
PREFACE 

This volume is an introduction to topics of numerical analysis frequently 
used in the nuclear reactor field. Numerical methods are very much more 
powerful than analytical ones in finding solutions to the specific, exceedingly 
complex problems which arise as a result of the complicated dependence of 
nuclear cross sections upon energy and the very intricate geometries so often 
found in nuclear reactors. These difficulties confronting the nuclear engineer 
are aggravated by the demand for safety of a very high order and the need for 
accuracy. Therefore numerical methods employed in the design and analysis 
of nuclear reactors require the use of computers for their solution. In addition, 
most nuclear reactor problems involve many dimensions. For this reason and 
because of their great flexibility, digital computers have been used almost 
exclusively in the nuclear reactor field, except for problems involving control. 
Consequently, training in the use of computers and the numerical methods 
pertinent to the reactor field is required of every serious nuclear engineer. 
With these thoughts in mind, we have written a text to introduce students to 
the methods by which machine calculations are performed on practical 
problems in the reactor field, with emphasis on those methods specific to the 
field. 

A number of special numerical methods for the treatment of neutron and 
gamma-ray transport problems have evolved. These were taught for three 
years as part of courses that also included analytical methods. It was realized 
that the material in numerical analysis could be taught to those with far less 
preparation in mathematics by the addition of certain introductory material 
and that, further, the need and interest in training in numerical methods was 
much broader than that in analytical methods. Accordingly, the methods 
special to reactor analysis are presented in the last three chapters of this book. 
The preparatory subjects appear in the first three chapters; these are very 
useful to the nuclear engineer in their own right. 

It has been our experience in some five years of teaching the material as 
presently organized that it can be assimilated in one term in some forty or so 
lectures by students at the graduate level who have had a basic course in differ
ential equations and an introductory course in reactor physics. Thus, first 
and second year graduate students can use this book. We have found that most 
students digest new subjects properly only by working problems. Accordingly, 
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a number may be found at the end of each chapter; frequently these serve to 
extend the text. 

We have provided only the rudiments of matrix algebra, difference equations, 
and the methods of solving these equations. We have found that this material 
will suffice for the needs of most nuclear engineers. Indeed, problems in heat 
transfer and stress analysis can be treated in almost all cases by the simple 
methods and the information contained in the first three chapters. For those 
who wish to explore further, a number of excellent, more comprehensive 
references and monographs exist relating to this material. These are listed at 
the end of each chapter together with a few comments to guide the interested 
reader. Since this book is specifically directed to reactor analysis and since the 
references to many of the methods special to the field are scattered and in some 
cases difficult for the student to read, we have put more emphasis on the discus
sions of these methods. These include the multigroup, the spherical harmonics, 
the SN, the moments or Spencer-Fano, and the Monte Carlo methods as they 
apply to numerical analysis. Some students will have had most of the material 
of the first chapter, which relates to matrices. They may skip this chapter 
except for a few special topics in Sections 1.12, 1.13, and 1.14. 

The use of digital computers is taught in part by the text. The remaining 
information on the use of digital computers and when to use them can be taught 
only in a laboratory course. We regard it essential that the prospective student 
have some exposure to the running of a simple problem on a computer. In 
this way only can he gain an appreciation for the capabilities and limitations 
of digital computers and of the problems in using them. Accordingly, we expose 
the students taking the course based on the text to an additional 13 hours of 
lectures on computers and programming. The students practice programming 
and run a sample problem on a large digital computer. By this method they 
develop a feeling for the problems of the professional programmer and an 
ability to discuss mutual problems meaningfully with him. They develop an 
appreciation for some of the error locating and correcting techniques, methods 
of checking a program, and the time required in various operations and 
phases thereof. In addition, they acquire a feeling for the interaction of the 
various numerical methods with the computer and motivation for the use of 
these methods. 

Material on the aspects of particular computers is not included in this book 
for several reasons. First, the details of machines and of the utility and systems 
programs differ greatly from one installation to another. It would not be practical 
to try to present all this information in one book. Second, there is little of a 
general nature in such material that can by itself be regarded as of an educational 
nature. Third, such material is quite elementary, is provided by the makers of 
the machines, and may have already been acquired by the student in some 
other connection. The construction of a theoretical, paper computer for the 
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purposes of this book would only confuse the student who must be exposed 
to the details of his own installation in any event to gain the appreciation sought. 

We have tried to keep the general tone of this book readable and easy to 
understand. We have attempted to motivate the student in regard to the different 
methods and have tried to select the simplest examples and explanations known 
to us. There are certainly more abstract, general, and rigorous ways of presenting 
much of the information discussed, and these would be of interest to the specialist. 
They may be found in the literature to which references are given. We have 
avoided the discussion of the thousands of codes used in the field because of 
the lack of general principles of educational value that the student can master, 
remember, and use later on in his professional life. The details of any particular 
code are best learned at the time of use. In the later chapters on specific methods 
for transport problems, we merely indicate the computational steps beyond the 
formulation of the method, since the principles of iteration and the like have 
already been discussed in Chapter 3. 

Many persons have contributed to the development of this text. The financial 
support and encouragement of the Department of Nuclear Engineering of the 
Massachusetts Institute of Technology is most gratefully acknowledged. 
Professor Paul Daitch of the Rensselaer Polytechnic Institute reviewed the 
manuscript and made many helpful suggestions and comments. We most 
gratefully acknowledge our past students and especially our teaching assistants 
for their help as critics and as subjects on whom this material has been tested. 
Earlier versions of this manuscript were typed by Mrs. Ruth Kugelman and 
Mrs. Sally Oeler. Later versions, including the final draft, were prepared by 
Miss Angelina Carbone. To Miss Carbone the authors offer their greatest 
thanks for her painstaking efforts of typing, editing, and correction. Finally 
we offer our thanks to our colleagues for their advice and encouragement. 
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