RECURSIVE FORMULA OF THE COLORED JONES
POLYNOMIAL FOR THE FIGURE-EIGHT KNOT WITH
0-FRAMING

FUMIKAZU NAGASATO

ABSTRACT. In this paper for the figure-eight knot K with 0-framing, we derive the
the recursive formula of the colored Jones polynomial, denoted by J,(K), with
respect to the dimension n of si(2,C)-representation space by using a method
introduced by Gelca [Ge] and the result shown by Gelca and Sain [GS]. However
Gelca’s formula is “reducible” and so is our result above. In the final section,
therefore, we apply a modified version shown in [N], which is more “essential” and
“simpler” than the original, and get “simpler” recursive formula of the colored
Jones polynomial of the figure-eight knot.

1. INTRODUCTION

As well known, the colored Jones polynomial of a framed link L in S®, denoted by
Jn(L), is a quantum (sl(2, C), p)-invariant of L, where n means the dimension of the
representation p of sli(2,C). That values in the Laurent polynomial ring Z[q%, q_%].
(Please refer to [L] in detail.)

Formulating the value of J,(L) for any framed link L is not easy work but the
value of some knots has done, for example the trefoil knot, figure-eight knot and
the Hopf link. (Please refer to [H, L].) In [H], the colored Jones polynomial of the
figure-eight knot was formulated as follows: let K be the figure-eight knot, then

Jn(K) = [n] Z q_m(l—qn_l)(l_q”_z) .. (1_q”—i)(1_qn+1)(1_qn+2) . (1_(]71—1-1)7

where [n] = (¢ —q2)/(q2 — ¢~ 2). Note that the sum above has compact support
for any non-negative integer n.

In [Ge], the recursive formula of the colored Jones polynomial of the trefoil knot
was formulated by using the Kauffman bracket skein module (abbreviated to KBSM
for short). In this paper, we will be also concentrated on formulating the recursive
formula with respect to the figure-eight knot in the same way as [Ge]. However the
formula given by Gelca in [Ge] is “reducible”, and so is our result appear in Section
3. So we tried modifying Gelca’s formula in [N] to make it more “essential” and
“simpler” one and will apply the modified version in Section 4.
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2. COLORED KAUFFMAN BRACKET

Now, the colored Jones polyonmial can be considered as the colored Kauffman
bracket, which is also a non-oriented framed link invariant, by modification of the
variable. (This will be mentioned below.) In this paper we will use the colored
Kauffman bracket.

The n-th colored Kauffman bracket r,(K) of a knot in S® is defined by the
Kauffman bracket (S, (K)) of the link S, (K) associated with the n-th Chebyshev
polynomial S,,(K) of K as follows:

Sni2(K) = K- Spa(K) = Su(K),  Si(K) =K,  S(K)=1-9,

where K™ for a framed knot K and any non-negative integer n, means the n-parallel
of K. As well- known, the Kauffman bracket is a non-oriented framed link invariant
valued in C[t,¢!] defined by the skein relations as follows:

<\/\><><><x> (1)) =r-rom,

where each link is identically embedded in S® except in Int(B?) depicted above. In
fact, for any framed knot K and any non-negative integer n, x,(K)(t = —\/—_1q%) is
equal to J,11(K). Here extend k,(K) to any integer by using the following relation:
for any non-negative integer n,

Eon(K) = —kp_o(K).

This is a natural extension of x, (/) in the sense of the recursion relation of the
Chebyshev polynomial.

3. RECURSIVE FORMULA OF THE COLORED JONES POLYNOMIAL FOR THE
FIGURE-EIGHT KNOT WITH O-FRAMING

3.1. Main theorem and proof. Now, let us derive the recursive formula of the
colored Kauffman bracket of the figure-eight knot by using Gelca’s formula in [Ge]
and the result shown by Gelca and Sain in [GS].

Let K be the figure-eight knot with 0-framing In this section, we denote (K), =
(K)n(t) by Ky, = k,(t) for convenience. Then the following theorem holds:

Proposition 3.1. The recursive formula of the colored Kauffman brackets of the
figure-eight knot {K,, }, is

ApRp+2 + bn"fn—i-l + Cnhln + dn"in—l + Enkn—2 + fn"in—?) + gnkn—a4 = 07

with the following initial conditions:

Ky = B0 20 28
Koy = t 040
K_g = —1
key = 0
Ky =
Ky _4—10 410

Ky = t_28—t_20+t_4+1+t4—t20—|—t28.
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Here a,, through g, are as follows:

a, =
b, = —lnt24 1016 4 4620 _ y6nb12 | y6n48 | yGnbd 212 | 2048 | y2n—d
+t—2n+8 _ 2t—2n+4 _ t—2n + t—27’L—4 _ t—2n—12 _ t—6n+4 _ t—ﬁTL—S + t—].O’I’L—].G7
c _ _t14n+22 + 2t10n+18 . t10n+14 + t10n+6 + t6n+18 _ t6n+14 + t6n+10 + t6n+6
n =
_t6n+2 + t6n—6 _ t2n+14 + t2n+10 _ t2n+2 _ t2n—2 _ t—2n+10 _ t—2n—2
_t—2n—6 + t—6n+6 _ t—6n+2 + t—6n—2 + t—ﬁn—6 _ t—ﬁn—lO + 2t—lOn—2 _ t—lO’I’L—6
+t—10n—14 _ t—14n—6’
+t—6n+16 4 t—6n+8 4 t—6n+4 . t—Gn 4 t—6n—4 4 t—6n—8 . t—10n+4 4 t—lOn—4
4 ldn—d
n =
+t2n+10 + t2n—2 + t2n—6 + t—2n+l4 o t—2n+10 + t—2n+2 + t—2n—2 o t—6n+18
4pmOn14 _ y—6n+10 _ yp—6n+6 4 y—6n+2 _ 4—6n—6 _ 94—10n+18 | 4—10n+14 _ 4—10n+6
fn — _tlon—16 + t6n+4 + t6n—8 _ t2n+8 + 2t2n+4 + t2n _ t2n—4 + t2n—12 4 t—2n+12

Proof. First we review Gelca’s formula for the recursion relation of the colored Kauff-
man bracket. In [Ge|, Gelca proved the following formula: for an arbitrary knot K

in S% an arbitrary non-zero element Zle ¢i(pi, qi)r in Ker(7),

k
St () = (7)o ()

i=1

k
+ Dt B2 (K) = () k(K] = 0.
=1

Note that Ki(T? x I) has a basis {T},,((p, q)) = (mp,mq), 1 = ged(p, q)} as C[t, t7]-
module, where (p,q) means the (p,q)-torus knot and T,,((p,q)) is the Chebyshev
polynomial of (p, ¢) defined by

Tni2((p,q) = (0, @) - T ((p; @) — Tl(p, @), Th((p, ) = (p, q), To((p,q)) = 2.

Note that (p, q)* for any positive integer a is the a-parallel of (p, q). (Please refer to
[Ge] in detail.)



4 FUMIKAZU NAGASATO

In the case of the figure-eight knot, the kernel of m was determined by Gelca and
Sain in [GS]. We pick up an element in Ker(7) below,
_6(27 3)T - t6(27 _1)T + t3(17 7)T - t(17 5)T

+ (=t B T ) (L, 3)r + (8 = — (1, D)y

+ (=t 2T - (1, =)+ (P 1)(1, -3)

— 7M1, =5)p + 30, T)p + (=2t° + ' — t74)(0,5)r

+ (2=t =1+t (0,3)p + (2 =+ 1+t (0,1)r.
Applying this element in Ker(m) to Gelca’s formula, we get the recursive formula

of {km}m- (This calculation is complicated and so please pay attention to the
calculation. I failed in this calculation no less than 3 times....) O

4. MODIFICATION OF THE FORMULA OF THE FIGURE-EIGHT

As stated in the first section, our resulte in the previous section is “reducible”. In
this section, we will introduce the modified formula below. A proof of the formula
will be given in another paper [N].

Proposition 4.1. For an arbitrary element 3% ¢;(ps, ¢;)r € Ker(m,),

k k
Z ;b Pidi (_tQ(n+pi)+2)qz‘/_€n+pi + Z ¢t P (_tQ(n—pi)-i-?)—qun_pi =0.
i=1 =1

By using this formula, we get the recursion relation with length 4 easily. First
pick up an element

(2, 3)T — 52, D) + 3 (1, 1) — t(1,5)p + (=t + 2 =t —t7°)(1,3)r
+ (t9 —t (1, D)+ (=t 28+ =t ) (1, 1)
+ (P + t)(l —3)p —t (1, =5)p +t3(0, 7)p + (=263 +t* —t74)(0,5)1
+ (=t =t =1 0,3)p + (P =+ 10, 1)
Then this derives the recursion relation with length 5,
pbknto + bpkni1 + Cpkp + dpkin_1 + enkin_o = 0,

with the initial conditions k_o = —1, k_; =0, kg = 1 and k; = =t~ — 0 where
sequences a,, through e, are as below:

6n—+6 —2n+2
—On+6 4 ¢ ,

Z: — _Mnt24 | 410016 | 46nt20 6012 | 608 | y6ntd 2012 | 4208 | y2n—d
S gpnd 20 | y2ned | ye2ne12 | y6nd _y—6n=8 4 y—100-16

¢, = —int22 _ymln=6 4 0y10n+18 _ 410n+14 4 410046 4 oy—10n-2 _ 4—10n—6 4 4—10n-14
4018 y6nt1d | 460410 4 4606 _ yOn+2 L 4—6n+6 _ 4—6n+2 | 4—6n—2 4 4—6n—6
_6n=10 _ 20414 | g0 b10 2042 4202 420410 4 4206 _ 4202 4206

d, = —g Mt o104 L =608 y—6n | y—6n—d | 4—6n—8 _ 4—2n+8 4 4—2n+4

Y
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Next, consider that the figure-eight knot is amphicheral and so we can pick up
the element following element in Ker(m;),

92, =3)r =t (2, 1) + (1, =T)p — t (1, =5)r

(—t M+t =t =) (L, =B)p 4 (0 — 7 =) (1, = 1)r

(— t‘” F 27T+t =t ) (1, D)+ (7 7)1, 3)r — £1(1,5)r +17°(0,7)r
(=2t 5+t = t(0,5)p + (—t 2+t 5 — 7 = 14+1%)(0,3)r

(15—12 8+ 1+14(0,1)7.

+ + + +

Then we get the following recursion relation with length 5,
anlﬁn+2 + bn,/in—l-l + Cn,’fn + dn,/in—l + en,/in—2 - 07

with the initial conditions k_o = —1, K =0, kg = 1 and k1 = —t 1% — t1°, where

the sequences a, through e, are as below:

an, — _t—ﬁn—6 + t27’L—2

bn/ — _t—l4n—24 + t—lOn—lG + t—6n—20 _ t—ﬁn—lQ + t—ﬁn—S + t—6n—4 _ t—2n—12 + t—2n—8
+t—2n+4 4 t2n—8 _ 2t2n—4 _ t2n + t2n+4 _ t2n+12 _ t6n—4 _ t6n+8 + t10n+16

’ L Mn=22 6 | 9u-10n-18 _ 4—10n-14 | 4—10n—6 | 9410n+2 _ 410046 | 410n+14

o 44618 _ p=6n—14 | 4=6n=10 4 4=6n—6 _ ;—6n-2 | 46n—6 _ 46n—2 4 46n+2  46n+6
g t10 214 | 42010 202 202 42010 4 4206 42042 42046

d, = gt glondd | y6n=8 _ y6n 4 y6nd | y6n48 208 | y2n—d 4 y2nd8 | =212
_opm2n=8 =24 o =2 =248 4 —6n—16 _ 4—6n—4 | ;—10n—4

e, = —ont6 26

Combining these two recursion relations, we get the following one with length 4,

bn'%n—i-l + C:"L"{n + dn'%n—l + 6~n"£n—2 = 07

with the initial conditions k9 = =1, k-1 =0, ko = 1 and k; = —t7* = #'°, where

b, through €, is as below,

B, = _gSnth _gl0nd | gom ybn oS p-dndd | g-2nd8 _ g—6ntd

G, = g2l line6 | 6046 2042 | 100410 =206 _~2n+10 4 4—6n-2
_9gfntld _ 4=10n—6 | oy~10n-2 | 410n+18 | 4—6n-10 _ ;1dn+14 _ 41814 | 410042
422 206 206 4 y—6n+6 | 6n+18 | 42010 | oyldn+10 _ y6n—2

d. = (216 | y2ned L y—Gnbd | g0n4d 410012 y10n4S | y1dnt12 180412 2n
_46n _ 208 _=6n 4 100 _ 42048 _ y—ln—4 | 4~10n—4 _ gy2n+4 4 4100+16
Ly p6nS | y=6n—d 4 ;—6n—8 | ,2n+12 _ 4208

£, = —~6n=0 | n+6 _ yl0ntld 4 ont
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