AP Calculus AB												Name__________________________________
Lesson 6-4: The Fundamental Theorem of Calculus, Part 2	Date _________________________________

Learning Goals:
· I can apply the Fundamental Theorem of Calculus.
· I understand the relationship between the derivative and definite integral as expressed in both parts of the Fundamental Theorem of Calculus.
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[bookmark: _GoBack]The graph above is of function , which represents the download speed (in kB/s) as a function of time (in seconds) for a particular file.  The file took a total of 3 minutes to download, so the graph represents .


1.  While we have no way to evaluate it exactly, explain what represents in the context of this
problem.  Include units in your answer.







2.  What would , the antiderivative of , represent in the context of this problem.






3.   If we knew that and , how many kB of data were downloaded over the
two minutes pictured in the graph?




4.	How does your answer to problem (1) relate to your answer to problem (3)??
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Fundamental Theorem of Calculus, Part 2



If f  is continuous at every point of , and F is any antiderivative of f on , then



This part of the FTC is also called the Integration Evaluation Theorem

Proof:

Let be any antiderivative of f.  

(1) Then 

(2) We know that 

(3) But 


(4) So  

(5) Substituting the conclusion from (4) into (1) 


(6) Since x is an arbitrary value, we can conclude 

What this theorem tells us is that the definite integral of any continuous function f can be calculated without taking limits, calculating Riemann Sums, or any of the other tedious methods – as long as an antiderivative of f can be found.

Example 1 – Evaluating Integrals
Evaluate the following integrals using antiderivatives



								    							

















* Note that in the above examples we are evaluating integrals using antiderivatives, which is different than finding the antiderivative . . .
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Area
We already know that the definite integral can be interpreted as the net (signed) area between the graph of a function and the x-axis.  We can therefore compute areas using antiderivatives, but we must again be careful to distinguish net (signed) area from total area.  In our textbook, the word “area” will be taken to mean total area.

How to Find Total Area Analytically


To find the area between the graph of  and the x-axis over the interval analytically:

1.  Partition with the zeros of f.
2.  Integrate f over each subinterval.
3.  Add the absolute values of the integrals.


How to Find Total Area Numerically (with your calculator)


To find the area between the graph of  and the x-axis over the interval numerically

   ****** Evaluate .   (Use the absolute value template!)


Example 2


Find the area of the region between the curve , , and the x-axis analytically
NO CALCULATOR!














Example 3


Find the area of the region between the curve , , and the x-axis using your calculator.
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Practice 1
Evaluate each integral using FTC part 2 without using your calculator.  Check your answer using your calculator.



1.  												2.  



















Example 4 (two ways)



If F is the antiderivative of such that, find .	























																										       Page 5
Practice 2 (use the FTC!)



1.	If F is the antiderivative of such that, find .  Calculator active!





















2. 	 If f is the antiderivative ofsuch that , find .  NO CALCULATOR!
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Practice 3   NO CALCULATOR
[image: ]
1.	







[image: ]
2.	


















[image: ]
3.	











4.	Find the average value of on .





		(A)  		(B)  			(C)  		(D)  		(E)  correct answer not given
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[image: ]Practice 4 (NO CALCULATOR)

















































																										  OVER 
																											Page 8
Practice 5  (note how you need FTC in part d!!) – CALCULATOR ACTIVE!
[image: ]
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image50.png
Let f be the continuous function defined on [~4, 3]

whose graph, consisting of thre line segments and a

semicircle centered at the origin, is given above. Let g

be the function given by g(x) = j“ f() dr.

() Find the values of g(2) and g(-2).

(b) For cach of g'(~3) and g”(-3), find the value or
state that it does not exist.

() Find the z-coordinate of cach point at which the
graph of g has a horizontal tangent line. For cach Graph of
of these points, determine whether g has a relative minimum, relative maximum, or neither a minimum nor
2 maximum at the point. Justify your answers.

(d) For ~4 < x <3, find all values of x for which the graph of g has a point of inflection. Explain your
reasoning.





image51.png
1 (minutes) 0 4 9 15 [ 2
W(1) (degrees Fahrenheit) | 550 | 571 | 618 | 679 | 710

‘The temperature of water in a tub at time  is modeled by a strictly increasing, twice-differentiable function I,
where ¥ (1) is measured in degrees Fahrenheit and ¢ is measured in minutes. At time ¢ = 0, the temperature of
the water is 55°F. The water is heated for 30 minutes, beginning at time ¢ = 0. Values of /() at selected
times ¢ for the first 20 minutes are given in the table above.

(@) Use the data in the table o estimate ”(12). Show the computations that lead to your answer. Using correct
units, interpret the meaning of your answer in the context of this problem.

(b) Use the data in the table to evaluate j:"W'(:) dr. Using correct units, interpret the meaning of L’"W'(:) at
inthe context of this problern.

(¢) For 0 <1 <20, the average temperature of the water in the tub is ﬁjﬂmwu) dr. Use a left Riemann sum

with the four subintervals indicated by the data in the table to approximate %J’:’W(l] dr. Does this

approximation overestimate or underestimate the average temperature of the water over these 20 minutes?
Explain your reasoning.

(d) For 20 <1< 25, the function ¥’ that models the water temperature has first derivative given by
'(2) = 047 cos(0.061). Based on the model, what s the temperature of the water at time ¢ = 257
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If F and f are continuous functions such that F'(x)= f(x) for all x, then I: f(x)dx is

(A) F'(a)— F'(b)
(B) F'(b)- F'(a)
(C) F(a)— F(b)

(D) F(b)- F(a)

(E) none of the above
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The graph of fis shown in the figure above. If I]sf(x) dx=2.3 and F'(x)= f(x),
then F(3)- F(0)=

(A)03 (B)1.3 () 33 (D) 43 ()53
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If F(x)= |, 0‘\/13 +1dt, then F'(2)=

A-3 (B-2 (©2 @D3 (E)18
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