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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 order 4, also studying the
properties of their groups, and then constructing all different cubic curves, and known which one of them is complete or not. The arcs
of degree 2 which are embedding into a cubic curves of even size have been constructed . Also drawing some of them .
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1- Introduction:-

The subject of this research depends on themes of
e Projective geometry over a finite field;
e  Group theory;
e Linear algebra;
e Field theory.

The strategy of this research is to construct the stabilizer groups and finding the linear transformations groups in PGL(3.gq)
of FG( 2.7 , where g = 4 which its element are considering the non-singular matrices A, = [ml-j-],u[j- inFy,i.j = L2,3 for some

nin N satisfying K(t4,) =K for all t in P;TM{U} 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 and then make comparison with the groups in [6], so we can find which one of them
similar than it . In another hand, we have found the arcs which are embedding a cubic curves which are splitting into two sets, one of

them contain 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 All theorems and definitions of the research are taken from James Hirshfeld [1];
e In 2010, Najm AL-Seraji [2] studied the cubic curves over finite field of order 17 ;
e In 2011, Emad AL-Zangana [3] showed the cubic curves over finite field of order 19 ;
e In 2013, Emad AL-Zangana [4] described the cubic curves over finite field of orders 2,3,5,7;
e In 2013, Emad AL-Zangana [5] classified the cubic curves over finite field of order 11,13;

Definition 1.1 [1] :- Denote by 5 and 5° two subspaces of F{x. K}, A projectivity £:5 —= 5" is a bijection given by a matrix T,
necessarily non-singular, where P{X) = P(X)B if tX* =XT | with t € K. Write § = M(T); then 8 = M(AT) forany 4 in K. The
group of projectivities of F&{n.K) isdenoted by PG(n + 1.K),

Definition 1.2 [1] :- The stabilizer of x in A in under the action of & is the group G, = {g € G|xg = x}.
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Definition 1.3 [1] :- An (n:7) arc K or arc of degree  in PG(k.q) with n =r + 1 is a set of points with property that every
hyperplane meets K in at most r points of K and there is some hyperplane meeting K in exactly = points. An (n: 3) -arc is also
called an -arc. A (n:r)-arc is called complete if it is contained within (n + 1:7}-arc .

Theorem 1.4 [1] :- A non-singular plane cubic curve with form and nine rational inflexions exists over F, if and only if
g = 1(mod 3) ,and F then has canonical form F = x* + y* 4+ 2% — 3cxyz |

Theorem 1.5 [1] :- A non-singular plane cubic curve with form F and three rational inflexions exists over £, for all g . The
inflexions are necessary collinear.

i - If the inflexional tangent are concurrent, the canonical forms are as follows:

(@) g =1 (mod 3),
F=xylx +v) + 2%
F =xylx + v) + cz%;
F=xylx +y) + 2%
Where ¢ is a primitive of F; .

ii - If the inflexional tangent are not concurrent, the canonical form is as follows:
F=xyz+e(x+yv+z%, e201/27

Theorem 1.6 [1] :- A non-singular plane cubic curve with form F defined over F; .q = p" and at least one rational inflexion has
one of following canonical forms.

p=2,
(@) F =yz® + xyz + x* + bx®y + cxy® where b = 0 or a fixed element of trace 1 and ¢ = 0:
(b) F =z y +zy? +ex® + cxy® + dy®, where e =1 when (g —1.3) =1and e =1.a.a” when (g —1.3) =3, with «
a primitive element of F,; also d = 0 or a particular element of trace 1 .

Theorem 1.7 [1]:- A non-singular plane cubic curve with form F defined overF; .q = p®, with no rational inflexion has one of

following canonical forms.
g =1 (mod 3},

@) F==x"+ay®+a’z® —3cxyz, with @ a primitive element of F,.
(b) F =xy* +x"z+eyz® —clx® + ey® + ¢%2° — 3exyz), with @ a primitive element of F, and ¢ =, a”.

2. The classification of cubic curves over a finite field of order 4

Folal

Let the polynomial g:(x) =x*+x+1 and F =- which has 4 elements namely 0.1.8,8% where € be x

-FIEsH
plus the ideal ~ {gy(x)} which generated by polynomial of degree 2 with coefficients in # = {0.1}. The polynomial
gz(x) =x*+ 6%x% + 6x + 67 is primitive over E, since g;(0) =8% g, (1) =87 g,(8) =6 and g;(8%) =8, this means g; is
irreducible over F;, also g, (8**) = g,(F*) = g,(F%) = 0, where §**, §* 6% in F,z , this means gz is reducible over Fgy. The
companion matrix of gz(x) = x*+ 8*x? + 6x + 8% generated the

points and lines of FG(2.4) as follows:

0 1 0°\F
P(K) = [1,0,01C(g)* = [1,0,0] (n 0 1 ) Jk=01,...20
gt @ @t
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With select the points in PG({2.4) which are the third coordinate equal to zero , this means belong to
Ly, =v(z) suchthat wv{z)} =tz =z foralltin F\I0} | therefore with P{k) = k.k = 0.1,....20 ,we obtain

L, =1{0.1,4.14,16}

Moreover,
_ 0 1 0)F
Ly =L,Clg)"=Lyl 0 0D 1) =020
g g @87

By substituting the points of PG(2.4} in theorem (1.4), we obtain

F,=x+y* 477 17l =09 (D)
F=x+yi+z¥ +xyz |7, | =12 ..
Fo=x 4y +2% +8xyz |7l =12 ...(3
Fo=x*+yi+z% +8%xyz 17l =12 .. (@

Also by substituting the points of PG&(2.4) intheorem (1.5), we obtain
Fo=xylx+y) +2° 7l =9 .. (5
Fo = xylx +y) + 857 |F;l=3 ... (6)

F; in equation (6) is drawn in Figure 1 as follows:

Figure 1 : Drawing of F;

= xyz +8(x + v +z)° IF:l=6 . (D

Fe=xyz+ 8% (x+vy +2)° |Fel =6 ... (8)

Also by substituting the points of PG{2.4) in theorem (1.6), we obtain
Fy=yz’ +xyz +x° +xy? | Fl=8 . (9)
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Fo=vzi+xvz+x® +xiy +xy? | |F.l=8 ... (10)
F,=vzi +xyz +x% +8xy0 | IF. =4 .. (11)
Foo=yz' +xyz +x° +8°xy7 Fizl =4 ... (12)
Fis=yzl +ayz+x* +xy +6xy® | |Fal=4 .. (13)
Fa=yzi+xyz+x° +x%y +8%xy° | IF,l=4 .. (14)
Fe=vyzi+xvz+x® +0x%y +xy? | |Fsl=2 ... (15)

Fi5 inequation (15) is drawn in Figure 2 as follows:

Figure 2 : Drawing of Tz

Fie=vzi+axyz+x° +0x7y +0xy? | |Fl=6 ... (16)
F:=vzi+xyz +x¥ +8x%y + 8%xy? | |F5l =6 .. (17)
Fe=vzitxyz +x? +8%x%y + 8xy? | |Fel=6 ... (18)
Fo=vzi+xyz +x¥ +8%x%y + 8%xy? |Fsl =6 ... (19)
Fop =zfy +zvi+ 3+ 8y7 1Pl =1 ... (20)
Foy =zfy + 2yt +x¥ +xy? + 897 |Fl =5 .. 2D
Fro=zly +zyt +x¥ +xy? +8%° | |Fp2l =5 .. (22)
Foo =zfv +zvi + 7 + 0y + 6897 | |Fel =5 .. (23)
Foy =2y +zyt + 0 + 0xy? + 8% | |Fyul=5 .. (24)
Fos =2y +zy* + 27+ 0%xyv? 4+ 8y* | |Fl =5 ... (25)
Foo =2y 42y + 27+ 0%xy? 4+ 8%°7 | |Fl =5 ... (26)
Fpp =2y +zyi + 27 + fxy® + 67 1Pl =7 .27
Fre =z'y +zy® + 627 +6%% |Foel =7 ... (28)
Fig = 2%y +zy? + 0x% +xy? + 8y* | |Fpel = 3 .. (29)
Fap =2y +zy? + 8% +xy? + 8% | [Fyl =3 ... (30)
Fy =z'y +zy? + 8% + oxy? + 8y? | |Fyl =3 ... (31)
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Fo =ziy +zy? + 82 + Bxy? + 8%y | |Ful =3 ...(32)
Fop =iy +zyi + 82 + 8%y? + 8y | |Fol =3 ...(33)
Foy =zlyv +zyi + 82 + 0%y? + 8%y IF,l =3 ... (3%)
Foe =ziv +ayz +x° + 0 v+ 97 |F.l =2 ... (35)
Foe =z?v +xyz +x° + xiy + 697 | |Fasl = 6 ... (36)
For =zfv +xyz + x° + 6x7y + 6597 |Foel =6 ..(37)
Fag =2y +xyvz +x° + 87 x%y + 6y° | |Feel = 6 ... (38)
Fao=ziy taxyz +x? +8%x3y + 8% | |Fl=6 ... (39)

Also by substituting the points of P& {24} in theorem (1.7), we obtain
Fpp = x® + 8y + 8728 |Fypl =9 ... (40)
Fy =xy? +x%z + 8yzt | |7, =3 ...(41)

JFy1 inequation (41) is drawn in Figure 3 as follows:

Figure 3 : Drawing of Fi

Fop =xy +xiz+0yz" + (2% + 6y + 6%z + Gayz) | IFl=6 .42
Fa =xyi +x%z 4+ 8yz? + 6(x° + 6y° +68%2% + Bxyz) | IFzl=6 .43
Foo=xyi+xlz+0yvz? + 8% +8v® +6%2° + Bxyz) | |F,ul =6 ...(44)
Fos =xy* +x7z+ 6%z + (2% + 6% + 6%2° + 6% xyz), |7zl =6 ...(45)
Foo =xyi + 2%z + 8%z £ 8(x7 + 0%y% £ 0%z + 8% xy2), IFel =6 ...(46)
Fpr = xyi + 2%z + 8%z + 872 + 8%y + 8%2% + 8%xy2), |7l =6 ...(47)
Fpe = xyi + 2%z + 2% IFel =2 ...48)
Fpo =xy: +x%z 4 6% Fel =9 ... (49)
Fop =xy? +xiz+ 8527 IFeel =9 .. (50)
Feoy =xy? +xiz+yz? | Ful=9 ... (51)
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The transformation matrix between JF;in equation (2) and Fzin equation (3) is given as following :

‘00 8y
||:~1|:~I

Moo o
_—

F ¥,

The transformation matrix between .F;in equation (2) and F; in equation (4) is given as following
‘n 0 @
lo 1 o
:F: Lo D F4
The transformation matrix between JF:zin equation (29) and Fz;in equation (30) is given as following

‘08 oy
|E|:~1I

:F.. DDE:IE-;D

The transformation matrix between F;zin equation (29) and Fz; in equation (31) is given as following

Fps —2 52T,

Dmu
L= el <]
“UU

The transformation matrix between Fzzin equation (29) and Fz; in equation (32) is given as following

Fr 2 g

Umu
L= £
“mﬂ

The transformation matrix between Fzzin equation (29) and Fzz in equation (33) is given as following
‘o0 8 oy

Ia g2 nl

Fpo =25,

The transformation matrix between Fzzin equation (29) and Fz;in equation (34) is given as following

0 B D
e 8% 8

‘oo 1
Fro —Fyy

The transformation matrix between F:in equation (7) and Fzin equation (8) is given as following

The transformation matrix between F;4in equation (11) and F;zin equation (13) is given as following
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The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

The transformation matrix between

Fie —’:Fll;
F, s in equation (16) and F3;in equation (36) is given as following
|'

Fig —’:F'Jﬁ

ml""ﬂ
el SR
I"'UU

F, s in equation (16) and F3;in equation (37) is given as following

Fie —>:F='

H oo
o
“l:li:l

F, s in equation (16) and Fzzin equation (38) is given as following
I

Fie —:"IF'JE

ml""ﬂ
e Sl e
'mmlj

F, s in equation (16) and Fzzin equation (39) is given as following

Fig —’:F'n;

e
R
CC

F34in equation (21) and Fzzin equation (22) is given as following
8 0 D
o & 1)
Fy "D—L‘E";:,E::

F34in equation (21) and Fzzin equation (23) is given as following
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/80
[o g2
‘o o @
Fy ——— F;

29

[

The transformation matrix between T, in equation (21) and Fz4in equation (24) is given as following

I I R
[o 82 8|

‘o o 8%
Fpy ——F,

The transformation matrix between T, in equation (21) and Fsin equation (25) is given as following

8

b oY
0ot oof
Fay ooz Fae
The transformation matrix between T, in equation (21) and F¢in equation (26) is given as following

‘8

ooy
018
\0 0 1/

Fy — F

The transformation matrix between F;;in equation (27) and F;zin equation (28) is given as following

I
(o 8 1]
‘o o 8
Fog — Fxe

The transformation matrix between F,zin equation (42) and F;z in equation (43) is given as following
The transformation matrix between F,zin equation (42) and F,;in equation (44) is given as following

The transformation matrix between F,zin equation (42) and F;sin equation (45) is given as following

R Y
o 8 of

R
Foo—Fs

The transformation matrix between F,zin equation (42) and F;zin equation (46) is given as following

0o By
o 8% o

A I
Fpp—F

The transformation matrix between F;;in equation (42) and F;;in equation (47) is given as following

The transformation matrix between Fyzin equation (48) and Fysin equation (49) is given as following :
P T Y
[0 o 82 |
o1 oo
Foo—Fs

The transformation matrix between Fyzin equation (48) and F;in equation (50) is given as following :
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I

[0 o 1|

‘o 8% o/
Fopop —F5

Therefore, the number of different cubic curves is shown in following theorem as follows :
Theorem 2.1 :- on PG(2.4) there are precisely 18 distinct cubic curves which given in Table 1

Where X represents the infliction points.

Table 1: The distinct cubic curves in PG{? j

T
I
B
I
I
I
G

F, = }-'z: + xyz 4 P+ Ex}-':
F:= _',,-'z: + xyz 4 P+ E.r:y + .r_}-‘:

Fo=vzi+xyz +x¥ +8x%y + Buy?

Fo =zl + 2yt + 28 + 2y + gyF

incomplete

Fi- =z:}-‘ + z_}-‘: +x¥ 4 E.r}-': + E'}-'!

Fog = z:y + z_}-‘: + g -I—.r_',,-': + E‘_}-‘!

Fyp = x4+ E‘_}-‘! + gz

Fy = .r_}-': +xlz 4 E‘_}-‘z:

Fpx = x}-': +xiz 4 E}rz: + {.r! + Efy! + 8%z 4 Bxyz)

:F;B = xy? +x%z + xF
L'F'E_j_ =xy* 2 x? z-l—_'),z

89
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The number of distinct cubic curves is 18 see table 1, one of them is given as following : F, = x*+ ¥* +z* | The points
of PG(2.4) on F, are [1,1.0],[01.1] 6, 0.1] [1.0.1][8% 0.1],
[6%1.01,[0.6% 1],[6.1.01,[0.6.1]. After calculations and help the computer, we are note that the number of matrices which are
stabilizing of F; and their order is 216, and we can not write them, because they are too much.
Therefore, the stabilizer group of F, which is denoted by Gz contains

= 9 matrices of order 2;

= 80 matrix of order 3;

= 54 matrix of order 4;

= 72 matrix of order 6;

= The identity matrix.

Another one of the cubic curves which givenin Table 1 is %, = x* + y* + z¥ + xyz The points of PG(2.4) on F, are
[1.1.0],[0,1.1] [, 0.1] [1.0,1] [1.1,1] [6%0.1] [6°, 1,01 [0.6° 1] [, 1.00,[0, 6. 1] [6%, 6.1],[6.67. 1]. After calculations and help the
computer, we are note that the number of matrices which are stabilizing of F; and their order is 54, and we can not write them,
because they are too much.

Therefore, the stabilizer groups of F; which is denoted by &=, contains
= 9 matrices of order 2;
= 26 matrix of order 3;
= 18 matrix of order 6;
= The identity matrix .
Form [6], Gz, isisomorphicto Zg % Z3 xZ3 ,thatis Gr, = Zg x £3 % I3,

Another one of the cubic curves which given in Table 1 is
Fo=xylx +y) +2° The points of PG(2,4) on Fs are
[1.0.0],[0.1.0],[1. 8% 1] [1.1.0] [8,. 1.1] [1.6.1] [8%. 6. 1] [82, 1.1] [6. 67, 1]. After calculations and help the computer, we are note that
the number of matrices which are stabilizing of F: and their order is 216, and we can not write them, because they are too much.

Therefore, the stabilizer group of Fs which is denoted by Gz, contains
= 9 matrices of order 2;
= 80 matrix of order 3;
= 54 matrix of order 4;
= 72 matrix of order 6;
= The identity matrix .

Another one of the cubic curves which given in Table 1 is Fy = xylx + y) + 8z The points of PG(2.4) on F; are
[1.0.0],[0.1.0],[1.1.0].  After calculations and help the computer, we are note that the number of matrices which are stabilizing of
F; and their order is 288, and we can not write them, because they are too much .

Therefore, the stabilizer group of F; which is denoted by Gz, contains
= 27 matrix of order 2;
= 80 matrix of order 3;
= 36 matrix of order 4;
= 144 matrix of order 6;
= The identity matrix .
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Another one of the cubic curves which given in Table 1is  F; = xyz + 8(x + v +z)?
. The points of PG(2.4) on F; are [1.1.0] [0.1.1][#,1,1],[1,0,1] [1.4.1],[8%, 6%, 1],. To find the stabilizer group of F-, we are

doing calculations by help the computer, thus the transformation matrices which stabilizing of F; and their order are shown as
follows :
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g 1 @ gt g g° gt g g° g 1 &
0 0 e:)& (1 0 u):i (e R e=):2, g8 8 1)=3
16 68 82 g% a8 0 0 1 6* 0 0

g & 1 g & 1
g% 0 [I) $3, 11 8 ﬁ‘)=3;
g 1 @ 0 8% 0

Therefore, the stabilizer groups of F: which is denoted by Gz contains
= 9 matrices of order2;
= 8 matrices of order 3;
= 6 matrices of order 4;
= The identity matrix .
Form [6], Gz, isisomorphicto §4 |, thatis Gr, = 5.

Let Fr = [6.1.1].[1.6.1].[6%.6%.1] be a subset of F- which is forming by partition the F into two sets such that F=
dose not contains the inflection points of F>, so we note that F; 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 F7 and their order is 54, and we can not write them,
because they are too much

Therefore, the stabilizer group of F; which is denoted by Gz+ contains
= 9 matrices of order 2;
= 26 matrix of order 3;
= 18 matrix of order 6;
= The identity matrix.
Form [6], Gz; isisomorphicto Zg % Z3 x Z3 | thatis Gz = Zg x Z3 % £3.
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Another one of the cubic curves which given in Table 1 is Fy = yz* + xyz + x* + xy* . The points of PG(2.4) on F; are
[0.1.0],[0.0.1],[1.1.0],[6. 1.1] [1.1.1] [6°% 6.1] [6%1.1] [6. 6%1]. To find the stabilizer group of Fs, we are doing calculations by help
the computer, thus the transformation matrices which stabilizing of F; and their order are shown as follows :

1 0 0 g 0 &
01 []) 1, |0 @ EI) 12
0 01 oo a
Therefore, the stabilizer groups of F; which is denoted by &z
= One matrix of order 2;

= The identity matrix.
Form [6], Gz, isisomorphicto Z7 ,thatis Gz, = Z3 .
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, contains

Let F2 = [0.1.0].[1.1,0].[1,1.1L.[8%, 1.1] be a subset of F; which is forming by partition the F into two sets such that

Fz dose not contains the inflection points of Fz, so we note that Fz represents an are of degree two. Also, to find the stabilizer
group and their order of Fg , by some calculation, we obtain

1 00 1 00 1 0 0 1 0 0
o1 U)ll, 01 0)12, g g° 32)12, g &7 E‘:)l‘l'
oo 1 g 0 1 1 1 @t gt @8 @t

10 0 i 00 i 0 0 i 0 0
11 n):z, 11 n):z, gt g2 9=):=1-, g g E:) 2
i 0 1 g2 0 1 I - g 1 g°

i 1 & 1 1 8 11 8 i 1 0
T n) 3.lo gt u):z, g & 9):3, g g E) 2,
0o 8t & g 1 1 1 0 &° g2 g 0

11 0 i 1 8 i 1 8 i 1 8
] 9) 4,01 & @& |:3.]g* g u) 4, g% gt n) 3
18 0 g 0 @° 01 1 g 8% @8

T,
[ R e R
o T
=y
\"‘-_-""F-
w
T,
s R R
Tom B
[ = ="
o S
1
.,
[E RS
ql?lmml
=
w
T,
Lom
mql?l
[
o S
e

1 8% 1 1 8 1 1 8 1
1 1 14,01 1 1):3.08* 1 1
1 0 & g2 1 0 oo g

Therefore, the stabilizer group of Fz which is denoted by Gz, contains
= 9 matrices of order 2;
= 8 matrices of order 3;
= 6 matrices of order 4;
= The identity matrix.
Form [6], Gz; is isomorphic to 54, thatis Gz = §j.
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Another one of the cubic curves which given in Table 1 is F; = yz® + xyz + x* + 8x¥y* The points of PG(2.4) on F,
are [0.1.0],[0,0.1],[1, 6,11 [6% 1.0]. To find the stabilizer group of F.,, we are doing calculations by help the computer, thus the
transformation matrices which stabilizing of F;; and their order are shown as follows :

0 8 @ 0D 8 & 08 1 0
(n 1 n):ﬁ,(n 1 U):E ,(u 1 u):z ,(n
g 8% 0 g g* & 16 0 1
0o 8 @° 0 8 @82 100 g
([] 1 U):ﬁ,(u 1 U):S,(U 1 []):1,([]
g 1 0 gt 1 g2 001 g
g 0 # g 0 & g & 0 g & 0
(n g u):z ,(n g n):z ,(n g2 n):z ,(n gt D):ﬁ
oo 8 g 82 0 0o o & g 6 @
g 8 & g 8 & g 1 0 g 1 0
(u gt n):ﬁ,(n g2 n):a,(n 1 n):a,(n 1 U):ﬁ
0o o0 & g 82 0 00 @ g 68 @
g 1 @ g 1 &
(n 1 n):ﬁ,(n 1 n):z
o0 @ g &2 0

Therefore, the stabilizer groups of F.; which is denoted by &z,
= 3 matrices of order 2;
= 8 matrices of order 3;
= 6 matrices of order 6;

= The identity matrix .
Form [6], Gz, isisomorphicto 83 = Z3 | thatis Gz, = 53 ® 23

11 11

T o om— o
Lo T |
\"‘-_-""F-
[

, contains

Let 7, = [0,1.0, [0,0.1] be a subset of F,; which is forming by partition the Fi; into two sets such that F.'; dose not
contains the inflection points of F;, so we note that F5 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 F; and their order is 288, and we can not write them
, because they are too much

Therefore, the stabilizer group of F;; which is denoted by Gz contains

= 27 matrix of order 2;
= 80 matrix of order 3;
= 36 matrix of order 4;
= 144 matrix of order 6;
= The identity matrix .
Drawing of 7 is given in figure 4 as following :
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Figure 4 : drawing of F;

Another one of the cubic curves which given in Table 1 is
Fis = vzl + xyz + x° +8x%y + xy? The points of PG(2.4) on F.s are [0,1.0],[0,0.1],. After calculations and help the computer,
we are note that the number of matrices which are stabilizing of F,: and their order is 288, and we can not write them, because they
are too much.

Therefore, the stabilizer group of F. s which is denoted by Gz,. contains
= 27 matrix of order 2;
= 80 matrix of order 3;
= 36 matrix of order 4;
= 144 matrix of order 6;
= The identity matrix .

Another one of the cubic curves which  given in  Table 1 is Fog =vz® +xyz +x° + 8x%y + 6xy® The points of
PG(2.4) on F, are [0.1.0] [0,01] [6.1.1] [6.6.1] [8% 6% 1] [6%6.1]. To find the stabilizer group of F.;, we are doing
calculations by help the computer, thus the transformation matrices which stabilizing of F,z and their order are shown as follows :

100 1 8 0 18 1 10 1
D1 D):I,U 1 n):z,u n):z,u 1 u):z
Do 1 Do 1 0o 1 0o 1
18 1 10 1 10 0 1 8 0
D0 9=):2, 0 9=):4, o o r;?:):z, 00 9=):+
D& 0 08 o0 08 0 08 0
1 0 0 1 1 o1 1 o & @-°
gt @ E)=2, gl Ef):ﬂh 1 g2 9:):3, 1 g2 33):3
1 1 8 1 ] g & @° g 8 @g°
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1 0 1 1 & 0 0o &8 @° o0 1 1
g* @ 1):3, g* B8 1):3, 1 gt a):EJ 1 8t 5‘):+
1 1 8° 1 1 &° g 8 1 g 8 1
Therefore, the stabilizer groups of T,z which is denoted by Gz
» 9 matrices of order 2;
= 8 matrices of order 3;
= 6 matrices of order 4;

= The identity matrix .

Form [6], G, isisomorphic to 3y ,thatis Gr,, =3y .

L contains

Let 7, = [0,1,01.[6.6.1].[6%.6% 1] be asubsetof F.; which is forming by partition the F;s into two sets such that F.’
dose not contains the inflection points of F; s, so we note that F'; 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 F’zand their order is 54, and we can not write them,
because they are too much

Therefore, the stabilizer group of Fi's which is denoted by G- contains
= 9 matrices of order 2;
= 26 matrix of order 3;
= 18 matrix of order 6;
=  The identity matrix.
Form [6], Gz;, isisomorphicto Zg % Z3 X 23 ,thatis Gz;, = Zg xZ3 % Z3.
Another one of the cubic curves which given in Table 1 is
Fio =2y +zy* + 2% + 8y? The points of PG(2.4) on Fyy are [0.0,1],. After calculations and help the computer , we are note that
the number of matrices which are stabilizing of Fz; and their order is 2880, and we can not write them, because they are too much.
Therefore, the stabilizer group of Fzz which is denoted by &z _ contains
= 73 matrix of order 2;
= 512 matrix of order 3;
= 180 matrix of order 4;
= 384 matrix of order 5;
= 958 matrix of order 6;
= 772 matrix of order 15;
= The identity matrix.

Another one of the cubic curves which given in Table 1 is Fpy =z'v +zv? +x3 + xy* + 6v% The
points of PG(2.4) on Fy, are [0.0,1] [1.6% 1] [8% 1.0],[6% 6,1] [6% 1.1]. To find the stabilizer group of Fy;, we are doing
calculations by help the computer, thus the transformation matrices which stabilizing of Fz; and their order are shown as follows :

1 0 1
,(1 E‘)=2,(1
0 1 0
0 1 1 1
1):2,(1 1)“1-,(1
1 0 1 0
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Therefore, the stabilizer groups of Fz; which is denoted by &, contains
= 5 matrices of order 2;
= 2 matrices of order 4;
= The identity matrix.

Form [6], Gz,,isisomorphicto Dy ,thatis Gz, =Dy .

Another one of the cubic curves which given in Table 1 is Fyr =2y +zy* + 2% + Bxy? + 6y* The points of
PG(2.4) on Fy; are [0.0.1] [1.1.0] [8.1.1] [1.1.1] [#% 1,01 [8,1.0] [82.1.1]. To find the stabilizer group of F.;, we are doing
calculations by help the computer, thus the transformation matrices which stabilizing of Fz; and their order are shown as follows :

1 0 0 g2 0 0 1 0 0

(n 1 U):l,(n g):ﬁ,(ﬂ 1 1):2,
0 0 1 -] 00 1
g 0 i g 0 g 0 0

([] g []):3([] []):3, (EI g* E:):ﬁ
0 0 @° 0 ] 0 o @&

Therefore, the stabilizer groups of F:; which is denoted by &=,. contains
= One matrix of order 2;
= 2 matrices of order 3;
= 2 matrices of order 6;
= The identity matrix.
Form [6], G=,.isisomorphicto £; ,thatis Gz, = Zg.
Another one of the cubic curves which given in Table 1 is  Fg =z y +zy® + 6x* +xy* + 6y* The points of
PG(2.4) on Fy are [0.0.1])[8.6,1]1 [6% 6% 1]. After calculations and help the computer, we are note that the number of matrices
which are stabilizing of F;; and their order is 288, and we can not write them, because they are too much .

I

L T

Therefore, the stabilizer group of F;5 which is denoted by &z, contains
= 27 matrix of order2;
= 80 matrix of order3;
= 36 matrix of order4;
= 144 matrix of order 6 ;
= The identity matrix ;

Another one of the cubic curves which given in  Table 1 is  Fyp =x° +68y® + 6°z% The points of PG(2.4) on
Fy are [1,6%,1][6,1.1] [1,1.1] [8.6.1] [1,6.1] [6%, 67, 1] [8%, 6.1] [8%, 1,1] [8. 67, 1]. After calculations and help the computer, we
are note that the number of matrices which are stabilizing of Fy; and their order is 54, and we can not write them , because they are
too much.

Therefore , the stabilizer groups of i which is denoted by Gz, contains
= 9 matrices of order 2;
= 26 matrix of order 3;
= 18 matrix of order 6;
= The identity matrix.
Form [6], Gz, isisomorphicto £g % &3 x Z3,thatis Gz, =2 X Z3 xZ3 .

a0
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Another one of the cubic curves which given in Table 1 is F,; = xy® + x%z + 6yz® . The points of PG(2.4) on
Fyare [1.0.0],[0.1.01,[0.0.1]. After calculations and help the computer, we are note that the number of matrices which are stabilizing
of F;;and their order is 54, and we can not write them , because they are too much .
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Therefore, the stabilizer groups of Fy; which is denoted by G,
= 9 matrices of order 2;
= 26 matrix of order 3;
= 18 matrix of order 6;
= The identity matrix.
Form [6], Gz, isisomorphicto Zg x Z3 % Z3 ,thatis Gz, = Zgx £3 % Z3 .

, contains

Another one of the cubic curves which given in Table 1 is
Fpz = x}r: +xiz 4+ ﬁ‘}-‘z: + (x* + E‘_‘;,-‘! + 8%z ¢+ 5‘.1’}-‘2:] .The points of PG(24) on Fiz are
[6.1.1],[1.1.1] [6.6.1],[8% 0.1] [8% 1.0] [0.6% 1]. To find the stabilizer group of F;, we are doing calculations by help the
computer, thus the transformation matrices which stabilizing of Fy; and their order are shown as follows :

1 00 oo g 0 & 0
o1 U):l, g 0 []):3, 0 0 E‘):E
oo 1 0 8% 0 g 0 0

Therefore, the stabilizer groups of F;z which is denoted by Gz,
= 2 matrices of order 3;
= The identity matrix.

Form [6], Gz, is isomorphic to Z3 , thatis Gr,,

contains

Iz

Zy

Another one of the cubic curves which  given in  Tablel is Fie = x¥* + x*z + x*The points of PG(2.4) on Fyg are
[0.1.0],[0.0,1] [1.1,0],[0.1.1] [6. 1.1] [1.0.1] [0, 8%, 1] [0, 6. 1] [8%.1.1] . To find the stabilizer group of Fie, we are doing calculations
by help the computer, thus the transformation matrices which stabilizing of F,z and their order are shown as follows :

10 0 g2 1 0 g 1 0 g2 1 @
0D 1 U):l, 0D a n)=3, o gt u)=3, 0 g* n)=2
00 1 o 0o 1 o0 1 0o o0 g°
gt pt g 1 0 @2 g 1 8 g g 8
0 1 of:3.l0 6 o0 :3.00 1 0]:3.l0 g% 0]):3
0o o0 @ 0o o 8 0 0 & o0 1

2

P
[ O
=

g @ 10 @ i1 @ g2 8 1
u):z, 0D @8 u):a, o g° n)=3, 0 g° u)=
g D o g° 0 0 @ o o g°
g & 1 g & & gt g g?
2.0 0 1):2, o0 e)=2J 0o 0 1)=2
0 8% 0 0D g 0 0 & 0
0 gt 0 1 1 0 0
gtl:4.lo0 o @f:=4.{0 0 1]):2
0 0D 1 0 D1 0

)
T,
oo P Som
UP:DQ:‘ = oo I
O I
[ ]
ofrm T2
o S
.- ;
1
T,
[ T e B =)
oo T
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g 0 1 g2 1 8 18 1 i 8 0
o0 EF):‘L 00 r;'F):‘L 0 0 Bz):EJ 0 0 ﬁ')w
01 0 o 8* 0 0o& 0 o 8t 0

Therefore, the stabilizer groups of Fye which is denoted by G, contains
= 9 matrices of order 2;
= 8 matrices of order 3;
= 6 matrices of order 4;
= The identity matrix.
Form [6], G=,.isisomorphicto 3y ,thatis Gz, =3y .

Another one of the cubic curves which given in Table1l is Fs =x¥®+ x%z+ yz? The points of PG(2.4) on
Fsy are [1.0,0][0.1.0] [0.,0.1] [1.8% 1] [8, 1.1] [5.6.1] [1.6.1] [87. 6%, 1] [8%. 1.1] After calculations and help the computer, we are
note that the number of matrices which are stabilizing of Fz; and their order is 54, and we can not write them, because they are too
much.

Therefore , the stabilizer groups of Fz; which is denoted by Gr_, contains
= 9 matrices of order 2;
= 26 matrices of order 3;
= 18 matrices of order 6;
= The identity matrix.

Form [6], Gx_,is isomorphic to g % Z3 = Z3,thatis Gr,, =Zg X Z3 x Z3.
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