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Math 251   Calculus 1   Chapter 4, Section 2
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Mean Value Theorem in a Picture
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	(i)  Label a line segment whose slope is
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(ii)  Find a point (say that it has x-coordinate c) on the graph of f whose tangent line has the same slope.  What is the value of the slope in Calculus notation?


Mean Value Theorem in Words
Theorem:  Let f be a function that is continuous on the closed interval 
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 and that is differentiable on the open interval a < x < b.

Then, there is an x-value, c, satisfying a < c < b, such that 
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Exercise 1:  It is a fact that the function 
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 is continuous on 
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 and differentiable on 1 < x < 3.  What does the Mean Value Theorem conclude?  Does the MVT produce the value of c?  What is c?  (In the graph below, the x-axis is scaled by ones, and the y-axis is scaled by fives.)
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Rolle’s Theorem
Rolle’s Theorem is a special case of the Mean Value Theorem.  It has the same hypotheses plus one additional hypothesis:  f(a) = f(b).

This additional hypothesis was not the case in the illustration at the top of page 1 nor in Exercise 1.  In each of those two examples on page 1, f(a)—the height of the graph at x = a—was not equal to f(b)—the height of the graph at x = b.

Rolle’s Theorem in a Picture
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Rolle’s Theorem in Words
Theorem:  Let f be a function that is continuous on the closed interval 
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 and that is differentiable on the open interval a < x < b.  Also, suppose that f(a) = f(b).

Then, there is an x-value, c, satisfying a < c < b, such that 
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Note how Rolle’s Theorem is a special case of the Mean Value Theorem.  By the MVT,
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Exercise 2:  Apply Rolle’s Theorem to the function 
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, where

a = -1 and b = 
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Since f is a polynomial, f is continuous

        ; in particular, f is continuous

Since f is a polynomial, f is differentiable

        ; in particular, f is differentiable

f(a) = f(-1) =

f(b) = 
[image: image16.wmf]÷

ø

ö

ç

è

æ

3

11

f

 = 
[image: image17.wmf]26

3

11

48

3

11

18

2

+

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

 =

Thus, there exists c satisfying




such that

------------------------------That is the end of Rolle’s Theorem.------------------------------

However, we can calculate c.

Since 
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, we can solve 
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Note that

Exercise 3:  The height s(t) of a ball t seconds after it is thrown straight upward from a platform 20 feet in the air with an initial velocity of 72 feet per second is given by

s(t) =

(i)  Verify that s(2) = s(2.5).

s(2) =

     = s(2.5)
     Moreover, 
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(ii)  According to Rolle’s Theorem (by the calculation in (i) and since s(t) is a polynomial and is therefore continuous and differentiable as required), 
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 for some time value c satisfying 2 < c < 2.5.

What does this mean physically?

What is the value of c?

Exercise 4:  A sports car passes a stationary policeman with a radar gun, who clocks the sports car at 60 mph.  Six miles down the highway, another stationary policeman sits with a radar gun.  When the sports car passes by the second policeman four minutes later, its speed is clocked at 57 mph.  The speed limit on the highway is 65 mph, yet the second policeman (an expert in Calculus who is keeping in radio contact with the first policeman) pulls the sports car over and issues its driver a ticket.  What is the evidence for this ticket?
�a





y = f(x)
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