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CLASS 1: Introduction and Section 1.1

REMINDERS: Assignment: Read sections 1.1 and 1.2, and Student Guide (online). Buy

a TI-84 or other graphing calculator satisfying what is on the syllabus (no keyboard calculators)

and a textbook (6th edition) if you have not yet done so. Please fill out the Student Data Sheet.

if you have not already done so. I will award 5 extra credit points to those of you who fill this

out by 11:59 Friday night. Please also fill out the questionnaire which will be sent out later today

by this Friday at 11:59. This will give me your preferences of where to meet for team homework.

Those not answering the survey question will be assigned to a random group. Remember to do

Web Homework 1.1.

COURSE NOTES: You should all be familiar with expressions such as f(x) = 5x + 6. An

expression such as this is called a function. A function is nothing more than a rule that uniquely

assigns to one number some other number. In our case f takes any number x and assigns the

unique number 5x + 6. For instance, the function f take the number 1 and assigns the number

5 · 1 + 6 = 11. It assigns the number 5 · 2 + 6 = 16 to x = 2 and assigns some unique value

to any real number. Some people find it helpful to imagine a function as a pipe. You stick a

number in the pipe, and it spits out some other number. This rule is not necessarily a “math

formula.” For instance, the pythagorean theorem and the quadratic formula are math formulas but

are not functions. Functions, at least in this class, will only involve one “independent variable.”

For instance, I wrote f(x) = 5x+ 6. Here x is the “independent variable.” Sometime we may write

y = 5x+ 6. Here we think of y as a function of f and say that y is the independent variable. Here

y “depends” on the value that we assign to x. A function can assign the same value to several

inputs, but it must assign one and only one output to each input.

At this point we worked on problem 38 which I have included here:
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• (a) and (IV) match up since it goes up and then back down to 0 and then stays there for a

bit. Guess he is looking for his book. Then he gets back in his car and continues his drive.

• (b) and (II) match up. He starts driving and then gets a flat tire so stops which is why the

line is horizontal for a bit. He pumps his tire back up and gets back in his car and continues on.

• (c) and (III) match up. Notice that a line through the origin would mean his speed was always

constant. We can draw a line such that (III) is under the line for a bit and the above, so his speed

must be increasing.

• (I) represents a decreasing speed, so this could represent someone running in a straight line

from their house. As they run, they get slower and more tired.

A linear function is any function which can be written in the form y = f(x) = mx+ b for some

numbers m and b. linear functions can be represented graphically by a line in the xy-plane.

In general, keep in mind that functions can be represented by words, tables, graphs, and by

symbols. We will call this “the rule of four.”

Let us consider the following example:

Suppose that during the early years of the World Series kangaroo hopping event, the distance

of the winning kangaroo hop increased at a constant rate and so could be modeled by a linear

function. Suppose that the following table represents the linear function f(t) described above.

Here t is in years after year 1300. Express f(t) in the form f(t) = mt+ b using the Table 1:

Year 1300 1302 1303 1309 1312 1314

Distance (inches) 1 5 7 19 25 29

Here we have that Slope =
Rise

Run
=

5− 1

1302− 1300
= 2 inches/year. We could have used any

other two values. Notice that 1302 − 1300 = 1314 − 1312 = 2. Between year 1300 and 1302 the
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Distance increases by 4 inches. Similarly between years 1312 and 1314 there is an increase of 4

inches. For linear functions, equal increases in time result in equal increases in the output value.

Notice that f(0) = Distance of winning hop in 1300 = 1 inch. It follows that f(t) = 2t+ 1.

At this point we worked on problem 41 which I have included here:

• $12.32− $8

68gal− 32gal
=

$4.32

36gal
= $0.12 per gal. Now we have C(w) = 0.12(w − 32) + 8.

• The slope is 0.12.

• The vertical intercept is 0.12(−32) + 8.

Whenever we write a function in the form y = mx + b, we say that m is the slope and that b

is the y-intercept. If m is negative, we say that the slope is negative, if it is positive, we say that

the slope is positive and if m is 0 we say that the slope is zero. We discussed here the notion of a

function increasing or decreasing. If the function is growing as the x-value becomes larger, we say

that the function is increasing. If the function is getting smaller as the x-value becomes larger, we

say that the function is decreasing.

Don’t get confused though! We always read graphs left to right. So the function f(x) = x2 is

decreasing whenever x is negative and is increasing whenever x is positive. Here is a picture of this

function.
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Problem 12 from your book is a good question. Match the graphs. Use the equations to figure

out if the y-intercept and slopes are positive, negative or zero. DO NOT use your calculators.

• (a) and (V) match up.

• (b) and (IV) match up.

• (c) and (I) match up.

• (d) and (VI) match up.

• (e) and (II) match up.

• (f) and (III) match up.

The following problems are also good practice:
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It looks like the graph hits the x-axis at about x = 7.5. It looks like the graph hits the y-axis

at approximately y = 3. So, the slope is
3− 0

0− 7.5
=

3

−7.5
= − 6

15
= −2

5
.

Value(t) = 950(1− 1

7
t).

REMINDERS: There will be a quiz on the Student Guide (online). next class period. Please

read over this. Remember to fill out the Student Data Sheet by 11:59 tonight for a 5 point bonus

on your first quiz. Remember that the first team homework is due next Friday. Remember to

do Web Homework 1.2. Don’t forget to read section 1.3 by next class period. Please familiarize

yourself with the team homework expectations. An online tutorial may be found here: http :

//instruct.math.lsa.umich.edu/support/teamhomework/.

COURSE NOTES: We start off by asking some questions from the reading.

• “If V is an exponential function of t with base a, what is a general formula for the function?”

A general formula would be V (t) = V0a
t.

• “Assuming t is positive, what are the restrictions on the base a if the exponential function is

decreasing?”

For this to be true, a must be greater than 0 and less than 1.

Here are some good examples from your book for us to work through. Also decide if the graph

of the function is concave up or down. Try not to use a calculator:
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• For question 5 the initial value is 4. The growth rate is 0.07=7 % and it is not continuous. It

is concave up since the function is increasing.

• For question 6 the initial value is 7.7, the decay rate is 0.08 = 8% and is not continuous. It

is concave down since it is decreasing.

• For question 7 the initial value is 3.2, the growth rate is 0.03 = 3% and it is continuous. It is

concave up since the constant in front of t is positive.

• For question 8 the initial value is 15, the decay rate is 0.06 = 6% and it is continuous. It is

concave down since the constant in front of t is negative.

We can also use graphs of exponential functions to find an explicit formula. We use the following

graph as an example.

Assuming that the graph represents an exponential function, we know that it can be written

in the form f(t) = V0a
t where V0 is the initial value. That is, V0 is the value attained whenever

t = 0. We can’t really identify this point from the graph though, However, we are given two point

which are on the graph. We are given the points (1, 6) and (2, 18). We can do the following trick to

figure out what a is. Note that
18

6
= 3 =

f(2)

f(1)
=
V0a

2

V0a1
=
a2

a1
= a. This shows us that f(t) = V03

t.

If we evaluate f(t) at t = 1 we have that f(1) = 6 = 3V0. This implies that V0 = 2. Therefore

f(t) = 2 · 3t. We can also write this in the form f(t) = V0e
kt. Here V0 still is equal to 2. This gives

us f(t) = 2ekt. To solve for k, notice that we have
f(2)

f(1)
=

18

6
= 3 =

2e2k

2ek
= ek. Therefore, 3 = ek

and so we have that k = ln 3.

Given a table, you can test whether or not a function could be linear by subtracting the f(x)

values for equally spaced values of x. If these values are constant, then the table might represent

a linear function. For instance, if you have the following table, then it could represent a linear
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function since f(2)− f(1) = f(3)− f(2) = f(4)− f(3) = f(5)− f(4) = 3.

y=f(x) 3 6 9 12 15

x 1 2 3 4 5

The equation would be y = f(x) = 3x.

On the other hand, the following table could not represent a linear function:

y=f(x) 3 6 12 24 48

x 1 2 3 4 5

However, notice something special about the values in this table? For equal changes in x, the

ratio of the corresponding y values are constant. That is:

f(2)

f(1)
=

f(3)

f(2)
=

f(4)

f(3)
=

f(5)

f(4)
= 2. Exponential functions have this property, so this means

that the table might represent an exponential function. If we assume this guy is an exponential

function, then we can write it in the form f(t) = V0a
t. a =

f(2)

f(1)
= 2. We see that V0 must be

equal to 1.5. It follows that f(t) = 1.5 · 2t.

Problem 19 from you book, reproduced below is a good problem.

Notice that only h(x) could be linear, and the slope of the corresponding line is m = −3. The

y-intercept is 31. Therefore, the equation would be given by h(x) = −3x + 31. Notice that only

g(x) has the possibility of being an exponential function. Its equation would be g(x) = 36 · 1.5x.

Notice that f(x) is necessarily neither linear or exponential.
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The following problem which can be found in your book is also rather nice.

Next we discussed concavity of functions as it relates to the notion of increasing and decreasing.

A function which is concave up is either increasing at an increasing rate or decreasing at a decreasing

rate. Similarly, a function which is concave down is either increasing at a decreasing rate or is

decreasing at an increasing rate.

Here are some good problems:

Write an equation of an exponential function matching the following graphs:
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CLASS 3: Section 1.3

REMINDERS: Please read Section 1.4 for class tomorrow. Do web homework for section 1.3.

Remember that Team Homework 1 is due THIS Friday. There will be a quiz next Tuesday.

COURSE NOTES:

The functions f(x)+k and f(x+k) represent vertical and horizontal shifts of the function f(x),

respectively; −f(x) and f(−x) represent vertical and horizontal flips; kf(x) and f(kx) represent

vertical and horizontal scalings. They represent either “stretches”or “shrinks” depending on the

magnitude of k. If 0 < k < 1 then they are shrinks. If k > 0 then they represent stretches.

Look at the table representing f(x). Fill in the rest of the table for the functions f(x+1), f(x)+

1,−f(x), f(−x), 2f(x), f(3x). Assuming that f(x) is a quadratic function, graph the functions

f(x + 1), f(x) + 1,−f(x), f(−x), 2f(x), f(3x). Now give a formula for f and derive formulas for

the related functions. Try to identify (by eye!) where the functions being studied are concave up

or down.

x=0 x=1 x=2 x=3 x=4

f(x) 7 4 3 4 7

f(x+1)

f(x)+1

-f(x)

f(-x)

2f(x)

f(3x)

The following are good problems to work through.

Looking at the picture below, find f−1(0), f−1(1/2) and f−1(−1/2). What about f−1(1)? Does

the function drawn have an inverse function? A function has an inverse if and only if it passes the
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horizontal line test. That is, for each horizontal line you draw on the graph, the line must pass

through at most 1 point.

At this point we worked through problem 18 in your text. It is reproduced below for your

convenience.

f(25) represents the number of items sold when the price is 25 (and we should have units here,

so say ”dollars”); f−1(30) gives the price (in dollars) one would charge in order to sell 30 items.

Next we worked on the following problems:

Then we worked in groups on:
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Try the following question:

CLASS 4: Section 1.4

REMINDERS: Assignment: Read: Section 1.5. Do: Web Homework Section 1.4. Remember

to turn in team homework online by Friday 11:59 PM. Extra Credit (+0.5 point) for each reading

assignment question that you do on the web homework.

COURSE NOTES:

We spent the beginning of class going over log and ln. f(x) = lnx means “e to the what power

= x?” For example, ln 3 = e3. Try to be clear on what base you are using. Write things like log10 x

rather than log x. Notice that loge x = lnx. lnx acts like an inverse function to ex. We have that

elnx = ln ex = x.

logb has several nice properties. For instance: logb (x · y) = logb x+ logb y and logb
x

y
= logb x−

logb y. We also have that logb x
a = a logb x.

Notice that logb is symmetric with respect to the line y = x. As a rule of thumb, exponential

functions have a horizontal asymptote whereas logarithmic functions have a vertical asymptote.

This should help you distinguish the graph of y = 1 − 10 − x and y = log x for instance. Why is

this rule of thumb true?

For now I can’t really give you any justification for why e is a nice base, and why we call it

natural. However, justification will be give in Chapter 3.

As a quick exercise, finding a value of k such that ek = 2 by trial and error to within 4 decimal

places. Use your calculator to check your guesses.

Now try using your calculator to find k such that ekt = 2t.

Now find k using natural logarithms.

We spend the rest of the class going over problems from your book.
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CLASS 5: Introduction and Section 1.5

REMINDERS: Team homework 1 Rough Draft is due by 11:59 tonight. Please email me the

team homework. Remember that team homework 1 rewrite is due by Friday of next week. Web

homework 1.5 is up. Please read section 1.6 for class Tuesday.

COURSE NOTES:

“What are the general equations for sinusoidal functions?”
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They are those functions of the form f(t) = a sin bx+ c or f(t) = a cos bx+ c.

Amplitude is half the distance between the maximum and minimum values (if it exists).

Period is the smallest time needed for the function to execute one complete cycle.

What do graphs of sinusoidal graphs look like?

Here is the graph of the function f(x) = sinx.

Notice that the period is 2π and the amplitude is 1. What would you need to do to double the

period? You would need to substitute 1/2x for x. How about to half the period? You would need

to substitute 2x for x.

Remember to always think in radians and to have you calculator set to radians instead of

degrees. Remember there π radians = 180 degrees. There are 2π radians in a circle.

Next we went some of the following problems:
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Next we worked on the following problems:
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CLASS 6: Section 1.6

REMINDERS: Team homework 1 Final Paper is due by 11:59 this Saturday. Please email

me the team homework as a pdf. This time just an email, no dropbox if you can’t. And this is

important, name it GroupX.pdf where X is your group letter. Look online or at the printout. Make

sure you use the correct group name. Web homework 1.6 is up. Please read section 1.7 and 1.8 for

class Tuesday.

COURSE NOTES:

Today we talked about power functions. A power function is a function of the form f(x) = axn

for n a real number. Notice that if n is an integer, power functions are odd if n is odd, and they

are even if n is even.

Examples of power functions are y = x, y = x−1, y = x3, y = xπ.

You all should know what the function y = x2 looks like. It is a parabola centered at the origin

which is concave up. But what if you wanted to flip this graph upside down? How would you do it.

You should all know how to draw the upside down graph of this guy, but what would its equation

be? Its equation would be y = −x2. So putting a negative sign in front of the x2 term flips the

graph. What about if we want to stretch the graph upward or to the sides? You can add a positive

constant before the x2 term that is either bigger than 1 or less than 1.

Next we graphed the functions y = x, y = x2, y = x3 and y = x4 and saw what happened in

each case.

Notice that the higher the power of x, the faster the function climbed.
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We need to talk about functions dominating or overtaking other functions. That is, we need

to figure out how to tell which function is larger for very large values of x in certain cases. For

example, for very large x, which function is bigger, 2x or x2? what about 2x and x3? What about

2x and x243? It turns out that 2x always dominates xn for any n so long as x is large enough. And

in fact, this generalizes:

If a > 1 and n is any real number, then for large enough positive x, ax > xn.

Next we took a look at problem 46 in your book.

Recall that polynomials are things that look like p(x) = anx
n+an−1x

n−1+ ...+a1x+a0. Notice

that polynomials are just sums of power functions where n is a non-negative integer. Examples

of polynomials are y = x, y = x + 4, y = 3x2 + 4x + 3. The numbers in front of the x’s are

called coefficients. The number in front of the x raised to the highest power is called the leading

coefficient. For large values of x, the function behaves much like its leading term. For example,

for large x, f(x) = 5x2 + 10x+ 5 behaves much like f(x) = 5x2 whenever x becomes large. If you

were to graph both the graph of f(x) = 5x2 and the graph of f(x) = 5x2 and then zoom way out

on your calculator, eventually the graphs look identical. This is because they approach the same

graph in some sense. The human eye, and the pixels on a computer screen are only so good, so

eventually they converge in appearance.

Polynomial equations can be used to model real life situations. A degree 2 polynomial (that is

a polynomial of the form y = ax2 + bx+ c) is called a quadratic or a quadratic function.

For example: say you have a parabolic mirror which is 2 meters wide and 5 cm deep at its

center; write down a quadratic polynomial whose graph gives the cross section of the mirror.
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We will write down an equation. It is helpful to draw a picture (I don’t here, but you should!).

Let the vertex of the graph be at the origin. Then we know the parabola is of the form f(x) = ax2.

We have that f(1) = 5/2 = 2.5 = a(1)2 = a. Therefore it has the form f(x) = 2.5x2.

To show that on a large scale polynomials look like their leading terms, we compared the two

functions f(x) = x3 − x + 83 and g(x) = x3 on various scales. We plotted the two functions f(x)

and g(x) on [-10,10], by [-100,100] and then on [-50,50] by [-10,000,10,000]. By plotting the two

polynomials on the same set of axes, we determined two appropriate viewing windows, one where

the graphs are separated and one where they appear the same.

Functions which are the quotients of two polynomials are called rational functions. In other

words, a function is said to be a rational function if it has the form h(x) =
p(x)

q(x)
where both p

and q are polynomials. For example, f(x) = x2, f(x) =
x+ 1

x2 + 9
,

5− x
9 + x6

are rational functions. Be

careful! A function of the form h(x) =
p(x)

q(x)
is only defined whenever q(x) is not zero. If h(x) is a

rational function of this form, then a point making q zero may or may not be hole. A hole is also

called a removable singularity. For example, notice that h(x) =
x2 − 1

x− 1
=

(x− 1)(x+ 1)

x− 1
= x + 1

so long as x is not equal to 1. But, by defining the function h(x) to be 1 + 1 = 2 whenever x = 1,

we can extend the domain.

We talk about asymptotes. Asymptotes are line that the graph approaches when you either

approach positive or negative infinity of some some fixed number. An asymptote occurring as you

approach some fixed number is always a vertical asymptote. You find these by looking for non

removable holes. You find horizontal asymptotes by taking the quotient of the leading terms in

p(x) and q(x) and then seeing what happens when x gets very large.

Next we went over the following exercises:
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CLASS 7: Section 1.7 and 1.8

REMINDERS: Team homework 1 Final Paper is due by 11:59 this Sunday at noon. I have

given you another extension. Please email me the team homework as a pdf. This time just an

email, no dropbox if you can’t. And this is important, name it GroupX.pdf where X is your group

letter. Look online or at the printout. Make sure you use the correct group name. Also put your

unique name on there. Web homework 1.7 and 1.8 are up. Please read section 2.1 for class Friday.
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COURSE NOTES:

Section 1.7 of your book is a brief introduction to continuity. You should think of continuous

functions as being those functions which can be represented by graphs without holes or jumps.

A function is continuous on some interval if its graph has no holes or jumps on that interval.

You already know many examples of continuous functions. Power functions with non-negative

powers, polynomials, sine, cosine, exponential functions, and rational functions which never attain

the value zero in their denominator are all examples of rational functions. Sums and products

of continuous functions are continuous functions. We also have that compositions of continuous

functions re continuous. ucts of rationalPoint out that many well-known functions (positive powers,

exponentials, sines and cosines) are continuous. Numerically, you should think of a continuous

functions as being something for which small changes in the independent variable produce small

changes in he dependent variable. As an example, think about turning a dimmer switch on a light,

or a volume control on a radio. Small turns of the knob produce small changes in the amount of

light/sound that is being admitted. Consider the following example:

Example Let f(x) = x for x < 2, and x2 for x > 2. Notice that this function is not continuous

on any interval containing x = 2. Decide for what value of k the following function is continuous:

g(x) = x+ k for x < 2, and x2 for x > 2.

Next we worked over the following questions.

Are the following functions continuous on the indicated intervals?

Next we discussed the following question, and discussed how it IS continuous at x = 0 although

it is not a continuous function in any interval around x = 0.
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Next we began talking about section 1.8. We say that a function f is continuous at a point

x = c if f(x) approaches some fixed number L as x approaches c. We write this as lim
x→c

f(x) = L if

the values of f(x) approach L as x approaches c. A function may approach one number from the

left, and it may approach another from the right. If this is the case we sometimes may talk about

the function having a right or left limit at a point.

Here are some properties of the limit:

We discussed the limits of the functions f(x) =
x

x
and g(x) =

x

|x|
as x approaches 0.

Next we went over the following problems:

What is the limit as x→∞ of the following functions?
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For the previous problems we just look at the leading terms. This works in general.

CLASS 8: Section 2.1

REMINDERS: Team homework 1 Final Paper is due by 11:59 this Sunday at noon. I have

given you another extension. Please email me the team homework as a pdf. This time just an

email, no dropbox if you can’t. And this is important, name it GroupX.pdf where X is your group

letter. Look online or at the printout. Make sure you use the correct group name. Also put your

unique name on there. Web homework 2.1 is up. Please read section 2.2 for class Tuesday. Office

hours after class if you need it. Quiz Tuesday.

COURSE NOTES:

Today we actually start doing calculus. Everything up to this point has been review. Today

we focused mostly on velocity. Velocity measures the rate of change of displacement at a moment

in time of an object. For our purposes in this course, speed = |velocity|. But what is meant by

velocity? When I just mentioned velocity, what I was referring to is instantaneous velocity. So that

is the rate at which the displacement is changing at moment in time. But we could also talk about

the average velocity, and in fact we need to define this first to even think about instantaneous

velocity. Average velocity =
displacement

change in time
. In other words, if v(t) represents velocity at some

time t, then the average velocity between t = a and t = b is just the slope of the line passing

through the points (a, v(a)) and (b, v(b)). So we define the instantaneous velocity at time t to be

the limit of the slopes of lines passing through (t, v(t)) and some point arbitrarily close to it. Thus,

the instantaneous velocity is v(t) = lim
h→0

v(t)− v(t+ h)

h
.

As an example, consider tossing a grapefruit up into the air. It goes up and then down, but it

slows down in speed as it gets higher and it speeds up as it goes down. If you plot this, the t-axis

represents time, so you get a parabola looking thing, but the thing is moving up and down, not

left to right.

We also did the following group work. Tuesday we talk about derivatives in more detail.

21



22



23



CLASS 9: Section 2.2

REMINDERS: Read section 2.3 for next class. Web homework 2.2 is up now. Exam I is

Tuesday, February 10; 6 pm - 7:30 pm.

COURSE NOTES:

Notice that the following holds:

Because of this we define the following:
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Notice that from this definition we have that the derivative at a point is just a number.

Can someone tell me what the derivative at a point means? That is, what does it mean for the

derivative of a function f at a point say 2 to be 3?

We went over the following:

What is the derivative at x = π? How about at x = π/2? At x = π/4?

Without using any derivative rules, (which you should not know yet!) calculate the derivative

of f(x) = ax+ b at the point π. Hint: you should think of it geometrically.
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Using your calculator, but only using the definition of derivative, estimate the derivative of

f(x) = xx at the point x = 2.

Using the definition of derivative, calculate the derivative of f(x) = x2 + 7 at the point x = 3.

We also worked on the following problems:
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