
Dynamics of complex motion 

Example. The ball considered as a material point moves inside the cylindrical channel of body A, 

which is also in motion. Find the equation for the relative motion of this ball x (t), taking the point O 

as its starting point. Also calculate the x coordinate and pressure of the ball on the channel wall when 

time t is given. Dane: 𝑚 = 0,02𝑘𝑔, 𝜔 = 𝜋 𝑠−1, 𝑥𝑜 = 0 𝑚, 𝑥̇𝑜 = 0,2 𝑚/𝑠, 𝑡 = 0,4 𝑠, ℎ = 0,15 𝑚. 

 

 

𝑚𝑎⃗𝑟 = 𝐹⃗ + 𝑅⃗⃗ + 𝐷⃗⃗⃗ 

External forces acting on the point𝐹⃗ = 𝐺⃗ 

 

Reaction forces acting on the point 𝑅⃗⃗ =  𝑁⃗⃗⃗1 + 𝑁⃗⃗⃗2 



 

Inertia forces acting on point 𝐷⃗⃗⃗, are related to accelerations. 𝐷⃗⃗⃗𝑢𝑛 force related to the normal lifting 

acceleration. Since 𝜔 = 𝑐𝑜𝑛𝑠𝑡 there is no tangent component of rising acceleration. 

 

 

𝐷⃗⃗⃗𝐶 force associated with Coriolis acceleration. Below are all the forces acting on a material point. 

 



𝐷𝑢𝑛 = 𝑚𝜔2𝑟 

𝐷𝐶 = 2𝑚𝜔 ∗ 𝑉𝑤 ∗ sin(𝜔⃗⃗⃗, 𝑉𝑤
⃗⃗⃗⃗⃗) 

Since the vectors 𝜔⃗⃗⃗ 𝑖 𝑉𝑤
⃗⃗⃗⃗⃗ are perpendicular to each other, the sine of the angle between them is 1. In 

addition, we do not know the relative velocity of the material point, but we know that this point 

moves along the OX axis, therefore its speed will be a derivative of the distance after x, so we can 

write. 

𝐷𝐶 = 2𝑚𝜔 ∗ 𝑥̇ 

𝑂𝑀

𝑟
= sin 𝛼 ⇒  

𝑥

𝑟
= sin 𝛼 

𝑚𝑥̈ = 𝐷𝑢𝑛 sin 𝛼 

𝑚𝑥̈ =  𝑚𝜔2𝑟 sin 𝛼 \𝑚 

𝑥̈ =  𝜔2𝑟 sin 𝛼 

𝑥̈ =  𝜔2𝑟
𝑥

𝑟
 

𝑥̈ =  𝜔2𝑥 

𝑥̈ − 𝜔2𝑥 =  0 

𝑥 = 𝑒𝑟𝑡;  𝑥̇ = 𝑟𝑒𝑟𝑡;  𝑥̈ = 𝑟2𝑒𝑟𝑡 

𝑟2𝑒𝑟𝑡 − 𝜔2𝑒𝑟𝑡 = 0 \𝑒𝑟𝑡 

𝑟2 − 𝜔2 = 0 

(𝑟 − 𝜔)(𝑟 + 𝜔) = 0 

𝑟1 = 𝜔; 𝑟2 = −𝜔 

𝑥 = 𝐶1𝑒𝑟1𝑡 + 𝐶2𝑒𝑟2𝑡 

𝑥 = 𝐶1𝑒𝜔𝑡 + 𝐶2𝑒−𝜔𝑡 

𝑥 = 𝐶1𝑒𝜋𝑡 + 𝐶2𝑒−𝜋𝑡 

𝑥̇ = 𝜋𝐶1𝑒𝜋𝑡 − 𝜋𝐶2𝑒−𝜋𝑡 

 

𝑥(0) = 0 ⇒ 𝐶1 + 𝐶2 = 0 ⇒ 𝐶1 = −𝐶2 

𝑥̇(0) = 0,2 ⇒ 𝜋𝐶1 − 𝜋𝐶2 = 0,2 ⇒ −2𝜋𝐶2 = 0,2 

𝐶1 = 0,03 

𝐶2 = −0,03 

𝑥 = 0,03𝑒𝜋𝑡 − 0,03𝑒−𝜋𝑡 

𝑥(𝑡) = 0,097𝑚 

𝑥̇ = 0,094𝐶1𝑒𝜋𝑡 + 0,094𝐶2𝑒−𝜋𝑡 

𝑥̇(𝑡) = 0,357 𝑚/𝑠 



Determination of the pressure of the ball on the walls of the tube 

𝑚𝑦̈ =  −𝑁2 + 𝐷𝐶 + 𝐷𝑢𝑛 cos 𝛼 

𝑦̈ = 0 

0 = −𝑁2 + 𝐷𝐶 + 𝐷𝑢𝑛 cos 𝛼 

𝑁2 = 𝐷𝐶 + 𝐷𝑢𝑛 cos 𝛼 

𝑁2 = 2𝑚𝜔 ∗ 𝑥̇ + 𝑚𝜔2𝑟
ℎ

𝑟
 

𝑁2 = 2𝑚𝜔 ∗ 𝑥̇ + 𝑚𝜔2ℎ 

𝑁2 = 0,074 

 

𝑚𝑧̈ = −𝑁1 + 𝐺 

𝑧̈ = 0 

0 = −𝑁1 + 𝐺 

𝑁1 = 𝐺 = 0,1962 

 

𝑁 = √𝑁1
2 + 𝑁2

2 = 0,21𝑁 

The pressure of the ball against the wall is equal to the value of N, but it is opposite. 


