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A critical evaluation of different comparator methods is given. The method based on 
experimentaUy-determined and convertible comparison factors (k) is considered to be 
the most suitable for general use. An alternative method is proposed, introducinggen- 
eralized k0 factors which are independent of irradiation and measuring conditions. This 
approach combines the simplicity of the absolute methods with nearly the same accuracy 
attained by the relative ones. It is suggested that k 0 factors be compiled in all cases when 
using single-comparator methods, to allow a continuous re-evaluation. 

Introduction 

The worldwide interest in the role of  trace elements in biology, environmental 
research, geology and technology has led to an increasing need for multi-element 
analyses on a large number of samples. In the light of the recent developments 
in different analytical techniques, and the growing competition between them, 
this demand has enhanced the value of  purely instrumental, non-destructive 
activation analysis. Indeed, due to its relative simplicity, together with its inher- 
ent selectivity and sensitivity (for about 75 elements 0.01 /ag can be measured 
in favourable cases), reactor neutron activation analysis occupies one of  the 
most important positions among the various analytical methods. Although the 
resulting -r-ray spectra of  the irradiated samples are usually very complex (and 
sometimes can only be resolved after radio-chemical separation), the advent of 
high-resolution Ge(Li) detectors, 4000-8000-channel analysers and on-line small 
computers provides the possibility of  multi-element analysis without chemical 
separation in many cases. In the present stage of- / - ray spectrometry, a large 
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variety of materials can be analysed non-destructively with only a limited num- 
bel of irradiations and measurements, thus giving quantitative results for 10-35 
elements and detection limits for the remainder. The results of  this "prblimi- 
nary" analysisusually meet the requirements of the user and/or may help to 
develop additional chemical separations to increase the sensitivity for some 
elements if it is both necessary and economical. 

Multi-element analysis, however, is sometimes not feasible using neutron activa- 
tion analysis in its classical form: i.e. irradiation and measurement of a standard 
for each element to be determined. This procedure has some obvious disadvan- 
tages, which can be summarized as follows: 

(a) The preparation, irradiation and measurement of a large number of 
standards (usually only for expected elements) is time-consuming and may intro- 
duce sources of errors. 

(b) Quantitative analysis is impossible for unexpected elements because no 
standards are provided. 

(c) The calculation of detection limits (maximum possible concentrations) 
is impossible, due to unprovided standards. 

(d) It is sometimes difficult to ensure identical irradiation conditions for 
standards and samples: problems may arise due to flux inhomogeneities along 
the irradiation can; variation of neutron flux during repeated irradiations; self- 
shielding effects in the standards; lack of space in the irradiation capsule; etc. 

(e) Handling of a large number of  standards causes great difficulties in 
computer-coupled, automated activation analysis. 

The difficulties mentioned above can be partially eliminated by using well- 
characterized materials such as BOWEN's kale or NBS-certified specimens (glass, 
bovine liver, etc.). The use of these materials as compound standards, however, 
seems to be advantageous only in limited cases. Their general application is 
restricted, due to the long time and heavy expenses involved in preparation and 
intercomparative analysis. In addition, their physical and chemical properties 
(hygroscopic, strong volatilization for some elements, difficulties in dissolving, 
etc.) are sometimes such as to make their simple handling not feasible, and the 
concentration range of trace elements is occasionally far from that of the sample 
to be analysed. Finally, for the Very large variety of samples which can be 
analysed by reactor neutron activation, this type o f  standardization - although 
being continuously improved - can hardly be applied in general. 

Due to these difficulties, the use of single comparators has come into promi- 
nence in the last few years. ~-3 Several methods have been developed which 
can be classified according to whether a single, monoisotopic 4 or a single, multi- 
isotopic element s is used as a comparator, or whether a different approach is 
used to calculate the specific activities of elements to be determined. 6'7 Never- 
theless, it is obvious that because of the arbitrarily-defined working procedures 
employed in the past, the basic experimental data of any one author can be 
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applied only with aifficulty or not at all by other possible users. Ultimately 
this is the result of not correlating these data to the essential working parame- 
ters, i.e. irradiation and counting conditions. The present paper deals w'th a 
critical examination of the existing comparator methods and leads to the propos- 
al of  an alternative, standardized technique enabling the avoidance of overlapping 
experimental work by different users. 

Survey of single-comparator methods 

The term single-comparator method refers here to a technique where multi- 
element analysis can be performed by irradiating and measuring a single ele- 
ment (comparator) instead of using standards prepared from known weights, of 
elements t o  be determined. The specific activities of the standards (Asp) can be 

A* calculated by multiplying the measured specific activity of the comparator ( sP ) 
by the experimentally-determined k factors, which can be written as: 

Asp M* 3' 0 (~ 
k =  , _ e .p .  o * "  4) - - ~ "  ^* (1)  

Asp M 3'* 6p O 

Ap (2) 
with Asp = S D C w 

where M __ 

O -  

7 - 
6 p -  

S = 

D =  
C =  

atomic weight of the irradiated element, 
isotopic abundance of the target nuclide, 
absolute abundance of the measured 3'-ray, 
full-energy peak efficiency of the detector for the measured 7-ray 
energy, 
conventional reactor neutron flux (WESTCOTT's "total f lux'S),  in 
neutron - cm 2 . sec 1 , 
effective reactor neutron cross-section (also WESTCOTT's definition), 
in barn, 
I - exp (-)Xtirr) , saturation factor dependent on decay constants ()0 
and irradiation time, ( t i r r )  , 
exp (-),td),  decay factor where t d is decay period, 
[ 1 - exp ( -  ~t m)]/~ tin, "measurement" factor correcting for decay 
during measuring period (tm), 

.I. Rad#mnal. Chem. 24 (1975) 33 
3 



A. SIMONITS et al.: SINGLE-COMPARATOR METHODS 

Ap = measured average intensity of full-energy peak (counts/sec), 
w - weight of  the element (grams). 

In practice the comparator is usually a small thin foil or a few millimetres of wire. 
Due to its low dimensions a comparator can be placed very near to the sample during 
irradiation, thereby ensuring that +/'~* = 1. 

The singte-comparator method based on the above-defined k factors was first 
critically evaluated by GIRARDI etal.  4 In a series of trial runs the accuracy and the 
precision were found to be similar to those of classical methods. Mthough very precise 
and laborious experimental work is needed to determine k factors, once they are avail- 
able the preparation of  standards can be eliminated in any further analysis. It is as- 
sumed, however, that the k values are constant, namely that there are no variations in 
the quantities given in Eq. (1) between the time of determination of the k values and 
that of the actual analysis. The accuracy of the method, therefore, depends mainly 
on the constancy of the k values. 

In view of this requirement, the set of k values is strictly valid only for one fixed 
sample - detector distance, so that e / e p  in gq.(1) remains constant. Any change 
in the counting geometry may alter t~e shape of the efficiency curve of the detector 
(edge effect) or may result in a change of  the measured relative peak intensities, 

' % . . . . . . .  a 

A/Ap, for some isotopes emitting 7-cascades (coincidence summing effect). It is lso 
assumed that the standards, samples and comparator have constant geometric form 
during the whole set of experiments, and possible spectrum distortions often encoun- 
tered in 7-ray spectrometry (e.g. pulse pile-up, effect of varying dead-time during 
the measurement) are negligible or corrected for. 

Because the o/o* effective cross-section ratio depends on the reactor spectrum 
(i.e. mainly on q>th/q>e' the thermal to epithermal flux ratio), the set of k values is 
valid only for one selected irradiation position. Although GIRARDI investigated the 
effect ol possible changes of ,l~thlqb e on the k factors, no correction is given to switch 
from one irradiation position to another. This can be a significant restriction for 
laboratories having many irradiation channels. Moreover, if any change occurs in the 
ratio q ,  I,/~be" due to reactor core modifications, the whole set of k factors must be 
remeasured. 

In spite of these restrictions, GIRARDFs method can be used extensively by means 
of steady and well-thermaiized reactors with periodic control of the constancy of the 
irradiation and measuring conditions. 

To extend the applicability of the single-comparator method for diverse irradiation 
channels, DE CORTE et a l l  introduced the conversion of the k values with respect 
to the eftZ~ctive activation cross-section. Using the simple approximation of HOGDAHL 9 

�9 for reaction rate calculation in a reactor spectrum. 

R 'i, b = ,l++l ,uth + ,I+ Io (3) 
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A, 
and assuming thin ~ = q, , the k factor in Eq. (1) can be written as: 

where q~th 

Oth 

~b e 

to 

Ecd 

k =  

abth 
- - -  +Io  

Asp M* 7 e o ~) ~ abe 
, �9 ( 4 )  

Asp M 3'* ep O* , d~th . 
~ - ~ e  + I~ 

= n(O, Ecd).vo, conventional thermal (subcadmium) neutron flux with 
ECd 

n(0, Eco ) = f n(v)dr,  the neutron density integrated up to the 
o 

Cd cutoff, and Vo = 2200 m/sec, 
- thermal neutron cross-section. This value, when multiplied by ~e~th, 

gives the subcadmium reaction rate per atom. For 1~v-detectors 
O'th ----- Oo, where oo is the "2200 m/sec cross-section", 

- epithermat or intermediate neutron flux per unit lnE neutron 
energy interval (unit lethargy). ~e is considered to be independent 
of the neutron energy. The epithermal flux distribution is assumed 
to follow the 1/E shape, so qbe(E ) = abe/E , 

= .~ o (E) dE/E, infinitely-dilute resonance integral, 
Ecd 

= 0.55 eV, effective Cd cutoff energy for small 1/v-detectors posi- 
tioned in a cylindrical Cd box of 1 mm wall thickness) 0 (See also 
EANDC recommendations. 11) 

DE CORTE showed that the k factors determined in one "reference" reactor channel 
(where the ratio q~th/~e is well known) can be re-evaluated for any "analysis" channel 
by the following equation: 

kanal = kref" [( dPth tana I [ Io ~ ~ II qbth 
+ tt ~e ref 

where the index-notations are self-explanatory. 
From Eq, (5) it is apparent that the method relies on two important parameters: 

Iototh and abth]abe ratios, lo]oth can be considered a nuclear constant for a given 
isotope and should be determined or can be taken from the literature. It is also obvious 
that in addition to the experimentally-determined factors kref, an additional procedure 
is necessary to determine the ratios abth/'be in the reference and the other reactor 
channels. 
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The applicability of this method was significantly enhanced by the work of VAN 
DER LINDEN et al.s, who published measured Io/Oth values for 122 isotopes. A 
comparison of Io/Oth values in the literature, however, has revealed that large discrep- 
ancies exist for a number of isotopes. Additional work in this field is still necessary, 
therefore. 

The comparator methods can be further classified according to the flux-ratio 
determination applied. The simplest and most common procedure is the Cd-ratio 
measurement for isotopes having well-known nuclear parameters (Au, Co, In, etc.). 
Irradiation with Cd filters, however, is prohibited in some reactors or certain irradia- 
tion channels. Difficulties can arise in compensating the sudden reactivity change when 
Cd filters are inserted into or withdrawn from the reactor core. Providing appropriate 
cooling to prevent the melting of Cd in a high-power reactor can also be a problem. 
Moreover, due to the high flux depression in the vicinity of the Cd cover, the Cd-ratio 
measurements cannot be carried out simultaneously with the sample irradiation. Conse- 
quently, the flux-ratio measurements should be accomplished independently and the 
constancy of ~th/~e should be assumed.This is the case, for example, in the "Thetis" 
reactor of Ghent University, where the flux-ratios (ranging.from 20 to 200) in a num- 
ber of irradiation channels remained constant within 2% during the period 1971-1973. 

In an alternative technique, at least two foils with different cross-section curves can 
be used to eliminate the irradiation of a Cd filter. An important condition to be fulf'd- 
led is that the ratios [_O/orb for the two induced (n,7) reactions should differ as much 
as possible. Using this technique, DE CORTE et al.7 determined ePth, ~e and r e 
values by the irradiating and absolute counting of Au, Co and In flux monitors. 
However, due to the relatively small differences in the Io/Oth values, as well as to the 
inherent difficulties in absolute counting, poor precision was obtained. 

The inaccuracies introduced by weighing and absolute counting can be eliminated 
by making use of an element with two appropriate isotopes, as suggested by MAENHAUT 
et al) 2 Using 1 and 2 to denote the isotopes in the flux monitor, ~thldPe can be ex- 
pressed using Eq. (4) as: 

 1,1 othll 0 / Asp  ) 
dPth_ O-~" ~72 " ep,2 Oth,2 Oth 1-- Asp,2 ~ 2 (6) 
qb e Asp,1 0___~1 ep,_.__~l , ?1.  Oth,_._.__~l 

Asp.2 02 Ep,2 72 Oth,2 

From Eq. (6) qbth/qb e call be calculated directly knowing the relative full energy 
peak efficiencies e 1/e 2' the ?-ray abundance ratios (71172)' and the oth 1 lath 2 
and Io/Oth values. ~t ~ thePs'e values, particularly 71 [~z and oth 1/tYth,2, are un'knowh or 
unreliable, the flux-ratio can be determined in a similar way ~o the k factor conversion 
technique. With irradiation of the flux monitor in the "reference" and "analysis" 
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channels, and the measurement of  Asp , 1/Asp ,2' the full-energy peak intensity ratios, 
(~th/4)e)anat can be calculated from 

Io ~th Io 

th t_.Asp,2 / anal t.~ } 21.[ ~Pe ) ret 

A o,' I +lI~ ] 
/Asp,2 /anal L/@e lOthJlJ  ! Asp,2/L['-~"e }ref /Oth /2.] 

(7) 
Thus, assuming that I0/Crth and (~th/~be)ref are wdll known and that 

(Asp,1/Asp,2)re f is determined, one has only to measure (Asp,1 to deter- 
mine (~th/~e)anal for all other "analysis" channels. /Asp '2 )anal 

VAN DER LINDEN et al.s performed an extensive calculation of  the error propaga. 
tion when using the comparator technique based on Eqs (5) and (7). They showed 
that the determination of  (@th/~e)anal is the most likely source of error in the k 
factors. The accuracy and precision, however, can be markedly improved by an appro- 
priate choice of the comparator isotope, as also noted by GIRARDI. 4 This means 
that a large error can be allowed for (~th/~e)anal in Eq. (5),that is flux monitors 
with a small difference in Io/othValues can still be used if the lo/O.th values for the 
comparator and for the elements of interest do not differ significantly. In any case, 
the overall error of the final result can always be calculated via the derived expressions, 
thereby providing a simple "built-in" check, especially in computer evaluation. 

Considering the result of the theoretical treatment, VAN DER LINDEN suggested 
the use of  the multi-isotopic element Ru as a single comparator. Table 1 shows the 
nuclear data of the three Ru isotopes, together with the three relevant groups of 
elements which can be determined preferably with each of  them. It can be seen that 
for flux-ratio determinations the 9 6 Ru_I o 2 RU couple is the best possible choice, and 
each of  the three isotopes can be used as a comparator for only a single group of ele- 
ments selected with respect to their Io/at~ values. 

This method has a unique feature to enable instantaneous flux-ratio determination 
for every irradiation, and thus, in principle, slow changes in (~th/dPe)anal during 
repeated irradiations can be eliminated. Unfortunately, the difference in the Io/Oth 
values for the selected Ru isotope pair is not sufficiently large for (qbth/qbe)anal to be 
measured with adequate precision, especially in highly thermalized channels where 
dPth/q5 e > 50. All interesting consequence is th_at the use of a Ru comparator generally 
gives better precision in "not so well" thermalized channels and no advantage in cases 
wbere the once-determined ~th/~e remains stable. However, when applying it in 
remote irradiations where no a priori knowledge is available about the flux parameters, 
it has a distinct advantage. 

All the previous comparator methods are based on the experimentally-determined 
k factors which could be converted for a given irradiation condition. In order to 
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further simplify this procedure KIM and BORN 6 determined the factors kanal directly 
by calculation, taking all the nuclear data in Eq. (4) from the literature. (N.B. In their 
original work KIM and BORN used slightly different notations, i.e. WESTCOTT's  

rx/T/To and s o instead of ~th/qbe and 10/oth, but this has no significance in the com- 
parison of different methods.) Experimental work is needed only for the determination 
of the parameters (qb. [~ ) . and e /e ~, which describe the experimental conditions 
that are considered s~able~ an~'for th p irrPadiation and measurement of a single com- 
parator (gold). 

The unique characteristic of their approach is its simplicity, eliminating the experi- 
mental work in determining the k factors. Furthermore, there is the possibility of 
entirely numerical handling ofT-spectra, giving immediate analytical results if well- 
known irradiation channels and calibrated T-spectrometers are provided. A few in- 
vestigators have already developed instrumental activation analysis of the same type, 
using a single comparator with the aid of computer-based nuclear data libraries, t 3- I s 

The introduction of absolute M, | and especially 3' and 0th values in Eq (4), however, 
makes the method itself also "almost absolute"; therefore, all the difficulties eliminated 
by the previous relative methods appear again. Although the above-named authors 
believe that existing nuclear data are accurate enough to accomplish reliable analysis 
for most of the elements, it seems that, in fact, this is not yet the case. In a recent 
survey concerning the present state in nuclear data compilations, KRIVAN 16 pointed 
out that the typical scattering of decay-scheme values as ),-abundances is 2 - 159; (max. 
80%), while tot thermal neutron cross-sections this range is 5-40(/~ (max. 100%). Further 
inaccuracies can occur in correcting'>ray abundancies for internal conversion at small 
T-energies. Moreover, the accuracy in T and O-th iS transferred directly to the final 
result, e.g. a 10% error in oth will represent the same error in the k factors. This means 
that the error multiplication factor is 1, whereas for the previous methods, using only 
~l~th/Cbe and I0/Oth values, the error multiplication factor is typically 10 -~ 10 -2 . It is 
felt, therefore, that at the monrent this method is not generally competitive with the 
other single-comparator methods, where an overall accuracy of 3 592 can reasonably 
be assumed. The continuously-improving accuracy of nuclear data, however, will 
certainly enhance the importance of "almost absolute" methods in the future. 

Introduction of generalized ko factors 

In addition to the reviewed single-comparator methods, a new approach is suggested, 
using a generalized k o factor. This alternative method, explained in detail below, com- 
bines the simplicity of the "almost absolute" methods with nearly the same accuracy 
attained in the relative methods. 

In [iq. (4)the approximation of HOGDAHL was used for reaction rate calculations. 
Replacing this by the more accurate STOUGHTON-HALPERIN convention. Iv tbo 
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total reaction rate for an isotope at infinite dilution is given by 

R = ~tvl o~ + 4~ e Io (8) 

where @M = n M Vo, conventional thermal flux for Maxwellian neutrons, with 

n M = S nM(v ) dr, the total Maxwellian neutron density, 
o 

o M = g o o' neutron cross-section, where WESTCOTT's g factor 18 corrects for 
the non-l/v cross-section, for use with ~M' 

Io = ; o (E)dE/E, infinitely-dilute resonance 
ukT 

integral, where the integration is taken from/.tkT, a cutoff point between 
the Maxwellian thermal and the I/E epithermal flux, 

= 5 for most reactors, 
E T = kT, the most probable neutron energy at temperature T. At room 

temperature T = To, E 0 = 0.0253 eV and/akT = 0.165 eV. 

Introducing the STOUGHTON-HALPERIN convention in Eq. (4), the new k o factor 
can be derived from 

eP M Io * 

M* e 3' OM Asp ep @e OM 
k o -  M O* 3'* o~ Asp ep ~ M +  I____L_o (9) 

~e OM 

For any "analysis" case, kanal can be calculated simply from the following 
expression: 

[ ~'-~e ] I~) + -  
anal OM ep (10) 

kanal = ko �9 1"* 
+ . 

anal OM 

It can be seen from Eq. (9) that k o is independent of the reactor spectrum and of 
the detector characteristics, because it contains only well-defined, invariable nuclear 
constants. The k o values can therefore be measured and used as compound nuclear 
constants for reactor neutron activation analysis if Maxwellian thermal and 1 [E epi- 
thermal flux distributions are present. Because this is usually the case for many reac- 
tors, the authors feel that experimenters should publish not only kre f or kanai but also 
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k o values. Continuous updating would make it possible to establish k o values with good 
accuracy. With the condition of  being measurable under the given experimental circum- 
stances, any type of  element or isotope can be used as a comparator, because it is very 
simple to switch from one comparator to another when using k o values. This fact can be 
advantageous in practical work because it has turned out to be hard to find a single 
element which would be an appropriate comparator for largely different irradiation 
conditions. 

The k o factor s can be transformed into kanal via Eq: (10); one need only m~asure 
the relative efficiency curve of the detector, determine (dPM/cbe)analand use the tabulated 
I'o[O M values. Even ifkanal was determined as an experimental result, the transformation 
into kois recommended as this would save the experimenter from the tremendous work 
of remeasuring all the k factors if the uncalibrated detector is no longer available. 

A survey of published k factors shows that some kind of standardization is necessary. 
In Table 2 reported k values are given for 10 isotopes. It can be seen that due to the 
different detectors, geometries and conventions used, the k factors differ considerably 
even in the case of the same comparator, in an attempt to demonstrate the usefulness 
of the k o factors conception, all the k factors listed in Table 2 have been converted 
into k o values in Table 3. Gold was chosen as a common comparator for the calcula- 
tions. The theoretical k o values were also computed, using the nuclear data from recent 
compi/ations. In spite o f  the lack of  accurate data describing the apptied experimental 
conditions in some of the selected papers, the "measured" k o values show reasonable 
agreement with the exception of  a few cases. Obviously, extensive work is needed to 
establish accurate k o values. 

It should be emphasized that the k o factors are valid, and therefore should be 
determined using point-source geometry. When using different sample and comparator 
shapes such as a bulky sample with a small comparator wire, appropriate corrections 
should be introduced. This is also true for classical activation analysis, and therefore 
the use of point-source referenced k o factors imposes no extra difficulties. 

The k 0 factors are also valid only for monoenergetic 7-lines. Possible coincidence 
summieg effects should be corrected, mainly at high counting geometries. It can be 
shown 19 that in the case of radioisotopes emitting a cascade of two 7-rays (1 and 2) 
the correction i s :  

(Asp,1)corr_ Asp,1 �9 r.~ (11) 
1 - -  ep,___2_~, 

P2 

or 

(AspA)corr = Asp,1. w + Asp'sum P2 (12) 
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where P 
A 
sp,sum 

CO 

- peak to total ratio for the measured 7-line, 
- specific sum peak intensity, 
- angular correlation factor, which can usually be ignored (co = 1). 

The correction based on sum peak intensity measurement can be favourably used 
in the determination of k o values. Eq. (11) is convenient in correcting actual sample 
spectra where the sum peaks are usu~ly hidden. F~om Eqs (I i)  and (12) it can be seen 

:~ 1,0 

',3 

0.s 

5 
g~ 

0.2 

0.1 
5O 

L x 241Am A 57 Co 

, ~  �9 110rnAg �9 22 N(3 

/ " ~ ' ~ ,  ~ 1B2TE[ . 60Co 

- -  ~ x  75 137 
~ \  �9 S e  �9 Cs 

- -  ~ Z  3~la ronge 

1oo Iooo 2000 

Energy ~ key 

Fig. 1. Relative efficiency curve of a Ge(Li) detector 

that to correct the summing effect, absolute e and 7-values and peak to total ratios p 
should be introduced. Fortunately, this correction amounts to a few percent only, and 
therefore accurate absolute values are not required. 

The determination of  relative efficiency curves is especially important in this method, 
because its accuracy determines the final result directly. Due to the difficulties associ- 
ated with the theoretical calculation of Ge(Li) detector efficiency, an experimental 
approach to the problem is usually adopted. A common practice is to use a number 
of calibrated isotopes. However, the accuracy of the measurements is limited by the 
accuracy with which the source strengths are known. A more convenient procedure 
makes use of isotopes which emit a number ofT-rays with well-known relative inten- 
sities. 2~ Fig. 1 shows a relative efficiency curve measured with 82 Br, 75 Se, 1 ]OmAg 
and 182 Ta isotopes, which can be easily produced by reactor irradiation. It can be seen 
that 95% of the nearly 60 measuring points fall within a +3% range. An average accu- 
racy of 1% can therefore be reasonably obtained for relative efficiencies with not too 
different 7-energies. The once-determined relative efficiency curve can be normalized 
to the absolute one through the measurement of at least one absolute 7-standard. 
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It can be concluded that the detector calibration is of  decisive importance in the 
suggested method. It is felt, however, that the necessary calibrations for a few selected 
sample detector distances require little effort compared with the disadvantage of  
handling standards and remeasuring the k factors as well. 

It should be mentioned that the conversion of k factors requires the precise def'mi- 
tion of flux ratios and Io/Oth values, which is frequently overlooked. This problem of 
definition will be dealt with in detail in a forthcoming paper. 22 

Conclusion 

The evaluation of  different single-comparator methods shows that at present the 
method based on experimentally-determined and convertible k factors seems to be the 
most accurate and convenient for general use. In order to simplify the experimental 
work while maintaining similar accuracy a new approach is suggested, introducing k o 
values which can be considered as compound nuclear data. It is recommended that k o 
factors be published and compared as they are independent of irradiation and meas- 
uring conditions. This method can be considered as an alternative to absolute methods, 
while eliminating many inaccuracies introduced by using ambiguous absolute nuclear 
data. 

The authors are highly indebted to the I. A. E. A. (A. S.) and to the "National Fonds voor 
Wetenschappelijk Onderzoek" (F. D. C.) for financial support. 
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