Chapter 1 Function Transformations

1.1 Horizontal and Vertical Translations,
pages 12 to 15

1.a) h=0,k=5 b) h=0,k=—-4 ¢) h=-1,k=0
d h=7k=-3 e h=-2k=4
2.a) A(—4,1),B(-3,4), b)) A'(-2,-2),

C(—1, 4), D1, 2), B(—1, 1), C(1, 1),
E(2, 2) D3, —1), E'(4, —1)
VA JLA
N 21 h() = fix - 2)
/ 2 ‘_1 2 ) %
Ja =3
T4 20| | 2x v
A4
0 A(=8,—2),B(~7,1), d) Al—4, —4), B(=3, —1),
C(-5, 1), D'(-3, —1), C'(-1, —-1),D(1, -3),
E(—2, —1) E(2, —3)
YK P vA R
s() = flx + 4 ‘ Sl al 2.0 | 2%
2 4
B ARCSES I 7

3.3 (x,y)—(x—10,y) b) (x,y) — (x,y—6)
0 xV—-Ex+7,v+4d (x,y)—x+1,v+3)

4. a) yA | avertical translation
) = f(x+H4) -3 R of 3 units.down
X 6 12l 2 olx and a h9r1zontal
translation of
ZV 4 units left;

(xy)—kx—4,y-3)
b) yA a vertical translation

Us|l=fix—2) = 4. of 4. units down an.d a
7o > 4 X horizontal translation
i of 2 units right;
2 xy—Ex+2,y-4)
Y
) VA a vertical translation
8 of 5 units up and a
_ horizontal translation of
© 2 units right;
X)|=f(x—12) + & ’
(xy)—(x+2,y+5)
4
2
< »
2ol 2 4 %
Y
d) yA | avertical translation

of 2 units up and a
horizontal translation of

VX)= (X+3) +2 3unitsleft;
xy)—->x-3y+2)

S

nJ

A
% 4
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.a) h=-5k=4y—-4=f(x+5)

b) h=8k=6y—6=f(x—28)

¢ h=10k=—-8;y+8=f(x — 10)
d) h=-7k=-12;y+12=f(x+7)
. It has been translated 3 units up.

7. It has been translated 1 unit right.
8.
Transformed Transformation of
Translation Function Points
vertical y=fx)+5 X y—(xy+5)
horizontal y=flx+7) X V—-(Kx=7y
horizontal y=f(x-3) xy)—(x+3y
vertical y=f(x)—-6 X y)—(x.y—6)

horizontal and vertical | y+9=f(x+4) | (x ) > (x—4,y—9)

horizontal and vertical | y=f(x—4) -6 | (x, ¥) = (x+ 4,y —6)

horizontal and vertical | y=f(x+2)+3 | (x V) = (x—2, ¥y + 3)

horizontal and vertical | y=f(x—h)+ k | (X, y) = (X+ h Y+ k)

9

10.

11.
12.

13.

14.

15.

16.

.a) y=(kx+42+5 b) {x|xeRL{y|y=5yeR}

¢) To determine the image function’s domain and
range, add the horizontal and vertical translations
to the domain and range of the base function.
Since the domain is the set of real numbers,
nothing changes, but the range does change.

a) gx)=|x—9]+5

b) The new graph is a vertical and horizontal
translation of the original by 5 units up and
9 units right.

¢) Example: (0, 0), (1, 1), (2, 2) — (9, 5), (10, 6), (11, 7)

d) Example: (0, 0), (1, 1), (2, 2) — (9, 5), (10, 6), (11, 7)

e) The coordinates of the image points from parts
c) and d) are the same. The order that the
translations are made does not matter.

a) y=flx-3) b) y+5=flx—-6)

a) Example: It takes her 2 h to cycle to the lake,
25 km away. She rests at the lake for 2 h and then
returns home in 3 h.

b) This translation shows what would happen if she
left the house at a later time.

o y=fx-13)

a) Example: Translated 8 units right.

b) Example: y = f(x — 8), y = f(x — 4) + 3.5,
y=flx+4)+35

a) Example: A repeating X by using two linear
equations y = +x.

b) Example: y = f(x — 3). The translation is
horizontal by 3 units right.

a) The transformed function starts with a higher
number of trout in 1970. y = f(t) + 2

b) The transformed function starts in 1974 instead of
1971. y = f(t — 3)

The first case, n = f(A) + 10, represents the number

of gallons he needs for a given area plus 10 more

gallons. The second case, n = f(A + 10), represents

how many gallons he needs to cover an area A less

10 units of area.

17.a) y=x-7)x—1ory=(x—4)?*-9

b) Horizontal translation of 4 units right and vertical
translation of 9 units down.
c) y-intercept 7




e o i

18.

19.

a1

c2

c3
Cc4

a)
b)
U]
d)

a)

b)

a)

b)

a)
b)

The original function is 4 units lower.

The original function is 2 units to the right.

The original function is 3 units lower and

5 units left.

The original function is 4 units higher and

3 units right.

The new graph will be translated 2 units right and
3 units down.

VA {
, |
/
Slda 20gl T2 A6 8 X
, /
.V:(a"le_glT
V=Kx—=27—(x+2F—3
v ¥

y=fx) > y=flx—h)—>y=flx—h)+k
Looking at the problem in small steps, it is easy
to see that it does not matter which way the
translations are done since they do not affect the
other translation.

The domain is shifted by h and the range is
shifted by k.

f(x) = (x + 1)% horizontal translation of 1 unit left

g(x) = (x — 2)? — 1; horizontal translation of
2 units right and 1 unit down
The roots are 2 and 9.
The 4 can be taken as h or k in this problem. If it is h
then it is —4, which makes it in the left direction.

1.2 Reflections and Stretches, pages 28 to 31

1.

a)

b)

d)

. a)

X | f(X)=2x+1 | g(X)=—f(x) h(x) = f(=x)
-4 -7 7 9
-2 -3 3 5
0 1 -1 1
2 5 -5 -3
4 9 -9 -7
YA ¢) The y-coordinates of
g(X) = —f(x) g(x) have changed
h(x) = A—X\ '\ sign. The invariant
P NS R point is (—0.5, 0).
S a2 2'x The x-coordinates of
X =2x+1/ - h(x) have changed
c sign. The invariant
A 4 point is (0, 1).

The graph of g(x) is the reflection of the graph of
f(x) in the x-axis, while the graph of h(x) is the
reflection of the graph of f(x) in the y-axis.

x | f0=x | gW=3f(0  hx) =3
-6 36 108 12
-3 9 27 3

0 0 0 0

3 9 27 3

6 36 108 12

b)

)

d)

. a)

b)

]

. a)

b)

N}

A MAVA 4T A
N\ L =
L1/ gx)=37x)
NNV Ao L
< \ / > A -
Sldal 270 2 46 | X
Y

The y-coordinates of g(x) are three times larger. The
invariant point is (0, 0). The y-coordinates of h(x)
are three times smaller. The invariant point is (0, 0).
The graph of g(x) is a vertical stretch by a factor of
3 of the graph of f(x), while the graph of h(x) is a

vertical stretch by a factor of % of the graph of f(x).

vA glx) = -3x
s f(x): domain {x | x € R},
S/ f0=3 range {y | y € R}
P .| &(x): domain {x | x € R},
< > | 4 | x| range{y|y€R}
A1\ lax = —Bx
Y
\ VA f hx)=—-x*—-1
S g(x): domain {x | x € R},
" Sax) =x2+ range {y |y =1,y € R}
P N h(x): domain {x | x € R},
=10 2 | 4 | x| range{y|y<-1,y€R}
I\ =—x*+ 1
Flv [\
W] K=
JI\ hy=/<| h(x): domain
1 {x|x+#0,x€R}
! [ range {y | v # 0, y € R}
I\_ 0 Z?’:¥ k(x): domain
| &x|x#0,x€eR}
1]/k =+ rangely|y#0,y€R}
H X
yA glx) = =3x
o f(x): domain {x | x € R},
Y1/ 7% = 3x range {y | y € R}
P R g(x): domain {x | x € R},
“To\ 2 | 4 x| rngelylyeR)
[\
90 = 43x
Y
* vA ‘ h(x)=x*+1
. g =x2 4 1| gx): domain {x | x € R},
|/ hx=x24 1 rangely|y=1,y€eR]
P R h(x): domain {x | x € R},
<70 ) 4 | x range{y|y=1,y€R)
Y
] o=t
J[\ hx)==| h(x): domain
|l x|x#0,x€eR),
— ~— range {y | y # 0,y € R}
{'\_ 0 ;?’% k(x): domain
| x| x#0,x€eR}
ukx):———l range {y | y # 0, y € R}
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10.

11.

12.

. a) The graph of y = 4f(x) is a vertical stretch by a

factor of 4 of the graph of y = f(x). (x, y) — (x, 4y)
b) The graph of y = f(3x) is a horizontal stretch by a
factor of% of the graph of y = f(x). (x, y) — (%, y)
c) The graph of y = —f(x) is a reflection in the x-axis
of the graph of y = f(x). (x, ¥) — (x, —¥)
d) The graph of y = f(—x) is a reflection in the y-axis
of the graph of y = f(x). (x, ¥) — (—x, y)

. a) domain {x| -6 <x<6,x€R},

range {y | -8 <y <8,y € R}
b) The vertical stretch affects the range by increasing
it by the stretch factor of 2.

. a) The graph of g(x) is a vertical stretch by a factor of

4 of the graph of f(x). y = 4f(x)

b) The graph of g(x) is a reflection in the x-axis of
the graph of f(x). y = —f(x)

c) The graph of g(x) is a horizontal stretch by a factor
of% of the graph of f(x). y = f(3x)

d) The graph of g(x) is a reflection in the y-axis of
the graph of f(x). y = f(—x)

/q lé‘\ v=f(0.5x

N\ ™~

< >
—10/ 5N/ 5 | 10 %
Y
B 2

. a) horizontally stretched by a factor of %

b) horizontally stretched by a factor of 4
c) vertically stretched by a factor of %
d) vertically stretched by a factor of 4

e) horizontally stretched by a factor of % and
reflected in the y-axis

f) vertically stretched by a factor of 3 and reflected
in the x-axis

a) j_/‘ll b) A v =X
‘ y=Ix vi=B|x|
-y = =3 X| g < »
- 2 | 4 X 2 4 %
AN\ E +iX A\ v = 13Ix
Y V\

¢) They are both incorrect. It does not matter in
which order you proceed.
a) dA

b) Both the functions
are reflections of
the base function
in the t-axis. The

[ object falling on

) Earth is stretched

vertically more than

the object falling on

* the moon.

—_

a

VY v

Example: When the graph of y = f(x) is transformed
to the graph of y = f(bx), it undergoes a horizontal
1
L]
x-coordinates are affected. When the graph of y = f(x)
is transformed to the graph of y = af(x), it undergoes
a vertical stretch about the x-axis by a factor of |a| and
only the y-coordinates are affected.

stretch about the y-axis by a factor of — and only the
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13.

14.

15.
16.

a1

c2

c

a) DA 4
80
50 [ D=565
40
20
/
< 4 >
0 20 | 40 60 80 |S
L Z \
b) As the drag DA f 1
factor decreases, " 1] D= §6S
the length of the | PV [ 1] o1
skid mark L I / T
increases for the PY 1
q D-= Eé_ls
same speed. o /
iy ARSI
/ 16.5
20
;/ nl 1
< é i 5 3
< 7
0 20 | 40 | 60 | 80 'S
v \
a) x=—-4,x=3 b) x=4,x=-3
() x=-8,x=6 d) x=-2,x=1.5
a) I b) III g IV d) IV
a) IZN
2
g(x)
JX) =X N
Sl2lofl T2l 46 8 X
v VX = 3
b) YA
2
P =14
S 2lo] 2 [X
2 >
y=r2
4
g(x)
6
Y

Example: When the input values for g(x) are b times
1
b

the input values for f(x), the scale factor must be

for the same output values. g(x) = f(%(bx]) = f(x)

Examples:
a) a vertical stretch or a reflection in the x-axis
b) a horizontal stretch or a reflection in the y-axis

f(x) a(x) Transformation
(5, 6) (5, —6) | reflection in the x-axis
4,8) (—4, 8) | reflection in the y-axis
(2,3) (2, 12) | vertical stretch by a factor of 4
horizontal stretch by a factor of%
(4,-12) | (2,-6) 1
and vertical stretch by a factor of >




Cc4

c5

ZIREN

. N V=1

' N 4
< | N/ N A
D > N VN8 TNg W T X
)\ g

y= 13X

Y

a) t =4n-—14 b) ¢t =—4n+ 14

c) They are reflections of each other in the x-axis.

1.3 Combining Transformations, pages 38 to 43

1.

4.
5.

a) y= —f(%x) ory= —%XZ
b) y= %f(—zlx] or y = 4x*

. The function f(x) is transformed to the function g(x)

by a horizontal stretch about the y-axis by a factor
of % It is vertically stretched about the x-axis by

a factor of 3. It is reflected in the x-axis, and then
translated 4 units right and 10 units down.

g 8
§ & =& _§ ®$
£ ®c S5c ®E| S5&
@ 2| N | 2w Nw
& | te to tE| T
Function g |SE|2R|SE|2E
y—4=f(x-5) none | none | none | 4 5
v+ 5=2f(3x) none 2 % —5 | none
y=%f(%(x—4)) none % 2 none | 4
y+2=-3fR(x+2)  xaxis| 3 % -2 | -2
a) v=fl-(x+2) -2 b) yv=f2kx+1) -4
a) v=2f3(x+5)+H3 | |yA
8
/
[ \
- N TN Y= 2fX)
ydmvi 4 AN
/ [ \ly=\
[T TS
/ N\
< v=2f(3%) >
-8, 6|4 20 2 4 6 | X
Y
b) YA v=1x)
4
y%é}‘{lv A /V=: %f(x
\ /" 1\
< >
-6 4 -2 2 4 6 8 X
2
4
y=3A1x13) 14
v @4 /
a) (-8,12) b) (—4,72) ¢ (-6,-32)
d) (9, -32) e) (12, —9)

7. a)

b)

)

d)

e)

f)

8. a)

9. a)

b)

N}

d)

vertical stretch by a factor of 2 and translation of
3 units right and 4 units up;
(x,y) = (x + 3,2y + 4)

horizontal stretch by a factor of %, reflection in
the x-axis, and translation of 2 units down;
(e

reflection in the y-axis, reflection in the x-axis,

vertical stretch by a factor of %, and translation of
2 units left; (x, y) — (—X -2, —%y)
horizontal stretch by a factor of %, reflection in
the x-axis, and translation of 2 units right and
3 units up; (x, y) — (%X +2,-y+ 3)
reflection in the y-axis, horizontal stretch by a
factor of %, reflection in the x-axis, and vertical

3
reflection in the y-axis, horizontal stretch by a

stretch by a factor of %; (x,y) — (—%X, _2 y)

factor of %, vertical stretch by a factor of %, and
translation of 6 units right and 2 units up;

(x,y) — (—%X + 6, %y+ 2)

y+5==3fx+4) b y-2=-3f(-3(x-6)

YA y=1fx-3)-2
> 7
g= \
< AN
L2 0 2 | 4 \6X
2
A 4
YA
N2 |0 2 4| kX
\ > /
\
\\/I -
T V=r-f=x
Y
YA I BxL2) 1
lo)
al/l
\
N EEA
~lo 2 46 |X
Y
VA
v=3f(1x) A
BT T IN
_— TN\
a ol 1\
\
4 \
/ \
< o
_16/—12/ 181 Ja o 418 X
v [
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e)

f)

10. a)

11. a)

b)

)

12. a)

13. a)

b)

S -2, "8 Jalg| I
| 8
|
Ny
AN
N 16
\ A9
y=-3fx+4) -2 vy
U oY Y I T A D
1\ - c l
/TS
«rF >
8/ 40 4 | 8\ 12 | 16X
1
A\ 4

y=-3f(x—8)+10 b) y=-2f(x—3)+2
y= —%f(—z(x +4)+7

yA

Vi
)

o) = — 24X+ 2)) —

<Y

N —

n

~——
‘———’
i

BS
>

X) = +2f(—3x+6) +4

nJ

A
T—
[
—

>
0 2 4 6 8 | X
2
[7 N P
4
//
2
//
. >
—;/ 2 1]4 .6 8 X
59X = —zf=2x+3) -2
) 4 l

A'(-11, —-2), B(-7, 6), C'(-3, 4), D'(—1, 5), E(3, —2)
y= —f(%[x + 3)) +4

The graphs are in two locations because the
transformations performed to obtain Graph 2 do
not match those in y = |2x — 6| + 2. Gil forgot to
factor out the coefficient of the x-term, 2, from
—6. The horizontal translation should have been
3 units right, not 6 units.

He should have rewritten the function as
y=l2(x — 3)| + 2.
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14. a)

b)

15. a)

)

16. a)

)

Lgd

/ N \

. ALY

~16 12 18| 4 X
_Il%_s\z Fa 4
T2 I T

1 2
y= —(E(X'F 6)) + 6
(—a, 0), (0,—b) b) (2a, 0), (0, 2b)
and d) There is not enough information to
determine the locations of the new intercepts.
When a transformation involves translations, the
locations of the new intercepts will vary with
different base functions.
A= —2x + 18x b) A:—%X3+18X

For (2, 5), the area For (8, 5), the area of
of the rectangle in the rectangle in part b)
part a) is 20 square  is 80 square units.
units. A=—Lx418x
A=-2x+ 18x 8

A= —-2(2) + 18(2)
A =20

A= —%[8]3 + 18(8)
A =80

17. y =36(x — 2)* + 6(x — 2) — 2
18. Example: vertical stretches and horizontal stretches

foll

owed by reflections

C1 Step 1 They are reflections in the axes.
Ly=x+3,21y=-x-3,3:y=x—-3
Step 2 They are vertical translations coupled with

refl
y =

ections. : y=x*+1,2:y=x*—1,3: y = —x% 4:
—x*—1

€2 a) The cost of making b + 12 bracelets, and it is a

b)

N}

d)

horizontal translation.

The cost of making b bracelets plus 12 more
dollars, and it is a vertical translation.

Triple the cost of making b bracelets, and it is a
vertical stretch.

The cost of making g bracelets, and it is a

horizontal stretch.

(3 y = 2(x — 3)* + 1; a vertical stretch by a factor of 2
and a translation of 3 units right and 1 unit up
C4 a) H is repeated; J is transposed; K is repeated and

b)

)

transposed

H is in retrograde; J is inverted; K is in retrograde
and inverted

H is inverted, repeated, and transposed; J is

in retrograde inversion and repeated; K is in
retrograde and transposed

1.4 Inverse of a Relation, pages 51 to 55

1. a) b)
VA 7N
y=x,1 [ e ¢ L
/ ’ \ > ’
P ’ // ‘ & ’
D A{;U 2 7( < /' »
Y x=1 a2 2 4'x
[ L NN =
! ) 4 .
’ 2 ™~
¥ v X =If(y)




2. a) YA b) YA
4 ," 4
N 4
<
N 2
AN
N
< - ” < »
-6 |44 -2 .0 2\ 4 |x -6 -4 2 2 | 4 .6 | X
SRR S 2
’
4
V| il
7] i 4
4
7’
6 6
» b 2 B 2
b) VA function: domain {—6, —4, —1, 2, 5}, range {2, 3, 4, 5}
© L’ inverse: domain {2, 3, 4, 5}, range {—6, —4, —1, 2, 5}
P L 8. a) VA
- 4 ’
4 / 4 2| ‘
7% // z
. // 2 4
< - » /!
-4 A2 |4 2\ 4 6 | X < ‘ <
‘1o 6, -4 2.0 2 | 4/ X
1 K 25 B /
. 4 ’ /
Y L’ 4 //
b
3. a) The graph is a function but the inverse will be a .’ Y =X
relation. ’ 6
b) The graph and its inverse are functions. L’
c) The graph and its inverse are relations. » 7
4. Examples: The inverse is a function; it passes the vertical
a) {x|x=0,xeRlor{x|x=<0,x€R} line test.
b) {x|x>-2,xeRlor{x|x<-2,x€R} b) VA The inverse
¢ {x|x=4,xeRlor{x|x<4,x€ER} TN v = fix K is not a
d) {x | x> —4,x€R}or{x | x<—-4,x€R} - L7 function;
5.a) f(x)= 1x b) f'(x)= Ly /10 \ . it does not
7 3 7 ass the
“i(x) = 3x — 4 d) f(x) = 3x + 15 4 . pass e
o f 1 <~/ 7 P vertical line
e [W=—5k=5 0 f¥=2x-6 / ——\ test.
2
6.a) E b C ¢ B d A e D i A ~
7. a) _K‘\ : I 4 \ ;
Y -2 .0 214 6 3 X
4
—
8 . 2 | | —
!
. L2 A\l
) YA The inverse is
4 vi=fix - not a function;
e #| it does not pass
2 L’ the vertical
// -'\ .7 line test.
< > > \ ’
2 2 46 8 10 X R
2 < ‘ N »
A4 Cldal 2 le] |2 L aUX
function: domain {-2, —1, 0, 1, 2}, Sl
range {—2, 1, 4, 7, 10} . c
inverse: domain {—2, 1, 4, 7, 10}, R y P
range {—2, -1, 0, 1, 2} e - @
Y
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A
<Y

A

oy

n

f(x):

domain {x | x € R},
range {y | y € R}
fHx):

domain {x | x € R},
range {y | y € R}

f(x):

domain {x | x € R},
range {y | y € R}
fHx):

domain {x | x € R},
range {y | y € R}

nJ

@

~

<Y

N

fx) =

=

o

{7AY

XY™

A

A

o xY
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): domain {x | x € R}, range {y | y € R}
x): domain {x | x € R}, range {y | y € R}
x) = —Vx—2

f(x): domain

{x| x<0,x€eR}
range
yly=2yeR)
f(x): domain
x| x=2,x€R}
range
lyly<0,yeR}

f(x): domain

(x| x=>0,x€R}
range

{yly<2 yeR
f4x): domain
(x| x<2,x€eR}
range
yly=0,yeR}

(x + 4)* — 4, inverse of

+Vx+4 -4

A

\xy

S

i) y=(x-2)

nJ

As

Ky

—

12. ) y=+Vx—3

11. Yes, the graphs are reflections of each other in the

restricted domain {x | x > 0, x € R}

/
i

X) = X°+/3, x>0

n
n

A
<Y
A

<Y

N O

=4
//

T~

=
X
X
v
o

X

B / |
| — / |
L X P F(x)= N2k
/
< » < »
D 2 4 X |0 2 1 416 X

N o

/

4




) y=+\—=x restricted domain {x | x > 0, x € R} 16.
[y AR
=+ == = ===
Y=x|-5 5 J(X) X5
*\\ ‘\\
< A . < A .
. X0 da 2 To\| X
= M R 2
fix) =—2x2/x=0
_fX)= -2 2/ 4 \ 4 \
[ \ \
AR 2R v v
d) y=+Vx —1 restricted domain {x| x> —1, x € R}
Ly Z . Iz
o] 0=t p|| T,
X)|=/(x+ 1P, x> =1
\ LI/ |/
/ - L
-2 2 4 [ X|[Tol 2 4%
2 e N 18.
~ B 2
-
4 —
N y=Ex-1
e) v=+V—x+ 3 restricted domain {x| x> 3, x € R} 19.
yA yA
™ 4 ‘\ 4
Ny = £V ExH 3 N/ ==K+ 3
2 2
_—
p 0= —= 32| | W Cx=BRx=3
2ol TN XTI 2o 2 N X
2 2
/ \ \
v \ v
f) y=2vVx+2+1 restricted domain
x|x>=1,x€eR}
A (VA 4 VA 4
\ | 0= (x 17 -2 A =2 1
T T
| — | —
< / » <€ / >
-2 . 4 |X| =20 Z 4 | X
T—
2 =S 2
Y=rx+241 | f=[x-1F -2 x=1 20.
Y Y 21.
13. a) inverses b) inverses c¢) not inverses c1
d) inverses e) not inverses
14. Examples:
a) x>0orx<0 b) x>0orx<0 c2
) x=>3o0rx<3 d x>-2orx<-2
3 5 1
15. a) - b) 0 c) o d) o)

a)
b)

approximately 32.22 °C

yv= gx + 32; x represents temperatures in
degrees Celsius and y represents temperatures
in degrees Fahrenheit

0 89.6°F

A A The temperature
is the same in
both scales

(—40 °C = —40 °F).

2
D

F=

THO
+
w

(2]

| A
¥ N

32
/

/

—
w1 Q
W\
N

\
\@ o

/
I y
male height = 171.02 cm, female height = 166.44 cm
i) male femur = 52.75 cm
ii) female femur = 49.04 cm
5
y = 2.55x + 36.5; y is finger circumference and x
is ring size
¢) 51.8 mm, 54.35 mm, 59.45 mm
Examples:
a) i)3<x<6
_y_l\
6

=D

P

a)
b)

a)
b)

ii) -2<x<3

vA
bj¢

—1

X), -2

IA

X)
A

A
/

4
4

4
4

il
[

2
[

<Y

OA
<Y

| fon)
A1)

b)

yA

[ee]

A

IS
S 4

A

<Y

o] | 4
fx)

8
X<

IN

17 b) V3 ¢ 10

(6,10) b) (8,23) ¢ (-8, —9)

Subtract 12 and divide by 6.

Add 1, take the positive and negative square root,
subtract 3.

yA

b) Example: The graph
of the original
linear function is
perpendicular to
y = x, thus after a
reflection the graph
of the inverse is
the same.

+3
X+

X

,1(

4
4

b
f

2
c

i
<

<Y

2
Y
They are perpendicular to the line.

N}
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(o]

Cc4

Example: If the original function passes the vertical line
test, then it is a function. If the original function passes
the horizontal line test, then the inverse is a function.
Step 1

F0: (1, 2), 4, 9), (-8, 1), and a, 252},

a -g ’ a)
The output values for g(x) are the same as the input
values for f(x).

Example: Since the functions are inverses of each
other, giving one of them a value and then taking the
inverse will always return the initial value. A good
way to determine if functions are inverses is to see if
this effect takes place.

Step 2 The order in which you apply the functions
does not change the final result.

Step 4 The statement is saying that if you have a
function that when given a outputs b and another
that when given b outputs a, then the functions are
inverses of each other.

gxy(z,n,w,4L(—1,—8Land(

Chapter 1 Review, pages 56 to 57

1.

N

oun s w

a) b)
YA YA
4 2
2 i A
y=f+3] [Ha 2 2 |
< > 2
-2.0 2 4% |h) = fix+1)
\ 4 \ 4
<) < VA >
-2 .0 2 4 6 | X
2
- y=fix+2)-1
Y

. Translation of 4 units left and 5 units down:

y+5=|x+4|

.range{y|2<y<9,yeR}
. No, it should be (a + 5, b — 4).
. a) x-axis, (3, —5)

b) y-axis, (-3, 5)

a) (VA
y=1 /4
\ /

2
[

=

— ﬂ—X

— <
T~

A
3 4

-4, -210 2 | 4
Y
f(—x): domain {x | x € R}, range {y |y = 1,y € R}
(0, 10)

b) VA —[Ax —f(x): domain
. y=- (x| -1<x<5,x€R],
< range {y |0 <y <3,y € R}
(5,0), (=1, 0)
A A .
D 2 | 4%
2
Yy =X
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10.

11.
12.

4 =2
N\ /L /g =1ew

1 sy LA)
P TIA 2} N
Sldal 270 246 | X

Y

b) If the coefficient is greater than 1, then the
function moves closer to the y-axis. The opposite
is true for when the coefficient is between 0 and 1.

. a) In this case, it could be either. It could be a

vertical stretch by a factor of % or a horizontal
stretch by a factor of V2.
b) Example: g(x) = %f[x]

a) b)
VA vA
5 % 1 /
,/ /
< A < >
-5 ~5 10 X | 1 v 2 | X
c 11\ / 1
ST =234 " v=116x
‘v 1 5
B 2
They are both horizontal stretches by a factor of %

The difference is in the horizontal translation, the
first being 1 unit left and the second being

% unit left.
g(x) = fl2(x = 5)) — 2

a) yA*
v=Sf(x+2) [gl\
\ /

—

NTEY

2
N / e
S8l sl Jdal 1200 2 | 4 X
A4
b) )
yA XM 4
o\ / \qu=5ﬂZX+®+4/
> v=f00] | g\ /
| |yE 4f2xE=3) +2 4 y=1x
“To| 2 [ 4\ 6x NS
2 < »
[\ 0 2 46 X
A4 vy Y




13. a) VA b) y=x (—% —%)
\ 2 ¢) f(x): domain {x | x € R},
range {y | v € R}
D/m. 5 f(¥): domain {x | x € R},
Y B! L
-2 T8 2 | X range {y | v € R}
5 ~
N\ xE=AY
A\
v=fix)
\ 4
4 y=f y=1"(9
X y X y
-3 7 7 -3
2 4 4 2
10 -12 —-12 10
15. a) b)
1z VA
i > N2
< ‘> 4 7( \\
2 < D a
- -2 2 |'X
4 2
Y Y

The relation and its The relation is a function.

inverse are functions. The inverse is not a function.
16. y = Vx — 1 + 3, restricted domain {x | x > 3, x € R}
17. a) not inverses b) inverses

Chapter 1 Practice Test, pages 58 to 59

.D 2.D 3.B 4B 5B 6.C 7.C
8. domain {x | -5 < x < 2,x € R}
9. N 1f{)(v+3) 4 YA
22 NP
“\Y \\\“
< >
—-20/—-15/-10/ =5 |0 5 | X
Y
10. a) VA b) To transform it point
by point, switch the
Vil ogs
position of the x- and
the y-coordinate.
2
c o (-1,-1)
i A
RN B
Y

M y= %(x— 2)

12. y = Bf(—%(x - z))

13. a) It is a translation of 2 units left and 7 units down.
b) gx)=|x+2/-7 o (-2,-7)
d) No. Invariant points are points that remain

unchanged after a transformation.
14. a) f(x) = x?

b) gx) = %f(x); a vertical stretch by a factor of %

0 glx)= f( %X); a horizontal stretch by a factor of 2

d)
15. a)

b)
9

2
%f(X] = % 2; f(%X) = (% ) = %XZ
Using the horizontal line test, if a horizontal line
passes through the function more than once the
inverse is not a function.
y=+V-x-5-3

Example: restricted domain {x | x > —3, x € R}

Chapter 2 Radical Functions

2.1 Radical Functions and Transformations,
pages 72 to 77

1. a)

b)

)

d)

b)

N}

d)

3.
4. a)

7Z N L |
S| yEAx-1 (10,3)
B — (5.2)
< (1) >
0](1.0)2 4 6 8 | 10 | Xx
v \
domain {x | x > 1, x € R}, range {y | y = 0, y € R}
yA "
(=22 1 183 y=Vx+6
—
< 2R) »
-6 /-4 -2 0 . 4 6 8 | x
(=6.0) 2
domain {x | x > —6, x € R}, range {y | y = 0, y € R}
_\{11\
(=63 N
yEB L x —(1.2)
~_ (2. 1)
< B0
10 -8 -6 -4 -2 0] 2 4 X
Y
domain {x | x < 3, x € R}, range {y| y =0, y € R}
, VA
Y=N—2X—-5 .
~— (73 (9,
~ ) ol s
=317 A=Y
< = >
-8 -6 -4 -20 2 X
Y

domain {X | x < —%, X € R},

range {y | y =0,y € R}

a = 7 — vertical stretch by a factor of 7

h =9 — horizontal translation 9 units right
domain {x | x> 9, x € R}, range {y | y = 0, y € R}
b = —1 — reflected in y-axis

k = 8 — vertical translation up 8 units

domain {x | x < 0, x € R}, range {y | y = 8, y € R}
a = —1 — reflected in x-axis

b= % — horizontal stretch factor of 5

domain {x | x>0, x € R}, range {y | y < 0, y € R}
a= % — vertical stretch factor of %

h = —6 — horizontal translation 6 units left
k = —4 — vertical translation 4 units down
domain {x | x = —6, x € R},

range {y | y = —4,y € R}

B b) A ¢ D d) C
y=4Vx+6 b) y=v8x -5
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0 y=vV-(x—4)+1lory=+vV-x+4+11

5. a)

b)

)

d)

e)

f)

6. a)

b)

)

— _0.25v0.1x =_1,/1
d) y=-0.25V0.lxory= 2 1OX
VA domain
L f(X) =N=x — 3 .| Ix]x=<0,xeR}
~6._4 | -2 |0 |’x| range
~, v|ly=-3,y€eR}
Y
VA 4 domain
_ ] (x| x>=-1,x € R},
h / range
4] =341 lyly=0,yeR}
/
< »
0 2 4 6x
Y
VA domain
P px)=—x+2 | Ix|x=2x€eR}
S| A4  6x ranee
5 ~__ | Wly=oyekR
2
VA domain
x| x<2,x€eR}
a a
-4 | —2 o] /2| ranse
S vlys1yeR
4
ATy = A 2) 41
Y
VA domain
6 " x| x=>=0,x€R],
> e range
4 m(x) = 1;x+4 {v|ly=4,yeR}
2
< >
0 2 4 6 X
A 4
VA | domain
P | Ix|x=-2,xeR)
~ 4 20 x| range
~ . {(vly=-1,y€eR}
y=a(x+2) -1
3 v
a= % — vertical stretch factor of %
b = 5 — horizontal stretch factor of %
_ V5 _.[5
V=3 VXY =\ 3%
a= ? — vertical stretch factor of ?
b= -2 _, horizontal stretch factor of &

16 5
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d)

b)

8. a)
b)
)

9. a)
b)

10. a)

0
d)

y‘k 1= Vi=AX 1z
> y :,Z\/ X —| > v =\Xx —
&/ [ —T | |
— b — >
0 2 4 6 X 0 Z 4 6x
\ 4 S| lyE32x
c i
Y
VA 51 All graphs are
A
- =76 the same.
2 Y =NX 4»
L
=
< >
0 2 | 4 | 6x
A
A
4) =4
A r A —
o | o > (A=A
E——
1 06 —T |
2 0.8 <t >
s T70 ) 214 6 8 A
. Y
4 1.1
_ , 1.2
b = 1.50 — horizontal stretch factor of 150 '3

d = 1.22Vh Example: I prefer the original
function because the values are exact.
approximately 5.5 miles

domain {x | x> 0,x € R}, range {y| y= —13, y € R}
h = 0 — no horizontal translation

k = 13 — vertical translation down 13 units

y=—-Vx+3+4 b) y=%\/x+5—3

y=2y-(x—-5)—1lory=2V-x+5—-1
y=—-4/—-(x—4) +50ry=—-4V-x+4+5

11. Examples:

12. a)

d)

13. a)

b)

y—1=Vx—6ory=vVx—6+1

y=—Vx+7-9 ) y=2vV—x+4-3
y=—--(x+5)+8

a = 760 — vertical stretch factor of 760
k = 2000 — vertical translation up 2000

YA ¢) domain
{(n|n=0,neR)
5000
i — range
4000~ {Y| Y= 2000, Y €R}
/
2000 [
4\'(”) =[760+n + 200 J;
0 10 1 20 ' n
v

The minimum yield is 2000 kg/hectare. Example:
The domain and range imply that the more
nitrogen added, the greater the yield without end.
This is not realistic.

domain {d | —100 < d <0,d € R}

range {P | 0 < P < 20, P € R} The domain is
negative indicating days remaining, and the
maximum value of P is 20 million.

a = —2 — reflected in d-axis, vertical stretch
factor of 2; b = —1 — reflected in P-axis;

k = 20 — vertical translation up 20 units.




14.

15.
16.

17.

18.
19.

20.

a1

) pA | Since d is negative,
then d represents
1" the number of

— o days remaining

Pd) = L2\—d 42 0 before release and

P . | the function has a

124 16 | 8 0|g maximum of 20 million

v | pre-orders.

d) 9.05 million or 9 045 549 pre-orders.

a) Polling errors reduce as the election approaches.

b) y = 0.49v/—X There are no translations since the
graph starts on the origin. The graph is reflected in
the y-axis then b = —1. Develop the equation by
using the point (—150, 6) and substituting in the
equation y = avx, solving for a, then a = 0.49.

¢) a = 0.49 — vertical stretch factor of 0.49
b = —1 — reflected in the y-axis

y =~ 2.07V—x

Examples

a) y=-2vVx—2+4+5 b) y:% 3—x-—2

a) China, India, and USA (The larger the country
the more unfair the “one nation — one vote”
system becomes.) Tuvalu, Nauru, Vatican City
(The smaller the nation the more unfair the “one
person — one vote” system becomes.)

b) Nation Percentage d) Nation Percentage
China 18.6% China 4.82%
India 17.1% India 4.62%
us 4.5% us 2.36%
Canada 0.48% Canada 0.77%
Tuvalu 0.000 151% Tuvalu 0.014%
Nauru 0.000 137% Nauru 0.013%
Vatican City | 0.000 014% Vatican City 0.004%

1
0 Vix)= m\/)?

e) The Penrose system gives larger nations votes based
on population but also provides an opportunity for
smaller nations to provide influence.

Answers will vary.
a) VA 4 The positive
- I F1(x) =[x x = ( domain of
e | the inverse is
P the same as
- the range of
S/ _— the original
c _— f(x) = x function.
i A
“ol 2 468 x
Y

b) i) g7'(x) =x*+5,x<0

i) h''(x) = —(x — 3), x>3
1
7l
Vertical stretch by a factor of % Horizontal stretch

i) () = 2(x + 6) + Z, x = —6

by a factor of 7—72 Reflect in both the x and y axes.
Horizontal translation of 3 units left. Vertical
translation of 4 units down.

The parameters b and h affect the domain. For
example, y = vX has domain x > 0 but y = v/2(x — 3)
has domain x > 3. The parameters a and k affect

the range. For example, y = VX has range y > 0 but

v = VX — 4 hasrange y > —4.

€2 Yes. For example, y = V9x can be simplified to
y =3Vx.

€3 The processes are similar because the parameters a,
b, h, and k have the same effect on radical functions
and quadratic functions. The processes are different
because the base functions are different: one is the
shape of a parabola and the other is the shape of half
of a parabola.

C4 Step 1 V2; Step 2 V3

Step 4| Triangle Number, n | Length of Hypotenuse, L
First V2 =1414..
Second V3 =1732.
Third V4 =2

Step 5 L = v/n + 1 Yes, the equation involves a
horizontal translation of 1 unit left.

2.2 Square Root of a Function, pages 86 to 89

- £x) Vo)
36 6
0.09 03
1 1
-9 undefined
2.56 1.6
0 0
2. a) (4, 3.46) b) (-2, 0.63) ¢) does not exist
d) (0.09, 1) e) (-5,0) f) (m, vn)
3.a) C b) D ) A d) B
4. a) VA
5
y=v4—x
~— - V=4 x
\\\

A

<Y

-8 -6 -4 -2 .0 2 4
Y
b) When 4 — x < 0 then V4 — x is undefined;
when 0 < 4 — x < 1then V4 — x > 4 — x; when
4 —x>1then4 —x>V4—x;4—x=V4—Xx
wheny=0andy=1
¢) The function f(x) = V4 — x is undefined
when 4 — x < 0, therefore the domain is
{x | x <4, x € R} whereas the function
f(x) = 4 — x has a domain of {x | x € R}.
Since m is undefined when f(x) < 0, the range
of \/f(x) is {f(x) | f(x) = 0, f(x) € R}, whereas the
range of f(x) = 4 — xis {f(x) | f(x) € R}.

5. a) vA Fory=x-2,
P Y=[xL2 domain {x | x € R},
- range {y | y € R}
5 | fory=+vx-2,
c — domain
P YEIXE2 (x| x>=2,x€R}
So| 2 | 4 | 6 x| ramse
yly=z0yeR

The domains differ since Vx — 2 is undefined
when x < 2. The range of y = Vx — 2 is y > 0,
when x — 2 > 0.
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b) yA Fory = 2x + 6,
Vyv=kx+6 domain {x | x € R},
) range {y | y € R}. For
v=V2x+6,
4
- - domain
J—v=\2x+6| Ixlx=-3x€eR}
//’L range
P | vly=0,yeR}L
7 2 o 2 4 | x| Y=V2x+6is
v undefined when
2x + 6 < 0, therefore
x>-3andy>0.
) VA y=+—x+9
4 N
- |VE{=X+9
> T \\
2 SR
{ A .
ol ' 2 4 6| 8 %
L 2 |

For y = —x + 9, domain {x | x € R},

range {y |y € Rl;fory = vV—-x+ 9,

domain {x | x <9, x € R}, range {y | y =0, y € R}
= v/—x + 9 is undefined when —x + 9 < 0,

therefore x < 9 and y > 0.

9 L] [vETofix[-5 yA
I~
5
I~
>~
< >
—120 —80 —40- 0 X
: ™~
V=N-01x ¢ TN
Y
For y = —0.1x — 5, domain {x | x € R},
range {y | y € R}; for y = vV-0.1x — 5,
domain {x | x < —50, x € R},
range {y |y =0,y € Rl y=+VvV—-0.1x — 5 is

undefined when —0.1x — 5 < 0, therefore
x < —50and y = 0.
6. a) Fory=x*— 9, domain {x | x € R},

range {y | y = —9, y € R}.
Fory=+vx*-9,
domain {x | x < —3 and x > 3 x € R}, range
{y|y=0,y € Rl y=Vx*—9 is undefined when
x* — 9 < 0, therefore x < —3 and x > 3 and y = 0.

b) For y =2 — x*, domain {x | x € R},
range {y |y < 2,y € Rl Fory = V2 — %%,
domain {x | —vV2 < x<V2,x €R},
range {y |0 <y<V2,yeRL.y=V2 —x*is
undefined when 2 — x* < 0, therefore x < V2 and
x>—-V2and 0 <y< V2.

¢) Fory=x*+ 6, domain {x | x € R},
range {y |y = 6, y € RL
For y = Vx* + 6, domain {x | x € R},
range y|y>\/— veERLy=Vx*+61is
undefined when x* + 6 < 0, therefore x € R and
y = V6.

d) For y = 0.5x* + 3, domain {x | x € R},
range (y |y =3,y 6 R}
For y = V0.5x* 4+ 3, domain {x | x € R},
range {y | y = V3, yER v =V0.5x* + 3 is
undefined when 0.5x* + 3 < 0, therefore
x€Randy > V3.
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7. a)

Since y = Vx* — 25 is undefined when

x* — 25 < 0, the domain changes from {x | x € R}
to {x| x < —5 and x = 5, x € R} and the range
changes from {y | y > —25, y € R} to
{(vly=0,y€eR}

b) Since y = Vx* + 3 is undefined when
x? + 3 < 0, the range changes from
{vly=3,yeRltoly|y=+V3,yeR}.
¢) Since y = V32 — 2x?* is undefined when
32 — 2x* < 0, the domain changes from
(x| xeRjto{x| —4 < x <4, x€R}and the
range changes from {y | y < 32, y € R} to
{vlo<sy=+V32,yeRlor{y|0<y=<4Vv2,y€eR}.
d) Since y = V5x* + 50 is undefined when
5x* + 50 < 0, the range changes from
{y|y=50,yeRltoly|y=+V50,y€R}or
{yly=5Vv2,yeR}L
8. a) b)
yA yA
4 2
y=fx" V= =T
N 1 2 V=47
|y =] el 270l T2 X
P N Y
-2 0] 2w
Y
0 YA | y=1X)
\ ‘[ /
NN\l /Ay =%
AN V/Z
l A
S 6. -4 20| 2 4 6 x
Y
9. a) andb)
i) fH=gz+n N | Fory=x*+4,
x"“x,__ h f-"l _J.--*'H domain
= {x| x € R},
range
ylyz4,yeR}
Hsn =y
i) '.'1=_5-:z—11'-| lf | Fory=x*—4,
T Do domain
b {x| x € R},
LES range
"F vlyz-4yeR
H=i =4
i) [r1=-nz+y Fory = —x* + 4,
i domain
A {x| x € R},
Illl Il", range
! ] {(yly<4,veR}
R .ll W=y ll.
iv) f=-H=-q Fory = —x* — 4,
domain
{x| x € R},
. range
.f"h"k vly<—-4yeR}L
R L li=-y




10.

11.

12.

13.

14.

<)

d)

a)

b)

a)

b)

a)
b)
0

d)

a)

b)

b)

)

The graph of y = 1/j(x) does not exist because
all of the points on the graph y = j(x) are below
the x-axis. Since all values of j(x) < 0, then \/](_X)
is undefined and produces no graph in the real
number system.
The domains of the square root of a function are
the same as the domains of the function when
the value of the function > 0. The domains of the
square root of a function do not exist when the
value of the function < 0. The ranges of the square
root of a function are the square root of the range
of the original function, except when the value of
the function < 0 then the range is undefined.
For y = x* — 4, domain {x | x € R},
range {y |y = —4,y € R}, fory = vx* —
domain {x | x < —2 and x > 2, x € R},
range {y | y = 0,y € R}.
The value of y in the interval (-2, 2) is negative
therefore the domain of y = Vx*> — 4 is undefined
and has no values in the interval (-2, 2).
yA I sketched the graph
f(x) by locating key

/ points, including
/ invariant points,
e

<
Il

6
o

\ 4
NN 26

and determining the
7| image points on the
graph of the square

root of the function.

A

A
-2 ON_Z 4 X
Y
For y = f(x), domain {x | x € R},
range {y | y = —1, y € R}; for y = \/f(x),
domain {x | x < —0.4 and x = 2.4, x € R},
range {y |y =0,y € R}

The domain of y = 1/f(x), consists of all values
in the domain of f(x) for which f(x) > 0, and the

range of y = \/f(x), consists of the square roots
of all values in the range of f(x) for which f(x) is
defined.

= Vh? + 12756h
domain {h | h >0, h € R}, range {d| d=0,d € R}
Find the point of intersection between the graph
of the function and h = 800. The distance will be
expressed as the d value of the ordered pair (h, d).
In this case, d is approximately equal to 3293.
Yes, if h could be any real number then the
domain is {h | h < —=12 756 or h > 0, h € R}
and the range would remain the same- since all
square root values must be greater than or equal
to 0.
No, since va, a < 0 is undefined, then y = /f(x)
will be undefined when f(x) < 0, but f(x) represents
values of the range not the domain as Chris stated.
If the range consists of negative values, then you

know that the graph represents y = f(x) and not
y = Vi
v=1V324—h?

domain {h |0 < h < 1.8, h € R},

range {v| 0 < v < 1.8, v € R} since both h and v
represent distances.

approximately 1.61 m

15.

17. a) A

.a) (—27,4V3)

Step 1 ZN

N
N
N\

™~ \V
N\

-6 -4 20 2 4
y=~19—x? > y =27 —x?
Y
Step 2 The parameter a determines the minimum
value of the domain (—a) and the maximum value of
the domain (a); therefore the domain is
x| —a < x < a, x € R}. The parameter a also
determines the maximum value of the range, where
the minimum value of the range is 0; therefore the
rangeis{y |0 <y <a,y € R}
Step 3 Example: y = V3% — x* the reflection of the
graph in the x-axis is the equation y = —Vv/3% — x%.
VA The graph forms a
1/2 Cy=13+x circle.

/ \

A
e 4

6

A
<Y

-2 0 2 4
\ L/
N B (=
Y

b) (—6,12 — 2V3)
¢ (26,6 —4V3)

A 1
NN T fy=n ]
\ /

\

A
<Y

b) * Iz

>
L<-&

n

A
<Y

>

2 (Z SN YEIE)

A

N |~
[~
<Y w

d) N

Ly
N
N

A
<Y w
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18.

19.
a1

c2

c3

c4

Example: Sketch the graph in the following order:

1) y = 2f(x) Stretch vertically by a factor of 2.

2)y=2f(x —3) Translate horizontally 3 units
right.

3) y = /2f(x — 3) Plot invariant points and sketch

a smooth curve above the x-axis.

4) y = —/2f(x — 3) Reflect y = 1/2f(x — 3) in the

X-axis.
_4|A S . W
A I=\5r b =\t Ve

Example: Choose 4 to 5 key points on the graph of

v = f(x). Transform the points (x, y) — (x, \/¥). Plot
the new points and smooth out the graph. If you
cannot get an idea of the general shape of the graph,
choose more points to graph.

The graph of y = 16 — 4x is a linear function
spanning from quadrant II to quadrant IV with an
x-intercept of 4 and a y-intercept of 16. The graph
of y = V16 — 4x only exists when the graph of

v = 16 — 4x is on or above the x-axis. The y-intercept
is at V16 = 4 while the x-intercept stays the same.
x-values for x < 4 are the same for both functions and
the y-values for y = V16 — 4x are the square root of
y values for y = 16 — 4x.

No, it is not possible, because the graph of y = f(x)
may exist when y < 0 but the graph of v = 1/f(x) does
not exist when y < 0.

a) %
2
v =Ax=1E=4
S 6 -4 -2 4 6 x
y=MXx-1¢ -4

b) The graph of y = (x — 1)* — 4 is a quadratic
function with a vertex of (1, —4), y-intercept of
—3, and x-intercepts of —1 and 3. It is above the
x-axis when x > 3 and x < —1.

The graph of y = v/(x — 1)* — 4 has the same
x-intercepts but no y-intercept. The graph only
exists when x > 3 and x < —1.

2.3 Solving Radical Equations Graphically, pages 96 to 98

1.

2.3 x=9 b)

a) B b) A ¢ D d) C

c) The roots of the equation are the same as the
x-intercept on the graph.

.a) 24.714 b) —117.273
R —
— T
_.-'"-- et
il
Inkerseckion Inkersgckion
Rt e T : i o u=-117.72F ¥=uE
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) =+ 4.796 d) no solution
f,-’; -t -
.,
., r
.x"“-\_____-'"""f
RIS
=4 FAEEEE Y=
.a) x=5.083 b)
o
.-"--
=
- -"‘l
SRk 4
HEE.OEEZEIE V=0
a) X=65,XZ% b) x=3,x<12
= [ .
— i

o~
.l'-f
InkeFseckion Inkersgokion
H= =ii W=z I =7
) x=-395,x>—-64 d) x=-195x<125
_.-"-Jr- _'___.-""‘
- T

'
Inkgrseckion o Inkeksgokion
w=-z.8 =iz n=-18. =L
a) x= % x=-1
b) x=8,x=-2,x<-— 2140rxz%
) x=1.8,x= -1, —%sxs%
d) X:O,X:Z,—_sz\/i §X<_3\2/E

.a) x= —2725,x<8

b) no real roots, x > 7

‘___.-"' ‘_.-'"'.
" e
g K
_\_\‘__._-',F\_'__—\_\__\_ o
-
_-"-'-’
Inkgrsgckion
R : K el Lk I
33
) X:3,X2T d) x=2,x>2o0rx< -2
V33
orx < ——
3
~ - W, 7
" s '|II I.-' ‘_-'x
™, a o
v fa Ltk
Lok "
.-"‘-’- .""“
- o
~ -
Inkerseckion Inkerseckion
" =4 H=e ==
a) a=13.10 b) a= —2.25
A
-
_—'_'; “'-“ :
_—_ '
—_— i
& "
o~ T
' “-"
Inkgrsgckion IREEFIeckion
u=1x.0851ip1 Y=8.7 w=-£.2E4HAH [Y=h.2




10.

11.
12.
13.

14.

15.
16.

17.

a1

¢) no solution

, = , .
. .-:_'.-"-‘j . .-:_'.-"-‘j

e .
I

|: ]

s

-
Inkgrseckinn

H=-Z.el

= -B.44B74

-‘---‘ ]
Inkerieckion

=1L B4BFYHZ  Y=O.44EF4ZR

.a) 6+Vx+4=2 fFeo————

Vx+4=-4 -

X+ 4=16

x =12
Left Side = 6 + V12 + 4
=6+ V16

=6+4
=10
Right Side = 2
Left Side # Right Side
Since 10 # 2, there is no solution.
b) Yes, if you isolate the radical expression
like Vx + 4 = —4, if the radical is equal to a
negative value then there is no solution.
Greg — N(f) = 1.3Vt + 4.2 = 1.3V6 + 4.2
~ 7.38 million,
Yolanda — N(t) = 1.3Vt + 4.2 = 1.3V1.5 + 4.2
~ 5.79 million
Greg is correct, it will take more than 6 years for the
entire population to be affected.
approximately 99 cm
a) Yes b) 3000 kg
No, Vx* = 9 has two possible solutions +9, whereas
(vx)? = 9 has only one solution +9.

3+V5
X = 3
a) 5m/s b) 75.2 kg
c=-2orl1

Y=N3—-3c+c—+1 05

< - — —>
‘/—2%2 -15 —1/-05/0f o5 1 [x
-05

If the function y = v/—3(x + ¢) + c passes through the
point (0.25, 0.75), what is the value of ¢?

Lengths of sides are 55.3 cm, 60 cm, and 110.6 cm or
30.7 cm, 60 cm, and 61.4 cm.

The x-intercepts of the graph of a function are the
solutions to the corresponding equation. Example: A
graph of the function y = Vx — 1 — 2 would show
that the x-intercept has a value of 5. The equation that
corresponds to this functionis 0 = Vx — 1 — 2 and
the solution to the equation is 5.

€2 a) s = V9.8d where s represents speed in metres per

second and d represents depth in metres.

(o]

c4

1.

2.

b) s=v9.8d

s = /(9.8 m/s?)(2500 m)

s = V24 500 m?/s*

s =~ 156.5 m/s
¢) approximately 4081.6 m
d) Example: I prefer the algebraic method because it is

faster and I do not have to adjust window settings.
Radical equations only have a solution in the real
number system if the graph of the corresponding
function has an x-intercept. For example, y = vX + 4
has no real solutions because there is no x-intercept.
Extraneous roots occur when solving equations
algebraically. Extraneous roots of a radical equation
may occur anytime an expression is squared. For
example, x* = 1 has two possible solutions, x = +1.
You can identify extraneous roots by graphing and by
substituting into the original equation.

Chapter 2 Review, pages 99 to 101

a)
domain {x | x > 0, x € R}
range {y | v = 0, y € R} All values in the table lie
on the smooth curve graph of y = vx.

b)

816 |-4|-2 ol 2 | 4

domain {x | x < 3, x € R}
range {y | v = 0, y € R} All points in the table lie
on the graph of y = V3 — x.

c) yl\//
¥ Z2(UE)

y=N2x+7

(+3/1)

(=3.5,0)
6 -4/ 20l |2 4.6
Y
domain {x | x > —3.5, x € R}
range {y | v = 0, y € R} All points in the table lie
on the graph of y = V2x + 7.
Use y = a\/b(x — h) + k to describe transformations.
a) a =5 — vertical stretch factor of 5
h = —20 — horizontal translation left 20 units;
domain {x | x> —20, x € R;range {y| y =0,y € R}

&
<

<Y

b) b = —2 — horizontal stretch factor of %, then

reflected on y-axis: k = —8 — vertical translation
of 8 units down.
domain {x| x <0, x € R};range {y | y = -8, y € R}
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¢) a= —1 — reflect in x-axis ¢) domain {t|t=> 0, t € R} The domain means that
b= % — horizontal stretch factor of 6 time is positive in this situation.
h =11 — horizontal translation right 11 units; range {S(1) | S() Z 500’ S(t) € W). The range
domain {x | x = 11, x € R}, range {y | y < 0, y € R} nll)eans that the minimum sales are 500 units.
- ’ - ’ d) about 1274 units
1 .
3.a) y= EX+12,d0malH{X|XZO,XER}, 7. a) y:ﬂ%(x+3)+2 b) y=-2Vx+4+3
range {y | y > 12, y € R} 0 y=4V—-(x—6) —4
b) y:—.2.5vx+9 8. a) Fory=x — 2, domain {x | x € R},
domain {x| x> —9,x € R}, range {y | y < 0, y € R} range (v |y € R}; fory = VX — 2,
) y:L —E[X—7)—3 domain {x | x > 2, x € R},
f ngn i |5X <7, xCR) range ly |y = -3,y € R range {y | v = 0, y € R}. The domain changes
omal i a gg Viy=—5Yy because the square root function has restrictions.
4.2) A y=-Ix-[1+2 Omm: R The range changes because the function only
ERPY B (U7 S . x| x=1,x€R), exists on or above the x-axis.
~ fal|lge< 2. vER) b) For y = 10 — x, domain {x | x € R},
< ~ y Tiy=saey range {y | y € R}; for y = V10 — x,
0 2 4 6 % domain {x | x < 10, x € R},
Y range {y | v = 0, y € R} The domain changes
b) < 7\ domain because the square root function has restrictions.
N x| x<0,x€R), The range changes because the function only
2 range exists on or above the x-axis.
\ y|y=—4,y€R) ¢) Fory=4x+ 11, domain {x | x € R},
< 5 7 N0 );( range {y | v € R}; for y = Vax + 11,
y=3xL4 N\ domain {X|XZ —14—1,XE R},
0= )\ range {y | v = 0, y € R}. The domain changes
g because the square root function has restrictions.
\ 4 The range changes because the function only
) yA L exists on or above the x-axis.
B o 9. a) yA Plot invariant points at
T y=N2(x+3) + 1 - the intersection of the
J graph and lines y = 0
/ 2
(=3.1m - y=fx0/, and y = 1. Plot any
P R * points (x, /y) where
~ 4| -2 0 2 4 6 8 g( ?,/—V the value Ofy isa
v — 1 perfect square. Sketch
domain [x| x> —3, x € R}, range [y| y = 1, y € R} LI 1| asmoothauve
5. The domain is affected by a horizontal translation of 6/ -4.-20 X o'ntg and points
4 units right and by no reflection on the y-axis. The h 4 Ea tlis fyin (}Ij \1/7
domain will have values of x greater than or equal to 4, ) o & VY
due to a translation of the graph 4 units right. The range b) y = +/f(x) is positive when f(x) > 0,

is affected by vertical translation of 9 units up and a
reflection on the x-axis. The range will be less than or

v = \/f(x) does not exist when f(x) < 0.
m > f(x) when 0 < f(x) < 1 and

equal to 9, because the graph has been moved up 9 units
and reflected on the x-axis, therefore the range is less
than or equal to 9, instead of greater than or equal to 9.

f(x) > v/f(x) when f(x) > 1

¢) For f(x): domain {x | x € R},
range {y | v € R}; for \/f(x),

6. a) Given t}%e general equaFlon V= a\/b(}.( —'h) + k domain {x | x > —6, x € R},
to describe transformations, a = 100 indicates ) ) )
a vertical stretch by a factor of 100, k = 500 range {y | y = 0, y € R}, since y/f(x) is undefined
indicates a vertical translation up 500 units. when f(x) < 0. )
b) SA _»| Since the 10. a) y =4 — x* — domain {x | x € R},
~ minimum range (y |y <4,y €Rlfory=V4 - x* —

&

O
JU

domain {x | -2 < x < 2,x € R},

range {y |0 <y <2,y €R},

since 4 — x* > 0 only between —2 and 2 then
the domainof y= V4 — x*is -2 <x<2.In

value of the
graph is 500,
the minimum
estimated sales

|
3
=
AN

U

/
S
o,

560) will be 500 units. the domain of —2 < x < 2 the maximum value
of y =4 — x*is 4, so the maximum value of
< % ¥ = V4 — x* is V4 = 2 then the range of the

function y = V4 — x* willbe 0 < y < 2.
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11.

12.

13.

b)

)

a)
b)

<)

a)

)

)

y = 2x* + 24 — domain {x | x € R},

range {y | v = 24,y € R}

for y = V2x* + 24 — domain {x | x € R},

range {y | y = V24, y € R}. The domain does not
change since the entire graph of y = 2x* 4+ 24 is
above the x-axis. The range changes since the
entire graph moves up 24 units and the graph
itself opens up, so the range becomes y > v/24.

y = x* — 6x — domain {x | x € R},

range {y | y = —9, y € R} for y = Vx> — 6x —
domain {x | x <0orx > 6, x € R},

range {y | y = 0, y € R}, since x* — 6x < 0 between
0 and 6, then the domain is undefined in the
interval (0, 6) and exists when x < 0 or x > 6. The
range changes because the function only exists
above the x-axis.

h(d) = V625 — &”
h(d) =6265_g2 |hA(0,25)
20
10-
(-25,0) (25,0
~ 30 -20 ~10 o] |10 2030 |4d
Y

domain {d | =25 < d < 25,d € R}

range (h|0 < h <25, he€R}

In this situation, the values of h and d

must be positive to express a positive
distance. Therefore the domain changes to
{d] 0 < d < 25, d € R}. Since the range of the
= V625 — & is always

original function h(d)

positive then the range does not change.

<Y

x = 46 b) fri= .rm+ a7
The root of the
; "
equation and -
the x value of
the x-intercept
are the same. u=yE e

14.a) x=~3.571 b) x~ —119.667
= ——
— -\-_-\-"'—\.
A s
I
Zkn InteFseckion
ez ErAqEAR =0 n=-1i8.nm67 Y¥=Ei
¢) x= —7.616 and x = 7.616
", & . &
- . . =
=, -~ =, -~
H"'\.. -'"- H"'\.. -'"-
-"H._\. . ~ -"H._\. . ~
Inkgrseckion Inkerseckion
R i o nelELEA Rl Iv=id
15. 4.13 m
16. a) x=13.4 b) x=-17
—_— = _-b__-\-\"'
-I-__'-'_
.l'-l---
Inkrsection Inkersection
Helih e =8 =17 =iz
0 x= 8781
.,l'...
IRbepsakinp—————
n=H.rHE1EE =iz
d) x=-3and1
= =
—— ——a
e . o .-"‘}1-"‘-\..
."f - "", ."f & "'-,
A RN
o -
InEgFsection InEFsection
H="Z )] H=1 =Y
17. a) Jaime found two possible answers which are
determined by solving a quadratic equation.
b) Carly found only one intersection at (5, 5) or
x-intercept (5, 0) determined by possibly graphing.
¢) Atid found an extraneous root of x = 2.
18. a) 130 m? b) 6m

Chapter 2 Practice Test, pages 102 to 103

1. B

7. x =

2.A 3. A 4.C
—16.62

5.D 6.B

Inksrsgckinn
H=-16.A1E%H

=z

y=4Vxory=

V16x

9. For y = 7 — x — domain {x | x € R},

range {y | v € R}. Since y =

V7 — x is the square

root of the y-values for the function y = 7 — x,

then the domain and ranges of y =

V7 — x will

differ. Since 7 — x < 0 when x > 7, then the

domain of y =

V7 — x willbe {x| x <7, x € R} and

since V7 — x indicates positive values only, then the

range of y =

V7 —xis{y|y=0,y€R}.
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10. The domain of y = f(x) is {x | x € R}, and the range of b) VA
v=f(x)is{y |y < 8, y € R}. The domain of y = 1/f(x) S |
is {x | =2 < x < 2, x € R} and the range of y = \/f(x) - N~ Vi=—2x+3
is{y|]o<y<+v8,yeRL < T >
1. 0 2 34 56—«
- ..»""’" . ..»"'h v
s ,-"':1.1 s ,-":1.1 ¢) domain {x|x>0,x € R}, range {y| vy <3,y € R}
& '1 f & '1 d) The domain remains the same because there was
,» ,» no horizontal translation or reflection on the
Intgrseckion | giersection | y-axis. But since the graph was reflected on the
T T T T x-axis and moved up 3 units and then the range
— — becomes y < 3.
f . |"l . e) The equation 5 + V2x = 8 can be rewritten as
o, "",‘II 0 = —V2x + 3. Therefore the x-intercept of
I";l ' the graph y = —V2x + 3 is the solution of the
I|I I|I equation 5 + V2x = 8.
"=z =i H=1 =i
15. VA
x=-2,x=1 6
12. 4+Vx+1=x V=19
Vi+l=x-4 4 \
X+ 1= (x—4)? / \
Xx+1=x*—8x+16 2 )
= (X
0=x*—-9x+ 15 4 1 \
_ —b+ Vb* — 4ac <t >
X = 24 2 0 2 4 6 X
—(=9) + V(=97 = 4()(15) ry \
= 201) Step 1 Plot invariant points at the intersection of
~ 2.2 or 6.8 v = f(x) and functions y = 0 and y = 1.
By checking, 2.2 is an extraneous root, therefore x =~ 6.8. Step 2 Plot points at Vmax value
s and +/perfect square value of y = f(x)
f—— . . .
-] _,_.-"' Step 3 Join all points with a smooth curve, remember
i that the graph of y = 1/f(x) is above the original graph
-~ for the interval 0 < y < 1. Note that for the interval
-
L AL where f(x) < 0, the function y = 1/f(x) is undefined
X~68 and has no graph.
13. a) Given the general equation y = a\/b(x — h) + k 16. a) y = (V5)V—(x —5)
to describe transformations, b = 255 — indicating b) domain {x|0<x <5, x € R},
a horizontal stretch by a factor of ——. To sketch range [y |0 <y <5,y € R}
255 ) Domain: x cannot be negative nor greater than half
the graph of S = V255d, graph the function the diameter of the base, or 5. Range: y cannot be
S = +/d and apply a horizontal stretch of ﬁ, negative nor greater than the height of the roof,
every point on the graph of S = Vd will become or 5.
d €) [H=Ii-tiE-zEn The height of the roof
(ﬁ’ S)' - - 2 m from the centre
b) <A d=~39m £ Y is about 4.58 m.
2hn S=100 (39, 1c0) { The skid
408 — >| mark of the
- vehicle will be H=z =Y. ERZEFER
Lo s L. [p56d approximately
59 m. Chapter 3 Polynomial Functions
< » 3.1 Characteristics of Polynomial Functions,
~lo| (102030 40 d pages 114 t0 117
Y
) | ) 1. a) No, this is a square root function.
14. a) Given the general equation y = avb(x — h) + k to b) Yes, this is a polynomial function of degree 1.
describe transformations, a = —1 — reflection of ¢) No, this is an exponential function.
the graph in the x-axis, b = 2 — horizontal stretch d) Yes, this is a polynomial function of degree 4.
by a factor of 1 k=3 - vertical translation up e) No, this function has a variable with a negative
3 units 2 exponent.

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

b) degree 2, quadratic, 9, 0

c) degree 4, quartic, 3, 1

d) degree 3, cubic, -3, 4

e) degree 5, quintic, —2, 9

f) degree 0, constant, 0, —6

. a) odd degree, positive leading coefficient,

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

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

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

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

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

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

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

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

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

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

. Example: Jake is right as long as the leading

coefficient a is a positive integer. The simplest

example would be a quadratic function with a = 2,

b=2,and n = 2.

. a) degree 4

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

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

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

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

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

. a) cubic function

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

) I d) The domain is

! {dljo<d=<1,deR}

i because you cannot

Y give negative drug

ll amounts and you
| must have positive
reaction times.

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

b) 397 hexagons

10.

11.

12.

13.

C1

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

I and II; domain {t | t € R};

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

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

the population model can be used is

{P| 15 000 < P < 37 000, P € R}.

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

height of a single box

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

1 S
o
n=k =g

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

y=(=x)"

y — (_1]211X2n
y — 1nX2n
y= x2n

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

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

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

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

0 [TE=EiE-mhed f

L
\ JJI llwll

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

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

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

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

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

€2 a) Examples:

i) y=x*
iv) y=—x*

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

Example: The line y = x and polynomial functions

with odd degree greater than one and positive leading

coefficient extend from quadrant III to quadrant I.

Both have no maximums or minimums. Both have

the same domain and range. Odd degree polynomial

functions have at least one x-intercept.

C4 Step 1
Function Degree End Behaviour

_ extends from quadrant
y=x+2 T ol

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

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

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

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

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

to

s extends from quadrant
y=x-1 > ol

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

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

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

Step 3 Always have at least one minimum or

maximum. Not all functions will have the same range.

Either opens upward or downward.

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

3.2 Remainder Theorem, pages 124 to 125

1.

. a)

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

a) x4+ 10x — 24 — x4 12
X—2

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

x*4+ 10x — 24.

3x* —4x* —6x* 4+ 17x — 8

x+1
:3X3—7X2+X+16—A

x+1

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

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

13.

14.

15.

16.
17.

C1

c2

c

. a)

.a) 2n+ 2+
n

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

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

9

-3

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

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

¢) 10cm<r<28cmand5<h<11

b) —2 and —0.5

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

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

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

b) d+ ac + a*b

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

3.3 The Factor Theorem, pages 133 to 135

.a) +£1, +2, +4, +8

.a) (x—1Dkx—-2)x—-3) b)

.a) x—1 b) x+ 3 ) x—4 d) x—a

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

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

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



10.
11.
12.

13.
14.

15.
16.

a1

c2

c3

.a) (x+3

(x—2)(x—3) b) (t—5)t+4)t+2)

)
J(h*+ 5h — 2)

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

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

¢ k=-6 d k=6

.hh—1,and h—1
.l—5and 1+ 3

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

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

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

1.
2.
3.

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

. a) i) —4, —1,and 1

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

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

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

ii) degree 4 opening downwards

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

iv) —12

v) positive for -3 < x < —2and 1 < x < 2,
negative forx < —3and -2 < x < land x> 2

Answers e MHR 575




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

b) negative leading coefficient, x-intercepts:

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

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

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

a) a=1,b=%,h=2,k=—3

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

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

2m by 21 m by 50 m

5 ft

a) y=(x+3)Px—2) b) y=(x+ 1)%x— 2)*

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

4 cm by 2 cm by 8 cm

—7,—5,and —3

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

¢) 13in. by 13 in.

4,5,6,and 7 or -7, —6, —5, and —4

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

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

2 units right }I
1
=4

’p

|l =y

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



23.

a1
c2

c3

c4

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

Example: It is easier to identify the roots.

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

Step 1 Set A

I T HOIC {ﬁl‘
amin=-3 A

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

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

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

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

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

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

Set F

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

“Yrax=5 k !
Waol=1 S

ares=1
a) The graph of y =

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

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

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

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

horizontal stretch; reflection in the y-axis

Chapter 3 Review, pages 153 to 154

1.

o

ca) (x—2)(x

a) No, this is a square root function.

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

. a) degree 4 with positive leading coefficient, opens

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

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

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

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

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

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

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

.a) x+3,2x—1,andx+ 1

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

and 2; degree 3
extending from
quadrant III to

quadrant I; —3, —1,

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

—3<x< —1land

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

X # =2

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

/16

-

NS

4 2

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

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

gx)A

4
Y

-+ | 2 2

xY

0O
\v)

v
/

a)
au

—
| —

0
/ —=0bU _y“

a(x)

65X

Y

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

quadrant II to quadrant IV;

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

1 )]

[e0]
—— 1

<Y

|
T~

Y A

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

horizontal stretch by % and reflection in the

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

Parameter

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

b)

. a)

1. C
6. a)

N}

b)
D)

. a)

VA

N

ny

A

(6]

o] o5 10\15]2

NG
>
X

2.5

Y

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

b) y=—-(x+ 1)(x—2)°

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

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

22.B 3.D 4B 5.C

b) 8 cm by 3 cm by 16 cm

Chapter 3 Practice Test, pages 155 to 156

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

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

e

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

< @

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

P(
Px) = (x — 1)(x*— 12x — 12)
P(
P(

b) C ) A

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

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

w1

bl |/

<

Il
=

+

3P - 2|7 V=

3

A

|
(o))
|
N
|

<Y

nJ

~—— ]

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

n
NG

A

<Y

/| y=fixt3) -2

™~
I\\ |
kS

o]




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

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

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

v ok
o o
LN

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

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

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

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

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

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

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

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

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

aml 4

| |

VN

\

ST 2lo T2 A Te [x

y

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

b) 45mby7.5mby0.5m

Unit 1 Test, pages 160 to 161

1. D 22.C 3.D 4 A 5D 6.C 7. A
8. —13

9. {y|y=8,y€R}

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

11. 5
12. a) b)
ZN .y 4 VA
> \ I > .VI= (ex—6)
s o6\ |/ 1A
< JANGY \ >
0 : 4 | 6 | X 0 2 4 6 | x
Y Y
¢) They both have the same shape but one of them is
shifted right further.
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13. a) b) y=+vx+9
Y X)A 4 VA
< > y = 4+x +9 4l
—2 |0 P X —1
\ La / AN 4 >
fX)=¢—p Sl -4 0] [
]
Q 4 >
Y Y
) y=Vx*-9
A v P
N yElx-94
\\ 8 /,
N /
N g /
N /
< \ 1/ >
-8.-4.0 4 | 8 | X
y

d) for part a): domain {x | x € R},
range {y | y = —9, y € R}; for part b):
domain {x | x > —9, x € R}, range {y | y € R}; for
part c): domain {x | x < -3 orx >3, x € R},
range {y |y =0,y € R}

14. Quadrant II: reflection in the y-axis, y = f(—x);
quadrant III: reflection in the y-axis and then the
x-axis, y = —f(—x); quadrant IV: reflection in the
x-axis, y = —f(x)

15. a) Mary should have subtracted 4 from both sides
in step 1. She also incorrectly squared the
expression on the right side in step 2. The correct
solution follows:
2x=Vx+1+4
Step 1: (2x — 4)? = (Vx + 1)?

Step 2: 4x* —16x+ 16 = x + 1

Step 3: 4x* — 17x+ 15 =0

Step4: (4x —5)(x—3)=0

Step5: 4x —5=0 or x—3=0
5

Step 6: x = 2 x=3
Step 7: A check determines that x = 3 is the
solution.

b) Yes, the point of intersection of the two graphs
will yield the possible solution, x = 3.
16. ¢ = —3; P(x) = (x + 3)(x + 2)(x — 1)?
17. a) =+1, £2, £3, £6
b) P(x)=(x—3)(x+2)(x+1)
¢) x-intercepts: —2, —1 and 3; y-intercept: —6
d) -2<x<-landx=>3

Chapter 4 Trigonometry and the
Unit Circle
4.1 Angles and Angle Measure, pages 175 to 179

b) counterclockwise
d) counterclockwise

1. a) clockwise
¢) clockwise
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. a)

. a)

. a)

. a)

. a)
)
e)
g or 1.05 b)
) —37“ or —4.71 d)
37T
e) ~250 or —0.26 f)
30° b)
¢) -67.5° d)
e 18 or57.30 f)
@ or 51.429° b)
0 % or 38.197° d)
) —119Z° o _351.706°1)
quadrant I b)
172
1
< N
< ol %
¢) quadrant II d)

‘%’T or 2.62

2T

5 Or 1.26

3T or 9.42

120°

-450°

4 o

% or 157.6°
o

121%0 or 96.923°

294°
3 51 or 209.703°

—3600°
™

or —1145.916°
quadrant II

y

<Y

N 0
—225°
quadrant IV

e) quadrant III f)
1
< »
lon ¥
3

quadrant IV

]

N 4

N 0\ —42°



10.

11.

12.

13.

14.

15.

16.
17.

.a) 135°+ (360°)n,n € N

. Examples:
o o 117 57
a) 432°, 288 b 3 2T
o o 7_7T oy
) 240°, 480 9 -7
e) 155° —565° f) 1.5,-4.8
. a) coterminal, 17m _ 5w , 127 _ 5™ , 4.

6 6 6 6
b) not coterminal ¢) not coterminal
d) coterminal, —493° = 227° — 2(360°)

b) —%iZﬂn,nEN

) —200°+ (360°)n,n € N d) 10+ 2mn,n €N

Example:
< »
W X

—45° 4+ 360° = 315°, —45° 4+ (360°)n, n € N
a) 425° b) 320°
¢ —400°, 320°, 680° d) —%T
23t w™ 13® 5T T
e) 66 6 f) 33
g -3.9 h) —0.9,5.4
a) 13.30 cm b) 4.80m
c¢) 15.88 cm d) 30.76 in.
a) 2.25 radians b) 10.98 ft
c¢) 3.82cm d) 17.10 m
a) zgw or 26.18 m
A,.:  sector angle
b) =
circle 2m
7TI‘Z(57T)
_ 3
sector 27T
_ 5m(5)*
sector 6
_ 1257
sector 6

The area watered is approximately 65.45 m?.
¢) 167 radians or 2880°
a) Examples: % radians/h, 1 revolution per day, 15°/h

b) 103?“' or 104.72 radians/s
c¢) 54 000°/min
a) 2.36 b) 135.3°
Revolutions Degrees Radians
a) 1rev 360° 2T
o 31
b) 0.75 rev 270 Tor47
) 0.4 rev 150° 5?“
d) —0.3 rev —-97.4° -1.7
e) ~0.1rev _40° —%ﬁ or —0.7
f) 0.7 rev 252° 7?” or 4.4
g  —325rev ~1170° —BTor 204
23 o 231
h) 18or1 3 rev 460 5 or 8.0
i) —% or —0.2 rev -67.5° —%T

18. Jasmine is correct. Joran’s answer includes the

solution when k = 0, which is the reference angle 78°.

19.

20.

21.
22.
23.
24.

25.

26. A

27.

C1

(o]

c4

a) 55.6 grad

gradians _ 400 grad

degrees =~ 360°
10(number of degrees)

b) Use a proportion:

So, measure in gradians = 5
¢) The gradian was developed to express a right
angle as a metric measure. A right angle is

equivalent to 100 grads.
3 Yellowknife 62.45°  b) 1432.01km
¢) Example: Bowden
(51.93° N, 114.03° W)
and Airdrie
(51.29° N, 114.01° W)
are 71.49 km apart.

a) 2221.4 m/min

8.5 km/h

66 705.05 mph

a) 69.375° = 69° + 0.375(60")

= 69° 22.5'
= 69° 22" 30"
b) i) 40° 52" 30”
iii) 14° 33’ 54"

a) 69°22'30" = 69°22.5
= 69° + (
= 69.375°

b) i) 45.508°

iii) 105.671°

b) 7404.7 radians/min

ii) 100° 7’ 33.6”
iv) 80°23'6”

22. 5)
60

i) 72.263°
iv) 28.167°
= l1'2(9 — sin 0)

segment 9
a) 120° b) 65° c) Examples: 3:00 and 9:00
e) shortly after 4:05

d) 2
T is 180° and 27 is 360°.
% 2(3.14) = 6.282 which is
0
2T~ 6.28

more than 6. Therefore,
B 1° is a very small angle, it is ——

6 radians must be less than
l

360°.
a) 40°; 140° £+ (360°)n,n € N
b) 0.72;0.72 + 2wn,n € N
a)

N 4

1
360
of one rotation. One radian is
much larger than 1°; 1 radian is

the angle whose arc is the same

as the radius, it is nearly = of
one rotation.
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b)
%
4
5a x=3 b) y=x-3
4.2 The Unit Circle, pages 186 to 190
1.a) xX*+y*=16 b) x*+y*=9
0 x*+y*=144 d) x*+y*=6.76
o v (3] (1] -3 4
: ﬂ)z 7V _ 27
b) NO’( 8 +(8 =571
5 \2 A
d) Yes; (%)z+(_%z:1
2 2
e) Yes; (—?) + (_Tl) =1
2 2
0 vos (] (3 -
3.2 y=Y2 b) x=—%
YA (1415 YA
(Z'T) _Eg)
3'3
< (1’(1) & ( 'g)
‘Q/ ;( ) QJ ;(
\ 4 \4
YA YA
« /\(L@ ) /\( 9
< Q‘/ g( ) Q/ ;(
( 26 5
R Ve
8 8 ] Y
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N,
N/

. (1.9
< Q/ ;(
-4
v A 4 13" 13
4.2a) (-1,0) b) (0,-1)
1 V3 V3 1)
9 (E’T) 9 (z '3
VZ VZ V2 \/7)
¢ (_T’T) f (z 7
g (1,0 h) (0,1)
v (53 a5
37 ™ 37T
0 7 n 3 g  m T
DI T
57 7
6. 5 d _Fﬂ
7. a)
YA (E)_(l E)
PI3/=12' 3
. / (1.0

A 4
_ 3r _ 3T AL
Ifo = n then 6 + ®™ = 2 + T or 3 since
3w\ _ [ V2 \E) 7T _(\E \@)
PEE) = (-2 ) and p(ZE) = (2.



+l rotation

1 .
—— rotation
4

Step 4: Description

x-and y-values
change places and
take signs of new
quadrant

Xx-and y-values
change places and
take signs of new
quadrant

X-and y-values
change places and
take signs of new
quadrant

Diagrams:
Steps 1-3

Step 4

Plo+3)=(-ba)

P(6) = (a, b)

v
<

Plo+Z+Z)=(-a-b

(N

<Y

PlO+Z+Z+T)= (b —aq)

2 2 2

9.

10.

11.

12.

13.

a)

0
e)
a)

b)

0
b)
)

d)

a)

b)

0

a)

b)

d)

, , V5 2)
2 2 — - =
xX*+y*=1 b) ( 33
0+ > d) quadrant IV

maximum value is +1, minimum value is — 1
Yes. In quadrant I the values of cos 6 decrease from
1 at® = 0°to 0 at O = 90°, since the x-coordinate
on the unit circle represents cos 6, in the first
quadrant the values of x will range from 1 to 0.
Substitute the values of x and y into the equation
x* + y* = 1, Mya was not correct, the correct
answer is y = /1 — (0.807)?

= +/0.348 751

~ 0.590 551
x = 0.9664
All denominators are 2.
The numerators of the x-coordinates decrease
from V3, V2, V1 = 1, the numerators of the
y-coordinates increase from V1, V2, V3. The
x-coordinates are moving closer to the y-axis
and therefore decrease in value, whereas the
y-coordinates are moving further away from the
x-axis and therefore increase in value.
Since x* + y* = 1 then x = 1/1 — y* and
v = V1 — x*, all solutions involve taking square
roots.
—-2T < 0 < 4w represents three rotations around
the unit circle and includes three coterminal
angles for each point on the unit circle.
itpe) = (-1, 2 am

> T)’ then 6 = -5 when -2 < 6

SO,(—):%whenOSGSZﬁ,andez%When
2T < 0 < 4T

All these angles are coterminal since they are all
27 radians apart.
y This point

0. 1) represents the
terminal point
of an angular

(-1.0) 9 (1,0) rotation on the
i A . . .
< % unit circle.

4]

o po )= (32 )

quadrant III
m _ [ _2V2 l)
po-3)= (52

3’3

T units is the
perimeter of half of a
unit circle since
a=r0=(1)x =

T units. T square

units is the area of a
unit circle since
A = 7r? = w(1)?

= T square units.

(0.-1)
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15. a) B(-a, b), C(~a, -b), D(a, -b)
b) i) 6 + ®= C(-qa, -b) ii) 6 — = C(~a, -b)
iii) -0 + ™ = B(~a, b) iv) —0 — 7 = B(-a, b)
¢) They do not differ.

= 5T, ;= g = (1)(2T) = B¢
16. a) 6 = 4,a—r9—(1](4)— 2

1371
b) P( 9 )represents VA

the ordered pair of
the point where
the terminal arm
137
2
intersects the unit
circle. Since one
rotation of the unit

circle is 27, then
137

of the angle

represents

three complete rotations with an extra g or
quarter rotation, therefore ending at point A.

c¢) Point C = P(%T) ~ P(4.71) and

point D = P(%T) ~ P(5.50). Therefore P(5), lies
between points C and D.

79 (i) ™ i
b)

0. -1
Y
0 represents the angle in standard position.
5 2
18. a) (m m) b V29
) x*+y*=29
19. YA

4
o
>
XY

Y
From the diagram: opposite side = y,
adjacent side = x and hypotenuse = 1.

opposite
Since sin 8 = — P % thon sinf =2 = yor
hypotenuse . 1
. Lo adjacent
v = sin 0. Similarly, cos 6 = —,
hypotenuse

cos B = % = x or x = cos 0. Therefore any point on

the unit circle can be represented by the coordinates
(cos 6, sin 0).
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b)

]
d)

2 a)

3 a)

(1, %) b) (g 3.509)

(zﬁ, 3) d) (5, 5.640)

XY

A 4
(5 3) (-7 3) (=7 -3) (7 -3)

Example: The circumference is divided into
eighths by successive quarter rotations, each
eighth of the circumference measures % The
exact coordinates of the points can be determined
using the special right triangles (1:1:v2 and
1:4/3:2) with signs adjusted according to the
quadrant.

™ 3T
5 9 ¥ 20




€4 a) 21.5%

b)

Compare with a quadratic function. When

y = x* is translated so its vertex moves

from (0, 0) to (h, k), its equation becomes

y = (x — h)? + k. So, a reasonable conjecture for
the circle centre (0, 0) moving its centre to (h, k)
is (x — h)* + (y — k)* = r* Test some key points
on the circle centre (0, 0) such as (r, 0). When
the centre moves to (h, &) the test point moves
to (r + h, k). Substitute into the left side of the
equation.

(r+ h — h)* + (k— K?= r* + 0 = right side.

b) w:4

4.3 Trigonometric Ratios, pages 201 to 205

1.

a)
d)
g)

b)

<)

d)

V2 1 V3 V2

T b) ﬁ or T c) —T

V3 e -2 f) —2

undefined h) -1 i) A o V3
V3 3

@ k) —? ) V2

0.68 b) -2.75 c) 1.04

-1.00 e) -0.96 f) 1.37

0.78 h) 0.71 i) 053

-0.97 k) -3.44 1) undefined

TorlIV b) I orlIV c¢) MlorlV

I e) II f) I

sin 250° = —sin 70° b) tan 290° = —tan 70°

sec 135° = —sec 45° d) cos 4 = —cos (4 — T)
csc 3 = csc (T — 3) f) cot 4.95 = cot (4.95 — T)
vA 1.03, -5.25
4 (3/5)
° /
-1/
0=-525 _1./ |
< 6=1.03 >
-4 | —2\0 2 4 X
Tv
yA 3.61, —2.68
"1 le=361
2 X 2 X
.| 6/=-2.68
=1
(=2..=1)
Y
vA 2.55, -3.73
(_ 3' 2) >
“l =255
< 1 »
-4 | —2\0 2 4 X
S| 6=-373
=c
A4
vA 5.90, —0.38
L QN ° E = —( 33
= J.JU
< , »
4 \o| =2 4 [ X
- N
1° (5.+2)
Y

d)

b)

N}

d)

11. a)

positive b) negative ¢) negative
positive e) positive f) positive
sin™ 0.2014 = 0.2; an angle of 0.2 radians has a

sine ratio of 0.2014

tan~' 1.429 = 7; an angle of 7 radians has a
tangent ratio of 1.429

sec 450° is undefined; an angle of 450° has a
secant ratio that is undefined

cot (—180°) is undefined; an angle of —180° has a
cotangent ratio that is undefined

4

_4 b -3 ¢ -1.25
b) 2 0 1
e) 1 f) 3

-60°, 60° d) -360°, -180°, 0°, 180°

) 4 ) 4
1.14 or —1.14 b) -1.37 or 1.77
VA4 A

o

A

\ VA
|

’ ax ¢ ( 0
y N

y

11.85°, 168.15°, d) 33.69° 213.69°
—191.85° and —348.15° and —146.31°
VA

A 4 \ 4
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12.

13.

14.

15.

16.

17.

__4 - _3 -5
a) cos B = ,tan 6 = 4,csc6_3,

5
- _5 —_4
sec 6 = 4,Cote_ 3
b) sin 6 = J_r%, tan 6 = i%, csc 6 = +3,
secO:—gf,cotG:iZ\/f
. 2 3
) sinf ==+ ,c08 0 = +——,
) V13 V13
csc 6 = + le,sece=i 3Ts,cotez—
. V39 V13 3 V3
d) sin=+——or+——,cos 0 = or —,
) 3 "t s e
4V3 413 V39
=4+2Y2 or + =4+
csc 0 _mor_ 13 ,tan 6 = + 3
cotb =+ 3 oriﬁ
V39 13

Sketch the point and angle in standard position. Draw

the reference triangle. Find the missing value of the
hypotenuse by using the equation x* + y? = r% Use

adjacent

cos 6 = ———— to find the exact value.
hypotenuse

2V13
Therefore, cos 6 = —=— or — .
V13 13
4900°

3600 = 13% revolutions counterclockwise
c) 40°

b) quadrant III

d) sin 4900° = —-0.643, cos 4900° = —-0.766,
tan 4900° = 0.839, csc 4900° = —-1.556,
sec 4900° = —1.305, cot 4900° = 1.192

a) 0.8; For an angle whose cosine is 0.6, think of
a 3-4-5 right triangle, or in this case a 0.6-0.8-1
right triangle. The x-coordinate is the same as the
cosine or 0.6, the sine is the y-coordinate which
will be 0.8.

b) 0.8; Since cos™ 0.6 = 90° — sin~' 0.6
and sin~! 0.6 = 90° — cos™' 0.6, then
cos (sin™ 0.6) = sin (cos™ 0.6). Alternatively use
similar reasoning as in part a) except the x- and
y-coordinates are switched.

a) He is not correct. His calculator was in degree
measure but the angle is expressed in radians.

b) Set calculator to radian mode and

a)

find the value of cos (407‘”) Since
sec O = L, take the reciprocal of cos (40—7T) to
cos 0 7
get sec (407“) ~ 1.603 875 472.
a) sin 4, sin 3, sin 1, sin 2
b) Sin 4 is in quadrant

IIl and has a
negative value,
therefore it has the
least value. Sin 3 is
in quadrant II but
has the smallest
reference angle
and is therefore the
second smallest.
Sin 1 has a smaller
reference angle than
sin 2.

¢) cos 3, cos 4, cos 2, cos 1
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18.

19.

a) 2 units
b)
- x

¢) 0.46 units
a) 2.21, 8.50 b)
¢ -2.16, 4.12, 10.41

-11.31°, 348.69°

21.

23. a)

2 D \3 C
ABCD is a 30°-60°-90° triangle, so DC = V/3 units and
BD = 2 units. AABD has two equal angles of 15°, so
AD = BD = 2. Then

tan 15° = BC = BC = 1
AC CD+DA 3 +2
dj t
Since cos 6 = _adjacet 2.5 _ 1 then 6 = 60°.
hypotenuse 5.0 2

Since 60° is % of 90° then the point is % the distance
on the arc from (0, 5) to (5, 0).

2]
2
%
2]
2
V3
2 ) T)
9 R(z) =P(3) R(F) = () ~(F) = P[%F).
R(“Tﬁ) = P(%’T), where R(0) represents the new

angle and P(0) represents the conventional angle
in standard position.

d) The new system is the same as bearings in
navigation, except bearings are measured in
degrees, not radians.

0B _ 1
InAOBQ,cose_OQ_OQ.
So, sec 6 = 1 = 0Q.

cos 6



a1

c2

c3

Cc4

b) A Q
C D,/
P
‘ Ve ABo
- 0 A X
A 4

In AOCD, Z0ODC = 6 (alternate angles). Then, sin

_0C_ 1 __1 _
0= oD = OD.SO,CSCG_ prsr = OD.

Similarly, cot 8 = CD.

a) Paula is correct. Examples: sin 0° = 0,
sin 10° = 0.1736, sin 25° =~ 0.4226,
sin 30° = 0.5, sin 45° = 0.7071,
sin 60° =~ 0.8660, sin 90° = 1.

b) In quadrant II, sine decreases from sin 90° = 1 to
sin 180° = 0. This happens because the y-value
of points on the unit circle are decreasing toward
the horizontal axis as the value of the angle moves
from 90° to 180°.

c) Yes, the sine ratio increases in quadrant IV, from
its minimum value of —1 at 270° up to 0 at 0°.

When you draw its diagonals, the hexagon is

composed of six equilateral triangles. On the diagram

shown, each vertex will be 60° from the previous one.

So, the coordinates, going in a positive direction from

oo B [ 3] o (58]
and (%, —?)

sin 6
a) slope,, = 05 0
b) Yes, this formula applies in each quadrant. In
quadrant I, sin 0 is negative, which makes the
slope negative, as expected. Similar reasoning
applies in the other quadrants.

_ [sin 6

" \cos
d) Any line whose slope is defined can be translated

vertically by adding the value of the y-intercept

or tan 0

)

)X or y = (tan 0)x

b. The equation will be y = (sin g)x + bor

y = (tan 0)x + b. cos

4 3 5 4
a ¢ b 3 9 7 9 -3

4.4 Introduction to Trigonometric Equations,
pages 211 to 214

1.

a) two solutions; sin 0 is positive in quadrants I and II

b) four solutions; cos 6 is positive in quadrants I
and IV, giving two solutions for each of the two
complete rotations

c) three solutions; tan 6 is negative in quadrants
II and IV, and the angle rotates through these
quadrants three times from —360° to 180°

d) two solutions; sec 6 is positive in quadrants I and
IV and the angle is in each quadrant once from
—180° to 180°

10.

11.

12.

13.

14.
15.

. a) 9=£+27‘rn,nel

.a) 0e[-2x, 27

_ 5w
3 b)9—3+27rn,nel

_m 11w — 00 o
a)e_ﬁ,—6 b) 6 = 0°, 180
c¢) 6= —135° —45°, 45°, 135°, 225°, 315°
d) 6= 3T 3™ 5™

4’ 4° 4
.a) 0 =1.35,4.49 b) 6 =1.76, 4.52
c¢) 6=1.14, 2.00 d) 6 =0.08, 3.22
e) 1.20 and 5.08 f) 3.83 and 5.59
_ — _T 5 1w
.a) =m b) 6= 6" 6" 6

¢) x = -315° -225°, 45°, 135°
d) x =-150° —30°
e) x = —45°,135°, 315°
_ 5% 57 7m 17m
f) 6= 6’6" 6 6
™ 7T
b) ee’ T,z ]

c) 6 € [0° 270°] d 0<6<m

e) 0°< 6 < 450° f) —2mw<0<4m
_o T 5T
a) 9—0,3,3

b) 6 = 63.435°, 243.435°, 135°, 315°
Y

) 6=0, 7 ™

d) 6 =-180° -70.529°, 70.529°

. Check for 6 = 180°.

Left Side = 5(cos 180°)? = 5(-1)* =5

Right Side = -4 cos 180° = —-4(-1) = 4

Since Left Side # Right Side, 6 = 180° is not a solution.
Check for 6 = 270°.

Left Side = 5(cos 270°)*=5(0)>= 0

Right Side = —4 cos 270° = -4(0) = 0

Since Left Side = Right Side, 8 = 270° is a solution.

. a) They should not have divided both sides of the

equation by sin 6. This will eliminate one of the
possible solutions.
b) 2 sin? 6 = sin 6
2sin’0 —sin® =0
sin0(2sin® —1) =0
sin® =0 and 2sinh—-1=0

sin 6 =

N[ =

T 5T
=% %"
Sin 6 = 0 when 6 = 0, &, and 27 but none of these
values are in the interval (7, 27).
Sin 6 is only defined for the values -1 < sin 6 < 1,
and 2 is outside this range, so sin 8 = 2 has no solution.
Yes, the general solutions are 6 = % +27n,n €l

and 0 = 5?“ + 27n, n € 1. Since there are an infinite
number of integers, there will be an infinite number
of solutions coterminal with g and %’r

a) Helene can check her work by substituting = for 6
in the original equation.
Left Side = 3(sin )? — 2 sin 7

= 3(0)* - 2(0)
=0
= Right Side
b) 6 =0,0.7297, 2.4119, T
25.56°
a) June b) December

c) Yes. Greatest sales of air conditioners be expected
to happen before the hottest months (June) and the
least sales before the coldest months (December).
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16.

17.

18.
19.

20.

21.

22.

23.

a1

c2

c3

The solution is correct as far as the statement “Sine

is negative in quadrants II and III.” Sine is actually
negative in quadrants III and IV. Quadrant III solution
is 180° + 41.8° = 221.8° and quadrant IV solution is
360° — 41.8° = 318.2°.

Examples: Tan 90° has no solution since division by 0 is
undefined. sin 6 = 2 does not have a solution. The range
of y=sin 0 is —1 < y <1 and 2 is beyond this range.

- _5
sec O = 3

a) 0s,3s5,6s5,958

c¢) 1.4 m below sea level

a) Substitute I = 0, then 0 = 4.3 sin 1207t
0 = sin 1207t
sin® =0at6=0,m 2, ...
0=120t—t=0

b) 1.5s,1.5+6n,neW

_ _ 1
7r_1207rt—>t_—120
1
21 = 1207t t=—
™ Tt — 60

Since the current must alternate from 0 to positive
back to 0 and then negative back to 0, it will

take 61_0 s for one complete cycle or 60 cycles in
one second.
b) t=0.004 167 + —n n € W seconds

60
c¢) t=0.0125 + 61—011, n € W seconds
d) 4.3 amps
_m 2m
=373
a) No. b) sin9=_1_|2—\/§and _1;\/5
c¢) 0.67,2.48

a) The height of the trapezoid is 4 sin 6 and its base
is 4 + 2(4 cos 0). Use the formula for the area of a

trapezoid:

sum of parallel sides .
A= 3 x height
Ao (at4 +28 cos 6)(4 sin 6)

A = 8(1 + cos 0)(2 sin 0)
A = 16 sin 0(1 + cos 0)

™
b)i

¢) Example: Graph y = 16 sin 6(1 + cos 6) and find
the maximum for domain in the first quadrant.

The principles involved are the same up to the point

where you need to solve for a trigonometric ratio.

a) Check if x* + y? = 1. Yes, A is on the unit circle.
b) cos 6 = 0.385, tan 8 = 2.400, csc 6 = 1.083
¢) 67.4° this angle v,
measure seems A~ (04,0.9)
reasonable as shown
on the diagram.
Y- 0o,

a) Non-permissible values are values that the
variable can never be because the expression is
not defined in that case. For a rational expression,
this occurs when the denominator is zero.

.3
Example: % X #0
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b)

d)

€4 a)
b)

0

. Y T 3® 57 7™
Example: tan 5 ) 2 5 30 g
g +Tn,n€l
30°, 150°, 270°

Exact, because sin™(0.5) and sin™* (—1) correspond
to exact angle measures.

Example: Substitute 6 = 30° in each side. Left
side = 2 sin? 30° = 2(0.5)* = 0.5. Right side =

1 — sin 30° =1 — 0.5 = 0.5. The value checks.

Chapter 4 Review, pages 215 to 217

1. a)
)

b) quadrant II
d) quadrant II

quadrant II
quadrant I1I

2.a) 450° b AT
y
240°
i N
D x
A
W X
4
‘405?%
A
% ’X
3.a) 035 -3.23 ¢ -100.27° d) 75
4. a) 0.467 b) 40°
y
400°
— %
6.75%
¢ 3.28 d) 255°
1 1
v A l A
< x X %
_3 —105°
5.a) 250°% (36090, neN  b) ST i2mnneN
¢) -300° +(360°)n, n € N d) 6 +27wn,neN
6. a) 160 0007 radians/minute b) 480 000°/s
V3 1) (_ﬁ _1)
7.a)(2,2 b) 53 9 (01
vz ﬂ) (_1 ﬁ) (1 _ﬁ)
9 ( 27 2 e) 27 2 f 2’ 2
8. a) Reflect P(%) (% ?) in the y-axis to give
P(zTﬂ) = (—% £) then reflect this point in the
x-axis to give P ) ( ) Reflect about
the original point in the x-axis to give
f5)- (3 -%)
3 2
_1 _M)
(5%



~

) quadrant IV; P(%ﬂ) lies in quadrant II and

P(% + 'n') is a half circle away, so it lies in

quadrant IV. 6 = HTW P(

’(3

4
—-150°) and P(210°) b)

11.a) 0=

318

12. sin 6 =

csc B =

d) ——— e) 0 f)

14.23) 0=
0.57

)=

ont (-5

(

0 P(3_7T) and P(—%") d) p(Z_ﬂ) and P(_%w)
( (
( (

318° or 5.55 b)
YA 0

o
x

v P(®)= (ﬁ -

3 3
i,tanﬁ=2x/§,secﬂ=3,

2
3 vz
3 3V2 1
or ,cot = —— or ——
2V2 4 2V2 4
b) —% g V3
_2v3
3

S

-5.71, -3.71,
,and 2.57

b) 6 = -96.14°, 83.86°,
263.86°

Y
d) 6 = -186.04°, 6.04°

15. a)
16. a)

—0.966 b)

—0.839 ¢ -0.211 d) 2.191

Example: 127°

17.

19.

20.

22.

23.

b) 0 adjacent 3 9 1
c0sf=—"—— = -2 _L
hypotenuse 5 12
d) 126.9°or 2.2
a) cos 0(cos 6 + 1) b) (sin 6 — 4)(sin 6 + 1)

c) (cot® + 3)(cot6 — 3) d)
- _ sin 90°
b) tan 90° = 203 00°

undefined, so tan 90° has no solutions
a) 2 solutions b) 2 solutions
¢) 1 solution d) 6 solutions

a) 0 =45°, 135° b) 6= ZT“ an

= %, but division by 0 is

3
—_ o o o __33_7'(
c¢) 6 =-150°, 30°, 210 d) 6= 22
.Y
. a) 9_2

b) 6 = 108.435°, 180°, 288.435°, 360°
¢) 6 =70.529° 120°, 240°, and 289.471°
d) 6= _2m T T 2T

Examples:

37333
a) 0<6<27 b) —2w59<§

) -720°<6<0° d) —270° < 6 < 450°

a) X:%’T+27Tn,n€IandX:11Tﬂ+27m,n€I
b) x = 90° + (360°)n, n € I and x = (180°)n, n € I
) x=120° + (360°)n, n € I and

X = 240° + (360°)n, n € 1

d) X:%+7Tn,n€1andx:g+‘rm,nel

Chapter 4 Practice Test, pages 218 to 219

1.

D 2.C 3.A 4.B

a) 4668.5° or 81.5

b) 92.6 Yes; a smaller tire requires more rotations
to travel the same distance so it will experience
greater tire wear.

a) xX*+y*=1

5. B

b ) y=+Y2
VA
22
-I 1
2J5§_ 'y
< [ »
< 0 L x
1 :y
22~
v 5
o o3
ii) x = 2
VA
—Xﬂ) Xﬂ)
’ 4 ' 4
7 /1N 1 "\ 7
T 1 1 T
< . > 5
Y Q X 7(
\ 4
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(2 tan @ — 5)(tan 6 — 2)
. a) 2 isnot a possible value for sin 0, [sin 6] < 1



e S

opposite
¢) In the expression sin 6 = PP

Chapter 5 Trigonometric Functions

hypotenuse’
substitute the y-value for the opposite side and and Graphs
1 for the hypotenuse. Since x* + y* = 1 then
cos® § + sin? 6 = 1. Substitute the value you 5.1 Graphing Sine and Cosine Functions,
determined for sin 6 into cos? 6 + sin? 0 = 1 and pages 233 to 237
solve for cos 6. - 3m
8. a) Cosine is negative in quadrants I and III. Find 1.a) (0,0), (E’ 1)’ (w, 0), (7 —1), (27, 0)
the reference angle by subtracting 7 from the b) [yE=3ink VA E I
given angle in quadrant III. To find the solution in 27
quadrant II, subtract the reference angle from . P N 1 ) r )
b) Given each solution 0, add 27n, n € I to obtain 0,0) (% 0} (27, 0)
each general solution 6 + 27n, n € L. < 3 3 >
37 57 3 =N T / T 1 T / m | X
9. 6= +2mn,nelorf=="+2mnnel 2 N2/, 2 N2
L
i o T oo BT T [Br )
10. Since 1° = 180,then3 =180 " 8o v \ > |}
= 3[130 ) ~ 172°. ¢) x-intercepts: —2w, —m, 0, T, 27
11. a) quadrant IIT b) 40° d) y-intercept: 0

) sin (=500°) = —0.6, cos (—500°) = —0.8, e) The maximum value is 1, and the minimum value

tan (=500°) = 0.8, csc (—=500°) = —1.6, 1s 1. . .
sec (—500°) = —1.3, cot (—500°) = 1.2 2.a) (0,1), (7, 0), (w0, —1), (7 0), (2w, 1)
12.2) 2% 350 4 o neN b) [yE doslx 173
0,1 27,1
b) 145°, -215°, 145° + (360°)n, n € N o1 [3r o) 3
13. 7.7 km N\ Iz o 2T N
14. < el \ >
- | /r |0 T T w 2w | X
2\ 2 2N\ 2
> 1. > >
\ 4 7,|—1)
- 3T _m m 3m
€) x-intercepts: 5 T3 g g

d) y-intercept: 1
e) The maximum value is 1, and the minimum value

is —1.
opposite
Given A = lbh, b = side c, since sin 6 = _Oppostte 3. Property y=sinx Y =1Cos X
2 n hypotenuse maximum 1 1
then sin A = 2 or h = bsin A and A = +bc sin A or aximu
b 2 minimum -1 -1
amplitude 1 1
period 2T 2T
domain {x| xeR} {x| xeR}
range {vl-T<sy<1lyeR|{y|-1<sy=<1,yveR}
v-intercept 0 1
x-intercepts wn,nel % +mnnel
1
opposite 4.a) 2 b) -
Given A = %bh, b = side a, since sin § = _Oppostte 2
: hypotenuse YAy =2sin® 4 YA HEENEEE
then sin B = - or I = ¢ sin B, therefore A = %ac sin B. “1 \ ,ﬁ—i\ 55 [0S 0 /7
__® 3® 7m _ < < >
15.a) 6= —7, 55 5 —2.21,0.93, 4.07 < TN o, 7 < T A %
b) 0.67, 2.48 o 0, 2w, 4.47,1.33 PAa 2 N2/ | gs > N /2
2 y i 4
16. % m or 29.32 m ‘1
) = d) 6
3
TR . YR —[Z6cos k
17| =3 sinx p
4
<
0 w /71 | 3w X < >
ol 2 2 X0 | ow | 3K X
i 2 1 2 2
N
Y
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Sy

5. a) g or 90°

y=sin40 YA
AN A I AN NN
i A
Y L
3T\ 4 \ 1m \O T T s m
2 \Jl \2 I N2 \/J]| \)2 I\/J| \J
2
b) 67 or 1080°
) ¥A
V= Cos|5 6
< >
-3 -2k —w |0 T w | 3 | 4| X
1
A4
iy
¢) 3 or 540° d) 301‘60"
YA 5 _}l/l\ y::COSSX
. y:>|n§
VN : >
< > 0 1 Ly T /I X
g T N X N BATARERA:
,1 \ Y
Y
6.3 A b) D ¢ C d) B

7. a) Amplitude is 3; stretched vertically by a factor of
3 about the x-axis.
b) Amplitude is 5; stretched vertically by a factor of
5 about the x-axis and reflected in the x-axis.
¢) Amplitude is 0.15; stretched vertically by a factor
of 0.15 about the x-axis.
d) Amplitude is %; stretched vertically by a factor
of % about the x-axis and reflected in the x-axis.
8. a) Period is 180°; stretched horizontally by a factor
of % about the y-axis.
b) Period is 120°; stretched horizontally by a factor
of % about the y-axis and reflected in the y-axis.
c) Period is 1440°; stretched horizontally by a factor

of 4 about the y-axis.
d) Period is 540°; stretched horizontally by a factor

of % about the y-axis.
9. a) Amplitude is 2; period is 360° or 2.
b) Amplitude is 4; period is 180° or .
¢) Amplitude is %; period is 540° or 3.
d) Amplitude is 3; period is 720° or 4.

10. a) Graph A: Amplitude is 2 and period is 4. Graph
B: Amplitude is 0.5 and period is 7.

b) Graph A:y = 2sin %X; Graph B: y = 0.5 cos 2x
c) Graph A starts at 0, so the sine function is the

obvious choice. Graph B starts at 1, so the cosine
function is the obvious choice.

1. 3a) |y=2cos X A
N\ / N\ / Ny
Y
P A .
D 180 0 180° 360°| x

N\ / A\ /
2
Y

b)

)

d)

Property Points on the Graph of y = 2 cos x
maximum (=360, 2), (0°, 2), (360°, 2)
minimum (—180°, —2), (180°, —2)
x-intercepts | (—270°, 0), (—90°, 0), (90°, 0), (270°, 0)
y-intercept 0, 2)
period 360°
range {v|-2<y=<2 yeR}
y=-35inx YA
/K /
< >
1Y —180 0 180° 36Q° X
\ A\ ‘
N
Y
Property Points on the Graph of y = —3 sin x
maximum (—90°, 3), (2707, 3)
minimum (—270° -3), (90°, —3)

x-intercepts

(~360°, 0), (—180°, ), (0°, 0),
(180°, 0), (360°, 0)

y-intercept (0, 0)
period 360°
range {v]-3<y<3 yeR}
YA 1.
AT L einlx
Uo 2 A /
A >
—1 g 18 \° 360° X
0.5
Y
Property Points on the Graph of y = % sin x
maximum (—270° 0.5), (90°,0.5)
minimum (—90°, —0.5), (270°, —0.5)

Xx-intercepts

(~360°, 0), (—180°, ), (0°, 0),
(180°, 0), (360°, 0)

y-intercept (0, 0)
period 360°
range {y|-05<y=<05yeR}
YA
0.5 /
< >
—180 0 180° 360°| x
/ X )
V= —g oS X
4 Y
Property Points on the Graph of y = —% cos X
maximum (—180°,0.75), (180°, 0.75)
. (—360° -0.75), (0°, —0.75),
minimum (360°, -0.75)
x-intercepts | (—270°, 0), (—90°, 0), (30°, 0), (270°, 0)
y-intercept (0, —-0.75)
period 360°
range {y]|-075<y=<075ycR}
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13.

14.

15.

16.
17.

18.

19.

20.
21.

22.
23.

a B(Z.3).c(3 o). D(%’T, —3), E(r, 0)

b C(%. o). Dim, —2), E(%‘ 0), F(2m, 2)

c¢) B(-3m, 1), C(—2T, 0), D(—m, —1), E(0, 0)
v £ sin2x %/A Yy =sin 3x

A A

N 2ZE JEX} A/ 3\

! [V AN [V INAL T
|

\J 2 AN/ \J 2

I
Y

The amplitude, maximum, minimum, y-intercepts,
domain, and range are the same for both graphs. The
period and x-intercepts are different.

4T

?.

b) Amplitude is 4; Period is %‘T

a) Amplitude is 5; period is

a) Amplitude is 20 mm Hg; Period is 0.8 s.
b) 75 bpm
Answers may vary.

a) 173
2
/ N\
: A
0 9 0° x
N /
2
Y
b) 173
5
< >
180° 360° 40° X
—1.5
i 4
a) (_7_w ﬁ) (_s_ﬂ ﬁ) (3 ﬁ) (9_7r ﬁ).
47 2 )\ 4’ 2 /)\4 2 )]\4° 2)
Find the points of intersection of y = sin 6 and
_ V2
v="3
b) (_n_ﬂ ﬁ) (_3 ﬁ) (n_ﬂ ﬂ) (w_w ﬁ).
6> 2/)\V 6> 2)\V6" 2)\6" 2)
Find the points of intersection of y = cos 6 and
_ V3
y==
y=sin® A
/ N\ / N\ / (
< »
2|3 — T T T m | 2m | O
/ 2 2/, 2\ 2/
vy =cos 6 ¥

a) The graphs have the same maximum and
minimum values, the same period, and the same
domain and range.

b) The graphs have different x- and y-intercepts.

¢) A horizontal translation could make them the
same graph.

12
27
a) b) 12
0.9
a) Example: The graph b) [ri=Ttsinitin
of y = Vsin x will
contain the portions |~ -

of the graph of
y = sin x that lie on

or above the x-axis. u=i EFO7O5% [y=1
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24.
a1

c2

a

c4

cs

¢) Example: d) f=TGiniHI+dx
The function i
- — e
y=Vsinx+1 T, e -

is defined for all
values of x, while

the function H=1EFOPEEE L:i.qiqzizs

v = Vsin x is not.

It is sinusoidal and the period is 2.

Step 5

a) The x-coordinate of each point on the unit circle
represents cos 0. The y-coordinate of each point
on the unit circle represents the sin 6.

b) The y-coordinates of the points on the sine graph
are the same as the y-coordinates of the points on
the unit circle. The y-coordinates of the points on
the cosine graph are the same as the x-coordinates
of the points on the unit circle.

The constant is 1. The sum of the squares of the legs

of each right triangle is equal to the radius of the unit

circle, which is always 1.

a) Cannot determine because the amplitude is not given.

b) f(4) = 0; given in the question.

c) f(84) = 0; the period is 40° so it returns to 0 every
40°.

a) Sine and Cosine b) Sine and Cosine
¢) Sine and Cosine d) Sine and Cosine
e) Sine f) Cosine g) Cosine h) Sine
i) Cosine j) Sine k) Cosine 1) Sine
m) Sine n) Cosine
a) [yt |cos x| YA
\\ / N\ / N\ / N\ / N\
< >
3, - |_ 7w |0 T | wm | 3w 2w | X
2 2 Y 2 2
The parts of the graph below the x-axis have been
reflected across the x-axis.
b) v = |sin x| 51/1\
/ N\ / \I /| N\ / N\ /
¥ 3
NENEE S w | m | 3| 2m | X
2 2 |y 2 2

The parts of the graph below the x-axis have been
reflected across the x-axis.

5.2 Transformations of Sinusoidal Functions,
pages 250 to 255

1.

a) VA The phase shift
4 is 50° right.
\\ The vertical
4 y=sin(x—50°+3 displacement is
P |3 units up.
N L
0 180° X
A4

The phase shift

is T units left.
There is no vertical
displacement.

b TR ySsihx+

A
/
£ /'

N
f




0 YK T 1. 7] 2w\ | .| The phase shift d) YAy=4cds (k+/157) + 3| The phase shift is
S1P PRI T2 is 2T units left. Pa o 15° left. The V.ertlcal
~ _— 3 . ‘\ displacement is
4 The vertical 4 \ 3 units up.
displacement is \ /
& 3 5 it . & Z N
) T ™ | 3m X I ~ 0 30° x
v | 2 2 Y
d) 7% The phase shift is e) WKy=Fcos(xLm {4 The phas.e shift
< 0 T80° § 50° left. The vertical ° p \ T units r}ght.
displacement is B T.he vertical .
=4 10 units down. x| dlspl.acement is
|v=2sinx+507) =10 oL Ny | Aumitsup.
T N > 0 m | m 3w X
Vs AN % vy 2 2
- 2\, f) VA The phase shift is
e) VA The phase shift is AN /\ 4 1ﬂ_2 units right.
7 /\ 50° E( 5° left. The vertical 7 \\ / \\ / The vertical
v\ \ displacement is 4 \/ \/| displacement is
T4 \ \ 3 units down. y= COQ( X = IE) + 7| 7 units up.
Pl A
ANFIEA AN < >
T3 pin (6x\r 307 — 3\ R R S
Y [4 [4
-6y 3.a) i){y|2<y=<8,yeR]
. i) y| 5<y<-1,y€R}
f) < VA N '}"hﬂiphése s.hllft i) {v| 2.5 <y <55 yeR)
0 ™ | 2| 3™ x| 18 2 units right. iv) {y | 1 <y< ﬂ’ ye R}
4 - The vertical 12 12
yE 3sins(x=T]-10 displacement is b) Take the vertical displacement and add and
o — [ 10 units down subtract the amplitude to it. The region in
1/ AN ' between these points is the range.
7/ \\ P 4.a) D b) C ) B d) A e) E
i 7 ~— 5.a) D b) B ¢ C d) A
2. a) UK The phase shift 6.a) y=4sin Z(X _ E) _6
[ _, is 30°right. 2
4P ~ The vertical b) y = 0.5sin %(X + %) +1
y=cos (x+30%)+ 12 displacement is 3 |
8 12 units up. ) y= Zsin EX -5
4 7. a) a=3,b=%,c=—2,d=3;y=3005%{x+2]+3
< % b) a=1 b=4,c=3d=-5
0 180° X a=5,b=4c=3d=-5
Y 1
== 4(x—-3) -5
b) VA The phase shift Y=g 008 (x=3)
L iy . P 3 1
; V= cos lX— 3) 1sh§ units right. 1 0 a= -5 b= 3C= % d=—-1;
AN There is no vertica _ 3 1, m\ _
< \ displacement. y=7g00 3(X 4) !
/0 T r | 3n/x 8. red, orange, yellow, green, blue, indigo, violet
2P 2 7 9. b
v 10. a) Stewart is correct. He remembered to factor the
) VA The phase shift expression in brackets first.
~35 . 5m . b) [A=usinizi-Ei+iz
|, N Is &= units left. s I."""' Sy
5T i N o \
gV = OsIX+ 2+ 116 The vertical .I"l Y y ;?E .I"n !
© N ! ; . wAORA A S
displacement is
< »| 16 units up.
o T x| 3m | P n=z ly=1z
v |2 2 == —=

M.a) {y|-1<y<5yeR b) {y|-6<y<0,yecR}
0 {v|-183<y=<-7,yeR}
d) {yv|5<y<1l,y€eR}
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12. a) y=sin{x - ) Ly
3]/ .
I
< >
- |3 T |0 T | 2m | ™  AmN\ X
2 N3 E 3 3
R 2
b) Y =sin{x 4 I[\ A
} 1
I
N\ / \ /
< >
3T\ _7/ 0 T |3 2m | X
2 |\ 7 > N\
> 4 7
Y
9 |[y=sinx+43 A
4
2
< >
3t —w |_ T |0 w | 3w | 2m | X
2 2 v 2 2
d) < UK >
3| —m 0 T | 1 | 3w 2w | X
2 2 |, 2 2
[
il
y=sinx—+4  Z
13.a=9,d=—4
14.a) i) 3 i) 2w
jii) % units right iv) none
v) domain {x| x € R}, range {y| -3 <y <3,y €R}
vi) The maximum value of 3 occurs at x = %T
vii) The minimum value of —3 occurs at x = %rr
b) i)2 i) 2w
iii) g units right iv) 2 units down
v) domain {x|x € R},range {y| -4<y<0,y€R}
vi) The maximum value of 0 occurs at x = %
vii) The minimum value of —4 occurs at x = 377(
) i) 2 i) w

jii) % units right iv) 1 unitup

v) domain {x|x € R},range {y| -1<y<3,y€R}

vi) The maximum value of 3 occurs at

=T _ 3

x=3 and x = 5

vii) The minimum value of —1 occurs at
x=0,x=m, and x = 2.

15.a) y=2sinx—1 b) y=3sin2x+1

) y:Zsin4(x—%)+2

4
b) y=2(:os(x+g)—1 ) y=cos(x—m+1

16. a) y:20052(x—£)+1
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17.

18.
19.

20.
21.

22.
23.

24.

25.

26.

a) [M=cestE-mwAlED b) y=sinx

H=1.57070862 I¥=1

¢) The graph of the cosine function
shifted g units right is equivalent to the
graph of the sine function.
phase shift of g units left
a) i) Phase shift is 30° right; period is 360°;
x-intercepts are at 120° and 300°.

ii) Maximums occur at (30°, 3) and (390°, 3);
minimum occurs at (210°, —3).

b) i) Phase shift is % units right; period is m;

x-intercepts are at g and T

ii) Maximums occur at (%, 3) and (%ﬂ, 3);

minimum occurs at (%, —3).
. ﬂ — —
v =50 cos 2640(X 9240) + 5050
The graphs are equivalent.
t=Eninl S E -2 -1 = IRl S 37 AT 0-1
Fa o Fa o
II." '!ll i "l.l II." '!ll i i
T = T =
AR O AR O
1 1

= L ‘__," l'l\. = L ‘__," N,
Hse =-1i Hse =-1i
v =4sin 4(x + ©)

a) [Hi=-zE.EsinIENZEE(HA10- | b) approximately 26.5°
c) day 171 or June 21
‘___.-"F-'_-"'-.
e -,
L-y- S
H=hz IR )P
a) 4s b) 15 cycles per minute

€) [M=1.PSsinlm e

[I‘II l?rl. .IFII llrll. .II-II 1I"'| .ll-ll 1IIIII|
ITRRRTATR!

"= =17t

d) The air flow velocity is 0 L/s. This corresponds
to when the lungs are either completely full or
completely empty.

e) The air flow velocity is —1.237 L/s. This
corresponds to part of a cycle when the lungs are
blowing out air.

a) [Hi=cesiiiecoani, o b) The amplitude is 2.

: The period is 207.

Hen =z

a) i) 120° ii)
b) Example: When graphed, a cosine function is

ahead of the graph of a sine function by 90°. So,
adding 90° to the phase shift in part a) works.

37 . ™
2 iii) ™ iv) 2



27.

28.

a1

c2

c3
c4

a) y=3sin(x+7 +2 b) y=3sin2(x—%>+l

) y:2sin(x+g)+5 d) y=5sin3(x—120° — 1

2 9.8 p EETS b0 pe- N : P 3]
a P== —_—
) 5 cos 20 t

H= W= 20E0%EAR

b) approximately —0.20 radians or 3.9 cm along the
arc to the left of the vertical

a changes the amplitude, b changes the period,

c changes the phase shift, d changes the vertical

translation; Answers may vary.

a) They are exactly same.

b) This is because the sine of a negative number is the
same as the negative sine of the number.

¢) They are mirror images reflected in the x-axis.

d) It is correct.

5T .

—3 Square units

a) 0<b<1

c¢) Example:c=0,d=0
e) Example: ¢ = —g, b=1,d=0 f)

b) a>1
d) d>a

b=3

5.3 The Tangent Function, pages 262 to 265

1.

. [r=tanimnT
=11 ]

a) 1,45° b) —1.7, 120.5°
¢ —1.7,300.5° d) 1, 225°

. a) undefined b) —1 c 1
d) O e) 0 f) 1

. No. The tangent function has no maximum or

minimum, so there is no amplitude.
—300°, —120°, 240°

I‘II,‘ K Ill“f ‘II'I
(1]
H=al | le=irzzecon
tan 6 1 sin 0
Cams =L e =
sin®  cos O tan cos 0
. a) slope = %
b) Since y is equal to sin 6 and x is equal to cos 6,
then tan 6 = %
o slope = % d) tan 6 = %
_Yy _ sin 6
a) tanB—X b) tane—coSe

¢) sin 6 and cos 0 are equal to y and x, respectively.

. a) P tan @ b) The value of
89.5° 11459 Fan. 9‘1ncreases to
infinity.

89.9° 572.96

89.999° 57 295.78

89.999 999° | 57 295 779.51

) 0 tan © The value of

90.5° 11459 !an 6 approaches
negative infinity.

90.01° —5729.58

90.001° —57295.78

90.000 001° | —57 295 779.51

10.

11.

12.

13.

14.

C1

c2

c3

1.

2.

3.

.a) d=5tan &t b) [H=Erantmir 4
30 ‘_‘.l‘
) 8.7m __,-“’
d) Att= 15 s, the camera Tl
is pointing along a ,.-"'J--
line parallel to the s
wall and is turning i U =B.BEIEEY
away from the wall.
a) d =500 tan Tt b) [Fi=EutanimiI l,l
¢) The asymptote |."l
represents the moment N_.f"
when the ray of light e
shines along a line that " .
is parallel to the shore. :
d =10 tan x
i=.7BEZ8E1A  ¥=io
a) atangent function

b) The slope would be undefined. It represents the
place on the graph where the asymptote is.

Example:

a) (4,3) b) 0.75

¢) tan 6 is the slope of the graph.

a) tan 0.5 = 0.5463, power series ~ 0.5463

b) sin 0.5 = 0.4794, power series = 0.4794

¢) cos 0.5 = 0.8776, power series = 0.8776

The domain of y = sin x and y = cos x is all real

numbers. The tangent function is not defined at

x=21 4 nm, n € I. Thus, these numbers must be
excluded from the domain of y = tan x.
a) f Example: The

1

tangent function has
: E |( x-values where zeros
( I [ [

asymptotes at the same
occur on the cosine

function.

Example: The tangent
function has zeros

at the same x-values
where zeros occur on
the sine function.

b) | | J
PN T
[

Example: A circular or periodic function repeats its
values over a specific period. In the case of y = tan x,
the period is 7. So, the equation tan (x + ™) = tan x is
true for all x in the domain of tan x.

5.4 Equations and Graphs of Trigonometric Functions,
pages 275 to 281

a) x=0,T, 27 b) x = mn where n is an integer

_o X 2m . 4T 5T
¢ x=0, 3 3™ 33 , 2™
Examples:
a) 1.25,4.5

b) —-3,-1.9,0.1,1.2,3.2,4.1,6.3,7.2
Examples: —50°, —10°, 130°, 170°, 310°, 350°
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4. a) L
= — = —_ fh L fh L r
—— —_ —— —_ ""\.] Ry | l‘r -\J-.'l ""\.] Il:I'lll Iln" IL 1}. ;
L'II fl IIL L !l 1.1
[
1
- Iln'l [N} ll 'lll lll' 'll Iln'll II'II._I||II
Inberseckione o | [Inkbersectione . . Inkgrseckion = Inkersection =
w0 t=im Hsh t=im H=erE N3RS Y=Y Rt ki K i b |
x=0andx=6 X =~ 5.44°, x = 23.56°, x = 95.44°, x = 113.56°,
b) X =~ 185.44°, x = 203.56°, x = 275.44°, and
o -, , i = °
.-"‘ ".| £ Ill.- | £ X =~ 293.56
| A ro A [ 5.a) x=~ 1.33
i ,.'" ] ' 1,| ,.'" ] ' b) x~ 3.59°and x ~ 86.41°
L i ,'l o i ,-'l ¢) x=1.91 + mnand x = 3.09 + ©n, where n is an
ik & “sgihin & :
RELPARIEN vern = | [REREEEREY o M integer
d) x =~ 4.50° + (8°)n and
o~ o~ o~ o~ x =~ 7.50° + (8°)n, where n is an integer
,-" "|| I!" l";l ,-" "|| I,!' l";[ 6. a) domain {t|t>0,t € R},
— | range {P | 2000 < P < 14 000, P € N}
Y Y b) domain {t|t>0,t€ R},
Interseckion h S Intgrseckion h S range (h|1<h<13,heR}
we1A4. 7850z v=in we=eRk E0s87 y=in B domain {t | t>0te R}
X ~ 4.80°, X ~ 85.20°, X ~ 184.80°, X ~ 265.20° range (h | 6 < h < 18, h € R)
) d) domain {t|t=>0,t€ R}
: o o : o o = ’
L ll'ﬁ"l [1" 1 I:" 4 ;{"’l [1" 1 I:" 4 range {h |5 <h<23,heR}
L gy R 7 L or s ms
T T
W ! N I'.,_‘;.l W _' N I'.,_f.l 8. a) Period is 100°; sinusoidal axis is at y = 15;
R buEy y= s, amplitude is 9.
b) Period is %T; sinusoidal axis is at y = —6;
: o o : o o
ll'ﬁ% [1" ! I,-‘ Y l1"""11 é A I," 4 amplitude is 10.
| |
'.II I.'l ':I : ll',l III:l '.II I.'l ':I Il' ll',l ,l'l c¢) Period is % s or 20 ms; sinusoidal axis is at
1 1
I, ! Ly b I, ! ! J,I' b y = 0; amplitude is 10.
., P Ry s . .
ﬁg:‘?‘*{gg‘]"”" ey Eg%‘*_{éﬁ;—.;‘.;‘g ey 9.a) 28m b) O min, ‘0.7 min, 1..4 min, ...
¢ 2m d) 0.35 min, 1.05 min, 1.75 min, ...
: ; ; : ; ; e) 0.18 mi f) approximately 23.1 m
A Ay ) in 1) approximately
T T T T T 10. 78.5 cm
IIII I.'l 4 I," 'i'. lll:' IIII I.'l 4 I," l". lll:' 11. V = 155 sin 1207t
| 1 ! I\ I 1
W L I'., N W L I'., N 12. a) 1 days b) 102.9 min ¢) 14 revolutions
Inkspseckion - Inksrsection - 14
HEH.EZEHEEL Wed RSt PR bl B 13. a) [H=Eansnimi Lz L It takes approximately
x =~ 0.04, x = 1.49, x = 2.13, x = 3.58, x = 4.23, _‘_.-"'_"H"\-\.,H 15 months for the fox
and x = 5.68 4 e, | population to drop to
d) e | 650.
i=h W=iknn
b) [rz=Enddsinim AAziH-1210+1_
.-'"'-d___.ﬁ"\.
,-""‘ ."""-.
.. .-""-’
", =
1l
by e [
ll ll I'. c) A .
l,. J X ¥ Arctic Fox Lemming
FRierzes ","" ey Maximum Population 1500 15 000
Month 6 18
Minimum Population 500 5000
Month 18 6
d) Example: The maximum for the predator occurs
at a minimum for the prey and vice versa. The
predators population depends on the prey, so

every time the lemming’s population changes the
arctic fox population changes in accordance.
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14.

15.

16.

17.
18.

19.

20.

21.

a)

a)

b)
0

a)

)

d)

a)

a)

b)

)

b)
0

a)

b)
a)

b)

o b) 35.1 cm
! s, g 1s

Maximum is 7.5 Sun widths; minimum is 1 Sun
width.

24 h

y = —3.25 sin %X + 4.25, where x represents the

time, in hours, and y represents the number of
Sun widths

b) 1.6 °C

y = —18.1 cos %(X — 1) + 1.6, where x represents

the time, in months, and y represents the average
monthly temperature, in degrees Celsius, for
Winnipeg, Manitoba

1= 718 Leust o piH-10+1. e) about 2.5 months
PN
F 5,
¥ "EH
g ]
& ,
. £ _
a= =i8.7
T = —4.5 cos %t + 38.5 b) 36.25 °C
yA
O TN
§ . ~ ~
= 10 N -
=
00
[}
I 0
LU
3>
0 0612182430 36t
Time (s)

y =10 sin 2—"T[i.‘ + 0.45) + 50, where t represents
the time, in seconds, and y represents the height
of the mass, in centimetres, above the floor

43.3 cm = d) 0.0847 s

h = —10 cos %t + 12, where ¢ represents the

time, in seconds, and h represents the height of a
passenger, in metres, above the ground

15.1m

approximately 21.1 s, 38.9 s

h =7 sin 2?‘K(t + 1.75) + 15 or

h =7 cos 2—F‘T(t + 0.5) + 15, where t represents the
time, in seconds, and h represents the height of
the tip of the blade, in metres, above the ground
20.66 m c) 4.078s

-_— Tr_ —
y = —9.7 cos 183(t 26) + 13.9, where t

represents the time, in days, and y represents the
average daily maximum temperature, in degrees
Celsius

18.6 °C c) 88 days

22.

23.

a1

a)
)
d)

a)

b)

= T
v =15 cos 20t+5

approximately +9.6% “, -
of the total assets 11. ry
Example: No, because

it fluctuates too much.

b) [H=ifcasimH zid+E

.

o
-\._:H.‘_.-'
f=-1in

a=2n

vy =1.2sin %t, where t represents the time, in

seconds, and y represents the distance for a turn,
in metres, from the midline

y=12sin 2?ﬁt; The period increases.

Examples:

a)

b)

Use a sine function as a model when the curve

or data begins at or near the intersection of the
vertical axis and the sinusoidal axis.

Use a cosine function as a model when the curve
or data has a maximum or minimum near or at the
vertical axis.

€2 Example:
a)-b) The parameter b has the greatest influence on

the graph of the function. It changes the period
of the function. Parameters ¢ and d change the
location of the curve, but not the shape. Parameter
a changes the maximum and minimum values.

€3 Examples:

Chapter
1.

a)

b)

a)

b)
9

d)

. a)

b)

y = —0.85 sin g—gx + 0.85, where x represents the

height of the door, in metres, and y represents the
width of the door, in metres

Z
£ 15
= /
£, JAREAN
2 7 3
g o5\ /
o
>
0 1312639526578 X
Door Height (m)
5 Review, pages 282 to 285
y = sin x A
/ \ 1/ N\ yd
< >
—1 18%° 0° X
N\ /. \ 4
b 2

x-intercepts: —360°, —180°, 0°, 180°, 360°
y-intercept: 0

domain {x | x € R},

range {y | —1 <y < 1, y € R}, period is 27
y=1

Y =Cos|x YA
\\ / N\ / \g
i
D 180 0 180° 360° X
N\ / . N\ /
¥

x-intercepts: —270°, —90°, 90°, 270°
y-intercept: 1
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b)

)

<)

)

8. a)

b)

<)

domain {x | x € R},

range {y | -1 <y <1, y € R}, period is 27
y=1

A b) D ¢ B d) C
Amplitude is 3; period is 7 or 180°.
Amplitude is 4; period is 47 or 720°.

Amplitude is %; period is 12T1'r or 432°.

Amplitude is 5; period is %T or 240°.

Compared to the graph of y = sin x, the graph of
y = sin 2x completes two cycles in 0° < x < 360°
and the graph of y = 2 sin x has an amplitude of 2.
Compared to the graph of y = sin x, the graph

of y = —sin x is reflected in the x-axis and the
graph of y = sin (—x) is reflected in the y-axis.
The graphs of y = —sin x and y = sin (—x) are
the same.

Compared to the graph of y = cos x, the graph of
y = —cos x is reflected in the x-axis and the graph
of y = cos (—x) is reflected in the y-axis. The
graph of y = cos (—x) is the same as y = cos x.

y =3 cos 2x b) y:4cos%x
=1l =3
y =5 008 X d) y = cos 12x
y = 8 sin 2x b) y = 0.4 sin 6x
_34 1 2
y=5sinox d) y=2sin3x

Amplitude is 2; period is ZTW; phase shift is

T \units right; vertical displacement is 8 units down

2
YA
< >
- | 3w _m |0 T | 2r ™ | 4w | X
2 3, 3 3 3
8
y=2cos 3(x—T)_g
v \ 2l
Amplitude is 1; period is 4m; phase shift
is % units right; vertical displacement is
3 units up
'ZA
pd N\ 1 N\ pad
rd N L/ N /
Ny sindfx L™ L3
’ 2\ 4l
< >
—37 27| —m |0 T | 2w | 3w | 4m | X
Y
Amplitude is 4; period is 180°; phase shift is
30° right; vertical displacement is 7 units up
~ ~ ™\ i
NN \ /
\ |/ A\ |/ /
p NS S
T T y=4cos 2(x +30°)+ 7|
~ [ =1R0 0 20° 240° 'x
Y
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d)

b)

)

10. a)
b)

D)
d)

1. a)
b)

<)
12. a)

b)

13. a)

b)

)

Amplitude is %; period is 1440°; phase shift is

60° right; vertical displacement is 1 unit down

X _ainly 600 L
P .‘7 34"] 4\ 7 R
D 0 480° 960° 14409 x
| ~ ¥
- 2 ™~ —

They both have periods of .
f(x) has a phase shift of g units right;

g(x) has a phase shift of % units right

T units right d) % units right

y=3sin2(x—45°)+1,y=—-3cos2x+ 1
y=2sin2x—1,y=2cos 2(x — 45°) — 1
y:ZSiDZ(X—%)—l,y:—ZCOSZX—l

—3sinifx— T = 1f, 37
y_Sst(X 2)+1,y_3c052(x 2)+1
y:4sin2(x—g)—5

=1l T
y—zcosz(x+6)+l

2 2

y=§sm§x—5

YA | y=2cos (x -+ 45°) + 3
\ A \ /
2
\ /¢ \ /
< >
—180 0 180° 360° X
\ 4

domain {x | x € R}, range {y | 1 <y <5,y € R},
maximum value is 5, minimum value is 1, no
x-intercepts, y-intercept of approximately 4.41
A Tytasin2(x— )L
L 29P /| S N
\ AN AL /
\ NG N

<Y

v

D \\—71' [3x|_w b Jx | 2n \x | fx
\/ RV, \
Y
domain {x | x € R}, range {y | -3 <y <5,y € R},
maximum value is 5, minimum value is —3,
x-intercepts: approximately 0.92 + n,

2.74 + nw, n € 1, y-intercept: approximately —2.5
vertically stretched by a factor of 3 about the
x-axis, horizontally stretched by a factor of

% about the y-axis, translated % units right and

6 units up

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

translated % units left and 3 units down

vertically stretched by a factor of % about the
x-axis, horizontally stretched by a factor of %

about the y-axis, translated 30° right and
10 units up



d) reflected in the x-axis, horizontally stretched by a 20. a)
—— —,
factor of % about the y-axis, translated 45° left and S A
& , & o,
. ; . : “
8 units down ., r , r
14. a) L L
Skki — Skka —
We.EeZEREFE Y= Hse. 1788 Y0
x=Tand x = 2T or x ~ 0.52 and x ~ 2.62
b) [ri=zcosii-Z0i+E no solution
——_ -
x__\_.ﬂ. ‘--‘___.-
b) Compared to the graph of y = sin 6, the graph of e Lol
y = 2 sin 20 is vertically stretched by a factor of 2
about the x-axis and half the period. Compared to u=zF0 Ve
the graph of y = sin 6, the graph of y = 2 sin %9 0
is vertically stretched by a factor of 2 about the - ~~ = e
x-axis and double the period. 2 z ke d
15. a) \'-._\_ __.-'"’ \'-._\_ __.-'"’
Intepsection Intersgction
HElEE33EEE =K H=h.BRAhBRF Y=.E
x =~ 1.33 + 8n radians and
x ~ 6.67 + 8n radians, where n is an integer
d)
= ¥
- e, -
ﬁ'-\.__h ‘_.»H ﬁ'-\.__h ‘_.»H
e e
Intersgotiono———— ol [Tnterseckion
WEEA0EARE =i wW=ARM0FEsE =i
x =~ 3.59° + (360°)n and
X =~ 86.41° + (360°)n, where n is an integer
21. a) [ri=izcosiii+id b) 9.4 h
b Ry Ry £
IWANANAY
I ! 1 |||'
LT |
l'L-" (VAR '-..-‘Ill
. . 3T _®™
-_ < < _ =
oo ?TOH;:TIH e R ar=xs 22’ x¥ %6’ 2’ H=iz V=E8.1z6z48
= —360° = x < 360°, . .
20 2 X€ bor x| X ¢) Example: A model for temperature variance is
x # —270°, —-90°, 90°, 270°, x € R} important for maintaining constant temperatures
ii) range {y | y € R} iii) y-intercept: 0 to preserve artifacts.
iv) x-intercepts: —2m, —m, 0, W, 2 or —360°, 22. a) [F=Lzsinim qEn-FI s b) maximum height:
—180°, 0°, 180°, 360° 27 m, minimum
L x— 3% _m m 3m PN height: 3 m
v) asymptotes: x = 5 Tgrgr g OF Fd ., &
x = —270°, —90°, 90°, 270° - .
16. a) (1, 1 b) tan 6 = sin 6 - :
V3 cos 0 H=z0 y=ic
c) As 0 approaches 90°, tan 6 approaches infinity. ) 90s d) approximately 25.4 m
d) tan 90° is not defined. 23.a) L=—-3.7cos 2T (t + 10) + 12
17. a) Since cos 0 is the denominator, when it is zero tan 365

b) approximately 12.8 h of daylight
24. a) approximately 53 sunspots

b) around the year 2007

¢) around the year 2003

0 becomes undefined.
b) Since sin 0 is the numerator, when it is zero tan 6
becomes zero.
18. The shadow has no length which makes the slope
infinite. This relates to the asymptotes on the graph of
y = tan 0.
19. A vertical asymptote is an imaginary line that the .A 2.D 3.C 4D 5B 6.A 7.C 8.
graph comes very close to touching but in fact never
does. If a trigonometric function is represented by a

Chapter 5 Practice Test, pages 286 to 287

ro]3

9. asymptotes: x = % +nm, n €l

quotient, such as the tangent function, asymptotes domain {X | x # % +nm,xe€R,ne I},
.generaélyf 'OC?I‘ ﬁt V.alueshfor V}vlhlfh th.e fu}uctl}i)n range {y | v € R}, period is
1s not defined; that 1s, when the function in the 10. Example: They have the same maximum and

denominator is equal to zero. .. . . .
q minimum values. Neither function has a horizontal or

vertical translation.

Answers ¢ MHR 599



11. Amplitude is 120; period is 0.0025 s or 2.5 ms.

12. The minimum depth of 2 m occurs at 0 h, 12 h, and
24 hour. The maximum depth of 8 m occurs at 6 h
and 18 h.

13. a)

b)

Inkerseckion Inkerseckion
u=i.t H=z.k

¥=E =t

x = 1.5 + 6n radians and x = 3.5 + 6n radians,
where n is an integer

-'_.- -H'H. -'_.- -H'H.
-~ -, -~ -,
oy - o
e e —
IntapFsackion _ Intapsgckion _
ek ==z H=H.Fa0E41E Y=o

X =~ 3.24° + (24°)n and
X =~ 8.76° + (24°)n, where n is an integer

14. Example: Graph II has half the period of graph I.
Graph I represents a cosine curve with no phase shift.
Graph II represents a sine curve with no phase shift.
Graph I and IT have the same amplitude and both
graphs have no vertical translations.

15. a)

b)

<)

16. a)
17. a)

h = 0.1 sin ©t + 1, where t represents the time, in
seconds, and h represents the height of the mass,
in metres, above the floor

. —
B — - B - — -
Inkersgckion Inkerseckinn

u=.le66BEET LY=1.05 RN e P o B | —

approximately 0.17 s and 0.83 s
t =L or0.1666... and t = 2 or 0.8333

6 6
y:35in2(X—%)—l b) y=-3cos2x—-1
A, B b) A,BorC,D,E ¢ B

Chapter 6 Trigonometric Identities

6.1 Reciprocal, Quotient, and Pythagorean Identities,
pages 296 to 298

1. a)
)
d)

x#7mn,nel b) X;é(g)n,nél
x#
x#

+ 2mnand x # wn, n € 1

+mnand x # ™ + 27n, n € 1

NIERSIE

2. Some identities will have non-permissible values
because they involve trigonometric functions that
have non-permissible values themselves or a function
occurs in a denominator. For example, an identity
involving sec 6 has non-permissible values
6 # 90° + 180°n, where n € I, because these are the
non-permissible values for the function.

3. a)
a)
5. a)

b)

6. a)

»

b) sin x c¢) sinx
b) csc x €) secx

tan x
cot x

When substituted, both values satisfied the equation.

x # 0°, 90°, 180°, 270°
X¢ﬂ+2ﬂn,nel;x#§+ﬁn,nel
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b)

0

a)

N

b)

)

10. cos x, x # 0, g, ™, ——

‘|'1=:in(:-:Il-:-:-sli:{:l.-:l:i+-:n::sl:}::l ‘|'1=l:i—cn:-:ll}:IlZl.-‘t:ml:H:l
\ \
h, ",
‘-\._\_‘__ ,

"".,.
IIl
WEW.eTEREFE  Y=.O0FHEENEE

"".,.
IIl
nEW.erEEFE [Y=0FHEENEE

Yes, it appears to be an identity.
The equation is verified for x = %

cos? 0 b) 0.75 ) 25%
All three values check when substituted.

n=r.ArEsFil Y=.E0fElEEY

The equation is not an identity since taking the
square then the square root removes the negative
sign and sin x is negative from 7 to 2.

_Icos® _ Icot6
b= R? b) E_chsce
Icose)
E= (sine
")
sin 6
E:(Icose)(sine)
sin 0 R?
Icos 6
E:—BZ

3T
2

11. a) It appears to be equivalent to sec x.

b) X#%-}-‘ITH,HGI

1 cos*x
0 csc’x —cot? x _ sin*x  sin’x
COS X COS X
1—cos’x
_ sin® x
COS X
sin* x
sin* x
COS X
__1
COS X
= sec x
12. a) Yes, it could be an identity.
X . X .
b) gg(t:X +sin x = (;(i)rix - 001SX + sin x
= CO.SJ + sin x
sin x
_ cos®*x + sin* x
B sin x
=csc x
13.3 1=1

b) The left side = 1, but the right side is undefined.

¢) The chosen value is not permissible for the tan x
function.

. 2 . .

d) The left side = 7 but the right side = 2.

e) Giselle has found a permissible value for which
the equation is not true, so they can conclude that
it is not an identity.

14. 2
15. 7.89



16.

17.

c1

c3

1 1 _1—sin®+1+sinb
1T+sinb " T-sm6 (1 ~ im0+ sin 0)
T (1 — sin?0)
= 2 sec’
m = csc X i 0
I ey ey
_cos’x , sin’x
~ sin? x sin? x _ sin O — sin 6 cos 0
_ cos®x + sin® x 1 —cos*
-7 &inzx _ sin 6 — sin 6 cos 6
_ sin” 6
sin? x _1—cosH
=csc? x " sin®
It helps to simplify by
creating an opportunity
to use the Pythagorean
identity.
Step 1
Wizhaniiy Il Wz absirsin I oo Il
| |
.'“Illll .'“Illll
—.'-:——"-‘- —n——"-‘-

1 1
ne.rEEEDELE V=1 I ne.rEEEDELE V=1

Yes, over this domain it is an identity.

Step 2
H=kaniiy '.'1=ab-:t-:mi.-::-::-sc:-:](:-::-:- Jll
f‘l f"l‘ L‘.l 'I -"II\‘-. ,-'l ll"-._E ﬂrl'- A

o N [ I,l N
W= BOELOEFE [V=1.03280EY

n=Ll0eRYTEY 1Y=1.BE4TEY

The equation is not an identity since the graphs of the
two sides are not the same.

Step 3 Example: y = cot 6 and y = C?—SG

sin 6
identities over the domain 0 < 6 < g but not over the

are

domain — 27 <6 < 27

Step 4 The weakness with this approach is that for
some more complicated identities you may think it is
an identity when really it is only an identity over that
domain.

6.2 Sum, Difference, and Double-angle Identities,
pages 306 to 308

1.

a) cos 70° b) sin 35° c¢) cos 38°
d) sin % e) 4sin %‘T

. a) cos 60°=0.5 b) sin 45° = % or %
¢) cos % =0.5 d) cos %T = —?

. Ccos 2x =1 — 2 sin? x;

1—cos2x=1-—1+ 2sin’x = 2 sin’* x

. a) sin g b) 6 sin 48° ¢) tan 152° d) cos %
s
e) cos 6
.a) sin6 b) cos x c¢) cos®H d) cosx

. Example: When x = 60° and y = 30°, then

left side = 0.5, but right side =~ 0.366.

. €c0s(90° — x) = cos 90° cos x + sin 90° sin x

=sin x

10.
11.

12.

13.

14.
15.

16.

17.
18.
19.

20.
21.
22.

23.

V3i—-1 _V6-+V2 —V3 +1
a) 7 or 7 b) V311 or v3 — 2
1+V3 V2 +V6 —V3-1_ —V6-+Vv2
@ E T 4 W vz g
e) V2(1+ V3) f) 1-V3 V26

vz © 3

. a) P =1000 sin (x + 113.5°)

b) i) 101.056 W/m?

iii) —50.593 W/m?

¢) The answer in part iii) is negative which means
that there is no sunlight reaching Igloolik. At
latitude 66.5°, the power received is 0 W/m?.

ii) 310.676 W/m?

—2 cos x

119 120 12
2 169 KT 9 13
a) Both sides are equal for this value.

b) Both sides are equal for this value.
2 tan x

1 —tan® x

_ 2tanx (cosZ X)

¢) tan 2x =

1 — tan® x\cos? x

sin x 2
z(cos X)(cos X)

(1 _ sinzzx
 cos? X
_ 2sInXCcosXx
" cos?x — sin? x
v?sin 20
8
c) It is easier after applying the double-angle identity
since there is only one trigonometric function
whose value has to be found.
k-1
a) cos* x — sin* x = (cos? x — sin? x)(cos? x + sin? x)
= cos?* x — sin? x

) cos® x

a) d= b) 45°

= COS 2X
b) csc2x—2:1_ 2
csc? x csc? x
=1-—2sin’x
= COS 2X
— —_ imn2
a) 1 czos 2x _1-1 +22 SIN® X _ ey
b) 4—8sin*x _ 4cos2x _ 4
2 sin x cos x sin 2x tan 2x
2
V29
k=3
a) 0.9928, —0.392 82 or %
b) 0.9500 or W
56 63 —7 24
A 65 b &5 9% N
a) sinx b) tan x
cos x = 2 cos? (%) -1
cosx+1 _ cos? (5)
2
cosx + 1 X
RERY g S S =
+ > cos 5
a)  [w=ysincd-Teamy, b) a=5,¢c=37°
T " .
! x"., y ) y=>5sin (x — 36.87°)
! 1
— ‘n
| i
"l "., "., ¢
h Wt
H=n
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24. y=3sin2x — 3

C1 a)

b)
2 a)

a3 a)

b)

<)

d)

. 120
i) 169 or 0.7101

Using identities is more straightforward.
VAZBSIRC TR b) To find the sine
I.'r "lll I" , function from the
! IIl III graph, compare the

.o 120
ii) 169 or 0.7101

Illl fi ooy amplitude and the
! l.l' Vo period to that of a
g=2ze A =z "-.._;-'l base sine curve. The
alternative equation
is y = 3 sin 2x.
LR Els-1) LE

e

e e . -
W T

=, -, s

n=gn =1

The graph will be the
horizontal line y = 1.

LR L0 THOUREE 2 L0 18 M

n=gn =1

The resultant graph
is a cosine function

LR L0 T UEEa §dd 1 NS

S 3 ‘.f"l "'-,' reflected over the
& oS % | x-axis and the period
- e *-| becomes T.
H=180 v=-1
f(x) = —cos 2x. Using trigonometric identities,

sin® x — cos* x = 1 — cos® x — cos® Xx.
=1—2cos*x
= —CO0S 2X

6.3 Proving Identities, pages 314 to 315

1. a)
)

2. a)

b)

)

d)

)

. cosx + 1
sin x b) cosx+ 1

6

sin x

—_— d) secx —4cscx
cosx + 1

12

2w sin® x

€Os X + COs X tan* X = Cos X + o=~

cos’x |, sin®’x
COS X COS X
_1
COS X
= sec x
(sin x — cos x)(sin x + cos x)

sin x + cos x
. .=sin x — cos x .
sin X cos X — sin x _ sin x cos x — sin x

sin® x — cos* x _
sin x + cos x

cos?’x — 1 — sin? x
_ —sin x(1 — cos x)
N — sin? x
_1—cosx
T sinx
1 — sin® x (1 —sinx)(1 + sin x)
14 2sinx—3sin?x (1 — sin x)(1 + 3 sin x)
_ 1+sinx
T 1+ 3sinx
sin x + 1 b) —2 tan x
COS X COS X
csC X d) 2cot*x
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. a)

sin x sin x
sin 2x _ 2 sin x cos

2
) 1 cos” X b) sin x

=cosx,x# Tn;n €1

"2sinx T 2sinx
. COS X
CSC X _ 1
2cosx  2sin xcosx
1
sin 2x
= CSC 2X
. . cos® x
b) sin x + cos x cot x = sin x + ———
sin x
_ 1
sin x
=(csc X
. Hannah'’s choice takes fewer steps.
.a) 423 m
v?sin 20 v’2 sin 6 cos 0

8 8
2v? sin* 0 cos 6

gsin 0
2v? sin® 0
T gtan®
2v?*(1 — cos® 6)
- gtan 0
10. a) Left Side b) Left Side
_ _cscx _ sin x cos x
2 cos x 1+ cos x
_ 1 _ (sin x cos x)(1 — cos x)
2 sin x cos x " (1 + cos x)(1 — cos x)
- _1 _ sin X cos X — sin x cos? X
sin 2x - sin? x
= cSsc 2x B
— Richt Side _ COs X —cos’ X
=Rig sin x
_1—cosx
tan x
= Right Side
¢) Left Side = sin X + tan x
1+ cos x
_(sinx | sinx) .
_( 1 COSX).(1+cosx)
_(sinxcosx+sinx) 1
= COS X 1+ cos x
_ (sin x(1 + cos X)) 1
= COS X 1 + cos x
_ sinx
T cosx
Right Side = SIL2X
2 cos? x
_ 2sin x cos x
2 cos® x
_ sinx
~ cos x

Left Side = Right Side

11. a) Left Side = SIL2X , €08 2X

COS X sin x

_2sinxcosx , 1—2sin*x
COS X sin x

= 2sin x 4+ csc x — 2 sin x

=csc X

= Right Side



12.

13.

14.

15.

16.

b) Left Side c¢) Left Side
= csc? x + sec? x _cotx—1
_ 1 1 1 — tan x
" sin?x  cos?x 1 —tan x
_ sin®* x + cos? X _ _tanx
sin? x cos? x 1 —tan x
1 _ 1 —tan x
"~ sin? x cos? x tan x(1 — tan x)
= csc® X sec” X __1
= Right Side tan x
_ GSC X
T secx
= Right Side

a) Left Side = sin (90° + 0)
sin 90° cos © + cos 90° sin 0
= cos 0
Right Side = sin (90° — 6)
sin 90° cos 6 — cos 90° sin 6
= cos 0
b) Left Side = sin (27 — 0)
= sin (27) cos (0) — cos (27) sin (0)
—sin 0
= Right Side
Left Side = 2 cos x cos y
Right Side = cos(x + y) + cos(x — y)
= cos X Ccos y — sin x sin y + cos x cos y +
sin x sin y
=2cCcosxcosy
A) [yr=Emincdise el

No, this is not an
identity.

n=rA.ZEFEFE IV=.87EFEHEE

b) Replacing the variable with 0 is a counter example.
a) x#T1n;nel

b) Left Side = —SIL2X

1 — cos 2x

2 sin x cos x
1—1+ 2sin’x
COS X
sin x
cot x
Right Side

Right Side
_ sin 4x — sin 2x
" cos 4x + cos 2X
2 sin 2x cos 2x — 2 sin x cos x
cos 4x + 2 cos’ x — 1
2(2 sin x cos x)(2 cos? x — 1) — 2 sin x cos x
2cos*2x—1+4+2cos*x—1
_ (2sin x cos x)(2(2 cos* x — 1) — 1)
T 2(2cos*x—1)+ 2cos’x — 2
(2 sin x cos x)(4 cos®* x — 3)
2(4 cos* x —4cos’x + 1) + 2 cos®* x — 2
(2 sin x cos x)(4 cos? x — 3)
8 cos* x — 6 cos? x
(2 sin x cos x)(4 cos* x — 3)
2 cos?® x(4 cos®> x — 3)
2 sin x cos x

2 cos® x
tan x

= Left Side

17.

18.

19.

C1

c2

c3

sin 2x

Left Side = — S 2X

eft Side 1= cos 2%
_ __sin 2x (1+cost)
" 1 — cos 2x\ 1 + cos 2x

sin 2x + sin 2x cos 2x
1 — cos? 2x
sin 2x + sin 2x cos 2x

sin? 2x
_ 1 Ccos 2x
~ sin 2x sin 2x
_ 1 1—2sin*x
" sin 2x sin 2x
__ 2 _ 2sin*x
" sin 2x sin 2x
= 2 CcsC 2X — 2 sin’ x

2 sin x cos x
= 2 csc 2x — tan x

= Right Side
_sin?x —

Left Side = 1 im X — 2C08 X
cos? X — cos X — 2
cos* X — 2 cos X

cos* X — cos x — 2

cos x(cos x — 2)

(cos x — 2)(cos x + 1)

Cos x
cosx + 1

COS X
COS X

cosx+ 1
COS X

1
1+ secx
= Right Side
n, sin 6,

1,

b) Using sin*x + cos* x = 1, cos x = V1 — sin’ x
Then, replace this in the equation.
n, sin 6,
nZ
Graphing gives a visual approximation, so some
functions may look the same but actually are not.
Verifying numerically is not enough since it may not

hold for other values.

Left Side = cos (g - X)

™ . T .
= COoSs (—) COS X + sin (E) sin X

a) sin, =

¢) Substitute sin 6, =

2
sin x
Right Side
a) cosxzo,§+2ﬂn<x<37ﬂ+27m,nel

b) x=1

) x =T, cos x will give a negative answer and
radical functions always give a positive answer, so
the equation is not an identity.

d) An identity is always true whereas an equation is
true for certain values or a restricted domain.

6.4 Solving Trigonometric Equations Using Identities,
pages 320 to 321

1.

2.

™ 5T ™ 5T
a 0,4 ™ b) 0,5, ™3
am T 5m 3w
) 5 d 5 5 2
a) 0°, 120°, 240° b) 270°
¢) no solution d) 0°, 120°, 180°, 300°
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(4]

1.
12.
13.

14.

15.
16.

17.
18.
19.

20.
a1

c2

c3

. a) Zsinzx+3sinx+1=0;%",— —

27 6
: _ o 7m 3T 1w
b) 251nx+351nx+1_0,6,2, 6

) sin2X+Zsinx—3:0,%

d) 2 — sin®? x = 0; no solution

. —150°, —30°, 30°, 150°
. 0.464, 2.034, 3.605, 5.176
. There are two more solutions that Sanesh did not find

since she divided by cos (x). The extra solutions are
x = 90° + 360°n and x = 270° + 360°n.
T 5m 13m™ 177 ™ 5w 13® 17w

A 13120 120 12 b 1712 12 12

.X:E-I—‘rrn,nel

2

.X:£+21TH,H€I

2

. 7. Inspection of each factor shows that there are 2 + 1

+ 4 solutions, which gives a total of 7 solutions over
the interval 0° < x < 360°.

T 4w 3w 5w

2’37273

B=-3,C=-2

Example: sin 2x — sin 2x cos* x = 0; x = (g)n, nel

X:(g)(2n+1],neI,x:%+2ﬂ'n,nEI,

x:%n+27m,nel

12 solutions
x=7+27n,n €1, x=+0.95532+nm,nel

X=%+’7TH,HEI,X=—%+7TH,HEI
—1.8235, 1.8235

X:Zﬂn,nel,xzi§+2ﬂn,nel

1 and —2
a) cos2x=1-—2sin*x b) (2sinx — 1)(sin x + 1)
¢) 30°, 150°, 270° d) [yi=sindi-mosizi
+ K
r Il‘ "
.f'If *
T o "y
; "'.,_‘_ ‘_,.-'"-I "'-\._‘_‘_
#=1E0 =i

a) You cannot factor the left side of the equation
because there are no two integers whose product
is —3 and whose sum is 1.

b) —0.7676, 0.4343

c) 64.26°, 140.14°, 219.86°, 295.74°, 424.26°, 500.14°,
579.86°, 655.74°

Example: sin 2x cos x + cos x = 0; The reason

this is not an identity is that it is not true for all

replacement values of the variable. For example, if

x = 30°, the two sides are not equal. The solutions are

90° + 180°n, n € I and 135° + 180°n, n € L.

Chapter 6 Review, pages 322 to 323

w

. a) X:ﬁg-i-n’ﬂ',HEI

. a) cosXx
La) 1
. a) Both sides have the same value so the equation is

b) X#:(%)H,HEI

) X=i§+27m,nel d) X:ﬁg-ﬁ-nﬂ,nel

b) tan x c¢) tan x d) cosx

b) 1 ¢ 1

true for those values.
b) x # 90°, 270°
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5.

a) Example:x=0,1
b) [vi=ii+raniir gy £ J

=ddooaily |

WEEAQELTAE  Y=1.000EERT B3 A0BLFAE |¥=-1ueEER

n
~

The graphs are the same for part of the domain.
Outside of this interval they are not the same.

) f[0)=2,f(%)=1+\/§

b) sin x + cos x + sin 2x + cos 2x
= sin x + cos x + 2 sin x cos x + 1 — sin? x

c) No, because you cannot write the first two terms
as anything but the way they are.

d) You cannot get a perfect
saw tooth graph but the
approximation gets closer
as you increase the
amount of iterations. Six

H=sinc s R nn I

terms give a reasonable  |#=n V=8
approximation.
7. a) sin90° =1 b) sin 30° = 0.5
m™_ V3 m_ 1
) C086—2 d)cos4_\/E
8. a) V3 -1 . V6-v2 b) \/§+10r\/§+\/§
2V2 4 2V2 4
V3+1 6+ V2
g V3-2 d) e
9. a) 7 or 7V2 b) 12 — 5V3
13vV2 26 26
120
9 169
10,1+ L
V2
11. tan x
12. a CosX . —1 —sin x
) sinx — 1 Cos X
b) tan’ x sin? x
13. a) Left Side b) Right Side
=1+ cot’ x = csc 2x — cot 2x
_ cos® X __ 1 _ cos2x
sin? x sin 2x  sin 2x
_ sin® x + cos® x _1—(2cos*x—1)
sin? x T 2sinxcosx
-1 _ 2 sin®* x
sin® x 2 sin x cos x
= csc?x = tan x
= Right Side = Left Side
c) Left Side d) Left Side
=sec x + tan x _ 1 1
1 sin x 1+cosx 1—cosx
= Cosx T Cosx _ 1—cosx 1 + cos x
_ 1+4sinx 1 —cos®x 1 — cos? x
~  cosx _ 2
— 1 — sin? x - sin? x
(1 — sin x) cos x = 2 csc? x
= _CosX = Right Side
1 —sin x
= Right Side

14. a) Itis true when x = % The equation is not

necessarily an identity. Sometimes equations can
be true for a small domain of x.

b) X:g-i-m‘r,nel



c¢) Left Side = sin 2x
= 2 sin x cos x
2 sin x cos* x

COS X
_ 2tanx
T osectx
2 tan x
T 1 4 tan?x
= Right Side
15. a) Left Side b) Left Side
_ cos X + cot x = sec x + tan x
" sec X + tan x __1 +sinx
COS X COSs X COS X
_cosx+sz _1+sinx
1 sin x Cos x

Ccos X ' cOos X 1 —sin*x

sin x cos? x , cos®x (1 — sin x) cos x
_ sin x sin x _ _Cosx
- 1+ sin x 1 —sin x
(sin x + 1) cos? x = Right Side
_ sin x
N 1+ sin x
_ COS X COS X
N sin x
= Cos x cot x
= Right Side
16. a) You can disprove it by trying a value of x or by
graphing.
b) Substituting x = 0 makes the equation fail.
17.a) x=0, zTﬂ’“'%ﬂ b) X_%““T“
7 117 ™ 3T
9 xX="5 "5 9 x=09.%

18. a) x = 15° 75° 195°, 255° b) x = 90°, 270°
¢) x = 30° 150°, 270° d) x=0°,180°

19.X:i%+nﬂ,l‘l€1

20. cos x = +%

21. x = -27, —7, 0, T, 27
Chapter 6 Practice Test, page 324

.A 2.A 3.D 4D 5 A 6D
1—xf L V2 — V6

7. a
V3i+1l V6+ V2
b or
N z
8. Left Side = cot 6 — tan 0
__1
= %no tan 6
_1—tan’6
tan 0
_ 2(1 — tan? 9)
2 tan 6
= 2 cot 260
= Right Side
0= (2 )n nel
9. Theo’s Formula = I, cos® 6
=1,— I sin* 0
ILI
T 07 tsc? 0

= Sany’s Formula

10.

a) A:zTﬂ+27rn,neI,A=4Tﬁ+21m,neI

b) B = 7n, HGLB:%-FZTTH,HEL

B_57T+21m nel

6
) O:ﬂn,nel,9=i§+2ﬂ'n,nel

11. X:%+m‘r,n€l
—4 —3V3
12. 10
U 5T
14. x = 0°, 90°, 270°
15. a) Left Side = _Gcotx
cscx — 1
_ cot x(csc x 4+ 1)
T csctx—1
_ cot x(csc x 4+ 1)
1+4+cot?’x—1
_(escx+1)
T cotx
= Right Side
b) Left Side = sin (x + y) sin (x — y)
= (sin x cos y + sin y cos x) x
(sin x cos y — sin y cos x)
= sin? x cos? y — sin® y cos? x
= sin® x(1 — sin® y) — sin* y (1 — sin® x)
=sin®*x —sin’ y
= Right Side
16. X:g+2‘rm,nel,x:%+27m,nel,

X—%T-ﬁ-Z‘nn nel

Cumulative Review, Chapters 4-6, pages 326 to 327

1.

a) 777‘ +2mm,neN b) —100° + (360°)m, n € N

v. J/T
Vi &

o uh wnN

Im < >
3 X
< 0 3( -100
a) 229° b) —300°
7T 25T
A% S
a) 13.1ft b) 106.9 ft
a) x*+y*=25 b) x*+y*=16
a) quadrant III b) —ZTN, %T
) (?, —%); when the given quadrant III
angle is rotated through g, its terminal arm is in
quadrant IV and its coordinates are switched and
the signs adjusted.
1 V3
d (35 ; when the given quadrant III angle

is rotated through —m, its terminal arm is in
quadrant I and its coordinates are the same but
the signs adjusted.
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8. a)
d)
9. a)

b)

10. a)

11. a)

12. a)
13. a)

15. a)

b)

<)

2 2
_o T g 5T _2m 4w
9—0,4,1:,4,211 b)9_3,3
0 = 27°, 153°, 207°, 333°
6 = 90°, 199°, 341°
14. y = 3 sin %(X + %)
amplitude 3, VA
period 1807, Hy=3cos 20
phase shift 0,
vertical displacement 0 1\ [\ [T\
JN TV
Jo fiso| pe0q b
2
Y
amplitude 2, VA
period 120°, y=-+25in (36 + 60°)
phase shift 20° left, 7‘2_7 N TN
vertical displacement 0 | [ |\ JRANIAN
G\ VIR STIRY
' 2
amplitude %, PIEL ) R
period 2, < B 3r %
phase shift 0 T LR A
7 units left, 2 y= YT ostor )~ 4
vertical displacement e
4 units down 4
Y

[ ) 3

); the points have the same

x-coordinates but opposite y-coordinates.

(Ve ~vallvz v

); the points have the same

x-coordinates but opposite y-coordinates.

V3 1 1 V3
2 b) 2 c) \/gor 3
V2 e) undefined f) —V3
yA
N\
N 2
P(=9, 12)\,
8
N
\ 4
\\ 0
< >
—12, -8 | -4 0| 4X
Y
no= 4 - _3 __4
sm9—5,0059— 5,tan() 3
-5 __5 -_3
csc6—4,seCS_ 3,cote_ 1
0 = 126.87° + (360°)n, n € I
_5om _m 7w 1w _30° 30°
6’ 6 6° 6 b) —30°, 30
3m 7w
4’ 4
9=%+2wn,nel;%+2ﬂn,nel

9:£+27m,n61

) 0=" 4t rnnel
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16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

d) amphtude 1, VA Ty o
period 4, y=simis (0777
phase shift 2
™ . . // \\

— units right, »
vertical displacement | | 0 T | 2w | 3w
1 unit up Y

a) y=2sin(x—30°) + 3,y=2cos (x — 120°) + 3
b) y=sin2(x+£)—1,y=cos2(x+1)—l

3 12
vy =4cos 1.2(x + 30°) — 3 _
a) /“/:: tzn()lf YA b) x=-7

__3m
2 x=-3
< >
—2T 37 /A T ()
ERR7EREYSARN
n I
4 v v

a) h(x) = —25 cos i—?x +26 b)

x = 3.0 min
a) qug-i-‘lm,nel,tanze

b) x # (g)n, n €1, sec? x

VB -1_ VE-V2
a) Vi or 2
V3i—-1 _V6-+V2
b) 7 or 2
3m _ 1 . o _
a) cosT— NG b) sin 90° =1
) tan%:ﬁ

a) Both sides have the same value for A = 30°.
b) Left Side = sin* A + cos? A + tan* A
=1+ tan* A
=sec* A
= Right Side
a) It could be an identity as the graphs look
the same.

LR LS R3S i DEHGU S Pt L0 D]

H=sinceoasiiy

L 4 . g
h T !
o ' AR ¥

=1

b) Left Side =

n=n n=n

1 4 tan x
sec x

_ 1 tan x

T secx sec X

sinx . 1
COS X ° COS X

cos x + sin x
= Right Side

cos 26
1 + sin 26

cos* H — sin* 0

cos® 0 + sin? 6 + 2 sin 6 cos 0
(cos © — sin 0)(cos 6 + sin 0)
(cos © + sin 0)(cos 6 + sin 0)
cos 6 — sin 6
cos 0 + sin 6
Left Side

CcoSs X +

Right Side =

a) Xz%n+7rn,nel,x=%+‘n'n,nel



27.

b) X=g+7rn,nel,x=%ﬁ+27rn,nel,

X:“Tﬂ+27m,nel

a) This is an identity so all 6 are a solution.
b) Yes, because the left side can be simplified to 1.

Unit 2 Test, pages 328 to 329

1.
9.

10.

11.

12.
13. —
14.

15.
16.

17.

18.

19.

20.

B 2.D 3.C 4.C 5B 6.D 7.C 8 A

_N3

2
_2 2

3’3

7 7V2
13v2 ' 726
1.5, 85.9°

lir _m = 1iw

6 66" 6

b) —300°

a) v, .
0 —?“TiZ‘rm,nGN
—%ﬁ d) No, following the
equation above it
%

A
I 4

is impossible to
obtain wTﬂ

x = 0412, 2.730, 4.712

Sam is correct, there are four solutions in the given

domain. Pat made an error when finding the square

root. Pat forgot to solve for the positive and negative
solutions.

a) YA 1
v=3sing(x+ 607 =1
2
) N
< % SN
270 -135° /0 135° 2780 | X
/5 AN
N / A
7 A
=&
Y
b) —4<y<2
c) amplitude 3, period 720°, phase shift 60° left,
vertical displacement 1 unit down
d) x= —21°, 261°
a) [i=zidtancHisdsin e b) g(6) = sin 26
-, c) f(6) =2 cot 6 sin*0
.-‘Fﬂ'*.l. ‘,."! ‘-.' _ 2cos6sin? 0
— 7 sin 0
W .
Ry Ry =2 cos 0 sin 0
HEIOWEPIAY Y=BOEYYiES = sin 26
= g(v)
a) Itistrue: both ¢) Left Side
sides have the = tan x +
1 tan x
same value. tam?x 41
b) X:#%,HEI T tanx
_ sec’x
tan x
= sec X( 1 )(CQS X)
cos x/\sin x
_ secx
sin x
= Right Side
a) 6.838m b) 12.37h ¢) 3.017m

Chapter 7 Exponential Functions

7.1 Characteristics of Exponential Functions,
pages 342 to 345

1. a)
b)

O]
d)

2. a)

)
3. a)

4. a)
5. a)

b)

B

d)

b)
0

d)
7. a)

b)

No, the variable is not the exponent.

Yes, the base is greater than 0 and the variable is
the exponent.

No, the variable is not the exponent.

Yes, the base is greater than 0 and the variable is
the exponent. .

) =4 b) gl = (3)

x = 0, which is the y-intercept

B b C g A

) = 3 b) /09 = ()

yA domain {x | x € R},
range {y | y > 0, y € R},
y-intercept 1, function
increasing, horizontal
asymptote y =0

4
4

g(x) =6*

——

2
[

A

Y

—4 | 2 Toy
VA

domain {x | x € R},

B range {y |y > 0, y € R},
- y-intercept 1, function
increasing, horizontal
asymptote y = 0

Ll
S 4

nJ

h(x) = 3.2%

A
<Y

yA domain {x | x € R},

| range {y | y > 0, v € R},
|

|

y-intercept 1, function
decreasing, horizontal
asymptote y = 0

fix) =

-
—

A
XYW

VA domain {x | x € R},

‘] range {y | y > 0, y € R},
7| y-intercept 1, function
decreasing, horizontal
asymptote y =0

n
=W

N~

A

B -
20 x
Y
¢ > 1; number of bacteria increases over time
0 < ¢ < 1; amount of actinium-225 decreases
over time
0 < ¢ < 1; amount of light decreases with depth

N
N

¢ > 1; number of insects increases over time
NA y The function
@ / N=2'is
S 12 exponential since
oo [N = 2t b X
g the base is greater
o é 8 than zero and the
= variable t is an
4
f= exponent.
2
>
0 2 4 6 |t
Time (days)
i) 1 person ii) 2 people
ili) 16 people iv) 1024 people
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8. a) If the population increases by 10% each year, the 13. a) IZY! b) The x- and

population becomes 110% of the previous year’s S/ g y-coordinates of

population. So, the growth rate is 110% or 1.1 y=[5{] .7 any point and the

written as a decimal. B KPP domains and ranges
b) [_[TPA ] T g 2 X are .interchanged. The

Kl bl b1 " v=x,T 1 Inverse horizontal asymptote

mo - - L 1 of y=5 becomes a vertical

gg; el .| _— ‘ v asymptote.

- ¢ x=5

,:ﬂ: £ > 14. a) Another\oway to express D = 277 is as

0 2 . 4 6 8 |1 D= (l) , which indicates a decreasing
Time (vears) 2

exponential function. Therefore, a negative value

domain {t| >0, t € R} and range {P| P > 100, P € R} of ¢ represents a greater value of D.

©) The base of the exponen't would becqme b) The diameter of fine sand (0.125 mm) is L the
100% — 5% or 95%, written as 0.95 in ) 256
decimal form. diameter of course gravel (32 mm).
d) - [ 15. a) 34.7 years i, b) 35 years .
gz 4| Ao-oss ~
- .
g g \\\ L — -~ ____,f"--
85 05 ™ " "
o :
¢ . .
w .= .~ Inkerseckion Inkerseckion
w B T 4 HEI4LEEFLIER Y=2 Heba0zFER V=2
0 2 4 6 8 |t .. R
Time (vears)| | ¢) The results are similar, but the continuous

compounding function gives a shorter doubling

inf{t|t>=0,t€R}and | !
period by approximately 0.3 years.

range {P| 0 < P < 100, P € R}

o
o
=
5]

9.a) L=009" a1 a)
b [ [
== R Y
SE 05 i
g g U.J \_»
o= >
& | o 2 4 6]8d b)
Depth (10-m increments) Feature f(x) =3x g(x) = x® h(x) = 3*
¢) domain{d|d =0, d € R} and domain {x| x€R} {x| xe€R} {x| x€R}
range (L]0 <L <1, LeR) range WIveR) | WiyeR |l]y>0yeR)
d) 76.8% ) x-intercept 0, | x-intercept 0, | no x-intercept,
10. a) Let P represent the percent, as a decimal, intercepts y-intercept 0 y-intercept 0 y-intercept 1 '
of U-235 remaining. Let f represent tltme, in equations of 0
700-million-year intervals. P(f) = (%) asymptotes none none y=
b) [t PA ¢) Example: All three functions have the same
m g domain, and each of their graphs has a
S 1 y-intercept. The functions f(x) and g(x) have all
5E \ o — (1) key features in common.
ﬁgﬂé 0.5 AN HIEAZ d) Example: The function h(x) is the only function
%& | with an asymptote, which restricts its range and
0 3 ) 3 ) 1 e a results in no X—mtercep;.) i
Time (700-million-year intervals) X f(x) 6
€ 2.1 x 10° years 0 1
d) No, the sample of U-235 will never decay to 0 kg, 1 -2 8
since the graph of P(t) = (%)t has a horizontal 2 4 P R
asymptote at P = 0. 3 -8 ol 2] 4 %
11. a) fA=L.0ires - b) 64 years 4 16 8
F_,-J{ ¢) No; since the 5 -32
e amount invested ¢) No, the points do not -16
= triples, it does not form a smooth curve. The
matter what initial locations of the points —24
42T ¥=I.0BEYZET investment is made. alternate between above
d) graph: 40 years; rule of 72: 41 years the x-axis and below the |- 12‘
12. 19.9 years x-axis. 4
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d) The values are undefined because they result in
the square root of a negative number.

fx) = (=2) fx) = (=2)
LR
vz f3)-vew

e) Example: Exponential functions with positive
bases result in smooth curves.

7.2 Transformations of Exponential Functions,
pages 354 to 357

1.a C b) D ) A d) B
2.a) D b) A ¢ B d) C
3. a) a = 2: vertical stretch by a factor of 2; b = 1: no
horizontal stretch; h = 0: no horizontal translation;
k = —4: vertical translation of 4 units down
b) a = 1: no vertical stretch; b = 1: no horizontal
stretch; h = 2: horizontal translation of 2 units
right; k = 3: vertical translation of 3 units up
¢) a = —4: vertical stretch by a factor of 4 and a
reflection in the x-axis; b = 1: no horizontal
stretch; h = —5: horizontal translation of 5 units
left; k = 0: no vertical translation
d) a = 1: no vertical stretch; b = 3: horizontal stretch

by a factor of %; h = 1: horizontal translation of
1 unit right; k = 0: no vertical translation

e) a= —%: vertical stretch by a factor of % and a
reflection in the x-axis; b = 2: horizontal stretch
by a factor of %; h = 4: horizontal translation of

4 units right; k = 3: vertical translation of 3 units up
f) a = —1: reflection in the x-axis; b = 2: horizontal
stretch by a factor of %; h = 1: horizontal translation

of 1 unit right; k = 0: no vertical translation
g) a = 1.5: vertical stretch by a factor of 1.5;

b= %z horizontal stretch by a factor of 2; h = 4:

horizontal translation of 4 units right; k = —%:

vertical translation of g units down

4. a) C: reflection in the x-axis,a < 0and 0 < ¢ < 1,

and vertical translation of 2 units up, k = 2

b) A: horizontal translation of 1 unit right, h = 1,
and vertical translation of 2 units down, k = —2

¢) D:reflection in the x-axis, a < 0 and ¢ > 1, and
vertical translation of 2 units up, k = 2

d) B: horizontal translation of 2 units right, h = 2,
and vertical translation of 1 unit up, k =1

5.a) a= %: vertical stretch by a factor of %;

b = —1: reflection in the y-axis; h = 3: horizontal
translation of 3 units right 3; k = 2: vertical
translation of 2 units up

Ve o Y@ y=daeri2
276 bg) | 3] | (5
S A S I 7

on an | by 63
04 | 14 | (12 @4
(2,16) | (-=2,16) (—2.8) (1,10)

) VA d) domain
" V= 1_( Y (x| x € R},
i range
. vly>2yeR}
© \ horizontal
\ asymptote y = 2,
6 \ y-intercept 34
4
N

2 -

< >
0 2 4 | 6X

Y

6. a) i), ii) a = 2: vertical stretch by a factor of 2;

b = 1: no horizontal stretch; h = 0: no horizontal
translation; k = 4: vertical translation of 4 units up

jii) y;\* iv) domain {x | x € R},
v=203)+4 range {y | y > 4,y € R},
9 horizontal asymptote
A v = 4, y-intercept 6
2
l A
Sl dal 270] X
Y
b) i), ii) a = —1: reflection in the x-axis; b = 1:

no horizontal stretch; h = 3: horizontal
translation of 3 units right; k = 2: vertical
translation of 2 units up

iiii) mA iv) domain
{r|reR},
= — range
{m|m<2,meR],
< > .
< - ” horizontal
2l 4 r

asymptote m = 2,

nJ

m-intercept 5

\ r-intercept 4
—_@yr2h2)\
y 3

: vertical stretch by a factor of %;

=]
=b

) i)ii) a=

W=

b = 1: no horizontal stretch;
h = —1: horizontal translation of 1 unit left;
k = 1: vertical translation of 1 unit up
i) A
y==@1, //

w|—

A
XY

-4 210
Y
iv) domain {x | x € R}, range {y | y > 1, y € R},

horizontal asymptote y = 1, y-intercept %
d) i), ii) a = —%; vertical stretch by a factor of % and
a reflection in the x-axis; b = %: horizontal

stretch by a factor of 4; h = 0: no horizontal
translation; k = —3: vertical translation of
3 units down
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i) [ nA = 9. a) 0.79 represents the 79% of the drug remaining in
Sl el Jdal 220 2 | 4 6 |5 exponential decay after % h.
2 b) [ MA
p—— uED 100
] ke £ \
/ ) =-3513] 3 £--80
/ 6 ©
/ = h
d ) (AN~ M(h) = 100(0.79)°
[» = JU \
iv) domain {s | s € R}, range {n | n < —3, n € R}, 2
I
horizontal asymptote n = —3, n-intercept —% E 40 \
7. a) horizontal translation of 2 units right and vertical E 0
. oo (1Y &7
translation of 1 unit up; y = (E) +1 = \‘_’
b) reflection in the x-axis, vertical stretch by a factor 0 10 20 | 30 40 h
of 0.5, and horizontal translation of 3 units right; Time|(h
y= —(.)'5(5']M ) ) ¢) The M-intercept represents the drug dose taken.
) reﬂectlonlm the x-axis, horizontal stretch by a d) domain{h|h >0, heR)
factor of T and vertical translation of 1 unit up; range {M | 0 < M < 100, M € R}
3 (1 )Sx 1 10. a) a = 75: vertical stretch by a factor of 75;
Y="\3 b= %z horizontal stretch by a factor of 5;

d) vertical stretch by a factor of 2, reflection in

h = 0: no horizontal translation;
the y-axis, horizontal stretch by a factor of 3,

k = 20: vertical translation of 20 units up

horizontal translation of 1 unit right, and vertical b) A
1
translation of 5 units down; y = 2(4)_3["_1] -5 ] \
8. a) \ 7 Map all points (x, y) &80
~ t
\ 11l on the graph of f(x) gL T(t) = 75(0.9)5 + 20
4 y=l5] [+ to(x+2,y+1). ;E:' o0 \
g 4 N\
2 E N
D — f_ﬂ n [ e
< = . &
J2Tof 2 qiyd X 5 S
v T12) ©l |0 40 80 120 160 t
b) IZY! Map all points (x, y) Time (min)
/0 £ g on the graph of f(x) ) 29.1°C d) final temperature of the coffee
Vi to (x + 3, —0.5y). 11. a) P =5000(1.2)"
N b) a = 5000: vertical stretch by a factor of 5000;
3>
-2 .0 2N\4 X b= %: horizontal stretch by a factor of 2
2 . 3\ €) [H=EMbLEI LR approximately
=r_ S(5) 7| 11 357 bacteria
A L
) VA Map all points (x, y) B —
\ oo = (M) on the graph of f(x)
T to (%X -y +1) ] [EFE e
< - _ 1\hs
< > 0o B 4 L7 12. a) P= 100(5)5730
5 (s b) approximately
v+ 1 13 305 years old
v T
d) VA § Map all points
g (x, y) on the e
\ 2 Jy graph of f(x) to ﬁgﬁ?lf{'é"?g Y=zil
P | (=3x 41,2y - 5). 13. a) 527.8 cm? b) 555h
N _2 2 4 67( 14. a) 1637 foxes
A N b) Example: Disease or lack of food can change the
“Ny=2@*F 45 rate of growth of the foxes. Exponential growth
suggests that the population will grow without
yi| N
- ~—__ | bound, and therefore the fox population will grow
v beyond the possible food sources, which is not

good if not controlled.
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€1 Example: The graph of an exponential function of the

form y = ¢* has a horizontal asymptote at y = 0. Since
v # 0, the graph cannot have an x-intercept.

€2 a) Example: For a function of the form

y = alc)’™*~" + k, the parameters a and k can
affect the x-intercept. If a > 0and k< O0ora <0
and k > 0, then the graph of the exponential
function will have an x-intercept.

b) Example: For a function of the form
y = alc)’™*~" + k, the parameters a, h, and k can
affect the y-intercept. The point (0, y) on the graph
of y = ¢* gets mapped to (h, ay + k).

7.3 Solving Exponential Equations, pages 364 to 365

> w

o n

10.
11.

12.

13.

14.
15.

. a)

.a) 22 b) 2° o 2° d) 2°
a) 2°and 2* b) 3**and 3°
2X 2x—2
) (%) and (%) d) 27%+6and 2%
a) 4?2 b) 4% ) 4° d) 4°
a) x=3 b) x=-2 ¢) w=3 d) m:%
a) x=-3 b) x=-4 ¢ y:% d k=9
a) 10.2 b) 11.5 ¢ -2.38 d) 18.9
a) 58.71 b) —1.66 c¢) —5.38 d) -8
e) 2.71 f) 1443 g) —3.24 h) —1.88
RA b) approximately 5.6 °C
& c) approximately 643
& 800, d) a imately 13.0 °C
< pproximately 13.0
= 600
S
&
o 400
2 I
% ZOO-R 100(2.7)8
-2
————>
0 10 | 20T
Temperature (°C)
.3h
4 years
a) A =1000(1.02)" b) $1372.79 «¢) 9 years
— (L)s5 1 ioi
a) C= (2)“ b) 33 of the original amount

c) 47.7 years

a) A =500(1.033)" b) $691.79

c) approximately 17 years

$5796.65

a) i) x>2 ii) x>—%

b) i) l"l.l‘ Since the graph of

! y = 2% is greater
! than (above)
& the graph of
=" y= 4x+1 when
x > 2, the solution

.Inl:-zr:t-:ti‘:-n

= b '=E4
isx > 2.

i) ' Since the graph
of y = 81~ is less
than (below) the

L graph of y = 2721
— B when x > _Q’ the
Inkerseckion 2
H=-lE PR R g |

solution is x > —%

16.

17.
18.

C1

c2 a)

1.
2.

3.
4.

5.

X+3
¢) Example: Solve the inequality (%) > 2% 1,
Answer: x < —1
Yes. Rewrite the equation as (4%)? + 2(4¥) — 3 = 0 and
factor as (4 + 3)(4*—1)=0;x=0
5)3
(29 = (22) = 76.1
20 years
a) You can express 16 with a base of 4 by writing 16
as 4 and simplifying.
16% = (42)?
16% = 4*
b) Example: You can express 16* with a base of 2 by
writing 16 as 2* and simplifying.
162 — (24)2
162 = 28
Or, you can express 16* with a base of % by
-2
writing 16 as (l) and simplifying.

-l

1 —4
16 = (3]
16% = 8*~3 b) Step 1: Express the bases on
(24)>x = (28)x=3 both sides as powers of 2.
28% = 239 Step 2: Apply the power of a
8x=3x-9 power law.
5x = —9 Step 3: Equate the exponents.
X = _% Step 4: Isolate the term

containing x.
Step 5: Solve for x.

Chapter 7 Review, pages 366 to 367

a) B b) D ) A d) C
a) 2 v Z
-2 1.7 :
1 33 V= 0.3*
0 1
1 0.3
2 0.09
-2 .0 2 X
Y

b) domain {x | x € R}, range {y | y > 0, y € R},
y-intercept 1, function decreasing, horizontal
asymptote y = 0

1\
r=(3)
a) Since the interest rate is 3.25% per year, each

year the investment grows by a factor of 103.25%,
which, written as a decimal, is 1.0325.

b) $1.38 c) 21.7 years

a) a = —2: vertical stretch by a factor of 2 and
reflection in the x-axis; b = 3: horizontal stretch
by a factor of 1. h = 1: horizontal translation of
1 unit right; k = 2: vertical translation of 2 units up

b)

Transformation | Parameter Value | Function Equation
horizontal stretch b=3 v =43
vertical stretch a=-2 y=-2(4)
translation left/right h=1 y= 4y
translation up/down k=2 y=4+2
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) VA d) domain {x | x € R}, 8. a) a = 2: vertical stretch by a factor of 2; h = —3:
N range {y | y < 2,y € R}, horizontal translation of 3 units left;
horizontal asymptote k = —4: vertical translation of 4 units down
a A S = 3
“T 120 > X y=2, 63 b) [A=Eizi ii+zi-y ¢) domain {x | x € R},
y-intercept 37 I range
2 .
- x-intercept 1 ii vl y> —4,y€R},
y=—2@* " +|2 I horizontal
" asymptote
v P W=z y=-4 15
6. a) horizontal translation of 3 units right 9.a) x=—4 b) x=18 9 x=-
b) vertical translation of 4 units down 10. a) x=~ 9.7 b) x=0.1
¢) reflection in the x-axis and a translation 1. a) 1.0277 b) P = 100(1.0277)'
of 1 unit left and 2 units up ¢) domain {t|t =0, t € R}, range {P| P > 100, P € R}
7.a) y=4(5)%+9 1 b) y= _3(%)4[;(_2]_ 1 d) approximately 8.2 years
12.a) [ HA
VA VA 1)%x-2) ore
y=4(5)~il(rx+4)+'| : =23 2} —1 ; % E ;: 1
\ 0 2. 4__6_ X o e E ., HP):[%\
2 o 5 £= 05 10
\ c / = o 8 \\
< — 4 o |24 6P
Tal 2o 2 X S oH i
Y Y b) 1.0 x 107 [H]
8. a) a = 190: vertical stretch by a factor of 190; ¢ 1.0 x 107 to 2.5 x 10-5 [H*]
b= %: horizontal stretch by a factor of 10 13. 4.5 years
b) [A=IFn v 14. 9.97 years
.
. - - -
o Chapter 8 Logarithmic Functions
T 8.1 Understanding Logarithms, pages 380 to 382
u=in =gt
- 1. a) i) A ii) y=log, x
¢) domain {t|t>0,t€ R}, y i) domain
range {T| 0 < T <190, T € R} 2 x|x>0,x€R)
d) approximately 31.1 h u=_2 ’ ’
. I . b i - R range {y | y € R},
-a) 6 3 ) 6 12 o 6 T 1270 2 | x x-intercept 1, no
10. a) x= -3 b) x= e S / y-intercept,
1. a) x~—4.30 b) x~ —6.13 “1/y=log, x vertical asymptote
1\.% 1 \* x=0
12.a) N= (—)2-5 b) — ) 25h
’ 10 b) i) [} VA i) y = log, x
Chapter 7 Practice Test, pages 368 to 369 \[ [ vi=1og x i) domain’
- 3
LB 2.C 3.B 4 A 50D x| x>0 xeRj}
6. a) y=5x+3+z b) y=_0.5(2)x—1_4 T rapge {ylye R},
e g Tl
AN A < -1 )
Y Y "0 2. 4 X vertical asymptote
6 < —> A4 B =0
/ ST daT Tl T2 X U
/ 2. a) log, 144 =2 b) log, 2 =3
N // IR —— ¢ log,0.00001=-5 d) log, (v+3)=2x
=1 LT 3.a) 5°=25 b) 8 =4
= % 32 y= ‘¢\§>} 42 ¢ 10°= 1000 000 d 11"=x+3
<% —> i 6 \ 4.2a) 3 b) 0 0 + d -3
-2 .0 2 | X \ ’ 3
\ 4 Y \ 5.a=4;b=5
) f 7§ 6.a) x>1 b) 0<x<1 g x=1
| d) Example:x =9
< & )}( 7. a) 0 raised to any non-zero power is 0.
=6 | 4 / 2 b) 1 raised to any power is 1.
ik 2 ¢) Exponential functions with a negative base are
y=3 =4 not continuous.
4= 4
Y
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9.

10.
11.

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24,

c1

c2
3

a) y=log x
b) yA domain {x | x > 0, x € R},
P V= 5X range {.y | y € R}!
“ I x-intercept 1,
/ no y-intercept,
2 vertical asymptote x = 0
- — 1
S22 o)/l 2 X
2
“1v =logl x
A 4
) g'=(g)
b) *yn domain {x | x € R},
) range {y | y > 0, y € R},
- v=log) x no x-intercept,
y-intercept 1,
1) horizontal asymptote y = 0
P AN
o] a4 X
v a
They are reflections of each other in the line y = x.

a) They have the exact same shape.
b) One of them is increasing and the other is

decreasing.
a) 216 b) 81 ¢ 64 d 8
a) 7 b) 6
a) 0 b) 1
-1
16
a) t=log N b) 145 days

The larger asteroid had a relative risk that was
1479 times as dangerous.
1000 times as great

5
m=14,n=13
4n
y=3
n=8 m=3
VA The function has the
B y=llog, X| same general shape, but
x instead of decreasing,
S _—"" after x = 1 the function
c \ increases without limit.
< A
Slo]l 12 46 %
Y

Answers will vary.

Step 1: a) e = 2.718 281 828 b) 10™°

Step 2: a) domain {x| x > 0, x € R}, range {y | y € R},
x-intercept 1, no y-intercept,
vertical asymptote x = 0

b) y=Inx
Step 3:a) r = 2.41
. _In - _
b) i) 6 = 014 ii) 6=17.75

8.2 Transformations of Logarithmic Functions,
pages 389 to 391

1. a)
b)

Translate 1 unit right and 6 units up.
Reflect in the x-axis, stretch vertically about the
x-axis by a factor of 4, and stretch horizontally

about the y-axis by a factor of S

c) Reflect in the y-axis, stretch vertically about the
x-axis by a factor of %, and translate 7 units up.
2. a) VA
| vi=2log, (x4 3) Ly
- T |
2
—
A / —
< y=log; X
Cf2lolf 2 46 X
2
| Y=Rlog,x
rolw
b) y=2log, (x + 3)
3. a) [H—] VA
6
y=log, (—X) +5
V= Ing - )
T N Y=llog, X __—
< >
-6 -4 -2 / 2 1 4 6 | X
b) y=log, (—x)+5
4. a) b)
[Z n
i —
S 4 o T 4 —f
4 y=|—log /(x+ 1)+2
7 RE]
[e} < -
- NI R R AL
) 4 ) 4 [ T
) YA
= 2| |V log, (-2(X-8)
5\\
< ™ >
4/ 20 2146\ X
v \
5. a) i) vertical asymptote x = —3
if) domain {x | x > —3, x € R}, range {y | y € R}
ili) y-intercept —5 iv) x-intercept —2
b) i) vertical asymptote x = —9
if) domain {x | x > —9, x € R}, range {y | y € R}
ili) y-intercept 2 iv) x-intercept —8.75
) i) vertical asymptote x = —3
i) domain {x| x > —3, x € R}, range {y | y € R}
iii) y-intercept —1.3 iv) x-intercept 22
d) i) vertical asymptote x = —1

if) domain {x | x > —1, x € R}, range {y | y € R}

iii) y-intercept —6 iv) x-intercept —%
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10.

11.

12.

13.
14.

15.
16.
17.

c1

c2

3a y= % log,

. a)

)

. a)

b)

b)

a)

v =5 log x b) y=log, 2x

1 X
v=3 log, x d) y=log, (5)
stretch horizontally about the y-axis by a factor
of %; translate 5 units left and 6 units up
stretch horizontally about the y-axis by a factor
of 3; stretch vertically about the x-axis by a factor
of 2; reflect in the y-axis; translate 1 unit right and
4 units down
a=-1,b=1h=-6,k=3;y=—log, (x+6) +3
a=5b=3,h=0,k=0;y=5log, 3x
a=0.75,b=-0.25h=2,k= -5

3 1
v=7 log, (—Z(X — 2]) -5
Reflect in the y-axis, stretch vertically about the
x-axis by a factor of 5, stretch horizontally about
the y-axis by a factor of %, and translate 3 units
right and 2 units down.
Reflect in the x-axis, reflect in the y-axis, stretch
vertically about the x-axis by a factor of %,
translate 6 units right and 1 unit up.

y=log,x—6 b) y=log, (%)

Stretch vertically about the x-axis by a factor of 3 and
translate 4 units right and 2 units down.

a)

E
=

a)
b)

Stretch vertically about the x-axis by a factor of
0.67, stretch horizontally about the y-axis by a

factor of 2?5 or approximately 2.78, and translate

1.46 units up.
515 649 043 kWh

0.8 pL b) 78 mmHg
172 cm b) 40 kg

1

y=—2log, x+ 13 b) y =log2x
1 = —

E’k_ 8

1 p=-1p= =
Z’b_s’h_14’k_ 1;

= 0.25 log, (E)(X —4) -1

y = —log, x,y =log, (—x), y = 2*
Reflect in the x-axis, reflect in the y-axis, and
reflect in the line y = x.

v = —Jog, X
(x-5)

- b) y=32 +1

1
*3

€4 Answers will vary.

8.3 Laws of Logarithms, pages 400 to 403

1.

2.

a)
b)
)
d)

a)

log, x + 3 log, y + % log, z

8(log, x + log, y + log, z)
Zlogx—logy—%logz

y = log, x + (%)(log3 y — log, z)

2 b) 3 0 3.5 d) 3
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10.

11.

12.

13.

14.

15.
16.
17.
18.

. a)

)

a)

a)

b)
a)

b)

)
d)
e)

a)
a)
a)
a)
b)

)
a)

b)

0

d)

a)
9

5 VX
log, (%) b) y =log, v
lo X d) log VX
& ( \/X—yz) ) log yxv
1.728 b) 1.44 c 1.2
27 b) 49

Stretch horizontally about the y-axis by a factor
1

of g.

Translate 3 units up.

False; the division must take place inside the

logarithm.

False; it must be a multiplication inside the

logarithm.

True

False; the power must be inside the logarithm.

True

P-Q b P+Q o P+% d) 2Q-—2P
6K b) 1+K ¢ 2K+2 d) %—3

%logsx,x>0 b) %10g“x,x>0

log2 (%), X< —-5orx>5
1 (X +4
"\x+2
log, (};i 3), x> 2
Left Side = log_48 — (log_3 + log_ 2)
= log, 48 — log, 6
=log, 8
= Right Side
Left Side = 7 log_ 4
=7 log, 2?
2(7) log, 2
= 14 log_ 2
= Right Side
Left Side = %(logc 2 + log, 6)

),X<—4OI‘X>4

= %(logc 2 + log,_ 3 +log, 2)
= %(2 log 2) + % log 3
=log, 2 +log, V3
= Right Side
Left Side = log, (5¢)*
= 2 log 5¢
=2 (log, 5 + log, c)
=2 (log, 5+ 1)
= Right Side
70 dB  b) approximately 1995 times as loud
approximately 98 dB

Decibels must be changed to intensity to gauge
loudness. The function that maps the change is

not linear.

3.2V

a) 107 mol/LL. b) 12.6 times as acidic ) 3.4
0.18 km/s

a) The graphs are the same for x > 0. However, the

b)

0

graph of y = log x* has a second branch for x < 0,
which is the reflection in the y-axis of the branch
for x > 0.

The domains are different. The function y = log x*
is defined for all values of x except 0, while the
function y = 2 log x is defined only for x > 0.
x>0



19.

20.

a1

c2
c3
c4

a) y =log x b) 3.2479
o =x 9 _ logD
log, ¢¥ =log, x " log2
ylog, ¢ =log, x d) 207.9 times larger
log, x
" log, c
a) Left Side b) Left Side
= log , p* S S
10gz P’ log{ 2 logqlz
log, ¢’ - log, 2 - log, 2
3log, p T I
=37 08, p 08, q
X 08, 9 _log, p B log, q
_ Oglqp " log,2 log,2
— Right Side _log,p—log, q
log, 2
p
= log, g
= Right Side
c) Left Side Right Side
__1 1 __1
log. p ~ log, p log. p
__1 1 __1
logp logg log p
logqg logp log ¢*
_ logqg logq B log ¢*
logp ~logp " logp
_2logg _2logg
log p log p

Left Side = Right Side
d) Left Side = log, p
q

log, p
log, g
—log, p
1
7 p
= Right Side
a) Stretch vertically about the x-axis by a factor of 3.
b) Stretch vertically about the x-axis by a factor of 5
and translate 2 units left.
¢) Reflect in the x-axis.
d) Reflect in the x-axis, stretch vertically about the
x-axis by a factor of %, and translate 6 units right.
-1
a) log2
Answers will vary.

=log

b) 15 log 2

8.4 Logarithmic and Exponential Equations,
pages 412 to 415

1.
2.
3.

a) 1000 b) 14 ¢ 3 d) 108
a) 1.61 b) 10.38 c) 4.13 d) 0.94
No, since log, (x — 8) and log, (x — 6) are not defined

when x = 5.

. a) x = 0 is extraneous.

b) Both roots are extraneous.

¢) x = —6 is extraneous.
d) x =1 is extraneous.
.a) x=8 b) x=25 ¢ x=96 d) x=9

N

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.
C1

c2
c3

c4
c5

a) Rubina subtracted the contents of the log when she
should have divided them. The solution should be
log, (zlel) =log, 5

2x +1=5(x—1)
1+4+5=5x—2x
6 = 3x
x=2

b) Ahmed incorrectly concluded that there was no
solution. The solution is x = 0.

¢) Jennifer incorrectly eliminated the log in the
third line. The solution, from the third line on,
should be

X(x+2)=2°
x> +2x—-8=0
(x—2)x+4)=0
So,x =2 or x = —4.
Since x > 0, the solution is x = 2.

a) 0.65 b) —0.43 c) 81.37 d) 4.85
. a) no solution (x = —3 not possible)
b) x=10 ¢ x=4 d) x=2 e) x=-8,4
. a) about 2.64 pc b) about 8.61 light years
64 kg
a) 10 000 b) 3.5%

¢) approximately 20.1 years
a) 248 Earth years b) 228 million kilometres

a) 2 years b) 44 days c) 20.5 years
30 years

approximately 9550 years

8 days

34.0 m

x=45y=05

a) The first line is not true.

b) To go from line 4 to line 5, you are dividing by
a negative quantity, so the inequality sign must
change direction.

— _ 1 —
a) x =100 b) X—100,100 ¢ x=1,100
a) x=16 b) x=9
x=-5,2,4

a) log 8 + log 2* =log 512
x log 2 =log 512 — log 8
x log 2 = log 64
x=6
b) She could have divided by 8 as the first step.
c) Answers will vary.

12
14

_T 7T .Y
a) X=4.7 b) x=

Answers will vary.

Chapter 8 Review, pages 416 to 418

1.

2.
3.

domain

{x]|x>0,x€eR},

range

ylyeRi

ii) x-intercept 1

iii) no y-intercept

iv) vertical
asymptote

2 x=0

Y 9 y= logo,z X

a) b) i)

| Y =log,, x

y=02"

c=4
2% = 16 and 2° = 32, so the answer must be between

4 and 5.
Answers e MHR 615



4.
5.
6.

N

10.

a) 25 b) -2 ) 3.5
40 times as great

d) 16 e) 0.01

a) VA b) a=-1,b=2,c=4,
h=0,k=-5
€T >
0 2 4 | X
Ty = +log, 2x+5
141
L6
A\ 4
. y=log, 4x
. a) Reflect in the x-axis, stretch horizontally about

the y-axis by a factor of %, and translate 12 units
right and 2 units up.

b) Reflect in the y-axis, stretch vertically about the
x-axis by a factor of %, and translate 6 units right
and 7 units down.

.a) x=-8

b) domain {x | x > —8, x € R}, range {y | y € R}

c) y-intercept 15 d) x-intercept —7.75

a) Transform by stretching the graph horizontally
about the y-axis by a factor of 440 and stretching
vertically about the x-axis by a factor of 12.

b) 5 notes above c) 698.46 Hz

1. a) 5log x—log y— % log, z
b) %(log x + 2 log y — log z)
2
12. a) log X—Zj b) log, %
y y2z2

13. a) log VX, x>0 b) log’;jrg,x<—5orx>5
14. a) 2 b) 0.5

15. 6.3 times as acidic

16. 398 107 times as bright

17. 93 dB

18. a) 1.46 b) 4.03

19.23) 5 b) 10 0 % d) —4,25
20. 6.5 years

21. 35 kg

22. 25 h

23. a) 14 years b) 25.75 years
Chapter 8 Practice Test, pages 419 to 420

.D 2.A 3.B 4 A 5 C 6.B
1 13
7. a) 81 b) 25 ) 5 d) 3 e) 3
8. m=2.5,n=0.5
9. Example: Stretch vertically about the x-axis by a

10.

11.
12.
13.
14.
15.

16.
17.

factor of 5, stretch horizontally about the y-axis by a
factor of %, reflect in the x-axis, and translate 1 unit
right.

a) x=-5

b) domain {x | x > —5, x € R}, range {y | y € R}
124

—41%5

c) y-intercept 8 d)
a) no solution b) x=6
a) 1.46 b) 21.09
33 years

875 times as great

She should not be worried: adding another
refrigerator will only increase the decibels to 48 dB.
4.8 h

2029

) x=-2,4
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Cumulative Review, Chapters 7-8, pages 422 to 423

1.

®N O

10.

12.
13.

14.
15.

16.

17.

18.
19.

20.

b) The two functions
have the same domain,
x € R; the same
range, y > 0; the same
y-intercept, 1; and
the same horizontal
asymptote, y = 0.

a) y:4X

Y T T ¢
-2 /0 2 | X
Y
€) vy = 4%isa increasing function: as x increases,

the corresponding values of y also increase.
X

V= % is a decreasing function: as x increases,
the corresponding values of y decrease.

a) B b) D ) A d) C

a) 1000 b) 3h c¢) 256000 d) 21h

. a) a vertical stretch by a factor of 2 about the x-axis,

a horizontal translation of 4 units left, and a

vertical translation of 1 unit up

¢) The domain remains the
same: x € R; the range
changes from y > 0 to
v > 1 due to the vertical
translation; the equation
of the horizontal
asymptote changes from
y=0toy=1dueto
the vertical translation;
the y-intercept changes
from 1 to 163 due to the
vertical stretch and the
vertical translation.

b)

. a) 2%+6and 2%-15 or 8**% and 8*~°

1 3x—12 1 4x
b) 3%-3*and 3 * or (5) and (§)

1
a) —-0.72 b) 0.63
a) 39% b) 3.7s
a) log,y=x b) log,m=a+1
a) x*=3 b) a®>=x+5
.a) —4 b) 4.5 c -1 d) 49

1 243
a) 2 b) 32 c) 125 d) 32
a vertical stretch by a factor of % about the x-axis, a

1
. . . 2. .
horizontal translation of 4 units right and a vertical

translation of 5 units up

a) y=3log(x+5) b) y=-log2x—2
a) 1.6 x 10~ mol/L to 6.3 x 10~7 mol/L

b) ves

a) log

horizontal stretch by a factor of — about the y-axis, a

2

m
vnp®’

m>0,n>0,p>0

b) log, 3X%, x>0 )
d) log,3* x€R

In the last step, Zack incorrectly factored the
quadratic equation; x = —5 and 13.

a) 0.53 b) 9 c 3 d) 2
a) E=10"Jand E = 10"4]

b) approximately 25.1 times

54.25 years

log(x+ 1), x>1



Unit 3 Test, pages 424 to 425

1.
8.

9.
10.
1.
12.
13.

14.
15.

16.
17.

18.
19.

20.

D 2.B 3. A 4.C 5 A 6.A 7.D

1 xX—3
y=-2[3)
3—1
(2, -2)
0.001
-2
a) YA b) domain
%777* ] {x|x €RJ,
\ 4 range
\[5] f=387-2 yly>-2y€eR)
- 0 x=-06
< »
D 2 4 |
2 o
A\ 4
a —7 b) 2

a) domain {x | x > 2, x € R}, range {y | y € R},
asymptote x = 2
b) y=10""*+2 c 12

1
a) g, 4 b) 7

Giovanni multiplied the base by 2, which is

not correct. The second line should be 3% = 4.
Giovanni also incorrectly applied the quotient law
of logarithms in the sixth line. This line should be
deleted. This leads to the solution x = 1.26.

5.0

a) P(f) = 6(1.013%), where ¢ is the number of years
since 2000

b) year 2040

12 deposits

Chapter 9 Rational Functions

9.1 Exploring Rational Functions Using Transformations,

pages 442 to 445

1.

2.

a) Since the graph has a vertical asymptote at
x = —1, it has been translated 1 unit left;
2
Blx) = x+1
b) Since the graph has a horizontal asymptote at

y = —1, it has been translated 1 unit down;
A =21

c) Since the graph has a horizontal asymptote at

y = 1, it has been translated 1 unit up;

D=2 +1.

d) Since the graph has a vertical asymptote at x = 1,

it has been translated 1 unit right;
_ 2
Cx) = =1

a) Base function y = %;

p——
<
-

vertical asymptote S\ 21
X = -2, AR
horizontal

asymptote y = 0 =450 2

*

b)

)

d)

. a)

b)

Base function yﬁ

—
<

Il
X |-
—
<

|
D

1 .
y=% vertical >

asymptote x = 3,

horizontal —

B
X

asymptote y = 0 = 0]

Base function

y= %; vertical 1

i

asymptote x = —1,
horizontal

asymptote y = 0

A

Base function y \

1. .
y= = vertical

X |-

asymptote x = 4,

horizontal P \

asymptote y = 0

Apply a vertical

stretch by a factor of

6, and then a

translation of 1 unit
left to the graph of
y=1

domain

(x| x# -1, x€R},
range
yly#0,yeR}
no x-intercept,
y-intercept 6,
horizontal
asymptote y = 0, vertical asymptote x = —1
Apply a vertical iz
stretch by a factor of \
4, and then a
translation of 1 unit

up to the graph of 2 —
v=%

domain

(x| x#0,x €R},
range
yly#1LyeR)
x-intercept —4, no
y-intercept, horizontal asymptote y = 1, vertical
asymptote x = 0

4A

|

oo

=
<Y ¥

B - O |- - PU- - b oS

—

Xx+1

i
<

4
4

SIS

A4

|
@]/
XY

<0 O

y
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4
X+ 6
vertical asymptote x = —6, x-intercept —2,
y-intercept —0.33

c) Apply a vertical vA  y= — 1; horizontal asymptote y = —1,
stretch by a factor of
2, and t.hena 18| _a
translation of
4 units right and -

5 units down to the

A
XY

(]
a

Yy

1 ros

I

|
w1

@

graph of y = % X

|
—

==

domain Y

x| x#4,x€R} J

range {y | y # —5, y € R}, x-intercept 4.4, —16 —T2~-8 | —410] 4 3 112
2

y-intercept —5.5, horizontal asymptote y = —5,
vertical asymptote x = 4

d) Apply a vertical vA , -8
stretch by a factor of M= e
8 and a reflection in
the x-axis, and then
a translation of
2 units right and
3 units up to the oI o|-d-

-

|
e ——
i
=y
=
X
t
|
u

nJ

y= + / For f(x) = %:

* Non-permissible value: x = 0

» Behaviour near non-permissible value: As x
approaches 0, |y| becomes very large.

* End behaviour: As |x| becomes very large, y

x
n

S\ o

graph of y = %

A
N
=2

?;Tn;ii S =8 12410 f approaches 0.
x| x#2, . Hoif * Domain {x| x# 0,x € R}, range {y | y > 0,y € R}
{ylgy;ES yER) v Iy * Asymptotes: x =0,y =0
] g Forg(x)=_—8:
x-intercept ==, (x + 6)*
e Non-permissible value: x = —6

y-intercept 7, horizontal asymptote y = 3,

vertical asymptote x = 2 e Behaviour near non-permissible value: As x

approaches —6, |y| becomes very large.

4. a) [A=iER+10H-4T horizontal asymptote
) ks y=2 yop e End behaviour: As |x| becomes very large, y
_ =2,
"| vertical asymptote approaches 0.
S x=4, ymp e Domain {x | x # —6, x € R}, range {y | y < 0, y € R}
‘-'"1 x-intercept —0.5 * Asymptotes: x = —6,y =0
1 . . _ 4
=i y=-oE y-intercept —0.25 For h(x) = ¥ _axia 3
b) F=CER-2h e horizontal asymptote * Non-permissible value: x = 2
- y=3, » Behaviour near non-permissible value: As x
————| vertical asymptote approaches 2, becomes very large.
. ymp pp i y larg
x=-1, e End behaviour: As |x| becomes very large, y
x-intercept 0.67, approaches —3.
=i Jll-= - y-intercept —2 e Domain {x| x # 2, x € R}, range {y | y > —3, y € R}
€) [T horizontal asymptote * Asymptotes: X =2,y = —3 .
y=—4 Each function has a single non-permissible value, a
- . 1’ vertical asymptote, and a horizontal asymptote. The
% vertical asymptote . . K
s x= —2 domain of each function consists of all real numbers
— . : except for a single value. The range of each function
— x-1ntercept 0.75, : N
.., . consists of a restricted set of the real numbers.
=g =1L y-intercept 1.5 .
) |y] becomes very large for each function when the
d) [H=iz-BELAE-E IIJ horizontal asymptote values of x approach the non-permissible value for
v y = -6, the function.
0 vertical asymptote _ 4 _ 1
| x=5, ra) y=-x b V=333
Illl.f' x-intercept 0.33, 0 y=- 8 S +a d y= X—41 _6
- - -intercept —0.4 - -
#20 Y=o ¥ P 8.a) a=-15k=6
5.a) y= % + 11; horizontal asymptote y = 11, b) N
vertical asymptote x = 0, x-intercept —1.09, ___.-"‘
no y-intercept
y 5 P . —
b) y= <8 " 1; horizontal asymptote y = 1, II"
vertical asymptote x = —8, x-intercept x = 0, u=ii vz

y-intercept y = 0
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10.

11.

12.

13.

14.

15.

|
<« >
y

domain {x | x # 2, x € R}, range {y | y # =3, y € R}
c) No, there are many functions with different values

of a for which the asymptotes are the same.

a) When factoring the 3 out of the numerator, Mira
forgot to change the sign of the 21.
po 3212142

x—7
 3(x—7)—19
- x—7
_ 19
Y=x-7 3

b) She could try sample points without technology.

With technology, she could check if the
asymptotes are the same.

_ -2 1
A vy=332%3
b) HIZ N
1
i 4
1 2 _I
! L
L N~ N L
2 y X+ 2
+
ler1-1- S L
-4 | 2 2 X
A
1
T
| Y
M=IER-EL Y x-intercept %, y-intercept
1
- —g, horizontal asymptote
== y = 1.5, vertical asymptote
}( x=-15
H=n = -1.666667

As p increases, N decreases, and vice versa. This
shows that as the average price of a home increases,
the number of buyers looking for a house decreases.

a) /= 2W4 b) As the width increases,
T the length decreases
to maintain the same
area.
ll
',
T
i=H =z
a y=430
b) [rA=umnH c) If 4000 students
contribute, they
| will only need to
'... donate $1 each to
e L reach their goal.
A=l =zl

16.

17.

18.

19.

20.
21.

d)

a)
b)

d)

a)

b)

)

d)
a)

b)

)

a)
b)

0

4000
Y="x
translation of 1000 units up.

+ 1000; This amounts to a vertical

_ 100x + 500 _ 60x + 800
y= X »S T X

|

!

b,

o,
'H._'\‘_-.
L

Inkeroeckion o . o o« .
H=r.E W=156.5666E"

The graph shows that the more years you run the
machine, the less the average cost per year is.
One of the machines is cheaper to run for a short
amount of time, while the other is cheaper if you
run it for a longer period of time.
If Hanna wants to run the machine for more than
7.5 years, she should choose the second model.
Otherwise, she is better off with the first one.
12

X+ 15
Domain {x | 0 < x < 100, x € R}; the graph does
not have a vertical asymptote for this domain.
=1z T+ 1ED A setting of 45 Q is
3 needed for 0.2 A.

H=YE Y=
In this case, there would be an asymptote at x = 0.

_4x+20 _ 5x+10
- X ST X

Inkerseckion
=i =R

The graph shows that for a longer rental the

average price goes down.

No. For rentals of less than 10 h, the second store

is cheaper. For any rental over 10 h, the first store

is cheaper.
100t + 80
T t42

(R ENE DR RS

= ‘=B

Horizontal asymptote y = 100; the horizontal
asymptote demonstrates that the average speed
gets closer and closer to 100 km/h but never
reaches it. Vertical asymptote t = —2; the vertical
asymptote does not mean anything in this context,
since time cannot be negative.

4 h after the construction zone

Example: Showing the average speed is a good
indication of your fuel economy.

—4x -4

x—6
y:—x—s b) y:5(X—4]
x—1 x—6
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22. ‘1=H.-‘(H*23‘“2H-HIZI.-‘IS}-}-EII

[T
=

Y=z

C1 Answers may vary.
€2 a) Domain {p | 0 < p < 100, p € R}; you can nearly
eliminate 100% of emissions.

b)

)

d)

This rational function has
two vertical asymptotes
(x=-2and x = 2) and
appears to have a horizontal
asymptote (y = 2) for values
of x less than —2 and greater
than 2.

H=E L= I-"I The shape of the graph
k indicates that as the
E percent of emissions
. _.e"j eliminated increases,
T so does the cost.
A=y ok X i x]

It costs almost 6 times

as much. This is not a

linear function, so doubling the value of p does
not correspond to a doubling of the value of C.
No it is not possible. There is a vertical asymptote

at p = 100.

€3 Example: Both functions are vertically stretched
by a factor of 2, and then translated 3 units right
and 4 units up. In the case of the rational function,
the values of the parameters h and k represent the
locations of asymptotes. For the square root function,
the point (h, k) gives the location of the endpoint of
the graph.

9.2 Analysing Rational Functions, pages 451 to 456

1. a)

Characteristic

_ X—4
y= X2 —6x+8

Non-permissible value(s)

x=2,x=4

Feature exhibited at each
non-permissible value

vertical asymptote, point of
discontinuity

Behaviour near each
non-permissible value

As x approaches 2, |y| becomes
very large. As x approaches 4,
v approaches 0.5.

Domain

{X|x+2 4 xR}

Range

{yly+005yeR}

b) There is an asymptote at x = 2 because 2 is a
zero of the denominator only. There is a point of
discontinuity at (4, 0.5) because x — 4 is a factor

2. a)

b)

of both the numerator

620 MHR ¢ Answers

and the denominator.

X v Since the function does
15 | _45 not increase or decrease
drastically as x approaches the
-1.0 -4.0 A .
non-permissible value, it must
=05 | -35 be a point of discontinuity.
0.5 -2.5
1.0 -2.0
1.5 -15
e v Since the function changes
sign at the non-permissible
1.7 40.7 . .
value and |y| increases, it
18 608 | must be a vertical asymptote.
1.9 1209
2.1 —-1189
2.2 —-58.8
23 | -387

)

d)

. a)

b)

. a)

b)

)

d)

. a)

e v Since the function changes
sign at the non-permissible
-3.7 74.23 . .
value and |y]| increases, it
-38| 1206 must be a vertical asymptote.
-39 260.3
—-4.1 | —3003
—4.2 | —1606
—-43 | -114.23
= v Since the function does
not increase or decrease
0.17 1.17 .
drastically as x approaches
0.18 118 the non-permissible value,
0.19 119 it must be a point of
0.21 1.21 discontinuity.
0.22 1.22
0.23 1.23
IR kS S R L] M=l +E =20 042 =
-
-
-~
| =
— -
-
o
-
i Il = i =

Both of the functions have a non-permissible
value of —3. However, the graph of f(x) has a
vertical asymptote, while the graph of g(x) has

a point of discontinuity.

The graph of f(x) has a vertical asymptote

at x = —3 because x + 3 is a factor of the
denominator only. The graph of g(x) has a point of
discontinuity at (—3, —4) because x + 3 is a factor
of both the numerator and the denominator.

-

—

[H=CRz 0 ST+ AR+ T

Vertical asymptote

H= -y f

-
&

1

T=

X = —b;
point of discontinuity
(—4, —4);

x-intercept 0;
y-intercept 0

'1‘1=(EH2-5}-}-133.-'IZH2-13

‘-l .,

Vertical asymptotes
X = #1; no points
- of discontinuity;

e
=l

Y=z

x-intercepts —0.5, 3;
y-intercept 3

IR TR - FE R ] Vertical asymptotes

b\

X = —2, 4; no points

~———| of discontinuity;

e
=1l

)

L

x-intercepts —4, 2;
y-intercept 1

REEEEEERTS

SRS Vertical asymptote

x = —1.5;
point of discontinuity

=it

f

| i

(1.5, —1.083);
x-intercept —5;
y-intercept —1.67

The graph of A(x) =

x(x + 2)

T 2 has no vertical
X

asymptotes or points of discontinuity and
x-intercepts of 0 and —2; C.



10. y =
1.

La) y=

X =2 _as a vertical
x(x — 2)

asymptote at x = 0, a point of discontinuity at

(2, 0.5), and no x-intercept; A.

+ 2

¢) Thegraphof C(x) = — X =
) graph of € = 6+ 2)
asymptote at x = 2, a point of discontinuity at
(—2, —0.25), and no x-intercept; D.

b) The graph of B(x) =

has a vertical

d) The graph of D(x) = );'[X274X-2] has a vertical
asymptote at x = —2, a point of discontinuity at

(0, 1), and no x-intercept; B.

. a) Since the graph has vertical asymptotes at x = 1

and x = 4, the equation of the function has factors
x — 1 and x — 4 in the denominator only; the
x-intercepts of 2 and 3 mean that the factors x — 2
and x — 3 are in the numerator; C.

b) Since the graph has vertical asymptotes at x = —1
and x = 2, the equation of the function has factors
x + 1 and x — 2 in the denominator only; the
x-intercepts of 1 and 4 mean that the factors x — 1
and x — 4 are in the numerator; B.

c) Since the graph has vertical asymptotes at x = —2
and x = 5, the equation of the function has factors
x + 2 and x — 5 in the denominator only; the
x-intercepts of —4 and 3 mean that the factors
X + 4 and x — 3 are in the numerator; D.

d) Since the graph has vertical asymptotes at x = —5
and x = 4, the equation of the function has factors
x + 5 and x — 4 in the denominator only; the
x-intercepts of —2 and 1 mean that the factors
x + 2 and x — 1 are in the numerator; A.

x* + 6x x* —4x — 21

x* 4+ 2x b y= x*+2x—3

_ (x+10)(x —4) (2x + 11)(x — 8)

T x+5)x—5) (x + 4)(2x + 11)

x+2)(x+1) x(4x + 1)

) LR A e Ty

a) b) y=

. a) Example: The graphs will be different. Factoring

the denominators shows that the graph of f(x)
will have two vertical asymptotes, no points of
discontinuity, and an x-intercept, while the graph
of g(x) will have one vertical asymptote, one point
of discontinuity, and no x-intercept.

b) [A=ti-Zi Hz-Ei-E! == -ER+E]

3x—2)x+3)

(x —2)(x+3)

a) The function will have two vertical asymptotes
at x = —1 and x = 1, no x-intercept, and a
y-intercept of —2.

b) ‘1=(EH1¥EJHfHETil

i

i ==z

) i) The graph will be a line at y = 2, but with
points of discontinuity at (—1, 2) and (1, 2).
ii) The graph will be a line at y = 2.

12. a)

b)

)

d)

13. a)
b)

)

14. a)

b)

)

b)

)

16. y =

17. a)

500

= wtzs0 W F 20

IR ST e L3-T]

I

0

"

&

u="EN | Y=z.t

When the headwind reaches the speed of the
aircraft, theoretically it will come to a standstill,
so it will take an infinite amount of time for the
aircraft to reach its destination.

Example: The realistic part of the graph would be
in the range of normal wind speeds for whichever

area the aircraft is in.

t= W‘i 4
T1=WH(H¢HJ
I'l,"
Sw
=g Y=z

siwl—4<w=<4, weR)

As the current increases against the kayakers, in
other words as the current reaches —4 km/h, the
time it takes them to paddle 4 km approaches

infinity.

The non-permissible value will result in a vertical
asymptote. It corresponds to a factor of the

denominator only.

paElEAle BT

J

-

=En *TEnn

It is not possible to
vaccinate 100% of the
population.

Yes, the vaccination process will get harder
after you have already reached the major urban
centres. It will be much more costly to find every

single person.
IR R : EERS BLE ]

L e L .
H=B (RN T

The only parts of
the graph that are
applicable are when

0<x< V125,

As the initial velocity increases, the maximum
height also increases but at a greater rate.

The non-permissible value represents the vertical
asymptote of the graph; this models the escape
velocity since when the initial velocity reaches
the escape velocity the object will leave Earth and

never return.

—(x+ 6)(x — 2)
2(x + 2)(x - 3)
RERETIRECYIN
I ll:;;
'\-\._\_\_\_-
Pl .x

"=B \ =iz
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18.

19.

20.

21.

22.

23.

1

c2

c3

b) The image distance decreases while the object
distance is still less than the focal length. The
image distance starts to increase once the object
distance is more than the focal length.

¢) The non-permissible value results in a vertical
asymptote. As the object distance approaches the
focal length, it gets harder to resolve the image.

a) Example: Functions f(x) and h(x) will have
similar graphs since they are the same except for a
point of discontinuity in the graph of h(x).

b) All three graphs have a vertical asymptote at x = —b,
since x + b is a factor of only the denominators. All
three graphs will also have an x-intercept of —a, since
X + a is a factor of only the numerators.

The x-intercept is 3 and the vertical asymptote is at

3
. x*—4x+3

Y= o _18x-20
a) y= (x + 4)(x — 2)(3x + 4)

T (T ST

X — X X —
e P )

They are

reciprocals since
when one of
them approaches
infinity the other
approaches 0.

v
<

-8
xi—4

XI=
g(x) oah

y

a)~Thereare'two vertical-asymptotes at x = +2.

b) There is a point of discontinuity at (5, 6?5) and a
vertical asymptote at x = —4.

Examples:

a) No. Some rational functions have no points of
discontinuity or asymptotes.

b) A rational function is a function that has a
polynomial in the numerator and/or in the
denominator.

Example: True. It is possible to express a polynomial

function as a rational function with a denominator of 1.

Answers may vary.

9.3 Connecting Graphs and Rational Equations,
pages 465 to 467

1.
2.

3.

a) B b) D ) A d) C
a) x=-2,x=1
b) x=-2,x=1
SERT R | e -~
~ ~
- -~
-~ -~
iy _-"'.- Iy .\_,1"'-
o 1|' - f
- -
~ -
-~ -
- -
R =0 = =0

c¢) The value of the function is 0 when the value of
x is —2 or 1. The x-intercepts of the graph of the
corresponding function are the same as the roots
of the equation.

7 b) x=4

__7 6
a) x= 2

d) X:—5

N|w

) x=

622 MHR ¢ Answers

10.
11.
12.

13.

14.
15.

16.
17.

C1

c2

c3

a) x=-8,x=1 b) x=0,x=3
) x=4 d) x=1,x= %
.a) x=—-0.14,x=~3.64 b) x= —2.30,x=0.80
) x=-241,x=041 d) x= —5.74,x= —0.26
.a) x= —% b) x=1
¢ x=-5 d) x= _%

. Example: Her approach is correct but there is a point

of discontinuity at (1, 4). Multiplying by (x — 1)
assumes that x # 1.

2
Lx=-1,x= -7
. No solutions
2.82 m
20.6 h
15 min 0 )
5Xx +
A V=38

b) After she takes 32 shots, she will have a 30%
shooting percentage.

a) 2004 K b) 209.3 K
_ 0.01x + 10
a) Clx) = ~X 4200 b) 415 mL
X =~ 1.48
a) XS—14—301“X>1 b) -8<x<-6,2<x<4

Example: No, this is incorrect. For example, % =0
has no solution.

Example: The extraneous root in the radical equation
occurs because there is a restriction that the radicand
be positive. This same principle of restricted domain
is the reason why the rational equation has an
extraneous root.

Answers may vary.

Chapter 9 Review, pages 468 to 469

1.

a) Apply a vertical V.
stretch by a factor of
8, and then a 8
translation of 1 unit
right to the graph of 4
y-t
domain
x| x#1,x€R}
range
yly#0,y€eR)
no x-intercept,
y-intercept —8,
horizontal
asymptote y = 0, vertical asymptote x = 1
b) Apply a vertical
stretch by a factor of
3 and then a
translation of
2 units up to the
graph of y = %
domain
x| x#0,x€R},
range
vly+2y€eR), A
x-intercept —1.5,
no y-intercept, horizontal asymptote y = 2,
vertical asymptote x = 0

XY




¢) Apply a vertical
stretch by a factor of
12 and a reflection
in the x-axis, and

then a translation of
4 units left and
5 units down to the
graph of y = %
domain
{x| x# —4,x € R},
range
vly+-5y€R}
x-intercept —6.4,
y-intercept —8, horizontal asymptote y = —5,
vertical asymptote x = —4
2. a) =Rz Horizontal asymptote
1 y=1
L — vertical asymptote
h X = -2,
x-intercept 0,
=i | =it y-intercept 0

b) ‘1=l:EH+E-:I.-‘I::-:-:I.:l'|l' Horizontal asymptote
", y= 2)

vertical asymptote

" x=1,

x-intercept —2.5,
y-intercept —5

w1 ¥=-E
) ‘1=l:'5:-:-3:l.-'li|;-:-ﬁ:l Horizontal asymptote
o y=-5
e i vertical asymptote
_—| Xx=06,
|.-"# x-intercept —0.6,

y-intercept 0.5

Ky
i =k

Trt £ =4
hix) = Xe—+12x-+36

For f(x) = 1.

x?

¢ Non-permissible value: x = 0

¢ Behaviour near non-permissible value: As x
approaches 0, |y| becomes very large.

¢ End behaviour: As |x| becomes very large, y
approaches 0.

e Domain {x | x # 0, x € R}, range {y | y > 0, y € R}

e Asymptotes: x =0,y =0

6

For g(x) = m +2

¢ Non-permissible value: x = 3

¢ Behaviour near non-permissible value: As x
approaches 3, |y| becomes very large.

¢ End behaviour: As |x| becomes very large, y
approaches 2.

¢ Domain {x | x# 3, x € R}, range {y | y > 2, y € R}

e Asymptotes: x =3, y = 2

.a) y= X

For h(x) = % .
x* + 12x + 36

» Non-permissible value: x = —6
e Behaviour near non-permissible value: As x
approaches —6, |y| becomes very large.
» End behaviour: As |x| becomes very large, y
approaches 0.
e Domain {x | x +# —6, x € R},
range {y | y < 0,y € R}
* Asymptotes: x = —6,y =0
Each function has a single non-permissible value, a
vertical asymptote, and a horizontal asymptote. The
domain of each function consist of all real numbers
except for a single value. The range of each function
is a restricted set of real numbers. |y| becomes very
large for each function when the values of x approach
the non-permissible value for the function.

35x + 500 =R+ B0

b) The more uniforms
that are bought, the I
less expensive their \

average cost. e _—ETN
¢) They will need to buy —= =
100 uniforms.
. a) [FEEEERE - linear with a point of
o~ . . .
- discontinuity at (0, 2)
- "
-
-
-
-
=i Y=
b) [fr=fiz-LEniE-ln T linear with a point of
.~ discontinuity at (4, 8)
-~
-~
."‘--
"= =
) [ASERI-F-ELAEE-EL linear with a point of
- discontinuity at (2.5, 3.5)
L
-
‘_.-’
-
-
3 ¥=
. The graph of A(x) = —=~—= has a vertical
grap x) T Tr—

asymptote at x = 1, a point of discontinuity at (4, %)

and no x-intercept; Graph 3.
(x+4)(x+1)

The graph of B(x) = T=+1

asymptotes or points of discontinuity and x-intercepts

of —4 and —1; Graph 1.

The graph of C(x) = — %=1 has vertical

graph of € = e 7 2)
asymptotes at x = +2, no points of discontinuity, and
an x-intercept of 1; Graph 2.

has no vertical

A ) IS EC TR FT ) ," b) As the percent of
! the spill cleaned
& up approaches 100,
f.-*" the cost approaches
i infinity.
—T
H=EQ ek U]

c) No, since there is a vertical asymptote at p = 100.
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8.

10.

11.

.a) x=-3,x=11

a) x=3,x=6

b) [ri=H+u iH-z1-7 |’ =R+ -7 |’

-
-~
1 a |

— —
~ ~

~ =g =" 'm0

I
ez - =0

c¢) The value of the function is 0 when the value of

x is 3 or 6. The x-intercepts of the graph of the

corresponding function are the same as the roots

of the equation.
b) x=4,x=6

) x=-1,x=5 d) x=-2,x=45
a) x=2.71 b) x= —6.15, x = 3.54
) x= £0.82 d) x= 2.67

a) {d|-04<d<26,deR}

b) As the distance along the [H=ZiTi+n41
lever increases, less mass f;
can be lifted. n,

¢) The non-permissible -

value corresponds —

to the fulcrum point =g

=iy 2EETLY

(d = —0.4), which does
not move when the lever is moved. As the mass

gets closer to the fulcrum, it is possible to move a
much heavier mass, but when the mass is on the

fulcrum, it cannot be moved.
d) 0.74m

Chapter 9 Practice Test, pages 470 to 471

1.
8.

C 2.D 3.C 4B 5D 6.C 7

x=-2
a) YA

b) domain {x | x # —4, x € R},
range {y | y # —3, y € R}, horizontal
asymptote y = —3, vertical asymptote x = —4,

x-intercept —6, y-intercept —%

9. x=~—-247,x=~ —0.73

10.

a) VA
6.

b) As x approaches 4, the function approaches 6.
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11. vertical asymptote x = 3, point of discontinuity

12.

13.

14.

15.
16.

—4, g), x-intercept 0.5, y-intercept 1

a)

b)

0

d)

7 3
The graph of A(x) = has no vertical
asymptote, a point of discontinuity at (0, —9), and
an x-intercept of 9; D.

x(x —9)

2
The graph of B(x) = m

asymptotes at x = +3, no points of discontinuity,

and an x-intercept of 0; A.
The graph of C(x) = (}(—33{%
asymptote at x = 0, no points of discontinuity,
and x-intercepts of +3; B.
2

Th hof D(x) = —%—

e graph of D(x) P
asymptote at x = 9, a point of discontinuity at
(0, 0), and no x-intercept; C.

has vertical

has a vertical

has a vertical

IR EEE SR BN

S EES S R B - N

—— -
=it ] F\': =it A]\':EI

The main difference is that the second function has
no non-permissible values since the denominator
cannot be factored.

a)
b)

a)

a)

b)

)

d)

x = 3; Alex forgot to take into account the
restricted domain.
Using graphical methods, it is easier to see true

solutions.
_ 0.5x+10

T x+31
{v| v >4, ve R}; speed must be positive and the
function is undefined when v = 4.
=0 T -1E As the boat’s speed
increases, the total
I time for the round trip
1 decreases.

b,

He—

=iz

As the boat’s speed approaches 4 km/h, the time
it takes for a round trip approaches infinity. The
water flows at 4 km/h. If the boat’s speed is less,
the boat will never make the return trip, which is
why there is an asymptote at x = 4.
approximately 27.25 km/h

b) an additional 24 putts

H=h .

Chapter 10 Function Operations

10.1 Sums and Differences of Functions,
pages 483 to 487

1.

2.

a)
)
a)
9

. a)

b)
]

. a)

b)
)
d)

h(x)=|x—3|+4 b) h(x) =2x-3

hix) =2x*+3x+2 d) hx)=x*+5x+4
h(x) =5x+ 2 b) h(x)=-3x*—4x+9
h(x) = —x* —3x+ 12 d) h(x) =cosx—4

h(x) = x* — 6x+ 1; h(2) = -7

m(x) = —x* — 6x + 1; m(1) = —6
plx)=x*+6x—1;p(1) =6
y=3x*+ 2+ Vx + 4; domain {x| x > -4, x € R}
y=4x — 2 — v/x + 4; domain {x | x > —4, x € R}
y=+vVx+4 —4x + 2; domain {x | x > —4, x € R}
v = 3x* + 4x; domain {x | x € R}



e
5. a) VA domain 12. a) vy The points of
B {x|x€R}, Pl intersection represent
B range Fad . where the supply equals
y=2H1|, {(vly>1,y€R} f‘f"' '~._' the demand. The
| _— flgff" '-.Ill intersection point in
P - o | quadrant III should not
a1 270 2 X be considered since the
v price cannot be negative.
b) VA f domain b) :‘1:0.1:-:2+|:-_EH-'1 fn" It replresentsfthe t(?xces;
x| x€R) " ; supply as a function o
4 / ’ "'-., I cost.
- range - ra
R yly>-1,y€eR} - 4
y=221 i =y
= T 13. a) C(n) = 1.25n + 135, R(n) = 3.5n
v b) s c) (60, 210)
) =" |d) P(n) =2.25n— 135
)] VA domain e M=z 2ER-135 =
- — (x| x €R}, 0 I
Vi N - -
ST 4 270\ 2 [x| ramse o e
v 1 2 5 (vly<1l,yeR} égé-lzzlr‘e-_tmn T _-___.--""‘
4 -:=E:(n:l‘ W=E40
\ e) $540
v o\ 14. a) b)
6.a) 8 b) g 7 VA VA
d) not in the domain R g(X) = 3sinx A E F+190
7.a) B b) 9 A G \ . 4
fix) = sin x
8. a) }"
VEG=NNA 7/ 2
A /1% LA x L1 3_)1: /7 N\ f(x) = sin x
(4 (4 P
4 =+ 9l Ve :/dp T e |
77><77v [ I \ 4 VA 2 2
< > J// 1a(x) = 35in|x
-8 6| -4 7 0 2 4 X y
/| > v
Y
2 9(%) )
L (f 15. a) b) The maxima
V= 9x)
L4 A and minima are
b) ~ [Z ATy 2ad located at the same
a x-coordinates.
V=(g— )X e 74 This will result
) in destructive
] interference.
7/ T )
< >
4 R 2 4 X
4
Y
// 8 N
> VAN W=k t=i.mEzeRsE
AAIVTUTON § 16. a) b)
9.a) y=3x+11x+1 b) y=3x"-3x+3 VA VA VIE + V)
€ y=3x+3x+1 d y=3x*—11x+3 - V=115 " N\ o
10. a) g(x) = x* b) glx)=Vx+7 0 /h\ 20 \ /f
¢ glx)=-3x+1 d gx)=3x*-—x—14 \ z \ )
11.a) gx)=x*—-1 b) glx)=-Vx—4 < 3 \4 jf? W \
0 glx)=8x—-9 d) glx)=2x*—-11x—6 T\ ~
<10 < T >
V, () =105in t 0 2 4 | 6t
2 F \ 4
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¢) domain {t|t € R}, range {V|5< V<25 VeR} ¢ hx)=(Kx+2)Vx+5,kx) = XX-:-25 , x> —5,
d) i) 5V ii) 25V x4 -2
17. h(t) = 58 — 20t — 20
: — A2 — _ VX — 1 <
18. a) f}_ d) h(x) =V—-x*+7x—6, k(x) o= 1<x<6
. ,f';‘x. 2.a) -3 b) 0 g -1 d) 0
o o 3. a) £ 1yA
- h(x) = fx)g) |] 6l | 9%)
-
(X
b) It will be a sinusoidal — *****—[*4‘ T
function on a diagonal ____.-" /
according to y = x. BT | c
--"--l
T < >
) f-*r -6 | 4] -2 2 | X
19.a) d=200—1t j v
b) h(f) = 200 — t + 0.75 sin 1.26¢
0 r.IIL]Z‘HI;lEII.LllEB b) VA -
i = S, X \ 14
H"'h,,, hi & 1%
q"'::k A\ gx)
~Za- « N
- . S e | ) 2 2 | X
20. Example: Replace all x with —x and then simplify. ~
If the new function is equal to the original, then it ™ 2
is even. If it is the negative of the original, then it is \\
odd. Answers may vary. (69 4
21. The graph shows the sum of an exponential function
and a constant function. \ 4
22. a) f(x): domain {x | x € R}, range {y | y = —9, y € R}; 4. 3) h(x)=x*+ 7x*+ 16x + 12
g(x): domain {x | x # 0, x € R}, "
range {y | y # 0, y € R} \ #
b) h(x)=x -9+ 1 \
¢) Example: The domain and range of f(x) are 2
different from the domain and range of h(x). M= +5XF6
The domain and range of g(x) are the same as < >
that of h(x). =6 -4/~2 0] 2 X
C1 a) Yes, addition is commutative. 2
b) No, subtraction is not commutative. M=x+2/ 1 TEXET2
2a) y,=x+4 PP X7 417X +[ToK
b) domain {x | x € R}, range {y | y € R}
€3 Example: Y
Step 1: The graph exhibits domain {x | x € R}, range {y | y € R}
) sinusoidal features b) h(x) = x* — 3x* — 9x + 27
"n u,.‘P"q; P iﬁ itfs sha};:e §nFl hx) =3 3x2 L gyl 27V A
- (W t e aCFt at it is /N 30 |
o periodic. |
\ I\ [ 4
Step 2: The graph exhibits exponential features in that it \ l \ I /
is decreasing and approaching 0 with asymptote y = 0. | 8 /
Step 3: h = cos 0.35¢t |
Step 4: h = 100(0.5)%* \ \7 /
Step 5: h = (100 cos 0.35%)((0.5)*%*) I
Step 6: 15.5 m 6
’ 1 \
10.2 Products and Quotients of Functions, < N=x-3 /=l
pages 496 to 498 S e\ -4 | L2 e 2 x
X+7 L ul 64/ 0x) =x°=9
1. a) h(x):Xz—49,k(X]:X_7,X7E7 //;[
_ pw _2x-=1 4 Y
b) h(x) = 6x* + 5x — 4, kx) = 3X+4’X5é 3 domain {x | x € R}, range {y | y € R}
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. a)

b)

)

_ 1
h(X)_X2+X
i iz
hx)y= 1 ’\ 4 1
2 x| [\ A
i \e
) N =
e T—
= 2—~<1 0 2 | X
2
.ﬂx\_ 1
JX) 1 \‘
Yy Yy
domain {x | x # 0, =1, x € R},
range {y|y< —4ory >0,y € R}
h(x)=x+3,x# -2
17
A= X2+ 5x+6 |\ yi
\ [
< >
—10 -8 | -6 -4 /A2 /0| | X
ol | XF 45X+ 6 >
nxy= -
X+ 2 gﬁx): +2
Y
domain {x | x # -2, x € R},
range {y |y # 1,y € R}
-1
h(x]—X_‘_S,X#iB
1y YA 3] [4
\ (é): 21al |f
W
N
“‘\_4 210 7/ 4 X
W/
fiX)=x+3
3 gx)=x2+9
Y
domain {x | x # +3, x € R},
range{y|y#:0,%,y€R}
p— X p—
hx) = 5=, x#-1,0
LR N7,
o= X1 [ L] 1
1 \ \Q(X:;
X 2
T | N
—
= 2= 2 §X
2
fix) =
X+ 11\
|
Y y

domain {x | x # —1, 0, x € R},

range {y |y # 0,1, y € R}

10.

11.

12.

13.

b)

a)

b)

a)

]

a)

b)

]

a)

y=x"43x*—10x — 24

_x*—-x-—6 _ _ -~
Y="x3a Xt Q=T x4

_ xX*—Xx-—6 _
y_xz+8x+16'X:# 4
gx) =3 b) glx) = —x
glx) =vx d) gx) =5x—6
gx)=x+7 b) g(x)=Vx+6
gx) =2 d) glx) =3x*+26x—9

- Jx):
P 4 domain {x | x € R},

ey e, TA08E V|V E R

— Ea —| g(x): domain {x | x € R},
‘,.-“JI range
. y|-1<sy<1,y€eR}

domain {x | x € R},
range {y | v € R}

[ domain

| x| x#@n- 17,
Y| nelLxeR,
range {y | v € R}

3
—
—_|

T ) £
=0 l[ | J ?:0‘

BETITT N II.', domain {x | x € R},
l ] || range {y | v € R}
w=in [

AN
)

Ead I'IUII'

Y¥=-7.Bi4Y463
g(x)

The graphs of y =

b) y=/f(x)
sin x
COS X
be the same. The graphs of y = 1 — cos? x and
y = sin* x appear to be the same.

and y = tan x appear to

_—___| Both graphs are
I increasing over time.
—
— However, the graph

of P(t) increases more
rapidly and overtakes

the graph of F(1).
=B+ YA TR D Yes; negative values
i of t should not be

_———_g..;,______ considered.
=i pich ML b i )
t=0

In approximately 11.6 years, there will be less
than 1 unit of food per fish; determine the point

of intersection for the graphs of y = % and y = 1.
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14.

15.

16.
17.
a1

c2

c3

b)

)

d)

a), b) f(t) = Asin kt,

a)

domain {x | -6 < x < 6,x € R},
range {y| —5.8 <y < 5.8,y € R}

SETRET R RTTEN]

domain

] (x| -6<x<86,

1 x# nm,n€l, x € R},
range {y | v € R}

—r

I~

k] | ’1’:35.5205&5
The domain in part d) is restricted to -6 < x < 6
but has no non-permissible values. In part c),

the domain is restricted to to —6 < x < 6 with
non-permissible values. The ranges in parts c) and
d) are the same.

e DT R

g(t) = 0.4
o f=-r.zuk
b) Yes
-ﬁiﬁ» 'ﬁh“"x I
B Tl TR TR TS

The price per tonne decreases.

A = 4xVr* — x*

Yes; multiplication is commutative. Examples

may vary.

Example: Multiplication generally increases the

range and domain, although this is not always true.
Quotients generally produce asymptotes and points of
discontinuity, although this is not always true.

a)
b)

)

d)

Alx) =4x* —12x+ 9
'1=a}:2—1z}:+5!\ lJ domain
"

x| x=15x€eR}

|
R range

{Al]A=0,A€eR}

u=i.t

¥=i

hx)=x+4,x+ %; this represents the height of
the box.

H=IHRTH4RE-EREEL MR- | domain
-
= (x| x>1.5,x€R},
-~
- range
{h|h>5.5heR}
=16 W=

10.3 Composite Functions, pages 507 to 509

dWN=

3 b) 0 ) 2 d) -1

2 b) 2 ) —4 d) -5

10 b) -8 0 -2 d) 28

flgla)) =3a* + 1 b) g(f(a)) =9a* + 24a + 15
flglx) =3x*+ 1 d) g(f(x)) =9x* + 24x+ 15
ff(x) = 9x + 16 f) glgx) =x*—2x°
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10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

.a) glx)=2x-5
. Christine is right. Ron forgot to replace all x’s with

a) flgx)) = x* + 2x° + 2x* + x,
gfx) = x* + 2x* + 2x* + x
b) f(g(x)) = Vx* + 2, g(f(x) = x* + 2
o flglx)) = x* g(f(x)) = x*
a) % domain
x| x>1,x€R},
V=Xl rarllge
yly=0,yeR)

A

b) % domain
> Y=Ax—1 {x| x>0,x€R}
range
P / {ylyz—l,yeR}
< ; , ,

b) g(x) =5x+1

the other function in the first step.

. Yes. k(j(x)) = j(k(x)) = x° using the power law:

2(3) = 6 and 3(2) = 6.
No. s(t(x)) = x> — 6x + 10 and t(s(x)) = x* — 2.
a) W(C(t) = 3v/100 + 35t

b) domain {t|t >0, t € R}, range {W| W= 30, W € W}

a) s(p) =0.75p b) #(s) = 1.05s
o i(s(p)) = 0.7875p; $70.87
a) gld) =o0.06d b) c(g) = 1.23g
c) clgld)) = 0.0738d; $14.76
d) d(c) = 13.55¢; 542 km
a) 3x*—21 b) 3x*—7
c¢) 3x%—42x + 147 d) 9x* — 42x + 49
a) h(o(0) = 20 sin L + 22
b) [F=oimniives e T
P Ea £, T,
£ o B i l"-.
i Y ! i , )
'.I. ‘I'J .".l' ".Il. ‘l"lli l".'
LU 4 ' ||" 2
% P "
k| f=A.BRZAEN] A=l Y=h.G7ELELT
The period of the combined functions is much
greater.

t

a) C(P(1) = 14.375(2)10 + 53.12
b) approximately 17.1 years

a) flx) =2x—-1,gx) =x*
__2 2
b) fx) =57 8x) =x
0 fx)=|x],gx)=x*—4x+5
_1-x _1-x_ 1
3 (k¥ = 1-1+x" X 7 gx)
g x _1-2x 1
B flsl) =1 - g2 = 5 Ry
No, they are not the same.
a) m= i b) Lm
_r N
CZ
a) The functions f(x) = 5x + 10 and g(x) = %X -2
are inverses of each other since f(g(x)) = x and
s(f(x) = x. "
b) The functions f(x) = X; and g(x) = 2x + 1 are

inverses of each other since f(g(x)) = x and

g(f(x) = x.



y g e e

¢) The functions f(x) = Vx + 1 and g(x) = x* — 1 3.a) y=x"—-2x y=x*4+2x—6
are inverses of each other since f(g(x)) = x and VA A ZN
gf) = x. 5 <\ N
d) The functions f(x) = 5% and g(x) = log, x are \y / I YR 5%
inverses of each other since f(g(x)) = x and P R \ S /
gfx) = x. “ToNL2 X -
21.a) {x|x>0,x€R} b) f(g(x)) = log (sin x) JlyExt—x )
(4] 1-1-.-£l-.:-ln-.x.-3 (‘u\ : { Z \ 4 /
I | ) 4 6
| | domain {x | x € R}, L
range YEX+H2X—6 y
{yly=-1,y€R} domain {x|x € R},
4=7 W= ABZMMEE range {y | y > 7, y € R}

d) domain {x|2nT<x< (2n+ 1)w,ne€l, x € R},

range {y | y < 0,y € R} b) y=vx—-3 -x+2 V=VxX—-3+x—2
X+ 2 y‘\ yl\ ,
22. flg) = 3 x# -3, -2, -1 > - ; /
< T L -
23. a) i)y:ﬁ,x#l i) y=—rX_ x#1 0 2 ~4 | 6 | X
aee _ 1 . _ 1 7_:2— 77777x77 2 - 1 3 _ 2
i) y=5,x#0 iv) y=5,x#0 VFEAX + X
=VX+-3—-x+2
b £(f,(x) ol N EEER L
€1 No. One is a composite function, f(g(x)), and the & v i
other is the product of functions, (f- g)(x). Examples domain domain
may vary. >3 xeR)
€2 a) Example: Since f(1) = 5 and g(5) = 10, izllgzz 3, x€R}, S:Ilg);_ X }
g(fﬂ]] = 10. _ >1 R
b) Example: Since f(3) = 7 and g(7) = 0, g(f(3)) = 0. yly<-075y€R) Wlyz1yeRl
C3 Yes, the functions are inverses of each other. 4.a) y= X 1 1 + VvX; domain {x | x > 0, x # 1, x € R},
C4 Step 1:a) /}((X + }1?] = ?j{‘; 2h +3 range {y | y < —0.7886 or y = 2.2287, y € R}
X+ - fx
b) — =2 b) y:Xil—\/X;domain{X|X20,X7él,X€R},
Step 2:a) f(x+ h)=-3x—3h—5 range {y | v € R}
Jx+ h)—fx) _ 5.a) P=2x—6
b) h =3 b) The net change will continue to increase, going
Step 3: fix + z)—f (x) _ %  Each value is the slope of o frf(t)m a negsative value to a positive value in year 3.
after year
the linear function. 6.a) f(x) =x +2x*—4x—8
. VA ’ domain {x | x € R},
Ch1apt;er ;((: Rewev:), pages 510 ';o 511 o 15 ) ’ range |y | v € R},
-a 1 9 -5 L8 2l P no asymptotes
2.3) i) f=x+x—2 VA X)o= X) i —Ax— 8
domain {x | x € R}, \ / < »
> -4 [0 IS
€R ¢
range {y | y € R} \ / A
< > /
X o/ 2 % [N/
2 /
fX) =|x2+ x—2 Y v
Y b) fx)=x—-2,x#-2
ii) fx) =x*—x—6 iil) f(x) =—-x*+x+6 VA domain
domain {x | x € R}, domain {x | x € R} (x| x#+ —2,x €R},
range {y | y € R} range {y | y € R} 2 range
N VA { VA P | Wly#-4yeR}
P R X = —X“+X+0 T 2o ) 4 | x 1o asymptotes
Y L Y,
- |0 2 | X 2
\ L / 4 fix= X=2
\ / 4 X+2
, i
/ \ v
6 < >
X) =Ix2— x—I6 2.0 2 \X
) 4 vV | v \
b) i) 4 ii) —4 i) 4
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<) f(X]=X12,X=ﬁ—Z,Z y=x4+2,x%—6

v domain
R IZ R b | &xlx+#-6,xeR}
X)= 7 2 \ T 16 Ja /270 x| range
5 vly# -4 yeR
i T — [S
S -4 3270 4 _?
A4
2 \ _ X2 18x+12
v 7 X+6 | ¥
10. a) 1 b) 5
domain {x | x # —2, 2, x € R}, 32, 2,
i ' 1. a) y:;,x#o b) y=;,x¢0
range{yv | v # 7 0VE R}, horizontal asymptote 9 05
y = 0, vertical asymptote x = 2 12 .= _2 +so
7.a) 0 b) does not exist -y vz X
¢) does not exist b) domain {x| x> 0,x € R}, range {y| y < 0,y € R}
1 13. 7 9 (
. = + /
83 0= e e e YT 1/ 1/
domain {x | x # —4, 4, x € R}, e oY/
vEdx+7 /
range {y | y # 0,y € R} /
b) f(X]:-X—4,X9Ei4 gX)=x 46 /
domain {x | x # —4, 4, x € R}, / /
i A
range {y |y # —8,0,y € R} < B/ / ) 8 X
) f(x]:X_4,X:#i4 / /./
. _ Yix =2x-5
domain {x | x # —4, 4, x € R}, A
range{y|y#:—lOyER} 4 A/
8’ 14. T = 0.05t + 20
9.a y=-x"-7x-12 15. a) d(x) = 0.75x; c(x) = x — 10
EEVEPVEPHZ domain b) c(d(x)) = 0.75x — 10; this represents using the
T LT ] IxIxeR), coupon after the discount.
S e | fa N2 o] |% range ¢) d(c(x)) = 0.75x — 7.5; this represents applying the
S {yly=<025yeR} coupon before the discount.
c d) Using the coupon after the discount results in a
/ \, lower price of $290.
/ \ NP Chapter 10 Practice Test, pages 512 to 513
y=X+3 4 4 .B 2.D 3.A 4.C 5 A
—x—4 domai 6. a) h(x) = sin x + 2x? b) h(x) =sin x — 2x?
A omain ] :
s A x| x # —4, x € R), 9 M =2¢sinx 4 b= TF x40
T x4 - range 7 a(x) f(x) (F+ 9)(x) (fo 9)(x)
< > yly#-1LyeRl a) | x-8 VX VX 4+ x—8 x—8
—6_|_24 (=2 b) | x+3 | 4x 5x+3 4x+12
—
2 ) X2 X—4| Vx—4+x° X —4
1 1 2
\ ) 4 9 x | x X X
b) y=x'+ 14x* + 60x + 72 8. v 1 x4 -3 1
f vA domain {x | x € R}, ’ 2x% + 5x + 3’ 2’
l Y range {y | y € R} domain {X | x # —%, -1,x € R}
” 9. a) b)
< > " VAEG
8\ -4 J2 o] X o fix) Y%L fix)
N s y 4 iy a0
| \ / E \ b \
Q
| y
[ 2 /i \ [ \
|| yese 1452k 603+ 72 IS \ /1S \
Y 4 | \[\ | \
< v+ 9 Ny .
~lA2 10 2 4 % ~A2 10 2 AN X
AR Z B} LR \
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10. a)

y = |6 — x|; domain {x | x € R},
range {y | y >0,y € R}

b) y =4+ 1; domain {x | x € R},
range {y |y =1,y € R}

¢) y=x%domain {x | x € R},
range {y |y = 0,y € R}

11. a) r(x) = x — 200; t(x) = 0.72x

b) #(r(x)) = 0.72x — 144; this represents applying
federal taxes after deducting from her paycheque
for her retirement.

c¢) $1800 d) $1744

e) The order changes the final amount. If you tax the
income after subtracting $200, you are left with
more money.

12. @) [H=10cosizHIC0BE~

I Jl" A n .
| J ||. ll-lll llll'.lf ||I{lli|' 'y g '.l'
| b,
IILII Il..lll AW
Yind ] Yegenzine
b) The function f(f) = 10 cos 2t is responsible for
the periodic motion. The function g(t) = 0.95!
is responsible for the exponential decay of the
amplitude.

13. a) y=2x"+9x — 18 b) y=2x*+13x—24
N YA | 4 A YA
{y::Z 249%—18 /; < I;
% | 4 2 lo| /2% J8 | —4 o] JI'%

\E Vol
\ / \ /
N \
\ \
~~ v
/
=2x%+13x—|24
Y
) y=X+7,X75% d) y=8x"—2x—236
vA vA
8 < >
XA+ 11x—121 0 4 | 8 | X
T x=31 4 1o
* iy I’
, il
\l/
P s |_40 y=8x2+2x—36
-6 -4 20| @ 2%
Y Y
14. a) A(t) = 25007t* b) frA=rEaiizm £
¢) approximately A
196 350 cm? o
d) Example: No. In 30 s, _,"*"
the radius would be ____,-"'
1500 cm. Most hkely = Y=igg=y4o cy

the circular ripples
would no longer be visible on the surface of the
water due to turbulence.

Chapter 11 Permutations,
Combinations, and the
Binomial Theorem

11.1 Permutations, pages 524 to 527

1.

10.
11.
12.

.a) 56
. Left Side = 4! + 3!

. a) 360

a) Position | Position | Position b) 5 25
1 2 3 2 8 28

Jo Amy | Mike S 29

lo | Mike | Amy 2 52

Amy Jo Mike > g gg

Amy Mike Jo 2 82

Mike Jo Amy 8 5 85

Mike Amy Jo 89

9
6 different arrangements 2 92
9 < 5 95
8 98
12 different two-digit

numbers
¢) Use abbreviations: o
Soup (So), Salad Gi< Fs
(Sa), Chili (Ci), |
Hamburger (H), So
Chicken (C), Fish
(F), Ice Cream (I) |
and Fruit Salad (Fs). F< Fs
16 different meals
b) 2520 c) 720 d) 4
Right Side = (4 + 3)!
=7!

|
Gi< Fs
|
H<IFS
C<Fs

I
F<Fs

=4(3!) + 3!
= 5(3)!
Left Side # Right Side

- a) 9! = (9)(8)(7)(6)(5)(4)(3)(2)(1)

= 362 880
91 _ (9(B)(7)(6)(5Y)
514! 7 (51)(4)(3)(2)(1)
=126
o (69(31) = (56)(4)(3)(2)(1)(3)(2)(1)

=720
d) 6(4!) =6(4)(3)(2)(1)
144
(102)(101)(100!)
100!(2)(1)
(51)(101)
=5151
f) 7! —5!=(7)6)(5!) — 5!
= 41(5!)
= 4920
b) 420 19)
e) 20 f)

b)

102!
e =
) 100!2!

138 600

d) 20 10 080

. 24 ways
.a) n=6

b) n=11 ) r=2
d) n=6

a) 6 b) 35 ¢ 10

. a) Case 1: first digit is 3 or 5; Case 2: first digit is 2

or 4
b) Case 1: first letter is a B; Case 2: first letter is an E
a) 48 b) 240 c) 48
a) 5040 b) 2520 c¢) 1440 d) 576
720 total arrangements; 288 arrangements begin and
end with a consonant.
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13.

14.
15.

16.
17.
18.
19.
20.

21.

22.
23.
24.

25.
30.

31.

32.

a1

c2

c3
cs

No. The organization has 25 300 members but there
are only 18 000 arrangements that begin with a letter
other than O followed by three different digits.

20

266% h

a) 5040 b) 1440 c) 3600
a) 3360 b) 360

a) AABBS b) Example: TEETH

3645 integers contain no 7s
a) 17 576 000
b) Example: Yes, Canada will eventually exceed
17.5 million postal communities.
a) 10"
b) Yes, 10 = 100 000 000 000 000, which is
100 million million.
a) r=3 b) r=7
nPI:H—!:H—!and P =n!,so0! =1.
" (n—n)! 0! won
The number of items to be arranged is less than the
number of items in each set of arrangements.

) n=4 d) n=42

63 26. 84 27. 737 28. 15 29. 10

Exanlljple: Use the Day1 | Day2 | Day3 | Day4

numbers 1 10 9 to 123 | 147 | 149 168

represent the

different students. 456 | 258 | 267 249
789 369 358 357

24 zeros; Determine how many factors of 5 there are

in 100!. Each multiple of 5 has one factor of 5 except

25, 50, 75, and 100, which have two factors of 5. So,

there are 24 factors of 5 in 100!. There are more than

enough factors of 2 to match up with the 5s to make

factors of 10, so there are 24 zeros.

a) EDACB or BCADE  b) 2

¢) None. Since F only knows A, then F must stand
next to A. However, in both arrangements from
part a), A must stand between C and D, but F does
not know either C or D and therefore cannot stand
next to either of them. Therefore, no possible
arrangement satisfies the conditions.

|
a) an: (a Z‘b]l

number of ways that b objects can be selected from a
group of a objects, if order is important; for example,
if you have a group of 20 students and you want to
choose a team of 3 arranged from tallest to shortest.
b) b<a
By the fundamental counting principle, if the n
objects are distinct, they can be arranged in n! ways.
However, if a of the objects are the same and b of the
remaining objects are the same, then the number of

is the formula for calculating the

!
different arrangements is reduced to I;I—b' to eliminate
duplicates. @b

a) (n 4 2)(n + 1)n b Z* 20r
4 r(r+ 1)
a) 362 880 b) 5.559 763... «¢) 6.559 763

d) Example: The answer to part c) is 1 more than the
answer to part b). This is because 10! = 10(9!) and
log 10! = log 10 + log 9! = 1 + log 9!.

11.2 Combinations, pages 534 to 536

1.

a) Combination, because the order that you shake
hands is not important.
b) Permutation, because the order of digits is important.
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10.
11.
12.

13.

¢) Combination, since the order that the cars are
purchased is not important.

d) Combination, because the order that players are
selected to ride in the van is not important.

. P, is a permutation representing the number of ways

of arranging 3 objects taken from a group of 5 objects.
,C, is a combination representing the number of ways
of choosing any 3 objects from a group of 5 objects.
;P, =60and .C, = 10.

.a) P, =360 b) ,C,=35
0 .C,=10 d ,C, =120
.a) 210 b) 5040

. a) AB, AC, AD, BC, BD, CD

b) AB, BA, AC, CA, AD, DA, BC, CB, BD, DB, CD, DC
¢) The number of permutations is 2! times the
number of combinations.

a) n=10 b) n=7 ) n=4 d n=5

. a) Case 1: one-digit numbers, Case 2: two-digit

numbers, Case 3: three-digit numbers

b) Cases of grouping the 4 members of the 5-member
team from either grade: Case 1: four grade 12s,
Case 2: three grade 12s and one grade 11,
Case 3: two grade 12s and two grade 11s,
Case 4: one grade 12 and three grade 11s,
Case 5: four grade 11s

. Left Side = |, C, Right Side = ,C,
_ 11! _ 11!
(11 — 3)!3! (11 — 8)!8!
_ 11! _ 11!
~ 813! ~ 318!

Left Side = Right Side
a) C.=1
b) _C, = 1; there is only one way to choose 5 objects
from a group of 5 objects and only one way to
choose 0 objects from a group of 5 objects.

a) 4 b) 10
a) 15 b) 22
Left Side

= nCr—l + nCr

_ n! n!
T -1n  m-n
_ n! n!
T+ 0e-n T m-om

[n!(n — D] + [n'(n — r + D' — 1)!]
(n—r+ D'(r—- 1!(n - i
nl(n—0rr— 1)+ nl(n—r+ 1)(n - l(r— 1)
(n—r+ D!r—-D!n - 1)'r!
_n!n=n!r—Dr+ (n—r+1)]
N (n—r+1)(r— 1! - !

N1 + 1)
(n—r+ 1)!171/13’-@7/1?%!

_ nl(n+1)
gy
(n+1)!
T (m-r+ 1
Right Side = ,,C,
(n + 1)!
T m+1-0

Left Side = Right Side

20 different burgers; this is a combination because
the order the ingredients is put on the burger is not
important.



14.

15.

16.

17.
18.
19.

20.

21.

22.
23.
24.

a1

c2

c3

a) 210
b) combination, because the order of toppings on a
pizza is not important
a) Method 1: Use a diagram.
Method 2: Use combinations.
,C, = 10, the same as the
number of combinations of
5 people shaking hands.

b) 10
¢) The number of triangles is
given by . C, = 10t _ 10! pe nymber
1078 (10 — 3)!13! 7!3!
of lines is given by , C, = 10 _ 100

10727 (10 — 2)12!  8l2!”
The number of triangles is determined by the
number of selections with choosing 3 points
from 10 non-collinear points, whereas the
number of lines is determined by the number
of selections with choosing 2 points from the
10 non-collinear points.

Left Side = C,
_ n!
T (n-D'!
Right Side = C, |
_ n!
(n—( — ))l(n — 1!
_ n!
T (m-n+0!(n-0n!
_ n!
T - !
Left Side = Right Side
a) 125970 b) 44 352 ¢) 1945
a) 2598 960 b) 211 926 c¢) 388700
a) 525 b) 576
40!
a) b) 116 280
20120!
52! 39! 26! 13!
a)
39113! ~ 26113 © 13!113! ~ 0!13!
52! 52!
b = c¢) 5.364... x 10%*
) 13!13!13!13! (131 )
90
a) 36 b) 1296
a) .C,=10,10 + 3 = 3 Remainder 1. ,C, = 5005,

and 5005 = 3 = 1668 Remainder 1.
b) yes, remainder 3 ¢ 7;0,1,2,3,4,5,6
d) Example: First, I would try a few more cases to
try to find a counterexample. Since the statement
seems to be true, I would write a computer
program to test many cases in an organized way.
No. The order of the numbers matters, so a
combination lock would be better called a
permutations lock.

a
Co = G
the number of ways that b objects can be

selected from a group of a objects, if order is not
important; for example, if you have a group of

20 students and you want to choose a team of any
3 people.

b) a=b ¢) b=0

Example: Assuming that the rooms are the same

and so any patient can be assigned to any of the

six rooms, this is a combinations situation. Beth is
correct.

a) is the formula for calculating

C4 Step 1: Example: v

Step 2: Number P(135°)
of each type of

quadrilateral: P(180°)
Squares: 2 <
Rectangles: 4
Parallelograms: 0
Isosceles

trapezoids: 24

P(225°)

Step 3: Example: In the case drawn in Step 1, because
of the symmetry of the given points on the unit circle,
many of the possible quadrilaterals are the same. In

general, there will be ,C, or 70 possible quadrilaterals.

11.3 The Binomial Theorem, pages 542 to 545

1.

10.

11.
12.
13.

14.

.a ,C .C C b)

a) 14641 b) 18 28 56 70 56 28 8 1
¢) 1 11 55 165 330 462 462 330 165 55 11 1
c ,c Cc .C C

270 271 272 470 471 472 473 474

o C, C C, C, C, C C

707172737475'7677

3! 6 1!
SRETEY ® 351 RNTET
a) 5 b) 8 ) g+1
.a) 1x* 4 2xy + 1y° b) 1a®*+ 3a* +3a+1

¢) 1—4p+6p*—4p*+ 1p*

.a) 1a® + 9a¢*b + 27ab* + 27b?

b) 243a° — 810a’h + 1080a°h* — 720a?b* + 240ab?

— 32b°
c¢) 16x* — 160x® + 600x*> — 1000x + 625
. a) 126a‘b° b) —540x%y° ¢ 192 192f
d) 96x%*y* e) 3072w?

. All outside numbers of Pascal’s triangle are 1’s; the

middle values are determined by adding the two
numbers to the left and right in the row above.

.a) 1,2,4,8,16

b) 28 or 256

¢) 271!, where n is the row number

a) The sum of the numbers on the handle equals the
number on the blade of each hockey stick.

b) No; the hockey stick handle must begin with
1 from the outside of the triangle and move
diagonally down the triangle with each value
being in a different row. The number of the blade
must be diagonally below the last number on the
handle of the hockey stick.

a) 13 b) 220x°' ¢ r=6, ,C, =924

a) (x+y¢ b) (1—yP

a) No. While 11° = 1, 11! = 11, 11? = 121,
11° = 1331, and 11* = 14 641, this pattern only
works for the first five rows of Pascal’s triangle.

b) m represents the row number minus 1, m < 4.

a) (x+y)P=x"+3x%+3x + 5,
(x — y)* = x* — 3x%y + 3xy* — y* the signs for
the second and fourth terms are negative in the
expansion of (x — y)*

b) (x+ P+ x—yP
=x* 4+ 3x’y + 3xy* + V' + X’ — 3x*y + 3xy* — }°
= 2x* 4+ 6xy*
= 2x(x* + 3y?)
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¢) 2y(3x* + y?); the expansion of (x + y)* — (x — y)?
has coefficients for x* and y* that are reversed
from the expansion of (x + y)* + (x — y)°, as well
as the common factors 2x and 2y being reversed.

15. a) Case 1: no one attends, case 2: one person attends,
case 3: two people attend, case 4: three people
attend, case 5: four people attend, case 6: all five
people attend

b) 32 or 2°

c¢) The answer is the sum of the terms of the sixth

row of Pascal’s triangle.

H HHH

e H<T HHT
1< H HTH

T HTT

H THH
HT THT

T< H TTH
<y 11T

b) HHH + HHT + HTH + HTT + THH + THT +
TTH + TTT
= H° + 3H*T + 3HT? + T*

¢) H°represents the first term of the expansion of
(H + T)® and 3H*T represents the second term of
the expansion of (H + T).

16. a)

17. a) Z—j+6(2—2)+12(%)+80r2—2+6b—(f+&;+8
W G = a5) +ol ) - o F) £ o
R =
(4] 1—3x+14—5XZ—%X3+%X"—%Xs+61—4X6

d) 16x°% — 32x° + 24x* — 8x ! + x*
18. a) 5670a*b*? b) the fourth term; it is —120x"!
19. a) 126 720 b) the fifth term; its value is 495
20. m = 3y
21. Examples:
Step 1: The numerators start with the second value, 4,
and decrease by ones, while the denominators start at
1 and increase by ones to 4.
For the sixth row:
4 3 2
l><51=5,5><E=10,10><§=10,10><Z=5,

5)(321

Step 2: The second element in the row is equal to the
row number minus 1.
Step 3: The first 2 terms in the 21st row are 1 and 20.
X 21—0; X %,x %,andsoonto X %, X%, 21—0
22. a) Each entry is the sum of the two values in the row
below and slightly to the left and the right.
p L L 1 1 11
6 30 60 60 30 6
11 1 1 1 1 1
7 42 105 140 105 42 7
¢) Examples: Outside values are the reciprocal of
the row number. The product of two consecutive
outside row values gives the value of the second

term in the lower row.
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23. Consider a + b = x and ¢ = y, and substitute in

(x + y)* = x* + 3x%y + 3xy* + V.

(@a+ b+ c)?

= (a + b)® + 3(a + b)*c + 3(a + b)c* + ¢*

=a® + 3a*h + 3ab* + b* + 3(a* + 2ab + b*c + 3ac* +
3bc? + ¢*

= a + 3a*b + 3ab* + b* + 3a’c + 6abc + 3b*c +
3ac* + 3bc* + ¢

24. a)

Points

Line Segments
Triangles
Quadrilaterals
Pentagons
Hexagons

Diagram

—_

6 |15, 20| 15| 6 1

BBV 0O

b) The numbers are values from row 1 to row 6 of
Pascal’s triangle with the exception of the first
term.

¢) The numbers will be values from the 8th row of
Pascal’s triangle with the exception of the first
term: 8 28 56 70 56 28 8 1.

25. a) 2.7083...

b) The value of e becomes more precise for the 7th
and 8th terms. The more terms used, the more
accurate the approximation.

¢) Example: 2.718 281 828

15
d) 15! = (%) 27(15) ~ 1.300 x 10'%

on a calculator 15! = 1.3077 x 10*
e) Using the formula from part d),

50! = (%)” 27(50)

~ 3.036 344 594 x 10%;
using the formula from part e),
501 = (50)" 211'(50](1 +— )

e 12(50)
~ 3.041 405 168 x 10%; using a calculator
50! = 3.041 409 32 x 10%, so the formula
in part e) seems to give a more accurate
approximation.




€1 The coefficients of the terms in the expansion of

(x + y)" are the same as the numbers in row n + 1 of
Pascal’s triangle. Examples: (x + y)* = x* + 2xy + y*
and row 3 of Pascal’s triangle is 1 2 1;

(x + y)* = x* + 3x’y + 3xy* + y* and row 4 of Pascal’s
triangleis 1 3 3 1.

Examples:

c2

c3

a)

b)

Permutation: In how many different ways can four
different chocolate bars be given to two people?
Combination: Steve has two Canadian quarters
and two U.S. quarters in his pocket. In how

many different ways can he draw out two coins?
Binomial expansion: What is the coefficient of the
middle term in the expansion of (a + b)*?

All three problems have the same answer, 6, but
they answer different questions.

Examples:

a)

b)

For small values of n, it is easier to use Pascal’s
triangle, but for large values of n it is easier to use
combinations to determine the coefficients in the
expansion of (a + b)".

If you have a large version of Pascal’s triangle
available, then that will immediately give a
correct coefficient. If you have to work from
scratch, both methods can be error prone.

€4 Answers will vary.

Chapter 11 Review, pages 546 to 547

1.

N

11.

12.
13.

ok wnN

. a)
. a)
. a)

a) M MMM b) 3
n Tl
F<f MFF
M FMM
Th
F<F Frr
a) 81 b) 32
12!
a) 24 b) 360 ) 60 d) 213121
a) 48 b) 24 ) 72
a) 5040 b) 288 0 144
a) 1160 016 b) 8.513 718 8 x 10"
c) about 270 000 years
n+1 X +x+1
a /3 b) ————
210 b) 63
120 b) 5040 c) 200 d) 163 800
15
b) amounts all in cents: 1, 5, 10, 25, 6, 11, 26, 15, 30,
35, 16, 31, 36, 40, 41
a) n=8,,C,=28
b) n=26,,C, = 2600 and 4(, P,) = 4(650) = 2600
2520
a) Example: Permutation: How many arrangements
of the letters AAABB are possible?
Combination: How many ways can you choose
3 students from a group of 57
5! 5!
b) Yes, .C, = 7(5 YT =300 and
_ 5! _ 5!
5737 (5 — 3)I131 2130

14.2a) 133 1

15.

16.

17.
18.

19.

b)

19 36 84 126 126 84 36 9 1

Examples: Multiplication: expand, collect like terms,
and write the answer in descending order of the
exponent of x.

x+yP=Kx+ykx+yx+y

=x"+3xy + 3xy* + y°

Pascal’s triangle: Coefficients are the terms from
row n + 1 of Pascal’s triangle. For (x + y)°, row 4
is1 3 3 1.

Combination: coefficients correspond to the
combinations as shown:

(x +y)P = ,Cx*y + ,Cxy' + ,CxX'y + ,Cx%°

a)
b)
)

a)
a)

)
d)

a)
b)

0

a® + 5a*b + 10a°b? + 10a*b* + 5ab* + b°
x3 —9x* + 27x — 27

8 1

16X8_32X4+24_F+F
36a’b* b) —192xy° ¢ —160x°
1 B b) Pascal’s triangle

5| 15| 35| 70116 values are shown
! 4] 10| 20| 35| 56 with the top of the
1 triangle at point

3| 6| 10] 15 21 A and the rows
234 5 © appearing up and
1 right of point A.

A 1 1 1 1 1

126

There are 4 identical moves up and 5 identical
moves right, so the number of possible pathways
is 4?—; = 126.

45 moves

2 counters: 1 move; 3 counters: 1 + 2 = 3 moves;
4 counters: 1 + 2 + 3 = 6 moves; and so on up to
12 counters: 1 + 2 + 3 + --- + 10 + 11 = 66 moves
300 moves

Chapter 11 Practice Test, page 548

1.
7.

12.
13.
14.
15.
16.

C
a)
b)

. a)

10.
11.

69

2.D 3.C 4. B
180
AACBDB, ABCADB, ABCBDA, BACBDA,
BACADB, BBCADA

5. A 6.C

. No, n must be a whole number, so n cannot equal —8.

10 b) 5—'(4—') =60

2131\ 212!

Permutations determine the number of arrangements
of n items chosen r at a time, when order is
important. For example, the number of arrangements
of 5 people chosen 2 at a time to ride on a motorcycle
is P, = 20. A combination determines the number

of different selections of n objects chosen r at a

time when order is not important. For example, the
number of selections of 5 objects chosen 2 at a time,
when order is not important, is ,.C, = 10.

672x°

a) 420 b) 120

Q) n=6 b) n=9

y° — 10y* + 40y — 80y* + 80y — 32y

a) 24 b) 36 g 18
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Cumulative Review, Chapters 9-11, pages 550 to 551

1. a) a vertical stretch by a factor of 2 about the x-axis
and a translation of 1 unit right and 3 units up

b) YA *
\

AW

ax=

x
L

\J

14 270\
LAl

¢) domain {x|x# 1, x € R},

XY

2 | 4

range {y | y # 3, y € R}, x-intercept %,

y-intercept 1, horizontal asymptote y = 3,
vertical asymptote x = 1

2. a) [H=ER-RAeLl
-

—_
—

H=i [Fy=-y
b) domain {x | x # —1, x € R},
range {y | v # 3, v € R}, x-intercept %,

y-intercept —4, horizontal asymptote y = 3,
vertical asymptote x = —1

x> — 3x .
has a vertical asymptote
x>—-9 ymp

at x = —3, a point of discontinuity at (3, 0.5), and an
x-intercept of 0; C.

3. a) Thegraphofy=

x2 -1
x+1
a point of discontinuity at (-1, —2), and an
x-intercept of 1; A.

b) The graph of y =

has no vertical asymptote,

2
¢) The graph of y = }%f;’g has no vertical

asymptote, no point of discontinuity, and
x-intercepts of —3 and —1; B.
4.a) 2 b) —-1,9 g o

5.a) —0.71,0.71 b) 0.15,5.52
6.3 h(x)=Vx+2+x—-2,kx)=Vx+2-—-x+2
b) [ZN A
h =k tx—2 A
/
4 /
)4
gt
1 =y
) = x4+ 2 )
« AN Ly
4l 200f /2 | 4aNe X
2
k() = X +2 - xl+ 2
gX)=xr24/
k%

¢) f(x): domain {x| x> -2, x € R},
range {y |y = 0,y € R}
g(x): domain {x | x € R}, range {y | y € R}
h(x): domain {x | x > -2, x € R},
range {y | y = —4,y € R}
k(x): domain {x | x = —2, x € R},
range {y | y < 4.25, y € R}
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10.
11.

12.

13.
14.
15.
16.

. a) | fl
_,-"F——_h:;{"' ’ domain {x | x € R},
- - range {y | v € R}
= g(x): domain
__,"‘" (x| -10=x<10,x€R},
,--'"'- range
{(vlo<y<10,yeR}
b) h(x) = xV100 — x*
¢) [A=ATLm-R= - domain
S| x| -10<x<10,x €R),
~ || range
[ - {y| -50 <y <50,y€R}
1 ‘_.-‘
e
R w=ug
_ X+ 1 _ . _x—-2 oy
a) h[X)—X_z,XqE Z,Z,k[x)_X+1,X=,e 2, -1
S R
/ 4
/ N
2
T c ——
< — - >
6| 14 2'0N"2 | 4 6 X
2
h,\_X‘+3X+¢’ N X2 -4
\X) = a—_a 7’ \‘ \}_X2+'X-2
vy [y

b) The two functions have different domains but the
same range; h(x): domain {x | x # =2, 2, x € R},
range {y | y # 1, y € R}, k(x): domain
(x| x# -2, -1, xe€ R}, range {v|y+# 1,y € R}

YA y=(+ g
f(X)
MBI ZE RN
9NN\
Y
a) -3 b) %
a) (fogllx)=(x—3)and (go fllx)=x*—3

b) [H=id-F1= / (Z=RF-% /
o

L

1
|"I\ &
ll !
H=3 Vi =i T

¢) The graph of (fo g)(x) = (x — 3)° is a translation
of 3 units right of the graph of f(x). The graph of
(g o f)(x) = x* — 3 is a translation of 3 units down
of the graph of f(x).

a) f(g(x)) = x; domain {x | x € R}

b) g(f(x)) = csc x; domain {x | x # mn,n €, x € R}

9 flgx) = ﬁ domain {x | x # +1, x € R}

96 meals

480 ways

55

525 ways



18.

17. a) 103 680 b) 725 760
a) 3 b) 6 ¢ 5
Examples: Pascal’s triangle:

19.

20.

21.
22.

(x + y)* = 1x%° + 4x°y' 4 6x%)* + 4x'y° + 1x°p%

the coefficients are values from the fifth row of
Pascal’s triangle.

(x + y)° = 1x%° + 6x°y' + 15x*y* + 20x°y* + 15x%)*

+ 6x'y* + 1x°y"; the coefficients are values from the
seventh row of Pascal’s triangle.

Combinations: (x + y)* = ,Cx"* + ,Cx°y* + ,Cx*V*

+ ,Cx'y* + ,Cx°% the Coefficients .G .C, ,C, C,
,C, have the same values as in the fifth row of Pascal’s
triangle.

(x+y)° = 6C0x5y° + 6C1X5yl + ,Cxy + CxX°y +
Cxy' + Cx'y° + ,Cx°"; the coefficients .G, .C,,
6C2 +Cs» BC‘l, Gy G, "have the same values as the

seventh row of Pascal s triangle.
a) 81x* — 540x°+ 1350x* — 1500x + 625

1 10 40
b) = I + 5 80x + 80x® — 32x°
a) 250 b) —56
a) zsc4 b) 26 9 zsca - z4cz + 2463

Unit 4 Test, pages 552 to 553

1.
8.

9.
12.

13.

14.

D 2.B 3.A 4 B 5 B

-]

0, 3.73, 0.27 10. 600x** 11. —1

a) vertical stretch by a factor of 2 and translation of
1 unit left and 3 units down

b) x=—landy=-3

¢) as x approaches —1, |y| becomes very large

a) [FETER-Ih AT

6.D 7. C

-~
"

—

a2

fF‘
i lI f=-t

b) domain {x|x+# —2,x€ R}, range {y | y # 3, y € R},

X—1ntercept , y-intercept -3
0 x= %
d) The x-intercept of the graph of the function
= 3X =1 i the root of the equation 0 = Sx—1
X+ 2 4 X+ 2
a) The graph of f(x) = —X_= _ has a vertical
) The graph of /) = ot —a)
asymptote at x = —2, a point of discontinuity at
(4 l) y-intercept of 0.5, and no x-intercept.
_ x+3)x—-2)
b) The graph of f( ———— " has a vertical
graph of 09 = i — 1)

asymptote at x = 1, a point of discontinuity at
(-3, 1.25), y-intercept of 2, and an x-intercept of 2.

¢) The graph of f(x) = % has vertical
asymptotes at x = —1 and x = 3, no points of

discontinuity, y-intercept of 0, and x-intercepts
of 0 and 5.

15. a) YA y=x—Xx
> q(x)
a2 2| 4 %
10/ B \y= - 9ix
imEm\
[/ \\
rrlv ! [w
domain {x | x € R}, range {y | v < 0.25, y € R}
b) VA y=2-x—-Xx*
> 9
yE (fi— g
Sl dal 12/ 0 2 | 4 %
174\
/ \ )
4
[ \
vyl v | &
domain {x | x € R}, range {y | y < 2.25, y € R}
2
0 vA y=1=X%
> 9%
Vo (JF\( )
J‘ \J}\ 7 R
Slda ] 2 | a X
7N\
fx)
4
[ \
y. v ! I\
domain {x | x # 1, x € R}, range (v | y # —2, y € R}
d) AyA
\s a0
yE(F-90 | .
Sl 4 -2 2 4 X
72\
fx)
4
[
vy, v W
y=x—-x-1+x"
domain {x | x € R}, range {y | y € R}
16. a) h(x)=x-3+Vx—-1;x>1
b) hix)=x-3-Vx—-1;x>1
¢ hx) = \/_31, x>1
d) hix)=x-3)Vx—-1;x>1
17. a) 1 b) 1
o flgx)=x"~-3 d) g(fx) = |x* - 3|
18. a) f(x) = 2¥and g(x) = 3x + 2
b) f(x) = vxand glx) =sin x + 2
19. a) 21 b) 13 c) 10
20. a) 24 b) 232 more
c) There are fewer ways. Because the letter C is
repeated, half of the arrangements will be repeats.
21. a) 60 b) 81
22. 4, -4
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