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feiONting to cnmpare \v¡(Ii Conkie’s result. as nur ralcula- 
tions liave been done sim ilarly. He also obtaius o i i p  pigpn- 
value that is less tlian but quito cióse to one. The only 
ditTereiioo botwoen oitr oaleulations is that we lierp regard 
a moderator with a mass greater tlian o i i p , which makes 
tlie kernpl more eomplioated. llow ever, a» Conkie points 
out, i t  might lie tliat. the u.se of the /Vapproxim ation dis- 
dift» tlu' pitieuvalup *poet ruin, Tho rnpiil oseillationH in the 
highor TchebyehefT polyiiomials cprtainly makes it  doubtful 
if  tlio use of í'impson's rulo is thp bpst, choice.

The equations (17) liave been solved for x0 =  10 and 
Jo =  100 for different valúes of ro between 2.5 and 4 in order 
to make the differenee betweeu Ilie thermal density and 
thp slowing down density ;is small as possible. For x<¡ =  10 
it ivas found that the point of connection should be cióse 
to i> =  2.96 and for xo =  100, r0 =  3.50 (the errors a t these 
points are 0.003 and 0.009 respeetively). We obtain at the 
interface

A'o(Jo , ¡’) =  r* exp ( - r J )5 2  a tTt*(y) 
fc-0

and we get for the coeffieients a* :

(18)

Xo do a¡ « j a 3 a t

1 0 14.3 9.37 3.56 5.28 3.09
1 0 0 312.0 1 2 2 . 0 -3 0 .2 31.6 - 6 . 0 0

« 5 « 6 « T as o »

3.38 1.99 1.79 0.97 0.37
13.4 - 0 .7 0 6 . 1 2 0.18 1 . 6 8

For Xo =  100 the convergenee is good at the interface. 
In sid eth eslab , fo rx  =  0, the density is a puré M axw ellian, 
given bv

jVo(x =  0, r) =  30600i>! exp (—t'5), x0 =  100. (19)

However, it is certain ly much more interesting to obtain 
the neutrón distribution for a slab th at is only a couple of 
mean free paths tliick . l'n fortu nately , even for x0 =  10, 
the convergenee is not good enough a t the interface as is 
easilv seen if one draws the corresponding curve, which 
shows small oseillations near the máximum. Conkie already 
remarked that the expansión variable used might not be the 
optinium choice and even the use of the Tchebycheff poly- 
nomials is somewhat arbitrary . It, would also be convenient 
if  one could use fewer terms in the expansión although that 
is not a m ajor trouble with the big calculating machines. 
The problem of finding more suitable functions is now being 
considered and the hope is to let these be generated by the 
Boltzm an» equation. There is another lim itation to the 
method that ivill distort the distribution, and th at is the 
/Vapproximation in ti. This should be of im portance a t the 
interface of thin slabs. In our case of x0 =  10 the density 
inside the slab rapidlv becomes convergent and it  would 
therefore be worth while to trv  these calculations in a 
/Vapproxim ation. The com putations are not very com- 
plicated, and once more suitable expansión functions 
have been found it should be possible to study more realistic 
problems, e .g ., including absorption.
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A Note on the Measurement of the U238 
Cadmium Ratio

I t  is customary to obtain the U23S cadmium ratio (C R) 
in a la ttice  by measuring the ratio of the U238 neutrón cap­
ture induced activities in two uranium foils, irradiated 
bare and cadmium covered respeetively in split fuel rods. 
The activ ity  of the former is proportional to  the sum of the 
thermal (subeadmium) and the epithermal (epicadmium) 
capture rafes, the activ ity  of the la tter being proportional 
to the epithermal capture rate only.

I t  is well known th at, because of the high U2M neutrón 
resonance capture cross section, the epithermal neutrón 
flux is more strongly depressed in the center of the fuel rods 
(and in the center of the foils) than is the thermal neutrón 
flux. It, follows that (roughiy speaking) the thermal captures 
occur in the whole volurne of the foils, whereas the epi­
thermal captures are more concentrated near their outer 
perimeter. I t  was remarked some time ago (/) th at the d if­
ferent spatial distributions of the capture in the two foils 
might be a source of error in the measurement of the C R . 
Self-absorption and geometry effeets could cause the re- 
sponse of the counter to  radiation produced near the foil 
periphery to be different from the response to radiation 
produced near the foil center. N evertheless, recently pub- 
lished experimental resulta (2, S) obtained bot h- by measur- 
ing foil activ ity  directly and by homogenizing the foils 
first seem to agree reasonably well.

We have carried out a technique study with a light water 
moderated lattice  of 1.15 wt. % U” ‘ enriched metal rods of
0.387 in. diam eter, at a 3 :1  H 20/U  volume ratio . We have
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foumi a iiot icoable inoroaso of tho OH in this caso when tlie 
activities of tho Hvn foils have been homogenized beforc 
lieing countod.

Mrthoils
Haré aiul cadmiimi covorod n id al uranium foils were 

locatod at ll»' samo hoiglit i"  •"'<> llux-symmetric fuol ro<ls 
of a niiniature latticc  (4). which was irradiated by neutrona 
from tho HNi. reactor for (0 mili. Tho "envered” foils were 
placed betweon 0.050 in. thick buttons of fuel m aterial, 
surroundod by a 0.020 in. tliick cadmium sloovo and by 
two 0.028 in. thick cadmium eovora.

Tho following tochiiic|ues wore usod tocount, tiio a.ct ivity 
of tho foils.

(a) Aflor tlio exposuro, tho foils (0.005 in. thick natural 
uranium) woro dissolvod in hot nitric acid, and a solvent 
extrae!ion procos» (5, t!) was usod to separate the uranium 
from tlie fission producís. Tho uranium was converted t,o 
1 to 4 iiig/em2 thick ainiiionium diuranate deposita on filter 
paper, coverod witli mylar tape to abaorb the natural alpha 
activ ity :1 In each pair of samples, the deposita difforcd by 
less than 0.5 mg/cm2. Tho 23.5 mili half-life 0-decay of the 
U»» was followod with a proportional (fas How coiniter. It 
was exporimontally doterminod that no significant self- 
absorption otToct existod in tho rango of sample thickness 
usod. Tho amount of uranium in each sample was deter- 
mined by colorimot ric analysis and bv weighing the uranium 
dioxide obtained aftor burning the samples.

(b) Aftor the samo ehemical process as abo ve, samples 
weighing 20 to 30 mg were prepared. T heir activitiea were 
measured by following the 23.5 min half-life, 7^ kev gamma 
ray aceompanying decay of the U23a. A scintillation counter 
and a 250 channel pulse analyzer wero used, an integration 
betwoen 50 and 80 kev being taken. The uranium masa in 
each sample was found as in (a) above.

(c) Aftor exposuro, each foil (0.(X)7 in. thick , 24.3 ppm 
U5’*) was slowly dissolvod in 1 mi of nitric acid at room 
temporal uro, in a polyethylene container of 0.090 in. diam- 
eter and 0.ÍKX) in. hoight, which was then sealed. The activ i­
ties were measured by following for 180 hr the 50 hr half-life 
of tho coincidencos between the 100 kev Np219 gamma ray 
and the 103 kev l’u239 internal conversión x-ray. Two single 
channel scintillation spectrom eters and a coincidence unit 
were used. each channel covering a 50 kev energy interval. 
A Chase múltiple coincidence circuit (7) was used, with a 
resolving time of O.lOfisec. No correction for fisaion producís 
was made.

(d) A fter exposuro, the foils (0.007 in. th ick , (5 ppm U23S) 
were counled by following the 50 hr half-life decay of the 
com bination of the 100 kev Np239 gamma ray and the 103 
kev PuM* internal conversión x-ray, by means of a single 
channel scintillation spectrom eter. A small 1.5% fission 
product correction factor was arrived at by simultaneously 
counting the foil activ itv  with a second single channel 
analvzer biased at 750 kev, and by counting later, in the 
same energy ranges, the activ ity  of aluminum catchers 
exposed in the same way as the uranium foila.

fe) The foils (same characteristics as in (<!)) were coinci­
dence counted in the same way as the solution in (c).

In measurements (c) and (e), the measured activities 
were corrected for background, small dififerences in sample 
weight, decay tim e, and accidental coincidences. Least

T A B L E  I 

E x p e r i m e n t a l  V a l ú e s  o f  OH

Activity homogenized Activity not homogenized

Method (a) 1.990 ±  0 .02  M etliod fd> 1.923 ±  0 .02  
Method (b) 1.990 ± 0 . 0 2  M ethod (e) 1.910 ± 0 . 0 2  
Method (c) 1.974 ±  0.02

squares fita to the final valúes always yielded the expected 
half life.

Resulta

The experimental valúes of the CU are listed in Table I.  
The errors are standard deviations from the mean of soveral 
runa.

With the masa abaorption cocílicient of uranium for 105 
kev gamma rays assumed to be 1 cm’/gin (8), a self-absorp- 
tion factor of 0.85(5 has been calculated for 0.007 in. thick 
foils. Approxitnate calculations show that if the epitherm al 
activ ity  is diatributed only on the lateral surface of the 
foils, the 2 in. diam eter crvatala uaed ahould have a relative 
difference of 6%  in the counting efliciency for the thermal 
and epithermal activitiea. The relative difference in the 
(C R -1), as obtained from the two sets of measurement, ia of 
this expected order of rnagnitude.

The theoretical valué for the C R  in the case teated has 
been calculated (9) to be 2.02.

We wish to thank Dra. H. Kouts and G. Price for their 
kind auggeations.
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