. When an iri-
struction is received for a line advance, fhe beam “is
defiected downwardly one line” width: from: its ‘normal
printing ‘position -and. printing is continued on the new
line, " At the instant the beam is downwardly. deflected,
the, drive motor for the xerographic web is energized to
advance the web, and as the web moves upwardly. the
cathode Tay béam. moves in.'the same direction in syn-
chronism therewith, Both® motions ‘are arrested when
the beam is returned-to its noriial position: Thus,. print-
are uninterrupted ‘during the’ advance of
the web and -the. system is.free of dead time:delay,

For a better -understanding of: the invention as well
as other objects and further features thereof; reference
is' made to.the, following detailed description to be read:
in conjunction with the accompanying drawing, wherein
like ‘components in the several views are identified by
like reference numerals, - Vo

In the drawing: - ‘ k -

FIG. 1 is a schematic_diagram of one: preferred em-
bodiment of ‘a high speed electronic printing system in
accordance with the’ invention, e o
FIG. 2 shows the face of the charactsr forming cathode-

ray tube incorpérated in the system. - .

FIG. 3 illustrates the formation of . characters on’‘the
xerographic web' derived from  the face of the tube. -
. FIG. 4 shows 'in ‘block diagram form the" reversible

~ binary counter included in- the electronic printing system.

55

“FIG.:5 illustrates schematically a° modification of the

‘Servo - system. : ‘

FIG..6 i3 ‘a section of the xerographic web eniployed
in-conjunction with the ‘servo system shown in FIG. 5.
FIG;7 shows it ‘block form a high “speed electronic

: ‘printing system "adapted ‘to print business’ forms, "

60

Referring ‘now to-the: drawings :and- more particularly

to EIG., 1, there isishown -a. high speed eléctronic, print-

ing system.in accordance.with the invention' including 4
character-forming cathode ray tube 10 The “alpha-nu-.

..+, meric ‘presentation ‘on:the fluorescent  face of -the ‘tube is.

:.-by:the name “Charactron”

having:a cont‘inuduslyumwing*Web“would- require that the

printing ‘rate be constant at:all: timés-and that an equivs .

alent dead:time. be: provided for all printed: lines. which
- are not complete: S R Tt A e

optically projected ‘by means of a lens system* 11 and
a-reflector-12 onto the surface of & xerographic-record-
ing device;.;generally designated: by numeral 137 - .0

Cathode ray tube 10 may be of. the general type:known
and: disclossd for example in

U.S. Patents 2,275,017 and 2,283,383. The invention is

not ‘limited: to character-forming ‘tubes ‘of this type;and. -

can.make use.of any known form . of cathode ‘ray:tube
capable of generating and displaying alpha-numeric char-

-, acters and symbols: such as:the Cathode-Ray Read-Out




tubes described in the article by Perry and Alco on pages
72 et seq. in the January
magazine. These tubes trace out characters by the Fourier

" -Synthesis " technique. - For purposes of illustration, -the
character-forming. tube : described hereinafter -will be of
the Charactron type.. - - -
The input data applied

be -derived from a variety of information sources, such

- a8 electronic computers, automatic data Processors; mag-
“netic storage units, central filing systems: and “telecom--

“‘munication networks. The input data is supplied to the
- ¢lectronic. control circuits 14 for “the tube.
cuitsare of the type disclosed in the Charactron patents
identified above and include means ‘for control of the

electron beam and logic’ circuits which select  characters

- and-produce deflection inputs for the tube control circuits.
Tn the Charactron . tube, a cathode-ray beam: from a.

gun 15'is projected through a matrix 16 having apertures
therein shaped like: letters,.
to be printed.  The diameter-of the beam is sufficient to
overlay only one of the apertures-in’ the matrix 16. Se-
Tective :voltages ‘applied to’ the deflection plates, 17 will

cause the electron beam tube to be directed to the desired-

3,1958;: edition of “Electronics”;

These - cir=

8,132,208

to the cathode-ra'y" tube may

10

patent to Wise, U.S. 2,618,552
“known in‘the art of xerography.

474

or by any other technique

The developed image formed of electrdscopié powder‘

_is then conveyed to a transfer zone where it is transferred

to the surface oOf untreated paper 38 taken from a roll,
the paper being-moved in synchronism,, with the endless
plate.” An electrode 31, which is connected to a high-
voltage source; serves to apply-an electrostatic charge to
the paper:  The charge is of opposite polarity. to-that of
the powder on the image.areas and is of sufficient intensity

~to attract the powder and thereby transfer the image to

15

numerals or other characters
20

the paper. - - fa .

_The electroscopic powder is fusible or thermo-adhesive
and ‘a suitable heater 32 is provided to cause the powder
images: to. be affixed to-the paper and thus-form-.a per-
manent printed record of the images. Alternatively, the
paper may be provided with'a thermo-adhesive. coating
which when heated will cause powder to adhere thereto.

:A-cleaning brush’ 0 is provided in engagement with the

endless belt for removing surplus pqwder‘the'r'efrom stb=

~sequent to the transfer operation. . -

area-on the matrix 1650 as to overlay a’particular shaped

aperture. “The electron beam emanating
has a cross-sectional configuration which matches . the

shape of the selected aperture. .The shaped beam is then

directed:at the fluorescent screen 18 to a location thereon
controlled by :voltages

.and 33, the light image _
configuration of the selected character:.

. “Successive code. signals from a computer or other data

from matrix 16

applied to deflection elements 19:
formed on the screen having ' the

25

In the character-forming tube-19 shown in FIG. 1, the
riérmal vertical position of the electron. beam is:in. align-
ment with an axis X extending horizontally. through the
center of the tube. Thus, the beam is ordinarily deflected
slong” axis X to produce a succession of characters, as..

" shown in FIG. 2, in accordance: with the - information

.. as ;by{x’erography,_'it is the usual practice, at

processing - device establish: appropriate selection ‘voltages. -

- which are serially applied to the deflection plates 17, and
the ‘electrostatic fields produced’ thereby successively - de-

35

flect the beam to- the different areas of ‘the. matrix to

‘gencrate, ‘the . variously “shaped -electron-streams - which -
“Positioning of the ~

_serve to make ‘up the total message.
" successive characters-along a line upon the display screen
. is.accomplished  by: the - fields ‘established by “deflection

Slates 187 - o i R
*The image displayed on the face:18 of the cathode-ray
tube is optically. projected onto the surface of a flexible
_xerographic plate in the )
may be constituted by an outer layer of photoconductive
- insulating - material 29, overlying a backing: member of
-~ conductive material 21. The  photoconductive:layer-may
be the usual material for this purpose such-as anthracene
‘and sulfur,-as disclosed.in th;{.Carlsdn patent; U:S: 2,297,-

691, or materials'such as'a pignient in.an insulating binder

as disclosed in the patent to-Simmons et al. U.S. 2,791,949
photoconductor’ is amorphoUs or:yitreous. ..

One preferred I
*‘selenium as disclosed in U.S. Patent 2,753,278, " =

The ‘continuous ‘belt is positioned bout three drum
:55

rollers 23;:24 and: 25 which move ‘the belt through' its

supplied to the tube. B S

- In'the conventional charagter—forming"cathode-ray-tube

arrangement, the next line of ‘output information is-also.-

displayéd along the same axis'X. :‘Hence when copying, .
‘at the comple-

tion of a line, to ratchet or advance the xerographic web

one line width in preparation for the next line presenta- . .
tion. - ‘In order to prevent a display -on the cathode-ray .

“tube during the :advance of the web, it s essential to halt™”

- the supply’ of data to the cathode-ray tube until the web

form of a continuous belt which

45

“ path of travel and are so arranged that th'e”be'l»t in effect

becotiies - a- threg-sided .or triangular. -xerographic . plate:

The upper rollet 23.is driven by motor 26 coupled thereto”

" occupies.its next line position.
recording arrangemeit, the web is
“recording is being made and is advanced one step-upon.
‘completion of - the line recording, ’
_constituting dead time during
- entation is permitted.

“Thus, iin a conventional -
stationary while the

‘the advance period
which 'nq cathode-ray: pres-

T accordance with the present invention, when an in-.
struction is received for a line advance, the electron beam
in cathode-ray tube 10" at_the: starting point is deflected
downwardly one line width to the off-center axis XA, as

“shown in FIG. 2, and the beam then proceeds by horizon-

tal defléction across the tube to produce ‘the succession. of -
characters “constitirting -the ‘next line of -output: informa-

tion. Downward: deflection of the beam is effected by a .
voliage applied to the deflection element 33'in the ‘cathode-.:

.- ray tube.. This clement may take the form of a.deflection
“plate-or a magnetic deflection coil. -~ R

At the same time that the beam is deflected downward-
1y,. the “dfive -motor 26 for the xerographic webis ener-

- gized by a:semo control system to.be later described, and

by.asuitable belt 27. ““'The éndless plate is electrostatically =

serisitized by-a .corona discharge -¢lectrode, 28, such’as
disctoséd in the Carlson Patent 2,588,699 or in the Walkup
patent,<U.S. 2,774,921..

is ‘constituted by screen-controlled  corona:discharge ap-

- paratus of the type disclosed in-the Walkup patent, U.S.

' 2,277,987 .which-affords a substantially Jupiform charge
under varying speeds of operation, IR

- The sensitized-endless plate

“Preferably .the charging ‘means -

60
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is shifted to the r,epréure

“z0ne where the projected image of the cathode-ray-tube = °

face results in the formation of an “glectrostatic latent
.- image on the-surface ‘0f the plate.: The xerographic plate
then ‘moves: through-a- caséade-developing - apparatus 29

wheréin ' the latent” eléctrostatic: image sustained:-on

the -web is. advanced. As:the web 28 “is.‘advanced up-

wardly, the cathode-ray beam, which initially -was. dis-
placed downwardly one line width from. the central -axis

- X, also is deflected  upwardly: in’synchronism with.the .

web.o - s

o Gince the beam concurrently is ‘being deflected: hori-

zontally across the tube:to produce the succession of char<

acters thereacross, the vector fesultant of the simultaneous ™

~-horizontal . and : vertical deflections of .the beam:is the -
slope’Z in-FIG, 2. But since

i ice the display-of characters .
along the 'skew line- Z occurs i -synchronism. with the .

* upward moyement of the recording web, these characters
70 v

are forméd on the web alonga. transyerse.ling, as shown - )

- in FIG. 3, whichis: exactly parallel with the-preceding

‘the 7

surface of the plate is ‘developed through the: deposition” -

-~ theréon of fine. powder particles, "1 7
‘be accomplished- in accordarce withithe teachings of the

“This-development-may -

‘printed  line. . Both " the vertical -deflection of the beam
“and: the ‘motion -of )
“when the beam reaches the ‘center -axis X, at which point -
75"

the web are-halted simultaneously

printing cqntinues therealong until fther'lline'iis ‘completed: "



5

‘ It will be seen therefore that no dead time . occurs

durmg the adVance of the web and that printing. continues
without interruption, the characters on the’ tube being so
deflected vertically from their normal’ center pos1t10n as

to assume their proper line position on the moving web."

Tf a number of ghort lines are to be printed in -sequence,

the' beam may. be: several line widths below the center-

of the tube  face: Under such’ circumstances a large
amount: of power would be applied to the motor, giving
the receiving web a high acceleration in an effort to bring
the beam back to’its normal ‘position. - The receiving web
speed would:be quite steady when the character input rate
- 1S constant and the lines:.are of uniform length. . Should

8 182,206

6‘
connected toa respectwe stage in ‘the bmary counter .
34, the other ends thereof being commonly connected o
ground through a totalizing resistor 38. ~Resistors a. 10
h constitute weighting resistors which supply current; in
proportion -to.the values of the associated blnary stages'
The combined current passing through resistor 38 is there-

fore, an analog function of the digital value held in the

" ~counter at any ‘given tithe..

10.

The analog output voltage from the network 35 is ap-

:phed through 4 suitable "direct:current amplifier 39 to

the deflection: plates 33 of the charactel—fornnng cathode

-~ ray tube 10. The arrangement is such that when the value

the information ‘input stop abruptly the‘motor power

would be reduced to zero. The inertia of the mechanical’

system will ‘of ‘Course ‘move the’ printing area above: the
normal ‘position before the web comes to'rest. - The con-
trol system will however raise”the beam correspondmg
and. hold the prmtmg position’-

Vertical spaces in | the hard copy outputcan be prov1ded
by -transmitting -a series ‘of line advance _instructions to

15

20

the printer.. ‘A’ space of several inches.can be made with-

out’ deﬂectmg the beam.'beyond the ‘face: of ‘the ‘tube.
The vertical ‘spacing. capability: can: be used to advance
the prmtmg from one page to-the: néxt with very little
loss'in time. - If it'it desired, & spemal 1nstruct10n can be
prov1ded to-advance the: printing. position ‘a desired num-
fber of spaces. Wllthlll the: Iimits ‘of the tube face.
"'We shall now consider the: structure and ‘function of: the
: Servo control system which acts to' synchromze the move-
‘ment..of ‘the’ xerogaphic: ‘web with the operatlon of ‘the
-oharacter-forrnmg oathode-ray tube, in the manner de-
scribed above, to obviate waiting  time. L
As shown in-FIG. 1, the servo system for controlling
the: operatlon of motor 26; which: drives the xerograph1c
web; includes a reversible bmary counter-34 and a resis-
tive de-codmg network -35 coupled to ‘the counter -to
produce an‘error. signal.: "This signal is applied to-a"posi-
tion detector 36, the output of‘detector 36 bemg fed 'to
the ‘sérvo motor control ‘circuit 37, | -
' The'reversible binary counter includes‘a set of Bi-stable
storage elements -in cascade Telation, -each- of which “is
. -‘adapted to. trafisfer back and forth' between its two stable
. states upon the reception of ‘pulses.”. “The pulses ‘to” be

counfed are applied to one of the bl-stable elements.” Each -

" time that this element changes ‘from' the  sfate ‘Tepresent-
ing bmary 0, a pulse is-caused 1o be sent fo- the second
element in. the set,” ~When: the' second’ element: transfers

25
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held in counter 34 is one-half of the maximuri ' count,
the resultant analog voltage which is’ developed at resis-
tor 38 and applied to the deflection plate 33 is at a level

.maintaining the electron beam ‘at‘its normal printing posi-
"tion at the center ‘of the tube ‘(axis X in FIG. 2).

‘When the beam has completed ‘its printing: operation
at the end of a line, it is reset by its. control system 14
to.its initial position at the:start of the line along central

-axis X. At this starting point, the control system supplies.

an advance pulse through an amplifier 44 to the counter
34, which: increases -the count therein above. the held
value, which as indicated prev1ous1y is_one-half the total
count.. Preferably, the value is increased by a large in-
crement; such.as-§ or 16, hence the advance pulse is ap-
plied .not to the first stage of the counter but to a hlgher

- stage ‘providing. the large increment,

Assuming -therefore that ‘the counter holds 64 counts;

‘ representing one-half the' maximum value, ‘and that the

advance pulse adds 8 counts thereto, the presence of 72

-counts .will produce an anlog voltage ‘causing deflection

35

40

45

‘10 0, a pulse-is- transmitted to the ‘third’ element - in ' the ‘

cascade, and 'so_on for all' of the bi-stable elements‘in the

set. The bi-stable elements may, -for example be i in’the

form. of flip-flop- circuits,’ magnetic 'corg devices Or any
- ‘other known' devices. :ITn 'FIG: 1; the set of bi-stable’ ele-

ments is constituted by eight ‘stages. prov1d1ng, in succes-
: s1on, the counts 1;2; 4; 8;:16,.32; 64-and 128,

The counter must be of the reversible type: whereby by
: supplymg subtractive or reverse: :pulses thereto; the:count
oo dsreversedii-An example of a revers1b1e counter is.shown

dn FIG 4, the counter: conta.lmng a-set of. complementary

flip-flops Cl—Cz whlch have two complete sets.of inter=
It will add-or. stibtract depend-

“stage transfer. c1rcu1try Sz
-ing upon whlch side of the complementmg flip-flop. stages
- the, inteistage transfer pulse is derived ftom. 'Two gating
‘Dusses are: provided which: disable’

fhp-ﬁop ‘switoh. SP6B." The switch flip-flop SP6B" op-

érates faster. than ‘the’ counter: ﬂlp-ﬂops ‘and’‘completes

the change of ‘state of the gatmg busses rbrefore the ﬁrst
counter changes state.

¢ orthe other sets of

‘the transfer circlitry, and they are controlled by a fast P

50
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.+Omie commermally avallable rever31ble counter sultable o

for this:purpose is:Navcer or:model .111B, manufactured

by Navigation Computer .Corp. " of - Philadelphia;: Pa.,
:this:model being described in “Pulse Techmques 2 volume
IX,:No.: 3, published: by this.:company:. :

70

The sresistive;:decoding ‘network ' 35 s constltuted by :

‘a bank of; resmstors ato h one end of each resistor bemg

75

of the cathode-ray beam downwardly from the center axis
X to an off-center axis' Xa (FIG. 2)" spaced one hne width
therebelow.

To -ensure that the advance pulse’is appl1ed afteér ‘com-
pletion of a line; a check pulse may be applied to ampli-
fier ‘40 from-a-line: digit. counter 41 which ‘provides’ »
pulse only after the prescribed number- of digits con.
st1tut1ng a printing Tine has been counted.. Amplifier 40
is. adjusted” so’ that a pulse ‘is applied to ‘the bindry
counter 34.in the event.that an-advance pulse is received
from control system: 14 or a check pulse is received from
counter: 41.

The analog voltage from decodmg network 35 is -also,
applied through 'the. position detector 36 to the Servo
control circuit 37 ‘for 'the motor 26 driving the Xero-

“-graphic 'web. - The position “detector: provides -a control

voltage ras a function ‘of the applied analog voltage and
imcludes ‘a threshold: ¢ircuit with "the mid-count analog
value as a-reference. Hence, no output is developed by
the detector until the input analog exceeds'the mid-count
value, the output being ‘thereafter ‘proportional to the ex-
tent of change above mld-count Thus, when the beam
is «deflected “downwardly one line width; "a. torque “is

~developed in’ the motor 26 causing the xerograph1c web

to advance,.the degree of torque depending on the i mcre-'
mental value mtroduced into the counter." .
As the web moves, subtract-or reverse pulses are. fed

: _back to the binary counter 34 and.the value held therein

is’ gradually: reduiced from the incremental value "above

. mid-cotnt. “(normal beam position) ‘to the mld-count
‘value
. ‘is as follows?:

The -manner in Wthh ‘this reductron s effected

Motor 26 is mechamcally coupled to the shaft- of a
tachometer 42 which produces a vollage output propor-
tional.to " the'speed of the motor." This voltage is con-
verted: into pulses by an analog-to-dlgltal conyerter 43,
the mimber of pulses yielded thereby being proportlonal i
to-the magnitude of the analog voltage. These pulses. dre
fed subtractively into the first: stage.of the binary counter.

- Thus;. as -the. flow of -reverse pulses act to ‘reduce the. : - L

count. held in the counter from ‘its incremental: value

.above mid-count the -analog - voltage developed at the -

output of network 35'is reduced proportlonately Con-




~

. .burden,
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current wrth ‘the reduction in- analog voltage the defiec-
tion ‘voltage on the cathode-ray -tube.decreases and- the
speed of the motor is_also-reduced until ‘the ]uncture is

reached at which the count held in the counter is again

at half maximum value, at which pomt the motor ‘comes

to.a Halt and the cathode- ray beam is_dgain -at the cen- .

tral axis X,

The servo system responds to. the count ‘of addrtwe :

pulses in the counter to .develop a torque in the servo .

motor which’ in turn produces subtractive pulses, these
being fed-back into the counter so.as to reduce the count

tal deﬁectron plates 49 will shlft the béam. from its nor- -
mal. starting position ‘on. the central “axis. X to an’ inter-
mediate - position tbereof m accordance w1th busmess
form requ]rements )

The . position mémory Unit may consrst merely of

“manually set switches that designate where an entry is to

be ‘made’ in the: businéss: form. - For example, if ‘the

“entry is four “spaces-down, the ‘appropriate’ ‘switch -will

be connected to.a . particular stage binary cotinter in-
cluded ‘in. control system 50 s0 as to provide an incre-

- mental increase above the mrd—count value (normal ‘center

therein to the.level at which a null is established. The

extent of motor movement and the concomitant excursion

of the cathode-ray beam can be controlled by the incre-
mental value introduced into the counter.:
Obviously had 32" pulses been fed .into the “counter,

-rather than'8, the deflection of the beam and the advance

of the web would have been far greater.. In any event,
prmtmg contintes: during: the “advance .of the web, the

- characters . being -displaced from the central axis of. the
*cathode-ray tube along a slope uptil such time as ‘the
“beam is returned to tube center.

continues along the normal center ‘Tine until the line is
completed Whén the line is.completed; an advance pulse
is again generated and the hne advance prmtmg process

".is repeated.:

In the servo system shown in FIG 1, the subtractrve
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‘on the screen) sufficient to-cause the beam to shift four
spaces down. Thus, in. printing checks; the first position -
which is set in the position memory unit 48 may desrgnate

“.the starting point. for prmtmg the ddte, the second posi-
-tion may designate the starting pomt for the name of ‘the

individual, etc.

In such a printing system the only format mstmctron
transmitted by the computer.would be a single instruction
which directs the printer-to. ‘consult the pos1t10n memory
Ainit for' the starting:point of the next entry into the busi-

~pess form. . The position memory unit' 48 transmits the

From there on printing -
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- new. printing posmon ‘to the vertical and horizontal con-

trol circuits 59 in the same: length of time ‘as. would be
requrred to print a character. In this mafiner many en-

. tries can be printed into thousands of:business -forms-at

pulses which ‘reflect - the advance movement-of the: web

are generated by means of :a tachometer 42 operating in

* conjunction’ with an analog to digital-converter 43. - An-
- other techmque by which these pulses may be developed

30

is.shown:in FIGS:'5 and-6, wherein the xerographic end- -

less web is provrded marginally with ‘a variable density
light track 44 providing a confinuous-series of equi-spaced

: hght-permeable areas: 45,.very much in the manner of

a sound track:.on film.. A light source 46. is positioned
behind the marginal track on the web and as the web ad-

random, irregular printing rate chosen by the computcr
without the undue burden of formal mstructxons

The ‘electronic prmter disclosed -above in: connection
with recording alpha-numerrc information-is - also usefal-
in ‘analog read-out applications.. . Most- cathode—ray char- -
acter generators are capable of imaging a small spot on

~“the sensifive surface of an.xerographic web -and deflect-

vances, light. pulses  are ‘projected through the track: .

‘which are intercepted by a suitable photocell 47 to.pro-

_duce electrical pul es serving. as the subtrac’uve pulses

for the counter.

The same result” may be. accomphshed by magnetrc
marks printed along a track on the Xerographic belt, the
marks being detected by a -magnetic pick-up head to pro-
duce a series of pulses-in the course.of web advance. In

‘either - casethe subtractive -pulses .are apphed to - the
- counter to.reverse-the count therein until the null con-
dition.is reached.. Null-may be. estabhshed at rmd—count e
' or at-anyother pr edetermlned value: :

In some:data processing systems, prmtmg on busmess
forms may be the only purpose for ‘which:the electronic
prmter is-intended. - In such cases it.is inefficient t0-re-

" quire the computer to supply formal instructions to the

printer- and moreover ‘it entails an: added programming

prmter

to. ‘effect- not. only line . spacing - but also to control the
SLartmg pomt ona g1ven line. -

“the  vertical defiection plates 33, is ‘provided with a set

of horizontal ‘deflection plates '49.. ~Thus, .a voltage ap-
‘plied from a control system 50 to the vertical deflection

' plates 33 will cause the cathode-ray beam to shift down-

This is ‘particularly - true : when -thousands. “of
£ documents are to be printed with the same format. -In

“data processing systems with this specialized: requrrement.
- it‘is preferable: for the prmter to provrde xts own format
“ control.

This can bcst be accomplrshcd as shown in s1mp11ﬁedr
form in FIG. 7, by-adding a horizontal 4nd vertical posi--
tion memory unit 48 to.the servo-controlled: flexible plate
The memory it actuates a control system 50
coupled o the ‘deflection- plates of the cathode-ray. tube
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ing thé-beam perpendrcularly to the web motion to an
extent proportlonal in the mstantaneous “analog value:
An analog function may then be plotted by advancmg

" the beam: downwardly or the recording web upwardly.

The servo control system descrrbed heremabove can.carry
out this function with a miicro- -advance mstructlon ~The

-vertical ‘advance produced -with this instruction can be - )
miade a small fraction of a normal line advance.” An "

advance. equal to the spot diameter is a preferred chmce, :
thus giving & solid line plot. “A ‘printer plotter using this

‘control system is capable of - recording’ graphs. of any -

length. - If multiple ‘plots are desired on:the same graph,
several points could be recorded between each web ad- "
vance instruction.’

. The. printer descrlbed ‘herein is capable of prmtmg at
high density.rates, as in the case of a-high speed teletype
system,. or. it can operate at-low density rates, as in the
case of printing. into: business forms.

.- Horizontal. or vertical advance in the prrntmg position re- -
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~from somé unit of the data handling system.

quires that such information be transmitted to the printer.
This may be
in‘ the form of: separate leads’ connected ‘to the printer -

" “¢ontrol circuits of it may be in the form: of coded infor- -
* mation ‘transmitted over the same sets ‘of ‘leads . which

'carry the alpha—numerrc instructions.
‘tions. can be reserved from the code system- for prov1d1ng
- a selection of advances of various lengths. .

Several 1nstruc-'

“While there has been.shown what are consrdered to be-

: preferred embodiments of the invention, it will be mani-

fest that many changes and modrﬁcatlons may be-made
therein withont departing from the essential spirit of the

_invention. . For example, it is-recognized- that recordmg

“To this end, fhe cathode-ray wbe” lt) i addr’non o - -on photosensitive materials other than xerooraphrc mem-

" bers may be desirable for buﬁer storage Or, i some-in<

10

‘wardly'from 1ts center line posrtlon in-the’ rnanner pre~

e ‘viously described, to produce an advance of the ‘web 20-
and a concurrent printing operation. . On the. other hand, -
3 a voltarre apphed from control system 58 to the horrzon—
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stances, for final recording: Spec1ﬁca11y, it is: understood

“that Tecording on silver: halide’ microfilm,. diazo: or sim-
“ilar: materials may be desired-for- temporary buffer stor-
-age for off-line. operation or for. permanent- storage of

computer output data; It is “intended; therefore, in the ' -
annexed claims to cover all: such changes and modlﬁca- :

,tlons as: fall wrthm the true scope of the mventron

In allinstances a -
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* What is claimed is: o T
-~ L. A 'high' speed: electronic printing systém. comprising
a read-out device including a cathode-ray: tube: for ‘dis-
playing light images.on-a screen and provided ‘with de-
flection: means ‘to vary the ( ent;
beam on said screen from a normal location thereon fo
a displaced docation; a recorder. including*a movable web
disposed. to receive the light.images from said screen and
~ a motor- therefor: and apparatus.to coordinate ‘the opera-
tion of said device and said recorder including a:reversible
~binary counter, means coupled to said counter to derive
an analog voltage therefrom as a: function of the count
held therein, means: actuated by an advance ‘signal and
coupled to said deflection means and to-said. motor to de-
flect said beam in accordance with said analog voltage to
said -displaced location. and simultaneously -to energize
said motor to advance said web, ‘means responsive to
. movement of said- web to produce: pulses-whose number
deperids.on-the displacemient thereof- and means to apply
said- pulses subtractively to said counter whereby as said
web. advances the ‘count held ‘in said counter:is reduced
and said- analog voltage is reduced accordingly.
2. A high speed eléectronic printing ‘system comprising
a read-out device including a .cathode-ray- beam- tube for
displaying  illuminated - alpha-numeric: characters ‘on" a
screen in response to input-information and provided with
voltage-sensitive deflection” means . to vary-'the vertical
orientation’of the beam on said screen from ‘a normal
location “thereonto:a displaced location; a-xerographic
recorder including a movable photoconductive ‘web ‘dis-
posed. to receive said chatacters from. said’ screen and a
motor to advance said web: and -apparatus ‘to coordinate
“the -operation. of said device and said recorder including
a reversible binary counter, means coupled to said counter
to .derive an analog voltage therefrom as a function’ of
the count held therein; a. control. circuit: for said web
“advance :motor, means: responsive to said analog voltage

vertical ‘ orientation of said:
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- -each stage of said counter to
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and -coupled to-said deflection means and to:said ‘motor -

~control circuit to deflect said beam to said displaced loca-
- tion and “simultaneously: to: energize :said motor,. means
coupled ‘to: said motor to:-produce pulses whose number

- depends on the extent of web advance, means to apply
- said. pulses  subtractively to'said counter whereby as said'

. web advances the count held in said counter is reduced
and said analog’ voltage is. reduced accordingly: to. cause
“-said beam to: return to- its normal location, said motor
. being halted when said beam reaches said normal‘location;
3.- A high speed ¢lectronic. printing system’ comprising

a read-out. device including. a cathode-ray tube ‘for dis-
playi.nglilluminated“alpha-numeric characters.on a screen
in response-to: input information and- provided with ‘volt-
age-sensitive deflection, means to vary. the: vertical orienta-
tion of :said beam on said screen from a normal:location
thereon: to- a -displaced location; a xerographic recorder
. -including a’ movable web. disposed -to receive the char-
- acters from said screen-and a motor to advance said web;

‘ ~and apparatis-to coordinate the operation of said recorder.

vincluding a reversible binary:counter, means coupled to

said counter to:derive analog voltage therefrom as a funec-.

- tion of the:count held therein; a.servo control circuit
for said web motor; means actuated by an advance signal

40
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versible counter includes g series of bi-stable stages and
said means to derive an-analog -voltage .includes a resist-
ance network -having a weighing resistor .connected to
produce a current propor-
tional to-the count therein, .. Gel b
5. .A-system, as set forth in claim 3, wherein' said beam
is/ caused ‘to-occupy. its. normal;location: when ‘the. count.
held in said counter is-one half its maximum value ‘and
wherein: said ‘beam: is deflected ‘to, occupy:-its- displaced
location when an’ incremental count above said. half
maximum is introduced into said counter by said-advance
signal, - P
6. A high speed electronic printing system comprising

i "a read-out device including a cathode-ray tube for display-

ing light images on a screen in response to-input informa-
tion and provide.with voltage-sensitive defléction means
to vary the vertical orientation of said beam on said screen
from a normal location thereon to a displaced location;
a xerographic recorder including a movable web disposed
to receive light images from-said screen and a motor to
adyance said ‘web; and apparatus to coordinate the oper-
ation of - said " recorder including a reversible binary -
counter, means’ coupled-to said ‘counter to derive analog
voltage therefrom as a function of the count held therein,
said counter normally holding a ‘count therein equal to

shalf the maximum count, means responsive to an advance

signal to introduce an-incremental count .in said ‘counter
above said half value to produce a given analog value,:a
control circuit for said web motor, means responsive to
said .given. analog voltage and coupled. to. said deflection. :
means: and: to said motor control circuit to deflect said ‘

beam to-said displaced location” and simultaneously to
energize said motor, means coupled to said web to produce
pulses whose number depends on the displacement thereof,
means to apply ‘said pulses subtractively to said counter
whereby as said web advances the count held in’ said

- counter-is reduced and said given analog voltage is reduced

accordingly to 'cause: said beam to return to-its normal ‘
location, said motor ‘being halted when said beam reaches
said normal location. : : ‘ :
-7. A system as:set forth in claim 6, wherein said means -
to"produce pulses includes an optical track on said web

_having ‘a series of light marks thereon; and photoelectric

means 'to scan said track as said ‘web is' advanced to

‘produce said- pulses.

8. A system as set forth in claim 6, wherein said means
to produce pulses. includes a track on said web having
a;series of magnetic marks thereon, and magnetic head
means-adjacent said.track to produce said pulses as said
web is advanced.

9. A system as set forth in claim 6; adapted for prinit-
ing' on ‘business forms and including a switching- matrix -

" -coupled to said reversible counter selectively to:introduce
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.- and"coupled-to said déflection means-and to- said motor s

control. circuit 'to deflect ‘said beam in accordance. with
~said ‘analog voltdge ‘to’said  displaced location and simul<
: taneously to energize said motor tachometer ‘to-advance

65

said ‘web, means coupled to said ' motor and an analog-to- -

digital- converter coupled to:said 'tach"ometyer to produce

- pulses whose. rate depends: on the speed:of said: motor, -

.-and. means ‘to ~apply. ‘said ' pulses’ subtractively: to said - - -
70

- counter whereby as said web_ advances the count held

in:said counter. is reduced and said analog voltage is re-

~“duced accordingly to’ cause said’ beam to.return to its

*. hormal Jocation, said:motor. being halted ‘when‘ said beam

“reaches said normal location, - . . e
. 4 A system, as ‘set-forth in claim: 3; wherein said re-

75

counts therein effecting displacement of said beam ‘o pre-
determined format positions on said web. ; :
10.. A high speed-electronic recorder to record informa-

“tion - represented. by . electrical information- signals com-

prising: i ‘ ‘

a cathode ray: tube adapted and -disposed -relative -a
sensitive mémber to form marks in accordance with
the information signals -on the sensitive member, the
cathode "ray “tube including - horizontal deflection
means ‘to deflect the marks transversely across the .
member and vertical deflection means to-deflect the
marks longitudinally dlong the member,

advance means to longitudinally advance the sensitive
member; - : R

'/ -meéans to receive an advance signal ordering an arbitary

longitudinal. advance of the

" new. position, ;- ) o

means'to develop an error-signal representative of the

difference between the instantaneous longitudinal po-

* sition ‘of ‘the sensitive member and the new position
ordered by the-advance signal, . :

-means solely responsive to the error signal to operate

_sensitive member to.a
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. the vertical deflection means to deflect the marks a 11. Apparatus according to claim 10 in which the cath-
longitudinal distance .equal to the difference between' ode ray tube.forms light images which are focused onthe - -
" the  instantaneous’ longitudinal position ‘of ‘the:sen- sensitive member and in: which the sensitive member. is

“sitive member and“thé position” 'ordéred‘«by the ad=" pljétq.cond_ucﬁw; S
- vance signal, -~ e 05 ¢ References Cited in the.file of this patent <
~_and means responsive to the error-signal toractuate. the- 7. SRR T e T L e
7 advance means in-a direction -to ‘reduce. the .error. .- UNITED 'STATES»-PATENT,.S

i signal whereby; to tecord information; marks may'be 9,729,773 "~ -Steele S uinilosoYan, 3,1956
* instantaneously.and arbitrarily positioned on the sen-~ 2,736,770 - McNaney o.ol_lo i -l Feb. 28,1956
- sitive ‘member and whereby: the marks are formed in. 79 - 2,855,539+ ‘Hoover Lihlislloonie Octe T, 1958
~ g strajght line in the absence of advance signals.- ~ ~ oo ¢ 2:901;374" *.  Gundlach L lzrolAugl 25,1959
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