
 

 

B. Tech Sem-I, Tutorial-3  
Topics: Successive Differentiation, Leibnitz’s rule and its applications 

1. Knowledge / Remembering 

State Leibnitz’s theorem to get 𝑛th derivative of the product of two functions.  
2. Comprehension / Understanding 

A. Explain the meaning of successive differentiation with a simple example. 
B. Illustrate Leibnitz’s theorem by differentiating (x^3 e^x) twice. 

3. (Application)  Find the 𝒏th derivative of  (a) 𝐱𝟑 𝐥𝐨𝐠 𝐱     Ans: (a) (−𝟏)𝒏(𝒏 − 𝟒)! 𝟔 𝒙ି𝒏ା𝟑 
; 

(b) tanିଵ ቀ
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ଵି௫మቁ ,  Ans:  (−1)௡ିଵ(𝑛 − 1)! 𝑠𝑖𝑛௡𝜃. sin 𝑛𝜃;  

(c) cosଶx sinଷx    Ans:  
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 ቁ} ;   

(d)  𝑒௫ sin 4𝑥 cos 6𝑥 ,  Ans:  𝑒௫ (ଵ଴ଵ)
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𝑠𝑖𝑛(10𝑥 + 𝑛 𝑡𝑎𝑛ିଵ 10) − 𝑒௫ (ହ)

೙
మ

ଶ
𝑠𝑖𝑛(2𝑥 + 𝑛 tanିଵ 10);  
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4. (Analysis) Compare two methods of finding the nth derivative of x2n prove that  
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5. (Synthesis / Creating) Combine results of different nth derivative problems to 
establish a generalized pattern for polynomial–exponential products. 
6. (Evaluation)  
i. Prove that if  𝑦 = (𝑥ଶ − 1)௡, then successive derivatives satisfy a recurrence relation 

(1 − 𝑥ଶ)𝑦௡ାଶ − 2𝑥 𝑦௡ାଵ + 𝑛(𝑛 + 1)𝑦௡ = 0. 
ii. If  𝑦 = sin(𝑚 sinିଵ 𝑥) , then successive derivatives satisfy a recurrence relation 

(1 − 𝑥ଶ)𝑦௡ାଶ − (2𝑛 + 1)𝑥 𝑦௡ାଵ + ( 𝑚ଶ − 𝑛ଶ)𝑦௡ = 0 hence evaluate     (𝑦௡)଴. 

iii. If  cosିଵ ቀ
௬

௕
ቁ = log ቀ

௫

௡
ቁ

௡

, then successive derivatives satisfy a recurrence relation 

𝑥ଶ𝑦௡ାଶ + (2𝑛 + 1)𝑥 𝑦௡ାଵ + 2𝑛ଶ𝑦௡ = 0. 

iv. If  𝑦 = [𝑥 − ඥ(𝑥ଶ − 1)]௠  then successive derivatives satisfy a recurrence relation  

(1 − 𝑥ଶ)𝑦௡ାଶ −  (2𝑛 + 1)𝑥𝑦௡ାଵ + ( 𝑚ଶ − 𝑛ଶ)𝑦௡ = 0. 

v. If  𝑦 = 𝑒௔ ୱ୧ షభ ௫ , then successive derivatives satisfy a recurrence relation (1 −

𝑥ଶ)𝑦௡ାଶ − (2𝑛 + 1)𝑥 𝑦௡ାଵ − (𝑛ଶ + 𝑎ଶ)𝑦௡ = 0 and hence evaluate  (𝑦௡)଴. 
vi. If  𝑦 = sin 𝑚𝑥 +

cos 𝑚𝑥  then successive derivatives satisfy a recurrence relation 𝑦௡ =

 m୬ඥ{1 + (−1)୬ sin 2mx} 

vii. If  𝑦 = [𝑥 + ඥ(𝑥ଶ + 1)]௠ , then successive derivatives satisfy a recurrence relation  

(1 + 𝑥ଶ)𝑦ଶ + 𝑥𝑦ଵ − 𝑚ଶ𝑦 = 0 and hence evaluate (𝑦௡)଴. 
 


