COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

RECORD No. 1968 / 32

Crystal Timing Unit Type

M.S. JONES

without the permission in

Mineral Resources, Geology & Geophysics




RECORD Ne. 1968 / 32

Crystal Timing Unit Type NCD 2

by

M8 JONES

The indermation contaired in this report has bean oblainad by
the Depertmenl of Mationzal Davelopment as parl of the palicy
of tho Commeanwesalth Goverament to assist in lhe expleration
and development @i mineral resourems, [1mby nef be publishod
inany foam ar Vi ia B eompany praspechus or statement withoul
the permicsion i wriing af tha Dicector, Bureau ol Mineral
Resraorces, Geolagy and Geophysics,




SUMMARY

1. SPECIFICATIONS
2 GENERAL DESCRIPTION

Bb
2,9,
213.

Introduction
functions
Systen Concept

3.  CIRCUTIT DESCRIPTIONS

s s
Ay
L
3.4,
3.5,
3.6,
3.9,
3,8,

1.9,

3,10:

Falla
J2s

Cryatal Oscillator Unit O1

Synchrqnisation Cemparator Unit 541

Decade Frequency Divider Units DV1/1 and DV1/2
Bistable Frequency Divider Units DV3/1 and D?jf?
TimE Comparator Unit 5A4

Power dmplifier Units AMY, 4M2, and Al

Time Lisplay Unit and Light-gate Generator TIN

Light-gate and lMonostabls circuits and

timing relays, SA2 and 543

Tepeade Prequency Iivider and Readout Mater Units
W2/1 and DV2/? '

-6 Volt and -9 Volt Regulated Zower Supply Units
PP and PF2

-10 Volt Regulated Power Supply Unit PP}

-90 Volt Regulated Generator FFP4

4,  INSTALLATPION AND OPERATING INSTRUCTIONS

4.1,
4.2,
4.3.
4.4.
£.5.
4.6,
4474
4.8,
4.9.
4.10.
&4,
412,
4.13.

1968732

Preliminery checks

Gtromd connection

Comneections to frent panel

SW1tch1ng on

Checklng ‘the wvoltage regulator adquﬂtments

Checking time-mark operations

‘Checking readout meters

Funetion of the FAST-GLOW switch

Setting the Time Display to corroet time
Adjusting the clock rate

fdjusting the charge rate nf the battery charger
EBrake tensicn iz

Routine checks during'oper&tion_;"

(i)

L R — b

= &y

12
13

14

15
18

19

21
21
22
23

23
23
24

25

25
27
29
28
29
30
30
30



i IAINTEIANCLE
5.1. General
L Faul L-Cinding

APFENDIX 1,
ATTEIDIY 2,
APPENDIX 3.

Plate 1,
Flate 2
Plate 3}
Plate 4,
Flate §,
Flate 6
Plate 7
Mlate 8,
Plate 4,
Plate
Plate 11,
Plate
Platse
Plate
Mlate 15.
16.
17.

Tlate

Flate

Plate
Plate 19,
Plate 20.
Flate 21,
Plate 22.
Plate 23,
Flate 24.
Flate 25,
Plate 26,

18,

Plate 27.

The Cooke-Yarberousgh monostable muitivibrator
anltivisraior

+ho 0

The bistcbla

Gating cizcuitc usel in

ILLUSTRATIONS

Crystul Timing Unit NCD2

Block dingram of NCD2

Cryetzl oscillator unit O
Synchronisntion gomparnter unit SAi
Wonoatable freguency divider IV -
Bigtable frequency dividers IV3/1 and DV3/2

Time conparator unit bloek diagram

Time comparator unit 544 '

Power anplifier A1

Powgr amplifier AR

Power amplifier AN3

Tire display unit T _
Light-gate and 1-second monosta®le circuits, SA2
T-minute and 1-hour monestable circuits and
timing relays, SA3

SA2 and SA3 block diagram

Decade
Decade

and weavaforms

O

frequency dividers

k

frequency dividers I¥2, aperaticn

-6 volt regulated power supply ©F1
-9 volt regulated power supply FF2

-10 volt regulsted power supply FF3

~90 volt regulated power supply I'P4

Plan of card positions

Main chassis wiring, schematic diagram
Opecillater unit, component and wifing layonut

Time comparator unit, component and wiring layeut
=10 volt regulated power supply PP3,

compenent and wiring layout

Battery charger
(11)

Pape
3
Bl
11

39
42

(Drawing No. G82/3-101)

(G82/3~102)
(682/3-103)
(cez/3-104)
(G82/3-105)
(G82/3-108)
(GB2/3-107)
{Ga2/3-108}
(G82/3-109}
(Ge2/3-110)
{GB2/3-111)
(cgz2/3-112)
(682/3-113)

(G82/3-114)
(682/3-115)

-{G82/3-116)

(Gez/3-117)
(Gaz/3-118)
(682/3-119)
(Ca2/3-120)
(GB2/3-121)

{on2/3-122)

{c82/3-123)
(Gaz/3-124)
(Ga2/3-125)

(Caz/3-126)
(Gaz/3-127)



SIMMEARY

The Crystal Timing Unit type NCD2 ie a fully transistorised
exrystal-controlled clock designed in 1964 for use at seismoloegical field
stations in the Territory of Papua & Hew Guinea in the crustal thickness
project. Tt has an accuracy of better than three seconds per month and
provides time marks to seismic recordings or to operate exiernal timing
systems, & comparigon can be made with standord radio times-signals, and
the difference hetween the unit's time and radio time, to an accuracy of
+ 10 millisseonds, is dizplayed on the unit and can be corrected. Alao
included in the unit is a power amplifier capable of providing a freguency-
atable 50-¢/s, 240-volt, 3I0-watt power source for the cperationm of external
eguipmsnt. The wmit can be operated from any suitable 11 to 16 wvolts,

b amp, d.o. input.



1. SPECTFICATIONS

Input power reguirements: _ 11 to 16'vﬁ1ts, 6 amps d.g.
Fower output awailable: 240 wolts r.m.s. 50 cfs
1C wmatts a.c.
Crystal: Fundamental frequency: 100 Ke/a +.0,003%
Type: " Pye +5° X-cut, temperature
controlled
Oven temperature: 75°¢ g
Thermostat centrol: ¥ 6.1%
Timing accwracy: Adjustable to better than
1 part in 1ﬂﬁ
. Correction foeilities: Kechanical and electronic
Relay operations: MAKE and BREAK contacts

operating each second for 30
milliseconds.

MAEE contacts operating each
minute from 00 to 02 seconds
with omissiones each sixth howur.
MAEE contacts operating each
hour from 00 to 04 secondawith

omissions each sixth hour,

Finish: . Elack anpdieed with white-

filled engraving.
Dimensicns: 14%in x 16in x 8 in
Packing weight: 46 1b

2., GINFRAL DESCRIPTION
2 Introducticen
The Crystal Timing Unit type NCD? is basically a crystal-

controlled clock, which was desizned and developed by the Design and
-DEVElﬂment Group of the Burenu of Mineral Resources to meet the special
requlrements for use at seismologieal field stations in the Territory of
Papua & New Guinea in the erustal thickness pruject.' The first.complatgd
unit wae sent to Port Moresby in September 1964 and a total of four units
have been Wiilt and aeve operated satisfactorily. Most of the design and
development was dene by I.P. Macfarlane until his resignation from the
BMR, when the work was completed by X.J. Seers, The mechanical elock was

designed by W. Olhriech.
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It provides a time display and relay operstions at predetermined
intervalsg of time with a relatively high degree of accurmey, The preci-
sion-timed relay contacts can be connected to apply time-marks to seis-
mic recerdings, or can be used to operate extermal timing systems, to
suit specifie requirements.

Included in the unit is a power amplifier capable of delivering
30 watts at 50-c/s and 240-volts a.c. to external loads. As the frequency
le derived from the cxystal cacillator any frequency-dependent device
guch as a symchronous motor ¢an be operated with the same order of timing
ACCUTECY .

Frovision ie made feor comparison with standard radie time-aignels
and for erreors to be corrected. A& readcut of the difference between the
wiit's time and radio time, %o an accuracy of - 10 milliseconds, is
displayed on the front panel of the unit (see Plate 1).

Monitoring indicators, time display dials, reset and clock
correction facilities, and all connector sockets, are alse located on the
front panel.

The wnit is fully transistorised. It can be operated from any
suitable 11 to 16 volis d.c. input source. Vhen the 240-volt power
amplifier is fully leaded, the input current rEquiré& is spproximately
& amps,

Overload cirewits, d.c. fusing, and a reverse-polarity relay
cirouwitensures that the unit is adequately protestsed in the event of com-
ponent failures or incorreet d.c. input connections.

Circuit designs and compenents have been carefully selected for
long-term stability and relisbility. Square (ox rectangular) wave forms
have been used wherever possible to maintain constant times between
triggering pulses.

Plug-in type cireuit cards have been used extensively. This
simplifies field servieing and permits the unit to be adapted, with =
minimum of modification, for other applications that reguire accurate
timing.

2ele Funetions

The functions of the Cryetal Timing Unit are:

(1) To provide a measurement and display of time with an
accuracy of better than 1 part in 105 {i.e. less then 3
seconds per month).
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(2) To use this measurement of time to opsrate relays each
gecond, minute, and hour, except where omissions are
required (see Seetion 1 - Specificationa).

(3) To provide a frequency-stable 50-c/s 240-volt power
source for the coperation of external equipment.

2.3, System concept (Plate 2)
The Crystal Oscillator Unit {01) generates a stable 100-Ee/a

sisnal, which is connected, via the Syne. Comparstor Tmit (S41), to two
identical Decade Freguency Divider Units (IV1/1 and IV1/2). The frequency
division ratio is normslly 1000:1, producing a 100-pps output from each
divider, The ratio can be altered te Z00:1 or 1100:1 by meansg of the
ATWANCE or BETARD mioroswitehes on the front panel, which increase or
decresge the cutput frequencﬁ accordingly. This adwsncea or retards clock
time and enables corrections to be made.

The function of DVi/2 is to check the operation of IV1/1,
Outputs of 100 pulses per second from both units ars cornected to a
gomparigon cireuit in the SA1 unit. If the units are synchronised the
SYNCE neon indicator on the front panel is struck by the pulses at the
rate of 100 times per second; if they are out of gynchronisation, the
indicator will only be struck by occasional coincidental pulses, Should
the oseillator cireuits fail, the indiecator will glow continucusly snd
appear brighter than normsl,

To ensure that the dividers are synchronised after time correc-
tions have been made, the signel from the oscillator is blocked for
14 milliseconds whenever either the ATVANCE or RETARED switch is released
after operaticn. Furing this pericd any dividing cyele in progress in the
dividers ie completed and the cirnuit; relax to their stable states. Both
units can then be simidtanesously triggered when the oscillateor signal is
rastored,

The output from IV1/1 is comnected to two Bistable Frequency
Divider Units (D¥3/1, DV3/2) and to a Time Comparator Unit (SA4).

I¥3/1 and I¥3/2 are identical biscale dividers which produce
50-¢/8 sguare-wave outpute from their commen 100 pps inputs.

The output from DV 1 is amplified in the Power Amplifier Unit
AMY to provide the voltage required to drive the synchronous clock-motor
on the Time Bispiay Unit {TD1) at the constant speed of 1 revolution per

second., 4 sine-wave drive for the clock motor is obtained by a low-pass
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filter in ™D,

The elock-motor is mechanieally coupled to a reduction gear-
train which has output shafis engineered to revolve once each second,
minute, hour, and 24 hours. Hands attached to the ocutput shafte aweep
over engraved dials, providing a display of time. On the same shafts,
behind the dials, are slotted disce which are interposed between photo-
transietors and their operating light aources, WVhen a disc rotates to

a positicn thet allows light to fall on to a photo-transistor, a
monostable multivibrator asscciated with that photo-transzistor is
triggered (via 'gating circuits) and a relay is operated preclsFljr at
the time required by the HCD? specifications.

So that the time interval between individual relay operations
is not affected by minor variations such as changes in photo-transistor
trigegering conditions, mechanical backlash in the gear-train, ete,, a
5O-c/8 square-wave signal frem DV3/2 gates the ccmmencement of each relay
operation.

The output frem IV3/2 is amplified, first by Power Amplifier
Unit AMZ, and then by the main Power Amplifier, AN3, to produce a
30-1'-'&1:1:. 240=volt r.m.3,, 50-c/c power source for the operation of
external equipment.

Time comparisone with stendurd mdio time-zignals for errors
of less than 1 second are made by pulse gating and counting circuits.

A RESET switch on the fronk panel preperes the comparison
cirouits. Pulses from the owtput of W1/1 (which are normally blocked)
are gated through the Time comparxator Unit (SA4) for the differences in
time between the incidence of a 1-gsecond relay pulse and a l-sscond
radle algnal, Gating can be commenced by oithse a relay pulse or a raddo
pulse mccording to the pozition of the FAST-SLOW switch on the front panel.
If gating is started by a relay pulse it is stopped by a radio pulse and
vice versa,

The pulses gated through SA4 are comected to the input of
the Decade Divider and Readout Unit DV2/1., Thie unit transmits one
output pulse for each ten input pulses to a similar wnit, IV2/2, In
both units the pulses are counted and converted toc currents which are
directly proportionzl to the number of pulses sppearing at their inputs.
As the pulses are exuctly one-hundredth of a second apart the currents
which are read on readout melers en the front panel indieate clock error

to this accumacy.
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Fox errors of 1 second or more, the position of the 1-r.p.m,
hand on the SECOHD dial s observed when 2 1-minute radio signal is
heard. From this observation and the ﬁadings on the readout meters
an accurate time comparison, to the nearest + 10 milliseconds, can be
made.

The Voltage Regulator Unite FP1, PP2, and PP3 provide the
-6V, <9V, and -10V regulated d.c, supplies required by the NCD2 units.
Each regulator incorporates a cut-out eircuit, which operates automatic-
ally if currents or voltages exceed predetermined limits,

A _90V Generator Unit PP4 provides the woltage required fer
operating the various neon indicators used in the Timing Unit.

The operakion of the power suppliez end the synchronisation
condition is indicated by lamps mounted on the front panel of the NCD2,

3. CIRCUIT BESCRIPTIQONS

3.1  Crystsl Oseillater Unit 01 (Plate 3]
The Crystal Oscillator Unit O1 consists of a 100-ke/s
crystal osecillator and clipper and amplifier cirewits, The complete

unit isg mounted on & plug-in eircuit ¢ard, with the ezception of the
quartz crystal, which is mounted on the main HCIR cheassis in =
thermostatically controlled oven. The cscillator vnit is operated from
a regulated -bvolts d.c. supply but the oven hester winding is conmnected
to the unregulated 11 to 16 volts d.c. input scurce.

A +5° X-cut crystal operatec betweso its natural parallel
and seriss modes; its reactance therefore is industive. This
inductance, in conjunction with €1, C2, and C& form a rescnant clircuit
at the fundamental frequency of 100Ks/a. 02 is a trimmer capacitor which-
can adjust the freguency to compensate for emall componment differences,
long=term cryetal drift, ete.

A pozitive feedback path between the ccllector and base of
Q! maintains oscillation. An AGC voltage is applied to the base of Q.
Under normal operating conditions this limits the drive to the crysial
and® keeps the output amplitude constant., It alsc allows the ecireuit
to operate at maximum gain when sterting up. The ocutput from the
eollector of Q1 is taken, via C3, to the base of Q2.



-6-

g2 is a conventional common-emitter amplifier., Output signale
frem its collector are (1) used to develop the AGC voltage, and (2) to
provide the drive voltage for subseguent circuits.

(1) An output-voltage from Q2 is applied through R and C11

to the junction of diodes CR1 and CR2, CR1 and CR2 form
a voltage doublser circuit which charges C10, The voltags
developed across C10 ie applied through R9 as an AGC
voltage to the base of Q1. As CHl and CR2 are silicon
diodes the AGC does not become fully effective until

the voltage exceeds approximately 1 wolt., Hence the
oscillator can commence to operste aft maximum gain but
the gain is reduced as the AGC wvoltage builds up.

(2} The other signal from the collector of Q2 is also applied
to two silicon diades CR3 and CR4 via R7 and C7., The two
diodes form a clipping circuit. On the positive half-cycles
when the signal exceeds approximately 0.9 volt CR3 becomes
forward-biased and any further rise in potential is
prevented by dicde action. Similarly the negative helf-
gycles are limited by CR4. The resultant waveform is a
1-volt peak-to-peak sguare wave which hae a fast rise-
time (0.5 microsecond). Capacitors C7 and C8 isoclate
CR3 and CR4 from d,c, potentials and provide the signal
coupling to the following circuit,

43 is another conventicnal commen-emitter amplifier, The output
from @3 is coupled to Q4 through C4 and RB, & pulse-shaping network, to
maintzain the fast rise-tinme.

The signal applied tc the base of Q4 is of a large enough
amplitude to consider Q4 as a switching amplifiser biased by CR5. R15
engures that CR5 is forward-biased throughout the entire switching cycle.

The output from @4 is a well-shaped 100-kc/s sguare wave,
approximately 6 volts peak to peak, which is coupled, via the f.1 unit,
to the Decade Frequency Divider Units IV1/1 and IW1/2 (see Plute 2).
3.2, Synchronisation Comparator Unit SA1 (Plate 4)

The Synchreonisation Comparator Unit SA1 containe two separate

eireuits which perform the following functiona:
{1) The sutput signals frem Decade Frequenby Divider Units
IV1/1 and IV1/2 are compared and their synchronisaticn
condition indicated by & necn indicator mounted en the
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front panel of the HCI2,
{(2) If the signals are not synchronieed, facilities are
provided to resynchrenise them.

General Description of Uperntion. A simplified diagram

(Figure 1) illustrates the cperation of the unit,

_ Interrupted
Vams < 1Dbke/s DIVIOER
W tookers LU LU DV1/1
CRYSTAL _ CRE '
OSC. & |
UMNIT B |
=

i DIVIDER |

Dvi1/2 ;
{Check unit) ¥
i

-
il

T 1 s

F

Advance o
[ﬂi[ I 1 I I 100c s
Retard SYNCH INDICATOR

Under normal operating conditions the 100-Ke/s signal from the
oscillator passes through CRE to the input circuits of IV1/1 and IVt/2,
The output signals from DV1/t and IV1/2 are sach 100 p.p.s. The IV1/1
output is connscted to the base of Q6 - and also to the inputs of IW3/1,
IV3/2, and 544 (see Plate 2). The output from check unit DV1/2 is
connected to the base of 7. G and 7 are in a NAND gate circuit,
which only passes current when simultaneous negative pulees are applied
to both bases.

The collector of Qﬁ.is connected to the base of QB so that
when @6 and Q7 are condusting, B8 is cut eff. Thes collector of 98 ia
at =90 wvolts under these conditions because of the negligible volinge
drop acToss B21, As the SYNCH neon indicator is also comnected to the
Q8 collector, via R22, it will be struck.

| When @ and Q7 are-not conducting, 98 is switched on, the

potential at the collecter is reduced to a few volts by the drop acroae
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R21, and the neen indiecatox is off.

If the outputs from IW1/1 and DV1/2 are synchronised the SYNCH |
indicator will be operated 100 times per second, which appears as a
centinuous glow. If the divider units are not synchronised the indicator
will strike enly when occasional pulses coincide. If the oscillator
circuit fails, QB8 is switched off and the indicatoxr glows with an
intensity brighter than normal.

When it is required to restore synchronisation a momentary
aperation of either the AIVANCE or RETARD switeoh produces in oither 93
or Q4 a trigger pulse to operate a monostable multivibrator (Q1 and 2).
The output from the monostabls multivibrator switches Q5 on and Q5
blecks the oscillator signal from the divider unita for the 14-millisecond
quagi-stahle period of the monostable multivibrator.” The divider circuits
relax to a stable condition and both units are trigoered simultansously
by the first signal pulse after the interruption. FProvided that their
freguency-division ratios are identiecal, DV1/1 and DV1/2 outputs will
then be synchronised,

is a trigger pulse for ths monostable multivibrater (Q1 and 22)
iag initiated by the release af either the ADVANCE or HETARD awitch the
dividers are synchronised auvtcmatically when clock corrections are made.

Detailed Description of Operation. With reference to Plate 4
Q! and Q2 are in a monostable multivibrator cirewit (eee Appendix 1)
uhieh can be triggersd by a positive pulse from either Q3 via €2 ox
frem Q4 via C3, The guasi-etable period of the monsstable multivibrator
is determined by the time constant of C1 and R2. DIHade CR3 and R3 have
been incorporated to isolate the collector of Q2 from C1 when the

nenostable multivibrator, having been triggered, is returning to a
gtable condition. VWhile €1 is recovering from discharge,CR3 is
reverce-biased, Therefore since Q2 is cut off, its colleetor can
rapidly go to -6 wvolts without being affected by the potential on C1,
which is charging through R3. Consequently the fall-time of the
monostable multivibrator ocutput pulse is very rapid, which allows the
Q5 circuit to which it is comnected to be cut off sharply.

The collector of G2 is comnected to the base of Q5. Q5 is
normally cut off but it canduects for the quasi-stable period of the
monostable multivibrator., The emitter of Q5 is connected to the dicde
CHE, which is in the 100-Ke¢/s signal line, When 85 conducts, CRE is
reverse~-biased, the 100-Ko/s zignal is blocked, and the divider circuits
relax tpo their stable condition. The synchrenisation is restored when the
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oscillator sipnal is agzin applied to the divider uvnit inputs.

Posikive-going vollnges Lo trdgeer the monostable multivibrator
arc originatod 2=z follows:

@3 is nowmal ly-biased by veltage dividsr B14-R15. H14 is

connected to the -6 volt supply through the normally-made

contacts of the ADVANCE switeh. Vhen this switeh in operated
the supply ie disconnegcted, Q3 is cut off, and its collecter
goes to -6 veltg, When the switch is released, @) again
conducts, the eollector goes positive, and the positive change
throuzh C2 triggexrs the monostable multivibrator,

Q4 is en PN trﬁﬂsiﬂtcr, gonnected s an emitter-follower, which

is normally forward-biased by Ri6. Then the REMMRD aswitch i

operated, -6 volta is applied, via the switch contacts, to the

basv of Q4, cutting @4 off, and the emitier potential goes to
approximately -%9.5 bulta. Vihenn the RETARD switoh ig released,

94 conducta, the emitter goes poszitive, and the wonostable

multivibrator is tripgered via C3.

Q6 and Q7 are cormected in a NAND gate circuit (see Appendix 3)
i,e. two similtaneocus negative pulses are required to producs s positive
output pulse, Under normal operating eonditions the circuit will gate
the pulses only if the negative outpute from IF1/1 amnd IV1/2, upplied to
the bases of Qﬁ_and 47, are coincidentsl,

The collector of 46 in connected to the base of Q8. The Q8
enmitter is hel2 by zener diode CRY at -4.7 volts. 1If= collector is
connected to the junction of R21 and H22., -90 wolts is applied to R21,
and R22 is conneeted to an NEG1 neon SYNCH indieator on the front panel,
the other side of which gose to positive CONCH.

Turing the non-conducting pericds of @ and 4f, 98 iz forward-
biased, and thes current through @B dropas the -90 volts across H21 toc a
few volts., Ae thie is the potential applied to the HER1 through R22 the
neon will nol onexste,

Vhen the HAND gate conducts, Q8 is cut off, the potential ot
the ecollectar», and therefore applied to the HBE51, is -90 volts, and the
indicator zlows. -

The SYHCH indicator, then,monitors the state of synchronisation
of the two Freﬁuency Divider Units (OV1/1 and IVW1/2).
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3.3. Decade Frequency Divider Units DV1/1 and IW1/2 (Plate 5)
The Decade Frequency Divider Units DV1/1 and ™W1/2 are identical

and interchangeable, Each wnit consieta of a caseade of three monostable

multivibrateors which reduces the 100-Ke/s signal from the oscillator in
decade steps to 10-Ke/s, 1-Ke/s, and finally to 100 p.p.s. The sole
function of DV1/2 is to provide a check on the cperation of DV1/1,

The 100-Ko/s square-wave signal from the Oseillator Unit (01),
via the Synchroniser Comparator Unit (SA1), is zpplied to the emitter of
Q7 throuph C4. {1 and Q2 operate in & monostable multivibrator circuit
{gee Appendix 1) with a quasi-stable poriod thal can be adjusted by R18

80 that the monostable multivibrator ia triggered by every 10th input
pulse. The output of 10-Ke/s iz taken from the collector of @2 through
a conventienal emittor-follower, Q3, to reduce the capacitive leading on
the collector of Q2 and zo decreasc the monostable pulse fall-time, This
ie applicd to the emitter of the second monostable tyiggering transistor,
&5,

G4 and Q5 form 2 circuit similar to that of the first monostable
circuit expepl for the component values of the time-constant capacitor
and resistors. The quasi-stable peried of @4 =2nd 35 is adjusted by 19
for an oputput frequency of 1-Eg/s,

Tae Tinal monostable circwit, 46 and 0F, normally divides the
1-Ke/= output from @5 to 100 p.p.=. However, the frequency-division
ratio can be altered from 10:1 to either 9:1 or 11:1 by the ADVANCE and
RNTARD =mwitches on the front panel thereby inerearming or decreasing tha
output frequeney (and comsequently the rate of the eloek-motor in T91)
during clock corrections.

Whilst the AIWANCE and RETATD awitches are in their normal
positions -6 volis is woplied through the normally-made contacte of the
AYTARD switeh and CRS to tie junction of [11 and R12, This, in effect,
shunts RE11. Vhon the RETARD switch is operated the shunt is removed and
the time-constant goveming the guasi-stable period of the monostable
siltivibrator is inercesed owing to the additional resistance of Ri11,
Becauge of thie the monostadle circuit is still in its quasi-gtable
state wher the 10th input pulse is applied but has resumed s stable
condition before the applieatien of the 11th pulse. Hence the
freguency-division ratio is alfered to 1181, and the oulput [reguency
reduced to 90.9 p.ps. while the RETARD awiteh is held in,
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When the AIWAHCE switch is opereled, -6 volts is applied through
its normally-open contacts, via CR4 and B20, to the junction of R12 and
H13, This effectively shunis 111 and R12; decreases the guasi-stable
peried; and changes the frequencgy-division ratic fo %:1, and the oul-
put freguency to 111.1 p.p.s. while the ADVANCE awiich is held im.

With this facility the mate of the clock-motor can be altered
as reguired to make corrections te elock time,

The cutput frem @7 iz coupled to the lead through another
emitter-follower, 8. Ho emitter-follower circuilt hasz been included
between the second and thiré wonostables, az it is not essentisl at the
lower frequencies for optimum performance.

3.4, Bisteble Frequency Divider Vaits IV3/1 and DV3/2 (FPlute 6)

The Bistable Frequency Diviaer Units IW3/1 and IV3/2 are

identical units vhich each give a 50-cfs square-wave oulput Trom lhe

commen 100-p,D.s, input from DVi/1. Each unit consists of m bistazble
miltivibrater, emitter-followers, and & push-pull pre-amplifisr stage.

41 and 92 are comnected in a bistable multivibralor circuit
{see Apnendix 2), which, at any given instant, has one lransistar
conducting and the otbsre eut off. Thie condition biases diodes CHJ
and OB4 mo thst the firet pozitive pulse applied to both 84 and CF will
e sleered Lo the baze of ike conducting transister., This cuta the
ccnducting transistor off and reverses the bias conditions of CRI and
024, The resultant cutputs fzom the collactors of A1 and 42 are
2quaTe-waves, 1807 out of thazo, which are cone-half of the frequency of
the inpul nulses.

The B0-c/s squars-wave outputs are applicd to the baszes of
emitter-fellowers, 47 and Q8. The outputs from the cnitter-followers
are capacitively coupled to the bases of G and @5, so that in the ewvent
of a failure of drive voltage the power amplifier iransistore will be
cut off thus being provented from being damaged.

The pre-azmplifier consists of twe Darlingten-cénnected common-
emitter cizcults, Q3 and @4 and G5 and §5, in push-pull., Im these
ecircuite, @4 and 35 form the cmitier losd Ilmpedances for Q3 and Q5.

The cireuits have high input impedances which do not affect the
coupling tinc—ceonstants and therafore the waveforms of the bisfable

miltivihrator.
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Dipdes CHY and CHB prevent false triggering of the bistable
multivibrator by any voltase spikes developed on the square-waves,
The output voltage from IV3/1 drives Power Amplifier AMt,
IW3/2 provides a relay-gating sigpal for the Light-gate Unit SA2
and the drive voltage for Power Admplifier AM2,
3,5. Time Comparator Unit SA4 (Plates 7 & 8)

Tho time error in the NCIP can be ascertoined by comparing clock

time with standard radio time-signals. This is accomplished in two phases:
(1) By visual observation of the hands on the dials of the
Time Display Unit (TD1) when a 1-minute time-siznal is
received, I'rom thie a comparison to within 1 gecond ia
chtained,
(2) By measurement of the interval between 1-second radio
pulses and HCDZ2 3-second relay-drive pulses, 7This

provides a comparisan to one-hundradth of a second

(f 10 millisoconds).

Prom 2 combination of beth, the clock error can be obzerved
to the nearest one-hundredth of z second,

The function of the Time Comparstor Unit, in conjunction with
its associated ecireuits, is to perform the second part of this operntion,

If there is any clock srror - apart from whole geconds - there
are two time intervale that can be neasured:

(1} The interval (%, milliseconds) between the drive-pulse
for the 1-seccond relay =nd the arrival of the next
1-sgcond radio pulse, end

(2) The interval (t, milliseconds) betwsen o radic pulse and
the following relay-drive pulse.

Fither intexval can be measured, the selection being controlled
by the pesition of the PAST-SLOW chenge-over switch on the front panel,
I+ is therefore esseantiml that the procedure eutlined in Section 4 be
strictly followed.

To measure interval t. the change-over switeh apnliesn a relay

1
pulse to Q1 on the "Start™ line and a radio time-signal pulse to @3 via
the "Stop" line. To measure interval t, the comnections are reversed.
Pulses from the outvut of DV1/1 are gated through 544 to the input of

W2/1 for the interval of time selected by the change-over switch.
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Q! and Q2 and Q3 and Q4 are connected in two bistable multi-
vibrator cireunits {see Appendix 2). The emitters of Q! and Q4 are
biased by the -4.5 volts potential seen at the jusction of RB and R9,
The emitters of 92 and Q3 are connected to this bias through a pair
of normally-made contacte of the RESET switch an the front panel,
Before gating ean bo commenced the circults must be gleared by operation
of the REZET switeh. This removes the blas from Q2 and &3, therefore

Q! and Q4 become the conducting transistors in the bistable ciwcuite,

Q4 awiteches Q5 on, wiich in turn shorts ocul G6.

A positive pulse on the “"Start® line switches Q1 off, and
Q2 cc:tnducts. The collector of Q2 is connected to the base of 3 by
C5 and CR3, so Q4 is then awitched off, This turmns @ off, removing
the short form @6. 100-p.p.s pulees from I¥1/1 on the base of Q6 can now-
appenr on the emitter, which is connected %o thec input of IV2/1,

Pulses from DV1/1 will continue to be gated through Q6 until
A poeitive pulée on the "8tup" line suiliches 03 off and @ and &5 on,
again applying a short on Q.

Since the pulses from DV1/1 are cne-hundredth of a second
apart the number of pulses gated are a measurs of the time interwel t.,
or Ty whichever has been selected by the FAST-SLOW change-~over switch,
The pulses are counted and displayed in subsequent circuits (see
Section 3.9).

Q7 and @8 are in a monostable circuit {see Appendix 1), which
is triggered by xadin-time signal pulses. The meonestable output pulae
is connected to the FAST-STOW change-over switch, aad te a trisger
eiveuit in the PP unit, which oporstes a neon: indieator on the Time
Display Unit. The description and operntions of these features are
denlt with in their appropriate sectiona.

3.6. Power Amplifier Units AM1, AM2, and AM3 (Plates 9, 10, & 11)

The circuit detaile and principles of aperation for each

Power Amplifier Unit are basically the same, the main differences
being the components selected to suwit the reguirements of each
individual unit,
M1 vrovides the 48-voll a.e, &riﬁe for the synchrenous
elock motor in the Time Display Unit (TD1}.
AN2 provides the drive voltage required by Ab3,
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AM3 iz the a.c. power amplifier. It is capable of a 30-watt
output of 240 volts r.m.s. 50-¢/2 a.c. for delivery 1o extemmal loads.

A1 is operated Trom -J9-volt Regulated Supply (PP2), and

12 and AM3 frem the -10-voll Regulated Supmy (FPF3}.

Eauh glrcuit consisty cesentinily of two power transistore in
A common-emitter, push-puil confipguration, with transformer sutput load-
ing.

In AWM znd &W2, gilicen diede CH1, connectzd beiweon the power
transistor emitters and positive CORRION, ensurcs that the transistors are
effectively cut: of £ wher posmitive half cycles zre applied to their
basee,

Tso 3—mzatt, 1-chm resietors, in series with the output leads
of the AlM2 transformer cccondary winding, linit the base current of the
AM3 power Lransisters,

A Voltage-Tependent Heslstor (VIR), 1, is connected ascross
the primary winding of each transformox to suppress voltage spikes, A
further precavtion in AN to prevent spikes from radiating is the
inclusion of the 150-«F capacitor acress the supzly.

The VI8 ucross the zecondary on AH3 further reduces spikes
from this unit =2nd also prrvents the output voltage rising excessively
o2 no load.

A sensing line Trom the -10-volt Regulator Unit (PP3) to AM3
anables the regulating circuit to compensate for voltage changes that
poeur at the point of maximum current drain, Voltage changes cdue fo
drop through the resistance of the interconnceting wiping are thue talien
into account, _

3.7. [Time Mgplay Unit and Light-gate Genorator TD1 (Plates 12 & 13)

The 48-wolt 50-¢/5 square-wave from AM1 is passed through an

£

IC filtexr, Lhe sine-wave putvut of which is applied to the windiags of
a 250-1.p.u. syachronous motor with a 25:6 reduction gearbox, The
1-r.p.s. shaft of this gearbox is ccuplcdlin a zedocticn pear-train.
Extonding throush the {ront and back plates of ths gear-tmin are
shafts that rovolve ab the rates of 1 r.p.5, 1 T.p.m, 1 T.p h. and
1 rev, per 24 hours,

Hands attachoed Lo the front extensions sweep over sngroved

dials providing the time displey.
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fach rear extension has a slotted disc fitted to it. Four amall
bracket assemblies which each hold an OCP71 photo-transistor and a
miniature 6-volt lamp - selected for ite long filament life mating - =re
mounted on the back-plate so that the discs are interposed between the
0CPT1s and their cperating light scurces. Light can enly overzte an

OCE71 when the elet in g dise iz in 1%ne with a lamp. The 24-hour
dise haz four slots, eoach BGD apart, and each other disc has a single
slot, so that the C0CP71: are operated each sscond, minute, hour, and
gix hours, The photo-tranzistor collectors are connected te their
regpoctive cireunits in -the 542 wnit. Wegative temperature coefficient
(n.t.0.) resistore are used in ssllactor and base cireuits to maintalwn
atabiliiy of photo-trensistor triggering through a wide rzange of
temperature varﬁatiuns (aee Plate 13).

When the NCID2 is first installed, or if a larze corrsctian
to the clock is ever necaspary, this can be made mechanically. 4
"one-way'" eluteh iz fitted to the SECOYD hand, whick permits the hznd
to be moved rapidly in a clockwise direction using the detachabls winder
supplied. & special helder for the detazchable winder ie loecated in ths
bettom left-hand corner of the TN uwnit, For detailas of use =see
Jection 4.

# small neon lamp meambed behind the MTLLISECORDS dial is
wigible through a smsll apesriure just below the "O" wark., It is
operated once per zegond frem radie time signals, vie the 344 wnit, and
ie used to adjust the radio signal level for optimum operation of the
V2 readout unitz., It can a2lse be used to caeck the position of the
MILLESECCOHDS aweep hand relative to zero vhen the rodio seconds signals
oCouT,

i Light-gote apd modcsbalile cireuita, sad Liming relays, SA2 and SA3
(Plates 13, t4, & 15}

Jeglipgn gounsiderationsz madse it iwnpracticable to ihcorporate

the entire Lime-marking systen on the one plug-in unlt. The ocystem is
compriggd oft
{a)} the photo-iransistors and their light sources and the
n.,t.z, resistors in thelir bage cireuits, vhich are mounted
oil tThae TDt Unit; -
{t) The light-gate circuits ard 1-zccond moncstable circuit,

aounted on the 542 card: and
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(e} the 1-minute and 1-hour menostable circuits, and the three

tining relays on the 543 card.

A ploek diagram of the complete time-marking eyeteom is
presented in Flate 15. From this the sequence of operation can be
seen as follows:

Gate A is a NAND gate;

Cates B, C, and D are AND gates (see Appendix 3).

A 50-¢/s square-wave is applied continuously to gate D. The
light-pulse from the 1-gccond photo-transistor iz wlac applisd to this
gate, The light-pulse cannct trigger the 1-second monestable cireult
until it ceincides with the leading edge of 2 pogitive half-cyele of
a,e., nor can the 50-c/c positive stops act as trizzer pulses until
the 1-second light pulee provides a gating condition,

Sinilarly the 1-minute monostable circeit is only trisgered
by an outout from gate C when pulases from the T-minute light-zate
generator and the 1-gecond relay cireuit coincide. Fuorther it is
eazentisl for a pulse fron the l-minute relay circuit and the 1-hour
light-gate generator %o coincide to cperate the 1-hour monestable
circuit through gzte B.

Consequently each rclay closes, irresvective of mincr variations
of the Yight pulse triggering times, precisely a2t the beginning of a
sescond.

The duration of each relay clesure is deteriined by the tire-
constuants of its associated menostable cirecuit.

The cutputs from the 1-hour and S-hour light-gate generators
sre applied to the HAND gate 4, This provides an output pulse once
every 6 hours, which is taken to gate C, preventing the opezation of 1-
minute and 1-hour relaye. The resultant time-mark omiesions srovide
identification of every sixth hour on seisnic recordings.

Plate 13 ie a circuit diagram of the SAZ2 Unit. The components
shown within the dotted blocks are mounted on thé T Unit.

Considering (irstly the 1-second circuit, the current througnh
10 under normal (dark)} conditions is negligible; therefore Q!1 being
formward-biased by R18 is conducting, the supply poteatial is dropped
through R19, and the 50-c/s signals applied to the base of Q12 are

ineffective,
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A light-bean falling on @10 through the slotted 1-r.p.s. disc
in the Time Display Unit once each second causes 2 positive change to
appear at the baee of G171 and a corresponding aegative change at the
311 collector.

4s the monostable circuit 13 and Q14 requirss a positive
trigger this rchange does not affect the meoneostable cirouit. It doss,
however, apply the full supply potenmtial acrass 12, thus allowing
the first positive half-cyecle of a.c. on the base of Q12 to trigger the

l-gecand monostable eireuit threugh C4.

In the 1-minvte civewit, B9 iz comducting until 5 light pulas
o BB cuts it off. While it is conducting, positive pulsezs [rom Lthe
l-zecond relsy cirenit, wia CR9 {Plate 14), are shunted by Q9. ¥hen
B2 is cut off the l-second pulse cocurring during the cut-of T period
triggers the 1-minute monestable cireunit, Q4 and 35,

Irn the f-lour cireuit, Q4 and 97, normally forward-biased Ty
R? and R10 respesotively, are cut off when 95 is lisht-pulsed. Diodes Ch4
and CRA isclate the basez of G5 and Q7 from exch other, preventing any
interashion, Q7 in 3A2 and CRT in SA3 operate in the same manner as 59
in SA2 and CRY in SAJ described above. UThis provides a trigger for tne
1 ~hour moncstable circuits fron the t-minube menostable civendt only
when &% is light-palsed, _

Hourly negative pulses ffon the collcetor of G6 are applicd
to the baze of G3.  Six-hourly light-pulses from 4% develop a2 negative
pulse on the collector of 92, which iz applied fo the base of G4. %3
and &) are connscted in a HAND gate circuit, so a sositive pulse appears
on the collector of Q3 every & hours, This positive potential maintains
CR] forward-biaszed and consequently TRY in 3543 is reverse-biased, thus
the 1-minute monostable cireuit camnot be triggered. With no 1-minute
pulse to gate the 1-hour monostable eircuit, neither relay cperates
under these conditions and the eix Hourly omissions are effected.

The 71-minute and 1-howr oncstable oiprcuits an the 5A3 gard
(ze2 Plate 14) z2re similar to the 1-minute cireuwit, the only difference
boing the cuﬁpanant values governing the guasi-siable perliod of each
cireuit,

The emitter-follower and ralay cirpuits are the same as the

1-zecend emitter-folleower and relsay.
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1 pulse develcged zeress iy, thxough G219, Ly the 1-second
monoakable circuit, is ajp-iad to tho FAST-SLOJ cwitch ¢n the front
panel tu provide the pulse required Jor time compariszons (see Section 3.5),

"HAKE" and "BEP2AX" contacte on the l-second relay and "MAKE"
corttacta on she 1-winube and 1-hour relays are wired to a socket on the
I'ront panel for comnecbion o external circuilbs, as required,

1,9, Secade Feegueney Tvider and Feadout Meter Units DV2/1 and OV2/2
(Platos 16 & 17)

The Decade Frequency Dividers DV2/1 and IV2/2 are identical
unita, The 100-p.p.s signal gated through 96 of the Time Comparator
Unit 5A4 (eee Sesction 1,5) are applied to the imout of IV2/1. Each tenth
pulse produces an ocutput pulse fron IN2/1, which goes to the input of
We/2. As the two Decade Frequency Dividers are commected in ocascade

100 input pulses are required for one counting cycle:, i,e, one complete
count occurs cach secund. If the gote in Si4 is shut off Lelore one
whnle segond has elapsed, the ceadition of the bistable cireuits in
cach divider uni® =i thet moment is indicated by the readlng of ite

aggociated meter on the front panel.

Each W2 unit consists of Q1 and §2; Q3 and Q4: §Q5 and R6;
and Q7 and @8 connected as bistable multivibrators (see Appendix 2).
The zero state of the counter cceurs with 92, @4, 95, and Q8 conducting.
This ie abtained by momentarily breaking the emitter circuits of
Ql, Q, @5, and 97 with the RESET microswitch. The first three stages
are coupled as binawy sealers giving a division ratio of 23 = B,
Modes C0H2 und OR4 and resister L3, in effect, form a negative AND
gato (sce Appendix 3), which permits transmission of pulses from the
{irset bistable circuit to the second, providing 7 is off. On the
eighth pulse, Q7 is turned on by a positive pulse from QF via Ci6,
and the tenth pulse, which would otherwise trigger the second stage, is
now unable to do so. Hewever, in this condition the fourth stage is
receptive to a trigger pulse from Q2, via C15, which ococurs when @2 is
tumed on by the tenth pulse, and is then triggered back to its initial
stute. The sequence is best illustruted by the table on the decade
counter block dizgram (see Plate 17) in which 1 denotes the ON state of
a tranaistor and Q0 the 00F stote, Note that there is ene positive

pulse oul for ayery ten ing a
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positive pulse {or more accuratoly step} being indicated by a change from
0 to 1 when reading vertically down the cutpolh eslummn, From this it is
apparent that there are ten differvnl combinztions of the bistable ON and
OrFT states, each of which corresponds to an input pulse between O fo 9.
These are determined by various combinations of ON and OFI' outputa of th
four bistable circuita,

If weights 1, 2, 4, and © are assigned to bistable eirculits 1
to 4 rospectively, the sum of the weighis for bistable circuits in the
0 (OFF) state is equal to the number of pulses counted by the circuit;
e.g. after the seventh input pulse, bisiable civcnits 1, 2, and 3 ere
0 (OFF); ithe sum of the weights nssigned io these bistable circuits
is1+2+4=1T.

For semi-analogue output to a meter or recorder, it is only
necessary to arrange Lor bietable eircuits 1 4o 4 to provide eurranbs
in the ratic 1:2:4:8 through the meter or recordser when in the O (DFF}
gtate, and zero currenl wheon in the 1 (ON) state, This iﬁ.&ﬁhiﬁ?ﬂﬂ by
oonnecting resistors R36, M7, R3E, and B39 with values in the mlbilo
1:3:411/8 to the outputs of bistable circuits T to 4 respectively., The
currents in theze resistors are summed in a common line which Is
connected to the Beadout Meter negative terminal; the positive termi=nal
being connectied to the emitter -4.5 golt supply.

The count in IV2/2 is stepped on by each tenth pulse, and in
DV2/1 by each mingle pulse. As the pulses occcur each 10 milliseconds,
the combination of the meter »eadings indicates the fraetion of a second
to the nearest 10 milliseconds, .

3.10. =6 Volt aﬁd.fﬂ Volt Regulated Pouer Supply Units PP1 and PP2
(Plates 18 & 13)

All units in the NCD2 with the oxception of AMZ and A3 are
operated from regulated power provided by either PP1 or P22, The
unregulated ¥1 to 1T volts supply voltage i=s applied to the input of
PP2, where primary regulation is effected. The -9 wvolis output from

PP2, ae well as being distributed to other units as required, provides
the input source for PP1, which in fwmn produces a regulated -6 volt
output. The circuits of both FP1 and PP2 are idsntical except for asome
component differences to suit the different operating requirements of
each regulator.

4 constant prinﬁipla of regulation iz employed to control the
operatien of the series transistor Q2. @4 is the constant current
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genemtor, Base voltuge i1z held approximately constant by diede CH2,
The dicde is forward-biaced Wy R8. The current through 06, therefors,
ig wirtually eonstant, As the eollector current IG =l Ie‘ vihere Ie
iz the emitter currcnt, then the collecter current alse remains constent.

Q3 and @6 present current-dividing paths for the Q4 collector
current. The current-division ratio is determined by the base current
of Qb, which Is povernmed by the voltage difference between emitter and
base. The emitter is held at a reference woltagze hy zener diode CR3.
The baze iz connected to voltage divider netwerk B5, RY, and R0, If
the regulator ocutput voltage increases, the polential at the basc of
46 increasses, thereby inersasing the collector current. Since the
current through Q4 is constant an inercasc of current through 3 causes
lees current to flow in the §3 base eircuit, and therefore in the 32
buse. Az @2 is in geries with the regulated supply load the changs in
base currant reduces the voltage applied to the load, opposiag the
original inerease., Conwveorsely, o decreased voltape acroae the leoad
increaszes the veltnge applied through G2 to the load uatil both ape
cqual. The base current of Q2, then, is independent of wariations
of its collector voltoge, which is the unregulated d.c. supply potentiz],
and it is a2ffected only by changes ol voltage across the divider networl:.
ds any changes acroas the divider effect a corresponding current change
through Q2 that opposes the initial change, the output of the regulator
too is independent of unregulated d.c. input voltage variations, and
is held constant at a voltage determined by the setting of potentiometer
R7. A large capacitor (C2) prevents the regulating circuit from
oscillating due to phase shift. R)1 ies a dropping rezistor for the
front panel indicator lamp.

Q! and Q5 provide ar overlond cut-out protective facility.
Normz1ly Q1 dis Wieuedl off, Lhe valtzge developed across 13 heing
insufficient to turn it on, If the current through R3 inoreases, the
voltage between Q1 base and emitter increases uniil finally it is turnec
on, lhen Q1 conducts it turns @5 on. 95 now shorts the constant current
circuit, cutting Q2 and 43 off, which causcs the negative potential on
the regulated line bo go towards positive COMMON. This forward-biases
CR1, which heolds Q1 on, ewen if the current causing the overload now
falls below the operating limit of the cut-out circuit. The forward
bias oen CI1 can be moved by opening the contacts of the HESET switch which
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is wired in series with ik, allowing the circuit Lo be restored to
notmal,

B4, CR1, and A2 form a parallel path with @2, If the input
voltage ig teo high, OR1 is again Porvard-biassed and &1 is turnsd on and
the cul-out circuit cperates as for an overlead current. U1 and B4
provide a time constant which allows the regulator voltage to build
up waen it is switched on without sverating the cut-cut, It also
rrevents out-out operation by transients. dormally, the output of
FP1 iz adjusted to & volta and FP2 to 9 wvolts,

311, =10 Volt Hepmlated Power Supply Unit ¥73 {Plate 20)
Although the basic principles of the -15 volt regulator circuait

{PPj} are the same as in P¥1 and FPP2, it differs in s pumber of Tegpoots
from these unite., Decause of the load vequirements, the series regulalor
sonsists of two matched tronsistors 0fc and 96b in parsllel, and B3I is

4 % 1 ohm, T-waki resistors in parallesl to hendle the power dissination.
The ecut-put cirenits are alse different,

21 providzs protection agninst ecurrent everleading, It ia
normally switched of Fy, but if exeesaive current is drawn, the regulaior
output veltage will drop. If it drops below the 8,2 wolts referonco
voltage at the @ emitter maintained by zener dieode CRY, &1 iturns on,

- which switeches 94 on, and saonts the constant current circuit asz in
PPl and FP2., @3 is the constant curreat generator, with 85 and g7
providing the current-dividing pathes,

In the case of excossive vollage on the dnput line, protsciion
iz provided by 2. If the input wvoltage cxceeds 18.7 wolls, G2 is Jorward-
bimsed and conducts, Thie tums Q4 on, sherting the constant current
generator. Breaking the ERSET line restorss normal conditions in both
currcnt and voliage cut-cut operations.

B4 and R1% permit cperation of the regulator if the AKI unit
ig not plugeed in, but adjustments to the regulator should only be
made when the AMN3 wnit iz in. R%, COt, and C2 perform the same functions
as the equivalent cemponents in FP1 and TF2.

3.12. =90 Velt Regulated Power Supoly FP4 (Flate 21)

Several neon indicators are used in the NCI2 and a suitable
voltage scurce for their operatiocn is genewxated in the PP wnil. Mounted
©n1 the same gcard iz a gating cireuit whiech sirikes the radio Time Indiecator

nean o the T uait.
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81 and 92 are comnected in a switching cirvenit which generates
a relatively high frequency (approximately 2 Ke/s) square-wave a,c,

acroas the primary winding of transformer T1.

Vhen the -9 volt supply ia connected to the ecirecuit, Q2 is
Forwiml-biaged and current beging to flew in one half of the primary
winding., Thiz induces a current in the feedback windinga of the
tronsformer, which applies a positive feedback to the base of Q2,
which causes a rapid build up of current in @2 until it saturates.
When there is no further change of current, the fi=ld about the
primury winding collapses, inducing a current in the opposite direction
which cuts Q2 off and drives §1 to saturation, agzin reversing the
process, The result is that the constent switching of current through
Q! ahd Q2 induces an zlternating current in the secondary winding
which, when rectified by the bridge rectifier circuit CR1 to CR4 and
filtered by R& and €3, provides m 90-volt souree for cperating the
neen indieatora in the Timing Unit. R1 and R2 are base current limiting
resistors and capacitors 01 wnd G2 are incorporated to improve thoe rise
time of the switching waveform,

Vollage-Dependent Rt:uin;!.ur- RY guppresses vol tage upiles
genexated by the squars wave, W3 is forward-biased and nommally Tun,
It is switched off by the pulse Mrom the G-millisecond monsstuble
circuit in SA4., While Q3 ig on, the polential at the colleclor i3
reduced by the current through N6 to a fer wolts. As the eollsctlor
is comeeted to one side of the neen in TIM, {he other side of which
L at positive COMMOW, the volbapge applied acensa the neon is very
low and mn'lseq_ue;ntl:,r it onnnol airike. Vhnen 43 iz switched off ila
collector potential riges to approximately 90 volts and this applied
to the neon indicator allews it to strike whenever Q3 iz cut off.

Operation of the é-millisecond moncstabls gircuit in S&4
is triggured by 2 cne-second radio time signal; therefore the neon
iz struck each sccond when radio signals are applied, which parmits
the position of the MILLISECONDS hand on the Time Display Unit TD1
to be observed at the moment of the arrival of a radic time signal.

4. INSTALLATION AND OFERATING INSTRUCTIONS
A1l ecirecuit adjustments are made before the NCD2 is shipped.

Minor adjustments only sheuld be roquired on installation.
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There are no spocial precsaulicons to be observed in selecting
an operating site for the unit exeept to ensure that the areas around the
battery, battery-charger, and the heat-sinks which form the back of the
NCD2 chassis, are all freely wventilated.

a1, Fraliminary chacks

The following checks must be mades before making any connzotions

te the BCDZ:

(1) Remove the top cover-plate and make sure all the plug-in
cards are firmly Yogated in their correct positions;
gsee the diagram attachaed Lo the wderside of the top
cover, or Plate 22, The cover need not be replaced at
this stage.

{2) Check that tho 11-16V SUPPLY switich, the Time Display
Tnit Motor ON-OFF switch, and the 240V 50-o/s O§-0FF
switch on the front panel are in the OFF position.

{3) Check that the 7-amp fuse located on right hand side
of the front panel is inftact,

{4) Check the elactrolyte level and spacifiec gravity of
gach battery cell, Top up with distilled water if
necessary. Also cheek that the battery voltage is
within the range of 11 to 16 volis on load.

4.2, Gromd connection

No separate ground comnection is necessary if the Time Signal
Radio Receiver output iz te be connected to the NCDE TEMD SIGHAL socket
and the receiver chassis is groundsd via the mainz flex, Otherwise the
GROUND connectien can be made to the terminal on the front panel,
s Comneationa to froaot panel

(1) Cheek that 211 plugs which mate with the socketz on the

front panel are wired correctly (see Plate 23). Screw
the plugs firmly inte place.

{2) Connect the RED lezds [rom the 11-16V SUPPLY plug and -
frem the battery charger to the PO03ITIVE terminal of the
battery. Comnect the BLACK leads to the NEGATIVE battery
terminal. Connect the battery-charger a.c. leads to a

240-volt power-point,
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(4)
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Gomnect the TIMG MARY leads as required, and the PO
O lead te the load to be operated Irem the internally
generated 240 volts a.c, The maximum load must not
ewceed 30 watts.

{iontent the TIMN SICNAL tead to a suitable Time Signal
Hepediver, Care maslh be faken to see that the shielded
brail of this lead is conuected to the correct pin on

the TIWNE STGHAL socket.

4.4, cwitehing om

(1)

(2)

Zuiteh the maing supply te the battery charger OH,
Tepending on the state of the bhatiery select either the
IIGH pr LOW waeition of the HICH-LOW switch on the front
panel of the battery-charger. Adjustments Lo the chargas
rate will be detailsd din an instruetion later in this
genticn,
Hemove the cover-nut from the 11 to 16-volt SUPPLY
CH-0FF gwlteh and switeh to O0. Heplace the cover-nut.
The f-volt; 9-volt; 90-volt GENZRATOR OH; and CRYSTAL
OVI O indicator lights should all come on, The SYLCH
indicater may slsg be ON. If it ia not, remove the
mover-aut frem either the ADVANCE pr FilART micreswitches
and momentarily operate the switch. When the switeh is
released the SYHCH indiecator should glow continuously.
Replace the cover-tuth.

The CRYSTAL OVEN OF light should initdially be cn.
“hen the oven reaches ites operating temperature the
thcrmﬂstat.cycles ang the indicator light gosa owt while
the thermostat contzets are open. If iz therefore nermsal
for this 1light to comes on and go off cvary fow mimmates
after reaching operating tepperaturs, If the CVER 1ight
is O but mo other light ig showing, press the REIRT
tutten uanderneath the S-volt light, and then the one under
tha &-wolt Ydight, If an overload has tripped with the
initial surge this will restore ii.

Hote that the 10-wolt 1ight DOLES HOT come on at this

atags.
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{3} Switch Lhe motor ON-0FF zwiteh to ON. The aweep-hands
of the time display unit will now be set in metion. In
the photograph of the front panel (Plate 1), a CLUDCH
HETEASE lnob iz shown, This hazs been replaced by a2
motar OH-0IT switch in 4 modification to the original
time disgplay wnits.

{4] With the lead connected to the POWER OUT socket, switch
the 240-velt 50-c/s switch ON. The 10-volt indicator
should be on and the nean adjacent to the switch showld
now be struck, If neither of these indicators is working
press the BESET bhukion wnder the 10-volt indicater.

4.5, Checking the voltags regulator adjuétmenﬁg

Connect a voltmeter set to read 10 volts F.5.D. batwesn
POSITIVE COMMON (HICDP chaszis) and a convenient -5volt point, The
top of sither choke on the oscillator uailt is readily acceesible
(see Plate 24). If necessary adjust to exactly 6 volts by turning
the adjustunent secrsw on R7 on the FF1 unit.

fow check that the -9 volt supply is approximately correct.
Tha meter can be comnected between the chassis and the top of R2 on
the SA4 unit {see Plate 25). Do HOT adjust the PP2 voltage., Final
adjustment iz made to this regulator when the readout meters are
checked,

With the meter between chasgis and the -10 volt monitoring
point on the PP3 unit (see Plate 26) check that the voltage is between
9,8 and 10 volta, Adjust, if necessary, with E7 on the FF3 unit;

4.6. Checking time-marlk operaticons

Ho adjustment should he necessary to the timg-mark relay
cirouits. The following instructions are intended as a guide should
the relays not aperzte in their correct zegquencs.

If the time-mark relays are connected to a system which
ean be readily observed, the operation of the releys can be checked
uzing this aystem. Alternatively a meter, set to read resistance,
can be connected to the appropriate palr of MAKE contaszt leade from the
TTNE MARKS socket (see Plate 23 for pin numbsrs of each relﬁy}. Froceed
as followsi :

(1) S8witch the time display unit motox OFF.
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(2) Hanunlly rock bhe emeep-hand on the ELLISESNID dial

(3)

about 30”7 on either side of the O sraduation. The
1-second rolay should operste coch time the hand crosses
the D mark, If it dees not operale, rotate the eveep-
hand through a full revelution, If the relationship
between the gweep-hand and the slotted dise on the sume
cshaft hag been altered the relay will pperate each
time the light gate is triggered. In this case locate
the poaition vhera the ralay operates as the hand is
moving in a clockwise direction. Loosen the screws

of the locking bar on the boss of the sweephand.
Taking e3re not to alter the soziticn of Lhe shaft,

set the poinber on the swecp hand to 0 and tighten the
locking bar sseurely. [Hepeat the procoge until the
f=zecond Telny operstes aa the pointex yeaches 0.

If the welay fails to operate at all, the ..l
likely cause is fallure of the lamp which provides the
light source, This can be checked without removing the
™ wunit. The design of the lamp holder allows light
Lo be seen from the rear of the holder, Fach of the
four light sources can he chacked and the lampo replaced
if necessary.

"hen the l-segond relay is ogveriting ecorreatly, cheat the
SECOUD sweep=-hand,

It dis dmportant to note that incorporaled in the
meohanisn of this wweep hand iz a 'ene-way' elubch which
permits the hand to be freely moved in the clockwice
dirsction only. NO ATTEMPT SHOULD BE MADE TO OVE IT
COINTERCLOCKWISE, The relative position of the hand to
the slotted disc will almost certainly be altored if this
is done, Attach the special winder (located in the left
hand lower corner of the Time Display Unit) to the SECOND
hand for setting the Time Display.

With the MINUTE hand at any position except 0, set
the SECOND hand to 0. HNow manually set the MILLISECOND
hand to 0. The 1-minute relay should now operate
eontinuously, holding in for two seconds each time it is
triggered. If it does not do this check that the light
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Ton the lamp is passing through the slot in the disc on
the SECORD shaft on to its photo-transistor. Adjust the
position of the aweep-hand, if necessary, so that it is=
at O when the light beam triggsers the photo-transistor.
Hote that both the MILLISECONT and SECOND eweep-hands nust
be at the O pesition for the 1-minute relay to cperate,

{4) BSet the Time Display so that the MILLISECOND, SECCHD, and
MINUTPE hand=s are all on O and so that the HOUR hand is =2t
any pogition other than the time whon o six-hourly
omission is programmed. Ths 1-hour relay should now
pperate aontinnously, helding in for four ssconds sach
time it is tzigzexed. 1f neot, check as previcusly for
the SECOHD hand adjustment.
{5} Set the Time Display about 15 secends before a six-hourly
emigsion f{usually 000; 0800; 12003 and 1800 hours
G.M.T.} and switch the motor ON. There should de no
T-mingte or f=hour relay operation as the hand.passes
0, If therc is, check the position of the slotbed disc
on the HOUR shaft, Adjust if necessary., The other thaiee
gix-hourly omissions can be checked on a recording made
cver 24 hours.
4.7« Checking weadout meters
With the Time DMsplay motor O set the PAST-SLOW switch located
belaw the 10-millisecend metor to MET, Preas the EESET awiteh adjacent
to, and to the left of the FAST-GLGW switch, then relesse, The {irst

t-segond relay pulse after resettdng will commense the counting process.
Then change the switch to SLOW. The next l-second relay pulge will stop
the count at some raodom fraction of o second which will be displayed on
the readout metors. The meters read incremental steps from O to 9, liach
step on the left-hand meter is equivalent te 100 milliseconds, and the
Tight hand meter 10 milliseconds, Repeat this operation until a wide
range of metor readingss has besn observed. If beoth meters are reading
nigh or lew azdjust the § volt regulator with R7 on the PP2 unit until
the counts of 9 on sach meber are indicated cocrrsctly.

The top vover-plate can new be screwed down, If 1t is convenient

allow gseveral hours for the NCDZE to warm up te its operating temperature.
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4.8, Tunction of the FAST-SIOW switch

It ia important that the operation of the PAST-SLOW awitch be
clearly understood te enable accurate time corrections to be made.

In the FAST position the count on the Headout Meter is commenced
by a 1-second relay pulse and stopped by a 1-second radioc pulse,

i.e. the fraction of a whole second that the clock is ahead of the radio
time signal is displayed on the readout meters.

In the SLOVW position a 1-second radio signal starts the count
2nd it is stopped by a l-gecond relay pulse, i.e. the display indicates
the number of milliseconds later that the clock pulses occur in relation
to the radio signals,

This can be demonstrated, when a good radio signal is available,
by observing a readout in the PAST positioa and then one in the SLAW
poattion, Thﬁ tro readings added together make B total of 1 second (or
more usually, =ince the count on both is to the nearest 10 nilliseconds,
the btotal iz 1.010 seconds).

4.9. Seliing bhe Time Display te correct time

(1) GSwitch the Time Display motor OFF. Attach the spesial
winder to the SECOHD hand and wind on in a CLOCKWISE DIRECTION ONLY until
the indiecated time iz live or ten minutes shead of actual time. Sel the
MILLISECOND hand at zbout 200 milliseconds. HNote: The HOUN hand can be
loosened on ibs shaft and altored in steps of EXACTLY six hours, so it
ghould never be necessary to wind the Time Displey on more than aix hours,

(2) With the output of a time-signal radio receiver connected
te the TIME BIGHAL socket, tune the radio to a time signal tranasmission,
The FMG station VHG at present only identifies the first minute of each
hour, so unless the clock is to be set on the hour it is better to use
WWVH or JJY transmissions on 10 oxr 15 lic/s. Signals from VG on 12.005
Mc/s ecan be used to correct the MILLISECONIDS error.

(3) "hen the radio signal indicates the same time aa the
Time Dimplay, switch the motor ON. The HCDZ time should now be within
half a second or so of correct time.

{4) Observe carefully the position of the SECOND sweep-hand
when a one-minute radic signal is heard, From this observation it
oml be determined whethor the indicated time is slightly fast or slow.

If it is fast remove the cover-nut from the RETARD microswitch.

Inecrease the radio receiver output level until the neon mounted behind
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the MILLISECHID dial sirigzes regularly with each 1-second radic signal.
Tnhder peor conditions the neon will not strike when the signal fades,

or may ctrike irregularly with random noise. The output level of the
receiver haz to be adjusted {or optimum operation under these conditicns.
Suiteh the FAST-SLOW ewiteh to D457 and take several consecutive readeut
readings. If the majority of them are the same, i.eo. the count is being
stopped by 2 1-second radia gignal and not by random nolse pulses, press
the RETARY switch for a few moments, release, and take ancther set of
meter readings. BHepeat until the readout is zero on both meters. Switch
to SLOW and check the readout in this position. It should be 000 or 010
milliseconds,

CAUTIOH: 1If the signal level from vhe receiver im sct too high
a constantly repeated reading of 10 or 20 milliseconds will be displayed
because the counting is being stnried or etopped by noise pulses. A
vigual check of the readout can he made by observing the position of the
UITLLISECONE aweep-hand when the neon indieator is struck with'1-second
radin pignals. With a little practice this can be judged qulte
accurately,

Beplace the cover-nut when the clock is fimally corrected. IF
the clock iz zlow the procedure is the same sxcept that the AIWAKCE micro-
ewitch ie ocperated.

4.10. Adjustinz the clock rate

Allow the NCD2 to operzte for several days. Make daily
observations of the error compared with radio time, A4s the temperature
inside the WCD2 atabiljiees, the rate of the clock will show a tendency

tonards a steady daily wmate of change.

If the daily rate requires adjusiment, remove the screws from
the top cover-plate and push the cover-plate back just far enpugh to
expose the oscillator (01) unit. This is to prevent as far as poscible
a large tempcrature change inside the unit. The special tool (located
in & spring clip on the chassis wall next to the TN unit) is inserted
in the wariable camacitor C2 of the 01 unit., If the rete is to he
decreased, tumn the adjusting screw CLOCKWISE or for a faster rute turn
it COUNTER-CLOCEWISE. One full turn is approximately equal to a change
in rate of 250 milliseccnds per day. The actual amount depends on the
raelative vpogition of the plates of the capacitor.
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lleplace the special teol in its holder znd replace the top cover-
plate. Teriecdically adjuut the rate of the clock until the most satisfactory
performance is obtained.

4.11. Adjusting the charge rate of the battery-charger

(1) THth the HIGH-LOW evitch on the bultery-charger on NIGH
adjust the transformer secoandary tapiing in eonjunction uith RV1 (Prate 27)
for & chnarge rate of 15 to 18 amps.

(2) Moasure the current drawn by the BCI? with its normal full
lpad. 3Swibch the MIGH-LOW suitch to LOW. If a 24-hour mains supply is
availzble adjust the rmte of charge to about % amp morc than the normal
dmin with RV2.

CAUTION: Po not make any adjustments to the battery-charger
without first disconnecting it from the mains supply. If the maine supply
ig lesz than 24 hours per day the chargs rate czn be calculated ns follows:

TANPLI:  If the NOD2 ecwrrent drsin is 5.7 amps and the nalas
supply is avallable for 14 houxs per day;

Then the tetal drain in one weelk

5,7 x 168 amp-hours

1

957.5 amp-hours
Charging time available in 1 week= 14 x 7 = 98 hours
Then the ratoe of charge requirod = 957.6 amps

oB
= 2.77 auws
“lus 104 compenuation for lasses = 2.77 + .98
= 10.75 a=mpe

Therefo.e a charge ratc of 103 amps should keep the battery
charged.

4.12, DPBrake tension

A brake 1s fitted to apply pressurs to the Time Diaplay uait
HTLLISACORD shaft. This prevente flywaeel action in the gear-trein
causing over-runniang of the coupling mechanism between the gear trmin and
the motor.

17 the MILLISECCRD sweop-hand does not run smoothly through each
revelution, remeve the T unit and adjust the brake teasion until this
opnditicn is cbinined.

4,13, Jloutine checks durdng vperation
A dnily comparisen with radlo time signals is udvized. Corrections

ean be made when required ma outlined in Szclion 4.1, pammgraph 4,
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If it iz found theft theo clock mbe reguires goccasional adjust-
ment as the ecrystal ages refer to Sectiocn 4,10,

& weelly check of the electrolyie level in each of the batlery
colls is Tecommended. Cells should be ftopped with Jdistilled woater if
the lewel falls below the naker's recommended minimem.

| 5.  MAINTTHANCE
5.7.  Generval

Trolonged tests with the HCDE onerating under remote field
conditions has ostablished that reliable pperation of the cloclks can be
obtained with a minimm of maintanance,

The only moving parts (except for the relsy armatures on the
SA3 unit) are contained in the Time Display Unit {TD1} meckanism. FRegulsr
inspecticon of the gear-train and synchronous moteor bearings chould be
carried out and replacements made ot the first sign of weor,

10 the load on the 240-velt 50-cfs power oubtput is less than
15 watts, the voltage-dependent resisbor across the fecondary winding
of the AM3 pomer cutput transformor can be removed without aflecling the
rerlermanee of the unit, :

Thorover possible, wavelorng and voltages ars shown on the
circuit teo assist serviecing and location of fauwlts,

4 complebe zet of spare plug-in cards is supplied o enable
sontinuity of epsraticm te be maintained zs far 25 sosaible,

5.2, Fault-finding

t i beyond the scope ol this section to attempt to Ziat avery
fault which may ocenr in the NCI2 at some Lime or znolhee, The
operation of the Time THMaplay Unit sweep-hands, the indiestor lanmps on
the front pansl,and time marks, provide excellent mepnitoring facilifies,
Chservation of these can assist in defermining whether or not there is
any malfunctioning of the equipment and, if 2o, indicate the cireuit in
vhich the fault iz most probably located.

For oxample, if the 10-wvolt light iz on and the swesp-hands
are operating normally but there is nme 240-volt 50-¢/2 light, the fault
would most likely be in the AMZ or AM3 units. On the other hand if the
10=-volt and the 240-vclt H0-cofs lights are out and the Time Display is
operating nermally, the fault would mest probably he in the -10 woll
Hegulator Unit (FP3), or due to low battery voltage.
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Again 11 the SYNCH light is out btut the 90-volt GENVHATOR light
ic on, the Mvider Usits (DV1/1 and 9V1/2) are probsbly oul of
synehronisation, whereas if boeth poe oul it could mean that the SU-wvolt
Generator Tnit (PP4) is unserviceadle.

It muet be borne in nind that cach relay operation is depexdent
on gating sigrals coinciding, The abgence of time marks altogother can
resull fror failure of severa]l cirouits, but if minmte time merks appe=r
and there are no hour marks the first cireuit to check is the lamp
.prmvidiw the light gete for the 1-hour pulse, and so on.

A briel atudy of the funglinmms of cach Indicater light, time-
nark eperation, and plug-in cirewit is inwaluable in diagnesias of faults,
It i recommended that the operator of thr HCD2 become fapilianr with these

functions.
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APPRADIX 1

THE COOEF-YARBOROUGH NOHOSTARLE MULTIVIBRATOR

GCeneral description

T Vo
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Trigger 1M "
Figare =

In the stable state @1 is on (saturated) and @2 off. 4
poaitive trigpger pulse causcs G2 to turn on and Gl to turn off for a
time determined by time constant BC. At the conclusion of thiz quesi-
stable pericd the syster relaxes back to ite stable state.
The stable stato

@1 drawa base eurrent through E, (Ih1ﬁchcfﬂ), saturating
ifﬁS12>RfR1. @t ecollector is thus maintained at approcimstely -0.2
velt, reverse biasing the base-emitter junction eof Q2. The Q2 emitter
ig held at approximately -0.5 volt because of the forward biased CAZ00
dilicon diode,

The resistance seen by the base of 2, i,2. the saturation
registance of Q1, would be typically & few hundred ohms, Even if this
resistance were 1000 .ohms, Q2 base current caused by emitter and collector
leakage currents would have to be at least (0.5 - 5.2} 1000 = 330
migroamps, before leakage could turn Q2 on., This value is much larger
than is normally found in low current gerwmanium switching tremsistors at
60°¢C.




The quasi-stable state

If Q2 etarts te turn on,regenerativeswitching will oeccur providing
the circuit, considered as & positive feedback amplifier, has & loop zain
greater than unity. If switching is sufficiently fast the leading edge
of the peeitive step at Q2 collector is trangmitted across € to the
base of Q1. The veltage across a capaciter cannot change instantanecusly,
Q1 base-cmitter junction iz thus reverse biased by about {vﬁn -E) volte.
This base potentisl reaches approximately zero wvolts, Q1 starte to tum
cn, regeneration occurs and the system returns to its stable siate.

While Q1 i= off, Q2 is saturated by base current drawn through Ri1,
Effoet of leakage in §1

If leakage occurs throuwgh the cellector-base junction while @1
is off, the effective decay time constant becomes R'C, where
R' = Reh;’ {RibL+eh), where e, and ihL are the instantansous values of
base voltage and leakasze current, As leakage current is a function of
tenperature, the decay time constant will be femper:ture dependant unless
leakage ie eliminated or made very small, Low leakage is obtained by using
a 8ilicon transistor for Q1.

For quasi-stable period greater than about ene second it ise
convenient to make C an electrolytic caprcitor, which provides an
additional leakage path. 3S5olid tantalum electrolytice leak lesp and
are more stable sgainst tempernture and ageing than aluminium foll typss
and should be used when moderate pregision iz required.

The positive mside of the eleotrolytic connects to the base of
Q1. (Reveras for MPW circuit),

Choice of trausistors |

Ideally, both Q1 and Q2 ghould be high-gain, high-frequency

transistors te ensure fast switching, with conseguent minimwn attenuation

of the pulse transmitted across C.

Leakege requirements have already been dealt with,

The positive pulse turning Q1 off should not break down the base
emitter junction, hence a transistor is required hawving ?ba e % least
gqual in magnitude to the supply voltage.

Tripgering
The trizger signal should be a positive step or pulee having

fost rige time, for minimum sttenuation across couvling capacitor Ct, and




~35-

amplitude large enough to overcome the reverse biaz on G2, Trigger signals
less than % volt will be shorted to ground via the forward biazed 0L20G,
Trigger signals greater than & velt will reverss bias the 0AZ00 and forward
bias Q2 emitter-base junction. The positive trigger pulse al Q2 emitter
will decay with time constand set by 01 and Q2 emitter resistance. Thus
both initial trigger amplifude an& the value of C1 must be high enough
to ensure that G2 iz forward biased througheut the switching time, i.e.
for a few microseconds,

For the ecireuit shown, minimum frigger amplitude should be

abeut 3 velts with minimom rise time of a few microseconds,

Vaveforms
TRIGGER k i

Ly o P

32 COLLECTOR

-

—1%oo41) P —

I BasE : \

] e

WEE [ = — m e e

—0.2v
)] _
COLLECTOR —0.7Y - - .

Figure 3

Notes:
When §2 tuwns off, the collector does not fall to 'U'm: volta

instantanecusly, but does so with time constant RZC,
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&1 collector voltage is clamped at about -0.7 volte when @i
ig off beecause of the direct comneetion to the forward biesed Q2 base,

The guasi-atable period

leglecting leskage, base-emititer voltage drops, attenuation
through C, and the drop acrcss the 0A200, the quasi-stable period would
be

T?=RC log 2 = 0,693RC

(T in milliseconds, R in Kilohms, C in microfarads.) This period is
glightly reduced by combinations of the above facters, but 1ls usually
used as a basis for design., Accurate pericd adjustment is provided
by the wvariable portion of R.

Factors determining precision

For high timing precision and repeatavility:

(1) R and C should be stable and possess either zero or
equal and opposite temperature coeflicients.

(2) 4A1] leakage currents should be constant.

(3) Switching times should be ¢onstant,

(4) Q2 collector leading should be constant,

(5) Trigeer amplitude and rise time should be conatant.

{5) V, o should be constant and as large as possible to give
steepast possible slope to the timing wave-form,

The monostable circult as a freguency divider

If trigger pulges be applied at pulse repetition period t to
& moncetable cireuit having quasi-stable period T, frequency division
will occur if T > t, '

In goneral, for a dividing ratic n,

?P=tln-1+2x),
where n is integral and O<x<1.

This comes about becauss trigger pulses can have no effect
when the system ils in its quasi-stable state. After returning to the
stable state, however, the next trig