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Exploring Exponential Models

géglﬂw il ' ](U FnOlion s - tunction with the general form U C]bx

where xis areal number, a=0, b>0, and b=1.

You can use an exponential function with b
When D >\ , bis the a iD\/ﬂv

You can use an exponential function with O . b‘ﬁ' ‘

Y7V tomodel a(l)\bm
%m fr

to model dg“gl%, .

_ P
When ©<b<| bpis the dﬂ(’f&cg ’[7/(17‘5”

Writing an Exponential Function

Write an exponential function y = ab* for a graph that includes (2, 2) and (3, 4).

Stat, 8 i L

'q = d b ¥ Use the general form.
i - Q& ‘bz Substitute for x and y using (2, 2)
2/!’)2 =q Solve for a.
U=ab X Use the general form.
J 2 3 . . .2
,+ - E:L b Substitute for x and y using (3, 4) and for a using P
)+ = l’ 3-2 Division Property of Exponents
4= 2k Simplify.
& =b Solve for b.
a = 2 /L) Z Use you equation for a.
a=2%/ 22 Substitute 2 for b.
Q=24 = Y2 Simplify.
L' — %_ ’ "Z/X Substitute % for aand 2 for b in y=ab".
J

¥ Thug Can alSo be done un Lo Cad ced ator,

b2, St Cale, Exp Kegiision
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Properties of Exponential Functions

Families of Exponential Functions

Parent function: g — ab)(

Stretch (|a > 1)

Shrink (0 <|d| <1) g 5 le X

Reflection (a<0) (N&r {ha X~AY (S

Translation (horizontal by h, vertical by k) q - k))(”h e

Combined (\J}V,: ()‘,b)( N +e

The Number e

X

The following is the graph of y = (1 + l) . One of the graph’s asymptotes is 14 © , where
X I

e is an irrational number approximately equal to 34 /l \go/Z%’ s0w,

U< ¢—> — X RuremPU” -
6 Vel what 1S v
Qs P <

X

3;&);»3

Evaluating e*

Graph y = e*. Evaluate ¢’ to four decimal places.

c%= 7.339)
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Continuous Compounded Interest Formula
() Ameunt
afient geard

®)
Example

Suppose you invest $1050 at an annual interest rate of 5.5% compounded continuously.

How much money, to the nearest dollar, will you have in the account after five years?
_ p.Yt
k= Ye
) C
k =1050((€)
= %227 30

) osé)(é))

Logarithm ¥ WhWadt- 1§ O- Aoa{u%hnm )

The logarithm to the base b of a positive number y is defined as follows:

s Y= b Uher \ﬂogblé = X

Writing in Logarithmic Form

Write 25 = 5 in logarithmic form.
- ,
O =39

L, | =43
.\&3 35 = % _j‘ej%f"'#k B
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Evaluating Logarithms

Evaluate log, 16 ‘06 %w ca }L
z_wa% Yo Solve

@ k‘w = i %g?}% @ W\Cbmj Loﬁ %ﬂ%ﬁf

Fillin Missin
e
o™ s
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Properties of Logarithms

For any positive numbers, M, N,and b, b # 1,

log, MN =log, M +log, N Pivdiiet ¢ bpuy

!

10gb%=1ong—long Q\lﬁ it DY@@U‘\’(JJ

log, M*=xlog, M Powe P\bbﬂ \/ﬂ

Change of Base Formula

For any positive numbers, M, b,and ¢, withb# 1 and c # 1,

Why is the Change of Base Formula helpful?

Use the Change of Base Formula to evaluate log,15.

\;(zg_m_‘_s__ Use the Change of Base Formula

169 0 3
J

-— - i /G m n
et ;,_“aqgl 7 Use a calculator
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" WEY Exponential and Logarithmic Equations

\ W
An equation of Th\z‘irm =Q , Where the exponent includes a variable, is
an h 0N If mand nare positive and m = n,
then __| = lOn

J

You can therefore solve an exponential equation by taking the lmaﬂ"’hm
of each side of the equation. J

Example 1: Solving an Exponential Equation

Solve 73X = 20 4
\@37"é = log 20
3x 19971 = 1%
You Toy %‘037 g\ogﬂ y=.5132

Solve each equation. Round to the nearest ten-thousandth. Check your answers.
a. 3¥=4 b. 62x= 21 c. 3%+4 =101

¥ [0g3=lg %004 =1 2] 'XP'B'O 3=’0ﬂ101
Lo e e g (k0iog

193 1ol ;'2: (log 3 +*Hog3 =I9"
1. 2019 X = , - | 10] =4
xlog3=197""

| e oronng 1092 1093
Example 2: Solving an Exponential Equation by Graphing

y = 2009

X =

Solve 62X = 1500

1 i
2 T
¥
= () ¥ b/
o
; f
{tersection

el S0IRT ot Yo L 500 s

You Try: ﬁ 2 = IS‘OO
2nd Arace yAntrsection epier 3 4 mcS
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Solve 116X = 786 by graphing.

Xc.‘ﬂﬂs“(’

Example 3: Real-World Connection
Zoology Refer to the photo. Write an exponential equation to model the dacline in
the population. If the decay rate remains constant, in what year might only five

peninsular bighorn sheep remain in the United States?

peninsular bighorn shaep

Grat, (e, Exp-RYG SR
You Try: Eﬁ = ”"IO(,Q 5v3>

The population of peninsular bighorn sheep in Mexico was approximately 6200 in
1971. By 1999, about 2300 remained. Determine the year by which’only 200

peninsular bighorn sheep might remain in Mexico.
3 ::(,,joo 9,52

0 l% [ 5280
% - .
22 ‘76)6 - 2300 : 320 = bZOoE%G:);“

To evaluate a logarithm with any base, you can use the Change of Base Formula.

g% 5 Real-World @, Connection
2@ l Mq The U5 popalation of

L. . Change of Base Formula
Far any positive numbers, M, b, and e, with b # Tand ¢ # 1,
§<1vg§l M

b
‘i’%g‘gl :

Example 4: U



g\
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Use the Change of Base Formula to evaluate logs15. Then convert logs15 to a
logarithm in base 2.

,03315 =z 2450

2.40S0 = \sz.x (cirele rue)

2.4450
= X% y=55212

An equation that includes a logarithmic expressnon such as logz15 = logzx in
Example 5, is called a

You Try:
Evaluate logs400 and convert it to a logarithm in base 8. 3 .7727 ’(6 y
103 5400 =3. 1227 %&7227
=¥

Example 5: Solving a Logarithmic Equation _
2301.1 =X

Solve log (3x+1)=5

\()5 = 3Ix4\
\0DODO = 22X+

0'__‘1_‘7_‘1 v 33238

You Try: '5
Solve log (7 2x) = -1. Check your answer.

=T-2x D 0.1 = T-2x = b= -2%

Example 6: Using Logarithmic Properties to Solve an Equation
Solve 2logx - log3 = 2 2
% (3)'00 = X_ (3>

& 200=x2 3
2
0%=%%  Fjofz=X
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Exponential and Logarithmic Equations

You Try:
Solve logb - log3x = -2

o
0] 2= = «

0 ¢=4

/

3Y

= b (3¢
@L)o.ot E 30

0.03% =l
)(:200
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Natural Logarithms

 Natural Logarithmic Function
Iy = e then loge v = x, which is commaonly written as In y = .

The natural logarithmic function is the inverse, writien as y = Inx.

I Ly = eX

[
i Lywminx
e
4

% ‘ " e A
The properties of LOM 0N logarithms apply to _NAUWL  logarithms
also.

¥ powdn, product, cﬁuufhoﬂ—
Example 1: Simplifying Natural Logarithms

Write 3 In 6 - In 8 as a single natural logarithm.

\) (;’72';‘ ‘V’q

= bl -
W Yy un 2l 5 e
¥ B
You Try:

2 2
a.5In2 - In4 b.3Inx + Iny I ')L)-t’ ln (& = ‘W)(X %‘X
n 2>

o

1% % 2lhY
M . S
N A J@C'KLV] h"mare useful because they help express many

relationships in the physical‘{/vorld.
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Example 2: Real-World Connection

A spacecraft can attain a stable orbit 300 km above Earth if it reaches a
velocity of 7.7 km/s. The formula for a rocket's maximum velocity v in kilometers
per second is v=-0.0098%+ ¢ In R. The booster rocket fires for t seconds and the
velocity of the exhaust is ¢ km/s. The ratio of the mass of the rocket filled with
fuel to its mass without fuel is R. Suppose a rocket used to propel a spacecraft has
a mass ratio of 25, an exhaust velocity of 2.8 km/s, and a firing time of 100 s. Can
the spacecraft attain a stable orbit 300 km above Earth?

Let R=25,c=2.8,and = 100.Find v.

V= -0.001% (100) + 4.8 1hdS

= -0.99 +3.2 (>HY

©

You Try:

A booster rocket for a spacecraft has a mass ratio of about 15, an exhaust
velocity of 2.1 km/s, and a firing time of 30 s. Find the maximum velocity of the
spacecraft. Can the spacecraft achieve a stable orbit 300 km above Earth?

\ = -0.004% (20) + 21dn 15

%S4y he gt o ot

You can use the properties of logarithms to solve natu Q/[’UZ
U Q[}{(I, inS  equations.

Exaﬁple 3: Solving a Natural Logarithmic Equation
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SBie o Sle 4 W+5 =73 5= =1

@,M(zw—e‘) = o -5 -5 ' =5
(3x +s)= 5400 2y = 3. 39 DY = -12.34
B+ S = V5it100 ERRE Ery
A¥+5= £1A v =171 =, 13

You Try:

a.lnx=01 b.In(3x-9)21 c %n[i;i«%]-sz

)(z_\OIDB Y =483 a .37

= 439,005, 1.
You can use natural logarithms to solve f’f))CPOY\QHﬁ(L[ Jb'f/wl,horl&

Example 4: Solving an Exponential Equation

Use Natural Logarithms to solve 7e** + 2.5 =20,

Ty 2.5 =90

-2.5 -a.%
| 2% A - T
762)('5 15 = e = 075 -y o?)i - ln2.59 Y 9"\"53’(
e 3 ¢
You Try: 2y
a.e¥'=30 b. e’ 472=9.] &S 1.2 -9.1
X =340l ¥ =1.005

Example 5: Real-World Connection
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An investment of $100 is now valued at $149.18. The interest rate is 8%,
compounded conTmuoust About how long has the money been invested?

» O%E
}r (/(,n/ ,451 \Cg = ]L}Oﬁ
¥ e D
o e
Jqi9= €
& gt

an 1441 ‘i% 4 - 14.9999

,0%
£ x5

An initial investment of $200 is worth $315.24 after 7 years of continuous
compounding. Find the interest rate.

You Try:

515,84 = 9006;7‘( i

V= oD

= MeA s
= 0(/‘(_0-)

s



