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Math 111 ' Section 4.3 Notes

Zombie Tag!

A Zombie is loose in our classroom!

How long until we are all infected? il

e +- e
RESTRICTED AREA
AUTHORIZED PERSOMNNEL DMLY
This arca s QUARANTINED as 2
Glass 3 Zombis infestation Site.

tiooae shullanter o leava thisaren withadtwiritten
peanassion of the losat hoalth suthosity,

Example 1. Fill in the table for each scenario. e BN PEE A

Scenario 1: The initial zombie infects one Scenario 2: The initial zombie and each

new person in our class per day. Newly infected person infect one new person per day.

infected zombies cannot infect others.
Days # of People Infected Days # of People Infected ”
Day 0 1 Day 0 1 |
Day 1 a Day 1 & ;;; |
Day 2 2 Day 2 o 2 2
Day 3 t Day 3 «g 2 3
Day 4 — Day 4 { 9\‘4

o 5

Day 5 L Day 5 3L A
Day 6 1 Day 6 Q?l‘“f A {9
Day 7 2 Day 7 | 2% L%
Day 8 9 By ASL N

a. Graph each scenario. How many days will it take to infect our whole class in{each scenario?

%0 4 10 4"\
fL’ﬂ i
24— )
2 " / 25 IQ

2.;‘_ / ?&

\

#* I
> A
\__'

1
-l ‘l?
1= */‘ i p /

) I l——vyﬂ, A - AR ‘i':’__u*:’“lﬁ"il'"’
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b. Write an equation for each scenario:

Scenario 1: \O Scenario 2: VA w
!j’—‘-mx«— ) CQX
4=X +| ) |
0

o\aa,

¢. How many people would be infected on day 307

Scenario 1: Scenario 2:

30
3.—_: 30+ | ‘ Y= 2
= \e5
5\ o = 1,013, 14|, 824
ZOM\O‘-'ES X

d. On which day would the zombie outbreak infect one million people?

Scenario 1: Scenario 2:

|,000,000 = X 4 | |, 000,000 = ;‘)'><

—| -]

111,919 = x X4& 2D AﬂJS

G k.

Cara Lee Page 2
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yu=Ca

An exponential function is of the form aA = jy’bw’h.m_ J?’D-c.\"s\r‘
flz)=Ca®

Math 111 Lecture Notes Section 4.3: Exponential Functions

where

r = 6?“0@)(1/\ rakbe_

e C is the initial value ncrease afjr 27 r=.0%
e g is the growth factor and a > 0 =4+ = [.0%

Consequently, an exponential function is a function that increases or decreases at a constant percent rate.

Let’s review percent increase and decrease as we work through these examples.

Example 2. You start a new job with an initial salary of $36,000 per year. Each year thereafter, you receive
a 3% raise. Let S(t) be your salary t years after you start your new job.

(a) Write the formula for S(2).

SHKY=Ca®
S(E)= 36,000(|. o?;_)

(b) What will your salary be after 10 years?

\O
SGod= 3,000(1.65) Afder (0

=X¢8 25| Yoy~ ﬂ[a.na_ wodk
be $4g/38L.

(c) When will your salary reach $50,0007 (Use your graphing calculator to solve this).

x :
Vsoee = 3eee(et) a7, et
When £ =17, S(Jcbﬁel,fsm.%o

In 1x «d/caus

Example 3. A compost pile has 27/cubic feet ’of waste and decays at a rate of 10% per month. Let Q(¢)
be the volume of compost (in cubic feet) ¢ months since decay began. Write the formula for this decreasing

exponential function. = — lo
R = ch o= \+y = |+(a0)
= ,70
QU= X(. ﬁ’O) a £ |, exponenhdl '

Instructor: A.E.Cary Page 3 of 10




Math 111 Lecture Notes Section 4.3: Exponential Functions

Example 4. Graph of y = 2% in Figure 3. Use this to graph the various transformations listed.

P 2}7\ Skt ug/

IGURE 3. y = x Ficure 4. y =271
RN AN » Y %
e S (o) . -

L = riT -l
a Q\IWP\JD\C"; S

—4 -2 3

Vorbid letdn by 3 ertcal Pk‘;p it
. IGURE 6. y=- T';

Ficure 5. y/=3-2%

EREY '

honi 2:0\/-\\‘152 ’F(t (? acwss
Ahe

RE‘IGURE e =872 a__

- —4

Instructor: A.E.Cary Page 4 of 10




Math 111 Lecture Notes Section 4.3: Exponential Functions

. - Example 5. Solve the following equations. List your solution set.

(a) 5% =57° (d) 2% 1=4

=~y e

2x=3
Zz 4
=3 3
Lo a K o Z z
(b) 4%5=41 - t (e) 231 =32
2x-s  [A =l al¥
47 =4 A
2AX-5=-2 g £33
aAX =72 3X=2i
2 B ¥ ¥
X = % X =2

g X, 2
5‘ = ” k‘c“’ 3%&’ % =% \
)(l*'g’:ébx % t{-;c»rg,(’z.q _\

X x 48 =0 5 5
(=4 Yx-2)=0 Fxx3x*=—|
X~4=o orf-2=0o X e k(=0
X=2Y or = Gx+ Nt + |) =0

Instructor: A.E.Cary 30’( +’ (';'O OV o~ &~ | =ePage 5 of 10
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Math 111 Lecture Notes Section 4.3: Exponential Functions

WHAT’S “e”7

The number e is a number that occurs in nature, and is a frequent base for exponential and logarithmic

1 n
e= lim (1 + —)
n—00 o)
It can also be expressed by the following:

1 1 1 1 1 1
e—a+ﬂ+§+§+ﬁ+a+“'

expressions. It is defined by:

This number is irrational and is approximated by 2.718281828. The graph of the function given by
y = e® looks a lot like the graphs of the functions given by y = 2% and y = 3%, as shown in Figure 9. In
calculus, you will study that the special property of e is that the slope of the tangent line at zero is exactly 1,

as shown in Figure 10.

FIGURE 9 FIGURE 10
«-»y=20 v <«->y=0 Y
| g = g i gt [ e
__4—)3;:&‘” . __4—)»y:m+l 2

[E

i
1y

Example 6. Solve the following equation.

Instructor: A.E.Cary Page 6 of 10



Math 111 Lecture Notes Section 4.3; Exponential Functions

Example 7. In 1990, the population of Oregon was 2.84 million people. In 2010, the population of Oregon
was 3.83 million people. Let P(t) be the population of Oregon in millions, where ¢ is the number of years after
2000. This can be modeled by P(t) = 3.298¢0-015%,

(a) According to this model, what will the population be in 20207
" 219k & 2020~ 2000
P(L)=3.21%¢.
= L5

P(’ZD) =9 24;'8,6’.013_(20)

=44 Mol i Pwpu__ n LO20 The-
population &
Al V\NDM \S Ll':l;tM \\6\*’)

(b) According to this model, when will the population reach 4 million people? Use your graphing calcu- ?40 pl&
lator to solve this.

L_} = 32-‘{,% €.‘O\S'{Z

gregn 4 = /.

o 4
Wh = 3298 e (.oS ) _"/

WS FS: Indersec o FREp.
(12 sz, 4D

Q000 + [A.865 2
R

A 2012.9 g ol
N 20 1A e pvfw(ﬂfm will reacke

: ~ sdaks.
4 mdhdiptowt?(@ “”‘“"”L'Vf]‘/ i P
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Math 111 Lecture Notes

Section 4.3: Exponential Functions

Example 8. Find an algebraic rule (or formula) for an exponential function f that passes through the points
(—1,8) and (2,1). Also find the algebraic rule (or formula) for a linear function g that passes through the

EK?D\MV\H:»Q Efu@@b\u

points (—1,8) and (2, 1).
Lnear Equalin
=K+ b
(f\a 3’5 (1‘2': I )
ConStawt S]Qg
M = 'jL -4,

2
*‘ - 10
-2, 4\

y= Cal

Consyany

ot

C2, @S

de . La

'
o

Instructor: A.E.Cary
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Math 111 Lecture Notes

Section 4.3: Exponential Functions

Example 9. Find an algebraic rule (or formula) for an exponential function f that passes through the points

(—2,2) and (2 12).

,{3>a.v-& (2

Ye -

o) “-M

rA

, 'L a
s ":f/:r" g 8
120403 g auf
%J/} = e

g 4

b = &

2= a

y=C (S

Example 10. Find an algebraic rule (or formula) for an exponential function f that passes through the points

(1,8) and (3,128).
%) 'j( ‘L Ja

e L
dv £ =
/S

12%

® &
g

| = a4
a

ve

—_—

(P>
L,,::'

Y=
§ = C(¥)

8 =C4

2

= C

\

j=2@§

Instructor: A.E.Cary
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Math 111 Lecture Notes Section 4.3: Exponential Functions

Example 11. After caffeine is consumed, it leaves the body at a fairly fixed rate. A person consumes 200 mg
of caffeine at 8:00am. Four hours later, about 100 milligrams of caffeine are remaining in their bloodstream.
Let Q(t) be the number of milligrams of caffeine in the body ¢ hours after consumption.

(a) Write the formula for the function modeling this exponential decay.

¥y ! Yo “Ju
Yo Calt
' k™
E N Z@,q g = 0
e = T
S . G}

How much caffeine will still be in the body at 8:00pm?
Y 200 = C M
QC'E')'_ 200(*%% \3 200 =

%17

®(lfl): ZOD("%‘LHB R = ]_\_Y'* R 8"{'\:“""‘_‘("
= 260(.840D)

= 25,937 m.a/

=341 =159

OSIV'a, (S ZT?O V—{-—'{/\»-E/
C&Ww—p Pwhowr

Instructor: A.E.Cary Page 10 of 10



