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Abstract
Let p, g and | be distinct odd primes (I is of the type 4k+land p is of the type 4k+3) and

R4pnqm = GF(')[X]/(X4pnqm —1). If O(I)Zp":q)(szn), (n = 1) ando (1) qm = ¢(2g™),(m > 1) with ged (¢(2p")/2,

$(29™)) =1, then the explicit expressions for the complete set of 8mn+4n+8m+4 primitive idempotents in the
ring R — GF()[x]/(x**"d" _1) are obtained.
4p"q™
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1. Introduction

Let F = GF(l) be a field of odd prime order |.Let ;>1be an integer with gcd(l,7)=1.Let

R, =GF()[x]/(x? —1) .The minimal cyclic codes of length 7 over GF(l) are the ideals of the ring R,

generated by the primitive idempotents.For =2, 4, p", 2p", p an odd prime and | is primitive root mod(#)

the primitive idempotent in R,, have been obtained by Arora and Pruthi [1,2] .When m= p"q where p, q are

distinct odd primes and | is a primitive root mod p" and q both with ged (4(p")/2, #(q)/2) = 1, the primitive

idempotent in Rn have been obtained by, G.K.Bakshi and Madhu Raka [4]. When 1 =2p"gq™ ,where p,q are

distinct odd primes and o({),,n_ 920"  o(1),m _9d"), gcd (¢(2p")’¢(qm))=1.Then the complete set of
2 ’ 2 2 2

8mn+4n+4m+2 Cyclotomic Cosets modulo 2p"q™ are obtained by, Ranjeet Singh. In this paper , we consider the

case when y=4p"q™ where p, g are distinct odd primeso(1),,n = (I)(an), (n>1) ando(D)zqm = $(29™),(M>1)
2

with gcd (¢(2p”)/2,¢(2qm)):1.We obtain explicit expressions for all the 8mn+4n+8m+4 primitive idempotents

in R4 " m (see theorem 2.3).

pq

2. Primitive Idempotents in R = GF()[x]/(x** 9" —1)
ap"q

2 -1 . P
2.1. For 0<s <n-1 , let Cg={s,sl,sl”,...;sl™> "} where t, is the least positive integer such that

t
sl's =s (mod 77) be the cyclotomic coset containing s, if & denotes a primitive 7th root of unity in some

extension field of GF(l) then the polynomial M?3(x)= M(x-ca') is the minimal polynomial of ¢ ° over
ieCg
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x7 -1

GF(I).Let M g be the minimal ideal in R, generated by -
M > (x)

and 6 be the primitive idempotent of M then

we know by (Theoreml, [4]) the primitive idempotent &5 corresponding to the cyclotomic coset C, containing s

ianm

is given by w1 whereg;= 1 Ta ) Vi=0.Thus to described;it becomes
4pq = €

s = X —— jeC
s 4pnqm s

necessary to compute &; .To compute &; numerically, we consider the case when —C;= C; and we get that

E. = 1 .. 1 " .

: Y oal= > ol Vizo
n._m -
AT e 4p"" 5,

Lemma2.2. Let p,q,| be distinct odd primes (1 is of the type 4k+1 and p is of the type 4k+3) andn>1, m=>1

n

are integers,o(l)zpnz(b 2 ,0(D)2gm — ¢ 2qm and gcd(¢(2pn) o(2q™)=1-Then
2 2

o)  _0@p"X™ ) foralljk 0<j<n-1,0<k<m-1.
4pn—qu—k a

Theorem?2.3. The 8mn+4n+8m-+4 primitive idempotents corresponding to cyclotomic cosets

C.,C c C cC.:C n:,C ~:,€ ~i,Ci,C i ,C i ,C i ,C
07 "p"Ng™” 2p"g™ " "3p"g™” Tp"g! " 2p"g! ” T3p"g! ! Tap"g!” Tp'q™ T2p'q™ ” T3p'q™  T4p'g™  Tap!q™’

3pq

c i, i, - ,C:i,C i, C ::,C ::,C i:,C ::i,C ::i,C i
2ap'q™’ “3ap'q™’ “4ap'd™’ p'a’’ "2p'q!” "3p'a) " Tap'e)” Tap'e!’ 2ap'g!’ "3ap'e!  Taap'd]

OSan—l,OSkSm—l inR are
4p"g™
0 B0)= 1 (L+x+x*+.. xR Ly
4p"q"
(ii) 1, &
epnqm (x)= aong" { Z G4(i,r)(x) + G4a(i,r)(x) — GZ(i,r)(X) _ GZa(i,r)(X) +
PAa" (in=0,0)

K635 (X) + G341 ) (X) = O ) (X) = Oz ) (X))}
(iii) Replacing—c,; ) (X)by Gy (x), &3“,,) (x) by —G3;(x)and _&(i,r) (x) by —Oir) (x) and

we get the required expression for ¢ o m(X)-
3pq

(iv) Replacing —G; 1) (X) by G 1y (X) & 35 ) (X) by =5 (X) and &, (x) by & 1 (x) and

we get the required expression for ¢ o m(X)-
3pq

(v) For 0<k<m-1,

d)( m—k) n-1,m-1
Ot CVZEEZ0 Y 104400 = 00+ B3 (0) = 0 )]
4p q ir =0m-k
n-1,m-1
* Z [G4a(i,r)(x) - GZa(i,r)(X) + 363a(i,r)(x) ~Gair) (x))]
ir = 0m-k
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(n,m-1)
+ z (64,61 (X) = G211y (X) + 86 3,1y(X) = G ; (X))]

(i,r)=(n,m-k)

(n—1,m)
+ Z [G4(i,r)(X) = O i) X)+ EO 35 (%) = O 1 (X))]

(i,r)=(0,m)

(n—1,m)
+ Z [6 4.(i,r) () = O 2a(i,r) (%) + 86 351,r)(X)— O 5, (X))]*
(i,r)=(0,m)

((54(n,m) (X) - GZ(n,m) (X)) + &53(n,m) (X) - G(n,m) (X))}
(vi) Similarly (v), Replacing—c,; 1, (x) by G 1) (X)'&3(i,r)(x) by —G3; 1) (x) and—&(i’r)(x)by —Gi) (%)
and we get the required expression for g (x)-

20"k
(vii) Similarly (v) Replacing —c;  (x) by (52(i,r)(x) , &S(i,r)(x) by —&-3(”) (x)and _&(i,r) (x)by
&'(i’r)(x)and we get the required expression for 63 L

pq
(viii) Similarly (v) Replacing—G; 1y (X) by G(; ) (X) &3(i'r)(x) by 53,y (x) and _&(i,r) (x)by G (x)and
we get the required expression for ¢ L
4p'q

(ix)For 0< j<n-1

m-1
Hqum (X) = 4 H1.m {Z [TIO (G(n_j_]_,r) (X) + G3(n-j_1lr)(x)) + ‘:1 (Gz(n_j_i,r) (X) + cY4(n-j_ilr) (X))]
r=0
m-1
Z [M1(6an-1-1,) %)+ T3a0-1-1,0) XD + €0 (G231 r) (%) + Tan—-iy) (X1}
=0
| o™, "
t—m { Z [04(i,r)(X) - Gz(i,r)(X) + &Fg(i,r)(x) - G(i,r)(x))]
8p q ir=n-j0
n-1,m-1
+ Z [G4a(i,r)(x) - G2a(i,r)(x) + &53a(i,r)(x) - Ga(i,r)(x))]
ir=n-j,0

m-1
+ Z [64(nlr) (X) - GZ(n,r) (X) + &63(n,r) (X) - G(n,r) (X))]

r=0
(n-=1,m)

+ z [G (i) (X) — G (X) + &O 35 ) (X) = O 1y (X))]
(i,r)=(n—j,m)

(n=1,m)
+ z [G4a(i,r) (x) - G2a(i) (x) + &53a(i,r) (x) = Galir) (x))]

(i,r):(n—j,m)

+(G4(n,m) (X) - Gz(n'm) (X) +&73(n,m) (X) - G(n,m) (X))}
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() Similarly (ix), Replacing—G; ) (X) by G (x),&%”(x) by 631 (x) and_&(i,r) (x)by —Gy; ) (x)and
&, =€, N1 =&, Mo :};0 ,gl :go M1 :go ,we get the required expression for 92 i mX)-
pq

(xi) Similarly (ix) Replacing —c.; () bY G(; 1) (X) . &3; ) (x) by — T35 ) (X) and — s (X) by & ) (x) and

£y =6,,81 =&, we get the required expression for g im(X):
3p'g

(xii) Similarly (ix) Replacing —c,; . (x) bsz(i,r)(X)'&3(i,r)(X) by 63, (X) and—&(ilr)(x)by o (i (x) and &,

=&£,M1 =6 Mg =€0. &1 =& My =& we get the required expression for ¢ i mX)-
4p'q

(xiii) Similarly (ix) Replacing Mg =TM1.&; =&, we get the required expression for eaqum (x)-

(xiv) Similarly (x) Replacing & =&, &1 =&, we get the required expression for g i)
2ap’q

(xv) Similarly (xi) Replacing Mg =M1.&; =&q. &, =&,y =N =E&¢.&1 =& . we get the required

expression for g . (x).

(xvi) Similarly (xii) Replacing &g :5_\1 &1 =&, we get the required expression for g
4a

plg™ )

(xvii)For 0< j<n-1,0<k<m-1

(n—j-1,m-k-1)

1 1 * *

P W= g O Y Chgrm@in ) +By, O )+ Atrire)O30) X+ DisriigTagin ()]
ir=00

1 (n—j-1,m—k-1)

= > [Dpy 00a(i) ) A (i ratgO2ar) ) + Bl O3a(ir) (X) & Cs sk Oaa(i) (X)]
PA ir=00

n—-1,m—-k-1

{ > (S(,m-k=1)(X) + 62 m-k-1)(X) + 3 m-k1)(X) + S 43 m—-1)(X))
i,r = n—jm—k-1

n—jy m—-k-1
N dp"')q
2

n—1,m—-k-1

+ Z (S a(,m—k-1)(X) + 6240, m—k-1)(X) + G3a(,m—k-1) (X) + Ca5(i,m—k-1)(X))}
ir = n—jm-k-1

nie1 0(@™ %) { " ‘i’“‘l

+
P 2

[S(n-j-1,1)(X) + Oo(nj-1,) (X) + O3(n—j-1,1) (X) + Ca(n_j1,7)(X)]
i,r = n—j—1,m-k
n—j-1,m-1
+ Z [Ga(n—j—l,r) (X) + c72:;1(n—j—1,r)(x) + G3a(n—j—1,r) (X) + G4a(n—j—1,r) (X)]}
i,r = n—j-1,m-k

n—j m—k n-1,m-1
+0(4p 4q )[ 3

ir = n—jm-k

(O4(i,r) (X) = O i) (X) + &T 35 1) (X) = 5y (X))
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n—-1,m-1

+ Z (G4a(i,r) (x)— GZa(i,r)(X) + aﬁ}ia(i,r)(x) ~ Ga(ir) (x)))

i,r = n—jm—k

n,m-1

* Z (G4 r)(X) = O 1) (X) + Bo35 1) (X) = 5 (X))

ir = nm-k

n-1,m

+ 2 (O4(,r) (X) = O ) (X) + Bo3 1y (X) = 5 1y (X))
i,r =n—jm
n-1,m

+ Z (G4a(i,r)(x) - G2a(i,r)(x) + &Sa(i,r)(x) ~ Ga(ir) (x))

i,r =n—jm
+G4(n,m) (X) - GZ(n,m) (X) +§G3(nlm) (X) ~G(n,m) (X))]}

(xviii) On the similar lines as in (xvii), we can find ezquk (x) by replacing Civirn :A*(iﬂ.’”k) ,

* * * * *

B i =C (i) A k) B i hrk P inirk) =B ek A A TP i+ Blirjrak) =

A:n Do @™ o™ a™) and vice versa in 054 (%) -
4 4

(xix) On the similar lines as in (xvii), we can finde3quk () by replacing C i, j r,i) =A iy jrik -

— * —A* * _ n—j m-k n—j_m-k . .
B(”j_Hk)—D(”j’Hk),B(”ijk)—A(Hj‘Hk),C(iﬂ._”k)—D and _‘@(4p q ):&{b(% q"™") vice versa in

*
(i+j,r+k)

Hp‘q" (X)
*
(xx) On the similar lines as in (xvii), we can find e4quk (x)by replacing C ;_j r ) =C (i+j,r+k) » AGijrix =B

*

_A* . * _A* n—j_m-k n—j_m-—k
(i+j,r+k)’B(i+j,r+k)_C(i+j,r+k) ’D(i+j,r+k)_D(i+j,r+k) 'A(i+j,r+k)_C(i+j,r+k) and ‘?ﬂ’(‘lp 4q )= 9(4p 4q ) and

viceversain . (x).

(xxi) On the similar lines as in (xvii), we can find eaquk (x) by replacing C(iﬂ.ﬁk) =D iy ik

* * * * . .
B (i jirri) TA (ijrek)r Alirirk) T Boro P = C ek - and viceversain g, (x).

(xxii) On the similar lines as in (xviii), we can find HZaquk (x) by replacing A*(iﬂ.ﬁk) :B*(i+j'r+k),

*

C =D (it jiriky s and viceversain Hzquk(x).

(xxiii) On the similar lines as in (xix), we can find eaaquk(x) by replacing AGiir Bivirk Chvir =P

* *

* *
(i+j,r+k)’A (i+j,r+k):B (i+j,r+k)’ c (i+j,r+k):D (i+]r+k)

and viceversain g . (x)-
3pl
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(xiv) On the similar lines as in (xx), we can find g ) by replacing C” :D*(i+j,r+k) and Viceversa in
4ap’q

(1)

ol )’

where A1 m-_1)= =p™'q ml(%)' B(h-1,m-1)= =p"q ml(%)
Cn-1,m-1)= P q™ (L‘W)' Din-1,m-1) = P ™ (W)
A im = D”'lqm'l(w) B 1m :P”'lqm'l(w)

4 4

. dmy A==y +06 . m, l—=r+y—306
Cloimn= P"q 1(+) D'pamy= Pa 1(+)

o)., b, O

Z(4p 'S,m—z(zlp”lmalsfo—Z(a DI

M
Z (@ a" A wherer®=q, y’=-p, &%=pq
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