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Comparison properties of the integral

Theorem

Let f (x) and g(x) be continuousa, then

If f (x) ≥ g(x) for all x ∈ [a, b], then∫ b

a
f (x) dx ≥

∫ b

a
g(x) dx .

If f (x) ≥ 0 for all x ∈ [a, b], then∫ b

a
f (x) dx ≥ 0.

If m ≤ f (x) ≤ M for all x ∈ [a, b], then

m(b − a) ≤
∫ b

a
f (x) dx ≤ M(b − a).

aor integrable
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If f (x) ≥ 0 for all x ∈ [a, b], then∫ b

a
f (x) dx ≥ 0.
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If m ≤ f (x) ≤ M for all x ∈ [a, b], then

m(b − a) ≤
∫ b

a
f (x) dx ≤ M(b − a).
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Example
Sketch a graph of g(x) =

∫ x
0 f (x) dx where
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y = f(x)
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The fundamental theorem of calculus part 1

Theorem

If f is continuous on [a, b], then the function g defined by

g(x) =

∫ x

a
f (t) dt

is continuous on [a, b], and differentiable on (a, b) with

g ′(x) = f (x).
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Example

Find the derivative of the function g(x) =
∫ x
0 sin(

√
t) dt.
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The fundamental theorem of calculus part 2

Theorem

If f is continuous on [a, b], then∫ b

a
f (x) dx = F (b)− F (a)

where F is any antiderivative of f .
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The fundamental theorem of calculus part 2 (cont)
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What if f is not continuous?

Can we evaluate ∫ 2

−2

1

x4
dx?
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Example

Evaluate the integral
∫ π
0 sin(x) dx .
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Example

Find the area below the parabola y = 4− x2 between x = −2 and x = 2.
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Example

Find g ′(x) when

g(x) =

∫ x3

−1
sin
√

t dt
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The fundamental theorem of calculus (both parts)

Theorem

Let f (x) be continuous on [a, b], then:

1 If g(x) =
∫ x
a f (t) dt, then g ′(x) = f (x).

2
∫ b
a f (x) dx = F (b)− F (a), for F (x) any antiderivative of f (x).
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