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1. INTRODUCTION 

Suppose that E is an elliptic curve defined over Q given by 
the equation 

2 3 2 

(1) y +a{xy + a3y = x + a2x + a4x + a6, 
where we assume that at e. Z . The set E(Q) of solutions (x, y) 
with x , y G Q, together with the point at infinity, forms a finitely-
generated abelian group, the Mordell- Weil group ofE. It is iso­
morphic to Zr 0 F, where F is finite and where r is the rank 
of E. The possibilities for the finite group F are completely 
known [9]. The important question then is to understand the be­
havior of the rank as E varies over elliptic curves. It is still un­
known whether r is unbounded or not. In fact, one opinion is 
that, in general, an elliptic curve might tend to have the smallest 
possible rank, namely 0 or 1, compatible with the rank parity pre­
dictions of Birch and Swinnerton-Dyer [8]. We present evidence 
that this may not be the case. 

Published examples [2, 10] of curves of rank > 2 might suggest 
that such curves are sparsely distributed. Mestre and Oesterlé 
found the 436 modular elliptic curves of prime conductor up to 
13100, using [11]. There were 80 rank 2 curves among the 233 
curves of even rank. This proportion of rank 2 curves seemed too 
large to conform to the conventional wisdom just stated (see also 
[18, pages 254-255]). We decided to investigate the ranks of el­
liptic curves in a systematic way, over a significantly larger range. 
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This situation is not unrelated to the ranks of ideal class groups of quadratic 

fields, where similar phenomena occur [13]. 
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Curves of prime conductor only were considered for practical and 
theoretical reasons. This collection of curves appears to be a typi­
cal sample of the set of all curves (see §5 for some evidence). 

We studied 310,716 elliptic curves of prime conductor less 
thanlO8. There were 155,658 curves with odd rank, and 155,058 
curves with even rank. We found that 20.06% of all our curves 
have even rank at least 2, or about 40% of all the even rank curves. 
Even more striking is the behavior of the average rank, as discussed 
in §3. An incidental aspect of our computations is a massive cor­
roboration of the standard conjectures on elliptic curves, recalled 
in §2. 

Recent related work is described in [6] and [8]. Contrasts with 
our results are given in §3. 

We expect to publish a fuller account, including the behavior 
of other invariants of interest. This announcement reports mainly 
on ranks. The computations were carried out on Macintosh II 
computers at Fordham University, with the partial support of a 
National Science Foundation grant. We would like to thank our 
colleagues R. Lewis, I. Morrison, and W. Singer for the use of their 
machines. 

2. DEFINITIONS 

We recall standard notations and definitions [15]. Associated 
with equation ( 1 ) is the discriminant A, which we will assume to be 
minimal among all models ( 1 ) of E. The fundamental property of 
the discriminant is that p | A if and only if equation ( 1 ) is singular 
modulo p , and the conductor N of E is a subtler invariant that 
has the same property. 

The Hasse-Weil L-series of E is defined for $t(s) > 3/2 by 

L(E,S)=n (i - apP's)~x n 0 - app~s+pl~2syl > 
p\N p-fN 

where for p\N, ap e { -1 ,0 , 1} and for p \ N, ap = p + 
1 - |2s(F ) | . We shall assume that E is a modular curve, so E 

is a factor of the Jacobian J0(N) of the modular curve X0(N) 
of level TV. (That is, the Taniyama-Weil conjecture for E is 
true.) Hence, L(E, s) can be continued to an entire function 
on C, satisfying a functional equation when s *-+ 2 - s, with a 

Note that Mestre-Oesterlé found their curves by determining the 1 -dimensional 
factors of J0(N). Needless to say, we have the same curves in their range. 


