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RELATIVE MOTION  

LEARNING GOALS 

Students will: 

 Determine the velocity of objects in different frames of reference 

PREPARATION AT HOME 

Videos 

 Train Station – What is moving? 

Activities 

 Physlets – Try Relative Velocity in 1D and 2D 

Homework Quiz 

MOTION IN 1-D 

Imagine you are sitting on a train.  The train is traveling at 35 km/h [W].  You stand up and walk 

forward along the aisle of the train at 5 km/h.  In this problem there are essentially three points 

of view or frames of reference:   

 1. the train 

 2. the ground 

 3. you 

When we describe motion, we say WHAT is moving and WITH RESPECT TO some point of view or 

frame of reference. 

1. Consider the following statements: 

o The velocity of the train with respect to the ground is 35 km/h [W] 

o Your velocity with respect to the train is 5 km/h [W] 

o Your velocity with respect to the ground is 40 km/h [W] 

o The velocity of the ground with respect to you is 35 km/h [E] 

o The velocity of the ground with respect to the train is 35 km/h [E] 

 One of the above statements is NOT correct.  Which one is wrong?  Explain why. 

 

 

 

 

2. You are on the same train as above.  This time you walk towards the back of the train at 

5 km/h along the aisle.  Answer the following: 

a) The velocity of the train with respect to the ground is __________ 

 

b) Your velocity with respect to the train is __________ 

 

c) Your velocity with respect to the ground is __________ 

 

d) The velocity of the ground with respect to you is __________ 

 

e) The velocity of the ground with respect to the train is __________ 
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EXAMPLE 

3. Car 1 is driving at 45 km/h [W] with respect to the road.  Car 2 is driving at 52 km/h [E] 

with respect to the road.  What is the velocity of car 2 with respect to car 1? (Sketch a 

quick picture with velocity vectors) 

 

  

 

 

 

 

 

[97 km/h [E]] 

NOTATION 

We need a short, mathematical way of making the same statements as above. 

If some object A has a velocity with respect to some other object or frame of reference B, we use 

the notation 

AVB   or  VAB 

Both are read as “velocity of A with respect to B”.  The first subscript is the object, the second 

subscript is the frame of reference.  We will use the second notation where both subscripts are 

on the right of the variable. 

 

The order of the subscripts is IMPORTANT.  In the example we started with, the train has a 

velocity with respect to the ground of 35 km/h [W].  If you are standing on the ground watching 

the train go by, this is what you see.  VTG = 35 km/h [W] 

 

BUT if you are standing on the train and you look out the window, the ground appears to be 

going by you in the opposite direction.  VGT = 35 km/h [E] 

 

This gives us the rule: 

RULE 1: VAB = - VBA  

4. Take each of the statements in question 2 above and rewrite them using the notation 

given above. 

 a) 

 

 b) 

 

 c)  

 

 d)  

 

 e) 
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CHANGING FRAMES OF REFERENCE 

When you walk along the aisle of the train, your velocity depends on your chosen frame of 

reference.  You could choose the train as a frame of reference or you could choose the ground as 

the frame of reference.  Your velocity with respect to the train depends only on your motion with 

respect to the train.  Let’s say you walk backward (east) along the aisle at 5 km/h.  You can 

write VYT = 5 km/h [E].   

 

But suppose the train is also moving along the ground at 35 km/h [W] VTG = 35 km/h [W].  

Your motion over the ground is a combination of your motion along the aisle of the train and the 

trains motion along the ground.  You have probably noticed that you merely have to add these to 

get your motion over the ground: 

VYG = VYT + VTG  

VYG = 5 km/h [E] + 35 km/h [W] = 30 km/h [W] 

 

NOTE:  this is a vector addition.   

 

This gives us the rule: RULE 2:   �⃑⃑� 𝑨𝑪 = �⃑⃑� 𝑨𝑩 + �⃑⃑� 𝑩𝑪 

 

This rule has a pattern.  The order of the subscripts always follows this pattern.  The left side of 

the equation is the velocity you want.  It has a first subscript (A) and a last subscript (C).  The 

right side of the equation must have the SAME first subscript (A) and the SAME last subscript 

(C).  The “inner” subscripts on the right hand side must be the same. 

 

 

MOTION IN 2-D 

Motion in two dimensions can be dealt with the same way as one dimensional motion.  BOTH 

RULE 1 and RULE 2 are still valid. 

 

In a typical problem, a swimmer swims across a river that has a current.  Whether the swimmer 

is in moving or still water, her velocity with respect to the water is the same.  This is her 

swimming ability.  The river current is like being on a moving train.   

 

Another type of problem is a plane flying while the wind is blowing.  In this case, the wind is like 

the moving train.  The plane’s velocity with respect to the air is like the velocity of the swimmer 

with respect to the water. 

 

  

must be  

the same 

starts with A 

ends with C 

starts with A 

ends with C 
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EXAMPLE 

5. A girl tries swimming across a river.  The river is flowing at 2.3 m/s [E].  The girl swims at 

1.4 m/s [N] with respect to the water.  What is the girl’s velocity with respect to the river 

bank (the shore)?  Follow the steps below: 

  -write the velocity of the girl with respect to the water: 

  -write the velocity of the water with respect to the shore: 

  -write the correct equation using RULE 2: 𝑣 𝐺𝑆 =_______________ 

  -draw (to the side) a labelled vector diagram to represent your equation 

  -Perform the required operation to get the answer 

 

 

 

 

 

 

 

EXAMPLE 

6. A plane is flying with an airspeed of 340 km/h and a heading of west (in pilot terminology, 

airspeed and heading are the velocity with respect to the air).  The plane’s velocity over 

the ground is 365 km/h [W160S].   What is the wind velocity?  Follow the steps below. 

  -write the velocity of the plane with respect to the air: 

  -write the velocity of the plane with respect to the ground: 

  -write the correct equation using RULE 2: 𝑣 𝑃𝐺 =_______________ 

  -draw (to the side) a labelled vector diagram to represent your equation: 

  -Perform the required operation to get the answer: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HOMEWORK 

P47-48 Q1-9 


