
Summary 11: Motion in 𝑹𝟑 

Motion or path of a particle: 
𝑟(𝑡) =< 𝑥(𝑡), 𝑦(𝑡), 𝑧(𝑡) > 

Velocity: 
𝑣(𝑡) = 𝑟′(𝑡) =< 𝑥′(𝑡), 𝑦′(𝑡), 𝑧′(𝑡) > 

Speed: 
𝑠 = ||𝑣(𝑡)|| 

Acceleration: 
𝑎(𝑡) = 𝑣′(𝑡) = 𝑟′′(𝑡) =< 𝑥′′(𝑡), 𝑦′′(𝑡), 𝑧′′(𝑡) > 

Also: 
𝑎 = 𝑎𝑡𝑇 + 𝑎𝑛𝑁 

where: 

𝑎𝑡 =
𝑣∙𝑎

𝑠
 (tangential component) 

𝑎𝑛 =
||𝑣×𝑎||

𝑠
 (normal component) 

�⃗� (𝑡) =
𝑣

𝑠
  (unit tangent vector) 

�⃗⃗� (𝑡) =
�⃗� ′

||�⃗� ′||
  (principle normal vector) 

For 𝑟(𝑡) =< 2 𝑐𝑜𝑠(𝑡) , 2 𝑠𝑖𝑛(𝑡) , 3𝑡 > 
find tang. and normal comp. of accel.: 
 

𝑣(𝑡) =< −2 sin(𝑡) , 2 cos(𝑡) , 3 > 

𝑠 = ||𝑣|| = √13 

𝑎(𝑡) = −2 < cos(𝑡) , sin(𝑡) , 0 

𝑣 ∙ 𝑎 = 0 

𝑣 × 𝑎 = |

𝑖 𝑗 𝑘

−2 sin(𝑡) 2 cos(𝑡) 3
−2 cos(𝑡) −2 sin(𝑡) 0

| = 

            =< 6 sin(𝑡) , −6 cos(𝑡) , 4 >  

Thus: 

    𝑎𝑡 =
𝑣∙𝑎

𝑠
= 0  

    𝑎𝑛 =
||𝑣×𝑎||

𝑠
=

√52

√13
= 2  

   

 


