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A "Word Spotter"

BY MILES A. MERKEL

F'o; a//icial b'SB ~nly

A description, with elementary footnotes, of a device that ,will automatically record
th'e presence of preselected words in teletypewriter text.

, 'INTilODUCTION

'A completely transistorizedspectal-purPose computerhas been devel~
oped by RADE-2 which will recognize ordered sequences of teletype
characters. The input to the devicecan,be from punched paper hlpe. or',
IIlagnetic tape, in parallel form. With a serial-to-parallel converter,
sequential data from a magnetic-tape recorder can be used 1. The the-

. oretical milximum input speed is 50,000 words p~r minute for twelve- ,. '
• chaXacter words.

The computer incorporates a memory unit (orvocabuiil:ry) which'is an
;uD,:Usual Ilrrangement of pulse transf6rme~coreswh~re,bysirriply la.ying ,
a" single wire in a specified maze patt';rn, a word is inserted. Itjs,
~~nte~platedhowe~er,that printed-circuit cabling-techniques will be used ,

,to form words for insertion in ,the vocabal,ary of the spotting equipment.
The entire equipment, \vith power supplies, is expected to take .up

'approximately one-fourth of a conventional rack (or bay).

METHOD OF OPERATION

I The logic behind the operation of this equipment can be more easily
:explained by referring to Fig. 1; which is a block diagram atone stage of
:the "Word Spotter" (orXR2":34). The longest ward to be "spotted" will
:determine the number of stages" needed. The XR2- 34 consists essentially
:of' two memories coupled by a gating arrangement in a "Coincidence
;Detection" system originally proposed by Lincoln Laboratories.

One memory of the XR2-34 is transient, changing at a rate dependent
on the speed of the tape-reading equipment feeding five parallel shift
registers. On receipt of a synchronizing (feed hole or sync)ptilse, all
'imormation stored in the shift registers is simultaneously advanced one,
,stage. DUring the interval between synchronizingpulses , whilethememory
:is'static, complementaryv()ltagelevels from each of the fivebi.:.stable

:' These foot-notes";'e appended' sol~ly for the benefit of those who, like the editor, cannot
follow the original text unaided.' Others ,are urged to avoid ,them. [Editor)" ',,'
, If the tape is in paralleJ form it' has five tracks'recording Simultaneously the five, bits that
make_ up a tele(yp~ character and. a sixtq rec()rding a ~'sync pulse!.' .w~ich says. in ;substan~e to
the ,Circuitry, "There is: 'a sign~l here, re cord it." H'it is not in' parallel "form~ but r'ecords the.
!ive .~its, one after another, a serial-to-paraIle~ converter stc~res the bits -until all five'. 'are ,re.a4y
~d sends then)' out over five circuits simultaneously.
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multivibrators (flip-flops)
2

associated with each stage are applied to
ten di6de.:ifesistor "and" gates. These gates are then "interrogated" by
a mono-stable multivibrator (one-shot).3

Five gates (determined by the states of the five flip-flops associated
With each character) will be open. An open gate will permit the' 'inter

'rogation" pulse from the, one-shot to trigger its associated pulse trans-
'.' former core drive tranSistor. Interrogation is then performed OJl the

"and" gates of the remaining characters, one ata time. untilallcharac
tera have been interrogated; Each, character has its ownone";i3hot. As
soon as all characters have been interrogated. an additional interrogation
is peI'formed on "and" gates associated with unsaturatingflip..,flops. The~e
flip~flopshavebeen followi,ngthe character':'by-character interrogation of

,', the stored "vocabulary". InJheqaseillustrated in Fig. 1, the letter R is
: the stored vOcabU1ary.If«oincidenc~hasbeen detected in all c~racters
by an unsatitrating :hi~flop, then its associated "and"gates 'are open and
iui "output" pulse isperDiitt;edtopass., The circuitries pf the flip-flbps,

:one-shots , "imd" gates;,8,nd ,pulse ',tranSformer core drivers are con
ventional configurations' a!ld will not.be dealt with in this,report.
"the')!~~co~d m~mohr (or "yocabulary") of the XR2-34 which'was

,mt3nti~n:ed iIi theprevious,'paragraph is permanent, 'although it caribe
'readllyalteredm~nuallyas thepccasion a:fises. It consists of aone.:iturn
s~condary,'threaded in' a logic,al, arrangement through the pulse trans~

" fornier 'cores, 'which are showna,s dOughriutshapes'1ri theblock'diagramof,
Fig. I. These cores are ManganeseZincFe~riteU-Coresfittedtogether
to form, a dotighil.ut-shapedtorbidalcore.Th~ letter R was chosen to

,illustrate the lllanner in which_a word JS inserted in the "vocabulary".
The teletype code for R is "space-mark-space-mark-space". The reader

.. :" ~li note .that"the letter·R:has.heeii_-tli.readed·throu~·the'cor~s Which· are
:: ,pulsed in the complemEmtary coding ',imark-spa~e~inark-space-mtirk",

,) ,Vie are, therefore; looking for theabsenceof,pulsesin all corest~ough
, "j> which our one~turnsecondaryhasbeen threaded. It is, of course. obVious '

'; 2Aflip-fiop is a device whi~h c~n~!"cordeithe~oftwo ~tates, e.g. "mark" or "space;' and'
" record~ the one last signalled to it, the previous one"being l~st~ In .. f,l ~hift register, ho~ever'J

'1"· th.e pr.evious state is 'not lost· ~ti~ .is paSsed ·oJ.l to the. next fliP-:flop in .~he. series. 'Thus with
.; . five _.parallel .shi rt registers the, five. ~its constjtuting a signal move from' row to ro~ .until·they·
.r'" finally fall off th,e other, end; The.number'of rows govern~ the length of word that can be'hel(i"iJ)'
,i- this transient memory., 'One ,of'those, electric signs in which words pass,across :the face of the'
i 'sign' froin right tolef.t,furriishes a-simp!eimalogy'J ":',',,',, .. ,,' ,::,' ..

3. \An' ~~'Gind",':ka~e is a dev'ice' 'whi~h apows a·~puise. l~ p~s~' i.f ~~s·_ €?'lemenls are all i~._~h·e sasite·:
predetermined one of two possible states; i.e., if there are two' elements, AA allows ,a pulse to

'I' pass.; but A~, BA and' BB,do n'ot•.~ "or.".ga.te'.anow~·apulse'to.pass if· any el¢men~'~s ip·.th~

I " predetermined',state; i.e., for two eleD!erits, AA,..AB or BAc will paSs the"pulse. but BB will not.',r· ~ereJ each of the: five flip-flops in ea~h 'ro~ .has .it's o~n twq "and':. gates and sen4·s·aI1 A to·
':, . an ele~nent of one ,and ~.B .tqan ,element -oJ lh.~, other." Whi~h gel~ ·whic~.·d~pen~s. o~ w·h~_t_~e~ l.he
I flip-flop is recording "mark" or u~pace"•. ·An :A.·isthen s'ent to the 'other 'ele~erit:'of. 'each gate

....... by. a Hone-~~ot" (a kind of pulse-gun, .. firing ,uniform' amm0r:-iqon when .t~igg~re·d, and re~o·adil1g

I itself for the n'ex!'shot)' Thus one of 'the',two',gates now ,has two'A's aridallows:a pulse to pass,
. :o-i.: while the oth~r hasn~t and doesn't~'.· .' . - ., .

I
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'why this is done. The digital task of detecting no-pulse among pulses can
, be done Diore reliably than the analog task of detecting a certain discrete
V'oltageamong other discrete voltages.' Fig. 2 illustrates waveforms ob-

"taiiled from the six-character feasibility model of the XR2-34. As refer": .
ence to Fig.l· wil~ show, we need threadoilr one turn secondary through
only Jive of the ten cores in each stageln order to recognize a letter.

, Inasmuch as the#asibilitymodel haS, a: maximum word length capacity of
., six <::haracters, we need only .windoW. ~me twn secondary through thirty
'cores "in order tdrecognize a sixc~aeter ·W:ord. Fig. 2illUafrates the

. ,condition of co~ncidence on thirty cOres,. Jde~lly; this figure should be a
, straight line, but the reader will note that there areslxtriulsient pltlses
.approxiIllately 10 AsecondsapattandoiaIi:lPiitud~8:ppro,ctttiately 0;6 volts.
'These, ~desirable,;transients are caus~ by inter~wiring'"pickUP;" of the
lnte;rogation puls~s, and will be referr~dtoa~nois'e. Fig.2b'illustr~tes
the condition of ~o~ncidence on'~iLb~t ~ile6~~~"Tiu.s is the hriuUng con
ditiohJn theoperationof.thexR2-3(':Wem~tbelibletoAetect the~-

'.. ' ferencebetween the "signal" pUlse fromorie :core.and the noise pulses.,
." "'.. ", "" . .. .•,' ".'•. , .;.1- l_J. •-,,: :. - , ' .. ' \.' .' .;. " , ' " •

,The scale in the i:egion' of the.si~B;1,.p*e:lyls:be,t;ln ~xpan~ed' te~times,

.iIi.therigh.t-hand'p~otogra:phof Fig. 2b>.Jrcliiinow beseentha~ the signal
.tb~~oise figure 'of t~eeqUipmel1tis ~ppi~~iinat~ly2:I~Fig>2ciili.lsti~tes

.." . the faetthat non'::cbimjidenceon,mo~et~onec'orewill result iii addition
::'of'the: signaLpulse~i and .'consequent iJ6J;"e~'~:i>f ampUtu~e. Here>~~ in.
. Fig.2b, tp,escli.le iD:theregion6ftne~slgnalpUi.~e hasbeenexPimded ten .

till,le~ .in size in th~ ,right-handph9tograph.:rb "obtllin' F.ig.2d;;otirorie·
tut:n secondary was.wowl:d throughoiuyone cbreineachcharaCter; As
can be seen, the: tr~nsientpickUp 6n oq,ly one core is:vefy smaH~

: lManganese Zinc, Ferrite was~h6sen for ~e illthe XR2-34'inpre- .
. •ferienc~· ito the ()ther core ~ateri.8Js aYaila1Jieo~theoperi'inarket.

1 .. ' . .,.. .'. . .",. " - ..... , .... . . r.,:,
Ferrite has the advantages of (1) higher, permeability, (2).10wer.losses . V;:
at high frequency,(3).eas~;,ofmanufactUre in wl\isUal' SMPe8;:(4)~ore f~;

jorm electricli.l ; andme~lianical'.. prop'ertieS,and (5)IOwe~. cost. li',""';J'~.:;\,.•

W~en: a pu~se. is ~e'nt along a Hprimary'" wire. threade<:l through a core, a .·~~seco~~~Y';·;~ir~ ,,~
.th~e~ded through the s"ame' core. also r~ceives a' pulse: by ind~ction.__ .This ~ec~nd~~~: wi,r~ :is"; 'f'li

,.th;e':ded through the cores, whose primaries.·will" nOt be pulsed if ,the chii!'acier'j's'the one, we .; .~~:
;:i~,~,~o recognize 'Rin .the.. caS" indi~ated), so ,that~ "no. pu)sein the. secon<jary" ~.eaiis "this " /" f,:{:

".. ,.Eac;:h': row has ..it~ o~n, ?eF" of ten 'g~~es "3Qd :teri.-cor~~.',To p:U:.i -SEA' in t~e pe'nnane.Jlt-.'m~mory,8' f.!i~
... si.ngl~ewire·is threaded through the five'cores that wiH not be driVen by an kin row. I,then t"""'!lib (~;

,the five that will not. be driven by' anE in row 2, and similarly for an'S In,row 3.' The.eveflf·thai , " i ; ~·';iJ
~o. p~is~passes :a1ong that '~irdlapp~~~ if '"idocl.yiftheword ~EA hasjust ent'eied/he"tempo-' ·li:.,...•..::.·,.~,'~..f...;,.';:,'
r~ry rleglster. Other wo~ds have oth~r·wues. -. '<.' ~,

~·Ev~en ¥i.hen 'th.e ·co~~~ throug~:whic~ .. th~ se.con~'ary. is .t-hr~~d~~·--are ~.ot' driv:e.n·..it" ~··pi·cks tipu:',
Uowelcome.noise from: pulse,s on' other. wires. Thes'e aie'iShown' in. the. phofographs: The, righ,i- ~fi

'hand!photographsof 2c an?: 2d, ill which the horizontal, .scale has been multipli..,dby }O;,'.,,:,I,So . ', k·;;
.,. showl signal. pulses from,oJi';, and :two cores .. respectively' 'The'least favorable' case; which, is""; ,:. . .iBf

alYla~s. ~.h~ o~e ~eant .,by 4~~signal-tQ-nojse ra.ti?':,: ·i~ .. the otie s~own ~~ ..~2h, Wi,~li·.?·nlt, .on,e. core E: "-
'contributing ,to the signal. '.It can be seen that the signal. pulse ,has abo,tittwic!, th,e ar,nplitu4e ... ,'." .... 't~3?

.\', or th';! 1l0is~pulses. . " .',. , 1~2:

\ .. '93 .. , ..•. ~

"~~;~.~~~~t~"~ti"~f~~T<"1'¥~~~~"'~~d2~~~~~~'~
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A ~WORD SPOTTER"

I?i!,!~dvantagesof Ferrite are (1) its low Q, and (2) low Curie temperatlire.
6

, Inasmuch as the' cores are key components, it may be well to discuss
. in more detail their advantages and disadvantages. Qurprimaryobjective
is to obtain a maximuni output puls19 amplitude with minimal input drive.
The input drive p.ulse is influenced by the following factors in Lenz's .
equation:

...' :..~--

: .' -. -'. :

'TO'increase e
in

without increasingi or decreasing t, we need a larg~ L. .'

Since L is directly proportional to permeabIlity (fl), it would be advan-,
tageous to ~ve·a core With a high fL. In Table 1, values. are 'gi~~nfor .

. va;rious properties. includingioro1cial peiineability {f1 ) and losses, of the
• '.. ,"'" . .."..".. '-'..,. 0 _. ." - _, .',.,

:Manganese Zinc' Ferrite cores used in the XR2-34 versus variouS iron
'~ores.Abov~ about iOOKC;'the residua] losses do not follow the sinipl~
~~iation giveriby Legg.(see'Til.ble 1. . and item 2 in th~ Bibliography:)

. Fig. 3 showsth~ relationslupof '~~i ;md frequency over the range'of 2KC

"tQl megacycle. This figUre is shownbecause th~ cores oqhe XR?...:·348,re
';b~i~gused ata50'O KC rate, as app~arsJromthewaveforniS:6{Flg:'2. ,Y"

. . The Curie 'temp~rature6fferrite cores 'Is iilUch lowe; thiIfi~'i~iilidl~" '
',ironcore~. ,In those useqhithe·XR2,.3,4 it is 170°C. InasmUChast~e'inax-,

iniUni ambient temperature permissiplewith the transistors U$ed in this,
.equipmerit.is 85°C, the IbwcUrie temperature is, of nocoribern'~t6Us; .

:. FOr those,readers who are interested, the Qoftheferrite c.drescan
easiiybe~foktdby UsiiigtherelationSwp: . . ...•. .'
~ . .O' ,.

·Q""i-*-r .
jLis: the permeability.whichisappr~xi~atelyiOQ() (between 25°C and '.O':. .'. "'R .' " .. ' '. ':., .' ",,"', . .t50° C). The value of Il-f i clill be obtained direc!lr from Eig. 3< In our.
application, the Q of the cores (~17) is of little concern. .O' . ' .' O'''
'j ..... '. ..,. ,

O'! . The c.ost of the Fetrit.ecbres lsvery small. AU.,.core costs approx- .'.
tmately thirty ·cents. .:. '.. . .. .

tEi\SmILfI'V: ~ODELXR2"':34
!O' A feasibility modelbf the xR2.;.34 has been construCted and sucbess-

. :fully tested in the RADE":2011aboratory.·Yig. 4 shows frontand~e~rpho:-y.... ., ',"., .... ,.. ". .' " ,.... .'
itogtaphS of the breadboards: Thisequipmentcan~ecognize600to:~OO.

isix-character words. Ten arllitrarilychosen words, ranging in length from; ..
'1, ,." ' ..' . . ."

,I , " .' .O',.... '-, .: ,,'. "

':1~ For .ob·';io~s reas9n.s no atterppt .·~~n be' ~~de' to" annotate; the" m~th~m':1t-lcaJ phys{cs :in -·ih~···

'.j' paragrap., hsthat 10110.W. Th.e. lay reader m... ay be interested io. know 'that' Q isthe"a'lio,(per. cycle.)
01 :energy.'stored. to 'energy' lost, so that low Q means much loss ,01 ,energy; The Cune pomtol a

·.·.jco~e mate"rFal is the "temperature ,above which' its' ferr~ma'gnetic'properties disappear~. 'When-t~e

!materiali" cooled. these properti~s are. r~ga;~,edat apointonlyslightIYbei~wtha:t·at wpichi'
:/ they "!ere 'lo~t.' O', . ' "" . ,

I . O'O'
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· three to six characters, were threaded through the cores for testing PUr-::
poses. Although they were combinedby means of a simple diode "or" gate
to obtain a single output. indivictualoutputsmaybe obtained. if desired. to

facilitate various logical functions.' This equipment contains i81 2N414
transistors. The total power consUmption IS 3 watts.

FUTURE PLANS'FOR THE XR2-34

that we' "antto'imow;show l!Ia~y ofa .certain;~i o£~or9~ ha~ep;ss~dti~o~~h"ihe,
·ma"n."p. ·connect their~.wires.'with the· element,s. of". an. ~_.or t

,. "gate.·:.-All : the"·.'wires 'are _.pulsed
non~ oJ.the words. i.s ·.in 't~e registe!"~..[( o~~ ?f.~-he:,wQTd~··is j~ .p}ace:t~at-~i~e·.a16~~;fs iJ.?'(

'This" second -situ~tion, is., an "o~'~:'~ ·sit':Jaq~~...f~I<·a".~-~po"'Pril's~"··.g~te ari~' th.~ g.ate··le"ts.a
.~.hich·c~· be:-us'~ tq ~p.epite.a-·~9·?n~er_· .... .

(, "

*" ."

Anengineeriilg model of the. XR2-34 is noW under construction and
scheduled for completion by 1. Febr,Uary ,1960.. A sketch ofit is Sho\VIl In

·Fig.· 5. This. unit will be capable bfrec.ogniZingordered sequences>of'up to
,.,twelve teletype'ch~a6ters.. COnStructi6~1,Will be single~cbai;sis.with'

hinged side-panels,' and self"~ontairiedpowersupplies.Thiswill eiiniinat~ .
. messy inter-chassis cabli9g.Thecbres ,\ViiI' be Ferrite ',.U-co~es with
.' spring loadedbar's on toP; ~otbAtthetop~ea!l be~ifted forlnsertion orr~..;

moval of words iothe v'oca,bulary, ;Thewor~m~ybe inserted in' thel0I'm
of, PI'inted-circuit Wiring o'nJarge sheet~9fp1asticwhieh have be~~ pre
punchedtb fit down over the le~ or'the V-cores. The unit will requiT~

". ,l1-PP~oxiinatelY20)n~~~~j)q~ont~paheF~eig~t~nis,tandardra~,k(orbay) ..
. ' 'A,pproximateir 1'60 i,iJ~'int~4~c,ir9uit cards' wiitQeused;..~iUl, 8;J)o~er::re':'

quirementof6 watts.:)t.is estimated that tlieengine~ringm()(jel\\Tinc:ost'
slightly lessthll,l1$io;oOo. ...., . .. ".",

." Presently under d~~elopmentis'ii.systerrlwiji<;h winincorporllie;th~ .
,XR2-34, a:Pott~rModel 907. _Petfora'ted tape .'reader. and ahii5h'-sp~~d
·p~per .tapepurtch/ This, system WiUperf6rm' the fuhctiQn()fs~arching
tllroUgJl perforated paper tape for desired ,portions; and tlie~'re-perfor~
at~ngthe portions selected. .... . .. . ..... '. ...., ..

r· .
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c~aiid'ear~.,~hecoeffici~nts of V.E.,·L~gg1se.q:tlatiori:

.' Comparison: OfJ9SS .coeffici~nt~, :forvai'ious .magne.tic,. cor~.materials.
Pq .ax10 6 c:xl06 ' .exl0 9

Powdered Iron A. .··35 49 ·:10988·
··Powderedt:~nB··;.'...••.. '.'26 ax •... 139 ' .. 31 .
powdere._d81-PeI1I1~lloy ., 75 ' );.5 ' ',37 :51'

•'P~wd~red2~81-M6~Permalloy"i25 '. '10630 19
Mn Z~ Ferrite used l~'XR2:34 '9001.8 30 1.7 .
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