572 MHR ¢ Answers

Chapter 3 Polynomial Functions

3.1 Characteristics of Polynomial Functions,
pages 114 to 117

1. a)
b)
)
d)
e)

f)

No, this is a square root function.

Yes, this is a polynomial function of degree 1.
No, this is an exponential function.

Yes, this is a polynomial function of degree 4.
No, this function has a variable with a negative
exponent.

Yes, this is a polynomial function of degree 3.
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. a) degree 1, linear, —1, 3

b) degree 2, quadratic, 9, 0

c) degree 4, quartic, 3, 1

d) degree 3, cubic, -3, 4

e) degree 5, quintic, —2, 9

f) degree 0, constant, 0, —6

. a) odd degree, positive leading coefficient,

3 x-intercepts, domain {x | x € R} and
range {y | y € R}

b) odd degree, positive leading coefficient,
5 x-intercepts, domain {x | x € R} and
range {y | y € R}

¢) even degree, negative leading coefficient,
3 x-intercepts, domain {x | x € R} and
range {y | y < 16.9, y € R}

d) even degree, negative leading coefficient,
0 x-intercepts, domain {x | x € R} and
range {y | y < -3,y € R}

. a) degree 2 with positive leading coefficient,
parabola opens upward, maximum of
2 x-intercepts, y-intercept of —1

b) degree 3 with negative leading coefficient, extends
from quadrant II to IV, maximum of 3 x-intercept,
y-intercept of 5

c) degree 4 with negative leading coefficient,
opens downward, maximum of 4 x-intercepts,
y-intercept of 4

d) degree 5 with positive leading coefficient, extends
from quadrant III to I, maximum of 5 x-intercepts,
y-intercept of 0

e) degree 1 with negative leading coefficient, extends
from quadrant II to IV, 1 x-intercept, y-intercept of 4

f) degree 4 with positive leading coefficient, opens
upward, maximum of 4 x-intercepts, y-intercept of 0

. Example: Jake is right as long as the leading

coefficient a is a positive integer. The simplest

example would be a quadratic function with a = 2,

b=2,and n = 2.

. a) degree 4

b) The leading coefficient is 1 and the constant is
—3000. The constant represents the initial cost.

c) degree 4 with a positive leading coefficient, opens
upward, 2 x-intercepts, y-intercept of —3000

d) The domain is {x | x = 0, x € R}, since it is
impossible to have negative snowboard sales.

e) The positive x-intercept is the breakeven point.

f) Let x = 15, then P(x) = 62 625.

. a) cubic function

b) The leading coefficient is —3 and the constant is 0.

) I d) The domain is

! {dljo<d=<1,deR}

i because you cannot

Y give negative drug

ll amounts and you
| must have positive
reaction times.

. a) For 1 ring, the total number of hexagons is given
by f(1) = 1. For 2 rings, the total number of
hexagons is given by f(2) = 7. For 3 rings, the
total number of hexagons is given by f(3) = 19.

b) 397 hexagons

10.

11.

12.

13.

C1

. a) End behaviour: the curve extends up in quadrants

I and II; domain {t | t € R};

range {P | P > 10 071, P € R}; the range

for the period {t | 0 <t < 20, t € R} that

the population model can be used is

{P| 15 000 < P < 37 000, P € R}.

t-intercepts: none; P-intercept: 15 000
b) 15 000 people ¢) 18 000 people d) 18 years
a) [HI=nHF-zEoHz+ZEO0R /I( From the graph, the

height of a single box

| must be greater than 0
and cannot be between
20 cm and 35 cm.

1 S
o
n=k =g

b) V(x)= 4x(x — 20)(x — 35). The factored form
clearly shows the three possible x-intercepts.
a) The graphs in each pair are the same.
Let n represent a whole number, then 2n
represents an even whole number.

y=(=x)"

y — (_1]211X2n
y — 1nX2n
y= x2n

b) The graphs in each pair are reflections of each
other in the y-axis.
Let n represent a whole number, then 2n + 1
represents an odd whole number.
y — (_ X]ZII +1
y = (_1]Zn +1y2n+1
y = (=1)2(—1)1x2n +1
y — _(l]nX2n+ 1
y = _XZn +1

¢) For even whole numbers, the graph of the functions
are unchanged. For odd whole numbers, the graph
of the functions are reflected in the y-axis.

a) vertical stretch by a factor of 3 and translation of
4 units right and 2 units up

b) vertical stretch by a factor of 3 and translation of
4 units right and 2 units up

0 [TE=EiE-mhed f

L
\ JJI llwll

H=y I: W=z
If there is only one root, y = (x — a)", then the
function will only cross the x-axis once in the case

of an odd-degree function and it will only touch the
x-axis once if it is an even-degree function.

Example: Odd degree: At least one x-intercept and up
to a maximum of n x-intercepts, where n is the degree
of the function. No maximum or minimum points.
Domain is {x | x € R} and range is {y | v € R}.

Even degree: From zero to a maximum of n x-intercepts,
where n is the degree of the function. Domain is

{x | x € R} and the range depends on the maximum or
minimum value of the function.

€2 a) Examples:

i) y=x*
iv) y=—x*

i)y=x°
i) y = —x°
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b) Example: Parts i) and ii) have positive leading
coefficients, while parts iii) and iv) have
negative leading coefficients. Parts i) and iii) are
odd-degree functions, while parts ii) and iv) are
even-degree functions.

Example: The line y = x and polynomial functions

with odd degree greater than one and positive leading

coefficient extend from quadrant III to quadrant I.

Both have no maximums or minimums. Both have

the same domain and range. Odd degree polynomial

functions have at least one x-intercept.

C4 Step 1
Function Degree End Behaviour

_ extends from quadrant
y=x+2 T ol

_ extends from quadrant
y=-3x+1 T ity
y=x-4 2 |opens upward
y=-2x-2x+4 2 opens downward

o extends from quadrant
y=x-4ax 3 ol

_ 3 _ extends from quadrant
y=-x+3x-2 3 o

_ extends from quadrant
y=2x+16 3 Mol

A extends from quadrant
y=-x-4& 3 o
y=x*—4x*+5 4 opens upward
y=—Xx"+x+4x— 4x 4 opens downward
y=x*+2x+1 4 opens upward
V= X 25— 3504 5x 4 Ax — 1 5 ﬁi(tenlds from quadrant

to

s extends from quadrant
y=x-1 > ol

_ 4 T extends from quadrant
Y=—X+x"+8x+8x— 16x— 16 5 o IV

_ 5 5 extends from quadrant
y=x(x+10%x +4) 5 Mol

Step 2 The leading coefficient determines if it opens
upward or downward; in the case of odd functions it
determines if it is increasing or decreasing.

Step 3 Always have at least one minimum or

maximum. Not all functions will have the same range.

Either opens upward or downward.

Step 4. Always have the same domain and range.
Either extends from quadrant III to I or from quadrant
II to IV. No maximum or minimum.

3.2 Remainder Theorem, pages 124 to 125

1.

. a)

La) Q) =x*+4x+1

a) x4+ 10x — 24 — x4 12
X—2

b) x+#2 ) (x—2)(x+12)
d) Multiplying the statement in part c) yields

x*4+ 10x — 24.

3x* —4x* —6x* 4+ 17x — 8

x+1
:3X3—7X2+X+16—A

x+1

b) x# -1
) (x+1)0Bx*—7x*+ x4+ 16) — 24
d) Expanding the statement in part c) yields

3x*— 4x° — 6x* 4 17x — 8.
b) Qx)=x*+4x+1
) Qw)=2w*—3w+4 d) Q(m)=9m*’+ 3m + 6
e) Q)=1+52—8t+7
f) Q) = 2y*+ 6y* + 15y + 45
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4.

13.

14.

15.

16.
17.

C1

c2

c

. a)

.a) 2n+ 2+
n

a) Qx)=x*—3x+12 b) Qlm)=m*+ m+ 14
) Qx)=—x*+x*—x+1d) Q(s)=2s*+75s+5
e) Qh)=h*-h f) Qx)=2x>+3x—-7
xX*+7x*—3x+4 _ ,
<72 = Xx* + 5x 13+X+2,X7’: 2
11t — 4t — 7
b) t—3
:—4t*—12t2—36t—97—t2ﬂ t#3
x*+3x*—2x+5 2 9
) — 51 - =x*+2x—-4+ +1X7&—1
4n*+7n—5 _
d) ~hr3 =4n -5+ +3nqé -3
3 _
e) % an*+12n+21+ —2= n#3
x*+6x*—4x+1 _ , _ _
f) T2 =x*+ 4x 12+X+2,X#= 2
a) 16 b) 38 g -23
d) —67 e) -2 f) 8
a) 9 b) —40 c) 41 d) -4
a) -1 b) 3 0 2 d) -1
11
. 4 and —2
a) 2x+ 3

b) 9, it represents the rest of the width that cannot be
simplified any more.

9

-3

a) 9mx* + 247x + 16T, represents the area of the base

b) w(3x + 4)*(x + 3)

¢) 10cm<r<28cmand5<h<11

b) —2 and —0.5

=11 ,_59
m=——,n=-=
— 14, 2
a="3 3
Divide using the binomial x — %
Examples: a) x*—4x-1
b) x*+ 3x*+3x+6 ) 2x*+x*+x*+x

Example: The process is the same. Long division of
polynomials results in a restriction.

a) (x — a) is a factor of bx* + cx + d.

b) d+ ac + a*b

a) 77 b) 77
€ [H=nanaznzez T The remainder is the
4, l”rJ' height of the cable at
\ S the given horizontal
., ! i
“ - distance.
R
H=Eon I‘|'=??

3.3 The Factor Theorem, pages 133 to 135

.a) +£1, +2, +4, +8

.a) (x—1Dkx—-2)x—-3) b)

.a) x—1 b) x+ 3 ) x—4 d) x—a

. a) Yes b) No c¢) No d) Yes
e) Yes f) No

. a) No b) No c¢) No d) No
e) Yes f) No

b) +1,+2, £3, 6, +9, +18
€) 41, +2, +3, +4, 46, +8, +12, +24
d) +1, +2, +4 e) +1,+3,+5, +15
f) +1,+2, +4
) (x -1+ 1)x+2)
) v—4)(v+4)v+1)
d x+ 4)[x +2)x-3)(x+1)
e) (k—1)(k—2)(k+3)(k+2)(k+1)



10.
11.
12.

13.
14.

15.
16.

a1

c2

c3

.a) (x+3

(x—2)(x—3) b) (t—5)t+4)t+2)

)
J(h*+ 5h — 2)

¢ (h-— d) x°+ 8x*+ 2x — 15
e) (qg— Dlg+ 1(g*+ 2q+3)

La) k=-2 b) k=1, -7

¢ k=-6 d k=6

.hh—1,and h—1
.l—5and 1+ 3

X —2cm, x+ 4 cm, and x + 3 cm
x+5and x + 3
a) x — 5 is a possible factor because it is the
corresponding factor for x = 5. Since f(5) = 0,
x — 5 is a factor of the polynomial function.
b) 2-ft sections would be weak by the same principle
applied in part a).
x+3,x+2,andx+1
Synthetic division yields a remainder of
a+ b+ c+ d+ e, which must equal 0 as given.
Therefore, x — 1 is a possible divisor.
7 51
m = —E, n = —ﬁ
a) i) x—-1)x*+x+1)
i) (x+ 1)x*—x+ 1)
b) x+y x*—xy+y°
d) (x2+ y)(x*— x2y? + y4)
Example: Looking at the x-intercepts of the graph,
you can determine at least one binomial factor, x — 2
or x + 2. The factored form of the polynomial is
(x — 2)(x + 2)(x*+ 1).
Example: Using the integral zero theorem, you have
both +1 and +5 as possible integer values. The
x-intercepts of the graph of the corresponding function
will also give the factors.
Example: Start by using the integral zero theorem
to check for a first possible integer value. Apply the
factor theorem using the value found from the integral
zero theorem. Use synthetic division to confirm that
the remainder is 0 and determine the remaining
factor. Repeat the process until all factors are found.

ii) (x—3)(x*+3x+9)
iv) (x + 4)(x*— 4x + 16)
) x—y, x4+ xy+y°

3.4 Equations and Graphs of Polynomial Functions,
pages 147 to 152

1.
2.
3.

a) x=-3,0,4 b) x=-1,3,5 ) x=-2,3
a) x=-2,-1 b) x=1 ) x=—-4,-2
a) (x+ 3)(x+ 2)(x — 1) = 0, roots are —3, —2 and 1
b) —(x + 4)(x — 1)(x — 3) = 0, roots are —4, 1 and 3
¢) —(x+ 4)x — 1)(x — 3) = 0, roots are —4, 1 and 3

. a) i) —4, —1,and 1

ii) positive for —4 < x < —1 and x > 1, negative
forx < —4and -1 <x<1
iii) all three zeros are of multiplicity 1, the sign
of the function changes
b) i) —1 and 4
ii) negative for all values of x, x # —1, 4
iii) both zeros are of multiplicity 2, the sign of
the function does not change
) i) —3and 1
ii) positive for x < —3 and x > 1, negative for
-3<x<1
iii) —3 (multiplicity 1) and 1 (multiplicity 3), at
both the function changes sign but is flatter at
x=1
d) i) —1and 3
ii) negative for —1 < x < 3 and x > 3, positive
for x < —1

ili) —1 (multiplicity 3) and 3 (multiplicity 2), at

x = —1 the function changes sign but not at
x=3
5.a) B b) D o C d A
6. a) a = 0.5 vertical stretch by a factor of 0.5, b = —3
horizontal stretch by a factor of % and a reflection
in the y-axis, h = 1 translation of 1 unit right,
k = 4 translation of 4 units up
b)
y=x | y=(-3x)° | y=0.5(-3x)* y=0.5(-3(x—1))°+4
2 2 5
28 (59 (5 (59
1 11 47
1.0 (3'_1) (?"E) (3'2)
(0.0 (0.0) (0.0) (1.4)
1 11 23
an | (5] (‘?2) 53)
_2 _2 (1_ )
@9 ( 3'8) ( 3'4) 38
0 VA
6l V= 05(-3(x—1))?+4
4.
2 .
<« T T T —»
—-1/0 1 2 3 4 X
2
Y
7. a) i) —5,0,and 9
ii) degree 3 from quadrant IIT to I
ili) —5, 0, and 9 each of multiplicity 1
iv) 0
v) positive for —5 < x < 0 and x > 9, negative
forx< —5and0<x<9
b) i) —9,0and 9
ii) degree 4 opening upwards
iii) 0 (multiplicity 2), —9 and 9 each of
multiplicity 1
iv) 0
v) positive for x < —9 and x > 9,
negative for -9 < x < 9, x # 0
) i) =3, —1,and 1
ii) degree 3 from quadrant III to I
iii) —3, —1, and 1 each of multiplicity 1
iv) -3
v) positive for —3 < x < —1 and x > 1, negative
forx < —-3and -1 <x<1
d) i) =3, —2,1,and 2

ii) degree 4 opening downwards

iii) —3, —2, 1, and 2 each of multiplicity 1

iv) —12

v) positive for -3 < x < —2and 1 < x < 2,
negative forx < —3and -2 < x < land x> 2
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8. a) b) 10.
Iz PaLY 4 40
100 s | -4 4 | g|x
- Lafo ’
< . | |
NEGY G WE R R SN A
1/%\ |
\ [/ 1200
ool \/ \ / \/
y<fxe d4je L 45x \L 1600 /
v v v fix) = x*181x
c) d)
h(x)‘ll A N k(x)l\ N
4
I/\\Z ‘-4-o’¢ 4 X
< N \"5 | 1.
Sl =2 N\o| [ 2 | 4% \lol/
| \ /
/ M
hix) = | 3x2 — x - 3| | k(x) =fxt =253 | 752 | I8x- 12 12.
A4 / Y A 13.
9. a) b) 14.
N A A
*‘ f(xl‘ ’4 / \ l{)
| | ARG
I VA AN B QCL VI E) N
1.0 @ONBO |7 fa ] 20 33
TN oood | 3 | BX | [/
VN e
fX) =|x* =43+ X+ Bx O\VI
Y v X+ 3x2—bx—8
A Y
) d)
yA / hA
106 \‘5
1\
)i )\
[ |
LI A1 >N\O.3
LN \
410 20O\ JB.O) .||, N 3.0
ST RTol T A 4 X T lofo |2 | 3\ | 4%
2 2 _\ 15.
v=llax s x4 6 h9l=—x + 5k = 7x\+ 3 16.
i 4 Y 17.
e) f) 18.
g A FAN
(=3,0) (=2,0)] [0 | (=20 (1,00 [ 19.
D 3 o [ 2% | =342\ -10 | 2X 20.
-8 -2 21.
| \ I/ \ / \ .y
-\° / No-a 1\
A | e \
\ fil) = -x* - 28|+ Bx? 4+ 4x | 4
_ Y v
©, 3EJ)L |
_4n\l
X) =+ (x- 1) F AP(x + 3
4 \ 4
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a) positive leading coefficient, x-intercepts: —2 and
3, positive for —2 < x < 3 and x > 3, negative for
x< =2, y=(x+ 2Px - 3)*

b) negative leading coefficient, x-intercepts:

—4, —1, and 3, positive for x < —4 and
—1 < x < 3, negative for -4 < x < —1 and x > 3,
y=—-(x+4)x+1)x-23)

¢) negative leading coefficient,
x-intercepts: —2, —1, 2, and 3, positive
for -2 < x < —1 and 2 < x < 3, negative
forx < —2and -1 < x < 2 and x > 3,
y=—(x+ 2)x + 1)(x — 2)(x — 3)

d) positive leading coefficient,
x-intercepts: —1, 1, and 3, positive
for x < —1 and 1 < x < 3 and x > 3, negative
for—-1<x<1,y=(x+1)(x— 1)(x— 3)?

a) a=1,b=%,h=2,k=—3

b) Horizontal stretch by a factor of 2, translation of
2 units right, and translation of 3 units down

¢) domain {x | x € R}, range {y | y € R}

2m by 21 m by 50 m

5 ft

a) y=(x+3)Px—2) b) y=(x+ 1)%x— 2)*

VA 4 YA \
S X 3Ax ) y=(x+Px = PP
Nz (o] | pX - |
Q / < / N
/ 1 ST o] |2 %
Ji Y| v
I =N
\ v
Qg y= -%(x + 2)%(x — 3)
Z N
v:-—lx+')2dzg 2
a 6 A
Sl a4l fxTo] [ 2/\4 [
[\ /1
IR ENER
[T\ //
=6
Y \

4 cm by 2 cm by 8 cm

—7,—5,and —3

The side lengths of the two cubes are 2 m and 3 m.
a) (x*—12) — x? b) 5in. by 5 in.

¢) 13in. by 13 in.

4,5,6,and 7 or -7, —6, —5, and —4

y= -%[X —V3)x + VI)x—1)
roots: —4.5, 8, and 2; 0 = (x + 4.5)(x — 8)(x — 2)

a) translation of b) fE=(H-ZE-(E-Zi% |

2 units right }I
1
=4

’p

|l =y

0 y=x*-x*=x%x—1):0and 1,
vy=kx-2P—-(x—-2P=(x—2)*(x—3):2and 3



23.

a1
c2

c3

c4

When x = 0.65, or when the sphere is at a depth of
approximately 0.65 m.

Example: It is easier to identify the roots.

Example: A root of an equation is a solution of the
equation. A zero of a function is a value of x for which
f(x) = 0. An x-intercept of a graph is the x-coordinate
of the point where a line or curve crosses or touches
the x-axis. They all represent the same thing.
Example: If the multiplicity of a zero is 1, the
function changes sign. If the multiplicity of a zero is
even, the function does not change sign. The shape of
a graph close to a zero of x = a (order n) is similar to
the shape of the graph of a function with degree equal
to n of the form y = (x — a).

Step 1 Set A

I T HOIC {ﬁl‘
amin=-3 A

1 THEIC
Amin=-o3
AMEE=0
ascl=1
Ymin=-1 |

|
=t A S' /
ares=1
a) The graph of y = x* + k is translated vertically k
units compared to the graph of y = x°.
b) The graph of y = (x — h)* is translated horizontally
h units compared to the graph of y = x*.
Step 2 h: horizontal translation; k: vertical translation
Step 3 Set C

I T OO ' I,l !
f:m in=_. I'l.l
ArEE= |
Ii;fl i bt Vd
Min= "5 F
i
= |
wres=1 ¢ "II |
Set D
I T OO I ! |J
.f{m i r'!=5'5 I'. ]
LN
l“" .l.ll

a) The graph of y = ax® is stretched vertically by a
factor of |a| relative to the graph of y = x*. When a
is negative, the graph is reflected in the x-axis.

b) Whenais-1<a<0or0 < a< 1,the graph of
y = ax* is stretched vertically by a factor of |a|
relative to the graph of y = x*. When a is negative,
the graph is reflected in the x-axis.

Step 4 Set E
I T OO | ¢
Hmin= -2 II'. Il|II ) A
"l' ‘|Il —--__.l’
- o l"II .llll

Set F

1 THEI
Amin=-o3
AMEE=0 !
acl=1 \
Yrin=-1 % |

“Yrax=5 k !
Waol=1 S

ares=1
a) The graph of y =

(bx)? is stretched horizontally
by a factor of L relative to the graph of y = x°.

b
When b is neg'at'ive, the graph is reflected in the
y-axis.

b) When bis -1 < b < 0or0 < b < 1, the graph
of y = (bx)* is stretched horizontally by a factor
of ﬁ relative to the graph of y = x*. When b is
negative, the graph is reflected in the y-axis.

Step 5 a: vertical stretch; reflection in the x-axis; b:

horizontal stretch; reflection in the y-axis

Chapter 3 Review, pages 153 to 154

1.

o

ca) (x—2)(x

a) No, this is a square root function.

b) Yes, this is a polynomial function of degree 4.
¢) Yes, this is a polynomial function of degree 3.
d) Yes, this is a polynomial function of degree 1.

. a) degree 4 with positive leading coefficient, opens

upward, maximum of 4 x-intercepts, y-intercept of 0

b) degree 3 with negative leading coefficient, extends
from quadrant II to quadrant IV, maximum of 3
x-intercepts, y-intercept of 4

c) degree 1 with positive leading coefficient, extends
from quadrant III to quadrant I, 1 x-intercept,
y-intercept of —2

d) degree 2 with positive leading coefficient, opens
upward, maximum of 2 x-intercepts, y-intercept
of —4

e) degree 5 with positive leading coefficient, extends
from quadrant III to quadrant I, maximum of 5
x-intercepts, y-intercept of 1

. a) quadratic function b) 9196 ft
) 25s d) 26.81s
. a) 37X3+9X—5X+3
X —2
— 2
=X +llx+17+X_2,X7E2
2x 4+ x2—2x+ 1
b) 2, — 7
:ZXZ—X—1+ 2 X#:—l
3 2
9 9, 12x° 4+ 13x 23X+7
x—1
:12X2+25X+2+%,X#:1
_8x4 — 3
d 1, 8x 4x + 10x° + 15
x+1 1
— _ Q3 2 _
= —8x% + 18x’ 18X+14+X+1,X;E 1
.a) -3 b) 166
—34
. a) Yes, P(1) = b) No, P(—1) # 0.

( 0
c¢) Yes, P(—4) =0. d) Yes,P(4)=0
Jx—3)(x+1) b) —4(x—2)(x+2)(x+1)
0 x—-1Dx-2)x-3)x+2)
d) (x+ 3)(x — 1)*(x — 2)?

.a) x+3,2x—1,andx+ 1

b) 4mby1mby2m
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10. k= -2
11. a) x-intercepts: —3, —1,

and 2; degree 3
extending from
quadrant III to

quadrant I; —3, —1,

and 2 each of
multiplicity 1;
y-intercept of —6;
positive for

—3<x< —1land

x > 2, negative for
x<—-3and -1<x<2
x-intercepts: —2 and 3;
degree 3 extending from
quadrant III to quadrant I;
—2 (multiplicity 2) and
3 (multiplicity 1);
y-intercept of —12;
positive for x > 3,
negative for x < 3,

X # =2

Zl
ARE
T i
[0 AL ]
| /
| a N
v (x £ 1x = 2)x+ 3)
\4 v
VA A
y= (X —[3)(x + 2)2
D —2\0 2 [ x

/16

-

NS

4 2

x-intercepts: —4, 0, and 4; degree 4 opening
upwards; 0 (multiplicity 2), —4 and 4 each of
multiplicity 1; y-intercept of 0; positive for

X < —4 and x > 4, negative for -4 < x < 4,x#0

gx)A

4
Y

-+ | 2 2

xY

0O
\v)

v
/

a)
au

—
| —

0
/ —=0bU _y“

a(x)

65X

Y

x-intercepts: —2, 0, and 2;
degree 5 extending from

quadrant II to quadrant IV;

—2, 0, and 2 each of
multiplicity 1; y-intercept
of 0; positive for x < —2
and 0 < x < 2, negative
for -2 < x < 0and x > 2

1 )]

[e0]
—— 1

<Y

|
T~

Y A

a = 2 vertical stretch by a factor of 2, b = —4

horizontal stretch by % and reflection in the

y-axis, h = 1 translation of 1 unit right,
k = 3 translation of 3 units up

Parameter

Transformation Value Equation
horizontal stretch/ _ 5
reflection in y-axis -4 y=(=4%)
vertical stretch/ _ 3
reflection in x-axis é y=2(-4x)
translation right 1 y=2(-4(x - 1))
translation up 3 y=2(-4(x-1)P+3
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)

b)

. a)

1. C
6. a)

N}

b)
D)

. a)

VA

N

ny

A

(6]

o] o5 10\15]2

NG
>
X

2.5

Y

yv=(x+ 1)(x+ 3)?

b) y=—-(x+ 1)(x—2)°

Examples: y = (x + 2)(x + 1)(x — 3)? and

yv=—(x+2)x+ 1)(x — 3)*
v=2(x+2)(x+ 1)(x — 3)?
V = 2I*(1 - 5)

22.B 3.D 4B 5.C

b) 8 cm by 3 cm by 16 cm

Chapter 3 Practice Test, pages 155 to 156

—4 and 3 b) —1and3
—2,2,and 5 d) —3and3

x) = (x + 2)(x + 1)?

e

x) = —x(x — 3)*
x) = (x + 1)(x*— 4x + 5)

< @

= x(20 — 2x)(18 — x)
2 cm by 16 cm by 16 cm

P(
Px) = (x — 1)(x*— 12x — 12)
P(
P(

b) C ) A

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

horizontal stretch; h = —3, translation of 3 units
left; k = —2, translation of 2 units down
domain {x | x € R}, range {y | y € R}

w1

bl |/

<

Il
=

+

3P - 2|7 V=

3

A

|
(o))
|
N
|

<Y

nJ

~—— ]

Cumulative Review, Chapters 1-3, pages 158 to 159

n
NG

A

<Y

/| y=fixt3) -2

™~
I\\ |
kS

o]




b) VA
2
\ -
< \ >
6 %/ -—20] 2,4 X
\\ L4
\\‘r
N|/ly=fX)-+1
A\ 4
9] d)
VA YA
yEf3x+6) A Y =3f(+X)
O \\
I\ 4 o}
I \ “ /( (o) |
\ -2.0 2 | A | 6x
< N _a \\
1 Jall 2 To] Tx -
[ 5 4
l c
s 2

2.y+4=fx-3)
3. a) translation of 1 unit left and 5 units down
b) vertical stretch by a factor of 3, reflection in the
x-axis, and translation of 2 units right
c) reflection in the y-axis and translation of
1 unit right and 3 units up
(9, 10) b) (6, —18) ) (2,9

x-intercepts: —% and 2, y-intercept: —3

v ok
o o
LN

b) x-intercepts: —4 and 6, y-intercept: 6

6. a) Yes b) YAy=xL4d(x=4)
¢) Example: No; N
restrict domain of <
y=Ix] +4to P R
{x|x=0,xeR}L ~To p 2 6 | X
=2
YV=+x+4(x=4
7. g(x) =V2(x+2) -3
8. y=2V-(x+1)
VA domain
-y . (x| x<-1,x €R},
~ a range
. {yly=z0,yeR}
yE2Hx+1) N\ -
< »
—-6/-4 -2 0] |x
Y
9. a) g(x) =+V9x b) glx) =3vx

¢ V9x = V9(vX) = 3VvX
10. a) The x-intercepts are invariant points for square
roots of functions, since V0 = 0.
b) f(x): domain {x | x € R}, range {y | y = —1, y € R};
g(x): domain {x | x < —1 or x > 1, x € R}, range
{v | ¥ = 0, y € R}; The square root function has a
restricted domain.

11. a) No, substituting —2.75 back into the equation
does not satisfy the equation.

b) Only one solution, x = —2.
12. a) [f)A The x-intercept is 8.
| Ax=3Jx14-6_| b x=38
T Pl They are the
r same.
< >
0 4 12 |'x
4
Y
x*+3x+4 _ 5 2 . p_a)—
13. a) —~+i =x%—-X +X+2+—X+1,P( 1)=2
xX*+5x+x—-9 _ _ 6 .pr_ay_

14. +1, +£2, £3, +6; P(1) = 0, P(—1) = —16, P(2) = —4,
P(-2) =0, P(3) = 0, P(—3) = 96, P(6) = 600,
P(—6) = 1764

15.a) (x+5)(x—1)(x—4) b) (x—3)x+4)(x+2)
) —(x— 2)%x + 2)?

16. a) A x-intercepts:
A " —3,2,and 3;
< A\ y: p § y-intercept:
/ \ —18
\ \
\ e l/
4
\oA. \
=) 4 2x|+9x/— 18 \
Y

b) \g(X) 4 4 x-intercepts:
I —1 and 2,
l= x|—2x34B8x% +|/4x+4 | y-intercept:

aml 4

| |

VN

\

ST 2lo T2 A Te [x

y

17. a) (x +4) and (x — 3)
18. y = 3(—(x — 5))?

b) 45mby7.5mby0.5m

Unit 1 Test, pages 160 to 161

1. D 22.C 3.D 4 A 5D 6.C 7. A
8. —13

9. {y|y=8,y€R}

10. g(x) = |x+ 2|+ 3

11. 5
12. a) b)
ZN .y 4 VA
> \ I > .VI= (ex—6)
s o6\ |/ 1A
< JANGY \ >
0 : 4 | 6 | X 0 2 4 6 | x
Y Y
¢) They both have the same shape but one of them is
shifted right further.
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13.

14.

15.

16.
17.

a) b) y=2Vx+9

Ly X)A 4 yA
{ ; vV :‘l'\/)i +9 4 |
—2 0 Pl X _—T |
\ la / AN 4 »
fix2=Pp | / Sl 4 o]
I
Q 4 ——
Y Y
) y=Vx*-9
* v4 P
N gy =97
N o /
\\ /
N 4l L/
\ /
< \ 1/ >
-840 4 8 | X
y

d) for part a): domain {x | x € R},
range {y | y = —9, y € R}; for part b):
domain {x | x > —9, x € R}, range {y | y € R}; for
part c): domain {x | x < -3 orx >3, x € R},
range {y |y = 0, vy € R}
Quadrant II: reflection in the y-axis, y = f(—x);
quadrant III: reflection in the y-axis and then the
x-axis, y = —f(—x); quadrant IV: reflection in the
x-axis, y = —f(x)
a) Mary should have subtracted 4 from both sides
in step 1. She also incorrectly squared the

expression on the right side in step 2. The correct

solution follows:

2x=Vx+1+4

Step 1: (2x — 4)* = (Vx + 1)
Step 2: 4x* —16x+ 16 = x + 1
Step 3: 4x* — 17x+ 15 =0

Step4: (4x —5)(x—3)=0

Step5: 4x —5=0 or x—3=0

Step 6: x = % x=3
Step 7: A check determines that x = 3 is the
solution.

b) Yes, the point of intersection of the two graphs
will yield the possible solution, x = 3.

c=-3;P(x) = (x + 3)(x + 2)(x — 1)?

a) =£1, +2, £3, +6

b) P(x)=(x—3)(x+2)(x+1)

¢) x-intercepts: —2, —1 and 3; y-intercept: —6

d) —2<x<-1landx=>3
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