
Merit Calculus 1, Fall 2009, Worksheet 4

Let me know if there is any topic you want to talk about. It might be added to the next
worksheet or we could talk about it during office hours or at some time arranged to suit
both our schedules. Merit works best when all the conversations (between you and your
teammates, between you and me) are two-sided. I welcome your feedback and suggestions.

Problem 1. Put these functions in order from smallest to largest according to how they
behave as x→ +∞. Explain.

ex,
1

x
, x3,

√
x, e−x, lnx, x6,

1

x4
,

x

x+ 1
, 2, sinx, 5x

You know enough to put these in order and to explain why you think this is the correct
order; we will have to wait a little longer before we can prove that we have the correct order.
What tool from later in Calculus 1 could we use to prove that we had the correct order?

Problem 2. Find the following limits:

lim
x→−∞

x3 + x2 + x+ 1√
9x6 − x+ 1

, lim
x→∞

2x2 sinx+ 3

ex + 1
.

Problem 3. Draw the graph of a function which has at least one horizontal asymptote.
In your own words, what does it mean to have a horizontal asymptote? Do all your team’s
horizontal asymptotes look the same? What are the possibilities here?
Can you now rephrase your answer in terms of limits? What does the limit approach tell
you about how to find horizontal asymptotes?
Find all the horizontal asymptotes of the following functions

earctan x,
x2 + 2x− 3

x2 − x− 6
,

5ex

3ex − 4
.

Problem 4. Repeat Problem 3 but with “horizontal” replaced by “vertical”.

Problem 5. Use your answers from the last two problems and the intercepts to draw a

rough graph of the function
x2 + 2x− 3

x2 − x− 6
.

Problem 6. Many of the questions so far (including Problems 5 and 2) deal with the
same “meta-approach” to mathematics, a useful attitude to have when you are faced with
a function or a physical situation. What would your team say the moral of these problems
was?



Problem 7. Draw the graph of y = sinx for −π ≤ x ≤ 2π.
In your own words, explain what the arcsin function does.
What is the domain of arcsin?
What should the range of arcsin be? This one is a little trickier, so let’s take a closer look
at it.
On your graph, mark all the points where sinx = 1

2
. Which one of these is the sensible

choice for sin x = 1
2
?

Similarly, mark (roughly) on your graph what arcsin 0.2 should be? arcsin 0.1? arcsin−0.1?
arcsin−0.2?
On your graph, mark the part of the domain of sinx that corresponds to the range of arcsin.

Problem 8. What does composition of functions mean? If f(x) = x2−7 and g(x) =
√
x+1,

what is (f ◦ g)(x)?
What is (g ◦ f)(x)? Are these the same?
What are the domains of (f ◦ g)(x) and (g ◦ f)(x)? What is a good general approach to
finding the domain of compositions of functions?

Find the domain of h(x) =

√
3− lnx

x− 2
.

Problem 9. What is limx→0 x sin 1
x

+ x2 sin 1
x
? Carefully justify your answer.

Problem 10. Here is the graph of the function f(x):

What is L = lim
x→3

f(x)? Let’s check one case of the ε-δ definition here. What δ > 0 makes

the following true (with ε = 0.02):
If |x− 3| < δ, then |f(x)− L| < ε. Use the graph to point out what this means.
With ε = 0.02, what δ do we need when we consider lim

x→4.5
f(x)? With ε = 0.01?



Problem 11. Prove the following statement using the ε-δ definition of the limit.

lim
x→−3

1− 4x = 13.

Problem 12. What is sin arccos x when x < 0? Justify your answer.

Problem 13. Without using your calculator, analyze the left- and right-hand limits of the
following functions at any point where they fail to exist. Use this information to draw (rough)
sketches of these functions.

f(x) =
1

x− 1
, g(x) =

x− 1

x+ 1
, h(x) =

1− x2

x+ 2
, k(x) =

|1− x|
(x− 1)2

.

Problem 14. True or False: lim
x→a

f(x) = L means that if x1 is closer to a than x2 is,

then f(x1) is closer to L than f(x2) is. Justify your answer with an explanation or a
counterexample.

Problem 15. What can the limit be if it “looks like” 0
0
? Evaluate the following limits.

lim
x→9

2x− 18√
x− 5− 2

, lim
x→−1

(x+ 1)2

1 + 1
x

, lim
x→0

√
x2

|x5|
.

What can the limit be if it “looks like” ∞∞? Find examples that illustrate the possibilities.

Problem 16. If you made it to Problem 16, then your team is going too fast. Remember to
discuss the ideas and concepts behind the problems. As I have previously said, don’t move
on without having noted what the moral of the problem is and deciding as a team what you
should take away from the day.

Preparation for next time

Dr. Whittlesey has already asked you to read sections 2.5 and 2.7 for next week, so Tuesday’s
preparation will be based on those sections. Please read them.
If you are working on calculus in your dorm and you have no idea how to approach a problem,
you can always look in your textbook for an example similar to that problem. Also, exercises
in the textbook whose numbers are in a red box have step-by-step hints on how to approach
them. For these hints, go to www.stewartcalculus.com, and then click on TEC.
Before you leave, let me know what your preferences for office hours are.


