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Abstract :

The main aims of this research is to find the stabilizer groups of a cubic curves over a finite field of orders 2, 3 and studying
the properties of their groups and then constructing the arcs of degree 2 which are embedding in a cubic curves of even size which are
considering as the arcs of degree 3. Also drawing all these arcs.
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1. Introduction:
The subject of this research depends on themes of

Projective geometry over a finite field;
Group theory;

Field theory;

Linear algebra.

The strategy to construct the stabilizer groups and also to embedded the arcs is given as following:

Constructing the linear transformations group PGL(3.g) of PG(2.g), where g = 2.3. Which its elements are considering the
non-singular matrices 4, = [al-j-], a; in B, L.j=123 forsome n in N and satisfying K(tA,) =K forall tin FEA\{0} and K be
any arc. The set of all matrices A, which construct the group, and according to the number of A, and its order, we are doing
comparison with the groups in [&], so we can find which one of them similar than it. In another hand, we have found the arcs which are

embedding in a cubic curves which are splitted into two sets, one of them contains the inflection points and the other does not, the set
which does not contain the inflection points is considering the arc of degree two.

The summary history of this theme is shown as follows

e The ideas and definitions of this research are taken from James Hirshfeld [1];

. In 2010, Najm Al-Seraji [2] has been studied the cubic curves over a finite field of order 17;

e In 2011, Emad Al-Zangana [3] has been shown the cubic curves over a finite field of order 1%;

e In 2013, Emad Al-Zangana [4] has been described the cubic curves over a finite field of orders 2, 3, 3, 7 ;
e In 2013, Emad Al-Zangana [3] has been classified the cubic curves over a finite field of order 11, 13 .

Now, we introduce the definitions which are using in this research as follows:

Definition (1.1)[1]: Denote by 5 and 5* two subspaces of P(n.K), A projectivity 8:5 — 5" is a bijection given by a matrix T,
necessarily non-singular, where P(X)} = P(X)§ if tX* = XT, with t € K. Write § = M(T); then § = M({AT) for any 4 in K. The
group of projectivities of PG(n, K is denoted by PGL(n + 1. K},
Definition (1.Z)[1]: The stabilizer of x in A under the action of G is the group G, = {g € G|xg = x}.
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Definition (1.3J[1]: An (m:r) arc K or arc of degree  in PG(k.q) with n =» + 1 is a set of points with property that every
hyperplane meets K in at most = points of K and there is some hyperplane meeting X in exactly + points.

2. The classification of cubic curves over a finite field of order Z.

The polynomial of degree three g,(x) =x* 4+ x+ 1 is primitive in F; = {0.1}, since g,(0) =1 and g,(1) =1, also
0:0) =0, g,(¥*) =0, g.(¥*) =0, thismeans ¥.¥*.¥* areroots of g, in F,z.

The companion matrix of g;(x) ==x* + x + 1 in F;[x] generated the points and lines of PG(2.2) as follows:

0 1 0F
P(k) = [1,0,01C(g)* = [1.0,0] (n 0 1)  k=01,...6
110

With selecting the points in PG(2,2) which are the third coordinate equal to zero, this means belong to L, = v(z), that is
v(z) =tz =z forall £in F&\{0} and with Pk} = k, we obtain Ly = {0.1,3}, that is

) 01 O\F
LLoC(g)* =Ly 0 0 1) L k=01,..6.
11 0

The projective plane of order two PG{2.2} is drawn in Figure 1.

Figure 1: Drawing of PG{2, 2}
The number of distinct cubic curves is & see [4], one of them is given as follows:

fi = xvlx +y) + =° L1

The points of PG(2.2) on f; in equation (1) are [1.0,0], [0,1.0]. [1.1.0]. To find the stabilizer group of £ in equation (1), we
are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of fi with their orders are shown as

follows:
0 0 01 0 010 0 1 0
1 U):f}, 1 0 D):ﬂl-, 1 0 []):2, 1 1 D):E,
0 1 1 0 1 1 11 0 0 1
0 01 0 01 0 1 0 0
U):EJ 1 1 D):S, 1 1 D):S, 01 EI):L
1 1 0 1 1 11 I I
] ] ]
1 1 1
] 1 ]

0
(1
0
0 1 ] 1 ] 1 ]
U):E,(U U):E,(U U):E,(l U):EJ
1 1 1 1 1 0 1

1
0
0
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0 1 0 0 1 0 0 1 1 0

U):‘L 1 1 U):?, 1 1 []):‘1-, 01 U):E,

1 1 0 1 1 1 1 001

0 1 1 0 1 1 0 1 1 0

U):EJ 01 U):‘l-, 01 EI):‘I', 1 0 EI):E
1 1 0 1 1 1 1 o0 1

1 0 1 1 0 1 0 0 0

1 U):EJ 1 0 D):S, 1 []):3, 1 U):E.

o1 1 1 0 1 11 1 0 1

Therefore, the stabilizer group of £ in equation (1} which is denoted by & which contains

0

1

1
11
(Ul
o1

[y
[y

=]
=]
L= e T S

>

9 matrices of order 2Z;
8 matrices of order 3;
& matrices of order 4;
The identity matrix.

From [8], Gy is isomorphic to 54, thatis G; = 35. fi inequation (1} is drawn in Figure Z:

Figure 2: Drawing of fy

Another one of cubic curve which is given in [4] is:
f, = yz* + xyz + x? + xy? .(2)

The points of PG(2.2) on f; in equation (2) are [0,1.0],[0.0,1],[1,1,0], [1.1.1]. To find the stabilizer group of £ in

equation (27, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of fz with their
orders are shown as follows:

0

D) 11,

1

01 1 01 1 1
(D D):E,(U D):S,(U
1 0 1 1 0
1 0 1 1 1 1
(D D):E,(U D):E,(U []):3.
1 1 0 1 1 0

Therefore, the stabilizer group of fz in equation (2} which is denoted by & which contains

-
L N o R N
[ S = T R S

3 matrices of order 2;
2 matrices of order 3;
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The identity matrix.

From [6], Gg isisomorphic to 53, thatis Gg = 53. f; inequation (2) is drawn in Figure 3:

Figure 3: Drawing of fa

Let £* = {3.5} be a subset of f; in equation (2) which is forming by partition f; into two sets such that fi* does not
contains the inflection points of f;, so we note that £ represents an arc of degree two.

Also, to find the stabilizer group of £, by some calculation

01 0 01 0 011 011
1 0 EI):EJ 1 0 1):% 10 [I):‘lu 10 1):2J
001 001 oo 1 oo 1

1 00 1 00 1 01 1 01
01 EI):L 01 1):2J 01 EI):Z o1 1):2-
001 001 0o 1 oo 1

Therefore, the stabilizer group of fz° which is denoted by G contains

3 matrices of order 2;
2 matrices of order 4;
The identity matrix.

From [6], G isisomorphic to Dy, thatis Gg = Dy4. Drawing of f;” is given in Figure 4 as following:

Figure 4: Drawing of fa
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Another one of cubic curve which is givenin [4] is:
fa=vyZ: +xyz+ 2% + 2y + xy? Y

The points of PG(2.2) on fi in equation (3) in are [0.1.0].[0.0.1]. To find the stabilizer group of £ in equation (3), we
are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of fz with their orders are shown as

follows:
1 0 0 1 0 0 1 0 1 1 0 1
o0 0 1):2, 01 D):l, 0 0 1):‘1‘, 0 1 D):Z
01 0 001 01 0 001

1 1 0 1 1 0 1 11 111
oo 1):‘1', o1 U):EJ 0o 1):2J o1 U):E-
01 0 oo 1 01 0 0o 1

Therefore, the stabilizer group of f; in equation (3} which is denoted by &g which contains

° 3 matrices of order 2;
. 2 matrices of order 4;
o The identity matrix.

From [6], G isisomorphic to Dy, thatis Gg = D,

The set of points on f; is constructing the arc of degree two and size Z. f; inequation (3] is drawn in Figure 3:

Figure 5: Drawing of f3

Another one of cubic curve which is given in [4] is:
fa=2Zy+zyi +2¥ Ly’ ...(¥)

The points of PG(2.2) on f; in equation (4) are [0.1.0],[0,0,1].[1,1,0].[0,1,1], [1.1.1]. To find the stabilizer group of
[ inequation (4]}, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of f; with their

orders are shown as follows:
0 1 0
D) 12,01 1) 12,
1 0 1

1 0 0 1 0 0 1
0 U):L 0 1):2J 1
] 1 ] 1 ]
1 1 1 1 1 1 1 1
0 D):E, 0 1):2, 1 D):%, 1 1):4‘.
] 1 ] 1 ] 1 0 1
103
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Therefore, the stabilizer group of f; in equation (4) which is denoted by Gz, which contains

. 3 matrices of order 2;
° 2 matrices of order 4;
o The identity matrix.

From [8], G, isisomorphic to Dy, thatis Gz, = Dy. f; inequation (4) is drawn in Figure &:

Figure 6: Drawing of f4

Another one of cubic curve which is given in [4] is:
f=v+zyt +x¥+xyt 447 (3

The points of PG{2.2) on £ in equation (3) are [0.0.1]. To find the stabilizer group of fi in equation (5), we are doing
calculations by help the computer. Thus, the transformation matrices which stabilizing of f with their orders are shown as follows:

01 0 01 0 01 0 01 0
1 0 []):2, 1 0 1):4-, 11 []):3, 1 1 1):3,
| | o0 1 oo 1
01 1 01 1 01 1 01 1
1 0 []):ﬂl-, 1 0 1):2, 1 1 []):3, 1 1 1):3,
| 00 1 00 1 0 o0 1
1 0 0 1 0 0 1 0 0 1 0 0
01 D):L 01 1):2, 11 U):E, 1 1 1):1
0o 0 1 0o 0 1 00 1 0 o0 1
1 0 1 1 0 1 1 0 1 1 01
01 U):EJ 01 1):2, 11 D):‘I, 1 1 1):‘1‘J
o 0 1 o 0 1 o 0 1 0 0 1
1 1 0 1 1 0 1 1 0 1 1 0
01 U):EJ 01 1):‘1‘, 1 0 D):E, 1 0 1):3J
o 0 1 o 0 1 o 0 1 0 0 1
1 1 1 1 1 1 11 1 1 11
01 D):E, 01 1):4‘, 1 0 []):3, 1 0 1):3.
| | oo 1 1 .

Therefore, the stabilizer group of fz inequation (3} which is denoted by G¢, which contains
o @ matrices of order 2;
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. 8 matrices of order 3;
. & matrices of order 4;
° The identity matrix.

From [8], G, isisomorphic to 3y, thatis Gy,

12
&

Another one of cubic curve which is given in [4] is:
fo =z =(x® —xy? +97) ...(6)

The points of PG(2.2) on £ in equation (6) are [0.1,1], [1,1.1].[1.0.1]. To find the stabilizer group of £ in equation
(6], we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of f; with their orders are

shown as follows:
0 1 0
U) 3.1 0 U):l,
1 0 1

01 0 ]

(1 []):2,(1

0 1 0

0 1 0 1 0
D):E,(U D):E,(l EI):E.
1 0 1 0 1

Therefore, the stabilizer group of f; inequation (&) which is denoted by &z which contains

1 0
1 1
0 0
1 1
1 0
0 0

T
[y
s I SR = | [ I e |

° 3 matrices of order 2;
° 2 matrices of order 3;
o The identity matrix.

From [8], G isisomorphic to 53, thatis Gz = 33. f; inequation (&) is drawn in Figure 7:

Figure 7: Drawing of fg

3. The classification of cubic curves over a finite field of order 3.

The polynomial of degree three g;(x) =x*—x—2 s primitive in F ={0.12}, since g;(0) =1, g.(1) =1 and
9:(2) =1, also g, (6) =0, g, (6%) =0, g, (6%) = 0, this means 5.5%6% areroots of g; in Fyz.

The companion matrix of g; (x) = x* — x — 2 in F;[x] generated the points and lines of PG (2.3) as follows:
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0 1 0nF
P(k) = [1,0,01c(g)* = [1,0,0] (n 0 1)  k=01,...12 .
210

With selecting the points in PG(2,3) which are the third coordinate equal to zero, this means belong to Ly = vz}, that is
v(z) = tz==z forall tin F\{0}and with P(k} = k, we obtain Ly = {0,1.3.9}, that is
_ 0 1 O\F
L._L,Cig)* =Ly(0 0 1)  k=01,...,12,
2.1 10

The projective plane of order three PG(2.3) is drawn in Figure 8.

Figure 8: Drawing of FG{2.3)

The number of distinct cubic curves in PG(2.3) is 10 see [4] , one of them is given as follows:
hy =xyz +(x +y + z)
A7

The points of PG(2.3) on h, in equation (7) are [2,1.0],[0,2,1].[1,2,1].[2.2,1].[2,1.1], [2.0.1]. To find the stabilizer
group of hy inequation (7}, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of hy
with their orders are shown as follows:

1
[I) t
2

0o 1 0
0 EI):EJ 0
1 0 2

[ =
o I e I S
o T
(%]
o,
[ T
= O O
[ T e B )
\n.._-_._,.r"
[ %]
T,
o I S e |
[ I e T |

1
U =
0 0 1 00 1 02 0 0 2 0
2 2 2):4, 2 2 2):2, 0 0 2):4, 00 2):3,
01 0 100 111 2 0 0
0 2 0 0 2 0 02 0 02 0
11 1):3, 11 1):4, 2 0 n):z, 2 0 n):z,
0 0 2 2 0 0 0 0 2 111
10 0 10 0 100 100
0 0 1):2, 0 0 1):3, 0 1 u) 1.lo0 1 n):z,
0 1 0 2 2 2 00 1 2 2 2
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1 0 0 2 2 2 2 2 2
,(2 2):3,([] 0 1):2,([] 0 1):4‘;
] 0 01 0 1 00
2 2 2 2 2 2 2 2 2 2 2
(U 1 U):E,(U 1 U):E,(l 0 U):S,(l []):‘1‘.
0 01 1 00 001 0 0

Therefore, the stabilizer group of k; in equation {7} which is denoted by G, which contains

T,
[ T 8 I )
e Y N e }
[ =]
——
[ ]

=

Sl == ]

. 9 matrices of order Z;
. 8 matrices of order 3;
. & matrices of order 4;
. The identity matrix.

From [8], G, is isomorphic to 5y, thatis Gx, = S4. hy inequation (7} is drawn in Figure 2:

Figure 9: Drawing of h;

Let hi = {3.4.7} be a subset of hy in equation (7} which is forming by partition %, into two sets such that h; does not
contains the inflection points of ki, so we note that ki represents an arc of degree two. Also, to find the stabilizer group of ki, by
some calculation, we obtain

01 2 01 2 o1 2 o1 2
oo 1):3, 0o 2):4-, 01 []):2, 01 1):4-,
2 20 2 21 21 0 2 1 0
01 2 01 2 1 0 0 1 0 0
0 2 []):2, n 2 2):3, 01 []):1, n 2 U):EJ
2 20 2 21 oo 1 o1 1
1 0 0 1 0 0 1 0 0 1 0 0
1 1 D):EJ 1 2 D):EJ 21 D):EJ 2 2 U):Z
2 2 1 2 2 1 01 1 o0 1
1 1 1 1 1 1 11 1 1 11
o0 1):3J o0 2):2J 11 D):‘lu 1 1 2):1
o 2 2 o 2 0 2 1 0 2 1 0
1 1 1 1 1 1 2.0 2 2. 0 2
2 2 D):E, 2 2 1):4‘, 01 1):3, o 2 2):2,
0 2 0 0o 2 2 o2 0 1 .
2 0 2 2 0 2 2.0 2 2. 0 2
(1 1 2):2,(1 2 []):4-,(2 1 []):3,(2 2 1):4-.
| 0 2 0 1 1 0 1 1 0
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Therefore, the stabilizer group of h; which is denoted by Gy; which contains

o 9 matrices of order Z;
o 8 matrices of order 3;
o & matrices of order 4;
o The identity matrix.

From [B], Gy; isisomorphic to 5y, that is Gr; = 54. Drawing of A is given in Figure 10 as following:

Figure 10: Drawing of h{

Another one of cubic curve which is given in [4] is:
hy = xyz — (x +y +z)°
...[8)

The points of PG(2.3) on hy in equation (8) are [2,1,0],[0.2,1].[2.0.1]. After the calculation and help the computer, we
are obtained that the number of matrices which are stabilizing of f; in equation (&) is 108, and we can not write them, because they
are too much.

Therefore, the stabilizer group of k; which is denoted by &, which contains

o 27 matrix of order 2;
. 26 matrix of order 3;
. 24 matrix of order &;
o The identity matrix.

ks in equation {8} is drawn in Figure 11:

Figure 11: Drawing of h,
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Another one of cubic curve which is given in [4] is:
hy = 2%y + 2% £ yx® +y° (%)

The points of PG(2,3) on hs in equation (9) are [0.0.1],[1,1.0]. After the calculation and help the computer, we are
obtained that the number of matrices which are stabilizing of h3 in equation (%) is 72, and we can not write them, because they are
too much.

Therefore, the stabilizer group of k4 in equation {2} which is denoted by &, which contains

o 21 matrix of order 2;

o 8 matrices of order 3;
o 18 matrix of order 4;

o 24 matrix of order &;

o The identity matrix.

The set of points on hz represents the arc of degree two and size 2.

Drawing of h; is given in Figure 12 as following:

Figure 12 : Drawing of k4

Another one of cubic curve which is given in [4] is:
hy = 28y +x° + yx? —y* ...(10)

The points of PG(2.3) on hy in equation (10} are [0.0,1].[0,2,1].[1.2,1].[0.1.1], [2.1.1]. To find the stabilizer group of
hy in equation {107, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of ks with
their orders are shown as follows:

10 0 10 0 100 10 0
0 1 n):l, 0 1 n):z, 1 2 n):z, 1 2 n):z,
0 0 1 0 0 2 00 1 00 2
2 2 0 2 2 0 2.2 0 2 2 0
(n 1 n):z,(n 1 n) 2,(2 1 n):+,(z 1 n):+.
0 0 1 0 0 2 00 1 00 2

Therefore, the stabilizer group of k, inequation {10} which is denoted by G, which contains

o 3 matrices of order Z;
. 2 matrices of order 4;
) The identity matrix.

From [8], G, isisomorphicto Dy, thatis Gx, = Dy. hy inequation (107 isdrawn in Figure 13:
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Figure 13: Drawing of h

Another one of cubic curve which is given in [4] is:
hs = 2%y +x° —xy? +y? .(11)

The points of PG(2.3) on hs inequation (11) are [0.0.1]. After the calculation and help the computer, we are obtained that
the number of matrices which are stabilizing of k: in equation {117} is 432, and we can not write them, because they are too much.

Therefore, the stabilizer group of s in equation {11} which is denoted by &_which contains

o 45 matrix of order 2;
o 80 matrix of order 3;
o 34 matrix of order 4;
. 144 matrix of order 8;
o 108 matrix of order &;
) The identity matrix.
Another one of cubic curve which is given in [4] is:
hg = 28y + x° —xy® —y® ..(12)

The points of PG(2.3) on h; in equation (12) are [0.0.1].[0.2.1].11.2.1], [1.1.1]. [2,2,1]. [0,0.1]. [2.1.1]. To find the
stabilizer group of f; in equation {12}, we are doing calculations by help the computer. Thus, the transformation matrices which
stabilizing of h; with their orders are shown as follows:

10 0 1 0 0 10 0 10 0
0 1 n):l, 0 1 n):z, 0 2 n):z, 0 2 n):z,
0 0 1 0 0 2 00 1 00 2
10 0 10 0 100 10 0
11 n):z, 11 n):ﬁ, 1 2 n):z, 1 2 n) 2,
0 0 1 00 2 001 00 2
10 0 10 0 100 100
2 1 u):a, 2 1 U):ﬁ, 2 2 u):z, 2 2 u):z
0 0 1 0 0 2 00 1 0 0 2

Therefore, the stabilizer group of kg in equation {12} which is denoted by G, which contains

matrices of order Z;
matrices of order 3;
matrices of order &;
o The identity matrix.

[ )
[ = =]
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From [8], G, isisomorphic to D¢, thatis Gy, = Dg. kg inequation (12} is drawn in Figure 14:

Figure 14: Drawing of kg

Another one of cubic curve which is given in [4] is:
hy = 28y + 2% + xy? 447 ...(13)

The points of PG(2.,3) on h; in equation (13) are [0.0,1],[1.2,1].[1.1,0], [2.1.1]. To find the stabilizer group of k; in

equation (13}, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of h; with their
orders are shown as follows:

0 1 0 0 1 0 0 1 0 0 1 0
1 EI):EJ 1 0 EI):EJ 1 0 EI):EJ 1 0 U):ﬁ;
0 1 0o o 2 1 2 1 1 2 2
0 0 1 0 2 0 0 2 0
D):EJ 1 0 ﬂ):ﬁ, o 2 D):EJ 0o 2 ):L
1 2 1 2 oo 1 oo
o0 o 2 0 0 2 0 0 2 0
2 ﬂ):l o 2 U):E, 0o 2 D):EJ o 2 ):3-
21 1 2 2 21 1 2 1

Therefore, the stabilizer group of k+ in equation {13} which is denoted by Gj_which contains

T,

I=a = &

= O [ T |
[ e -}

o,
= a

i e e

matrices of order Z;
matrices of order 3;
matrices of order &;

The identity matrix.
From [B], Gy isisomorphic to Dg, thatis Gp. = Dg. hy inequation {13} is drawn in Figure 15:

[ )
[ = =]
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Figure 15: Drawing of Az

Let hy = {9,11} be a subset of R;which is forming by partition h; into two sets such that k5 does not contains the inflection
points of ks, so we note that k3 represents an arc of degree two. After the calculation and help the computer, we are obtained that the
number of matrices which are stabilizing of k7 is 72, and we can not write them, because they are too much. Moreover, the stabilizer
group of h: which is denoted by G- which contains

. 21 matrix of order 2;

o 8 matrices of order 3;
o 18 matrix of order 4;

. 24 matrix of order &;

o The identity matrix.

Drawing of k37 isgivenin Figure 16 as following:

Figure 16 : Drawing of k3

Another one of cubic curve which is given in [4] is:
hy = 28y + x% — xy? 1

The points of PG{2.3) on kg in equation (14) are [0.1,0].[0.0.1],[2.1.0].[1.1.0]. To find the stabilizer group of kg in
equation (14}, we are doing calculations by help the computer. Thus, the transformation matrices which stabilizing of hg with their
orders are shown as follows:

1 0 0 1 00 1 0 0 1 0 0
o1 U):L 01 EI):E, o 2 EI):E, o 2 []):2,
o001 ooz 0o 1 o o0 2z
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1 00 1 00 1 0 0 1 00

(1 1 []):3,(1 1 ﬂ):ﬁ,(l 2 D):E,(l 2 U):E,

oo 1 o o0 2 001 oo 2
1 0 0 1 0 0 1 0 0 1 00

(2 1 D):S,(_ 1 D):ﬁ,(E 2 U):E,(E 2 D):E.
0 o0 1 o o 2 o0 1 o o 2

Therefore, the stabilizer group of kg in equation{14} which is denoted by G, which contains

L}

o 7 matrices of order 2;
o 2 matrices of order 3;
o 2 matrices of order &;
o The identity matrix.

From [8], Gy, isisomorphic to Dg, thatis Gy, = Dg. ke inequation (14} isdrawn in Figure 17:

Figure 17: Drawing of hg

Let hg = {3.9} be a subset of kg which is forming by partition ke into two sets such that ks does not contains the inflection
points of kg, so we note that kg represents an arc of degree two. After the calculation and help the computer, we are obtained that the
number of matrices which are stabilizing of kg is 72, and we can not write them, because they are too much. Moreover, the stabilizer
group of hz which is denoted by G; which contains

. 21 matrix of order 2;

o 8 matrices of order 3;
. 18 matrix of order 4;

. 24 matrix of order &;

o The identity matrix.

Drawing of hg isgivenin Figure 18 as following:
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Figure 18: Drawing of hg

Another one of cubic curve which is given in [4] is:
hy =x% + 9% — 2% —xlz —xy? 4 2z — y2? 15

The points of PG(2.3) on hg in equation (13) are [2.2,1].[1.0,1].[2.1.1]. To find the stabilizer group of kg in equation
(15}, we are doing calculations by help the computer. Thus the transformation matrices which stabilizing of h; with their orders are
shown as follows:

001 001 001 oo 1
01 []):2, 01 1) 4,10 1 2):4-, o 2 1):2,
1 0 0 1 2 1 11 1 1 0 0
001 001 11 1 1 1 1
0 2 1):3, n 2 2):3, 01 2):3, g 2 1):-;
1 1 1 1 2 1 o0 1 001
1 1 1 1 1 1 11 1 1 1 1
1 0 2):‘1-, 1 2 []):3, 2.0 1):2, 2 1 []):4-;
1 2 1 1 0 0 1 2 1 1 00
2. 00 2. 00 2. 00 2. 00
01 D):EJ o0 2 D):L 11 D):EJ 1 2 D):EJ
o o 2 o o 2 21 2 2 2 2
2.0 0 2. 00 21 2 21 2
(2 1 []):2,(2 2 []):3,([] 1 1):2,([] 2 2):3,
2 2 2 2 1 2 oo 2 0 o0 2
2 1 2 2 1 2 21 2 2 1 2
(1 0 2):4,(1 1 []):3,(2 0 1):2,(2 2 [I):=1-.
2 2 2 2. 00 2 2 2 2 00

Therefore, the stabilizer group of kg in equation {13} which is denoted by &3 which contains

. 9 matrices of order 2;
. 8 matrices of order 3;
. & matrices of order 4;
. The identity matrix.

From [8], G, is isomorphic to 54, thatis G, = 35. hg inequation (13} is drawn in Figure 19:
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Figure 19: Drawing of hg

Another one of cubic curve which is given in [4] is:
hig = x* +9% —x?z —xy? + xz? — yz? ...(16)

The points of PG(2.3) on hyy in equation (16} are [0,0,1],[0,2,1],[1,2,1],[1,1.1],[0,1,1],[2,0,1]. To find the stabilizer group
of hyy in equation ({16}, we are doing calculations by help the computer. Thus the transformation matrices which stabilizing of hyy
with their orders are shown as follows:

1 0 0 1 00 1 00

(D EI):L(U D):E,(l U):E,
0 1 0 1 1 1
1 0 1 0 1 0

(1 D):E,(E []):3,(2 D):E.
1 1 1 1 1 1

Therefore, the stabilizer group of h,zin equation{16) which is denoted by &y, which contains

Sl =] ot
== O == W]
S A e I =

Rip
. 3 matrices of order Z;
o 2 matrices of order 3;
) The identity matrix.
From[&], Gy, is isomorphic to 53, thatis Gy, , = §3. hyp inequation (16} isdrawn in Figure 20:

Figure 20 : Drawing of hyg
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