9.

10.

11.

12.

13.

14.

NEL

a) Answers may vary. For example:

sSpeed vs Time

= 8
N
£
3.
1
&
2
t
0 4 8 1216
Time (s)

b) *; km/h/s

From (7, 5) to (12,45, the rate of
change of speed in —3 km/h/s

5
d) e km/h/s

¥

C,

The roller coaster moves at a slow steady
speed between A and B. At B, it begins to
accelerate as it moves down to C. Going
uphill from C to D it decelerates. At D, it
starts to move down and accelerates to E,
where the speed starts to decrease until F,
where it maintains a slower speed to G, the
end of the track.

Speed
n
o

Time
d) minimum
€) minimum

a) minimum
b) maximum
f) maximum
a)i)m=h—26 i) m= —4h — 48
b)i) m = —26 ii) m = —48

a) To the left of a maximum, the

¢©) maximum

instantaneous rates of change are
positive. To the right, the instantaneous
rates of change are negative.

b) To the left of a minimum, the
instantaneous rates of change are
negative. To the right, the instantaneous

rates of change are positive.

—1,x=1
maximum: x = 0

b) minimum: x =

¢) The slopes of tangent lines for points to
the left of a minimum will be negative,
while the slopes of tangent lines for points
to the right of a minimum will be positive.
The slopes of tangent lines for points to
the left of a maximum will be positive,
while the slopes of tangent lines for
points to the right of a minimum will be
negative.

Chapter Self-Test, p. 118

1.

a) 5 Speed vs Time

504
o5 (14,45) (19, 45)
401
354

30

251
(13,25)

Speed (knots)

o

10 15 20 25
Time (min)

b) 11 kn/min; 0 kn/min; the two
different average rates of change
indicate that the boat was increasing its
speed from ¢ = 6 to t = 8 at a rate of
11knots/min and moving at a constant
speed from # = 8 to r = 13.

c) 11 kn/min

a) —1

b) The hot cocoa is cooling by 1 °C/min
on average.

c) —0.75

d) The hot cocoa is cooling by 0.75 °C/min
after 30 min.

e) The rate decreases over the interval, until
it is nearly 0 and constant.

a) $310 per dollar spent

b) —$100 per dollar spent

¢) The positive sign for part a) means that
the company is increasing its profit
when it spends between $8000 and
$10 000 on advertising. The negative sign

means the company’s profit is
decreasing when it spends $50 000 on
advertising.
4. a) —1;0 (minimum); 7
b) 4.5; —4.5; 0 (maximum)

Chapter 3

Getting Started, p. 122

1. a) 6 — 22x°

b) x> + 2x — 24

©) 24x> — 44x* — 40x

d) 5x° + 31x* — 68x + 32
2. a) (x+7)(x—4)

b) 2(x —2)(x — 7)

3. a)x=—6
b) x = —3,45
c) x=—3,—8
d -1 4
) x 3

4. a) vertical compression by a factor of %;
horizontal translation 3 units to the
right; vertical translation 9 units up

b) vertical compression by a factor of %;
vertical translation 7 units down

5. a) y=2(x—5)?*—2

b)y=—2x*+3

6. a) 7
8-
61 y=3x+5p—4
4
24
X
m \/ =N EE S R
iy
—4]
-6
_g
>
2
b) y
! 5
-
1 w
10
5
X
-8 -6 -4 — 8
i y=2¢=12x+5
-20
7. a) quadratic
b) other
c) other
d) linear
Answers 627




8. The discriminant is equal to b% - 4ac.

y=3x2+24x+36 =~ ——»

e

Factor

The coefficient of the first term

The discriminant is 144.

Substitute x = 0
into the equation

¥=3(x+2)(x+6)  determines which direction the graph\and solve for y.

opens.
/The values of x that make f(x) =n ' The graph

opens up.
The zeros are P P
—2and -6.
The axis of symmetry lies halfway
/ between the two zeros.

The axis of symmetry
N LIS N
2
x=—4

Lesson 3.1, pp. 127-128

1. a) This represents a polynomial function
because the domain is the set of all real
numbers, the range does not have a
lower bound, and the graph does not
have horizontal or vertical asymptotes.

b) This represents a polynomial function
because the domain is the set of all real
numbers, the range is the set of all real
numbers, and the graph does not have
horizontal or vertical asymptotes.

) This is not a polynomial function
because it has a horizontal asymptote.

d) This represents a polynomial function
because the domain is the set of all real
numbers, the range does not have an
upper bound, and the graph does not
have horizontal or vertical asymptotes.

e) This is not a polynomial function because
its domain is not all real numbers.

f) This is not a polynomial function
because it is a periodic function.

2. a) polynomial; the exponents of the
variables are all natural numbers

b) polynomial; the exponents of the
variables are all natural numbers

) polynomial; the exponents of the
variables are all natural numbers

d) other; the variable is under a radical sign

e) other; the function contains another
function in the denominator

f) polynomial; the exponents of the
variables are all natural numbers

c) linear

d) cubic

3. a) linear
b) quadratic

628 Answers

The y-intercept is 36.

NOA o ®

-8 -6 -4-29 2 4 ¢ 8

-4
-6

a) The graph looks like one half of a
parabola, which is the graph of a
quadratic equation.

b) There is a variable in the exponent.

Y

241

(=3,16) 20

16
124
8 4

(-1,0) 4'/V°) .

=N ERERR
1

-8

Answers may vary. For example,
any equation of the form

y= a(*gxz + gx + 4)will have the

same zeros, but have a different
y-intercept and a different value for

f(—3). Any equation of the form

y= x(*gxz + gx + 4) would have two
of the same zeros, but a different value for
f(—3) and different positive/negative
intervals.

y=x+5,y=x2+5,
y=x+5y=x"+5

8. Answers may vary. For example:

Characteristics
The domain of the
function is all real
numbers, but the
range can have

Definition

A polynomial is an
expression of the
formax" +
a,_x" '+ ...+
ax? + ax + a, restrictions; except
whereag, a,,...,a, | forpolynomial

are real numbers and | functions of degree
nis a whole number. | zero (whose graphs
are horizontal lines),
the graphs of
polynomials do not
have horizontal or
vertical asymptotes.
The shape of the
graph depends on its
degree.

Examples Non-Examples
x2+4x + 6 Vx + 1

Lesson 3.2, pp. 136-138

1. a) 4 —4asx—>+/—%,y—>—x
b) 5;2;asx— — %, y— — % and as
X—> 0, y—>®
©) 3; —3;asx— — %, y— ©and as
x> @, y—> — 0
d) 4;24;as x> +/—%, y>»
2. a) Turning points
a) minimum 1, maximum 3
b) minimum 0, maximum 4
¢) minimum 0, maximum 2
d) minimum 1, maximum 3
b) Zeros
a) minimum 0, maximum 4
b) minimum 1, maximum 5
¢) minimum 1, maximum 3
d) minimum 0, maximum 4
3. i) a) The degree is even.
b) The leading coefficient is negative.
ii) a) The degree is even.
b) The leading coefficient is negative.
iii) a) The degree is odd.
b) The leading coefficient is negative.
iv) a) The degree is even.
b) The leading coefficient is positive.
v) a) The degree is odd.
b) The leading coefficient is negative.
vi) a) The degree is odd.
b) The leading coefficient is positive.
4., a) asx—>t+/—®,y>>
b) asx — — %,y — % and as x > %,
y> =
c) asx—> —®,y— —% and as x — %,
Jy—>*
d) asx—> +/—%°,y—> —»

NEL



NEL

e) asx— +/—®, 5>

f) asx— —%,y— © and as x > %,
yo =

a) D: The graph extends from quadrant I1I
to quadrant I and the y-intercept is 2.

b) A: The graph extends from quadrant III
to quadrant IV.

) E: The graph extends from quadrant I
to quadrant I and the y-intercept is —5.

d) C: The graph extends from quadrant I
to quadrant I and the y-intercept is 0.

e) F: The graph extends from quadrant II
to quadrant IV.

f) B: The graph extends from quadrant III
to quadrant I and the y-intercept is 1.

a) Answers may vary. For example,
fx) = 2x° + 5.

b) Answers may vary. For example,
fx) = 6x* + x — 4.

¢) Answers may vary. For example,
flx) = —x*=x*+7.

d) Answers may vary. For example,
flx) = =9 +x* —x7 — 2.

a) Answers may vary. For example:

Y

Nw s !

T vo\./i T

-2 -1 2
1 fx)=x*—x
b) Answers may vary. For example:
Y
2
flx) = =x*+1
/4-—\ .
-2 A9 1 2
-1
-2
=3
-4
-5
-6

c) Answers may vary. For example:

Y

i flx) =x*—2x* —2x2+ 8

12

10

6

4

X
-1 9 1 2 3

-2

8.

9.
10.

d) Answers may vary. For example:

y
84
64
f)=-c\ ]
24
X
4L 1oL IN T3 1313
Y
4]
-6
ey

e) Answers may vary. For example:

Y
101
8
f(x)=x3—3x+26-
4
Z\ ]
B AR BN S B RERE SR ED!
4
—6

f) Answers may vary. For example:

Y
Jflx)=—x*+2x2+ 4

An odd-degree polynomial can have only
local maximums and minimums because the
y-value goes to — % and % at each end of the
function. An even-degree polynomial can
have absolute maximums and minimums
because it will go to either — % at both ends
or @ at both ends of the function.

even number of turning points

a) Answers may vary. For example:

flx) =°

N A o ®

11.

b) Answers may vary. For example:

fx) =x° = 2:2

N A O ®

—4—-3-1-2--1

¢) Answers may vary. For example:
flx) =x* =2 + 1
Y

a) Answers may vary. For example:

flx) =x"+1

8
6
4
2

-4 329 1 2 3 34
5

-4
-6
-8

b) Answers may vary. For example:

[l =«

N A O ®
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¢) Answers may vary. For example:

fe) =x =1

N A O ®

-4 -3 2 -NY
iy

—4
-6
-8

d) Answers may vary. For example:

fx) = x* + 243

16 1
121
8
4

—3x2— 8x— 4
Y

e) Answers may vary. For example:

flx) = Xt — 5x?

\o\m

+ 4
y

\

4 -3 _U 0
5]
4]
-6
g

VEE

12. a) Answers may vary. For example:

_la_ 135 50
flx) = X Ty T A
Y
16
12
8
4
X
2 6 8

630 Answers

13.

14.

15.

16.

and f(x) = %x4 - %xs —3x*—1

i

b) zero and leading coefficient of the
function

a) 700 people

b) The population will decrease because
the leading coefficient is negative.

a) False; Answers may vary. For example,
f(x) = x> 4+ xis not an even function.

b) True

c) False; Answers may vary. For example,
f(x) = x* + 1 has no zeros.

d) False; Answers may vary. For example,
f(x) = —x? has end behaviour
opposite the behaviour stated.

Answers may vary. For example, “What are

the turning points of the function?”, “What

is the leading coefficient of the function?”,
and “What are the zeros of the function?”

If the function has 0 turning points or an

even number of turning points, then it

must extend to the opposite side of the
x-axis. If it has an odd number of turning
points, it must extend to the same side of
the x-axis. If the leading coefficient is
known, it can be determined exactly which
quadrants the function extends to/from and
if the function has been vertically stretched.

If the zeros are known, it can be determined

if the function has been vertically translated

up or down.
a) b=10
b)b=0,d=0

Lesson 3.3, pp. 146-148

1.

a) C: The graph has zeros of —1 and 3,
and it extends from quadrant III to
quadrant L.

b) A: The graph has zeros of —1 and 3,
and it extends from quadrant II to
quadrant IIT.

©) B: The graph has zeros of — 1 and 3, and it
extends from quadrant II to quadrant IV.

d) D: The graph has zeros of —1, 0, 3,
and 5, and it extends from quadrant IT
to quadrant L.

a) y

Jf) = =(x = 4 = 1)(x + 5)

X

b) y

8 -6 -4 2

g0 =x4x— 6P

a) f(x) = k(x + 1)(x — 4);
f(x) =4(x+ 1)(x — 4);
flx) = =2(x + 1) (x — 4)

b) £(x) = S+ 1) (x — 4)
Y

a) y=05(x+3)(x—2)(x—5)
by = — (v + 1)2(x — 2) (v — 4)
Family 1: A, G, 1
Family 2: B, E

Family 3: C, E H, K
Family 4: D, J, L

a) y

NEL



b) y 7. a) Answers may vary. For example: y

401 i)y =x(x+3)(x—2) 3001
304 y
204 49 2001
101 30
— N> 20 100 |
-8 -6 -4-AY 2\4 6 8
10
X | X
201 BEDEEY RSl = Ep R — —
30/ -0 RS/ AN RELV SRR
401 2P -100
-30
) 5 T4 y=2(x+5)(x+3)(x—2)(x — 4)
20 . 5 7= 5+ 5)(x +3)(x = 2)(x — 4)
i) y = (x+2)° b) y = (x + 2)%(x — 3)>
2 y
i 60 300 {
50
X
-8 -6 -4 2 LS S A 49 200
30
I s 100
10
= 4 X
ABEB7 el IEE NP —_— —
O A 8 6-4-29 2 4 6 8
d 4 T3P ~100-
20
- Y
i) y = (x+1)(x—49) y=10(x + 2)*(x — 3)?
P )y 7 y=7(x+2)(x— 3)’
] 3
X 501 c)y:(x+2)xfz(x75)2
usasam: o) ‘
301 300 {
201
10'\ 200 1
X
R e L IEIE IR
e y 100
—bo 4
4 /\ ]
: : S A Y
2 iv)y=(x*3)<x+*> K/ >
1 -100 4 =
X Y g
8 -6 -4 2 21afes s 60+ 3 , o
i e y=—r(e-2)e-s | 8
-20
40 2 3 )
30 30 y—g(x+2)<x*z>(x* 5)
T 201 d) y=(x—06)*
10 4 y
b 7 —_— INANEEEEE 300 1
4 -8 -6 —4 — 4 6 8
10 4
° 201 200 1
2
! N b) No, as all the functions belong to a 100
8 6 429 3 4 ¢ 8 family of equations.
Tio 8. Answers may vary. For example: ——— 4
-20 a)y=(x+5)(x+3)(x—2)(x—4) + Al Il
~100
_ _ V4
y=15(x—6)
y=—3(x—6)*

NEL Answers 631




3004

200

100

-8 -6 -2 9\ 2

—100

b) y

300

-8 -6 -4 -2 9 2 4

-100

o y
2001

1004

-8 -6 -4

d ¥

-200

=300

10. Answers may vary. For example:
a) y
3004

200

100

8 -6 -4 XU 5 4

-100
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11.

12.

13.

b) y
1004

-8 -6 -4 -2 4 6 8

o y[

d %

N s o ®

-8 -6 -4 -29\2 4 ¢ 8
iy

-4

a) y
400
300
200
100

-100
-200
=300
—400

b)y=(x—2)(x—9)(x— 12)
c) No; {xeR|0 = x = 14}
a)y=x3+2x2*x*2

b) y = *%(x* 1) (x+2)(x+4)

a) f(x) = =6(x + 3)(x + 5)
b) f(x) =2(x + 2)(x — 3)(x — 4)

14. k=3

15. a)

b)

16. a)
b)

<

C,

d)

The zeros are %, —1,and 2.

flx) = Bx—5)(x+ 1)(x—2)

It has zeros at 2 and 4, and it has
turning points at 2, 3, and 4. It extends
from quadrant II to quadrant L.

It has zeros at —4 and 3, and it has

turning points at —% and 3. It extends

from quadrant III to quadrant I.

832 cm’

2.93 cm by 24.14 cm by 14.14 cm or
5 cm by 20 cm by 10 cm

0 < x < 10; The values of x are the
side lengths of squares that can be cut
from the sheet of cardboard to produce
a box with positive volume. Since the
sheet of cardboard is 30 cm by 20 ¢m,
the side lengths of a square cut from
each corner have to be less than 10 cm,
or an entire edge would be cut away,
leaving nothing to fold up.

The square that is cut from each corner
must be larger than 0 cm by 0 cm but
smaller than 10 cm by 10 cm.

Lesson 3.4, pp. 155-158

1. a)

b)

<

C,

d)

B: y = x? has been vertically stretched
by a factor of 2, horizontally translated
3 units to the right, and vertically
translated 1 unit up.

C: y = x° has been reflected in the
x-axis, vertically compressed by a factor

of %, horizontally translated 1 unit to

the left, and vertically translated 1 unit
down.

Ay = x* has been vertically compressed
by a factor of 0.2, horizontally translated
4 units to the right, and vertically
translated 3 units down.

D: y = x* has been reflected in the
x-axis, vertically stretched by a factor of
1.5, horizontally translated 3 units to the
left, and vertically translated 4 units up.

a) y= x4 vertical stretch by a factor of%

and vertical translation of 3 units up

b) y = x; vertical stretch by a factor of 3

and vertical translation of 4 units down

©) y = x% horizontal compression by a

factor of %, horizontal translation of %

units to the left, and vertical translation
of 7 units down

NEL



d)y= x4 reflection in the x-axis and
horizontal translation of 8 units to the left

e y= x?%; reflection in the x-axis, vertical
stretch by a factor of 4.8, and horizontal
translation 3 units left

f) y = x% vertical stretch by a factor
of 2, horizontal stretch by a factor of 5,
horizontal translation of 7 units to the
left, and vertical translation of 4 units
down

3. a) y = x° has been translated 3 units to
the left and 4 units down.
=(x+3)°—4

b) y = x* has been reflected in the x-axis,
vertically stretched by a factor of 2,
horizontally translated 4 units to the
left, and vertically translated 5 units up.
y=—2(x+4)"+5

) y= x* has been vertically compressed
by a factor of %, horizontally translated

1 unit to the right, and vertically
translated 2 units down.

y= %(x - 1)4 -2

d) y = x? has been reflected in the x-axis,
vertically stretched by a factor of 2,
horizontally translated 3 units to the right,
and vertically translated 4 units down.
y=—-2(x—3) -4

4. a) vertically stretched by a factor of 12,

horizontally translated 9 units to the
right, and vertically translated 7 units
down

b) horizontally stretched by a factor of %,
horizontally translated 1 unit to the
left, and vertically translated 3 units up

c) vertically stretched by a factor of 2,
reflected in the x-axis, horizontally
translated 6 units to the right, and
vertically translated 8 units down

d) horizontally translated 9 units to the left

e) reflected in the x-axis, vertically
stretched by a factor of 2, reflected in
the y-axis, horizontally compressed by a

factor of %, horizontally translated

4 units to the right, and vertically
translated 5 units down
f) horizontally stretched by a factor of 4

and horizontally translated 10 units
to the right

5. a) y=8x*—11
y = x” was vertically stretched by a
factor of 8 and vertically translated
11 units down.

b) y = —ixz + 1.25

y = x% was reflected in the x-axis,
vertically compressed by a factor of
%, and vertically translated 1.25 units up.

NEL

10.

1.

12.

o (b= (e (539

b) (2,2), (0,3), (—4,11)
9 (3.28) (4. 1) (6. - 24})
9 (-7.-25) (0.-2), (14, -11)
o (b 03h (273

£) (=11, -8), (=4, —7), (10,1)
— 1 1 4+

= 4(x ) +3
(=2,8),(0,0), (2, —8)

a) —2and —4
b) 4
c) —3and 1

d) no x-intercepts

e) 6.68and 9.32

f) —3.86

a) 1;0 = 2(x — 4)’ + 1 has only one
solution.

b) 0;0 = 2(x — 4)* + 1 has no solution.

¢) 1 when 7 is odd, since an odd root

results in only one value; 0 when 7 is

even, since there is no value for an even

root of a negative number.

The reflection of the function y = x” in

the x-axis will be the same as its reflection

R=2

a,

in the y-axis for odd values of 7.

b) The reflections will be different for even
values of 7. The reflection in the x-axis
will be y = —x”, and the reflection in
the y-axis will be y = (—x)”. For odd
values of 7, —x” equals (—x"). For even
values of 7, —x” does not equal (—x").

a) Vertical stretch and compression:
3

y = ax
vertical stretch
6
4
vertical
compression
X
-6 -4 -2 4 6

| original function

Horizontal stretch and compression:
_ 3
7= (kv)

horizontal compression

6

4
horizontal

stretch 2

—6- =4 /<2 246

original function

13.

Vertical translation up or down:
y= X+

vertical translation up

6

4

/[ ¥

original function

6 -4 -2

6

vertical translation down

Horizontal translation left or right:
y=(x=d

horizontal translation left

%gnal function

horizontal translation right

Reflection in the x-axis: y = —x°

6
4 reflection
in the x-axis
2
X
T T
2
original
¢ function
—6

Reflection in the y-axis: y = (—x)?

y
6
44 original
function
| 1
X
w0
2 4 6 E
reflection in o
the y-axis ;

b) When using a table of values to sketch
the graph of a function, you may not
select a large enough range of values for
the domain to produce an accurate
representation of the function.

Yes, you can. The zeros of the first function

have the same spacing between them as

the zeros of the second function. Also, the
ratio of the distances of the two curves
above or below the x-axis at similar
distances between the zeros is always the
same. Therefore, the two curves have the
same general shape, and one can be
transformed into the other.
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14. y = (x — 1)? (¥ + 1)? has zeroes at

15.

x = £ 1 where the x-axis is tangent to these
points. y = 2(x — 1)*(x + 1) + 1

is obtained by vertically stretching the
original function by a factor of 2 and
vertically translating up 1 unit. This results
in a new graph that has no zeroes.

fl) =502 +3)* +1

Mid-Chapter Review, p. 161

1.

634

a) Yes

b) No; it contains a rational exponent.

c) Yes

d) No; it is a rational function.

a) Answers may vary. For example,
f(x) =x° +2x> — 8x + 1.

b) Answers may vary. For example,
flx) =5x% —x* = 7.

¢) Answers may vary. For example,
£x) = 755+ 3,

d) Answers may vary. For example,
fx) = —2x° — 4x* + 33

— 22+ 9.

a) Asx— —%,y— % and asx — ®,
y— —c.

b) Asx— *%,y— .

c) Asx— —®,y— — % and as x > %,
W amd

d) Asx— +0, y— —o0,

a) even ¢) odd
b) odd d) even
Answers may vary. For example:
a)
)L
10
X
2246 10
104
b
) o
204
104
X
—6 4 2 4 6
<) y
100
80+
60
pred

-6 -4 -2 2 4 6

Answers

N

d ¥y

& AL2 9
40

1 4 6

end behaviours

y=5(x—=2)(x+3)*(x—5)

a) reflection in the x-axis, vertical stretch
by a factor of 25, horizontal compression
by a factor of %, horizontal translation
4 units to the left, vertical translation
60 units down

b) vertical stretch by a factor of 8, horizontal

stretch by a factor of g, vertical translation

43 units up

reflection in the y-axis, horizontal

e

c
. 1
compression by a factor of IEL

horizontal translation 2 units to the
right, vertical translation 13 units up

. . 8
d) vertical compression by a factor of e

reflection in the y-axis, vertical
translation 1 unit down
vertically stretched by a factor of 5,
horizontally translated 4 units to the left,
and vertically translated 2 units down

Lesson 3.5, pp. 168-170

1. a) i) x° — 14x? — 24x — 38
remainder — 87
i) x° — 20x? + 84x — 326
remainder 1293
iii) x° — 15x2 — 1lx — 1
remainder — 12
b) Noj; because for each division problem
there is a remainder.
2. a) 2 b) 2 ¢) 1 d) notpossible
3. a) x” — 15x + 6 remainder —48x + 14
b) 5x2 — 19x + 60 remainder — 184
) x — 6 remainder —6x* + 22x + 6
d) Not possible
4,
Dividend Divisor Quotient Remainder
26 —=5x2+ 8+ 4| x+3 |22 - 11x+41|-119
4 3_ 2
6x* + 12x 10x 2+ 4l3¢ — 5yt _3
—4x + 29
6x* + 2x3 + 3x? 31|20 x4 s
- 1x-9
3¢ +x2—6x+ 16 x+2[3x2—5x+ 4 8

5.

a) x” + 4x + 14 remainder 57
b) x?> — 6 remainder 13

10.

11.

13.
14.

15.

¢) x?+ 2x — 3 remainder —2
d) x> + 3x — 9 remainder — 16x + 62
e) x + 1 remainder 8x> — 8x + 11
f) x + 3 remainder
—4x3 — 4x* + 8x + 14
a) x> + 3x + 2 no remainder
b) 2x> — 5x — 12 remainder 7
¢) 6x*> — 5x% — 19x + 10 remainder — 2
d) x? + 2x — 8 remainder —2
e) 6x° — 31x% + 45x — 18 no remainder
f) 3x? — 1 no remainder
a) x> + 4x? — Slx + 89
b) 3x* — 2x> + 3x> — 38x + 39
©) Sx* + 22x% — 17x% + 21x + 10
d) x° + 8x° + 5x* — 13x% — 7242
+49x — 3

a) =20 cr=0
b) r=x—22 d) r=2x*+2
a) x+3 c)x+4
b) x + 10 d) x—2

a) x + 5 is a factor since there is no
remainder.

b) x + 2 isa factor since there is no
remainder.

c) x — 2 is not a factor since there is a
remainder of 2.

d) x — 1 is not a factor since there is a
remainder of 1.

e) 3x + 5 is not a factor since there is a

remainder of *?.

f) 5x — 1is not a factor since there is a
remainder of — 8.

(x+ 1) cm

a) 7

2

Yes, £(x) is always divisible by x — 1.

Regardless of the value of 7, f (x) = x” — 1

can always be written as f(x)

=x'4+0x" "4+ 0x" 4 .. 0x — 1.
Therefore, the same pattern continues
when dividing x” — 1 by x — 1, regardless

b) 3

of how large 7 is, and there is never a
remainder.
a) f(x) = (x* = 3x* — 10x + 31)
=(x—4)(x*+x—-0)
remainder 7
b) f(x) = (x* = 3x* — 10x + 31)
= (=4 +3)(x—2)
remainder 7
o y

NEL



16. Answers may vary. For example:

28+ 9% + 2% — 1

x—3)2 + 373 — 25¢ — 7x — 14

270(x —3) > 2 — 6

9%% — 25%
9% (x — 3) — 9x® — 27
2% — Tx
2x(x — 3) —> 2% — 6x
—lx— 14
—1(x—3) > —lx+3

—-17
17. r=2x+5cm
18. a) & + xy + }/2
b) ¥ — 2xy + yz
19. x — yisa factor because there is no
remainder.

20. [g(x) + 1](x+5)

Lesson 3.6, pp. 176-177

1. a) 164
ii) 22
i) 12
b) No, according to the factor theorem,
x — aisafactor of f(x) if and only if
f(a) = 0.
2. a) notdivisible by x — 1
b) divisible by x — 1
) not divisible by x — 1
d) divisible x — 1
3. (x+1)(x+3)(x—2)

4. a) —1 c 0 e) 30
b) —5 d) —34 f) 0
5. a) yes ©) yes
b) no d) no

6. a) (x—2)(x—4)(x+3)
b) (x —1)(2x + 3)(2x + 5)
c) x(x —2)(x +4)(x+6)
d (x+2)(x+5) (4 = 9)(x = 3)
e) x(x+2)(x+1)(x—3)(x—5)
£)(x —3)(x = 3)(x + 4)(x + 4)
7. a) (x—2)(x+5)(x+06)
b) (x+1)(x—3)(x+2)
o (x+1)(x—1)(x—2)(x+2)
d) (x = 2)(x+ 1)(x+ 8)(x — 4)
o (x—1)(x*+1)
) (x— (x> +1)(x*+ 1)
8. a) Yy

1404

BN T
—20

NEL

b)

©)

d)

e)

f)

20

-8 6 -4 -2
220

-8 -6 -4

10.
11.

12.

13.
14.

15.

16.

17.

Lesson 3.7, p. 182
1.

20

a=6b=3

For x” — a”, if n is even, they’re both
factors. If 7 is odd, only (x — ) isa
factor. For x” + a”, if n is even, neither
is a factor. If 7 is odd, only (x + ) isa
factor.

a=—2,b=22

The other factor is —2x + 3.
-6

PR

= (+?)? - (a2)?

= (x*+ &%) (x? — &%)

= (x*+ &%) (x+ a)(x — a)

Answers may vary. For example: if

f(x) = k(x — a), then f(a) = k(a — a)
=k(0) = 0.

¥ —x—2=(x—2)(x+1);

Iff(x) = 2 — 6 + 3x + 10, then
f(2) =0andf(—1) = 0.
Iff(x)=(x+a)’+ (x+c)°+ (a—c)’,
then f(—a) =0

(x + b)(x* — bx + b?)

a) (x — 4)(x? + 4x + 16)

b) (x — 5)(x* + 5x + 25)

o (x+2)(x* = 2x + 4)

d) (2x — 3)(4x* + 6x + 9)

e) (4x — 5)(16x* + 20x + 25)
) (x+1)(x*—x+1)

2 (Bx+ 2)(9x* — 6x + 4)

h) (10x + 9)(100x* — 90x + 81)
) 8(3x— 1)(9x% +3x + 1)

a) (4x + 3y) (16x* — 12xy + 9y%)
b) (—3x)(x — 2) (¥ + 2x + 4)
o) (4 — x)(7x* + 25x + 31)

d) (x% + 4)(x* — 4x% + 16)

a) (x— 7)(x* + 7x + 49)

b) (6x — 1)(36x* + 6x + 1)

c) (x+ 10)(x? — 10x + 100)

d) (5x — 8)(25x + 40x + 64)
e) (4w — 11)(16x* + 44x + 121)
f) (7x + 3)(49x* — 21x + 9)

g) (8x + 1)(64x> — 8x + 1)

h) (11x + 12) (121x> — 132x + 144)
i) (8 — 11x) (64 + 88x + 121x?)

(1 2)(1 , 2 4)
a) [x—— )| ="+ —x+—
37 5/\9 157 25

b) —16x*(3x + 2) (9x? — 6x + 4)
o 7(4x —5)(x* —x+ 1)

1 1,
—x =2 )2+ x+
d)(zx 2><4x x 4)
L s
+x° +
<G4x x 64)

Agree; by the formulas for factoring the
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sum and difference of cubes, the
numerator of the fraction is equivalent to
(a® + %) + (2 — b°). Since

(a® + ) + (a® — b°) = 24°, the
entire fraction is equal to 1.

Answers 635




7. a) P+12°=(1+12)(17 = (1)(12) ¢) Answers may vary. For example, 8. a) reflected in the x-axis, vertically stretcched
+ 12%) fx) = (x+7)(x—2)(x = 3), by a factor of 2, horizontally translated
= (13)(133) = 1729 1 1 unit to the right, and verticall
b) 9° + 10° = E9 42(10)()92 ~(9)(10) f) =36+ D= 2) (= 3), translated 23 uiits up ’
+ 10%) flx) =3(x+7)(x—2)(x— 3) b) horizontally stretched by a factor ofi%,
= (19)(91) = 1729 d) Answers may vary. For example, horizontally translated 9 units to the left,
8 '+ fx) = (x=9)(x+5)(x+ 4), and vertically translated 14 units down
=x'% + 2x9y9 + ylg flx) = 7(315 —9)(x+5)(x+4), ¢) horizontally translated 4 units to the right
= (xis +y%) + le’y(‘)( flx) = _g(x —9)(x + 5)(x + 4) d) horizontally translated% units to the left
= (4O (7 = ) »
+ 2x9y9 5. a) Answers may vary. For example, °) Vefrltlcalfiy'stre}:ched k.)y a faFtor Ofl-l40)
S (Pt ) =+ ) Fx) = (x4 6)(x— 2) reflected in the y-axis, honzlonta y
(2 = x5 + y12) + 247 (x = 5)(x— 8), compressed by a factor of >
9. Answers may vary. For example, this f(x) =2(x + 6)(x — 2) horizontally translated 10 units to the
statement is true because 2° — 3 is (x=5)(x—8), right, and vertically translated 9 units up
the same as @* + (—b)>. f(x) = =8(x+ 6)(x—2) 9. a) Answers will vary. For example,
10. a) 1729 was the number of the taxicab (x=5)(x—8) (=2, =5400), (3, 0), and (8, 5400).
that G. H. Hardy rode in when going to b) Answers may vary. For example, b) Answers will vary. For example,
visit the mathematician Ramanujan. fx) = (x—=4)(x +8) (=7, - 18.)’ (0, =19),and (7, —20).
When Hardy told Ramanujan that the (x = 1)(x=2), ©) Answers will vary. For example,
nufnber ofthe taxicab }'15 rode'in was fx) = é(x — &) (x + 8) (*6, %)’ (=5,16), and (74’ %)
uninteresting, Ramanujan replied that (4 CD-2) d) Answers will vary. For example,
the number was interesting because it _ * * > (—2, —86), (0, 14), and (2, 114).
was the smallest number that could be fl) = —12(x — 4)(x + 8) ¢) Answers will vary. For example
expressed as the sum of two cubes in two (x=1D(x=2) (—1, —44), (0, —45), and (1, —46)
different ways. This is how such numbers ©) Answers may vary. For example, £ ’ o ; ’ '
! _ +1)(x — 9) (x — 10), ) Answers will vary. For example,
came to be known as taxicab numbers. flx) = x(x
b Fx) = 5x(x + 1)(x — 9)(x — 10), (5,1006), (12, 6), and (19, —994).
) Yes; _ _ _ 10. a) 2x? — Sx + 28 remainder — 144
TN(1) = 2 f(x) 3x(x + 1)(x — 9)(x — 10) b 4 4 der 26,
TN(2) = 1729 d) Answers may vary. For example, ) x7 o+ dx t 5. rematn ezr 26x + 33
TN(3) = 87 539 319 F(x) = (x+3)(x— 3) c) 2x — Grem.amder 10x° + 27x — 34
TN(4) = 6963 472 309 248 (x+6)(x = 6) @ 2 Aremainder
= ' 43 + 17x% — 8x — 18
TN(5) = 48988 659 276 962 496 fx) = %(" +3)(x—3) 11. a) (x+ 2)(2x? + x — 3) remainder 1
TN(G) =24 153 319 581 254 312 065 344 (X+ 6)(}{7 6) b) (x+2)(3x2+ Tx + 3) remainder—3
) £ :_10(x+3)(’x_3) o (x+2)(2x* + x> — 18x—9)
Chapter Review, pp. 184-185 (x+6)(x— 6) remainder 0
6. d) (x + 2)(2x* — 5) remainder 6
1. o U 12, a) 2% — 7x% — 107x + 75
N ] b) 4x* + 3x% — 8> + 22x + 17
o 1 O 3x% + 14’ — 4227 + 3x + 33
x 1 d) 3x° — 11x° — 9x* + 47x3
-12 -8 -4 " 8 12 ] ] — 46x + 14
. 13. 1
-8 s 14. a)3(x+1)(x*8)(x+2)
-12 b) (x —4)(2x + 3)(x + 3)
o) x(x—2)(x —3)(3x — 4)
. - +
2 fj};}yi’fo_’ *andas i &) (c— 1) (x+ 4) (x + 4) (x + 4)
L o N 15. a) (x—2)(4x+5)(2x — 1)
3. a) dZfirte;.e.Ztl-;nli;llea(j;ir;gt;ozefﬁuent. b) (2x + 5)(x — 2)(x + 3)
P! 5 8 P! : 7. y=3(x—1)(x+1)(x+2) O (x=3)(x—3)(x—3)(x + 2)

b) degree: 3 + 1; leading coefficient:
y —
positive; turning points: 3 d) 2+ 1) 2%+ 1) (x = 3)(x+3)

157 16. 4x — 3) (165" + 12x +
4. a) Answers may vary. For example, 104 ;)) Egi _ g; E64z2 + 40x + Z;)
() = (x+3)(x = 6)(x — 4), 5 O (7x — 12) (49x* + 84x + 144)

f(x) =10(x + 3)(x — 6) (x — 4), N x

d) (11x — 1)(121x* + 11x + 1)

f) = ~4lx +3)(x = 6)(x = 4) -4 2 N 234 17. a) (10x + 7)(100x> — 70x + 49)
b) Answe_rs may vary. For example, _\j b) (12x + 5)(144x> — 60x + 25)
f@) =G =5+ 1)+ 2), b O (3x+ 11)(9%% — 33x + 121)
£G) = =66 = 5) (x4 1 (x + 2), ™ d) (6x + 13)(36x> — 78x + 169)
Fx) =9(x = 5)(x+ 1) (x + 2) ~201 18. @) (x— ("t +y)(x+y)

7 (x* =y + %)

636 Answers NEL



b) (v = 5)(x +5) (< + ¥y + 59)

¢) Both methods produce factors of
(x = y) and (x + y); however, the
other factors are different. Since the two
factorizations must be equal to each
other, this means that
(x* + x%?* + %) must be equal to
(P oy + ) (7 =+ 7).

Chapter Self-Test, p. 186
1. A Ax) =ax +a, "+ ...

+ axx + ay, whereay, ay, . . . , a, are
real numbers and 7 is a whole number.
The degree of the function is 7; the
leading coefficient is a,.

b) n —1

c) n

d) odd degree function

e) even degree function with a negative
leading coefficient

2. y=(x+4)(x+2)(x—2)
3. a) (x—9)(x+8)(2x—1)
b) (3x — 4)(3x* + 9x + 79)
4. more zeros
5, —5<x<—-3;x>1
6. yes
7. a) y=502(x—2)° +4
b) (2.5,9)
8. x+5
9. 2= —2;zerosat 0, —2, and 2.
Y
8-
6
4
X
-4 3 -p 1 Y 34
iy
—41
64
_g4

Cumulative Review Chapters 1-3,
pp. 188-191

1. (b) 9. (o 17. (a) 25. (o
2. (@ 10. (@ 18. (d) 26. (o
3. (0 11. (a) 19. (b) 27. (d)
4, (b) 12. (a) 20. (o 28. (b)
5. (b)) 13. (0 21. (b) 29. (o
6. (d 14. @ 22. (b) 30. (¢
7. d 15. (0 23. (b) 31. (o
8. (@ 16. (o) 24. (a)

32. a)

NEL

b) Answers may vary. For example,
vertical translation up produces
horizontal translation of the inverse

to the right.
4
34 flx)=x2+1
2 Jelx)=2/x =]
X
D a—

Vertical stretch produces horizontal

stretch of inverse.

o2

) Answers may vary. For example, if the
vertex of the inverse is (4, b), restrict
the value of y to either y = bory = 4.
33. Answers may vary. For example, average
rates of change vary between —2 and 4,
depending on the interval; instantaneous
rates of change are 9 at (0, 1), 0 at (1, 5),
—3at(2,3),0at (3,1),9at (4,5);
instantaneous rate of change is 0 at
maximum (1, 5) and at minimum (3, 1).
34, a) f(x) = —2(x+ 1)’ (x — 2)(x — 4)
b) p =32
©) Asx— * o, f(x) = —%; zeros: — 1,
2, and 4
d) —16
) flx)=kix+x-2)x—4)
4

13, 32);

Chapter 4

Getting Started, pp. 194-195
1. a) 3 o1
64
b) 5 d) T

2. a) x(x+6)(x—5)
b) (x — 4)(x? + 4x + 16)
o) 3x(2x + 3) (4x* — 6x + 9)
d) (x+3)(x—3)(2x+7)

v A

Lesson 4.1, pp. 204-206
1.

a) y

-8 —6 -4 |-2 9

-10

b) S
X
-8 -6 44 -2 9 2 4

5]

_10]

154
2and 5
a) 3and —3 c) —%and%
b) —10and2  d) 0.3452 and —4.345

a) (3,7); Answers may vary. For example,
the change in distance over time from
t = 3 tot =7 is greater than at other
intervals of time.

b) ém/s;%m/s

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

a) 2s

b) 4.75 m/s

c) —10.245 m/s

a) Disagree; You could use the quadratic
formula to solve y = x° + 4x? + 3x
because it equals x(x> + 4x + 3).

b) Disagree; y = (x + 3)*(x — 2) isa
cubic equation that will have two roots.

©) Disagree; The equation y = x° will
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only pass through two quadrants.
d) Agree; All polynomials are continuous

and all polynomials have a y-intercept.
e) Disagree; f(—3) =9
f) Agree; The instantaneous rates of change
will tell you whether the graph is
increasing, decreasing, or not changing
at those points.

a) 0,1, —2,2 d) —6,%
35
b) I 7 e 0,—-3,3
c 3,—5,4 f) =5,-2,6
Answers 637




