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ibe deaip ot a large aoale cCIQlu piece ot eleetra1e •­
q111J8D't sucll aa a digital cGQuter 1• ua un«ertutas et • -1.l 
propcn:l•o Aa has 'Mu stated, alaoat f•nlrul'Ule poas1'b111t1es 
exist 1a tll• field. ot c 1rcndt des1p wbm al7 tile logical twae­
tia a circuit ia t• pertOHt is apee1t1K. It 'Mc- &Jpanmt 
quite early :la th• 4ea1p ot t1le WISC that - t71M! ot "p.ide­
:peat•" ehould be eatalal1ahe:l1 insofar as eircuit clesip was ea­
cenaeclo Sula guidepoata nre not s•t tortla u·apeciticat1ans DOr 
were tJlq 1Dteacled. to 'be ao b1Dtin1 as te adul.y ntstrict tlae tree­
&. of c:laoice 1D tke uaip et circaita. 

aa. ot tlae tint of these vu tJae d.ec1•1a to bu114 up tlle 
lm-pr logical secticas usiIIS oaly U..ic: cinuit• (sates, flip­
tlQa, etco) and r-thod.s ot coupling vlliela bad bea tested tor re= 
11a~111ty aa therougbly as poasibl•. Taia 1n itself is a far trcaa 
an appraaah to aueb a prabl•, lnat ca 'N euily werlookK wader 
cd.rc.nmatuc•• wllicb exist vhcra a •Jor aspect •t a proltl• 1e it• 
e4w:at1cmal val.ue. Sueda a procedve tmactions ala• to pieatl7 
reduoe tlae aeoeas&rJ' "br-4-boar41ng" Yh:lcJa is such an 1DJ'lenmt 
part ot electroa1• einn11t des1po 

A aec:oad auc11 guide te design cencems the atter of reli .. 
abil:lt7. Qae ot the desirable aspects ot tlle WISC vu to be 1ta 
-1.l sise ud greatly reduc:ed. au:a'ber of Tacu• tubeao ib1a 1• 
OPiOUl)' a des1ra~le f•tve 1D alJlost Q'3 SlaC1A m&ehiDeo BoftY@r, 
~is oharacteri.atic 111, ta ~ respoeta, 1acaqiat1'ble Wit~ th• 
uaqaesticma'ble aee4 f'or rel1a'b111t7 1a a oc:aputinr; auhiaeo It 
vu telt, therefore, tbt vlasre any dociaioa MA. to 'be ll&M 'tte­
tweD t1leae tvo teatyzes, the choice vaa to fP OD tae ai~...e ot rel1-
a'b111t7 1:t th• ure reliable ch•ice cO'al.4 be d.etera!Ded. '?!tis 
latter attor say eeea e~rf1c1ali 'but J1Ut euc:h 4Gcia1on* ave 
had to be lade iD cues 1daere tae reliuilit7 factor" (as 1• 
usual) cftld aot be meaaured in any sort of quat1tat1ve way, 
1fh1le tke BUDl.Mrt" of tubes iDYol Ted YU in tlle huuf.reda. 

Aa:Jthorr of the fVA«a.ental MBigD N~1~te CORCGX'D" tlte 
ue ot cnera storing c1~u1t ~mpcJDOllts, pr:illa.Tily capa~itorso 
To build e. u...eh1ne CG11JPletel7 dnoid ot 'Mth :laduotors am~ ~al"'­
c 1 tor•, voul.d aolv~ a larp n•~er ot prc'!alau betoriit they had 
cifiODo Unf'ort\\Dately, Ui~ ie not :poasibl~ 1D the WISC*, at 

· leeat vith°"1t gr'3atly hc:reasirlg the •1~e of the u.cllilteo '!he 
reason buiad t!te die:sire to avoid cm•rgy estore.ge cCf('POnentti u4 · 
their ooaeequ•t refJC)JMmces or t:IM co1ustatfi lies in tke nat'U'e 
of the 1d.pal11 vhicll exist 1D cm,-putere. 'rhe pcri~ .. id:ty rl ~ 
w1•h aoQ1umcee of "cues" and "seros 90 uy occur in a ca.lou.lat1on 
eaanot be predioteclo Becauae ct tais :tact, capacitor and traa­
torur eov.plmg ot arq lt1D41 1f' Wled.1 mast 'he WIG!d Yitll c&reo 
1!ai• precaution is ta.km 1D th• WISC, 1a met cases 'by uk1Dg 
8147 tiae ooutu.ta Yell below 10 Jl.icroaeconds 1 m:i4 ~Y aking cor= 
ta1D that arq 1nduct1Ye el~ts are orit1cally c1mQe4 or operate 
1D such a 11B1mer that tbe7 cumot \e driven at resonant treCJ,ueney 
)jy uy pJas1ble tne of signal wic:h mipt be eneoatereedo 

Mnhc4a of coupling traa a tlip-tlop oJr gate 1Dtu anothsr 

*A close approecll to this 1• eM:CU'J1Ql1ahed hl t11.e ILLIAC e.nd CElVAC 
ll&f:hineso 



fl1p..flop have ban quite ~ uan1Bedo 'lbis ccq>l1Dg is 
41nct~ 1llto tbe grid circuit jUDC'ticm Via small C8P'C1tera. It 
has been mac2a the practice to avc14 s1multamaous pulslDS of beth 
grids, eve tbou&b tba 11spae4-up" cq>ac1tors can ~ be Nl.184 
QOD 1D such a case to insure NV'usal of the state of tba flip­
flop. Coupling fr\n one flip-flcJ> to another is Cklne also bJ' ca­
;pac!ltors (or diodes in the case of a countar)o 'Ibis has resulted 
iD operation consic!a'ed as sat1sfa.ctory1 althoush it is felt that 
trensferrinS infc:armation Via a pte 1s probably m:n:'8 nliableo 
~is cOQrcmise has 1*m mtM7ie 1D v:lgw of the groat s11Ql.1c1ty o:f 
n\IDIBrOUS circuits which is gained thereb7o 

Another detail or circuit operation Wich bas bnn avoided 
in the J.osicel. pl.ann1ng is the controlling of a sate by a gate 
Gmablins voltage w'.aicb is subject to cbanse du.ring the S8?JD9 "cl·ock" 
pulse tima that the sate is pulsedo To avoid this "pitfall" :la 
a JIB.ttGr that requires a. corJStant stat• of' alertn~s o !ta ~or­
tance 1 hmrevar, cannot bQ oveestirmtedo Sw:h ~-a.ticn results 
1D sub-etan4arcl ge;te output pulseso It also results ~tl.7 
in operation 11h1ch appawrs slW8%'f1cially satisfactor¥1 but is in 
~tuality causing a d1Sit-tm. sh1tt 1n the 1nfozmat1on timiDa or 
"losing" a digit at ~t :lnterval&o 

A case 1n which thi0a JustalN!ltionad type of Ql)a'aticm ~ 
prcwe reliable, althtalab it still to be e.vo14a4 1t possible, is 
iD the "suicide" t1P8 ot c1rcuito It a fl1:Q .. flo.p 1D a given state 
c~ e. gate 1D such a ve~ that 1t opens the sate to passe.p of 
a. pulse that vill reverse the state of the flip-flop, so called 
suicide operation results. If tbe pulse does not pass, the tl1P-

fl.op v1ll raa1D 1D 'tbe state which pemits it to pe8So U it 
does pass 1 the flip-flop vi..:'U be reversed in stateo Such a para­
dox is seem1ngJ;, resolved only by a sufficient port1an ot tu pulsa 
beins pass.ad to effect the o;.esUQcl change 1D state of 'tile tl1:p­
flopo 

B Gates le SV1tchea 
Those ci.'f'Cu.1.ts vbich can be cla.~s&d un~ the bread be.ad:f.ng 

of "sates a.n4. n1tches" cmp'ise one of the @,TO\Q)S of basic eub­
el.918Dts which a.re vital to digital 1nfomat1oo bs..Ddlillgo The 
clistiDctiOD ~ a "gate" 8D4 a "switch" ls n«R a clear one, 1f 
there is, ind.nd, arq distincticm at ell. If any clittenmtiat1on 
is to be made, a •gate" misht be defined ea a circuit analogous to 
a single-pOJ.e s:lngl.a-throv switch, vbile e. "evitch" can be consid~ 
end aa a circuit vbich is anal.opus to a s:lng1.e- or multi-pole 
multi-threw ni.tcb. 

Par present purposes., only the capabiliti@s sn4 types ot 
1npits and outputs Of the ptes e.ncl swi.tcb.ea vill be discussed. 
A goGd. deal of research bas 8QD8 1Dto testing ot various tJ'PIS ·of 
gates, and, although tar ham all the poes1bilit1ee have been a­
plond, several be.sic gates have been selected which, to dat•, 
bava Pft'V'aD eat1sfectory fm~ use 1D tbe design of fiDal circUit! 
tor the WISCo* 'lbeae fall 1Dto tvo ma.Jor classes, narJSl7 p.tlse1. 
gates and "4-c" pteao 

The pU.s8Cl ptea are pr1iar1ly fer the p.ll'J)OS• ot ccmtrol· 
ling the basic 1-microseccnd clock pulses o '!he vartows tnes ot 
these gates consist, fer thf} moet pa.rt, of a basic triode cll'cuito 

*1.bis subJact is covved mm-e tborougbl7 in a dicital c~ iate:f'­
nal ~by Ao Ko Sci~, ~~tea 'Jlecea'be~ 9, 19530 



1bis circuit is 1D the fom of a catboda-pu.1.sad gate with u;p to 3 
inprts to the control gri.do !his sate 1s sbowD achmat1Call7 ill 
figure 'o A great c!aal ot versatility as well as ecQDCIV 1D ma­
ber of tubes is obta1DeCl by haviDS ' 1nputs to a a1Dgle grid. 
Input ceu»lms is macle diractly from tlip-flop (or ~v&lAmt 
circuit) platas ~ 100 kilom i-esietors to the sate grido 
'lb• output consists or negative '°0 volt l.,microseccmd pulses, at 
a 4-c voltasa level of 2'0 vol.ts JM)Sitiveo ~ outpzt ~ance, 
4ur1na pal.sing, is ~ 1700 atDao 1he gate is logic­
all.Y' a 3°1Dplrt "and" gate, altAouab the cmplGDmt 1Dfmut1ca :ln 
the cantrollms "f11»·flops" can be used \.~ch results 1D a ,_ 
input "ar" sateo area.tar vereat111ty can be obtained vitb this 
gate it two a.re cascaded with an ~ce tlfansformation trm 
the ftnt, J)late to the S8Cond catbo48 as shewn 1D f~ 11.o '!his 
gives a six-input "and" or 11or" gate, o.r by using various input:s, 
a large~ of "and-or" poss1bilit1eao Up to tbne ot these 
gates iD ca.sca&I have bMn 'taat~ with DO objectionable deter10)fcoo 
at1on ill the output pulaa, bl.It the max'lmam possible mab9r bas 
not bean ascertaiDed at this Yritiago 

Where tb.e 1Dprta to several of these gates an mut\IBlly e..it­
clusive, an ed41tional laaical "or" can be eclliwed by uslng a 
ccnmD outprt resistor. 1h1s proYidea ad.de«. tlu.ibllit7 1D 
asambl1Dg lOSical "and-er" :pJramic!ao Another CCllllOD use of Sf/1• 
eral gates Vith a calllKll eutput ns1ator 1a to provide, ill con­
Junctian vi.th flip-flops, asambl1QS 'Which, under our pret'ious 
det1Dit1on, can be called nitchQ&o ·lmnlples of such svitc:hiDS 
circuit• an sham 1D tiguN 5o Bach JQ881bl• t:cab:lDation ot 
tl1pc.tlop Htt1Dss cormecta a 41ffcent 1Dput to the avitch out:91l'to 

~ "cl-c" clasa of gat,ee is ac called since the output 1B a 
function ot the grid. 1nprta Oflly aa4 does not ccmvert tbe "4-e" 
input to a pulse ar tra1n of pilses at the output. 1be output, mq 
reaa1n b.1fJ1 or low for e.s short a time as 6 aicroeGCcmda or tar an 
1ndafiD1tely lmg J)ericd •f tim8o 8'1ch a gate, '° permit ease of 
logical pynaidiDg, awrt have an output which is esHDtiall.7 tha 
same in voltage nD88 e.s 8D1' me of its inputao 1be logical tunc­
t1an is achiwed primrily t17 MaDS ot crystal 41oc1ee, 8D4 the 
"illpadaDce match" by use of the tube seJCtianso Several tnes of 
such r;tes are shown :lD :r1sure 6 0 

CCCCCCC Pl.ip-l'lops 
· Another basic circuit used to a great extent :lD digital caa­

pitaa circuits is the Bccl&~i-Jordaa "tlip-tlop" or b1B'table mW.­
tirtbrater circuito ~s circuit because ot the manner 1D vhicb 
it operates ia also fN;.uentl.¥ callgd a "tosgleo" !be "flip-flop" 
can be and is used 11l a va.riny ot different 1f8181 ~ OD 
haw it ta comu~ctad into a circuito T.o d41Y1cea ~ wbich it is a 
ccapmmt, ~ tba biae.ry counter and the shift register, 81"11 
described 1D sreater detail 1a the next aact1cm of this thea!ao 
Other uses 1Dclu4e 1Df'mmation :rt;orap, pulse-to-static s11D&l 
tra.usto!'D.tioa, sad pte and BVitchins ccmtrolo An example of 
this latter use is sbatm :lD t1gurs 5 1D the section discuseiElg 
sates 8llc1 switcheso lfuch a6'nntage is taken of tbese last tbra 
uses ill the assmb~ et the order interpreter unit tor the WISC:> 

lb:h has bean written on the or~ Bccl~-Jerde.D otreuit 
end D\1118!90U8 molit1cat:lcms eAd variations of :I.to No effort Yill 



be ma4et hare to dnO other than describe the cbaractsr1st1cs of the 
circuit used in th• WISC. !rhia c1rc:u1t ia abowD 1D acbmetic tom 
1D fiSUft 7o 

Aa the ttpre abow'81 eross-cOQJ.!Qs "speecl-up" capacitors 
are usecl. 1baae capacitors, ma used oo a flip-flop circuit, 
have several effect.so One of these, as bu boon 11Q.11e41 18 to 
epead up the trans1t1on ot the circuit frcm one stable state to 
the othuo !bis is tbca primary reason that they an 'U84 1D the 
WISC, since the f.11p-flop JalSt be capable of cautroll.1Dg a pa 
or sritch Voh1n 3 ldcrosecon4s afte receiving a tr-1ger pil.ee() 
1'his length of tiM is, by cmpariaoo nth those ot aany flip-:rl.cp 
appl:lca.tiona in pnaant ccmtpQ'tiDg machln@s, a nlativ~ long 
til:Mt. Bonvv, since the baa1c clock pul.se rate at the WISC pir., 
mite it, a eilq>le circuit is wseid With ~t1ve.1.1' hifll arid 
circuit ~..ces md triodes rather than ~s. While it 
achi«Vos no S1l&ll ec:ODaQ" :lD ~ of tubas and pa.v 81WP1Y ;re .... 
~s, the use or trioc!ss instead ot pcatodea 1Dcreases tJ1a 
tra.uiticm tirn. 

Anothar func~icm ot these capacitors, wich is not as ob ... 
.,.,~, ie their action as e trans1eiit ~" •. 1hie effect sre­
ar-leee iDsures that vhe tJle cix'cu.it ia pulaecl either bilater"" 
a'U.71 es :lzl a coater, or cm the con4uct1Dg grid 0D17, i't rill 
change to the opposite ste:te. !his is caused by tbe charge un­
baJMce 1D these capacitorfl vhan a flip-flop is 1D the a~ 
state contition, which is e>U.Ch tbat whC1 trigWed the circuit 1a 
driven to the opposite sta.ta '11:1.a U'Ulcd of driving a f11p .. fLlJ> 
requires, at least Vb• bi-la~ dr:lYoo, tbat the trtgpr 
pulse be . ot abort duraticn c~ to tbe tiRDe constant of thr~ 
charge and d.iscbarge path ot ~ "apeed ... up" capacitoreo It n:h 
!!~itora are not used it bacca:~ alaoat •ndatory, to obta1D 
reliable operation, that tM flip-flop be UDil&tual.17 4r1ven tlr 
el.se sat to the as1re4 cac41t1ma with a pulse ar ccmtrcl val~ 
of loag duration c~ to the ~a1atat tiae of the fl.1p0 n'P 
c1rcu1to 

After &tlineat1Dg sai. Of th• a4vantaps ot Cro8S-COtWlb.8 
ca.pe.c1tors cm the flip-flop cin:uits wsed 1D the WISC, it ¥0Ul.11 
be vell to mant1m s~ of the clisa.clvantagn. ca. ot the 4iff1-
cultiu caused b7 these c~:ltora la the e4dit1on ot an RC t:llne 
canstaat in tha grid circw:to !1bia time constant la, tor the 
WISC flip-flop, tbe lonpst, ot uy RC time canstants present li1so""' 
far as recOY87C1' tim is ccmcemed. Unless 'the transient C:8.J18C.ltGr 
4iacharge bas became neaJ.iP.bl• by the tima another 1Ditiat!ns 
pulse occurs, a ~t le.rpr pulse will. bCI requ1nd to reve:!'MJe 
tbe state of 'the f'lt»-flopc 1'b1s can be seen in figure 8ei An<D 
other ot the results obta1ne4 bJ' a&lition of these capacitors la 
a greatv sens1t1Y1ty of tbe tlip-tlop in its response to input 
p.ilses. 1b1a can be either good or be4 c!epcmcUDg OD the point of 
Vin, since cG'ta1il17 it ia desirable that the circuit nspcn~ 
when a pulse 1a applied but Just as deairabl• that th• circuit 
does not nspmd to utraneows pick-VI> er othe such un4981Nd. 
aipala. !hie latter probl,SI 18 aff~tsd tunher by the a1se .:If 
the series grid resistors wssdo The l.azpr these resistors, t~e 
laea aasitive the nip-tlcp l>MC11Sa. 

!heee sen.es grid. retlistora are pr1M11.1.7 usd., hcwYe, 



for a 4itfarent pmip>ae vhich is supprotusion ot pa.raa1t1c oacillac:a 
tiaD vitbiD tbe flip-flop circu1to Ro dlltall94 ~baa at this 
tia boaD aa4e with nprd to pare.sit1c oscillat10D81 ether tbaD 
obsanat1cm ot ettecta 1'h1ch wn soat Ulldairable 8D4 coul.4 be 
ex;pla1necl ODlJ' by tbe em-nut pnHDCe ot such oacillaticma. 
SerieiQ p-14 res:lston NllOV'ed thgse un&aairable etfec'Uo 

D B1Da.ey Coaters 
~ aCXlntmt more cca.Plicatecl circuit• vhich are auft1c1at­

l1' basic to merit SJeCial llDlllt1an are tbe binaz7 comrter and the 
shift Ngistvo !base both cmein larseJ.7 ot tltp-tlap circuit• 
Vith ~te cou;plingo !be fint of these, tbe b1Aar7 comlter, 
V1ll be cliscwsH4 in this sectiao of the thn1a, shift rq18'te11 
beinS COYen4 1D th• aectice 1&Ja41a'Ul.y fallOlriDao. 

The TacUlla tube tne ~ binaz7 comi\er ccmaists ot a eer1.as 
cba1n of flip-flops so ccrm•tcd that a c:banp of state tram ~­
arb1 tn.r~ clesi&Dated "sero" cm41t1an to tbe opp:>flite or 11

G1W" 
camlitim C&U58S DO cbanp to tb• Da:t or any ~ tollOll1.ng 
~age~ ~ile a cba.uge in ~t!J.te traa the "OD&" cODdition to the 
"nro cmditian v1ll cause the next fo.l.lowiD& flip-nap stage to 
rwane its state reprclless ot 11betber it caata1ms a "m•" or a 
"aero" o It is ~t, then, that vbatfier s)"8tal 1• wsQd, the 
1uput c<Np].1Dg to a stage must be bilateral or l!a1 enced, auch that 
tbe input paths to tbe two grids are es11CGtial.17 tbe - aa4 th• 
menSUT gattns or ecreeniDg of 'the 1Dput pulse so u to cawse 
the flip-fl.op to muse state 1a acc9'.1llishM bJ' am• of poton­
tiala aiat1Ds 1D tlie eircuit 1dd.ch an ...:~" bJ' tba driven flip­
flop itselfo Me.n7 mtbG4s hoe been uaed to accmp:U.ab thia, 
rangiq fraa clinct cap1.e1tor coupling which nl.ieQ on th• var1oua 
c~itor charge UDbal a.nee! to achiw• ccm.L'9Ct ~tioa, to a 
dv.tl register cOWlter wsina; Ja. ~s ~ stage.• !!Im paera1 rule 
of ''more cCIQ].ex rare relie:ble aeoa1 to b.Gld mg theee varia­
tlane, and the circuit which it is~ vu an optima choice fer 
the W:.CSC 1a abcND in fi&UN 9 • 

. 1b1s circuit CCDSistE of 8D RC 41tteroil1i1at1Dg netvon 
cOJ:!lled h'm the "caes" pkte resistor of the preceding fiip-tlop 
to 

11sroun4" a !be. clift~.iated output pW.aes cODIO!t to \he 
c:sl.;boclee ot two p!11118D:lm ~J.ocles a i'he anodss ot thue 41od.n <=OD ..... 
nact ~ to the gricl circuit Junction ;points of the tlip­
i"'lops. 1he 1Dpit to the fi.rst t11p-fl.op at.age cmsiets of ti. 
smm type of coupliDg except that the 41ttennt1at1Dg resistor is 
not DeC<ISsaz'Y if th• 1Dpit COD81sta of negative pal.ees, a1Dce DO 
clif'fannt1at1Dg 1• neeC\edo '!be :lDpit capacitor 18 ~ re­
quirc!d a:t.Dce, 1D prlflr&l, 1..t 1• neces9a17 to rcw.me the cl-c volt­
age lnel of the 1Dpit pu1veso 9Dle back rgsistance of tbe cliodes 
111 a4equate to llB1Dta1D the t.;t d·~• Toltages at the correct . 
levelo 

A re-nea1•tim of the requirements of a c0VZ1ta- Y1ll ahov 
that *• MYeral ccm-=utiva etapa 1Dc1wlin.g tbe first atap all 
eoatatD a •oa.e", receipt 01~ an~ pulee at the input v1ll cause 
all these eta.pa, aa nl1 ns the t1rst nap vhich cm:ataille a 
"uro" to reverse their S'ta:tQae ~eee cbanaes cannot occur s:lzl .... 
ulte.Mouly, since tbe change ot one stage must be su:ttieicntlJ' 

*Ware, Wo Bo, Tbe ~eal Principle of a Bev IC1D4 of B1n&17 Comlt@r, 
Proceedinp Of tbe IoRoBo lO:lh_.29.,7 I October 19'3o 



UD~ to bsve paeratd ~ of 8D CM'tput pulse to initiate 
actiao 1D tba toll.ov1Ds stapo !his c&UCQ a "ripple" of open.tic 
bll tile counter cba:lD that 1a, 1D actuality, the "car17"0 W!Mm 
the carry travel.a tbtt entire l~ of a Si•• ccamter cha1D 
(Yh1ch DA7 be ot arbitra.ey length) the result is a ~1D1t• delay' 
bet ..... e t.U nca1;pt ot the initiating p.\l.8• and tbe tn.ua1tioo of 
th• f:lrlal stage 1D the counter che.ino '!bis delay, 1D the WISC 
counter circuit, is ~tel:f Oo2 m1croseccn4s per stageo 

Ccllaidering the mattl!l' of this d4tla7 troa the Yiwpo1Dt of 
logical 4es1sn thee are 'two aspocts to be poiDted out. Jttrn 
there is the 41sadvantap that if th• final stage is to ccmtrol a 
gate or sritch pal.sod Vith the set of digit pal.Ms next tol.l.ov1ns 
t.be Ht usad to pulse the comit<tr,. the c~ 4ela7 ncluicn the 
time oailable for ~ gate input to reach its at~ state valmo 
Secaaclly, and lllDl"8 on the adYantqe side, it pend.ts an Olltpat or 
f1Dal flip-flop stage of a tour- (or more) stap cO\Ul'ter cha1D '° 
caotral its own input, rdn:e a 1--micH>Meond iap.tt pulse is ter­
minated by the ti. the output napandao !his tpe of caatl'Gl. 
Jl.1iht be used,. t01t exmQl.•1 men it ia ch!td.red to atop a c~ 
on the all "sezo" or reset ~iticmo 81Dce tb18 ex~ vau14 be 
a "euicicle" type ot circuit (by OU' preY10WI de1'1n:ltioa) it vou.14 
probably operate satiete.ctorily ¥1th a single countc.,- atap. TIMI 
adYantap ot the ct.lay still exiata for ti. greatv-tbaa-four cue 
:pointed out, bolreYer, aiDee the cantrol uder thgse c1rc\1Utanen 
might also start or stoi> other oparatiOD8 pulsed at tbe - t:llle 
U tl:le COUD'tero 

E . Shin Registers 
!he acc:OD4 tJ'PI ot cascadtacl tlip-flo.p eha1D, 'tM shift nc1a­

tv, diffara fml~ frCD the counter :lD its operatiGDo ID 
thia cue, the flip-flops are so ccanected that, vp:m receipt of a 
control pulse or pulaes, any giva 11:1.p-tlop U8\lllOI the state of 
the flipa.tlop preceting it. It ia appvat, then, tbat each tlip­
fla» unast, in acma manner, pus the 1Dtomst1aa it caata1De to the 
fliP-tlop mich follon it in th• cbaiD. 

!be shift register is hiPJ.7 useful and c~ly a JMJCh 
used campme.ut ot 41sital carJpl'teno Its tnes ftr7 war quite a 
Vide raapo 8tll8 t.\N Uilateral and SQIM hllatnal.1 the latter to 
pemit eh1tt1D& either 41nct1ono Sama sn ccmatructed ot vacuum 
t~s vhOe Dft'8r tnea an aacle ot ferrite cores• or trensiators*~ 
Same an s1ngle regi.n.r and othere are dual ngiatQr. SClllll an 
sialt.iltaneowsly pulsed and otben ~t1all.Y pulsedo 

Usee of shift ngiatera, Juat aa their tYJ)es, .are aaD7 and 
n.r1Gdo !be;r an uecl u s~ dtft':tces or u delq UD1t&o ~87 
are uae4 for sh1ft1Dg of 1Dfomat1cm nc:b u 1• Niu1recl of the 
~ 1D same aritme'tical lllBD1palat1onao !he7 are uaQ4 for 
am-1&1-to-pe.rallel and parallel-to-aerial !Dfcmnatian cmven1cno 

!be ~· of a ahitt ngtsv.. pose a sCDfftfbat great­
er probla 1n einult deaip tbaD a biDaey counter, at least eo 
tar as atmplicit7 of design 1S «1onc~,.o !ha source ot this 
ditt1culty lies 1n the fact that mersas a counter stage 1• nnu 
called u;poo to cbaDga its state liDl.ft8S the preceding stap chanps, 
a shift. npsteJr stage nrq be re;uired to change state wbetbl8r 

*See ref~as Ji and 5o -



t1w pret:sdiDs &tap cbanps or not, and, 1D ad41t1ong either ~ 
both of th4H!8 ~' if they occur, may be traa a cme" to a 
"aero" state or vice-versao 1bia createa a probl'8 '!ae...._h as ao 
clear..cut output can be obta1Ded ha a atap, u·1t 4oea not 
chanp state, by which the folloving atap can be set to tbe cor­
rec't poa1t1aoo In a eepant1&lly pulsed. reg1atQr1 tbie probla 
cases no great clifficult7 s1Dce the stapa can be s~iall.y 
aet to the "zero" (or "me") poa1ttan. 1bia reducoe tbe mec1 of 
infoma.t!on f'raa the preceding atap to the cue 1D which it ta a 
"cm.e" (er "aero") ~ Gd t.'4:1s 1nfcrnt1an iBJ easily obtained 
nan tb.e preeeiing etaae is later lnUli~ to the "zero" Car" "ane") 
stateo Su.oh a regl.ster 1e1 h~er, not ~ual.ly desira.'ble, stnce 
it re~s a c~tively le.rp &IDDlt of time to aecQ13>1111h a 
ahii"t of one pll'&ce (alt.b.ou(h the shifting of mm9e t.b&u me 11lace 
can be going m at t.be AIM t:me) an<1 ba:~ of the need fca' e. 
rather ~te ~e af aeQUOD1;1&1. pul.sn a4 c~at ex­
eese1ve m.a.ber of cc:mnectiouao 

I:f asbmltaneoua · palaing is used ao4 all atagQs an est tu 
tha "llt!lrO" pos1t1on at once, the infcmation contained in ti. 
Ngi~ ia destroyedo ~ 'lf878 hr!Ye ~ dniH4 to pt a­
round this cliff1cult70 In allmoil't all casefi of s11Jm.ltaneoual7 
pula~ registers this 15 4cme by J>rOV14in& a "tnnaiont" 8't;ora£e 
ot sau eon. 1'b1• atora&e can, 1D the e111pleat cue, be a n­
a1stcr-c&J'8C1tor cCllb1Dat1on1 or, in mar• c~a cinuita, delq 
line aectiOM or an e441t1oul Ngi~o Iu all cues the prin­
ciple is ~aent1all7 the SDeo !he rcaister....,. be set. to "ssro" 
8.Dd. al1 "C118•" 1Dfon&1i1aa 1• held 1D th• "tnnaieat" stcrap 
sufticiently lane to pem:lt tbe stages to rGCCYer aftQr which the 
"OD8s" 1Dtormat1oa etc& the stage folloriDS that uhich pnYiou-
17 ccrtta1M4 1to In the caee of R-C ~ d8l.q line stance, \ha 
tiM ot storase 1•, ot D.-:Qasit7, ah~. It an al.tornate ngt~ 
is usecl, the recovery t:ble of the npster can be ar'b1tnril7 
lcms (tiare~ other DJMhine aai1114eatic:a•) afta\o which the 
intornat:lao 1a pilaed back 1n a ~ •iailm' to tbat wich it 
vu puhed 1Do Nax:2JU1 vVKtil1ty can be obtail.led U' the 1Dtar­
mat:lcm 1a "gated" beck &D4 torth batweD two reg!aten, thifi be­
ing ~ a necesa:lt7 it b1-d1rect10Gal abittll\g 1• to be accaa­
pl.1zbe4o 

!he shift regi~tJ cbcid.ad en for use :lD the W!.SC are cf' · 
tl«:> tnea. Bath an un1 ... clinct1caal 7aelWll tube rqtst<ar• and. 
UM capacitor eou;pl.1q betV'Mm stageao CAM 18 a c!ual register 
¥1th 1nforat1aa pal.BGd to th• tea;ore,ry rsgister nth cne Mt ot 
41glt JIU].M8 an4 palsed bac:~ ap1n nth thlt nat tollav1Dg set, 
leaviDg the :lnf~t1on available fer &aQlms with the third ~at 
ef 41git pal.us. Date tne or nps'8191 WU• Dat a'bsolutel7 
nooee11U7, •1m»l1t1•• the nttchin8 ~ta where 1Dfmwat1cm 
mv bave to be "pieked off" traa U7 ... of 8QYQN.1 ataaee wh11• 
1t is '2·118 ahifted.o . 

!be athe tne ~ regtncr, which 18 aat1af&C'tor7 fer use 
as storap or for a9rial to pzallel. cODV'ers1an, a.pen.tea ~ 
aequgnt1a.ll7 anc1 ~ •1m"tll~o SiDce a "t!lrM pbue" 
pulae •111t. 18 used 1D the WISC, thrM flip-flop• can be JN]M4 
SGtU•1i1al.17 4m1.Dg me dlglt tift. Such a three-stece N£1at0r 
cnl7 ahlfts two 41ttennt bi'ts ot 1Dtomat1cm, s1Dce upmi 



caril>J.ct1on of tbl th1r4 pulse tvo ate.sea contain the ... 1Df cmn&­
t 1cno Camaecrting a aeries of S'lSb ngisters and pul5ms these all 
sirEU.ttmeoualy results 1D a rq:larter of arbit~ length wbic!a can 
accaril>J.ish c:me shift P1J9 digit tille vith ~ a 25 per cct re­
duction 1D the n\llber of flip-flop Raggs requindo ~ "141•" 
atap 1D each S"QUP ot thrM proT14es tho "tnnaisut" storap re­
quind tor a1Jml.taneou pal.ams operattcm. 

!o JUll!t cucade coawtima ·~ sh1tt resistu um.ta, th• 
CNtput nut be such tbat the pbasizlg 1• ccrrerect to cozm:ct to the 
1Dpllt of the ... or at.bu shift rog.1.etera o 9118 ~ re;uin a4-
cliticmal ne.aea to ~ correct pbu1Dg, eapec~ it a aitch 
1• uaedo In the cue of the nbdiv1a1aa of ngietera uae4 1D t..he 
WISC th1e is 1nc!Mcl tbe caso, althoMgb only 19 tlip-tl(I) steps 
an re~ tar a rq1.ster which bandl•• lJ! bi.tao 

D1ct "aubdiviaicm" of t.be ahift regiat~• u.ut1aaCl4 1D t.bct 
PlNteediDs ~ nten to tbe lcangth of the rqiatera, .--a.., 
un4 1n D~ of diaits, betW911 input and cmtput tendnatiOD8o 
!!:be wilts tor th• WISC are c~aed almost cmtirely ot 5 or 7 
~. !heu values are a~&u~ tor sevanl. reaemu•o In 
an order, the ~•SH cana1at of 5 41g1te ot "time• 1Dtamat:lan 
(pos1t1cm an the 4rua pni.~) and scrtee digits of track inter·, 
aa't1allo 81Dce theee we cliff<areftt tJJU ot intcmatton mat be 
handle4 1D 41trereat R&!lDltr81 it 1• a4YaDtapawl to be able to 
nitch th• separ&~o A t1ve- an4 a MYaa-stap reg18'ter 1D 
cuca48 are tben also tti'll1Date4 and it iS possible to ~t.-
11' nitch an entire aM.neso Appropr:lat. choices of 7 and 5 &180 
v1ll ~t registers ot ~o dig1.t• {a1CDU1cant dig1.t• or a 
ruaber) 1 50 dig1.ta (word leogtb), 55 ~ta (ainor c:10].e), 10 
d.igS.ta {OlCJODIDt end aip 1Dforaat1an), anct llg. dig1.ta (ordm' type 
and atnct 1Dtonraticm). 

A alight 41u.4Yarrtap of the WISC rqiatcn uaina the "ae­
~t1al-e11ml.tanecNa" pala1Dg 1• tbat tvo shift ef!&bl.1118 czmrtrol 
vol.tape are requ1n4 to operate 'the rqiatera. Aa baa bee 
P>iDted out, it 1• not a4Y1.Ule to attm,pt to ccmtral a pte 
vith a cantrol. voltap vbich 1• cbangi-A. at the aw time u its 
C~ :la p&l.Hdo !lhia HC88aitatea the UH of a gate na.b]tng 
YOlta.P to opm the iDpllt pte to the resister *1ch e1J&bl1Dg 
vol.tap occurs at a 41tteruat t:IM than the shift aabltng voltage 
that atarta and nope the pulsee caws!Dg the tlhitting operatiODo 
1'b.ere is imre tbaD one pos£1b1e cboice of this tim1D81 but 'tbe 
one which 1• uaed cm th• WISC ng1stera 1• a ah1ft enable vl11c1l 
starts and. termiD&tes ·two digit ~ (6-2/' 111crceeccm4a) be­
fore the 1Dput sate or 8111tch en&bleo !he c!uratim ~ theH 
YCl.taps, of coune, 1• ~t en tbe aritch1ng operatim M­
ing )Mlri'omado 

!he ~t 3Wlt Bmt1cme4 vUl carpltcate to 8Cll9 ex­
tent 'the &.sign ot tbe ordtt dee~ and. cmtrol UDit, •1M• all 
avitcMng controls tor the shift ngisters v1ll b&Ye to be ot 
thi• c1ual nature. 

Daere an two logical rq\lirae!lta Vhicb aut be borne 1n 
111Dct vt'th regard to the "s~quut:lal s:lmultaneows" shift zreaiatcara. 
One ot thne, vbich 1a dise.dvantageou.s 1 1a that 1nfcmat1on cm1-
not be obta1D84 1D »ar&Uel frt.11 a register vh1le it is ahiftillg 
(unless nitable p.tiDg ua1Dg two clifterent smQJ.• pu1an 18 u,~H.) 



since the inf~tion is nnt· static :ln all atasas at cmce dunlt.s 
any of ~ :poasible SSIJ)l• '1PM&o 1'he othv, which ia a4Yanta­
gQCUS1 cmcems iDplt..outptt t1111Dgo !be tem1Dat1ou are made 
1n such a ammu t.bat the c.tput ot a register can be cODMCted 
to its om 1Dplto When this is 4cDe 41rectl.71 the t1rst stage 
opmrates the Ama as all other sta&@• and caatama 1Dforust1cn 
tor 2 of the' phase tiua of a C~ disit t:l.Mo UDO effort 
i• mtda to obtain 1ntomat1m :lD pe.rallel durinS ahitt1DS, it is 
only necesaaJey tbat the tint stage hold mraru.ticm tor l pbue 
t11a9 Which )mflita ~· ad41t1anal J)base tiln8 to be wsQ4 1D ame 
othU 'Yl\Y' (io8o in gmo.er&tiDS the 8\a 41g1t iD SD adder) ¥1th 
then still being tma to cireulate th• DbY mabe bilck into the 
~g16tV Yith the All8 duration shift aabJ.e YO.l:t&po 

J'ifi1l}J.lffls :r~o and ll sbov, res~-tively, the vave ~s and 
the CiR'U.it 6d~gr&m Qf a "~ial ... s~te.Zl<eoMn shift rttgi~o 

i' &.c:trculatmra 
A ser1al inch:l.De ¥1th a CJ'Clic ~ bas a n~ed tor a ta0 

poraey Rm"8€9 ~ scae k:lnd. There are sw~ ra.scna tOJr this 
n~~, P«f~"lS the ll!X)8t obvious being the necessity for baVlng th~ 
tlfO ~d.s a.~ the saare t:lrae to ~om. arithl'M\1c o S1Dce the 
~48, 1D g9DC'al, are not available aimultanecual.7 tlrC1ID tJl8 
llt&ud&rd. amory, me or both ~ 'thc:1g mut be atored ~ 
in sme !D9Wr uutU th• aeccmd ia an:tlableo '!bis !HQ' 'M dale 
1D various ways tNdl as with ah1ft registers or, espea1ally 1D a 
s1Dgle ~a inch1ne ri'th ane or !ION a.ccmW.atora. 
~ the tme of ita ong1Dal ineept:lan, this abort wry 

rcsql~t of ~ WISC bu been plmmed. tar by tbe use of 
1:'8Circulator•o !b.en mits, as ws4!l4 OD the WISC, are part1&ll7 
electronic and partially ~1ca1, tm latter part being utu­
all.y an ~ part of the drmo It cmai•t•, 1n es•t11M:e, ot & 

"dual" b&e4 JUMmted on a siDgle track, t.b.• distance al.ODS the 
drNa pm1.phary btrtWG the tw heada being SCDltthiD& iaa than the 
d.Mirc4 storage tmeo Thi• Ronp tms 1a or41Daril7 either 55 
diSit• or"- digits, the fint bemg a ll1Dma ~ c,-cle and th• 
BSCond being a m1Dor arit.balrtic CJC19o "Sauthing lea• tbu" 1 as 
UMd above, ntare to the fact that tlMln im acne dela7 1D tbe 
"write 111-:iaea.4 out" P8C)CeSB vllich ca be &Uowed tar b7 det::if9&8-
1Dg the mechanical separatic:m of the hedao It is alao c18•1rable 
in same cues, eapacial.l7 mere tb.8 use of a rairculator 1D thct 
arit!alt:lc aectiaa 1• CODCtml941 to be able to shift a mllbc'o 
By naldng the ncinulaticn tme ahortor or lcagQI- UMm a word 
t1ae b7 a vbol.e D1llber ot dieita, a sh11't of tu dieit• cccura 
t!Uh tiM aae m1nor C:JQle 18 efllll)l.tedo ~is 8h1ft 1• Vi'th re­
a~t to a nl&Mr being recinulated With. a period of uactl7 one 
vo:id tu.. 1'o be able to ~ll!t•• either d.UGcticn vbeD llhitt1.q, 
it 1• DO!CeS118Jt7 that a reclrculator span be leaa tban a vord 
length by the m1ma IUIHr of 41git tims it 1• c1asire4 to 
ah1tt 1D one Id.nor cycle 1n aM:ltim to the 4ela7 ~ rnn­
tianeclo 

With thia ~- epm, it is Dat:QfiBarJ' to use &<141t1cm&l 
shirt register atageta 1D a ·eaq>lete r@Circu.lator loop to ..U t1te 
total ree:lrculat1cm t:lae @tUl. to me 'VOrc1 length, or, to ahift 
either dinction, ane word l~ plws the maber ot clic1t• pu 
NYaluticn it desired to be e.1Ue to ahifto 



A e~ ra:ircu.l.&tor la;,p, 'ttbQD1 1a made up ot a YJr1t1Dg 
head, a circumt~:t1al. tiatance al.CDS the chUI suretace (tbe epan), 
a rea4tng head, an llQJ.1f1e1'" and. rcelock1QE gate, en approp-late 
D1ldM!lr of shift resister stagoe, cme or aare av:ltch gatee, aD4 a 
writing mtP].lf'ier vhich cormacts to th• ~ mmtimlc vn:tUis 
~o Thia 1a ~mm cli&grme;t1cs.U.7 1D t~ l.20 

Ro attaQt Vill be ma4e in this tlrcii1• 'to caver tM aubJcct 
ot map.tic drum NaJ!ing SD4 writing, •1Dc• apace~ D8t ~t. 
A brief untiao sholil.4 be miade, hCMWer, ot the "ncl.cck1q" gate 
11111ticned 1n the pniCe41D& ~]'Ibo Whee a a1q].e •1&Dal 1• 
written on the C!nla, a "~· occurs vhidl cauae8 the output 
signal to be of longer duration tbaD the ar:lg1Da.l writiDS pal.Seo 
'lhia, 1D itself, 1R:)U].4 cause no greet 'trauble except tcr th• tact 
that tJai1. "•~"of the ai@WJ., at the ~titim rate.ua8Cl, 
is lillitd by the pie8Ca1Ce of C14Jacc.at d1gita and u a ruult 
ne1t.her tM lacuna nor th.et trailiDS cdp of the output pialee 
Yill be f iud 1D t1u tar all «LU't~t caml>iraationa ct a4Jaccit 
Nane" or "~" a1palao !his ~ that the cutp:t of tbe 
r-.UDg ~11'1v be roclocked. to obtlWl mtt;put pal~ or en­
abling Yoltagn vbich are S7f'J=hroniaed Yit.'la ooe aE the pb&Ma ot 
41&1t p&laeao It shau.14 be raarked. t.M.t there an other reum• 
tor tlti• rce~ktng, and. it is ft'eQ llOr8 noo••M!T in coanect1ca 
with ~ ll81llOl7 rudins ti.Mm 1D rccirculator rG941Ds~ !hie 
rw:lockillS is a.ccCQ].labed by wsing a reading lllllP111'1er ou.tput 
auite.ble for UM U a pte ooable, and 'Wl1Dg it U aucho 

~. ~irculatan al~o mke another dl!a1n.b.l.e t•ture easy 
to cbta1no Aa WU pointed Ollt 1D a peeY1ou SQCt1on, . ..-N-m>-le o 

UD&Voidabl• ~ occur at n.r1ous »].Ac•• 1D the coune ot 
1ntarmat1cn fla11 through the acla111U.neo U succeea:lve procttaa1ng of a. 

word. or mzdel> 1• not to resalt 1D th• intonation beiDS shifted 
to a later and later »OS1t1an in tfm, thue d.elQa mun be cm-
:pmu,ted for 1D tlClle w.;ro S!DCe the 1Dp.it end outpzt an uem-
t1al.17 ~t1cna, a delay 1D tiM c&UF.ee DO troubleo Whenver 
the 1Dtcmra"ion 1• 1D auh a plue tha" it can be 1D aa. 1f"1 rie­
eircul.&t~d wlth1D tu mach.'\ue, it auat be kept vith1D cerU.111 
l:lmita inscfu u tille poaitic:m 1• cmee:rnedo !bi• latter tne 
ot cinula-t;ian c:mmat ~ed Yfrr7 re:r rithout the 1Dfcnat1an 
PM•1D& ~ a roelrcula\or, sn4 this 1• Yh9re 8D7 ~ 

u Wich ma.)' haTe oocrurn4 can be CCllPIDJl&Ud taro B.y U.lrtng Ulf'm,-... 
matioo :hua an earlier etas• of the shin register canta!Ded in 
the recinulator loop, th8 1Dfonat1on 1a, 1D effect, ah1tte4 
backwvcle 1D tm, 'b7 a mabar or d1g1t tiaeJ• equal. to the l1\llb<ar 
or eh1ft register atapa•o 

Loglcal ~· to be k•P' 1n ID11Dd :In de•iaDiDS cir­
cuits 1D which a rccirc\llator 1• uae4 ue relativel7 ffto CGe 
auah ~ is that th.a 1Dtomaticm be kept ccmt1Dually cir­
culat1Dg aa l.ona u 1t 1• de•ireKI to p-ucve 1to !l'bi• tne of 
Rorap is volatile and u.nle•• the :lnfcmatiGll 1• kgpt c!rcuJ.a .. 
tiDS it rill vaui&bo Anoth:v ~ .. at least if ahitt!Dg 
i• to be poaaible, is that aD1' shift regietora 1D tM l~ be (If 

the dual Ng!.ner tneo A thud~" m ~to ~1.t _c nara-ahift stonge, is tbat;«~C4J th~ puls~ W5e4 to a,pm:a~~====== 

*Thi~ o'bv1oumly 1• not a cue cf ncaptiY• 'tiao Wbat ~tvall7 bQ~~e 
ot coune, is that of the 55 dieit tiMa "~" each tia the 1.u:rorc.o> 
matian recirculates ODl.7 55-n digit t1Ms mae mvted on the t!Dm.l 
passage through the !'9eircula~ loop. 



the ahift reglst~ be at th,1 umra :phase tiu u the ·Jm]Jlea ~ .. 
to drive tile writing a11&»l:lfiero !nlat is, the shift resisters 
mast be r~eabl.e (or static) at tbe tme a wr1t1Dg PJ].ae 1• to 
'be generated. 
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10th NUMBER OF DIGITS TO KXTRJ\Q'l 

o~ 
9 h 

CHARACTER 
nRST DIGIT TO WRITE 

0 0 .16 32 48 

l l 1? 3S 4t 

2 I 18 34 50. 

3, .3 . 19 35 

4 4. ·ao 36 

5 5 .21 ?11 

6 '.:6. ·22 38 

v 'I: 23, 39 

8 8 14· IO 

• 9 25 4-1 

a ;tQ ;26 42 

b ll ·?!1 43 

0 :~2 ;28 4A 

4 ·:u 29 4S 

e 14 30 46 

£ lS 31 4Y 




