
to use this poisoning effect for the calibration of our coarse 
control rod bank. In fact we consider the reactivity value 
of the coarse control rod bank obtained from the compari-
son with xenon poisoning the most reliable value (6). 
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Nonperturbing Foils-An Experimental 

Verification* 
Neutron detecting foils which have the capability of 

measuring thermal neutron flux without introducing flux 
perturbation have been proposed in an earlier publication 
(1) which presented the theory of the nonperturbing foils 
and gave preliminary experimental verification. The method 
is intended for use in regions where the thermal flux is due to 
a uniform slowing down source. A double Po calculation in-
dicates that the nonperturbing condition exists when the 
moderating ratio of the foil equals that of the medium in 
which the measurement is performed. This matching condi-
tion establishes foil parameters such that the ratio of the 
production rate of thermal neutrons which slow down in the 
foil to the absorption rate of the foil is equal to that of the 
medium. It is felt that there is sufficient promise in this 
technique to warrant an accurate verification that these 
foils cause no perturbation. It is the purpose of this article 
to present experimental data substantiating the nonper-
turbing nature of these foils. 

To accomplish this verification, two methods are used. 
The first, and most direct, is to show that foils whose thick-
nesses vary by a factor of four yield the same specific ac-

* This work was supported in part under a research grant 
from the Texas Engineering Experiment Station. 

t ivity. The other method is to show that the specific activity 
of these foils is equal to the unperturbed value as deter-
mined by an extrapolation method for metal foils. 

The medium selected for this experimental investigation 
was water. The test section consisted of a triangular array of 
1-curie neutron sources with the test section in the geo-
metric center. This assembly is described in detail in ref. 2. 
The test section provided a thermal flux which was spatially 
invariant over ± 5 . 3 mean free paths in water in the hori-
zontal plane and ±2 .7 mean free paths in the vertical plane. 
Thus, the unperturbed flux through the region occupied by 
the foils remained constant in spite of the wide variation in 
foil thickness. 

For ease of fabrication, the matching foils were prepared 
in liquid form. The foil material used consisted of a solution 
of 99.8% D 2 0 and 0.2% H 2 0 , and which contained 2.90 g m / 
liter of metallic indium in the form of indium nitrate. This 
solution has a moderating ratio equal to that of water. The 
high D 2 0 concentration was used to allow the maximum con-
centration of indium since the flux in the test section was 
low. The cylindrical liquid foil containers were fabricated 
from r j in. thick lucite with an internal diameter of 2 cm 
and thicknesses from rs in. to i in. The metal foils were also 
fabricated 2 cm in diameter with thicknesses that ranged 
from 0.0006 in. to 0.005 in. All of the foils were supported on 
mylar or polyethylene tape attached to If in. lucite rings. 
Cadmium covers, 0.040 in. thick, were fabricated for all foils. 

The metal foils were activated in the test section and 
counted at the center of two 2 in. x 2 in. N a l ( T l ) crystals 
spaced 2 cm apart. It was experimentally verified that this 
assembly eliminated geometry and self-absorption varia-
tions due to changes in foil thickness. This assembly was 
also used to determine the "unperturbed" activity as 
measured by a n in. thick matching foil. It was not con-
venient to use this counting system for the thicker matching 
foils since their greater size introduced significant geometry 
corrections. To reduce the variation in counting efficiencies, 
these foils were integrally counted in the 1 in. diam well of 
a If in. diam by 2 in. long N a l ( T l ) scintillation crystal. 
Variation in counting efficiencies and self-absorption be-
tween the various foil thicknesses were corrected experi-
mentally by activating some foil material in the AGN-201 
reactor and filling the various size foil containers with this 
material. Each container was then counted in the well 
crystal and the correction factors obtained. The maximum 
correction was only 4.2%. 

The specific activities of the bare and cadmium covered 
matching foils are shown in Fig. 1 for thicknesses of ^ in. to 
1 in. Each point represents an average of five separate runs. 
The standard deviation of each point due to counting sta-
tistics in less than 0.5%. Straight lines were fitted to these 
data by the method of least squares. The curve representing 
activity due to the thermal neutron flux was determined by 
subtracting the two curves. To allow a close inspection of 
these results, it is necessary to examine the equations ob-
tained from the analysis. These are 

Bare —5 = 329.04 - 0.11a; (1) 
m 

Cd — = 77.07 + 0.77a; (2) 
m 

Thermal — = 251.97 - 0.88a; (3) 
m 
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FIG. 1. Specific activity of matching foils as a function of 
thickness. 

where x is foil thickness in units of r j in. Thus, for the thick-
est foil investigated, i.e., x = 4, the activity as given by 
Eq. (3) is 248.45, or 1.4% less than the activity at zero thick-
ness. It should be noted that Eq. (1) for the bare activity is 
essentially constant showing a decrease of only 0.13% over 
the range of thicknesses studied; however, the cadmium 
covered activity shows an increase of 4% over this range. 
This trend means a decrease in the cadmium ratio with in-
creasing foil thickness. One would normally expect the cad-
mium ratio to increase with foil thickness due to self-shield-
ing of the resonance flux. This discrepancy is probably due 
to the slowing down and absorption, in the thicker foils, of 
epithermal neutrons which penetrated the cadmium cover. 

The extrapolation method for determining the unper-
turbed activity was effected by plotting ( a / 2 T ) ( m / A ) vs. 
а, where a is the absorption probability averaged over the 
energy and angular distribution, a/2r is the self-shielding 
factor and A/rn is the observed thermal specific activity. 
This plotting method yields a linear functional variation 
which greatly improves the extrapolation procedure (3, 4)-
A least squares fit was performed on the experimental data 
shown in Fig. 2 and the a = 0 intercept was found to be 
б.85 gm/cpm with a standard error of estimate of ±0.6%. 
This extrapolated value, of course, corresponds to the re-
ciprocal of the unperturbed specific activity since the self 
shielding factor is unity for a zero thickness foil. The value 
of the reciprocal of the unperturbed specific activity as 
measured by the re in. matching foils was found to be 6.86 
gm/cpm. The standard deviation of this point, which was 
determined as the average of five separate runs, was less 
than ±0 .5% due to counting statistics. 

From the results of this experiment, it can be seen that 
foils with a moderating ratio equal to that of the medium 
in which they are being activated may be used without pro-
ducing measurable flux perturbations. 

An alternative viewpoint may be considered in discuss-
ing the validity of these nonperturbing foils. A more con-
ventional attitude would establish that they approach 
"zero thickness" and thus cause negligible perturbations. 
This viewpoint has some merit since the -fg in. thick foils 
used in this investigation were equivalent in indium content 
to a indium metal foil 6.3 X 10 - 5 cm thick. Thus, this tech-
nique provides a simple and accurate method of producing 
extremely thin foils. We prefer the matching concept, how-
ever, since it has some theoretical justification for establish-
ing a satisfactory concentration which will yield negligible 

FIG. 2. Determination of unperturbed activity for con-
ventional foils by extrapolation to zero absorption proba-
bility. 

perturbations. However, it should be noted that the angular 
and energy distribution of the unperturbed thermal and 
epithermal fluxes may be affected by the introduction of 
these foils into the medium which may in turn induce a 
perturbation. 

The theory which established the matching condition 
used in this study did not adequately describe these second 
order effects. However, the results of this investigation in-
dicate that these effects probably are not critical if meas-
urements with accuracies of the order of 1% are satisfactory. 
To better understand this situation, more sophisticated 
theoretical treatments are required which may modify the 
matching criterion. It should be noted that these problems 
are not yet understood for conventional metal foils. If 
these factors contribute significantly to flux perturbations, 
it is felt the matching foil concept offers the greatest hope 
for a convenient, practical solution. Work is presently in 
progress at this laboratory which should lead to a better 
understanding of these problems and very possibly lead to 
more valid matching criteria. 

Matching foils can also be fabricated using other acti-
vants and in solid forms. Activants such as gold or sodium 
may be used and beta-gamma coincidence counting tech-
niques employed to determine their absolute activity, and 
thereby, obtain a direct measurement of the absolute flux. 

It is anticipated that these matching foils will see exten-
sive use in standardizing fluxes for various neutron experi-
ments . 

We are indebted to Mr. James L. Tallas for his con-
scientious help in obtaining the data for this study. 
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