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Abstract:
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ABSTRACT - -

A method of determining the absolute decay rate of a
radioactive substance is described, wherein use is made of
three counting rates. The difficulties resulting from the
application of scintillation counters to this problem are
discussed, and methods for avoiding some of these problems
are presented. Gircuit diagrams of .& gain~stabilized photo=
multiplier circuit, an amplifier circuit, and a coincidence

. c¢ircuit are shown. The resu&ts obtained by applying the

method to two samples of cobV indicate that reasonable accu-
racy may be expected, although a definite statement as to the
accuracy of the method must await a more complete investiga=

‘tion into the effects of satellite after-pulsing in photo—

multiplier tubes.
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INTRQDUCTION

Coincidence countihg methods have been used exténsively since 1930.
as a means of studying cosmic radiations, Compton effect, ana in the de-
termination of quantum energies, A1l of these expériments involve .the
_"simultaneous" triggering of two counting devices by a singlé particle
-or'quantﬁm. "Simultaneous® events are régistered by some cdincidence
device, and any two eventg that occur within the resolving time of this
device are considered as simultaneous eVents.'

In 1939, Feather and Dunworth (5) began coincidénce measurements of
"a somewhat differenf.nature for a new purposeusfhe detection of the simul=
taneous emission of two particles or quanta by an atomic nucleus, & por—
tion of the exﬁeriments was directed‘towérdsvthe determination of the
absolute efficiencies of the GeigeraMgller counters for various.gamma
.\'radiatipng, and towards the determination of the absolute iﬂténsit& of
“the sbufcgs. |

Recent advances in the design of photomultiplier tubes have ﬁermita
ted the scintillation counter to replace the Geiger~Mﬂller counter for
mary counting purposes, The application of scintillation counters to the
'.problem of determining the absolute decay rate of a Coéo source by the

Dunworth method is the subject of this report.,
: N
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DERIVATION OF‘THE EXPRESéION FOR ABSOLUTE DECAY RATES
-Coincidence counting involves registering the detection of twb
events that occur within a predetermlned tlme interval, Such events are
cons1dered to be 51multaneous events.l In the problem of determining ab-
solute decay rates, the s1mu1taneous events to be detected are the emis-
sion of two ionizing particles or quanta by a single nucleus in the pro-
cess of.its radioaetive decay, _iﬁdicated coincident evenis may result
from one of three'different processes, These processes may be described
in the following manner:
.1, A single particle may pass through both detectors and activate
both.. |
2. The detectors may be'adtivated by separate particles which ére
the result of a single nuclear decay.
3. The detectprs may be activated by pgrticles which have their
| origins in separatg, uncorrelated events that have occurred
within .the neceséary'time interval.
Coinci&ences of the first type are the result of éosmic radiation,
The position of the two detectors relative to one another determines to
a large extent how~significant the.error introduced by ceincidences of

this type may be. By arranging the detectors in a horizontal plane, the

1. The time interval (the resolving time) within which two events must
occur to be considered as coincident or simultaneous events may vary

. within rather wide limits according, to the requirements of any problem.
Resolving times on the order. of 107/ seconds are easily obtainable, and
Z, Bay (2) has shown that resolving times as short as 3 'x 10 seconds
are obtainable with the proper ch01ce of equipment
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probability of such an eyenf is reduced to the extent that sych céihci—
dences do not introduce an appreciable error,

Coincidences of the second type are the gepuine or true coincidences
to be investigated.. | |

Coincidences of the third kind are the result of £he fiﬁite resolve
ing time of the gquipmént. The error introduced by‘these chance coinci-
dences is detefminea by the resolving time of the cdincidence circuits
and by the activity of the source, In most cases, it is desirable to kéep
the number of these coincidences at:a minimum,

Consider the case in which a nucleus undergoes a radioactive transe
" formation with the simultaneous emission of two particles, Iet 6‘1' denote
the total probability that. particle number one will be detectéd-by counter-
‘number one, and-ég the probability fhat pérticlé number one will be detec-
“ted by c'c‘)unter number two. Iet éil gnd e—él ijepresent the correspgnding -
probabilities forlparticle nuﬁber two. These probabilities are dependent
upon the solid angles subtended at the source by the two detectors, the
efficiency of the'detectors, the sensitivity of the electronic circuits
invelved, the efficiency of the optical coupling, etc. With the probe-

bilities defined as above, the following relationships may be written:

- 1, .11 .
N =W Er+er) 3 (1)
= 1, 11 ) :
N, =N (e2 * &, ) | (2)

wﬁere.Ni represents the counts per-second by counter number 1, N, the
counts per second by counter number 2, and N the number of decays per

second.,
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' True coincidence counts may arise in two different fashions, Parti-
cle number one may be detected by counter number one and the aSSOCieted
perticle number two by counter number two. The probability of this event
would be(ZiG%} - Particle number one may be detected by counter ﬁumber two
and the associated particle by counter number one, The probability of
this event is eile%. The proﬁable number of true eoincidence counts is
given by the expression: |

N (co:.ncidence counts) = (ei %1'0611 1)N (3)
C

If the relative efficiencies of the counters towards the two particles

are-known, such that:

11 _ .1 "
e1 - KEI . (4—)
11 - .1 '
62_,f Kﬁz (5)
, N P — preelel
Then: N NeI(1 + K) N, = Ne3(L + K) N o= 2mEle  (6)

The decay scheme of Co®0 involves the emission of a g-particle fol=-

lowed by the emission of two gamma rays with energies of 1.17 Mev. and
1.33 Mev. By screening out the @=particles by means of aluminum shiel&s,

60 source ie reduced to '

the problem of determining the activity of a Co
the probiem discussed above, Furthermore, siﬁce the two gamma rays are
of very nearly the same energy, it may he stated with little error that

K, the relative efficiency, is equal to uniﬁy° The equations then

b : = 2Nel = 2yel = 2nelel |
ecome N1 el N2 gez N N€ 62 (7)

An expression-fpr N = N1N2 is then obtained
2N
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The above expression for the number of radicactive transformations
per second does not take into accoﬁnt the chance coincidences, the backe
ground coipcidences, or the individual béckgrqund ccunting rates of the
counters, )

The background coiricidence rate and the'indiyidual background
‘ countiné_rates may be measured directly. The determinapioﬂ of the chance
" coincidence rate requires a knowledge of thelrésolving time of the coin-
cidence circuits. Bleuler and Goldsmith (4) and Barnothy and Farro (1)
have outliﬁed a method for determiniﬁg the resolviné time, wherein the
twc coﬁnters are isolated and set to counting radiations from uncorre—
lated sources. 'The resulting coincidence‘counts are chance coincidences
only, and the resolv1ng time m&y be calculated from the expression
Nc = 2NiNéT; where T’represents the resolving time of the equipment. If
. the following notatlon is used:

nj = background counts on counter number one &)

n, = beckground counts on counter number two (9)

n, = background counts on coinciéence counter plus chance coin- (10)

cidence counts,

The.expressiop for the;abscluteldecayyxdte then becomes:

= (N = ny)(Np = np) ' | , 1l‘
N 2 = og) (1)
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THE CHOICE OF THE PHOTOMULTIPLIER TUBE AND PHOSPHOR

Séintillafion'counters are no newcomers to fhe'field of'pgrticle
counting, Crookes and Régener introduced thé technique of visual
scintillgtion counting‘in 1908, and this type of counter has played an
important role in establishing the natﬁre and charge of the a=particle,

The fact thaf the scintillations must be‘detected by the éyé of a
.human‘observer places serious limitations on the above technique, however.
. The rate of countlng is limited to about 60 sclntlllatlons per minute,
In addition, only a-particles can be detected by the counter, since the
weak ionizations of @-particles and »=ragys do not produce scintillations
of sufficient intensify‘to be seen by the human obserVep. 'Because of
these limitafions, the gas-ionizatien counter'had iargely replaged the
‘&isuai-scintillation counter by the late 1930's,

The years since 1947 have seen a tremendous revival of interest in
' the.possibilities of the scintillation counter, The.advances in design
of feliable photémultiplier tubes that are sensitive to very small -
_amounts of light have elimlnated the necess1ty of the human observer and
have extended the use ef the scintillation counter to the study of the
weakly ionizing anarticles.and P=rays.

- Of the photomultiplier tubes developed in recent years, the tubé
that has found ﬁhe widest application in scintillation counting work in
.this country 1s the RCA type 5819, The tube was developed especially
for scintillation counting purposes and combines a number of desirable

characteristics, two of them being a very large light sensitive surface
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and a comparatively low noise level. Morton (9) and Birks (3) list dew
tailed information on the tube; Two of these tubes were ﬁsed in the
equipment construcﬁéd for tﬁe present problem, the determination of the
decay rates of two samples of 0060°

The development of highly sensitive photomultipliers has made pos-
sible the use of many substances as phosphers. The zinc sulfide prepar-
ations used as phospﬁors in the visual scintillation counters have many
disadvantages, some of the'mpst seribus being.a long decay time fpr the
light flash (1(3"‘5 seconds or longer) and a low transparency to the‘émit-
ted light, |

Sodium ibdide crystals, activated with thallium, were used as phos-
phors in this work. The Nal (T1l) crystal possesses a number of proper-
ties that combine to meke it a very useful phosphor. The light yield is
the best of the known phosphors with the exception of ZnS, and while its
_decay time (ébout R.5 x 10~7 seconds) is not as fast as some of the or-
ganic phosphors, it is-still suitable for most counting work, The.crys-
tal has been shown by Hofstadter énd Milton (7) tp be very transparent to
its emission spectrum, meking possible the use of large crystals. _The
crystals are deliquescent, however, and must be used in air-tight sur-

roundings, These air-tight surreocundings are provided for in the case of

the Harshaw crystals by surroundlng the’ crystal on three sides by - thln

alumlnum and on the fourth by a transparent plastic. .k The icanned" cryse .

tals were taped directly to the end of the photomultipliers, with a thin

2. The crystals are the Harshaw Scintillation Crystal, serial number
292, type 16. . .
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film of mineral oil included to improve the optical coupling of the appar-

atus,
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THE ELECTRONIC CIRCUITRY

The Photomultiplier and Preamplifier Circuit

The most frequent cause of instability in scintillation coﬁntqrs is
the dependence of photomultiplier gain upon the applied qutage.B Un=
less suitable precautions. are taken, any variation in applied voltage is
accoméanied by a large change in the counting rate. |

To date there exist two methods of stabilizing scintillation coun-
ters. The first involves the use of extremely well regulated high volt—
age supplies with output voltages stable to about 0701 per ceﬁt for short
.periods of‘time (héurs).aﬁd 0.1 per cent for periods of dqyé. Such stable
supplies are very difficult to obtain, either commercially or by construc—
tion. | . |

& mach éimpler solufion to this problem is described byiﬁherr (lQ)°
A plateau is introdﬁced in the gain véréus high voltage characteriétics
'of the RCA 5819 tube as a.result of stab111z1ng the voltage between the
fifth and sxxth dynodes of the tube. In the circuit descrlbed by Sherr-
this is accomplished by means of a voltage regulator tube. Green aqd
Paul (6) indicaté that while this circuit has excellent gain characteris-

tics, the resulting current drain on the high-voltage supply is exceésive,.

- The ‘same effect-may be dbtaihed by the circuit of figure 1, in which the

" required stabilization is obtained through the use of batteries, The

gain characterisﬁics of this circuit show a slight improvement over those

3. Green and Paul (6) state that the gain of the RCA 5819 tube is depen=
.dent upon the &th power of the applied veltage.
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Figure 1

A Schematic Diagram of the Gain-Stabilized Photomultiplier Circuit
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Qf the original VR tube cirguit. A flat plateau extends over the range
from 880 volts 4o 980 volts. |

No theoretical basis for the existence‘qf this plateau is offered
‘eithef,by,Sherr,or by Green and Paul, Ap-earlier article by Mﬁrton (9)
mentions the effect and attribﬁtés it t§ the possibie occurreﬁce of a.
focusing loss at the sixth dynode. The effect,qf thé focusing loss is
more pronqunéed at higher voltages, and’partially compensates for fhe in-
creased gain that accompanies higher'tubé Qoltage in a standard ph;to;
maltiplier cireuit.

Two of ‘the circuits of figure 1 were constructed for the purposes
of this experiment. While no extensive gain studies were cairied out on
these circuits, an optiﬁum high voltage value was obtaiﬁed by conducting
a fcounts”versus high voltage® test for each photomultiplier and its
associatea preamplifier and amplifier. The results of these tests are
shown in figure 2 and Table I.

In the process of these tests, the high-voltage measurements were

made with a Triplett mﬁltimeter, Model 625-N, 10,000 ohms per volt. The

meter was placed directly across the output of the high—voltage supply
'and remained an intégral part of the circuit thféughout the conduction
of these and all other tests, ' _

Figure 3 shows the compieté schemafic-diagram for the photomultiplier
’and'pregmplifief unit; and fiéure A‘Sh§WS the diagram for the amplifier
‘and coincidence -unit.

The cathode follower preamplifier provides the necessary impedance
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TABLE 1

Results of Tests on Plateau Region in Gain Characteristics of
Photomultiplier Tube

Counts, Scaler No. 1 Counts, Scaler No. 2
Volts Divided by 64 Divided by 64
820 37 65
840 108 08
860 153 129
890 163 137
910 167 137
930 174 126
940 169 127
955 231 121

820 840 860 880 900 920 940 960 980
Negative high voltage in volts

Figure 2. A plot of scaler counts vs. negative high voltage.
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match between the photomultiplier and the coaxial cablg used:to cpuple
to the main amplifier.
The Amplifier and Coincidence Circuit

&

_The amplifier consists of a series. of 12AU7 twin triodes and incor=

porates ﬁhe principle of direct coupling throuéhout. The schematic dia=
gram for this applifier Was'furnishgd by Mr. W. Farrand of Richland,
Washington, Qomplete information as to its performance was not availe
'éble at the time.and has not been published since. However, the empli-
fier was reputed to possess excellent discrimination contr@l and
étability.

The two amplifier units constructed by the author did not give the
performance that had been anticipated. The SOnobm.potqptiometer which
supposedly provides the discrimination eonﬁréi had no discernable effect
on thé counting rate. The counting rate was very dependent upon the
sﬁpply voltage, with higher counting rates occurring at lower supply
voltages. 1In addition, a b;onounced drift in counting rgte-appeared in
one of the units, although the oﬁher cogl@ be depended upon to provide
consistent results. The reputation of the amplifier is well éstablished
however, and thesé Enfprtnnate characterigtips can only be attributed to
.faulty consﬁ:uction and/or faulty components, although thorough tests on
the components in@icafed‘thaﬁ they were in good condition.,

The nature of the output pulses from the two amplifier stages (very
unifprm pulse ampliﬁudg, sharp leading and trailing 9dges, 50 volt amplis

tude, less than 1 mic:o-secénd pulse width) was felt to be sufficient
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advantage té warrant the use of the'amplifiers. Such uniform, high-
voltage pulses made the design of the coincidence network a simple
matter, .

The coiﬁcidenée'circuit used was of the_@pssi type; using a twin-
triode 6J6 tube. The action of the circuit may be described as follows,
~:A_signal (negative) from one of the‘amplifiers,will qut off one—ha;f_of
the tube. The resultant teqdency‘fpf\a reduced'cﬁrrent through the
commonacathodg fesistof; R24, redﬁces thg grid ﬁo cathoae voltage for
the other section of the tube. The éonductiqn of this half of the tube
then increases, and the effect ié one of negative feedback for a signal
from only one amplifier. If, however, simulfanéqus signals from botﬁ
émﬁlifiérs are present at the grids of the coincidence tube, both halves
are cut off and a large qggativeggoipg pul§¢ appears across the cat@ode
reéistor_R?S.jfigure“4), h _ |

The ratio of the output resulting from coincident puléqs to that
'resulting frqm nonecéinqident pulsgs for the circuit shown in_figﬁrQ:A
is 2.5/1. ,While this valﬁe does pot coppare_with the lp/l ratio obtain-
able from some Béssintype circuit%, the use of additional discriﬁinating
étages has ing:easea the ratié fo 25/1, Qoincideﬁt pulses result in.a
‘negative~going pulse across resistor 334 of_125.volts, whereas non-
coincident ﬁulses result in signals of only 5 volts. The output from
the coinciéence cifcuit‘is reduced by resisfors R35 and R36 to a value
‘consistent with the requirements of the scaler units., The outputs from

the amplifiers are reduced in the same fashion,
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ligure 3. Schematic Diagram of the Photomultiplier and Preamplifier Circuit
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Schematic Diagram of the Amplifier and Coincidence Circuits
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JDESORIPTION OF EQULPMENT
Figures 5 aod 6 are photographs of the equipment. Figure 5 is an
exploded viow_of tho test chambor. _?he chamber was constructed of four-
inch iron pipe having walls one-fourth inch thick. The chamber provided
some shielding from stray radiation and a rigidahproﬁecpive support for
the samplé'and tﬁo_photomultiplier probes. _Ihe shieloiog_effect was of
llttle value in the conduct of ‘the tests, however, 51nce in the research
room used the shlelded background rate was as high as the unshlelded
background rate, 1nd1ca?1ng that the background was due primarily to
. penetrating cosmic radiations.
The samole holder COpSiStod of a long, thin rod of polystyroné, with

60 samples.,

60’

aogrooved end. to hold the ampules confaining-the_co
The penetrating nature of the gamma radiation of Co ~ made possible

thé—coﬁolete'covering of the photomultiplier and crystal oetectors'rith

- a light tight layer of‘Sootch eloctrical tape. 'The aluminum "cans" used

to preserve the ﬁo;A(Tl) erystals introduoed no difficulties, since the

absorption of gamma.rays by such a thin~layer of aluminum is not appreci=

able, One of the probe assemblies is shown in.a dismanﬁled form in the

-

photograph,
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- The photomultiplier and preamplifier mount.

- The photomultiplier tube.

The Nal (TI) crystal.

- The sample holder.

- The preamplifier, photomultiplier, and crystal
as assembled for the tests.

P - The test chamber.

mooOw>
1

Figure 5. An exploded view of the test chamber.
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Figure 6. A photograph of the amplifier and coincidence unit.



decay rate of a sample labeled 0060 (Ofl rd.). This sample was obtained

THE TESTS ON THE LOW-ACTIVITY SAMPLE

The first series of tests was conducted to determine the absolute

from the Bureau of Standards and was calibrated by that Bureau in July of

The activity of the sample was determined to be 0.159 rd., or

1.59 x 10° radioactive decays per second, on July 24 of that year.

The tests conducted to determine the decay rate of this sample were

the following:

1. The determination of the background level for each of the threé
éountérsL_ | |

2. The determination of the resolving time of the coincidence cir-
éuit by counting isolated sources.

3. The detérmihation of the absolute decay rate.of the sample from
the total number of counts of the three counters with the
.sample in place. |

Ten tests of one=half hour duration were run to determine the varie-

ous background counting rates, Successive counts of counter number one

. were very consistent, although over the total counting period of five

hours, a slight drift towards higher couﬁting rates was observable.

Successive counts on counter number two showed a wider spread (a varia=. -

tion from 118 x 64 to 114 x 64 in the extreme case) but no drift in

counting rate was apparent.

The number of background coincidence. ¢ounts varied around a mean

~value of 1.9 counts per half hour. Ten tests were perhaps inadequate to

z
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establish this mean value to any considerable degree of certainty, but thg
significgncé of the background‘in esﬁaﬁlishing the decay rate is small,

4 5 per ceﬁt errof in coincidence background would influence the final re-

sult by less than 0.2 per cent, These test results are showr in Table 11,

A series of twelve tests of fifteen minutes durstion each was conduc—

ted ié determine the resolving time of the coincidence circuit., These
tests were carried out at approximately the same counting rates as the
tééts to determine the absolute decay rate'éo that no errors would be ine- .
troduced due to a dependence of reso;ving time on the countiné rate. The
results of the tests afe shown in Table III. |

Fifﬁy tests of 15-minute time duration were conducted to determine

60

the absolute decay rate of the Co~~ sample. The results of the testé are

shown in Table IV.. - o
The yariati6n in the number of Eoincidence counts was quite large,
and a longer test period might seem to be indicated. It was felt that,
while the longer test period was desirable from a statistical viewpoint,
the use of such a period.wbuld'ihtrodﬁce errors of a mégﬁitude that
could not be readil& evaluated., The validity of the derivation of
equation 11 depends on the constant nature of the probabilities of detec=
tion of the particles by the counters; |
Previous mention hasAbeen made of the fact that one of the counters
(counter number one) evidenced a proncunced drift in counting rate, indi-

cating~a time variation in probability. It appeared possible to keep the

counting rate constant over 15-minute periods so this test period was used,




Counts, Scaler No. 1

25
TABLE II-

Background‘Tests

' Counts, Scaler No, 2 Coineidence-

Divided by 64 Divided- by .64 Counts
87 - 1116 2
86 117 "1
87 117 2
87 118 0
87 114 - 3
87 114 - 2 .
.88 116 0
91 114 -2
90 116 3
90 114 4

TABLE III

Counts; Scaler Nd. 1 |GCounts, Scaler No. 2| Coincidence | Resolving Time

Results of Resolving Time Tests

-7

Divided by 64 Divided by 64 Counts in seconds x 10
;848 1919: 6 4,05
" 854 1930. 16 10.65

810 " 1960 12 8,29
806 1945 13 9.10
841 1943 8 5.37
847 1883 : 9 6.23
884 1905 8 5.21
870 - 1885 | : 5 3.35
901 1899 : 13 8.34
911 1899 . 13 8,25
912 1903 . 10 6.33
" 922 1882 8

5.06
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TABLE IV
Results of'thg Activity Tests on the Low Activity Sample

Counts, Scaler No. 1 'Gounts,,Séaier No. 2| Coincidence | No. Decays per

Divided by 64 | Divided by 64 Counts second x 10~%

58 47 13 1012
756 o ew 2h 4s55
762 . 642 . S VA . 9.13
770 625 20 5.65
791 ' | 639 19 6.43
792 639 - 19 6.44
791 . 640 19 ' 6.44
1 647 L L 9.69 .
742 - 652 W 7,00
754, ‘ , 652 12 11.36
740 642 12 10.83
i | 643 19 6,01
on o 643 | 19 6.01
o | 645 18 6.45
us 645 . 19 . 6.08
748 64 19 6,08
748 ‘ 645 19 6.08

w6 47 15 8.47
766 640 ' 18 6.62

73 N 630 : 20 5,68
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TABLE IV (Cont'd. )

Counts, Scaler No: 1 'Counts, Scaler No. 2| Coinecidence .No. Decays per

Divided by 64 Divided by 64 Counts- second x 10=%
751 ., _ 637 : , 22 5,04
757 62 153 9.51
763 | ’ 634 16 : 7,55
758 | 630 15 o
e o 16 AT
%L | em . . 16 7.46
809 588 : 20 5.63
go9 588 21 5.31

723 603 | 2 . 4™
723 603 | % 790
722 . 604, 15 7.23
%7 eos 15 - 7,80
0 T 6w a2 473
705 | 604 16 6.47

705 . 604 17 6.00
706 60, 17 ©6.00
757 ' : 605 - 7 6.12
768 - 609 B 5,88
776 I 618 . 13 . 9.88
753 , 625 | 18 6.3

%1 609 24 | behl
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TABIE IV (Cont'd.)

. Counts, Scaler No. 1 {Counts, Scaler No. 2| Coincidence| No. Decays per

Divided by 64 Divided by 64 | Counts | second x 107
809 - - 588 13 . 6.87
756 648 24 ’ 4,72
8, 668 22 6.21
720 | 660 - 22 5.0
- 770 665 19 6.60
788 o 657 | 17 7,69
A : 660 _ 23 5,22

765 ' 654, 20 | 6.00
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‘TESTS: VITH THE HIGH-AGTIVITY SAMPLE
The tests conducted to determine the decay rate of 8 sample labeled
60 (1 rd. ) paralleled those conducted on the less active sample., No
background rates were obtained other than to verify that these rates
were approximately the same aé'in tﬁe previous series éf tests;, sincé
the background rates éffécted the final results muéh less than before.

The resblving time tests and the decay rate tests were shortened %o
three minutes from the fifteen minutes used for the other sample. The
primqry reasbp for. this change of prbcedure‘was to reduce the overall
time of testing. The much higher coincidence cbqnting rate involvea -
here (more than ten times as high) igdicéted that the results for this
sample éhould be at least as reliable as those obtained for the lower
activify sample,

Since fhe-number of chance coincidences represented a much larger
portion of the total number of coincidences than ﬁreviously (about 70
per cent of fhe total as compared to about 12 per cent), it was felt
thaf a much.mofe accurate measure of the resolving time was in order.
The numper of resolviﬁg time tests was increased to forty to reduce the
probeble error qflfhe,final averagé value. The two valﬁes obtaihed for _
the resolving time égree to within 3.5 per cent, indicating that the
counting rate had iittle effect on the résolving time, ‘

‘'The results of the various tests are shown iﬁ Tables V and VI,
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TABIE V-

Resolving Time Tests
(1.0 rd Sample)

¢

Counts, Scaler No. 1 Counts, Scaler No. 2 { Coincidence | Resolving Time

Divided by 64 Divided by 6/, Counts __ |in seconds x 10~
1430 1220 60 | 7.55
1417 1212 58 7.42
1420 1226 ‘ 51 6.43
1406 1215 62 . 7.97
1432 1232 | 61 7,60

U 1237 47 5,82
1417 1209 45 5,73
1420 1214 65 8.28
1419 1213 59 7.53
U3 1223 . 50 6.26
uz 1227 48 6,00
1351 1226 58 7.69
1395 1224, 49 5,95
1386 1209 52 6.81
1407 1218 ’ 56 7,17
1429 1225 - 64 8,03
1395 1223 56 7,21
1389 1228 64 8.2/,
1391 1216 47 6,11
11399 1210 58 . 7.52
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TABLE V (Cont'd. )

Counts, Scaler No. 1| Counts, Scaler No. 2] Coincidence | Resolving Time

Divided by 64 Divided by 64 Counts in seconds x 10~7
1399 1216 54 6,97
1417 1213 bty ~5.62
1383 1218 52 6.78
1393 1224 49 6.31
139 1221 42 5,42
1394 1210- 63 8,20

. 1387 1210 50 6.58
1389 1216 56 7.28
1391 1212 by 5,73

1375 1211 54, 7.12
157, 1213 48 5.53
1481 1216 62 7.56
1421 1211 50 6.38
1407 65

1210

8.39
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. TABLE VI

Activity Tests
(1.0 rd Sample)

- Counts, Scalef‘Nb. 1 [ Counts, Scaler No. 2 [Coincidence [No. Decays per .

Divided by 64 | _Divided by 64 -{ Counts second x 10-5
1471 1225 112 - 3.61
1489 - 1227 g2 8.13
1431 ' 1235 . 100 439
1437 | 1232 93 5.24
1433 1225 o 19,65
1541 124, 105 . 4%
1563 1217 - % _ 6.1
1541 -‘1230' 107 - biok3
1526 ' - 1218 | 88 6.91
1538 . 1203 .93 5.86
1557 122 _ 107 4.50
1547 s, 92 6,33
1532 ) 1193 ' 86 7.05
1537 11211 - Y 6.9%
1553 2215 93 6.17
1558 1206 1 : 4.85
1534 un e 7.72
1554 o 1160 82 © 7,81
1597 . 12:; o | 7.22

1448 1210 79 8,02
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TABLE VI (Cont'd.)

Counts, Scaler No. 1| Counts, Sceler No. 2 Coincidenceleo; Decays per

Divided by 64 Divided by 6/ Counts gecond x.10'5
1429 1189 | .9 - 4e99
um ‘ 1215 89 - 6.00
1398 - 1206 ' 86 5.62
1412 1210 | 80 7,15
1421 C 1204 93 L 482
1418 1208 - g3 647
14,35 1212 101 416
42 1215 N 9.1
u2l 1207 82 6700
1438 : 1212 o8 8.21
1463 1210 | B . 8,31
1400 | 1208 8, 6,04
1404 1226 77 8,21
1404 1213 89" 5.4l
1422 . 1206 B 83 6.50
1412 199 77 7.81
423" . .- 1209 i 87 5,75
1413 , 1202 88 : 5.41
1435  1m g% 6l

1469 1234 ‘ 70 15.0
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DISCUSSION OF RESULTS

The average value fof‘the number‘of deéays per.second obtained from
the series of tests on the Co60 (0.1 fd.)_sample was 6,78 x 104 decays
per seéond,' The calibration by the Bureau of Standards on July 24, 1947
placed the activity of the sample at'0.159 rd., or 1,59 x lO5 decays per
second., N |
| The expected value for the number of decays per second is obtained
by'subsfituting the appropriate value of t into the expression
N= Noe’;(t;to)el In tﬁis’expression, N, repre;enté the numbef of étoms
of the radioactive material present at the time ty,s N, the number of
atoms present at time t, and A, the decay constant. The decay constant
A is equal to the fraction of the total number of atoms thét decay per
unit time, Its value for a specific radioactive substance is obtained

from the half life (T) of the substance as follows:

r\:él'—n-—z-
e~
_Sipce the number of radioactive decays_per_ﬁecond_i§‘pﬁgﬁortignal
té the total number of atﬁms present; one may interpret the symbols N,
and N as the nﬁmber of decajs per‘secgnd at the times t, and t.
'The value for the halfulife of 0060 given By Lapp and Andrews (8) is
5,26 yearé.‘ Thus the‘expected vaiue for the number of decays per second

of the sample"is'6.68 b4 104 dps. .The tests were performed on March 15,

1954. The Bureau of Standards value has a probable error of not more
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than 2 per cent. The experimental value of 6.78 x 10% lies within this
2 per cent range,

The tests on thé more active sample were conducted on March 26, 1954,
and a mean value of 6,59 x 10° was obtained fér the number of decays per
second, Again this value is within the 2 per cent range specified on the
Bureau of Ztandards certificate. This sample was a;so éalibrated on
July 24, 1947, and its activitykplaced at 1.59 rd. The expected value
is 6.65 x 10° dps.

While the aboﬁe results are in good agreemeﬁt with the expected
values, they do not take into consideration. two sources of error. These
errors can be expected to coﬁpénsate for one andther'to some extent,-al=
though it is.diffigult_to state the exact extent. The two sources of
error are any directional correlations that might be involved in the de=
cay of the sample, and the existence of satellite aftef-pulses in the
photomultiplier tubes.,

Fairly accurate inf;rmation is available concerning the directional

" correlation of the gamma rays emitted by'Cbé_oo On the basis of this inm

formation, Barnothy and Farro (1) prediet that thg probability of a coin-

- cidence count with an angular separation of 180° between the detectors

. exceeds the probability of a coiﬁcidenceicount iﬁ the 90° direction by
about 16 per cent. The reéultant error in a detérmination of the abébn
lute decay rate is shown to be 9.2 per cent. The.experimental value ﬁill
be smaller than the actual value,

No such concreﬁé information is available concerning the effect of .
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after-pulsing. All evidence to date indicates that the effect is present
in varying degrees in all photomultipliers."Birks (3)_states that the
sgtellite after~pulses associated with the RCA 5819 tube might extend
over a period of 8 mibfq seconds but gi&es almost no information concern-
" ing the height of the pulses. ,

From the standpoint of statistical feliability, the results obtained
from the various tests‘afe.quité consistent. The standard deviation of
the values'gbtained for the activity of the less active sample is
1;66 x 104 decays per second. With this value of standard deviation, the
probable error in the mean value of 6.78 x 10% decays per second is not -
greater than 2.3 per cent. The standard deviation of the results of the
test on the more active sample is 1.49 x 105 decays. In tﬁis case the
probable error inithe average value of 6.59 x 10° decays per second does

not exceed t2.4 per cent,




. CONGLUSIONS

The results‘of the tests on the two 0060 samples indicate that scin-

' tillation counters mey be applied to the problem of determining the abso=

lute decay rate of a radioactive material. As is the case with Geiger-
Mﬂl?er tubes, considerable information must be avéilable concerning the
décqy scheme of the substénce. |

The most significant advantage resulting from the application of
scintillétion.counters to this proBlem lies in the greater sensitivity of
fhis type'of counter to gamms rays. The iqtal time_required-for any de-
sired statistical accuracy is primarily dependent upon the coincidence
counting fate, which in turn is Qeterﬁined to some extent by the sensi-
tivity of the detectors to the radiation in question.

The only disadvantage reéulting from the use of scintillation coun-
ters would seem to be the difficulty in determining the effects of the -
éfterupulsing characteriétics present in all phdtomultipliers° More
complete information on this Subject will perhaps permit the design of

pulse=discrimination circuits that will remove this difficulty.
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carbon resistor
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gain control
. potentiometer
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gain control
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APPENDIX

PARTS LIST FOR THE CIRCUIT SHOWN IN FIGURE L
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n
n
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n
n
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22
- 100

o 407
- 10
- 33
- 33
= 2,7

- 10
- 39
- 33
= 220
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- 470 K

discrimination control

potentiometer =
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carbon resistor - 10 K

= 100 K
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N
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Cl =, 460 ppf
C2 = 0.I pf
C3 - 0.1 pf
C4 - 0,1 uf
C5 - 0.1 pf
C6 = 0,005 pf
C7 = 50 puf
.C8 = 0,001 pf
€9 = 0.002 pf
€10 = 0.1 pf
Cll = 470 ppf
Cl2 = 470 ppf
Cl3 = 470 ppf
Cl4 = 470 ppf
Cl5 = 470 ppf
€16 = 0.1 uf

(]
[11¢]

V1 = 12AU7 twin triode

V2 -
V3 - ®
Vi = n
V5 = 6J6
V6 = 6H6

V7 = 6J6
V8 = 6J6

V9 - 6J6

J1l =
. and

J2 = Bt

d3 = out

] "

.twin triode
twin diode wired in
parallel
twin triode wired in
parallel
twin triode wired in
parallel
twin triode wired in
parallel

input from photomultiplier

preamplifier probe
input
put to scaler unit from

amplifier unit

out

34 = out
’ col

put to scaler unit from
neidence unit iy
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