May 31 Math 1190 sec. 51 Summer 2017

First Day of Class

Today we will complete a few activities. These include

» Introduction and syllabus highlights.

\4

A quick look at online resources.

v

Syllabus and PreReq quiz info
An introduction to clicker use.

v

» ...MATH
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Introduction & Syllabus Highlights

. The Syllabus on Campus Server

. D2L

=] =3 = = E 9Dac
May 30, 2017 2/113


http://facultyweb.kennesaw.edu/lritter/syllabus1190_51Su2017.pdf
http://d2l.kennesaw.edu/

Online Resources
I’'m a big fan of having a class webpage on the University server.

.Our Class Webpage

Much of the same, and a few other resources will be available in D2L.

.D2L
Right now in D2L, you can find
» The syllabus and prerequisite skills quizzes,

» Review material to help you strengthen algebra and trigonometry
skills

» Course documents (syllabus/schedule)
» Helpful pencasts
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http://facultyweb.kennesaw.edu/lritter/Ritter1190_Su2017.php
http://d2l.kennesaw.edu/

Pencasts

Pencasts are pdf documents that contain an audio file. They can be
viewed like a video on a computer or mobile device.

On a Mobile Device: Download the free LiveScribe+ app from the
Apple Store or Google Play.

» In D2L, select "download” from the drop down menu for the
pencast you wish to see.

» When you select the file on your device, you should see an "Open
with...” option. Choose LiveScribe+

» Click play, or tap on the document to start viewing from a point
other than the beginning.
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Pencasts

On a Computer: Access the free viewer at www.livescribe.com (linked
at the top of each pencast).

» In D2L, select "download” from the drop down menu for the
pencast you wish to see.

» Click the header of the pdf which will open the viewing page at
livescribe.com.

» Drag and drop the pdf file (or select the choose file option). Click
play, or click elsewhere on the document to begin play from a point
other than the beginning.
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Two Important Quizzes in D2L

There are two quizzes in D2L that you must complete. Each counts as
one quiz grade.

(1) Please read the entire syllabus and take the Syllabus Quiz online in
D2L. It must be completed online in D2L before 11:30 pm on Monday
June 12.

(2) There is an Algebra and Trig Prerequisite Knowledge quiz. You are
encouraged to take it ASAP and use it as a guide if you need to
refresh your prereq. skills. You must take it prior to 11:30 pm on
Sunday June 11. You have three attempts; the highest grade will be
recorded. There is a 2 hour time limit per attempt.
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Let’s get started with Clickers

Throughout a typical class day, | will post questions for you to answer.
Some will involve computation, others will be more conceptual.

The questions will appear in slides like this one, and will be either
True/False or Multiple Choice.

You will be able to submit answers using our class set of Clickers.

iclicker 4+

5
i
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Let’s get started with Clickers

Each day you can grab a clicker and register it to my receiver. Your
participation will be recorded. Two things to remember:

» It is critical that you attend class and come on time to avoid
missing out on clicker registration!

» | keep track of attendance with a sign in sheet, but clickers
give me a second record for cross reference.

I want you to put in honest effort when answering clicker polls.
However you are not being graded on your answers, so | don’t want
you to avoid answering when you’re not certain.
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Registering a Clicker
At the beginning of class, | will use the "Roll Call” feature. You will see
your name and student ID with a three letter code.

>

Grab a clicker from my stash at the beginning of class.

Look for your name with three letter code on the roll call display.
(Al names won't fit on one screen, so it will alternate between

groups.)
Turn the clicker on, and methodically enter your three letter code.

When your clicker is registered, your name box will turn gray with
an ID code in the bottom right corner.

If you press the wrong code, no worries, just press "DD” (or
"DDD").
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Registering with Roll Call

Stelzer
Tim
tstelzer

Registered:
2/5

Time remaining:

21




Help! | missed Roll Call Registration!

| got here late, and | have a really good reason!. Can | still
participate in clicker polls?

» Grab a clicker, turn it on, and participate in remaining polls.

» Make note of the code on the back of the clicker you’re using (e.g.
"3D8903B7”)

» See me after class with this code, and make sure | register it

to you.

| expect very few after class clicker registrations.
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Help! | missed Roll Call Registration!
) test .

File Course Session Help
# 4 3 o N
Settings Reports Export Sync Students
e Course Course Performance Participation Session 3
Mverage Total Total Total 8/11/16
View
Possible Points 1.00 0.00 1.00 1.00
Average Points 0.67 0.00 0.67 067
Average % 67% 0% 67% 67%
3B249689 0% 0.00 0.00 0.00 0.00
Harry, Tom 100% 1.00 0.00 1.00 100
Lazy, May 100% 1.00 0.00 1.00 100
Queue, Susie 0% 0.00 0.00 0.00 Ab
Ritter, Lake 0% 0.00 0.00 0.00 Ab
Stelzer, Tim 0% 0.00 0.00 0.00 Ab

Figure: This is what | see when an unregistered clicker is used. | will only

know it's you if you tell me. May 30, 2017
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Let’s Try It Out

Sample Question 1

If you lived in a pineapple under the sea, what sort of invertebrate do
you think you might be?

(a) An anemone
(b) A turtle
@A sponge

(d) A basket ball
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Sample Question 2

For True/False questions, we’ll always use "A” for true and ”B” for false.

True The seasonal changes we experience through the year are
due to the Earth’s proximity to the Sun (closeness in orbit).
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Sample Question 3

Let’s try something math related

The expression tan 6 is equivalent to which of the following

sing
cos

1
cotd

(c) cot (g — 9)

(d) /) All of the above.

May 30, 2017 15/113



Sample Question 4

ﬁ

alse | feel reasonably confident that I'll get the hang of
registering and using a clicker in this class.
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Questions?

If you have any questions about the class structure, let’s get them
answered now.

Then we’ll get started on our course!
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Section 1.1: Limits of Functions Using Numerical and
Graphical Techniques

In Calculus, we consider the way in which quantities change. In
particular, if we have a function representing some process (motion of
a particle, growth of a population, spread of a disease), we can
analyze it to determine the nature of how it changes. We can also use
knowledge of change to reconstruct a function describing a process.

Central to analyzing change and reconstructing functions is notion of a
limit.
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Slope

We know that a non-vertical line has the form

y =mx+b.

The slope m tells us how the dependent variable y will change if the
independent variable x changes by a set amount Ax.
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Slope

Consider y = 3x — 1 which has slope m = 3.

Note that two points on this line are (1,2) and (3, 8). The change in x
between these two points is

Compute the change in y, Ay.
Ay = g-2:¢ =3-1 *3Lbx = mAX

B3

M =
b}-. Mmax = =
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Question

The slope of the line containing the points (2,2) and (3,7) is

Dy: 3F-2:S
@ m=4 :
ax =3-2 2|
(b) m=5
Ss m:fl:_g_;s
IS
©) m=1]

(d) can’t be determined without more information
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Slope of a general curve

So slope of a line tells us how y changes when x changes. What if the

curve isn’t a line??

¥ = f(x)

0 =

Figure: Can we consider slope for a curve like this?

May 30, 2017
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The Tangent Line Problem

y=flx)

/\

0 x

Figure: We begin by considering the tangent line problem. For a circle, a
tangent line at point P is defined as the line having exactly one point in
common with the circle. For the graph of a function y = f(x), we define the
tangent line at the point P has the line that shares the point P and has the

same slope as the graph of f at P.
May 30, 2017 23/1183



Slope of the Tangent Line

Question: What is meant by the slope of the function at the point P?

For now, let's assume that the graph if reasonably nice like the one in
the figure. Let P be at x = cand y = f(c)

i.e. P=(cf(c)).

To find a slope, we require two points. So let’s take another point Q on
the graph of 7. In term of coordinates

Q = (x, f(x)).

The line through the two points P and Q on the graph is called a

Secant Line. We will denote the slopes of the tangent line and the
secant line as

mtan and msec.

May 30, 2017 24/118



Slope of the Tangent Line

We have two points on our curve y = f(x). The points at ¢ and x (with

X # ¢) are
P=(c,f(c)), and Q= (x,f(x)).

Compute the slope mgec of the secant line through these points.

= %% B\g=‘€(x"€(¢) ) Ayz x-C

_ fin-fo

Sec X — C

May 30, 2017
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Slope of the Tangent Line

(x 1))

(e fle))

|

|

|

I
0 & 0 <
4 X
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Slope of the Tangent Line

We consider a sequence of points Qi = (x1, f(x1)), Q2 = (X2, f(X2)),
and so forth in such a way that the x-values are getting closer to c.

Note that the resulting secant lines tend to have slopes closer to that of
the tangent line.

Qr
(= f=x))

(c. fic))
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Slope of the Tangent Line

We call this process a limit. We will define the slope of the tangent line

as

- f(x)—f
Mian = | Limit of (X)C(C) as x gets closerto c| .

Our notation for this process will be

f(x) — f(c)

Mian = )I(anc X—C

The notation )I(anC reads as "the limit as x approaches c.”

Notation: The notation )l('an is always followed by an algebraic
expression. It is never immediately followed by an equal sign.

May 30, 2017
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A Working Definition of a Limit

Definition: Let f be defined on an open interval containing the number
¢ except possibly at ¢. Then

lim f(x) = L

X—C

provided the value of f(x) can be made arbitrarily close to the number
L by taking x sufficiently close to ¢ but not equal to c.

“fapdad delad @ ¢ - X=( S ~SY neledad.
TN r\\,m\;.,\ C S ass o.,i\QLCA w\\c\ﬂ )(',

bha nuwdoen L 18 associstes AL 9
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Example
Use a calculator to determine the slope of the line tangent to the graph
of F(x) = x? at the point (2, 4).

P (2,9 c:2 /.-'
U, Fe s YY) /
12
1O
i =2 CC)<
&
4
=y o 1 2 3 a
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x4 B g, b A
Mg, -2 bn %2 Y x5 x- 2
Fl.s) -F» ) (\A}— “ o 2.9 . |

La -2 vg "2 M ™ xa2 X2
F(x)—F(2

X (XX—Z( ) -

1 9 1.9

199 | 2.9 \o¥*

1.999| 3.949 et

2 undefined M_( <

2.001| y.o00) ¥

501 4. 00 *

2.1 Y.\
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Example vm%
Use a calculator and table of values to investigate v;‘(e 0.
)(b
e 1 €0y
lim
x—=0 X -0\ \
= e -
X f(X) _ exx_1 ‘?(—0.\) o
—0.1 6.9¢1bL
—0.01 6.48%0 Q”*r 3
—0.001| .94 e 4o
0 undefined ol e X
0.001 L 000¢
0.1 1.0S \ >

May 30, 2017 32/118



Question

True or In order to evaluate )!IH]C f(x), the value of f(c) must be

defined (i.e. ¢ must be in the domain of f)?

£ s bo b bt M € bk
f\o\~ ﬁk C.
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Left and Right Hand Limits

In our examples, we considered x-values to the left (less than) and to
the right (greater than) c. This illustrates the notion of one sided
limits. We have a special notation for this.

Left Hand Limit: We write

lim f(x) =L,

X—C™

and say the limit as x approaches c from the left of f(x) equals L,
provided we can make f(x) arbitrarily close to the number L, by taking
x sufficiently close to, but less than c.

May 30, 2017 34/113



Left and Right Hand Limits

Right Hand Limit: We write

im f(x) = L

x—ct

and say the limit as x approaches c from the right of f(x) equals Lg
provided we can make f(x) arbitrarily close to the number Lg by taking
x sufficiently close to, but greater than c.

Some other common phrases:

"from the left” is the same as "from below”

"from the right” is the same as "from above.”
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Example

X2, x <1
Plot the function f(x) = ¢ 2, x =1 Investigate lim f(x) using the
1, x>1 x=1
graph.
j b fn= V(X (%)
i 09 | Ple8)=(0.4) = 0.8)
21
. 0.99 0.4%0\
: 0.999 0.4 446
L 1 2
1.001 ( \
1.01 \ ?
‘ oo ? 1.1 \
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Example Continued... .
=~ f=\
X=)
2 i X\,\o"‘s
et _Q(\\"
y=flx) Q\h p(x\ =\
v K>\~
1
| R
x>\
-1 0 1 2
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Observations

Observation 1: The limit L of a function f(x) as x approaches c does
not depend on whether f(c) exists or what it's value may be.

Observation 2: If )I(l_ngc f(x) = L, then the number L is unique. That is, a

function can not have two different limits as x approaches a single
number c.

Observation 3: A function need not have a limit as x approaches c. If
f(x) can not be made arbitrarily close to any one number L as x
approaches c, then we say that )I('an f(x) does not exist (shorthand

DNE).
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Questions

(1) @or False It is possible that both lim f(x) = 5 AND £(3) = 7.

X—3

n o lase grompls 3_;? fon:=1 one fa=2

(2) True ort is possible that both Iim3 f(x) =5 AND
X—

lim f(x) = 7.
X—3

A ,Q,.\ML WS b\v\'\q\){,‘

May 30, 2017
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A Limit Failing to Exist

, 0, x<0 . .
Consider H(x) = { 1 x>0° Evaluate if possible
lim H lim H lim H
XLT* (X)’ erT(}+ (X)’ and XILnO (X)

H W< cel\ed e \‘\ea\;\ S\éL 9\-@@ 'LLI\C/*‘O“,

tgt\'\(")
Q\M By = (6]
X0~
e )
« fe Heo = |
%x»>0%
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Weakness of Technology
Suppose we wish to investigate

. . T
lim sin (—2> )
x—0 X

We consider values of x closer to zero, and plug them into a calculator.
Let’s look at two attempts.

X

sin (%)

sin (%)

p v
—0.1 0 e -2 | 0707 Q-
—001| 0 ¥ —2 0707 || g
~0.001 0 Yot —2 | 0707 -
0 | undefined |\ o\o- 0 |undefined | (1~ o
i > L0
0.001 0 o % | 0707
0.01 0 3 2 0707
0.1 0 z 0.707
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Weakness of Technology
In every interval containing zero, the graph of sin(r/x?) passes
through every y-value between —1 and 1 infinitely many times.

F 1

Figure: y = sin (%)
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Evaluating Limits

As this example illustrates, we would like to avoid too much reliance on
technology for evaluating limits. The next section will be devoted to
techniques for doing this for reasonably well behaved functions. We
close with one theorem.

Theorem: Let f be defined on an open interval containing ¢ except
possible at ¢. Then
lim f(x) =L
X—C
if and only if
lim f(x)=L and lim f(x)=L.

X—C~ x—ct
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Limits from a graph

f(x)

st

A+

3+ o—e

21

11
t + t X
‘4 32208 4 2 3 4

el

el

Y

Figure: Given a graph y = f(x), we may be able to evaluate limits visually.
lim f(x) = L would mean that the y values get closer to the number L when

X—C
the x values get closer to the number c.
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Evaluate if possible: lim f(x) and lim f(x)

fq)

A

o) R S L

x—1+

Q\ ~—~ ‘P(\Q - \

x3\ "
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Question

X2

1 @1 B2 (@3

5
gk lim f(x)=
3
2
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Question

f(x)

g1

i 1=
3 Ol

al

(@)1 ((b)2) (c)3
1L .
3 3 5 10 1 2 3 4"

sl
sl

Y
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Section 1.2: Limits of Functions Using Properties of
Limits

We begin with two of the simplest limits we may encounter.

Theorem: If f(x) = Awhere A is a constant, then for any real number

c o g e
lim f(x) = lIm A=A \ ko-“\,
X—C X—C o Pt x.
..g S\,ov\
wvl‘

L

Theorem: If f(x) = x, then for any real number ¢

lim f(x) = limx=c
X—C X—C
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Examples

(a) lim 7 = -} Q'\w\’ O‘(' 3 (ovd\'wk

x—0

(o) lim 37 = 3w Jitro
X—m
(c) lim x= _{g P ofF X%
x——/5 f\_\_\,{s
™
Becouse &“\q X:k{ e “ W"é b\
. i Q\h.-’ ﬁ’— \A -
| - M A e
(d) lim x Y v % -
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Additional Limit Law Theorems
Suppose

)I('an f(x) =L, )I(incg(x) = M, and k is constant.
Theorem: (Sums) )I(iLnC(f(x)Jrg(x)) =L+M
Theorem: (Differences) )I(i_n}nc(f(x)—g(x)) =L-M

Theorem: (Constant Multiples) )I('an kf(x) = KL

Theorem: (Products) )I(l_ngc f(x)g(x) = LM

May 30, 2017
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Examples
Use the limit law theorems to evaluate if possible

i . . D (S
(8) lim(3x+2) : % ~ L ” oy
X
- ,Q'\n\ Q’lM 2 ¢ gxon
3 x5 Xt X272 ::‘).k\(J:m?"’\'\a
=3(2) +2
R ) <3
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Examples
Use the limit law theorems to evaluate if possible

(b) Xinl3(x+1)2 - (X-H)(X“’\S 9‘\3 (x.(.\x Q\:\ (X{'\)
=2 (23 =Y
N
\~ -+ = *Q\M D‘M \
Nele S‘)'3 (x+1) S x o+ L
: '3 + \ = -2
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Examples

Use the limit law theorems to evaluate if possible WS
<
x+2, x<0 "3:, C"y}
(c) lim f(x) where f(x)= 1, x=0 L ° .
X0 2x—3, x>0 %

o for: Y= > s I~ v I~ 204202

%30 X0 X0~ X0 -
Q‘ - ,Q\v\ 2)( - Q‘\ 3
x;* Loy 2'_;:_,, (ZX-BB x50 %0%

Qi 3 = 2'0-3"'3
z 2/0"\ X 7 xa0%*

x5 0Y . T V\"ks .
- — ey v
lurns out %"0\0 foo NE | 0‘&9;0 2
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Question

X241, x<1

(1) lim f(x) where f(x):{ 3 % xo1

x—1

o~ feo = D (@) 72

x_’\' 5(.-)\‘
O

Qi~ Lo Qe (3 =2

(c) 1 )\ 1 x5 |t
i ~ . Die X + Q"\-, \
(d) DNE 2‘;_&%\)—. g‘;\\-‘()(')(f\\' g‘_,\_’( K~ x|

- \\+ \ = \-t'\—'l
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Question

. xX2+1, x<1
(2) XI_|>n_11 f(x) where f(x)_{ 3 x, x> 1

(a) 4 Swha -\ <\

&,\4 foq = {?\ () = 2
(c) 1

(d) DNE
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Additional Limit Law Theorems

Suppose )|(IL1>’IC f(x) =L and nis a positive integer.

Theorem: (Power) (f(x))"=L"

lim
X—C

Note in particular that this tells us that )|(IE10 x"=c"
Theorem: (Root)  lim Uf(x) = VL (if this is defined)

Combining the sum, difference, constant multiple and power laws:
Theorem: If P(x) is a polynomial, then

lim P(x) = P(c).
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Question

(1) Xlim2(3x2—4x+7) =
K
(a) 7 ()Q\\j(\\"'\a)\ n 2
5;\)&\' {’\"3'\
(b) DNE N
J. @a-ux 1) = 304 F = ]
(c) —11 k2
(d) 11
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Notation Reminder

The notation )I(@C is always followed by a function expression and
never immediately by an equal sign.

for (,;a«{o«\‘\\y\) Minle obret Pu  Sendm

{l

-2

o
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Question

(2) Suppose that we have determined that lim f(x) = 13.

X—=7

True o It is acceptable to write this as

" lim = 13"

X—7

Thes makes as nuvda  SensSe

oS \r- = \’S

May 30, 2017
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Additional Limit Law Theorems

Suppose )I(imcf(x):L, limg(x)=M and M#0

X—C

Theorem: (Quotient) )I(inc;(())(()) = %

Combined with our result for polynomials:

Theorem: If R(x) = qE g is a rational function, and c is in the domain
of R, then

lim R(x) = R(c).

X—C
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Examples

2
. X 5

Evaluate lim ——1°

x—2 X2+ x — 1

2
(R(X): X’*-Sd— W rahond®  awd 21.(—2-\-; -\ =S 30

XX =\
Soe 213s " oo deron of .
2
2 +S
Rene fo xS 2 . q/
xs2 Xox- | 2%+2 -\ <
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Examples

x+1 Y2

Evaluate Ilim . Y2
x—1 X+5 6

By W o ok preputy '0;3 R SDQ: ey =hel
- 12

P\\:- Qu\-\ (X_',s) - \+§ - C; <& {\o'\’ 3er0
x|

foser Juw L M0
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Additional Techniques: When direct laws fail

2

Xc—x—-2

Evaluate if possible Im ————
P X—2 X2 —4

3

16 Regy= ZLL— , M L ravond bk
Xt -Y

N WSoner N

2.4 =4-u=0, ° 2

mmore,  WNOrlC

Tha Qi MO oF Aoy nov EXASH
€ aaddA
Vot 2°-2-2 =42-2 =0

Thie ‘\‘O\\S‘ (V39 ’H\o\- X-2 S oa -CQC)(w 0'(’ L‘\z\’\
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Nt erator ond  denaaimonne

Singeg we Ao:\r\ ~erd XVZ) We Moy he o\l )

X2
gr rid of A et foder. % Yo xe2 —— |
Q‘\ X‘z'X'Z - .9\'\_. (¥-2>(x+\)

%92 xZ -4 X2 (w=-2)(x+)

< 9--\ X+\ - 2+\
— -
X222 X+2 24

. 2
L.t
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