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Abstract In this paper, we study the extension of isometries between the unit spheres of some Banach

spaces E and the spaces C(Ω). We obtain that if the set sm.S1(E) of all smooth points of the unit

sphere S1(E) is dense in S1(E), then under some condition, every surjective isometry V0 from S1(E)

onto S1(C(Ω)) can be extended to be a real linearly isometric map V of E onto C(Ω). From this result

we also obtain some corollaries. This is the first time we study this problem on different typical spaces,

and the method of proof is also very different too.
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In [1], Tingley proposed the following problem:
“Let E and F be real normed spaces with unit spheres S1(E) and S1(F ). Suppose that

T : S1(E) → S1(F ) is an onto-isometry. Is T necessarily the restriction to S1(E) of a linear, or
affine, transformation on E ?” (In the complex spaces, it is evident that the answer is negative,
for example, when we take E = F = C(complex plane) and T (x) = x).

And in his paper, he only got an affirmative answer to the assertion T (−x) = −T (x)
(∀x ∈ S1(E)) when the spaces are finitely dimensional. In [2], the above conclusion was also
obtained when the spaces are any “strictly convex” Banach spaces.

In [3] and [4], Tingley’s problem was affirmatively answered (i.e. the surjective isometry
V0 : S1(E) → S1(F ) can be extended to be a linear map V on E) on the spaces C0(Ω) (where
Ω is a locally compact Hausdorff space which has at least two points, and for each x ∈ C0(Ω)
the set {t||x(t)| ≥ α, t ∈ Ω} is compact as α > 0) and on the aton-generating spaces ALp (i.e.
abstract Lp spaces) (1 < p < ∞, p �= 2).

In [5–9], some affirmative results were obtained, especially for the isometries on the unit
spheres of the l1-sum of C0(Ω, E) and lp-sum of C0(Ω, E) (where, E satisfies some conditions).
And in [10], the affirmative result was also obtained for the unit spheres of some subspaces of
L1(Ω,X) (where, X is a strictly convex space).

In this paper, we shall consider the above problem on some surjective isometry from S1(E)
onto S1(C(Ω)) for some normed spaces E whose “smooth points” of the unit sphere sm.[S1(E)]
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are dense in S1(E). This is the first time we study this problem on different typical spaces,
and the method of proof is also very different too. And we can consider the problem on real or
complex spaces.

First we introduce a lemma which is the generalization of Lemma 9.4.6 in [11]. (Notice that
there is some mistake there, the conclusion of that lemma is valid only for real spaces. The
counter-example can be taken for X = Y = C(complex plane) and U(x) = x).

Lemma Let V0 be an isometric map from the unit sphere S1(E) of E into the unit sphere
S1(F ) of F (where E and F are real normed spaces), x0 ∈ sm.[S1(E)] and g ∈ F ∗ be some
continuous linear functional of norm one such that g[V0(±x0)] = ±‖x0‖(= ±1) . If for every
x ∈ S1(E) we have

‖V0(x) − |λ|V0(±x0)‖ ≤ ‖x − |λ|(±x0)‖, ∀λ ∈ R, (∗)

then g(V0(x)) = fx0(x), x ∈ S1(E) (where fx0 is the support functional at x0 in the unit ball of
E).

Proof Suppose that for x1 ∈ S1(E), g[V0(x1)] �= fx0(x1). Let α = g[V0(x1)]. Then we have
fx0(x1 − αx0) �= 0. By Lemma 9.4.5 in [11], there exists a real γ such that

‖x0 + γ(x1 − αx0)‖ < ‖x0‖ (it is evident that γ �= 0).

Let us put β = 1/γ; then the above implies

‖x1 − (α − β)x0‖ < ‖βx0‖ = |β| .

By the hypothesis of the lemma, and from the above inequality we can get:

If α − β = 0, then we obtain

|β| = |α| = |g(V0(x1))| ≤ ‖V0(x1)‖ = ‖x1‖ = ‖x1 − (α − β)x0‖ < ‖βx0‖ = |β| ,

which leads to a contradiction.
And if α − β �= 0 then we obtain

|β| = |α − (α − β)| =
∣∣∣∣g(V0(x1)) − |α − β| · g

[
V0

(
α − β

|α − β|x0

)]∣∣∣∣

=
∣∣∣∣g

[
V0(x1) − |α − β| · V0

(
α − β

|α − β|x0

)]∣∣∣∣ ≤
∥∥∥∥V0(x1) − |α − β| · V0

(
α − β

|α − β|x0

)∥∥∥∥
≤

∥∥∥∥x1 − |α − β|
(

α − β

|α − β|x0

)∥∥∥∥ = ‖x1 − (α − β)x0‖ < ‖βx0‖ = |β| ,

which leads to a contradiction too. Thus we complete the proof.
The main theorem is as follows:

Theorem 1 Let E be a normed space, the subset sm.[S1(E)] of the smooth points of the unit
sphere of E be dense in its unit sphere S1(E), V0 be an isometric map from S1(E) onto the unit
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sphere S1(C(Ω)) (where, Ω is a compact Hausdorff space). If for every x ∈ S1(E) and x0 ∈
sm.[S1(E)], we have

‖V0(x) − |λ|V0(x0)‖ ≤ ‖x − |λ|x0‖ , ∀λ ∈ R.

Then V0 must uniquely have a real linearly isometric extension V on the whole E. Moreover,
if we also have V0(ix) = iV0(x) (in the case of complex spaces), then the above V is linear.

Proof Let

V (x) =

⎧⎨
⎩

‖x‖V0

(
x

‖x‖
)

, if x �= θ,

θ, if x = θ.

Then, by the hypothesis that V0 is isometric on S1(E), we have

‖V (x1) − V (x2)‖ = ‖x1 − x2‖ , if ‖x1‖ = ‖x2‖ (∀x1, x2 ∈ E). (1)

Since V0(S1(E)) = S1(C(Ω)), we have

‖V (x)‖ = ‖x‖ (∀x ∈ E) (2)

and
‖V (α0x) − V (αx)‖ = (α0 − α) ‖x‖ (∀0 < α < α0, x ∈ E). (3)

We shall now prove the following two conclusions:
(i) For each x ∈ E, if there exist t0 ∈ Ω and θ0 ∈ C with |θ0| = 1 such that θ0V (α0x)(t0) =

α0 ‖x‖, then we assert that θ0V (αx)(t0) = α ‖x‖ for each positive α with α < α0.

(ii) For each x ∈ E, if there exist t0 ∈ Ω and θ0 ∈ C with |θ0| = 1 such that θ0[V (x) −
V (−x)](t0) = ‖V (x) − V (−x)‖, then we assert that θ0V (±x)(t0) = ±‖x‖.

In fact, to check (i) is easy. From (2) and (3) above, we have

θ0[V (α0x)(t0) − V (αx)(t0)] = α0 ‖x‖ − θ0V (αx)(t0)

≥ α0 ‖x‖ − ‖V (αx)‖ = α0 ‖x‖ − ‖αx‖ = (α0 − α) ‖x‖

and
θ0[V (α0x)(t0) − V (αx)(t0)] ≤ ‖V (α0x) − V (αx)‖ = (α0 − α) ‖x‖ .

So we get that θ0V (αx)(t0) = α ‖x‖.
To check (ii), by (1), we have

‖V (x) − V (−x)‖ = ‖x − (−x)‖ = 2 ‖x‖ ,

and by (2), we have
|θ0V (±x)(t0)| ≤ ‖V (±x)‖ = ‖x‖ .

Noticing the hypothesis in (ii), the two relations above imply

|θ0V (±x)(t0)| = ‖x‖ .
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If ‖x‖ �= 0, and there exists θ1 ∈ C with |θ1| = 1 such that θ1θ0V (x)(t0) = ‖x‖, then we
have, by the hypothesis of (ii), that

‖x‖
θ1

− θ0V (−x)(t0) = ‖V (x) − V (−x)‖ = 2 ‖x‖ .

Hence we have ∣∣∣∣2 − 1
θ1

∣∣∣∣ ‖x‖ ≤ ‖V (−x)‖ = ‖−x‖ = ‖x‖ ,

and we get ∣∣∣∣2 − 1
θ1

∣∣∣∣ ≤ 1.

Notice that for each θ ∈ C with |θ| = 1 and θ �= 1 it must be true that |2 − θ| > 1. Thus
we obtain from the above inequality that θ1 = 1, i.e. θ0V (x)(t0) = ‖x‖. We can also get that
θ0V (−x)(t0) = −‖x‖ by the same method of proof.

By (i) and (ii) above, we can get that for each x ∈ E there exist a sequence {tn}⊂ Ω and a
sequence {θn}⊂ C with |θn| = 1 such that for every λ ∈ R, if |λ| ≤ n1(∈ N) then we have

θnV (λx)(tn) = λ ‖x‖ , ∀n ≥ n1. (4)

From the compactness of Ω and the unit sphere of C, the sequences {tn} and {θn} have the
cluster points tx ∈ Ω and θx with |θx| = 1, respectively. Hence, by the continuity of V (λx), we
have θxV (λx)(tx) = λ ‖x‖ (notice that the tx and θx are both independent of λ from the above
relations (i) and (ii)).

That is, we obtain

θxδtx [V (λx)] = λ ‖x‖ , ∀λ ∈ R, (∀x ∈ E) (5)

(where δtx ∈ C(Ω)∗ and δtx(y) = y(tx), ∀y ∈ C(Ω)).
In the case of complex spaces, we can consider them as the linear spaces over reals (notice

that the set of all smooth points sm.S1(E) remains unchanged). Since θxδtx ∈ C (Ω)∗ , when we
see C (Ω) as a real space, the rel.(θxδtx) (the real part of the functional θxδtx) is a continuous real
linear functional of norm one on C (Ω). Notice that if x0 ∈ sm.S1(E), then the corresponding
g0 = rel.(θx0δtx0

) also satisfies the above (5). By the above lemma, we can obtain that for each
smooth point x0 in the unit sphere S1(E), there exists a unique real fx0 ∈ E∗, which is the
“support functional” at x0 (i.e., ‖fx0‖ = 1 and fx0(x0) = ‖x0‖) such that rel.(θxδtx) ◦ V = fx0 .

That is, for each smooth point (element) x0 ∈ S1(E), there exists a point tx0 ∈ Ω such that
[V (x)](tx0) is real linear for all x ∈ E.

Since [V (x)](t) is continuous on Ω, in order to prove that V is real linear it is enough that
the above subset {tx0 |x0 ∈ sm.S1(E)} is dense in Ω. We shall now prove this as follows.

For every t1 ∈ Ω and each open neighborhood Ut1 of t1, there exists an open neighborhood
Vt1of t1 such that Vt1 ⊂ Ut1 , since the compact Ω is a regular topological space. By Uryson’s
lemma (noticing Ω is also a normal topological space), we can get a continuous function y1(t)
on Ω such that

y1(t)|Vt1
≡ 1, y1(t)|Uc

t1
≡ 0, and |y(t)| ≤ 1, ∀t ∈ Ω.
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By the hypothesis that V0 is a surjective isometry from S1(E) onto S1(C(Ω)), there exists
a unique element x1 ∈ S1(E) such that V (x1) = V0(x1) = y1. Since the hypothesis that
sm.S1(E) = S1(E) and V is a continuous and there is a “one to one” map from S1(E) onto
S1[C(Ω)], we have

V [sm.S1(E)] = V [sm.S1(E)] = V [S1(E)] = S1[C(Ω)].

Hence, for y1 ∈ S1[C(Ω)] and some ε ∈ (0, 1), there exists x0 ∈ sm.S1(E), such that

‖V (x0) − y1‖ < ε.

Thus we get
|V (x0)(t)| < |y1(t)| + ε = 0 + ε = ε, ∀t ∈ Uc

t1 .

Noticing that ‖V (x0)‖ = ‖x0‖ = 1, the above inequality implies that the corresponding point
tx0 which satisfies the above (5) must be in the neighborhood Ut1 of t1. Hence the above subset
{tx0 |x0 ∈ sm.S1(E)} is dense in Ω and V (x) is real linear on E. Thus V is an isometry of E

onto C(Ω) by the above (2), and is linear by the hypothesis of V0(ix) = iV0(x) (in the case of
complex spaces).

Remark 1 In the above proof, the relation (5) can be obtained easily by using the positive-
homogeneity of V (x). However, the advantage of the above proof is that it is also valid for any
non-linear isometry.

Remark 2 Let V be a non-linear isometry of a normed space E into C(Ω) (where Ω is a
compact Hausdorff space). If we take g = rel.(θx0δtx0

) in the proof of Theorem 1, the above
lemma is still valid without the condition (∗) by the relation (5). Therefore, we can get the
following proposition from the proof of Theorem 1.

Proposition Let V be a (non-linear) isometry of a normed space E into C(Ω) with V (θ) = θ.
Then, for each smooth point x0 of the unit sphere S1(E), there exists a point tx0 ∈ Ω such that
[V (x)](tx0) is the real linear functional fx0 (where fx0 is the “support functional” at x0).

Now we give some corollaries, as follows:

Corollary 1 If E = L1(Ω, µ) (where (Ω, µ) is “σ-finite”) in Theorem 1 above, then the
conclusion of Theorem 1 is valid.

Proof In this case, we have that (L1(Ω, µ))∗ ∼= L∞(Ω, µ), and we can get (see, for example, p.
170 in [12])

x0 ∈ sm.[S1(L1(Ω, µ))] ⇔ µ({t|x0(t) = 0}) = 0, ∀x0 ∈ L1(Ω, µ).

Hence it is easy to verify that sm.[S1(L1(Ω, µ))] = S1(L1(Ω, µ)).

Corollary 2 If we put E = C(Ω1) (where Ω1 is compact Hausdorff space) or E = l∞ in
Theorem 1, then the conclusion of Theorem 1 is still valid. In particular (for real spaces), the
isometry V0 from the unit sphere S1(C(Ω)) onto itself must have a linearly isometric extension
V on the whole space C(Ω), and so is the space l∞.
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Proof In C(Ω1) we have that x0 ∈ sm.[S1(Ω1)] ⇔ x0 is a “peak function” on Ω1 (∀x0 ∈
X(Ω1)), (where x0 is called a peak function if there exists only one point t0 ∈ Ω1 such that
|x0(t0)| = ‖x0‖) [12]. Hence it is easy to verify that sm.[S1(Ω1)] = S1(Ω1).

And if E = l∞, we notice only that l∞ ∼= C(β(N)) (where, β(N) is the Stone–Cech
compactification of N, see, for example, p. 113 in [12]), then we can get the conclusion from
the above statement.

Corollary 3 If E is a separable or reflexive Banach space, then the conclusion of the above
Theorem 1 is valid.

Proof By the Mazur density theorem (see, for example, p. 171 in [12]), we have that if E is a
separable Banach space then sm.[S1(E)] is a residual subset of S1(E), and the above conclusion
is also valid if E is a reflexive Banach space (see, p. 172 in [12]). Hence this completes the
proof.

Corollary 4 If E is a Larman–Phelps space (i.e. the GDS), in particular, if E is a weak-
Asplund space, then the conclusion of the above Theorem 1 is valid.

Proof We notice only that the Larman–Phelps space is a Banach space which satisfies that ev-
ery continuous convex function defined on an open convex subset of E is Gateaux-differentiable
in a dense subset of its domain, the w-Asplund space is the above space in which the above
function must be Gateaux-differentiable in a dense Gδ-set in its domain [13]. Moreover, ‖x‖ is
Gateaux-differentiable at x0 ∈ S1(E) ⇔ x0 is a smooth point in S1(E) [13, 14].

Corollary 5 If E is a WCG (weakly compactly generated) space, in particular, if E is the
space c0(Γ) (where Γ is any index set), then the conclusion of the above Theorem 1 is valid.

Proof It is enough to notice that each WCG space is a w-Asplund space [13] and the above
c0(Γ) is a WCG space (see, for example, p. 143 in [14]) (in fact, the c0(Γ) is an Asplund space
since (c0(Γ))∗ ∼= l1(Γ) has Radon–Nikodym property [13]).

At the end of this paper, by the same method of proof in Theorem 1 above, we can get the
following theorem:

Theorem 2 In Theorem 1, if we replace C(Ω) with c0, then the conclusion of Theorem 1
above is valid.

Proof We notice only that, in the space c0, if θ �= x ∈ c0 and x = {x(k)} then there is kx ∈ N

such that |x(kx)| = ‖x‖ . Hence, by the same method of proof as in Theorem 1, there exist
a sequence {kn} ⊂ N and a sequence {θn} ⊂ C with |θn| = 1 such that for each λ ∈ R, if
|λ| ≤ n1 (∈ N) then we have

θnV (λx)(kn) = λ ‖x‖ , ∀n ≥ n1.

Since V (λx)(k) → 0 as k → 0, we can get a kx ∈ N and θx ∈ C with |θx| = 1 such that

θxV (λx)(kx) = λ ‖x‖ (∀λ ∈ R, ∀x ∈ E).
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Using the proof of Theorem 1 as well as the above Lemma, we know that for each smooth
point (element) x0 ∈ S1(E), there exists a natural number kx0 ∈ N such that the coordinate
[V (x)](kx0) is real linear for all x ∈ E.

In order to prove that V is real linear it is enough that the above subset {kx0 |x0 ∈
sm.S1(E)} = N. We shall now prove this as follows:

For each k1 ∈ N, we take the element ek1 = (0, . . . , 0, 1, 0, . . .) (where the k1-th coordinate is
1). For the element ek1 and some ε ∈ (0, 1), by the same deduction which was used in Theorem
1 above, there exists x0 ∈ sm.S1(E), such that

‖V (x0) − ek1‖ < ε,

which implies

|V (x0)(k)| < |ek1(k)| + ε = 0 + ε = ε < 1, ∀k �= k1.

Noticing that ‖V (x0)‖ = ‖x0‖ = 1, the above inequality implies that k1 = kx0 . Thus we
complete the proof.

Finally, we can immediately get the following corollary from Theorem 2 above:

Corollary 6 Let V0 be an isometric map from the unit sphere S1(c0) of c0 onto itself. If for
every x ∈ S1(c0), and x0 ∈ sm.[S1(c0)], we have

‖V0(x) − |λ|V0(x0)‖ ≤ ‖x − |λ| (x0)‖ , ∀λ ∈ R,

then V0 must have a real linear isometric extension V on the whole space c0. Moreover, if we
also have V0(ix) = iV0(x) (in the case of complex spaces), then V above is linear.

Remark There are some examples to show that a mapping V0 from the unit sphere S1(E) to
the unit sphere S1(E1) does not need to be an isometry even if V0 is continuous and bijective.
For example (like an example which was made by Wang Risheng), in the real space C(a, b), we
define the map V0 on the unit sphere S1(C(a, b)) as follows:

V0(x) = x(t) +
1
3π

sin[2π · x(t)], ∀x = x(t) ∈ S1(C(a, b)).

Notice that the real function v(ξ) = ξ + 1
3π sin(2πξ) satisfies that

v′(ξ) = 1 +
2π
3π

cos(2πξ) > 0, ∀ξ ∈ R.

Hence, v(ξ) is a “one to one” and strictly increasing function, and we obtain that V0 is a
bijective map from S1(C(a, b)) onto itself since v(±1) = ±1. But V0 is not isometric and the
following mapping V :

V (x) = ‖x‖
∥∥∥∥T

(
x

‖x‖
)∥∥∥∥ = x(t) +

‖x‖
3π

sin
[
2π · x(t)

‖x‖
]

, ∀x = x(t) ∈ C(a, b)

(where, we define that V (x) = θ, if x = θ), is not a linearly isometric map of x on the space
C(a, b).



800 Ding G. G.

References

[1] Tingley, D.: Isometries of the unit sphere. Geometriae Dedicata, 22, 371–378 (1987)

[2] Ma, Y. M.: Isometries of the unit sphere. Acta Math. Sci., 12(4), 366–373 (1992)

[3] Wang, R. S.: Isometries between the unit spheres of C0(Ω) type spaces. Acta Math. Sci., 14(1), 82–89

(1994)

[4] Ding, G. G.: The isometric extension problem in the unit spheres of lp(γ)(p > 1) type spaces. Science in

China, 32(11), 991–995 (2002) (Chinese)

[5] Wang, R. S.: Isometries on the C0(Ω, E) type spaces. J. Math. Sci. Univ. Tokyo, 2, 117–130 (1995)

[6] Wang, R. S.: Isometries of C0(Ω, σ) type spaces. Kobe J. Math., 12, 31–43 (1995)

[7] Wang, R. S.: Isometries of C
(n)
0 (X). Hokkaido Math. J., 25(3), 465–519 (1996)

[8] Wang, R. S.: Isometries on the l1-sum of C0(Ω, E) type spaces. J. Math. Sci. Univ. Tokyo, 2, 131–154

(1995)

[9] Wang, R. S.: Isometries on the lp-sum of C0(Ω, E) type spaces. J. Math. Sci. Univ. Tokyo, 3, 471–493

(1996)

[10] Zhan, D. P.: On extension of isometries between unit spheres. Acta Math. Sinica, 41(2), 275–280 (1998)

[11] Rolewicz, S.: Metric Linear Spaces, Reidel and PWN, Dordrecht and Warszawa (1985)

[12] Holmes, R. B.: Geometric Functional Analysis and its Applications, Springer-Verlag, New York-Berlin-

Heidelberg (1975)

[13] Phelps, Robert R.: Convex Functions, Monotone Operators and Differentiability. Lecture Notes in Math.,

1364, Springer-Verlag, Berlin-Heidelberg-New York (1989)

[14] Diestel, J.: Geometry of Banach Spaces-Selected Topics., Lecture Notes in Math., 485, Springer-Verlag,

Berlin-Heidelberg-New York (1975)

[15] Kelly, J. L.: General Topology, D. Van Nostrand Co., Inc., Princeton, N. J. (1955)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


