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1|unit 7 11UC Date: Mame:

Exponentials Unit
Tentative TEST date

Reflect - previous TEST mark . Overall mark now
Looking back, what can you improve upon?

Big idea/Learning Goals

This unit introduces you to a new type of function — the exponential function. There are many relationships in real
life that either grow or decay at a constant rate, for example: population growth, or radioactive decay. These type
of relationships can be modelled with an exponential. Before you learn about properties of this function, you must
review exponent laws from gr.9-10 and learn a new exponent law that allows you to work with rational (fraction)
exponents. Keep in mind that this year you will not know what the inverse of the exponential is, this is something
that you will learn in the gr.12 advanced functions course — but to take this course you must take the Math for
College Technology MCT 4C first.

o

Success Criteria
O | am ready for this unit if | am confident in the following review topics

{clrcle the fopics you are goad at & revlew the onge you lef undreiaa before vau get toa far b2hind)
Simplifving sxprezsions, soiving equalions, fransformations, function notation, domain & rangs, exponent [aws

O | understand the new fopics for this unit if | can do the practice questions in the textbook/handouts
{check off the toples for which you hawa Nnlshad tha practics)

Date | Topics Done?
Warking with Positive Exponents

Section 7.2 p400 #5,6.7.6.9.11 & EXTRA Handout

Waorking with Integer Exponents

Section 7.3 pd08 #4789 11,12 & EXTRA Handout

Working with Rational Exponents & Solving for x— 2 days
Section 7.4 416 #7,10,11.14,153,17 & TWO EXTRA Handouis

If there is time — Collecting Exponential Data

Handout

Properties of Exponentials with Graphing Calc

Section 7.5 p423 #1,2.4

(U2 graphing 12chnoiogy anline to nais you If neaged)

Intro to Exponential Growth & Decay

Section 7.6 p430 #4,7.9.10.11

Practice Exponential Growth & Decay

Section 7.7 p437 #2,3.6,5.11,

O | am prepared for the test/'evalutation if
= | understand the main concepts from each lesson
- 1natl, aek other studsmls In dass 1o help you study or visl the peer futarng ream or 25k tha acher far help or get a privale tutar
b also pracice "I"ID'MEd;&LIFdEfElE"I:lI'l;' guestions from the texitook — ook far -]LEEH!TIE rarksd U}- K
| can explain‘communicate the ideas clearly
- 1nal, practice sxpiaining a solved QuesTion to someana elss or comgless e asslgned joumal questions
- also pracice “communicaton” quesiions from tha texibaok — look for guastions marked by o
o | can apply these concepts in word problems
= 1 not, practiee “applcation” quaslizng from the tzdizook — ook for questions marked by A
= | did not just memorize steps to do for different types of questions, | understand the ideas behind
each concept and therefore can do problems in new contexts
= 1 not, practice “hinking-ngury-proziemescleng® questians from the texbook — ook for gugstions marked oy T
= | can do questions independently
- 1 nal, try redoing an already ecived examgple withoul looking &1 sclutlans
= | can complete questions quickly and with confidence
= 1o, iy ImIng yoursaIr far emilar type qUEENons b 582 prograes
= | completed the review and/or practice test

Caormections for the texdbook answers:
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2|unit 7 11UC Date:

Working with Positive Exponents

Name:

1. Why do you think exponent notation was invented?

Used as oo shorteuk  foc

SxSxS = =

2. Summarize the exponent laws you learned in grade 9 and provide examples.

Law u GENERALIZATION EXAMPLE
- kasp b Haal™ v
Multiplication e {1{ Saﬁ 3*.3% 3q: 19 683
=0 | -add Her exporseYs dort mmbhply 303 )
— -H\a&— [y "’LL 3
pivision ! _ """ mw‘ ° _{7: 3= Qy0)
ar - subback enporads donk dvise ¥ d 3 N
~ laep tha /Q“U" v 9%
Powerufapr:)%v'fr at‘"‘ ~md§plg -efoDNl\'b (37 = 3 =69 O'i?
a =
- dighbude sk N |, B 5 6 6
Power of a Product (;NL m“f;\ (5x%)= 5u 3 =[3‘53}(‘J

@ L53i= (f% L\p

£ WMSHT ONE on ony base divhod exp ot

Power of a Quotienty
o:I— i_: o

YY) v

~ dadrbuwde -eo(‘)orkt

-

(26t L 2% 224"
17 |~ e ouads
37y, 31 Jlr Qothd

Zero Exponent

o=|

__QQW(AQJ Q%\mﬂs ONE

8=

PW Diff

NO such RWLE t

T contk Andude erporad

|: 23 +x ; (9.%‘(‘ 1—1&,‘41’)

~ MUST™ expond the. Longy cus

— b 3
?) = D e dwtdatat

Write each expression as a single power

@ 3 66

. X
4-

Exponentials Page 3
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Simplify .
@ 6 3x-4xt

Simplify first then solve for x.

B g 3°=243

11 (') =1024
oL = 2%

\,f', L\)’lg
o =9

8x°

12x*

Exponentials Page 4
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Working with Integer Exponents

1. Explore what negative exponents mean by filling in the table [Y\EP(N t Lﬂ"é Ha ,aa&z ovi{ divizie~
: me +

Davisian EXPAND & DIVIDE LISE EXPONENT LAW “0 POS. &P.
5 -2 o N
4y A%ﬁ@ i JTL :’1__=2!_ — Q bo _I:=
- AL T o 7 2
-2
3 -3+ 2A _ ,..L_ T : T-9 - =T ',: =3
e I S RS L0
5 i g R A
£°6:5S 57 5™ 5 ’
10* =10 1o =1L ST - " = 0—’ o L - /0
[g-tostosto- 7o (O o™ o / °° 4o N
Bz - B S Yoo 4t 973 S, ==
ik AAALR _:rl.'i E A . 2P

State anuther way to write the following. (HINT: if a base has no exponent on it, place exporrent ONE on it)

2 3t=Ll=1 3 47=_L = L
\ \ 2 ' -2 \
s 2= 2(p) A 3 =3(4)=3(1)= 4§ . 35 = 3@
2/ 5 4—2 U T 1 3" -1 il,
BEDMAS ! (2v) J
=6y
1‘]—
i ('2%.—4 4—5
@ s = 9. LEJ 10. o=
-2 3 \—1
11. ST 12, = {4(:;]}
sh

14. Summarize the negative expunent rule
» B, i Yo
S — M{\x _‘,L,_ é{v‘ S0~ /a'*‘\-‘-/ beag vp.

osvhye ep(em Ca/ = -L}a.,

choras 10
) ' by douse

Exponentials Page 5
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15. There will be several ways to simplify expressions, depending on what rule you start applying first. Final answers
no matter what route you take. To make things easier try to u

-eoL:E the I

16. Apply the laws to the following examples as you simplify the questions. Leave evewt?@g as exact num tﬁrs, with erd

@

a.

nit 7 11UC Date:

should still mat

\powe
1 &

law first and

positive exponent answers.

\ 7
(4x)° x 4%

MName:

law last.

g
(¢

b (3d7) %34~

Exponentials Page 6
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C.

can o diuision law “"Z‘)

3

4(—2\x5 v x {2‘_{-‘ 1)

s 2

SCEs

= 4
S

" 1

PEES

Wy \

(=23 %3x7y 7

3

6x"y~

ROy

-

b1y
GL)’: (333 1‘!- 23

6x°y !

= Q%X:Hr) 33 \

6"

=-alb o'

6a”

c,ﬂ

X
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Working with Rational Exponents

1. What does the word rational mean? KM\DN'M, - ?KP\'CTTD‘Q

2. Use a calculator to complete the charts

For example, to find 4%, use the sequencelﬁmlgzmg.
To find -q'r_ﬁ use . button: Ellher- .E or try BOTH to see which way you need to remember

PN Ya= A 16 = A fe=
Ni=" 273= Y JHi2s= 31258 9
1
216° = G 6= 256t = Y $236= Y
V25==5 | 2sis © {ri= 2 g1t = 3 Y"
6. © 6= b 1206t = G 41296= b )03 k&i}
a r E A r "Q,. 3¢
8 = "B ol A~ B 5.
¢ 35— 2 I e e e A SR M IR \1%‘ TR
64 | G4P=You= D T e B sk lozy
125 | \3s °= {m‘s——‘s L |as] bast 3y
u 3. Summarize the rule when the exponent is in a rational form % and ¢ .-
A =T
no nf n ™ %e“ %’ ,
OJ’JE od Ou"’“\ﬁ — Y e Ts}‘“"
ke “e raadf
4. Rewrite the following in a different notation. Simplify if possible remamlste I e ¥ $ e
{HINT if bracksts or exponents are not there — inserf them) las =+ 3dmas B 1as ?
3 a6 .3 b 27 ¢ 3Gay o AlL6x)
- G \/r‘l S/ s‘k' S/ T Lgl)
= “ o Q‘L) = (2 )? 0 i \
At 6 o ey e g
‘13 Sty SQulrt coot *
30
3 e 64 f 121t g 343 h —125¢

Exponentials Page 7



7|Uunit 7 11UC Date:

g

Name:
5. Write as both versions. Evaluate using the calculator for both versions, HOWEWER if you get decimals or error, use
laws of exponents to simplify things firstl
= on CAL'. E
a. —49:

; Le00r
Lam (1) B ) v
=@

AN
. Yesend |
g 3 03;
= \ - 2_?.-J_ \',) 3
. R a Chasy? - - BE X
- - .-——-f\- \
Scw- UJL = _\ = o)—» tS ° L i
. 0 v
TS ey P
@ 4 J121= e 3 i 6=
o 8 = h. —25°= 81° =
6. Solve for x. )
Ea_xéz? b.x?=8
rj _ 4.x =625
sz,-\fln- g\
1= g
K= o
o= >

Exponentials Page 8
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MORE Working with Rational Exponents & Solving for x.

B 1. Explain why you would get different answers for:
R\ ;
367x*)and (27x)

con 'm*x.(\’ }:M <\° Sk
\ {
@)
2. Explain the steps in simplifying the following. Give a reason why you can't cancel x° or divide 512 with 4.

3 L6 . S - g\\q»?l A visio-

Jsi_é ods owe Mleey & e ,;2’ Aaiier Y e Sepreadidy
Gf. "~ -

502 _ 3L .93 = %

NOT he sont oudSA2  powrc

11"7. 1‘(1, ax

3. Simplify the following. Keep answers as exact reduced fractions and and don't leave answers with negative
exponents.

M( & -3
L P oo r"‘g ! ) ot —Ua =
3 e A o (S0 = B4
el U Ay Aqe T3 343" ¥y
%3,1,’»3“’5 ajf 1’33 R
=lbm _ 49

RETY 3 oy W m
—,al(-ét b_l _ Q:LG:
3
@ .

: 3
c. (2562 d [BGEJ- —?a5|

e |8x*yt f.

Exponentials Page 9
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m 4. Solve the following for x. HINT: Try to make the bases maich, and combine multiple bases into ons
each side, using laws of exponents. Then do trial and error.

. 32.‘(—i=l 3y .
? 0 b. [l] gt L

'511,-5‘:?) 5 175

B 2(x-\) -3
50 Q)(‘QW!A\S O &) S = 5

W-5=0 el Ly
W=5 5 -G
=29

:. QY\?D\"N:RS R
W) =3
YL =D 2

N
L= A < 0™
5
m c 5.1_—.';‘ — 5.1( N 4.‘( i _ 231‘:4 e ?2.‘:‘ . —II.G—I — 491—5

Exponentials Page 10
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If there is time — Collecting Exponential Data

Eli “M” ination — Radioactive Decay of Atoms

All matter is made up of atoms. Some kinds of atoms have too much energy and  Materials

are unstable. These atoms are called radioactive. It is not possible to predict MEM or skittles for groups

exactly when a radioactive atom will release its extra energy and form a different  paper plates or napkins

stable atom. This process is callad radicactive decay. In this expariment you will Plastic containers or cups

model this process

1. Pour a bag of M&M's or skitiles onto a paper plate/napkin so that the candies are one layer thick so you can ses if
they have the logo in them or not. The candies represent the atoms. Count the number you have at the start and
racord in the table.

2. Remove all the M&M's with the logo showing on one side - these will represent atoms that have decayed. Count
and record the number of M&M’'s remaining on the chart below.

3 Pour the remaining candies into a container. Shake the container and pour these M&M’s back onto the plate.

Again remove all the M&M's with the logo showing. Continue to repeat this process until all the M&M's are
removed. Add additional trial numbers to the chart below if needed.

4, Fill in the table and sketch the relationship.

Radioactive Atoms

Trial Number Remaining

Start with

1
2
3
4
5

NUMBER OF ATOMS REMAINING

TRIAL NUMBER

Exponentials Page 11
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Germs! Germs! — Exponential Growth

a

Materials
Certain bacteria, under the right conditions, multiply themselves. Paper
You will use strips of paper, 2ach representing a bacterium, to model its growth.  Scissors
5. Cut your paper in the following arrangement based on group number you're given
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Pieces of
paper to start " 2 3 1 2 3
with
Cut each
given piece
into this many 2 2 2 4 4 4
equal pieces
each time
B. Fill in the table and sketch the relationship.
Cuts # of Bacteria
Start with
1
2
:
3 3
4 -
=
5 =
E g
7. Clean up after your group please.
#0F CUTS MADE

8. What is the domain and range of the Radioactive decay quastion? Explain.

9. What is the domain and range of the Germs question? Explain.

Exponentials Page 12
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MName:

Properties of Exponentials with Graphing Calculators

A, Complete the tables of values for the functions g

x)=x,

h(x)=x"and k(x)=2"

B. Calculate first and second differences. CG RAPH \*’)

x gfx) | 1%diff | 2™ diff x hix) | 1%diff | 2™ diff x kix) | 1%disf | 2™ giff
—a 1 / o 1 - 2 =3 | 12=o0dis] o.zy | 0.2y
=g | / -2 |y | -3 2 -2 |r*=0as| 0.2y | o.2s
-1 | - | / -1 \ - 2 -1 2'=05| o.% l
0 [} | / 0 o \ 'l 0 2=\ | 2z
1 | , / 1 \ 3 2 1 [=2| 2 3
2 | » [ Y 2 T I 2 174 4y | 4
3 > "/ CO I U 2 3 &| ¢ 8
4 4 ’ 4 b 4 3
5 S 5 2 g
C. Graph the functions.p \!\b') Vr(’) D. Complete the chart for 2ach function.
DOMAIN RANGE
/
i
,/ 9(x) 1ER JER
/
N 1o, /
R 1 hix) AER 3€:R L Y20
\\ / ko | AER YeR, @
/ () (XY |
E. How do the y-values change as the x-values J%o.
\ /i change? i
olgE e = grvelbas chavge by oddos
< e > %wnj-n, - ,\;allw-s Mgp s
enpordnd- 21 voluas tv L 2
F. Graph the functions ¥=2%, y=5" and v =10" on a graphing calculator.
G. Complete the chart for each function.
DOMAIN RAMGE INTERCEPTS ASYMPTOTES
y=2F LER- JeR, Yyzo 2-mC (VONE y—mﬁ@,l) Hortontall y=to
y=5 \ 0 0 b

H. Which curve increases faster when you trace right? Which one decreases faster when you trace left?

0™

C

Exponentials Page 13
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12|uUunit 7 1MUC Date: Mame:

Graph the functions ¥ =2 ,_}==I:'%_I and y= i,:,] on a graphing calculator.

Complete the chart for each function.

DOomAIM BaMGE INTERCEPTS ASYMPTOTES
y=(1) el YR, Y20 [xinone y: (o) |Ho. Y=o
s L
y={1] \ I (] !

How do these graphs differ from 3y =2%7
(ﬂ/\l 3(’*@%, o\_Lc,oo& ﬁ*\’r-—\ ./QL‘F‘I— “)o ijL& LO.SL :—é(\
2* R qeewte bose = >

What happens whean the base of an exponential M. What type of functionis f{x)=5" whenb=17

function is negative? | . ownces o L ) NC)
): &a)’k h M—‘j- "‘ ?OC.D-W y - \ \ s e o Mh n 3(0 '
-~ NEVER ocE no%exro\.-..;&n&

ray % Never have  base =

Describe how the graph of an exponential function differs from the graph of a linear and quadratic functlcm

L\W Condiomt code .r} @_uo.bk _dac mc, B ? ""“‘:’*.\4\
M'g-f ~\J ara
- é\\’k ooy ft : Cm\\h&— ng

How do the first and second differences of exponential functions diffar from those of linear and guadratic
functions? How can you tell that a function is exponential? gfﬂ-\-«cd = Nd‘y mIPWS  preV. Y-

Lineoc — \‘F&Mo oe Hlo Qv
M a Adiltaces ae flu SzAt—

e o sarne — /gud\ﬂc owfirst
E"Q‘""‘”x‘\“l - NON,«-,L\;’, M&;% s-ﬂ-‘:&SaﬂL Eo.h\s = m*énm

Investigate the graphs of the exponential function f(x)= 5" for various values of b, listing all similarities and

differences in their features (such as domain, rangs, and any intercepts and asymptotes). Generalize their
featuresforthecasesb>1land0<b<1,
Note: An asymptote is a line that a function approaches, but never reaches.

DIFFERENCES
whenb=1 ‘ when0O=h=1

o | ﬂ‘:“a‘\a

SIMILARITIES ]

sant domar~  XER

zﬂi T\g;a 3tiR i NONE (j—nat (°;’)

sane vv\e\vk J =0

Exponentials Page 14
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Intro to Exponential Growth & Decay
a 1.

Mest (but not all) real life word problems of growth or decay have a horizontal asymptote at y=0. State the general
equation for exponentials that will most often be used for exponential word problems and explain the significance of

EACH letter in the context of a word problems.
After you do gquestion 5, come back and adjust the equation.

2. Clarify the differences between growth factor and 3. Summarize how to find the ‘b’ in the equation.

L

wih rate. Loole for speciall wodds: whle. b=2
grow re:bo;w\ —Fud'b( _ L k . S woyas %}fkkbzosk
m-\.e' = F)(Cel\' - I-L (9/° ' = ere.
ex (:::u 5% r= 00 E;owrct b= 1+r
. 9(0"’%\ M \.,: \05 ’/ndCCM;‘L L—_ |—

4. Set up the models for the following word problems. If not obvious, explain what each variable represents.

a
The value of the 3250 thousand

coitage increases by 0.1% every
manth.

oc \J= a0 000 (100

b 1@

The 40 grams of radioactive matter

m within a mass decays at 2% every

)= 5000 (14092) ™ ¢ (1) o (1-00)

= \10( ) qu')w‘

5. What will the equations look like if the questions were modified as follows.

a.
The value of the $250 thousand
cottage increases by 0.1% every 3

weeks. 7
+0.00 \) ®

\[[10) = 35000 (1

6. Solve the following problems:

a.

A drug’s effectiveness decreases as
time passes. Each hour the 250mg
drug loses 5% of its effectiveness.
How effective is the drug after 150
minutes?_]\b’- s i o

i,
E(n)= aso(\- 0.05)"
\SOmm= QS he

3
£(as)= 250 (095)°

= 350 (087 ) AOmy

b.
The 40 grams of radioactive matter
within a mass decays at 2% ewvery 30
seconds. +

a0

Gt = o (\-002)
r - %
™ ’Lio(m%) ?
Sec-

b. nane-

\Carhnn—@ has a half life of 5730

years. (If no initial amounti is given, assume
100% is the initial amou nt]ﬁ;eterrnine the %
of original carbon left after 1000 yearsﬁ

Cly)= oo (05) %™
C(Looo): (00 (o s)%°

= oo [ 0.88606. |
=88.67

Exponentials Page 15

C.
The 200 fruit fly population doubles
every week.

F(w)=a00(a)”

C.
The 200 fruit fly population doubles
every 5 days.

F(d)=2a00 (a)d/’

c.

A 51000 deposit is made at a bank that
pays monthly percent, 1.5%
compoundad menthly(How much will
you have at the end of 10 years?]

V ()= ooo (1¢0.01) "

[oyrs = 120 ~awths
120
V(129) = (000 (Lols)

=509, 32
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m 7. The population of a bacteria culture is cut in half by an antibiotic every 30 minutes.
a. If the entire bacteria culture is present at 5:00 am _ what fraction of the bacteria culture will be left at

3-30 am.? &m\f ’\'AS' ow M\D\) “\(\\\L lo()"lb g \
) " = Y hest 30w
Blm)=\ (L) <
. YW= 3\‘10'&30
EEOE \ K \ M= W0 ynine s

-\(\ J~ 2 9.00l45 Q’ 0.\ s ’W)

b. At what time will the bacteria culture contain L of 1ts original population?

128
A - _S, 30
g\
:b Qﬁ‘w&& s q{ !'?5

Qo Y
\ead L
Kl\ ng A0 =W
s SN
% b o Qoter @ B30

m 8 After half an hour 3% of a sample of a radioactive material remains. What 1s 1t's half-life?

5100w

9. An ant colony quadruples its population every month. Currently, there are 13 000 in the nest. What is the
monthly growth rate of the population?

Exponentials Page 16
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Practice Exponential Growth & Decay

Pizza toppings
m 1. Fillin the chart below by determining the different pizza's that can be created by choosing some or all or none of the

available toppings

# of different
Toppings available Different pizzas possible pizzas
possible
None e\q\\f\ coust wivh  sowuse |
Cheese erust o et L
st Coush crush et
Cheese, pepperoni « choese. preferon e 9
\ PP
Cheese, pepperoni crust / const msk/wsl‘ cawsk [ crust/ crst [/ crnsE g/
: . e - e c ~m c
mushrooms g r L) &
Cheese, pepperoni, rvt fe [p | ™ e % -~ % v;\ v I: E E 5\ fn g /Q)
mushrooms, bacon blb 'E
2. Sketch 3. Complete the statement:

As the number of teppings increases by 1, the pumber
of different pizza combinations _jrncreasas gj o~
Q.
4. Find an equation that will model this relationship.

v 1] P(£)=\ (Y

™ b
o L By

5. Use the equation to find how many different pizzas can

NUNBER OF DIFFERENT PIZZAS

0 be created if there are nine available toppings.
q
€ 1 ?(C‘) =\ &g\\
b I .
= G\
“ e
o 6. If the restaurant owner would like to offer 200 different
pizza combinations, what is the minimum number of
1 available toppings she would need?
o |\ z 3 4 9 [E E _ at

NUVEER OF TOPPINGS

A

2= 1b
L =23%
&5:@9 . ot Noast
PN T SR TA
a® =256 toppivgs

Exponentials Page 17
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Car Depreciation
Depreciation is the decline in a car's value over the course of its useful life. It's something new-car buyers dread. Most

modern domestic vehicles typically depreciate at a rate of 15%-20% per year depending on the model of the car.

1. A 2007 Ford Mustang GT convertible is valued at $32 000 and depreciates on average at 20% per year. Fill in the
table below. Hint: Since the car is depreciating by 20%, the remaining percent is = <= 0.80

6. Sketch
Year end Nawem® | FrrrTrTrrTeT T 1
0 32000 i
1 23609(0-80) = JS600
2 bm(_o‘ = > "
3 673&Y »
4 130F 20 ~
5 loygs. 76 é %5
£
?

2. Find an equation that will model this relatiunship

V(s 3&000 (1-028Y’
2,2.000 (0. 803

X

©

DEPRECLA TED WALLE M §

N

3. How much value does the car lose in the 1% year? i T \ e

Lo 493000 — 9560 = (o“(OO WA P g YEAR.£MD

4. How much value does the car lose in the 5 year?

1 \ot. 20 — [OMKS .3 :ia(oaqu Aot 8S much o's,m

5. After how many years will the valua of the car be half of

the original purchase price? \’\_a&f— g 3 000 = “o 0C0

wie Kl g Achwern X3 ot .

Exponentials Page 18
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Radioactive Decay

MName:

.lﬁ
The equation A(f)= 100| 3 I " was used to find the present-day radioactivity of some wooden tools
lk A

at an archaeological dig.
1. What do all the letters and number represent?

A= Lk amand- of rodt abor

J,& Hodf-
3. Fillin the table

Years % of Radiation
0~ walb\ife 100

250 ¢ 50

500 S

Aso 1.s

(o000 by

Lo 325

Exponentials Page 19

2. Find the percent of radiation left after 1000 years
[
_ 1\ ==
A(LOOO) = (0O (7/

=100 [ 6.0635)
=6.as/ 'f} m\ﬂm s

4. Sketch




