
Problem 1a 

min
𝑢(𝑡)

 𝑥2(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= 𝑢

𝑑𝑥2

𝑑𝑡
= 𝑥1

2 + 𝑢2

𝑥(0) = [1 0]𝑇

𝑡𝑓 = 1

 

 

Problem 1b 

min
𝑢(𝑡)

 𝑥2(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= 𝑢

𝑑𝑥2

𝑑𝑡
= 𝑥1

2 + 𝑢2

𝑥(0) = [1 0]𝑇

𝑥1(𝑡𝑓) = 1

𝑡𝑓 = 1

 

Problem 2 

min
𝑢(𝑡)

 𝑥4(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= 𝑥2

𝑑𝑥2

𝑑𝑡
= −𝑥3𝑢 + 16𝑡 − 8

𝑑𝑥3

𝑑𝑡
= 𝑢

𝑑𝑥4

𝑑𝑡
= 𝑥1

2 + 𝑥2
2 + 0.0005(𝑥2 + 16𝑡 − 8 − 0.1𝑥3𝑢2)2

𝑥(0) = [0 −1 −√5 0]𝑇

−4 ≤ 𝑢 ≤ 10
𝑡𝑓 = 1

 

  



Problem 3 

max
𝑢(𝑡)

 𝑥2(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= −(𝑢 + 0.5𝑢2)𝑥1

𝑑𝑥2

𝑑𝑡
= 𝑢 𝑥1

𝑥(0) = [1 0]𝑇

0 ≤ 𝑢 ≤ 5
𝑡𝑓 = 1

 

Problem 4 

max
𝑇(𝑡)

 𝑥2(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= −𝑘1𝑥1

2

𝑑𝑥2

𝑑𝑡
= 𝑘1𝑥1

2 − 𝑘2𝑥2

𝑘1 = 4000 exp (−
2500

𝑇
)

𝑘2 = 6.2𝑒5 exp (−
5000

𝑇
)

𝑥(0) = [1 0]𝑇

298 ≤ 𝑇 ≤ 398
𝑡𝑓 = 1

 

 

Problem 5 

max
𝑢(𝑡)

 1 − 𝑥1(𝑡𝑓) − 𝑥2(𝑡𝑓)

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜
𝑑𝑥1

𝑑𝑡
= 𝑢 (10 𝑥2 − 𝑥1)

𝑑𝑥2

𝑑𝑡
= −𝑢 (10 𝑥2 − 𝑥1) − (1 − 𝑢) 𝑥2

𝑥(0) = [1 0]𝑇

0 ≤ 𝑢 ≤ 1
𝑡𝑓 = 12

 

 

 

 


