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Opti 503A Midterm Solutions Spring 2014 
 
Problem 1) 

a) 
 
 
 
 
 
 
 
 
 
  𝑑 ln(1+𝑥) 

𝑑𝑥
�
𝑥=0

= (1 + 𝑥)−1|𝑥=0 = 1 

  𝑑
2 ln(1+𝑥) 
𝑑𝑥2

�
𝑥=0

= −(1 + 𝑥)−2|𝑥=0 = −1 

  𝑑
3 ln(1+𝑥) 
𝑑𝑥3

�
𝑥=0

= 2(1 + 𝑥)−3|𝑥=0 = 2! 

  𝑑
4 ln(1+𝑥) 
𝑑𝑥4

�
𝑥=0

= −3! (1 + 𝑥)−4|𝑥=0 = −3! 

 ⋮ 
Therefore, 
 ln(1 + 𝑥) = ln(1) + 𝑥 − 1 × 𝑥2

2!
+ 2! × 𝑥3

3!
− 3! × 𝑥4

4!
+ ⋯ 

 = 𝑥 − 𝑥2

2
+ 𝑥3

3
− 𝑥4

4
+ ⋯. 

 
b) 
 
 
 
 
 
 
 
 
In this case the solution is obtained by changing the sign of 𝑥 in the Taylor-series expansion of 
ln(1 + 𝑥) obtained in part (a), that is, 
 ln(1 − 𝑥) = −𝑥 − 𝑥2

2
− 𝑥3

3
− 𝑥4

4
− ⋯. 

c) ln �1+𝑥
1−𝑥

� = ln(1 + 𝑥) − ln(1 − 𝑥) = �𝑥 − 𝑥2

2
+ 𝑥3

3
− 𝑥4

4
+ ⋯� − �−𝑥 − 𝑥2

2
− 𝑥3

3
− 𝑥4

4
− ⋯� 

 = 2 �𝑥 + 𝑥3

3
+ 𝑥5

5
+ 𝑥7

7
+ ⋯�. 

x 
0 

−1 

ln(1+ x) 

x 
0 

+1 

ln(1−x) 
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d) Setting 𝑥 = ½ in the above Taylor-series expansion of ln �1+𝑥

1−𝑥
�, we find 

 ln �1+𝑥
1−𝑥

��
𝑥=½

= ln �3/2
1/2
� = ln 3 = 2 �1

2
+ 1

3 × 23
+ 1

5 × 25
+ 1

7 × 27
+ ⋯�. 

e) Setting 𝑥 = ⅓ in the Taylor-series expansion of ln �1+𝑥
1−𝑥

�, we find 

 ln �1+𝑥
1−𝑥

��
𝑥=⅓

= ln �4/3
2/3
� = ln 2 = 2 �1

3
+ 1

3 × 33
+ 1

5 × 35
+ 1

7 × 37
+ ⋯�. 

 

x 0 +1 

ln[(1+x)/(1−x)] 

 
−1 


