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Unit1jlesson

ExplorinR Properties of Exponential Functions

Investigation:

2. Which pattern is growing:.

a) Fastest? 2-
b) Slowest?

1

1. Complete the following tables.
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3. Complete the First and second differences.

do you notice about th finite differences?
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5. Complete the following tables.

Jx
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6. How do y = 3Z andy = Q•5* compare with y=21?
V-ie 6ctsa tkc a?(pcflCVt4I’a 4ctavms +h€ same.
as -f-he cvr ta-i-to ony becauc Axci)
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7. complete the following chart.
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8. Sam has $0.50 in his wallet. His mom told him that if he consistently does all of his chores,she will give him double the amount that is in his wallet the first day and each day following,she will give him double the amount she gave him on the previous day.

a) Assuming Sam does his chores consistently, how much money will his mom give him onthe fourth day?

She ui((
12 r’tAi’a

wl. IS I1€ CJVI.OLL&t c1 Pl0n9 4Wn1IVfS 9ca,.t+Aa+ clni4 ci i’slLgb) Sam is saving up to buy a new $300 graphics card for hTs computer. On what day can he ‘

buy his graphics card?
-j ISO 5 i5÷1— I he can

nO. G 3150÷3a .

bay
GS÷ 44 = Ia7

• as
Crt.. z6501-a5 SLProgenies of Exponential FunctIons;

• For ml: As the Independent variable increases by a constant amount, the dependentvariable increases by a common factor.
(As the independent variable increases by one, the dependent variable increases by a
common factor equal to the base of the exponential function.)
For 04<1: As the independent variable increases by a constant amount, the dependentvariable decreases by a common factor.
(As the independent variable increases by one, the dependent variable decreases by acommon factor equal to the base of the exponential function.)

• The ratio of consecutive finite differences isa constant
• The graph increases at an increasing rate for bases greater than one. (The slope of the

graph keeps getting steeper as x Increases for bases greater than one.)
• b°= 1, for all bcR, bO

.



Unit /f lesson 5

betermining the Equation of an Exponential Function
1. Complete the chart to compare the effect of changing the value

of a in y:a(2X).

2.

r f(x)2’ yz3(2j yO.5(2’) I y:_3(2x)
Domain ‘D’k LcJ
Range LER\’j>oI f> 14cl

y-intercept tji (4=—3
asymptote

Incidec.
nCr4QSIrj flCr€Q SnCj apc&epsie dec

Summary: Exponential Equations of the form y:ab”
O<b’1 b>1

S/.

\ Ocbcl I
a,O J Note:aisthe

\ Note: a is / y-ifltercept
y-intercept

4- -, 4- -,

x .. x

becreosing on xcR Increasing on xcR
D={ xcR} D={ xcR}

R={ycRIy>O} R={ycRIy>O}
Horizontal Asymptote: y=O Horizontal Asymptote: y=O

y-intercept: y=a y-mtercept: y=a

y 5/.

4- — -, 4- —. -

7 X

N
/ a<O

f Note: a is the Note: a is the
y-rntercept v-intercept

Increasing on xcR becreasing on xcR
D={ xcR} D={ xcR}

R={vcRly<O} R={yeRIy<O}
Horizontal Asymptote: y0 Horizontal Asymptote: y=O

y-intercept: y=a y-intercept: y=a



Unit q lesson 5

3. Determine the exponential equation in the form yab’, for the given graphs.

b) Restrict the domain of the function so that the mathematical model fits
the situation it is describing.

D= *cRl*O.

a) b) c)
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ab’

‘aI

___

Sob3 I
(ZH

•tL H
(0)3)

‘E*IJ
3 b

(o

a=

(o,—’) (1)1)

L3JEj7 &

-

- 2

05

/1 uj-d —5t)Li
a

= —(27)
44. Write an Exponential Function given its properties.

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

flttnj 13-Cr c’time,indays.
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Unit’4 Leüon., 1

Translations and Reflections of Exponential Functions

1. Each function given below is a translation and/or reflection of the exponential function

f(x) = 3A’• For each of these transformations, write the equation as a transformation of

f(x) = 3 in function notation. Then, describe how f(x) = 3X should be shifted and/or

reflected to obtain the new graph of the transformed function.

e In
si(1 1e41 3
&hf4 daøn ¶3

Sen1 +cve

he.’ pftC 4kary 6w

Function >3 +1

Function Notation C x) * j = 4(x—a.’) (- tn

Description of
Tronsformation i-p s44- cic44 a. ÷ç 2{i 9

1

Function y=3X

Function Notation - c(,-) =.4c—7C
Description of ref lec4 in

Transformation reflect rcç(ec% In sh#4 i€{1
7Cx’iS

2. Draw the graph of f(x)

the equation of the transformed function?

and the transformation y=—f(x+3)—5. What is

()

Liz0
x

- 11

—2

—J _-1 1-m

/3
/J’0
(2-) I

I
/ %/
‘-I

fL”\’_ ± j.
L3-j 23- ‘1



UnitLj Lesson Q,

3. Given’the original graph y = 2’and eQch of the following four transformations,

Describe each of the transformations and write the new equation.

2

0

New Equation:

y
C

t3

Description: ri rct :3

New Equation:
4

—4

Description: reQ ec4- 1r ,c—aci

NewEquation:

General Equation of Exponential Functions:

a < 0 reflection in x-axis

k < 0 zfl reflection in y-axis

d shift right/left Cd > 0 right, d < 0 left)

c = shift up/down Cc >0 up, c < 0 down)

iwhIS *a.

0

a)
y b)

n

!

!IIII x

DescriptiDn: t.i- p 3

c)

: ::: ; :: :::

y

ci)

rrr
————2,

3

Description: retec in

New Equation: -L



Unitt) Lessorr7

Transformations of Exponential Functions

1. Take up test on Transformations of Functions. Today’s work is just an extension of

transformations of functions to Exponential Functions.

2. a) Graph f(x) = 3k’ on the grid below.

b) On the same set of axes, graph y = —2(3’’). Describe this transformation.

1

1.

2. ar-\1cq c4rec4.ctvr-

. s_i
9

= 32X and describe the transformation.

(N

y

x

-s
-3

-a

0

a
-aC31)

3a9

3. Given f(x)=3N’, graph y

1. i+DrIzn4a\ &nmpV€SScrn
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Units Lesson I
3

6. Match each transformation with the corresponding equation, using f(x)=10
the base. Not all transformations will match an equation.

a 0 reflection in x-axis
k < 0 reflection in y-axis

lal 1 = Vertical Compression factor lal
lal > 1 Vertical Stretch factor jul

< 1 Horizontal Stretch factor jç
1<1 > 1 Horizontal Compression factor

d = shift right/left (d >0 right, d <0 left)
c shift up/down (c >0 up, c <0 down)

Transformation Equation
a) Horizontal stretch factor3 !=Io A y=1OX+3 bb) Shift 3 units up

B Cc) Shift 3 units left
. . 1,- Cy=_10N’d) Vertical compression factor —

b >10x3 he) Vertical stretch factor 3 — ‘

x C1) Shift 3 units right — c 1.-
g) Reflect in x-axis C F y=1O’ reLClc4h) Shift 3 units down p (1 ‘k,,1I) Horizontal compression factor

-

r

I

•

—. Generni Equation of an Exponential Function:
—

I

I — I I — I I S I I — I I — I • — I I — • I S S • — I I — I



MCR 3U1 - U4 - D8 - Application of Exponential Functio.notebook

Unit 4: Exponents and Exponential Functions

bay 8: Anpllcation - Growth and Decay
Problems

Today we will...

1. Create equations for reaI-worH prab!ems

2. Solve exponential equations

2



MCR 3U1 - U4 -08 - Application of Exponential Functlo.notebook

In general, for exponential growth / decay problems:

f(x) :

where,
f(x)isthe -GiruiJ value
aisthe “n\4toJ value
b is the arna4h -cacAer (if it is> 1) or the

(if it is 0’ b’ 1)
xis the number f a*h or deco_i, periods

tmportant Notes:
If a growth rate is given as a percent, then the base of the power in
the equation (b) can be obtained by adding or subtracting the rate (as
a decimal) from 1.

ex. A growth rate of 18% involves multiplying repeatedly by 1.18

AFso, the units for the growth and decay rate and for the number of
growth and decay periods must be the same!

ex. For a monthly interest rate of 0.057., the growth period needs
to be in months tool

3



MCR 3111 - 114- D3 - Application of Exponential Functio.notebook

Growth Problem

1. In 1996, Alberta had a popuk.tion ofPecently, it has

experTd a large popubtion increase due to the discovery of one of the

world’s largest ad deposits Al!bertds population has grown at

rate of approximthelc 9%. The atgebraic model for this case is flit) = P0(1 + r

a.) What is the initial_papulttion? P t 35o rao

bjWhatisthegrowthrcte,;r? r= % = O.Ot ‘b’ Joe)7 =1.08
c.) Write an algebraic nedd for t1$is sitwØioft the above information.

?(-n’)= 350000.03’)

) %t populo1lon... rf RIbtr1a as a-

A -n., the ‘nu.mbw S j€R(% S’tnct fl9G.
i

ci) Use the equation to determine the current populot’cn upc.unta a I*C

,j i be u$

• = 3500o cacb year

L5iOt1cLs3iI

A
øoatdbt tjlOL19

e.) How long wsCt take for the popikition to

Vt-sC) =105000

A
105-000 3s000

jtccco
‘coca

Pt

S.-
‘fcoould

,4.3 qe.ars

4 4;0k.

log”
1. 2s9

2.72...

..17

/ 3.CC$”

13
I,

rn;

triple at this growth rate?

1(tot)

$ir_tt

(or ltqeals ‘40sN
4



MCR 3U1 - U4 - DS - Application of Exponential Functlo.notebook

c. betermine the mass1 thorn remains alter 5 years.

. 5gears flOzn)= aoo(a.5)
5y3b4)

ci Hotc4 s it take for this 200gjample
I.

flG ØotO.5)

(Way Problems
2. A 200g sample of radioactive polonium-210 has a1f’ 13? d

This means that every 138 days, the amoumt of polonium left in a

sample is half of the original amount. The mass of polonium in grams,

that remains after t days can be modeled by the equation:
MQ)=200

a W)iatistherateofdecay? SO% oct sto.S 2

b. Why is the exponent j
us +1%a number .4 “k.)th% )nkrvels’

%enaw,b.r A h.if-14 periods is4he k. dMkd
, *Ikt ‘4tn’st a 4hn 4. tapIe. 4. halvt.

0.02.

to decay to hOg?

\ 00:

5

lie *1t5

4,
(2.55_=. Os

£ in

.‘.
Iir,Lwif/

OS5O 4
be.

,kt& (/9 days

+4L sample
Iwo.



MCR 3U1 - U4 - 08-Application of Exponential Functlo.notebook

4’Cx= a(b?

3. A new car costs $24,000. It loses 18% of
purchased. This is called de,preciatkn

a) What is the rate of depreciation? I t%
b.) Write on equation that made[s The decay?

v(1)=aqooo (osi

where ‘4(1) 4k.. vaLue

a..fla1Of •C -v...
13UitLRL*d.

bynrs

.. &fkr

4
value each year after it is

List

‘e investment.

0f9kq. car

c.i act 4ke
as a

-to
% 2

(0211

car

c.) Use the equation to determine the value otthe automobile after 6 yen
aqoooLo.sa’

7a9.I

se the equation to

i=3OmonVAs

determine the value of the automobile after 30

aS

/ alcoa C
4

o
I_s

6



MCR 3U1 - U4 - D9 - Exponential Regression

.
Chrow€kttks.

- v\á&o

Unit 4: Exponents and Exponential
Functions

Day 9 Exponential Functions and
Regression

Today we will...

•

- use technology to determine a model that best fits given data

•



MCR 3Ul - U4 - 09 - Exponential Regression

1ttz
I,’.

I.,
II

1. What type of function do you believe would best model the data

below?

a)

Unit 5 Lesson 5

Choosing a Function to Model a Set of Data

.

y

4

2

0 2 4

b)

3 2 4

c)

L44T 41
2[f% I I
I-ti-fri

0 2 4

8

0

4

2

0

TJ H

H
2 4 6

.



MCR 3U1 - U4 - D9 - Exponential Regression

Determining an Equation Using Regression

Given the following points, determine the equation of the
function: x y

0 10

2 5.6

4 3.2

6 1.8

8 1

10 0.6

12 0.3

**Need to use
REGRESSION

.

There are software programs to do this for us...

And DESMOS works pretty nicely...

Steps: 1. Add a table to input your data:
• *04 e 9

LJ,PIdk,1U.,pF C S

C <K

.

0

‘0
A

. . , a 1’

.

10

aaOajj ‘*ve ._ S4,tmat44$rr [Ca rq—-———i:va



MCR 3U1 - U4 - D9 - Exponential Regression

• 2.
[!It Ld!t I 11,11 U,Fp

an c.IIII[n’ +

*O4*4Q

•2mcItffl IpI.ythfl.flII4

0 ((

_______

§ +

ID 10

2 5.6

: :;

________

t1jjw •Thi.

__

3. Add a new equation that is the ‘general
• form’ for the type of function we think this

would be:
I

ie. Linear mx1 + b tot \

torc’W 4as
Quadratic yi a(xi - h)2 + k

Exponential yi abi - Ii) + c

except use:

yi in place of the y (so that Desmos knows to use the
data we entered in yi in our table)

Xi in place of the x (so that Desmos knows to use the
data we entered in Xi in our table)

— instead of the equal sign (so Desmos knows the
model doesn’t have to be a perfect fit)
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MCR 3U1 - U4 - 139 - Exponential Regression

*
+ *óO4*4C

t- C 0 < ..

@ w

: ::
Exponential

a C9®L S

‘Note:

How well the function models the data can
actually be quantified using

•
R2, the Coefficient of Determination (or
Correlation Coefficient) - which is a
measure of how well the regression line!
curve represents the data

o = function does not model the data at all

0.5 = function is a poor model of the data

(50% of the time the model will make a correct prediction)

1 = function is a perfect model of the data
(100% of the time the model will make a correct prediction)

So.... the closer your R2 value is to 1, the
better the function models the data!

•



MCR 3U1 - U4 - 09 - Exponential Regression

.

Looking at all three functions, the third
(exponential) models the data the best with
an R2 value of 1.

Using the information given, VOILA.... You
have your equation!!!

.
y=4.41 (0.71 )O.83(x -2.85) + 0.0057

Now, use your equation to determine the
height of the ball after 2.25 seconds. (x-secan6;

Curso-r c-n c-LrQt

pair c0jS 2%cu3

.



MCR 3U1 - U4 - D9 - Exponential Regression

.

Today’s Practice Questions:

buotang- bayS#1-3

bay 6 # 1 - 3 (whatever you Can get to in class)

.
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Unit 5 Review 3a(.) — -

-

Exponential Functions

1. For a large x-value, put the following functions in order of increasing y

values, y = x4 y=0.51, y =

=o.5t,
r4t,

2. Which graph grows faster on the Domain { x € RI x 0): v = 0.51, y = 21,

GE3
3. Complete the following statements: First Difference column tells us

au trs4&4!ftrotees ate 4kf SRmt 411€ 1, linear
Ca lint’),

The Second Difference column tells us

xc a)i secsn& dlQrens ayt4It came. Rck0 s auüdnd’i
(a flora bob

4. For an exponential function, do the finite difference columns tell us

anything that you cannot discover from the y-column of the table of

values? for r. yec.
1%r r. it tOo Ce rako SCIIISeCLC&UL 3-vmluu 51(ItJ

as 4t state k-4’rmahoz as >le. re’s S a’nctcc-thv. 4.;3t
5. Given an Exponential Function, be able to state atj$it*tttc)

a) whether the function is increasing or decreasing on {x € R)
KL—4))

+ C,b)thedorn4j

c) the range f yeR c) or f yeRy<c}

d) the asymptote y = c

e) the intercepts
* there are no x-intercepts unless the graph is shifted up or down
* the y-intercept is only y = a if the graph has not been shifted

6. Given the y-intercept and another point on an exponential graph, find the

equatidn of the exponential function.Df fkt4 alittsr

ex. a) (0, 3) and (1 15) b) (0, -2) and (-1, -5)
X

C .n% si4ta-vtLut 44

ban no

fl3Cb’) °,,Oj3)iç :
•fI

Se

_

:, b3(5z) [a”t



Unit S Review 2

7. Given the original exponential graph and a graph that has been translated
and/or reflected, you need to be able to find the equ9tion of the
translated/reflected exponential function (see lesson ‘example 3).

8. Penicillin V has a half-hf of 30 m) utes.
mg.

a) Write a function to relate the amount of penicillin V remaining, in mg, to
the time, in hours.

‘.

‘ LJ —
L 2-
3$.—

b) The function is a transformation of y = 2. Write function in part (a) as a
q-zs

c) Describe the transformations required to map y = 2 onto-the simplified
function in part (b).

1. reiltchon
2.

3. &%‘hf4- r1* 4Su.nWt.

9. Be able to describe the transformations that map an original function onto
a given equation and then graph each function using transformations.

10. Be able to draw a scatter plot and identify an appropriate model for that
scatter plot.

11. Be able to determine an appropriate function to model exponen3al growth
data. (Given either a table of values or a scatter plot) in tke+.

+ tnra ra-a o’ e.eponarckIa\ crcnab/atc&y

The initial dosage to an adult is

4

powerof2.
vc)t%Ca) / 2-

—

n t S
COrn pfl$9 leit 4-Lfl r a

p€rc€n# inctase-/J’r


