
Letters to the Editor 

Second-Order Perturbation Theory 

In the paper by Greenspan et al.,1 I do no t feel that it is 
sufficiently emphasized tha t the opt imizat ion algorithm based 
on the second-order per tu rba t ion theory (SOPT) formula t ion 
is no t a t rue second-order per turba t ion . As stated by the 
authors , for most practical problems a t rue second-order 
approach is prohibit ively expensive, involving as it does 
(I - 1 )-M extra t ranspor t calculations at each i terat ion, where 
/ is the n u m b e r of materials and M is the number of zones 
(unless the problem is essentially one-dimensional as, for 
example, in Ref. 2). If this could be done, however, it would 
give a dis t r ibut ion of the / materials th roughout the shield at 
each i terat ion d i f fe ren t f rom tha t obtained by the me thod of 
Greenspan et al. 

In the case 1 = 2, Greenspan et al. obtain the o p t i m u m 
shape of the material density change to first-order. This is then 
t reated as a per tu rba t ion whose op t imum size may be found 
using SOPT. First-order per tu rba t ion theory is therefore used 
to de termine the na ture of the per turba t ion and SOPT is 
subsequent ly used to de termine the size. (I use the Greenspan 
et al. te rminology, where "second-order pe r tu rba t i on" means 
the re ten t ion of terms u p to and including second-order deriva-
tives in the Taylor series expansion.) The per turba t ion deter-
mined using the o p t i m u m first-order densi ty changes is the 
best pe r tu rba t ion tha t can be found with only two t ranspor t 
calculations using ANISN or DOT. 

In the case I > 2, there are ( / - 1) compet ing per turba t ions 
produced f rom the first-order t rea tment . By use of SOPT, 
these are combined as in Eq. (50) of Ref. 1 to give an opti-
m u m system per tu rba t ion . As illustrated in the example of the 
opt imizat ion of the iron-water shield, the Greenspan et al. 
algorithm produces good convergence and seems to be a very 
useful tool in this t ype of problem. 
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Reply to a Comment on "Second-Order 
Perturbation Theory" 

The second-order per turba t ion theory (SOPT) formula-
t ion presented in Ref. 1 is a true second-order per turba t ion 
theory . Burn's commen t 2 refers to the specific example 
brought fo r th illustrating the application and usefulness of 
the SOPT. 

Generally speaking, it is up to the user to decide whether 
to apply it using the max imum possible number of contro l 
variables (such as the densi ty of each material at each zone) 
and pay accordingly for the compute r t ime, or to apply it 
using a reduced number of variables. In our part icular ex-
ample, we determined the shape of the densi ty change guided 
by first-order per turba t ion theory and the ampl i tude of this 
change using SOPT. This part icular combina t ion was found 
to be most efficient for opt imizat ion problems of the type 
considered. Burn is right in observing tha t had we used all the 
( / - \)-M control variables in the SOPT formula t ion , the 
material dis tr ibut ion in the in termediate steps, marching f rom 
the reference system to the opt imal one, would be d i f fe ren t 
f rom what we obtained in the example. The opt imal ma-
terials dis tr ibut ion ( the identif icat ion of which is, a f ter all, 
the ul t imate goal for the opt imizat ion work) , however, is 
unique, independent of the in termedia te steps. 

Our s ta tement 1 tha t " f o r most practical problems such 
an approach is prohibitively expensive" addressed the par-
ticular application of SOPT for the opt imizat ion of the ma-
terial distr ibution in problems having a large number of 
variables. It is no t to be interpreted as applied, in general, to 
SOPT. Another recent example for the application of SOPT 
can be found in Ref. 3. 
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