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A "Word Spotter" 

BY MILES A. MERKEL 

Poi 8f;'icial bse "nty 

. . A description; with elementary footnotes, of a device that .will automatically record 

· ·the pres ence of preselected words in tele typewriter t'ext. 

. ·INT~ODUCTION 

·A completely transistorized special-purJ>ose computert.as been devel
oped by RADE-2 which will recognize ordered sequences of teletype 
c.118.racters. The input to the device can be from P';IDChed paper tape, or ~. 

iJ1agnetic tape, · in parallel form. With a serial-to-parallel converter, 
seque.ritial data from a magnetic-tape recorder can be used 1• The.the

. oretical milxi.mum input speed is 50,000 words p~r mfn~te for \wel~e- ,. 

• chB:ra.cter worciS. . . . . . . . ·. . : . . . , 
. The computer incorporates a memory unit (orvq¢11.bulary) which~is ab. . 

':ffi.tisual 11-rrarigement of pulse trans:forme~ cores ~h~re, bysi~Ply laying 
a ' single wire in II. specified maze pattern, a word is .inserted. ins .· 
c~rite~plated howe~er . that printed-circuit cabling techniques will be used 

. to form words for insertion in ,the vocab:tl!U"y of the spotting equipment> 
The entire equipment, .With power supplies, is expected to take .up 

'approximately.one-foti.rth of a ·conventional rack (or bay). 

METHOD OF OPERATION 
. . .. . 

I The logic behind the operation of, this equipment can be inore easily 
:expfained by referring to Fig. l; which is a block diagram of.one stage of 
;the "Word Spotter" (orXR2_:34). The longest word to be "spotted" will 
: determine the ntimber of stages· needed. The XR2- 34 consists essentially 
·of two mem9ries coupled bya gating arrangement in a " Coincide.nee 
1Detection" system originally proposed by Lincoln Laboratories. 

One m emory of the XR2-34 is transient; changing at a rate dependent 
. on the speed of the tape-reading eqtiipment feeding five parall~l shift 

.•· registers. On receipt of a synchronizing (feed hoie or sync) pUlse, all . 
' :information sto~ed in the-.shift registers is simultaneously advanced ope . 
st~ge. Dilring the interval between synchronizing pulses, whilethememory 
)s static, complementary voltage l~vels from each of the five bi;,.stable . 

. :
1

· These· foot -not es are appended· ,,;, I~ly for . the bene !it of those who, like the ~ditor, . c~nnot 
follow ~he or igina l te xt una ided. '.· Otheri; · are ur.g>'d t o a void ·th~m. [Editor} .. . . · · '.· . · 

" : . I( the t ape is in paralie\ fo~m it ' has five tr'acks· recording ·sim~ltaneousl y . the fi.v.e . bits that 
· ~ak~ up a telelyp~ <?hai'Bcter and_ a S ixt~ re~o:rJing a_ ~' sync pulse !.' .. w~ ich saYs .. in :Substan~~ l o . 

_the _Circuit ry, "There is: ·a sign~ l h~re, re cord il.'' H-.'it is not in· paralle J ·fOnn, hut r'e cord s 'the .. 
. H'!e biis. o ne after anothe r, a seri al-to-paralle l converte r s tores lhe b its until all. !ive .·are .r e.ady · 
,and :. s ends t hen;i· 'out over five circ uits s imult aneously . 
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A "WORD SPOTTERW 

multivibrators (flip-flops)
2 

. associated with each stage are applied to 
ten di6de-'resistor "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 tran8istor. Interrogation is then performed on the 
"and" gates of the remaining characters, one at a time, until all charac
ters have been interrogated. Each character has its own one..;shot. As 

soon as all characters have been interrogated, an additional foterrogation 
; .. · "1s performed on ''and" gates associated with WIBaturatingfUp:-flops. These 

flip-flops have been followi,ng the character-by-character interrogation of 
the stored "vocabulary". In the qase illustrated in Fig. 1, the letter R is 

-. (· 

the stored vOc:abulary. If c_oincidence has been detected in all characters 
by an unsatiirating fliP-flop, then its ass_ociated "and" gates are open and 
an "output" pulse ,is peri:nitted to pass. The circuitries _of the flip-fl~ps, 
o_ne-shots, "and" gates; ~nd pulse transformer core drivers are con
ventional configµrations ai:id will notbe dealt with in this report. .· .. . 

The"';~~co~d. n:iemoty (or ·~vocabulary") of the XR2-34 which wa~ 
. mentioned in the previous· paragraph is permanent, . although it cari_ be 

'readily altered m~nually a.S thepccasion arises. It consists of a one-'turn 
Sf!COndary, threaded in' a logical arrangement through the pUlse trans~ 
former· cores, which are shown as doughiiut shapes. in the block·_diagram of. 
Fig, 1. These cores are Manganese Zinc Ferrite U-Coresfittedtogether 
to form. a dotighnut-shaped t6roidal core. The letter R was chosen to 
illustrate the manner h1 which. a word Js iziserted in the "vocabulary". 
The teletype code for R is "space-: mark-space-mark-space". The reader. 
~ll note that the letter R has been threaded through the cores whlch· are 

., pulsed in the complementary coding" 1mark-spacie-'IJlfil"k-space-mfU'k", 
/ , We are, therefore; looking for the absence of pulses in all cores t~ough 

, i, _·which our one~turn secondary has been threaded .. It is, of course, obvious 

2 ··-~ _fiip-flOp is. a device which. c~-~- ·r~cord···~ither· of "tWO states, e.g._ ".mar~'~·. or ~·~pace" and·.· 
records the one last signalled to it, the previouS one·.being lost; In.~ shift regiSter, however·, 

T·· th_e pr_"evious state is ·not lost· b:U~ .is passed ·an tO the. next .flip-:floP in .t.he. series. Thus with 
·) ·five ._parallel .shirt registers the, five. bits const_ituting a:· signal niove from row to ro~ .Until they·
~···.· firiaqy fall off th.e other.end. The.number-of 1-oWS gover"n~ the length of word that can be.held.if.l. 

· i. this _iranSierlt m~mory.· .One .of.th~se.electric ·signs iri w~ich ~qrds pas_s_·across "the face of th_e· 
"•_sign" fro[n ri_ght to_ left ·_rurriishes a·simf!e analogy.' . 

·:: 
3 ·'An· ~~·and" .. ·.-~a~e is a devlce· ·whi~h apOws a·~pUise_ to p~SS:- i_f ~ts· ~·lements are all in·.~h·e s~1e·: 
predetennined orie of two po.ssiLle. states; i.e., if there a"re two· elements, AA all<;>Ws .a pul~e- ~o 

'!" pass; but A~, BA and. BB .do n'ot. "J\n "oi_"·ga_te. allOwi_:; ·U pulse to. pass if. aily el¢men~'-iS i_n·_the 
; predetermined state; i.e'., !or two ele111eri,ts, AA, .. AB or BA_will pa.5s the._pulse, but BB will ~ot. 
( Here, each of the. fiVe flip-flops in eaCh ·ro'({ _has .it'S. o~n. two "and':. gates and sen4s an A to 

an element of one .;,d a .B to an element o_f the other. Which gets .which- "depends_ on w"helher t.he 
~ flip-flop is recording "mafk" ·or "~pace" •. AJ\"":A .. is .then s·cnt .to the .other ·eI~n:..eriC of. ·e·ach gate 

.·.·. · hy a uone-s~Ot" (a kind Of pulse-guh, .. firing Uniform· ammuniqon when .t~iggere.d, and r·e~ondif!g 
·.' itsel! for_ the n"ext shot). Thus one of ·the._two·gates now-has two· A's arid allows·a pulse ·to pass, 
· :·; · While the other hasn~t a"nd ·doesn't·•·.· . · · . . . 

. I 

.-92 

~ . 

i 

,,, . :_ '~'''''"; . 01] 
. -- l 

_.L :?;.;z'1~.:J,'JJ~~~tti~€fi'-\?J-,·:j~;r_rr.:::.~.;;.:_"o<~'.-~~-~;~~::?.~~-~--::>;.'~~;.~~ >. ·-~~;· 

.• · !. I. 

' • ~ I.~ ./· 

j 

I 
I 

l 
."··:." 

r ' 



·DOCID: 3927 94 7 

'•'·. : ."-· 

. . ; 

";\ , 

··:.· 

.:•:: 

..... ,·. 

M. A.MERKEL 

why this is done. The digital task of detecting no-pulse among pulses can 
· be done niore reliably than the analog task of detecting a certain discrete 
voltage among other discrete voltages.• Fig. 2 illustrates• waveforms ob
tained from the six-character feasibility model of tl:ie XR2-34. As refer
ence to Fig.I wil). show, we need thread oilr one turn secondary through 

. only five of the ien cores in each stagein order to recognize a letter. 
· Inasmuch as the feasibility model haS a maximum word length capacity of . 
··six ch~racters, ~~need only . ~nd o~ 0ne tWn ~econdar_y through thirty · 
·cores · in order td recognize a six character ·w:ord. Fig. 2 illustrates the 
.condition of co.incidence on thirty cores .. Idefi.lly, this flgure should be a 

' straight llne, but.the reader will note trui.t there are six transient p\ilses 
. approxiinate1y 10 Aseconcts . apatt andc>iamiii1tucte approxi~te1ro~s volts .. · 
·These. unclesirable;fransients are caus~ byinter~wiring •''piclffip;,. of the 
interrogation pul.ses, and will be referred, to ~noise. Fig. 21:> ~llustrates . 

the .condition of coinciden~e on afLbut one~~re. ·This is the limiting con
dition Jn the oper~tion of.the x!l2-34.' 'we m~t be ~ble to_ q~teet the dif

. ference between tqe "s1gria1•1 pµiBe from one core and the noise pulses .. 
.· rhe scale in the riegion or the si'ifoai puI,s~'. ~ been ~.xPan\iea· te~ times: 
:-in therigh.t-bandphotographof Fig.2ti'.' Ji'~a~~o~ be seen .that.the sigiial
to..::noise figure o{ t~e eqUipment is ~PPr~{Cimately 2: 1~ Fig; 2c 1i1ustrates 
the faCtthat non..::colncidence on ,mo~et~onecore will .result iri addit~on 

: 'of the · signalpulsefJ; and consequent inc:r;ease Of amplitucie> Here/as in 
Fig. 2b, the scale iil the region ortb.e signal pul~e has beenexpi:tnded ten 
tin;ies in size in the right-:-hand phs)tograph. :fo obtain Fig>2d, oUt orie 
~n secondary was. wound through 9i:ily one cbre in each chiraciter~ As . 

· can be seen,· the: tr~nsient pickUp .. qn . oilly ·one core is vefy small~· 
!Manganese Zinc, Ferrite was ~hosen. for U.Se in.the XR.2-34 in pre-

, fer;ence to the 9tl:ier core ID.atert,.ai~ availaple ori the ope~ ·'tna.rket; li' 
Ferrite has the advantages of (1) higher, permeability, (2)-lower,losses lJ 
at hlgh foequency, (3) ease of ~anuf~ctu're i~ untkua1' sha~s; ·(4') m<>~e f? 

r': .. uniform ·. electriqal : and rnecli9.ru.c~ : p~()perties, and (5) lower cost. ~~i 
.t ~. .. I • . . . . . .. . . . > ·, Rll 
~>-~ . ·4. ·W-~e~':'a pu~se. is se~t · ·~-~orig · . a up-~i~·arY"· .. ~i~e ... thre·a·~~d .thr~Jgh a ~ore 1 ,; ·~seco~~:Uy,; .~~ir~ 1~) 1 

!1;,-""· th~_e~_ded through the s"ame cOre . . alSo r~ceiyes a 'ptilse: by ioductione ·. This. ~ec'?_ildary: wire .-is ·: __ j:}\ , t·· . thrdded through the cores.whose primaries will nat be pulsed . if thecharacter.is' the one,we ' •.J.;. 
~;·- '1iShi to reCo~~ze ·R i~ ·t.he_ CaSe indicated), so _tha(· "IJ.o p·u,se "io the , secori4ary~' ~~.a~s · ·~this t-

is R"• . . . .. . .. . .. -,_. 
~ ' . . .·. . . ~ 
-~.;-:· . Eci9h·: roW has ·it~ Ow~- ~e~· · of ten · g~~es · ~Qd : ten :. c·or~s . -. TO pti.t ·SEA · ~n t~e permMe~it- memO~y .a ··· .. 

.. ~·. ·.· ,iingl'.ewire is threaded through the five cores that wi.H Mt be driven hr an Ain row . I, then thi°'!gb· .. · k,.,:~.~ .. '.:,:.' 
r·:· .the five that .will not . be driven by · an , E .in· rnw 2, and . s,im.ilarly f\)r an ·S in ·.row 3, · .The : eve_nnba~ ·.. ·.; ;. 

~9 p~is~ passes along that ~ire , h~pp;;11,; if and only if tne .. ord ~EA ·has just entered, the' teoipo- . i:t. 
rary r,egtster. Other words have other ·wires. · .•. · . ·. . f:~ 

~ E~e~ W_hen ·1h.e cor~s thrOugh . Wh·ic~ ·. th~ ·se_con~·ary is .. thr~~de4 · are n·.ot· driV:e_n· .. il· ~- '~i·~·k~ ~p·~:·. l'r::~;. 
unwelcome, noise from: pufse.s on other wires. Thes:e aie ·shown) n tne·. pho,tographs. The· right- · ~. 
hand I photographs· ·or 2c · and 2d, in · which the .horizontal .. scale has been multiplied , by W; ' 11lso 'i ; , 

show\.signal JlUlses from .. o'n'.e ·and .two cores .re.sp'ec(ively; The. least favora,ble case, which, i's . i'.~~! 
al_WariS . ~he o~e !Jleant ._by ·~_signal-to_-;,oise ra_tio':; - i~ .. the one . s~own · ~1:1 _. 2h, with· on{y, .oh_e. core · ·· · ·t? -~: · 
·contributing .. to the signal. ·. 1t .can be seen thai ·the signal . pulse:. has aho.tit . twiC!;l~e.'·: ai:npli~u<!e tL .. } .. 
. or1helnoise pulses. · · · · · · · · · · . - · (~ 

; . . .. · ~3 ··.··• ;r..; ~~ .. ;-• .J,,,.,J ~ 
J . . , ~ :: ·.···. ~ 

. ' j . 
'~L-~~"'~.~. ~~~·r.~, 7?rxr:z ··:r,~:~e·· .~ .. ;"~? :·~r,;~7'!i~\1;1",~'~:~~·~~;;f'?~t~1::if~*F~~~~~-~;1~'~f:~?~t,l: ~,-:'., l . ·:~·.•;t l ' ~:·'' ' . 
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A "WORD SPOTTER" 

l)iJ!l~dvantages of Ferrite are (1) its lowQ, and (2) low Curie temperatfil.~.
6 

Inasmuch as the. cores are key components, it may be well to discuss 
. in more detail their' advantages andd.isadvantages. Qurprimaryobjective 
is to obtain a maximum output puls~ amplitude with minimal input drive. 
The input drive pulse is influenced by the following factors in Lenz's · 
equation: 

. . d' 
. ein = L 'al-··· 

To i~crease e; " Without increasing i or decreasing t, we need a large. L · 
'Since . L is directly proportiqnal to permeability (µ), it would be advan
tageous to rui:ve a core With. a · high µ. In Table 1, values. are 'gi~en for · 

. various properties. inClud.ingtoroici.al permeability (µ) and looses. of the 
: M~ngil.nese Zi~c Ferrite cores ~ed in th~ XR2-34 ;ersus varioill, fr~n: 
,C,()res. Above about . ioo KC, 'the residual losses do not followthe simple . 
~elation ·given by Legg. (see 'Table I. and item 2 ih the Bibliography:) 

. . . . "'. . .. · .. . .. fl ' : . . ... ' ·· .· 
Fig. 3 shows .the relationship of µ. f i arid frequency over the range of 2KC 

i 

.,. 
l 

~- ·1 
~ 

' i ·' 

\( .j 

-~ . 1 
I X;.:: tp 1 megacycle. This figilre is shown because the cores of the XR~..;34 are 

; ~b~ing used at a so·o. KC rate, as ~p}'.>earsJrom the waveforms 'o{Fi((02. •;; .· i 
.-. 

· .. · Tlie Curietemperature of ferrite cores .is much lower thruft~ ' {~\ilid 'i~ . 
.. · ·: i~on cores . )nth,os~u8~~_intheXR2,.34itis 170.;C. Ina.Smuch as tlie· inax- ..•. f 

. ~ .. 
l ~ . , · ·· · tID:Urn anlb.ieO:t temper~ture .perimsSiPie· .vnih ~he tra~istor~~-· ~eel" in.-. t~1~ 

.e4uiptnerit is 8S 0 c, the lbw cUrie temperature is of no concern:.t6 \is; , . ..:·. 

, .. 

. . :.: 

For those .. readers who are intere~ted, the Q of theferrite cores can 
~asily b~ fokid by Usi~g the relatiormliip:' . . ,• .. . . 

!
•. . en 

Q = : µ. (µ~L y. 
h1 is• the permeability, which is approximately iooo (between 25 °c and ' . .. . , . R . .. .· . .. ... " " _., . . . .. 
tS0° C) . The value of µfL can be obtained direc!l! from Eig. 3, In our. 
application, the Q of the cores ( ~ 17) is of little concern. . . . . . .. 
I .. The c.ost of the Fetrite cores is very small. A U-,-core costs approx- ' 
~rnately thirty ·cents. · · · · ,.,: . . . . . . . 

fEA:SffilLITY. ll'.IODELXRZ....:34 

1 A feasibility model of the xR2-'-34 has been constructed a~d su96ess- . 
. folly tested in the RADE-20.1 laboratory . .. Fig. 4 shows front and rear pho-
.J'.- .· . . . . .· .. " . " ... . .. · . . "" . . . .· 
togrii.phs of the breadboards. This ,.equipment can recognize 600 to . 800 . 
lsix~char acter words. Ten arbitrarily chosen words ; r~nging in leni?;th f~om, . ·; . ." ~ . . . . . ; ,• ' . . . . . . . . . 

" ./. " " . . . ; . ·• . 

. · ·:[ ~ For .o b-~ io~ s Teas~n.s no attei:npt . ~~II be made· to ·· annOtat e'; t.he·· mal hem~dCa.J phy Si-~s .. iii. ·.th~··. ·· 
.
1
. p"':agraphs thin foll ow. The lay reader m. ay. b.e int.eres te d io . know 'ih,.i · Q is .th e "i<ti o_ (per. eye!. e.) 

. ol . energy s tore d. to ·_e ne rgy · lost, so that low Q means mu c h loss ·Of ·en ergy.· The Cune pomt. of a 
· :., . co_~e mat. ~·~ .-al i s the · _temp~~ature a!>ove wh~.~~ · ~~ ~- _ f er r~~agM~ic · pfopcr:q es _d_i s_~ppe~~ .. "When _ ~-h~ 
· mate ri al i.s .cool ed .: these properties ·are,regail\e d .at a point .· onl,y .s l igh tl y._ pe lo w" t.hat in whiCh," 

:/ 1hey were lo st. . . " . 

].. . .· ··. . . 

j (Mii 8f{i&id fhe g,.1,) .. 94 
·l· . . . . 

·~ .... 

"j . .., . ~··· .· · ·.··' · ,:·. ··· ..... ·•· [: 

-~r_;.;",,J'==--0,-"'~"':,A'.~=•~ . '.'C i~'. .. ·~6 '?i-;::~_:.;11 
I <~·~: ·· . . 1 . : .~.... .~ 
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. three to six characters, we're threaded through the cores for testing pl.tr-:: 
poses. Although they were combined by means ofa simple diode "or" gate 
to obtain a single output, individualoutputsmaybe obtained, if desired, to 

._ facilitate various logical functions. 7 This equipment contains ia1 ··2N414 
transistors. The total power consUm.ption l.s 3 watts. 

FUTURE PLANS.FOR THE XRZ--34 

An engineeririg model of the XR;2-34 is now under cci~truction and 
.scheduled for completion by 1 Febi:Uary -1960. A sketch.of it is shO\VIl_in 
-·Fig. · 5; This_ unitwill be capable bfrec,ognfaingordered sequences ,ofup fo 

- ... ; ' . 

_ twelve te1etyP~ 'chfil'.acters.> cmistr11ctton will be stng1e~chass1s, with· . 
. . hirige~( side-panels: and self-contained power supplies. This will elimi_natl;i 
messy · in~er-chassis cabling~ The cores , :Will be Ferrite , U-cores With 

. spring loaded bar's on top; s_o trui.tthe top~ eap. be " lifted for fosertion or r~-

inoval of words ib the vocabulary, ; ThewOrciS maybe irisertect in the ·form . . . . . . . _. . . . . : . . .. ·- . · :.t 

bf -printed-circuit Wiring o'nJarge sheets 9£ plastic which J)ave been pre-: · [i 
,pllnched to fit down over the leg$ of the U:-cores. The unit will requ~re ;\ 

~pp~oximat~ly 20 : -iric~~~-. o(#ronte'p~~Fhei~t !~ astand~d ra~.k (or bay). . ._.:fl,t.~,·.·. 
,L\pproximateiy . t6o i-~r.'int~~cirquit cards. WiiL~e used;. V/itll a ~power :re.:. · 
. . ·, .. ' . · .. ·.J. · .· .;.. _· . . . .. . . .. . . . . . .. . . "l.it-
qUireinent .of 6 watts. Jt.is .estimated tfuit the engiile~ring m(><:lel \villc.ost · · l:i 
sllghtly less thaii $10:000. · ... . _ · · · · · · .· · . · ' •-c! 

.·· Presently under d~~elopment ls a systeril which wili incorpor8.te : t~e H\ 
XR2-34, a •Potter ·Model . 907 peHorated tape ·reader, ·· aild a hi@i'-speed , 

· P. ~per tape pun_ ch; _·_ T_his,•· sy·_st_-_ em __ W:i_ ·u_.--pe· rt_ o_r_ m the_ --fuhcuo_. _nof. se __ · a_ rc"hing· . - ~1· 
---_e_~_-_._--_-through perforated paper tape for desired po~tions, and then re:-perfor- .· >:'. 

. atlng the porti~ns· selected. . . . . . . . . . . .· ' . . ~~ 

·. -· I -.. · · •· ·_ .. · · · · ~i 
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l . <, ~1 
1 I . · ~ . ~ 

\, . . . ·.·. . ··-~ 
·_·· 7 1r\_a11 that we' "'.ant to: kn~w is how ~a~y oi a certain 7.ei ,?i ' ~ord~ havepa~~ed tb~o~~h\he ·1 i' . 
· -~~<?h1n~, we -co.nnect their.·.wires ·with th~ · el~ments of . an .· · <:>r ... · gat,e.--:All ·the w1~es·· ~re .puJs~ .d ~~ 
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__ --__ Table r 

--- -- : Comparison: of-loss coeffiCi~nt'!? for -various rragnetic . core -~aterials . 
µ a~l06 ~:i:l06 exi09 

- Cl - - -
Powdered Iron A 35 49 _- 169 

139 Powdered lr6n B •· --_ · - -•·- -_. - _ 26 -_ 81_ · _ _ 
:P~wdere'd 8l-Penn~hoy . : · 75 5.5 · : .37 

-·· · Pc;wd~red 2:a1"MO~Pennalloy ·-·-125 ·_-_- 1.6 ··-·· - ·30 
• Mn ZnFerrit~ used i~ XR2_:34 - -----900 • _·. · Ls --___ 30 

88 
. 31 
51 

-·19 
1._7 

. . . . . .• ··· 

_ where R i.s' the equi~alen~ l~~s resi~_tartce o.f the ~_bfe~.;.and K,its - p~rmeahilhy; f . is the 
freq.ueri,Cf; i i!?: the ; indiiciance o.f a / c.oil· '!Vound up()n ~:· closed}core; and BM i!? the maxi" . 

_· mum ' flux: ~ene;ity at which the resalts are obfaiiied'. . When _. thi.s~e~uation cari . be u~ed, 

··• i_~e ~·h:~~f~~::i~f;ca~,i°~,h~
0

-~y~tce~:~i ~fJ~;;~~~-ec~~sg9t~~~;~{~;isT0t-:~t the~r:~i~t:;f\~::~s~--
and e · is :charaCteristic of the -. eddy :c\irrent losses as well as the . <llmensions of -the 
diin¢nsfons:C>fihe sp_ec~men; _: : ·, ·-__ __ -; · · • : .· , - · .. ·· 
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