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𝐿 = 30 cos(40°) × (3 sin(40°) − √9 sin2(40°) −
16

5
) ≈ 27.77 

Solution 

 

Equations of motion: 

𝑚
𝑑2𝑥

𝑑𝑡2
= 0 

𝑚
𝑑2𝑦

𝑑𝑡2
= −𝑚𝑔 

Initial conditions: 

𝑥 = 0;   𝑉𝑥(0) = 30 cos(40°) ;    𝑦(0) = 2;    𝑉𝑦(0) = 30 sin(40°) ; 

Explicit solutions of the equations above: 

𝑥 = 𝐶1 + 𝐶2𝑡 

𝑦 = −
𝑔𝑡2

2
+ 𝐶3𝑡 + 𝐶4 

Use initial conditions: 



𝑥(0) = 𝐶1 + 𝐶2(0) = 𝐶1 = 0 

𝑉𝑥(0) =
𝑑𝑥

𝑑𝑡
(0) = 𝐶2 = 30 cos(40°) 

𝑦(0) = −
𝑔(0)2

2
+ 𝐶3(0) + 𝐶4 = 𝐶4 = 2 

𝑉𝑦(0) =
𝑑𝑦

𝑑𝑡
(0) = −𝑔(0) + 𝐶3 = 𝐶3 = 30 sin(40°) 

Thus, we have: 

𝑥(𝑡) = 30 cos(40°) 𝑡 

𝑦(𝑡) = 2 + 30 sin(40°) 𝑡 −
𝑔𝑡2

2
 

Assume 𝑔 = 10 

𝑦(𝑡) = 2 + 30 sin(40°) 𝑡 − 5𝑡2 

Our aim to define such distance 𝐿 that at some time 𝑡1:  𝑦(𝑡1) = 18;  𝑉𝑦(𝑡1) ≥ 0. 

2 + 30 sin(40°) 𝑡1 − 5𝑡1
2 = 18 

−5𝑡1
2 + 30 sin(40°) 𝑡1 − 16 = 0 

𝑡1
2 − 6 sin(40°) 𝑡1 +

16

5
= 0 

𝐷 = 36 sin2(40°) −
64

5
 

𝑡1(↓) =
6 sin(40°) + √36 sin2(40°) −

64
5

2
= 3 sin(40°) + √9 sin2(40°) −

16

5
 

𝑡1(↑) = 3 sin(40°) − √9 sin2(40°) −
16

5
 

Obviously, 𝑡1(↑) refer to upward trajectory, 𝑡1(↓) – downward trajectory. 

Determine 𝐿 = 𝑥(𝑡1) 

𝐿 = 30 cos(40°) × (3 sin(40°) − √9 sin2(40°) −
16

5
) ≈ 27.77 
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