Math 135, Calculus 1, Fall 2020
09-07: Modeling with Functions (Sections 1.1, 1.2, 1.6)

A. MEET YOUR CLASSMATES

Discuss what you have in common with your classmates, and what distinguishes you:

Question 1. Create a 3-circle Venn Diagram, one for each member of your breakout room. Try to find several
items to fit into each of the 7 sections. Examples could be: what year are you? where are you living? what is
your favorite book? what major are you? where do you like to eat around town? where is somewhere you
would like to travel? what helps you relax during quarantine?

B. LiNEAR FUNCTIONS

A linear function is a function of the form f(x) = mx + b, where m and b are real numbers.
It’s graph is a line. The constant m is the slope of the line.: for any two points (x1, y1) and
(x2, y2) on the line, the slope is given by
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The slope of a line determines the rate that y changes as a function of x.
The constant b is the y-intercept, the value f(0).

Point-slope form. If we know the slope of a line is 71, and we have a point (x, o) on the line, then
the equation for the line is given by
Y — Yo = m(x — xp).

Properties:

e A line is increasing if m > 0, and decreasing if m <0

¢ A line with slope m = 0 is horizontal, and is a constant function.

e Two lines are parallel if their slopes are equal, and perpendicular if the product of their

slopes is —1.

Exercise 2. A computer is purchased for $2816, and depreciates at a constant rate to $0 in 8 years.

(a) Find a formula for the value, V, of the computer after ¢ years have passed, and use this
formula to give the value of the computer after 5 years.
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(b) Under this model, what is the value of the computer after 9 years? What does this mean‘)’\

V() ~ —352 . s co\n+ s’s)L] he accurdR
( 3 “© ovs mooQA_\\ is ﬂ:'; gf& ~Heor ¥ Nears. l

(c) What percent of the initial values does the comptiter lose per year?

V. = 2;8_)15.
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C. ExroNENTIAL FUNCTIONS

An exponential function if a function of a form f(x) = b* for some positive constant b > 0.
These functions model quantities that grow or decay based on how much of that quantity is
currently present.

Warning: The variable in an exponential function is an exponent. There is a huge different between
x? (the Squaring Function) and 2* (the Doubling Function).

We’ll work with these in more detail later, but let’s see some first properties:

Properties:

e Exponential functions grow very, very fast.

e The domain of any exponential function is all real numbers.

e The base of an exponential function is the constant b > 0.

e If b > 1, the function is always increasing and we have exponential growth; if b < 1, the
function is always decreasing and we have exponential decay.

N

FIGURE C.1. f(x) = 2* (growth) and g(x) = 372" (decay)

o If the quantity Q changes by p percent every ¢ units of time, then the quantity is modeled by
Q(t) = Qo-p*/!
where Qy is the initial quantity.

Example. Over the course of 60 minutes, a colony of E. coli bacteria will grow by 118 percent. If we
began with 100 bacteria, then the size of the colony after x minutes is modeled by

Q(t) = 100 - (2.18)*/60,

Exercise 3. Let’s consider a different model for depreciation of the comptuer from Exercise 2, one
which models items which depreciate faster early in their life: We double the depreciation rate
(from Exercise 2 Part(c)), and each year the object loses that percentage of its current value.

(a) Find a formula that fits this model, and use this formula to give the value of the computer
after 5 years. =
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(b) What are some purchases whose values might be better modeled by the second version?
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D. MOoODELING WITH FUNCTIONS

Exercise 4. A light-rail system carries 80000 passengers per day at a fare of $2.25 per ride. For each
5-cent increase in fare, surveys predict ridership will drop by 250 passengers. Call x the number of
5-cent increases.

(a) Write a formula for the number of riders as a function of x.

Llx\ = YOOOO - SO «

(b) Write a formula for the fare per ride as a function of x.

Vi) * 2.2 +0.05 «

(c) Write a function that gives the revenue as a function of x.
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(d) Graph the revenue function using Desmos or a graphing calculator.
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(e) From the graph, estimate the maximum revenue and the fare that will produce this revenue.
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Exercise 5. In 1969, the world record time for the mile was 4:36.8, held by Maria Gommers. In 1980,
the world record was held by Mary Slaney, with a time of 4:21.7.

(a) Find a linear model that fits this data, and use it to predict the world record time in 1996
and 2050.
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(b) What is the slope of your linear model? What does it represent (include un1ts)7
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(c) If t represents the year, what is the t-intercept of your linear model? Including units, what
does it represent? Comment on the validity of the model.

O = -15.)
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(d) Using the same data, now construct an exponential model (Hint: p should equal a certain
ratio of times, and ¢ the number of years passed). Use this model to predict the world record
time in 1996 and 2050.

(e) What is the t-intercept of your exponential model? What is the end behavior, and what does
it represent?

(f) In 1996, the world record was set by Svetlana Masterkova, in a time of 4:12.56. How well did
each model predict this?
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