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Abgtract

The subject matter of the thesis is concerned
with the design and construction cf a double pulse
generator and an gssociated calibreting pulse marker
generator.

The double pulse generator is to be used for
calibrating the resolving times of three specific
paralysis circuits $0 be used by frofessor C. H.
Westcott in counting exwneriments. It has been built
t0 perfom this functicn for the range from about
twe micresecends te gbout fifteen milliseccnds to an

accuracy of about one percent.
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Introjucsicn

The finite resolving timec ¢f any electrconic device
introduces locsces in the ceounving rate. TFoellowing a

recorded count, the counting device requires a certain

by

time, variously known as resolving time, zorglysis tvime,
or dead +time, before ancther count may be recorded.
During this intervsl, cne ¢r more ccunts may have cccurred
and not been reccrded. These are the counting logssegs.

Calculations for tha nrovahle losses in the count-
ing of particles from a source of constant intensity
were done by Locher (198%), Velz (19¢5), Skinner (1925),
and Ruerl erd Brammer (1927). These arvlied to Gelger-
Muller counters which have a relaftively long deed time,
cf the order of one hundred microseconds, and which
pogsess the property that the degd time follows all
counts whether reccrded cor not.

cuite different expressions fcr the counting losses
are 0btained when the source is pulsed as it is from a
high energy accelerator such as the cyclotron. The
prcbable loss retes in the counting of particles from
such a source have been ealculated by Profecsgor C. He
Wegteott of IieGill University. The reader is referred
te his peper "A Study of Zxpected Loss Rates in the
Counting of Farticles from Pulsed Sources", Froc. Roy.
Soe. A Vol 194 1948,

Apvaratus, es shown in block diagrem epvrendix 1,
has been bullt to verify these expressions in the

Redistion Laboratory et Lictfill. The arrangement requires
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the use of two variable paralysis units and a varilable
resolution coineidence unit. The pvaralysis circuits each
aprear in a channel in which coincident counts may be
simulated and are to provide accurately known dead timese.
The variable delay coincidence unit will provide a means
of determining the real and apparent coincidences be-
tween the two channels. ‘

It was for the purpose of calibrating the circuits
that the double pulse generator, which forms the subject

matter of this thesis, was designed and constructed.



Reculrements

The function of the double pulge generator is to
produce pairs of pulses similar in size and shape %o
those which normally operate fthe paralysis circuits.

The palrs ere fed into a paralysis unlt and the time
interval between the two members of the pair is reduced
until only the first of the two is recorded.

Since the resolving time of the paraslysis circults
depends upcn the average counting rate, the pulse palr
recurrence frequency must be varisble.

The particular requirements t0 be metby the double
pulse generator are determined by the experimentel
arrangements shown in block diagram of appendix 1.

Alpha particles from a weak source of polonium
provide a slow counting raste, which is to average be-
tween fifteen and one thoussnd counts per second.

The pulsed nature of the source is obtained by
means of an aperture in a rotating disc which exposes
the proportional counters once during each rotation.

Pulses which appesr in the proportionsl counters
due to ionization by an slpha varticle, are amplified by
linear gmplifiers and then appesr in a mixing circuit,
which operates such that a pulse from the centre channel
is fed into both channel 1 and channel 2 in order to
simulate coincidences., Accurately known dead times,
long compared with that of the remainder of the circuitry,
are produced in each channel by means of the paralysis
circuits. The signals from this are then fed into scalers

and counted.
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Ooincidences which may occur between any two pulses
of channel 1 and channel 2 may be found by feeding both
varalysis circuits into the varisble rescluticn cein-
cidence unit end then to a scaler. The counts 1lost may
be obtained by subtracting the number observed after the
raralysis circult from the number observed before the
parelysis circuit. This arrengement is particularly use-
ful for finding counting lcsses which may be encountered
in scattering experiments in which two counters are used
in coincidence.

Since the resolving time of the paralysls circuits
depends upon the counting rate, the pulse pair recurrence
frequency must be variable cver s range of from about
fifteen to about one thousend per second. Similarly,
since the paralysis units to be calibrated are required to
preoduce dead times anywhere from one or two micrcseconds
up tc about fifteen milliseconds, the time interval bhe-
tween the two members of the pairs of rulses must also
cover this range.

Kach pulse of the palr is to be separately variable
in amplitude from about five to fifty volts, and at most
the rise %ime may be 0.5 microgeconds and the decay time
5 microseccnds. This latter will previde pulses similar
tc those at the output of (.2 linear amplifiers.

The accurscy of the pulse pair recurrence freguency
is not critical, but the pair time interval should be

accurate to within one percent for good results.



(5)
Jhoice of Method

For time intervals greater than & few microseconds,
there are two methods of obtaining a delay beitween an
input pulse and s delayed output pulse.

The first is by means of a sawtooth generator which
is coupled to an amplitude dlscriminagtor. A unit is re-
guired for the basiec recurrence rate of the pair of
pulses, normglly a multivibrator, which will furnish a
gating signal tec a sawtooth generator, which in turn,
will feed two discriminators adjusted to fire at differ-
ent points on the sawtocth.e The two pulses thus obtalned
are fed into separate gain units and from there to a
mixing circuit.

Cne of the most linesar sswtocoth generstcrs is the
Ifiller integrator which generates a negetive sawtooth,
requiring that the positive suprply line for the dis-
criminator, a Schmidt trigger circult, be placed at a
voltage somewhat higher than that for the Iiller inte-
gratcr. A method which would obviate the necessity for
the two positive supply lines is one in which a positive
sawtcoth is generated by some circult such as that pre-
sented in Elmore (p. 73). The Schmidt trigger circuit
also requires a well regulated negative supply line,

Prom the construction point of view, the above method
requires one regulated negative surply line and either one
or two regulated positive supply lines. Also a separate
winding in a transformer would be necessary for separste
heaters for the Schmidt circuits since their cathodes would

be sitting at about 300 volts above ground.
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The gsecond method, chosen as an alternative to the
first, mekes use of the properties of the univibrator.
It is capable of providing an output pulse delayed for
centrellable times‘over a wide range after the occurence
of a trigger pulse. It will also provide negative
rectangular voltage pulses for gating g pulsed L-C
oscilletor, which in turn, provides calibration pulses
over the range between the pairs of pulses. With 1ts
incorporetion in the final circult, it is necesgssary to
build only one well regulated positive power supply.
The small negative voltage is suppled by a reversed dry

cell.
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Cperation of the Circuits

Double *ulse Generstor (refer to Block diagrem appeniix 2)

The relaxation oscillator provides the bagic re-
currence rate focr the peirs c¢f pulses. It is a free runn-
ing thyratron oscilletor which generates triggering
signals for the univibrater at a controllasble rete from
about fifteen per second tc gbout eleven hundred rer
second.

The univibretor, upon receipt of & triggering signal,
rasses over into s quasi-stable state and remaing there
for a time determined by circuit constants. During this
vericd one plate is positive relative to its gtable state,
the ccempanion plate negative reclative to its stable state.
Thus, two rectenguler voltage waves, one positive and one
negative, are initiated by the triggering signal. 1t is
the duration of the guasi-stable state, varisble from about
two micresecords to about fifteen milliseconds, which
determines the pulse peir time interval,

The rcositive and negative rectangulsr waves are fed
into separate chanrels, each consisting of a differentiator,
an amplifier and a thyratrcn.

In one channel, the process of differentiation and
amplification provides & positive pulse corresroniding to
the leading edge of the negative rectanguler wave. In the
other chennel, the same process provides a similar pulse
cerrespending t o0 the treiling edge of the positive rec-~

tanguler wave. Zhese pulses, in fturn, trigger their
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regpective thyratrons. The result 1s that for each pulse
produced by the relsxation oscillator, two are produced
at the output, one at each thyratron, sevarated by an
interval determined by the cquasi-stable pericd of the
univibratore.

gch pulse may be viewed separately at its cwn
thyratron, or the pailr together at the output of the mixer.

Pulse ligrker Generstor

The calibration of the pulse vair ftime interval is
performed by the assocliated pulse marker generstor clrcuit.
This provides g series of evenly spaced pulses, separated
by accurately known times, which appear cnly betvieen the

two wulses of the pair from the double pulse generatcr.
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Design Congsiderations

Double Pulse Generator (refer tc Circuit diagram sppendix 4)

Relaxation Ogeillstor

The veriod of cgscillation is very nearly provortional
to the value (R1+Rg) (Cq14Cg). Various values of Cq can be
selected by means of g multiple position switch Range Fulse
Recurrence. For a given setting of this, the pericd of
osclllation may be continuously varied by the Fine Control
potentiometer Rq.

Five values of Cq were chosen so that the range from
gsixteen cycles per second to eleven hundred cycles per
second is covered in overlapping steps. The freguency of
oscillstion is not so stable as that for a sinusoidal
oscillator. This point is not critical however, since
there is no need for grest accuracy in the pulse recurrence
rate,

The signals are taken from the cathode which provides
a low impedance source. The coupling condenser Cxz was
chosen quite large (0.1 microfarsds) in order to prcduce
signals large enough to fire the univibratcr. The signals
which appear at the grid of the univibrator are about
sixteen volts in megnitude with a rise time of & few tenths
¢f a micrcsecond and a decay time of 0.5 microsecondse.

This latter value is determined by the time constant CoRze
Univibrator

The duration of the guasi-stable gtate is roughly

preportional to R11Cs, for a given setting of the grid T3,

Hence, with sultable values of Cg, using a multiple position
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switeh labelled Range Control Pulse Zeparation, vogether
with the potenticmeter Rg, the duration of the quasi-
stable state may be veried ccentinucusly over a wide
range frem about two microseconds to sizteen miliseconds.

In the stable conditvion, tube Tg is cenducting end
T1 is cut off. This is obtained by means of the large
resistcr Rzp whicn draws grid current from Tp. Thus Ty
draws sbout 6 milliamps and sits at sbout 210 volts or
so. Plate Tq sits at H.T. or 260 volts. The veltage
range of the potenticmeter Rg 1s arrsnged so that at 1ts
maximum value, it is considersbly less than the cathode
voltage of Tq (or Tp)s This maintains the univibrator
in a sgtable state in the absence of any positive trigrer-
ing signal on the grid of Tq.

The circuit possesses the property that the durstion
of the quasi-stable state is dependent upon the relative
voltage of grid and cathode of Tj. Hence the resistors
Ryz (cathode circuit) and Rg, Ry, and Ryg in the veltage
divider circuilt are all cracked carbon. Tor the same
reason, Rg is & precislon wound pectentiometer., Zimilarly,
the duration of the quasi-stable state is a function of
R11C5, 80 Ry7 is elso of cracked carbon.

Vith the univibratcr initislly in e stable state,
the receirt of a positive pulse at the grid of Tj triggers
the tube T; so that it conducts. This reduces the voltage
plete Tq7 in a step~-function, which in turn reduces the
voltage on the grid of T vie Cge This stete ie maintein-

ed until the condenser Cp has time to recharge exvonentially
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through R 1 t0 a polint where grid ©_ is high enough to

1 T2
allow T, to begin conducting again. At this point the
circult resumes its original steble condition. It is to
be noted that the recovery to normsl is not so rapid as
the change over from normal to gquasi-stable. This may
be due to the fact that the signal trigsering the tube
Tl te the gquasi-stable state is a large pulse with a
comparatively small rise time, giving fthe circuit a
"hard fast punch" as it were; wherceas, at some point
in the recovery of Cy to its normal state, the grid Ty
reaches a value where it just begins to conduct again.
There is an absence of a sudden large vostive swing in
the grid of Ty, to force 1t back rapidly to its stable
state of conduction.

In order t0 speed the rapid recovery of the grid
To, the diode #6ALL was added to the circuit as shown.
Its cathode voltage must be 0 arranged that during the
stable period, it is non-condueting. The cathode voltage
of the dicde determines the grid voltage of Ty which in
turn determines the range of variation over which the
grid of Tq 1s operative, since it is limifed on the upper
side by the low getting of grid Tp and on the lower side
by the size of the input trigrering pulse. The low grid
settings also limit the current and thus the size of the
rectangular waves.

Prom experiments, it was found that the optimum sett-
ing for the cathode of the diode turned cut to be about

seventy volts. This provided the largest amplitude of the
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rectangular waves, ani the largest operative range for
the grid of 7.

The vcltage regulator tube VRIOL wrovides a con-
stant voltage at C.

Stapllity derends upon vcltage changes cof susnply
and uron changes of components. These were ninimized
by using a well regulated positive supvly line and
cracked carbon resistors gs shown in the circuit dlagram.

Differenvisto

The pulses wreduced by the differentiaticn of the
rectangular waves are from four to five volts in megnitude,
tcc small to fire a thyratron. Thelr small gize 1s due
to the relstively long rise and decay times of the
rectengular waves.
mplifier

Amplificaticn of the differentiated pulses to about
50 volts distorts them considerably giving & long decay
time of the order of 6 microseconds. The long decay time
makes these pulses not suitsble for neeting the recuire-
ments. However, they mey be used as triggering signals
to fire a thyratren whose oubtput is not devendent upon
the triggering signal where the letter is less than ten
nicrcsecconds duraticn.

Thyratron

the thyratron rroduces lerge fest uniform signals in

@

to 1nutb signals of undersirable shape.

restongse
Re3 and Rzy are inserted in series with the input on
the grids of the $hyratron circuits in order t¢ prevent

evcecsive grid current veing drswn during a discharge.
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The main consideration with this circuit is the
choice of Rgo and Cq; (and Rog and Cqy)e The %ime con-
stant R22C11 must be small compared with the minimum
time between signals in order to allow the circult Cyq
t0 recover after discharging. The values chosen were
1.5 megohms and 500 vnicofarads or a time constant of
about 260 microseconds. The fastest revetition rate is
about 1100 per second or ebout cne per 1220 microseccnds,
g0 that the condenser becomes charged satisfactorily be-
fore receipt of another signsl. sAnobther property of the
thyratron which nust be considered 1g 1ts relaetively
long deionization time. JFcor the rvarticular tube chosen it
is recommended that signsls be separated by nct less than
500 micrtseconds so that the reguirement is met. This is
one reason for having two thyratrons instead of one.

Thigs output is taeken from the cathode of the thyratren,
providing a low impedance output. A signal of any desired
magnitude up to 180 volts may be taken cff via the cathode
votentiometer. The rise time of the pulse rroduced is a
few tenths of a microsecond, and the decay time about one
microsecond.

Lixer
Provides a common low impedance output for both pulses.

Pulse ilarker Generator (refer to block disgram acpeniix 3)

Since this is to provide evenly swnaced pulses which
will apprear only between the two pulses ¢f the pair from
the double pulse generator, it is necessary to use the
negative rectangular wave of the univibraetor as a gating

signal which will allow an L-C circuit to oscillate during
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the time between the palr of nulses. These cscillations
are then "shaped” by two stages of amplification, each of
which is overloaded so that scuare waves are produced. The
square waves are then differentiated by a negatively biased-
off differentiation circuit so that only the »nositive
pulses arpnear. These are then fed into a cathode follower
and out. So for each cscillation, one pulse appears out.
The freguency of the oscilletor can be adjusted in order to
obtain the required time spacing between the vpulses.

(Refer to circuit disgram apvendix 5). The ordinary
method of producing oscillations for a time determined by
the width of the gating signal is shown on page 65 of
Klmore. Thig uses a variety of the well-known Hartley
circult to provide current feedback. It requires the use
of centre-tapped r.f. chokes fcr the frequencies 4 kc/sec.,
20kc/sec., and 100 ke¢/sec. A modification of this method
as shown in the circuit diagram for the pulsed oscillator
does not recuire centre tavped r.f. chokes. Here, the
feed~back is regenerative through the condenser C5., This
arrangement is essentially an amplifier with no phase
shift. The conditions for oscillation is for the gein to
be & (G=3)-Tlmore p. 64. In practice, however, it is found
that with approximstely that galn, the condenser CH must be
large enough to provide enough feedback without distorbting
the oscillations of the L-C circuit.

The remainder ¢f fthe circuit consists of two amplifiers
for shaping the sine waves into square waves, and finally
a differentiator and cathode follower.

The action of the negative resctangular gating wave is to
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cut off the gste tube and allow an L-C circuit to oscillate.
For frequency stability, the losces 1in the inductance L
should be small, that is the ¢ of the oscillator should be
high.

The negative rectangular wave from the univibrator into
the pulsed oscillator is somewhat modified by serving as a
gating signsl. As the trailing edge travels back to a
positive value, a point is reached where the grid draws
current from the cathode, some of the osclllations thus
getting fed onto the trailing edge cf the negative gate.
These in turn are fed back into the univibrator plate T1,
and are amplified, differentiated with the negative rec-
tangular wave. However, this signal which varies sinusoidelly
with the width of the square wave apregrs only with the
second pulse and is small 1n comvnarison, having a maximum
value of gome 3 volts ¢r s0.

In crder tc make certaln that the 68F5 is off during
the gating signal, the resistor Rl is tied toc about 12 volts
by a voltage divider from the 100 volt suvply. This time
constant is long enough %o accent the maximum 15 milliseccnd
wave without distorting 1t sufficiently so that it cannot
cut off the tube 63F5 for the whole 15 milliseccnds.

Xeeping the pulsed oscillator leads separated from the
double pulse generator leads {$o the output plugs reduces
cross-talk to a negligible amount,

Also, by tying all ground leads to the input ground,
spurious oscillations via ground loops are kept from

getting into the double pulse generator.
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Calibration

Pulse liarker Generator -- adjustment of oscillator freguency.

Using two scalers to count the free running pulses
from the pulsed oscillator, the adjustment of the
frequencies is done by adjusting the condensers of the
L-C circuits with trimmers. With the trimmers adjusted,

the following obgervations were taken:

% Deve
Freqe. Av.No. Av. from Freq.
Desired Time Counts Counts Frea. Desired
ke/sec  secs
4 60 240503 240279 4,004 1/10 of 1%
229973
240360
20 60 1198771 1200469 20.008 1/10 of 1%
1201216
1201421
100 20 2007764 2006971  100.348 3/10 of 1y
2014928
1998322

In all three cases three measurements were taken
upon adjustment of condensers until at least one of each
set was below the reguired frequency.

The error given is the mean devigtion. The per-
centage error in the last case is higher since the time
interval was shorter and the rate higher. The reascn
for the shortened time intvervel is that at this rate,
the mechanical counter is being run at its maxinum speed,
namnely ten movenents per second and it is advicable
not to maintain this rate too long if at all.

The values are all gbove the required frequencies
but only by a very small percentage. Ilore accurate

adjustments may be made if regulred by successively
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taking e serisgs of a large number of readings and adjust~-
ing the trimmer condensers. By this method 1t should
be rossible to obtain a high degree of accuracy.

The three ogecillators thus provide a choice of
calibration pips with any one of the intervals 10 micro-
seconds, b0 microseconds, and 250 microseconds.

Due t0 o distortion in the initial »nart of the sine
wave generated by the oscillator at the begincing of the
gate, the first of pulses of the series 1s agbnormally
displaced. This, toc, has been measured on the linear

vart of g CRO as follows:

10 microsecond pulses--first pip occurs 11 + 0.5 microseconds
50 " " 48 ¥ 0.5 "
250 " " 200 + 2 "

This is taken into sccount in using these pulses for
calibration rurposes.

Double Pulse Generstor

Pulse Pair Recurrence Rate Adjustment and Calibration

Any one c¢f five condensers on a multiple position
switch may he used on the Range Pulge Recurrence.

The choice of condensers for Cq ig such that for the
five positions of the Range Control Recurrence Rate,
there is a complete coverage of frequencies from sixteen
cycles ner gecond to eleven hunired cycles per second.
Tach successive range ccntrol setting allows for an over-
lap of from about one-third to agbout one-half of the range

of the previous setting. In this way, there is no gap
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in the continuity, and scme frequencies may be obtained
in two range settingse.
The celibration curves for the Fulse Recurrence
Rate are given in the appendix.
This callbration was dcke with an auvdio cscillator
which may be accurate tc¢ within 5% ¢r sc, sufficiently

accurate for the pulse recurrence freguency.

The calibretion was done for a H.T. voltage cf 280.
This is criticsl since the condenser Cp recharges to-
wards this veluc during the quasi-stable stete of the
univibrater, thus determining the length cof that state

or the interval betweesn the pvair cf pulses.

The condensers Cp on the multiple position switch

voltage ranme coverzd by the Fine Control potentiomeber
Rg t0 give a continuous coverage of pair intervals from
about 2 microseconds to about fifteen millisecconds.

The calibration curves for the pulse ~air interval
are gilven on the grapns in the appenidix.

The overlan from cne renge te¢ another is such that
every pulse pair inverval from fifteen microseconds to
7.5 milliseconds may be obtained by using more than one
range control setting.

In genersl, it is observed that for ths larger
cendenser values of Cpg required to give comparatively
long pulse pair intervals, there is quite a noticeable

variation in interval with recurrence freauency. Cver g



(19)
long rericed of time, the veltage on a plste of the
univibrator has the same average value regardless of
the recurrence rete. Thus, at different freguencies of
recurrence, for settings otherwise the seme, the width
of the rectangular wave varles somewhat.

This 1s a weekness of the circult, particularly

(6]

where large values of C5 are used in order teo get
relatively long time intervels. There there is variat-
ion with recurrence frequency, a celibration has been
done for two repetition rates, 2 high rete ani a low
rate. TFor intervening revetition rates, it was found
thet linear intervclstion is cuite satisfactery. It was
only for the sake of neatness that two curves are given.

Overshoct of Calibration Trror.

A chenrge of the setting of the grid of Ty of the
univibratcer means that the scuere wave will not reach a
stable state immediately. If the criterion that the
avercge voltage on the plate must remain constent cver
a long periocd of time is to held, then it follows that
a change in the width of the square wave will nean a
shift in the voltage on the plate. 24 certsin time is

reculred for 1t to be restored tc the aversge value.

1

This time, even for the maximum shift cf the grid T

4

2

should not nermelly excsed one second.

U

lLiowever, another nhenomena which cannct be explained
by the above discussion, avpears when time intervals mak-
y g
ing use ¢f the 0.001 mfd condenser and larger on the

univibrator are usedi. For an increase 1in the width of the
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rectenguler wave, it tends to initially go beyond the
value t0 which 1% finally settles down. For this
reascn, let us call it en overshoot. ©or large time
intervals, this overshoct amcunts to as much as 60
micrcseconds and reguires about one minute to settle
down tc a cteady value. This phenomena appeared only
after the output thyrotrons were incorporated into the
circuit. It may be necessary to shield the thyrotrons.

However, all calibrations were done for the steady
state.

The maximum recurrence rate is determined by the
time intervel tetween the two pulses of the pnair. In
order tc get correct results for finding varalysis
times, the operstor must be careful to see that the
pulse sevaration is less than hglf the time interval
between the first pulse of two succeeding pairs.

hegtimate of Probable Srror

There are three factors to be considered:

n the marker pulse intervals, estimated

P

a- The error
to0 be agbeut a few tenths of cne rercent.

b- The error introduced in the measurement c¢f a length
to determine the interval between the two members of
the pair with the marker pulses present. This error
may be of the same order of magnitude es the error
intrcduced by a-, abcut a few tenths of one percent.

c- The errcr introduced by the phencmena of overshoot
which may be reduced t0 a very small cuentity also

by allowing encugh time to elapse befeore g measurement

is taken.
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a- Varlation of resistor valueg in {timing circuits

due to temperature changes. Wherever this is likely

to occur, cracked carbon resistors have been used which

will vary no more than 1%. Thus, the instrument

shculd be capable of measuring resolving times to an

accuracy of aprnroximately 1%.

It is suggested that the best way of measuring a
particular resolving time is to gverage several independ~
ent readings.

Conclusion

The &ouble nulse generator built under this design
meets the requirements, but possesses two outstaniing
weak peints: the pulse pair time interval varies with
recurrence frecuency for relatively long time intervels,
and the phenomenon of overshoot occurs for relatively
long time intervals. Although this latter weakness may
be eliminated by the shielding of the thyratrons, the
first weakness is a weakness of the design. It is there-
fore submitted that this design 1s not so suitable as it
might be for nroducing pairs of pulseg separated by times

much larger then 100 microsecconds.
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Appendix 5

List of Comnonents

Double Pulse Generstor

Reglgters
R 1IL Potentiometer
Ro 350K
Ry 1K 1 Watt
Ry 22K
Rg 7K 4 Watt
Rg  37.5K (ce)
Ry 7.5K (cec)
Rg 22K
Rg 20K Precigion Fotentiometer
Rigq 50X (cc)
Ri1 10X (cec)
Rys 6.8K
Ry 10X (ec) 1Watt
Ria 3.3 (ce)
Ry 22K
Rig 50K
Rip 200 1 Wabt
Rig 10K 1 Yatt
Rig £ek
Rog 220K
Roq 1K Potentiometer
Roo 0.4 51 1Watt
Roz 10K
Rey 5K 1 att

Ros 10K 1 Watt



Appendix 5 continued

Double fulse Generstor

Resistors

04 bl 1 7Tatt

200 1 Watt

1X Potentiometer
10K
500

(ce) - Cracked carbon
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Avpendix 6

Condensers

Switeh Setting

B o P

5
b0o Pf,

0.1 uf,

Varisble in steps by the Renge Pulse Recurrence

Switeh,
Condenser
0,05 uf.

0.02

8 uf. (electrolytic).

Switch Setting

1

Y}

® g o o P

9
0.01 U.fo

0.0 uf. electrolytic

10 »pf.
8 uf. electrolytic
0.003 uf.

Varieble in steps by the Range Contrel Fulse

Separation Switch,.

Condenser

o condenser
150 pf.

410 pf.
0,001 uf.

n,003 uf,

Ilo cocndenser



Appendix 6 - continued

500 pf.
10 pf.
0.00Z uf.

509 pf.



Gote Oscillator ‘ /\mﬂhfier /\mph‘ﬁer Caﬂwode Follower

Rg Riq_+280V

%Rs R iLCT R %R %R %R ‘L—L-‘—
: q 1o 1S o _E-s jl E!b

[ Co L
| ~M N T L e
—
esNT L esHT | ‘—[ ¢ 6537
| j‘_:cﬂ G,SH7 .j_r_‘q
e Y= =,
EH :]I-_-Clg'-a %Cz by == cy R0 %R.( R‘é C %Rn_ Rwé ¢ Ry §R|8
T Te ¢ v Jen
':glgec ::/sa. . K‘:/sec
r__>—|7v

PULSE MARKER GENERATOR
Circuif lDIOL)‘rCUY\
ApFendix 7




3ibliography

"A Study of Txpected Losgs Rates in the Counting of
Particles from rulsed Sources.” Froc., Roy. Scc. 4

VOl 194’: 194.‘8 * e o0 6008 C. Hl "JeStCO'bt

"$lectronics; ILxperimental Techniques."

eoesssese e Co Zlmore and Il. L. Sandce.

"MThe Radio imeteur's Handbook."”

veessses fmericon Rodio Relay League.



