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DATE _______________                                   NAME _________________________________

Teacher:  Robert DeChristopher                                  PERIOD _______________


PHYSICS

CROSSING A RIVER

A man rows a boat across a river at a speed of 20 meters/minute.  There is a

current flowing against his port (left) side at the speed of 5 meters/minute.

The boatman wanted to land at point A on the opposite shore.  The river is

1000 meters wide.  

(a) How far away from point A will he actually land?

HINT: Remember that perpendicular vectors act INDEPENDENTLY of one another.            

            First, find out how many minutes it will take the boat to cross the river.

(b) Will the current cause the boat’s actual speed to increase?

HINT:  The actual speed is the magnitude of the resultant vector.
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SOLUTION

(a)  Since 20 m/min and 5 m/min are PERPENDICULAR vectors, they act INDEPENDENTLY.

       This means that the boat will make it across the river in 
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       In this 50 minutes, the current will be moving the boat downstream, so
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       This means that the boat will land on the shore 250 meters downstream from point A.

(b)  When we add the velocity vector for 20 m/min and 5 m/min, we get a resultant R, shown

        in the diagram above.  This is the actual path that the boat will take when there is a river

        current of 5 m/min .  As you can see from the figure, R is LONGER than the 20 m/min

        vector, and, since the magnitude of a velocity vector is speed, then this means that the river

        current causes the speed of the boat to INCREASE.  Even though the length of the path in

        the direction of R will be LONGER, the boat is moving FASTER in that direction, so the

        time it takes to cross the river in the direction of R is still 50 minutes! 

This river crossing problem is a classic problem in Physics because it shows the power of vectors in unlocking

   the mysteries of motion.  Without vectors, we could never really explain what is happening to the boatman.                                                                                                                                                 

CROSSING A RIVER

TRIGONOMETRIC SOLUTION
Using the Pythagorean Theorem on the velocity vector triangle,


Therefore, the answer to part (b) is that the speed of the boat INCREASES from 20 m/min 

to 20.62 m/min due to the river current of 5 m/min.  Even though the boatman keeps rowing

at the speed of 20 m/min, he is unaware that his actual speed has INCREASED and that he is being thrown off course.

The angle of the resultant velocity vector and the actual path traveled is determined by


This is also the angle that the actual path makes with the line directly across the river.

Let’s call the distance of the actual path D.  Then,

 

The time it takes the boatman to travel this greater distance at the increased speed is


which is exactly the time it would take him if there were no river current!!!
14.04°
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