CHAPTER 4
Polynomial Equations and Inequalities

l.a) 5x —7=-3x+ 17
Sx +3x=17+7
8x =24
x =3
b) 12x -9 —-6x=5+3x+1
12x—6x—-3x=5+1+9
3x = 15
x=25
¢) 2(3x —5)=—-4(3x - 2)
6x —10 = —-12x + 8
ox +12x =8+ 10

18x = 18

x=1

2x + 5 X

. _q_ X
d) 3 4
2x + 5 X
12( 3 _Z>

4(2x +5) = 84 — 3x
8x + 20 = 84 — 3x
8 +3x =84 -20

11x = 64
64

X =—
11

2.a) X+ x% = 30x = x(x* + x — 30)
=x(x + 6)(x — 5)
b) x? — 64 = (x — 4) (x> + 4x + 16)
¢) 24x* + 81x = 3x(8x* + 27)
= 3x(2x + 3)(4x* — 6x + 9)
d) 2% + 7x? — 18x — 63
= x2(2x + 7) — 9(2x + 7)
=(x*-9DN2x +7)
= (x+3)0x - 3)2x +7)

Advanced Functions Solutions Manual

3.a)

b)
} i X
e SR R
;_5_
._'lo._
...}5_

4. The graph crosses the x-axis at x = 2 and at
x = 5. The roots of the equation are 2 and 5.

5.a)2x* =18
x*=9
x=i\/§
x =3

The roots are 3 and —3.
b) (x? + 8x — 20) =0
(x +10)(x —2)=0
(x+10)y=0and (x —2) =0
x = -10,2
The roots are — 10 and 2.
¢) 6x? = 11x + 10
6x2— 1lx — 10 =0
6x> — 15x +4x — 10 =0
3x(2x = 5) +2(2x - 5) =0
Bx +2)2x =5 =0
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Bx +2)y=0and 2x —5) =0
L
372

The roots are —3 and 3.

d) x(x +3)=3—-5x — x?
x2+3x=3 -5 — x?
22+ 8 —3=0
—b = \V/b* — dac
2a
where a =2, b=8,and ¢ = —3
-8 = V& - 4(2)(-3)
to 2(2)
VBE = (= 24)
4

X =

[+

_ -8
4

Il
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= 2+ =

2
= (.3452, —4.345
The roots are 0.3452, —4.345.
6. a) (3, 7); Answers may vary. For example, the

change in distance over time from ¢t = 3tot = 7 is

greater than at other intervals of time.
b) From 0 seconds to 3 seconds, she walks a total
of 1 metre for a rate of  m/s. From 3 seconds to

7 seconds, she walks a total of 3 metres for a rate
of 3 m/s.

¢) Answers may vary. For example, away; Erika’s
displacement, or distance from the sensor, is
increasing.

7. a) Determine the value of ¢ for which A(t) = 0.
Use a graphing calculator.

The ball is in the air for 2 s.

b) h(0) =105
h(l) = =5+ 975+ 05
=5.25
525 -05
)
-0 75 m/s

¢) Estimate the instantaneous rate of change by
calculating the average rate of change from
t=1999stor=2s.
h(2) — h(1.999) 0 — 0.010245

2-1999 2 -1.999
—0.010 245

0.001
—10.245 m/s

8. Answers given for justfication may vary. Sample answers are provided.

Statement. . . . | Agree . | Disagree | fustification

a)| The quadratic formula can only be used
when solving a gquadratic equation.

X You could use the quadratic formula to solve
y = x* + 4x? + 3x because it equals x(x? + 4x + 3).

b)| Cubic equations always have three real X = (x + 3)2(x — 2) is a cubic equation that will have two
roots. roots.
¢) | The graph of a cubic function always X The equation y = x* will only pass through two quadrants.

passes through all four quadrants.

d) The graphs of all polynomial functions X All polynomials are continuous and all polynomials have a
must pass through at least two quadrants. y-intercept.

e) | Theexpression x* > 4 is only true if X f(=3)=9
x> 2.

f) if you know the instantaneous rates of X The instantaneous rates of change will tell you whether the

change for a function at x = 2 and
x = 3, you can predict fairly well what
the function looks like in between.

graph is increasing, decreasing, or not changing at those
points.
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b) 4x* = 24x% + 108
4x* — 24x* — 108 = 0
*—6r-27=0

1.a) y

2x(x — D(x +2)(x — 2) (> = 9x*+3)=0
2x=0and x — 1 = 0and x*-9=0and x> +3=0
x+2=0and x —2=0 x? = and x?= -3
x=0,1,-2,2 x= =*3 no real solutions
b)  y=502x +3)dx — 5)¥x +7)
2x+3=0and 4x -~ 5=0and x +7=0 f
35
X = > T 7 }
¢ y=2(x - 3)Px +5)x - 4) e M
x—3=0and x+5=0and x —4=0
x=3,-54
d y=(x+6)0P2x-5)
x+6=0and 2x —5=0
5 \
x=-67 Fes? =
e) y=—-5x(x*-9) ¢) 3x*+ 55 —12x* —20x =0
—5x=0and x> -9 =0 (363 + 5x2 — 12x — 20) = 0
x=0and x* =9 x(X*Bx+5)—4(Bx +5) =0
x=0and x = =3 (X =HBx+5)=0
x=0,-33 x=0and ¥’ —4=0and 3x +5=0
D y=(x+5x*—4x - 12) 5
= (x + 5)(x +2)(x - 6) ¥= 027573
x+5=0and x+2=0and x —6=0
x=-5-2,6 Lf‘a
2. a) 3x3 = 27x
3xP = 27x =0
3x(x*—9)=0 Zere
3x(x +3)(x —3) =0 i L
3x=0and x+3=0and x —3=0
x=0,-33 L/\ II
{ 2%ra
4L GEREE? I¥=¢

2gFo U \k
4.3

f 2eFo
R=Q (=g

n
11 &
-
<

=0

2eFe /
=3 =0
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d) 10x* +26x> — 12x =0

2x(5x* + 13x — 6) =0

2x(5x* +15x — 2x — 6) =0

2x(Sx(x +3) = 2(x +3)) =0

2x(5x — 2)(x +3)=0
2x=0and 5x —2=0and x +3 =0

0 2 3
x=0,- -
b 57
2F o
zo3 =9
Zero’[\\
Lzt =g
i
\
2&Fn
| Fek] 1=
e) 2x'+ 162 =0
2x = —162
x=-81
VX =V -81
x=-3V3

Zxto
H=-4.3za748 Yso
f) 2x = 48x?

2t —48x* =0
2 (x*—24) =0
2x*=0and x> — 24 =0
x*=0and x*? =24
x=0, +2V6

7y

4-4

2ere

H=¢ {=0
a0
2ero
FERN:EL Rk N
3.a) y =207 — 17x% + 23x + 42
(1) =50
f(6) =0
62 —17 23 42
{ 12 =30 —42

2 =5 =7 0
(x —6)(2x* = 5x —7) =0
(x —6)2x* —Tx +2x—7)=0
(x =6)(x2x—7)+12x = 7)) =0
(x —6)x+1DH2x =7)=0
x—6=0and x+1=0and 2x —7=0
=6,—1 !
TR
b) From part a) 2x* — 17x* + 23x + 42 = QO or
(x — 6)(x + 1)(2x — 7) = 0. The roots of either of
these equations are the zeros of the function in part a).
4. Algebraically: Collect all terms on one side of the
equation and solve by factoring.
¥+ 1262+ 21 — 4 =x = 2P — 13x2 - 4
0=x*—3x— 25x* - 2lIx
x(x* = 3x*-25x —21) =0
x =0
xP=3xr - 25x - 21 =0
f(-=1)=0
-1/t -3 =25 =21
I =1 4 21
1 -4 =21 0
(x+ 1)(x*—4x - 21) =0
(x+Dx+3)x—-7)=0
x+1=0and x+3=0and x —7=0
x=-1,-3,7,0
Graphically: Collect all terms on one side of the
equation. Graph the resulting expression and use the
calculator to determine the zeros.
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[
=

Y=g

y=g
2R \ }
H=y =0 -

x=-3-1,07
5. f(x) = 2x* — 1lx* — 37x* + 156x
x(2x* — 11x? — 37x + 156) = 0

x=10

26 — 11x? = 37x + 156 = 0
f(1) =110

f(2) = 54

f3)=0

3172 =11 =37 156
\ 6 —15 —156
2 -5 =52 0
(x —3)(2x* = 5x —52) =0
(x —3)(2x* = 13x + 8x — 52) =0
(x — 3)(x(2x — 13) + 4(2x — 13)) =0
(x =3)x +4)2x —13) =0
x—3=0and x+4=0and 2x — 13 =0

x=0,3, —4,1—23*
|
JiV
it vz
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6.a) f(x)=x(x —2)*(x +5)
x=0and (x —2)’=0and x +5=0
x=0,2,-5

b) f(x) = (x + 1)(x — 17)

¥*+1=0and x—17=0

x=—-1,17
¢) flx) = (x*+ 36)(8x — 16)
x>+ 36=0and 8x — 16 =0
x*=—-36and x=2

x = 2 (Since there is no number that, when
squared, will equal —36.)
d) f(x) = =33 (2x + 4)(x* - 25)
—3x=0and 2x +4=0and x* —25=0
= 0 and x = —2and x ==*5
x=0,-2,-55
e) f(x) = (x* — x — 12)(3x)
x*—x—-12=0and 3x =0
(x —4}x +3)=0and x =0
x—4=0and x+3=0
x=0-3,4
f) f(x) = (x + 1)(x* +2x + 1)
x+1=0and x>’ +2x+1=0

x=—-land (x + )(x + 1) =90
x= -1
7.a) > —8&*—-3x+90=0
f(=3)=0

-3 11 -8 -3 90
-3 33 -9
1 —-11 30 0
(x +3)(x*— 1lx +30) =0
(x +30x —6)(x —5)=0
x+3=0and x—6=0and x—5=0
x=-3,6,5
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b) x*+9x* +21x> —x - 30=0
f(1)=0
1/t 9 21 -1 =30
Ii 1 10 31 30
1 10 31 30 0
(x = 1)(x* +10x> + 31x + 30) = 0
For x' + 10x> + 31x + 30 = 0
f(=2)=0
=271 10 31 30
Il -2 —-16 =30
1 8 15 0
(x = D(x+2)(x*+8x+15)=0
(x = D)(x+2)(x +3)(x+5)=0
x—1=0and x +2=0and x + 3 = 0and
x+5=90
x=1,-2,-3, -5
) 2x° —5x2 —4x+3=0
f(=1)=0
-1l 2 -5 -4 3
-2 7 =3
2 =7 3 0
(x+1DH(2x* = T7x+3)=0
(x+ 12 —6x—1x+3)=0
(x+ D(2x(x=3) - 1(x—3) =0
(x+1)(2x - 1)(x—=3)=0
x+1=0and 2x —1=0and x—3=0
1
X = 1,2,3
d) 2*+3x*=5x+6
20+ 3% - 5x—-6=0
f(=1)=0
1] 2 3 -5 -6
A | 6
2 1 -6 0
(x+ D2 +x—-6)=0
(x+ D2 +4x—3x—6)=0
(x+ D2x(x +2) = 3(x+2) =0
(x+1D)2x =3)(x+2)=0
x+1=0and 2x =3 =0and x+2=0
3
x = 1,2, 2
e)  4x* — 4x? — S51x% + 106x = 40
dx* — 4x% — 51x% + 106x — 40 = 0
f2)=20
214 -4 —-51 106 —40
{ 8 8 —86 40
4 4 —43 20 0

4-6

(x = 2)(4x* + 4x> — 43x +20) = 0
For 4x + 4x* — 43x + 20 = 0,
f(=4)=0
—4| 4 4 —43 20
I —16 48 -20
4 —-12 5 0
(x = 2)(x +4)(4x* —12x +5) =0
(x = 2)(x +4)(4x> — 10x —2x +5) =0
(x —2)(x +4)(2x(2x = 5) - 1(2x = 5) =0
(x =2 (x+4)(2x — 1} 2x—=5)=0
x—2=0and x+4=0and 2x — 1 = 0and
2x—5=0
15
x =2, 4,2,2
f) 12x* — 44x> = —49x + 15
12x° — 44x* + 49x — 15 =0

)

12 —44 49 —15

2
{ 6 -19 15
12 -38 30 0

1
(x - 5)(12;8 —38x +30) =0
For 12x*> — 38x + 30 = 0,

(5) -0

=~ |12 -38 0
3 3

! 20 —30

12 —18 0

<x - %Xx - %)(m ~18) =0

Oandx—gz()and 12x — 18 =0
3
2

It

=

X =

ARl S
[OSRRV

¥

8.a) X’ - Tx+6=0

A

2ery
g=-2

]

Chapter 4: Polynomial Equations and Inequalities




AN
K\ e S
2'2:!’0{ 2%k .Ill
LA g0 =1 ¥=h
x=-21
d) x> +x* =5 — x* + 6x
CHxt-s5F+xP—6x=0
AN
Ztro'r /
PEEY =g
x=-312 —
b) x* =53 — 172 +3x + 18 =0 2
¥
T T =2 =0
ko (\‘\/)
¥z -2 Y=g {
2R
T #=0 ¥=0
I\
2ekFd
==1. =0 f
2eba
T ~ T Hag =0
\ x=-3,0,2
e) 105x% = 344x? — 69x — 378
105x° — 344x% + 69x + 378 = 0
2R¥F O
=i =0
=: \
N,
2ur
¥=7 2426407 Y=-12E-11
x=-2,-124,1,724 \
¢) 3x* — 2x? + 16 = x* + 16x
—x* 43 - 22— 16x + 16 =0 ser

| K] LY=o

3

Zero h
B -2 20

2&F ~
dzea3z3zas Ty=-3 k-0
x=—-086,185,233
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f) 21x* — 58x? + 10 = —18x* — 51x
18x* + 216 = 382 + 51x + 10 =0

y
7

2ekg
Hz -2 1230t V=i
2ere NS

| #= - 1639458 [v=-4.926-13
x = —-271,-0.16
9.2) ¥’ —6x2—x+30=0
f(3)=0
311 -6 -1 =30

|

3 -9 30
1 -3 =10 0
(x = 3)(x*—3x—-10) =0
(x=3Nx+2(x—-5)=0
x—3=0and x+2=0and x —5=0
x=3-25
b) 9x* — 42x* + 64x° — 32x = 0
x(9x! — 42x7 + 64x — 32) =0
For Ox® — 42x° + 64x — 32 =0
£2) =0
2 19 —42 64 —32
L18 -4 32
9 24 16 0
x(x — 2)(9x* — 24x + 16) = 0
x(x —2)(9¢7 — 12x — 12x + 16) = 0
x(x —2)3x(3x —4) —4(Bx —4) =0
X(x = 2)(3x-4H)(Bx —4) =0
x=0and x—2=0and3x —4=0

4
X = (L 2,j§

¢)  6x*— 1337 — 29x% + 52x = =20
6x* — 13x* — 29x7 + 52x + 20 = 0
f2) =0
2 ]l6 —-13 =29 52 20
12 -2 -6 -2
6 -1 =31 -10 0
(x = 2)(6x’ — x* = 31x — 10) = 0
For 6x — x> = 3lx — 10 =0
f(=2)=0

4-8

=216 -1 =31 -10
L-12 26 10
6 —-13 -5 0
(x —2)(x + 2)(6x* — 13x = 5) =0
(x = 2)(x +2)(6x* = 15x +2x = 5) =0
(x — 2)(x + 2)(3x(2x = 5) + 1(2x = 5)) = 0
(x =2x+2)3x+1)2x = 5)=0
x—2=0and x+2=0and 3x + 1 = 0and
2x—=5=190
15

=2,-2,-=,>
x b b4 372

d) x* — 6xF + 10x7 — 2x = x? — 2x
=6+ 92 =0
P (x*—6x+9)=0
(x=-3)(x-3)=0
x*=0andx -3=0
x=20,3
10. V = lwh
(30 = 2x)(20 — 2x)(x) = 1008
(4x* — 100x + 600)(x) = 1008
4x* — 100x* + 600x — 1008 = 0
x? = 25x7 + 150x — 252 =0

x=3,492

The dimensions of the cut square could be either
3cmby 3 cmor4.92 cm by 4.92 cm.

11.a) x(x —4)(x—6) =0

x=0and x —4=0and x ~6=0

x=10,4,6
Since there was not a game number 0, Maya’s score
was equal to zero after games 4 and 6.
b) x(x —4)(x —-6)=-5
x(x* — 10x + 24) = -5
X' = 10x* + 24x +5=0
Z&Fy

-/

x = 5. Maya’s score was —5 after game 5.
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¢) x(x—4)x—-6)=16
X = 10x2+24x — 16 =0

2Ky
#=1.1715729 V=4

2EFs
n=z Y=9

~

24t
H=6.HBzB4271 Y=o

Since xeW, x = 2. Maya’s score was 16 after

D 075k

¥
O T i 7
2 Ap O

This is not a good model to represent Maya’s score
because the graph is shown for real numbers, but
the number of games can only be a whole number.

1
12 5(1) = ~5(3.92)" + 1000

—1.96r* + 1000
Use a graphing calculator to determine the value
of t for which s(t) = 0.

x\.\
\k\

2EF e :
H=g2 FHP69H LY=0

It takes the object about 22.59 s to hit the surface.
13.a) d(r) = =3 + 32 + 18t
=3t — 1t — 6)

= =31(t + 2){(t — 3)
b) The ship is in the harbour when the distance
equals 0.

Advanced Functions Solutions Manual

=3t{t + 2}t =3)=0

=3 =0and t+2=0and r—3=0
t=0,-2,3

The ship returns to the harbour after 3 hours.

¢) —21s the other zero. It is not relevant because
time cannot be negative.

T
24-
16-
8-
0 0.51.0152.02. p
] 051015202530
Y

¢) By examining the graph, it appears that the

ship will begin its return trip to the harbour about
1.8 hours after departure.

14. a) 0 = ¢ < 5 because time cannot be negative
and the model is only for a 5 s respiratory cycle.

b) Answers may vary. For example, because the func-
tion involves decimals, graphing technology would be
the better strategy for answering the question.

) 0.027£ — 0.27¢ + 0.675t = 0.25

0.0278* — 0.27t* + 0.675t — 025 = 0

..-f‘dd_,_———-"*-\.-_

22K 0
K= 44658199 Y={

2¢k o
W22 3333323 Y¥=0

At 0.45 s and 3.33 s, the person’s lungs have a
volume of air of 0.25 L.
15. All powers are even, which means every term is
positive for all real numbers. Thus, the polynomial
is always positive.
16. The zeros are 2, 3, and —5, so the polynomial
function is of the form
f(x) = a(x — 2)(x — 3)(x + 5). Since the graph
of the function passes through (4, 36),
36 =a(4 —2)(4 - 3)(4 +5)
36 = 18a
2=a

So f(x) =2(x — 2)(x = 3)}x +5)

=2(x* —5x + 6)(x +5)

=2(x* — 19x + 30)



To determine the value of x for which f(x) = 120,
set the polynomial equal to 120 and solve for x.
2(x* — 19x + 30) = 120

x? = 19x + 30 = 60

=19 -30=0
Graph y = x> — 19x — 30 on a graphing calculator
and use the calculator to determine the zeros.

e J
2RFG
w2 Y=g
s J
/ "\\
2erd
¥=-2Z Y=g
N,
2&rh \
%= yz0
The fuction has a value of 120 atx = =3, x = =2,
and x = 5.

17. Answers may vary. For example:
a)yx’+x?—x—1=0;f(1) = 0, so it is simple to
solve using the factor theorem.

b) x2 — 2x = 0; The common factor, x, can be
factored out to solve the equation.

¢) x* — 2x? — 9x + 18; An x can be factored out of
the first two terms and a —2 out of the second two
terms leaving you with the factors (x — 2)(x* — 9).
d) 10x*> — 7x + 1 = 0; The roots are fractional
which makes using the quadratic formula the most
sensible approach.

e) x* — 8 = 0; This is the difference of two cubes.
f) 0.856x" — 2.74x> + 0.125x — 2.89 = 0; The
presence of decimals makes using graphing
technology the most sensible strategy.

18.a) 0 = x* + 10; x* is non-negative for all real x,
so x* + 10 is always positive.

b) A degree 5 polynomial function y = f(x) has
opposite end behaviour, so somewhere in the
middle it must cross the x-axis. This means its
corresponding equation 0 = f(x) will have at least
one real root.

4-10

19.y = x° + x + 1; By the factor theorem, the only
possible rational zeros are 1 and — 1. Neither works.
Because the degree is odd, the polynomial has
opposite end behaviour, and hence must have at
least one zero, which must be irrational.

l.a)3x -1 =11
3x =12
x=4
5432101 2 3
{xeRjx = 4}
b)—x+5> -2
—x > =7
x <7

ol ] l L 4
<7 T 1 T T

2210123 4567 8
{xeRjx <7}
¢)x —2>3x+8

—2x > 10

x < =5

E Y 4
W~

ek i L il L ] i A 4 i [N
1 b i i i

12110 =9 -8 -7 —6 -5 —4 -3 -2
{xeR|x < =5}
d)3(2x + 4) = 2x
6x + 12 = 2x
4x = —12
x=-3

i i & § Il L i 4 L
T I v ¥ 1 E 1

-5-4-3-2-1 01 2 3
{xeR|x = -3}

e) —2(1 —2x) <5x +8
-2+ 4x <5x + 8
—1x <10

x> -10

v

FNH N
N -

L A L I | L & i 4 .
T T T 3 1 [

12110 -9 -8 —7 -6 -5 —4 -3 =2
{xeR|x > —10}
6x + 8
f) xS =2x — 4
6x +8=502x — 4)
6x + 8 =10x — 20
—4x = =28

x=7
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2.a)2x —5=4x+1

—2x=<6
x= -3
xe[—3,®)

b)2(x +3) < —(x — 4)
2x+6<—x+4

3x < =2
v -2
3
)
XE(—C’O,—g
c)2ﬁx3+ =x-5

2x +3=3(x—5)
2x +3=3x—15
—x=-18
x =18
x e[18, =)
d2x+1=5x-2
—3x=-3
x=1
xell, »)
e)—x+1>x+1
—2x>0
x <0
xe(—x,0)
x+4 x-—2
D 2 = 4
4(x +4)=2(x — 2)
dx + 16 = 2x — 4

2x = —20
x=-10
xe[—10, %)

3. 3=2x+5<17
3—-5=<=2x+5-5<17-5

—2=2x<12
—1l=x<6
L R . e e e B M S
-3-2-1 01 2 3 45 6 7
4.a)x > —1

2> -1

Yes, x = 2 is contained in the solution set.
b) 5x —4>3x +2
5(2) -4>3(2)+2
10—-4>6+2
6>8
This is false. So, x = 2 is not contained in the
solution set.
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¢)4(3x — 5) = 6x

4(3(2) = 5) = 6(2)
4(6 —5) =12

41y =12
4 =12

This is false. So, x = 2 is not contained in the

solution set.

d)5x+3=-3x+1

52) +3=-3(2)+1
10+3=-6+1

13 = -5

This is false. So, x = 2 is not contained in the

solution set.

e)x —2=3x+4=x+14
2-2=32)+4=2+14
0=6+4=<16
0=10=<16

Yes, x = 2 is contained in the solution set.

)33 < —10x + 3 <54
33<—-10(2) +3<54
3B<-20+3<54
33 < —17 <54

This is false. So, x = 2 is not contained in the

solution set.

S.a)2x —1=13

2x = 14
x =7
012345678910
Check x = 6 to verity.
2(6) —1=13
12-1=13
11 =13
b)—-2x—-1> -1
—2x >0
x <0
D B e AN s S e s E e S
~5-4-3-2-1 01 2 3 45
Check x = —1 to verify.
—2(-1H)—-1> -1
2—-1>-1
1>-1
¢)2x — 8> 4x + 12
—2x>20
x < =10

14 -13-12 -1 -10 -9 -8 -7 -6 -5 —4
Check x = — 11 to verify.
2~11) — 8> 4(—11) + 12
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—22-8>—44 + 12

—-30 > —32
d) 5(x —3) = 2x
S5x — 15 = 2x
3x = 15
x=5

21012345678
Check x = 7 to verify.
5(7-3)y=2(7)

5(4) = 14
20 = 14
e) —4(5 - 3x) <2(3x + 8)
=20 + 12x < 6x + 16
6x < 36
x <6

ol J I i ] 4 )
¥ T T 3 1

S2-101 2345678
Check x = 4 to veritfy.
—4(5 - 3(4)) <2(3(4) + 8)
—4(5 - 12) <2(12 + 8)
=20+ 48 <24 + 16

v

v

28 < 40
-2
H-—" =2 -3
x—2=3(2x—3)
x—2=<6x-9
—5x = =7
7
x =

E ] { i 4 H
N7 T 1 H T v

2-1 01234567 8
Check x = 4 to verity.
4 —2

v

IA

§—3

[ISSIVSRR )

IA

5

6.a)3x =4x +1
3(0) = 4(0) + 1
0=0+1
0=1
Yes, 0 is contained in the solution set.
b) ~6x <x+4<12
-6(0)<0+4<12
0<4<12
Yes, 0 is contained in the solution set.

(98]

¢)—x+1>x+12
—-0+1>0+12
1>12
This is false. So, 0 is not contained in the solution set.
dD3x=sx+1=x-1
3(H=0+1=0-1
0=1=-1
This 1s false. So, 0 is not contained in the solution
set.
ex(2x —1)=x+7
020 -1)=0+7
0<7
Yes, 0 is contained in the solution set.
Hx+6<(x+2)5+3)
0+ 6<(0+2)50)+3)
6 < (2)(3)
6 <6
This is false. So, 0 is not contained in the solution
set.
7.a) —5<2x+7<11
—5—-T7<2x+7-7<11-17
—12<2x <4
-6<x<?2
b) 11 <3x-—1<23
NN+1<3x-1+1<23+1
12 <3x <24
4 <x <8
¢) —1=-x+9=13
-1-9=—-x+9-9=<13-9
— 0= —-x=<4
—-4=x=10
d 0=-2(x+4)=<6
0=-2x—8=<6
0+8=-2x—8+8=6+8
8= -2x=14
—-T=x=-4
e) S9<x+10<73
59 -10<7x+10—-10<73 - 10
49 < Tx < 63
T<x<9
f) 18= —12(x — 1) =48
18 = —12x + 12 = 48
18- 12= —12x+12—-12<48 — 12
6=—12x =36

—3SXS——

8. a) Answers may vary. For example:
x+1>9+«x
2x > 8
x >4
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b) Answers may vary. For example:
3x+1=4+x
2x =3
=3
72
9.a) {xeR|-6=x=4}
b) - B3=2x-1=7
“B3+1l=2x-1+1=7+1
-12=2x=8§
-6=x=4
10. Attempting tosolve x — 3 <3 —x <x — 5
yields 3 > x > 4, which has no solution. Solving
x—3>3—x>x—Syields 3 <x <4.

1
11.a)§x+1<3
b)x <4
(:)l +1<3

2x

Ex<2
x <4

12.2) 18 < %(F -32)=22
b) 18 = g(F ~0)=2

9(18) = 9@(F - 32)) = 9(22)

162 =5(F—-32) =198
162 5(F—32) 198
e 2N T8
5 5 5
324 =F—32=396
324 +32=F—32+32=396 +32
644 = F=1716
13. 0.50 + 0.10x = 2.00
0.10x = 1.50
x=15
The volunteers can talk for the initial 3 minutes plus
an additional 15 minutes, or a total of 18 minutes.

14.2) C = g(F — 32)

9
—C=F-32
5

9

C+32=F

SC+3

b)%C+32>C
4
-C > =32
5 3
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15. a)

b) -3 <x <4

16. The solution will always have an upper and
lower bound due to the manner in which the
inequality is solved. The only exception to this is
when there is no solution set.

17. a) Isolating x is very hard.

b) A graphical approach as described in the
lesson yields a solution of x > 2.75 (rounded to
two places).

%

18. a) maintained

b) Maintained if both positive; switched if both
negative; varies if one positive and one negative.
¢) maintained

d) switched

¢) Switched unless one is positive and the other is
negative, in which case it is maintained. (If either
side is zero, it becomes undefined.)

f) Maintained, except that < and > become = and =,
respectively.

g) Maintained, but it is undefined for negative
numbers.
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19.a) x> < 4

The solutions to this inequality are numbers that
have a square less than 4.

The solution can be written as {x e R| -2 < x < 2}
or (—2,2).

>N

} ¢ L o L s L f
T T T — ' T t T

5-4-3-2-1 01 2 3 4 5
b) 4x* + 5 = 41
4x* = 36
=9
The solutions to this inequality are numbers that
have a square greater than or equal to 9.
The solution can be written as
{xeR|x = =3 orx = 3}. In interval notation the
solution is (—o, —3]or [3, =).

ol 1 - [l i H i } & I LS
—-5—-4—-3—-&—-3 CI) 1‘ ."). 3 45
¢)|2x +2{ <8

Consider two cases.
If 2x + 2 = 0, then |2x + 2] = 2x + 2.
2x +2 < 8

2x < 6
x <3
If 2x + 2 <0, the |2x + 2| = — (2x + 2).
-(2x+2)<8
2x + 2 > =8
2x > —10
x> -5

The solution can be written as {xe R|—5 < x < 3}
or (—5,3).

R s e s
~5-4-3-2-1 01 2
d) —3x? = 81

Divide by —3 and switch the direction of the
inequality.
=27

x =3

The solution can be written as {xe R|x = 3} or
(—=,3]

v

w0
N
e -4

| A

_h_u-
w L
I
N
I
—
o
—
N -
w -
A -
N -+

5 -

1l.a)0 = —2x°(2x — 5)(x — 4)?
—2x*=0and2x —5=0and (x —4)° =0
5
=0,-.4
x =05,
4-14

b) 0 = (x? + 1)(2x + 4)(x + 2)
x¥*+1=0and2x+4=0andx+2=0
x=-2

Ox’—4x?="7x — 10
=4 = Tx+10=0

f(1)=0

111 -4 -7 10
{ 1 =3 =10
1 -3 -10 0

(x — )(x*=3x—10)=0
(x=—Dx+2)(x—=5)=0
x—1=0andx+2=0andx—5=0
x=1,-2,5
d) 0 = (x? — 2x — 24)(x* — 25)
x?—2x—24=0andx?-25=0
(x + 4)(x — 6) = 0and x> =25
x+4=0andx —6=0andx = *V25
x=-4,6,5 -5
)0 =(x*+2)Nx+9)
0=x>(x+2}x+9)
x)*=0andx+2=0andx +9=0
x=0,-2,-9
f) —x*=—13x* + 36
0=x*—13x" + 36
(xX*=9(x*=-4)=0
x>=-9=0andx*—4=0
x)*=9and x* =4
x= *VO9andx = +V4
x=3-32 -2
2.a)h(t) = =5(t — 03>+ 25
=5(t = 03)(r—03) + 25
—5(¢2 — 0.6t + 0.09) + 25
=56 + 3t — 045 + 25
= —5¢ + 3t + 24.55

b) £(0) = —5(0)* + 3(0) + 24.55

= 24.55
The cliff is 24.55 metres high.
¢) Graph A(t) using a graphing calculator.
Determine when a(t) = 0.

f

il

f

f

2¢ra
H=2.52680680 _Y=0

Jude hits the water after about 2.5 s.
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d) r > 2.5 seconds; Jude is below sea level (in the water)

3. (30 — 2x)(30 — 2x)(x) = 1000
(900 — 120x + 4x*)x = 1000
4x> — 120x? + 900x — 1000 = 0

f(10) =0

1014 -120 900 -—1000
l 40 —800 1000

4 —80 100 0

(x — 10)(4x* — 80x + 100) =0

For 4x? — 80x + 100 = 0

80z V(—80)F — 4(4)(100)
2(4)

80 V6400 — 1600

= 10 = 8.66
= 1.34, 18.66

x cannot be 18.66 because 2x is longer than 30 cm.

x =10,1.34
The dimensions of the squares are either 10 cm by
10 cm or 1.34 cm by 1.34 cm.
4.a)2x —4<3x+7
—x <11
x> —11

My i J L
T

“13-12-T1-10-9 -8 ~7 —6 ~5 —4 —3
b)—x—4=x+4
—2x =8
x=—4

i e ) 4 i i L |

PR 0 e g S O
¢)—2(x—4)=16
-2x+8=16
-2x=8
x=-4

Lol ) L i L i ! !
¥ T T 1 ¥ T ¥

~10~9 ~8 ~7 ~6 ~5 ~4 ~3 ~2 ~1
d) 2(3x — 7) > 3(7x — 3)
6x — 14> 21x — 9

—15x>5
- 5O 1
x < ——or ——
15 3
N R
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+
5.2x<3x 6

<4 + 2x

4x <3x+6=8+ 4x
x<6=x+38
Considering the two inequalities separately:
x<6and6=x+8,0or—2=<x
So, the solution is x e[—2, 6).
6. a) Answers may vary. For example:
2x + 1> 15
2x > 14
x>17
b) Answers may vary. For example:
4x — 1< 33
dx < =32
x < =8
xe(—x, ~8)
¢) Answers may vary. For example:
—3=2x—-1=13
3+1l=x-1+1=13+1

—2=2x=14

—-1l=x=7
d) Answers may vary. For example:
x—2=3x-8
x+6=3x

6 =2x

3=x
7.a)f(x) = —x+ 1;g(x)=2x -5
b)x > 2

¢) flx) <g(x)
—x+1<2x-5
-3x < —-6

x>2
8.a) N(t) = 20 + 0.02¢; M(t) = 15 + 0.03¢
b) 20 + 0.02¢ > 15 + 0.03¢
¢) 20 + 0.02r > 15 + 0.03¢

—0.01t > =5

t < 500

Since time must be positive, 0 = ¢ << 500.
d) Negative time has no meaning.

La(x+2}x-3)x+1)=0
x+2=0andx —3=0andx +1=0
x=-2,—-13

The roots are —2, 1, and 3. These numbers divide

the real numbers into 4 intervals:
X< =2, —2<x<-1,-1<x<3,x>3
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X & XL ~1] - x«3 x>3
{(x+2) - + + +
G~ 3) - - - +
(x+1) - - + +
thelr 1 (—)(—)(=) [ () =)=) | (F)=)+) [(+)(+)(+
produet || ) X ‘:_'(’(:Zf)

The intervals are —2 = x < —1lorx = 3.

b) —2(x = 2)(x —4)(x + 3) <0

x ~2=0andx —4=0andx +3 =20
x =24 -3

The roots are 2, 4, and — 3. These numbers divide

the real numbers into 4 intervals:

x <=3 -3<x<22<x<4,x>4

X< -3 ~FCx <2 2<x< 4 x> 4
(=~ 2) - - + +
{x — 4) - - - +
O+ 3) - + + +
their | (—)(—)(—) [(=))(H) [ (HHHF) | ()
product — —_— - = 4

The intervals are —3 < x <2 orx > 4.
¢) (x = 3)(5x +2)(4x = 3) <0
x—3=0and5x+2=0and4x -3 =0

X

= 3,

23
54

The roots are 3, —%, and 2. These numbers divide

the real numbers into 4 intervals:

< 22 < x < 33 <x<3,x>3
X -, —= -, X s X
5 5Ty
x<~—:— —§—<x<§~ -§—<x<3 x>3
(x — 3) - - - +
{5x + 2) - +
{4x - 3) - -
their (= )(=)(—) |(—)(+)(—) [(= ) (F) =) (F)(F)(+)
product S =+ = - =+

The intervals are x < —2or3 < x < 3.
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d) (x —5)(4x + 1)(2x —35)=0
x—5=0anddx +1=0and2x — 5=0

The roots are 5, —3, and 3. These numbers divide
the real numbers into 4 intervals:

11 55
X< —— ——<x<,-<x<5x>5

4 4 22
x<~% ——}<x<§ -§<x<5 x>5
{x - 5) - - - +
{4x + 1} - +
{2x ~ 5) - -
their | (—)(=)(=) | (=)()(=) | (FHE) | (FHHHH)
product = - =+ = - =+

The intervals ar

— =

1

xsgorxzi

2.a) (—o, —5], [~2,0], and[3, =)

b) At x

=1

¢)[—7,—3]and [0, 4]
d) (—=, —4]and (2, 7]

3. f(x)

> g(x)

20—+ 3+ 10>+ 3+ 2x + 4
=4+ x+ 60

f2) =90

20t -4 1 6
I 2 -4 -6
1 -2 -3 0

(x =2)(x*—2x—=3)>0
(x—2)(x+ 1)} x—-3)>0
Ifx—-2=0andx+1=0andx —3 =0,
x=2,-13
The roots are —1, 2, and 3. These numbers divide
the real numbers into 4 intervals:
x<—1,-1<x<22<x<3x>3

X< 1 ~T<x<2 | 2<x<3 x>3
{x~2) - - + +
{x-3) - - - +
(x+ 1) - + + +
their 1 )(—)(= )| (=)()CF) [ | ()
product = — = + = — = +

2x% — x? + 3x + 10 > x* + 3x% + 2x + 4 when
-1 <x<2o0rx>3.
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4. To solve x> — Tx* + 4x + 12 > x* — 4x — 9, b) (x + 3)(x —4) <0
rewrite as an equivalent inequality with O on one side. x +3 =0andx —4 =10

¥ —8x* + 8x +21 >0 x=-3,4
Graph the polynomial on the left side of the This divides the domain of real numbers into
inequality and determine the intervals for which 3 intervals:
the graph is above the x-axis. x <=3 -3<x<4x>4
Test for each interval:
Y x< -3
'%.,.' f(—4) = (—4)2L 38))(—4 ~4)
: 5 = (—1)(—
2ary \\ / =8<0 No
8= -1 14DOES ¥2) oo 3 <4
f(0) = (0 + 3)0 - 4)
/ / = (3)(—4)
= -12<0 Yes
i \ / x> 4
B | f(5) = (5 +3)(5 - 4)
= (8)(1)
"‘1\ =8 <0 No
/ \\ The interval is —3 < x < 4.
X ¢ (2x+ D)(x—5)=0
! \\ 2x+1=0andx —-5=0
_:.‘;}:E:x_wosug §20

1
x=-=5
The zeros are at x = —1.14, 3, and 6.14. The inter- ‘2
vals for which x3 — 7x2 + dx + 12 > x2 — 4y — 9  This divides the domain of real numbers into

is true are —1.14 < x < 3and x > 6.14. 3 intervals:

5.a) (-1,2). (3, %) xS‘i;—ESxSS;xES

b) (—2.2), (2, ) 22

c) (—=,—2),(0, 1) Test for each interval:

d) (=.2). (2.) <L,

6.2) (x — )(x + 1) >0 TETY

x—1=0andx+1=0 f(-1) =21+ 1)}(~-1-5) .

x=1-1 = (=1)(—6)

This divides the domain of real numbers into =6=( Yes

3 intervals: 1

x<-l—-1<x<lix>1 "55"55’

Test for each interval: F(1) = (2(1) + 1)(1 - 5)

x< b = 3)(—4)

f(=2)= (=2 -1)(-2+1) = -12=0 No

= (=3)(—-1) x=5:
oo ves f(6) = (2(6) + 1)(6 = 5)

—-1<x<1: \ = (13)(1)

f(0) = (0= 1)(0 + 1) =13=0 Yes
= (fl)(]) The intervals are x < —4 or x = 5.
=-1>0 No d) —3x(x + T)x-2)<0

,r">1: ; —3x=0andx +7=0andx —2=0

f2)=@2-1DE+1) x=0,-7.2
= (1)
=3>10 Yes

The intervals are x < —1 orx > 1.
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This divides the domain of real numbers into
4 intervals:
x< =7, =-7T<x<0,0<x<2;x>2
Test for each interval:
x< -7
F(=8) = (=3(=8))(—8 + T)(-8 — 2)

= (24)(—-1)(-10)

DH2x(x +4)—3(x+4)=0
(2x =3} x+4)=0
2x —3=0andx+4=0
3

=2, -4
X 2,

The roots are 3 and —4. These numbers divide the
real numbers into 3 intervals:

=240 < 0 No 3 3

-T<x<®: x<—4,—4<x<§,x>5

J(=1) = (=3(-1) (-1 +T) (-1 - 2) : — ‘
= (3)(6)(—3) x< 4 —a<x<? x>3
=-=54<0 Yes :

0<x<2 (- 3) - - n

1) = (=3(L)1 +7)(1 - 2) PO R N +

= (=3)@)}(-1) : ‘
J3) = (=303)G +7)(3 - 2)

H

(=9)(10)(1)
-90 <0 Yes
The intervals are —7 < x < OQorx > 2.
(x—3Hx+DH+(x=3)Nx+2)=0
(=2 =-3)+ (x*-x—-6)=0
2 —3x—9=0
2x2—6x+3x—9=0
2x(x = 3) +3(x—3)=0
(2x+3)}(x—3)=0
Oandx — 3 =0

H

2x + 3

H

X< -1 ~1<x<7 x>7
3
X = —5,3 x=7) - - +
The roots are —3 and 3. These numbers divide the b+ 1) - + +
1 bers into 3 intervals:
rea nu13n er; into 3 intervals theie | () i) ()
.X<——,—"§<x<3,x>3 product = = - =5

2

2x(x +4) —3(x +4)=0when —4 =x =3
7.a)x* —6x + 9 =16

x’-6x—-7=20
(x—THx+1)=0

x—7=0andx+1=0

x =7 -1
The roots are —1 and 7. These numbers divide the
real numbers into 3 intervals:
x< =1, -1<x<7,x>7

x> —6x+9=16whenx=—-lorx=7.

x<—; »§<x<3 x>3
(2X+3} - + + \ /
{x -3} - - +
Eftg Y=u
their (—)(-) (+)(—) (+)(+) - -
product = + = - =+
(x =3)(x+ 1)+ (x = 3)(x +2) =0 when \ /
x=—Jorx =3. R
2eFe
R=7 ¥=0
b)x* — 8 <0
x(x*-8)<0
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x(x = 2)(X*+ 2x +4) <0
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Since the discriminant of x> + 2x + 4 is — 12, this
factor has no real roots. The only roots are x = (
and x = 2. These numbers divide the real numbers
into 3 intervals: x < 0,0 <x < 2,x > 2.

x<0 p‘«:xé‘z“ x>2
ox - + +
“wea |- -
e+ 4 + + +
theit 1 )(—)(0) | () | ()
woduct = + - - -+

x*— 8 < 0Owhen0O < x <2

|

ZeFn
B=0 =0

2¢F 0
s Y=g

X +4ax’+x=6
AP+ x—-6=0
When x = 1, the left side is O.
1171 4 1 -6

l 1 5 6

1 5 6 0
(x—1)(x*+5c+6)=0
(x—Dx+3)Hx+2)=0
x—1=0andx +3=0andx +2=0
x=1,-3 -2
The roots are —3, —2, and 1. These numbers divide

the real numbers into 4 intervals:
x <=3 -3<x< -2, 2<x<l,x>1

| x<-3 |-3<x<-2| -2<x<t | x>t
(x‘-i)‘ - - k - V +
{x + 3) - + +
x+2) - - + +
their () (= )(=) [ (=)(+)(=) | ()F)F) | (HEHH)
= - =+ = - =+

C+H4’+x=6whenx=-—-3or-2=x=<1.
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20
#=1 )

d x*-5x2+4>0
(X =H*-1)>0
*—4=0andx*—-1=0
x*=4 andx’*=1
x=22and x = *1]
The roots are —2, —1, 1, and 2. These numbers
divide the real numbers into 5 intervals:
X <=2, —2<x<-1, -1<x<]11<x<2,
x>2

] XK -2 -2RA< 1< <Y x>2
(xz‘;- 1y + + - + +
{x* ~ &) + - - - +
pi:f:a (;)(i) (;)(:) (;)(;) (;)(:) (;)(:L)

x*—=5x*+4>0whenx < -2, -1 <x <1, or
x> 2.

2ero
#= -2 b))
\f\j
v v
2r¥r o
B - Y=g

H=1 L)
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yy
LA

[ y=p
e)3x? -3 —2x =27 - x*+x
X =2 =3x=0
x(x*=2x-3)=0

(x =2)2x(x+ 1)+ 1(x+ 1)) >0
(x—2)2x+I)x+1)>0
x—2=0and2x+1=0andx+1=0
1
=2, — —1
‘x b 27
The roots are — 1, —%, and 2. These numbers divide

the real numbers into 4 intervals:

1 1
x<—1,—l<x<—5,——<x<2,x>2

x(x+DHx—-3)=0 2
x=0andx+1=0andx—-3=0 g1
x=0-1.3 PO | ——1<x<~i -§<x<2 x>2
The roots are —1, 0, and 3. These numbers divide
the real numbers into 4 intervals: -2 - _ N M
< —-1,-1<x<0,0<x<3,x>3 {x+1) - + + +
X< -1 ~1<x<f] 0<x<3 x>3 @x+1 N _ + M
their  [(—)(—)(—)| (—)(+)(—) [{(—)(H)(F) [(H)(+)(H)
X - + + product - = 4 - - - ¢
(x-3) - - - = x?=3x+3>—x'+2x + 5when
o+ 1) - + + + —1<x<—%0rx>2.
their — [(~)(—)(—) (=) | ()
product = - = + = - = +

3 = 3x? - 2x =2 — x>+ xwhenx = —1lor

0=x=3.

/ S
2ake
=1 Y=

L
.,
2ero /
H=z Y=

f)yx) —x*—3x+3>-x'"+2x+5
= x?=5x—-2>0

f2)=20

212 -1 =5 =2

§

4 6 2
2 3 1 0

(x = 2)(2x* +3x + 1) >0
(x=2)2x*+2x + Ix +1)>0

4-20

gty Yy
/ Y
2ern \
M =0

Bt [ haso
8.(—1,1)and (2, =)
9.a)x  + 1Ix>+ 18 =0
b) Any values of x for which the graph of the
corresponding function is above the x-axis (y = 0)
are solutions to the original inequality.
) x®+ 11x? + 18x + 10 > 10

¥+ 11x* + 18x >0

x(x? + 11x +18) >0

x(x +N(x+2)>0
x=0andx+9=0andx +2=0
x=20,-9 -2
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The roots are —9, —2, and 0. These numbers divide
the real numbers into 4 intervals:
X< -9 -9 <x< -2, -2<x<0,x>0

x< ~8 |-9<x<-2 ~2<x<0] x>0
x - - - +
xE9) - + + +
x+2) - - + +
p::';i:’a (‘)i*l(’) (*)ii)}") (*):(+1(+) (+)i+3r(+)

L
™,

AN

Inkersection ‘-..
¥=z.P912B78 118 A

2.6756002 x 50°C = 133.78 °C.

2.791 287 8 X 50 °C = 139.56 °C.

So, 15 < v < 20 for temperatures between 133.78 °C
and 139.56 °C

12. 2) 1(0) = —5(0)* + 12(0) + 14 = 14

b) — 52 + 12t + 14 >0

x4+ 11x* + 18 + 10 > 10 when —9 < x < =2 or
x> 0.
10. f(x) has roots at —2, 1, and a double root at 3.
flx) =a(x +2)(x — 1)(x — 3)*
Since f(—1) = 96,

96 =a(—1+2)(—1—1)(—-1-3)*

96 = a(1)(—2)(16)

96 = —32a
-3 =ua
fx) = =3(x +2)(x = 1)(x = 3)°
11. a)
.4-“’—-""\-.‘_\

\\.

N\
\

.

b) - — 6+ 12t + 50 >0

24K 0 ‘:
8230853482 LY=0

The zero is at approximately 3.095 348 3. So,
3.095348 3 x 50 °C = 154.77 °C.

v > 0 for temperatures less than 154.77 °C.
0<v<154.77°C

¢) Use a graphing calculator to determine the value
of 1 for which v = 20 and the value of ¢ for which

v = 15. These numbers will provide the temperature
range for which 15 <v < 20.

Inkerseckion
R
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The rock is in the air for about 3.3 seconds.
¢) =5 + 12r + 14 > 17
-5 +12t—3>0

0.3 < r < 2.1; The rock is higher than 17 metres
between 0.3 seconds and 2.1 seconds.

d) 2.1s — 0.3s = 1.8 seconds
13. V(x) = x(50 — 2x)(30 — 2x)
First note that 0 << x < 15, since x = () means that
no squares are cut out and that there is no height.
Also, if x = 15, an entire side is cut away and there
is nothing to fold up.
x(50 — 2x)(30 — 2x) > 4000

x(1500 — 160x + 4x%) — 4000 > 0

4y’ — 160x% + 1500x — 4000 > 0

x* — 40x?* + 375x — 1000 >0
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it =g

e}

Estoses veo
5<x<719
The volume of the box will be greater than 4000 cm?
if the squares cut from the 4 corners measure between
5 cm and 7.19 cm.

14. a) Since all the powers are even and the
coetficients are positive, the polynomial on the
left is always positive,

b) Since all the powers are even and all the
coefficients are negative (once all terms are
brought to the left), the polynomial on the left is
always negative.

15. You cannot divide by a variable expression

16. Answers may vary. For example:

graphing
calculator

factor table

polynomial
inequality

algebraically

x*+x—-12
L) 55— <
R
(x +4)(x - 3)

(x +3)x + 2)
The roots are —4 and 3 for the numerator, and —3,
and —2 for the denominator. These numbers divide
the real numbers into 5 intervals:
x< =4, -4<x< -3 -3<x< -2,
—2<x<3,x>3

because you do not know whether it is positive, X< 4|4 <x<~3-3<x<-2-2<x<3| x>3
negative, or zero.
(x + 1) (x =2)> (x + 1)(—x + 6) x+q ] - + + + +
XZ_X_2>‘_X2+SX+6 {x—3) . — _ — +
2P —6x —8>0
20— 8x +2x — 8 >0 b+y | - - * N *
2x(x —4) +2(x —4) >0 {x+2) - - - + +
x4 2)x =4 >0 e |20 0O | 00 | 00 [0
)| () Y B (D
x< —1 ~1<x<4 x>4 quotient (z)(+ = - (:)+ = - (:)+
O+ 1) - + + x2 +x — 12
Y t+5c+6<0when -4 <x<-3or
{x - 4} - - +
h (-)(-) (1)) o | TR
eir - + 3~ + W+ 2
product = + = - = + b)__}x—25‘>0
x4+ 6x* + 5x
20+ 1)(x —4) >0 (x + 5)(x = 5)
x+1=0andx—4=0 Xt orrs) "
x=-14 ¢ 5)(
bl X — 5
The roots are — 1, and 4. These numbers divide the (x+ 1) ) >0
real numbers into 3 intervals: (x _ é)
x< =1, -1<x<4,x>4 L >
x(x +1)

(x+1I)(x—=2)>(x+1)(—x+6)whenx < —1
orx > 4,
The correct solutionis x << —1 or x > 4.
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The roots are 5 for the numerator, and — 1 and O for

2.f(x) =3(x—2)? =2

the denominator. These numbers divide the real ah2=x=4
numbers into 4 intervals: ) = f(xy)
< -1 -1<x<00<x<3x>5 Average rate of change = Wm _—
| x< ~1 |-1<x<0] 0<x<5 | x>5 _ ) - 1@
4 -2
x-5) - - - * (34 -2-2)-(32-2Y-2)
X - i + + 2
x+ 1) - + + + - &:5(_:_2.2
" -) ) -) ) =6
eir FERYEEY —
e (—) (=) (=)(+) (+)(+) () () .
sl Il IR B N I i) = fx)
e Average rate of change = ——;—~_~;—-1~
x~+6x~+5x>0When_l<X<00rx>5. f(6)_f(2) : :
18. (x + D)(x —2)(2) =0 T 6—-2
2* cannot equal zero. So, the roots must be found C(3(6-2-2)- (32~ 2)2 - 2)
using (x + 1)(x — 2). = 4
x+1=0andx-2=0 46 — (—2)
x=-12 =Ty
The roots are —1 and 2. These numbers divide the real ~ _ 12
numbers into 3 intervals: )4 =x=6
x<—-1,-1<x<2,x>2 fxy) = Fx)
Average rate of change = ——2———1~
x< =1 ~1<x<2 x>2 X2 T X
G+ 1) - + ¥ = f(6) — f(4)
6—4
-2 N ~ N _(3(6-20-2)-(34-2)-2)
their (=)() (+)(=) (+)(+) 2
product - 4 - _ -+ 46 - 10
Since 2* is always positive, we only needed to check _ 18 2
the sign of the product of the other factors. l; _
(x+ D(x—=2)2)=0whenx = —lorx =2 )x = 4f( + 1) - fa)
Slope = 2 - 4 where a = 4; h = 0.001
4 4?~‘Rates of ;Change m Palynomxal £(4.001) — f(4)
‘Functions, o N 0.001
1. a) positive on (0 1) (4 7) (10, 15. 5) (19 20) _ (3(4001 - 2)* = 2) — (3(4 = 2)* ~ 2)

negative on (1, 4), (7, 10), (15.5, 19); zero at
=1,4,7,10,15.5, and 19
b) A positive slope means the cyclist’s elevation is
increasing (cyclist is going uphill), a negative slope
means it is decreasing (cyclist is going downhill),
and a zero slope means the cyclist’s elevation is
transitioning from increasing to decreasing or vice
versa (at the top of a hill or bottom of a valley).

Advanced Functions Solutions Manual

0.001
10.012 003 — 10
0.001

=12
¢) The graph is increasing on (2, 6).
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do=x=2
flx) — flxy)

Average rate of change =

Xy — X

_ f(2) - f(0)

2-0
_ B2 -2-2)-(3(0-2) -2

2

_=2-10
)
= -6

e) (I,1)—»x=1

Slope = 1@ h}z “H@) herea = 1k = 0001
_ f(1.001) - (1)
0.001
C(3(1.001 —2)* —2) - (3(1 —2)*-2)
- 0.001
~0.994003 — 1
0001
= -6
3.f(x)=x" — 4x* + 4x
a)x =4
Slope = 114+ h}z @) where a = 2: 1 = 0.001
_ f(2001) - f(2)
0.001
~(2.001° — 4(2.001)> + 4(2.001))
B 0.001
(2° = 4(2) +4(2))
0.001
~—0.000002 - 0
B 0.001
= ()
b) It indicates that x = 2 is a turning point in the
graph.
¢) Zeros: (0,0) and (2, 0).
Ky
. 4.. .
2..
B X
429 2 47

4.2) f(4) = 0,/(5) =7

5) — f(4
Average rate of change = ﬂﬁs)“jﬁg
_1-0
1
=7

4-24

b) Answers may vary. For example, (4.5, 3).
S.xe[2,5]

a)f(x) =3x+1

fGx) = f(x)

Average rate of change =

Xy — Xy
_f5) - f2)
5-2
_BG)+H-062)+1)
3
16 -7
3
=3
b) r(x) = 3x* —dx + 1
_ ) - f(2)
5-2
_ (3(5)* - 45)+ 1) — BR)1 -42)+ 1)
3
56-5
3
=17
1
9glx) =<
_f5) - f2)
5-2
) -G
13
3
B 1
10
ddx)=-x*+7
_15) ~ 1(2)
5-2
_ =GP - (=@
3
_ —18-3
-
= -7
e) h(x) = 2°
_f(5) — f(2)
5-2
@) - @
3
32-4
3
28
E)
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fy vix)=9

Stope = 0
6. Instantaneous rate at x = 3
a) f(x) = 3x + 1

+ —
Slope = fla h})l f(a)’ where a = 3; h = 0.001

_ f(3.001) — f(3)
0.001
(3B +1) - (33) +1)
- 0.001
10.003 — 10
0.001

=3
b) t(x) = 3x* — 4x + 1
_ f(3.001) — f(3)

0.001
_ (3(3.001)% — 4(3.001) + 1)
a 0.001
(3(3)* —4(3) + 1)
0.001
16,014 003 — 16
B 0.001
= 14
1
¢) g(x) = T
_ f(3.001) - £(3)
0.001
) — (3)
0001
= —0.111
1
9

d)yd(x)= —x*+7
£(3.001) — f(3)

0.001
(=G0 + ) - (=3 +T)
B 0.001
2006001 — (=2)
- 0.001

e) h(x) = 2°
_ f(3.001) - f(3)

0.001

B (234001) o (23)
- 0.001
80055471 — 8
- 0.001
=55

Advanced Functions Solutions Manual

f) vix) =9
slope = 0
7. Y
1.54
1.0
0.5+
< ‘ £
. ~10 ~of- 3.0
—104
1.5+

Rate of change is positive on (—,1) and (1, =),
negative on (4, 1), and zero at x = jand x = 1.
8.5(1) =320 - 54, 0=t=8
a)3=r=8
Average rate of change = fx) = f(x)
X, — X
_f8) — f3)
8—3
(320 = 5(8)%) — (320 — 5(3)%)
5

_0-275
5

= —55m/s

b)t=2

e
Stope = 1@ h}z A& here a = 2: h = 0.001

_ f2.001) - £(2)
0.001
(320 = 5(2.001)%) — (320 — 5(2)%)
a 0.001
_299.979 995 — 300
B 0.001
= =20 m/s
9. f(x) = 3x* —4x - 1
a) x=1
Slope = fla + h}z fla)
_ f(1.001) — f(1)
0.001
~(3(1.001)* — 4(1.001) — 1)
B 0.001
(31 —4(1) - 1)
0.001
_—1.997997 — (=2)
0.001

,where a = 1; h = 0.001

=2
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b) f(1) = 3(1)* - 4(1) - 1

=3-4-1
=-2
¢) Slope = 2; point of tangency: (1, —2)
y=2x+b
-2=2(1)+b
-4=5
y=2x—4
10. k(1) = — 5 + 50¢

a) =4
Siope = L1441 = @)

, where a = 4; h = 0.001

f(4.001) — f(4)
0.001
_(=5(4.001)? + 50(4.001))
- 0.001
(—=5(4)* +50(4))
0.001
~120.009 995 — 120
- 0.001
= 10 m/s.
b) r=10
Slope = fla+ h}z - f(a), where ¢ = 10; h = 0.001
_ f(10.001) — f(10)
- 0.001
_ (—5(10.001)% + 50(10.001))
- 0.001
(—5(10)* + 50(10))
0.001
_ —0.050005 - 0
- 0.001
= —50m/s
¢) interval from¢ = 0tor = 10

fx) = f(x1)

Average rate of change =

Xy T Xy

_ £(10) - £(0)

10 -0
~(—=5(10)* 4+ 50(10)) — (—5(0)* + 50(0))
- 10
~0-0
10
=0 m/s
4-26

11. d(1) = <~2~(1)6—>t2(t - 8)?
a) @)

4

The rate is positive for t e (0, 4), negative for
te(4,8),and zeroatt = 0,4, and 8

b) When the rate of change is zero, the boat stops.
When the rate of change is negative, the boat is
headed back to the dock.

120y =x* —2x' — 8?2+ 18— 9

Fi
)
2¢FD /
4z -3 ¥z
atx = —3
+ h) — fla
Slope = fla 2 f(a)’ where g = —3;
h = 0.001
_f(=2.99) - f(-3)
0.001
_ —0.095936014 - 0
0.001
= —96
] J
el
2ekFa
H=1 y=1)
atx =1

fla + h) = f(a)
h

_ AL001) — f(1)

0.001

Slope = ,where a = 1; h = 0.001

Chapter 4: Polynomial Equations and Inequalities




~ —0.00000799 - 0 14. When the instantaneous rate of change is zero,

0.001 the function potentially has a local maximum or a
=0 local minimum. If the rate is positive to the left and
T - negative to the right, it has a local maximum. If the
o rate is negative to the left and positive to the right, it
has a local minimum.
15. f(x) = €'
Zaro - a) Instantaneous rate of change at x = 5,
atx = Slope = fla + h})l f(a)’ where a = 5; h = 0.001
Slope = flath) - f(a)’ where a = 3; h = 0.001 = f(5.001) - f(5)
h 0.001
_ f(3.001) — f(3) PS001 _ o5
_ 002402801 — 0 | 148.561 6465 — 148413159 1
0.001 - 0.001
=24 = 1484
13.f(X) = Xz +3x =5 f(S) — eS = 148.4
a) Instantaneous rate of change at x = 1, b) Answers may vary. For example,

Slope = flath) - f(a)’ where @ = 1: h = 0.001 1) Instantaneous rate of change at x = 1,

h + h _
£(1.001) — (1) Slope = fa })1 f(a)’ where a = 1; h = 0.001
0001 _ f(1.001) — A(1)
_ (10012 + 3(1001) - 5) - (12 + 3(1) - 5) - 0.001
0001 e],()OI — e]
~ —0.994999 — (1) =~ T 0.001
0.001 272100147 — 2.718 281 828
=5 0.001
b fx +h) — fx) =27
h ) f(1)y=e'=27
_ (et hY +3(x+h)—5) - (x*+3x —5) i) Instantaneous rate of change at x = 3,
h fla+h) — fla)
(xz +2xh + B2+ 3x + 3k = 5) Slope = Y ,where a = 3; h = 0.001
- h _ f(3.001) - f(3)
(x +3x = 5) 0.001
- h XU R
2+ 2h + B+ 3% 4 3h =5 —xl=3x 45 ~ 0001
h ~20.105 632 51 — 20.085 536 92
_ 2xh +3h + K - 0.001
h = 20.1
_h(Q2x+3+h) f(3) = e* =201
N h jii) Instantaneous rate of change at x = 4,
=2x+3+h _fla+h) — fla) 4=
c) It gets closer to 2x + 3 as h becomes very Slope = h » where a = 4; 1 = 0.001
close to 0. _f(4.001) — f(4)
d) The expression for the instantaneous rate of - 0.001

changeis 2x + 3. Atx = 1:2(1) +3 =5
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4.001 4

_ e - €
0.001
 54.652 77549 ~ 54.598 150 03
a 0.001
= 546
f(4) = e =546

¢) The instantaneous rate of change of ¢* for any

value of x is .

16. f(x) = x* — 4x

a) Instantaneous rate of change at x = 1,

_ fla+h)~ fla)

h
_ f(LO01) ~ f(1)
0.001
((1.001)* — 4(1.001)) — ((1)* — 4(1))
0.001
_ —3.000996 999 — (-3)
- 0.001

Slope ,where a = 1; h = 0.001

b) f(1) =1 —4(1) = -3
Point of tangency: (1, —3)

y=-1lx+b
-3 =-1(1)+5b
_2:
y=—-x—-2
c) (—2,0)
34

17. The slope of the secant line is %+ f}‘” or 4. Graph
the curve and the secant using a graphing calculator.
Estimate where the slope of the tangent to the curve
is 4. Use the calculator to draw the tangents at various
x-values until your estimate is accurate to two decimal
places.

/

SN

",

VY DEEPHLNL AOUEES
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o)

The slope of the tangent lines when x = — (.53 and
= 2.53 are the same as the slope of the given secant
line.

Chapter Review, pp. 240-241
La)x* — 1652 + 75 = 2¢% — 6
x*—18x* + 81 =0
(=9 -9)=0

x> =9=0
=9
x}=9

Vit = +\0
x ==x3

b) 2x2+4d4x—1=x+1

22+ 3x—-2=0

P+ 4x —1x—2=0

x(x+2y -1 (x+2)=0

(2Zx—1)(x+2)=0

2x —1=0andx+2=0
1

X 2,

4t —xP -2 +2=3-2(x>-1)
dx? —x? =2 +2=3x" - 2x* +2
X+ xP=2x=0
x(x*+x-2)=0
x(x +2D)(x—-1)=0
x=0andx+2=0andx —1=0
x=0-2,1
d-2x*+x—-6=-x"+2x—-8
=2 —x+2=0
¥(x-2)-1(x—-2)=0
(*-D(x—-2)=0

x*=1=0andx -2=0
x¥*=1landx =2
x==*12

2.18x* — 53x% + 52x% — 14x — 8
=3x*— x4+ 2x -8
15x* — 52x* + 52x7 — 16x = 0
x(15x% = 52x% + 52x — 16y =0

Chapter 4: Polynomial Equations and [nequalities




For 15x* — 52x* + 52x — 16 = 0, f(2) = 0.

2115 =52 52 —16
V30 -4 16
15 -22 8 0
x(x = 2)(15x* = 22x + 8) =0
x(x — 2)(15x* — 12x — 10x + 8) =0
x(x —2)3Bx(5x —4) = 2(5x —4))=0
x(x —2)3x - 2)(5x—4)=0
x=0andx —2=0and3x — 2 =0and
5x —4=0

2
=02,z
X 2.3

-

| s

§=0 ¥=0

’l

v

]

\

2e¥ o
K= .BE6EEGEET 'Y=0
Rl

}.
}.
7 ‘\.\ j
|

|
2%
¥=.B ¥=g
i
2eFo
P Y=

3.a) f(x) = a(x = D(x = 2)(x + D(x +2)

Since f(x) has a y-intercept of 4, f(0) = 4.
=a(=1)(=2)(1)(2)

4 =4a

1=ua

So, f(x) = (x — 1)(x — 2)(x + 1)(x + 2) or

flx) =x* = 5¢ + 4.
b)x* — 5x* + 4 =148
=5 —-44=0

Graph y = x* — 5x* — 44 on a graphing calculator
phy

and use the calculator to determine the zeros.

Advanced Functions Solutions Manual

2¢ry
®=-3.096566 IY=0

!

\

2ers —" |
®=3.0965664 1¥Y=0
M

The function has a value of 48 when
x = —3.10 = 3.10.
4. x(24 — 2x)(30 — 2x) = 1040
x(720 — 108x + 4x*) = 1040
720x — 108x% + 4x* = 1040
4x* — 108x + 720x — 1040 = 0

f2)=20
21 4 —-108 720 —1040
3 8 —200 1040
4 —-100 520 0
(x — 2)(4x? — 100x + 520) = 0
x=2

For 4x* — 100x + 520 =0
o o(100) = V(= 100)2 — 4(4)(520)

2(4)
_ 25, \Vi680
27 8

= 7.4,17.6 (17.6 is too large)
2¢cmby 2cmor 7.4 cm by 7.4 cm
5. a) The given information states that the model is
valid between 1985 and 1995, so it can be used for
1993, but not 2005.
b) Set C(r) = 1500 (since the units are in thousands)
and solve using a graphing caiculator.

¢)

Intsrsection
R=?. BP52625 LY=1800 rias

Sales reach 1.5 million in the 8th year after 1983, so
in 1993.
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6. a) Answers may vary. For example:

2x + 1> 17
2x > 16
x> 8

b) Answers may vary. For example:

3x —4=-16
3x = —12
x= -4

¢) Answers may vary. For example:

2x + 3= -21
2x = =24
x<-12

d) Answers may vary. For example:

-19<2x - 1< -3
-18 < 2x < =2
-9 <x< -1
7.a)2(4x — 7) > 4(x + 9)
8 — 14 > 4x + 36
4x > 50
25

>_
)

(2500)

xe >

x—4 2x+3

by 5=

2(x =4y =5(2x + 3)
2x — 8 = 10x + 15
—8x =23

x=-—=

8

¢)—x+2>x-2
—2x > —4
x <2
xe(—m,2)
d)Sx - T7=2x+2
3x=9
x=3
xe(—x,3]
8.a)-3<2x+1<9
“3-1<2x+1-1<9-1
—4 <2x <8
—-2<x<4
{xeR|-2<x <4}
b) 8= —x+8<9
8—8=-—-x+8-8=9-38
0= —-x=1
—-1=x=0

{xeR|-1=x=0}
4-30

¢) 6+2x=0=—-10+ 2x
6+2x —2x=20—2x=—10 + 2x — 2x
6=-2x=-10
-3=x=5
{xeR|-3=x=75}
d) x+1<2x+7<x+5
x+1l-x<2x+7—-x<x+5—-x
1<x+7<S5
—6<x< -2
{xeR| -6 <x < -2}
9.a) 0.04x + 20.95 > 34.95
0.04x > 14
x > 350
The second plan is better if one calls more than
350 minutes per month.
b) wl

40 ~‘ ~ /‘
364 ; A

321

28

244
7

“

0 100 200 300 400 500

10.a) (x + 1)(x — 2)(x + 3)* <0
x+1=0andx —-2=0andx+3=0
x=-3-1,2

This divides the domain of real numbers into 4
intervals:

X= -3 -3<x< -1 -1<x<2;x=2
Test for each interval:

X< -3

f(=4)= (-4 +1)0(-4-2)(-4+3)P<0
= (=3)(-6)(—-1y <0

=18<0 No
-I<x< -1
f(=2)=(=2+1)}(-2-2)(-2+3) <0
= (—D(-H(1) <0

=4<0 No
-1<x<2
f(0) = (0+1)0—-2)0+3)Y<0
(1)(=2)(3)* <0

=(=2)9) <0

=-18<0 : Yes
x=2
f3=C+1)B-2)(3+3)7<0

= (4)(1)(6)* <0

]
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= (4)(36) <0
144 < 0 No
The interval is —1 < x < 2.
b)(x—4)(2x+3)22x+3

5 5
x—H2x +3)=2x+3
2 —5x —12=2x + 3
2= Tx—15=0
27— 10x +3x —15=0
2x(x = 5)+3(x ~5) =90
2x+3)(x—5 =0
2x+3=0andx ~5=0

3

=-1,5
X 2,

This divides the domain of real numbers into
3 intervals:

3
xs—i;—§<x<;x25

Test for each interval:
< 3
Xr=s-—_:
2

f(=2) = (2(=2) +3)((=2) = 5) =0
=(-1)(-7)=0
=7=0 Yes
-—%<x<5z
f(0) = (2(0) +3)((0) =5)=0
= (3)}(-5)=0
=—-15=0 No
x=5:
f(6) = (2(6) +3)((6) —5)=0
= (15)(1) = 0
=15=0 Yes
The intervals are x = —2 or x = 5.
¢) 2(x — D)(2x +5)x—7)>0
x—1=0and2x+5=0andx —7=0

5
= - 1.7
X 2,

This divides the domain of real numbers into 4
intervals:

x<—§;—%<x<1;l <x<T:x>7
Test for each interval:
xr < -§°
5*
f(=3)
= =2((=3)—1)(2(=3) + 5)((=3)=7) >0

= =2(—=4)(—1)(~10) <0
=80=>0 Yes
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5
—E<x<l:

f0) = =2((0) — 1)(2(0) + 5)((0) = 7)
=2(=D)=T)

=-=70>0 No
1<x<T:
f2) = =2((2) - 1)(2(2) +5)((2) = 7)
= =2(DH9—3)
=90>0 Yes
x>T:
f(8) = (—2(8) = 1)(2(8) + 5)((8) = 7)
= =2(7)(21)(1)
= —-294 >0 No

The intervals are x < —3or 1 < x < 7.
D+ —2lx+21=3x*-2x+1
=27 —19x +20=0
f(1)y=20
11 -2 -19 20

1 -1 =20

1 -1 =20 0
(x—D(x*—-x—-20)=0
(x—1D(x—5)x+4)=0
x—1=0andx —-5=0andx+4=20
x=-41,5
This divides the domain of real numbers into
4 intervals:
x=—4 -4 <x<;1=x=5x>5
Test for each interval:

rs —4:

f(=5) = ((=5) = D((=5) = 5)((=5) +4)=0
= (=6)(-10)(-1) =0
=-60=0 Yes

4 <x<I:

£(0) = ((0) = 1)((0) = 5)((0) +4) =0
= (=D(=5)4)=0
=20=0 No
1<sx=s35
£2) = ((2) = 1)((2) = 5)(2) +4) =0
(D(=3)(6) =0
=—-18=0 Yes
x>5:
f(6) = ((6) — 1)((6) — 5)((6) +4)=0
= (5)(1)(10) =0
=50=0 No
The intervals are x < —4dorl =x < 5.

I
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11 f(x) = 2x* — 2x% — 32x% — 40x
x(2x? = 2x? — 32x — 40)
For 2x* — 2x* — 32x — 40, f(=2) =0

212 =2 =32 —40
i —4 12 40
2 —6 =20 0

x(x + 2)(2x* — 6x — 20)

x(x + 2)(2x* — 10x + 4x — 20)

x(x + 2)2x(x = 5) + 4(x — 5))

x(x + 2)2x + 4)(x ~ 5)

Set each of these equal to zero to find the intervals
and how each interval relates to zero (either positive
or negative).

x=0andx +2=0and2x + 4 = 0 and
x—5=0

x=-20,5

This divides the domain of real numbers into

4 intervals:
x=-2-2<x<00=x=5x>5

Test for each interval:

x=-2:
f(=3) = =3((=3) + 2)(2(-3) + H)((=3) = 5)
= =3(=1)(-2)(-8)
= 48 Positive
-2 <x<O:

=D =-1{((-D) +2)2(-1) + H((-1) = 5)
=1(1)(2)(~6)

=12
0=x=85§
f2) =2((2) + 2)(2(2) + H((2) = 5)
2(4)(8)(—3)

Positive

= —-192 Negative
x> 5:
f(6) = 6((6) + 2)(2(6) + 4)((6) - 5)

= 6(8)(16)(1)

= 768 Positive

The intervals of the function are negative when
xe (0,5), positive when x & (—o, —2), (—2,0),
(5, ).

12. Rewrite as an equivalent inequality with O on
one side; graph and determine the zeros of the
polynomial function that is graphed.

-2+ x—3=20+x —x+1
0z=x>+ 3" —2x + 4
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I=-!'=E '!;
x = —381
13. f(x) = 1135x* — 8197x* + 15 868x?
—2157x + 176 608,0 = x =4

To determine in which years the harvest was less
than 185 000 m?, write an inequality, rewrite an
equivalent inequality with O on one side, and use a
graphing calculator to solve.
1135x* — 8197x% + 15 868x> — 2157x

+ 176 608 = 185000
1135x* — 8197x* + 15 868x* — 2157x — 8392 < 0

va

ZRF o
#=1.1830082  Y=0
R————

e

F{IL]
=g .7BB3697 Yz -2.2E-Q

. i
e

/

FLIg
dz384ziP07 v=-14E-9

Convert the zeros to years and months after January

1993. So the harvest is less than 185 000 m*® between
January 1993 and March 1994 and between October
1995 and October 1996.

4.a)f(x) =x*—-2x+3

Average Rate (fromx = 2tox = 7):

Average rate of change = Iﬁ%—)—:_{(ll»)
27X
_1) - f2)
72
(P2 +3)— (22 -2(2) +3)

5
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=1
Instantaneous Rate (atx = 5).

+ —
Slope = flath) f(a)’ where a = 5; h = 0.001

h
_ f(5.001) — f(5)

B 0.001

_ (50017 = 2(5.001) + 3) — (52 = 2(5) + 3)

0.001
_18.008001 — 18
0.001

=38
b) h(x) = (x — 3)(2x + 1)
Average Rate (fromx = 2tox = 7):

flx2) = flx)

Average rate of change =

Xy — Xy
A7) - f2)
7-2

_ (7= 32 + 1)

5
- ((2-3)E2)+ D)
S
_ 00— (=5)
N 5
=13
Instantancous Rate (atx = 5).
Slope = fla+ h}z f(a)’ where a = 5; h = 0.001
_ f(5.001) — f(5)
- 0.001
~ ((5.001 = 3)(2(5.001) + 1))
- 0.001
(5 -3)206) +1)
0.001
22015002 = 22
- 0.001
=15
¢) g(x) = 2x* — 5x
Average Rate (fromx = 2tox = 7):

[(xy) — flx)

h

Average rate of change =

X, — X4
_ ()~ f)
7-2
_ () - 5(0) - (202 - 52)

5
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6516
5
=129

Instantaneous Rate (at x = 5).

+h) -
Slope = 14 h/: H@) here a = 5: h = 0.001

_ f(5.001) — f(5)
0.001
_(2(5.001)° = 5(5.001)) — (2(5)* = 5(5))
- 0.001
22514503 — 225
0.001
= 145
d)v(x) = —x*+2x* - 5x + 1
Average Rate (fromx =2tox = 7).

Average rate of change = &V_i)__:_;(_ﬁ
_f) - 12)
7-2
_ (=M +2(7) = 5(7) + 1)
5
@2 -5@) + 1)
5
—2337 — (~17)
- 5
= —464

Instantaneous Rate (atx = 5).

+h) —
Slope = fa i)z f(a)’ where a = 5; h = 0.001

_ f(5.001) — £(5)
0.001
_ (= (5.001)* + 2(5.001)* ~ 5(5.001) + 1)
a 0.001
(—(5)* 4+ 2(572 —5(5) + 1)
0.001
—599.485 148 — (—599)
0.001

= —485

15. By examining the graph, the instantaneous rate
of change is positive when —1 < x <C 1, negative
whenx < —lorx>1,and zeroatx = —1, 1.
16. h(1) = =5 + 25

a) =5 +25=0

~5t2 = =25
=5
r=22

The object hits the ground at 2.2 seconds.
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b) Average rate from ¢ = O to t = 2.2:

fOx2) — f(x)

Average rate of change =

Xy 7 Xy

_ f(22) - f(0)

22 -0
_(=5(22) +25) — (=5(0) + 25)
a 22
0.8 —25
22
= —11 m/s

¢) Instantaneous rate at r = 2.2

_ fla+h) ~ f(a)
h

Slope , where a = 2.2;

= 0.001
_f(2201) - £(2.2)

N 0.001

_(=5(2201)2 + 25) — (=5(22)* + 25)

0.001
0777995 — 0.8
- 0.001
= -22m/s
17. f(x) = 20 + 3x — 1
a) Average rate of change = jj(-)%:{—:(—m
2 1
_ f(3.0001) — f(3)
© 3001 -3
~(2(3.0001)* 4+ 3(3.0001) — 1)
- 0.0001
23y +33)-1)
0.0001
_ 62.005700 18 — 62
- 0.0001
= 57.002

b) Average rate of change = f(—xg:—ﬁ(ﬁ
X2 1

_ f(3) — f(2.9999)
3 -2.9999
23+ (3) — 1) — (2(2.9999)
B 0.0001

L 3(29999) - 1)

0.0001

62 — 61.994 300 18
a 0.0001
= 56,988

¢) Both approximate the instantaneous rate of

change at x = 3.
Instantaneous rate at x = 3
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+ h) -
Slope = Ha }z f(a)’ where a = 3; h = 0.001

_ f(3001) = £(3)

0.001
_(2(3.001)* + 3(3.001) — 1)
- 0.001

23y +33) -1
B 0.001
_62.057018 — 62
B 0.001

=57
18. a) Enter the data into a graphing calculator and
then use the calculator to determine a cubic function
for both sets of data. Let the independent variable
represent the number of years since 1975, sox = 0
corresponds to 1975,

=
L4

L

"

3

= EET S0 100 K =
BLEoLIN
L- st ial (0] \F3 o
X AP BaF P
i
mona~ Ty

The cubic function for the male data is:

F(x) = 0.001x> — 0.162x2 + 3.39%4x + 72.365.

The cubic function for the female data is:
g(x) = 0.0002x* — 0.026x% + 1.801x + 14.369.
b) Use a graphing calculator to determine when

g(x) > f(x).

.

Il_httr’!tcti')l'l \_<

The cubic functions intersect at approximately 31.11,
so more females will have lung cancer in 2006.

¢) The rate was changing faster for females, on
average. Looking only at 1975 and 2000, the
incidence among males increased only

5.5 per 100 000, while the incidence among
females increased by 31.7.

d) Between 1995 and 2000, the incidence among
males decreased by 6.1 while the incidence among
females increased by 5.6. Since 1998 is about
halfway between 1995 and 2000, an estimate for the
instantaneous rate of change in 1998 is the average
rate of change from 1995 to 2000. The two rates of
change are about the same in magnitude, but the
rate for females is positive, while the rate for males
is negative.
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L33 =32 - 7x+5=x -2 -1
28— x*-Tx+6=0

fy=20

112 -1 =7 6
l 2 1 -6

2 1 -6 0

(x—D(2x*+x-6)=0
(x —D(2x*+4x —3x—6) =0
(x —D(2x(x+2) = 3(x+2) =0
(x—D2x —=3)(x+2)=0
x—1=0and2x —3=0andx+2=0
3
x =1, > 2
2. a) By examining the graph, the function is
positive when x < —2 and 0 < x < 2, negative
when —2 < x < 0, and x > 2 and zero at
x = —2,0,and 2.
b) By examining the graph, the instantaneous
rate of change is positive when —1 < x < 1,
negative when x < —1 or 1 < x, and zero at
x=-1,1
0-1 -1
e i T
3. a) Cost with card: 50 + 5n;
Cost without card: 12n
b) 12n > 50 + 5n
7n > 50
n> 714

They must buy at least 8 pizzas to make the card

worthwhile.
4d.a)dx —5<-2(x+1)
4y —5< —2x —2
6x <3
<1
532
b) -4=-Cx+1)=5
—4=-3x-1=5
—4+1=-3x—-1+1=5+1
—3=-3x=6
—2=x=1
) (x+1)(x—=5x+2)>0
x+DHx—=—5x+2)y=0
x+1=0andx—5=0andx+2=0
x=-2,-1,5
This divides the domain of real numbers into
4 intervals:
x < =2 -2 <x<-1;-1<x<5x>5
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Test for each interval:

x< -2
f(=3)=(-3+IN-3-5(-3+2)>0
= (=2)(=8)(-1)>0
=-16>0 No
“2<x<-1:

f(=1.5)= (=15 + 1}—15=35)(—-15+2)
= (—0.5)(—6.5)(05) >0
=1.625>0 Yes
-1<x<5:
flO)=0O+DHO-50+2)>0
(D(=5)2) >0

=—-10>0 No
x>5:
f(6) =(6 +1)6—-5)N6+2)>0

= (7)(1)(8) > 0

=56>0 Yes

The intervals are —2 < x << —1 orx > 5.

d) (2x -4 (x+3)=0

2 —4=0andx +3=0

x=-32

This divides the domain of real numbers into 3

intervals:

X< =3 -3=x<2ix=2

Test for each interval:

x> -3

f(=4) = 2(=4) -4 ((-4) +3) =0
=(-12)X(-1) =0

= —144 = ( No

-I=sx<2
£(0) = (2(0) — 4)*((0) +3) =0

= (-47(3)=0

=48=0 Yes
x=2
f3)=@203)-4(3)+3)=0

= (2)2(6) =0

=24=0 Yes

The interval is x = —3.

5. h(t) = =52+ 20t + 15

a) h(0) = —5(0)* + 20(0) + 15 = 15

15 metres

b) =5+ 20t + 15=0

O V(=20) — 4(=5)(15)
2(=5)

V400 — =300
—-10

-20
= +
—10
=2*26
= 4.6, —0.6

> ()
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Since time cannot be negative, it will take
4.6 seconds.
¢) Average rate of change from s = 0 tot = 4.6
Average rate of change = floez) = fx1)
X2 T X
f(4.6) — f(0)
46 -0
~ (—5(4.6)* +20(4.6) + 15)
B 4.6
(—5(0)* + 20(0) + 15)
4.6

1.2 — 15
4.6
= —=3m/s
6. f(x)=x+x*+1
a) The slope at x = 1:
_ fla+h) — f(a)
h

Slope , where a = 1; 1 = 0.001

f(1.001) — f(1)

0.001
~ (10017 + 1.001° + 1) — (1P + 17 + 1)
- 0.001
_3.005004001 — 3
- 0.001

=5
b)A=1+1+1=14+1+1=3
The coordinates are (1, 3).

4-36

y=5%+5b
3=5(1)+b»b

-2=5b
y=5x—2

7. Since all the exponents are even and all the
coefficients are positive, all values of the function
are positive and greater than or equal to 4 for all
real numbers x.
8.a){xeR|-2<x <7}
b) -5 <2x —1<13
—5+1<2x—-1+1<13+1
—4 <2x <14
—2<x <7
9. (x)(x)(x + 13) = 60

x*(x +13) = 60

X+ 132 -60=0
f(2)=0
211 13 0 -—60

L2 30 60

1 15 30 0
(x = 2)(x* + 15x + 30) = 0
The roots of x> + 15x + 30 are both negative. Since
the dimensions cannot be negative, x — 2 is the root
that we use.
x—2=90

x=2

The dimensions are 2 cm by 2 cm by 15 cm.
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