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6-07 jfxponent cProperties and e
(5.2, 6.2)

After this lesson...

* [ can simplify expressions with exponents.

* [ can simplify expressions involving e.

* [ canrewrite expressions with e as decimals.




6-07 o[xponen.t Jfxoperties and e (5.2, 6.2)

 Using Properties of Rational Exponents
o x™ . x™ = x™*" (Product Property)

o (xy)™ = x™y™ (Power of a Product Property)

o (x™)" = x™" (Power of a Power Property)

X _ x™~™ (Quotient Property)

xn

x\M x™m .
. (;) = (Power of a Quotient Property)

o x ™M= xim (Negative Exponent Property)




6-07 fxponent gProperties and e (5.2, 6.2)

 Simplify the expression. Write your  * Try 292#1
answer using only positive e 6h°
exponents.

* Example 292#3

(&)

T 24x%  16x4

3w\* 3wt _ 8lw*
2x

6b°=6-1=6




6-07 <=£:¢'pon.en.t‘ dfxoperties and e (5.2, 6.2)

e
e Called the natural base
* Named after Leonard Euler who discovered it
* (Pronounced “oil-er”)

n
* Found by putting really big numbers into (1 + %) =2.718281828459...

* [rrational number like 1t




6-07 <=fxpon.en.t‘ dfxoperties and e (5.2, 6.2)

 Simplifying natural base expressions * Try 305#3

* Just treat e like a regular variable , 11e’
10
« Example (305#5) 2ze
° (5€7x)4

(5€7x)4 — 54—e7x~4 — 625628x

9
e’ 1 o0 1 4 _

22e10 2 2 2e




6-07 <=fxpon.en.t‘ dfxoperties and e (5.2, 6.2)

* Evaluate the natural base * Try 305#31
expressions using your calculator «y =204

* Example 305#29

* Rewrite in the form y = ab*

.y =g 075t

y = e—O.75t — (8—0.75)t — 04_72t

y = 294t = 2(e%*)t = 2(1.492)¢




6-07 fxponent gProperties and e (5.2, 6.2)

 Assignment (20 total)
* Properties of Exponents: 292#1-4;
* Simplifying e: 305#1-10 odd;
* Changing e to decimal: 305#25-28 all;
* Mixed Review: 306#43, 45, 51, 53 (no graph), 55 (no graph)




6-02 ofxponential 3'cowt/z and
oDeca# functions (6.7)

After this lesson...
* | can identify and graph exponential growth and decay functions.
e | can write exponential growth and decay functions.

* | can solve real-life problems using exponential growth and decay functions.
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6-02 ofx/oonential g'cowtlz and oDecag drunctions (6.7)

FouTrot 4

11



A MATH TEACHER
OFFERS To ASSION
ONE SECOND ofF
HOMEWORK THE FIRST
WEEK OF SCHool,
TwWo SECONDS THE
SECOND WiEK, FourR
SECONDS TWE THIRD,
AND SO ON.”

YAF THE AMOUNT OoF HOMEWORK DouBLES
EVERY WEEK, 1S THIS SOMETWING YOU
WOULD AGREE To FOR T™HE DURATION
OF THE 3G-WEEK SCHOOL YEAR?™

How much work will be done the last week of school?

Formula is 2n1

Plug in 36: 2361 = 3.436x10'° seconds = 9544371.769 hours = 397682.157 days - 1088.8

years
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6-02 _fxponential Krowth and Hecay dfunctions (6.7)

Work with a partner.

Calculate how much time you will spend on your homework the last week of
the 36-week school year. You start with 1 second of homework on week one

and double the time every week.

14



6-02 ofxponential Hrowth and oDecag dunctions (6.7)

* Exponential Function 5
oy = bX 4
 Base (b) is a positive number 5 y=10"
other than 1
g (1,b)
» Exponential Growth / (0,1)
» Always increasing and rate of P _‘jﬂxs;?ﬂpt—gteq ok I
change is increasing y =0
’ -2
*b>1
* y-interceptis (0, 1) -
-4

* Horizontal asymptote y =0
* b is the growth factor

=5

o

15



6-02 ofxponential Hrowth and oDeca# dunctions (6.7)

* Exponential Decay

 Always decreasing and rate of
change is decreasing

*0<b<1

* y-interceptis (0, 1)

* Horizontal asymptote y =0
* b is the decay factor

6 5 4 -3 2 -10
Asymptote _4
y=20

16



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

* Example 298#9

* Determine whether each function
represents exponential growth or
exponential decay. Then graph the

function.
1

fe =)

b =1/6 < 1 exponential decay

17



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

e Try 298#11

* Determine whether each function
represents exponential growth or
exponential decay. Then graph the
function.

)

b =4/3 > 1 exponential growth

18



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

* Exponential Growth Model (word » Exponential Decay Model (word

problems) problems)
cy=a(l+r)t cy=a(l-r)t
* y = current amount * y = current amount
* a = initial amount * a = initial amount
* r = growth percent * r = decay percent
* 1 + r = growth factor * 1 - r=decay factor
* t=time * t=time

19



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

* Example: 298#20

* The population P (in millions) of Peru during a recent decade can be
approximated by P = 28.22(1.01)%, where t is the number of years since
the beginning of the decade.

* (a) Determine whether the model represents exponential growth or decay
* (b) identify the annual percent increase or decrease in population

* (c) Estimate when the population was about 30 million

a) Baseis 1.01>1 growth
b) 1.01=1+r—>0.01=r=1%
c) 30 =28.22(1.01)*
1.063 = 1.01¢
log; o1 1.063 = log, o7 1.01¢
6.15=t
about 6.2 years since the beginning of the decade

20



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

* Try 298#19

* The value of a mountain bike y (in dollars) can be approximated by the model
y = 200(0.65)%, where t is the number of years since the bike was purchased.

* (a) Determine whether the model represents exponential growth or decay
* (b) Identify the annual percent increase or decrease

* (c) Estimate when the value of the bike will be $50

a) Base =0.65< 1 decay
b) 0.65=1-r—>-035=-r>r=0.35=35%
c¢) 50 =200(0.65)¢

0.25 = 0.65°¢
logg .65 0.25 = logg 65 0.65°
322=t

about 3.2 years after it was purchased

21



6-02 _fxponential Krowth and Hecay dfunctions (6.7)

* Example: 299#39

e Ad=p (1 n 1)’“ * Find the balance in the account

n earning compound interest after 6
years when the principle is $3500.
r = 2.16%, compounded quarterly

* Compound Interest

* A = amount at time ¢t

* P = principle (initial amount)

* r = annual rate

* n = number of times interest is
compounded per year

e Try 299#41

rnt

A=P(1+E)

0.0216\*®
A=3500(1+— — $3982.92

0.0126\2®
A=3500(1+—— — $3688.56

22



6-02 ofxponential Hrowth and oDecag dunctions (6.7)

 Assignment: 20 total
 Graphing Exponential Growth and Decay: 298#7-15 odd
* Exponential Growth and Decay Models: 298#19-22, 44
* Compound Interest: 299#35, 39, 40, 41, 42
» Mixed Review: 300#53, 54, 55, 61, 63

23



6-03 cRewrite fxponential as
ofoga'cit/zm.ic Jfunctions (6.3)

After this lesson...
* [ can evaluate logarithms.
* [ canrewrite exponential equations as logarithmic equations.

* [ canrewrite logarithmic equations as exponential equations.

24



6-03 Rewrite fxponential as _fogarithmic gf unctions
(6.3)

* Logarithms are exponents * Try 312#15
* log;, a = exponent of b to geta * logs 3
* Example: 312#13
* log; 81
log; 81
3* =81
x =4

Can use trial and error

log; 3
3* =3
x=1

25



6-03 Rewrite fxponential as _fogarithmic gf unctions
(6.3)

* Calculator has two logs * Try 312#25

« Common Log: log =logy, elnt
3

* Natural Log: In = log,

* (Some calculators can do log of any
base.)

* Example: 312#23
*log6

log6 =0.778

1 L 1.099
n3— .

26



6-03 Rewrite afxponential as afoga‘tit/tmic df unctions
(6.3)

* Definition of Logarithm with Base b

— X —
log,y=x & b*=y
* Read as “log base b of y equals x”

* Logs = exponents!!

* Logs and exponentials are inverses
* They undo each other
* They cancel each other out

32=9
8=1
52=1/25

27



6-03 Rewrite fxponential as _fogarithmic gf unctions
(6.3)

* Example: 312#1 * Try 312#7
» Rewrite as an exponential * Rewrite as a log
*log;9 =2 *6%2 =136
logz 9 =2
Base = 3, exponent = 2, other=9
32=9
6% = 36
Base = 6, exponent = 2, other = 36
logg 36 =2

28



6-03 Rewrite fxponential as _fogarithmic gf unctions
(6.3)

* Simplify log expressions * Try 312#35
* [f exponential with base b and log * log; 3%%
with base b are inside each other,
they cancel

* Example: 312#31
o 7l0g7 x

7logr x — legzx —

logs 32* = legz3%* = 2x

29



6-03 Rewrite fxponential as _fogarithmic gf unctions
(6.3)

 Assignment (20 total)
* Evaluate logs: 312#13, 15,17, 23, 25
* Rewrite logs as exponentials: 312#1, 3,5
* Rewrite exponentials as logs: 312#7,9, 11
* Simplify expressions: 312#31, 33, 35, 37
* Mixed Review: 314#75, 77,79, 83, 85

30



6-04 otoga’cit/zmic Jfroperties (6.5)

After this lesson...
* [ can expand logarithms.
* I can condense logarithms.

* [ can evaluate logarithms using the change-of-base formula.

31



6-04 oﬁoga'u’t/r.mic Jfxoperties (6.5)

* Product Property
* log, uv = log, u + log, v

* Quotient Property
. logb% = log, u —log, v

* Power Property
* log, u™ = nlog, u

32



6-04 ctogatit/zmic P roperties (6.5)

* Expand logarithms * Try 327#15
* Rewrite as several logs eln 3i
y

* Example: 327#13
* log 10x°

log 10x°
Product property
log 10 + log x°
Power property
log10 + S5logx
Simplify
1+ 5logx

l X
n 3y
Quotient and power properties
Inx —In3 —Iny

33



6-04 ctogatit/zmic P roperties (6.5)

* Condense logs * Try 327#23
* Try to write as a single log *6lnx+4Ilny

* Example: 327#25
*logs 4 + %log5 b

1
logs 4 + §log5 X

Power Property
1

logs 4 + logs x3
Product Property

1
log5(4x§)

Write as radical (because of fractional exponent)
logs 4 V/x

6lnx +4Ilny
Power Property
Inx® + Iny*
Product property
Inx6y*

34



6-04 oﬁoga'u’t/r.mic Jfxoperties (6.5)

* Change-of-Base Formula * Try 327#29
. log, u = 28b Y « Evaluate log, 7
logp ¢

* This lets you evaluate any log on a
calculator

* Example: 327#31
* Evaluate logg 15

logo 15 = 2512 _ 1 537
989 > = log9
1 7—10g7—1404
084 “log4

35



6-04 ctogatit/zmic P roperties (6.5)

 Assignment: 20 total
* Expand logs: 327#11-17 odd
* Condense logs: 327#21-27 odd
* Change-of-base formula: 327#29-35 odd
* Problem Solving: 327#37-38 (Use L = 10 log

* Mixed Review: 328#46,47,51,57,59, 61

1
10—12

)

36



6-05 3’«1,0/1 o£:rpon.en.ti¢:r.l and
otoga'cit/unic dfunctions (6.4)

After this lesson...
* [ can graph exponential functions.
* [ can graph logarthmic functions.

* [ can find inverses of exponential and logarithmic functions.

37



6-05 g‘zaph cfxponential and otoga‘tit/zmic dfunctions
(6.4)

* Exponential Function

5
) y = bX
* Base gb) is a positive number other :
than . ; y = bt
* In general ,
cy=ab* " +k (1,b)

* a is vertical stretch | / (0,1)

* If a is -, reflect over x-axis
o . . . 6 -5 4 -3 -2 10 1 2 3 4
cis hor.lzontal1 shrink Asymptote _4
* Shrink by - y =0
e Ifcis -, reflect over y-axis
* h is horizontal shift =3
* kis vertical shift -4
* Horizontal asymptote: y = k

38



(6.4)

3 y=">
SR
/(051)
6 5 -4 -3 -2 10| 1 2 3
Asymptote _4
y=20 >
-3
-4

6-05 raph fxponential and fogarithmic gf unctions

* Graph Exponential Functions

* Find and graph the horizontal
asymptote

* Make a table of values
* Plot points and draw the curve

* Make sure the curve is near
the asymptotes at the edge of
the graph

39



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* Example: 320#17

* (a) Describe the transformations. (b)
Then graph the function.
gx) =273

Transformations:a=-1,h=3,k=0
Reflection in x-axis (—a) and shift 3 to right
Horizontal asymptote: y =0

40



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* Try 320#15

* (a) Describe the transformations. (b)
Then graph the function.

gx) =e**

Transformations:a=1,c=2,h=0,k=0
Horizontal shrink by factor of 1/2
Horizontal asymptote: y =0

41



6-05 g‘zaph cfxponential and otoga‘tit/zmic dfunctions
(6.4)

* Logarithmic Function .

*y =logp x
* Base (b) is a positive number
other than 1

* Logarithms and exponentials are f(-lt');% ,

N W A

inverses 6 -5 -4 -3 -2 -1,7

* x and y are switched R

* Graphically, reflected over y = x 2

* Horizontal asymptote becomes -3

vertical asymptote i -4
T o) = tog @

42



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* In general * Graph Logarithmic Functions
sy =alog,(cx —h) +k * Find and graph the vertical
* a is vertical stretch asymptote
* If a is -, reflect over x-axis » Make a table of values
* c is horizontal shrink * You may need to use the

« Shrink by 1 char_lge—of-base formula
c * Plot points and draw the curve

) Ifc 157 reﬂect. OVer y-axis « Make sure the curve is near
* his horizontal shift the asymptotes at the edge of
* kis vertical shift the graph

* Vertical asymptote: x=h

To put in calculator;, you might need to use change-of-base formula

y = logz x
_logx
y= log 3

43



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* Example: 320#27

* (a) Describe the transformations. (b)
Then graph the function.

glx) = —10g1/5(x —-7)

Transformations:a=-1, h=7,k=0
Reflection in x-axis (—a) and shift 7 to right
Vertical asymptote: x =7

44



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* Try 320#25

* (a) Describe the transformations. (a)
Then graph the function.
g(x) =3log,x—5

Transformations:a=3, h=0, k=-5
Vertical stretch by factor of 3; vertical shift up 5
Vertical asymptote: x=0

45



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

* Find the inverse * Try 313#51
* Isolate log or exponential part cy=5%¥-9
* Switch x and y
* Then rewrite as exponential or

log
* Example: 313#47
cy=In(x—1)

y=In(x—-1)
x=In(y—1)
Base = e, exponent = x, other=y -1
y—1=¢e*
y=e*+1

y=5¥-9
y—9=>5*%
x—9=5Y
Base =5, exponent =y, other x—9
y = logs(x —9)

46



6-05 raph fxponential and fogarithmic gf unctions
(6.4)

 Assignment: 15 total
* Graph Exponential Functions: 320#15, 17, 21
* Graph Logarithmic Functions: 313#57, 59; 320#25, 27
* Find Inverses: 313#43, 45,47,51
* Mixed Review: 322# 53, 55, 62, 65

47



6-06 &olve ofx/oonen.tial and
otoga’u‘t/z.mic ofguationb (6.6)

After this lesson...
* I can solve exponential equations.
* [ can solve logarithmic equations.

48



6-06 &olve dfxpan.en.tial and ofogatit/um’c ofguation.b
(6.6)

* Solving Exponential Equations * Try 334#1
 Method 1) if the bases are equal, o 23%+5 — pl-x
then exponents are equal
* Example: 334#3
. 5x—3 — 25x—5

5x—3 — 25x—5
Write at same base
5x—3 — 52(x—5)
Since bases are same, exponents are the same
x—3=2(x—-5)
x—3=2x-—10
—-3=x-10
7=x

23x+5 — 21—x

Since bases are same, exponents are the same

3x+5=1—x
4x+5=1
4x = —4

x=-1

49



6-06 &olve dfxpan.en.tial and ofogatit/um’c ofguation.b
(6.6)

* Solving Exponential Equations * Try 334#11
 Method 2) take log of both sides «3e™ +9=15
* Example: 334#9
* 5(7)°* = 60
5(7)>* = 60
75% =12

Log both side with base 7
log; 7°% = log, 12
5x =log, 12

log, 12
x = g; ~ (0.255

3e** +9 =15
3e** =6
et =2
Log both sides with base e
Ine** =1In2
4x =1n2

_In2 0.173
x=—=0

50



6-06 &olve dfxpan.en.tial and ofogatit/um’c ofguation.b
(6.6)

* Solving Logarithmic Equations * Try 334#19
» Method 1) if the bases are equal, *log,(3x —4) =log, 5
then logs are equal
* Example 334#17
*ln(4x —12) =Inx

In(4x —12) = Inx
Since logs are the same, the stuff in logs are the same
4x —12 =x
—-12 = -3x
4=x

log,(3x — 4) =log, 5
Since logs are the same, the stuff in the logs are the same
3x—4=5
3x=9
x =3

51



6-06 &olve dfxpan.en.tial and ofogatit/um’c ofguation.b
(6.6)

* Solving Logarithmic Equations * Try 334#22
» Method 2) exponentiating both *log;(2x +1) =2
sides

* Make both sides exponents
with the base of the log

* Example: 334#21
*log,(4x +8) =5

log,(4x +8) =5
Exponentiate with base 2
210g2(4x+8) = 25

4x +8 =32
4x = 24
xX=6

log;(2x +1) =2
Exponentiate with base 3
310g3(2x+1) = 32

2x+1=9
2x =8
x =4

52



6-06 Solve fxponential and fogarithmic fquations
(6.6)

 Assignment (20 total)
* Solve Exponential Equations: 334#1, 3,5,7,9, 11,13
* Solve Logarithmic Equations: 334#17, 19, 21, 22, 23, 25, 27, 29
» Mixed Review: 336#75, 77,79, 83, 87

53



6-07 gflodeling with fxponential
and otoga’cit/unic dfunctions (6.7)

After this lesson...

* [ can use a common ratio to determine whether data can be represented by
an exponential function.

* I can use technology to find exponential models and logarithmic models for
sets of data.

54



6-07 g/Modeling with fxponential and fogarithmic
drunctions (6.7)

* Choosing Functions to Model Data

* For equally spaced x-values
* If y-values have common ratio (multiple) = exponential

* If y-values have finite differences = polynomial

55



6-07 gflodeling with fxponential and fogarithmic
dFunctions (6.7)

* Determine the type of function * Try 342#1

represented by each table. T T o T o | s
x | 0 3|69 12|15

* Example: 342#3 y 025 1 | 4 | 16 64 | 256
X 5 10 15 20 25 30
y 4 3 7 16 30 49

Finite differences
4 3 7 16 30 49
-1 4 9 14 19
5 5 5 5
2" order differences are constant = quadratic

Common ratio r =4 - exponential
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6-07 d‘lodeling with ofx/oonen.tia.l and otogatit/unic

dunctions (6.7)

* Use the regression feature on a
graphing calculator

» TI-84
* Enter points in STAT - EDIT
* To see points go Y= and
highlight Plot1 and press
ENTER to keep it highlighted

* Press Zoom and choose
ZoomStat

* Go to STAT - CALC - ExpReg for
exponential OR LnReg for
logarithmic

* NumWorks
* Choose Regression from homescreen
* In Data tab, enter points

* Go to Graph tab
* To change regression type, press
OK and choose a different
regression
* Read the answer off the bottom of
the graph
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6-07 g/Modeling with fxponential and fogarithmic

drunctions (6.7)

* Determine whether the data show * Try 342#19
an exponential relationship. Then

X 1 6 11
write a function that models the —

y | 12| 28 | 76

data.
* Example 342#20

x | -3 | —1 1 3 5

y 2 7 24 | 68 | 194

16 | 21

190 | 450

Use technology
y =11.12(1.77)*

y = 8.88(1.21)*
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6-07 g/Modeling with fxponential and fogarithmic
drunctions (6.7)

 Assignment: 15 total
* Determine Type of Model: 342#1-4
* Find Model from Table: 342#19, 20, 21, 22, 30, 31, 32
* Mixed Review: 344#39, 41,47, 49
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