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1. INTRODUCTION

The absorption method was the earliest way in which the
A-ray spectra of radicactive materials were studied, initially,
using electroscopes as recording instruments, these being later
replaced by ionisation chambers, and ultimately by Geiger-iuller
counters, The development of the cloud chamber and magnetic
spectrograph tended to make it less popular for some years,
especially since the latter methods provide an energy distribu-
tion of the A-particles; they both require fairly strong sources
however, and analysis of data obtained with the help of the
cloud chamber is a very tedious procedure., The absorption
method, on the other hand, is capable of yielding valuable
information with sources of strength less than 1 microourie.

The discovery of artificial redicactive materials, of which only
weak preparations were available initially, made it necessary to
return to the absorption method, and in recent ysars the improve-
ments in counter technique and recording apparatus have revived
‘eonsiderable interest in it. The method is also useful when the
half-value period of the source material is short, since the
p=particle intensity can be measured within a few seconds of the
. preparation of the source; this is a more difficult task with a
magnetio spectrograph when the chamber mist be evacuated after
insertion of the source, or the active material must be intro-
duced through a vacuume-tight seal,

For many years, absorption determinations have been made
of the maximum energles of the A-particles emitted by various
substances, especially where very little Y-radiation is present,
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Feather (1) and Sargent (2) have also proposed methods of obtain-
ing the same information in the presence of appreciable
Yeradiation if sufficiently accurate measurements are made; this
is a relatively simple task with the aid of modern counting
techniques,

Bleuler and Zinti (3) have criticised Feather's method in a
recent paper and propose one depending on a comparison of a new
absorption curve, with empirically calculated curves. Their
method is open to criticism, however, on rather similar grounds

to those raised by Feather (1) regarding the method of Widdowson
and Champion (4) in which absorption limits are deduced by means
of a standard polynomial, viz; such a procedure can be adopted
only if the p-prtiole spectrum is simple, and rules out the
poasibility of detecting differences in spectral type even
amongst such simple spectra, FPFurther comments on Feather's
method by Bleuler and Ziunti are discussed later, in the section
devoted to the analysis of experimental absorption curves,

The problem of deriving an energy spectrum from absorption
measurements has not so far been discussed in detail in the
literature, Sargent (5) has proposed a method of deriving absorp-
tion curves from caloulated energy distributions backed by limited
information obtained with a simple form of magnetic spectrograph,
His energy distribution curve for Radium E does not fit more
recent data obtained with magnetic spectrographs, and the remain~
ing curves must therefore be accepted with reservation, although
he claims that all, including that of Radium E, give absorption
curves very similar to those obtained experimentally. He works
back from a trial distribution to the absorption curve, stating
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that the problem of finding the distribution curve from an exper-
imental absorption curve cannot readily be solved mathematically.
It is probable that the low accuracy of his data, obtained by
ionization chamber measurements, further discouraged him in this
ob ject,

The methodsof Feather and Sargent give an indication of th:
energy distribution of the /&-pu-t;lolu from a substance, but do
not provide a distribution curve; both compare the absorption
curve of the body under investigation with that of a standard
F-rly emitter and show the intensities of the different energies
of f-particles relative to the corresponding intensity in that
part of the speoctrum of the standard body. If it is required to
find the absorption limit of thoﬂ-pu-ticlu of the material
under investigation, the former's method is to be preferred, both
from the point of view of simplicity and accuracy; the latter's
method is probably better if the qualitative differences in
spectrum are to be displayed. FPeather's method provides precisely
the same information, however, with considerably less calculation,
although the presentation is a little less obvious. The chief
objection to Sargent's method is that it involves fitting the
absorption curve to the standard curve. Until recently it has
been believed that the absorption curves of a great mmber of

:t'ldimﬁw materials have the same shape of F.-spoetmn from

about half of the absorption limit to the absorption limit and
it is on this basis that the absorption curves are fitted. The
work desoribed below, shows, however, that if the curves of
Actinium C" and Radium E are fitted they are coincident over only

the last third of the }g-part:lola range; thus, unless accurate
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measurements are made up to a range fraction of about 0°9, there
is considerable danger in applying Sargent's method, Feather's
method, on the other hand, does not rely on any such coincidence
of parts of the absorption curve, the only assumption necessary
being that of the maximum range, in the absorbing material, of
the f-particles emitted by the standard substance,

In a recent paper, Das Gupta and Chaudhury (6) describe a
method of deriving the energy distribution curve from the
absorption curve, and compare their experimental results for
Radium E with the theoretical predictions of the Fermi and the
so-called Konopinski-Uhlenbeck theories (the latter theory has
since been retracted by its originators). This is the first
serious attempt at the solution of the problem, but their
distribution curve is open to doubt., They claim that their
results indicate that Radium E pA-particles follow closely a K.U,
form of spectrum, but their formula necessarily gives a very

large deviation at low energies, There is a pronounced scatter
of experimental points about the theoretical curve, and the
accuracy of their absorption data is probably not sufficiently
high to warrant such treatment. In the work described later, an
attempt is made to derive energy distribution curves, but the
distribution obtained for Radium E departs markedly at low
energies from the theoretical curves and speotrographic determi-
nations. Hughes, Eggler and Huddleston (7) describe a similar
method, but compare the distributions obtained from the absorption
curves with those obtained by spectrographic methods for well-known
spectral shapes. Their work is applied to Be. .

The deviations between the A-ray spectra of bodies undergoing



allowed and forbidden transitions are sufficient to warrent a
direct comparison of representative elements since there is, 23
yot, very 1ittle published material on the subject, compared with

other aspeots of ﬂ-pu'ﬂ.olc emission,

The majority of the work, so far, has been carried out by
means of magnetic spectrogrephs (e.g. Martin and Richardson (8)),
but there is no record of an absorption investigation of the
problem, probably because sufficiently accurate absorption
measurements have not been made to enable an energy distribution
to be obtained from the absorption curves. The extension of the
absorption method to this work is therefore desirable, MC- it
allows investigation of radicelements from which mn can not
yet be made sufficiently strong for spectrographic investigation;
Actintum O is a typical material of which strong sources camnot
be obtained at the present time and was chosen as a representative
of an allowed transition in the work described later.

It is a well-known faot that absorption spectra measured on
different apparatus cannot legitimately be compared, since
differences in s0lid angle and scattering conditions can cause
app?ochbh variations in spectral shape. It is essential, there-
ro:"o, that precisely the mmﬁommtmuurwuith
sources used, if a valid comparison is to be made, In the work
desoribed in this paper, strict attention has been paid to this
fact and an effort has been made to reduce back-soattering by
mounting the sources on perspex.

The following acoocunt describes experimental work leading up
to, and a direct camparison of, the f-ray absorption spectra of
three f-particle emitters, Actinium C", Radiun E, and Thalliws



(3¢5 yr.) of similar atomic mmber (81, 83 and 81 respectively),
known to give simple spectra associated with very little or mo
Yeradiation, and undergoing allowed, second forbidden and third
forbidden transitions respectively, The absorption limits and
maximum uurgiu_nf the f-particles from Mti.ni.\n C" and
Thallium were determined by Feather's method, taking Radium E
as the standard substance and new values are proposed for both
materials, PFimally, an attempt is made to derive energy distri-
bution curves from the experimental absorption curves, for all
three materials.



2, APPARATUS
All the electronic equipment used in the experimental work

was designed by TRE/AERE and consisted of the following:
(s) The Stabilized high woltege supply for the Gelger-liiiller

counter was a Dynatron Power Unit Type 200, providing a stable
positive or negative output woltage of up to 4,000 wolts in four
ranges, viz, 170-500, 400-1,000, 800-2,000 and 1,600-4,800. The |
desired renge was selected by e switch and the voltage was cone
timoualy variable within the range, by means of coarse and fine
oontrol knobe, The voltage was read directly on a meter, the
full scale deflection of which was the maximmm voltage of the
selected range.

The regulation was such that variations of I 10%1nthsm
input voltage produced variations in output voltage of not more
than & 0.664,

(b) The Sealing Circuit was a Dynmatron Scaling Unit Type 200A.
consisting of a hard-valve scale~of-hundred with neon indiocators,
followed by a Post Office oall meter, If desired, the latter ocould
be disconnected by a switch, and the output of the seale~of-lmndred
fed tc an output plug. The internal comnections of the input
cirouit could be altered by a switch to provide two different
funotions, (1) 2 D.C. coupled smap circuit (for use with ionisation
charbers) with a resolving time of 5 microseconds or (ii) an A.C.
eoupled flip-flop {for use with Geiger-iiiller counters) providing
e paralysis time which ocould be preset to a range of values,
nominally stated to be between 300 microseconds and 1000 micro-
seconds for a pulse of about 5 wolts amplitude, but extending



below and above these values if larger or smaller input pulses
were used, The paralysis time on the G.M, (Geiger-Mitller) input
was designed to reduce multiple ocounts, but the scaler could be
operated by a counter, on the I.C. (Ionisation Chember) input.
(o) A Probe Unit Type 200, (later replaced by a Probe Unit Type

10144, as described in the text). This was a single wvalve
amplifier, and included the H,T. components associated with the
Geiger<iilller counter; the gain of the amplifier was variable
with a maximum of about 35 times. The Probe derived its power
supplies from the Scaling Unit and fed the amplified counter
pulse back to the scaler through the same 6-way screened cable;
a second screened cable carried the high voltage supply from the
Power Unit to the Probe and the counter was comnected to the
Probe by a short length (about 6 inches) of single-way soreened
cable, The advantage of the Probe Unit was that it allowed a
greater length of cable from the counter assembly to the scaling
unit, enabling the former to be placed in the most convenient
position for working; without the Probe Unit, the maximm length
of cable permitted was 2 feet, since greater lengths caused
excessive atteruation of the counter pulses,
The Geiger-iiller Counter was a G.E.C. Type G.M.4, the body of
which was copper, 1" in diameter and 2}" long. The wire was
supported from the top of the tube and entered through a metal-
to-glass seal, The end was flanged and covered by a durelumin
window émg/om” thick,

The source holders and the rigid assembly holding the counter,
source and aluminium absorbers were made from perspex, to reduce
spurious effects due to scattering; Yaffe (unpublished) has
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recently found that backescattering is increased by heavy backing
materials and that, for a giw:: material, it increases to a
'nhmaﬂm'nm;nthw: of the backing increases, He
points out also that the different backing materials used by .
various workers can have an appreciable effect on the results of
P-mhnaﬂsntionl.

Throughout the experiments described in this paper, precisely
the same conditions of geometry and scattering prevailed, so a
valid comparison can be made for the three source materials,

The source holders (shown in Pig, 1) were machined from a
801id piece of perspex, 1" thick and 1" square, A pin, 3" in
dismeter and ;" thick, was turned on the underside, and a recess,
?mmmm-&' in depth, with vertical sides and a smooth -
bottom, was turned in the top., A square holder was used in order
to avoid rotation of the source and to ensure that it was always
replaced in the same orientation. The pin fitted into a hole
drilled in the perspex base of the counter assembly and rotation
of the source was prevented by & strip of perspex cemented to the
base.

The first counter assembly (Fig. 2) was built up from 3"
perspex. The source holder fitted into a hole in a 4" square base
plate; above this, supported by two vertical pieces, 1" deep, was
a second plate, drilled centrally with a " dismeter hole, to
which two more vertical pieces, 3" deep and 2" long, were cemented.
To the top of these was screwed a further plate, 2" x 21",drilled
oentrally with a 1" diameter hole, Before the top plate was screwed
on, the counter was inserted through thishole, from below, and the

flange clamped by a 2" square plate of " perspex, the latter being
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held by four screws passing through the top plate. The hole in
the clamping phtom'i-?s' in diemeter, and bevelled on the
inside edge to reduce scattering; the heads of the fixing screws
were countersunk below the surface of the plate so that the
counter oould "see" no metal, The space between the base and
first plate was large enough to allow easy removal and replace-
ment of sources, and the space above the first plate received
‘the absorbers, A lead turret of 13" wall thickness was
oomwcmx:aunﬂthemnm.

3. PRELDCINARY INVESTIGATIONS

General. Preliminary routine measurements of platean, resolving
time and background of the counter were carried out, the platean
being found to agree very closely with that supplied by the
makers, The amplification of the probe unit was set at the
minimum value necessary to operate the scaler, which was initially
used on the G.M, input (with paralysis). Measurements of the
resolving time, using a method described by Beers (9) gave rather
@ high value (1,200 microseconds), but preliminary measurements
were oontimied, using a Thallium source, in the counter assembly
desoribed above. The Thallium was chosen for the first experi-
ments on eccount of its fairly long half-value period (3+5 years);
the source material was in the form of Thallium Ox:l.d.e,_ activated
by neutron bombardment in the pile at A.E,R,E., Harwell, A thin
layer of the material was spread uniformly in the recess in the
top of one of the source holders and cemented in with a drop of

a thin solution of distrene in benzene,
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A set of aluminium absorbers was accurately calibrated by
weighing and measuring the area of each,

The first absorption measurement is illustrated in Fig, 3(a).
Corrections have been applied for resolving time, background, air
thickness between the source and the counter, and for the counter
window; the error in each point, on the vertical scale, is 1%, A
marked rise at the low emgrgy end is evident, a rather unexpected
reault., The large corrections for resolving time were thought to
be a posasible cause for this, and accordingly a second set of
readings was made with a mich weaker source, to reduce the
corrections; this, however, was of the same form,

A test of the platesu of the counter, using the I.C. input
of the scaler showed no evidence of spurious pulses at the lower
end of the plateau, so it seemed safe to use this input. The
average value of 7 determinations of the resolving time of the
counter was 118.9  19.0 mioroseconds and the individual values
were consistent; the resolving time was accordingly taken as 119
microseconds,

Further absorption measurements using strong and weak sources
still gave the rise at the low energy end of the absorption curve,
discounting the possibility that resolving time corrections were
the cause,

The possibility of scattering at the hole in the upper large
perspex plate was reviewed, and also that of the absorption of
p-particles by the solid parts of the plate coming within the solid
angle subtended by the counter at the source. A new counter
assembly was constructed, being, in effect, the part of the first
assenbly above the upper 4" square plate; it is shown in Fig. 4.
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The vertical pieces supporting the counter plate were cemented
directly to the base plate with chloroform, alignment of counter
and source being ensured by using a braszs Jjig turned at one end
to £it the counter hole in the top plate, and at the other toifit
the recess into which the pin on the source fitted. After the
ohlmrmmériod. the top plate was unscrewed and the Jjig
removed, Two strips of perspex, 2" long, 5" thick, and slightly
under §" wide, were then stuck to the base plate alongside the ,
vertical pieces; these prevented rotation of the source, and also
sipported the absorbers, leaving 312" ¢learance between the
absorbers and the top of the source holder, The possibility of
these absorber supperts causing scattering into the ocounter was
very small,

This assembly gave an absorption curve of the expected form
(Fig. 3(b)), without the rise at the beginning., In order to
verify that the rise with the first assembly was not due to some
effect decaying with time, a repeat determination was taken with
it, after some days, resulting in precisely the same curve as
before. As a further test, a " thick perspex sheet, darilled
centrally with a " diameter hole, was placed in the absorber
space of the second assembly; the resulting curve (Fig. 3(e))
showed a tendency to rise in the same way as those taken with the
first assembly, Fimally, the top plate of the first assembly was
out away to give a 14" square hole instead of a }" diameter round
hole, the curve (Fig. 3(d)) then being of the form obtained with
the second assembly,

This proved conclusively that the wmsual begimning of the
first sbsorption ourve was due to the counter assembly and
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illustrated clearly the spurious effects which can arise if a poor
design of counter-source assembly is used,

The second assembly (Fig. 4) appeared to be free from the
faults of the first and was adopted for all subsequent work,
Inoonsis es in Coun tea. A check of the resolving time
of the Geiger-iiiiller counter gave & value of 80 * 4 microseconds,
which seemed rather low and was net in good agreement with the
previous value of 119 I 19 microseconds,

The fornmla used in calculating the resolving time, o, was

e
= ,+Cr~Cia - fei+Ci=cia) Cia =
o k- + 2 Y (a more

convenient form for celoulation ds o =07+ where ¢ = Siprb—Sin
and ¢;=xCiae )3  ©C, C, are the observed counting rates
with each of two sources, and C ,is the cbserved gounting rate due
to both sources (9). The accuracy of the value obtained for o,
clearly depends principally on the accuracy of (C, + C;-GC,). The
best order of readings is as follows; the counting rate is taken
with the first source followed by the counting rate for both
sources together; the first source is then removed and the counting
rate taken for the secondsource, In this way, there is no question
of replacing the sources in precisely the seme position, A repeat
determination using two ndhm.amrcen was made, the values of

C,, C,, and G, being found to better than 0+2%. In order to pro-
vide a check on the consistency, each of the final values of

C,, Cyy and C, was made up of ten separate counts, taken for the
same posiﬁon of the source., The resolving time obtained from the
averages of the 10 readings in each set was 38 yses, which seemed
too low. The consistency of the three sets of 10 readings was
investigated and revealed considersble differences between the
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TABLE 1

N = mmber of counts recorded in 2 mimtes
N = mean value of N N
4 = deviation of N from N

Standard deviation of n readings ‘»/('%:—éli')

c, Cia Gy
N A N A N A

50934 -1511 90340 -663 40124 +290
51572 -873 90028 ~945 40418 +584
52734 +289 90451 -522 39849 + 15
52612 +167 91522 +549 40108 +27h
52586 11 91287 +314 L0045 +251
52796 +351 91693 +720 39423 411
52953 +508 90715 ~258 39707 -127
52556 +114 91163 +190 39369 ~465
52735 +290 91570 +597 39630 -204
52972 +527 90961 - 12 39664, -170
N = ¥ = F =

e T N Y o
)= 66t JED= 12 [EE). 3%




standard deviation and the square root of the mean counting rate.
These two values should be approximately equal, and if a sufficiently
large mumber of readings is taken, the standard deviation should
be slightly less than the square root of the mean, In all three
oages, the standard deviation is considerably the greater; the
sets of readings are given in Table 1. It was clear, therefore,
that there was some source of error more important than the
statistical fluctuation. The most obvious possibility was that
of timing, which was done by stopewateh. The watch was started
and the count switch depressed simultaneously at the beginning of
a count, and both were operated together at the end of the count,
The personal error in each of these operations was estimated to
be not more thnn’gm., which was also the accuracy of the watch,
The internal operation of the switch appeared to be slower on the
make than on the break, and it was thought possible that a combi-
nation of these sources of error might be influencing the results,
although tending to the generous side and estimating the maximum
error due to both, as ; sec, this represented less than 0-5% error
in the times for the set of readings given in Table 1, since each
was taken for 2 mins, In an attempt to verify that timing errors
were the cause of the inconsgistencies, two sets of readings were
taken using a Thallium source in the second perspex counter
asseubly desoribed earlier (Fig., 4), the first timed by hand
(stop-watch) and the second by & Timing Unit Type 1003K. A brief
desoription of this unit is given below,

The Timing Unit was designed by T,.R.E./A.E.R.E. as an acces-
sory to the Sealing Unit Type 200 and was built by Mdd{ichael Radio.
It consisted of a group of telephone relays, functioning as two

16



scales-of=ten in series; a resettable electromechanical register,
and a source of time impulses. The unit could be used either to
measure the $ime taken to compléte a predetermined mumber of
counts or to give the number of pulses counted in a predetermined
time interval. The timing impulses were obtained from a mechanical
elock which gave out impulses every % sec, and every % min, and a
relay cirouit in the Timing Unit permitted the selection of 1 sec.
and 1 min, pulses when required. When used to measure the time
for a given mumber of pulses, the best accuracy was determined by
the smallest time interval given by the clock, viz. % sec; when
used to record the mumber of pulses in a given time, the latter
was determined to less than gy sec, and the sccuracy of timing
impulses was better than 0+5%, in addition to which the long term
acouracy was good since there was a simple thermostatic control
on the clock enclosure, Clearly the unit was more ascurate when.
recording the mumber of pulses in a given time and was therefore
used solely in this manner, Only this funotion is further
described. In this condition the mechanical register was in
perallel with the register built into the Scaling Unit, but was
more convenient in use than the latter, since it was resettable;
it thus registered every 100th pulse from the counter, in the
work desoribed. The relay cirocuit in the Timing Unit could be
set to multiply any of the four timing intervals, viz. 3 seo,
1 sec, % min, and 1 min, by any of the multipliers 1, &4, 10, 40,
or 100, thus giving a choice of count times of:
%, 1, 2, &, 5, 10, 20, 40, 50 and 100 seconds

end %, 1, 2, &, 5, 10, 20, 40, 50 and 100 mimites.

At the end of the preset time, the unit switched off the count on
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TABLE 2

N = mmber of counts recorded in 2 mimites

Hand Timing Automatic Timing
N A N A
28841 -105 28796 -351
28986 + 40 287,46 301
29,08 +462 29015 -132
294,60 +514 30022 +876
28942 - & 30029 +883
28778 -168 29074 - 73
28922 - 24 29079 - 68
28710 -236 28966 -181
28851 - 95 28838 =309
28760 . «186 28925 -222
28912 - 34 29139 - 8
28779 -167 29138 - 9
N = 28946 /() = 170 N = 29147 AN) = 171
AL L = 64,443 ZA* = 1,965,915
= 243 (5) = 123




the Scaling Unit, the total count for that period being read on
the mechanical register of the Timing Unit, and the interpolation
neon lights on the Scaling Unit. Resetting to zero, in prepara-
tion for the next count, was done entirely by switches on the
Timing Unit,

Two sets of counts were taken with a Thallium source, one
with hand timing as described earlier, and the other timed by the
Timing Unit, Bach count with both methods was of 2 mimutes dura-
tion, mmumMuthua thus better than
1 part in 6,000 (0:0167%) for the automatically timed case. The
two sets of readings are given in Table 2; the standard deviation
was still oonsiderably greater than the square root of the mean,
this being more noticeable in the automaticelly timed case,
proving that timing errors were not the cause of the inconsisten-
cies. The Timing Unit was, however, used for all subsequent
work,

The counter characteristic was determined and showed a rise
at the start of the plateau, indicating the production of multiple
counts at low overvoltages; this characteristic (b) is compared
with the original one (a) in Pig. 5. The working woltage of
1,480 volts was however on the straight part of the curve and
there seemed no reason to believe that the rise at the beginning

was causing trouble, The effect of paralysis applied in the inmput

oirocuit of the scaler, was investigated. Craphs supplied with the
scaler showed that the paralysis time of the input flip-flop
circuit was appreciably less when a large pulse was applied to

the input and the probe amplification was accordingly adjusted to
give an input pulse of 20 volts amplitude, as observed on a

18



TABLE 3

N = Number of counts recorded in 2 mimites

N A N A N A
27670 | =704 28232 | + 58 28648 | <274
27444 | =760 284,99 | +325 28619 | +445
27860 | =31k 28182 | + 8 28,69 | +295
28253 | + 79 28291 | +117 28350 | +176
N_ = 2817 &l = 1,691,897
J@) = 168 ES e " 1301
?;t:blng i‘lu‘rirlt three results, the following wvalues
K_ = 283N 34" = 169,228
/() = 169 ‘/(:.g_) = 145

TABLE &

N = Number of counts recorded in 2 mimites

N A N A N A
26583 1364 27952 + 5 284,59 +512
27153 -79% 28203 | +256 28385 | +438
27248 =699 28063 +116 28286 +339
27637 -310 28054 +107 28621 +67h
27634 =313 2804l + 97 28360 413
27966 + 19 27972 + 25 28432 | +485
N _ = 2797 & = 4,703,442
J(X) = 167 AY) = 526
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TABLE 5

T = counting time for each reading
F = oaloulated mean frequency

Te50scs, | T a1min T = 1 min,
N A N A N A

2494 -1 2994 -k 3007 +5
24,95 0 2995 -3 5003 +1
24,96 +1 2996 -2 3003 +1
2496 +1 2996 -2 3002 o
2496 +1 2995 -3 3003 +
2495 0 2998 0 3002 0
24,95 0 3001 +3 2999 -3
2495 0 3001 +3 3003 +1
24,95 0 3003 +5 2999 -3
2495 0 3005 | +7 2998 | b

N = 2952 N = 2998-4 N = 3001.9

F = 4990 qyclag/ec. ? = 49 97 qycleghec, LF = 5003 cycles/asc,

The half-hourly frequency readings at the power station
were: 09:30, 50.0 gycles/sec; 10.00, 49+9 cycles/sec;
10:30, 50+0 cyclea/sec.

The first set of the above readings was taken between
09+ 30 and 1000 and the other two between 10.00 and 10-30.

The frequencies calculated from the readings agree
perfectly with these wvalues,

Clearly, the rise in frequency between 10-00 and 10+30,
took place during the course of the second set of
readings, and neglecting this set, the maximum deviation
of any reading represents only 1 part in 600




calibrated cathode ray oscillograph. The preset potentiometer
controlling the paralysis time was set at about the middle of its
range, giving a paralysis time of a few mindredsicroseconds
(according to the graphs supplied), and a characteristic was taken
(Pig. 5(e)). This showed a flat plateau, without the initial rise,
A consistenoy check (Table 3) still showed a very marked dis-
agreement between the standard deviation and the aquare root of
the mean, This particular set of readings included three much
lower than the rest; if thess were omitted, the standard deviation
agreed well with the square root of the mean., A repeat of this
experiment (Table 4) showed one very large individual deviation,
and the standcrd deviation was again much too large,

There is an interesting feature about these sets of rosults;
in many oases the largest deviations from the mean occur in the
first three or four readings, a few seconds after the counter
starts to record a high counting rate, though it is difficult to
soe why this should be so.

In order to verify that the scaler and timing unit were
behaving ocorrectly, the A.C. mains supply was counted. The 50
cycles calibration of a Cossor double~beam oscillograph was
amplified in the osoillograph amplifiers to an extent sufficient
to distort the sine wave into an approximately square wave and
this was fed directly into the sealer; it was found that by
suitable adjustment of the gain of the amplifiers, the scaler
oounted this without differentiation, Sets of readings were taken
for 50 seconds and 1 mimute, thus checking both the § sec. and
% min. clock pulses. These are given in Table 5. The frequency
readings were obtained from the power station, for the times
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TABLE 6

N = Number of ocounts recorded in 2 mimutes

N A N A N A
8631 - 83 8585 -129 8670 - b
8707 - 7 8ay7 +133 878 + 6h
8764 + 50 8676 - 38 a872 +158
8754 + 4O 8701 - 13 8855 + 141
8669 | - 45 8698 | = 16 847 | -240
8,21 =293 87719 - ‘65 87,9 + 35
8551 | -163 8586 | -128 8689 | -25
8650 - 6l 8695 - 19 883, +120
8741 + 27 8794 + 80 8896 +182
8634 - 80 88 +157 8858 +144
N s 8,743 & = hO3,514
JE) = 93 =, s




during which the counts were taken, and very good agreement was
obtained, showing that the Scaling and Timing Units were behaving
correctly,

The counter high-voltage supply was very stable and showed
no evidence of apurious pulses; it was therefore concluded that
mwmmmthamofmimmatmhm
A cylindrical, copper wall Yeray counter was investigated, and
this also gave inconsistent results, although the standard
deviation did not differ from the square root of the mean to such
an extent as with the G.E.C, counter, The set of results is
given in Teble 6, The glass insulator on the top of the G,E.C.
oounter was cleaned with alecohol and all high woltage comnections
were checked, but resulis were still far from consistent, |

The solution adopted was to randomise the inconsistencies by
building up each point on the absorption curves, from a rumber of
short readings with each absorber, i.e. the counting rates were
observed for each absorber thickness in turn, starting from sero

and working up to the maximum thickness; the readings were then
| repeated in the reverse order and the process continued until the
desired accuracy had been obtained,

Bef'ore the absorption curve for Thallium was investigated in
the manner already described, the resolving time of the counting
system with the paralysis applied in the scaler, was found, In
order to make the critical term (C, + Cy ~ C,) in the determina-
tion, as large as possible, a very high counting rate was

employed, The mechanical register in the scaler was cut out and
were
the pulses which normally operated it/fed to the output plug,

This output, consisting of every 100th pulse, was fed into the
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lg(ﬂn’ Al || No. m‘ No. |gine | No. D‘u‘:; No.. m

. 88C. 200, 800. 860,
123.2 5197 20 | 5139 20 || 52,8 20 | 5895 20
1617 | 2405| 30 | 2507 | 30 | 2528 | 30 | 2895 | 30
168.4 | 2644 | 40 | 2843 | 40 | 2794 | 40 | 3066 | 40
175.4 | 2M2| 50 | 2797 | 50 | 2733 | S0 | 2777 | %0
181.8 | 2551 | 60 | 2599 | 60 | 2606 | 60 | 2628 | 60
188-5 3341 100 | 3522 | 100 | 3597 | 100 | 3488 | 100
1952 2715 | 100 || 2764 | 100 | 2905 | 100 | 2732 | 100
260' 2 2650 | 120 || 2794 | 120 | 2862 | 120 | 2739 | 120
206.9 | 4166 | 240 | 2256 | 120 | 2237 | 120 | 4376 | 240
2136 | 3269 | 240 || 3317 | 240 | 350h | 240 | 3460 | 240
220-3 | 251, | 240 | 2606 2587 | 240 | 2570 | 240
227-0 2611 | 300 || 2617 | 300 || 2620 | 300 | 2601 | 300
2337 || 4012 | 600 | 4058 2226 | 300 | 4124 | 600
2579 2220 | 600 | 4441 (1200 || 3060 | 600 | 2174 | 600
286.4 | 3557 |24500 | 3584 2400 | 3693 | 2400 | 1903 | 1200
329 | 2827 |2400 | 3007 |2400 | 2977 | 2400 | 1470 | 4200
3634 | 2657 |2400 | 2832 2400 | 2825 | 2400 | 2820 | 2400

| A01e9 | 2542 |2400 | 2647 | 2400 | 2589 | 2400 | 2710 | 2400
| WAO-h | 2546 (2400 | 2558 | 2400 | 2483 | 2400 | 2517 | 2400
| 4875 | 2509 |2400 | 2468 |2400 | 2438 | 2400 | 2432 | 2400
726.8 | 2221 |2400 | 2754 | 3000 | 2873 | 3000 | 2313 | 2400
967-0 2366 | 24,00 | 2665 | 3000 | 2662 | 3000 | 2732 | 3000
12073 | 2059 | 2400 | 2538 | 3000 | 2631 | 3000 | 2701 | 3000

-




counting system described in Appendix III. The maximum average
counting rate in this determination was about 1800/sec. and was
followed quite easily by the recording apparatus. The value
obtained for the resolving time was 158+3 % 3.1 mioroseconds,
using an input pulse amplitude of 20 volts, .

The first determination of the Thallium absorption curve
was made with two sources having a ratio of stremgths of approxi-
mately 13:1. The weaker source was used for the upper part of
the curve and in order to reduce the counting time while maintaine
ing the same accuracy, the stronger source was used to follow the
ourve to the higher absorber thicknesses, The counting rate for
sach absorber thickness was built up from several readings, as
descoribed earlier, but the consistency of some of these "partial"”
readings was very poor., A typical set for the stronger source
is given in Table 7. The readings for 123-2 mg/em*, 161;7 mg/om*,
168+4 mg/om® and 247+9 mg/om* are particularly bad, and the
validity of the absorption curve thus obtained was open to doubt.

At this stage in the work, a Probe Unit Type 10144 became
available, This unit was designed by A.E.R.E. to overcome
difficulties such as have been described above.

The spurious counts in a Geiger-Miller counter are caused by
the release of secondary electrons from the cathode surface by
positive ions which have drifted there af'ter a discharge has
ococurred., These spurious counts are delayed from the true counts
by the time taken for the positive ions to drift from the region
of the centre wire to the cathode (i.e. a few hundred microseconds).
If, however, the H.T. voltage applied to the counter is reduced
below the threshold value for this period, any secondary electrons
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TABLE 8

N = mmber of counts recorded in 50 seconds

Quenching Time = 300 . secs,

N A | N A N A
| | |
11077 +22 ’ 11030 -25 | 11080 + 25
t 1
11109 54 | 11050 | - 5 | 1105 | - 30
| f
11013 <42 | 11008 | - 47 | 10835 =220
11080 | 425 | 11050 | - 5 | 11093 | + 38
10957 | =98 | 11255 | 4200 | 11161 | +106
N_ = 11502 Z8 = 113947
/(@) = 107 s
TABLE 9
N = mmber of counts recorded in 4 mimites
Quenching Time = 200 . seocs.

N A ¥ | A N A
13167 | + 68 | M7 | 1682 | WM | #1232
1596 | +2847 | 112 i 1687 | 13998 | + 899
12419 | =-680 | 12135 | - 964 | 15885 +2786
11278 | 1821 | 14001 | 4902 13160 + 61
11588 | -1511 | 13318 |+ 219 1231 -668

1 s |

I = 3217531
JEA )= 151




produced at the cathode can produce no pulses. The Probe Unit Type
10144 reduced the counter voltage by about 240 wolts for a preset
time (which eould be 200, 300, 400 or 500 wsec,) following each
counter pulse; thus by choice of the suitable quenching time for
the counter, spurious pulses were eliminated. In addition, the
resolving time of the counter was replaced by the accurately known
quenching time of the Probe Unit, reducing a further possible
source of error. As in the Probe Unit Type 200, the high-woltage
components associated with the counter were included in the unit,
which derived its power supplies from the Soaling Unit and
returned an output pulse to the latter unit; as before, the high
voltage supply from the Power Unit was fed to the counter through
the probe,

A consistency check using this Probe Unit instead of the
Type 200, all other conditions being the same, showed a striking
improvement as indicated in Table 8, The quenching time for
this set, was 300 useo, A trial with a quenching ¥ime of 200 sec,
(Table 9) showed that in this case, spurious pulses were present,
80 the quenching tim.of 300 usec, was used for subsequent work.
As might be expected, this Probe Unit also improved the platean
oconsiderably (Pig. 5(d4)). It was found necessary to reduce the
sensitivity of the unit below its maximum (0s2 volts) since if a
high counting rate was used, the probe tended to oscillate and
could only be stopped by switching off its woltage supplies for
at least 3} seconds,

Shortly after the solution of the consistency problem described
above, a paper, describing similar work leading up to the produc-
tion of the Probe Unit Type 1014A, was published by Putman (10).
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He points out that the spurious counts increase with the over-
voltage applied to the counter, most of them occurring at a time
after the true pulse, roughly equal to the dead-time of the counter,
and his graphs show that, for a counter of the G,E.C. pattern,
there are no spurious counts later than about 300 sec. after the
true count. He also shows the improvement of the counter platean,
when used in conjunction with a quenching circuit similar to that
used in the Probe Unit Type 1014A.

Putman treats the subject in detail, giving distridbution
curves of intervals between counter pulses obtained with a pulse
interval analyser, apparatus which was not available to the writer.
The results described above, however, are entirely in agreement

with his work,
Trial Absorption Measurements. The work on the final grephs,

from which the analysis was made, is given in detail later, but
it is convenient at this stage to review the preliminary work done
with Thallium end Radium E, '

The Thallium absorption curve, investigated before the Probe
Unit 1014A was used, was determined with two sources and it was
arranged that the two sets of results overlapped slightly, to
assist the fitting process., The readings for both sources, after
all corrections had been made, were expressed in terms of the
intensity for an absorber thickness in the middle of the over-
lapping portion, the intensity for this thickness being taken
as unity., It was found, however, that, even allowing for the
statistical error in each intensity reading (1%), there was a
definite change of slope, illustrated in Fig., 6. The sources
used were in the form of Thallium Oxide, a fairly fine brown
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powder and were cemented into the recess in the perspex holder
with & solution of distrene in benzens. The stronger of the twe
sources was quite opague and was probably seversl mg/em® in
thickness. At the time, the change of slope was attributed to
self absorption in this source, since it seemed unlikely that
the inconsistencies could account for such o definite effect; in
addition, a later determination, after the Probe Unit Type 1014A
had been brought into use, showed the same phencmenon, ruling out
any possibility of spurious counts being the cause,

The first trial with Radium E wes made with a source deposited
on niekel. A dlss of nickel, §" in dismeter end sbout z;* thick
was coated on one side with Pioein wax and immersed in a solution
of 5 .Cof Ra. D, for 4 hours, The Ra, E. was thus deposited on
mwmow,mmmmmowlpmﬂdnn&
tion, After removal, the disc was washed and inserted into the
recess in a source holder, with the bare metal upwards, and was
stuck in by a drop of chloroform which dissolved wax and perspex,
cementing them securely when it evaporated, The decay of this
source was followed for 22 aun,ﬂm activity being found to have
the correct halfewalue period of'5'0¢aya, within the limits of
error, The absorption curve for this source was determined, but in
order to maintein the back-soattering conditions prevailing with
the Thallium sources, was discarded in favour of one taken with
a source prepared as follows: A nickel foll was inserted in the
Ra. D, solution for 48 hours and the Ra, E., together with some
of the nickel was dissolved off in nitric acid., The solution was
evaporated to dryness, dissolved in water and transferred to a
source holder, This solution was then evaporated under an infra~
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TABLE 10

N = mmber of counts recorded in 50 seconds

Quenching time = 300 . seos.

N A N A N A
13129 W2 | 12T | e 87| 12546 | <161
13136 | +429 | 12933 +226 12758 + 5
12888 +181 12781 + 7% 12648 - 59

| 42850 +143 12359 =348 12492 215
12545 | 162 12513 «194 12625 |. - 82
12539 | <168 12604, «103 12568 «119
N_ = 12707 z8* = 802386
AR) = 113 JZ£) = 217
TABLE 11
N --unbwofmﬂkaminﬁom
Quenching time = 400 u secs,

N A N A N A
11041 +169 10896 . 2 10897 + 25
11067 +195 10932 +100 10753 «119

' ! i
| 10863 -9 | 10m8 | -2 | 1077 | =95
Cdo83 | -3 | 10m5 l| 57 | 10805 | - 67 |
| | | | | ' |
R 1
F_ = 10872 2;&: = 132212 _
/() = 105 JE&) = 110 i




red lamp to avoid undue heating of the perspex. The active
material was then cemented in with chloroform, relying on the
dissolved top layer of perspex to act as adhesive. This source
was rether large in wolume, but was porous, and its mass/sq. om,
was fairly small, The decay was followed over 25 days and found
to be correct.

At this stage & new preparation of Thallium oxide of much
higher specific activity than the first, was obtained from Chalk
River, Canada, It was hoped that this would eliminate difficulties
due to self-abporption in the stronger source. An absorption
curve was taken using sources made from this material.

A oconsistency check made at this time, revealed that
spurious ocounta were once more occurring (Table 10)., The probe
quenching time was increased to 400 . sec. but this did not
entirely remove the inconsistencies (Table 11). A measurement
of the counter characteristic revealed that the plateau had
shifted to a higher voltage and the slope had increased considerw
ably; in addition, the hmksrwm was rising steadily. This
Anformation indicated that the Geiger- Miller counter had reached
the end of its working "life" and raised doubts as to the validity
of previous results. At this time also, difficulties were
mmtnrodﬂthbw increases due to other sources in use
in the rom, (It was verified that this was not the cause of the
background rise attributed to the end of the counter life, this
being a separate d‘roct). Accordingly, the apparatus was moved
to another room, well away from all other sources, and a new |
counter was used for subsequent work, the Redium E and Thallium
measurements being repeated,



4, THE FINAL ABSORPTION MEASUREMENTS

Corrections. In any accurate work with radicactive materials and
Geiger-Muller counters a number of corrections must be applied.
A further source of error is the statistical deviation of a random
distribution, and it is convenient to include this under the same
heading., The following is a brief description of the methods
which must be applied.
(a) Statistical Deviation. The accuracy of the measurement of a
random distribution, such as is obtained from a counter and a
radicactive source, is determined by the mumber of events observed.
The standard error of a total count N is given by /N, so to obtain
an error of 1% in the measurement 10* events mist be recorded, and
all determinations must therefore be of sufficient duration to
give this rumber,
(b) Resolving Time, The recording apparatus has a finite
"resolving time" after a pulse has been recorded, during which

it is "dead", and will not register another pulse. Let the
observed counting rate be N counts/sec, the true counting rate
be N' counts/sec, and the resolving time of the counting system
be o seos,

In 1 seoond, on the average, the counting system is "dead"
for a time No- secs, and the effective counting time is thus
(1 = No) secs; hence the true counting rate is givcn. by: N' = Tgi? :
This is not a convenient form for calculation, Taking reciprocals
we have; i" = %-r. This expression was used throughout for
correction of counting rates for resolving time, values of
reciprooals being found from Barlow's Tables. The value of o, in
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the work under consideration was simply the quenching time of the
Probe Unit. '
(¢) Bagkground. Even in the absence of a source, a Geiger-Miller
counter always gives a small counting rate, known as the
"background®, This is due to commic rediation and very small
quantities of radiocactive materials in the walls of the surround-
ing building, To give the effect due to the source alone, the
background must in all cases be subtracted from the observed
counting rate corrected for resclving time, During the course
of the work desoribed, several measurements of the background
were made, and the average value calculated from the sum of the
counts recorded divided by the smum of the times for whioch it was
measured.
(a) Decay of the Activity of the Source Material, The activity
of a radicactive material i1s constantly deoreasing according to

the relation N, =N,c** where N, is the counting rate at sero
time, N, is the counting rate at time U, and A is the disinte-

gration constant of the material. It is necessary therefore, in
general, to correct all readings for this decay,

If the source has a short half-value pcrlad!(-i%%‘—z— )
it may decay apprecisbly during the measurement of a counting
rate, whioh must extend over a finite time determined by the
statistical accuracy required. However, there is a time after
the start of the reading, forwhich the average value obtained for
the counting rate during the periocd of measurement, is the true
instantaneous counting rate. It is a good approximation to take
the mid-point, in time, of the Feading and the following shows
how small an error is introduced even for counting times which
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~are an appreciable fraction of the halfevalue period.
Fig. 7 represents the decay curve for a pure radicactive
' material; the counting rate N is plotted, on a linear scale,
against time, The curve follows the law N = N,e**, stated
above, Suppose a reading is taken for a time 2T , the mid-
point, in time, being at time U , The observed counting rate
is decreasing dwring the reading, following the curve; for cor-
reotion purposes relative to other readings the average counting
rate is to be attributed to the time [ and it is required to
find the error thus inourred,

The average counting rate over the period 27 is given by:

t+T
o | e
N=§T;f N. &4t
£~
-t
— Ng¢ AT =AT
7 % -(e —-e )

~At ( AT .-xt)

New No¢ =N 80 N = z):r - §

The instantaneous counting rate at time L, is simply N;

,=_.L_ ( AT ..;w)
22t \¢ —¢

= A BT e Nt oL

zlz!

Suppose the Quration of a reading 4s +7 where T is the half-
value period of the source material: then 2.'1‘-.:%’. and
A‘t =(%)'Gg‘2 = ;%.103‘2.. Sm‘ A-T i’ un,m with mw’
(AT )"nﬁ greater powers can be neglected,
2
So—&ﬂ“*i'(lf) = 1.0008 and the error involved
is thus 0.08%,



TABLE
12

N
A
4524 . :
4,622 v :
4534 :
3 +75 y
98 + o " A
¥ 51 44,56 N -
: : bl +25
4524 - . ﬂz
n I 4549
= - -.
4547 - +2
. =116
FAY .
it .= L2920
Vi ( M ) r 52




T Lo o

FIGB

(@)1

(o) ReE
() AcC

-

)

(e

e e i e
—_——

900 lw_mlc




The application of these corrections is described in the
sections devoted to the three source materials since it differs
slightly for each element,

Apparatus. The eleotronic apparatus used for ail the following
experiments consisted of a Power Unit Type 200, a Scaling Unit
Type 200A, a Timing Unit Type 1003K, a Probe Unit Type 10144, and
a G.E.C. Geiger-Muller Counter Type G.M.4, mounted in the seocond
perspex assembly described earlier (Fig., 4). A lead turret having
a #"wall, was placed round the counter and a brass bex, bolted
to the top of the turret, provided electrical soreeming for the
counter wire; the braiding of the screened lead from the Probe
Unit was conneoted to this box by means of & special bress
fitting providing ocomplete screening at the join and the cathode
of the counter was earthed to the box, The first three units
were mounted ome sbove the other in a Post Office type rack for
convenience in working, The Probe quenching time was set at
400 u sec,

Consistency checks were made during the following work, the
results of a typical one being given in Table 12,

The Absorption Curve of Thallium. The initia) work on Thallium,
desoribed earlier, was done with sources prepared from material
activated by neutron bembavdment in the pile at Harwell, but for
the final work the higher specific activity material, activated
in the Chalk River pile, was used, A mmwall amount of the Thallium
Oxide powder was spread uniformly over the bottom of the recess
in a perspex source hodder and a drop of chloroform was added to
dissolve the top layer of perspex and cement in the active
material, Two sources were used of approximete stremgths
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1+6 miorocuries and 0+016 microcuries. The thickness of the
stronger source was estimated at less than 1 mg/am” , and that of
the weaker at much less than 0.1 mg/em™, The latter consisted of
an almost invisible amount of Thallium Oxide and even the former
was transparent (Thallium Oxide itself, is an opaque brown
powder), There was thus practically no self-absorption in the
sources, |

The absorption curve was determined backwards from the
highest absorber thickness used, Error limits were not plotted
on the curve since thgywre too small to be shown conveniently.
The counting rate for each absorber thickness was found to
approximately 1% in every cese. The maximum standard error
in the observed counting rate was for an absorber thickneas of
967 mg/an” and was 1:06%, The background count was measured to
1+19% and after subtraction of background, the standard error
of this reading was 1-24, The standard error was mot less than
0-80% in any reading,

The ktronsor m was used for absorber thicknesses from
the maximum, back to 161.7 mg/cm’; the weaker source was used
from zero to 220.3 mg/am®, Each reading of counting rate was
corrected for probe quenching time, background and decay; the
time of the first reading with each source was taken as the zero
of time for all readings made with that source and each reading
was corrected back to the zero, to the nearest day, the times
being taken to the mid-point (in time) of the reading, Using the
formala given earlier, the maximum length of any reading being
3000 secs, (i.e, T = 1500 secs,) and the half-value period being
3+5 years, it is clear that the error involved in attributing
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the counting rate to the mid-point of the resding is completely
negligible in this case,

The two seotions of the curve were fitted together by taking
the counting rate for an absorber thickness in the region where
they overlapped, and assigning the value of unity to its counting
rate, all other readings for both sources then being expressed as
mltiples or fractions of this reading, The complete absorption
curve is shown in Pig. 8(a). It was found that there was a
slight change of slope at the join of the two sections, as there
had been with the less reliable results taken with the Harwell
active material (described earlier), when the change of slope
had been attributed to self absorption in the much thicker
sources (the strong source in that instance was completely
opaque and the weaker source was considerably thicker than the
stronger source prepared from the Chalk River material). This
effect can not, therefore, be attributed to self-absorption in
the sources. The 40O wsec. quenching time of the probe was
accurate to better than 5%, but it is possible that, owing to
the large corrections which had to be applied to the readings
taken with the stronger source, in this region, a slight error
in the quenching time is sufficient to cause this change in slope.
The effect is undoubtedly due to some factor introduced in the
electronic apparatus,

The change of slope was bearely perceptible on the main
absorption curve and was therefore neglected.

The Absorption Curve of Radium E, The Radium E sources used
previously hed not been satisfactory, the first since it was
backed with nickel and was therefore likely to give an increased
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amount of back-scattering, and the second because of its bulk
and the relatively large amount of nickel mixed with the Radium E;
the latter was estimated to have a thickness of several mg/cm?,
A different technique was therefore adopted: the same solution of
5 microcuries of Radium D was used as a starting point, but
before preparing a Radium E source, a small piece of silver foil
was immersed in the solution for 48 hours. This collected most
of the Polonium from the solution, without removing the Radium E;
this foil was discarded., A small piece of copper foil was then
left in the Radium D solution for 2j hours, collecting Radium E;
oopper also collects Polonium, but most of this had been removed
by the silver foil, The copper foil was washed anl dissolved in
"nitric acid, keeping the volume of solution fairly small and the
acid concentration as low as possible, A small amount of
Neodymium Oxide was also dissolved in this solution which was
then neutralised with a few drops of concentrated Ammonium
Hydroxide, This precipitated the Radium E and the Neodymium
carrier, as the hydroxides, and left the copper in solution as

a cupremmonium compound. The gelatinous precipitate was centri.
fuged down and the clear solution decanted off. The precipitate
was redissolved in nitric acid, and reprecipitated with ammonia,
the clear solution being decanted off as before, This process
was repeated three times to ensure freedom from copper. The
precipitate was then washed by stirring it with water, centrie
fuging and decanting, repeating the process three times, The
clean precipitate was then dissolved in a few drops of dilute
hydrochloric acid, and a portion of the solution transferred to
a source holder, which was then placed on a white surface under
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an infra-red lamp, This evaporated the solution to dryness
without undue heating of the transparent perspex source holder,
The final operation was to add a few drops of chloroform to
cement in the source,

The whole of the Radium E absorption curve was determined
with a single source, prepared in the mamner described above,
The readings for small absorber thicknesses were made 16 days
after the first reading at large absorber thickness was taken,
The strength of the source immediately after its preparation
was about 0.5 microcuries and the thickness was estimated at
less than 1 mg/em’.

The halfevalue period of the source was checked over 15
days and found to be the expected 5 days, within the limits
of experimental error,

All readings were corrected for probe quenching time,
background, and source decay, the correction time being taken
as the midepoint of the reading, relative to the mid-point of
the first reading, Using the formula derived earlier, for the
maximum time of any count (3000 secs, ), the error involved in
assigning the count to the mid-point of the reading was
approximately 1 part in 10°, a negligible quantity compered
with the statistiocal errors involved,

The greatest statistical error was 2:7%and occurred in the
observed counting rate for 967 mg/om® of absorber. The back-
ground was known to 1.45% and the standard error for the
counting rate corresponding to this point on the curve was 6-3%.,
The points on the straight portion, beyond the p-ny end-point
all have an error very slightly less than this, and all points
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TABLE 13

observed counting rate per second

M =
Nt = oounting rate corrected for Probe quenching time
' B = background counting rate
| &, = time, in days, after first reading
(W<B), = corrected counting rate, relative to the
| time (t =0) of the first reading
B = 0+214 20,003 ocounts/sec.
Probe quenching time = 400 microseconds
o’ | Mumber Duration| N | M | (¥-B) |t(aays) | (v-B),
200°2 | 16736 | 240 secs. | 6973 | 173 | T1-52 | 9013 | 249
206+9 | 15227 | 240 " | 63+45 | 65°10 | 6489 | 9-010 | 226
2136 | 13528 240 " 56+ 37 | 57+67 | 57+46 | 94006 200
220°3 | 12048 | 240 " | 50+20 | 51.23 | 51.02 | 9.003 | 178
227-0 | 10586 | 2,0 * Yo 11 | 4o 90| 4L4s 69 | 84999 156
2337 | 11916 | 300 " | 3972 | 40+36 | 40.15 | 8.996 | 140
| 247.9 | 16697 | 600 * | 27.83 | 28.14 | 27.93 | 8.985 | 97+
[
2546 | 14909 | 600 * 24,285 | 25+10 | 24+89 | 8-978 86¢4,
261'3 13678 6@ . 22.80 23001 22-80 3-970 7901
2680 | 14586 600 * | 19+31 | 19:46 | 19.25 | 8.909 66+2




for lower absorber thicknesses than 331:6 mg/om® have a standard
error of sbout 1% No point has a lower standard error than
0+86%. Error limits are plotted only for some points in the
straight lower portion of the curve., A section of the results
is shown in Table 13,

Readings taken for the meximun absorber thickness, 15 days
after the preparation of the source, showed no definite inorease
in counting rate proving that the Yerays from the daughter
Polonium were not responsible for this part of the curve and its
correction for a 5 day half-value period was therefore justified,

The curve was plotted from the end corresponding to high
absorber thickness, so that the inocrease in counting rate due to
removal of absorbers, minimised the reduction of source intensity
due to deecay.

The determination of the curve from the maximum absorber
thickness to 847 mg/om®, extended over 9 dayas, after which the
pource was allowed to descay for a week and the curve was then
completed, After the complete set of readings had been corrected
for decay, it was found that there was a slight discontimiity at
the overlapping portion, but both sections were parallel. The
upper section was therefore moved dowmmwards to fit the lower
part, This discontimuity was attributed to a change in counter
sensitivity.

The final curve is shown in Pig. 8(b). The actual recorded
counting rate/sec. is plotted, after correction for decay.

The Absorption Curve of Actinium C". Owing to its short halfe
value period of 4«76 mimites, Actinium C" presented much greater

problems than Thallium and Radium E. Clearly no chemical
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separation is workable, since the aotivity decays so rapidly.
The primary source available was in the form of Actinium Fluoride
with Lanthamm Fluoride carrier and was rather weak. Purifica-
tion was carried out at the Cavendish Laboratory, Cambridge, and
at Bdinburgh University, Actinium decays to Radio-Actinium
which in turn deeays to form Actinium X and it is possible to
eollect Actinium B and its products from the Actinon emitted by
the Actinium X, by means of the recoil collection method;
Actinium C" can then be collected from this source, a;ﬁinby
recoll, The method used was as follows:

The powdered Aotinium Pluoride (with Lanthamum carrier) was
spread uniformly in a platimm dish of about 1" diameter, which
was placed in the bottom of a brass pot about 1" deep and 1" in
dismeter, into the top of which screwed an ebonite plug. The
suxrface on which the Actinium B was collected was a brass dise,
§* 4in dtameter and ;" thick, at the end of a 2 B.A, sorewed rod.
This "button” was held in a 2 B.A, clearing hole drilled through
the ebonite plug, by means of a mut on the upper side, The
button was thus held tightly against the underside of the ebonite
plug, leaving only the front surface exposed to the Actinon, and
was mainteined at a negative potential relative to the pot.

Actinén decays rapidly (T = 392 see,) $o Actinium A
which has a shorter half-value period (2 x 107> sec.), giving
Actinium B; the disintegration scheme is then as follows:

/
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. Hac"/%:'

35



935 /SLNNOD

MINUTES



A button activated in the pot thms has the active components
AcB, AcG, AcG' and AcC". The branching is greatly in favour of
AcC", 99:68% of the AoC undergoing oesmission resulting in AcC",
so for the purposes of the experiment under consideration, the
other branch can be neglected.

Actinium C" can be collected in a pure form by recoil from
the Actinium B source by placing another button close to it and
maintaining it at a negative potential relative to the first.

The first procedure with the Actinium source was to check
the half-valne period of the Actinium B, A copper foil was
wrapped round a button and activated in the pot for 24 hours
with an applied potential of 120 wolts., This foil was then
tested for half-value period., When plotted with the counting
rate on a logaritimic scale, all the points were found to lie
very olose to a straight line which gave a value of 367 mimates
for the half-value period. This is very near the accepted
value of 361 mimtes for Actinium B, The resulis are shown in
rig. 9.

In order that a valid comparison could be made with the
other two elements, it was necessary to provide the same backe
soattering conditions for the Actinium " as for the Thallliwm
and Radium E, This precluded the use of a metal button for the
ocollection of the Actinium C" from the Actinium B button, It
was decided that the best method was to wse perspex, rendered
conducting by a thin cocating of colloidal graphite. One of the
perspex source holders was modified to receive a button 3" in
dismeter and 1" thiok, with a projecting pin on the underside

%
4" long and " in dlameter, The pin was a push fit ina
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holder (Fig. 10) which was similar to the buttons used in the
activation pot. The threaded portion of this holder was hollow
to allow an ejector to be pushed through, When the button was
in position in the holder, only its face was exposed, To verify
that the graphited perspex would collect active material satis-
factorily, the holder was inserted in the pot and the perspex
button activated with Actinium B and its disintegration products.
A reasonably satisfactory counting rete (about 200/sec.) was
obtained with the standard counter assembly and the halfevalue
period found to be about 36+1 mins, On removing the source, the
counter backgrourd was found to have increased by a factor of
about ten, but was decreasing rapidly. The perspex button was
replaced in the assembly for 2 mimutes and the background was
checked immediately, 1 mimute readings being taken every 2 mimtes,
After subtrecting the previously known background, these results
were plotted with the counting rate on a logerithmic socale and
the background was found to decay with a half-value period of
approximately 469 min, (Pig. 11(e)), sufficiently close to the
valuwe of 4+76 min, for Actinium C" himmmmtim
as being due to that material. The oconclusion reached, was that
the counter window was collecting the Actinium C" by recoil from
the source and a further check was made with another source, covered
with paper; in this case, no appreciable contamination was observed.
The perspex button in the above case was activated by '
mistake, with a positive collection potential and a negatively
activated button was then tested in the same way. No contamination
with a bare source, was observed in this case, which showed that
the cause of' the contamination may have been due to a retention

n



of positive charge by the perspex, a remote possibility since
handling was done throughout with rubber gloves, and the source
was never definitely earthed, In the counting assembly the
source was insulated by the perspex, and the counter was earthed,
allowing the possibility of a potential difference between
source and counter window, with the counter negative, a circum-
stance which would assist the collection of the AcC" on the
counter. This was disproved, however, by a further trial with a
button activated with a positive collection potential, when no
ocontamination was obtained, It was therefore concluded that the
first contamination was due to the recoil process removing from
the perspex button some of the finely divided graphite which later
"settled down", although in this oase a contamination decay time
nearer 36+1 min, (AcB) would have been expected. No further
contamination was obtained and it was not oconsidered worth while
to pursue the subjeoct further,

The collection of Actinium B on graphited perspex being
satisfactory, an attempt was made to collect Actinium C" from a
brass button activated with Aotinium B, A perspex button, in
its holder, was placed for 10 mimtes facing an Actinium B brass
button, separated from it by about 1 'mm. and 120 volts negative
to it; the former was then removed and counted, the time between
the end of activation and the start of counting being about
1 mimute, The initial ocounting rate of 1.6/sec. was disappoint-
ingly low, considering that the initial mting rate of the
contamination was nearly double this figure; a check of half-
value period, however, indicated that the source was definitely
Actinium C", At this stage, the single 120 wolt H.T. battery
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used for activation was replaced by 230 volt D,C, mains., An
Aotinium C" source activated with this voltage gave a greatly
increased counting rate of 14/sec, which indicated that a higher
oollecting voltage was advantageous, A further trial was therefore
made with a colleoting potential of 2000 volts across a gap of

1% mm, and an initial counting vate of sbout 290/sec. was
obtained; the halfevalue period was checked and was found to be

4+ 45 mimtes (Pig. 11(b)).

Results obtained from the r-qon activation, both from
Actinon and from the Actinium B button are interesting in many
respects. The theory of the process is as follows; after
emission of an q-particle, the residual atom recoils and ionises
the gas in its path, its range being of the order of O+1k mm, in
air, The residual atom is :ln:!.t:lauy negatively charged, having
emitted a positive «(~particle, but when the atom ionises the
sarrounding air, it loses some electrons and beccmes positively
charged. This process ocours for the great m_aor:lty of the recoil
atoms; for Radium B, for example, about 0.001% of the recoil
atoms are negatively charged and nearly all the remainder carry
a single positive charge, The mmall range of the recoil atoms
can be augmented by applying an electric field, and collecting
the recoil atoms on the negative electrode,

On this theory, a saturation field of the order of 100 volts/mm,
would be expected and no appreciable colleotion should be obtained
if the collecting electrode is positive., The collection of
Actinium B from Actinon showed however that positive and negative
electrodes collected approximately equal activities at 120 or

230 volts, the higher woltage giving an increased yield in both
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eages. If a collection potential of 2000 volts was used, there
was practically no resulting activity on a positive collector and
a negative electrode gave a source which was not noticeably
stronger than that obtained with 230 volts. The effect of
increased voltage on the negative collection of Actinium C" from
a button of Actinium B was however very appreciable, Starting
with Aotinium B sources of approximately equal strength, and
employing the same activation times throughout, there was an
increase in the strength of the resulting Actinium C" source by
a factor of about 14 when the collection voltage was raised from
120 to 230, and by a factor of 20 when it was increased from 230
to 2000 volts, This information should be regarded as qualitative
rather than quantitative, but gives an indication of the effect
to be expected. The phencmenon of equal collection on positive
and negative electrodes has heen observed by other workers in the
same laboratory, in commection with the preparation of Thorium
aotive deposit, and a detailed investigation is to be made very
shortly.

The problem of taking measurements with fairly weak sources
of active materials obtained by recoil, has been attempted by
several workers, One possibility is to plece the Actinium B
button in a tunnel of wall thickness sufficient to cut off all the
p=rays, facing a collecting electrode aituated at an angle, below
the counter, so that the latter "sees" only the collector; Fig. 13
shows the scheme diagrammatically., This method has the disadvan~
tage that the collector must be placed some distance from the
primary button, so that the counter cannot "see" the latter, and
there is also the possibility of scattering of Actinium C*
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p-particles from the end of the turmel. The use of an "inverse"
button is an improvement (Fig., 14). Again the Aotinium B button
is placed in a shielding tunnel, but the recoil atoms of
Actinium C* are deflected on to the underside of a negatively
charged button of known small thickness, by means of a positive .
foocussing electrode. This method allows solid angle conditions
to be maintained but completely alters back-scattering conditions
and does not allow the curve to be contimied to zero absorber thick-
ness, although the last few points can be obtained with separate
AcC" sources obtained extermally. Both these methods allow a
longer series of readings to be taken, since after equilibrium is
reached the half-value period of the Actinium C" source is
effectively the same as that of the Actinium B source (viz.
36°1 min,). A further method, used by Sargent (11) with
Thorium C", for measuring the energy distribution ofﬁ-nam from
atoms of different ages, was applicable to the problem under
oonsideration. This consisted, in effect, of a moving belt (a
copper strip in Sargent's experiment), driven at constant speed
by an eleotric motor; the counter and Thorium B button were
placed close to the belt, and shielded from each other. The
Thorium C" was oollected on the belt which was negatively
charged relative to the button and was carried along under the
counter; as before, when equilibrium was reached, the Thorium C"
under the counter was contimously roplmiuhnd, and decayed
effectively, as far as thecomter was concerned, with the halfe
value period of Thorium B,

Owing to the difficulty in reproducing the geometry and
soattering conditions prevailing in the work on Thallium and
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Radium E, it was decided that none of the above methods could be
applied satisfactorily in the present investigation and another
method of maintaining the strength of the Astinium C" source was
sought, Devons and Neary (12) used separate sources of Radium C"
taking a "control" reading for each source and expressing the
intensity of each absorber reading in terms of this reading, A
similar method was therefore adopted for the measurement of the
Actinium C" spectrum and the following source changing apparatus
was devised, A source holder was mounted at each end of a atrip
which eould be rotated about a horisontal axis, so that while one
source was being counted, the other was being activated, The
epparatus is illustrated in Fig. 15. Two perspex plates

12" x 4" x " wure separated by two uprights 4" x 2{" x i",
forming an open sided box; brass bearings to take a ;" diemeter
brass rod were screwed to the centresof the horisontal plates,
and two holes 1" square were cut im the top plate, with their
oentres 4" on either side of the bearing. A strip, 10" x 1" x ",
was fitted with a brass collar at its centre and carried a pieoce
1" x 1" x i at either end, on top of which were situated further
phﬂl,i':ﬂ:;!’m‘lmtmtop,inthcmwutho
source holders used previcusly. A 3" diameter brass rod passed
through the bearings and the collar; a light spring was inserted
between the bottom plate and the narrow strip., A bakelite knob
was attached to the top of the rod and the collar was secured to
the rod by a grub-screw., In its upper position the strip lay
flush along the underside of the upper plate, with the first
square blocks, filling the holes in this plate, and with m%'
thick squares, projecting above. These latter aquares were the
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sources, Over one of the holes, was fitted the counter assembly
used previously, with the bottom square plate removed, and over
the other was situated a brass pot, the 1id of which was drilled
centrally to receive one of the brass Actinium B buttons, The
two sources were connected below the perspex strip by a fine wire
which passed up through the centre of the square blocks, the ends
being flush with the bottoms of the recesses; the area of metal
exposed was thus too small to give appreciable scattering, The
wire was connected to a terminal on the base plate by a length
of flexible stranded wire coiled round the central spindle and
the bottoms of the recesses in the top of the end blocks, were
rendared conducting by painting with a suspension of colloidal
graphite in acetons, The terminal on the base was earthed and
the Aotindum B button was connected to a positive 2000 wolt
supply (the stabilized high voltage supply desoribed in
Appendix III was used), thus making the graphited sources
negative relative to the Actinium B button. After a few mimites
activation, the knob was depressed, rotated through 180° and
released, thus placing the active source under the counter, and
the other under the Actinium B button. In this way, & source
could be changed and counted, two or three seconds after activa-
tion was completed, and another source placed in the activator
at the same time, This arrangement was highly satisfactory in
operation, and reproduced precisely the conditions prevailing in
the experiments with Thallium and Radium E, Two strips of |
-&'xi’x{f@oahﬂinim(mtnhmnonthodhgx“)m
fixed on top of the upper plate, to prevent it bending under
the weight of the lead turret round the counter. It was not
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found necessary to provide lead shielding round the activation
pot;thoMtnbtnnmﬂioieMtomtotfﬁlﬂ-mmm
Actinium B button and the Y-rays from Actinium active deposit are
very weak (13); no appreciable increase in counter background was
recorded when using this arrangement. A sufficiently high
counting rate (about 600/sec.) was obtained from a 15 mimate
activation of one of the sources from an Actinium B button acti-
vated in the pot for 24 hours. A check of the half-value period,
taking oounts of 30 seconds duration, illustrated in Fig. 11(c)
gave a value of 4+59 mimates,

In order to verify the constancy of collection of the
Actinium C" a series of readings was taken, activating the
Actinium C" source for 20 mimites and counting it immediately for
30 seconds; the results are shown in Pig., 12. The points lie
oclose to a straight line, after equilibrium has been established,
the straight portion giving a halfevalne period of 36°4 mimites,
sufficiently close to the 36+1 mimtes of Actinium B for it to be
sald that constancy of collection was good,

No advantage was found in using an Actinium C" source for
more than 10 mimites (roughly 2 half-value periods) and the
Actiniun B source was changed at approximately hourly intervals,
two buttons being used, one activating and the other in the count~
ing asseubly,

Owing to the short life of Actinium C", all readings were made
of 1 mimute duration, and spaced at mimute intervals, The Timing
Unit Type 1003K was particularly valuable in this comnection, since
when set to time a count for 1 mimute, after being reset to zero,
it switched on the next count, one mimite after the end of the
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previous one. There was thus one mimute for recording the mumber
of pulses counted, resetting the apparatus to zero and making any
desired absorber changes. The accurecy of the time between
readings was the same as that of the duration of the readings
(m.wmrmhum,}um)

A "control" count was taken for each freshly activated
Actinium C" source, with no absorber in place, and the counts
taken with absorbers in place, using the same source, were expressed
as a fraction of the "control"™ count, after they had been
corrected for Probe quenching time, background and source decay,
in that order, Since all the counts were of the same length and
were finally expressed as a fraction of another count, the
problem of the error involved in attributing the counting rate
to the mid-point of the reading, did not arise.

The contrel count with each scurce was in every case taken
first, since the acouracy of the ratio of each counting rate to
fhﬂ'mtrol“,wwtenpprm&honthnwofm
control and any decrease in the statistiocal error of the other
counts would have been offset by the decrease in accuracy of the
"control”, if the latter had been the last reading taken with
each source,

At first, a control and four readings with absorbers were
taken with each source, but this was later reduced to a control
and two absorber readings. When the accuracy of the control count
was reduced to 1% by the decay of the Actinium B button, the
latter was replaced by a fresh one; in practice, this was done
every 45 mimutes.,

Bach point on the absorption curve of Actinium C" (Fig. 8(e))
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is the result of taking the mean value of at least 5 readings
corresponding to the same absorber thickness; between 401+9 mg/cai
and 526 mg/em’, every point represents the mean of 9 determina-
tions. The intensity of the control count, corresponding to the
counter window and air thickness of 7:7 mg/cm* is taken as 10,000
units and all other results are expressed relative to this
reading.

The accurecy of each point decreases towards the lower end
of the curve, but errors are in general, too small to insert,
without confusing the graph, Three typical points have the
following standard errors on the vertical scale: 46.2 mg/em”,
0-56%; 1617 mg/en®, 0+916%; 324+9 mg/e’, 2-4% The method
adopted for background correction, vis, subtraction of the mean
background from the counting rate corrected only for Probe
quenching time, beocomes decreasingly valid as the counting rate
approaches the background counting rate, although for the upper
%or the curve, little error is introduoed. However, in the part
of the curve beyond thoﬁ-m end~point, the counting rate was
very little in excess of the background, even with the strongest
source available and it was necessary to provide more accurate
points in this region. Pour points were taken, repeated 12 times
and each absorber determination was immediately preceded by a
control count. Counts from the previous work, which were taken
2 mimtes after a control count, were also included in the
calculation., After correction for Probe quenching time, the sums
of the control counts and of the absorber counts were taken and
the mean background for the time of the sum, subtracted from both.
The summed count with absorber was then corrected for two mimutes
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- TABLE 14

n(
B
t

- (w<B),
| B

A fresh mmuauudrorworyﬂadingtakcnwitham
|
source (77 mg/ca® absorber, the thickness of the counter

All counting times were of 1 mimite duration

observed counting rate per second
counting rate corrected for Probe quenching time

background counting rate
time after reading taken with bare source (in

intensity due to a bare source

fully correoted counting rate relative to ¢ = o.
fractional intensity, expressed in terms of the

mimutes)

| unag_-m_m
_mg/en'tf AL Noin | N | N | ¥B | 4| (Bh| F
7.7 |20727 | mses 400.9 | 400.7 | 0| 4007 | 1
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decay and expressed in terms of the mumed control count. The four
points thus cbtained are shown with their errors on the graph, and
the line representing Y-emission (bremsstrahlung) is drawn through
these, The method used previously necessitated the discarding of
all results smaller than the mean background, This is not a2 walid
procedure when the counting rate is low since it implies dropping
the smaller values in the statistical distribution, thus giving
an artificially high value to the mean, It was not possible to
retain them, however, using the initial method, since each
reading was multiplied by a factor greater than unity, to correct
for decay, and the negative values obtained by subtracting the
mean background would therefore be made more negative, It is
equally incorrect, in such circumstances, to subtract the mean
background, since & low total count is probably the result of a
low true count and a low background count during the counting
period, The method used in determining the four points at

726+8 mg/em®, 803.8 mg/em*, 880.8 mg/on’ and 967.0 mg/om’ 18
perfectly valid, however, In the present investigation, it was
not considered worth while to increase further the accuracy of
these four points; the measurements taken, extended over about

5 hours and to decrease the statistical deviation to 5% would
necessitate counting for at least 180 hours (The errors in the
four points are rather greater than 30%). If a more detailed
inspection of this part of the curve is required a much stronger
source 1s desirable,

The method of correcting the results is shown in Table 1.
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An investigation was made of the absorption curves of the
three elements at very amall thicknesses of absorber. The results
oannot be compared directly with the previous ones, since scatter-
ing and solid angle conditions differ rather widely in the two
cases, The apparatus used was as follows:

A oylindrical brass box, about 8" in dismeter and 2" in
depth, carried on its upper surface near the cutside wall a
counter open to the inside of the box, Immediately below the
counter, a ground brass plug fitted into the bottom plate, from -
below, Inside the cylinder, a brass disc could be rotated from
outside, through a ground joint; the disc was drilled through,
with a mumber of 1" diameter holes near its rim, and across these,
aluminium absorbers were waxed, By rotation of the disc, any one
of the absorbers, or a blank hole could be interposed between the
counter and the sourcs, which rested on the ground plug., The
whole apparatus was vacumn~tight and was filled with an argon-
aloohol mixture in the proportion of 6 cm. pressure of argon and
1 em, of aleochol, Since the counter was windowless, when the
blank hole in the plate was between the source and ocounter, the
oounter gas between them was the only absorber, this being about
8 x 10 ng/ea® in thiciness,

The sources were contained in a recess 3" in diameter and
&'Mhthmtﬂofa'diwofmmﬁ'mdimtwm
§§ thick, thus giving approximately the same back-scattering
conditions as in the principal experiment. The plateau of the
counter was reasonably good and was about 100 volts in length,
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It has been reported by some workers, and has been the general
experience at Edinburgh University, that the plateau of a counter
changes during the 2l hours sucoeeding filling, With the counter
described above, however, no appreciable alteration was recorded
over the first three hours, sufficient for the completion of
readings with any of the three aotive materials,
Thallium. A source prepared in the marmer desaribed earlier, was
inserted in the box which was then pumped for ten mimites, and
filled vith the argen-alcohol mixture, The plateau of the counter
was determined and the working woltage set at a point § of its
length from its lower emd, The absorption curve was then determined,
working from zero absorber to the maximum and then repeating in
the reverse direction. The absorption curve (Fig, 16(a)) was
plotted with the mean of the two results for each absorber thicke
ness, Corrections were applied for Probe quenching time, and
background, but no allowance was made for decey since the total
duretion of the experiment was only about three hours,
Radium E, The first Radium E source, prepared by precipitation
with Neodymium earrier, as before, was treated in precisely the
same way as the Thallium, no correcticn being made for decay, other
than the averaging of the two sets of results; the total duration
of the experiment was 1 hour, during which the expected fall in
activity was sbout 0.587, so the above procedure was Justified,
The absorption curve (Fig. 16(b) showed a sharp rise at
smell absorber thicknesses, believed to be due to L~particles from
the daughter Polonium, the presence of which was a decided possi-
bility, since it had not been possible to count the Radium E
source in the "box-counter" until two days after its preparation.
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The source was removed and recounted four days later, when the
sharp rise was still found to be present, but was greater in
height relative to the rest of the curve (Pig. 16(c)), proving
that this part did not have a 5 day half-value period, and was
almost certainly due to Polonium, A further check was made with
an o/-particle counter of the improved Rosemblum type (14). This
oounter is sensitive to dleparticles only and has a negligible
background (less than 10 counts per hour); in spite of the small
solid angle, it gave 4 counts/sec., corresponding to approximstely
0.1 microcuries of Polonium, which was of similar order to the
origiml strength of the Radium E source, estimated at about
0+3 microcuries,

Having allowed the Radium E to grow in the Radium D solution
for a week, a silver foll was immersed in the Radium D for two
days to remove Polonium, followed by a copper foil for about 18
hours; the separation of the Radium E was then carried out as
described earlier. The same counting procedure as before was
followed, starting within two hours of the end of the chemical
work; the total counting time being 70 mimutes, there was mo
necessity to correct for decay, other than by averaging the two
sets of results. There was no evidence of a sharp rise in this
curve, definitely proving that the shape of the previous curve
waa due to Polonium departicles. The results are shown in
Pig. 16(a).

Actinium C", This material provided a more difficult task than
Thallium or Radium E on acocount of its rapid decay, It was
decided to dispense with a set of readings increasing the
absorber thickness, since, with the decay working in the same
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direction, it would be diffiocult to obtain relisble results. The
graphited perspex button used in the initial experiments on
~ Actinlum C" was used, and was held in a recess in a disc of
perspex, similar to those used for Thallium and Radium E, but
mumntmupoftmuﬂonmﬁrummup
sarface of the disc, thus reproducing the same conditions as
those prevailing with the other sources. The button was activated
for 10 mimites from an Actinium B source which was in equilibriwm
with the Actinium in the pot; the astivating potential was 2000
¥olts and the buttons were spaced at 1 mm. The button, in its
holder, was inserted in the counter, with the pump rumning, and
counting was started less than 5 mimutes after the activation of
the source was stopped. As in the previous work on Actinium C",
ocounts were made of 1 mimute duration with 1 mimte between each.
Two sets of readings were taken, both starting with the thickest
absorber; a fresh source was used for the second set. The two
absorption curves were similar and one is shown in Fig. 16(e).

There is no evidence of a very low enexrgy group of electrons
mwﬁﬁnm“t&wntwhla,dwallmm;
slight upward trend of the curves, towards low energies. There
is a greater probability of scattering with this arrangement then
with the perspex assembly used in conjunction with the thin-window
counter, and this probably accounts for the majority if not all
of the upward curvature which is definitely absent in the
counter, {

The box-counter allows the possibility of scattering, and
consequent loss of energy, of electrons from the edges of the holes
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in the disc, acroas which the absorbers are fixed and also from
a bridge across the end of the counter itself (this bridge is of
brass, and is approximately 7" wide and {" deep, extending right
across the 3" diameter of the mouth of the counter; the end of
the counter wire is anchored to a ring 4" in dismeter in the
‘gentre, by means of a small glass rod insulator),

The disagreement between the shapes of the overlapping
portions of the curves obtained with the end-window counter and
the "box counter" can almost certainly be attributed to diffex-
ences in scattering conditions, the former results being
considered the more relisble, It is safe to say, however, that
there is no evidence of any abnormal guantity of very low energy
electrons emitted by Thallium, Radium E or Actinium C".

6., ANALYSIS OF THE RESULTS

The first analyticel procedure, was to obtain curves for
the A-activity of the three elements, This was done by extra-
polation of the straight lower portions of the curves, back to
geroc absorber thickness, Sargent (2) extrapolates with a curve,
rising more sharply at smaller absorber thicknesses, while
Feather, in all this {ype of work, uses linear extrapolation,
The latter method, while posaibly not quite s0 true as that of
Sargent, is a safer procedure, and since, in the region where
Sargent's curve turns upwards, the Y-intensity represents a small
fraction of the total intensity, in most cases yields a result
differing negligibly from Sargent's., For these reasons, Feather's
linear extrapolation was used, The intensity of the Yeray
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ocmponent, was subtracted from the total intensity of both

p= and Yerays, at convenient intervals on the horisontal seale
' (10 mg/am* for Thallium, and 20 mg/em’ for Radium E and
Actinium C") deriving the total A+Y intensities from the

mooth curves of Fig., 8. The grephs of the resulting jp=components

were replotted on a logaritimic intensity scale (Fig. 17), with
all three passing through the same point on the intensity axis,
this point being taken as unity., The rangesin aluminium of the
p-particles from Thallium and Actinium C" were then calculated,
using the method described by Feather (1) and taking Radium E as
the reference body on account of the well-authenticated value of
476 mg/cn’ for the absorption limit in aluminium of its
p-partioles, Bleuler and Zinti (3) criticise the choice of
Radium E as reference body, on account of its large surplus of
low energy electrons, and consequent initial steep fall of the
absorption curve., They disagree also with the extrapolation of
the abserption curves to sero absorber thickness and seem very
doubtful of Peather's extrepolation method, However, Feather's
method does not depend, at all, on the form of the standard
absorption curve, and the acourately known value of the absorp-
tion limit for Radium E A-particles is a strong reason for
choosing this material as reference body.

Following this method, therefore, the range of Radium E was
divided into twenty equal intervals, and horiszontal lines were
drawn through the Radium E curve at its intersections with these
intervals; the thicknesses of absorber corresponding to the
intersections of the horisontal lines, with the other two curves
were then read from the graphs, The "caloculated absorption
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limits" derived from each intersection, were plotted on a
linear scale in Pigs, 18 and 19. (The derivation of the
caloulated absorption limits, iz as follows: consider the
horizontal line eom:pondingtcﬂ'or the range of Radiun E.
The ealculated absorption limit for the corresponding point

on the curve under examination, is (32)r, wherer, is the
abacissa of the intersection of the horizontal line with the
curve), Smooth curves were then drewn through the points
thus obtained, and extrapolated to n = 20, The calculated
absorption limit corresponding to this point was therefors

the value for the range in aluminium of the f=particles of

the element under consideration, In addition, the form of
the curve, gave an indication of the mmber of electrons of
different energies, emitted by Thalliwm and Actinium C",
relative to Redium E. A curve trending upwards, towards the
greater range-fraction end of the curve, would indicate the
presence of more low energy electrons than are present in the
spectrum of the reference body, since the estimated renge from
the early points is too low; i.e,, the ebsorption curve is
falling more steeply at tl;e beginning, A materisl having a
precisely similar energy distribution to that of the reference
body, would yield a horizontal straight line on the calculated
renge curve,

This analysis gave the value of 623 ¢ 4 mg/om* for the
absorption limit in aluminium, of the primary pupartiolu of
Actinium C", This is decidedly lower than that of 0+68 gm/em™
given by Sargent (2), The range in aluminium of the fe-particles
of Thallium (3-5 y»r.) was found to be 300 ¥ 3 mg/am®, slightly
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lower than the previously determined value, of 0.31 gm/om (15).

From Peather's range-snergy relation R = 0.543E - 0.160,
the energies corresponding to the above ranges are respectively
12441 £ 00008 Mev and 0+847 % 0-006 MeV,

The shapeSof Figs. 18and.19 indicate that Actinium C" and
Thallium both emit fewer low energy electrons then does Redium E,
the relative deficiency being much greater in the case of
Actinium C", The latter result was to be expected since the
p-emission of Actinium C" is allowed, Points plotted for a
renge-fraction of less than 0.05, did not lie on the smooth
curve derived for Thallium, so & more detailed investigation
was made in this region. The g-ray ourves were plotted on a
larger soale, covering a reduction in intensity by a factor of
ton; these are shown in Pig, 20, The resulting curves for the
caloulated absorption limit are shown in Figs, 21 and 22, The
points all lie on 2 swooth curve for Actinium C", but there
are still deviations in the case of Mlhm;.bmw, the
ourve extends smosthly to a lower range-fraction than does
Fig. 19 and the deviations of the remaining points are attribu-
table to inaccuracies arising from veading the absorption
curves in this region,

Sargent (2) proposed a method of analysis and range deri-
-~ vatioa rather aimilar to that of Peather, described above,
Sargent's method oconsists in plotting the logarithm of the
p-intensity against T where m is the mess/sq. om of absorbing
material and R isthe extrapolated renge, using a standard
absorption curve as in Feather's method, The absorption curve
of the material for which the absorption limit is to be found,
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is then fitted to this curve at the end corresponding to the
greater absorber thickness; according to Sargent this is
poasible since many fwspectra have the same shape between the
maximam energy, and half of it,

The absorption measurements described above, were dis-
played on this basis; using the values for the ranges, found
by Feather's method, the intensities were adjusted so that all
three curves had unit intensity at an absorber thickness core
nsponﬂiruto%oftham;ttmnmltsmphtmmﬁg. 23,
The curves for Radium E and Thallium coalesce at approximately
0«45R, but the Actinium C" curve does not merge with the other
two until approximately 0.65R, The experimental absorption
ourve of Actinium C" is however very different in shape from
the other two, having a much smaller initial slope and it would
seem therefare that the curves only become coincident at about
0.5R when the spectra are similar in shape; in the oase of
allowed transitions, such as Actinium C", where there is a
smaller mmber of loweenergy electrons, it must be assumed that
the curves do not meet, until a higher range-fraction. The
differences in shape of the abeorption curves are however shown
very clearly by Sargent's method, indicating that, of the three
materials, Radium E has most, and Actinium C" has least low
energy electrons, the same result as that given by Feather's
me thod,

Very 1little has been described in the literature, on
further analysis of absorption curves, It should, however, be
possible to derdve distribution curves from them. The method
described on the following page is basically similar to that
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used by Das Gupte and Chaudhury (6) for Radium E but has the
advantage that the initial absorption curves are more accurate.
Almost identical technique was also employed by Hughes, Bggler
and Muddleston (7) in dealing with Be'’,

The derivation of the formula for calculating the distri-
bution curve from the absorption curve is as follows;

Let £(R) be the distribution with respect to renge of
primary A-particles emitted by a source; then the fraction of
primary feparticles having ranges between R and R +dR is f£(R)dR.

Early experiments on the absorption of homogeneous
p-particles showed that: I(x) = 1+a(f +(F’ w@’ S JER—
where I(x) 4s the fraction recorded through thickness x, of
absorber, R is the range of the homogeneous Jeparticles and
a; b, ¢, +...... are constants (16). To a first approximation,
this may be written; I(x) = (1= §).

If A(x) is the fraction recorded through a thickness x, for
a source having a contimious spectrum of primary g-particles, as
specified above, then:

A(x) = /: (1« br(n)dn (1)

Bence A'(x) = = 2() = [t = X
P -l R e (D)

and A"(x) = #(X) sesoneeseeseENS (3)
i,e. f(x) = x.A"(x) eaaneisiisisase 08

where dashes denote differentiation with respect to x.

The above applies when the intensity, A(x) is plotted on
a linear scale. It is customery, however, to plot A(x) on a
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logarithmic #0Ale, as has been done in the work described earlier,
In this oase, where L(x) = log, A(x);
L'(x) = i-é)-&'(x) or A'(x) = A(x).L'(x) «cee(5)

Henoe A"(X) = A(x) L"(x) ¢ A'(X) LU(X) cevsvseceocecses(B)
Substituting for A'(x) from equation (5);
l'(') ] &(3) [L"(x) Q{L'(x)}z]_ l.oooo...oooco.o(?)

Henoe, substituting in equation (4);
£(x) o xA).[L(x) ¢ {1 heeeerennneenne(8)

The values of £(x), the distribution function relative to
the absorber thickness, can thus be found directly from the
absorption curve, by means of equation (8).

Suppose ¢(E) is the distribution funotion with respect to
SNeTEY

then; P(r)ag = f(x)ax or @(E) = r(x)ﬁ

Henoe the distribution function relative to energy, can also be
found from the absorption curve, '

The expression for f(x) given by equation (8) involves the
first and second differentials of the absorption curve; the
former can be obtained with reasonable accuracy, but the latter
is more difficult to measure, Das Gupta and Chaudhury did not
consider their experimental data sufficiently accurate to
enable the latter to be cbtained directly from the absorption
curve and adopted a slightly different procedure for finding
the ssoond differential. (The expression used by them was that
given in equation (4), their results evidently being plotted
on a linear intensity scale). In the present case, however,
it was decided to derive the first and second differentials

58



L]

L]

201

1k

| A L

300 mgm/en



X0

12

L ()

¥

f—

FIG.25
(RaE)




3
X0

F1G.26
(Aec’)
16}

45

L.




from the absorption curves, on account of the accurecy of the
latter, This procedure was found to be justified, since, except
at the low energy end of the curves L"(x) was generally of the
order of 10% to 20% of {L'(x)}” the latter term thus exerting
the greater influence on the value of the dlstribution function
f(x) in equation (8). _
The practical evaluation ozé the differential of the curve
was oarried ocut mmerically as well as in the following mamer:
at the points on the smooth absorption curve of Fig., 17, core
responding to a mmber of absorber thicknesses, the slope of
the tangent to the curve was measured, by placing a straight-
edge to touch the curve, and reading the values (in mg/cn®) of
" the intersections with convenient powers of ten, on the | ‘
logarithmic scale (e,g. the intersections of the straighteedge
with 1 and 10~ 7 on the vertical scale). The slope was then
the mmber of cycles of the logarithmic scale, (two in the
above case) divided by the difference of the corresponding
values on the horisontal scale, The slopes thus obtained, were
then plotted on a linear vertical scale, against the corresponde
ing absorber thickness in mg/cm’; the values obtained agreed
well with those obtained mnumerically. It was necessary to
treat the points with a certain amount of freedom, in order
to obtain a smooth curve, The graphs are shown in Figs. 24,
25 & 26,
The second differentials of the absorption curves were
derived similarly from these curves, I% should be noted that i
the slopes of the absorption curves in Fig, 17 are always 1
mptiﬁ, 80 the values of L'(x) and L"(x) obtained from
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Pigs. 2, 25 & 26 must be prefixed by a negative sign. The base
of the logarithms in Fig, 17 is ten and for convenience, this
has been retained in Pigs., 24, 25 & 26, Conversion to the base e,
was made subsequently. The distribution curves, with respect to
range, ave shown in Figs, 27, 28 & 29, a section of the table of
results being given in Table 15.

The distribution with respect to energy was calculated,
with the help of data given by Marshall & Ward (17) and Curie (18)
from which a range-energy ourve was constructed; the values of
energy and ot %WM to the relevant absorber thick-
nesses were obtained from this graph and the latter used to
transform f(x) into #(E). The resulting energy distributions
are shown in Fig. 30, A further comparison, illustreted in
Fig. 31, was made as follows; the three curves of Figs., 27, 28
& 29 were plotted with the absorber thickness expressed in
terms of the range of the-particles from each body (obtained
earlier), the areas under the three curves being maintained at
‘unity. This graph thus illustretes the way in which the maxima
of the three distribution curves are related to their ranges,

The energy distribution curve of Fig, 30, for Radium E,
does not agree with the Permi distribution (Fig. 32) but does
fall below it at the high energy end; this is kmown to be the
case for Radium E. It also departs markedly at the low energy
end from the distribution curve (Fig. 33) obtained with a
magnetic spectrograph (19 and 20),

The caloulated distribution curves give the correct end-
point energies for the three materials, but the meximum of the
Radium E curve (the only one for which spectrograph data is

60




FIG 34




available), falls at too high an energy; this is to be expected,
sinoce the initial absorption of homogeneous A-particles is
slower than that given by the linear relation I(f)= 1~F. Exper-
imental curves obtained by Marshall & Ward (17) are of the form
shown in Fig. 34, while the linear relation used, is given by
the line AB. The line A C gives a better approximation to

the curve and slightly reduces the energy corresponding to the
maximum of the distribution curve, but also reduces greatly

the end-point energy; the line AC is not therefore a valid
approximation,

Clearly, the true state of affairs can only be approached
by considering more terms in the expression, If)= 1 +a(F) +b(F) +...
for the absorption of homogeneous A-particles; this, however,
introduces differential coefficients of higher order than the
second, and these can not be obtained with any reliability from
the absorption ourves.

Hughes, Eggler & Huddleston (7) have obtained very similar
results with Cu®®, Au"®, W'®** and RaE comparing the energy distri-
butions, derived from absorption curves in a similar manner to
that described above, with magnetic spectrograph data. They
found that the end-point energy was correct in all cases, but
the maxima of the calculated curves ocourred about 100 KeV
higher then expected, To overcome this difficulty, they propose
the empirical method of shifting the calculated distribution by
100 KeV for an end-point energy of 600 KeV, when the maximum
falls at the correct energy. The objection to this procedure
is that the end-point emergy is then low by the amount of the
shift. The distribution obtained (Fig. 30) for Radium E agrees
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fairly well with these findings since the meaximum of the curve

is about 200 KeV too high; this is double the value reported
et al,

by Hughes/ but the end~point emergy is also approximately

double that for which they propose & shift of 100 KeV.

7. SUMARY

Experiments have been described, in which 2 direct com-
parison is made, by an absorption method, between the
p-particle spectra of Actinium C", Redium E and Thalliwm
(3+5 yr,), representing allowed, secord forbidden and third
forbidden transitions, r espectively.

New values of 623 ~ 4 mg/em” and 300 - 3 mg/em” are
proposed for the ranges in aluminium of thoﬂ-pnrl:icln emitted
by Actinium C" and Thallium; it is shown that, of the three
elements, Radium E emits most and Aotinium C" least low energy
electrona, It was to be expected that Actinium C" should emit
least, since its /ﬂ--‘h'&naition is allowed, but the fact that
Thallium (third forbidden), definitely emits less than Radium E
(second forbidden) 4s new knowledge.

A search for j-particles of very low energies revealed
that no ebnormal mumber is present in the spectrum of any of
the three elements,

An attempt has been made to derive energy distributions
from the ebsorption curves, but the results for Redium E depert
markedly from those obtained with magnetic spectrographs. It
was not possible to check the other two distributions owing to
the lack of information on them, The general findings, however,
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fit with those of Hughes, Eggler and Huddleston (7), who
recently published an account of similar work.

The formula used in the derdivation of the energy distri-
butions, includes an approximation which gives a deficiency
of lwom:.:gpartiolu, but the acouracy of the data is not
sufficient to permit the use of a better approximation. The
method does, however, give an indication of the relative
energy distributions for the three elements considered.
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The absorption method of determining the energies of Yerays
can often be used when the sources available are too weak to give
useful results with a magnetic spectrograph. The resolution is
not high, but the average values of groups can readily be deter-
mined, There follows an account of experiments carried cut on
I-;em‘.

The Iridium was in the form of (NH), Ir Cl, and was activeted
by neutron bombardment in the pile at Harwell. A thin, uniform
lworthnutwm-asmmmamusintmm”
"button” of 1" dlsmeter, and was cemented in with a solution of
distrene in bensene, The "button" was screwed into a hole in the
oentre of a 3" brass base-plate into which four brass pillars were
also sorewed, These served to locate three lead blocks 5" x 3" x3"
drilled centrally with a hole O-3" in diameter; collars were
inserted between the first and second blocks from the bottom, to
allow absorbers to be inserted. The counter was clamped in a
suitable credle, to a brass plate " thick, again with a central
hole 0+3" in diameter, located by the pillars in the same way as
the lead. The whole formed a rigid, reproducible collimating
assexbly and is illustrated in Fig. 35.

The electronic apparatus consisted of a Type 200 scale-of-
hundred, & Type 200 Probe Unit and a Type 200 Power Unit, all of
T.R.E. design,

Three counters were used in the determinations, two sets of
results being taken with the first, and one each with the other
two. The first, of the type shown in Fig, 36, had a copper tube,
¥ in diameter and of wall thickness O-45 mm as cathode, It was
placed, horisontally, above the hole in the lead assembly, with
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its centre line as shown in Pig. 35. The other two were of the
G.E.C. thin~window type. They had copper walls and duralumin end~
windows through which the radiation entered, pasaing axially along
the counter, '

The resolving times of the counters were determined by &
method in which two sources were used, singly and together; the
combined ocounting rate was smaller than the sum of the counting
rates using the sources singly and from this loss, and the
counting rates, the resolving time was caloulated (1). The imput
of the sealer was such that it could be used with a resolving time
of 5 microseconds or could provide a paralysis time which could be
preset to a value within the nominal range 300 microseconds to
4000 microseconds, It was found that in the former case, doubles
were frequently produced so it was necessary to use the second in-
put; this eliminated doubles, but the resolving time was increased.

In these measurements, it was obzserved, that at high counting
rates, the resolving time decreased as the counting rate increased.
A typioal set of results is illustrated graphically in Pig., 37;
here, resolving time is plotted against the counting rate due to
both sources together. This effect has been reported by
Mushlhause and Friedman (2), but their investigations were con-
cerned with the resolving time of the counter itself while in the
Gase described above, the paralysis time of the input circuit of
the soaler is the governing factor, It seems, therefore, that
the paralysis time of the flip-flop is affected by the counting
rate,

The principal experiments were of normal type. The ocounting
rate was observed for varying thicknesses of lead absorber, the
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results being plotted graphically with the counting rate on a
logarithmic scale (Fig. 38). An agymptote representing the
hardest component was then drawn to the curve at its lower end.
By sibtraction of this line, from the experimental curve, &
similar graph (Pig. 39) was obtained, this then being treated
in the same way, the final component being shown in Pig. 40,
Prom the straight lines, the absorption coefficients and hemce
the energles of the component V~rays were calculated. Since the
absorption edge in the energy-sbsorption coefficient relation
for lead, was so plaged as to cause ambiguity in the energy of
the softest component, it was necessary to carry out an absorption
meastrement with another material., Tantalum was used, but only
mifficient was available to allow the plotting of the top end of
the curve (®ig. 38(e). However, the ambiguity was removed, sinoe
ﬁnmmmndpwnwmihrdepo-atth.wpmdef
the curve, indicating the correct value of the energy of the sof't
component. (The other possible energy indicated by the absorp-
tion in Lead, had an absorption coefficient about three times as
great, in Tantalum, so the initial slope of the latter curve
would have been much greater, if this had been the relevant energy).
The wall thickness of the first counter was sufficient to cut
off the g-rays from the source, but when the two thin-window
Mwlmuﬁitmdmmutomﬂntthoﬁ-m
intensity should be reduced as much as possible. The collimator
was altered slightly by placing the three lead blocks at the
bottom, followed then by the spacing collars and the brass plate
ocarrying the counter., An Alnico magnetron magnet was placed with
its poles on either side of the lead blocks; the magnetic field
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namﬂlﬂmﬁhmmtmﬁ-pruchhmﬂummu
enter the counter without first striking the wall of the eollimator,
Fig. 41 shows the path in the collimating assembly of a A-particle
having the end-point energy for Iridium, A mmall amount of
scattered -rediation still entered the counter as is shown by the
sharp rise at the top end of the absorption curves taken with the
thin-window counters (Pigs. 38(c) & (a)).

The energies of the Yerays were estimated also by a trensition
m,mm%mu-oramxym“npmum
Yeray beam, and the ensuing photo-electrons absorbed in aluminium,
The experimental arrengement was as follows: the collars were
inserted between the second and third lead blocks (mmbering from
mhm)mt_wmntﬂwonumamﬂm
the top lead blodk, with its window 7" above the top plate of the
collimator, A copper foil (10 mg/en’) was placed on the second
lead block, and on top of this a graphite plate (365 mg/en’) in
order to remove Iridium K & L rediations, and Aereys respectively,
To: remove any electrons ejeoted from the collimator sides, a
further plate of carbon (146 mg/om” ) was sited on top of the
Mphﬂ,nﬁmmwmnmhwylﬂmm
aluminium absorbers were placed, There were 9 gold foils, each
of area density 8.1 mg/om®, and the effect of adding these was
investigated together with the effect of more than one copper foil;
the result of adding gold foils isshown in Pig. 42(a). There was
no significant difference caused by additional oopper foils, and
e host enission of ssoondery eleetrons was sbiadued with all nine
gold foils. The absorption greph showed a discontimiity when
several thin aluminium foils were replaced by a single one of
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approximately equivalent thickness, This effect was attributed
to the ensuing change in geometry and an attempt was made to pack
the thin foils more closely by placing a heavy square brass freme
on top. A slight improvement was obtained as cen be seen by
comparing Figs, 43 andll ; the former was taken without, and the
latter with the brass frame in position, These grephs confirmed
the two harder components, but gave no :l.n?omtionontbn
softest, A single gold foil (8+1 mg/om™) was tried (Fig. 45)
but again there was no evidence of the soft component, The graphs
were plotted with the counting rate on a linear rather than o
logarithmic scale, to show up,more sharply, the changes of slope
due to the slectrons of different energies, The energy required
to remove an electron from the K, shell of gold was rather high,
so further measurements were made using tin as a secondary
emitter, insteed of gold, As before, the effect of different
thicknesses of tin, was tried, the results of this being shown in
Pig. 42(b), Two thicknesses of tin were tried, 535 mg/oa and
23°2 mg/om’ ; as before, the two harder componemts were authenti-
cated, but the soft one was not in evidence., (Figs. 46 and 47)
In all five of these graphs, there is a decrease in slope at
the top,which is normal in Aeray absorption curves; it does, how-
ever, fall in the region where the soft component would be
expected, and probably masks the effect of it. It was on this
account that readings of higher statistical accuracy were not
carried out with this method.
~ The results of the four direct Yeray sbsorption measurements
showed quite good agreement with each other, The values of the

nmass-absorption coefficients in lead and the corresponding Yerey
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energies are shown in the following table:

Counter
| ayssadeioal | aysinirical| window 1 | window 2
% |sta) % |ww) | sev)| % | s(a)

Hard component | 0+125| 618 |0.126 | 615 | 0+118 | 592 | 0.119 | 592
Middle component | 0-301 | 331 |0.302 | 331 | 0.303 | 331 0317 | 321
Sof't component 2:73 | 146 (162 | 191 | 2:76 | 145 | 2.77 | 145

An estimate was made of the relative intensities of the three
groups of Yerays, The counter efficiencies for the three energies
were taken from a paper by Bradt (3) in which curves are given for
ocounters with lead, brass and aluminium cathodes., The first counter
used in the above experiments had a copper wall, so the curve for
brass was taken. The thinewindow counters were of copper with a
duralumin window, but this was so thin (0.001 in,) that the Yerays
were more likely to produce their photo-electrons from the copper
wall, and the curve for brass was therefore used in this case also,

The counting rates given by the extrapolation of the straight
parts of the absorption curves to zero absorber thickness, were
oorrected for the counter efficiency relevant to the quantum energy
of the Y-ray and the resulting counting rates were expressed in
terms of the hardest component, this being chosen on account of its
greater accuracy. The ratioas of the intensitiea are given in the
following table:

Hard component 1 ) 1 1 1
Middle component 2+54 247 | 2.88 2.19
Soft component 0 |

-




TABLE 16

Energy of Y-WL Energy of Y-Ray Energy of Y-Ray
KeV KeV KeV
Levy Cork . Hill & Meyerhof

137
199
202
205
206 208
269 .
296 29 296
308 306 308
316 315 17
W1 ?
408 7
L5k ?
469 4,66
&
488
586
592 601
608 610 -
615

651




Agreement is reasonably good, although the values for the
soft component deviate rather widely from each other. This is to
be expected since the acocuracy for this component is not as high
as for the other two.

Taking the averages, the determinations give three Yerays of
energies 604, 329 and 157 KeV and of relative intensities 1: 2:52;
025,

The energies obtained from the less accurate transition-
effect experiments confirm the two harder components, the average
values after addition of the K-electron emission energies of the
radiators, being 535 KeV and 323 KeV, but these experiments showed
moﬂdmdthlwmwmt;mm;nmm
due to this component would fall, however, in the region where the
slope of the S-ray curve decreases, and would therefore be masked
by this effect.

Reports by several workers indicate that there are many Yeray
lines in the spectrum of Ir''’ as determined by magnetic spectre-
graphs and it is rather difficult to £it the results gs,m above
with these values., Levy (4), Cork (5) and Hill and Meyerhof (6)
all give a list of several energies derived from magnetic spectro-
graph determinations,

Teble 16 gives the average energies of the converted Y-rays
as determined by these workers. The hardest component found by
the absorption experiments is probably the average of the Yerays
of energies above 586 KeV; the middle component fits reasonably
well with those between 29 KeV and 317 KeV while the value of
157 KeV for the soft component can be associated with the range of

energies up to about 200 KeV. The absorption method should have
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been ocapable of resolving a component having an energy of the
erder of 450 KeV, indicated by the results of Cork and Levy,
but there was no evidence of it.

(1)
(2)

(3
(&)
(5)
(6)

Beers, !; Rev, Sei, Instrum, 13 72 (1942)

Mm, C.0. lnd!‘ricﬂlln. H., Rev, Sci, Instrum, l
506 (1946)

Bredt, H., et al. Helv, Phys, Acta, 13 77 (1946)

Levy, P.W. Phys. Rev. 72 352 (1947)

Cork, J.M. Phys., Rev. 72 581 (1947)

Hill, R.D, and Meyerhof, W.E. Phys. Rev., 73 812 (1948)
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In the early days of the Geiger-Miller counter, the limita-
tion on the resolving time of the system was imposed by the
recording apparatus, of'ten a thyretron sealing circuit. The
advent of the hard-valve scaling oircuit reversed the situation,
and the resolving time of the counter became the governing factor.
The average modern hard valve scaler has a resolving time between
5 microseconds and 10 microseconds, while a typical figure for a
counter is about 100 microseconds, The electron multiplier has,
however, oreated a demand for a much faster scaler, asince its
resolving time is considerably less than 0.1 microseconds, In
addition, there seems to be & possibility of redusing the
resolving time of & Geiger-lhiller counter, if a smaller output
pulse can be accepted. Muehlhanse and Priedmen (1) describe
experiments in which they interposed a video amplifier, of 001
vwlt sensitivity and 2 Mc/sec bandwidth, between a counter and
soaler, with a resulting reduction in the ruolvihg time of
certain smell counters to 6 microseconds, They describe a scale~
of«two, which they used in this work, having a resolving time of
1 microsecond, This is still too long to obtain the full benefit
from an electron miltiplier, but is a step in the right direection,

The following high-speed scales-of-two were developed for
mdth.anommxm.

For test purposes, a simple pulse generator (Pig. 48a) was
built. In this, the 1 volt r.m.s, output from a signal generator
was amplified and passed to a pentode bilassed so as to cut off the
top and bottom of the sine wave, making it approximately square,
After differentiation, the resulting waveform wes amplified again
in a single stage of about 5 Mc bandwidth, The output pulse shape
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was not good, but was reasonably satisfactory between 100 Ko/sec.
and 5 Mo/sec.

Ocnsidereble development was done with this pulse generator,
but, as might be expected, it was found that the trigger cirocuits
were rather sengitive to the input pulse shape, so an improved
pulse generator (Fig. 48(b)) was constructed. As before, the 1 volt
r.m,8, coutput from a signal generator was amplified, but a stage
of higher bandwidth than in the first pulse generator, was used,
The output of this fed a snap circuit; this was a trigger circuit
which stayed in its second state (with V, conducting), only as long
as the grid of V, was held below cut-off, The square wave pro-
duoed by this stage, was differentiated urd fod to a valve which
acted as a cathode follower for positive output, and a low gain
amplifier on negative cutput, either sign of pulse being selected
by & switch. This pulse generator was a great improvement on the
first one; at a pulse repetition frequency of 500 Ko/sec. the
output pulse had an amplitude of up to 15 volts, and a total
duration of about 0-2 microseconds; the rise time was about 0:05

microseconds,
The first soaler was based on that described by Muehlhause
and Priedman (1), It was an orthodox Eccles-Jordan circuit

(Pig. 49(a)) using Mullard type R.L.7 valves (Service type V.R.136),
 chiosen because they had the highest figure of merit of those
available in the laboratory at the time, Matching of components
was found to increase reliability and all pairs were selected

to within 5%. The minimm size of coupling condenser was about
10pF ; 4n the final form of the circuit, 12pF Erie Cersmiocon

oondensers of 5% tolerance were used,
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Initially, the soreen~grids of the valves were run at full
H.T. potential, but it was found that the maximum speed of opera-
tion was increased considerably if this was reduced. The reason
for this is not obvious, sinoce the mutual conductance of the walve
is greatly reduced, The probable solution is that the woltage
swing is reduced, and recovery is thereby accelerated. It would,
therefore, seem better to use smaller anode loads and keep the
acreen potential high. |

Following the cirocuit of Muehlhause and Friedman, condenser
input was used at first, but this has the disadvantage of intro-
duoing additional capacity into the grid circuit, and also causes
some attermation, resulting in the need for a fairly large input
pulse, In the Type 200 scale-of-hundred designed by T.R.E.,
interstage coupling is carried out by double-diodes feeding the
anodes of the trigger cirocuit; the coupling condensers passing
the signal to the grids; the cathode of the double-diode is
connected to a point on the output anode load of the previous
stage. A similar method was applied to the ocircuit described
above, but the anodes of the double-diode were comnnected to the
trigger circuit grids and the cathode connected to earth through
a resistance; the i.nput was applied to the eathode of the double-
diode, This modification, shown in FPig. 49(b) reduced the input
required, from 10 volts to about 3 volts, and had the advantage
of making the circuit sensitive to negative pulses only, instead
of to either sign,

The performance of the scaler was tested by the pulse
generators described earlier, The maximum frequency of operation

was about 1¢ 4 Mo/sec, with a positive H.T. supply of 350 volts,
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a negative line woltage of ~300 wvolts, and with the soreen grids
at 95 volts. The output wave-form was triangular rather than
square, with an amplitude of about 10 volts.

The second soaler was again of conventional design, but
different valves were used, the E.F,55 (C.V.173) being chosen on
account of its higher figure of merit and higher amode current,
allowing more rapid charging of condensers. The circuit is shown-
in Pig. 50, Diode input was used from the start, in this sealer,
and in order to reduce the negative line wvoltage, the grid resist-
ance was made smaller than the coupling resistance, both being
fairly large to reduce the current drain through the path R, R. R..
As before, components were matched to 5%.

Reduction of screen potential was not carried out to such an
extent as in the first scaler, since it was decided to make full
use of the high mutual conductance (g = 12) of the E.F.55, and
make the anode loads as amall as possible. The minimm value for
these was found to be about 500 ohms and the circuit refused to
opmtcw!untluyurcmwtomm. In this case, o= was
expected, a large reduction of screen potential prevented the
circuit from operating at ali,

This scaler was highly sicoessful and was in fact the best
of the three, the maximm operating speed being about 5-2 Mo/seo,
with an anode supply of 275 wolts, a negative line of ~125 wolts
and the screen grids at 267 wolts, At 48 Mo/ses, the output was
about 10 volts in amplitude, but the wave form tended to become
triangular; at 2 Mc/se0, the wave form was good and of about
25 volts emplitude,

The original suggestion for the third scaler came from T.R.E.
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who had used a cirouit of this type in the laboratory, for
counting short burste of pulses at 8 Mo/sec, Its chief feature

is the use of diodes to clip the wave-forms, as shown in Fig, 51(a).
The grid of the non~-conducting wvalve is held just below cutwoff

by a diode, which also prevents negative overshoot, The diocdea

on the anodes, catch the anodes at a preset voltage, lower than
the full anode swing, and cause the eircuit te be fully

recovered in a time which is only a fraction of the anode load -
anode capacity time oconstant, instead of several times this value,
The input is applied to the cathodes of the anode diodes.

The final form of this scaler is shown in Fig. 51(b). The
minimun sise of coupling oondensger was found to be 4O pF , con=
siderably higher than in the other two ascalers, The maximm
frequensy of operation was sbout 1+6 Mo/sec, but the cutput wave-
form, of 15 volts amplitude, was prectically squar®. The preset
diode woltages grestly influenced this shape, and definitely
assisted recovery to a high degree., The input pulse required was
rather large (20 volts) and the circuit was very sensitive to
pulse shape, There is littlo doubt that this was the reason
that a higher operating speed wes not attained. Given sharper
pulses, a much higher frequency should be countable.

Summarising the results deseribed above, it seems that the
main factor in producing a high speed scaler is the choice of a
valve with & high mitual conductance capable of supplying a high
ourrent, and with fairly low internal capacities, rather than a
valve of higher figure of merit (i.e, with very small capacities
and & high mutual conductance) which can only supply & amall
current for charging the coupling condensers. It would be
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interesting to compare a scale-of-two, using C.V.138 valves
(8 =95mA/N; C,, = 35pF; C,+ =4s5pF; 4i,=10mA.),
which fall in the latter class, with one using E.L.38 output
pentodes (g = 14+3mA/V; Imput capacitance 17+5pF ; output
capacitance 6.5pF ; max, anode current 200mA).

WOTE: Since the completion of the work described above, the
fastest of the three scales-of-two has been tested at A,.E.R,E.
The pulse generator used, gave groups of pulses, each of width
0:05 microseconds separated by a time variable from O to 10
microseconds, the groups being separated by several milliseconds,
Ths resolving time of 0.2 microseconds was donfirmed, but the
performance was found to be very dependent on the sige of the
input pulse; 4if an amplitude of greater than two or three wolts
was exceeded, the circuit failed to operate correctly. The
Mmmmsmufollm:.thmmmmof
each pentode anode, consisting of the anode resistance, coupling
condenser and stray cepacities is very short (of the order of
0+02 mioroseconds)., If an input pulse is applied, large encugh
to ocut off the valve initially passing current, then after
about 0+06 microseconds, the anodes of both pentodes are at full
H,T, potential, leaving both valves in the seme condition, When
the input pulse disappears, the valve having the longer grid base
takes ourrent, and so the circuit always returns to this condition,
Thus the scale-of-two ceases to function as such, if the input
pulse width is greater than the anode recovery time constant of
0:02 s 800, and the input pulse amplitude is ten wolts or greater,
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A OGirouit Incorporating & Chroroscope Recorder,
for use with Particle Counters.
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This section of the work has already been published, and
a reprint is therefore included.

The counting set was originally designed and built for use
in training experiments with Geiger-Miiller counters, but has also
_been effective in conjunction with a Type 200A Scaling Unit,
allowing higher oounting rates to be employed; it has proved very
succesaful in this conneotion. -

When the Unit was used with counters, a separate, stabilized,
high~voltage supply was also constructed which was based on a
cirouit desoribed by Gingrieh (1). Modifications introduced
were principally those required for British valves, but a more
delicate voltage control was incorporated., The circuit is showmn
in Mg, 52, and stabilisation curves in Fig. 53.

BEFRIFNCES

(1) Gingrich, N.S. Rev, Sci, Instrum, J 207 (1936).
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Reprinted from the Fournal of Scientific Instruments, VoL. 25, No. 5, May 1948

PRINTED IN GREAT BRITAIN

A Circuit Incorporating a Chrono-
scope Recorder, for use with Par-
ticle Counters

By Hucn D. Evans, B.Sc., A.Inst.P., Department of Natural
Philosophy, University of Edinburgh

[MS. first received 3 October 1947 and in final form
11 February 1948)

ABSTRACT. A circuit which makes use of a high-speed
mechanical recorder, for counting experiments, is described.
As designed it forms a complete low-rate counting set, but is
readily adaptable for use after a scaling circuit. The difficulties
which arise if two parts of the unit have different resolving times
are discussed, and a solution is presented. The resolving time is
approximately 1/170 sec.

INTRODUCTION

In experiments in which high counting rates are not in
question, it is often more convenient to use a high-speed
mechanical recorder instead of the usual scaling circuit. In
addition, if a high scaling ratio is required, the number of
scaling stages may be reduced by using such a recorder instead
of the standard Post Office call meter. The latter is useless if
used alone, since its resolving time of 1/10 sec. is such that the
loss-rate on the background count of a small Geiger-Miiller
counter is greater than 19,. Several high-speed mechanical
recorders have been described in the literature. One type
uses a watch escapement controlled by a solenoid energized

by the pulse; Flammersfeld (), Tuck(z), and Kipfer() have
described such instruments, but all require winding. More
convenient instruments are the ‘Cenco’ counter and those
described by Lewisw4) and Neher(s). Neher’s instrument is
probably the fastest mechanical recorder so far developed,
having a resolving time of o-8 x 1o~®sec. The Marconi
Instrument Company have recently produced a recorder for
chronoscope work, which has a resolving time of the order of
1/200 sec. A circuit incorporating this instrument has been
developed by the writer and is described below.

CoNSTRUCTION AND OPERATION OF RECORDER

A small armature pivoted centrally carries a pallet engaging in
two gear wheels which are meshed together. The recording
pointer is carried on the same shaft as one of the gear wheels.
Two solenoids are situated one on each side of the armature,
and if these are energized alternately by the operating pulses,
the gearing is such that the pointer advances one division for
each pulse. The pointer shaft also carries a small wheel which
is part of the resetting device. T'wo insulated brushes bear on
this wheel which is conducting except for a small gap which
breaks the circuit when the pointer reaches zero.

In operating the recorder, the first problem is the direction
of a single pulse train, derived from a Geiger-Miiller counter,
so that pulses pass alternately into the two solenoids. The
obvious choice for this is a trigger circuit, but this leads to
difficulties when counting random pulses if the resolving
times of the trigger circuit and the recorder are different.
Consider the case in which the resolving time of the recorder
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The recorder circuit

Ry, 2 MQ; Ry, Ry, Ry, 100,000Q; Rj, 10,000Q;5 Ry, Ry, 20,000Q; R;, 1200Q; Ry, Ryg, Rus, 500,000Q; Ry, Ryg, Ry, Ryg, Ryzs Ry,
Ry, 250,000Q; Ry, 30,0000; Ry, 15 MQ; Ry, 600,000Q; Ryg, Ras, Ry, 100005 Ry, 60,000Q; Ry, 5000Q; Ry, 75,0000;
Rys, 100Q. €y, C;, Cy, o001 uF.; Cs, 001 pF.; C;, Cy, Cyy, 2pF.; Ci, Cpp, Cia, 0002 uF.; Cs, 00001 puF.; Cs, Ca, Cray Ciss
o1 pF.; Cy, 4puF. Vy, Vs, ECC31; V,, EAso; V,, V5, EFs0; V,, small neon tube. L,, L,, Marconi recorder solenoids; Lg,
2000Q relay; L;, 2300Q Post Office call meter. K,, Marconi recorder reset contacts. K,, relay contacts. 4, to counter. B, to
counter high-voltage supply



is the longer. An incoming pulse causes the trigger circuit to
take up a state 4, in which one side is conducting and the
armature of the recorder takes up its corresponding A4 state.
If a second pulse now enters the circuit after a time interval
less than the resolving time of the recorder but greater than
that of the trigger circuit, the latter changes to its other state
B, but the recorder has not recovered and therefore remains in
state 4, missing the pulse. The next pulse entering the system
returns the trigger circuit to state A, but the recorder is
already in this state and this pulse also is unrecorded. The
next pulse operates the whole system correctly. Thus, having
missed one pulse which has arrived too soon after the pre-
ceding pulse, the recorder also misses the next one irrespective
of the time interval between it and the previous pulse.

The prevention of such double losses may be achieved in
one of two ways: either the trigger circuit must have exactly
the same resolving time as the recorder, or the intervals
between the input pulses must never be shorter than the
resolving time of the recorder. In the circuit described, the
latter method was used, since it was found that the pulse shape
from the trigger circuit was such that it would not operate the
recorder when the resolving times of the trigger circuit and
the recorder were the same. The short time intervals were
eliminated by a flip-flop circuit, the time constant of which
was adjusted to be the same as the resolving time of the
recorder.

DescriptioN oF CIRCUIT

The input stage is a negative-sensitive cathode-coupled flip-
flop, the dead time of which is adjusted by means of R; to be
the same as the resolving time of the recorder. Grid voltages
are rather critical and are preset by means of R;. The diode
V, and the condenser C; speed up the recovery of the circuit
and make the dead time more sharply defined. The input
condenser C,; should be a mica dielecttic type with a high-
working voltage since one side is connected directly to the
counter anode. The stage can be triggered by a negative pulse
of amplitude 1 V. and delivers an output of about 12 V. If the
input is less than 1 V., the dead time of the stage increases,
since the condenser C,; must discharge more fully before
triggering can take place.

The second stage, which switches the pulses alternately into
two channels, is the Eccles-Jordan circuit in its negative-
sensitive form(6,7). The coupling condensers C,;, Cy are
relatively large to provide a pulse of sufficient length to
operate the following stage; in addition, voltage adjustments
are very critical if these condensers are small. Component
values are not otherwise critical, but pairs Ry;, Rys and Ry,,
R,g must be matched at least to 59,. Voltage supplies on the
original unit were derived from a single positive supply, the
cathode potential being adjusted by means of Ry;. An im-
provement, however, would be the provision of a separate
negative supply for the suppressor grids, the cathodes then

being earthed. In this stage also, in the interests of standard-
izing the valves, a double-triode trigger circuit, fed through a
double-diode, could be used. The third stage is a power
amplifier feeding the recorder. It might be thought that the
position of the count switch S, in this stage would give rise to
spurious counts, but this was not found to be so.

The recorder dial is graduated to 50, so some method of
counting whole turns must be introduced. The reset terminals
on the recorder are connected across a small 2000} high-
speed relay Ls which operates on less than 10 mA., the maxi-
mum current which the reset contacts will carry. When the
recorder pointer is at zero, the relay is energized, discharging
a 4 uF. paper condenser Cy; through a Post Office call meter
L, ; when the relay is ‘off’, the condenser recharges from the
h.t. supply through a high resistance R,;. The spark suppress-
ing combination Ry, Cyg is essential to avoid sticking at the
relay contacts. This method of counting whole turns may be
rather complicated but it has two definite advantages—there is
at no time a sudden drain of current from the h.t. supply and
it prevents a continuous current from passing through the
Post Office call meter, even if the recorder pointer stops at
zero. A simple flashing neon pulse generator is included for
testing and resetting the recorder to zero. T'wo pulse repeti-
tion frequencies are provided, one of about 1 per sec. and the
other of about 10 per sec.

The resolving time of the unit was determined by means of
a variable frequency pulse generator. This method was used
since the time required for accurate determinations by means
of random pulses was prohibitively long, due to the low
counting rates which had to be employed. Experiments were
made, however, with a Geiger-Miiller counter and two
sources(8), the results of which agreed with the other deter-
mination, within the limits of statistical error.

The maximum ‘safe’ speed of operation of the recorder, on
regular pulses, is 170 per sec. Any further increase in speed
depends entirely on very careful adjustments of spring con-
tacts in the recorder. It has been possible to push the speed to
190 per sec., but the adjustment was not maintained for any
length of time.

Finally, the author wishes to express his sincere thanks to
Prof. N. Feather for his constant interest and encourage-
ment throughout the course of this work.

REFERENCES

(1) FrammersreLD, A. Naturwissenschaften, 2&, p. 522z (1936).

(2) Tuck, J. L. ¥. Sci. Instrum. 13, p. 366 (1936).

(3) Kiprer, P. Helv. Phys. Acta, 15, p. 423 (1942).

(4) Lewis, W. B. Electrical Counting, p. 79 (London: Cambridge
University Press).

(5) Neuer, H. V. Rev. Sci. Instrum. 10, p. 29 (1939).

(6) Rercu, H. J. Rev. Sci. Instrum. 9, p. 222 (1938).

(7) Toomim, H. Rev. Sci. Instrum. 10, p. 191 (1939).

(8) Beems, Y. Rev. Sci. Instrum. 13, p. 72 (1942).



