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Radium Sources 
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Several aspects of the procedure a nd correction s for t he calibrat ion of enca psulated 
radium sources at NBS have rccenUy been in vest igated . It was fo un d that a chamber 
equipped wi t h a guard-rin g type electrode system allowing t h e use of a vibraLin g r eed elec
trometer as a current detecLor pro v ides more versatili t.v and precision than t he gold-leaf 
electroscope now in liSP for rout in c calibration s . Absorp t i.on corrections for t he U.s. prima ry 
na tional radium s tandards hav e been d eterm in ed for t he NBS chamber: 0.78 percen t for 
standard 5440 andl.O l p ercen t for sktnd ard 5~37 . The Owen-Naylor in tegra l equ aLion for 
absorption of rays in t he " 'alls of cylind rical rad ium so urceF h as been evaluated by a power 
scrips expansion of th e in tegrand. Absorption coefficienLs a nd cOl'l'ection factors for platinum 
and :'I10;,el metal (maLerials commonly used for source capsules) have bee n computed for 
t he NBS chamber. 
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1. Introduction 
En caps ulated radium sou rces are calibrated at th e 

Xationa1 Blll'cau of Stand ard s by a comparison , 
thro ugll secondary workin g sLandards, wi th primary 
national standards prepaL'ecl b.\' H onigsehm id [lJl 
in 1934. A gold-leaf electroscope with lead and 
al uminum walls is used for measuring LJl e gamma )"a.\-s 
eillit Led by th e so urces. The raLio of th e meas ure-
ments with the standard and t ested source mulliplied 

L b.\- the weight of radium clemen t p resen t in tbe 
j standard is certified as the "equivalent weight" of 
I tll e so urce. A conee-tion facto r for the absorption 
I of gamma rays by the wall of LllC so urce b eill g 
r calibrated is also given. 
I Several aspects of the calib ratio n procedure and 
~ corrections have r ecell Lly been investigatecl . These 

include the instrum ent used for comparin g sources, 
absorption correctio ns for the Honigscblllid stand
ards, and corrections for the wall absorption of the 
tested source. It was found that a chamber (with 
waUs similar to those used for the gold-leaf elect ro
scope) equipped with a guard-rin g type electrode 

L system allowing th e use of a vibratin g reed elec-r· trometer as a current d etector provides more versa
tility and precision . Absorption corrections for the 
Honigschmid standards were determined so th at the 
true weigh t of radium instead of the "equivalent 
weigllt" might be determined. Th e capsule wall 
abso rption corrections were determin ed through the 
use of an evaluation of th e in tegral for th e absorption 

IV of parallel gamma rays by a cylindrical wall. This 
integral was evaluated by a term-by-term integration 
of th e integrand expanded in a power series. Usin g 
the new current detector for the measurements and 
this evaluation of the integral, an effective absorption 
coefficient for platinum. (commonly used for capsule 

1 Figures in brackets indicate tlle literature references at the en d of th is paper. 

walls) and its dependence on several fac tors was 
d ciel'lllinecl . )leasufem ell ts wer e also made with 
)1011 cl met al wJlich is used to a lesser exLent for 
ell capsulatioll s. 

2 . Equipment and Method 

The measuremeJ\ts were performed with a lead
wnJled cubical ionizaLion chamber equipped with a 
guard-ring type electrode s.fstem allowing the usc 
of it vibmting reed electrometer as a current detec
tor. The chamber walls are of the same construc
tiOJl as those usecl for the gold-leaf elec troscope, the 
instnnnen t lI sed for routine raclium calibrations. 
Th ey cOll sist of 5-mm-thick inner aluminum walls 
and 10-mm-thick outer lead walls, and are 10 cm 
Oll a side. I onization currents were measured using 
the capacitance method, with a nullil1g potentiome
ter and electronic timer to determine the rate of 
change of potential with t ime. Only comparisons 
of ionization currents resul til1g from different source 
conditions arc involved in the measurements, so 
that with capacitance and null voltage constant, 
only the time need be determined accurately. Sat
uration curves were plotted and the vol tage diifer
ence between the electrodes of the chamber was set 
at an appropriate value. 

As in ordinary calibrations, the sources were meas
ured with their axes horizon tal and parallel to the 
front face of the chamber. The source and cham
ber were at the same heigh t so that the rays could 
pass horizontally into the chamber. In most cases, 
the distance between the source and chamber has 
been made as small as possible since the larger cur
rents can be measured with more precision. The 
distance cannot be made too small , however, because 
the correction factors which have been computed 
depend on the assumption that the gamma rays 
going from the source to the detector are parallel. 
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Several experiments, such as the result of one de
picted in figure 2, have been performed to determine 
the minimum distance which may be used for the 
measurement of a particular quantity. 

Long-term changes in measuring conditions such 
as temperature and pressure were avoided by per
forming the comparisons over short periods of time 
and in an ABBA sequence. \iVhere possible, condi
tions were arranged so that ionization currents were 
large enough to make background correction unnec
essary. If the currents were too small, it was found 
that the measurements were affected by pulses in 
the background current. These background pulses 
were studied by making a continuous recording of 
the electrometer readings. About 130 of these pulses 
are observed per hour and their magnitude is approx
imately 1 X 10- 4 statcoulomb. The charge produced 
in air by the passage of alpha particles from radio
nuclides such as Rn222 is of this order of magnitude. 

3 . National Standard Correction Factors 

3.1 . Description of the Standards 

The National radium standards used at NBS are 
two of twenty sources prepared by Honigschmid in 
1934 for use as international and national standards. 
The sources acquired by the United States were des
ignated as numbers 5437 and 5440 by Honigschmid, 
who determined their radium element content by 
careful weighing to be 38.23 and 20.45 mg respec
t ively as of June 2, 1934. They are also assigned 
the roman numerals XIV and XV, respectively, by 
the International Radium Standards Commission 
as a result of a comparison with the Paris and Vienna 
1911 standards. The weights derived from this com
parison are 38.13 and 20.38 mg, respectively, as of 
June 1934. The encapsulation is Thiiringen glass 
tubing of 0.27 mm wall thickness and internal d iam
eter of 3 mm and lengths of 36.7 and 36.3 mm [2] 
respectively. More information and photographs of 
the sources are given by Loftus et al. [2] and 
Davenport et al. [3]. 

3 .2 . Corrections Proposed by O ther Authors 

Although there is no information available on the 
absorption corrections for the Honigschmid stand
ards using the NBS type chamber, several values 
have been proposed for use with other types for the 
horizontal orientation shown in figure 1. Perry [4] 
has estimated the correction for the standards in 
general to be about 0.5 percent for a chamber with 
a 5-mm wall of lead and no aluminum wall. Weiss 
[5] lists wall and salt absorption corrections for 
Honigschmid standards and a chamber similar to 
the one used by Perry, but the sources measured 
are enclosed in an additional tube of glass. The 
method used for computing the salt absorption is 
given by Franz and Weiss [6]. 

Another analysis of the correction factors is given 
by Geiger [7] for a chamber with composite walls 
of 6 mm lead and 6 mm aluminum. The value for 

1 
TO DETECTOR 

(VERTICAL ORIENTATION I 

0.27mm 

-----.TO DETECTOR 
(HORIZONTAL ORIENTATION I 

FIGURE 1. Diagram defining the vertical and horizontal 07·ien
tation oj the radium source and detector. 

) 

I 
The arrows indicate the position of the detector which is the lead and aluminum 

walled ionization chamber. The horizontal orienta.tion is normally used, but 
in the vertical orientation there is less salt and wall absorption and the correction 
factors can be computed more easily. e 

this chamber should be nearly the same as one for the 
NBS chamber, since the walls are of similar con
struction. He computed total absorption corrections 
of 1.13 percent and 1.09 percent for the Honigschmid 
standards 5425 (Canadian) and 5440 (U.S.) respec
tively by a graphical integration. The calculation '\ 
is based on the assumption that the salt is fine 
grained and uniformly distributed along the bottom 
of the glass tube. Examination of enlarged photo
graphs of the standard 5440 indicates, however, 
that the average grain size is about 0.3 mm, 20 
percent of the inner radius of the tube itself. The 
grains are large enough so that most of them appear I~ 
to be along the bottom of the tube in a single layer 
four or five grains across. In order to avoid making 
this assumption, other methods of determining the 
correction factors were developed. 

3 .3 . Absorption Correction for Standard 5440 

It is considerably easier to compute the correction 
factors for a vertical orientation, that is, with the ~ 
axis of the source being parallel to the floor and 
the rays being directed downward into the chamber. 
The source geometry in this position is more clearly 
defined and the absorption corrections are smaller 
than for the horizontal position which is normally 
used . Figure 1 shows the vertical and horizontal J 
orientations. By measuring the difference in the ., 
ionization current for radiation coming from the 
primary source placed in the vertical and horizontal 
orientations, the difference in their' absorption 
corrections can be found. The absorption correction 
for the horizontal position is, then, the sum of this 
difference and the absorption correction computed 
for the vertical position. Zi 

The experimental procedme for determining this I 
difference was to compare the primary standard 5440 \ 
in both orientations to a radially symmetric source. 
The percent difference in these comparisons is equal ~ 
to the percent difference in the absorption COI-rec
tions. The average of 19 determinations of this 
quantity is 0.37 percent and the standard error of J 
the mean is 0.06. 
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r Th e wall absorp tion for rays passing downward 
from t il e source to the chamb er was computed from 
a n effective wall thickness of 0.279 mm as de

I tcrmin ed by a graphical integrat ion assuming that 
Lh e width of th e sal t along the axis of th e Lube is 
1.4 mm, as estimated from the enlarged photograph. 
The m ass absorption coeffi cien t for the glass was 
taken to b e 0.032 cm2/g which is the coefficient for 

'" elemen ts with Z less than 57, given by M ichel [8]. 
This figure was determined for the Canadian N a-

> tional l~csearcll Council chamber, bu t its construc
tion is similar enough to the NBS chamb er t hat t he 
error incurred in i ts use should b e negligible.2 The 
density of th e glass, computed from dimensions 
listed on th e source cer tificate, is 2.39 g/cm3 . Th e 

~. lineal' absorption coeffi cient is then 0.076 cm - I, 
i and the computed absorp tion is 0.21 percent. 
b The computa tion of the salt absorpt ion as opposed 

I Lo the wall absorption for th e vert ical orientation is 
more un certain and several differen t approaches t o 
the problem have been considered . In the com
putations outlined below, t he followin g quan tit ies 

'", arc es timated to have an accuracy of better than 
5 percen t: the density of t he individual R aCl2 gr ains 

i? is 4.9 gjcm3 [9], the volume of the sal t wi th t he 
tube on end is 11.9 mm 3 (by actual measurement 
using a cathetometer ), t he density as computed 
from this volume is 2.26 g/cm3 (Michel and Whyte 
[10] give 2.2 g/cm 3), and the mass absorp tion 
coeffi cien t3 for R flCl2 is 0.047 cm2/g. The percent 

I. absorp tion corrections are based on the formula, 
f, 100 (1-e-/lX) , where J.L is the product of the mass 

absorpt ion coefficient and the density of the salt 
and x is taken to be one-half the length of t he salt 
through whi ch t he rays pass . . . . 

I A value for the salt absorptJOn m the ver t icfll 

I 

( 
~ 

direction may be calculated assuming a uniform 
distribution of fine grains and a density of 2.26 
g/cm3• Such a calculation provides an absorpt ion 
correction of 0.12 per cent for primary 5440. Cal
culation of the sal t absorption using a more r ealistic 
descript ion of the salt configuration provides values 
which are somewhat higher . 

An estimate of the depth of the salt grains may 
be l11fl,de from the volume measurement with the 
t ube on end and length and width measuremen ts 

~ from an enlarged photograph. With the salt evenly 
di stribu ted tlu'ough the length of the tube the 
dimensions are 32.75 and 1.38 mm giving a depth of 
0.263 mm. Using this depth , and the density 2.26 
g/cm 3, t he absorption is 0.14 percent. . . 

F rom the photograph, an average gram diameter 
of 0.3 mm was estimated . If the effective sh ape of 

r the grains is assumed to be spherica.l, the salt. ab
sorption calculated from a formuls gw en. by ,Dlxon 
[11] and using 4.9 g/cm 3 for the salt denslty, :s 0.26 
percent. The averag-e of these two values l S 0.20 
per cent and the estimated error is taken to be ± 0.06, 
onc-half the difference between the values. 

> 
I 

2 This is assumed since the absorption coefficient for Monel metal (composed 
~ of clemen ts wi th Z less than 57) reported in tllis paper is 0.0335 cm' /g, only 5 
\ percell t di fTerent from Michel's value .. In this paper and also in Ke):ser [16] 

it is sho\\-n that the absorption coefficlCnt for platmUIll IS also approxim ately 
the same for both cham bel'S. . . . 

3 This value is given by Geiger [7]. It was measured wlth the Canadian 
chamber aDd its usc here is discussen in footnote 2. 

The t otal absorption correction using the average 
value of 0.20 percent ± 0.06 for t he salt a bsorption 
and 0.21 per cent (with a negli gible en ol') 1'01' the 
wall absorption, is 0.41 percent ± 0.06. Adding 
this to the measured differen ce of 0.37 percent 
± 0.06, the correction for the h orizon tal ori entaLion 
is 0.78 percent for national standard 5440 and the 
estimated error is (0.06 2+ 0.062) 1/2= 0.09. 

3.4. Absorption Corrections for Standard 5437 

Mann [12] has developed a calorimeter, called 
a radi ation balance, for comparing th e energy emis
sion from radioactive sources. Absorption correc
t ions for radium sources in a calorimetric calibration 
are quite small 4 and in many cases need not be 
determined for 0.1 percent accuracy. If a source is 
calibrated wi th a stand ard using both the calorim
etric and ionization chamber method, a difference 
in values will result \vhi ch depends upon the ab
sorp tion correcti ons for the standard and source 
calibrated . By correcting th is difference 1'01' the 
absorp tion of gamma rays in t he calibrated source, 
t he remaining discrepancy can b e used as a measure 
of the absorption correction [01' the standard. 

AtLix and Ritz [1 3] give the resul t of a calibration 
of a secondary NBS stancl ard N- 100 wi Lh the primary 
standard 5437 carried ou t by W . B . Mann using a 
Pel tier-effect twin micro calorimeter [14] specially de
signed for the comparison of H onigschmid standards. 
The value, 99.62 mg ± 00.3, was ob tained as of Octo
ber 1956. The resul t of a recent calibration using the 
vibratin g reed electrometer metr od described flbove 
is 100.63 mg (corrected fo r absorption in the second
ary standard and for decay since October 19G6) with 
a 0.05 percent standard error of the mean . The dif
fer ence between the two determinations is then 1.01 
percent which repre en ts the absorp tion correction 
for the standard 5437. 

3 .5. Summary 

The correcLions derived from the two methods 
described above are 0.78 percent for th e 5440 and 
1.01 percent for the 5437. This difference in absorp
t ion corrections of 0.23 percen t occurs because stand
ard 5440 contains 20 mg of radium elemen t and the 
5437 con tains 38 mg, making the geometries differen t. 
Loftus et al. [2] compared several of the H onigschmid 
standards with both the calorimeter and the electro
scope. Table 1 lists the per tinen t data. The dif
ferences in the ratio ob tained by the two methods 
should be a measure of the differ ences in gamma ray 
absorp tion since the cfllorimetric m ethod is inde
pende,n t of corrections. The difference in weigh t for 
the 5440 and 5437 standards is 18 mg which corre
sponds to a percen t difference of abou t 0.25, in good 
agreement with the difference of 0.23 percen t for the 
two methods. 

• The. size of the absorption correct:ions depends u pon the amoun t of energy 
wh ich is not absorbed in tho calorimeter, uSl1 aJJ y several percent. If, for example, 
it is 5 percent, then absorption corrections for the calorimetric mcthod wi II be 
5 percent of those for the ionization cham ber method. . 
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TABLE 1. DifJerence in calorimetTic and electl'oscope methods of 
measl!Ting H onigschmid standm'ds from Loftus et ai, 

Sources compared 

C/D _________________ _ 
D IB _______________ _ 
D /G _________________ _ 
A/C _________________ _ 
A/D _________________ _ 

A/D _________________ _ 
A/D __ _______________ _ 
A/B __________________ _ 
A/G __ ________________ _ 

DiITerence in 
weight of two 

stand ards 

mg 
04 
04 
05 
14 
18 

18 
18 
22 
23 

Ratio of radiation 
balance ratio to 

electroscope raLio 

1. 000 
1,002 
1. 002 
1. 003 
1. 002 

1. 000 
1. 003 
1. 003 
1. 002 

4 . Evaluation of the Owen-Naylor Integral 

Owen and Naylor [15] have derived an integral 
equation for the absorption of gamma rays in a cylin
drical capsule having its axis at right angles to a line 
drawn between the source and the detecLor. It is 
assumed that the rays leaving the source are parallel 
and that the capsule is completely filled with radium 
sal t . That integral is: 

1/10=- cos2 x . e - JJ.a Cv'Cb/a)'-sin'x-eosx) d x 4 i "/2 
7r 0 

where a = intel'llal radius 
b= extcrnal r adius 
!k= linear absorption coefficient 
x= an angle 

l o= intensity of un attenuated radiation 
I = intensity after wall absorption 

Using a plan imeter , Owen and N u,ylor evaluated 
this integral for specific 'wall thicknesses and extel'l1al 
diameters. To gain more accuracy and flexibility 
in its application, i t was decided to integrate the 
equation by expanding the exponential in a power 
series. The exponent is usu ally of the order of 0.1 
or less so that three terms in the expansion is suffi
cient, the con tribution of the fourth term being of 
the order of 0.01 percent. The result of the expan
sion is seven terms which may be integrated term 
by term. The integration of one of these terms was 
performed by another expansion (in fom terms). 
The result is: 

1/10 = 1 + J.L[5a6/ 1024b5+ a4/64b3+ a2j8b + 8a/37r-b] 

+ J.L2[b 2J2+ a2/4+ (b2/7r) (b2j2a2-2) arcsin (a/b) 

- 1/7r ..j(b/a)2 - 1(b2/2+ a2)] + .. (1) 

It may be noticed that eq ( 1) is of the form : 

1j1o= A(a,b)J.L2+ B (a,b)J..L+ 1. (2) 

The result was checked to better than 0.1 percent 
for specific cases using Simpson's rule and by com
parison with Owen and Naylor's graphical evaluation. 

5. Linear Absorption Coefficient for 
Platinum and Monel Metal 

5 .1. Previous Me a surements 

It is important to note that the effective absorption 
coefficients determined are hii!hly dependent upon 
the thickness and composition of the wu,lls of the 
chu,mber used for the measm ement. Platinum '"" 
(acLually 90 percent platinum and 10 percent 
iridium) is most widely used for the capsules of 
rad ium somces which ar e submitted for calibration, 
but there h ave been few measm ements of the 
platinum absorption coefficient for the type of 
chUlnber used at NBS. ICe:yscr [16] has made ~ 
measurements using the same type of chamber, 

r:c but flat absorbers were used to measure the absorp-
tion coefficient of pla tinum, instead of cylindrical 
sleeves which more nearly apprO} . .'imate the condition 
under which th e coefficien t will b e used . The de- ! 
terminatiolls for three differ ent flat absorber thick- I 
nesses arc 1.000 ± O.050, 0.960 ± 0.050 , and 0.960 ± ~ 
0.060 cm - I, averaging 0.973 cm- l . The vu,lue 0.93 
cm - 1 was given to Attix and Ritz [11] in a private 
communication from G . N. 'Whyte, but no details 
on the type of absorbers used were given. 

5.2 . Procedure 

The linear absorp tion coefficients were computed 
from measurements using right cylindrical sleeves 
of the material in question and two secondary 
standard sources, nominally 50 and 100 mg. which 
fit snugly in and were the same length as the sleeves. 
The wall thickness of the sleeves, the critical value, 
wu,s computed indirectly from theil' density, weight, 
length, and external diameter, quantities which 
could be measmed very accumtel,v. T his method 
has an advantage over more direct means becu,use 
it accounts for irregulari ties in the internal diameter_ 
and gives an average wall thickness for the whole 
length and circumference of the t ube. An average 
sleeve thickness is important since many measure
ments are tu,ken using random orientations of 
source and sleeve. Errors in the sleeve wall thick
nesses are estimated to b e no greater than a few 
tenths of a percent . The dimensions used for the 
sources are certified by the manufacturer to b e 
correct to 1 percent. 

The ratio, R, of the electrometer measurements 
with the sleeve on the source to those with the sleeve 
off was found experimentally as described above. 
Using the internal radius, a, and the external radius, 
b, of th e so urce, the coefficients, .f1 and B in eq (2), 

1/1o= A(a,b )J..L2+ B (a,b )!k+ 1, 

I 
I 

~) 
I 

could be computed . For the combination of the 1 
sleeve and source, a new eq (2) may be determined, ~ 
using the internal r adius of the source for a, and t he ( 
sum of the external radius of the somce and the wall 
thickness of the sleeve for b: 
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Since lhe ratio of I' to I is R , J.I. may be computed 
from 

R 
A(a,b' ) J.l.2+ B (a,b' ) J.I. + 1 
A (a,b) J.l.2+ B(a,b) J.I. + 1 

5 .3. Dependence of J.I. on Several Factors 

(3) 

The linear absorption coefficient, J.I. , for platimun 
w,ts men,sureel under various conditions to obtain 
information on its constancy. 

lL was assmned in deriving th e integral for wall 
n.bso rption that the ra~'s coming from the source were 
pa.ralleL The effect of having nonparallel rays was 
ci.eterm ined b~T measuring the sleeve wall absorption 
for different distances between the source and the 
front of lhe detector (a 10-em square) and making 
lhe computation [or the linear absorption coefficient. 
Figure 2 shows the range o[ consUmc~' for J.I. as a 
fun ction of distance for a sleeve o[ wall thicknes 
0.93411ml. The graph shows that J.I. remains reason
[.bly constant for distances greater than 20 cm. 

Foul' sleeves having different wlLll thicknesses were 
lIsed [or the determination or J.I. , and the average 
values for several delerminalions with each sleeve 
arc lis ted in tt.ble 2. The table indiclLtes that there 
is a slight downward t rend in ,u with decreasing wall 
thiC'kness. The magnitude of this trend m akes it 
J'CIlsonable to aSSlUne tbltt it is caused bv such [actors 
as the error in eq (1) due to the oniission of the 
)'elllrLining terms in the exp,msion and Lh e change in 
energy du e to the absorption of ofte r gamma l'a~'s 
by tb e sleeve walL These raclors would. all becom e 
negligible if a sleeve of ver~- smaIL t biC'.kness were 
used so that the best es timate of J.I. 'would be given 
by an extrapolation of J.I. lo zero sleeve thickncss. 
The u e of a secondar~' s(·ancJ.;ud source nominally 
50 mg or one nomiIU111~' 100 mg (having the sam e 
dimensions) had negligible effect on lhe ch.ta. The 
fact that th ese m eas urements were in such good 
agreement indicates that J.I. is independent oJ wall 
thickness in Lhe range used, Lhat lhere was good 
precision in the dimensions, ,md tht.t errors due to 
a looseness of fit of the source in the sleeve (this 
varied appreciably among the different combina
tions of sources and sleeves) were negligible. 

Several different geometries were used in the meas
urements and it was noted that the efrects of scat ter
ing objects on the ratio, R, were not appreciable 
except if located near the axis or the source so that 
rays passing out through the end s are scattered and 
detected . 

'fA B rJE 2. Linear abs01'ption coe.fJicient for platinum measw'ed 
with cliff erent sleeve wall thicknesses 

Sleeve waH 
thickness 

mm 
1. 892 
1. 343 
0.934 

.438 

Linear absorption 
coeffi cient 

cm- i 

0.944 
.940 
.941 
. 939 
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F IGURE 2. Dependen ce of the linear absorption coeJTicient of 
platinum on the dis tance between sow'ce and Chall10e1". 

5.4. Final Result 

Twenty-olle values, measured under various con
ditions (except wh el'e tbe divergence of the beam 
was consid er ed to haye an appreciable effect), were 
averaged in the det erminatioll of J.I. witl l Lhe four 
platinuJll sleeves listed in la.ble 2. ] t was pointed 
out above that lh e best esLiJl'l.aLe of J.I. is given by an 
extrapolation of jJ. Lo zero slee \'e Lhickness. 'fll e re
sult of this extrapolation is J.I. = 0.939 Cll l.- l and the 
estil1l.ated errOl' is 0.2 pOl'cen l , oll e-half the range of 
values . Since the source used for the m easur elll.cn ts 
had a 0.5-Jll.m platillum wall, thi s value of J.I. is appli
cable to garrUl1.a J"a)' S frOl]1. radiuJll. filtere d by 0.5 111m 

platinulH, 10 mm lcad alld 5 1ll.l1l. al1llninuJ1J.. 'fable 
2 shows that J.I. remains reasoJl ably cons lant for wall 
thicknesses up Lo approximalely 1.5 lnm so that it 
C'an be used ill that range. A cll eck 011 this valu e was 
performed using th e gold-leaf electro scope . . Th e 
mean of sixlJl.easuremenls was 0.95 C' lll - l wilh a 1 
percen t stanclard errol' of the mcan. 

In different laboraLories, ionization chambers hav
ing varying wall thicknesses arc used for calibrations. 
So that comparisons may be made, J.I. for platinum 
was Jl1.easul'ed as a fun ction of chamber wall thick
ness by r eplacing t be outer wall wi th lead fillers of 
difIel'ellt th ickness. Table 3 lists these values and 
figm e 3 shows the shape of the curve. These meas
urements were peri'ol'lP.ed witll a source having a 
0.5-1111)1 platinum. wall to which was added a cylin
drical sleeve having a 0.934-ln l]1. platinum wall so 
tha. t th e values listed are for these filtrations. 

The lincar absorption coefficient for Monel Inetal 
Wt.S also mcasured using three sleeves and a value 
of 0.296 cm- 1 with a 0.8 percent standard errol' of 
the mean. Correction factors for filled capsules of 
various wall t hickness and external diameter were 
computed for Monel metal and platinum using eq 
(1), the result of the evaluation of the Owen-Naylor 
integral. Tables 4 and 5 list these correction factors 
and figure 4 shows the shape of some representative 
curves. 
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T ABLE 3. Linear absorption coeificient oj platinum jar chambers 
having 5-1n1n inner aluminum walls and different thicknesses 
oj lead outer walls 

L ead wall Linea r absorption 
th ickness cocm cicn t 

1n1n cm- l 

00 1. 381 
02 1.152 
04 1. 056 
06 0.993 
08 . 965 

10 .941 
12 .914 
14 .210 
16 .908 
18 .901 

30 .873 

'5 
1.4 

1---
z 
w 
U 
u.. 
u.. 
w 
0 
u 
z 
Q 
1-- . 
D-
o:: 
0 1.0 (j) 
en 
<t 

0:: 
<t 
W 
z 
:::J 0.80 0.4 O.B 1.2 1.6 2.0 

LEAD WALL THICKNESS, em 

F IGURE 3. Dependence oj the linear absorption coefficient of 
platinum on the lead wall thickness oj the ionization chamber. 

The ionization chamber has 5-mm inner walls of aluminum to which varyi ng 
thicknesses of lea d were adeled. A 1.0-cmlcad wall is u sed at :'-<B S. 

T ABLID 4.- Platinum wall c01Tection Jactors Jar filled cylindl'ical 
radium sources 

Wan 
thickness 

Outsidc diameter, mm 

3 4 5 6 7 
- ---1---------------------

m1n 
0.1 
. 2 
. 3 
. 4 
. 5 

. 6 

. 7 

.8 

. 9 
1.0 

1.1 
1.2 
1. 3 
1.4 
1.5 

1. 0108 
1. 0207 
1.0299 
1. 0391 
1. 0481 

--- - - -- - -
---- .. - ---
---------
---- - ----
---- -- ---

1. 0114 
1. 0220 
1. 0323 
1. 0423 
1. 0522 

1. 0615 
1. 0710 
1. 0806 
1. 0895 
1. 0985 

---- - -- --
---- - -- --
--- -- - - --
---------
- -- - - - ---

1.0ll8 1.0119 
1. 0229 1. 0234 
I. Oa37 1. 0346 
1. 0441 l. 0450 
1. 0541 l. 0552 

1. 0640 1. 0652 
I. 0744 1. 0764 
1. 0848 1. 0872 
1. 0941 1. 0971 
1.1038 l. 1072 

1. 1135 1. 1172 
1. 1229 1. 1271 
1. 1324 1. 1373 
1.1417 1. 1471 
1.1512 1. 1572 

1. 0561 

1. 0658 
l. 0778 
1. 0891 
1.0993 
1. 1095 

1. !l97 
1. l300 
1. 1408 
l. 1509 
1. 1614 

1. 1114 

1.1218 
1.1322 
1. 1438 
1. 1541 1.1 570 
1. 1645 1. 1674 

T ARLE 5.-i110nel wall correction jactors jar filled cylindrical 
radium sources 

W all 
thickncss 

1n1n 
0. 1 

. 2 

.3 

. 4 

. 5 

.6 

.7 

.8 

.9 
1.0 

1.1 
1.2 
1.3 
1.4 
1. 5 

1. 0034 
1. 0065 
1. 0094 
1. 0122 
1. 0149 

---- - -.-. 
------ --. 
-- -- . ----
-. -- - - --. 

1.16 

0:: 1.12 o 
I-
U 

G: 
z 
Q 
I--
u 
~1.0B 
0:: 
o 
U 

1.04 

OutSide diameter, 111m 

2 3 6 

------------------

1. 0037 1.0038 1. 0039 - -------- -- -- - - --- -- -- - - --. 
1. 0069 .I. OOil 1. 0073 - -------- -- -- - - - -- -- --- -.--
1. 0101 1. 0106 1.0108 - - -- - ---- -- -- - -- -- -- --- ----

1. 0132 1. 0139 1. Ol43 - - -- -- --- -- - -- - - -- ---- - -- --
1. 0163 1. 0168 1.0172 1. 0174 -- - -- ---- -- -- - ----

1. 0192 1. 0199 1. 0201 1.0205 -. -. -- --- -. -------
1. 0220 1. 0230 1. 0235 1.0238 -- ------- ---- - ----
1. 02-18 1. 0260 1. 0267 1.0271 --------- -.-- - - -- -
1. 0274 1. 0289 1. 0298 1. 0303 --------- ---- --. -. 
1. 0300 1. 0317 1. 0327 1. 0335 1. 0339 

1. 0344 1. 0356 1.0364 1. 0370 
-- ---- . -- 1. 0372 1. 0386 1. 0395 1. 040l 
-.-- --. - - 1. 0401 1. 0416 1. 0426 1. 0432 
-- --- - 1. 0427 1.0444 1. 0456 1. 0463 1. 0469 
--- -- -- -- 1. 0464 1. 0473 1. 0486 1. 0494 1. 050l 

1.5 mm WALL 

0.5mm WALL 

O.lmm WALL 

1.00~0--..L..--*2---L---:4l----.l---+----! 
OUTSIDE DIAMETER, mm 

FIGURE 4. Correction j actors j ar gamma my absorption in 
cylindrical platinum walls. 

Four representative CUrves for wall thicknesses of 0.1,0.5, 1.0, and 1.5 rum are 
shown. rl'he factors were co mputed from an absorption coefficient of 0.939 cm- l 

using the evaluation of the Owen-Naylor integral given in this paper. 'rhoy 
a rc a pplicable only lor measurements with an N B S type ch amber. 

6. Discussion 

As a result of an investigation of the radium 
calibration procedure, measurements can be per
formed with greater precision, more accurate wall 
absorption corrections have been developed, and 
through the use of absorption corrections determined 
for the primary standards, the "true weight" of 
radium element in a source can be specified. If the 
current reading for the source being calibrated is 
I x (which is increased by a factor A x for wall and 
salt absorption in the source), the current reading for 
the standard is I s (with corresponding factor A s), 
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atl , I th I ' wcight of radium element in the standard is 
Nis, Lhcn Llle " true weight" of radium elemenL in 
the t- llUl'<: C being calibrated is: 

(4) 

In this equation, M s I x/I s is the "equivalent weight." 
In table 5, the accuracy with which each quantity 

in eq (4) can be determined is listed , The total 
es timated error is the squftl'e root of thc urn of the 
individual errors squared and is equal Lo 0.17 
percent. 

T A B LE 6. Accuracy with which a typical1'adium source can be calibrated at N 138 

sec cq (4) 

Quall tity E stim ated error Hange for error Source of quant i ty 

% 
I xII • O. 07 10 to 250 mg R aEL ___ __ Experimentally determined by t he new method wit h foul' reading s 

on each source . 

A. . 09 All sources _________ _____ D eter mined in t his paper . 0.78% for standard 5440 and 1.01 ~ o 
for s tandard 5437. 

A x: 
wall , 06 Less than 1.5-mm wall D etermined in t his paper . 1-' = 0.930 cm- 1 for P t-l r. 

thickn ess. 

salt . 05 Less than 2 mm ID ___ ___ From th e eq uaLion for 1-' , given by Michel [ ]* and the method 0 
PaLerson et a l. [17] 

M . . 1 All sources __ ____ __ ______ " Best es ti ma tes" determined by Con nor (R eport of l CR U 1050 [18]) 

Combin ed er1'01' = 0.17% 

. rl'he LI se of thi s eq ua tion fo r the computa tion of nbsorption coc (ficicnts for radi um salts is d iscussod in foo tnote 2. 

The significant cont ri bution of R. CanLor \\'ho p erformed 
t h e evaluation of t he Owen-N " y lor in tegml prcsenLed in 
t his paper is gratefully a cknowledged. 
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