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Mr. J. Ross Macdonald, 
34 Westgate, 

Cambridge, Massachusetts. 

Dear :tJlr. Macdonald: 

August 6, 1948. 

I had hoped to acknowledge your letter of April 6 

with the statement that I had read your paper on "The 

Storage of Information-Its Evolution and Future', n but 

my reading has necessarily been confined to other subjects 

in recent months, Which accounts for my delay in writing. 

Nevertheless, I appreciate your sending me the paper, for 

my interest in the general subject continues, and I trust 

that I may have opportunity in the not distant future to 

examine your discussion with care. 

Cordially yours, 

V. Bush. 



JOHN W. MAUCHLY KINGSLEY 5-4901 

ELECTRONIC CONTROL COMPANY 

{!ont'C.Of and {!omP.utin9 E 9uiP.ment 

1215 WALNUT STREET 

PHILADELPHIA 7. PA. 

J. PRESPER ECKERT. JR. 

February 15, 1947 

~,~r. .James ~l oss lCacD ona Id 
Jjui hd ng 32 
Eassachusetts Institute of Technology 
:;ambridge, Hass. 

Deal' TIr. l~~acD ana 1 d : 

The subject vlhich you have chosell for your seminar 
paper has so many raniifications that it is difficult to knov{ hOVI 

to answer your question. You have probably seen the more or less 
pop ular acc ount called I'Machines wi thou t Uenl! \'fhi ell appeared in 
the November, 1946 issue of Fortune. 

In 0 ur v; 0 I' k Vi e have not as yet h& d t he 0 PP 0 r tun i t Y 
to devote ourselves to any detailed elaboration of the ways in 
'shieh memory devices can be employed in controllinb iuGustrial 
processes. \','e understand tllEd Professor Samuel Jaldwell of EIT 
has given some attention to this, an:.:. if you hu.ve not alreacy 
done so, you should certainly confer with him. 

An unlimited number of control applications are cer­
tainly possible. iU the: present staf:e of oevelopment, hovvever, 
the a)plications which should be made first are natUl':llly the 
ones in which the largest advantage can be taken of the high 
speed which is inherent to these electronic devices. T~is high 
s~)eed may be useful either because the device vihich is to be con­
trolled requires new control sib'nals at vel'y short intervals, or 
it may be useful because the nWilber of interr2ediate operations 
wriich must go on within the control mechanism is large. As far 
as ~e are concerned, digital computation may form a necessary 
9art of the cycle of operations required for control. 

'~e shall appreciate it if you coulu senti us a copy of 
your serninar paper, or if you h'l.ve no extra copies aVC{ilable, at 
least loan us a copy when it is reauy. This subject certainly 
deserves a great deal of attention, and I'Te are glau to learn that 
you have become interesteu in it. 

Sincerely yours, 
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'l'W"OUt;!lout tnt:! r.i:;;tol")' of li,Ul. Stol'dt;t1 hiJ.s (.)een of gr~t 

iIll-,Qrt'Slnce bec~us& it io inaloj.u.nsabli"7 to COJi;Ii.\.Ul.,cCla 1..10n. ~",ny 

mechanical device::; haVid bean dovt;'$l.oped to s tore m:form~ tl,on for 

futur~ tWo tbrouei1.l COJDbunh':.<a.ti,)o. Such r~l.:r.tiYdll lerIIJ:.t.D011t uevi.C6S 

h6l.Y6 a.lli::.l.;.\t C Othm n~CeS;:lal'y to .l.id. D,m';; l.ilti ted, ;;inu ~,i"~H' 1.-1;.. yea 

)iii.;1&lory. 'l'OU<:l.J J COlli}i.l.Ct. ;;tvl':'l.bd iiS Eul'e l:.U::Ul tlv",r neCdl:);;):.:.ry {vX' t.he 

gre.::J.t ~uvdorn i\WC1 of ~enariil info:l:'&.,.tion ~ L:·r co ... }. u"tine:;. latCH nes. 

iiJ.Cri-' stor,;16e offers at 1eat!lt. a. l-.al't.ial ;:.;olu-r .. io(1 t-:· Lha .1',1'00-

lem oi' twa stvr~€.t: of gatH!:l'll inI'oI'n.atiun. J,Jave.l0lea C',JDl.,;oq,l uu;'tly 

.~ l. th u t'li.4.r!l:l. i"J }.-ho tU~l"-'i1- h,y, it Me on--y recen t.iy 06(;Oh.e ii:lC·,.nOE...l c.;l.lly 

USe of !,le ::'u.fl.lri: teehn '-'iUeS, .:..n areal reuuc LiOIi 1'.1. tio of abo\.i. t "­

the,us md iSc4 t irr\.H:h:oUt 1:088i01.3, .:!.lL)wit~,.> ~L:.rf)e i.Ull~lUnti .;:;1.' H!;j. ted .J. 

tu U~ f::j wrtju 1n ~ sh.·:J...!..l si>l;:i.c;::; .. 

1ij.gn~t.il,; racol'uil;b is ::tnother' lJll,iA)rt.mt. stor.i)o l1.ethuu "hlch 

n:.l.s rsc;;:utl)' und·er'iS0u.d texts ,si ve uev~lo.i .... ent. l.nv~nt,ciou '{/ 'iI<!l.:.ia-

L(idr POUJ..sen ab,;'L..t 1;j~1'-\, thd raco!':lit1& of SO\.lnu on lI!a.e;.neti\; t:l.l.~ or 

\;iij.ra .anjoy<:X1 a short :lni t.1.<11 };ciod 01.' ~ol'u..u.ri ty out .1·;I.~ ltrat..:'c,i­

clll,y f'..)r~ottf:n theri.7after untc...l the .l..;,)\.)ls. SincaL.iht tiiif;l:!, _~n. 

l·a.rticul..-i.1'.,y uurin~ thl;:S; ~ .l.r. Lber,.; L,l,J,S Oi1<;.ill do i.'Ul3h t.o eXl~o~t ltt'i l'~'i,)­

",1.oi11 ties, 1 "';:j,ulnt ; to t.niJ cteve.lo}.tLI:Il'J t of sever:l.l ne~ Ut::..gn~tic LWld. 

:1l~:.t l>e:.A.Jl'Uinl;; I.U~W-.o:":'cl.. The cJ.li~f ..• ilVCl.l1t,:l6i)'" \Jf £,:.\,t::nc;tl.c re"::vr1ling ..:.re 

inlIi \ilU.J..i,ite ~ -.tb~ck ..illu the COll;}~l.ctno:,~j ;illu }.erli.':c;:tllcilLJ ,~~:t' t[k racurt1. 



Al tn,)ul!)h 1&1"1; ~-/;$Cd. .... e ~iit,;.l ta.l.. com ~ U tel'S h4Ve onl.,r bee:u 

Ui:W~l.olad _i thin thtS last tel! yea.r8, Huwerous stoI'~ge lIi~tii:.t. 

• .;i.l"t: now useo. 1'01" CQml_'utatiQn~l sto:C.:1e;c. In a COlLi!uter, st,)r:~ge 

is neCGs::'>:i.ry b'Jth to in1.rociuce dati:4 into ute l"a;.;nine 'l!..-J'),\l. to 

store jJd.rtLu resu .. i t;;; ot cd.!.cUl, ... tic.lDs. Tna s .. th"<A uf .oi, COuil uteI' 

1.l'-4t'~ri1;inC:E> th.e t.y. as of ,turd.t."~ ;"'Jbt.l.H,,LCc.l.ullil to 1.t; Llee", , ~,,::~ 

there are..:l. oUlli'oe:r i)f c01i,~ ut.er.:;: {).i uifiel"0nt "1 eed", J.lL: ~")t .. L::..g'3 

Cdj,:.i..ci t.iBtl no;"! 01 era.t.,~va or Ul1Qtlr ,levelo} ru,:nt, v~riOl"-:-' d,Lf ... er"nt 

etol'::l.i!l,e i"~t!l(,,is ",re ra"uireu. 

une vi' tIlt! o.i..tiest. ;ct:;!,;L~>d IliBui.;:!' no,,! Ub.,\.i. in cOl1j,.utef.':':: is 

iAlllCr!I::'Q :t-'i.1,er td.,i.e. iJliginall,j C;1Ii:~V~.LOlen, in th~ ,.:U,blltdC"Pt,h 

centu.ry td control #e,vil.\~ i':''L,·?rnsl' l1.p:H' t ..... ,ie ',';,:).6 later tiSb\l 

for :i.uto~ti(.; telda;l'<;l.1-1\y, i:i.UU, reCi~llt1,y, as w e .Larn,,,l cvaiutatl':"lld.l 

::;tor3.6~ liI!etiiWl~. .i:'UUcheu C..i.ros, il!llCl! weI'S first a£jJ loyed f,',i.' the 

tdoul",tion of la.r&0 .'ULQLlllts ;,;;1' d.,Lt-~ by tierl!,dJ'U,; HoJ.h~ri th 11, the 

..l880';}~ hdove ::;in;,~e Daem"l..h_,,-led t.o li:illY 1- !'obldti.::' ill d.CCJtl!lt.l._ng i:illJ 

3.than':l.tlcs by tn.::; Inturn.il tioth~l Business i';.!1~hl.uQs Cor. ora i.,1.0n '.r:u 

neithdI' .tlagni.l'tic tJ.Je nor n:ie;I'of.lJ..,k, a3.::, .l,;t. Cben t:..:.::eu in ~l COIl.j-ut.tu!',II 

S<3ver.:!.l 1,cl.l,;iUne:o I10i~ UIlU!:'ll' ';00" tI'UL:tl.On . ill. ut..i.l.i:.:s tn<:1j:h:!: li.;j'..4i:.t. 't,) 

:;;...;.luevd ;;I, Jl;UCtl f:;.st.dr c~e&..:t of r-eceJr-.iJ.!l'e ~OO redou.inL il:lf .... H·m~l,c· n 

tlb.u j.~ p,>s;3ibllO with !-uUCll,;:;,u wl'~ {)[' C ;,ru:3. 

Hot.a.tinr.- 'l'ibedl,:, uc;.ve been um1-'loyaU for thd ::;1;, :1\:1&<.1 OJ. nUlb,Jers 

since U.l.ey wer'~ useu ~n tbe fi,£'bt cuou.Ld.tvl, invdnwu ;"1 ul.::..ioc 

l'asc~ in .104,:,. 'fHe ear'L~eHt L:cvjB\,.;tt:Ki i;i.utulilatic-se ,UullCt.:;-{;.o,utro.l.leu. 

com! uteI' , uesit;;I.l;,;:.il l);;,' Gllr .. u·l<:ls oaob:itiE: in tl:te v.'la.rly .t,;l,rt Ute 
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ca.ve man when he drew a 114rk on the grounu or broko Ii. tree bl""dllCh 

to ind.icate to his fellows tllB direction be h.:W taken. This use 

ot sign ~angu4ge constituted a concrete way ot storing info~tion 

by asSOCi4 tion: all associa ti va COlllp1.ex Wl:I.S set. u!-' in tne lLind of 

tne cave MIl between th.e ,t:hysical. siltll and the thing that it 

represented.. Thuu, the sign, whether it was a. mark on the groWld., 

a word, or a ;;icture) becall,e the symbol of some external, l-srceptU4l 

reality. 

With tile develoiili!ent oi' the ability to di.fferenti~te between 

a thing-in-itsel1' iii.nd its symbolic reFresentati~)n, l£iall m~de ODS of 

his most aignificant adV4DCe8. In eil cct, he gained the ;.\0111 t3 to 

m.uce abstractions. He represented. a m.:u;todon by the word for 

mastodon axld remembered the word.. This use of IIIOrdL'! as s,Y'ltbols 

re:rresentlng perceptual rea.i.J..ties efiected all i:ooal.culabl.e sa.vings 

in time aDd effort; instead of oeing forced tel }oint Qut the ~~81cal 

.uastoaon wbeD he wisnea it considered, t.lle cave man Il.:l.v. onl.y to U~ 

the word tor ma8todon. 

It is essential. to note the dichotomy betWtll;;:ll the thing-in-

its eli' and the symbol thereof. One it> tlla rell, tt'J.e otllii1r, tile 

idea.l. This dirrt.inctioo becomel> rt£laUlly <l.Harent wllen it is uncter­

atood tha.t while a. re,;u object has an lnfini:te Dun,ber of char~Lcter­

iatic5, the symbol or the object is uefined 1rimarily in terms ot' a 

finite DUJ;.;ber ot its most obvious crur3.cteristics. Most s.;n.bols 

~re not completely ue!ined, since, if thsJ were, tIJ.ey woulti, of 

Ileeessi ty be the ob ject whicb they symbolized. 'Ibis aU te oid'fairs 

1s actually the case with tne c<irtlllli:iol numbers, wnich are cOilplete1y 

3 
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defined symbols. 

As lll'Jll },;rogressell, the order of abstr<i:i.ction tru.t he lias 

tJus is exemplified by t.ne written WDrd, wbich 1;3 t!ssl;mtJ..al4' a. 

and. t~moI7 began to be mora :;;l.ru..i more concerned wit.h abstr""ctions; 

but even tod;A,Y not a.ll men,or;y consists of abair J.ctions. Those 

n.:ed not be 6"':'fressed ill terlliS of WQrds to be felt 01' ra.uleL.>bered. by 

t.t)b individual. It is, nevertheless, usua.lly lleCeSS.iry t() t»nJ,-loy 

words to cxi retio tnese e&lotiollS li.hen tooy a.re to be cllImUUnic:l.ted.. 

represented b)' the ... ritten word. Numbors are symbols re.rrto1senting 

to a math8luatic.i.l proble).;) is al:> much stor.lllg inforl.:JJ.tlon dS is 

be 814ployuu in th11.l l':l.J;~r. Bergson 

tide is a. rati.er rom<;1.!)tic definitivn, it does indic ... te ttat BleJnary 

is 1' .. ore than mechanistic. Thus, al:i a uistinction 1s r ig.tltll lL.ii.aa 

between the Orii.ina.nd its thought, a distinctLJn should also be made 

ifBergson, Henri, Ret. 1, p. xii. 



t'U5l.U:t of this r.voClk.!.nism. Ttaere i~ ~n as~>eI1ti""J.. ..;ictlOtOn:.y bet"eon 

tIll;! U;(a.:h,miom of j;~8UIQry..r1i.l th~ tiling reteu;uure,J" ,,(den c,}ni::ltit;~tds 

t.ha fi.eLOty.. lInle.:;t: on,; i6 ;j. cOil,},letl3 1l,at.;;Jl·jJ.1...\.st, olt Job neC;;,';£;H:J.l<,y 

to ~it tn.-..t a.lthoUi;r:. -e111d l.om""r ..1..5 iha.te:t'i..u..itiLJ.(:t t.:n~ l:.t"t;,:;:rl f:i 

m)t.. 0n "ho other fiol.ll""', the caQe .1", 3...1.. t06utiH:!;r- u;;.flsr ;,.l,t ,f,)r :;1,11 

tYl,t::S v1' $lCWrrL.J.. stOl' .. gd: trw bt\ir~~!tl .G.;~:.i.J.,il., tiLt.,; 1.1\.ICI:;)63 of ;:;t;'l"it.l6, 

stora6<; ,1.S tl'l.e 1l1ter56ct.l.Oll of lWtt.er~ "uto..l ji,J.tu,r. 

It i::> a.1so neceS,-,...A.!'J to ilt:lfin" two b~'IHrie ty.t 0':> ,.;f 0't4Jr.lf:',e. 

'Ih:; distinctl.on I.)!'jtw:;;i,~n tne t'«;.:· tYl'es ,:'S ll.;i3'dU on the control.i.J.r.t.., 

~otiv..l.ti ,n otUdn, ... tJle utWeJ.oj,Jl, <;lilt J.ua use or. s.pi3cl.t'ic ""in., of 

stor""oa. IJo the f1r:st C.l.d.;;;"; of SUH';;if;-.:l belong tti..J1S0 stUI' -i.!kl.;; 1l,eti1;.)QS 

1:,ilw40~"l'';;'p .. rt:H;O£\l. 1he~,1i:;: JeVl.CdS 'I~tirt;; ,-,,,,v,~lUl''''~' ,,*,h..l ..:i.r~~ li(;'H,h, to 

stur3 .iru'orrtii,l.ivn l\n' Ll.ter cO'r ,;uniCJ.tLJll. 1'£Ui5 '4.,;:) ,.J1: ",tor,gd ".ill 

Cd ;lrO.l.tr ::'1'11.)" ue:oJ.SD ~tcu rlex;.luat'l 13tor~"c. In cant),' ,d.ist~l.lc\.ion, 

h,UlIiO rs ofth<; I:i<;,f';;vnu cl:HI • .i ,.ili be terli,eu lIu,~ licit'l t;1"0I'..l.~:J. 

res.::nt..J.tivd llldI!b!:}rs u~ this c1,:>.s:3 are \,orKiJ o1"J.rt ""lloJ. <i>lecL ',LC 

circuits. It is unu .. ;nLlool~ tn ... t ii' thl':lSd obJect.r5 tuv;;;:: ., ti,minbt 'LIle,Y 

a.ra COll(..;,ret, , ,ti,~fis)f st.Jrini5. info:.r.G·;.j, tion. but ne.l.'-WL..,;rt.>-, e \.1,1.' ob jdC/., 

Qri~;l.n.lt,eu ,L'r ,In. ~l:' ..l'tl;j,r,:u;,;t~' of d. Iteed. l,)r ::itvr tLt~ 011 the: t"lrt. 01' its 
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crea:Lor. Th.e inventor of a circuit J..S COIlCGrned l-r:W:.l.r.d.j:.Lt!l 

eJq:d .. ici \. 

i',:.l.ta<dr t() S011. It i" 110" J..11 v~L",lbl'~.; for .'o.ny Qn~:. in . .1i v it..~U-.:l,l LO 

6.1C0:l1Ji-&S,; tb.l.:l t::ntil."6 i'unu ot info rii .:1, tiOD il" ., uv:-;n .:i vel~y rtl'Jb ricte"", 

f:lelkl or Si eC.l~izati,-ln 1:tnl~:.:,~; i.ll';: ll!:1.E oath ,. lonf; lLlr;) , ... Uu tEla 
WIf.(fs-ls 

Wtt~l.siu.Le cr: . .;)n i.l C:il.i~Clq ,;1' H .. \'l. ~ b,.daHl tdl> .. ·• Not ttl", l.ea.:lt 

uSlully 
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oft.en indeJ endont. Thure i,tre other f .. ctor's which '(\fill be d.na.lyzed 

in tnis l;'il.Fcr, such as t.he sl;i.ce r'equl red. tTJ a 61 ven storige 

unit, its cc.st cina ler;"ammcy; cut tl1eSt3 sub jects d. re ccrwC::'11eu 
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.e. THE PEOBLEM OF CLASi.;IFIGA'HON 

In both thu gen€l.ral ~U the COl'Wput,..:..tional ator:..ge of infor-

grtu:Uy increased. 

ti1.e oruer.l;y ,~I'ra!lgeruent of w(Jra~ i.a do Dook re~ore~ents infQt'Irl,~tion . 

'rne fUnction de...,ends UP0l:l the lev",l of stor"",ga baing 9L.t-1oyad.. Thus, 

a. cla.S;5ific;.t.ion systen. c:;a.u be set Uf 501aLy in terms of inw.ngible 

suo jects, howev.ar J '=I. uJ.f.;,:erant function of cla:> si i'ic..l. tion is n,ade 



i 
'--

neverthsles5, few ,iJQOyl.e outside t..he libra.ry }.Jrofession re~i2.e bow 

Riaer, L1brarl&ll of Wesleyan Univarsity, state;; ttut many la.rge 

libra.ries ll:l.ve doubled their ilo-'..ILngsevliiJ,ry sixteen yedora in recent 

i) 4 
timeu, aIlu he educes con~iueratu.e a,:.Lta, to s'u!-'}.JOrt. this tr"esis. ' 

l.t' this trend persists, H"'l"v .. rll Universit)' will J:uve 8,000,000 

rising tide of books to soBle extent, but the trend. cOuld atill not 

seltictlon lIletnods of e;l't.t ... ter r,;.~ i\,.dtywhen boules 01' ,m,;;l,terL.l of 

De described d.llU ev;;;.luated. 

are ra1~ted in tUe liiind in ;;Lccard4.nCe with ill COflj~lic;j,ted net'\1Ork of 

tr.tils in the .&.k.l.trix: of brcl.in cells. Tm.s process 1s well l11ustr, .. ted 

:10 
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by the £ollowing ob~erv~tion of Sd~uel ~tler:* 

'hen askea. to re.G.en.ber t1 something It i.rlo.ai'ini tel¥ you 
cannot. you look CLrounu at once for ::iOfliethint, 1;.0 bU6~est whri.t 
you shul try and rWL6rubdr. 1:'or tOOl.i.gllt must be a.lwa,ys ab4,ut 
80llie tltuin~," which thing mu;st either be <:\ t.billg by courtesy, 
as all air of Handel .. s, or elsa Ii. 8011(1, t4nt';ib.leob ject, as 
a. piano or ~ organ, but i:i.lwa,ys the th1ll~ Aiust be liukeu onto 
lliii2.tt.r by a longer or s.tlOrtar cham a.& the C:l,,;e may be. I 
was thinking of this once wrlile W<.llKl.U(t; by the siue of' 'ttw 
Serpuntlne, and, 100kin6 d.rounu, ;,laW SOUle UUC.Ii;.S alignting on 
the wa ter;. their feet raruinaed. me of' the way sea-bir(wusoo 
to alignt when I Wd.S gOJ.ng to New ZSIIUa.nU and 1 set to worK 
rec:>..l1111e, attenu.kIlt ;t'~ct8. vii t.tx>ut help from Qutsiue I 
should ~ve rw.'6I .• beroo nuthing. 

As"'oci~tive clas,;i1'ic,.ltion !b8 recenti..Y beun 11.p1-1ied in a very 

inte.r·eet l.Ile; fa.shion ill tha f.ro jectoo "Il,emex." ot' V.umeva.r Bush.
6 

cia ti va grouping 01' ini'orll1& kon. The actU:l.l 0l;~r J. tion 01' tlitJ 

liJe.mex will be described. in Cm,Pter V. 

1-1_ 

,UID. lill~ita.ti0na for h'l..W}.;l.ll use are 6xpl~ineo. bY' Vd.llUtav..:.l" Bush d.S 1'o110s:** 

Thill raJ.l Cl(ik.r't of' the m:it<t.er of selection, nowevsr, 60es 
dde}er ttbD <J. l~!i; .i..n the .:.I.o.option of aec.b.:.!.nisll;s by libraries, 
or .J. lack of ueve~oJ...ment of uo;;vices fOl:' tneir use. Our 
ineptitude in betting at ·tile record is la.rgl;;1y cautie<l by the 
artificia.li ty of' systewti of inriexint:;,. "thaD Uc>.'W. 4d' ;,tny SOl't 

i;J.re fl.:.l.ceU in stora;c,o, tl1ey ~r<s fUaci. alpb<:.t.betically or nu!l'H~ri­
call.v, a.nd iniol"m4tlon is f\mnu (When it is) oy tracing It uoWD 
from subcla15!iO to subcloi.s~. It Cl:Ul ou.iy be in one place, unless 
uu:r:,li~tes ·:1.1.'6 used; one .ius to have r\.lles d.S to 'which I'd. th 
will locl.te i tlJ and ti'~ rules are cumbersome. Having founa 
one iteB., more-over, one .!:ld.S t.c} elf,sr"e from the syetem 4Da re­
e r.ter on a new p4l. tn. 

*Butler, Samuel, Ref. 5, };. b~. 
**Buso, Vanneva.r, Etef. 6 J p. 106. 

..- .... _-_ ..... _----- - ..... --_ .. 



Librar'J indexing uses the selective system. Altb,ough ther~ 

I ti _. 
are numerous methods, ' , ... ::111 use. I:l. cnmbinat.ion of letters, D'IlBI-

Thus, the subject, 'file History of' itclllan Art9 '<':ou1o. be indicated 

ana. Library wI' Congress classii'l.c;;A. Lion cooes. Thru1..gh use U1C sb;:;ve 

codes become :partly l"lneJlHJnic, ,wd it is henc'J not ,11W>:i.Y8 ne(.;esb;.q 

to use do code oo,;,k to decode a ~iven co:mbin;:ition. For inst.mce, in 

the De;tey Decim3.1 ::ly::>tem '70;1 design ~te5 ::l subject in the class, hi:::-

.12 

loc<~te inforn;<ltion i::; Gtill time con;',uminf; bec,luse of the great s,l.:ati:d. 

extension of '1 l;:;. .. ·ge nUllioer of books .. 

The ,;,.boV0 difficw. tie~, sre not im! ortdnt in the case of infor-

!!i':.Uon stored .for COlf'I,utt1tim:ul use. This infol"ll,atiorl Ut,u.:..lly consists 

of d.;it,., in 'tb:: torn. o1'io grea,t number of surerficLllJ;y UIlrdlated 

numberiu U jAJ$ltion coae number. F~~ch FJF.ition code nUltlber 

st The pOGitlon nUliloers f(Jr'm \1. munotcm:Lc se.,.ut:Ilce, :1.11U 

n.ence d.rs the ordereu part of tha cl::tl:hnflc::t.L1on. Herroving ~ stored 

nwrlber for ua6 ll'!ore1y cOJlaistfl in using its position coue tu cont.rol 

a IiIwitch waich select.s the pt'vf-.er } 0::>1 tion in tlk :;i. tOl""ge luediwr. or 



em be transu:i tted ~iher(:> it is needed wi'th ex t.ren.$ r:ll-l- idi ty.. If 

there viera 10,000 numbers to be st,)reu. a code nuu,ber for cj.ch 

could be ~e U}.I from foul' ueei.i;Ml uigits, since these ciigits 

could be l-,eru.uted in 10,000 different. w·.ays. In l-rc;i.ctice, uec.lJLd.l 

codes dora salaom u.saci, but tne rrinciple rel~.",ins ti'e::l SiJJJiS. It 

s.l1ould be en.prusizoo t.il:::.l. t tne~e coile m,unoers curres,FODU ex,;£'ctly 

library in.:l.exit't!,; e,,~ch nWibsr desi.gnd.'"Bs anti 01 the l-osviole mekb,;lrs 

of d. certj,in cIaa:;; or SUbCu..S5. Sdlec'tive clas::3ificJ.t.:c.on is well 

5U-i too to l1ld.cninre stor ... ge bec~use t.ne BI:eed of tHe aelection switch 

an0. a.ssoci:l.t.&i e.{uif$ent C:.ln be Illade so grell4t th::l,t their orerd.tion 

t.u.l8 is cOlllf'>i;;\rable to t.he tilts necess,.u'y to j.reJ.\lre the machine to 

use the storeu ini'ol't:kcltion. 

:13 
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1.6 

A. MICRO S'roR~GE TECl1lH 

not onl,r before it inuIi>J...t.te1.5 us all, but a1.::>0 bel'ore 'the V01';J ll,.~8S 

of the stored infor~li tion beGins to Clef'e.i::l.t tl::.B ~urlos'i!l of star 19s, 

ar.a it bacoIIle<.> u:}osslble to loe.:i.'te cielSirel.i ini"orrti·,ition. 

!deroillz!;: iiilll1 associated n;icro-teehn1qu~~ of' stor;i.c6 furnish 

j'a.;a.ny in:s"c'.UlC6S it i;, rOI:3l:>iole to set uf :,i. r6tl<IDtion schedule whereby 



recoruiu~ 

perfection in Fri:l.1iCti ':;"l.u 

of microphot.ograpll;)' if.:..'::; the 'Ill Pig,~on Po~~tlt whicH Olor",teu. o.uring the 
StfZ?e 
~ of' P:!!.ris in 13'1(). III I..his cO!l;,unicathm .sY3tUL. J ,c;hictl U.S6Q 

/:I! 'S Ie f( <i 
I;~.geons to C6.r.r:y ; .. iCl'Oi'llll' li.iB82o.:.&eS W anU. 1'1'0.1.;; tli'2: bi!'l!!tSit;eu C.L'ty, 

V-lt:.:.il had a direet l·r'ece;icnt. 'fil\..-l Ger{LU1~ '..l.1.::'O eml;lo,f;i>(l lli..l.cr01-'hoto­

graphic tOC.fllli ;ue;" in tnt:: Idt.;t 1'<:.1.1' to .(.ro·..l.UC':; "n') "n,icx·ooot. lll1 



Rccordak Cor/'oratioJl 

Micro-file Recordak Model C Camera photo;.>;raphin;.>; a huge 
bound yolumc. 

111 icrosfat Corporation 

:'.1;, roliim Rl'adl'r hy l\licro,l:tt. Type R-l. ior ('ngincers and 
exccuti,'cs i, electrically controlled. 

fIe;. 2,-Studcnts ~1icrolil:l1 RC,:,1r:r, 
Film at Pi3.cement i Of 1[[ 



cally pract.icable to achleve t.he l,;l.rge roo.ucti')fi r~ "Lios nacessar;y 

tor toe large-sca.le stol'~glill of inforu.ation on microfilm. It is 

obvious that the larg~r tile effective reauction ratio c.m be made, 

the more savings in areu. ,'.4nu hence in ~tora"e i:;j.~e, will be 

vresent tne Iloat serious difncu1.ty i1.l ifi\,;r~8l..11fi, roou-.;tion ra.tios. 

Large rEu.iuc't,ions require a C-.l.mEll.";j. \'IIhos,;, objective 1ton5 will bive ij, 

sharply defined. iI£c:4:!,e over d.ll aaequa.te .fieln, and. conaiueri:l.Ole work 

on ca.mer.J.s is nee<1ed to mcrease the lin~.t· =$ducw.un ratio much 

over the present .,ractical Ifi~d.lliu.cj 01 about 50. 

ll1:ieroprint is at.other 1r.iero storin~ ueviee th"l."L has recently 

begun to be eX,t.J.oitw cOImliercialJ.Y. Like th::l.t of lilicrofilm, the 

iU6a of microprintiug is not new. tuncan {;. lJallAs, a LotHian 

engraver, 19&::> the first to develoJ,. :rnicroI;r ..luting technio,ues. About 

1866, he .,roduced a !Lini""tul~e reference aible on l-~i:;,<;s reduced to 

1 ~/16 inches wide by j; '6/8 inches lon~. 'l'i.ti~ aecre:l.se in size 

produced on a. 1,rintlll(S l-'ress, but tne actual l/roc6SSSCj involved 

w~rti kSFt secret by Mr. Dallas and sedm nev~r to ~ve been discloSed.l
2 

Ilevelo,tJing micr0l.<l:-int cOff/li.erc.Lu,ly in recent tu,Utl" 'rha fI.eaaex &;icro­

pri.nt Cor}OratiQn was fol"fll~u d,oout 1959 in New YOl~K UllUl:)r (u.s cl.irec­

t.ion. Teus eO!n~ prOduces re:J.(L.I4:. m64chines, and is cdrryi.n$ aub a 

fairly extensive lil.1.croprint lublis!ullg prot;";r.un. 1'be j,roG$ss involve'--4 

in the Hedode.x met.hod of }rodueing mlcro},Jrirlt on p.il.l ar il:i <11 tot:;etmr 

difnilrent from ~lk'it used by Dallas. 'l'he normaJ.-sizoo pnntad material 

19 
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result.ing negative is then used t.) !l.ake d. pos:t.tive c'nt.':lct l rint 

better than film. The Re~t(tex Corporation l~' ~.15o ; rom~clne,; n ".cro-

ordinary pa}Jer anti }Jrinting ink.. A sa.mple of H.ea.do)( rioI"o.rrint is 



Wilder, Thornton 
The Bridge of San Luis Rey 

pp. 100-199 

Readex Microprint SAMPLE New York 1940 



60 correslond.s to ::tn arC4.l roo.uction of ;)00, which is about "Lile 

present l'racticll limit 1'01' micrOj,hotograll\Y. Linear reduction 

by tUe use of Licroscop.ic objectives anu. rtlstl'iction of' the field. 

14 
of vit::lw "t,t) ~dt.hin <.L fa", uei,reaa of the axis. 'I'bus, g:Lven <ltlequat.e 

opt.LCd.l equil-1C;~nt, ttle r'inal llmitat:;.on on too ",;I,jIlOu.nt of roouction 

a.evelopeu emulsion reld.tiv~ t., the mierolatter ize. 

lu()-pouud encyclopeaia c..m be reyroducerJ. on 

occup;ying 75 cubic inchi3sJ 750 cuoie teet of m~teriu, ,printed. on 

of 1,:;;0 orctind.ry t'our-drawer files, when microl~hotobr."j hed, occupy 

only one i'ur-ural\er file. l ,.) 

In the matter of }?t:nn,i.llt:ncy, llticrofi1.m ano. n:icrol,rint are 

,!uit0 t!venly ltl;;l.tchad. The l:3u,i:f.:km 01' Stdnd<.1.rdl:i hl.t.s Ij;.!ue k:Od.6Uren;ents 

tl:k:.!.t indie:;;. te that the ouzo aye will not fade i thin fifty Y<:'.ll.l's.l':> 

filni ~s mao.6 'iU ttl do oo1.1\.i.lo::;e lii tr,. te base, \;ral:h las ill Ii vera.ge life 

01: betfl'een fiv~ ant!. tv.eIrt,¥' Y84rs. Also, cellulose nitra..te is very 

by :;;ubst.1.tuting a j,,{)ro brittle, celi:wJ.ose 4c~tate ba.su. Filr:l u,,;l.ue 

with !lon !:lcet.d,e b;i..3G, \'1 hen s tor~ UllUQr th~ ,l.-rof-tJr cunciJ tiorw of tlJm-

per:ltu.re and buIDi( ... it;y ( 5(j-!>l) dogress, ,jQ ~ercont huw1Uity), will la.at 

22 



m~ke micro:filul in:fet'ior to r,.:icrop'int an<i ordin~ry .I; rintine; l.n this 

rosrect• 

ma,cte i058ibl~ by th~ dev~lol'ff;ent of techriiques l'ur 1 rO(lucing n:ic;.ro-

drorl-'Eilil th--> idea. but revi Vl3d it in the 1 ;:,() t a e;UlU lir\xlUCet\ ll....my 

Illetal filict'ofllIDS t'or the nCrypt ,)1" ClviLlzati.)n" of' Oglethorl-13 

1" Univer:~i ty in Atbnt.d, Ga. • .., i(ob(:!rt W .. Cwter Cl,li. s t.hat rlO 1'1"0-

,-mc'~ the first mict'()1Th~, OJ. Letal in w.nad.'-'4 :..n l~;';j .10 Since that 

ceLlulo se acetate :f 11111 ami th.i't the peri.'urnu,nce of tne riboun is :1. t 

permanency is cOllcerned.!'e obvious,Dut the process bias Dot a;·, yet 

the cost of Oll ad1 tioD dec!'e:J.!ii.:!s in .1.' )'OportiDl:l tui ts Biz€; ,ina L) t.he 

rell'Uction in :;;ize of the individu!l uniLs of th"" 00 1 tiUl).. lJu,t.:lica tion 

been destruyAC.l or when tbey ,{l.re Dot aViilable, i5 re.Lt.tively \lcffl.cu.d •• 

~\ii teu t.· sm;"ll 

edt tloDtimd dUt-,lica t.lon d. t ~n.Y future time is e'!l.sy ::ind va ry fast. 

23 



If, for inst..mce, it 11.1 Jeslred to duplicate a vast !UIl)'Ullt of printed 

lila teriaJ. on loiiicroflln!, the n,a, terial 

text stored. on the microfilm has th.a advanta.ge of photogri.l,phic 

accuracy. Positive aIK. nSb""t.ivB J;rints of the original microfilm 

negative can be wade tv ordinary d;J.rk-room l,roceuures. De Sol~* 

be complet<:Ki with tViO l;,icrofilu,ing TI!,;i.chinOB ,md two opera tors in 

abuut cl. wee1l:. 

There are two subdivisions under ea8t~ of reacting I selection of 

definite advant'l.ge oveJ; ITicrofiul in the sac,,,,, i th which ,1 3,re01£ic 

lkJ.rt of a given text em be selected. The claasifLcation of' l~licro-

fUw and the rap..i.d select.ion of materi3.1 on vicrofilw3.re d ~fficult 

~r:)bleins. Because so much m ... teri:J,l can be I:ut on a reel of u;icrofllm, 

several ciifferent subjectB on one roll. An·l. it is obviously Rouch lI:ore 

difficult.. to stittrch throui;h a roll of Iii.crofilm to tinct de~Jired in for-

nHl.ti.on tnJ.n it is to j,la.ce Ii. sheet of' (J;iero1'l'int in tha rtiadin~ 

making ruic.n'ol'illu .in th(1 forTH of :~h.e~ts or cd.r;i::; ,md;-"f:;,dinb U10~1 liko 

microprint sheet.s by sp6cu.iU.r li.:)lt.
17 

This ar'llicd,.tion of I;icrofib 

Hea(iing f;lachines for microl':rint <lna for mi~rofilIL Live ,~LJ.te 

*De Sola, fL., He!'. 10, p. 44. 
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the observer llot looking directl,y at the l$OurCI:iI of.' li""nt. 1 t is 

Sll on. .N~verthele551 the use ot", rad,(ll.rJt,; Jil~cbine ia 110t.l.cti v ely 
18 

.Ull}.cleas .I • .nt aDd eye str<i.1.n .LS uot i;>rtlci.tl¥ il1crc;::;...se<i. 

re}Jl'octuction .. 

25 



In U.u::. :i.ie~u ol ii.ell<:ll'~ storC:'bc7 ll!i:l.Ln",,-,.J.c r.,dti ...... of v-kriou::> 

we;~ are Ul:lel,l 'to t5Wl't:I S(}l:J.'lU. ~,_1' lllaa,Il<.::tJ.C ,:;t ... r'''l,~, Hillr.d 1s 

convtiI't.e .... to electric il!'l,li..LSI.;:S'I.J.i(';!l<.l.re d.1-.tJ...l.<::lU tu ~u:.-ldctro-

lb.\t.e,uutl.C rti-Cvra..J.lti, 11\;",,(... rIlle re:c(j!'l<iu~ lH;i.:I.(,.j. L,;IJl.,V'<.'1't,5 L,.<iI il:jIJlll.S~5 

in W ':"U!J.J..O-l.'l'clt ue.~c;.· V~L' J.a tJ..Ollf.> ..\ .. U .:l. i.;.",,(:.U<,.;'I.J.i; ..... ..i.. 0.1.", n .. ~Cil, in 

t,.l'n, l,;;Q.t;,L0t.:.L£'~:'; ... ccCD:'U.'.,ht; l.t:::u.iuL in Jl.t.i.. t.L.tO;';~, t...i..d. .ii tb tHd MaLi.. 

'rhe titori~e I\J6U~'um, usu..a. ... ...;y a -,.i.re or 'lr-lol"e or j.·':.Ii'I,}Wd<;W.,t.J..c m~\ t.erial, 

J.,i:l ur,..,WH r·.l.ll.u.I.J j;.aSt, trw r-:::.c;v.l.'uJ.Ut, ht.:,L.U.. .Ln tiU.., l·" .. liion, .:.t 

¥;;1. I,1,I;;tr.u 01 w.;:,.t:;Iltrt. ... c V':l.!:' .I. ... t.l. utA S cul'l't"!:>!-,V1,!.lLLUe;, to LJ.l~ 'J"~J.~ind...L oUUIla 

i8 buiJ.:t, U}.; on 1,00 Il.l&'lium, ano. t'L~e sounu j.~.i _,t.ored.. To rel·rol.luce 

t.).(Q OI'l.iSl.l:W....L ~ounu., t.ilEl lDabI~utJ. .... eu. l\.tidil....Ul i:;; rUt. ti.1.'U\"'t.:"1 Ule Sc.1.li.le 

re~or\.l.l.nb US..l.U, no, l...rl\;i;-LwllHIi:> ~l:i ..a. 1-1,;;.li\.u.l:' Coil, i..v t.l ... ,t vol t.l.::;e 

v;.,.ru 1"j.un", \>..i. .... .L uti 1,X-OU.U.(.;;~(1 fOi' t' ""CvLN~ni>l.'Al t.O '" .Jll.!.;i. It ig 

ui>l:HID \.i.,.J.t.u .. " t tue l:>~L.iUlIl ~'" I'> l,w;' ~'\...bU tut;; ~ .. t;;~'" ill t .•• !:> i::i::l.ll)e uirac tJ..on 

th ... t. i~ SL01'B.l, not .:.;. cv"-~'.l l'<j,irj.'liJpc.:cl.n. •• d,.l."n uL t.t, d .. tdU,(Se;_ 1'he sOUlla 

J.~ ~onV~l~too to i;UWl;.ll",.l: J.>;;l Lo;:it:n l..t!.t..i.Vn, ,l.Ilu .l.Ls OJ\. t"'i.".t-, ... !l ill t.l..1L'e 

tewlJor~ri1y (;,l<:i.ng6U. to (1xtam"i(.)1l in /:)1 ,;Zo.(k J bi",t 1 t .lt2 lK;t tl'2iJ:!bl..J.Wd 

to Ii. COtieo. t',j1'Ill or lr:)L OllG ~;L,a.e tv d.lh.d"ilor. Aur .... J.. 'I'.o::\is d.I't; cod.ed 
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tinuous, Imldt~ ul of r.dscrete eocta elaments. On the other hd.nd., when 

tinuQur: J to correspond to the original sound .. 

The t<:}chni;~ue of !i'!>.gnetic recoruing ""n,,\ raJ rOll\lct.ion of aO'Wld 

. t' b V ' ' P 1 r i ~ by' . t t ',,') , 8 ,;0, ~l., iC;.! l.nVl::in ,~u 'y lA..c(ierrt.--tr ou sen, a Lt\l1 e'll 1: s l.Cl.S , ab<)U LuJ. 

A picture of' one of Fouh.en1t: e>:i.rl.y Illttcrune::;, caliad ~ tr.;tlegr~l,hone, 

the 1:HL,e h.ad.d, vdueL roved aer,,;,;:..; the cylinder in foLLo",ing the "ir€t. 



.! -

Ref .. 22, p .. 321~ 

Fig., :5 Old and New Magnetic Wire Recorders 



29 

''-11 to decline. 

fre-

by IB<::O, butLt ;U.8 nut ur;til the 1J3,)'8 th~t Itl'te-scCl1e 

si~rn~ of '11t;t'il.bt)rtc fn;',,:,10l 1 C,}," is c:oJ1!blnuu \;itil the I.!uriio ai6n~1.1 at 

, ;;;.6 
~tc·;cor. il!<c: he~(i. 

.Lll:l.Ui1ible. 'f'fhen 

L.ition cltrve is ef"i'ectiv,jl~,' 8tr::;.;i. f;htened out ti:ll'oUt,;h the or;..gin, 

cieCl"!3.'.H,ed and sitn~l 

f'lrther ctovelolJad and at, lied by l':~rvin Gamrd.S <inct D.E.i.'~ooldri(tge 

. .' ",4 ~5 
':>l.nce 1~41. ' 



attmation .. as concantrlitoo upont.he }o85ibility vi' usine; a IDd.cuet.ic 

. lilachint! umi-'lo;yint,. ''';01 tb'<.i ti.t.l"S :a,ll;i actievll,l!. a GO decibel signdl­

'0 
to-no1se ra. tio W&S f'rooucud cOIlUii<:ll.\."ci, .. l.!.:f ill Gel'lfl<iDY .... 

recoruin~J while during ~li. ;;;ince the Wolt.1', lliOre cOIf'l.'l1ues !i<i.Vr:il 

~~J,a 
initi~ted "&hair own devtt~Ol'weut. progr~l.l!.ls. SUCll r~n,,'1'deu 

in F.igul'e is. 

~o 
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liava.lo~ recordin~ lIeU!,;;\. t.l.l<.i. t ib va high e0~rci vi ty and. d.I'c d t tlltJ 

wnien has a coercive force of froJ.>, ,,00 tu ..:.50 uerbt<::di:i, ,,,hil.e 

, t. f'" '0' 0::::.8 CJerc.i V:i.;Y I) ",,0). 

:1 l,roeetH:! by '"mea low-co:;;lt dt..ct.i..lewir~) wch do:; bra.ss, is uni-

1.:6 ;e.8 
forwl)' plated ~ .. ith a .fuagnetic a..lloy.' l'he l!Oercivity of this 

platoo wirl::l is of the o1'uor 0:( ;;00 oersteds, its fre\.iu';;flC,1 resJ onse 

is relatively poor (see Fig. 4), and its cost ver.y low. It is 

Tn.ere are two ilJ.stinct t)'}u.!.i 0:1' li,.1.glletlc JlJd.Wl'i;.il curct:ntly 

~6 i::d 
employed to coat } a.. 61' tape Il'laglH~t..i,.c.:iI1T.' 'I'll..::; first l!kiterid.l. 

is Iln eJilulsiun of iron oxiue U!3et:.\ to forlil .:i mag.netJ.c Lqrsr O.b mil 

thicK. The seC(')Du type is not an oxidt>:, but ratrld:c ;:i finely-.\,.:;..,wuert,-'Ci, 

metallic matt:tri .... l.. It h.lS ba~n found th.:.t.t too coercive t'o1'C6 of JI. 

thi& size,. the Indb.na Steel Pl'ouucts Coi:l-i:ill¥ ~s been aole to 1-1'0-

ducs Uf;S with ;-j, coerclvity of 500 oer~teus. T;'lfSS lv<1uO witll both 
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fl"equen-c., reapoDM. At. eight. 1Dchea/aeoond, the IDd1ana SWel Pro­

duote Coap&:Ol' coated tape Me &B eqv,allaed treq1l.MlC7 r."1lOC88 tl.&t. 

between 50 and 5000 qcl_/eecODd • 

.POI' aolid mteriala, either w1r. or tal-e, trequeuq reapon .. 

is not. DeC8aea.ril¥ l1aited. By' I'UlUliD& t.ba l18d.ium t.brough the bead 

at. &. fast. enouc;b I'lAta, tine tidelity up to ~5,{X)Q qclea/HCODd or 

ca.", a comproBllse II11st be Jll&<ie betWMIl pla,yiDg t1JIle, frequenc7 

reei'OOs8, and the l.en&th ot lI1&t.eriaJ. -pl.07ed. The s};.MIIda in use 

!:it ~ •• ant CQIl~ favorably with tbose used for phoDogra}h 

recol"d.s (14 'to i;.l:) 1Dohes!.econd.) 6Dd tor sOUlKi-on.-tUm (18 1Dch.a/ 

lt9 second tor ~5 allUmeter fila). A COIm.'OU wire diameter in uae 

lI'1 t.h good t1dell V can be WOWld OIl a spool "'Ii~· rox.i.IIa ta11 three 

inche8 in diameter b1 ti'f'e-elcbtha inch t.b1.~. 

lapet.ic recording baa IWl7 wi'Rlltdog... ot cr-t ia:,l.>Ort-wce 

1. the tact. tba.tcont1nued re-pl.q1ng ot tbe recoru naitber &f't'ects 

the quall V of reproduction nor' appntei&bly d&erea.so. the volUllle 

.rand. Th4 recording procedUre 18 extrl!lll8lT sillple and ;k IS .S . 
IS' . 

no procfia1Da I\nec~ .. 1'7 afte.rw-arda. Bo1" level a.n4 tr8Cluenc7 

reaponse can be made comparable or bet.ter ~ those o£ l'honoghl:-h 

records, aDd & magnetic recorain& em be sto:rea. in cons1derabl)'" 
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recoftiing of equal length. Recording it.selt 1. relat1yel.7 \uu.!tected 

'by ylbration and shooks, INking it. possible to u.ae the STSt.. oa 

vehicles. Also, a& evidenced. b7 J'ip.re 5, tba equi.pmect. HceS8&17 

tor both recording and reproduction is quite portable aDd OOII,.ot. 

There Are se'nmtl. tllsad.'9'Ulta.ges inberat ill II&petic record1n&. 

but they are relat1vel,y unimportant in comparison to it.s &d,YAbtag ... 

Tbe record JRUSt be rewound af't.er record1ng or pla)' i.n&. Since 

rewinding tiJDe may be i'!lOh shorter tbm pl.qing tilte, t.b1a diMd­

yu'ta.se is ot iaportance onl¥ i"or very long racorda. Also, 11. is 

difficult to design the motor drive system 80 that the vel.oclt,y of 

the IlediUll w1ll be kept consta.nt. Reproduetl.oo in large qU&l'ititle. 

18 not aa 7et easily £~ible. Reoord1ng .. number of recoru at 

t.l'le S&alG time trOl.il a ma.ater record sess the BlOSt. convenient 

JMtbod at present, but urge quantity rel'l'Oauct1on would be "817 

t.iJIe COIl.sWBing. In spite of: these diu.d"'iUl~.Sf t.hera are many 

"portaut ~ tor map.$tic st.orage. It w111 be invaluab1e ill 

hoIIe recording because it ean be easil.y apllctIQ and erd.88d. It. 

oan " UHd. tor recoruing interviews, aut.oaw.tic reeord.iD&, loous­

tri&l record1n&, record plqers on yehiel.e8, aM J;08sib],y may 

ev8I'lt.'Ual..l..1 beCQlD8 &D important rival of the pbonogral· h !'eCord. 
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Coaput1ac and a.utom&t1c QODtrol device. Wlua.l17 requi.re 

two ba.au t.,pe. of storace tor lIOat .rf1ciet operation. The 

tirst. at tae.. t,pea 1. -extemala storage &Dd. 1s characterized 

by" low cost., large atorag8 _pac11i7. all(1 &low speed of recorda, 

IlDd reading out iDtontation. kt.ern&l 8'tora.ge exists outside ot 

t.be _ohine proper, Alt.Dou&h "ben it i8 i.r.l 1188, it i8 controlled. 

tv t.iI.e MabiDe. The HCODd 'tl'pe ot 8t.or&&8 necessary is "internal­

atorace. It i8 conat.r\loteG a8 an 1Btegral part ot the maohine, 

u4 is llsuall.T of high cost, l1a1 ted capac! t.1, and high 6}Jeed. 

It is not propoHd to consider. in this chra.pt.er, the 

reaaoDS for the Dead ot thoe t.wo t.Jpes ot storage and tbe11" 

interre.l.a:t.1ons in a. CODlpUti.D& device. lDatead.. 'the devliJlopll8llt 

of' t.bs more iIDporiant etorage .tIeCbanisma that satiety this need 

will be traoed. A deeoript.i.on of the modem J"e..,res8Btatives ot 

theBe atorace Mtbods will be given, aid. the efficiency of each 

method aaa.l¥H4. In the next. cDapter, the applications of t11ese 

storace danc.. to modem computers "ill be Ulustra. tAd, 1'1:1"8t., 

in terms ot the ,eINJ:'&l storage neads of & cOIiputer, ami then 
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\, 
A. LOW b'l'EED STORAGE 

eX~"f1aL 
Qle of t.be oldest. ~s of ell,iWeetrt storage no .. uaed in COli-

plting cieyiMS 18 pmehe4. ta.p... In i\8 lo.n.c b1stoZ7. pUDcbed. 'trilpe 

baa been aplQTed to .tore ...,. kinds at Woma:Uon of as diverse 

t¥Pea a.s weav1Dg cl •• i&raa and Mar .. code. ODe of t.ae earliest 

recorded applloaUona of moTin& paper tape .... th& t or Basile 

$0 
BouchoD 1n I'raDce iB 17~5. BouehoD llMid em endless band. ot i>er-

fora.\ed paper to control the pa.ttem ot cloth woven on a 10011. The 

boles in t..be tape allowed ~ certain of the &eedles ot the loom 

to co •• into plaJ at. certain pbaHs of the W4M.v.i.n&J thus, the 

piL1;item was detendned b7 the pu.ue.b1ng of t..b& tape. In l7ll8, 

L Falcon replAced t.b.1a form of tape 'by t.t la_bar ot lIertGrated 

card., wA14hJ in lawr dnal.opmenta of the art, were laced. toiether 

to· fora an eD.dl.eaa Hquenoe. 8u.Ch laced Ctll'ds fol'1li the basis ot' 

38 

the Jacquard. loeIl, first ex.biblt.ea in 1801, and still in. un t.ouq .. ~l..,~ 

In 1M~. &q'bre wu aranted a heach p& toot for bis uae of 

3S puaobed paper tape to control a pla..1er piaDo. In this appl.i-

<Ja·l;.ion, bol •• ill the tape ccmtrolled air prlJS5ure. wMcb., :.lD t.unJ 

caUHd. the ftrlous ... rs . .of t)a pi,do to olAl"at.e. 184Ilwhile, 

J,lUJIMer BalD, em. of the inYentors of the tel.in-ph, ft8 ex~r-



/" 
/ 4-__ 

\f' 
f,:," -

W~~h1o COde 41ltoaati.caJJ . ., a~ A4b .1~.M,.56 .. p.auber1 flota 

~ GaBbea 111 t.be pai'fi" 'tA..f& &.ad OODYert;a4 ~ bDl .. ja\Q .1"1.r10 

1apul.a .. b1 .... of t4Nltlrt1.ncere., wh1chll w:beB \AeJ eDCOQO't.el-ed a 

bole, pa.a04 'thrOUCh ;.i.1al __ 6. coaWct.. In om.r to NC<'H'vj 

MeRCfUl act. a~ the 1d.&b ~ ntH poa8l.l'Ile wltJ1 t..b18 

_At .... be .a,pl.oJfII<1 4\ %'Ke1 •• r of 8.1...8 0liID " .. 1&»,1 .. DieD 4efeM:ed 

~ ti:le ebBld.hlottect. or elect.ric ~t. 16a.ullli "thrOiA't;h ~-

.. tic t.al..,~ in 154tl. out. u., ~t> it. -.4. J'I0861ble "l'O 

1.1DDaCefJoa.l'1 a.t ,~t uae, sloGe ~f''' bad aot tJatm ~ .iue­
,.;-rea4. Coa~'l.ieftu,,, B.UD. &bi.i..DdODIld. tlk1 au~l.;ic l1.t.o. Wld 

ret.unt.«l to ~ \r4D8Il1tt$1oo. tt 1s 1Dwt'€<stJ..a£ to note~ how­

..... 1'. tbat. be •• srat.ec1 a. kot.oh t=>&t.et. tOY the tUi. or J.uncbed 

tape in ~ PU7er plu.o 1D 184'1.l>.\ h1B'. ~ ot t.~troll.a 

wlepaJJ1v' .... k\lat' aeYllil.o"elJ D" Ca..rle. WbM."t.ooe, _no pat_tea 

e. illpl'OY9:..l. qat. in 1.tI.il:.i.Dd i.D ~. M,ab U. l1H4 a retiDed t,I.1pe 

traa-.lttor &ad a •• aalt.1ve alecbuU.o&l 1* "r1ntal', t»t.h driven OF 

cl.oG.k1rork. the ~p. waD puDched. IV' .. p4lZ'for&ior nth t.b.rMr kqs, 

iitl"UC.k ~' wi t..il ~ ....u. .u.t.. As ie 't,Jae 'prActice todq, t.be 

~ .... &0'9'84 to~ 1n I.C"toliB &Dd ~ wbllo 8t40Uoaa.r.r. tm-O\Jib. 

t.be.o cootril'irdt.1ou Ukt 1DPro¥8IliiilD't.&, ftblw.ttitobe ).aJA m~, ot tba 

to\UldaU0Il8 or 1IOCMl'Il autceo.Uc t.elA&ra,plv • 

.lDo't.bv ute .... t.I.ai ~ of JAUl~ t&J;.iIi w.~ t.la't ot DIHl&l<l 

Munq •• bo. i.D 18M. 'tlUd. pUPCDN t&f"ti'to ccmtrol thit Ol.f!I"~t1oo of 

4 ~ttJ.ra& lMt,eA1ae to 1I1C1"&48_ t.be comJ.oal t.1oa sJeect..;£ Ua1cc 



Wrr.q'" "=1,,;.18, 1n con ,junc.'t.ion 'if1t.a IIWtoaat1o t.olce,".iil.j bJ, 

Ch1C&.o nn8~per$ weN set. fro'Z 'W.f;(J in ... J'G~\t £;u- HVlir-.l 

ltl .... n. There IG .l. Vv8setter ill u.e at. vntBGAt. .bluh Glplo,y1S 

51 
.-pt.l' t4,i-4 wt 01111 to Nt but <.U.&o to Jwst.it1 linea or 'tip •• 

~ ~t.Jv. a...~ CQnlli&u ~ 4. jAlrfont.or with a. u.,-bo.:U'd 

s1aU .... r to ~t ot ... elebor-i.t,a tYi;e",rlt-e:r, All.:l <4 e:.wter. The 

~'p. 11 tb's~ ~ 1fit.h t.be J,;,1i/.t..;)r11iJ., t.o be .{It t.q.', _ita 644.:h 

l$tt~t" rejJX'e .. tmWIl: by a Y'1rt.icular Go;i\,;1n4Uon of ptirl"or&Ucm~. 

At the end or ~ch Une, a poiater on tb0 K8lbGard iadi.~t.aa 

lifbat Ss;40W t.$.18 are to be touched to auaure Ju,st1flcati:):u of' 

tJw 11ae, _ben ;avct.tw.lly eaatia .Ltltu. Af'wr tb4. t<t.;.a 1& com­

j;'lel,lil., it. .1$ :U:o~.f't6tl in t.iw Qas:tor in r~'Ve1"$&. Co:tWI84l,;,en1.4'. 

tb.e iAtol'1ill.t.ion ¥~ Oli tw t.~.,. .. tl~ Jt;.st1r,.in~ i:~lJ'~ 

(11;,):Glillo first. in e~eh 11rl(). l" • .'t.~ tJiI,.m l~t.. &Ud. is l.ia~ t.u 

~LJ.t.rol ttl.;; s,,:aaini or 'thtt Un!). 'I'De ~ot.Tpe thug 3'!:CUr&a 

l.l.c.to Jus t.1.t.i.ca. t.ion b7 revii>rw .. , the se'1l..tOnCtt or 0'1 8%"''' t,1·~R. 

n,ure c ;ttOO'ris _ ..... od..m ttl:l*'l':.l.,ikl:1c tAyo 4DU t.c. coi.i<» 1"8",l'e­

a~tod ~ tA$ roa.t1ons or ~ ~les. A ~y~.t& \ela&r~~h1c 

~OGt G~n1i>1s.'t.i_ or I:rin~t', ~t.ur, ~ ;;.er.rot'a.tor 1e 

iohowu 1n ;~ a.53 h.'tnUnd. 1. <i.Q~j;,l.isbed &'I11..;'if.l,Uc.allj frot; 

~n. Wlegr ..... lUC i"r~nJ.."s, n tt. DO ~,or\l.r.v st.cNio ot jii~ 

Dtit.'W684 ~t1oL &00. frJ.t;..t.1n..aK~iU.t,l<C J.-un~~ of t.~ 

•• iro.,ar COttc tal" -.dl l.tter is ca.rr1f.ta out.s;.ecbaniCJlll1 o¥ t.be 

k.~,J.t;ed. ,Ye.rtorat.ort "lba w.f~ t.l'8aR:1:t.ter hUI fi •• 

con~...:;.Wu.n eo1Te4}:onQi~ t,t) t.lN. fin poati>ibl. bola poa1 tia&5 

on t.b$ tape. The tale i6 tioyod to~l'I:i .!.n ataJ,,& by lli&~ 0,¥ "" 
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aproeket. whieh engages t.be C8Dt.er bo~ea ODe b;y ooe. Each t1ae the 

tIio,pe i8 moYed, tlle linge" drop dow OIl it, and tboae tbat. encounter 

bole. pailS through to clO8e COB1aOW in COr~"IA)Dd1n. circu.1 ts. III 

tbi.s tubioo., t.he code OIl the tape is eonverted 1D1io an electric 

J.apulae !'ttpresent4t.ion w.l:dcb. ie ~t.ted o.ver t.he line to the 

autosat10 pr1nur. The clde.t adYalltage of a.utoaatie t.r~n_issir)n is 

rate. 

PImohed tapes are lUted to a. con31cier.&bJ.e _t.ent. as input .u:ui 

output atoftia &edi& in •• veral aodern COIIput.ers (eee fig. 1) .. 3£ .. 59,«> 

In auea appllcat.1on8, eacb part1ou.l.tt.r eoIIW.uation 01: perioNt.ions 

011 tbe tape, rapreHllti.D.c ,4 .tortKl dig! t, i. read ott b7 a sensing 

deVice and oonverted. into tbe el~t.r1c pulsss t..bat N:present the 

DWDber in the 1lI4chl.ne. An iapol"taDt. dlaadyw:l'tage to the uee of 

pwlched-ta.}.Ie external .\01'''',- in M@;b-s.peoo ca.putere 1s tbat. the 

speed with wbich iDtOl'll&tiOD can be read trom the tape, .bile 

~l.y tas\ compared to JD&Dl.UiJ. opera.tions, 1s yet Yeq slow ill 

C<lIIipII.rl.SOIl to 1.be c.oaput.ing apeaci of sucb computers. Also, it is 

ADot.ber diaadVU1oage: .is 1ihat. I'''per tape J unlike Mt!,Ilet1e tape, is 
t;I... 

Dot wulble. .evert.beleas, puDCbed tape fulfils a neoeaS&l7 and 
A 

important, storace function in thoa. devices for .bloh it i5 
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Fig. 4 aef. 38, p. 3, se~t. 4. 

6 Telegr:::::;)h:l.e 

.1f. I. 1'.1'1;"1" 

:';p,,!'illl f((fIP plllleil used for prep([rillf!. the A-, H-, IIlId C'(lll)(!S. 

Tltese 10!.,.;; COlltroltlte interc()nnectiolls of lhe lI/w'llinl' (/.' culled 
for In' tltl' {'(fill/tion to he soll:<?d, ('st(Jhlish Ihe prolil'l" .'Cal" II/Clot'",. 

([nd (Idjl(~t II/f' (1fIllZr;:;1'1' Jor the correct initilll cOl/dil;un.", res!'('I'· 
iVely. 78, p. 
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for iniol'Bl&t.i..oDal atomg!!, d.pplyill~ tbeJI 'to the cont.rol or 
30 

"IfMnng pa.tr..~~h It _s all &tgliSft 1nvent.ol·, Cba.rl .. Babbd.&8, 

who flrs1. vropoBed the A}.l}J.ieat.i.on or J;<'UUChec1 o:U"ds to au't~lltic 

QOIBfiUt.erS, bowever.5<:: In the la60'., Ba.bbage conoeiveQ. the idea 

originated bf &:tibage, 18 i~ntal t.o ,,11 mOOEJrn arit.W1..etical 

oomput.rs 4fld so was an important JIi.l •• tone in the struwe to 
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the IhOst Ul}ort6Ult adv""ncds in tr..e com .... utatioD:.uil-J.llcation of 

. 4l., 4.; u t t" 1 f l'unCtldU CaNS. .uti! uo eo. naL SOil,€! ruacl:kin.1.Cil llie·m~ 0 

ci.:~l.ly '.would "OLd ... ,ucn J.dVice be nect;i$sary by ti1El CdnsuS of 1090 

Bol1srith fin!.l.LL,y decided to transcribe the c • .::n..,~.s il!t"orn.at.lc)D· 

a.ssigned do cte.fini te ~,()sition :;n the l-~l-er l;;!t.1'ii-, ,-:UlU by .purlchin~ 

the hoies within thi~ t: oai tl.Oll in d. 1-'1'01e1' hUHltl1r, themswer 

in con Junction wi u) the f~~er' s tr i1,3 or ccil.rcis, .tAu it w::..s found 

that inforllJation eoul,l be tr,lnscribea thrd~-f'.:.-urths faf>ter <:s.Ld 

wi th grdd. t succe15s in thd C~\::;UG o.t' Ib~O. 

Since lioJ.ldrl.th's }>ioned:c ~ork, con5id.ara.tlJ.~ l~lactric 
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. tn·; use of l'ue;1 C::.t.l'Ui:.i. *ith we :YI'0l-er 
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FIG.£) 

THE OPERATING PRINCIPLE OF THE PUNCHED CARD METHOD 

(HOLLERITH PATENTS) 

A tabulating card, acting- as an insulator, p:Mses 1)(\tll'('\'n a win' 11!'llsh alld 1L j,1'''SS 
roiler." A hole l'lllleJwcl into till' {':tn1 canses the hrllsh and the brass plate to 111:11", ("out ad 
(st'e afro,,," }'ig, .s) and (']OSC;:{ :1Jl c]('etric ell'tllil whieh, in turn, aetllah's an eh'i·tl"U-111:q~'n('t. 
] n tltl' ease of t.he Roriing lll::whinc (illllSh':ti'(',l) this Illugnpl opens a chute along' whiel! 
the ranI S1idl'S WI Iii it Tnlls illto the propel' rereptadc. 

In the iaulliating nIHl account.ing mtH:llinl's :t row of bnlshl's, corresponding' to till' 
('"llIlllIlS of the (,:1I"iI, takps 1l\{' niaec of tho sing-Ie IJrllSh showll aboY('. The ('[llIinds, S;lllilar1:' 
HInde'. ('IlCl'g-l;/,P (,{)HlllCl'S 01' print 11:)11k:->:. 

h, (·ither rasl'. the ('l:\,~"ifi(,;lti(lll to lie malje, til(, ytillll'S to 1,,, n<1,1ed or sll],(n",l"d. OJ' 11,,' 
kit,'r!' 10 Le prillted, I]],,' dl'll'l'Ii,ilH',l lIt 11ft' l,osition of 111<' ""nl at III<' li"I<' 11", "lIltl,,(-\ 

is Ifl:Hlt'. 



49 

In.fo!"L'l.9.t.l00 and plaeed. tn poS.:.t10D before ,:I. bank ·"r photoc.eUa 

or photo01ectri(~ tubes. When it 1s desired to re«.d a gi'¥'sn 

nw~,ber (which 1s assumed t.i) till an entire line on tae card) 

from th~ earu .. a light source behind it 18 lAtleed, and light, 

shining through the holes in tl:m el'u"d, strik.e& the bank or 

IJootoce11a. Onl,. the particular lins of photocells that COl'-

resfJOnds to the de a lro!l. line ,)n the card 1~ energiSed, d.na 

.henoe an vutput iu deriveU winch represents onlJ that r;ingle 

lin~. The system hi.is not been fUll! develo,peri, but it Is 



f/l~ data. into aw ,t.'rOil a QOIi.PU1.el" ts.1lo.s ~i"iV&r<:U. lM\hlWl. 

adV;i,Dv.i.i$l;i" not sllared. hi ~u.nched.Cc.lrQ.s or "t.::J.¥'l, 1;.0 ii)8 ob~. 

~,hincs • 

.i;'rwtoemulaioll-coated. filli..i ,,111 be U::-ec only for otor<l.ge of 

4, 
lllj,ut dd.to. auu COni"ami ::>I."qut,incea, Ilince ~ t i~ nCln-cr''.ifi~bJ.e a.nd 

ccnr.octlCJ'1l i;; tr.s llCi'i £-hotot;r<lpilic lrocaSL) racoo tly ~'l.n.l.ouncoo b)" 

E.H. Lar~ of Polaroid comp~v.4a In Landta ~'steru, 4 ~ prult 

from 9.. munDsr keyboard. When such s~ed Me beaD nchieTed, film 

wil t be 'the fIllual. of puneb.tKl t.':t.pe in this r&&},:sct. 

In order to rilCl.ke full tlti~ of the C&I;abill ties ot :fi.lIlI, it. 

will be nec.saar,. to re.cord '" lari'$ nlaiber or signals per un! 1;. 

spaced algMla. 'ttw.e. on 35 milJ..1aeter ti.iJiI, pertapa iO cnannela 

could 'be recorded across the width ot tho t'llm aDd. lOo such rowa 

r9GOMeo. per inch of length. Dat", obt~ined fro. the East.wan looa.k 

00Ja~ 1nd.iea:t.es tbat the recorded ai.~I. eonaistint of oblong 
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spots Ob the f1lm, zuat be gre<:Lter than 25.xl0....6 ~uare inches i.n 

~ tor ra11able reading.
41 

It 1s. interesting to note that a fila 

a ltticrot1lm record; ~:rerore, many of' the well,...develokied reeol'ding 

and !"eMiflg microfilm lens ayst.ell$ may bd used t:t.b.ost 'tlllo.b&U!ed.. 

tubes, ... in the fi:Jted-card reader. 

'1'b.e speed wi.th which m::J&Dera .ii1ght be introdUCed into a COIl-. -

puter with t1u.a fi.lm storage metbod would be J.crimar.il,;r limit.ed by 

t.be linear ISpeed of the tUJD, aasUlning 'that the m1n1Jtl\Wl spot size 

oould Dot be reduced.... ;Ji th 50 cha.nne1a cmd 100 rows per inch, 
, 

4lnioat 100,000 78s-rlO Signa..t6 '" .acano. CO'lUU btt redO out a.t the 

'WJUAl film speed of' 18 inches/second. This rate of input clalA. trans-

mission is ade;.ruat.e for any cUrr&ntJ.y-oonsi~erad compuwr .. 

Another r~lm stor4ge tecbnique now under d~velopaent uses 

li,ht-&~sitive phosphors in pltI.Ce of photoea;ulsl.on. The :l!;it.e~n 

KodiJ.k ~ .hopes to:> be able to develvp a. COJllosi t.e k-Dospllor 

bJ' ultra-violet U •. ht in lesb tbf.n 8. aUJ..1,awond, -)too. can be reold 

by e.lq, .. ollUt'e to infra-red. ril.diatiOll, wbich (;,:Lus&a visible light. to 

be emitted. 47 This qst6:n would .b:i.V8 the aciv"intat6 tha.t reeordinj£ 

could be ~rrilild out at the sue sp.ed. a.8 reading, and tn'l record 
~ 

would be erast.bl.e; 't.llus, it liOuld be val.ua.t.le for suppleaen't41 storage 
" 

0( p(lrtiaJ. resUlts when the 1nwrDcU stoNge of the eOlq:uter was 

fill.ad. There a.re still ma.ny teQbnical problems to surmount, 

5:1 



however, bmore phus.i!wr coateu filii wll.l be usei'ul for COJiiputu-

tional stord.ga. 

magnetic wire ana t...i.}e ,':ire tWQother stor.:!e;e weul", ",men 1I,ay be 

~ 43 
used for· the s.xtarnal ston.~e of both in~ut d~td. <ino. !-ar·t.i .... l rB~3U.i.ts. 

Init-.ial }Jrap-ara tion of wire or tape reCIJrUiil call be convenitmtly 

can be reCOrcltKl on it. It \{rill proO,;lb4 1)6 .,ract.l.c.d. to reCOI'u. c4 

res}.onS8 of over ,;:.!:>,JOO c'ycies/se~ooo to be ubt,.dn~u, i t·bould ba 



coulu. bd carried out. in rosj,ona$ to c':imto;~a;; l"rQu, the COJillirU~:':l' 

e 
itlllel.f $i.t ,a &men h~b.u tll-~eu Ubn ttl'1.t, iJO~LibJ.6 't17 dl1 eJl.istant 
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Ii\. f.rtO!'i:l.i\U regitSter 1Ji,{i¥ be dei'ir.hJu iii,S <i 6L'OUP of discrete lj;to::-:lge 

elelilellts, ~ctl of which is C,cl.} dbls ot: ::n:u1"int; only one 0.1&.l t. The 

e"tJ.!'o ret,il:lter is tr.tUG a.D.I.e to ::;toTe "" c')L.i..t.et.:; ~ny-:liF.,lt nUlllo,n'. 

L'!l '.ions ;'J.re norm;;:.lly Ctt.!' r1.0U out. .wI the ~j!l.'luer. 

ii.ttl.'Sisters ..l.l":; th<:..l tiost 1:::'IJ,en8i'9'6 t.Ylid of storlt:(: :lV.l.iliole 

bec .... u~,~ l.t l.i':; necessary w use ':1.11 indiviuu .... l btor.~g~ elelldt,t for 

Men (~i&it 01' e;;J.eh¢.oru G o.ced. ,-,OlIllii cOID}uter';;, use l'i:l:i>J.,;;;tt,;:cs as 

tlleJ.T only tYJA! o.f i..ntern.iJ. ::;tQr,~ge, out O-dC·:!.US0 of "ne uJ.""h C,li:jt 

.:l.Ild l..:4rl3,e <.Ui.ount 01' space tl.ee~:i.::h,i t". i:Ht~U1":. stvr·;;\.6';; 1)[ 1Il . ...,oy. "oX'c.'.>, 

such colt,l.ute:ce t>\..,;:,t mve do Y8l.'i ll.tdt~ intd'nll I$wr:"g13 0..1.1 • .:.1.1.:1 ty. 

In ~i..L .. tl.'JD to t.nose i:.J.l--€!S 01' O<J1t:l·ut$r::,) ..ll. COlL. uter.:::: l.,Sd:'!. lSi,;lll 

Ol.llIibcr oj.' storSl.I.,e reb.l.sters tv ",ut;;Lsnt ttltHl- I102ti>::t.l. inte:uC1.1 stor:l.t:,til. 

SiIlCIS re&11$t0r::s If;~J.y oe 5iio t :clo",,1.y ~na rea.v. .-1uic.illy, tllSS0 ,-;.uxil:i· .. ry 

t·e.;i:3ters &.re U::leU to oriuge the tSii.~ oet1t;.::en the slov< reil,.:in", .:..od. 

rs(:ur·,<.ini'; ru.t.es of extal'n.i.l StOl'J.b8 1;'~'.~ia · .. 00 r..f.tt!! lLgher of.,er<:i.tion 

5}jeOOS of the Iud.Clu,ne.. TWa,:.. iIIord i.. ,,.., b'2; re:.(1 aut f ow tn~;l 

e.xtdTn:J. ... stor..l,.t:!,e 't tn~ l'0t:>i.,t",r dJH1. n",.dl until ::416 dX-:;10t JliUE.011t 

it is na~;ioo in the se"iut:jnc~ of o.iA:rt'''~ t.i.on~. Co.,YcrS'dl,y,i l'in~;. 

or J- ... rtiioiJ. result t .. r~ns.!;,i tteo. 1'r,'I' t.ile cOOlI.uter a'L H.lgh s}.:-€!eU, liJ::J..y 

be hel.(i on ~ l'tSt:;isw1' u;.riug th~ time nec<'S;j,~1"J to 1"",-.;01'0 it.. OLi tho 



'Ille U~d of registers, bowevor, did not orJ.gl.nii'te with f!iousrn 

computers. ~ t.Yl,se 01: registers, developt:ld for ottLer }.ourpOS6S, 

MV6 reeentl,)- betm ~1>ted for computer use. Tr.&e earliest kind of 

storage r~gi6ter WdS 1-,urely mechanical, conais ting, in 1t.8 su;l-'lest 

forw, ot' a m.unber of wbeel~ or gears wit!: the daculal digits ioscribed 

~)n their circ\Ul'lferenctL. This tyya of regi:'>'ter was used 111 the first 

c.:.U..culator, invented b1' Blaise Pasci1.1 in 1645 (see Fig., 11). ~O There 

were, however, t:iaLy ~ .. dds to Cd-leula tioD oefore the PI::L5C'll machine. 

'these aids used stora.be of a Kind, in t~ t t~y represented numbers 

by til~ 1-.osi tiOllS uf di~Ql'!td,e f:tll'eical. ob jel.:Ls, SUCIl '-is "Loa O&'.\d.15 of 

an d.bacus. '1'l~S use of 6d.sil;y l!.~i!Julateu liut,'~rial 00 jec t:.; , Oe they 

Oazld.S, peboles, or lmot~1 on i;l. string, e!li;lbJ.ed t.he oFer~tor to see his 

Calcull tiOD wh..l..le ,;it the S.3JiI6 th,.tl tie tno\A.ght l tout. 

after settin& U}, thb < .. Ll.t~ on tile nWO;OBt' r~e;i8tGrS, bo let the lbal:hine 

.rroouce thcl r\.!ciuired result. Cb:irltll:i Baobage, in the 6d,rly ;P41't of 

thti# nineteenth csntur.1' I rea.li~er....l til:it it WilS rossible to cU'I')' trll8 

process one ete1; i\:crttliilr: stor""c;8 coul.d be utili~6d to e1.imina tlii 

the bl.J.m411 o¥er~:.or cOOI}J..Letely, <;UlU thB solution of cOl<;lJlic::~ teJ 

j-.roblefH5 cart'iad out~uto .. :~ti-..;.ai..LY through the usa 01' d. predetermilloo, 

etorau sequence of' orders to control tiw succes.,i.ve ol-'eratloDS ot <J. 

scale digital cOIU1--uters. Therafore, do COJbfuter ~ ,;(;l uistinf;u.lI3Ded 

trow a. t:~t:ul;;l.t\..lr o~ ..l. ts~bi..i..i tj. to .A:J.1.TY uut ..... ut®;.t tic~~'y a 
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Fig~ 11 

Fi(/lire I 

Pascal Calculator 

Speed 
1300 counts 
per minute. 

Old and New Galcula ting MacrJines 



roul ti}.>.Lice. tlon" wl:u~r€l.'.I.fl only one such oy-eration 113 j;.<erlomed .... uto­

!l.>:\tic~l.y by . .:1. calculatvr. 

57 

B;l.obdbe r I:l lro j.e,~ too :malytlc·..l e.lginij ~!i:l.S deSlt,lli:KI tv s t()r~ 

DUJiiOerS Oil a. largtl .iWUl"Lit.1 of me<;tlomicu rtlf5,isters. Thei:!.e ragister3, 

call.ed th~ "store," "ere to consi15t of a. Vlil:rt a!'r~J of whedl::> with 

inscrlbeu Ltigits. A SIHili port,ioD of tn,,,, 'iihadli!> to h.i.ve J.::Mtih USed. 

hy llabba.ge is ::.oown in .;!igure l~. Tha ~Licd..l engine <idtB Orll!p.­

n.i, l.y detlignea to ill Vd ci. store Cd~.ioi.Ole of c:·,n wl.ni!lb .::i. ll)oo 5O-digi t 

numbers, out the Itachintl ",ab never cOlIl~leted. t:ect.l.lnic.:U storat;;6 

rS6ister;:; }:l'.",b ... bl.y reachetitl18.ir rughe:Jt l.oillt ·:·f develOj Ilh,nt. in tho 

dabbage ft~ch1ne:! ,:Wd. n. ..... ve b~d). r~l;lacc3d in i:.OUe-I'll COJl:}-uk tloru.l;;i,1-} .li­

~tion8 by dlf'feren.t kinui' of el.::ctro-ilh)ctliD.'.c..J. rd~i3ters. 
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Calculating Wheels designed by Charles Babbage 
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Some ot the earliest work on al~ctrO-~6ch~ic~ rugi~t&rs was 

ci:l.rrl.ed on ill cQnLJ.6etlon 'lith the daV'llOF';.ft~nt of auto~tlc tele}hone 

&1.,5.::.,50 
exctwlgas. The Western Electric CoIlkcd.Uy began 'i>or~. 01. tile 

S9 
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!,';t; I ()~ \HI11 n'.:!i:-iLCr ,.'full ;nnil-
About 1912 nWl i< 

( 

1·'Il:, :;:)1, I~I':':L-;'II;I: 

About 1920 Ref. 52, p. 122~ Modern Register Installation Refe 53, p~ 590 .. 

Fig ... 15 Telephone Counters and Register 



l.l!:i.lf-revolut.ion. An in<::OIl,lD& ai~it lL'> recordtl:G. in tile cuunter 

when the spindle l:t:;.s turned through a IU.ll;lb",r of foal. tiona eq'l.lal 

to th~ nUli,bcl' of' iJC:pulse~} t;(:I!lt. in.. This DlUi!ll:h::r 1s lJften the C\JlII­

p .... ament ol~ th_ di.illed ditl.·i. tj 1;,h\.;.s, 1'or tIle r.tm.ber. four, sis 

iflJ,l;Julse;;; are seflt, 5.00 til.;; a~in..ue woves t.hro'Ut;h six. 1~(.H5J.. tion~. 

~han too dit,it is rEi4d tlUt of stOI'c.lgCl, tuo sl)1ndla moves f\ir'htrd 

to zero throut:;h the ~r.lccebdinL potiitions, '<Ul<1. tlru.:J trdllbmits tne 

or161na1 aigi t dia.lleu" The inui. vic.Wil COUll ters 1l6,';u not wdi t 

until tilL the digi 1..6 of t./:le telepholJc number bave been d).alLl.>O. 

bcfort: s«Kiing out }rece'..:1ine; uigitt: :.:I.S so un "H~ one c()untc;r h9.s 

t"8celve.;l the first di""it, it lIldy De r;l.;.d out, therebJ' si}e"dln~ 

u.p thB o}cr.::i.ti.JIl of t.nt' SY13ttlro. The use of reLil: ttjI'S in auto­

Iltdtic teJ.e,phon,1 i~ v::tiu.:..blt~ bee .. I.U;:;8 it cUlo¥" botn rd}j.u diall.ing 

and stort1..gs of tht.' t~Lt.lJ.ed dii,1;lts until tile 3edking switC.i:l ha:., 

found ti~ r~~uLrea eonnection~. 

Electro-mechanL.d.l r&gistera are also of gre. t v.llue in 

epeedin.g u!-' t.ne ope:J:'':l.tion 01: .modern alectric-drive C>J.l\.:uh.ting 

machines. In such ':lp}.;lic:J.tioDs, the indiviJUdJ. wh.eidls of the 

regiS1teT lil'e turned elel..:trlcall,y in re5}·onsa to flnt;l:!r-ti} pressure 

on tile kqs. Such d. modet·u calculator presents a trejM~ndvus con­

traB t to tJle edT 1y Fa $ccl.l Bli!:i.cln.ne (se$ f'ig. li). 

The Ha.rvar..i Autom_,tic ..... Sequeuce-CoI"trolled Calculator u~es 

6i 

32,54 
eldctr~ecl'l&.cic:ti. reglliiters a:.\ i ttl main t.Yx:.>e of internal storage. 

'1'bi~ I'ila.chine 1.e a modern eltu:t1'iC<41 counterpart of Ba.bbage t e o1'1g-

i.na.l analyticu oot,;ine, with electro-nh3chmical relJater5 reJ:.ilacing 

the mecb:.trlically-eont.roll.oo. whe~18 of the Babbage Diac:tdne. JSach 



ret.; 1 St,,,H' coo.~ij!ts i:;;f ;; .. gr,;)ui 0! .A cOli1utel"~. one for C:lch ·A ",t, uee­

ULU. uigltt'4.oo 000 for .u.ge'bruc '~1iJl. PQrt.,lOOs~,r.: t*~o re~l;:;t.ors 

t.1.re u.bown in t"i«urt: 14.. A l;".rt~ u1¥ .x~looM Vit:. (",f ~h 1ooiv1uwl 

oOUDt~r a;,j,::r be seen 1<: Ti6urtt l!). 'the COtiIlt"n- i;,\ eO~lt1t';0J. ,;,t ci 

CUi)U;;ut.;;l.t.or h1.vin~ tun Lt!6i;,UUt.:U coot.:i.ct", l-l'llmD$'l:"vd frol'>:, lr:tlI'C t,,; 11.1~~ 

and J. tKlJf sll~ t'!.n~, .). lo:l.1r of rot.;l.'t4blo br'U~f.\e& Uta t c.':kn con;e.;;t 

~ ::'11..1$ rin", t./ QJl!$ of too O()tlt.4~t.!>, ~ ~GlJltiIruou~\ly rot.'itin~ ~.t.lSel, 

Uk) p'ol>or tu£!:. 

Unl.1ktJ ~l;:1ll-·hont:l r;,£iBter,,-, ,;"rucl •. ~ro "")110.;' U~'><!!\.l to uui.:" l'l~ber";J 

t.l:m r~Gi!lt.ar,';l or t.oo &rVdl'a Il!a.cbintt arG dQ~,. ~l13u 't.t; ti00Utiu!. te .3.13 

};'dll ,1.8 st·,.;l'd. CorU3'2 ~, .. t;.)lnt.l,t, ;:1. Dw..,b:3r lbDt. t.o 41 rl.~t:iste!' ,:nLi;.:fi is 

44lreau;,' ho.l'(l.i..n, ,~otl:k1r mmb .lr','iiLi. be 4!.i(.ioo t,} tho or l.g..u;ru. nWcber. 

This ,function r6 ~\Ures '" OOl"'i.'l COfbl.1ic,:a.ted coUU :Aar stru(;t.u!"(: til .t .. 

1\>1' !!I-cd,,,·c.f'l hen· ttl..) count(h~ i~hoe!.d 1.c,iI.,S.ilOS t~n'()~ll t.cJt.. U;C"l, ftllliliOera 

al".;l intf'()UUCl~i l.nt.o t.£~,;t C;.JWiWt'D~h '" diJ:·~·er."nt ", .• j: (j'v.:h {i.dcillal 

SLl,iJll.t~,.l* of" tbe ·~.i(&1t, iIl;.;'ta..'",.;; 1.11' by ill ;.;erJ.>;i:$ ot.: ~.IJ.l;,us. Durin-K UH' 

},uls,;;, t~ J1';;:ir;lhtC.C cJ.utch ~:\be~3 ~ C;)UDtil:' ",heel, ci_ t£".t 't.i:RJ 

~il$t~l, xtJ¥ ~h"" .. .\.ntrl.)~i\,,;.CiJ"j into too Ol;.uuttil' '~ill be ~ue.i t:;; if ll'it­

.. )Vel:' nm;:o~r 11(\ ,li:lr~'-V at;or,,'U t~reln. 

r.itl'~r ;:"b,j,11 cour;t>t'1r;k~,;l,c< ~ ",icy ,;),1",0 D.s U15c;.lt f';Jnt. 

~lectro,..m8ctt,u1.i(>.l.1 ret~,~tli!'r~::.. ~(ever·.u. ~'-Oda;:"n cOs"i-ut\.H'/ii Ui!$ l"elrl.l 
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til"" l.m}UJ.i3e tlmt C, .. liSe..:. it to clo~'J. Lncidrlg rell.:l.js ~re U".eLl in 

. l"t.11.:3.,Y reg.;.stere Sc) th.::i.t ed-ell reLt;:{ '\i.U. !:!l1ergL . .,; its own bolaint; 

ty ... 
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B. 

Discrete ~GO.ia 

d. Vac~um-Tube Registers 

baving ten distinct states pos~ible in each ae~ar~te storage ~la~ent 

or counter. These tell states corre8}onded to the decim:ll diglts 

i'rOftl zero to nine. However, cOUlJ.utational numbers, or ~ords, Ci!\Jl 

often be advantageously refr'J6ented by other than decimal number 

systems in which e.aeh decimaJ. digit of the word i8 itself rei re-

seutt3<i as::!. series of zeros dna ones. Such a ret reuentJ.t .011 .:tilows 

all tYFes of registers tu be both aim,pIer anti faster, but it Is 

particularl,r valuable for V.:l.cuum-tube reKistars. If ten se;;-a.rate 

states ~re to be d~stinguished in a vacaum-tube circuit, it is 

;poSdible to use either ten tubes or ten dif'1'ertint o)reratin6 cun-

d1tions in a single tube.. The first pOBsJ..bili ty 1s em:f;loyed in 

"ring-of-t.enl! vacuum-tube counters, but the second is never U:;;aQ 

in com~utational~~plicatlon~. Bec~usu of change in ope~dtin~ 

cond.itions ma tube c.baracterlsticg~ it. is not at .vt"c::Junt i os;ible 

to desi~~ a y~cuum-tube circuit with which ten distinct o}srat1ng 

conditions ca.n be consistont.l.l distinguishf3d. On tho other 113.11U, 

it is quito possible to use Va.CUWIi tubes solely a.son-ofi el~ments, 

S0 "!;.11d,t correct o.peration c-m be alil8ured with'l.lmost absolut.e 

--...;.uracy • 

. \......- . 



Thare 3.re sever..:.l non-;10<':11.,,,,1 nuniber cooes in use in JLod.eI'n 

C()IJ;l uters. The t'binarylt Bystam is the UIOst UfjOO in COll;l-utation,'\.l 

work for several reaE'ons. In this syst.eI!l, a number base 01' two 

instead of t8n 1s ust',d, Uld there dre thus 0Ill,y t",o digi t5, one 

and zero. 1:,1 larger numb6rs OI.re rei_resented bJ' (!ol.lbina tio116 of 

ones and 2>er05: t.0 is written 10, three as 11, four atJ 100, five 

dS 101, :UlU fiO em. The use of such a system r8<{l:ires about ~.3 

taes as OtU1Y individual digits to rerresent 21. e;ivlm Ill",nY-l:1~ce 

number as required in the G.ecb,u. :JystEltI. AJ.tht>ui,h iIll,tit ;,tnd out­

put rrumbert3 usually rJust be I.!onverted from decim».l to bill""r), :.ma 

from bin;:u"'Y to decim:11 re~'pectively, the une of the binary systelIJ 

in ::IXl eleetronic comluter to s.llow on-off OJ; f~r,~tion 01.' 1t8 V,Ji,cuum 

tubElI:l is so import;l.ut tlHt the convereion prob16lll is trivi'il in 

"-'~)j'l'""-r :;,01:. Two other codes HOlf'etill,,,,s used ~re tile co,ioo-Ileca<il 

and th~-; bi--iUindlj systel'Js.. Both 13YStt!lIllS ri>l;resent .,;aCI~ aecim'J.l 

digit as a cOL~bJ.n:l.tion of four binary Qi6its. Usinti, iiuch ~ method 

of c~)ding, a tgn--~iLi t decim:U. nUlllbl;jl' re'iuires 4U binl.rj a lbi ts tor 

its rei:-resentation. On the Gther ha.nJ., in tb:: tru,;; b.'..ll,.i.r~1 si~t.eu:;, 

only 34 bin::?ry dibi ti:> are ni~ccl:';sa.ry to r\;1-'r~l.:ient th~ I:HUi,Y nUlllb~r. 

;::in~v ~t.:h aigit th::~t n;ulJt be carriod in ,.l. COJ'l.}utat;.ou involve:~ 

consio.er~ble extra equ.:q::ment,the ~ir,kl,ry :::l,Ystem is the ... o.ut aC011Jru­

ic,\1 of .:iPl~ra tu.:::. 

IfTrig[,er fairs", or "fli,p-flo,iJ" circu1t.s .. a.re the individUdl 

storige elerrent5 in vacuum-tube registers. Such cir~ui t6 awe t,,)u 

~:. .. ;."'O 01' ~t{:iblG e<1uilibr~UIilj tilus, one st:.ite c..n relrest::nt ,;>. one, 

and l.he other, a zerv. Two tubes are used <'ind , ... re so convected 
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circuit, invanit:tQ by ~;.:1 .. Eceleo ,.all. F.". Jordan in li1J.~, still 

form8 the basis for dlmost::.l1 tYFc:'-< of' flir,-flq ot:.riili:a 

58 circui t::i. It bas }-, 

( 
"', 1 (.) set:: 11,.1. .I." • 

57 
circuit was D· .. de by H. J. Reich in l;;JEiJ. In Reichl s c1.rcl4it, 'pl:'n-

todes are U8(:d in ;pll,.i.cEi of triodes, ,~nJ. the neces:x.i.ry feedback 

b~Jtwe ~ll tubes is obta. ined by crQF.·:<-connection bet"ean Oprobi te 

er:i,j s, as in the t;ccles-Jordi:l.n cireui t. .Bec~uu~ of;,his roetb.)Q or' 

Lu.rlie:!: f111--f10., eircui ts had 2.ehit)ve;..: th~ L. de::; ir~blo conai tion by 

thill U.r;, L,ieroseconns, \rut It:lfito\.ie circuits are 60Ti'tH'fhat the fal:')t.er. 

Fit~ure 16 represents .''\. 5iEU11ified triode fl:i.}.-flnl circuit for use 

th~ register ullons it to 
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\ I:l.d.a tiOl} is particularly siltl-,le. One l:lus one is zero tina ,,\ 

loS one with no carry. 'fh~refore, t.b.e c.~rry circuit bet.,e.,n ..l.d-

joining flip-flops need only be ;~ :nngle l.:onnect.ton, such th.t 

a. carry pulee is tr~6111 "" tted whEm the flip-flup :;w1 tch;;};:) frolCl 

tt18 Ilona" "to tl:.e I1zera" conai tion, but no ~,ulse if:! tr<:Ulsl;.l.i ttad. 

when the ~witcbi.ne, it' frOi. 2;aro t,() one. In tile uircuit :.loown, 
, 

.iI. one is arbi trC1ril.y said ,to be storeu whet~ tube VI is Ot1 :;l,.l:i.u 

other swte of' ~uili.brlUl£, no Matter whet.llc:r .';l one or "..\. zero 

the nip-t'loh lei:l.ving it 'tilth .;j, zero storeu, '"hile ij. neg ... t.J.ve 

reset. c.:.mnectlons . .:ire useu for cle",rine: <Ul(.\ to .. Tovlde f.;dT~ 

inputs bet.wetID J.d jacemt elen.ants of tne registt:r if it to used 

devices been desired for tba COUDtLBg of ver,y rapid i~~ulse~ rro~ 

partiGles. The usefulness of the trigger circuit in such apf;lic.ltion;.:; 
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steins from its J,irOOllction of one out~ut .£,:ulS8 oJ.' d. ::,iven j:.<olar1ty 

for evert two 1I1.i.-,ut ,t;ulses. By connecting a cl'ktin ot 1'l.il-.t:lops 

Eecl<£!s-Jvrdan circuit i:or counting j:ur~ose5 ;;:.nd p"OduCe...1ttlti 

first V-l.cuum-tube. countine; c;rcui.t..58,5f:i 

t.'Wnerical Integl"ator .:lhU Com},u~r (tJ~IAC) aeSl.t,rltiU at "th. Urdver­

si ty ,)f Pennayl v'lfJia. 44 Tb.e decimal sy l"~taJl i6 uSe<:!. in t.hl;:, CUliI-
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nUBioer of vacuum tubes i::l re;;uireu. I\YJ:' '-ol.Q.~'Iu...,j,t!:l st-or:..l.e;cl (;".2., "wi l.J. 

Ten tubes are US\::lt.. to ::. tore E*tch aecin:..1.. ;l..igl. t, ;. berea.:.:; only 

three or i:au:::.' tU..,t;;S &1:1.') n~cBs~i;U.'Y to stur;;:; t.nl;;l S;jJI e \lic,lt. Wt1@ 

c,-,uau j.,n trlG t.unal')' ti,Tsww. Ana, alt.hoUf,h :l'i1l6 c0Wltclrs 1ire 

UI\;Cb. .fa~t .. er ttw.o dl;lSctrO-li;ecil.\llic·",l cuun ,eI'S, tllcl~ are L.~·. 

;.,10we1' t.b.:i.n bin,j,ry cotu.rters. In the flil.-l'lo!. res;L,ten, only 

t.h~ ~)tl-oft con-ii t.ioD lll11st be chl.n.\;;8i..~ itl re;;;lstdI'in G a. ';:,or,.l,~hili:.1 

a. DUil.ber of d:\.i&i ts d-{U'A-L to tr..e de:.;iw,Q t.:.J.&i t to be storwJ. IiU!'St 

reCnl"'u.l.I.lt; t<A.i t~i) 4U.liB tl..C:es .l.;,\[tLer foe :J.eJI.;1n1l.1 l..ik.n for .i 

oW:l.ry CUUllter. 
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cl. Transmis.,ioll Lilles 

Tr.:l.l1s.mission lines of various tn·tUS bcl.ve loni;: be<m l.i.bt:J. for 

liJ.sctric tr-oiUlSi.iiss.:.on lines b.:i.Vt; not ·t,h:us l"i,r t.k" ... m UtSOO i\)r 
eItTI"f'H.'''y'''fl! 

sl.f£llal sto.r""-6e becau.se their J\ vc.locl t,t of }:·rv~tP· tion 16 Hi>Jr"U.e±y 
)11a/(('s 

~ !M:lti:ftg 1 t mios. io16 to obt.aiu delJ.,)' u of DJOl"ti "Li".tan d. 1:_ 

d ua4,Y 01' ab·.)ut. 0.1 Uli<.;r,)sacv!td/incu, but, 1,,!u .. t:) V':.I..l.ti(~ ';':3 1..:10;';·6 

to thlj lWa.X.imua, now dtt;LinaOle. 00 ,61 For tl.llii st'.Jr.;l,g~ of COJUlu-
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ex&, .. :-t:. t.1me c.o1ncidence betweoo nearly coincident }ulaes. Thus, 

if' two pulse*, of a ten·tb-tuicrosecond width occur l4 n:.uf micro­

~econa. 1rA.i-"rt, it ls ... ossible to delq one at' then; bali' I.i l%.!icl"o­

secorld. in an electric ..Line, dna :';0 C::l.USt;l then! to ·)CI..'Ur simulta­

neously at a s,F6cii'ied output f'o::.nt. In this fa.shion, two k·ulses 

m~ be .made to 0lAifri.1. te Ii coincidonce device SUCli as & tf g~1. te 

tube" which will genera.tei:Ul outI-.ut onll 'i'!~n two ai.i'llult.m\.lOu:.:l 

sit:;;ni:.l.ls are ·a.ff·l::.ed to it.. 

A much more 1ml.ort.~t al,plicat.lon ot' tra.nlSmiss.l..on .l.1neJ is 

that wiuch lll<:l.kes use of. acoustic r4thfi'r t.biul &l.l-e~ectrJ.c lines. 

In t.tl.eee lines, tile: iot'ormation to be stored., which ;)ccurs as Il 

sequence of electric fulses in definite teLa.poral seltu(me,.J is 

used to liIoduJ.a:te a continuous Wive oscillator aI' 't.L.ltra.sonic fre­

'-iuaney (usua11;r 10 to 1& megacycles/secoml). 'rIle ~,OCiul~ted out­

f:ut of thit.> oscillator drives a. 1-'iezo-electric crystal in inti­

mate contact wi til a solid or liqu.i.a t1.k4teri.,\,..l. This cry~'ki.l is 

desigD~ted the transm~tter W1G convert$ the e~ectric 

into sulersoni..: w~ve.o"lhich 'pro}:;;~ga:te throl4;Il tne Llate-ricJ. .... Il'itb 

we Yt:>locity of souna. in th<J.t ll!&iit:&. At. tone ot..h.ar (:nJu' of the 

lin~ is a. rec01vinc,; cr;yntal. which c..:.nvert,,, the fh)una. waves back 

into e.l.ectrlc osciIla'tiollS. DUrini;;, til", time of tr'lnSli~ili:li:>lOl1 ot' 

inforwation tbrout.h the line, tJ:le int'ormation is actw.l.I.J.,)' 

star.a COIltinUOUS1,y on the line in 3. series of compres:::iol'l waves 

mov1n6 tbrough the l!!edlum.. Because too speed. ot" sound is so 

much slll'!;111er t..h&n tlks ve.1.oci ty 01 ~ngn::us on electr:ic traDSEniSl:Jion 

lines, lar~e d61;q-s Ccl.ll be outa~neu in r~;latiyely ;ihcrt length.; 

of ~cou~tic ~ines. 
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D~el"ing of the Univerdt.y of PeIHiB),.iV'itlia ,.1.5 /:i.(hUrate taing Utit­

til.:: 
V.Lees <;I.l.U in 1.;':14 were <:l.d.;q,(;.oo for com~ Ut.&t.1Ull'l1 tit.')l".JI,l:Le. How-

In the comj.,utati.o.na.l storage of ini'Oll.ii:itioll in a d,;;ld.Y line, 

it at!.~i.n, a Ifrea.d-out" trigger is '-l.l-pli . .;Ct tlhi;,.:h ;;;\,1.,'-0.1118 tiL'::; ::Jie:nal. 
S'If< It 

to be tra.nsmitt.eJ thr()h~:.h t.h~ ri~ht-h.:ma gate t,uba. !1 'ihe centr;;.l 

75 



desired to redo. uut. ths si~l l1it:iUUt ra-storing, ;a trigger J..S 

from trdnSllJittlng a. sl~.. 'fo introd.uce iD:for.f4tio:U into the 

~ternal circuit used. a:ith a mereury QeJ.,~ line requires about 

ten va.cuum tubes. 

,", 

clock j.erioo. The first coniiition 1s neces::>ary to keer thH 

di tion is need.ad tv ensure tru t pulses whicn have i'',:i.:;BeO. throut,u 

brought into syne.hroni51ll wit.h it. 

acm .. stic delq lines bec",use tna,y ru.VG tile ulsadVdJ'lUl.gil:.\ th::l.l. there 

~re several mode~ ot' ~ro}&&ation, &ach at ~ oifLerent valoeit¥.Go 

76 



REI\D IN 
TRIGGlili 

'-------. 
-~ DELAY LINE h! r----- i..-' ---' ' 

I 

r- D 

I ~ 

I i I 

A 
M 
P 
L 
I 
~' 

IT I 

1 ___ 
1

---- I 

I 
E 
Ii 

1'"'-""-- Gi 1...0 ... '--------1) I ! 

1 

I 
SIGNAL 

IN 

FIGURE 17 

'----r-' I 

D~LAY LhE 

1 
I G ~ 
T 

! , 
::>lGN·,;, 
om 

CLOCK 
PULSES 

RI ... Al: O[!T 

TF~IGG::P. 



78 

4\J-~.L:..6it ,;!;Ol"-ll.l i.!;'U} be ator<!!\.i in :.j. 1000 tnicl'cSeC",flu lille ,j,t the 

p!lJf,t;l time, ~~dy b~-~:--~~;-ll~~_~:;r:~bi;-;l:~n0'c<:b_"a,r:r b,,,,i'.ire :J. &ivCln 

seri:!.l digit trlil:lsl),iss .... on, out considar::l.bJ...e tln.a would be 'l'Ia::;ted in 



c 

c 

iiiitt:.in thf.1 l.;,i,l:>'t seven years, therld. .h.J.ve::; been s~ver~l .1-'1'0-

l-.osb.ls for the US~ of rot:ttinti, disks 0.\.1 cyli..ndoI's cOtlted •• ith iii. 

magnetic or ~ight-sebsitiV"e ma.ter.:.al as b1. yosi£ibltil interntl.l 5to1'­

.:i.&9 Biethod. Sel.ar·lte d.isAs, or mul tiyle cl::l.:ul.rltj1.5 an <:I. lon~ 

cylinder, coula. 00 used. tv stortS 4i rel:ativel,l J..j.rge <'J!!ount of 

information COl'I~Ctl.v. The disks or cyli.nuer'u y.'ould be rota.ted 

~'l.t. high a1'eoo in Sj'DChl'Onism"l.th Uk! rei,~tition l';;\'t.t; of Uw cow­

luwr Uht foulsI'::;:; re(:or..:L~u. a.roun:.i tneir i-'~rif,llfll"ii:)s. Sue;, a 

method of stora.ge would. constitute a seri.:.::.l system lLi.t3 

r.O. Crawforu, who ,\;al:.. ,;_;t',h:ine; th6rtl at Lile Urut;. Uti Craw Iot',j 

FI'Opos(;t'J th;:l.t disAl:) .. Lth)ut ;;:0 lncl~.\i ill dl::!.bJr"te:~, :rotat~nc ~t 

a.pk:jro.x1DJ~te1.Y 15 revolutiODs/se(;Ooo, b& useu to .IL'QV1.Ull tna l-rin-

Hec~.ntly, t.hi~ t.y1~& of llli;;l.~et.l.C 

uevelopea at Ha,rvar-J. ti6 Tastg dore 

12 inches in ai.ulleter, rvt;ltell toi:,ether a.t ,00 1·evol'U.t.io~/S8';:­

onu by .... COInJIlOl'l aha1't. Thi~ anguJ.al" 5}.i6ea correl::>l,xna;,;, 'L01 lin-

sy);;tem requJ..rine,; f\,ur oln~ry digits f;)r ea.cn decimi.ti Liit;i t iF to 
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decima.i. nu:mb'~ra around the cirCUllferBl'iCe of eacb disk. in 

order to reduce the ~iruuw ucllay of ~6 2/5 milliseconus 

causeU by t~ serial nature of the storage systeR" ten IJick-

u.p heads It.a.y be used, thereby reo.ucina tht:; delay time to lese 

tlliln two milliGeconds. AD ..J.dvanta~e not shllrod by 'Jther 

interna.l stora.~e lilsdi'=1 is the datic nature of magnetic uit>k 

of the magnetic Sliateri~ of thi::l .:ask:.>. For SUChUl dI.r1i-

cation, the J:.ilosl,hor must nave very Slloct ·:l.ctiv<i.tion:"lKI. UeCdY 

timas, so th:o.t d. pulse canoe 8ri':'S~j. in the time ci' travel of 

L 

l",rge .:1.IC.'<)unt of storal:i8 c 1Il be achieved at 10\\ cost; but dif.L"1-

culties ,)!" synchronizing the disk rotation wi til the computer, 

a.nd t .. iltit .lela" in r8a.:1ing out iniornatiou, are illl[.ortant. (d~k\<.i-

vantages. 
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i.mili.ge. In teleVlsion use, the }'Ot.ellt.id.l pat\..el'll is converted into 

charges tll.$ element:i.l ~paci tors of the i1osa.lc. All QutJ,ut si~l 

Th$ first in .. tance of tile us\:: oj. a, lUOSdic to f.i.tore ~u 

.i;'urln~ the war, considerable resa ~rc.h >;orK 'l'ia.S ca.r _lt~d on t.? 

selector in radar insta.l..lationB, and. H.,_ lict;onni.:!ll, r.:t.t. t~ 

Radia.tion Laboratory, dev~lofeL; an ilulJroved theory of' 6ca.tu.~ng 

it .' 70 
VI' h <il. DiOVl...Ilt;, oeam. 

Thttre are.i numo.er of stor,,-ge tubeb in too Pl'!) j~ctt:l(l or 

sette Institute of TecbnoloiY Servomechanisms ~ooratori will 

th t "j b' 71 e mos iiIoV'<1.LJ..a. .... ::'!. 
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'- the lito.r:·a~e t.ube. The in".er btru~tut''' c.oo;:)i;;,t,s of :w electron 

/Iii'Wl, eliictros~1;i,.: uaflection i1",,1'.ot;;, iAOU a ;:;.l:,e~-.L:l.lly -dt;,;,ignw 

storae;tI i;\\ssdwlJly. Au aqUi::i.dag second ,!uoae helJ. :!. t +11)00 volti:' 

'Ritn res}-,ect tu the cathode l", 1'01.1,011100 '/f d. slbn,u grict, th;:) 

dit'll>J:Ict.ric sU:l.'face, dJl<..l thd C(;nduc1'.iui& ",l.t;"nal },.-1a.t0. Horlzont.;!l 

~ verticll deilectLotl'.lIlll_iii" erScire u::;~,..l \,0 i:lu.flly ttV..-l c-jrract 

volUl.&es to t.i.e J.ef..lt:ictJ.on j.late.s t..:..,~~t}lect .ny ];'ll'tit:u1c.!.!' 1:'1 <:>t 

j.:O$.LtiOD Vil l,ile atora.66 sur:i"acG. In ti.Lf.J l"irJ:~l llI;)c\.e.i of "i.·he tUbe, 

it i::; ~.ll.1;;t~ t11..t tHere .nll. be ;;}~ stor.J.gt.! "'iotiitiun~> in ea.ch 

c.irectJ.on un "i:~e (iielect.d·~ :,)ur:t'd.\,;:J, I.l;::lki~ L. tv'W..i.. of J _,,"i i: of;;i­

·tJ.U!.lti .t1.'Jl:' ·tul1e. Eecorui116, reat.:..Ln~;" -;:I.I.lQ re-.).llt.~l.l::.u.f "C..l. t..L')i -'f 

s~tiOD.:Lr;y • 

l'he ;i.ctu:1.1 optr:itlQll vf 1'..ll.e '(lube is I'clJ.HJ.V€ll,y ~,im~.l,.;, but 

the .\!;ech,.uli:;ll: vi< st.o!"j,t.'" on ... (:Lialectr.'.c ,url,lCu .;.; :~ t!:>,~.u nvt 

,)'et. .t'u.L.:.Y unda:e:;;-to;,,,i. ~"h:::;n dle.;:tron::, ;;It.riX13 the "to:':.(,B <;Ur'lJ,ce 

with h:.lbll vt1loc~t.Y; :.>el.;on!.Lc11'.l f;!J.tlctr-vui.i .L!'~ cHi .. tteu .... 1' thQ 

uJ.ol.et,;"r i.e. Lf fu\.)l~a seconu .. r,Y "lect.\>n.:s \:1;'8 I:jf.lji tt.cu th:.ll1 tilera 

IJ~ bre~w:r: UUll one.. (~i!aL thl:; 1'",1.,:1.0 i::. t::.re;.d:..~:i.' t,hd.n ;!n.:::, n.vre 

cl.ectr-on;:; l>!!dve the: ~u.r.t'ac", tilan l'e4cn .it, ..:..U;.l .it.~ .t.:,ot,;;nti ... l 

,,,ion ra.ti·~} i,-, lcb~:; ttun ~;n.'3, ,ora ",lijctrofW raacn th~ :iurf~l.ce 

t.J:w,n Itkl.ve J. t, ;!.(;;i 1. tD .k-',--,t'::ll t.L.J.l i'd.lls. Thl"J ~:.;;C0 .. a J.;y ',;J<.i::!:.>i!Al 

I'aJ.t.L) its'<;il.r' uCJ..end~) UI Q!l L!.I.-a bur.f ... ce ;.;;::;.tel·..L~ ,u:'u u} .iE "Li:l~ 
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dn9rgy of the in,;iuent 01e(.;t.ron;:.. It it; .;re;~ t,er t;, ... n una L)r 

Lost lIl&terL..iJ..s for electron aC(;C.Lerating YO].U6es btitwe.;n aoout 

tiJ to Illever:,u thou saud. Vi-Ii t::l. H£.)¥lt:ver, in tll<j s·tor:.L~e tUWe, tUG 

si~lJd.l grid potontb.l CaD be <ld. justed _,0 118 el ther to colwct or 

ratio. 

Th~ electro;:.;tatir" ~tlJra66 tube is ue8i~ndd to !.lave tt'Vo 

staLus at: E1tablu equU.iLlriutn dUG il. Il6utr"d.l -'tate. It 18 thus 

'1I'e1;, sulted for storrlg1:.; CIt' numOe!ro eXl.r<:!s;;su in the binl1ry By;;;t.em. 

In :jrder to sch ... evi:> high '.1ecl!raci in the tHT tuo"J, .. t ~::3 11'0-

~::t1::4l'4:;~ (corres}·;)ncline, to tHe n,?1t:.trcL.i stat.c.). In cne j,.osl:Ltble 

r~cordl.ng heth,-)a, the sit,.n:i.l .;rid lS ~\1itcllect to do l·osltcve l::ten­

ti"l :.}i' 't!li::: ;Jroer ot' 100 volts to ~tor>3 .:;j, on...,. The bij~L (H:lfli;;(;­

tJ..on voltat;es ~.Lre tH,ta.1Llsheu to l:lei.ect tho ccrr·~ct 1-0~L.tiGlj on 

positive cmre:,.;, ~jinCe th ... ; effect~ve RecNldd.r,Y i::l'.It.b;Jion ratio i;::, 

t,:;roo tEl:<' th. ... n on..:: at; long UiJ thG 1. ,yt011tLd ai' tilt: '51-ot is .i..8t:;S 

than tllci. t ~'i' tile grid. ',Ut"!; 'tJ:ll;;i S1 .... {)t lotanti:.iJ. oacOLlw.l$:i.H I"clxi­

Mt.ely ~ual t·.- ~t of 'the gr~"d, t..be efi'ecLive (;lI;l.fISiOIl I"dotio 

al"0JA'; to ODS, ~U)(~ the. ~L-ot remains cloSti to grio. }ote!lt.i.""l. 

After aoout ,;i. l1.1croseco[Kl, the l./eGt.!..· i~ turnel~ vif, le;-a.v.J.ng t~ 

::>1-'I1t yu. th ~ 1"0511:.."V6 CI.al'ge. SirlCti tlltii: storaga s;AXfa.ctj ie Ii 
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the stored inf'ol'llation a.fter rea.uin~ it if it is u.o:iIsireJ. to UtiS 

it ati,..;I.in l<iter. Rowr1tiog can be I~o8t l:liIliJil,y SLccoDl),:lisr,eJ., '~b$n 

naces~, by coupling the Qut,l-ut si~dl to tJle writlnt; mIut of 

the t.ube. 

one ot the yrmci.,P-u prob.i.elLs in tile de~lgIl of .j. stol'~ge 

tubd is control or s8condat')' electt'oDs. Sine" the storeu 

n.:11s lIlUDt be Sj;l.ii.ced (iUl.te closeiy to conaerva ,,}8.CO, tuere is a. 

&000 ch..ulce th!l. t Dot ..J.l Qi' tbe sec~mUar.)< al.,ctror .. s ti&1 t~ 

durinb reaa.ing ami wri tin~ will reJ1lain close tv their p>int or 

origin or wiLl be '..olJ..ectea.; sume uf th~ secondat' .... ~5 will 1"oo.is­

trioute t.he.tselves <J.t v tryirlg dist..1DCeS ,i.'rOll: th~ir ~o.lnt of 

~lssioll .uld in ilO doi,ne>. ~'iil.1. t~!'l,l tu clbrge au j.ice!; t. j-0BJ. tJ. va 

ared.s, u8St:rO;.yint;;,: stored cries. V::.t.r ..lOUS methvus of' f;eCOOU::l.ry 

electron control i.:l..;a.ve been 1,roJ,osed., d.llii it is eXJe~teo. thtl.t 

the rroblelil CCUl be ad~"tuatel.y aolved. Tile stor~J.gd tub!';! COlibil,H3S 

rt$la.tive shIlicitl with J. fa-irl) L.t.rgt:!, higi_5I-e~d atorat;,e 

caJracity !.!llU \1111 be 1.l va.lud.ble COlilI>Ut,;.;;l.t.ioDilJ. storat;e ..ievlc",; 

when i te deve.lopmsnt 1s cowplete. 
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coml/\..tel~ tiWot tile Instit.ute f·.)r Adva.n(;~ bt.uuJt~t Prl.nce-ton is 

now buila.l.ug. '7.:.,74 The sa1.e\,;troo .l.::l lUl electro:::,l.,,:.I.l;.1.\; stors.go 
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Two views of memory lube in which a multiplicity of images may be stored for later 
release as. for example. in a calculating machine (RCA) 

Ref. 7-1., ~J. ~? 



~, .. , 

i-eri~l1er,j,1. wires Ioaitiv8i a sine,le ne&ative ~ire OIl oue S.Ut\l o:f 

do winuvw is 6110ugh to inhlbit electron 1'1.Of; through too window 

(see Fig.. a). There are 1b l.ead-in 'IIi ires to the v6rt.i c .:1.1 t"r ieis , 

16 t.~ the horisotrt.,J.! grids, and oach grouj ot: 16 wires -,s again 

di.v.l.ded .tnto two grou}Js of 6 wires. TIle interconnection in tCll;) 

tubes is such that ~t,;h wira oJ: e<i.ch e,rouJ. is the nei"h.bor of 

every other j&rou}. once and onl,y Oi.Jce" 

'fIiB t;electioli o~ ... IY ond of the 1.0651b1e 1,,0':'''6 ,;looowti is S~ID­

,t.ly a.CL.l.eved. by J&.lUdni:, one wire in each 6l"OUl foal t..Lve, bin(; .. ~ the 

systez. of J.DtercolJ,ection tUlsures 'tfut olll¥ one t'i'UlU,Oll wil_:. tw.va ci.ll 

s-eri:;;:herti.l '\fires lOS.!. tJ.ve. If n is the nUll~bcr of lea:l-in ., res 

neces::;a.ri(, tne Dtili.ber or w.:..ndov.s il& t,l"en by {n/4)4. 'thus, ~ sei-e\,;­

trOD with 1.:;.8 laao.-in ,uralS wou.La [bYe .t.ors i;,h.;.u 'a mil.Li,)'u voinuowl5, 

~ ~r·t:lni",nU.VUi:. ~tor~e C"4iac.;,t.y. 

l{scoru.l.ni.;..J l.ll to<13 belactrvu, i:3 G,{;{;O,l;;1-1iSOO<:1 0., j:lllaint, t.he 

sit,UJ.l phts.. ~ ,folilitive l-ulse lfillJ. carry the uitllactric i:!urfiil.ce 

positive 'ttitt.L it b~ electrost4tic l.(ruuction. 'tne aesired win0.o!li is 

o}-ene(1, .i.M thli inc':;'bnt electr0cDt> trut }.as5 thruUb1:l Ul.;:tt >tlndow 

strike the U.lel,sctric surfa.ce, c",usm6 aaconti~r- ,"'5 to be O1't·ltte·"'. '{'::Il 

sscondary elat,;trons are ~\ttr".ctea. by the col..lcc'tor .fina, la!1vinE, 

litis j,-iJ.rtJ.cuLt.r sl.at ah 't .. l.ld st'..,r",g..: 8urf,cl.ce 1-05 tl.ve" Tile PUS8 

!.:l.f1-11e~ t, tf:;e sign.;.l I·la.te h._8 :~ sIltlr1' 1"H.ding e~l:;e WU ill. dt)wly 

decrMsint;t tr-.liling edge to lrevcmt. inducti.on frOIj; '.ll·fectln~ ('h", l:rt.~H·­

age sur:t'4Ct; 'ii'hile it is. being ch.:1.rged.. 'l'bt!! }Jusit--.ve lotent.lal '~h,~ch 

t.Ht:! dieluctr ic sj-ot. raJ-Clle::; is ,;j,l-~r0x.uadt!Jly B--iu;.I.l t..J tua. t of ,.h., 
collector fins :j,ud is:3tdbJ.e. !:;tl~L;'" colj.i.::ctDr r~te:utiA.l tlle 
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e.f:fective second<:l.I",Y elIli5s~on ratio is greater t.rw.n one~rJti 

above 1. L "1l:i.t.: r<J.tio It! less th...n ond. '1t1et·el'~)rt.!, thti ~~ ot l.:l 

!.A.rivaIl to coll.ecwr l-'otentJ.::>.1 <roU StiCK8 t.fldr&. .l.Il me SIi.i.':'I3C­

tI'on, a. one i::; re~ resaut.ea by i.1 ,t.Ol:>J.t.l.VI:.! cll.:i.rge J.no. a. Zel~{) by 

the 4bsellce of ch~rbe, or %leuti.'.;tl ~otent,l.'Cl.l. .c;r';1.;iint> ,:I, 01 .. C !.S 

th..:l l.'avers;,;,} oJ: recur~; -b it; ... net;,:,i.tive l-uls~ i~ ""1 t1ieu t;; 

~'l;.i.te so that tiw uielectl'h: sud'~c"" i:;; flOl,.61;.tdril,Y 

i-utunti:i.l ·.mu the 'dnuow OJ.A~IlOO. The inciuent 

t;ll';,1.ct~'Ons ·;wxde!:.. n·j.ve not Duen CO_.L6C1,cU by t.Li~ coilector i'in!;> 

·~re yet so Sl.O'i'ie,.l c.:HHtll OJ' these 1-0bit.iVt,; lins tilat t-ut' e~' .. e;,.;t.iv,~ 

SElconlJ.al'Y et;JJ.S"'.l.on rd.t..lO 01 'ttLl.d ;;;LU'i'd.C(; -'~ ..i..Gi,;' th::l.u c.iDC. 

0ont-J&:tu.:mt.L,y, th~ Sl,-ot col.J.!;ct~ eiectrons "Ult,t r;~n.!ll.1W l~ea.r tn"" 

Ilt::lutr.J.J. J:.ottn.t:ti,~i. Th~.s conui tJ.on :1.,_ .t..1lJl.tl ... 1.;;,,0, sin;.;c no 

electr'oni;' ~.il.. oe col..L6ctr;u :i.1.: U~ sur·f.'lc<,;; ,;;,oas D0b.'.l. tl ve. loto.,­

ti.il;;:,\ Oll tUe: uit3J.i3ctric be.i:dnu clUBE::O inc..l.u,;l;) r;;;ctiiive no C..i,ihQ!lti 

cur:rent anU. hel' .. ce retu:.,-n to toolr- ori6 l..U.;,L v<llue t>.luDb -;,.1. til loha 

ldign ... l ;,.-l, .. tu. 

Re;.;;i.(.U .. uE; oui. of a Jic..n <..L i;, a.ccowl,li;;:;uoo by o,t.-t::oinb the 

'WUlu,)W d.e:;;in~u all,,], oc,;ting if there .u-; ..:!.ll,f t'luorefa.;;13..:,(,a. L~ght 

ll."'V be detecteu. bj' ::h:lvarttl ~hotot.ub>;:::i:;; arr,:.u:.t~eu arouuu the seJ.ec­

trou or uy .;i ~iD<:..:i.e },;bototubo ~lu lurror. it' tht!I'6 is li~.nt" it 

inu.ic...:l.tes Uht the Slut rea"" ,.~s~t t.11<3 U}, IJ.r ,ri,.)tentia.l •• i th a­

ODe stor1:Ki. t.here, s1nCt~ the electr"DB strike the ;"''U1'.f.'<.1.(;e wi tn 

su..£i'ici;.::Q,lt anerw to CdUtie f"",uurescl::tlce oni" -.¥hen the st;.,;r'.;.l.6e 

::;.uri.\ ... ce _::;, ch..i.rji,w l-osi tl vel.}'. Tr~ ii;.;;lec Ll.·Ol~ !,,~. .J..l;:;o b<:( r~V. 

iJ~ .t,u .... sL.I& 'till.e ::;i",lL.L .ld.te; ;.1 storeu. one l rQl...UI:..e::;: ... 11 out..,ut 
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pul.lilCl, ;,I. ~el'O, nonG. Unlike fue storai>t~ tt..b~ j.;rev..;.ously 0.15-

<:u.s;:;.oo, r~d."';1nb a0e8 hot cause sr""burc .. 

rho ~e.lectro:n hiLs not i:.:.;"; yet worked sa ti:::.f .. :wt r"ily Jl~.nt1 

tile l-robloek u:f .L.nteract:"oLI DatWeun storage dlt!;,anta enc0untered 

ill th~ ~onventiow~.t electrciJtdtJ.c stora.g6 tube i! wst also be 

1'he ::letJ..l:;ictr'on ~s ti. ;,011Hf'lioot sn" .. i.ller 

of ;;torage tub~s J e.g .. , Ii. '1'0 ctij!;its 

,i-roluisasw be £,uci.!. hlgn.:::r oec ,U;:ie ()f the 1,re\!isiun WOrioiti:.Ulsh.l.!-' 

nec6BI.>ar,y .~ti .L ts COhsta."'tlc tivn. It h<U3 tile iw}(,rtJ..nt i1.C'.V ,n~~e 
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. 
corcdct to ,,;itlun ""n order of Ild.bnitude; ::mch dccurj,,::y iswtqu:;:.te 



\.... .. 

a. st·.)raff,tI e.Lek!en1. iurnisne:s d. rela.tlonshi} ootwaeo ini tJ.l co;:;t 

a.nd 0fera.t..i"6 life ,_~f the dev~ce Ddt P'vviaed by tile sUI-Ie 

"d_t,l ts-. er-ctolla..r" 1'<:1. ci;.o r • 

lseC::l.UlSI':.l tra.n$mi5~HOn 4llQ recdj;tion 01' data. tG;lJlU f'n.lf>t 

stz)r.:l.e;e are tile factors '~hich lla~e thd act.u,.J.l st('r.j,~;e 1. tS';11f of 

imI-ortanea, it J. useful tv CO!HHUi:n:- how UlI?W;Y t.lwes . .;1. swr.te 

dllilV.l.Ca can c-.;>.rry out t008e o;--erat.i.ons. Such do COrl/Sideratl()u 18 

of br~tast imi-.:,rt.iW;.:a lor Ul.(.1Se devices 114,;; rel'.:l.i'> or Va.CUWll 

tubtti:l t.il4t. J:l:i.ve «. 1'dtne1' clearly ue.finew. o~eratl.n~ I..lf'et,i.t.e. 

'10 ;:l. f l.l'S t .:s.~ I-roxima t.l.on, (he ;':;0::;1, (.l.t' .:i .iIlounteJ. raia.r :~ b ,)ne lu, f 

t,~t of 4 ilJ..,t.,-fl":'j,.: cir,ui t.. Ass\.UJjint; t!1i:I.t the lil'o of' <A rel.;y 

i~ 10'0 of,or .. t.J.0L.1s .::toa 'tiut. of tile VCi,CUULtut>es of trw flq.-

.;l. SdC;)lld.. iUt.hougn it i:;;; ,;U.!. t9 }v5;:,;..Ol.e to L;,~~e '~ fl.l.+-flu, 

ctr.ill6e 1. t:::; :3 t~ 1'.6 "" milj.l.OlJ. t.J...li~6b <.J. t\sc\)OO, til", i!U>::'iJ.ml- tl.()n tbu. t 

t:.a 1'1.i.1-£101- I.Jll"cuittJ in.'I. b~n,uy C,).mlut~l' 0-,61"-,1..0'£'OQut a 

t.boU&:J.uu t~u;.es ;,l. sec'JOO ;l.i t.he Aver~~~ ..L~; close-I" tv tht1 truth. 

Usmg t.hls :f'J.gure, thu cOI:>t-rer-op:)1";J.-U'jD Qr the fJ...i+-tlo}. .L; 

S00 tJ.l"es IDw",r t,ilj\r, tlu t :;!L~ rdl "1- fiara Ii.lO l'e C01l>}J.ct-e 

cost I:l.nu ..Ll.! etiIi,e 1'.igU.l'8S ..:l. va. ,.i:i\.;;;J...." it mit;ht btl: ,>ro1'i tJ.ol~ Lo 

a~l-'.ly 1..oe cost-1cr-ol·erd.\.;"u cr.J..t...-:r.:.V!:.! to :)tlUU' t1~e:J of: st.or.l.ge. 

For "vst stord.g.a lLeu..i;..o., D;JWeV6l', t.he uig..L w-j. er-uolj<.l.r fd.ct,.r d:i 

lltU dodequata measure of' east efric.l.ency_ 

'rlta foL.,Hiing 6e.ner~l conclusio!l1iS can 013 ara.wn :t:rJ 'l'a()l.e I: 

ttLn:G S t;.)r.4r.;e Eltidia 1n whicn "" 1a '-"I,;e d.£.,uuot 01' inf'orr.: .• 1..1.0[j C,Ul be 
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STORAGE MEDIA 

Inerslible Systems 

a. Print on Paper 

b. Microprint 

c. Punched Tape 

d. Punched Cards 

e. Moving 111m 

f. Cerebral Cortex 

Eraaible Systems 

a. Patch Cords 

b. Mechanical Counters 

C. Rel81'l 

d. Tbyratrons 

II. Neon 'l'D.bel 

f. Trigger Circuitl 

g. Magnetic Wire 

h. Magnetic Disk 

i. Xercu17 Delq Line 

j. Selectron 'l'D.be 

k. Electrostatic 
Stora&e 'l'D.be 

Monetary Spatial Access. Digit Access. Digit 
Economy Ico.omy Time, Time. Time, Time, EXPLANATORY NOTES 
digi t sL$ .~ digi t smL readin~. reFldinL ....!'.e~ording u recQrding 

2xl07 

10 
10 

2Xl06 

2Xl05 
6 

10 

10 

5 

1 

1 

5 

1 

2xl07 

10
3 

20 

2 

5 

3xl09 

3xl0
12 

10
7 
r 

lOU 

10
10 

loll 

2 
,)xlO 

4 
5xl0 

50 

10 

103 

15 

5XI09 

5xl04 

2xl03 

4 
2xlO 

5xlJ 

30 sec. 30 ms. 

2 min. 30 ms. 

1 min. 10 ms. 

1 u;in. 10 ms. 

1 min. 1 mEl. 

5 sec. 30 ms. 

lus. lus. 

200 ms. 200 mI. 

lus. lus. 

lus. lus. 

lus. lUI. 

lus. lus. 

1 min. 40 us. 

16 me. 16 us. 

1 mil. lus. 

5 Ul. 5 us. 

6us. 6us. 

TJ.'BLE I 

1 min. 

1 min. 

1 min. 

30 sec. 

30 sec. 

200 ms. 

10 ms. 

1 us. 

25 us. 

1 us. 

1 min. 

16 ms, 

1 ms. 

5 us. 

6 us. 

10 ms. 

10 os. 

5 eec. 

10 sec. 

200 ms. 

10 mil. 

1 us. 

25 us. 

1 UB. 

40 us. 

16 UEI. 

1 UII. 

5 UI. 

6 us. 

Areal reduction 
ratio: 1000:1. 

Hollerith cards, 
SO-column. 
Photolmuleion, 35 mm. 
50 ehanneh. 
Man 

Ten position counter. 

Individual rel81'. 

H1drogen tb1'rat ron. 

Miniature bulbs. 

Miniature dual tube. 

Speed: 10ft./sec. 

Diam.: 1 ft.; 60 r.p.s. 

Del81': 1 me.; pulee 
repition rate: 1 mc./eec. 

Digiti/tube: 4096. 

Digite/tube: 1024. 

( -') " 

~" 



for i.lrter~ storci.ge. tb.:>se weaillidth do ~horter &C005,,-," bilitr , 
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ParllW 1« W' 

Befor. discuss1.0t; storat;t$ in comJluters + 27; '01, it il:> 
t1. 

necllssary to d6~criba .:.rie1'ly 1.ha metbous of o~era.tioLI of l'iodero 

C0Il%puters, so that l:iuch cOll+uL~tional storagt.> Cci.ll be uuderstood 

There ci.1."€ two generic typt;}6 of COf!i.uter::: J.nalogua ",mo. 

qUdDtitiei$, such a.s Ilngular I--osl.tivn:, or l.afietrl;:; of" rou:;;, [orcas, 

U:Ufl as ~b.tsical. In~a~Hlrcll,ant8, the accuracy lit inui v idu...1. nwnbers 
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1.01. 

1.""o ~. il.!yS 01 dig) .. t::>t the £ir::;t to H.l edfy the 

of cl. 

'I'he utility ·.:;i'm d.utOlld.tic C()Jl;luter li.;;su} thB-
1 .. o~iabi1:i.:t.Y (Ii' ~~ ;::;.: ;'U·.;Ih~6 '~Il' lnstru.ct.:.!.,Hk· 
re:pcl<:i t~ ,Lhe nUWl)er oi: tlllt;;;> ~ t i U ,l t-ar:t 1;.eu beiu6 



eittler praas:,;ig.noo. or \1ei-end~t u,£.(ll1 tu;:!; rel:>ult3 01 tbe 
COlllvuk1tion. \~1:len ".he it.eratJ.oll is \.:OL;~letea, a uii.'fer­
ant SezlutHlce of oroel's is to be followed,. so we lltust, in 
mo~t ~~8esJ give two ~~ral~el trains or oraera }recUQed 
by .ilI inBtructl.oo as to \\flU,CO routin~ 1.6 to be fol.lowed. 
'rhis choico C-:l.U be ",;.o.e to u''''I,tlIlU Uf;o.ol.ue slgn o.£: a 
tluwot'}r (;':;el'D being raCl\i.)fi~ ,'3,$ I--l.UJ3 for t;::H.:hine I urrOs&a) .. 
\.A)n564Uell.t~ .. y we irltroUUC'::: '1:0 vr;;;.er "the conai "LioDa: 
traxwfar fJI"'J.c:.I'} whit:ll will, uef~muiI!{i upon the ii.lj,n dr. 
given numoell,' ~ C~u!$e tM prope r C41a at tw'') routl.u":1) 'to bG 
!',Jll.ow-ed. 

naceS::i'!i.ry .in tM J.crogr>;;!~;; ;)1' tn,s SO.Lution, 1 t is I'cHHJ:lc-l.:: t.o 
cx,., .;<J,d~ 

sUt}-.d..t'y griclS.til the conat.t:"uctwn 01' orucl' ,!..T'o",I";;U'Ils)( i)_I s" 

COlLI-uteI'. 

tne cnromoaomes 1* 

102 

... • It if! th~se cnroiloOoOUHit:;. ;)1"' yrobabl;y OlUJ un :U.i·.;j.l ($,kaleton 
fiber 01' wl::;a. t we SiJe lUlt.1er "U6 J(!l.Cr06CO}S i:\S the chromu501f.tl., 
t.ha.t eonta.l.n ill SOliie k.ind of Code-Sc·i~t. t.h"s 8nth'c !:,.i.ttarn 
of t..be individual'8 fut\U"i3 ilev~lopIie.nt and of i 1..a runctlJ,Jnl.ll~ 
ir. th~ I,,~ture st.at.e. " •• iSut 'tho ter~ c0Il6-sc;.r·iy t ,.lb, w1 court",:, 
too n~rr()'/I.. Tn", C!l!:'oa.o.sot':'u :.;tructu!',;';:5 _l."~ ;;11, [,n~ ,::"~ll;u t,~.,.:e 



.ll'H:.t.r'~anta.l in brin6.wlb ~Dout th~ deVc;l.0i: uent titeJ 1urt:­
si:JiAUOIJ. 'I'hey -:ire la~ .. -t.:oue and a:xel.~ut.lve .F,.)WfiH' --.Jr, ti~' 

usa ano"tner suild, they al'e: the ilrchi teet' til }lan a!kl 
builder's craft -- in "ne a 

1.03 



rea.ding and reoorcting times are Dlateri~ly short.ened. through 

th~ use of jA.\ral1el operation. In serial. uperation, it is 

necessary to switch tlla ~ or an electrostatic stura~e tube 

re,,:oniea. in tile tube.. 'iii th pu'alle.l. oJ.:t'U'>..i, tu.m, on tJ:::l.e other 

hand, i:I. nUllbaI' o:! t-ubes equi!l..i t;J ttu~ D'Wllber or' dig.1.ta iu a 

\!ford is uS~Q., 'Nitn each die-it of a giVi:iIl .hll"(1 star-ell in the 

Si.UlJ6 equival.ant position in oa.ch tube. H.ea.d.l.ng or' recurdlng 

is then aC(;ORlIJlisMd 1>.1 dwitchini5 tt-e bea..u.s of :,~1.L tube::; to­

l£ether and taXes little J..on~er ttliUl .;. l;iingle swit\;;h1ne; 'tis;.e. 

Ifigm"e ..:;0 -is OJ. l:liavL.floo block dl.~r.;j.Jj; of -l1 b..ii:,~}~ad 

<iigit;l.J.. cOOil-utar. m£-,ut anti out~ut Ci.9Vl.C';;;::-; ~r6 rH:~cua~;.:lr1 to 

establish COllDtaCt.ioll oetweoo t.he c01llj,.uter 6.ho. t.ht;; outsiae world; 

tn~ seq UCUCtI of u.:~ntrol_d.ng orders ana 1ni ti.u d3. ta i:l.£e in tro­

duced tnroU&h th.a mot .. ut device frol!.. tild axtern··.:I.l. stor:"'~ti ffJOO.lUL 

to Uld internal bigh-S1'6UU BtorAge at tire i..}e6~IL!;in<:;, f.yr -..1. froblem. 

ur.'ders are 'I¥~tb.d!'a;yu .frul!; storlJl.t',e ona ~t ,,·tulc, u:~uii14 in lilOllO­

tonic sequenca, <mu 1;18nt over tile distr'.lbu·c.ion bus to t.n.a (;ontrol 

uni t WlltlU'.., thei are us~d. t,) detelv,w.i..e l.he p'li.cceedint; a;ri tb.c,.at­

i~l 0t era.tiull..:.·. UI;on the cOliil>latit.)u ".fall 01 erati'Jn, the f'tlr­

ti.:Q rt:)sult is <;jit,h~r ..l..mUled:La.tel,y U3<su ar tlent ·:Jver- til,", cli6trU.lU­

tion :;;;,1::> tam b..:I.CA t.o stu ra.e,.e un til l:l tel' l.H~t;l' .. H~(l. FillitJ.i..)' I ;:a. t t.o.e 

6o~Ut1on of tlw pr;;bl~.m, thcI rtH;ult:s ",re sent to externul 

ator,;i.g,~ throut;;h the outfut unit. 

That.Yl<lls of st.ol'<i.i:;.e US&0.. in COIllleC'UOll ,._th a dl~~ 1:>:1.1 COli!:­

puter fon; ti .Ilieral'c.b:.V or' sise<b. l.~r tif:BttU it:> re.kx;;;;:~enteo. by 

1-04 
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1.06 

different clas:ses of IJroblC:i.1>EI.. Suchs. library is terii;au "uead.. 



10? 

B. 

iight modem computers art! ~Ze.;,l in tabul:Lr lon. OIl tn.,: sue­

ceooill6 :t:-~es with graat~st ett}'tas.is ~,laceu u.km tila ~;t.or~be It.et.tlUUs 

uaeJ in 6C1oCil Ifj;:l,dlillc. In thia JLdllllel'. tJ~ tYI&S of int0l"Xl_1 d.l'l.U ~tttr­

Ikll storage used. in COjO;ilete.:1 or }ro jectdci. CO.eil.uttlrS d.re contr~·:,ted, 

emQ tile storage llii'V',;.ces ~t d.l'<l ueed to satl.sty the Y.:1ryl!l.6 ne~s 

dllU apttoos 0.1' 'tnese m&C1UJ:Ui.'l:\ .:!r6 ~ho"'n. fU.<UlA: s~eeo :i.r..: lei't. wner", 

mi'ur.:;..;:.:..tioll is i%la.a.e4u.ata, c.ulU do.~.tl4i5 ~r~ U$oo. "LV itl£Hc",te .illGol't.J..l­

Cd.ol~ qu.estions. 

Bec.;mse the lIia.in stol'U.~fj in;tll anllogue COfJ_j;uter .'ct> vl t.ne im­

.i'll-Clot t7.P~, only !)De .alL.log1.i.8 t;I4o.billt'll 1s 111cluue~ fo!' cOlr'1-i.r.lson 'filth 

\...b.6.li""l.ta.l COKll'uters. llthou~h t.b.e t.eX".Ii15 dna. t.il.OJ..d <:0 ri~b <11'13 

largo.J..;;i sw-.1'-u:ylantltory, s!-,6c.i.al u.iSCUlll::HOi .. j! 'Lhe new a:.l.'l"':.oirl­

.inu rl Coluput.er i3 necesSdq. DidJ..etriCdl.i.,y v~ .0£ ad to the na .... r.l . .'l'. 

Differelltl~ J\D,d.lj~tir~ <.I.n tLncUoguo t,d.chitie"',ith do C\.L61ta.l .mtj>ut., thil 

'ilnir 1 ",ind II is to be iii. (jit.l tal .iitLcnina d til .;;l. ~(}s5ible :.lllil.lo,~u~ l.nput. 

In adaJ.tidX. 110 nur ... .;J. use ~5 i1 genera.l-i-w·! . .o;',H:f COl:i'k-utiug instrLmdl1t, 

tile 'Dtu.rlwin;.;. .i.I is bl:1mg des:i..gneu to serve as an il.ircra.i't ·.:.U'U..l.i:.::er'. 

By solvin6 the e"l.w,tions of: i"l.ignt of a. 1'.; ..... 1 01' l:,o~tul;;l.te(1 'l.~r;:!r;:lt·t ver,y 

raiJl.d.ly, it 'iiil...l. l-irouuce sisnal.B il>hidl ul.L i.;l.-.:tWi.tl:$ cockpit. i£lbtnwents 

and. controJ.s to siliml.::I.t.e the r~5.i-"'nOe at: i::Ul aircria,.l t in flight. l:on­

versely, tlJ.gn'i_"s derived. irOlll the !'f.l.lottsH man.i..r;..u.l...:i4t.iQIlS of tt.u': (;.\on­

trols wtil be transliIJ.. tteu to '(,h~ cO~l:)u ter, (;Ollvert.ec\ to J.i~ 1, U U';l. t.a ~ 

and.uaea 'to 1iOO1.l'y the tquation8 OeiIl~ solved. so t.hat t.ne }l.'ul81" cock­

Fit contI'ol rtlul;tivns .;ill;,i iml'truroant rcla.din~t) ",..Ll. be obta..LlH.7lt. 



The Dew ~ .. I .. T 1'1ft'erential AJulyzer is I:iO designea. tba.t 

tdpes used to set rela)'s which cause tbe different units of th.e 

ratios and. iDi t·ial conuit.ioo:;;.. BT buliding Uf d library of 

AnOther unu~rU4l fMturli of t.h~ new Di.!'fer'3ntial AntUyzer is 

its :vroViSl.OLl for aigJ..t&l outl-''Ut. Th", pOl:ntions of t.he rota.tl.llg 

can be used to actua.t.l:t trw autoSl!ltic tn .. ewt'i1..er output. This 

•• • ¥i:tlole turns and tenth;;, of turms are detected and storea 
b,y a set of contacts which control a grou} of colu-cathod~ 
ga:J rsla,y tUbaS. Wbdn ,ill aetu&ting signd.l. is received, the 
~s whicn Sl.re : .. :t 1:..'b.a t in~'t.<int COID.Hilcted to til.; :. it;;n.'i.l lind 
conduct current .a.rlli ti$C'lUS6 of the gas they L:lil.illt.:1in COl:lduc­

tion until the Indicatil.;·n is cleared by interruptinb th.eir 
plat.e cir<..'"Uits. The dl£lts which r-V:fresc.nt t.en~, hunUrous, 
and th(Ju~&, 1.)£ turn;,; a.re oti~in«i t'rom orumari contacts 
01;-era:w1i by c~s. These c<;)ntaets o}.srate storage l'elays 
~hicfl bola the reacting until th~ Ncording i6 cOiIIpleted. .. 

-~-~--~------------~---~*Bu8ht V. :md. L.ala.1f~11, S.H. .. , Het. 59, 1:-'1:. i';o,..JOO. 
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l. 

• ••••••••••••••••• 

................. 
T.rPea •••••••••••••••••• 

Number System, ••••••••• 

'!'ran :i®is dian 
of Data. • •••••••••••••• 

Repetit.ion Rate, ••••••• 

.................. 
Size I •••••••••••••••• 

Equivalent 
DOOimal Capac! V; 

AuoeS8ibili~ Time. 

•••• 

Recording: ••••••••••• 

Accessibill ty Time, 
Reading I ••••••••••••• 

....... ' ...... 
Recording Speed. • •••• 

Reading Speeds ••••••• 

Ot.her Input Devicesl .... 
other output Devices: •• 

1)"pe o£ Dead St.orages •• 

Tre&t.taent of Order#i)l ••• 

Multiplication Speed; •• 
Speed of Conneotion I ••• 

Number of Tabesl ••••••• 

Number of Relays: •••••• 

Comments! •••••••••••••• 

P1acoo ill ol-eration ili 19440:_ 

---
Illcplicits rotatint$ sbdts ana inter­

connection of' unitt;;. 
L:i.Ji.liwu by tlWlloer of integr'.£tors (It)). 

.... 

Ordars on pUDdleU t.:l.},e used for in! t.i4l 
lnterconnt:lctloH of the lU,,,chilJti. 

3 to 5 1Il1nute~ • 

About :::.000 • 

,t'or ll,(lst }"robla.<l;s a i-recision of 1 in 10' 
ca:u be attained. 
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c· 

Name: •••••••••••••••••• 

status: •••••••••••••••• 

•••••••••••••••••• 

Nuruber System: ............ 

Transmission 
of Data: ••••••••••••••• 

r~petition Ratel ••••••• 

Intern~ Stor~ge 

Type I •• 41 ••••• ••• •••• • 

................. 
&{uiva.lent 
Decimal C~l'acitvt 

AcceB~ibil1tv Time, 

... -

Re(:oroing I ............. .. 

Accessibili~ Time, 
Reading, ••••••••••••• 

EJi:te mal storage 

Main '1ype; ............ 

other In!Jut .Devices: ••• 

Other Out,pu t Devices: •• 

'fype of' Dead Stor=.ga: •• 

'1'1'8;:;' t.men t of' Or'ders: .... 
t.tul tipllca. tion Speed 1 •• 

Speed of Connection: ••• 

Number of Tubes. • •••••• 

Number of Relaysl ........ 
Comments: •••••••••••••• 

1J_:1 

FLilCed 1D o...,erl.ition in A~ust, 1944. 

Digital • 

:Jeria.l. 

5 1/3 cycles/second. 

0 .. 5 seconds. 

,,4-hole control t.d.l'8; .s:r.alluaJ.J.y-sat a.vi tciws 
kl.olu.il~ 60 ~5-die;i t deeilL-ll\.l numbers .. 
2 dUtomatiC typewriters .. 

Libr~r~ of control tapes • 



r-'; 

, ,;~ 

.. i 
jl1 



r;~e: •• fI •••••• •••• _ •••• 

s"t:& LL4S I .............. fI " .- • 

J:¥pa: •.•• ., ., ... "',. .... ., '" ...... 

NUIilber SystiltDU r<i .. '" .... oo. 

Tr-AU:JBl "SSiOIl 

of III td: .' ...... • -•.• ., • ., .'.'.,. 

i.i.epat .. ~ t.l.OU fta. ta: ••• of • ... 

Intern .. l Stora~e 

'Ty'l~ (:j : til': •• - .' •• • .- • • • • • •.• 

Sise: •••••••••••••••• 

E:...iuiy4.~ent 

1)e\:iBL .. l C"'}'~c~ toY: e' ••• 

Acce~,>ib~lit.1 Tl.Jr:e, 
!\ecoruing: <fl .......... . 

AC\':l:lssit>ilit;y 'l':ute, 
Rea4ing: ............. ., .' ••• 

Ot .... cr Iniut ';';6vic6S: ••• 

Speeu of Connectiana ••• 

. ' ..... . 
...... 

. -

1:13 

Electronic .NUIl<eric·J.l IIl'tet;,ra. tor 44~'1 a . 
and Com}iuter (a.IAG) (se(;; i'i~. ;;.oj; ,01.1,0 , 4 

~~-t~. operation ba.uo in 1~~5. 

,QU 1JJicrosecuuds. 

8O-colwm Iii". 'tcit)U.L:ttiUt" (';;;\.I'db. (Da~ tr.:u:d3-
a:ittedfrotii C;;i.rds t.v lllt.<.;r.u",l rsLq regist,;.:r). 
70 lJillls -.;00D>:\ .. 

None. 

Frogr~a fIj.;Uj.ueU.1.'y b8tU.p Wl. tu ~t!,,;n cords 
d.na swi tciles. 
"'.8 lLillise(;onds (;:;; lu-:lle,i t. d.eell.41 nUluoorsl. 

10,050 • 

1500 
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Name: .••.•.•.•..•....... 
Stdtua: ................... 

......•......•..•.. 
•••••••••• 

'X'ransmission 
01· D~·l,. t..::a.1 •••••••••••••••• 

.. . . . .... 
Inte.cnal Stor.;l,.ge 

•..••...•••..... 
Size: ................. 
&tuivalent 
J)eCilLal Caracity: * ••• 

Accessibility Time, 
Recording: ••••••••••• 

Acce5~lbllity Time, 
Reading; ••••••••••••• 

External Storage 

Main Type: ••••••••••• 

Reading Speed I ........ 
other In.put Device~3I •••• 

Other OUtput Devices, ... 
'l)rpe of' Dead Storage: ••• 

Trea tment of Orders I •••• 

Mul tiplica tion SI18edt ••• 

Speed of Connection, •••• 

N'WlIber of Tubas. • ••••••• 

••••••• 

••••••••••••••• 

Digit.al. • 

',/100 aa(:onJ.. 

'l/J.vu ~~oono. .. 



~~: ................. . 
St..·l:ttU32 •••••••••••••••• 

•••••••••••••••••• 

Number System: ••••••••• 

Tr::i.lls.mission 
of 1)a 1;& :: • ., ••• ' •••••••••• 

liepe't . .l.t..l.on f1b.t.e; ....... .. 

Ty~e: •••••••••••••••• 

Size: •••••••••••••••• 

&tuiv-.uen'tr 
Decu • ..u Capacity I ..... 

AcceSD1bi~1ty T1»~. 
R.ecording: ........... . 

Acces~ibility 'l'1Ii;e, 
R~uing: ••••••••••••• 

............. 

H.acoroing tll,sedl ...... 

........ 
Otr~er In~ut Devices, .... 

.. 
'!Ype of Delia Storage: •• 

'l'rSd.tRli:mt of Ordtus.: ... , 

Speed of Connections .... 
.Number of TUbes: ••••••• 

Number of Ral.Jl,)'s% •••••• 

....... ' ........ . 

1.1.6 

Harvard Mark II RelAy co.puter. 83 
; 

f'ara.llel. 

1000 a~ciHal ~iiit.s. 

}.:any 1l1.Atch rela.Js lI n:l~uit'l.ng nQ flOldinE, 
,tJ-OYler used .. 



Na&6: •••••••••••••••••• 

statu,S: ,. •••• " •••••••••• 

"""'t~, AJ~- .~ •••••••••••••••• 

NURlOer System. "' ......... . 

Tra..nsmissioD 
of D~tal ••••••••••••••• 

iiepeti tion P.atel ........ . 

.. . .. . . . .. .. . ., ... 
Size: •••..•.........• 
~ ui vi:tiSrJ. t 
l.lecimal Cala.ei t,n ..... 

Acc0Svibility Tise, 
Recor~ing! ••••••••••• 

Accesoib~~ity Time, 
Rda<linl;;; ••••••••••••• 

1~x:t8rna.J.. Stor.1fi6 

ful.l.n T.Y;f81 ........... . 

Recoraing S}J8d'Q: ........ 

fieaaing S;peed.; ....... .. 

other Infut l.)eVl.C\5I51 ... 
OWtllr Out,ijut Devious: •• 

'l'".fl-e of lJead Storage: •• 

Tre4 tIL tW 1:. of Ord~r8: ••• 

••••••• 

Nw"ber of Re.lr.i.Y S : ....... .. 

COlW'llents: ............... 

Electronic Diecrete V~riaPle 
CC»I.I.i: uter (EDVAC) b;;. .. ti"ii: .. ~ 

1.1.7 

Ull~er deveJ..oJ.lIIlel~t. ""t the Univ. of PemJs),"lvania. 

Serial. 

~ercurj' ..:ielA.y lines • 

11::0 3!k-t..icrose(:or~.:1 lin~s; !:! 4 c::.-digit bin'1rY 
nUJl;oers e,;i.ch. 

ii:<leneti(; w .... re '.lr t~pc; pll'.1ch.eu J!~p:!r tal e 
UiSi:ld. for racoNJ.J.J.& vn hi:i.E,nCltic recoru. 

{ 

1.00 W. orufj/ a.el..:. '011<1 to a.r.d frOID p.:.q er t .. q .. a. 

~OtO;JO worus/5e,;,:olli.i. blllt~'<::',D lL3.gnet.:tc 
raco.cd aI.hl int.~l'n~l lil'l~s of cotJ,put.er. 

None • 

~ Jl;..l..l.l.ieL~eond.ti (t;: .i.3-Ul.E.ll, d.ecL.·J..l nUilbars; 
assWllina no del.s.y ill &bBtr .. ct.irlf~ r'r .. ~m &tor~ge). 
Automa. tic. 

About ~OOO 



•••••••••••••••••• 

status. . .............. .. 
~vel •••••••••••••••••• 

••••••••• 

TrWltilS1~51on 

.of Datal ••••••••••••••• 

Repeti tlou Rat.e, ....... 

•••••••••••••••• 

••••••• 0 •••••••• 

i.quivalmt 
Deeim;.:d Ca.ll.ci ty: 

Ac~~~~ibility ~~J 

•••• 

"~ordingJ ••••••••••• 

AO·.:as:;iblli t,y '.rae, 
Ite4Uing: ••••••••••••• 

............. 

Recoraint;; Speed: ....... 

... 
Jtoer IJutput Device~t •• 

•• 

... 
•• 

SF~d ot: Con {~t.iOZl: .... 

tn.unber 01' 'l\1bes t ••••••• 

•••••• 

••••••••••• 1i1I .. go 

:1:18 

Binary or oetal • 

Parallel., 

About .5 lLicroa~coxK'I3 .. 

Library of" control record~ .. 

l.;;V micrOS6Cooas (..;; 4iJ-d,ie:;i t bina.ry numbers) • 

About ::i.QOO .. 

Inlti.i:41 cost over ,~,.,jO,LA.J'_'. To b,,: UDell 

tor SCil:lIltific comj.utin~.ul':l L).L' collat;og 
\,e,01 tutlr da. tA 



N~G: •••••••••••••••••• 

Status: ~ ............... . 
~pe: •••••••••••••••••• 

Numoer $y3~emf ••••••••• 

'1'r<UlSfLli;)S ion 
of Data: ••••••••••••••• 

••••••• 

In~rnal storabe. 

............... 0. 

Size: ••..........•.•• 
l!4u1va.ient. 
D6~~~ Ca~acity: .... 
he <';0:3 ::>ibill.ty 'i'h,!'::!, 
rl.ecorc"in~: ............ . 

ftCCe6Gibility Ti~~, 
ReaoiI!gz ••••••••••••• 

•.......... 
...... 

........ 

.... 
Ot.her uut~ut ~v.i.chS: •• 

... 
Trea tIi ,m t of.' iJ:ru ,~rs I ••• 

•• 

••• 

•••••• • 

l:tumber of Rel.a;)'"s: ...... 
...•.......•.• 
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JJigiul. 

Par~llel. 

1 lii(!bd.(~ycle/stiil.;ond; j..oasiol,y 5 Ju.!gacycht/t!8C • 
ill }Ai l' tb of ma.chine. 

b4() tube;:;j lu~4 binary dlgits/tube. 

About 1000 4O-digi t bin.l1ry llUI;.D'~r:..~/l.i~ond. • 

(~d.t'iOue-rd,J tube.:.,; \,;ocKi-i t w5trwlfents d.no 
controls • 
.uibr;).ry ~·f control fiat! • 

Au.)ut 55 mh:ros6conus. (~ 4O-digi t binary #1 s) • 

T() oe used {'or gantir:..l scient.J..l'ic COlll1- uting 
4Wd as an airt:r:.tft anal,yzer .. 
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The hitlMSt f'unction ot' C0I&l1,uting d.evicus is to sct Iiiall 

.free f'rom re.peti ti va mental labor a.rui tbuli to gi va him lIlore t.1.Afe 

for cr~tivi:! endeavor. storal!,lD is necessary 1'or ;Jotb t.he con­

trol ~na. tb~ j.:ci. rtiu rusu.l. tl:\ ot' r (;f,aU ti va COl!'I;U ta tiotH.) J as 

toesu CGaij:lU-w.ti;ms C()L:e to reflect l!IOr6 a,IlG ]lore the increa.sin,,;, 

COIl:l).li.'lxi ty vf lImderl1 SOCidty ,la.rger s 'wrage C;lpa.ci ty wtil be 

neoeSS<lry. The noI"l£><iJ. tren~ 1.0 COID1,uteI' aesi5l1 i~ therefore 

tvwares greater stora&e capaci t1" ;,rno. inCl"c;.'ised speed_ 

Thera al"e ma.n;y problflllls is both } ure tUld al ll.i€t,i 1: a ttl.::­

~tics and engmticr.i.n,e; Ylat. ~ioulQ rO'l.uire ;1. va.;:;t tor~ge Cdj,.i;l.c1i:1,y 

tor cOIDylet.e 801ut100.. Fa1'tial uii.',f(;;rent1al equ::!.ti,;ns, l.n !-,<11'­

ticular, require an extensive caplcity beeauslJ .Il;any yar1,~bleo 

;mu net l>;1nts M4St be stored tnruUt,llvut tile c~lcu.lation. f<;aJl1 

ot theee problems have not yat been atte",~ted, not beC448e til:",)" 

are iwJ:ossible, out because so l.f.i'l4ch ca.lcula tion is involvad th:i t 

their solution by iii.llj" but hi6h-s1ti~ cOlilutatior.t.al methode would 

be econmuleu Ll un just,ified :IDa inoract1n;:.taly long_ 

Compating !.uOicbines .:;11'8 welJ.. suit-au fort-he $o..lution of ,ill 

tYi.eill of problerus 'I'Iilere a large i:uwunt ot d<J.ta can oe collect.ed 

anu lriUst be <t.Ilalyzeci quiddy. 'fhe eSl:lent.lal .. U..fferwclce between 

J,'roblew8 0! t.his ty}.;8 and l'roblen.s of }ure ma.therH.tic;~ i5 tbat . 

rather then in "computer time. 1I Computer time is essentially 



unl.i»i~t\, out m,:w,y problems iliust oe solved in a specifi.c short 

ti,.,o t,u be ()f val\U~. To thilll e.Las,,~ beloo"" such diverse };l'obles:s 

GliS bociolot>ical. allal,y:ji:$ .iUld l11e ~oluti0n of tire tW.deu-lti::H:.ile 

cont.rol. equations. Both of thel!lc !.roblc.wt:; ~juat be solVQd before 

~t.aHnd,l. cuw.1.:..tions Cl:un58 bO HIUC. t.n:,..t s01utioCls lounuEsd on lil~t 

ua~ I:l.re valueless. ;\11 UIA)rt...llt }rObl.u&; 01' thi", tyl e is t.bat vI' 

l1l1l4ther .~sis. At 1·r65~lt] tno lll<..>d.dl'll »et.eurolgist l.'tteeives 

UlOre dat.a frVAl:i .:t.ut·}~!:i.tic W!:l::.!.tJ:.l(;r-l'el:-ortin~ Bta.tloll~; thd.n he C<:1D 

interl_,rBt in 'tho soort. tiDm oef,)1'e t>uccs<lding Ucl.t.-->. '.:h;)ull.:i. b\:!wa­

ly'zed. By USJ..llg cOJII}uta:tiond.l t.aCbILi..:.iUetci Doth t,) ~tort1 CUlCi. ..;.I.<>I.­

ly<.-~ the d.,:ta. dol:> it \.;,'U.@B :ln, this a.i1'i'i<..-u..Lty could be olwid.teri. 

ii.ll d<i~ could be U5fKi ·,d .. !>v;:!t;l t l:ts arl'.;Lvli to a. 'ij.j fy ! rsvlou..s 

I!mlutiom3 anu tlJll~; kEh:1l tJ.l.e £;olution 0.1.' tiuCt II'dathur l'l'oblem .j..l.'I.::l.Yf:l 

~ to d.lte. .8$CiiUS$ of the gI'&lt COJri.putiDe. ~l,aClu los:.;iD16, trends 

l,.;)ward da.:.rlti.~roIl8 ;:fe&t,l.l0r conu.l. t.ions e,;ul.d be uGtec \..ad. iOll" enough 

before cl"ipss u • .:rV'iij.lo.p.~'l to e.na.b . .LC the!» t,;) be c.ontroll<:k. or }re­

,t:d.t'thl for. There has alr<l!i:.l.uy tu;..::,r. t'V;:.tl con$idert'\, t..ltUl uf :;,u,;.il .J. 

use fur' cO.ll,fute,·::", .J.rb it loS eX;dct,,,,;J. Ulci.t 'CI"O C;ull'juter heir1b buUt 

at '/;,be I.n~ti tute tor Adv-..l.l}~e(i 8tu~ ;,ill be d.H_lied to the ~e-;..th8r­

alhl.t~L .. G lcrob1tm;.86 

'rhe fJroblci11ib ttL t tld.ve btien dlscus:.ed. thul.;; 1'.::1.1' C:l.~~ De solved 

increased ~J.'eoo IlllU c<:i.,t-aci t¥ • During the w,1:l.r, a dif.fertm t kinu ·.n 

oulad ;1 lObic uoml .. ut.::T'. C<llctU..;.tas '1.1 til circum:::;t. .. \ll{~65 ar.td condi­

tLm$ ratH(;l' tn::m *ltll aritnwet..1.c:i.i. DUliioers" The lo.,;ic c;uti'fu"ter 
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ue.:'l.ls wi the t'orulliJ. syBlboli(; ;~.md.ys1.e, sol vini:.. ,P:'Obl.I:'Jli..:6 in lo~ic 

instead. of: j..robleJ1;f, in ",ri'tbtGetic. Since all. b"Uch }.roblEims Cin 

oe ana.lJ'zell into ttl.: .t.'undd.lt,~nt..ll of:eratiOl) ::J! (;onjun;.;tioll (and), 

disJunot.~an {or), aIld negation (not) 1 a wa,chins wlnch can r.:anir.­

ul;:,~te daw. by Uwse oj,..erati':.ll13 carl solve }-or()blems in .LObic. 'rile 

ini ti..al V;llU8S int.roo.ucoo. into tne 1,;·).uhirLc ar:d stored. there.in 

c'Jn~i8t vi env1J.bH tNt.:: --I.nd. i:....Lse decJ.arl1t.lOlls t..::: 1Si eci1) the 11'f.)b­

lG!.l:.l. New dttclarations c.m be constructu..i from til<i inJ.. ti<ll llecL\,­

ra. tions b¥ ~.iilJ.iica tion of ti:u:> fUDdl.l£lerrt.al ollar", tions of loe;.!.c. 

Through the U$U of the logic c~l-ut8r.., not Of~ C4n f:,Tooi(;ll>1;.; in 

l-ure lOGic be ;':'O...lV'i..<U, but cOUJ,t.>o:;it.e c01l>fl.1terb C<.l.lJ D<l ~·uilt which 

will ;;lutcilkltict:;\.LLy derive the fon.u..~e ~ui e~ t. u.t' the .r,.l'V!f..rau, i.Jr 

tile solution of <:l. J.i1a tbull;d. t.1.C,ll. !' l'obl.:nt i.ii3 wel.l rJ.i:) carr,)' out, tlld 

ao'tl..l41 U1.UileriCii.J. C'''''l.cu.!....l'Lions involved. j'iio lliorld C:.UJ oe /:,vtt.\Ul 

t.mt vi such a COl>'r .. t.ar tha.n is ! ut in; ther~tora, onllt...ho 1 ro-

g ~18 of the lirai tc:a. ciaSt; ui 1 roOlen:s 'WOOSd ~Queral llletilOu of 

solution is mofi'll o.J..n b~ Jerived oy <1. 106ic cOIil,ut...:lr.. But this 

1Unction itlil0lf dll .3..1(1 e:;rea:U;y in :furt.uer 1·~U4C.illb t.l:w r~lati­

tlV6 lahul' nacssoary in l:1etting UJ ":i. prOblt;;w. 
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of the deSK. &:ost of th~ interior "'til be dev,ted to too 1;6Cl1-

<ID..i..blllS nC:tce5~>a.ry fOT red:.4ct.l.on, cJ.assifica.:tioD, be.l6cti.~n, and 

}:.ru jection 0i' the st.::rred nu:.. terial. blot onJ.y !'fUl it be I-0sl:iible 

to inlSert .l.L.,;tterii.i.l alrooa.y vn RliClOf1l.In, such as books, d.rt.\.l,,:lsc, 

dna ne~6p&.1,ers, but i t.. .. lll .uso be 10S~;J.ol.o l,J (;nter .fu.;..l-eizoo 

toot-aria..\. directly fJy Jh9d.U,,' 01: ~4 built-iIi micrd:'1lm cd-mera.. Tlnt;:;, 

r·iotures, t7}'e8Cr~i-t..t lone;r.v.md notes, in short, a:tl'1 materia .... that 

i 1" is ctesir0t1 tu !"6CUrQ. 1,erltJan~ntl¥ em De ",onverteu t.o !tiero­

film and Sl,(,reu. In o!'Uer to 1',acilitd t.e l,b(~ o.!: . .;.ration ot t.lle 

lllemex, Bu;;;h ;$tates tba:t,:lr;y l-ootograprstY wi1,.;. be u;J~.. III July, 

IJ45, when t.he artic .... e un 'tr.6 Ii-i6Wa a:f.}e-'l.roo, dry ~htJt.ogra.1-!q flaB 

..l dreaLj nOIll it is pr,,-\ctico\l1y a r~.ii t;y I for it is very i;. o8:5.Lbla 

tila tc,.li. LiJ.ncit Q u~teJ;' l-ilOt(}grd.phi..; }·r-OCe Dt,l (sar.:i 146$ CWl 

ti~ i:it.Lal too for llIamex-1A..II.e !LClt.:i:un,::;!;;. 

UI'1-.' iml,oL't..mt i.I,.,l:"tLtUJ,:-:'l'te oft-he mOOk,X .... l.'i t,l:'lu" alIlQSt- h~re; 

otneri:! u.re in f.l.6velo},..l".;;-o"t<l.1 l':it.a.ges. The devalof lH~I1t ui fast 

swi tchin~ techniques for Ulik .. l.n jLOOern cou;,l-uter;::., toe,.ether ,>1 ti~ tnt; 

fJons.lder'*"tion of J.:.,hot,oe,l"lit}i:lic exW.COii.l. st.or'ag6, .:~re contributing 

a;reatJ.,y to ,~ w,Kterst,anUin~ ·:.;f thi:! select.i.uu ano. con'trol ltet.hvds 
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t.l:ht might be Wh3Q. 1.f1 the U!d.l.i.e,X. ltomsulilt are to b"" t;tvre'J. will 

rir~t be gi Vt!D i..Ul or-u.lna. ry ilelect, vo C.)Qa DWllO;:.<r.. SueD.;}. number 

l>:ight be r"j-;resentew' oy .J, j;atterD of dOU3 ,)nth\:: mir...;roflll. fur 

pbotocel.L re&uio£:;.. ~::hen a cod.;; DUhlber i~ sf'ecifieu by l);.t;;;.ms oi' ;.ill 

external DI.UU;.;er keyboard, tb(~ L!i.tar lor selection I!ecll.i.ni~lll:i of t.ba 

ael<;f:lX liilL first. selvct the ",!+roAima:te st0r.J.ga ~osl.tl.on d",S_:..>fl..;;l,ted. 

OJ th", first mUiJoer of t.hiZ COi,h~, th~m ;£4 closer 1-051 tiOD ad d.etenaina1 



bJ tile .second nU>lber, and so C"lft.inue un"til the actU41 i tali is 

rtl4c.b.ed.. T£if.m tIle J. tam wU be -,pro ject,.;ru 1'ur r:Mit,d.ng Oil a. 

grouna.-gi.ilSS viewin~ ~u.rface ouil. t into the udsk. SalectJ.on ot 

.ict.ua.l. p~es of .1. book could De aa,sily a.cl.!om}l.ibhed by cootrvl 

levers orouttoll::'. 

lssociative linkaie of infor&at1on ~il~ be achieye~ by ~~£in~ 

u.St;: oJ: tb.~ SaJtit:! selective class.i..f'icatl..Oo numbers. Two itelil';;;, are 

joined by Mviog ~ch uther' 8 olas t,il' ica t.iun m.unbers r~c,-)rcidd.:'l. t 

spooil'i~ },-Qait~ons .:>n the 1iiicr~fi..l.A.. A tr4il oi' itelts could be 

war-ds, ~d a.ny i tcru could. bel.oog to :::everal di;i".t\m:mt trcHls. In 

this i'aBn:i. ... m, it wm,ud be }osl:Iible to in t..erloi;;A a l...:.rtl.e~f\UD't of 

C0Ill..ucted, p:~rtint:;}nt. U~ t4. No ,-'mser, Ul,-",n, 'li0;': i..,_ it. 0'': !.t.'lc:',';o"ll'.1 

t, tri..st axe lU::l i Vd.iy t.o i..lll.:l i\..n'geti\(L ""~~ :~.:.;.,,:,,<..J. ti VfJ tl.'·;t,i.i ;" .:1' the 

br':'i..in to est.cj,i.ilish conn(:;Cction between im40rtant itoo,s. 

:126 

Btor~t;;:>;:;: woUld u.nt~r .l.n tri(;; Lbdli.iex.i.n eev0I':::..l W,,,Y;;l. iOl::t im1: ,..11'­

Wl1t "' .... 'ULI be t.he of 11 Vi;I.,~t amount \),1' li .i.crocol'Y, .p~rhr.:.i-s 

I'~re~entirl~ ':1 S1-ec.il1i~ed W01:" .... 8r',) (3llt.lr~ lite:!:q,tUI'0J.i:l wall ~S 

r...is O\'>-n r'.::l:.:Ltiou8 !Ul;J. intar-rel6i.ti:JIU;J 1:.0 i t. }~ax:t~ "Oti.U.l be tf~~ 

awrai=,;e of c,-~e numb8r~:> on ,he rac"rU. 'l'nes.; numllurb \''iUUJ,ti :!iture 

• 

caS0:3S by uBing ':4 l·srmc'ment higil-s1.,·eoo st.)r:lge dUV.Lce 'to stGr·~ t.he 

C01':u:18Ction b,,1:.w.jeti. thE:! COUd U\Ulluers oi' J.Jl,;i-~rt,;ll1t i t",llit':, ':..I.nd tilt:l.lI' 



The IIHJJ:ljex is virtu.:u ~y a necessity today. The_~unt of 

~ho.Lly new forii.~ or sn<:.:ylol aUi~6 W.U.i.. dh aar-, r'ea..4¥-
.wwie wl til ~ or ..1.s$oci:.tt .• ve t.r<!.ils l'Un1linb tnruu~n tnen;, 
res.:.iy tv be droJ-'J:ilu into th~ Ulell.i:lX and were <lJrii,lified • 
... • There .1.8 .& new ! roi e~,,;;;ion vf t,I'.:i.il-b..Lazer!::l, ili.)tH' 

find uelig;.ht in tb.~ task uf e3ublishing useful tr:l..lla 
tnrOUbil tn"" efmrtilOUI:5 ~~S~ of tile COll:.ttion rec<)t".l. 'tiW In~.er­
itA.nce ff~l1i the wa~/td[' t~I.;·.'iiies not onJ.y his a.ct •. atlolls to 
the '!Iiurlu! IS l"e'..;v1.'d, bU.t:. 1'.:::' bis al~,c:if'leG th~ entij,ne :3ca1'­
i'oldin6 Oy"hlCl. they "sr"ti dr\;;l~t(j(i. 

'rlms S....:.LdIlcu b.:d.y Iml-lduocI'..lt l,Bc W.;L.iS .Ul ~',hil;rl • ..:in l I'()­

Ul.ces, ~·(A)J."~s, ,":~.lU con~~uJ.t3 ti)f"~ r~t.~ut\l :J1 "(.!'i.e :r":.i.t .. ~. 
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Bec!l.use 01' til::: va~t extent (It' the stored knowledge of 

r,;oaerrl civilization, n.a.n;y interesting tUld important cla.ssifi­

cation .,roblcEls have ariden.. ~~st 01' these J;robl8I>;s occur 

because iniorml:Ation is deairtKi in d.ifferent foT'llls a.mt u.sd'd in 

di.fferent Wa,,'5; the.tefore, no I,rt::t"ent t>1i3t~ \.if clasliit'.l.c",tion 

is uni~ue~ best. 

Three d.lfferr,;;nt t;Y}8a of cla.ssilic:J.tion c,ay be (li.\'>tinguished 

accord~ tv .. he kin.:i of }.iath 4".00 to locu.ta d6:sired infornation. 

i"irst, Wlere ~5 t.he oroinary ,selective cla"s..i.ticatJ.on t$t loyed. in 

library inuaxirlo in lIihl.cti. tit.Le, autilOI', ,)r suoject l.·::lY oel.lseu to 

lead to the S18Cif.1.C ini'orlila tioD llesireci b¥ beinb corrtlla tau with 

a selective code l,1l.llllOer s •. ecifyin6 ~tora.ba positiotl.. Next iii! a5SO­

ciat.ivt: ;..;larjl::>i.fJ.~tivn ,~ usoo in 'tile brain ~nu fn):pOf:H~<i for the 

t:len:ex.. tlEh:H.QrlS vary a:Nl.l·t selEtctioll .uroru~u by ItiCL'Oi'il.lii storage 

and coml-utatlu.llB.J. swit.ching, inlo.t'"'&:l.tlon stured in tne li:eme;: could 

:128 

be located by following a.l;h;;OcL\tivoly Cor~r10too trd.ils until t.he 

aesired. i tenl:; were reacneu. How<::ver, these tr~ils would be neces­

sarily limited in seQ 1- e .J..!lo. wOU1.II b.:3 only ona.....(;1ir ell si:.Wd.l : i tet::;s 

wouJ.u u5ui.lJ.ly be Cotlllect.au in .,j,. trdil oecd.US-.l of oue C(lIllLvI: Ch..:.l'i;l.C­

teristic, not because too,)' Slla~EiId d plurality of .i:iucb, ci.ld.ractGri5tic~ .. 

Gr~t COJi.ylioa.tiou would be involved it tra.il~ were set uJ... 1.0 link 

I::U.wOCiat.iV":ly <W..L It.';"i[ib .l~Vinb a DUBucI' of COll.,;on ci:..ara.ct",ristics 

into '" lllulti...a.imoosionaL <t.rr<j.:; ()l' trd.il:J such t...t4at tbere would. be a 

seplrate trd-il or groui;in~ for ea.c.u coruoirut-tiou of cbaracter .... Btics .. 

-_ ....... __ ._---------
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In chomis L1·.1" ~ l'4tcnt 13carCi::ci.r~6, b .. tol~o;:,!'~1·hic ... 1. work, ,md niany 

other i'L;:hi~, deE.irabltLnfo("m~ -Ci'Jfi fr€lquently occurs in the l"orn 

'Jl a. number of 1 tell.;.> b<':llongin~ to a. cll:i.SS (i.efin"kl oy St9vt:!r'11 

c:.endric ctc\.r~et61'ioticB.;jhiid it is pol:O$ib.i .. , to derj .. ve ;.,uch 

ini'orJt;ation i'ro.L an ,.).rainar:y selective sear<..h 01' tile 6t()1'~d. 

IDa teria.l, tha labor iuvolveu is exce8~ive ",nd ex treli.ely tu,::;­

consw"ing. 'l'htlLtlirti ty"~a of clasuil·l.cJ.ti.~Jll, wtlich i\.111 b,~ 

dlscus",e,~.i. :in tJoru det:lil lil.t.~l" in tiD.S !38ct,-m, :Li~ l rOtU::' ;e-.<t::'l 

an extBnGioII to 'Lhcl 6" .. ,-e":l.lV.; o,)'iStoli1 'Nhorl:wy t.ht;t ·J.lXYVd ecl.e;;;tH! 

grouJ,. log of inforn;~ tiotJ. cou}., tie tM,:coh,},l d3bau ra,f-iilll <:UKi ~:uto­

li!~tic;~11.y..;jith such.! f.;ystelll, ini'o!'!tlGtion \iiouJ.d be selactt,u by 

:::i. reli~tivel,;' lJ.C6;c m.rubdt' ,ii' gvneric cuaracterist,ic<>, r<.tt.~,er tJ:1':U) 

dna roie L'()-sheats 01" ,d ... .t'o-c/:4rds.?inether lI:icru:fil., 0r i..iCr-()-:;!lwats 

shou.Ld be usoU for a. eivt:i'n I5l0I':"6U 1-1"001<3(" wuulu G81 Bnu },f'llcll'ily 

uron t.:ld ty .• ~ o:t' i.ni'orm,.:.Licn d;,jb.i.r'6(.\. Usint~ Lilt! l'J.!-iu 5::>lec Lion 

fihJ c,)ultl be se.l,h.:tdd very '-Iuickly 011 'Ghe OIiS ~S of a. DWbber of 

genel"l:l...L cl~r.acteristic3. On the other han-.<, 5}.ecific 1. tt.lJr,tj Sl.wh 

as b' .. h;;ks or art.icles in l-criooJ..c·.ils dre oftslJ rel.:iuil·€h~. '.;i thout 

the necC)ssi ty for CODil,llcd. t~u i;€4chiIl'<:!ry, thd t:U;;8 L!t3Cel3sal'y to find 

~uch a ;::;}.';;'ClI lC i tern coul-.t be con::;Llsr·,1.01y sr.ort· Il0.1 ollldttle Ju.iK 

~29 



:130 



\. 

_ ..... 

MISSIONS - CHINA 

Hodgkin, Henry Theodorf', 1877-
Living issues in China and the possible 

direction of their solution ... New York, Friendship press [1932 J 
(viii, 215p. double map. 19cm. - "Reading list": p. [204}21O.) 

Discusses China's government, educational system, social organization, economic 
conditions, health problems, international relations and religion, and how Christian 
missionaries can help in solving her problems. Author, a medical missionary in 
China, 1905-1.0, served ten years as secretary of the Friends' Foreign Mission 
Assoc. and seven as secretary of the National Christian Council ofChin~ traveling 
throughout China in its interests. He has written several other books on religion, 
especially on its missionary aspect. 

[lst of 21 

Frollt, or Catalog Card, Side of a Micro-Card (The "1st of 2" means that the 
micro-text of this particular book runs over on to two cards, 

of which this one is the first.) 

Back, or Micro-Text, Side of a Micro-Card (This frhotogravure reproduction of 
the original micro· text is merely an attempt so show the general appearance of 

the card; for, being a reproduction of a reproduction, it is not readable.) 

Ref. 3. frontpiece. 

Fig. 27 A Micro-Carel. 
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~d c.lear l' unblurred imat,(::l"S are ,pr\xlu;.::eu.. 'l'hut" t.he Rdpid 

St'llector 1.5 able to sel!:tc't ~l i ten:;:; ~V:l!l& <.i. ''':vHOD coos 

Cil.t'lS ttJi~t Ule .p"'lne:l.}.l!l"t" involved ol.r~ t.:OlUh.L. GtJlwe'LU'8ntly, 

h""r", i", c.;J'lotlicl' eXd.!Gl,lt:' (,( "" ·."ev...lC'" or t.!:Scbni:~u~~ l!B;'1.ri.ng 

COlil-,:U.;;;·l;iOl..;:hich cou.l,;. 0"" u:,ed tv ~r~t ;;l.u'V4.rt.:i.t".,B :i:n ,1. ','~Jl' eX .. 

coa.e nl.m.oer. BUIce thsI''''' ;:;'1"e !.Ul ".;!xtr''';i'::al.) 1::l.t'b8 llUll,bc[' 0.l' 

1.)0$,:, ;o.J.e COOdS avai.id.oLti, it l.l.:l.gnt Oci) pOBbiblb 1;" ·:o.s~.l.t;n ;i 

b1.Vell cOue to eud) COIL".lIli~tJ..~;n :.)1' Chc:!.;l:64Ctocisti..::s "thAt iiiE",Jlt 

b\l used to 51,eoify .d. givt:n ;;1:1.1:>:':.. A .much b:;;tter ~ctli;<!LE; 1 hno;_ 

evel~, wouJ.U be to u:::e s""veI':il.. ~uua Dl.JJU;;Jr~ i'or C) •. 1). ial'Qr; .,.­

tiOll::t..i.. unit or frd .. "u. iiru.6So HI,eCl.ll j,oo,J..i'icatiun:' ."eI''' ,a.~B, 

~.~ !'i.311J. d.S otheru; lit:)lnf,." l;;..m::c,l~ m.lnlOar) th<!!Wllts ':.uulo. h..l.V;'; 

to b~ ';;\'s;Jibn8Ut, GU<;l or the 0 t.n~j,· oj: the t-"", , Cl..4Et:;1:l5."n th<':1 

other haua t if l:\eve ... 'a.l.. co..ie nWl;~rl$ ¥h .. r~ uliJed f;r 6d.\.Jll l.Unt, it 

'X:uili !l(l ;pos6ibl...!3 t.u C.l.use thto 1'l;:i.sb l;:.iJl'l to b-.;; enerb.l.~eU only 1£ 
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tJaCLl ci~ra.cterist.l.c of "he ird':orr,;.~t..l..on:':l.l unit., a.l.J.i trw Ul.\it 

coulu bl:l l::electe...i by dlltt:riDc; . .ny ,,;;oJubination 01' these ch;>.rac­

terii:l tic ,,; in tho i'vr.l<i 01' U1S:lr C'.)<J.6 i~un.bers. T.bu.&, t.h,~ tiurd 

kill-.1. of' classi.f..l.cii.tioll l,reviollsly lile!'lt:r.on,:;Ci. C0\Uo. be ~C!'leVed, 

:J.u;;.thsl"e coulu be a l.argtl mllliOer of distiu.;;t .P'iltbs ..I.ea~l-,-nli t·..> 

d<:tch infom.l tion::,j,l unit. iUld, unli.\(e ;.;'rdind.ry liora.rj ludexing, 

even wittt fr,iCl'O-C-:1.!".:lIi, selecti(.n fro!,..I. vast body of d..:lt.:t <.:ou.:..d 

be (Al'J'ici;l out dXtr,;;£J;:,l,/ l'.J..i-- ... dlJ-. 

Thert::: 1) • .J..1 06 I.)ntj ",T.;idr l-l<il.l.!e ,.here cOlii,l-.utat-' ..... d... t"h.:lll:Li..4Ues 

m~ be used tv aia in til,; ,i,.r\Jt}.J.tiL ,;! c . .i.&s:sif..i.cd.t.i..on 4 .. 1'1'....:. s",lectLOt. 

of ch,ta.. 11.e ao..I-,1d S~lecto:.. is SSfk:r:.ti.:i.."J.'y ~ stJ.tistic·!i,J. uevice; 

tll:>.t is,. it o}~r<l.tas OIl jGl.t,,iI, ~hic.h ll'4va Oo$\Sn e'(H.drau on it,. 

reC0ru k,e,,dwii ~rl ci.C(~Ufll""liC~ \;.it.l:. "'" .d . .£iiitd:l,l St . .u1d . .:1l\.il.u~U. }l.ill or­

codini'i,. SCl1SL.,e. Tilll:.' ::>C.n~L e 1.8 UI5~ti t,o uetermi.UI::I th,.)se i~lt:,li:3 in 

do ~l'e(; .. fie i l,e.~, '.;:llich kii",t~t be ~'.)u.e,j, tv :HU in seldction 01 lJi!e 

",n:; uit'ficul. t, 

entereo.) it Ida,l.t bs .i;o;:$eible t,,;; elilhl.Jute sucb Y""riation .. oo to 

61A:~eu uj. t.ho:;; j..,l'OCtUH,. Slu.e t/l4iLha!' Ule ,lobic c.;J;jP,.i,'tt;,·c not' the 
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effort .. 

;)U 

Ul,,;(, ~UC~t (k',ntr-ol tLt;;UKh.~S be .J"Ii.11e,1 t,:, factor,)' ! rVC.-.lG .tn;.. Til!'~'y 

':&'rrl COll:3ic.!.l.:lrillh ouJ...i_,-,il1f5 t3Xi·erl.,. ,:mt."u .l; ilot }.:l:!.nte, (;1 just .::;uci-! 

;;1 
,~uto£.t.c;i.tic i'a.ct{)l'ies" 
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mact.l.lne 

va.riety 



J:UC0U mot',;: che.;l.J;J.y. An J.m::-or"t,;illt adv::l.nt,-J.~t: of tru) -iutOl1l,;:\. tic 

i'actoq, not mo:mtiQw:;...;. by Lea.ver .aW 3;:-o~mJ "Ould be tho 6_1im-

j.r:ld.tlon of ~ n:;a.jvr cll:OUr:t or 

&eVdr1;;i..i. ,lii'I'ere:ut tJ1-es 

in cUl .~u.t~.i;.ati,,; fdcwry. lhe r.-ost 

buil\~ 'U}'J as in COIIJPuutivw-d. w<;rlt, j".) thAt it. '-';ouli. .. ;J6 FOl:'.:;iJ:>10 

to ch::l.llbe t.h!~ ,t;t'ouuct ceing llk:.m.: . .f.:i.l:tu.r",·) lltirf:l,) 0: ch.l.llt,ir .. l.:, thu 

cont::"ol ~.t:e. In Ci. eOl;'l.lbteJ..y .• utolf:.,.tic f"".;;t~H:'Y, •.• s0l--d.r::i.w COIT,­

iutar mie,ht be u.l'>:;'iOci.:.:~eu"J..tl1 i..'t)th •• Iit:l fi;1br.lc.1.tlon ll'~)~tlD:,es alHi 

l'jBIVI:J;3, ""rll1 it "oul,"- be U!lli.o ;:;1.1 tUc:i.t tile l:~~ti Keliit:i. QOtU.ll hI; beet 

~uit8'.i 1'<.)1' ei::\.l;:v_ 

50ciologiC<.:'l.1 .:!hange.. 'lbs I.iLlU}..tiol' ()f auwil;!t.t.ic fae~'.:r ~O~, ,10LUU 

uis,t:>l::.ce Im.;,re 'tOorkers t,nr:U1 it vould ad,k~ job~, for, hut :.l t ,;..Jul • .! 

.idt Dt': iD.",;t:culfl i0nt::i..I. in I':lislne;, ti:w~Ver3.6e t..adln.L:d.l leve..i.. :)1 

i'ut;c:.r..; OOl1,1<J,}'.!.4dnt. Although Lhu :.l.utoL.1tie l·.J.'~:t'H·'y !"'J b<c! :..,10 
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in ar-riving dllU sIreaciin"h it i,reStint.."1 the Y06s.,bJ.ll. t.Y of 

'~limintl.ting a grdat ~uunt of ID~l1ial lahor alld of raidini:> the 

titan!i.\.r-.i. of Ilvint~. 'I'hersfoI'<}, it1; Qv.:.m1.lj.'~U acc':l_t:mce (Hten.8 

in evl1:.:r4 ole. 
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GLOSSARY 



CIve1\.: 

Conversion: 

.1)ec000de Counter; 

bxplic~t 3tora~el 

Ex.terllal Storiloge; 

The.1Te~""6e ti""s r~quiroo to introduce or 
\1i tLur ,,'t( ... given tiig1 t. to or frvl'';' st.or:ige. 

A COlI'l.uter in 'IOhicb IfUlLtH::rs :i:l.re rSf;rasenti:d 
by fI,ea.rH.i of continuously v.:i.riable pbysicill 
'iuJonti tie;j, su(:h~s lent;;ths or ~~u1~\r }.JOB­

itiQ:rls vi l'vo.s, vol~e, or curr~nt., etc. 

All 

:141. 

A nwr.uer slst.elZ of o~se (ru.dix) t'i':o. 
n\W:ber~_ i,ir~ writLen 4.5 COkbin..:..ti',>l.S 
two digi t.s (I ..:LIlU 1. '1'wo 1 i:l writ tell 
lUl.; su, ll:j; ~)8Vao, 1.1.1.; etA';'. 

too 
IO; five, 

A. devic<:'l capable 01' "';\'cc9pting two nUOIDerB cl.llu 

<:lutoJil:i.ti;,,;.~ .. L_i c..:.rryiug out ' .. >ue of the Ii ir"pla 
~ut~~tiC~i oftir~ti0~ un tt~~. 

'roo ,l;roce/.i" ul' shifting u u.ui t fro .. one uigit 
1.1Ci.ca to tr.e next hignl.:lr }.l.;lce i.iJ.en tll" fir;;st 
di~it 1;L..i.(.:f;1 becom;;lo i'iL.aa thrOU6h aQ, .. .d tlon 
,ma re:..cn~s tile b.~se of til", nu.mbdr lJy",tem. 

An interl:i.:i.J. GselL.", tor of: a. COJil.f-ute-r '."'llen 
cilijtern;ir~es i ts re!-,et~ tion I"4 te .. 

A Jt"'4chine (;.J.i-,ab.le of ccJ.rr.,ing out. ;,l,t.toJr:s:.tt1C;1.1ly 
a Ou.cces",ion of ::>hf,le 1'.t4them~tic~1 o .... er .. tions 
,jlltl stol'in& tl.e n~ceti.'.ary iutl.:!'1i,w.l.: .. te L"llsults. 

Tue } roceS;:$ of }:-ii.::.;;.;irlt; i:roL: one :£'ciIj,.rasent!:1t;,on 
of a 5¥Xi.bol to .... notner \ i.e. ~ i':£'oJf, .P.l.OC1JeU. t,;:!.p8 
to ~ int~rnsl register). 

A y~cuum-tube count~r baVin6 tun st~te~ of stable 
8'iuLdbr.lUiJ,; (~lso 11 C'ln&-of-t':::!it' count",r). 

the th.e re'..iuicoo to .t.nt.rO,:iu<:e or 'fI1th(lr.;I,.~ d. 

i£iven <.i1i:; .... t to or frOTh stot\:.i.t;t.7 wMn tUe d .. :q;it 
ad.Joiuir'6 it in l:I}ace or t_&e hd,;'~ ju""t Oeen 
re<.:orui.:Q -or 1.'19.10. out. 

A \":olilyutel.~ in wnicn nWiii)'::r;:;""re r8,l-.l'e;;;enteu by 
me :tol16 oi'~iu.,.,utiticl8 lV.nie.a v~rl un.'.) in r.1i;:H.lrete 
Lit,e}:B (also lI,j,r.i.trij;.et~callt COIL'l)uter). 

stor~e which was dev0101'OO or is now U:::lOO 

S1-t:)cifica.l..ly btotcJ.use of ~ l'd:.Uizdii n~'0d l'()r 
is ~j 1'"",(;6 /0 

~tor<:i.6e whicu ~ist8 outside of «. ~olfl}.uU:sr .a.;rol!er 
cltld is used to introouce in.forru::t.t.l.on Into the 
COJi::,i.,uter ~ oi'tdn to a.~lent t.i.t~ int",rnJ.l 
stor~~* c;lp,",-cl ~ of the machi..ne. 



Flii-'-Flop I 

Order: 

1.42 

A vac;uUBl-tuba circUit. with two st.clbJ.$ stat.es 
auell 1,ClA1, the introductl.o.li of ,l vult~bd julse 
'IIill C;l.use WI::J cireui t to Bwi tCt! t'ron one st4ble 
s 1.::1. te to tlle 0 1,.tlQ-r • 

A Y~icuUJl;-tuba ooinciueDca dev~ca so (Wnnectea. 
th::I. t J..tl outl-'ut. is ganera ted onl,y when t.wo or 
more sign.u~ are u,j.·j.'liell sii,ult .... neously to 
individual iDl-uts. 

~tor("'{E,e wnich .... id not origin.:J.te or ~s not used 
1'1" mcii,&.ll,y b&,-,:tu&S of a 81 e011'1c l.eea tor 
stol'::.l.ge. 

Stur~e wlucil <tJU:,tlli l.1lHida a 001"11...1..01'" J r016r 
<.1lJ:}<l is U~~U to oo.i.d ~c.Lrti~ rosults .)1' COlLl-u­

t.atiOJls una crueT sWl-sequences. 

'l'he llW,·.Oldr 0..1.. uij;,ite $t.orea by a 1:.itor",s,e :,J.evicC$ 
-l.l. V iuau 0.1 tii6 cos t oj;' ti',1:) d,av i -';(1 in Ilolllll.ra. 
AS used .herein, Ute cost incluu.~,s the switching 
cireul t5 ,J.ll~ ~l.i.XJ..l1i.:1r.Y ap~ ar .. tUB 1l,~c-e1J8ar.i for 
l~tor_L",t; in t.D8 ;.leV' .ice • 

.!U) o,tJar·;.<.t,i·udl instl."U\.:tion .In coded i\:.rlG to 
COl.l.'I::,x'ol d. cOlijiut.:;r oJ. Eu'""tiOll .. 

Pa:cal .... el Transmi;;slon: 'foo tr::.nsl'is""iAl of tile >.1ig11,5 0.1' ii:i. ml,llloor (WOl""u,) 
ill s}l4t.i.1l. r,;l.tl.l$f tl!un tell+ori.J.l s!.1y,uaDce. Ti:.;sre­
tore, .;1 llUll,bel" 01' tr'.:UlsDl..l..s",in .dr~6 e~l..al to 
tns .oUJi.b!,;jr o:f dl.g;~ ts vi' t,,0 !JUUb.;;:r is requir<.d. 

l'ro6r$,: 'I'Loa C.OU.hl se 1~elll.;t: elf o!'uars Wh.lC;11 control t~ 
ari 'tul;:,etiCd.lOj,:Jt>r .. 1. 'ti011$ neCeUS:i.l''y tor ti'1~ svlution 
of d f'roolelll in a ctigit-Ll CI.)"'l uteI'. 

?aading Out: lila } roceas 01' axtract.in~ dJ1Li trd.nsw1ttl.l'lg infor­
Illation i'roh, stoI';.l.ge (""J.s01r1j.c\(ung ll ). 

Recoro.ings Tht) frocas;:;, of t,r,:WI:ul.l,+..tting ",nil introuucing int'or­
lW..lt.ion into stoI'-ltl.EtI (also ltwr1tlng"). 

~8rhi.l Trllllil:JIlJissiun: Tria tr:.illsmis ;,i.lOO of th\';l Ul.gi ts of 4. mlJr.OSr in 
te~+or,;ll l"i.'I.'tu"r than s.t,;;;.tiu fhLluenc<3. 'l'herefore, 
onlT one t.r4Dsm ... ssion wird is re·.i .......... red .• 

Spa.tial Ec{)lloay: The nUlllb'.:lr of digits stored by i::i. bt()rd.~e device 
di videa by th.!l vulUlte ill cuoii..: l~et of the device. 



Transl:..l.tion: 

'iioro: 

'''-...'' 

A group of discrete stor "'6e element:::., tu"h 
c~~b.le 01' storing on.L;.; a s.i.r~la Ui6it :3.t 
Oljt:j t1.rea. 

The ~roces$ of }a!:>3ine; from one code to 
.... uotbsr (i,e., trle tr.msition irom aur41 
~o wri~tell worus~ 

_ts usad ill COb.lpU1..dr ~k'11ic.~tion8, the U<I:i.ny­
dii:;lt. Ullliiwr, wltn Ii'u.cfi c",",-cu.L.tion:s,H'e 
norw~.ll.y ,~.,.rrl;:lU out in ij, collt!-uter. 
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