Physics Challenge Question 7:  Solutions

First of all, let’s note that in this problem, there is no acceleration.

Part 1

A good way to start would be to make a drawing and a table.  The problem already gives us a drawing, so I’ll just make a table.  I’ll call the direction across the river “up/down”, the direction along the river “left/right”, and the resulting direction the “diagonal”.  Here’s what we know for part 1:

	
	Up/down
	Left/right
	Diagonal

	x
	100 m
	
	

	v
	1 m/s
	
	

	t
	
	
	


(Even though we know the waterfall is 50m downstream, we don’t know whether or not that’s actually where he’ll end up.)

So we can’t say anything about the motion left/right or diagonal, but we can find the time to cross (here, we need the velocity related only to that direction!):
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Part 2

For him to just avoid the waterfall, he would need to land 50 m downstream from where he started.  I also know the time he takes to travel across from part 1.  So for this part, our table looks like this:

	
	Up/down
	Left/right
	Diagonal

	x
	100 m
	50 m
	

	v
	1 m/s
	
	

	t
	100 s
	100 s
	100 s


I know everything in the left/right direction except for v, so I’ll just solve using our usual equation:
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So if the current is 0.5 m/s (or less), he’ll survive.

Part 3

Our table now looks like this:

	
	Up/down
	Left/right
	Diagonal

	x
	100 m
	50 m
	

	v
	1 m/s
	0.5 m/s
	

	t
	100 s
	100 s
	100 s


So to find v for the diagonal direction, let’s look at the following picture:

Notice from the table that we don’t have enough information to use the velocity equation for the diagonal direction.  But looking at the right-angled triangle, we can use Pythagorean theorem.


[image: image4.wmf]2

2

2

)

5

.

0

(

)

0

.

1

(

s

m

s

m

diagonal

v

+

=



[image: image5.wmf]s

m

s

m

s

m

diagonal

v

1

.

1

)

5

.

0

(

)

0

.

1

(

2

2

=

+

=


Part 4

Notice first that 0.8 m/s is too fast for him to survive.  He would travel 80 m downstream during his 100 s swim, well into the waterfall!  (We also knew this from our answer to part 2.)

We can’t use our table from before, since the situation has now changed.  The key here is that he angles himself to oppose the current.  This means that the left-right part of his velocity must be 0.8 m/s to exactly cancel the river, as shown in the picture. 

We’ll use the Pythagorean theorem again:
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This is the speed in the up/down direction.  Since we still know the displacement in this direction is 100 m, we can now use the velocity equation and solve for the time:
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So it takes him a little longer to get across, but at least he survives!
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