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2.926057 
FACSIMILE APPARATUS 

James R?Horsch,Elmhurst,I,assignor to Stewart 
Warner Corporation,Chicago,I,a corporation of Virginia 

AppicationAugust1,1957,Serial No.675,638 
9Claims?(Ci,346?74) 

Thisinvention relates to facsimile apparatus,and in particulartoanimprovedarrangementforcontrolingthe 
application of current and voltage to electrolytic copy 
paperemployedinfacSimiereproductions? 
Anumber ofrecordingtechniquesforfacSimiesignals 

have been developedintheart,One oftheseutilizesan 
electrolytic paper of such nature that metalicions are 
conveyed duringprintingfrona Solid printer bladeinto 
anaqueous catechol Saturated paper,(A catecholisa 
chemical compound which reacts with metalicionsin 
suchawayasto produce Solidareas of color.) 
Whenrecordingisaccomplishedon catecholsaturated 

paper,severalfactorsare pertinentinthe derivation of 
optimum marking,It has been determined empiricaly 
thatremoval during marking of a particular fraction of 
the moisture contentin the electrolytic paper willead 
to a more desirable mark than wil boingawaymore 
or less than this optimum fraction,The amount of 
moisture which will boilawayfrom the paperis deter 
mined primariy bytheamountofenergy whichis dissi 
Pated per Unit Volume ofthe paper during marking?In 
orderthenthatthe desiredfraction of moistureleavethe 
Paper,it becomes neceSSary to controlthe amount of 
electrical energy whichisincident on the paperasitis 
narked. 
The problemissomewhatcomplicated bythefact that 

the paper exhibits localinhomogeneity which occurs as 
the printing electrodes move from fber to fber?The 
electricalconductance ofthepapershowsacorresponding 
variation localyand in this wayrequiresanamount of 
electricalenergy per unit volume which varies also lo 
caly,Thus an optimum controlsystem which wil So 
controlthemarkingampliferasto produce an optimum 
blacksignalacrossanypaperfbermustSensetheinstan 
taneous resistance of the paperto theflow of electrical 
charge and must produce a marking power which wil 
varyaccordingy. 

Examples of controldevices which meetthis require 
mentoftheelectrolyticpapertoone degreeoranotherare 
tobefoundinfacsimileequipmentascurrently produced, 
Asageneral rule,these control devices operatein par 
alelwiththeelectrolytic paperandactinSuchamanner 
asto absorba fraction ofthe markingampliferoutput 
power whichismore orless dependentupon the condi 
tion of the particular paperand particular fibers being 
marked,Thismethodof controlhastwo distinct disad 
vantages,both of which are overcome by the subject 
matterofthe presentinvention? 
The first disadvantage isthatthe electric circuitry of 

themarkingsystemisrequiredtooperatecontinuousyat 
maximum power output;ie,controloccursatthe level 
of maximum power in the marking system?Conse 
quentlytheelectronicequipmentisoperatingatmaximum 
heat disspation duringthe marking of maximum black 
andthetemperaturerise ofthe equipmentismaximized? 
?nthiscaseitbecomesnecessarytoisolatethe paper,its 
moisture being Subject togreater evaporation at higher 
temperatures,bysuitablethermaldesign?Inthemajority 
of higherspeed equipments which have been marketed, 
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2 
an unsatisfactory thermal condition has resuited and 
noisture has been lost bythe paper beforeitreachesthe 
markingelectrodes,with thenetresultthat poorerthan 
Optimummarkingisobtained? 
The Second disadvantage with the present method of 

controlisthatittendsto produceacrossthepaperbeing 
rnarkeda constant potentialratherthana constant cur 
rentthroughthepaper,Sincethemarkingprocessisone 
of electrolytic conduction,asignificanty more uniform 
markwilresultfrom a controlof markingcurrentthan 
from the controlof marking voltage? 

Accordingly,a principalobject of thisinvention isto 
provide an improved facsimie recorder which wil be 
more tolerant of those papervariationswhichareto be 
foundin practice Soasto provide a more uniform and 
optimum markingfor papers of varyingcharacteristics? 

Another object of this invention is to control the 
marking currentand voltage ofafacsimile systemata 
comparativelylowerpowerlevelsothatthermaldissipa 
tionintheelectronicportionsofthe systemisminimized 
andis never more than that whichisrequiredfor pro 
ducingthe desiredmarkingonthe paperitself? 
Another objectofthisinventionisto preventoverload 

or burning of the recordingsheetinanelectrolytic fac 
Simile recordingscannerdue tostaticorothertransient 
signalsin the system? 
Another object ofthisinventionisto provide protec 

tionforthepaperwhenevertherecordingelectrode ofthe 
Scannerleavesthe papermomentariyasin bouncing. 
Another objectofthisinventionistorenderlesscriti 

calthe Setting ofthe gain controlsandother meansfor 
determiningthe recording currentin an electrolytic or 
simiarfacsimile recordingsystem, 
Another objectistoprovideafacsimilerecorderwith 

an automatic gain control System whichisreferenced to 
a portion of the transmitted signalsoasto produce on 
the recordingmediumamarkwhich bearsanadjustable 
relationshiptothe density ofthe copy beingtransmitted. 
A preferred embodiment of thisinvention featuresa 

controlutiizingsemi-conductordeviceswhichsense both 
the potential developed acrossthe paper beingmarked 
and the current through thispaper?Thiscontrol pro 
ducesa biassignalwhich altersthe videosignalapplied 
to a markingampliferin such awayastocause both 
markingVoltageandcurrenttoremainwithinthoselimits 
which wil produce an optimum and uniform markin 
the folowingmanner, 

In particular,inelectrolytic copy paperhavinggoodto 
fair moisture contents,a video signalapplied to the 
narking amplifer normally produces a copy which 
Variesin uniformity and density with that ofthe trans 
mitted copy,?nthe event,thevideosignalexceedsan 
alowable Value tending to develop an excess current 
throughthe paper,producing paper burning,thecurrent 
controllimits the marking current to a Safe and con 
Stant value whichwill produce uniform markingdensity 
for papers having moisture contents which vary from goodtofair? 
Inthe event,the moisture contents ofthe papers vary 

from fairto poor(dry),thenthe voltage controlimits 
the voltage applied to the paper being marked to a 
constantnarrowrange or bandof values whichwiPro 
duceanoptimumblackmarkforthepaper beingmarked, 
assumingthata videosignal of substantialamplitudeis 
beingappliedtothemarkingamplifer? 
Anotherfeature of thisparticularembodimentrelates 

to a comparison of the reference portion of the video 
signal withaninternalstandard which controlsthe gain oftheamplifierinsuchawaythatthereferenceportion? 
ofthe signalmustaSSume a value which bearsa direct 
relation to the Setting of control?Thisenables the re cordingdensitytovaryincorrespondencewiththetrans 
mitted density untithe currentand/or voltage controls 
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are rendered operative to produce the operation set 
forthabove. 

?n orderthatal of thefcaturesforattainingthe ob 
jects ofthisinvention may bereadiyunderstood,refer 
enceis herein made to the drawings wherein: 
Fig,1 shows the relationship between the energy per 

unit volume in the recording paper for optimum black 
markingas a function of the moisture content of the 
?apery 
Fig.2showsthe mannerin which the localresistance 

of the recordingpaper varies from element to element 
(aSSuminguniform moisture); 
Fig?3 is a block diagram of the marking control 

apparatuS? 
Fig,4isa simplifed schematic diagram ofthe mark 

ingcontrolapparatus shownin combined Figs.8 and 9 
andemphasizingthemeans ofcurrent controi; 
Fig,5isa Simplified Schematic diagram ofthe mark 

ingcontrolapparatus shownin combined Figs.8and 9; 
Fig.6isa diagram ofthe envelope ofatypical com 

positefacsimie signal; 
Fig.7 isa diagram ofassistance showingthe manner 

in which Figs,8 and 9are combined to form a com 
Blete Schematic, 

Figs,8and 9 when combinedinaccordance with the 
diagram ofFig.7formaschematiccircuit ofafacsimile 
recorderincorporatingthe invention herein; 
Fig.10isa diagramshowingthecontrolcharacteristics 

of the voltage controlindependenty, 
Fig?11isa diagram showingthe controlcharacteristics 

ofthe current controlindependenty, 
Fig,12 is a diagram showing a composite control 

characteristic forsimultaneous operation ofthe voltage 
andcurrent control;and Fig,13isa diagram showingthe Superposition of the 
controlcharacteristicsandthe voltamperecharacteristics 
of various recordingpapers? 
Referringnow to Fig?1 of the drawings,a graphis 

shown therein which discloses the relationship of re 
quired energyper unit paper voiume for producing an 
optimum black mark,to the moisture content per unit 
volume ofthe paper?Two curvesare shown?The Solid 
curverepresentsanoptimum controlformaximum black; 
the dotted curverepresents control whichis obtainable 
withtheparticularembodimentoftheinventiondescribed? 
It should be noted thatresults obtained with this em 
bodiment closely approximate the optimum over the 
regionwhich may be consideredasusefulforthe facsim 
ile process,The solid curve isapproximately a Straight 
line because a given amount of energy wil boiaway 
an amount of water which is directy proportionalto 
thisenergy,? energy per unit volumewhichisgreater 
thanthis optimum valueisincidenton paper,too much 
ofthewaterwilbeboiledawayandpaperburningwil 
result?If less energy than that represented by this 
optimumisincident on the paper,a mark wil be ob 
tained whichisless blackthan that of which the paper 
iscapable of producing?Generaly speaking,in the por 
tion of the broken line curve extendingfrom a to b 
the voltage controlis operative as hereinafter outined 
toproducean optimum black mark,andin the portion 
extendingfrom b to cthe currentcontrolis operative to 
produce a mark of uniform density. 

In practice itis found that only a limited range of 
moisture contents?asan example,from30% byweight 
to 45% byweight?willalow electrolytic papersto be 
usedin facsimierecorders?Animportant factor which 
limitsthe maximum amountof moistureinthe paperis 
the strength ofthe paperitself?Afactor which enters 
into the lower limit is the limited Solubility of the 
catecho used, 

Fig.2isanilustration ofthemannerin which paper 
resistance varies from point to pointacrossone line of 
this paper due generally to fber variations,with uni 
form moisture perunit volume assumed?Thisfgureis 
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alsoiustrative oftheaforementionedrequirement placed 
onthe controlsystem;namely,thatthe markingcurrent 
be maintained essentialy invariant for a given Signal 
from onemarkingpoint to the nextin orderto obtain 
uniform marking? 

In order that there be no confusion concerning the 
relationship of the gross characteristic of the paper 
shownin Fig.1andthe localcharacteristic ofthe paper 
shownin Fig,2,itmust be pointedoutthatthe marking 
controlsystem should be suchasto produce foragiven 
videosignalagiven marking currentinthe paper upto 
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the pointatwhichthe energy per unitvolume disspated 
1ocalyin the paperexceedsthatvalue whichisgiven by 
the curve of Fig,1?The clearimplication of this state 
mentisthatthemarkingamplifermustshowthe highest 
possibleinternalimpedance undernormal markingcon 
ditions,butmustshowagreatyreducedinternalimped 
ance underthe abnormalmarkingcondition of excessive 
energy dissipation. 
Itmaybenotedin Fig.2thatthe maximum resistance, 

Rmax,isatleast twice the minimum resistance,Rmn… 
Foragiven marking currentthe energyper unit volume 
inthe Rmax region wil bethe Sameas the energy per 
unitvolumeinthe Rminregion,The controlcircuit wil 
determineiftheenergyperunitvolumeat Rmaxisgreater 
thanthatrepresented bythe curve of Fig,1 and,if So, 
itwilmakethe markingcurrentinthe Rmaxregion leSS 
than themarking currentin the Rmn region,Atthe 
sametimeitmustberecognizedthata deterioration of 
copy wilresuitfromareduction of currentinthe Rmax 
areaswheneverthepapermoistureislowerthan optimum. 
However,this deterioration wi be minimized by the 
controicircuitryto be described,and wiH be less than 
that whichis demonstrated byany ofthe priorart SyS 
temS? 
Fig,3showsin block diagram form how voltageand 

currentaremonitored bythisinventionto derive a con 
trolsignalwhich subtracts proportionatelyin circuit20 
from the facsimilevideo signal?The plate current of 
themarkingampifer2?ismonitoredin 22by meansof 
aresistor,thevoltage dropacross whichis comparedin 
23with the Zener(breakdown)potential ofareference 
(breakdown)diode?The voltage is monitored directy 
in 25and comparedin 25with one of the regulated 
supplyvoltages,The controlamplifer24consistsoftwo 
transistors,one PNP forthe current control,and the 
other NPNforthevoltagecontrol?Theaction ofeither 
ofthesetransistorsisto create an efective increaSein 
thenegative biaspotentialappiedtothemarkingampi 
fier, 

Fig.4isaschematic ofaportion ofthemarkingampli 
ferand controlcircuitrywhich efectscontrolof paper 
markingthrough heix27and printingblade28. Resistor 
39monitorsmarkingcurrent,Zenerdiode3iestablishes 
astandardagainstwhichthe voltagedropacrossresistor 
39ismeasured,Resistor32causestransistorTR1to be normalyconductingsothatthe potentialdrop fromits 
colector to its emitteris nearly Zero. Hence,in the 
absence ofexcessivecurrentthroughresistor30,the base, 
emitterand colector oftransistorTR?are alat minus 
200volts,The bias which appears atthe controlgrid 
of the markingamplifertube T6—7 isthen determined 
bythe voltage division ofserialyconnectedresistors33, 
34and 35,However,when an excessive current flows 
through resistor39,Zener diode 31 conducts and over 
comesa portion of the forward biason transistor TR1 
sothatapotentialdiferenceappearsfrom theemitterto 
the colectorandan equivalentresistanceincludingthat 
ofresistor36isinsertedin series with the bias circuit? 
SincethisresistanceisinsertedinthepositiveSide ofthe 
bias resistance divider,the controlgrid of theamplifer 
tube T6—7will be biased more negativey which is in 
sucha directionasto cause an efective decreaseinthe 
1eyelofthevideosignalappliedfrom the demodulatorto 
the markingamplifertubeT6—7,Maximum feedback 
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and controloccur when transistorTR1 has been com 
pletelycutofandresistor36 hasbeeninsertedintothe 
circuit,Thevalueofresistor36determinesthemaximum feedbackwhich thiscircuitcan display? 
Fig.5isa schematic ofa portion ofthe markingam 

Piferand controlcircuitrywhich efects controlofthe 
marking voltage appied between helix27and printing 
blade 28,Resistors40 and 41 are chosen sothatfor 
normal marking voltages TR2 wil be held conducting, 
Thusits base,emitter,and colectorwilbe atthesame 
Potential;namely,minus 200 volts,and resistors33,34 
and35 continue to determine the negative bias on the 
markingampifertube. However,ifanexcessive voltage 
appearsacross the paper,resistors40 and41divide this 
Voltage in Such a wayasto cause TR2to conductless 
Current and again increase negativey the bias on the 
amplifer,It must benoted,however,thatasthe voltage 
dropacrosresistor42increasesfromZerotosomedivided 
Vaiue,thisamount of control voltage alsoappearsasa 
change in the emitter voitage oftransistor TR2 andit 
requiresa correspondingchangein marking potentialin 
orderforthe feedbackaction to occur,Asa resultthe 
voltage feedbackisa proportionalcontrolwhichextends 
overa much widerregion thandoesthe current control whichisalsoproportionaloveraverynarrowregion?A 
further consequence of this method of controlis that 
whenacurrentfeedbackhas been obtained,ie,excessive 
currentisgoingthrough the paper,the voltagefeedback 
circuit wil berenderedinoperative except underthe ex 
treme condition of an order of magnitude ormore in 
crease in paper resistance as notedin conjunction with 
the description for Fig,13, 

Innormaloperatingpractice,the parametersofvacuum 
tubes and passive circuitelements,such as resistors and 
capacitors,are subject to signifcant variation from one 
unitto the next?In addition,transmission circuits are 
Possessed ofgainswhich varyfrom circuittocircuitand 
fromatmospheric conditiontoatmospheric condition,If 
the facsimile systemisto reproduce atthe recorderan 
image whose density bearsadirectrelationtothe density 
of the copybeingtransmitted,itisnecessarythatarefer 
ence signalbetransmittedalongwith the videoinforma 
tionandthatthisreferencesignalbeused bytherecorder 
in orderto establish the absolute level ofthe composite 
videomessage?Ina preferredrecordercircuitofthisin 
Ventionshownin Figs,8and 9,anautomaticgain control 
systemoperatesonthecompositevideo,whichisshownin 
Fig.6,insucha mannerastocausethelevelofthe refer 
encepedestal,whichappearsattheoutputoftubeT4(Fig? 
8),toassumeavalue whichis determinedexchusively by 
thesettingofthe densitycontrol50(Fig.8),Thegainof 
the carrieramplifyingcircuitcomprisingtubesT1through 
T4andassociatedcomponentsisautomaticalycontroled 
to be suchthatthe operator hasanabsolutecontrolover 
the density of blackin reproduced copyasrelatedtothe 
copy beingscannedatthe transmitter, 
Theautomaticgain controlsystempicksoutthemaxi 

mumblack,i.e.,maximumcarrieramplitudein thetrans 
nitted signal,compares this with the setting of density 
control50andamplifesany diferencein such a manner 
asto cause the gain oftubeT1to beincreased or de 
creased,asrequired,in orderthatthereference leveland 
the referencepedestalamplitude bethesame. Oncethis 
action hastaken place onthereference pedestal,thenthe 
raw video,asshownin Fig.6,hasbeengivenanabsolute 
1evelfrom which printed copymaybe derived,In order 
thatthis reference pedestal be able to occupy a unique 
nosition in the composite video signal,itis centeredin 
the blankperiodwhichnormalyoccupiesabout10% of 
the linefortransmission ofone videoline,andthe pedes 
talitselfismadeto occupyabout3% ofthe linelength, 
It must be pointed outthatthe reference pedestalin the 
compositevideosignalis derivedfromthe Samephotocel 
asistheraw video,Thisissothatthereferencepedestal 
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wilaiways represent the maximum black of which the 
transmittingsystemiscapable, 
Figs.8and9showacompleteschematic diagram ofa 

facsimierecorder?The signal,fromthe communications 
link,isincidentonterminals51 and52 ofinputtrans 
former-53?Itsimpedance 1evelandits amplitude are 
changed bytransformer53whichappiesittothegrid 
oftubeTi,asemi-remotecutofpentode?AZenerdiode 
54is placedinthecathodecircuitofT1,whichcausesTL 
to be biased to a minimum Voltage equalto the Zener 
voltage ofthe diode?Thislimitsthemaximumsensitivity 
ofthe amplifiersothat noise signalswinot be picked 
up andamplified asiftheywere composite video?The 
transformer53andamplifierTLare coupledthrougha 
capacitor54in orderthata controled voltage may be 
introducedatthe grid ofT1 through resistor55,The 
signalonce having beenamplifed byT1,hasitsimped 
ance transformed by cathode folowerT2 and fedinto 
flter56,afterwhichitisamplifedineary bytubesT3 
andT4? - - , 

The outputofT4isfedsimultaneouslytothreeplaces? 
One oftheseisthevideodemodulatorwhichseparatesthe 
Video modulationfromitscarrier?The secondisa hold 
incircuit(notshown)which demodulatesthe videofrom 
itscarrierandcausesarelayto beclosedwhen composite 
Videois present,The video demodulatorsare diodes57 
and58?The third place to which the amplified signal 
goesisthroughisolatingcapacitor59andisolatingresistor 
60tothegrid oftheautomatic gridgaincontroltubeT5 
towhichgridisalsoconnectedtheautomaticgaincontrol 
reference voltage derivedfrom theresistivevoltagedivid 
er62,50and61? 
Whenevertheampitude of the modulated carrieris 

greaterthanthe magnitude ofthereferencesignalderived 
frompotentiometer50,T5willconductthroughdiode63, 
this wilcause charging of the automatic gain control 
Storage capacitor64,Accumulation ofcharge on capaci 
tor 64causesa potential diferenceacrossitsterminals, 
which potential diference is applied through resistors 
55and65to the grid ofT1?Whenthe gain ofT1is 
thus varied,the amplitude of signalatthe plateT4 cor 
respondingyisVaried,andwhenthecorrectionis ofsuf 
ficient magnitude diode 63wil cease conductionandthe 
System wi have stabizedatone level ofgain,Since 
the reference pedestalin the composite video signalis 
atleaStasgreatas any other portion ofthe signal,the 
automatic gain controlcircuit wialways referto this 
pedestal, 
The operator oftherecordermayfnditnecessaryto 

adjustthe relationship oftherecordeddensitytothe scan 
density,Thiscan beaccompished by changingthe set 
ting of potentiometer50,which then compares theref 
erence pedestal with a diferent level of voltage,and 
causes stabization of the amphfergainata diferent 
Value. 
Once the signal has beenestablishedinabsolute mag 

nitude by means of the automatic gain control circuit, 
it can be demodulated and applied to the grid of the markingamplifer,comprisingtubesT6andT7,These 
tubes are used in parale in order to generate the re 
quiredmarkingcurrent withoutexceedingthemaximum 
platedissipation ofthetubetype?The controlcircuitry, 
asdescribedwithreferenceto Figs.4and 5,determines 
iftheappliedvoltage orthe applied currenttothepaper 
isexcessive?Ifeitheris found to be excessive,then a 
proportionalcontrol,asshown in Fig.4 or Fig,5(Fig? 
4 describingthe current controland Fig.5the voltage 
control),is subtracted from the incoming video signal 
and the voltage orcurrent developed across the paperis 
correspondingy reduced to a Value whichis tolerable. 
Itshould benoted thatresistors36and42are connected 
in Seriesin the composite currentand voltage control. 
Diode43preventsexcessive back biasontransistorTR2? 

Fig,10 isa diagram showingthe control character 
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isticsofthevoltage controlsystemindependenty ofcur 
rent control,Itshould benotedthatthevoltagecontrol 
bandis relatively broadandthatfor both dryandmoist 
papers the controlband is notenteredinto untilasub 
Stantial video signalamplitude has been attained,Dry 
paper causesshift ofthe controled portion ofthecurve 
totheleftsothatasmalervideosignalamplitudeis re 
quired to efect voltage control,Moist paper causesa 
Shift of the controlled portion ofthe curve totheright 
So that a larger video signalamplitude is required to 
efect voltage control. 

Fig,11isa diagramshowingthecontrolcharacteristics 
ofthe current controlindependenty of voltage control? 
It should be notedthatcurrentcontrolissubstantialyin 
dependentofthe moisturecontentofthe paperafterthe 
video signalamplitude enters the controlregion?The 
curve of Fig,11,however,shows adiferentorshifting 
voltage controlcharacteristic for papers havingdiferent 
moisture contents, 
Fig,12shows the compositeaction ofthe voltage and 

current controlcircuits?Ifthecurrent controlis operat 
ingand producingareducedvideosignal,thenthe volt 
age controloperatesatalevel whichisincreased bythe 
magnitude ofthe current control??tissignificantto ob 
Serve thatthe confguration ofthe voltage controltransis 
torTR2asan emitterfoloweryieldsa band of voitage 
control which issignificantly broaderthan the band of 
current control developed by transistor TR1 which is 
connectedinagroundedemitterconfguration? 
As shown in Fig,12,ifthe current controlis opera 

tive at the Same time,a voltage characteristic correc 
tionis required,The voltage controicharacteristic for 
anydegree ofpapermoisturewilbedisplaced diagonaly 
upwards and to the rightfrom the characteristic which 
would be exhibited under the condition of no simul 
taneOus Current Control? 
The shift of the voltage controlcurves hasparticular 

significance with respect to the production of optimum 
copy,sincegood paperwithenbe marked localyatal 
points undercurrent controlonly. 

Figure 13 shows the Separation of voltage and cur 
rent control regions by varying paper moisture content? 
Good paper moisture wi cause controlto be entirely 
within the current controlregion. Poor paper moisture 
Wilcause controlto beentirey within the voltage con 
tro region,Andfair paper moisture wil cause control 
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in regionswhich can be eithervoltageorcurrentorboth? 
The current controj band is narrower than the voltage 
contro bandas shown in Figures10and11andas de 
scribed preyiousiyin the text,Asa consequence,the 
voltage controidoesnot cause auniquerelationship be 
tween paper moisture and marking current,Rather, 
the marking currentis confined to a Simiar band,the 
limitsofwhichare determinedbytheintersectionsabove 
and below ofthepaperresistance curveandthe voitage 
controi band extremes?If the operatorsets the density 
controlfora highervideo drive,controlwil occurnear 
thetop ofthe voltage controlband,If the operatorsets 
the densitycontrolforalesservideodrive,control will 
occur around the lower limit of the voltage control 
band,Since the current control band is also offinite 
width,though much narrower,a Similar,though much 
restricted,variation wiloccur within this band? 
One of the problems of high speed printing using a 

combination of drum heixand spring welded printer 
bladeisthatthe printerblade bounces,When bouncing, 
the printer blade ioSes contact with the paper momen 
tariyon a periodic basis and the efective resistance of 
the printing medium is grossly increased momentariy 
aiso.Itisunderthiscondition thatboth the currentand 
voitage controls will operate togetherin orderthat the 
energyreleased bythemarkingissuchastoremain be 
lowthatvalue whichwilproduce charring ofthe paper, 
Fromastandpointofsafety,ifan operatorshouldacci 
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8 
dentaly come in contact with the printing electrodes 
when no paper would becausingashuntingaction,the 
power would likewise be limited to a value consistent 
with Sustaininglife?Diode43isfunctiona duringvolt 
age controlin thatitpreventsthe basetocolector volt 
age ofTR2from becomingexcessive? 

Diode79andresistor71produce alinearizing ofthe 
recorded grayscalein the region ofverylow transcon 
ductance ofT6and T7andatthe sametime preventre 
VerSecurrent betweenthehelixandthe printerbladewith 
its attendant deterioration of the helix? 

Whilethere has been described whatisat present be 
lievedtobethe preferredembodimentoftheinvention,it 
wilbeunderstoodthatvariouschangesandmodifcations 
nay be made therein;and itis contemplated to cover 
in the appended claims al Such changes and modifica 
tionsasfalwithinthetrue spiritandscope oftheinven 
tion? 
Whatisclaimedis: 
1·In a recorder in which a facsimile video signal? 

drivesa markingamplifertogenerate marking current 
and Voltage for electrolytic copy paper,the improve 
ment comprising a current control connected to said 
markingampliferandactuatedinresponsetoapredeter 
mined Value of marking current passing through said 
copy paperto maintain Said marking currentata sub 
Stantialy constant value for papers havingafrstrange 
Gf noisture contents,anda voltage controi connected 
to Said markingampliferand actuatedin response to 
the applicationtoSaid copy paper ofavoltageinexcess 
cf a predetermined value to limit Said marking voltage 
to narrow range of Values for papers havinga second 
range of moisturecontents. 
2,In a recorder in which a facsimie video signal, 

drivesa markingamplifiertogenerate marking current 
andvoltage forelectrolytic copypaper,theimprovement 
comprisinga current controlconnected to Said marking 
amplifer and actuated in response to a predetermined 
Value ofmarkingcurrentPassingthroughsaidcopypaper 
tonaiatain Said marking currentata substantially con 
Stant value forpapers havinggoodto fair moisture con 
tents,and a voitage control connected to Said marking 
ampliferandactuatedin responseto the appication to 
Said copypaperofavoltageinexcessofa predetermined 
Value to limit Said marking voitage to a specifed nar 
rowrange ofvaluesforpapershavingfairto poormois 
ture COntentS? 
3.in a recorder in which a facsimile video signal 

drivesa markingamplifertogenerate markingcurrent 
and voltage forelectrolytic copyPaper,theimprovement 
comprisinga current controlconnected to said marking 
ampliferandactuatedin response to a substantialvalue 
of marking current passingthrough Said copy paperto 
maintain saidmarkingcurrentatasubstantialy constant 
Value forpapers havinggood to fair moisture contents, 
anda vojtage control connected tosaid markingampli 
fer andactuatedin response to the application to Said 
copypaperofasubstantialvoltage tolimitSaid marking 
voltagetonarrowrange of valuesforpapers havingfair 
topoormoisturecontents. 
4.?n a recorder in which a facsimie video signal 

drivesa markingamplifertogenerate marking current? 
and voltageforelectrolytic copypaper,theimprovement 
comprisinga current controlconnected to Said marking 
amplifertojimitthe maximum value of marking cur 
rent passing through Said copy paper to a Substantial 
1yconstantvalue ofpapershavinggoodtofairmoisture 
contents,anda voltage control connected to Said mark 
ingamplifer to limitthe maximum voltage applied to 
said copy paper to a substantialy constant range of 
valuesforpapers havingfairto poormoisture contents? 
5.Afacsimile recorder employing electrolytic copy 

paper comprising a marking amplifer including a 
vacuum tube havingat1eastanode,cathodeand control 
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gridelectrodes,apairofelectrodesforreceivingthecopy 
papertherebetween connectedin serieswith the anode 
cathode Space path ofsaidvacuum tube,aninputcircuit 
applyinga demodulatedfacsimievideoinputtothe cath 
ode-controlgrid Space path of Said vacuum tube,avolt 
age dividerconnected tosaidinput circuitandapplying 
a bias voltage to Said Vacuum tube,amarking current 
imitingcontrolincludinga PNPjunction transistor hav 
ingatleastemitter,base and collectorelectrodes,are 
sistordirectly shunting Said emitterand colector elec 
trodesand connectedinseries with said voltage divider, 
meansinciudinga breakdown diodeapplyingto the base 
ofsaid PNPtransistoravoltageproportionaltothePaper 
markingcurrent whenthe diodeisatits breakdown po 
tentia,a marking Voltage limiting controlincluding an 
NPNjunctiontransistor havingat1eastemitter,baseand 
coHector electrodes,a resistant directiy shunting said 
emitterand collector electrodes of said NPN transistor 
and connectedin series with said voitage divider,and 
meansapplyingtothe base electrode ofsaid NPN tran 
sistora voltage proportionalto said marking voltage? 
6?A facsimile recorder employing electrolytic copy 

paper comprising a marking amplifer including a 
vacuum tube havingatleastanode,cathodeand control 
gride electrodes,a pair of electrodes forreceiving the 
copy paper therebetween connected in series with the 
anode-cathode space path of saidvacuumtube,aninput 
circuitapplyinga demodulatedfacsimie videoinputto 
the cathode-controlgrid space path of Said Vacuum tube, 
a voltage divider connected to said input circuit and 
applyinga bias voltage of said vacuum tube,a marking 
current limiting controlincludinga firstjunction tran 
sistor having at leastemitter,base and colector elec 
trodes,aresistordirectlyshuntingtwo ofsaidtransistor 
electrodesand connectedin Series with Said voltage di 
vider,meansincludinga breakdown diode applyingto 
the third electrode of said transistor a voltage propor 
tionalto the papermarking current whenthe diode is 
atits breakdown potential,a marking voltage limiting 
controlincluding a secondjunction transistor havingat 
ieastemitter,base andcolectorelectrodes,aresistordi 
recty shuntingsaidtwo of said second transistorelec 
trodesand connectedinseries with Said voltage divider, 
and meansapplyingtothe thirdelectrode of Said Second 
transistoravoltageproportionaltosaidmarking voltage? 
7,A facsimie recorder employing electrolytic copy 

Daper comprising a marking amplifier including a 
vacuum tube havingat1eastanode,cathode and control 
gridelectrodes?apairofelectrodesforreceivingthe copy 
papertherebetween connectedin serieswith the anode 
cathode space path of Said vacuumtube,aninput circuit 
applyingademodulatedfacsimievideoinputtothe cath 
ode-controlgridspacepath ofsaid vacuumtube,aVolt 
age dividerconnectedtosaidinput circuitandapplying 
a bias voltageto said vacuum tube,a marking current 
imitingcontrolinciudingafirstjunction transistor hay 
ingatleastemitter,base and colectorelectrodes,a re 
sistordirectyshuntingtwo of saidtransistor electrodes 
and connectedinserieswith Said voltage divider,means 
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appiyingtothe third electrode of saidtransistora volt 
age proportionaltothe papermarkingcurrent,amark 
ing voltagelimitingcontrolincludingasecondjunction 
transistorhavingatleastemitter,baseandcolectorelec 
trodes,a resistor directly shunting two of Said Second 
transistorelectrodes and connected in series with Said 
voltage divider,and means applyingto the third elec 
trode of said Second transistor a voltage proportional 
to Said marking voltage. 
8.A facsimie recorder employing electrolytic copy 

paper comprisinga variablegain markingampliferin 
cludinginput and output circuits,a pair of electrodes 
forreceivingthe copy papertherebetween connected to 
the output of Said markingamplifer,meansapplyinga 
demodulated facsimile video signalto the input circuit 
of said markingamplifer,a voltage divider connected 
tosaidinput circuitandapplyinga bias voltage to Said 
markingamplifer,a marking current limiting control 
including a PNP junction transistor having at least 
emitter,base and collectorelectrodes,aresistor directly 
shuntingsaidemitter and collector electrodes and con 
nectedinseries with said voltage divider,meansinclud 

- inga breakdown diodeapplyingtothe base ofSaid PNP 
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transistor a voltage proportionalto the paper marking 
current when the diodeisatits breakdown potential,a 
marking voltage limitingcontrolincludingan NPNjunc 
tiontransistor havingatleastemitter,baseand colector 
electrodes,a resistor directly shunting Said emitter and 
collector electrodes of said NPN transistor and con 
nected in series with said voltage divider,and means 
applyingtothe baseelectrodes ofsaid NPN transistora 
voltage proportionalto Said marking voltage? 
9.A facsimile recorder employing electrolytic copy 

paper comprisinga variablegain markingampliferin 
cludinginputand output circuits,a pair of electrodes 
forreceivingthe copy papertherebetween connected to 
the outputof saidmarkingampifer,meansapplyinga 
demodulatedfacsimilevideosignaltotheinput of Said 
markingamplifer,a voltage divider connected to Said 
inputcircuitandapplyingagain controlvoltageto Said 
markingamplifer,amarkingcurrentlimitingcontrolin 
cludingafrsttransistor havingatleastemitter,baseand 
colectorelectrodes,animpedance elementshuntingtwo 
ofsaidtransistorelectrodesand connectedin Series with 
saidvoitage divider,meansto the third electrodetran 
sistoravoltage proportionaltothe papermarking cur 
rent,amarkingvoltage limitingcontrolincludinga Sec 
ondtransistor havingat1eastemitter,baseand colector 
electrodes,animpedance element shuntingtwoof Said 
secondtransistorelectrodesand connectedin Series with 
saidvoltage dvider,and meansappyingto the third 
electrodeofsaidsecondtransistora voltage proportional 
tosaid marking voltage? 
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