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Chapter 3 Outline

Unit Goal: Be able to make connections between the numeric, graphical, and algebraic representations of
exponential functions. Be able to identify and represent exponential functions, and solve problems involving
exponential functions, including problems arising from real-world applications.

Section Subject Learning Goals Currlcul_u m
Expectations
- identify exponential functions, including those that arise from
L1 Exponential Growth | real-world applications involving growth B3.2,B3.3
- identify exponential functions, including those that arise from
L2 Exponential Decay | real-world applications involving decay B3.2,B3.3
- identify exponential functions, including those that arise from
L3 Compound Interest | real-world applications involving compound interest B3.2,B3.3
- be able to identify key properties of exponential functions and
Properties of distinguish them from linear and quadratic functions by looking at
L4 . . . . Al.4,B2.1,
Exponential Functions | finite differences
L Transformations of ;)I(Jssnlzr;ﬁ\i/;llefiii t(;(f) E:lrameters a, k,d, and c to graph transformed B2.2 B2.3,
Exponential Functions p B2.4,B2.5
Assessments F/A/O Ministry Code P/0/C KTAC
Note Completion A P
Practice Worksheet F/A p
Completion
PreTest Review F/A P
Test - Transformations of 0 Al.4,B2.1,B2.2,B2.3,B2.4, p K(20%), T(14%), A(9%),
Functions B2.5,B3.2,B3.3 C(57%)
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I L1 - Exponential Growth I
I MCR3U I
I Jensen I

DO IT NOW!
A type of bacteria grows so tit it triples in number every day. On the day we begin observations, the

bacteria has a population (@

a) Make a table to show the population over 5 days.

Day Population

100
300
900
708
%100
24300

o

WCECW D~

b) Calculate finite differences and indicate any patterns you see

Day Population 1st Differences 2nd Differences
0 1100 ~uw
! v g) 3d°¢\+ 300-193 =,290,
b § ’3; Q00 l/\ Yoo —Rooxz“é 60(5:1 60 -300 = YOO,z
Y ] 2700 a0 -900 Y jgoo. 60600 = oS A,
§ 70 €100 T o0 suom (5160 = 2609
5 N2y 30Q) |3 w00 §16200" [is300 5400 = 0g0d

The ?inHe o/i%-enceS for an @z/OGAemLfa\

rf\q%‘onswp hve o common RATIo
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c) Graph the relation Popu)o&wv\

- a Bouj S
d) Write an equation to model this growth
V4 QO . .
P J lati The relationship between
ay opulation days and population is
0 100 x 3° = 100 easier to see when we look
at the number of times the
1 100 x 31 =300 population has been tripled.
2 100 x 32 =900
3 100 X 2> = 270Q 3: lO@C%f
4 (03 X 3f/ = %loo
5 100 x3° = 24300

General Properties of Exponential Growth

Equation: 5 Z CE}X

a= intia| amoun’t

p = %mw'H(\ Fador
y = Yurure amouny

x= 3 o 31‘6\«;’)*{\ PO‘iOAS

To calculate x, use the equation:

_ tine
tine oF 1 qrwtn perice].
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Summary of Patterns in First Differences for Various Functions

Linear (y = x) Quadratic (y = x?) Exponential (y = 2%)

45

A\TS

Ayz)
41_1 Y2 3 4 5 3 2

Constant 1% oliss s | T 1_‘*04,%&@5 ae eloed ‘ij Tre Finive differences we wared
add i4ion. 53 MULTIRIcATION .

am‘ difSerences would be Comsfant-

Example 1: Your brother tells you a secret. You see no harm in telling two friends. After this second
"passing"” of the secret, 4 people now know the secret (your brother, you and two friends). If each of
these friends now tells two new people, after the third "passing” of the secret, eight people will know. If

this pattern of spreading the secret continues, how many people will know the secret after 10 such
"passings"?

X
% o (’?125"%35 ¥ o ppl WBW fte ere) 3 e (@ X
O ‘gm 3 - —/(“ ( o4 >
\ 2)/&

AK
Q\ L%yg\ Z lO
2 3 W)

3: ‘Oaz’{ P@O/p/ﬁ
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Example 2:

a) An insect colony has a current population of 50 insects. Its population doubles every 3 days. What is

the population after 12 days?

Y <

az- SO

J

\3: a(bf~ /7 - SQL(6>

- OO

b =~ o~ KS: ZOO

TN
.

b) The insect colony is actually full of giant, intelligent, mutant insects. They plot that they can overtake
the Earth when their population has reached 1 billion. When will we meet our doom? (When does the

population reach 1 billion?)
X
t;») - Cb}
£ 3
| 000 0D 3 = 5@5 éa,}
50 58

t
20 000 o> = 9\/3

L~ 7276 a/afjﬁ

Note: a logarithm is a
function that solves for an
unknown exponent.

Ex: arquren”

loggy® =@ o
base. to 39" He crquned.
because 2 is the exponent
that goes on 3 to get 9.

gx% = ,[o%a(aooc’o ooo> x3

/ ooeoOG::D

If exponential growth is given as a percent you can use the equation:

a= ntja) meury
r =

Fode. & Inerease (aﬂ a 0(€d/vm3>

x= & of grdw'ﬁl\ loeyic,e(s

(3: Cl(i%r)x
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Example 3: In 2665;there were only 285 Pittsburgh Penguins fans in Oakville. The number of Penguins
fans increased b per year after 2005 (this is when Crosby was drafted). How many Penguins fans are
now in Oakville this year?

Y- N .
az 3245 \6: ;L%ﬁclﬂroggg)
)

= Al

r - 0006

—/\// —78\6 'pqy\g

X= 19
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I L2 - Exponential Decay

I MCR3U
I Jensen

General Properties of Exponential Decay

Expo. 6rawth (o> 1)

X
Equation: \3 = Q CB} A
a= initial amount

c _
h = decaﬁ Facror (0454 l)
Expo. Yecay (0cbel)
y= HFuture amouny \ )
x= 4 of O(eca\(j P@‘100"S
—
total fime

To calculate x, use the equation: x

—_—

time of 1 Dlecq\tj P?J‘)OP
DO IT NOW!
Nuclear power plants use Uranium-239 as a power source. U-239 has a half-life of about 2 years.

a) Complete the chart for the amount of 1000mg b) Graph the relation

sample that will be left after 10 years. waniun(mg)
Q
Years - # of half-life Amount of U- o
periods 239 remaining
0 0 1000 ) o
—
2 1 500 )X:; s
4 2 d50¢2,, ¢
J Yoo
6 2 38 ¢ "
D
8 L][ €3.5 U\)X’) o0
10 (LS
5 31-34 i > s
@ Y € g lo J

c) Write an equation to model this growth k
/.
(:3: o (g)lx s i\ A(ﬂ - 1000(5]\3?;
o = 1000 (i@ A (35) = looo (417
1
~ oo (ﬁ)/& A(35>£ 0.173 ma.

t
A (‘D = |goo (ﬁ)/a

d) How much remains after 25 years?



https://goodnotes.com/

Example 1: Plutonium-239 has a half-life of 24 years. Find the amount of a 50mg sample left after 35

5:.?. 5 a ()~ o
o - 50 3 S0 C;>

1
b X~ U\ ~ | % o a\/Y\3
35 :
X =5
If exponential decay is given as a percent use the equation: 3 = ( | — ¢ >

a= \ntia) ameuns

r= yde oy o[Ccreqs—Q (uSa O‘EC(MG\\ va) uﬁ)
toda | time
time & 1ol<:ca\tj Perfco(>

x= & oy oleca\tﬁ Period’s

Example 2:

You buy a new car for $24,000. The value of the car decreases by 16% every year. How much will the car
be worth in 8 years?

- ‘3: Q((’r)% :
a - Y oo 3 j;‘/oOO(’—O/}
= Oo\b US QL/OQG (Oo%(/)

o - 3 5 999,03
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Example 3: An adult takes 400mg of Advil. Each hour, the amount of Advil in the adult's system
decreases by about 29%. How much Advil will be left after 4 hours?

a =4oO \3 QC >
Ty . Yoo (1-0. BLQQ

63?0 %w ~oO)] oégmﬂ

Example 4: U-239 has a half-life of about 2 years. If you start with a 1000 mg sample, how long will it
take to decay to 10 mg?

X
— A (b
o = 1000 l:}} CB ) t/a\
\j - 10 10 = lOOC)(;
t
\6 - _li OoOl = 006 /3\
t
- t _ (0.0
X = 3 o Oﬁo.% )

t= IOQ}O,L;(&OD

tf’ |%2%@@u‘6
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I L3 - Compound Interest / Initial Amount I
I MCR3U I
I Jensen I

General Properties of Exponential Decay (or %row+\r\>

Equation: 6: ON (b)x

a= nitied amgunt

b= growh (b>1) ov o(@ca\cj(OAbd) factor
y= ruture omount

x= 4 g?grow‘f\'\/o(fcaﬂ PCF}C’O(S

To calculate x, use the equation: B ‘1’@‘"0\ l ‘l‘i/he.
time of 1 3ww+v\/olam\¢j ﬂefico(

Finding Initial Amount ;Rﬂé/ Mert <

Example 1: You are going to ship some U-239 which has a half-life o@ There must be 500g upon
arrival. If shipping will take 4 months, how much should you package initially?

B - 500 3 - Q (E)Y)
? soo = a (3

a. — , 7
b= 3 /

y ~ §5€].435
x= et Ja= 5ea3 9

Example 2: We (as a class) have been hired by a surgeon to grow a skin graft. It takes 3 days for the
amount of skin to double. If we need 2kg of skin in one week, how much should we start with?

~ 2 3:&(&)7(
OL:? Qj@: Q(Q-/f@
/

l
PR

(@ =0oTkq |

W<

(\
wier

W]
VIR
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Compound Interest

i A = P(1+ AT

A: Future amOUr’TY
P: Pr”)/\cifiﬁ amoun’”

i inderesy raye (olecfma\>
e number of times ineresr is CO/V)DOWW{@/{ eacin deal
e number o Years

Example 3: You have just passed GO and you receive $200. You decide to invest it for 4 years in an
account that pays 5% interest per year. How much will you have after 10 years if...

a) the interest is compounded annually?

A= PClJri,;)nt
A= ;zoo<'+o.i>6
A= aoo(mg)%
A= 43430

b) the interest is compounded semi-annually?

A 9~OO(H~OOS
A= 200 (. oa5)

A= §ay3.69

ICLQ

Ay

c) the interest is compounded monthly? o) 6 G U{ 7
Cl+ %
A — AOo0 H‘

A = &OOC“O"OS %

LI
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Example 4: You are about to go to University. When you are done in 4 years, you want to buy a new car.
The one you are looking at costs $16,000. If you can find an investment that pays 10.9% interest per
year, compounded annually, how much should you invest now?

A=pCrot)” (4]
£ 00O - P(1+O.l09>

léOOO‘: P(A/@i
| Joq 105

Pz §los577.76
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L4 - Properties of Exponential Functions I
MCR3U I
Jensen I

Example 1:

Graph each exponential function. Identify the domain, range, intercepts, intervals of increase/decrease,
and the equation of any asymptotes.

9y =4()
Domain: gXE @%
x y Range: ngIR ’ 67 O%
— '2\ "569\ 2 é x-int: )7 p0E
- y-int: (O
— \ % ) I‘%’)
@ L’ intervals of increase/decrease:
\ o~ .
T ) “ ))gcreasu\f)
’5 Oo 5 I asymptote:
t 3 - O

°r Domain: % XE{R’%
i
x y 1 Range: g YEI’R I\Ljéog
- ~Ql 2 YLB q: x-int: /UGIUG
—\ -5 ] yint: (0,1
O - | )
= 0o
\ 33 intervals of increase/decrease:
9\ - O || .
TIncreas )/3
asymptote:

5:0


https://goodnotes.com/

Example 2:

Write the equation in the foror the graph shown. VA
341 %)

Start by determining the x y

growth factor (b). As x 4
changes by 1 unit, what ®) ( ) <3 36
factor does y change by? u 30

\ sz H

1 | % ) X2 18 (3,18)
2, 6('/ 12

&1 f0r6)
” 4 (052
210 4x

Y

Next, determine the initial value (a) by plugging in the coordinates of one of the points (x, y) on the graph
and the growth rate (b), then solve for a.

L\») OLC@

:a(%3
6:(1(3)
_ 6
QJB

a =+

Final Equation: g - 9\ C%}X

Example 3: A radioactive sample has a half-life of 3 days. The initial sample is 200 mg. Write a function to
relate the amount remaining, in milligrams, to the time, in days.

- a ()™
\:5) L OO <&>
AM) = 260 (a)
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What do you know so far about when a function of the form y = a(b)”* is increasing and when it is

d ing?
ecreasmg (\
A>9 A >0 ﬂ'\
1 ; _hﬁLb&w@séﬁ

b =\ ymmﬁﬁﬂ ocbsl

a <O , aso

o i ;—\Ti’ bes:reaﬁmﬂ bl fx\creasfg
\Y

&

Example 4: Make a rough sketch of the graph of the followmg functions based on your knowledge of
whether they are increasing or decreasing. 3 a ( b)

a)y=2(3)

De,credsi!ﬂ = Bl

b) y = 2(9)*

Aoncreas 13
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QJy=-2H)*

Decs easif\\O)

y=-2(3)

{y\c,rea S 13
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I L5 - Transformations of Exponential Functions I

I MCR3U [
I Jensen I
L e e e e e e e e e e e e e e e e e e e e e e e e e —— o
a\® _ _ axb
Warm-up: Which of the following graphs are the same? Rule (X 3 =X
x ¥4
F) = 327 9(x) = 9 h) =27 (@) = 8% =29 - @) =
R
p(x) = 3% q(x) = 32x=(3%) = 9 r(x) = 8%

Exponential functions can be transformed in the same way as other function. The graph of
can be found by performing transformations on the graph of f(x) = b*
v k-

d)
Changes to the y-coordinates (vertical changes) 5(77: ab +C

c: vertical translation gx)=b*+c

The graph of g(x) = b* + c is a vertical translation of the graph of b* by ¢ units.

YA
If c > 0, the graph shifts UP .o
c
If c < 0, the graph shifts DOWN % <0
~5
y=b*+cc=0

a: vertical stretch/compression gx) =a-b*

The graph of g(x) = a - b* is a vertical stretch or compression of the graph of b* by a factor of a.

Ifa > 1 0Ra < —1, vertical stretch by a factor of |a|

If-1< a < 1, vertical compression by a factor of |a|

If a < 0, vertical reflection (reflection over the x-axis)




Changes to the x-coordinates (horizontal changes)

d: horizontal translation g(x) = bp*¢

The graph of g(x) = b*~% is a horizontal translation of the graph of b* by d units.

YA
If d > 0, the graph shifts RIGHT d<o0

If d < 0, the graph shifts LEFT

k: horizontal stretch/compression g(x) = b**

The graph of g(x) = b’* is a horizontal stretch or compression of the graph of b* by a factor of %

k=-1 y=b% k=1
N\

If k > 10R k < —1, horizontal compression by a factor of ﬁ

1

If-1< k < 1, horizontal stretch by a factor of T

If kK < 0, horizontal reflection (reflection over the y-axis)

Don't forget that the order of the transformations matters!!!

Do the reflections, stretches, and compressions first. Then do the horizontal and vertical shifts.

R
&1 J
Example 1: Graph the function g(x) :/,‘2 @)z* 1

Q
Step 1: What is the base function?

y: 2

Step 2: Describe the transformations made to the base function.
=gy Vert cal s¥retcn 6-3 a Facter oF 2 (&3)

K = -‘i y horizenral shrevda 65 a fader oF 2 (21)

o= 15 shist tight L ounit (2+41)



Step 3: Make a table of values for the base function and the transformed function g(x)

4:9"
x y
-3 0. 35
- 0935 1
"\ 005
O [
| 2
2 Y
2 3

Step 4: Graphsagisiaastiass

PPN

%z
% +ol

kol
9(7) 22(;1)“1-') ayre
y o x] Ly Y
-5 | 0.35
-2 |05
-\ )
\ Bl
3 Y
5 B
7 16

) ﬁ“)




Example 2: Graph the function g(x) =3%*"* + 1

Hint 1: The 'k’ value must be common factored o

Hint 2: 'c’ value is the horizontal asymptote.

Step 1: What is the base function?

y= 3"

ut.

Step 2: Describe the transformations made to the base function.
\4 - a\ c) ho ciZonyal CoMFPessfaA (9‘3 o Facrer oF

d

C

—_
—_—

:13

2 it RIGHT 2 units (243
<hitt UP 1 wniF C%’\’\)

5 (%)

Step 3: Make a table of values for the base function and the transformed function g(x)

423

X y
-2 | 0.0Y4
-o~ | 0.1
- 2372
Q) |
3
- X
> | 37

Step 4: Graph the transformed function

%M

ge) = 37
K‘J X y’” 9
0.5 l.0Y

.11

.33

) A
25 | 4
3 10
3.5 29

-_— e = e

-— am -

QJ+C

AX)




d

x—3
Example 3: Graph the function g(x) = -2 (l) -2
a \2 C

Step 1: What is the base function?
1 X
Y- ( 5)

Step 2: Describe the transformations made to the base function.
az-3% Verdical syrerch bs a fador oF X (93\)
vervica) reFleckion (- 3)

Cl - 3.) <ty ricj\R\’ 2 uns (%"‘3}
T e a3 o C40)

Step 3: Make a table of values for the base function and the transformed function g(x)

4z (5 o [40:2B) 3 ]
x y Ny x+2 -ay-9 b
-2 3 Q -1g8

- Y | -10

ol o 2 -6

o) \ 3 -4

J 0.9 ¥ -2

* | 935 5 1-3.5

3 | @85 6 [-3.35

Step 4: Graph the transformed function

.._____..__._:);)‘—7-_

9)



