
ANSWER on Question #77851 – Math – Calculus 

QUESTION 

A rigid body is rotating with an angular speed of 𝜔 = 3   𝑟𝑎𝑑 ⋅ 𝑠−1 about an axis  

𝑂𝐿⃗⃗⃗⃗  ⃗ = 2𝑖 − 2𝑗 + 𝑘⃗  

where 𝑂 is the origin. Determine the velocity of  the body at the point 𝑃(4,1,2). 

 

SOLUTION 

By the definition, the relationship between the angular velocity and the velocity has the form 

𝑣 = 𝜔⃗⃗ × 𝑟 = 𝑣 = (𝜔 ⋅ 𝑢⃗ ) × 𝑟 , 

where 

𝑢⃗ − 𝑢𝑛𝑖𝑡 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑥𝑖𝑠 𝑜𝑓 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 

𝑟 − 𝑟𝑎𝑑𝑖𝑢𝑠 − 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑤𝑒 𝑤𝑎𝑛𝑡 𝑡𝑜 𝑘𝑛𝑜𝑤 𝑡ℎ𝑒 𝑠𝑝𝑒𝑒𝑑 

𝜔⃗⃗ × 𝑟 − 𝑐𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

( More information: https://en.wikipedia.org/wiki/Angular_velocity ) 

( More information: https://en.wikipedia.org/wiki/Cross_product ) 

In our case, 

𝑝. 𝑃(4,1,2) → 𝑟 = 4𝑖 + 1𝑗 + 2𝑘⃗ ↔ {

𝑟𝑥 = 4
𝑟𝑦 = 1

𝑟𝑧 = 2
 

𝑂𝐿⃗⃗⃗⃗  ⃗ = 2𝑖 − 2𝑗 + 1𝑘⃗ − 𝑡ℎ𝑒 𝑎𝑥𝑖𝑠 𝑜𝑓 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 → 𝑢⃗ =
𝑂𝐿⃗⃗⃗⃗  ⃗

|𝑂𝐿⃗⃗⃗⃗  ⃗|
− 𝑢𝑛𝑖𝑡 𝑣𝑒𝑐𝑡𝑜𝑟 

|𝑂𝐿⃗⃗⃗⃗  ⃗| = √(2)2 + (−2)2 + (1)2 = √4 + 4 + 1 = √9 = 3 

Then, 

𝑢⃗ =
𝑂𝐿⃗⃗⃗⃗  ⃗

|𝑂𝐿⃗⃗⃗⃗  ⃗|
=

2𝑖 − 2𝑗 + 1𝑘⃗ 

3
= (

2

3
) 𝑖 − (

2

3
) 𝑗 + (

1

3
) 𝑘⃗  

https://en.wikipedia.org/wiki/Angular_velocity
https://en.wikipedia.org/wiki/Cross_product


 

Conclusion, 

𝜔⃗⃗ = 𝜔 ⋅ 𝑢⃗ = 3 ⋅ ((
2

3
) 𝑖 − (

2

3
) 𝑗 + (

1

3
) 𝑘⃗ ) = 2𝑖 − 2𝑗 + 1𝑘⃗  

𝜔⃗⃗ = 2𝑖 − 2𝑗 + 1𝑘⃗ ↔ {

𝜔𝑥 = 2
𝜔𝑦 = −2

𝜔𝑧 = 1
 

Then, 

𝑣 = 𝜔⃗⃗ × 𝑟 = |
𝑖 𝑗 𝑘⃗ 

𝜔𝑥 𝜔𝑦 𝜔𝑧

𝑟𝑥 𝑟𝑦 𝑟𝑧

| = |
𝑖 𝑗 𝑘⃗ 

2 −2 1
4 1 3

| = 

= 𝑖 ⋅ |
−2 1
1 3

| − 𝑗 ⋅ |
2 1
4 3

| + 𝑘⃗ ⋅ |
2 −2
4 1

| = 𝑖 ⋅ (−2 ⋅ 3 − 1 ⋅ 1) − 𝑗 ⋅ (2 ⋅ 3 − 1 ⋅ 4) + 𝑘⃗ ⋅ (2 ⋅ 1 − 4 ⋅ (−2)) = 

= 𝑖 ⋅ (−6 − 2) − 𝑗 ⋅ (6 − 4) + 𝑘⃗ ⋅ (2 + 8) = −8𝑖 + 2𝑗 + 10𝑘⃗  

𝑣 = −8𝑖 + 2𝑗 + 10𝑘⃗  

𝑣 = |𝑣 | = √(−8)2 + (2)2 + (10)2 = √64 + 4 + 100 = √168 = √4 ⋅ 42 = 2√42 ≈ 12.961481 

𝑣 = 2√42 ≈ 12.961481  

ANSWER: 

{
𝑣 = −8𝑖 + 2𝑗 + 10𝑘⃗ 

𝑣 = 2√42 ≈ 12.961481
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