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The problem of determining the energy of beta-particles emitted from sources containing 
low concentrations of radioactive substances is examined. Transmission curves of beta particles 
emitted by “ infinitely-thick” disc-shaped sources were obtained with two different detectors 
and compared to the curves similarly obtained for beta-particles coming from very thin 
“weightless” deposits on similar solid discs. Different matrix materials and beta-particle 
energies were used. The curves were studied for shape, secondary radiations and half-thickness.
A series of curves were also obtained from four different potassium-salt thick sources, in order to 
investígate possible influences from variations of effective atomic number.

No substantial diíference was found between the curves corresponding to the three types of 
sources, in connection with half-thickness-maximum-energy relationship.

Guiding rules are proposed for the determination of máximum beta-ray energies by means 
of absorption studies and half-thickness determination.

LA TRANSM ISSION A TRAVERS L’A LU M IN IU M  DES PARTICULES BETA 
EM ISES PAR UNE SOURCE D’EPAISSEUR IN FIN IE  

O n regarde le probléme de mesurer l’énergie des particules béta émises par des sources qui 
contiennent de petites concentrations de matériaux radioactifs. O n a obtenu des courbes de 
transmission des particules béta émises par des sources en forme de disques d ’une “épaisseur 
infinie” avec deux détecteurs différents et on les a comparées aux courbes pareillement obten- 
ues pour les particules béta sortant de dépóts trés minees “ sans poids” sur des disques solides et 
comparables. On a employé une variété de matériaux de matrice et une variété d ’énergies 
de particules béta. O n a étudié les courbes en rapport á la forme, aux rayonnements secon- 
daires et á la demi-épaisseur. On a obtenu aussi une série de courbes de quatre différentes 
sources épaisses de sel de potassium, afin de poursuivre les influences possibles que pourrait 
donner une variation du  nombre atomique effectif.

On ne trouva aucune différence signifiante entre les courbes qui correspondaient aux trois 
types de sources, en ce qui regarde le rapport de demi-épaisseur sur énergie máximum.

O n propose des régles-guides pour la détermination des énergies máximum des rayons béta 
au moyen des études d ’adsorption et de la mesure de la demi-épaisseur.

nPOnyCKAHHE HEPE3 AJUOMHHHH BETA-HACTHIi;, h s jiy h a e m h x  
MCTOHHHKAMH BECKOHEHHOH TOJIIIl,HHbI

H s y q a e T C H  n p o S n e M a  o n p e n e jie H H H  o H e p r n n  O e T a -^ a c T im , H S jiy n a e M u x  h s  h c to m h h k o b , 
c o H e p jK a m iix  K O H LteH Tpa nu lo  p a A H o a K T H B H L ix  B e m e cTB . B e i j ih  n o jiy q e H k i K p iiB Lie  n p o n y e - 
K a H H H  S e T a - 'ia c T m ;,  n a jiy q a c M w x  H 3 h h c k o b h x  h c to m h h k o b  “ O e cK o n e 'iH o fl t o j i i i ím h u ”  u p a  
n o M o m H  « B y x  p a s j i H r a u x  « e T e n T o p o B . 3 t h  k p h b h g  C b ijih  c p a B iio iiu  c  Ta K H M  » e  
06pa30M n o n y n e H H H M H  k p h b h m h  6e T a -H a c TH ft, h c x o 3 h u (h x  h s  oneH b t o h k h x  “ H e B e c o M U x ”  
o TJioJK eH H it. y n o T p e O jiH j in c b  paaoiH’iH u e  M a T e p H a m i M a T p a n  h  3 i ic p r n n  S e T a -q a c T H H . K p H B t ie
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IlSy'iaJlHCb B O T H O IIieH H H  H X  (JlO pM L I, B T O p tlM H O rO  HajiytieHHH H n O J iy T O J im H H I J .  B w J I  T a itíH O  
nojiyneH pnj; K p H B b ix  o t  q e T b i p e x  p a a j i i m H L i x  t o j i c t u x  h c t o h h h k o b  c o j i e f t  K a j iH H  a j i í i  T o r o ,  
H T O fib l H C C JieA O B aT b  B 0 3 M0 H<H0 e  B JIH H H H e n p H  H 3 M e n e H H H  3 (¡)({)CKTHBHOrO a T O M H O rO  H O M e p a .

He C h j i o  H a ñ n e H O  B H a iH T e J i b H o i i  p a a m m u  M e iK ^ y  k p h b h m h ,  c o o T B e T C T B y io m H M H  T p e w  
T í in a M  h c t o h h h k o b ,  b  O T H O in e H H H  M e w n y  n 0 J iy T 0 : i in M H 0 t t  h  M a K C H M a jib H o ü  a n e p r n e f t .

IIpeAJiaraioTCH pyK0B0;(nmne npaBHJia rjih onpeaejiem in MaKCHMajibHoít anepriin 6eTa- 
jiyneit n y T e M  H s y q e m i H  n o r J i o m e H H H  h  onpe^ejieHHn n o j iy T O J im H H b i .

DURCHGANG D U RCH  A LU M IN IU M  VON AUS UNENDLICH 
DICKEN QUELLEN EM ITT IE R T E N  BETATEILCHEN

Es wird das Problem der Bestimmung der Energie von aus Quellen mit niedrigen 
Konzentrationen radioaktiver Substanzen emittierten Betateilchen untersucht. Es wurden 
Durchgangskurven von durch “unendlich dicken” Scheibenquellen emittierten Betateilchen 
mit zwei verschiedenen Detektoren erhalten und diese wurden m it áhnlichen Kurven für 
solche von sehr dünnen “gewichtlosen” Niederschlágen auf áhnlichen festen Scheiben 
verglichen. Verschiedene Matrixsubstanzen und Betateilchenenergien wurden verwendet. 
Die Kurven wurden auf Form, Sekundárstrahlung und HWS untersucht. Es wurde auch eine 
Serie von Kurven erhalten von vier verschiedenen dicken Kalisalzquellen, um  etwaige 
Einflüsse durch Ánderungen der reelen Atomzahl zu studieren.

Kein wesentlicher Unterschied wurde festgestellt zwischen den drei Quellentypen ent- 
sprechenden Kurven, hinsichtlich der Beziehung zwischen HWS und maximaler Energie.

Es werden Richtlinien vorgeschlagen fü r die Festlegung von maximalen Betastrahlen- 
energien durch Absorptionstudien und Bestimmung der HWS.

1. IN T R O D U C T IO N
T his report is concerned with the identification 
of beta-particle emitters contained in certain 
materials having low-level radioactivity.

T he problem  of identifying puré beta-ray 
emitters is generally solved by determ ining 
their chemical identity, their half-life, and  the 
m áxim um  energy of the beta partióles. Most 
frequently, the m áxim um  energy is found by 
running a  beta-ray absorption study and plotting 
the transmission versus the absorber thickness. 
From  this plot, usually the range,<1_7) related to 
the m áxim um  energy by well-known empirical 
expressions, is evaluated.(8,0> A lternatively, the 
half-thickness of the initial portions of the curves 
can be calculated and  related to the m áxim um  
beta-particle energies.(10-12)

In  the case of samples having low levels o f 
radioactivity, it is either impossible or im- 
practical to reach the m áxim um  range, and  this 
restricts the determ ination o f beta-particle 
energies to the second alternative.

Low concentrations of radioactive substances 
m ake it  advisable to prepare the sources by 
using as m uch sample mass as possible, in  order 
to a tta in  higher m easuring efficiency. This 
m eans th a t thick extended sources will be 
preferred in such cases. This is different from

the general procedure followed in transmission 
studies, where the trend is to prepare very thin, 
intense point sources. In  view of this situation, 
it was thought desirable to conduct a research 
in order to gain a  better knowledge of the 
peculiarities o f the transmission curves resulting 
from such sources, and  the appropriate way of 
using them  as tools for the solution of the energy- 
determ ination problem.

A series of extended, thick, dense sources was 
prepared, and  the corresponding transmission 
curves obtained. I t  was also thought of interest 
to com pare them  w ith the curves determ ined for 
a parallel series of sources consisting of very thin, 
surface layers of radioactive deposits, while 
keeping all other characteristics constant.

T he curves were determ ined for various 
radionuclides (i.e. different beta-particle ener­
gies) and  different source materials, and  they 
were used for the evaluation of the corre­
sponding half-thicknesses.

C om plem entary experiments were also carried 
out w ith a series of sources m ade of different 
potassium compounds (em itting nuclide: po- 
tassium-40), in  order to investigate possible 
effects of variations of the effective atomic 
num ber o f the source m aterial on the resulting 
negatron transmission curve.
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2. E X P E R IM E N T S

2.1 Counters
Two different commercial low-background 

detector instrum ents were used for the experi­
mente. T hey will be called A and  B.

Instrum ent A contains two counters w ithin 
the same shell, in order to decrease the back- 
ground rate  by means of anticoincidence

PLA STIC  RING TO  KEEP 
TH E  SOURCE CENTERED

S O U R C E I 
HOLDER

D IS C  SOURCE

Fig. 1. Schematic drawing of window counter 
and source arrangement.

circuitry between both (Fig. 1). This double 
counter is heavily shielded by a  lead castle. 
T he detector belongs to the gas-flow type, 
working in  the Geiger región; its alum inized 
“ monomol resin” window has a  thickness of 
about 150 [ig/cm 2, and  a dia. of2 in. T he coun­
ter is served by an  autom atic sample changer. 
D uring the counting of each source, the corre- 
sponding holder is raised cióse to the detector. 
A short distance, about ha lf an  inch, is kept 
between the bottom  of the holder and the 
counter window, which was taken advantage of 
to ru n  the absorption experiments.

Instrum ent B presents similar features; it is 
not com bined w ith an  autom atic changer.

T he background rates of both instruments 
were about 45 counts per hr.

2.2 Sources
In  all cases fíat cylindrical source bodies were 

used, o f 22-6 m m  dia. and  3-mm thickness. 
Because of their shape, they will also be referred 
to as “ dises” . They are represented in Fig. 2, 
w hich also shows the distribution of radioactive 
m aterial associated w ith these dises, constituting 
the sources proper. Two series of thick sources

and  one series of thin sources were prepared, as 
described in  the following paragraphs.

2.2a First series o f thick sources
T he first series of thick sources was constituted 

by synthetic sources, m ade w ith puré substances 
purposely contam inated w ith small, known 
am ounts of different added radioactively labelled 
substances. T able  1 gives the list of m atrix 
components, their effective atom ic num ber Zeff, 
and their densities. T able  2 gives the radio- 
active additives used; the corresponding radio- 
active nuclides and  some of their relevant 
properties are also indicated. Among them , the 
m áxim um  ranges in  alum inum  are given, as 
found in the literature(9), and their equivalents 
in  potassium salts, sulfur and iron, all in linear 
units. I t  can be seen th a t w ith one m inor 
exception, none of these m áxim um  ranges goes 
over 3 m m , the actual thickness of the source 
dises, w hich can thus be considered infinitely 
thick.

As already implied, the disc volume was 
constant, so th a t their actual mass varied 
according to the m atrix  used. T he mass of

T H IC K  S O U R C E S  

( DIAM ETRIC CROSS SEC TIO N S)

R g M a a b w r a i  r r a d io a c t iv e> NUCLI0E

S U L F U R -,  
A L U M IN U M -, 
IRON -  MATRIX 
SOURCES

{« H !
POTASSIUM -  
SALT SOURCES

T H I N  S O U R C E S  

(D IA M E TR IC  CROSS SECTION )

SULFUR , ALUMINUM, 
IRON DISCS

-D EP O S IT OF 
RADIOACTIVE MATERIAL

Fig. 2. Distribution of the radioactive nuclide 
in the different sources used.
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T a ble  1
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Densities of
Series M atrix substances m atrix substances* Zet[f

2.2a

2.2b

Sulfur 2-07 g/cm3 16
Aluminum 2-70 g/cm3 13
Iron 7-86 g/cm3 26

Potassium thiocyanate 1-89 g/cm3 14-7
Potassium nitrite 1-92 g/cm3 12-9
Potassium chloride 1-98 g/cm3 18-1
Potassium chlorate 2-32 g/cm3 14-1

* Not density of actual sources. See text

+ Z _ X " iAiZiT ^ e f l-----v —a—
z n*A *

where n{ — number of atoms of class i in a molecule. 
A t =  mass number of atoms of class i.
Z t — atomic number of atoms of class i.

radioactive additive in each finished source was 
always kept a t 20 mg.

Sulfur sources were prepared by melting 
sulfur in a small beaker, adding the radioactive 
substance in the appropriate am ount and  mixing 
by stirring w ith a glass rod. T he m ixture was 
poured into a nylon mold and  left to cool slowly. 
I t  proved convenient to lubrícate the internal 
mold surface previously with paraffm oil, in 
order to ease the removal o f the disc. Since it 
was difficult to get a satisfactory distribution of 
the radioactive additive (as determ ined visually), 
only two different kinds of sulfur sources were 
prepared, containing either Ca45 or Sr89. 
These discs were finished by gently grinding 
them  down to size w ith sandpaper.

T he alum inum  and iron sources were pre­
pared by thoroughly mixing the radioactive 
additives w ith alum inum  or iron powders, 
respectively. T he iron mixtures were then 
compressed to about 200,000 lb /in2 and  sintered 
a t  1550°F into com pact discs o f approxim ately 
the density of iron. However, the iron mixture 
containing lead chloride was compressed but 
not sintered, in order to avoid loss of radio­
activity due to the higher vapor pressure of the 
lead compound. T he alum inum  mixtures were 
likewise compressed b u t not sintered. T he 
densities obtained for the mixtures were 99-3 % 
th a t of puré alum inum  and  94-9 % th a t of puré 
iron respectively. Photomicrographs obtained

during prelim inary experiments w ith inactive 
additives showed the fine structure o f such discs. 
T he distribution of the additive inclusions 
between the m etal granules depends largely on 
the nature of the additive and  its physical 
properties. This is illustrated by the spreads of 
results when lots of similarly prepared radio- 
active sources were measured for counting rates. 
Table 3 gives an  account of such d a ta : there is a 
general parallelism of standard  deviations for 
the corresponding alum inum  and  iron lots; 
Sr89-containing sources are the most repro- 
ducible; S35 and  Cl3e are the most variable lots, 
in both cases. T he sources actually used for the 
absorption study were those having the counting 
rate closest to the average for the corresponding 
lot. Sometimes, a slight grinding o f sharp rims 
was needed.

2.2b. Second series o f thick sources

T he second series of thick sources consisted 
entirely of discs prepared by melting potassium 
salts in a p latinum  crucible, pouring the melts 
into borosilicate glass molds, and grinding them 
down to size after solidification and  cooling. 
Care was taken not to decompose the potassium 
chlorate by excessive heating. Potassium-40 was 
the radioactive nuclide in all these cases, and its 
distribution was, of course, perfectly homo- 
geneous.
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T a ble  3

Number
of

Source sources 
M atrix/emitter counted

Average 
counting 
rate per 

unit weight 
(cpm/g)

a
(cpm/g)

o%

Al/S35 6 9161 50-3 5-5
Al/Ca45 6 1606-0 12-4 0-77
Al/Gl36 6 424-1 52-3 12-3
Al/Sr89 6 300-4 0-75 0-25
Al/P32 6 95-4 1-81 1-9

Fe/S35 6 624-7 78-3 12-5
Fe/Ca45 6 250-2 11-1 4-4
Fe/Cl38 6 89-6 7-8 8-7
Fe/Sr89 5 39-4 0-37 0-94
Fe/P32 6 19-0 0-64 3-4

2.2c. Series o f thin sources
A series of thin, weightless sources was also 

prepared, for comparison purposes, by evaporat- 
ing radioactive solutions, of very low solid 
content, spread on top of inactive, 3-mm thick 
synthetic alum inum  an d  iron discs, entirely 
similar to the thick radioactive source bodies 
described in  Section 2.2a above. T he resulting 
deposits were “ cleaned” by gently rubbing with 
wet paper “ tissue” , and  further drying. This 
assured th a t only an  adsorbed, weightless layer 
of radioactive substance rem ained on top of each 
3-mm backscatterer disc.
2.3. Absorbers— Technique

T he absorbers were plain alum inum  discs, 
2 in. in dia., m ounted on th in  ring-shaped 
narrow  bakelite frames.

T he sources were placed in the counter 
holders (i.d. 2 in.) and  kept centered by means 
of ring-shaped fíat lucite pieces (Fig. 1). Counts 
were taken for as long as practically possible, so 
as to obtain good counting statistics. Statistical 
counting errors naturally  increase when the 
total num ber of counts is diminished by thicker 
absorbers. For the three lower-energy beta- 
particle emitters used (S35, Ca45, Cl36), the 
relative standard  deviations, R SD , of all points 
w ithin a t least the first four half-thicknesses were 
kept below 3 %, except in one case (Ca45 in the 
thick sulfur m atrix, Fig. 3, for which the RSD 
increased to about 5%  a t 2-5 half-thicknesses).

For the higher-energy beta-particle emitters 
(K 40, Sr89, P32), it was possible to m aintain the 
RSD under 3 % for all pointg w ithin a t least the 
first half-thickness, except in two cases (Sr89 in

40 60 80 100
A D D E D  A B S O R B E R  T H IC K N E S S , m g / c m 2

F ig. 3. Transmission curves for beta-particles 
emitted by the indicated radionuclides contained 

in thick sulfur matrices—Detector A.

the thick sulfur m atrix, Fig. 3, and  P32 in the 
thick iron m atrix, Fig. 6, for which the RSD 
was already about 3%  a t 2/3 half-thickness).

For a  defmite m ajority o f the points de- 
term ined, the R SD  was 1 % or better. A lthough 
points w ith statistics poorer than  the above- 
stated limits have been represented in the 
graphs, no decisive weight was given to them, 
individually, in setting the direction of the 
transmission curves. No transmissions were 
determ ined beyond 150m g/cm 2 of added ab­
sorber thickness.

AD DED A B S O R B E R  TH IC K N E S S , m g  / c m 2

F ig. 4. Transmission curves for beta-particles 
emitted by the indicated radionuclides, contained 

in thick aluminum matrices—Detector A.
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AD D EO  A B S O R B ER  TH IC K N E S S , m g  / c m 2

Fig. 5. Transmission curves for beta-particles 
emitted by the indicated radionuclides contained 

in thick aluminum matrices—Detector B.

3. R E S U L T S

Figures 3-7 show the transmission curves 
obtained for thick synthetic sources, norm alized 
to 100% for the initial point, corresponding to 
zero added absorber thickness, in each case. 
Figures 8-11 represent the parallel series of 
transmission curves for thin sources, and Fig. 12

Fig. 6. Transmission curves for beta-particles 
emitted by the indicated radionuclides contained 

in thick iron matrices—Detector A.

F ig . 7. Transmission curves for beta particles 
emitted by the indicated radionuclides contained 

in thick iron matrices—Detector B.

shows the curves for potassium salt sources, all 
normalized in the same way.

In  a first approxim ation, all the curves are 
exponential, bu t they also present peculiarities 
which are discussed in the next paragraphs.

A very soft, low-intensity com ponent, consti- 
tu ted  by backscattered particles, appears super- 
imposed on most of the absorption curves for the 
m ore energetic beta radiations. From  the 
graphs, it appears tha t this soft com ponent is 
m ore intense when the atom ic num ber of the 
scatterer is higher, as repeatedly observed

F ig . 8. Transmission curves for beta particles 
emitted by the indicated radionuclides spread in 
a  thin layer on top of aluminum discs—De­

tector A.
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F ig. 9. Transmission curves for beta-particles 
emitted by the indicated radionuclides spread in 
a  thin layer on top of aluminum dises—De­

tector B.

before.(4,10) Backscattering effeets occur inde- 
pendently of source thickness in  the dises.

Tails due to hard  components were detected 
w hen the sources were thick and  the beta rays 
soft enough for the m áxim um  range to be 
overrun, i.e. S35 and  Ca4S. Since these are puré 
beta-em itters, the tails m ust be considered a 
bremsstrahlung effect. T he tails are  frequently 
too low in intensity to w arran t any correction

F ig. 10. Transmission curves for beta-particles 
emitted by the indicated radionuclides, spread in 
a thin layer on top of iron dises—-Detector A.

F ig . 11. Transmission curves for beta-particles 
emitted by the indicated radionuclides, spread in 
a thin layer on top of iron dises—Detector B.

A D D E D  A B S O R B E R  T H I C K N E S S .  m g / c m 2

F ig. 12. Transmission curves of negatrons emit­
ted by different thick potassium-salt sources— 

Detector A.



Transmission íhrough aluminum o f beta-particles emitted by infinitely-thick sources 843

of the transmission curves by subtracting their 
contribu tion ; the effect is therefore ignored 
w hen the extrapolated tails intersect the ordinate 
axis below 0-35 %, for the reasons explained a t 
the end of this Section.

Potassium-40 is not a  puré beta-em itter: 
negatron emission occurs in  89 % of the decays, 
and  electrón capture in  the rem aining 11%, to 
an  excited state of argon-40; since the subse- 
quent single gam m a-ray (1-46 M eV) is highly 
converted ( C E 1),  monoenergetic electrons 
are also em itted in 5-5 % of the decays<13). T he 
photon intensity is therefore low; for the con- 
ditions of this study, it was found th a t the ratio 
of counted photons to electrón particles was, a t 
the most, 1:225, thus making any correction of 
the curves for the calculation of half-thicknesses 
unnecessary.

T he calculation of the half-thicknesses dy2 is 
based on the well known equation,

R  =  R 0 . exp ( 1)

where R  =  counting ra te  w hen the absorber 
thickness is d.

R 0 =  counting rate  when no absorber is 
interposed.

From  this, the practical expression is ob ta ined :

1/2
0-3009(rf2 -  dj) 
log — log R 2 (2)

R i and  R 2 are any two counting rates for the 
particles transm itted through absorber thick- 
nesses d1 and d2, respectively, conveniently taken 
from a truly exponential section of the trans­
mission curve.

In  connection w ith this calculation, it is 
convenient to divide the transmission curves 
plotted in  Figs. 3-11 into two groups: (1) “ soft 
curves” , corresponding to S35, Ca45 and  Cl36, 
and (2) “ hard  curves” , for Sr89 and  P32. T he 
soft curves do not present m arked scattering 
effects, although some of the initial sections do 
show slight “ irregularities” ; because these are 
very small, they have been ignored, and  the 
curves are considered truly exponential a t their 
beginning. D ue to clear scattering effects, the 
initial parts of the hard curves, up  to about 
30 m g/cm 2 are generally no t exponential. O n 
the o ther hand, these curves begin to bend

downwards after about 60 m g/cm 2, so th a t only 
the interm edíate “ central” sections can be 
considered truly exponential; it is from these 
central sections th a t the  half-thickness valúes for 
the hard  curves were com puted. In  spite of their 
corresponding hard  energy, the curves for K 40 
present initial sections exponential, bu t this is 
probably accounted for by the low density of 
the m atrix potassium salts, giving rise to 
negligible scattered-particle intensity.

T he calculated half-thicknesses are given in 
T able 4. Some considerations about their 
precisión are in  order. As shown in A ppendix 
A, it is easy to find tha t

Ad _  log (1 +  AR/R) 
d\i2 2 — log (R  -j- AR) (3)

w here Ad¡dl¡2 is the relative error in  the half- 
thickness when the direction of the exponential 
curve changes in  such a way th a t the trans­
mission a t d\¡2 varíes from R  to R  -f- AR. In  
other words, A R /R  is the corresponding relative 
variation in  counting ra te  in  the vicinity of the 
half-thickness valué.

As explained a t the end of Section 2, the 
standard  deviations of the experim entally de- 
term ined counting rates w ithin the exponential 
sections of the curves actually used for calcula- 
tions, were generally below 3 %, to which 
corresponds a  “ 9 5 %  confidence level error” of 
6% . Using this upper valué for A R /R , and 
giving R  its num erical valué of 50, the calcula­
tion gives Ad¡dx¡2 — 0-09; in other words, the 
upper lim it of error to be expected a t 95 % 
confidence level, from purely statistical counting 
variations, is 9 %. Absorber counting-rate 
blank (background) determ ination errors should 
also be included, bu t their contribution w ithin 
the “ linear” ranges of the curves, is very low, 
due to the smallness of the blank rates them- 
selves: they ranged between 0-6 and  2-0 cpm  in 
all cases, a large m ajority of valúes being less 
than  1 cpm. Blank count rates were determ ined 
w ith the absorbers in  position, to allow for 
radioactivity or scattering in the absorbers 
themselves.

A dditional sources of errors are: U ncertain ty  
in the absorber thickness, geom etry variations, 
neglecting to substract bremsstrahlung contribu­
tion, and  defects in  draw ing the graphs. T he
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T a ble  4(a). Thin weightless radioactive sources 
on 3-mm-thick backscatterers

Counter B A

Back- Al Fe Al Fe
scatterer (mg/cm2!) (mg/cm2) (mg/cm2;) (mg/cm2)

Radio­
nuclides

S 35 2-5 2-5 2-4 2-5
Ca45 5-1 5-0 5-1 5-1
Sr89 73 75 80 77
p 3 2 90 89 92 95

first two can be considered negligible; in 
connection w ith the latter, special care has been 
exercised to keep consistency and to avoid any 
bias; this was helped by representing the 2 a 
lim it of all experim ental points by vertical 
segments, and  using these as guides for setting 
the proper course direction of each curve. Only 
those segments corresponding to relative a’s 
larger than  3%  are shown on the illustrations. 
As already stated, tails were not subtracted 
w hen their contribution was 0-35%, or less; 
this particu lar valué was chosen because it 
determines a  1 % error on the calculation of 
di/2 (Appendix B).

T a ble  4(b). 3-mm-thick radioactive source discs

Counter B A

M atrix
Al

(mg/cm
Fe sulfur 

2) (mg/cm2) (mg/cm2)
Al Fe K N 0 2 K C103 KSCN 

(mg/cm2) (mg/cm2) (mg/cm2) (mg/cm2) (mg/cm2)
KC1

(mg/cm2)

Radio­
nuclides

S 35 2-5 2-6 2-5 2-5
Ca45 4-9 51 4-9 4-9 5-1 — — — —

a 36 30 32 — 31 32 — — — —

Sr89 78 78 80 77 79 — — — —

p 3 2 — — — 90 93 — — — —

K40 — — — 76 78 78 79

T a ble  5.

/3-Ray
máximum

energies
(MeV)

Half-thicknesses

This work
Pooled
valúes

(mg/cm2)

RSD* of 
pooled valúes 

(%)

From D. W. E n gelk em eir’s 
curve

(NNES IV, 9, Book 1, 
p. 18) 

mg/cm2

0-167 2-5 2-2 3-0
0-25 5-0 2-0 5-0
0-714 31-0 3-1 26-0
1-46 77-5 3-1 63-0
1-71 91-0 2-5 81-0

* RSD =  relative standard deviation.
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4. C O N C L U SIO N S
T he calculated half-thicknesses (Table 4) are 

rem arkably independent of radioactive source 
thickness, m atrix  m aterial or even detector used. 
T he reason for the la tte r m ust be a ttribu ted  to 
the coincidental similarity between the instru­
ments chosen; in fact, the half-thickness valúes 
found by other researchers, who used a differ- 
ently shaped end-window Geiger-M üller counter 
are different, although not greatly so, from the 
valúes found during the present study.(10“12) 
As an  illustration, there are given in T able 5 
averaged valúes obtained from Table 4, and the 
corresponding ones as taken from the graph  of 
E n g e l k e m e i r .*10' pp- 18- 19>

Except for the secondary effects already 
described, the transmission curves for infinitely 
thick sources and  for th in  weightless sources on 
thick backscatterers are similar. According to 
this, no significant error should be expected in 
the determ ination o f d1!2 w hen the source 
thickness is smaller than  the m áxim um  range 
of the em itted particles in the m atrix  m aterial.

No noticeable effect was observed which 
could be a ttribu ted  to variations o f effective 
atom ic num ber of source m aterial.

W ith regard to the purpose of beta-ray-energy 
determ ination, consideration m ust be given to 
serious uncertainty in the valúes of ¿1/2 th a t can 
arise from backscattering effects, unless precau- 
tions are taken to select an  appropriate ex- 
ponential section of the curves, as was done for 
the calculations presented in this report. These 
can be condensed in the following guide lines:

(1) D eterm ine several transmission points for 
absorber thicknesses between 0 and  30 m g/cm 2.

(a) W hen the radiation is soft, all of the 
exponential curve will probably be con- 
tained w ithin this range. d1/2 is calculated 
from the exponential curve.

(b) I f  the beta-particles are energetic, a 
curvature due to scattered radiation will 
probably appear in this section.

(2) In  the case of (l)(b )  above, it will be 
necessary to determ ine points for the 30-60 mg/ 
cm2 thickness range. These will include the 
exponential section, from which d1¡2 can be 
adequately evaluated.

(3) In  the case of soft beta-particles em itted 
from low-intensity matrices (organic substances, 
plastics) it m ight be necessary to correct for the

presence of com paratively intense bremsstrahlung; 
in  consequence, enough absorber thicknesses 
should be used, in this case, so as to reveal the 
tail and evalúate its contribution.

(4) W hen dealing w ith radionuclide mixtures, 
a study of the shape of the initial, central and 
final sections of the corresponding curve should 
help to a possible resolution of the com ponent 
transmission curves.

O nce dyn is calculated, the m áxim um  beta- 
particle energy can be obtained directly from 
the graph presented in  Fig. 13, for w hich the

B E TA -P A R TIO LE MAXIMUM ENERGY, MeV

F ig . 13. Pooled half-thickness valúes as a func- 
tion of beta-particle máximum energies.

half-thicknesses for different kinds of instruments 
and  sources have been pooled into single valúes, 
as in T able 5, and  have been represented vs. the 
corresponding beta-particle m áxim um  energies. 
A logarithm ic plot, w here segments representing 
uniform errors keep constant lengths, has been 
preferred.
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A P P E N D IX  A 
Calculation o f theoretical e rro r  o f  

half-thickness valué
A A

In  Fig. 14, triangles ABC an d  M N C  are 
sim ilar; th e n :

A log R  _  log R 0 — log R
A d

R earranging:
d +  Ad  

A d ''

A d

log R 0 - log R  
A log R  
log R0 — log R  

log (R  +  AR) — log R

( 1)

(2)

F ig. 14. Variation of half-thickness with dire'c- 
tion of transmission curve.

log *o — loS R -  1 (3)

d
Ad '

Ad log (R +  AR) — log R  

log R0 — log R  — log (R +  AR) +  log R
log (R  +  AR) — log R

(4)
Simplifying and  inverting:

log (R  +  AR )/RAd  
d log Ro — loS (R  +  

log (1 +  AR¡R)
log R 0 -  log ( R + A R )  

Since R 0 =  100, we can w rite, for d =  d1/2:

(5)

Ad_

di/2

log

2 -  log (R  +  AR) 

A P P E N D IX  B 

“ Tail” subtraction
I t  is desired to find out the subtracted tail 

valué, í, which would cause a 1 % variation in 
the valué of d1/2. In  this general form, this is an 
indeterm inate problem , because the shift in  d1/2 
will also depend on the half-thickness of the tail. 
By definition, however, the tail decreases 
slowly and  no serious error will be introduced if 
the tail valué, t, is assumed to be constant.

Figure 15 shows tha t in the vicinity of the 
half-thickness, d1/2, a  decrease of the per cent
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transmission from 50 to 50 — t causes a shift Ad 
of the half-thickness, to the new valué ,2.

A A
Since triangles M N P and  P Q R  are similar, it is 
possible to State that

log 50 — log (50 — t) _  log 100 — log 50

M ultiplying by — 1 and  reordering

Ad _  log (50 — í) — log 50 
¿í/2 log 50 — log 100

But

log

d"'/i
ABSORBER THICKNESS

^1/2 ^1/2
log (50 - t ) =  0-01 (log 50 -  log 100) +  log 50

Fig. 15. Variation of half-thickness with sub- 
traction of bremsstrahlung tail.

T hen
t =  0-35


