Answers

CHAPTER 1 9. a) vertical stretch and a reflection in the x-axis b) vertical
compression ¢) horizontal compression d) horizontal stretch
and a reflection in the y-axis e) reflection in the y-axis
10.2)i) flx) = x + 5

Prerequisite Skills, pages 2-3
1.a)7b) =59 11d)5e)8x +7f) —12x + 7
2.a)1b) 109 6d)0e)24x> — 18x + 3f) 18x> — 9x + 1

_ _ __1,_3 _ _ ii) (viznes i) (x e R}, {y e R}
.agm=3,b=2b)m= E,b—zc)m—S,b—7 /{V b)) flo) = —S(x o+ 1 — 2
dm=-5b=—11e¢m= —%,b: 1
4,a)y=3x+5hy=4x+49dy=—4x + 31 f
dy=-7x+12 w=- y=3
5. a) linear b) neither ¢) quadratic iy — - _
6.0) xRl (yeR,y=1)b) [xeR,x # —5), (ye Ry 0] [Edwzz f ) WiveR)breRy==-2
dfreRx=1liyeRy=0)

7. Answers may vary. Sample answers:
a)y=-3x+1)(x—1)b)y=—-2x"—3x+ 3 = =
ay =[x+ L -2 Q) flx) = —3[2(x + 4)] + 6

. 7 289 i) (v=-zizinenes ii) {x e R}, {y e R}

8. a) x-intercepts —6, 5 vertex (—Z, _T); opens up;

MeRLbeRyZ—gﬁ}
8 Y
M=CH+RIZH-E) )If H=-% "'i

11. a) i) vertical stretch by a factor of 2, reflection in the
x-axis, translation 3 units left, translation 1 unit up

et o i)y = —2(x + 3) + 1 b) i) vertical compression by a factor
of l, translation 2 units down ii) y = le_n

¥=-8

b) x-intercepts approximately 3.29, 4.71; vertex (4, 1);

opens down; {x € R}, {y e R,y = 1) 12. vertical stretch by a factor of 3, horizontal stretch by a

factor of 2, reflection in the y-axis, translation 1 unit right,
translation 2 units up

1.1 Power Functions, pages 11-14
1. a) No. b) Yes. ¢ Yes. d) Yes. e) No. f) No.

2.2)4,5b)1,-192,8d)3, —%e)O, —5f2,1

M=z H-H1m2+

¢) x-intercepts approximately —1.47, 7.47; vertex (3, 5); 3. a) i) even ii) negative iii) {x € R}, {y € R, y = 0} iv) line
opens down; {x e R}, {y e R, y = 5} v) quadrant 3 to quadrant 4 b) i) odd ii) positive

i) {x € R}, {y € R} iv) point v) quadrant 3 to quadrant 1
) i) odd ii) negative iii) {x € R}, {y € R} iv) point

v) quadrant 2 to quadrant 4 d) i) even ii) negative

i) {x € R}, {y € R, y = 0} iv) line v) quadrant 3 to quadrant 4
e) i) odd ii) negative iii) {x € R}, {y € R} iv) point
V5

L S P KL S )

Has v) quadrant 2 to quadrant 4
d) x-intercepts —2, i; vertex (f%, f%); opens up; 4. End Behaviour Function
x eR) {y eRy=— 169} Extends from quadrant 3 to quadrant 1 y=5xy=4x
b Y -
20 Extends from quadrant 2 to quadrant 4 y=—x,y=—01x"
VI=ER"E+TH-E 3
/){ Extends from quadrant 2 to quadrant 1 y= 7X2, y=2"

Extends from quadrant 3 to quadrant 4 y=-xy=—

5.a) (yi=miz

e) x-intercepts 1, %, vertex (%, %), opens down; {x € R},

{yeﬂ?%y<i

= 3H“2+5H ] |

7N
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W=z W=2B.27LEEY

b){reR,0=r=10}{AeR,0=A = 100m}

¢) Answers may vary. Sample answer: similarities—vertex
(0, 0), x-intercept, y-intercept, end behaviour; differences—
domain, range, shape




6. a) (y1=zmn

T

W=21i.41E8z7

b){reR,0=r=10,{CeR,0=C=20m}

¢ Answers may vary. Sample answer: similarities—end
behaviour; differences—domain, range, shape

7. a) power (cubic) b) exponential ¢) periodic d) power (constant)
e) none of these f) none of these g) power (quadratic)

8. a) (vi=nrzer ,';T
=iz

=z =8

b) {x e R}, {y e R}, q adrant 3 to quadrant 1, point
symmetry about (0, 0); x-intercept 0, y-intercept 0

We=HtE-H

9. a) ((r=ty+n

&J

=l =1

YESHH-H"2

b) {x € R}, quadrant 2 to quadrant 1; x-intercept 0,
y-intercept 0

10. Answers may vary. Sample answer: similarities—extend
from quadrant 1 to quadrant 3 (positive leading coefficient),
{x € R}, {y € R}, point symmetry about (0, 0); differences—
shape, extend from quadrant 2 to quadrant 4 (negative
leading coefficient)

| 1]

=i

n=l =1 n=l =1

11. Answers may vary. Sample answer: similarities—extend
from quadrant 2 to quadrant 1 (positive leading coefficient),
domain, line symmetry; differences—shape, range, extend
from quadrant 3 to quadrant 4 (negative leading coefficient)

AN A

H=1 =1 H=1 =1

*
12. a) Answers may vary. Sample answer: similarities— N

quadrant 3 to quadrant 1, domain, range, point symmetry,
shape; difference—shifted vertically

M=Hez ij
n=l ﬁﬁ':i

b) Answers may vary. Sample answer: similarities—quadrant 2
to quadrant 1, domain, line symmetry, shape; differences—
range, shifted vertically

el

T1=H"N

W=l =1

) c is a vertical shift of x", 7 e N

13. Answers may vary. Sample answer: path of a river: y = x°,
{x € R}, {y € R}; cross-section of a valley: y = x% {x € R},
yeRy=0)

14.a) y = (—x)*" is the same graph asy=x"nisa

non-negative integer, (—x)* = (—1)"(x)” = x**
i) (vi=t-mee / V= x*\ /
|'|' =4 Y=y
i) (y1=c m*\ t } Ve \ !
Tr=1g BT
i) (11=0-m0g YESH"E k L
=2 =T [T
b) y = (—x)*" " " has the same graph asy = —x* "', nisa
non- negatlve integer, (—x)” "' = (—=1)" T x)" T = —x !

i) (11= -m*s

V= 'H“S\
uzz L -l uzz v}

ii) (1=t-imes é TZ:'H“S\
F l T
H=z Y=-iz H=z [T
i) (r=cmer i TZ:'H“?\
’ Te
Hzz v=-178 H=z =128
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¢ Answers may vary. Sample answer: y = (—x)*" has the
same graph as y = x™, # is a non-negative integer,

(—x)" = (—1)*(x)* = x*; y = (—x)* " ! has the same
graph asy = —x* ', n is a non-negative integer,

(_x)2n+l — (_1)2n+ ](x>2n+1 — _x2n+l

15. a) Answers may vary. Sample answer: For the graph of
y = ax”, if a > 0, vertical stretch by a factor of aif 0 <a < 1
vertical compression by a factor of a; if 1 < a < 0, vertical
compression by a factor of a and a reflection in the x-axis;
if a < —1, vertical stretch by a factor of a and a reflection
in the x-axis

16. a) vertical stretch by a factor of 2, translation 3 units
right, translation 1 unit up b) vertical stretch by a factor
of 2, translation 3 units right, translation 1 unit up

C) T=hN YEsEH=-F1"4+1

n=n =0 bk =}

17.a) a is a vertical stretch or compression; b is a shift left
or right; k is a shift up or down
b) Answers may vary. Sample answers:

v1=acx-1E:/
H=1 /t v=z vz-z t

18. 124
19. (4, 6), (6, 9)

=S+ 32 [

1.2 Characteristics of Polynomial Functions, pages 26-29
1.a)4b)5q94d) S5e)3f)6

2. a)-d)
Sign of End Local Local
Leading Behaviour Maximum = Minimum
Graph Coefficient (quadrants) Symmetry Points (#) Points (#)
1a) + 2to1 2 1
1b) + 3to1 2 2
1c) - 3to4 1 2
1d) - 2to4 2 2
1e) - 2to4 point 1 1
1f) - 3to4 line 2 3

d) number of maximums and minimums is less than or equal
to the degree of the function plus one; number of local
maximums and local minimums is less than or equal to

the degree of the function minus one

3. i) End Behaviour i) Constant Finite iii) Value of Constant

(quadrants) Differences Finite Differences
a) 2to1 2nd 2
b) 2to4 3rd —24
q 3to4 4th —168
d) 3to1 5th 72
e) 2to4 st -1
f) 3to4 6th —720

4.2)2,—4b)4, —2093, —2d)4,1e)3,6f)5,%
5. a) odd b) even ¢) odd d) even
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6.
b) Sign of c) End
a) Least Leading Behaviour
Graph Degree Coefficient (quadrants)  d) Symmetry
5a) 5 - 2to4 point
5b) 4 + 2to1 line
5¢) 3 + 3to1 point
5d) 6 - 3to4 none

7. a) i) 3 ii) +iii) 1 b) i) 4 ii) — iii) — 1

8. a) quartic b) fourth, 0.03 ¢) quadrant 2 to quadrant 1
d) x = 0 e) Answers may vary. Sample answer: They
represent when the profit is equal to zero. f) $1 039 500
9. a) i) cubic (degree 3) ii) 2

b) (yz=ziz+-1un-zezanein!

[T T S P | P ——

10. @) i) (ri=ginos L
-

W=1.EF078a:

i) (=cesim

o

=1 WEFANLERER I¥=-1

b) Answers may vary.
Max=0,V(x)=0

M=HE -2z 22 H00E

HaE (BT

b) V(x) = 4x(x — 35)(x — 20); x-intercepts 35, 20, 0 ¢) 24
12. a) cubic b) third, —4.2 ¢) quadrant 2 to 4
d{deR,d=0},{reR,r=0)

13. a) Answers may vary. Sample answer: quadrant 2 to
quadrant 1, {x € R}, {P(¢) € R, P(¢) = 11 732}, no x-intercepts
b) 144 ¢) 12 000 d) 69 000 e) 13 years

15. Answers may vary. Sample answers:

a) (4=-zaon-zrmzited) b) (vi=ze-zizeneny /
H=1 [ ?:-5\ Bl / iy

) (H=nen-zaneg d) (1= -nen-zr -t dan20
4=t vz& #=-k = -zh

16.a) 1to 5

b) (vi=-u \ R
ey ¥=-1 wmz V=16




= HOR=E1 2= 1005+

i

= HOR = 01D

7

= RO -E =L L2

iyl

n=z =zl Il

17. a) i) cubic ii) cubic iii) cubic

b) (=t mnn-ticzaes

i

=2 ¥=-8 =2 Y=-iz

=0 2 -1 E |I|

=iierts 4

H=-z / =B

¢) Answers may vary. Sample answer: The number of
x-intercepts equals the number of roots of the equation.
18.a) i) S(r) = 6m(r + 1)ii) V(r) = 3n/’ b) Answers may vary.

Sample answer: S(r) cubic, two x-intercepts, {r € R}, {S € R},

quadrant 3 to quadrant 1; V() cubic, one x-intercept,
{r e R}, {V e R}, quadrant 3 to quadrant 1

b)

A i

(4]

1.3 Equations and Graphs of Polynomial Functions,
pages 39-41

1.a)i) 3, + ii) quadrant 3 to quadrant 1 iii) 4, —3, %
b) i) 4, — ii) quadrant 3 to quadrant 4 iii) —2, 2, 1, —1

4,-1,3

Qi) 5, + ii) quadrant 3 to quadrant 1 iii) —%, >

d) i) 6, — ii) quadrant 3 to quadrant 4 iii) =5, 5
2.3)i) —4, —%, 1ii) positive, —4 < x < —%, x> 1;
negative x < —4, ~1 < % < 1iii) no zeros of order 2 or 3

b) i) —1, 4 ii) negative for all intervals iii) could have zeros
of order 2 ¢) i) —3, 1ii) positive x < —3, x > 1; negative —3
< x < 1iii) could have zeros of order 3d)i) -5, 3

i) positive x < —5, =5 < x < 3; negative x > 3 iii) could
have zeros of order 2 e) i) —2, 3 ii) positive =2 < x < 3,
x> 3; negative x < —2iii) could have zeros of order 2 and 3

3.a)i) -2, 3, —, all order 1ii) -3, -1, 1, 2, 3, all order 1
i) order 2: 4 1; order 1: =2, E iv) order 3: —, order 2: 5;

order 1: —6 b) graph in part ii) is even; others are neither

Q) i) (v1=-zin-zokezing-30 i) (#1=on- L LB

LN

iV) (yizzogeaici-sracsi-zr s
1 b A

iii) (1= -themm -t ez

AR

=z Y==144 T H=-c

Y= =147z800

4. b) line, even; this function has line symmetry about the y-axis
because it is an even function. a) ¢) d) neither, neither; there is
no symmetry about the origin or about the y-axis because these
functions are neither even nor odd.

5. a) i) even ii) line b) i) odd ii) point ¢) i) neither ii) neither

d) i) neither ii) neither e) i) even ii) line

6.a)y = —2(x + 3)(x + 1)(x — 2) b}y = —3(x + 2)%(x — 1)
Oy =05(x+2Px—17dy=(x+ 5

l.a)y = *% (x + 2)*(x — 3), neither

L Echl FIE gl ]

i

HEE =1z

b)y =2(x+ 1)(x —

T=2R+10 300 -1]

\"\

H=-z V=B

1), neither

0y = —2(x + 1)*(x — 3)% neither

L Ut B L

v

W=z W="E4

dy= —%(x +3)(x + 2)%(x — 2)%, neither

=i '1{2:II:ZH+3IIIZH+2:I“2(H--

[

H=l ="-18

8. a) point b) line ¢) point d) point
9. Answers may vary. Sample answers:

a) (zziesied cx-zy b) (=t zacnetizin-zn
/1/ ey -‘\.\\xj
f=a
H=i Y=-16 W=l Y=-18
I d) (i=ciemeareti-zre

a VAN

IRANRNED
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10. a) Answers may vary. b) Answers may vary. Sample
answer: The equation provides information about the
x-intercepts, the degree of the function, the sign of the
leading coefficient, and the order of the zeros.

C) = L 0 Y -1 R -2

,-"—‘H_ﬂ

W=k W=zE2

d) The maximum height is approximately 35.3 m above
the platform. The minimum height is approximately 5.1 m

below the platform.

Ma)4,1,-1,-L
2

b) (vi=iznrz-s-1ioz-36-m

6 Ve

0, —~2 Y2
3ii) o)

ii) (y1=gx-5-rit-z-z4

12.a)i) 3, 2, b) i) even ii) odd

Qi) (1=g~u-130z+38

A /E}u —f

W

13. Answers may vary. Sample answers:
a)c=—-5 b)c=0

'|'1=IZH-3:IIZH-1:II:H+2:I“‘2-7 i Bt e T b R /
‘\(/.-' \ h\\w-"

W=z =21 =z W="18

Oc=7 d) c=16.95

T1=EH-31(N-1J(H+2)“‘2;}
5 \\L
HEE ¥=-2 =1 =195

e)c=25

=0 =-Z -1 20 2 +2E

Y

HEE =0

onll 9

== =10+ e+ 160

14. a) Answers may vary. Sample answer:

flx) = (3x — 2)(3x + 2)(x — 5)(x + 3),

g(x) = 2(3x — 2)(3x + 2)(x — §)(x + 5)

b)y=-3203x - 2)(x —5)9y=32(3x —2)(x — 5)

15. Answers may vary. Sample answer: shifts from the origin,
and an odd function must go through the origin.

16.a) 0.35 b) 2.517

1.4 Transformations, pages 49-52
1.a) a = 4 (vertical stretch by a factor of 4), k = 3

(horizontal compression by a factor of %), d=-2

(translation 2 units left), c = —6 (translation 6 units down)
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by y=(3x° y=4G6x'  y=4BKx+2I'-6
(—=2,16) (—2,1296) (—2,5184) (=2, —6)
-1,1) (-1,81) (—1,324) (-1,318)
(0,0) (0,0) (0,0) (0,5178)
(1,1 (1,81) (1,324) (1,26 238)
2,16) 2,1296) (2,5184) (2,82938)

d{xeR},{yeR,y= -6},
(—2, —6),x = —2

() T=HCEH+E1 -6 i |

n=-z

2.a)iib)ivaiiid)i

3.a)iiih)iveiid)i

4. a) k = (3 horizontal compression by a factor of = )

¢ = —1 (vertical translation 1 unit down), n = 3

b) a = 0.4 (vertical compression by a factor of 0.4),d = -2
(horizontal translation of 2 units left),n =2¢c=35

(vertical translation of 5 units up), 7 = 3d)a = %
(vertical compression by a factor of %), k = —1 (reflection

in the y-axis), d = 4 (horizontal translation 4 units right),
¢ = 1 (vertical translation 1 unit up),n = 3 e)a = 2

(vertical stretch by a factor of 2), k = = (horizontal stretch

by a factor of 3), ¢ = —35 (vertical translation 5 units down),
n = 4f)a = 8 (vertical stretch by a factor of 8), k = 2
(horizontal compression by a factor of %), ¢ = 24 (vertical
translation 24 units up), 7 = 3

5.a)ii b) iv ¢) 1 d) iii

6. a) 2 units left, 1 unit down, y = (x + 2)* — 1

b) 4 units right, S units up, y = (x — 4)* + 5
laa=—lk=%d=—{c=l

b) a: vertical stretch by a factor of 3 and a reflection in the
x-axis; k: horizontal stretch by a factor of 2; d: 4 units left;
cluntupd{xeRL{yeR,y=1},(-4,1),x=—4

d) vertical stretch, horizontal stretch, left, up; horizontal
stretch, vertical stretch, up, left

8. a) vertical compression by a factor of 0.5 and a reflection
in the x-axis, translation 4 units right; flx) = —0.5(x — 4)°
b) reflection in x-axis, horizontal compression by a factor

of l, translation 1 unit up; f(x) = —(4x)* + 1 ¢ vertical

stretch by a factor of 2, horizontal stretch by a factor of 3,
translation 5 units right, translation 2 units down;

i) = 2[L - 5)]3 -2
9. a) f(x) = —0.5(x — 4)3 f( ) = (4x +1

M=y |

M= =0 E0H-H02

T L L

wzzgu—5$—z

'|'1=2((1H[31EH-52IJ“3-2/




b) flx) = —0.5(x — 4)’, {x e R}, {y € R}; flx) = —(4x)* + 1,
{x e R}, {y e R,y = 1}, vertex (0, 1), axis of symmetry x = 0;
) = 2[Lx = )~ 2, (xR} by e R)

10.a)i)y = —x* + 2ii) {x e R}, {y e R, y = 2}, vertex (0, 2),
axis of symmetry x = 0b)i)y = —(x — §)%ii) [x e R}, {[y e R}
Ji)y = (x+3)* = Sii) {x e R}, [y e R, y = =5}, vertex
(=3, =35), axis of symmetry x = —3

11'y:x3’y: (X 74)3:)’: (x+4)35y:x47 6,
y=(x—4)4—6,y=(x+4)4—6,y=—x4+6,

y=—(x )+6y——(x+4)“+6

12.2)i) fix) = (x + 2)* + 3i) (x e R}, [ye R,y = 3},
vertex (—2, 3) axis of symmetry x = -2

by i) fix) = x+12] i) [x € R}, {y € R)

Qi) flx) = —3x+l)—6ii){xeR},{yeR y = —6},
vertex (—1, —6), axis of symmetry x = —1

i) flx) = [1x—1) —3i)fxeR), {yeR, y=—3),

vertex (1, —3), axis of symmetry x = 1
4
e)i) flx) = —7’%(x + 1) +9i){xeR}, {yeR,y=9},

1, 9), axis of symmetry x = —1

TE:(H-ZJ‘r-(H-ZJ“E /

=it l W=- 7R

vertex (—
14. a) shift 2 right

b) ?1:}:*3-3[2 /

H=-r l W=-37E

90,1;3,2
15. a) vertical stretch by a factor of 3, reflection in the x-axis,
translation 4 units left

b) (vezwey-nzennz EJ Wz zicEey-cenen. | 0 0, —4

|

T

H=-1 Y=z H=-Z i1
16.a) h(x) =3(x + 1)(x + 6)(x — 1) =5
b) h(x) = *%(x +1)(x + 6)x — 1)
17.$3.12

18.2) x*, 2%, x"0 b)) 22

1.5 Slopes of Secants and Average Rate of Change,
pages 62-64

1.e)

2. a) zero b) constant and positive ¢) constant and negative

792
3.a)0b)§d) 3

4, 3.89%/year

5.a) 6.45%lyear

b) Answers may vary. ¢ 1999-2000: 11.1%/year; 2000-2001:
8.7%lyear; 2001-2002: 2.8 %/year; 2002-2003: 3.2 %/year
d) greatest: between 1999 and 2000; least: between 2001
and 2002 e) Answers may vary.

6. a) =m0 FHER T AR

W=z W=2h.4

b) positive 0 = x < 8.28; negative 8.28 < x = 13;
zero: x = 8.28 ¢) i) $13/year ii) $8.20/year iii) $4.80/year
iv) $17.40/year d) Answers may vary.

7.9 V= %nrg, cubic, {x € R}, {y € R}; S = 4m/*: quadratic,

xeRL,{yeR,y=0}

L EL Faca b o
W=E0ze.ELHZ

M=HTRE

H=zl W=ZEEL0 322 H=zi

b) volume: i) 9529.50 ii) 6387.91; surface area: i) 691.15

i) 565.49 ¢ 314.16 cm d) 570.07 e) Answers may vary.

8. Answers will vary.

9.a) y = —0.2x(x — 28) b) secant ¢) 2.4, 1.6, 0.4, 0, 0, O,
—0.4, —1.6, —2.4; calculated using two points on the curve
d) steepness of the crossbeams e) have the same steepness in
a different direction

10. a) i) —20 L/min ii) —50.66 L/min iii) —0.54 L/min

b) slows down

) (1= ononziinn-ty

W=z W=hB0.2

d) i) (r=o poenziLoo-ty i) (vi=n.onnozcdo-gry

—_

T [ED Rz M. WEHBDLE

i) (p1=0.0o0zin0-wimy

H=30 ERETE

11.a) —1470, —1410, —1350, —1290, —1230, —1170,
—1110, —1050, —990, —930 b) greatest: between 0 and 1;
least: between 9 and 10 ¢) quadratic

Differences
Time (h) Amount of Water (L) First Second

0 18750

1 17 280 —1470

2 15870 —1410 60
3 14 520 —1350 60
4 13230 —1290 60
5 12000 —1230 60
6 10830 —-1170 60
7 9720 —-1110 60
8 8670 —1050 60
9 7 680 -990 60
10 6750 —930 60

d) The first differences are the same as the average rates of
change for the same interval.
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e) (muadrea f) (11=s0iz+ -1500ne16750 g)25h
=gy E o
2=3H
b=-15HEA
c=1875d
=g V=1z000

12. a) velocity of the ball b) i) 5.3 ii) 7.75 iii) 9.71 iv) 10.151
v) 10.195 vii) 10.200 ¢) instantaneous rate at 1 s

2

3. h(p) = 1%
2p

1.6 Slopes of Tangents and Instantaneous Rate of
Change, pages 71-73
1.a) (5, 3) b) (3, 7) ¢ —2 d) instantaneous rate of change
atx =S
2. a) A positive; B 0; C negative
b) A 4 m/s, C —6 m/s ¢) velocity at 2 s and 7 s

3.@ éﬁ
Interval Ah At At
3=t=3.1 —0.289 0.1 —2.89
3=t=3.01 —0.024 49 0.01 —2.449
3=t=3.001 —0.002 4049 0.001 —2.4049

b) velocity is decreasing at a rate of approximately 2.4 m/s
4,25 m/s

5.a) 3.9%/year b) i) between 5.9% and 6.2% per year

ii) between 1.3% and 2.2% per year ¢) Answers may vary.
6.a) 2.21 b) i) between 0.3 and 0.84 ii) between 3.66 and 4.52
iii) between 1.86 and 2.76 ¢) Answers may vary.

7.a) —15.2 m/s b) 2.2 m/s

|

n=1
B=2 2H+E N

1= Y, BE R LEH 0 R

BN

d) average velocity between 1 s and 3 s (decelerating 15.2 m/s);
velocity at 1 s is 2.2 m/s

8. a) Earth —44.10 m/s; Venus —40.05 m/s

b) Earth —29.44 m/s; Venus —26.7 m/s

¢ a rock falls faster on Earth than on Venus

9.2) $110.50/MP3 b) $118/MP3 ¢) Answers may vary.
Sample answer: The cost of producing 200 MP3 players

is more than the average cost of between 100 and 200 MP3
players. d) No.

10. a) $327.25/MP3 b) $311/MP3 ¢) The average revenue
(between 100 and 200) is more than the revenue for 200 MP3
players. d) P(x) = 250x — 0.000 475x e) $216.75/MP3

f) $193/MP3 g) The average profit between 100 and 200 MP3
players is more than the profit for 200 MP3 players.

11.a) i) $19 440 i) —$10 800 b) Answers may vary. Sample
answer: The profits are increasing between 2000 and 6000
basketballs and decreasing between 16 000 and 20 000
basketballs. ¢ i) $21 150 ii) —$10 440 d) losing money
when making 18 000 basketballs

e) 1= -0.085F+1 B8z +00

= Y=10z.6
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12.a) 0.5h* + 12h + 246 b) i) 272 ii) 302 iii) 318.5 ¢) Average
rates of change between i) 8 and 10 years ii) 8 and 12 years
iii) 8 and 13 years d) when » = 0 e) 246

5 L= V4l
’ 2
14. 1m| = 4§

Chapter 1 Review, pages 74-77

1. a) polynomial function, 4, 3 b) polynomial function, 2, —1
e) polynomial function, 3, 5

2. a) i) odd ii) negative iii) {x € R}, {y € R} iv) quadrant 2 to
quadrant 4 v) point b) i) even ii) positive

iii) {x e R}, {y e R, y = 0} iv) quadrant 2 to quadrant 1 v) line

3.

End Behaviour Function Reasons
Extends from quadrant Oy = a¢ positive leading coefficient
3to quadrant 1 y and odd degree
Extends from quadrant Ay = —x negative leading
2to quadrant 4 y coefficient and odd degree
2
Extends from quadrant | b)y = §X4: positive leading coefficient
2to quadrant 1 d)y =02 and even degree
Extends from quadrant
none

3to quadrant 4
4,a)iii b) iv ¢ 11
5. i) a) fourth b) 12 ¢) none ii) a) fifth b) 120 ¢) point
iiii) a) sixth b) —720 ¢) none
6. a) i) 1ii) 5iii) 4 iv) 2 v) 3vi) 3
b) i) —5 ii) —% iiii) % iv) 9v) 7vi) =3
7. a) i) 3 ii) negative iii) —4 b) i) S ii) positive iii) 2
8. a) quadratic b) i) 2nd ii) —9.8 ¢) quadrant 3 to quadrant 4
d0=r=26.73,0=h=3500

M=ZE00-4. 88"

H=10 ¥=3010

e) when the parachutist lands

9.a) i) 3, positive ii) 0, —2, 4 iii) positive =2 < x < 0, x > 4;
negative x < —2,0 <x <4

1

b) i) 4, negative ii) —2, % 3 i) positive 2 < x <

negative: x < —2, % <x<3,x>3

Qi) 5, negative ii) —3, —1, 3iii) positive x < —3,
-1 <x<3-negative —3<x<-1,x>3

b) ?1=-Hcﬂ+1:cx+2::[
i

s

() i ELE DL Rl ]

10. @) (y1=gx=cn- 3::H+2:

¥=.EBzE

= D P

11. a) Answers may vary. Sample answer:
y=(x+3)(x+1)(x—2)%y=2x+3)(x+ 1)(x —2)

b)y = % (x + 3)(x + 1)(x — 2)



12. a) point symmetry b) line ¢) neither
13.a)y = —(x + 2)(x — 4)?

my=—%%x+zﬁx—aﬂu—4
14. a) i) vertical compression by a factor of %, reflection in the

x-axis, translation 2 units down; y = —lx3 -2

ii) {x € R}, {y € R} b) i) vertical stretch by a factor of 3,

horizontal stretch by a factor of i, translation 3 units right,
translation 1 unit up; y = 5’%(x - 3»)]4 + 1ii) {x e R},

{y e R,y = 1}, vertex (3, 1), axis of symmetry x = 3
umny=%gu+4f+1mueRL@e&yzn,

vertex (—4, 1), axis of symmetry x = —4

b) i)y = —5[4(x + 2)] + 7ii) {x e R}, {y e R}

16. a), ¢), d)

17. a) $14, $10 b) i) negative ii) positive iii) zero

q i) —$1.6/month ii) $2/month iii) $0/month

18. a) 5.7 %/year b) between 6.7% and 6.9% in 2000;
4.6% in 2002 ¢) Answers may vary.

Practice Test, pages 78-79

1. Answers may vary. Sample answers for false:
A. False; y = x° + x?

B. False; y = x*

C True

D. False; y = x* + x

2. Answers may vary. Sample answers for false:
A. False; degree #n means constant nth differences
B. True

C. False; may have line symmetry

D. False; may have higher degree

3. Answers may vary. Sample answers for false:
A. False; y = gxz does not equal y = (%x)2

B. False; stretches and compressions first

C. False; does not matter

D. False; reflection in the y-axis

E. True

4.a)ib)iii g ii

5. 1) a) third b) —12 ¢ point ii) a) fifth b) 120 ¢) point
iiii) @) sixth b) —720 ) line

6. a) Answers may vary. Sample answers:

y =2x(x + 1)(x — 3%,y = —x(x + 1)(x — 3)
b)y = —3x(x + 1)(x — 3)?

() =R

=1 =2l

positive —1 < x < O;negativex < —1,0 <x <3,x >3
7.y = —x(x + 1)*(x — 1)(x — 2)°

8.a)a = 1 (vertical compression by a factor of l), k=-2
(horizontal compression by a factor of %, reflection in the

y-axis), d = —3 (translation 3 units left), c = —1
(translation 1 unit down)

b) {x e R}, {y e R, y = —1}, vertex (—3, —1), axis of
symmetry x = —3

¢) horizontal compression, vertical compression, reflection
in the y-axis, 3 units left, 1 unit down horizontal compression,
vertical compression, reflection in the y-axis, 1 unit down,
3 units left

d) (v1=iey NS I B -1
AL X

n=l = ==z

WL EREZEEZ

9.9y=—-2x-3°-5

10. Answers may vary. Sample answer: a) distance versus
time at a constant rate b) drop in temperature versus time
at a constant rate ¢) acceleration d) no change in revenue
over a period of time

1. 4.66%/year

12.a) 3125 L b) i) =245 L/min ii) —20 L/min ¢) Answers may
vary. Sample answer: Average rate of change of volume
over time is negative and increasing.

d) (= zize-mez

w=in =675

e) slopes of secants
13.a) 1 m/s b) 1.9 m/s ¢) speed is increasing

CHAPTER 2

Prerequisite Skills, pages 92-93

1.a) 124 R4 b) 161 R16 ) 147 R9 d) 358 R13

2.a) —22b) —6¢ —51d) —13.875 e) -162

va)xt +x° — 7+ 3x + 3 27
b) 2x* + 4x* — 15x* + x — 19

O 3x* + 11x° — 7x* + 25x — 2
dx>—2e)x>—45f) x> —2x — 2

4.3) (x — 2)(x + 2) b) (5m — 7 )(Sm + 7)
0 (4y — 3)(4y + 3) d) 3(2¢ — 3)(2¢ + 3)
e) 2(x — 2)(x + 2)(x> + 4) ) 3(n® — 2)(n* + 2)
5.a) (x + 3)(x +2)b) (x — 4)(x — 5)
Qb+ 7)b—2)d) (2x + 3)(x — 35)

e) 2x — 3)*f) (2a — 1)(3a — 2)

9) (3m — 4) h) (m — 3)(3m — 1)

6.a)x=—3orx=5b)x=—1orx=é

c)xz—ior zéd) :lor :54
T

e)x:—zorx=1f)x=7orx:§

7.a) x = —1.30orx =0.1

b) x = 0.7 or x = 2.8

x=—-120rx=0.7

dx=-130rx =25

&ay=—§x+mu—n

b)y = -3x(x —3)9dy=—4(x + 3)(x — 4)
dy=2x+Dx—S5)ey=—32x + 1)2x — 3)

9.a) i) —4 and 1 ii) above the x-axis: x < —4 and x > 1;
below the x-axis: —4 < x < 1b)i) —1, 1, and 2 ii) above
the x-axis: =1 < x < 1 and x > 2; below the x-axis: x < —1
and 1 <x <2qi)—2, —1, 1, and 2 ii) above the x-axis:
—2<x<—-1land 1 < x < 2;below the x-axis: x < —2
and —1 <x<1landx>2

Answers « MHR 531




2.1 The Remainder Theorem, pages 91-93
3 2
1.a) % T3 —2x+ S _ 2o g4 9
x+ 1 x +
9x+ 1) +2x—4)+9

b)x # —1
1

4 _ 3 _ 2 _
2.a)3x A’ —6x” +17x —8 _ 5 5 434 __ 4
4 3x — 4 3x — 4

O3x' —4x’ —6x + 17x — 8 = (3x — 4)(x> — 2x + 3) + 4

3 2 _
x’+ 7x°— 3x + 4 302,x¢—2

3.a) =x*+5x—13 +
x +

x+2
6x> +x*—14x — 6 2 2
b g 2
) 3x 12 L R P L S
10x° — 9x* — 8x + 11 ) 7 2
=2x"—x—2+ F =
9 Sx —2 xox 512275
_ 4 _
o P =T 40 gy - 36x - 97 - 228
-3 x—3 x—3
X
R T S SR
3x + 2 3x + 2’ 3
3 2
a4 =31 4o g 1245 x#3
32x—23 2x — 3 2
8x° + 6x° — 6x 2 9 3 3
Sxt6x  —6x _p0 43,4243 .3
3 T Y T i@k -3 T 1

4.a)27b) -9 ¢ —

5.(x +5)(x +3)2x + 1)

6. (3x — 2) cm by (3x — 2) cm by (x + 4) cm
7.a) 16 b) 31 ¢ 36d)211e) 4
8.a)16b) —13 ¢ —23
9.a)9b) 15 41d) -4

10.a) k = 3b) 123
1.a)c=4hb)28

12.b =11

1B.k=3

14. a)-¢) 8

15. a)-b) 15

16. 2) P(% = 0b) (3x — 2) is a factor of 6x° + 23%* — 6x — 8.
0 Gx — 2)(x + 4)(2x + 1)
17. a) 1(9x” + 24x + 16); this result represents the area of

the base of the cylindrical container, i.e., the area of a circle.
b) n(3x + 4)%(x + 3)

9 Value of x Radius (cm) Height (cm) Volume (cm?)
2 10 5 1571
3 13 6 3186
4 16 7 5630
5 19 8 9073
6 22 9 13685
7 25 10 19635
8 28 1 27 093

18.2) =52 + 15t + 1 = (t — b)(=5t — Sb + 15) — 5b* +
-5+ + 1)—(=5b* + +

L5+ 1.9 (250 H 150 1t) (b SH* + 15b + 1)

d) Answers may vary. Sample answer: At ¢ = b, there is a hole

in the graph; the graph is discontinuous at ¢ = b.

e) 1; at 3 s, the height of the javelin is 1 m.

19. a) 15—2 b) At 1.5 s, the shot-put is 2.4 m above the ground.

11 _ 59

20.m=——,n

5 S
_ 14,2
2l.a = 3,b 3
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22.k=—%ork=4
23.3
24.A=8

2.2 The Factor Theorem, pages 102-103
l.a)x —4b)x+3d3x —2d4x +1

2. a) No. b) Yes. ¢) Yes.

3.0) (x — 2)(x + 1)(x + 4) b) (x — 3)(x +
J(x —4)(x — 2)(x + 3)

4.3) (x — 3)(x + 1)(x + 3)b) (x — 4)(x — 1)(x + 4)
J(x —6)(x +6)2x — 1)d) (x — 7)(x — 2)(x + 2)

e) (x — S)(x + 5)(3x + 2) ) x(x — 4)(x + 4)(2x + 3)
5.2) (x — 3)(x + 2)3x + 4) b) (x — 3)(x — 1)2x — 1)
d(x —3)2x — 1)(3x +35)d) (x — 1)(x + 1)(4x + 3)
6.a) (x — 1)(x +1)(x +2)b) (x — 2)(x + 1)(x + 5)

1)(x + 6)

A (x — 5)( 2)(x +2)d) (x + 4)(x* +x — 1)

e) (x — 5)(x — 2)(x +3)f) (x — 3)(x + 2)(x — 1)(x — 2)

9) (x — 4)(x — 2)(x +1)(x + 3)

7.a) (2x 1)(2x+ 1)%b) (x — 1)(x + 2)(2x + 3)

Q(x— 1)(x+2)(5x —2)d) (x — 1)(x + 1)(2x — 1)(3x + 2)
e (x —2)(x+2)Sx* +x —2)f) (x — 3)(x + 4)(3x + 1)
g)(x —2)2x — 1)(3x — 1)

8. (x +4)2x — 1)(3x + 2)

9. k 3

10. k = —

1. a) (x — 1)(x +2)2x + 3)b) (x + 1)(2x — 3)2x + 1)

9 (x — 1)2x + 5)(3x — 2) d) (x — 2)(4x* + 3)

R2x —D(x*+x+1)f)(x —4)(x — 1)(x +2)(x + 3)
12.2)i) (x — 1)(x + x + 1)ii) (x — 2)(x> + 2x + 4)

i) (x = 3)(x” + 3 + 9) ) (x — 4)(x" + 4x + 16)

b)x*— = (x—a)(x®+ax+ ) (x —35) (x> + 5x + 25)
d)i) 2% — 1)(4x> + 2x + 1)ii) (5% — 2)(25x* + 10x> + 4)
iif) (4x* — 3)(16x* + 124" + 9)

iv) (%x — 4y )(245x - %xy + 16)/)

13.a)0) (x + 1)(x*> — x + 1)ii) (x + 2)(x*> — 2x + 4)

jii) (x + 3)(x* — 3x + 9)iv) (x + 4)(x* — 4x + 16)

b)x +a’ = (x + a)(x* —ax +a*) J (x + 5)(x* — Sx + 25)
d)i) (2x + 1)(4x% — 2x + 1) i) (5% + 2)(25x* — 10x> + 4)
iii) (4x* + 3)(1695‘8 - 12§c4 +9)

25x 5xy + l6y)

U (x> +x+ D> —x+1)

15.a) (x — 3)(x + 3)2x — 1)2x + 1)

b) (x — 4)(x + 4)(3x — 2)( 3x + 2)

17.0) (x — 2)(x — 1)(x + 1)(x + 2)2x + 3)
b) (x — 2)(x + 1)(x + 2)*2x — 1)(2x + 1)
18.m = 0.7, n=—0.9

19.2) (x + 4)(4x + 3)2x — 1)

b) %u —3)(x + 1)(3x — 2)(2x + 3)

20.a) i) (x — 1)(x + 1)(x* + 1)ii) (x — 2)(x + 2)(x* + 4)

i) (x — D(x* + X+ X+ x+ 1)

i) (x — 2)(x* + 22 + 44’ + 8x + 16)

b)x" —a' = (x —a)x" 't ax" P+ a4 L+

a" x>+ a" x + a" '), where 1 is a positive integer.

Jx— DX +x'+ 7+ x*+x+ 1)

d)i) (x — 5)(x* + 25)ii) (x — 3)(x* + 3x° + 9x* + 27x + 81)

21. Yes, but only if 7 is odd. Let 7 = 2k + 1.

Then x2k+1+ 2k + 1 — xZ/a lee la + xlk Zal xlk 3a3 +
vak U+ g% If n is even, then x" + 4" is not factorable.

22 Tx — 3§

iv)

L



2.3 Polynomial Equations, pages 110-112

lLajx=0orx=—-2o0rx =395
b)x=1lorx=4o0orx=-3

c)x=—%orx=—9orx=2
dx=7orx= —gorx=—1

e)x =025o0orx=150rx=—8
flx=250rx=—-250rx=7
glx =1.6orx=—-3o0rx =0.5

2.ax = —3orx=—-lorx=1
b)x=—1lorx=3o0orx=4
x=—-2orx=—-lorx=2o0orx=3
dx=—-S5orx=—-2o0rx=1
e)x=—3orx=—-1lorx=0o0rx=2

Ja)x =4b)x=1lorx=—-1x=4o0orx =—4
dx=—-lorx=1lorx=S5o0orx=-5
eJx=15o0orx=—-1.5
flx=7o0orx=—-7o0rx=—-3o0orx=—4
gx=-3orx=050orx=50rx=—-5

4.a) —5,0,9b) —9,0,9 09 —%, 0, %
d)-2,-1,2¢-2,2)—1,0,1,29) -5, -2,2,5

5. Answers may vary. Sample answers:

a) False. If the graph of a quartic function has four x-intercepts,
then the corresponding quartic equation has four real roots.
b) True. ¢) False. A polynomial equation of degree 3 has three
or fewer real roots. d) False. If a polynomial equation is not
factorable, the roots can be determined by graphing. e) True.

6.a) x = —2orx=3b)x=50rx=—-2o0rx=1
Jx=1lorx=3d)x=—-2o0rx=3
e)x=—-2orx=2o0orx=3f)Jx=—-4orx=1¢g)x= -1

7.a) x = —2orx=—lorx=15bx=—-050rx =3

x = —20rx=—;orx=—

ddx=-2o0orx=06o0orx=3ex=00rx=2
flx=—2orx=0o0rx=050rx =2

g)x =—3o0orx=—lorx=2orx = 3.6
8.ax=—lorx=2o0rx=4b)x=3

x =1d) x = —1orx =2 e)no real roots

9.a)x = —22o0rx=050rx=1.7

b)x = —4.50orx=—-0.60orx =0.6
x=—-12o0rx=12dx=-13
e)x=—-14o0orx=19f)x=—-1lorx=04o0rx=14
g) no real roots

10.2mby2mby Sm

1.13mby 3 mby 3 m

12. Answers may vary. Sample answer: Yes, for example,
x4 2.

13. Answers may vary. Sample answer: No. If the radical
part of the quadratic formula is negative, then two non-real
roots occur.

14.7 h

15. 0 m or 8 m or approximately 12.9 m from the end
16.2) {x € R, 0 < x < 992} b) 22 000

M= =H 2+ ER 2+AH 100

n=a =100

o x = 3 or x = 8; If the selling price is $3 per bottle or $8 per
bottle, then 17 200 bottles of sunscreen will be sold per month.
17.a) x =3b)x=—-0.60orx=01lorx=39%90rx =4.6

18.a) k =3b)x=—-130rx =0.8
19. 24 cm by 20 cm by 4 cm, or 20 cm by 16 cm by 6 cm
“3+3V3 o -3-3i3

20. =3 =
a) x or x 2

b) x> — 2x* —14x + 40
21. 9 cm by 8 cm by 7 cm or 12 ¢m by 10 cm by 8 cm

22.x3—4x2—%x+§=0

23.15° 2
24,20

2.4 Families of Polynomial Functions, pages 119-122
lLay=kx+7)(x+3),keR, k+#0

b) Answers may vary. Sample answer:
y=2x+7)x+3),y=-"3x+ 7)x+3)

0y = %(x +7)(x + 3)

2. C (has different zeros)

3. A, B and D (same zeros)

4. A, C, E (zeros are —3, =2, 1); B, D, F (zeros are —1, 2, 3)
5.a)y = k(x + 5)(x — 2)(x — 3)

b)y = k(x — 1)(x — 6)(x + 3)

Qy=k(x +4)(x+ 1)(x —9)

d)y = kx(x + 7)(x — 2)(x — 3)

6.a) A:y = (x + 2)(x — 1)(x — 3);

B:y= —%(x +2)(x — 1)(x — 3);

Ciy= —%(x + 2)(x — 2)(x — 3);

Diy=2(x+2)(x — 1)(x — 3)

7.a) y = kx(x + 4)(x — 2) b) Answers may vary. Sample
answer: y = x(x + 4)(x — 2),y = —2x(x + 4)(x — 2)

gy = %x(x + 4)(x — 2) d) Answers may vary.

Sample answers:

T=RIR+HIR-2 WE= "ER(H+NICE =20

|

H= W=-E n=i =1

=

FEEILA IR+ -2

o

L

8.ay=kix+2)(x+1)2x — 1)

b) Answers may vary. Sample answer:
y=—(x+2)(x+1)2x — 1),y = %(x +2)(x + )(2x — 1)
Qy=—3(x+2)(x+ 1)2x — 1)

d) Answers may vary. Sample answer:

W=-1.2E

==+ -1

L

=1 [ER-

We=d A2+ -1

/
A

WEE - IEHLER-1)

H=-E V=45
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ﬁ

9.a)y = k(x +4)(x + 1)(x — 2)(x — 3)
b) Answers may vary. Sample answer:
y=2x+4)(x + 1)(x — 2)(x — 3),
y==3x+4)(x+ 1)(x — 2)(x — 3)

9y = —%lx + 4)x + (x = 2)x - 3)

d) Answers may vary. Sample answer:

TSZCR+HACR+L I -2 IH =30
-

]

ingliAt

Nt \

WE= FIHA IR+ LR =2 =5

TEE LB+ L -2

W=l W= EEEFEIE

10.a)y = k(2x + 5)(x + 1)(2x — 7)(x — 3)
b) Answers may vary. Sample answer:

y= —%(Zx +5)(x + 1)(2x — 7)(x — 3),
y=202x + S)(x + 1)(2x — 7)(x — 3)

gy = 71’5—1(2x + 5)(x + 1)2x — 7)(x — 3)
d) Answers may vary. Sample answer:

==L 2+ B+ \'1=2(2\H+5]7ﬁ?(7_
HEE = H0E

=0-E LR +E I+ LI

|

Ma)y=kQ2x—3x*—4x — 1)

b)y = 32(2x° — 3x% — 4x — 1)

12.a) y = k(x* + 2x° — 26x* — 6x + 117)

b)y = —%(x‘* +2x7 — 265 — 6x + 117)

13.a)y = k(x* — 2x° — 10x* + 20x — 8)

b)y = 4(x* — 2x° — 10x* + 20x — 8)
My=—2(x+2)(x—1)(x —3)

5.y = (x + 3)* (x — 1)(2x — 3)

16.y = —2x(2x + 7)(x + 2)(x — 1)

17. Set A: no; Set B: yes

18.a) V = x(48 — 2x)(30 — x) b) 44.31 cm by 28.16 cm
by 1.84 cm or 18.6 cm by 11.4 cm by 10.8 cm

¢ volume doubles; volume triples; family of functions
with zeros 24, 30, 0 d) Answers may vary. Sample answer:

W=-z6.81818

M=2HNB-Z R 0-H) We=ZHINE-ZHI20-H)

| A

EET G EET T=1G800
19.y = kx(x — 30)(x — 60)(x — 90)(x — 120)(x — 150)

20.2) V = x(36 — 2x)(24 — 2x)
b) i) V = 2x(36 — 2x)(24 — 2x) i) V = 3x(36 — 2x)(24 — 2x)
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¢) family of functions with the same zeros

d) T1=RIZE-ZRIEN-ZR) FESERIZE-SRICEY-2R]

n=k Y=1Bz0 L TY=ZEH0

WEEZHE-ZHIZY-2H)

H=k WNEET]

e) approximately 27.16 cm by 15.16 cm by 4.42 ¢cm or
26 cm by 14 cm by 5 cm

22. a) Answers may vary. Sample answer:

y=k(3x — 2)(x — 5)(x + 3)(x + 2)

b) 4 ) Answers may vary. Sample answer:

. %@x = 2)(x = $)(x + 3)(x +2)
@y =33x ~ 26— S)x + 3w +2)

23. Answers may vary.
24. 24 cm
B.g(x*—1)=x"'—x*—-3

2.5 Solving Inequalities Using Technology, pages 129-131
lLa)-7<x=-1b)-2<x=60dx<—-3,x=4
dx=-1,x=1

ax<-—-1,-1<x<§5,x>$§
b)x<—-7,-7<x<0,0<x<2,x>2
Ox<—6,-6<x<0,0<x<1,x>1
d)x<—4,—4<x<—2,—2<x<%,%<x<4.3,x>4.3

3. (W= - enan-zan-ra

S

nw=r =0

4.a)flx) >0whenx < —2orl1<x<6

b) f(x) < 0 when —3.6 <x <0 orx > 4.7

5.2)i) —6, 3ii) —6 < x < 3ii)x < —6,x >3

b)i) =2, 5i)x < —2,x > Siii) 2 <x<$

Qi) —4,3ii) 4 <x<3,x>Jii)x<—4,3<x<5
di) -4, li)x < —4iii)) 4 <x<1,x>1

6.a) 3 <x<4b)—-S=x=-3
Ql<x<2,x>3d 4=x=-3,x=-1

e)x < —3,2<x<3f)lx=-4-1=x=4

7.a) x = —4o0orx=0.5b) -0.5<x<3
gx=-—4or—2=x=1d-5<x<-lorx>4
egx<—Sor—2<x<7f)lx=7

8.a) —4.65 <x<0.65b) —2.43 <x < 1.10
x=—-2.170r —0.31 =x = 1.48

d —2.12=x=—-0.430rx=0.55

e)x < —1.93 0or —0.48 <x < 1.08
f)—-1.34=x=1.25

9. a) approximately x > —0.67
b)x=—-4or—-2=x=6dx=-—4or—=—=x=3

d)x<—% or—l<x<2e)x<—20r—%<x<3

W=

f)x<—3or—1<x<—%orx>4



10. approximately 0.50 < ¢ < 6.03, or between about
0.5 sand 6.03 s.

11. a) approximately 2.73 < ¢ < 5.51, or between later in
the second week and halfway through the fifth week

b) There are no tent caterpillars left.

12. a) between 0 and approximately 4.47 years

b) after approximately 4.94 years

13.-14. Answers may vary.

15. Answers may vary. Sample answers:

a) (3x + 2)(5x — 4)2x — 7) > 0,

—30x* — 109x* — 2x — 56 <0

b)x* — 2x* — 10x + 8 >0, —x* + 2x> + 10x — 8§ <0
16. approximately —0.66 = x = 2.45

17.a){xeR,—15x50},{yeﬂ%,05y5%}
b){xeR,x<-1,x>1}, {yeR,y >0}
19.15:34

20.2V/6

2.6 Solving Factorable Polynomial Inequalities
Algebraically, pages 138-139
Lax=2bx>-30x=-Jdx<lex<-20x=13

.ax < —2orx>4

2| l l PN l l l l l PN L.
I I I A 1 1 1 1 1 A |
-5 -4 -3 -2 -1 0 1 2 3 4 §

b)xS—%orx24
-l | | | | | . .
| T T T T T T L
-2 -1 0 1 2 3 4 5
Ja)x < —3orx>2
| l & l l l l & l l l L.
L I Y 1 1 1 1 hd I I |
-5 -4 -3 -2-1 0 1 2 3 4 5
b6=x=9
<! | | | | | | [ G
| T T T T T T I I T |
o 1 2 3 4 5 6 7 8 9 10
——F=x=2
| l l l l l & l | -
| 1 I I I I T 1 7
1 -1 1 3 3
1 > 5 1 5 2 5 3
4.a)—2<x<—10rx>3b)x5—70r%5x51
c)x<—2.50r—%<x<ld)—45x5—Zoer%

S.a)xS3orx25b)—3<x<5¢)—%5x5%
d)x<—20r1<x<3e)—%sxs—1orx21
6. a) approximately x = —5.09b)x < —4or -3 =x= -2

Ox=-—1 or%SxS 3 d) true for all intervals
7.a)—5§x51b)—2<x<—%0rx>3
c)—l<x<—lorx>l

2 2
d) # =x=lorx=
8.22 cm by 24 cm by 10 cm
9. after 10 years (in 2009)
1.8
12. approximately x < 0.59 or 1 < x < 3.41

-1 +V17
2

13. a) approximately 7 < 7 < 11 or 19 < n < 20, so
between 7 and 11 years from today and between 19 and
20 years from today b) approximately 12 < n < 18.6, so
between 12 and 19 years from today ¢) Not valid beyond
20 years. 20 years from today the population will have
fallen to 5560, and in the next year it would fall below 0,
which is not possible.

14. x* — 76x* + 1156 = 0, —x* + 76x* — 1156 = 0

15. 3\/13 X
6.y =2x - 22
YT3Y T3

Chapter 2 Review, pages 140-141

3 2
La)i)37i) Xt =Sx+3 _ oy 174 37
x4 x—2 x—2
. L1200 — 2x7 +x — 11 > 12
_ — _ +1 -
b) i) 1%“) e F 1 4x° —2x + 1 FPnE
X F —5

_ 4 3 2
c)i)22—7ii) 8x 4x2-;1_09; x*+ 15
=—4x3+3')x2+x—§+L,x¢l

- 2 22x 1) 2
2.a)k=—2—7b)162
3.b=-34

4.a) (x — 3)(x — 2)(x + 1) b) (x — 4)(x +2)(3x + 1)
J(x — 3)(x — 1)(x + 6)(5x + 2)

5.a) 4(x — 2)(x + 1)(x + 2) b) (x — 2)(5x — 3)(5x + 3)
x(x —2)(x +2)2x +35)

6.a) (2x — 1) metres by (x + 3) metres by (x + 1) metres
b)4 mby2mby1m

7.kh=-2
8.x=—-4orx=—-2orx=3
9'a)x=_40rx=4b)x:¥orx=@

10.a) x = —lorx=—-0.50rx =0.8

b)x = —-0.7orx =0.9 or x = 8.8

1.V =l — 5)(2] + 1); approximately 8.55 cm by 3.55 cm
by 18.10 cm

12. B (different zeros)

13.a)y = k(x> —4x* —x)b)y = —2(x* — 4x* — x)

14. —3(x + 2)%(x — 1)

15.2)x = —42 orx = 1.2 b) —%<x<3orx>4

Ox< -170r04<x<33d)x=—4or —%
e)x < —22o0rx>22

16. approximately between 0.8 s and 7.6 s and between
20sand 23.6 s

=x=3

17.a)—%<x<4b)—%5x5%0rx21

gx < —-Sorx>395

18,a)xs—%orxz%b)xs—4or%sxig

¢ approximately x < —2.4 or x > 4.3

Chapter 2 Practice Test, pages 142-143

1.C

2.C

3.D R §

4.2 % — 4x +3x_7=x2—7x+24— 79
x+3 x+3

b)x # =3¢ (x + 3)(x> — 7x + 24) — 79
5.a)k=%b)193

Answers « MHR 535




4

6.a) (x —4)(x — 2)(x + 1) b) (x — 3)(x + 2)(x + 3)
Q(x —2)(x + 3)(x+4)d) (x — 1)(x + 2)(5x +2)
e) (x +2)(x + 3)(x+4)f) (x + 1)(x + 2)(x + 3)(2x + 1)

7.x=—Sorx=3orx=—2
8.ax=2b)x=—-1lorx=11¢x=—-Sorx=35
dx=-3orx=30orx=—-2o0rx=3

9.a) x = —2o0orx=—-1bx=—4orx=1lorx=3
x=—-1750orx=150rx =1.75
d)x:—%orx=00rx=%orx=§

10. Answers may vary.

M)y = —%x(x +3)(2x + 3)(x — 2)

b) x < -3, —%<x<0,x>2
12.a) y = k(x* — 6x° — 17x* + 120x — 50)
b)y = —%(x‘* — 6x° — 17x% + 120x — 50)

13.a) V= x(20 — 2x)(18 — x) b) approximately 16.7 cm
by 16.34 cm by 1.7 cm or 5.8 cm by 10.9 cm by 7.1 cm
QV=~k20 - 2x)(18 — x)x
4ax=-09%90r04=x=74

b) —2.0 <x < —-0.60r0.9 <x <4.7

15. a) approximately x < —3.6 or —1.1 < x < 1.7

b) —1.5 = x = —1 or approximately x = —1.7 or
approximately x = 1.7

16.a)—%<x<%b)x<0c)xs—30r—%§x53

dx=-3o0or—1 st—%orxzz

17.a) V = x(32 — 2x)(40 — 2x)

b)i) V = 2x(32 — 2x)(40 — 2x)

i) V= %x(32 — 2x)(40 — 2x) ¢ family of functions
d) approximately 2 < x < 10.9 or x > 23.1

CHAPTER 3

Prerequisite Skills, pages 146-147

1. Answers may vary. Sample answer: A line or curve that
the graph approaches more and more closely. For f{x) = %,
the vertical asymptote is x = 0.

2a)x=3,y=0 b)x =—-4,y=0
Pi=1/0H-E1 = -1 i

P - 4=t ( L-.zs
Qx=8y=0 dx=35y=0
Y= 2= M=1/0ER-1i

P ¥=.375 (_ 4=t ¥=-.1

.a){xeRL{yeRlb) {xeR}, {yeR,y=4}
JxeRL{yeRld {xeR,x # 0}, {ye R,y # 0}
ixeRx#4,{yeRy#0}f){xeR x # 0}, {yeR,y # 0}

4.2 —13b) % 9 _% d)—1¢ —131) %
5.2)0.38 b) 0.71 ¢ 0.18 d) 0.38 €) 0.53 f) 0.35
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6.a) (x +4)(x +3)b) (5x — 2)(x —3) 9 (3x + 8)(2x — 1)
d) (x + 1)(x + 3)(x — 2) &) (2x + 1)*(3x — 2)
f) (3x — 4)(9x* + 12x +16)

3 1 1 N
7. —4bp) -5, -1 2d) -5, —=e -7, =16, —=
a) 8, ) =S, C)3,2 ) -5, 6e) 5 ) 6, 3
8.a) —2 *= \/zb) —4 1_2 14 0 5 i6i 73 d) no x-intercepts
o 2 EVI10 44492

3 11 1 5
9.a)x>6b)x57c)x>zd)x>—5e)x>—5f)x>—9

10.a) 2 <x<2b)x<-3orx>6¢—VI13<x<VI13
d)x<—50rx>2e)—75x5—1f)x5—6orx2%

3.1 Reciprocal of a Linear Function, pages 153-155

1.2) Asx— fi) >
2" 4+
2 —
“+o0
—00
b) Asx— fix) >
—5* +o0
_5' —o0
+oo
—o0
9 Asx— fix) =
8" +oo
8 —o0
+oo 0
— 0

2ai)x=2,y=0ii)x=-3,y=0

. 1. 1

Dy =2 Y=
3.a)i)x=5ii)y=0iii)—%b)i)x= —6ii)y=0iii)%
c)i)x=1ii)y=0iii)5d)i)x:—7ii)y=0iii)—%

o) x = —3ii)y=0iii)%

1 1 1 1
AV YT Y T T T T

6. a) (p=1m-z0

The slope is negative and
L decreasing for x < 3.

The slope is negative and
increasing for x > 3.

Ll W= EEIEEEE

) rreep—— The slope is negative and

decreasing for x < -3

The slope is negative and

increasing for x < —=-

2

H=0 W= 4zEEPANZ

The slope is positive and

O (1= -z
increasing for x < —4.

=0 ﬂv:-.s

The slope is positive and
decreasing for x > —4.




d) T1=5#(3-j

= L:i.EEEEEE?

H=n
7. a) (p=1n-10 !L

L] n: -1

b) =1 0044

=0
O (v=trczien k
=0 ".'=1

d) =1/ H+4)

=0 ¥=-.ZE

e) '.'1=-3ztzx-5:-J
]

=0 =

f) =4GR

w=n =0 (_/

9) ?1:1#:3-:1."1::-L“

H=0 ==y

h) M= 32D

H=n =B
1
8'y_xfl
1
R P
10.2) 1 = 3850
v

The slope is positive and

increasing for x < %

The slope is positive and

decreasing for x > %

fxeR,x# 1}, {ye R,y # 0},
x=1,y=0

xeR,x # —4},
yeRy#0Lx=1,y=0

{xeR,x * —%}’

(yeRy+0,x= -1

’y:()

{x e R, x # —4},
yeR,y#0l,x=—-4,y=0

S
R, x # 2
{xe , X 2},

yeR,y+#0,x=>

zayZO

fxeR,x # S}, {yeR,y # 0},
x=35,y=0

{xeR,xil},
4

eRy#0Lx=1,y=0

{xeR,x * *%};

{yeR,y#O},x=—%,y=0

b) T=ZBE0/

L

¢) 7.7 h, or 7 h 42 min

d) As the speed increases, the rate of change of the time
decreases.

11. a) Answers may vary.

b) The equation of the asymptote is x = —%. When b = 1,
the asymptote is x = —2. When b > 1, -2 < —% <0.

When0<b<1,f%<fZ.Whenb<0,f%>0.

W=182E

12 a) =1 -5 b) =1 205

O (v=1ccz-m

13.a) F =
b

-

T1=a00/ 1

w=z Y200 25—

¢) 300 N d) The force is halved.

14. a) =1/ T L b) '|'1=1.-'ubsl2H.'l/l(

= ’-.-:1 4=-1 =t

u=1 H=s =t
O (11=zcn-zre Il\-,__
=0 F-.-:z.s

15. (yi=zn-5 ' K Y2=1 (2H-E] l %‘
Y= 333ZI2E3

Answers may vary. Sample answer: The reciprocal of the
y-coordinates on either side of the x-intercept of y = 2x — §

H=h W=z H=y

are the y-coordinates of f(x) = 3 1 5
 —

16.x=%,y¢z,x¢o,y¢o,z¢o

17. 14

18. E
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1 1

Extension, page 156 4.a)y= ~b)y = 9y =-—
2. a) no; does not divide pixels evenly (x 1 1) (x + 2)(x = 4) =9
b) yes; divides pixels evenly dy= T
3.A . S 1 : X =47
nswers may vary. Sample answer: Xmax S.a)i) el x % —3,x£3)i)x=3x=-3y=0
3.2 Reciprocal of a Quadratic Function, pages 164-167 iif) y-intercept -5
1.a) Asx— fix) = 3
3 " iv) (1=t oz-m
3" +oo
1 +o0
1" —o
. o ¥=-1111111
+o0 0 v)
b Interval x<-3 | -3<x<0 | x=0 | 0<x<3 | x>3
) Asx— flx) = Sign of f(x) + - - - +
-4 -® Sign of Slope + + 0 - -
-4 - Change in + - - - +
5” —o Slope
5 e Vil {yeR,y # 0} b)i) xeR, x # 3, x # 5}
— 0 . 1
oo 0 i) x = —3,x =5, y = 0iii) y-intercept I
) = i) (1=t ie-zn-16
Asx— —>
-6 —o0 L
- 0 5=l V=25
+o 0
v)
Za)x =4 {xeR x4 Interval x<-3 | —3<x<1 | x=1| 1<x<5 | x>5
b)x=2,x=-7;{xeR,x #2,x # -7} {x e R} Sign of fix) . . - . .
dx=-5,x=5{xeR x# 5 x# -5} .g
Ox=3,x=1{xeRx#3,x+1} Signof Slope | + * 0 - -
flx=—4,x=-3;{xeR,x # —4,x # =3} Changein + - - - +
Slope

g)x = —2,x=%;{xeﬂ%,x# —2,x#%}h){xeﬂ%}

-5+ \/109}
2

3.3) vi){yeIR,ya&O}c)i){xER,x?E

Interval x<1 x>1
Sign of f(x) + + . -5 V109 0 i) v-i 1
Sign of Slope n - i) x = 3 » v = 0iii) y-intercept 31
Change in Slope + - iV) (=102 e50-210
b)
Interval x<-2 | —2<x<1 | x=1 1<x<4 | x>4
Sign of f(x) + — - — +
H=-zE Y= UZERAFZE
Sign of Slope + + 0 — —
Change in + - - + - v)
Slope Sign of Sign of Changein
9 Interval f(x) Slope Slope
Interval x<—-3 | —3<x<0  x=0 | 0<x<3 | x>3 x<_5+ V109 _ _ _
Sign of f(x) — + + + —
Sign of Slope - - 0 + + _S_T V109 X< —25 + — +
Changein - + + + —
Slope x=-25 + 0 +
-5+ 109
d) Interval x<-—4 x> —4 —25<x< —s + + +
Sign of f(x) — —
Sign of Slope — + x> _5+ V109 - + —
Change in Slope + -

vi) {y e R, y # 0}
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d)i){xeR,x#Z,x#—%}ii)x=2,x= —l,y=0

3

iii) y-intercept —%

) JETEpr—

H=0 ”‘1‘: =5

v)
Interval X<_% —§<X<% x=% %<x<2 x>2
Sign of f(x) + _ _ _ +
Sign of Slope + + 0 _ ~
Changein + _ _ _ n
Slope

vii) {x e R, y # 0}
e)i) (x € R} ii) y = 0 iii) y-intercept %

iv) ?1:1#(:-:1

v) Interval x<0 x=0 x>0
Sign of f(x) —+ + —+
Sign of Slope + 0 —
Change in Slope + — +

vi){ye[R,O<y<%}

6. Answers may vary. a) 0 b) 0.009 ¢) 0.011 d) 1.250 ) 0
7.a) {x e R, x # 0}; {y e R, y > 0}; asymptotes x = 0,y = 0;
no x- or y-intercepts; for x < 0, the function is positive

and increasing (positive slope); for x > 0, the function is
positive and decreasing (negative slope) b) {x e R, x # 1};
{y € R, y > 0}; asymptotes x = 1, y = 0; y-intercept 1; for
x < 1, the function is positive and increasing (positive slope);
for x > 1, the function is positive and decreasing (negative
slope) o {x € R, x # —2}; {y € R, y > 0}; asymptotes

x = =2,y = 0; y-intercept —; for x < —2, the function

is positive and increasing (positive slope); for x > —2, the
function is positive and decreasing (negative slope)

increasing for x < —1 and
—1 < x < 0, decreasing for
0<x<landx>1

8. a) (y=1rimz—10

Ll =1

increasing for x < —5 and
—5 < x < —4, decreasing for
—4<x<-3andx> -3

b) 1=/ (R +ER+1ED

H=0 ﬂ\':.DEEEEEEF‘

L3 J T increasing for x < —3 and

“3<x< *%, decreasing for

—%<x<2andx>2
H=-E vz~ 64
. . 1 3
d) (1= -1 ropz—ug-m increasing for 5 <x< 5 and

x > 3, decreasing for
2

1 1 1
x<—zand—z<x<5

Hw=E

increasing for x < 0,
decreasing for x > 0

DI

increasing for x > 6,
decreasing for x < 6

f) =1/ 00 B0

4=z ¥="4d11411
9) (w1=-r0nzez increasing for x > 0,
decreasing for x < 0
—_———
=0 ¥=-3333EE
, : 1
h) (w1=soimmz-grey increasing for x < 3
: 1
A decreasing for x > 3
H=a =t

9.a), b) Answers may vary.

Q i) (1=upiziz-puem ii) '.'1=-szmz+sx+m;

Y

L t =h HW=TEE = z.BEFIME

10. Answers may vary. Sample answers: a) f(x) and g(x) will
have the same shape reflected in the x-axis.

2
b) h(x) =
) bio) = —2

5 is a vertical stretch of k(x) = 1 5 by
a factor of 2.
o) m(x) and n(x) will have the same shape but different
asymptotes.

11. Answers may vary. Sample answers: a) y = %
b o — 1 B 1 x"+tx—6
TR T Ty

12.0)1 = 132?'9

b) (vi=1zem.0/0z o I = 1368.9; rate of change

| is approximately —2737.8.
=z ¥=IMZ.ERE
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13. a) =Bz L+ (R AR 00N E h) '|'1=‘|H.-'I:H+By [

_:—'_'_F':l‘.
H=iiiig ——Y=124,87A05 . #=-iE Y=B.EFiNzZEE
b) i) approximately 817.4 N ii) approximately 310.5 N
< - -8<x< >
9h=51554.5km Interval X 8 8<x<0 x>0
Sign of f(x) —+ — —+
14. a) (y1=10mze3 b) (vi=1rcez-m1-y .
Sign of Slope + + +
| [ Change in Slope + —
| I
(J ErErp—
w1l =y #=0 =-H.111141 J

16. a) (yi=1rczim L b) (vi=1rounz
i = i Sign of f(x) - n -

=28
d) (viz10me2 Sign of Slope + + +
Change in Slope + + -
L)} Erp——
u=i =1

=1 I\':.EEEEEEE?

Interval x<-—1 —-1<x<4 x>4

O (11=1sciz-1

17. a) symmetric about the origin
b) symmetric about the y-axis
18. Explanations may vary. H="z V=0

a) ((yizcanzednns b) (1=t-uzezricinz-m 5 5
Interval x<-2 “2<x<gz x>7Z
| 1 Sign of f(x) + — +
ﬁ—‘ Sign of Slope — — -
Lk F‘r:u =0 =-4.111111 Change in Slope + - -
1
19. Answers may vary. Sample answer: y = —————— o) e
y %’ P y (x —a)x — b) ) ((v1=c -z-zarcnes
20.a<—-27o0ra> 5
21.7
2.C Ty r
. . ax+b e D
3.3 Rational Functions of the Form f(x) = xtd
pages 174-176 Interval x< -5 —5<x<—-15 x>—15
lLax=7{xeR,x#7|b)x=-5{xeR, x# -5} Sign of f(x) 4 N T
9x=-8, [xcR, x # —8) d)x:%, {xeR,xil} Sign of Slope " - -
e x = —%, {x eR,x # —%} flx =5, {xeR,x # 5} Change in Slope + - +
2ay=1,{yeR,y# 1}by=3,{yeR,y # 3} f) (=i
_ _ 3 5
9y =1, byeRy # Ny =3 {yery+3} -
Oy=-1lyeRy#+ -1)ly=2(yeR,y+2 "
3. @) (yi=zurn-m | =1 ¥=1.332223F
1 1 -1 -1
Interval X<_3 _2<X< 3 x= 3
Sign of f(x) + — +
H=8 Y=g
Sign of Slope + + +
Interval x<0 0<x<5 x>5 Change in Slope + + —
SEEED - - - d.a) i) m, = —24,m, = —0.02 i) m,, = —24,m_, = —0.02
Sign of Slope - - - b) The function is decreasing for x < 3 and increasing for
Change in Slope - - + x> 3.
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: 1. S ..
5.a)i)y z||)y E|||)y 2
b) Answers may vary. Sample answer: The horizontal
asymptote is equal to the coefficient of x in the numerator
divided by the coefficient of x in the denominator.
qQy= g
6.a)y=1,x=9,
{xeR,x # 9},

b)y=3,x= -2,
{xe R, x # =2},

{yeR,y#1) {yeR,y# 3}
'|'1=Hfr-5:l L Tﬁ(ﬂy
W=x t ==k W=l Y=i
c)y=2,x=—%, d)y=l,x=%,
{xe[R{,xi*%}, {xeR,x#%},
yeR,y#2) beRy#%}
L Bl B Pl L =R -0/ EH-ET
e PP l[.ﬂ"'-'_
W=l [’:.33333333 L] \ YEREEEREEZ
8 4
€ = _1’ = _5, f = — 3> = 5
{) g R #x 5} » 3 ’ 3
rema ’ {xeﬂ'\?,x#%},
yeRy#-1) g
{y eR,y # _3}
'|'1=E‘|-N:I.-'II5+IIH\JL '|'1=EE-BHJ.-'II3H-‘|1[
——
W=z =g W=z Y=-Z.8
2x — 3 x —4
7.a)y = b)y =
)y x—3 )y x +1
+ 4
8.y=2
y x—2
Sx — 3
9.y =
y 2x +1

10. a) 20N a0 000+

(_,_,‘-"

NEFERD VS 0EMOLEE o

b) The amount of pollutant levels off at 30 g/L.
¢) after approximately 333.9 min

11.a)2 +

pr— b) Answers may vary.

[§ ErErEp——

_—

H=z \;'l'='1.3333333

12 a) =2+ +10) b) MBS ZI=EE N+ 1000

.

14. Answers may vary. Sample answer: As the mass of the club
increases, the rate of change of the initial velocity decreases.

PR

W2 BEIEEEE H=x =1

15. =LA TR -10

A

H=z E W=2hihzize

asymptotesy = 1,x = I; {xe R,x >0, x # 1}, {ye R,y =0,
y > 1}; y-intercept 0; for 0 < x < 1, f(x) is negative and
decreasing and the slope is negative and decreasing; for x > 1,
f(x) is positive and decreasing and the slope is negative and
increasing. Comparison: Answers may vary.

16. a) '|'1=H.-'(H2-1u L b) ?1=(H-2JH(§+3[{+21
D D.EEEEEEE? m ﬂ:n

O (1zcieEinz—t-122
J | Common features:

Answers may vary.
=z W=-7

17. Answers may vary. Sample answer: When the degree of
the polynomial in the numerator is greater than the degree
of the polynomial in the denominator, you can expect to
get an oblique asymptote.
18. A
19. a) quotient x, remainder —2 b) x —
x+3

2 x=2

2
x

Qi)y=x—1,x=2ii)y = S
iii) discontinuous at x = —3 (linear)

3.4 Solve Rational Equations and Inequalities,
pages 183-185

1.a) —1b) —4,3c)%d)0

2.a)x=%b)x=4orx=—2c)x=%d)x=50rx=—1

e)x = —34f)x =2

3.a)x =0o0rx =6.71b)x = —-0.27 orx = —18.73

gx=4340orx=2470rx=0.19d)x =128 orx = —1.28

4a)x<3orx>7

B o e e o e e e N A S B
-10 -8 -6 -4 -2 0 2 4 6 8 10

b)-1<x<0

-ttt 4ttt
-10 -8 -6 -4 -2 0 2 4 6 8 10

Jgx<—-4or—-1<x=1

B e 2 S e

-10-8 -6 -4 -2 0 2 4 6 8 10
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d-5<x=2orx>4

B e o o s o e e G 5 e e
-10 -8 -6 -4 -2 0 2 4 6 8 10

ex < —4or—-1<x<4orx>S$5

S e e e e S R L N B L B e e
-10 -8 -6 4 -2 0 2 4 6 8 10

flo<x<3orx>6

B e o o s o e e e L D B 5 e e e
-10 -8 -6 -4 -2 0 2 4 6 8 10

5.a)x<—701‘—2<x<lorx>5b)—3<x<l

2
()—6<x<—50r—1§x§4d)x<lor;§x52
orx>3$§ 2 3
6. Answers may vary. Sample answer: -3 0

(x = 3)(x +95)
7.x < =4 or =1 < x < 0 or x > 2; points of intersection
(—4, 0) and (0, 0)
8. - S<x<O0or3<x<7

%()x=20rx=6
-3 +3V2
2

b)x <0orx>3

9.a)x=%b)x=
d{xeR,x#1}e)x = f) no solution

10.,a) x <Qorx>9

=-EfHe I =15/ -5 \
an——
H=-10 L:S.? H=E W=-2
g0 <x<2 dx<1orx>31

=S ARI-E D

=530 -10-1 \y-

W= EREEERE

I =
W=-z

W=z o w=in

11.x<—%0rx>5

Nox<—-T7or—-3<x<-2orx>35versus —7<x< -3
or—2<x<S$§

7 7

B.ox < — _=x<4 —-1<x=-= >
3.x 50r13<x versus x<13orx 3

1
14. —+_——b— b=

2 2a  2b x) )

15.a)|)36001uxu)2.251uxb)|)141.4mii)0<d52v5
16.2<1<>

2

18.a) [ = 31.26 cm, w = 0.74 cm
V2 -2
2

b)x=y=Torx=y=

19.a)x =2b)x>2
20. a) (yz=1 =
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Na)—>_+ 2 p_27 4 8
x—1 x+3 S5x—-3) Skx+2)

gl . 5 3

x+2 x-3 (x—3)

3.5 Making Connections With Rational Functions and
Equations, pages 189-191

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

1. @) (p1=1Eenocnz

W=z :‘:h\':B?SU —

22V = 5000

b) PA=E0O0 % q The volume is halved.

-

3a)x—1b)*1<x<—

el ——"}

4. a) M=HAHE- ZHZIE L b) P=CH-HYAHE +E-200

WeE =1 W=z W= FEEEREEE

discontinuous at (4, %)

discontinuous at (O, —%)

() R Bt L el P L ] d) TASCERE+E=E N (ERT+TH+ED

—T

éﬂ'ﬁ'ﬁ'ﬁ

HIF ¥=:.E "=z
. . 1 . . N
discontinuous at [ —3, ~ discontinuous at [ —1, -3
€) Wiz sz tzw L f) (v=tiz-zpezismz—miesn
e
=3 ( 1211111141 ez w W=l
discontinuous at (0, —1—12) discontinuous at (1, l)
and (2, l)
5

b) Answers may vary.
Sample answer: Average
profit is modelled by

P
% = slope of secant.

5. a) PSR =200 A0+ 00

_H_‘_'_'_,_,_,—di-'—'_

HEZ0 =1

) The average profit is the greatest when x = 200.
d) 9.18 x 107*



_ 0.64] ) _ 640
6.a)R=""CbR =20
TZEH0 /T
H=E0 ¥=.258

7. Answers may vary. Sample answers:

a) FA=L0000(10+5) YES10000 (B+E)

=10 PR ] =10 Y=EEC.EEEDE

The cost is just slightly greater per person than the original
model. The cost decreases at a greater rate at first.

b) =100 (10+E) YESE00A 10+

L5 L, £ 1]

w=in fEloon

The cost is much greater per person. The gap between the
graphs decreases as the number of passengers increases.
The cost decreases at a slower rate.

() T=10000 L0 +ED YESLENO0ATIZ+EY

s L N e =10 Y=6B1.81B18 .

The cost per person is greater. As the number of passengers
increases, the cost per person decreases and the graphs get
closer. The cost decreases at a slightly slower rate.

8. a) M=CH2-2H-E) -1

W=k I'I'=2.5

b) a slanting asymptote ¢ x — 1 . dy=x-1

x—1
9.a T1=H+2}BK(H+[3):/ b) -.-1=zx-s+c21zcﬂ+j/
H=z /L:

-

] w=z I'|'=1.2

10. @) (yi=zzsinei-15

o

H=il ¥=2.1B1iB1iB82

b) approximately 8.39 h ¢) approximately 5.85 h
100 000

o’

M.ah= b) [ r1=tooman.cmz

=2 W=PAEF.PHTE .

12. a) TSEERT+LZED TR +1]

H=E W=2B.B4B1EY o

b) The systolic pressure decreases and gets closer to 235.

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

d) rate of change of P(¢) at t = 5 is —1.48; for R(¢) it is 0.84
13. 1

(L ) [ —"

n=E =04

b) The curve increases to reach a maximum concentration
of C = 0.0418 mg/cm® when ¢ = 1.414 min and then
gradually decreases to C as time increases close to 0.
15. increasing for 0 < R < 0.40
16. False because the function is discontinuous at point (2, 4).
17. A
18.x = g +2km k=0, =1, +2, +3, ...
(i.e., C _5_7t’ E, 7—“, .. )
37373

Chapter 3 Review, pages 192-193
lLajx=2,y=0bx=-7,y=09x=35,y=0

1
x + 4

3. a) (w=5r-m E L
u=1 [}-2.5

xeR,x #3), [yeR, y# 0], 7§,x:3,y:0

h) = '1.-'(}{;‘1) J
H=z E \':ll/—

a5

2a)y=—2_h)y=
x—1

{erR,x#4},{yeR,y¢0},%,x=4,y=0
O (v=teczi-m , |L
S

n=z =1

{erR,x#%},{yeR,y#O},—%,x= ,y=20

d) 1= "B ER+H) E

L3
HWEE ﬁ;'.S?i‘!ZBE

{xeR,x#*%},{yeR,yio}» —2,x= *%’3’:0
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4ax=3,x=—4{xeR,x #* —4,x # 3}
b)x = -3, {xeR, x # —3}
dx=—-6,x=—-2,{xeR,x # —6,x # =2}

5.a)i)x=—5,x=—1,y=0ii)%

iii) '.'1=1z_tjz+sx+51 U

H=-z [ W= BEEEEEE

iv) increasing for x < —5 and —5 < x < —3, decreasing for
-3<x<-landx> -1

v){xe[R{,x?ﬁ—5,x¢—1},{yeR’y>0,ys—%}

b)i)x=8,x=—3,y=0ii)—§

iii) -.-tijsﬂ-;fln L
oo he |

iv) increasing for x < —3 and —3 < x < 2.5, decreasing
for2.5<x<8andx > 38 4
Vi{ixeR,x #8,x+# —3},{yeR,y>O,yS —m}

c)i)x=3,y=0ii)—%

iii) (ya=-1o0ez-gHem

i

iv) increasing for x > 3, decreasing for x < 3
V) {xeR,x # 3}, {[yeR,y <0}

d)i)y=0ii)—%

H=E

iii) (y1=-zocizem

H=n Y=-4

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

2
v){xe[R{},{yeR, —§Sy<0}
6. Interval Sign of Slope Change in Slope
x< —% + +
5 3
-3 <x< -2 + -
x= —% 0 -
3
-2 <x<1 - -
x>1 - +
1

TS TR A )

8.ay=1bhy=-2q9y=1

9.9 x =2,y=1,{xe R, x # 2},{y e R, y # 1}, y-intercept 0;
for x < 0, f(x) is positive and decreasing and the slope is
negative and decreasing; for 0 < x < 2, f(x) is negative and
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decreasing and the slope is negative and decreasing; for x > 2,
f(x) is positive and decreasing and the slope is negative
and increasing

=HAH=-2) I L

W=l L: -1

b)x=-3,y=-1,{xeR,x# -1}, {yeR,y # -3}
y-intercept 05 for x < —1, f(x) is negative and decreasing
and the slope is negative and decreasing; for —1 < x < 0,
f(x) is positive and decreasing and the slope is negative and
increasing; for x > 0, f(x) is negative and decreasing and
the slope is negative and increasing

= '3H.-'(H+1:U

r
I

n=l =-1.F

Ox=—-4,y=1{xeR,x # —4}, {y e R, y # 1}, y-intercept
— =, x-intercept 2; for x < —4, f(x) is positive and increasing
and the slope is positive and increasing; for —4 < x < 2,
f(x) is negative and increasing and the slope is positive and
decreasing; for x > 2, f(x) is positive and increasing and the
slope is positive and decreasing

M=C-2h A )

7

w=-1 e §

2

y-intercept —2, x-intercept —%; for x < —%, f(x) is positive

d)x=l,y=3,{xeR,x#%},{yeR,y#3};

and decreasing and the slope is negative and decreasing;
for —% <x< %, f(x) is negative and decreasing and the

; . . 1 . ..
slope is negative and decreasing; for x > > f(x) is positive

and decreasing and the slope is negative and increasing

T=CER+EN R -1

—_

H=z i‘l’ﬂl.EEEEEE?
4y — 1

0. 1) = 355

11,a)x=12—5b)x= —Qorx=3

122a) x =0orx =0.86b) x =40.880orx =0.12 ¢ x = 1.64
13.a)x<—50rx>—%

b) -3<x<-2o0rx=1

gx < —4or—2<x<S5o0orx>6

d)—7<x<—50rx>—%

14.a) 4<x<—-lor2<x<3

b)x<—80rx>—%andx#3



b) Profit increases as sales
increase.

) The rate of change of the
profit at 100 t is 1.875
and approximately 0.208
at 500 t, so the rate of
change is decreasing.

15. a) M=EN0E=1E0000 A0+ 1000 —

H=d0d W=2zE

16. a) discontinuous at (0, %) b) discontinuous at (7, %)

T=HATRT+ERD

H="4 w =1

Chapter 3 Practice Test, pages 194-195

g Bl N R e o )

n=l

1.C
2.B
3.A
4. Answers may vary. Sample answers:
2
=2 py=— 5
R S P )

5.a)i) {x e R}, {y e R, —2 = y < 0} ii) y-intercept —2
iii) y = 0 iv) decreasing for x < 0, increasing for x > 0

b) =4 2 +2) ,

T

n=l ¥=-1.353333

6. Yes; ﬁ will always have an asymptote at y = 0.
x
me=a%wx=3

8.a)x<—g,x>—zb)x<—lor2<x<5

2
i —x +2
9. a) Answers may vary. Sample answer: y = Tt D)
b) Yes. Sample answer: y = —2x+4
’ ’ 4x + 1)
~ 401 800 000
10.0) g = S D

o d=28183.3 km

b) PA=HOdBOE 0

WEE00 e YSIMOYE

11. a) ((y1=100s w200

n=k

b){reR,t=0),{PecR,0=P< 100
) The percent lost can get close to 100%, but not equal
to 100%.

12. a) (y1=10en iz e | b) The power output increases

=14.2B5714 o

from 0 Q to 2 Q. The power
decreases from 2 Q to 20 Q.
¢) The power is constant at
R = 2 (not changing).

[N, - I3

13. Answers may vary. Sample answer: x = 0, y = 0, slopes B

increasing and decreasing faster as 7 increases.
7 even:
e For x < 0, f(x) is positive and the slope is positive and
increasing.
e For x > 0, f(x) is positive and the slope is negative and
increasing.
7 odd:
e For x <0, f(x) is negative and the slope is negative and
decreasing.
e For x > 0, f(x) is positive and the slope is negative and
increasing.
Chapter 1 to 3 Review, pages 196—197
1. a) v1=:-:*3-2:-:*j+2 /J
W=z / L:B
x-intercepts —1, 1, and 2; y-intercept 2
b) (ri=weu-znez-puezatzn-1s
|t |
=t ¥=-13
x-intercepts approximately —2.88 and 3.63; y-intercept
-16
2. a) The graph extends from quadrant 2 to quadrant 1,
thus, as x = —o, y = o, and as x = ©, y — o,
The graph is not symmetric.
b) The graph extends from quadrant 3 to quadrant 1,
thus, as x = —o, y = —o, and as x — ©, y — o,
The graph has point symmetry about (0.535, 0).
3.a)i) —61ii) =37 b) —49 approximates the instantaneous
rate of change at x = 2.
4. a) (p=pez /[/7” NZ=.E0H-1)7343 )U
f——3
A
H=t [—Ivu =t =3
b) (v1=zey 1{} -.-z:-czms:( }
He -2 H L:m H=-2 ”F v=-15
5.a) (Pt |
a " = a
n=-1 Y=-3z m
B49y=—2(x— 12x + 3)?
d) Answers may vary. Sample answer: Reflects and stretches
the graph. Also, since the function has even degree, a negative
leading coefficient means the graph extends from quadrant 3
to quadrant 4 and has at least one maximum point.
6.a) —4 b) 12 ¢) local minimum
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7. a) maximum approximately (12.25, 9.64), minima
approximately (3.14, —14.16), (26.61, —70.80)

b) between (3.14, —14.16) and (12.25, 9.64) approximately
2.61; between (12.25, 9.64), and (26.61, —70.80),
approximately —5.60 ¢ x = 32

8. Answers may vary. Sample answers:

y =2x(x + 7)(x — 35y = —Ex(x + 7)(x — 3)?

9.y = k(x — 2)*(x + 5). Answers may vary. Sample answers:

y = 2(x — 2)%(x + 5), y-intercept 10; y = —3(x — 2)*(x + 5),
y-intercept —60

10.2) 4x° — Sx + 6x + 2 = (2x + 1)(2x2
x # —%

b) 3x* — 5x*> — 28 = (x — 2)(3x® + 6x* + Tx + 14), x # 2
11.2) 38 b) %

12. a) No. b) Yes.

x + =

7 19)_11
2" g

B.h=-1
14.a) (x — 3)(x*> + 3x + 9) b) (x — 2)(2x> + 8x + 3)
15.a) x = 4orx=1lorx =35

_ =4 -+31 =4 +V31
b)x=—-3orx= orx =

5
16.a) x =lorx=6b)x<—-3or—2<x<2
17. from 0 min to 10 min
18. A
19.a) f{x) = 0 b) f(x) > 00 flx) = < d) f{x) > —o
2. {xeR,x# -1}, {yeR,y # 1}
21.a)i) {x e R, x # 2}, {y € R, y # 3}; x-intercept —%,
y-intercept ——; asymptotes x = 2, y = 3; negative slope

x < 2,x > 2; decreasing x < 2; increasing x > 2

ii) '.'1=csx+1:zcsz-l1: \__

n=l [‘1'3.5

b)i) {x e R, x # —3, x # 3}, {y € R, y # 0}; no x-intercept,
y-intercept —=; asymptotes x = —3,x = 3, y = 0; positive
slope x < =3, =3 < x < 05 negative slope 0 < x < 3, x > 3;
decreasing 0 < x < 3, =3 < x < 0; increasing x < —3,x > 3
i) (vizepez-m -

ot

r 1

=z V=2

2. flx) = 3x"_+16

23.a)x =—22b)x=2.15
2. x < —2.75orx>-2h-1=x<lorx>2
25. a) ((y1=is-uom i+ gom

—_—

FERRIL ¥=3.HEBEGEET

b) (xR, x = 0}, {P(x) eR, _§ = Plx) < 5}

) The profit is always less than $5000.
26. Since ¢ represents time, t = 0; ¢t # 10 because the
denominator cannot be zero.
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CHAPTER 4

Prerequisite Skills, pages 200-201

1.a) cosO = %, tan@ = %:) sin@ = —%1, tan @ = —%
inx = L - _24 =1 -8

Q) sinx 25’ cosx 25 d) cosx B tanx = 15

2.2)0.2588 b) 0.5592 ¢) 3.7321 d) 0.9848 €) —0.9205

f)2.7475 g) —0.8480 h) 0.9781

3.2)41°b) 65° ¢) 83°d) 117°

salp3zgday-2
2 3

3
5.a)secx = = cot\af_= 3 b) cscO = _13 coth = _12
. 53’ 425 51,7 ?3
¢ cscx = = secx = 34 d) secH = g coth = 5

6.a) 1.7434 b) —1.2361 ¢) 2.1445d) 1.1792 ¢) —1.2690
f) 1.0724 g) —1.5890 h) 1.0038
7.a) 53°b) 54° ¢ 18°d) 139°

3 ——,tanf =

1 1
b)sin@ = —, cosf = —, tan6 = 1
V2 V2

8.a)sinf = 1,cos9

=

Qsinf = g, cosO = %, tan@ = /3

9.a)
yP(L,L)
V2, V2
LN L
[} ré V2
1 o[\1 A x
V2
b)x = —,y=——0¢csc45° = \/Z sec45°=\/z, cot45°=1
=TV

. 1 1
10.sin135° = ——, cos 135° = ———, tan135° = —1,
2 V2

csc135° = V2, sec135° = —V2, cot 135° = —1,

. 1 1
sin225° = ———, cos225° = ———, tan225° =1,
V2 V2

csc225° = —\/Z sec225° = —\/Z cot225° =1,

. 1 1

sin315° = ———, cos315° = —, tan315° = —1,
2 V2

sc315° = —V/2, sec315° = V2, cot315° = —1

11.a)5b) 13 17d) 10
12.a)a* + 2ab + b*b) & — d* g 6x* — xy — 2y*
d) sin”x + 2 sinx cosy + cos’y

4.1 Radian Measure, pages 202-210
1. a)’t b)—c)—d)—

)lb)— )ld)—
a7 “ b)—c)nd)—

TC
4.a) < b)ﬁ)ﬁ)_



v

2n T 7% 7% ST o ST
'a)jb)Ede)?e)?f)ﬁ

.a) 0.40b) 0.89 ¢ 1.43d)2.23e)4.19f) 5.76

.a) 36°b) 20° ¢ 75° d) 50° e) 135°f) 270°

.a) 134.1°b) 179.9° ¢) 301.9° d) 431.4° e) 39.0° f) 98.5°
. 118.75 cm

0.a) 720°/s b) 4x rad/s

1. & 21 2¢

575 .

12. Answers may vary depending on speed.
13.a) 0.000 291 b) 1862 m ¢) Answers may vary.
14.b) 8 km

15. 0.009 053 rad, 0.5°

16. 0.5 rad, 28.6°

17. 400m rad/s, approximately 1256.6 rad/s

18.2) 89T 11 ) 83.8 m

19. a) It must follow the rotation of Earth. b) 24 h
¢) 0.000 023w rad/s d) It is the same.

20. ) 100 grad b) 34—“

- O 00 N &

. G XM, .
22. Using v = Ta“, where G = 6.673 X 107"
N-m’/kg’, M, = 5.98 X 10" kg, and R is the radius of

orbit for the satellite, the orbital speed of a geostationary
satellite is approximately 3073 m/s.

23. Using the modern definition of a nautical mile, 1852 m,
the knots are approximately 15.4 m apart.

24, the same

25.2) A = 1120 b) 45.24 cm?

wan(s 3o 3y oo ) of 3

b) i) (\/5 %) ii) (S, 2.21) iii) (5, 32—“)

4.2 Trigonometric Ratios and Special Angles, pages 211-219
1. a) i) 0.4226ii) 0.3090 iii) —2.1445 iv) 0.2588 b) i) 0.4223
i) 0.3087 iii) —2.1452 iv) 0.2586 ¢) The degree measures are
approximately the same as the radian measures.

2. a) i) 0.9356 ii) —0.8187 iii) —0.0918 iv) 0.0076

b) i) 0.9336ii) —0.8192iii) —0.0875 iv) 0.0000

¢) The degree measures are approximately the same as the
radian measures.

3.2) 0.7071 b) 0.9010 ¢) —0.5774 d) 0.4142

4.a) 3.8637 b) 1.6243 ¢) —0.6745 d) —2.6695

5.2) 1.2123 b) —3.7599 ¢) 14.5955 d) 1.0582

6.a) —2.0000 b) 1.5270 ¢ —0.3249 d) —2.7475

7.a) sinzg’—TE = g, cosz?TE = —%, tan23—n = —\/?
b) sins—n = l, coss—n = —ﬁ, t n5_7'c - L
6 2 6 2 6 V3
0 sin32—n = -1, cos?’z—n =0, 'can‘:;2—7t = undefined
dsin /%= L oe/m o L n7m
N N
8.a) sin%n = —%, cos%’t = —?, tan%E = %,
csc% = -2, sec%t = —i, cot% =3
. 4n V3 4 1 4n
Bysind® = _ V3 osdm _ 1 ndn _ /3
)51n3 2,53 2,n3 \/—,
47 2 4 4n 1
CSC— = ————,seC— = —2,Cot— = —
37 ERRV S

Sm 1 ST 1 Sn

sin=— = ———, cos— = ———, tan— =1,
CV R B

cscs—"t = —V2, secs—rc = —V2, cot%t =1

d) sint = 0, cos® = —1, tanm = 0, cscm = undefined,

sect = —1, cotn = undefined

9.2)20(V2 — 1) m b) 203 — V2) m ¢ 8.3 m horizontally,
6.4 m vertically

10.a) (20V2 — 30) m

b) The kite moves farther from Sarah, since the horizontal
distance at T is now greater than at %

9 (30V/3 — 20V2) m; the altitude increases since the
vertical distance of the kite at * has increased.

d) 1.7 m horizontally, 23.7 m vertically

V2

11.a)Tb)2

e

6
12.a) ~— b) 2
a) c )

13.2) 30V2 m b) 15V/6 m

14.2) X 1) %" 9 9:00 4) 11:00 ¢) %

15. b) 0.5007 radians d) The values are approximately the same.
16.a) 0 b) 1

17.a) 1 b) 0

18. a) 0 b) undefined 1 1
21. a) sin(150 grads) = ——, cos(150 grads) = ———,
V2 V2

tan(150 grads) = —1, csc(150 grads) = V2,

sec(150 grads) = —V/2, cot(150 grads) = —1
b) Answers may vary.
22.d) 0.00 = x = 0.30 e) 0.000 = x = 0.100
23. Answers may vary.

24. A
25.B
4.3 Equivalent Trigonometric Expressions, pages 220-227
1.sin & = cos (E - E)
6 2 6

2. cos% = sin (g - %)
3. —sin% = cos (g + %)
4 ;csc% = sec (g + %)
5. 28

14
6.

18
7.28

9

3n
g. 2

7

9.a) 0.6549 b) 0.6549

10.a) 0.8391 b) —0.8391

11.0.12

12.0.93

13.2.32

14.2.91

15. sin (T — x) = sinx, cos(T — x) = —cosx,
tan(m — x) = —tanx, csc(M — x) = cscx,
sec(m — x) = —secx, cot(w — x) = —cotx
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16. sin (T + x) = —sinx, cos(T + x) = —cosx,
tan (T + x) = tanx, csc(w + x) = —cscx,
sec(m + x) = —secx, cot(mw + x) = cotx
17. sin(3—7t — x) = —cosx, cos(S—TE - x) = —sinx,
2 2

3n 3n
tan(T - x) = cotx, csc(T - x) = —secx,
sec 3775 - x) = —cscx, cot(gz—n - x) = tanx
18. sin(‘?’z—7t + x) = —Cosx, cos(%E + x) = sinx,
tan (3% + x) = —cotx, csc(g—n + x| = —secx,
sec (3% + x) = CSCX, cot(32—7E + x) = —tanx
19. sin (2w — x) = —sinx, cos (2T — x) = cosx,
tan (2w — x) = —tanx, csc (2w — x) = —cscx,
sec(2m — x) = secx, cot (2w — x) = —cotx

20. Answers may vary. 21
21. Answers may vary. Sample answer: —cos T

26

2 2 2
22.a)r=%tan(£—9)=v—cot0= v b) 255 m

2 8 gtan
24. Answers may vary. Sample answer: %

25. Answers may vary. Sample answer: %
26. Answers may vary.

2.0 (1, %), (—1, —%") i (5, %), (—5, 5_Tt)

3 6 6
wn@%i%%m—«m

c)i)g+2nk,keZii)—§+2nk,keZ

4.4 Compound Angle Formulas, pages 228-235

. V3 . 1
1 T,y m) V2 R_m)l
) Sm(4 12)’ )Sm(4 12)’ 2
dm%£+ﬂ%lﬂm%ﬂ—ﬂ%22

4 12)° 2 4 12 2

. [3m n) V3 N T V3
2 Sro m). VI AL R S
a)sm(s 15)’ 2 b)sm(s 15)’ 2

2n |, Sm 10n _ Sm V3

R4 OT). o g AU om), VO
c)cos(9 18)’0 )cos( 9 18)’ >
3.a)\/§+1b)1_\/§c)_1+\/§d)\/§+1

2V2 2V2 2V2 2V2
\/§+1b)\/§+1

2V2 2V/2
—1-V3 ) Z1+V3

2V/2 2V/2
1—\/§b)1—\/§

2V2 2V2
- 3—1b)1+\/§

2V/2 2V/2

8.a)cosx=%b)siny=£

13

63 33 16 , 56
65" 65 ;’2‘5 s )
10. a) cos x = —Eb)smy = 5
16

63 56
659 659 6

4. a)

5.a)

6. a)

7.a)

9.a)

33
11.a) —=—=b
A -gs
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12.sin26 = sin(0 + 6)
sin 0 cos 6 + cos 0 sin 0
2sin 0 cos O
13. cos2x = cos(x + x)
COSX COSX — sinx sinx
= cos’x — sin’x
527 336
15. a) 25 b) 25 02.86

16. For question 12:

Flotl Flotz Flotd
MBS inc2E)
?VaEZEin(H)an(H

e PN T

For question 13:

Flabl Flakz Flotd
~MiBoos Ry
Eggﬂcnsixhz—51ni

For question 14a):

Flakl Flakz Flokz
~NBCos C2RD
wWleBl-ZsiniHre

GEE e

For question 14b):

Flabl Flakz Flotd
R = [Aa ]
wWlzBZocosiHiz-1

s e e
W=

wME=

W=

17.a) b, = 12 sinx
18. a) 66.5°; Answers may vary. The Sun is not seen at all
at this latitude.

b) —23.5°; Answers may vary. The negative sign represents
a latitude in the southern hemisphere. The Sun appears
directly overhead at noon.

sinx cosy + cosx siny

20.a) tan(x + y) =

COSX COSY — sinx siny

V3

) Both sides of the equation equal 5

21. b) Both sides of the equation equal 73
22.a) tan2x = ng
1 — tan“x

b) (Pt Ptz pPrerz

M BhanlZeg

weB2taniHr 01—t

ELTENEY]

wMEs

wMy=

“Me=

“ME=

¢ Both sides of the formula equal approximately 1.7036.
23. a) Both sides of the formula equal /3.

- +
b) sinx — siny = 2 sin(x 3 y)cos(x y)

2
25.0.71 rad




(sm,om\ V3, (57: n) 1
27.a 14.a)sin|— + —|; — b)sin[=—= — =|; =
) ) (12 4)’2) 12 42
0 0.01 0.05 0.10 0.15 0.25 0.35 5 i 1 St o\ \/g
P cos([=—= + =|; —=d) cos[=—= — = |; —
(= 3 0.01000 | 0.04998 | 0.09983 | 0.14944 @ 0.24740 | 0.34285 12 4 2 12 4 2
3. 24 4
sin @ 0.01000 | 0.04998 | 0.09983 | 0.14944 | 0.24740 @ 0.34290 15.a) cosx = g b) sy = E C g
b) 16. a) 527 b) 336
0 0.01 0.05 0.10 0.15 0.25 0.35 625 \/_625
-1-vV3
1= E 0.99995 | 0.99875 | 0.99500 | 0.98875 & 0.96875 | 0.93875 17, ———
2 2V2
cos 6O 0.99995 | 0.99875 | 0.99500 | 0.98877 | 0.96891 | 0.93937 19. b)
28.a)sinf = Ob) cosf = 1¢tanf = 0 S e . :
. . . WezEC2loosHsin
4.5 Prove Trigonometric Identities, pages 236-241 (PHI—sinckicos (2
A lL2int2Ed
9.b) (" Frets Pratz Floez ; wita=
WWBEl=Zoos i) E S
WYeBe it oos (M) RliSS
ttanini-1-tanlxa
)Lrl _ 21. a) No; the graphs are not the same for all values.
e b) Rewrite 3x as 2x + x. Then, use the addition formula for
B cosine to expand cos (2x + x). Next, apply the appropriate

14, Answers may vary. double ang.Ie foymulas and simplify.
17. a) Yes, the graphs appear to be the same. b) identity 22. Not an identity. Let x = 0; L.S. # R.S.

18. a) Answers may vary. Graphs are different. Chapter 4 Practice Test, pages 246-247
b) While the left side results in both positive and negative 1.B

values, the right side is restricted to positive values only.

2.C
20. a) Yes, the graphs appear to be the same. b) identity 3.0
2. tan 2x = —2tanx_ 4.D
1 — tan’x 5.B
Chapter 4 Review, pages 244-245 g g
1.a) 0.58 b) 2.41 ¢) 4.40 d) 6.06 ’ o
2.2) 71.0° b) 161.6° 9 273.9° d) 395.9° 8.a) 13°/day, 0.23 rad/day b) 88 412 km/day
Sy, T T ﬁ
3.a)=—=b) = —d — 9.
12 9 15 " 20 2 30
4.a) 72°b) 802" ¢ 105°d) 110° 10.a) == mb) 32.7 m
5.2) 72°/s b) =X rads 7 7
5 11.a) 0.3420; sin = = si (E——")= K
6. ). b) a) sin 9 sin > " 13 cos 13
. Lo 8m . (mo, 7w 7n
Revolt.ltlons 16 rpm 331 rpm 45 rpm 78 rpm b) 0.3420; sm7 = sin (5 + E) = cosﬁ
per Minute 3 _\/g 1
Degreesper | g0 200%/s 270°s 468°/s 12.2)
Second 2\/5 94 1 36
Radiansper =~ 8n 10n 3n 391 13.a) cosx = =S b)siny = =5 ¢ —55¢
Second 15 rad/s 9 rad/s 2 rad/s 15 rad/s 25 y 13 325
14. Yes; the engine’s maximum velocity (293.2 rad/s) is
7. sin 3T - 0.9096, cos AT - gaq 54, can 3T = 2.1897, slower than the maximum velocity of the propeller (300 rad/s).
11 11 11 15. (5000 + 2500V/3) km
Csc‘l‘_Tlt = 1.0993, sec% =2.4072, COt% = 0.4567 18. Answers may vary. Sample answer: Let x = 0 and y = g
24(W3 -1)
V2 +1 202002 Ty
8.a)2 b) el V3
2 T T St -
. 15V3 o 21.a) ) b) A(E’ 0.5), B(?, 0.5), cosx = cos (2w — x)
0 ﬁ ¢) cosx = —sin 32—“ - x
14 d) No. An identity must be proven algebraically.
11.{%
12.a) 5.6713; cot X = cot(E —ﬂ) = tan4—n CHAPTER 5
8 2 9 9 - .
131 i . Prerequisite Skills, pages 250-251
b) 5.6713; tan == = tan(7 —1—8) = cot e 1.2) 0.5878 b) 0.9659 ¢ —5.6713 d) —0.4142
13, 17m 2.a) 5.9108 b) 32.4765 ¢) 0.3773 d) —1.4479
T 22 1 ..V3 1.1
L g 1glegin V3
3a) ~=h) 59 1a5e5HV3
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2 2

ba)———b) ———=9-1d)1e0fV2
a) NG ) \/E) ) 1e)0f)

s' Yi=sinih)
W=an =1

6. M=ozl

H=g0 =0

7. The graphs of sine and cosine are periodic because they

repeat a pattern of y-values at regular intervals of their domain.

8. a) amplitude 3, period 180°, phase shift 30° to the right,
vertical translation 1 unit downward b) maximum 2,
minimum —4 ¢) 39.7°,110.3°, 219.7° d) —3.6

9. a) amplitude 2, period 360°, phase shift 90° to the left,
vertical translation 1 unit upward b) maximum 3,
minimum —1 ¢) 210°, 330°, 570° d) 1

10.a) 31.3°b) 141.3° ¢) 74.3° d) 27.9°

11.a) 0.2b) 2.3 9 0.9d) 0.2

.ax=1,x=-2hy=0

[ rpr—

13. a) 3; the function is linear, so the rate of change is the
slope of the line. b) same

14. 14.4 km/h

15.a) 17 m/s b) 15 m/s ¢) the speed at 0.5 s

5.1 Graphs of Sine, Cosine, and Tangent Functions,
pages 252-260

1. a) maxima (_32_7r 5) (2 5);

o) (5
b) max1ma( 2m, ) (0, —4), (2w, —4);
minima (—m, —6), 6)
on
2

3 5 71)’ Py 71)5
X *3)
d) maxima (0, 2), (2m, 2); minima (7, 0)

minima (

¢) maxima (

-3
minima ( 5 ),

2, a) =Ry b) M=caslil-E

n=0 =4

=}

LR ELLG LS

o

=0 =2 n=0 =

(o rm— [ d

3.a)y=3sinxh)y=5cosxqy=—4sinxd)y=—2cosx
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4. a) ((p=zzinc b)

(4 [rrE—— d)
A A
N

5.a)y = sm(x + )b)y = cos(x

dy= cos(x — 4—“)

3
) J (e —— b)
u=n 'v:.ussnzsu
O (vizsincgezmen d)
u=0 =707 10678

7.a)y = sin4x b)y = cos%x gy =

LN ) J grmm—— b)

(o [rm—— d

N/
\/

H=0 W=E

1= -2 Caslnl

LA
VA A

1=cosih-51r/a)

e’

H=0 ¥==BEANZEY

T1=costh-4TT/3)

o

H=0 W=-K

sin %x d) y = cos2x

g Bl P 3]

s Y
)v‘\_’_{'\.

=0 =1

=0 =0

9.a)y = 3 sin2x

T1=cosCz Rl

R S [ O O

b) Window variables: x € [0, 2x], Xscl n, ye[—4,4]

T1=35iniER)

H=2A44ERE? Y=z 4eizE-D

10. a) 5 b) 2 units upward

= 5:0:(}{!7\ /

v

H 52531553 =r

¢) Window variables: x € [0, 4x], Xscl n’ ye[—4, 8]



11.a) g b) g rad to the left ¢ y = sin

e

_z 5—"] Xscl 2,y e [~4, 4]

d) Window variables: x €

M=sinliCl+ Tl e

H=1.0471878 V=B.1ZBE-10

1
12.2) 1

a) 340 b) 880m
13.) 120 b) 61—0 0y = 120 sin 120mx

d) Window variables: x €
Yscl 50

0, 1] Xscl1 Ly e [~150, 1501,

20’

[‘1/ ‘z\u‘s.nuzuwm
i

14. a) Odd. The graph of y = sin(—x) is equivalent to the
graph of y = —sinx.

b) Even. The graph of y = cos(—x) is equivalent to the
graph of y = cosx.

¢ Odd. The graph of y = tan(
graph of y = —tanx.

15. Answers may vary.

16. g) For positive x,, the amplitude gets larger as x, gets
larger. For negative x,, the amplitude gets larger as x, gets
larger, but the graph of y = sin x is reflected in the x-axis.
h) The amplitude range changes.

17.a)a = éb)c —c)Theperlodls 60s.d) k =
Zn)

=.0il666E6A7 Y=1.50BE-7

—x) is equivalent to the

30
18.a)d = 0. 65111(

b) Window variables: x € [0, 6], y € [—1, 1]

T=0LESINCETT R

A
T

H=z W=gE-14

¢) The waves will be closer together. The equation becomes
d = 0.6 sin mz.

20. b) '|'1=ub-sl:sin(H:l!ll

Wl |'|'=IJ

) Yes; it passes the vertical line test.
d) Even; it is symmetric about the y-axis.

47t 47n b
——= 2|, Xscl = —4,4
24, 24]’ SC 27y€[ b ]

T )
S A

21. Window variables: x € |—

a) B:}.?muz/{/“c / )

n=l I |'|'=3.55?‘|0??

d) (vi=tanczi

iy
AL

22.a) 3
b) Window variables: x € [—3r, 37], Xscl g, ye[-2,2]

¥=-14ZE4BE

T T 4T o 3T
23.&:)§b)g¢:)zd)T
5
3cosf + 4 sinf

b)i) x* + y* = 36ii) x* + y* = 3xiii) x> + y* = 2x + 2y

24.a)i) > = 4ii)r = jii) 7 = 4 sin6 + 1

5.2 Graphs of Reciprocal Trigonometric Functions,
pages 261-269

1.x =0.20, x =2.94

2.x = 1.05,x = 5.24

3.x =2.90, x = 6.04

4. a) The cosecant function is the reciprocal of the sine
function and sin "' is the opposite operation of sine.

1 . .o 1 T
b) csc— = 1.5393,sin” ' |—| = =
7 (3]

V2 4
5. a) The secant function is the reciprocal function of the
cosine function and cos ™' is the opposite operation of cosine.

b) sec? = 1.5425, cos'l(g = g

6. a) The cotangent function is the reciprocal of the tangent
function and tan! is the opposite operation of tangent.

b) cot 1 = 0.6421, tan (1) = &
_ T 4 _ _ 3n
7.a) secx = csc(x + E) or secx = csclx — ==
b) Answers may vary. Yes; the phase shift can be increased

or decreased by one period, 2.
8. a) Window variables: x € [—2m, 2], Xscl Tt, y € [—4,4]

Y
AN

b) x = 0.944 or x = —0.944

9. b) The range is 0 =< x = tan '(2) or approximately

0 = x = 1.107. ¢ Assuming the lifeguard swims a portion
of the distance, w = d = V5w.

d) Answers may vary. e) The total distance will be shorter.
10.b) 1.15 m

L [rrm—

.

I
W=.7BEx0B16 =2
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d) As x approaches 0, d approaches infinity. This means that
the angle of elevation on the summer solstice approaches the
horizon and so the length of the awning approaches infinity.
As x approaches &, d approaches 0. This means that the
angle of elevation on the summer solstice approaches an
overhead location and the length of the awning approaches 0.
11.a) x = 0.70 b) No; x = 0.40. ¢ No; x = 1.28.

12. a) Answers may vary. Sample answer: csc*x — 1 = cot’x.

13.a)d=5003ecxb)d=M
V3-1

O ((y1=zsn0scoscn

I
nW=.FEEFIE1E W=7 071067

471 47

15. i iables:
a) Window variables: x € 34 34

N A

iiii) \'@Jsincmm iv) '.'1=1zsi|i.:a_-jjn U

H:i.S?D?!EA"{:E ( \ W=H.EBI4BRZ IY=1.000057E

_47 ﬂ] Xscl X,y e [~4, 4]
24 ° 24 2

a) '|'1=tunl:HJ J b) i) jztunt/m

, Xscl g ye[—4,4]

16. Window variables: x €

=t =1 EEP U077 H=1 =2 114B1EY
ii) (riztanczzy iii) :.-1:::?%3 1/
e ¥=-2.18504 M=z , = BLugE0LY

T
g

17. b) No; the equation is only true for x € [—g, gl

3
18. =
N
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19.

b) i)

a)

-3

o

°‘|§1 4;|§J w|r§ NE  wla | »a  ola

a

SIE!

w|a

NE]

ST

—_——
S

ola

-

ENE]
=

(-3)
3
-3
(_L 3n
N
i)
(=2,m)
o
3




ii)

A

w|a

iii)

5.3 Sinusoidal Functions of the Form
f(x) = asin[k(x — d)] + cand f(x) = a cos[k(x — d)] + ¢,
pages 270-279

1. a) amplitude 5, period 2n
Window variables: x € [—2m, 27|, Xscl g, y€|[—6, 6]

LA J\ |
JUYYYY

b) amplitude 3, period 3775
Window variables: x € [—2m, 2], Xscl g, y € [—4, 4]

M=-ZcoshilE)

WALTAW,

Wl =%

¢) amplitude 3, period 2
Window variables: x € [—2m, 27], Xscl g, y e [—4, 4]

M=Z5inimh)

W0 =0

d) amplitude %, period 81
Window variables: x € [—2m, 2rt], Xscl g, ye[-2,2]

=05 CosN ZERD

H=0 L:.S

e) amplitude 1.5, period 10
Window variables: x € [—2m, 27], Xscl g, y e [—4, 4]

M=-1.Esinld. 2wl

Wl =0

f) amplitude 0.75, period 2.5
Window variables: x € [—2m, 27|, Xscl g, ye[-2,2]

M=0.FEcosti B

ﬁﬂ(%xﬁf‘x
fUUiUU\

2.a)y = 3sin4x b)y = %cosan
3.a)4h) 2n q % rad to the left d) 2 units downward

e) Window variables: x € |0, ég_nl’ Xscl g, ye[-8,4]

LR LT T L P

oy ﬁﬂ

H=2.MANZEEL Y=oz

4.a) 3 b) 2 c) 2 rad to the left d) 1 unit downward
e) Window variables: x € [0, 4], y € [—6, 4]

=Scoslmin+2)i-1

e

NAY

H=z W=z

5. a) amplitude 3, period 2m, phase shift T rad to the left,

vertical translation 1 unit downward
Window variables: x € [0, 4], Xscl g, ye[—6,4]

=SsiniE+ToI-1

AV AN
RV

W=a.zAZ1EF: V=ldzizzoz
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b) amplitude 2, period 4, phase shift 3T rad to the right,
vertical translation 4 units upward
Window variables: x e [0, 8], Xscl g, ye[-2,8]

M==zsnl0 ECH-Em B+

!
n=1z.566371 V=5.931A517

¢ amplitude 2, period 1, phase shift 3 rad to the left, vertical
translation 2 units downward
Window variables: x € [0, 2], Xscl 0.5,y € [—6, 4]

M=Esin(E iR+ 310-2

I
AT

6. a) amplitude 3, period 27, phase shift % rad to the right,
vertical translation 6 units upward
Window variables: x € [0, 47t], Xscl g, ye|[—-2,12]

M=Zcosil-T ul+E

WVaV

IH:E.ZH31553 T=B.1e1%203

b) amplitude 5, period 8m, phase shift AT rad to the left,
vertical translation 5 units downward
Window variables: x € [0, 167], Xscl g, ye[—12,2]

¥1=-5Cos(0.2SCR+ T 30)-5

AVAY

H=zEAzePul y=-7L

¢ amplitude 7, period %, phase shift 2 rad to the right,
vertical translation 7 units upward

Window variables: x € |0, %], Xscl %, ye[-2,16]

=R eesZ =210+

\VAV

= BEEEEEEF Y=14

7.a) b = 3cos(0.4mt) + 4.5

b) P1=Z2cosi N I+H.E

=0 L=?.5

8. a) amplitude 3, period 4, phase shift 1 rad to the right,
vertical translation 1 unit upward

b)y = 3sin[§(x - 1)] +1
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C) M=Esinim oA h-100+1
1
"

WAL
VY

=i ==

9. a) amplitude 2, period 12, phase shift 4 rad to the right,
vertical translation 1 unit upward

b) y = 2cos [%(x - 4)] +1

(o T ———

AN

10.2)y = 3sin[2(x - %)] —1b)y= 2sin[§(x + 2)] +2

11.a) y = 4cos

1.5(x + g)] +1b)y = 2.5cos E(x - 2)] - 15
4(x + i—n)

b) Window variables: x € [—m, ], Xscl %, ye[-2,8]

12.a) y = 4sin +3

LR ELHITE ek ) P KN

13.a) y = 3cos 23—n(x - 2)] -2
b) Window variables: x € [—6, 6],y € [-8, 4]

Yi=Eoostz WA BH-21-2
YAVATAYA
Hai Vz-3.E

14. Answers may vary.

Z(x + E)

4

b) Window variables: x € [—2x, 27|, Xscl

a)y = 1.5sin + 1.5

T
I —4,4
> yel |

H=n =3
9 Yes. y = 1.5sin Z(x - %) 415

H=0 W=z




4 1
15.a)2b) (0, 1), [—, —=
)26 0, 1), (4, -1}
16. Answers may vary.
17. Answers may vary.
18.a) x = 4cosmt b) y = 4sinmnt

¢ Window variables: x € [0, 4], y € [—6, 6]

I
AVEAVY,

_ . 3.z
19.a) v = 4sm3x

b) Window variables: x € [0, 12], y € [-2, 2]

M= =0 PEsRCTH A2

LA
L

b Y=-F.EE-14
20.a) » = 25sin(70mz) + 50
2 1
2| Xsel L
0, 35], scl =5y € [0, 90]

b) Window variables: x €

M=2Esn (PO HI+ED

n=0EBEFINE LYSED

) Only the period changes: » = 25sin (80mz) + 50.
22.y = acsclk(x — d)] + ¢; a: multiply y-value by a;

k: changes the period to =%; d: phase shifts work the same

as for sinusoidal functions; c: vertical translations work
the same as for sinusoidal functions.

23.a), b) 2.5 s to the right

24, a) Window variables: x € [—2mx, 2x], Xscl g, yel[=7,7]

WA,
VIRV,

H=0 W= 20 EEND

a=27and b = 4.2, to two decimal places.
25.a)
F=Esinian

J

bosasr |
B08z8rys IY=1.4161468

b=
=

F1=Zsinial

a=i F
W= A08287483 1¥=1.4161460

Smaller increments of §step make the graph smoother
(more circular).

b) i) Window variables: 6 € [0, 2xt], §step %, xel-7,7],

AS [_7’ 7]
=0

ri=6
i) Window variables: 6 € [0, 2x], fstep ——, x  [~2, 2],
yel=3,1] 100

Fi=1-sinial

~

iii) Window variables: 6 € [0, 2], Ostep ——, x e [—4, 4],
yel-6,2] 100

Fi=E01-5ina1’

£

=0
=

3
i

]
1

B0
W=z =i

iv) Window variables: 6 € [—2m, 27, Ostep 1L, xe[-8,8],
yel-8,4] 00

v) Window variables: 6 € [0, 2x], Ostep T xe[-2,2],
yel-2,2] 100

Fi=Casizal

0

1
iv) Window variables: 0 e [0, 27], Ostep ——, x € [—2, 10],
yel-6,6] 100

FA=Z+ECas0al

B0
H=B =0

Extension, page 280

Part 1
1. a) e y
0 0
0.5m 1
T 0
1.5m =1
2n 0

4, The k-value has not been factored out of the bracket.
6. Answers may vary.

Answers « MHR 555




Part 2 20. a) No two integers have a product of —3 and a sum of 1.

1.3) Sunrise in Fort Erie, ON b) _li—\/ﬁ 0 0.45, 2.69, 4.02, 5.41
Date Time Time (decimals) 21. h) Tef:hnology allows you to check all the zeros on the
Jan1 7:47 7.78 graph within the domain.
Feb 1 7:31 7.52 22.a) 11.93 s, 18.07 s
Mar 1 6:52 6.87 b) Window variables: x € [0, 60], Xscl 5, y € [0, 30], Yscl 5
Apr1 5:58 5.97
May 1 5:10 517
Jun1 4:40 4.67
Jul1 4:40 4.67
Aug 1 5:06 5.10
Sep 1 5:40 5.67 23. 0.08
Oct1 6:12 6.20 24.0.53, 1.04
Nov 1 6:49 6.82 26. —2m, —m, 0, m, 27
Dec 1 7:26 7.43 27.a) 0.004 s b) No.
28. —2m, 0, 27
J 29. Answers may vary.
e o mes : 5.5 Making Connections and Instantaneous

Rate of Change, pages 290-299

LB [ r—

Window variables: x € [0, 12], y € [0, 10]

2.a)y = 1.553 739 6 sin (0.497 842 4x + 1.304 949 9) e
+6.235 505 6 W= ANIEEEF Y1
b) amplitude 1.6, maximum 7.78, minimum 4.67, period 4, -
phase shift 2.6, vertical translation up 1.3 b) 0, m, 21
O ((y1=1.55237 2965 ST NG ¢ maximum 32—71, minimum %
2.2) Instantaneous
Angle x fix) = cosx Rate of Change
=1 V=7 PUPEEN? . 0 1 0
4. Answers may vary. % 0.87 —050
5.4 Solve Trigonometric Equations, pages 282-289 % 0.71 —-0.71
1.a) 0.25,2.89hb) 2.42,3.86 ¢ 1.37,4.51d) 1.32,4.97 T 050 087
e) 2.16, 5.30 f) 3.55, 5.87 3 ’ ’
4n Sty St Smoy, 3n 7w 3
3.0) 3L 2T p) T DT g L O g) S /0 0 -1
S N Il el 2
5.a) 0.93,2.21,4.07, 5.36 b) 0.84, 2.30, 3.98, 5.44 ZT“ —-0.50 —0.87
0 0.88,2.27, 4.02, 5.41 d) 0.89, 2.26, 4.03, 5.40 =
e) 0.74, 2.40, 3.88, 5.55 vy —-0.71 —0.71
7.0 % 3% 7n Unyym St 7n 1lr g 2n 4n Sm 51
66767 6 666 6 3’3733 o -0.87 —0.50
)l 2_7" 4_7‘, n n -1 0
373 3 3 I
g, 3T 5 —-0.87 0.50
St 3m Eud _
10, L 21 OT 0.71 071
66’2 44
N.n T ~0.50 087
12.1.11, 1.89, 4.25, 5.03
13.2) 0.46, 1.11 b) 0.32, 1.25 ¢ 0.42, 1.15 = 0 1
14. no solution -
15.0.17, 1.40, 3.31, 4.54 3 0.50 0.87
16. 0.84, 5.44 7n
17. %, 5?” % 0.71 0.71
18.1.91, 4.37, 2% 4% = 087 050
b bl 3 b 3
19. 1.25, 2.68, 4.39, 5.82 2 1 0
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b) 16. a) y

gl " 2
5 \\{_ﬁ//{d y =sin~1 (x)

o) Yes.
3.a)i) —0.174ii) —0.192 iii) —0.196 iv) —0.196
b) The instantaneous rate of change of h at# = 20 s is 4 22 0 7%

about —0.196 m/s.
¢) The instantaneous rate of change represents the vertical

speed of the car at ¢ = 20 s. b) No. Restrict the range to the interval —%, % .90d1
d) No. The graph of the sine function changes its slope e
continually and would not likely yield the same value at + ) (yr=ranan
a different value of ¢.
4.2) Daylight in Sarnia, ON
Month Duration (decimal) Pl ot
1 9.08
b) none; no maximum; no minimum
2 9.95
3 11.20 9 Instantaneous
4 1273 Angle x f(x) = tanx Rate of Change
5 14.10 0 0 !
6 1513 5 0.58 133
7 15.32 -
8 1452 4 ! 2
9 13.18 % 1.73 4
10 11.75 o
1 1030 5 undefined undefined
12 925 ZTn 173 4
b) T = 3.12 sin ’g(m —5)] +122 3 _1 )
¢) Window variables: x € [0, 14], y € [0, 16] 5?1: o058 133
T 0 1
n
5 0.58 1.33
51
=z 1 2
The equation fits the data well. %ﬁ 173 4
d) T=3.11sin[0.51(m — 3.63)] + 12.14 I
The values for a, k, ¢, and d compare well with those 2 undefined undefined
in the model. 51
e) phase shift 3 173 4
f) T=3.11cos[0.51(m — 6.71)] + 12.14 7 B 5
5. 1.5 h/month 4
6.h = 3cos(nt) + 4 o= ~058 133
7.a) (1.5, 4) b) 9.4 m/s o) speed of the spring P o ,
8. Answers may vary.
9. Answers may vary. d)
10.a)a =4,k =5nh)d = 4 sin St al @ ol @
M.a)y=—x>+ 8b)y = 2sin gx)+4 £ Cmge
12.a) —4 b) 3.14 ¢ different
d) Answers may vary. Sample answer: The cars may fall
off the track.
13. Answers may vary. e) Answers may vary.

14. Answers may vary.
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18. a) -Fw\t-':?
L:Lsruns; '.'g_\\

p & 3n - .
) > 7; Nno maximum; NO minimum
9 Instantaneous
Angle x fix) = cscx Rate of Change
0 undefined undefined
3 2 —3.46
6
n 1.41 -1.41
4
ks 1.15 —0.67
3
K3 1 0
2
2n 115 0.67
3
3n 141 141
4
EL] 2 3.46
6
T undefined undefined
n -2 3.46
6
Eu —1.41 141
4
4n -1.15 0.67
3
3n -1 0
2
Eus -1.15 —0.67
3
n —1.41 —1.41
4
Nn -2 —3.46
6
2n undefined undefined
’ IU "
= 5
u m

e) Answers may vary.

19.1

20,210 /R=T
2 6

21.7 = asinf + bcos 0 is a circle

2
(x _ é) + (y _ 1)2 = @D i center (g,

2 2 4

2

%) and

radius

Chapter 5 Review, pages 300-301

1.a)2b)42
5+ 3)

2.y = cos
3.a) y = 5 sin 60mt b) No. A phase shift can generate
another possible equation.
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4.0.25,2.89
5. a) The secant function is a reciprocal of the cosine
function and cos ™! is the opposite operation of cosine.

1 . a1 T
b) sec| —| = 1.32, cos™' | — =
(\/5 ) (\/5 4

6. b) =1z tanlEh

H=.FEEZ0ELE V=i

¢ As x approaches 0, s approaches infinity. This means
that the angle of elevation of the Sun approaches the

horizon and so the length of the shadow approaches infinity.

As x approaches s approaches 0. This means that the

angle of elevation of the Sun approaches an overhead
location and the length of the shadow approaches 0.

7. a) amplitude 3, vertical translation 1 unit downward,
phase shift 1 rad to the right, period 2

b) y = 3cos[n(x — 1)] — 1

O (=3 costmit-131-1

"=k =-1

8.a) 3 b) 2 d 4 rad to the left d) 1 unit downward
e) Window variables: x € [—n, ©t], Xscl %’ ye[-35,4]

M=-Zsinimid+hi-1

W=l =

9.a) 1.32,4.97 b) 0.64, 2.50 ¢) 0.46, 3.61 d) no solution
10.a L Sn 3m
e 62

1. & St 7/m 1lm
‘66767 6
12.2)y = O.9sin(§t) b) 0.37s,1.63 s
13.1s,3 s;maxima0s,4s
14. a) Window variables: x € [0, 12], y € [0, 300], Yscl 20

b)y = 26sin E(x - 1)] +235

¢) The equation fits the data reasonably well.

d) Using sinusoidal regression, an equation that better fits
the data is y = 22.68 sin[0.83(x — 0.96)] + 230.61.
e) Answers may vary.



Chapter 5 Practice Test, pages 302-303
1.B

NeownkwnN
OO0 00

8. a) The cosecant function is a reciprocal of the sine
function and sin " is the opposite operation of sine.

\/?) - : —1(\/§) _ T
h)csc(T = 1.31, sin 573

9. b) =4/ 5in Y

IH:.F‘ESB!B!.E W=E.BERBAENZ

o As x approaches 0, ] approaches infinity. This means that
the angle of inclination of the wire approaches horizontal
and so the length of the wire approaches infinity. As x
approaches &, | approaches 4. This means that the angle
of inclination of the wire approaches vertical and the
length of the wire approaches 4 m.

10.a) 2 b) % 9] 2?1: rad to the left d) 3 units downward

e) Window variables: x € [—n, 1], Xscl g, ye[—8,4]

M= zoasHil+ 2T/ 200-2

HE0 =2

M.a)y= ZCOSE(x - 1)] +1

b) Window variables: x € [—m, 7], Xscl g, y e [—4, 4]

M=2cosimAZiH-100+1

e I e
0 =1

EH

12.a) y = 3sin +1

Z(x + 5—“‘)
6

b) Window variables: x € [—m, 7], Xscl g, y e [—4,6]

'|'1=3:in(2tH+5'i'rHE!l!l+i
W=l = -1.E0H07E

13. 0.80, 2.35, 3.88, 5.49
13T sn
6’2 6
15. a) Window variables: x € [0, 14], y € [—10, 30], Yscl §

b)y = 13.4 sin [g(x - 4)] +8.55

9
£
t».n/"

The model appears to fit the data well.

-

16. a), b)

Phases of the Moon 2007
Date (days from Phase
beginning of year) (percent illumination)

3 100

11 50

19 0

25 50

33 100

41 50

48 0

55 50

62 100

71 50

78 0

84 50

92 100

100 50

107 0

114 50

9y = 50sin ’%u + 4.5)] + 50

d) Window variables: x € [0, 150], Xscl 10, y € [-20, 120],
Yscl 20

M=E0sin T LR B+ ED

WY

¥=0.549150%

e)y =49.75sin[0.21(x + 4)] + 52.74; the values for a, k,
¢, and d compare well with those in the model.

17. a) Answers may vary. Sample Answer: Using your
model, first find the average rate of change of the percent
of illumination, and then estimate the instantaneous rate
of change.

b) The instantaneous rate of change on January 235 is about
10.4%/day.

¢ The instantaneous rate of change represents the percent
change in illumination of the Moon per day.

Chapters 4 and 5 Review, pages 304-305
1.a) 57“ b) 105°
2. 3 radians
3 V34V2
V6
4.25V/3—1)m

5.0.1045

6. T
8
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ﬁ

7. 33
65
)
9.a) sm_zx + sin’x = tan’x
cot’x

T\ T
.a)==b) = he lef
12a)12b)4t0teet

13.2) 6 cm b) ﬁ 50200 d) y = 6cos (200mx) + 6
e) Window variables: x € [0, 0.02], Xscl 0.01, y € [—4, 15]

T=BCosLE0NTHI+E

VAV

14.a) 3 b) g 9] % to the right d) 2 units upward

471 47w b
— 0 TR Yol & —4
24’ 24 b SC Ziye[ ’6]

e) Window variables: x €

=25l -T2

HEEANLERET IY=2

15.b) 0 = d = 250V 13 ¢ The total time will be a minimum
when the contestant stays on the pavement.

16. a) g to the right
_47n_47n

b) Wi iables:
) Window variables: x € 4> 34

, Xscl %,ye [-3, 5]

M=ZEinl2 -0 A 200+

H=1.0471878 Iv=1

~ gosin[2R
17.a) h(t) = 6051n( G )

b) Window variables: x € [0, 10], y € [—80, 80], Yscl 10

RAYAY

n=l.28

2n . 2¢;

o) The value of k would change from 5 to 3 making the
equation h(t) = 60sin (%)

18.a) 1.37,4.91 b) 0.34, 2.80, 3.39, 6.03
19. a) Window variables: x € [0, 20], y € [—2, 14]

=Y ZER0 P2 +0. 20462

= V=E.55BEZ5E

b) 7134 cones ¢) 6300 cones

d) 8.7 years e) Answers may vary. Sample answer:
approximately Oct 1991 and June 2000

f) Answers may vary.
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20.a) C(#) = 10sin [%(t - 12)] +20
b) Window variables: x € [0, 72], Xscl 3, y € [0, 40], Yscl 2

=105 EIR-1 00

AVAY%

H=B

21.a) ¢t = 12 b) 2.6 ppm/h

} o L

CHAPTER 6
Prerequisite Skills, pages 308-309

1. @) (F=zczm [//J
V=6

o

b) i) (x € R} ii) {y € R, y > O} iii)y = 0
2.a) 300 b) 2400 q) i) approximately 2.74 days
ii) approximately 38 bacteria

3.a)x" b) m’ ) k°d) —8x'* e) —% f) % q) %
4.2)4b)10 927 d) 82 x
5. ) (vi=rom [/
W=l ’\':1
b) {xeR,x =0}, {ye R,y =0}
Q) (11=1um L’%_’ d) (y1=rc
H=1 =1 H=l =i

e) Yes.f) {x e R,x =0}, {y e R, y = 0}

6. a) Pi=HZ+Y \E}/

W=l L:S

b) {x e R}, {y e R, y = 4}

) (s \E/ d) (v1ztzey \i;‘f

=1 "I'=5 =1 L:S

e)No.f) {xe R, x =4}, {y e R}

7. Yes. Each curve is a reflection of the other in the line y = x.
8. a) translation of 3 units to the right and 1 unit up.

b) reflection in the x-axis, vertical stretch of factor 2

9. a) vertical stretch of factor 3 and then translated

down 4 units

b) period doubled, reflection in the y-axis



'
N/

1. (wi=-rizm

12. (vi=3cz1~ -4

.-l'...\_\_\_\_

H=i |: ¥=1.E

6.1 The Exponential Function and Its Inverse,
pages 318-322

1.C,D .
2Cy—3ny—l
3a)t/

W=2.2E

b) i) 7, = 0.75 i) m,,

= 113 i) m,, = 1.69 iv) m,, = 2.53

9m, =0.6,m,=09,m, =34,m,=51,m =7.6
d) increasing
4. a) (=t ez

=1 v
biym , ,=—4iym_, = 2iiiym_,=—-1Twm, = —-0.5
c)m3=—56mZﬁ—2.8,7r171i—1.4,rn0 -0.7,
m, = —0.35
d) increasing
5.a) (v1=z=x / b)y = 3*

=1 I-.-:z
0), d) (r=zx /

=1 I’-:::
6. 2) ML ATh by = (l)

3
u=-1 I-.-::

), d) (izceezns

H=-1 I\'=3

7. a) iii) b) 1) ¢) i1) d) iv) .
8. a) is inverse of 7d): y =

—
L=
N

b) is inverse of 7b): y

x

() is inverse of 7¢c): y = (=

—_—
N»—\(J)}
—_

d) is inverse of 7a): y = 2~

9. a) (vi=zx / [ E}/
H=1 ez H=1 ( L:i

FE =3
b) [ Function fx) = 3x g) =X h(x) =

domain xeR xeR xeR
range yeR yeR yeRy>0
x-intercept 0,0) 0,0) none
y-intercept 0,0 0,0 0,1
functlf)n is <0 x<0 never
negative
funst'|on s x>0 x>0 xeR
positive
functlo.n s xeR xeR xeR
increasing
equation of

none none y=0
asymptote

) All three functions have the same domain and are increasing.
d) h(x) = 3% is different than the other two functions

for range, x-intercept, y-intercept, y = 0 asymptote,

and positive/negative intervals.

e) For f(x) = 3x, the instantaneous rate of change is
constant. For g(x) = x°, the instantaneous rate of change

is decreasing and then increasing. For h(x) = 3%, the
instantaneous rate of change is increasing.

10. a) i) 10 ii) 20 iii) 40 iv) 80 b) Yes.

=102

HEE =40

Jm, =20d)i)m, = 13.9ii) m, = 27.8 e) Answers may vary.

11. @) (y=un [// b) ((w1=uz E///
B /"r:u ey =y
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Q) (r1=u
L

12.a) {x e R}, {ye R} b)0 ¢ O

d) For x < 0, the function is negative. For x > 0, the
function is positive. e) The function is increasing for
all intervals. f) None.

B.a) (xeR), {yeR}b) 090

d) For x < 0, the function is negative. For x > 0, the
function is positive. e) The function is increasing for
all intervals. f) None.

14. @) (yz=iaszrs b) (wz=caczru

n=l =5 w=-1 =z
C) Tz:iiﬁi/
w=-1 =z

15.a) {x € R}, {y € R, y > 0} b) None. ¢ 1

d) The function is positive for all intervals.

e) The function is decreasing for all intervals.

fly=20

16.a) {x € R, x > 0}, {y e R} b) 1 ¢) None

d) For 0 < x < 1, the function is positive. For x > 1, the
function is negative.

e) The function is decreasing for x > 0 f) x = 0

17. a) same domain b) the rest of the key features differ
18. a) same range b) the rest of the key features differ

19. a) (y1=1ea0m eaiE

TS
n=l E‘ =0

b), O (3= ‘1

e
W=l { =8
dy=6
1
20.y = |—
Y~ \10
21. a) = y
0 1
1 -2
2 4
3 -8
4 16
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b) (=r-zrw =

u

=1 y=-z 9

¢) No. d) i) not real (square root of a negative value) ii) not real
e) Answers may vary.

22.a) m,, = 0.56 km/s, m,, = 1.10 km/s b) m,=0.9,m, =13
23.a) For 0 < b < 1, fand f" have equal x- and y-coordinates
at the point where they intersect the line y = x.

b) Yes; when b > 1, the graphs do not intersect the line y = x.
24.9i)b>0i)b<0d)i)b>0ii) b <0e) Yes.

6.2 Logarithms, pages 328-330

1am&4—3mm&u8_7m%xg) 5
d) log1 0.25 e) log, y = x f) log , y = x @) log, (217) _
2

h)log3v=n

2.a)6b)3¢—2d) —3e3f)10g)6h)4

3a)3b) —190d) —3e) —4f)649)—2h)4

4, a)7z*49b)25*32c)104*10000d)bw:ze)23:8

f) 5* =625 102——h72y=
) 9 o7 T
5. a) (1=z"n [—// NE=Te i Tz
P
-
H=z | H=z =1
b) (vi=un YE=T10300 Tod i)
T
[ i
H=1 =y H=y =1

6.2)2.6b)3.796.2d) —1.5
8.2)2.63b) —4.43 ¢ 0.95d) —0.70 e) 1.23 f) 2.00 g) 2.26 h) 3.00
9.a)y = 10"

b) (vi=10ac YE=d0n
R T e
et y=n et =10

10.a)1b)1g1d)1

11.a) log x = 1 for x > 1. b) Answers may vary.

Sample answer: log,, 11 = 1 ¢ log x = 1

12. a) Answers may vary. Sample answer: The logarithmic
function has decreasing slope and the exponential function
has increasing slope. b) Answers may vary.

13. a) approximately 6.3 days b) approximately 12.6 days
14. a) approximately 66.5 m b) No. d = 16.2 m.

¢ Answers may vary. Sample answer: Drive slower.

15.a) at least 5.73 m b) 7.16 m

17. Answers may vary. Sample answer: a) 3 b) y is an integer
but x is a power of 10.

=10 3000

—

H=l0 =1




18. a) Answers may vary. Sample answer:
x y
10°
10’
10°
10°
10"
10°
10°

o~ W = O

b) The graph is linear. The semi-log grid has turned each
power into the exponent value.

¢ To plot a greater range of values.

19. b) The graph is a line that is increasing, with positive,
increasing slope. ¢) Answers may vary.

20.D

21.V5

6.3 Transformations of Logarithmic Functions,
pages 338-340

1.a)iv b) ii ¢) 1 d) 1ii

2. a) translate right 2 b) translate left 5 and down 4
¢ translate up 1 d) translate left 4 and down 6

3. @) (vi=teanmez b) (vi=1eacs-21
H=1 t s H=E / V= 30103
) ((H=10a0-z1e4 d) (r=teacieEr-1
e [
H=E N4 E0L0E =y N=-1

4.a)y = 2logx b)y = log(2x) 0y = log(%x) dy= %log x
5. a) vertical compression by a factor of 1

b) horizontal compression by a factor of 1 and a reflection

in the y-axis ¢) horizontal stretch by a factor of 2 and a
reflection in the y-axis d) vertical stretch by a factor of 5
and a reflection in the x-axis

6. @) (y1=ureaci b) (i=teacca s
o —
H=in ¥y H=z0 v=1
©) (CH=carzneanss d) (=100
—

H=giin y=1 H=zE y=z
7. @) (p1=-1ea01-41 b) (=1eac-w-z I
\amh-g;,_ﬁ__h_ﬁ__q ——ﬂ—————ﬁ__qt{
H=iy y=-1 H=-1 y=-x

8. Fory = —log(x —4):a){xeR,x>4}b){yeR}Jx =4
Fory =log(—x) —3:a){xeR,x<4}b) {yeR}gx =0

9. a) (11=-z1eacin
-
= T=h

b){yeR,2=y=¢6}

10. a) (y1=10aczes

. —

I
H=i W=E

b) V. =6,V =630V, =10"d) The domain is the input
voltage, V, > 0; the range is the output voltage, V , which
can be any real number.

11. Answers may vary. Sample answer: The domain and the
range are the same.

12. Answers may vary. Sample answer: No; the domains are
different, but the ranges are the same.

13. Answers may vary. Sample answer: The domains are
different, but the ranges are the same.

14. a) (y1zz1earzienin-z b) (vi=10ac-u
=
— ——
1=z ’v:.smsusoi H= 10 ¥=1 1

) (H=E10aiz8-41-6 d) T ZT0A0L/ e 333

Ia

¥=-2.108244 #=-3 ¥=-3.352483
17.a) '.'1=:1.*2:|1o[scm-u b) (rz=x /
%=t ¥=-y #=1 l ¥=1

€) (wz=t0"tz 4B

="y v=1

d)i) {x e R}ii) [y e R,y > 0}iii)y = 0 e) y = 10 **

18. a) =100 =21 10302 1+1

bl

L

b) (i=-ziearziEa oAz Y

_—
n=k ¥=-1E.Fz0B7
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9.8 {teR,nn<t<(n+ l)n,neZ},{VUelR, V[)SS}

b) (= s atsinsnes

- P L}

H=z |"|'='1.553'1!2'1

¢) Answers may vary.
20. x = 64

6.4 Power Law of Logarithms, pages 347-348
1.a)12b) 3¢ —8d) -1
Swl2gsde ’
2.a) = h) =
a) 2 ) ) J8d)

3a)t=1.66b)¢=3439¢=9.01d)¢t=27.62

4.2)i) $500 ii) $572 iii) $655.40 b) i) £ = 10.2 years

i) t = 16.2 years

5.2) 2.854 b) 1.672 ¢ 0.356 d) —0.558 ¢) —4.907 f) —7.228
6. 2) log, 8 b) log, 17 ¢ logé dlog, , (x+1)

7. a) (vz=z"u

n=l t/ =z

8. (ri=teacn Meaize

x“#———

9.a)x =4.192b) x = 3.333 9 x = 1.623 d) x = 8.790
10. a) $400; this is the amount when ¢ = 0.
b) approximately 8 years

11. log (mx) = mlogx only when m = 1 and/or when x = 1.

12. log x” = (log x)" only when 7 = 1 and/or when x = 1.
13.a) 15 b) 15 ¢) Answers may vary.
14. Answers may vary.
15. a) approximately 6.6 hb) {d e R, 0 < d = 1000},
{te Rf t=0)
1.2 0g,9 b) log,25
log,3 ~ log,10
19. log, (2%) = 640
20.a) A = P(1.008 75)* b) i) approximately 19.9 years
ii) approximately 31.5 years

21 2

V3
22.384

6.5 Making Connections: Logarithmic Scales in the
Physical Sciences, pages 353-355

1. a) 2 b) approximately 4.5 ¢) 9 d) approximately 9.8
2.a)[H']=10"b)[H'] =0.001 ¢ [H']=32x%x 10"
d) [H"] = 0.000 039 8

3. a) Answers may vary. Sample answer: The pH scale varies
over several powers of 10. b) Answers may vary.
Sample answer: [H'] is very small.

4. a) 5 b) approximately 10.6

5.a) Answers may vary. Sample answer: 0 < x < 0.003,
Xscl 1 X 1074, 0 <y < 5, Yscl 1 b) approximately 2.7
6. a) 100 times b) 100 000 times
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7. 10 000 times

8. approximately 15 dB

9.4

10. a) approximately 199.53 times as intense

b) approximately 15.85 times as intense

11. approximately 794 328 235 times as intense

12. a) approximately 41.69 times brighter

b) approximately —11.61

14. Answers may vary. Sample answer: The absolute
magnitude takes distance into consideration.

15. a) i) approximately 158.5 times ii) 100 000 times
b) closest star is Biffidus-V, next is Cheryl-XI, farthest
away is Roccolus-IIT

16.-18. Answers may vary.

19.B

20.V/2s

21.B

22.D

Chapter 6 Review, pages 356-357
1. a) (r1=z4

i) {x e R}, {y € R, y > 0} i) no x-intercept iii) 1

iv) positive for all intervals v) increasing for all intervals
vi)y =0

b), O (vi=z-x

——

n=l =z

o {x € R, x > 0}; {y € R}; x-intercept 1; no y-intercept;
f'is positive for x > 1 and negative for 0 < x < 1;
f~!'is increasing for all intervals; vertical asymptote: x = 0

2. a) (vi=L ey

H=-1 E =4

i) {x e R}, {y € R, y > 0} ii) no x-intercept iii) 1
iv) positive for all intervals v) decreasing for all intervals
vi)y =0

b), O (ri=camany

H=-1 E =y

A {x € R, x > 0}; {y € R}; x-intercept 1; no y-intercept;
f'is positive for 0 < x < 1 and negative for x > 1;

f !is decreasing for all intervals; vertical asymptote x = 0
3.a) log,64 = 3 b)log,28 = x ¢ log,y = 3 d) log,512 =9
4.2)2 =128b)b*=n0q 3’ =243d)b"” =4

5. approximately 5.6

6.a)4b)4c—2d) -6

7.log x =1,x>0,x # 1



8. a) ((r1=-1eank-saez

b)i) (x € R, x > S}ii) {y € R}iii)x = 5

9. a) (v1=z1e3c-11

—?'Z—\—\_._\_\_\_H_

H=-1i0 W=z
b)i) {x e R, x < 0}ii) {y € R}iii)x = 0
11. Answers may vary. Sample answer:
a)y = —log(%x + 4) -3

b) (M= teatitszinen-z

———]

=3 ¥="5.33704

Qi) {x e R, x > — 8} ii) {y € R iii) x = —8

12.2) 15b) =6 3d) 8

13.a)x =2.579b)x = —1.515 g x = 1.661 d) x = 0.322
14. approximately 1.3 mm

15. b) (ri=teacm gz

e

HE3 =1

16. There is less hydronium ion concentration in Chemical B.
17. No; a great earthquake is 10 000 times as intense as a

light earthquake.
18.a) 3(n = 3.1)

b) approximately ﬁ

¢) approximately 138 934 times as much

(T=12.683 X 107°)

19. a) (y1=a-tireanie s

WodzE  ysRAorEl 45

D{TeR,0<T=1},{neR,n=1)}
20. Answers may vary.

Chapter 6 Practice Test, pages 358-359
1.D

2.A
3.B
4.C
5.a) 1.839b) 2.163

6. a) Compress vertically by a factor of l, translate 3 left,
translate 6 up, and reflect in the y-axis.

b) (=itezioan-t-z1ea

Qi) {x e R, x < =3}ii) {y e R} iii) x = =3

d) (vz=-z-10-czog-an
g

H=1 W=-%

8. approximately 11 years
9.a) pH = 11.5 b) approximately 0.000 32 < V < 0.01
¢) vinegar acidic, ammonia alkaline

10. a) M=104.201 1220 00D

n=h P=E1.47E7EN o

b) approximately 54.3 kPa ¢) approximately 1.4 km
11. a) approximately 110 dB b) approximately 1995 times

CHAPTER 7

Prerequisite Skills, pages 362-363
1. product law a) x° b) 6a°b* ¢ x*y’ d) 6+%5*
e) 5q°r f) v’w'* g) 4ab* P

2. quotient law a) k* b) —67 ¢) 6x°y d) 2ab* e) Z_r f) v*'u? g) b*

3. power law a) w® b) 4u%0° ¢) a°b d) x°y° e) 8 f) a’b® g) rs°
4, a) Zi, product and quotient laws b) —108k’m", product

and power laws ¢) 32y°, product, quotient, and power laws
d) a*b, product, quotient, and power laws

5.a)x=—6orx=4b)x=2.50rx=2c)x=%orx=—%
d)q=50rq=—4e)b=%orb=—%f)y=—%ory=—%
g)x=20rx=—1h)r=—3orr=%i)q=—4orq=—l

6.a)y — —3 = VA g LEVAL g Z1=VS

X
4 2
da= —1¢\/He)x= 1i\/Ef)T=5t\/ﬁ
2 2 2
o) m — —Sjﬁh)a=3t6\/ﬁ
7.2) 2V2 b) 4V5 9 3v2 d) 9V2 e) 5V3
20V3 + 1) g1 =6

8.a)6b)%c)6d)4e)10f)4g)4h)—2

9.a) 2.096 b) 2.322 ¢) 3.907 d) 2.044 ¢) 1.585 ) 1.893
g) 2.161 h) 4.248
10.2) 0.86 b) 1.29 0 0.36 d) —0.17 €) 0.63 ) 0.53 g) 3.17 h) 1.30

7.1 Equivalent Forms of Exponential Equations,
pages 368-369 log 14
1.2)2'2b) 2° ¢ 27° d) 2 &2

logL
0g2

1

2.2) 3°b) 374 ¢) 3183 ) 313
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- Answers may vary. Sl%mple answers: a) 4* b) 16>
La)4’h) 43948 d)23
A x=3bx=-2dw=3dm==
11 4
a)x = —3b)x=6()y=Td)k=9
.a)x = 5b)x =5 ¢ Answers may vary.
. a)-d) Answers may vary.
9. Answers may vary.
10.a)x = —4b) k= -2

1
log2

O N & Ve w
~

1M.a)x =

1
12.10 =b"" b >0 1
15.a) i) x > 2 ii) x > —==b) Answers may vary. Sample

answer for inequality i): Graph each side of the inequality
as a separate function. Find their point of intersection.
Test a point to the right of the point of intersection to
ensure that the inequality is true.

pp il

Inkersection
HEZ

=Bl W=zt W=1B1.0482Y4 .

¢ Answers may vary.
16.a) i) 2* > x’ for 0 < x < 1.37; x> > 2" for x > 1.37

(correct to 2 decimal places). ii) 1.1* > x'* for 0 < x < 1.01.

b) for x > 1.52

7.2 Techniques for Solving Exponential Equations,
pages 375-377

1. a) iii) b) i) ¢) ii) d) iv)

2.a) 10.24b) 11.53 ¢ 58.71d) 18.91 ¢) —2.80f) —0.55
g) —15.63h) =3

3. a) approximately 35.75 m b) approximately 10.3 min ¢) No.

4a)x = log3 b % = 2log5s
log3 — log2 log5 — log4
gx = log8 + log3 _ log7 + 2log4
log3 — log8 log4 — 2log7

5.2) 2.710 b) 14.425 ¢ —3.240 d) —1.883
6.a)a=1,b=1,c=-6bx=192*=-3
_ log(1 +Ve)

l.a)a=1,b=-2,c=—-5b)x
log8

98 =1-V6
8. a) approximately 21.3 min b) approximately 92.06 min
9. a) approximately 19.7 min

b) (vi=1ociszranin 7y

w=18.7 r=E

) i) The graph is decreasing faster (shorter time). ¢) i) The
graph is decreasing at a slower rate (longer time to decay).
d) i) steeper slope (negative), more would decay in the same
amount of time ii) slope is not as steep, less to decay in
same amount of time

10. No.
Max=1lorx=126b)x=0.16dx=-1d)x=1

e) no solution f) x = 1.29
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13. a) approximately 66.4 h b) Answers may vary.
14. approximately 6.44 days

15. a) 6 years b) approximately 10 years

16. a) i) 12 s ii) approximately 40 s

b) (1=raezaveneaz:

n=iz =5 oo

«) Answers may vary.

t
18.a)y:(%)Zob){te[R,tZO},{yeR,O<ys1}

19. Answers may vary.
20.D
21.C
22. 11

7.3 Product and Quotient Laws of Logarithms,
pages 384-386
1. a) log 54 b) log 8 ) log, 21 d) log, 2
2.a) 1.732b) 0.903 ¢ 2.771 d) 0.431
3.a) log(2xyz),x > 0,y >0,z >0
3ab

b) IOgZ(Z_c)’ a>0,b>0,c>0

23
c)log(%),m>0,n>0,y>0
y

d) log(v’vvw), u > 0,v>0,w >0
4,a)2b)292d)3
5.a)3b)4¢3d -2
6. a) 2 b) approximately 2.301
7.a) log,c + log,d b) log,m — log,n ¢ logu + 3logv
d) loga + Elogb — 2logce)log,2 + log,5 + 1 + log, 5
f) log (25 X 2) = 2 + log,2
8. Answers may vary.
9.2) 2 logx, x > 0 b) lo >0093logk k>0
P gXs gm, m 3 Og R,

d) % logw, w >0

10. a) log(x + 2),x > 2 b) log(x + 4),x > -3
4] log(x er 2),x > 3d) log(x + ;‘),x >3

Mn.a)V, = log(vz) i)V, =1i) V. =2ii) V.= 0

1

12. a) Translate y = logx up (1 + log#n) units.
b) Answers may vary.
13. no, > 0, positive integers only

14. a) (v1=z1e3cz Y2=xladlk)
_—— o
=3 ¥=.8EHZHZEL w=E ¥=1.M317638
b) (vz=Ereacmy Q) (vu=103057E
/_f,a o
u=F ¥=z.ZE5E0EE w=E V=2.2B56063

14. d) p(x) = g(x); power law



15.a) g(x) = logx®

P o

LErS K‘:i.ﬂﬂﬁi! W=z i‘:i.ﬂﬂﬁiﬂ

¢ Answers may vary. Sample answer: The graph has values
for x < 0 and x > 0 because x° is an even power; the graph
has a discontinuity at x = 0.

16. Answers may vary.

18. a) approximately 6.7 years b) i) B ii) B ¢) Answers may vary.

2.2

b) (v1zgrea0m Y2=1od08"ED

23. -1

24.B

pL I
k k+n

7.4 Techniques for Solving Logarithmic Equations,
pages 391-392

lax=12b)x=759p=38d)w =17

ek =108f)n =350
2ax=5h)x=219k=27dx=25¢e)t= 2f)n=2
Za)x=2+VIAbx=4Quv=qdy=1
Ok=3fp=1 33

5a)x =—2o0orx=5b)x=—-500rx=2

5 1
6.a)x=—> b k=1L
Ax =g hk=3
7.3)x = 9.05 b)x = 2.16
T1=10A0R+2) TM=F10dik=-21

——— /f/{—’
fig
H=8.0E ¥=1.04336E3 H=z.18 Y=-z.28784

8. a) approximately 119.54 dBb) 1 X 107" W/m* ¢ 1 W/m?
9. a) No. b) Yes.

1

10.a) 2 b) —

a) )16
MNaw=5=*5/§

b) (vz=carzneacz-1om

"

~

w=16.1B034 Y= BEEBGGET

12. x = —1; graph each side of the equation as a function
and find the point of intersection.

M=z ledi+11Y

n=-1 |'|'=2

14, 44
15. +3v/5 or approximately 6.7 or —6.7
16. D

7.5 Making Connections: Mathematical Modelling With
Exponential and Logarithmic Equations, pages 404-407
1. in June of 2037

2. in approximately the year 1774

3.a)for P = 1096(1.016)’ i) P = 4920 ii) t = 188.4 years; for
P = 1000 X 2%5 i) P = 4921 ii) t = 188 years b) quite close
4. Answers may vary.

5. Answers may vary. Sample answer: Rural Ontario
Investment Group takes a little less time to make $80

000 (7.35 years), so it could be considered. Muskoka
Guaranteed Certificate takes the same amount of time,

so it does not need to be considered.

6. a) Answers may vary. Sample answer: increasing in a
curved pattern

b)i)y = 4.21x — 3.07 i) y = 0.86x> — 0.93x + 1.2
i) y = 1.37(1.65)

¢) Answers may vary. Sample answer: exponential
d) Answers may vary. Sample answers:

i) approximately 207.8 m?

ii) # = 12.44 min e) Answers may vary. Sample answer: circle
7.a) A = 1000(1.02)* b) approximately $1372.79
¢) approximately 8.75 years

8.a) A = 1000(1.02)" — 50 if t < 4.

b) shifts the graph down by 50

9. Answers may vary.

I
10. a) 1000 = I_Z b) by 10 000 000 (or 107)

12.-14. Answers may vary.
15. 48 km/h

6.A="-1

17. z is increased by 12.5%.

Chapter 7 Review, pages 408-409
S
1.a)4°b)4' 472 d) 42

log20 log0.8

2. a) 5 log5 b) 5 log5
3.a)x = —ib)x= —-18
4

2
. a) approximately 5 min b) approximately 21.6 min
_ 2log3 _ 2log2 + log3
log3 — log5 log2 — log3
.a)x = —4.301, k = —6.129

.a)x=loi5b)x=20rx=
log4

w

a) x

log3

6
7
log2
8. a) approximately 2.5 years b) approximately 8.3 years
9.a) 3 h) 2 ¢ 2 d) approximately 2.05

10. a) log. 2 b) log(ajz_b),a >0,b>0,c>0

c
11.a) 2loga + logh + logcb) logk — %logm

x+5),x>4,x>—5
x — 4

12. a) log(i), m > 3bh) log(
m—3
13.a)x =45bh)x =35

Answers « MHR 567




1., 1

14.x=2 3.A:y=x+2;B:y=2";C:y=zx +Ex
15, (Wi=1e3cka oAtz he a2 4a){xeR},{yeR)
[ o =
s il
i=z =0
16. a) approximately 11.6 h b) approximately 66% ez fe
17.a) A = 500(1.033)* b) approximately $691.79 b) {x e R}, [y e R, y = 0}
¢) approximately 10.67 years pr—
d) i) same shape translated up by 5 ii) above the original
function and increasing at a faster rate
Chapter 7 Practice Test, pages 410-411
1.C sz =y
2.A
3.D J{xeR} {yeR}
4. C TESHCE
52 16
6.a)x =8h)x = ?c)x= 15d)x =2.8
8.a) log(x + 1) = Slogx — 2 b) x = 3.37 //
9. a) approximately 35 min b) approximately 232.5 min HSE jisE
(or 3h52min30s) d{xeR),{yeR,y=0}
10. approximately 9.9 min e
Max=3 )
12. a) Yes. b) Yes. ) Answers may vary.
13. a)
. wez =16
" s . 5.a) odd b) even ¢) odd d) even
T.a)(xeR,x %0}, (yeR,y0)
b)y = 0.17x* — 5.34x + 97.93 0 y = 95.67(0.96)" e
d) Answers may vary. Sample answer: Exponential, because
if predicting values for x > 15.74, the quadratic gives
increasing values, which is not realistic.
e) i) approximately 49.6°C ii) approximately 21.1 min L U=ES
f) Answers may vary. Sample answer: The temperature of b) (x € R, x # 4}, [y e R, y # 0)
the room was constant.
=14 L
CHAPTER 8 E
Prerequisite Skills, pages 414-415 W
1. b) Pattern A: linear, Pattern B: exponential, Pattern C: e UEEL
quadratic _ 1 B
2.2) 8. a) u(x) x+2,x#2,x# 2
Pattern A Pattern B b)v(x) =x—3,x #2 1
FiilislE Fiiliilz 9.a)i) {x e R, x # 2, x # —2}, {y eR,x#0, y # Z}

ﬁ',/‘ / ii) ?1::3-2:#(}:*(:‘[
W=l W=z H=1 E W=z ﬁ [
Pattern C LA EEL
FiLiLE / iii) asymptotes: x = —2,y = 0; hole: (2, %)

W=l =1

b) Yes.
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b)i){xeR,x# -2}, {yeR,y# -5}

ii) (=i z-n-g ez

iii) hole: (=2, —35)

11.a) iv b) iii ¢ ii d) i

12. Answers may vary. Sample answers:
)0s=t=8s,-5Scm=d=35cm
i)0s=t=3s,0m=d=35m
ii)0s=¢t=10s,2m=d=2m
V)0s=t=10s,0m=d=3m

13.a)y=x+2b)y=x;3c)y=th+5,x2—5
dy=1-1,x=0

14. The inverses of parts a), b), and d) are functions, since
they pass the vertical line test.

8.1 Sums and Differences of Functions, pages 416-428
1. a) i) blue ii) red iii) yellow

b) i) y = 3xii)y = x* — Liii) y = 2*

2.a)y =3x+x>— 1+ 2%b)i) 71ii) 117
.a)i)y=6x + 7ii)y =4x — 7ii)y = —4x + 7
b)i)y = —3x + 14ii))y = —x — 4ii)y=x + 4

i)y =x*+Sii)y =x"+ 3ii)y = —x" -3
di)y=-3x"+7x - 7i)y=-3x"+x+7
iii)y=3x2—x— 7

4.a) h(x) =7x +1,h(2) =15b)j(x) = x + 5,j(—1) =4
Q) k(x) =—x—5,k(0)= -5

5.a) h(x) = —4x* + 2x + 2, h(—3) = —40

b) j(x) = —4x* — 2x + 8,7(0) = 8

Q k(x) =4x* + 2x — 8, k(3) = 34

6. a) y b) y
i)

4 161 ) & (x),

&) 2 12

—4 of 2 %

X7+ @ 7 2x)
14 TR

-6 4

(xeR), {yeR) (xeR){yeR)

7.2) [ Ngt) - fw) ¥ b) [T T Ty
4 fix) 12
g 5
PRE: 4 &)
4

4 \s\x
\g(x) — )

8. a) i) (yazz~nez
_‘___F:u'/

H=z W=7 W=z =\

—————

H=Z '|':'\

b) i) 3 units up ii) 3 units down

iii) reflection in the x-axis and 3 units up
Ji){xeR}L {ye R,y >3}
ii){xeR},{yeR,y> -3}

i) (x e R}, {y e R, y < 3}

9. Window variables: x € [—n, 37|, Xscl g, ye[-2,2]

a) b) '.'3='.'1+i.'2 /—\

AT NS

n=EANLEEEF V= MEFLNDE7

Q) (vz=r1-vz

S N
H=2.AN1E027 :l;\'.H!?HBB
10.a)i) C = 120 + hii) R = 2.5h

b), ¢ (ri=azoex

H=A0 W=z0n

The break-even point is the point at which the revenue and
cost are equal. When the vendor has sold 80 hotdogs, the
cost and the revenue are both equal to $200.

d) P(h) = 1.5h — 120

Tr=1.E6-120

H=1E0 =10k

e) Clh): theZ,0=h =250}, [CeR, 120 = C = 370}
R(b): (heZ,0=h =250}, (ReR,0=R = 625)

P(h): (heZ,0=h=250),(PeR, —120 = P = 255}

f) $255

11.a)i) If C = 100 + h, then the vendor only needs to sell
about 67 hotdogs to break even.

ii) If C = 120 + 0.9h, then the potential daily profit
becomes $280.

b) Answers may vary. Sample answer: Choose to reduce
the variable cost.
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12. a) Window variables: x €
e [—15, 30], Yscl §

47n 47n] Xs ln

b) (wz=iesinciaeis

A AVAY

B [

QfteR), [yeR, 5 =y=25di s i) 25 ii) 15
13. a) same b) Window variables: x € [—4, 4], y € [—4, 8]

Q) ((uzztetaE /{

.: n=l f'l'=5

d) f(x) = 2% e) Answers may vary. The rate of change of
the exponential function is continuously increasing at a
greater rate than the other component functions.

14. a) Yes. b) No. ¢ The commutative property holds true
for the sum of two functions, but not the difference of
two functions.

15. a) ) same

T1=5inlHl L‘\ Ye=siniH-C L

H=1.EF07Ba: |'|'=:I. W=1.EA07062 '\':1

W=1.EA07062 L‘=25

d) TPEE+YE

=1 EP0rBe: IY=2

e{xeRlL{yeR, -2=y=2}

f) i) shifted to the right and amplitude multiplied by V2
i) horizontal line iii) same as when ¢ = 0

9)i){xeR}, {yeR, \/—<y<\/_
i{xeR},{yeR,y=0}iii){xeR},{yeR, -2 =y =2}
h) Answers may vary.

16.a)y = —x — 2

b) \A’(f’/
e
d) y

Jgy=3

e)y = 3, same

f) Subtracting the functions is the same as adding the opposite.
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18. a) $20 000; not affected by the number of games;

Y, =20 000
=z
w1000 0TI

b) $15/game; cost increases per game at a constant rate;
Y, = 15x

We=1EH

A=1000 =100

¢ total operating costs; Y, = 20 000 + 15x

LR L

A=1000 Y=Z3E000

d) revenue increasing at a constant rate; Y4 = 20x

y=zod e)

Intersechinp——s———a iy
A=1000 0] H=hign he: D

Break-even point: (4000, 80 000), cost equals revenue
f) profit; Y, = Sx — 20 000

TESYH=YE

=000 W=zadih

g) i) loss ii) break-even iii) profit
h) i) move to the left ii) move to the right
47 47n

247 24 )

b) (wa=tancien J.
] [// (

20. a) Window variables: x €

I
(A AL

d) infinite number e) g(x) intersects h(x) at the point of
inflection due to the variable vertlcal translation.

47n 47n T _
SV ?], Xscl Pk ye[—4,4]

DN L
P%U N

d) infinite number
e) g(x) intersects h(x) at the point of inflection due to the
variable vertical translation.

Xsel g ye[—4,4]

21. a) Window variables: x €




22, Yes

23. The sum of two even functions is even.

24.B

25.D

26. 4

27. negative reciprocals: A = —C; reciprocals: A = C

8.2 Products and Quotients of Functions, pages 429-438
1.a) even: A and B; odd: A and C or Band C

b) Two combinations multiply to form an odd function.

2. odd

4ay=x"—2x"—4x +8,{xeR)}, {yeR}

P=h-2 MR 24D

o

b)y = 1 yx# 2 x#F =2, {xeR,x#2,x # -2},
x+ 2
{yelR,y#%,y#O}

hole: (2, %), asymptotes: x = —2 andy = 0

L Bt Pl e 1]

_|

Oy=x+2,x#2, {xeR, x#2},{yeR,y# 4}, hole: (2, 4)

L Bty KR ]

W=z =

5.a)y = 0.95" cosx, {x € R}, {y e R}

=085 R CaslH

PSR, W

=1

13

AN
VAR

HEZANAERE? J¥= - BELLF07

_ COSx
b) y 0.95 {xeR}, {yeR}

= CostR) 00 55

!
e Y
u=z.an1e8z7 lv=-1.17uBEs
x 2n + 1
qQy= 0.95 ,cosx#O,{xeR,x#u,neZ}
cosx 2

2n + 1)n

{y € R, y # 0}, asymptotes: x = ,neZ,andy =0

j;ED.BS“HZI((j-I:ﬁ:HJJ k
H=im I\':i.?SBZ?H!

6. a) Both functions are exponential, with fish increasing and
food decreasing.
Window variables: x € [0, 20], y € [0, 1500], Yscl 100

b) P(¢): {t € R}, (P e R, P = 0}

F(t): {teR},{FeR, F= 0}

0 (9.11, 467.88); In 9.11 years, the number of fish and the
amount of fish food both equal 467.88.

d) Answers may vary. Sample answer: The amount of

fish food minus the number of fish. When the function is
positive, there is a surplus of food. When the function is
negative, there is not enough food.

TEEVE-T

W=k Y=ZFE.1870E

e) 9.11, same

f) Answers may vary. Sample answer: P(¢) should start to
decrease since the amount of food is decreasing.

7. a) Answers may vary. Sample answer:

Ratio of food to fish. If the function is greater than one,
there is more food. The graph is decreasing.

waEvEm

"-.-\_\_\_\_\_\'_‘

H=8.11 ¥=.099887 96

b) approximately (9.11, 1); After 9.11 years, the amount
of food is equal to the number of fish.

¢ plenty of food, enough food, not enough food

8. a) semi-circle, even b) odd

YE=siniE)

T=LEE=H"E)

e
Y= - FEEBOZE

() FESEInCHIMEE =S E)

W=-1 =-hdzEEhe

dixeR, —5=x=5),{yecR, —4.76 = y = 4.76)
9.9 odd; {xeR, -5 =x=35},{yeR}

=R E A2 E=HEDD
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b)odd; {xe R, =S =x=35,x# —x, 0,7}, {y e R}

LR L R KR A1y A

HEE qﬁ':S.IBBEBBH

10. a) P(¢) is exponential and increasing, while F(¢) is linear
and increasing.

Window variables: x € [0, 30], Xscl 2, y € [0, 15]

b)y = 8 + 0.04z — 6(1.02)"; Answers may vary. Sample
answers: In 2008, there is a surplus, since the function is
positive. After 2019, there will be a food shortage.

TPEEEH0LONE-ECL0E1TH

—
P ——

H=E W=1.EFEELEZ

) (0, 2); In 2000, the maximum is 2, which is the amount of
the surplus of food.
11. a) decreasing

WEECE+0ONEN CBCLDED ]

4=19 ¥=1, 0z LERY

b) 2000; yes

¢) When Fe) > 1, there is a surplus of food. When Fo <1,
P(z) P(z)

there is a shortage of food. For Terra, there is a surplus of
food before 2019 and a shortage of food after 2019.

12. Answers may vary.

13. a) p, . (t) is periodic, with domain {t € R, # = 0} and range
{p,, €R,0.05=p,, =095}

Py (t) is quadratic, increasing and then decreasing, with domain
{teR,0=1t=7}and range {p, €R,0=p, = 0.98}.
Window variables: x € [0, 7], y € [0, 2], Yscl 0.5

Sn
2 b
, .. .days after the dance (approximately 1.6, 7.9, 14.1,

b) at the maximum values of p, ,(¢), which occur at g,
In

... days after the dance)
¢ at the maximum value of p,_(#), which occurs 3.5 days
after the dance
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d) Answers may vary. Sample answer: The zeros of this graph
are the points of intersection of the graphs of p, _and p, .

FEEILHESINCRI+0.E+ 0L 0BRES

L ¥=-.F31E1ED

14.a)y = —0.036¢ sin¢ + 0.252¢ sint — 0.04¢* + 0.28¢

FEEULHESIn R+, 520 0L 0BH-

|
Lk Y=.7x1zZ67 8

b) There is approximately a 73% chance of Carlos and
Keiko agreeing to date 2.1 days after the dance.

¢ after 7 days d) Answers may vary.

15. Yes.

16. No.

17. {x € R}, {y € R, y = 4.04}, x-intercept 0, y-intercept 0;
x < 0, function is negative and increasing; 0 < x < 4.33,
function is positive and decreasing; x > 4.33, function

is positive and decreasing; as x — oo, y — 0, and as

X — —oo,y — —oo

=0E ™ SR EY

f..f'*_‘-h—,

REL] LEL]

19. a) i) even ii) even iii) even b) i) even ii) odd iii) [f(x)]" is even
if 7 is even and odd if 7 is odd when f(x) is odd.

20. a) 2.45 cm

b) original function

AN
Voo

W=B.zBZ1BE: Y=7F.Z44914B

E:"—j

i) air resistance reduced ii) pendulum lengthened

=00, 88 R 0Cag g

W=B.zB31B5: Y=H.B0FHEBE

=00 A5 R 0 as (0L HHD

S

W=B.zBZ1BF: Y=-E.HELzER

21.10

2 9
7

S
23. =
2

24. 35 cm



8.3 Composite Functions, pages 429-449
lay=-x"—6x—7hy=x"—10x+259y=x
d)y =x*+ 12x° + 60x* + 144x + 144 e)y = x
2a){xeRL{yeR,y=2}

=R E=EH-7

e,

H=-1 W=-z

b){xeR},{yeR,y=0)}

=hz- 1IJH+25 /

U=z w=y

A {xeR},{yeR}

L —

H=z L:Z

d{xeR},{yeR,y=9}

LR ER A B Ed e DR DL H

HETF =8 t

e){xelR},{yeR

S

WIE L:E

_1p-
4. a) 3b) N

5. a) decreasing at a constant rate

M=hi- 058

EER] =30

b) 40% ¢) decreasing by 0.5%/day

d) Answers may vary. Sample answer: No. Since the Blue
party starts off with 40% and the Red party with 20%, there
is a good possibility that there are more than two parties.
Knowing the percent of undecided voters would help.

6.a) R(z) = 20 + 0.375t; increasing at a constant rate

TPEEE0+0.EPER

H=zl W=z?.E

b) 20% ¢) increasing by 0.375%/day d) Answers may vary.
Sample answer: If the election is held before 22.9 days, the
Blue party will win. If the election is held after 22.9 days,
then the Red party will win. 22.9 days is approximately
when the two functions intersect.

7.a) V(t) = 40 + 0.125¢; popularity of the V party;
increasing at a constant rate

PHEN0+0LLZER

H=zl ¥=4z.E

b) Answers may vary. Sample answer: The V party will win
if the election is held before 80 days. At 80 days, both the
Red party and the V party have 50% of the vote, while the
Blue party has 0%. ¢ Answers may vary. Sample answer:
If there were a fourth party, it would have 0% of the vote
(R(t) + B(t) + V(¢) = 100 for 0 = ¢ = 80).

8. No |

9.a)y = *x3b)y =x ¢y =xd) same

e) 3,5, —1, fif "(x)) = x for all values of x.

10. Yes

11.a) y = sin’x

=sinlilz

JAVAIIAVAY

H=1.EF07Ba:

Yesd) {xeR},{yeR,0=y=1}
12.a) y = sin’x; periodic; {x e R}, {ye R, -1 =y = 1}

=1

T=5inRI~E

’fk
\f“ v

wW=1.E7078es Iv=1

b) Answers may vary. Sample answer: The functions are
both periodic and have a maximum value of 1. The functions
differ in their minimum values (0 versus —1) and period

(m versus 27). One function tis even, while the other is odd.

13.a) C(P(2)) = 18.634 X 252 + 58.55

b) i BEL e ol K g P

CEL) V=04 B27EH
) 60 years
14. (fog) '(x) = (g o f )(x)

15. a) parabolic, decreasing

1= -0 ACR+ENZ+ED

H=117E W=E1.8427E
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b) {p R, 5 =p = 2328} 9 No.d) R(p) = [-0.1(p + S)* + 80]p

FEs0-0 LR+ BT +H0I

H=13.08 ——Y=B1B.B5250 ¢

15.e) $13. 08 $618 83

16. ) W(N(z)) = 3v/100 + 25¢
b) {teIR,tz O},{We R, W = 30}

PA=EL0100+2ER)

=g 1=B0.FFPYRE

18.a) {x e R, x > 0}
b, {xeR,2nn <x <

'|'1='I-:-3l:sir|l:H:l:l’

RS

=~ 1BZHY4ZE

2n + 1)m,ne Z}, {y e R,y <0}

(4n — S)m
2

(4n — 3)w
<x <

d), e) {x eR,
{yeR,y <0}

=T d0cosin)

A

19.a) (xeR,x # 0}, {yeR, y> -9}
b){xelRi,xsé—3,x#3},{yER,y5—%,y>0}

20. d(t) = V41t

,neZ},

T

= AE0ELE

2. () = Ldx
23.0, 1, ﬂ
7 2
24, —

25
25.10

8.4 Inequalities of Combined Functions, pages 450-460
1. a) i) The minimum number of homes will decrease and
the maximum number of homes will increase. From the
intersection points, the approximate number of homes
becomes 44 < n < 442.

i) The maximum potential profit will increase. From

the maximum of the difference function, the maximum
potential profit becomes approximately $3.0 million.

1.b)

Haxirurm
w=180.z488% Y=E.0E44BZE
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2. a) i) There will be no minimum or maximum number of
homes, since the cost is higher than the revenue.
ii) There will be no profit, but a minimum loss of $153 846.

b)

Hazxirur
H=iEd UFDER Y=- AEZBNEZ

.a)i)x < 0,0 <x<Tii)x>1

A
|

)x<0,0<x<1,same

4. a) b}/
| T

Qi) Wheny = ulx) > 1, u(x) >

v(x)

i) When y = % > 1, u(x) <

x<-—=5,x>3.
5. a) Window variables: x € [—15, 10], y € [-150, 150], Yscl 50

I

b) i) approximately (—9.77, —1.23) or (2, »)
ii) approximately (—o, —9. 77) or (— 1.23, 2)
7. a) Subtract g(x) from f(x). b))y = —x*> + 5x — 4
o) Yes. When the graph is below the x-axis, f(x) > g(x).
When the graph is above the x-axis, g(x) > f(x)
8.(0, )
9. approximately (—o, —0.77) or (2, 4)

b) (wz=cmesn iz

v(x) for approximately
=5 <x<3.

v(x) for approximately

10. @) (1= -cieracz-152

=g (B

b)5=p<15
9peR 5=p<15),{NeR,0<N = 120}

1. @) (ye=-vaeran-1em

n=k F=ang

b) 5§ =p < 15; yes

¢ The N(p) maximum is at (4, 121), while the R(p)
maximum is at approximately (9.16, 864.47).

The price affects where the maximum is. d) $9.16



12. @) (yz=150+5t1

I
n=n W=gZ0

b) profit function

PHEYE-YE

rains !

H=10.68 W=zBx.BE77E

0 6.30 < p < 14.24; profit d) No. e) $10.69, $283.83
13.0=¢<022,074<t<127,and 1.79 <t =2

14. Answers may vary. Sample answer: f(x) = 5 and

glx) = —1

15. a) Window variables: x € [0, 16], Xscl 2, y € [-10, 30],
Yscl 2

b) 2; where revenue equals cost ¢) 0.853 < n < 7.813; profit
d) (yz=vi-ve

W=k W=z.E

e) i) approximately 4333 ii) approximately $0.84/unit
iii) approximately $3633 f) Answers may vary.

16.a) C(n) = 280 + 8n b) R(n) = (45 — n)n @ R(n) > C(n)
d) 11 = n = 26 e) 18 birdhouses at a profit of $61

18. Answers may vary. Sample answer:

flx) = sinx and g(x) = 1

19. Answers may vary. Sample answers:

a) f(x) = 2x and g(x) = 0.5x* b) f{x) = 4x and g(x) = x*
20. a) Answers may vary. Sample answer:

flx) = —(x — 3)(x + 3) and g(x) = x + 3 b) Yes.

21. Answers may vary. Sample answer:

flx) = (x+3)(x —4) + Tand g(x) = 1

22.8

23.30r —3

24. 16

8.5 Making Connections: Modelling With Combined
Functions, pages 461-471
1. Window variables: x € [0, 50], Xscl 5, y € [-100, 140],

Yscl 20
b)
f\ e

a)h/\uﬁ
v v

2. Window variables: x € [0, 50], Xscl 5, y € [—100, 140],
Yscl 20

a) b)

N
UUU VAR

3. Window variables: x € [0, 50], Xscl 5, y € [-100, 140],
Yscl 20

a) b)

Lk

ﬁhx“\
VA \

4. a) (Ya=r1etzerE e

LERTE =.184887 1

b) Answers may vary.

5. a) i) (wr=vievz ii) (ve=riarzem

LERTE ¥=-1.166%01

b) Answers may vary.

6. a) WR=sinCEEH TR+ sin(E0dTHI_

LERTE ) ol Bk )

b) Answers may vary. Sample answer: This is not a pattern
like the others.

b) (4= -etonen FEsinz. 084

=

H=ED T=E0LEELOEY n=E =48.447E4E

7. a) 1= "R+ 100+1 Esinll. 265D

8.a) (FiLtL:

HEZED =100

b) Answers may vary. Sample answer: 0 < x < 100, skier
going down the hill; 100 < x < 160, skier in line;
160 < x < 360, skier on lift ) Answers may vary.
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9.a) (FiLtLe b) (FrtLz
H=7 Bl Y=100 =iiin Y=1 i
(4] 1:L1;L2/W
=7z W=d i
10. @) (pawanz
L
#=1n [T

b) Answers may vary. Sample answer: Using regression on
the graphing calculator, a curve of best fit that is quadratic
has a greater R* value.

o N(#) = —0.003x* + 0.621x + 11.003

d) N(t) = —0.001x> + 0.505x + 12.216; yes, it gives a
better approximation for each value.

11. a) increasing, producing more high-calibre players

T=2E+04E

.~

g ———

H=zl

b) almost equal

PESECYHI-55H

H=Rd T v=3RERE

¢ Answers may vary. Sample answer: It has stayed relatively
constant over the years. d) confirm e) how many more
draftees than retirees there are

v

S

HEZ0 L

WA=v-NE

f) decreasing and then increasing; surplus, not enough, surplus
12. a) number of extra players per team over time

e ]

H=E ¥=.014B81%81

b) Years when there are no extra players; answers may vary.
¢) Answers may vary. Sample answers: P(¢) increases;
= P increases so that it no longer crosses the t-axis;
N(z)
surplus of players to draft
13. Answers may vary.
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14. Answers may vary. Sample answer:
y = 120(0.5%") + 2 sinx
15. Answers may vary.

Chapter 8 Review, pages 472-473

“) PEEV-YE [/
n=l T=§ n=l "1'=2.5

“l) TE=-+NE

1. b) i) (vz=vievz

n=l =25

2.a)y=x"+4x — S5;{xeR), {yeR,y= -9}

\/a‘“

=r

HEE

by=x+4x—-5+25{xeR},{yeR,y= —8.76}

THER " E R =Er 2

i
n=l =2

Qy=x-2-2%{xeR},{yeR,y=-2.9}

YESH=E-2"0

=1 [ER]
4.a) W = 6x b) T = 9x

] v1=94

CET) ) CETT) (e
E=15x

Pi=15H

CEIT) T=iEn
d) $780

5. a) line symmetry about the y-axis; both #(x) and v(x) are
even functions

b) (=ezcasin E

HWEE ¥=-1.a84587




47n 47n
247 24

I
eulled [

,neZ},{yeR}d)y=tanx

6. a) Window variables: x € |—

], Xscl g, ye[—4, 4]

2n — 1)n
2

BN
ARAR

b) {x e R, x # nn,ne 7}, {y e R}
¢ Answers may vary. Sample answer: reflection in the y-axis

and shifted right % units
8.a)y =4x’— 14x + 10; {x e R}, [y e R, y = —2.25}

TSN E=1hn+10

c){xeR,x;ﬁ

weros | ¥ozas
b)y=2x"+6x—35;{xeR),{yeR,y=—-9.5)

/

=2 Z+ER-E

()y:4x_15§{xER}s{y€R} d)y_x9xER}9{

/ ~ 1
/e b

9. a) (1= f//

H=E L:S

T1=HE-1E

b) Answers may vary. Sample answer:

Given f(x) = 2x — 3, then [ !(x) = £ ; 3 and AF )= x.
Given f(x) = x%, then f'(x) = =+/x and f(f '(x)) = x.
10. a) i) approximately x > 9.31 ii) x < 9.31
b) i), il

-.-1=1.z[ﬁx-u.szﬁ=47 =L E 0B T Ha R

4=a i ¥2-3.04BE -4 4=8.34 y=.5a8a441A

11. Answers may vary.

12. a) i) all values except at point A, where C = R

ii) no values b) not profitable ¢) Answers may vary.
Sample answer: The business owner should reduce costs.
13.a) 588 Hz

b) (i=sinisERTHRI+sintERATHI

oo T
W ="

EERLE ¥=1.617a718

14. Answers may vary.

Chapter 8 Practice Test, page 474-475

1. A

2.D

3.D

4. A

50y =x"—Sx +13;{x e R}, (ye R,y = 6.75}

T1=HE=ER+lz

H=z.E ¥=6.7E

by=x"-7x+35;{xeR},{yeR,y=—-725)

T1=HE=7H+E /

H=:E W=-7.2E

Jy=x"+2x+ 1;{xeR}, {yeR,y=0}
VizHzezEeL

N

dy=x;xeR,yeR

= V

7. Answers may vary.
8.ay= 1 ,x#F S, x#F 4 {xeR, x# -5, x# —4},
x+ 4

{yGR,)’#(),y?é _1}
T1=(H+53?(H2+5H+2¢3I

W="HE .] ¥=-z

hole: (

-5, —1), asymptotes: x = =4 andy = 0

Answers « MHR 577




b)y=x+4,x—-5{xeRx#-5,{yeR,y# —1}

FA=CHT+ T+ 200 (B

<

H="g
hole: (=5, —1)

_C _SA,/SA
9.a) V(C) = = b) V(SA) 3 y
10. odd

11. a) damped harmonic oscillation; {t € R, # = 0},
xeR, —9.23 = x =10}

=10 asl 2Rk AR E

AWAWAW;
YRYRY

W=B.zBZ1BE: Y=7F.Z44914B

b) i) 10 cos (2¢) ii) 0.95 ¢) 10 cm d) at x(z) = 0; when the
pendulum bob crosses the rest position the first time

e) at crests and troughs; when the pendulum bob changes
direction f) 12.7 s

12. @) (W= Eremseani -Hm

LEE] |"|'=1IJ.IJE?EEZ

b) Answers may vary. Sample answer: y = 2.855x* — 7.217
J (—4.73, 56.67), (—1.94, 3.56), (1.94, 3.56), (4.73, 56.67)
Window variables: x € [-35, 5], y € [-20, 100], Yscl 10

|/

13. a) Window variables: x € [0, 40], Xscl 5,y € [-2, 10]

t ST

b) 31°C, 45 ¢ 31°C, yes

14. a) Answers may vary. Sample answer: f{x) = (x — 1)(x + 1)
and g(x) = 0.5(x — 1)(x + 1)

15. @) ((y1=e@n0n B0 Ereigrin_

I
H=il W=27.B0i4EE

b) Answers may vary. Sample answer: The skier encounters
moguls at 10 s, where the bumps start on the graph.
OteR 0=t=643},{heR,0=h =280}
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Chapters 6 to 8 Review, pages 476-477

1. a) 57 y

N a

16

1 1

4

0 1

1 2

2

1 4

2 16

3 64
b) (v1=u=s I 4] ?2]103(313103(&1
T I N TT H=ig V=z

23)2b)7¢—-3d)3e)4f) -5

3.a) 5.9 units b) 0.9 units

4.a) {x € R, x > 2}, x-intercept 2.5, y-intercept none,
asymptote x = 2

=Te AR -4

| i’

H=r =1

b) reflection in the x-axis

5.a) 10 b) 3

.a) 1.95b)4.17

.a) $28 000, when # = 0 b) 2.4 years
. a) 99 decibels b) 107 ° W/m?
9.a)%b)1c)x =17

10.a) 1.89b) 2.62 ¢) —4.15d) —2.58 ¢) 5.06 f) 0.33
11.a) 194 hb) 2.8 h 3

12.a) log(x + 1),x > —1,x # 1 h) log(xi), x>0
g2log(x +y),x>—-y,x#0

13. a) _4 b) 1, extraneous root _3 o) 7, extraneous root 1

0 NSO

14. Different; the domain of the graph of g(x) is
{x € R, x > 0}, while the domain of f(x) is {x € R}.
15.2) P(£) = 38 000(1.12)" b) 6.1 years ¢) 8.5 years
16.a)y =2"+x"+ 1I;{xeR}, {yeR,y= 1.9}

szﬁxii[/

H=-1 L:z.s

b)y=2"—x>—2x+ 3; xR}, {y e R}
V1= R-HE-EReE I

W

H=l W=z




dy=2"+2)(x* — 1); [xeR}, {ye R,y = —3.04} Course Review, pages 479-483
=tz ReE IR =10 1. a) An even function is symmetric with respect to the y-axis.
An odd function is symmetric with respect to the origin.
b) Substitute —x for x in f(x). If f{—x) = f(x), the function

is even. If f(—x) = —f(x), the function is odd.
2. Answers may vary. Sample answer: A polynomial function
W=z V=18 -
has the form flx) =ax" +a,_x""'+ ... +ax + a,
d)y= 2+ 2; xeR,x# —1,x # 1}, For a polynomial function of degree 7, where 7 is a positive
2—1 integer, the nth differences are equal (or constant).
{yeR,y=-2.96,y> 0} 3. f(x) extends from quadrant 3 to quadrant 4; even
TAZCE~ eI 0210 exponent, negative coefficient
L)/ g(x) extends from quadrant 2 to quadrant 1; even exponent,
positive coefficient
h(x) extends from quadrant 3 to quadrant 1; even exponent,
positive coefficient
H=g ¥=h 0BEZEL 4.4
17.2)i) C(n) = 35 + n,0 = n = 200 5.9y =—2x—-3)*"+1

i) R(n) = 2.57, 0 = n = 200 b) Window variables:
x € [0, 200], Xscl 10, y € [0, 500], Yscl 50

M=-EH=-E1t

=T

b [: 1)

6. f(x): x-intercept 0, y-intercept 0, {x € R}, {y € R}

g(x): x-intercepts —2 and 1, y-intercept 2, {x € R}, {y € R}
0 (23.33, 58.33); Kathy makes a profit if she sells 24 or Window variables: x € [—20, 20], Xscl 2, y € [-200, 100],
more cups of apple cider. Kathy loses money if she sells Yscl 20

23 or fewer cups of apple cider.

d) P(n) = 1.5 — 35 \ U

=1 EN-2E /_l \

/ 7.a) 138 b) 18; 342 ) The graph is increasing for 1 < x < 3.

s UL 8.a)y = (x+3)x+ 1)(x—2)(x— S)b)y = —(x + 5)(x — 1
e) $265 9. For x < 0, the slope is positive and decreasing. For x > 0,
18. a) linear; neither b) periodic; even the slope is negative and decreasing.

izt 1= costHl 10. a) 4 + 65" = Sx +2 _ I+ 4y 4+ 4+ 0 ,

y 1 2x — 1 2x — 1
=<1
F ' ~ 75
3 _
e =y H=2AMLESER lv=-1 b) 20 —4x+8 2+ 4x + 4 + —10 ,x #2
x —2 x—2
(4] TR r— 9 x> —3x>+ Sx — 4 =2 — Sx + 15 + —34 x A2
x+2 x+2
4 2.3 2 _
@3N T3 F I A A6 g0 gy q0n—6,x 7 —1
x+ 1
H=ZANLEOER WE-G.ANiEEE M.a)(x — 1)(x + 2)(x + 3)b) (x — 3)(x + 1)(2x + 5)

Ox —2) (= Sx+1D)d (¥ +x+ x> —x +1)
44

12. a) 345 b)ﬁ

13. a) No. b) No.

e {xeRl,{yeR}

_ 2
19.a)y=%;{xe@,—%5x<0,o<xs%},

eRIDy=—1 (xeR x#9),{yeR,y#0) 14.2) —3,3b) —2, 1,49 —>d) -3, —L 0,2
x—9 27 2 T3
20. a) Window variables: x € [—20, 20], Xscl 2, 15. a) Answers may vary. Sample answer:
y € [—200, 100], Yscl 20 y=kix+ 3)x+ 1)x— 1725y =2(x + 3)(x + 1)(x — 1)
b) [-5, —0.65) or (7.65, ) y=—(x+3)x+ 1)x— 1)
@L ! b)y:%(x+3)(x+ x — 1)
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() =R/ SR+ EFLIE- 102

R4

dx<-3, -1<x<1l,x>1
16.a)x<—30rx>4b)—2<x<%
gx=-2or—-1=x=3$§

17.ax =2,y=0b)x= -3,y =1
dx=-3,x=3,y=0dy=0
18.a)i) x = —4,y = 0ii) y—intercept%

iii) '.'1=1zm+u:|LL !
H=-z W =1

iv) decreasing for x < —4 and x > —4
V) {xeR,x # —4}, {y e R, y # 0}
b) i) x = 2, y = 0 i) y-intercept 2

i) (r=-uec-z

=l

=h

iv) increasing for x < 2 and x > 2
V) {xeR,x#2},{yeR,y#0}

qi)x = —3,y = 1ii) y-intercept -3 x-intercept 1

iii) v1=m-1:zcx+3:E

—

H=-E ﬂ:E

iv) increasing for x < —3 and x > —3
V) {xeR,x# -3}, {yeR,y# 1}
di)x = —%, y = % ii) y-intercept 3, x-intercept —%

i) (Mzizez e

=l w"|'=.53333333

iv) decreasing for x < 1 and x > 1 v) {x eR, x # —%},
2

R,y # =
{ye 5 Y 5}

e)i) x = 0, y = 0ii) no intercepts

iili) (ri=toconz

L Y25

iv) increasing for x < 0, decreasing for x > 0
V) {x e R, x # 0}, {ye R, y > 0}
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fli)x = =3, x = 9, y = 0ii) y-intercept —%

iii) '.'1=3zjz-5F-z?:u L

1.
T
W=0.9 Y=-z.Ezio0A

iv) increasing for x < —3 and —3 < x < 3, decreasing for
3<x<9andx>9

v){erR,x#—3,x#9},{y€R,yS—%,)’>o}

19. positive increasing slope for x < —3, positive decreasing
slope for —3 < x < 2, negative decreasing slope for
2 < x < 7, negative increasing slope for x > 7

JT L
]

W=-1411444

20.a)¥b)7()—2
21.a)x<4orx>%b)x<—4or—1<x530rx25

22. a) (yi=izinsonzeng)

IR:S R

b) R(t) = 0; The chemical will not completely dissolve.
Q(teR,0=r<36)
3n T
23.a) —bh) —=
a7 -3

24.a) 30° b) 202.5°
25. 15t + 72
4

26. a) _g b)—19V3d -1

1+\/§b)\/§—1
2V2 2V2

2 V11 + 10V6
) 30

27.a)

30. &
8

31. a) period 7, amplitude 3, phase shift £ rad to the right,
vertical translation 4 units upward
b){xeR},{yeR,1=y=7)}

3n

32. a) x-intercept > n 3n

b) x-int ts =, =
)x1nerceps8 S

M=sinii-mi-1 = =FCas IR+ 2000

N
o

H=.FEEZBELE V=3

H=Lh.P1zZER Y=d




¢) asymptotes x = 0, x =, x = 21

=1 s (=T /2000

=1 BP0 Bas D

)4_75 5_"b)E T Sm 3_75()E S 3n
3 62672 "6 672
34. a) (FrLiLz
"“."u oot
=015 v=1.18

b)y = 1.199 sin(113.091x) — 0.002

() Ye=1488sinlddZ 081 - 0

el
S

w=.01E ¥=1.1B7EEQE

d) 135.6 cm/s

35.a) log,49 = 2 b) log,c = b q log 512 =
36. a) f(x): x-intercept 1, asymptote x = 0
g(x): x-intercept 0, y-intercept 0, asymptote x = —1
Window variables: x € [-2, 10], y € [-2, 3]

3d)log,,y

b) fix): {x e R, x >0}, [ye R}; g(x): (x e R, x > —1}, {y e R}

37.a) 38—6561 b)a" =759 7" =2401d)a" = 19
38.a)8b)1c)zd)5e)1f)—1
39.2)81b)5¢16807d)3e) —7f) -3

40. 62 min
41. a) alkaline, 1.585 X 10~* mol/L b) 3.1

42.3)x =1.29b)x =0.79 or x = 1.16
3 1

43. =q-2d =

3.a)3 b) ) 4] d) 3

44.a) 3.7004 b) 0.9212 ¢) 2.6801 d) 0.0283
45.a)3b) -2

46. x = 1.6180

47.a) h = 19.7 min b) approximately 7.03 mg

() M=A4000 B 18,70

=10 W=r.0zZB4B6

d) Answers may vary. Sample answer: The graph would
decrease faster because the sample would be decreasing
at a faster rate.

48. a) d = 4.04 years b) approximately 3 229 660

49.a) y = 35 000(0.82)" b) $12 975.89
) approximately 3.5 years

d) (vi=zzon00 Bz

‘-u_______

H=E W¥=1zB7E.BAE

e) Answers may vary. Sample answer: The graph would
decrease faster.

50. a) (yizz i -Rimiez oo |

WA

WEFANLIEREF YSIE

b) (vi=z=i-wemi-zeasiugn

WA

W=Zxi4iERz? Y=-1E

C) ha Bt P b dlH L Boal

i e

W= AH1ERZF Y=l
d) 1=z

SRS AR

51.a) 2x* + 15x + 22b) 2x* + 3x —2¢ —5d) 117
52.a)1b) 1 ¢) does not exist d) 14—5

53.a) flg(x)) = Vx + 1, {x e R, x = —1};
glfix) = \/_+1 {xeR, x =0}

b) f(g(x)) = sin(x?), {x € R); g(f(x)) = sin’x, {x € R}

0 figlx)) = |x* — 6, {x e RY; g(f(x)) = x| = 6, {x € R)
d) flglx)) = 277, {x € RE; g(fix)) = 32" ") + 2, [x e R}
e) flglx) =6Vx —3 +x+6,{xeR,x=3};

2(fix)) =V« +6x+6 (xeR,x=-3 -3,

x= -3 +V3) ) flgx)) = (x + 1)log3, {x € R};

glflx) =37 (x e R, x > 0}
54.a)y = —% b) {x € R, x > 0 ¢) neither
56. a) approximately (—o°, —4.43) or (—3.11, —1.08) or (3.15, %)

M=siniii-0 1 2+1

i

H=1.57078es I¥=1.7552500

b) approximately [—1.69, 2]

T=ReE=E"H

=

n=l '|'=)
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57.a)h()—205m(15) +22

b) T1=mHIALE PESZ0sinR+ 2

—

I
H=B.zBF1EEE Y=Ez

=y Y= BIPPERNY
Ym0 S e 2R
o y=zi
) The period of h(0) is 2r rad. The period of h(¢) is 30 s.
58.a) W(t) = 3V 100 + 25¢

b) (teR,t=0},{WeZ, W= 30}

P=ZL0100+2EH)

I
H=i0 ¥=EB.124B61

59. a) C(t) —16><22°+5312

b) =Ladz A 200+ B2 12

Pﬁ

=BE.42

) approximately 31 years

PREREQUISITE SKILLS APPENDIX ANSWERS

Angles From Trigonometric Ratios, page 484
1.a) 18.8°b) 136.5° ¢) 70.0° d) —40.9° ¢) 75.7° f) —74.4°

Apply the Exponent Laws, pages 484-485

s_8  gx -y
x

X, 81x5 Lx
2.a) 9x2 + 6x2 + x2 b) 6x° + 9x* — 10x — 15
Q 4x° — 4x* + 8x® — 8x d) V2x® — 4x? + 10x — 20
3.a)81b 1d)6e)125
a) ) 1024 gldé6e

4.2) 20x°y" b) b’ a, b, c # 0 g m >, myn # 0
dxy ™ x,y#0

Apply Transformations to Functions, pages 485-486

1. a) vertical translation b) vertical stretch ¢) horizontal
compression d) vertical reflection e) horizontal translation

f) horizontal reflection g) horizontal translation h) horizontal
stretch i) vertical translation j) vertical stretch

2. a) vertical stretch by a factor of 3 and horizontal reflection
in the y-axis

b) vertical translation downward by 3 units and horizontal
compression by a factor of 3

¢) horizontal translation left by 2 units and vertical reflection
in the x-axis 1
d) vertical compression by a factor of =, horizontal

compression by a factor of %, and horizontal reflection

in the y-axis
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3. @) ((y1=nzen \V
. b

b) = 3(H+1J\Jy

O (vi=c-zu-sizez

HE"EE F'l'=2

d) = HEH+2IE-5

"= '.EEEEEE?%\': =

Determine Equations of Quadratic Functions, page 486
1a)f =2(x —1)(x = 5)b) fix) = —(x + 2)(x — 1)
J flx) —15x+6)(x+1 d) f(x) —05( + 3)(x — 0.5)

Determine Intervals From Graphs, page 487

1. a) x-intercepts —2 and 2; above the x-axis for

—2 < x < 2; below the x-axis for x < —2 and x > 2

b) x-intercepts —3, 0, and 3; above the x-axis for =3 <x <0
and x > 3; below the x-axis forx < —3and 0 <x < 3

Distance Between Two Points, page 487

1.2) 3V2 b) V65 o V74 d) 3VS e) 3V5 ) V82

Domain and Range, page 488
1.a) {x e R}, {y e R}

b) {x e R}, {y e R}
JixeRl{yeR,y= -1}
d{xeR},{yeR,y=4}
gxeRlx=-5},{yeR,y=0}
fllxeR,x =2}, {yeR,y =0}
g {xeR,x# -2}, {yeR,y # 0}
h{xeR,x# 1}, {yeR,y # 0}
Equation of a Line, pages 488-489
lLa)y=2x+1b)y=—4x + 4
2ay=3x—1by=—-x-3
3.a)y:%x+%b)y:*x+8
4.a)y=—4x+4b)y=%x—2

Evaluate Functions, pages 489-490
1.a) =7 b) 3505 d) —e)39221f)n +3n* —4n—7

g) —27x° + 27x7 +12x—7h)x + 3xt —4x* -7
2.a) —1b)2092d)x* + 4x — 1

3.a)0b)2¢ 1d) Vx> — 3
4.2)5h)2¢10d)0
5. a) true b) false ¢) true d) false



Exact Trigonometric Ratios of Special Angles,
pages 490-491

1.sin30° = l, cos30° = ﬁ, tan30° = L, csc30° = 2,
. 2 V3
sec30° = i, cot30° = V3
V5 s 1
2.5in150° = 5, cos 150° = ———, tan 150° = ——=,
> 2 V3
2
csc150° = 2,sec150° = ———=, cot150° = —\/g,
V3
sin210° = —l, cos210° = —ﬁ, tan210° = L’
2 2 V3
2
cs¢210° = —2, 5c210° = ——=, cot210° = V3,
V3
sin330° = _l’ c0s330° = ﬁ’ tan330° = _L’
2 2 V3
csc330° = —2,sec330° = i, cot330° = —V3
V3

Factor Quadratic Expressions, pages 491-492

1.a) (x — 2)(x +2)b) (y — 10)(y + 10) 9 2n — 7)(2n + 7)
d) (5m — 9)(5m + 9) e) (1 — 6x)(1 + 6x)f) 2y — 3x)(2y + 3x)
2a)(x = S)x+4)b)(y+3S)y—2)9(n—9)(n+4)

d) (m + 3)(m + 6)e) (x — 6)(x — 5)f) (c — 6)(c +4)

9) (16 — y)(1 + y) h) (x + 4y)(x + 8y) i) (c — 7d)(c + 4d)
3.a) (x —2)(3x +4)b) (2¢c — 1)(c + 4) 9 (4m — 3)(m — 2)
d) (y + 1)(Sy + 3)e) (n + 1)(3n — 2) f) (6x + 1)(x — 3)

g) 3x + 4y)(x — 3y) h) (5x — 4)(x — 2) i) (4x + 3)(x + 35)
No+a2p—aq)

Finite Differences, pages 492-493
1.a) linear b) quadratic ¢ linear d) neither ) quadratic f) neither

Graph an Exponential Function, pages 493-494

1.a) (r=5-s ij

H=i0 L‘:i

b) {x e R}, {y € R, y > 0}, asymptote y = 0
Qi) 1.4ii) 0.2

Graph an Inverse, page 494

1. @) (y=gzez W

=0 [\':2

b) {x e R}, {yeR,y =2}
’ \/

dxeR x=2),{yeR)
e) Since the graph of the inverse does not pass the vertical
line test, ' is not a function.

2. a) (yi=ruem

-

W=l ;\':2

b){xeR,x= -3}, {yeR,y =0}
’ L,Z

dixeR,x=0L{yeR,y= -3}
e) Yes. The graph of the inverse passes the vertical line test.

Graphs and Transformations of Sinusoidal Functions
Using Degree Measure, page 495
1. a) Window variables: x € [-360, 360], Xscl 30, y € [-5, 5]

T1=35inidi-1

B v

o MV

amplitude 3, period 360°, no phase shift, vertical translation
1 unit downward
b) Window variables: x € [—-360, 360], Xscl 30, y € [-35, 5]

M=sin2CH+801)

amplitude 1, period 180°, phase shift 90° to the left,
no vertical translation

(4 ETE—

AVAN

amplitude 4, period 360°, phase shift 60° to the right,
vertical translation 2 units downward
2. Window variables: x € [-360, 360], Xscl 30, y € [—4, 4]

) [ [e—

S v

amplitude 1, period 360°, no phase shift, vertical translation
1 unit upward

b) Wi=goos a0y

W

W=-00 W=z

L0

amplitude 2, period 360°, phase shift 90° to the left,
no vertical translation
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= 3 00000000 0000000000000000

b, t
JUUVUU‘
1 2
H= 30 v=0 2 4
amplitude 1, period 120°, phase shift 30° to the left, 3 8
vertical translation 1 unit downward
4 16
Identify Linear, Quadratic, and Exponential Growth
Models, page 496 5 32
1. a) PR PP 3;* bbb ok ¢) exponential
At A At At At A AT AL f:: d) Window variables: x € [0, 7], y € [0, 40], Yscl 5
N O R R ORI RD L}
% %
N af, o
” -«
aly al,
oy L}
al, al,
o o L}
aly al,
o ey L]
- ] 2 &
% %
% % et =2"
al el ol al ol ol al ol ol al el ol al ol ol al ol ol ol ol
R RO ORDRDRORED N RO OO RORORDED |nVer5eS, pages 496-497
b _
W a t la)y= x+ 1; function b) y = %; function
1 8
5 1 c)y=iwxzz;notlafunctiond)y=iﬂx‘;s;
3 2 not a function e) y = T + 1; function
4 2% Primary Trigonometric Ratios and the CAST Rule,
pages 497-498
5 32 .. 8 15 12 5
‘ 1.a)sm6—17,c036—17 b) cos 6 = 13,tan0— B
¢) linear
d) Window variables: x € [0, 7], y € [0, 40], Yscl 5 Jsin =__5, tan § = ﬁ d) sin 6 = _L, cos 0 = S
3 2 V89 V89
o 2. a) positive, 0.2867 b) positive, 0.9397 ¢) negative, —0.5736
a d) positive, 0.2867 e) negative, —0.4384 f) negative, —0.8192

Product of Two Binomials, page 498
1.a)2a> + a — 15 b) 3m® + 14m + 8 ¢ 2x* + 2xy — 1297
d) 10m* — 11mn + 31

e)t=6n+2
Quadratic Functions, pages 498-499

2.3) [ h t 1. a) vertex (0, 2); opens upward; vertical stretch factor 1
1 1 VizHEeE
3 9

4 16 Bz =z
5 25 b) vertex (0, —1); opens downward; vertical stretch factor 1
¢) quadratic =-§2-1

d) Window variables: x € [0, 7], y € [0, 40], Yscl 5

, .

¢ vertex (0, 0); opens upward; vertical stretch factor 2

] Yi=ziz
e)t=n
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d) vertex (—4, 0); opens upward; vertical stretch factor 3

1=+

H=-y =i

e) vertex (1, 4); opens downward; vertical stretch factor 2

= -EH-11%+4

)C.'II

A

f) vertex (—2, 3); opens upward; vertical stretch factor 0.5

L ELRIY L B

W=z W=z

g) vertex (—1, —5); opens downward; vertical stretch factor 1

=-R+10z-E

/h
H=-1 Y=L

h) vertex (3, 1); opens upward; vertical stretch factor %

v1=n.25cx-3:2‘1\M/

W=z =1

Reciprocal Functions, page 499
1. Window variables: x € [—6, 6],y € [—6, 6]
a) vertical asymptote x = 4, horizontal asymptote y = 0

=1/ =40 K
=z H'j

b) vertical asymptote x = —3, horizontal asymptote y = 0

=1 0+ 30

H=-z =1

¢) vertical asymptote x = 1, horizontal asymptote y = 0

T1=-2lE=10

P )

d) vertical asymptote x = —4, horizontal asymptote y = 0

=1/ ER+12)

H=n W= 0B32EEEZ

Reciprocal Trigonometric Ratios, pages 499-501

1.a)cscH = ﬁ, sech = 17 b) sec 6 = —ﬁ, coth = -7
15 8 7 24
8 3 V13 V13
cscl = ———,cotd=——=d)csc0 = ———,secl = ——
V55 V55 2 3
2.a) 1.3270 b) —2.4586 ¢) —7.1853d) —1.0724 e) —1.7013
f) —1.0038

3.a) 29°b) 105° ¢ —80° d) 23°

Simplify a Radical Expression, page 501
132V302V5 92 0 —@e)s +V503 - V6
Simplify Expressions, page 501

1.a) Sx +20b) 7y — 30 9 8x — 18 d) 4w + 11

e)35 —6yf)7x* —2x + 4
g) 4x* + 6x — 46 h) 54> — 16a + 20

Slope, page 502
1 3 .11 3 2.3

1.a)2b)—5c) 3 d)4e)—9f)4e)—2f)—2
Slope and y-intercept of a Line, page 502
1. a) slope 4; y-intercept 1 b) slope 1; y-intercept —2
¢ slope 3; y-intercept 5 d) slope —7; y-intercept 3
e) slope 3; y-intercept O f) slope 0; y-intercept —8
g) slope 5; y-intercept 2 h) slope 4; y-intercept —3
i) slope —3.5; y-intercept 2.5 j) slope 1; y-intercept 0
k) slope 4; y-intercept 4 1) slope 6; y-intercept 4
Solve Quadratic Equations, page 503
l.2)—4,-5b)1,293,-10d) -3, —5
23 -1,2n29+3d0,2

372773 9

3.901,1p 3, 391,2
2772’3

3
4.2) 1 15 VI 65 or —0.9b) L ¢3\/7; 1.2 0r —0.5
92 izﬁ; 2.70r1.34d) _1+ VIS j40r-24
o “T VI 09 0r —0.5f) _5?—2 VI7 04 0r —1.2

Trigonometric Identities, page 504
1. Answers may vary.

Use Long Division, page 504
1.a) 28 R3b) 156 R3 ¢ 146 R17d) 127 R11
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