Harvey Mudd College Math Tutorial:
Antiderivatives

Let f(z) be continuous on [a,b]. If G(x) is continuous on [a,b] and G'(x) = f(x) for all
x € (a,b), then G is called an antiderivative of f.

We can construct antiderivatives by integrating. The function

Fz) = / ") dt

is an antiderivative for f since it can be shown that F'(z) constructed in this way is continuous
on [a,b] and F'(x) = f(x) for all z € (a,b).

Properties

Let F(z) be any antiderivative for f(z).
e For any constant C, F'(z)+ C is an antiderivative for f(z).

Proof:
. d
Since %[F(:p)] = f(z),
d d d
@)+ ¢ = —|F()] + —[C]
= f(z)+0
= f(x)

so F'(z) + C is an antiderivative for f(z).

e Every antiderivative of f(z) can be written in the form
F(z)+C
for some C'. That is, every two antiderivatives of f differ by at most a constant.
Proof:
Let F(z) and G(z) be antiderivatives of f(z). Then F'(z) = G'(x) = f(x), so F(x)

and G(x) differ by at most a constant (this requires proof—it is shown in most calculus
texts and is a consequence of the Mean Value Theorem).

The process of finding antiderivatives is called antidifferentiation or integration:

CZJ[F(@] —f@) = [J@)de=F@)+C.

L =g) = [g@dr=g)+C



Properties of the Indefinite Integral

= f(2).

/f(x) dx
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Let /f(x) dx = F(x), where F(x) is an antiderivative of f. Then

ddx{/f(x)dx} _ ;‘;F(x)
= f(z).

e (Linearity) /[&f(x) + Bg(x)] dx = &/f(a:) dr + ﬁ/g(x) dx

Proof:
We need only show that oz/f(z) dx + ﬁ/g(x) dx is an antiderivative of /[ozf(x) +
Bg(x)] dx
d{a/f(:p)dx%—ﬁ/ (x)d:zc] = ad{/ ddf}—f—ﬁ {/ dx]
dz g C dx NE
= af(x) + By(x).
Examples
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1. Every antiderivative of 22 has the form 3 + C, since e [3] = 7%
x

d
2. e Ua:‘r’daz} = 2.



Key Concepts

If G(x) is continuous on [a,b] and G'(x) = f(x) for all z € (a,b), then G is called an
antiderivative of f.

T
We can construct antiderivatives by integrating. The function F(x) = / f(t)dt is an an-
tiderivative for f. In fact, every antiderivative of f(x) can be written in the form F(z)+ C,

for some C.

CZ;[F(I)] =f@) = [f@)de=F)+C

Lhl=ge) = [d@dr=g)+C

[I'm ready to take the quiz.] [I need to review more.]
[Take me back to the Tutorial Page]


http://webquiz.physics.hmc.edu/wq.Student.TakeAQuiz.fcgi?courseNum=Calculus+Tutorial&quiz=QZ2610
http://www.math.hmc.edu/calculus/tutorials

