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RELATIVE MOTION DAY 2 

LEARNING GOALS 

Students will explore various aspects of relative motion  

 

CONCEPT QUESTIONS 

1. 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? [97 km/h 

[E]] 

 

 

2. If the wind is represented by the arrow pointing south-east, which arrow represents the 

velocity of the plane relative to the air? 

 

 

 

 

 

 

 

3. A pilot aims [N25oW] with an airspeed of 245 km/h in order to achieve the groundspeed 

shown below.  Draw a vector diagram to show the direction of the wind.   

 

 

 

 

 

 

4. A football is thrown through the air at 6.0 m/s [S], but a quarterback running down the 

field sees it moving at 2.5 m/s [N].  Determine the speed and direction the quarterback is 

running. 

 

 

 

 

 

PROBLEM SOLVING 

EXAMPLE ONE: RIVER CURRENT 

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)?  Draw a labelled vector diagram and use geometry to solve. [2.7 m/s [N59oE] 

 

 

 

 

start 

finish 

350 km/h  
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EXAMPLE TWO: PLANE 

A plane is flying with an airspeed of 340 km/h and a heading of west.  The plane’s velocity over 

the ground is 365 km/h [W160S].   What is the wind velocity?  Draw a labelled vector diagram 

and use geometry or components to solve. [101 km/s [S 6o W] 

 

 

 

 

 

 

 

 

 

 

 

 

PROBLEMS TO SOLVE 

1. A boat crosses a river of width 160 m in which the current has a uniform speed of 1.50 m/s.  The pilot 
maintains a bearing perpendicular to the river and a throttle setting to give a constant speed of 2.00 m/s 
relative to the water.  (a) What is the speed of the boat relative to a stationary shore observer?  (b) How far 
downstream from the initial position is the boat when it reaches the opposite shore? [(a) 2.5 m/s [N36.9oE (b) 
120 m] 
 

2. A river has a steady speed of 0.500 m/s.  A student swims upstream a distance of 1.00 km and the swims back 
to the original starting point.  If the student can swim at a speed of 1.20 m/s in still water, how long does the 
trip take?  Compare this with the time the trip would take if the water were still. [2.0 x 103 s  no current: 1.67 
x 103 s] 

 

3. The pilot of an airplane notes that the compass indicates a heading due west.  The plane’s airspeed (speed 
relative to the air) is 150 km/h.  If there is a wind of 30.0 km/h toward the north, find the velocity of the plane 
with respect to the ground. [153 km/h [W11.3oN]] 

 

4. Two planes fly from Toronto to Philadelphia. Plane A flies via Pittsburgh whereas passengers on plane B have a 
direct flight. Pittsburgh is 350 km due south of Toronto and 390 km due west of Philadelphia. The airspeed of 
both planes is 400.0 km/h and a steady wind is blowing from the east at 60.0 km/h.  (a) What direction must 
the pilot point the plane flying from Toronto to Pittsburgh? Include a vector diagram of velocities.  (b) How 
long will the entire flight take for plane A assuming a 0.50-h layover in Pittsburgh? (c) How much time must 
the pilot of plane B wait before leaving Toronto if she is to arrive in Philadelphia at the same time plane A 
arrives? [(a) 8.6o (b) vPB = 354 km/h (b) 2.51 h (c) waits 1.0 h] 
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5. A child in danger of drowning in a river is being carried downstream by a current that has a speed of 2.50 
km/h.  The child is 0.600 km from shore and 0.800 km upstream of a boat landing when a rescue boat sets 
out.  (a) If the boat proceeds at its maximum speed of 20.0 km/h relative to the water, in what direction 
should the pilot aim the boat in order to intercept the child?  (b) What will be the velocity of the boat with 
respect to the shore?  (c) How long will it take the boat to reach the child? [(a) 36.9o upstream (b) 18 km/h 
[42o up] (c) 0.0500 h = 3 min] 

 

6. A physics student is riding on a flatcar of a train travelling along a straight horizontal track at a constant 
velocity of 10.0 m/s.  The student throws a ball into the air along a path that he judges to make an initial angle 
of 60.0o with the horizontal and to be in line with the track.  The student’s teacher, who is standing on the 
ground nearby, observes the ball to rise vertically.  How high does the professor see the ball rise? [15.3 m] 

 

7. Two canoeists, A and B, live on opposite shores of a 300.0 m wide river that flows east at 0.80 m/s. A lives on 
the north shore and B lives on the south shore. They both set out to visit a mutual friend X who lives on the 
north shore at a point 200.0 m upstream from A and 200.0 m downstream from B. Both canoeists can propel 
their canoes at 2.4 m/s through the water. How much time must canoeist A wait after canoeist B sets out so 
that they both arrive at X at the same time? Both canoeists make their respective trips by the most direct 
routes. [vBG = 2.75 m/s [72.4o up from south shore]  dB = 360 m tB =131 s   vAG = 1.6 m/s dA 

= 200 m tA = 125 s]  

 

8. A quarterback is running across the field, parallel to the line of scrimmage, at a constant speed of 2.5 m/s, 
when he spots an open, stationary receiver straight downfield from him (in a line parallel with the sidelines).  
If he can throw the football at a speed of 8.0 m/s, relative to himself, at what angle, relative to the sidelines, 
must he throw it in order to hit the receiver?  (18°)  How far downfield was the receiver, if the pass took 3.0 s 
to reach him? (23 m) 

 

Optional Additional Problems: P47-48 Q1-9 


