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1. INTHODUCT 10N

The CHRONOTRON is a self~contained direct reading instrument
for the measurement of time intervals in the millisecond and
microsecond regions. It is robust and portable and is intended
for either laboratory or workshop usc. Its oporation is cxtremcly
gimple, and, eithor by itsclf or supplimented by the Fhotoccll
Unit or wy onoe of the Pulsc Units, almost (vory kind of timing
problcem can be solved.

There are throo different modoels

Rene #ODLL 25 MODLL 25C
J.Uv
1 O— 4 milliscconds O— 49 milliscconds O- 40 microscconds
2 O- 10 milliscconds 0-100 milliscconds 0-100 microscconds
3 O- 40 milliscconds 0-400 millis.conds 0—4C0 microscconds
4 0-100 milliscconds O— 1 socond O— 1 millisccond
5 0—-400 milliscconds O- 4 scconds O- 4 milliscconds
6 O— 1 sccond 0= 10 suconds O- 10 milliscconds
IMFPORTANT This instruction bocklot refirs only to Models

25A and 25B, which arv identiczal in operation and appearance, and
which diffcr only in thoir time ranges. Modcl 25C, which covers
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the microsecond region, necessarily differs from the other two, and
is described in a supplementary booklet.

lel Applications

The following arc only a fecw of the many timing problems for
which the CHRONOTRCN is being used in various fields s

a. Testing switches, fuses, overloads and circuit-brcakers

b. Timing telephone rclays and sclector dials

c. Timing the¢ opecration of contactors and thecrmostats

d. Measuring viscosity

e. Timing the speed of projectilcs

fo Measuring the spced of vchicles on a short distance base

ge. Testing and adjusting camcra shutters

h. Measuring thc incidence and duration of light-flashcs
for photographic or signalling purposcs

i+ Investigating human rcaction times,

jo Tracing thc propagation of vibrations in materials

k. Checking industrial proccss times

1. Testing industrial timing controls, c.g. for welding
operations

ls2 Principle of operation

The incoming signal, however 1t is produccd, causcs a constant
currcnt to charge a prccision capacitor. At the c¢nd of the timing
period this capacitor is isolatcd c¢loctronically and the voltage
developed across it is automatically measured by a decs valve
voltmecter directly calibratcd in units of timc. The metor rcading
is decad-beat and docays very slowly, allowing amplc timc for ob-
gervation. The timing capacitor is spoecially sclcctcd and combines
a very high insulation resistance with a very low soakage factor,
and it is carefully aged over scveral temperaturc cycles to cnsure
rermencnt stability.

The CHRONOTRON is scli calibrating and accuratcly dctermincd
internal resistors arc uscd =2s the reference standerd. The cali-
bration procedure complctely covers the cffects of changes of valves
or of variations in cither mains voltage or froquency.



2o OPERATING INSTRUCTIONS

2.1 Preliminary

The CHRONCTRCE is despatched with all valves in position,
ready for immediate use. The mains plug and the jack plug are
packed separately and are attached to the instrument. Before
switching on, the mains adjustor plug must be set to the correct
operating voltages 1in general, it is desirable that the instrument
should be ecarthed, but see paragraph 5(d).

2.2 General operating procedure

a. The instrument is switched on and left for two or three
minutes to warm upn.

be The RANGD switch is set so that the expected time interval
will occupy a fairly high position on the mcter scale.

co. The OPEZRATING switch is turncd to SET ZERO and the meter
adjusted to read zecro by the SLT ZERO knob. This adjustment
holds good for all rangcs.

d. The OPERATING switch ig next sot to CALIBRATE and the
pointcy adjusted to the rod mark by the CALIBRATE knob.
Thig adjustment must be ropeatod whenover the range is
changed.

¢e During the above operations, the RED panzl light shows.
Setting the OPIRATING switch to OPIRATE causes the GREEN
light to appevar and tho instrument is now ready to time.

f. To cluvar the roading for tho noext timing opcration, return
the OP_RATING gswitech to SET ZLRO and hold it there for a
few seconds before returning it to OPLRATE.

2.3 Two impertant notes

It is essential that thoe SET ZERO and CALIBRATE controls arc
set up in the order shown abovc, and when thoe test circuit is
connected to the Terminals, the Jack TFlug must be withdrawn from its
socket or the CARONMUOTROL will not timc.




3. 1 THODS OF CONNLCTION

The uses of the CHRCNOTRON arc so many and so varied that it
is impossible to do more than suggcst the general operating principles
and to describe a few typical casce.

This important distinction should be noted. The use of the
Terminals (1 to 4) is confincd to 'dead' or passive circuits, in
which therc is no voltage or potential drop, and thercforc tho
necegsary test voltage is provided by the CHRONOTRON itself. The
use of the JaCK Socket (5) iz confincd to 'live!' or active circuits
which actually prescnt a voltage to the CHRONOTRON, and therefore
no additional voltage nsed e provided by the instrument.

301 Operation with fterminsls

The input circuit of the CHRCNOTRON under thesc conditions is
shown in figure 1 on page 11y it will be scen that the general
principle is that a conncction between Terminals 1 and 2 initiates
the timing cpcration, which can be stoppcsd either by breaking this
connszction or by short—circuiting the signal at terminals 3 and 4.

From this, figurcs < to T should be sclf-explanatory: they
"illustrate the six vossible combinations of contacts.

The resistance of a nominal "short—-circuit" should be less

than 50 ohms; any parall:l lcakage rosistance across a nominal
“open--circuit’ should be groater than 100 000 chms

3.2 Operation with Jack Socket (5)

Tho input circuilt undor these conditions is shown in figurc 11
pragz 11. The genceral principlac is that with any applicd negative
voltage loss than 1.0, nothi happens, with negative voltagos

between 1.0 and 3.0, the acticon of the instrument is indeterminato;

the duration of any nogativ. voltago groaeter than 3.0, ne mattcer

o
o«
how gr:at, is tlm ‘d with full accuracy.

The aprlicd negative veoltazge should not zxcoced 300, or some
IS i g ;
damagc may be causcd to the input velv.; th. accidontal application

of a pogitive voltage will caus. nc damags, dbut tho instrument will
not time. or ae.ce. oprration goc scction 5.7 doscribod on page 7.



Figurcs 12 te 15 show scversl  typical mithods of mecasuring
voltagce generated in live circuits. It may be helpful to take two
of thesc applications in detail.

In figurce 12 on page 11 it iz roequired te time the interval
botween the application of the cnergising voltage to a relay and
the operation cf its contacts which mey normzlly be either closcd
cr broken. The actual esncrgising veltage is used to cperate the
CHRONOTRON, and the contacts cithcr disccnncet or short-circuit
this voltage, as thc casc may bc. The register is introduced so
that short-circuiting thc¢ CHRONCTROIN input does not 2lso short-
circuit the power supply.

Figure 13 page 11 shows the cppositc casc vhore it is desired
to measurce the interval betweon the discennccticn of the encrgising
voltage and the return of the contacts to thoir normel position.

In this case the rolay voltage starts a2t some rcal value before
discennecction, and «nds at zcecre after disconncction and the con-
denser must be introduccd sco that thoe chenge of veltage cperates the
HRONCTRON. The capacitance of this condenser in microfarads should
be equal to, or greater thoan, the cxpocted time interval in secondse.
It will be realiscd that the inscrticon ¢f o condsnscr converts the
cessation of 2 real pogitive veltage inte o tomporary negative-going
voltage and it is this I2tt.or componcnt which actually operatcs the
CERONOTROIY .

The other figurcs ars sclf-cxplanaztory; coendenscr coupling
ig always uscd in cascs whore any pro-timing veltage existse

4. MOASURCMENT OF ViERY SHORT PULSES

4o1 Time deleys in input load

When measuring very short pulscs, under 2 milliscconds, o
difficulty may arisc in that the zc¢lf capacitance of the input leads
may delay the actual prosentation of the pulso to the CHRONCTRON; an
crror may thus be ceuscd which is in no way duc tc the lnstrument
itsclf. In the Moedcl 25C this trcuble is aveided by providing an
impedance converter probe at the cnd of the input lced which may
therefore be screcned and of 2any desircd length.
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4+2 Precautions to reducc such delays

In the ordinary Models 25A and 25B the feollowing simple pre-
cautions should be noted. It should be clearly cmphasised that
these precautions arc only necessary on Jack Socket ('live! circuit)
operation and then only when the source resistance of the signal
to be timed exceeds 20 OO0 ohms,y, and in any casc only necessary
when this signal is less than 20 milliscconds.

a. Unnecessary input capacitance should be avoided as far as
possibley screcned lceads should not be used unless
absolutely nccessary.

be The resistance of the signal sourcc should be kept as low
as possibles 1if conditions allow, 1t may be artificially
reduced by connecting a low resistance across the input
lines.

ce Unneccessarily high signal voltages sheuld be avelded;
ideally the signal should lic between —4 and =10 volts.

d- In casc¢s whoere these precautions cannct be adsquately

appiied, thc signal source should be followed by a cathodc
follower circuit acting as an impedancc convericr.

5. ENEZRAL OFSRATING NOTLS

5.1 Setting—up procedurec

It is esscential when sctting up the instrument that the SET ZERO
and CALIBRATE controls arc adjusted in the order given in scction 2.2
page 3. :

A

5¢2 Operation with Terminals 1 to 4

The internally gencrated test supply is epproximately 14 veoltss
short circuit currcnt is limited to 10 milliamps under any conditions.
The terminals must never be connccted to a 'live! circuit, that is,
one including either a voltage or a petential drop.

Inscrtion of the jack plugz into Jack Socket (5) automatically
disconneccts the Terminals (1 to 4), it follows that on terminal
operation the Jjack plug must be withdrawn.
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7.

5.3 Operation with Jack Socket (5)

The parallcl input resistance is 2 mcgohms. The input voltage
should lie between 3 and 300 with the tip of the jack negative to
the sleeve. Incorrect polarity will couse no damage, but the instru-
ment will not timo.

5.4 Harthing

Terminal 4 and the slcove of the Jack Socket (5) are beth
connected to the case of the instrument which mey bc earthed either
through the LARTH torminal or by the third pin on the mains socket.
In general, earthing of the ingtrument is desirablc unless the
conditions of the input circuit should prcvent it.

5.5 Overload in time

An overload in time should be avoided wherever possible, but
it can cause no permancnt damege to the instrumcnte

5.6 Long waiting period between opcrations

If long pericds are cxpected to clapsc between timing operations
the instrument should be left in the SET ZERO position, switching to
OPERATE when a recading is due to be taken.

5.7 Timing a.ce. gignals

Unless an 2.Ce signal is rectificd by some suitable full-wave
rectifier, the CHROIOTROL will summete the nogative half-cycles only.

5.8 Timing successive pulscs

If a serics of successive pulcce is applicd to the CHRONCTRON
the metor will normally indicate the total time. Where summation is
not rcquired the PULSE SLIECTOR UNIT should bo useds it is described

in section 7 on page 8.

5.9 Timing between pulses

Normally the CHRONOTRON indicates the duration ¢f the input
pulses and nct the interval between thelr arrivale.e Where this is
required to be mceasured the DOUBLE FULSE UNIT should be useds it is
described in section 7 page 9.
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G CIRCUIT OFERATION

The circuit diagram will be found in the aprendix.

In the absence of a signal, the pre-amplifier valve V1 is
fully conducting; 1ts anode, and therefore the grid of V3 which
is coupled through R23, is held relatively negative to the cathode
of V3, holding V3 completely non-conductive. Any timing signal,
however generated, cuts V1 completely cff, and V3 becomes con-
ductive to an extent partly determined by whichever cathode
resistor R27 to R32 has been selected by the RANGE switch and
partly by its grid voltage which is determined by the CALIBRATL
control R25 actinz through V2.A.

Conduction of V3 allows the timing current to flow, from the
junction of RZ and R3, into the timing condenser Cl, through the
diode V4, and back to HT- through the temporarily conductive V3.
At the end of the timing period, this current instantly stops when
V3 again becomeg non-conductive.

The charge introduced into Cl, and thcerefore the voltage
developed across it, 1s proportional to the interval during which
the timing current has flowed. The potential across Cl is read
by a balanced d.ce. valve voltmcter, of which the electrometcr valve
V4 forms onc armg its valus is read on the meter which can be
directly calibrated in units of time.

T ACCLASSORY UNITS

Three supplomentary units are availablc which further extend
the field of application of the CHRONOTRON.

The FPHOTCCELL UNIT includ¢ a vacuum ccll and a m2ing  opcrated
mpedance converter circuit; 1its output can c¢ither be fed directly
t rough its own ordinary screcened lead into tho jack socket of the
CHRONOTRON, or it can be usad to cperate the Doubls Pulse Unit,
describsd below.

The PULSE SELLCTCOR UIIT is used when the input signal is pre-
sented in two or more guccessive pulscss  one specilal case is the
inevitable Tirst beounce betorec relay contacts finally closc. It
can (a) measure the first oulse and reject all others, or (b) reject
the first pulse and mcasurc all lator pulses, or lastly (c) it can
rejoet the first »nulsc, mcasure the sccond pulsc which is necessarily
a complete one, and rejoct all subscqucont pulses.




\O

The DOUBLL PULSL UNIT is used for mcasuring the time interval
between the arrivals of two successive pulsss, which may be generated
either in the same circuit or in two independent circuits. Both the
starting =2nd stopping pulescs m2y be of cithor pelarity, any componcnt
of the unwanted polarity boeing decisively rcjected.

The PHOTOCOSLL UNIT, the PULSL SSLOCTOR UNIT and the DOUBLL

PULSE UNIT all derive their power supplice from the CHRONOTRON itself
through thce ocutlet socket at the roar of the instrument.

6.  MAINTLNANCE

The CHROFCTRON is 2 robust and rclizsble instrument and no routine

maintenance is neccssary. Thoe valves uscd arce stondard non-sclected
types and 2re operated under conditions which cnsure an almest in-
definite 1lifey 11t should be cmphasiscd thoat replacements must be of
the specificd typoes.

Failure of V1 (UF37A) will rosult in full scalc meter rcadings
on ¢ither the CALIBRAT. or the OPuRATL positions, whether any input
signal is applicd or not. Failur. of cithor V2 (UB9L) or V3 (LF374)
would make it impossible te calibrate the instrument correctly,
althouzh the SuT Z.RO centrol weuld still cporate quite normallys
total Tailure of cithor valve would proevent the CLLIBRATS control
from having any offoct 2t 2ll. Failurc of V4 (IF374) would causc
the meter to read Tull scazle in 211 positicns of the OPIRATING knob,
including S&T ZLRC;  the SLET 22RO control would have no ¢ffeet at
all. With the foilure of V5 (VR-150) both the SuT ZERO and CALIBRATL
contrels would coporate scbnormally and 211 CLLIBRATL rcadings would

0

be very much too highe. With feilurce of V6 (G232 or 524G) the metor

[es}

would not read at 2ll under any conditicne.

Lxcossive zerce drift in the ST ZoRO pogition may be due to
V4 or, much more rarcly, .ithor V2 or V3. oLxcessive decay - dewnwards
drift of reading as distinct fron drift of zorce — 1s duc to failure
of ¢ither V4 cr of the timing condonsor Cl.

The CHERONOTRON is protected by o l=2np fusc plug which forms
part of the mains voltage adjustor at the roar ¢f the instruments
rupture of this fusc ic indicatcd by failure of both pilct lamps.
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lo 4 'v! Ve lo 4 tye!
Y . close Y Y open X
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Time of Fuse ’—’2 Interval  _
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CHROINOTRON -  MODEL 254

COMFONIIT VALUSS — DRAWING 110. 25001 Issue 5

RLSISTORS

Component | Value(ohms) : Tol.%  Rating (watts) ' Type
o A S Y o S e e e e 1 R S — et ek . e e i e v e et et e . b

"R1 3300 5 10 Wirewound

R2 150 10 & - Carbon

R3 : 150 ‘ - - Wirewound potentiometer .
e A0 AED | — — - —nssal
R4 | 226520 10 2 Carben

R5 220 i 10 L Carbon

R6 j 3300 10 & . Carbon

R7 2200 i 10 & - Carbon

R7a 8200 10 = i Carbon

RS 150 © 10 = , Carbon

RO 2711 P20 & . Carbon

R10 2200 § 1 o Carbon high stability

R11 5100 % 1 + Carbon high stability

R12 20K , 1 < Carbon high stability

R13 50K a 1 + Carbon high stability

R14 200K % 1 % Corbon high stability

R15 500K é 1 + Carbon high stability

“R16 10K L 10 2 Carbon

R1l6a 10K © 10 2 Carbon

R17 1100 10 % Carbon

R18 -sag 330 10 & Carbon

19 330 10 & Carbon

R20 1100 10 i Carbon

n21 330 - 10 1 Carbon

R22 330K 10 % Carbon _
R23 330K 10 % © Carbon ~
R24 1100 10 = Carbon '
rR25 1K - - Wirewourd potentiometer

R26 4700 10 4 Carbon

R27 220 10 % Carbon

R28 1500 10 % Carbon

R29 10K 10 % Carbon

R30 33K 10 % Carbon

R31 150K i 10 % Carbon

R32 330K | 10 % Carbon

R33 33K 10 % Carbon

R34 2.211 10 L Carbon

R36 2000 5 10 Tirewound

R37 520 10 2 Carbon
I'R38 1 5 - irewound

3‘{;’7 | ®39 7 H - Wirewound
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Tol. % Working V.
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20 600
20 600
20 600
20 600
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