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ABSTRACT. We examine the symplectic group Spam(gq) and its corresponding affine subgroup. We
construct the affine subgroup and show that it is a split extension. As an illustration of the above we

study the affine subgroup 2°:Sp4(2) of the group Sps(2).

1. Introduction

An affine subgroup of a classical group acting on a vector space is the stabilizer of a nonzero
vector. Gow in [d] used Clifford theory to establish the existence of complex irreducible characters of
certain degrees of affine subgroups of the general linear, symplectic and unitary groups. It is proved in
particular that these characters remain irreducible as modular characters modulo any prime distinct
from the characteristic of the defining field. Using the underlying theory described in [d], here we

prove the following theorem:

Theorem 3.10. Let q be a power of an odd prime p. Then A(m) is a split extension of P(m) by H
where H = G(m — 1) = Spam—2(q), i.e., A(m) = P(m):H = P(m):Spam—2(q) .

The proof of the theorem will follow from a series of lemmas proved in Section B. In Section @
we construct the group A(3), the affine subgroup of Spg(2) as an illustrative example of the theory

outlined in Section B and in Section B using GAP we construct its conjugacy classes.
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2. Background and terminology

For a finite dimensional vector space V over a field F, a function f from the set V' x V of ordered
pairs in V' to F is called a bilinear form on V' if for each v € V| the functions f(v, ) and f( ,v) are
linear functionals on V. In this case we say that (V, f) is an inner product space.

A bilinear form f on V such that for each non-zero x € V, there exists y € V' for which f(z,y) # 0,
then f is said to be non-degenerate. A bilinear form f is called alternating or symplectic on V
if f(x,z) =0 for all z € V. If char(F) # 2 then we obtain that for all z,y € V, f(x,z) = 0. If a
bilinear form f:V x V — F on V satisfies:

(i) f(z,z)=0, VazeV
(ii) f(z,y) = —f(y,x), V x,y € V we say that (V, f) is a symplectic space over the field F. If
char(F) # 2, then the properties (i) and (ii) are equivalent.

Let (V, f) and (U,g) be symplectic spaces over F, then we say that V' = U if there exists an
isomorphism T' € L(V,U) such that ¥V x,y € V we have f(x,y) = g(T(z),T(y)).

If W is a subspace of V then the orthogonal complement of W is defined by W+ = {y €
V| flz,y) =0, Voe W} If {vi,v9,...,0n} is an ordered basis of V, then the inner product
matrix of f relative to this basis is given by an m x m matrix A = [f(vi,v;)]mxm . Clearly f is
completely determined by an inner product matrix, for if u =) a;v; and v = )" ;v then f(u,v) =
> iBif (v, vg) -

An isometry of a non-degenerate space (V, f) is a linear transformation 7' : V' — V, such that
f(T(x), T(y)) = f(z,y) for all z,y € V. If (V, f) is a non-degenerate space, then every isometry is
non-singular, and so the set of all isometries denoted by Isom(V, f) forms a subgroup of GL(V).

A non-degenerate symplectic space (V, f) has even dimension 2m over a field F, and the group
Isom(V, f) is denoted by Spam,(F), and is called the symplectic group of degree 2m over F. If
F = GF(q) is a Galois field of ¢ elements, where ¢ = p* for some k with p a prime, we denote Spa,, (F)
by Spam(q). We further obtain that Isom(V, f) = Spom(F) < GLap(F). Within isomorphism this
group is independent of the choice of f.

If V is a non-degenerate symplectic space over a field F, and Sp,,(F) is the symplectic group of
isometries of V', then the centre Z(Span, (F)) of Span, (F) consists of the transformations T' = kI, where
k = £1. The factor group Spam (F)/Z(Spam (F)) is called the projective symplectic group and is denoted
by PSpam (F). The projective symplectic groups are simple except for PSp2(2) = PSLy(2), PSpa2(3) =
PSLy(3) and PSps(2). If F = GF(q), is the Galois field of ¢ elements, then Span,(¢) and PSpa, (F)
are denoted by Spam(¢) and PSpan,(q) respectively, and we have Z(Spam(q)) = {I} if char(F) =
2 and Z(Spam(q)) ={I,—I} if char(F) # 2. We also have |PSpan,(q)| = (2,11%1) X |Spam(q)| =

m2

(2%7,1) [T (@ = 1).

Let (V, f) be a non-degenerate symplectic space. Let B = {x1,y1,%2,Y2, ..., Tm,Ym} be a basis for
V such that {x;,y;} is a hyperbolic pair for all 1 <i < m with f(z;,2;) =0 = f(y;,y;) for all 4, j and
f(xi,y;5) = 0ij = —f(yj,x;), where ;5 = 1if i = j and §;; = 0 if ¢ # j. Then we say that the set B is
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a hyperbolic basis for V. It is clear that all inner product are 0 except f(z;,y;) =1 = —f(y;, x;) for
all 4.

The following results which could be found in [d] are relevant in the proof of the main theorem,

Lemma 2.1. [4] If (V, f) is a non-degenerate symplectic space, then the following occur,
(i) V' has a hyperbolic basis {x1,y1, 2, Y2, - -, Tm, Ym }-
(ii) The inner product matriz A of f relative to this ordered basis is the matriz J which is the direct
1
-1 0
(111) If u =), (0x; + Biyi) and v =Y (Nix; + piyi), then f(u,v) = (i — Biri).
(iv) All non-degenerate symplectic forms on V are equivalent and the symplectic group Isom(V, f),

sum of 2 x 2 blocks

up to isomorphism, do not depend on the choice of f.

Remark 2.2. Property (ii7) in Lemma 270 implies that the symplectic forms are sums of 2 x 2

determinants. If a hyperbolic basis is reordered so that all the x; precede all the y;, then the matrix J

0 I
is congruent to " ] . In this case we say that {1, Z2,...,Zm, Y1, Y2, .., Ym} is a reordered

m

hyperbolic basis of V.

Lemma 2.3. [9] Let (V, f) be a non-degenerate symplectic space.
Let T € GL(V), and let {x1,x2,...,Tm,Y1,Y2,--.,Ym} be a reordered hyperbolic basis of V. If the

A C
matriz @ of T with respect to this basis is decomposed into m x m blocks Q = < B D ) then T

Dt —Ct
exists and has a matriz Q* = ( B A ) , moreover, Q € Spam/(q) if and only if Q*Q = Iay,.

Remark 2.4. For a p-group G we have that the derived subgroup G’ < ®(G). G is said to be a
special p-group if Z(G) = G' = ®(G) is elementary abelian.

3. The affine subgroup of the symplectic group

Since Spam (¢) is transitive on the non-zero vectors of V', we consider the subgroup of Spay,(q) which
is a stabilizer of a non-zero vector of V' and study its structure. Following a series of lemmas we prove
Theorem 3.7.

Let (V, f) be a non-degenerate symplectic space over F = GF(q), where ¢ is a power of a prime.
Let B = {e1,e2,...,e2m} be a basis for V and f: V x V — [ defined by f(e;,e;) = 6(i,2m + 1 — j),
where i < j. Let T be an isometry of (V, f) and

G(m) = Spam(q) =A{T | f(T(2),T(y)) = f(x,y) Vz,y € V}.

Since G(m) acts transitively on V' — {0y }, let & € V' — {0y} and A(m) be the stabilizer of a in G(m)
then we have that A(m) = {T" € G(m) | T(a) = a}. Thus A(m) < G(m). The group A(m) is called
the affine subgroup.
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Note 3.1. Since A(m) is the stabilizer of « € V. — {0y} in G(m), we have that [G(m):A(m)] =
|V — {0y} = ¢*™ — 1. Now since G(m) acts transitively on V — {0y}, then we let A(m) to be the
stabilizer in G(m) of the non-zero vector ey of V.— {0y}. That is A(m) ={T € G(m) | T'(e1) = e1}.

Lemma 3.2. Let a € GF(q), with char(GF(q)) = p and (n,p) = 1, n € N. Then there ezists
b e GF(q) such that nb = a.

Proof. If a = 0, then let b = 0. Suppose a # 0. Let (GF(q))* = (z) where o(x) = ¢ — 1. Then

e (GF(q))* implies that @ = 2,1 < ' < ¢ — 1. Since (n,p) = 1,nz # 0. Thus nz € (GF(q))*
and hence nz = 2" where 1 <7 < ¢ — 1. Let b = 2" ~"*!. Then b € (GF(q))* and nb = nz" "+ =
rer =gt =, 0

(nz)a” " = 1"z =z

Remark 3.3. Now we define P(m) to be the subgroup of A(m) consisting of elements
T € G(m), such that
T(el) = €1

T(ei):aiel—l—ei, 2<1<2m -1

and
62m Z /Bz €
with B2, = 1 and

Qj =

—Bom+1—j 2<j<m
Bom+t1—j m<j<2m—1.

If T € P(m), then T is represented by the following matrix, with respect to the basis B given above:

1 _BZm—l _BQm—Q et /82 61
0 1 0 o0 B2
0 0 0 1 Bom—1
0 0 0 0 1

It is convenient to describe P(m) as an abstract group P in the following manner: Let (V, f) be a
non-degenerate symplectic space of dimension 2m — 2 over GF'(¢q) and consider the pairs [v, a], where
v €V and a € GF(q). Define a multiplication on such pairs by [v,a][u,b] = [u+v,a+ b+ f(v,u)]. It

is clear that |P| = ¢*™ 2 x ¢ = ¢*™~ 1,

Lemma 3.4. [A] If char(F) = p where p is an odd prime, then the group P is a non-abelian special

2m—1

p-group of order q isomorphic to P(m).

Proof. Tt is not difficult to see that P is a non-abelian group of order ¢*™~! under the multiplication
defined above, with [0y, 0] = 1p and [v, a] ! = [-v , —a].

(7) P is non-abelian: Since

[v,allu,b] = [u+v,a+ b+ f(v,u)] and [u,b][v,a] = [u+v,a+ b+ f(u,v)],
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it suffices to show that f(u,v) # f(v,u). Now, since f is symplectic we have that f(u,v) = —f(v,u) #
f(v,u), thus P is non-abelian.
(i7) P is special: We need to show that Z(P) = P’ = ®(P). Now

[v,al € Z(P) < [v,a][u,b] = [u,b][v,a] Yu eV and Va,be GF(q)
< flu,v) = f(v,u) YueV
< fu,v) = f(v,u) = —f(u,v) YueV
< 2f(u,v) =0 YueV
& flu,v) =0 YueV
& v =_0y.

Thus Z(P) = {[Ov,a] | a € GF(q)} = GF(q) and |Z(P)| = [GF(q)| = ¢q- Now

P'o= ([v,a],[u,b] |u,v eV, a,be GF(q))

= {[v,d][u,b][v,a]  u,b] 7 | u,v €V, a,b € GF(q)}

= {[v,a][u, b]([u,b][v,a]) " | u,v € V,a,b € GF(q)}

= A{lov, 2f(u,v)][u,v € V,a,b € GF(q)}.
Hence P’ C Z(P). Conversely we need to show that Z(P) C P’. By Lemma B3, if [0y,a] € Z(P),
with @ € GF(q) we can find b € GF(q) such that 2b = a. Now let v = e; and u = beg,,, then
f(v,u) = f(e1,bean) = bd11 = b, so 2f(v,u) = 2b = a. Hence [0y, a] = [0y, 2f(v,u)] € P’, which
implies that Z(P) C P’. Thus P’ = Z(P). Therefore P’ = {[0y,a] | a € GF(q)}. Since P = {[v,a] | v €
V, a € GF(q)}, we have

PP = (TP |TeP) = ([v,a]’ |veV, aeGF(q)).
But
[v,al’ = [ pv, pa+ f(v,v) +---+ f(v,v) ]
(p—1)—times
= [ Oy, f(v,v)+---+ f(v,v) | =[0v,c] € P, where c = f(v,v) + -+ f(v,v),
(p—l)ttimes (p—1)—times

implies that [v,a]P € P’ and hence PP C P’. Since ®(P) = P'PP, we have that
®(P) = P'PP = P'. Thus P is a special p-group.

(747) P(m) is isomorphic to P : Define ¢ : P(m) — P given by ¢(T') = [v,a], where T' € P(m) has
the form

—Bam-1 —Pam-2 - Po B1
0 1 0 o0 B

Bmel

o
[
—
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and v = (—fBom—1, —Pom—-2,** , P3, P2) with a = 1. We need to show that ¢ is a one to one and onto

homomorphism.
¢ is a homomorphism: Let 77,75 € P(m) such that

1 —Bam-1 —Bom-2 -+ B2 B1

0 1 0 0 B2
T =

0 1 62'm71

0 0 1

and

1 _ﬂémfl _Bém72 e Bé 51

0 1 0 0 B
T2 = . . : :

0 0 0 e

0 0 0 0 1

If v = (—Bam—1,—Bam—2,-+ 03, 02) and v' = (=5,,_1,—Bhm—a, " 4, 35) then we have that
(11, T2) = [v+V', B1 — Bam—1B3 — Bam—283 — -+ + B3890 + B2B5,,_1 + B1 ]. Since ¢(T1) = [v, 1]
and ¢(Ts) = [v/, By], we have ¢(T1)d(y) = [v + ', 51 + B} + f(v,v')]. So it suffices to show that
—Bom—185—Bom—285—+ -+ B35, _o+B28%,_1 = f(v,v"). Now direct calculations show that f(v,v) =
—B2m—185 — Bam—2B3 =+ + B3S%p_o + B2y, _1 » and hence we have that ¢(T1,T2) = ¢(T1)¢(1T2).

¢ is one-to-one:
[U’ 61] = [vlv /Bﬂ
v=1" and B =f

Bi=06; and 1 =p] 2<i<2m-—1

(2

o(T1) = ¢(T>)

Bi=p Vi 1<i<2m—1

O

T =1Ts.

Now

Im(¢) ={o(T) [T e P(m)} = {lv, Bl [veV, fi=acCGF(q)}
= {[v,al|veV,aeGF(q)} =P

Hence ¢ is onto, so P(m) = P.
We know that

1 —Bam—1 —Bom-2 -+ B2 B1
0 1 0 0 B2
P(m) = : : : U : , Bi€GF(g), i=1,2---,2m—1
0 1 Bo2m-1
0 0 1

Since the entries above the main diagonal are arbitrary elements of GF(q) and there are exactly

2m — 1 places above the diagonal, we have that |P(m)| = ¢*™~!. O
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Note 3.5. If p =2, then P(m) is an elementary abelian 2-group. Let T' € P, then T' = [v, a] where
v €V and a € GF(q). Since p = 2 we have that T2 = [v,a]? = [2v,2a] = [0y, 0] = 1p. Thus P is an

elementary abelian 2-group. Since P(m) = P, then P(m) is also an elementary abelian 2-group.

Lemma 3.6. [§] Let H be the subgroup of A(m) which fizes eap,. Then H fizes both e; and eay, and
acts on W = (ea, es3, ..., €am—1) as G(m — 1). Moreover H = G(m — 1) = Spapm—_2(q).

Theorem 3.7. P(m) N H = {I4()}-

Proof. Let T € P(m) then T'(ea,,) = fre1+P2e2+- -+ PBoam—1€2m—1+€om. f T € H, then T'(€2,,) = €2
and hence we must have 8, =0 1<4¢<2m —1 and B2, = 1. Hence o; =0, 2 <7 <2m — 1. Thus
T(e;) = e; Vi, so that T' = I4(y). O

Theorem 3.8. P(m)- H = A(m).
Proof. Since G(m) acts transitively on V' — {0y }, we have that |G(m)| = [V*||A(m)|.

So

¢ (@ D@ =D (¢ - D@ - D@ - 1)
q2m -1

= (@ =D =1 (@ D@ - 1)

Now |P(m) - H| = {5 — |P(m)[|H]. Since H = SP(2m — 2,q), we have that

[A(m)| =

|H| = ¢V (22— 1)(®™ 7~ 1) (¢F — 1) (¢~ 1).

Thus
Pm)lH| = ¢ " (@ =) (gt = D@ - 1)
= (@) (g - 1) - 1)
= [A(m)].
Since P(m) - H C A(m), we must have P(m) - H = A(m). O

Lemma 3.9. P(m) < A(m).

Proof. If A € A(m), then A = PyTp where Py € P(m) and Ty € H. To show that P(m) < A(m), let
P € P(m). Then PyTyP(PyTy)~" = PyTyPT, ' Py ' = Py(ToPT, ') Py~ t. Hence it suffices to show that
TPT-!' € P(m), VT € H, VP € P(m).

If B = {e1,e2, ", €m,€2m,€2am—1,€2m—2,"** ,€m+2,Em+1} is the ordered basis obtained from B,
then the action of T'€ H on the vectors of B’ is described by

T(e1) =e1, T(eam) = eam

and

m 2m
T(e;) = Z Ajiej + Z Ajiesamt1—j, 2 <4< m,
Jj=1 j=m+1
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m 2m
T(e;) = Z)\j 3m+1-i€j + Z Aj3m+1-i€3my1—j, m<i<2m — 1.
j=1 j=m+1

Hence T can be represented by the following matrix, with respect to B’

1 Al 2 Al m 0 Aim+2 Al 2m

0 22 A2 m 0 A2m+2 A2 2m

0 >\m2 Amm 0 /\m m+2 ATn 2m = ()‘ij)2m><2m'
0 )\m+1 2 e >\m+1 m 1 >\m+1 m—+2 e >\m+1 2m

0 >\2m 2 i >\2'm m 0 >\2m m—+2 e >\2m 2m

Since T is an isometry, then the adjoint of T exists and its action on the vectors of B’ is given by

T*(e1) = e1, T"(e2m) = €am

and
m 2m
T*(e;) = Zujiej + Z Hji€3mi1—j, 2 <i<m,
j=1 Jj=m+1
m 2m
T*(e;) = Zuj 3m+1—i€j + Z Hj3m41—i€3mi1—j, M <i<2m—1.
j=1 Jj=m+1

Using the definition of adjoint of T', we find the entries of the first and the (m + 1)-th rows of the

matrix of T™* with respect to B’. For example, entries in the first row of the matrix of T* are obtained

as follows:
f(T(e2m),e1) = fleam,T*(e1)) = fleam,e1) =1, so 11 =Apt1ms1 =1
f(T(eam),e2) = fleam,T"(€e2)), 50 p12 = Amg2ms1 =0
f(T(62m)7 em) = f(62m7T*(em))a SO0 U1 m = Aom m+1 = 0
f(T(e2m)a eam) = f(eZmaT*(e2m)) = f(e2m, €2m) =0, 80 p1m+1 =A1ms1 =0
f(T(62m)a 6m+1) = f(eva T*(eerl))a SO 1 2m = Amm+1 = 0.

Similar calculations give the entries of the (m + 1)-th row of the matrix of T*. Now by using
Lemma P23, we can easily see that 7" and 7™ have the following matrix representations (with respect
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Since T € H C

m—2

k=0

m+2 <1< 2m,

2 <1< m,
2<7<2m,

1 0 0 0 0
0 A2 2 A2 m 0 A2 m+42 A2 2m
0 >\'m 2 /\m m 0 Arn m—+2 >\m 2m _ A C
0 0 0 1 0 0 B D
0 >\m+2 2 >\m+2 m 0 >\m+2 m—+2 )\m+2 2m
0 >\2m 2 >\2'm m 0 >\2m m—+2 )\2m 2m
0 0 0 0
Am42 m42 A2m m4-2 —A2 m42 —Am m+2
Am+2 2m Aomaom |0 —X22m —Am 2m _ Dt —cCt
0 0 1 0 0 -Bt At
—Am+2 2 —Xomz2 | O A2 2 Am 2
_)\m+2 m _)\Qm m 0 )\2 m )\m m

Spam(q), by Lemma P33 we have that T*T = Iy,,. Using this fact we obtain
the following relations > ;" o(Mntk m+idkj — Mg mtidmtk j)s

(=Xt i—mAl + N i—mAitk ),

2 < j < 2m, and
2<i<m.

Now if P € P(m), then P can be represented (with respect to B’) by the following matrix

—Bam—1
0 1
0 0
0 0

—Bam—2
0
1

—Bm+1
0
0

[e=]

B1
B2
B3

Bm
1

Bom—1

6m+1

Bm

Using the above relations obtained for the entries of T we deduce that T~'PT has the following matrix

representation

1 _Bémfl
0 1
0 0
0 0

_Bém72
0
1

~Brnt
0
0

B
e
B3
B
1

/
ﬁ2'm71

’
m—+1

Brm
0
0
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Thus T-1PT € P(m), so that P(m) < A(m). O

Theorem 3.10. Let g be a power of an odd prime p. Then A(m) is a split extension of P(m) by H
where H = G(m — 1) = Spam—2(q), i-e., A(m) = P(m):H = P(m):Sp2m—2(q) -

Proof. Follows from Lemma B4 to Lemma B above. U

4. The group A(3) = 25:5p4(2)

Here as an illustrative example of the theory described in Section B we construct the group A(3),
the affine subgroup of Spg(2). It is the subgroup of Spg(2) fixing the non-zero vector e; in V5(2), where
Vs(2), is the symplectic vector space of dimension six over GF'(2). From Theorem 3.8 we have that

A(3) = [Sps(2)]e, = P(3) : H = 2° : Spy(2)

where H = [Sp6(2)]je; e] = Spa(2), by Lemma B0. We constructed H = Spy(2) and P(3) inside
Spe(2). Using the construction of P(m) as outlined in Remark B3 with m = 3 we have that

T(el) = e,
T(e2) = ager +e2 = —PFse1 + ez,
T(e3) = aser + ez = —paer + es,
T(es) = aue;+eq = [3e1+ ey,
T(es) = aser+es5 = Paer +es,
T(es) = pre1+ Poea + Paes + Paes + PBses + e.
1 —Bs —pa B3 p2 [
0 1 0 0 0 pe
) ) 0 0 1 0 0 B
So an element 7' of P(3) has the following matrix form 7" = o o o 1 o0 s where
4
0 0 0 0 1 pBs
0 0 o0 0 0 1

Bi € {0,1}.
Now by giving appropriate values to the f.s we determined all the 32 elements of P(3). We also
observed that the group P(3) is generated by Py, Ps, P3, Py, P5, where

11 1 1 1 1 1 0 1 1 1 1 1 0 0 1 1 1
0 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 1
0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1
b= , Pa= , P3= ;
0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 O
0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0
0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
1 0 0 0 1 1 1 0 0 0 0 1
0 1.0 0 0 1 0 1 0 0 0 O
0 0 1 0 0 O 0 0 1 0 0 O
Py = , Ps=
0 0 0 1 0 O 0 0 0 1 0 O
0 0 0 0 1 O 0 0 0 0 1 0
0 0 0 0 0 1 0 0 0 0 0 1
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with P2 = I, for 1 <i < 5. We also have H = (a, 3,7) where
1 00 0 0 0 1 00 0 0 0 1 00 0 0 0
01 0 1 0 0 01 10 1 0 00 0 1 1 0
00 1 1 10 000 1 10 01 1.0 1 0
o= , B= , Y=
000 1 0 0 00 10 0 0 00 0 1 0 0
00 00 10 00 00 10 01 0 1 0 0
0000 0 1 00 00 0 1 00 00 0 1

with o(a) = 2,0(5) = 4 and o(vy) = 2.
Clearly A(3) = (P, Py, P3, Py, Ps5, v, B3,7). Now using GAP we can generate A(3) by five 6 x 6

matrices over GF'(2), which we list below.

1 0 0 0 0 O 1 0 1 0 0 1 11 1 0 0 1
0 1 0 1 0 O 0 1 0 0 0 O 0 1 0 0 0 O
0 0 1 1 1 0 0 01 0 0 O 0 0 1.0 0 O
r = y T2 = y X3 = )
0 0 0 1 0 O 0 0 01 0 1 0 1 0 1 0 1
0 0 0 0 1 O 0 0 0 0 1 0 0 1 1 0 1 1
0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
1 0 0 0 1 O 11 1 1 0 1
01 0 0 1 1 0 1 0 0 0 O
0 01 0 0 O 0 1 0 1 0 1
T4 = y X5 =
0 0 0 1 0 O 0 01 0 0 1
0 0 0 0 1 O 0 1 1 0 1 O
0 0 0 0 0 1 0 0 00 0 1

where o(z;) =2 for 1 <i<4 and o(z5)=4.

5. The conjugacy classes of A(3) = 25:5p,(2)

We have used GAP4 [6] to compute the conjugacy classes of the group A(3), and we found that
A(3) has 37 conjugacy classes. Following Atlas [3] notation, in Table 1 we list class representatives for
each g € A(3) in terms of 6 x 6 matrices over GF'(2), where [g] 4(3) is the class containing g and M is
the matrix that represents that particular conjugacy class. Note that P(3) = [1A] U [24] U [2B]U [2C]
where |[24]] = 1,|[2B]| = |[2C]| = 15.
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Table 1: The conjugacy classes of elements of 2°:Sp,(2)

llglac)|

15

30

60

180

160

0 0 0 0 1
1

1

0 0 O

0 0 O
1 0

0
0 0 O

0 0 0 O

1

0 0 0 0 O

0 0 O
1

1

1

0 0 O

0 0 0 O

0 0 0 0 O

0 0 O

1

0 0 0 O
0 0 0 1
0 0 0 O

1

0 0 0 0 O

0 0 O

1

0 0 0 1
0 0 0 O

1

0 0 0 0 O

0 0 0 0 1

1

0 0 0 1
0 0 0 O

1

0 0 0 0 O

0 0 0 O
1

1

0 0 O

0 0 0 O

0 0 0 0 O

9] ac3)

2A

2C

2F

2G

21

3A

llglac)|

15

30

180

60

180

1 0 0 0 0 O
1

0
0

0 0 0 O

1

0 0 O
1 0

0
0 0 O

1

0 0 0 O
0 0 0 0 O

0 0 0 1
0 0 O

1
0

0 0 0 O

0 0 0 0 O

0 0 0 1

1

1 0 0 O
1
0 0 0 O

0

0

0
1

0 0 0 0 O

0 0 O

0
1

0 0 0 1
0 0 0 O
0 0 0 0 O

0 0 0 1

1

0 0 0 1 0
0 0 0 O

1

0 0 0 0 O

0 0 0 0 O

1

0 0 0 O

0 0 0 0 O

(9] a(3)

1A

2B

2D

2F

2H

2J
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Table 1: The conjugacy classes of elements of 2°:Spy(2) (continued)

llglac)|

120

360

180

720

720

2304

480

0 0 0 O
0 0 0 1
0 0 0 O

1

0 0 0 0 O

0 0 0 O

0 0 0 0 O

1

0 0 O

0 0 0 O

1

0 0 0 0 O

0 0 0 1
0 0 0 O

1

0 0 0 0 O

0 0 0 1
0 0 0 O

1

0 0 0 0 O

1
0 0 O

0 0 O

1

1

0 0 0 0 O

0 0 0 1

1

0 0 O

0
0 0 0 O

1

0 0 0 0 O

9] ac3)

4A

4Cc

4F

4G

41

5A

6B

llglac)|

640

120

180

720

720

720

480

1 0 0 O
0 0 O
0 0 O

0

1
1

0 0 0 0 O

0

0 0
1

0
0

0 0 O

0

0 0 0 O

0 0 0 0 O

0
1

1

0 0 O

0 0 0 O

0 0 0 0 O

0
1

0 0 0 1
0 0 0 O
0 0 0 0 O

0 0 0 1
0 0 0 O

1

0 0 0 0 O

0

0 0

0 0 0 1
0 0 0 O

0 0 0 0 O

1 0 0 O

0

1 0 0 O

0

0

1

0 0 0 O

0 0 0 0 O

(9] a(3)

3B

4B

4D

4F

4H

4J

6A




50 Int. J. Group Theory, 5 no. 1 (2016) 37-51 J. Moori and B. G. Rodrigues

Table 1: The conjugacy classes of elements of 2°:Spy(2) (continued)

(9] a3) M llglayl || [9la) M [g]acs)l

1 0 0 0 0 1 1 0 0 0 0 O
0O 1 0 0 0 O 0O 1 0 O 1 0
0O 0 1 1 0 0 0O 0 1 1 0 0

6C 160 6D 960
0O 0 1 0 0 O 0O 0 1 0 0 O
o 0 0 o0 1 0 0O 0 0 0 1 O
0O 0 0 0 0 1 0O 0 0 0 0 1
1 0 0 0 0 1 1 0 1 0 1 1
0O 1 0 O 1 0 0O 1 1 0 0 1
0O 0 1 1 0 0 0O 1 0 0 0 1

6F 960 6F 640
0O 0 1 0 0 O 0O 0 0 1 1 1
o 0 0O O 1 0 0O 0 0 1 0 1
0O 0 0O O o0 1 0O 0 0 O o0 1
1 0 1 1 1 1 1 01 1 1 0O
0O 1 1 1 0 1 0 1 1 1 0 1
0O 1 0 0 0 1 0O 1 0 0 0 1

6G 1920 6H 1920
0O 0 0 1 1 1 0O 0 0 1 1 1
0O 0 0 1 0 1 0O 0 0 1 0 1
0O 0 0 0 0 1 0O 0 0 0 0 1
1 1 0 1 1 O 1 1 0 1 0 1
o 1 1 1 0 0 0O 1 1 1 1 0
0O 0 1 1 0 1 0O 0 1 1 0 1

8A 1440 8B 1440
0O 0 0 1 1 1 0O 0 0 1 1 1
0O 0 0 0 1 1 0O 0 0 O 1 1
0O 0 0 0 0 1 0O 0 0 0 0 1
1 0 0 1 1 1 1 1. 0 0 0 1
0O 1 1 1 0 0 0O 1 0 0 1 1
O 0 0O 1 1 0 0O 0 1 1 0 O

10A 2304 12A 960
0O 1 0 0 0 1 0O 0 1 0 0 O
0O 0 0 1 0 O 0O 0 0O O 1 1
0O 0 0 0 0 1 0O 0 0 0 0 1
1 1. 0 0 0 O
0O 1 0 0 1 1
0O 0 1 1 0 0

12B 960
0O 0 1 0 0 O
0O 0 0O O 1 1
0O 0 0 O 0 1

Using the technique of coset analysis, Mpono in [[/] has determined the conjugacy classes of A(3)
given in terms of 5 X 5 matrices and using the theory of Fischer-Clifford matrices constructed its
character table. In a similar fashion Ali in [I] has constructed the group A(4) = 27 : Spg(2) which
sits maximally in Spg(2) in terms of 7 x 7 matrices and found its character table. Recent work of
Basheer and Moori [2], and Moori and Seretlo [6] make considerable use of the principles outlined in

this article.
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