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Differentiation and definite integration have an " inverse” relationship.
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THEOREM 4.9 The Fundamental Theorem of Calculus

If a function f is continuous on the closed interval [«, k] and F is an antideriva-
tive of £ on the interval [a, 5], then

I
j flx)dy = Flb) — Fla).




Guidelines for Using the Fundamental Theorem of Calculus

1. Provided you can find an antiderivative of f, you now have a way to evaluate
a definite integral without having to use the limit of a sum.

2. When applying the Fundamental Thecrem of Calculus, the following notation
is convenient.

b o
J flx)dx = F(x]]
@ a
= Fib) — Fla)
For instance, to evaluate [ x* dx, you can write
3 3
. bl 34 14 8l |
3 = e — = — = — =
J;x dx 4}1 s 34 3%

3. Itis not necessary to include a constant of integration C in the antiderivative
because

fﬂx} dy = [F'(x} + c}

= [F(b) + €] — [Fla) + C]
= Fib) — Fla).



Graphical Reasoning  In Exercises 1-4, use a graphing utility to graph the inte-
grand. Use the graph to determine whether the deflinite integral is positive,
negative, or zero,

o 4 m
1. J —dx 2. J cos x dr
n X+ 1 n



In Exercises 5-26, evaluate the definite integral ol the algebraic function. Use a
graphing utility to verify your result.
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In Exercises 35-40, determine the area of the indicated region.

4. v =x + siny
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In Exercises 41-44, find the area of the region bounded by the graphs of the
equations.
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The Mean Value Theorem for Integrals
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Mean value rectangle:

i
Slelh — ) = j_f[.r‘.l dx
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THEOREM 4.10  Mean Value Theorem for Integrals

If f is continuous on the closed interval [, B], then there exists a number ¢ in
the closed interval [a, b] such that

j’fm dx = Fle)b — a).
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In Exercises 45—48, find the value(s) of ¢ guaranteed by the Mean Value Theorem
for Integrals for the function over the indicated interval,

9
46. f1) = 5 [1,3]
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Average Value of a Function

Average vitlue
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Average value = mJ: ) dx
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Definition of the Average Value of a Function on an Inferval

If f is integrable on the closed interval [, B], then the average value of £ on
the interval is

Lo
b 31 Jlxh .
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In Exercises 49-52, find the average value of the function over the interval and
all values of x in the interval for which the function equals its average value,

52, filx) = cosx [0, /2]
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THEOREM 4.11  The Second Fundamental Theorem of Calculus

If f is continuous on an open interval [ containing a, then, for every xin the
interval,

4 f 0| = o)
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In Exercises 81-86, use the Second Fundamental Theorem of Caleulus to find
Fix).
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82, Flx) = J"
|
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In Exercises 87-92, find F'(x).

X3

20. Fix) = J. rl_ld.f
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92, Flx) = J sin 67 o#
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91. Flx) = J sin ¢ dt
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