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DISTRIBUTION OF CLOSED GEODESICS
WITH A PREASSIGNED HOMOLOGY CLASS
IN A NEGATIVELY CURVED MANIFOLD

TOSHIAKI ADACHI

§1. Introduction

Let M be a compact Riemannian manifold whose geodesic flow ¢,:
UM—UM on the unit tangent bundle is of Anosov type. In this paper we
count the number of ¢,-closed orbits and study the distribution of prime
closed geodesics in a given homology class in H(M, Z). Here a prime
closed geodesic means an (oriented) image of a ¢-closed orbit by the
projection p: UM — M.

In the preceding paper [3] with Sunada, we see that there exist in-
finitely many prime closed geodesics in each homology class. In this
context we are led to a natural problem of the distribution of closed
geodesics in a given homology class. Concerning this problem, Bowen [4],
[6], having introduced a measure associated with closed orbits of an
Axiom A flow, showed that closed geodesics (without any restrictions on
their homology classes) are uniformly equidistributed. Recently, Parry [8]
provides an alternative proof for Bowen’s result, based on the zeta func-
tions of flows.

For a loop ¢ in M, let [c] be the homology class represented by c.
Given a ¢,-periodic point x € UM, we denote by p(x) the closed orbit con-
taining x.

THEOREM 1. Let M be a compact Riemannian manifold whose geodesic
flow ¢, is of Anosov type. For any o€ H(M, Z), the set of all ¢,-periodic
points x with [p(p(x))] = « is dense in UM.

In particular, prime closed geodesics in o form a dense subset in M.

To get more precise information on the distribution of prime closed
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geodesics, we introduce the following orbital measures on UM. Given a

coset & of a finite index subgroup of H,(M, Z) and a positive T and ¢, we
define measures /iy ., and 9, ., by

prod® = 5[ elo)difw),

p=p(x), [p(p)]€ o
T—eLe(p)<T+e

= (0)
e = 3 [ Vapdr,

p=p@), [P(M]IE
T—ele(p)<T+e

for each smooth function g on UM, where z(p) denotes the period of p.
Normalize them so that

llT,e,x(g) = ﬂT,E,d(g)/ﬂT,E,a/(]') and XJT,s,m'(g) = ﬂT,e,d(g)/DT,é,d(l)'

TuEOREM 2. Under the same assumption as in Theorem 1, prime closed
geodesics with a preassigned homology class are ‘‘nearly” equidistributed
in the following sense: For any cosets </, # of an arbitrary finite index
subgroup of H(M, Z), positive ¢ and a smooth function g,

e &)= gdn v dOreald) —>1

k@ —> [ g pr d&)ir, @) —1

as T— oo, where y is the ¢,-invariant maximal entropy measure.

In the special case that H(M, Z) is finite, we can conclude that prime
closed geodesics are equidistributed.

Our approach to Theorem 1 is based on the technique of graphical
approximations for flows, which was given in [3]. There is an irreducible
oriented finite graph embedded in UM such that each ¢,-closed orbit is
approximated by a closed path in the graph (see §2). Briefly speaking,
what we do is to compute traces associated with this graph. Edges are
weighted so that they have information not only on periods of closed
orbits but also on places where they are embedded. Once expressed by
matrices the method given in [3] is refined in Section 4, in particular,
Theorem 1 is proved. To prove Theorem 2 we apply a number-theoretic
argument; we define “weighted” L-functions for ¢, and analyze their an-
alyticity and poles (cf. [2], [8], [9]).

The author is very grateful to T. Sunada for giving him much valuable
advice.
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§2. Graphical approximation of the geodesic flow

In this section we recall a graphical approximation of the geodesic
flow ¢, given in [3], which is a consequence of Bowen’s symbolic dynamics
[6].

We first sketch some basic materials. An oriented finite graph con-
sists of a finite set of vertices V and a set of edges EC V X V. A path
¢ (or more precisely a r-step path) in a graph (V, E) is an element of the
forme = (v, ---,v,)e VX --- X V (r + 1 factor), with (v, v,,,) ¢ E for any
0<i<r—1. Put o) =v,tc)=v, and |c|=r. We call ¢ closed if
o(c) = «(c), and call prime if it is not a non-trivial tower of other closed
path. Two r-step closed paths ¢ = (v, ---,v,) and ¢ = (w,, ---, w,) are
said to be equivalent if v,,, = w,, i e Z/rZ for some k. A cycle {c¢) is the
equivalence class containing c¢. If ¢ is a r-step closed path, there are at
most r different closed paths in {¢). From now we only treat irreducible
oriented finite graphs, that means for any two vertices there exists a path
joining them.

Given a finite graph (V, E), a subshift of finite typs X(V, E) is a
compact 0O-dimensional space defined by

g=(€)e I; Vi, &,)eE  for any ic Z}.

The shift operator o: 2(V, E)— X(V, E) is a continuous map defined by
o(8); = 0(8),,,. For a strictly positive function [ on 2(V, E) we define a
suspension X(V, E, ) by

{(¢,8)|6€2(V,E) and 0<s< 9},

where (¢, I(§)) and (¢&, 0) are identified. On this space there is a vertical
flow o(l), given by o(l),(&, s) = (&, ¢t + s) with appropriate identifications.

Let ¢ = (v,, - -+, v,) be a closed path in (V, E). Define &(c)ec 3(V, E)
by &), = v, i =1 (mod r), and put

p(c) = <g(l)t(‘§(c)9 0)‘0 S t g T(C)> >
r—1
(©) = 3 Us'6(0)) -
We frequently identify a cycle {¢) with the a(l),-orbit cycle p(c). Here to
avoid any confusion we explain the meaning of orbit cycles. An orbit
cycle p is a k-th tower of some closed orbit §’, and the period of p is k-

times the minimal period of §’. A closed orbit is also called a prime orbit
cycle.
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Let us return to our geodesic flow. The technique of graphical ap-
proximations is based on a Markov family. Each Markov family V defines
an irreducible non-circuit graph (V, E), which is naturally embedded in
UM as a CW-complex. The importance of this graph is the following
relationship with the flow ¢,: There are strictly positive Lipschitz con-
tinuous function / and a continuous surjective finite-to-one map p: 2(V, E, )
— UM such that p o o(l), = ¢, o p. We refer to this suspension as a principal
suspension. Let ¢ denote the natural embedding of (V, E) into UM. It is
known [3] that if we define a finite-to-one correspondence @ of the set of
cycles in (V, E) onto the set of ¢,-orbit cycles by ¢+ p(p(c)) then ¢(c) and
@({c)) are free homotopic. Therefore we can reduce the problem of esti-
mating the number of ¢,-closed orbits to that of counting prime closed
paths in an irreducible finite graph associated with ¢, (see [3]).

Among various features of geodesic flows we pay attention to the
reversible property; ¢(— x) = — ¢_,(x) for any x € UM. One can construct
a Markov family and the principal suspension so that they inherit this
property (see [1] and [14]).

ProposITioN 3. There exists a Markov family (V, E) for ¢, of arbitrarily
small size and with orientation-reversing involution k: V-— V such that for
eny closed path ¢ = (v, - - -, U,), p(@({c))) and p(D({kc))) represent the same
closed geodesic in M with different orientations, where kc = (xv,, - - -, £U,).

§3. Twisted Perron-Frobenius theorem

In counting closed paths in a graph, we shall make use of “twisted”
aperiodic matrices associated to this graph. We summarize in this section
some of results about eigenvalues of “twisted” non-negative matrices.
See [3] for proofs.

Let (V, E) be an oriented irreducible finite graph. Regarding (V, E)
as a l-dimensional CW-complex, we denote by =z: (V, £)— (V, E) the
universal covering and by (¥, E) the fundamental group, which is gen-
erated by homotopy classes of closed paths in (¥, E). Decompose ¥ into
primitive parts ¥, ---, V, (see [2] for example), put ¥, = z~'(V,) and choose
a subset 2 in ¥, so that ¥V, = U,en 72 and 72N2 = ¢ if 7= 1d.

Given a character X: n(V, E) > {ze C||z| = 1}, let 4, be the vector
space of complex-valued functions » on V, satisfying h o 1 = X(r)h for any
7en(V,E). If one defines §,,: V,—C for we 2 by
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5, (V) = {X(T) if v=rw
o 0 otherwise,

{04, w}wes forms a basis of %,.
Let F be a non-negative function on E. We always suppose F =+ 0.
Define an operator % ,: %, — %, by

L pM(V) = ;F(Tf(vo), (V) - - - F(z(v,-,), z)(v,) ,

where ¢ = (v, ---,v,) runs over all y-step closed paths in (¥, E) with
o(c) = v. By using the basis {3, ,}scqs, We represent #,, by a d-dimen-
sional matrix L, ,, where d = § (V,), the cardinality of V,. These matrices
L . varies smoothly with respect to F' and continuously with respect to
x.

When % = 1, the trivial character, L;; is an aperiodic non-negative
matrix. For a general X we can view L, , something like a matrix obtained
by “twisting” L1 with the character . Using Perron-Frobenius theorem
we can prove

ProrosiTioN 4 ([3]). 1) Ly 1 has a simple positive eigenvalue A(F) and
an associated positive eigenvector,

2) other eigenvalue p of L, 1 than A(F) satisfies |p| < A(F),

3) A(F) = max,cpa {min,c;cq,n00 (Lpah);/h;|h >0, h =0},

4) for each character X, any eigenvalue p of Ly, satisfies |p| < A(F),

5) Ly, has an eigenvalue of the form A(F)exp+ —1v if and only if
U[c]) = exp (v —1y{c|/v) for any closed path c in (V, E), where [c] is the
conjugacy class in n(V, E) represented by c.

Remark. The maximal eigenvalue A(F') does not depend on the choice
of primitive part V,.

§4. Existence of infinitely many closed paths
We shall prove the following proposition which is a key of this paper.
ProposiTiON 5. Let (V, E) be a irreducible finite graph of a Markov
family for the geodesic flow ¢, with associated involution k. For each ae

H(M, Z) and ve V, there exist infinitely many prime closed paths ¢ in
(V, E) with o(c) = v and with prime ®({c)) satisfying [p(D({c)))] = «.

To prove this we utilize the irreducible graph (V7, E7) of r-step paths
in (V, E), which is defined by
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V'={v = (v, ---,v,)|r-step paths in (V, E)},
E={v,w)e V' X Vv, =w,, 0<i<r—1}.

Note that this graph also admits an orientation reversing involution «:
V' — V7 given by «(v,, ---,v,) = (k(v,), - - -, (v)). The natural projection
w: V'— V defined by w(v) = v, though it also reverses the orientation,
gives a connection between (V7, E") and (V, E). For example, a closed
path ¢ = (v, - -+, v,) In (V7, E") can be identified with the closed path
wo(c) = (0(v,), -+, 0(y)) in (V, E). Define a continuous map of (V', E")
into UM by ¢ow and a correspondence of the set of cycles in (V7, E7)
onto the set of ¢,-orbit cycles by @ o w. By Proposition 3, for any closed
path ¢, ¢ o w(c) is free homotopic to @(wc)), and p(P({wc))) and p(d(w(kc))))
= p(@({x(wc)))) represent the same closed geodesic with different orienta-
tions.
Approximating the princpal suspending function ¢ we have

ProrosiTiON 6 ([3]). Given a positive ¢ with ¢ < h,,,, there exist a
positive integer r and a strictly positive function f on E™ such that

D) 2(exp(e — hu(F)) > 1

2) min(4) < f < max (¥)

3) f(xc) = f(c) for any closed path c in (V', E"), where

O =5 fwovi) i =G0 o

Given ve V, let V7 be the primitive part of V" containing an element
ve V' with o(v) = v. For simplicity we set f = (¢ — h,)f and 2 = A(exp f).
We define a non-negative function g, on E” by

1 ifew) = v
8.(v, W) {O otherwise .

Let H, = I:I,(M, Z) denote the character group of H(M, Z). Regarding
Ye H, as a character of =(V", E") through the homomorphisms

w(V', E") 225 n(UM) 225 (M) —> H(M, Z),

we shall consider the matrices L(X, 8) = Loy ;450900 SER. Let A,(X,s),

coy 24X, 8) (44X, 8)| > - -+ > |44, s)]) denote the eigenvalues of L(X, s) and
put S,(X, s) = Trace (L(X, s)™). By an easy calculation of matrix elements
we have
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(1) Sn(X, 8) = 21 X([c]) exp {f(c) + sg,(0)} .

where ¢ runs over all my-step closed paths in (V7, E") with o(c)e V7.
The presence of the associated involution r guarantees that S,(%,0) is a
real number for any m and X e H,. In fact, we have

Sn(¥, 0) = 21 o ¢ o () expf(c)
= 2L U[p(@(e(e)))]) exp f(¢)
= 2 X[~ p(@(ro(c))))]) exp flxc)
=2 U[p(@({r(©)))]) exp f(re) = S,(%, 0).

Hence 2,(X, 0) € R if |2,(X, 0)| > | 2,(X, 0)].

LEmMmA 7. A(s) = 2,(1, s) is a smooth function on R with 2'(s) > 0.

Proof. Since A(s) is an isolated eigenvalue of L(s) = L(1, s), by per-
turbation theory of matrices, we know that A(s) is smooth and that there
is a smooth map u(s): R — R* with L(s)u(s) = A(s)u(s) and u(s) > 0. Itis
an easy consequence of 3) of Proposition 4 that 1’(s) > 0. Now suppose
2(s;) = 0 for some s,, Put C = min, ;. {— ui(s)/u,ls)} —1 and define
h(s) = exp {C(s — sp}u(s). Differentiating the equality L(s)h(s) = A(s)h(s),
we have

L/(s)h(sy) + L(s))h/(s,) = A(sp)h'(s,) .

Since A(s,) >0 and L'(S;) = L, cxp(r+s00p,1 18 @ non-zero and non-nega-
tive matrix, we get

L'(s)h(s)) =0, L'(sph(s,) # 0, L(sp)h/(s)) < Ash/(so) -
Again 3) of Proposition 4 implies
L(s)h/(s)) = A(s)N'(sy)
which leads us to a contradiction L'(s,)h(s,) = 0.

For each a e H(M, Z), we denote by €,(V7; @) the set of n-step closed
paths ¢ in (V7, E") with [p(@{wc))] = «, and by Z,(V"; a) the set of all
prime ce %,(V"; «) with prime @({wc)). Put

C@=__ > aexnf,
Gu@)= 3 g(0exnf©).

cEPmu(V7;a),0(c)EV]
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By the definition of g, to prove Proposition 5, it is enough to show
G, (e) > 0 for infinitely many m.

Let dX denote the Haar measure on ﬁl with L} dX =1. Using the

orthogonal relation of characters and (1), we have
Cule) = | 1= wSut, 00,

where S/(X, 0) = (d/ds)|,_, S,.(X, s). Since f and g, are real-valued, one can
rewrite this equality as follows;

C, () = fﬁ e {1(— &)SL(X, 0)} dX.

In order to estimate C,(w) we shall deal with eigenvalues of the
matrix L(X, s). By Proposition 4, L(X, s) has an eigenvalue of the form
(%, 8) = exp (¥ —1y)A(s), 0 < « <2z, if and only if

K([c]) = exp(V =1y c|/v)
for any closed path ¢ in (V", E"). As we have
1([e]) = exp (v =Ly | relfv) = X([kc]) = K([c]),

such case occurs if and only if X =1 or X = X, where X, ¢ H, (if exists)
uniquely determined by the formula

X([c]) = exp (v =T]c|)

for any closed path ¢ in (V7, E").
Given a positive B with B <1, we set

U, = {t e H,||2(1,0)| > B},

U; = {Xe H, 2,1, 0) > B},
and

U; = {te H,|2(,0) < — B}.
By petturbation theory of eigenvalues, if B is sufficiently close to 1, we
have |4,(%, 0)| > |2,(%, 0)]. Hence U, = Uz U Uy, and Uy and Uj; are open
neighborhoods of 1 and ¥, respectively. It should be also noted that Uy

and Uy shrink to {1} and {X} as B goes to A.
We now estimate C,(«) from below.

LEvmMmA 8. There is a constant C, such that if X e I—AII\UB then |S,,(X, 0)]
< CimB™! for any m.
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Proof. For each 1, € H, there exist open neighborhoods U@ty), WLy
of %, and continuous maps A, ---, h;: U(ly) - C? such that

1) the closure of W(X,) is contained in U(X,).

2) for any X e U(Xy), h(X), ---, h,(X) are linearly independent eigen-
vectors for L(X, 0). By means of the Schmidt’s orthogonalization we get a
continuous map P, of U(X,) into the vector space Mat(d, C) of d-dimen-
sional complex matrices such that P, (X)~'L(%, 0)P,(¥) is an upper triangular
matrix for each X e U(X,).

Since fIl i1s compact, one can choose finite X, -- -, X,eIA{,‘so that
H,= U7, W(). Put P,= P%, and define Q,, s) = P (X)~'L(%, s)P,(%) for
Xe U(X;) and se R. We have

S7,(x, 0) = m Trace {L/(X, 0)L(x, 0)*~}
— m Trace {Q/(t, 0)Q,(, 0)™}.
Given P e Mat(d, C) we shall denote by P,,, the (%, )-entry of P. Put

C = max max max|Q,¥, 0),.],
1</<T €Wy k<!

C’' = max max max|Q/(X, 0],
1<i<T zewy k<l

and
-()1 e 1_ —1 ]
N= , I= . e Mat (d, C).
. .1 .
(0 - - - - 0] ] 1_

Since N¢*! is a zero matrix and |Q;(%, 0)..,| <B if XefI,\UB, there is a
constant C” such that

1@, 0)" " | <(BI 4+ CN)™ ', < C”B™

for each % € I:I,\UB and £ < I. As Q,X, 0)""'is an upper triangular matrix,
we have

| Trace {@/(X, 0)Q (%, 0)"'}| <id(d + 1)C'C"B™*,
and get the conclusion.

LemMa 9. There exist positive constants C,, C,, A and B with /1
< B < A <2 such that if L(— «) = 1 (or if %, does not exist)
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Cun(e) > 2m{C,A™ — C,B™"},
and if 1(—a)=—1
Consi(@) > 2m + 1){C,A™ — C,B™}
for any m.

Proof. Since 1,2, s) varies continuously, one can find positive 4, B,
and B, so that

1) V21 <B <B, <2,

2) (X, )| <B, if |s| < 4§ and X e Uy,
In particular, 2,(X, s) is a simple eigenvalue of L(X, s), hence the map 1,(, s):
U;, X (— 8, 8) — C is smooth with respect to s. Here we note that 2{(%,, 0)
= — 2/, 0) because 1,(X,, s) = — A(1, s) for any s.

By Lemma 8, for any B, << B < 2, we have |S/(x,0)]<CimB™! for
Xe I—AL\UB. Applying the same argument as Lemma 8, there is a constant
C such that

| S7.(X, 0) — ma{(%, $)A (X, s)™'| < CmBp~1

for any m and X e U,. In fact, as the eigenspace associated with 2,(%, s)
varies smoothly with respect to s and continuously with respect to X, we
have a map I:(X, 8): Uy X (,0)— Mat(d — 1, C) which is s-smooth and
X-continuous, and which satisfies

Trace (L(X, $)™) = S, (X, s) — A,(X, $)" .

Now in the first place, we suppose X(— a) = 1. Since 2{(1,0) >0 >
21(%,, 0), there is B, < B < 2 such that

Be — )XW, 0} >0 for Xe Up
and
Re (= DXL, 0} <0 for Le U .
Choose positive A so that B << A <2 and put 4 = min{Ze {X(— a)A1(X, 0)}|X
e Uf}. Since Ze {X(— a)2i(%, 0)}2,(%, 0)*~! >0 for any X e U, we have
Con (@) = f Re {(U(— @)S4, (1, )Y + j Re {1(— @)S4, (X, 0))dx
Us A:\Us

> om j e U= (L, 0)2,(L, O
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- f |S5,(2, 0) — 2m(%, O)A,(X, O~ | .
U

- |S%,.(%, 0)dx

A\UB

> om f Re (U= )2, 0)2(X, OF™"d
v

— 2CmBi™' — 2CimB*™"!
> 2mA*™'Avol (U}) — 2m(C + C)B*™-'.
(In case X, does not exist this argument can also be applied.)
In the second we suppose X(— «) = — 1. There is B, < B < 2 with
Re {I(— a)2{(X, 0)} > 0 for any 7 e U,. Repeating the same computation we
get the conclusion.
For ve V and a« € H(M, Z), let €,(«; v) denote the set of c e %, (V; a)

with o(c) =v. If ce%.(V; «) satisfies g,(c) > 0, then there exists ¢’ e
€ .(a; v) which is equivalent to c¢. Note also that

g.(c) exp f(c) < n-exp {(¢ — hyop)n-min (£)} .
Therefore we have

CororLLARY 10. If %(— a) = 1, then

§ Gyl V) > 21 (C,A™' — C,B™") exp {2(hy, — e)my-min (£)}
my
and if X(—a) = — 1, then
1

BE e nila; U) = (CA™ — CB™) exp{(hy, — )(2m + 1)y-min())} .
v

(2m + 1)
In particular, €.(a; v) is not empty for infinitely many n.

In order to get an estimate of G,(«), we need auxiliary graphs (see
[3] and [6]). Using informations on them, we can conclude the following
by the same way as Lemmas 2-3 and 2-4 in [3].

Lemma 11. There exist positive constants C, and C; such that if
I(—a) =1

(2) Gyo) > 2m{C,A*™' — C,B™'} — 8Cym*a™ — 4Cym*
and if 1(— a) = —1
(3) Gy iila) > (@2m + 1{C,A™ — C,B""} — 8C(m + 1)°4™"' — 4Cy(m + 1)
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for any m > 1.

This completes the proof of Proposition 5. In fact, since the right
sides of (2) and (3) are dominated by A*™-! and A’ respectively, these
estimates imply that #{c € 2,,.(V; a)|o(c) = v} or #{c € Zp .1V a)lo(c) = v}
grows exponentially with respect to m.

Proof of Theorem 1. Given an open set D in UM, we choose a Markov
family (V, E) for ¢, with associated involution and of small size so that
there is ve V with v C D. The previous argument implies that there is
a prime closed path ce U, % («a; v) with prime p = @({c)). Since pN v =+
@, this leads us to the conclusion.

§5. Equidistribution of prime closed geodesics

We now mention the equidistribution of closed geodesics with a
preassigned homology class. It has been noted that there is a resemblance
between prime closed geodesics and prime ideals in number fields ([9], [10],
[17]). Our work in this section is an analogue of Chebotarev’s density
theorem and refines Bowen’s result (cf. [8]). Throughout this section, let
H be a finite index subgroup of H(M, Z) and /e G = H(M, Z)|[H. We
denote by G the character group of G. Given X ¢ G and a smooth func-
tion g on UM, we define 7,(s; X) by

oo

20 2 KIPD e (Dhioy exp {— snh, o(p)},

n=1p;¢¢ closed orbit

where
T(p)
o) = [ eedr,  xep,

If one defines a “‘weighted” L-function for ¢, by

oo

L,(s, 2;%) = exp 3, 1

n=1 K, p;p¢—closed orbit

2([p])" exp {— nh, (s7(p) + 27,(p))},
then

25 1) = = L log Ly(s, 2 D).

Analyzing these functions (see [2] and [8]), we have

ProposITION 12. 1) 7.(s;7) is analytic when Res > 1.
2) 7,(s;1) has an analytic extension to a neighborhood of Zes>1
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except for a simple pole at s = 1 of residue f gdp.
3) If X+ 1, ns; %) is analytic in some neighborhood of %.s > 1.
For each o/ ¢ G, we set

=1
Fg("Q{’ T) - ﬁG ; z'g(p)h’top ’

w2, T) = fé IEXOLON

where in the summations p runs over all ¢,-orbit cycles with [p(p)] € &
and z(p) < (log T)/h,,. Since

r T-dF (£, T) = L 3 U= dypy(s; %),
1 #G 1EG
Tauberian theorem implies that

1
Fi(et, DIT—> f gdp.

We can also conclude 7 (s, T)log T ~ F,(<Z, T). Therefore
/iT,e,ﬁ(g) = ng(&{, exp (T + e)htop) - ng(%’ exp (T - 5)hr,op)
~ (b T4G) ™ exp (hiy T) [ gdpr{exp ehu) — exp(—hay),

hence

prod@)—> | gdu and pr. A&)ur,.(8) —>1

for any <7, % € G.
We now examine the measure v, . ,. Since

Z X([p])fg(p>hwp exp {_ n‘Shtop z'(]:))}

contains the essential part of 7,(s; X), one obtains

By 3 5lp) ~ ex0 (o, T) [lp,

pie(<T

which leads us to Theorem 2.

REFERENCES

[1] T. Adachi, Markov families for Anosov flows with an involutive action, Nagoya

https://doi.org/10.1017/50027763000002865 Published online by Cambridge University Press


https://doi.org/10.1017/S0027763000002865

14 TOSHIAKI ADACHI

Math. J., 104 (1986), 55-62.

[2] T. Adachi and T. Sunada, Twisted Perron-Frobenius Theorem and L-functions,
J. Funct. Anal., 71 (1987), 1-46.

[ 3] ——, Homology of closed geodesics in a negatively curved manifold, J. Diff. Geom.,
26 (1987), 81-99.

[ 4] R. Bowen, Periodic orbits for hyperbolic flows, Amer. J. Math., 94 (1972), 1-30.
[ 5] ——, The equidistribution of closed geodesics, Amer. J. Math., 94 (1972), 413-423.
[ 6] ——, Symbolic dynamies for hyperbolic flows, Amer. J. Math., 95 (1973), 429-460.
[ 7] P. Eberlein, When is a geodesic flow Anosov type? I, J. Differential Geom., 8 (1973),

437-463.

[8] W. Parry, Bowen’s equidistribution theory and the Dirichlet density theorem,
Ergodic Theory Dynamical Sysiems, 4 (1984), 117-134.

[91 W. Parry and M. Pollicott, An analogue of the prime number theorem for closed
orbits of Axiom A flows, Ann. of Math., 118 (1983), 573-591.

, The Chebotarev theorem for Galois coverings of Axiom A flows, preprint
(1984), Warwick Univ.

[11] J. F. Plante, Homology of closed orbits of Anosov flows, Proc. Amer. Math. Soc.,
37 (1973), 297-300.

[12] M. Pollicott, Meromorphic extension of generalised zeta function, Invent. math.,
85 (1986), 147-164.

[18] ———, A note on uniform distribution for primes and closed orbits, preprint.

[14] M. Rees, Checking ergodicity for some geodesic flows with infinite Gibbs measure,
Ergodic Theory Dynamical Systems, 1 (1981), 107-133.

[15] D. Ruelle, Thermodynamic Formalism. Addison-Wesley, 1978.

[16] T. Sunada, Geodesic flows and geodesic random walks. Advanced Studies in Pure
Math., 3 (Geometry of Geodesics and Related Topics) 1984, 47-86.

[17] ——, Tchebotarev’s density theorem for closed geodesics in a compact locally
symmetric space of negative curvature, preprint.

Department of Mathematics
Nagoya University,
Chikusa-ku Nagoya

464 Japan

Current address:
Department of Mathematics
College of General Education
Kumamoto University
Kumamoto, 860 Japan

https://doi.org/10.1017/50027763000002865 Published online by Cambridge University Press


https://doi.org/10.1017/S0027763000002865



