
The general ized functions a r e defined a s follows: 
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Equations (1), (2), and (3) provide examples for the gen-
eral ized-funct ion formulat ion. The s ame equations can 
a lso be expressed in t e r m s of the flux al terat ion: 
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The per turbat ion opera tors 5A and 6B per ta in to the actual 
a l te ra t ions in the r eac to r , whereas &A and 5B take into 
account those a l terat ions that resu l t also f rom cri t ical i ty 
r e s e t . The function Bp is that pa r t of the f iss ion opera tor 
that takes into account the contribution of the prompt 
f i s s ion neutrons. It is concluded that the Stacey and UG 
ve r s ions a r e but two of many vers ions of GPT. 

Applicability of Different Versions of GPT 

The preceding discussion indicates that t he re is no 
general ly p r e f e r r e d vers ion of GPT. Each has i ts own 
range of applicability. The Stacey version is the right 
formulat ion for calculation of the effect of a l te ra t ions on 
in tegral p a r a m e t e r s that a r e functions of the s ta t ic eigen-
value. Hence, it is not su rpr i s ing that the Stacey f o r m u l a -
tion yields the stat ic reactivi ty more accurately 5 than does 
the UG version. Similar ly, the a - r e s e t vers ion of GPT is 
expected to be more accura te for calculating the effect of 
sys tem al tera t ions on such integral p a r a m e t e r s a s the 
p rompt -mode reactivi ty and decay constant. Many system 
a l te ra t ions encountered in the design and operation of 
nuclear r e a c t o r s maintain cr i t ical i ty . For example, the 
change in the fuel composition due to burnup is compen-
sated by a change in the concentration of burnable poisons. 
Uncer ta int ies in" input c r o s s sect ions must be compensated 
in the design by changes in the composition or geometry of 
the r eac to r . The mechanism used to r e s t o r e cr i t ical i ty can 
contribute significantly13"15 to the effect of the al terat ion on 
d i f ferent integral p a r a m e t e r s . The UG vers ion of GPT is 
the appropria te vers ion for a s sess ing the effect of those 
physica l a l terat ions that leave the r eac to r cr i t ical . 

Terminology 

It might be useful if a unified terminology were e s t ab -
l ished for what i s b e c o m i n g an important f ie ld of 
per turba t ion theory. I propose that the t e rm general ized 
per turba t ion theory be used for all per turbat ion- theory 
formula t ions in which the flux and adjoint per turbat ions a r e 
allowed fo r as correct ion f ac to r s that make f i r s t - o r d e r 
express ions co r rec t to the second order . There a r e d i f -
f e r en t vers ions of GPT, and these can be classif ied acco rd -
ing to two categories: (a) the approach of allowing fo r the 
f lux and adjoint per turbat ions , and (b) for homogeneous 
s y s t e m s , the c r i t i ca l i ty - rese t mechanism. 

The per turbat ions in the distribution functions can be 
taken into account either in t e r m s of general ized functions 
or in t e r m s of per turbat ions in distribution functions. 
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In general , the general ized-function formulat ion i s useful9 

for problems requir ing the calculation of the effect of 
different sys tem al tera t ions on a given integral pa rame te r . 
Conversely, the distribution al terat ion is the useful ap-
proach for p rob lems requir ing the calculation of the effect 
of a given sys tem al terat ion on different integral p a r a m e -
t e r s . 

Each of the GPT formulat ions should a l so be classif ied 
according to the c r i t i ca l i ty - rese t mechanism. For exam-
ple, Eq. (13) is r e f e r r e d to, in the terminology proposed, 
as the fe-reset vers ion of GPT for the s ta t ic reactivity 
expressed in t e r m s of the flux al terat ion. Similary Eq. (3) 
i s the a - r e s e t ve r s ion of GPT for the prompt-mode r e a c -
tivity expressed in t e r m s of general ized functions. 
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Terms of General Orthogonal Coordinates 

From t ime to t ime , papers appear that suggest that the 
evaluation of the s t reaming t e r m in the t r anspor t equation 
is a complicated and laborious process when the coordinate 
system is not Car tes ian . (See, for example, Ref. 1.) In 
fact , it i s easy to do the calculation in a compact manner . 
Perhaps everyone knows the scheme I shall descr ibe. 
However, although I have used it for some t ime in teaching, 
I know of no r e f e r e n c e in which it is easi ly available. 
Perhaps , for th is reason, I may be excused for present ing 
what might be common knowledge. 
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Consider a system of orthogonal coordinates denoted 
(?i, ?2, Qs) or, simply, (?). Let 

r{q) = hi (q) (q) 

and 

Then, 
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with g f j = bijhj. The e, fo rms the_local base^system; the hi 
gives the differential of length ds2= E hf dq], The th ree -

ii ' 
index symbols r k ' a re defined in a manner slightly d i f fer -
ent f rom the Christoffel symbols of tensor analysis.2 Their 

compare ^ with ^ Then, note that (g, • ek) 

expression in t e rms of /z2 is easily derived. j^For example, 

conc 

Once Eqs. (1), (2), and (3) a r e accepted, the streaming 
t e rm can be evaluated effort lessly. We wish to express 

v • —f(r,v) (where the bar reminds that v is to be held 

constant) in t e rms of derivatives all Vj = («?.£,•) held 
g 

constant, and derivatives all qj held constant. We then 

have 
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2 See , f o r example, E . MADELUNG, Die Mathematischen Hilfs-
mittel des Physikers, Dover Publ ica t ions , Inc., New York (1943). 

and that is the end of the calculation. [We use the summa-
tion convention in Eqs. (5) and (6).] 

As an example, we evaluate Eq. (6) for the torus 
discussed by Pomraning and Stevens.1 The coordinates a re 
s imilar to those of the right circular cylinder. One has a 
pair of plane polar coordinates q2 = p, q3 = 9, h2 = 1, and 
h3 = p and a coordinate qi = (rather than qy = z), which 
locates the circular section. Corresponding to q1 is hy = 
R + p sin 9 = pi, where R is the radius of the axis of the 
torus. Then, Eq. (6) becomes 

3 , 3 , JLf + H i L / 
dp f l + p 36h 

— - (V2 sin 9 +v3 cos 0) , Pi °v - / , + ( — sin 6 + — ) - 5 - / 1 
1 \Pi P/3V 

M 
\p 1 

j 
p ) dv3 

(V) 

The transition to the right circular cylinder is achieved by 
1 9 9 setting — = 3— in the f i rs t group of t e rms and neglect-

P1 OUi 
ing all t e rms containing Pi in the second group. 

An interesting special case occurs when the speed of the 
particle is fixed. Then, one of the three components of 
velocity can be eliminated. For example, introduce the 
variables (v ,r j , £) through vt=v cos 77, v2 = v sin r\ cos 
and v3 = v sin jj sin Then, the second group of te rms in 
Eq. (7) becomes (v = 1) 

£|LZLsin(0 + ?) M q Q 
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These should be compared with Eq. (30) of Ref. 1, af ter a 
typographical e r r o r has been corrected. 

I am grateful to Jeff rey Smith for catching an irri tating 
algebraic e r ro r and to G. C. Pomraning for helpful co r re -
spondence. 
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Corrigendum 

M. MARTINI, G. PALMIOTTI, and M. SALVATORES, "A 
Benchmark Experiment of Neutron Propagation in Iron 
Used to Test ENDF/B Cross-Section Data ," Nucl. Sci. 
Eng., 56, 427 (1975). 

The second sentence of the Conclusions should read as 
follows: 
The resul ts so fa r obtained show good agreement between 
calculation and experiment when the ENDF/B-I data or the 
more recent data based on an ORNL evaluation (MAT 4180 
Mod. 1) are used with proper accounting of the manganese-
impurity background effect. 




