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Summary: -

Measurements on standardized p-emitters have been made

in a 4 it proportional flow-counter» The counter efficiency is found

to be near 100 %. Absorption curves have been determined with

plastic foils and aluminium. A comparison is made between the

self-absorption arising in different methods of source preparation

which include precipitates and the use of wetting agents* The most

reliable results have been obtained with sources on aluminium foils,

where the foil absorption is calculated from the absorption curves

and the self-absorption is supposed to be negligible for isotopes

with end point energy above 0.5 MeV. The p" -emitters studied

have energies ranging from 1.71 MeV (P ) to 0.167 MeV (S ).

Most of them have been obtained from National Physical Laboratory

and Atomic Energy Research Establishment, Harwell, England.

The agreement between their calibration and our measurements

is very good» except in the case of Co .
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Absolute measurements with a 4 IT-counter

The counter

The measurements were carried out with a 4 ff proportional

counter.

It consists of two cylindrical chambers, separated by a slide

which enables the source to be introduced. Each half of the counter

thus has a 2 IT solid angle geometry. The source is mounted on a

plastic or aluminium foil, held between two metal rings which are

0.5 mm thick and have inner diameters of 19 and 25 mm, respectively.

The anodes are two loops of thin tungsten wire, diameter 0. 03

or 0.05 mm. The filling gas is C.P. methane, and it flows through

the counter.

Measurements

High-voltage characteristics were obtained for isotopes with

various maximum |3-energies. The length of the plateau varied

between 400 and 900 V, and the slope was in general between 0 and

0.3 % per 100 V. The plateau was displaced towards lower voltages

as the p-energy decreased. The curves in fig» 1 were obtained with

0. 03 mm wire in the anode loops, and 20 V discriminator bias.

Use of 0. 05 mm wire shifted the plateaus about 500 V to the right.

It was decided to use the thinner wire, since as low a voltage as

possible was desirable.

In fig« 2 the counting rate is shown as a function of the

discriminator bias between 0 and 50 V. Measurements were made

at one or more values of the counter voltage near the middle of

the plateau. The counting rate was either constant or decreased

slightly with increasing discriminator bias. If the counter voltage

was set at a value 200-300 V in from the plateau knee the slope

of the bias curve was insignificant, even for low-energy emitters,

provided the electronic amplification was sufficient.



Extrapolation of the bias curve to 0 V gave a first value of

the decay rate, from which the background was then subtracted.

The latter was about 0 . 4 - 0 . 5 c.p. s. , i .e. about 0.1 % of the

total counting rate. For routine use sufficient accuracy is

achieved with one single measurement at 20 V discriminator

bias and 200 V from the plateau knee.

Source preparation

All sources were prepared from solutions with specific

activities between 10 and 80 d. p. s./mg. Appropriate counting

rates were 100-700 c. p. s.

Quantities were determined by weighing in order to ensure

temperature independence. A Mettler microbalance with an

accuracy of i 0. 02 mg was used. 10 to 50 mg of the solution was

transferred by pipette to the source mount. The weight was noted

a few times at intervals of 10-15 sec so that a correction for

evaporation losses could be made. The drop was then dried off

under an infra-red lamp (20 - 30 min).

Source mounts

The membranes to carry the radioactive material should

be as thin as possible, and at the same time electrically conduc-

ting. Two kind were used: of aluminium and plastic.

Very thin aluminium foils (c. 1 |x) are available commerci-

ally. Earlier measurements had been made with foils with an

average thickness of 170 |j. g/cm . However, the thickness varied

considerably, as shown by weighing and absorption determinations.

A somewhat thicker foil, 200 |ig/cm (0. 8 \i.), which is more even in

thickness, has been obtained for later measurements. But in

both types of foil there are very small holes, which can be seen

if the foil is held up to the light.

From the chemical point of view, aluminium is fairly satis-

factory. It is resistant to nitric acid, but not to hydrochloric acid

pH < c. 2, sulphuric acid, nor to alkalies. In general it is



possible to prepare chemically stable solutions from the isotopes

concerned here with dilute nitric acid (see table 1).

Various plastics suitable for the preparation of thin films

are mentioned in the literature. We have used Formvar, Zapon (1),

and VYNS (polyvinylchloride-acetate copolymer) (2). All films

were prepared on a water surface and taken up on rings of the

type used in the counter.

Formvar produces a strong film, but is easily attacked by

acids and bases, Zapon* on the other hand, gives a film which is

brittle but resistant to acids and bases. A combination of the two

is satisfactory, and can be obtained by allowing a Zapon film to

adhere to a Formvar film that is already attached to a ring.

VYNS is both strong and chemically resistant. The film is

not so easily made, but on the other hand a single mount is

sufficient. VYNS films of thicknesses down to 5 |JL g/cm can be

taken up from a water surface.

The surface density of some of the films used for mounting

was determined by weighing. Average values were: 23 JJL g/cm

for Formvar + Zapon, and 10 u g/cm for VYNS. This agreed

with the relation between interference colours and surface

density found by Pate and Yaffe (2).

Various methods were tried to put a conducting layer on the

surface of the plastic film. Anstac M, an antistatic fluid for

plastics and the like, was first tried. A drop of this fluid quickly

spreads out over the plastic, but on drying the layer is rather

uneven, which in some cases is troublesome when the absorption

in the foil is determined.

A more certain method involves evaporation of metal on

to the plastic film. We have tried both aluminium and gold,

evaporated on to the Formvar side of Formvar-Zapon films

or one side of VYNS films. Colour variations indicate whether the

layer of metal is thin or thick. The resistances of different

metal thicknesses were determined with the help of a valve

voltmeter, and high voltage characteristics were also obtained.



As the conductivity of the metal layer increased the plateau

was displaced towards lower voltages, until a limiting position
45

was reached. Fig. 3 shows plateaus for Ca and three thick-

nesses of metal, together with a characteristic for a source mounted

on aluminium foil for comparison purposes. The counting rates

have been normalised to the plateau values 10, 10«5, 11, and

11.5, so the curves provide no comparison of the primary

counting rates. The limiting thickness of the gold layer is

2 jig/cm , according to Pate and Yaffe (3). Our average

values, obtained by weighing, were 7 |i g/cm for the gold

layer and 17 |JL g/cm for VYNS + gold. The values subsequently

adopted were 20 \i g/cm for VYNS + gold, and 30 |JL g/cm for

Formvar-Zapon + gold. At present we use only gold, as it

proved to be more difficult to achieve satisfactory coating with

aluminium.

Corrections

With the exception of the methods using 4 7r-counters

and coincidence techniques, the errors involved in absolute

(3-measurements are considerable, and may lead to uncer-

tainties of several percent. We have investigated the sources

of error in our 4 ff-counter, and have determined the

magnitudes of the corrections to be applied.

1» Various factors affecting the efficiency of the counter

are first discussed.

As already mentioned, the sources were mounted on

conducting films. This prevents weakening and deformation

of the field near the source, which -would impair the efficiency

of the counter.

A p- particle leaving the foil almost parallel to the surface

may be absorbed in the mounting ring 0. 5 mm thick that

surrounds the source before it has produced sufficient ionisation

to be registered. To examine the magnitude of this effect

measurements were made with one ring of inner diameter of



23» 19, or 15 mm, the other still being 25 mm. No variation

other than the statistical could be observed.

Careful measurements were made in order to find the
32

maximum permissible size of the source. For both P and
45Ca the diameter of the source could be up to 14 - 15 mm

without lowering the counting rate (inner diameter of ring 19 mm).

The sources used for the main measurements were 5 - 10 mm

in diameter.

It was concluded from the above results that the efficiency

of the counter was nearly 100 %.

2. Measurements on the dead-time of the counting
. ,_ . _. 24 , . 198

apparatus have commenced. Two series, on Na and Au

over periods of a few half-lives, have been completed, and

it was found in both cases that thedead-time correction was

0.2 % at 200 c.p. s.t increasing linearly to 0. 9 - 1.0 % at

700 c.p. s. Further measurements are being made, but

since the agreement between the two series already com-

pleted is so good, the correction may be regarded as accurate

within 0. 1 %.

3. Absorption curves were plotted in order to determine

the magnitude of the absorption in the foils. These curves are

obtained by plotting the observed counting rate against the

surface density of the film used for mounting. The first

measurement was for a source on a single metallised plastic

film, then for the same source with a second metallised film

attached to the underside of the first, and so on, subsequently

with aluminium foil. Extrapolation of the curve to surface

density zero gives the disintegration rate corrected for

absorption in the backing film. Fig. 4 shows some examples

of absorption curves, with the relative counting rate normalised

so that the absorption for a particular surface density can be

read off directly. The accuracy depends on how exactly the

thickness of the film or foil is known. An uncertainty of
2 2

i 20 \i g/cm in the thickness of a 220 p. g/cm A1 foil was



arrived at through weighing and results in an uncertainty of

JL Q. 3 % in the activity of a S source, and i. 0.2 % for Ca

It will be seen that the curves are not linear. If measurements

were made only for aluminium foils the correction obtained by

extrapolation would be too small» by an amount that increases

as the p-energy decreases.

When aluminium foils have been used for absolute measure-

ments the absorption correction has been taken from curves such

as those of fig. 4, This procedure has led to reproducible

values in all cases.

Another way of determining the absorption correction is

the so-called sandwich method. A first measurement is made

with the ordinary mounting, and a second with a similar film

or foil over the source layer. The correction is then made

either by adding the difference in the two counting rates to

the first, or by using the formulas given by Mann and Seliger (4).

We have used this method in only a few cases. Smith (5)

has shown, both experimentally and theoretically, that the

resulting correction is too large. Table 2 compares our

absorption corrections with those used elsewhere.

4. As mentioned above, the absorption in the mounting

film or foil can be determined with an uncertainty which is at

most 0.2 - 0. 3 % of the total disintegration rate. Self-absorption

is a more difficult problem. For higher energies it is negligible,

but for |3-energies below 1 MeV sources must be prepared in

such a way that self-absorption is as small as possible. This

applies even to the very small solid contents in the solutions

we have used (see table 1). The solid content cannot be

reduced too much, since losses due to adsorption on the walls

of the containing vessel then become appreciable. An inactive

carrier is usually added to the solution, and the concentration

of carrier must always be maintained when the solution is

diluted. The solution is often acidified to pH 1 - 2 to make it

chemically stable, and this acidity must be maintained when

the solution is diluted.



The appearance of the sources after drying can vary

considerably. On aluminium foils the dry substance tends to con-

centrate in a ring at the edge of the active layer. The diameter

of the drop does not diminish during dryingj sometimes it may

increase. A simple calculation gives some information about

the thickness of the active layer. It may be seen from table 1

that a solution with a concentration of 100 \L g/ml is more or

less normal, which means that a 0.02 ml drop contains 2 JJL g.

If the active layer is a ring with radii between 3 and 5 mm, the

surface density is 4 \i g/cm . If the ring were only half as wide

the density would be 7 |o.g/cm » Neither of these values can be

regarded as high: a foil 20 |x g/cm has an absorption of only 1 %
35for p-radiation from S . However, the variations in the size

and distribution of the crystals in the active layer are large,

so these estimates are inconclusive. Sources with various

emitters were examined under the microscope (360 X), and

it was found that the crystal size was less than 4 |JL , except

in some aggregations of crystals.

For plastic films the situation is different. When the drop

of solution is dried its diameter shrinks, and crystallisation

occurs at a single point or a few points. The crystals may be

several times as large as on the aluminium foils. If a crystal

is for simplicity taken to be spherical, the self-absorption can

be estimated. Meyer-Schutzmeister and Vincent (6) have worked

out values for a crystal in an S source, among others: for a

2 \i crystal 3.3 %, and for a 5 p. crystal 15 %. This indicates

that it is difficult to obtain an acceptable mean value of the

self-absorption correction.

An ideal source would have a monomolecular active

layer. Various methods were tried in an attempt to obtain a layer

which is at least relatively thin and even.

Vacuum drying was tried, but the results were not

encouraging. In some cases the solid residue formed a narrow

ring, with a self-absorption that was still quite large.

Another method is to apply a wetting agent to the plastic

film or the metal deposit. L.e Gallic and Thénard (7) have



investigated some wetting agents for this purpose. Two of them,

insulin and Tween, have been tried out by us. A drop is applied

to the plastic film and allowed to spread. Superfluous liquid is

sucked up, and the remainder left to dry. The active solution then

spreads out over the wetted surface. In order to avoid too much

absorption in the wetting agent we diluted insulin to 5 - 30 % and

Tween to 3 - 4 %. Insulin was found to be relatively satisfactory,

while the absorption in Tween was too large. Microscopic examina-

tion of sources so prepared showed that many of the crystals

were 2 - 3 \i. They were spread over a much larger area on

insulin-treated films than on untreated films, and in the latter

case there were many more crystals larger than 5 |x and many

more aggregations of crystals. Another method of checking the

distribution of the source material would be to use autoradiography.

Active layers can sometimes be produced in another way,

i.e. when the isotope concerned can be obtained in a suitable

precipitate. One of the isotopes mentioned in table 1 - iodine 131 -

has to be prepared as a precipitate, as it is gradually liberated

from an evaporated source. Precipitation is achieved with

silver nitrate. In such a case it is difficult to estimate the self-

absorption. But if ja-v concidence apparatus is available it is

possible to make comparative measurements from which the

self-absorption can be calculated. Estimation of the thickness

of the active layer in the manner described above gave values

of 5 - 30 |x g/cm for the sources used, depending on the size

of the active layer.

A method for precipitating strontium and yttrium has been

described by Seliger and Schwebel (8). The strontium is first

deposited as SrHPO., and then yttrium as the hydroxide

(in an NH, atmosphere). Below is a comparison of measure-
90 90

ments on different Sr -Y sources. Each figure is an average

for two or more sources.



Specific activity
(d.p.s./mg)

fdirect evaporation 35. 4

Sources on I T w e e n a p p l i e d before drying 35.7
plastic films ]

[ precipitation of Sr + Y 36. 3

Sources on Al foils, directly evaporated
from solution and corr. for foil absorption 36. 6

It will be seen that the precipitated sources give figures 1 %

lower than the sources on Al foils» while the other figures for

plastic films are 2.5 - 3 % lower than the latter.

Thallium can be precipitated with ammonia gas, but we have

not succeeded in obtaining acceptable sources. Evaporation of

solution on plastic films also led to large self-absorption, whereas

the crystals on Al foils were very small.

Co standardisation in 4 Jr-counters is often difficult on

account of the thick deposits. If the solution is evaporated in an

ammonia atmosphere^ a complex precipitate is formed, Seliger

and Schwebel (8) report that they obtained results 5 - 10 % higher

with such sources than with solutions evaporated in the ordinary

way on plastic films. Our measurements showed that precipitated

cobalt sources give measured activities 10 - 20 % lower than

sources prepared by evaporating a solution directly on to Al foils.

The active layer in these latter sources had an even greyish

white colour. There was only a slight increase in the intensity

of the colour near the edge.

Smith (5) made comparative measurements with (3-y

coincidence apparatus and a 4 7T-counter on sources produced by

direct evaporation from solution and electrolytic ally deposited

2+
sources (c. 1 ng/cm t negligible self-absorption), and found

that the self-absorption in the former was 4 - 5 % for 20 \L g Co

per ml solution and 6 - 7 % for 86 jig/ml.

This explains the large difference, 7 - 9 %, between our

result with a 4JT-counter and the standardisation carried out in

Harwell with a J3 - v coincidence apparatus. Cf. table 3.
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Similar results were published by Perry (9). In four

different laboratories results have been obtained with 4 ff-

counters which, before correction for foil absorption

(200 jig/cm ), are 9 - 12 % below the results from (3-v

coincidence measurements.

45Of Ca sources prepared, there was one with a large

even active layer on a plastic film. When measurements had

been made on it, it v/as redissolved in water and precipitated

as the oxalate. The activity diminished 2 % after this treatment.

For other sources prepared by evaporating solution on plastic

films the measured activity was on the average 15 % lower than

for sources mounted on Al foils. When the plastic films had been

pretreated with insulin the figures obtained were 6 % lower than

for sources mounted on Al foils.

Specific activity
(d.p.s./mg)

[direct evaporation 32. 5
Sources on J . , . . _ . ,

i .. ,.., S insulin pretreatment 34.6plastic films 1 c

[oxalate precipitate 34. 6

Sources on Al foils, directly evaporated
from solution and corr. for foil absorption 37.0

Of the standardised isotopes we have made measurements
35on, that with the lowest ^-energy was S (0,167 MeV). The value s

obtained for sources produced by direct evaporation of solution

on a plastic film were widely scattered, and the average was

c. 30 % below the calculated activity. The use of insulin led to

a considerable improvement, but the best results were achieved

with Al foils.

Specific activity
(d.p.s./mg)

fdirect evaporation 20-43
Sources on I _, , _ .
i jr.i \ Tween pretreatment 34plastic films I *

[_ insulin pretreatment 42.4

Sources on Al foils, directly evaporated
from solution and corr. for foil absorption 48. 3
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Sources mounted on Al foils gave the most reliable results
32 24 198

for other isotopes as well - P , Na , Au . Only in the case
24

of Na in HC1, where the acid attacks the aluminium» was it
necessary to use solely plastic films.

It has been pointed out above that self-absorption is

difficult to estimate when sources are mounted on plastic

films. The advantage of these films is their thinness, which

means that absorption in the film is small. But the disadvan-

tages outweigh this advantage for routine measurements:

preparation of the film and its coating -with metal is a time-

consuming procedure, and afterwards a large number of the

sources have to be rejected on account of too large self-

absorption. However, the thin plastic films are invaluable

for determining the absorption correction in the manner

described above. Subsequently it is possible to carry out

routine measurements with Al foils of known thickness. The

accuracy thus attainable is far greater than that of measure-

ments where plastic films are used and an estimated correc-

tion for self-absorption applied.

When the (3-energy is less than c. 0.5 MeV, the error

that may arise from self-absorption in sources prepared by evapo-

ration from solution must always be taken into account.

Results

Table 3 gives the results of our measurements on abso-

lutely standardised isotopes bought from British or American

institutions.

It was found convenient to normalise the disintegration

rates quoted by the suppliers to 250 units.

The results are not corrected for self-absorption, and

it seems likely that no such correction was applied by the supp-

liers either.



12

In those cases where the supplier's absolute measurements

were made with a 4 7r~counter, our results are within +2 % and

-1.3 % of theirs. Where their measurements were made with

ionisation chambers for p~ or y -radiation, the maximum diffe-

rences were +5 and -2. 8 %. Regarding (3-y coincidence

measurements on Co , see above.

References (6), (8), and (9) give an account of comparisons

between absolute measurements carried out in different labora-

tories. The scatter of the different values was quite large - up
32

to 5 % for P . A more recent report (10) compares measure-

ments carried out at NPL., NBS, and AECL. Only the isotopes
T131 . 198 __ 24 , _,32 . , , , ., . .
I , Au , Na , and P were considered, and the results
differ by from 1.2 % (P32) to 2. 6 % (Au198).

Errors

On an average 4-5 sources were prepared from each batch

of diluted solution, in the majority of cases on Al foils. The mean

deviation of the results was about t 1 %,

The period of measurement was sufficient to reduce the

statistical error to c. i 0.1 %.

The maximum error involved in dilution of solutions is

estimated to have been i 0 . 2 %, and in weighing the source

material 0.4 %.

The errors involved in the corrections treated above are:

1) At most ± 0.2 % for counter efficiency.

2) i 0. 1 % for the dead-time correction.

3) ± 0. 1 to 0.3 % for absorption in the mounting foil, depending

on the end-point p-energy.

4) 0 - 1 % for the self-absorption if E > 0. 5 MeV. In some
45 35 max ^^

cases 2 - 3 % for Ca and S . The situation for Co has
already been mentioned.

Where the duration of the measurements was longer than

the half-life of the isotope the accuracy depends on how well

the half-life is known» and whether or not the source was

contaminated by some other radioactive isotope (e.g. P in
32 32 1Qfi

P )« For some isotopes in table 3 - P (NPL), Au , and
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I - measurements were first made on a diluted solution,

and then, after 3 - 4 half-lives, on the original standard. As

an illustration it can be mentioned that the different values
131

of the half-life of I - 8 . 0 and 8. 04 days - lead to differences

of 0.4 % after one half-life and 1 % after three.

Uncertainty in the decay scheme of an isotope also affects

the determination of disintegration rates, e.g. where electron

capture occurs. The sensitivity of the counter for the

accompanying x-radiation depends on the x-energy. In the case

of Tl we have estimated the increase in counting rate caused

by the 4 % electron capture to max. 0. 4 %.

Present resources

When the above sources of error are taken into account,

we can measure ^-activities absolutely with an accuracy of
204

+_ 2 % if the p-energy is more than 0.5 MeV. Tl is excep-

tional, because of electron capture, and in this case the accuracy

is estimated to be i 3 %. Uncertainty about the magnitude of the
45 35

correction for self-absorption for Ca and S leads us to

assign an error between +4 and -2 % for these isotopes. In the

case of Ru - Rh there is some doubt as to how much of

the radiation from Rh is absorbed, when the Ru activity

is discriminated against (6 % uncertainty in j3 abundance; see table 1); we

therefore choose the margin of error - 3 %. Owing

to the usually high solid content of Co sources, the accuracy

of measurements on them is only 5 - 10 %, particularly since

this isotope is generally required y-standardised.
There should be no great difficulty in measurements on

other (3-emitters than those mentioned here, if the end-point
89 91 42

energy is high. Examples are Sr , Y , and K . But,

especially for weak emitters, it is essential that the solid

content of the source is not large. Another requirement is

that the solutions used should not be strongly acidic or basic:

neutral solutions or solutions slightly acidified with nitric acid

are preferable.
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For low-energy emitters our laboratory has apparatus

for internal gas-counting, developed by I«Ö« Andersson (11)«

It has been used for absolute measurement of tritium activity

in heavy water, and can be utilised for emitters that can be

prepared in a suitable gaseous form.

The 4 ff-counter can also be used for o-measurements.

The same methods of measurement can be used as in absolute

p-measurements, though the corrections are simpler. 2 ir-

counters can be advantageous for a-activities, since back-

scattering from the source mount is often negligible for

a-radiation, unlike (3.

For v-measurements we use an ionisation chamber. It is

calibrated for some common isotopes and the accuracy is

a few percent.



Table 1
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Isotope

P 3 2

Na24

Au198

T1204

Sr 9 0 -Y 9 0

I 1 3 1

Co60

Ca45

s35

Ru l 0 6 -Rh 1 0 6

Half-life1*

14,3 d 4>

15.0 hr

2.70 d

2 . 5 - 4 . 4 y5*

27.7 y (Sr90)
o n

64 hr (Y90)

8.0 d

5.25 y

164 d

87.1 d

1.0 y (Ru106)

30 s (Rh106)

End-point
p-energy
in MeV 2)

1.71

1.39

0.96

0.77 (96%)

EC (4 %) 6)

0.61

2.24

0. 61 (87 %)

0.36 (9 %)

0.25 (3 %)

0.82 (1 %)

0.306

0.25

0.167

0.039

3.5 (68%)

2.4(12 %)

3.1 (11 %)

2.0 (3 %)
uncertain (6 %)

Y

no

y e s

y e s

no

no

no

y e s

y e s

no

no

no

y e s

Chemical composition of
solution^)

100 p. g/ml NaH2PO4

+ 0.1 % formalin or

98}ig/mlH3PO4

200 |J.g/ml Na2CO3 in

H-O or 100 |A g/ml

NaCl in IN HC1

HAuCl in H2O stabilised

with 10 % KCN solution.

20 n g/ml Au + 40 \i g/ml

KCN

1 5 (i. g/ml Tl+ in

pH2 HNO, + 1 % formalin

25 |xg/ml Sr(NO3)2 + 25

|xg/ml Y(NO3)3 in pH2 HNOj

50 jig/ml Na2S2O3 + 50

jx g/ml KI + 0.1 % formalin

80 p. g/ml Co2+ in HNO3

15 fig/ml Ca2+ in pH2 HNO3

15 {xg/ml 'S 1 in pH2 HNO3

15 ji g/ml Ru3+ in pH2 HNO3

1) - 6) see the following page.
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1)' 2) According to the supplier:

NPL - National Physical Laboratory, England

AERE - Atomic Energy Research Establishment,
Harwell, England

NBS - National Bureau of Standards, USA

NCC - Nuclear Chicago Corporation, USA

32 24
3) P was obtained from NPL and NBS, and Na

from NPL and NCC

4) 14.22 d, according to Anders and Meinke (12).
32

The half-life of P -sources from phosphorus activated
33

in reactors is lengthened by the presence of P

5) Half-life uncertain. Value between 2.5 and 4. 4 y have

been given

6) Electron-capture probability 1.5 - 4 %
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Table 2

p 3 2

Na2 4

Au 1 9 8

TI 2 0 4

Sr90-Y9°

I 1 3 1

Co6 0 3>

Ca45

S35 4)

Our absorption correction in %

20 ng/cm2

plastic film

0

0

0 . 2

0 . 3

0 , 2

0 .2

-

0 . 5

1.0

170 jig/cm2

Al foil

0

0

0 . 8

1.5

0 .7

1.3

-

3 . 0

4 . 8

220 ug/cm 2

Al foil

0

-

1.0

1.7

0 . 8

1.5

3 . 0

3 . 6

5 . 6

N P L ' s corr.
in % for 200
(j. g/cm2 Al */

GM-
counter

0

0 , 9

1.7

-

1.7

2 . 9

5 . 2

-

-

Prop,
counter

0

0

1.5

-

1.6

2 . 2

4 . 0

-

Corr. in %
for
220 \i. g/cm
Al ace. to
Pate and
Yaffe 2)

0

0 . 6

0 . 8

1.6

-

-

2 . 8

3 . 7

5 . 8

1) Corrections derived by the sandwich method (9).

2) These values are from curves given by Pate and Yaffe (13).

3) Smith (5) arrived at 3 % for 260 |x g/cm by means of an absorption,

curve, and 6 - 7 % by the sandwich method and a GM counter.

4) Smith (5) arrived at 5 - 6 % for 260 [i g/cm by means of an

absorption curve.
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Table 3

Isotope

p 3 2

P 3 2

P 3 2

Na2 4

Na2 4

Au 1 9 8

T1204

Sr9°-Y9°

I 1 3 1

Co6 0

Ca4 5

s 3 5

Ru 1 0 6 -

Rh 1 0 6

Supp-
lied
by

NBS

NCC

NPL

NPL

NCC

NPL

AERE

NPL

NPJL

AERE

AERE

AERE

AERE

Reference
datum

1 1 .

9.

18.

25.

15.

2 0 .

12 .

3 .

2 3 .

10.

12 .

1 3 .

1 1 .

7 .

9.

12

9.

10

11

12

6.

10

12

12

12

12

57

57

. 5 7

57

.57

. 5 7

.57

57

. 5 7

. 5 7

. 5 7

. 5 7

. 5 7

S u p p l i e r

Method of
standardisa-

tion

p ion
chamber 1)

-« - 2)

4 n
(3 -counter

4 IT ion 4)
chamber

4 it
(3 counter

Y ion
chamber 7)

(3-Y
coincidence

4 n
(3 counter

- " -

- " -

' s

Stated dis-
integration

Arbitrary

250

250

250

250

250

250

250.

250

250

250.

250.

250.

250

—

-

•

±

0 ±

±
—

0 ±

0 ±

0 +

9) +

rate

units

o 01

*2 Of

o 01

*} 01

'X Of

o 01

C\ Of

*? oi

4 %
2 W

4 %
2 °f

Our value of the
disintegration rate3)

Arbitrary units

2 5 2 •

262

255X

254 J

251-.

244J

252X

250

244 5)

247 6)

250 x

253

228X 8)
232X

254X

249X

248X

253X

251X

J- "> 01^
~ ^ /o

± 2 %

± 2 %

± 3 %

± 2 %

± 3 %

i 10 %

+ 4 %

+ 4 %

10) - 3 %

1) - 10) see the following page.
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1) 2) Ion chamber calibrated with P , which had been measured

absolutely by means of a 4 IT |3 proportional counter.

3) x indicates dilution of the original solution.

24
4) Ion chamber calibrated with a Na standard and a Ra standard.

5) Both our value and the supplier 's refer to the {J-activity

uncorrected for electron capture.

90 90
6) The disintegration rate is the sum of those for Sr and Y

The measurements were performed Dec. 1957 to Jan. 1958.

7) Dosage rate in air 2.25 r / h r at 1 cm from 1 mC.

8) Regarding comparisons between (3-Y coincidence and 4 7r-counter

measurements, see text.

9) Ru discriminated against by means of an extra foil on top

of the source (in our measurements as well).

10) The source is placed between two foils of thickness 2. 4 mg/cm

which totally absorbs the j3 -radiation from Ru . A correction

of 3 % for Rh absorption has been applied.
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Figure 1

High-voltage characteristics for isotopes with various
maximum /3-energies
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The counting rate as a function of the discriminator bias.
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Figure 3

High-voltage characteristics for CaA5 as a function of metal
thickness on source mount, together with a characteristic
for a source mounted on aluminium foil.
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