The 29 Minute Derivative

Teacher Notes

Example 1.

Start with the graph of 
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 anchored at the point (2, 4).  

Let x = 10.  Find the y-coordinate when x = 8.  Sketch the point on the graph then draw a secant line through (8, 64) and (2, 4).  Write the formula for the slope of the secant line through these two points.

Repeat the secant lines through a variety of points such as x = 10, x = 6, x = 4, x = -1, and x = 3.  Explain that we could repeat this activity with many, many points.  Instead, we would like to use a generic representation for the second point.  Use x = 2+h as the x-coordinate of the second point.  Help the student see that the coordinates of this generic point will be 
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The slope of the secant line through this point, anchored at (2, 4), is given by


[image: image3.wmf]22

(2)4444(4)

4

22

hhhhh

h

hhh

+-++-+

===+

+-

 .  Review how this formula does match up with the answers they got for the individual points.  Ask them what the slope would be when x = 9, x = -4, x = 7.4.  Ask them at which point will the slope be 9 or -7 or 0. 

Remind them they have done no calculus because they have not applied a limit.  Have them take the 
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 which is the value of the instantaneous rate of change or the slope of the line tangent to the curve at x = 2.

Repeat the process with a point anchored at (3, 9).  Use a variety of points, including at least one negative integer.  

This time the slope through the anchor point (3, 9) and 
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.  

Show them how this formula predicts the result for each of the points chosen for the other end of the secant line.  Use this formula to predict the slope of the secant line at a few other points.  Also, use this formula to determine when the slope would be 8 or -5 or 16.  

Finally, remind them again that we have found the slope of the secant lines.  In order to find the slope of the tangent line, we must find the limit as h approaches zero; which yields a slope of 6 for the tangent line.  Make sure to draw this line as well.

To end the discussion on this point, we choose a generic point for the anchor point of the secant line of 
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 and the other point of 
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   sketch these point on the graph and draw a secant line through them.  Find the slope of this lie which is 
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   Point out that the 2x is how we got the 4 in the first example and the 6 in the second example.  We then find the slope of the tangent line by 
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 So, the slope of the line tangent to the parabola 
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 is always twice the x-coordinate.  Using this formula, find the slope of the tangent line when x = 2, 3, 11, -5.1, etc.  Ask the students when the slope would equal -6 or 8.2 or zero.

Example 2.

We wish to repeat the process with a new function 
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 when x = 5.  The anchor point is 
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 .  Once again, choose a variety of points such as x = 10, x =- 7, x = 1, and x = 3.  Sketch the secant line and find the value of the slope through the two points.  We then write the generic second point as 
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   The slope of the line through these two points is 
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   Help them to see how this matches up with the values obtained in the specific examples used earlier.  

Finally, we want to find the slope of the tangent line (or instantaneous rate of change).  So we find 
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If you want to, you can choose another anchor point such as 
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 to repeat the process.  Most students are comfortable moving to the generic point which is 
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The slope of the secant line is 
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   It should be easy to see how this matches with the specific example at x = 5.

To complete the discussion for this example, we want to find the slope of the tangent line (instantaneous rate of change).  To find this, we need to apply a limit to the expression.  
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   Show how this formula fits the example at x = 5.  Ask students to predict what the slope of the tangent line is at x = 8, x = 2, x = 1, x = ½.  Ask them to determine the x-coordinate when the slope is -1/36 or -1/9 or -1/10.

Final example.

By now students should be able to find the two points of a secant line in a generic format for any function.  Now we want to use a generic function 
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  Draw some curve on the board and label it as f(x).  Locate two points on this graph called 
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   Draw the secant line through the two points and write a formula for the slope -- 
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 .  Ask students to explain how to make this formula match up with the slope of the tangent line.  They should respond with the idea of taking the limit as h approaches zero.  Write this out as 
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   Explain that this is such an important idea in calculus that it has its own name –The Derivative – and its own symbol 
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This is the end of the discussion.  

As a follow up, work a few examples with the students such as 
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 or
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This should prepare students to do similar problems for homework.
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