
NUCLEAR SCIENCE AND E N G I N E E R I N G : 8, (1960) 

L E T T E R S TO THE E D I T O R 

Greuling-Goertzel Approximation in Muft IV 
Code 

In an art icle by Levine et al. (1) in the J a n u a r y issue of 
Nuclear Science and Engineer ing, the au thors discuss modi-
fications in tended to incorporate the Greuling-Goertzel 
approximat ion in to M U F T . I t should be noted t h a t two 
versions of M U F T have been d is t r ibuted and can be ob-
ta ined through I B M . T h e earlier version, M U F T I I I (2), 
was designed for the IBM-650; la ter M U F T IV (3) was 
wr i t t en for the IBM-704. A simplified form of t he Greuling-
Goertzel equat ions is coded in to M U F T IV, and th i s approx-
imat ion m a y be selected (as an a l te rna t ive to age theory) 
th rough an input opt ion. If the Greuling-Goertzel opt ion 
is to be used, appropr ia te values of the pa rame te r y (see 
reference 1) mus t be added to the M U F T IV l ibrary t ape . 
M U F T IV D 2 0 calculat ions are described in a l e t t e r to the 
edi tor of this journal , wr i t t en by W. H . Arnold (4). 

In addi t ion, the fu l l Greuling-Goertzel t r e a t m e n t of 
nonhydrogenous modera t ion is available in P1MG (5), a 
mul t igroup space-energy code for the IBM-704. P1MG m a y 
be used ei ther to compute t he flux in a mult i region reactor , 
or the flux spec t rum for a given buckling, in a P-1 approxi-
mat ion . 
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Age of U233 Fission Neutrons in Water 

Recent calcula t ions by Fabe r and Zweifel (1) based on 
the measured U233 fission spec t rum indica te t h a t the age of 
fission neu t rons is somewhat smaller for U233 t h a n for U235. 
The prac t ica l impor tance of th is resul t for the in te rpre ta -
t ion of recent measurements of rj of U233 and other cri t ical 
exper iments has led to the exper imenta l invest igat ion re-
por ted here. 

Because of t he possible sys temat ic errors associated 
with an absolute neu t ron age measurement in water a rela-
t ive measurement procedure was adopted here in which the 
second moment s of the indium resonance ac t iva t ion flux 
f rom small conver te r disks of U233 and U235 were compared 
under ident ical experimental condit ions. T h e measurements 
were carr ied out in a 4 X 4 X 5 f t wate r t a n k wi th the con-
ver te r disks located a t the end of a 2 | - in . o.d. a luminum 
re -en t ran t t u b e . T h e conver ter disks were excited by a 
coll imated the rmal neut ron beam f rom the 8-in. beam por t 
of the Lynchburg Pool Reac tor . The fission sources were of 
25 g U233 and 24 g U235 in the form of u rany l n i t r a t e and 
held in a s tainless steel container of approximate ly l f - in . 
i .d. Background runs were made wi th t he stainless steel 
holder in place and the fission source replaced by a mock 
absorber and sca t te rer made of 19.7 g Dy 2 0 3 mixed wi th 
7.3 g powdered polyethelene. The de tec tor foils were of 
i - and J- in. d iameter indium of 96 mg/cm 2 thickness held 
in cadmium boxes and mounted on a Luci te rack on the 
axis of the source disk. 

Three runs wi th the U233 source were made and analyzed 
separa te ly . These gave experimental ages of 27.7 ± 1.0, 
28.4 ± 1.1, and 26.6 ± 1.1 cm2 f rom which a weighted average 
of 27.6 ± 0 . 6 cm2 was calculated. Two runs wi th U235 were 
made and the resul ts of these were 28.8 ± 1 . 0 and 29.7 ± 
1.3 cm2 which gave a weighted average of 29.1 ± 0.8 cm2. 
In view of t he possible pe r tu rba t ion caused by the fission 
sources, t he source holder, and the r e -en t ran t duct , these 
results should not be t aken for the i r absolute value. Con-
sidered re la t ively , however, t hey should be as reliable as 
the given s ta t i s t i ca l errors imply. T h e age of U233 neut rons 
thus appears t o be less t h a n t h a t of U235 neu t rons by (5 ± 
3)%. This is in agreement wi th the calculat ions of reference 
(1). 
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