
 

Candidates are required to give their answers as far as practicable. The figures in the margin indicate full marks. 
Group A 

Attempt All the Questions             [6 x ( 2 x 2 )=24 ]   

1. a. Prove that ∀𝑥 ≠ 0,
ௗ

ௗ௫
𝑙𝑛|𝑥| =

ଵ

௫
. 

      b. Suppose f  is differentiable function in an interval I  and  ∀ 𝑥 ∈  I, 𝑓 ′(𝑥) = 0 then f is constant  on I.  
2. a. Find the 4th Taylor polynomial of the function  f (x) = cos x about  0. 

         b. Show that a  constant function f ( x ) = c  is  integrable over [𝑎, 𝑏] and  ∫ 𝑓 = 𝑐(𝑏 − 𝑎).
௕

௔
 

3. a. For all partition 𝒫 of  [a , b ] prove that 𝑆( 𝑓 , 𝒫) ≤ 𝑆̅(𝑓, 𝒫). 
          b. Define  Upper and Lower Riemann integral. 

4. a. If f  is integrable over [ a , b ]  and  c∈ ℝ  , cf  is integrable and 

න 𝑐𝑓

௕

௔

= 𝑐 න 𝑓

௕

௔

 

          b. Define alternating series.Prove that the series ∑
(ିଵ)౤శభ

୬
ஶ
୬ୀଵ  converges. 

5. a. Define the terms   
           i. Analytic function      ii.  Taylor  Polynomial for a functions 

         b.Find the sum if the series  
ଵ

ସ
−

ଵ

ଵ଺
+

ଵ

଺ସ
−

ଵ

ଶହ଺
+  … … …  converges. 

6. a. If∑ 𝑓௞ = 𝑓∞
௞ୀ଴  uniformly on a set  S , then ‖𝑓௡‖ → 0. 

         b. Find the radius of convergence of the power series ∑
(௫ିଷ)ೖ

௞ଶೖ
∞
௞ୀଵ . 

 
Group B 

Attempt Any Thirteen Questions                                   [13 x 4 = 52] 

7. Suppose f and𝑔differentiable at x then 
௙

௚
 is differentiable at  x  and     

            ቀ
௙

௚
ቁ

′
(𝑥) =

௚(௫)௙′(௫)ି௙(௫)௚′(௫)

[௚(௫)]మ
, 𝑤ℎ𝑒𝑟𝑒 𝑔(𝑥) ≠ 0. 

8. a. Suppose 𝑓 ′(𝑥) > 0 at an interior point x0  of  D (f  ). Then ∃ 𝛿 > 0  such     that  a)  ∀ 𝑥 ∈ (𝑥଴ − 𝛿 ,
  𝑥଴), 𝑓(𝑥) < 𝑓(𝑥଴) and 

         b. ∀ 𝑥 ∈ (𝑥଴ , 𝑥଴ାడ), 𝑓(𝑥) > 𝑓(𝑥଴). 
9. Find the 4௧௛ Taylor Polynomial of the function 𝑓(𝑥) = 3 + 5𝑥ଶ − 4𝑥ଷ +        𝑥ସ about  𝑥 =  1. 
10. Every differentiable function is continuous. Is converse also true ? justify with  example. 

OR 

      Show that the function 𝑓(𝑥) = ቄ
𝑥 𝑠𝑖𝑛𝑥 for𝑥 ≠ 0
0        for𝑥 = 0

        is continuous at     0 but not differentiable at 0. 

11. If f: [c, d] → ℝ  is integrable on [ a, b], then ∀𝑥 ∈ (𝑎 , 𝑏),      ∫ 𝑓
௕

௔
=        ∫ 𝑓

௫

௔
+ ∫ 𝑓

௕

௫
. 

12. If  f  is continuous on the interval  [ a , b ] then f  is integrable on [ a , b ]. 
13. Suppose f  and g are differentiable on  [ a , b ] and their  derivatives 𝑓 ′andg′ are integrable on [ a , b]. Then 

both f g′ and g𝑓′  are integrable on  [a , b ], and  ∫ 𝑓gᇱ    +  ∫ g𝑓′
ୠ

ୟ
= 𝑓(𝑏)g(𝑏) − 𝑓(𝑎)g(𝑎)

ୠ

ୟ
. 

14. Suppose   ∑ 𝑎௡and ∑ 𝑏௡ are non negative series and ∃𝑛௢ ∈ ℕ such that        𝑛 ≥ 𝑛௢ ⟹ 𝑎௡ ≤ 𝑏௡, then  
a) if  ∑ 𝑏௡ converges , then so does ∑ 𝑎௡ 
b) if ∑ 𝑎௡ diverges , then so does ∑ 𝑏௡. 
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15. If 𝑓௡ → 𝑓 uniformly on a closed interval [ a , b ] and if each  𝑓௡ is integrable on [ a , b ] , then f  is integrable 

on [ a, b ] and ∫ 𝑓
ୠ

௔
= lim୬→∞. ∫ 𝑓௡

ୠ

௔
. 

OR 
16. Suppose { fn} is a sequence of functions in ℱ( 𝑆, ℝ ) then {fn } converges uniformly to some  f   in ℱ( 𝑆, ℝ )  

if  and only if   
         ∀𝜀 > 0, ∃𝑛௢ ∈ ℕ ∶ 𝑚, 𝑛 ≥ 𝑛௢ ⟹ 𝑓௡ − 𝑓௠is bounded and ‖𝑓௡ − 𝑓௠‖ < 𝜀. 

17. If  𝑓 ∶ [𝑎 , 𝑏 ] → ℝ is bounded and 𝑎 < 𝑐 < 𝑏 then∫ 𝑓 =  ∫ 𝑓 + ∫ 𝑓
௕

஼̅ .
 

௔

௕

௔
 

18. If  f is integrable on [ a , b ] then so does  |𝑓|and  

    ቚ∫ 𝑓
௕

௔
ቚ ≤ ∫ |𝑓|

௕

௔
≤ 𝑀(𝑏 − 𝑎)when|𝑓| ≤ 𝑀  on [ a , b ]. 

 
19. 19. Given any sequence  {xn} of positive  real  numbers , then  

        
୪୧୫

 ୬→∞

௫೙శభ

௫೙
≤

୪୧୫

୬→∞
ඥ𝑥௡
౤ ≤ lim௡→∞ ඥ𝑥௡

೙ ≤ lim
௡→∞

௫೙శభ

௫೙
. 

20. Define absolutely converge and conditionally converge. Consider a  
series∑ 𝑏௡ of real numbers then ∑ 𝑏௡ converges absolutely if and  
only if  both ∑ 𝑏௡

ା and ∑ 𝑏௡
ି  converge. 

 
Group C 

Attempt Any Four Questions                             [4 x 6 = 24] 
21. Define differentiable function. If  f  and  𝑔 are differential at x  then f𝑔 is differential at x and 𝑓𝑔(𝑥) = 𝑓(𝑥)𝑔′(𝑥) +

𝑔(𝑥)𝑓 ′(𝑥). 

22. Define upper and lower Riemann sum. If  f (x) = C constant  function over  the interval [ a, b ] , then ∫ 𝑓 = 𝐶(𝑏 − 𝑎)
௕

௔
. 

23. If  there exit a sequence { 𝒫௡}  and {𝑄௡} of  partition of [ a , b ] such that  𝑆(𝑓 , 𝒫௡) → 𝐿and 𝑆( 𝑓 , 𝑄௡) → 𝐿 

then f  is integrable on [ a , b ]  and ∫ 𝑓
௕

௔
. Use this result to find the integral of  f ( x) = x2 on [ 0 , 1 ]. 

OR 
Define  derived series. If  a function  f  is representable  as a power series with non-zero radius of  convergence , then  f   
is differentiable at every  point in the interior of  its interval of convergence ; moreover ,   its deriveseries is its 
derivative ;that is 𝑓(𝑥) = ∑ 𝑎௞(∞

௞ୀଵ  𝑥 − 𝑐)௞with interval of convergence  I , then at every point in the  interior of  I ,   
𝑓 ′(௫) = ∑ 𝑎௞ 𝑘(∞

௞ୀଵ  𝑥 − 𝑐)௞ିଵ. 
24. Suppose { fn} converges  uniformly to f  on a set S - {x0 } for some x0 in S. If each fn has a ( finite) limit as x 

→ x0, then so does f  ,and  we can  interchange the limit.  More precisely ,if∀𝑛 ∈ ℕ, lim௫→௫೚
𝑓(𝑥) exists and 

lim
௫→௫೚

( lim
௡→∞

𝑓௡(𝑥)) = lim
௡→∞

( lim
௫→௫೚

𝑓௡(𝑥)). 

 
 
 

THE END 


