Chapter 1 Polynomial Functions

1. a) What is meant by even symmetry?
odd symmetry?

b) Describe how to determine whether a
function has even or odd symmetry.

2. Describe two key differences between polynomial
functions and non-polynomial functions.

3. Compare the end behaviour of the following
functions. Explain any differences.

flx) = —3x? glx) = 5x* hix) = 0.5x°

4. Determine the degree of the polynomial
function modelling the following data.

PG vy o
-2 17
-1 -3

0 -3

1 -1

2 33

3 177

5. Determine an equation and sketch a graph
of the function with a base function of
flx) = x* that has been transformed by
~2f(x — 3) + 1.

6. Sketch the functions f{x) = x* and
glx) = ~%—(x ~ 1){x + 2)? on the same
set of axes. Label the x- and y-intercepts.
State the domain and range of each function.
7. Consider the function
flo) = 2x" + 5x* — x* — 3x + L.

a) Determine the average slope between the
points where x = 1 and x = 3.

b) Determine the instantaneous slope at each
of these points.

¢) Compare the three slopes and describe how
the graph is changing.

9. Given the function flx) = —2x* + 1, describe
the slope and the change in slope for the
appropriate intervals.

Chapter 2 Polynomial Equations and Inequalities

16, Perform each division. Write the statement that
can be used to check each division. State the
restrictions.

a) (4o + 6x* — 4x + 2) + (2x — 1)
b) (2 — 4x + 8) + (x — 2)
d (x> — 3x*+ 5x — 4) = (x + 2)
@) Sx* = 3x>+2x* +4x — 6) = (x + 1)
1t

Factor, if possible.

a X+ 4+ x—6

b) 2x° + x* — 16x — 15
=7+ 11x -2
d)x'+ xt+ 1

Course Review « MHR 479

e

R R




12. Use the remainder theorem to determine the
remainder for each.

a) 4x° — 7x* + 3x + 5 divided by x — 5

b) 6x* + 7x* — 2x — 4 divided by 3x + 2
13. Use the factor theorem to determine whether

the second polynomial is a factor of the first.

a) 3x° —4x* — 4 +15;x+ 5

b) 2x° — 4x? + 6x + S;x + 1

Solve.

a)x'—81=0

b) x* —x* — 10x ~ 8 =0

g 8x*+27=0

d) 12x* — 7x* — 6x + 16x° =0

A family of quartic functions has zeros —3,
—1, and 1 (order 2).

a) Write an equation for the family. State two
other members of the family.

b) Determine an equation for the member of
the family that passes through the point
(=2, —6).

¢ Sketch the function you found in part b).

d) Determine the intervals where the function
in part b) is positive.

Solve each inequality, showing the appropriate
steps. Ilustrate your solution on a number line.

a) (x — 4)x +3) >0
B) 2x2+x—6<0
0 x®—2x*— 13x =10

Chapter 3 Rational Functions

17. Determine equations for the vertical and
horizontal asymptotes of each function.
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18. For each function,

i) determine equations for the asymptotes
i) determine the intercepts
iii} sketch a graph
iv) describe the increasing intervals and the
decreasing intervals

v) state the domain and the range
-1 Ik
a) flx) = - b () =
_2x+t3
Sx + 1

+ 4
9 b ):—;C;; d) i(x)

3

10
19 £) blx) = ———
2 ) klx) X — 6x — 27

o) jlx) =
x
Analyse the slope and the change in slope
for the appropriate intervals of the function
_ 1
flx) =

x* — 4x — 21
function.

. Sketch a graph of the

Solve algebraically.
S
a) o3 4
2 4
x—1 x+35
4] — 6
P +4x+7

b)

Solve each inequality. lllustrate the solution on
a number line.

3
<Z
a)x~4 5
xl—8x+15>0

x>+ Sx + 4

A lab technician pours a quantity of a chemical
into a beaker of water. The rate, R, in grams
per second, at which the chemical dissolves can

be modelled by the function R(z) = -—2-t--,
: L. £+ 4t
where t is the time, in seconds.

a) By hand or using technology, sketch a graph
of this relation.

b) What is the equation of the horizontal
asymptote? What is its significance?

¢} State an appropriate domain for this relation
if a rate of 0.05 g/s or less is considered to
be inconsequential.




Chapter 4 Trigonometry

23.

24

25

26

by

27.

28

29.

30.

Determine the exact radian measure for
each angle.
a) 135° b)) —60°

Determine the exact degree measure for
each angle.

T 91
n p 2%
a)6 )8

A sector angle of a circle with radius 9 cm

measures % What is the perimeter of the sector?

Determine the exact value of each
trigonometric ratio.

Sn . 3xm
a) cos— b ==
) cos Z ) sin 5
9] tan%jr£ d) cot »1%
Use the sum or difference formulas to find the
exact value of each.
b . 1w
KIS b AT
a) cos B ) sin B
Prove each identity.
_ _ 1 - sinx
a) seCx — tanx = —s=
b) (cscx — cotx) = 1 = cosx
1 + cosx

0 sin2A = 2and
sec’A

d) cos(x + y) cos{x — y) = cos’x + cos’y — 1
Given sinx = —15~ and siny = %, where x and y

are acute angles, determine the exact value of
sin{x + y).

Given that cos—58E = —siny, first express -582 as
a sum of % and an angle, and then apply a

trigonometric identity to determine the
measure of angle y.

Chapter 5 Trigonometric Functions

31.

a) State the period, amplitude, phase shift,
and vertical translation for the function

fix) = 3sin Z(x - g) + 4.

b) State the domain and the range of f(x).

32. Sketch a graph of each function for one period.

Label the x-intercepts and any asymptotes.

a) flx) =sin(x —n) — 1

b) Aix) = —3cos

3)

J flx) = sec (x - IZE)

33. Solve for 6 € [0, 2m].

a) 2sinf = —\/3

b) 2sinf cosf — cos8 =0

¢ csct@ =2+ csch

34. The blade of a sabre saw moves up and down.
Its vertical displacement in the first cycle is

shown in the table.

a) Make a scatter plot of the data.

Time (s} Displacement (cm)
- -
0.005 0.64
0.01 1.08
0.015 119
0.02 0.92
0.025 0.37
0.03 —-0.30
0.035 —-0.87
0.04 -1.18
0.045 ~1.12
0.05 -0.71
0.055 —0.08
0.06 0.58
0.065 1.05
0.07 1.19

b) Write a sine function to model the data.

¢ Graph the sine function on the same set of

axes as in part a}.

d) Estimate the rate of change when the
displacement is O cm, to one decimal place.

Chapter 6 Exponential and Logarithmic

Functions

35, Express in logarithmic form.

al 7 = 49
512

i

g 8

b) ab = ¢

d) 115 =y
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. a) Sketch graphs of f(x) = logx and

glx) = %log(x + 1) on the same set of

axes. Label the intercepts and any asymptotes.

b) State the domain and the range of each
function.

. Express in exponential form.

a) log, 6561 = 8 b) log 75 = b

J log,2401 =4 d) log 19 = b
. Evaluate.

a) log,256 b) log,, 15

0 logé\/g d) log,243

e) log,,12 f) loglf\?_-——}_——_l_
b) log 125 =3
d) log 729 =6
f) log% 64 = x

. Solve for x.

a) log,x = 4

J logx=35

e) log% 128 = x
. A cultﬁure begins with 100 000 bacteria and

grows to 125 000 bacteria after 20 min. What
is the doubling period, to the nearest minute?

. The pH scale is defined as pH = —log[H"],
where [H*] is the concentration of hydronium
ions, in moles per litre.

a) Eggs have a pH of 7.8. Are eggs acidic
or alkaline? What is the concentration of
hydronium ions in eggs?

b) A weak vinegar solution has a hydronium
ion concentration of 7.9 X 10™* mol/L.
What is the pH of the solution?

Chapter 7 Tools and Strategies for Solving
Exponential and Logarithmic Equations

42. Solve each equation. Check for extrancous roots.

a) 3 +3*—-21=0
b) 4"+ 15(4)™ =8
43, Use the laws of logarithms to evaluate.
a) log,4 + log, 128  b) log,7V/7
o log,10 — log,250 d) logs\sfg
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. Solve, correct to four decimal places.

a) 2" =13
¢ 3*=19

B) S¥*1 =97
d) 4772 =18

. Solve. Check for extraneous roots.

a) log (x + 2) + log,(2x — 1) = 2
b) log, (x +3) + log, (x + 4) = %

. Determine the point(s) of intersection of the

functions f{x) = logx and g{x) = % log{x + 1).

. Bismuth is used in making chemical alloys,

medicine, and transistors. A 10-mg sample of
bismuth-214 decays to 9 mg in 3 min.

a) Determine the half-life of bismuth-214,
b) How much bismuth-214 remains after 10 min?

¢) Graph the amount of bismuth-214 remaining
as a function of time.

d) Describe how the graph would change if
the half-life were shorter. Give reasons for
your answer.

. The volume of computer parts in landfill sites

is growing exponentially. In 2001, a particular
landfill site had 124 000 m? of computer parts,
and in 2007, it had 347 000 m’ of parts.

a} What is the doubling time of the volume of
computer parts in this landfill site?

b) What is the expected volume of computer
parts in this landfill site in 2020?

. The value of a particular model of car

depreciates by 18% per year. This model of
car sells for $35 000.

a) Write an equation to relate the value of the
car to the time, in years.

b) Determine the value of the car after § years.

¢) How long will it take for the car to depreciate
to half its original value?

d) Sketch a graph of this relation.

e) Describe how the shape of the graph would
change if the rate of depreciation changed
to 25%.




Chapter 8 Combining Functions

50. Consider f{x) = 277 and glx) = 2cos (4x) for
x € [0, 4m]. Sketch a graph of each function.

a) y = flx) + glx) b) y = flx) —
) y = fix)glx) dy= f=
glx)

51. Given f{x) = 2x* + 3x — 5 and g(x) = x + 3,
determine each of the following.

a) flg(x)) b) g(flx))
9 flg(=3)) d) g(f(7))
52. If flx) = —31; and g(x) = 4 — x, determine each
of the following, if it exists.
a) flg(3)) b) f(g(0))
9 flg(4)) d) g(f(4))
53. Find expressions for f(g(x)) and g(f(x)), and

state their domains.

a) flx) = VA, glx) = x + 1

54. Consider f(x) =~
a) Determine f{g(x)).
b) State the domain of f{g(x))

¢ Determine whether f{g(x})
or neither.

is even, odd,

55. Verify, algebraically, that f(f *(x)) = x for
each of the following.
a) fix) =x"—4
b} flx) = sinx
J flx) = 3x
@ fix) = —L

56.

57.

58

59.

Solve. Illustrate each inequality graphically.
a) sinx < 0.1x* — 1
b) x +2=2

A Ferris wheel rotates such that the angle of
rotation, 6, is defined by 0 = %, where £ is the
time, in seconds. A rider’s height, #, in metres, ;

above the ground can be modelled by the
function #(8) = 20sin 9 + 22.

a) Write an equation for the rider’s height in
terms of time.

b) Sketch graphs of the three functions, on
separate sets of axes, one above the other.

¢ Compare the periods of the graphs of 4#(8)
and A(t).

. An office chair manufacturer models its weekly

production since 2001 by the function

N(z) = 100 + 25, where ¢ is the time, in years,
since 2001, and N is the number of chairs. The
size of the manufacturer’s workforce can be

modelled by the function W(N) = 3V/N.

a) Write the size of the workforce as a function
of time.

b) State the domain and range of the function
in part a) that is relevant to this problem.
Sketch its graph.

An environmental scientist measures the
pollutant in a lake. The concentration, C(P),
in parts per million {ppm), of pollutant can be
modelled as a function of the population, P,
of the lakeside city, by C(P} = 1.28P + 53.12.
The city’s population, in ten thousands, can be

modelled by the function P(t) = 12.5 X 220,

where # is the time, in years.

a) Determine an equation for the concentration
of pollutant as a function of time.

b) Sketch a graph of this function.

¢ How long will it take for the concentration
to reach 100 ppm?
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gy=(2"+2)x*~ 1) (xeRl, {yeR,y= —3.04}

E IR A

)
war Fﬁ”’éia
dy=2FLxeRx#-1,x#1},
x*—1

y > 0}

'x;a ﬂ\ YeyigEEzaL

17.2)0) Cln) = 35 + n, 0 < 7 =< 200
ii) R(n) = 2.5, 0 = n = 200 b) Window variables:
x € [0, 200}, Xscl 10, y € [0, 500], Yscl 50

g : -

¢ (23.33, 58.33); Kathy makes a profit if she sells 24 or
more cups of apple cider. Kathy loses money if she sells
23 or fewer cups of apple cider.

d) P(n) = 1.5n — 35

e) $265
18. a) linear; neither

R i\/}f’“ ")
L L:ﬁ o

bt

b) periodic; even

PA=COtCHy L
e HRAEE 7ol B Wi a

~ l“‘%"

ApANiEsE? liz-1

1208+ 2hcon

[y

o

e {xeR}, [yeR}

g2
19.a)y=——1—£-2£—;{xeR,—%Sx<0,0<x£

o=

peRby = —toi (xel x> 9 Ry >0)
—

20. a) Window variables: x € [—20, 20}, Xscl 2,
y € [—200, 100}, Yscl 20

‘,;;L ‘l‘ E b) [—3, —0.65) or (7.65, «)

Course Review, pages 479-483

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
has the form flx) = ax" + a_x""' + ... +ax + dg

For a polynomial function of degree 7, where 7 is a positive
integer, the nth differences are equal (or constant).

3. f{x) extends from quadrant 3 to quadrant 4; even
exponent, negative coefficient

glx) extends from quadrant 2 to quadrant 1; even exponent,
positive coefficient

b{x) extends from quadrant 3 to quadrant 1; odd exponent,
positive coefficient

4,4

S.y=—2x— 3t +1

=R EiR-AE

6. f(x): x-intercept 0, y-intercept 0, {x € R}, {y € R}

glx): x-intercepts —2 and 1, y-intercept 2, (xeR), {yeR}
Window variables: x e [-20, 20], Xscl 2, y € [—-200, 1001,
Yscl 20

7.2) 138 b) 18; 342 ¢ The graph is increasing for 1 < x < 3.
8.2)y = (x + 3)x + 1)x — 2)x — )by =—(x + Sz~ 1)°
9. For x < 0, the slope is positive and decreasing. For x > 0,
the slope is negative and decreasing:

43 + 6xF —4x + 2 2 2
10. =2 + 4x +
2 2x -1 T
x#—l-
2
22X — A8 gy ax 4 16 22
x— 2 x—2
3 a2 - _
Sl il Jeak UG WUEET R SRS
x+ 2 x+ 2

4 __ 3 2 —
g 3X' =320 + 20+ dx 6 _ 5 — 82 +10x — 6,x # —1
x+1

1ha) (x — D){x + 2)(x + 3} b) (x — 3)(x + 1)(2x + 5)
dlx—2)(x*—Sx + 1) d) (x> +x + 1 —x + 1)
44

.a)345b) —=
12.a) 345 b) 35
13. a) No. b) No. 3 . .

I

.a) — -2, — —zd) =2, —=, 0
14 a) 3,3[)) 2, 1,45) 5 d) 23 25 E]
15. a) Answers may vary. Sample answer:
y = klx + 3)(x + lx — 175y = 2(x + 3)(x + (x — 1%,
y=—(x+ 3)x + Dx — 1)

B)y = %(x +3)x + 1)(x — 1)

wire
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4]

'.'1:{‘2333(}1@33’:‘:&13’(’}{-1.&2

U

d)x<—3,—1<x<l x>1

16.a) x < —3o0rx>4h) -2 <x << 3
Ox=-2or—-1=x=<=3§ 2
.a)x=2,y=0bx=~-3,y=1
Ox=-3,x=3,y=0dy=20
18.a)i) x = —4, y“Ou)ymtercepti—

i) (=t oo ]

iv) decreasing for x < ~4 and x > —4
V) {xeR, x# —4),{yeR,y# 0}
b) yx =2, y =0 u) y-intercept 2

iv) increasing for x <2 and x > 2
Vi {xeR, x+# 2}, {yeR,y# 0}

gi)x = -3,y = 1ii) y-intercept ,%, x-intercept 1

i) (Fizeaonasonesy)

iv) increasing for x < —3 and x > -3
VixeR x# -3, {yeR,y#1}

di)x= -—%, y = %ii) y-intercept 3, x-intercept »%

i) (vizcznemasimnely

iv) decreasing for x < 1 and x > —% V) {x eR, x # ——;-},

{y eR,y# %}
gilx=0,y=20 u) no intercepts

i) (viz200 mxz)l]

iv) increasing for x < 0, decreasing for x > 0
VixeR x#0},{yeR,y > 0}
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flx =—-3,x=9,y = 0ii) y-intercept —%

ili} (vEzrmzgnzn

weis b vdizEaioom.

iv) increasing for x < ~3 and —3 < x < 3, decreasing for
3<x<9andx>9

vi{xeR x# —3,x#9},{yeR,y§——ilz~,y>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

ZO.a)l}b)7c) -2

21.a)x<4orx>%b)x<—40:—1<x§30rx_>_5

22. a) (yistes)

b) R(#) = 0; The chemical will not completely dissolve.
c){teR O<t<36}

23. a)——~b) -

24. a) 30° b) 202.5°
157 + 72
4

26. a) —ﬁb)~1c)\/§d)~1

1+\/_ yV3-1
2\/— 2\/5

'\/—_+10\/€

30

30. L

8
31, a) period m, amplitude 3, phase shift = rad to the right,
vertical translation 4 units upward
by{xeR},{yeR, 1=y=7)

T 3x

. 31
32. a) x-intercept <= b) x-intercepts -, =—
) pt= ) pts > 3

x:o:i‘st&ﬂ.rr.’z!')é

/’ \

Houn@eRI-L
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:
{
%
L

d asymptotes x = 0, x = 1, X = 2n

i1 ARTSEEE

=ik

d) 135.6 cm/s

35.a) log,49 = 2 b) log ¢ = bqlog,512=34d) log,y = x
36. a) f(x): x-intercept 1, asymptote x = 0

g(x): x-intercept 0, y-intercept 0, asymptote x = -1
Window variables: x e [2, 10}, y € -2, 3}

b)f(x) {xe R,x > 01, {yER}ag(X) {XER’X > =1}, (}’GR}
37.2)3% = 6561 b 2 = 754 7' = 2401 d)a’ = 19
3s.a)8b)1c)%d)5e)1f)~1

39.2)81b) 59 16 807d) 3 ¢ -7f) -3
40, 62 min

41. ) alkaline, 1.585 X 107° mol/L b 3.1
2.a)x=129bx=079o0rx = 1.16

3 1
B.a)3b2g—24d) =
a) )2() )3

44. 2) 3.7004 b) 0.9212 ¢ 2.6801 d) 0.0283
45.2)3b) -2

46. (1.62, 0.21)

47.2) b = 19.7 min b) approximately 7.03 mg

O (psstoms By teis.d

yeF OFIONER

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

49.2)y = 35 000(0.82)'b) $12 975.89
¢ approximately 3.5 years

¢) Answers may vary. Sample answer: The graph would
decrease faster.

PR TI-ROACY

1|

d) v1=¢z“c-:~:zv3mz;¢;;9};3:x
W
gon I§IREET ¥z I%
51. a) 2xr + 15x + 22 b) 2x* + 3x — 2qd—54d) 117

52, a) 1h) —;—r ¢ does not exist d) %

53.a) flglx)) = Vx + 1, {x eR, x= —1}

g(flx) = VE + 1, [xe R, x = 0)

b) fig(x)) = sin (x"), {x € R}; glfix)) = sin’x, {x € R}

0 figbx)) = b — 6, lx € Rl giflx)) = 1x” = 6 (x € K]

d) flgle) = 2777, (x e R} glfix)) =32 + 2, x € R}
e) flglx)) =6Vx—3+x+ 6,{xeR,x23};

glfx)) = VP +6x + 6, (xeRx = -3 -3,

L= —3 + V310 flgx) = (x + Dlog3, (xR

glflx)) = 3" xe R, x > 0}

54,a)y = ~% b){xeR,x>04d neither

56. ) approximately (- —4.43) or (—3.11, —1.08) or (3.15, %)

a0 A8

; :‘1‘ .
e EoTUER IvoLrEREEED

b) approximately [—1.69, 2]

fizheE-ztE
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57.2) bt) = 20511)(15) +22

?2:21)5.::(31-»22

b) (pr=emipote

] L -
Lsn V=E3TEERYY, SEanaEsy vore

(v3zeomntomnefsonee

¢) The period of h( 6) is 2w rad. The period of h(z) is 30 s.

58.a) W(tj = 3v100 + 25¢

b) (e R, t>0} {(WeZ, W= 30}

s EER

NEEE 23R

59.2) C(z) = 16 X 226 + §3.12

b) HEERRPUIRI20J3ER 42

o approximately 31 years

PREREQUISITE SKILLS APPENDIX ANSWERS

Angles From Trigonometric Ratios, page 484
1.2) 18.8°b) 136.5° ) 70.0° d) —40.9° &) 75.7° f) —74.4°
Apply the Exponent Laws, pages 484-485

5 1 1 1 6.6 a3
1.a);b)81x4c)7+;zd)§§x x+2x x

2 3 1
2.3) 9x2 + 6x2 + x2 b) 6x° + 9x* — 10x — 15
q 4x* — 4x° + 8x° — 8x d) V2x* — 4x* + 10x — 20
3.2)81b) 7o 9 1d)6¢) 125

4, a) 20959317 b) b3c°, a,byc #0dm n ,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%

<) horizontal translation left by 2 units and vertical reflection

in the x-axis 1
d) vertical compression by a factor of EL horizontal

compress1on by a factor of L < and horizontal reflection
in the y-axis

582 MHR - Advanced Functions - Answers

3.a) REET N ‘5_4/(,"
,H":;ts" L“i e

b) (izzoneie o
Hezdes

Determine Equations of Quadratic Functions, page 486
1a)f ) =2x— 1)(x = S)B) flx) = —(x + 2){x — 1)
9 flx) ~15x+6)(x+1)d)f()«05(x+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 < —3 and 0 < x < 3

Distance Between Two Points, page 487

1.3) 3V2 b) V65 9 V74 d) 3V5 ) 3V5 £) V82

Domain and Range, page 488

La){xeR}, {yeR}

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

d{xeR) {yeR,y= -1}

d xR, (yeR,y=4)

ellxeRix= -5}, lyeR,y =0}

ixeR,x=2),{yeR,y=0}
glxeR x+# ~2),{yeR,y+0)
hixeRx+1}, {yeR,y # 0}

Equation of a Line, pages 488-489
La)y=2x+1b)y=—~4x + 4
a)y=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
1.2) 753595 d) —% €)39.2216) > +37% — 4n — 7

9) =277 4+ 27x* + 12x — 7Th) x° + 3x% — 452 — 7
2.2)-1b)2092d)x* + 4x — 1

3.0 0M2d1d) V2 — 3
4350291040
5. a) true b) false ¢) true d) false




