Objective

Students will be able to graph
exponential growth functions.



Exponential Functions

An exponential function has the form
y = abX where a # 0 and the base b is
a positive number other than 1.

What do you think makes a function an exponential
growth function?
Think about the equations from the M&M'’s activity.



If a >0and b >1, then the function y = ab*
is an exponential growth function, and b is
called the growth factor.

Parent Function for Exponential Growth Functions

The function f(x) = b*, where b > 1, is the parent function for
the family of exponential growth functions with base b.

fix) = b*

{ _,'_‘| - ] :.
The x-axis is an 1 p
asymptote of the graph. ' The graph rises from
An asymptote is a line that —» = > left to right, passing
a graph approaches more X through the points
and more closely. ¥ (0, 1) and (1, b).

The domain of f(x) = bXis (-oo, =), the range is (0, o), and the
asymptote is the line y = 0.



Graph y = 2%, AERERER Y

Step 1: Make a table of values.

Step 2: Plot the points from the
table.

|
Step 3: Draw, from left to right,

a smooth curve that begins just
above the x-axis, passes -2, 4]
through the plotted points, and
moves up to the right.

I, ' |

Domain: (-oo, oo)
Range: (0, =)
Asymptote: y =0



Graph the following functions and
state domain, range, and asymptote.

Domain: (-o°, o)
Range: (0, =)
Asymptote: y =0

Domain: (-o°, o)
Range: (-, 0)
Asymptote: y =0




Exponential Functions

An exponential function has the form
y = abX where a # 0 and the base b is
a positive number other than 1.

b is the growth or decay
a is the initial value (y-intercept)



Translations

To graph a function of the form y = ab*~" + k,

begin by sketching the graph of y = ab*. Then

translate the graph horizontally by h units and
vertically by k units.

Graph y=4-2*" —3. State the
domain, range, and asymptote.

Begin by sketching the graph of y = 4 + 2*, which
passes through (0, 4) and (1, 8). Then translate
the graph right 1 unit and down 3 units to obtain
the graphof y =4 +2% " ! — 3,

The graph’s asymptote is the line y = -3.
So domain: (-o°, =) and range (-3, =)

**asymptote is the line y = k



5) Graph y=3""+2.
Then state the domain, range, and asymptote.

Make a table of values and sketch the graph.
X -3 -2 -1 0 1
Yy 19/9 7/3 3 5 11

Domain: (-eo, o0)  Asymptote: y =2
Range: (2, oo)



Homework . 482:3,4,5,7, 15,17

MATCHING GRAPHS Match the function with its graph.
3. y=3.2" 4, y=—3.2°F 5. y=2+3"

GRAPHING FUNCTIONS Graph the function.
7. y= 2"

TRANSLATING GRAPHS Graph the function. State the domain and range.

15. y= —3 X+ 2 17,) y = 2°* t143 **Find the asymptote as well



Objective

Students will be able to understand
exponential growth in real life
problems and compound interest.

Exponential Functions (7.1-7.3) Quiz on Friday!



Exponential Growth Models

When a real-life quantity increases by a fixed
percent each year (or other time period), the
amount y of the quantity after t years can be
modeled by the equation:

y=a(1+r)t

where g is the initial amount and r is the
percent increase expressed as a decimal. Note
that the quantity 1 + ris the growth factor.



In 1996, there were 2573 computer viruses and other
computer security incidents. During the next 7 years,
the number of incidents increased by about 92% each

year.

a) Write an exponential growth model giving the number n
of incidents t years after 1996.

n=a(l+r) 972573 4 _2573(1+0.92) n=2573(1.92)

r=0.92
b) About how many incidents were there in 20037

t=7 n=2573(1.92)" n=~247,484 ot

c) Graph the model. computer security

incidents 200,000

150,000

d) Use the graph to estimate
the year when there were
about 125,000 computer 50,000

security incidents. (= 6) 502002 e

Years since 1996

100,000

Number of incidents




In 1977, there were 41 breeding pairs of bald eagles in

Maryland. Over the next 24 years, the number of
breeding pairs increased by about 8.9% each year.
a) Write a model giving the number n of breeding pairs of

bald eagles in Maryland t years after 1977.

n=a(1+r)t

a=41
r=0.089

n=41(1+0.089)

b) Make a table of values for the model.

t

0

6

12

18

n

41

68

114

190

c) Graph the model.

d) Use the graph to estimate

how many breeding pairs of bald
eagles were in Maryland in 1992.

(t = 15), so about 150 pairs of bald eagles

13 Yy 9

160 |-

120 |~

80

407

Number of breeding pairs

n=41(1.089)

0 6 12 18
Years after 1977

24 1

B



In the exponential growth model y =527(1.39)%,
identify the initial amount, the growth factor,
and the percent increase.

initial amount (ag) = 527

growth factor (1 +r) =1.39

percent increase (r%) = 39%



Compound Interest

Exponential growth functions are used in real-life
situations involving compound interest. Compound
interest is paid on the initial investment, called the
principal, and on previously earned interest. Interest paid
only on the principal is called simple interest.

Consider an initial principal P deposited in an
account that pays interest at an annual rate r
(expressed as a decimal), compounded n times
per year. The amount A in the account after t
years is given by this equation:

A=P(1+£)
n



You deposited $4000 in an account that pays
2.92% annual interest. Find the balance after 1
vear if the interest is compounded with the given
frequency.
a) Quarterly

A=P(1+1) A=4000(1+ A=~4118.09

0.0292)‘H

n
The balance at the end

P=4000,r=0.0292,  A=4000(1.0073)" of 1 year is $4118.09
n=4t=1

b) Dail .
) Yo 4 _a000( 1, 00292
A=P(1+£) B * 365

n

A=4118.52

s The balance at the end
P =4000, r=0.0292, A=4000(1.00008)" of 1 yearis $4118.52
n =365t=1



You deposited $2000 in an account that pays
4% annual interest. Find the balance after 3
vear if the interest is compounded daily.

0.04\"
) A =~ 2254 .98

A=P(1+1) A=2000(1+%

n
w95 The balance at the end

P = 2000’ r = 004, A= 2000(10001) of 3 years S 52254 98

n =365,t=3



Homework p. 482: 25, 28, 29, 30, 35

25. % MULTIPLE CHOICE The student enrollment E of a high school was 1310
in 1998 and has increased by 10% per year since then. Which exponential
growth model gives the school’s student enrollment in terms of 7, where 7 is
the number of years since 19987

A) E = 0.1(1310)" B E=1310(0.1)"

© E=1.1(1310) M E=1310(1.1)"
WRITING MODELS In Exercises 28-30, write an exponential growth model that
describes the situation.

28. In 1992, 1219 monk parakeets were observed in the United States. For the
next 11 years, about 12% more parakeets were observed each year.

You deposit $800 in an account that pays 2% annual interest compounded
daily.
30. You purchase an antique table for $450. The value of the table increases by
6% per year.

35. DVD PLAYERS From 1997 to 2002, the number 7 (in millions) of DVD
players sold in the United States can be modeled by n = 0.42(2.47)"
where 7is the number of years since 1997.

a. Identify the initial amount, the growth factor, and the annual percent
increase.

b. Graph the function. Estimate the number of DVD players sold in 2001.



Objective

Students will be able to graph and
model exponential decay functions.

Exponential Functions (7.1-7.3) Quiz on Friday!



Ifa>0and 0< b <1, then the function
y = ab¥is an exponential decay function, and
b is called the decay factor.

Parent Function for Exponential Decay Functions

The function f(x) = b*, where 0 < b < 1, is the parent function
for the family of exponential decay functions with base b.

The graph falls from
left to right, passing
through the points
(0, 1) and (1, b).

The x-axis is an
«— asymptote of the

X graph.

The domain of f(x) = bXis (-oo, o), the range is (0, =), and the
asymptote is the line y = 0.



Graph y=(l)x. X -3 -2 -1 0| 1|2

2 y 8 4 2 1

Step 1: Make a table of values.

Step 2: Plot the points from the
table.

Step 3: Draw, from right to left, _
a smooth curve that begins just
above the x-axis, passes Domain: (-oo, o)
through the plotted points, and Range: (0, =)
moves up to the left. Asymptote: y =0




Graph the following functions and
state domain, range, and asymptote.

Domain: (-o°, o)
Range: (0, =)
Asymptote:y =0

Domain: (-o°, o)
Range: (-oo, 0)
Asymptote:y =0




x+1
Graph y=3(%) -2 . State the domain,

* %k .
range, and asymptote. Translation

Make a table of values and sketch the graph.
X -2 -1 0 1 2
y 4 1 | -1/2 | -5/4 | -13/8

Domain: (-oo, o)
— Range: (-2, oo)
4L’ ¢ x Asymptote: y = -2




Exponential Decay Models

When a real-life quantity decreases by a fixed
percent each year (or other time period), the
amount y of the quantity after t years can be

modeled by the equation:

y=a(1—r)t

where a is the initial amount and r is the
percent decrease expressed as a decimal. Note
that the quantity 1 —ris the decay factor.



A new snowmobile costs $4200. The value of the
snowmobile decreases by 10% each year.

a) Write an exponential decay model giving the
snowmobile’s value y (in dollars) after t years.

. a=4200 t
y=a(l-r) ;-010 y=4200(1-0.10)" y=4200(0.90)

b) What is the value after 3 years?

=3 y=4200(090) y~3061.80 4000‘\J .
$3061.80 £ 2000 \

c) Graph the model. ;g 2000 | =

d) Use the graph to estimate § 1000 |

when the value of the

snowmobile will be $2500. T : 5 gl

t is between 4 and 5, so during the
4th year



The value of a car can be modeled by the equation
y = 24,000(0.845)t where t is the number of years since

the car was purchased. =y
28,000

24,000
20,000
16,000
12,000
8000
J000
0

a) Graph the model.

0 1 2 3 45 6 7 8 1
Years

b) Estimate when the value of the car will be $10,000.

t is between 4 and 5, so during the 4t year

c) Use the model to predict the value of the car after 50
years. Is this a reasonable value? Explain.

S5.29  No; because a car does not normally last 50 years



Homework p. 489: 3-6, 14, 19, 30, 31

CLASSIFYING FUNCTIONS Tell whether the function represents exponential
growth or exponential decay.

3. flx)=3[3] 4. fx) = 4(%']' 5. fl) =2« 4" 6. f(x) = 25(0.25)"

GRAPHING FUNCTIONS Graph the function.

(3 \*
14. h(x) = —3|.§'|

TRANSLATING GRAPHS Graph the function. State the domain and range.

X — 4
y= |§:I‘ — 1 **Find the asymptote as well

31. BIKE COSTS You buy a new mountain bike for $200. The value of the bike
decreases by 25% each year.

a. Write a model giving the mountain bike’s value y (in dollars) after r years.
Use the model to estimate the value of the bike after 3 years.

b. Graph the model.

c. Estimate when the value of the bike will be $100.

Problem 30 is on next slide!



30. MEDICINE When a person takes a dosage of I milligrams of ibuprofen,
the amount A (in milligrams) of medication remaining in the person’s
bloodstream after  hours can be modeled by the equation A = 1(0.71)".

Amount of Ibuprofen in Bloodstream

[gessn, o. eSettet el

P A L L e S e et ot St b
5 1 r=0 R
_E' ‘=I(0.71)f 0 ‘o"“"’ . .foo._'!:.xo DO R T S L
& 0-711 B T L A N e A TR L
'° — :...'.o.:O o' e “ e ... .50, 80 ..::::'.‘ ..:. ... o.....:
§ 0507 t=1 ::.o.o S0 0% .0‘:0°,'o.:: ~ ‘,.o.‘.‘: ’.’o.} - o.::o A D
% 0.36’ -___'___1___ v . o . e .T:..I.‘....‘ O
B [ e AR I L Ll U IS S Lk

—_— ™ e— —

I

1
1 1 -
2 3
Time (hours)

Find the amount of ibuprofen remaining in a person’s bloodstream for the
given dosage and elapsed time since the medication was taken.

a. Dosage: 200 mg b. Dosage: 325 mg c. Dosage: 400 mg
Time: 1.5 hours Time: 3.5 hours Time: 5 hours



Warm Up

You invest $500 in the stock of a company. The
value of the stock decreases by 2% each year.
Describe and correct the error in writing a model
for the value of the stock after t years.

_ [ Initial Decay
Y =~ \ amount

t
factor) ><
y = 500(0.02)"

The decay factor 1 —r, notr
y = 500(0.98)!



Homework Questions? p. 489: 3-6, 14, 19, 30, 31

3) exponential decay 4) exponential growth

5) exponential growth  6) exponential decay

Domain: (-oo, oo)

14) e 19)
L I s & ~ Range: (-1, o)
ERENE Al N ] — Asymptote: y =-1

| ‘ \
PRk KRR S

30) a) about 119.65 mg 31) a) y = 200(0.75)¢; about $84.38

b) about 98.01 mg b) sl |1
c) about 72.17 mg s
c) after about =

25 — S

2.5 years




Objective

Students will be able to understand
continuously compounded interest.

Students will be able to correct their
mistakes from their rational functions
test.

Exponential Functions (7.1-7.3) Quiz on Friday!



Continuously Compounded Interest

When interest is compounded continuously,
the amount A in an account after t years is
given by the formula:

A = Pe"”

where P is the principal and r is the annual
interest rate expressed as a decimal.



You deposit S4000 in an account that pays
6% annual interest compounded

continuously. What is the balance after 1
year?

A = Pe" Write formula

_ 006(1)  Substitute 4000 for P,
= 4000¢ 0.06 forr,and 1 fort

~ 4247 .35 Use a calculator

The balance at the end of 1 year is $4247.35.



You deposit $2500 in an account that pays
5% annual interest compounded

continuously. Find the balance after each
amount of time.

2
a) 2 years S2762.93
b) 5 years
$3210.06
c) 7.5 years

$3637.48



Homework

p. 497: 57, 58

FINANCE You deposit $2000 in an account that pays 4% annual interest
compounded continuously. What is the balance after 5 years?

58. FINANCE You deposit $800 in an account that pays 2.65% annual interest
compounded continuously. What is the balance after 12.5 years?



Objective

Students will be able to understand
the natural base e functions.



Natural Base e

The natural base e is irrational. It is
defined as follows:

1 n
As n approaches +oo, (1+;)

approaches e = 2.718281828



Simplify the following expressions.

1) 02 05 =2 2,
4
2) 12e3 4043 —4e
e

3)(56_3x)2 =5%¢ " = 2>



Simplify the following expressions.

4

7 4 7 11
4 e e’ =e =e

5) e -6 =12 =12¢°




Natural Base Functions

A function of the form y = ae™ is called a natural

base exponential function.

e Ifa>0andr>0, the function is an exponential
growth function

e Ifa>0andr<0,the functionis an exponential
decay function

The graphs of the basic functionsy =e*and y = e*

are shown below.

“. "n

Exponential y=e* y=¢e" Exponential
growth decay

&
~ Y
L
o |



The length [ (in centimeters) of a tiger shark can
be modeled by the function | _ 337 _2767°17#
where tis the shark’s age (in years).

a) What is the length of a tiger shark that is 3

?
years old: about 175 centimeters

b) What is the length of a tiger shark that is 5

? :
years old: about 224 centimeters

c) How old is a tiger shark
that is 281 centimeters long?

about 9 years old




The percent L of surface light that filters down through
bodies of water can be modeled by the exponential
function L(x)=100¢" where k is a measure of
murkiness of water and x is the depth below the surface

(in meters).
a) A recreational submarine is traveling in clear water with a k-
value of about -0.02. Write an equation giving the percent of
surface light that filters down through clear 00
water as a function of depth. _
L(x) =100

b) What is the percent of surface light available at
a depth of 40 meters? ghout 45%

c) How deep can the submarine descend in clear
water before only 50% of surface light is

i 2
available: about 35 meters




Homework p.495: 5,12, 13, 14, 55, 56
SIMPLIFYING EXPRESSIONS Simplify the expression.

g\ t
@(2933)3 12. %

) 4x
13. Vge™ 14, b€
ae

55. CAMERA PHONES The number of camera phones shipped globally can be
modeled by the function y = 1.28e''* where x is the number of years since

1997 and y is the number of camera phones shipped (in millions). How many
camera phones were shipped in 20027

56. BIOLOGY Scientists used traps to study the Formosan subterranean termite

population in New Orleans. The mean number y of termites collected
annually can be modeled by y = 738¢"***" where t is the number of years
since 1989. What was the mean number of termites collected in 19997



Objective

Students will be able to evaluate
logarithms.



Solve for x in the following problems.

1) 2% =8

2) 3" =81

1

3)4x_16 X='2




Logarithm with Base b

Let b and y be positive numbers with b # 1.
The logarithm of y with base b is denoted by
log, y = x and is defined as follows:

logb V=X ifandonlyif b" = y

The expression log, y = x is read as “log base b of y.”



Logarithm with Base b

bx =Yy is in exponential form where b is the base, x
is the exponent, and y is the solution

lOgb Y = X isinlogarithmic form where b is the
base, x is the solution, and y is the
number you are taking the log of



Convert from exponential to
logarithmic form:

b=y > log, y=x

1)32=9 b=3 x=2 vy=9

log,9=2
4: - - -
2)2°=16 b=2 x=4 vy=16 log, 16 = 4
1-3
3) (Z) =64 Db=¥% x=3 y=6d log,,, 64 =-3



Convert from logarithmic form to
exponential form:

log,y=x2 b" =y

Swirl method: logbx:y — P =y

1)log,81=2 b=9 x=2 y=81 92-81

-5
2)log,,32=-5 (l) =32
2
3)log,,12=1 121 =12

4)log,1=0 40 = 1



Let b be a positive real number such
that b # 1.

Logarithm of 1:
log,1=0 because b’ =1

**Number 4 from previous slide

Logarithm of b with Base b:
log, b=1 because b' =b

**Number 3 from previous slide



Evaluate the following logarithms.

**Ask yourself what power of b gives you y?

4 to what power gives 64? 4% =64, what is x?

1) 10g4 64 4° = 64, so log,64 = 3
1 5 to what power gives 1/5? 5%=1/5, what is x?
2) lOg . 1 — _
5 5 5-1=1/5, so logs(1/5) = -1

3)log, 125 1/5 =125 whatisx? -3

4)log,, 6 1/2



Special Logarithms

A common logarithm is a logarithm with base 10.

It is denoted by log,, or simply by log. A natural
logarithm is a logarithm with base e. It can be

denoted by log,, but is more often denoted by In.

Common Logarithm: Natural Logarithm:
log,, x =logx log, x=Inx

Use a calculator to evaluate the logarithm:
1) log8 EEsEMEINEN 0.903089987 1009993 = 8

2)In0.3 N .3EMENTN -1.203972804 e120420.3



Homework p. 503: 3-15 (odds), 21, 23

EXPONENTIAL FORM Rewrite the equation in exponential form.

3. log,16=2 5. loggo-= 2

7. ERROR ANALYSIS Describe and correct the error in

— 1
rewriting the equation 272 = % in logarithmic form. log, =3 =5 ><

EVALUATING LOGARITHMS Evaluate the logarithm without using a calculator.
9. log, 49 11. log, 64 13,) log,,, 8 15. logw%

CALCULATING LOGARITHMS Use a calculator to evaluate the logarithm.

21. In6 23. log 6.213



Objective

Students will be able to find inverse
functions.

Homework Quizzes; grades will be entered into

your homework category; they are short (5
minute) quizzes; you will be warned ahead of

time when you have one



Inverse Functions

By the definition of a logarithm, it
follows that the logarithmic function
g(x)=1og, x is the inverse of the
exponential function f(x)=5b".

This means that

g(f(x))=log,b"=x v

and

J@x)=p"= x



Use inverse properties to simplify the
following expressions:

1) 1010g4 — 4 1Olog104 blogbx = x

2) log, 3" = x log, b =x

3) log. 25"
5 B 2\x Express 25 as a power
=log;(57) with base 5

= log. 52*  Power of a power
property

=2x log, b" =x



Find the inverse of the following functions:

1) y=6" i

y — 10g6 X W”te in
logarithmic form
(solve for y)

6’ Switch x and y

The inverse of y=6"is y=1log, x .

2) y=10g5x x=10gsy switchxandy

y = 5¢ Write in
exponential form

(solve fory)
The inverse of y=1log,xis y=5".



Inverse Recall:

When taking an inverse, you first flip x and vy.

**Switch your domain and range

If you start with a function in exponential form,
what form should the inverse be in?

logarithmic form

If you start with a function in logarithmic form,
what form should the inverse be in?

exponential form

logarithms and exponents are inverses of one another;
they undo each other



Simplify the expression.

| X —-3X
1) 8°%s 2) log, 77
X -3x
3) log, 64" 4) M
6x 20

5) Find the inverse of y = 4"

y = log,x
6) Find the inverse of y=1Inx.

y =e"



Homework

p. 504: 29-35 (odds), 37 — 39

USING INVERSE PROPERTIES Simplify the expression.
29. log; 5  31. 10°6%  (33) log, 81*  35. log, 32"

FINDING INVERSES Find the inverse of the function.

37. y=log, x 38. y="7" 39. y = (0.4)F



Objective

Students will be able to find inverse
functions.

Homework Quizzes; grades will be entered into your
homework category; they are short (5 minute) quizzes;
you will be warned ahead of time when you have one

We will have our first homework quiz on
Monday!

What is the date on Tuesday?



Find the inverse of the following functions:
1) y = 6x—2 x =672 Switch x and y

Write in
y=2=logg(x) logarithmic form

y=log.(x)+2 solve for Y

The inverse of y = 67 is y = log(x) + 2

2) y = 1H(X+3) x=In(y+3) Switchxandy
x =log,(y+3) Change Into log,

o = va3 Write in
=) exponential form
e —-3=y Solve fory

The inverse of y=In(x+ 3)isy=eX-3



Find the inverse of the following

functions:
1)y =log(x—5) y=10+5
2)y=eX+1 y=In(x—1)
3) y = logg(x + 4) y=6°—4

x=3
4)y = log,,(2x) + 3 1(1)



From Monday....

The percent L of surface light that filters down through
bodies of water can be modeled by the exponential
function L(x)=100e""" where k is a measure of
murkiness of water and x is the depth below the surface
(in meters).

c) Exactly (rounded to the hundredths place)
how deep can the submarine descend in

clear water before only 50% of surface light
is available?

50 =100 log,(0.5)=-0.02x

05=¢""  In(0.5)=-0.02x
ln(O.S) 34.65 meters
=X
-0.02




Biologists have found that an alligator’s
length / (in inches) and weight w (in
pounds) are related by the function

L=27.1ln(w)-32.8
Find the exact weight of an alligator that

is 10 feet long.  **Be careful with the units
120 =27.1In(w)-32.8 5.638 =In(w)

152.8 =27.1In(w) 5.638 = log, (w)

65.638 = W
m 281 pounds




Homework
0. 504: 41 — 44, 58
FINDING INVERSES Find the inverse of the function.
41. y=e* " " 42, y=2*-3
43. y=1n (x + 1) 44. y=6 + logx
58. ALTIMETER Skydivers use an instrument called an altimeter to track their
altitude as they fall. The altimeter determines altitude by measuring air

pressure. The altitude & (in meters) above sea level is related to the air
pressure P (in pascals) by the function in the diagram below.

P
h = —8005 |
8005 In 357 300

What is the altitude above sea level when the air pressure is 57,000 pascals?

Also, what is the air pressure when the altitude above sea level is 6000 meters?



Objective

Students will be able to graph
logarithmic functions.

Logarithmic Functions (7.4-7.5) Quiz on Friday!!!

Do not forget about pi day tomorrow!!!



Graphing Logarithmic Functions

What determines whether an exponential
function is a growth or decay function?

b is the growth or decay

If b> 1, then it is an exponential growth function
If 0 < b<1,thenitis an exponential decay function

You can use the inverse relationship between
exponential and logarithmic functions to
graph logarithmic functions.



Parent Graphs for Logarithmic Functions

The graph of f(x) = log,x is shown below for b > 1
and 0 < b < 1. Because f(x) = log,x and g(x) = b* are
inverse functions, the graph of f(x) = log,x is the
reflection of the graph of g(x) = bX in the line y = x.

Graph of f(x) = log, xfor b>1 Graph of f(x) = log, xfor0< bh<1

Ay R
**y-axis is
the vertical
asymptote;
Xx=0

// fix)=log, x

Vd
7/ Y

Domain: (0, e2) Range: (-eo, o) Domain: (0, =) Range:(-oo, o)



Graph y =log;x. **3/=x
Step 1: Make a table of values.

**Have them be convenient points

O W |k (X
N (= O I

Step 2: Plot the points from the
table.

Step 3: From left to right, draw =

a curve that starts to the right

of the y-axis and moves up

through the plotted points. Domain: (0, o)
Range: (-oo, o)
Asymptote: x =0




Graph y = log, ,x. % (1/2) = x

Domain: (0, o°)
Range: (-oo, oo)
Asymptote: x=0



Translations

You can graph a logarithmic function of the
form y =log, (x — h)+ k by translating the
graph of the parent function y=1log, x .

**Remember: you are translating the
function opposite of h (to the right or left)
and k (up or down)

Vertical asymptote is x = h



Graph y=log,(x+3)+1.

State the domain, range, and asymptote.

Step 1: Sketch the graph of the .

parent function y = log,x, which y = log,(x + 3) + 1
passes through (1, 0), (2, 1), and H(1,3)
(4’ 2) (=1, 2)

Step 2: Translate the parent
graph left 3 units and up 1 unit.
The translated graph passes
through (-2, 1), (-1, 2), and (1,
3).

Domain: (-3, oo)
Range: (-oo, oo)
Asymptote: x=-3

**y—1=log,(x + 3)
(2))~1=x+3
x=(2)"1-3



Graph y=1log,(x+1)-2.
State the domain, range, and asymptote.

* %k —
oy y+2=log,(x+1)
Parent function: y = 10g4 X 4+ 2 =xi .

XKk Ny —
4 =x Each point gets moved tothe Xx=(4)*2-1

left one unit and down 2 units

X Y

X Yy | S
a4 | e | BAL S
1 0 N 7 5 0 -2
4 3 -1
16 | 2 gEEEs L

________ -  Domain: (-1, o)

v Range: (-oo, o)
Asymptote: x=-1



Homework

p.504:46,47,49,52,53

GRAPHING FUNCTIONS Graph the function. State the domain and range.

**Find the asymptote as well

46. y = log, x 47. y = log,,, x
49. y = log, (x — 3) 52. g(x) = log, (x —4) + 2

53. h(x) =log; (x +1) — 3



Objective

Students will be able to apply
properties of logarithms.

Logarithmic Functions (7.4-7.5) Quiz on Friday!!!



Properties of Logarithms

Let b, m, and n be positive number such that b # 1.

Product Property:
log, mn =log, m+log, n

Quotient Property:

m
log, — =log, m—-log, n
n
Power Property:

log, m" =nlog, m



Uselog,3=0.792 and log,7=1.404 to

evaluate the following logarithms:
1) 3

10g4;
=log,3-1log, 7 =0.792-1.404 =-0.612

guotient property use given values

simplify
of log,3 and log,7

2) log, 21=10g,(3-7) =log,3+log,7

write 21 as 37/ product property
~(0.792 +1.404 =2.196
use given values of log,3 and log,7 simplify

3) log, 49 =log,7* =2log,7 =~2(1.404)

write 49 as 72 power property | ce given value
=2.808 simplify of log,7



You can use the properties of logarithms to expand

and condense logarithmic expressions.
3

1) Expand 10g6 Si = log, 5x° — log, y

y quotient property
=log, 5+log, X — logey =log,5+3log, x—log,y

product property power property

2) Condense In4+3In3-1In12
=In4+In3’ -1n12 =1n4+In27-1n12

—1n4(27)=In12 =In108-In12 _ 1,198
12
=1n9



Change-of-Base Formula

Logarithms with any base other than 10 or e can be written
in terms of common or natural logarithms using the
change-of-base formula. This allows you to evaluate any
logarithm using a calculator.

If a, b, and c are positive numbers with b #
1and c # 1, then:

log, a
log a= S
log, c
In particular, log a= loga and logca=ln—a :

logc Inc



Use the change-of-base formula to evaluate
the following logarithms:

log3 04771
or =8 20794 g93
In3 1.0986

2) log, 9 -1082 042 o674
log26 14150




Homework , 510:3-9 15-21 (odds), 28, 33-39 (odds), 45, 47

MATCHING EXPRESSIONS Match the expression with the logarithm that has the

same value.
4, 2In6 5. 6In2 6. In6+1In2

D. In 36

3. In6—-1In2
A. In64 B. In3 C. In12

APPROXIMATING EXPRESSIONS Uselog4 = 0.602 and log 12 = 1.079 to evaluate
the logarithm.

7. log3 8. log 48 9. log 16
EXPANDING EXPRESSIONS Expand the expression.
r 2 2
¥ 17.) 1 ’3.'4 19. log, = y X _Gi
15. log, 4x | ) 0g 5X 8275 21. log, 3y 28. In "

CONDENSING EXPRESSIONS Condense the expression.
33. log, 7 — log, 10 35. 2logx +logll 37. 5logx—4logy

39. In40 + 21n%+ In x

CHANGE-OF-BASE FORMULA Use the change-of-base formula to evaluate the
logarithm. 45. 10g4 7 47. 10g3 15



Objective

Students will be able to solve
exponential equations.

Exponential and Logarithmic Functions Test
on Thursday!



Property of Equality for
Exponential Equations

Exponential equations are equations in which variable
expressions occur as exponents.

If b is a positive number other than 1,
then b*= b’ if and only if x = y.

Example: If 3*= 3>, then x = 5.
If x =5, then 3% = 3>,



Solving Exponential Equations:
Solve the equation...

x=3 1 x=3
| 4" =] — Write original equation

4 =| — 2

2 ox x H-1 x-3  Rewrite 4 and % as powers

( ) _( ) with base 2

2X —x+3
277 =2 Power of a power property
DX = —x+3 Property Qf equall’Fy for
exponential equations
CHECK: X = 1 Solve for x



Solving Exponential Equations:
Solve the following equations...

**Make sure to check your solutions!

1) 92)6 _ 27x—1

2) 100" =1000°*

1 S5x-6
813—)6 _| =
3) (3)

X =-8/5



When it is not convenient to write each side of an
exponential equation using the same base, you can solve
the equation by taking a logarithm of each side.

Solving Exponential Equations:
Solve the equation...

4x =11 4" =11 Write original equation

log,4" =log,11  Take log, of each side

x=1log,11 logb*=x
_logll

X Change-of-base formula

B log4

x=1.73 Use a calculator



Solving Exponential Equations:
Solve the following equations...

1)2* =35
X = 2.32

27 =15 X ~0.155

3) 4 —-7=13
X = -5.365



Exponential Model

Newton’s law of cooling is an important
application of exponential equations. This law
states that for a cooling substance with initial
temperature T, the temperature T after t
minutes can be modeled by

T=(T,-T)e" +T,

where T, is the surrounding temperature and r
is the substance’s cooling rate.



You are driving on a hot day when your car overheats
and stops running. It overheats at 280°F and can be
driven again at 230°F. If r=0.0048 and it is 80°F
outside, how long (in minutes) do you have to wait
until you can continue driving?

T=(T,-T,e " +T, Newton's law of cooling

230 = (280 -80)e™"* +80 Substitute for T, To Tgoandr

150 = (200)e Subtract 80 from each side
0.75 =" Divide each side by 200
In0.75 = Ine "% Take natural log of each side
—0.2877 = -0.004 8¢ In &= log.e* = x
60 = ¢ Divide each side by -0.0048

You have to wait 60 minutes until you can continue driving.



Homework  519.3.13 (odds), 16-22 (evens), 23, 54, 55

SOLVING EXPONENTIAL EQUATIONS Solve the equation.

3. ¥ " 4=25v"06 5. 8x—1=323x—2 2 42X =5 _ gg3x
sx+2 _ (11— lox+8 _ [ 1 14— 2x
9. 36 "2 = | 11. 25 57 |
SOLVING EXPONENTIAL EQUATIONS Solve the equation.
13. e *=5 16. 797 =12 18. 107" +4 =9
X - 0.1x 3 2x 7 _
20. 0.5"—025=4 22 2V X _5=17 23°Ze +§_

54. COOKING You are cooking beef stew. When you take the beef stew off the
stove, it has a temperature of 200°F. The room temperature is 75°F and the
cooling rate of the beef stew is r = 0.054. How long (in minutes) will it take to
cool the beef stew to a serving temperature of 100°F?

55. THERMOMETER As you are hanging an outdoor thermometer, its reading
drops from the indoor temperature of 75°F to 37°F in one minute. If the
cooling rate is r = 1.37, what is the outdoor temperature?



Objective

Students will be able to solve
logarithmic equations.

Exponential and Logarithmic Functions Test
on Thursday!

Midterm next Thursday!



Property of Equality for
Logarithmic Equations

Logarithmic equations are equations that involve
logarithms of variable expressions.

If b, x, and y are positive numbers with
b #1,thenlog.x=Ilog,yif and only if x = .

Example: If log,x =log,7, thenx=7.
If x =7, then log,x = log,7.



Solving Logarithmic Equations:
Solve the equation...
log.(4x-7)=1log.(x+35)
log.(4x—-7)=1og(x+5) Write original equation

Adx—T=x4+5 Prop(?rty (?f equall.ty for
logarithmic equations

3x=-7=5 Subtract x from each side
3x=12 Add 7 to each side
X = 4 Divide each side by 3

CHECK:
log.(4(4)-T7)=1og.(4+5) log.(9)=1og.(9) v
log. (16 -7)=10g.(9)



You can use the property of equality for exponential equations can be
useful to solving some logarithmic equations. If you are given an
equation x = y, then you can exponentiate each side to obtain an
equation of the form b* = b.

Exponentiating to Solve Equations:

Solve the equation...
log,(5x-1)=3
log,(5x—-1)=3  Write original equation
4loesGx-1) _ 43 Exponentiate each side using base 4
dSx-1=64  pror=x
S5x =65 Add 1 to each side
x=13 Divide each side by 5
CHECK: log,(513)-1)=3 log,(64) =3
log,(65-1)=3 2-64 V



Extraneous Solutions

Because the domain of a logarithmic
function generally does not include all real
numbers, be sure to check for extraneous
solutions of logarithmic equations. You
can do this algebraically or graphically.



Exponentiating to Solve Equations:

What is (are) the solution(s) of
log2x+log(x-5)=2"7

log2x+log(x—-5)=2 Write original equation
log2x[(x=5)]=2 Product Property of logarithms
102 x=31 _10?  Exponentiate each side using
base 10

2x(x=35)=100  plozr _

2x>—10x =100 Distributive Property
2x°=10x-100=0 Write in standard form
2(x*=5x-50)=0 GCF
2(x-10)(x+5)=0 Factor
x=10 or x =-=-5 Zero Product Property



log2x+1log(x—-3)=2

CHECK:
x=10 or X=-5
log2(10)+1og(10-5)=2 log2(-5)+1log(-5-5)=2
log20+1log5=2 log(-10) +1log(-10)=2
log20(5)=2 Because log(-10) is not
log100 =2 defined, -5 is not a

o v solution

So, 10 is a solution



Solve the following equations. Check for

extraneous solutions.

1) In(7x-4)=In(2x+11)
2) log,(x-6)=5
3) log5x+log(x—-1)=2

4) log,(x+12)+log, x =3

X=3

38

X

I
Ul

X

I
D

X



Homework
0. 519: 25-37 (odds), 38, 39

SOLVING LOGARITHMIC EQUATIONS Solve the equation. Check for extraneous
solutions.

25. In(4x — 7) =1In(x + 11) 27. log. (2x — 7) = log, (3x — 9)
29. log, (18x +7) = log, (3x + 38) 31. log, (5 — 12x) = log, (6x — 1)

EXPONENTIATING TO SOLVE EQUATIONS Solve the equation. Check for
extraneous solutions.

33. 5lnx =35 (35)5.2 log,2x =16 37. log,x + log, (x —2) =3

38. log, (—x) + log, (x + 10) = 2 39. In(x+3)+Inx=1



