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7ba/20?0m?mayconcern: 
Beit knownthat I,JoHN EDwARD THoRN 

?ON,a British subject,residing at West 
Hampstead,London,England,haveinvent 
ed certainnewand useful Improvementsin 
Photographic-PrintingApparatus,ofwhich 
the_folowingisa specification? 
Thisinvention relatestothe printing of 

cinematograph flms(or other continugus 
StripsSuchaspost card paper)coatedwith 
an emulsion of low sensitiveness,such as 
those prepared with bichromateorironsalts? 
In orderto makethe features ofthisin 

vention clear,I wilfrst describethestate 
9fthe art up to the most recentadvance? 
Practicalyalthe known methods of Drint 
ingfilms oflow Sensitiveness(such as bi 
chromate)atarapid rateare those com 
?risedin_my?riorapplications Serial No. 
733632,fled November26,1912and Serial 
No?745725,fled February1,1913,and 
Letters Patent No.1158.587,dated Novem 
ber 2,1915granted tome;andthe whole 
series ofsuchapparatusand methods difer 
extensively from what are suitable for 
printingflmsof highsensitiveness(suchas 
silver).,In_the present state ofknowledge 
oftheärt the methodsareso diferent that 
theapparatusSuitableforonesystemisuse 
less forthe other??nsilver printingthe picturesare printedthroughapicturegate 
oraperture ofa.sizeto exposeone,two.or 
moreadjacent picturesatatime,?ponflm 
thathas been previouslyperforated?These 
perforat?nsareusedasthe?e?nsforfeed 
ingthe flm through theprinting machine” 
wih a step-by-step motion,and the ex posuresaremade?termitten?ybya.shut 
ter,whichp88seslightthrogthegateo? 
aperturewhilethe flm stripisatrést and 
interceptsthelight whiletheflmisshifted 
astep forward.The exposureisveryshort 
(generallyabouta quarter ofaSecond)and 
the?ermittent movementof?eflm very rapid?Asilver printing machine running 
atanormalrate wil make about8000shift, 
strokesper hour,thusturning out8000 pic 
tures,16tothe foot,or500feet of printed 
flm per hour?To dothis a lamp of not 
higherthan 50 candle poweris necessary. 
Bntin bichromate printingas describedin 
al?y previous?spegifications referred to, 
theflmisnot printedong pictureatatime, 
itis notintermittently shifted,thereisno 

register for projection purposes, 

shu?rqtigofthe?ghtintermittenty, 
?ndtheflmisnot perforatedbeforeprin? ing.9nthe.contrayaverylargenámber 
of pictures 
Posedsmultaneousy,theflmstripismov 
ing.cgntinuouslyforward duringthewhole 
Period9fexposure,itisexpose?toafxed 
lght ofabont 6000 candlefowerfora pe 
?od9fabout4 minutes,a?dthe perfora tionshayetobemadeaftertheflmisprint 
ed,aevelopedand dried?Thismethöd of Per?ra?9°isabsolgtelynecessary,because 
ofthe diferenceinlength between thetwo 
?rips9fflm(negativéflmandsensitive 
?)in aJength of so many pictures, 
Without sqchsystem of.perforät?gafer 
Printing,wherebythe positionsofthéperfo 
rati9ns areadjustedand placedtosütthe 
relätive pgstions ofthe pictures,itwould 
bejmpossbletosecuresüfcientyaccurate 

* * * But in ?verprintingthereverse methodispossi 
bleandregularly_employed,thatist6say, 
the picturesareadjustedandplacedtosü? 
therelative positionsoftheperforations. 
?rog.the foregoing desciptions ofthe 

nain.difegences betweenthetwosystemsof 
printing,thefeatures of diferencébetween 
the?ewmethodcomprisedinthepresentin 
vention wilbe better understood? The objeets sought2nd accomplshed_by 
t? inventon aré?(1)In,printingfl? 
of19wsenstiveness(suchasbichromäe)to 
obviatethelossoftimeoccasionedin ugent 
oqers by havingto_makethe perforaüons 
afte?printingand_dyingwasfnished,in 
stead of before?(2)To fndsomesatisfac 
tory means 9finsuring accurateregister whenre-printingtwo,tšreeormorei?ages 
SUperimpoSed upon each other for mu?i 
9olo?work,Thisresult.can besecured(if theflmisperforated beforehand) byusing 

(generaly_about 500)are ex 
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?he perforatio?s as,means forregistering, 
but canngtbe_doneifthereareno?perfor? 
tions (3)While meeting the comditions 
ofland2to alsoinsure_aboutas large an 
Output per machine per hour from fm of 
lowsensitiveness(suchasbichromate)asis regularly_obtained uponflm of highsensi 
tivene?(such.assiver).althgugšbighgo 
mateflm requiresapproximately?about_500 
timesasmuche?posureassiverfim These 
resu?sare obtaped bythe?lowingc? 
bination,worked out as indicated m this 

  



specifeation—(a)Byretainingtheprind 
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ple of exposingalarge number of pictures 
simultaneouslyto afixed light,asin pre 
vious bichromate methods?(?)Bysubsti 
tuting perforated for unperforated flm. 
(G)Bysubstitutingintermittentflm move? 
ment,and intermittent light by means of 
intermittentshutter,forthe previouslyused 
continuousfilm movement,continuouslight, 
and noshutter.,(d)Byintroducingaloop 
orslacklength(whichmaybelongorshort) 
between simultaneouslyprinted pictures,so 
that no two adjacent pictures are alowed 
to print at the same exposure stroke,in 
order that those that are printed atthe 
sametime mayeach beindependentlyplaced 
and adjusted by registering pins?Or 
sprockets,each toits own correct?position 
independently of any other,(e)Or by 
formingaflm loop between each_exposure 
or printing position,Such loop having a 
lengthin,picture Spaces equaltothenum 
ber of printingpositions plus one 9yer,the 
object?öfsuchloop beingtoproyide suf 
cient film to contain as many pictures as 
there are printingspaces plus one,so that 
asthe flm is advanced one complete loop 
at everystroke each diferent picture im 
pressionis printed on_a diferent loop,so 
that bythe?time the film has passed Com 
pletelythrough ???uaghjne every $pace 
in every loopis filed with,a,printedim 
pression,nb part ofthefilm being presented 
a second time to the light,and no double 
impressions made? )The Same loop may 
be used,for the purposes statedin para 
graphs(d)and(e)althoughthe functions 
ofeach are diferent. )Byintroducing 
a grid of vertical leaves,placed between 
the stationarylight and stationaryflm,in 
orderth?t.alspreadinglghtry?maybe 
convertedinto perpendicularly acting ones 
such gid beinggiven a continuous move 
ment duringexposure,in Order to prevent 
?simage from being,impressed uponthe 
flm?(?)By combiningthese features in 
one unit 8pparatus and_using a mercury 
lamp ofabout 6000candle power an out 
Dut ofabout500to 600feet an hour of bi 
chromate flm can be printed the pictures 
appearingon thestrip in progressive order 
and correctSequence? 
The present invention is therefore de 

signed to provideapparatus bywhichready 
perforated flms of lowsensitiveness,such 
as bichromate,can be printed,in which ac 
curate.registration ofthe successive print 
ings,single exposures ofthepictures,asuf 
ciently long exposure,and?a suficienty 
rapid rate of productionto be of commer 
cial value areallsecured? - 
The invention consists essentialy in an 

apparatus for printingthe film simultane 
ouslyatanumber of pointsthroughoutits 
length?a single picture being exposed at 

1218037 
each?and drawingforward after each ex 
posure oreach alternate exposurealength 
of,film equal,to the number of pictures 
printed?and in-the particular disposition 
orarrangement of apparatustherefor;com 
prising a mercury vapor lamp or lamps; 
a bed,roller,orother carrier forthe flms; 
ashutterto cut oflight from the flm dur 
ingits forwardtraverse;a movinggridto 
cause the light raysto strike theflm per 
pendiculary:means for providing a loop 
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orslackin the flms betweenthe points of 
exposure;and sprocket wheels,claws or 
othermeansforregisteringthe perforations 
inthe flmsand drawingthem forwardin 
termittently. > 
Theinvention wilbe fulydescribedwith 

reference to the accompanying drawings, 
in which variousforms of carrving outthe 
invention are shown in diagrammatic sec 
tion? - 

85 

Figure1?Sectionalelevation ofapparatus 
with?two mercury vapor lamps?of the 
Cooper Hewitt type?placed end to end, 
with printing?bed parallelto thelongitu 
dinglaxis ofthe lamp,8shortslacklength 
9ffilm between each?printing point,and a 

90 

longslack length or loop offlm between 
each?lamp,$lternate_pictüresbeing printed 
bythetwo lamps,Fig,2?Sectionaleleva 
tion of similar?apparatus,with a single 
lamp,printing beds at both sides of the 
lamp,short slacklengths offlm between 
each printingpoint,and alongslacklength 
orloop offlm atoneendtopermit of?he 
flm travelingfromoneside ofthe lampto 
the othe to,print the alternate pictures, 
?ig,3,Sectional elevation of apparatus 
simil?to Fig.2,showingthe prining of 
twoflms simultaneously. Figs.4 and5? 
Sectionalelevation undplan_ofsimilarap 
paratus?showinga highcandle power mer 
guyvaporlampofthe quartztype,andthe 

- - between the, printingpoints,Fig.6._Sectionalelevation 
fim falinginto Q,slack_loop 
of similar app?ratus,showing a mercury 
Vaporlamp of Cooper Hewitttype andthe 
flmpassingover.aseries ofrolers,ateach 
of whichaspaceisprinted,and_fallinginto 
alongloose halftwisted loop betweenthe 
?rinting_points,Figs,7 and 8,Longitu 
dinalandtransverse Sectionalelevations of 
similar apparatus_showing mercury vapor 
lampsof Cooper Hewitttype,theflm pass 
ing oyer?top,and bottom rolers paralel 
wih thelongitudinalaxis_of thelampand 
falingintQalong loose oop between the printingpoints,Figs.9,1Qand11.Vertical section,fontelevation,andplan ofsimilap 
apparatus with a number_of lamps placed 
betweentwoft beds,andtransverselyto 
the direction oftraveloftheflm,withrol 
ersor bobbins over whichthe filmiscarried 
inaspiral,Fig,12?Sectionalelevation of 
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similarapparatus,withasinglelampplaced ° 
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transversey of the travel ofthe flm, 8 num 
berofrolersgroupedaroundittopresenta 
Corresponding number,of printing points 
around the lamp,the film beingcarriedin 

5 spiralsaround the lamp?Fig?13.Trans 
verse Section of sameshowingthe clamping 
plates Dfor Seguringthe flmsin position… 
Fig,14,Side elevation of Same,enlarged? 
Fig.15?Transversesection of Sameshowing 
the shutter?Figs?16 and 17?Transverse 
Section andside eleyation ofsame showing 
the grid?Fig.18?Plan of mechanism for 
efecüngthe intermittentshift forward of 
the films. - 

The apparatus may be constructed in 
various formsto expose a number of non adjacent picture spaces of the flms,ata 
number ofpoints throughoutthe lengthof 

.the films,simultaneouslytothe action ofa 
20 Suitable printinglamp,and then intermit 
,tentlydrawforward the flmstosimilarly 
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e?pose an equal number of non-adjacent 
picture?spaces,but alwaysin such order 
thatnopicturespaceis presented_porethan 
Oncetothe exposinglamp?Abedismount 
edon a Suitable frame orstandard,upon or 
against which the sensitive flm and the 
negative flm are caused totravel During 
exposure,the negative and Sensitized flms 
must be clamped?together yery closely to 
insure sharply defined prints which?is 
efected by movable clamping plates,or by 
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theirmovement? 

putting?.pulingtenson on?he,flms by 
anysuitabletensiondevice,preferablypneu 
Imatic suction? - x - ?? 

In Fig.1asimpléformoftheapparatus 
isshownwithtwolamps B B^ofthe Cooper 
Hewitttype set end toendand dividedinto 
two partswithaspace orgap betweenthem? 
?t comprisesa flat bed Cupon which the 
?lms.A?ndA/$reheldqringexposugetQ 
the light from the lamp Band over which 
they ?re ca?ed to traverse;a clamping 
plate D.Capable ofmovingto_and from the 
bedAwith ? apertred?bywhichthe filmsarefrmly andimmovably held during 
eXp9Sure;a reciprogatinggrid E to causé 
thelightraystostrikethe?lmperpendicu 
1arly;andsprocket wheels G^to engage 
the perforations ofthe flmsto drawthem 
forward at~intervals as required?The 
sprocket wheels G,to engage the perfora 
tionsinthe marginsofthefms,aremount 
ed along both sides of the fat bed plate C, 
and are geared together tosynchronizein 

s - ” Toinsureaccuracy ofreg 

istration,these 
1eading.sides of theirteeth straight,while 

60 
the backsides maybe beveled? desired? 
?othese ?heels an intermittent movement is.imp?tedtotrayersethe_fima predeter 
mineddstance andthenalowitto remain at rest duringthe time necessary for the 
exposqreand printing of_the flm,The dampingplateDisformedwithexposure 

Sprockets should have,the· 

apertures a,withaspace /betweenthem 
so that half the pictures are printed under 
the frstlamp Bandtheother half printed 
under the second_lamp B/,the.flm being 
traversed forward after each interval of 
exposure?The spaces d/in the clamping 
plate D between the exposure aperturesare 
each ofsuchalengthandsoformedconcave 
Orothervise asto permit or cause a slack 
lengthorslight loopintheflms_andthere 
byinsure correctregistration oftheperfora 
tionsinthefilmsoppositeeach expoSureap 
erture. Toassist the movement ofthe flms 
they may_passrespectively over_and_under 
the pin d°ftted in the space d/,In the 
,gap Orspaceinthe machine betweenthetwo 
lamps the films A A^ can fal slackinto.a 
loop a which wil alow them to be drawn 
forward aftereach.exposurealength equal 
tothenumber ofpictiresprinted Amov 
ableshutter Fisftted betweenthe lamp B 
and the clamping plate D to cut of the 
light at every printing point or aperture 
duringthetraverse orshiftingforward of 
theflms,Instead ofaseparateshutter,the 
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grid B may be made with spacesalternating” 
with blanksandasitis moved fromone po 
sitiontothe otherperformsthe doublefunc 
tion ofgrid_and shutter,The lamp B may 
be of any ofthevarious well known forms of mercury Vapor lamps,accordingto the 
class of work the machine is intended to 
Print? - ? 

95 , 

In Fig.2 asimiarmachineisshownwith 
?single lamp Bandtwoflat beds C,C/,one 
above and One below the lamp B,with a 
clamping plate Datone.side and D’atthe 
othegandtwosetsofsprocketsG?G/,tocarry 
theflms alongtwosidesofthelamp,The 
exposureaperturesdareformedintheplate 
D,the space d/being as before described 
to allow the?filmsto adjust themselvesto 
CompenSate?for any diferences Consequent 
upon shrinkage or expansion in either of 
them and the perforationsthereintoregis 
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terateach exposure aperture?The clamp-- 
ingplates D,D?,aresimilartothosein Fig, 
1?Halfthepicturesareprinted_atoneside 
ofthelamp Band_theother halfprintedat 
the otherside ofthe lamp,aloop a^being 
formed atthe end ofthe machineandthé 

115 
films beingtraversed forward aodistance 
equaltothe number ofthe pictures printed? 
aftereachintervalofexposure?The lamp 
B maybe ofany ofthevariouswell known 
formsof mercuyyap9rlamps,accordingto 
theclassofworkthémachineisintendedtQ 

point or?aperture during the traverse or 
shiftingforward ofthe flms Insteaed of 

129 

print,Moyable?uttersF,F/,areftte?be 
tweenthe lamp_Bandthe clamping plates, 
D D/,to cut ofthelightat_every printing 

separaféshutters,thegridsE,E,maybe? 
made with spaces alternating with,blanks 
andastheyaremovedfromüne positionto 
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thebarrelPfortheweight cordispreferably 
?ofsnalshapeasusedina clock),acrossed 
*worm Rattached_to_the barrelwith? re 
?taining catch r which traversesto andfro 
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justedtooneanotherthatno partoftheflm 
isexposedtolight asecondtime?Theap 
Daratus may be disposedverticaly8sshown 
or horizontaly. 

5 In Figs?12to17the apparatusisshown 
Dass the films circumferen-? constructed to 

tialyaroundasingle lamp B",thefilm be 
ing passed spiralyaroundtheflanged bob 
binsorrolers M°,adjacenttothelamp,with 
sprocketwheels Gtoengagetheperforations 
inthefilmsandbring.thetwoflmsintocor 
rect register?Foursets of the bobbins or 
rolers M°aredisposedaroundthelampto presentfourprintingpointsforeverylength 
0f lamp equivalent to the width of the 
flm,theysbyprovidng4×44=176pripting 
points?Clampingplašes D"are pivotedand 
broughtto and from therollersor bobbins 
M°bylevers D”actuated bya cam D°,see 
Fig,18,the bobbins being provided with 
KegisteringsprocketteethG"?Ashutter E° 
??lagedaroundthe lampto shut of the 
light duringthetraverse ofthefilms?This 
maybeintheform ofablindwithapertures 
eto alow the passage oflight,towhich a 
movement to and fro may be?given-by a 
ratchet wheele°on aroler e°actuated by 
leyerse* andpawls e°from a cam?E”,see 
Eig.15?Agrid F°isinterposed between 
thelamp B°andthe bobbins M°,towhicha 
longitudinal reciprocating movementisim 
parted byan eccentric or cam F”and con 
nectingrodf,(see Figs.16and17)?Tore 
tainthefilmsin position onthe bobbins M° 
itis desirable.to leadthem on_with a cer 
tainamountoftension,andtoefectthistwo 
suction boxes H H/are placedin the path 
ofthefilms over whichthefilmsare drawn 
bythesprockets G°andwhichwillalow of 
registration_of the perforations by the 
sprockets,Theflms Aand A/are carried 

,forward_in a_series 9f?loops_a" spiraly 
aroundthe rolersor bobbins M/,see Fig, 
12? 

·sion applied theretoto maintain them in 
intimate contact when passing over the printingpomt$,theclampjngplatesD"may 
insome cases be dispensedwith., 
The mechanism,forefectin 

theintermittentforward movement ofthe 
?lmsforanygiven?engh mybe 9fany, 
knownmechanism?Onedisposition ofgear 
ingfo?gearingtogetherthesprocketwheels 
G?oG°isshöwnin Figs,5and18thein 
termittentgearconnectingwith the_shaft O. 

,Theintermittentgearcomprisesa barrel P 
driven byaweightW,which descendswhen 
the barrelis released? 

°across?he worm,acamplate/torelease 

·fro thereon? 

Whenthe filmsare passedowegrolers, 
or bobbinssuch as M",andasuitableten-? 

the shif? or 
?han once,the flm being So Spaced and 

(toinsüre a greater 

5? 

the atch”andmechansmtorotate the 
barrel Pinthereverse direction andrewind? 
the_cord of the weght uponit?A continu 
ouslyrunningshaft Sismounted upon the 
frame of the apparatus andis geared by 
wheels s ands’tothe shaft S”which car 
riesthe Cam plate 7^,Onthe shaft at one 
endisaclutch withamemberT fasttothe shaftslidingona keyandamemberT/loose 
thereon?The loose memberTYofthe clutch ·isgearedthrough ashaft?andgear wheels 
with the barrel Pwithafree wheel9rone 
way clutch mechanism which permitsthe 
barrel Pto berotatedin the reversedirec 
tion to wind upthe cord of the weight W 
thereon withoutrotatingthe shaft O?At 
the endofeachexposure oftheflmthe cam 
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plate/releases the catch”alowingthe 
weight W to drop and causingthemecha 
?ismto rotate andthroughthe bevelwheels O”rotatingthesprocketwheelsthus_moving 
otherexposureismade?Thenumber ofpic 
turesandthe length offilm movedisgov 
ernedbythe length ofthe worm Randthe 
Deriod ofthetraverse of the catch 7”to and 
traveledfrom righttoleftandbackagain 
it falsintothe notch made forit andar 
rests further movement and?tation until 
releasedagain bythe nextrevolution ofthe 
cam plate7/?The weight W whenits cord 
jsunwound from the barrelstrikesa lever 
(not shown)andthrows the clutchmember 
Tintogear with_the clutch memberT”to 
rotate the barrel Pinthe reverse direction 

85 

the desired number of pictures before an-· 

90 
Assoon as the catch 7” has ” 

towinduptheweight,Asimiarleye?(gt · 
shown)is again struck by the weight W 
andthrowstheclutch memberToutofgear 

wound up, , - 
In several of these arrangements the 

sprockets for carrying forward?the flms 
may bereplaced byan endless band with 
sprocketteeth orpins projectingfromits 
?rface to engagethe perforationsinthe 
films.” - 

with thememberT”whenthe weg?is 105 

110 

Bythis methodof printing every pdnt - 
ingpointreceivesthesame exposureandno 
Pictüre-sectionis presentedtothelight more 115 

moved.that the?whole strip is exposed,in? 
succession?Lighttraps of plushor other 
materialmay be placed betweenthe rolers 
orspools Mtopreventthe passage oflight 
totheotherportionsoftheflms? - 
What Iclaimasmyinventionand desire 

toprotect by Letters Batentis? 
flmscomprisingalightofhighactinicand 
low heating power,a bed ove??which?the? 
filmstravel,megnsto holdtheflmsininti- ? 
mate contact during each exposure with 
morethantwoexposureaperturesandaplu-1 - 
rality ofspacesonebetweeneachpairofap-130 

I,Apparatus for ? Gnematograph, 
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