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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.  CO 

Q1 Let 𝑓: ℝ → ℝ be a differentiable function such that 𝑓(2) = 2 and |𝑓(𝑥) − 𝑓(𝑦)| ≤

5(|𝑥 − 𝑦|)3/2 for all 𝑥, 𝑦 ∈ ℝ. Let 𝑔(𝑥) = 𝑥3𝑓(𝑥). Then 𝑔′(2) =_______ 

 

CO1 

Q2 Let 𝑓: ℝ → [0, ∞) be a continuous function. Then which is(are) TRUE? 

a. ∃𝑥 ∈ ℝ  such that 𝑓(𝑥) =
𝑓(−1)+𝑓(1)

2
 

b. ∃𝑥 ∈ ℝ  such that 𝑓(𝑥) = √𝑓(−1)𝑓(1) 

c. ∃𝑥 ∈ ℝ  such that 𝑓(𝑥) =
𝑓3(−1)+𝑓3(1)

2
 

d. ∃𝑥 ∈ ℝ  such that 𝑓(𝑥) = [𝑓(−1)𝑓(1)]
1

3 

 

 

CO1 

Q3 Let 𝑓: ℝ\{0} → ℝ be defined by 𝑓(𝑥) = 𝑥 +
1

𝑥3 . On which of the following interval(s) is 𝑓 one-

one? 

a. (−∞, −1) 

b. (0,1) 

c. (0,2) 

d. (0, ∞) 

 

 

CO2 

Q4 Let 𝑓: [0, ∞) → [0, ∞) be continuous on [0, ∞) and differentiable on (0, ∞). If 𝑓(𝑥) =

∫ √𝑓(𝑡) 𝑑𝑡,
𝑥

0
 then 𝑓(6) = ______ 

 

CO2 

Q5 The number of real roots of the equation 𝑒𝑥 − 2020𝑥2 = 0  is ______  

CO3 

Q6 
The coefficient of (𝑥 −

𝜋

2
)

2019

in the Taylor’s expansion of sin 𝑥 about 𝑥 =
𝜋

2
  is ____ 

 

CO3 

SECTION B  

1. Each question carries 10 marks. 

2. There is an internal choice in Q11. 



Q7 Let 𝑓: ℝ → ℝ such that 𝑓(𝑥) = sin 𝑥  for all rational 𝑥; and cosh 𝑥 otherwise. Find the 

accumulation point on ℝ at which the limit of function exists. 
 

CO1 

Q8 Use the location of roots principle to find the smallest positive root of 𝑒𝑥 − 3𝑥2 = 0 correct to 

one decimal place.    

 

CO2 

Q9 Use 𝜖 − 𝛿 definition to prove that the function 𝑥3 is continuous on ℝ.   

CO2 

 

Q10 
Check the uniform continuity of sin 𝑥2 on (0, ∞). 

CO2 

Q11 Suppose 𝑓 is differentiable on an interval 𝐼 ⊂ ℝ such that 𝑓′(𝑥) = 0 ∀𝑥 ∈ 𝐼. Prove that 𝑓 is 

constant on 𝐼. 

                                                        OR 

Prove that if 𝑓 satisfies the Lipschitz condition of order 𝛼 > 1 on some real interval 𝐼 then 𝑓 is 

constant on 𝐼.  

     

CO3 

SECTION-C 

1. Q12 carries (10+10) marks. 

2. There is an internal choice in Q12. 

Q 12 a. Suppose 𝑓(𝑥) is continuously differentiable at some point 𝑎 ∈ ℝ such that  

𝑓(𝑥) = ∑  

∞

𝑖=0

𝑐𝑛(𝑥 − 𝑎)𝑛 

     Prove that the value of coefficient 𝑐𝑛 is  
𝑓𝑛(𝑎)

𝑛!
. 

b. Use Maclaurin’s expansion of  𝑠𝑖𝑛 𝑥  to compute the value of  𝑠𝑖𝑛 6° correct to two decimal 

places. 

 

OR 

 

a. Use Taylor’s expansion to prove: 

𝑠𝑖𝑛(𝑒𝑥 − 1) = 𝑥 +
𝑥2

2
−

5

24
𝑥4 + ⋯ 

b. Find the values of 𝛼 and 𝛽  such that the expansion of  𝑙𝑜𝑔𝑒(1 + 𝑥) −
𝑥(1+𝑎𝑥)

1+𝑏𝑥
 in ascending 

powers of 𝑥 doesn’t contain the terms up to degree 3.   

 

CO3 

 

 

 

 

 


