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7.4 The Fundamental Theorem of Calculus

Area under the curve
Recall that if f(x) > 0, =N
f) > N
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gives the area between the graph of f(z) and the z-axis from z = a to x = b.
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If f{x) = F/(x) gives the rate of change of F'(x), then the total change of F(x) as z changes
from a to b is given by the definite integral

/: S (x) de.

We have that F'(z) is an antiderivative of f(z).
We can write the total change in F'(z) from @ = a to z = b as F(b) — F{a).

Fundamental Theorem of Calculus

Let f be continuous on the interval [a,b], and let F' be any antiderivative of
f. Then

b
/a f(@) dz = F(b) ~ F(a) = F(o)}

-




Lyzaxt

Example. Use the Fundamental Theorem of Calculus to find 3x%dr. =
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Notice that we have no constant C in the expression. The constant C is eliminated in the

answer. \’3
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Properties of Definite Integrals , /\ —

If all indicated definite integrals exist, we have \/‘

1. /af(m)dmz(] 2

b b
2. f k- flz)de = k:/ f(z) dz for any real constant k.
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3. / "1F(@) + ()] do = f " pw)de+ f " o(2) d.

4, /:f(m)d:c:f:f(:r)dm—%—fcbf(m)dm.

5. f:f(m)da:m——/:f(m)dm. | \
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Example. Find f v 16 — 22 dx.
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Example. Suppose a company has the following rate of profit function (in thousand of
dollars) after t years of operation,

!
P(t) = (4t +4) (&2 + 2t + 3)/3 .
Moy nal prfie
{A) Find the total profit in the first two years.
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r {B) Find the profit in the fifth year of operation.
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Area

Example. Find the area of the region between the z-axis and the graph of f(z) = 2% — 9
AN

from z =0 to x = 4.




Finding Area

To find the area bounded by f(z), = a, = b, and the z-axis, use the following steps.
1. Sketch a graph.

2. Find any z-intercepts of f(z) in [a, b].
These divide the total region into subregions.
3. The definite integral will be positive for subregions above the z-axis and negative for

subregions below the z-axis. Use separate integrals to find the areas of the subregions.
4. The total area is the sum of the areas of all subregions.




