
 

Opti 503A Midterm Solutions Spring 2019 

Solution to Problem 3) Using the Taylor series ∑ (𝑥𝑥𝑛𝑛 𝑛𝑛!⁄ )∞
𝑛𝑛=0  for the function 𝑒𝑒𝑥𝑥, we write 

 (1 + 𝑥𝑥)𝑒𝑒𝑥𝑥 = (1 + 𝑥𝑥)∑ (𝑥𝑥𝑛𝑛 𝑛𝑛!⁄ )∞
𝑛𝑛=0 = �1 + 𝑥𝑥 + 𝑥𝑥2
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 = ∑ (𝑛𝑛 + 1)𝑥𝑥𝑛𝑛 𝑛𝑛!⁄∞
𝑛𝑛=0 . 

Alternatively, one could systematically go about computing the various derivatives of the 
function 𝑓𝑓(𝑥𝑥) = (1 + 𝑥𝑥)𝑒𝑒𝑥𝑥, as follows: 

 𝑓𝑓′(𝑥𝑥) = (2 + 𝑥𝑥)𝑒𝑒𝑥𝑥                      →     𝑓𝑓′(0) = 2, 

 𝑓𝑓″(𝑥𝑥) = (3 + 𝑥𝑥)𝑒𝑒𝑥𝑥                     →     𝑓𝑓″(0) = 3, 

 𝑓𝑓‴(𝑥𝑥) = (4 + 𝑥𝑥)𝑒𝑒𝑥𝑥                    →      𝑓𝑓‴(0) = 4, 

 ⋮ 

 𝑓𝑓(𝑛𝑛)(𝑥𝑥) = (𝑛𝑛 + 1 + 𝑥𝑥)𝑒𝑒𝑥𝑥         →     𝑓𝑓(𝑛𝑛)(0) = 𝑛𝑛 + 1. 

Consequently, 𝑓𝑓(𝑥𝑥) = � 𝑓𝑓(𝑛𝑛)(0)𝑥𝑥𝑛𝑛 𝑛𝑛!⁄∞
𝑛𝑛=0 = ∑ (𝑛𝑛 + 1)𝑥𝑥𝑛𝑛 𝑛𝑛!⁄∞

𝑛𝑛=0 . 
 


