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A “Word Spotter”

BY MILES A. MERKEL
FormH e =0T
A descrzpuon, with elementary footnotes, of a device that will auLomathally record-

"the presence of preselected words in Leletypewnter text.

:-lNTRODUCTION

. ‘A oompletely tranmstomzed special~ purpose computer has been devel~-
: ~ oped by RADE-2 which will- ‘Tecognize ordered sequences of teletype
' characters. The input ‘to the device can be from punched paper tape, or -
. mag'netlc tape, in parallel form. With a serial- to-parallel converter, :
-_-__sequential data from a’ magnetm tape- recorder can be used The the-
'?oretlcal maximum input speed is 50,000 words per mmute for twelve—_,_'
"- character words. i )
; _' The computer mcorporates a memory umt (or vocabulary) whlch is an .
o f_unusual arrangement of pulse transformer cores where, bys1mply laymg o s !
a’ single ‘wire in a specxﬁed ‘maze pattern, aword is mserted It'is- ) {
__'contemplated ‘however. that prmted—cxrcmt cablmgtechmques will beused .
. to form words for 1nsert10n in the vocabulary of the spotting equlpment
"“The entire eqmpment ‘with power supplies, is expected to take up .
B approx1mate1y one- fourth of a conventxonal rack (or bay) '

) METHOD OF OPERATXON

_ The logic behind the opera'aon of this eqmpment can be more easﬂy
explamed by referring to Fig. 1; which is a block diagram of one stage of
‘the ‘‘Word Spotter’’ (or XR2-34). The longest word to be “spotted” will--

' ‘-"determme the number of stages: needed The XR2-34 consists essentially

.of two memories coupled - by a gating arrangement in a “Comcidence
Detectlon” system originally proposed by Lincoln Laboratories.

ol One memory of the XR2-34 is transient, changmg at a rate: dependent
~'on: the speed of the tape readmg equipment feeding five parallel shift
N :reglsters On receipt of a synchromzmg (feed hole or sync) pulse; all.
"mformatmn stored ‘in the. shift registers is simultaneously. adva.nced one .
' stage ‘During the interval between synchronizmgpulses while the memory

- _1s statlc, complementary voltage levels from each of the f1ve bl stable '

i L These foot-notes are appended solely for the benefit of those who, llke the edltor cannol -
. {ollow the ongmal text unaided.” Others .are urged to avoid them. [Edn.or .

" If the tape is in parallel form it has five tracks recording sxmultaneously the five bits that

" ‘make up a lelelype character and a sixth recorumg a ‘‘sync pulse’’ which says. in: substance to
-the &ircuitry, **There is.'a signal here, record it.”’ If it is not in parallel form, bui records ‘the.

- five bils one after another, a serial- to-parallel converter stores the bits until all five are ready
and sends - them out over hve circuits simultanecusly. : :
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multivibrators (flip-flops)2 -associated” with each stage are applied to
ten diodé-régistor ‘‘and’’ gates. These gates are then “1nterrogated” by
a mono-stable multivibrator (one-shot).’

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 on the
“‘and” gates of the remaining characters, one ata time, until all charac-

soon as all characters have been mterrogated an additional 1nterrogatxon

' ;", fis performed on “‘and’’ gates assocxated with unsaturatmg flip- ﬂops These
'.fhp—ﬂops have been followmg the character-by—character mterrogatmn of

" an ‘‘output”’ pulse is- pernntted topass. The circuitries of the flip-flops,

ventlonal config'uratlons and will not be dealt with in this report

o . 'readxly altered manually as the occasxon arlses. It consists of a.one= turn
secondary. threaded in a. logical arra.ngement through the pulse trans-

pulsed in ‘the complementary codmg “mark—space ma.rk-space ‘mark’’.

records the one last signalled to it, the previous one being lost. In. a shift reglster, however,

" the previous state is not lost- but .is passed ‘on 1o the next ﬂxp—ﬂop in the series. Thus with .
- five parallel shift registers the, five bits constituting 4 signal move from row to row .until they - .
"finally fall off the other end. The.number of rows governs the length of word that can be held in’
this fransient memory.- ‘One of those. electric signs in whlch ~words pass across the face of the'-

i sign’ from nghl to left’ (urmshes a- sxmp e analogy
3

- predetermmed one of two possible states; i.e., if there are two elemems AA allows a pu]se to
pass; but AB, BA and BB .do not. ‘An “‘or'’ gate allows a pulse to, pass if any elementis in'the
* predétermined state; i.e., for two elements AA, AB or BA will pass the pulse, but BB will not.-
"an element of one and a B 1o an elemem oI the olher W)uch gets whnch depends on whether the

by a “‘one-shot” (a kind of pulse-gun,, flnng uniform: ammunition when tnggered and reloading

i+ while the other hasn’t and doesn l

Five ‘gates (determxned by the. states of the five fhp ﬂops associated

ters have been interrogated. 'Each character has its own one-shot. As

_ '_ the stored ‘‘vocabulary’’.” In:the case illustrated in Fig. 1, the letter R is _'
. the stored vocabulary. If coincidence has been detected in all characters .
by an unsaturating flxp—ﬂop, then its associated. “and” gates are open and -

. one-shots, ‘‘and” gates, and pulse. transformer core drivers are con- -

The " second memory (or .“vocabulary”) of the XR2- 34 wmch was _
. :mentloned in the prevmus paragraph is permanent although it can be'-

.former cores, whlch are shown as doughnut shapes in the block- dlag’ram of. -
Fig. 1.-Thege cores are Manganese ch Ferrite U-Cores fitted together' )
- to.form. a’ doughnut shaped: torordal core. The letter R was: chosento -
,:',__1llustrate the manner in whxch a- word is 1nserted in the “vocabulary” o
_' s The teletype code forR is “space mark—space-mark—space” - The reader.”
' will note that the letter R has been threaded through the cores which are .

We are,. therefore, looking for the absence of pulses in all cores’ through-
wluch our one-turn secondary has been threaded Iti is, of course, obwous '

A ﬂlp-ﬂop is. a device Wth]‘l can- record euher of two states, e.g.. mark" or “space” and.

: An' “and" gate is a device whlch allows a- pulse to pass if its- elements are all in- Lhe same’-

Here, each of the five flip-flops in each row Has it’s own two *‘and” gates and sends an A to-

) fhp-flop is recording * ‘mark’” or “space”’. ‘An“Alis then £ent to the other -element’ of. €ach gate -

T e

“itself for the next shot). Thus one of the two gates now has two A's and a]lcws a pulse to pass, .
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'why this is done. The digital task- of detecting no—pulse among pulses can
" be done more reliably than the analog task of detecting a certam discrete

These undesmable transients are caused by mter-mring “pickup” of the

the condition of comcxdence on all but one core. Tms is the. 11m1t1ng con~

“the fact that non—coincxdence on-more than one core wﬂl result m addltion

‘can . be seen, “the trans1ent plckup .on only one core is:very small.

ference ‘to. the other core materials available on . the oper market

- at hlgh frequency, (3) ease;.of manufacture in unusual shapes,

umform electrical and mechamcal propertles, and (5) lower cost
- |

s . S . ‘
- When a pulse is sent’ slong a pnmary ' wire threaded Lhrough a core, a. secondary “wire

Cis Rn

rary register Olher words have other wires.

5. Even when the cores v.hrough Wthh the secondary is Lhreaded are not’ dnven-"'

haudlphotographs of 2 and 2d, in “which the’ horizontal. scale has béen multiplied, by 10;:al

- of thei noise pu]ses

voltage ‘among other discrete voltages. Fig. 2 illustrates waveforms ob-
- tained from the six-character feasibility model of the XR2-34. ‘As refer--
ence to Fig.1 ‘will show, we need thread our one turn secondary throughv
. only five .of the ten cores in each sta.ge in order to recognize a létter.
Inasmuch as the feambility model has amaxxmum word length capa01ty of ~
s1x characters, we need only wind our, one turn secondary through thirty ..
“coresin.order to recognize a six. character ‘word. Fig. 2 1llustrates the
condition of coincidence on thirty cores. Ideally, this fxgure should bea
- < gtraight lme, but the reader will note that there are su( transient pulses o
approxxmately 10 /,Lseconds apartand of. amplitude apprommatelyo 6 volts.- '

. mterrogatlon pulses, and will be referred to as. noise. Fig. 2b’ illustrates o

dition - in the operation of the: XR2- 34_.; We must be able to. detect the dif--
ference ‘between the “gignal’’ pulse from one core and the n01se pulses S
“The scale in the region of the sugnal pulse has.been expa.nde 'ten times-_i .
dn’ the right handphotographof Fig. 2b A can now. be seen that the sugnal- .
- to-norse flg'ure of the eqmpment is app o’ 'mately2 12 Fig “2¢ l :ustrates, o

VT IR T, A T TR

“of* the 51gnal pulses, and. consequent mcrease of amphtude. Here, as in_ - -
Fig 2b, the scale in: the region of the 51gnal pulse has been expanded ten':_ '
times in size in"the right-hand photograph. To obtaJn Fig ‘2d; our one ..
turn secondary was wound through only one core in each character As o

SRTTTY

Manga.nese Zinc Ferrlte was chosen for use in the XR2—34 in- pre-. ..

Ferrlte has ‘the advantages of . (1) ‘higher. permeability, (2) lower losses SR

threaded through the same core. also receives a pulse by induction.- This secondary wire is: .. .
- threaded through the cores: whose primaries will not be pulsed if.the character is’the one we .
. w1sh1 to recognize R in- the case mdxcaled) so thaz ‘no. pulse in lhe secondary means f.his o

. Eédch row has its own set of ten- gates “and ‘ten.cores. To put SEA in lhe permsnem. memory a
smglewrre is threaded Lhrough the five cores that will not be drivén by an A'in row 1, then ihrough
the fxve that .will not.be driven by-an E in row 2, and similarly for an-S in-row 3. " The:event'that
no. pulse passes ‘along that wire; happens if and only i 'he word SEA has just emered the’ lempo-' L

picks up
unwe]come noise from pulses on- other wires. These are’ shown in the phoiographs The right- *

show, signal pulses from .one -and two cores: respecuvely The ‘least: favorable - case, whxch g
always the one meant by ‘isignal-to-noise ratio”l, i$ the one shown in 2b, with- only one. core -
contnbulmg to the signal. lt. -can be seen lhat !he sxgna] pulse has about lwnce ‘the amplitude- :

ST
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' Disf,qdvantages of Ferrite are (1) its low, and (2) low Curie tempe’rature.&
) _ Inasmuch ag the cores are key components, it may be well to discuss
. in more detail their advantages anddisadvantages. Our primaryobjective
~is to obtain 2 maximum output pulse amplitude with minimal input drive.
The’ mput drive . pulse is mﬂuenced by the following factors in Lenz s’

equatxon C :

— di -
_LT,_ -

.. To mcrease e w1thout increasmgz or decreasmgt we need 8 large L
' .Smce L is d1rect1y proportmnal to permeablhty (,u), it would be advan-.
g tageous to have a core with a- hlgh 2. InTable 1, Va.lues are glven for"
. - various propert1es, 1nc1udmg toroxdal permeabxhtv (~,) and losses of the
B :Manga.nese ch Ferr1te cores used in the XR2-34 versus va.rlous 1ron
- cores..-Above about 100 KC, the re31dual losses do not follow the s1mp1e
o relatlon given by Legg. (see ’I‘able 1, .and item: 2 in the Bxbhography)

bemg used at a- '500. K¢ rate, as appears from the waveforms of Fig.'2.
“The Curie temperature of ferrite cores is much lower than b

= 1mum amblent temperatu.re perrmssxble w1th the translstors used in. th.lS
eqmpment is 85°-C, . the low Curle temperature is of no'concern to us

easﬂy be. found by usmg the relatlonshlp

o 21

’ o | :_ m |

o apphcatlon. the Q of the cores (~17) is of little concern.

1mately thirty cents

| o
ll:EAS[BILITY MODEL XR2—34

d | they were losl

ey

LR

o Fxg 3 shows the relationsmp of [; 1A and frequencyover the range of 2KC
-1 megacycle Thxs ﬁgure is shownbecause the cores of the: XR2-"34_are o

und in C
o xron cores. In those used, inthe XR2~ 34 itis 170° C Inasmuch as. the max- .

- For those. readers who are lnterested, the Q of the ferrlte cores can

q # is? the permeabxhty. whxch is’ approxlmately 1000 (between 25° °C and -
| A 150° C).The value of RL can be obtamed directly from- F1g 3 In our, )

The cost of the Ferrlte cores 1s very small A U- -core costs approx- -

T T

j A feasxbxhty model of the XR2 34 has been constructed and success—f. .

: 'fully tested in the RADE 201 laboratory Flg 4shows front and rear pho-
]tographs of the breadboards: This . equlpment can reooguze 600 to. 800-';

- l‘stx—character words. Ten arbltra_rllychosenwords rangmgm lengthfrom‘ .

(IG For obvious reasons no atlempt wﬂl be made 1o annolate the- mal'-nemahcal phy51cs in- lhe"_ R
paragraphs ‘that follow. The tay reader may, be m!erested to know that Q is the ratio (per cycle)”

|of ‘energy ‘stored. to"energy- lost, so that low Q means much loss -of ‘energy.. The Curie’'point of a -~

| core materiial is the " temperature . above which its ferro-magneuc properties disappear,. ‘When the S

i TR E RN B RPN o :

L T

mmenal is cooled . these propenles are rega:ned at a pomt only shght]y below lhat at whlch—"r".

e T

e e K




. DOCID:

3927947

M. A: MERKEL

-three to srx characters were threaded through the cores for testmg pur—

%gs‘ _ © poses. Although they were combined by means of a simple diode ‘‘or’’ _gate
,: - to obtain a single output, individual outputs. maybe obtamed, if desxred to
R . facilitate various logical functlons ‘This eqmpment contams 181 2N414-
i :

' transwtors The total power consumption 1s 3 watts.

‘ FUTURE PLANS" FOR THE XRZ—34

) An engmeermg model of the XR2 34 is. now under constructlon -and
" scheduled for completlon by 1 February 1960 A sketch of it is shown in -
: Fxg '5. This unit will be capable of recogmzmgordered sequences of up to
U twelve teletype characters. Constructlon -will be smgle—chassis with'
hinged sxde—panels andself—contamedpower supphes This w111e11m1nate
meSSy intér- cha551s cabling. The cores wxll be. Ferrite U—cores with
; spring loadedba_rs on top, 80 that the tops-can be: hfted for msertlon or re-

o -of- prmted-mrcmt wirmg on: large sheets of plastxc wh1ch have been pre—

apprommately 20"in "front—panel he1ght inastandard rack (or bay)
Apprommately 160; ,—cxrcult cards’ w111 be used, with anpower ‘re-
) qulrement of 6 watts It 1s estlmated that the engmeermg model w111 cost: .

slightly less than $10, 000. L g : : o

' XR2 34 a: Potter Moa’el 907 perforated tape - reader, and a. hlgh—speed
_ paper tape punch This; system w111 perform the functlon of searchmg - _
: through perforated paper: tape. for de51red portlons, and then re perfor- Lo
atmg the portlons selected ST : : '
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. pulse’through whxch can be used to operate a counter

|

moval of words in the vocabulary -The words maybe mserted in the- form. P

o punehed to . fit ‘down over the legs of the U-cores. The. umt will requlre o

' Presently under development is‘a system‘whlch w111 mcorporate the o FuN

iFerroxcube Engmeenng Bulletm #FC 51018 Fen'oxcube Corp of Amenca Jan 1953 o o
-'Legg, V. E “Magnetic Measurements at- Low. Flux Densuxes ‘Using’ Alteruatlng

S lf{all tha! ‘we want to- know is how many of a certain set of words have passed through the.-_-_.' o
N -machme, ‘we -connect lhelr iwites ‘with the elements of an ' or” gate All'the” wires-are pulsed R
hent none of the words is in the register.. If one of the- words is-in place that wire ‘alone:is not. | L

pulsed. “This second sitvation. is: an f'or_i situation . for a’ no-pulse gate and the gale lets a et
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k_ ._:Comparlsonr of loss coeff1c1ents for varlous magnetlc core materlals._
S e 'a'c106 “ca10° ':exlo
Pov'v'derea onA- - 3500 49 100 88l .
'_"_.Powdered TronB "0 S 26 81 139 31"
" "Powdered’ 81 Permalloy

o ._:Powdered 2- 81-MO- Permalloy 25 : e 16 S0 .
Mn Zn F'emte used in XR2 34 900 1 8 S8 LT -

INOTE e, c, and e.ar the coefflclents of.V.-E Legg 8 equahon.

L UHLLOJS THOM, V

.S' characte_nstlc of the hysteresxs-'l"'sses, cis: charactenstlc of the resxdual losses, C
N the dlmensmns of the
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