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The Crystal Ti~ng Unit typo NOne iB a fUlly t~nBi8torise~ 

crystal_contr olled cl ock des i gned i n 1964 for use at s~ismological fi eld 

stations in t he Territory of Papua & NeN Guinea in the crustal thicknesG 

pro ject. I t has an accuracy of better than t hroe seconds per month and 

provi des time marks to goismic recordin8~ or to ope rate external ti~n6 

syste~~ . A coopaTison can be made ~ith s tandard radio ti£e-signals, and 

the difference between the unit '3 tim~ and radio t i mo, to an accuracy of 

t 10 milliseconds, is di3played on the uni t and can be corrected. A130 

in cluded in the unit is a power ampli f i er capable of providing ~ fre~uen~J­

stable 50-c/[j, 240-volt , 3D-watt po',e r source for the operation of ",;:ternal 

equip~ant. The unit can bo ope~ted f~om any suitable 11 to 16 volts, 

6 a mll, d.c. i nput • 
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1 . SP;:;CU'ICNl'lOIIS 

Input pOTIer re'l.uil"~lIeDt&' 11 to 16 ' voLts . 6 =ps d. c . · 

1'lIel'll"st,.,t cent ,."l: 

Timing accaraoy: 

Correction facilit ies : 

Bel ay operatiOlls: 

240 volts r.m,s . 50 cis 

JO ..... th ~.e. 

100 Kc/B t .O.oolt 
Pye ~5° X~c~t . tcmpe~tur9 

controlled 

75°C t 2°C 

~ o.,oe 
Adjustable to battgr thM 

1 part in 106 

r.:ech ... nical and electronio 

w.KE' and BREA.'( oontacts 

oi" m1tL"'r« CII.¢b lIecond for )0 

m1111.,"oond8. 

UAKE contaots operatin6 ell.oh 

minute !r~ 00 to 02 ~econd. 

with ~iss1on9 each Bixth hour. 

!.:AKE contach ope~ting each 

hour frolll 00 to 04 """ondawi th 

oCl ssions each six th bour . 

Elack ano~iBed with white_ 

filled eoSroving. 

Di .. e ru:1oolr' lothn x 16in x 8 in 

2 . G~rnt.L DESCRTPT10li 

2 . 1 lnt :rod=tion 

or;", Gtyat..11 1'ioing u"it t ylX' tlC D2 is basically /I. cryst a l _ 

c CCltroUe d clocio:, :>:J l ch .!lO:> dc ;;;i,;n&d Mol. dcveloJled by the Il!!dgn and 

nevelo~ent C~~p of the BuIe~~ of Mineral Reso~~e~ t o ~et the ~~c lal 

requirements f or ~e at oai8~olagic~1 field stations in the Terri t ory of 

Papua. & ll~" Guinea. in the c=~hl thlclalel>B proj ect , The fir st eOlll)llet~d 

=it aSlI tlont t o Port lb~.tI~ in Sept<tlloer 1964 3lId (l t otal of four unit" 

"""$ been built and £.I1VC operalllrl catisfo.ctorily , J.ros t o f the design and 

~ev~lor~nt wa~ dane by l .P. r~cfarlane ~il his resignation frca t he 

B).ffi • .,hen ~he ''':>rk 'o.s ootlj)le~ed by !< . J , Se..,rs . The "'~cha.n1ca.l cloak "'0.0 

r!esigned by Vi. Ol':l r ich , 
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It P;':Ovid.OB Ii time display and rela,:r operations at prodetermined 

int ervals of timt/ witb a re l a tively hiah dC6r(!9 of ,,"ecumey . The preci­

aion-timed relay eont~ota can be oonneoted to apply time-~:kB t o seis_ 

.10 recordillg9 , or can be used tel operote external, timing syehcl , to 

al.l1t specifio requ.1rea:ents . 

Included 1.D the uni t i o s p~r qplifler capable of 1le11verinB 

)0 watts at 50-0/e and 240-volta a .c. to .xternal l~d& . As the frequency 

iB,d8~ved from the crystal oacillator any tr&quency-dependent device 

Quoh as a synchronous motor can be operated with the same otil.ar of timing 

.'100u:ru.cy . 

Provision 10 made f or comparison ~lth Bt~dard ~dio tlme-~igne18 

IU'Id for ,,=<>= t o t>. oorrec t ee . .l re~dcut of the di.frllren~ bet.een the 

"''lit ' s time M d l:'adio time , to an acc\U'GOy of ! 10 .. iIlia.conda, is 

displayed on the f~nt panel of t he uni t (88e Plat e 1). 

Monit orlnc; indicator s, tiIM diapllQ" elials, re~e t and olock 

correotion f acilities, an~ al l conneotor tockets , are al~o loc~te~ on the 

front panel. 

The unit 18 !'ully trn..."lsitlt or i&e<i. It CIlIl be optlrated fl'<>l:t Iln;y 

$~1tabl& I I to 16 volts d . c . in~ut ao~~e. When tbe 24D-volt power 

amplifier 1s tul l y l oadld, the input current required ie app~1~tely 

6 B.l:I.ps . 

Overload cJ.rcuih, d.o. fu:;ins . Md a reverse-pola.rtty r<l~y 

c1rcuit en .. 1lni3 that thl Ul'\it ie adequately .,rotected in the eVllnt of com­

ponent failures or incorreot d . c . i nput connections . 

Circuit declg:at and COIIIpcnenta have been oaratully selected for 

10ll8- to:u:'III stabi lity a.nd re1iabl1i~. Square (or ::...ct",,€,,!ar) vaye fon:m 

have been used ~herever possible to mnintain constant t1~e8 het weon 

trisserill6 pUl ses . 

Plug-in type ~ircuit oards havo ~en UBed extensively. This 

oizpllfles fi eld serv10ine and permit s the unit to be adapted . ~ith a 

:nniJtu:::l of m<><lii'ieat l on , for other a ,plicat1ollll that requi~ sccurate 

"m."". 
2. 2. J\mctions 

The functton~ of the C:ry~tal TUling Unit are : 

(1) To prov1~e a measurement and display of tim~ ~ith sn 

aoouracy of better than 1 part in 106 (i.e . l CBI than 3 

llecondJ> por ",mth) . 

• 

• 

• 
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(2) To USe this mea~urement of ti~e to operate re lay~ each 

second, ~nutn. and hour, exoept where O~B3ionB are 

required (oee Section 1 - Speoificationo) • 

()) To provide a frequency-stable 50-c/s 240-volt power 

sourCe for the operat i on of external equip~t. 

2.3. Syotem ooncept (Plate 2) 

The Crystal Osoillator Unit (01) generates a stable lOO- Kc/9 

signal, which is connected, vta the Sync. Comparator Unit (SAl), to two 

identical Decade Fn'l.uenoy Divider Units (IlVl!l and DV1!Z). The fn.quenoy 

division ratio is normally 1000:1, producing a 100_ppa output from each 

divider. The ratio can be altered to 900:' or 1100:' "hy meane of the 

AlWANCE or RErARlll!licroawitchea on the f'ront panel, " hi ch i ncrease or 

decrease the output frequency acoordingly. This advances or retards clock 

time and enables corrections to be made. 

The function of TIVl/2 is to check the operation of DV1/1 . 

Outputs of 100 pulses per second from both units a.re connected to a 

oompariBon circuit in the SAl unit. Ii' the unit s a.re aynohroniBed the 

SYNCH neon indicator on the front panel is struok by the pulses at the 

rote of 100 t iDes per second; if they are out of Bynchro"isation, the 

indicator "ill only be struck by occasional coi ncidental pulses. Should 

the oscillator circuita fail, the indicator will 81o~ continuously and 

appear brightex than nOXJ:lal. 

To enS1ln! that the dividexs axe synchroni sed after tilllC correc­

t i ons have been mana, the signal from the osoillator i s blocked for 

14 Irllliaeeonds "henever either the ADVANCE or REl'ARD owitoh i 9 released 

after operation . During this period any dividing cycle in prceresa in the 

di viderc i o completod and the Circuits r~lax t o their stabl e s t ates. Both 

units can then bo simultaneously trieger ed whcn the oscillator signal i s 

r ostored. 

The output from DVl/1 is oonnected to t~o ~istable Frequency 

Divider Uni ts (DV3/1, DV3/2) and to a Time Comparator Unit (SA4). 

DV3/1 and DV3/2 are identical biscal~ dividers ~hich produce 

50-c/a square-wave outputB from their c~on 100 pps inputs. 

The output from DV3/1 is amplifie~ in the Power Amplifier Unit 

Ala to provide the volta.ge required tc drive the BynchronouB cl eck_motor 

on the Ti me Disp~ay Unit (Tn1) at the oonstant spee~ of 1 revolution per 

seoond. A sine_wave drive for the cloak motor is obta ined by a low_pass 

• 



fUter in 'l'D1 . 

The clock- lIIotO'l' iI: IJIOchan ically coupl e';: ;;0 ~ reduction s=r­
h~1n Which han out put lIha.ft" ~n,gine&red to :n>Volve once each eecond , 

minute . hour , and 24 hours . Hands ettached to Wle output shaf t a aweep 

cver engrav ed dials , providing a di"plo.y cf him. (';In the samo shafts , 

bshind the dials , are slott c~ disca which are inierpoG~d bet.~en photo­

translE to~a and their operat i"8 light gourcea . ~hen a disc rotates to 

a poeit ion that allows l i ght t o tal l on to a phoi o- translstot, a 

monOAtable lIIul t i vibrat or associated with that pboto- transistor is 

tr18~rod (via 'gating c i =ui ta) a nd a re la,y is opc:m.ted prcc i !)l!ly at 

the timo require<i by tha Hem spocHl catiOllS. 

So "that the tilla i :lterval between lndl vidual relay OIMU%l.ti ons 

is not affected b-J JD..innr IIRrlatlOllIl $ueb (U; changes in photo-tmn03iBtor 

tri l!:l!!a ring coooii tiOllS, mechanical bnok.lanh in the geo.:r- t:re.in , atc ,. a 

50_0/~ aquarfi-wave si gnal r~ DV3/ 2 gntos the c~ence~ent of e~eh relay 

oporatJ on . 

The outpu t ±rOll. DV3/2 iu MI).l1:iU I! d, first by P""'Br .Arnpl1fler 

Un i t AN2 , a.~d t hen by the main Power ~~lj fter , AM} , to pro~uca a 

3D-watt . ?40_""rolt r.lII . s .. 'jr).c/s. po" er £O=oe f or t he o{l<l:e:lticm of 

cl:te rll1l l. lIq,u iplDlilnt . 

'1'1.I::e compar isonll " i th ::;tend.i.r:l. .. "'Lo t iore_signala r OT errora 

of le63 t han 1 second a :re .. .nd<l by pulse t ll.tin8 and oountln,g ei:rcuJ ~6 . 

A Rffi"RJ' s..-itch on the front panel proper .. " tho:. CQln';t.rl$On 

olrqul t 03 . Pulees from t he output of twl/' (whI ch are no~11y blo~ke~ ) 

n~ gated through t he Time c~~P6xutor Uni t (SA4) for the difforences in 

ti~c betueen t he i ncidence of a I- second relay pulse and a I_sloond 

rn.dio ~il!n.l. Gat ing c= ba o='.lnced "by aithe:r a relay pulse or a radio 

p1.l.lse aocordil18 to t he poSition of t he FJ.ST- SUl'f switch on the front p:l.n~l . 

If gat1ne is started by a re l ay pu1&e i t 111 atopped by B :ro.dio puhe .,, '" 

v ice versa . 

Tt:.e pulse» gated th l'Oll&h SA4 are oor:neoted to the inJn,lt of 

the Decade Divider and Readout lJ:iH DV2/1. 'l'hl .. unit t:rnn=OJ.itt 0110 

outpu t vu}ue for each tltn input pulees to II siDil~:r ur.i t, DV2/2. I e 

both units the pub es .are caunted and converted to current! lIhi ch arc 

dlrect ~ proport i onal to the number of pu1B~9 appea ring at their input o. 

As t he pulec~ are e=ctly O1Ie _hundrodth of a sl>Cond apart the c u.rrcnte 

whioh ar e read on readout "",t el's on t ho front :panel i ndlcat e olock error 

t o this accUIUCY . 

• 

• 
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hAnd o.D tho SIDlIID dial 1" obr..rved \)a~f1 a l-cin ute :rn.1io 1ii8MJ, 1" 

hOlirU. Prell this ob~cl'V:ltlon and Lbc rcadines on the reado'-'t oe t n:s 

~ accuznt e time comparison , to the n08.~Bt • 10 milliseoondo, can be 

mado. 

The Voltage Regulato r UnJtE FP1, PF2 , and PP3 p~vidc tbe 

~ 6V . - 9V, and - l OV reBa1~ted d. c . supplies required ~y t he NCD2 ~~1t; . 

Each regulator incorporat', A cut-out Ci rcuit, weich ope:ateB nutocat1c~ 

ally if currents Or volt"883 exceed ,,:,,:,dete!'llli ned l initll , 

A - 9OV Genemtot' Unlt PP4 :;>rorld,,':; L'l.e- v"l~ ~uiNd f or 

operating the various nton i ndiellt oJ;"S ,,:::ed in t l: e 'l"-AiItl!: !hit. 

The operaU <lD of the pC'IIIlr $I'i'pliec az:<i t.nll :oyncll=n1fJ*tion 

eon41t1on 10 1ndi c!lhd by lupll ltIov.m!N,i on the front pa.."lel or the NeD;! . 

3 . CIRCUIT msCfUPl'IOllS 

3 .1 CW!ltal Osoillll.t or Unit 0 1 (Pl:l.tB 3) 

The Cxystal Oscillator Unit 01 ~on8istB of B 100-kc!" 

o~stal o~illat or and cl ipper and aapllfier circuits. The c~pl ete 

u:l.1t ia llIOunted on a. plug-in circuit cam, with tl:B gzc~ption of t ho 

Q,U3r.Z eq~tal . which 1s ~Wlt&d oro U:e ::I!I.in t;Cll1: "h&sa1c in a 

thel'llloetRtleaily oonn-oUl!d OWl). 'rhe oscU lator ""H is opotrated fl'O<:l 

a ~gIllntcd -&volt" d.c. " " pply b~t t he 0""" h<;at a:r "l"dine: h "OM~tGd 

t o the unresulat ~d 11 t o 16 vo l ta d." . inp,,~ &OUTCI! . 

A +50 X- cut ery~w.l. opsrota~ b<'tlWcn its r.atura.l parallal 

~d acriol ~ode~ ; it s resotar-os thareforc 1~ induc t ive . Thi~ 

inductance . i n conj unction "'ith Cl , 02 , ,""d 06 form <!. resonant c ircuit 

at tha funw..!lenta.l f=quency of 1 0OKc/~ . 02 is a trl.mux C!LptLe1tor .. hiche __ 

ctln !1djWl t the frequency to oGlII>,ona:l.t" for B.mll <:o,,-;>ooent difflJrlln"ltll , 

lono-tcrQ cqbtal dTi ft , et c . 

A po-:ntive foodbaelt ;ath be"""",,- the c:>Uect or ar.e tn,,,, of 

QI l!lIi.int .. in" oseiliatioa. An AGe voJ ~" ill a;:plied ~o t.l .. e Nose of Ql. 

Under oOlmBl opem ting condi tions this li.:n~1I the drive to t he CJ:Y9:al 

and" It">," t he <lutput allplituda con~tant. i t also all<,."" t.'le etreu1t 

tc operah a t =ill!W! S",ln "h~n r;t~ rtlns up. Tn" output frOID the 

collootor of Q1 i9 taKen, v1a 0) , t o the baee of Q2. 
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Q2 i~ a eonvunt1o~1 co~onMemittor ~plifier . Output oicna1c 

tram its coll ector are (1) used to devslop the AGe voltage , and (2) to 

provide the drive voltB.8e tor <mbsequomt e i rcl<1h . 

(1) An output · vo lt~e from Q2 1a applied thr ough R6 and ell 

to the junction of diodes CHI IUId CR2. e ll! a.nd CR2 f ol'll 

a voltago double r circQit _Mob charges CIO. '1'00 vol taee 

developed a o;::rces C10 i a applied tbrough R9 ;loa an AGC 

vo l tage t o t he base of Ql . As CRI and CR2 a~ si llcon 

diodel the ACC dO&9 not beoo=e fully effeetive until 

the voltB60 exoeeds apprcxi nately 1 volt. Henee the 

oscillator can COIl:Il"nce t o oponh at InXiIllWll gain but 

t he ga in 10 re~d as the AGe voltage builds up , 

(2) 'ill" otber &ig:>al f:I'om the oollect or of Q2 ill also applied 

to t .o dUeon diodee CR) nnd Cll4 via Fq ILl\d C7 . The ho 

dJodoe form a clipping oircuit. On the poal t ive hal f-oyoles 

when t he algnal exceeds approxi mat ely 0.5 volt eR) becomes 

t orward_bill.!I!!d. 8.."Id. an::t f urther riQe in potential b 

pr~vented. b] diode act i ~"I . S1a1Larly the neg3t1ve half­

cycle8 a re li.a:!ted by CR4. 'hie n su.ltant _ . 8£0l'1li h a 

I-volt peak_to-peak aquare _VII w!1ieb l'.al a laat n.e-

t1~ (0.5 microseccnd) . Capacitors C7 and ce i eolate 

crt3 an d. CI\4 frCl:! d. .o. pot entill.ls and. provide the eilln.l 

coupli ng to the fcllow i ns circuit . 

Q3 10 another conventional oocmon_e.a:!tter ~pli£ilr. The output 

!'rolll Q) 1a cou:;Iled. to Q4 t hrolJ&h C4 end na. e. pulso-eha.pina net_ork, to 

lI'A1:ita1:i !olle fast rise-t1:w. 

The signal "pplhd to the bIoa. ot Q4 1., of I/o large 'ool/Ch 

acpl itudll to conaidor Q4 11.8 a switohins ~plif1er biased by CR5. R15 

eneurea that ClR5 is fonard-biased throlJ8hout the entire ~1Iitohins cyole . 

The output trom Q4 ia a well_l haped l 00_ko/a .~uare 1I~ve , 

nppro:r i t'.a.tely 6 volte peak to paille: , .niGh 18 eOllp l ed, via the .~ .. 1 WItt , 

to the Decade Fr8quency Divider Un i h IN, /, an<l rNl /2 (aee Plate 2) . 

3.2. Synchronisation COQp?~tor Unit SAl (Plat e 4) 

The Synchronill:J. tion Compa:ro.tO? Unit SAl containe tlO separate 

e ire~its ~hich perform the followins !unotions ' 

(1) The output aignala from Dec~de Fre~uency Divider Units 

DV, / , and DV1/2 are cc~pared and their aynenron1oation 

condition indicat ed. by a neon lndicato~ ~unted en the 

• 
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front panel of the NCDe. 

(2) If the signals are not synch:roni~"d. fac ilit ies a.re 

provided to resynchroniso them . 

Genoml Doccriptioll of Ooomtion. A Simplified diag= 

(Figure 1) illustrates the operation of the unit . 

ImerNptod FREO. Urn. ~ l00~o!. 
DIV IDER 

""lflIlflr 1oo'ois ~ DVUI 
CRYSTAL CO =. 

UNIT 

'~ " 
FREQ. 

r--< .' 
DIVIDER 

I J.--
DVl 12 

IChock ooi.) 

! 
I 

, 
I 

dlO=- r?}j~ : .,)'( tV) .7 \.' 'S: Q lflr1[1OOc/O ; 
Adv"""" 

, 

~. 0+ .~\-~ tnrlfiOOc/. 
Q4 Q8 

S.N5!L"IIOICATOR 
5VNCH COMPARATOR UNI T R:/:l R22 

,~ ~. 

Fimge 1 

Under normal opernt i ng conditione the lOO-Kc/s Eienal from the 

oscillator passes through CR6 to the input circuits of DVtjl and DV1!2. 

The output Qignalc fro~ DVl jl a.nd DVI/2 are each 100 p.p.s. The nVl/1 

output i s o~~ected t o the base of Q6 _ and also to the input~ of DV)/l , 

DV3/2, and SA4 (see Plate 2). The output froll\ check unit TJfl/2 i s 

connected to tha base oi' 'Cr. iOj5 «nd Q1 a.re i n a. NAND gate circuit, 

which only pa9ses current wh~n si~ultaneous negative pulBeS are applied 

to both base". 

The oolleotor of Q6 i s connected to the base of qa 80 that 

when ~ and q1 are conducting, QS is cut off. The collector of qa is 

a.t -90 volts under th~se conditions because of the negligible voltage 

drop acroSs R2t. As the SINGH neon indicator i s also connected to the 

QS collector, via R22, it will be struck. 

When Q6 and q1 are" not condUcting, Q8 is switched on, the 

potenti~l at tho collector is reduced to a. few volts by the drop a.oross 
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R21 , and the neon indieat or is o.ff. 

l:(' thE! Ol,ltlluts fro. DV1/1 iUl4 DV1/2 are ~ynchron1Bed t he STNIJI 

indJ.o",tor "ill be oper (l.t ed 100 tiWlS per second, . hich appear .. as a 

continuOUB glow. I f t he divider uni t e a~ not synohronised the indicator 

wi l l ~tri~e only wbon OCe&aional put we, COincide. If the osoillator 

circuit fa ilo , QS 18 ... ached ort and tbe 1::1111<::;)\or g l ow8 !11th a:l 

intensUy brl.gb t er tban noX'l:lill. 

1'Iben it 10 requll'<1d to restor e 'YIlchl"Ollisat l <ln a /Qal:lentary 

ope~~t ion of either the ADVANCE or RETARD •• itch produce .. In ei ther qJ 

or Q4 a trigger pulse to operat e a mono~table ~ult ivibrat or (Ql and Q2). 
The ollt put from the zono&table cultivibrat or SlOitches Q5 on and Q,5 

blOCks the OSCillator signal from t he di vide r units f or the 14_m111isecond 

Q.wt.81_ ~ta.ble p<>d od of the monOOlt.able _lUv1!m.to~ . " The divider c.in:u:ita 

r elax to a stable oond1tl .m ::I.'ld bo th lII'Iita are triggered s ilNltaneously 

by t he first s4:Ml pulse arter the inte=pUo,n. Provided t ilat tllli .. 

frEHluency- d:ivi sion ratioa aro:. i do:.nt.1ea l, W I!l ILIld DVl/2 ou t puts will 

t hen be eynch:mni$ed , 

As a tri&~er pul~e f or the mono$table multi vibrator (~1 and~ ) 

to initiated by the Nlea:;e <U" eitho»" the ADVANCE or HR!'Atln II_Hell the 

d1viderE are synchror.i ,ed a uto .... tically _hen elock c:or .... et iO''1s a re .::..'l.de . 

;f:et nil .. d Duor1ption or ()pemt1on. 1fith ""[""'110' to Plate 4 

Ql ll.nd Q:2 are in a. lIIono~t ..::t>le lIlult ivth.roto-.: circuit (e"" Appendix 1) 

wh i<::11 can be t rie:&<::red by a positive pulse from either Q) via C2 or 

f rom Q4 vis C3 . The qual i-atable pRriod of the ~n09t .. ble mul t i vl h-.:ator 

i t de t ermined by t he time oonstant of Cl and H2. Diode CR) and R) have 

been lncor,lorat ed to isolate the colleot or of Q2 f1"OOl C'1 when t ht 

::Iono:;tab1e mul t ivlhrator, havins been tr1gg9ret , i s ret urning to a 

~tahle cond:itilX'l. l'Jhil s Cl i 6 :recover1n.!! t:rom diech=-l!e . CII) i s 

revo:.r~e-biased . Therlli'to re since Q2 i s cut , of f , its collcoto:r;' C8..'1 

~pidly go to -6 volto ~ithout being affect ed ~ t he potent i~ l on Cl , 

~hloh i5 char Sine t hrough R3 . Con~equantly the fall-t i me ot the 

~nosta~le ~t1vlb~tor output vulse i s very rapid, _hich al lows t he 

Q5 cin:uit to which it iB connected to be C\lt of f SM-,: .. ly. 

The collector or Q2 is e onnC!eteli to tlIe base of Q5, Q5 11.1 

normal ly cut of! but It r.ondUcts f or the quasi-stable por led of the 

manostable multivibrntor. The emitte~ of Q5 is connected to the diode 

CR6, ~hich is in t he l 00_Kc/s signal lino , When Q5 conducts , CR6 i s 

r everse_biased, t he 1 00-K~/~ signal ie blocked , and tile divider circuits 

relu to t heir .. t able conditilX'l . The oynchron.1sat ion is res t ored _hen the 



0llc111:1.t or sien:ll i s "..:,<1 ,., :lp"Ued to the di vide ·,. ""it i n!;lIt3 . 

Po:>l tive-eoinc vol l~& ~o tr1~~ the ~~&~ahl~ molt1vibrutor 

orc orIginate d :>os fnll","'" 

III j;; nO l~ • .lly- bio.ood by volt""., divi der Rl~ -fl1 5 . fi14 ill 

~onnoded to tho! _6 volt cupply through t h" norr,..dly_~do 

~onb~t3 of th o:> AD'/ANCE i:,"it~h . \(hon thin ~"Itoh l~ oj'l6I';.t a <i 

t ha supply io diacom\&ote~, Q3 1s cu t off , and it~ collOot c~ 

goes to -6 volte. 1'''' llo tl\e: s1l i1.~h i3 ""lea.eod , QJ 3&l1ln 

cond""t3 , tb .. collector goeD positive , ;ua:l the po~1ti·te c~.anell 

t hrough C2 t rlagcrs t,h" :iOono:;tallle II:'lltil·i1:>rator. 

is n o:=Uly fOl'Ward - bi o.lI!1d 'by !tI5 . When tt.o aert,fO m.ttch ! .. 

ol"':roted, - 6 volts io applied , vi..~ the ..... itch con\.act!l, to the 

baec of Q4, eut tins; Q4 of r , and the emittllr l'll t ential !lOIl~ to 

approxlIffl.tllq -5. 5 vo l t ~ . '.',blln the RE'r:lllD ~"1tQh 10 t'Oloo.~ed , 

Q4 conduct ~ , the " !:lI tter IlOO$ positive , lind t h¢ ~onO(jt!lbl '" 

".>lUi-vibrator is tr i .:;Bcl'ed via. C) . 

q6 0.00 'IT a", CO!ll'l",~ted I n a NAND gat e oil'Cuit ("ijll Appolldb:: 3) 

Le. ~"o lIi",ult.Ul"O~C netPt1vc pulr;os a re l"Oq~i""d t o vrod1.lClO l& po,;Hive 

QutPl,lt pul::o . Under no[''''o<l opotlr ... t ing C(lDditionc the oi.rcuit ,.,ill g,'l.te 

t ho pulll" .. only i f tho nasati1l(!' output" fru .. rm/l ar.d W Ill , '.Ijlplied to 

the baceo oI' Q6 and 'C7 . are eolncicQ.I'ltal. 

'l'he collect or of :l6 i n connt'ct"d t o ae b&:>e of~ . :'he Q,O 

eaitter is h eld by ~cnor CUods CR9 at -4 .1 vol t e . lt~ oollec~ o[' in 

c<.mnected to the j utlCt ioll of R2 1 ~d 0122 . -90 'fOltO cOl applied t e R21. 

ton,," R22 i. e connected to an lIE5 1 ueen S'atCH indica.t or cn th o frcilt r.anel . 

tha oth~[' ~ide of 'ilh t ch goes to. pc~itivc co"r~illI. 

During tha non_oonduo.t1!'IG pericd9 of ~ and Q7 , Q.8 is r<.>Z'I,am­
biace<.l . and the current thrclI.\gh Qa dropa t h e - 90 volts ae r ODD 1\21 to II 

roa vo l t~ . Ac tni ~ i s t ho potont i al ~pplilld to the n~l thro~ R22 the 

neon ~il1 not o9~J:'~~~ . 

',Then th" lUND &3t & eOll<iIlCt3 . Q8 is =';. off , the potllnt!::a.l at 

the eollllcto~. and thcroro~ appllee to t he X~l , i5 - 90 ~olts , and the 

1:'1dlc>~tor glows . 

The SYlICl! indiaator, thon, r:>Onitcro the s tate of synclwonisJ.tion 

of the two Fre~U8ncy nlvi~cr Unlt !l (~V l / 1 and ITif1/2). 
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3 . 3 . Decade FrogUOllCY DividC1' 1Jnite WIll and 1111/2 (P)'lto 5) 

"'he Deco.de F'1:"'I.uency Divi der Urlit9 DVI/' and DV I /2 ara identical 

and int erchanGeablo. Each ~it eoncle tB of a casoade of three monoatable 

multivlbratora ~hich reduces t he l 00_Ke/$ eignal from the or.cillntor in 

decade steps to 10-Ke!e. I _Kc/ s, and L':1Mlly 10 100 p . p . s. 'l'hc "ole 

r~tion of DV I/2 in to provide a check on tho operntion of DVljl . 

'l'be I OO-Kc/s "'lu:ll'C- 'J<lve ::igllfu rro,., the Oscillu.tor Unit (01) , 

via the Synclironi nr COlllp:1mtor Unit (5.11) , 1" applied to the emitter of 

Q?- throueh C4 . ~1 and Q2 opernte in a monostablc mul tivibtut Qr circuit 

(cee Appendix 1) with a quasi-Btablc period that Can be adjusted by RI8 

DO that t he ~nost3blo multivi brator i n tr1&gered by ovorl 10th input 

;rJlt;:e . 'l'!1e outpu~ of 10-Kc/s i s taken from the collector of Q2 through 

a conventional "M ittor-rol 1~er . Q3. to roducc the capacitive l~~d1qg or. 

the col l ector or Q2 and BO ~enren~c t he nono$table pulGe ral]- ti~e . Thi~ 

ill l\pplicd to the enitte-r of the ~ecol1.d mono~t"ble triucr 1llll t r::msbtor, 

Q.1 ,'lnt!. Q5 torm" cirmtit G i~illlr to that of the first IllOnoctablc 

oircuit exc"p\.. for: the "o<Ipon ent value:'! of tho time- const:lnt e:Lpo.oitor 

and =3ioto=. '!'he qua"i-ohble period of Q4 c nd :;,5 io ;'dj usted Qy iJ.19 

for M output frn(J.\lonoy of 1_Ke/" . 

T"e fil'lOl llonost"ble circuit. Q6 .. nd 0:/ , nonnlly diVide" t tl!! 

1_Kc/s cut put !rolll Q5 to 100 p . p . s . HO<lovGr. t he !r<,qucr>oy- (\1v1ni.on 

1':lt io ca.n b~ altered frclI 10,1 to eithe r 9: 1 or 11,1 by tho .IDVlll1CE ;In(\ 

H8I'ilRD 3",it chel! on tha front p"'I!! l thllreby l ncrea.Bine or dooro.. ... ~ifl€ ti,,, 
out.,ut frequency (3.11 4 C<Io....aqucnt ly the rr..t a of th .. clock-llIO l or 1n '1';)1 ) 

dur i"8, cloele: correctioos . 

Nhilot tho ADVAlICB 3!ld R;::r;,RD ~l\Jitch .. " are in l.'l!:ir nOnMl 

j~ult1ons - 6 volt~ 1~ ~?plied throuBb the normnlly-~de contacts of the 

ill:.'1'A RIl Sf/itch and CH5 to tJw junction of nll and R12 . Th1c , in affect , 

sh\lnts Rl l. Yohcn the P.l1il'AHD ,;,~itch ill opem t a rl the shunt 10 t'(!flKlvad and 

tho time-constant sov&rning t he ~uaBi - Qtablc period of tho monoct able 

~ltivibrator is 1 nc~~d o"ing to tho additio~l reslet4nce of Rl1. 

Because of L~lc tho DOnostabl e oircuit 18 stil l in ito q~si _ctabl .. 

state "hcn the 10th i llJ7Ut pulse 1:1 Il.pplled but ~ rc8~d a .()tablc 

condition bcfoxv the QPplleation ot t ho 11th pul~e . Hence tho 

fl'0'lu<mcy-division r at io i s a ltered to 11: 1 , a nd the output .('l'i!'lucncy 

radu.ce tl to 90. 9 p.pa . "'hib the lUJl'ARD r.IIHch is hold in . 

-
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'Ornen the AIJIIANCE sl'Ii"\.cn is op<:mted, -6 volt~ is applied through 

its nN",."lly_opoon cont:1ct~, v i3 CR4 and H2O, to the junction of R12 and 

E13. 'fhjs effective ly shunts Rl1 and R12; decreanec the quasi_stablo 

period; and changos the frequency-division ratio to 9,1, and the out-

put frequency to 11 1 . t p.p.s. while the ADVAUCE 8'1itch is held in. 

flith this f"cility the rF.to of the clock-motor can be altered 

as required to ~ko correcti ons to clock time. 

The output frcm Q7 is coupled to the load through anothor 

emitter-follower, QS. Ho elUit ter_follo"er cirouit lmc been included 

bet\-Jeen the ~eoond and th i r d mon05tallles, 33 it is :lot ('[>sonti"l nt the 

lo"'rcr frequencies for optJ.'lU::l perfo= nco. 

3.4. I1iskbl o hccruc:lCX Divider U"itG ilV1I1 and TNl/2 (n'lte G) 

The Bistable Prequcnqy Diviaer Uni t s DV3/1 and ~V3/2 :>rC 

jdentical unjtG "Ihich ('(l.c.1J j ive a 50-C/3 Gquam- -,'Iavo Ol<tput f:tom t,lC 

00=00 1 00-p . p.s. input fro M D'I'l/1. Each unit consi8t~ of" biGtCoble 

multivib=t ar, emitter-folloo; ers . and," push-pull pm_amplii'ier stage . 

'1.1 and Q.2 are cor..nected in a. bistable l:'l'ultiVib:tn;Lor circuit 

(~eo Appendix 2), which, at any given i nGtant , h"s one tr(l,n~istor 

conducting and tho otl:~ :o O\l t _ oU . 'l'his condition bi,,~o~ liodes CR) 

",,,d GR-j sa thd tha fi:tst posibive pulse applied to both G4 and C5 "Iill 

·oe "teered to t he h'13e af t to conduoting trJ.l1P,istor . This cutB t he 

cOl1ductins t:t,msi stor off and revarses tho 1Jiun conditions of em) WId 

GJ4. Tne resultant autputs from the coll·gct or3 of 'il 'nd Q2 are 

Bqmre- " aves, 1&0
0 

out of :r:<lB.SO, "hich!lore one-half of the frequency of 

the i.nput pulse;;. 

The 50-c/s sq\Ulre-wave outputs are applied to t he ba~es of 

emit t er- followers, Q,7 and '1.8. Tho outputs f:to:1 the cnit tc:t- follo\ie:ts 

"':te capacitively coupled to the;, b"cc~ of Q3 <md 1'5, so that in tho cvont 

of a failure of dr"lve voltage the po·oer amplifie r ·;=nsisto :t~ ";Iill be 

cut off thus baine prevcnted from being ~od. 

'l'he pre-a",plifier consists of t"o fud i ngton-c6nnect"d COllrlon­

emitter CirCl<itll , QJ and Q4 and Q5 a.nd ~6 , in push-pull. In these 

circuit ~, Q4 =<1 Q6 fo= the muittc:t ~o.ctd l'cporitl_'10es fo:t Q3 and Q5. 

The ci:tcuits have high input i<1pec:b."ce~ "hich do not affect the 

ooupling tino-con~tant~ and therefore the w~vefo:t~~ of tho bistable 

nultivibrator. 
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Diodes CR7 and CRB prevent falBo t riggering of t he bistabl e 

mul tivibl"ott(lr by a!1¥ volt:leo spikes developed on the aquare-""ves. 

The output vol~ f rom !lV3/1 drive~ rower A .... Ufie r AMI . 

lW3/'2 provide& a =l~-ga.tiD8 signal for the LigM - 8'lte Unit SA'2 

and the drive vcl~e for Powe r Aupli f l or AM2. 

3.5. Tl~e Ccmoarato r Unit SA1 (PIntes 1 & 5) 

The tilClC erro r ill the NCll2 C8.1! be a,occrtnined by eOlO;nrine doc:: 

tine .. ith atandard mdio timo-signah. 'l'hi>:l t o a.ccolllplisl,,:-d in ho phn~e.::: 

(1) IIy vimul obnc ....ation of t he h3nds on the dial" of t he 

Time Dloplny Uni t (TD1 ) when a l_minuto t l~-"ignal i~ 

receive d . hoI' t!li s n ooml",riBon to r. H h1n 1 "econd i" 

obt" ined. 

(2 ) Dy r!ensu:r<."Ilf!nt of the interv:l.I bet " .... :} I_second radio 

p".llse" n.r.d nCD2 I- liecond ~la.y-drivc ;r.ucell . 'J'his 

provideo a oompariaon to one-h~dredth of R second 

(: 10 milli sooonds). 

?ro~ a co~binntion of bot h , t ho clo~~ error oan be obeervcd 

to t lte Il83.MSt one- Itum!rod.th of a " .. ccnd . 

'l'he function of the '1'i!lle Compamtor Unit, in conjunc t ion ,,1th 

1t~ armoci u.t ed circuit <.l . il) t o perfor:l tile lI""ood part of \ "i" opcretlor. . 

If there i <.l any olock error - c part from whole seconds - there 

are bl" time 1ntervnlc th:!.t can be .um.:urod: 

(1) The interval ( t 1 cilli aecondB) bct veer. the drive- pul EO 

for t he l-a.ccond crela,y &nd the =rival o! t he next 

l - tleccnd radio p-~l 00. ,mil. 

(2) The inte·~l (t2 milli seoonds) bct~een :J. radio pul~e O-~ d 

the fol l owine relay_drive pulse. 

Eit.he r interval OWl be roenau...""Od , lhe selectiM being controlled 

by tholl" poEi t ion of t.he FAST_SLOW cl1a.'1l:a-over .... t t.ch on tho fro.'lt pnnol. 

I t ic lherefo~ eEscntlel tha t the procedure outlined in Section 4 be 

strictly 1'ollo"~d . 

To ~a~uro 'intorv:l.I t1 thc chanae-over sni t ch o.p!l lieG a r"la,y 

pulse to Ql on the "5tarl~ lino and a rndio U"",-sigr..al pul,,,, to Q3 vin 

the ~Stop" line. To _sure interval t2 the c on.'lectione In ... revenmd. 

I'ul<.lo<.l fJ'01l! tho output or DY1/1 are g:\ted throueh SA.4 to t he in:;mt ot 

DV2/' 1'oJ: the interval ot t ime ""locted by t hD c!muse_over Bdtoh. 
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QI and Q2 IlJld Q3 and CW are· co." "le(lt ::.! 1:'1 ~"o bia~t>l. lulU­

v1hrntQ r circuits (Bee Appendix 2). Ttle esitt .. "" <>i' '::/,1 a.r. d '::1.4 .'IN 

biaued by the -4. 5 vol t& pot enti a l seen a t t he j"-~~t i~ of R6 an~ R9 . 

The emitters of Q2 Illl~ QJ an oonnec t ed. t o thi~ M ae through tl pa. i r 

of no~11y ·mado coo t a eta of t he R8SET o~itch on th~ fron t ~nel . 

J'l.efore gat ine: can be c ot'lMlnced the Circuit::; nUl'lt be ole~red by opo-rat i on 

of t he RESl:.'l' m'lit ch . ThiD rel'llOV9D the bias f r om Q;' and Q,l , therefore 

Ql 'I.lId Q4 be<x>"", t h e c<>ndw:till6 tf'll.l'\£1atQ= in t he bi stable ci::'Ollita . 

Q4 a1:l1telle" Q5 00 , ""ich 1n turn IIhorts cut Q6 . 

A ;>ositi.ve pu.13c on t ho '·Sta.rt" lin.., s-.rite.'u·:: Ql ott. IlJ:d 

Q2 conduct G. The collec t or of Q2 18 connec~eC to th .. !:Ja:;e of ~ I.>y 

C5 II.!ld CR). so Q4 b then !l'l>1tch~d off . 'l'b i " t l'.rt1e Q5 off, I'OJ:Oving 

t he Gtlort fo:m QIl . IOO- p . p, fI p\Uae~ fro::> !lVl/1 on t he bIl.se ot ~ e:m no. · 

Dop!lE'r..r on the emiU"r , "hi oh it:; conlleQtcd t o the illI'ut of D'I2/'. 

['"hes f ro" nVl / 1 \'Iill CQntinUll to 00 g>l. t /!d throuah Q6 unt il 

(1 poeitive p"he on t he "St op" line ~,.' itche9 (D off "'1<1 ~ ilnd Qi Qn, 

a,g.'l. i. n Ilppl yine " 5hort on 't6. 
Since the pu1 ~ez f r <.lll DVl/1 (1::"8 QlIe- huad:redth of (1 ceeond 

lLpIlr.. t be n=ber of pul.c:ec g:1ted o.ro " ClC:J.&ure of t!ie timo 1ntc~1 t 1, 

QX t
2

, "Mellower has boen $Q\ cct a.i 1)of U.s FAST- SUlt"I Q/lan,:e-over s:.t!tcl: . 

Tho ;nU.WII an" countnd an:! dh"l<l.:le<l ir. lIu1JII"G.".mt circlui t " (!:Ice 

Se<:t1Ql1 ) . 9) . 

Q1 and Qfl are i Il a lllooostable circuit ( "eo Allp¢!'\dix 1 ) , I>hich 

13 triCl.w r ed by rnclio-thlO siSn:l.1. puhe~ . The m<~l(l ~ta1.>le O\ltllut pulse 

10 connect ed t o t he FAS'i'- Sr.o~ .. change- over s,", itch , a .'ld to Ii, t=~ C.r:e r 

oi 1'O\.\it i" t he PP4 unl t , '"hieh oJlel.'~t e~ n nCOlI ·, i a M eator on the 'i'ir:e 

Disp~y Un i t. The ~c&cript ion a nd QpGration3 of these !~'l.tarez (l~ 

C;C' llt .. ith in their "-PJlropriat& D(!(:tiO'''; . 

) . 6 . PO'<O"r mIlliner Units AWl . AlI2 . and All} (Pla t e:: 9.10 . & 11) 

'l'he ci nruit debile: and. princ ipl es of ope:catiQn fQr e:1ch 

PQl'Ier h:plifier Unit axe m Jl i <;t\Uy t iKI =. t l:c .C!. i. r. dJ.!foronecs 

bo ine thc Qampcnente select Qd tQ Quit t he req~:ro~nts Qf oach 

individual unit . 

All1 ,'''oviwm tho 46- volt ;l . C. drive f a'\: t h .. 2:rnchrollou~ 

olook li\otor i n the 'ri"lC Diop iay Un I t (rm). 

AM2 :pr ovide o the dri" B volta,ee :requi red by AM) . 



lL'fj i ll the n.c . FO"cr il.."lpl!f1er . I t is cp.jnble of :J. )O-Wo.t t 

output of 240 volts r.I:!. 5. ,)O-c/£ ... . C. for delivery to (I;..-\cm3l land!; . 

Am i ~ "P"r:>t e d !'rOll ~9-volt P.Gglllzt"" SUi'.!'),\' (1'1'2), :m6. 

All2 r.nd Aid) f r om t he ~ 10 _volt Regulo.tGd !>1l11i'Y (l'F) ) . 

J;}~c h circuit c onsi~t'l el\oenar.>.lly o f b'/O power tr ... nci Btore in 

a C01I:lllQn- o:n1tter, push_pul l contjguxat ion , " ith t:ro rmtorcel" out .,\\t 10(16.-

I n A!.l1 = d ~, aillcotl 1!.lodc CR1, conn~ct"d het"ecn the JlOlror 

tr:l.nn1$t or e",f:t ters 1illO. jlOsitive ~on ... n~=S that t~.e t=::.i llt o.t'& 'lro:! 

eftcct i.ely ~t oft ~h~~ positive hol! cycle:; ~ applie~ to t heir 

baa:&II . 

~~c 3- watt. l _ c~ ra6illt orJ , i n ~rieB wi t h t h e o~t r."t leads 

cf t he Al!2 tm.n~fo"""'r "econdal"'J 1l'l nd1ns , linH the rose cUr::'&(lt of the 

AM) po~er ~ ransi:;to r s . 

,\ Voltage-Dependent Rc~lfltor (Vllll) , R1, is conner.teu SCrollS 

th~ l',ril:lli. ry "indine of e<l.ch t I'3ll~formo:t: to ~upl'res s volt ,'<Jo op:lkcll . A 

flIrtb<'! :r:' p:N!C(l,ut ion i n M.!) to ;aoevent 9jli!:03 fro " l'<l.diat i!1i 10 tho 

11lo1uulon of lllc 1,07'!' o:lp.1oi t or :l.C ro~n t he 3uPilly . 

'l'tt" Vn:J. ae:rol:;O the :»eo~~17 en. AJ.I) furthor =dllcco 01'1keB 

fro:R t hlG unit a:,d a l s o prt'Ycnta the out.,ut voltag~ rta1:lg cxeosciv~ly 

0:) no load . 

A 6~8ine l ine :r~ t he _'O_.ol t Rcs~tor Unit (Pr) to A.~) 

enables the reGul ating ci rcuit to co~pcnsate for voltage ohaneeo that 

o(loI.u' at the point of =:i.r'.1l.'lI ourrent drain . Volta!!" ch:\ll<leo C!uc to 

Ill:otl th r nUBh the re8i8t::.n~'" of t na i nt r.t"Conncdin,g wiring al"l! thUB 1. ... l:on 

into a ccount . 

) . 7 . Ti t)<) :li splay Unit r.n,\ I.1c.ht_Co.to Gcnorntor T!l1 (Phtes 1 2 _~_.lJ) 

·fh., 4B- ~·0 I t 50~ c/,., :'JqU1 rn! _\'I;l.·;'<l f :ron 411 i~ ;Olseed throueh :m 

LC fU t",>;" Lhe sine_"a'" '' out?U~ of ... !lich is applio:i to th" " indinsc of 

a 2')O- r . I' . " . l:;l"ncl-.:o"= ootc.r ori t h tl 25 : 6. reductio" g08.rilo>c . The 

l_r .p.a. M:ut of t l'. ; " 8,e3 rbl1r 111 ceupled to n. ::-eduction ecar-tmln . 

i!); t und1ne. t h=U."ft t 'l l!' fr.Y.! t lind back 1>l:l.tC'!l of t;-,,, G<"U'~t.,..,t/'l ". T8 
IIlmft 'l that r<>vclw, ,, ~ t he r .l t o3 of 1 r.p.s, I r . jl . " , I r. p h . (1,1\1 

I N V, per 24 hourn . 

H:md!l atb.C)w,1 to ille f::-ont oxtension<; ,)'fleep OV(l~' On6l":lVod 

di"l~ provl. (l.1ll8 t he time di ~I' lllil" 



• 
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Each rOa r extension has a s lot t e d disc fitted to it . Four 6~~11 

bracket assemblie~ ~hich ea ch hold an OC.~l pho t o- tranoistor and a 

miniature 6-volt l~p __ seleoted for its l ong f ilament life ~ting _ are 

mount ed on tho back-plate so that the disc s arc i n terposed betweon tho 

OCP719 and their operatinB light Bources. Light can only operate a.~ 

0CP71 ~hen the slot in a dioc is in l~ne ~ith a lamp . The 24-hour 

di so has f our s lots , eaoh 90° a~ , and each other disc has a single 

s l ot , so that t he OCP7 1E are operat ed each second, mi nute , hour, a nd 

s i x hours. The ,nota-transistor oollect ors are oonnacted t o t hcir 

respoctiv<l c iroui t s in -the SA2 unit. NegatiV<l t emperat ure coefficient 

(n . t.o. ) reEistQl'!l "re U3CC. i'l collector and basa ch'Cuits t(J u-.;.1n tal n 

stability of phot o-t.r;msl stor triggering through a "' ide ranee of 

tempera t ure variations (30e Pl ate 13). 

-Ilhon the NeD2 is first i nsta11od, or if a large corrc_ction 

to the clock is ever necas9ary , t his oa n be made ~echanically . A 

"one-way" c lut ch i ~ f itted to the S8COliD hand, which p<Jrrnits the h" nd 

to be moved rapidly i n a cloc~iso di r eotion using the detachable .inder 

supplied. A spocial holde r for t he detachable ~inder iG l ocated in t~e 

bot tom l eft - hand corne r of thc TD1 lL'li t . ~'or det.'lils of use sea 

Scction 4. 
j, 601a11 neon blflP mounted behind the Mll.J,I SECOKffi dial 1" 

vioible t hro11€h a sooll lIperture j ust b('lo. t hE> "0" mark. It is 

operated onoe ?Cr second from Indio time signals, via t he SA4 unit , ,,"~d 

is usod to a djust the ro.dio signal level f'Jr optinnw oper.9. tion of -:;ho 

rN2 ren.dout unit:>. It can a lso be u~ed t o c;.,eck the positio n of the 

ldILLISB;Co:mS 3weep h"'_'ld ro l o.tive to ~"ro ;-,hen the =dio s econds Gigr.1l.1~ 

occur . 

3.3. Ligh-t - ""de .'tEd :oonv,;h,1>L' " ,_re ,-i -:''!.L; ;_'Hl ",_".ins "cl"Y':t._~~'L:l"d SA3 

(Plr:tes 13 , 14, & 15 ) 

Desil>" C(l.'lS ilieratioml made it iLup=dic"bla to incorporate 

the entir~ tlme-m".rking syste::L on t h (' one plug-in un;it . The cystem is 

oompri~c;d of' 

(a) the photo-tran~ietcrs (l..'ld t h eir light s ourccs and the 

n.t.c. resistors in t heir ba~e circuits , ,-,hioh un:: r.lOlmied 

Oi1 t he TD1Unit; 

(b ) The U ght _go.te circ uitc ",,,,d i- 3Gcond monostc.bls 

Eount<'d on the SA2 card; a.nd 
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(c) t ho '-minut,. a nd 1-houl' monostable "ircuih , s nd t he th:::-~e 

t1~ine rel~8 on tho SA} car d . 

A block diaeram of tho complete tl~-carki~ Dyotom 1 ~ 

ptts~nted in Plnte 15 . Fl"01Il thifl the aQ<'l.u~nce of opt!ratlQu can be 

seen as fQllow8; 

GQtc A is " tWill sate; 

Gates S, C, an d. Dare AI{!) 6\tes (s"" Appetl:1i x )). 

A 50- c/o SQUtl.re -~ave i o a pplied continuous l y to cot e D. The 

H&ht - l>uhc fmm tho 1 - ~ cco"<i P!loto-trMa-istor is :, l ao rlppliad to thi9 

gate , The l i s ht - pul.!)<l cannot trigger thQ 1 - ~fX)ond r..o:lo3h.blo oircuit 

until it coino1doa .. l lh the leadlns ~<lg ... of a po~it1v" lL'llf-cyolc of 

~ . o ., ~or enn the 50-c/~ ~~ltive sto~o net a s trigsc r pul ses ~til 

the l - Eeo~~d l ight pulBe provide~ a gatl~ condi t i on . 

Sl t'1l1r'l'ly the I- OI i nu te monQ3table circuit io only h v-4l€ered 

by an out,ut f r om gat e C "hon pUloes from t h e l-rninute light-e," t" 

generator n..'ld th e: I _!leC(lnd r c lay e i roul t coincide . Further 1 t i s 

eaaentiol for ~ puls(l frQn tbe l - ~iaute ~lay cir ouit ~d t ho 1- hour 

l ight -gate e eneratQr to coi acide to Qpe~ta the l _hour ~'lostablc 

circuit thl'()u,sh 6~te B. 

CQn:).equtntly ",-,ell rel ay e1Qso&, f~s:;>ective Qf mi ner '1ariaticn:; 

of the light puls e tri{'.l!cri ns tiC03 , pl'ecls&ly at t he 'oeginninll of a 

second . 

Th e d=tlon of e!l.ch relay elo~ure i9 detBr.'\1ned by th(.' tir ... _ 

oonnt Sl<lt s of ltc <l88ociatcd raonQst3.blo oircuit , 

Tho Qutputs [roD t~e 1_hour 3.'ld 6-hour light -gatQ gene:tators 

(1.1'<1 ap~1il!d tQ tbc HAiID gat\! A. '!'bit provid"n ru:I QI.'tput "ulao ~~ce 

every 6 houra, 1I'hi~h f" t-:.ken t o 6~te C, preventi!l8 t.'!o ope~tia." of 1-

mi nu t e Iilld 1.,holU· rol,..y s . 'The l:03~ultnn t H1Iw- nark ooUeslona ? rovide 

identificatlQ:l of ove ry s i xth hour orl [)ci~'"lc :rocordj,n.go. 

Plnte I} 19 a cirouit di agr.1m of the SA2 Unit . Tho co~ponents 

sbe .. n ,..ithin t he dQtteo blocks are raounhd on the TD1 Uni t , 

Cens ldc ri.:l8 n=t.ly tbo l_ :seoond c1 =llit, t he c urrent th= .... '>h 

~1 0 unde~ r.orc31 (~~) condit1on~ i~ ne81igible ~ thClTe: fore Ql l ~eine 

ro~ard-binaBd by RIB i& ~cnductin6 , tho supply potent ial i t dropped 

th rough R19 , and t ho 50-cIs slS~~ls ~ppllod to the bsao of QI2 are 

ineffective . 
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A light-beam falling on Q10 through th~ olot l cd I_r.p .s. di~c 

i n the Time Display Uni t once e~ch sGcond causCO a positive c)~ge to 

appear at the base of Q11 and a corresponding negative chanee at the 

Q.11 collector. 

As the nonos table oir cuit Q1) and QI4 requires a positive 

trigger this change does not ai'fect the monostable ci r cuit . It does, 

hewcver, apply the full supply potential across Q12, thus allo'Ning 

the first positivG half-cycle of a. .c. on t he ba~e of Q12 t o trigger t he 

I-second monostab l e circuit through C4. 
In tho 1-m:inll"~ circt'it, Q9 i s ,,""ducting until 0. light I':.U"G 

0::1 Q.8 cut" it off. \'/hUe it io conductIne, pooit i ve pul ses frur.. t he 

1_secnnd rehy circuit , via CTI9 (Plate 14), are shunted by Q9 . ;,";hcn 

Q9 iB cut off tIw I-s(;cmld pulse oC(!ll.r.>ring durbg t he cut-off period 

triggers the I-minute monostable c ircuit , Q4 and Q5 . 

In the 1-hour circuit, Q6 and Q7, nOrlll3.11y forward_biased by 

R7 and RIO rGspectively , a rc cut eff ·.,hen Q5 ie lie;ht-pul ned. Di odes CI14 

emd CR6 i solat e t he bases of ct6 ruld Q.7 fr<Jm eceeh oth"r, prcv(mt i.ng an;t 

interao-t,ian . Q7 in SA2 and CR7 i n SA) operata in thc sam'., manne r as ;'9 

in SA2 and CR9 in SA) described a:'ove . 'l'hi s pr<Jvides " t rigeer for be 

1-hcur r.:cnosiabl" ciroui ts froJ:! t he t -rlinuh, nmno3to.b l e ci:L:cuit 0..'11:; 

'''hen Q5 is light- pulsod. 

Hourly nega t ive pulses fror.: the cQllGeto~' of C<:6 arc u i''plil)d 

to~hc ho.s<c of QJ. Six-hourly light_pulses h'o>l Ql d.evelep 3. n8gaU"e 

pul :>" on the oelleetor of Q2 , "hiah ic applied to the base of Q4 . QJ 

and '» are connected i n a !lAND Gata ai r cuit . ;30 a :;>oci"tive pulse "l'1>c'.:,r~ 

on the collector cf Q3 every 6 hours. This positive po t ontial maintains 

CR3 fo rward-biased and ccnsequent ly CR9 in SA3 is reverse_biased, thus 

thc I-minute IlIOnostablc c i=uit cIl.nnot be triggered . Wit h '10 1_minute 

pulse to /lat e the l _hour Jilonostabl B circuit, naither relay operates 

under these condit i ons and the six hourly amissi o'1s are effected. 

The 1-lIinut" a n d. 1-hoUl' .'>Onosta ble circuits on the SA) card 

(see Phte 14 ) ':1''' similar tc th~ I _minute c ircll1.t , the o"ly differe"ce 

being the c omponent valuQs governing the quaSi-stable period of each 

oircu1 t. 

The emitter-follewer and ral<.l.Y circuits ,o.re t he sm"e a. s the 

1- second emitter-follo~ar and relay. 



\ pulse dovelo:x'd ~" ro;..s l(1 ~ , ti~;.IOl C'.1::l, I.] th~' l -licoond 

monos\:. ... bl ... circuit. i:: (l..'I1_ : 8!l to the F,1S1_::;J.CU :.-,li:c.:, OJ1 t..'1(: tront. 

~"l tOJ jl-'"'Ovid .. t .."lle yu l <;¢ r.tlQ.uLN.J. ;7ox tiIW C=f.(l.'''i~<>n~ (:Ie;; Seol.1,,<1 ) . 5) . 

"llAKE" :l.n'\ "IlTtAX" contactc on th e l-"""ond ~l ' IY ~.nd "I:1AKZ!" 

cc<,l .• ctn on the l - ",w\lto (Wd I-hour 1'~.la.;tC ""., rJi.red to 11 60ck" t 00 tho 

front pu.'"]"l for conn .. d i Oll ~(j <.lx til.l."Jal drcuHs, as !."G'lui,rc<! . 

3.~. Da"",d" F\'equenq llivi<!el' '~lld Hp",loullkter Uni t u D'I2/ 1 MIl I1T2/2 

(?l"t <:oo 16 & 17) 

'1'he D.ca.& t"requenoy Divider o lrn/l "->Jd rA'2/2 1I.r<: i dent I e.,l 

unit3. 'i'he l00_p. p . s sigl13!. l}:Itcd t hrou,sh {f, of t he TiIllG CoI!ipo.r:l.tor 

Unit SA4 (Gea Sactioo ) . 5) ~ ~pplIQd to the in?ut of OV2/1. EUeb teeth 

pl.lllrC! produces Il.Il output pubo f1."o!:l rN2/1, ... hi~1 i)OCll to 1-"e Input of 

TN2/2 . As the tuo Dec;.de Fn'lll&ncy II1videnl are eonnacte d in enneade 

100 Input. pulses a.~ requi red !O~ one ~ountine cycle , 1 . 9 . Qne oomplete 

count OCCUr""; oach cee~nJ. I f tha ,1o.t() 1n SJ.4 i3 :<hut of! I)sl"o,\"f!' one 

O1ho1." second has o l,,"~od. til !! oo..>J<l.itlon of t he bistable cil.'CUit3 in 

oaoh divider un~;' c.t th",t 1llo~nt ir. ',,,di=t~i by t he roe>dlns ot He 

anoc1at a d Ilot er on tne tl'l'>:.t panal. 

F.l,I.Ch :JV2 ",lit oo.",,:;1oto of Q.l and Q2 ; QJ "lid Q4; q:,:llld '<6 ; 
a.1d ':t7 a..-.d ~ oooneot lld 'us b13t.ab l" tJultiv::ibrator3 (ceQ Appendix 2) . 

'i'ho t.em stat" of the cCWlter oceur!: .ith ~ . ~. ~, and Q6 oonduct i1l{; . 

Th l o i~ obtained by moment o. ri l y breaking the &mi ttel' circuite of 

QI , QJ . 'li , alld Q1 \lith the RES!!!!' IUcrOIlW1tch . The fir.:t thrH B~<lG 

a rc o.oupi cd a~ binary ~ealere givine a division ratio of 23 ~ 6 , 

Diodoc C!>2 C:rld eRA "n:l redatoi' R3 , in ci"feet, form a neaaUve AlrD 

gato (ue" APlX' tldi::< 3), .. hich :pomitc transnlssion of :pulo(!o hom the 

(t r 3t hht able ci=u1t to t he cecond, providing Q.7 i~ oft . On tha 

c i Cllth pul oo , Q1 is tunted on by a. PGHitive ;>Ulse fro", ~ vin. Cll>, 

ar.d the tenth pul oo, ,hlec .ould othcL'\' i !le tl'igger the ~econc! :'lWft;c , 1~ 

:10' unable t o do so. Hewever , 1n thl!! cond.i'I. iOll tbe f ourth $t~ hi 

receptive to II trigger J).u~e tro::l Q2 . via C15, ;iliich oeour:; when Q.2 it 

tame d on by the ten t h puJov, a.1d i t t.':Ien triggered back to ita 1Jlitial 

""Ilo . 'l'Iie ~equenc .. i s beat illl1lltmt<i!d by the table on lJIe deellde 

COWltO:r block dhgr;m (see HOlta 17 ) In Ylhi ch 1 deOlotc~ the ON nta t c of 

II tran~1~t o:r and 0 t.he C,'l' atc.h. Koto that the:::..:, if, one pooit1ve 

puIS!) out. f or every tell 1n, !I 



ponH lv" pul se (0" 1Jn..'"'e :>ocu.xoo.t.c ly !'rl.ep) I: .. ir'-t: i rrl icat"d by n cha.."Il::e t"ro. 

o to 1 ..,heo :rending v"nlo;:.\ U y dO"A t1:u outpu ~ eol""'ll, !'roll tll13 it 1" 

o.j)p;1n.ut that there 'U'" ten dHfenmt c"lIhinaticlls 01" th" histnble au and 

OJ'}' stRte~ , each ot" .. hich corNlDp:mdG t o all i nput pulse b et~o\:r: 0 :Op 9 , 

'I'h oo~ ar<! determined by v,<.riouo oo~b1n:1tiono ot" 011 =d OFF outputn of th~ 

!O1,l,1' b1~h.bl" eircuit a . 

If weights 1 , 2 , 4, and 6 are as~ign"d t o blGto.ble o iro~lt3 1 

to 4 ro~peotively . tlte 61W of t he "'eieh~8 f or biolabl .. oircui ts i n t:te 

o (OFf) state i s "qual t o the n~ber or pulsc~ oc~ted by t ho circuit j 

e.g . alter tee seveo:h i nput pulae, btst a ble ci~uits 1, 2 , ~nd 3 are 

o ( OFF) ; ti:c 0= or tho aei&Ms nseie:nad t o t."e:.~ bi:;tflblc cirel:1ts 

1e 1 ~ 2 ~ 4 w 7. 
For sem:1- 311s10ilu .. Ol.lt p~t t o a lOO t "r or ""corde::-, it 1~ onl1' 

nllces""I'Y to arrange fer bl~tnbl" ,,1 ro1,l,its 1 to 4 to provide C\U'r<:mt3 

i n the ratio 1 : 2 :4 :8 tht'OU6h tho lOOter Or rocoriiel' wh en i n the 0 (OW) 

etat a , =d zero curren t ""en in tho 1 (ON) sta.t ... Thi. io a.ch i oved by 

connec tino: :resistors R)6 , R) 7 , 1!.3(1, and R)9 trith value" in th" Lulio 

" ~ l hl/8 to the 01,l,tput c of biutable Circuits f to 4 recpcct iV9!Y. Th .. 
current c in t hese ",slators arc aWll!led i n a. commo:t H ne ... hich ls 

connected to the ileadout !loote r nepU"" ~cn;i&a.l ; ~h" ,"oe1 Uve t o= ::"'-.al 

be1ne connected to l;ha .... il l e r - 4. 5 "ol t :rupply . 

'!'be cQlmt i n TN2/2 Is s tllPJ'ed en by e.:lCh ~en~h pulse , and in 

DV2/1 b:f each ~inEle puIae. Ao the p~lse~ occur ea.ch 10 m111i30co~dz , 

the combination of lhe meter :'e3.dine ~ 1[]d1cate~ the fre.ctl o!! of a. socond 

to the ne!l.re3t 10 !1.Illhl/:>con,l'l . 

3 . 10. _6 Yolt and -9 Volt Reogu\."t~c\ PO'OIer Supply Units ~Pl Md P1'2 

(Plates 16 & 19) 

All u.''l. j h in the ltCll2 1Ii th til" oltcelltioo of Al!2 B.."ld. A:~3 an. 

oporated CroJ:I regulated p<)1Ie r provided by either ?PI or P?2 . The 

unreeu1atod 11 to 17 volt:. ~upply vol tage is a~icd :0 t he in~t 0: 

PP2 . where prill3ry regul ... tion it; e f fected. 'f"ae - 9 '1olt:l o .. tpu~ !1,"O/D 

PP2 , as .... 11 as ooins diotributed to giber edt:;; all :e-e'lu i.:e-ed., :;ox-ov1dB. 

the inpllt source for PM , wh ich in t w:n produceD ... I88u1lLi.od - 6 volt 

out "" t. The cirelli h of bQth PP1 and FP2 are 1dentiC:l.l excopt for COmo 

compommt differences to $uit the different ope=ting reQ.uirec:en~$ of 

Cllloch rellulator. 

A constant principle of rOBul ~tion i s e~ployed to control the 

operation of the ~ri~c tr~n$lGtor Q2 . Q4 is the con.tant o1,l,rrent 



8emn .. ",tor. Ra. .. " volt.-ge i. held ",.,proximo .. t ol y con~tAnt by diode CR2 .. 

'l'he diod" it; fOl"'llJ.-rd- bia.::::ed by RO. 'l'he cu.rrent throush R6 , thorcfore, 

i s virt=lly oomtnnt, As t h e collector cu.r:rnnt Ie -<£Ic ' ~jhere Ie 

h the cfllitter currunt , then tne coll&etor current alao =.ains constp.nt . 

Q3 and Q6 prc""m currunt-divld:ir\e path.:; fo r the Q4 collector 

current, 'l'ho ClU'l'O"!nt_.tivision r:>.tio b dete=ined by tho b!L!Je C\U"l't!ll t 

of ~ . w~ich ic governed ~ thc vo lt~ difference bc t~on emi tter and 

b:l.~e . The <)mi ttc:r 13 held at Il. r efel'CnCe voltage by ~on(1r diede CR3 . 

Tho base i~ conTl~'e tfld to voltaeC! dlvldcr net."orl: R5 , R7 , Md R10 . If 

the r"gul.1.tor out;>ut vol h.ge i~re,.cea , the potential at tho oo.~c of 

Q£i incn.""::;"" , UIoH'ehy incraadne: the collector current. Sin~e the 

c=nt t hroll,lh ~ i", co:wtant <I.Il lncl'Ca:Je of cUlTent throuch ~ caulle~ 

less current to now in lhc Q3 b.....se circuit , alld tba:re!'ore 1n the q., 
bilGe . An W ic in ~er1oc dth th.! regl1latod ::mpply l(>{.l.d t !l.e cbn<:e i l'. 

b:.,,,, OUIron~ N~.\lOeB the volt.a<;e apf'l1e(i to the load , o~po'li<lll the 

orieinal inere~c". ConvcrGc Ly , a decre~sod volt~c acro~D t ho load 

inoN"""'" the vol b ,ge applied through Q,2 to t he load u'tt~l buth 'a'" 

cq ...... l, The htWe ourrent Gf Q2 . thon . iB i'ldependent of vl.rintio"" 

o~ i ts collector volt~e, which is the unrc~Lated d.c. cupply ~ote'ltial. 

lind it is <tJ'feeted o:uy by change" of voltage aorose the divider Jl<! ! .mri: . 

1m any c"""<:<'OG ae:ro.~s the divider offect a cor=~~ondine ourl"C1lt chang<> 

through Q2 t hat OPPOOOII the ini t i31 chango , the output of the regu1ato~ 

too i s independent of unrcgul~ted d .. c, input voltage variation .. , ~d 

i s h"l~ conctant at a VGltage d~tc~ned by the setting of potentiomet~r 

R/. A large capncitor (e2) p:mvents t he 1'egula till8 circuit f rom 

Gscil illting doo to phaGe Ghift . n11 111 a dropping rltsistor for t t:c 

front panel 1ndiootor llUlJ> . 

Ql Dnd Q5 vrovide a n ovcrlor.d c~t-out prot ect i ve fac i lity . 

NoIl'tl lly Q,1 19 -b·.lll.l.l<>d,.. Gff . one vo lt:16 Q dc '",loped acrose 113 being 

·i.n~uf fj c1 ent to turn it on, If the curl'ent through R3 lnc:t.'f!"De~ . the 

volt~~ b~t~eon Ql base 8nd ,,~i t t~r l nctea.r.es until fi~lly it is turned 

on. r.hen ct1 conducts i t. t urns Q5 oc. Q5 no.- ..... orts the constant current 

Circuit , cutting Q2 ~nd Q3 of f. ~ich ca~c; Lbo ~eg1eivo potential or. 

tho regulated line to 80 towards po~itivQ CO~N , Thi s fOrw3rd- biases 

CRI, vhich hclda Q1 on , even it tho curront caUSing the overload now 

falle balo", the OpCr>l.tins: lilllit of th(1 out-out c ircuit. Tho forward 

bi:J.8 on CIl.1 can ho moved by openi"6 the contacts of the RESET ~.1tch 1'lhich 
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is "irad in s('dc~ '"iLh ;t , "[lo,,i~g tile cir(:ui t. t.o be r"ut.ore([ t o 

no nm.! . 

R.j , CR1, 3.."] d R2 form a pg.ra.llel path wi th Q2. If the input 

voltaGe is t oo high, em is again !'orml.rd_biased "-,,d Q1 is turne d on and. 

the cut-out circui t 0l'cr:.tes as far a.rt averloo.d curt·omt . 81 and R4 

provide> a. time conGt&nt ,.,hieh allows the regulator voltage te build 

up "ben it i s g"litched on "Hhout o?ern.ting the cut-out. It a180 

;>revents cut -out open-.Lion by t ransients. Honoally, the output of 

PPI i s a djust('d to 6 v~lt ~ and PP2 to 9 vol t3 . 

3 .1 1 . _10 Volt Resuht('d l'o"er Supply Unit .PP3, (Plate 20) 

Alth'Oueh the basic l'r incil'leo 'Of the _ 10 volt regulator G l ;t'(O~it 

( PF3 ) are the Dame as in PPI and PP2 , it differs in a n~~ber of re~p('ct~ 

fro," these units . lloc[l.use of t h" loo.d C<'equir{;Iilents, the serieg rellulat·o", 

001l~ists of t~o J:3tche d t'r"n"istor" Q6" ,o.nd Q6b in pu:nllel . "nd R3 i s 

4 X 1 ohm, 7-wat~ ~di8tor" i n ~r4llGl to h~ndlc th" ~ower dic~ipa'\ion. 

l'he cut_out circuits are "l~o ".ifferent. 

Q1 provid3(l protection 'J.g'in5t currEmt over10adi ntl. It is 

nOI'lllOllly cllitcherl off , but if "'tccBsive current is rlm"n . tho regulat or 

output voltB.€e "'ill drop. If it drops !ldo," the 8.2 volts refercl\CG 

voltage ~t the QI emitteT ~~intained by zeneT dio~c CR7 , ~1 turnd on , 

'ilh i eh G',litches Q4 on , and slwrtn t he con~t,'nt current circuit "8 in 

PP1 and PP2. Q3 ic the constant current gonerator , wi th qv and Q7 
prQvidintl t he current-dividing j'k'l.ths. 

In the case of excessive vo l l.:J.ge on the input line , protection 

i3 provid"d by '12. If th" input voltaee Gxceods 1S . 2 YoHs , Q2 is :o",,",',,-rd­

biased and conducts. "rhi~ turns Q4 on, shorting the constant current 

generator . Breaking the RES EI' 11:1e restores nor""'l conditions i n bo t h 

current and voltage cut-out opcr~tions . 

R14 and R15 permit operat i on of the regula.tor if the AM3 unit 

is not plugged in . but adjustments to the regulator should only be 

r:nde "'hen the A~13 unit is i n. R9 . C1, and C2 perfo= ths smw flUlCtions 

as t he ,,~uivalent co~ponents i n FP1 and PF2. 

3.12 . -90 Volt Regul"ted Po~er Supnly FP4 ( Pla t e 21) 

Seveml neon indicators ire uged in t he NCll2 and a suita.b l e 

veltae~ source f or thoir opcIation is gener'~ted in the PP4 unit. >Iou.'lted 

,." the sa.rr:e c"rd is " g"ting circuit '.,hich strikes the :radio TiLe Indicator 

neon on the TD1 '-'.-"it. 
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QI and Q2 are connected in a " .. itc!li~ circ'.lit .. hich conontell 
3 relativol y high frc~uoncy (ap~ 1mntely 2 Kc/~) $qua~-~ve 3. C. 

a.crcafl the pr1nnry 1fin,l1nll of tmn~fol.'!D.' r TI . 

\'<hen t he -9 volt f; Uppl,r 1s oOIlllected to the cixcuit , Q2 in 

i'cr''''I.'<i-bl ... sed =d current bestn!! to flo. 11'1 one half of the p:r1.m.ny 

V1L,ulil18 . 'l'hi s. 1nduce~ 3. cun8nt In t h" fe edbllck "indings of the 

tr,\l'IsfoX"U}tlr , ';lhich '~Pl)l"QS (\ positlv" fcodbad< to the h<i."o of Q2, 

.. hleb 06U808 a rapid build up of current 1n Q? 'mtil i t ~lItUX3.tcO. 

'/then there i. s. no further chanco of c=rent , the field about the 

pr1mu~ ~1oding collapses , i nducing a current in the opposit e di.rection 

which cuts Q2 otT ami dri vell Ql to saturat ion. a.<!ai:! n'!veroi~ t he 

procellll . The .,.. .... It is that the constant crIOitchiT.s of clU'1"\l'nt throuah 

QI aM Q2 induco~. a n altetTl3.till6 c "' t'ren t in the seoondary winding 

'IIhich . .. hen rectified by thfl Ilridae rectifier circuit CRI to CR4 lInd 

filtored by He ana C3. p~ov1d~o ~ 9O- volt oOUl.'oe for oporatinG t ho 

noon In(!.ic3.tora i n the Tioning Un l t. ftl and R2 are ba~e cux,""" t I 1mH1nc 

eClli&tol'a and capacitc>ra Cl u,ud C2 (\ro i noo:<"Jloruted t o i nprova tho :d ce 

tine or t he s"itching wavefc>rm. 

VolbC,,-lk-pondent Rc " i nto r Il~ ~U.r>!U"'''~06 voH."lj{" 'J pil:oo 

(lone r-... t cd by t h., aqu:il<> wavo: . 13 11,) f OI'l" . ... I-bi"'''ed n-'Id. nornn l1 y ",1'1 . 

It l c &w1..trJlc d off by t he pul"" r ' .... 1II t h e G_m.ill i.>"Go:Jd J!Gnoel.4blo 

~:t'C"j t ' n S1\4 . Whi l e Q"I In on, ~ h .. pot <mti<ll at tho colleo t o r 1:0 

red"'ocd by t h .. clI t'",n l t tu'"u,-:h rt6 to" r .. ~ voltc . An thl, 0<>11,11<:\"1' 

13 COl'll1<lotcd t o onll n i (III or I.he no on ill 'rbl . tllo other ,;idc or "',l ch 

Js l\ t p<J!\itivo COI~O", I,flo ~"'t:"CC ;\J'lp l h,d ;."""~1I the noon ill v ~r:; 

.l ow "Ild t:)on~cquent1y .i t ou. n""L ~ Lrikc. I"fll'ln Q,,'l i~ n"itohc d off il.,. 

col l oo t or pot~ntL~l ri~e~ t o s,prox l~~tely 90 volts and thic appll~d 

to the nOon indio~to~ ;"llo" ~ it to ~ t.c1k" .. hanevs.., Q) i o cut ort . 
Operation ot' the 6 _ai l l1 uecond 1lO<'\0stahle oirc",i t io Sli4 

i s trle.::ored by ,. " ce--socond ra.d:i.o t i..o I:ignal; theret'o:nl tho neon 

13 :Jt nw!< IULch ~cond ",h.m radio signals are a9plied , which p9l:!I1ts 

'!:he posl tion of tho llILLlSBCOll'IG hand on the Ti.,., Dieplay Ih1 t TJ)l 

to be oboe rv" d a t t he ~nt of tile (lrrival of a r dodio ties BiBfl'1ll. 

4. INS'l'ALLA'rIOIJ MHl Ol'ERJ.'l'lNG IUS'l'RUCTI OIIS 

AU oircuit adju~t!ll(!nts n:t'e mde before til .. llCOO 1a ch l ppod . 

J.!inor Il dj"'Gtlllcnt;; only should bo l.'Oq",ired on installation. 

• 
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Then,e " rc no spacial p"ec.<o.uti on3 to "" observe d Ln 30lectiN': 

an opcml1ng r.ite f"r the unit <>x cept t" ",n,;<lre th"t the area3 ar"und th~ 

battery, battoIY-churger, a nd the h""t-~inlm " In ch form til", buck of the 

NCD2 chassis, a r e al l freel y ventil~ted. 

4.1 • Proli",inary ch",ckA 

The follo~ing chocks must be made before making any connections 

ta the HCm, 

(1) Remove the top cove r_pl ate and »akc 'UTe al: 'he plue- in 

cards are firwly lccated in t heir correct posi bons; 

Bee tho diao;nllll at t"chod tc the unde rsid:e of "the top 

cover, or Plate 22. The cover need not be repl~ced a~ 

t his st"lle. 

(2) Check that t ho 1·1-16V SuPPLY 8~i~ch , the T i~e Display 

Unit Motor ON_On s., itch, and th~ 240V 50-e/s O:l-OF?' 

switch on the front pan~l arG in the OFF posi~ion. 

0) Check ~hat the '(_runp fuse located on riEht h""d Bide 

of the f rcnt prmel ig i ntact, 

(4) Check the e lect rolyte level and 5p9cifi c gravi ty cf 

each hlttery cell . Top up with distilled 1iater if 

nece8s~ry. Alnc check that the battery vol tage is 

>lithin the range of 11 t o 16 'lol t s 0..'1 loa d. 

4.2 . Ground cormootian 

No ~,el''J,mt'' ground connection h:: necessary if the Tine SiGnal 

P.adio Receiver outpu t is to be connected to the NCIl2 TII,1::!: SIGlfAL s ocket 

"nd the receiver chassis is crounded vi", t he ,oains fle" . O~hm,..oi:;e the 

GTIOUliIl connection can be lIl3de to th" t e=.inal on t he front pane:. 

4.3. Connections to front panel 

(1) Check th:.t all plugs ",hich tate \Iith the sockeb on the 

front PJ,nel :.:re wired corr<lctly (see }'l;l;te 23). Scre'R 

the plugs firmly into place. 

(2) COIlllect t hc TillD lead" 1'rOlJ the 11 _1 6V SUPPLY ill .. ; n .. 'ld 

fro~ the battery oharg~r to the ?OSITlVE tc~ir~: of the 

battery. Connect tho BLACK leads to tile NEGATIVE ba.tery 

terminal. Connect the batter"J-charger ".c . leaas to & 

240-volt power-paint. 
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(3) Conned the 'l' II!lI': 1:IA HK leads a u =qui:red, a nd t he PO;"}~I 

OIT)' l. ead to th~ load Lo 00 opemtod from the intern.1.11y 

s(>n"mted 240 volts 8 .(>. 'I'he rrll.dIIllill l oad mlJJ,t not 

exceed JO "attu . 

(4) COnll(>ct the 'I'I!!"j SIG NAl, lead to a. mubble 'I'l",~ Sjgnu,J. 

ll ece>iver. Care "",<it be taken to see that the <illielded 

lll'ai u. of' t hi3 l ead lS connect ed to the corre ct pin on 

tho 'rIl.!E SlGllAL socket. 

4.4. S~itehing on 

(,) S-, .. iteh the mainn ~upply to t hcl bn.ttery charger Oii. 

Depending Oll t he s t ate of' the ootte:r:y ~cl<)() 't either the 

HIGH or Lffii positi on of' the HIGH_ LOW s"itch on the f'ront 

panel of' t he oo.tte:ry-charger. AdjuBt'llents t o the chars" 

rate "'ill be> dctail od in e.n i Cl3truction later i n this 

Gectian. 

(2) :il.eJJlove t he cover-nut i':rorn tho 1 1 to 16-volt SUPPLY 

(},,_OPF awl tell and s1'li tell to ON. Hepla.oc tho oover- nut. 

Tho 6-volt; 9-voltj 90-volt Gl'lImATOR OIl; and Gl'.YS"rAL 

OVEN' ON indicator liehh1 should all come on. The SYNGE 

indicator may also be ON . If it is not , T'Crr.ovc the 

roV!ll'-,~ut fro", eithor the A:JVHICE or fu.""'I'ARIl microswi tches 

anu. mOl'lentarily operate the snitch . '<'!hen the ~-..itch is 

released t he SYllaJ: i nili.cator should 810" continuously. 

Replace tho covur-nu"t . 

The CRYS'I'M, OVE! on li~lJt Should initislly be on. 

',,'!hen the oven reaches i t s operating tern>,crat ure the 

i;l",=o<:;t,'tt cycle~ and t':le i "di c"tor li rr-':1t [;oas out "hile 

the the=stat contr,ctz are OP'ln . I t i s therefore no=£.l 

for this light to come on and GO of'f' CVfJry f~w mj,nutes 

after reaching operating t en:llerature. If tho ovm l ie;ht 

is Olf but no other light is "hm7ing, press the JUr::; -rI' 

button underneath tho 51-volt light, 3.-"ld then the one under 

tha 6 - volt light . If' o.n ov~rloo.<l h"s tripped with the 

initial surge t his "'ill r~storo it. 

Note tlillt t he 10-volt light DOES HOT corne on at t his 

~tage • 
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(3) S\',j t. ch Lhe ,"o Lor ON_OF}' ""it ch t o ON. 'J'he G;·lcep-hr,nd.<J 

oi· the time di "p \"y Wlit I'lill no" be got in O!ot i on. In 

t he photo<;raph of the front l",.nc \ (Plata 1). "- CLD'l'CH 

Il.ELEASE kn"b is silmon. 'I'his h.a3 been mplaced by " 

motor ON- OFF ~"it<:h in <> modi fication to t he orie~nal 

tiroo dilJ"play uni t ". 

(4) With t he load ccnnected t o tho PO~ OUT Bocket, switch 

the 240-volt 50- ci s switch 01 .. The 10-volt indicatcr 

shoul d be 0:1 <>nd t he neon adjacent t o the Bwitch should 

now be st ruck. I f nei t her of these indicators ia wor ki ng 

press the RESET but ton undgr t he 10-vclt indicator. 

4.5. CheckinB thc vcl t age reGulator adjus tments 

Connect a vo l t ueter set lo read 10 vclts F. S.D. botwcon 

POS ITIVE GOJ,nmN (clelJ2 chassi3 ) and ;" convenient _6volt :point . The 

top of either choke on t ho oscillat or unit la :readily acceBci ble 

( G e~ Plat e 24) . If necessary adjus t t o ec<act ly 6 volts by hxni ns 

the adjustment s crew on ]7 on tho FP1 unit. 

No ... check that the - 9 volt ~upply is approzitll.-.tely cor:rect. 

The ~ter can be connect ed bet ween t he ~~ssis and t he to:p of R2 on 

the SA4 unit (see Plate 25). Do llQr adjus t the PP2 vo l tage. Final 

adjustment is made to t his regulator when the readout meters are 

checked. 

Wi t h tho ~eter between ~~ass18 end the _1 0 volt noni t oring 

point on tho PP3 unit (see Plate 26) check that the "oltage ia beheer.. 

9. 8 and 10 vol ts. Adjust, if neceo~arr , ~ith R7 on t he PP) unit. 

4. 6 . Checking t ime mark operation9 

No udjustment should be necessary to the timc-~rk relay 

circui t s . The follo~ing instructions ~re intended 3S a guide should 

the relays not operate in t heir correct se~ucnce . 

If the time -~"rk relays are connect ed to a sy3tem which 

can bo r eadi l y observed, the operation of the :relays can be checkei! 

using this system. Alte~tively a meter, se t to read resistance , 

can be connected t o the appropriate pair of MAKE contc~t leads from the 

TD~ YARKS socket (see Plat e 2) for pin numbers of e~ch r elay). Proceed 

as follo\\ls : 

(1) Switch the time displ~y U-'1it motor OFI' . 
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(2) I!I:mu:lJIy rocl4 Lh~ cTl'eep-hand or. 'l.hc lC!.L] ~!::IXl;ID dial 

"bout 30" on d th;:o r :;1de nr the 0 ~=:!u."~'oo. The 

1-:;c<:ond ,- 1B.:f :;hauld apcr:'.tc r,·.""h time t.>Ju -"and croo"e", 

the 0 =r1: . I f i1,. ,;0«& not opcr-'t ~ , rot ll.te the cTleep­

h"-'ld thrOlJ{:h a fu ll 1.'\!volution . If the r.,) l.t lonchiJl 

bCt\oCCHl. ttl e ~\\'eep-h:1nd !U\d the slotted di"" 0" t hu (.IWlI(I 

sha£t ha a beer. altered the relay ~ill oper~te e~ch 

ti~ the I jght Ceto 10 triggered. In thic oase locate 

t he jloait1on ~h~ra tho rolay operates ~s the hand 1s 

moving it! a. cloek<llllo directio!l . Iooollon the IIcro;rc 

of' the 10ekil105 b:Lr. 1'>0 the ~o"u of' the !:VCep.'und. 

'fu]'ins, O"IN nn t to a 1 teT thf;! _:>ositi en of lhe sh."rt , 

se t t he PQinh'tl' on the s"c-cv hood to 0 and tis,hten the 

l ocking b3X GJeurc l y . Hepsat the ?COC~~a until t he 

1_3econd :r;elo,:r oj'l'ent ee Go the yotnter roa.cher. C. 

If t ho .ra l /I.Y fo ils t o O-Pfll'3 te 1l.t <>11 , the _"'_~ 

likely cause i s ! .11l1J.fll or the lam" which pr ov\.dec the 

ligbt source . This can be ohocked ~1thout rc~oving th~ 

Till "lilt . Th" de::licn or t he I"",p ho lde;: allow~ liC;h ~ 

1" be seen t ror:. t h .. ('O,1-r or the hol<lJ.!r . ~hr.!l <>f thO 

f<>1ll" Ii Rbt ::ourcon G'ln 10.. oh .. cl::eit and th" J !UI1'" rop 11",fi1 

i t neO""I»I1;,' . 

(]) !/hen the I. "oco"d rulay is O'9C' ..-, t i ng ""u'1'ld!y . ehltC-": ~ho 

Sl'rOilIl m. ee p..1uo.n,1. 

It is ilUper.t'Lr't t.n no t e t h;tt i noorpor"I. .. ,\ in t ho 

Hl,~cl"mim!\ of t h I I! "'." .. ~ . ha nd i3 ... ' om,_way ' " ~ \lt {:h "l1l eh 

pe:rmits t he hand t o bo inlel y move d in t ho clockwi ce 

direotion only. HO A'l'riHPT SHOULD IlE tlADE TO ~IOVE IT 

OOUH'l'ERCLOCKW[Slt . 'l'l'.o :rolu.livc position of t he !:wid to 

the s lol t ed d too _i ll 1l1mo::t certainly be ~ltored i f thio 

10 dmm . Attlleh the special "inder (locate d i n t M l e !'t 

lJ,a.. .. d 10000er come r of t hf;! 'N. .... Di"Jll1Q' Uni t ) to th~ Si:CCII!I 

hand for oet t tne tbe ~1~0 Display . 

\7it h the IoCINt1I'E hand at any position excopt 0 , se t 

-the SEX:CHD hand t o O. 110'. = = l1y sat t he lnLl.rSF.CO:ro 

hand to O. The l -Illinutll r elay Ghould now opCra.t l) 

cont i nuously , hol~inB 1n for t"o ~econds enoh time it i s 

triggered. I f i t does not do thi s cheek that the l taht 

• 
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f ron the l~p i s p~sslne through the slot in tho disc on 

the SECOND Bh~ft on to it~ photo-transist or. Adjust t he 

position of the sweep-hand, if neccss .. ry, co that it is 

at 0 "hen the light be8.lll triggers the photo-t:rnnsiGtor. 

Notc t ha t hoth the I:1ILLISruOilD and S&;OND Bweep- hands must 

be at tho o position for the l - cinute relay to operat e. 

Set the TiL"l€ Display " that ""' I.!ILLISECOlID, SECOND, ,", 

lffiWl'E h"nds are ,,11 00 o and So that t he HOUR hand is st 

ilJJ,.v ;lOGi tion othe" than the tirn., "hon a. six-hourly 

omission is progrumrned. The 1_hour relay ~hould n ow 

oper.J.te ~0ntinuou81y, holdin;:; in for fo= second5 eacq 

t i lle it i s trigger ed . If not , oheck as previously f or 

the SECOND hand adjustmcnt . 

(5) Set t he Time Display about 15 seconds before a six-h ourly 

olliBsi.on (usually 000; 0600; 1200 ; and 1800 houri; 

G.M.T.) and ",witch the motor ON. There should be no 

1-mi nute or 1-hour rclay operation 900 the hand .~.gge~ 

O. If th""" is , cheok the posi tion of t he ~lo n,-,d dis" 

on t he HOUR shaft. Ad:juzt if necessary . The other t h roe 

six-hourly omissions oan be checked on 9. recordi"i! ""'de 

ove r 24 hours. 

4. 7 . Cheokiry; readout __ .st e rs 

',lith the TilOe Disp l ay motor OIr set the FAST-SLOW ""itoh 10C<'J.ted 

be l o,-, the 10--nillisecond neto r to nST. ?:ress the RF.0LT swit ch adjacent 

to, u.nJ to the l eft of t he FAST- Sur" nwitch , then release . 'l'he first 

1-seoond :~elay pulse aft er resettine will "o'"menee the counting process. 

Then ohange the sl'I i t ch to 310'10' . The next 1- second re lay pulse lIill s top 

the count at son:e nmdom fr .• ction of a second -~hioh lIill be displiwed on 

thc readout UlctorS. The :netcr s re,.d i ncremental deps fro", 0 to 9 . m'.ch 

step on the l eft - hand ooter is e({uivalent to 100 "'illisecondr' , li nd the 

right hand Ilte te. 10 milliseeond3. Repeat thiB operation u.-''lt il a ',d de 

rallGe of lOeter rouding~ has been observed. If both meter~ are reading 

[j igh or lew adjust the 9 vol t regulator wi.th R7 on t he PP2 Wlit unt il 

t he cou.~ts of 9 on ~ach me~er are indic,.ted corr~ctly. 

-The top vover-plute c:m no" be sorewed down. If it is convenient 

allow severnl hours for the NCD2 to ~,,:rtIl up to its OJ'eratine teJ:lpera.t1ll'e . 
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4 . 6 . ?u.'lction of lile FAST.SIJJ6 ';.j .1.ch 

It i ll i mportant thut the fJpeI:lt1oo of t"" FA::>J'.s rliJ 3'lltch "he 

clearly undc rd ood t o 1I1l3blil e oeuro.te ti llO eorrection~ to be m oo . 

In t he FAST PQs lt i nn the count en t he Rea dout t~t"r is co~enced 

by (1 l-s e co n<l. relay puL ~ o 'l a O s t oppod by (l. 1 _ ~ econd = dio .,uluo , 

I. e . t he fract ion of a " hole s econd tlur.t the Clock is M ead of the radio 

t i oo uienal is di llpL1.yed on U,,: 1"!I).dout n .. t e rn . 

I n t he SLOl'f (IOs1 tion ;) 1- "eoond rndio ~ i gns.l .'ltt .. ~-tc t ho count 

~.nd it ;' $ <'!.topped by " ' - ueooad rela;{ pul sc , i. e . t he di3jli.ay il'ld1cate .. 

t he :lUlllber of mill i.'lecouds later t.t l[. t the clock puhes occur 1n rola1.1on 

to the r"dio signals . 

This ctm be d.;:non str::ltt'd , .hlln a good =dio dgnll.l ia ovailaM", 

by observi ng a readout i n the l" .. ST po~1tion rmd th~.'l ooe in thll 3i.()'1'!' 

1~o1 tion . 1~o t oo readings added t06et hor l~O R t ot~l of I 9000nd (Qr 

lnnr e US\lally, sinc o the coun t on both. i n t o ~he n~!l.T~Et 10 'Lin:i.~eo",nd~ , 

t ho tot a l j " 1 . 010 ~econd~ ) . 

1.. 9. 2.£j;Un,g t he Ti.!£.....D!E~ . .l!?~.9.0Fl"<!c:t .. t!!""2 

( 1 ) S-~ itoh tl"le Time Dhpla..:r =t u OFF . • \tt1lOh ~h-:- Dp("o:i.nl 

Itbd,l'l" to tha SECOOD hand ",nd dnd O/l in a CLOCXllISE !llRECTIOK OrlLY until 

t he l ndiC.II.tod tiJ:lc i " rive or t en mil'lutefJ ahead 01" =tual tine. Sa~ U:<> 

IoI1LIol 5a:oND hand a t .. bout 200 oUl liG&oondG. tlote : Th .. ROun hand can be 

l ooGlKled on its shaft and " H ored in steps 0.£ warLY six hour:; , :10 it 

sho\IJ.d neve r be necess..'\l7f t o . Lod tb .. 'rl ... Dis.,lRY on merw t h.." 11.1.1: hour" , 

(2) With tho out put of a time· s ignal radio roeeiver aonnac t 9d 

to the T1).!E SI GNAL s ocke t , tune ttla n.dl0 to a t i me 9ipl trn.., ,,m1salon . 

The PMC s t a t ion VNC a t preBent only ident i f i es t ho f i rst minu t e of each 

hour , BO unleBs the cl ock i9 t o be Ge t on the hour it i s bet t or to \l ee 

'oi"l!VH or JJ'f t:m'13miss ionl on 10 or 15 lic;f~. 5igna.h f=m V:IC on 12 . 0:)5 

».J/o c"'n be \llled. to c orrect t he IJILLIS£CQtIOO e rror. 

(3) \'!hen t he .... d.1 o s iGnal indiCRt,,,, t ho :3a.:::te tiae !l.S t he 

T.1Qe DillpJ..a;f. swi tch the QIOto r ON. The !lGD2 tir:e 3hnuld now be nithi11 

ha l f Il occ oml or so Olf COlrroc' U !D$ , 

(4) Observa ""'N tully t ne p<".it i on of the SECQIID s"se .... hsnd 

"h en ... one_minute radi o signal 1s heard. Fro"! t hi s obs<lrvnU oa 11. 

ann bs de t ermined wheth~r th e indica ted ti.o i s s l ight ly f a et or 9low . 

I f i t 1e £aBt removo t he covar·n\lt .from the RETARD mlcro9#itch . 

Inor ellse the radi o r ecei vor output l evel unti l the nOon llOun to~ bebind 



t.he !ULl..} SECQ:m dial o:lril;ell rG£;\lla rly tlith each l -l>C<:ood tadio !li.BfUll. 

Und~r po~~ caqdit i ~ns t he n,,~n ~ ; ll n~t str i ke When t he ~icna\ rnd"~ , 

or e lY nt~ike irregul~ly wit h r3ndoc noioe . The output l evol of the 

reo<live;, ha" to be adjushd for <'lptil1U1l o p~mhon W'lde.r the .. e eonditi\Jn~. 

5,·.:1 t ch tho. n ST_ sLotl 6" i tah to ~'AS'i' and take sever .. l cO<lcecut1ve r eadout 

r ca dines . Ir t he ~jor! ty of them n~ the same, i.e. the count 1a heine 

~ topped by a l -second radi o signal and not by random noi~~ puleee . preBij 

1.hc Rill'ARD ~\l iteh for a f ow _nta, rill_"e , and tll.>:e 3.1'lother set of 

~ter rea~ngs . Re~t unt i l tho readout i~ zero on both ~ters . SQitch 

to suon and c.~k ~h" roadaut i ~ thio position . 1t ahould be 000 or 010 

mi ll:!: .. eeones . 

CAlI'I'II)'J , If t t.e &igna.l l .. ve1 from the l"Oeelv .. r in wt to<> M/1> 

a coo(;b :1t1y r epeatild :reading of 10 or 20 milliE()conu .. ill be dlep1ayed 

ooC3uBe the cO"Wlting i s bcirl8 fitl. rt .. d or s topped hy "o\~e pu LC{)s . A 

vis~l chock of the t~ado1Jt can ho ma.ae Qy observing ~ho po~i tion of th~ 

UJt,tISE(:O}lL ~"eep-ha.nd "h.", thl neon indicat or i,,- gtruck "ith ' l- aeCOlld 

J'3d.1o 3illnal s. ~rith a littla praotioe tbis can 00 j ud ged QJl..Ue 

acco.:mtely . 

Repl:1ce tll .. coyer·-nut IOb"n the donI< il; fin""Uy {)orroetod . If" 

t ho clook ! s sl<>"1 the pr-'C .. dW'l! ho the same except th .. t t ile All'/ANCK .ncro­

""itch i ll operate:!. 

4. 10. Adjusting ~~e clock ~~~ 

Allew the NCD2 to opc~to for BeVBral day". ~ko ~111 

observation .. of the error co~p~rad ~ith radio time. As thB t{)~pera~ure 

insj de the NCD2 stabi lieP.B , the rat e of the clock will s how a t endency 

tmlarda a steady daily r /tta of chll.no;c . 

If t he d.l.i1y tote rellllll"OS adju~tment. :remove the cor e,,:; from 

t ho t op cover-plat .. ~d pu3h the cover-plato back just far enouen to 

expole t~ oscill~tor (01) ~~tt . This is to prQvent a~ far a~ poa~i ble 

a. large te8lp<>rat u.."'C cl:ante inllid<o the ~~it . '!.'he special tool ( located 

1rt II "pring clip on t.he eha.::;Gi a _11 next -Co the 'I'DI unit) 1s i nserted 

1n the 7Uriable ca?eCitor C2 o! the 01 uni t. I f the ~te 111 t o be 

decreased, -cum the a dj u e-t i nS scrc\t CLOCJn'iISE or for a faste r r.\te t urn 

it COUl7IKll_ CLOCictnS2. en., f ull t urn ie api'roJ[ imtely eQ,ual to Ii cllsno:e 

i n rute of 250 Milli seconds por day. The ~tual amount depcnd9 on the 

relat ive position of the p inte& of the capac i t or. 
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Ucpl.4e" t h" apeciai t oo l i n its Imider =d nlphee the top cove r­

plat e . Periodically ndj u:;t t il .. :ra.te of the clock u. .. til t he ",-os t :;atinfaclQl:Y 

perfo~nco is o~ ~~ln~ . 

4 . ; 1. MJust 1ne ~!1c ell1\.!'lI!....-nlt5!...P_t: ,t!,,,. E.a.t.t.,,!y.::-.cf,".r&er 

(1 ) :11th tho HIQ:l _!.O'1 IP.lite!!. c,., tt" ;;"tter.i'- cn rge r on HIGH 

,ul j ua t tho tI"a nflrOrmer ::ee o:l :ll~ t..'P.,.i.ng in c=ju.'l::;ion uith RV I (.Pl.3.te 27) 

for 1::. ct~"lrge rot c of 15 t o 16 '~"'l'!: . 

(2) Mc:!.nuIe t he cCT.:"en t dru.,.n by til!! r. CD2 "'ith H!l n~r=l f"".Il.l 

load. S-'Hch \.he HICH_WJ s · .. itoh to LO">I . If a 24- hc".lr min,. Gu;>plJ" tc 

3.vaiL:l.ble a d just t he 1':lto of ~haree to about ! =>.i' llK>rc t htU1 -t.'l .. n<>=31 

d"" i n " ith RV2 . 

Cflm'IOll : :no not !!Ia:>=¢ any .'1l!jll~t""'nb to ttl " b"t t ery-ci"l:l..rccr 

" ithout first dhoonneottng i t fro::> the m illS ~upply . If the =ina Bupply 

i~ le5~ th.:m 24 hou...-ol p~r. ,Vly th<l elmrB'" rate co.u be> 0,,-10u1nte<1 ,",s fo 11ollS : 

SXAIIT'T,!C, If t h o llCD2 eurrent dL-".in is 5.7 "'",,[) 3 .. nd tile "'l i on 

" u?ply lc ra.W.il'l blo for 14 hours pe~ day; 

clmr ced• 

Th~:l th.~ tctal d.:rn.i n in ono """), - 5.7 x 168 "",p_hours 

- 957.6 amp_hours 

CharsinB time availablo in 1 ~e~k- 14 x 7 - 98 hour::; 

The.n Ule m to of c.'l."lrg~ r "'l.ui rod - 221.....§. "-"'I''' 

98 

- ;:1 .77 =p" 
1'1ue. 10)& c_pq :-O"llUon h-: 105""" 9 . 77 " . ,)B 

10. 75 a"p13 

Tl1s=efo.e a c.harse rate of 1~ 3l"Ijl1l ":,,,uld I-...... p the ~tto:r:y 

A br..ke h fU tod to I\ppl y ?:re,mu ... -.. to th" 'i'b" 0l3pl a,y \lo.i~ 

ll!:..LIS::rn5D "haf t . T!tis lI revent" fly"h eel "ctian in iho ge. ... r--tr.l.1n 

"",u"i~ ovu·- runn1nc of \ l'Ie c ou"line "",ohani ~ O\ ~et1'lcen tho Ge= t roin :>rid 

the mot or . 

If t ho :.! I1J.lSIlCOND B·~Qc :>-l'.a.nd <l0<l~ not :nul ::;>loo t hly t l>:r<)\l::;h r.llOh 

l""~volution . ramovo the Tll'1 unit and .. djust ·ehe b=kc tens i on until tllir. 

conrJl t i(m i& obt:linod . 

4.1 ) . ~:i.nll chsc.kr. Q\!'."l~' !l Q".era..1i9.!l. 

.~ ao,ily OOmi~"lrl~on with :mdio thl~ sig.."tllG i3 ."~dvicQd . CarT~e~:ion! 

cr.:"! be =de \1000. :roQ.u i "re~ 33 Qutlinod in S~o~ion 4 . 1 . ?"r>'gnl'Ph 4. 

• 



• 

• 

- 31 -

If i t is fOlmd th?,t thc c lock n,te reqcri."",» occas; o"al "dju::; ~ ­

ment as the cly~tal agen refer to Section 4.10. 

A we~kly check of t he electrolyte level in each of t he b3.tle:ry 

cells is rccolmCnilod. Cells »houl d be tOI'i)ed '."Iith distilled ;-"der if 

t he level falls bolo., tho llaker ' s recoilIJK:nded rrr.i rtirrrum . 

5. '!Ani'l' m[ANCE 

5.1 . C~rlC"ru 

I'rolongod tes t<; ',dth t he NCD2 Oll~",ati!lg unde" remot e field 

condi t i onr. h"" G~tablishcil th,,,, :reliable operation of t he clncks can be 

obt ained ,-lith a mi nilJIQO[[ of maintena.nr.". 

The only moving po.rt~ (ex ce pt for the rdo.y ",:ro;;;tuxes on t he 

SA3 unit) a:r-e cont"ined in the Time Lisl'lay Uni t (TD1 ) !l!cct.,,--,ricm. Rogubr 

i ,,-spection of the Gear- tmin and synohronous "'ot o~' bcacin;:;o ::1-.0-:11& b o 

carried out and r eplacements IIl9.do ,,1. t he fir~t siCn ef "'em'. 

If th~ l oo.r1 on the 240-volt 50-c/s 'PoTIer out;mt en Las~ t""n 

15 wattG, the volta,so-doI'elldcnt ~c$izto:r o.crocs the seGonilary 1'I~,,";'i"e 

of the A'~3 power outrmt t ransforrta r can be removed ~'itheut 1<ffectlne the 

perform'J.nce of t he uni t . 

rlhcrcv.or ]Jossible , 1',weforJlls Md vo l tag es ",re s!"",n un the 

drcuit to a.ssist servicing and loeat ion of f aults . 

A eomple-bc set of opo.re pl ug_in c"-rds i8 :lUI'plied :0 s::table 

Gonti!luity of opar,d iu:ct to be =intainei rW f,il' ~r; YOG3iblo . 

5. 2 . Fll.ult - f i.ndins 

It is beyond t he scope of t his sect i o" to att""'pt co ~iat 3ve'J7 

fault 'i,hich =y occur in the NCD2 at ~o"e 'bmc or ~nothe 'r . The 

operu.tiO!l of the Time Di~"lay unit ""eep-hand~ , the indicator laJlps on 

the front pa.'wl , rmd time marks , provide excellent JOOnitorine; f'w ilHi"~,, 

Obse rvation of thc~e can a~sist in deternining "hethcr or not thC'ra i3 

any Il!a.lfunctioning of t h e equipment and, if so, indica.te th~ ci~ouit in 

whi ch the fault iB JOOst probably loca t ed. 

For exaOlple , if t ho 10-vol t ligh t is on and t ne s·.-,eep- hands 

are operating normal ly but t here is no 240- volt 50-c/s l i gh t , the ~~ult 

would r.:ost likely be in the AI.12 er AlA3 lL'lits. On the othe ,: ill!~d if the 

l O-volt and the 240 - volt 50- c /s li&~t s are out and the Tiae Display is 

operating norraal l y, the fault would 1I:ost p robably be in t h e - 10 volt 

ll.eg",l'lto~' Uni t (FP3) , Or i",e to lew bat tery volte-e;0 . 
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Agn.:ln if tho SYNCH liGht i ~ out but th" 9O-'J~lt G:;m~~n~)i\ li"ht 

1~ on , t ile: Il-i vil.lar Ol!itz (DV1j1 .'l.nd 1:J/1j2) ur.e probbly out of 

:;:yrle~r:'>ni~"'ti()n, "'hu~'I.':w if both r.J.'IJ (Jut i t ""\11el """m th.-.1. ;'h~ ~U-volt 

Gllmlrn.t or Unit (l'P4l 19 Wl~":r.-,riooa':l~e. 

1 t (lUllt be borne tn mind th.:\ t ~-u<;h relay op;>ration 1:1 &>!I~d""t 

on eatin.~ ~icnal::! oolncidine. 'I'h" "b!;()~ee of t~ 1].'\J.+.u tI.ltocctlwr oon 

:!.'Csult h= flloilurc of &ev"r_~l c i rcuit :) , 'bu t if minute t i:ne r:n:d.:.) ,'l.;>pe"r 

.'l. r'Id there ara no houx !M.rk; the firat oircuit to dleck ia t hs l allp 

providine the licht (lu t e for the 1- hour plllss , and "" on. 

A brief 3tud,y of t he f,mcti on6 of each In(li('~tor 11c;ht , UIW­

:I3.r;: 0",-,=t10". :ltld IIlug-in cirCI11t 13 i nml=ble in <li<:.6no$ia of r"ult~. 

It is reeo!ll!lWlded th:>;t the ope=tor of: tho :1GD2 bccol!9 f=ilinr '!!ith ti:eae 

functio ns . 
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APpnlDIX 1 

THE COOKE-YARBOROUGH 1l00'OSTl.1lI.E J..1JL'I'IVIBRATOR 

Vee, 

-6V 

.. 
2NII61 

t 'igure ~ 

In the stable state " i , ,0 (~a.tura.ted ) and Q2 on . A 

po~itive trim~er pulse caUSGS " i, i= cn and ((1 to turn ,n ,,, • 
ti~e ~termine~ by time constant ". Ai ", conclusion of this q1.W.si -

stable period th~ oystem relaxe6 back to its stable state . 

The stable stato 

((1 draws base cu=ent t hrou@tR, (Ib1 ""Vcc/Rl, saturating 

iff,31}R/Rl. ~1 ccllectcr is thus llUinbined at appro:.d,.".tely -0 .2 

volt, reverse biasing the bace-~citter j~~ction of~. The Q2 e~itter 

is held at approxi~tely - 0. 5 volt because cf the forward bi asod OA200 

silicon diode. 

The resistance Seen by the base of Q2 , i . e. the saturatio~ 

reSis tance of Q1r would be typical ly a few hundred o~~. Even if this 

resist ance were l000.ohms , ~ base current caused by e~tter and collect cr 

leakage curront ~ would havu t o be at l east (0.5 - 0.2 )/1000 - 330 

rnicroamps, befcre l eakage could t u...." q2 on. This value is Oluc.h larger 

than is nO:mJ&lly found i n l ow current ge=ru:Ii= ~~it ching t ransistors a t 

60°C. 
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'l'hf! gU,1.!;1· 3t.able ='ltc 

I f Q2 Bt:J.rts to tUl.'l1 on ,r~eo ... r"~iyeS\:ritchinc 'IIitl oecu.r p:rovi ~i."'6 

the ci rc~lt , considered ~G B poui~ive feedback anplifiol' , has a loop &~in 

creater t han unity . If swi tchins 10 "ufric1~ntly r""t tho le~dlng adse 

of tho pOBitlve st ep ut Q2 colleotor 1& tn,n~mitted acrosa C to t ho 

Imeo Dr '1.1. The voltage acrose 11 ()(lj¥l.citor cannot ci1&nge ins tantaneously . 

141 base- cOIitter junction i8 thua rovurt.e blo.sed by about (Vee -l l V()lt~ . 

This ba.(IC potentia.l roaches BilP1»llioutely ... ,,= volts , '1.1 starts to tum 

on , reccnoration occurs and t he cyste:n rettu"'l s to its stable state . 

'/ollila Ql 1~ of r , Q2 i s saturatod by base <::=n1 drul>"ll tbrou,gh RI. 

uroat of leakaBC i n 91 

I t leakaee occur3 t~~U&h the collccto~base junct i on while ~1 

is off , the effective decay t i mo con3t~t bec~e9 a'c, choro 

11' .. il"b!(Ri bL+Cb ), ",horB lib und i bL arc t he instant .. neou:: va l uea of 

bs.~1t voltuge and leaka,g:o current. /Ill leaka{lo cur:l:'I'mt is a funcllon of 

teIJpOl:!<t".r<J . the decay ti~ conetant _11 1 l>e temper,ture dependent un l e::u 

l eako.(!e 1" eliminated 0" """de v(JI'Y 3"..11 . Low letIY.age i~ obtainod by ~"ing 

a. a1 L1coll t.ransistor for ~ • 

For qw.si _dable period. .. rtat !;"r t ban B.bout one eooond 1 t hi 

cOllvenier.t to make C an elloCtrolyltC oapc;c1tol' , which ;>ron dee an 

additiona l l eakage path. Solid tIullAl u:. olootrolyticu I"",;': lUll arld 

a.re liON 8table age.inBt tC::'PCnltlU'O and ,.....in" than a lUllllniUll [ ... 11 ty?!", 

/lnd Bhould be uSlid "hlln mo<len.to proa l r.:l on 18 :roquir&d. 

The positive aide or the 91 c ~tl'olytic conmtct" to t ho ~ca af 

Q1. (lWve:rse fo r /n'll c i :rcult) . 

Cho1co of trunsist or s 

Ideally , both Q1 a Qd Q2 ahould be hieb- gain , bigb-fraq~ocy 

trana1ator e to ensure fast. switchi ng , with ootlsequaat minln~ attenuation 

of the .,ulse tran;;mitted, aero$/) C. 

I eolrng{:' requ1rescnts have alroad,y been dealt .ith. 

'nIe positiVD ~"e tuming Ql off atJould not b~ do"'"- t he bum 

emitter j unction , he llce a t l':l.Il!llBt or is requi!'\!u r.aving Vbe iII&lt t\t leo.st 

eqll.:l l in Dll.£nitude to thll auppl.y vol tae&. 

':'rlceor1oo 

The trigger 9i~'1 chould be a positive step or ~l$e having 

filet :r:l ~e time, fo:!' minimum attllUU3,tiou 3.croGs ccu>,li"8 eapaoito1: .Cl., "rlnd 
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amplitu~c large enouGh to overGO~O the reverGe tia3 on Q2 . Triceer s i gnals 

less than ~ volt will be !!horte~ to ground via the fOr'!jard biased DA200 . 

TriGGer signals greater than ~ volt wi ll reverse bias the OA200 and fo~ard 

bias Q2 erQ it:ter-ha.se j Wlcti on. The pOSitive 'trieser pulse at Q2 emitt er 

nil l decay with time constant set by Cl and Q2 emitter re5istance. Thus 

both i nitial tri gger ampl i t ude and the value of Cl crust be h igh enOUGh 

t o en sure that Q2 i s forw",rd b iased tlL"Oughou t the lI"itchil18 time, i.e . 

for a fe" microsoconds. 

:&'or th" circuit s hown, llinim= triggcr ampli"G udc should be 

about 3 volt s '\'l ith mini.rrruol ri~e t ilie of a few .. i c rOGeoonds . 

Wav{)forms 

'~IGGER 

- ~v~:CC:C:l'::::::::::::::::::'l--------------
_m

U

I 
~ , - ~, 

ill COLLECTOR 

- IVcc-tl) 

Ql BASE 

, 

, , , , , , , , , , , 

--
- - ---,. - - - -. -- - - - - - -~ - - - - - ---- -

., 
COLLECTOR 

~::; f . )------------------1' ::::::::::=''== 

Figure 3 

Notes' 

When Q2 turns off. the collector does not fa.ll to Vee volts 

inda."Itancously . but does 80 '/lith tiOle constM.t R2C. 
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Q1 collect or ~oltag~ 19 cl~ped at about - 0. 1 vol t e ~hen Ql 

1s off becauae of tho direct connection t o the fo~ard bi a BOd Q2 ba~e . 

The guasi- ~tublo peri od 

l[eglcc't:l1l5 lO<l.kn,ge , b.1.Be_emittor vol taae drops , at tcnua.ti on 

through C, and the drop a.cr<:s" the OA200, the quasi - s table perl04 would ,. 
T ~ Re 108,,2 - o. 69)RC 

('I' 1n .li llioecor>de, R 1n Kilehno , C in microfa.:rads . ) ThiG period is 

clightly reduced by combin~tions of tho above fnctora , but 1s usually 

used as a basis f or d06ign. Acc~te period adjust~ent 1s provided 

by the variable ~o~ ion of R. 

F\,,;tors dct" ...",in ing precision 

For !\lsh tim.ing precbio.'l and repeatabili ty! 

(1) R and C should 00 s tabl e and p<l E~es ll 'e1 t~er ~ero or 

tq~L and opposi t e t.mve~aturo cocffici . n t o. 

(2 ) All JII1lkago eun'Cnt a uhould be Qonsh .nt . 

(3) S~it ch lne timea ohould bQ constant. 

(4 ) Q2 001100to= laadinA 6ho~ld b, const3nt. 

(5) Trlgger wopl1 t ude' "I:d r.1!.e till8 s!lould be con8t..'mt. 

(6) Vce ~\ou ld b€ con&t~t and aa la~c a& pa$~lble to give 

eteeyoet p03sible dnpe t o t he tilting ""N-rOt'll. 

'1'ho "'atlostable c:l rsu1t IOn .. frogncl'lc:.:.J;!"{dpr 

If trisatr pu1~es ba applied at pulse repetition p~r1od t to 

.. lJonostabl .. nircuit havinc: 'lua.s i. _at;Lble pcriod T, !'nI<.!U8l\~y 111v1s ion 

... ill <Mcur 1C '1' > t , 

I n goneral, f or 8 divid1n8 nlt1o~ n, 

~ ~ t(o _ I ~ z) , 

"here n is i ntegNl and 0< x < 1. 

Th1 0 comas about because tri,ge~ pulscs can have no effect 

~hen t he sy~tem 1& 1n i t s quaSi- st abl e e·tata . After ret urning to t he 

stable state, ho"ever , tha n~xt t~1ssar pulae _ill ~ain ~roduce the 

Quasi-stable at de. Wavafcl'l:lB for div1de by 10 (rtJIII 100 1«:./8 are ShDIOIl 

tn F:4rure d. 

• 

• 
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Fiffilre 4 

T:dggc:r pulsow refl ected on tho coll~ctor 'I<,:wl)form arc: u~{)ful 

for seth<1.g u? '''he value of T io Il.dj'.l~ted un t il t here i3 one lJono~taolo 

cycle i'o:!' eV(}ry 10 t riggar pulso~ . '~he ex::::ct vIl.l ue or '1' fo:r. tnxinn'TIl 

:!,"liability is no t 95",8 "8 :nay be expeC-;Ed, ' ~u-t s:JJJ(>1>hai loss than t his ; 

... bout 93ps. Thia i s " consequence of the f in i te 1'0.11 -ti::w of the co ll ect cr 

\,'avefoTIll. RO'ilever, T C'.m sti.ll V'~ry by ",bout -:5,"s .frQ rn - i t s Cp~illlU!.l yu.l ,,~ 

wi thout chancing t he division ratio, i.e., (l til'.e Gon~tant tl:dft cf 

can be tolerated. 

. ~ 
-5i j 

In lJracticc it i~ b03t tc 5Gt T half "':~y be t1? een the vu.lusfl 

obln.ined "hen t he ~yotQTIl ,just "o""e~ to di'_'i"" by ') ,,"!l " I n;;l; 

If ,- ,~ 

• ~ ,o 

upper extreme of its allc 'ilaille QXCU",:;lOll, i .e., almost olh,idi!1(; by 1~. 

"" transition mode ""'Y occur rlith altGrnate periods differing s lightly 

but still dividing by 10 . Ag,').i n , this is caused by the finite fall ti2te 

at Q2 collector. 

This fall t i me is the main linitation for high frequency oper­

ation . Even at 100 kc/s input , the cutput should bo coupled tc the neKt 

divider via a n e!.1Hter followor tc prevent increase in fall time by 

capacitive lotldine . 
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Advant!l£es of conost3ble di viders 

(1) As ths systom is in the quasi-ctable state for mos t of tho 

tirr.". susceptibility to stray nGi~e pulses ' is l ow. 

(2) For;)' eiv,,)) di.,. iEio:l ratio , t he nWllbor of cOO'lponents 

required is less tha n for '~ost other dividers. 

(3) I f the input f"ilo th"rc-L~ no outp,-,~. i . e ., t he circuit 

cannot free ~~ . 

Limitaticns of Circuit 

(1) Unlike bisctl.le dividors, tho IDOno~bble circuit cannot be 

usod as a Cou.~tor. 

(2) The division ratio i6 frequency dependent . 

(3 ) 1aximum division ratio for reliabls operation is 10 . 

(4 ) Upper li~t on trigger frequency is just above 100 kc/s . 

(5) For output frequencies less t~ about 2 cia, the 

performance depends on the stability of an electrolytic 

ca~citQr. 

• 



General Description 
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1l?PZN"D1X 2 

Tlffi llISTAllLE FJL'l'IY I1lRATOB 

F i aure---.2 

vcc(- sv1 , 

The d rauH h<\ ~ h' <) st"ble states: Ql '''' (£;l ~um'~ed ; "nd Q,2 

off; ::>;nd vice versa . 

A3SUJllO Q'l is on. The potential at Ql collector i3 ap'p'L'cd=tcly 

V and the vQlt~e developed ==31> R6 i8 RC V j(a2+R6). TI-.is i~ :nore 
ee ee 

positive tmn V , hence Q.2 baB"e_"nitter junotion is reverse bi(lsed and 
00 

':(2 held off. Ql ba~a curront is (Yoc - V
ccc

)/(R3 " R4), ",bl ah for 

s,,;';uration J:!ll~t be egl.12.l to or ercater t han the collector c'lU"rent 

divi ded by ~he tmrw~etor GUr"""t gn.:in. 

i.e . (Vee - Ye:,)/(R3 ,t R4) > (V - V ) /,81 " cc ee 
R3 + R4 , ,s' " Similarly, for the other ste.hle 5tat e , 

m . " / 
(32 R~, ~ 

"5 and R6 o;rc determined oy eo, lll'tXi:nUl'l value " collactor 

.,0 cu=ent, , 
00 

When " i s off , R5 ",ust o. Buoh that "5 , (Le. 

" voltage developed a cross R5 by leakaSe cur"ent) ic ~o= positive t han 

1 ... ,,1:-

Vee ' t hus preventing l eakage from turning Ql on. R5 and R6 ca~~ot be 

made too 101'1 , however , a s the l.arge ru~ulting t urn- off bias on the off 

transi3tor \'Iould ronder. the c ircuit difficult t o trigger f=m one state 

to thB other. 



> 
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M.>UL'l(> Ql iii on ami Q2 off . 1 r . for Bo::IE! rc8S0n the bu!.lc of 

Ql &larts to eo p=it i V(l , Q1 wil l start to tur1l off and HI! collector 

potentlal ~ill Changd i n a n06Utlv~ d1~ction . Thio oha~e 1s 

tmn$lIitted to th~ base or Q,2 via. R2 a nd , if "" b.~Ee )10 1.oot1a1 6coo 

uuff.lc1ently nesativQ to ovc~oorno i t s reverse bias , Q2 ~ill stnrt to 

turn on . Thua a positive EOinS potontial i ~ produced at Q2 colluotor 

lind ic t rnnslIit h d to Q,1 h!\JJ" vi !l. R3 . "'ll.!!llenting the hlitht cho.rI8e . 

Tho c i r cuit behaves li ke n ~oa1t1vo feedbaok 3mplifiar. and it tbe 

loop &a .1I i s great er t~~n uni ty tho process ~ill continuo ~r 1t s own 

aoco::'t! Wltil QI is orr IlIld Q2 0.1 , i . e . the ci~uit til r<>6"non>.tLve . 

'1'0 inc:ro>Isc s"Hehina npeod, speed-u p ""'ptl.Citnra Cl a...,d C2 

are orton u"C'd . '1'hese en:mr ) t h:u. the l""ding edGe of the c\fi tehl!lg 

pulse is t:m.nBIllit-t..d fl"Olll collector to oo.~o I:it<:! necl1,g i blo at:'tlilluatlon , 

Typi e~l turn_on t ieD for ~he eircuit MOWIl i::; 0 . 5 "icro~ocomhi . 

'l'l'iI16"rine 

I n B. le.H. drcuH~ , tL·il.!Bcrring is Il sll'l.lly "cooTlpl1ehel1 by 

il, .1(}<'!UnB " "o::itive puleo ln~o the buBO of t ho on tl"'03iota:r. To 

achieve thla the f o llowill8 ell'(:uit i " &<ided tc> each t rn.udator of 

t he 00""1,, cireu1t . 

100- ~ 

T~' ~f1Or 3)>---""':JII,, __ ._. - ...... , .. L ___ .. __ .. --~-1>t-\ 
,,~ 

Fi!l\!!e 6 

'i'bi ::; cU'cui t allon posittve pulses or th .. lendlnc CMlGo or 

II I::quare " . ."" t o t ri ge;o:>r tho biat able circuit. ~t.cn ((1 is on , the OA~ 

t r igser diode is alight l y for.ard blar~d . (Q1 collector \s appr~l~tely 

0 , 1 volt """1''' positive tha...'l b.:r.uo) , A posItiv e t r i geer pulaa ,,11.1. t'IIVera" 

biao th~ diode anti. thua be block .. d. 
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Y!hen (tl in off, the t rigger diode i" reverse biased by ,,01 (l,I:IOtl.'"lt 

e'l.ual to L'>.e Mfference between collector and base potentials. A l'0sitive 

pulse, ev~n if it oveO,"COlO:es this :rev~rSe bias, "ill orily tend to turn '1.1 

off further. A negativo pul ae ~ill tnorease the trigeer diode reverse 

bias and is thus prevented from reachi ng the base of Ql. 

The t~o t rigger input~ ~y be independent, each bein g derived 

fro~ a separate sourca, or they may be connected together and fed from (l, 

Co,".~.on sc=~o in "hich c:&.S~ the c::i.rcuit "ill act as a ilinary scaler, 

i.e. ~·ill div i d e by b w , "'-s shown in Figure 7. 

I 

JlJlJ1J1-

Figure 7 

Under these conditio::1B oaoh cuoor" siv ·,', t.r::, ~'.; ,"r p,-I,,,, i s 

ElutoM,ti=lly stoor"d to the base of the on t ra"wi 3t or . 

fcllo>line 

step for 

division 

ASEume Q2 i8 cn. Thc next trigger "ill turn it o1"f =d tho 

turn 

",'ery 

'" ," 
it 0" again, i.e. 

ho input pulses. 

results . 

t here is cnc po~itlve-g()ing output 

If n such staees are cElscaded, 
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Phot or.1e and tt~e 
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APPDmu 3 

GATINC CIRCU ITS USlID Ilf 'l'HE: 1;C1l2 

pul &9 gates (Plate" 13 , It , "" 15) 

No t e tbtIot the pboto- t rar.shtoJ'S give poBitve output pulses 

.. hen illuminated , but theBe ;i1"l! s ubjected t o a. 1101' opll'mtion bef on 

ooif16 appl1e 4 t o t he vari oll.s CateB. ThiB i 01 :limpl y achieved by 

lUling the phase inversi on inherent in a. COUIO-" ecittIRr ampl1f1e :r 

(~ , Q6 , 'C/ . QSI . QI1 i n 5.\2 ) . 

Cote f lfu 01tive IIAJfl1 . The two inputs are the basile of Q3 

and Q4 in SA2 , Output i s (Toa QJ colloctQl', "hll~ t he potential 

r6~ino at - 6volt s until both QJ and Q4 are turned on by ne6~tive 

dg..'1ale a t tMir baaea, This CWl ooly happen when both the qour 

and s i.- hour 11~lt gatee operat e. At t his time, Q3 eolleeter rises 

to about _~ volt, providing a positive- s oing signel for input to 

g:>te C. 

c:!' t& B l1eRstiye AND, The ho i nput s are h o. tho oolleoter of 

Q7 (S!~) and emitter of Q6 (SA)), Output ie from Q7 (SAZ) collector, 
, , 

When t he one-hour light ga,ta i s uncnere:i,:led, Q7 is on , i . e, one ill,llUt 

1~ pod tive . '1ll'ia mean. that the output is also po8i~ive , ~hUJI 

preventins positive ,ulse~ a t l.h .. a80011d input (roc pa3S~l1& throUl)h 

t ho 811.t e , ThiB ha.ppll'na because CIq (5AJ) OOCCI:ICS reverse biaee4 by 

t he pos1~ive pot<lntial on Q1 collector. 

'lfben the one _hour light .gate ia ~nerg1S8d. Q1 tUrris off , 

pX'l)vt4in( one 'tl'll.e ' i ntJut to tho- g:1~e. 'lhe (J"~tjlUt lIill t.hen folloll 

the lI~oDd input, u CII7 eatl ne_ beco::le fonrard biased' by a podUve 

II1gnal on i ts &.'lodft . 

'l'hWi the e.ao- haur acnOll~ble circuit can 0IIlJ' be tri88ered 

Ehen botb 'the one- hour l isht gate and t he one-Qinut e c~'lostablo 

cIrcui t nrc enerci8ed , 

I t should be noted that the poeitive-goine output of SAte B, 

_hieh occurs ... hen 1l1ll.:l.lna t1on 1s n lllOved :froll the onto-hour photo­

transistor , han ~ ri8 .. -ti~ which is far too long to trie6er the 0"01-

h our Monoatable cirouit, 

Ga.to C l1r~B"'tivo AND. The ope:m.tion of thio gate ig the na.m.e 

a~ that of snt o B. excep t that a thir<1 input is ap plied froe the output 

of sato A. An ~cviouoly sho'm , sat e A output is positive "hon the 9ix-
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hour light gate oporat~s. This causes gate C to be inhibited, thus 

preventing t h e one-~nute and one_hour aonostable circuits froa 

ope ra t i ng. I nhibitint; ceoure beell-use of the fot'l'la~ bias 00 CJl3 

(SA2). which prevents gate C output from goine neGative. 

G.ate D !lew_tive ·A.'!D. Inputs aN at the ~sa and emitter of Q12 

(S./.2). Output i ~ from Q.12 emitter. 

Wh e n t h e onc-ueCO<1d light G'l-tc ill unelll)re:i lled, Ql1 collector 

i s .::t t he pos it i vlf leve l, r:nusiT1g 0.1) to he revp.rse biased. 'Phun 

50-0/B input "i bllal~ on 0.12 bo.ce C3nnot rea ch th" outputo! 'th" eate. 

HOllP'"",r, 0.12 booO<:t,m fo,..,,,uri bi a n"d .,ILcn tho ono_ubcond li.l',ht 

.:"t" is cnQr~i~cd and eato D out put oan fello " the ~iGn.1.1 on ' ,,1 2 ba~e, 

TIlt' rirst podtive jJulce from thic ~icnal tri&;or~ th .. one-ci"econd moO()­

~ t"ble. lJo<l3.W>c th~ li.jJht eate jJulsc ;:mil. the IIlOnoClta.bb pube aro of 

t be sal'le.duro.tion, lh~ monotta ble cirouit oan only be triggere,i !>nce 

('n"h tim<:> I"h ~ l l/lh!, g1l.te i s ... "~rg is <ld. 

,Qi 'lJ.9,sE. synchronisine t\<'Ih~ JPl,.t~_.1) 

Ncc.:ttive AND G.. ... t c . Input::! a.re Q5 baSil nnd CH6 !\.Ilodo. Out put 

is GRG ""thod .. , 

When the 12- mi l l i second monostable circuit is off, ~ baee is 

negativil. As Q.5 is an emitter follower the emitter is also negative, 

GR6 is then forwar'd biased and signals from the 100_ke/s oscillatcr oan 

pasa through to the dividers . 

When the 12- milliseoond monostable circuit operates , ~ 

emitt~r beco~~s posit i ve , CR6 is r everse biased, and si~le c~~ no 

longer reach the dividers. 

Negative NL'ID Cote . Inputs are R19 IIJld H2O. Output i s Q.6 

collector, 

The operation of this gate is the same a s t~t ot gate A . 

in the previous ·seotion . 

Ti~c eo~parator eate (Plates 7 & 8) 

l~e6o.tive AIm Cote. Inputs on the bases of ~ and Q.6 emitter 

followers . Output i s from the cocmon emitter resistor R19 . 

\'then bistable oircuit 2 io off , ~ baBe is nega.tivs and Q5 

almo~t fully tumed oU . The signal on Q.6 :,is then able to appear at 

the gate output. 

When bistable circuit 2 i s on, however. ~ is saturated and the 

Oon:mon emitter point is olanped to the positive supply line, thus preventing 

a.'ly signal on Q.6 base from reachi ns the counter input. 

• 

• 
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7 . 7 b4 N· D J 
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7A 
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12 -17V D.C. 

D.I/. 1/1. 
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! 
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,; 

'" , J 

/. ~8" . .sods A.C. 

LLLAy LINE. 

~~~~==-=~==~~.~u~~=~~.~:~ ______ ~~~: .o-~ 

fAsr/SUJW 

CNAAlt!£"tJv£A 

II u 
5 . .4.4 . 

DIA GRAMS FOR 
OBSERVATION. 

D£TA ILS 

I I I I 

OF C.R.O. S£TTlNGS 

TD./: 

CJ..aCx "",,DTOIl, 

L.,t£Nr trAT£ t::.EAI. 

AAln Tlu£ L)JSi'LAY. 

L-_ 

A.M.2. 

£j/JIV£.il. 

L~ 
D v. 2/1 

.lJ£C'JlLJ£ LJlvtLUR 

WITH I£.AO our. 

,; 

" , 

I Hal/A, 

is NI.JI.I.R5 . -

I 1 I J 

/ 

I. 

- 4·511'. AtI£T£1l 1I£££r UN«. 

:tCJclt LINE. 

I 

(I)MlyrAD ~Al:N 6"';t' hltJUA.) 

-

A.IV. .1. 
..fa wATT. AtW4"A' 

AItII'LJ.~·IJ£~ _ 

L.--~~~~~~,--r~ ___ CauUbW . 
L.. ___ -IOV. 

L.. ___ .... _ -IIJ V. .5£.ItJ~1 N~ . 

LLS.£..T S"wlrCH. 

('.6biV,.. ;I'.ANLI....) 

.R£AD OUT MI!T£AS. 
('ADIVr bN6L.') r---------.. --:-----lL,~s~~.~L~'A~.~.~~~r; 

D 11'.2/2. ."vl. 0- ~ 
D£I1'AO£ Dlw.ozA. _, 

WITN ~£ADLJllr_ ... +" -
.. 

SA 3. 
,/ MINilrJ£ d J Jl4uA. 

UJJA'Il$TA4!.L£S 

WITH RELAYS. 

PLATE 2 

BUREAU OF MINERAL 
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Drawing No. 
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BLOCK DIAGRAM OF NCD 2 
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COMPonEfT'r LI::1T. 
}QA .... ¥ ,AMX;e: comr,::::v'.l.·VlI • 
=s PI 

TRAN:3ISTORS. 
("\1 x2 .' '1, ?\/. '" '" '->2: \.,d 

DIOD:LS. 
CR1 CR2 OR] 
CR4 CR5 

SOURIAU 8140-02 )111.12 5 ;PIN 
VOCAE. SKZ198 

~~:tAr~SI~~TC)R TYP~< 2 ?'J4·0 It 
",.T:)f'\AB "\,Tm /,...,,.-.- A', 4 
\:\.. •. ~' • DIJ.l/L~·':tVL~ 

SILI'jm~ DIOlJl~ TYP~; OA;?OC 
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U5 U10 C11 

(;;~, 

/,~ r'~ 
'v! ·v~ \ 

CiJ 

~:_;~)l~)TORS. 
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2200 PF VOCAB. nCP6222 
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Fol1o~ing resistors to be ~ELWYN " Mi::TOX" i "', AT T T"'!P= F 2 0 

CHOKES. 
11 15 mI-I "Q" FLU:::': : .... rp:c LR31P 
L2 2. 5 mB "Q" PLUS T'.tP"':; lli"C2 
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x::: 
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C2 PISrrOIJ T"2HILL,:n ~:AFACITOn. ~n"-i; ~1 < ,(;'1' 1_)(\" J IC: S J11 180 OHMS 
CURP. USA :~ 1 ,: 7 • 5K OHMS 
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COMPmr1NT LIST. 
corntscTORS. Rl<S I STOHg. 
p1 P2 sOtffiIAU 8140-02 MAL: 5 PIN 

VOCAd. 31(Z1')8 
!<'ollovdne; resistors to be 'NEL"'iYN "METOX" !'IATT TYPE F20 

TJU;'JSISTORS. 
Q1 T.-!A:~SIS'[,OI'~ 'I"rp:~ 2]"T861 

VOCA3. 13VT/2I'I861 
Q2 Q3 Q6 Q7 rr7jANSIS':OH Tn::.:: ?r~4.04 

VOCAB. BVT/2N4C4 
:::4 Q5 ~RA1TSISTOR TYF"J 2:1388 or ?H5'35 

VOCA:8. 13VT-/2N38S 
Q8 TRANSISTOR TYFL 2H3g8A 

DIOD::'::S. 
CR1 CR2 CB3 
OR4 CR5 cra 
ORB 
0116 

eRg 

CAPACITORS. 
01 C5 

uO'-"AT" "11nl '2~'3gP,A v v D. 11 V.l./ j, ~ J 

SILICON DIODL TYFj':; OA200 
VOCAB. EVD/OA200 

GEHrl1ANIUJ,1 lnOIl..:.. TYP;~ OA95 
VOCAB. SV})/OA95 
SILICON z---:~r-J:;":R DrOD~::; 
VOCAE. BVD/' .. 1Z,t.7T5 

PHILIP~~ POLYL»:'L~n TYPi.'; C296 12~V, 
o. HIFD VOCAB. bC01104 

R1 R1S R2G 20K OHMS 
112 200K OHMS 
R3 RS BB R17 R18 10K OHMS 
;{4 100 OHMS 
R5 910 OHMS 
~9 R15 2.2K OHMS 
Rf()'R11 R13 R16 1K OHMS 
R12 - 5.6K OHMS 
R14 R22 4.7K OHMS 
R21 82K OHMS 

C2 C3 DUCON 3TY!':tOS}:,J\1 T',"PL DP:a610 60CN:, 
680 PF 'fOCA13. (3CP6681 
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COMPON"'.8NT LIST. 
CONNECTORS. POTENTIOMET~RS. 

R14 R1d R19 "'BOURNS TRlT.n'OT TYPE 200L-1-503 
Available ex PAINTON Australia. 

pi P2 SOURIAU 8140-02 MAL:t; 5 PIN 
VOCAB. BKZ198 

50K OHMS 
Melbourne. 

TRANSISTOHS. 
(1 Q4 w6 rrRANSISTOR TYPE 2N861 

VOOAB. BVTL2N861 

R:iSISTORS. 
Following resistors to be NELWYN "Mi..'TOX" ~·WATT TYPE F20 
R1 Ro R10 20'K OHMS 

Q2 Q5 Q7 

Q3 Q 

DIODES. 
CR1 C1:{2 OR) 

CR4 CR5 

CAPACITORS. 
C1 

C2 

C3 

04 C5 c5 

C7 

(j) 

5 g! 

6 ~ 
(j);a~ 
~~c: 
~oo 
oC:." 
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TRANSISTOR TYPE 2N4·04 R3 R5 Re R15 R17 1K OHMS 
VOCAB. BVTL2N404 R4 R9 Rib 22K OHMS 
TRANSISTOR TYPE 2N388 or 2H585 
VOCAn. BVT/2N388 Following resistors to be JOBLING "LLECTROSILtt ~ 'HATl 1?b TYPE N20 

SILICON DIOD~ TYFB OA200 
VOCAB. BVD/OA200 
G:E:RMANIIDl DIODB TYPE OA95 
VOCAB. BVD/OA95 

DUCON STYROSEAL rr'.'P:S DFB612 600VVi 
1000 PF VOOAB. BCP6102 
PHILIPS POLYSSTER TYPE C296 125V'N 
O.OHiFD VOCAB. BC01103 
PHILIPS POLYESTER TYP~ C296 125V,'[ 
O.1MFD VOCAB. BC01104 
DUCON STYROSEAL TYPE DJ?:a61 0 ~OOV\'I 
6S0PF VOCAB.BCP6681 
TANTALUM ELECTROLYTIC SPRAGUE TYP,; 
150D 1 07xOO 15 100!i!FD 15 V·V 

R2 H17 110K OHMS VOOAB. BRB54114 
R11 15K OHMS VOdAB. BRB54153 
R12 20K OWvlS VOCAB • .'3RB54203 
R13 i00R OHMS VOCAB. BRB54104 
R20 8. 2K OH!ilS VOCAS. BRB54822 
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COMPONEH'r LIST. 
CONN~cToRS. itG:SISTORS. 
pi P2 SOLTRIAU 8140-02 MALE 5 PIN 

VOGAB. TiKZ 198 
Following resistors to bef',vEL\'/YN "METOX" -i \'iATT TYPE F20 

TRANSISTORS. 
Q1 to Q8 

DIODES. 
CR1 CR2 CR) 
CR4 CR5 CR6 
0'??7 CR 

CAPACITORS. 
01 C2 

" 03 c6 

04 85 

TRANSISTOR ,:,YP:r~ 2T:;404 
1ron'TI ~'!T/?~~()4 v "fid. Jj I < . .l<Lj-

G;:mMAHIt~l DIOD}~ TYFL OA95 
VOCAB. BVD/OA95 
Gl'~HMANIU1';;-DIODE TYPE OA5 
VOCAS. BVD/OA5 

DUCON STYROS1:AL TYPB DFBG08 600V\'i 
470 PF VOCAb. BCP5471 
PHILIPS POLYESTER TYPE C296 125V'.: 
1 ;',TFD VOCAH. BC01105 
DUOOH STYROSl.:;AL TYPE DF.i30f2 -600v.: 
1000 PF VOCAB. 3GP6102 

Rl H2 2.2K OHMS 
H3 laOK OHMS 
R4 R14 560 OHMS 
F15 R6 R7 H8 R9 R12 10K OHMS 
Rio Rn 22K OHMS 
Tt13 laOK OHMS 
R15 360 OHMS 
R16 300 OHMS 
R17 RiB 1K OHMS 

07 TAI';TALmr ELECTROLYTIC SPRAGU~ TYPE 
150D 107x0015 100 MFD 15V'd 

0;:-;8.,------~T~A7-::~TT;;-:-ALtnv[ ELECTROLYTIC SPRAGUE TYPe 
150D 476x0015 47 MFD 15V~ 
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COl'i1PONENT LIST. 
?QXW'it+1HfflXHh GONNE'vl-VI\0. 
y;. 4<A -
r I rc SOURIAU 8140-02 lVlALB 5 PIN 

VOCAB. 13KZ198 
TRANSISTORS. 
Q1 Q2 03 TRANSISTOR TYPE 2N404 
Q4 Q8 VOCAD. BVT/2N404 
Q5 Q6 TRA1~~;rSTOR TYPE 2N 3 

VOCAB. BVT/2N'188 
Q7 'rRANSISTOR TYPE 2N861 

VOCAB. rWT/2N861 
DIODES. 
CRi CR2 
CR3 

GERMANIUM DIODE TYF}; OA~15 
VOCAB. BVD/OA95 

C'R4 CR5 SILICON DIODE TYPE OA200 
VOCAB.Bvn/OA200 

CAPACITORS. 
C1 C3 TANTALUM r;LECTHOLYTIC SPRAGUE TYPE 

476x0020 4 7~;lPD 20VW 
C2 C4 C5 nUCON-STYROSJ:;AL TYF}; DFB610 bOOV'! 
C6 C7 680 PF VOCAB. BCP6681 
C8 PHILIPS POLYl;;ST1:;R TY.Pl'; C296 125V':V 

0.1 TIIFD VOCAB. HC01104 -----
C9 P!HLIPS POLYESTEH TYP':: C?j6 125V:.' 

0.068 II'PD VOCJl..B. 13CO 168,) 

.... -
'" 

.l'Mt:. .. .,.;v.l .9 ... A.tt_ .... .,.A;J:J, 

~ 
:-- 1..0 .rT~Ar 'All"" CN""'IC~·Qi'.A. 

... .s.,.~p 'AI1M t:'NA"'fi:.-tJ"4.1f'-

150D 

'"' 
ItA.D~D '''''t:~.IA roll eoNAN44·4V • .c " 

..... 
a 
» n 
n 
o 
~ 

~ 
z 
-< 

:u 

8 
:u 

'" z 
o 

iii 

i~ 
'" '" 

fj) 

o Q> 
r- C o :;0 

(j1:;o~ 
~mc 
~oo 
OC"T1 

:;0 
(j10~ IJ:Im­u- Z 
"'0 m 
J: ~ 
~ r-

~ 
G1 
CD !i? 
N 110 
....... . 
().I ;' 
I -a 

- Z a 0 
(J)' 

-i 
3: 
rn 
n 
0 
~ 

~ 
::u 
~ 
0 
:::0 

C 
Z 
-i 
(f) 

.l:> 
~ 

N6DN ~N.D~CA"""If.. 

AA.o/t) ,J'./t:!ItIA~ IN. 

/Dms~c. C",(JCK JJ~/",SI.s n\l. 

~ ~~rl.D JfJv,/.S''£ rd cQvNr4,(l. 
1\\ 

.4ItLAoIC r.o It£ssr. 

7'.0 NI~. 4..51'. Alf.r "",/VI . 
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Pollowing resistors to be ,IELNYN "METOX" ~ "ATT TYPE 1"20 
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CORr;. E!TGLISH ELECTRIC TYPE HNR 40/12/13. Fom.[.sx'1 No. 50/8983. CASE SHROtrDED CLAMP No. 54/2759. 
~ Primary. 78 turns No.16 B & S double solderite wire. Bifilar wound. Wind to nearest full layer. 

(Approx. 77 turns.) 
Secondary. 2300 turns No.26 B & S double solderite wire. Fit 0.005" pressphan between primary and secondary. 
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COMPON:;j,NT LIST. Following list comprises electronic components.,only. For parts list of mechanical 
assemblJT refer to clock drawings book No.2. 
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CAPACITORS. 
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THORN ATLAS SUB-MIN. TYPE L1015 
c/w HOLDBR TYPE THORN ATLAS 80/10/2348/clear. 
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COMPONEKT LIST. 
CONNECTORS. 
pi P2 .sOURIAU 8140-02 lI'IALE 5 PIN 

VOCAB. BKZ198 
Following resistors to be JOBLING "ELECTROSIL"! WATT 1% 

TRANSISTORS. 
Q1 to Q8 

DIODES. 
ORi to CR14 

CAPACITORS. 
01 to 08 
C9 C10 C11 C12 
C13 C14 C15 C16 
ClrCf8 

HESISTORS. 

TRANSISTOR TYPE 2N404 
VOCAB. BVT/2N404 

GERMANItJlv1 DIODE TYPE OA95 
VOCAB. BVD/OA95 

DBLBTED. 
DUCON STYROSEAL TYPE DFB610 600V·,'i 
Ci80PF VOCAB. BCP6681 

TANTALUM ELECTROLY".EIC SPRAGU1:: 'rYF;'; 
150D 476x0020 . 47MFD 20V\\' 

Following resistors to be WEL'iiYN IfMETOX" i 'JATT TYPE F20 
R 1 R4 R6 R8 2. 2K OHMS 
R2 R3 R5 R7 R9 R40 R41 R42 R43 4.7K Ohj~S 
R10 R11 R12 R13 R14 R15 R16 R17 10K OHMS 
R18 R19 R20 R21 R22 R23 R24 R25 22K OHMS 
R26 R27 R28 R29 R30 R31 R32 R33 100K OlD'l1S 
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R34 560 OHMS VOCAB. 'BRB54561 
R35 270 OHMS VOCAB. BRB54271 
R36 430K OHMS VOCAB. BRB54434 
R37 220K OHMS VOCAB. BRB54224 
R38 lOOK OHMS VOCAB. BRB54104 
R39 SIK OHMS VOCAB. BRB54513 
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LOGICAL OPEf.:ATION 

NEGATlV~ OL TPUT , .. AND 

0 I 
Bel 

j 

INPUT 

Be = BINARY COUNT:~R 

(b) B = BISTABLE 

'. 

+ ~ ~ t , 

0 I 0 I 0 I 
Be2 BC3 

-.. 
B 

.. 
t -,- " , 

~ 

j 
~. 

A "true" (e.g. positive) signal at the 0 input produces a "true" s .... ,,~ 
at the 0 output. Similarly, a "true" signal at the 1 input produc 
"true" signal at the 1 output. This is purely a logical represen " 
It the 0 input of an actual transistor bistable is at the base of . 
transistor No.1, the 0 output 1s at the collector of transistor No 

(c) Denoting a "true" output by 1, and a"talse"output by 0, the following table indicates 
the dividing sequence. 

Input pulse No. Output BC1 Output BC2 Output Be) Output 9 

0 1 1 1 1 
1 0 1 1 1 
') 1 0 1 ; '-

3 0 0 1 1 
4 , 1 0 ; 

-5 - 0 i 0 ; 
0 i 0 0 ; 

~ 0 0 0 , 
1 1 1 0 

I 
i 

f 

9 0 ~ ; 0 
10 1 1 1 1 

CD 
WAVEFORMS 
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The following 'lfaveforms should. be observed when triggering the C.R.O with a positive goinS signal. 
dorizontal axes are calibrated in multiples of the decade input signal period. 

A. 8ECADE INPUT I I I I I I I I I I I LEADI NG EDGES ONLY SHOWN 0 I 2 J 4 5 7 a - q 10 

8. BC I OUTPUT 
{) 2 J 4 5 b 7 8 q 

I J 
c. BC 2 OUTPUT I l I 

4 8 2 Both waveforms will appe 
OR simultaneously, as the C .0 

cannot distinguish betwe 

I I I I leading edges at 4 and 8. 
8 2 4 b a 

I I I D. BC 3 OUTPUT 
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R~SI~TORS. 
pollow~ng resistors to be~~L~YN 
R1 R2 R4 
R5 
% R11 

"M2TOX" TYPE F20 Q 
2.2K OHMS 

20 OHMS 
47 OHMS 

,,,.-r;-, /")")? f)p ') '7Tf OInnc 
.~'l./\,I""'LL ... -.......... '- • • l\-. l.L1l"'; 

i':ounted on re2.rcslwl. lb 
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.r..>-) • .J. ...... , '--~j '--' ~~..,....--. 

------="';).AT,T'-~IL''1'''-\:) ",YPT, ')~:j88 
J...I.' ..!.~v ~J,.Vi~ . .I. .... 4 ..... · • .) ... 

VOCAB. 13VT/~':'388 
THANSISTOR·nT-YP:L', 2N8~ 
VOCAH. BVT/2N861 

l~ 10 470 OHtvn 

POT ENT IO?;l.ET bR. 
rt7 BOUR~S TR1~~OT TYPE 200L-1-101 100 OHMS 

Available ex PAINTON Australia. Melbourne. 

':lATT 

DIODES. 
CR1 SILICON Z;"l;LH DIODE TYPE QZ4.7T5 

VOCAD. BVD/QZ4.7T5 
l~ollovdng resistors to be WELVJYN type AN 3101 3 "'ATT "'/"/ • ~ t( " ~ 
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SILIcon DIaD}:; T'(PE OA200 
VOCAB. BVD/OA~OO 
SILICON ZErH,:R DrODE TYFl. QZt'). 1 T5 
VOCAB. BVD/QZ5.1T5 

CAPACITORS. 
c1 TANTALml ELECTROLYTIC SPRAGUe; TYF. 

150D 106x0020 10r,iFD 20Vi 
C2 TANTALL'T,:l .LL~CTROLYTIC S-PRA-mTR-'J1YF, 

150D C3Cx0015 68!:lFD 15V',. 
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;;" ~;,;FO :;-)"1" L1 :3'1. 
x> '-_xcx: c '~)N1T~:~~~'l'U~{:j. ,:-1 ~',,_~ LjTOH;5. 
P1 t'~ ~-)OU1UAU 8140-0~? :,lAL.~. :; rn1 

'fUCA!j. 3l\:Z 198 
Fol1o~in~ rpsistors to be fEL»YN 
h1 .:I;: R,t 

II M.t;TOX" ~ 
2. 2K OI-r~s 

,','ATT TYP;: F20 

THi!.l73 ISTOE :-3. 
I~ 1 1",~4 
;-, ,-. 
.. ....;L 

.~; 3 ,:!6 

~5 

"",' C" ,;,,~; ""'<"'0'" 'T1Vp~ '1"-'309' l. .~Al' ' .... J..0 ,J.. I.\. J. J j,,: .J.. L. 

n1 nAT.T··Ic,TO n TYF O('3 r • ""1() i 11 l' .) ,J (' L':" V u 0 I ",' ./, u 
l'HANSISTor~TYP;;: 2H404 
1T""') "VT /2l'AC'~ ,\jvrl-). j] I I·,ll-.,. 

rL'RAI,SIS~'OR Tl'Pl,; 2:;861 
VOCA~. rWT/2N861 

H:) f80 OIIMS 
,,~ ..... '; b2 OIlMS 

~ l ,~~ 2.7K OJ-L".1S 

:i'l.) 
~- 4.7K OHMS 

- 5(.0 OHMS 
111 150 OHMS 

POT ~mT I OJ',L:T~',R • DICTr:::s. 
c!?1 3ILICOX Z:;';;NER DIOD':... TYPl:: QZ9.1'l:') 

VUCAl:). BVD/QZ9.1T5 
'it 7 HommS TR n;rPOT T"{PE 200L-1-1 01 

Available ex PAr:~TON Australia. 
100 OHMS 
Melbourne. 
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COtlPONENT LIST. 
COnNECTORS ') 
P1A ?111 P2B 
YV) .' r ,-1"' ... 

T~ANSI3~OR3. 
~. ox A< 
:~~ 1 ~::_ \.-2 j 
'~: ~ 0.7 

SOUHIAU 8140-07 MALE 3 PIN 
SOURIMJ 8T40':'02 HAL, 5 prN 
VOCAB. BKZ198 

TRANSI~'3TOR TYJ?:::: T2309 
TRANsI8TOR-TYPJ:: 2r~4u4 
VOCAB. BVT/2N404 

:25 TRANSISTOR TYFl!: ~N]TITA 
VOCAB. 8VT/2N301A Externally.mounted. 

~:6 Q6A TRANSISTOR TYF;;; 2r~277 
VOCAB. BVT/2::277 Externally mount!~tl. 

DIODES. 
.-.nS A$!( 
.;r. I CR7 SILICON ZENJ:':n DIOD.r: TYP:C~ 1 z8. 2'11[5 

VOCAB. BVD/1Z8.2T5 
CR2 CRTCR4 SILICON DIODE TYPE 0A:200 
CR) VOCAB. BVD/OA200 

:-?.6SISTORS. 
Following resistor2 
E1 ~117 
R2 R1G 
:;4 
TIS 
.\5 R1It R15 
R8 
R9 
R10 
F..11 
~,: 12 
~13 

POTENTIOM3T:t:;R. 

to beiEVilYN "METOX" ~ WATT TYPE F20 
lK OEMS 

330 OHMS 
12K OHMS 
270 OW/:S 

47 OE~r.S 
2.7K OHMS 
5.6K OHMS 

b2b OHMS 
150 OHMS 
10K OI-IMS 

1.6K om!s 

R7 BOURNS TRINIPOT TYJ?l!; 200L-1-101 100 OHMS 
Available ex PAINTON Australia. Melbourne. CR6 SILICOF ZE~iR DIODE TYPE Qz6.2T5 

VOCAB. BVD/QZo.2T5 
CAPACITORS. 
C1 

Following resistors to be 'c'I.t;L'NYN type A','; 3101 3 ,VATT wtu 
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COMPONENT LIST. 
CONNECTORS. 
pi P2 SOURIAU 8140-02 ~~LE 5 PIN 

VOCAB. BKZ198 
TRANSISTORS. 
Q1 Q2 TRANSISTOR TYPB 2N427 
Q3 TRANSISTOR TYPE 2N391rA-
DIODBS. 
CRi CR2 CR3 SILICON DIODE TYPE OA202 
CR4 VOCAB. BVD!=OA=2::..:0:..;:2',---__ -,-
CR5 SILICON DIODE TYPE OA200 

VOCAB. BVU/OA200 
CR6-------------- sILICON ZENER DIODE TYPE WZ4.7T5 

VOCAB. BVD!QZ4.7T5 
CAPACITORS. 
c1 C2 DUCON STYHOSBAL TYPE DFB610 600VW 

680 PF VOCAB. BCP6681 
C3 PHILIPS POLYESTER TYPE C296 125V·N 

1 MFD VOCAB. BC01105 
RESISTORS. 

W C 4 • 

Eo~~owing resistors to 
t11 R2 

be vr:SLWYN 
360 OHIVIS 
10K OHlI1S 
82K OHMS 

"M1~OX" ~ '.'lATT TYPE F20 

Rj 
R4~R6 
R7 47K OHMS 
R8 2K OHMS 

R9 VOLTAGE DEPBNDBNT RE~lISTOR P:::ILIPS TYFl 
E299DG/P224 
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> rn c ~ TO 90V GENERATOR INDICATOR ON zgo "FRONT PANEL 

~ ()" V'~ TO IIOV GENERATOR INDICATOR 
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TRANSFORMBR 8~·COR}t' TYPE D25/16 PHILIPS P J 

Air gap 0.25 mIll. 

t primary turns. 

~ feedback turns. 

Secondary. 

128 turns No.32 B & S double solderite 
wire. 

64 turns No.39 B & S double solderite 
wire. 

1600 tUrns No.40 B & S double solderite 
wire. 

Fit 2 turns of .001" paper between feedback and primary. 
Fit 2 turns of .002" paper between primary and secondary. 

Former to be wax impregnated. Use "OKEHIN,i type 561. 
Reference S16. 
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II A M3. ., r AM I. 
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2A 

.12/1 
.12/3 J2/4 

0 0 0 28 

.12 

'~'-";o' .. ~"'~ r-A-l~~"""'~ '~ . ..t".''"'~'''.' - . 
..!::.::~;j -

PP3. I AM2. • .., ,... 
I 2 3 0 0 0 0 0 w I 0 ' 02 oj 04 0 5 I 2 

0 0 0 2A 0 0 IA 
.I4jJ 0 0 0 28 

.14/4 0 0 0 18 

.14 
)4 

• 

"'''IV NU_ 8.1!,/l NVt:. A.LL 

C'ONN.4~rD,S}~ . 

)J/2 n/3 )3/4 

0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 

0 

TDI. 

II 

I 

, 

I"'T'"'I 

REAR . I I 
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