
Math 2210 #4 
The Dot Product 

EX 1 

1a) 

 Write a vector represented by 𝐴𝐵⃗⃗⃗⃗  ⃗ in the form 𝑎 = 𝑎1𝑖 + 𝑎2𝑗 + 𝑎3𝑘̂. 
A ( −2,3,5 ) 
B (1, −2,4) 

 
 
 
 
 
 
 
 
 
 
 
 

1b) 

 Find a unit vector 𝑢⃗  in the direction of ⟨−3,5,6⟩ and express it in the form 𝑢⃗ = 𝑢1𝑖 +

𝑢2𝑗 + 𝑢3𝑘̂ 

 
 
 



The dot product is one type of multiplication between vectors that returns a scalar 
(number). 

For 𝑢⃗ = ⟨𝑢1, 𝑢2, 𝑢3⟩ and 𝑣 = ⟨𝑣1, 𝑣2, 𝑣3⟩, 

𝑢
⇀

⋅ 𝑣
⇀

= 𝑢1𝑣1 + 𝑢2𝑣2 + 𝑢3𝑣3. 

Theorem A 

Let 𝑢⃗ , 𝑣 , 𝑤⃗⃗  be vectors and 𝑐 a real number. 

 
𝑢⃗ ⋅ 𝑣 = 𝑣 ⋅ 𝑢⃗ 
𝑢⃗ ⋅ (𝑣 + 𝑤⃗⃗ ) = 𝑢⃗ ⋅ 𝑣 + 𝑢⃗ ⋅ 𝑤⃗⃗ 

𝑐(𝑢⃗ ⋅ 𝑣 ) = (𝑐𝑢⃗ ) ⋅ 𝑣 = 𝑢⃗ ⋅ (𝑐𝑣 )

0⃗ ⋅ 𝑢⃗ = 0
𝑢⃗ ⋅ 𝑢⃗ = ‖𝑢⃗ ‖2

 

 

Theorem B 

Geometrically, we can think of the dot product as 𝑢⃗ ⋅ 𝑣 = ‖𝑢⃗ ‖‖𝑣 ‖co s 𝜃 where 𝜃 is the 
angle between 𝑢⃗  and 𝑣 . 

 

 



Theorem C 

The vectors 𝑢⃗  and 𝑣  are perpendicular iff 𝑢⃗ ⋅ 𝑣 = 0. 
Perpendicular vectors are called orthogonal. 

EX 2 

 For what number c are these vectors perpendicular? 

⟨2𝑐, −8,1⟩ and ⟨3, 𝑐, −2 + 𝑐⟩ 

 

 

 

 

 

 

 

 

 

EX 3 

 Find the angle between 𝑢⃗ = 4𝑖 + 2𝑗 + 3𝑘̂ and 𝑣 = 2𝑖 + 𝑗 + 5𝑘̂. 

  



 

 

 

 

 

 

 

 

 

 

 

EX 4 

Let 𝑢⃗ = ⟨1,6,−2⟩ and 𝑣 = ⟨−3,2,5⟩. Find the vector projection of 𝑢⃗  onto 𝑣 . 

 



EX 5 

 If 𝑢⃗ = 𝑒𝑖 + 𝜋𝑗 + 𝑘̂ and 𝑣 = ⟨1,1,0⟩, express 𝑢⃗  as the sum of vectors 𝑚⃗⃗  and 𝑛⃗ , such that 
𝑚⃗⃗ ‖𝑣  and 𝑛⃗ ⊥ 𝑣 . 

 

 

 

 

Planes 

Given a plane with normal vector    n⃗ =  ⟨𝐴,  B,  C ⟩ 

and a point 𝑃1(𝑥1, 𝑦1, 𝑧1) in the plane, every 

other point 𝑃(𝑥, 𝑦, 𝑧)in the plane will satisfy 𝑃1𝑃⃗⃗⃗⃗⃗⃗  ⃗ ⋅ 𝑛⃗ = 0. 

 

 

 

 

EX 6 

 Find the equation of a plane that goes through the origin with normal vector  
𝑛⃗ =< 1,2,3 >. 

 
 



EX 7 

 Find the equation of the plane through ( 1,−3,4 ) perpendicular to 

𝑛⃗ = ⟨−1,2,−1⟩. 

Note: 
For any given plane, the most important feature of the normal vector is the direction. 

Therefore, we can use any scaled version of the normal vector when determining the 
equation of a plane. 

 
 
 
 
 
 
 

 

 

Distance from a point P0(𝑥0, 𝑦0, 𝑧0) to a plane 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝐷 
 

 



EX 8 

 Find the distance between the parallel planes 

−3𝑥 + 2𝑦 + 𝑧 = 9 and 6𝑥 − 4𝑦 − 2𝑧 = 19 

 

 

 

 

 

 

 

 

 

 

 

 

 

EX 9 

 Find the (smaller) angle between the two planes, 

−3𝑥 + 2𝑦 + 5𝑧 = 7 and 4𝑥 − 2𝑦 − 3𝑧 = 2 


