
Tuesday, April 18th , 2018. Section 4.2 and 4.3
Goal: Given information about the rate of change of a quantity, determine information about
the amount of change of a quantity by finding the anti-derivative of the rate of change func-
tion. You will have to know your derivative rules well to do this.

To learn before final exam:
1. Integration by substitution. The procedures for integration are identical to procedures of
anti-differentiation. There are two names for historical and conceptual reasons.
2. Integration by parts.
3. Riemann Sums: Describing the process of adding up small changes in amount given a
rate of change function using summation notation and limits.
4. Applying anti-differentiation to non-velocity situations such as density, average value,
etc.(Section 4.6).

Here are a list of Patrick JMT videos related to what we have to learn:
Definite Integral : Understanding the Definition
Approximating a Definite Integral Using Rectangles
Riemann Sums: Calculating a Definite Integral : Part 1
Riemann Sums: Calculating a Definite Integral: Part 2
Integration by U-Substitution: Antiderivatives
Integration by U-Substitution, Definite Integral
Integration by U-Substitution : Indefinite Integral, Another 2 Examples
Integration by U-substitution, More Complicated Examples
Fundamental Theorem of Calculus Part 1
Integration by Parts : Ex 1
Integration by Parts :Definite Integral
Integration By Parts :Using IBP’s Twice
Integration by Parts : A Loopy Example!

Warm up: Find the solutions to the differential equations and find C using initial con-
dition. (r is a parameter)

a) f ′(x) = 2 cos(2x) + 4, f(0) = 6,

b) f ′(x) = sec(1
4
x)− π, f(0) = 4.

c) f ′(x) =
3
√
x2 + r, f(0) = −2

d) g′(t) = 1
t3

+ t1/3 + r3, g(0) = 1
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Definition of Integral
Suppose you are given a rate of change function f ′(t). You want to know how much

the values of f(t) changed between xt = a and t = b. In other words, you want to find
(f(b)− f(a)). You can break the interval from a to b up into n pieces, each of them size ∆t.
Find the value of f ′(t) at the left endpoint of each interval, ti. The integral of the function
f ′(t) on the interval from a to b is∫ b

a

f ′(t)dt = lim
n→∞

n−1∑
i=0

f ′(ti)∆t

Relation to solutions of differential equations. The solution f(x) to the problem
f ′(x) = x2 + 3 is equal to ∫

x2 + 3dx

Find the solutions to the following integrals (don’t forget + C):

a)
∫
e2xdx

b)
∫

cos(2x)dx

c)
∫

2x(x2 + 4)3dx

d)
∫
x3 + x1/2 + 1

x
dx

e)
∫

sec2(3x)dx

f)
∫

4x2(ex
3
)dx
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Integration by substitution Sometimes when given composite functions it is hard to
see the structure to integrate. Mathematicians make substitutions to make something com-
plicated look simpler so it is easier to integrate.

Rewrite the integral to show its structure using a w substitution. Let w stand for some-
thing complicated. Then integrate.

a)
∫

cos(x2)2xdx

b)
∫
e3x

2
6xdx

c)
∫

sin(ex)exdx

d)
∫

3x2 sin(x)dx
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Integral Rules to Know for Quiz Friday∫
kdx = kx+ C (k a constant)∫
xndx = xn+1

n+1
+ C∫

kf(x)dx = k
∫
f(x)dx∫

(f(x) + g(x))dx =
∫
f(x)dx+

∫
g(x)dx∫

exdx = ex + C∫
1
x
dx = ln |x|+ C∫

cos(x)dx = sin(x) + C∫
sin(x)dx = − cos(x) + C
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