
  
 
 

403 
 

IHJPAS. 37 (1) 2024 

Ibn Al-Haitham Journal for Pure and Applied Sciences 

Journal homepage: jih.uobaghdad.edu.iq 

PISSN: 1609-4042, EISSN: 2521-3407 

  

 

 

 

 

   

1Mohammed Salah Aldeen Zidan*   2Niran Sabah Jasim   3Azza I.M.S. Abu-Shams       

          4Ahmad Issa  
1 Ministry of Education, Directorate General of Education karkh 1, Baghdad, Iraq. 

2 University of Baghdad, College of Education for Pure Science Ibn Al-Haitham, Department of 

Mathematics, Baghdad, Iraq. 
3 Philadelphia University, College of Science, Mathematics Department, Ammaan Jordan. 
4 Karabük University, Faculty of Science, Department of Mathematics, Karabük, Türkiye. 

 

 

*Corresponding Author. niraan.s.j@ihcoedu.uobaghdad.edu.iq 

 

 

 

 

Abstract   

        The set of all (n×n) non-singular matrices over the field F this set forms a group under the 

operation of matrix multiplication. This group is called the general linear group of dimension n over 

the field F, denoted by GL(n, F). The determinant of these matrices is a homomorphism from 

GL(n, F) into F* and the kernel of this homomorphism was the special linear group and denoted by 

𝒮ℒ(n, F). Thus 𝒮ℒ(n, F) is the subgroup of GL(n, F) which contains all matrices of determinant one. 

The rational valued characters of the rational representations written as a linear combination of the 

induced characters for the groups 𝒮ℒ(2, 57) discuss in this paper and find the Artin indicator for this 

group after study the rational valued characters of the rational representations and the induced 

characters.  
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1. Introduction 

        The group of all matrices of determinant 1 is symbolize by 𝒮ℒ(n,F), [1,2], searchers in [3] define 

the representation of the group.  

Authors in [4,5] study the character table of rational representations for the group 𝒮ℒ(2, 𝑝), 

while the authors in [6] study and find the periodical split for the groups PSL(2,31) and 

PSL(2,37) and the authors in [7] survey and get the calculation for the groups SL(2,U),               

U = 31 and 37. While the authors in [8] obtain the same results for the 𝒮𝒰𝒯(2, 𝓅), where                 

𝓅 = 3, 5, 7. Searchers in [10,11] study the New algorithm for number recognition and Symmetric   

generalized respectively. We apply the same idea in [4-8] to compute the character table of rational 

representations for the group 𝒮ℒ(2, 57). Also we apply the same idea in [9-13] to compute the 
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Artin indicator for this group. We count all cyclic subgroup, Artin indicator, the rational valued 

characters of the rational representations and the induced characters for the group 𝒮ℒ(2, 57) in 

this work. 
 

2.  Basic Concepts 

Theorem  2.1:  [14-16] 

   𝒮ℒ(2, 𝓆𝓃) =  𝓆𝓃  ( 𝓆2𝓃  –   1). 
 

Definition 2.2: [17-21] 

    Let H be a cyclic subgroup of a group G, and  be a class function of H. Then  
m

GG

i

i 1H

C (g)
(g) (x )

C (g) =

  = 
 

 

Definition 2.3: [22-25] 

        The character induced from the principal character of a cyclic subgroups of G is called 

Artin character. 
 

Definition 2.4: [26-30] 

        Let G be a finite group and let  be any rational valued character on G. The smallest 

positive number n such that, 
c c

c

n a =  , where acZ and c is Artin character, is called the 

Artin exponent of G and denoted by A(G). 
 

3- The Outcome 

        Authors in [4-8] study the character table of rational representations for the group 𝒮ℒ(2, 𝑝) 

we apply that idea and compute the character table of rational representations for the group 

𝒮ℒ(2, 57). Also we apply the same idea in [4,9] to compute the Artin indicator for this group. 

        The character table of rational representations for the group 𝒮ℒ(2, 57) is  

 

Table 1. The character table of rational representations for the group 𝒮ℒ(2, 57) 

Cg 1 z c = d zc = zd a a 2 a 4 a 19531 

|Cg | 1 1 3051757812 3051757812 6103593750 6103593750 6103593750 6103593750 

|CG(g)

| 

47683715812500

0 

4768371581250

00 
156250 156250 78124 78124 78124 78124 

1G 1 1 1 1 1 1 1 1 

ψ 78125 78125 0 0 1 1 1 1 

χ1 3051601560 -3051601560 39060 -39060 0 4 -4 0 

χ2 762900390 -762900390 9765 9765 1 -1 0 -19530 

χ4 762900390 762900390 9765 9765 -1 0 0 19530 

χ19531 156252 -156252 2 -2 0 -4 4 4 

1θ 1959974912 -1959974912 -25088 25088 0 0 0 0 

2θ 979987456 979987456 -12544 -12544 0 0 0 0 

3θ 979987456 -979987456 -12544 12544 0 0 0 0 

6θ 489993728 489993728 -6272 -6272 0 0 0 0 

29θ 69999104 -69999104 -896 896 0 0 0 0 

58θ 34999552 34999552 -448 -448 0 0 0 0 

θ87 34999552 -34999552 -448 448 0 0 0 0 

θ174 17499776 17499776 -224 -224 0 0 0 0 

θ449 4374944 -4374944 -56 56 0 0 0 0 

θ898 2187472 2187472 -28 -28 0 0 0 0 

θ1347 2187472 -2187472 -28 28 0 0 0 0 

θ2694 1093736 1093736 -14 -14 0 0 0 0 

θ13021 156248 -156248 -2 2 0 0 0 0 
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Complete Table 1. The character table of rational representations for the group 𝒮ℒ(2, 57) 

Complete Table 1. The character table of rational representations for the group 𝒮ℒ(2, 57) 

 

θ26042 78124 78124 -1 -1 0 0 0 0 

ξ 78126 78126 1 1 -2 2 2 -2 

η 156248 -156248 -1 1 0 0 0 0 

Cg b b 2 b 3 b 6 b 29 58b  87b  

|Cg | 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 

|CG(g)| 78126 78126 78126 78126 78126 78126 78126 

1G 1 1 1 1 1 1 1 
ψ -1 -1 -1 -1 -1 -1 -1 
χ1 0 0 0 0 0 0 0 
χ2 0 0 0 0 0 0 0 
χ3 0 0 0 0 0 0 0 
χ4 0 0 0 0 0 0 0 

1θ -2 2 4 -4 56 -56 -112 

2θ 1 0 -2 0 -28 0 56 

3θ 2 2 0 0 -56 56 0 

4θ -1 0 0 0 28 0 0 

5θ 2 -2 -4 4 0 0 224 

6θ -1 0 2 0 0 0 -112 

θ7 -2 2 0 0 112 -112 -224 

θ8 1 0 0 0 0 0 112 

θ 2 -2 -4 4 -56 56 112 

θ -1 0 2 -7 28 56 -56 

θ -2 2 0 -14 56 -56 -56 

θ 1 0 -7 7 -28 -28 -28 

θ -2 2 4 -4 -4 -4 -4 

θ 1 2 -2 -2 -2 -2 -2 

ξ 0 0 0 0 0 0 0 
η 4 -4 4 -4 4 -4 4 

Cg b174 b 449 b 898 b 1347 b 2694 13021b  26042b  

|Cg | 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 

|CG(g)| 78126 78126 78126 78126 78126 78126 78126 

1G 1 1 1 1 1 1 1 
ψ -1 -1 -1 -1 -1 -1 -1 
χ1 0 0 0 0 0 0 0 
χ2 0 0 0 0 0 0 0 
χ3 0 0 0 0 0 0 0 
χ4 0 0 0 0 0 0 0 

1θ 112 896 -896 -1792 1792 -25088 25088 

2θ 0 -448 0 896 -3136 12544 25088 

3θ 0 -896 896 0 -6272 25088 -25088 

4θ 0 448 -1568 -3136 3136 -12544 -12544 

5θ 0 -896 896 1792 -1792 -1792 -1792 

6θ 0 448 896 -896 -896 -896 -896 

θ7 224 896 -896 -896 -896 -896 -896 
θ8 224 -448 -448 -448 -448 -448 -448 
θ -112 -112 -112 -112 -112 -112 -112 
θ -56 -56 -56 -56 -56 -56 -56 
θ -56 -56 -56 -56 -56 -56 -56 
θ -28 -28 -28 -28 -28 -28 -28 
θ -4 -4 -4 -4 -4 -4 -4 
θ -2 -2 -2 -2 -2 -2 -2 
ξ 0 0 0 0 0 0 0 
η -4 4 -4 4 -4 4 -4 
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        This group has 22 cyclic subgroups generated by the conjugacy classes of the group. The 

induced character table for this group is: 

 

Table 2. The induced character table for the group 𝒮ℒ(2, 57) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cg 1 z c = d zc = zd a a 2 a 4 a 19531 

|Cg | 1 1 3051757812 3051757812 6103593750 6103593750 6103593750 6103593750 

|CG(g)| 476837158125000 
47683715812500

0 
156250 156250 78124 78124 78124 78124 

1 476837158125000 0 0 0 0 0 0 0 

2 95367431625000 95367431625000 0 0 0 0 0 0 

3 6103515624 0 2 0 0 0 0 0 

4 6103515624 3051757812 3 3 0 0 0 0 

5 6103593750 12207187500 0 0 2 0 0 0 

6 12207187500 24414375000 0 0 0 4 0 0 

7 24414375000 0 0 0 0 0 8 0 

8 119209289531250 
23841857906250

0 
0 0 0 0 0 39062 

9 12206875000 24413750000 0 0 0 0 0 0 

10 24413750000 0 0 0 0 0 0 0 

11 36620625000 73241250000 0 0 0 0 0 0 

12 73241250000 0 0 0 0 0 0 0 

13 353999375000 707998750000 0 0 0 0 0 0 

14 707998750000 0 0 0 0 0 0 0 

15 1061998125000 2123996250000 0 0 0 0 0 0 

16 2123996250000 0 0 0 0 0 0 0 

17 5480886875000 10961773750000 0 0 0 0 0 0 

18 10961773750000 0 0 0 0 0 0 0 

19 16442660625000 32885321250000 0 0 0 0 0 0 

20 32885321250000 0 0 0 0 0 0 0 

21 158945719375000 
31789143875000

0 
0 0 0 0 0 0 

22 317891438750000 0 0 0 0 0 0 0 
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Complete Table 2. The induced character table for the group 𝒮ℒ(2, 57) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cg b b 2 b 3 b 6 b 29 58b  87b  

|Cg | 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 

|CG(g)| 78126 78126 78126 78126 78126 78126 78126 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 

9 2 0 0 0 0 0 0 

10 0 2 0 0 0 0 0 

11 0 0 6 0 0 0 0 

12 0 0 0 12 0 0 0 

13 0 0 0 0 58 0 0 

14 0 0 0 0 0 116 0 

15 0 0 0 0 0 0 174 

16 0 0 0 0 0 0 0 

17 0 0 0 0 0 0 0 

18 0 0 0 0 0 0 0 

19 0 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 

21 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 0 
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Complete Table 2. The induced character table for the group 𝒮ℒ(2, 57) 

 

 

        Hence, the rational valued characters in the first tables is written as a linear combination of 

induced characters in the second table 

1 = 
1

5208
22 +  

1

26042
21 + 

1

5388
20 +  

1

2694
19 + 

1

1769
18 +  

1

898
17 + 

1

348
16 +   

1

174
15 + 

1

116
14 

+ 
1

58
13+ 

1

12
12+ 

1

6
11+ 

1

2
10 + 

1

2
9 + 

1

39062
8 + 

1

8
7 + 

1

4
6+ 

1

2
5 +  

1

3
4 

−7.45453901700382−2.53508877321131, 

Ψ=−
1

5208
22−

1

26042
21−

1

5388
20−

1

2694
19−

1

1796
18−

1

898
17−

1

348
16−

1

174
15−

1

116
14−

1

58
1

3-
1

12
12−

1

6
11−

1

2
10−

1

2
9 + 

1

39062
8 + 

1

8
7 + 

1

4
6 + 

1

2
5 + 8.19749763917372 + 

3.27824313576391, 

1 = −
1

2
7 + 6−130204 + 39060 3+ 

39706420735680

95376431625000
 2 + 

238031060800780

476837158125000
 1, 

 

2 = −0.49997 8 −
1

4
6 + 

1

2
5 + 32554 + 

109269428196208

95376431625000
2+ 

149031782399292

476837158125000
1, 

 

4 = 0.499978−
1

2
5 + 3255 4 + 

189275531789958

95376431625000
 2 + 

109811334644164

476837158125000
 1, 

Cg b 174 b 449 b 898 b 1347 b 2694 13021b  26042b  

|Cg | 
6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 6103437500 

|CG(g)| 78126 78126 78126 78126 78126 78126 78126 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 

11 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 

14 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 

16 348 0 0 0 0 0 0 

17 0 898 0 0 0 0 0 

18 0 0 1796 0 0 0 0 

19 0 0 0 2694 0 0 0 

20 0 0 0 0 5388 0 0 

21 0 0 0 0 0 26042 0 

22 0 0 0 0 0 0 5208 
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19531 = 0.000018 + 
1

2
 7 − 6-0.666674 + 23 + 0.0002523350784 2 + 0.0002613036685 1, 

 

1 = 4.8172022 − 0.9633721 + 0.3325920 − 0.6651819 −0.4988918+ 0.9977717 + 

0.3218416 − 0.6436815 − 0.4827614 + 0.9655213 − 
1

3
12+0.6666711 + 10 − 9 + 

8362.666674 − 250883 + 3.0562055844106 2 − 2.115323932444761, 

2 = 4.8172022 + 0.4816821 −  0.5820320 + 0.3325919 − 0.4988917+ 0.3218415 

− 0.4827613 − 
1

3
11 + 

1

2
9 − 0.000244 − 1.6663882111459 2 − 3.67124210011511, 

3 = − 4.8172022 + 0.9633721-1.1640720+0.4988918-0.9977717+ 0.4827614 

− 0.9655213 + 10 + 9 + 0.000244 −125443 −
294651553870827

95376431625000
2 + 

2.51318326553511, 

6 = − 2.4086022 − 0.4816821 + 0.5820320 −1.1640719 − 0.8730518+ 0.4988917 + 

0.4827613 − 
1

2
9 − 2090.666674 + 

1919847155587088

95376431625000
2 + 

2016598610418427

476837158125000
1, 

 

29 = − 0.3440922 − 0.0688121 − 0.3325920 + 0.6651819 + 0.4988918 − 0.9977717 + 

1.2873615 + 
1

3
12 − 0.6666711 − 10 + 9 + 298.66667 4 −8963 + 

7315381744325

95376431625000
2 

+ 0.22145714323811, 
 

58 = −0.1720422 − 0.3440621 − 0.1662920 − 0.3325919 + 0.4988918 + 0.4988917 

− 0.6436815 +  
1

3
11−

1

2
9−149.333344 + 1.2231960883785 2 + 0.48308533684041, 

 

87 = − 0.1720422 − 0.3440621 − 0.3325919 − 0.4988918+ 0.9977717 + 0.6436816 

− 1.2873615 − 0.9655214 + 1.9310313 + 10 − 9 + 149.333344 − 4483 + 

1.1566795612132 + 0.25580044650641, 
 

174 = − 0.0860222 − 0.0172021 − 0.0831520 − 0.1663919 − 0.2494418 − 0.4988917 + 

0.6436816 + 0.6436815 + 
1

2
9 − 74.666674 + 

15256741967469

9537641625000
 2 + 

54673491989306

476387158125000
1, 

 

449 = − 0.2150522 − 0.0043021 − 0.0207920 − 0.0415719 − 0.0623618 − 0.1247217 

− 0.3218416 + 0.6436815 + 2.0714314 − 0.9655213 + 
1

3
12 − 0.6666711 − 10 + 

9 + 18.666674 − 563 + 
3884984923184

95376431625000
2 + 

80933664633553

476387158125000
1, 

 

898 = −
1

93
22 − 0.0021521 − 0.0103920 − 0.0207919 − 0.0311818 − 0.0623617 

− 0.1609216 − 0.3218415 + 0.4827614 − 
1

2
13 − 0.5833312 + 

1

3
 11 − 

1

2
 9 

− 9.333334 + 
9514432370548

45376431625000
 2 +  

15253832651739

476387158125000
 1, 

 

1347 = −
1

93
22 − 0.0021521 − 0.0103920 − 0.0207919 − 0.031181 − 0.0623617- 

− 0.1609216 − 0.3218415 − 0.4827614 + 0.9655213 − 1.1666712 + 10 − 9 + 

9.333334 − 283+ 
818622717026

9537641625000
2 + 

6596680087056

476387158125000
 1, 
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2694 = − 
1

186
22 − 0.0010821 − 0.0052920 − 0.0103919 − 0.0155918 − 0.0311817 

− 0.0804616 − 0.1609215 − 0.2413814− 0.4827613 + 0.58333 12 −1.16667 11 

+ 
1

2
 9 − 4.66667 4 +

1797860434764

95376431625000
 2 + 

5071174336039

476387158125000
1, 

13021 = −
1

1302
22 − 0.0001521-

1

1347
20 − 0.0014819 − 

1

449
18 − 0.0044517 − 

1

87
16 

− 0.0229915 − 
1

29
14 − 0.0689713 − 

1

3
12 + 0.6666711 + 10 − 9 

+0.666674− 23 +0.00022940290922+0.0014695113016 1, 

26042 = −
1

2604
22 − 

1

13021
21−

1

2694
20−

1

1347
19−

1

898
18−

1

449
 17−

1

174
16−

1

87
 

15 −
1

58
14−

1

29
13−

1

6
12−

1

3
 11+ 10 + 

1

2
9−

1

3
4 + 

135292955728

95376431625000
2 + 

0.00076161008191, 

 = −
1

19531
8 + 

1

4
7 + 

1

2
6−

1

2
5 + 

1

3
4 + 

5086419272

95376431625000
2 + 

54932148435

476387158125000
1, 

 = −
1

1302
22 + 0.0001521−

1

1347
20 + 0.0014919 −

1

449
18 + 0.0044517 −

1

87
 16 + 0.02299 

15 −
1

29
14+ 0.0689713−

1

3
12+ 0.6666711−210 + 29 + 

1

3
4 − 3-0.0075290764184 

2− 0.00124077756381. 

Therefore  𝒜(𝒮ℒ(2, 57)) = 4768371581250001. 

 

4.  Conclusion 

From our work we deduced that 𝒜(𝒮ℒ(2, 5𝑛)) where 𝑛 is an odd number and 𝑛 ≥ 3 equal 

to the order of the group and the number of the induced characters Φ𝓈 equal to the number 

of the cyclic subgroups generated by the conjugacy classes of the group.  
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