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1. Introduction

Let IF, be a finite field with g elements. Let C be a [m, K] linear code over F,, that is, it is a k — dimensional sub space of Fg'. A
code C is called cyclic if any cyclic shift given to a code word is again a code word. A code word (cy, ¢1, €3, ..., Cu—q1) IN C iS
identified with the polynomial ¢, + c1x + ¢;x% + -+ cp_gx™ " in Fg[x]/(x™ — 1). In fact a code C of length m over F, is a
cyclic code if and only if the corresponding sub set is an ideal of F,[x]/(x™ — 1). Note that every ideal of F,[x]/{(x™ — 1) is
principal. Every cyclic code C of length m is generated by a unique monic divisor g(x) of minimal degree in [F, and that h(x) =
(x™ —1)/g(x) is referred to the parity check polynomial of C. Irreducible cyclic code of length m over FF, can be viewed as ideals
of the ring F, [x]/(x™ — 1) generated by the primitive idempotents.

A lot of papers and results in which the cyclic codes have been found: Arora and Pruthi [13,3], obtained the primitive
idempotents in R,,, for m =2,4, ["and 21" , where [ d is an odd prime and g (prime power).In [17] for m = lmllm2 are distinct odd

primes. (4’(11) ¢(11 ) cd(dpl,™), p(1,"™)) = 2. ord; mi(q) = ‘Wl $L™) and ord;,mz(q) = Wz 2) Bakshi and Raka [4] gave all

the 3n + 2 primitive idempotents in the ring R,,, for m =71, , for dlstmct odd primes [y, [, and q and gcd (4’(11) #) _ ).Smgh

and Pruthi gave explicit expressions for all the 4m,m, + 2m,; + 2m, + 1 primitive idempotents in the ring R,,. In [9] taking m =
41™ and 81", where [ is an odd prime and [ | g — 1. Li and Yue et al. described all primitive idempotents and minimum Hamming
distances of the codes generated by those primitive idempotents in R,,, respectively. In [14], Pruthi and Pankaj found all the primitive

idempotents in the ring [Fl[x]/(xpflpfz-"pgr — 1).In[15], Sehrawat and Pruthi gave explicit expressions for the idempotents in the
group algebra of dihedral group of order 2n, for every n.

This paper is organized as follows: In section 2 we recall some lemmas. In section 3, we give all primitive idempotents in
F, [x]/(x3%"™ — 1) of irreducible cyclic codes of length 32p™.

2. Preliminaries
Following are the lemmas which give the criterion on irreducibility of polynomials over F,.
Lemma 2.1. Assume that n = 2. For any a € [, with Ord(a) = k, the binomial x™ — a is irreducible over [, if and only if both
the following conditions are satisfied :
1. Every prime divisor of n divides k, but does not divide qT_l ;
2. If 4/n, then 4/(q —1).
Lemma 2.2. Leta € Fbe aroot of x™ —1,where gcd(q,n) = 1.Then
n-1 i
Z i = {0 ifa+ 1
' n ifa= 1.
=0
Lemma 2.3. Let [ be a positive integer, P(X) € F,[X] be an irreducible polynomial over IF, of degree n > 0. Suppose that P(0) #

0 and P(X) is of period d,which is equal to the order of any root of P(X).Then P(X*) is irreducible over FF, , if only if the following
conditions three conditions satisfied:
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1. Each prime divisor of | divides d; 2. gcd (l ) landif 4/l,then 4/(q™ — 1).

3. Primitive idempotent in F, x]/(x32” - 1): Let p be an odd prime and IF,, be a finite field with q elements, where g = 8k +
3 for some k and p' | ¢ — 1 for integer I > 0 and 4 + g — 1. In this paper we intend to find primitive idempotents in the ring
F, [x]/(x321’" — 1) for two different cases n < I and n > . We have an irreducible factorization of x32 — 1 over F, as follows:

32—1=(xil)(x2+1)(x2i\/—_2x—1)(xzi /—(2—\/2_)3(—1)
(x + [+ 2)x —1) x% + ,—(2— /2+\/§)x—1 x% + ’—(2+ /2+\/§)x—1 x2+ [-(2- /z—ﬁ)x—
1| x?+ /—(2+ /Z—ﬁ)x—1 .

Theorem 3.1: When n < [, then there are 17p™ primitive idempotents in [Fq[x]/(x327’" — 1) given as follows:

3.1.Whenn <1

L () = o PN @kYxd; m= 0

2. Gpak(x) = 3297 Z?iﬁ (—ak)xT; m=pn

3. () = 161 nzjl-ign_l(—a”)szj;m = 2p"

b Om) =T (a4 )

wherea=1if m=4p™and a=—-1if m = 6p™

_ s V2 [-(2—V2) . .
5. ¢Pmir(x) = o n24p 1(-1)/ 22 (V2 —1—x*)a®*x8 + afa(s“s)kxg“l(l —x" - g(\/f -1+

x*)q @It Dky8I+2 4 /—(2 —\2)a®I*tDkx8i+7 b wherea = 1,b =—1ifm =8p"anda = —1,b = 1 if m = 10p™.

_ vz —(2+\/—)
6. Brak(0) = o T D E (VI 4 14 )0 40 D ki —xh) (214

16p™

x*)q @I Dkx8i¥2 4 p /—(2 +2)a®i+Dkx8i+7 L wherea = —1,b = —1ifm = 12p™"anda = 1,b = 1 if m = 14p™.

7. (@) = Z ’p _1( 1)/ ——[\/2 +V2-1-+2+ (m 1) XS] Q167K 16] 4 aﬁm,/—(z—m) 1-

16p™ 2

x8)a(16j+1)kx16j+1+‘/_27[ 2+\/§_1_\/§_( 2+\/§_1)x8]a(16j+2)kx16j+2+b‘/77 }_(2_ [2+V2)(V2+1-

x®)q 1654k 16743 _ g ’_(2 2+ V2)(VZ + 1 — x8)q(6i+dkx16j+4 _ g [1 + (\/z( 2442 — 1) _
1) xs] q(16j+6)k 16j+6 4 C*/;\/_ (2 2+ ﬁ) (1 — (V2 + 1)x®)a(16i+Mkx16i+7 4

dmj_ (2 -2 +\/§) a(16J+D)ky16j+13 % \whereq = 1,b = 1,c = 1,d = -1 if m=16p"™ anda=—1,b=—1,c=
—-1,d=1ifm=18p™.

Iﬁpnzn’ (1)) { (V2 4V2+1+vZ = (V2 +V2+1)x®) alokxte) +

a2+ V2 ~@ 42+ VDA~ )l D (V2 4 VT 1+ VE — (V24 V2 1) 2 a0 Dbt o
bgm)(\/f +1- xs)a(16j+3)"x16f+3 + g(( 2+V2+ 1) V2+1- xg) a(L6i+®ky16j+4 _ g( 2+V2+

8. Pmar(x) =
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1+v2- ( 2+V2+ 1) x8) q(167+6)kx16%6 4 cg\/— (2 +V2+ x/f) (1 — (V2 + 1)x®) a6+ Dky16i47 4

dv2 + \/E\/— (2 +4/2 +\/§) a<16f+5>kx16f+13}; where a=-1,b=1c=1d=1 if m=20p" anda=1b=—1,c=

—-1,d=-1ifm=22p"

9. G () = 1o BP0 T (= 1)1{ (V2—vVz-1+vZ+ (V2 =v2-1)2®) a’®kx16) +

ag\/Z - \/2/—(2 — V2 = V2)(1 — x8)a(6i+Dk 1641 —g( 2—-\2—-1++2- ( 22— 1) xs) q(16j+2)k16j+2 4
bgw/—(z —V2=V2)(V2 — 1 + x8)a16/+3ky16/+3 _ g(( 2—+2-— 1) NV2Z+14x )a(161+4)k 16j+4 4 ‘/—(1 _

(\/E( 22— 1) + 1) xs) q(16/+6) 5 16j+6 4 Cg\/_ (2 _J2 = \/7) (1= (1 = V2)x®)aUei Dky16i47 4

dv/2 —\/7\/— (2-v2-V2) a<16i+5)kx16f+13}; wherea=-1,b=1c=1d=1 if m=24p" and a=1b=-1c=

~1,d = —1if m = 26p"

10. Gy () = = 37207 (= 1)’{‘_(\' VZ41-V2+ (V2= V2 +1)x%) o okx1® +

16pn

agm —2+V2 = V2)(1 — x®)a Qe+ Dky16j+1 4 12 (\/— +1-v2- (\/2——x/§ + 1) x8) q(16J+ Dk 16j42 4
bY@+ T ND(VZ — 14 8y ieisa +;((¢z_—m )VZ-1+x )<> toes 1 221 4

(VZ(V2 =2 +1) = 1)x®) quoi+oky16iv6 4 o 2 J— (2+V2=v2) (1 = (1 = V2)x®)aUs/Mky 1647 4

dm\[— (2 + m) a(16j+5)kx16j+13}; where a=1,b=1c=-1,d=1 if m=28p" anda=-1,b=—1,c=

Ld=-1ifm=30p"andk = 0,1,..,p" — 1.

Proof. If n < [, then the irreducible factorization of x32°" — 1 over F, is as follows:

x32P" — 1 = £251(x ta M) (x? +a ) (x? £ V-2a7Fx — a”%) <x2 + ’—(2 —J2)aF*x - a‘2k> <x2 +
—(2 +/2)a"*x - a'2k> X2+ [-2- |24+ VD)aFx—a || x2 £ ’—(2 + /2 +V2)aFx — a7 || x% +
,—(2 - /2 —V2)a~Fx — a7 || x% + \/—(2 + /2 —V2) a*x — a2k |, where a1 is a p™ " primitive root of unity.

Now by Chinese Remainder Theorem we define a natural IF,- algebra isomorphism v, as:

p"-1
¥y ¢ Folx]/(x32P" — 1) — 1_[ (R x RP x R x . x R})
k=0
32p"-1 p"-1 p"-1 p"-1 p"-1
Z u]-xf — 1_[ rk(l), 1_[ rk(z), 1_[ rk(3) - 1_[ rk(m
j=0 k=0 k=0 k=0 k=0

Where R(" = F,[x]/(x — a ), R = F,[x]/{x + a ), R = F,[x]/(x? + a7?), RM =

Fylx]/(x? —vV=2a *x — a™?¥), R,(cs) = Fylx]/(x? + V=2 a *x — a™%), R,(f) =F,[x]/(x* — |-(2 = V2) a™*x — a™%¥),

Ry = Fqlx]/(x? + /—(z —V2) a*x — a7?),
R = Flx]/(x? = [~(24V2) a™*x —a %),
RO = F,[x]/(x? + |~ (2 +V2)a*x — a2,
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R}({N) — [Fq[x]/(xz + \/_(2 + ’2 - \/E) akx — a—Zk)

Also,

1 32p™-1 —k\j 2 32p™-1 N 3 16p™-1 - i 16p™-1 - i 4
i) =2 T (a7, 5P = S Ty (e, 1 = T (e ) + B gy (e x, =
2?23"—1 ” (a(()j"‘) + agj,k)x)’ rk(s) — Z?ign—l ” (béj"‘) + bl(j,k)x) , Tk(6) — Z}gig"—l u; (agj'k) + agj.k)x)l rk(7) _
Z?ign_l u; (béf,k) + bl(j,k)x)' Tk(s) - Z?ign_l u (Céj'k) + Cl(j.k)x)l Tk(9) _ Z?iﬁn‘luj (d(()j,k) + dij,k)x)'rk(lo) _

32p™-1 j.k ik 17 32p™-1 jk j.k
Yy (a(()J )+ aY )x), ......... 87 = Yo Ty (té’ )4 ¢Y )x)

Where a7, b for rand 1, are defined in lemma 5.1 and 5.2 [7] and a*, b, U, aY® for 1 to v are defined in

L
lemmas 3.1 to 3.4 for the case 16p™ and ", bI, (UM qUR) UK iUk UK UK gor 1-(10) 46 1-07) are defined in Lemmas
3.1,3.2,...,3.8.[5], where i = 0,1.

Now a linear space i hi is 1, ¢ [P0 H(RL x R2 17 320" defined
pace isomorphism 1, is: ¢, : [[o (R X Ri X ... X Ry") — Fy efined as

(B,B",C+C'x,E+E'x,F+F'x,G+G'x,H+Hx,] +]'x,K+K'x,0+0'x,R+R'x,S+S'x,U+U'x,V+V'x, W+W'x,Y
+Y'%xZ+7'x) —

(B,B',C,C'E,E' F,F',G,G'\H,H',],]',K,K',0,0',R,R",S,S" U, U, V,V' W W'Y, Y' ZZ")
Where B,B',C,C',E,E',F,F',G,G' H,H",],],K,K', ...,Z,Z' € 1F§".
Therefore, a linear space isomorphism y = 1,0, is defined as:
Y =09y IE“q[x]/(xnpn -1)—- ]FZan P (x) = Zfiﬁn_luj x/ — (uo, Uq, ey Uzzpn—1 ) R

where R is a 32p™ x 32p™ matrix over [F, defined asR = [113 _QQ] ... (31

Here P isa 16p™ x 16p™ matrix over [F, defined in Theorem 3.5 in the paper for primitive idempotents in F, [x]/(x*"" — 1) and
the matrix Q is defined as follows :

Q= (Qp Q; ,Q3 ,Q4,Q5 @6, Q7 ,Qs; Q9, Q10, Q11, @12, @13, 14, Q15, Qlﬁ)l
is also an 16p™ X 16p™ matrix over IF, and each Q; fori = 1,2, ..., 16 isa 16p™ X p™ matrix over [F,, which are given as follows :

We take X1=\/—(2+k\/2+\/§),X2=\/—(2+k\/2—\/7),Y1=\/2+\/§,,Y2=\/2—\/§ in each of the following

matrices.
(_1)ua,—16u (_1)ua,—16u(p"—1)
0 0
(=1)¥q-(16u+2)0 (=14~ 6u+r)(@"-1)
(—1)¥+ X, @~ (16u+3)0 (—D)¥ti X, q~(t6u+3)@™-1)
(_1)u+1(1 +k, Yl)a—(16u+4)0 (_1)u+1(1 +k, Yl)a—(16u+4)(pn—1)
(_1)u+j+1k’ lela—(16u+5)0 (_1)u+j+1k’ lela,—(16u+5)(pn—1)
(—D*(1+ V2 + k) @6ur00 0 (L)1 4 V2 + k, Y, )a~(16urO@"-1)
(_1)u+j(1 + \/z)Xla—(léu+7)0 (_1)u+j(1 + \/E)Xla—(léu+7)(p"—1)
{Qt}ic = (_1)u+1 (1 + \/2(1 +k, Yl)) (Z_(16u+8)0 (_1)u+1 (1 + \/E(l +k, Yl)) a—(16u+8)(pn_1)
(—1)u+j+1k\/§, Y1X1a_(16u+9)0 (_1)u+j+1k\/§’ Ylea,—(16u+9)(p”—1)
(D" (14+V2(1 +k¥y) ) @ @ew100 e (—1)u (14 V2(1 + kY;) ) @ (6wHOF"-D
(_1)u+j(1 + \/E)Xla—(16u+11)0 (_1)u+j(1 + \/E+)X1a—(16u+11)(pn—1)
(_1)u+1(1 +\/§+ kyl)a—(16u+12)0 (_1)u+1(1 +\/§+ kyl)a—(16u+12)(pn_1)
(_1)u+j+1kY1X1a,—(16u+13)0 (_1)u+j+1kylxla—(16u+13)(p”—1)
(=D¥(1 + kY )~ (o180 (—D(1 + kY;)q~(16u+19@"-D
(_1)u+jX1a—(16u+15)0 (—1)u+jX1a’_(16u+15)(pn_1)
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{Q::Ec =

0
(_1)ua—16u.0
(_1)u+jX1a—(16u+1)0
(_1)u+1(1 + le)a_(M“”)o
(—1)u+j+1kY1X1(X_(16u+3)0
(—D*(1 + V2 + k¥;)q~(16u+40
(_1)u+1(1 + \/E)Xla_(16u+5)0
(=1 (14 V2(L + kYy) ) @ eure
(_1)‘u+j+1k\/§Y1X1a—(16u+7)0
(=% (14 V2(1 + k¥y) ) @ (ewro
(_1)u+j(1 + \/E)Xla—(16u+9)0
(_1)u+1(1 + \/z‘l' le)a'(16”+1°)°
(—1)“+f+1kY1X1a'(16”+11)0
(_1)11.(1 + le)(Z_(16u+12)0
(—1)”+jX1a_(16“+13)°
(_1)u+1a—(16u+14)0

where t, j, k varies defined as follows:

5 7

0 1

1 1
0

(_1)ua—16u(p"—1)
(_1)u+jX1a—(16u+1)(pn—1)
(_1)u+1(1 + kyl)a—(16u+2)(p"—1)
(_1)u+j+lkylxla—(16u+3)(pn—1)
(=D¥(1 + V2 + kY, )q~Aou+H@"-1)
(_1)u+j(1 + \/E)Xla—(16u+5)(p"—1)
(—1% (1 +V2(1 + k¥y) ) @~ Ceuwrow"-1)
(—1)””“k\/EYlea_(mu”)(pn_l)
(—D% (1 +VZ(1 + k¥y) ) @~ CowrO@"-1)
(_1)u+j(1 + \/E)Xla—(16u+9)(p"—1)
(_1)u+1(1 +\/§+ kyl)a—(16u+10)(p"—1)
(_1)u+j+1Y1X1a—(16u+11)(pn—1)

(_1)u(1 + kyl)a—(16u+12)(p"—1)
(_1)u+jX1a,—(16u+13)(p"—1)
(_1)u+1a—(16u+14—)(p"—1)

t 2 4 6 8
j 0 1 0 1
k -1 -1 1 1
(_1)ua—16u (_1)ua—16u(p"—1)
0 0
(—1)kq~(6u+2)0 (—1)4q~(A6u+)(@"-1)
(—1)¥+ X, q~(16u+3)0 (D)W X, q~Aour3)H (@™ -1)
(_1)u+1(1 + kYz)(X—(16u+4)0 (_1)u+1(1 + kyz)a—(16u+4-)(p"_1)
(—1)u+j+1kY2X2a_(16u+5)0 (_1)u+j+1kY2X2a—(16u+5)(p"—1)
(—D*(1 — V2 + kY, )a~(16u+6)0 (—1)%(1 = VZ + kY, )g~(Q6u+O@"-1)
(_1)u+j(1 _ \/E)Xza,—(lﬁu+7)0 (_1)u+j(1 _ ﬁ)xza—(l6u+7)(p‘ﬂ_1)
{Qt}j‘ = (_1)u+1 (1 _ \/7(1 + kYz)) a,—(16u+8)0 (_1)u+1 (1 _ \/E(l + kYz)) a—(16u+8)(pn_1)

(_1)u+f+1k\/§y2X2a,—(16u+9)0
(=1 (1 —V2(1 + kYz)) o~ (16u+10)0
(—1)¥* (1 = VZ)X,q~(16u+11)0
(—1)"+1(1 = VZ + kY, )q~(16u+12)0
(=1)¥+i*1)ey, X, o~ (16u+13)0

(_1)“(1 + kYZ)a—(16u+14)O
(—1)“+jX2a_(16“+15)0

Where t, j, k varies as below table:

(_1)u+j+1k\/§Y2X2a—(16u+9)(p"—1)

(=D (1 -V2(1+ kYZ)) q~(16u+10)(p"-1)

(_1)u+j(1 _ ﬁ)Xza—(16u+11)(p"—1)
(_1)u+1(1 _ \/z + kYZ)a—(16u+12)(p"—1)
(_1)u+j+1YZXza—(16u+13)(pn—1)

(_1)u(1 + kYZ)a—(16u+14)(p”—1)
(_1)u+jX2a—(16u+15)(p“—1)

t 9 11 13 15
j 0 1 0 1
k -1 -1 1 1
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0 0

(_1)ua—16u.0 (_1)ua,—16u(pn—1)
_A\u+j —(16u+1)0 —1)utj -(16u+1)(p™-1)
(-D*"X,a (-D)*YX,a
(—D¥1(1 4 kY,)a~16u+2)0 (—D**1(1 + kY,)q~6u+D@"-1)
(_1)u+j+1kY2X2a—(16u+3)0 (_1)u+j+1kyzxza—(16u+3)(p"—1)
(—D*(1 = V2 + kY, )q~(16u+0 (—1)*(1 = V2 + kY, ) g~ (6u+D@"-1)
(_1)u+j(1 _ \/E)Xza—(16u+5)0 (_1)u+j(_1)u+j(1 _ ﬁ)xza—(16u+5)(pn_1)
(—1)w+t (1 —V2(1 + kYz)) q-(16u+6)0 (=1)u+1 (1 —VZ(1+ kYZ)) o~ (16u+6)(p"-1)
k _
{Qt}j = (_1)u+j+1k\/§Y2X2a—(16u+7)0 (_1)u+j+1k\/fyzxza—(mu”)(p"—l)
(-D* (1= V201 + k1)) @ 00w®0 I (—1)% (1= V2(1 + kYy) ) @ (6wt9E"-D
_1\uti(1 _ —(16u+9)0 . _1\uti(1 _ -(16u+9)(p™-1)
(-1 1 2) X, (-1 1 2)X,«a
(_1)u+1(1 _ \/E + kYZ)a—(16u+10)0 1 (_1)u+1(1 _ \/E + kYZ)a—(16u+10)(pn_l)
(_1)u+j+1kY2X2a—(16u+11)0 (_1)u+j+1ky2a—(16u+11)(pn—1)
(_1)u(1 + kyz)a—(16u+12)0 (_1)u(1 + kYZ)a—(16u+12)(pn—1)
(_1)u+jX2a—(16u+13)0 (_1)u+jX2a—(16u+13)(p"—1)
(_1)u+1a—(16u+14)0 (_1)u+1a—(16u+14)(p"—1)
Where t, j, k varies as below table:
t 10 12 14 16
j 0 1 0 1
k -1 -1 1 1
T
Setamatrix T = SP% of order 16p™ x 16p™ over F,, where Ty, T,, ..., Ty are matrices of order p™ x 16p™ and transpose T
Ti6

of each matrix T; fori =1,2,...,16 is given as follows :

(_1)ua—16u (_1)ua—16u(p"—1)
0 0
(_1)u+1a—(16u+2)0 (- 1)u+1a—(16u+2)(p"—1)
(_1)u+jX1a,—(16u+3)0 (_1)u+jX1a—(16u+3)(p"—1)
(—1)*(1 + kY;)q~(ou+o (=¥ (1 + kY;)a~@6u+H@" -1
_1\u+j+1 —(16u+5)0 1\ utj+1 —(16u+5)(p™-1)
(-1 kY X, -1 kY, X,a
(_1)u+1(1 +2 + kyl)a—(16u+6)0 . (_1)u+1(1 +\/§+ kyl)a—(16u+6)(pn—1)
(_1)u+j(1 + \/E)Xla—(lﬁu+7)0 (_1)u+j(1 + ﬁ)Xla—(16u+7)(pn—1)
M = | 0 (1+V20 + k1)) @Gew®0 0 (—1)% (14 V2(1 + kY,) ) @~ (6w D@D
(—1)u+jk\/EY1X1a_(16u+9)0 (_1)u+jk\/fylxla—(16u+9)(pn—1)
(D% (1+ V201 + ky) ) @ @6ut100 - (1)e (14 V2(1 + kY;) ) @ (6u+106"-D
(_1)u+j+1(1 + ﬁ)Xla—(16u+11)O (_1)u+j+1(1 + \/E)Xla—(16u+11)(p”—1)
(_1)u+1(1 +\/§+ le)a_(16u+12)0 (_1)u+1(1 +\/E+ kyl)a—(16u+12)(p"—1)
(—D)¥H kY, X, q~(16u+13)0 (_1)u+jkY1X1a,—(16u+13)(p"—1)
(=D*(1 + kY, )a~(ou+140 (—D)*(1 + kY;)a~16u+1H@"-1)
(—1)”+j+1X1a_(16“+15)° (_1)u+j+1X1a—(16u+15)(p"—1)
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Where t, j, k varies as below table:

t 1 3 5 7
j 0 1 0 1
k -1 -1 1 1
0 0
(—1)tq-16u0 (_1)ua—16u(p"—1)

(_1)u+j+1X1a—(16u+1)(pn—1)

(—1)*1(1 + kY;)a~(16u+2)0 (—1)**1(1 + kY, )q~ 6w+ @™ -1
1 (=1)¥H kY, X, @~ Q6urDE"-D

(—1)u+jkY1X1(X_(16u+3)0 ) .
(—1*(1 + V2 + kY, )q=(16u+0 (—D*(1 + V2 + kY, )a~(ourH "1
] ! (_1)u+j+1(1 + \/E)X q~(6u+s)(p™-1)
(—1)WH*(1 + V2) X, q~(16u+S0 1
(—1D)w*t (1 +V2(1 + kY1)) o —(16u+6)0 (=Dt (1 +v2(1 + kY1)) q~(eute)®"-1)
{r'dj = (— 1)+ ky/2Y, X, @~ (16u+7)0 (—1)“H kV2Y, X, @~ G6wD@"-1)
— n_
(—1D)¥+t (1 +V2(1 + kyl)) o~ (16u+8)0 (-p¥*t (1 +V2(1 + kY1)) q~(1eure) P 1)
(_1)u+j(1 + \/E)Xla—(16u+9)(pn—1)

(_1)u+j(1 + \/E)Xla_(16u+9)0 .
(—1)*(1 + V2 + kY ) g~ (A6u+10(@"-1)

(_ 1)u+j+1X1(X_(16u+1)0

(—D*(1 + V2 + kY; )q~(6ut100 =
(_1)u+fY1X1a—(16u+11)0 (_1)u+j\/T\/Exla—(mu.'.ll)(pn_l)
e tisrmo (=111 + kY;)a~(tour1@"-1)

(_1)u+jX1a—(16u+13)0
(_1)ua—(16u+14)0

(_ 1)u+jX1a—(16u+13)(p"—1)
(_ 1)ua—(16u+14-)(pn—1)

Where t, j, k varies as below table:

t 2 4 6 8
j 0 1 0 1
k -1 -1 1 1
(_1)ua—16u (_1)ua—16u(p"—1)
0 0
(=1)u+1q—(16u+2)0 (_1)u+1a-(16u+2)(p”—1)
(_1)u+jX2a—(16u+3)0 (_1)u+jX2a,—(16u+3)(p"—1)
(—D*(1 + kY;)q~ (640 (—D*(1 + kY,)q~16uHE"-1)
(_1)u+i+1ky2X2a-(16u+5)0 (_1)u+j+1kY2X2a,—(16u+5)(p”—1)
(_1)u+1(1 -2+ kyz)a—(16u+6)0 o (_1)u+1(1 —\2 4+ kyz)a,—(16u+6)(p"—1)
(_1)u+j(1 _ \/E)Xza—(16u+7)0 (_1)u+j(1 _ \/E)Xza—(léu+7)(pn_1)
T3 =| D" (1-V2A + k1))@ 0D (1) (1= V2(1 + k) @~ (e 9@" D
(_1)u+1\/EY2X2a,—(16u+9)0 o (_1)u+1\/EY2X2a—(16u+9)(pn—1)
(1% (1= V2(1 + k1,) ) @100 oo (—1)% (1= V2(1 + kY,) ) @~ (604100 D
(_1)u+j+1(1 _ \/E)Xza—(léu+11)0 (_1)u+j+1(1 _ ﬁ)Xza—(16u+11)(pn_1)
(D% (1 = V2 + kY, )a~@6ur120 ()] — V2 + kY, a6 D01
(_1)u+jky2X2a—(16u+13)0 (_1)u+jkY2X2a,—(16u+13)(pn—1)
(_1)u(1 + kyz)a—(16u+14—)0 (_1)u(1 + kYZ)a_(16”+14)(pn_1)
(_1)u+j+1X2a—(16u+15)0 (—1)u+j+1X2a_(16u+15)(pn_1)
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Where t, j,k varies as below table:

t 9 11 13 15
j 0 1 0 1
k -1 -1 1 1
0 0
(—=1)¥q~16%0 (_1)ua—16u(p"—1)
_1)utj+1 —(16u+1)0 —1)uti+1 -(16u+1)(p™-1)
(-1) X,a -1 Xpa
(_1)u+1(1 + kyz)a—(16u+2)0 (_1)u+1(1 + kYz)a_(16u+2)(Pn—1)
(_1)u+j szza—(16u+3)0 (- 1)u+jy2X2a—(16u+3)(p"—1)
(—D¥(1 = VZ + kYy)q-A6wr®0 " (C1)¥(1 = V2 + kY, )~ @AwHHET-D
(_1)u+j+1(1 _ \/E)Xza‘(“”s)o (_1)u+j+1(1 — \/E)Xza—(lﬁuﬁ)(p"—l)
(—1)w+t (1 —V2(1 + kYz)) q-(16u+6)0 .. (—1)u+1 (1 —V2(1+ kYz)) o —(16u+6)(P"™-1)
r Yk _
{T t}j = (_1)u+j+1k\/§Y2X2a—(16u+7)0 (—1)“”“k\/EYzXza_(m“”)(pn_l)
(_1)u+1 (1 _ \/2(1 + kYz)) a—(16u+8)0 (_1)u+1 (1 _ \/E(l + kYZ)) a—(16u+8)(pn_1)
(_1)u+j(1 _ \/E)Xza—(léu+9)0 o (_1)u+j(1 - \/E)Xza—(léw‘?)(p"—l)
(_1)11.(1 _ \/z + kYz)a‘(lé’“lO)O (_1)u(1 _ \/E + kYZ)a—(16u+1o)(p"_1)
(_1)u+j+1kY2X2a—(16u+11)0 (_1)u+j+1kyzxza—(16u+11)(pn—1)
(D)1 + kY,) o~ (16u+12)0 (—-D¥(1 + kYZ)a—(16u+12)(p"—1)
(_1)u+jX2a—(16u+13)0 (_1)u+ja—(16u+13)(pn—1)
(- 1)ua—(16u+14)0 (_1)ua,—(16u+14)(pn—1)

Where t, j K varies as below table:

t 10 12 14 16
j 0 1 0 1
k 1 1 1 1

Therefore we have Q T =K (say) a 16p™ X 16p™ matrix suchthat Q T = (dij) fori,j=0,1,..,16p" — 1,whered;; = 1,ifi =

jandd;; = 1or —1,if i # j. Tosolve it easily, taking n even and 16u = 16u’ + 8(modp™) we have Q T = (‘; AB) where A,
B are two elementary matrices of order 8p™ x 8p™ as follows:
- 1.0 0 0 0 0 0 0 -- - =10 0 0 0 0 0 0 --
0 1 0 0 0 0 0 0 / 0 1 0 0 0 0 0 0 -- \
.. 001 00 O0O00O0 0 01 00 0 0 0 - |
A:...00010000| ~-~00010000~|
0 0 0 01 0 0O - 0 0 0 01 0 0 0 -
>0 0 0 0 0 1 00 00000 -10 0
0 000 0010 0000 O0O0 -10
0 000 O0O0O0 1 000 0 O0O0O0 -1
Now K‘1=1(A B) HenceQ‘1=1T( ) l where M; fori =1,2,...,16
2\—-B A/ 2
M16
are p" x 16p™ matrices. Here transposes M; of each matrix M;, i = 1,2, ..., 16 are given as follows:
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1
MYk = >

(-1)* (2 +V2(1+ le)) 160
(_1)u+j+1k\/EY1X1a(16u+1)0
(—1)w+t (2 +V2(1 + kY1)) o (16u+2)0
(_1)u+j(2 + \/E)Xla(16u+3)0
(=1)¥ (x/E +2(1+ le)) q6u+a)0
0
(_1)u+1\/§a(16u+6)0
(_1)u+j\/§X1a(16u+7)0
(—D*V2(1 + kYy) aew
(—1)u+jk\/§Y1X1a(16u+1)0
(—D™V2(1 + kY;)a @620
(_1)u+j+1\/§X1a(16u+3)0
(_1)u+1\/§a(16u+4)0
(—1)“+j2kY1X10((16”+5)0
(=% (V2 + 21 + k¥y) ) a@su+6)0

(_1)u+j+1(2 + \/E)Xla(16u+7)0

Where t, j K varies as below table:

(—1)% (2 +V2(1 + k1) ) @ 164" D
(—1)u+j+1k\/§Y1X1a(16u+1)(pn_1)
(=1 (2 +V2(1 + k¥y) ) 160+ 2@"-D
(—1)u+ (2 + \/E)Xla(16u+3)(p"—l)
(—1* (V2 +2(1 + kY,) ) @60+ O@"-D
0
(_1)u+1\/§ g (16u+6)(™-1)
(_1)u+j\/§X1a(16u+7)(p"—1)
(=D*V2(1 + kyy) o@D
(_1)u+jk\/fylxla(16u+1)(p"—1)
(=D*V2(1 + kY;)qAow+D®"-1)
(_1)u+j+1\/§X1a(16u+3)(pn—1)
(_1)u+1\/§a(16u+4)(pn—1)
(—1)u+jk2Y1X1a(16u+5)(pn_1)
(=% (V2 + 21 + k¥y) ) G6u+0@™-D

(_1)u+j+1(2 + \/E)Xla(lﬁu+7)(p"—1)

t 1 3 5 7
j 0 1 0 1
k 1 1 1 1

1
M}k = >

(—1)¥+1kV2Y; X, a (164470
(=% (2 +V2(1 + k¥) ) a6
(_1)u+j+1(2 + \/E)Xla(16u+1)0

(—D* (VZ+ 2(1 + k1) ) @6u+200
(_1)u+jk2Y1X1a(16u+3)0
(_1)u\/§a(16u+4)0

(_1)u+j+1\/§X1a,(16u+5)0
(_1)u+1\/§(1 + kyl)a(16u+6)0

(_1)u+jk\/§Y1X1a(16u+7)0

(_1)u+1\/§(1 + le) qou0

(_1)u+]'\/§X1a(16u+1)0

(_1)u\/§ a(16u+2)0
0

(=1 (V2 + 21 + kYy) ) a@6u+40

(_1)u+j(2 + ﬁ)Xla(16u+5)0
(=% (2 + V2(1 + k¥y) ) a@6u+620

Where t, j,k varies as below table:

(_ 1)u+1k\/EY1X1a(16u+7)(p"—1)
(=1 (2 +V2(1 + le)) Q16w ®"-1)
(_1)u+j+1(2 + \/E)Xla(lﬁu+1)(p"—1)

(-1 (V2 + 2(1 + k¥,) ) 16w+ 27D
(_1)u+jk2Y1X1a(16u+3)(pn—1)
(_l)uﬁa(16u+4)(p"—1)

(_1)u+j+1\/§X1a(16u+5)(p"—1)
(=D*V2(1 + kY;)a16u+O@"-1)

(=¥ kV2Y, X, @ 16U D)

(_1)u+1\/§(1 + kyl)a16u.(pn—1)

(_1)u+j\/§X1a(16u+1)(p"—1)
(_1)u\/§ a,(16u+2)(p"—1)
0
(_1)u+1 (\/i +2(1+ le)) a(16u+4-)(p"—1)
(_1)u+j (2 + ﬁ)xla(16u+5)(p"—1)
(=% (2 + V201 + kYy) ) @@su+0@™-D

t 2 4 6 8
j 0 1 0 1
k 1 1 1 1
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1
MY = 5

(-1)* (2 —V2(1+ kYz)) 160
(1) k\2Y, X, (16¥+1D0
(—1)%*1 (2 = V21 + k¥y) ) 6w+ 20
(_1)u+j(2 _ \/E)Xza(16u+3)0
(—1%+ (V2 = 21 + k¥y) ) 6w+ 0
0
(_1)u\/§ Ol(16u+6)0
(_1)u+j+1\/§X2a(16u+7)0
(_1)u+1\/z(1 + kYZ) q(16w)0
(—D)*HHN2Y, X, a (160
(_1)u+1\/§(1 + kYz)a(16u+2)°
(_1)u+f\/EX2a(16u+3)0

(_1)u\/§ Ol(16u+4)0
(—1)u+jk2Y2X2(X(16u+5)0
(_1)u+1 (\/E _ 2(1 + kYz)) a(16u+6)0
(_1)u+j+1(2 _ \/E)Xza(16u+7)0

Where t, j,k varies as below table:

(-1 (2 —V2(1+ kYz)) Q16w =1
(_1)u+jk\/§Y2X2a(16u+1)(pn—1)
(—1)¥+1 (2 _ \/E(l + kYz)) o (16u+2)(P"-1)
(_1)u+j (2 _ \/E)Xza(16u+3)(pn—1)
(—1)¥+1 (\/E —201+ kYz)) o (16u+4)(P™-1)
0
(_1)u\/§a(16u+6)(pn—1)
(_1)u+j+1\/§X2a(16u+7)(17"—1)
(—D"V2(1 + kY,)a 1w ®"-1)
(_1)u+j+1k\/§y2X2a(16u+1)(pn—1)
(_1)u+1\/§(1 + kYZ)a(16u+2)(p"—1)
(_1)u+jﬁX2a(16u+3)(p"—1)

(_ 1)u\/§a(16u+4)(p"—1)
(_1)u+]k 2Y2X2a(16u+5)(pn—1)
(_1)u+1 (\/E _ 2(1 + kYz)) a(16u+6)(p"—1)
(_1)u+j+1(2 _ \/E)Xza(lﬁu+7)(p"—1)

t 9 11 13 15
j 0 1 0 1
k 1 1 1 1

1
M =

(_1)u+j+1kﬁy2X2a(16u+7)o
(-D* (2= V2(1 + k1)) @640
(_1)u+j+1(2 _ \/E)Xza(16u+1)0

(—1* (V2 - 2(1 + k1) ) @6u+200
(_1)u+jk2Y2X2a(16u+3)0
(_1)u+1\/§ a,(16u+4)0
(_1)u+f\/§X2a(16u+5)0

1 (D201 + kY,)a@euter
2 (_1)u+j+1k\/§Y2X2a(16u+7)0
(—D*V2(1 + kY,)a o0
(_1)u+j+1\/§X2a(16u+1)0

(_1)u+1\/§ a(16u+2)0
0

(-1D* (ﬁ -2(1+ kYZ)) q(16u+4)0
(- (2 - \/E)Xza(16u+5)0
(=D (2 —-V2(1 + kYZ)) (16u+6)0

Where t, j,k varies as below table:

(_1)u+j+1k\/§Y2X2a(16u+7)(pn—1)
(=1 (2 -V2(1 + kYZ)) Q16 @"-1)
(_ 1)u+j+1 (2 _ \/E)Xza(lﬁu+1)(p"—1)

(—1* (V2 = 2(1 + k¥) ) e+ 2@" D
(_1)u+jkzyzxza(16u+3)(pn—1)
(_1)u+1\/§a(16u+4)(pn—1)
(_1)u+j\/EX2a(16u+5)(pn—1)
(_Duﬁ(l + kyz)a,(16u+6)(pn—1)
(_1)u+j+1k\/§Y2X2a,(16u+7)(p"—1)
(—D"V2(1 + kYy)atew "D
(_1)u+j+1\/§X2a(16u+1)(pn—1)

(_ 1)u+1\/§ a(16u+2)(p"—1)
0

(—1* (V2 = 2(1 + k¥) ) 1w+ H@"D
(_1)u+j(2 _ \/E)Xza(16u+5)(p"—1)
(—1* (2 = V2(1 + k¥) ) e+ 0" -0

t 10 12 14 16
j 0 1 0 1
k 1 1 1 1
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i

Therefore, from (4.1) we have R~ = ] Now using [F,- algebra isomorphism we have the primitive idempotents

2151 —S 1
b;(x) = X220 g :j=0,1,2,..,9p" — 1,10p", ... ,15p" —1,16p",... ,17p" —1,...,18p",... ,19p"
1,20p™, ... ,31p™ — 1in Fy[x]/(x32P" — 1) as follows:
32pM™-1
Y ((j)j(x)) = Z aix' | = (ag, ay, ..., aszpn_1)P = ¢
i=0

— -1 _
(ao, al, ...,a32pn_1) - e]P = Vj+1

Where 9;, 4 is j-throwof P~* for j = 0,1, ..., 17p™ — 1 and e; are 17p™ vectors of ]ng”n corresponding to all primitive idempotents
of Hp "-1 Rl % Hp -1 ggz X H?:EIRF such that e, = (1,0, ... ,0),e; = (0,1,0, ... ,0) and so on. Therefore

Propnin(X) = — Zzp (-1 —£(\/2 +V2—-1-+2+ (\/2 ++2 - 1) xs) ateiky16) 4 ket Lol 1-

16p™ 2

x8) @167+ 16]+1 +g( 2+\/§_1_\/§_( 2+\/§_1) )a(16]+2)k 16]+2+ ’ - /2+\/§)(\/§+1_
x®)a 1611643 32 |5 2 D) (VZ 4 1 - x8)a syt _ Z(1+ (\/E( 2+V2-1)-
1) XS) q(16J+6)k 4 16]+6 g\/_ (2 _J2t \/z) (1 — (VZ + 1)x®)@(6/+ k1647 _

V2 + \/7\/— (2 —-V2+ \/7) a(16/+5)kx16j+13 % \where k = 0,1,..,p" — 1. Similarly, we get all the required primitive

idempotents in [, [x]/(x3%*" — 1) for irreducible cyclic codes of length 32p™.

Whenn >1,thenn=vl+s, 0<s <l Let v=1thenn =1+ s. Now using lemma 2.1and 2.2 we have the factorization of
x3%P" — 1 over I, is as follows :

329 pl+s 1=TTP —I(Xp + a_k)(X2p + a—zk)(XZp + \/_a—kxp _ a,—Zk)( 2pS + ’_(2 —\/i) a—kxps _ (X_2k> (xzps +

/—(2 +2) akxP’ — 0(‘2") x?®+ [—(2 - ’2 +V2)a kP — a2k | [ x2P° 4 ’—(2 + ’2 +V2)akx? —
a2 || x%* + ’—(2 - /2 —V2)akxP® — q 2k || x2P° + \/—(2 + [2-42) a*xP* —q 2k | Where a™! is a p'-th

primitive root of unity over IF,.

Now using lemma 4.1[5] about irreducible factorization of x32P™ — 1 over [F, forn = [, we get the primitive idempotents in the
same way as theorem 3.1 which are given as follows:

Theorem 3.2. If n=1, then n=vl+s. Let v =1 and k = p’.c with gcd(p,c) = 1. Then all primitive idempotents in
F, [x]/(x“pl“ — 1) computed are as follows:
(1) Fort = 0, corresponding primitive idempotents are as follows:

32pl-1

1 o
dr(x) = 3250 Z (@)x?’; k=041,..,p" -
=0

32pl-1

¢pn+k(x) = 32 ; _ k)jxjps : k= 0’1, ."’pn -1

16pl-1

Gaprin(x) = Z (—a?®)Ix2P° k=01, ..., p"

161

G () = o 128” _1( 1)/< 4k 4ip° 4 a\/_0((‘””3)"x(‘”+1)1’J (1- x2)> wherea=1,—1 for m=4p™ and 6p"

respectively.
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. s V2 /—(z—ﬁ) . . s
P (X) = 16p124p (—1)/ 72(\/7 —1—x*)a®kx®P" 4 afa(g“s)kx(g“l)p (1—xY— g(\/f -1+

x*)a @Dk B+ 4 ’—(2 —\2)a®+kx @]+ 0 L. \wherea =1, b = —1form = 8p"anda = —1, b = 1 form = 10p™.

_ . s V2 [-(2+V2) . . s
Gmar(X) = o 124” 1(-1)/ 22 (V2 + 1+ x*)a®kx®P" 4+ afa(s“s)kx(g“l)p 1-—x* - g(\/f +1+

x*)a @Dk B+ 4 ’—(2 +V2)a®+k @]+ 0 b \where g = —1, b = —1 form = 12p'anda = 1, b = 1 for m = 14p".

Preptc () = 16p lzzp _1( 1/ _\/—(m -1-+2+ (m - 1) xs) 167k 16JD° 4 aﬁmm) 1-

2

x8)q 167+ Dk (16]+1)p° g( 2+V2-1-+2- ( 2+V2 - 1) xg) 16742k y (16]+2)p° bg [-@-V2+V2)(VZ+1—
x8)q(67+3k y (167+3)° _ g /—(2 _J2+ V2)(VZ + 1 — x8) @169k (16+4p° _ g(l n (ﬁ( 2+2 — 1) _
1) xs) o (167+6)k 5 (16j+6)p° cﬁ\[— (2 2+ \/j) (1-(Vz+ 1)x8)a(16j+7)kx(16j+7)p5 +
2

dv2 + \/7\/— (2 -V2+ x/ﬁ) 16749k (16j+13)p®

Wherea=1,b=1,c=1,d=—-1form=16p'anda =-1,b = —1,c = —1,d = 1 for 18p'
Bropae) = o D B (VEAVE + 14 VE = (VEHE 1)) i’
022+ V2|~ +2 + V2)(1 — x) oDk Qo002 (oG 14T~ (V2 V2
1) x8) a(167+2)k , (16j+2)p° 4 bg ’—(2 + \/—)(\/_ 2+1— xg)a(161+3)kx(161+3)p +—= <(\/T + 1) V241-—
x8> Q167+ Dk (16]+4)p° _ g (1 - (\/i (m + 1) + 1) x8) q(16/+6)k (16]+6)p° 1 cg\/— (2 + \/T\/E) (1-
(VZ+ 1)x8)a(161+7)kx(161'+7)p5 + dm\[— (2 ++2 + \/7) a(16j+5)kx(16j+13)p5},
Wherea=—-1,b=1,c=1,d=1form=20p'anda =1,b = —1,c = —1,d = —1 for 22p'
Brapter ) = o B2y (1) { (V2—v2- 142+ (V2 =2 - 1)x®) a'oikxionr” 4
ag\/ﬁf /—(2 —V2 = VZ)(1 — x®)q @I+ Dk (16j+1p° _ g( 2—V2-1+4++V2- (m -
1) xs) a(167+2)k x (16]+2)p° bg -2 - ﬁ)(\/ﬁ — 1+ x8)q(16/+3ky (16/+3)p° _ g (( 2—2- 1) V2+1+
x )a(161+4)"x(161+4)7’ +22 (1 - (\/i( 2—-+2- 1) + 1) x8) q(167+6)k  (16]46)p° c?\/— (2 - \/2——\/7) (1-
(1 — VZ)x®) @8I+ Mkex (16)+7)p° 4 d\/z__ﬁJ_ (2 - \/m) a(16j+s>kx(16j+13)p5},
Wherea = —1,b =1,c = —-1,d = —1form = 24p'anda = 1,b = —1,c = 1,d = 1 for 26p'
Briae0) = o D - B (VEE+ 1= V4 (VT T 1)) i’
E 2 V2 ~@ + V2 VDA~ x®)a 6k 600 (o o 41 —VI - (V2 -2+
1)x )a(m“z)kx(ls“z)p += ,—(2 + ﬂf)(\/f 1+ x8) @167+ (16j+3)p° 4 32 <(\/— + 1) -1+
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X )a(16}+4)kx(16}+4)p + \/—(1 + (\/7( 22+ 1) _ 1) xs) o (16/+6)k 5 (16j+6)pS _ g\/_ (2 +4/2 \/f) (1-
(1 _ ﬁ)xS)a(16j+7)kx(16j+7)ps ++/2 - \/E\/_ (2 +42 - \/i) a(16j+5)kx(16j+13)ps},

Wherea=1,b=1,c=-1,d=1form=28planda=-1,b=—-1,c=1,d = —1for30pl
(2) For0<t<s,byLemma3.6. polynomials x?*" J_rfp—;'a—ﬁ A R LA e e LS el

+ [-(2- )f a~xP — f;?ia‘“, s, X2 ’—(2 + /2 V2) f‘l —exp* Tt f;fia‘zc are irreducible over

[F, and respective primitive idempotents are as:

@ _ pt-1y32pi-1 Tll P CtkTs 1S4y _
1 ¢ (x) = 32p,+s Pimo Zrymo Syt ATICHTZXTIP 2P* L. \wherem = 0
t
-1 32pi-1 s—t
¢;(:)+k( X) = - l+s{ zr71=0 Zrzp (—=1)r1+72 frllarlc+kr2 TP 4D } where m = pl
(l) ( ) { pt-1 21617 -1 ( 1)r1+r2 frll 271 C4+2KkTy 214 DS"t4 27 .
= an 2 271D 2p° =2p
2p Lik 16pl+5 T1=0 &A1=
. - _ i t st l+s—t
2 1 s—
4. ¢r(;?+k(x) 16pl+t{ rfzo 572:0 (-1 (V4-T1lx4—rlp + aV 2 ) (ar143)i, (4 +1)p (1 )x32r2p )}' where a =

1,—1 for m = 4p* and 6p' respectively.

I_ t_ o . _ .
{ 2pt-1 Pl -y <g (VZ = 1 — x®" " )yBrigsnp™ 4 aVz_f —(2 = V2)vErt9i(1 -

®
5' ¢rri+k(x) 16pl+t

x4ps—t)x(srl+1)ps—t _ g (\/E 1+ x4p5_t)v(8T1+2)ix(81’1+2)p5_t +b I_(z — ﬁ) V(87'1+3)ix(87'1+7)ps_t> x32rzpl+s_t}; where a =

1,b=—1form =8p‘anda = —1,b =1 form = 10p*

. _ t_ NA) s—t ; s—t V2 i
6. 85%0) = ot B EA 0 (2T 1 oo™ 4 a2 [z Vo2 -

x4ps_t)x(8r1+1)ps_t _ g (\/E +1+ x4p5_t)v(81’1+2)ix(81’1+2)p5_t +b I_(Z + ﬁ) V(37”1+3)ix(87”1+7)P5_t> x327'2171+s_t}; where a =

-1, b=-1form=12ptanda =1, b = 1 for m = 14p*

y2PsP gy (D (V2 — 1= V2 + (V2 + V2 — 1) a7 ytenaiytenott
r1=0 172=0 2

T1=0

®
7' ¢m+k(x) 16pl+t

V2V 2+V2 |- (2—V2+V2 - . .
a 2( )(1 — x BT )y A6r DIy A6r + DT g( 2+V2-1-2- ( 2++2 -
1) xsps‘t) (1671 +2)i, (1671 +2)p57" p¥2 ’_(2 —J2 4+ V2) (V2 +1— XSPS_t)V(16r1+3)ix(16T1+3)ps_t _Vz (\/E( 2+2— 1) —
2 2
1+ xSps_t) p(A6T1+)k (1671 +4)pSF _ g(l + (\/7( 2+2 — 1) _ 1) prs_t) 167146k . (1671 +6)pS~F |

Cg - (2 —V2+ \/E) (1 = (V2 + 1)x® )y 6ri+Dky (6ra+ 7™

dv2 + \/7\/— (2 —\2+ \/i)v(16rl+5)"x(16r1+13)ps_t)x3zrzpl+s_t iwherea=1,b=1,c=1,d=-1form=16p'anda =

—1,b=-1,c = —1,d = 1 for 18p!

g epte - . .
N Sl (-1 (? (V2+v2+vZ+1-(V2+V2+1)x® t)) yloriiylorp®™t 4

8. ¢, () =

16pz+:

VZ2V2+V2 |- (2+V2+V2 s— : -
a 2( )(1 — BT T )y A6r DIy A6r DT g( 2+V2+V2+1- ( 2+V2+
1) x8°) qUom Dy (o Dp* bg [~ + V2 + VD(VZ + 1 — x5 )y Qs orsap™ 4 g (x/f( 2+V2 + 1) +
1— x8ps_t) (A6 +)k ) (1671 +4)pSE _ g(l _ (\/f( 2+2 + 1) + 1) prS_t) y(1671+6)k (1671 +6)p5~F |

- (2 +V2+ \/E) (1 = (VZ + 1)x8° )y @oms iy Aora #7957
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dv2 +2 \/ - (2 +2+ \/i)v(16r1+5)kx(16r1+13)p5_t)x3zrzpl+s_t -wherea = —1,b =1,c =1,d = 1 form = 20p' and a =

1,b=—1,c=—1,d = —1 for 22p

L) = o | T R -1 (£ (Vz-v2+v2-1+(V2-v2-1) xgps_t)> Y161l 1679 g

aﬁV Z_E\J;(Z_V 2V2) (1 _ xSpS‘f)v(16r1+1)ix(16r1+1)p5—f _ g( [0 —\V2+vV2—1-— ( 22—
1) xsps‘f) q(1671+2)i (1671 42)p5~¢ | bg /_(2 —V2 —V2)(VZ — 1 + 28" )y (ora+3)iy (6ry+3p°~" _ g (\/j( 22— 1) +

1+ x8p5‘f) y(A6r1+8)k (1671 +4)p5~F | g(l _ (\/f( 22— 1) + 1) x8p5_t) 167146k (1671 +6)p5~E |

Cg _ (2 _J2— \/E) (1+ (V2 - 1)x8p5‘f)v(16r1+7)kx(16r1+7)p5—f +
dJ2 — \/7\/_ (2 _J2— \/7) .V(16‘r1+5)kx(16r1+13)ps't)x32r2p“'s't ,

Wherea=—-1,b=1,c=-1,d =—-1form=24p'anda=1,b = —1,c = 1,d = 1 for 26p'

22p=_1 _é( nHn < (m -V2+1+ (m + 1) xg”s_t)> yleriiylenp®t 4

10. ¢, (x) =

16pl+t

a\/E ) (1- xgps_t)v(16r1+1)ix(16“+1)p5_t + ﬁ(m —V2+1- (m +
2 2
1) xsps't) o (1671+2)i, (1671 +2)p°~F bg /_(2 +4/2 — ﬁ)(ﬁ -1+ XBPS_t)V(16T1+3)ix(16r1+3)ps_t + g (\/E (1/2 -2+ 1) —

1+ x8p5_t) y(A6r1+8)k (1671 +4)p5~E | g(l + (ﬁ( [2-V2 + 1) _ 1) x8ps_t) 167146k . (1671 +6)p5 ¢ |

(2 +V2-2)(1+ (V-

1)x8p5“)v(16r1+7)kx(16r1+7)p5“d [2 — \/Z\[— (2 + [2 — \/7) v(16r1+5)kx(167"1+13)ps_t)x32rzpl+s_t wherea=1,b=1,c=

—1,d=1form=28p'anda=—-1,b = —1,c = 1,d = —1 for 30p*

and v = E;tac

(3) Fort = s, by lemma 4.2 (iii) [5], x — ;sla'c” , X+ f;sia'“’t X%+ &5 fgm2ep™ x4

’—(2 + /2 —/2) E;s"a‘cl’t_sx - &3 a2 are irreducible over FF, and the primitive idempotents in Fy[x]/(x'6?""* — 1)

corresponding to these irreducible polynomials are respectively as follows :

pS-14p'-1
l)( ) = §T1l'a—cr1pt_5+krz xrtr2p’ Lo —
32pl+s ps ’
T1=0 72=0
pS—14pl-1
@ - - a4 gl —crpt S +kry LrArpS Lo _ s
¢m+k(x) - 32pl+s ( 1) Eps a X ym= p
r1i=¢ 12=0
pS-14p'-1
® 41y g1l —2cr ptTS+2kry Lr+repS (L — s
¢m+k(x) 1+5 (_1) 1712 Eps a 1P 2 x™ 2D ;m = Zp
r1=0 12=0

ZpH’s t 1p -1

. 1 V— 2 S—
¢r(rlz?|—k(x) — T Z Z (- 1)r1< aryigar 1 2 > H(4r1+3)1x(4r1+1)(1 _ x2)x32r2pl+ t> ;m = 4p*

=0
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Zpl+s t pt 1

¢1(72}-k( ) = 1l+s Z Z (-D)n < aryipar _ J > 2”(4r1+3)1x(4r1+1)(1 _ xZ)x32r2pl+s t) ;m = 6p°

T1=0 712=0

Zpl+s—t_1 D t_q

; 1 V2 o , V2 ,
¢r(r?+k( ) = l+s Z Z (-1 (7 (\/E — 1 — x4 t)”8r11x8r1 + a7 _(2 _ \/E)M(Srﬁs)z(l _ x4)x(8r1+1)

T1=0 2=

_ \/Z_E(\/E -1+ x4)‘u(8r1+2)ix(8r1+2) +b /_(2 _ \/E) ”(8r1+3)ix(8r1+7)) x32r2ptst .

wherea=1,b=—1form =8p'anda = —1,b = 1 form = 10p*

I+s—t_ t_
D (¥ >—16pl+s{ . Lé(—l)“( (VZ+ 1Yot 4 22 [-(2 4 V2901 - ) Ori)

g(ﬁ +14 x4)#(81‘1+2)ix(8r1+2) +b /_(2 + \/E) 'u(8r1+3)ix(8r1+7)) x32r2p’+s_f}; wherea=—-1,b=—-1form = 12pl and
a=1,b=1form= 14p!

fo:lzs_t'l 'O( 1) (—ﬁ(\/z +V2-1-v2+ ( 2++2 - 1) xs))ul‘*ﬂ'x“r1 +

V2V 2+v2 |- (2—V2+V2)
a
2

o0 (x) =

16pl+5

(1 — x8)p 1611+ Diy(6r1+1) | g( 242 —1-+2— ( 2++2 — 1) ) (1671+2)i 5 (1671+2) 4

£ ’_(2 /2 ﬁ)(ﬁ +1— xs)‘u(lﬁrl+3)ix(16r1+3) _ g(ﬁ( [2 + V2 — 1) 1+ xB)‘u(16T1+4-)kx(16r1+4) _
‘F(l " (\/7( 2442 — 1) _ 1) xs)“(16r1+6)kx(16r1+6) + Cg\/_ (2 —J2+ \/5) (1 — (VZ + 1)x®)uera iy Geris7) o

av2+ \/7\/— (2 —V2+ \/7)u(16“+5)"x(16r1+13))x32m’”s_t :wherea=1,b=1,c=1,d=-1form = 16p'and a =

—1,b=-1,c = —1,d = 1 for 18p!

: l+s—t_ t_ V2 :
¢L, (x) = A XA CE DL (7 (\/2 +V2+V2+1- ( 242+ 1) x3)>u1“ﬂx16ﬁ +

16pl+5

aﬁ\/2+\/§, ;(2+\/2+\/5) 1- xg)#(16r1+1)ix(16r1+1) _ g( [2 + VZH+VZ+1-— ( 242+ 1) xB)M(16r1+2)ix(16r1+2) +

bg ’_(2 +J2 + VZ)(VZ + 1 — x®)u(6r+2iy6r+3) 4 g(ﬁ( 2+2 + 1) +1— xB)H(16T1+4-)kx(16r1+4) _
\/Z—E (1 - (\/7 (\/ 2+V2+ 1) + 1) xS) p(1eri+e)key (16m1+6) cg\/— (2 +V2+ \/7) (1= (V2 4 1)x®)per+nky (6r+7) 4

dv?2 + \/f\[_ (2 ++2 + \/E)#(16r1+5)kx(161’1+13))x32r2pl+5_t ;

Wherea=—-1,b=1,c=1,d=1form =20p'anda = 1,b = —1,c = —1,d = —1 for 22p'
l+s— .
DD Yol s D ! <§ (V2—v2+vz-1+(V2-v2-1) xB))ulﬁmxlér1 +

V2y2—v2 |- (2-V2—-V2)
a
2

¢7(r?+k( ) =

16pl+t

(1 — x®)p 161+ Diy(6r1+1) _ g( [2—\V2+vV2Z—1-— ( 22— 1) xs) (6T 2)iy (167142) 4

ﬂ ’_(2 [5 _ \/E)(\/f 14 xS)M(16r1+3)ix(16r1+3) _ g(ﬁ( 22— 1) 14 xB)‘u(16r1+4-)kx(16r1+4) n
\/—(1 _ (\/E( 2—2— 1) + 1) xS)”(16r1+6)kx(16T1+6) + Cg\/_ (2 2= \/E) (1 + (\/E _ 1)x8)#(16r1+7)kx(16r1+7) +

dv 2 — \/E\/_ (2 —+J2 = \/E) #(167“1+5)kx(167“1+13))x32r2pl+5—t :

Wherea =-1,b=1,c =-1,d=—-1form =24p'anda=1,b = —1,c = 1,d = 1 for 26p*
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Do) = o | oy fj;%(—l)ﬂ( Z(W2-V2-vz+1+(V2-v2+1)x )) enilen

16pl+t

V2V2—V2-(2+/2—V2) (1 - x®)u (167 +1)i,(1611+1) ‘/—(\/2_—\/7 —\2+1- ( -2+ 1) ) (ori+2)iy(eri+2) 4

2

g /_(2 +4/2 V2) (V2 -1 +x8)#(16r1+3)lx(16r1+3) +¥2 ( ( [2 -2+ 1) —14x )#(16T1+4-)kx(167‘1+4-) +
g(l + (\/j( [2 -2 + 1) _ 1) xs)’u(16r1+6)kx(16r1+6) _ g\/_ (2 +4/2 - \/z) (1 + (VZ = 1)x®)p 6+ iy (ora+7) 4

[2 — \/E\/_ (2 + [2 \/f) #(16r1+5)kx(16r1+13))x32r2pl+5_t ;

Wherea=1,b=1,c = —1,d= 1form=28p'anda=-1,b=—1,c = 1,d = —1 for 30p*
and where ! —f Pt
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