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MULTI–SEPARATION, CENTRIFUGALITY AND
CENTRIPETALITY IMPLY CHAOS
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Abstract. Let I be an interval. I need not be compact or bounded. Let
f : I → I be a continuous map, and (x0, x1, · · · , xn) be a trajectory of f
with xn ≤ x0 < x1 or x1 < x0 ≤ xn. Then there is a point v ∈ I such that
min{x0, · · · , xn} < v = f(v) < max{x0, · · · , xn}. A point y ∈ I is called a
centripetal point of f relative to v if y < f(y) < v or v < f(y) < y, and y
is centrifugal if f(y) < y < v or v < y < f(y). In this paper we prove that
if there exist k centripetal points of f in {x0, · · · , xn−1}, k ≥ 1, then f has
periodic points of some odd (6= 1) period p ≤ (n−2)/k+2. In addition, we also
prove that if (x0, x1, · · · , xn−1) is multi-separated by Fix(f), or there exists
a centrifugal point of f in {x0, · · · , xn−1}, then f is turbulent and hence has
periodic points of all periods.

1. Introduction

Let I be a real interval, which need not be compact or bounded, and let f : I → I
be a continuous map. A point x ∈ I is called a periodic point of f with period n or
simply an n-periodic point if fn(x) = x and fk(x) 6= x for 1 ≤ k < n. For some given
positive integer n, does f have n-periodic points? This is an interesting problem.
One expects to find some succinct conditions to decide whether f has n-periodic
points. A well known result is the following theorem, due to A.N. Sarkovskii [8].

Theorem A. Suppose f has m-periodic points. If n ≺ m in the sequence

1 ≺ 2 ≺ 4 ≺ 8 ≺ · · · ≺ · · · ≺ 22 · 7 ≺ 22 · 5 ≺ 22 · 3 ≺ · · ·
≺ 2 · 7 ≺ 2 · 5 ≺ 2 · 3 ≺ · · · ≺ 7 ≺ 5 ≺ 3,

then f has n-periodic points.

T.Y. Li and J.A. Yorke in [7] proved that if f has 3-periodic points, then f has
n-periodic points for every positive integer n, and f is chaotic. It is well known
(see [4] or [5]) that f is also chaotic if it has a periodic point of a period which is
not a power of 2.

Definition 1.1. A sequence (x0, x1, · · · , xn) of points in I is called a trajectory of
f if xi+1 = f(xi) for i = 0, 1, · · · , n− 1. A trajectory (x0, x1, · · · , xn) is said to be
return if xn ≤ x0 < x1 or x1 < x0 ≤ xn.
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T.Y. Li et al. considered return trajectories and obtained the following two
theorems (see Proposition 2.2 and Remark after it, and Proposition 3.4 in [6]).

Theorem B. If f has a return trajectory (x0, x1, · · · , xn), and n ≥ 3 is odd, then
f has n-periodic points.

Theorem C. If f has a return trajectory (x0, x1, · · · , xn), n ≥ 4 is even, and there
is no division for (x0, x1, · · · , xn), then f has p-periodic points, where p = n/2 if
n/2 is odd, or p = n/2 + 1 if n/2 is even.

In this paper we will further discuss return trajectories. Our main result is the
following theorem.

Theorem D. Let (x0, x1, · · · , xn) be a return trajectory of f : I → I with n ≥ 3,
and v be a fixed point of f in the interval (min{x0, · · · , xn}, max{x0, · · · , xn}).

(i) If (x0, x1, · · · , xn−1) is multi-separated by Fix(f), or there exists a centrifugal
point of f relative to v in {x0, · · · , xn−1}, then f is turbulent, and hence f
has periodic points of all periods.

(ii) If there exist k centripetal points of f relative to v in {x0, · · · , xn−1}, k ≥ 1,
then f has periodic points of some odd (6= 1) period p ≤ (n− 2)/k + 2.

Remark 1.2. Taking k = 1 and k = 2 in Theorem D, we can obtain Theorem B and
Theorem C respectively. Thus these two theorems are two particular situations of
our conclusion.

2. Multi-separation implies chaos

In the following we still assume that f : I → I is a continuous map. Denote by
Fix(f) the set of fixed points of f . For any real numbers x < y, put [x; y] = [y; x] =
[x, y], (x; y) = (y; x) = (x, y), and [x; x] = [x, x] = {x}.
Definition 2.1. Let (x0, x1, · · · , xn) be a return trajectory of f . Take m, M ∈
{1, · · · , n} such that

xm = min{x0, x1, · · · , xn}, xM = max{x0, x1, · · · , xn}.
Write V = [xm, xM ] ∩ Fix(f). Then V 6= ∅. Let u = min V, u′ = maxV .
The trajectory (x0, x1, · · · , xn) is said to be multi-separated by Fix(f) if [u, u′] ∩
{x0, x1, · · · , xn} 6= ∅.

Recall that f is called turbulent if there exist w, y, z ∈ I with w < y < z such
that f([w, y]) ∩ f([y, z]) ⊃ [w, z]. The following proposition is well known (see [1]
or [3]).

Proposition 2.2. If f is turbulent, then f has periodic points of all periods.

Theorem 2.3. Let (x0, x1, · · · , xn) be a return trajectory of f with n ≥ 2. If
(x0, x1, · · · , xn) is multi-separated by Fix(f), then f is turbulent.

Proof. We may discuss only the case xn ≤ x0 < x1. Let xm, xM and u, u′ be as in
Definition 2.1. Then M < n. Write

W = [xm, xM−1] ∩ Fix(f).

If W 6= ∅, then xM−1 > xm, and there is w ∈ W such that w < xM−1 and
(w, xM−1]∩Fix(f) = ∅. Evidently, there is an i ∈ {0, · · · , n−1} such that xi > xM−1

and xi+1(= f(xi)) ≤ w. Hence we have

f([w, xM−1]) ∩ f([xM−1, xi]) ⊃ [w, xM ] ⊃ [w, xi].

This implies that f is turbulent.
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Now we assume W = ∅. Then [u, u′] ⊂ (xM−1, xM ).
If {x0, x1, · · · , xM} ∩ [u, u′] 6= ∅, then there is some i ∈ {0, 1, · · · , M − 2} such

that xi ∈ (u, u′) and {xi+1, · · · , xM}∩ [u, u′] = ∅. If xi+1 > u′, then i < M−2, and
min(f(u′, xi+1]) < u, (otherwise we will get xi+1 > xi+2 > · · · > xM−2 > xM−1 >
u′, which will yield a contradiction). Thus we have

f([u, xi]) ∩ f([xi, xi+1]) ⊃ [u, xi+1], if xi+1 > u′.(2.1)

Similarly, we have

f([xi+1, xi]) ∩ f([xi, u
′]) ⊃ [xi+1, u

′], if xi+1 < u.(2.2)

From (2.1) and (2.2) we see that f is turbulent.
If {x0, x1, · · · , xM} ∩ [u, u′] = ∅, then xn ≤ x0 < u since (x0, xM ) ∩ Fix(f) 6= ∅,

and {xM+1, · · · , xn−1}∩ (u, u′) = {xM+1, · · · , xn−1} ∩ [u, u′] 6= ∅ since (x0, x1, · · · ,
xn) is multi-separated by Fix(f). Take i ∈ {M +1, · · · , n−1} such that xi ∈ (u, u′)
and {xi+1, · · · , xn} ∩ [u, u′] = ∅. Then it is easy to check that (2.1) or (2.2) is still
true, and hence f is also turbulent. Theorem 2.3 is proven.

By Definition 2.1, a return trajectory (x0, x1, · · · , xn) must be multi-separated
by Fix(f) if {x0, x1, · · · , xn} ∩ Fix(f) 6= ∅. Thus, from Theorem 2.3 we obtain the
following corollary.

Corollary 2.4. Let (x0, x1, · · · , xn) be a return trajectory of f, n ≥ 2. If {x0, x1,
· · · , xn} ∩ Fix(f) 6= ∅, then f is turbulent.

3. Centripetal–centrifugal structure

In this section we will raise the concepts of centripetal point and centrifugal point.
We will show that, under some conditions, a return trajectory can be “homotopi-
cally” changed to a periodic trajectory which has the same centripetal-centrifugal
structure.

Definition 3.1. Let v be a fixed point of f : I → I. A point y ∈ I is called
a centripetal point of f relative to v (or simply a centripetal point if there is no
confusion) if y < f(y) < v or v < f(y) < y. y is called a centrifugal point of f
(relative to v) if f(y) < y < v or v < y < f(y). And y is called a striding point of
f if y < v < f(y) or f(y) < v < y.

Definition 3.2. Let (x0, x1, · · · , xn) and (y0, y1, · · · , yn) be two trajectories of f :
I → I. Suppose v is a given fixed point of f . We say that (x0, x1, · · · , xn) and
(y0, y1, · · · , yn) have the same centripetal-centrifugal structure (relative to v), and
write

(x0, x1, · · · , xn) ∼ (y0, y1, · · · , yn), (rel v)

if the following two conditions hold:
(i) For i = 0, 1, · · · , n, yi < v if and only if xi < v, and yi > v if and only if

xi > v.
(ii) For i = 0, 1, · · · , n− 1, yi < yi+1 if and only if xi < xi+1, and yi > yi+1

if and only if xi > xi+1.

Remark 3.3. We define the number of centripetal (resp. centrifugal, resp. striding)
points of trajectory (x0, x1, · · · , xn) as the cardinal number of the set {i : xi is a
centripetal (resp. centrifugal, resp. striding) point, and 0 ≤ i ≤ n− 1}. Obviously,
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if (x0, x1, · · · , xn) and (y0, y1, · · · , yn) have the same centripetal-centrifugal struc-
ture, then the number of centripetal (resp. centrifugal, resp. striding) points of
(x0, x1, · · · , xn) is equal to that of (y0, y1, · · · , yn).

Theorem 3.4. Let (x0, x1, · · · , xn) be a return trajectory of f , n ≥ 2, and V =
[xm, xM ] ∩ Fix(f) be the same as in Definition 2.1. Let v ∈ V be given. If f is
not turbulent, and (x0, x1, · · · , xn) contains at least a centripetal point (relative to
v), then there exists a return trajectory (y0, y1, · · · , yn) of f which has the same
centripetal-centrifugal structure as (x0, x1, · · · , xn) and satisfies yn = y0.

Proof. We may consider only the case xn < x0 < x1. Since f is not turbulent, by
Theorem 2.3, (x0, x1, · · · , xn) is not multi-separated by Fix(f). Thus V ⊂ (x0, xM ).
Put u = min V . Because f(t) > t for all t ∈ [xm, u), there is a point z ∈ [x0, u) such
that f(z) > u, (otherwise, we will have x0 < x1 ≤ x2 ≤ · · · ≤ xM ≤ · · · ≤ xn ≤ u,
which would yield a contradiction). Write ti = f i(t) for any t ∈ I and any i ≥ 0.
Then ti continuously depends on t. Since fn(x0) = xn < x0 and fn(u) = u, there
exists a point y = y0 ∈ (x0, u] such that yn = y0 and

tn < t0 = t < y ≤ u ≤ v, for any t ∈ [x0, y).(3.1)

From (3.1) and Corollary 2.4 it follows that

{t0, t1, · · · , tn} ∩ Fix(f) = ∅, for any t ∈ [x0, y).(3.2)

By (3.2) it is easy to show

(t0, t1, · · · , tn) ∼ (x0, x1, · · · , xn), (rel v), for any t ∈ [x0, y).(3.3)

We now claim y < u. In fact, if xn−1 < xn, then from the continuity of fn−1|[x0, u]
we see that there exists w ∈ (x0, u) such that wn−1 = z and wn = f(z) > u, and
by (3.1) we get y < w < u. If xn−1 ≥ xn, then there is an i ∈ {0, 1, · · · , n−2} such
that xi is a centripetal point, i.e. xi+1 ∈ (v; xi). Since (x0, x1, · · · , xn) is not multi-
separated by Fix(f), we have {xi, xi+1}∩ [u, v] = ∅, and hence xi+1 ∈ (u; xi). Since
f i(u) = u and f i(x0) = xi, there exists r ∈ (x0, u) such that ri(= f i(r)) = xi+1,
and hence

rj = xj+1 for j = i, i + 1, · · · , n− 1.

If r < y, then by (3.3) we will obtain

(r0, · · · , rn) = (r0, · · · , ri−1, xi+1, xi+2, · · · , xn, rn)

∼ (x0, · · · , xi−1, xi, xi+1, · · · , xn−1, xn), (rel v).(3.4)

According to (3.4), xi being centripetal implies that xi+1, xi+2, · · · , xn−1 are all
centripetal. This contradicts the assumption xn−1 ≥ xn. Thus we still have y ≤
r < u.

From yn = y0 = y < u we know that (y0, y1, · · · , yn) is also a return trajectory.
By Corollary 2.4 we obtain

{y0, y1, · · · , yn} ∩ Fix(f) = ∅.(3.5)

Analogous to (3.3), from (3.2) and (3.5) we get

(y0, y1, · · · , yn) ∼ (x0, x1, · · · , xn), (rel v).(3.6)

Theorem 3.4 is proven.
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Remark 3.5. Suppose (x0, x1, · · · , xn), (y0, y1, · · · , yn) and ti = f i(t) are the same
as in Theorem 3.4 and its proof. Let

S = {(t0, t1, · · · , tn) : t ∈ [x0, y0]}
Then S is a set of trajectories satisfying (3.3) and (3.6). We can regard S as
a “homotopy” from (x0, x1, · · · , xn) to (y0, y1, · · · , yn) preserving the centripetal-
centrifugal structure.

4. Centrifugality and centripetality imply chaos

Let (x0, x1, · · · , xn) be a return trajectory of continuous map f : I → I. If
there is no division for (x0, x1, · · · , xn), then it is proved in [6] that f is chaotic,
see Theorems B and C stated above. However, if we further consider the number
of centripetal and centrifugal points, we can obtain stronger results.

We first consider centrifugal points. The following proposition is slightly stronger
than Corollary 3.2 in [6]. Using our Theorem 2.3, we can give a short proof of this
proposition.

Proposition 4.1. Let (x0, x1, · · · , xn) be a return trajectory of f , and V = [xm, xM ]
∩ Fix(f) be as in Definition 2.1. Let v ∈ V be given. If there exists a centrifugal
point of f relative to v in {x0, x1, · · · , xn−1}, then f is turbulent.

Proof. We may assume xn ≤ x0 < x1. Let xi be a centrifugal point of f , where
i ∈ {0, 1, · · · , n− 1}.

If xi > v, then there is a fixed point w of f in (xi, xM ), and xi ∈ (v, w).
If x0 > v, then there is a fixed point w of f in (x0, xM ), and x0 ∈ (v, w).
If xi < v and x0 < v, then there is a fixed point w of f in (x0; xi), and {x0, xi}∩

(w, v) 6= ∅.
Thus, in any case, the trajectory (x0, x1, · · · , xn) is always multi-separated by

Fix(f). By Theorem 2.3, f is turbulent.

Theorem 4.2. Let (x0, x1, · · · , xn) be a return trajectory of f , and let V = [xm, xM ]
∩ Fix(f) be as in Definition 2.1. Let v ∈ V be given. If the trajectory (x0, x1, · · · ,
xn) contains k centripetal points relative to v, (i.e., the cardinal number of the set
{j : xj is a centripetal point, and 0 ≤ j ≤ n − 1} is k), k ≥ 1, then f has periodic
points of some odd (6= 1) period p ≤ (n− 2)/k + 2.

Proof. By Proposition 4.1 and Theorem 2.3, we may assume that there is no cen-
trifugal point of f in {x0, x1, · · · , xn−1}, and the trajectory (x0, x1, · · · , xn) is not
multi-separated by Fix(f). By Theorem 3.4, we may assume xn = x0. Then the
number of striding points of the trajectory (x0, x1, · · · , xn) is n − k, n − k ≥ 2 is
even, and

f(xi) > xi, if xi < v, i ∈ {0, 1, · · · , n};(4.1)

f(xi) < xi, if xi > v, i ∈ {0, 1, · · · , n}.(4.2)

If k = 1, then n is odd, and Theorem 4.2 is true. Now we assume k0 ≥ 2 is a
given integer, and Theorem 4.2 holds for 1 ≤ k < k0. We need only to prove that
the theorem still holds for k = k0.

Suppose the period of x0(= xn) under f is n′. Then n′ is a factor of n, and
n′ ≥ 3. Suppose there are k′ centripetal points in the trajectory (x0, x1, · · · , xn′).
Then k′ = kn′/n. If n′ < n, then by the inductive hypothesis f has periodic points
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of some odd (6= 1) period p ≤ (n′ − 2)/k′ + 2. Since (n′ − 2)/k′ < (n − 2)/k, we
have p < (n− 2)/k + 2, and hence Theorem 4.2 holds.

Now we assume n′ = n, i.e., the period of x0 under f is n. Let the k centripetal
points in {x0, x1, · · · , xn−1} be xa(1), xa(2), · · · , xa(k) with

xa(1) < xa(2) < · · · < xa(k).

Write O = {x0, x1, · · · , xn−1}. If xa(1) < v < xa(k), noting that any nonempty
proper subset of O is not an invariant set of f , from (4.1) and (4.2) we see that at
least one of the following two inequalities is true:

max(f(O ∩ [xa(1), v])) ≥ xa(k),(4.3)

or

min(f(O ∩ [v, xa(k)])) ≤ xa(1).(4.4)

By symmetry, we may assume that (4.3) is true. It follows from (4.3) that

f([xa(1), v]) ⊃ [v, xa(k)].(4.5)

If xa(1) < v < xa(k) does not hold, then xa(1) < xa(k) < v or v < xa(1) < xa(k).
By symmetry, we may assume xa(1) < v.

In addition, for convenience, we may assume a(1) = 0, i.e. xa(1) = x0. Then
x0 < x1 < v.

For any integer j and any i ∈ {0, 1, · · · , n − 1}, write xjn+i = xi. Since x0 =
min{xa(1), · · · , xa(k)} < v, we see that x−1 is a striding point, and x−1 > v. For
any real number r, let brc denote the greatest integer not greater than r. Put

b = b(n− 2)/kc.
There are three cases to consider.

Case 1. There exists q ∈ {2, 3, · · · , b} such that x−q is centripetal, and x−1, x−2,
· · · , x−q+1 are all striding.

Subcase 1.1. If x−q < v, then x0 < x−q < x−q+1 < v. Since the trajectory
(x−q, x−q+1, · · · , x−1, x0} is return and has a centripetal point x−q, by the inductive
hypothesis, f has periodic points of some odd (6= 1) period p ≤ q ≤ b < (n−2)/k+2.

Subcase 1.2. If x−q > v, then xa(1) = x0 < v < x−q+1 < x−q ≤ xa(k). By
(4.5), we can take y−q−1 ∈ [x0, v) ∩ f−1(x−q) and obtain a return trajectory
(y−q−1, x−q, x−q+1, · · · , x−1, x0}, which contains a centripetal point x−q. By the
inductive hypothesis, f has periodic points of some odd (6= 1) period p ≤ q + 1 ≤
b + 1 < (n− 2)/k + 2.

Case 2. x−1, x−2, · · · , x−b are all striding points, and x−b < v.

Subcase 2.1. If x1 < x−b < v, then the trajectory (x−b, x−b+1, · · · , x0, x1) is return,
which contains a centripetal point x0. By the inductive hypothesis, f has periodic
points of some odd (6= 1) period p ≤ b + 1 < (n− 2)/k + 2.

Subcase 2.2. If x−b < x1 < v, then the trajectory (x1, x2, · · · , xn−b) is return,
which contains k−1 centripetal points xa(2), · · · , xa(k). By the inductive hypothesis,
f has periodic points of some odd (6= 1) period p ≤ (n− b− 3)/(k − 1) + 2. Since
b = b(n− 2)/kc > (n− 2)/k − 1 and k ≥ 2, we have

n− b− 3 < n− n− 2
k

− 2 =
k − 1

k
· (n− 2),
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which yields
n− b− 3

k − 1
<

n− 2
k

.

Thus p < (n− 2)/k + 2.

Case 3. x−1, x−2, · · · , x−b are all striding points, and x−b > v.
Similar to (4.3) and (4.4), in this case we have

max(f(O ∩ [x1, v])) ≥ x−b

or

min(f(O ∩ [v, x−b])) ≤ x1,

which yields

f([x1, v]) ⊃ [v, x−b](4.6)

or

f([v, x−b]) ⊃ [x1, v].(4.7)

Subcase 3.1. If (4.6) holds, then we can take y−b−1 ∈ [x1, v)∩f−1(x−b) and obtain a
return trajectory (y−b−1, x−b, x−b+1, · · · , x0, x1), which contains a centripetal point
x0. By the inductive hypothesis, f has periodic points of some odd (6= 1) period
p ≤ b + 2.

Subcase 3.2. If (4.7) holds, then we can take y0 ∈ (v, x−b] ∩ f−1(x1) and obtain
a return trajectory (y0, x1, x2, · · · , xn−b), which contains k − 1 centripetal points
xa(2), · · · , xa(k). By the inductive hypothesis, f has periodic points of some odd
(6= 1) period p ≤ (n − b − 2)/(k − 1) + 2. Suppose b = (n − 2 − j)/k, where
j ∈ {0, 1, · · · , k − 1}. Then

n− b− 2
k − 1

= b +
j

k − 1
≤ b + 1.

If b is odd, then the odd number p ≤ (n− b− 2)/(k− 1)+ 2 ≤ b +3 must satisfy
p ≤ b + 2.

If b is even, then n − j = kb + 2 is even, and k − j = (n − j) − (n − k) is also
even. Thus j ≤ k − 2, and b(n − b − 2)/(k − 1)c = bb + j/(k − 1)c = b. This also
implies p ≤ b + 2.

Theorem 4.2 is proven.

Combining Theorem 2.3, Proposition 4.1 and Theorem 4.2, we obtain Theorem D
given in Section 1.

Remark 4.3. Let (x0, x1, · · · , xn) be a return trajectory of f , let xm and xM be the
same as in Definition 2.1, and let v ∈ [xm, xM ]∩Fix(f) be given. By Corollary 2.4,
we only consider the case {x0, x1, · · · , xn} ∩ Fix(f) = ∅. Suppose the number of
centripetal points with centrifugal points of (x0, x1, · · · , xn) relative to v is k. Then
n− k is even, and hence we have

(i) k ≥ 1 is odd if n is odd;
(ii) k ≥ 2 is even if n is even and there is no division for (x0, x1, · · · , xn).

Therefore, Theorems B and C stated in Section 1 are two special situations of
Theorem D.

As a corollary of Proposition 4.1 and Theorem 4.2, we have
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Theorem 4.4. Let (x0, x1, · · · , xn) be a trajectory of f, n ≥ 3. Suppose there is
some k ∈ {2, 3, · · · , n− 1} such that

xn ≤ x0 < x1 < x2 < · · · < xk or xk < · · · < x2 < x1 < x0 ≤ xn.

Then f has periodic points of some odd (6= 1) period p, which satisfies

(i) p ≤ (n− 2)/k + 2 if n− k is even;
(ii) p ≤ (n− 2)/(k − 1) + 2 if n− k is odd.

Proof. We may consider only the case xn ≤ x0 < x1 < x2 < · · · < xk. Let
V = [xm, xM ] ∩ Fix(f) be as in Definition 2.1. Take v ∈ V . If the trajectory
(x0, x1, · · · , xn) contains a centrifugal point of f relative to v, then, by Propo-
sition 4.1, f is turbulent. If (x0, x1, · · · , xn) contains no centrifugal point, then
v ∈ (xk−1, xM ), and the trajectory (x0, x1, · · · , xn) contains at least k (resp. k−1)
centripetal points if n−k is even (resp. odd). Thus, by Theorem 4.2, f has periodic
points of some odd (> 1) period p satisfying the condition (i) (resp. (ii)).

Now we give two examples to show that under the assumptions of Theorem4.2
and 4.4 we cannot obtain stronger results.

Examples. Let a ≥ 1 and k ≥ c ≥ 1 be integers, v = (a + 1)k + c, and n =
(2a + 1)k + 2c. Then (n − 2)/k + 2 < 2a + 5. Write I = [0, n]. Take continuous
maps f : I → I and g : I → I such that f |[j − 1, j] and g|[j − 1, j] are monotone
for j = 1, 2, · · · , n, and

f(v − i) = v + i, for i = 0, 1, · · · , ak + c;
f(v + i) = v − 1− i, for i = 1, 2, · · · , c− 1;
f(v + i) = v − k − i, for i = c, · · · , ak + c;
f(i) = ak + i + 1, for i = 0, 1, · · · , k − 2;
f(k − 1) = v − 1,

and 
g(n) = 0,
g(j(a + 1)) = (j + 1)(a + 1), for j = 0, 1, · · · , k − 1;
g(k(a + 1)) = v + 1;
g(v + i) = v − i, for i = 0, 1, · · · , c− 1;
g(v − i) = v + i + 1, for i = 1, 2, · · · , c− 1;


g(v + c + ja + i− 1) = v − c− j(a + 1)− i,

for j = 0, · · · , k − 1 and i = 1, · · · , a;
g(v − c− j(a + 1)− i) = v + c + ja + i,

for j = 0, · · · , k − 1 and i = 1, · · · , a.

Put O = {0, 1, · · · , n} − {v}. Then O is an n-periodic orbit both of f and of g.
Since the return trajectory (0, f(0), · · · , fn(0)) has k centripetal points, which are
0, 1, · · · , k − 1, and since gn(0) = 0 < g(0) < g2(0) < · · · < gk−1(0) < gk(0), by
Theorems 4.2 and 4.4, we see that both f and g have (2a + 3)-periodic points. On
the other hand, by using the method of [2], it is easy to show that neither f nor g
has (2a + 1)-periodic points.



MULTI–SEPARATION, CENTRIFUGALITY AND CENTRIPETALITY IMPLY CHAOS 351

References

[1] L. Block and W. A. Coppel, Dynamics in One Dimension, Springer-Verlag, New York, 1992.
MR 93g:58091

[2] L. Block, J. Guckenheimer, M. Misiurewicz and L. S. Young, Periodic points and topological
entropy of one dimensional maps, Global Theory of Dynamical Systems, Lecture Notes in
Math., Vol.819, Springer-Verlag, Berlin and New York, 1980, pp.18–34. MR 82j:58097

[3] M. J. Evans, P. D. Humke, C. -M. Lee and R. J. O’Malley, Characterizations of turbulent
one-dimensional mappings via ω-limit sets, Trans. Amer. Math. Soc. 326(1991), 261–280.
MR 91j:58133

[4] R. Graw, On the connection between periodicity and chaos of continuous functions and their
iterates, Aequationes Math. 19(1979), 277–278.

[5] K. Jankova and J. Smital, A characterization of chaos, Bull. Austral. Math. Soc. 34(1986),
283–292. MR 87k:58178

[6] T. Y. Li, M. Misiurewicz, G. Pianigiani and J. A. Yorke, No division implies chaos, Trans.
Amer. Math. Soc. 273(1982), 191–199. MR 83i:28024

[7] T. Y. Li and J. A. Yorke, Period three implies chaos, Amer. Math. Monthly 82(1975), 985–
992. MR 52:5898

[8] A. N. Sarkovskii, Coexistence of cycles of a continuous map of a line into itself, Ukrain.Mat.Z.
16(1964), 61–71.

Institute of Mathematics, Shantou University, Shantou, Guangdong 515063 P. R.
China

E-mail address: jhmai@mailserv.stu.edu.cn


