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SPH3U: Unit 1- Kinematics 

Vector Operations in One and Two Dimensions 

Adding Vectors: 
When adding vectors, the "head to tail" method should be used. The second vector is drawn with its tail originating at 

the head of the first vector (Note: it does not matter which vector you call the first and which you call the second!). The 

resultant is drawn from the tail of the first to the head of the last.  

For 1D or collinear vectors this is very straightforward. 

 

 

 

 

For collinear vectors a simple algebraic approach works if we define a positive direction.  

Example: Add the following displacement vectors.  

 Δ𝑑1 = 2.0 𝑘𝑚 [𝑁],  

Δ𝑑2 = 9.0 𝑘𝑚 [𝑆] 

Δ𝑑3 = 4.0 𝑘𝑚 [𝑁] 

Δ𝑑4 = 6.0 𝑘𝑚 [𝑆] 

 

Vector Subtraction:  
There are two commonly used methods for subtracting vectors. Both methods lead to the in the same resultant vector, 

and therefore whichever method you use becomes a personal preference.  

Head to Tail Method 

In this method, we will utilize the fact that any every direction can be represented 

as the negative of the colinear direction (i.e. [𝑁] = −[𝑆]). This means that vector 

subtraction can be considered as the addition of the negative of a vector.    

Example 2: Determine the displacement of the following position 

vectors.  

𝑑1 = 5.0 𝑘𝑚 [𝐸] 

𝑑2 = 8.0 𝑘𝑚 [𝑊] 

 

 

 

Tail to Tail Method 

In this method, we position the vectors such that their tails are touching. The resultant will be from the head of the 

second vector (i.e. subtracted vector) to the head of the original vector.  

Example 3: Repeat example 2 using the tail to tail method.  

 

 

   

  

 

Recall: Δ𝑑 = 𝑑2 − 𝑑1 
 



 

Vectors in Two Dimensions: 
When adding 2D vectors the resultant (the sum) can be found from a scale diagram using trigonometry or vector 

components (tomorrow’s lesson).     

Example 4: Determine the total displacement of the following vectors.  

Δ𝑑1 = 12.0 𝑘𝑚 [𝑊] 

Δ𝑑2 = 5.0 𝑘𝑚 [𝑁] 

 

 

 

 

 

 

 

 

 

 

Notice that in the above diagram both 12.0 𝑘𝑚 [𝑊] + 5.0 𝑘𝑚 [𝑁]  and 5.0 𝑘𝑚 [𝑁] + 12.0 𝑘𝑚 [𝑊] yield the same 

resultant vector (in fact they form a parallelogram). This is why the tip to tail method is also called the parallelogram 

method of vector addition.  

 

The same strategies that we applied to subtract vectors in one dimension can be applied to vectors in two dimensions.  

Example 5: Bobby the squirrel started 4.0 𝑚 [𝐸] of a tree. Determine Bobby’s average velocity if he ended up 3.0 𝑚 [𝑁] 

of the tree after 6 seconds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The resultant angle is ALWAYS the angle located at the starting position. 



Date: ____________________ 

SPH3U: Unit 1- Kinematics 

Sample Problems 

1. Sylvie walks 7.0 km due north. She then turns and walks 5.0 km east. Finally she walks 3.0 km south. If the entire 

trip takes 3.5 h, what is her average speed and velocity for the trip? 

2. Matthew rides 12.0 km [N] and then 7.0 km [NE]. What is his total displacement? 

   

 

 

 

 

Vector Operations Worksheet 

 
Consider the following vectors 
 

1. What is 𝐴 + 𝐶? 

2. What is �⃗⃗� + �⃗⃗⃗�? 

3. What is 𝐴 + �⃗⃗� 

4. What is |𝐴 + �⃗⃗�| 

5. What is �⃗⃗⃗� −  �⃗⃗�? 

6. What is 𝐴 + �⃗⃗� + 𝐶 + �⃗⃗⃗� + �⃗⃗� 

7. What is �⃗⃗� − �⃗� 
 
 

8. A plane is flying from Physicsville airport to Kinematics town which is located 81 km due south of 
Physicsville. While flying over Kinematics town the pilot receives a message instructing her to land at 
an airport in "Newtonville" which is 42 km [W] of Kinematics town.  Her average ground speed is  
1.5 x10 2 km/h.  

a. What is the total distance for her entire trip? 
b. How long did the trip take? 
c. What is her total displacement for the entire trip? 
d. What is her average velocity for the entire trip? 

 
 
 
Answers:  
1. 18.0 𝑚 [𝐸]  2. 5.0 𝑚 [𝑁]  3. 16.6 𝑚 [𝐸 65.0° 𝑁]  4. 16.6 𝑚   5. 11.7 𝑚 [𝐸 59° 𝑆]  
6. 13.0 𝑚 [𝐸  22.6° 𝑁]   7. 9.0 𝑚 [𝑊  64° 𝑁]  8. a. 123 𝑘𝑚    

b. 0.82 ℎ   𝑜𝑟  49 𝑚𝑖𝑛𝑢𝑡𝑒𝑠   c. 91 𝑘𝑚 [𝑊 62.6° 𝑆]  d. 1.1 × 102 𝑘𝑚

ℎ
 [𝑊 62.6° 𝑆] 

 

𝐴=7.0 m [E] 

�⃗⃗�=15 .0 m [N] 

𝐶 = 11.0 m [E]  

𝐷 ⃗⃗ ⃗⃗ = 10.0 m [S] 

�⃗⃗� = 6.0 m [W] 

�⃗� = 8.0 𝑚 [𝑁 30.0° 𝐸] 
 
 






