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SECTION – A 

ANSWER ANY TEN QUESTIONS:                            (10×2=20) 
 

1. Define characteristic function of a subset A. 

2. Prove that if B is a countable subset of uncountable set A, then 𝐴 − 𝐵 is uncountable. 

3. Define convergent sequence. 

4. What is a Monotone sequence and give an example. 

5. Define Cauchy sequence. 

6. Differentiate conditional convergence and absolute convergence of series. 

7. Explain domination of series with an example. 

8. State Abel’s lemma. 

9. Find the limit superior and limit inferior of  {(1 +
1

𝑛
)𝑛}

𝑛=1

∞

. 

10. Evaluate lim
𝑛→∞

√𝑛(√𝑛 + 1 − √𝑛). 

11. State the Dirichlet’s conditions for Fourier series expansion. 

12. Write the half range cosine series of 𝑓(𝑥). 

 

SECTION – B 

ANSWER ANY FIVE QUESTIONS:             (5×8=40) 
 

13. Show that the inverse image of the union of two sets is the union of the inverse 

images. 

14. Prove that the set [0,1] = [𝑥/0 ≤ 𝑥 ≤ 1] is uncountable. 

15. If {𝑠𝑛}𝑛=1
∞  and {𝑡𝑛}𝑛=1

∞  are sequence of real numbers, if lim
𝑛→∞

𝑠𝑛 = 𝐿 and  lim
𝑛→∞

𝑡𝑛 =

𝑀 . 

           Then prove that a) lim
𝑛→∞

(𝑠𝑛 + 𝑡𝑛) = 𝐿 + 𝑀   b) lim
𝑛→∞

(𝑠𝑛𝑡𝑛) = 𝐿𝑀 

16. Show that any bounded sequence of real numbers has a convergent subsequence. 
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17. If {𝑎𝑛}𝑛=1
∞  is a sequence of positive real numbers such that 

      (a) 𝑎1 ≥ 𝑎2 ≥ 𝑎3 … 𝑎𝑛 ≥ 𝑎𝑛+1 … and  

      (b) lim
𝑛→∞

𝑎𝑛 = 0 then prove that the alternating series ∑ (−1)𝑛+1𝑎𝑛
∞
𝑛=1  is 

convergent. 

18. Show that the series ∑
1

𝑛
∞
𝑛=1   is divergent. 

19. Obtain the Fourier series expansion of 𝑥𝑠𝑖𝑛𝑥 𝑖𝑛 [−𝜋, 𝜋] 

                                         

SECTION – C 

 

ANSWER ANY TWO QUESTIONS:                (2×20=40) 
 

20. a) If 𝐴1, 𝐴2, 𝐴3 … are countable then prove that ⋃ 𝐴𝑛
∞
𝑛=1  is countable. 

            b) Show that the sequence {(1 +
1

𝑛
)𝑛}

𝑛=1

∞

 is convergent. 

 

21. a) Prove that the sequence of real numbers{𝑠𝑛}𝑛=1
∞  is Cauchy if and only if it is 

convergent. 

            b) Let  ∑ 𝑎𝑛
∞
𝑛=1   be a series of non-zero real numbers      

                 and let   𝑎 =   lim
𝑛→∞

𝑖𝑛𝑓 |
𝑎𝑛+1

𝑎𝑛
| ,      𝐴 =   lim

𝑛→∞
𝑠𝑢𝑝 |

𝑎𝑛+1

𝑎𝑛
| . Then prove that, 

        1) If 𝐴 < 1, 𝑡ℎ𝑒𝑛 ∑ |𝑎𝑛|∞
𝑛=1 < ∞ ; 

       2) If 𝑎 > 1 𝑡ℎ𝑒𝑛 ∑ 𝑎𝑛
∞
𝑛=1  𝑑𝑖v𝑒𝑟𝑔𝑒𝑠 ; 

       3) If 𝑎 ≤ 1 ≤ 𝐴, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑓𝑎𝑖𝑙𝑠. 

 

22. a) Find the Fourier series expansion of 𝑓(𝑥) = {
−𝜋  𝑖𝑓 − 𝜋 < 𝑥 < 0
𝑥     𝑖𝑓    0 < 𝑥 < 𝜋 

  

                and deduce that 
𝜋2 

8
=

1

12
+

1

32
+

1

52
+ ⋯   

           b) Expand cos 𝑥 in a half range sine series in  0 < 𝑥 < 𝜋. 
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