               How is the area of a rectangular piece of metal changing?            p.1
Consider the rectangle shown at right. It expands and contracts with                  u + 2

changing temperature but maintains a length 2 meters greater than its          u

width. Let ‘u’ and ‘u+2’ (in meters) represent those dimensions.

So the area of our rectangle is: 
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, m2 or square meters. Let’s suppose our width starts out at 4m and increases to 8m. Then 
[image: image2.wmf]222

(4)24 and (8)80 and A56

AmAmm

==D=

.
What is the average rate of change of area w.r.t. width? 
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What is the instantaneous rate of change of A when u = 4m? 
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What is the instantaneous rate of change of A when u = 8m? 
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Why does the Merton Rule work here? Because 
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 is a linear function.
What is the meaning of (1) 
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 at u = 4  vs  (2) 
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 Well…this concept isn’t that easy to explain! If the derivative (or slope of the tangent line) keeps changing then as the width changes from u = 4 to say u = 4.1 meters, the rate of change changes! So…???


…for a small change from u = 4 meters to say u = 4.1 meters, a good approximation for the rate of change would be 10 m2 per meter change in width. Let’s do the math!

The actual rate of change of area with a change of 0.1 meters of width is calculated by: 
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The instantaneous rate of change (which hardly seems useful?) is given by the derivative:
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 Well, it does give an approximation for the actual rate of change… pretty close for at least for small increments or changes in the width!

(2)
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 represents the instantaneous rate of change in area with respect to time. Again, as a predictor, it’s probably only practical to use the calculated value (slope of the tangent line) for small increments in time before or after our stopwatch read 0 hours!


For now, we can’t calculate dA/dt because our area (A) is not ‘given’ as a function of time but rather as a function of it’s width (u). Later, we’ll come back to this question. 

For now, let’s just mention that if we knew how the width (u) was changing with respect to time, we could use the Chain Rule… 
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How is the area of a rectangular piece of metal changing?               p.2
The Chain Rule?

How is the area of the rectangle changing w.r.t. a centimeter change in the width?

Let ‘x’ represent the width in centimeters, then the question becomes “What is dA/dx ?”

Notice that 100u = x and hence, u = f(x) = 
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Just cranking out the chain rule gets us: 
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  Note the units.

Anything else? Oh, we almost forgot about time! Suppose the temperature varies according to the hours in a day. Let the width (x) in centimeters vary sinusoidally as:
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so that at t = 0 hours, x = 400 cm (u = 4m). 


Also note that the amplitude of fluctuation is 1 cm and the period is 
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Hence 
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So returning to an earlier question… What is the instantaneous rate of change of area (A) w.r.t. time (t in hours) when t = 0 hrs or x = 400m (or u = 4m)?
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