
Chapter 2: Close Reading of Unfamiliar Text – Oral  1

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

Chapter  : Relative velocity and boats crossing rivers  1

Relative velocity and boats crossing rivers

(Extension material for Level 2 Physics Study Guide, ISBN 978-1-927153-37-6, page 111)

Boats crossing rivers in which there is a current give rise to relative velocity problems.

Example
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A boat starts to cross a river which is 2.0 km 
wide. The boat travels at 20 km h–1 relative to 
the surface of the water and points directly 
across the river. The river is moving at 6.0 km h–1 
downstream relative to the river bank. 
a. What is the boat’s velocity relative to 

the river bank?
b. How long does the boat take to cross the river?
c. At what point does the boat land on the other side?

Solution:
The current is relative to the river bank and the river bank (and any observer standing 
on the bank) is at rest.
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a. The boat’s velocity relative to the river 
bank is the combined result of its velocity 
relative to the river and the velocity of the 
river relative to the river bank:

 vboat rel river~
 + vriver rel bank~

= vboat rel bank~

 Using Pythagoras and trigonometry, the boat moves with a speed of: 

 21 km h–1 202 + 6.02( )202 + 6.02( ) at an angle downstream of 73° (tan θ = 20
6.0

tan θ = 20
6.0

) to 
 the river bank.
b. The boat continues to travel across the river at 20 km h–1, despite the fact that it 

is also being carried downstream. The river’s motion does not affect the boat’s 
movement across the river because the motion of the river is at right angles to the 
direction in which the boat is pointed.

 Time taken to cross the river is t = d
v
d
v

 [rearranging d = vt]

  = 2.0
20
2.0
20

  = 0.10 h (6 minutes)
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c. As well as travelling across the river, the boat is carried at 6.0 km h–1 downstream for 
0.10 hour (the time taken to cross the river). The distance travelled downstream is: 

  d = vt 
   = 6.0 x 0.10
   = 0.60 km
 The boat touches the opposite river bank 0.60 km downstream from a point 

directly across the river.
The displacement vector diagram forms a triangle which is similar to the velocity 
vector diagram:
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