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BIRLA INSTITUTE OF TECHNOLOGY, MESRA, RANCHI, INDIA 

END SEMESTER EXAMINATION SP/2022 

CLASS- BTECH 

SEMESTER- IV 

SUBJECT- MA306, SPECIAL FUNCTIONS 

TIME-2 HOURS;        MM-50 

INSTRUCTIONS: 

I. Question paper contains two sections A and B containing in all 19 questions. In 

section A, Q1-Q15 is MCQ type of two marks each. In section B, Q16-Q19 is short 

answer type of 5 marks each. Attempt all questions. All questions are compulsory. 

II. The missing data if any, may be assumed suitably. The symbols used have their 

usual meaning. 

III. There is no negative marking. 

Section A 

 

1. Lagrange polynomial of degree 𝑛   satisfies 

a. 𝑃𝑛(𝑥) = 𝐹(−𝑛, 𝑛 + 1; 1; (1 − 𝑥)/2) 

b. 𝑃𝑛(𝑥) = 𝐹(−𝑛,−(𝑛 + 1); 1; (1 − 𝑥)/2) 

c. 𝑃𝑛(𝑥) = 𝐹(𝑛, 𝑛 + 1; 1; (1 − 𝑥)/2) 

d. None of these 

 

2. The Hermite polynomial of order 2𝑛   satisfies 

a. 𝐻2𝑛(𝑥) = (−1)𝑛
(2𝑛)!

𝑛!
𝐹(−𝑛; 1/2; 𝑥2) 

b. 𝐻2𝑛(𝑥) = (−1)𝑛+1
(2𝑛)!

𝑛!
𝐹(−𝑛; 1/2; 𝑥2) 

c. 𝐻2𝑛(𝑥) = (−1)𝑛
(2𝑛)!

𝑛!
𝐹(𝑛; 1/2; 𝑥2) 

d. None of these 

 

3. Chebyshev polynomial  𝑇𝑛(𝑥)   of second kind satisfies 

a. 𝑇𝑛(𝑥) = 𝐹(−𝑛, 𝑛; 1/2; (1 − 𝑥)/2) 

b. 𝑇𝑛(𝑥) = 𝐹(𝑛,−𝑛; 1/2; (1 − 𝑥)/2) 

c. 𝑇𝑛(𝑥) = 𝐹(𝑛, 𝑛; 1/2; (1 − 𝑥)/2) 

d. None of these 

 

4. Consider the following statements: 

P: 𝑒𝑥 = 𝐹(α; α; 𝑥) 

Q: 𝑙𝑛(1 − 𝑥) = −𝑥𝐹(1,1; 2; 𝑥) 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 



5. Consider the following statements: 

P:  𝑇𝑛(𝑥) − 2𝑥𝑇𝑛−1(𝑥) + 𝑇𝑛−2(𝑥) = 0 

Q: 𝐿𝑛
′′(0) =

1

4
𝑛(𝑛 − 1) 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

6. Consider the following statements: 

P: The value of ∫ 𝑒−𝑥
2
(𝐻4(𝑥))

2
𝑑𝑥

∞

−∞
   is  8√𝜋 

Q: The solution of the differential equation 𝑦′′ − 2𝑥𝑦′ + 36𝑦 = 0   is  𝐻18(𝑥). 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

7. Consider the following statements: 

P: (𝑛 + 1)𝐿𝑛+1(𝑥) = (2𝑛 + 1 − 𝑥)𝐿𝑛(𝑥) − 𝑛𝐿𝑛−1(𝑥) 

Q: 𝑥𝐿𝑛(𝑥) = 𝑛𝐿𝑛(𝑥) − 𝑛𝐿𝑛−1(𝑥) 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

 

8. Consider the following statements: 

P: 𝐹(α, β; γ; 1) =
Γ(γ)Γ(γ−α−β)

Γ(γ−α)Γ(γ−β)
 

Q: ∫ 𝑒−𝑥
∞

0
𝐿2(𝑥)𝐿3(𝑥)𝑑𝑥 = 1 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

9. Consider the following statements: 

P: 𝐻𝑛
′ (𝑥) = 2𝑛𝐻𝑛−1(𝑥), 𝑛 ≥ 1 

Q: 𝐻𝑛+1(𝑥) = 2𝑥𝐻𝑛(𝑥) + 2𝑛𝐻𝑛−1(𝑥), 𝑛 ≥ 1 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

 



10. Consider the following statements: 

P: 𝐻6(𝑥) = 64𝑥6 − 480𝑥4 + 720𝑥2 − 120 

Q: General solution of  𝑦′′ − 2𝑥𝑦′ + 16𝑦 = 0   is   𝐻8(𝑥) 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

11. Consider the following statements: 

P: Solution of  𝑥(1 − 𝑥)𝑦′′ + (
3

2
− 2𝑥) 𝑦′ + 2𝑦 = 0  is  1 −

4

3
𝑥 

Q: ∫ 𝐿6
2(𝑥)𝑑𝑥

∞

0
= 1 

 

a. P is true Q is false 

b. P is false, Q is true 

c. Both P and Q are true 

d. Both P and Q are false 

 

12. For the differential equation  𝑥2(1 + 𝑥)𝑦′′ + 𝑥(4 − 𝑥2)𝑦′ + (2 + 3𝑥)𝑦 = 0,   the point  𝑥 =

0  is 

a. A regular singular point 

b. An irregular singular point 

c. Ordinary point 

d. None of these 

 

13. For the differential equation  𝑥4𝑦′′ + (𝑥2 𝑠𝑖𝑛 𝑥)𝑦′ + (1 − 𝑐𝑜𝑠 𝑥)𝑦 = 0,  the point  𝑥 = 0  is 

a. Not a regular singular point 

b. Ordinary point 

c. A regular singular point 

d. None of these 

 

14. The Fourier series of the 2𝜋 periodic function 𝑓(𝑡) = 𝑡, −𝜋 < 𝑡 ≤ 𝜋  is 

a. (𝑠𝑖𝑛 𝑡 −
1

2
𝑠𝑖𝑛 2 𝑡 +

1

3
𝑠𝑖𝑛 3 𝑡 −⋯) 

b. 2 (𝑠𝑖𝑛 𝑡 −
1

2
𝑠𝑖𝑛 2 𝑡 +

1

3
𝑠𝑖𝑛 3 𝑡 −⋯) 

c. Π−2(𝑠𝑖𝑛 𝑡 −
1

2
𝑠𝑖𝑛 2 𝑡 +

1

3
𝑠𝑖𝑛 3 𝑡 −⋯ ) 

d. None of these 

 

15. The Fourier series of  𝑓(𝑡) = |𝑡|,−𝜋 < 𝑡 ≤ 𝜋  is 

a. 
π

2
−

4

π
(𝑐𝑜𝑠 𝑡 +

1

9
𝑐𝑜𝑠 3 𝑡 +

1

25
𝑐𝑜𝑠 5 𝑡 +⋯) 

b. 
π

2
+

4

π
(𝑐𝑜𝑠 𝑡 +

1

9
𝑐𝑜𝑠 3 𝑡 +

1

25
𝑐𝑜𝑠 5 𝑡 +⋯) 

c. 
4

π
(𝑐𝑜𝑠 𝑡 +

1

9
𝑐𝑜𝑠 3 𝑡 +

1

25
𝑐𝑜𝑠 5 𝑡 +⋯) 

d. None of these 

 



 

 

Section B 

 

 

16. Find all eigen values and eigen functions of the Sturm-Liouville problem 

𝑋′′ + 𝛾𝑋 = 0, 𝑋′(−𝜋) = 0, 𝑋′(𝜋) = 0. 

 

17. Show that  ∫ 𝑥2
∞

−∞
𝑒−𝑥

2
(𝐻𝑛(𝑥))

2
𝑑𝑥 = √𝜋2𝑛𝑛! (𝑛 + 1/2) 

18. Show that  𝐿𝑛(𝑥) =
𝑒𝑥

𝑛!

𝑑𝑛

𝑑𝑥𝑛
(𝑥𝑛𝑒−𝑥) 

19. Find the Fourier series of  𝑓(𝑡) = |𝑡|, −1 < 𝑡 < 1 

 

 

 

 

 




