
A~ Operatio.n .2! ~ Basic Circuits 

lo Flie-Flo;e BLAST 
.The basic tlip-!lop circuit used in the WISC is shown in drawing 

W-OilS, L-03Ao The cil"Cuit has two stable states: either tha right 
hand triode is conducting and the le.ft hand triode is not or vice-verse~ 
If the right hand t.riode is conductL,g the potential. c:.t plate 2 (the 
c •s output plate) is nominally 55 volt,so Coneequently, the potential 
at pin 6 is approxi.JGate]3 -30 volts (the left hand tube is biaead below 
cut-off) and the potential ?t pin l~ t l.:!3 volte, is determined by the 
voltage divider formad by the lOK and 82K x•esistorao The potential at 

· pin S would be f~O volts if it were not for the current :Lnto the 
positive grido This grid current limits the positive grid o:.iccursion 
to abou~ lo5 voltso 

The two output, toi14inal.s of the devic~1 thus \d.11 be c;.t ~~:~33 .:.J:t.d 

SS volts, or 55 and l.33 volts respeetivelya By definition t~he fll 
pin of a i'llp-tlop circu~t is defined as t,he 11l1tsrr output. Likewise» 
the #2 pin ot the 6J6 flip-t~op*is the rrroas. outputo Aleo by definition 
it the l's output is at the .. fl.30 volt level the tllp·.;flop is said to 
~~ntain a lo Conversely· if the ones output is at i·55 volta the flip­
~op contains a Oo It should be noted that the J. lavel, ~133 volts, 

. is a.f'tected ver~ little by variation in the characteristics of the vacuum 
tube,, while the O level is very dependent upon the chara·cteristic of 
the tubefl 

The device will r~ with the 1ea· output high (or 0 11
:1 output 

hiSh) until a negative going pulse occurs at the 0,s input (or l's 
: input)o When this occurs the flip-flop will a3suma the other stable 
:stateo The pulse that sets the flip-flop .to tho !J ~tate is often called 
the 11reset pulse" or "reset" while the pulse which sets it to the l 
state is sanetimes referred to as ·the "trigger pulse~· or "trigger" o 

Although the circuit ~sponds more readily to negativt1-,going waveforms 
it ·can be triggered or re~et by a positive going pulse o'i sufficient 
.amplitud.eo However, in the WISC the pulse and coupling oapaci~ors used 
are such that the circuit w.ill respond only to the negative going portion 
of a pulseo 

The flip-flop is intended onl,y for those applications where the 
trigger and the reset do not occur siKultaneousljro If such a condition 
~xists the circuit tende to change to the other state, t,hat is~ it the 
!lip-flop contains a 1 ar.d receives a trigger and a reset simultaneou.sq 
it will prefer the reset or Q statea Thia action is sometim$S d~sired, 
but it can be obtained more reliabll' (especially if the pulse: ~ee:.u-: 
at high repetition rates) from the stundard WISC counter circuito 

The logical block diagram or tha flip-flop shows that by convention 
the upper input :ts the J;• s input, while the upper output tei-minal is "'he 
l 1a outputo Thia convention ·is followed in logical drawings wh13rever 
possible and 8lzy' eJ~Ceptions ehould be notodo 

.._ _______ IRJl._,.,, 

~t In the case ot 9 pin d.oubl~ ·;~J.·i0d0s the h1£ pin is tha o& ~ Olltputo 
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2,, Counter 

The counter circuit is. ba_flicalll' the same atf -truit, ot the tllp-tlop 
~· onl1' diUerence ·biing ... izi. the 2,wmer in which the input pulses are 

· , · - coupled. In the counter circuit the two input capacitors are replaced 
with two diodes and one CR differentiating circuit. The diodes are 
1ametima called COlllD.Utating diodes in that they altemate.1¥ couple 
the input. pulses from'On8 grid to the other. An examination ot the 
potentials across each diode tor each of the stable states will 
indioate_how this ia accompliahedo 

logicall.7 the counter is somewhat of a .f'rusttated ·tlip-tlop: 
g:l~ an input pulae it always changes to the state it wasn•t in. 
Comequentll', it repeats it.self ever.r other time it receives an 
iDput. pulse. Thus it counts b1' a factor ot two and 1.t a number ot these 
counters are cormect~ in eeries the7 count down by a factor ot 2:f1. where 
n_ia the .maber ot countera·ill .ierieeo The last stage of such a counter 
oba1n c!Jan&ea frcm the l stat. to the 0 state only once tor each ~ input 
pW...a 

3·:: Cat.bodAt Follper 

Th• ecbGlatic and logical d1agrama ot this circuit are shown in drawing 
~. Aa the ~ iq>lles the cathode or output terminal of this 
device toll.ow~ or is approximate]¥ equal to, the input or grid potential. 
The mll eignal gain ot this circuit approaches unity within the limita-
t· .. tODll ot its trequenq reeponae. It the input potential at some instant 
ia Vl, tbe. output potential 1~ v1+AV where AV 11 the absolute value ot 
·the grid to cathode bias. For instance, it the input tenni nal ( siq 
pin 2) is connected ~ct]¥ to the plate of a tllp-tlop oi- counter the 
output. potential (at pin 3) .will be approximate]¥ 133 + 4 volts or 
SS+ 10 'IOJ.ta'depending upon vhioh state the tlip-tlop a8aumeao It 
ahould be not,ioed that the bias at the SS volt input level is larger 
than tbat at the l3.3 wlt.input lever. From this it can be seen that 
the large a:lgnal gaiD in tbia case is approximate]¥ llHi •la : 0 0 923 0 

. ~ ·:~ 

For re&IOlla which will become Clbvious when discussing the gate circuit 
it ia deairable that the high level output be maintained at +13.3 volte. 
Since t.M input terminals of a cathode follower are· direct.]¥ connected 
to a tlip-tlop plate th~ are often shunted by a 22D or 270K resistor ; . 
to reduce the l•a level at the input. terminal• ~ about 4 volts. Thus 
the output o.t the er ia l29t4 : JJ.3 wlta when the tllp..tlop 18 in tbe 
1 atate. . .. 

'?be cathode follower circuit. possesses two features which make its 
use desirable. Firat, it possesses a high input inpedance, and second 
it baa a low output impec:lance. It is used whe.~ver a signal derived 
from a tlip-tl.op or counter must drive a number ot other circuits or 
must be transmitted some distance. I-1:; acts as a butter between the 
signal source arid the load. hence it is sometimes ref erred ·to as a 
butter. 

The above statement concerning input and output impedance must be 
qualit1ecl eomewbato Obvious}¥ the triode will not conduct 1.f' the grid 
is at a large negative potential. In such a case the output impedance 
is 22IC ohma. .lga.in as the grid is driven positive a puint will eventual.q 
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be reached where the .. o1&a-tili-·become zeroo For .grJ.4 ... ~:t;~~~ials greater 
than those producing zero bias grid current will be drawn and the device 
no .J..onger has a high input impedanceo When the circuit is used with 
sq\&.re waves another· complication arises. It the grid ia driven from 
the l level to the 0 level inatantaneousJ¥, the tube will be 17i1~t oft o 

The cathode potential will tall on.1¥ as fast as the shunt and strfl3' 
capacitances will discharge through the load and the cathode resistoro 
A.i'- an example, assume that the eftecti ve ca't~~ode to ground resistance ie 
20K and that the strq and shunt capacitance amount to 100 micro,.micro 
.rarada. T~RC time constant under these conditions is (.020xl<>° ohms) 
(100 x 10 - farads) : 2 m14ro-seconds, which is greater than the 
RC time constant in the flip-flop plate circuit. Hence, tor these 
conditions the cathode is not following the grid and the tall time ot 
the output signal is not determined by the input signal but by the 
BC time constant in the output circuit. The cathode follower circut, 
then, has a low output impedance for positive going signals and !!it 
have a low output impedance tor negative going signals. 

Other triodes than the l.2.A.47 may be used as cathode followers in 
· the WISC and BEAST. The basic operation o! the circuit remains the 
same, and the grid to cathode bias at the l Be 0 level will be on]3 
alight]¥ ditterento 

4o Negator 

Thia c1rcuit is aloe ahoa in figure W-024SL-02A.. The input to 
this circuit should be ot the ea.me form as the output ot tlip-flope and 
cowiters: 1 •••• either at +13.3 volte or at +55 volt.so Por these 
conditions the potential at the grid connect.ion v1ll be at f 30 and 
-.30 wlts reapectiveJ.y• it the triode ia not in the circuit. Wlth the 
tube 1n the circuit the grid will be limited 1n its positive excursion 
to about +1 volt. The potuntial at the output term1nals will be ts5 
volts it the input is +133 volts and 130 volts it the input is at SS Yoltso 
Thus the circuit inverts or negates the input signal. The negator might 
be described as half a tlip-tlop, in !act a bi-stable circuit can be 
constructed trom two negators b¥ connectin& the output ot the tirat 
to the infut ot the second and vice-ver93 ... 

S. pnl!!? Gates 

The atat!Jard pulsed gate circuits used in the WISC are shown in 
figure w-o2jS~J.,A. · In all of these gates the cathodes are connected 
to a pulee generator which pulses the cathodes down rroa+J.SO volts to 
about ·:115 volts. The plate terminal is the output terminal and it a 
signal ap.Pft~·at this point it ia a fair reproduction ot the cathode 
pulseJ i.e., the inp'1t and output pulses are about the .- ahape and 
ma~tudeo The ·pulse at the plate; however, is ~iased at t2'1S volts 
(the auppq vol~ge). The grid, ~:?hich controls the gate, is pneralq 
connected to three lOClt resi~tora or their equivalent which are in 
tl)l'D connected to flip-.tlop plates or their equivalent.. Thu there are 
2-' or .a possible conbinations of input conditio1111 which can occur. 
Howver, there will onq be. tour distinct potctiala poea1bl8 at·the 
control grid itael~ o . 
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In the toll.owing diagram the dif'f erent time varying waveforms 
(A,B, and C) are connected to the three input control torminalso 

rNPUTl I I I I L A .. 

8 l I I I r 
c. 1. J I 

21!+----------------------------------...--------0~T/>llr 

71!111111/t/JfL 

,,,,, ....... 
A pulse will be present at the output only it all three control 

inputa are in the l's state-.!!!&. the cathode is pulsed. It Cci.D btt said 
that the gate pasaep the pulse and that the three inputs enable a 
pulse to be passed. Hence, the signals obtained trom flip-flop or 
equivalent circuits a.re called "enables"o The logical block diagram 
tor this circuit indicates the three mixing reaietors by the small 
circle about the point at which the three signals meet. The closed 
arrow indicates enables or d.c. signals while the open arrows denote 
pulse s1.gaala such as clock or 0ate pulses. It is possible to use these 
gate circuits in an OR combination by connecting the plate terminals 
in parallel. In this case ther9 ehould be onJ.¥ one plate resistor tor 
each such OR combination. 

It is sometilues desirable that the output pulse fro~ a gate be 
biased at +150 volts so that it can be connected to the cathode ot 
another gate. Thia is accomplished b,/ replacing the plate resistor by J. 
a 4:1 stAp down pulse transformer and cqnnecting the correct secorid3.17 
terminal to a fl50 7olt supply. It should be noted that the input 
ot this t-ype gate is connected directly to a cathode follower. 
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··· · ID scm:a applications the pµlse transformer used has a 1:1 ratio 
and ie biB.aed at -60 volta. In.such-applications the gate drives a 
beam ~z-· tube such as ths 6CM.6· or 6AQS. · 

6. D,C-, $lft9t_ .. 
i •.• 

'the ·basic d,c;.· gates used iii the WISC are shown in dr:-lwing W-c>2.'3SL­
o6A. The diodes u~ at the pTesent time a.re t1}:>8 l.NJS manutacturea 
b.J' Badio .Receptor Corporation and th9se s•em to be quite reliable it. 
;reasonable precautions aro taken in soldering them into the oircu1ts. 
Since they an· 100 volt dioc;le., 1;,he input potent4ls to these diodes· 
ehould be choeen' so t~t this' peak invei-se voltage is not exceeded. 
In p&rt.icul.ar, it is not wise to ·connect one ot t~e inputs to a 
<U:ocht gate tq ground it the other inputs m;q- reach ~13.3 voltap 

'1'he 47oK resistors chosen in the first two circuita·represent a 
c;OJli>i'Omi•. J)etwee~ output r1-e or tall :time and minimum · loading ot the 
ciro~ts oonn8cteci·. to. the input tenlina.l s. . Note the lSOK resistor 
N.tllm~ to ·+275.Vpits in:the i'ourth·circUit: -An ei.aminatioil of the 
~ -4, potenUala· ~s:ting in tbia circuit will show the .reason 
tqr thi• ·rat,\~ low reai~nce· value. . . 

Ve.ri.Oua combinations of all ot these cil'ouits may be used piovided 
that. ·apJ>l'OprJ.ate buttering 01~ isolation is used.- In··all of these. oirouite 
three inplte are shown; however, more· than three ma:y also be used ea.tell'. 

. . 

·-. l~.-. · ,.~ ClQols : Section 

· .. :Die·Cl.O.Ok.or tJin1ng seo~on-ot the ~T·generates the._ timing or 
- wltagea ~ed tM,gugbol.&t the BEAST and ava1 lable on· the. 
front . pinel. . . The ·one Jlicl'Oseco~ wide· voltage wavetorms used in the 
WISC ~ .the BEAST. a~· call.8d pulsee while the waveforms. ~t ·.l~nger· 

· cl&~a~· 9r 1'1dtb are called ·Smble•• The trequ.enct ot . the . cl-ock · 
puJ.aea·aenarated 'in the BEAST is varie.ble·and C&al. be set b3' means of 
t~e cloak ·:.trequeilCl' awitch to apprOx:Lma.te;l.y· l.OOKC, lQKC1 · Qr lKC.. The· 

. Han'l&l· ·~ting of this ·switch can be used to generate one olook .pulse 
·.at .. a t!M~ °' Aa in the WISC the~· a.re three sets of tami.lies ·of these 

.· 'Clod.c pllaes deeignated as O<,~ and r aDCl separated in time trom 
~ ot~ b(· one thirc;l .ot their ~n period. 

LI 

u 
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TM• olook pul.aea, n<a1~a117 JS wlta in magnitude and .~ed at +1so · 
'ftllia1 ar. auUable at, the banana jaaka on the front·'"'p;m.1 ot the 
BAAST. . 

To aU\u]•t.e the mjor and minor ·c.ale enables available in the 
WISC tMo tiw ata&e counters ~re used ( counte.ra A and B) Counter 
A, U. NOeiw• cW>ck pula•• and theretore counta 25 or 32 oloak puleea 

· betON it Npeata or zerO.a 1teelt. The ones output ot the individual 
~ ot OOUDter A are available and are oaUed rn, li.A21 - -, ··us. 
Ooaa.tu- B, D, 08D be clrliren 1-' olook pul.aea, US, vr 8Glll8 other 
•wtona eei.attcl 1V }lr operator. Beno• it mq repeat or zero 1taelt 
anoe tor ~ ~ to· 2 olook puleea. th• ones output ot the individual 
Rage ol t.bia counter•· Jtf!l. 182, - • 1 Dj• are aleo available on the 
tftat panel. 

. · !be U. at wb:Uih ·au ot th• oountera being ueect are 1n the HJ'O 
·.w.te·ia MJ)ed bit. U. sao (a bit time beW defined aa the U. 
.~.Ctool.~tcJS·>.. ~the•. aountera are run ·atot.U. the 

· :~ 1llblob · un a,~:""'t.bi. ~ tb&t the counters ret~· to zero ie 
det~ &8CC.,•' ~ q·.,,!llB],e GOJidder t.bat Count.era W.1 XA21 aad ~ 
&N b91D& uid ·tor·._ .P.llTPO&e·azd that the repet-ition rate ot oounter 
~ 1e Uae r ]lest repftition· rate beiDi ueed. Tben:~··1tlngth ·ot 
a aJor ~ 1• 8 bit U.ao'l'he timiq and wav..toz. UDd~·.ttn.a:eituatton 
mild be .. toll.owes ,. . _,. . ... ; ·. . . . ' 

~=- ... . .•. 

" 

ot .,. -'- ' 
~ .... 1 °' 1 o1. o{a 

I I I I I I I 
A, A . . A ,4 

~ ---,-: I lj I I I I ., I,. 
I t -~ I I I ' I I I I 

ICAt 1 I I I I I I n r. 
KAl 1 I I I I 
w l I ,..,. 

U, hownw• 1'A5 wre used there wuld be 2' • 32 blt. time per 
~or. CJIOlAt aD4 the °'pulses wuld be numbered~ to ~l • . 
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2. imble Oen8~tora EA' E_a1 B0, ~' 

'fheae oirauit• (Drawing ~) are uaed to generate enables 
of TG.1'1abl8 repetition rates and widths. Act~ each of these 
generators ·p~uoea several enables: tor instance, the EA generator 
pl'Oducea EA, '11, Bil' J:A2• E , aml E • Hence the tam E generator ia A3 Al+. A 
10mndll1,t mlel•ading. A more pi-oper tem might be •the A enable generatorf 
wt, for tbe eak8 ot bNYitT the tem EA generator 1ncl1oat.ea the circuitrr 
~ produoea BAJlll i'ta related tamiJ¥. 

. Bach ot the prJ.mal7 enable• (~, ~' le, ud ~n> ass~a the 1 
et.ate at the time that a aeleotecl AB o06iiter goea t.O the·zero state. 
For inatance it the EA_tdgger ael•nor sld.tch set on the "lB.3" 
poaiUGD and the reset or wicl.tb selector switch is aet at n311 enable 

· ·EA . ..-• trca the O a&,ate to the l atate at the time that KB3 goes 
trca tbe l state to tbe 0 ~te~ · 1A then rema'nea 1n the 1 state for 
tbNe bit u.. _(aee tbe mmpla on page 1). 

·' ~ 

81Doe tb9 ooun.tere IUD .at~ t1ma EA is ·al.wqa a l. trom.°'0 to OC:n 
wb8n n 1e tbe ld.dtb ~ •. BAl' BA2' EA.3, and EA4 a.re eaCh at ue 

l lrfel tor 2/3 ot a bl\ t1m.e such t~t they are semplM,ble at °"n• 
8.,~ DI ancl°'n t l Nepeni.ftlJ',.. · . . r . ~ 

A bl.oak d1agraa ot \he B pneratozt · ia abolal on pll&e lo 'l'b9 tore- .. 
. &oiDa ~111nt.a and tbe ~- pert.a'Dtn&· to BA.also are val1d to~' 
lg, wl ~ with tba exoepUGn \bat the C an4 D -.ie genera.tore onlj' 

. pl'Oduoe-.6 tint tbl'M_ aDlea (tor .,.....,.,., Ee• Be• and ~).. 

n. error cletect.ing CircN1ta w-oo2J,-02A are provided eo that t.o 
8Dlble• M¥ be oampared to deteJ'lliDI that, the7 &N identical (at leaat. 
at the 1mp11 aa Um).. Por inst.an•• the cornot operation ot counterr• 
A &ad B .., be obeckecl b.r aonneoUns 11\5 to t.he A coinoidmoe input 
and D5 to th• B oo~oe input and eemp11na at~ (ort) time· 1-J 

. ooamoUag TIME AB t,o~ ·. (~) pulMa. U the two·· enables ·are not 
idemioal (both l or both O) atl!_(CIN-) u.. the ena,ble .llTor AB 
1d.ll ·be generated and a ~ light on paziel J will be tuned on. 

A t.llree poait.1.on switch, alao located on panel J, oan be UMd '.;o 
dia&ble tdieae o1.rcl&1ta. resat the Error tllp-tlop.·or ~the Gbtcld.na 

. open.ti.cm deacribed abow,. This Ritch alao control.a tb9 C aad D 
· elTor det;eoting cirouita which are at nd lar to the A. and B oirauiu, 

The ~--~~ A! 1a generat8d (it the awitoh 1a in the •epJQ• 
poaiUGD) it (a; J + . (D!· ·) • l at the AB aainpliDg t.ime.. ~ 
Knor. DC 1a generated it (CZ ). + (~D) : 1 at the CD 1•mpl1q Ur.e. 
+t eitber ot tbeae two enables are presen~ tbe _BHll>I enable ie pneN.W 

· (Ba • ·1c.u a· B). Thia enable. (~HBOB) ie Wied in the start-stop control 
··Oli'cui\• wheft . it '1IJQ3' cause the counters KA and. g. to at.op. 
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~ ""rl!er capwo1 

fbe. nn-etop .control, dra1dDg »-002-03A, baa tw tunctiona1 Firat, 
it. oaat.l'ola or gat.ea the Bl pal.Ilea whiob run t.b• A oounter. The ewitoh 
on panel J baa t.bne aettiapa aun, Intemal, and Extemal contarol. 
ID U. Jlllll poa:l.tion counter A recei vea BA pulses continualll' wbile in 
the Intemal posit.ion BA palaee are prennt onJ.y it R(llJH) ia present. 
In .\be \bird or ~-~-tlon the oount.er 19 unc;ler. the control ot -.....-.t,nv .oi. 1a provided an the banan8i Jack proQded. 

Dae eaabl• a 1e prod1aoed b7 maaentaril.J set.Ung the lower switch 
to tbe ·~· poaiUan. Wban tb1a awitch ia -..Utar.1.11' set w 
•Sl<:R9 a M5J.l diasapear..~.(-... a O)• or it the,:.enAble .E, enor, 
eboUld beOClll8 a l wbile the awitab ~in the 1111J111 position. 

. ·-·- the •ocmd tunct.ion of ·the ~P control·circuita-·19 to Qn­
obrald.ae oountera A a-1 B -.i t.hq an run at the - trequenct <­
.note OD cbmd.ng w-oQ2lrOJA). · It aountera A 8IMl B are -1n...fD1ohrani• 
IA5 ml D5 1d.ll be 1deaUoal and the expreaeion (KB5 +XU) abould 

. eqmJ. l. ID tb1a ..... tile: pulse• BB 1d.ll be present. contin~. u. 
buwiw• t.bNe tw · ootmt.en are not 1n QDcbroni• (DS + IIJl ~ 1 
and --.. I 1d.ll ~- tewr pulses (BB) than -oo~ A until tbQ' 
do t.acm lfllabral111M. · 
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