6.1-6.7

Chapter 6 Exponential and Logarithmic Functions
6.1: Exponential Growth & Decay Functions (pg. 296 - 299)
exponential function has,the form y = ab*

Parent Function for Exponential Growtﬁ Functions

The function f(x) = b*, where b > 1, is the parent function for the family of

exponential growth functions with base b, The graph shows the general shape of an
exponential growth function. ‘

Lo

.

(b > 1) The graph rises from

- b left to right, passing
The x-axis is an asymptote of (0, 1) (1.6) through the points
the graph. An asymptoteisa | 1 ~(0.1)2nd (1, ).
‘ » | lm® that a graph approaches Y
more and more closely.

The domain of f(x) = b* is all real numbers. The range is y > 0.

Parent Function for Exponential Decay Funbtions

The function f(x) = 4*, where 0 < b <1, is the parent function for the family of

exponential decay functions with base b. The graph shows the general shape of an
exponential decay function.

Ay
x
The graph falls from (o= b 5 1)
left to right, passing The x-axis is an

1, b
through the points - ©.1) \(\) » asymptote of
(0, 1) and (1, b). \ the graph.

x|

The.domain of f(x) = b* is all real numbers. The rangeis y > 0.
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6.1-6.7
OWTH & DECAY FUNCTIONS**

**CONCEPT 1: GRAPHING EXPONENTIAL GR b
1. Tell whether each function represents exponential growth (b > 1) or

(0 < b < 1). Then graph the function. (l)x
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2. Tell whether each function represents exponential growth (b > 1) or decay »
(0<b < 1). Then graph the function.
a)y = (L5)* b)y = (2)°
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Exponential Models

Some real-life quantities increase or decrease by a fixed percent each year (or some
other time period). The amount y of such a quantity after f years can be modeled by

one of these equations.
Exponential Growth Model Exponential Decay Model
y=a(l +r)f y=a(l —ry

Note that @ is the initial amount and r is the percent increase or decrease written as a
decimal. The quantity 1 + r is the growth factor, and 1 — ris the decay factor.

**CONCEPT 2: SOLVING A REAL-LIFE PROBLEM**
3. The value of a car y (in thousands of dollars) can be approximated by the model
y= 25(0.85)¢, where tis the number of years since the car was new.
a) Tell whetherthe model represents exponential growth or exponential decay.

b= 695 0& 085 <) Ve

i : i in' f the car.
b) Identify the annual percent increase or decrease in'the value o

‘-z -f==0.\%
\ -2 085 v T=t .
=y = = 048, = \P% DeRepst o

4. The value of a car y (in thousands of dollafs)can be approximated by the mode o 7\ s
y = 31(0.92)", where tis the number of years since the car was new.
a) Tell whether the model represents exponential growth or exponential decay. \‘< il

b9aL 0409241 Delpy

b) Identify the annual percent increase or decrease in the value of the car.

°
\-t=b% -{=-0.% = 0.0%, = B% DuReASE
- el =\ w— AN
CONCEPT 3: WRITING AN EXPONENTIAL MODEL**
5. In 2000, the world population was about 6.09 billion. During the next 13 years, the world
population increase by about 1.18% each year,

a) Write an exponential growth model giving the population y (in billions) t years after 2000.
b) Estimate the world population in 2005.

0= "‘(\"fﬂk - ki 604 (\+ p_.,o\\%)t‘:

W= G.OQ(\ZO\\%\)E

4

‘o\ E>looh P &5 . 6‘0 P o [EEND. | ,
\%® b.o‘\(l.o\\ﬂ = b (\.DQ = bW tzugep

YeoPLe
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'wj"\ **CONCEPT 4: REWRITING AN EXPONENTIAL FUNCTION** ' q
6. The amount y (in grams) of the radioactive isotope chromium-51 remaining after t days is
t

¥ = a(0.5)s, where a is the initial amount (in grams). What percent of the chromium-51

decays ead"‘;ay? \_ r:' \0 T= 0.0245= 2
i ts i
W= a (0.%) \- (= 0:97165 e

3 L
£ q[@&)&ﬂ g “‘Eﬂ"%‘;_\t “irus piozus P

7. The amomtmt y (in grams) of the radioactive isotope barium-140 remaining after t days is

¥ = a(0.5)13, where a is the initial amount (in grams). What percent of the barium-140 decays
each day? ’9’

3 \‘" = Oq Jyg\
= \

Y=a [(o-‘s)‘,"’]h = a I-_‘)_-ﬁ%‘]t | —"F—-’o.@ié\?”? :q‘i.\ﬂ% pechepse

Compound Interest

Consider an initial principal P deposited in an account that p-ays interest at an annual rate
r (expressed as a decimal), compounded » times per year. The amount 4 in the account

after ¢ years is given by
-~ r nt
4= P(I+ -) :
n

**CONCEPT 5: FINDING THE BALANCE IN AN ACCOUNT** g
8. You deposit $9000 in an account that pays 1.46% annual interest. Find the balance after 3
years when the interest is compounded quarterly.

J-3
A O.0Mb

A= Gooo ((1-c0%m) =§qe0 2

8

9. You deposit $8600 in an account that pays 1.32% annual interest. Find the balance after 4
years when the interest is compounded quarterly.

ﬁ-,cy,,(o(’\_, b.o.-;‘bl.)q...\ |
A= 2600 (1oo3d)"” = 9002
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6.2: The Natural Base e (pg. 304 - 306)

The Natural Base e

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

X

As x approaches +eo, (1 + %) approaches e = 2.71828182846.
**CONCEPT 1: SIMPLIFYING NATURAL BASE EXPRESSIONS**

1. Simplifying each expression. . . ;Q\

a)ed-eb b) 16e° " o) (3e%)2

4e*
")

- &% q

LY
e

2. Simplifying each expression.

25 13
a)e?-e? b) 2

sel2

2
c) (2e73%)®

o\ & WY\ Ge bl e S

7.

[(AY'4

Natural Base Functions

A function of the form y = ae™ is called a natural base exponential function.
¢ When g > 0and r > 0, the function is an exponential growth function.
¢ When a > 0 and r < 0, the function is an exponential decay function.

The graphs of the basic functions y = e* and y = e™* are shown.

i AT
exponentia exponential |
I 1T N\ 15l decay ||
| _growth . ﬁz ]| { = e_éfk 5 s

L1 \-—,—,—J ;
(I 20,2718 %
0, 1) 3
-4 |-2 Y 2 4 | x —2 |=2 | ° AFEYr
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**CONCEPT 2: GRAPHING NATURAL BASE FUNCTIONS**

3. Tell whether each function represents exponential growth or exponential decay. Then graph
the function.

a)y = 3e* b) f(x) = e~05%

a: 3 =l GRoTT az\ T=-05 9Deca)

-2 | -\ V [2 || X |- |-2] o | 2 |«

o
A LW DS (92 n2{w|a4d]2] v |4 |\

f A

| |
4. Tell whether each functlon represents exponential growth or exponentlal decay. Then graph @
. the function. - vl : :
. a)f(x) = 25e* ; © )y =0 Pl
=265 =\ GRowr o-=\ - -0.2. Dec,h\\
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Continuousty Compounded Interest

“!hcn Interest is compounded continuously, the amount 4 in an account after ¢ years is
given by the formula

A= Pe"

where P is the principal and 7 is the annual interest rate expressed as a decimal.

**CONCEPT 3: MODELING WITH MATHEMATICS**
5. You and your friend each have accounts that earn annual interest compounded continuously.
The balance A (in dollars) of your account after t years can be modeled by A = 4500e%%*. The
graph shows the balance of your friend’s account over time. Which account has a greater

principal? Which has a greater balance after 10 years? VO\W\ %\_\D
TN

- Your Friend’s Account

Al

12,000 Fal o t=|0

- )4 } 5 O.O‘Gb i o.q 1—0"
. A A- folog = 45w0e «,W\ :
g 6.000 /4:“ PP o 7‘ _ R P
34.000(0400 ] J ? :
2,000 ;
o RN

0 4 812 16 t
Year

Pk 8 bl -

6. You deposit $4250 in an account that earns 5% anﬁhal interest compounded}'conti.nuou_sly.
Compare the balance after 10 years with the account in Example’g, B :

05wy

A- 4290 -‘lﬁ%“ ”HUD'} 91‘, ) (
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i 6.3 Logarithms & Logarithmic Functions (pg. 310 - 313)

Definition of Logarithm with Base b

Let b and y be positive real numbers with & # 1. The logarithm of y with base & is
denoted by log, y and is defined as

-1
" log,y = x if and only if b* = y.
The expression log,, y is read as “log base b of .”
‘ **CONCEPT 1: REWRITING LOGARITHMIC FUNCTIONS**
. 1. Rewrite each equation in exponential form.
a)log, 16 = 4 b)log,1=0 ¢)log;,12 =1 d)logi14 = -1
Logarithmic Form Exponential Form
@) |°‘32."°"'{ | 2=
b) loﬂﬂl <0 '-IO: \
r | _
c.) lo%‘l")_:\ =12 . !
I/-‘:[_l =7 .‘_\;: l--,‘j-:q
A\\ = - q L IR ~"
s Yy **CONCEPT 2: REWRITING EXPONENTIAL FUNCTIONS** e N
2. Rewrite each equation in logarithmic form.
2
a)5%2 =25 " b)10°1 = 0.1 c) 83 = 4 d) -tﬁ
Exponential Form Logarithmic Form
* :
D Hz16 \oo) 52‘) =L
.-l P
Q 10 '=0.\ \015‘0 o\ = |
A
i R 9 5
c\) b =~ 210 - \05 26~ 5
CONCEPT 3: EVALUATING LOGARITHMIC EXPRESSIONS**
HINT: To help you find the value of Iog(b)y, ask which power of b gives you y
3. Evaluate each logarithm.
a) log, 64 b) logs 0.2 c) log1 125 d)logzs 6
N logy 6 > H=(A » qhyt log =3
\;)\03507_-»6 02»6 0.2 \0350'2-"‘
<
@

0) logy, 125 L L=tp 7 £%05 oy, 057 -3

d) logg b > 35 =0 Yoo\ lm Vo
”Fsto

i h s e
==

— i e > Eni o LR
A R i R 1 T = R e
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' **CONCEPT 4: EVALUATING COMMON & NATURAL LOGARITHMS**
4l Evaluate (a) log 8 and (b) In 0.3 using a calculator. Round your answer to the third decimal
place.

®) ooy B % log, @ 220902 b) \n03=-|.201

Using Inverse Properties

By the definition of a logarithm, it follows that the logarithmic function g(x) = log, x
is the inverse of the exponential function f(x) = b*. This means that

g(f(x) =log,b*=x and  f(g(x)) = blow* = x.
In other words, exponential functions and logarithmic functions “undo” each other.

**CONCEPT 5: USING INVERSE PROPERTIES**
5. Simplify (a) 10'°84 and (b) logg 25*

N =Y ) loaedE) -

6. Simplify (a) 10°87 and (b) logs 27*

?’ )W™wTF =7 1) {Qﬁ{%")"_

erst
**CONCEPT 6: FINDING INVERSE FUNCTIONS** ¥ ‘mﬁ w f, C
7. Find the inverse of each function oF \n\
a) f(x) = 6* ' ‘ b))y =In(x+3) ;
; ﬁ(ﬁ\: \03 (DX - .. X= \wl\ 2
' e ’Q)A(vyf"b
e’“- N
R
8. Find the inverse of the function. '3': | 3
a)f(x) =11% b)y =In(x+6)
(*\ \ X= ln (\ﬁﬂ’\ %
aﬁ“ /= M (Wt0)
| er- Uy
e =7 S
L \5=€x-(°'.f,,' D irvalvodt 9
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Parent Graphs for Logarithmic Functions

The graph of f(x) = log,xis shown below for b > land for 0 < b < 1.

Because f(x) = log,xand g(x) = b* arc inverse functions, the graph of
S(x) = log, x is the reflection of the graph of g(x) = b*in the line y = x.

Graphof f(x) = logyx for 5> 1 Graphof f(x) = log,x for 0 < b < 1

Note that the y-axis is a vertical asymptote of the graph of f(x) = log,x. The domain of
S(x) = log,xisx > 0, and the range is all real numbers,

**CONCEPT 7: GRAPHING A LOGARITHMIC FUNCTION**
9.a) Gr:(ph f(x) =logz x b) Graph y = log; x
W)= 3

46)= 7%
X|l-2|-1] o v LR

X =2 | -\ o 7_.<‘|
Vg Vs | \ - Q

DY R v [ [y ]
£1x) = \0(5.5)( )= \o%..‘_x

of-2 | V] o | |& W-2| -v| o |V |2
of - 5t

Y= ASIMETOTE : X=0 (y-oxxs) A: Xzo Y
Dot x>0 D: X>o

10

X
LN

RANGE: R (AW eehurumpgis) W
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