Chapter 7 Exponential Functions
Section 7.1 Characteristics of Exponential Functions

Section 7.1  Page 342 Question 1

a) The function y = X’ is a polynomial function, not an exponential function.

b) The function y = 6" is an exponential function. The base is greater than 0 and the

independent variable is the exponent.

1

¢) The functiony = X2 isa square root function, not an exponential function.

d) The function y = 0.75" is an exponential function. The base is greater than 0 and the

independent variable is the exponent.

Section 7.1  Page 342 Question 2

a) Forx=35,
f( = 4 9(x) = Gj h(x) = 2"
f(5) =4 g(5) = G] h(5) =2’

_ __1 -
f(5) = 1024 9(5) 024 h(5) =32
The function f(x) has the greatest value when x = 5.
b) For x=-5,
f( = 4 90 = Gj h(x) = 2"
f(-5)=4" g(-5) = Gj h(-5)=2"

_ 5= 5= L

f(-5) = 004 9(=5) = 1024 h(-5) o

The function g(X) has the greatest value when X =—5.

C) Any base raised to the exponent 0 is 1.

f( = 4 9(x) = Gj h(x) = 2"
f(0) = 4° g(0) = G] h(0) = 2"

MHR - 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 7

Page 1 0of 43



f(0)=1 g0)=1 h(0)=1
Section 7.1  Page 342 Question 3
a) Fory= 5% c> 1 so the graph is increasing. The graph will pass through the point

(1, 5). Graph B.

b) Fory= (i) , € <1 so the graph is decreasing. The graph will pass through the point
(1, 0.25). Graph C.

c) Fory= (%j , C <1 so the graph is decreasing. The graph will pass through the

approximate point (1, 0.67). Graph A.
Section 7.1  Page 343 Question 4

a) There is a pattern in the ordered pairs.

y

N |— || X

1
3
9

As the value of X increases by 1 unit, the value of y increases by a factor of 3. Therefore,
for this function, ¢ = 3.
Use the point (1, 3) to check the function y = 3*:

Left Side Right Side
y 3
=3 =3

The function equation for the graph is y = 3.

b) There is a pattern in the ordered pairs.

X y
-2 25
-1 5
0 1

. : 1
As the value of X increases by 1 unit, the value of y decreases by a factor of 3 Therefore,

for this function, ¢ =

| —

Use the point (—1, 5) to check the function y = (%} :
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Left Side Right Side

y )

The function equation for the graph isy = (%j .

Section 7.1  Page 343 Question 5

a)
y The domain is {X | X € R}, and the range is {y |y >0,y € R}.
: . The y-intercept is 1.
gix) =|b The function is increasing.
= The equation of the horizontal asymptote is y = 0.
NS A
b)
V The domain is {X | X € R}, and the range is {y |y >0,y € R}.
The y-intercept is 1.
4 .. .
The function is increasing.
2 The equation of the horizontal asymptote is y = 0.
hix) + 3.2*
T8 =z o¥ X
c)

The domain is {X | X € R}, and the range is {y |y >0,y € R}.
The y-intercept is 1.

Fqyx The function is decreasing.

ey The equation of the horizontal asymptote is y = 0.

The domain is {X | X € R}, and the range is {y |y >0,y € R}.
The y-intercept is 1.

The function is decreasing.

The equation of the horizontal asymptote is y = 0.
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Section 7.1  Page 343 Question 6
a) The bacteria in a Petri dish doubling their number every hour represents growth.

So,c>1.
b) The half-life of the radioactive isotope actinium-225 represents decay. So, ¢ < 1.

c) The amount of light passing through water decreases with depth represents decay.
So,c<1.

d) The population of an insect colony tripling every hour represents growth. So, ¢ > 1.

Section 7.1  Page 343 Question 7

a) The function N = 2'is exponential since the base is greater than zero and the variable

t is an exponent.
I 3

....
i

Number of Reople
Infected
w0 | g0

ol 2[4l |t

Time (days)
b)
i) Fort=0, i) Fort=1, iii) For t=4, iv) For t =10,
N =2" N=2' N =2 N=2"
=1 =2 =16 = 1024
At the start, 1 After 1 day, 2 After 4 days, 16 After 10 days, 1024
person has the virus. | people have the people have the people have the
virus. virus. virus.

Section 7.1  Page 343 Question 8

a) If the population increases by 10% each year, the population becomes 110% of the
previous year’s population. So, the growth rate is 110%, or 1.1 written as a decimal.

O
N—r

The domainis {t|t>0,t € R}, and the range is
Pril=0.1¢ {P|P>100,P € R}.

Fish Population
(i hundreds)

~y

2| 46| 8
Time (years)
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c) If the population decreases by 5% each year, the population becomes 95% of the
previous year’s population. So, the growth rate is 95%, or 0.95 written as a decimal.

o
N—r

The domainis {t|t>0,t € R}, and the range is
Pit) =095 {P|0<P<100,P € R}.

Flish Population
(in| hundreds)

~y

2|4 6|8
Time (years)

Section 7.1  Page 344 Question 9

a) The exponential function that relates the amount, L, as a percent expressed as a
decimal, of light available to the depth, d, in 10-m increments, is L = 0.99.

b)

g

= = [ + 09
EEH

Elg

ge

& 0 2 | 46| 8|4

Depth (10-m increments)
c) The domainis {d|d>0,d € R}, and therangeis {L|0<L<1,L € R}.

d) 25 m is the same as 2.5 10-m increments.

For 2.5,

L=0.9
=0.9""
=0.7684...

The percent of light that will reach Petra if she dives to a depth of 25 m is approximately
76.8%.

Section 7.1  Page 344 Question 10

a) Let P represent the percent, as a decimal, of U-235 remaining. Let t represent time, in
700-million-year intervals. Then, the exponential function that represents the radioactive

t
decay of 1 kg of U-235 is P(t) = (%) .
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O
-

Mass of U-235
Remaining (kg)

o (214 687
Time (700-million-year intervals)

c) From the graph, it will take 3 700-million-year intervals, or 2 100 000 000 years, for
1 kg of U-235 to decay to 0.125 kg.

d) The sample in part ¢) will never decay to 0 kg, since P = 0 is the horizontal
asymptote.

Section 7.1  Page 344 Question 11

a)
=1 0175}

n=ht V=Z.0BB4EEY

b) It will take approximately 64 years for the deposit to triple in value.

Ini:-ar'-s-a-':ti-::n .
W=BZ.ZZEER: V=X

¢) The amount of time it takes for a deposit to triple does not depend on the value of

the initial deposit. Since each $1 amount invested triples, it does not matter what the
initial investment was.

d) From the graph, the approximate doubling time for this investment is 40 years.
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______--""

Ini:-ar'-s-a-':ti-::n .
W=z BEZQH: Y=g

From the rule of 72, the approximate doubling time for this investment is 175

or 42 years.
Section 7.1  Page 344 Question 12

Let P represent the world population, in billions. Let t represent time, in years, since
2011. Then, the exponential function that represents world population over time is
P(t) = 7(1.0127)". The population of the world will reach 9 billion in approximately 20
ears, or the year 2031.

- —

Section 7.1  Page 344 Question 13

a)
7 X x!"
- . ___,-*"'.z_._fl#‘_’:
—E,G/ 2 | X
V= X7 o) Inverse
| pfy=|5
x h 4

b) The points (X, y) on the graph y = 5* become the points (Y, X) on the graph of the
inverse of the function. Thus, the domains and ranges are interchanged. Also, the
horizontal asymptote of the graph y = 5" becomes a vertical asymptote of the graph of the
inverse of the function.

¢) The equation of the inverse of the function is X = 5.
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Section 7.1  Page 345 Question 14

: 3 : 1Y :
a) The function D = 2° can be written as D = (Ej . The coarser the material, the

greater the diameter. Therefore, a negative value of ¢ represents a greater value of D.

3
b) The diameter of fine sand is (%) , or 0.125 mm. The diameter of coarse gravel is

5
(%} , or 32 mm. Thus, fine sand is ﬁ the diameter of coarse gravel.

Section 7.1  Page 345 Question 15

a) Graph A(t) = (2.7183)"*"* and A(t) = 2 and determine

the point of intersection. The approximate doubling [

period is 34.7 years. _____,-"".-"

Intersechion
MZiY BEFAZF V=2

b) Graph A =(1.02)' and A =2 and determine the point
of intersection. The approximate doubling period is !
35 years. .

Ini:-ar"s-z-':ti-::n '
n=IEQ0z7E9 V=2

€) The results are similar, but the continuous compounding function gives a shorter
doubling period by approximately 0.3 years.

Section 7.1  Page 345 Question C1

a) Graph f(x) = 3x and g(x) = x> on the same set of axes. Graph h(x) = 3" separately.
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b)

Feature fix) = 3x gix)= x* hix)= 3
domain {x|xc R} {x|xeR] {x| xR}
range v|y¥e R} lviveRl |lv|y=0yeR]
. x-imtercept O, | sintercept 0, | no x-intercept
Intarcepts V-imtercept O | wintercept 0 V-imtercapt 1
equations of _
asymptates none none y=0

c) Example: All three functions have the same domain, and each of their graphs has a
y-intercept. The functions f(X) and g(x) have all key features in common.

d) Example: The function h(x) is the only function with an asymptote, which restricts its

range and results in no X-intercept.

Section 7.1  Page 345
a)

x fix)

0 1

1 -2

z 4

3 —&

4 16

5 32

Question C2

b)

I'F
1o

B

c) No, the points do not form a smooth curve. The locations of the points alternate
between above the x-axis and below the X-axis.

d) Using technology to evaluate f (%) and f [gj results in an error: non-real answer.

Forle,
2

FO0)=(=2)"

1 3
e

f@:@

Both values are undefined.

Forxzé,
2

f () =(-2)"
)

(-
S\ [ v

BRE
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e) Example: Exponential functions are defined to only include positive bases, because
only positive bases result in smooth curves.

Section 7.2 Transformations of Exponential Functions

Section 7.2  Page 354 Question 1

Compare each function to the formy = ac)** M+ k.
a) Fory=2(3)" a=2. This is a vertical stretch by a factor of 2: choice C.

b) Fory=3""2, h=2. This is a horizontal translation of 2 units to the right: choice D.

c) Fory=23"+4, k=4. This is a vertical translation of 4 units up: choice A.
d) Fory=35 b= % . This is a horizontal stretch by a factor of 5: choice B.

Section 7.2 Page 354 Question 2

Compare each function to the formy = a(c)b(x’ Mk,

a) Fory= (%)XH , h=—1. This is a horizontal translation of 1 unit to the left: choice D.
b) Fory= —(%)X ,a=—1. This is a reflection in the X-axis: choice A.

c) Fory= (%j_x ,b=—1. This is a reflection in the y-axis: choice B.

d) Fory= (%)X —2,k=-2. This is a vertical translation of 2 units down: choice C.

Section 7.2  Page 354 Question 3

Compare each function to the formy = a(c)** M+ k.
a) For f(x)=2(3)" -4,

a =2, vertical stretch by a factor of 2

b =1, no horizontal stretch

h = 0, no horizontal translation

k = —4, vertical translation of 4 units down
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b) Forg(x)=6""2+3,

a =1, no vertical stretch

b =1, no horizontal stretch

h =2, horizontal translation of 2 units to the right
k = 3, vertical translation of 3 units up

¢) For m(x) =—4(3)*"°,

a =—4, vertical stretch by a factor of 4 and a reflection in the X-axis
b =1, no horizontal stretch

h = -5, horizontal translation of 5 units to the left

k = 0, no vertical translation

1 3(x-1)
d) Fory= [Ej ,

a =1, no vertical stretch
b = 3, horizontal stretch by a factor of %

h = 1, horizontal translation of 1 unit to the right
k = 0, no vertical translation

e) For n(x) = —%(S)Z(H) +3,

1 ) 1 . .
a= —3 vertical stretch by a factor of ) and a reflection in the x-axis

b =2, horizontal stretch by a factor of %

h = 4, horizontal translation of 4 units to the right
k = 3, vertical translation of 3 units up

2 2%=2 2 2(x-1)
Fory=-|Z| Lory=—-|Z2
f) Fory (3) ory [3)

= —1, reflection in the X-axis
b =2, horizontal stretch by a factor of %

h = 1, horizontal translation of 1 unit to the right
k = 0, no vertical translation

X—4

g) Fory=1.5(0.75) > —

N |

b

a= 1.5, vertical stretch by a factor of 1.5
b= % , horizontal stretch by a factor of 2

h = 4, horizontal translation of 4 units to the right
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5 ) ) 5 .
= —5 , vertical translation of 5 units down

Section 7.2  Page 355 Question 4

a) Since the graph has been reflected in the X-axis, a <0 and 0 < ¢ < 1. The graph has
also been translated 2 units up, so k = 2. Choice C.

b) The graph has also been translated 1 unit to the right and 2 units down, so h =1 and
=—2. Choice A.

c) Since the graph has been reflected in the x-axis, @ < 0 and ¢ > 1. The graph has also
been translated 2 units up, so k= 2. Choice D.

d) The graph has also been translated 2 units to the right and 1 unit up, so h =2 and
k= 1. Choice B.

Section 7.2 Page 355 Question 5
— 1 —(x-3)
a) Fory—5(4) +2,

: 1
, vertical stretch by a factor of —

1
a = —
2
b =—1, reflection in the y-axis
h = 3, horizontal translation of 3 units to the right
k = 2, vertical translation of 2 units up
b) c)
y=ar | y=as | Y=g | y=laren 42 T
¥ " N ry . . " - I'E} y= _[4] i = 2 +E
l-2=¢) | [248) | (255] [5, 55 P
L~ 16/ | \™ 18] | 32 32
[, 1) [, 1) [, 1} [, 17)
-13) | (va) | gl 145
(0, 1) {0, 1) (0, 1) (3,2)
’ ‘ V2l 2
(1. 4) —1.4) (—1.2) (2. 4)
2.16) | (-2.16) | (-28) {1.10)

d) The domain is {X|X € R}, and the range is {y |y >2,y € R}.
The equation of the horizontal asymptote is y = 2.
The y-intercept is 34.
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Section 7.2  Page 355 Question 6

a) i), ii) Fory=2(3)"+4, iii)
a =2, vertical stretch by a factor of 2 JHT
E2EF+ 4

b =1, no horizontal stretch ¥
h = 0, no horizontal translation ,E
e —— i -

k = 4, vertical translation of 4 units up
2

IR
w

=

iv) The domainis {X|X € R}, and the range is {y |y >4,y € R}.
The equation of the horizontal asymptote is y = 4.
The y-intercept is 6.

b) i), ii) For m(r)=—(2)" > +2, iii)
a =—1, reflection in the x-axis M
b = 1, no horizontal stretch S 1
h = 3, horizontal translation of 3 units to —\
the right 5 3 »
k = 2, vertical translation of 2 units up N

— &

m{ry=(PYriy 2
v

iv) The domain is {r |r € R}, and the range is {m | m <2, m € R}.
The equation of the horizontal asymptote is m = 2.

. .15 . .
The m-intercept is R and the r-intercept is 4.

¢) i), i) Fory= %(4)*%1,

a= % , vertical stretch by a factor of %

b =1, no horizontal stretch M._mrz .

= —1, horizontal translation of 1 unit to — | »
the left
k =1, vertical translation of 1 unit up

iv) The domain is {X | X € R}, and the range is {y |y > 1,y € R}.
The equation of the horizontal asymptote is y = 1.

The y-intercept is g .
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d) i), i) Forn(s) = —%(lj“x—.%,

= % , vertical stretch by a factor of %

and a reflection in the X-axis
1 .
b= k horizontal stretch by a factor of 4

h = 0, no horizontal translation
k = -3, vertical translation of 3 units
down

iIv) The domainis {S|S € R}, and the range is {n|n<-3,n € R}.
The equation of the horizontal asymptote is n = —3.

. .15
The n-intercept is e

Section 7.2  Page 355 Question 7

a) To obtain the graph of y = f(x — 2) + 1, the graph of f(X) must be translated 2 units to
X—2

the right and 1 unitup: y = [%) +1.

b) To obtain the graph of y = —0.5f(x — 3), the graph of f(X) must be vertically stretched

by a factor of 0.5, reflected in the x-axis, and translated 3 units to the right:

y=-0.5(5)"".

c) To obtain the graph of y = —f(3x) + 1, the graph of f(x) must be reflected in the x-axis,

3x
horizontally stretched by a factor of % , and translated 1 unit up: y = (Zj +1.

d) To obtain the graph of y = 2 f [—%(X - l)j —5, the graph of f(X) must be vertically
stretched by a factor of 2, horizontally stretched by a factor of 3, reflected in the y-axis,

1
and translated 1 unit to the right and 5 units down: y = 2(4) Y 5.
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Section 7.2  Page 356 Question 8

a) Map all points (X, ¥) on the graph of f(X) to (X + 2,y + 1).
& k.

1'! R ‘II i —
ANE L
2 ~_
NN MR TZEE
v T )
b) Map all points (X, y) on the graph of f(x) to (x + 3, —0.5y).
ZY!
2 .I“I fix) =3
/
M= RN W
; \
—— I5|:-'-J=-:-E1|
¥

€) Map all points (X, y) on the graph of f(x) to (% X,—Yy+ 1) .

»ru
L
£l
< —2 |0} 2 | 4 !{
-.I e
j| I EL
w T
d) Map all points (X, y) on the graph of f(X) to (-3x + 1, 2y — 5).
ZY
\ || flv=4
\ Y
A —2 2 4 Eli.:i
N .
ZRV=2@ 75
o I
¥

MHR - 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 7 Page 15 of 43



Section 7.2  Page 356 Question 9

a) The number 0.79 represents the 79%
of the drug remaining in the body of a

dose taken. The number % represents
the decay rate of the dose taken. The

dose decreases by 79% every % h.

Mass of Drug Remaining (mg) |<

c) The M-intercept represents the dose of 100 mg.

2

N

&

M) = 1001079

0

10 | 20 | 30 | 40
Time|(h)

d) For this situation, the domain is {h |h >0, h € R} and the range is

{(M|0<M<100,M e R}.

Section 7.2  Page 356

a) Substitute T; =95 and T; = 20 into
t
T(t)= (T, —T,)(0.9)° +T,:

t
T(t) = 75(0.9)° +20.
a =75, vertical stretch by a factor of 75

= % , horizontal stretch by a factor of 5

h = 0, no horizontal translation
k = 20, vertical translation of 20 units up

¢) Substitute t= 100.

t
T(t) = 75(0.9)° +20
100

T(100) =75(0.9) 5 +20
T(100)=29.1182...

Question 10

O
=

Coffee Temperature (°C)

4

Tit) = 75(0.9F + 2D

40 [ 80 (120160t
Time (min)

The temperature of the coffee after 100 min is approximately 29.1 °C.

d) The equation of the horizontal asymptote is T = 20. This represents 20 °C, the final

temperature of the coffee.
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Section 7.2  Page 356 Question 11

a) For 5000 bacteria, a = 5000. For an increase of 20%, ¢ = 1.2. For an increase that

happens every 2 days, b = % . Then, the transformed exponential function for this
situation is P = 5000(1.2)2 .

b) a= 5000, vertical stretch by a factor of 5000
b= % , horizontal stretch by a factor of 2

h = 0, no horizontal translation
k = 0, no vertical translation

¢) From the graph, the bacteria population after 9 days is approximately 11 357.

NA=EGa0CL 23 (0 ER

w=8  Y=113E7.EPE

Section 7.2  Page 356 Question 12

a) The initial percent of C-14 in an organism is 100%, so a = 100. For half-life, ¢ = % .
Since the half-life of C-14 is about 5730 years, b = ﬁ Then, the transformed

exponential function that represents the percent, P, of C-14 remaining after t years is
t

1 \5730
=100 17
2

b) From the graph, the approximate age of a dead organism that has 20% of original
C-14 is 13 305 years old.

'\-h'H.-

II'I'I'EI"E'EC'IIIIII'I -
n=ilzz08.648  V=ED
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Section 7.2  Page 357 Question 13

a) Let A represent the area covered by the bacteria. Let t represent time, in hours. The

doubling time for the area is 10 h,soc=2and b = % Since the initial area was

t
100 cm?, a = 100. Then, A= 100(2)"° .
Substitute t = 24,

t
A=100(2)"
24
=100(2)"°
=527.803...
By Tuesday morning (24 h later), the bacteria covers an area of approximately 527.8 cm®.

b) Determine the surface area of Earth: 6378 km = 637 800 000 cm

SA = 4nr’ - =
= 47(637 800 000)*
~5.11x10"

t
Graph A =100(2)"° and A=5.11 x 10'®. It would take

these bacteria about 555 h to cover the surface of Earth. I;.I:.ar-:.a.:l:i.:.n
n=EEE0y47Z Y=E11E1H

Section 7.2 Page 357 Question 14

a) Let P represent the fox population. Let t represent time, in years.

The initial fox population was 325 15 years ago, so a = 325 and h =—15. The population
1

doubled in 15 years, so b = % and ¢ =2. Then, P = 325(2)15(t 15).

Substitute t = 20,

p 325025

L 20415)

=325(2)"3

=1637.897...
The fox population in 20 years will be about 1637.

b) Example: Disease or lack of food can change the rate of growth of the foxes.
Exponential growth suggests that the population will grow without bound, and therefore
the fox population will grow beyond the possible food sources, which is not good if not
controlled.
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Section 7.2  Page 357 Question C1

Example: The graph of an exponential function of the form y = ¢* has a horizontal
asymptote at y = 0. Since y # 0, the graph cannot have an X-intercept.

Section 7.2 Page 357 Question C2

a) Example: For a function of the form y = a(c)**~" + k, the parameters a and k can
affect the x-intercept. If a > 0 and k <0 or a <0 and k > 0, then the graph of the
exponential function will have an x-intercept.

b) Example: For a function of the form y = a(c)°*~" + k, the parameters a, h, and k can
affect the y-intercept. The point (0, y) on the graph of y = ¢* gets mapped to (h, ay + k).

Section 7.3 Solving Exponential Equations

Section 7.3 Page 364 Question 1

a) 46 — (22)6 b) 83 — (23)3
9ol Y

ORC) "
(27)

2—6

Section 7.3  Page 364 Question 2

a) 2°and 4° =2’ b) 9" =(3%)*and 27 = 3°
— 32X

2x x-1 2\*! 1) 2 ) .
o3 (i 5] o) e

_ 2—3X+6
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Section 7.3

a) (VI6) =@y

= 4?

Page 364 Question 3

0) Vi6(/64) =44y
=4(4)
=4

Section 7.3

Page 364 Question 4

a) 24)( — 4X+3
24X — (22)X+3
24X — 22X+6
Equate the exponents.
4x=2X+6
2X=16
X=3

b) 25" =5
(52)X71 — 53X
52x—2 — 53x
Equate the exponents.
2X -2 =3x
X=-2

C) 3W+l — 9W—1
3W+1 — (32)W71
3W+1 — 32W72

Equate the exponents.
w+1=2w-2
w=3

MHR - 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 7

b) 16 =34

=43
8 4
d) (vV2) (¥4) =2
= 4°(4)
=43
Check:
Left Side Right Side
24x 4x +3
— 540) _ 4373
_ 512 — 46
= 4096 = 4096

Left Side = Right Side
The solution is X = 3.

Check:

Left Side Right Side
25X -1 53X

— 5 2-1 — 532

=257 =59

1 1
15625 15625

Left Side = Right Side
The solution is X = 2.

Check:
Left Side Right Side
w+ 1 w—1
3 9
— 33 +1 — 93 —1
_ 34 92
=81 =81

Left Side = Right Side
The solution is w = 3.
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d) 36" =6"" Check:

e e Left Side Right Side
(6" =6 e s
66m—2 — 62m+5 ; ;
Equate the exponents. _ 363[2]71 62(2}5

6m—-2=2m+5 . ;

4m =17 _ 367*1 _ 65+5
m= Z 7 17
4 —36° ~6°

=4114202.164... =4114202.164...

Left Side = Right Side

The solution is m = Z .

Section 7.3  Page 364 Question 5

a) 4>=g8" Check: Graph y =4 and y = 8" and find
(22 = (2°) the point of intersection.

26X — 23X—9

Equate the exponents.

6Xx=3x-9

3x=-9

X= —3 E—
Intgrsection [
n=C Y=z.Bi47E-R
The solution is X = —3.
b) 27*=9*2 Check: Graph y =27"and y = 9"~ 2 and find

the point of intersection.

(33)x — (32 )x—z

33)( — 32x—4
Equate the exponents.
3x=2Xx—-4
X=-4

Inkerseckion [
w="y Y=1.HB17E-B
The solution is X = —4.

c) 125771 =250+ Check: Graphy = 125" 'and y = 25*"*

(55) = (57)' and find the point of intersection.

6y-3 2y+8
597 =50

Equate the exponents.
6y—-3=2y+8
4y =11
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d) 162k—3 — 32k+3
(24)2k—3 — (25)k+3
28k—12 — 25k+15

Equate the exponents.
8k —12=5k+ 15
3k=27
k=9

Section 7.3 Page 364 Question 6

a) Use systematic trial to solve 2 = 1.07".

Igt-zr's-ai:ti-:-n

n=g.k ¥=Z.7cOCHED

The solution is y = %

Check: Graph y = 16*"%and y =323 and
find the point of intersection.

ThEersection
w=A Y=1.15:z8E18
The solution is k = 9.

X 1.07%

Mathematical Reasoning

12 2.252... Try X =12. This gives a value greater than 2. Try a lesser value.

10 1.967... Too low. The correct value is between 10 and 12, but much
closer to 10. Try 10.3.

10.3 2.007... Close, but too high.

10.2 1.993... This is very close and a reasonable approximation.

The solution is X = 10.2.

il
_—___'__'-

——

Interseckion
n=iozyy7ER Y=C

The solution is X = 10.2.

Check: Graph y =2 and y = 1.07" and find the point of intersection.
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b) Use systematic trial to solve 3 = 1.1%,

X 1.1 Mathematical Reasoning
12 3.138... Try x = 12. This gives a value greater than 3. Try a lesser value.
11 2.853... Too low. The correct value is between 11 and 12. Try 11.6.
11.6 3.021... Close, but too high.
11.5 2.992... This is very close and a reasonable approximation.

The solutionis X = 11.5.

Check: Graph y =3 and y = 1.1* and find the point of intersection.

L

T

_—

Intersgckion
n=ll.Beef0s ¥=:

The solution is X = 11.5.

¢) Use systematic trial to solve 0.5 =1.2""".

X 1.2¢°1 Mathematical Reasoning
—4 0.4018... | Try x =—4. This gives a value lesser than 0.5. Try a greater
value.
-2 0.5787... | Too high. The correct value is between —4 and —2. Try —3.
-3 0.4822... | Too low.
-2.9 0.4911... | Close, but too low.
2.8 0.5001. This is very close and a reasonable approximation.

The solution 1s X = -2.8.

Check: Graph y = 0.5 and y = 1.2*" ! and find the point of intersection.

-—-—r_.__'"' .......

Interseckion -
n=-z.BuiFEM Y=E

The solution is X = -2.8.

d) Use systematic trial to solve 5= 1.08" "2,

X 1.08**? Mathematical Reasoning
20 5.436... Try x = 20. This gives a value greater than 5. Try a lesser value.
18 4.660... Too low. The correct value is between 18 and 20. Try 19.
19 5.033... Close, but too high.
18.9 4.995... This is very close and a reasonable approximation.

The solution 1s X = 18.9.
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Check: Graph y =5 and y = 1.08" "% and find the point of intersection.

el

Interseckion
n=ig.81:zz7: Y=E
The solution is X = 18.9.

Section 7.3 Page 364 Question 7

a) Graphy = 10(1.04)" — 100 and find the 1
t-intercept. b) Graphy = (Ej —10 and find the
F """ "!:.I — t-intercept.

oKy
n=EH.FOBZEY Y=
The solution is t = 58.71.

2k
d=-1.66098Y4 IY=0
The solution is t = —1.66.

t t

c) Graphy= (%)3 —12 and find the d) Graphy= 25(%)4 —100 and find the
t-intercept. t-intercept.

ko el

n="EEATHYY IYE0 n="H =0
The solution is t = —5.38. The solution is t = 8.
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e) Graphy=3""'-2"and find the

t-intercept.

PR

—— ¥

ZerFa [
n=enasdds IVv=0

The solutionis t=2.71.

g) Graphy=8""-3"""and find the

t-intercept.

-]
a4 L S

The solution is t = —3.24.

Section 7.3 Page 364
a)
=7 %
=
2 800
a
oo
2600
&
S 400
= T
3 200 R #1002 7F
o
o |10 20T

Tempearature (°C)

¢) Substitute T=15.

T
R =100(2.7)°
15

=100(2.7)*
= 643.883...

Question 8

f) Graphy=5""?—4"and find the

t-intercept.

2k
ik A e e )

The solution is t = 14.43.

h) Graphy=7"""'—4""? and find the

t-intercept.

o]
n="1.BBzzE7 V=0

The solution is t = —1.88.

T

b) Graph R=100(2.7)% and R =200 and find the
point of intersection.

']

—

~—/1

Interseckion
=L EAZBELE V=200

The temperature at which the relative spoilage rate

doubles to 200 is approximately 5.6 °C.

The relative spoilage rate at 15 °C is approximately 643.
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T

d) Graph R=100(2.7)® and R = 500 and find the point ; ,.-"r

of intersection. 3

The maximum storage temperature is approximately /

13.0 °C. T
Inkgrsgckion
n=1z.96288 Y=E00

Section 7.3  Page 364 Question 9

Let N represent the number of bacteria. Let t represent time, in hours.
The initial bacteria count is 2000, so a = 2000. The bacteria double every 0.75 h,

4

sob= % and ¢ =2. Then, N = 2000(2)gt .
Substitute N = 32 000,

4

N =2000(2)°

4

32 000 = 2000(2)*
4

16=(2)"
2 _ ()

Equate the exponents.

St=4
3

t=3
After 3 h the bacteria will be 32 000.

Section 7.3 Page 364 Question 10

Use the formula A = P(1 +i)", where A = 7000, P = 6000, and i = 0.0393.

A=P(1 +i)’

7000 = 6000(1 + 0.0393)"
T 1.0393"
6

Graphy = 1.0393* - % and find the X-intercept.

i
z.00@8E8: ¥=0

Simionie would have to invest his money in a GIC
for 4 years.

i

==rl

L
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Section 7.3 Page 365 Question 11
a) Use the formula A= P(1 + i)", where P = 1000 and i = 0.02: A = 1000(1.02)".

b) Substitute n = 16, the number of compounding periods in 4 years.
A =1000(1.02)"

=1000(1.02)"°

=1372.785...
The value of the investment after 4 years is $1372.79.

¢) Substitute A =2000.
A =1000(1.02)"
2000 = 1000(1.02)"
2=1.02"
Graph y = 1.02" — 2 and find the x-intercept.

From the graph, it appears that it will take

35 compounding periods, or 8.75 years, for the
investment to double in value. However, substituting i
n = 35 into the original function A = 1000(1.02)" results | _______ﬁ.—ﬂ
in a value of $1999.89. So, it will take 36 compounding | 2&F s

a=zE00Z7E8  Y=0

periods, or 9 years, for the investment to actually double
in value.

Section 7.3 Page 365 Question 12

a) Let the initial sample of Co-60 be 1, so a = 1. For half-life, ¢ = % . Since the half-life

: 1 ) . .
of Co-60 is about 5.3 years, b = 33 Then, the exponential function that represents this
53
situation is m = (Ej , where m is the amount of Co-60 remaining after t years.

b) Substitute t=26.5.
t

[

3
m:

N |~

W
N|’—‘ = =
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The fraction of a sample of Co-60 that will remain after 26.5 years is 3%

C) Substitute m = L
512

L

1 )53
m=| —
2

A‘._.

()]
— o
[\]

Il
VR
|~
W
W

LEGk

Equate the exponents.
t
— =9
53
t=47.7

It will take a sample of Co-60 47.7 years to decay to é of its original mass.

Section 7.3 Page 365 Question 13
a) Use the formula A= P(1 + i)", where P = 500 and i = 0.033: A = 500(1.033)".

b) Substitute n = 10, the number of compounding periods in 5 years.
A =500(1.033)"

=500(1.033)""

=691.788...
The value of the investment after 5 years is $691.79.

¢) Substitute A= 1500.
A = 500(1.033)"

1500 = 500(1.033)"
3=1.033"

Graph y = 1.033” — 3 and find the x-intercept. — -...-F"'-f.

e

LD
n=zz B=xralE V=0

It will take 34 compounding periods, or 17 years, for
the investment to triple in value.
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Use the formula A =P(1 + i)", where A =20 000, i = 0.035, and n = 36.

Section 7.3 Page 365 Question 14
A=P( +i)
20 000 =P(1 + 0.035)*°
20000
P - 36
1.035
P =15796.654...

Glenn and Arlene will need to invest $5796.65 today.

Section 7.3 Page 365

a) |) 23)( >4x+1

23X > (22)X+1

23x > 22x+2
Equate the exponents.

3X>2X+2
X>2

b) i) Since the graph of y = 2** is greater
than (above) the graph of y = 4! when
X > 2, the solution is X > 2.

Inkgkseckion
n=e L =a4

X+3
c) Example: Solve the inequality (%j

Interseckion |
n=-1 VY=.2E

MHR - 978-0-07-0738850 Pre-Calculus 12 Solutions Chapter 7

Question 15

i) 81% < 277
(34)X <(33)2X+1
34)( <36X+3

Equate the exponents.
4x <6x+3

3
X>—=

ii) Since the graph of y = 81* is less than
(below) the graph of y = 27! when

3 .. 3
X > ——, the solution is X > ——.
2 2

Intgrsschion
=-1.t

vz.00d1371rY

>2X*1.

X+3
Since the graph of y = (%J is greater

than (above) the graph of y =2~ " when
X < -1, the solution is X <-—1.
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Section 7.3 Page 365 Question 16

47 +249-3=0
4 +2(49-3=0
(4 +3)(# - 1) =0
£+3=0o0r 4-1=0
4=-3 4 =1
Xx=0
Since the value 4" is always greater than zero, there is no real value of X for which
4 = -3. The real solution is X = 0.

Section 7.3 Page 365 Question 17

44 =24

444y =24

41-4"=24

4%0.75) = 24

4=32

22x — 25

Equate the exponents.

2X=5
5

X:_
2

Substitute X = % into (2.

=76.109...
The value of (2°)" is approximately 76.1.

Section 7.3 Page 365 Question 18

Use the formula PMT= PV| ——
I-(1+i)™"

} with PMT = 831.90, PV = 150 000, and

i =0.0025.
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PMT = PV {;}
I-(1+i)™

831.90=150 000{ 0.0025 }

1-(1+0.0025)™
0.0025
1-(1.0025) ™" }
0.0025
0.005 546
0.0025
0.005 546

0.005 546 = {
1-(1.0025)" =

(1.0025)™" = 1—

Graphy=1.0025"andy = I—M and find the point of intersection.
0.005 546

:_________:“:'_E

Intcrseckion
n=cZ0 OORcE Y= ENOEENES

It will take Tyseer 240 payment periods, or 20 years, to pay off the mortgage.

Section 7.3  Page 365 Question C1
a) You can express 16” with a base of 4 by writing 16 as 4% and simplifying.
16 = (4%
=4*
b) Example: You can express 16> with a base of 2 by writing 16 as 2* and simplifying.
16> =(2%?
=98

You can express 16 with a base of % by writing 16 as (%)4 and simplifying.
. 2

)]
"

it

167
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Section 7.3 Page 365 Question C2

a) 16 =8 b) Given equation.
Q2H* =27 Express 16 and 8 as powers of 2.
2% =277 Apply the power of a power law.
8x=3x-9 Equate the exponents.
5x=-9 Isolate the X-term.
X = —% Solve of x.

Chapter 7 Review
Chapter 7 Review Page 366 Question 1

a) For the population of a country, in millions, that grows at a rate of 1.5% per year, the
graph would show the function y = 1.015x: graph B.

b) The graph of y = 10* contains the point (1, 10): graph D.
c) For Tungsten-187, a radioactive isotope that has a half-life of 1 day, the graph would

show the function y = (%J : graph A.

d) The graph of y = 0.2* contains the point (-1, 5): graph C.

Chapter 7 Review Page 366 Question 2

a)
_I,.-'.h
1
=03
X v a
-z 11.3
-1 33 4
0 |
» ey

1 | o3 NEIG R
P 0.09 w

b) The domain is {x | X € R}, and the range is {y |y >0,y € R}.
There is no x-intercept. The y-intercept is 1.

The function is decreasing for all values of X.

The equation of the horizontal asymptote is y = 0.
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Chapter 7 Review  Page 366 Question 3

There is a pattern in the ordered pairs.

X y
0 1
1 4
) 16

. . 1
As the value of X increases by 1 unit, the value of y decreases by a factor of 2

S

Therefore, for this function, ¢ =

Use the point (-1, 4) to check the functiony = (ij :

Left Side Right Side

v )

The function equation for the graphisy = (%) .

Chapter 7 Review Page 366 Question 4

a) Since the interest rate is 3.25% per year, each year the investment grows by a factor of

103.25%, or 1.0325, as a decimal.

b) Substitute t=10.
v=1.0325"
=1.0325"
=1.376...
The value of $1 if it is invested for 10 years will be $1.38.

¢) Graphv=1.0325"and v = 2 and find the point of i
intersection. [

It will take approximately 21.7 years for the value of the "
dollar invested to reach $2.

Interseckion
Mo Breziz Y=z
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Chapter 7 Review Page 366 Question 5

a) Fory=-2(4>%""+2,
a =-2, vertical stretch by a factor of 2 and reflected in the x-axis

b = 3, horizontal stretch by a factor of %

h =1, horizontal translation of 1 unit to the right
k =2, vertical translation of 2 units up

b)

Transformation | Parameter Value | Function Equation
horizontal stretch b=3 V=43
vertical stretch 0= —2 y=-2[4)
translation leftright h=1 ¥ =4y
translation up/down k=2 y=44"+2

c)
Va
e - ™ I e
T— —
2|0 2 | X
-
= —2ar={" 4z
y=—2@r, "+
w

d) The domain is {X|X € R}, and the range is {y |y <2,y € R}.
The equation of the horizontal asymptote is y = 2.

The x-intercept is 1. The y-intercept is g—;

Chapter 7 Review Page 367 Question 6

a) Look for a pattern in the points.

y=3" Transformed Function

e

0, 1) 3,1

(1,3) 4,3)

The transformation can be described by the mapping (X, y) — (X + 3, Y).
This represents a horizontal translation of 3 units to the right.
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b) Look for a pattern in the points.

y=3" Transformed Function
0
3 3
0, 1) (0,-3)
(1,3) (1,-1)

The transformation can be described by the mapping (X, y) — (X, y — 4).

This represents a vertical translation of 4 units down.

c) Look for a pattern in the points.

y=3" Transformed Function
e
3 3
0,1 -1, 1)
(1, 3) (0, -1)

The transformation can be described by the mapping (X, y) — (X — 1, -y + 2).
This represents a reflection in the x-axis and a translation of 1 unit to the right and 2 units

up.
Chapter 7 Review Page 367 Question 7

a) For f(x) =5,
» stretched vertically by a factor of 4, a =4

» stretched horizontally by a factor of % and reflected in the

y-axis, b =-2

» translated 1 unit up and 4 units to the left, k=1 and h=—4
2044) 4 1

The equation of the transformed function is y = 4(5)"

b) For g(x) = @

» stretched horizontally by a factor of % ,b=4

« stretched vertically by a factor of 3 and reflected in the
X-axis, a=-3

« translated 2 units to the right and 1 unit down, h =2 and
k=-1
The equation of the transformed function is

4(x=2)
.
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Chapter 7 Review  Page 367

1o
a) For T=190 5

a =190, vertical stretch by a factor of 190

b= %, horizontal stretch by a factor of 10

h = 0, no horizontal translation
k = 0, no vertical translation

Question 8

b
T 1=1 8000, 50 CE /100

c) For this situation, the domain is {t|t>0, t € R} and the range is

(T|0<T<190,T € R}.

d) Substitute T =22.

1’(

1\
T=190| —
2

lt

1o
22=190| =
2

1
—t
Graph T = 190(%)10 and T =22 and

find the point of intersection.

The milk will keep fresh at 22 °C for . e H—
approximately 31.1 h. ﬂ;‘i"i‘ﬁﬁf-,_.'.? " oymzn
Chapter 7 Review Page 367 Question 9
2 1 -2 3 > 5
a) 36=6 b) =6 c) (\/216) =6
Chapter 7 Review  Page 367 Question 10
a) 3% =27"" 2x+1
5% 3yx—1 1 —139x-3
37=(3) b) (—J =32
35X _ 333 8
(2—3)2X+ 1 — (25)X—3
Equate the exponents. S6x-3 _ 5513
Sx=3x-3 -
Iy =_3 Equate the exponents.
3 —6X -3 =5x—-15
X=—-—= —11x=-12
2 12
X = —
11
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Chapter 7 Review Page 367 Question 11

a) Graphy=3""?andy=5"and findthe  b) Graphy=2*"*andy=3*""and find
oint of intersection. the point of intersection.

Inkerseckion II'I'Z'EI"E'EE'ZIIIII'I

n=-hz0ize: Y=89.BE16E -4 =R AEAEEY YW= pEEREER T
The solution is X = —4.30. The solution is X = —6.13.

Chapter 7 Review Page 367 Question 12

a) Let the initial sample of Ni-65 be 1, so a = 1. For half-life, ¢ = % . Since the half-life

of Ni-65is2.5h, b= 55" Then, the exponential function that represents this situation is
t

25
m= (%j , where m is the amount of Ni-65 remaining after t hours.

titute t = 10. .
b) Substitute 0 C) Substitute m =

1) 1024
m=13 t
2 \as
m=| —
10
1)\2s 2
Y t
2 (1 25
Ly 1024 2
2 t
f -9
" 16 2 2
Equate th ts.
The fraction of a sample of Ni-65 that ?ua ¢ the exponents
will remain after 10 h is i 2_5 =10
e t=25

It will take a sample of Ni-65 25 h to

1 . i
decay to of its original mass.
1024
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Chapter 7 Practice Test

Chapter 7 Practice Test Page 368 Question 1

The functions y = 2%y = (%j , and y = 7* will all have the same y-value of 1 when X = 0:
Choice B.

Chapter 7 Practice Test Page 368 Question 2

1
To obtain the graph ofy = 34( v 2, transform the graph of y = 3* by a horizontal stretch
by a factor of 4 and a translation of 5 units to the right and 2 units down: Choice C.

Chapter 7 Practice Test Page 368 Question 3

Let V represent the value of the car. Let t represent time, in years.
The current value is 100 000, so a = 100 000. The value doubles every 10 years, so

t
b= % and ¢ = 2. Then, V=100 000(2)'°.
Substitute t = 20,

t
V =100 000(2)™
-20

=100 000(2) '
=25000
The value of the car 20 years ago was $25 000: Choice B.

Chapter 7 Practice Test Page 368 Question 4

2’ 2°
@)y (2%
29
T2
=273
Choice A.
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Chapter 7 Practice Test Page 368 Question 5

Solve 0.75 = 0.8" by graphing.

R

o

Tntcrsection
n=1l.cB9zzhe Y=°E
The glass should be approximately 1.3 mm thick: Choice D.

Chapter 7 Practice Test Page 368 Question 6

a) Look for a pattern in the points.

y =5 Transformed Function
(0, 1) (-3,3)
(1,5) (-2,7)
(2,25) (-1,27)

The transformation can be described by the mapping (X, y) — (X -3,y + 2).
This represents a horizontal translation of 3 units to the left and 2 units up: h=-3 and
k = 2. So, the equation of the transformed function is y = 5 + 2.

b) Look for a pattern in the points.

y=2" Transformed Function

v
T2

(1,2) (2,-5)

(2,4 (3,-6)

The transformation can be described by the mapping (X, y) — (X + 1, —0.5y — 4).
This represents a vertical stretch by a factor of 0.5, a reflection in the x-axis, and a
translation of 1 unit to the left and 4 units down: a=-0.5,h=1, and k=-4.

So, the equation of the transformed function is y =-0.5(2)* ' — 4.

Chapter 7 Practice Test Page 369 Question 7

a) | b)

-a--—...—-:’:j: _______ . 4
| 3F
¥= EEl:r";E -l"II:_E{E:I =
«— — +5
-2 [0 2 | X
h J v
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Chapter 7 Practice Test Page 369 Question 8

a) The base function for g(x) = 2(3)* " — 4 is f(x) = 3*.
For g(x) =2(3)* " -4,

a =2, vertical stretch by a factor of 2

b =1, no horizontal stretch

h = -3, horizontal translation of 3 units to the left

k = —4, vertical translation of 4 units down

b)
T{=Elz0 R+ 511

= Y=z

¢) The domain is {X | X € R}, the range is {y |y >4,y € R}, and the equation of the
horizontal asymptote is y = —4.

Chapter 7 Practice Test Page 369 Question 9

a) 3 292" b) 27" =9* 0) 10247 =16
l(x_4) (33)X—4 — (32)X+3 (210)2X—l — (24)X+4
3% =(3%)2 33x-12 _ 32x46 920510 _ Hadxrls
3 =3 Equate the exponents. Equate the exponents.
Equate the exponents. 3X—12=2x+6 20x—10=4x+16
2x=x-4 x=18 16x =26
X=-4 y = 13
8
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Chapter 7 Practice Test Page 369 Question 10

a) Graphy=3andy=1.12"and findthe =~ b) Graphy=2.7 andy=0.3*""and find
oint of intersection. the point of intersection.

v |
T |

_4—'_'-'-

Inkgrseckion Inkterseckion
H=0EEYyNZEY  Y=x w=agfELL =2l
The solution is X = 9.7. The solution is X = 0.1.

Chapter 7 Practice Test Page 369 Question 11

a) If the growth rate remains constant at 2.77%, then the population would have been
multiplied by a factor of 1.0277 after 1 year.

b) Let the initial percent of the population for Saskatoon in 2010 be 100, so a = 100. For
the growth rate from part a), ¢ = 1.0277. Then, the exponential function that represents
this situation is P = 100(1.0277)", where P is percent of the population t years after 2010.

c) For this situation, the domain is {t|t>0, t € R} and the range is
{P|P>100,P € R}.

d) For Saskatoon’s population to grow by 25%, substitute P = 125.
P =100(1.0277)"

125 = 100(1.(3277)t
1.25 =1.0277 i —
Graphy =1.25 and y = 1.0277" and find the point of f ——
intersection. i
It will take approximately 8.2 years for Saskatoon’s F
population to grow by 25%. Tnieroectan
n=H.1667B76 Y=1.ZE

Chapter 7 Practice Test Page 369 Question 12

QD

Hydrogen lon |~
Concentration
(mol/L)
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b) Substitute P =7.

ol

{3

H(7)=1x10""
The hydrogen ion concentration for a pH of 7.0 is 1.0 x 10~/ [H+].

¢) Determine the hydrogen ion concentration for a pH of 7.6. Substitute P = 7.6.

ol

H(7.6) = (%} |

H(7.6) ~2.5x10°®

The equivalent range of hydrogen ion concentration for a pH between 7.0 and 7.6 is from
1.0 x 1077 [H+] to 2.5 x 10 [H+].

Chapter 7 Practice Test Page 369 Question 13
Use the formula A = P(1 + i)", where A = 5000, P = 3500 and i = 0.021.

Solve 5000 = 3500(1.021)".
5000 = 3500(1.021)"

2000 _ 1.021"
3500
10 1.021"
7

Graphy =1.021" - g and find the X-intercept.

It will take approximately 18 compounding periods, or o
Sk

4.5 years, before Lucas has enough money to take the U=iP iEzzul Y=

vacation he wants.
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Chapter 7 Practice Test Page 369 Question 14

Determine when a computer purchased for $3000 is worth 10% of its values, or $300.
Substitute V = 300.

)
va)_3mm(§J

1)3
300 = 3000(5)

t
01=(lj3
2

Graphy=0.1andy = (%T and find the point of

intersection.

It will take about 9.97 years, for the computer to be
worth 10% of its purchase price.
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