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Ehe eeeab\y of ooEPukit 1 1s vBrtrr slsple ed eboul<i take you about an

hout to coEplete. You rll.L Deed a saIL Bolderii!€ ijoa ald a pai'r of ottirg
pliem to 

"u"*t:-u 
tbe con?aetrts cBto tbe Prjlted cillsult boald. lhe kit c@tajlsr

rldt.rr'-llA

he trarslgto! lack rith ]/lxgs sttl"oo TreBiBtors.
Ooe riode pack ritJl l8 Gold-bmded' GerBsEiu diodes.
Oxs Bes1Btor pacJs I tritb 25 10 f Reiistom.
&xe Resistor pack I1 rith 15 L tr ReslBtors 8Dd 2 150 0b83.
oEe feloi3al pi! p&ck
Ole Logic Indi.oator pack ritb 2 wire-gnded bul'bs'

2 plaetic cLipa and
2 Figh gall1 lraBEistorE.

Ore !rjrted Cirait, *"rg*"
One 4* Yolt Sattery, Sver Beady $pe I25.
one hstluctim Book.
ilire, about 5 to I yds.
golder, about 4 ft of pre-flured type.

All c@ponats guppLied are j! perfect c@diti@, lare be@ teEted to oul
specificatisE ad 8r€ EadJr to be aBE@bled.. Ihe kit containa tra-El#'
.ra tyo extra diodes to aeme ea epses jr caBe you daDs€e 8By dujn€ aoB@b1y.
liost of you sbould bave oo djjfielty ln idmtj-fylBg th€ conp@eats.Eorevert
those of you not farqiLiar vlth tran8istora, di,ode8r and resiBtor8 should. fild the
fo11ffilE€ Eotes useful.

fresigtora , A trsnsistor usallJr conaists of a sELL netal or plestic bo{v bavjr€
tbree wiJes Bticlrirg mt of i.t at me ead. Fi€. ,6,.I shors tbe outljle of tTo
typee of tranBistorsrtogeiber rith tbe sJmbo1 for the NIN tl()e uaed iJa tbe !lt.
Ttre three leads, rarked e, b etrd c in tJrc fi€urer csD be easily idsiified oo the
tresistors theEselves ty tbeir reletiotrsbi! to the shale of tbe bo(yr or tbe rtagr.

$!95!ggr lacb &iode c@sist8 of a sall tuhular glasa boqr' either ritb e
r id@ti-ficatioB r rin€ on one aide or ritb. @e lead slDrter thsr. tbe other.
liodes conduct torards tb€ xirg' or towanls tbB shorter leadr I the caEe Dqi be,
fr€. 1.2.(Ihe latter co&irg isnot gaeral\r lEd, but is a apecial codjr€ peq)J'iar to
tjris ki! onLy.)
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Besistors , The r€s1stor6 bave an opa4ue }o{y rith colour cod€d }eds to llalicBte
iuslr value, f1g.A.r. tbe resiBtorB Bupplied to you haYe coded rir€s ae follorer

10 &- DEom, Black, Oruge 1 E- }rom, 31eck, Red 150 Ob@- Brom, otre@rlrom.

ASSE{BIY PROCEDSM

Ihe Frinted Ciroit Doard hs tirued colper tracks 6 @e sider ed j's
screen printed. on tJxe other 8id,e rith logic sJrEbols and cooPonat j.d'eatificatloBs.
h tbe lrjnted sider tbe vord8 rcoEpukit It ro hlJr d:iYide tbe board iEto tro balvee.
lbe ulper half ie the patcLi!6 area ed tUe temjral pjBs u€ assmbLed ir tLis are&
lbe love, bau 18 nsrked. rhere &LI tbe el^€ctrcric @poEater e:eept tbe bulbst
are to be aroted. Ehe tIo t3€nalEtolE supplied rith tbe logio i.adlcator Pack
oc@pJr tbe lEuelstor positi@s on the €rtr@e Left of the board. Do Eo'i oir
these t!8!EiEto!a ritb t'b€ r6st. [ot ploceed as follorst

o.

15-20 r[, 250 Vo]t a.c.(rl/- each.)

golderless patcb tead pecks (2?



I.

2

Ilsert resiBtors i! tbe loEer bal,f of the board as ind.ic&ted, ed pu6h tbe
leadE tu so tJrat tbe resistor bo{r cmes irto contact ritb tbe boart. Solder
the le8ds oa the other Elde @d cut of, e&eas leadao

$pre&i aDd. push the l6ad6 of the transistor3 through the holes narked rltb
cirrLeE atoEd theB, befug careful to talignt tbe leads correctl,y Bo tbat tbe
emnlter, bage and colLector leade go thro€b the appropri-ate ho1eB. only tso
tlrpica]. tralsistor positions bave bee! Earked. trith e, b md c lead positions.
Solder ile leads on the othu side, usl.!€ minjro heat ud a sna1l arcut of
Bolde!. Cut off ercegs leads. Ovelheatine E&v dmaAe the trssistors.

.A],lgn d.iode leads so tbat they cmduct la tbe d.irectioB of the arrcy priEted
o!1 the board. i.e. yith tbe.ideBtificatio! rirg or the sborter lead. upvuds.
Push l! tbe leads aJter beodj!€ tb€E g@tgr, and cffiful\r solder on the otber
side of thg boa^rd usj{€ niriEtD beat aDd a oal]. emout of Botder. @!9g!I+gduriae golderi!€ can dartraee the diod.es if, llrol@€ed contact yith tbe-I-i6-
is miltailed lor more tbe a fetr secoBd.s at a tise.

lbe terDilal pils slould nov be iraerted frm the copper s$de ed eeutly pushedjl as far as tbey EiLl 60. Solder tbe pias to the copper side Iiebtly.

No, @ful\y- EseEbl.e the r-jre-eEded bulbs i! the plstic clips'and pusb tbe
clips in tbe til dia. holes jst above tbe aJeaesrked rlpgic lEdj.catort. pusb
tl1e rire ails of the bulbs thmugb the boles for tb@ ud solder oa the opper
Fide. Cut off arSr excess Ieads.

4.

Ihe assab\r of the basic Lit ie nor conllete. If you have lruJcbaBed tbe
soLderless patcb 1ea4 packs as cltioua.L erbras, you caD assenble the patch leads
fro tbm by attachiag a socket at each ad of a e@all lengtb of tbe flexlble rjs
supplied. The bar€ rire ead is soldered to tbe netaL lart, ed the plaslic pert
is prshed o top of 1t frou bebiad to coDplete tbe asB@bty.

II9fNG CCUEOET 1

You EsJr uae the card.tosd. box il rhich tb,e lLit bas bes sppLj.ed
es a base for your ssebled boud. lbe batterlr c& be left ia the box in its
origiral poBition fomirg, togetber ritb tb.e jrserts, a platfom up@ rbich the
assmbled board. cu reeain. Orce the battery couectiors (see belov) have beeB
nade, th€ board j.s resd$r for use.

You can nake coBectioss to tbe ternjlel pins by li€hthr solderjn€ a rire
to tba to constnrct tJre variouE cirsuits shoE, i! the ilstructi.oD book. .Llteratios
to the circuits cal1 be Eade ty de-soldsing snd Dakjlg Dew comectj.@s. Using tbe
eolderlesa patch Leads it ia, of course, mcb essier to es.ke aly cj:ait sl.nply
by pusLir€ tho aockets @ to the temiraf pirs.

IESTINE gE ASSSBI,ED ET

IHE OIGITAL COI'PUTER

SoBeaue once sa:id tbat he coulil td.1d coDplax Btructures if m\v be
couId. think of the fi:rst tbiag tlrat had. to be done: Eauirg overcoBe tbe initial
hEt1e, the rsai!{ng steps are Lilcely to fal1 readi\v irto pIace. Actualty t!+s
is not .far fron tbe tnth, add rith luck and scme effort @ your part it shouLd
be possible for you to Ed.erstand hor digital c@puters rork. Nof, tlat you bave
tatca tUe ffret ltep, you oai/ wa evatusf.\y be alle to build a digital
contrrrte! for yourself. litsi of all, re r!Il' bave a lrief look at the gaeral
IEiBcipl"es o rhich ^igitaL coEputers are based.

3j€.1.1 sbors a block d-iagru of s digitat c@Iuterr from rbj'ch you caD
Bee tbe va.rious part6 ed tbeir fEctional telatj.@shiP5.A digitaL cotrtrnter
receivee the proble@ a[d date tbrougb an In"ut Eait. TLis us)auy coEsista of
a paper tape readerr a Eegnetic tape uj-t, o! Eore fecat\y irtloduced optical
character readirg uj,tq A step by step procedre for Eorkirg out tbe resultsr
caJ-1ed a prograEme, is fed to tbe c@pute! yia tb€ jntr[t eit. lbeBe jrs"tmcti@E
are stored jr a ]denor:r inside tbe coEluta, for rapid, retrieval Later on yhB
required,. The calculatjlg fEction is perfomed by the Catral IrocessilA U!j.t,
also called tbe .ArithEetic Unit. IioTever, no ca.l-culations ce be reaf,-\y perfomed
Eithout tb€ overall control ad timih€ provided by tbe Cotrol. wit. lhe results

of conputatioD eje usuauy printed m
e electric tJeevrite!, or a hfub. speed.
lile pdlter, rhicb cotrstj.tutes the
output uit. fhj.s represents a siaplified
overall !-ier of a &igital c@puter.

.A'].l si€r1aIs 5a a di6ital
cmluter have to be suitably cod.ed. in
ordex to represat the nmerous p\ysical
variables Yhicb, are of ilterest to
s@ercia1, scietific or otber u6ers.
Ltost dj€ital coelrters use th.e @3g
code f,or represmti!€ alpba-Bueric
data. ile ri1l oov coBsider s@e aspects
of the bilar]r code.

1.1

311{I}A IftESEBS

Nuer:leaL calsulatiotrs cer be caried out jr a dj€ita] o@puter usir€
tbe tdrarfr EErsteB accordirg to stmdald rules, s6e of rhich se ri-lI Eor
exardr€. ID tb€ decinal Eotatis, to expreaa e auDber glester tha!. 9 re Ee a
ryst@ of rrej€htealr positious usl3g 10 as the boser thuo

)12? = lxlO, + l:102+ 2xLOl + ?x100 ( 1.1)

h tbe biaarlr rysta, large Blebss Elre represelted. i! e EjoiLar @s
uEilg 2 as the base. ThrE, a 1a6e bilalry Euebe! is nede up aa follws,

LO4.0I = txZ5 + O# + jt21 + g22 a 6a11 a 1a2O (r.e)

I10= 1:22+U21 +t:czO (r. r)

It is eary for you to rork out that the blraqf E@ber loUol is equal to
decinal 45, alld tbat birarlr 11O is equal to decinel 5.

I'esj€r of conputers is 6reatlJ. sjepli-fied by cboosjrg certair codes,
rather tb& otbers. llle are all ve:y feliar T:ith the deci$al nuber ryste, or
the decinel code, vhich Efortuate\y is Bot eutirelJ sitable for ue ia
c@puters uairg electr@i.c circ[its. lhe marn leason for this is t]st Eostelect&nic devices ir€rve basically oa\y tro states ( a circuit is either oa oroff ), foro5ag I tvo-state f.e._ L Uialry systen. i&ereas j! B decieL systee,
lbere 9re nrubers 0r!121114151617,8 ed 9, tbe biBaJSr eyst@ has otrl.y tro lubers,
0 and 1. Celteir rdi€i.telr nacbires, such as desk c.Iculatols se soEeti.@s !ad.euBi!€ tJ1e d€cjra1 cod.e, especis.Lly if they do aot use usJr .eLectr@ic cc8p@euta.

t.t

2.

1.

FtG 1.1

SIlU.Br ColE

1. Conaect tbe battery to tbe temjaalE narked rBattery! by nesnB of tro ebort
Ieads,

2. Soth the logic lr&icator laups should aor te pstiailJr lii.

,. Attacb a rlr€, or patch lead, to tbe iaput pln of @e of the logic indi.cator
lsDpa, a]rd coDEect tJrc other eE'd, to tbB lpgi.c I aod logic 0 buses afteDBtely.
Logic I Bboulil lncreBse the bj€ht!,esB of tlre larry fil.alaet, rheress logic 0
sbould cree Do chsn€p ia the brightcess Level.

 . Cfeg* {OB 6a!ga oae by oEe. [1tJr no iupute cornected,, tbe outlri Bhould beat logic I. If uy jrput is co&ected. to logic 1, t&e outlrot sbould be logic O.

5. cbeck N-a]{! gateE. fritD. ao irlrts cmected., tbe oueut sbould be at rogic o.lf aBJr lrput 1E couected to Logic O, tbe outprt slor:.a be loeic 1.

Lf the assebled klt passes these tests, the kit le now rea$r to be used..lf horever angr of the tests fail", look for Esold.ered or poor\y soldered comectioas,
broken copper tracks ir tJxe prjnted cilc\rit board., or felty cmponats. uake Eorethat tJls diodes ed trssistors have be6 @rrect\. c@ected,.

,']



fhe bjlaJry equiy8fatg of d.ecfua1 Dwbers fr@ L to 9 ar€,

oooo oool oolo 0011 0100 0101 0110 0111 1000 100r

B IAY ,,rIrIoN !.3

Addlne two birarlr Dulers is verlr slnj.lar to adding two decj.$a1 aulers,
ercepi that in a bjrary BysteB tbe hi€best nEber allored j.s a 1 Ehereas i! f,he
decisa.]. rysteD tbe corespouding Duber is 9. h binary additi@, flhs a I srld a
0 Ere added together, tb.e re$Lt is a L ed there is ao carr:r. If e biaary I is
added to aDother birarjr 1, the reEuLt is a 0 Ed there is a i carry. tbus, re
add as fo1lors,

5

Sooleen al.€ebra is nsmed aJter George Boole, a Britisb pbilosopher. rbo
sss netu\y jlter€sted jr app\yj!€ }og:ic to Banra intell.ect and thowbt
process Boolers logic is besed ulcD tbe pr@ise that a propositi@ i3 eitber-rt&et or tfs.Lser. true statoate aJe givm a logical value of I, rhilBt fal8e
statoets- have a v&1ue of 0.

I[hereas j! ]i.Eary arltbnetic 0+O=1r O+1=1; 8!d 1+1'10r in the ]jrary
logic of Soolesn algetrar ihe qYobo} t;r is ueed to re1lresat tbe rORr fluction.
thrs il logic O+O-O' O+1=Ir aEd It1.1. In Boolee al€ebr8, .AB or A.3
repressts the iAND' fuctios. In tems oJ I 8J1d 0r tbe results are 0.0 - 0,
0.1.0 ild 1.1:I1 vhicJe are siritsr to the rules of ordirar:r mlti.pLication.

In additim to r.lllDt md rOBt fuctions, th€le i8 also a'NoT' fuctiol
in Doolean ala;ebra, vhicb is jldlcated by a rberr over the rynbol. Tbre I (NOf A)t
i (tlor x) etc. If a ls O, tual-I, aDd if-A.1 tbm 1-0.

Sinary logic fuctiGs of x0T, 0E ed .0ND takeE together 8r€ Bore thdl
su-fficiat f6r ce.rrJil€ out aI1 cotrputation aDd control fwctions il a digital
cotrputer. Tbese se a16o be used to forB tlE emory. thele are EsrJr electro[ic
devices whicb cstr b€ used to perfom these logic flDctj"ons ia a djgital coelD.ter.
)iost practical electroBic logic cirnits uii.tise relays, diodesr tresistors' 

-

resistors ad Eagnetj-c cores. Lore receat additiona to tLis ra!€e of @ponmts
are tleeI diodesr jlte€rated cj:cuits ud field-effect tTslsistors. It iB
poe$ible to perforE the logice-l operations of 0R snd nND uaiag diodes ed
resistor8 on1y. fbe NOT fuctim cruot be directly perfomed in tLis wer.
Cj:oits usiag transistors car] perfom tbe NoT oleration direct\y.

Slectronic lqic ci:oits used jr a conputer er€ geeral\y brom as
r€atesr .

Drors-F.nslSTOR rOCrC eAlS 1.?

A diode is a deYice YLich idea1\v coaducta culrent jr oue direction
@Ly, ud ia the sjsplijied discussioa YLicb {ol]oYs re viL} as$ne tbat tbe
diodes bave zero foryud resigtece 8d irjinite rev€rae reaistece.

1'bere ar€ tro g@eral diode-reai3tor coEfi€rEatim8 Thich ce be used
to perfom loglc operatims, frg.I.2 ed 1.r.

OF Gatc

ANO Gate

I! fi€.1.3, if either iaput ie at logic 0 i.e. zero voltar a MeDt
rould flor thrcugb tbe resistor R and tbe ouiput et t iiu. be logic 0. to
obtair a logic 1 output at tr botb jnpute a ed b mst be at logic 1. thra'
ln tems of lool,eu uotatlon for bjns4r 1o5ic, re bave,

f . ab (t.e. t equats I lJ both a ud b are 1) (1.4)

thie is ttr basic diode-resisto! .AND tgte.

for tbe cirait ir fi€. 1.r, output T rilL be at l ic L iJ elther of
tbe jrputs a or b is at 1o6i.c 1. lhia is th€ basic 0E fmctim gLvm by'

T - a +b (i.e. 'I equals I iJ eitber a or b is 1) (f.5)

TB.A}ISIS1!8-DIOTE-TNSISTOR GAtE I.8

the diode-resistor gate cm perfom tbe NOt operati@ if a trasiator
is added to tirc €ate atput. tLis trsnsistor also Proride6 useful PoEer gai!
f,bicb @ be used to drive nore circuite fr@ a EtlE€Ie ettr)ut. Secs* diodeB

101 (Decimal 5) 111
O10 {Deci!E1 2) IOI
111 (p"sr."r 7) fi60

l'"j'+ l)Jrecual ),
Decirat 12)

I! tbe second emple , addjng 1 sJld 1 geaeate s a carry i! the f irst ,
aecond snd thjxd places to produce tbe lts jl the third ed foutb ?1ace8.

3rnl'EY SUDItsACEICI{ 1.4

there are several Betbods for perfomiag bjlarJr Bubtractim, but the
sirplest ot tb@ all to mdgl8teEd is tbe rdirect oethodr. EreDpl-e of bilaJry
mbtractim usiag t\is Eetbod is,

Decisal. 9
Deciral 5
Deci[&l 4

1o mbtract 1Ir@ 0 i! the third coll@, a boror of l yas nade fr@
tbe fourth collm, wbicb. effectj.vely 8.d.ded. 2 to the tbjJd colrm to lroduce a
I there ed a o ia tbe fourth col@.

ffo ts coI]PIEI.fr)IT .anrmlEtlo

lhe nethqd out].jr€d above is, boneyer, aot vef,?' couveai.at for use jn
a digital c@puter. If this eethod were to be usedr eelaraie cj-rcuita wouLd be
reqLi.red to perfom bjnary additlm aod subtraction. !'or tLis rearcn, the
subtractioo in a digftal e@puter is perfomed by addiag the equlva.L@t
tEegative ' auab€r. guch a Bube! is loom as tbe I mnplmat ! of the ori€jnal
oubet. tdo6t di€itaL c@putera use rthors gonPl@eltrr botb. to represetrt
E ative nwbers ed to pelfom binarJr subtracti@. tbe tTor E conpl@at of a
bilalf. a@ber j.6 defiled as the nuber wbich she ad.ded to lhe orj€inal auber
will- resuLt in e sw of al-1 zeros except ln th€ toverflowr poeitios. The
easiest Eethod of findjlg a tvot s conplmet for a bioa:ry trwber is to first
obtai! the roners c@pI$@'it ed adding a 1to it. CBets conpl@et is fomed
stup1y by settiag eactl bit to the cppoaj.te Yalue. tlsusr-

O10.t (Nur,,Lor)
IOIO (Oro'E complemort)
OL,OI (^dd l)
IiI'i ( t*o' o cor,,rlqx16,n1)

Eubtraotloa ls perforn:od uolntl tlro twota complomdt of the DEber to bo
Dubtrsoted. 'Ihat 1o, to euLtraot A lroro IJ, i6 oxpr€oe r\ lrr Lte twor c ootr.pLeMt
eld cdd ib,r voluo of B to lt. T)ruo,

orot ( A)
ldll (t'wo'e corrl,lerorr! of l)
tu('l (^Jc U)

I ut.ru (1,(,r.uIt )J-1, l.norlr€ tho rolerflorr)

3r1{-AEI IOCIC r.6

.I[ addj.ti@ to ueiag 0 ud I fu eq)ressj-D€ nubers, they are ale used
ln peforotlg logic. Rules of binary lqgic fom a Soolean el€ebra 8Dd 8re
eq)laired iD a later eectl.@.

1001
L0r

o100



do rot bave a zero lotsrd resistsBce, there ia aerioua d.steriorati@ i! voltagsr*."ls if Eultlpre diode gates *" oeid rn series. racrusim of tb. tresi;to;-
trEovidea tbe DeceB8arlr snlliJicati@ to coEteract this deterioratio,.

_ -Ury{ of ,ou are, perbaps, feillal ritb the otEration of a tresistor.1o briBf, the traralstor acta aB a ro=ent eplijie!-r ald a eBaU ,Uage q::rent,
cs,, be used to c@tEol a Larger cu,re[t i[ tbe rcouectorr ci,cuit. the ratiobetr6a the coatrotled colLecto! ffient ed tbe coatrollilg base cusat 1sbroE as tbe .gaJat of tbe trsreistor. typlcal values for 

"i="uot 
g"i." i, -

tlsnBlators are betveeD 20 to t50.

Bore scbeEatic Lo€ic circrits usiag trasietors 8re ghom ir fig.l.4a, b.rd c. I! tle cefi€rratiu ebom in fig.l.4a, i-f tbe bputs a ad b e.re botJrat logic 1, tbe potutial et th€ base of tbe tr&sistor is offictatl.y r.;gr. 6tuD. it ,er. lLis resu1t6 ir T bei.€ pulled donD to logic 0, tbue,

logic OB)
log:ic At{D)
NoT e)
NO,I b)

f - ;6 (i.e. t equats O if, botb a sd b a^re t) (I.6)
lbis operatioa is bloE as f,lND, rLicb steds for NOt .Al{D tske together.

FtG 1.4.

Cirelts j! fl€6.1.4b ed c are used to perfom the Iogic NOR (or fOI OB)
operati@. If eitber of the inputs a or b Ls at logic I, tbe transistor is tuEed
d ed the output goes to logic 0. !hrs,

I - A-fi (i.e. t equts o if ei.tber a or b is 1.) (1.7)

lhe cirsuit i! fi.g.1.4c uses o\r resistors ad trusistorl ud is b'om
as r8esi-stor-traD€istor logic r.

TMTE T.I3IES I.9

lllsjrJr logic carl be coBye[ieatlJr represated lI ts]ulsr fo1!L This is. hom a&
e rfiutb tsblet aEd ie como\r Eed to Bbor tbe r€l,eti@hi! betreen logic y&ri8!1es.
For eup1e, tbe tstb teble for NoT, 0B ed .Al{D fBctions ce be mitte[ as,

FtG t.5

NOT IOOIC IYIE [O8 AI,ID NIND CAS! t.L1

It ig otrioue ftu tbe prrioa <Lisossla, that tbe rogj.c l{ot operatio
cEB be perfolled uejr€ IOR ard U.AN! geteE, 1f @]y @e of the iaprts is used.

IDGIC ETI,IBOIA 1.12

6 46arg.h6 large digit&I ry6t@s, *"4 * argital c@luters, lt iB
csvale8t to use ryobol,B to repr€seat diffeleEt operatioue. IrnJort8atelJrr there
iA. ao unlvsrsalv accelted set of $mbols 8Bd. na,lJr differcat hrl)es are h
comon uae. l'lae tro types EoEt comollJ used il this coutay are $Ecifled i! tbe
Sritish Stand.a:ts B.S. )5O- Graphic SmboL8 lor TeLecommicatiurse end tbe
.Anerlsarl !:ilitary Standards, ULhSED-8o5 3 logic gyBboLs g@e of the EoBt
irportet of thege are sbom iu figa.l..5 and 1.7 for your refelerce. Oaror€hout
thege aoteE. horevet, xe have used tbe Eote poprla,r !1IL-9IHo6 3 log:ic SyEbols.

Flo 1.0

B..ic XANO

a

b

c

a 0011
b 0101

1-a+b0111
t-e.b O O 0 1

E r. 100
5 loro

11
OI
00
IO

-)-
tlOt G.r.

---l_

-P

B.S.35O GRAPHIC SYIBOLS FOi
TELECOtaaUl'tc Ttoils

---t-.t\.--1J

-, a*-
-1/

SimLlar\r, tbe tntb ta}les for tbe NoR ud NAI{D fucti@s are €:j-veD aB,

e O0
b 01

r-ETtr 10
?-ET I 1

tocrc Il{ cct[Fugr I 1.10

You bsve be@ prcyided rith logic gateB h CmpukLt I, Binilar to the
@es rbLch re have juat disossed. Ihe cirroit s used are shom jr figs. 1.5a, b,
c, d End e ed have bea special\y selected. for their si.!1j.citJr aDd 10* cost.
Fj€. I.5e, the Iogic iEdj"cator cir@i.t, is Bere\. a l{of gate dxirjng a sall
lan!. fhis 1ep bri€hters up {hm the itrput ls at Iogic 1. lhe trusistora used
e I{Pt{ silicoB tyre ed tbe Aiode8 e g,old-b@ded gemeiu hrpes.

FIG 1.? IIL.ATD-tO6B LOGIC SYgBOLS



OUETTS IIE IN}'I'TE' DI9@{UECIED

Wj.tb no ilputB cotrBectedt
and e logic 0 f,or N}}ID gate3..

NOS O!ER.{,{ICN

NOB a,ld N,AND gstes. ce be used to perfort
f,19.2.1 aad fis.2.2. On]-v one l:rllut tE useal.

2.1

tbe output should te a logic I f,or [08 Sates

2.2

the Not operatio! as shoul iD

EIOAtrINC INTOT9 ]I[ IOGIC CInCI'II$ 2.6

gome co[lUsiott aaSr be ca:raed !f sqy active bPuts are left rfloetlngl
ll! logic cirsuits Ehom i! the Later Eectloaa, and llcort€ct resultB f,iIL be
obtained yh4 verifyila trutb. tables. In all eucb casesr tbe ilputs ry! be
aplropliately connected to tbe logic O'or Logic t hlg.

3.1

LOGIC I L
--.r/-I -\

LOG|C 0 t \I p41
-J 

-/ Logic
L/ rndic.ro?

LOCE t 

-
-r'*) \

LOGIC 0 I \I fFS
---/

BOOLEAI ALGEBBA

Tou bave lor se€B hor logic equatioas carl be yritte!} usirg the ryDbo]g
of Booleatr algebra. lhis al€ebrs, elthough conrusirg at first glsace, iE sD
extrene\y stsple fom of algebre ed caB be used fo, deBi€rf!€ c@pIer ryst@s
such es digital c@puters. l'ie rill Eo'n tahflate s@e LEportalt re1atl.cnshi!6
ar1d IsE o.f SooleeD dgebra, uany of rhLcb will be obvim8 aEd Eey of Ehich
nsy be easily d,erl.ved.

FrG 2.1 Ftc 2.2

Outlut logic lffiI ehoul.d be tbe c@plenent of the ilputr j..e. t&e
Io6ic tudicator leBp should bxiBhta up rba the gate laput is c@ected. to
Iogic O aEd sbould be off rben it is c@Bcted to loetc 1.

NOA IUTCIICIs !. m, and t . ;fi.-o
Couect tbe ortput of a 2 irlnt NOR gate to a logic indicator 1@p.

Note that the lsEp goes dir 1f aay me of t&.e iEputs is comected to loeic 1.
Yerily that this gate satisfies th.e t)nth tabl€ givs tu sectioE 1.9.

Repeat ritb a 5 japut [08 gater and v€ri{y tbat the fol).oriag tnrtb teble
16 satiefied,

s.eND sUNctICNs l-ilr and t-iTA
Ih€ 2 irput U.AN! 6ate should satisfy tbe tntb table Eivm j! section 1.9.

ib€ fol]"ori.g trutb t8ble should be satisfied by the ) input N.AIID Cates,

Fro these sinple e4)eriDenis ritb Copukit gates, you rilL dote

2.5

thatr

An uDc@ected jlput temiral h a {0R or NA]{! gate c& be lgBored,.

.gn Ecoeected inlut tereilal i! a NOR gate bebaves as iJ it were
couecied to a logic 0.

A ) iaput NoB gate cB be used as a 2 irput gate, eld as a logic irverter
fo! perfomiag tbe NoT operatioa, if uused iaputs m left uconnected.-

3B Ec@ected inl[t temjral fu a {${D €ate behaves as i.f it rere
couected to a lo€ic 1..

A ] iaput N.AND gate em be used. as a 2 irput gate, md as a logic jrverter
for perfomiag the ldol operatio[, iJ uused irl)utg are left Bc@ected.

C@tative lail X+Y . Y+X
x,I r Y.X

AssociatiYe 1av x(12) - ()(Y)Z
x"(i*i)-(x+r)+ z

DiEtqibutive law x(t*z) . x.Y+x.z

!e !"oraants lans (i.) "The conplmeot of tbe se of t*o fEctions
iE tbe ploduct of tbeir cotrpleEats.lr

-;T -x.T (r.1)

(ii.) ,Tb€ c@pl@€ot of the product of tEo
fuEciloEs i8 tb€ am of tbeir coDPl'eats.n

X,Y : X+Y G.2)

Useful, relatimships a+a.b-a
o+E.b-a+b

Leny of these leletimships have bea netioned prevj-ousl.y in s@e fom
or alother, a1tJrcr€h eoe 1111 he !,er to you. You ritl fird th€se relatiolsbips
extr@e\y useful j! siepl,lficatioD of c@pLe: Boolean erq)ressions.

De ).lorgura lars ca be yerifj.ed usiag the NOa ed I{.AND €ates ayEl1abLe
ir Cdpukit t. 'Ihe first ]ar, equatim(2.1)rrequires tlat

;;i - ;.i
ELich caB be Srpl.eented. by us5ag nOR sEd NAI{D gatee il Coptrlcrt L.

The left hand Bide requireeaNoB gate, aDd the r:i€bt band side ce !e tup}@ated
\r first ilTertjrg a and b. md theB usi!€ a NA{D gat€ as Ehom ia fig. r.1

EhE sec@d lar, equaticn (1.e), rs ir fact a corollar;r of equatidx (r.1)
8Ed aeed Eot be proved eeparate\r. Borerer, tbe Eecoaii lar cs be verlfied ty
Ej!€ a yery stuile, cirsit shoED ir fi€.r.2 .

z.)

Fmdanental

6-1
0iO..0 O.0-0
0+1r1 0.1-0
1.0.1 1.0-0
1+1-1 1.1r1

(x) .x

Special Properties

o +x-x x+ x. x
1+X-1 X+X.X
O-X .O X.X rX
l.x -x x.i .O

a01001011
b00101I01
c00010111
r10000000

B0l0 O I O 1L
boo101101
c000t01rl
t1r11r110

2.4



Frc 3.t

I PIICAIIOI Or 300l.Elil .AleEBn[ tO LOGIC SBIPIJFICAfI(N 
','

do* re sba1l EBe hot BooLeall al€gtra ce be epPlied to loglc desl€Er ir
pa^rf1cular to 'i;be probleE of slEPliflcatioo of logic cir:ults. !Li8 probls
occurs y€rlr flequatly ald ce b€st be e:Pl&lred by e eruPls.

(i) sisprifv tbe syitchfug Dettork Ehom i! t1e.r.r, ltlia netrork uses fou
sritchl&g €leo€ats ed ee be eq)ressed
ia temg of birarJr logic a8 follorsr

I ' (a+b)(a+ c) (r.r)

i.e. tbe outlrt t 1s log1c 1 j-f srltch3s
a or b aEd a or c ale closed. Usir€
Bmlean algebra, re ce shor t&at this"
ci"rcuit is equiv&Lat to,fl#'

r-atbc (t.q)
FIG 3'3 lqutiu (r.+) 

"* 
be j.Eples€oted by

tbe axra!€€eetst sbom jn fj.g.r.4, ..d
uaes ferer sr-itches. ft csa also be
jnpl6n6ted usirg basic gates as shom
iD fr€.1.5.

Proof, that (a+b)(a+c) - a+bc

tfle hare (a+b)(a*c) - s+ac+ab+bc
- e(1* c +b) + bc
r a+b 0.s)

Eguatiu (r.5) ca,rnot be, h"orseer, essily lmpleDeted ueirg t{OB, [.eND &d.
Nol gatea h C@pulit I ritbout I\Ether h.hil)ulati@. .Agair, re ca use BooLeEl
a.lgebre for tLlB pu:po6e aBd cuvert the equ,atic8. to a $itabl,e fom for its
fuplee@tatloll hr getes of the givs type on\y.

!e ltre6aDr a Lus Ba.ble ua to co&vst fr@ a ,,sJ for&t' io a t'prcd,uct four
i.e. frce OB (or NOB) irplm4tatim to NAI{D ( or rND) tupt@entati@. fhe cirait
i! fl€.r.5, for eMp1e, ce be irpt@@ted.u;r.g NIN! orliOR gatee aloe i!
EecessarJr. Ihe N.6ND gate jrpl@tatioD is oltabed br furtber eanipulatio[ o,
equtim (r.5) 

"" foJ*lms,

t - a+bc - ; .ffi , usir€ De llorgare Iss.

lhia laat fort ca[ !e iepl@ted using N.IND gates ea 6bom iD t6.r.6.

{-}':=}*:Be-
FtG t.t FrG 3.5 Fl6 3.6

(fi) Ibi ua nor try !o sirplily a togic i\.BctiG giIB \r,
t - (a+b)c + E(i+ c) + E G.6)

tbii facti.@ co. be repr€ssted ty th€ srltchrhg uettrork shom i! Il€.r.?

ly€ ce! $iepli-fy eq.(r.5) as follors!

!'ac+bc+'ifi+!c+l
-(ac+Ec)+bc+(i6*E)
rc(a+ al_+ bc + b(a +1,,
. c+bc+b -- e(1_+ b) r b
- c+t

rrG 3.9

3.t)

Frc 3.7

tbe ex!res6j-@ :.n eq.(J.?) m te
irpl@@ted ty tbe sritct"ing nettrorkj! fig,r.8, whicb. is obvious\r a great
sirpu.ficatioB of tie.r.1. iyitbout the

exrr€Be1y dirricult * "r"ur" * r* o"t*o*Tlr$.:]i'f*Htf;"lJ-"il'iJ:,.€ f,ron tbe letYork iB fi€.r.7.

b

Xqution (].7) ie ltorever as yet not auitabJ.e for jrplenentatim usilg l{Ali} gaies
alme. Ile alplJ the !'e liorg€Drs l,ar8 to eq. (1.7) 

"" 
fo1lors,

r- c+E - 6l (t.B)

Eq.(r.8) c8,r Boy be inpl@@ted uailg N.AtrD gatea aa sbom ja fl8.l.9.

E

{}'

(iii) stpl:.fy tbe follmjn€ logic fEction,

f - a+abc+EbcraT.ad*aE
- e(r+ rc)+ aUc+1)+ a(d+E)
' a+Ab+ a

- a+Eb
- sgb g.e)
- E.r (1.10)

Equations (1.9) eld (l.fO) 
"re the Binplest foms to rhich re cdr Fduce

the origiasl.egut1c. Iq.(1.9) is iliteble for irpl@@tatim usirg NOB gates,
ed eq.(1.1C) ls sitable fo! jm!I@@tati@ ueilg Nll{D 6ates.

'Ibele ale reaJr otber tecbEique s t8 sjlp1ifj.catl"@ of Boolee fEcti.oBs
fbe oost iEportut of these aJ€ ttre haFping netbods due to VeE ed (anar€b.,
aEd tbe tabrlation nethod d.evoloped by Qu&e ed Uc{luskey. fechniques ssch as
tbese ce be f rod j! Dore adv&ced texts oD BooleaD a.l€ebra aad swj.tchirg Eetrcrk
tbeory, but are Dot [eceasary for b€gleero.

wrREo- oR LOGIC 4.t

OutPutB of an;r tro, or Dorer gatcB Day be tied togeth€a to PerJoD a
IYlred-OR . tUe naXmn nuber of Sato3 thl.ch Eay b€ tlsd tog€tber i! tbiB
ffiEepmds ou tb. d€81€n of particulu lotic gatee, ud for tbe gates i'B
coepukit 1 tute ig Uxltod to four for NOB gates, ed tto for NAID gatee. TbB

outlut Sro* the ltj.red{R NAIID Satcr Dust furtber be fed to a NOB gat. @lry.
lTLth lfird{B, the output ta at Ioglc I lf all the outPuts tled togBtbet ar€
et loeic J-, oibemise the outPut le Ioglc O. F1€.4.1 shoYs a Wjred-oB Smpleumtatlm
of the logic fucti@t

! . ab + od (+.f;

Inputs a, b ed c, d s. apptlod to tro 2 jrput N.AI{D gates, the outputs of



rbich are tied togethe! to perfou tbe Elred4B' fhe output T is logic 0 rb€creve!

eitber a atrd b are botb equil to Iog.lc 1, d c sDiI d are both equal to Logic 1'
witbout tbe itLred-OB, re voul'd r€gu.ije additlonal gates'

Frc a.l FrG 4.2

8: a+b+o+d+e*f

coINcIuE!{cE c+cult (hstc coparator)

FtG a.3

7;ry;.4.2 etprg the $ired-oB nethod for jEPl@eutb€ a 5 iaput }JoB-fu,1ctico
ugiag trc J iop"t IIOB gate$ In tb.iE ca8er tbe l{ired-CR acts as sn eryarder for
tUe foa eate. fue fo$ic fuctiotr ilrpleDated ir ftg.4'2 is €:ivea bJr'

Sqy torp€ of gate rey b€ uaed, sEd tbe Wi!ed'o! ceD alEo be achifled
betres NOR aDd NAt{pgateg. tlee rfe-outr fr@ a ltired-oR outtrnt ls considela}\r
tess tba! for orO:aary €&te8. ID certah fogic designs, gucb as laDsr types.of
frt g""t"a cilcaltsr -t:ri 

WireO-On i5 PeDltted cn @Ly cert'il tJ?€e of gates'
fn tf,1g cae€, it ie ustral to baTe the collector Tesisteces of all but oae 6tage

t*ov"a. Usdg &ls t€cbriquer you caD ViIed-OR uPto ei€bt gates la C@pukit 1.
Eortrerr .tt iB Eot rec@€uded fs ym to do tJais.

&erriEd.oBapproechBiDpliJieEthedssi€Daadreduc€stbe[uBberof

;;;;;";; "uo* 
ir'tie.4.] ,aa reeujr€s o"lv t'9 sates to Pro!:tde botb.T. ald t '

w'e'rru noi Look at a nuber of other Lo6ic fiactims lrpl€n@ted usjrg t)de
versatlle techEiqu€.

4.2

tb€ cirm.it showa ll1 fl€.4.4 detects tbe coircid'enoe of ei€p81s I ed b'
fU outgui-is at }ogic I if eit[er botb a ed b sre at logic ], or botb u€ at
logac O. 8i!is cl"crlt eaB be used for coEPari!€ tf,o binarJr bitE'

rreb+i -b

FtG a.{

INII-COINoIDENoE clrqui!! (Erclusive-OB)

Ia this clrcultr tbe ouq)ut E is
at logiic 1 iI ou\y ee of the tro lBIutB
iB at 1o8:ic 1. 1l bits a and b are eqEl
tbe output is }o€iic O. IIsl!€ Boolee a1-
gelra, you ca,l Bbow that this cirolt iE.
a logical corrpleselt of tbe previous oae. 

-
fbo i*lusive-OR firoctiB ls co@n@-]Jr Eed
lJl a arober o{ Eituati@Er srd fomB the
baeia of nar:5r uaeful. cixctrits.

P.ARAIIET CCKPIX.ATOB FrG 4.s 4'4

Ms obyious tbat ty u&ir€ @Iti?Ie coilcideDc6 cirqrits, te ce
cqla:e }lrary lorrls of eE nsJr tita as re Llke'

t

b

ln tulx used to Pelfom t[ore coellax olEratioaE ruch as sbtractioar EuLtiplicatl'otr,
&irision, exlrouatlatioo etc. lbe slrplest of the 8d&iDg cijrcuj.ts ig a rbalf-adderr
shom i!-tj€.5.1.fhis ciloit is uead to add tro oDe-bit bj.na$r aunbers, It ha3
tno itrputs i e,nd. b, €rld tbere ala two outputs wbich foa tbe suo g aDd' tb€ carrJr C'

13

BI]TARY ARITTITETIC

l{ow you bave a}ready lea:olt Ear]Jr technlguss o@nouly useal fu dlgltsL
c@DuterB. tle ctrcuits,whichyou bave lesmt ce be ueed for rdecielon nalciagr
ma'controf fucti*B i! the c€eputer. g@e of tiba, for e@Ple tho excluslTe-Og,
foro the basis of othe! circul'ts uaed LE birstJr a.f,itlmetic. We riLl uoE exaoine
tbe baEic approacb used. l! d.i€ttaL comtrrtels to Perfom the aritbDetic.

B]XA.BY 3!DI1TO[ 5.!

Additio! ls tbe nost lEdaneutel arithetic oPeratiotr, vhlch can be

Yil call ea8i\y shor tbat the foIlof,i'lg
truth tahle applieB to biasry edditim o!
bJ.ts a and b;

tbB togj.cel eguatiollB celrl be ['ritteu a.5,

^ g.-**r$_
' C. ab - a+b li:li

rru o'r rhicb c€a be iePleueated by usiag
tbe excluslve-@ clrcuit, togather r:itb a 2 blut NoR gete ae Ehom iB fr€.5.1.

FUL! ADDIB 5.2

Eor bhajry ad.dltioa of nmbels cstalsilg nore thaD ole bit eacb, ca:rie8
fnie the prsrious ataga6. ruBt be takeo into accout. the cl!@it used to perfo:o
thie is loonts ae tb ri\rIl Ad.d.err. A full adder ba6 tbree Saputs and' ttro outputB.
tbe lnputs sre blts a aEd b and the csrrJr C fm tbe prewious stage. 1'Jee outputa
aiee tbe suo s sad tbe carrJr D to the ner! etage. 8be tntb table for e full adder
is as follonst

e0I0I
b0011
30110
coool

a000I10II
b0010rr0L
c010.001r1
I0 1.r 10 0 0 I
000001r11

flrc Iogloal oqutlds am
givou t[r,

s --B[o+ib6+eE6.abo
D - a.bd+ibo+alo.abo

Yblch qe br rlopllfled md
rqgrouped. ag .f,oJ.lorrr

g=(Eb:+E)c +_(il+rf,)C
D- Bb + (eb+ ab)c

the ElD B .na oNrlr D are Eot eryreaeed h tetBs of the outputs of, e bslf
ad.der, sDd ce br foplooiad u8ing tbe slte3atlve circtl'tg 6boB 1[ f:9.5'a.

T!D'g CCMPIIIIENT OT   
' 

EIT TO,IBEN 5.'

fi€.r., rbot. a otrolrl't for coBputtrg the trors c@pleBeat oJ a tbrec
bit ambe! usl18 tlls.d-OB. lrr logic equatl@s ar€t

lr a

-
I . [ .D..b)
6 r l+lf,c

FrG 5.2



rb.icb caB be inpl@ented by the clrcuits 6hof,[ i! fl€.5.r'

I'E iT O RY

A very isportart psrt of tbe dl€ital conlDter is tbe nmory lEit ajd xe

sr"rl aor tooi at tUe fu"ic "i:c"itu 
vbicb can timenberr' There are roaiaIy tro

Gpu" oi ,*o"ies used. ln Bodero c@!uter6. Ebe v?rv bj€! :f:e :3"1^:11"
rli.ori"" such as tlpse used ir perfom5rg a'itbetic. oPerati@s *1 ::iI"-'.: .-^
i;;ii*t Bd the Ee&iuB to lor€ tertr 4@oriea nllich are g@a&t\v useG u !@

storage of dzta 8[d p"ogr"r,u". 6bt fo*o hrpes a,€ irYsriably te]ectrcnicr uitst
rbilst the l-atter depead "p*-iu. 

electrmegpitic pmErties of feEite nateri&ls

for their operatim. o* il-iir-i!-i"*H"i-*ih rerectronic' nmories ou\r.

o.rA S]]IPIE }IN,IO(T

Ihe sjsplest fom of electroulc Em:y used in cooputers coasists of
rlatcLiq3r ciroits. @e sucb cirmit ca be coastructed qr coloectilg tvo
logic isiertera as sbo\B j! fj€.5.L. The outputs 9 *a A ale alve6rs conpL@eotaXr

io-each otber, aud the tsmolyi cu be set by app\rile a logic O tbrough the 
-iseti ana tresett pusb buttms-as shom. Vhea tbe loglc O is applied tbrough tbe

set temiral. Q eoLs to 1 a6 Q goes to O. Ibe reset pueh butto na}es Q equal' to
o aa E equi to 1 again wbs depressed.

IL s.t
Usj!€ gates jr C@1lukii 1, You can

build a 'sereB bitr oemo4r uei!€ thls
prtucip19. Ehe pusb irtt@s are aot really
aeceesary dxd logj-c 0 con be aPplied to
set or }es6t the maory by eoBeEtarilJ
iou^hing th€ apprcpriate tesBiEal Iy a
rire yhose other eDd is coBected to the
logic O bus. fbese cit@its r!I1 mmbel
wLicb. buttu ras last depressed', hence
tbe naDe I E6orY I .

5.2

Flc 6,1

lTiE R-S FLIP FIOP CIRCU1T

lasic NOB alld NAlt! gates ce also be used to fon t!'atchiagi ci.rsBitB
TLiCb 08,r aSslEe @e of tbe trp states of bei.ag rsetr o, '?€setr aa required.
tb€se€atea are corDected tback to irontt as sUorn ia fies.6.2 €lra 6'r'

Iu f,i€.6.2, tro 2 inprt NoB gatea ate coraected to foFE a 1-set
B-s I'Iir FIon. fh€ tro-isPuts! g aEd B 8re tbe-Bet.8Bd" seset jrPuts end tbere.
ffi@ite Q s1d e- as beiore. Operatioa of th.is ej:roit is vely siniLs;' to
tire previou-s me, and Lt rren$berst thicb buttoa les Last dePr€ased' this ty!6
oI neuory is, ia fact, the EiEpLest-tylE used ia di€ital c@pute!8'

the loglcal equatloBs for aD B-g tlip flop caa be nrltteo thrst

81010
s0110
QIOQlEorQr

Blo0l
90101
QI0q0
Eo lQo

B-9 311p .fllop uslrg
tro NOB gatea

B-S 31ip fIoP uBlrg
tro I{-AI{D gates

You rlII notice that j[ the last coh:on of botb tbese tables, Q and Q
have be@ Iieted as baving the see logica] stgtes. tbie i6, obv"ious\r, cortrarfr
to our defiritlon aDd ls c@sequentl.y not allored. !hrs, for tbe fLip flop j!
fig.q.2 the E ed B iaprts sbould never be allored to haye logicel Btates 1 at
the sane tjre, md for the flip flop ja tjg.5.5 tbey €hou1d never be at logic O

slsultaaeously. Ehl"s restlicti@ swerelJr limite th€ apl)licatj,oa of B-g flip
flop ad to overc@e tLis diJfielty a rolocked' f,Iip flip knom as the J-f, type
has bem d€vel,oped.

B]NAXf COUNTII{G 6.'

Ia biaary couti.tr€, ibe fi-rst digit tes orlJr to cbe€e altemate\y fro
I to O ed 0 to 1 oa each cout. Tbis w-lll be obrious to you by lookirg at the
binarlr nlubers ir a prrylous sectioa. tbe Beconal stage, a]-so, ch.-geg altsmetely
fron I to O and O to 1 each tiDe the first sta5e chalges fro 1 to 0, Ed Bo on.
Va:t-ous 5ta€es of the bjrary couter ri11 assume states as gbors jn ftg.5.4 ae
the pulBes to be cruted aJrrive.

rNpur t nn n n n n nn n Itiaquiteclearthattbesubsequent
0 JtUz-3-r-5-6-7-E-gt stages fr.ilctim i! exactLy the rud

Egroer &6 the first sts€e. lhe first stage
ce be easi\y d.esi€[ed if the pulses to

1s,s,ase' ru H"TYf."Sir:""fHf?fyri:;rS"H
ir fi€.6.2. Consider tbe cirsrit shom ln

r f---] fi€.5.5. fbe c@cept betrind th.is ciroitzno 
o --J 

I I I is tlnt if e jlput is lot presat' tbe
pojlts n ed I yilL both be at logic 0 ald

3rd I T-----] Q and I ri1l rahain i! the last stste ir
. I I wbi.cb they bsi been set. fhus, iJ Q ud Eo# Fl(

the ilput p:ree alrrved, , *"*u eo to r#l"rt'3f*i"]rT$ ?#ffi::'::y-:"i:T
and Q=1. 'llrc irput puJ-se lus tbuE cbe€ed tbe state of tte flip f1o!. tre caa
purgue a slsilar argun€nt to sb.o* tbat tbe [ext ilput would a€ai! cese a 6ini]ar
.hahge n8lcfug Lt a bj.nary countilg siage. thougb this cir@it appess to be quite
feasible at first s16!t, it j-s jrprectical ia the fom aboB €rd ylLl Eot f,ork !
A Little tbou€bt vll,l, abow you tbat tbe outputs Q snd 6 rilt c@tiruauy oscillBte
froo L to 0 a,1d 0 to I as long as tbe input pulse leEajlE at Io€ic I, naldag it
tbrs useless ae a bilarJr couter. lbis clrcuLt ca[ te nade to nork if tbs jrput
pulse &rratioE is nade EuJficiently saU ud a rdeleyr is added to the feedback
loops j! fi€.5.5. YIs Eb&lI ror coBBidd aB alteDratiye &pproach to the dosr€t'
o,f a bbart coruter.

tb€ circuit 6hom fnfj€.6.7a.rorks on tbe lrincille of rreueober 8l1d add'

and ca be used es a biaary couter. Vh€n t-)rc ilput pulse is at loglc 0, the
flip flolE A ud 3 tcopyt the lo6ic states of Q, and Q re*ectivelJr, sad reEatu iB
thie state tiI1 the jlput puLse cbages agair. ElE tbe bput pulse goea to logic
L, otputs Q ed Q are theE set to t'b.e sse logic Etatee as A a3d. 3. Thug the



sequ@ce of opereti@a caB be illustr.ated. ag la fjg6.7b.Dre-to th€ .croseFoyerl
1a tbe jr"f,oraatioB excbsrge 1oop, the l-ogic Bt&tea of q EEd Q a::e ah"-€ed each
tine aD jq[t pulge is leceived..

_ For testi!€ t&e birarJr co*teri it iB EecesBaJ5r to geerate a rcle&. 
trro1ae.If, e claage-ov€f 6*itch 1s tEed. to c@i'"o]. sa B.,S fIipflop, fi€.5.5, tUJ outpit&o tloe latter is {ree fr@. rcoEtact-}oucer ttue priduc:.i! a ilea'pu1se.'-'-m

J-L rr{Pur

tn+1

OIO OtcI Otg Otg OtOliAlt*li
FIG 6.7. FtG 6.7b

A MoDISISD A-S FtrIp FrO? 5.4

. ..sae.R-S flip flop shom i! $€.d.2 ea be modi.fj-ed. to accept tro logieIts at the inIrot temirale simltaeoi.sfur bv additi;al logic aB "i.*'t-iie.g.e.
q I B Qt%.r

0000
1001
0100
1100
001t
11. 11
Ftc 6.9

FrG 6.8

Abe coEespoBdilg truth taue ie 6hm jr fig.5.9. [bis ciroit is s@erbatsid-Ia' in operati@ to tbe J-f, flip frop neatiouea-utore, except tnat it-is-;trcLockedr. 3or d.escriptioa of the ]-E iy1ru, yo. are asked. to reler to nole
edvs[sed. terUs.

POIEIOP 6.5

. . A.p9-f.laflop.is-a logle cimit tbat has three, o! rcre, statea esd rL1l'reoffibert tre last of the severar atete. to vhich it r-d been set. r flip flopls-a esleci&l cas€ oJ a po\rf1o?, rbere the nmber of possible states hB 6ee -
ledeed to @1y trc.

Poly flops c8n be coeslructed usi!€ NOB
or N.{SD gate& lbe fudan8tel prhcil1e of a
polyflop is that eaeh gata @st haTe En
fuput fron all {rther outputs except its oE.
A thr€Fetate po\rflop is shonn ir fi€.5.10
usiag E"AN! gates. .Angr Bts€e cal1 be eet to
a 1o€ic 0 by u@eotuiLy alpl.yjr€ ]o8ic O
to the output teilLiral ae shom. Afl other
stages raain &t logic 1.

lo\yflops are Bot gaeralry used jndigital cotrIn:ters, but fu DarJr circusteces
can IorE a Eot€ efficient fora of e@ory
t}'qn !-3 flip fl.ops.

A<klenilum

NOTES ON COMPUKIT 1 DELIIXE MODET AND }IOW TO USE IT

Comrukit 1 Delue Moclel is a teaching aid for comlutet electronics, iligital
logic and Boolea algebra ad is similar to the stanclard moclel of @mprkit 1 in
many reslpcts, It is howwer a mole $Phisticated teaching aid and is mainly in-
teniletl 6or use in sclools, technical olleges and intlusttial training organisati,ons.

The ileluxe model is housecl in a ebinet with an on/ofE switch on one side.
The cabinet alo carries the battery, making it 4n exceptiomlly easy to use IDrt-
able inslrtrment.

This moclel has a five suitch rlntrut Register' on the top lefb hand side which
is used to trnovide five indepnclent logic inpts to the temaining system. fhese
trogic ing:ts appear on the two temiml pins imecliately to the 1ef! of the pnr-
tiqrla switch. A llogic 0r is obtaineil when the switch is up ancl a rlogic f is ob-
tained when it is ilrm.

T'he rOutFt Registeri on the top right hancl siile @nsists of four miniature
trogic inclicator 1am5s, which brighten up when a logic 1 inprt is apllied to the
teminal pins imediately under the bulbs.

The pwer is switched on by prlUng the on/off switch leve! bwards you,
The filaments of the bulbs in the outEut register will now glow slightly. The

IDUer srce used in this moilel is the 4L volt battery, Ever Reacly Typ 126,
or equivalent, ancl m be replacetl by removing the back of the cabinet, if
necessry. If a extemal IDwe, suce is usecl, it shoulil grovide filtered direct
ffi6t at rc greater dran 6 vo1ts, The rorst requirecl by the deluxe moclel is
about 0.3 amlples. It is aclvisable that the ;nwer *pply shoulcl be short ciroit
proof r1 ortler to awicl acciclental clamage,

The electronics in Compkit 1 Deluxe lMoclel ii 'stuclent rrooft anil will not
nomally get clamaged due to accidental inorrect gatching, govicled that the re-
mmmcnilcd 4* wolt ha etcru or cariwalcnt ie rrecd

The trogic on the delu:ce moclel consiste of two 3-input Nor gates, six 2-in5ut
Nor gates, tuto 3-in1ut Nanal gates antl six z-input Nila gates. The logic usecl is
'lnsitive logict with Iogic 1 equal to 4 volts nominal ancl logic 0 equal to 0 volts
nominal, The maximum f,an out is about ten, Por simulating Ia"ger systems,
two or more mits may be @mecteal together by lEtching the battery teminal
gins.

All ciroits grven in the instructiron bok 6or the stan<Iad model of Comprkit
1 can alrc be ma<le on the delure moilel, and many mole cireits can of ouse be
onstructeilby the imagimtive student anil teachet, Use of associateil accessories,
such as the task sheets anil translnreneies 6r overhead pojecti,on, is strongly re-
omeniled for classlooms anil teaching laboratories.

ASSEMBLY PROCEDURE FOR SOLDERLESS PATCII LEADS WITH HE3,T
SIIRINKABLE INSITLATION SUPPI"IED IN KIT FORM (Compkit 1 standard
model only):

The patch lead kit ontains about 24 feet of flexible wire, 48 silver platecl
*cket ends ancl small lengths of heat shrinkable llastic slewing in assorted ml,ours.
The assembly pocedirre is as follous:

1. Cut the wire in equal lengths of, about 10-12 inches as reguired anil strip about
3/8 tr insulation from each end. Tin the st-ippe<l encls using a little soliler ancl
soliler the metal sockets to each end. The terminal pins on an assembled kit
m be usecl to lolil the sockets cfuring soldering.

2. C\rt the Sil,astic slewing in about %" lengths and shrink it over the metal socket
ends to grip tiglrtly by heating 6or a few seconals using hot air, or by holcling
near a low flame.

The ptch leails ate tpw reacly to be useil to make solilerless connestions.
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