
Homework 5

Due Friday, November 11, 2022 at 11:59PM on Gradescope

Each homework is worth 30 points. Some problems will be graded for completion, and
others will be graded for accuracy and quality of explanations. You must show work to
receive full credit. Challenge problems are optional and go beyond what you are expected
to know for exams. They may be completed for an additional 3 points each, and partial
credit will be awarded.

Required Problems:

• 6.5 (Work): 3,4,6,10,11,19,21,24

• 6.6 (Center of Mass): 4,5,6

• 7.2 (Exponential Growth and Separable Differential Equations): 11,12,13,18,20,33,37,48

• 8.2 (Integration by Parts): 1,3,5,6,12,16,18

1. Your instructor is trying to show off at the ARC and tries to bench press 500lbs. He
needs to move the bar 2 feet to complete a rep. Unfortunately, he didn’t get enough
sleep the night before because he was too busy looking at math memes, and he can
only get it halfway up. Luckily, he was using safe lifting practices and had a spotter.
When the bar is halfway up, the spotter helps him by lifting with a force of 300(1−x)
pounds/foot, where x is the distance remaining to the top. How much work does
your instructor do to get the bar to the top? (The units of work for this problem are
foot-pounds)

2. The next day, your instructor is really sore from overexerting himself at the gym and
takes 600mg of ibuprofen at 9:00AM. If the half-life of ibuprofen is 1.9 hours, how
much ibuprofen is still in his system at the end of class (1:00PM)?

3. After class, your instructor checks his email and sees that the UC has offered TAs a 7
percent pay raise for the next year and a 3 percent pay raise for subsequent years. If a
TA is paid $7000 per quarter in 2022, define a function that models the pay a TA gets
in the year t years after 2022. (Assume the 7 percent pay raise takes effect for 2023).
How much will a TA get paid in 2026? If the inflation rate is 8 percent for the next
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year, what does the inflation rate have to drop to in the following year so that TAs
don’t get an effective pay cut in 2024?

4. Your instructor bikes home to enjoy his favorite activity, pumping water out of a
square-pyramidal tank. If the tank is 2 meters high and the base of the pyramid is
3 meters wide, and the specific weight of water is 9807N/m3, how much work is done
pumping the water out of the tank?
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Challenge problems:

A) (Logarithm as Integral/Section 7.1) For this problem, do not use the Fundamental The-
orem of Calculus or any logarithms. Pretend they don’t exist. Let L(x) denote the
integral ∫ x

1

1

t
dt.

Prove that L(x) satisfies the following properties (like ln(x)):

(a) L( 1
a
) = −L(a) for all a > 0.

(b) L(ab) = L(a) + L(b) for all a, b > 0.

(c) By partitioning the interval [1, 2] into n equal parts, show that

n∑
k=1

1

n+ k
< L(2) <

n−1∑
k=0

1

n+ k
.

(d) What is limn→∞
∑n

k=1
1

n+k
, and why?

B) This question is a preview of differential equations. The equations in this problem are
not separable, but they can still be solved.

(a) Find two functions y(x) that satisfy y′′ = y and are not constant multiples of each
other.

(b) Plug the following differential equations into Wolfram Alpha and look at the solu-
tions:

• y′′ − 4y′ + 5y = 0

• y′′ − 6y′ + 9y = 0

• y′′ + 9y′ + 14y = 0

• y′′ + 10y′ + 25y = 0

• y′′ − y′ + 2y = 0

• y′′ − 8y′ + 16y = 0

Try to figure out and explain what the pattern is. Play around with other equations
if you need more examples.

(c) Try some more equations, like y′′′ = y, y′′′ + 3y′′ + 3y′ + y = 0, y(4) + y′′′ − 4y = 0,
and y(5) = y′ + y′′. How many arbitrary constants does each general solution have?
Make a guess as to what the pattern is.
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