Math 1314
Antiderivatives

So far in this course, we have been interestenhdhrfg derivatives and in the applications of
derivatives. In this chapter, we will look at tmeverse” process. Here we will be given the “aesw
and we’ll have to find the problem. In other warilsve are given a function and told that it ig th
derivative, we’ll want to find the original functio

Antiderivatives

Definition: A functionF is an antiderivative dfon intervall if F'(x) = f(x) for allxin .

The process of finding an antiderivative is cabdidiffer entiation or finding an indefinite
integral.

Example 1. Determine ifF is an antiderivative dfif F(x) = x®-x*+4x+1 and
f(x) =3x*-2x+4.

Example2: Suppos€& (x) =x*+ 2G(x)=x%-5 H(x) = x> +10andK(x) = x* - 27. If
f (x) = 3x?, show that each d¢f, G, H andK is an antiderivative, and draw a conclusion.

Notation: We will use the integral siq‘n to indicate integration (antidifferentiation). Btems will

be written in the formj. f(x)dx=F(x) +C. This indicates that the indefinite integral bfx wj)th
respect to the variableis F(x) + C where F(x )s an antiderivative of



Basic Rules

Rulel: Thelndefinite Integral of a Constant

jkdx:kx+c

Example 3: J'(—9) dx

Rule2: ThePower Rule

n+l

+C,n#-1

nal X
jx dx—n+1

Example 4: jx5 dx

Example 5: .[i/; dx



Example 6: j% dx
X3

Rule 3: ThelndefiniteIntegral of a Constant Multiple of a Function

jcf (X)dx = cj f (x)dx

Example 7: J'5x“dx

3
Example 8: j4x2dx

Example 9: I_—S dx
X



Rule4: The Sum (Difference) Rule
j[f (x) + g(x)]dx = j f (x)dxijg(x)dx

Example 10: I (4x? — 7x+3)dx

Rule5: Thelndefinite Integral of the Exponential Function

Iexdx =e*+C

Example 11: I(Zex - 3x)dx

Rule6: Thelndefinite Integral of the Function f(x)=1
X
1
I—dx=|n|x|+C, X%0
X

Example 12: j(6x + 2_ izjdx
X X



Applying the Rules

2 _~y3
Example 13: j X+ 7X ~ 2X dx
X

Example 14: j(\/;+ 6 dx

&

> |w

Example 15: I xz( —X—82 +X—23jdx

Example 16: J'(x/7—2ex—§)dx
X



Differential Equations

A differential equation is an equation that invavbe derivative (or differential) of some function
So, if we write f'(X) =3x+ 5 we have a differential equation. We will be netged in solving these.

A solution of a differential equation is any function thatisiges the differential equation. So, for the

example abovef (x) = g x* +5x + 3 is a solution of the differential equation, sint&x) =3x+5.

Thegeneral solution of a differential equation is one which gives dltlee solutions, so the general

solution for the example above will big(x) = g x> +5x+C.

If we are given a point that lies on the functia can find garticular solution; that is, we can find
C. If we know thatf (-2) = 1we can substitute this information into our gehscéution and solve
for C:

f(-2) =1 is called annitial condition.

Initial Value Problems
An initial value problem is a differential equation together with one orenmitial conditions. If we
are given this information, we can find the funaotidy first finding the general solution and then
finding the value o€ that satisfies the initial condition.

Example 17: Solve the initial value problem:

f'(x) =3x+1
f3) =2 }



Example 18: Solve the initial value problem:
f'(x) =6x>-9x+1
f(3)=0

Example 19: Solve the initial value problem:

f'(X) =3e* —4x
f(0)=-3

From this section, you should be able to
Explain what we mean by an antiderivative (indigdimtegral), a differential equation and an
initial value problem
Determine if one function is an antiderivativeamiother function
Use the basic rules to find antiderivatives
Simplify (if necessary) before applying the basiles
Solve initial value problems



