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This text will be most useful to those who need a brief and light 
introduction to modern developments in numerical techniques for 
initial value odes and for those who wish to explore some of the 
less widely known techniques for special problems. For a deeper 
understanding of the subject, the reader may need to turn to one 
of the other texts mentioned above. There is a good bibliography 
of over 600 references. Peculiarly, the page numbering in the text 
does not correspond to that in the list of contents. 
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Classically, crossed products of arbitrary finite groups over fields 
were introduced by E. Noether in 1929 in her lectures in Göttingen 
[vdW]. Earlier, the special case of cyclic algebras was defined by 
Dickson in 1906 [Dl, D2]; the first significant result about them 
was proved by Wedderburn in 1914 [W]. These crossed products 
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arose naturally as follows: let D be a division algebra finite-
dimensional over its center K, and assume D contains a maximal 
subfield F D K such that the extension F/K is Galois with Galois 
group G. For each x e G, it follows from the Skolem-Noether 
theorem that the action of x on F becomes inner when extended 
to D ; thus there exists 0 ^x e D such that ax = x~lax for all 
a e F. The elements {x\x e G} are linearly independent over F, 
and thus since dimKD = (dim^F)2, D = @xeGFx. Since xy 
and Ty both induce xy e G, it follows that xy(xy~~l) e F, the 
centralizer of F in D. Thus we may write xy = a(x, y)xy> 
where o(x,y) e F*, the nonzero elements of F. The map 
o: G xG -> F* satisfies 

(1) cr(x,yz)<7(y, z) = cr(xy, z)a{x,y)\ 

for all x, y, z e G, and thus is a 2-cocycle for the action of G 
on F. In this situation D is called a crossed product of the group 
G over the field F. More generally, given any finite Galois field 
extension F/K with Galois group G, and a 2-cocycle a: Gx G 
-> F*, Noether constructed a crossed product A = 0 ^ ^ Fx = 
(F, G9 a), where 4̂ is the F-vector space with basis {x\x € G} 
and multiplication given by 

(2) (tfx)(&)/) = tfè (j(x, y)xy, 

for all a, b e F, x, y e G. Then 4̂ is a central simple algebra 
of dimension |G| over its center K. 

A fundamental question then arose: Can every central simple 
algebra A be written as a crossed product? By work of Albert, 
Brauer, Hasse, and Noether [BHN, AH], it is true if the field K 
is an algebraic number field. However, the general question was 
open for 40 more years until Amitsur provided a counterexample 
in 1972 [Am]. Crossed products are still of great importance for 
central simple algebras, however, since in the Brauer group any 
such algebra is equivalent to a crossed product. 

Extending the notion of crossed products to allow coefficient 
rings other than fields was done by Jacobson in the early 1940s; he 
was motivated by the study of projective representations of groups 
into vector spaces over division rings. Although he was working 
over a division ring D, all the essential ingredients for the general 
case appear in his work. Here is his construction [J2]: Let G be 
a group, and a: G -+ AutZ> and a: G x G -> D* be two maps 
satisfying the condition (1) for a e D and z £ G (replacing az 


