Exploration 4.6.1, Related Rates: The Ladder
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A 16 foot ladder is leaning against a wall.  The floor on which the base of the ladder rests is perpendicular to the wall.  
Initially, the base of the ladder is 4 feet from the wall.  However, through some strange circumstance, the base of the ladder begins moving away from the wall at a rate of ½ ft per second.
Part A.   Numerical Approach 
1. How long until the top of the ladder reaches the ground?

2. What is the reasonable domain for time in this situation?
3. Create a table that shows the height of the top of the ladder and distance from the wall of the base of the ladder over time.  (Add more rows if desired.)
Let t = time (in seconds)
x = distance from the wall of the base of the ladder (in feet)
y = height of the top of the ladder (in feet)
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4. How fast is the base of the ladder moving?  Does this rate change?
5. Looking at the table, describe how the x-values change.  What information was given in the situation that supports your observation?

6. Looking at the table, describe how the y-values change.  

7. Use the table to estimate how fast the top of the ladder is moving at t = 2 seconds. 
8. Use the table to estimate how fast the top of the ladder is moving at t = 4 seconds. 

9. Do you think your estimates from the last two problems are higher, lower, or exactly the same as the actual values?
Part B.  Explicit Analytical Approach

1. Write an equation, 
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, that describes the distance from the wall of the base of the ladder (in feet) in terms of time, t.
2. Write an equation, 
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, that describes the distance from the wall of the base of the ladder (in feet) in terms of time, t.

3. Find 
[image: image3.wmf]()

xt

¢

.  What does this expression mean for the situation?

4. Find 
[image: image4.wmf]()

yt

¢

.  What does this expression mean for the situation?

5. Find 
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.  Compare your results with those from part A.
Part C.  Implicit Analytical Approach

Let t = time (in seconds)
x = distance from the wall of the base of the ladder (in feet)
y = height of the top of the ladder (in feet)

1. What does 
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 mean for this situation? 
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?

2. From the original information in the problem, do you know what 
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 is?  How about 
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?

3. Write an equation that relates x and y from what you know about the ladder’s length.
4. Take the derivative of both sides of your equation in #1 with respect to t.  (Be careful to use the chain rule.)

5. Simplify your equation from #4 with any information you know from #2.
6. Calculate how fast the top of the ladder is moving at t = 2 seconds. 

7. Calculate how fast the top of the ladder is moving at t = 4 seconds. 
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