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(2 pages) contains the number of primitive solutions found for each of 768 val- 
ues of n. Table 1 (55 pages) contains the actual values of primitive solutions 
(x, y, z) for each n. 
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16142C10, 65N30, 65N351.-DANIELE FUNARO, Polynomial Approximation of 
Differential Equations, Lecture Notes in Phys., Vol. 8, Springer, 1992, x+305 
pp., 241 cm. Price $46.00. 

This book deals with approximate solutions of Differential Equations (DEs) 
which are based on spectral methods of polynomial type. 

The framework is as follows. Let u(x) denote the exact solution of the 
DE, L(x, u, Du, ...) = F. The purpose is to compute an approximation to a 
polynomial projection of this solution, Pnu(x) . To this end, one computes an 
approximate solution, UN(X), by solving the nearby finite-dimensional model 
LN(X, UN, DNUN, ...) = FN. This framework is a synthesis of several ingre- 
dients: the polynomial projections, PN, and the quality of their approximation 
of the identity, III - PNII, the derivative matrices, DN = PNDPN, and the in- 
tegration of these ingredients into DEs together with their initial and boundary 
conditions. 

The first four chapters are concerned with the underlying polynomial pro- 
jections, PN. A distinctive character of spectral methods is the use of global 
projections. In the present context such projections arise as truncated Fourier- 
Jacobi expansions. After the introductory material in Chapter 1 on Legendre, 
Chebyshev, and other prototype Jacobi polynomials, Chapter 2 proceeds with 
a discussion of their weighted orthogonality and the basic properties related to 
their Fourier expansions. Chapter 3 treats the corresponding projections based 
on Gauss quadratures. Here, moments of the Galerkin-type Fourier projections 
of Chapter 2 are replaced by the closely related interpolatory projections. These 
discrete projections enable pointwise multiplication and composition in physi- 
cal space, and Chapter 4 complements this with a description of fast transforms 
from and to the dual Fourier space. 

The next two chapters focus attention on approximation errors. The key 
question here is how well the exact solution, u, is represented by its polynomial 
projection, Pn7 Ut. The results in Chapter 6 amplify yet another distinctive fea- 
ture of spectral projections: measured in terms of appropriate function spaces 
introduced in Chapter 5, the error 11(I - PN)UII decays as fast as the global 
smoothness of u permits (popularly known as spectral accuracy). Chapters 7 
and 8 study the "discrete" derivative matrices, PNDPN, associated with various 
projections and different assignments of boundary conditions. 

The construction of polynomial approximations for ordinary DEs is the topic 
of Chapter 9; time-dependent problems governed by partial DEs are discussed 
in Chapter 10. Special attention is paid to weak formulations which yield ef- 
fective treatments of boundary conditions, and to stability estimates-properly 
weighted-, which in turn yield convergence rate estimates for IJUN - PNUII . 
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Chapter 11 is devoted to domain decomposition methods which, in the present 
context, are used to decouple the global nature of spectral methods into in- 
dependent subdomain computations. Finally, the book concludes with several 
examples in Chapters 12-13. 

The book concentrates mainly on the analysis of polynomial methods. This 
enables the author to expand the presentation of the corresponding material 
in the comprehensive treatment of spectral methods of [1, ??9-10]. The self- 
contained exposition of the material and an easygoing style of writing make this 
an excellent textbook to accompany a course on spectral methods. At the same 
time, it is a very well-written scholarly book that will serve both practitioners 
and experts. There is no doubt that Polynomial Approximation of Differential 
Equations is an important addition to the contemporary literature on spectral 
methods. 
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17L65-06, 65Kxx, 65H10J.-EUGENE L. ALLGOWER & KURT GEORG (Editors), 
Computational Solutions of Nonlinear Systems of Equations, Lectures in Appl. 
Math., Vol. 26, Amer. Math. Soc., Providence, RI, 1990, xx+762 pp., 231 
cm. Price $235.00. 

This volume contains articles presented at the 1988 AMS-SIAM Summer 
Seminar on "Computational Solution of Nonlinear Systems of Equations." 
There are a total of 40 papers covering a wide range of topics on the numer- 
ical solution of nonlinear equations. A collection of nonlinear test problems, 
compiled and edited by Jorge More, is also included. 

In the area of continuation methods, the papers cover homotopy methods, 
PL algorithms, smooth penalty functions, and nonsingular polynomial contin- 
uation. Results of these continuation algorithms on variational problems, con- 
strained optimization, two-point boundary value problems, and design problems 
are also included. 

Newton and quasi-Newton methods are discussed for undetermined systems, 
for nonlinear convection diffusion equations, and for the linear complementar- 
ity problems. Duality algorithms and low-storage methods for unconstrained 
optimization are included. 

Specific applications such as contaminant transport in porous media, dielec- 
tric spectroscopy, and collisional kinetic equations are also treated. 

MARY BETH HRIBAR 

Electrical Engineering and Computer Science Department 
Northwestern University 
Evanston, IL 60208 


