Exponential Functions

General Form: y = ab”*, wherea # 0,b # 1land b > 0.

e bisthe base and is a constant

e Domain is set of all reals; range y > 0; y-intercept (0, a)

e xisthe independent variable with domain of x is set of all reals

e Exponential Growth: a > 0and b > 1

e [Exponential Decay: a > 0and0 < b <1

e Liney = 0 is called an asymptote.

e b —If Growth it's the growth factor; If Decay it's the decay factor

Examples:

1. Whatis the graph of y = 3*?

B-—l
i

2. Identify y = 0.7* as an example of exponential growth or decay. What is the y-intercept?

O(L 4\ .*, C&rose—ural 710.6507 ?: 0.7 o:—_ ®
(D‘)B a—.',\%u‘cc/}

Another Model for Exponential Growth and Decay: A(t) = a(1+ r)*

Another Model for Exponential Growth and Decay: A(t) = a(1 + ﬁ)"t

A(t) is amount after t time periods
a is the initial amount

ris the rate of growth or decay

tis number of time periods

e Often used when doing financial/banking questions

Examples:

1. You buy a savings bond for $25 that pays a yearly interest rate of 4.2%. What will the savings bond be
worth after fifteen years?

e M- 25() o ou)”

vz 0042

L= 1S :gqé»}ﬂ
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2. You open a savings account that pays 4.5% annual interest. If your initial investment is 5300 and you
make no additional deposits or withdrawals, how many years will it take for the account to grow to at
least $5007 (Calculator Required — Table

( q ) o4 14

60 2 Joo (14 1
Lo /) b ypear

Natural base exponential functions: Exponential functions base e. e is a number approximately 2.71828...

e Base e exponential functions are found in many applied real-world applications (biology, chemistry,
banking, etc.)
e (Continuously Compounded Interest
o A(t) = Pe™

Graphing characteristics same as other shifts, etc.

Examples

1. How does the graph of y = —% + 4% compare to the graph of the parent function?
Q\‘P/’“‘) 27 “Yoaxt )1/0?0(’/

2. How does the graph of y = 3(r+1) compare to the graph of the parent function?

Ledd ) uah

3. Some insects reproduce exponentially. The chart shows the population of roaches in a colony at 36-
day intervals. On what day will the colony reach 50,000,000 roaches? (Hint — ExpReg)
Day | Number of Roaches

1 50 y: “7‘5/_576(.1.0‘?)X
a7 | 1125 -é/— /40 70 J.,yg

73 25,290

109 569,025

145 | 12,803,040

4. What is the value of 2e°? (Calculator)

ETO6L, ¥k
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5. You have $1500 in a bank account that pays 4.5% annual interest gatvpounded ¢ How

much will you have in the account after 15 years? Round to the n llar. )
T
(o4 )IS Y| anomrts ACISD = 1500 (4 'O/Lk\‘ > - 270272

AUS )= /850e  gumnyihus) - foo | -%‘)“ 937
= L 7% 05 (L — o2l
»5 ) éOS &17 ALY = /Yoo ( /7,_ ;3:; 24 S)= 294553

/§o0 % (H— ('0q§/35y>>/\<_}(05v+/5’>

Logarithm’s and Properties

y =log,x ifand onlyif x = a”
\\ ‘

y e als loa Vase a of P

Properties of Logarithms

EX: Simplify:
e loge9=\
o 20009203 _ %
e« logsl = O
o Solve:logs(x? +3) = logsl2  »*43=)

> T3

I

EX: Evaluate: \x=*3
e f(x)=logex,x=1
log,) £ O

o f(0)=logsx,x =

lﬁ;;(_]i}_s\ = Iojg(llf_‘)_—_ ]o:f(s-;>: -3

o f(x)=log;x,x = 3
leg, 343 = g, 77 J
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Natural Logarithm: Log base e \oah%

f(x)

Properties of Natural Log

e [n1=0
e [ne=1
e [ne*=x

loat\: )
lo]ec = \
‘Ojczy-:' x

If Inx = Iny thenx=y

EX: Simplify
1 \ A
o lInes =73 loge
e 5ln1-0 Slege
o 3ine-1d A lgee
loge 7
- eln? - 7 e 5

More Properties of Logarithms

log, mn = log, m +log, n
logb% = log, m —log, n

log, m™ = nlog, m
logem

log, m = (Change of Base)

log. b
Log on your calculator is logy g
Examples:

o What is each expression written as a single logarithm? If possible, simplify the single logarithm.
* logzx—2logz7 = \o:Dx - 10157]-

e
= |°75 49

1
" logg 48 +log8§ = \07, (957(555
kS
= 'o X<LL\) = ‘SJgg
= |2
o What is each logarithm expanded? Simplify your answer, if possible.
. logS% - u,,d-z}s)- logs (xy)
10755 - I‘”ls“’ +\°7$71
> - logex - \°7‘)
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log x2y%z~1
\o;’x" By \oj\al 4 \Oa %—\
2109 + 2leyy -\log=

What is the value of each expression? Use Change of Base and Calculator.

_ lop W egyin

= logglll-= ),3\\\ Al
gg - VA9 \.h_ﬁ

\oaﬁ 109.‘01

* logy1636 = 'og9i3* _ log. &

[N
)57";1\\»’ log, 6% 3
= \°ﬁ__}" = \°77.| i
Yads ~ T 21
9 logy

xponential and Logarithm
Equations

e If possible, write both sides of the equation with same base, b.
o Example: What is the solution of 256%*

= 647
3
_ W\

4 (v) =™

e T >
Yoy

\
)Se _8,}:"'

€

~= 7%

If not easily possible to write both sides of the equation with the same base, use logarithm properties
to gain access to the exponent variable. Take log or In of both sides.

o Example: What is the solution of 6** = 512?

4%

logkca = ‘ola‘.g)k
L{\L: lozbg‘l
q q

vz log Sk dwlersaen o 0,570
L}

o Example: What is the solution of 52* = 3500? Use calculator method.
i -
\074 5 = )075‘ ses

2}__ \07; 300
& A
X = \ 38vo

Ao A AS3v A
B
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e Example: What is the solution of log(5x + 2) = 2?

logu(s342) - Sz W

~
<

\

W

-2 X

e Example: What is the solution of log 2x? — log5 = 1?

N

x* L L
lop ) = | L /o *'=2s
les &Y _ ) Ay = $O o=
Jo =)o = 3

e Your phone has about 126,000,000 bytes of memory. Each month you plan to use 5% of the memory
remaining. How many months will it take you to use % of the memory?
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Practice Worksheet: Evaluating Logarithms

Rewrite the equation in exponential form.

1] log,49 = 2

Joy, 417 L
7/ K} = N )—’7 Ll? :7
4] log,16 = 4

2] logs125 = 3

5] logy64 =%

Rewrite the equation in logarithmic form.

7] 132—169 8] PR =27
log,,)3 3 \07 5\\o"l

_ \9‘73 -
11]64:: 121972 =—

9] 43 ==
64

13] 122 = 144

3] log&z -1

6] log;,% =-2

1011073 = 0.001

14 G =va

Evaluate the logarithm without using a calculator. Show work to support your answer.

16] log,73 = X | s | 17]log, 32 =
s | 2207 *
T - [
}: 27y‘ 3 .}
x= 4

oggd =¥
b3
={

g lret

081 128 =
2 log, 1as _ log, &
logat  loy, 27

q@ 2...3)6 m
~

25] log,s 125 =

)o,\,h-r: ’75)'-
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Simplifying Logarithms

Evaluate each of the following logarithms without the use of a calculator.

A) log,81= log,, 144 = loy, |12 Li D) 10863%=
=1 ]o {2 ]0;“_@
o - 2
E) iog2%= F) log,, 4= G) log,-3= H) log, 4=
3
-2
21—7= \"253 J) logl32= K) log,0= log,1= O
b 16
497}3
= -2
11
| 1
M) log4§= N) 10g2,§= 0) log,3=

S) log, 16= T) log z*

W) Inl=
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Practice Problems

Solve the following equations:
Remember that the arguments of all logarithms must be greater than 0. Also exponentials in the form of a*

will be greater than 0. Be sure to check all your answers in the original equation.

! 4 j(-—\—_“\
= 4y Y

8¥ =4 Sa b (P 2% 23.logzx =5
— ) > {j ]
e¥=5 [)ﬁ;‘}\oﬁf . 2 0g,x =3 PO R i

e Y s |

V‘

\)<-3)
]nb){/} -e X= >
9 5x+2 =4
In(x+2)2=6
J'n[;n); b alxr2d=3
11.473* = (.25

12.2e?* —5e¥* -3 =0
13.log; 3 + log, x = log, 32

14.2logg4x =0

log, x + log,(x —3) = 2
)V;L[x(x-)ﬂ:}
16.log,(x +5) —log,(x —2) =3

In2x+3) =11 2~+3-¢
S}

1-(2x43)- &
18.logx —log6 = 2log 4

19.2* = 64

20.5* =25
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X(;A}):‘f X t P

Yy (if\)-ﬁ

Lx. -5*€

28.logs(x —10) =2
/
29.3* =500

30.8* = 1000

3 3 [ 31.mMx =725
Xt2-€ |[X=- R¥re

32.Inx = —05
33.2¢9%* =45
34.100e7°6% = 20
35.12(1 - 4%) =18
PRI S

36.25(1 —et) =12

37.log2x =15

38.log, 2x = —0.65

40.4logs(x +1) = 4.8

41.logy x +log,3 =3

x= ](,7‘{__\ )e :v?z Y IE-Xe)
—14 +3e* =11 oget =)o og, 2x = log, 100 =
3% 25 @ s o ¥ : ’
—6+In3x=0  3r-¢ QA =In7 e
Fe o® -
—/’—;"-'e \1:
3 0gs(2x + 1) =2
2)(—\-\: c’ 2/;:5

42.2logsx —logs(x —1) =1



19.2* = 64

20.5* =25

Write the following equalities in exponential form.

(1) logy8l =4 (2) log,7=1 (3)
() logigz=—3 (6) loggzz=-2 (1)

Write the following equalities in logarithmic form.

(1) 8° =64 (2) 10% = 10000 (3)

(5) (%)_:32 (6) (é)_3=27 (7)

Solve the following logarithmic equations.

(1) Inz=-3 2)
(3) 2logz = log2 + log(3z — 4) (4)
(5) logy(z +25) —logg(z —1) =3  (6)
(7) logz +log(x —3) =1 (8)
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40.4logs(x +1) = 4.8
41.log, x +log,3 =3

42.2logyx —logy(x —1) =1

1
log1 = 3 (4) logz1=0
1
log;y=2  (8) logmn=35
1 1
472 = — 4) 374=_—
16 & 8 81

% =y 8) Vvr=y

log(3z —2) =2
log z + log(x — 1) = log(4x)
logg(z — 5) + logg(z +3) =1

logs(z — 2) + logy(z + 1) = 2
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