Introduction to Exponential and Logarithmic Functions Notes

~ Exponential Function: A function of the formy = a - b*, wherea # 0, b > 0,and b = 1.
**Exponential Functions are functions whose equations contain a variable in the exponentl!

¢ ) Exponential Functions have the following characteristics:
¢ The functions is continuous and one-to-one
® The domain is the set of all real numbers
¢ The x-axis 1s an asymptote of the graph.
® The range is the set of all positive numbets if @ > 0 and all negative numbersif @ < 0.
¢ The graph contains the point (0, a). That s the y-intercept is a.
¢ Thegraphsof y = ab¥ andy = a(%)x are reflections across the y-axis.

Examples; - _ | ' NOT Examples:
f(x)=27 ' fx)=x"
g(x)=10" ' glx)=1"
h(x) =3 A(xy=x"

Logatithmic Function; The functionx = logy y , where b > 0 and b # 1, is called a logarithmic function. This function
is the inverse of the exponential function ¥ = b* and has the following characteristics:
" The function is continuous and one-to-one.

¢ The domain is the set of all positive real numbers.

e The y-axis is an asymptote of the graph.

¢ The range is the set of all real numbers.

® The graph contains the point (1, 0). That is the x-intercept is 1.

Logarithm: In general, the inverse of y = b¥ is x = b¥. In x = b¥, v s called the Jogarithm of x. Ttis usually
written as Y = logy X and is read “y equals log base b of x.”

**The inverse function of the exponential funétions with base b, is called the logarithmic function with base b.
Forx > 0,b> 0,b # 0,

bx:yl >xmlogby
EXPONENTIAL FORM LOGARITHM FORM

IIT. Rewriting in both forms.

Example 1) Rewrite logariﬂmﬁc each equation in its equivalent exponential form.,

a logsx =2 d. 3 = log, 64
b. logz7 =y , e 3=1log;x
) c. 2=logy25 f log,26=y




Example 2) Rewrite each exponential equation in its equivalent logatithmic form.

a 124 =y d b¥=8
b, 2P =y e b3 =27
¢« 8=c £ 4Y=9

IV. Basic and Inverse Log Propetties- Because logs are exponents, they have properties that can be verified using the
properties of exponents.

‘Basic Properties: Inverse Properties: (Cancel with_the same basel}
1. logyp b = 1 because b = b 1. logy b* = x

2. logy 1 = 0because b? = 1 2. blogrx = y

Example 3} Evaluate using the log properties.

a. . log, 7 e. loge9
b. logs1 f logg1l
c. log, 45 g. 619869
d log, 78 h, 3lo8s17

G
V< ““ommon Logatithm: Base 10 Logarithm, usually written without the subscript 10.
~d810 X = logx,x > 0. Most calculators have a key for evaluating common logarithms.
The calculator is programmed in base 10,
Example 4) Find the value of each log. Round to the neatest ten-thousandths,
a. log 81,000 ¢ log0.35

b. logé d. log 0.0027

. Evaluating Logs using the Change of Base Formula

For all positive numbers, a, b, and n, where @ = 1 and b = 1,

logyn . _ logyg12
T Example: log: 12 = Togi 5

This formula allows us to evaluate a logarithmic expression of any base by translating the expression into one that involves
common logarithms,

log,n=

Example 5) Evaluate each logarithm
a, 10g3 18 d. 10g25 5

b. log, 25 e. log, 1024

,) c. log, 16 £ logs 125

LR



II. Solving for variables with exponentials and logs.
FAMAY HAVE TO REWRITE AND APPLY PROPERTIES OR CHANGE OF BASE FORMULAM!

Example 6) Solve for the variable:

z. logz243 =y b.loggx = -3 c. loggn = %

Example 7) Evaluate:

a. logg8*=x b.log 92 = y

Example 8) Solve each log equation. Be sure to check your answers!

a2 logz(3x — 6) = logs(2x + 1) b. logg(3x — 1) = logs(2x + 4)

c. logg(x? ~ 14) = logg(5x) ] d. log,x? = log,(4x — 3)

elogs(x—-7)=2 flog,(4x+1) =5




Math 3 ' ' Name

KNotes: Intro toLogarithms Unit 4 Day 2
Solving t = 3% on the calculator is much easier than solving 3 = 20. Why?

‘When-the unknown is in the exponent and it is not easy to make the bases equal, we need to be able
to re-write the equation into a form solved for the exponent.

"3 ='20, put in your own words what this equation shouid mean:

1=

Defmmon of Logar:fhm wﬁ'h Base
.  Let band y be positive numbers with b=1. :
: The logarithm of y with base b is denoted by: :
: - " if and only if _ _ :
P ' (Iogurrrhmac for-m) : "+ {exponential form)

x= log y is read

~ The numbers that appear have spec::al names; ..
- .. 18 the logarithm (the exponent)
is;the base - -

- isithe argument . - .

Rewew the: restrictlons onb and X in the deﬁmtlon above Explam why each is necessary
Db #I: " o '
- 2b>0:

3)y>0:
Rewri t e the - '-L'og:qrffh.eh-i:._; Fors o - B Exp&ﬁepﬁd{ ;’q:?-ni_'
follovins ‘ ‘

o 1 log B3
. equationsim | i
the mlsslns

form, | T kA

o 3. ".!og;:zl'Z_;l _

5. : log 32-25

e . 3tost




Evaiuste each logarithem withene o ealeuiztor.
¥ Ask yourself- what power of 4 g;vzs you

7. log, 64 1 9. log 27
N 8. 1-092 i‘—~ 1
6 3
lbg.1 1, log_5 12, log 6

z 128

) ) ' ' | 4
_._'-._’Og"i_ 14 I?gsaz 7 15, log, 8

- SPEGIAL L@GARTIHNS
o T __Common Logarithm - Natural Logarithm {
o Logar*rl‘hm with base 10 » Logar'rfhm with base e - }

’ >~ D-ah-o#léd b.y:

> Deﬂo‘l‘ed by: s

> Slmphfied No?ahon > Slmphﬁed No+a'hon

3 Specmi Nare your' ca!cularar has keys for evalaarm_q the common and natural logamﬂzm

i Evaluate eaeh legarithm withous s caleculator.
" 17. e

1
10000

| 18. log




Evainazte cach Eggaﬁ%&am With @ ealeulater. Co
(19, in14 20. log580 ,, s ]
o -In10

—
We now know that a logarithm is perhaps best understood as being closely related to an exponential

equation. In fact, whenever we get stuck in the problems that foilow we will return to thls one
simple insight. . : :

e When working with logarithms, if ever you get stuck, r.ry rewrmng the probiem in exponent;al
form. ~ '

¢ Conversely, when working with exponem:nal express:ons n‘ ever you get stuck try rewrutmg
" the problem in logarithmic form. :

.........................................................................................................................

! Type of problem? v_a,m&_m_m S

Techmque Try to make bases __"__ Then st exponents ___ond solve for

.
........................................................................................................................

)iogsz; =y B ECEEE T 2401
What iF the var‘able 's nbt the exponent,’? --:n:"r;k ....... e s .
Find the base, x, of the Iogarathm without calculator- | Type of problem? Yariable s the bose.

{ Technique: Raise both sides to

i power and solve for the varigble.

)logx '=§ N | 26) log_xg = =

.....................

Question;

Will-thie vatue of x be + and’ -7

| Fmd the argument, x, of the logarithm without calculator
3

‘ == § Wik the vatue-6fx b d-7-

30) logzsx 5 _Que tion: Will'the %ua X be+ an

Evaluate WIthout a calcu!ator

Solve forx _
*3])10g8(7x 9) = loga(zx + 1J| - 432) S]og525 ' ) | 33)5loes 7




Honors CC3 Name:
Notes: Properties of Logarithms Date :
Recall: x=b’ is equivalent to 1085 (x)= y
I. Rewrite each of the following in logarithmic form.
1. 3* =81 2.2°=64 3.5° =125
4.8 =1 | 5.4 2L 6311
16 3
1 L A 3
7.7 =— 8.32=43 9.92 =27
49
IL. Rewrite each of the following in exponential form.
1. log,32=5 2. log, 64 =2 3. log,, 121=2
4. log,1=0 5. log,243 =5 6. log, 16 =-4
2
2 1 1
7. logy 4= 3 8. log,, 0= -1 9. log,, 3= 3
IIL. Solve for x in each of the following equations.

1. log,.64=3 2. log . 49=2 3. loggx=2
4. log, x =1 5.log,16=x 6. log, 27 =x
2
7. log, 8=1 8. log, x=-2 9. IogS\/g:x
10. log, x = —4 11. logx%ﬁ=% 12. log, x=3

2




Kuta Software - Infinite Algebra 2
Properties of Logarithms

Expand each logarithm.

1) log {6-11)

“ oD

6
3) log (11)

5 lo ( ) Powempmpw'fg

H (urhact Property
5,&% H Dlﬂ'f bu'}ww,pmpeﬁ@

‘”?

5) log —

7) log _xz

9) log L
v

11) log Vx-y-z

Name

Date Period

2) log (5 3)

4 log (3-2%)

6) log (5)

8)lm
ﬁj‘?(&b) Power Plbpwaj
g@o a+tigh) Podid P opertsy

;{jﬁrz o +g,&~?b Distribudive DW@%

10} log -~5~
Yy

12) log (x-y-2%)




Condense each expression to a single logarithm.

13) log 31
) log og 8 14) log 6
3
15) 4log 3—4log 8 16) log 2 +1log 11 +]og 7

( 7¢1:7)
%03(!94)

17) log 7 ~{2log 12
) log og 18) 2log 7

,OW“ Is% 12% Power ¥ roperty 3
|M5 L Quched @“W’bﬂ

Ja
g 7 Sty
19) 6log u+6log, v 20 Inx—~4lny
21) log, u—6log, v 22) log, u—>5log, v
23) 20log, u+Slog v 24) 4log, u—20log, v
Critical thinking questions:
25) 2(log 2x — log y)— (log 3+ 2log 5) 26) log x - log 2

Pt’bcl_u ot Pm(w”‘bﬁ
S}mp ]i-%




How do | sol

How do | solve exponential equations when the bases are different?

Solving Exponential Equations Notes

ve exponential equations when the bases are the same?

2—4- -

3¢ =

474 =

54 =

674 =

7=

273 =

3=

4;3 =

573 =,

677 = '

773 =

R

o T——

P —

3__1. :

e

7-_1=‘ .

30 =

0=

60 =

7%=

.51 E

7=

32 = -

.5-2:

7% =

3% =

| 53 =

7=

¥z

54—

74 =

35 =

T

3=

3=

S




- So\ani;\) Expo\nemjmf ‘%’W‘M
//Sgg\/\/y .

Ix-5
(h 5%=5

(D __25°°=115

=3

R

5 ﬁ) 6)(4 :5><
o ds (@) 5%=17 (T
G L=




Kuta Software - Infinite Algebra 2
Exponential Equations Not Requiring Logarithms Date

Solve each equation.

1) 421+3 =1

3) 31" =243

5) 4% =1

7) 6-2& — 62—30

9) 63m . 6-m — 6—2m

1) 107*. 10"=i
10

Name

2) 53—2x =5-—x

4 3% =3"

6) 477 =471

8) 22x+2 =23x

X
10) 2— =27

12) 3-2x+1 . 3-—2x—3 =3—x

Period




Kuta Software - Infinite Algebra 2 Name
Solving Exponential Equations with Logarithms Date
Solve each equation. Round your answers to the nearest ten-thousandth.
1 3°=17 2) 12"=13

3) 9" =49 4) 16" =67

5) 3*=69 6) 6 =51

7) 6"=99 8) 20"=56

9) 5.18% =26 10) 7' -5=5

11) 9°*10 L 3-81

12) 11" % —5=54

Period




Solving equations with logarithms on both sides of the equation (no constants).

Property of Equality:

Examples:

a. log, x =log, 5 b. log,(x —1)=log, (2x +5) c. log(p2 —2)mlogp

d. log, x +log,(x—6) =log, 16 €. Iog(x +3)—log(2x —4) = log3
Steps:

1. Simplify all of the logarithms using the properties of logarithms.
2. If all of the bases are the same, then use the equality property of logarithms,

3. Solve and check for extraneous solutions b>1 and x>0 for log,x=y

Practice

1. log,(8—6x)=log, 32 2. log,,(x+9)+log,, x = log,, 10

3. log,(x +3)—log,(x—5)=log, 16 4. log,{x +3)+log,(x-3)=log, 16
5. log, (x +2)+log, (x +1)=log, 6 6. log, (x +3)+log,(x+2)=log, 20

7. 2log, x = log, 4 +log,(x +8) 8. 2log, (t)—1log, 2 = log, {2f + 6)



Solving equations with logarithms on one side of the equation (constants are visible).

Examples:

a. log,(x-7)=2 b. log,, (2x —1)+log,,(x-3) =1

Steps:
1. Use all properties of logarithms to simplify to one logarithm.
2. Convert to an exponential equation.

3. Solve and check for extraneous solutions b>1 and x>0 for log, x=y
Practice:

1. log,{x* -9)=4 2. log, (y+2)-log,(y -2) =1

3. log5(5x+5)—10g5(x2 -1)= 0 4, 2log, x—10g3(x—2)=_2

5. log‘.,(x2 + 2)+ logs2=2 6. log,(x+6)+log,(x~6)=2




Solving Log Equaticiis Using Properties
1.InQ2x +4) = 3

£,
£y
S

3.loggdx* — logg2x? = 1

5. logs(x + 10) - logsx = 4

oo

i

A8
Ny

7.Inx + Inx? =21

9.log.(x + 4) + log,(x + 64) = 4

2.logs2 + logsx =3

4.10g,(10x — 8) = logs(x + 4)

6.log,x + log,(x + 6) =4

8. log,x? = log;(x + 20)

10. In(3x ~ 8) = 2
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%
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i
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Namé: -

Solving Exponential & Logarithmic Equations 2 Date: Pd:

Use the rules of exponents or logarithms to find the value of x in each equation.

1. (5x+1)5 — 525 2. (92x)(916) = g48

1
4, (642)(16%) = 412 5 (165) 23 =x
7. 10%*1 = 100 8. -2(10)*** = —,002
10. 3(10)*** +3 =15 TS %(10)x+2 = 1,500

13. logzx =4 14.logx =3

6. (25%)(5%) = 1253%~2

9. (10)* =1

12. logs(x — 14) =4

15. logu(x+3)+2 =4

13. The population of the United States in 2006 was about 300 million and growing exponentially at a rate of
about 0.7% per year. If that growth rate continues, the population of our country in year 2006 + t will be given by

the function P(t) = 300(100:003t),
a. Explain how you can be sure that P{0)=300. -

b. When is the U.S. population predicted to reach 400 million?

14. The function y = 14,000(0.8)* represents the value of a car x years after purchase.

a. Find how much the car will be worth in four years.

b. When will the car be worth $7,000?




m. 10%% = 80,000 n. 8(10)2" + 30 = 150 - o, 10447 = 1

d. Use logarithms to determine when there is 10 mg of medicine in the patient’s blood stream.

p. ~5(10)*~° = —5,000 q. 1(10)2* = 50,000 r. 10%* = 0001
s. log(x+5)=2 t. logzs(4x~3) =4 u. log, 8 =3
v. log, 144 =2 w. log,(4x) =3 x. log(25x) = 2

3. Find the inverse of each function ‘ :
a. yzix-—S b.y=4x% ' cy=Vx¥14

‘ 4. Rewrite each function in exponential form. (2 points each)

a. 216=6* _ o box =128 | ¢ 81 =38
Rewrite each function in logarithmic form. (2 points eéchj

a. 10g;243 = x b. logasx =3 d. log,120 = 3

6. Suppose that 500 mg of a medicine enters a hospital patient’s bloodstream at noon and decays exponentially at
a rate of 15% per hour. The exponential function B(t) = 500{10°9) models the amount of medicine active in
the patient’s blood at a time t hours later, where tis time in hours. Round answers to the nearest hundredth.
a. Find D{0}.
b. Find D(3). D | | -
¢. Use logarithms to determine when there is 150 mg of mediqine in the patient’s blood stream. ‘

* 7. The function y = 12,800 (1.045)* represents the value of a piece of artwork x years after purchése.

a. How much will the artwork be worth in 15 years?




Name Date

independent Practice : Exponential Growth & Decay

e,

,
2
4

1 IPOPULATION

4

- An 1990, Florida's population Wos about 13 million. Since 1990, the state's population has
grown about 1.7% each year. This means that Florida's population is growing exponentially,

Year | Population - :
1990
1991
1992
1993 _ -
1994 P
a) Write an explicit function in the form y = ab” that models the values in the table.

- b) What does x represent in your function?

c) Whatis the "a" value in the equation and what does it represent in this contexi?

d) Whatis the “b" value in the equation and what does it represent in this context?

| HEALTHCARE
Since 1985, the daily cost of patient care in community hospitals in the United States has

increased about 8.1% per year. In 1985, such hospital costs were an average of $460 per
day.

a) Write an equation to model the cost of hospital care. Let x = the number of years after
1985.

b) Find the approximate cost per day in 2012.
c) When was the cost per day $1000

d) When was the cost per day $20002

3HALF-LIFE

Jo freat some forms of cancer, doctors use lodine-131 which has a half-life of 8 days. If a
~/patient received 12 millicuries of lodine-131, how much of the substance wil remain in the

: )ﬁenf 2 weeks later?




| 4 SAVINGS |
Suppose your parents deposited $1500 in an account paying 6.5% interest
mcompounded annually when you were born,
# a) find the account balance after 18 years.
f/- .
0)

b) What would be the difference in the balance after 18 years if the interest rate in the
original problem was 8% instead of 6.5%2

c) What would be the difference in the balance if the interest was 6.5% and was
compounded monthly instead of annually.

5 HEALTH .
Since 1980, the humber of gallons of whole milk each person in the US drinks in - 3 -

a year has decreased 4.1% each year, In1980, each person drank an average ;f 7_ 7

of 16.5 go!ons Ioer.\/vhole milk per year. _ \)Lﬂj‘.ﬁ
Tsscg opY O_[On Q) Write a recursive function for the data in the T
1981 table,
1982
11983 : - .
b} Write an explicit function in the form y = ab* that models the
(j 284 values in the

table. Define your variables.

c) According to this same trend, how many gallons of milkk did a person drink in a year in
19702

6 WASHINGTON, D.C.

The model y = 604000(0.982)* represents the population in Washington,
D.C. x years after 1990. |

MTTEE
wevmmm Vashiington OC + U.S.A.

a) How many people were there in 19902

b) What percentage growth or decay does this model imply?2

c) Write a recursive function to represent the same model as the provided explicit
function.

d) Suppose the current trend continues, predict the number of people in DC now.

) e) Suppose the current frend continues, when wiil the population of DC be

approximately half what it was in 19902



Narne: Period: Date:

Math Lab: Modeling Cancer Cells with M&M's

Part I: Modeling Exponential Growlh MaM Activity

The purpose of this lab is to provide a simple mode/ to illustrate exponential growth of cancerous cells.,

In our experiment, an M&M represents a cancerous cell, If the M&M lands “"M” up, the cell divides into the
"parent” cell and “daughter” cefl, The cancerous cells divide like this uncontrolfably-without end,

We will conduct 7 trials and record the number of “cancerous cells” on the plate.

DO NOT EAT THE M&M’s UNTIL YOU ARE DONE COLLECTING ALL DATA

Exponential Growth Procedure
1) Place 2 M&M's in a cup. This is trial number 0.
2) Shake the cup and dump out the M&Ms onto the paper plate. For every M&M with the “*M” showing,

add another M&M and then record the new population. (Ex. If 5 M&Ms land face up, then you add 5
more M&Ms)

3) Repeat step number 2 until you are done with 12 trials OR you run out of M&Ms,

Trial # 0 1 2 |3 4 5 6 7 8 9 | 10| 11 | 12
# of M&M's (# of cells) | 2

4) Graph your data (scatterplot) with the trial number on the x-axis and the number of M&M’s on the y-axis,
Label your scale.




o
I\\ -,

A

N

Exponential Growth Discussion

5} Should your graph touch the x-axis? Why or why not?

6) Should your graph be just individual points, or should you connect the points? Explain. (Hint: What

7)

8)

9

would an x-value of 3.5 mean in the context of the problem?

We can also use a graphing calculator to write the exponential growth equation,

You will need to enter your data table from page 1 into your graphing calculator. Click SIAT, and under EDIT

choose Edif. A blank table should appear. Under L; you are going to list the trial number and under L; list the

Number of M&Ms. (ONLY IF YOUR ALREADY HAVE DATA IN THE LISTS: To clear the lists before you begin,

hightight the list name all the way at the top and press GIEAR—not delete—and ENFER) Now you need to find

the “curve of best fit”. This wili make an equatlon that best models your data. Go to your home screen (23H
AT, scroll right to CALC, select EXpREd, press ENTER.

erte the exponentlal regression equation to three decimal places.

V= *( )
a b

‘Use your exponential growth model that you created in #7 to predict the number of “cancerous celis”

there would be in:

Trial 25 Trial 50

Use your exponential growth model to determine the number of trials needed to have a population of 1
billion “cancerous cells”. Show your work.

10) Why do we all have different values for a and b?

11)What do a and b represent in the context of the problem?

12) What would the “perfect” values_ for aand b be?




Part B0 Motieling Exponential Decay

-+ Exponential Decay Procedure
( ) 13) Count the total number of M&Ms that you have, Record this number in trial # 0.
‘ 14) This time when you shake the cup and dump out the M&Ms onto the plate, remove the M&Ms with the
“M” showing. Record the M&M population.
15) Continue this process and fill in the table. You are done when you have completed 7 phases —-OR-
when your M&M population gets to 0. Do NOT record 0 as the population, leave it blank!!!

Trial # 0 1 2 3 4 5 6 7

M&M
Population

16) Sketch the graph representing your data. Label your scale.

Exponential Decay Discussion
17) In the instructions for #15 (in Part II), why do you think you are NOT supposed to reduce the number
of M&Ms all the way to zero? Explain,

18) Using your calculator again, write the exponential regression equation to three decimal places

. ) y = *( )

@




19)Use the exponential decay model you found to determine your M&M population on the 4th trial?

20) How does this number compare to your actual data for the 4th trial. Are they the same? Are they

simifar? What are some reasons why your results are different? Explain.

21) What would the “perfect” model be for this situation?

22)How could we change the way we gather the data to get our mode! closer to the “perfect”

model?




Exponential Growth & Decay Classwork

Name:

AICkeg ¥

appreciates
6% per year.
How much is it
worth in 10
years?

Growth/Decay Rate:

Percent =
Decimal =

Function that represents
this situation: '

Question Exponential Write a function that Answer:
Crowth or represents this
: v situation
1. You buy a Initial Amount =
house for
$130,000. It

2. Justin Beiber is losing 20%
of his hair
each year,
If he
currently
has 1,546
hairs on his
head,
about how
nany hairs
T will he have left after 10
years?

Initial Amount =

Growth /Decay Rate:

Percent =
Decimal =

Function that represents
this situation:

3. If you invest $40 in an
account for 10
years at a 3%
interest rate
compounded
semi-annually,
how much
money will you
have?

Initial Amount =

Growth /Decay Rate:

Percent =
Decimal =

Function that represents
this situation:

4. A population of 100 frogs
increases at an annual rate of
22%. How many frogs will
there be NG S e

Initial Amount =

in5 Growth/Decay Rate:
years?

Percent =

Decimal =




Exponential Growth & Decay Classwork Name:

Function that represents
this situation:

5. A species of extremely rare,
deep water fish are slowly
becoming extinct. If there are
a total 821 of this type of fish
and there are 15% fewer fish
each month, how 2
many will there
be in haif a year?

Initial Amount =

Growth/Decay Rate:

Percent =
Decimal =

Function that represents
this situation:

6. The population of Austin is
growing at a rate of 5% per
year. In 2010, the population
was
500,000.
What would
be the
predicted

. Aurrent
“population?

7. Use the equation from the
previous question and predict
in what year Austin’s
population will first reach
1,000,000.

8. Carbon-14 has a half-life of
5,730 years. If a fossil that
originally
had 500
mg of
carbon-14
is found
and
determined to be 27,000 years
old, how much carbon-14 was
feft?

9. A super-deadly strain of
bacteria is causing
! the zombie
o *\JOpulation to
_..buble every 2

days. Currently,
there are 25 2ombies,

Pirer how mons dous wi fl Tlgey
45,00 Z?hnb:?s-




Exponential Growth & Decay Notes/Review Name:

GROWTH Scenario: There has been a zombie invasion. The number of zombies increases by 45%
..~each hour. If 3 zombies initially rolled into town at midnight, how many zombies will there be by 30
_/"\}ninutes past noon?

Step 1: Create a table for the scenario. Start with x=0
X
| Y

Step 2: Write a recursive (NOW-NEXT) equation for the scenario:
Note: *The common ratio is the PERCENTAGE (written as a decimal) remaining after one time period
has gone by.* : '

Step 3: Write an explicit equation for the scenario:
Note: *All exponential equations are in the form y=a*b*. a = initial value, b = common ratio*

Step 4: x = the amount of time (or time periods) that have gorie by, Choose/substitute an x in order to

.=, SOIve the question,

—

O

el

Answer:

DECAY scenario: The zombie invasion is wiping out the population. The number of normal people are
diminishing fast. Each day that goes by 48% of the living population is lost. If the population of North
Carolina started out at 9.752 million, how many people will be left after one week?

Step 1: Create a table for the scenario. Start with x=0

X
Y

Step 2: Write a recursive (NOW-N EXT) equation for the scenario:
Note: *The common ratio is the PERCENTAGE (written as a decimal) remaining after one time period
has gone by.*

Step 3: Write an explicit equation for the scenario: :
. Note: *All exponential equations are in the form y=a*b*. a = initial value, b = common ratio*

4

‘,’.‘;

»
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Step 4: x = the amount of time (or time periods) that have gone by. Choose/substitute an x in order to
solve the question.

) Answer:

o For growth scenarios - the common ratio is greater than 1. - Can be found by doing 100% +
(% of increase) then write it as a decimal.

» For decay scenarios - the common ratio is less than 1. > Can be written as 100% - (% of
decrease) then write it as a decimal.

Special Circumstances

Compound Interest Scenario: Mary places $5000 into a savings account that earns 3.1% interest
compounded quarterly. How much money will Mary have in her account after 15 years?

*NOTE: Compound Interest is a special type of GROWTH scenario. To calculate the common ratio:
1+ (% interest written as a decimal / # of times compounded per year)
Additionally, x (amount of time) must be multiplied by the # of times compounded per year.
|, Therefore, your final equation looks like: '
g;’% y= 3(1 "H’/n)nx
]/-'*Shere a = intial amount, r = interest rate as a decimal, n = number of times compounded per year,
~«nd X = amount of time
Annually = Quarterly = Daily=
Semi-Annually = Weekly =

Answer:
Half-Life Scenario: Actinium-226 has a half-life of 29 hours. If 100 mg of Actinium-226 disintegrates of
a period of 72.5 hours, how many milligrams will remain?
*NOTE: Half-Life is a special DECAY scenario where your common ratio is ¥ (because there is %
remaining). X represents the NUMBER OF HALF-LIFE TIME PERIODS. Be careful with this!

Answer:
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Honors Common Core ITT - Name:
Applications of Exponential/Logs Date!

Find the value of each investment after “t” years in interest is compounded continuously at the
given annhual rate “r" on the principal "P", Show your work!

1. t=2 years, r=7%, P=$6000 2. t=2.5 years, r=6%, P=$7500

3. t=5 years, r=3%, P=$5000 4, Find the "P" principal for the following:
t=3.5 years, r=4.5%, A=$10,000

B. You have inherited an emerald ring that had an appraised value of $2400 in 1971, Itisnow
2007 and the appraised value of the ring has increased by approximately 6% each year.

a. What is the ring's current value?

b. How long would it take for the ring to reach a value of $35,0002

6. $8000 in invested at 10% and compounded continuously.

a. How much money is there after 3 years?

b. How long will it take to for the account to quadruple?




7. Heather received $100 for her thirteenth birthday. She has decided to save it in a bank with
5% interest compounded quarterly.

a. How much money will she have in the bank by her eighteenth birthday?

b. When will the account reach a balance of $3007

8. There are 10 grams of Curium-245 which has a half-life of 9,300 years. How many grams will
remain after 37,200 years?

9. A cup of coffee contains 130 milligrams of caffeine. If caffeine is eliminated from the body
at a rate of 11% per hour, how long will it take half the caffeine to be eliminated from a person's
body?

10. You have deposited $500 in an account that pays 6.75% interest, compounded continuously.
How long will it take your money to triple?

11, The air pressure, P, at sea level is about 14.7 pounds per square inch. As the altitude
increases the air pressure decreases, The relationship between air pressure and altitude can be
modeled by the equation P = 14.7¢ 0000042 Mount Everest rises to a height of 29,108 feet about
sea level. What is the air pressure at the peak of Mt. Everest?

12, Roland earned $1500 last summer. If he deposited the money in a certificate of deposit that
earns 12.5% interest compounded monthly, how much money will he have next summer?




13. Carmen is saving for a new car which will cost $15,000. If she puts $5,000 in an account
which earns 10% interest compounded monthly, how long will it take for her to save enough money
to buy the car?

14. Using carbon dating, scientists can determine how old a fossil is by how much Carbon-14 is
present, If an average animal carcass contains 1 gram of Carbon-14 with a half -life of 5760
years, how old is a fossil with 0,0625 grams of Carbon-14?

15. A new car costs $23,000. It is expected to depreciate at a rate of 12% each year.

a. What will the value of the car be in 5 years?

b. When will the car reach a value of $5000?

16. In 2000, the population of Phoenix was 1,321,045 and it increased to 1,331,391 in 2004.
Suppose the population of Phoenix continues to increase at the same rate. What would be a good
estimate for the population in 20152

17. The Quadratics Creamery company has a savings plan for their employees. An employee can
make an initial contribution of $2500 and the company will pay 7.5% interest compounded
quarterly.

a. How much money will the employee have after 10 years?

b. How long will it take an employee to earn $4000?




18. There are 80 grams of Cobalt-58 which has a half-life of 71 days. How many grams will remain
after 213 days?

19. You purchased a Mac computer for $3000 four years ago. It is now only worth $800.
a. What is the rate at which it is depreciating?

b. When was the computer be worth half its original cost?

20. Sarita deposits $1000 in an account paying 3.4% annual interest compounded continuously.

a. What is the balance in the account after 5 years?

b. How long will it take the account to reach $2000?

21. Juan invests $7500 at 7.75% interest for one year. How much money will he have if the
interest was compounded...

a. yearly?
b. daily?

22. You will deposit $500 into an account paying 3% annual interest compounded continuously.

a. What is the balance after 5 years?

b. How long will it take for the balance to reach $12007
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Transforming Exponential Functions

Translate I_eft or
right:

Vertical stretch or
compression:
Horizontal stretch

or compression:

Reflections:

Translate up or
down;

)—) e and ~c0. horizontal asymptote.

L og=2% 14

&{x}=5"" (graph moves ¢ units left)
g(x)=b"" (graph moves ¢ units right)

g(x)=cbh” {graph stretches if ¢ > 1)
(graph shrinks if 0 < c < 1)

g{(x) =b* (graph shrinks if ¢ > 1)
{graph stretches if 0 < ¢ < 1)

&(x) =~b" (graph reflects over the X-3Xis)
g(x) =b"" (graph reflects over the y-axis)

g(x)=b" + ¢ (graph moves up ¢ units)
§(x)=b" —c (graph moves down ¢ units}y

... Part 3: Describe the transformation using the function f(x) = 2 as the parent function. Then graph the
.- Function. For each, identify the domain, range, y-intercept, the asymptote, and the end behavior as

e

TSRS

Domain; Domain: Domain:

Range: Range: Range:

Y-Intercept: Y-lntercept: Y-Intercept:

Asymptote: Asymptote: Asymptote:

End Behavior: End Behavior: End Behavior:
)

/




Graphing Exponential Functions Notes

Parent Graph: y = p¥

important information:
)
3 ' 4 N B .
How do | transform exponential functions?
How do | graph them?
=372 1 y=2-42414

Y




ldentify the transformations for each of the foiiowm
graph each equation,.

-1 y=2-"5x_4+_3

.

Graphs of Expnnentsal Functions

2. flx)= 3-f —8 ‘.

g functlons Then drawa chart so that you can .

4. f(x) = —(4)"

sfary
s [ T
{
'
kas




Graph. Identify the domain and range for each of the following functions. Then identify the increasing
and decreasing intervais,

5. y=~2. 354 6. f(x)=4%2 41
y .

-4 “-.: i , - )

v : . : IT e o o
7.y = (27 ' ) B f=i()7-5

Al ’




Graph the foliowing on your calculator to find the x-

S. f(x)=5%1_7

and y-intercepts.

Find the horizontal asymptote for each of the following functions, Then find the range.

1L f(x) = ~2% = 12, f{x) = %(2)"“3

identlfy the base of the exponent Then i
* functions,

13. 3 =2(5)%4 4 3

identify all of the tfansforrﬁations for each of the follm;ving

14 y=—2(3)%+5

1x+s :
15 f(x) =—-= -3 16.. flx) = 4%+1

' Fmd ali of the following for f{x) = —2(3)”3 + 5

17. Find the horizontal- asymptote

18. Find the domain and range....

20 List all of the tra nsformations.




Name:

Logarithmic Functions Notes _ ‘ Date Pd:
function is the ‘ of the exponential function.
q » logax=y isread “log equals y.”
> ltis equivalent to a¥ = x
iogax=vy e W =X
— R |

Practice: Change to the other form:

Exponential Form 23 =8 ' 7= x

Logarithmic Form log, (%) = -3 log; 1000 = 3

Now let’s us.e'f(x) = 10% to explore its inverse, f~1(x) = loggx

1. Complete the table to get the characteristic points

2. Complete the table to get the characteristic points
of f(x) = 10% and then sketch the graph.

of f~1(x) = logyp x and then sketch the graph.

X_ | fx) =10 ¥ (%)
s -1 =log;ox
- ] )
-1
O |
i 0
2 1
2.
4 H
Asymptote: ;
Domain: Asymptote:
) Domain;
) Range:

Range: '



Y
iF

© % 1. Graph the exponential function and its inverse on the grid.

Name:

Logarithmic Functions Practice Date:

Pd:

} y=2* and y =log, x

X y X y

2. Graph the exponential function and its inverse on the grid.

y= (;)x and Yy o= logi_x

) x.' Y X y

3. List the characteristic points of y = log,, x.




Logarithmic Functions, Practice

graph.

Name:

Date:

Pd:

Describe in your own words what happens to the graph of f(x) = log, x under the given transformations, then

Base Graph: f(x) =log, x

f(x) = loga(x) +3

f(x) = loga(x — 2)

flx) =log,(x—2)+3

Transformations: Transformations: Transformations: Transformations:
4 A
» -+ -
¥ Ly
Asymptote: Asymptote: Asymptote: Asymptote:
Intercept{(s): Intercept(s): Intercept(s): Intercept(s):
Domain: Domain: Domain: Domain: -
"‘-—[)Ra nge: Range: Range: Range:

2. Describe the transformations of y = 4 log, (x — 7) + 6 from the parent function f(x) = log, x.

3. Describe the transformations of y = —ilogm(x + 3) — 2 from the parent function f(x) = log;, x.




Determine the transformations as compared to the base graph, y = log,q x. Graph each function on the coordinate

planes provided. Determine the domain, range, and asymptotes of each transformation.

4. y=logpx—6

5. y=—log(x + 2)

1
6. y=3logyx

L

L

Transformations:

Transformations:

Transformations:

Asymptote: Asymptote: Asymptote:
Domain: Domain: Domain:
Range: Range; Range:

-5 -




Kuta Software - Infinite Precalculus

Inverses of Logarithms

Find the inverse of each function.

1) y=2log 3

3) y=log, x

5) y=log, (3x)

7) y=log, x+6

13) y=10°

15) y=3"+4

17) y=4*

Name

Date

2) y=log, 3"

4) y=log, (~2x)

6) y=log, x+10

8) y=log,x-7

14) y=4°

16) y=x

18) y=6"+2

Period




Honors Math 3

T 20014 K uwta Se ftware L LC.

Logarithms and Exponential Functions as Inverses

Find the inverse of each function.

1) y=log (-2x)

3) y=lnx-6

5) y=—6log3x

7) y=log, x*

—4%+2
2

9) y=log,

V-2-6"-2
1

13} yp= e
} ¥ 3

2.3+
5,

15) y=
) ¥ TT’

5

All righus

reserTved.

2) y=log, (x~-4)

4) y=logx+2
6) y=-3log  x
8) y=log, x
4
Ve +8
10) y=——
)y 5
~-8-57+1
12} }'=10ng5,,—
V25X +5
14) y=
)y 3
V-8 - 16*— 40
16) y=————

Identify the domain and range of each. Then sketch the graph.

7 f(x) = log (x+ 1)+5

»

-

¥

__%

19) fx)=log(x-2) -5
4

R ERAPRE i
-1

% 2614 Kuia Soelfzwasre LLC.

A1l rights reuvve‘l'.

18) flx)=mn (x-2)

_J__y

=2t

—ﬁi

¥

20) fx)=In(x-1)-1

«Y

N

A

Made witb To I inite Algebra 2.

4l




Sketch the graph of each function.

21) f(x):%-(l)r-l—l

2
Ay

.

14

A

" 4

23) fx)=2-3""41

4

jﬁl

L&

L+ |

&
]

< 6 -4 -2

[

£ W14 Kors Safimsre LLC,

¥

All rights rese

22) fx)=5-2%*%+2

4
i

o L & LG8

L2,

T § 6 -4 -2 P ;x
lx—l
24) f(x)=3 (5) +32
¥
.
|
- 4 =2 2 4 & B :_i»

rv:dz‘ WMade with Infinite Alpgebro 2.

&




Name:
Unrit Review Sheet Date: Period:

1.  Foreach of the following functions, state the equation of the base function, the transformations from the base
-function, the domain, range, asymptotes. If the function is exponential, determine if it is a growth or decay
model. Then graph each function.

22 S b. y=2)*1—-4 c. y=-—-log,(x—4)+5
a. y={ + 3
Base Function: Base Function: ‘ Base Function:
Transformations: Transformations: Transformations:
Domain: Domain: , Domain: .
Range: . .| Range: Range: . | A | i
Asymptote: - - ' - Asymptote: < | Asymptote:: R ?
Circle One: Growth or Decay Circle One: Growth or Decay
9 or- l 0 -
[+3 T : (]
8 S, 8 8
i 6 6
- 4 4 4
2 oI . 2
]
-100.8.L 6L 4L 2 6.L.8.11 -0t 8ist 2 1L A0 B 10 ~100L8.LB.l ) -2 D 6.L58 110
b ) . S W 2 )
A PR, u 4 4 -
! 4
1 8 {16 6
Q : Fey [+
hed l (4] o
0 | 0 * 16

2. Usethe rules of exponents and/or logarithms to find the value of x in each equatlon Round to the nearest
hundredth when necessary.

a. (3%%)(31%) = 3% b. 55—; = 510 | c. (13%9)*= 13 |

d. (25*%)(57) = 125;4 ‘ e %:; = g112 | o | (84 = 418

6 (492%)(79) =1 h '(2'5)§(3)4 . | L (62) (363) = 6*
i 10%+* = 100,000,000 k. 6(10)5% = 18,006 | 10%% = 1,000



3
3
L

The principal amount of deposit is $1640. It has an interest rate of 3.2% compounded

quarterly. Write a function and graph it.

From the graph, give an approximation of the
balance after 3 years.

What is the balance to the nearest hundredth
after 6 years?

v

The principle amount of deposit is $1350. It has an interest rate of 4.6% compounded

monthly. Write a function and graph it.

X

From the graph, what is the approximate

balance after 7 years?

What is the balance to the nearest

hundredth after 10 years?

Y




1. Graph f(x)=-log, x

3. Graph f(x)= %Jlogmx"F?

2. Graph g(x)=log,,(-x)

A
“w, ‘
/j
Y
Domain:
Domain:
Range: '
Range:
Asymptote:

Asymptote:

4. Graph f(x)=log, (x+4)-2

Domain:

Range:

Asymptote:

3
+* Common Logs — have base

) Togi0 = =

A
»
<

\

Domain:

Range:

Asymptote:

“logx” means
log 1000 = = log40 = =




