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the st€ppitrg €lectroDic tubJ to step the glow from Lre higg€r electlode Tls. of tle vatve T5 which ís'rerdered

^i i^ li,a ï" ro doitrs tra$mit atr importJio tt" i.lec"i coiíudive causing the valve T6 to be rendercd noocon-

;Ï"íH"t ï\ #;;;"i;i;;.;ilsiil;Éi' Ë"6" ductive' upotr thi valve 15 being re,dered Eo,{otrduÈ

iiLa"i"J ,"""i""ar"ti* aní th. uilr" rr- coraïctive. tivg zero potential from the arode T'5 of lhe vÀlve Tó is

ijpi" iÈ" *É" i t".g rcodered noaooaàrictive a pulso 6 appled to the 6tods E0 ar'arged in advatrce of the coomu'

irlppfià tËri oà *ó aereot to tae trlggei eti.iroau 
- tiàt ttg*tut" A, Ye.aÀd §o otr op to H and L artd a§ the

ïr.'íf ii" ,"-f"" i, *É"h ,end"r. tt" ,"fff?. i"-"a*- È*rt È Uag"À-uoi shoÉ circrils the associated studs

ti"l -a ,1" ,ar* í ,onconductire. E-E the zeÍo-poteotiat froE the snode ?5 of the vÀlve T5
- w6* E" dly; i5 is reder€d ÀoD.conaluctive a z€ro is ,alplied ío the _tdggeÍ elrctrode Tls of the--valve Ts

pdil;;;p;iil i.à- 6-;;;j" 1'u ot irre ,ar r, to ,n whijh tereupoo öecomes corducrive ard applie§ a po-

ir"1-t a. go à'ouog"a in aauance of tle conLuiatoiàr- '" tentiat to au öf the-studs of both sets of studs orr to ozt,

;;";2, Yr-;ffi; rp toH and L' \íh* iËiló antl Pr2 to P2r and §o otr op to Hrz to H ' as-well €s

Ëi triagïr ti" ,r*olve pain of studs nà-Éq ,"ro p* upon iàe ords l2x to Pe{-a!d so otr uP t1Ï" ll.H' ::Í
LnUíË appfiea from tte anode TL oÍ the valve T5 to L2r to- L36' 

- 
The..studs Ln Lo la arc lecl wlt! -t)u

ii""*Àrifi,- og"ti*ly biased hiSger 
"Lct.oae 

ot"th" 15 'óitt 
Íto' Tu vhilst t[e studs O'2 lo O3o aÍe eleÍgised

valve T. which iirhereupon rendered conductive. Wbe! ÍÍom Tr'
ifii",ià ïïr'i"íriïiil'ii*ï"'"pr-r*ï ".g.riri, 

p"- As a result of this operatiotr atrd the movemèrt oÍ thr

iential to the studs orr to Ozr, ÈrzG ?rr, up to HD to brushes Fr-aad Fz.over the vanou§ stud§ ano tne coE'

É,, -di"il" ,t a, p, t" pr"ïoa i" o" iï ií i" io'fr. muraroÍs of ttre yarious acoumulaiors, ttre nume,ul staod-
-"iË *qu."."-ài oÉ."tioii is Oat th. 

"h]nlri 

;p.Ë 20 ing in a'y- one accumulator is slilted to t[e rcxt ord€!

tlon 
"oíÀerces 

uitf,i a"cumulato! a0. Td;Ët",it; "f 
-' 

anï comilemer6. Thus the Àumeral stald1'g in the

Z, ui" ioitiouv tr-ttt rea into rte coiirot-iu$i- q'ithout accumulalor 216 is-mmed 'into tle tube L E,ithout beiog

lËG *rpf"1t"ot"o, leaving thc ac.cumrírtoii1 oleat !9mp19merte1 ard h elso flovÉd into the acc§mulalor

ïhe iostents oI the accumul"tot v, at" Go .uË"a ioto H1 àd complemenred, p9 luqeml tud,19 
T -tht -1:

il" 
"our"iotot 

ao -a complemenied, the conteÀts oI tle 25 cumulatoÍ Ylo is 
-shifted 

into tàe accumulator zr0 a[d

"r.À"f.t"ii . ö.pf.."it"d *d íníi'ii" inr *- complernentei- and so on untí the nume'l aDpearing in

cDmDlaror yi^ ard so on until tre *o;;, ;i ihe uo thc ill accumulator is §hilted ilto the Oro accomulator

cuÀ,rf"ior Ot are complemetrted atrd shifted iEto the ald complemeDted'.

à."r.rr"toi'ír. At this stage the coniiÀ oÍ the ac- AfÍer lhÈ operatiol i§ complehd the olerator olce

;.,í;t;ii{;'ï" compremeitea -d ;]ii;;i-ir6 the ao aeain actuates 
-the 

key marked. pwIDE-g-.1_§^T"o,:t

accumulator ö6 which bas become a clear §tage. T[is paa-el, phereupoo- tbi. 9.pe*h9'-,ï :."-t"XT:T ,:":
teaves the accumulator Hro cle8r. Tte trumber !,'hich §crihed is Íèpealed vith the excep[on ltrat lI urÍe-Is a

;;rtà il* ;;;;;;rËJnt"a ana tmt"a, ui it" .o.- traasfer froÀ the accumríator z!0 into th9 aTumll9t9r

;;;*;i"f ;dó1iltioo, to. the uóÀrator zi" -- Hr the Yalvc To will be IEnd€rEd lonconductive aDd i!
iii"-tiii-"i"*í.t* ifi" cau aow be rhift"datra=;"Ë 35 consequeuce the stud§ 4 will have a zero poteÍtial applied

riemented from the accumulator L into G;;Ài;G Ío onË of them which whe! aplli€d through tbe b sh

H,". e* u" tube L is us€d ro clsuol "catóiDg up," it Fr to the ddve elecrode Ll ot tbe §tepplng electronlc

k"ï;;öï; rh" ;r;;-. *ni.tï", i[itt o,-riito"t rube L wilt iave tro effect, and comequeÀtly r.he yalve
-""Àpf.ri"ftó 

it"^ Zro ioto tht t t" L t" prcserved iD .^ T, will Dot bè rerdered coíduotive and io consequcnce

il"-ïgËi'-'a"rorat"Ëv, it is es.enUal É'th; it"p oi lo tni, valve-Tl will reoaitr cotrductiYe aud the valve T0

;hifttrc 
"rd 

ómpt".JoÉi'e the mnteai * í i"t"'it, will remain uon'clnductive ard the operat'ion of.addilg

io-a"fïeiieo frfio t" thr iit" f uoa oot to ,lop pofrioË 1he complem€Dl oI the d6sor to the dgdeod q'ill cor-

it when it reacles zero. TLe studs Ia2 to Iar are therefore tirue'
ioppfi"a *tn , 

"ott"e" 
Ílom th€ a;de;ï G; ;alw T; WheD, howeyer, tbe nuoeral nhich is shifted from tb9

ííii';, 
"""ar"tir" 

irti"g the nhole 
"y"Èit 

ititU"Ë ,, accumulator 216_ into tie stepPiog tube L is Dot nirc,-it

aad co-pleoeating. w.ill be observèd that until tb€ stepping etectlooic tube

it ,rd &"r"fo."- tu obse.Íed that i! orde! {o efiect L la§ been eoved so that the glow is oÀ tlle e-le9tÍ-ode

alvisioa tne àioiae.a ir arrtfy 
"aaa 

tuo G iieirter. Ia the- shjfting ard compÈmentirg operatiou lereinbelore

The machine is set for divisio!, whet""Ën it" Gïpi"g descíbed wili oot 
-take 

place and tte machine uoder §uct

electronic tube L is set to 9. fhe aiviioi'is ent"Ëà ó so circumíances lerforms automatically what-i§ ktrowtr as

lËÈí;iG rd;" Èymoa *a tn;ófftr Èït t 9t4ioe-Pp' - 
Tte.amouat that tas sot to.be-cartght 1!p

actud;d oDce for every digit ot tt" quoriàí tt"iih; is d"teÀined bv th€ steppins electronic l'P I Yli{-i
op€rator desires. The" a6iatioo of ,the DMDE key in turD cootrolled. by the nu,era,l which ls Ua!§telreo

merely efieas Èe operatiotr of the oie shot device which ftom the accutrlulato, ao ilto tbe sard stepp[g elec-

caus"i the valv" nï be.or" *oOuai*. 
'in" 

,Jr" f, ss trolic tBbe L Ïte prccess carried out tv.the ry9tine
uppfio tpot*tia^tlrorcl tle twltcl CSn, 'tle conÉÀ X is best uddèrstood Íaom tie attached chart ií s'hich the

oïtle vaiious bat"t es oi ttt A, O, to Oa] p. iop. rna ,. oleration of th-e- machine is shown in the case in vhich

o! up to yo to ys ald Z0 to a 
""a"aei*a-ii'C 

up"" de numeral-2555 is being d.ivided by the Dumeral 35.

*li"i 1"pÏ thd varioui ora"i ot rcír-t-i Ë, As hereinbelorc stated the divideÍd 2J55 is fiÍst iotÍo-

;;;.d í,ti";u,i"ilitoa, (ri"*ing tràïi6 fií-r,ira oo duced rdth ttre Jtrachine 
'et 

Ior additiotr ald the Dumeral

,,ii" ii-rlbuns il z, to z, v, to vo uoa so íaorn 2 ia rhe tw€lftt_ order oÍ keys. The machine is- lhere-

io i','io io ara oa' tobo, Ën" ; p"ttït*iirÀd ,ói- ulotr set for divi§htr a"d'!: I:{:,35 [lh:^T-tlj]-?Í
theo aad tï compËoeri;f &e divisoÍ is added ilto the eleveità oÍdeÍ.of kevs are actualeo. I ue sEpptng erec-

successiw accumulators 216, Y1e aarl :; ;ïïö P; Gol" t't" I h. set io ra vith the result tbat the cvcle

;ilö;.-;;öi;;;dtàïnïi the cooplement of the os of operarions, Írhich will be cleaÍly appÍeciatEd froÍn the

. air;*iï" mt ir.imr"a there is no lransËi í;; th; t"- follo-wigc ch-aa' i3 .initiatr{L 
Tbe operalor de!rcsses a

,r-*r"iot'7,"-," n,, the va'lve Te, ,hi;h l;;t;;iv ky marled DMDE as many times as tierc are required

àïàrllii,,-öptlr, l' potential tkóugh the stuíg {--4 disits of the quotienl'

;ï;;;;ï;ft; ru oi tl" repr,ín'e 
"l""i;Ài" 

tutt -Tbe 
following óaft is set out with onlv the readirss

;#;;;,,;à;; rh;;h"tÍ& iir;;;;io tlè zo or rtre fi$r.thre4 and r5e Iae ffve accumulator§ as ttre

iJJ..Jli. íiti'[" ,.s,lt that a p'lie'is app]iea trom readiags of tle remaining five acqr.Edetors vill oDly \,ry

Ge et"ctroae Lto to tte trigger eleotrode Tl2 of the vahE between u aDc ' .

T, causirE the valve T, to te renaerea c-onaícït'e-anaïe tn the foregoing chart' the trumbeÍs in lioe -l show

#,;:ï:i;ï: t*à"Éi 
"o"""ra*ti'".--up"" 

ili ""i* 
the content oÍ ttre ÍÈeister afier tbe machine has heen ser

iïffi1gffi#ilËo-,à,"ïö;por""iJ""ii;"iË ru i,ïi, iu"ià" zsss t-y rs. rne'?dd 65" oPeratioo de-
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scribed at the right of that line results ftom a first op€ra'

tion oÍ the DMDE tey oJ FIG. 3. Lile 2 Íepreserts ttre

17--- _-_

t§__,-_
19 _--,
20---- -

30
There has bten hereinbefore de§cribed with rcference

to FIGURE 1 o{ the accompaiying drawings a circuit

Yt
but ono pul§e is àdaled to I
í. l\erdm st Í[ e.!d com-
o[tent! oI Ztr uc slrifted ilto
ils lotl into E, 1vlth conlle'

Àdd 65 ir Zx and
ton Zr

2
2
2

2
2
2

I
§
9

I
9

0

2t_-_---.

ldd65inZ,;&dYx.
oor Irom ZB to 8,. The!ÉIoÍ€ adil 85 as8io.
omi' Íron z,; to 8,. Th€EÍore add 66 asein.
N. ónv Írom Z ó to É but oÀe pulss h .diled to L

caus:rg glos to reach Li. Íh€r'etore 6hiÍi alt(l

(Noteihrt dov is rie on Ía indicatiDg th0t there is
1'to crtchnp.) Àdd 65.

r€sult oI that opeÉdon, but it cannot be seen, id practice,

by the obsewer since tie shilt and complemeDt opemtioÍr
of line 2 follows automatically in a time Í'hich &ay
readily be a small fraction of a seccnd.

The rcsult of tlis shift and complement operation is

shown io line 3. The machiae has oov come to a stop,

aod Om cootains the flines complement of th€ fust quo-

tieDt digit.
The operator prcsses lle DfVIDE key again, a§ a rcsult

of which the machine ca ies out tbe operatioos described

at the Íight of lires 3 through 6. The machitre comes to
rest displaying the Dumbem sho\{tr in line 7, vhere Íhe

coltents of Pto ard Oro are the fiÍst two quotieDt digits

i[ true form.
Tbe opemtor rlow presses the DMDE key a thiÍd time,

as a rcsult of which the machire caries out the operations
describcd at the right of lircs 7 thtoueh 11, the macline
corniDg to lest displayiDg the lumbeÍ§ showtr in li!ó 12.

The contents ol Qro, Pro and O$ now rcpre§eDt the first
three quotient digits in lines coEplemental form. Note

ttra! io this sequeace oi op€ration the fust addition oI the

divisor complement represents catching up and not, in the

naIlow setrse, exhactico of a quotient digit.
The operator nov puDches the DMDE key a fourth

time, iritiatiíg the operations desc b€d in lines 12

through 22 Íesultitrg itr stolpiEg of the machioe $ith the
Égister as indicated io line 23, 1,herc the Iour quotient

digits appear itr Rro (not stro\YD, but displayiDg zero)

Q16, P1q and O11.

Otr division op€ratioí of the DIVIDË k€y 400 of FICS.
3 aod 11 briefly closes a pair of trormally opeo contacts
temoorarilv to cotrDec! tie LL calhode in tube L of FIG.
t tJthe -1150 volt bus sbow; benearh that tube i! otder

to draw the glow itr tlat tube to cathode Lre. The multi-
ptier keys 1 through 9 efec! Íespe-ctively teflporary clo-
sure durine multiolication, of sifiilar Dormaliy open coí'
tucti betvràen thi -150 volt bus and lhe crthodes Lrs

throush Ll, respectively. For rhe multiplied digit 0, simi-
Iar co-tlacs arJprovided betlveen lhe Lro cathode and tbe

-150 volt bus.

diagram of a calculating machine capable of canying

iató efect electronically operations which bitherto have

beeD mainly, if trot solelÍ effected by mechanical means.

Id FIGURIS 3 to 10 thele are illu§tBted a machile and
40 the Dans thereof showing one mealls whereby the esseítial

mec-hanical opemtio0s of such a machioe are carried into
eliect so as to easure tiat tle electrical result desigrcd ro
be achieved by means of the circuit arratrgements illus-
tmted ir comectioí with FIGURE 1 may be efiected as

45 a result of certai! ÍÈchaDical actuatioÍr oÈ tho part oÍ àn

oDerator.
Thus, FIGITRES 3 àtrd 4 illustràte a calculati.ng ma'

chine bÀving a plurality ol orde$ of keys 60, ao accumu-

. lator 70 asiociated witl each order ot keys, selectitrg
50 meaDs, in tle foim of a rctatable brush F and a commuta'

tor plate 12 opelable upoD tte actuation of a ksy fu any
one_orrler of [eys to eosum the uansmissiotr of a selected

DuÍrber of electdcal impul§es to coltrol tie actuatioo of
the àccumulator 70 associated nith th€ said oders oI

5i keys and ersure lhat the truBber registered by tle said

acèumulator 70 is laried by atr amount related to the

numeral wbich the actuated key rcpleseots.
Further, means are provided Ior coDtrolling adjacent

pairs oI accumulato$ 10 §o tiat a Ua$fe! from ole ordor
60 ;f the Eachirc may be recordcd in the a§cumulator of

the nexl adjacent higher oder'
The machine itlustrated in FIGURES 3 aÍld 4 coE-

prises c base frame 10 to which is fitted or secured a parel

il, which may be made h a sitrgle piece or as a built up
65 shucture, The palel 11 is ananged to eflbody oÍ ca[y

a commutator plate 12 upon which are alIaDged either io
the folm of a priÍted ciÍcuit or as elemeDts embeddeJ io
a suitable Ínate al or in aly oiher desired mamer, sÍud§

correspondilg to the studs Oo to Os, Po to Ps, Qo to Qs
i0 aod só on up to Yo to Ys and A to Zs of the circuit il'

lustmted i! FTGURE I ànd also commutator §ggments

Oo, Pe, Q0 ard so on up to Ye ard & co esponding to the
coElmntator segrDe § Or to 4 oI tle circuit illu§tnted io
FIGURE 1. The commutator §egEents Oe to Ze ar€ ar'

75 ralged on the plale 12 so as to be respectively assocj"
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ated witi the batches of studs Oo to Os, Po to ?0, Qo to Qs
atrd so o! up toYo toYs andz0to Zs. Itr additio[to the
studs bereinbefore rcf€ffed to there are provided io ad-
vatrce oÍ the batch of §tuds O0 to O§, the two §tlds C aDd

B ald tÈ€ stud D. IÍl advalce o{ each oÍ the remaining
batches of studs Po to Ps, Q0 to Qr and so oÀ up to Yo to
Y atrd Z, to Z" are tlree studs C. B and A. tr{ounted itrItrYs ard a to 28 are tlree studs C, B and A.r 8 auu z4 Lu z8 4rs urcE
advance oI each commutator seg'Inelt corÍespoDding to
tle various bàtches of studs are contàcts C, and B,. Eachtàe various batches of studs are contàcts Cr and 81.
oi the studs A a.e adanged iD lire r.ith fte leading end
(that is the rigbt-hald etrd ryhetr v.iewing FIGURE 1) of
erch com8utatoÍ segment Pe, Q9 ald so otr up to 4 ald
H. The commutator plate 12, wlether formed integal
with or supported by the panel 11, has in the example il-
Iustrated in FIGIJRES 3 aDd 4 the studs and the com-
mutator segrEeots tieleof mounted oD tlrc utrder-side so as

to Iac€ dowrwardly 'flhen viewií8 FICURE 3. Secured

upon ths palel 11 which caries tàe commutator plate
12 are, if necessary, a $ries oÍ additional commutator
plates, for erample the co&lrutator plates 14 and 15,
which are employed in a calculatisg machine lvhere func-
tioDs such as automatic multiplicatioa aDd divisioD are
desirEd, The commutato! plates 14 ald 15 aÍe carried
upon columll§ 16 aad 17 aÍd itr the exampie illustrated
caEy ttreir requi§ite duds and coÍnmutator segmenh upon
the upuardly directed face thereof. Alranged to exteDd
tirough tis plate§ 12, 14 and 15 alld canied h suitabl€
bearings oD tutefleniflg paDel§ 18 and 19 is a spiÀdle
20 to which are attached suitable brush$ F, I.1 and F1

arEnged to bddge the studs ard the commutator seg-

metrts aDd the pairs of studs herehbefore referaed to and
io tbe lllanler described in conaectioa with FIGURE l.

. The brusies F, Fl and F are an.a[ged to be rotàted by
Eears of a pulley-vheel 21 flounted at th€ lpper eod
vhen viewed fu EIGURE 3 oÍ the spildle 20, the pullcy
21 being secuEd to the spindte atrd anaBgÉd to leceive
a belt 22 which engages rvith a pulley 23 driven by a reIli-
cal output spiídle 25 of an electlic motor 24.

The dotor 24 with hteg1al eear reductiotr is mounted
on th6 base 10 ard is coDnected, for exaÀrple, by two
belts froE ts,o puUeys 27 ànd 26 írouÀted upon tle verti-
cal output spturdle 25 of the g€ar box or by any other
colv€trtionàl gears ard sïaÍts to a spindle 301 of the ac-

cumulator 70 atrd to tte spinrlle 50 of tbe keyboard delay
mectaoism hereioafu r described.

The teyboard delay mechaoiscr is arla!8€d to eftule
that offe a tey oi any oÍde! ol keys has bee! actuated

aaother key in the same order of koys caoaot be actuat€d

utrtil the machirc has cleaEd all th€ data which is c2Íried
upon the qommuiator llates 12, 14 a[d 15.

The machine illustrated iÍ FIGURES 3 atrd 4 shows

a machile haviq a plurality oÍ orders of keys vJhich arc

operable to vary the nuueral displayed either upoD a
rdechaliqally opented àccunulator whecl 70 or stry ste!-
piÍg electronic tube€ a{anged either to supplemeít or
take ihe place oi the said mechadcally opErated accueu-
lator wheel 70.

s,280,315
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oI the machine. The frer end of the rcd 31 (FIGURE
4) is afangsd to bear against the Íace of a íap 33
mourted upon a pivot 34a. The lap 33 is provided at
the displaceable Íree eod tbered with a rearwardly ex-

E teDditrg proiectioB 33a, the fr€€ end oÍ which abuts aeainst
an iosulated buttor 36 fitted to tie dirplaceable end of
the spriDg cortact 34. It vill bE obse$ed that when.any
one key of an order ol keys is octuated the rod 31 f,oves
with the associated key bar 37 towards the left-ba side

19 of tbe drawing (\rhetr yi€\rilg FIGURE 4) and thereby-- permits tle íap 33 to move to the left about iti pivot
3,ld (whetr yiewiog FIGURE 4) aod theleby pemdt the
co act 34 to move hto engagemeot vith the coDtact 3§,
alld so close the ciÍcuit oï the motor 24. Upotr the Íes-

15 tolaliotr oI the actualed key to its normàl positioD the
rod 3I wilt push the flap 33 tovrards thr rigbt add there-
by rrove the coDtact 34 out of engagement with tbe co!-
tact 35 aDd so opetr the circlrit oi the motoi 24.

It will be appreciated l[at i! oÍder to eísuÍe ihat the
,0 ove un of tle llotor coDtinues fo. a suffcient ti!]e to

lermit, Íor example, tle acqÍrulato! 70 to follorv ary
chalge itr tbe steppiíg el€ctlonic tubes effected by the
bridging of the studs ald co$mutator segmeats descdbed
witi refereuce to FIGURE 1, it may be rccessary to
vide either a flechadcal delav device such as s ilal25 vide either a flechadcal delay

: rcces§ary to plo-
such as a dashpot

or the eleclrical equilalent in the circuit betwe€n the
cootacrs 34, 35 and tbe moror 24.

Itr order !o effect multiplication upon a macliDe em-
bodyitrg thè charactedstics iereinbefore desclibed it is

30 flst Dec€ssary to "oake" switch CSs aÀd to move the
coBlooÀ telmhal oI the íwitch CSe to the left, theEby
coolecting a slepphg electroEic coufier tube L itr ctclit
with tle stud 3 ald also the triggB! electrode ?2 of t$e
valye T, iD circuit rrith the zero cathode of the tut,e^ L.

35 The above opemtiotr ca! be effected by the actuation of
the multiptcation key 39 h the coDtrol colurltr 40 of
FIGURE 3.

The steppiÍrg tube L is set by the actuation of oDe of a
series of mulÍplier leyr lu'mbeÍed 0 to 9 Eounted itr the

40 multiplier key column 3E oI FIGURE 3. Nolmally the
tube L is dear aod iI it is desired to efiect oultiplicatiotr
by atry truBeral the actuatioa oí the correspoading multi-
plie! key sÉts the steppi[g electronie tube L to the "tens"§teppi[g electronig tube L to the "tens"

at fgure. Thus, il it is desi&d to nulti-complemetrt oÍ that fgure. Thus, il it is desi&d to nulti-
ply by six, tiè actuatiotr of the No. 6 multiplier key vill

Refenhg to FIGURES 3 aod 4, there will now be de-

scdbed how the motor 24 is switched on whe! any oÍle

key oÍ ttre pluality oI ordels of keys E0 which comPrises
the mah teyboard oÍ the maóiae is aclualed i! a calcu'
latiotr involviog additiotr atrd subtractioÍ. Nomally, th€
motor 24 is switched off atrd ararg€d to be hought ioto
opelatioo by permitting r yielditrgly-cotrtrolled contact
34 to make coatact with a cotrtacl 35.

Deating with a calculatio!, itrvolviry additio& the

EecbaDism Íor pemittiag the cortact 34 to engage Í'ith
the cootact 35 coEprises a sritch stirup 29 (FIGURE
3) vhich is arraÍged to spaa the mai! keyboard atrd is
plovided pith atr upwàrdly Foiecti4 arll 30 come-cted

adjacetrt to the dght-ha l end thereof (when riewilg
FIGURE 3). The ar8 30 is provided with a hole at

the upper ertremity thercof armnged to leceive the elrd

of a rod 31 which ií guided betf,,e€Í a pair oÍ §tud§ or
presed lugs 3? carr-ie<l by or Íormed EpoB a 6xed pan

45 ply by six, tiè actuatiotr of the No. 6 multiplier key vill
ensute that tte steppilg elostlooic tubo L is set Íor
10-6, oamely 4, thereby eísurhg lhÀt the stcpping elec
kooic tube L is moved six steps i! retulnirg to zero o!
the clear positioo. At the clear or zero positiotr a po.

50 teDtial ryill be applied to the tigger electrode Tlz vheÍË-
by tbe valve T3 will be .endored coldustivo atrd itr con-
sequetrce Ietrdrr tie valve T1 aorconductive and so breat
the supply oÍ poteftial !o the studs of the varioBs orderg
of keys.

E6 The aÍraigeoetrt for caÍryiDg iato effect autoEatic
multiplicatiotr of a odtiplicand by a digit oÍ a multiplie!
ftc€ssitates tte ddvilg elechode Ur oI the steplirg eÍeè-

tronic tube L beiog connected to orc oI thg pair oÍ stud§
3-3 the olher stud beiDg couected to the anode T?1 of

60 ths valve T1. The arangiomelt is such that wheo it is
desiÍed to multiply a Bumber for example 851 by 97 the
muJtiplication key 39 of the co rol coluEtr 40 is actu-
,sted atrd thetr the Leys 1, 5 aad 8 of tho first, second arid
tbid older of keys are depressed The keys so reprè'

65 sentilg the multiplicald are locked or held h tleir actu-

ated positiotr. UpoÀ the aciuatiotr of the No. 7 key oÍ
lhe multiplieÍ keys the motor oleIable to d !e the ma-

chise is set h operation and ttercafter ttre orc shot de-

vice is actuated iD a nMfier hereinafter de§cribsd. The

?0 actÈatioE of the multiplier key will set the §tepping elec-

trolic tubc L to 1G-fl, whele n repre§ents ih€ DumeÉl
of the multiplier key which ha§ berr astuàted aod wtich
ia the exaople cLoset rrill be 7' UpoÍl the aciuatioÍ of
the sel€cted nultiplier key the orc shot device U i§ op-

?5 emted atrd an iElptrls€ i§ tran§Eitted though the §tuds
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E-E to the tdggq elechode ?1 of the valve Tr vlfch
is rcndercd cotrductive and the valve T, norconductive,
Upou the valve Tl behg rendered cordustive a potetrtial
is applied, by way oÍ thè cotrtacts CSta a[d CSr. of the
two-ray switch CS4, to the studs Qo to Qr of ttre third
order o{ keys, to the studs Po to P4 oÍ the second order
of keys ard to tte stud Oe of the fust order of teys.

The multiplier key No. 7 of the stepping electroDic
tube L has ioitially heetr actuated vith the result tlat a
glon, v.,i11 ocru uporl tle catlod€ L1a. As the brush F
sweeps over the varioui orde$ of keys it will transmit io
its fiÍst &volutio! eight imlulses 'to the accumulator Qro,
fve impulses to the accumulaior Po and orc impulse
to lie accumulator Oro" Wheq the brush F has com.
pleted ooe revolution a cilcuit will be completed though
the cotÍacts 3-3, tbrcugh tbe drive electrode Lu of the
stepping electlonic tube L whereupotr the Slov at tle
cathode L\ of tte steppiag electronic tube L will be ex-
titrguished aqd a glow at the elecrode L1r ndll be forined,
Atr impulse is rct transmitted to the triggEr electrode T1,
of the valve Tr by thg zeÍo cathode ald in consequence
the valve T, rcmaiDs loncoiductive, and the valve T1
remahs sotrductive. In tle cotrductiye state of the valve
Tt it is couected through the two-way switch CSr to
the studs of the frst, secood and third order of keys arld
the bÍush in commetrci[g its second revolution Í,i11 trans-
mit otre impulse to tle accumrÍator Oro, fve to the ac.
cuordator Pu, which will cause the accuEulator Pro to
rcad zero and tmnsfer, itr the maauer hereinbelore de-
scribgd, an impulse by lÍay oI the stud A to the accumu-
lator Qro. Ia additiotr the àccumulator Qlo wíl &@ive
eight impulses fÍom the studs associated therewith, bling-
iíg the total Duober of iEpulses traDsmitted to the ac.
curnulator Qro trp to 17. As a Íesult of seveqteeo im-
pulses havhg beeD transrnitted to tle accumulator Qro
ooe impdse will be tmrsfeIIed frcm the acoulrulator
Qr to the acsuoulator R1o, thus causiog the accumula-
tors Oro, Pro, Qro aod Rro to read 2, 0, 7 and I rcqrec-
tively. Upotr the completion of tle seventh Íovolutiotr
of the brush F the glolv Àt thE cathode Lls of the steppitrg
electronic tube L will be eíiryÈished aid the glow will
pass tom the cathode L16 to the cathode Ll6. Upol the
glow passiog from the cathode Lle to tlle cathode L1o a
pulse will be tratrslllitted to tire trigger electode T1, of
tto valve Tz. The valve T2 is thereupon reodered con-
ductive and tïe vàlve Tr loÀcotrductive. At this poiot
rhe keys l, 5, 6 of the ilst, secood atd third orde$ oÏ
keys are release.d either by the ope to! so as to permit
the6 to retum to their idtial positiods or by deprcssi4
atr appropriate contlol key.

wletr the machiÀe hereiabefore descdb€d is set to
effect a calculaiioÀ itryolvilg ttrultiplicatiotr it is fi$t rcces
saÍy for the multiplicand to be iGerted iBlo the oaia ley-
board and for the actuated keys of the eultiplicad to
be held iD tbei! actuated coodition, after which a multi-
plior is ioserted hto lhe oachioe by tte actuatiotr of a
multiplier key of a set of mrítiplier leys raagiog from
0 to 9 plovided iD coluErtr 38 (FIGURE 3).

A key 39 itr a coltrol columtr 40 is Earked to iÍdicate
multiplication. Whetr the tey 39 is actuated, a motor
switch lod 4l. associated with the keys of the oultillier
coluotr 3E is brcught into actio!. Itr tàe case ot a
calculation involviog addition tle eld of the motor switch
rod í1 (whetr viewing FIGURB 4) is held clear of
tte path of the Èee eDd of the íap 33 by a lial 42
(FIGURE 3) co!troctiDg the sÍ{itch rod 41 $,ith a
stirrup member 43 which is piaotal about the àres
and 45,

The end 45 oÍ the piyotal stirrEp member /E whicb
is disposed toB,ards the froDt of the machine is arallged
to prcject Utrde! the stem ot the roultiplicaiion key 39
so that upotr the actuatioo of tle Ítrultiplicatiotr key 39
the stiÍrup 43 is lock€d about the pivotal axes il4 and 45
thereof and iu consequence draws the switch rod 41
iÉto the path of the lap 33. As hereiDbefoie de.sclibed
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the actuatiotr of the keys oI the rlrain keyboard, Íor a
calculatio! involving additio& will vithdmw lhe rod 31
ftoo engageneDt with the free €nd of th€ flap 33 but, itr
a calculatiotr fuwolvitrg &Dltipïcation, the Fovisiotr of

6 the switch rod 41 wil lrevertt the movemeot of the flap
33 and itr colsequ€nce the contact 34 will b€ plevelted
from engagiog with the co[tact 35. Ho'ÍÍever, aJt€r t[e
i$ertiotr of a multiplicatrd itrto lhe Dai! keyboaÍd, the
actuatiotr of a &ultiplier key in cotrdu 38 will rcck

16 an iudividual Eoto! s$ritch bar irE to with&aw tho rod' 4l from e[gagemenl rvilh tlrc flap 33 and thereby permit
tle contast 34 to eryage with the codact 35.

Ii the motor 24 we.e rotatiag whilst the above opera-
tion was beirg canied itrlo effect the shaft 50 whic.h is

15 ddven thrcugh a pulley 5l by tle belt 52 from tbe pulley
26 mouDtrd upon the vertical output spiadle 25 ot the
motor 24 would be rctatiog. It will be readily appreci-
ated, however, from the descriptioa of a key delay re-
lease mechanism hereinb€fore set forth thÀt upoD the

20 oere depÍessiotr of a multiplicr key in the columu 38 all
the k€ys of the multiplicatrd would be rcstorèd to troma1
and aoy iuÍheÍ irtroductioDr oi tbe multiplicand hto
tle accumulatos iÍould be ]rrcyetrtsd. It is therefoÍe
nècessaÍy to ?rovide means whereby upotr the depressiol

26 oÍ a sjngle nultiplicatio! tey 39, ttrti pulley 5l is un
clutched from the shaft 50 aad the siaf.t 50 is lockèd
agahst rotatiotr until either t[e rnultiplication key 39
is rcleas€d or utrtil a carcel or disltay key is actuated.
If Í is desircd to €flect a s€ es of multiplicatiotrs by

30 actuating a succession of mÈltipler k€ys it is possible
to latch tte multiplicatiotr key 39 itr a depressed cotldi-
tiou in a marEer hereimfte! desc bed.

To coDnect the pulley 51 to the dog chtch 53 6red
to the shaÍt 50 for thè purpose oI rcstoliog the keys

86 after multiplicatioÍ, and yet to retain the key 39 io its
latched co.ditioD, it is necessary for ths actuatios of
eiiher the can.el teys E9 atrd 90 or the display keys 91
aDd 92 (FIGURE 3) to overide tle comectioq betweetr
the key 39 and pulley 51. IB order to achieve this

40 rEsult tLe pulley 51 is lositioDed eitie! iree or h €n
gagem€nt reith tte dog clutch 53 by a fo*od member
54. Wle! force is applied to the fo*ed membcr 54 to
rock the same itr a clockwise direction (whe! viewed ií
FIGURE 3) about a pivot 56 it slides the pulley out

45 o{ eEgagemeDt lyith the clutch 53 and by the same mo-
tjoa causes the spring totrgue 55 fixed to the Íork 54 to
move iato eogagernent with sefiatioDs 57 otr the adjaceot
face of .the dog 53 and thereby stop tie rctation of the
spiodle 50.

56 The member 54 is ooved (clockwise when viewilg-- 
ryGURE 3) to cause the pulley 5t to disengage the dog
53 when a doyrnwardly exteadilg am 58 mouBted orr
thè stirmp ÍneÍnber 43 is actuated to pull a coDnectiDg
link 59 to the riEht (whe! viewing f'IcURf :1 ulor

Ss the actuatiotr of tie fiultiplication key 39. Movemelt
of the downwardly extendilg altrt 58 is hansmitted to
the contectr'ng litrk 59 tàrough an adjustable coÍnprcs-
sion spring 60. A collar 6I is pÍovided on the cotrtrect-
ing lhk 59 to edsure tlat upward ltoverlletri of the tey

60 slem of the multiplicatioo key 39 Íeleases tle link 59
to allow the folk momber 54 utrde! tle fufluelce of a
light tolsiotr spring 62 to move it a couaterclockwise
directioD atrd cruse the pulley 5l to rc"etrgage thè dog
53_

6À UIhe[ the mulriplicatiotr key 39 is latched down for a-- 
series of multiplications by tbe successive actuations of
vÀiious multiplier teys, the actuatioÀ of the stems of the
carcrl keys or the stems 6l ot 64 ol the display key§
rccks a sti[up 65 about the pivotal ares 66 and 6?

ï0 thereof to cause a depeoditrg arm 68 mou ed th€reotr
Ío eqage a collar 69 secured relatircly to the conrcct-
ing link 59. The prcssure ererted by the d€p€nding
afm 68 on th€ collar 69 will compless the sprhg 60
still fuÍler atrd movc tbe couectirg linl 59 to the left

75 (wheo vieving FIGURE 3), so causing the fork mem.

a
44
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bcr í{ to !]oYe the Pulley 5l hto eDgageEcnt with at 96' Si8ilarly' the ilèoreseoB of the display keys 91

the dos 53. 
itsas.-wu! nrur 

i"d 
-c' 

'i[ "uó 
th" to'gu"" 103 atrd 

'04 
mortnted otr

should the teeth 534 of the dog 55 ad 51' of Í-bo ihe respective .keystems 
to effect the same l€sull

Dr lev 51 trot t€elv eDgag" ,itu o* "ootïiitoitai"t&' 
'-rit"'a"p'osoo 

ot tt'" caoc€l kev 90 will move a rampeo

ile u-ro, zr of the forked aèmber 54 *i yïii-;díi s tongue tö6 into contacr leith the upper edge 101 of tàe

under the infEeoce oÍ a spri4 72' 
'u 

'jPrq 
!!eÉJ " ;fi;it directed arm 102 of tle belt cratrk leveÍ 9'

In the event of a calculatiotr involYmg "diYi§ion- t ;à..'";l tË be[ cnnk lever 99 about its pivot 100 to

"$btractiotr" it is Decess"rv to 
"oltror 

tË a'ïv"ïïati [tlute tl" upp"' p"tt s5 of the keyslem 82 of tte mul-

s0 in a sioilar fashion to that d.*,to, ;dà; ïï; iËÍil-""" Èï$" Tbe orovisioÍ of tbe ra.ped totrsue

rrcction vith multiplicatioo 'It wix ue ;;;; 
-ti"t 

ro iöc nvs;63 ds n6ces'ív ïf acturtirs the plus key after

rhe subracriotr key is constmcred a "'r""ïïliïi.ïfri 
" i"'G" À,,riipri*,ion ; either of tbe di§plav Levs 91 or

to the division kev atrd is rEk$ed , tËffi"' ;ïfi; iu-"ïÀ" ""*r 
Èv"" *q or 90 will rcslore the upper pad

ï"ftï:lt',",* ;; ;ffi; ;J" í;,ï:'l:**x,"1'n,,Ut'tt**rt 
t Ut'"*

"r"ïiiiíïf,.'1""Ëiií 
à"ri,la *a*JirïpJpun, re raÀpetl tooeue-.107,"tuncrions ia rhe sarne maDIter.

43 atrd 65 which control the dBetrsageme aod ;eeDËage- \ihen a considerable numbeÍ of separate muliililicatioo

ment o[ tle ddve 50 to ru a"uy a"ui"" i"i.ït"ïoiÏ"' pÍott"tt tu" to be nerformed it is a convenience if the

scribed, FIGURE rz .uo*r."uo, ot I"ïiLïïï'i t" ipii"ii'ï iilait*a i'om settine tho multiplicarioa kev

multiolication kev 39 either io u.,,iïiïimti"ot to ii for each problem' An altemative latch€d positio! Ior

;ïïffiïrï;iliiliv ïslcie uicit ('ior exampto bv 20 tre oultidic;ti.p 1sv is nrovided'

atry fisxre up to 9) or for u roog,, Ë'i#ï[it"; - - il otaer ro "ff# suib more permarert latóing of

succession of uultiplications ov 
" 

**Jïi"àgilï to rr.iriipri.uri* tev 3s rhë o'erator must depress the kev

be efecreÍl (for exaEpl€ multiplicatiotr U;;ïb"; io ii à'ia tut the uppe' oart 91 fiereof rearwadlv (that is

etcess of 10). 
* 

ió À"-"''gi-i *l"i i'ie-'inp HcUnE 12) so that a oib 10E

Tte steEs of the various contÍol Ï.ys are armEge'l za i""*ta ïtati'"tv to thi stem E2 i§ trapped uDder tàe

," lïi",iilr,öii"'"piii euiae plate-so aod a lower irame 86 at 109'

s[ide DlÀle 8t of a switch uait fu" f"v tt"'' Si ""tty The depressioÀ oÍ tte display -keys.gl.atrd 
92 or-'th!

:H;';ïd;hï#;i,ïaï t"-*m Àt*Àï ti cancel keis Ee a'd e0 whjlst Derformins the appÍopna@

ciÍcuir diagram illu$lared itr gCUnf iïliïn-"" *- àËtricat'functions hv meaos-of contacts carried by the

ranced to be moved ioto ano out oI "'"gteï;i; "[l 
30 ;ieoi it; ar'd' the asiocieted Daf,els 83' heÍeinbefore rc'

::ïffi"H;il'; t ;riirg par"rs tïïï r" io m"te ierred to, will also rnct the belt crank lever 99 and tbe

atrd break ckcuits rcquirÉd for th" putti",,f" iuróo- 
'Gior'ot 

ttt" upwardJy extendiag arm 104 of the beu

tioo to be udertake& ft" f"y.t"r. sii"ïfal;ih"ir 
"*"of-f-*"i 

ga as h"reinËefore descdbed, but tlis action

iaooerative or rest position ly .e"n, oi "ortrp"sioo 
will be iDeffective w;lh resDect to the upper pait 95 of tho

sDritrls E4 arÍaued ro eÍretrd betw€€o r;; ;;*eíË;g s5 ió'$", si àiit" vey 39 L tUe rearwardlv directed posi-

;Ëëï0 ;ï;ïi;rïs"."o*i ,"iuti".rv to'tÀ" ,óo.i tion ther.eof in view of tbe fact rbat tbe said upper pan

ated kev stem 82. The uppeÍ pono, ài"i"t-Ëi'*'t ii-it turchea aw-ay írom ard clear oÍ the arc of move-

i .^i"ïi'rij à iiàià'tirö,io u 
-iorrioirrv' g*a" ureni of edge 101'of the upwardly exterdirs alm r02 of

íi." íC -ïíi-r.À" poniou àf eacr' kev stem E2 i§ tle bell cratrk le'"t,ïEi", 
rs is restorcd to loÍoal al the

;#o;'ej il;;J; a"positior above, bít iust cleaÍ {0 The multip-licatio

;ffiil"" ii ï;ï,ËË iï à. eï Gidu-nË :1, * cotrctusioo oi a.successi;n of Eultiplications by a series

nreviouslv described. ài-"p*"tq outtipliers by the operètor dePÍessing tL€
*il;ï;ïï"Ë;"ncet 

keys E9 and 90, rbe plus kry iius Ë.y tl, rteóopon thi rampà toague.l10 will push

s?.,ïiïi;;öË Ëv;9i'';d e2 
'lid6'r;"1;' 

io th; i 
".ua 

irl' mounteÍr oo the rear race or the upper pan

euide fÍame E6, whereas tt" f"yrt"o, ài-tl" oittiplica- l; 97 of thc ieystem E2 of tbe key 39 forwardly ultil nib

il;'Ëö;. il &;l;; rrey r'r ana ài" ;;;i;y sE ios i§ free óf eng,*-"nt wirh the Íame 86, at 10e.

aÍe ioiiled at 94 ard 9E respecrivety. ï;i;;;'t ..- i, tl, 
".r" 

ot diiisioo tie divisiotr kev 93 is provided

i;,;"-"ïiJ;;;*;;,.isiïir#,hÀÏi àr6i.,l- w;tr a ioint at sr so rhat rhe uDper paí 120 theÍeof catr

tipïcariotr key 39 to be ritred f"-*àï ài iiri{,rafy te àó towads tt" front of the mÀchine (that is to ihe

;íïh" ;;";;.; *bllJ the ioilt 9E J'tr" ,1"rr tz Í so icrt whea viewios FIGURE 12) Thus' wbeu ao opem-

the division key 93 penDit" tl" upp", p.tiS7ïf t;;Li" ioi 1Àr" t9 "fà a càlculation itr divisio4 hè ileprc§ses

#;'i;Ë iiJvJ io*uov. Sii,oiËirv tlre mious kèv kev 93 a.d moves the ssme forwardlv so as to cause a

8r is Delmiued to be filred r"**arv'.'' fi" iïpËfri ,iÉ iiió*.d lelzrivelv to tbe uDDer part 97 of tbe

Ïiiilïöfuïi"i,.'àrv .tGïJtip'ri..ti* t"y il ,ill stEm 82 to ensage. wirh rh; Dnder sidè oÍ Iie sEbflane E6

cause a nib 94 otr the upper part ysïïiii ilíriJ"i . 55 ;;iii. Mo;;d upon the subframe E6 is a slotten filk

enmse tbc undeÍside ot tte suusloari Ëï"*fË; à; iií ut"ogt-a to 
"n'i"e 

wiih scÍews oÍ studs 124 pemit-

:ï"í6ï t,ffi;;:il"-*itrpï"-",."'i,iïl""rlJ"à Ëi ;"c lf r!11 11 ïo-move in a totrsitudirar direction.

oDe didt or by a s?rie§ oÍ aigi* to*iii ài"--.ïritprà'" iË" mt !_zs 
ir a""i*"d so that the ends thercof engage

in the case wbere autoÍnati" o,orripri"uíff i' ïuoi[àïà with ttre IorwaÍdv ;iÍecled Íace of the upper part 97 of

wheÍe after eaci Euitipljcatiotr uv "''àgii#'öïïJo 
oo oilten 82 of rhe divisioo kev 93. The le8slh.of the

Dlie! the crnletrt cf each accumulatoïl; ;iËa;;;uy iiri rir is.sucl-tt "t rhe ends thereof are iust clear of

'"ià*à"ïË'ïr*rËi ïieb..'Lid".. ï,'ini-iïölJi"i rle upper edse l2l of rle uDwarillY exteEdiEg portiotr 102

ot roultipticatio!, pres$ue oE tu. prJ[iïiírïËï"Ë oi#'Ëri"i-* t"'* s9 a;d iu§t clear of the fo$'ardlv

a tonsue 97 s€cuÍed relarively to ,m'Ë/rtr. öïoïiË aÀr.à ià"r of rhè uDDer Dart t7 of the f,evsteD 82 of

Dlus kev YI dofllwaldlv ,e"i,"t th" i'8ï1';ï;;; iiö os &' t"f 
'lYhen 

thë kev giis latched iD À forwaÍd direc-

84. into contact with the horizootat a;;f;i;;Ï tion 'It wilt thuq be setn tbat reanvaÍd movernent of

:.i"i'i"#";i-,ffi,;;;;;;;#iï0-an; il;; rhe upper edse-t0t of tbe berl crad( lever ee §ill pu6b

uDwaÍdlv hv tension sp'rrg ros. nJi'iö"t #g"ïoï "ï iii; ffi!l1,1t ?1 
or tle kev sterr 82 of the divisioo kev

the upwardly extending arm foz ot *i'ËeU 
"'iok 

1""' 93 rearo/ardly ard move the b 121 out of etrgagemelt

98 w l wbetr tle lever 9E i, ,oo""o ïïóïurà Ày tt" zo wita.ru" porrio! 122 ofthesubftameS6.

toDeue 97. etrgage witn ue torwaroËdirïiiË ;1 tht The EiDus kev 8E is similarlv Eovided with a hinged

upper part 95 of the keysrem tz 
"i 

in'1"ï,irïör,'iiti"i srem capablo of-hpinr latched foró'ardlv utrdeÍ subframe

kev 39 aod DLsh tbe saiu ,n*' n"n'ci'il"t#'öïilï irï aJ'reiea"ea. tv ite rearw'ard' m-ovemen[ oÍ atr up-

ii""ílJní,*àJ"","i1öïiduRÉiili;;;l# ,h; rurÀed tab 123a roÍminp Dart of li* r23.

nib 94 from en8E8e!treltt *it to" ítïdtàï"f;Ë'ià ro 
"-ïàËii;"e 

m FIGUÀÉ 11 tbere is iuu§treted itr 6ide
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elevatiotr tle multiplier key colum! provided vith a key iÉ nudbers equal to the nines complements ol the value

400 desisnxted DIvtDE of the operaÍed ones of thost kel's'*hï":ilil#;';fïe 
above tine of key§ is §imitaÍ Additional elec{ron tub. circuiis Drovide for perlorm'

ro rhar ot m ordeÍ of keys of the maitr ö;;r"d *ii; uöïo ,,Jtpiirrttoo, ol the sifl operaLion alreadv de'

the exceDtion that there js oot uov ..ttJià-ipt"tG s 
"tËà 

Utin'with refereoce to ËIG l aad o[ iterative

ïJuli#'*,ï",ii,ïï''"ïl riv-, 
"ttii 

i, u^ Ëö.íiri;, - ;;iil;i ;.ulripricand à number of time§ selected bv

iï,ïiiÈ;il;ïï;; à'",pr"r.a,m "p;;;;;à; ;;;;ri;, "i, *,irtipti.' t"y ií a series of .mrltiplier
bv the aciualioD of the key. 

-.* -''. t!vi, rirco,i,", additional electron tube circuits provide
*;"",rï:ilïffiï""ï; 

Ës designated 1 to 9 ioclusive a foi performance, oo divisiou, of tle complemental addi-

,"öhlïï;ïi:, ;;;'iie; i"ïïr"'*É . 
".rgtt 

*curs 1o iion'operation aDd of rhe shiÍt aod compleioetrt opora-

ia de muliiplier figures. tioo'

The 10 keys 401 to 410 are goYided at the lover ex" -ite 
calculating machine illustrated ir FIGURE 14 in-

tremities thereof with biturcated .oot..o ö, ili"n io 
"tuat' 

ti"'"n o:àen qf keys' ot which ooly-Ée flrst two

ii*ïÏï..iiï,iï 
"óiai,ioo 

àIu uy ao ,ot'-uiiaÀr,-io ;' ;;d.ir arK and 2K) and tre last order (liK) are shov.'n

to shorr-circuir, rwo flxed co.racts 412 "ri;i!:"'' 
-- 

fs in r-le àrawing. TLe register oÍ the lachine conprkes

'" _lï;;"ï;'"il;iite keyUar l3f *ereï'providea eleven countiig devices àssociated wiih the eleveo orders

atr extension 414 arranged, i, tl" oo,mut'p-o'liiJo tm'e- oi r"v' una oi these.ontu the fust t\{o cou[ting devices

nr with none oI the kevs 0Io 9 depÍe,* íJ;;ö*;à iirilii'ini '"à 
tt" eieventh counriog devic'-(llR)

Ii ï;:ilËïöïil;rriia ., à ,p;'e t"iËtiii^ai i"-tto"" i' tt a'"'ine The regisrer also inclrtdes a

416 holdim a contact pip 4IE, mounted' il;; ;fi; ZO i-*"fitfr cÀoting aevice lrR vhjch is orovided to receive

416- out of contact rvith À contact pip 4i?;ö;; 
- ltti' p'it"t ttö' try countin€ derice IlR' bul th€re is

À blade 420, Ànal iÍr co'tact with 424 àouuted on a no ordir of keys associatrd wiih rhi3 countiog device lt

blÀdè 419. 'itl-it uppt""i"t"a taut there is no limit to the number

UDon tle deDressiotr of aDy oDe ot tbe keys 0,to.9 -- oi ota"tt'óf ft» -d,couflting devices Í'hich can be em-

i".ï,ir"irï.ïrïír.ni"- rio. ï'rcy, tr. f"VUàï l,f "iU 
25 ptoyed ir ordei to--obtain anv desired capacitv fo! the

ililiï'lit "ï"ïrr"^'iri 
i;**ói rtui'i,ï ó" rÀ 

",uiÈ*, 

tut ir will n.rm,Iv be desirable to make Èe

rvhen viewhg FIGURE 1l) uoa tteÍtuv pt''ti tf," *o- n"tï'ot tounti's atvices óne grealer tban ihe nuober

tàct blade 416 to move away t'oro u"'U-t"ae lii uod àf orders of keys in.order to accohmodàle carry'over

càuse the contact 418 to dake 
"oot"o 'itiï"'iooi -^ irot iti 

"*ntin'g 
a*ice associated 'xith 

the high€st orde!

iïï" ."rrïà-ti;ii," tr"ae 420. Further, the depression 30 of kevs'

of the No. 4 key will cause rirur*rcd coïr]ci'giïio 
--Ëél 

.o*rlog device has associated therewith an ioput

move alopíwarallv aod bridge so ^ '" 
ti"ti"i*'it tn" 

"m-prinei 
ara ii rte OrawiDs there are illo§trated ampli-

contacts 412 and 413. - f"ti iA' atrd 2A foÍ the frrst tlvo counting devices !R

The o'erstor mÀi,tains pressure oo the No.4 kev *tir -_ -Jzï, "oa 
amplifiers llA a l2A for the eleveDth asd

a sis'al from rhe accumulator tnai"ut"s iii àïir.uoo 3s t".tttl' 
"ornti"i -devjces 

llR and l2R The counlitg

of tiat stage oÍ tle mulliplicatioo" atuit,e' ln to 1-0R (!ot illustrated) are Íespectively pro.

The keybar 437 is extenoed lorwa,rolv to provide all viaea witl input an}plifiers 3À to 10A (also not illus'

inctined stor 421 in vrbjch s arrangeo ro"trï"'ÏriË"liï iir*ol. 
-'rt"-"oontii," 

devices will normallv be io tie

secued relarivety to rhe s*m 423 ot t 
" 
àiiil-fö làï - io-r:or ót outtcattoae.;ectÍonic ateDpitrs tubes and in this

Tre divide kev 400 is emplovea ou"ng stiil;ïr;id;; 40 ;;;'each aErplifier itrcludes the rece§sary dÍiv-' cirorit

ànil its acliotr oDly esect, tt" .n og"or".lt*rö Joot-*tt ioi ,*t u ,t"ppiru tut". Thus, it the stePping tubes hrve

411.41t,424 and 425. Ào a;'e etecttoóes each' rhe amplifiers vill have two

The DMDE kev 400 does no! constitute the key t'he "ióut 
àÀ' 

""a 
if the sieppins tubes have threè drive

ooeratioÉ o[ which sets th".,,itot' tootu"tsïi tË;;iil; "ióioa"t 
tuil' tl" 

"tDlifiers 
will be proeided with three

i-o their respective positioDs in *o' t"" Ëàiii lÍ'ilti' 45 o-uóuts eaci The phise relatiooship betweetr rhe out-

elechonicalty. Tte key wàictr con(ols'd;ïi;ï ;;;l puii ài eacn amptller will be such as to step tbe glow iÍI

racrs thar ensure th3r divisioD i, .r..,.i'ii ,öi,"íi" iti Àociated tube- iom the 0 catbode step-bv-step to

the coÍltrol column 40 aoA is aesigoarco ölï ttre 9 cathode.and theocÉ on agaitr to làe 0 caÈode'

The inveqliotr may also be ettoa'eíio a Ílachioo -- iach a$plifier has a lumbeÍ of iDput couected to

wàic} disoeoses with rhe studs uoa tï'ïLt"- i"*i"! so the outputs'of a trumber of qate ciÍcuits or AND logica-l

brushes F, Fr and F, of FIGS. 1 
""d"i;, 

;;{tr,i;; irir.oi.. ru"l ampli§er i.lclufts meaus for decoupling

iherefor an electronic pulse g.n ,u,o' 
' i;it'ioïË-;; it''atioot iop'tt to-ttut the output of ary one gate does

:ïi:'.";,Ë ;ilil; ivJ. ior *"r ototi"f ut ti"i' not iotertere-with the ooeratioo of the Íemaioing sales

kevboard kevs and aluring eaoh *t" ii;; ï;d;ï t"ttiata 'i'n 
rm t'me irput arrplifiir' ln tte drawing

seoarate outputs groups of pulses '" ;{;';;;;;;; 
ss lata rGA' lGB' lGC lGD and IGE cre shown sup-

ro nine. Each order of keys i, "r"ö ï;"r"i;,-;v ii"re rhe amrlifier 1A: sates 2GA' 2CB a'd 2Gc are

oDeratioa of aD appÍopriut" t",, tt.,ti',ï1,'ào"ïiltti it'oG topptying- rn" amllfler 2e: gates llcÀ llGB

;fr;;;,:" ï ït"l;!;;;;;, ,ip..r""tiö ,oà" i"*" and llcc-are ihown supplying the aÍnplaer llA; ald

Àn electronic analogue to tle stmcture;ËïG!: ï-*J il ^^ 
gales.l2GÀ.l2GB eod 12GC àre shown suppl)ing the

wherèbv rhe sruds oo to zr, o, to r-, aïàöiJ Ë, ";; 
* y"'ffi:l t''^l I3^: "f 

the countins devices 3R to I{)R

scalled succesively, then defi-oes u .o.hiË cy.Ë io- (trot sho'ÀT) is provided with tkee flate ciÍcuits -GA'
cludios a separate phase or pedod for"e:Ïh ;rd;ï-T;; )-óí 

"'a -cc (also Dot showrl)' h addiilon to the

Dulse seDetator goes tbrough n to*pËo""i'Ë'àl1iin; ''euts 
i;P the vàrious gate circuits each aroPlifier' er'

iach oi rhese periods, -a au.ios ,u."";;i"" ,i,.i Ë;;: 
"à'pt 

uropmtt lA,.is 'Drovided wíh a {urÈer ioput Írom

the outDut of tbe pulse geott"to', 
"' 

t"Ët"ï-ui1ti"-rt"ii oa tÉ 0 ourput of the orecedioe coxllins d€vice so that

of the various ordels, is gated i''* to" t'"'"íI"öÀ-íi ilt nott"i r"gistered io eaoh countiog device j3 increÀsed

rho§€ oralers successivelv. ^u*"- "i 
liv li tlJtiii iv "* 191 

tit'1 1" couotins device of the next lower

Ërl"*iGrt iritiates'a cycle of operatioí of the tim' order regrste$ zero'

inÉ device, aod the machioe ot FICS. iïto Zïpïiö'r 
--ií 

raa-itioo to the twelve countitrs devices which con-

addirioo ii essenriaily ,1,, *uy, lll ïffiiï;,-; ?0 sriiute the register of tle macbjrc two further counting

i*1,'ó"eï*;,"l, ar;p*.q b"*:::.it".i#JJilf.: i,Tn'::iÍ::[':*.f;,$ïi".öl;#{:"ËrtË
Ë#:Ïrr$iËË[:iïliiï:ir:""ff :',Jï1ïsl;ï*{*.',ï,;,Í*,'w*i::ï.ï;i.,;.,',Ïi!Ë
ïi:ï H."ifr'L":,ï',,",Ë,,:t'#iï"';ïïËËïíi'"r.ö zo i,i iiJ 

"*mie 
aevice i2R *tir.pu.. is màde for it in

I
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39 40
the coutrti[g devic tR' ii is al§o used h divisiotr to tbe outluts T1, T?:-T3 and T4 aÍE illushated itr lircs 5'

iri,,'lt o" ,rr"-t* if ..ttractioo cycles perlormed by tbe 6 ? aid I of FIGURE 15' A switó ss is cantrected

;iÀni: ïi; il;frrs a"ri"" fín i" 
-proriGa *iil - 6 the T0 outprt 10 ensurc that at tie §taÍ of a calcula-

ii,p,ri 
""iprrÀ"i 

iiÀ ,rí tour'g"t" 
"i^rit" 

r-jbs, ircc, tion the tust putse a.ppean àr T1 out,u; Thc rimio* dÈ

13GD ald 13cE. The second of the twó À;,tb"; ;;r"t: 5 vice is provided witÀ'an input ampllfier TA which h Íed

ing devices is desi$ated ia the drawhg as C ard tutrc- by orc prÍse frc'o íhe pulse gercrator !'"',q :,i:o-:y.ï:
iioï as a cootrol ïevice, The primary functioÍr of thk of tÏe pul§e gelerator' 

"Tbu§,.durltrc.' ït"Til91-::
iooiroiaivic" is to coutrt the rtu-tlber of additioa cycles tiÍling delice is moved loÍward one.step, iot e'crr 

-cycle
perlormed duritrg multiplicatioa atrd to conkol thè of the pulse geDeraior atrd the output voltage Éoves ror-

chanses betweetr subtractioD 8od 
"o.pfi."oiuny- 

.tin 16 ward siquentially Írom oElPutTl to Tl5 and theDce back

i"ïË"àriïï àïr,rà.'-i* .i.t*i a"trii" " aóciatea '" to T0. The timirs device make-s an additjoDal step dur-

;fi;Ë';? Ë;i;i( ,[i"n iËiir=a t".Ji ir. *rrti_ ine whió ooog of its outÍ,ut reÍninats is enereised as

"ri* .r,." ta" iachine is beine used io, lnuttipticution. it moves from Tl5 to T0. Thus, the tioing devicc com'

ïïï.à^-Ër-J*iii-C ir aó-piö"iià "itt * ii,prt ".- 
pletes one cycle while the pulse generator performs seren-

plmer CA'!Íhich is coatÍolted by two gate circuits CGÀ i5 te€n cycles'

ira-i:cÈ. rt" irpotr to tt" óte cc:e ao cóostitut"a 
-- 

Thé various outputs ol tto timing dcYi§e aro coÍlectÈd

ty ft" z f.", G 
"itp; 

io ot i tiEling a"rt aoA, *mo to. the- gate circuits. as hdicatld by rhe referetrcrs T1 to

iÉ"Ëit.t l§ i. cb;d, rhe output 13i.0 ot the cóunfitrg T15 sholvtr at tqe- iíputs of the gates. ïhus, for e)(am-

à"ul"'islt. 
- ili-ri;iiËt À is irper aurine additioq anà ph, tte output T2 is- cooected to oÀe input of the 

-gate

;;iai;i", ;;à ;6"a auÀgirttt .tioi 
"nJaritloo. 

zo iGA, to-ooè i'pot oJ the gate- 11G8, to-otr: input.oÍ tho

d;ïËi]ii.d à;iià tÈlaie CcÀ is ircffecttve dur- sate 1ICR to ooe- ioput ot tle ,at€ 12GC, and to o'r
ig-iaaltt , 

-""a 
i-ftipticiti-ou so ttrat orc pulse ir ap- ióput of tle 

-gÀte 
l3G-D. The output TI5 i§ corDected to

pfi"A t" iii'rrptfiii óï aorft -rrtripti"utio:a ,l"nerè. oÍe input of a gate Sc ths other irput to which í§- con-

ir," oorool ro i euercised, Tf,is causes ths c$ntrol de- §tituted by a stop si$al' The output of tlti6 Sate is ap'

iL tà-.àra-o""-.t"pï"r"u.A ior 
""..t 

complete cycle zb plied to tbe pulse_gene,,tor and serves to stop thë gen-

,itli ri.i"i a"rl*. 'Durhe division, howe"à tt 
" 

éoo- 
- 

;rato,r durilt tle fifte€r cycl€ of the tim.iag device if the

trol devicc is ody shpped foryard by a puls€ thÍough stop-lln€ [i eÀerB§ed'

ii" g"t" CCÀ íti* tfiicouaiiag aeUà ffn registers-0. iho compooeots so far described vould emble the

il"ï;rffiii;;;t" Cèíun-Ëoortiiot"a ty tË. Z Ito", machine. to 
-p€rfoÍm. 

additioÀ and subtraction, but whetr

tËö;ió ;i tï; fiming Aeri* ara tm óuBut Uní Bo the- Eaciile is re4uireil to perfom multiPlicatio! or di-

oÍ the öouÍrtitrg d€vicr 12R.- - 
visioq it is necessary for the timhg device to carry out

-a" i" iii-"'"t" 
"i 

tfr" counting devices 1R to 12R the more tha.q ore cycle a!4 to coDtÍol the r lober oÍ cycles

"o"otin! 
a"ri""r 13R ald C miy be multicathode elec- oÍ operatioo of the tillhg device, the coítrol devicr- C

ii"A" í"ppi"ii"t* ..íthe input aarplisers must then is provided. The c{o1rol deiice h," ten ouhuts vhich

ii"f.a" ii,'li"ti. il"*aispló6 óive cirioits. 35 aÍe illustrated .as C0 to C9. Each of these o1rtlruts is
---The 

oulses reàuired Ior oreratiu the couotbe devices associated with a corresponding key ill a balk of multi-

*e*í t" .torï.r" p.oa"ird by-a pulse gemiatoÍ pG pïer keys MK Each multiplier-key, when op€rated, se-

"niin 
L iff*tot.a a'baving sepirate outpits rumbered lecls tho coïèsp_onditrg output of !he, co rol de,ice aad

I to 9. DuriDg ooe cycle.ol the geueratol tle outlut I whe! no_multipliel key is operaÍed tX! output CU.r§ §e-

produces one pulse, the output 2 producls tlyo pol§es aDd «) leaied. The valious outputs aIE suPPlÉd to a §wllcntlg

io oo up to ïhe output g'which produces oine pulses. arraEgemed cM whicb enables the outputs to be cor-

The puh; produced ïy the outpui 4 are showa by ryay Isctly routed wh€u the $achine is being used Ío! ÀDy qf
of eiample-ia line 1 of FIGURE 15 o! the <lrawings. its four arithmetical operations. Thus, duÍing oulti?lica-
It ri,ill be seeD tlat iq this case otre pl se is produced tio! ttre selected output is souected to tho stop liÀe so

during the first pul6e period of each cycle oÍ tho gen- 45 tha! the operaÍon of the pulse geDerator is stopped when
eraiot atrd tàat rhree pulse§ are Produc€d during the the tinin; device has perfomed the trumber of cycle§

fourth, fifth aad sirth pulse p€dods of eaó.cycle. Bo\t- coEespotrdiDg to the opented key ia tte baak of mult!
cver, the actual position of -the 

puhes_ withio a cycle is p[er ieys. óther outpuk of thc svitching aÍraDgEment
irÍelevant to the operatiot of the màchiie ald they_could -^ include in Ap line. aq Sp tine aod a y lire. Wheo rhe
esu4-ly yg all occxp)' ssEecutiïe,pulse periods, for ex- 5o 

Ap lin" i. 
"o"rgis.à 

Èe machine operates to perforE ad-
ample. The outputs fron tl9 lu8€ SeDeraror aÍe ap- dition or subtràctioa and when tàe Sp Iire is eoergised

*H"r$, ï#ï-",i$ï"f"*i'#,'ï:tJ*h"TiËïffi ,h,";Ài"" d;;, to shirt or murripty by rcÀ

machitre is beilg used ,or additio! JËffilöËfi"; In oder to cootrol the shÍ! oleratiotr of the mdchine'

aad itr a secotril position rrhen tle mrc ie'ïËir-g.rià oo a gate cG.1!j aD elertronic ctrngeoYer §witch Cs are

fo! subtlactiotr atrd divisiotr. fa tu Gt-positiïn 61 provided' 
- 

NiDe pdse§ per rycle of tho pulse gpDeÉtor

ir," rrit"li§, ootput 1is connected to the i,rnber ooe are supplied to orc input of the gate CG' the other

i"v i" "r"l 
.irar.i *tput 2 is comected to the lumbor inpxrt of Yhich is cotr§tituted by the AP line. Provided

irqö tey ia each orderiatrd so on up to tbe output nu11t- ttlg A? litre is rct ercryise4 dm pulses 1er cycie o{

ber 9 which is comected to tàe lrber DitrE key iÀ each 60 the pul§e generatu are pas§ed to the changeoYer §Íiitch
order. Ih the switch lS is h lhe s€cood positio!, CS. Normally these pulses 8re pas6ed thro!8h to the

output 1of tie pul§€ geo€rator is coÍnected to the num- output Sl oÍ the chaageover switch, but whe! the lils
ber eight key ia eaó order of key§i output 2 is co!' SC is ercrgised dÈring sultiplicatiotr the lirc pulse§ are
nected to the uumber seven key i! 6ach order; _aDd so pÀss€d to the ouFut 52 inrtead oi to the outlut S1. Dur-
or up to outpnt 8 whiJh is conDected to the !uÍo--ber one 65 ilg divisiol t-he puls€s ale troÍmally pàssà through to
key i.E each order. Fu-rther, with th€ switó 15 io the bo-!h the outpuh S1 and 52, but when ibc lioe SC is dur-
second positiotr, output 9 i6 comected to th..e.GA g_atp,cir- 

i.og division the pulses are preveDte_d from reachiDg ejther
cuit oÍ each couqtiDg device associat€d with a! ordeÍ of -"".'- - -l -;'-
;;y;;-;_hj"il; kËy ir operated, aad also to * Go ,^ "t,ïfoïuiÏl'iin o ro cerraitr or the sate circuirs arÈ
*"hï 

"?ri* desiglated by the l&et z proiluces o,e ^ p;-"id;by th"'.*itches ?s, 3s aoa 4Sl Tlc §witch 2s

puG aoÀi 
"u"t "ia" 

ol tË generator. is o!e! duriÍe subtractio! and divisioD, but is ctro§ed dur-
'ïo óotïi tl" ópr.ation o-f the machiae a timing de- íog additjoo- atrd mulÍillicatior Tlte switctes.3S and 45

,i""- i- i, p.ria"à. This device has sixteen oritputs are-closed--dllrirg subtractioo atrd divi§on, but are open

vlicn a.e ,i*iglur"a T0 to T15. The wave formi of ?5 duritrg additiotr atrd lrultipilcatioD'

-!I
-LIllfffff
-LYttttt
h
E
EtL
F



-

-

-

-,
4'

a,

-t

-u

-,
a,

-,

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

i|,s8ö,8i5
4t

OpeÍatíon

When the machiDe is set to perlorm additioD, the out
put C0 ol tÀe conllol device C is conlected through the
svitchiog arrangement CM to the sto! liDe aDd also to
the AP lirc. Before aDy keys are depressed, the switch 5

SS is in the closed positiotr so that the output of the Íim-
ing device T is held at the output T0 atrd tle outlut of
ttre coDtrol device C is à€ld at the output C0.

It vill be assumed that the truEber 34 is to be added
to the number 57. Before the star! of the calculatioÍ 10

all the courting devices will register zerc. To iDsert 34
iEto tle machine, the Eurllber thfte key is depressed io
ttre order 2K atrd the trumber 4 key is depressed irl tie
order IK. It i3 assu-oed iD tàe followins descriDrion
that the two keys have beeo depresed togither sJth"t 15

the 3 and the 4 arc both added idto the rcgister dudng
the sa&e cycle of operatiol of tàe timing device T.

}Íowever, this is not the lormal lxelhod oI o!,erating
the maóiie, sirce tbe operator will normaliy depress --
one key and tien the orher. In tbis cas€ the insertion of zu

each digit into tle rcgister will occupy a selarate cycle of
olelatiotr of the timing device T, It is irreleva whether
the àigher order or tle lower order key is depressed
fi$t.

Whe! either of the keys is depressed, tle switch sS 25

is opercd atrd accordiogly tle lext pulse from ttre ptlse
generator is euabled to step the timiEg device from T0
to T1. Thi! ias no efect since, at tiis stagë, there is ío
ottrer ilput to aDy gate circuit Í.o which the ourput TÍ "^is connected. WIen the timiog devicc sleps ftom T1 "u
to T2, two of tle iDputs of the gate IGA e energised,
shce tle AP line is ercrgised ty the output C0 frorn the
conlrol device. Si[ce the Dumber 4 key is delressed in
tbe order of keys lK, four pulses vilLbe appfi.d aur- ,.
ing each cycle of the puJse geDerator to the gare iCÀ. ""
During tle period T2 these pulses pass t_hrough ttre
gate IGA to the itrput oÍ tie amplifler 1A and thence
to tàe inpDt oÍ the couting device lR. These four pulses
sene to step the rouoting device lR frcm 0 to 4, SiÍd! 40hrly drrring fie period T3 tlree pujses will be applied '-
through the gate 2GA to the amplmer 2A and tbince
to the courring deyice 2R. During tbe periods T4 to
Tl4hothing furt-h wil.l bappe[, siDcr none of tle gales
will hale atl its iDputs elergised, Durfus ttre Deriod Ils
borh the inputs oÍ the gare SG will be enàrgiseà, siuce the 45

stop lile is coruected to the ouLpur C0 of the control
device órough the switching arrangemeEr CM. Accord-
irgly tle pulse getreraror will be stopped ald tllis stage
of tbe calcularion is completed. As'soon as tbe ke-ys --3 and 4 in the o.ders 2K aDd lK are released bv rhe 50

operator, the coutacts SS will cloge again and the coD-
tol device T wiil be retumed from TtS direct to T0.
As a rcsÈlt one of the .inluts to tie gate SG will be re-
rooved a]ld th€ pulse geoerato. will rcstart,

To perform the seiond stage oi the calculation, the 55

number 5 key iD the order 2K is depressed atd the nuÍl-
'ber 7 key in the order lK is depressed. Àsai! rhe suilch
SS is opeded by Ée operarioE of either of ihese keys and
the tiEing device T is allowed to sleD forward to T1 wheí --it receives a pulse tkough the amplifier TA Írom rhe 

uu

pDlse geDerator PG, Again norhhg àalpeDs dudng
ledod T1, but during period T2 seven pulses are passed
through the Cate ICA to the .amplifier iA and rhence to
the input of the counting device tR. AccordiDslv the ^_countilg device steps froír 4 to 9 ald thence to-ó ana 

oà

1, Y.hea ttre coutrtitrg device IR registeN 0, a pulse is
applied to tbe iDput of the ampliier 2A and thence to
tle ioput of the couotiog deyice 2R so that tàis coutrt-
ing device sreps from 3 to 4. DuriDg the period T3 0ve 7a
pulses dre passed lhrough the gate 2GA to tbe amplifier '"
2À ard thence to ttre iDput of the coutrting device 2R
so ttrat tlis couniilg device steps from 4 to 9,

DuJing the leriods T4 to T14 Dlne of the gate circuÍs
is opened, but during the peiod Tl5 both the i4uts of 75
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ttre gate SG aÍe elergised ald tlrc uhe genemtor PG is
stopped. Wtetr tte keys 5 a[d 7 it tle orde$ 2I( and
lK aÉ releas€d, the switch SS is closed and the coult-
ing devi{e T retums {o T0, The register oÍ the machitro
noy rcads 000000000091 vhich is tle result of tls addi.
tiotr of 34 to 57.

When the machitro is to be llsed Íor subtraction, the
switch 15 is chalged over so that, vheD a key ií atly
order of keys is delresled, the corespotrdiÍg GA gate
iDput is sulplied $iith a numbe! of pulses equal to the
EiDes complemetrt of tte yalue oÍ t[e depressed key.

As an exar$le the subhactioD of 17 from 34 rrilt
be descdb€d.

Ílitia[y the trunrber 34 is e ered i[to the 6aóiÍe
'lvith the switci 1S set for additiotr itr the same InaIlDe!
as io the examplo described above. The switch ls is
thetr chaDged over to subtrÀctioD and óe number 17 is
iÀserted in the orders 2K.aDd lK. Once acÀin it will be
a6suEed tlat the two keys are deprcss€d tog€ther, but it is
to be uuderstood tLat loreally the olerator vill fiÍst
drprEss the number oDs key in ttre order 2K aEd tben the
trunber seven key i!. the order 1I; or vice ve$a.

Cbaaging the switch 1S over to subtactiotr ias the
€fiect of openiíg the switsh 25 aod tlus removing the
tregalive ?qtesÍial froE the fourth itrlut to tte gate lGE.
Consequently duriEg ttre period TI the gate 1GE is
olaled whe!. the puls€ appears o! the Z line. As a result
one pulse is fed .into the coutrti4 device lR dudrg tàis
period so that it steps from 4 to 5.

DuriDg ÍIe leriod T2 two (9-7) pulses are added
iDto the coutrtiDg device 1R ro that it step3 froB 5 to 7.
DuriEg the period T3 eighr (9-l) puls€s are added hto
the couoting device 2R so that it steps ftom 3 to 1. Às
it steps to zero a pulse is applied to the amllifier 3À
which caus€s ore cary pulse to be entered inm the reg-
ister 3R (not sbo,!eD) so ttat ttis coutrting device st{s
frcm 0 to 1. DuÍitg the period T4 nine pulses are
applied.to the countilg d€vice 3R so that thii coutrting
d€vic€ is step!€d from I to 0. As this coultiog devicé
reaóes 0, a caffy pllse .is applied to the couatiflg devic€
of the lext higher order which i5 subsequently stepped to
0 ty- dre pulses from tie pulse geoeraior, i'hi, pio..r.
cottinues u il the counliog devi@ llR has been itepped
froo O to 1 by the cury puise and tbeDce rback to ii by
the Dirc pulses from ttre geoerator pG through tbe un-
operated keys of tie order t1K, As a rcsult of the re-
tultr of tle counting d€vice llR to 0 a carry puhe is Íed
into le_ eouÀtiDg devi@ 12R vhich k 

'sutóeqlEntty

stepped during the period T13 by do€ pu)ses appted di-
rcc|y to one irput oÍ the gate t2GA ftom tle switch
1S. Thus, the register of the aachine trow rcaals
000t0M0017, vhich is the resuh oÍ subtractitg 17 ftoÍr
34.

llte! tLe Daóirc is to öe used for multiplcation, tie
srïitch LS is h the same position as for àdditiotr, but
§ontacts iÀ the switrhitrg allangeEe[t CM are changed
over so ttrat the stop lirc, iostead of beiDg comested di-
rcctly to tle output C0 of tle cotrtrol del,ic€ C, is con-
rccted to whichever of the outputs of tte cotrhol device
is selected 6y the depÍession of a tey io the baik of mul-
tiplie! k€ys MK. Itr additiotr ttre line Sp is coníected
to the oÈtput C0 and the line Ap is gontect€d to all
ol tte outputs Cl to C9. DuriDg muttiplicatioD the
switches 35 ard 4§ opetr, but the switc[ ZS js closed, with
Èe Íesuh that ttre gate circuit IGE h prcve ed tom
opering, but tle gate cjrcuiis t3GC, 13GD and CCA
are allowed to o?€tr whetr thei! othèr itrputs are ercrgised.
ïn addition to .perlorming tàe various switóing opera-
tioDs described above, setting tle machhe Íor mfutiplica.
tioo cotverls it from a key-respotrsive machine !o ; key-
set_machine. ln otber words, vheo a key in any of tÉe
orde$ of keys lK to IlK js depressed, it will remair
dow! uitil the calculatioD is completed. Firally, set-
ting the machhe to muhiplicàtioD places fte ónract
SS under the control of the multiplier keys ín the bank
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MK inst€ad oÍ the ksys in tle orders lK to 11K. Thus,
rvhen tle oachinè is s€t for multiplicalion, the contact

SS is opeied wheo any otre o{ lhe multiplier teys is de-
pressed.

As ar example the Ínultiplication oÍ 34 tby t7 vill be 5
described.

Initialiy the oultiplicand 34 is set on the keys of the

machioe by the depression of the oumb€r thrco key i!
tle order 2K old the sumber four key in tàe odor 1K,
Tlre orders 2K íEd lK are oaly giver by way of exam- 10
ple, since the Dultiplicald could be set otr any two co!-
seculive orders of keys. However, it lvill loruoally be

ret in the lowest possible olders shce, if it is set in too

far uD t[e Eacbiíe, Ée fiIst oEe or moÍe digits of tbe
alsw;r roay be lo$- The two keys lvill lock down as l5
the machine is set for ríultiPlicatioa, but the mactine
will not staÍ to opemte since tbese keys tro longer coE-

trol the codact SS. The tust digit of 'the moltiplier 17

is Eow eÀtered iDto the mrriidier keys by $e depEs-
siou of key I io the bank MK. This key locks do§n 20
and opens the contact SS. The next pul§e Írom the
pulse generator that is alplied to the ampÏ8er TA causes

the tiEing device to step trom T0 to T1. As the output
C0 of tie coDtrol device is still eaergised, tle lioe ÀP
is deenergis€d atrd rhe line SP is eaeÍgis€d. Accordingly, 25

duriog the period TI niDe pulses are alplied ftom the
pulse ger€lator tbough the gate circuit CG ald the
switó CS over the liíe 51 to one input of the gate 12G8,
to the otber input of vlich the output TI is applied

As a result dDe puises arc applied through the amplifier 30

12A lo the itrput of tie coutrting devicè l2R \rhich ac-

cordiDgly steps from 0 to 9. ÏVlen nile is regi§teÍed itr
the colrotilg device 12R, toth inputs of Í-he gate ch-
cuit ÍlGF are energised and a YoltaSÉ is applied through
the SC lhe to chaDge ov€. slvitci CS As a result '.he 35

iDput froD the date circuit CG is switched from the out-

lut S1 to the output S2. However, ro further pulses

are rcceivèd iby the gate ctcuit CG ÍloE the pulse gel-
er.ator duirg ttre pedod T1 ard acc-ordilgly no pulses

ar€ passed thJough tle oulput 52. lt is to rbe troted ÈaL iJ 4u

tho trudber r€gistèred in tho counting d€vice 12R lad
beeo other thatr 0, a corre$ondilg nuÍlber of pulses

{ould trave be€tr applied dudng the period T1 from the
outpt 52 órou8b the gat! circuit 15GC to the couot-
i.og-device 13R.- At the etrd of the period T1 tte lirc 4i
SC is deenergised ard ,the cha[gover swítch CS Íelerts
to its Dormal state i! which i'rs iDput is coupled to ils
output 51,

During the period T2 o.i!e pulses aJE applied from tle -^
Iioe 51 through lhe €ale llCB aDd tle aÍrplifier '11A au

to the couDtidg devic€ llR vhich is stepped iioÍr 0 to 9.

Again tle chang€ovq switch CS is chz-oged over oÍt tte
trioth Í,ulse and Íeverts to iis nolmal state at the eld
of lie period T2 lvithout pa§sing aly pulses to its out-
put s2. 55

Also dudlg the period T2 tbe gate circuit 13GD is
oleíed to alio*, one pulse to be applied froE tle Z
terÍlinal of tie !u1se geneator tàrough tïe aroplificr
13A to the input oi tle counting device 13R. As a
re:ult ttre couniiag device 13R is itepped lrom 0 to l. 60

Lt is to be loted thai Do lulses arc pa§sed tbxough the
gate 1CA during tle pedod T2 since the ÀI line is
deenergized.

Duriog t-be period T3 aine pulses are applied &om Sl --
to the couoting device 10R (oot illustraÍed) aEd ttre o'
oleratioo of the machine codtillues iD the same manrer
uÀtil at tle end oI the peliod T12 each of the counting
devices 12R to lR register 9. Dudog th€ period T13
Bine pulses aÍe applied !o th€ couatitrg devicc í 3R through --
the gate circuit ï3cB. As a resulitbe cau irg deYic€ 70

13R is stepped frcn, 1 to 0. men ihe counti[g device

13R reaches 0, both inputs ol the Sate ctcuit l3GF are

erergied so that the SC line j§ energized. However,
once again, ao furtlrr pulses àre received by tle Sate --
cir;uit 

-CG fioo ',ie puise generator during the period ?5
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ï13 and accordiqly no pulses are pas§ed tbrough tle
ouipul 52.

During óo period T14 oD€ $lse is applied from the
output Z of IIle pulse ge[erator through lhe Eate cir'
cuit IGD to the coutrtiDg device lR. As a re§ult the

couDting device 1R is stepped ílogl 9 to 0 and a carly
is passed througb tbe anpliÍier 2A to the coutrtiEg device

2R. The counting device 2R is ltrus also stepped froo
9 to 0 aBd the catry ?aues up thmugh all the orders

of ttre.rnachine util all drc couoting dévices up to 12R aÍe

registering 0. There is no crry flom tk couEting de'
yi.e 12R to th€ c-ouJrtilg deeice 13R atrd therefore the

tratter coutrthg device r€Eahs at 0.

Duriry the period T15 ole idput of the gate circuii
SG is energized, but tt€ slop circuit is rct en€rgized and
accordirgly the pulse geDerator PG continues to run,
As a rcsult fte timing d€vice is §telI)ed on 10 tLe oq)ut
T0. During the period T0 a pulse is applied from the

output Z ol the lulse geleÍator tlnongh the gate circuit
CGA to the amplifer CA ald thencr to the i4ut ot
the conuol deyice C. The gate CGA is allow€d to op€o

siÍce tle $vitch 4S is opea dudlg @ultiplicatioÍ- Ac-
cordi4ly the coEol device is stepled froft C0 to Cl.
This cÀtlses tle SP line to b€ d€elergized and tbe AP
lile to be enërgized.

Dudng íre period T1 íothing happer§ since th€ otler
iriputs ol làe gate circuits 12G8, 12GF, atrd ,3GC are

lot ercrgized at this tiEe.
Du.ring the period T2 four pulses arc §upplied from the

geneIator ?G tbJouÉ lhe depressed lu[ober 4 key jtr

the order IK atrd theEce tfuough the SaiB cilcuit lGA
aÈd the aDplifi€r 1À to the inlut oÍ tàe oou ing device

lR. As a lÈsult tle couDtirg device lR is stepled from
0 to 4. SimilarlÍ dsriog tte period T3 tlrce pulses are

Jed into the coulting devic€ 2R ri,hich is stepfàl IroÍB 0
to 3. NothiDg fu hel happers durhg the periods T4 to
T14, bÈt dudlg the period T15 both ioputs io tbe gate

circuit SG are energized sioce nhe stop citcuit is co&
Eected tbrough the deFessed luabe! I tey in the bank
MI( to the eDèrgised output Cl of,tbe contlol device.

Accordilgly tle pulse ge[erator is stopped aíd tàe ir§t
DaJt of the calculation is completed. Vfilel the pulse

;eDerator stops, the depEssed numbe! 1 key i! the balk
MK is releas€d by rÈa,l§ to be described lereinaÍter,
and. the switch SS is Íeclosed so ttrat the timi4 dèYice

returDs to T0 and the coDtrol device retums to C0.
Key number 7 i.o the bark of multiplieÍ kcys is now

depressed and a shift operatioÍr sillilar to that described
above comfieftc$ vhile the coDtrol device is at C0.
Tïe operatioss lerforBed by the macbine duriDg tbe
periods T110 Tl0 are precisely tle same as those ívhich
occuIled at the comEeDcemÉot of the calculation. How-
ever, during the pedod T11 the siÍh pulse holu ttre
puls3 ge&rator causes the coÈotfug device 2R to rcgister

9. Àccordilgly both irpBts of ttre gate chcuit 2GF ale
energized aÍld a voltage is applied from the SC line to
the changeoyer sl,iich CS. As a r€.lult the iÍlput to'Ir the
gate circlit CG is switched &om the output 51 to
tho output S2 and iie lemailiÍlg three ?ulses flo.o the
pDlse genelator occufing during the period T11 ale passed

to the output §2 hstead of !o the output S1' Tte
inputs to a gate circuit 3GC ([ot showD) a§sociated
vith tho couating d€vice 3R (Dot shown) are con§tituted

by 1te 32 lire ard the output T11 lrcm tàe timi4 de-

vic€. Acccrdingly this Bate is opened dudlg the period

T11 ad the thIer pulses floltr the S2 lioe are applied

to tie coutrting device 3R- This coultiog device was
prÉyiously rcgistering 9 ald accoldilgly it is now st€pped

io 2. As it passes through 0, it causes a carry to be

lassed to the coÈtrtilg devicè 4R, c'hich is ac4ordingly

ltepped from 9 to 0. This carry is thea passed up through

all the orde.s until a1l tie countiíg device§ 4R tq 12R

arc Íegistering 0.
Dudng the pe od T12 the oounting device lR is stepped

to 9 by tle first lve ?ul§es flom the pulse geneÍator
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óver the 31 1ine. Whea the counting device lR reactres
9, both iryuts of the gate circuit lGF are energised add
a voliage is applied through the SC line to cbalge over
ihe cbatrgeov€r switch CS fÍom 51 to 52. Accordingly
tbe remaidng Íour puses which occur durirg the period 5
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coltrol deyice reaches C7, the sto! line is €rcrgised atrd
the plllse generatot is stopped duri.g the period T15.
The machine now registers 000000000578. The various
stels in the calculatioD are shova in lhe followinc
Table 1.

4b

aa

.IABLE 
1

c i3B l2R 11It {n, 2B 1R

0

0

Ll0

0

I
2
a
4
5
6

710

0

0

0

0

0
0
0
0
0
0
0

0

0

0

0

0
0
0
0
0
0
0

0

0

0

0

0
0
0
0
0
0
0

0

0

0

0

0
0
0
0
0
0
0

0

0

0

3

{
4

5
6
6

0

0

3

4

7
0

I
I
4
7

0

0

4

0

4
8
2
6
0
4
8

31 eriered oD kerboud. bui not
ln register.

Yultlliicr key I dàDrPsed atrd
EachiDe st$ts. §hilt- ,E c is
at 0.

Às C is not at 0, sdd 3{ At Tl5
mrctrine BtoDs artl C reiuIÀs
t00

Mulilpler key ? d€Dëssed ard
nnchi)1e sh!t§. §hiÍr ,§ C i§
at 0.

À3 C ls not at 0. ldd 31.
.4.s C is nor 6i 0: odil 3{
Àdd3{
Àdd 34.
Àdd 34.
add 3,r.
Àdil 3{. Àdd Tl5 nachhe stoD!

eril C retulns to 0.
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T12 are passed tbrouSl the S2 lin€, the gate zGC aod Whe! the machine is to be used for division the switch
ile ampljfie! 2A to the iqrut of the .ounting device 2R. 15 is h the srme Dosition as for subtraction- brr contacts
A:coidirgly Ée counlilg device 2R is srepped ftom 9 -- iD tre switchilg irrangement cM are changeil over so
io 3, ',tre r€sultiDg carry causilg couatiBg device 3R 30 that rhe stop line is cJnnected to the outpui C7 of the
lo step ftom 2 to 3. conu.ol deyiÈe C, so fiat tàe line Sp is coutecte.d to the
. Dudng the pedod T13 nine pulses are applied over outputs Cl, C3, CS, CZ and C9 of tïe control device

àe 51 liÉe thougi the gate 13GB to the couDtjtrg de- ana so rhat ttre iine it aDd the Iirc y aie co&Ected toÍr.e 13R- Às a Èsult the couotitrg device i3R is stepped tbe outputs C0, C2, C4, C6 andCg ollhe co[trol device.:rom.l to 0. ltrhen the countiry device 13R reaches O, 35 DudtrC'divisiotr thi swiich 35 is closed vith tle result
-\cih ilputs of the gaie circuit 13GF are eneJgised so that that the gates 13GC and l3GD are previntealrom opeo-:h. SC lile is elergised. Howèver, no fuither pulses are ing but the switch 25 is opened wiih the result that the
receiïed ày the gate circuit cG ftom the purse ge,erxtor gale chcuit rGE is ano*d to op"n ,t 

"o 
iis oÀu iopuiC:rrilg de pcriod T13 aDd accordingly !o pulses are ._ àre energiseC. Furtber the switch 45 is closed so ihat

-:!j_!ed.through ro Ée output 52. - 40 the g"te óGA is prevented from opening except whetr theDurilg thJ, period rl4 one lulse is appried ftom th€ couitiag de.uice irn iiot o. er]n ti"*" -oi 
n,ortipri-c.lilut Zof th. pt se geoerator through tbe gate circuit catioo, ierting the machide to division converts it fràmIGD to the countirg device lR. As a result the count. o t"y-r.ipoori"" *uJhi* to a key+et machine, and piaces

:. g der-i.e 1R is siepped fron, 9 to 0 atrd a carry is passed 
. " 

tte i:ontict ss uoa". ri. 
"oot 

ót ot tte .rítipri.i i"vsri:crgh ttre ampMer 2A ro the couuting device 2R, 45 in the bant Mf, f"À*, setting the machii;};i ài;iTie co,r'ring device 2R is thus stepped Lo^T^l.!o 4. sion affecs rhe opeiitiÀ óf th" ih"nge-over switch CS,T:: lachile thereforè now registers 000000000j40. so ttrat tte ourput! §i and SZ are tn paiallel anà are coni
^ _Dltring ihe liriod T15 orc inlur of the gate circuit íected to the f i ;; long as the SCiine is not energistd,
sG is en.rgised, but the stop circuit is not e,ergized and .^ t* *. àir.o-!.t.a t"À ttre input when the sc rine ií::ic:jlsly Ée pulse generator PC coDtinues to ruu.50 enereised.
-L. a :ejulr the. tiErirg device T is stepped on to_ the Aian example, the division of 146 by 12 ]rill be de-ir:irr T0. D1ri:ng the !€riod T0 a pulse is applied from. scribed.'.:e cu:p,r-: Z ol.tbe pulse geDerator thrcugb tle gate lnltiotty tne machine is set for additiotr atrd the rum-.:.'ji cGÀ ro Íre input of tbe control device,c. 4" ." b";lG í ;;i.; ii'À- the r:ghesr orders ot rhe machirciii;'lr3l tlre-control device is stepped from,C0 io Cl, tr Uitf," a"pr..ri", #i-n. f"y i in tf," oÀi fin, tlr; i,;tT'C. i3lses Èe SP lice to be denersised ,nd rtre Ap line 4'in the order iói uoJ 16. t.V f ;" if,i ..a* bii. À1:: :: erergised. a result the number 146 is registered in the countiog de-D!:irg_qe piiiod 11 lorhi'g_happens, bur duiDg the ,tiiïn,iöi'lïa irfin rhe same manner as descdbed:e::ci T2 -iour lulses àrÈ supllied from the geoerator 

"^ "t0"" 
for'"aaiiiàr. ïhe machhe is now set for divisiol!.G :50:rgr l|e deliessed m:$ber 4 key itr_the order 60 irà í.-À"ir*'ii is eïier.d iaro tne teys oii1";iàeiï1:i :. Èe ;rpr.:t of rlj couotirg device lR. .As,a Íesu.lt iii;;d lón: 

-I-t js -not 
esentiat thar rhe dividend be

=3 :.,:r:jrg device 1R È steppd from 0 to,,r-. ..Simi-tlly *iiit;- rn iil r,àirtïrders of rhe .achi; Furth%: -i:B '-!e le.icd T3 rhree pulses .r" f",t i13 ,h:,:."Ïr: ii i, p*r*r.a ur"ï'ilà àvisor be entered in the highest
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