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1 Introduction and Preliminaries 

The concept of  blocking in a mathematical sense, seems to have been around for 
decades. There is much literature on blocking sets in projective planes. In a 
projective plane, any two lines meet, and so if a set B of points contains a line, 
then it necessarily meets all the lines of the plane. A blocking set is a set B which 
meets all the lines but does not contain any line. Blocking sets containing a line 
will be called trivial. As a survey on blocking sets Desarguesian affine or 
projective planes, Blokhuis [2] is recommended.  The Fano plane that is the 
smallest projective plane has no blocking set, but any larger plane contains 
blocking sets.  

One of the most interesting questions about blocking sets is to determine the size 
of the smallest nontrivial one. In [3,4], Bruen proved that 1B q q≥ + +   for any 
nontrivial blocking set in a projective plane of order q. Moreover, if q is a squre 
then there are blocking sets of this size; they are precisely the Baer subplanes of 
order q . Bruen and Thas [5] showed that blocking sets of size 2q q+ +  
necessarily contain a Baer subplane.  
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It is well known that every projective plane also has an algebraic structure 
obtained by coordinatization. Conversely, certain algebraic structures can be used 
to construct projective planes. By done researches, so far it has been shown that 
the projective plane of order 2, 3, 4, 5, 7 and 8 are unique and projective plane of 
order 9 is not unique, also it has been found four distinct projective plane of order 
9. Uniqueness of the projective planes of order 8 is proved by using some special 
computer programs. Consequently, projective planes of order 2, 3, 4, 5, 7 and 8 
are field planes but only one of the projective planes of order 9 is.  
Another question about blocking sets is to determine the numbers of blocking sets 
in the projective plane of order same coordinatised by different algebraic 
structures. 
 
In this work,  we extend the above results about blocking sets to t-fold blocking 
sets in projective plane of order 25 coordinatised by elements of a different 
algebraic structure over the smallest cartesian group. 
 
We shall be interested t-blocking sets in the projective plane of order 25 
coordinatised by elements of the smallest cartesian group. So, we first recall some 
definitions. 
 
Definition 1.1 A t-blocking set B is a set of points in a projective plane of order q 
such that every line in this plane intersects B in at least t points. A t-fold blocking 
set k-set is a t-fold blocking set with k points.    
 
A general method of generating cartesian groups has been given by Panella in [6]. 
 
Definition 1.2 A system ( , , )S ⊕ ∗ is a Cartesian group if and only if the following 
conditions are satisfied: 
i) ( , )S ⊕  is a group 
ii) Each of equations a x b and x a b∗ = ∗ =  has a unique solution for all 

, {0}a b S∈ − , where 0 denotes the additive identity. 
iii) There exists an element e∈S  such that e x x e x for all x S∗ = ∗ = ∈ . 
iv) 0 0 0x x for all x S∗ = ∗ = ∈ . 
v) Given , , ,a b c d S∈ such that a≠c, there exists a unique x S∈ such that   
 
 a x b c x d∗ ⊕ = ∗ ⊕  
 
vi) Given , , ,a b c d S∈ such that a≠c, there exists a unique pair 2( , )x y S∈  such 
that 
 
 x a y b and x c y d∗ ⊕ = ∗ ⊕ =  
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Definition 1.3 The 651 points of 2P S  are the elements of the set 

[ ]{ } [ ]{ } [ ]{ }, : , : .x y x y S m m S Y∈ ∪ ∈ ∪  

The points of the form [ ],x y  are called affine points and the points of the form 
[m] and the unique point [Y] are called ideal points. The 651 lines of 2P S  are 
defined to be set of points satisfying one of the three conditions: 
 

[ ]{ } [ ]{ }
[ ]{ } [ ]{ }
[ ]{ } [ ]{ }

2

2

, , :

, :

m S Y

m k x y S y m x k m

x y S y Yλ λ

= ∈ = ∗ ⊕ ∪

= ∈ = ∪

∞ = ∈ ∪

 

 
The 625 lines having form y m x k= ∗ ⊕ and 25 lines having of the form x λ=  
are called the affine lines and the unique line <∞> is called the ideal line. 
 
    The system of points, lines and incidence relation given above defines a 
projective plane of order 25, which is the smallest Cartesian group plane 
CGP(2,25) in [1]. 
 
 
2 The Blocking Sets Construction 
 
A Baer subplane π  of CGP(2,25) is a collection of 31 points with the property 
that every line joining two points of π  contains precisely 6 points of π  . The 
points of π  together with the 31 secants thus obtained form the structure of a π . 
Every non-secant intersects π  in exacly one point. Hence a Baer subplane is a 
blocking set. Now, we will give the structure π  and write CGP(2,25,5). 
 
Let 5( , , )F + ⋅ be the field of integer modulo 5. Let { }5( , ) : ,S a b S a b F= ∈ ∈ and 
consider the addition and multiplication on S given by 
 
( , ) ( , ) ( , )a b c d a c b d+ = + +  
 
and  
 

2 1

( , ) ( , ) ( . , . ) 0
( . ( 2). . , . . ) 0

a b c d a c a d if b
a c a d b b c a d if b−

∗ = =⎧
⎨ − − − ≠⎩

 

 
The system ( , , )S ⊕ ∗ is a proper cartesian group. 
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That is the points have affine coordinates (x,y), where x,y are elements of 
( , , )S ⊕ ∗ . It is shown that there is a unique projective plane of order 5. In this case, 
the points and lines subplanes of order 5 of the smallest Cartesian group plane of 
order 25 as follows respectively; 
 
 
 
 
 
 
 

The points of the plane 
(00,00) (10,00) (20,00) (30,00) (40,00)
(00,10) (10,10) (20,10) (30,10) (40,10)
(00,20) (10,20) (20,20) (30,20) (40,20)
(00,30) (10,30) (20,30) (30,30) (40,30)
(00,40) (10,40) (20,40) (30,40) (40,40)
(00) (10) (20) (30) (40) 
(∞ )     

 
 
 
 
 

The lines of the plane 
[00,00] [10,00] [20,00] [30,00] [40,00]
[00,10] [10,10] [20,10] [30,10] [40,10]
[00,20] [10,20] [20,20] [30,20] [40,20]
[00,30] [10,30] [20,30] [30,30] [40,30]
[00,40] [10,40] [20,40] [30,40] [40,40]
[00] [10] [20] [30] [40] 
[∞ ]     
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Incidence Relation 
[00,00] (00,00) (10,00) (20,00) (30,00) (40,00) (00) 
[00,10] (00,10) (10,10) (20,10) (30,10) (40,10) (00) 
[00,20] (00,20) (10,20) (20,20) (30,20) (40,20) (00) 
[00,30] (00,30) (10,30) (20,30) (30,30) (40,30) (00) 
[00,40] (00,40) (10,40) (20,40) (30,40) (40,40) (00) 
[10,00] (00,00) (10,10) (20,20) (30,30) (40,40) (10) 
[10,10] (00,10) (10,20) (20,30) (30,40) (40,00) (10) 
[10,20] (00,20) (10,30) (20,40) (30,00) (40,10) (10) 
[10,30] (00,30) (10,40) (20,00) (30,10) (40,20) (10) 
[10,40] (00,40) (10,00) (20,10) (30,20) (40,30) (10) 
[20,00] (00,00) (10,20) (20,40) (30,10) (40,30) (20) 
[20,10] (00,10) (10,30) (20,00) (30,20) (40,40) (20) 
[20,20] (00,20) (10,40) (20,10) (30,30) (40,00) (20) 
[20,30] (00,30) (10,00) (20,20) (30,40) (40,10) (20) 
[20,40] (00,40) (10,10) (20,30) (30,00) (40,20) (20) 
[30,00] (00,00) (10,30) (20,10) (30,40) (40,20) (30) 
[30,10] (00,10) (10,40) (20,20) (30,00) (40,30) (30) 
[30,20] (00,20) (10,00) (20,30) (30,10) (40,40) (30) 
[30,30] (00,30) (10,10) (20,40) (30,20) (40,00) (30) 
[30,40] (00,40) (10,20) (20,00) (30,30) (40,10) (30) 
[40,00] (00,00) (10,40) (20,30) (30,20) (40,10) (40) 
[40,10] (00,10) (10,00) (20,40) (30,30) (40,20) (40) 
[40,20] (00,20) (10,10) (20,00) (30,40) (40,30) (40) 
[40,30] (00,30) (10,20) (20,10) (30,00) (40,40) (40) 
[40,40] (00,40) (10,30) (20,20) (30,10) (40,00) (40) 
[00] (00,00) (00,10) (00,20) (00,30) (00,40) (∞) 
[10] (10,00) (10,10) (10,20) (10,30) (10,40) (∞) 
[20] (20,00) (20,10) (20,20) (20,30) (20,40) (∞) 
[30] (30,00) (30,10) (30,20) (30,30) (30,40) (∞) 
[40] (40,00) (40,10) (40,20) (40,30) (40,40) (∞) 
[∞] (00) (10) (20) (30) (40) (∞) 

 
 
In this section, our program was written in MATLAB for the classification of the 
t-fold blocking sets in the Baer subplane which is the projective subplane of order 
5 of the projective plane of order 25 over the smallest Cartesian Group, 
CPG(2,25,5), using MATLAB was presented and were obtained some tests of the 
t-fold blocking sets in this work has been obtained using a computer-based 
exhaustive search. 
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Since Bose-Burton Theorem gives for every blocking set B in PG(2, q) has at least  
q + 1 points and 1B q= +  if and only if B is equal to line in [8], we will start to 
give some reseults of t-fold blocking sets at least 26 points, for each 

{1,2,3,4,5,6}t∈ , using MATLAB. 
 
 
 
 
Test 2.1  
 
1) The number of 1-fold blocking sets with 26 points of subplane of order 5 
of 2P S  is 187. 
 
2) The number of 2-fold blocking sets with 26 points of subplane of order 5 
of 2P S  is     11616. 
 
3) The number of 3-fold blocking sets with 26 points of subplane of order 5 
of 2P S  is 137921.  
 
4) The number of 4-fold blocking sets with 26 points of subplane of order 5 
of 2P S  is 20187.  
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Test 2.2  
 
1) The number of 2-fold blocking sets with 27 points of subplane of order 5 
of 2P S  is 465. 
 
2) The number of 3-fold blocking sets with 27 points of subplane of order 5 
of 2P S  is 15349.  
 
3) The number of 4-fold blocking sets with 27 points of subplane of order 5 
of 2P S  is 15651.  
 
 

 
 
 
Test 2.3  
 
1) The number of 3-fold blocking sets with 28 points of subplane of order 5 
of 2P S  is 619. 
 
2) The number of 4-fold blocking sets with 28 points of subplane of order 5 
of 2P S  is 3872.  
 
3) The number of 5-fold blocking sets with 28 points of subplane of order 5 
of 2P S  is 4. 
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Test 2.4  
 
1) The number of 4-fold blocking sets with 29 points of subplane of order 5 
of 2P S  is 465. 
 
2) The number of 5-fold blocking sets with 29 points of subplane of order 5 
of 2P S  is 9.  
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Test 2.5  The number of 5-fold blocking sets with 30 points of subplane of order 5 
of 2P S  is 31.  
 

 
 
 
Test 2.6  The number of 6-fold blocking sets with 31 points of subplane of order 5 
of 2P S  is 1.  
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