
 

DS-103 1 P.T.O. 

Seat No. :  _______________
  

DS-103 
December-2025 

B.Sc., Sem.-III 
CC-202 : Mathematics 

(Group Theory) 
(New) 

 

Time : 2:30 Hours]  [Max. Marks : 70 

 

  (1)     . 
  (2)     . 
  (3)      /    . 
 

1. (A)  G = R – {–1}   *   a * b = a + b + ab . a, b  R – {–1}  
   *    (G, *)  . 7 

 (B)   .     G 7 

  (1)      . 
  (2)      . 

 
1. (A)    R  G = {a + b 2/a, b  Q, a2 + b2 = 0}    

    . 7 

 (B)           S   a b  a = 4   
b = 4    S  Z       ? 7 

 

2. (A)   G  H       . 7 

 (B)  H1  H2  G       H1  H2  G  .  
H1  H2  G   ?    .  7 

 
2. (A)      . 7 

 (B)  G  H   a, b  G     Ha = Hb     ab–1  H 
.  7 
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3. (A)     G  H       a G  aHa–1  H . 7 

 (B)  f = 1 2 3 4 5 6   g = 1 2 3 4 5 6 

   3 1 4 5 6 2   2 4 1 3 6 5  

    f, g Sn  (1) fog (2) gof (3) fgf–1 . 7 

 

3. (A) Sn          Sn      
 . 7 

 (B)  g = (1  7  3  13) (2  10  9)  S13   O(g) . 7 

 

4. (A)       . 7 

 (B)   H   G      : (G, o) (G, *)     
   (H)   (G)   . 7 

 

4. (A)      . 7 

 (B)             . 7 

 

5.        14 

 (1)         . 

 (2)     . 

 (3)       

 (4)  G = {–1, 1, –i, i}    G    . 

 (5)  (Z15, +15)   . 

 (6)  G = < a >  12      G   . 

 (7) R               . 

 (8)    . 

 (9)      . 

 (10)        . 

 (11) R     . 

 (12)        
______________  
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Instructions : (1) All questions are compulsory. 

   (2) Notations are usual everywhere. 

   (3) Figures to the right indicates marks of question/Sub-question. 

 

1. (A) Let * be an operation defined as a * b = a + b + ab for all a, b  R – {–1} = G 

then show that * is a binary operation and (G, *) is group. 7 

 (B) Define a Group. Prove that in a group : 7 

  (1) There exists unique identity in G. 

  (2) There exists unique inverse in G. 

OR 

1. (A) Prove that the subset G = {a + b 2/a, b  Q, a2 + b2 = 0} of R is a group under 

multiplication of two real numbers. 7 

 (B) Define an equivalence relation and check whether the relation S defined on Z by  
a – b if a = 4 and b = 4 is an Equivalence Relation or not. 7 

 

2. (A) State and prove Lagrange’s theorem for subgroup H of a finite group G. 7 

 (B) If H1 and H2 are subgroups of G, then prove that H1  H2 is also a subgroup of G. 

Is H1  H2 is always subgroup of G ? Justify your answer. 7 

OR 

2. (A) State and prove Fermat’s theorem. 7 

 (B) For a subgroup H of G and a, b  G, prove that Ha = Hb iff ab–1  H. 7 
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3. (A) Prove that a subgroup H of a group G is normal iff aHa–1  H for a G. 7 

 (B) For f, g  Sn then find (1) fog (2) gof (3) fgf–1 where 7 

  f = 1 2 3 4 5 6 and g = 1 2 3 4 5 6 

   3 1 4 5 6 2   2 4 1 3 6 5  

OR 

3. (A) Define a disjoint cycles in Sn. Prove that any two disjoint cycle in Sn are 

commutative. 7 

 (B) If g = (1  7  3  13) (2  10  9)  S13, then find O(g). 7 

 

4. (A) State and prove the Fundamental theorem of a Homomorphism. 7 

 (B) Let H be a Normal subgroup of a group G and  : (G, o) (G, *) be a group 

homomorphism. Then prove that (H) is a normal Subgroup of (G). 7 

OR 

4. (A) State and prove Caley’s theorem. 7 

 (B) Prove that any two finite cyclic group of the same order are Isomorphic groups. 7 

 

5. Attempt any Seven : 14 

 (1) Prove that cyclic group is always commutative. 

 (2) Define Cycle and Transposition. 

 (3) Define Alternative group and Quotient group. 

 (4) In a cyclic group G = {–1, 1, –i, i}, then find order of each element of G. 

 (5) Obtain all generators of a group (Z15, +15) 

 (6) If G = < a > is a cyclic group of order 12, then find all subgroups of G. 

 (7) Give an example of relation on R which is reflexive and transitive but not 
symmetric. 

 (8) State Euler’s theorem. 

 (9) Define left and right cosets. 

 (10) Define a Kernel of homomorphism and give an example. 

 (11) Give an example of a non-associative binary operation on R. 

 (12) Define subgroup and order of Group. 

______________ 
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  (1)    . 
  (2)       . 
  (3)       . 
 
1. (A)     .    V    7 

  (i) 0 = 0     
  (ii) 0u = 0  u  V  
  (iii) (–1)u = –u  u  V 

 (B)    (4, 5)  [{(2, 1), (3, 0)}]  (4, 5)  [{(2, 1), (6, 3)}]. 7 

 
1. (A)  U  W    V       U + W  V 

   U + W = [U  W] . 7 

 (B)    Rn           . 7 
 
2. (A)      . 7 

 (B)     B = {(1, 1, 1), (1, –1, 1), (0, 1, 1)}   V3   . 7 

 
2. (A)  V  n      p    p > n    

 . 7 

 (B) B = {(1, 1, 0, 0), (0, 1, 1, 0), (0, 0, 1, 1), (1, 0, 0, 0)}  V4    
(2, 3, 4, –l)   . 7 

3. (A)   T : U  V          
N(T)   U  . 7 

 (B) (x, y, z)  V3  T(x, y, z) = (x, x – y, x + y)      
T : V3  V3     . 7 

 
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3. (A)    T : U  V -     {u1, u2, u3, ..... un}  U 
        {T(u1), T(u2), T(u3) ..., T(un)}  V  
  . 7 

 (B)           7 

  (i) T : V3  V2   T(x, y, z) = (x + y, y + z),(x, y, z)  V3 . 
  (ii) S : V2  V3   S(x, y) = (x, x2, x3), (x, y)  V2 . 
 
4. (A)      m, n  mn . 7 

 (B)  A = 

















2 0 1 

1–3 1–

2 1–1 

     . 7 

 

4. (A)   A = 
3  2013

21–1









    B1 = {(1, 1, 1), (1, 2, 3), (1, 0, 0)}   

B2 = {(1, 1), (1, –1)}   R3  R2     B1  B2  
  A   . 7 

 (B)   T : R2  R2  T(x1, x2} = (2x1, 3x1 – 2x2)     R2 
 Bl = {(1, 1), (1, –1)}  B2 = {e1, e2}    (T : B1, B2) . 7 

 
5.      ( ) 14 

 (i)   V       ? 

 (ii)  R2         ? 

 (iii)   . 
 (iv)   . 
 (v)     . 
 (vi)  B = {e1, e2, e3}   B   . 
 (vii)  T : U  U      R(T) . 
 (viii)    . 
 (ix)  T : U  V      R(T)    U   V  ? 

 (x)    . 

 (xi)  A = 







2–0

1–1
  . 

 (xii)   A = (aij)m  n  B = (bij)m  n    (A + B)  . 

____________ 
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Instructions : (1) All questions are compulsory. 
   (2) Write the question number in your answer book as shown in the 

question paper. 
   (3) The figures to the right indicates marks of the question. 
 
1. (A) Define real vector space. In any vector space V, prove that 7 
  (i) 0 = 0 for every scalar . 
  (ii) 0u = 0 for every u  V. 
  (iii) (–1)u = –u for every u  V. 
 (B) Prove that (4, 5)  [{(2, 1), (3, 0)}] but (4, 5)  [{(2, 1), (6, 3)}]. 7 

OR 
1. (A) If U and W are two subspaces of a vector space V, then prove that U + W is 

subspace of V and U + W = [U  W]. 7 
 (B) Prove that Rn is a vector space under vector addition and scalar multiplication of 

the vectors. 7 
 
2. (A) State and prove dimension theorem. 7 
 (B) Prove that the set B = {(1, 1, 1), (1, –1, 1), (0, 1, 1)} is basis for vector space V3. 7 

OR 
2. (A) If V has basis of n vectors, then prove that every set of p vectors with p > n, is 

linearly dependent. 7 
 (B) Find the coordinate vector of the vector (2, 3, 4, –l) relative to the ordered basis    

B = {(1, 1, 0, 0), (0, 1, 1, 0), (0, 0, 1, 1), (1, 0, 0, 0)} for V4. 7 

3. (A) Define the kernel of a linear map T : U  V and prove that N(T) is a subspace of 
U.  7 

 (B) Find the range and kernel of the linear map T : V3  V3 defined by T(x, y, z) = 

(x, x – y, x + y), (x, y, z)  V3. 7 

OR 
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3. (A) Let T : U  V be a linear map. If T is one-one and {u1, u2, u3 ....., un} is linearly 

independent set of U, then prove that {T(u1), T(u2), T(u3) ..., T(un)} is linearly 

independent set of V. 7 
 (B) Determine whether the following maps are linear or not : 7 

  (i) T : V3  V2 defined by T(x, y, z) = (x + y, y + z),(x, y, z)  V3. 

  (ii) S : V2  V3 defined by S(x, y) = (x, x2, x3), (x, y)  V2. 

 

4. (A) Prove that the dimension of the vector space m, n is mn. 7 

 (B) Find rank and nullity of the matrix A = 

















2 0 1 

1–3 1–

2 1–1 

. 7 

OR 

4. (A) Find the linear map associated with the matrix A = 
3  2013

21–1









  relative to 

the bases B1 = {(1, 1, 1), (1, 2, 3), (1, 0, 0)} and B2 = {(1, 1), (1, –1)} of R3 and 

R2 respectively. 7 

 (B) Let a linear transformation T : R2  R2 be defined by T(x1, x2} = (2x1, 3x1 – 2x2). 

Then find the matrix (T : B1, B2) relative to the bases Bl = {(1, 1), (1, –1)} and       

B2 = {e1, e2} of R2. 7 

 
5. Answer in brief : (Any Seven) 14 
 (i) What is the additive identity in vector space V ? 

 (ii) If a line passes through the origin in R2, then is it subspace or not ? 
 (iii) Define subspace. 
 (iv) Define Basis. 
 (v) Define linear combination of vectors. 
 (vi) If B = {e1, e2, e3}, then find span of B. 

 (vii) Let T : U  U be an identity linear map, then find R(T). 
 (viii) Define linear transformation. 

 (ix) Let T : U  V be linear map then R(T) forms a subspace of U or V ? 
 (x) Define : Rank of matrix. 

 (xi) Find the nullity of matrix A = 







2–0

1–1
. 

 (xii) Let matrix A = (aij)m  n and B = (bij)m  n, then find the order of the matrix  

(A + B). 

____________ 

 


