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Introduction 

Timer Counters TCll lllld TC12 are lnat.rumenLS 
designed for the measurement of fl'equ.enales up to 

at least l5MHz. TCll offers a four digit display 
with a maximum gate time of 1 second (l.Re resolu­
tion) whilst the TC12 wltll slmllar facilities to the 
TCll offers a five digit display with a maximum 
gate time or 10 seeonde (0. 1Hz resolution). 

Both instruments may also be used for counting 
and timing measurements usiDg the START/STOP 
gate faoiHties. Multiple period operation enables 
low frequencies to be measured to a blgh degree 
of accuracy. 

An input Impedance of lMn shunted by 18pF en­
ables stllllderd oscilloscope probes to be used. 
This Iaellity together with a three position input 
attenuator giving sensltivltes of lOmV, lOOmV 
and 1 V RMS ensures accurate measurements 
over a wide range of signal levels. 

Section 1 

The ioterrull strulderd of 100kHz Is accurate to 
one part io 10•. Facilities nre provided for the 
substitution of lUI external stnudnrd or l.lignnl 
wltbio the freque.1ey •..nge IOifz to 2MBz; 
thereby also allowing the Instruments to be used 
Ior ratio measurements. 

Integrated circuits are used for maximum re­
liability IUid the Internal construction allows 
immediate access to all components. Indicator 
tubes or a new type provide an extremely bright 
clear display, and enable the instruments to be 
used ID adverse lighting conditions. 

Daut output Is available from pins oa the printed 
circuit board (8421 code). 
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6 Specification 

DISPLAY 
TCil Fm1r In line numerical Indicators. 
TCI2 Five In line numerical Indicators. 

FREQUENCY MEASUREMENT 
2H:t to at least 151\IHz via Input A. 
GATE TrMES TCll O.lmS to IS. 

TC12 0.1mS to lOS. 
Selected In d~>eade steps. 

TIME MEASUREJ.IENTS 

TIME UNITS TCll lOllS «> IS. 
TC 12 lOllS to lOS. 
Selected In decade steps. 

Stan and Stop lnpuiB can be A «> A. B to B and 
B to C or by push button. Time A to A (eqwvalent 
to single period) is the t.lmc Interval between 
successive negative going signals at Input A. 

MULTIPI..E PERIOD 
~,rom 10 to 105 periods aelccted In decade steps 
over the frequency range of 211• to nllensl 
100kt-ir. via lnpu1 A. Operates from positive 
going slgnnls. 

COUNT MODE 
2H:t to at least l5Mll:t via Input A with start and 
stop controls via inputs B to B. B to C or manually 
by push button control. 

ACCURACY 

FREQUENCY TIME AND PEI110D :_1 count 
•accuracy of standnrd +trigger point error. 
CoUNT Absolute, but~~ count when the gate 
Is operated. 

FREQUENCY STANDARD 

INTERNAL lOOkHz crystal oscillator set to 1 
parlin 105 at room temperature, Stability~ 6 
pariS In 105 over the temperature range 0 to'fj()°C; 
typionlly ::s parts in 10 5 [rom • 10 to +40°C. 
EXTERNAL Slnusoldnl slgnol lOkH:t to 2MHz. 
0.5V to 10V RMS or a suitable pulse source from 
10Hz to 2MHz, 1 v to 20V peak to peak. 
NB Use ar other than 100k}lz standard wUJ cbltnge 
the scale o( measurement. e.g. frequency ratio 
may be measured. 

INPUT A 

SENSITIVITY 10mV,100mV nnd 1 V RMS selected 
by a lbroe poslt:lon switched nttcnuotor (2Hz to 
16M Hz) 
MAXIMUM INPUT 250V RMS (DC to 20kHz) on 
all attenuator positions. 3V RMS an 10mV position. 
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30V RMS on IOOmV und IV p081LlOtUI at !Te­
quencles above 20kHz. 
INPUT IMPEDANCE lMQ In parullel wltb 18pF 
(suitable Cor use wltb nn oscilloscope probe). In IOmV 
pceltion protective hmitlll(l ('RUSCB the lmpe<bnce 
to drop to 20Jkll. 12JpF ~.<lth 8JgruU I!!Vels over 
IV RMS. 

rNPIJTS BAND C 

SENSITIVITY 1V peak ncguuve going, fall t1me 
between 1 nnd lOOnS Mlt><lntum int>Ut ;:_3V pook. 
cnpncltlve cOUpled. 
(Operadve on time nnd count functl011s only). 

RESET INPUT 
Operates from a C<llltact to groond: open ctrcwt 
volt.age •18V maximum. 5hOrt cu·<.-uit current 
l SmA maximum. Alternatively a neg:ttive goong 
roulse of between 6V and 20V und at lea11t lmS 
duration: the positive levels should lie between 
U and' 20V. 

CHECK FACILITY 
The 100kHz standard Is counted for the gate Ume 
selected. 

tiiSPLAY TIME 
Canunuously variable from less than O.lS to at 
least 4S with switched bold position and mMual 
or external reset. 

DA'fA OUTPUT 
The display dsta Is avalloble from pins 011 the 
printed clrcull board. ~~·orrnntls 8421 BCD 
poelllve going. negative true. Outputs are high 
lmpednnce unbuffered). 

POWE~ SUPPLY REQUIREMEI\'TS 
l)J to 125V or 2JJ to 25DV. 45 to 6SH1.. 
Consumption 25VA. 

TEMPERATURE I'!ANGE 
0 to +500C 

ACCESSORIES SUPPLIED 
One 5011 BNC connector. Pan No. 1166. 
One mlnlawre Jack plug (for external standard) 
Pan No. 212'7 
Four (4) nun plugs, Part No. 1244 
Instruction Manual, Part No. 25884 

DrMENSIONS AND WEIGitT 
II~" (29.3cml wide, 5j" (14.6cm)high, 
deep overall. 
10 .Sib (4. Bkg) 

1 
9T"(25cm) 



Operation 

3.1 PRELIMINARY 
The Instrument Is nonnn.lly despatched from the 
Caotory for use with AC supply voltages within the 
range 200V to 250V. To operate from AC supply 
voltages between lOOV and 125V proceed as 
followa:-

Fou r tapa are provided on the aide or the supply 
transformer Tl nearest the top or the instrument; 
those are marked 0; 112V: 0: 112V nnd enable 
the prlmnry windings to be connected either In 
series (for 200V to 250V operation) or In parallel 
(for lOOV to 125V operation). 

The Instrument Ia normally supplied for 200V to 
250V opemtion with the wiedings connected In 
series. I.e. thus:-

l l 
ov UlY OV • 12V 

To connect for lOOV to 125V operation. remove 
the link and po.raUel the winding• tbua:-

ov 112Y OV ntv 

Note that no connections to tho olher tags on the 
transformer must be made or disturbed. 

When the Instrument Is despatched It is normally 
flttod with a 2. 5A fuse In the fuaeholdcr FSl oo 
the rcnr panel, wbicb Is sultnble for 200V to 250V 
operntlon. However a 4. OA fuse aho~tld be ntted 
fur 100V to 125V operation to prevent the fuse 
(rom being blown wltb the switch-on surge. The 
supply on-off switch Is operated by tho functloo 
switch, tu~d when the instrument is connected to 
the supply and switched to tbe required function 
the neon indicator tubes wU1 be Illuminated. 

3.2 DISPLAY AND RESET 
When the SAMPLE RATE cOJnrol is switched to 
tbe HOLD pos!Uon, reset may be actuated maounUy 
by tho push button or by n olosod contact to ground 
at the external reset socket. Repetitive readings 
are obtained by tunung the control clockwise, tbe 
length of time for which a reading Ia displayed 
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dcpencla on the setting or thla control and msy be 
varied from at least four aeconcla to less than 0.1 
seconds when the control Is fully clockwise, at 
the maximum sample rate. 

The uae of longer display tl mes Is advisable with 
meuuremeJJts having a gate time longer than 
about 0.01 sec. since a very rapid sampling rate 
(abort display time) makes It di!ficull to observe 
tbc steady display during lho period when the gate 
Is clotJed. 

3.3 FREQUENCY M-EASUREMENT 
Tho frequency of signals or at least 10mV RMS 
and not greater than 250V RMS up to 20kHz, and 
not greater than 3V RMS above 20kHz, (rom 2Hz 
to 15MHz can be measured, ualnc the BNC Input 
aocket A. The lnpuillttenuator ahould be used with 
luger signals as appropriate, In the IOOmV or IV 
position. This wiU also enable Inputs up to 30 volts, 
abo'\e 20kHz, ~o be meaaurod. Tho Input impedance 
or ttirn Md 18pF approximately, enables a normal 
oeclllosoope probe to be used . 

The TIM£ IJNJTS switch shows rive gate times: 
10 •, 101 , 10 .... , lo-•. and I second, there is addl­
tlonlllly a 10 sec. gste Ume on the TC12. The 
display Ia In Hz or kHz, aa ahown on the TIME 
UNfTS switch when the display reading Is multl­
pUed by the factor shown: for OXllmple, on Bz x 100, 
(with a gnte time of 10.2 sees) a reading of 0633 
would be 6330082. or 63. 31tlit. The longer gnte 
times CM be used to obtAin o greater number of 
digits and thus greater accuracy. For greater 
accuracy below about lOOkllz It Is advisable to 
select MULTIPLE P8RIOOS. 

The number of digits can be extended beyood the 
reedout capability by tsldng twO measurements, 
ooe meesurement to obtain the moet significant 
digits, and another to obtain further digits, 
whilst overspUUng the moel significant QQ418 by 
using longer gste times. 

Note that :m external stnndnrd Ia necessnry to 
achieve accuracies of more !han I In 10• . 

3.4 PERIOD MEASUREMENT 
(a) TIME A -A for t!lng1e Period Mee81U'emen.t8. 
To obtain an accumte dntarmlnatlon of lower 
frequencies It Is better to meaaure the period of 
the slgnlll, that Is, the time elapsing between two 
consecutive negative going elgnala exceeding tbe 
triggering threshold, lhla Is performed when tho 
selector swlteb Is set to TIME A-A. 

Tho setting of t.he TI:ME UNITS switch detenn!nes 
the units of tbe display and It Ia necessary to take 
tbe reciprocal to obtaln the frequency. For OlCIJDpl6, 
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8 Operation 

using ten micro seconds units (TIME UNITS: 10' 
sees) a reading o! 2000 x lOJtS + lOJtS gives a 
frequency of 50Hz.~0.05%. -

However any period measurement suffers from n 
trigger point error due to hum and noise on the 
signal, causing tho trlggar polnl at which measure­
ments are made I.e jitter In Ume. II random 
Ouctuations occur In lhe reading, dlffe.rctU atte.n­
uator posllions should be tried I.e obtain the most 
consistent display. When using the lOOmV or 10mV 
poirltions particularly, care should be taken not to 
pick up spurious Signals, with unscree.ned leads 
for example. The effects of the trigger point 
error may be lu.rther mlnlm.ised by increasing the 
number of periods over which the measurement 
is made. 

(b) MULTIPLE PERIOD 
The time Indicated on the counter Is always In 10 
microsecond units, and is the time elapsing 
between the first positive going signal to u·igger 
the counter and a selected subsequent positive 
signal. 

The selection or the latter signal Is made according 
to the N'UM:SER Of' PERIODS selected, wblch may 
be any power of ten from 10 to 10' In dec<tde steps. 

On MULTIPLE PERIODS x 10~ a reading of 
2000 x lO,..s gives accuracy 50kHz!_0.05% neglec­
ting any trigger point error, sod nccu.r:aoy incrcuses 
progressively with gr<>.nler numbers of peciods und 
with lower frequencies. 

3.5 TIME MEASUREMENTS 
fn addition to tbe TIME A -A Cunctlon, r.lm.e 
measurements can be made in three modes. 

(a) TIME B-.B 
The TIME UNITS selected are counted between the 
fi rat and second negative going pulses at the B 
inPIIt S\>Qise~. !liter a rese~ lli\11 9e'1!1 !lpp~ed. 
Subsequent pulses have no effect, until reset is 
<tga.ln applied. The pulses, which are speellied 
in SECTION 2, must not exceed 3V or the lnst ru­
ment may be damaged. 

(bl TIME B- C 
In this posltion of the FUNCriON SWITCH, the 
selected TIME UNITS nre counted between the 
application of a negative going pulse at the B Input 
and a subsequent negativo going pulse at the C 
lnpul. The counter does not respond to any pulse 
at the C Input before the pulse at ll or any sub­
sequent pulses before the next reset is applied. 

Bolb the B and C inputs may be activated by a 
closed contact to ground If a 150K!l resistor is 
connected between the Input and ground (l.eacross 
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the cont:lct) and a 4 70K resiS:t<>r from the input to 
lbe RESET socket, which provides a sult.sble 
voltage, npproJdmately 16V vla 220K. Contact 
bounce may be suppressed by n capacitor of the 
order of 0. 011-iF connected <tcross the contacts. 

(c) MANUAL 
In the TIME and COUNT positions the =ual 
START and STOP pUl!ib buttons may be used to 
control the gate. Reset must bo appUed before 
the buttons are operated again. 

3.6 COUNTING 
This function is similar to the TG.IE B-B and 
B-C functions except that the number or cycles 
oC any signal at the A Input socket is counted 
between start and stop signals. These sta.rl 
and stop signals may be applied In any or the 
ways detailed for the time measurement. 

3.7 CHECK 
Tbls facility erulb I es the counting and time base 
decades to be checked .. When tlle funcUon switch 
ls In this position the standard frequency Ia 
counted for n time selected by the time unlls 
switch. In the l second gale position the counter 
should display all digits zero ::1 count. The 
SAMPLE RATE control should be set anticlockwlsc 
to enable the display to be seen. When the 
lnst.ru.meot is first switched on it may not count 
correctly untll n reset pulse is applied, slnae 
tho decades may not start at a zero count stnto. 

Note: Check that the EXT. STANDARD ja.ck plug 
has been removed, since this cuts oU lhe Internal 
standard. 

3.8 EXTERNAL STANDARD (Re'.J.T panel socket) 
Tbls Input can be used to increase the accuracy. 
or change the scale of measu.rements. Inserting 
a jaek ip this socket :ru.tomatlcally disconnects 
the Internal lOOkl!z st:mdsrd. Inputs should be as 
specified In SECTION 2; with positive pulse inputs. 
the mark-space rnUo should not be less than 10 to 
1 . 

3.9 FREQUENCY RATlO 
Frt>quency ratios may bo measu1·ed by us1ng the 
frequency function and applying n to the normal 
input and [1! to the EXT. STANDARD Input. 

The ratio 10 f1 is dJsplayed with the TIM"E UNITS 
[2 

sWitch in the to·• poslLi<m; other positions will give 
100 f1 , 1000 f1 for the 1Jf3a:nd 10"2 positions res-

{2 {2 

pectively and so on. Tho 10 ... poirltion caonot be 
used for frequency ratio measurement. 



Circuit Description 

4 .I GENERAL ...-.. 
The etrcull.S of tho Instrument fell Into three matn 
secuons, the counting dteades and display. the 
timebase, D.Dd tho Input amplifier. A large part 
of the circuitry consists of Integrated circuits D.Dd 
on ly tho function of those wlU be described 1111d 
not thel r Internal cl rcultry. 

Block diagrams of the lnterccnnectlon of the vari­
ous circuits for dl!!erent funetlone are to be found 
at the end or Section 5. Fig. 1. 

4.2 INPUT CIRCUITS (Fig. 2) 
Tho Input signal nt socket A Is runpltrlcd by the 
Input ampillicr and converted to sqUllre waves by 
the trigger d rcult 

The Input signal is fed througb the switched atU!nu­
atcr to the hlgb Impedance field effect tranalstor 
•lllie VTI which Ia blaaed by a constant current 
stage VT2. Protection against excessive negative 
signals Is given by M Rl and large posiUve signals 
arc limited by VTI Itself together wHit 1\4 and RS. 
Tho signal Ia coupled by the emUter follower sr.age 
VT3 to the three stage transistor amplifier VT4, 
VT5 and VT6. DC feedlack over these tbree tran­
slators slllbllises thel r operating blu. Capacitors 
Cl7. 20 and C21 m.oJ.ntaill a level responae at blgh 
frequencies. 

The trigger clrcuJt V'r7 and VT8 is a bistable type 
and VT9 is used to drive Into subsequent cl rcultry 
without loading the blstllble excessively. 

4.3 COUNTING AND DISPLAY CIRCUITS (Fig.4) 

(a) START-sTOP GATE 
Tho pulses wblcb are to be counted are fed via 
ampUCler VTl and differentiated by C3, R3. 

The transistors VT2. VTS and VT4, form a gate 
wh.lch Is aantrolled by the two blslllble alrcu.lts 
ICI, and IC14 wblcb oporate as follows: 

lnllially, after reset, the two •o• outputs are at 
the logic '0' level wblcb Is 'higb' and this output 
from the 'start' blatllble IC14 therefore ew!tcbes 
VT4 on . tbls c loses the gate. 

A negative golng pulae nt the c lock Input 'T' of the 
start bistllble cause• It to toggle atcee there Ia a 
low (l) level on the clear c Input, bill tho blsb •o• 
level on the set S Input prevents any further action 
by this blslllble, until It Ia from VT4 and opena 
the gate. 

Since Initially the •step' b!slllbl e ICl bas high •o• 
levels on both Inputs S and c. it cannot toggle until 
oJter the start bistable has toggled and changed the 
C Input to a low '1' level. Tben a negntlve going 
pulse on the stop bl1table clock tcput T will cause 
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It to toggle, the •o • hJgh level on the set S Input 
prev<li!UI any further action until reset Ia appllod. 
When the atop blslllble haa loggled, It nppllos 
blaa to VT3 and closea tho gate. 

Wbllo the gate ls opon pulses can pass to the 
driver BUlge VT5: 

-Integrated Clreuita IC2 to IC6 form a decade 
capeble of operation at frequencies up to 15M liz . 
JC2 Ia n J-K bistable. (see Table 4.2) wblch 
dlyjdea the input frequency by two, slnco the two 
steering inputs s and C are open, i.e. connected 
to the 'l' state. ground. The '1' output rrom JC2 
Is fed to the clock input or blslllble IC3 which has 
the C steering Input open sl.nce IC6 has bMn reset 
to the '1' state ('I' output at OV). The '1' output 
from JC3 drives the clock Input of bistable IC4, 
the steering inputs of which are permanently open. 
A a can be """" from Tablo ~. I alter the aiXlh 
Input pulse, tbe •o• outpUts from IC3 and 10<1 are 
nt the '1' low level. Thla causes the output or the 
first gate, pin 7. ICS, to change to the blgh level 
acd thus apply a low '1' level to the steering Input 
c or IC6. via tbe secood gate of lCS which acta as 
an Inverter. AI the eJgbth pulse, the negative 
going oo.tput from JC2 causes IC6 to toggle, and 
Ita '1' output now at tho high •o• level. lnhlblUI 
IC3 until after the tenth pulse. The tenth pulse 
cnuaos IC6 to toggle bo.ck to tbe set state tutd 
all the btstables are tbon agnlc in the •o• st.ato. 

Table 4. l sbows the counting. where '1' Indicates 
the bottomed state and '0' the cut off state, at 
the '0' Dlltput of each I C. 

input IC2 IC3 JC4 1C6 
Pulse No. BCD ' I' BOO '2' BCD'(' BCD '8' 

0 0 0 0 0 

1 1 0 0 0 

2 0 I 0 0 

3 I I 0 0 

4 0 0 1 0 

5 1 0 1 0 

6 0 1 1 0 

7 1 l 1 0 

8 0 0 0 l 

9 1 0 0 l 
....... -- ...... -----·-- -···---- -------- .................. 
10 0 0 0 0 

11 1 0 0 0 

12 0 1 0 0 

ete 
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10 Circuit Description 

(o) lN'rE:CHATEO DECADES AND OISPl,AY 
The BCD outputs (rom th~ blgh fro<1uency decade 
n t'C! Ccd to the Integrated d(lCodlnll and ~ncllctllor 
driving package IClO and addluonally the positive 
gotnr e-dge of the BCD's output drives "" integrated 
ct rcult decade IC'l. 

The BCD output or IC'l drives ICB and so on. Each 
fntcgrnted decade bas nn associated decoding and 
r!lnd out package to drive the numerical indicator 
tube. The decoding IC1s convert the BCD input to 
dcc tmnl form and 'turn on ' the appropriate output 
connection whicll causes the noon Indicator tube 
to display the appropriate dlglt. 

(dl RESET Pt:LSE CEI'ERATOR 
The reset ci rcu:lt which resets all decades to uro 
at the end of the display period functions as 
follows ,-

Wben the snmple rate control Is switched from 
tho ' IIOLO' position n chnrglng current can now 
through It Into Cl3, nflcr n stop pulse bns 
triggered the stop bistsble ICI and cut oU VT8. 
The charging rate Is determined by the sntting of 
tho sample nne potentiomett-r. As Cl3 charges 
It switches on VT7 nnd cnusl!s VT9 to cease 
conducting. VT3 is directly coupled to VTlO 
and the s"1tching action regmerates t.brough R21 
so thot a positive reset pulse occurs on lhe reset 
lin~ from the collector of VTlO. VTll acts &s n 
buffer to supply the reset pulse to the integrated 
clr·cuits. 

The reset pulse resets the '0 ' output or the stop 
bistnblo.ICl, to the 'hlgb' state and bottoms VT8 
which therefore dischllrgea C 13 through Rl7. and 
Cl2 chnrgcs through RlS and R21 glvtng a reset 
pulse length or approximately SmS. 

The clrcwt or VT6 enables tnMunl reset to be 
applied 

1.4 TlMEBASE AND POWER CIRCUITS (Fig. :1) 

((\) IOOkllz OSCILLATOR 
Crystal XL R.nd transistor VT8 (orm a conventional 
Pierce Osclllator clrcult. 

The b•slc resonant frequency or the crystal Is 
slightly below lOOkl{z and the aeries cop3ci1.0r 
ean be adjusted to ro.ise the frequency to 
I)XIIctly lOOkHz. 

VT 10 Is nn emJtter follower stnge wluch only 
!Jghlly loads the oscUlntor stage The output 
from VTlO is fed vln the EXTERNAL STANDARD 
Jock sooket to tbe trigger olroult VT!l, VTl2 
which shnpes tho 100kHz. or tho C><temlll standard 
frequency, into pulses sululble for drfvmg the 
llmcbose. 
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{b) TIMEBASE {sec Fig. 3) 
Tho tlmroasc consists of lntegrnted circuit 
dCCtldes which divide tho frequency down in stage• 
of ten from 100kHz to 1111. or 0 . 1117. in tbe TCI2. 
The connection to the n nil dccnde ls made •·m 
tho function switch so that the decades may be 
used to divide the input I n>quet!C\' In the multiple 
period function. 

The circuitry comt>rlsed of IC~ and !CD is used 
to o·o-c· lock the Umebosu to c l imlnnte propogolion 
o o•t•ors wlten denving swrt und stop pulses for the 
counter gate. The stnrt o.nd atop pulses are timed 
from the BCD '1' output from the first dec-ade IC2 
as follows:-

Reset ts app!Jed to VT7 "·hlch clamps the output 
or one side of the bistable formed by the inter­
connection or tv.·o gate circuits in IC9. 

The first poSitive going edge from Lhe BCD 'l' 
output of IC2 is ampllfic'<l nnd differentiated by 
part or JC8 and nppe<~rs ns n positive going pulse 
at tho upper gate cl rt'Ult of IC9. pin 3, and 
CIIUSCS It to toggle. The neg:ttlve going OUtput 

from the bistable Is used ns the start pulse. 

The selected time units, switched by the TIM£ 
UNITS switch from a decade output arc amplJfled 
and differentiated by the rl!ntnlning circuitry of 
IC8 nnd positive going pulsca are red to the lower 
gate of the bistable IC9. Tho first positive going 
edge occurs a!ter a complete count of 10 by the 
nppo·opriate dec<ide and this resets the bi"ulblo so 
thnt tha next positive going 'I' output from JC2 c11n 
onuse the bistable to toggle nnd given negntlve 
stop pulse. 

These pos;tive going 'l' pulses ore therefore gated 
b} thl' required decade uutput to give :m emct gate 
time. 

Tr.mslstors VT4 and VT5 form n g3te wbich is 
clost>d durmg reset to prevent pulses pnss:ing into 
the decades during the t•cset period and VT6 ln­
vcrls the signal so Lbtlt the trnlllng edge o( the 
reset pulse doos not trigger the decade. 

lc) POWER SUPPLIES 
VTI 18 n senes regulator tnutslstor for the main 
power supply. nnd •• controlled by VT2 and VT3 
from the reference %(!11er MRS 10 give a constant 
5.2 volt supply. The Integrated c1rcu:lts are operated 
from o 3. 8 volts supply obuuned from the 5.2 volt 
eupply by series sllicon diodes M R3 and MR4. 

The 200 volt DC recli!IG'tl output ft·om M.R l suppllos 
the indicator tubes, nnd Is rlecoupled by R2. R3 nnd 
C2 together with v.cnor diodes MRS to give a 20 
volt supply with a ounlmum or ripple, 6Wmble for 
the Input amplifier A funh~r u; Vllll supply '" 
obtained from MJI8 and C25 and Is used to reed 
the display timer circuit. 



Circuit Description 

Tab le 4. 2 J K llistable L<>glc 

Output st3te niter nppl!cotion of negative going pulse at lbe clook Input (pin 3). 

Set Cle<Lr 
(Pm 2) (Pm 4) 

0 0 

J 1 

1 0 

1 1 

0 = High 1 = Low 

' l ' Output 
(Pin ~) 

xn 

0 

l 

x-n 

XD - OUtpUt st:ate 
prtor a:u clock 
pulae "''·does 
not toggle 

Section 4 11 
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5.1 GENERAL 

(a) REMOVAL OF CASE 
The top and bottom covers may b" taken off by 
removing the two screws at the rear or the 
Instrument and sliding the covers back. If neces­
sary the side covers can also be sUd back wheo 
the two rear side trims, each retained by two 
screws, have been removed. The case should only 
be removed with the instrument power supply 
d:iseonnected. to prevent accidental short circuits. 

(b) ACCESS TO COMPONENTS 
The top (tl meba.se) board or tbe Instrument Is hinged 
for ease of servicing, and is retained by two screws 
at the rear. 

The Input amplifier screeo is secured br rour 
screws and the slde cover sho\lld be t·emoved to 
gain access to the upper fixings wblch are to the 
side plate. 

(c) FUSE Rt:PI..ACEMENT 
In addition to the Line supply fuse FSI on the rear 
panel (see SECTION 3.1\ there Is u (\lSe In the 
slllbilised supply, rated at 1.0 amp, wblcb Is 
fitted on the right hand side of the upper board. 

5.2 OSCILLATOR FREQUENCY ADJl.5TMENT 
When the instrumm1t IS despatched from the fac­
tory, the oscillator will have been set for the 
greatest nccuracr in the temperature range, 
20 to 2soc. Ageing is a chsracterlsllc of crystal 
oscillators and tb.is results in a slow drlfl of 
frequency. 

This slow drift is unpredictable and Lf the best 
performance is desired it is advisable to check 
against a standard frequency at periods of a few 
months and correct as necessary. 

A standard frequency having an accuracy of a t 
least 1 part In a million Is requlted such as 
Advance Off Air Frequency Standard OFSlA or 
Advance FS3 or a strnight rooeiver tuned to the 
B B C 200kHz Programme from Droitwicb can be 
·used b\ll only In the absence of mod\llation. 

II the stnnd:trd frequency is :1 multiple or sub 
multiple of 100kHz It can be displayed together 
with the 100kHz counter frequency from the renr 
socket. on an oscilloscope to form a Lissajous 
figure. or with one frequency viewed on a nonnal 
tlmebase triggored from the other frequency. 
Use the trimmer Cl7 to obtain a stationary dis­
play, Altematively adj\lSt the trimmer to obtain 
the oorrect rending of lrequency on a second gate 
time. with a standard f:requencr equal to, or 
greater thM 100kHz. 

Section 5 

5.3 GUIDE TO SERVICING 

(a) POWER SUPPL1ES AND BIAS VOLTAGES 
Typical voltages measured nt varlOUij point$ 
In the instrument, with function switch on 
CHECK and SAMPLE RATE setlo HOLD are 
as follows·-

TABLE 5.1 Oper.lting Voltages 

Yfg. 3 V'l'l emitter '5.4V at 0.62 Rmps 
Fig. 3 C3 '3.5 to 3.95 vat 0.•12 amps 
}' lg. 2 VT2 emitter ~2.9V :::.20% 
Fig.2 VT4 collector t 2.GV ;_20% 
Fig.2 VTS collector -~.w ;_20% 
.Fig.:l VTG collect or +3.0V .:_20% 

Other DC voltages should be wllbln 10\1\ of the 
va lues In tho ci1·cnlt dlttgrams excepl •200V. '16V 
supplles and AC voltages whlch slwuld be :!:.15%. 
It is important LO ensure that nt no time more th:m 
-4-V is applied to the integrtlted cll'Cults. nnd If u 
fault Is •·cpalrcd In the power supply circuits the 
Link on this board (sec Pig. 6) c:m be removed and 
a dummr load or a 1511 2 watt re&.istor connected 
to ground. The voltages ucr<>ss the reslst.ors 
should not exceed 4 V: the link may then be re­
placed. 

(b) FAULT LOCATION 
Wbcn rcp:uring the instrument the fau lt should 
be localised to a spectfic secUon of ch·cult;~y , 

where the faulty component can more readlly 
be located. Table 5.2 gives a sultsble procedure, 
Rererence should be made to SECTlON 4, Fig. I 
and circult d:iagroms. · 

Further fault finding ma.y be ca.r-ncd out usmg n 
suitab le oscilloscope (Advance OS2000 or 052100). 

The lOOkH:t. standard should be traced through the 
ti:mebase decades, ensuring thnt they divide by 
ten. with the SAMPLE RATE control in the HOLD 
position. 

Cbecking the remaining c:ir-crultry is ofLen most 
eaaUy done \lSing the COUNT function with a 
normal inJ>ut signal; after the gene mUon of 
RESET and npplioatlon of manual START tho 
counting gate should open and the counting 
dooades may be checked. 

Table 5. 3 shows t}'pical waveforms obser"ed \\1th 
a b.igh performance oscilloscope Md probe. 

Note that whllll ordering spares the circult 
rererenee and board assembly number should 
alwars be quoted In add:itron to tho part number 
and value. 
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TABLE 5.2 Fault Location 

Test Fault PossJble Cause 

Check supplv tapping and supplv No display Failure of 201lV supply. 
fuse. switch to CHECK. 

All t.ubes blurred F3ilu rc of 5.4 V supply (check FS2) 
or 3. 8 V supply. 

Pross reset button Display not zero Faulty rasut otrcull 

Otsplny resets to zero but doos Docs not count Fault In stn.rt-stop jtilte or logic. 
not count. switch to lOpS TIME Fault In lOOkllz oscillator, trigger 
UNrrS and TIME B-8. pr<'SS or EXT. STD socket Fault on dis-
RESET and START buttons. play board. 

Switch lo each TIME UNITS 00(>5 not COWit wtlh Faulty decade, Faulty Part lC8. Fig. 3 
position In wm and check that longer TUitE !;'NITS Fault on dl splay board. 
counting occurs when RESET and 
S'rART applied. 

Apply s u ltsble Input to socket A Counts on OH ECK ond Fault In Input nmpllrtor ot· trigger. 
TIME B-B. B-C but not 
other functions 

Counts Incorrect I\· See neX\ test. 

Set Time Units to I sec. and Right band digit does not Fault in transistor decade or read 
TIME B-B. press RESET and count 0-9 out package. 
START. 

As nbovc but 0.1 sec. TIME Second digit does not Fault tn d('Cildo IC2 or read out 
UNITS. count 0-9 IC8 Flg.4. 

Etc. up to to,s Faulty decade or road out. 

Apply known mput frequency to Incorrect frequency stendv Incorrect triggering In input ampli-
socket A measure frequency. readings fler. Incorrect gate lime -try 

other positions or TlME UNITS 
SWJTCH to find faulty decade In 
timebase. Fault In reclocklng cir-
cuit of t.lmcbasc. Incorrect stnndn rd 
frequency. 

F•·e<wcncv or Period measure- Erratic readings Hum or noise on Input Sll!lllil. or 
menu~. Input ampllfi<Jr. Ched< for steady 

outp\lt from amplifier !rigger clr-
cull. Power •upply ripple, Poor 
grounding or screening or lnputa.mp. 

Two digits on display tube Incorrect (not BCD) output from 
decade. Faulty readout pscbge 

Correct operaUon on mnnual Display timer circuli fault. 
RESET but not SAMPLE 
RATE 
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Table 5. 3 Waveforms 

(a) B.C.O Decade Outputs 

INPUTJJJJJJJJJJ 

Z1 

Z2 

Z4 

ZB 

(b) Reclocklng Circuit 

END OF 
RESET 

B.C.O '1' 
FROM IC2 

(FIG.3l 

PIN 1 IC8 

FROM U.T.S 1-T-'------, 
TOR18 

PINS ICB 

GATE TIME 
OUTPUT 

PIN2.6 ICB 

START 

Section 5 

STOP 

Shown with Time Units Switch oet to 10-4 sec. 
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6.1 AMPLIFIER f·on TCll TC12 

Circuit Ref Value DescripLion Part ~o. 

RESISTORS 

nJ lMQ !0% ~w 1171 
35QV 

l'l2 lOOK 5% 1/8\V 31!1 
R:l 5. GK 5% 1/8W 787 
R4 lZOK 5% 1/SW 5~32 
R5 l20K 5% 1/8\V sn2 
Ru 22K 5% 1/8\V 1544 
R7 8.2K 5% 1/8W au 
RS ~~K 5'{. l/8W 317 
R9 4. 7K 5% 1/8\V 386 
.RlO 1K 5% 1/SW 384 
Rll 1K 5'{. 1/SW 384 
Rl2 6.SK 5% J/8\V 313 
RJ3 6.8K 5'!, 1/8\V 313 
IH4 lK 5"1, 1/8\V 384 
Rl5 2.2K 5'1\ IISW 425 
RIG 330 5% J/SW 2931 
lU7 330!! 5% 1/SW 1894 
Rl8 27{! 5\b 1/8\V 724 
R19 3911!1 5% i /8\V 2<\10 
R~O 1.51< 5% 1 /8\V 385 
R21 8200 5% 1/8\V J.G37 
R2:! ~300 5% 1/SW 1894 
112:1 ~30 5% 1/SW 2931 
R24 1511 5'{. !IBW 2085 
R25 l. :iK 5'1( 1.'8\V 385 
R26 820!1 5'H- 1/SW 1637 
R27 220!1 5% 1/SW 304 
R28 IK 5% 1/8\V :!84 
R29 a an 5% 1/BW ~931 
R:l/1 l5P. 5% 1/8\V 2085 
B31 ~:mn G% 1/8W 1894 
Jl32 l2K 5% 1/SW 1685 
R33 IK 5('\; l /8\V 384 
R34 l2K 5% l/8\V 1685 
R:~:} 12K 5% l/8\V 1685 
R3j; IK 5% 1/8\V 384 
R3'i 2. 7K 5% 1/8\V 31 I 
R?.8 121< S% 12SW 1685 
H3~ l.SK 310 
FHn 470!1 I 37:1 
R4l 2.71< 311 
1142 1.2K 2087 
R4!t l.2K 2087 

CAPACITORS 
Cl n. luF Polyester lO% 400V 238fi 
c• .• 4.7pF Silver Mlca +}pF 350 v ·1502 
c:1 4. 7pF Slh·er Mica ..j._~pF :~50\f 4502 
C4 33pF Silver 1\Hc:l it'{ ::i50V 477U 
CG 68p Sil vcr Mlc:l 5~ 3rlOV 4513 
("6 lOOp Cct'1lmic 10'1' 500V 2.2376 



1s Component List and Illustrations Section 6 

Clt·cult Ref Value Description Part No. 

CAPACITORS (Cont) 
C7 • 047JLF Cera.mJo +80% 30V 2793 

-20% 
cs • 05JLF Ceramic :_20% 12V 19657 
C9 .OSJLF CeramJc :;20% 12V 19657 
ClO 200J.<F Elootrolytlc -10% lOV 20782 

+50% 
Cll . 047JLF CersmJc ~so% 30V 2793 

-20% 
Cl2 • 05JLF Cersmlc !_20% J2V 19657 
C13 . Otij.rF CeramJc +20% 12V 19657 
Cl4 200JLF Electrolytlo =to% lOV 20782 

+50% 
C15 . OSjJF Ceramic !20% 12V 19657 
C16 lOOOI'F Elootrolytio -10% 6.4V 24797 

-50% 
C17 12pF Ceramlc 10% 500V 22365 
CIS 20011F Electrolytic -10% lOV 20782 

+50% 
C19 • Olij<F CersmJc !20% 19657 
C20 220pF CeramJc :::_10% 500V 22379 
C21 220pF Ce-ru.mio 1' 10% 500V 22379 
C22 68p Ccnumc lO% 500V 22374 
C23 SOOJLF Electrolytic -20% 6V 1742 

+50% 
C24 . 06JLF Ceramic 20% 12V 19657 
C25 200JLF Electrolytic -10% 1.0V 20782 

+50% 
C26 . Otij.rf Cer.tmic 20% 12V 19657 
C27 18pF Ceramic 10% 500V 22:!67 
C28 15pF CeramJc 10% 500V 223!>6 

C29 . 05JLF CeramJc 20% 12V 19657 
C30 lOOO~tF Eleolrolytl c -10% G.4V 24797 

+50% 

MR1 Diode 1N9l6 1949 
MF2 Diode 1944 18970 
VT1 F F. Transistor MPF102 
VT2 T rnnsistor BSX19 22171 
V'r3 T ranslstct· 2Na662 24123 
VT4 T riUislstor 2N3662 24123 
VT5 Transistor 2N3662 24!23 
VT6 Transistor 2N3662 24123 
VT7 Transistor BSX20 2331!7 
V'1'8 T ranslstor BSX20 23307 
VT9 Transistor BSX19 2217! 
81 Switch 2 Pol!!. 3 wny SUder 
1\1 h..l Diode ZF-15 Zene r 4669 
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6.2 TCll 'rC12 DISPLAY 

Circuit Ref Value Description Part No. 

RESISTORS 
R1 1.2K S% 1/SW 2987 
R2 33011 5% 1/8W 1894 
R3 4.7K 5% 1/BW 386 
R4 330!2 5% 1/SW 18!14 
R5 680!l 5% L/8W 309 
RG 680!l 5% L/SW 309 
R7 68n!1 5% 1/SW 309 
RS 3SO{J 5% 1/8\V 1894 
R9 331< 5% 1/8\V 317 
R10 33K 5% 1/SW 317 
R11 33K 5% 1/8W 317 
Rl2 33K 5% 1/8W 317 
RL3 220K 5% 1/SW 4023 
.IU4 lK 5% 1/SW 384 
IUS lK 5% 1/SW 384 
Rlti lK 5% 1/SW 384 
Rl7 10011 5% 1/SW 11504 
RLS 680U 5% 1/SW 309 
R.L9 l5K S% l /8W 305 
R20 2.2K 5% L/8W 425 
R21 15K 5% l/8W 315 
R22 22(!!1 5% l/8W 304 
R23 330!1 5% 1/BW 894 
H24 3. 3K 5% 1/SW 317 

CAPACITORS 
Cl 15pF Ceramic 10% 500V 22366 
C2 .OSpF 20% 12V 19657 
C3 ~2pF 10% 500V 22368 
C4 15pF 10% 500V 22366 
C£ 15pF 10% 500V 22366 
C6 -t7p 10% 500V 22372 
C7 .0~}' 10% 12V 19657 
C8 1000p 25% 2WV 22395 
c~ .O~F 20% 12V 19657 
ClO . O:ljlF 20% 12V 19657 
en . l~tF +80% 30V 19647 

-20% 
Cl2 . 22JJ to% 160V 2601 
Ct:l 4. 71J,F 10\li lOOV 

I>UU Olode 1$44 18970 
MU2 mode 1544 18970 

TRANSJSTORS 
VTl BSX20 23307 
VT2 BSXl9 22171 
V1'3 BSX19 2217] 
VT4 BSXl9 22171 
VT5 BSX19 22171 
VTG 2N3905 20818 
VT7 ~· E Transistor MP.F 102 
VTS BSXl9 22171 
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Circuit Ref 

TRANSISTORS (Con!) 
VT9 
VT10 
V':rll 

Value 

INTEGRATED ClRCUITS 
ICI 
1C2 
1C3 
IC4 
IC5 
IC6 
IC7 
IC8 
IC9 
IC!O 
!Cll 
1C12 
IC13 
JC14 
lLPI 
ILP2 
ILP3 
ILP-l 
JLPS 
!CIS 
JC16 

1LP5 IC15. IC16 are for TC12 only 

Oeacrlpllon 

2N3906 
BSX19 
BSX20 

5992629 
5992629 
5992629 
5992629 
5991429 
5992629 
6995679 
6995679 
6995679 
U19284 
U19284 
U19284 
u 19284 
5992029 
Numlcator ZM1172 
Numlcator Zl\11172 
Numlcator ZM1172 
Numlcator ZM1172 
Numlcator ZM1172 
Integrated Circuit 019284 
Integrated Clrcult6995679 

TCl2 only 

Section 6 

Part No. 

20818 
22171 
23307 

24090 
24090 
24090 
24090 
24091 
24090 
25673 
25673 
25673 
27347 
27347 
27347 
27347 
24090 
25874 
25874 

25874 
25874 
27347 
25673 
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6.3 TCll TC12 100kHz TIMEBASE AND POWER SUPPLY CIRCUIT 

Circuit Ref Value Ooeorlptlon Part No. 

RESISTORS 
R1 330Sl G% 1/8W 1894 
R2 15K 5% 1W 2051 
R3 15K 5% 1W 2051 
R4 82011 5% 1/ SW 1637 
R5 3300 5% 1/ SW 189t 
RG lK r>% 1/ SW 384 
R7 4. 7K 5% l / 8W 386 
R8 4 . 7K 5% 1/ 8W 386 
R9 4 . 7K 5% 1/8W 386 
RIO 1.8K 5% 1/ 8W 310 
Rll 3900 5% 1/ SW 2410 
Rl2 56011 5% 1/ SW 308 
Rl3 33K 5';1, 1/SW 1638 
R14 2.7K 5% 1/SW 311 
Rl5 3.3K 5% 1/8W 1638 
Rl6 27011 5% l/8W 27!6 
Rl7 2.2K 5% l/8W 425 
R18 27K r>% 1/8W 316 
Rl9 10K 5% 1/SW U50S 
R20 Not fitted 
R21 10K 5% 1/ 8W ll503 
R22 Not fitted 
R23 1K 5% l / 8W 384 
R24 8.2K 5% 1/ SW 314 
R25 5. 6K 5$ 1/ SW 787 
R26 lOK 5% 1/ 8W 11503 
827 3300 6% l / 8W 1894 
828 4 . 7K 5% l / 8W 386 
R29 470n 5% 1/ SW 1373 
R30 4.7K 5% 1/8W 386 
R31 LOK 5% 1/8W 11503 
R32 4.7011 5% 1/SW 1373 
R33 l.2K 5% 1/SW 2087 
R34 lOll 5% l/8W 2259 
R35 330 5% 1/8W 2931 
R36 6.8K 5.., 1/ SW 313 
R37 Not used 
R38 22K Variable Resistor 

CAPACITORS 
Cl l~F Electrolytic -20% 350V 

+50'1 
C2 30)lF Electrolytic -20% 250V 12189 

+50% 
C3 LOOOj.t]'" ElectrolyUc -tO% 6.4V 24797 

+50% 
C•l l0011F -10% 6.4V 24797 

+50% 
C5 .047 CornmJo +80% 30V ~7ll;) 

-20% 
C6 200)lF Electrolytic -10% lOV 20782 

+50% 
C7 3200I'F Electrolytic -10% IOV 

+50% 
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CU'Cuil Ref Value Description Part No. 

CAPACITORS (Conl) 
CB 18pF Commie 10% 600V 22367 
C9 l8pF 10% 600V 22367 
CHI OS,..F Cornmlc ZO% 12V 19657 
Cll OS,..F Ccram.tc 20% 12V 19657 
C L2 470p Ceramlc 10% 600V 22:18:1 
Cl3 18p Ceramic 10% 600V 22:167 
Cl4 1500pF 22388 
C15 .OSpF 20% !2V 19657 
C16 2200p 20% 600V 22389 
Cl7 4-60p T rim.mer 1866 
Cl8 Not fttted 
Cl\l Not fitted 
C20 4700p 25')j, 600V 22393 

i\ C21 10~tF -20% 6V 182-19 
+100% 

C22 330pF Ceramic 10% 500V 22381 
C23 .0471' Polyester 20% •lOOV 3398 
C24 18pF Ceramic 10% 500V 22:167 
C25 4001'F Electrolytic -10% 25V 20784 

+SO% 
C26 .OSpF Ceramic 20% 12V 19657 

TRANSISTORS 
VTI Pact of Main Assv. 2N3055 
VT2 2N5053 4039 
VT3 2N930 21S48 
VT4 l.lSX19 22171 
VT5 BSXlO ~2171 

VT6 l.lSX19 ~2171 

VT7 BSX20 ~33()7 

VTS BSXJ9 22 171 
VT9 Not fitted 
VTIU BSXJ9 2:?171 
VTll BSX19 22171 
VT12 BSX19 22171 

DIODES 
MRl BYXlU 2J25J 
MR2 Bl"ldge Rectifier l. SA 1Y725 
MR3 1N4003 2:1462 
MR4 !N~003 2~tl2 
MR5 4.3V Zener 5% -100mW 27320 
.-.m6 20V Zener 5% 400m\V 19955 
MR7 1.544 18970 
MRS MSl 18806 

.FS1 FlUie lA l254 
1CJ Not fltted 
IC2 Integrated Circwt Decade 6995879 2587~ 
1C3 Integrated CircuJt 25873 
IC4 lotagmtod Cirtult 25873 
JCO lntcgmtod Cil'CUlt 25873 
!C6 Integrated CirCUit 25873 
1C8 lotegrated Clrcw t 599~729 2409-1 
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6.4 TCll TC12 UITERCONNECTION DIAGRAM 

Circuit Rer Vn.lue Description Po.rt No. 

RESISTOilS 
R7l IOK Cr. Onrbon 5% 1/8W 116113 
R72 2.7K Cr. Onrbon 5% 1/SW 311 
R73 2. 7K Cr. Carbon 5% 1 /SW 311 
1174 2. 7K Cr Carbon 5% 1 /BW 311 
R75 2. 7K Cr Carbon 5% 1/BW 311 

CAPACITORS 
071 4700pF G<llloral Pu rpoae Ceramic 22393 
C72 4700pF General PurpoRc Ceramic 22393 

VTI TrnnAistor 2N!l055 3813 

Tl T1'811srormcr MT598 

SWJTCIIE:S 
Sl Tlmo Units 2566•1 
S2 Function 25665 
s~ St.op PBS!M Rond:lr 4881 
54 Stn1'l SP60 PBS/C0/1 Rcndar 4208 
ss Reset PBSIM Rundar 4881 
RV2/SG Control Pol 5Mil REV 25877 

Log. w!t.h switch ABM AY(5 

SOCKETS 
SKI Belling Loo Ll413 4mm Blnck RC6CI 25878 
SK2 Belling Lee L1413 4mm Black Ground 25878 
SK3 Belling Lee LHI3 4mm Black Input C 25878 
SK4 Belling Lee LH 13 4mm Black Input B 25878 
SK8 Socket Jnnk Rcndar ~fJ600/A Ext. Std. 2726 
SK9 ConncCtQr SOil BNC UGI094/A Input A 1222 

PSI 2. 5A 21189 
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G.3 TC111'Cl2 lOOkRz TIMEBASE AND POWER SUPPLY CffiCUlT 

Cl rcull Ref 

fC9 
XLI 

IC7 

Vnluc Description 

lot.egmted Ci rcuit 5991429 
Crystru lOOkfl~ 

lote.grated Olrcult 6995879 

Section 6 

Pttn No. 

2409l 

1'C12 only 
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GATE DISPLAY 

I I I 

STAAT/STOP DECOOtNG 

I 

COUNTING DECADES 

REClOCKING 
CIIICUIT 

'II -~ 

r EXT STD. Q 

100KH'z OSC. 1- TRIGGER TIMING DECADES 

~ ! ! I> 

TIME 
0 _.,c 1S.C. 

UNITS r SWITai 

Fig. I (a) Check Faclllty 

A AMPLIAER GATE DISPLAY 

IN PUT AND TRIGGER 
I I I 

START/STOP DECOOtNG 
BISTABifS I 

COUNTING DECADES 

REClOCKING 
CIRCOIT 

EX T.STO Q VII I 
r 

100KH'z osc. t-- '-- TRIGGER TIMING DECADES 

! ! 
TIME 

0 r.-o UNITS 
SWITCH 

Fig. I lbl Frequency Meuuremont 
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.. 

INPUT 
eo-----------------~~~~ 

u:r 0 "l::g::=::::::;-1 
SJO '

1 

··-
c 

PIJ:. 1 (c) Time Measurcmcni.S 

.. 
AMPlli'I£A --1 OAt£ f-

ANOTRIGGER --
T I I 

aTAAT/SfOf' 
MTAilU 

0 v t, STO. w 10000<. esc_ w JfUGOER 

Fig. 1 ld\ Multiple Period Measurements 
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fig. 2 lnput Ampliller Cir~-ull Diagram 
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Fig. 3 Tlmcllnoo nnd Power Circuit Dlngttlnl 
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Fig.4 (b) Uecactu OUld Dl•pl"l' C~rvult lllngrnm TC J2 
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46 Guarantee and Service Facilities Section 7 

Tlus Instrument os guaranteed Cor a penod or one 
y!!llr from Its dellvnry to the purchaser, covering 
the rcplncomcnt o! defecuve parts other than tubes. 
semiconductors nnd fuses. 'l'ubes and sernlconduc­
tora aro subject to the m:mufncturers• guurnntoo. 

We mnmtaln comprchensove nfter sales facilities 
and the Instrument can, U necessary. be returned 
to our rnctory for servicing. The type and serl~tl 
number or the instrument should alwys be quoted, 
together wllh full detatls of any fault IUld the 
servtce requl red. The Service Department can 
also provide mainten~tnce and repair Information 
b)· telephone or letter 

Printed by Zcwprlnt Associates Limited 12/68/ 1100 

Equipment returned to u.s {e>r servicing must be 
adequately packed, preferably In the special box 
supplied. and shipped with transportation elutrges 
prepaid. We can accept no ro&ponslbiiJ ty Cor 
tnatrumt!nts arriving damaged. She>uld the cnuse 
of Cnilure during the guniwtee period be due to 
mtsuee or abuse oflbe Instrument, or If the 
guarantee bas expired, tbll rcps.Jr will be put In 
hnnd without delny and charged W11eas other ln­
strucUons are received. 

OUR SALES, SERVICE AND ENCIN£ERING 
DEPARTMENTS ARE READY TO ASSIST YOU 
AT ALL TIMES. 

Manua.l Pnrt No. 25884 


