
Math 221: Worksheet 20 Friday, November 3
Indefinite Integrals and the Net Change Theorem

Homework: Section 5.4, #3, 6, 9, 12, 14, 15, 16, 18, 27, 31, 37, 43, 53, 54, 64.

Indefinite Integrals

We need notation for antiderivatives. Thus, we use the notation for integrals to represent
antiderivatives, because the Fundamental Theorem of Calculus says that the two concepts
are closely related. The indefinite integral is defined as follows:∫

f(x) dx = F (x) means F ′(x) = f(x)

1. Team Discussion:

(a) Why/how can we relate antiderivatives and integrals? Explain using the Funda-
mental Theorem of Calculus.

(b) Discuss the difference between a definite integral and an indefinite integral, i.e.
compare and contrast ∫ b

a

f(x) dx and

∫
f(x) dx

What kinds of answers do you get in either case?

(c) Explain why

∫
f(x) dx 6=

∫ ∞
−∞

f(x) dx, i.e. why the indefinite integral isn’t the

same as an integral without limits.

2. Solve the integral

∫
2t dx. Discuss why this means dx in the integral is important.
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3. Use the first part of the Fundamental Theorem of Calculus to take the derivative of
both sides of ∫ x

a

f(t) dt = F (x)

Does your answer remind you of an indefinite integral? Explain why.

4. Evaluate indefinite integrals (without using u-substitution).

(a)

∫ (
4 + 6x√

x

)
dx

(b)

∫
7− 6 sin2(θ)

sin2(θ)
dθ

(c)

∫
sin

(
t

2

)
cos

(
t

2

)
dt
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The Net Change Theorem

1. (a) Suppose a balloon is rising at 3 ft/sec. Suppose it starts 7 feet off the ground.
What is its position at 2 seconds? What is its position at 12 seconds?

(b) Without using calculus, how far does it rise from time t = 2 to t = 12?

(c) How can we represent this in terms of an integral? Discuss why the second part
of the Fundamental theorem of Calculus makes this possible.

(d) Suppose we now have an object that is harder to figure out how far it has gone
without calculus.

Suppose a bottle rocket has initial velocity 5 m/s, and the acceleration due to
gravity is -8 m/s2. Find an equation for the velocity at time t.

(e) Using an integral as above, how can we find the net change in position from t = 1
to t = 5?

(f) Conclude the Net Change Theorem: The definite integral of a rate of change of a
function is the net change in that function.
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Now let’s practice with the Net Change Theorem.

2. If h′(t) is the rate of growth of a child in inches per year, what does

∫ 10

5

h′(t) dt

represent?

3. A plane starts at 10,000 feet above sea level and its altitude changes at a rate of f(t)
ft/min.

(a) What is represented by the quantity 10, 000 +

∫ 20

0

f(t) dt?

(b) If
∫ 20

0
f(t) dt = −12, 000, what does this mean for the plane?
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