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Abstract

In Iwasawa theory, it is important to study Iwasawa modules on which the Galois
group of a Zp-extension acts. Let A=Zp[[T]] be the ring of formal power series in one
variable over the ring of p-adic integers. By the structure theorem of finitely generated
A-modules, we can classify such modules up to pseudo isomorphism. In this thesis, we study
the problems whether one can derive more precise information on a A-module than its
characteristic ideal and whether one can classify A-modules up to isomorphism. On these
problems, Sumida and Koike classified A-modules whose characteristic ideals are
generated by polynomials of degree 2. Under the same assumption, Kurihara classified
A-modules using higher Fitting ideals.

In this thesis, we classify A-modules whose characteristic ideals are generated by
separable polynomials with degree 3 or 4. Our main theorem gives a necessary and sufficient
condition whether two A-modules are isomorphic or not. In the case of degree 3, we express a
A-module using a 3-tuple consisting of two integers and an element of Zp, and we give an
equivalence relation on the set of such 3-tuples. In the case of degree 4, we express a
A-module using a 6-tuple, consisting of three integers and three elements of Zp, and we give
an equivalence relation on the set of such 6-tuples. Our main theorem says that there is one
to one correspondence between the set of isomorphism classes of A-modules and the set of
equivalence classes of the tuples. The equivalence relations on the sets of the tuples are
defined by simple relations.

We apply our theorem to the Iwasawa modules associated to the cyclotomic
Zp-extensions of imaginary quadratic fields. In this case, the characteristic ideal is
generated by a p-adic L-function which we can calculate easily. However, we need to
know more precise information. We determine the isomorphism class, calculating
the action of the Galois groups and using the Fitting ideals of ideal class groups for
several numerical examples.
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