TokYO J. MATH.
VoL. 39, No. 2, 2016

Reidemeister Torsion and Dehn Surgery on Twist Knots

Anh T. TRAN

University of Texas at Dallas

(Communicated by Y. Yokota)

Abstract. We compute the Reidemeister torsion of the complement of a twist knot in $3 and that of the 3-

manifold obtained by a %—Dehn surgery on a twist knot.

1. Main results

In a recent paper Kitano [Kil] gives a formula for the Reidemeister torsion of the 3-
manifold obtained by a é-Dehn surgery on the figure eight knot. In this paper we generalize
his result to all twist knots. Specifically, we will compute the Reidemeister torsion of the
complement of a twist knot in $3 and that of the 3-manifold obtained by a é-Dehn surgery on
a twist knot.

Let J(k, I) be the knot/link in Figure 1, where k, / denote the numbers of half twists in
the boxes. Positive (resp. negative) numbers correspond to right-handed (resp. left-handed)
twists. Note that J(k, /) is a knot if and only if k/ is even. If k/ is odd, then J(k,[) is a
two-component link. The knot J (2, 2n), where n # 0, is known as a twist knot. For more
information on J (k, I), see [HS].

FIGURE 1. The knot/link J (k, )
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In this paper we fix K = J(2,2n). Let Ex be the complement of K in S3. The fun-
damental group of Ex has a presentation 7 (Ex) = (a,b | w"a = bw") where a, b are
meridians and w = ba~'b~'a. A representation p : 71 (Ex) — SL»(C) is called nonabelian
if the image of p is a nonabelian subgroup of SL;(C). Suppose p : w1 (Eg) — SL2(C) is a
nonabelian representation. Up to conjugation, we may assume that

1 0
p<a>=[(§ s_l} and p<b>=[_su S_l},

where (s, u) € (C*)? is a root of the Riley polynomial ¢k (s, u), see [Ri].

Let x := trp(a) = s +s 'and z := trp(w) = u?® — (x2 — du + 2. Let Si(2)
be the Chebyshev polynomials of the second kind defined by Sp(z) = 1, S1(z) = z and
Sk(z) = z28k—1(2) — Sk—2(z) for all integers k.

THEOREM 1. Suppose p : mi(Eg) — SL2(C) is a nonabelian representation. If
X # 2 then the Reidemeister torsion of Ex is given by
Sn(z) — Sp—2(z) — 2

Tp(Ex) = 2 —x) — +28,1(2).

Now let M be the 3-manifold obtained by a %-surgery on the twist knot K. The funda-
mental group 71 (M) has a presentation

T(M) = (a,b|w'a =buw",ar! =1),
where A is the canonical longitude corresponding to the meridian 4 = a.

THEOREM 2. Suppose p : w1(Ex) — SL2(C) is a nonabelian representation which
extends to a representation p : w1 (M) — SLy(C). If x & {0, 2} then the Reidemeister torsion
of M is given by

Sn(z) — Sn—2(2) — 2
z—2

T, (M) = <(x -2) - xSn_l(z)) (2 + DH(x? —4) — 1)x 2.
REMARK 1.1. (1) One can see that the expression (S, (z) — Sy—2(z) —2)/(z — 2) is
actually a polynomial in z.
(2) Theorem 2 generalizes the formula for the Reidemeister torsion of the 3-manifold
obtained by a é-surgery on the figure eight knot by Kitano [Kil].

EXAMPLE 1.2. (1) If n = 1, then K = J(2,2) is the trefoil knot. In this case the
Riley polynomial is ¢g (s, u) = u — (x2 — 3), and hence
2

) = =2 (1 DO =) = 1) = .
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2) If n = —1, then K = J(2,—-2) is the figure eight knot. In this case the Riley
polynomial is ¢x (s, u) = u*> — (u + 1)(x% — 5), and hence
2x =2
_ -2 2 -2 _
0,(M) = 2x — 2) (u u+ D(x2 —4) — 1)x = 25

The paper is organized as follows. In Section 2 we review the Chebyshev polynomials of
the second kind and their properties. In Section 3 we give a formula for the Riley polynomial
of a twist knot, and compute the trace of a canonical longitude. In Section 4 we review the
Reidemeister torsion of a knot complement and its computation using Fox’s free calculus. We
prove Theorems 1 and 2 in Section 5.

The author would like to thank the referee for helpful comments and suggestions.

2. Chebyshev polynomials

Recall that Sk (z) are the Chebyshev polynomials defined by So(z) = 1, S1(z) = z and
Sk (z) = z28k—1(z) — Sk—2(2) for all integers k. The following lemma is elementary.

LEMMA 2.1. One has S2(z) — zSk(2)Sk—1(2) + S?_,(2) = 1.
Let Pi(z) := b0 Si(2).

LEMMA 2.2. One has Py(z) = w

PROOF. We have
k

k
P =2 5@ =Y (Si+1(0) + Si-1(2))

i=0 i=0
= (Pr(2) + Sit1(2) — S0(2)) + (Px(2) — Sk(2) + S-1(2))
=2Pc(2) + Sk+1(2) — Sk(z) — 1.

The lemma follows. O

LEMMA 2.3. One has P}(z) + P} (2) — 2Pr(2) Pe—1(2) = Pi(2) + Pe—1(2).

PROOF. Let Qx(z) = (P(2) + P2 (2) — 2Pc(2) Pi—1(2)) — (Px(2) + Pr—1(2)). We
have

Oi+1(@) — 0k (@) = (Pe1(2) = Pi1(@)) (Peg1(@) + Pre1(z) — 2P (2) — 1).

Since 7 Py (z) = Zf—o (Si+1(2) + Si—1(2)) = Pit1(2) — 1 + Pr—1(2), we obtain Qr41(z) =

Ok (2) for all integers k. Hence Qy(z) = Q1(z) = 0. 0
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b

PROPOSITION 2.4. Suppose V = [i J

i| € SLy(C). Then

¢ [0 —dSa@ S
@D Y _[ eSi1 (1) Sk(w—ask_l(t)}’
k
i [RO—dPi()  bPy(0)
2.2 =
@2 2V -S|

wheret :=trV = a + d. Moreover, one has

k

(23) det(Z V") _ Sen1 @ :_Skz—l(t) -2
i=0

PROOF. Since det V = 1, by the Cayley-Hamilton theorem we have V2 —tV + 1 = 0.
This implies that V¥ — r V¥~ 4 vk=2 = 0 for all integers k. Hence, by induction on k, one

can show that V¥ = (1)1 — Si_1(1)V~!L. Since V1 = [_dc _ab } (2.1) follows.

Since P (t) = Zf:o Si (1), (2.2) follows directly from (2.1). By Lemma 2.3 we have

k
det ( Vi ) = P2(t) + (ad — bc) P?_|(t) — (a + d) Pi(t) Pe—1 ()
i=0

1
= PX(t) + P{_ (t) — tPe(t) Pii (1)
=P(t) + Pr-1(2) .
Then (2.3) follows from Lemma 2.2. a

3. Nonabelian representations

In this section we give a formula for the Riley polynomial of a twist knot. This formula
was already obtained in [DHY, Mo]. We also compute the trace of a canonical longitude.

3.1. Riley polynomial. Recall that K = J(2,2n) and Ex = S°\ K. The fundamen-
tal group of Ex has a presentation w1 (Eg) = (a, b | w"a = bw") where a, b are meridians
and w = ba~'b " 1a. Suppose p : m1(Ex) — SL2(C) is a nonabelian representation. Up to
conjugation, we may assume that

N

1 0
p(a)=|:0 s—l} and p(b)=[s _1]

—-u s

where (s, u) € (C*)? is a root of the Riley polynomial ¢k (s, u).
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We now compute ¢k (s, u). Since

1 — s2u sl —s—su i|
9

pw) = [(s — s_l)u +sur 1+ 2 - s‘z)u +u?

by Proposition 2.4 we have

(W — Si@ —(1+Q=su+u?)S—1(@) (7' =5 —su)S—1(2)
plws) = (s =57 Du + su?)Su-1(2) Su(z) — (1 = s?u)Su—1(2) |’
where z = tr p(w) = 2 4 (2 — 5% — s~ 2)u + u>. Hence, by a direct computation we have
n ny __ 0 Ok (s, u)
"("’“_bw)‘[uw(s,u) 0 }

where
Gk (s,1) = Sp(2) — (> — (w+ D>+ 577 = 3))S-1(2) -

3.2. Trace of the longitude. It is known that the canonical longitude corresponding
to the meridian © = a is A = W"w", where W is the word in the letters a, b obtained by
writing w in the reversed order. We now compute its trace. This computation will be used in
the proof of Theorem 2.

LEMMA 3.1. One has Sﬁ_l(z) =

1
(u+2—s2—s=2) (U2 —(s2+s2=2)(u+1)) "

PROOF. Since (s,u) € (C*)? is a root of the Riley polynomial ¢k (s, u), we have
Sn(2) = (u2 —u+Dr+s72— 3)) Sn,—1(z). Lemma 2.1 then implies that

1=57(2) — 250 () Sn-1(2) + S;_ (2)
= ((u2 @+ D s =) 2@ - @ D s =3) + 1)S5_1(z>.
By replacing z = 2 4 (2 — 52 — s~2)u + u? into the first factor of the above expression,
we obtain the desired equality. O

_ u2(52+s_2+2)
T (D (s24s72=2)—u?"

PROPOSITION 3.2. Onehastrp(A) —2

PROOF. Since

«— 1+Q—sHu+u? s—st—sly
plw)=| _ 1,2 -2 ’
T ' —Su+s"'u 1—s5""u

by Proposition 2.4 we have

(" = [ Sp(@) — (1 =57 2u)Sy—1(2) (s — s —s7Tu)Su—1(2) }
P T LT = u+sTu?) 81 Si@ - (1+ Q2 —sDu+u?)S-1(2) ]
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Hence, by a direct calculation we have
trp(h) =tr(p(w")p(w))
=282(2) — 22850 (D) Su-1(2) + 2+ s* + 57 = 2)u? — (P + 572 +2u’)SE_, (2)
=2+u (P s+ 5T -2 —w)SE (D).

The proposition then follows from Lemma 3.1. O

4. Reidemeister torsion

In this section we briefly review the Reidemeister torsion of a knot complement and its
computation using Fox’s free calculus. For more details on the Reidemeister torsion, see
[Jo, Mil, Mi2, Mi3, Tu].

4.1. Torsion of a chain complex. Let C be a chain complex of finite dimensional
vector spaces over C:

Om Om—1 02 0
C=(0—>Cm—>Cm_1—>~-—>C1—>C0—>O>

such that foreachi =0, 1, ..., m the followings hold

e the homology group H;(C) is trivial, and
e a preferred basis ¢; of C; is given.

Let B; C C; be the image of 9;41. For each i choose a basis b; of B;. The short exact
sequence of C-vector spaces

0;
O—)B,’—)Ci—>Bl‘_1—>O

implies that a new basis of C; can be obtained by taking the union of the vectors of b; and
some lifts Bi_l of the vectors b; _1. Define [(b; U l;l-_l) /ci] to be the determinant of the matrix
expressing (b; U Ei_l) in the basis ¢;. Note that this scalar does not depend on the choice of
the lift b; 1 of b;_.

DEFINITION 4.1. The torsion of C is defined to be

m

7(C) = [ 1 Ubi—)/ci1 ™™ e €\ {0}

i=0

REMARK 4.2. Once a preferred basis of C is given, t(C) is independent of the choice
of by, ..., by.
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4.2. Reidemeister torsion of a CW-complex. Let M be a finite CW-complex and
p w1 (M) - SLy(C) arepresentation. Denote by M the universal covering of M. The fun-
damental group 71 (M) acts on M as deck transformations. Then the chain complex C(M 1 Z)
has the structure of a chain complex of left Z[71(M)]-modules.

Let V be the 2-dimensional vector space C? with the canonical basis {e{, e2}. Using the
representation p, V has the structure of a right Z[7{ (M)]-module which we denote by V,,.

Define the chain complex C(M; V) to be C(M; Z) ®z(x,my Vp, and choose a preferred
basis of C(M; V,) as follows. Let {u', ..., ufni} be the set of i-cells of M, and choose a lift
12; of each cell. Then {ﬁ’i R eq, ﬁ’i Ren, ..., ﬁini Rey, ﬁfni ® e2} is chosen to be the preferred
basis of C;(M; V).

A representation p is called acyclic if all the homology groups H; (M; V) are trivial.

DEFINITION 4.3. The Reidemeister torsion 7,(M) is defined as follows:

T(C(M; Vy)) if pisacyclic,

T, (M) =
r 0 otherwise .

4.3. Reidemeister torsion of a knot complement and Fox’s free calculus. Let L be
aknotin S and E; its complement. We choose a Wirtinger presentation for the fundamental
group of Ey:

m(Ep) ={at,...,arlri,...,r—1).

Let p : m(EL) — SL2(C) be a representation. This map induces a ring homomorphism
P Zlm(EL)] — M>(C), where Z[r;(E1)] is the group ring of 71 (Er) and M>(C) is the
matrix algebra of degree 2 over C. Consider the (/ — 1) x [ matrix A whose (i, j)-component

is the 2 x 2 matrix
a .
ﬁ( L ) € My (C),
8aj

where d/da denotes the Fox calculus. For 1 < j </, denote by Aj the ( — 1) x (I — 1)
matrix obtained from A by removing the jth column. We regard Aj asa2(l — 1) x 2(I — 1)
matrix with coefficients in C. Then Johnson showed the following.

THEOREM 4.4 ([Jo]). Let p : m(ErL) — SL2(C) be a representation such that
det(p(ay) — I) # 0. Then the Reidemeister torsion of Er, is given by
det A

WD = GaGan -

5. Proof of main results

5.1. Proof of Theorem 1. We will apply Theorem 4.4 to calculate the Reidemeister
torsion of the complement E g of the twist knot K = J (2, 2n).
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Recall that 7 (Ex) = (a, b | w"a = bw"). We have det(p(b) — ) =2 — (s +s~ 1) =
2 —x. Letr = w"aw™"b~!. By a direct computation we have

or . 1 _p 0w
—=w'|(l+d-a)(w 4+ - F+w")—
da da

=w'(1+d-a)d+w '+ +w ™ Da=l1 -p).
Suppose x # 2. Then det(p(b) — I) # 0 and hence

_(0 - _(0
,(Ex) = det j (é) / det((b) — I) = det 5 (é) /@2 —x).

LetA=p(14+w 4+ +w ™ V)yand 2 = 5(a~'(1 — b)(1 — @)) A. Then
_{or
detp o =det(/ +2)=1+det2 +trs2.
a

LEMMA 5.1. One hasdet 2 = (2 — x)? (W)

PROOF. Since trj(w™!) = trp(w) = z, by Proposition 2.4 we have detA =
M. The lemma follows, since det2 = detg(a~ (1 — a)(1 — b))detA =

z—2

(2 — x)%det A. O
LEMMA 5.2. Onehastr2 =x2—x)S,—1(z) — 1.

1+QC—sDu+u? s—s ' +su

PROOF. Since g(w™!) = [ 2 i|, by Proposition 2.4

(s_l—s)u—su2 1—s5“u
we have
Ao I:Pn—l(z) — (1 = 5s%u)Py_2(2) (s — s~ +su)Py_2(2) }
T LT U —su?)Pua(z) Pam1(@) — (1+ Q2 —sDu+u?)Pya(2) ]’

By a direct computation we have

-1 _ _ -1 _ 2
ﬁ(a—lu_b)(l_a)):[”s P e s +”]

Su — s°u s+sT1—2—su
Hence
w2 =tr(pla' 1 -b)(1—a)a)
=2s+2" ' —4—wP 1@+ @ —2s 25"+ B =5t — s Du+u?) Pi2(2)
=@2s+257 =4 —u)(Pi1(2) = Pi2(2) + (2= 5" =5 Du+u?) P2 (2)
=Q2s+25 ' —4—u)S_1(2) + (2 —2)Pr2(2)
=25 +257 =4 =S 1) + Sp-1(R) — Sp2(2) — 1.
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Since (s,u) satisfies ¢x(s,u) = 0, we have S,(z) = (u* — u + D(s* +
s‘2—3))Sn_1(z). This implies that S, _2(z) = 28,_1(2) =Sy (2) = (s> +5s2—1—u)Sy_1(2).
Hence

tr2 = (2s +2s7 —s? — 52— 2)Sn_1(z) —1.
The lemma follows since 25 + 251 —s2 —s72 — 2 = x(2 — x). |
We now complete the proof of Theorem 1. Lemmas 5.1 and 5.2 imply that

Sn(z) — Sp—2(2) — 2
z—2

0
det o (a_r) =1l+det+tr2 = (2—x)2<

) +x(2—-x)S8u-1(2).
a

Since 7,(Ek) = det 5 (2£) /(2 — x), we obtain the desired formula for 7, (Ex).

REMARK 5.3. In [Mo], Morifuji proved a similar formula for the twisted Alexander
polynomial of twist knots for nonabelian representations.

5.2. Proof of Theorem 2. Suppose p : 71(Ex) — SL>(C) is a nonabelian represen-
tation which extends to a representation p : w1 (M) — SL;(C). Recall that A is the canonical
longitude corresponding to the meridian u = a. If trp(X) # 2, then by [Kil] (see also
[Ki2, Ki3]) the Reidemeister torsion of M is given by

E
.1 (M) = %.

By Theorem 1 we have 7,(Ex) = (2 — x)w + x8,—1(z) if x # 2. By

x2

Proposition 3.2 we have tr p(A) — 2 = P TP S Yy

. Theorem 2 then follows from (5.1).

References

[DHY] J. DuBoIs, V. HUYNH and Y. YAMAGUCHI, Non-abelian Reidemeister torsion for twist knots, J. Knot
Theory Ramifications 18, no. 3 (2009), 303-341.

[HS] J. HOSTE and P. SHANAHAN, A formula for the A-polynomial of twist knots, J. Knot Theory Ramifications
13, no. 2 (2004), 193-209.

[Jo] D. JOHNSON, A geometric form of Casson invariant and its connection to Reidemeister torsion, unpub-
lished lecture notes.

[Kil] T. KITANO, Reidemeister torsion of a 3-manifold obtained by a Dehn-surgery along the figure-eight knot,
arXiv:1506.00712.

[Ki2] T. KITANO, Reidemeister torsion of Seifert fibered spaces for S L, (C)-representations, Tokyo J. Math. 17,
no. 1 (1994), 59-75.

[Ki3] T. KITANO, Reidemeister torsion of the figure-eight knot exterior for SL;(C)-representations, Osaka J.
Math. 31, no. 3 (1994), 523-532.

[Mil] J. MILNOR, Two complexes which are homeomorphic but combinatorially distinct, Ann. of Math. 74
(1961), 575-590.

[Mi2]  J. MILNOR, A duality theorem for Reidemeister torsion, Ann. of Math. 76 (1962), 137-147.

[Mi3]  J. MILNOR, Whitehead torsion, Bull. Amer. Math. Soc. 72 (1966), 348-426.



526 ANH T. TRAN

[Mo] T. MoRIFUJI, Twisted Alexander polynomials of twist knots for nonabelian representations, Bull. Sci.
Math. 132, no. 5 (2008), 439-453.

[Ri] R. RILEY, Nonabelian representations of 2-bridge knot groups, Quart. J. Math. Oxford Ser. (2) 35 (1984),
191-208.

[Tu] V. TURAEV, Introduction to Combinatorial Torsions, Lectures in Mathematics, Birkhauser, 2001.

Present Address:

DEPARTMENT OF MATHEMATICAL SCIENCES,
THE UNIVERSITY OF TEXAS AT DALLAS,
RICHARDSON, TX 75080, USA.

e-mail: att140830@utdallas.edu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e51fa529b6a5f306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


