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0. Introduction.

Lel: $E$ be an elliptic curve defined over the field $Q$ of rational numbers.
Throughout the paper, an elliptic curve defined over $Q$ means an abelian variety
of dimension one which is defined over $Q$ . Let $G$ be the Galois group of exten-
sion $\overline{Q}/Q$, where $\overline{Q}$ denotes an algebraic closure of $Q$ . Then the group $G$ , with
the Krull topology, is compact and totally disconnected. For each positive integer
$m$, we denote by $E_{m}$ the kernel of multiplication by $m$ . Let $p$ be a prime num-
ber. With the multiplication by $p:E_{p^{n+1}}arrow E_{p^{n}}$ , the sequence $\{E_{p^{n}}\}_{n=1,2},\ldots$ forms
a projective system. The Tate module $T_{p}(E)$ is defined as follows:

$T_{p}(E)= proi\lim E_{p^{n}}narrow\infty$

The module $T_{p}(E)$ is a free $Z_{p}$-module of rank 2, where $Z_{p}$ denotes a p-adic
completion of the ring $Z$ of rational integers, and $G$ acts on $T_{p}(E)$ . Fix a base
$(\xi_{0}, \xi_{1})$ of $T_{p}(E)$ over $Z_{p}$ . If $\sigma$ is an element of $G$ , then there exists a unique
element $\pi_{p}(\sigma)$ of $GL_{2}(Z_{p})$ such that

$(\sigma\xi_{0}, \sigma\xi_{1})=(\xi_{0}, \xi_{1})\pi_{p}(\sigma)$ .
The mapping $\piarrow\pi_{p}(\sigma)$ , which will be denoted by $\pi_{p}$ , is a continuous representa-
tion $Garrow GL_{2}(Z_{p})$ .

Serre [7] proved that if $E$ has no complex multiplication, then the image
group $\pi_{p}(G)$ is an open subgroup of $GL_{2}(Z_{p})$ . He also states that if $E$ is semi-
stable and $p\geqq 11$ , then the Galois group Gal $(Q(E_{p})/Q)$ is isomorphic to $GL_{2}(Z/pZ)$

(Theorem 5 in [8]), and therefore $\pi_{p}(G)=GL_{2}(Z_{p})$ . Put

$H^{(n)}=\{(\begin{array}{ll}a bc d\end{array})\in GL_{2}(Z_{p})|(\begin{array}{ll}a bc d\end{array})\equiv(\begin{array}{ll}1 00 1\end{array})$ mod $p^{n}\}$ .
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