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ÍÛæ̃ Û¶ÛÛ : (1) ©Û¾ÛÛ¾Û ¸ÛóÊ¶ÛÛé ºõÁõÜ›÷ýÛÛ©Û ™öé ©Û¬ÛÛ ©Ûé¶ÛÛé •Ûä¨Û½ÛÛÁõ 14 ™öé. 
  (2) ÍÛÈÛÙªÛ ÍÛ×ïéõ©ÛÛé ¸Ûó˜ÛÜÅÛ©Û ™öé. 
  (3) ›÷¾Û¨Ûà ©ÛÁõºõ¶ÛÛ …×ïõ ›÷é ©Ûé ¸ÛóÊ¶Û/¸Ûé¤øÛ¸ÛóÊ¶Û¶ÛÛé •Ûä¨Û½ÛÛÁõ þùÉÛÛÙÈÛé ™öé. 
 
1. (…) ÍÛÛ¾ýÛ ÍÛ×¼Û×µÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé ©Û¬ÛÛ þùÉÛÛÙÈÛÛé ïéõ •Û¨Û A = Z × {Z – {0}} ¸ÛÁõ ›Ûé ad = bc, ©ÛÛé 

(a, b)S(c, d) ÈÛ¦éø ÈýÛÛ”ýÛÛÜýÛ©Û ÍÛ×¼Û×µÛ S …é ÍÛÛ¾ýÛ ÍÛ×¼Û×µÛ ™öé. 7 
      …¬ÛÈÛÛ 
  ÍÛ¾ÛæÐü¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé ©Û¬ÛÛ ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ¸Ûó©ýÛéïõ ÍÛ¾ÛæÐü (G, ∗) ¶Ûé …¶Û¶ýÛ …éïõ¾Û –Û¤øïõ     

ÐüÛéýÛ ™öé.  

 (¼Û) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ›Ûé ÍÛ¾ÛæÐü G ÍÛ¾Û’õ¾Ûà ÍÛ¾ÛæÐü ÐüÛéýÛ, ©ÛÛé …¶Ûé ©ÛÛé ›÷ ©Û¾ÛÛ¾Û a, b ∈ G ¾ÛÛ¤éø           
(ab)2 = a2b2 ¬ÛÛýÛ.  7 

…¬ÛÈÛÛ 
  ›Ûé ©Û¾ÛÛ¾Û a, b ∈ G = R ~{–1} ¾ÛÛ¤éø ∗ …é a ∗ b = a + b + ab ÈÛ¦éø ÈýÛÛ”ýÛÛÜýÛ©Û Ü’õýÛÛ ÐüÛéýÛ, 

©ÛÛé þùÉÛÛÙÈÛÛé ïéõ ∗ …é G ¸ÛÁõ¶Ûà ÜþùïÕõÜ’õýÛÛ ™öé ©Û¬ÛÛ (G, ∗) …é ÍÛ¾ÛæÐü ™öé. 
 
2. (…) ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ÍÛ¾ÛæÐü G ¶ÛÛ ïõÛé̂ ¸Û¨Û ¼Ûé Š¸ÛÍÛ¾ÛæÐü H …¶Ûé K ¾ÛÛ¤éø H ∩ K ¸Û¨Û G ¶Ûä× Š¸ÛÍÛ¾ÛæÐü 

ÐüÛéýÛ ™öé.    7 
…¬ÛÈÛÛ 

  þùÉÛÛÙÈÛÛé ïéõ šýÛÛÁéõ H …é G ¶Ûä× Š¸ÛÍÛ¾ÛæÐü ÐüÛéýÛ, ©ýÛÛÁéõ x ∈ G ¾ÛÛ¤éø x–1 Hx = {x–1 hx / h ∈ H} 
¸Û¨Û G ¶Ûä× Š¸ÛÍÛ¾ÛæÐü ÐüÛéýÛ ™öé. 

 (¼Û) ßÛÛ©Û ÍÛ¾ÛæÐü G ¶ÛÛ Š¸ÛÍÛ¾ÛæÐü H ¾ÛÛ¤éø ÅÛÛ•ÛóÛ¶›÷¶Ûä× ¸Ûó¾ÛéýÛ ÅÛ”ÛÛé …¶Ûé ÍÛÛÜ¼Û©Û ïõÁõÛé. 7 
      …¬ÛÈÛÛ 
  ÍÛ¾ÛæÐüÛé (i) (Z4, +4) ©Û¬ÛÛ (ii) ïõÅÛéˆ¶Û-4 ÍÛ¾ÛæÐü V4 ¾ÛÛ¤éø¶Ûà ÅÛé¤øàÍÛ …ÛïèõÜ©Û…Ûé þùÛéÁõÛé. 

 
3. (…) ’õ¾Û˜ÛýÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. S = {1, 2, 3} ¸ÛÁõ¶ÛÛ ©Û¾ÛÛ¾Û ’õ¾Û˜ÛýÛÛé¶Ûà ýÛÛþùà ¼Û¶ÛÛÈÛÛé ©Û¬ÛÛ ÍÛ¾ÛæÐü S3 

¶Ûä× ÍÛ¾ÛæÐü ïõÛéÌ¤øïõ ©ÛíéýÛÛÁõ ïõÁõÛé. ÈÛÇà ¤æ×øïõ¾ÛÛ× ›÷¨ÛÛÈÛÛé ïéõ S3 …é ÍÛ¾Û’õ¾Ûà ÍÛ¾ÛæÐü ™öé ïéõ ¶ÛÜÐü. 7 
…¬ÛÈÛÛ 

  Ü¶ÛýÛ©Û Š¸ÛÍÛ¾ÛæÐü¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé ©Û¬ÛÛ ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ›Ûé H …é ÍÛ¾ÛæÐü G ¶Ûä× Ü¶ÛýÛ©Û Š¸ÛÍÛ¾ÛæÐü 
ÐüÛéýÛ, ©ÛÛé …¶Ûé ©ÛÛé ›÷ ¸Ûó©ýÛéï a ∈ G ¾ÛÛ¤éø aHa–1 ⊂ H ¬ÛÛýÛ. 
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 (¼Û) ›Ûé f = 
⎝
⎜
⎛

⎠
⎟
⎞1 2 3 4 5 6 7 8 9 10 11 12

2 7 5 4 6 9 12 3 10 8 11 1
 ∈ S12 ÐüÛéýÛ, ©ÛÛé f …é ýÛä•¾Û ’õ¾Û˜ÛýÛ ™öé ïéõ 

…ýÛä•¾Û ’õ¾Û˜ÛýÛ ©Ûé ¶Û‘õà ïõÁõÛé. ÈÛÇà ©Ûé¶Ûà ïõ“ÛÛ 0(f) ¸Û¨Û ÉÛÛéµÛÛé. 7 
      …¬ÛÈÛÛ 

  …éÈÛÛ …ÍÛ¾Û’õ¾Ûà ÍÛ¾ÛæÐü¶Ûä× ŠþùÛÐüÁõ¨Û …Û¸ÛÛé ïéõ ›÷é¶ÛÛ ©Û¾ÛÛ¾Û Š¸ÛÍÛ¾ÛæÐüÛé Ü¶ÛýÛ©Û ÐüÛéýÛ. 

 
4. (…) ÍÛ¾ÛæÐü¶Ûà …éïõÄõ¸Û©ÛÛ ÈýÛÛ”ýÛÛÜýÛ©Û ïõÁõÛé. ÈÛÇà ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ÍÛ¾ÛæÐü¶Ûà …éïõÄõ¸Û©ÛÛ¶ÛÛé ÍÛ×¼Û×µÛ …é 

ÍÛÛ¾ýÛ ÍÛ×¼Û×µÛ ÐüÛéýÛ ™öé.  7 
…¬ÛÈÛÛ 

  ›Ûé H …é ÍÛ¾ÛæÐü G ¶Ûä× Ü¶ÛýÛ©Û Š¸ÛÍÛ¾ÛæÐü ÐüÛéýÛ, ©ÛÛé þùÉÛÛÙÈÛÛé ïéõ x ∈ G ¾ÛÛ¤é γ(x) = Hx ÈÛ¦éø 

ÈýÛÛ”ýÛÛÜýÛ©Û ÜÈÛµÛéýÛ γ : G → G/H …é ÈýÛÛ¸©Û ÍÛ¾ÛÄõ¸Û©ÛÛ ™öé. 

 (¼Û) ›Ûé H …é ÍÛ¾ÛæÐü G ¶Ûä× Š¸ÛÍÛ¾ÛæÐü ÐüÛéýÛ ©Û¬ÛÛ φ : (G, o) → (G', ∗) …é ÍÛ¾ÛÄõ¸Û©ÛÛ ÐüÛéýÛ, ©ÛÛé 
ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ φ(H) …é G' ¶Ûä× Š¸ÛÍÛ¾ÛæÐü ™öé.  7 

      …¬ÛÈÛÛ 

  ÍÛÛÜ¼Û©Û ïõÁõÛé ïéõ ÍÛ¾ÛÛ¶Û ïõ“ÛÛ¶ÛÛ ïõÛéˆ¸Û¨Û ¼Ûé ßÛÛ©Û ÍÛÜ’õýÛ ÍÛ¾ÛæÐüÛé …éïõÄõ¸Û ÐüÛéýÛ ™öé.  

 
5. ¶Ûà˜Ûé¶ÛÛ ¸Ûíéïõà ïõÛéˆ¸Û¨Û ÍÛÛ©Û¶ÛÛ ›÷ÈÛÛ¼Û ¤æ×øïõ¾ÛÛ× …Û¸ÛÛé : 14 

 (…) ÍÛ×Ü¾Û©Û ©Û¬ÛÛ ¸ÛÁ×õ¸ÛÜÁõ©Û ÍÛ×¼Û×µÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (¼Û) ÍÛ×•ÛÜ¥ø©Û ©Û¬ÛÛ ÍÛ¾Û’õ¾Ûà Ü³ùïÕõÜ’õýÛÛ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (ïõ) ÍÛ×Ü¾Û©Û ÍÛ¾ÛæÐü Sn ©Ûé¾Û›÷ …éïõÛ×©ÛÁõ ÍÛ¾ÛæÐü An ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (¦ø) ˜Û’õ ©Û¬ÛÛ ºéõÁõ¼ÛþùÅÛà¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (†) Š¸ÛÍÛ¾ÛæÐü H ¶ÛÛ þùÜ“Û¨Û ÍÛÐü•Û¨Û ©Ûé¾Û›÷ ©Ûé¶ÛÛ G ¾ÛÛ×¶ÛÛ ’õÜ¾Û©Û¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (ˆ) Ü¶ÛýÛ©Û Š¸ÛÍÛ¾ÛæÐü ©Û¬ÛÛ ½ÛÛ•ÛÛïõÛÁõàýÛ Š¸ÛÍÛ¾ÛæÐü¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (Š) ÍÛ¾ÛæÐü¶Ûà ÍÛ¾ÛÄõ¸Û©ÛÛ ©Û¬ÛÛ ©Ûé¶ÛÛ •Û½ÛÙ¶Ûà ÈýÛÛ”ýÛÛ …Û¸ÛÛé. 

 (Œ) ÍÛ¾ÛæÐü¶Ûà ÍÛ¾ÛÄõ¸Û©ÛÛ¶Ûä× ¸Ûó¬Û¾Û ¸Ûó¾ÛÛ¨Û½Ûæ©Û ¸Ûó¾ÛéýÛ ÈÛ¨ÛÙÈÛÛé.  

 (Þô) ïéõÅÛé¶ÛÛ ¸Ûó¾ÛéýÛ¶Ûä× ÜÈÛµÛÛ¶Û ÅÛ”ÛÛé. 
________ 
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Instructions : (1) All the questions are compulsory and carry 14 marks. 

   (2) Notations are usual, everywhere. 

   (3) Figures to the right indicate marks of the question/sub-question. 

 
1. (a) Define an equivalence relation and show that the relation S defined by (a, b)S(c, d) 

if ad = bc on the set A = Z × {Z – {0}} is an equivalence relation. 7 
      OR 
  Define a group and prove that every group (G, ∗) has a unique group identity. 

 (b) Prove that a Group G is commutative if and only if (ab)2 = a2b2, for all a, b ∈ G. 7 
OR 

  If ∗ is an operation defined as a ∗ b = a + b + ab for all a, b ∈ G = R ~{–1}, then 
show that ∗ is a binary operation and (G, ∗) is a group. 

 
2. (a) Prove that H ∩ K is a subgroup of G for any two subgroups H and K of a group G. 7 

OR 
  Show that x–1 Hx = {x–1 hx / h ∈ H} is a subgroup of G if x ∈ G and H is a 

subgroup of G. 

 (b) State and prove the Lagrange’s theorem for a subgroup H of a finite group G. 7 
      OR 
  Draw a Lattice Diagrams for the groups (i) (Z4, +4) and (ii) Klein 4-group V4. 

 
3. (a) Define a permutation. List all permutations on S = {1, 2, 3} and prepare the group 

table for S3. Also answer in short whether S3 is a commutative group or not. 7 
OR 

  Define a normal subgroup and prove that H is a normal subgroup of a group G if 
and only if aHa–1 ⊂ H for each a ∈ G. 
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 (b) If f = 
⎝
⎜
⎛

⎠
⎟
⎞1 2 3 4 5 6 7 8 9 10 11 12

2 7 5 4 6 9 12 3 10 8 11 1
 ∈ S12, then determine whether f is 

even or odd. Also find its order. 7 
OR 

  Give an example of a non-commutative group, each of whose subgroup is normal. 

 
4. (a) Define an isomorphism of groups. Also prove that the relation of group 

isomorphism is an equivalent relation. 7 
     OR 
  If H is a normal subgroup of G, then show that the map γ : G → G/H defined as 

γ(x) = Hx for x ∈ G is an onto homomorphism. 

 (b) If H is a subgroup of G and if φ : (G, o) → (G', ∗) is a group homomorphism, then 
prove that φ(H) is a subgroup of G'. 7 

OR 
  Prove that any two finite cyclic groups of the same order are isomorphic groups.  

 
5. Answer any seven of the followings in short : 14 
 (a) Define symmetric and transitive relations. 
 (b) Define an associative and a commutative binary operation. 
 (c) Define a symmetric group Sn and an alternative group An. 

 (d) Define a cycle and a transportation. 
 (e) Define the right coset of a subgroup H and the index of a subgroup H in a group G. 
 (f) Define a normal subgroup and the quotient group. 
 (g) Define a group homomorphism and its kernel. 
 (h) State the first fundamental theorem of the group homomorphism. 
 (i) State the Caley’s theorem. 

___________ 
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