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Instructions: All questions are compulsory. 

SECTION A  

1. Each question carries 5 marks. 

2. Complete the statement / Select the correct answers(s). 

S. No.  

 

CO1 

Q1 Which of the following numbers can be the possible order(s) of a permutation on 11 symbols which 

doesn’t fix any symbol? 

a. 18 

b. 30 

c. 15 

d. 28 

Q2 Let 𝐺 = ℤ10 ⊕ ℤ15. Then 

a. 𝐺 contains exactly one element of order 2 

b. 𝐺 contains exactly 5 elements of order 3 

c. 𝐺 contains exactly 24 elements of order 5 

d. 𝐺 contains exactly 24 elements of order 10 

 

CO2 

Q3 Let 𝐺 be a group of order 15. Then the number of Sylow subgroups of 𝐺 of order 3 is ______  

 
CO5 

Q4 Which of the following can be a possible class equation of a group of order 10 ? 

a. 1 + 1 + 1 + 2 + 5 = 10 

b. 1 + 2 + 3 + 4 = 10 

c. 1 + 2 + 2 + 5 = 10 

d. 1 + 1 + 2 + 2 + 2 + 2 = 10 

CO5 

Q5 The maximum order of an element in group 𝑈(8)⨁𝑆3⨁ℤ10 is ______ CO3 

Q6 The set of all real 2 × 2 invertible matrices acts on ℝ2 by matrix multiplication. The number of 

orbits for this group action is ____ 
CO4 

 

 

 



SECTION B  

1. Each question carries 10 marks. 

2. There is an internal choice in Q11. 

Q7 Let 𝑈(𝑛) denotes the group of units in ℤ𝑛. Show that 𝑈(55)3 = {𝑥3|𝑥 ∈ 𝑈(55)} is 𝑈(55).  

CO1 

Q8 Let < 𝛼 > denotes the group generated by element 𝛼 of group 𝐺. Find three cyclic subgroups of 

maximum possible order in ℤ6⨁ℤ10⨁ℤ15 of the form < 𝑎 > ⨁ < 𝑏 > ⨁ < 𝑐 >, where 𝑎 ∈

ℤ6, 𝑏 ∈ ℤ10  and 𝑐 ∈ ℤ15.   

 

CO2 

Q9 Consider the symmetric group 𝑆3 on symbols 1,2 and 3. If 𝐻 and 𝐾 are subgroups generated by the 

cycles (1 2 3) and (1 2) respectively. Prove or disapprove the following: 

𝑆3 = 𝐻 × 𝐾 

where the symbol ′ ×′ represents the internal direct product. 

 

CO3 

 

Q10 
Let 𝐺 be a non-abelian group of order 343 such that the center 𝑍(𝐺) is non-trivial. Prove that 

|𝑍(𝐺)| = 7. 

 

 

CO3 

Q11 For an action of a group 𝐺 on set 𝐴, state and prove Orbit-stabilizer theorem. 

                                                        OR 

For an action of a group 𝐺 on set 𝐴, define the normalizer of set 𝐴 as: 

𝑁𝐺(𝐴) = {𝑔 ∈ 𝐺|𝑔𝑎𝑔−1 ∈ 𝐴 ∀𝑎 ∈ 𝐴} 

Prove that 𝑁𝐺(𝐴3) = 𝐴3, where 𝐴3 is subgroup of all even permutations of symmetric group 𝑆3. 

      

CO4 

SECTION-C 

1. Q12 carries (10+10) marks. 

2. There is an internal choice in Q12. 

Q 12 a. Let 𝐺 be a finite group acting on itself by conjugation. If 𝑔𝑖 ∈ 𝐺 and 𝑍(𝐺) denotes the center 

of 𝐺 then establish the result: 

|𝐺| = |𝑍(𝐺)| + ∑ |𝐺: 𝐶𝐺(𝑔𝑖)|

𝑘

{𝑖=1}

 

        where 𝐶𝐺(𝑥) is the centralizer of element  𝑥 in 𝐺. 

b. If 𝐺 be a non-abelian group of order 143. Determine its class equation. 

 

OR 

 

a. Consider the symmetric group 𝑆4 on four symbols. Find all the conjugacy classes of 𝑆4 by 

using the combinatorics on the cycle types in it. 

b. Use class equation to prove that the center of 𝑆4 is trivial. 

 

CO4 

 

 


