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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 functions is NOT true? 

a. The empty set is open 

b. ℝ is closed 

c. {
𝑥

𝑥+1
: 𝑥 ≥ 0} is closed  

d. {1 −
𝑥

𝑥+1
: 𝑥 ≥ 0} is not closed 

Q2 Let x ∈ ℝ>0 be some element. Which is FALSE? 

a. There exists a natural number 𝑛 such that 𝑛 > 𝑥  

b. There exists a natural number 𝑛 such that 𝑛 < 𝑥  

c. There exist natural numbers  𝑚, 𝑛 such that  𝑛 > 𝑚𝑥  

d. There exist natural numbers  𝑚, 𝑛 such that  𝑛 = 𝑚𝑥  

CO1 

Q3 Consider the set 𝑃 = {
1

𝑚
+

1

𝑛
∶ 𝑚 ∈ ℕ, 𝑛 ∈ ℕ}. Then which is (are) TRUE? 

a. 𝑃 is not connected in real line  

b. 𝑃 is uncountable 

c. 𝑃 is not closed  

d. 𝑃 is not dense in real line  

CO1 

Q4 Which of the following is (are) TRUE for a positive term sequence {𝑎𝑛}?  

a. 𝑙𝑖𝑚
𝑛→∞

(
𝑎1+𝑎2+⋯𝑎𝑛

𝑛
) = 𝑙𝑖𝑚

𝑛→∞
𝑎𝑛  

b. 𝑙𝑖𝑚
𝑛→∞

(𝑎1 . 𝑎2 … . 𝑎𝑛)1/𝑛 = 𝑙𝑖𝑚
𝑛→∞

𝑎𝑛   

c. 𝑙𝑖𝑚
𝑛→∞

𝑎𝑛+1

𝑎𝑛
= 𝑙𝑖𝑚

𝑛→∞
(𝑎𝑛)1/𝑛 

d. 𝑙𝑖𝑚
𝑛→∞

(𝑛)1/𝑛 = 0 

CO2 

Q5 Which of the following is (are) TRUE? 

a. There exists some 𝑛0 ∈ ℕ 𝑠. 𝑡. ∀𝑛 ≥ 𝑛0, |(−1)𝑛 − 1| < 𝜖 holds 

b. There exists some 𝑛0 ∈ ℕ 𝑠. 𝑡.  ∀𝑛 ≥ 𝑛0, |(−1)𝑛 + 1| < 𝜖  holds 

c. There exists some 𝑛0 ∈ ℕ s.t. (−1)𝑛 ∈ 𝑁𝜖(𝑛0) for infinitely many 𝑛  

d. There exists a unique 𝑛0 ∈ ℕ s.t. (−1)𝑛 ∈ 𝑁𝜖(𝑛0) for infinitely many 𝑛  

CO2 

Q6 Which of the following is (are) TRUE? CO3 



a. ∑
(−1)𝑛

√𝑛
∞
𝑛=0  𝑖𝑠 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒𝑙𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑡 

b. ∑
(−1)𝑛

𝑛2
∞
𝑛=0  𝑖𝑠 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑙𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑡 

c. ∑ 1

√𝑛
∞
𝑛=0  𝑖𝑠 𝑐𝑜𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑙𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑡 

d. ∑
(−1)𝑛

𝑛3/2
∞
𝑛=0  𝑖𝑠 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒𝑙𝑦 𝑐𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑡  

SECTION B  

1. Each question carries 10 marks. 

2. There is an internal choice in Q11. 

Q7 Prove by giving counterexample that infinite intersection of open sets is not necessarily open.  

CO1 

Q8 Find the limit inferior and limit superior of the following sequence: 

𝑎𝑛 = (1 −
1

𝑛
) sin (

𝑛𝜋

3
) , 𝑛 ≥ 1 

 

CO2 

Q9 Consider the sequence {𝑎𝑛}𝑛≥1 = {
𝑛!

𝑛𝑛
}. Use Cauchy’s theorems on limits to prove that lim

𝑛→∞
𝑎𝑛 = 0.  

CO2 

 

Q10 
Let {𝑥𝑛} be a sequence recursively defined as follows: 

𝑥1 = 2,   𝑥𝑛+1 =
𝑥𝑛

2
+

5

𝑥𝑛
  for 𝑛 ≥ 1 

Prove that {𝑥𝑛} converges and find the limit of the sequence. 

 

 

CO2 

Q11 Discuss the convergence or divergence of the following series: 

∑
(𝑛!)2

(2𝑛)!

∞

𝑛=0

 

OR 

Discuss the convergence or divergence of the following series: 

∑
(−1)𝑛𝑛2 + 𝑛

𝑛3 + 1

∞

𝑛=0

 

      

CO3 

SECTION-C 

1. Q12 carries (10+10) marks. 

2. There is an internal choice in Q12. 

Q 12 Consider the infinite series: 

∑
1

𝑛𝑙𝑜𝑔 𝑛

∞

𝑛=2

 

a. Determine whether it is convergent or divergent. 

b. Use the result of part (a) to determine the convergence of series 

∑
1

𝑛[𝑙𝑜𝑔 (𝑛 + 1) − 𝑙𝑜𝑔 𝑛]

∞

𝑛=2

 

OR 

Suppose {𝑥𝑛} is a real sequence such that 𝑥𝑛 =
1

𝑛𝛼 for some 𝛼 ∈ ℝ. Prove the following: 

a. If ∑ |𝑥𝑛|𝑝 < ∞∞
𝑛=1  for some 1 < 𝑝 < ∞ then ∑ |𝑥𝑛|𝑞 < ∞∞

𝑛=1  for any 𝑞 > 𝑝. 

b. If ∑ |𝑥𝑛|𝑝 < ∞∞
𝑛=1  for some 1 < 𝑞 < 𝑝 < ∞ then ∑ |𝑥𝑛|𝑞 = ∞∞

𝑛=1 . 

 

CO3 

 


