Chapter 3

Chapter 3 Prerequisite Skills

Chapter 3 Prerequisite Skills

Answers may vary. A sample solution is shown.

Rational Functions

Question 1 Page 146

1
A line or curve that the graph approaches more and more closely. For fix) = —, the vertical
X

asymptote is x = 0.

Chapter 3 Prerequisite Skills

n=0

y=-.3333333

b) x=-4,y=0

V1= -1/ CH+4)

n=0

y=- .z

¢) x=8,y=0

V1= -2/ -H)

Question 2 Page 146
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d) x=5,y=0
Wi=1/020-100

n=0 f=-.1

Chapter 3 Prerequisite Skills Question 3 Page 146

Ni=4i-2 ; )ffff
%=1 Jffﬁszz

No restrictions on the domain or range.
domain: {x € R}, range: {y € R}

a)

b)

W1=Z(H=-112+Y

n=i L =y

No restrictions on the domain.
domain: {x € R}

From the graph:

range: {y € R,y >4}
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Vi=H"3 ; J'(

v

¥=z =g

d)

No restrictions on the domain and range.
domain: {x € R}, range: {y € R}

Vi1=1.%

[ -

¥=.E y=z

Division by zero is not defined.
x#0

domain: {x € R, x#0}

From the graph:

range: {y € R, y# 0}

Wi1=1/CH=-41

=

w=x [ ¥=-1
Division by zero is not defined.
x—4#£0

x+4

domain: {x € R, x #4}

From the graph:

range: {y € R,y #0}
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V1="-3/H

n=3 F=-1

Division by zero is not defined.
x#0

domain: {x € R, x#0}

From the graph:

range: {y € R,y #0}

Chapter 3 Prerequisite Skills Question 4 Page 146

+ 13 3-0 3 1
a) Q=—=—13 b) —=—=—
2-3 -1 544 9 3
4-2 2 2 -
) ——=—=—— d) Qz—l
-7-2 -9 9 1-
-6-17 -9-3 -12
2-1 -7-3 —-10 5
Chapter 3 Prerequisite Skills Question 5 Page 146
7-10 -3 11-6 5
a) =— b) ——=—
-1-7 -8 7-0 7
=0.38 =0.71
4-2 2 441 5
) ——=— d) .
7+4 11 11+2 13
=0.18 =0.38
0 -09+52 43 f -1.7+32 1.5
1.5+6.6 8.1 10.1-58 4.3
=0.53 =0.35
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Chapter 3 Prerequisite Skills Question 6 Page 146
a) (x+4)(x+3) b) (5x—-2)(x-3)

¢) Bx+8)(2x—1) d) (x + )(x +3)x—2)

1
e) P|-——|=0
» #(-3)
(2x+1) is a factor

6x>—x-2
2x+1)12x3+4x2—5x—2

12x° + 6x°

—2x%—5x

2x* —x
—-4x-2
—x-2
0
Qx+1)(6x* —x=2)=2x+1D2x+1)(Bx—-2)
=Q2x+1)°Bx-2)

f) (Bx—4)9x*+12x+16)

Chapter 3 Prerequisite Skills Question 7 Page 146
a) (x—-8)(x+4)=0 b) (x+5)(x+1)=0
x=8orx=—+4 x=-Sorx=-1
¢) (x=3)(2x-3)=0 d) (x+5)(6x+1)=0
x=3o0orx=— x=—50rx:—l
2 6
e) (x+7)(2x-1)=0 ) (x-6)3x+5)=0
x=—70r)c=l x=60rx:—§
2 3

MHR » Advanced Functions 12 Solutions 250



Chapter 3 Prerequisite Skills Question 8 Page 146

a) x’—4x+2=0 b) 2x*+8x+1=0
- 4+J(—4)? —4(1)(2) - —8+4/8% —4(2)(1)
2(1) 2(2)
4+4/8 —8++/56
X = X=—-—
2 4
x=2%2 LA
2
¢) 3x*+5x+4=0 d) no real roots; no x-intercepts
515439
2(-3)
ERE
-6
EEENE
6
e 3x*+8x+2=0 f) —x*+2x+7=0
e —8++/8%2 —4(3)(2) - —2%4/2° —4(=1)(7)
2(3) 2(-1)
L_8E40 L2V
6 -2
L —4eV10 x=1£242
3
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Chapter 3 Prerequisite Skills Question 9 Page 147

a) 2x>12
x>6

me 874 5432101 2 34 506 7 5 R

b) 9+2>6x—4x

112>2x

11

x< —

2

‘".’ vvvvv ::'%3?::::-v7‘;|rl

¢) 4x—-8x<-2
—4x <=2

1
x> —

2

vvvvvvvvvvvvvvvvvvvvv

dbdddd b - > > . -
T S N————
y P .5 7 R
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) x—2x<2+7

—-x <9
x>-9
D 2
Chapter 3 Prerequisite Skills Question 10 Page 147

a) (x—2)(x +2)<0

Case 1

x<2 x2-2 <t+—t+—1@—+—T—0 1>
—2 <x <2 isasolution. -5 4 3 2 -1 0 1 2 3 4 5
Case 2

x=>2 x<-2

No solution.
The solution is 2 <x < 2.

b) (x—6)(x +3)>0

Case 1

x>6 x>-3 ‘-@—'—'—'—'—'—'—'—'—k ¢'>
x> 61s a solution. 5 4 3 2 -1 0 1 2 3 4 5
Case 2

x<6 x<-3

x <=3 1is a solution.

The solution is x <-3 or x > 6.
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¢ 2x'-26=0

2(x*—13)=0
- Attt
x=+13 or x=—/13 5 4 3 2 -1 0 1 2 3 4 5

2(x—\/ﬁ)(x+\/ﬁ)<0

Case 1
x<\/ﬁ x>—\/§

—/13<x< \/ﬁ is a solution.

Case 2

x>\/ﬁ x<—\/§

No solution.

The solution is —\/E <x <\/B .

d) 3" - 2> +5x—2x—12+2>0
¥ +3x-10>0

(x +5)(x—2) > 0 $———+—+—F—F o— H>

Case 1
x>-5 x>2
x> 2 1is a solution.

Case 2
x<-5 x<2

x <-51s a solution.

The solution is x <—5 or x > 2.
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e 2 —xX*—x+9x+4+3<0
¥ +8x+7<0
x+7Dx+1)<0 P — | | | |

Case 1
x<-7 x>-1
No solution.

Case 2
x>-7 x<-1
—7 <x <-11s a solution.

The solution is =7 <x <-—1.

f) X¥+xX+2x+9x+2-8>0
27+ 11x—6>0
(x+6)2x-1)>0 -+ttt
7

Case 1

1
x>-6 x> —

1. .
x> — 1is a solution.

Case 2
1

x<-6 x< —
2

x <—6 1is a solution.

The solution is x <—6 or x >5 .
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Chapter 3 Section 1

Chapter 3 Section 1

a)
Asx — ftx) >
2" +oo
2" —oo
+oo 0
—o0 0
b)
Asx — ftx) >
5" +oo
-5 oo
o0 0
—o0 0
)
Asx — ftx) >
8" +oo
8 —oo
o0 0
—o0 0

Chapter 3 Section 1
a) i)x=2,y=0
ii)x=-3,y=0

1
b)i) y= p shifted 2 to the right

1
C2(x=2)

y

1
ii) y = — shifted 3 to the left
2x

1
y_2u+3)

Reciprocal of a Linear Function

Question 1 Page 153

Question 2 Page 153
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Chapter 3 Section 1

a) i) x=5

b) i) x=-6

)

i x=1

d) i) x=-7

ii) y=0

ii) y=0

ii) y=0

ii) y=0

Chapter 3 Section 1

a)

b)

W1=1/(H-E1
n=g ¥=
Wi=Z/(H+6)
H="B ¥=

Question 3 Page 154
iii)letx =0
f0)=

(@)
| —
W

| —

jiii) let x =0

g(0)=

[

W= O

jiii) let x =0

5
h(0)= o

1—
=5

iii)let x =0
1
k(0)=———
©) 0+7

Question 4 Page 154

Wi1=1/(H-E

- !

W=-EPEI40N Y=-.1i46341

Wi1=Z/(H+E]

W=IZMOYZEET Y=.ziZ6GE96H
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W1=E/01-0) W1=E/01-0)
=i [ H=B.7Ex4043 [v=-.647zBz0
d)
Wi1=-1/00+7) I Wi1=-1/00+7)
X r/__ ........ o
=7 = L H=Z.0BE106Y4 Y¥=-.0891iE61
Chapter 3 Section 1 Question 5 Page 154
a) Since the vertical asymptote is x = 3:
1
y_x—3
b) Since the vertical asymptote is x =—3:
1
y_x+3

¢) Since the vertical asymptote is x = 5 :

1
2x—1

y:

d) Since the vertical asymptote is x =—4 and it is reflected in the y-axis:
1

x+4
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Chapter 3 Section 1

a)

Wi1=1/(H=-32

B=0 y=-.3333333

Question 6 Page 154

Select a few points to the left of the asymptote and analyse the slope.

Atx=-1, flx)=-0.25
Atx=0,fx) =-0.33
-0.33+0.25
Slope = —
0+1

=-0.08

Atx=1,f{x)=-0.5
Atx =2, flx)=-1
-1+0.5
2-1
=-0.5

Slope =

Since —0.5 <-0.08, the slope is negative and decreasing for the interval x < 3.

Select a few points to the right of the asymptote and analyse the slope.

Atx=3.5,fix)=2

Atx=4, fix)=1
1-2
Slope =
P 435
-2

Atx=5,f(x)=0.5
Atx=06,f({x) =0.33
~0.33-0.5
6-5
=-0.17

Slope

Since —0.17 > -2, the slope is negative and increasing for the interval x > 3.
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b)

N1=Z/ 20+

B=0 v=.4zBEP1NE

Select a few points to the left of the asymptote and analyse the slope.

Atx=-6, f{x) =-0.6
Atx=-5,f[x)=-1
-1+0.6
-5+6
=-04

Slope =

Atx=-4,fix)=-3
Atx=-3.8, flx)=-5
-5+3

Slope =
=-2

7
Since —2 < 0.4, the slope is negative and decreasing within the interval x < —3

Select a few points to the right of the asymptote and analyse the slope.

Atx=-3,f(x)=3
Atx=-2,flx)=1

Atx=-1,f(x)=0.6
Atx=0,f(x) =0.43
0.43-0.6
0+1
=-0.17

Slope =

7
Since —0.17 > -2, the slope is negative and increasing for x >—5 .
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V1= -2/ +4)

B=0 y=-&

Select a few points to the left of the asymptote and analyse the slope.

Atx=-5f{x)=2
Atx=-45,fx)=4
4-2

Since 4 > 0.33, the slope is positive and increasing for x <—4.

Select a few points to the right of the asymptote and analyse the slope.

Atx=-3,flx)=-2
Atx=-2,flx)=-1
-1+2

—2+3
=1

Slope =

Atx=0,f(x)=-0.5

Atx=1,f{x)=-04

-0.4+0.5

Slope = ———
1-0

=0.1

Since 0.1 < 1, the slope is positive and decreasing for x > —4.
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d)

W1=E/(Z=-2HD

B=0 v=1 6666667

Select a few points to the left of the asymptote and analyse the slope.

Atx=-2,f(x) =0.71
Atx=-1,flx)=1
1-0.71
—-1+2
=0.29

Slope

Atx=0,f(x) =1.67

Atx=1,filx)=5
5-1.67
Slope =
P 1-0
=333

3
Since 3.33 > 0.29, the slope is positive and increasing for x <5 .

Select a few points to the right of the asymptote and analyse the slope.

Atx=2,f(x)=-5
Atx=3,f(x) =-1.67
-1.67+5
3-2
=333

Slope

Atx =4, flx)=-1

Atx=5,f(x) =-0.71

-0.71+1
5-4

= 0.83

Slope

3
Since 0.83 < 3.33, the slope is positive and decreasing for x >5 .
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Chapter 3 Section 1 Question 7 Page 154

a)
Wi=1/h-11 |
_“\
B=0 y=-1
xeR,x#1}, {yre R, y#0},x=1,y=0
b)
Fi=1/CH+H)

B=0 y=.2E

{XG R,X#—“-}, {ye R’yio}’x:_él"yzo

)

Vi=1/C2H+1) |&

T

n=0 =1

1 1
{XG R’xi_g}’ {ye R,yio},x:—g,yzo

d)

V1= -1/ CH+4)

B=0 y=-zE

{XG R,X#—“-}, {ye R’yio}’x:_él"yzo
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g)

h)

V1= -3 2H-ED |

B=0 v=.5

{re R,x# %}, e R,y¢0},x=§,y=o

V1=4/(E=-H1

B=0 v=.B

xe R,x#5}, {ye R,y#0},x=5,y=0

Wi1=1/CH=-01./42)

H=i =-Y

1 1
{XG R,X?ﬁ Z}’ {ye R,Y¢O},xzz,y:0

V1= -3 0H+1/2)

n=0 ¥=-8

1 1
{XG R’xi_g}’ {ye R,Y¢0},x:—5,y:0
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Chapter 3 Section 1 Question 8 Page 154

For the y-intercept let x = 0.

1
)=~

=-1

[

—

1
f(x)—m

For the asymptote let x = 1.
kx—1=0

kx=1
k(1)=1
k=1

1
f(x)—z

Chapter 3 Section 1 Question 9 Page 154

Let x =0.

1
fO)=5—

=-0.25

Asymptote is at x =—1:
kx—4=0

kx = 4
k(-1)=4
k=—4

f(x)=_4x_4

Fo==r
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Chapter 3 Section 1 Question 10 Page 155

a) d=350x 11
= 3850
3850

v

b)

V1=>B50/%

-

BEZ e oy=182E ——

3850
€) t=——
500
t="17.1

It would take 7.7 h or 7 h and 42 min.
d) As the speed increases the rate of change of time decreases.
Chapter 3 Section 1 Question 11 Page 155
a) Answers may vary.

b) Answers may vary. A sample solution is shown.
. , 2
The equation of the asymptote is x :_E .
When b = 1, the asymptote is x = 2.

2
When b > 1, -2< 3 <0, the vertical asymptote is between —2 and 0.

2
When 0 <b <1, ry < -2, the vertical asymptote is less than —2.

When b < 0, the vertical asymptote is bigger than zero.

Chapter 3 Section 1 Question 12 Page 155

a)

Wi1=1/(H-E)

MHR » Advanced Functions 12 Solutions 266



b)

Vi=1/C2H-ED

n=n ¥=-.2
)

V1=1/C3H-ED

n=n =-.Z

Chapter 3 Section 1 Question 13 Page 155
a) f=200x3
00
F= 800
d

b)

V1=a00/H

-
-

WEE VSR

c) F=@
2

F=300N

300 N of force is needed to lift the object 2 m from the fulcrum.

d) F:@
2d
_30

d

F

The force is halved.
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Chapter 3 Section 1

Question 14 Page 155

a) Since division by zero and negative square roots are not defined, x > 0 and y > 0.

b)

domain: {x € R, x>0}
range: {y € R,y >0}
vertical asymptote: x =0
horizontal asymptote: y = 0

Wi=1/1CH)

n=1

=1

Since division by 0 is not defined, x # 0 and y # 0.

Since x is an absolute value, g(x) is positive.
domain: {x € R, x#0}

range: {y € R,y >0}

vertical asymptote: x =0

horizontal asymptote: y = 0

—ﬁd_.'-f.:

'|'1=1.’ubs(=-:3}' [

=-1

=1
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¢) Division by zero is not defined.
x=2#0
x#2
domain: {x e R, x #2}
To find the range, first find the inverse function.

3
x=——+4
y—2
3
x—4=—
y—
3
2=
Y x—4
3
= +2
Y x—4
Division by zero is not defined.
x—4#0
x#4

The domain of the inverse function is the range of f{x).
range: {y € R,y #4}

vertical asymptote: x =2

horizontal asymptote: y = 4

WA1=Z/CH=-20+Y | '\-‘—_

B=0 y=z.E
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Chapter 3 Section 1

n=e.kb [ =0

Left side of the x-intercept:
Atx=2,y=-1, reciprocal =—1

Atx =1, y=-3, reciprocal = -3

1
Atx =0, y=-5, reciprocal= —g

Atx=-1,y=-7, reciprocal = ——

Right side of the x-intercept:
Atx=3,y=1,reciprocal =1

1
Atx =4,y =3, reciprocal = 3
, 1
Atx=35,y=35, reciprocal = 3
, 1
Atx =6,y =17, reciprocal = 7
Wi=zu-E
k| ¥=z

Question 15 Page 155

Coordinates for f(x)=
fx) -

Ne=1/(ZH-E)

n=4 XXX EE;

Answers may vary. A sample solution is shown.
The reciprocal of the y-coordinates on either side of the x-intercept (y = 2x — 5) are the

-coordinates of f(x)= .
Y fx=7"—3
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Chapter 3 Section 1

1 11

X_Z y

1y =z

x_zy 7y

1_y-z

x zy

-
y—2z

x=£,y¢z,x¢0,z¢0
y—2z

Chapter 3 Section 1

75b—5b _ 70b
5b  5b
—14

Chapter 3 Section 1

™
[SSR )

Question 16 Page 155

Question 17 Page 155

Question 18 Page 155

. - . Y
If two points are within 1 unit of each other, the angle between them must be less than 3

(they form an equilateral triangle).

That means that given any point A, if point B is in the nearest third of the circle to A, the distance

2
will be less than 1 unit. So there is 3 of the circle where the distance is greater than 1 unit.
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Chapter 3 Section 2 Reciprocal of a Quadratic Function

Chapter 3 Section 2 Question 1 Page 164
a)
Asx — ftx) >
3" —oo
3+ o0
1~ +oo
1 —oo
oo 0
+oo 0
b)
Asx — ftx) >
-4 +oo
4" oo
5 —o0
5+ o0
oo 0
+oo 0
¢)
Asx — ftx) >
-6 oo
6" oo
oo 0
+oo 0
Chapter 3 Section 2 Question 2 Page 165
a) asymptote: x =4 domain: {x € R, x #4}
b) asymptotes: x =2, x =-7 domain: {x e R,x#2,x#-7}

¢) No asymptotes or restrictions on the domain.
domain: {x € R}

3
(x=5)(x+5)
asymptotes: x =—5,x =5 domain: {x € R,x#5,x# -5}

d) m(x)=
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1
(x=3)(x-1)
asymptotes: x =3, x =1 domain: {xe R,x#1,x# 3}

e) h(x)=

2
C(x+4)(x+3)
asymptotes: x = -4, x=-3  domain: {x € R,x#—-4,x #-3}

f) k(x)=

2

&) M) = G4

4 4
asymptotes: x =-2, x =§ domain: {xe R,x#-2,x # 3 }

h) No asymptotes or restrictions on the domain.
domain: {x € R}

Chapter 3 Section 2 Question 3 Page 165
a)
Interval Sign of f(x) Sign of Slope Change in Slope
x<1 + + +
x>1 + - _
b)
Interval Sign of f(x) Sign of Slope Change in Slope
x<-=2 + + +
—2<x<1 — + -
x=1 — 0 _
1<x<4 — _ _
x>4 + — +
¢)
Interval Sign of f(x) Sign of Slope Change in Slope
x<-3 - - -
-3<x<0 + — +
x=0 + 0 +
0<x<3 + + +
x>3 - + -
d)
Interval Sign of f(x) Sign of Slope Change in Slope
x <-4 — — —
x>-4 — + —
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Chapter 3 Section 2 Question 4 Page 165

a) asymptote: x = 1, y-intercept: 1
1
 k(x—1)>
1

1= 3

k(=1)
k=1

1

T 1)

y

Y

1
b) asymptotes: x =-2, x =4, point [1, —5)

1

k(x+2)(x—4)
1 1

9 k(1+2)(1-4)
11

9 9k

k=1

y:

1

T ) -4)

. 1 . .
¢) asymptotes: x =-3, x =3, y -intercept: % reflected in x-axis

1
Y kG =3)(x+3)
1 1
9 k(0-3)0+3)
11
9 9k
k=1

o
y__x2—9
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d) asymptote: x = —4, point (-3, 1), reflected in the x-axis

1

k(x+4)
NP
k(=3+4)?
=1
k
k=1
_ 1
Y (x+4)>

Chapter 3 Section 2

1
a) i) f(x)=

ii) vertical asymptotes: x =3, x =-3,

(x=3)(x+3)
domain: {x € R, x #-3,x #3}

Question 5 Page 165

As x — Foo, the denominator approaches +eo, so f{x) approaches 0.

horizontal asymptote: y = 0

jiii) let x =0

f0)=

1

1

)

. 1
-intercept: ——
Yy 1Y 9

iv)

0-3)0+3)

Wi=1/CHz-80 T

n=0 - Y=-1111111
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Interval Sign of f(x) Sign of Slope Change in Slope
x<-3 + + +
3 <x<0 — + —
x=0 - 0 _
0<x<3 — - _
x>3 + — +

vi) {yeR, y£0}{ye R,y#0}

1
(x=5)(x+3)
domain: {x € R,x#-3,x#5}

b) i) t(x)=

ii) vertical asymptotes: x =-3,x =5

As x — Foo, the denominator approaches +eo, so f{(x) approaches 0.

horizontal asymptote: y = 0
iii)letx =0

t(0)

1
C(0-5)(0+3)
L

15

-intercept: ——
y p 15

iv)
Mi=1/0Hz-2H-1E5)
n=1 L Y=-.062k
V)
Interval Sign of f(x) Sign of Slope Change in Slope
x<-3 + + +
I<x<1 — + —
x=1 — 0 _
I<x<5 — - _
x>5 + — +

vi) {ye R,y # 0}
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¢) i) The denominator cannot equal zero, there are restrictions at

X2 +5x=21=0
—5 4452 —4(1)(=21)
X=
2(1)
~5++/109 —5-+/109
X=——O0rx=—"—"
2 2
-5+
domain: {xe]R, x;t%}

—5++/109 .x__—s-J109
2 T 2

As x — Foo, the denominator approaches +eo, so f{(x) approaches 0.
horizontal asymptote: y = 0

ii) vertical asymptotes at x =

jiii) let x =0

1
p(0)=-

0% +5(0)-21

-intercept: —
y p 3

iv)

V1= -1 CHz+EH-21)

h*TL—ﬁ*%F*{

n="eg.k ¥=.0ze69728
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Interval Sign of f(x) Sign of Slope Change in Slope
-5—-+/109
X< ——— - - -
2
:2:%5E<x<_25 + - +
x=-2.5 + 0 +
25<x< —5% V109 + 4 4
-5+4/109
x> — — + _

vi) {ye R,y #0}

1

R e

1
domain: {x eR, x#2, x# —g}

. 1
ii) vertical asymptotes: x =2, x = ——

As x — Foo, the denominator approaches +eo, so f(x) approaches 0.
horizontal asymptote: y = 0

jiii) let x =0

w(0) = ;
(0-2)(3(0)+1)
1

2

-intercept: ——
y p >

iv)

Wi=1/(ZHz-EH-2)

n=0 ="t
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Interval Sign of f(x) Sign of Slope Change in Slope
x< 1 + + +
3
—_<x< = — + —
5
xX= = - 0 -
6
—<x<2 — _ _
x>2 + — +

vi) {ye R,y #0}

e) i) No restrictions on the domain.
domain: {x € R}

ii) No vertical asymptotes.
As x — Foo, the denominator approaches +eo, so f{(x) approaches 0.
horizontal asymptote: y = 0

jiii) let x =0

1
0)=

90) 02+2

1

2

-intercept: —
y p >

iv)

W1=1/HZ+2D

n=0 ¥=.t
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Interval Sign of f(x) Sign of Slope Change in Slope
x<0 + + +
x=0 + 0 _
x>0 + — +

1
vi) {yeR,0<yS§}

Chapter 3 Section 2

1
a) y-intercept: oy

Question 6 Page 166

The point is approximately (0, —0.1111).

X Slope of Secant with
Y (0,-0.111 11)
0.1 —0.111 235 —0.001 24
0.01 —0.111 112 —0.0001
0.001 —0.111 111 0

Calculate the slope of the secant with the point (0.001, —0.1111).

_—0.I1T111+0.111 111

Slope =

0.001-0

=0

The slope is approximately 0 at the y-intercept.

1
b) y-intercept: ——
)y Pt =15

The point is approximately (0, —0.066 667).

X y Slope of Secant with
(0,-0.066 667)
0.1 —0.065 833 0.008 34
0.01 —0.066 578 0.0089
0.001 —0.066 658 0.009

The slope is approximately 0.009 at the y-intercept.
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. 1
¢) y-intercept. —
)y Pt

The point is approximately (0, 0.047619).

Slope of Secant with
X Y (0, 0.047 619)
0.1 0.048 804 0.011 85
0.01 0.047 733 0.0114
0.001 0.047 63 0.011

The slope is approximately 0.011 at the y-intercept.

1
d) y-intercept: —3

The point is (0, —0.5).

X y Slope of Secant with
0,-0.5)
0.1 —0.404 858 0.95142
0.01 —0.487 876 1.2124
0.001 —0.498 754 1.246
0.0001 —0.499 875 1.25
The slope is approximately 1.25 at the y-intercept.
) 1
e) y-intercept: 5
The point is (0, 0.5).
Slope of Secant with
X Y (0, 0.5)
0.1 0.497 512 —0.024 88
0.01 0.499 975 —0.0025
0.001 0.5 0

The slope is approximately 0 at the y-intercept.
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Chapter 3 Section 2 Question 7 Page 166

a) domain and range: {xeR, x=0}, {yeR, y>0}

asymptotes: x =0,y =0

no x- or y-intercepts

x < 0: the function is positive and increasing (positive slope)
x > 0: the function is positive and decreasing (negative slope)

b) domain and range: {xeR, x =1}, {yeR, y>0}

asymptotes: x =1,y=0

y-intercept: 1

x < 1: the function is positive and increasing (positive slope)
x > 1: the function is positive and decreasing (negative slope)

domain and range: {xeR, x= -2}, {yeR, y>0}
asymptotes: x =-2,y =0

) 1
-1ntercept: —
Yy P 4

x <-=2: the function is positive and increasing (positive slope)
x >-2: the function is positive and decreasing (negative slope)

Answers may vary. A sample solution is shown.

Key features of the reciprocal of a perfect square function:

There is a vertical asymptote equal to the x value of the vertex of the corresponding quadratic
function.

The reciprocal function is positive and increasing (positive slope) when the corresponding
quadratic function is positive and decreasing (negative slope).

The reciprocal function is positive and decreasing (negative slope) when the corresponding
quadratic function is positive and increasing (positive slope).

Chapter 3 Section 2 Question 8 Page 166
a) b)
Vi=1/CHz-12 [ Vi=1/(Hz+BH+1E)
¥
n=0 m "1 n=0 Y=.0EEEGEGT
increasing: x <-1 and -1 <x <0 increasing: x <-5and -5 <x <-4
decreasing: 0 <x <1 and x> 1 decreasing: -4 <x <-3 and x >-3
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Vi=4/ (R +H-6)

¥=-E v=- 64

. . 1
increasing: x <-3 and -3 <x <—-—

1
decreasing: -5 <x<2 andx>2

V1=B/CHz+1)

B=0 =g

increasing: x <0
decreasing: x >0

g)

=1 08z +20 |

n=0 Y=-.333333E

increasing: x >0

decreasing: x <0

d)

h)

V1= -1 4 H =4 =2

. . 1 3 3
increasing: — <x< — andx > —
2 2

1 1
decreasing: x < 3 and ——<x< —

2

V1=-1/(H-G1%

PR ST TRt

n=z k F=-1111111

increasing: x > 6
decreasing: x <6

Vi1=1/(8Hz-aH+1)

n=0 i

Y=
. . 1
Increasing: x < g
1
3

decreasing: x >
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Chapter 3 Section 2 Question 9 Page 166

a) Answers may vary. A sample solution is shown.
Complete the square to get it in the form y= a[k(x - d)]2 +c.
Note that (d, c) is the vertex.

fx)=(x*+6x)+11 Square half the middle term to get the last term.

= (x> +6x+9)+11—9 Subtract the last term from 11 so the function is not changed.
=(x+3)°+2

The vertex is (-3, 2).

b) Answers may vary. A sample solution is shown.
The maximum will be at the vertex of this function.

The vertex of this function will have the same x value as the vertex of the above function.
substitute x = -3

1
8(=3)= 3% +6(=3)+11

(-
1
2

. : 1
maximum point: [—3, 5]

¢ i) 2x—8x+9=2(x"-4x)+9 Divide the first two terms by 2.
=2(x* —4x+4)+9-8
=2(x—-2)* +1
substitute x =2
h(2)=

2027 -8(2)+9
=4
maximum point: (2, 4)

=4 Rz =B +9)

n=g L ¥=Y
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2 2
ii) x2+5x+8=(x2+5x+§j+8—75

__2

7

4

20

7
. . [5 20)
minimum point: | ——, ——
2 7

V1= -E/CHz+EH+B) [

7

n="g.k Y=z A1

Chapter 3 Section 2

Question 10 Page 166

Answers may vary. A sample solution is shown.

a) f(x) and g(x) will have the same shape reflected in the x-axis.

Wi=1/ (R 2=-rH+12) Ve= -1/ 08 2-rHi+1z)

n=e.kb T=1.2333333 n=e.kb Y=-1.233333

-
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1
b) k(x)=— is a vertical stretch of h(x)=— 9 by a factor of 2.
x = x =
WMi=1/CHz-8) We=z/Hz-a)
hET y=-.2 hET =-.4

¢) m(x) and n(x) will have the same shape but different vertical asymptotes and
y-intercept.

Wi=1/002-41 | Ne=1/(Rz-2E
AT
H=Z (‘r:.z H=Z Y= - 0625
Chapter 3 Section 2 Question 11 Page 166

Answers may vary. A sample solution is shown.
a) Since y =0 is the horizontal asymptote, as x — teo, the denominator approaches +eo, so f{x)
approaches 0.
An equation that satisfies the vertical asymptotes:
1

YT GG+
For this equation the intervals x <-3 and x > 2, y > 0.

The equation can be written:
1

y=
¥ +x-6
b) Since y =0 is the horizontal asymptote, as x — teo, the denominator approaches +oo,

so approaches 0.

Since there are no vertical asymptotes, the denominator has no real roots.

The maximum point is the vertex.

1
y =
X% +2
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¢) Since y =0 is the horizontal asymptote, as x — teo, the denominator approaches +eo, so f{x)
approaches 0.
From the asymptote:

1
TS
Chapter 3 Section 2 Question 12 Page 166

a) k=9140x0.387"
k =1368.89
1368.

P 338289

b)

¥1=1>68.9/'1z

B=z V=IYE.EEE

~ 1368.89

12
=1368.89
The intensity of radiation on Earth is approximately 1368.89 W/m®.

c) I

X y Slope of Secant with
(1, 1368.89)
1.1 1131.31 —2375.8
1.01 1341.92 -2697
1.001 1366.16 —2730

The rate of change is approximately —2730.
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Chapter 3 Section 2 Question 13 Page 167

a)

1=B20 01+ AEH000)Z

n=10000 Z="=124.8/805 &

b) i)

1=B20 01+ 0 AEH000)Z

n=1d F=B17.44=49

W(h) =817.4; approximately 817.4 N

iii)

1=B20 01+ AEH000)Z

n=H000 T=210.5328Y

W(h) =310.5; approximately 310.5 N

=

T —

Interseckion
n=E1EEYy YRE Y=10

h>51554.5
The astronaut will have a weight of less than 10 N at altitudes of at least 51554.5 km.
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Chapter 3 Section 2

1
a) The graph of y=—- shifted up 3.

x2
Mi=1/Hz+Z
=1 =Yy
b) The graph of y=—; shifted down 4.
x —

Wi=1/(Hz-81-Y4

B=0 [ Iy=-y111111

Chapter 3 Section 2

Solutions to Achievement Check questions are provided in the Teacher’s Resource.

Question 14 Page 167

Question 15 Page 167
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Chapter 3 Section 2 Question 16 Page 167

Vi=zH ;/ Vi=zH

a)

"

%=1 y=z B=0

reciprocal: 5 reciprocal: undefined

Vi=zH ] Wi=1/CZH)

==z / y=-y n=1 ¥=.5

b)
Vi=4iz [ Vi=4iz
n=1 =Yy H=0 t=0
1
reciprocal: 7 reciprocal: undefined
Vi=4iz \' [ Wi1=1/C4Hz)
AL | F AN —
=-K y=1 n=i Y=.2E

reciprocal: 1
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d)

Mi=Hz-1 [
=
= =-1
reciprocal: —1
Mi=Hz-1
[~
=-1 =0

reciprocal: undefined

Vi=H"3

n=0

y=i

reciprocal: undefined

Vi=H"3

n=".k

y=-1zE

Vi=Hz-1

n=g

y=3

reciprocal: —
P 3

Wi1=1/CHz=-1)

o [

=-1

Wi=n"z

=1 =1
reciprocal: 1
Mi=1/8"Z

n=i =i

reciprocal: —8
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Chapter 3 Section 2 Question 17 Page 167

a)

Vi=1/0"3 ] Vi=1/0"3

¥=-E T [v=-8 ¥=.E =g

Symmetric about the origin.

b)

Wi=1/H"Y ! Wi=1/H"Y

H=-.E v=185 H=.E v=185

Symmetric about the y-axis.
Chapter 3 Section 2 Question 18 Page 167
Explanations may vary. A sample solution is shown.

1
a) f(x)=3+—
X

1
Vertical translation of y=— up 3.
X

W1=(ZHT+10 0z

n=1 =4
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b)

—4x*+36+1
x>-9

A -9)+1

B x2-9

_—4(x*-9) 1

x*-9 +x2—9

1

x*-9

gx)=

=4+

down 4.

Vertical translation of y=

Vi1=( 4R+ 370 (HE=-0)

n=0 T=-4.111111

Chapter 3 Section 2 Question 19 Page 167

Answers may vary. A sample solution is shown.
1

Si byy=———.
incex+a,x#b,y G —a)—b)

Chapter 3 Section 2 Question 20 Page 167

Fiv]| F2v |[F3«| F4v | FS Fbv
Tools|A13¢bra|Calc|Other(Pr3mI0|Clcan Up

= NewProb Donel
a+5s

> 3-1 >.4,a]
a<{ =27 or a > 1/2

- solve[

solve({a+5)/(2a-11>0.4,a)
MAIN RAD EXACT  FUNC 2730

1
a<-27ora> —
2
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Chapter 3 Section 2 Question 21 Page 167

g4)=gB+1)
_ g(3-2)g(3-1)+1
g(3)
_8)g@2)+1
g(3)
_(MH2)+1
3
=1
g5)=g4+1)
_g(4-2)g(4-1D+1
g(4)
_8(2)gB3)+1
g84)
_(Q3)+1
1

=7
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Chapter 3 Section 2 Question 22 Page 167

The chord length of both circles will be the same.
1
chord length = 2Rsin (5 9)

chord length of circle O =2rsin(15°) chord length of circle P =2Rsin(30°)
V2(V3-1) = 2Rx2
=2r —4 2
=R
V2(v3-1)

2

Rzr[ﬁ(ﬁ—l)j

Ratio of the areas:
r’ :wR?

) [ NAINERS) T
)

r- .1

o 24260)

1&(4_2J§]

2
1:2-4/3

C
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Chapter 3 Section 3 Rational Functions of the Form

ax+b
x —
S () ex+d
Chapter 3 Section 3 Question 1 Page 174
a) x=7 b) x=-5
domain: {xe R,x#7} domain: {x € R, x #-5}
c) 8 d) !
x = — x = —
3
1
domain: {x € R, x #-8} domain: {x e R, x # 3 }
9
e) x=—— x=5
) 1 f)
9
domain: {x e R, x # _Z} domain: {x € R, x#5}
Chapter 3 Section 3 Question 2 Page 174

a) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.
X

X
X

p(x)=

As x — oo, — gets very close to 0.
X

1
X)—>——
p(x) 1-0

p(x)—1
The horizontal asymptote is y = 1.
range: {y € R,y # 1}
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b) As x — o, the numerator and denominator both approach infinity.
Divide each term by x.
3x
X

q(X)=x 7
7+7
X X

4
As x — teo, — gets very close to 0.
x

3
_>_
qx) 1+0

q(x)—3
The horizontal asymptote is y = 3.
range: {y € R,y # 3}

¢) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.

x_ 1

_X_ X
r(x)——x 1
7+7

X X

1
As x — oo, — gets very close to 0.
X

1-0
r(x)———
0 1+0

r(x)—1
The horizontal asymptote is y = 1.
range: {y € R,y # 1}
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d) As x — o, the numerator and denominator both approach infinity.
Divide each term by x.

Sx 2
s(x) = 2xx )?i
7+7
X X

2 3
As x — teo, — and — get very close to 0.
X x

s(x)— ﬂ

5
s(x)— E

The horizontal asymptote is y = 5
5
range: {ye R,y # 5}

e) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.

x_6
t(x):ﬁ N
X x

6 4
As x — teo, — and — get very close to 0.
X X

1-0
t(x)—> 0_1
t(x)—> -1
The horizontal asymptote is y =—1.
range: {y e R,y#-1}
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f) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.

3 _4x
u(x) = 316 2xx
X x

3 1
As x — teo, — and — get very close to 0.
X

X

0-4
ux)—»——
(x) )
u(x)—2
The horizontal

range: {y € R,

asymptote is y = 2.
y#2}

Chapter 3 Section 3

Question 3 Page 174

a)
Mi=Hd/ -5 5
n=b =B
Interval Sign of f{x) | Sign of Slope Change in slope
x<0 + - _
0<x<5 — _ _
x>5 + — +
b)
'|'1='1!-{.-'IZH+Hy
—_—
n=-1% Y=B.571i4z86
Interval Sign of f{ix) | Sign of Slope Change in Slope
x<-8 + + +
—8<x<0 — + —
x>0 + + —
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d)

e)

Wi=CH+10/ (=300

n=1 Y=.BBBBBEES
Interval Sign of fix) | Sign of Slope Change in Slope
x<-1 — —+ +
—-1<x<4 + + +
x>4 - + -
Wi=CH+2) TYE-ED
¥k \
= =i
Interval Sign of f{x) | Sign of Slope Change in Slope
x<-2 + - _
D<x< 2 — — —
5
x> = + - +
Mi=C-2H=-21/(H+ED ]
................. _.EH._..;
n="z T=1.t
Interval Sign of f{x) | Sign of Slope Change in Slope
x <=5 — — -
-5<x<-1.5 + — +
x>-1.5 — — +
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Wi=(EH+10 20 +10

n=1 T=1.3333333
Interval Sign of f(x) | Sign of Slope Change in Slope
x<— 1 + + +
2
1 1
—— <Xx<-= — + —
2 3
1
x>—— + + -
3
Chapter 3 Section 3 Question 4 Page 174
a) i)
X Slope of Secant with
Y (3.5, 14)
3.51 13.7647 —23.53
3.501 13.976 24
3.5001 13.9976 24
X Slope of Secant with
Y (20, 2.352 94)
20.1 2.350 88 —0.0206
20.01 2.35273 —0.021
20.001 2.35292 —0.02
m3s =-24 myo =—0.02
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Slope of Secant with
X Y (2.5, -10)
2.51 —10.5449 -54.49
2.501 —10.024 24
2.5001 —-10.0024 24
Slope of Secant with
* Y (20, 1.739 13)
-20.1 1.740 26 -0.0113
-20.01 1.739 24 -0.011
-20.001 1.739 14 -0.01

mps = 24

m_o = -0.01

b) The function is decreasing for x < 3 and increasing for x > 3.

Chapter 3 Section 3

Question 5 Page 174

a) i) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.

x_3

=X

1
X X

5 1
As x — oo, — and — get very close to 0.
x

x
1-0

f(x)—>2—+0

1
f(x)—>5

The horizontal asymptote is y =

N | =
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ii) As x — oo, the numerator and denominator both approach infinity.
Divide each term by x.

3 _5x
_ X X
X X

3 1
As x — teo, — and — get very close to 0.
X x

0-5
gx) > ——

g(x)—)—z

. . 5
The horizontal asymptote is y = 5

b) Answers may vary. A sample solution is shown.
The horizontal asymptote is equal to the coefficient of x in the numerator divided by the
coefficient of x in the denominator.

a
¢) y=-—
c
Chapter 3 Section 3 Question 6 Page 174
a) horizontal asymptote: y = 1 b) horizontal asymptote: y =3
vertical asymptote: x =9 vertical asymptote: x =—2
domain: {x € R, x #9} domain: {x € R, x #-2}
range: {y e R,y # 1} range: {y € R,y # 3}

'|'1=H.-'IEH-5ZI =20 002

n=3 ¥=-.t n=1 =1
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1
¢) horizontal asymptote: y =2 d) horizontal asymptote: y = 5
. 1 . 5
vertical asymptote: x = —5 vertical asymptote: x = 5
. 1 . 5
domain: {x e R, x # —5} domain: {x e R, x # 5}
1
range: {y € R,y #2} range: {y e R,y # 5}
M= -20 (2R +1) MI=CH=-20A 2R =-E)
n=1 T=.33333333 n=4 ! T=.33333333
e) horizontal asymptote: y = —1 f) horizontal asymptote: y = 3
. . 4
vertical asymptote: x =-5 vertical asymptote: x = 3
. . 4
domain: {x € R, x #-5} domain: {x e R,x# —
3
8
range: {y € R,y #-1} range: {y e R,y # 3
Mi=Cy=-H2A e+ WMi=CE-BH) CEH-4)
............ o
H=-2 Y=z =z Y=-3.6
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Chapter 3 Section 3 Question 7 Page 174

a) horizontal asymptote: y = 2
vertical asymptote: x = 3

_2x+b
x=3
substitute the point (1.5, 0)
0= 2(1.5)+b
1.5-3
gz *b
-1.5
b=-3
_ 2x-3
4 x-3

b) horizontal asymptote: y = 1
vertical asymptote: x =—1

_x+b
x+1
substitute the point (4, 0)
4+b
0=——
4+1
b=—4
_x—4
4 x+1
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Chapter 3 Section 3 Question 8 Page 175

_ax+b
Y cx+d
substitute vertical and horizontal asymptotes
_x+b
x=2
substitute x-intercept
—4+b
0=
—4 -2
0=—4+b
b=4
_x+4
4 x=2

Check y-intercept:

L.S. R.S.
2 0+4
0-2
=-2
Since the left side equals the right side, the equation is true for the y-intercept.
_x+4
ro x=2
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Chapter 3 Section 3 Question 9 Page 175

From the asymptotes:
_Sx+b

B 2x+1

y

substitute y-intercept
_0+b
0+1
-3=b
_ 5x-3

2x+1

Check the x-intercept:
L.S. R.S.

Since the left side equals the right side, the equation is true for the x-intercept.

Chapter 3 Section 3 Question 10 Page 175

a)

V=200 200000+

F__,.f""

"

XXl Jeeveary DN LT R
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b) As t — oo, the numerator and denominator both approach infinity.
Divide each term by .
300
_ t
0300000 ¢

t t

200 000
ast— oo, — gets very close to 0.

30
C(t)—» ——
0=+
C(t)— 30

The amount of pollutant levels off at 30 g/L.

¢) From the graph, t =333.9
After approximately 333.9 min.

Chapter 3 Section 3 Question 11 Page 175

2

a) 2x—1)4x+5
4x-2

7
7

x)=2+
o) 2x—1

b) Answers may vary. A sample solution is shown.

7 7
fix)y=2+ is the graph of y =
2x-1 2x—

vertically translated up 2.

Wi=Z+(7 2H-11)
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Chapter 3 Section 3 Question 12 Page 175

2
a) x+1)2x+3

2x+2
1

1
px)=2+—
x+1

Wi=Z+(1/CH+10)

n=e | XX XK
5
2
b) 2x+5i5x—4
25
Sx+—
2
33
2
5 33
t(X)y=———"—
2 22x+5)

WA=(EAZD=033 4 E+100)

n=3 =1

Chapter 3 Section 3 Question 13 Page 175
Solutions to Achievement Check questions are provided in the Teacher’s Resource.
Chapter 3 Section 3 Question 14 Page 175

Answers may vary. A sample solution is shown.
As the mass of the club increases, the rate of change of the initial velocity decreases.
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Chapter 3 Section 3 Question 15 Page 175

WA=TCH A1)

n=g T=z41421z6

asymptotes: y=1,x =1

domain: {xeR, x>0, x#1};range: {yeR, y<0,y>1}

y-intercept is 0

On 0 <x <1, f{x) is negative and decreasing. The slope is negative and decreasing.
On x > 1, fix) is positive and decreasing. The slope is negative and increasing.

Comparison: Answers may vary. A sample solution is shown.
Mi=Hd/0H-12

¥=z y=z

The asymptotes are the same; y=1,x =1

domain and range are different: {x eR, x# 1}; {y eR,y# 1}

The end behaviour is the same for x > 1, f{x) is positive and decreasing.

The slope is negative and increasing and for 0 <x < 1, f{x) is negative and decreasing.
The slope is negative and decreasing.

For x <0, flx) is positive and decreasing. The slope is negative and decreasing.
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Chapter 3 Section 3 Question 16 Page 176

a) x-intercept: 0; y-intercept: 0
vertical asymptotes: x =1, x =—1
horizontal asymptote: y = 0
domain: {x eR, x#1, x# —1}
range: {y e R}
x <-1, filx) is negative and decreasing (negative slope)
—1 <x <0 f{x) is positive and decreasing (negative slope)
0 <x <1, f{x) is negative and decreasing (negative slope)
x> 1, fix) is positive and decreasing (negative slope)

Fi=R NzE-1]

¥=z V=.66GGEEET
b) g(x)= L

s= (x+1)(x+2)

x-intercept 2; y-intercept —1
asymptotes: x =-2, x=-1,y=0
domain: {x eR, x#-2, x# —1}

range: {yeR, y<0.07, y>13.93}

x <=2 fix) is negative and decreasing (negative slope)

—2 <x <-1.46 f{x) is positive and decreasing (negative slope)
—1.46 <x <-1, fix) is positive and increasing (positive slope)
—1 <x <2, fix) is negative and increasing (positive slope)

2 <x <5.46, fix) is positive and increasing (positive slope)
x>5.46, f(x) is positive and decreasing (negative slope)

M=CH-20 (HE+EH+ 2D

|."' ! Haxirum
w=-1K =1y H=E YE410ZE Y¥=.07179677
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x+5

P

x-intercept: —5; y-intercept: T

asymptotes: x=-3,x=4,y=0

domain: {x eR, x#-3, x# 4}

range: {y e R}

x <-9.24, fix) is negative and decreasing
-9.24 <x <-5, flx) is negative and increasing
-5 <x <=3, f(x) is positive and increasing

-3 <x<-0.76, fix) is negative and increasing
—0.76 <x <4, f(x) is negative and decreasing
x >4, fix) is positive and decreasing

N1=(H+E) (R -H=-12)

Hinirum L
n=g N it n="9.242628 Y=-0Eizz0H

Common Features. Answers may vary. A sample solution is shown.
The graphs have the same shape reflected in the x-axis
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Chapter 3 Section 3

Question 17 Page 176

Answers may vary. A sample solution is shown.

When the degree of the polynomial in the numerator is greater than the degree of the polynomial

in the denominator you can expect to get an oblique asymptote.

a)

WA=(H*Z+10/0" 3

n=1 ¥=e

asymptotes: x =0,y =1

)

Wi=(Hz+1)/4

¥=i y=z

asymptote: y = x
Chapter 3 Section 3

A;a>b

b)

Wi=(H"Z+10 02

e

asymptote: y = x

d)

'1'1=lll-!1+1il.-'H"3l'

o

ol

asymptotes: x =0,y =0

Question 18 Page 176
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Chapter 3 Section 3 Question 19 Page 176

X

a) xm

2
X

0-2
quotient: x, remainder; —2

2
b) f(x)=x——
X

x—1
¢) i) x—2}x2—3x—4
X’ —2x
-x—4
—x+2
-6

6
sw=x-l=y
_ r(x)
From f(x)=q(x)+ _d(x) :

The oblique asymptote is y = g(x).
The vertical asymptote is when d(x) = 0.

y=x-1 x=2

Wi=(HE=ZH=-4) (H=-2)

B=E y=z
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1 3

2 2

i) 2x—4)x*+x-2
x> —2x

3x-2

3x—6

4

x+3 4x
+
2 2x—4

x+3 2x
+

2 x—2

Jx)=

J(x)=

X+
asymptotes: y = ;x=2

Wi=(HZ+E =20/ ER=-Y)

n=3 ¥=£

(x=3)(x+3)

(x+3)
Z(x)=x-3,x#-3
There are no asymptotes, but the graph is discontinuous (there’s a hole in the graph) at
x=-3.
To find the y-value where the graph is discontinuous, substitute x =—3 into z(x).
2(=3)=-3-3

=—06

The graph is discontinuous at the point (-3, —6).

iiii) z(x) =

W1=(HE=00/ (H+3)

n=g F=-1
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Chapter 3 Section 4

Chapter 3 Section 4

a) x+1=0

b) y

x=-1
x-intercept is —1

Verify:

Fiv| Fev [F3+| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Dons
X

lsolve[ ! =0,><] x=-1.

solvel{x+1)/

_(xtdH(x-3)

X2 =3x+5
x=—4orx=3
x-intercepts are —4, 3

Verify:
Toals n1gezrfralcro'ﬁ'clnfrl"e'rlwrs?mncheFasn'u»l
= NewProb Donel
24 n
= solue ><2—x12 =0,x
X€=-3-x+5

2x-3=0
2x=3

3

x=—

2

. .3
x-1ntercept 1S 5

Verify:

Fiv| Fev [F3+| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
- solve[% =0, x]

x =32

solvel(2x-3)/(Sx+1)=0,x)

Solve Rational Equations and Inequalities

Question 1 Page 183
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d) x=0

x-intercept is 0

Verify:

Toals mgezt:ralcro%:'.lnf;"e'rlvrrsinlnltlerasn'u»l

= NewProb Done|

- solve[% =0, x]
Xe-3-x+2

Chapter 3 Section 4

a)

b)

4=3x-2), x#2
4=3x-6
3x=10
10
xX=—
3
Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

x =10-3

1=x?—2x—7, x#1+22

x?=2x-8=0
x—-4)(x+2)=0

x=4orx=-2

Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Done

'solve[ﬁ= l,x]
XE=-2-%-

X =2 or x=4

Question 2 Page 183

x2=2x-7#0
) 2+4J(=2)2 —4(1)(-7)
2(D)
2+4/32
2
X # 11“2\/5

X#
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¢) 2(x+3)=5(x-1), x#1, x#-3

2x+6=5x-5
3x=11
11
xX=—
3
Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

- solue[x—g1 =x—fs, x]

d) multiply both sides by x
x> =5=4x,x#0
x> —4x-5=0,
x=5)(x+1)=0
x=5o0orx=-1

Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

Isolve[x—%=4,x]
x=-1 or x=9

e) 2x* =x(x—34), x#0
2x?=x*—34x
x*+34x=0
x(x+34)=0
>—<ﬁ orx=-34
Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
1 _x-34 x]

- solve[; = > 2
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) (x=3)(x+6)=(x+2)(x—4), x#4, x#-6

x> +3x—18=x*-2x-38

3x+2x=18-8
5x=10
x=2
Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
X=3 _x+2 ]

lsolve[x_4 leverar g B

Chapter 3 Section 4

a)

b)

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
S-x J-x ]

-solve[x_4 Tt 7%
®X=-47/7 or x =0

x=0orx=-6.71

Question 3 Page 184

2x+3)4x+7)=(05x—-1)(x—6), x#06, xi—%

8x2 +26x+21=5x>*-31x+6

3x2+57x+15=0

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

- zeros(3~x2 + 57 -x+ 15, x)
£-18.7331 -.2669073}

x =-027o0rx = -18.73
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c) x(x—3)=(x—2)(x2—4x+l),x¢2,x¢3
X2 =3x=x"—4x"+x-2x>+8x-2

X =7x*+12x-2=0

2ero JE
n=.186=89=E Y=0 n=c 4A0EEY  Y=0

W

2ero JE
=y EYye8esl Y=-ZE-1:Z

x=0.190rx =247 0orx = 4.34

d) *-D*+D)=2x*+3)2x*-3), x # i\E

xt—1=4x*-9

Fajnun
T

o ' o] ) -
=-1.z77886 IY=1.ZE-1: n=1.277886: IY=1.ZE-1:

x =-128orx = 1.28
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Chapter 3 Section 4 Question 4 Page 184

a) Because x — 3 #0, either x >3 or x <3.
Case 1: If x > 3,
4<x-3
T<x
x>77
x > 7 is within the inequality x > 3, so the solution is x > 7.

Case 2: If x < 3:

4 > x — 3 Change the inequality when multiplying by a negative.
T>x

x<7

x <3 is within the inequality x <7, so the solution is x < 3.

The solutionisx <3 orx > 7.

S (NN I [N N N N N N A — —
I U I D R I B I I B B B

l
T T
-10 -8 -6 -4 -2 0

I

4
hd

>

41—
2 4 6 8 10

b) Because x + 1 #0, either x > -1 or x <-1.
Case 1: Ifx > -1,
T7>T7(x+1)
T>Tx+7

Tx<0

x<0
—1 <x <0 1s asolution.

Case 2: If x <-1:
T<T(x+1)

T<Tx+7
Tx>0

x>0
There is no solution.

The solution is -1 <x < 0.

<~

-10-8 -6 -4 -2 0 2 4 6 8 10
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¢) Becausex#—-4, x#—1, eitherx>—-4 orx<—-4 orx>—-lorx<-1.
x > -1 is within x > —4, so test x > —1
x <-4 is within x <-1, so test x <-4

Case 1: Ifx > -1,
S5(x+1)<2(x+4)

S5x+5<2x+8
3x<3

x<1
—1 <x <1 i1s asolution.

Case 2: If x <—4:
S5(x+1)<2(x+4)

5x+5<2x+8
3x<3

x<1
x <-4 is within the inequality x < 1, so the solution is x <—4.

The solutionisx <—4or -1 <x<1.

e

-10-8 -6 -4 -2 0 2 4 6 8 10
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d) From the numerator, the zeros occur at x = 2 and x = —1, so solutions occur at these values of
X.
From the denominator, the restrictions occur at x =4 and x = -5.
Use a number line to consider the intervals.

[\
A
=

A
N
=

\%
N

|
]
I —1<x<2
|
1

=
A
dn
|
(9]
A
=
A
!

<& | | | | | I I y 5,
< | | | | | | | I ”
-6 -5 —4 -3 -2 -1 0 1 2 3 4 5
—2)(x+1)?
Check whether the value of =)+ 20 in each interval is greater or equal to 0.
(x—4)(x+5)

For x <-5, test x =—6:
(-6 -2)(—-6+1)*
(—6—4)(—6+5)

=-20 <0, x <-5 is not part of the solution.

For -5 <x <-1, test x =-3:
(-3-2)(=3+1)" _ 10
(-3—4)(-3+5) 7

>0,-5 <x<-1is part of the solution.

For—1 <x <2, testx=0:
0-2)0+1)* 1
M= — >0, -1 <x <2 is part of the solution.
O-4)0O+5) 10

Since x =2 and x =—1 are solutions, -1 < x < 2.
Note: -5 <x <-1 and -1 <x <2 can be combined so -5 <x < 2 is a solution.

For2 <x <4, test x =3:
(B-2)3+1)° _

=-2<0,2 <x<4is not part of the solution.
(B3-4)3+5)

Forx >4, testx =5:

_ 2
w=ﬁ>o,x>4isasolution.
5-4(5+5) 5

The solutionis =5 <x <2 or x > 4.

<t
-10-8 —6 -4 -2 0 2 4 6 8 10
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x—4)(x+4) 50

(x=5)(x+1)
The zeros occur at x =4 and x = 4.
The restrictions occur at x = 5 and x = —1.

e)

Signs of Factors of Sign of

Interval (x-—Hx+4) (x-—Hx+4)

(x=5)(x+1) (x=5)(x+1)
(-e0, ~4) % +
4 % 0
o |
o | :
: o0 :
@9 EE :
o | e :

The solutionisx <—4 or—-1 <x<4orx>5.

~—

-10-8 -6 -4 -2 0 2 4 6 8 10
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(x=2)(x-6) x(x—4)
x(x—6) x(x—6)
X2 —8x+12—x*+4x
x(x—06)
—4x+12 <0
x(x—6)
—4(x-13) <0
x(x—6)

The zero occurs at x = 3.

The restrictions occur at x = 0 and x = 6.

Critical Values:

X -1 0 1 3 5 6 7
—4(x-3
x(x—6)
The solutionis 0 <x <3 orx > 6.
& | | | | | [ S N B A | LM [ }
~1T 11717 1171717 17T T v Y1 17T 11 11
-10 -9 8 -7 6 -5 4 -3 -2 -1 0 1 2 3 4 56 7 8 910
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Chapter 3 Section 4 Question 5 Page 184

(x+7)(x+2) >0

(x=5)(x-1)
The zeros are x =—7 and x =-2.
The restrictions are at x =1 and x = 5.

a)

Signs of Factors of Sign of
Interval (x+7)(x+2) (x+7)(x+2)

(x=5)(x=1 (x=5)(x=1
(-e,=7) % +
o | —
- | oo o
o | e :
o | —
| :

The solutionisx <—-7or-2<x<1orx>5.

Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
xZ+9-x+14

>0, x
%2 -6-x+5

= solue

24 %<1 or x< -7 or x>
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Qx—1)(x+3)
—<
(x+4)

1
The zeros are x =-3 and x =—.

The restriction is at x = —4.

Signs of Factors of Sign of
Interval (2x—1D(x+3) (2x—1D(x+3)
(x+4)> (x+4)>
(=)(=)
—oo, —4 +
( ) )
(=)(=)
—4,-3 +
( ) )
=)0
B (-)(0) .
(+)
[3 l) (=)(+) -
"2 (+)
1 (0)+) .
2 (+)
(1’w) HH) .
2 (+)
.. 1
The solution is -3 <x <5 .
Check:
Toals n1gezrfralcro31'c|nftl.'e'rlwrs%mnlcurasn'upl
= NewProb Done
= zolue w <0,x
X“+8-x+ 16
-3 < x < 1/
."_+E-—'_‘ pras ';-:"2+E=::-::+ 1 r- <0, %)
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(=D
(x+6)(x+5)

The zeros are x =—1 and x = 4.
The restrictions are at x = —6 and x = —5.

)

Signs of Factors of Sign of

Interval (x=H(x+1) (x=H(x+1)

(x+6)(x+5) (x+6)(x+5)
(o0, —0) % +
o | —
o | =
RS
o | ey |
e
o | o :

The solutionis -6 <x <-5or—-1 <x<4.

Check:
Fiv Fev |[F3v| F4~ F& Fé~
Tools|A13¢bralCalc|Other |PrImI0{Clcan Up!

= NewProb Donel
xZ-3-x-4
%2+ 11-x% +30

= solue 20,x

65 x<{ -5 or "12x=E4

X =4) /(241 1 x+300<=0, x)
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d)

Bx-2)(x-2)

Qx+1)(x-5)

2
The zeros are ng andx=2.

_ 1
The restrictions are at x = —5 andx=5.

Signs of Factors of Sign of
Interval (G- 2)(x-2) (3x—2)(x—2)
Rx+1DH(x-5) Qx+1DH(x-5)
( 1 ) OO
—oo, —— - +
2 OO
(_ 12 j OO i
23 )
2 0 ;
3 o)
[ 2 2] ) R
3 )
)(0)
2 ) 0
)
2 _
(3) )
)
(- ) ) !

. 1 2
The solution 1sx<—50r 3 <x<2o0rx>5.

Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
3-x2-8-x+4

=Z0,x
2.x2-9.x-5

= solue

2/32x 22 or x< 172 or )

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel
w2_g.
e colue wag’x
2'%x“=-9-x-5

:x=22 or x< - 172 or x> 95
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Chapter 3 Section 4 Question 6 Page 184

Answers may vary. A sample solution is shown.
2x-3

(x=3)(x+5)

The restrictions occur at x =—5 and x = 3.

Chapter 3 Section 4 Question 7 Page 184

fx) is the solid lined graph.
There is an asymptote at x =—1 and x = 2.

.
"

‘-‘-\-‘—‘——

Intersection | -
n=-y Y= 2222222

Interseckion | -
n=0 LIY=0

4
The points of intersection are [—4,§j and (0, 0).

From the graph, the solution is x <—4 or -1 <x <0 or x > 2.

Chapter 3 Section 4 Question 8 Page 184

f)= i 3 is the solid line graph.

3x
X)=——
() x+5

The asymptotes are at x =—5 and x = 3.

...... '._H—lq—lq——: ..#

Intersection |
n=n .

Intersection |
Y¥=i H=2 .

The points of intersection are (0, 0) and (7, 1.75).
From the graph, the solutionis -5 <x <0or3 <x<7.
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Chapter 3 Section 4

a)

b)

1 2
—+3=—,x#0
x x

1+3x=2
3x=1

xX=

W | —

Check:

Interseckion |
W= 23333333 |Y=oh

1
The solution is x = 3 .

2 +5(x+1)_
x+1 x+1 X

2x+x(5x+5)=x+1

2x+5x2 +5x—x—-1=0

5x*+6x—1=0
—6+46% —4(5)(-1)
X =
2(5)
—6+/56
X=—-—
10
3+.14
X=—-—
5
Check:
Toals n1gezrfralcro'ﬁ'clnfrl"e'rlwrs?mncheFasn'u»l
= NewProb Donel

lsolve(5~x2+6~x— 1 =0,x)
-(Jl_g+3) o x= Jﬁs—s

3+/14
—

The solution is x =

Question 9 Page 184
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12

c) —+x=8,x#0
X
12+ x> =8x
x> —8x+12=0
(x—6)(x—2)=0

x=2o0rx=6

Check:
2RF0 ; 2&F0 ;
n=e V=i n=B V=i
The solution isx =2 or x = 6.
1
d) —=1-—— x#1
x—1 —-X
BRI I
x—1 x—1
x=x—-1+1
0=0
True for all values of x exceptx = 1.
Check:
Mi=HsH=-12 Me=1-C1/(1-H0
.......... F K, ‘_—
n=z Y=1i.F n=z Y=1i.F

The solution is {x € R, x # 1}.
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2x 2x

_ =1
2x+3 2x-3

2x(2x—3)—-2x2x+3)=2x-3)(2x+3)

4x* —6x—4x*—6x=4x>-9

4x* +12x-9=0

_—12+12% - 4(4)(-9)

X =
Check:
Fiv| Fzr |F3v| Fiv | FS Fo+
Tools|a13ebralCatc|other|praminjcican up
= NewProb Donel

2-x%
.501U9[2-x+3 " Tx-3

2(4)

-12£/288

Fiv| Fzr |F3v| Fiv | FS Fo+
Tools|A13cbralCalc|other|Praminjcican up
= NewProb Donel

2-% 2-%
-1ve[—2'x+3 “Two3 1,x

4'—3“2 +1) or x =—3'u—22-_ 1)

x—2_x—l x+1

4 3
+ =0, xz-1L, x#1, x#2

Tx-Dx+D)—-4(x-2)(x+D+3(x-2)(x-1)=0
T(x* =1)—4(x*—x—2)+3(x*-3x+2)=0
Tx? =T —4x* +4x+8+3x* —9x+6=0

Check:
Fiv Fev |[F3v| F4~ F& Fé~
Tools|A13¢bralCalc|Other |PrImI0{Clcan Up!

= NewProb Donel

7 4 3
lsc:lue[x_2 Bl i ievere »
false

Lm2)=4 (=143 /(%

There is no solution.

6x>—5x+7=0
23 +(=5)* = 4(6)(7)
B 2(6)
5++/-143

xX=

12
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Chapter 3 Section 4

a)

b)

2 29
—+3>—
X X
2 29 3
———9+—x>0
X X X
~ 3
27+ x>0
X

The vertical asymptote is x = 0.
The horizontal asymptote is y = 3.
The x-intercept is 9.

Wi1= 27 H+3

=-10 W=E.7
From the graph, the solution is x <0 or x > 9.

E_5<l
X X

16 _1_5x_,
X X x
15-5x

x
5(3—x)

X

<0

<0

The vertical asymptote is x = 0.
The horizontal asymptote is y = 5.
The x-intercept is 3.

V1=1E/H-E

¥=E y=-2

From the graph, the solution is x <0 or x > 3.

Question 10 Page 184
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5 2

6x  3x
£89x

12x 12x 12x
18—-9x

12x
9(2—-1x)

12x

32-x) S

4x

>

3

4

>0

0

0

The vertical asymptote is x = 0.

3
The horizontal asymptote is y = 7

The x-intercept is 2.

W1=Z 2HI=03 )

n=3 ¥=-.2k

From the graph, the solution is 0 <x < 2.
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30

d) 6+—<7

x—1
6—7+3—0<0

x—1

—1(x—

(x 1)+ 30 <0

x—1 x—1
31—x<0

x—1

The vertical asymptote is x = 1.
The horizontal asymptote is y = —1.
The x-intercept is 31.

The best way to visualize the graph is to look at it with three different windows.
Wi=Z0/00-10-1 Wi1=(Z1-H)SH-1)

n=1d Y2 233335 H=zE =2k

W1=(Z1-H)H-1)

—

n=.2k = "'Ii'.li.

From the graph, the solution is x <1 orx > 31.
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Chapter 3 Section 4 Question 11 Page 184

x+2 3

>_

x-5 5

5(x+2)_3(x—5)>0
5(x=5) 5(x-95)
S5x+10-3x+15

>0

5(x=5)
2
x+25 50
5(x=5)
The zero occurs at x = —? .
The restriction occurs at x = 5.
Signs of Factors of Sign of
Interval 2x+25 2x+25
5(x=95) 5(x=95)
(-2 o .
2 (=)
2 0
_2 © 0
2 (-)
2 +
EN D) ]
2 (=)
(+)
5, oo — +

25
The solution is x < —? orx>35.
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Chapter 3 Section 4

Question 12 Page 184

2x-1_ x+1 2x-1 x+1
x+7 x+3 x+7 x+3
R2x-D(x+3) (D& +T) >0 R2x-D(x+3) (D& +T) <0
x+7D(x+3) (x+7(x+3) (x+7D(x+3) (x+7(x+3)
2x2+5x—3—(x2+8x+7)>0 2x2+5x—3—(x2+8x+7)<0
(x+7)(x+3) (x+7)(x+3)
x2=3x-10 S x2=3x-10 <
(x+7)(x+3) (x+7)(x+3)
(x—5)(x+2)>0 (x—5)(x+2)<0
(x+7)(x+3) (x+7)(x+3)
The zeros occur at x =-2 and x = 5.
The restrictions occur at x =—7 and x = -3.
Signs of Factors of Sign of
Interval (x—=5)(x+2) (x—=5)(x+2)
(x+7)(x+3) (x+7)(x+3)
(=)(-)
=7 OO '
(=)(-)
7 .3 _
=) )
(=)(-)
-3,-2
.= ) '
(=)(0)
-2 —_— 0
(+)(+)
(=)(+)
2.5 _
2> )
0)(+)
5 0
(+)(+)
(+)(+)
() ) "

(x=5)(x+2)
For ———
(x+7)(x+3)

(x=5)(x+2)
or —mmm@@@
(x+7)(x+3)

>0, the solutionisx <-7 or-3 <x<-2orx>5.

<0, the solutionis -7 <x<-3or-2<x<5.
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Chapter 3 Section 4 Question 13 Page 184

x+1 x-3 x—4 x+5
< <
x—4 x+5 x+1 x-3
(x+1)(x+5) _ (x=3)(x—-4) <0 (x—4)(x-13) 3 (x+5)(x+1) <0
(x—4)(x+5) (x—4)(x+5) x+D(x-3) x+Dx-3)
x2+6x+5—(x2—7x+12)< x2—7x+12—(x2+6x+5)<
(x—=4)(x+5) - (x+D(x=3)
13x—=17 <0 —13x+7 <
(x=4)(x+5) (x+1)(x—3)
7 7
The zeros occur at x = E . The zeros occur at x = E .
The restrictions occur at x = -5 and x = 4. The restrictions occur at x = —1 and x = 3.
First statement:
Signs of Factors of Sign of
Interval 13x-17 13x-17
(x—4)(x+5) (x—4)(x+5)
(-)
o0, -5 — _
(== -5) OO)
(—5, lj ©) +
13 (=)+)
0
7 (0) .
13 (=)(+)
+
[l, 4) ) )
13 (=)(+)
+
(4, =) ) +
(H)(+)
13x-17

7
—— <0, the solutionis x <-5 or — <x <4,
(x—=4)(x+5) 13
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Second statement:

Signs of Factors of Sign of
Interval —13x+7 —13x+7
(x+1)(x—=23) (x+1)(x—=23)
(+)
(==, -1) OO ’
[_1 7 ) (+)
13 (+)(=) -
0)
B ) 0
) | =& :
13 (H)(=)
=)
(3, ) ) -
—13x+7

(x+1)(x-3)

Chapter 3 Section 4

1 1 1

b (L)nt
a b X

1

X

1

1
2a 2b

1 1
b) —+——=
2(12)  2(15)

1 1

—+
24 30

S5x+4x=120
9x =120
_%0

X

7
<0, the solution is -1 <x < R orx>3.

Question 14 Page 184
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11
)%—b-ﬁ
1 1.5
2 %6
b+6=10b
9b=6
L2

3

Chapter 3 Section 4

k=1Id*
k =900 x 10>
k=90 000

90 000
52
I =3600

a) i) /=

b) i) d°=

Chapter 3 Section 4

multiply both sides by 12b

A A A A

Interseckion
n=c.kB Y¥=1in

From the graph:

The point of intersection is (2.5, 10).

The vertical asymptote is [ =2.

5
The solution is 2 < 1<5.

Question 15 Page 185

Question 16 Page 185
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Chapter 3 Section 4 Question 17 Page 185
Solutions to Achievement Check questions are provided in the Teacher’s Resource.

Chapter 3 Section 4 Question 18 Page 185

23
a) substitute / = — into [+w = 32

w
2
—3+w=32
w

23+ w? =32w

w?=32w+23=0

L322 J(=32)2 —4(1)(23)
B 2(1)
32t J932

2
w=31.26 orw=0.74

[=0.74 or [ =31.26
The rectangle’s dimensions are approximately 31.26 cm by 0.74 cm.

MHR * Advanced Functions 12 Solutions 342



b) x2+y2=1
1
xXy=—
Y75
_1
Y 2x
, (1Y , 1
x“+| — | =1 substitute — fory
2x 2x
1
2
X +—=1
4x*
4x* +1=4x"
4x* —4x*+1=0
Q2x*-1)*=0
2x% =1
ool
2
1 1
X=—F=orx=——F
2 2
[ 1
y: y:—
(&) A4
2 2
V2 2
YR 2
2 2 -2 -2
yE——,x= — ory= JX = ——
2 2 2 2
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Chapter 3 Section 4

a) x+2=2"
10x+2 — 102)(
10**? =100"
10x+2 — 102x
x+2=2x

x=2
Check:

P - v
ZFo I L o
n=e V=i
x=2

1 1 1 1

Moty

[

Question 19 Page 185

11 . . .
Look at ———>0 to find other points of intersection.

The zeros of the function indicate where it is positive.

ZCrD i}
w=-.7eBBE4" IY=

!

L

1

1
—>— forx<-0.77,2 <x <4.
2° x

4
1

o
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Chapter 3 Section 4 Question 20 Page 185

a)

We=1/Hz

n=1 .'|'=1
b)

Vi1=Hz+Y Ne=1/(HT+Y4)

WL WL
» »

n=1 ¥=£ n=1 ¥=.2

Chapter 3 Section 4 Question 21 Page 185
Sx+7 A B

a)

Gr3-1) @+3) -1
5x+7=A(x-1)+B(x+3)
5x+7=Ax—A+Bx+3B
5x+7=(A+B)x+(3B—A)

5=A+Band 7=3B-A
B =5 - A substitute into second equation
7=35-A)-A
7=15-3A-A
-8§=—4A
A=2 B=3
Sx+7 _ 2 N 3
(x+3)(x-1) x+3 x-1
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b)

Tx+6 _ A N B
x=3)(x+2) (x-=3) (x+2)
Tx+6=A(x+2)+B(x—-3)
Tx+6=Ax+2A+Bx-3B
7x+6=(A+B)x+(2A-3B)
7=A+Band 6=2A-3B
substitute A=7— B into 6=2A- 3B
6=2(7-B)-3B

6=14—2B-3B
—8=-5B
=2 4%
5 5
Tx+6 27 8

G—3)(x+2) 5(x=3) 51x+2)

6x* —14x-27 A B C
2 = + + 2
(x+2)(x—-3? (x+2) (x=3) (x-3)
6x* —14x—27=A(x—3)* + B(x+2)(x—3)+ C(x+2)
6x> —14x—27=A(x* —6x+9)+ B(x* —x—6)+C(x+2)
6x* —14x—27=x*(A+B)+ x(-6A— B+ C)+(9A—-6B+2C)

6=A+Band —-14=-6A—-B+C and —27=9A-6B+2C
Substitute B=6—A
—14=-6A—-(6-A)+C=-8=-5A+C (1)

27=9A-6(6-A)+2C=9=15A+2C (2)
Subtract (2) from 2(1).
-16=-10A+2C
9=15A+2C

-25=-25A

A =1 substitute into 2

9=15(1)+2C

CcC=-3

B=6-1

B=5

6x° —14x-27 1 LS 3

(x+2)(x—3)* x+2 x-3 (x=3)
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Chapter 3 Section 5 Making Connections With Rational
Functions and Equations

Chapter 3 Section 5 Question 1 Page 189

k
a) 6= >
(50)
k=15 000
1
I sdgoo

V1=1E000/ 1z

o~

=z ’.\'“.‘——.—-'.'=3?sn

Parts b) and c) are answered using the graph.

b) The light intensity is less.
¢) When d is close to 0, the light intensity is very large.

Chapter 3 Section 5 Question 2 Page 189

k
a) V=—
) P

k=VP

k=10x500

k =5000
5000

v="20
P

b)

VA=E000/%

BZZ o = Y=2EO) ==
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¢) From the graph: The volume is halved.
Chapter 3 Section 5 Question 3 Page 190

a) 05=—""
1+x

05(0+x)=x
0.5+05x—x=0
—0.5x=-0.5

x=1
The resistance x needs to be 1 Q, for the total resistance to be 0.5 Q.

b) —~ <025
1+x

The zero occurs at x = 0.
The vertical asymptote occurs at x =—1.

Intersectiont|
W= 33333333 Y= 2K

The point of intersection is approximately (0.33, 0.25).
The graph is less than 0.25 between —1 <x < 0.33.
The total resistance is less than 0.25 Q when x is between —1 Q and approximately 0.33 Q.

Chapter 3 Section 5 Question 4 Page 190
a) b)
et ==Y T+ =200
n=3 y=1 n=-z Yo 33333332
. . 1 . . 1
discontinuous at [0, _E) discontinuous at [4, 5)
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N1=(HZ+ P H+1 2D (R +EH-3) NI=(ERT+H-Z) (R +7H+ED

ns3 ¥=3.E n=e
. . 1 . . 5
discontinuous at [—3, —Z) discontinuous at [—1, _E)
€) ]
L BT Bk it ] M=CHT=-2H+2 )/ 2 -7 H+A)
i
n=-z - 'Y=diidiiid n=-z =1
. . 1 . . 1 1
discontinuous at [0, ——j discontinuous at [1, —j and [2, —)
12 4 5
Chapter 3 Section 5 Question 5 Page 190
a) b)
M= Y =-2 000 A0+ Y00) '!'1=l1‘1H-20021.-'(H+'100)
. fi—i—'_
n=enn =1 n=i0n =4

b) Answers may vary. A sample solution is shown.

P
Average profit is modelled by LG slope of secant.
x

See the graph above for an example.
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P(x)
X

¢) slope secant =

test (100, 0.4); slope = 0.004
test (150, 0.73); slope = 0.0048
test (200, 1); slope = 0.005

test (250, 1.23); slope = 0.0049
The average profit is the greatest when x = 200.

d)
X Slope of Secant with
Y (1000, 2.714 285 7)
999.9 27141939 0.000 918

The rate of change of the profit at a sales level of 1000 kg is 9.18 x 107,

Chapter 3 Section 5

2
a) k:ﬂ
[
_40(4)?
"~ 1000
k=0.64
R::OEjl
d
640
b) R: 7
W1=640/ 4=

n=to ¥=.2th

Question 6 Page 190
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Chapter 3 Section 5 Question 7 Page 190

Answers may vary. A sample solution is shown.

a)
1=10000/C10+K) c=10000/(E+3H)
A0 Y S i 1 J— )
The cost is just slightly greater per person than the original model. The cost decreases at a
greater rate at first.
b)
1=10000/C10+1) e C1o+E)
The cost is much greater per person. The gap between the graphs decreases as the number of
passengers increases. The cost decreases at a slower rate.
¢)

1=10000/C10+1) c=1E000 1z +H]

n=ll . L Y-6H1.81818 .

The cost per person is greater. As the number of passengers increase, the cost per person
decreases and the graphs get closer. The cost decreases at a slightly slower rate.
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Chapter 3 Section 5 Question 8 Page 190

a)

Wi=(HZ-2H=-E)/(H=-1]

n=t =zt

b) a slanting asymptote

x—1
¢) x—1]x*-2x-5
x— x

—-x-5

—x+1

-6
x*—=2x-5 6
x—1 x—1

d) The equation of the oblique asymptote is the quotient; y = x — 1

Chapter 3 Section 5 Question 9 Page 191
a) b)
Fiv| Fev |Fav| fa~] FS Fov Fiv| Fev |Fav| fa~] FS Fov
Tools n1Sebralco1clnlherl?r5mlnlc1ean u»] Tools n1Sebralco1clnlherl?r5mlnlc1ean u»]
= NewProb Donel = NewProb Donel
245-x-2 2:%x2-5-x+3
- Pr‘oPFr‘ac[% = propFrac %
-8.
T 3o +x+ 2. .

Oblique asymptote occurs at y = x + 2. Oblique asymptote occurs at y = 2x — 9.

'|'1=H+2-IIH.’(H+33I3'/ W1=ZH=-9+(Z1/(H+20D

n=g =24 n=3 =1.z
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a)

b)

)

Vi=zhz/(H+10-1E

n=1d ¥==z.181818:

approximately 8.39 h

Interseckion
n=E.BE4i0z  ¥=-C

approximately 5.85 hours

Chapter 3 Section 5

a)

b)

V =nr’h
1%
h=—01

r’

_ 100 000

h
7'L'><r2

M= 00000 (T

n=g L

Question 10 Page 191

b)

—

o] )
n=H.293E428 Y=o

Question 11 Page 191
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Chapter 3 Section 5 Question 12 Page 191

a)

=R+ 250 (HE+1)

T
Cal)

nel e L YSZH.BYE1EY .

b) The systolic pressure decreases and gets closer to 25.

)

Hinirmurm
n=E/rsE Y=-g4.95191

The rate of change decreases until # = 0.58 s and then increases gradually, getting closer to 0.

d) Rate of change of P(¢).
Approximate slope of the tangent at 7 =5 s.

28.846154 —28.847634
5-4.999

=-1.48

Rate of change of R(¢) at =5 s:

WA= -200RI/(YE+1)%

F=-1.4/9:z9

n=t

From the graph; approximately —1.48

The rate of change of R(¢) and P(¢) at t =5 s is —1.48.
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Chapter 3 Section 5 Question 13 Page 191

M
0

i m
=1.

u
0000ie Y=2

H
H

minimum sum at x = 1

Chapter 3 Section 5 Question 14 Page 191

a)

o~

N1=0. 160/ TR +H+2)

b) The curve increases to reach a maximum concentration of C = 0.0418 mg/cm’ when
t = 1.414 min and then gradually decreases to C as time increases close to 0.

Chapter 3 Section 5 Question 15 Page 191

Haximam
W= WOOOONEY Y=

Increasing for 0 < R < 0.40.

Chapter 3 Section 5 Question 16 Page 191
2
-4
Forn=2;g(x):x , X#2
x—=2
=x+2

False for n = 2 because the function is discontinuous at the point (2, 4).
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Chapter 3 Section 5 Question 17 Page 191

A

One of the zeros of the function is 1.
f=5M*+40) +331)* + P(H+Q

0=5+4+3+P+0
~12=P+Q

Chapter 3 Section 5 Question 18 Page 191

Answers may vary. A sample solution is shown.
(/3sin x)? =(2—-cosx)*
3sin® x =4 —4 cosx+cos” x
3(1—cos? x) =4 — 4 cos x + cos” x
3-3cos’ x—cos’ x+4cosx—4=0
—4cos’ x+4cosx—1=0

(2cosx—1)>=0

CoSx =

N | —

X :§+2k7r, k=0, 1, 2, 43, ..

(. 5 7 )
1.y vy =, —, —, ...
3 3

Wy
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Chapter 3 Review
Chapter 3 Review Question 1 Page 192

a) From the denominator, the vertical asymptote occurs at x = 2.
1

X
x 27

1 2
as x — too, — and — approach 0.
X X

=0
The horizontal asymptote is y = 0.

b) From the denominator, the vertical asymptote occurs at x = —7.
3

X

3 7
as x — Foo, — and — approach 0.
x X

| <

+

= =

O =
+
|

|

—_
(=)

+
=0
The horizontal asymptote is y = 0.

¢) From the denominator, the vertical asymptote occurs at x = 5.
4

4 5
as x — *oo, — and — approach O.
x X

=0
The horizontal asymptote is y = 0.
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Chapter 3 Review Question 2 Page 192

a) From the shape we know that this is a rational function.
The vertical asymptote occurs at x = 1.
The horizontal asymptote occurs at y =0
There are no zeros.
A point on the graph is (2, 2).

_ a
o
2=2
1
a=?2
_ 2
Y x—1

b) The vertical asymptote is x =—4.
The horizontal asymptote is y = 0.
There are no zeros.

A point on the graph is (-3, 1).
a

y_x+4
a

1
1

1=

a=

1
yx+4

Chapter 3 Review Question 3 Page 192

a)

W=/ H=-3)

%=1 y=-z.t

domain: {x € R, x #3}
range: {y € R,y #0}

. 5
y-intercept: — 5

asymptotes: x =3,y =0
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V1= -1/CH=4)

n=g ¥=.t

domain: {x € R, x#4}
range: {y € R,y #0}

-intercept: —
y p 1

asymptotes: x =4,y =0

)

Vi=1/C2H=-32 [ IL

n=g =1

3
domain: {x e R, x # 5}
range: {y € R,y #0}

y-intercept: — 3

3
asymptotes: x =5 ,y=0

d)

V1= -B/CEH+4D |

.;-.F,I.q..--....

¥=z !‘r:-.snnzas

4
domain: {x € R, x #—g }

range: {y € R,y #0}
y-intercept: —2

4
asymptotes: x = e y=0
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Chapter 3 Review

a) vertical asymptotes: x =3, x =—4
b) vertical asymptote: x =—3

¢) vertical asymptotes: x =—6,x =-2
Chapter 3 Review

1

a) i) f(x)=m

Question 4 Page 192
domain: {x € R, x #-4,x #3}
domain: {x € R, x #-3}
domain: {x € R,x#-6,x £2}

Question 5 Page 192

The asymptotes are x =—6, x =-2, y = 0.

. 1
ii) y-intercept is g

iii)

Haximum i L
n=-g.998888 Y=-:z2L I

iv) function increasing for x <-5, -5 <x <-3
function decreasing for -3 <x <-1,x > -1

v) domain: {xe R,x#-5,x#-1}

1
range: {y e R,y>0,y < _Z}
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b) i) g(x)= o813

The asymptotes are x =-3,x =8, y =0.
ii) y-interceptis ——

24

iii)

Haximum 3
n=g S00000 Y=-0z30570

iv) function increasing for x <-3, -3 <x <2.5
function decreasing for 2.5 <x <8, x> 8

v) domain: {x € R, x # 8, x # -3}

4
range: {y € R,y>0,y< ——
ge: {y y>0,y 121}

C) i) ]’l(X) = —W

The asymptotes are x =3, y = 0.
ii) y-intercept is oy

iii)

V1= -1/(Hz-aH+3)

Y

n=g : =-1

iv) function increasing for x > 3
function decreasing for x <3

v) domain: {x € R, x #3}
range: {y € R,y <0}
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d) i) asymptote: y=0
ii) y-intercept is 3

iii)

V1= -2 Hz+ED [

n=0 =-.4

iv) function increasing for x >0
function decreasing for x <0

v) domain: {x € R}

2
range: {y € R, —gSy<0}

Chapter 3 Review Question 6 Page 192
E
Haxirium i
n=".rt Y=-.1pzzREE
Interval Sign of Slope Change in Slope
5
x< -—= + +
5 3
—_——<x< —-— + —
2
3
xX=—— 0 -
4
——<x<1 — _
x>1 — +
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Chapter 3 Review Question 7 Page 192
A reciprocal quadratic function with the given asymptotes is an equation of the form

1
y_iu+4xx—$

1= =1 ACCH+40H =500

=1 R+ 4R -500

n=h =-1

H=B
By graphing we can see that the equation that satisfies the interval conditions is:

1
(x4 4)(x=5)

Chapter 3 Review Question 8 Page 192

*
a) a(x)=—=%
7+7
X X
1
a(x)=—-—r
5
1+
X

5
As x — oo, — gets very close to 0.
x

1
_)_
a(x) 1+0

a(x)—1
The horizontal asymptote has equation y = 1.
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2x

b) b(x):—xx )
X x

2
b(x)=———
3
X

3
As x — oo, — gets very close to 0.
x

2
b(x) > ———
(x) 0

b(x)— -2

The horizontal asymptote has equation y = —2.

7+7

¢) c(x)=
x x
142
c(x)=—=2
2
X

2
As x — oo, — gets very close to 0.
X

1+0
c(x) > ——
(x) 10

c(x)—>1

The horizontal asymptote has equation y = 1.
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Chapter 3 Review

Question 9 Page 193

a) asymptotes: x =2,y =1
domain: {x € R,x#2},range: {y € R,y # 1}

b)

y-intercept: 0
x<0

flx) is positive and decreasing, the slope is negative and decreasing.
f(x) is negative and decreasing, the slope is negative and decreasing.
flx) is positive and decreasing, the slope is negative and increasing.

0<x<2

x>2

Mi=HAH=-2 -
'_.HH—I—I-IH—h:.. a2 2
n=1 v==-1

asymptotes: x =-3, y =—1
domain: {x € R, x# -1}, range: {y € R,y #-3}

y-intercept: 0
x<-1
-1<x<0
x>0

flx) is negative and decreasing, the slope is negative and decreasing.
flx) is positive and decreasing, the slope is negative and increasing.
flx) is negative and decreasing, the slope is negative and increasing.

V1= -ZH/0H+1D |

n=1

,

y=-1.5

asymptotes: x =—4,y =1
domain: {x € R, x #-4},range: {y € R,y # 1}

. .
y-intercept: —5 , Xx-intercept: 2

x <-4 fx) is positive and increasing, the slope is positive and increasing.
—4<x<2 fx) is negative and increasing, the slope is positive and decreasing.
x>2 flx) is positive and increasing, the slope is positive and decreasing.
Mi=CH=-22/CH+Y) [

A s D :r’*’-d‘—. ——

=-1 Nz
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1
d) asymptotes: x =5 , =3
1
domain: {x e R, x # 5 },range: {y € R,y # 3}
. . 1
y-intercept: —2, x-intercept: —3
X <—§ flx) is positive and decreasing, the slope is negative and decreasing.

-3 <x< 5 fx) is negative and decreasing, the slope is negative and decreasing.

X >5 fx) is positive and decreasing, the slope is negative and increasing.

Wi=(aH+2) (ZH-1]

n=g ¥=4.666B66/
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Chapter 3 Review

From the asymptotes:

4x+b
flo= 3x+2

Substitute the y-intercept:
1 40)+b

2 3(0)+2
1 b

2 2
b=-1

4x—1
f(x)_3x+2

Check the x-intercept:
L.S. R.S.

4[41‘—)_1
(i)

=0

:0 =

Question 10 Page 193

Since L.S. = R.S., the equation is true for the x-intercept.

Chapter 3 Review
a) !
x—
7=2x-8
2x=15
15
2

=2, x4

X

3 —
x> +6x—24

3=x"+6x—24

XX +6x—-27=0
(x+9)(x—3)=0

x=-9orx=3

Question 11 Page 193

x> +6x-2420

—6+/6” —4(1)(-24)
2(1)

x#-3133

X #
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Chapter 3 Review Question 12 Page 193

4x S5x

x+2 x4l
4x(3x+1)=5x(x+2)

12x* +4x=5x>+10x
7x>—6x=0

1
X#E=2, x#——
3

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

lsolve(?~x2-6~x=0,x)

0 or x=.857143
0, x)

x=0orx = 0.86

5x+2 3x-1 9
= S XE—, x#2
2x-9 x+2 2

(Gx+2)(x+2)=Bx—-1D)2x-9)
5x°+12x+4=6x>—-29x+9
X2 —41x+5=0

b)

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

lsolve(x2-41~x+5=0,x)
x=.122316 or x =40.8777

solve(x"2-41x+5=0, x)

x=012o0rx = 40.88

(x2—3x+1)_ X2 +5x+4
2—x x—06
(2 =3x+D(x—6)=(x*+5x+4)2—x)
X —6x 3" +18x+x—-6=2x>—x*+10x—-5x*+8 —4x
2x —6x* +13x—14=0

L X722, x#6

P

éﬂ_d_,n

2eFo ]
n=1.6=Z9E4RE |Y=0
x = 1.64
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Chapter 3 Review Question 13 Page 193

a) <2

x+5
Because x+5#0, eitherx>-5orx<-5.

Case 1: If x > -5,
3<2(x+5)

3<2x+10
2x>-7

xX>——

D 7 .. 7
x>-51is within x> —E , so the solution is x > —E .

Case 2: If x <-35,
3>2(x+5)

3>2x+10
2x>-7

x<——
2

T L. ..
x< —E 1s within x < -5, so the solution is x <-5.

. 7
The solution is x <—5 or x> —E .

D B e 90 0 B B B B g
Check:

=3 EI-2 |

__\,I:

H=-3.E =iy
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b)

3 4
<

x+2 x+3
3x+3) 4(x+2) <0
(x+2)(x+3) (x+2)(x+3)
3x+9—4x—8<
(x+2)(x+3)

o xFl
(x+2)(x+3)

The zero occurs at x = 1.
The restrictions occur at x = -3, x = —2.

Signs of Factors of Sign of
Interval I-x I-x
(x+2)(x+3) (x+2)(x+3)

(o, 3) (+) N
’ (=)(=)

.= O )

2,1 hl +
=1 )

1 0 0
(H)(+)

(1) D) ]

The solutionis 3 <x<-2orx=1.

elllll"dq'l‘nlllnl

w4 47T 4 5437012 3534 567 688 10

Check:

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

" sotvel 37 Sxas )
3 x< 2 or xZ1
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)

(x=5)(x+4) 50
(x=6)(x+2)

The zeros are x =—4,x =5.
The restrictions occur at x = -2, x = 6.

Critical Values in bold:

X -5 —4 -3 -2 0 5 5.5 6 7
—5)(x+4
c-serd [ L, ] o |
(x—=6)(x+2)

The solutionisx <-4 or-2<x<5o0rx>6.

Check:

o 1

Fiv| F2v [F3«| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb

Donel

2 3 4 56 7 8 8 10
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d)

x(x+7) _(x—l)(x+5)>0
xX+5)x+7) (x+5)x+7)
xz+7x—(xz+4x—5)>
(x+5)(x+7)
3x+5 S
(x+5)(x+7)

The zero occurs at x = —g .

The restrictions occur at x = -7, x =-5.

Signs of Factors of Sign of
Interval 3x+5 3x+5
x+5)x+7) x+5)(x+7)
(-)
7 O B
(-)
-7,-5) Y +
[_5, _2) © _
3 (H)(+)
5 (0)
3 ) 0
( 5 j (+)
—Z e +
3 (H)(+)

wH 47 8 54370 127 34 5687

Check:
Fiv Fev |[F3v| F4~ F& Fé~
Tools|A13¢bralCalc|Other |PrImI0{Clcan Up!

= NewProb Donel
Isc:lue[xf5 >§—:;,x]
7L %< -5 or x> -5/3

e+ 7
Ko

L}

g 10
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Chapter 3 Review Question 14 Page 193

a)

Fiv| Fev [F3+| F4v | FS Fov
Tools|A13¢brajCalc|Other|PrImIDjCIcan Up

= NewProb Donel

The solutionis 4 <x<-1or2 <x<3.

b)
Toals n1gezrfralcro'ﬁ'clnfrl"e'rlwrs?mncheFasn'u»l Toals n1gezrfralcro'ﬁ'clnfrl"e'rlwrs?mncheFasn'u»l
= NewProb Donel = NewProb Donel
2_¢. 2_¢.
'solve%wlb '4)1ve%>0,x
2'x“+17-x+8 2'x“+17-x+8
x> =172 and x#3 or x<{ P 4> -1/2 and x#3 or x<{ -§
L=EX+I) /(2241 7% +8) 50, XD

1
The solution is x < —8 0rx>—§ andx#3.

Chapter 3 Review Question 15 Page 193

a)

VA=Ca00H=-150000/(H+100)

n=100 F=zek

b) The profits increase as the sales increase.

Slope of the secant with (500, 475).

475-474.999 79 =021

¢) Slope of the secant with (100, 225).
225-224.998 12

100 -99.999

=1.88
500 —-499.999

The rate of change of the profit at 100¢ is approximately 1.88 and approximately 0.21
at 500¢, so the rate of change is decreasing.
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Chapter 3 Review Question 16 Page 193

1 12
a) discontinuous at [0, g) b) discontinuous at [7, Hj
M= THZ+ERD ; Mi=iHz-2H-2E0 (H2-20-20)
—H-!ﬂ—n_......:.:.........
=-y y=i s n=i y=1.2

Chapter Problem Wrap-Up

Solutions to the Chapter Problem Wrap-Up are provided in the Teacher’s Resource.

MHR » Advanced Functions 12 Solutions 374



Chapter 3 Practice Test
Chapter 3 Practice Test Question 1 Page 194
The correct solution is C.

The graph has asymptotes at x =—1,x =1,y =0.
The graph has a y-intercept at —1.

Chapter 3 Practice Test Question 2 Page 194
The correct solution is B.

As the denominator approaches infinity, the function approaches 0.
Chapter 3 Practice Test Question 3 Page 194
The correct solution is A.

The vertical asymptote is x = 5.
The horizontal asymptote is y = 1.

Chapter 3 Practice Test Question 4 Page 194

Answers may vary. A sample solution is shown.

_a
a) Y=
substitute the point (-1, 1)
_a
)
=4
1
a=1
1
y_x+2

b) The asymptotes are x=-4,x=3,y=0
1

Y ) x-3)
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Chapter 3 Practice Test

Question 5 Page 195

a) i) domain: {x € R}, range: {y e R,-2<y <3}

ii) y-intercept is —2

iii) y =0

iv) f(x) is decreasing for x < 0 and increasing for x > 0.

b)

V1= "4 CHZ+2D [

n=1 T=-1.233333

Chapter 3 Practice Test

1 . .
Yes, o will always yield an asymptote at y
X
1
gx)=——
(x)
1
X
X)=
g(x) )
X

g(x)—0
The horizontal asymptote is y = 0.

Question 6 Page 195

=0.
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Chapter 3 Practice Test Question 7 Page 195

a) S 1y
x—4 2
2(3x+5)=x-4
6x+10—x+4=0
5x+14=0
14

5

X =

20
b) ——————=x+2
x —4x+7
20=(x+2)(x*—4x+7)
20=x>—4x>+Tx+2x*—8x+14

X =2x"—-x-6=0

=R 3-2i"2-H-8

A

n=3 =0
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Chapter 3 Practice Test

5 4(2x+3)<
2x+3 2x+3
5-8x—-12
—<
2x+3
—8x-7
2x+3

0

0

<0

, 3
The vertical asymptote has equation x = 5

Question 8 Page 195

The horizontal asymptote has equation y = —4.

T
The x-intercept is — 3

Vi1=( "BH-F 1 (2H+3)

[

T

w=-B7E1  Iy=n

From the graph, the coordinates of all the points below the x-axis would satisfy the

inequality f{x) <0.

7
X< -——,X> ——
2

8

PN T T TN TN NN NN SN SN LN VOGN NN SN U NN N

P ———— -

2 34 56 7 8 8 10
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(x+1)° G DE-2)
(x=2)(x+1) (x=2)(x+1)
x2+2x+1—(x2+5x—14)>0
(x=2)(x+1)
Bx+15
(x—2)(x+1)

b)

The zero occurs at x = 5.
The restrictions occur at x = -1, x = 2.

Signs of Factors of Sign of
Interval -3x+15 =3x+15
(x=2)(x+1) (x=2)(x+1)
) ) .
’ =))
(+)
L2 1) -
2,5 i +
@2 )
5 0 0
(HH)
e B -

The solutionisx <—-lor2 <x<5.

wH 47T 8 5437101 2 34 567 8 8 10
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Chapter 3 Practice Test

Question 9 Page 195

a) Answers may vary. A sample solution is shown.
From the vertical asymptote and the x-intercept.

_a(x—-2)
Ce(x+1)

From the horizontal asymptote:

_a(x—-2)
c(x+1)
@ _2a

_X x

Ta e
X X

2
Asx%ioo,—a—>0 and 560.

X X
a—0
0

y—

y=
1

c+
a
C
a

2 ¢

_—(x-2)
Y G+ )
_o—x+2
T 2+

b) Yes. A sample solution is shown.

_ 2x+4
T

Chapter 3 Practice Test

k
a) g =?
k=gd?
k=8.2x% 70002

k=401 800 000
401 800 000
g= ————

d2

Question 10 Page 195
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b)

V1=401B00000,/ %

BEZ00 e V=L 00NE

401 800 000
©) g= — 2
e 401 800 000
8

,_ [401800 000
8

_ [401800 000
6

d=8183.3

Chapter 3 Practice Test Question 11 Page 195

a)

W1=100H CH+200

e

T=i4.2857°14 .

u=K

b) domain: {te R, ¢>0}, range: {Pe R, 0< P <100}

¢) The percentage lost can get close to 100% but not equal to 100%.
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Chapter 3 Practice Test Question 12 Page 195

a)

1=1008HA A2 +HIZ

b) The power output increases from 0 Q to 2 Q. The power decreases from 2 Q to 20 Q.

¢) Rate of change at R = 2:
12.5-12.5 .

2-1.999
The power is constant at R =2 (not changing).
Chapter 3 Practice Test Question 13 Page 195
Answers may vary. A sample solution is shown.

x=0,y=0
Slopes increasing and decreasing faster as # increases.

n even:
For x <0, f{x) is positive and the slope is positive and increasing.
For x > 0, f{x) is positive and the slope is negative and increasing.

n odd:
For x <0, f{x) is negative and the slope is negative and decreasing.
For x > 0, f{x) is positive and the slope is negative and increasing.
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Chapters 1 to 3 Review

Chapters 1 to 3 Review Question 1 Page 196
a)
WMi=i"3-2d 2-n+2 J ]
- A Fo
2er o :
n=3 =8 n=" =0
e L e P
2ek o : 2er o :
n=1 =0 n=g =0

Wi=H*Z-ZH" E2-H+2

n=0 ¥=e

The x-intercepts are —1, 1, and 2.
The y-intercept is 2.
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b)

WVi=H*Y-zi 3-Ei"z+1zH-16

]
~J

cRFo [
n="c.BEZ91Y 1Y¥=0

Ni=H*Yy-zi 3-Bi"z+1zkH-16

] ) [
n=z.6283178 1Y=-1E-11 n=0 ¥=-1m

The x-intercepts are approximately —2.88 and 3.63.
The y-intercept is —16.

Chapters 1 to 3 Review Question 2 Page 196

a) Since the function is even degree and has a positive leading coefficient, the graph extends
from quadrant 2 to 1. Therefore, as x — —o0, y — 0 and as x — o0, y —> oo,
The graph does not have symmetry.

WI=ER " Y=-ZH 3+l =20+l

I

n=-1 =iz

b) Since the function is odd degree and has a positive leading coefficient, the graph extends
from quadrant 3 to 1. Therefore, as x — —oo, y — —cc and as x — oo, y —> oo,
The graph does not have symmetry.

NI=HH " 3=-EH "+ H-3

n=1 =z
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Chapters 1 to 3 Review Question 3 Page 196

~32+62.5
20-25

305

T 05

=61

a) i) Average rate: Slope =

~13.5+32
1.5-2.0

185

T 05

=37

ii) Average rate: Slope =

by 03D

—49
The average of the two rates of change approximates the instantaneous rate at x = 2.

Chapters 1 to 3 Review Question 4 Page 196

a)

Vi=H"3 NE=.B(H=-10"3+3

%=1 y=1 %=1 /- |'.'=3
Fi=H"Yy 1 ; '|'2='(EH+E:I“\"I 3

=-z

b)

v=15 ¥=-z v=-15
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Chapters 1 to 3 Review

a)

b)

)

d)

Fililz |

el LA

o Lt - a
H=-1 ¥=-32 o

Question 5 Page 196

L R A G FA o E

n=-1 f=-zz

The differences are shown in the screen shots.
L3, the first differences; L4, the second differences; L5, the third differences; and L6, the

fourth differences.

L1 Lz Lz LI |
- ] ey |
| =En En
-3 0 -18
s -18 -1y
-1 I 1y
0 -18 i8
1 0 =EN
L =4L-5, 4, -3, 2.

The degree is 4.

v #JLE #[W #6

-1B8 | 1z0 -4B

-68 | 7z -4g

Y 4 -4g

z8 -4 -4g

y -7E -48

-5H S EL I
-188 | _____

L ="ualistilea"

From the table and information given in part a):
y=a(x—1)*(x+3)’
48 =a(4x3x2x1)

—48 =24a
a=-2

y==2(x=1>(x+3)’

Answers may vary. A sample solution is shown.
Reflects and stretches the graph. Also, since the function has even degree, a negative leading
coefficient means the graph extends from quadrant 3 to quadrant 4 and has at least one

maximum point.
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Chapters 1 to 3 Review

Question 6 Page 196

a)
X y Secant to the point
2,-9)
1.9 -8.591 —4.09
1.99 —8.9599 —4.01
1.999 —8.996 —4.00
The instantaneous rate of change at x =2 is —4.
b)
X y Secant to the point
“4,-5)
3.9 —6.131 11.31
3.99 -5.1193 11.93
3.999 -5.01199 11.99
3.9999 -5.0012 12.00

The instantaneous rate of change at x =4 is 12.

¢) local minimum; changes from negative to positive slope

Chapters 1 to 3 Review

a)

aximum
n=i2.247281 Y¥=9.6387022
Maximum (12.25, 9.64)

Question 7 Page 196

610758 Y=-70.80035

u
A419812 Y=-14.1593%5

Minima (3.14, —14.16) and (26.61, ~70.80)

MHR * Advanced Functions 12 Solutions 387



9.64+14.16

: =2.61
12.25-3.14

b) Slope

The slope from (3.14, —14.16) to (12.25, 9.64) is approximately 2.61.

Slope: —7080-9.64 .
26.61-12.25

The slope from (12.25, 9.64) to (26.61,—70.80) is approximately —5.60.

¢) It looks like the graph is the steepest when x is between 27 and 32.

Test x =29:
- —59.3775+59.387 85

Secant: =10.35
29 —28.999

Test x = 32:
- 0+0.0307 158

Secant: =30.7158
32-31.999

The instantaneous rate of change would be the greatest at x = 32.

Chapters 1 to 3 Review

Answers may vary. A sample solution is shown.
y=2x(x + 7)(x—3)

y=—%x(x+7)(x— 3)°

Chapters 1 to 3 Review
y=k(x—=2)"(x +5)

Answers may vary. A sample solution is shown.
y=2(x=2)"(x+5)
Let x =0:
y=2(-2)’(5)
=40
The y-intercept is 40.

y=-3(x-2)(x+5)
Let x =0:
y=-3(-2)X(5)

=-60
The y-intercept is —60.

Question 8 Page 196

Question 9 Page 196
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Chapters 1 to 3 Review

2x2—zx+g
2 4

a) 2x+1>4x3 —5x% +6x+2
4x° + 247

—7x* +6x

—Ix*——x
2

1
—9x+2
2

19 19
u
11

4

7 1
4x3—5x2+6x+2:(2x+1)(2x2—Ex+?9

3’ +6x° +7x+14
b) x—2>3x4 +0x° —5x2 +0x—28
3x* —6x°
6x° —5x*
6x’ —12x°
7x* +0x
7x’ —14x
14x—28
14x—28
0

Question 10 Page 196

4 2

) 11 1
-, xi__

3x' =5x7 =28 =(x=2)(Bx’ +6x> + Tx+14),x %2

Chapters 1 to 3 Review

a) P(2)=6(2) -7 +52)+8
=38

o A

Question 11 Page 197
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Chapters 1 to 3 Review Question 12 Page 197

a) P(-5)=4(-5) -3(-5)’-2(-5)"+5
=-12 500+ 375-50+5

=-12 170
Since P(-5) # 0, x + 5 is not a factor.

b) P(4)=3(4)'—15(4)’ +10(4)+8
=192-240+40+8
=0
Since P(4) =0, x — 4 is a factor.
Chapters 1 to 3 Review Question 13 Page 197

P2)=32)" -42) +k(2)-3(2)+6
3=48-32+2k—-6+6
3=16+2k

-13=2k
13
2

k=

Chapters 1 to 3 Review Question 14 Page 197

a) Difference of cubes:
(x=3)x* +3x+9)

b) P(2)=2(2)’ +4(2)* -13(2)-6
=16+16-26-6
=0
x — 2 1s a factor.

2 2 4 13 -6
- 4  -16 -6
x | 2 8 30

(x—2)(2x* + 8x +3)
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Chapters 1 to 3 Review

a) P(—4)=(—4)’ —2(-4)* —=19(-4)+20
=—-64-32+76+20

=0
P()=(1) -2(1)* -19(1)+ 20

=1-2-19+20

=0

P(5)=(5)"—2(5)*—19(5)+20
=125-50-95+20
=0

x=-4orx=1lorx=5

b) P(-3)=5(-3)"+23(-3)" =9+ 21(-3)
=—-135+207-9-63
=0
x + 3 is a factor.

3 5 23 21 9
— 15 24 -9

Question 15 Page 197

| 5 8§ 3 0

X

(x+3)(5x* +8x-3)=0

x=-3
or
_—Si\/82—4(5)(—3)
T 265)
_-8x4124
AT
_—4+431
s
—4—+/31 —4++/31
x=-3orx= — orsz
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Chapters 1 to 3 Review

a)

b)

Factor first.
(x-6)(x—-1)=0

Case 1:
x—620 x—-120
x=26 x>1

Question 16 Page 197

X 2 6 is included in the inequality x > 1. So the solution is x = 6.

Case 2:
x—6<0 x—1<0
x<6 x<1

x <1 is included in the inequality x < 6. So the solution is x <1.

The solutionisx <1 or x = 6.

Factor first.
X (x+3)—4(x+3)<0
(x> =4)(x+3)<0
(x=2)(x+2)(x+3)<0

Case 1:
x—2<0 x+2<0

x<2 x<-2
The solution is x < -3.

Case 2:
x—2<0 x+2>0

x<2 x>-2
The solution is -2 <x < 2.

Case 3:
x—=2>0 x+2<0

x>2 x<-2
No solution.

Case 4:
x—=2>0 x+2>0

x>2 x>-2
No solution.

x+3<0
x<-3

x+3>0
x>-3

x+3>0
x>-3

x+3<0
x<-3

The solutionis x <-3 or -2 <x < 2.
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Chapters 1 to 3 Review

n=1d ¥F=E00

Question 17 Page 197

From 0 min to 10 min the mass of the fuel is greater than 500 t.

Chapters 1 to 3 Review
asymptotes: x =1,y=0

No x-intercept.
The y-intercept is 1.

A
M) i

Chapters 1 to 3 Review

Vi=4/CH=-31 |!L

K=Y W=y

a) flx) =0
b) fix) =0
©) flx) =
d) flx) = —eo

Question 18 Page 197

Question 19 Page 197
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Chapters 1 to 3 Review Question 20 Page 197

asymptotes: x =—1,y =1
Domain: {xeR, x#-1}, Range: {yeR, y=1}

Chapters 1 to 3 Review Question 21 Page 197
6x+1
a x)=
) F@=5075

i) Domain: {xeR, x#2}, Range: {yeR, y =3}

. |
The x-intercept is — rs

Letx=0:
_6(0)+1

YT 20)-4
1
T4

. |
The y-intercept is e

asymptotes: x =2,y =3
negative slope: x <2, x>2
slope decreasing: x <2; slope increasing: x > 2

'|'1=IZEH+1ZI.-'IZEHE-'1) ‘l\q_—

n=1 ¥=-3.t
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1

AR T Y

1
i) Domain: {x e R, x# -3, x # 3}, Range: {yeR, yS—g, y>0}

No x-intercept.

Let x=0:
1
YT 0 29
1
)

1
The y-intercept is e

asymptotes: x =-3,x=3,y=0
positive slope: x <-3, -3 <x <0; negative slope: 0 <x <3,x >3
slope decreasing: —3 <x <0, 0 <x < 3; slope increasing: x <-3,x >3

Vi=(H"z-91"-1

.
1

n=g ="

Chapters 1 to 3 Review Question 22 Page 197

Answers may vary. A sample solution is shown.
From the x-intercept: ax + b = k(x + 2)

From the vertical asymptote: cx +d = m(x — 1)
k(x+2)  3(x+2)

mx—1) (x=1)

From the horizontal asymptote:

3x+6
x—1

f(x)=
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Chapters 1 to 3 Review

a) 3Q2x+3)=(x-2)
6x—x=-2-9
S5x=-11

x=—— or 2.2
5

b) (x+D(x*=3x+5)=10
X =3x2+5x+x°-3x+5=10
X =2x*+2x-5=0

No exact solution.

Fiv| Fi~ I F3v| Fly~ | F& FG~
Tools|A13¢bralCalc|0ther|Fr3miD|Clcan Up

= NewProb Done|
wsolvelx®-2-%x2+2.x-5=)
% =2.15091

Question 23 Page 197
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Chapters 1 to 3 Review

3 2(2x+4) S

+
2x+4 2x+4

4
3+ x+8>0

2x+4
4x+11

2x+4

>0

Question 24 Page 197

11

The zero occurs at x = —Z.

The restriction occurs at x = 2.

Signs of Factors of Sign of
Interval 4x+11 4x+11
2x+4 2x+4
(1) © .
4 )
11 0
i © 0
4 -)
+
(1) @ ]
4 )
(+)
—2, 0 ASEA n

11
The solution is x < —Z orx>-2.

MHR * Advanced Functions 12 Solutions 397




(x+3)(x-2) (x+4H(x-D <0
x-Dx-2) (x-Dx-2)
X H+x—6-(x*+3x—-4) -
(x—=D(x=2)
—2x-2
(x—=D(x-2)
—2(x+1)
(x-D(x-2)
The zero occurs at x = —1.
The restrictions occur at x =1 and x = 2.

b)

Signs of Factors of Sign of
Interval —2(x+1) —2(x+1)
(x—D(x-2) (x—D(x-2)
+)
—o0,—1
(=D ) "
)
_ _— 0
: OO
)
1.1 OO -
)
(1.2) o) ’
)
(2. ) ) -

The solutionis -1 <x<1orx>2.
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Chapters 1 to 3 Review Question 25 Page 197

a)

WA=(ER=-4000/(H+E00)

=0 ¥=-.obbbbB6

b) The zero is at x = 80.
2
The y-intercept is 3 (approximately —0.67).
The horizontal asymptote occurs at y = 5.

2
Domain: {x eR, x> 0}, Range: {P(x) eR, —§ <P(x)< 5}

¢) The profit is always less than $5000
Chapters 1 to 3 Review Question 26 Page 197

Domain: {t eR,t>20,t# 10}

Since ¢ represents time, ¢ > 0; ¢ # 10 because the denominator cannot be zero.
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