
Date: _________________________________ 

SPH4U: Dynamics Part A 

Vector Operations with Components 

Often it is not efficient to add/subtract using the cosine law and sine law. Luckily for us, any vector can be 

expressed as a summation of each of its components. For example, in two dimensions, a vector can be 

expressed in terms of a horizontal component and vertical component. In this lesson we will revisit some of the 

examples from our previous lesson, however we will solve them using components.  

Example: Determine the components of the vector �⃗� = 12.0 𝑘𝑚 [𝐸 60° 𝑁].  

Geometric Figure Horizontal Component Vertical Component 

 

cos(60°) =
𝐴𝑥

12𝑘𝑚
 

(12𝑘𝑚) cos(60°) = 𝐴𝑥 
6.00 𝑘𝑚 = 𝐴𝑥 

sin(60°) =
𝐴𝑦

12𝑘𝑚
 

(12𝑘𝑚) sin(60°) = 𝐴𝑦  

10.4 𝑘𝑚 = 𝐴𝑦 

 

Vector Addition  

To add vectors using components, we determine the sum of the components in each of the orthogonal 

directions. This will result in a right-angle triangle with the resultant vector acting as the hypothenuse.  

Example: Determine the final velocity of a motor boat which stratifies the following measurements:   

�⃗�Δ𝑡 = 3.0
𝑚

𝑠2
[𝐸60°𝑆] and 𝑣1⃗⃗⃗⃗⃗ = 5.0

𝑚

𝑠
[𝐸].  Recall  𝑣2⃗⃗⃗⃗⃗ = 𝑣1⃗⃗⃗⃗⃗ + �⃗�Δ𝑡 

  

 

 

 

 

 

 

 

 Vector Subtraction 

To subtract vectors using components, we determine the difference of the components in each of the 

orthogonal directions. Again, we will be left with a right-angle triangle with the resultant vector acting as the 

hypothenuse.  

Example: Determine the displacement of a hiker described by the following position vectors:  

𝑑1
⃗⃗⃗⃗⃗ = 3.0 𝑘𝑚[𝑆 45° 𝐸] and 𝑑2

⃗⃗⃗⃗⃗ = 4.5 𝑘𝑚 [𝑊] 
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SPH4U: Dynamics Part A 

Scalar Multiplication of Vectors:  

The scalar product is an operation whose result expresses how similar two vector’s directions are. This 

directional relationship is expressed by the cosine of the angle between the two vectors when they are placed 

“tail to tail”.  

Mathematically:  �⃗� ∙ �⃗⃗� = |�⃗�||�⃗⃗�|𝑐𝑜𝑠𝜃   where 0° ≤ 𝜃 ≤ 180° 

Thus, the dot product of any vector with itself is given by:  �⃗� ∙ �⃗� = |�⃗�||�⃗�|𝑐𝑜𝑠(0°) = 𝐴2 

Notice that as the angle between the two vectors increases from 0° to 90° the dot product decreases, reaching 

0 at 90°, indicating that there is little or no correlation between the vectors. As the angle increases from 90° to 

180° the dot product becomes negative indicating that the vectors are in the opposite directions.  

Note: It is sometime beneficial to draw the vectors tail to tail to determine the angle between them.  

Example:  Determine the dot product of the following two vectors. 

�⃗� = 4.5 𝑁 [𝐸 20° 𝑁] and  �⃗⃗� = 6.0 𝑁 [𝑁 40° 𝑊] 

 

 

 

 

 

 

 

 

Practice Problem: 

Now that we have investigated adding and subtracting vectors with components, recalculate the resultant of the 

following vector addition.  

 


