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Question I: 

(a) Prove that the Harmonic series ∑
ଵ

௡௡   is divergent using the definition of 

convergence of a series. 

(b) Discuss the convergence of ∑
௟௡ ௡

௡
 .     ௡ஹଷ (You can use (a)) 

(c) Is ∑
(ିଵ)೙  ௟௡ ௡

௡௡ஹଷ  conditionally convergent? Justify your answer. 
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Question II: 

(a)  Test the series ∑
ଷ೙௡!

௡೙௡   for convergence 

(b) Prove that if ∑ 𝑥௡௡  is convergent then lim
௡→ஶ

𝑥௡ = 0. 

(c) Is the converse of (b) true? Justify your answer. 
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Question III: 

(a) Find the following limits if they exist.  

(i) 𝑙𝑖𝑚
௫→ஶ

 𝑠𝑔𝑛(𝑥) 

(ii) 𝑙𝑖𝑚
௫→଴ష

  
ଵ

௫
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(b) Use the intermediate value theorem to find an open interval in which 
the equation  

𝑥ଷ − 5𝑥 = 4 
has a solution 
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Question IV: 

(a)  Let  

𝑓(𝑥) = ൝𝑥 𝑠𝑖𝑛 
1

𝑥ଶ
,            𝑥 ≠ 0

2,                          𝑥 = 0
 

(i) Study the continuity of f on ℝ. 

(ii) Are the discontinuities, if they exist, removable? Explain your 
answer. 
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(b)  Prove that 𝑓(𝑥) = 𝑠𝑔𝑛 𝑥 is uniformly continuous on (0, ∞). 


