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Exponential Decay %(5{) - c

Example5: At the beginning of a study, there are 50 grafrs substance present. After 17
days, there are 38.7 grams remaining. Assumeutb&tance decays exponentially.
a. State the two points given in the problem.

(0,s5>) (N, 3¢n)

Enter the two points in the spreadsheet and mélst a

b. Find an exponential regression model.
Command: Answer:

-0.0 \S\K

s'l\e 1 d T_ \:s)n‘l - S.OC) = SO

c. What will be the rate of decay on day 40 ofshely?
Command: Der, vk ve Answer:

\
x (L‘D—) - =0.U1e 5"0--5/-14.9

Exponential decay problems frequently involve ta#-hife of a substance. THealf-life of a
substance is the time it takes to reduce the anafuhe substance by one-half.

Example 6: A certain drug has a half-life of 4 hours. Suppgou take a dose of 1000
milligrams of the drug. i | scedtane)
a. State the two points given in the problem.

(0, 1wo0) (4, soo)
Enter the two points in the spreadsheet and malst. a

b. Find an exponential regression model.
Command: Answer:

N P T_\:A \] \00De

c. How much of it is left in your bloodstream 2&uns later?
Command: Answer:

%’ (2%) 7.\V%2S ~9

033X
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Example 7: The half-life of Carbon 14 is 5770 years.
a. State the two points given in the problem.

(o) v ( SS90, SO)
e %

Enter the two points in the spreadsheet and mélst a

b. Find an exponential regression model.
Command: Answer: —0.000 \ X

Fvexp LV ] S0z o e

c. Bones found from an archeological dig were tbtmmhave 22% of the amount of Carbon 14
that living bones have. Find the approximate dgbebones.

f00: 22 treke 400 = 22

Command: Answer:

interseck ES—) 9 l X= 2,604

Limited Growth Models
Some exponential growth is limited; here’s an exiamp

A worker on an assembly line performs the same ras&atedly throughout the workday. With
experience, the worker will perform at or near atiroal level. However, when first learning to
do the task, the worker’s productivity will be muohver. During these early experiences, the
worker’s productivity will increase dramatically-hen, once the worker is thoroughly familiar

with the task, there will be little change to hex/iproductivity.

The function that models this situation will hatie form Q(t) = C— Ae*.

This model is called Bearning curve and the graph of the function will look somethlikg
this:

[P SRR

1

/111234567

The graph will have gintercept aC — Aand a horizontal asymptoteyet C. Because of the
horizontal asymptote, we know that this functioesloot model uninhibited growth.
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Example 8: Suppose your company’s HR department determireésah employee will be able
to assemble(t) =50- 30e** products per day,months after the employee starts working on
the assembly lineEnter the function in GGB.

a. How many units can a new employee assemblbastrts the first day at work?
(2= 20
b. How many units should an employee be ableterable after two months at work?
Q () = 34
c. How many units should an experienced workeatile to assemble?
e Qo - 5

=700
d. Atwhat rate is an employee’s productivity chiag 4 months after starting to work?

O\ (W = 2.03

L ogistic Functions

The last growth model that we will consider invawae logistic function. The general form of

the equation i€)(t) :FAe‘k‘ and the graph looks something like this:

If we looked at this graph up to arouxé 2 and didn’t consider the rest of it, we midhink

that the data modeled was exponential. Logistictions typically reach a saturation point — a
point at which the growth slows down and then ewalhy levels off. The part of this graph to
the right ofx = 2 looks more like our learning curve graph frtira last example. Logistic
functions have some of the features of both typesaulels.

Note that the graph has a limiting valug/at5. In the context of a logistic function, this
asymptote is called th@rrying capacity. In general the carrying capacityAsrom the
formula above.
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Logistic curves.are used to model various typgsh@homena and other physical situations such
as population management. Suppose a number oabnare introduced into a protected game
reserve, with the expectation that the populatidhgrow. Various factors will work together to
keep the population from growing exponentiallygmuninhibited manner). The natural
resources (food, water, protection) may not exisiupport a population that gets larger without
bound. Often such populations grow according ltgastic model.

Example 9: A population study was commissioned to deterrttieegrowth rate of the fish
population in a certain area of the Pacific Nortbtv&he function given below models the
population whergis measured in years ahids measured in millions of ton&nter the
function in GGB.

2.4

023

a. What was the initial number of fish in the plapion?

V) (D) < 0.708 mNan

. What is the carrying capacity in this popula#o

. o

A vele - Q. . q m\lo~

c. What is the fish population after 3 years?

V() = \. 2655 miMion
d. How fast is the fish population changing afierears?

Dcfu.dw . B

O

[\)\ L:L) s 0.2009 .\ /.5(

Lesson 11 — Exponential Functions as Mathematicaléis 6



o o % 4 @xp

Open

Math 1314
Lesson 12
Curve Analysis (Polynomials)

This lesson will cover analyzing polynomial funetsousing GeoGebra.
Suppose your company embarked on a new marketingaign and was able to track sales

based on it. The graph below gives the numbealessn thousands showndays after the
campaign began.

Now suppose you are assigned to analyze this irgftborn  We can use calculus to answer the
following questions:

When are sales increasing or decreasing? (Not¢hbgraph stops at 40.)

What is the maximum number of sales in the giveretperiod?

Where does the growth rate change?

Etc.

Calculus can’t answer the “why” questions, butaih give you some information you need to
start that inquiry.

There will be several features of a polynomial timrcthat we’ll need to find. Let’s start with a

few College Algebra topics. Ve v pudile

An example of a polynomial function i6(x) = (x—2)‘(x— 1P (x+ ]])2 Its graph looks like:
‘ A4 '
\ ) 5—:--¥ ’
N 1
\ / 1 Yo I
YN
T-r:- A w ..t

-1

[} .

*The domain of any polynomial function (s—oo,oo). Polynomial functions have no asymptotes.

*To find the roots/zerogtintercepts/solutions of any function, set the fimtequal to zero and
solve forx. Or you may simply use the root or roots comman@GB.

*To find they-intercept for any function, s&t= 0 and calculate.

*The range of any polynomial is easier found bykiag at the graph of the function.
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Examplel: Let f(x)=x®-3x—-13x+ 1E Enter the function in GGB.
a. Find any-intercepts of the function.
Command: Answer:( -3 o) (5,2

mttgl (1,0)

b. Find anyy-inteércept of the function.o¢/ = ©
Command: Answer:

gr ) > s - (o,)
~
Intervals on Which a Function is|ncreasing/Decr easing

Definition: A function isincreasing on an intervald, b) if, for any two numbers, ang, in
(a, b, f(x)< f(x,),wheneverx, <x, . A function gecreasingon an intervald, b if, for
any two numbers, ang, ia,(b), f(x)> f(x,) , wheneverx <x, .

In other words, if thg values are getting bigger as we move from leftgbtracross the graph of
the function, the function Is increasing. If themg getting smaller, then the function is
decreasing. We will state intervals of increaserel@se using interval notation. The interval
notation will consists of correspondingyalues wherevey-values are getting bigger/smaller.

Example 2: Given the following graph of a function, state th&ervals on which the function is:
a. increasing. b. decreasing.

(_ oo, -2) |) 2 |
RN f | x Q"-L') \)

s

Q J QO) -4 7?3 2 -1 77; 4
/ :}§
]

o -1, \

We can use calculus to determine intervals of megeand intervals of decrease. A function can
change from increasing to decreasing or from deangdo increasing at itgitical numbers, so
we start with a definition of critical numbers:

Thecritical numbers of a polynomial function are all valuesxthat are in the domain 6f
where f'(x) =0 (the tangent line to the curve is horizontal).

Alfunction isincreasing on an interval if théirst derivative of the function ispositive for every
number in the interval. A function écreasing on an interval if théirst derivative of the
function isnegative for every number in the interval.
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Example 3: The graph given tQis thiest derivati¥€of\a functionf. Find:

I AV yd
\ 7
C® v/’ N\ .
A 3 4

I~
\LI»
e N

O N
/

Y1)

\
a. any critical numbers. S— Ot) =0

= -7,

S.r(x_)

b. any intervals where the function is increasiegfeasing.

Tacreein (-2,

Deccess (-20,-2) L (sz)

Example4: Let f(x)=x— X, find: S-;A,L S‘ () - %'\()()7—0
~ U. £

a. any critical numbers.

st Slopes 1a §w

\ qud.'\-:Jf_ slop% Ve

)
J

\ 4 3
S (¥) =~ Sx =Yy (a)o_)

oot Y_ ¥ 'L%)l (5,2

b. any intervals where the function is increasiegfeasing.

Tucrecos & (00.0) VU (=, )

ch"":"b ( OJ :!S-')

Lesson 12 — Curve Analysis (Polynomials)

. D 2N




