CHAPTER 1
Functions: Characteristics and Properties

Lf(x) =x*+3x—4
a)f(2) = (2)' +3(2) - 4
=4+6-4
=6
b) f(—=1) = (1) + 3(-1) — 4
=1-3-4
==6
01(3)= (&) +z) -4
1 3
1673
51
16

df(a+1)=(a+ 1Y +3a+1)—4

(a+ 1)(a+1)+3a+3~4

=a2+2a+1+3a—1

a’> + Sa

2.a) x° +2xy+y'“(x+y)(r+y)

b) 5x? — 16x + 3 = 5x* — 1S5x — 1x + 3
=5x(x =3+ (~D)(x—-3)
= (5x ~ D)(x — 3)

¢) (x +y)? = 64 = (x + y)* — (8)
={x+y+8)(x+y—28)

d)ax + bx —ay —by=x(a+b) + (—y)(a +b)

= (a+b)(x —y)
3. a) horizontal translation 3 units to the right,
vertical translation 2 units up;
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b) horizontal translation | unit to the right, vertical
translation 2 units up;

NY

_2;

¢) horizontal stretch by a factor of 2, vertical stretch
by a factor of 2, reflection across the x-axis;

d) horizontal compression by a factor of 3, vertical
stretch by a factor of 2, reflection across the x-axis;

P4
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29\ 246810
4]
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4mD_{mRz2<x<n
R={yeR[0=y=2)

b)D = {xeR},R = {yeR|y = - 19}

¢)D = {xeRjx # 0}, R = {yeR|y # 0}

d)D={xeR},R={yeR|-3=y=3}

e) D ={xeR},R = {yeR|y >0}
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5. a) This is not a function; it does not pass the
vertical line test.

b) This is a function; for each x-value, there is
exactly one corresponding y-value.

¢) This is not a function; for each x-value greater
than 0, there are two corresponding y-values.

d) This is a function; for each x-value, there is
exactly one corresponding y-value.

e) This is a function; for each x-value, there is
exactly one corresponding y-value.

6.a) y =x
y =2
=8
b) y=x
20 = ¥°
V20 = x
271 =x

7. If a relation is represented by a set of ordered
pairs, a table, or an arrow diagram, one can
determine if the relation is a function by checking
that each value of the independent variable is paired
with no more than one value of the dependent
variable. If a relation is.represented using a graph or
scatter plot, the vertical line test'can be used to
determine if the relation is a function. A relation
may also be represented by a description/rule or by
using function notation or an equation. In these
cases; one can use reasoning to determine if there

is more than one value-of‘the dependent variable
paired with any value of the independent variable.

1.1 Functions, pp. 11-13

1.a)D = {xeR};R = {yeR|—4 = y = ~2}; This
is a function because it passes the vertical line test.
b)D = {xeR|-1 =x =T}

R = {yeR|—3 =y =< 1}; This is a function
because it passes the vertical line test.

¢)D ={1,2,3,4}; R = {~5,4,7,9, 11}; This is
not a function because 1 is sent to more than one
element in the range.

d) D = {xeR}: R = {yeR}; This is a function
because every element in the domain produces
exactly one element in the range.

e)D = {~4,-3,1,2}; R = {0,1,2,3}; This is a
function because every element of the domain is
sent to exactly one element in the range.
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f)D = {xeR};R = {yeR|y = 0}; This is a
function because every element in the domain
produces exactly one element in the range.

2.a) D= {xeR}:; R = {yeR|y = —3};Thisis a
function because every element in the domain
produces exactly one element in the range.

b) D = {xeR|x # —3}; R = {yeR|y # 0}; This is
a function because every element in the domain
produces exactly one element in the range.

¢)D = {xeR} R = {yeR|y >0} Thisis a
function because every element in the domain
produces exactly one element in the range.

d)D = {xeRE R={yeR|0 =y =2};Thisisa
function because every element in the domain
produces exactly one element in the range.

e)D = {xeR|-3 =x =3}

R = {yeR|—-3 = y =< 3}; This is not a function
because (0, 3) and (0, —3) are both in the relation.
f)D = {xeR}; R = {yeR|-2 =y =2}; Thisisa
function because every element in the domain '
produces exactly one element in the range.

3.a)D = {1,3,5,7}; R = {2,4,6}; This is a
function because each element of the domain has
exactly one corresponding element in the range.
byD = {0,1,2,5}; R ={-1,3,6}; This is a
function because each element of the domain has
exactly one corresponding element in the range.

¢) D = {0, 1,2,3}; R = {2,4}; This is a function
because each element of the domain has exactly one
corresponding element in the range.

d)D = {2,6,8}; R = {1,3,5,7}; Thisis not a
function because 2 is sent to both 5 and 7 in the
range.

e) D = {1,10, 100}; R = {0, 1,2, 3}; This isnot a
function because 1 is sent to both 0 and I in the range.
f)D = {1,2,3,4}: R = {1,2,3,4}; This is a
function because each element of the domain has
exactly one corresponding element in the range.

4. a) This is a function because it passes the vertical
line test; D = {xe R} R = {yeR]y = 2}

b) This is not a function because it fails the vertical
line test; D = {xeR|x = 2}; R = {yeR}

¢) This is a function because every element of the
domain produces exactly one element in the range;
D = {xeR}) R = {yeRjy = —0.5}

d) This is not a function because (1, 1} and (1, —1)
are both in the relation; D = {xe Rjx = 0};

R = {yeR}
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e) This is a function because every element of the
domain produces exactly one element in the range;
D= {xeRjx #0}; R = {yeR|y # 0}

f) This is a function because every element of the
domain produces exactly one element in the range;
D = {xeR}; R = {yeR}

S.a)y=x+3
b)y=2x-5
¢y =3(x~—2)
d)y=-x+5

6. a) The length is twice the width.

1

b) Since [ = 2w, w = 51
. 1
A =1+w=1+

fy =31
o [

-2

d) Since / = 2w, the length must be 8 m and the
width 4 m in order to use all 12 m of material.
7. a) n

104 & L} ®

Height (m)

5

] [l T

il T
0" 50 100 150 200 250
Time (s)

b) D = {0, 20, 40, 60, 80, 100, 120, 140, 160, 180,
200, 220, 240}

¢) R = {0,5, 10}

d) It is a function because it passes the vertical
line test.
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e) Y
250 ° R
2
200 A e
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509 .
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Height {m)

£) It is not a function because (5, 0) and (5, 40) are
both in the relation.
8' a) {(13 2)’ (3‘ 4)’ (57 6)}
b) {(1.2). (3.2). (5,6)}
©) {(2.1), (2,3, (5.6)}
9. It a vertical line passes through a function and
hits two points, those two points have identical
x-coordinates‘and different y-coordinates. This means
that one x-coordinate is sent to two different elements
in the range, violating the definition of function.
10.a)d = V (4 - 0)2 + (3 - 0)
=V25
=5
Yes, because the distance from (4, 3) to (0, 0) is 5.
b)d=V(1-007+(5-0)
- VIFR
= V26
5#V26
No, because the distance from (1, 35) to (0. 0) is not 3.
¢) No, because (4, 3) and (4,—3) are both in the
relation.
1l a)g(x) =2 + 3
b) g(3) — g(2) = 12 - 7

g(3—-2)=g(l)
4

S0,g(3) —g(2) # g(3 — 2)
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12.a)f(6) =1+2+3+6

=12
F(7)=1+7
=8
f8)=1+2+4+8
=15
b) f(15)=1+3+5+15
=24
f(3) X f(5) = (1 +3) X (1 +5)
= 4%6
=24

f(15) = f(3) X f(5)
¢) f12)=1+2+3+4+6+12
= 28
fB)Xf(4)y=(1+3)X(1+2+4)
=4 X7
= 28
f(12) = f(3) X f(4)
d) Yes, there are others that will work.
f(a) X f(b) = f(a X b) whenever a and b have no
common factors other than 1.
13. Answers may vary. For example:

independent
variable

numerical model

mapping model

algebraic model

1

graphical model

vertical line
test

FUNCTION

function
notation

dependent
variable
14. 7,3

N/ =

B
i
1
o
o 4
=N

The first is not a function because it fails the
vertical line test: D = {xeR|-5 = x = 5};

R = {yeR|~5 =y = 5}. The second is a function
because it passes the vertical line test:
D={xeR|-5=x=5s5R={yeR|0 =y =5}
15. x is a function of y if the graph passes the
horizontal line test. This occurs when any horizontal
line hits the graph at most once.

1. [-5]|

5,120] = 20, |- 15| = 15, |12| = 12,
[—25] =125

From least to greatest, 5, 12, 15, 20, 25, or | — 5],
[12], |- 15}, |20}, | —25]

2.a)|—-22| =22
b) —|-35| = =35
¢)|—5— 13| = |- 18]
=18
d)[4 -7 +|-10+2|=|-3] +|-8
=3+8
=11
|-8] _ 8
© Ty T3
= =2
-2 -16_2  -16
(—11]  |-4] 11 4
=2-4
= -2
3.a)|x| >3
b) (x| =8
o) x|=1
d) x| #5
4. a) <« e >
6 8 10

“10-8-6-4-2 0 2
b) gttt —t—— )
-26-16-12 -8 -4 O 8 12 16 20
c) The absolute value of a number is always greater

than or equal to 0. There are no solutions to this

inequality.

d) epmmpot—t—t—t—t+—t—F-0+
-10-8-6-4-2 0 2 4 6 8 10

5.a)|x| =3

b) |x| > 2

o) lx|=2

d) [x] <4

! 1 1 H B,

S

3,
Cd
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a) The graphs are the same.
b) Answers may vary. For example,

x — 8 = —(—x + 8), so they are negatives of
each other.and have the same absolute value.
7.a) =
\\\ /./ -
b) == —
.. -
!"n\-’"'
)
\\‘"-. ',;-/
1_\_‘\ .-{-__-'
d)r
‘\__‘ e
n,_\_ P o

8. When the number you are adding or subtracting

is inside the absolute value signs, it moves the
function to the left (when adding) or to the right
(when subtracting) of the origin. When the number
you are adding or subtracting is outside the absolute
value signs, it moves the function down (when
subtracting) or up (when adding) from the origin.
The graph of the function will be the absolute value
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function moved to the left 3 units and down 4 units
from the origin.

9. This is the graph of g(x) = |x| horizontally
compressed by a factor of § and translated 3 unit to
the left.

S N .
10. This is the graph of g(x) = |x| horizontally
compressed by a factor of 3, reflected over the x-axis,
translated 2} units to the right, and trans}ated

3 units up.

L 6Y

A

...zi ’.‘_2—-

1. Answers may vary. For example, domain because
most of the parent functions have-all real numbers
as a domain.

2. Answers may vary..For example,-the end behaviour
because the only two that match are x* and |x/.

3. Given the horizontal asymptote, the function
must be derived from 2*. But the asymptote is at

y =2, so it ‘must have been translated up two.
Therefore, the function is f(x) = 2% + 2.

4. a) Both functions are odd, but their domains are
different.

b) Both functions have a domain of all real numbers,
but sin (x) has more zeros.

¢) Both functions have a domain of all real numbers,
but different end behaviour.

d) Both functions have a domain of all real numbers,
but different end behaviour.
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5.a) f(x) =x*—-4
f(=x)= (=x) —4 =27~ 4
—f(—x)=—-x*+4
Since f(x) = f(—x), the function is even.
b) f(x)=sin(x) +x
f(—x) =sin{(—x) + (—x) = —sin x — x
= —(sin x + x) = —f(x)
—f(=x)=sinx + x
Since f(—x) = —f(x), the function is odd.

¢ flx)= % - X

f-x) = 2 = (mx) = = x = —f)

—X
A0 =1

Since f(—x) = —f(x), the function is odd.
d) flx)=2x"+x

f(=x) =2(—x) '+ (—x) = —-2x* —x

= —(2¢ + x) = —f(x)

—f(-x)=2"+x
Since f(—x) = —f(x), the function is odd.
e) flx)=2x"—x

f(—x)=2(—x) = (=x)=2x"+x
—f(—x) = —2¢* — x
Since f(—x) # f(x) and f(—x) # —f(x), the
function is neither even nor odd.
f) flx)=[2x + 3]

f(=x) = 12(=x) + 3] = | ~2x + 3]
~f(~x) = —|-2x + 3|
Since f(—x) # f(x) and f(—x) # —f(x), the
function is neither even nor odd.
6. a) | x|, because it is a measure of distance from a
number
b) sin (x), because the heights are periodic
¢) 2%, because population tends to increase
exponentially
d) x, because there is $1 on the first day, $2 on the
second, $3 on the third, etc.

7.a) f(x) = V/ x, because the domain of x must be
greater than O for the function to be defined and
f0)=vV0=0

b) f(x) = sin.x, because the function is periodic and
is at 0 at 0°, 180°, 360°, 540°, 720°, etc.

¢) f(x) = x?% It is even because

f(—x) = (—x)* = x* = f(x). The graph of the
function is a smooth curve without any sharp corners.
d) f(x) = x, because y = x in this function and,
therefore, y and x have the same behaviour.

1-6

8.a) f(x) =2 —3
Yy

1 16 — 3x
R
y B
44 !
A
t X
XO 1 |;l T 7
By 7 RS
\—4— :
Ly

¢

Al

10. a) The gquadratic is a parabola opening upward
with its vertex at(2, 0). Using the vertex form,
the function would be f(x) = (x — 2)~

b) There is not only one function.

3 )
flx) = Z(x — 2)° + 1 works as well.

¢) There is more than one function that satisfies the
property. f(x) = |x — 2| + 2 and f(x) = 2|x = 2|
both work.

11. x? is a smooth curve, while | x| has a sharp,
pointed corner at (0, 0).

Chapter 1: Functions: Characteristics and Properties
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13. It is important to name parent functions in order
to classify a wide range of functions according to ~ PR :

similar behaviour and characteristics. 1.a) Thisisa function because every value in the
14. <y domain goes to only one value in the range:

D ={0,3,15,27}, R = {2,3,4}

b) This is a function because every value in the
domain goes to only one value in the range;

D= {xeR},R={yeR}

¢) This is not a function. It fails the vertical line test;
=2 D={xeR|-5=x=5},R={yeR|-5=y=5}
A d) This is not a function because 2, in the domain,
goes to both 6 and 7 in the range; D = {1, 2, 10},

R ={-1,3,6,7}

2. a) Yes. Every element in the domain gets sent to
exactly one element in the range.

b) D = {0,1,2,3,4,5,6,7,8,9, 10}

¢) R = {10, 20, 25, 30, 35, 40, 45, 50}

3.a) D = {xeR}, R = {f(x) e R}; function

b)D = {xeR|-3 =x =3},

R = {yeR|-3 = y = 3};not a function

23

A4

D = {xeR}, R = {f(x) eR}; interval of
increase = (— <, =), no interval of decrease, no
discontinuities, x- and y-intercept at (0, 0), odd,
x— %, y— o, and x — —x, y— —x Itis very
similar to f(x) = x. It does not, however, have a
constant slope.

15. No, cos x is a horizontal translation of sin x.
16. The graph can have 0, 1, or 2 zeros.

0 zeros: ¢) D = {xeR|x = 5},R = {yeR|y = 0}; function
7Y d) D = {xeR},R = {yeR|y = —2}; function
4.1-3]=3,—|3] = —3,[5| =5, ]-4] = 4,10 =0
3] < 0] <|-3} <|-4[ < 5]
5. a) Y
od
I S R
X
2 4 6 8
b) 34
8..
X *
2 41
2..
X
2 zeros: —8—6—4~2_2/i 4 6 8
Y
21 41
:1_ c) (34
8_.
X 6-
-4 -\ 2 4
1 \ X
410 1448
N
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6. a) The graph of f(x) = 2' is not symmetric about
the y-axis nor the origin, and, therefore, is neither
even nor odd. Looking at the graph we notice that
x— oo and y — =.

6430 346

2

Lk
[~

b) (=, 0) and (0, =) are both intervals of decrease

for the function f(x) = i—

I SN

¢) The function f(x) = V x must have a domain
greater than or equal to O because the square root of
a negative number is undefined.
7. a) f(x) = |2x|
f(=x) = [2(—x)| = |2x] = f(x)
Since f(x) = f(—x), the function is even.
b) f(x) = (-x)’
fl=x) = (—(—x)’ = x* = (—x)’ = f(x)
Since f(x) = f(—x), the function is even.
¢) f(x) =x +4
f(=x)=(-x)+4=-x+4
Since f(x) # f(—x) and f(x) # — f(x), the function
is neither odd nor even.
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d) f(x) =4 + 3> - 1
f(=x) =4(=x) +3(-x)’ =1
=4’ -3 -1
Since f(x) # f(—x) and f(x) # —f(x), the function
is neither odd nor even.

8. a) This is f(x) = }c translated right 1 and up 3;
discontinuous

¢) This is f(x) = 2" translated down 10; continuous

I Y S &

 4~:1} 
x

AW
A
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1. a) translation 1 unit down

b) horizontal compression by a factor of 2
transiation 1 unit right

¢) reflection over the x-axis, translation 2 units up,
translation 3 units right

d) reflection over the x-axis, vertical stretch by a
factor of 2, horizontal compression by a factor of §
e) reflection over the x-axis, translation 3 units down,
reflection over the y-axis, translation 2 units left

f) vertical compression by a factor of 1, translation
6 units up, horizontal stretch by a factor of 4,
translation 5 units right

2. a) Representing the reflection in the x-axis:

a = —1, representing the horizontal stretch by a
factor of 2: k = 1, representing the horizontal
translation: d = 0, representing the vertical
translation 3 units up: ¢ = 3. The function is

y = —sin (3x) + 3.

b) Representing the amplitude: a = 3, representing
the horizontal stretch by a factor of 2: k = 3,
representing the horizontal translation: ¢ = 0,
representing the vertical translation 3 units down:
¢ = —2. The function is y = 3 sin (3x) — 2.

3. Consider the transformations of f(x): horizontal
compression by a factor of ! vertical stretch by a
factor of 2, retlection across the x-axis, horizontal
translation 5 units left, and vertical translation 4 units
down. These transformations take (2, 3) to (1, 3),

(1.6), (1, =6), (—4, —6), and finally to (—4, —10).

4. a) Each v-coordinate gets multiplied by 2. (2, 6),
(4, 14), (—2,10), (—4,12)

b) Each x-coordinate gets increased by 3. (5, 3),
(7, 7). (1,5), (- 1.6)

¢) Each y-coordinate gets increased by 2. (2, 5),
(4,9), (=2,7), (—4.8)

d) Each x-coordinate gets decreased by 1, and each
y-coordinate gets decreased by 3. (1,0), (3,4),
(=3.2).(-5.3)

e) The points are reflected across the y-axis, so

for x-coordinates that differ in sign switch the
y-coordinates. (2, 5), (4,6), (—2,3), (—4,7)

f) The v-coordinates are reduced by a factor of 3,
and the y-coordinates are decreased by 1. (1, 2),
(2,6), (—1.4), (—2.5)

1-10

5.a) f(x) = x?, translated left 1

_.]k..
=24
o 3 ~
b) f(x) = |x|, vertical stretch by 2

[N 3£\y T

3300 17313

Yx L

"‘3 "'i __;'}—10‘ : 1' 2
o ]

3

¢) f(x) = sin (x), horizontal compression of
translation up |

A a3

o o}
o -

—é—i—’l&
.

e) f(x) = 2%, horizontal stretch by 2
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f) f(x) = Vx, horizontal compression by 3,
translation right 6

92 46

6.a) D = {xeR}, R = {f(x) eR|f(x) = 0}

b) D = {xeR},R = {f(x) eR|f(x) = 0}

¢) D={xeR},R={f(x)eR{0=f(x)=12}

d) D = {xeR|x # 0}, R = {f(x) eR|f(x) # 3}

e) D = {xeR}, R = {f(x) cR|f(x) > 0}

g) 1? = {xeRjx = 6}, R = {f(x) eR|f(x) = 0}
.a

PX %
REEREES x
128 ~4_4(} 4812

_8_

-124,1

b) The domain remains unchanged at D = {x e R}.
The range must now be less than 4:

R = {f(x) e R|f(x) < 4}. It changes from
increasing on (— =, =) to decreasing on (— %, %).
The end behaviour becomes as x — — =, y — 4, and
aAS X — X,y — — X,

¢) g(x) = —2(2° 1 + 4)

9.a) (1.8)— (1 + 2,8 x 3) = (3,24)

b) (1,8)—»(%(1) - 1,8 - 4) = (-0.5,4)
¢) (1ﬁ8)—+<_:1~1—,8(2) - 7) = (~1,9)

d) (1,8)—>G~(1) - 1.8 % —1) = (-0.75, -8)
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e) (1,8)_+(-:1~i—,8 % ~1> = (~-1,-8)

0 (1,8) 6(6%(1) ~3,0.5(8) + 3) =(-1,7)

10.3)g(x) = Vx—2

D = {xeRjx =2}, R = {g(x) eR|g(x) = 0}
b)h(x) =2V x—-1+4
D={xeRjx=1},R = {h(x)eR|h(x) = 4}
k(x)=V -x+1

D = {xeRlx = 0}, R = {k(x) eRlk(x) = 1}
d)j(x) =3V2(x=5) -3

D ={xeRlx =5} R = {j(x)eR]j(x) = -3}
11.y = 5(x* — 3) is the same as y = Sx* — 15,
noty = Sx? — 3.

H

13. a) a vertical stretch by a factor of 4

b) a horizontal compression by a factor of
©) (2x)? = 2%¢* = 4x?

14. Answers may vary. For example:

horizontal stretch or compression,
based on value of &

'

vertical stretch or compression, based
on value of

'

reflection in x-axis if @ < 0;
reflection in y-axis if & <0

¥

horizontal transiation, based on
value of d

Y

vertical translation, based on
value of ¢




15. The new y-coordinate was produced by
translating down 4 after a stretch by a factor of 2.
To go backwards, we must translate up 4, which
takes the 6 to 10, and then compress by a factor of
! which takes 10 to 5. The new x-coordinate was
produced by translating left 1 unit. To go backwards,
we translate right 1 unit, so 3 becomes 4. The original
point is (4, 5).

16. a) horizontal compression by a factor of 3,
translation 2 units to the left

b) Because they are equivalent expressions:
3x+2)=3x+6
c) 3

1.5 Inverse Relations
i.a) (5, 2)

b) (—6,—5)
¢) (—8,4)

d) f(1) =2-(1,2)

So, (2, 1) is on the inverse.
e)g(—3)=0-(-3,0)

So, (0,—3) is on the inverse.

f) h(0) =7-—(0,7)

So, (7, 0) is on the inverse.

2. The domain and the range of the original
functions are switched for the inverses.
a)D = {xeR},R = {yeR}

b)D = {xeR},R = {yeR|y = 2}

¢)D = {xeR|x <2},R = {yeR|y = -5}
d)D = {xeR|-5<x<10},R={yeR|y < -2}
3. Function A: y = $x — 2

The inverse of function A is:

1
x—zy—Z

x+2=ly

2

2x +4 =y

Functions A and D match.
Function B: y = x* + 2 forx = 0
The inverse of function E is:

x =y +2

x—2=y

V x = 2 =y, where x = 2

i-12

Functions B and F match.

Function C: y = (x + 3)* where x = -3
The inverse of function F is:

x = (y+3)

W =yt 3

Vx—-3=y

Functions C and E match.

4.a) (4, 129)

b) (129, 4)

¢)D = {xeR},R = {yeR}

d)D = {xeR},R = {yeR}

e) Yes; it passes the vertical line test.

5. a) (4, 248)

b) (248, 4)

¢)D = {xeR},R = {yeR|y = —8}
d)D = {xeR|x= -8}, R = {yeR}

e) No; (248, 4) and (248,—4) are both on the
inverse relation.

6. a) Not a function

Y

6._
4

b) Not a function
v

27T<
kis

LN
d’ﬂ -
2

¢) Function

%

N
A e
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d) Not a function

9
7.a)F = gC + 32
F-32= 2C
D

5
S(F-3)=c

C = 3(F — 32); this allows you to convert from
Fahrenheit to Celsius.

9
b) F=<C+32
9
F=5(20) +32 =36 + 32 = 68
5
C=5(F=32)

5 5
C = 5(68 — 32) = (36) = 20

20 °C = 68 °F
8.a)A = 7’
A,
2,2
T
[A
Voo
s

[A .
r = \ ;; this can be used to determine the

radius of a circle when its area is known.
b)A = 7’ = 7(5) = 257

A 25
r=y S= 2 =V25=5
T T

A=257cm? r=5cm

9. y = kx* -1
x=ky'—1
x+1=ky’
fx + 1
k7

f_‘(x) _ x+ 1
f_‘(ls) _ af X ; 1 =9

Advanced Functions Solutions Manual

+ =

EZZB
16 = 8k
k=2
0. h(x) =20+ 7
A (x):
x =2y +7
x—=7
3 =Yy
- k=1
h ' (x) = 5
a)h(3) =23)+7=13
by h(9) =2(9) + 7 =25
h(9) —h(3) 25-13

993 6
3-7 -4
-1 = e TE —e—ees TT
A h(3) = =5 .
9-7 2
-1 — - =
Qh(9) == =1

h ') ~—h'(3) 1-(-2) 3 1

)

9-3 6

11. No; several students could have the same

grade point average.
12.a) f(x) =3x + 4

x =3y +4
x —4 =73y
x — 4
3 =Y
- 1 )
) = (e = 4)
3
b) hi(x) = —x
x= -y
—x =y
h ' (x) = —x
¢) gx) =x’ -1
x =y -1
x+ 1 =y’
Vi + 1= v
g )y=vVi+1
dym(x) = -2(x +5)
x==2(y +5)
X :
_—2 = y + h)
_% — 5=y
hak IVAIAN x I
frE () = 5 )

1-13



13.a)g(x) =4(x — 3>+ 1

= 4(y - 3P +1
b) x;1=(y-3)2
+ x;1+3=y
y==x x;1+3

d) The points of intersection are approximately
(2.20, 3.55), (2.40, 2.40), (3.55, 2.20), and
(3.84, 3.84).

Intersection
=3 B4Z0703 V=3 84306703 ,

il

Intersection -
$=2.20185%Y4 ,¥=2 E4BINEE

\

Intersection .
#=2.40582597 ¥Y=2 4088287 .

f

Interseckion -
A= EHBINEE LY=2 2048544 .

T

p——

e) x = 3 because a negative square root is undefined.

£) g(2) = 5, but g7'(5) = 2 or 4; the inverse is not
a function if this is the domain of g.

i-14

4. Fory=-Vx+2,D={xeR]x = —2}and
R={yeRly=0}Fory=x-2,D = {xeR}
and R = {y e R]y = —2}. The student would be
correct if the domain of y = x* — 2 is restricted to
D = {xeRj|x = 0}.

15. Yes; the inverse of y = Vx + 2isy = x> — 2
so long as the domain of this second function is
restricted to D = {x e R|x = 0}. '
16. John is correct.

. x3 X ,
Algebraic: y = T + 2,y —2= Z;4(y -2)=x
x = V4(y —2).

4} 64

N ic:Letx =4 y=—+2=—+2
umeric: Let x Y= A

=16 +2=18x = Va4(y — 2) = V4(18 — 2)
= VA4(16) = V64 = 4.
Graphical:

6400 2 4 6

The graphs are reflections over the line y = x.
17. f(x) = k — x works for all ke R.

y=k—x
Switch variables and solve forv:ix = k — v
y=k—x
So the function is its own inverse.
18. If a horizontal line hits the function in two
locations, that means there are two points with
equal y-values and different x-values. When the
function is reflected over the line y = x to find
the inverse relation, those two points become
points with equal x-values and different y-values,
thus violating the definition of a function.
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b)

¢)

d)
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N

S

A0 2. -

2. a) Discontinuous at x = |
b) Discontinuous at x = {
¢) Discontinuous at x = —2
d) Continuous
e) Discontinuous at x = 4
f) Discontinuous at x = l andx = 0
3. a) The function changes at x = 1. When x = 1,
the function is a parabola represented by the
equation y = x> — 2, When x > 1, it is a line
represented by the equation y = x + 1.
fo) = {x 2, %fx =1

x+ Lifx>1
b) The function changes at x = 1. When x < 1, the
function is an absolute value function represented
by the equation y = |x|. When x = 1, it is a radical

function represented by the equation y = Vx.
) f xhifx <1
sy {\/? ifx =1
4. a) D = {x e R}; the function is discontinuous at

x =L
b) D = {xeR}; the function is continuous.

5. a) 3%
6,.
i_
e g
RS B D
...4_.
._6<‘
The function is discontinuous at x = — 1.
D = {xeR}
R = {2,3}



b)

The function is continuous.

D = {xeR}

R = {f(x) eRIf(x) = 0}
¢)

The function is continuous.

D = {xeR}
R = {f(x) e RIf(x) = 1}
d) 4
12 4
8_.

o

X

-12-8-40 4 8 12
-8 4
-12 4

The function is continuous.
D = {xeR}
R = {f(x)eR|l = f(x) = 5}
6. There is a flat fee of $15 for the first 500 minutes
which is represented by the top equation. Over
500 minutes results in a rate represented by the
bottom equation.
15,if0 = x = 500

flx)y = {15 + 0.02x, if x = 500
7.

0.35x,if 0 = x = 100000
0.45x — 10000, if 100 000 < x = 500 000
0.55x — 60 000, if x > 500 000
8. In order for the function to be continuous the two
pieces must have the same value for x = — 1.
]l —k=-2—-1l.ork=4

flx) =

i-16

60 -
50 ,
401 /
304 ‘ -
20

10

X
>,

0 ' T H K ¥ T
0 2 4 6 8 10
b) The function is discontinuous at x = 6.
€) 2~ (dx + 8)atx =6
20 — (4(6) + 8) = 64 — 32 = 32 fish
d) Using the function that represents the time after
the spill, 4x + 8 = 64; 4x = 56; x = 14
e) Answers may vary. For example: three possible
events are environmental changes, introduction of a
new predator, and increased fishing.
10. Answers may vary. For example:

Plot the function for the left interval.

v
Plot the function for the right interval.

Y

Determine if the plots for the left and
right intervals meet at the x-value
that serves as the common endpoint
for the intervals; if so, the function is
continuous at this point.

Y

Determine continuity for the two
intervals using standard methods.
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x+3ifx= -3
W f) =+ 3=, 3t < -3

12. The function is discontinuous at p = 0 and
p = 15; continuous at 0 < p < 15 and p > 15.
0,if 0=sx<10
10,if 10 = x < 20

13. f(x) = { 20,if20 = x < 30
30,if 30 = x < 40
40,i1f40 = x < 50

504
40 I amun®
30 o—
04 =
10 A L e ®l
X
0 >

0 ]B Zb 3‘0 4[0 5‘0 60
It is often referred to as a step function because the
graph looks like steps.

14. To make the first two pieces continuous,
5(-1)=—-1+ k. sok= -4 Butif k = —4, the
graph is discontinuous at x = 3.

15. 6'\}" T ‘_J)
, [ =)
44 .- &0
IERE -8
&= - . X
PRIy SERPEY:
P :
oG —4
@=0
_‘_;-o ~8y

16. Answers may vary. For example:
x + 3 ifx < —1
X+ lLif-1l=<x=2

Vi + Lifx > 2

a) f(x) =

Advanced Functions Solutions Manual

¢) The function is not continuous. The last two
pieces do not have the same value for x = 2.
x+ 3 ifx < —1
2+ Lif-1=sx=1
Vx + 1ifx > 1

d) f(x) =

1. a) Add y-coordinates for the same x-coordinates
of fand g.

ftg={(=4,6).(-2.5),(15), (4 10)}

b) Subtract the y-coordinate of g from the
y-coordinate of f for.the same x-coordinates of fand g.
f-5=1{(-42),(-2,3).(1,1), (4,2)}

¢) Subtract the y-coordinate of f from the
y-coordinate of g for'the same x-coordinates of fand g.
g~ f = {(—4’—2)v (“23““3)’ (1901)1 (43_2)}

d) Multiply y-coordinates for the same
x-coordinates of fand g.

fg ={(=4,8),(=2,4), (1.6), (4,24)}

2. a) LAY
. ,}Qa

&

n

b) ‘ Y-




3. a)

b)

4. a)

b)

5.a) h(x)

1-18

W x

NES

A Aol

T 1
8 —4l4-30
8-¢-4-20 2

-84
~124
~16-

~20

-4

= f(x) + g(x)
=x*+ (—x%)
=0

N

s

A
|
oo
|
0\_
{
S
U
[
O
N -4
o
O~
o

b) p(x) = m(x) — n(x)

=x? - (=7x + 12)
=x?+ 7x — 12

Y

3004
250
200-
1501
1004
50-

20 -0 10 2

ey r(x) = s(x) + t(x)
= x| +2°
400377
300
200
100
X
60 -40 -20 O 20
~100

d) a(x) = b(x) X ¢(x)
=xXx*
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6. a)-b) Answers may vary. For example, properties
of the original graphs such as intercepts and sign at
various values of the independent variable figure

prominently in the shape of the new function.

T.a) [ AY
. 6_.
4_4
<3/ 1 0
_Z_

b) % T#m [ 960 [ht0 = 7o) < g
—3 0 -4 0
1 [ 1
T 12 | a 8
o 3 | s 15

1 4 4 16
> 15 [ 1 5
3 6 |-a "4
¢) ‘ y
15
5_
X
T el LY B T T2
~43-2-190 1 2\3 4
~10-

d) A(x) = (x + 3)(—x* + 5)

= —x? — 3x* + 5x + 15; degree is 3

e) D = {x e R}; this is the same as the domain of
both fand g.

8. a)

X
4

¥

4

A 23
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x) | glx (hix = fx) x glx)

)

e) D = {xeR}

b) This is a function; D = {xeR}
R = {yeR|y = 3}
¢) This is not a function; D = {reR|-1 = x = 1}

R = {yeR}
d) This is a function; D = {xe R|x > 0}
R = {yeR}

2.a) C(r) = 30 + 0.02r
b) D = {eRjr = 0}; R = {C(1) e R|C(r) = 30}
3D = {xeR} R = {f(v)eR|f(x) = 1}

7

TV 3

4. The number line has open circles at 2 and —2.

lxj <2

5. a) Both functions have a domain of all real
numbers, but the ranges differ.

b) Both functions are odd but have difterent
domains.

¢) Both functions have the same domain and range,
but x* is smooth and | x| has a sharp corner at (0, 0).



d) Both functions are increasing on the entire

real line, but 2° has a horizontal asymptote while x
does not.

6.a) — &y

~124

Increasing on (~=, =); odd; D = {x e R};
R = {f(x) R}
b)

g

~|-¥O
4-20 2

Decreasing on (— 3, 0); increasing on (0, »); even;
D = {xeR}: R = {f(x)eR|f(x) = 2}

c) v

N/ =

!

!
-
g
[ ]
o}

4

Increasing on ( — =, =); neither even nor odd;
D = {xeR} R = {f(x)eR|f(x) > —1}
7. a) Parent: y = |x|; translated left |

61y

T 1

L6 -4 -2

[—e
E-N
O~

1-20

b) Parent: y = Vx; compressed vertically by a
factor of 0.25, reflected across the x-axis,
compressed horizontally by a factor of 1, and
translated left 7

=12-8 “r
S

¢) Parent: y = sin x; reflected across the x-axis,
expanded vertically by a factor of 2, compressed
horizontally by a factor of 1, translated up by 1

IR 4

M

d) Parent: y = 2% reflected across the y-axis,
compressed horizontally by a factor of 3, and
translated down by 3.
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9. a) (2,1)-»(%,—1 +2) = (=2,1)

b) (2. 1)H<—3(2) ~9,1 = 7) = (-10, -6)

) (1) (2+2,1+2) = (4

d)(2,1)—>< (2) + 3, 03(1> (—o3>

e (2.1)>(—2+1,-1+1)=(-1,0)

i

f) (2, 1)-»(%(2) +8,-1x1)=(9 —1)

16.a) (1. 2)
b) (- 1,-9)
¢) (0.7) > (7.0)

d) f(5) =7—(5,7)

So, (7, 5) is on the inverse.

e)g{0) = -3 - (0,~-3)

So, (—3,0) is on the inverse.

£y (1) = 10— (1, 10)

So, (10, 1) is on the inverse.

11. The domain and the range of the original
functions are switched for the inverses.

a)D = {xeR|-2<x<2},R = {yeR}
b)D = {xeRjx < 12}, R = {yeR|y = 7}
12. a) The inverse relation is not a function.

Y

13.a3) f(x) = 2x + 1
x =2y +1
xr—1=2y

Advanced Functions Solutions Manual

S =
1
-1 —
) = 55
b) g(x) = x’
x =y’
3x:y
g7 (x) = Vx

The function is continuous; D = {x e R},
R ={yeR}

- 1,ifx =2
15.f(x) = { —x,ifx>2’
The function is discontinuous at x = 2.
16. In order for f(x) to be continuous at x = 1, the
two pieces must have the same value when x = 1.
When x = 1, x? + 1 = 2, and 3x = 3. The two
pieces are not equal when x = 1, so the function is
not continuous at x = 1.
17. a} For any number of minutes up to 200, the
cost is $30. For any number above 200 minutes, the
charge is 330 plus $0.03 per minute above 200.
30 + 0.03(x — 200) = 30 + 0.03x — 6
=24 + 0.03x

30, if x < 200
fl) = {24 + 0.03x, if x > 200
b) 24 + 0.03(350) = §34.50
¢) 180 < 200, so the cost is $30.
18. a) For x-coordinates that f and g have in
common, add the corresponding y-coordinates.
f+g={(1,7), (4,15}
b) For x-coordinates that fand g have in common,
subtract the corresponding y-coordinates.
f—g=1{(1~-1), (4 -1}
¢) For x- coordmates that fand g have in common,
multiply the corresponding y-coordinates.

= {(1, 12), (4, 56)}
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19. a)

b)

4
14-
12-
104
84
6_.
4..
\ X
“V _l O 1 T ’
4 -2 D 2 4
h N4
84
4_. .
X
~r -I 0 T T
4 2 9 2 4
...8_
—12-
..16_.
o) f+g=2"-2x + (—4x)
=20t — 6y, -2 =<x=<3
Y
16-
12-
8_
X
\_‘ -.l 0 i i 1
219N\ 2/ 4
d)f—g=2"—-2x— (—4x)
=27+ 2k, -2=x=3
}4
244
20+
164
124
8-
\ 47
d
-1 0 1 5
...8_

e) fg = (2x? — 2x)(—4x)

1-22

—8¢  + 8 -2=x=3

20 f(x) =X+ 2x,g(x) =x + 1
Af(x) +glx)=x*+2x+x+1

=x?+3x+ 1
Bf(x) —gx)=x+2x— (x +1)

=x'+x—-1
Cg(x) - flx)y=x+1— (x* + 2)

=—-x"—-x+1

D f(x) X g(x) = (x¥ + 2x)(x + 1)
=x% + 3x* + 2x

a)D
byC
c) A
d)B
21. a) x -3 -2 | -1 0 1 2
) —9 0 3 16
glx} 9 7 6 5 4
(F+roda | o 8 6 8 | 20
b)—c) f
404 |
304 |
204 f
N .
myT L AR
-10
/ ~20
| 30
| —40

d) (f+g)x)=x+2+ (—x +6)
=x'+2*—x+6

e) Answers may vary. For example, (0, 0) belongs

to f, (0, 6) belongs to g, and (0, 6) belongs to f + g.

Also, (1, 3) belongs to f, (1, 5) belongs to g, and

(1, 8) belongs to f + g.
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6. horizontal stretch by a factor of 2, translation | unit

. up; f(x) = Tx|+ 1
1. a) Yes. It passes the vertical line test. 7. a) (3 S)=>(=3,-1,53) +2) = ( 4, 17)

b)D = {xeR}) R = {yeR|y =0} b) (3,5) = (5.3)
2. a) f(x) = x?or f(x) = |x] 8. f(x)= —2(x+ 1)
b) Y4 x=-2(y +1)
X
. - =y+1
z S
] IEE
2+ 2 Y c
X
T T T T T fﬂl(,\’):”‘_’“ 1
-6-4-29/2 4 ¢ 2
B 9. a2) 0.12(125000) ~ 6000 = $9000

or % { 0.05x, if x = 50 000
0.12x

— 6000, if x > 50000

-5 —
\;_I _l _ T 0 T T T T
¢) The graph was translated 2 units down. 8 -6 4 "Ly 2 468
3.f(=x) = [3(=x)| + (=x)* = [3¢] + £ = f(x) —4-
4. 2" has a horizontal asymptote while x* does not. —6
The range of 2 is {ye R|y > 0} while the range -8
of x*is {yeR|y = 0}. 2" is increasing on the whole ‘
real line and x* has an interval of decrease and an b) f(x) is discontinuous at x = 0 because the two
interval of increase. . _ pieces do not have the same value when x = 0.
5. retlection over the v-axis, translation down Whenx =10,2+1=2and V¥ + 3 = 3.
> units, translation left 3 units ¢) intervals of increase: (—=,0), (0, =): no
Y intervals of decrease
8 d)D = {xeR}L.R={yeR0<y<2ory =3}
4__ .
X
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CHAPTER 2
Functions: Understanding
Rates of Change

1. The slope between two points can be found by
A

dividing the change in y by the change in x, =

7-3 4 A

V5573
5-(=1) 6
DTy T 7
2. a) -1-1=-2
-5 —(~1)=—4

~13 - (=5) = —8§
=29 - (—~13) = —-16
—61 — (—=29) = ~32
Each successive first difference is 2 times the
previous first difference. The function is

exponential.
b) First differences
11 -0 =11
28 — 11 =17
51 - 28 =23
80 — 51 =29
115 ~ 80 = 35
Second differences
17—-11 =6
23~ 17=6
29 ~-23 =6
35-29=6

The second differences are constant so the function
is quadratic.
3.a)0=2*-x—6
0= (2¢x+3)(x—2)
0=2x+3and0 =x —2
0-3=2x+3-3

-3 = 2x

3_

Z—X
0+2=x—-2+2

2 =x
The zeros are —3 and 2.
b) 0=2"-1
0+1=2"-1+1

1 =2

Advanced Functions Sofutions Manual

Any non-zero number raised to the exponent of 0 is

[, s0x=0.

¢) 0 = sin (x — 45°),0° = x = 360°

sin (0°), sin (180°), and sin (360°) = 0.

0° = x —45° 180° = x — 45°, and 360° = x — 45°
0° +45° = x — 45° 4 45°

45° = x

1807 + 45° = x — 45° 4 45°
225° = x

360° + 45° = x — 45° + 45°
405° = x

Because 0° = x = 360°, 405° cannot be a zero. The
zeros are 45° and 225°.
d) 0 = 2 cos (x)

0 = cos (x)
For —360° = x = 0°, cos (—90°) = 0 and
cos (—270°) = 0.
The zeros are —90° and —270°.
4. a) f(x) is compressed vertically by a factor of 3.
b) f(x) is stretched vertically by a factor of 2 and
translated right 4 units.
¢) f(x) is stretched vertically by a factor of 3.
reflected in the x-axis, and translated up 7 units.
d) f(x) is stretched vertically by a factor of 53,
translated right 3 units, and transiated down 2 units.
5.a) 51000 1s P.8% or 0.08 isi. 1 + iis 1.08.
nist. A= P(l + )" becomes A = 1000(1.08)'
b) ris 3,4 = 1000(1.08)* or $1259.71
¢) No, since the interest is compounded each year
you earn more interest than the previous year. The
interest earns interest.
6. a) y = sin v is a maximum at 90° so 15°t = 90°
ort=6.
h(6) =8+ 7sin (15° X 6). h(6) = 15m. y = sin x
is a minimum at 270° so 15°r = 270° orr = 18.
h(18) = 8 + 7sin (15° X 18). £(18) = | m.
b) The period of y = sin x is 360°.
15°t =360° ort = 24s.
¢)t = 30.~(30) = 8 + 7sin (15° x 30).
A{30) = 15 m.
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Linear relations Nonlinear relations

constant; variable;
same as slope of line; can be positive, negative,.or
positive for lines

0 for different
that slope up from Rates of Change

parts of the
left to right;

same relation
negative for lines that slope
down from left to right;
0 for horizontal lines.

7.1104 — 7
_ 201 -2
2. a) i) According to the table, the height at r = 2 is
42.00 m and the height atr = 1 is 27.00 m.

42 - 27
2 -1
ii) According to the table, the height at ¢ = 4 is
42.00 and ¢ = 3 is 47.00 m.

42 — 47

Average rate of change = =11.04

= 15 m/s

1. The average rate of change is equal to the change
in y divided by the change in x.
a) g(4) = 4(4)* —5(4) + 1

=64 —20+ 1
=45
g(2) =4(2)’ - 5(2) + 1
=16 —-10+1
=7
45 =7
Average rate of change = i-5 19
b)g(3) =4(3)* - 5(3) + 1
=36—15+1
=22
g(2) =7
22 -7
Average rate of change = 35 =15
¢) g(2.5) = 4(2.5)* — 5(2.5) + 1
=25-125+1
= 13.5
g(2) =1
- 135 -7
Average rate of change = 55 -9 =13

d) g(2.25) = 4(2.25)* ~ 5(2.25) + 1
=2025 - 1125 + 1

= 10
g(2) =17
Aver ate of chanee 10 -7 12
verage a = =
ge rate NE€ = 525 -2

e) g(2.1) = 4(2.1)* = 5(2.1) + 1
= 1764 — 105 + 1

= 8.14
s =7 8.14 — 7
Av te of ch =2 =14
verage rate of change = —-——

f) g(2.01) = 4(2.01)* = 5(2.01) + 1
= 16.1604 — 10.05 + 1
= 7.1104
g2y =17

2-2

1.3 = —=5m/s

b) The flare is gaining height at 15 m/s and then
loses height at 5 m/s.

3. f(x) is always increasing at a constant rate. g(x)
is decreasing on (— =, 0) and increasing on (0, =),
so the rate of change is not constant.

176 = 0
4. f : = 352 1
a) Ist half hour 05 =0 352 people/h
ond half hour: 2~ 170 _ 138 people/h
nd half hour: === peop
388 — 245
f D =12 h
3rd half hour 15-10 86 people/
402 — 388
: e TO 2
4th half hour 20— 15 8 people/h
432 — 402
: e 6
5th half hour 55 =20 0 people/h
415 — 432
: T =3 le/
6th half hour 30 — 25 4 people/h

b) the rate of growth of the crowd at the rally
¢) A positive rate of growth indicates that
people were arriving at the rally. A negative rate
of growth indicates that people were leaving
the rally.

203 -0
5. a) Day 1: =0 203 km/day
96 — 203
Day 2: 1—2-—_-*1”— =193 km/day
561 — 396
Day 3: ————— = 165 km/day
3-2
739.5 — 561
Day 4: —a-3 178.5 km/day
958 — 739.5
Day 5: —5—:‘4—“ = 218.5 km/day
1104 — 958
Day 6: Te_s = 146 km/day

b) No; some days the distance travelled was greater
than others.
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6. The function is f(x) = 4x. To find the average

rate of change find L(rl The rate of change from

x =210x = 6.1s:
f6) — f(2)
62
_ 4(6) — 4(2)
T 6-2
248
T 6-2
_ 16
4
The rate of change from 2 to 26 is:
f(26) = f(2)
26 -2
_4(26) - 4(2)
S 26-2
104 — 8
C26-2
96
24
The average rate of change is always 4 because the
function is linear, with a slope of 4.
7. For any amount of time up to and including
250 minutes, the monthly charge is $39, therefore
the rate of change is O for that interval. After
250 minutes the rate of change is a constant
10 cents per minute. The rate is not constant.
8. a) Find the ordered pairs for the intervals given.
interval 1): (20, 20) and (0, 5
Interval i1): (40, 80) and (20, 20)
Interval iii 2 (60, 320) and (40, 80)
Interval iv): (60, 320) and (0, 5)
Use this mtormduon to find the change in
population over the change in time.

=4

=4

D22 = 1223 0950 peopl .
: 20-0 20 4 or peopie per year
80 — 20 60
— ’% ;
40 —20 20 O 3000 people per year
320 — 80 _ 240
iy 220 — 80 o , ‘
W "0 a0 12 or 12000 people per year
320 -5 315

N

v W0 .25 or 5250 people per year
b) No: the rate of growth increases as the time
increases.

Advanced Functions Solutions Manual

¢) Assume that the growth continues to follow this

pattern and that the population will be 5 120 000

people in 2050.

9. The function is #(r) = 18t — 0.87. The average

Ah(t)
At

rate of change is for the interval 10 < ¢ = 15.

Ah(t)  h(15) — h(10)
At 15-10
_18(15) — 0.8(15)* — (18(10) — 0.8(10)%)
- 15-10
90 - 100
15— 10
=10
S5
="=2m/s

10. a) The function is
P(s) = —0.30s> + 3.5s + 11.5

The average rate of change is AP(‘S}.
o PQ) - P(1) -
VT
P(2) = —0.3(2)* + 3.5(2) + 11.15
= 16.95
P(1) = =0.3(1) S(1) + 11.15
= 14.35
P(2) = P(1) 1695 — 1435
2-1 2-1
=2.6

$2.60 per sweatshirt
i) P(3) = —0.3(3)" + 3.5(3) + 11.15

= 18.95
P(2) = 16.95
P(3) = P(2) 1895 — 1695
3-2 B 3-2
=2

$2.00 per sweatshirt
iii) P(4) = —03(4)" + 3.5(4) + 11.15

=20.35
P(3) = 18.95
P(4) — P(3) 20.35 — 18.95
4 -3 4 -3
=14

$1.40 per sweatshirt
iv) P(5) = —03(5)* + 3.5(5) + 11.15

=21.15
P(5) = P(4) _ 21.15 — 2035
5-4 54

= 0.8

$0.80 per sweatshirt
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b) The rate of change is still positive, but it is
decreasing. This means that the profit is still
increasing, but at a decreasing rate.

¢) No; after 6000 sweatshirts are sold, the rate of
change becomes negative. This means that the profit
begins to decrease after 6000 sweatshirts are sold.
11. a) 1

.ﬂ”/f

b) If we were to find the average rate of change of an
interval that is farther in the future, such-as
2025-2050 instead of 2010-2015, the average rate of
change would be greater. The graph indicates that the
change in population increases as time increases. The
graph is getting steeper as the values of f increase.

¢) The function is P(r) = 507 + 1000¢ + 20 000.

The average rate of change is Ai([[).
i) P(10) = 50(10)* + 1000(10) + 20000
= 35000
P(0) = 50(0)* + 1000(0) + 20 000
= 20000
P(10) — P(0) _ 35000 — 20000
0-0 —  10-0

= 1500 people per year
ii) P(12) = 50(12)* + 1000(12) + 20 000

= 39200
P(2) = 50(2)* + 1000(2) + 20 000
= 22200
P(12) — P(2) _ 39200 — 22200
-2 12-2

= 1700 people per year
iiii) P(15) = 50(15)* + 1000(15) + 20 000

= 46250
P(5) = 50(5)* + 1000(5) + 20 000
= 26250
P(15) — P(5) 46250 — 26250
15-5 15 -5
= 2000 people per year
iv) P(20) = 50(20)* + 1000(20) + 20 000
= 60 000
P(10) = 35000
P(20) — P(10) _ 60000 — 35000
20-10 20~ 10

= 2500 people per year
d) The prediction was correct.

2-4

12. Answers may vary. For example:
a) Someone might calculate the average increase in
the price of gasoline over time. One might calculate
the average decrease in the price of computers over
time.
b) An average rate of change would be useful when
there are several different rates of change over a
specific interval.
¢) The average rate of change is found by taking the
change in y for the specified interval and dividing it
by the change in x over that same interval.
13. The car’s starting vatue is $23 500. After 8 years
the car is only worth $8750.
The average rate of change in the value of the car is
8750 — 23500 —14750
§-0 8

= —1843.75.
The value of the car decreases, on average, by
$1843.75 per year. As a percent of the car’s original

value, this is 22 x 100, or 7.8% decrease, or
~71.8%
14. Answers may vary. For example:
AVERAGE RATE OF CHANGE
Definition | Personal example Visual representation
in your { record the Y Average
own words number of miles | ; :, - rateof 4
the change run each week ; : ‘ashange *Ax
in one versus the week A ' ;
quantity number. Then, | y;
divided by can calculate the
the change average rate of I A
in a related change in the ] i X
quantity distance | run ; 0V
over the course ’
of weeks.

15. Calculate the fuel economy for several values of x.

x| F(x) = —0.005¢ + 0.8x + 12
10 195
20 26.0
30 315
40 36.0
50 39.5
60 | 420
70 435
80 44.0
90 435
100 420
110 395
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The fuel economy increases as x increases to 80 and
then decreases. The speed that gives the best fuel
economy is 80 km/h.

1. a) The function is f(x)

The average rate of change is A{\(j) .
AR
f(2) =13, 7(1) = -2, =15

Ax
£(2) = 13, f(L5) = 4.25, A’;(;) =17.5
£(2) = 13, f(1.9) = 11.05, Af(“) = 19.5
£(2) = 13, f(1.99) = 12.8, Af(:) = 19.95
£(3) = 38, f(2) = 13, Af( ) o5
£(2.5) = 2425, f(2) = 13, Af(x) =225
£(2.1) = 1505, f(2) = 13, f() 0.5
£(2.01) = 132, f(2) = 13, Af(x) = 20.05

b) As the values of x get closer together on both sides
of 2, the average rate of change gets closer to 20.

2. a) Find the average rate of change for intervals
that approach 2.0 from both sides.

30.9 — 20.6
T2 TN 0.3
20 — 1 ’
30.9 ~ 26.98
T2 T 70 784
20— 15
314 -309
ek A A
30 - 20
32382309 _
25 - 20
784 + 2.96
MR A gy 1
2
103405 __,
2

The instantaneous rate of change appears to be
approaching 5.4.

b) Find the average rate of change for intervals
that approach 2.0.

-2
314 -26 .,
30-1.0
32.38 - 2698
————— = 5.4
25-15

The instantaneous rate of change is approximately 5.4.
¢) Answers may vary. For example: | prefer the
centred interval method. Fewer calculations are
required, and it takes into account points on each

2=x=3 38—-13=25{3~2=1 25

2=x=<25 11.25 0.5 225
2=x=21 2.05 0.1 205
2=x=201 0.2005 0.01 20.05
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~ 9,@;@ ; side of the given point in each calculation.
interval | j;;— 3. a) The population at 2.5 months is P(2.5).
P(2.5) = 100 + 30(2.5) + 4(2.5)*
Tex<2013-(~2)=15}2 -1 =1 15 o, ~
= 200
15=x=2 8.75 0:5 175 b) P(0) = 100 + 30(0) + 4(0)°
= 100
19=<x=<2 1.95 0.1 195 200 — 100
—~ — = 4() raccoons per month
199 =x=2 0.1995 0.01 19.95 25-0

¢) Use the difference quotient to find the
instantaneous rate of change.

ﬁﬁ—i/—%;ﬂi), where /1 is a very small value.
f(2.51) = 100 + 30(2.51) + 4(2.51)°
= 200.5004
200.5 -2
%ﬂ = 50.04 or 50 raccoons per month

d) Part a) asks for the value of P(r) at 2.5; part b)
asks for the average rate of change over a certain
interval; part ¢) ask for the instantaneous rate of
change at 2.5—they are all different values.



4. Use the difference quotient to find the

instantaneous rate of change.

fla + k) — fla)
h

a)  f(—1.99) =6(—1.99)7 -4

,-where h is a.very small value.

= 19.7606
f(=2) =6(-2) — 4
= 20
20 — 19.76
T3 = (=1.99) = —23940r —24
b) f(0.01) = 6(0.01)> — 4
= —3.9994
£(0) = 6(0)* — 4
= —4
3'99?;01 (—4) =0.060r0
¢) f(4.01) = 6(4.01) — 4
= 024806
f(4) = 6(4)" — 4
= 02
9248 — 92 ,
001 = 48.06 or 48
d) f(8.01) = 6(8.01)" — 4
= 380.9606
f(8) = 6(8) — 4
= 380
s Q o o}
380.96 — 380 — 96.06 or 96

0.01
3. Use the difference quotient to find the
instantaneous rate of change.

'&Lj—ﬁlz—:ﬂ*ﬂ. where h is a very small value.
The function is
h(x) = —5x° + 3x + 65.
f(3.01) = =5(3.01)" + 3(3.01) + 65
= 28.7295
f(3) = =5(3)* + 3(3) + 65
=29
287295 - 29

= —27.05 =27
001 7.05 m/s or m/s

6. Use the difference quotient to find the

instantaneous rate of change.

fla + h) — f(a)
I

The function is H(r) = 125 000(1.06)".

, where h is a very small value.

H(8.01) = 125 000(1.06)*""
= 199 347.13
H(8) = 125000(1.06)"
= 199231.01
2-6

199 347.13 1923101 — §11 612 per year or about

$11610 per year
7. a) The function is P(t) = —1.57 + 36t + 6.

. A
The average rate of change is =

Ax
P(24) = —1.5(24)2 +36(24) + 6
=6
P(0) = —1.5(0)* + 36(0) + 6
=6
6 —

6
YR 0 people/year

b) Answers may vary. For example: Yes, it makes
sense. It means that the populations in 2000 and 2024
are the same, so their average rate of change is 0.

¢) P(12) = —1.5(12)* + 36(12) +6

=222
P(0) =6
222 -6
o0 18 thousand/year
P24y =6
P(12) =222
6 —222
= ~18t
YIRED) 18 thousand/year

The average rate of change during the first 12 years

was 18 000 per year. During the second 12 years it

was — 18 000 per year. The population during year 0

is 6000 and during year 24 is 6000.

d) Because the average rate of change is the same

on each side of 12, we know that the instantaneous

rate of change would be 0 at.12.

8. Use the difference quotient to find the

instantaneous rate of change.

fla + hy = fla)
h

The function is V(1) = 18 999(0.93)".

£(5.01) = 18999(0.93)>"

, where # is a very small value.

= 13207.79
£(5) = 18999(0.93)°
= 13217.38
13207.79 — 13217.38
= —959
0.01 >

When the car turns five, it loses about $960/year.
9. a) The diver will hit the water when A(t) = 0.
10 +2t — 497 =0

Use a graphing calculator to determine the value of
t for which the equation is true.
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5,
2
MS;?EHMSE? L¥=0 ._3‘__.
The diver enters the water at about r = 1.65s.
b) Use the difference quotient to find the
instantaneous rate of change.

fla + h) — f(a)
h

, where f 1s a very small value.

h(1.66) = 10 + 2(1.66) — 4.9(1.66)*
= —{0.182 44

h(1.65) = 10 + 2(1.65) — 4.9(1.65)°
= —0.040 25

—0.18244 + 0.04025 _ 14219
0.01 "

The diver is travelling at a rate of about 14 m/s.
10. Use the centered interval method to estimate
the instantaneous rate of change at r = 5. Find
values of V(r) on either side of 5.

4 .
V(5.1) = =m(5.1)* = 176.8687
3

4 :
V(4.9) = Jm(4.9)) = 156.865m

176.8687 — 156.8657
51 —-49

Now, use the difference quotient to find the

instantaneous rate of change.

i

314.21 or 1007 cm?/cm

V(5.01) = = (5.01)° = 167.6697
2

4
V(5) = S (5) = 166.667m

167.6697 — 166.6671

0.01
I1. David simply needs to keep track of the total
distance that he’s travelled and the amount of time
that 1t has taken him to travel that distance. Dividing
the distance travelled by the time required to travel
that distance will give him his average speed.
12. a) Use a centered interval to find the instanta-
neous rate of change. 3= = —22.5 °F/min
b) Answers may vary. For example: A quadratic
model for the oven temperature versus time is
y = —1.96x* — 9.82¢ + 400.71. Using this model,
the instantaneous rate of change at x = 4 is about
—25.5 °F/min.
¢) Answers may vary. For example, the first rate is
using a larger interval to estimate the instantaneous

P
ratc.

= 314.63 or 1007 cm’/cm
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d) Answers may vary. For example, the second
estimate is better as it uses a much smaller interval
to estimate the instantaneous rate.

13. Answers may vary. For example:

series of preceding must do two
intervais and following |{differences in sets of
intervals the way that calculations

accounts for

change occurs
on either side of
the given point

accounts for to get a precise
points on either {answer, numbers
side of the given |involved will
interval in the need to have
same calculation {several decimal
places

series of centred
intervals

calculations can
be tedious or
messy

difference quotient more precise

14. a) The formula for finding the area of a circle is
A = arrl, where r is the radius. The average rate of

change 1 ad
s =
get Ar

A = 7 (100)*
= 10 000

A = 7(0)
=0

10 Q()O7T -0 - 1007
100 - 0

The average rate of change is 1007 ¢cm?/cm.
b) Use the difference quotient to find the
instantaneous rate of change.

; , where £ is a very small value.
1

A = w(120.01)
= (14 402.4001)
A = m(120)°
= 14 4007
14 402.40017 — 14 400
07(;1 143007 . 54,01 cm?/em or

2407 cm’/cm

15. The formula for the surface area of a cube
given the length of a side is V = 6s°, where s is
the side length of the cube. Use the difference
quotient to find the instantaneous rate of change.

(a + h) -
fi(_‘iﬁ-—'.%——f(a), where £ 1s a very small value.
1

SA = 6(3.01)
= 54.3606



SA = 6(3)

= 54
54.3606 — 54 ,
T = 36.06 cm‘/cm
The instantaneous rate of change is about
36 cm?/cm.

16. The formula for finding the surface area of a
sphere is SA = 4. Use the difference quotient
to find the instantaneous rate of change.

fla + h) — f(a)
h
SA = 47 (20.01)°

, where h is a very small value.

= 1601.6004m
SA = 4mw(20)°
= 16007
. 47— 16( 2
1601 60007(;1 16007 50078 cm?/cm

The instantaneous rate of change is about
502.78 cm?/cm or 1607 cm?/cm.

Lesson 2.3 Exploring Ir
Rates of Change Usmg |
pp. 91-92

1. a) Answers may vary. For example:

The slope is about 7.
b) Answers may vary. For example:

Y

100+
754
50+
254

The slope is about 10.
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¢) Answers may vary. For example:

The slope is about 0.25.
d) Answers may vary. For example:

Y

Because the graph is linear, the slope is the
same everywhere. The slope is 2.

2. a) \

17
y=78e-11

b) j/
v

#=2 7
285 HBPS 12687 K+ -9.77502 .

c)
Y

o—-'——'—'i—;".

#=2
vz 280000002} +1.4550958

/

d)

#=2
yzZge -7

3. a) Set A:

?f\\
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The slope of the tangent at x = 3 s 0. Set C:

U

L
The slope of the tangent at x = 90° is 0. The slope of the tangent at x = —~1 is —4.
§ ~.
\ Y Iy
ki ‘K\\
=t R N 329{5931«72351}::{2
The slope of the tangent at x = —2is 0. The slope of the tangent at x = 0 is about —0.69.

A\

123} d=2 \
yOHel y=-34+E

The slope of the tangent at LisO. The slope of the tangent at x = 2 is —3.
Set B:
“’\\\

| e

"-
w=1z20
} vz - GOBPZGGHE2ER 1. 9132

[y
i

The slope of the tangent at x = 120° is about —0.009.
2is 14. b) Set: A: All slopes are zero.
Set: B: All slopes are positive.
/" Set: C: All slopes are negative.
S 4. a) and b)

I

The slope of the tangent at x

; Oven Temperature
Rz~
231 JBEZIYNZZLEH+ T 6137 4504

1 is about 1.4. 400 1

Il

The slope of the tangent at x

/
/

=3
SEHey |

350 1

300 A

]
I
(=]

N~

(=]

(=]
L

Temperature {°F)

v
o

H
¥

g

31is 5.

w
o
N

i

t
>

o

e

The slope of the tangent at x
-

P T
2 4 6 8 10 12 14
Time {min}
y
-

2§60
¥= 08P 2aEMEAH e IMZMEE.

The slope of the tangent at x = 60° is about 0.009.
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¢) The y-intercept of the tangent line appears to be
125 °F. Find the slope between the points {0, 125)
and (5, 280).
280 - 125
5-0
The slope is 31.

d) Use the data points (6, 310) and (4, 250).
310 — 250
6 —4

The rate of change is about 30 °F/min at x = 5.

e) Answers may vary. For example: The answer in
part d) is the slope of the line connecting two points
on either side of x = 5. The answer in part c) is the
slope of the line tangent to the function at point

x = 5. The two lines are different and so their
slopes will be different.

5. Answers may vary. For example, similarity: the
calculation; difference: average rate of change is
over an interval while instantaneous rate of change
is at a point.

6. a) y

=30

!
|
I
N
O
N
s ]
o~

b) A7

¢) From the graph, it appears that the tangent to the
curve at (1.5,2.25) would have the same slope as
the secant line drawn.

Water Usage
T,V

Volume (1000 m?)
w

m
[N S S R R N

0 123456
Month

f(

b) Rate of change is . Since we are looking

for the amount of change between each month, Ax
will always be 1 month. Therefore, we just need to
find the difference in volume between each month.
m,:3.75 — 3.00 = 0.75 1000 m*/month or

750 m*/month

my: 3.75 — 3.75 = 0.00 1000 m*/month or

0 m’/month
my: 4.0 — 3.75 =
250 m*/month
my: 5.10 — 4.00 = 1.10 1000 m*/month or
1100 m*/month
ms: 5.50 — 5.10 =
400 m’/month

¢) Examine each of the answers from the previous
exercises. The greatest amount is the greatest
amount of change between two months.

1.10 > 0.75 > 0.40 > 0.25 > 0.00

The greatest amount of change occurred during m4,
between April and May.

d) The change in y is the difference between the
volume of water used in each month. The change
in x is the difference between the numbers of the

0.25 1000 m*/month or

0.40 1000 m*/month or

months.
5.50 — 3.75
—‘?‘g“j— = 0.580 x 1000 m3/month or

580 m*/month

2. a) The equation models exponential growth.
This means that the average rateé of change between
consecutive years will always increase.
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b) Use the difference quotient to find the
instantaneous rate of change.
fla + h) — fla)
h

£(10.01) = 1.2(1.05)"

= 1.955 627 473

f(10) = 1.2(1.05)"

= 1.954 673 552

1.955 627 473 — 1.954 673 552
0.01

0.095 39 X 10 000 = 950 people per year
3. a) The average change for a specific interval is
Ah(r)

. where 4 is a very small value.

= 0.09539

Ve The function is h(t) = =357 + 20r + 1.
h(2) = =5(2)° +20(2) + 1
=21
h(0) = —5(0)* + 20(0) + 1
=1
21 =1
S0 10 m/s
h(4) = —=5(4)" + 20(4) + 1
= 1
h(2) = 21
1 -21 .
i_o = —10.m/s

b) r = 2; Answers may vary. For exampie: The
graph has its vertex at (2, 21). It appears that a
tangent line at this point would be horizontal.
(f(2.01) — f(1.99))
0.02

_Thit)

257 (2,21)
204
15

=0

4. Use a centred interval.
d(20.01) = 0.01(20.01)* + 0.5(20.01)
= 14.009 001
0.01(19.99)* + 0.5(19.99)
= 13.991 001
d(20.01) — d(19.99) 0.9
2001 - 19.99 7
So the instantaneous rate of change in the glacier’s
position after 20 days is about 0.9 m/day.

d(19.99)
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5. Answers may vary. For example:

approximated
by slopes of
secant lines

instantaneous
rate of change
centred intervals

preceding

and following

difference
quotient

slope of
tangent line

rate of change

intervals

average rate
of change

6. Answers may vary. For example: Find the value
of y for different values of x on both sides of x = 2.
Put this information in a table.

; ?amts Slogé of Secant
(2.9Yand (1, 2) 7
(2, 9)and (1.5, 4.375) 9.25
(2.9)and (1.9, 7.859) 11.41
(2,9)and (2.1, 10.261) 12.61
(2,9Yand (2.5, 16.625) 15.25
(2,9)and (3, 28) 19

The slope of the tangent line at (2. 9) is about 12.

7. Examine the graph.

—]—!O T 7T
21_2;/123

The tangent line appears to be passing through the
points (1,0) and (2, 4). Use this information to
help determine the slope of the tangent line.
m =21
Ax

_4-0

21

=4
The slope of the line is 4.
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8. The instantaneous rate of change of the function
whose graph is shown is 4 at x = 2.

9. a) Answers may vary. For example:

L/

#=-&
y=QHe-27.5
i

The slope is 0.

b) jf//
~

=4
yahie 165

The slope is 4.

c) /

#=0
yIEHe-1E
The slope 1s 5
d) /
\_\J/

n=3
y=BH+¢-19.5
R

The slope is 8.

Lesson 2.4 Using Rat
Create a Graphical M

1. a) Graph a indicates that as time increases,
distance also increases; C.

b) Graph b indicates that as time increases, distance
decreases; A.

¢) Graph c indicates that as time increases, the
distance does not change; B.

2. Graph a indicates that distance is increasing at a
steady rate over time, meaning that the speed is
constant. However, graph b indicates that distance
is decreasing at a steady rate over time—this also
indicates that the speed is constant. Graph ¢
indicates that distance does not change so speed

is 0, a constant. All 3 are constant speed.

3. Draw a graph of Jan’s distance from the sensor
over time. Jan is 5 m away from the sensor, which
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means that her initial position is (0, 5). She then
walks 4 m towards the sensor for 5 seconds, which
means that she will be standing I m away from the
sensor. Her second position will be (5, 1). She then
walks 3 metres away for 3 seconds, which means
that she will be 4 m away from the sensor. Her third
position will be (8, 4). Jan then stops and waits for
2 seconds, which means she stays 4 m away from
the sensor for 2 seconds. Her fourth position will be
(10, 4). Use this information to draw the graph.
Jan's Walk
fd

Time {s}

4. a) Answers may vary. For example, draw a
graph of Rachel’s distance over time while climbing
Mt. Fuji. Rachel begins the climb at Level 5 and so
her initial position is (0,2100). She walks for

40 minutes at a constant rate to move from

Level 5 to Level 6, which means that her second
position will be (40,2400). It then takes he

90 minutes to move from Level 6 to Level 7, which
means that her third position will be (130, 2700).
Rachel then decides to rest for 2 hours, which
means that her position does not change. So her
fourth position-is-(250,2700). After her break, it
took Rachel 40 minutes to reach Level 8. Her fifth
position is (290, 3100). It took Rachel 45 minutes
to go from Level & to Level 9. Her next position is
(335, 3400). After the walk from Level 9 to Level
10, Rachel reached the top. This position can be
represented as (395, 3740).

Use this information to plot the graph.

Rachel’s Climb
Nh

3800 3
3500 -
3200 4
2900

Elevation {m)

2000 £ ot

0 100 200 300 400
Time {min)
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b) Use the data points from the previous question to
determine Rachel’s average speed during each part
of her journey.

2400 — 2100 = 7.5 m/min
40 -0

2700 — 2400 = 3.3 m/min
130 — 40

2700 — 2700 .
250 — 130 O m/min

3100 — 2700 )

m = 10.0 m/mm

3400 — 3100 .

335 — 200 = 6.7 m/min

3740 — 3400 = 5.7 m/min
395 — 335

¢) Answers may vary. For example, use Rachel’s
average rates to make a graph of her speed. During
the first 40 minutes of her journey, her speed was
7.5 m/min. This can be represented by a straight line
from (0, 7.5) to (40, 7.5). Rachel’s speed during the
next 90 minutes is 3.3 m/min. This speed can be
represented by a straight line from (40, 3.3) to

(130, 3.3). Rachel then rested for 2 hours. This can
be represented with a straight line from (130, 0) to
(250, 0)..Rachel travelled at a rate of 10.0 m/min for
the next 40 minutes. This speed can be represented
by a straight line from (250, 10.0) to (290, 10.0).
Then she travelled at a rate of 6.7 m/min for

45 minutes, 4.4 m/min for 45 minutes, and

9.3 m/min for 15 minutes. The speeds for these
parts or her walk can be represented by the
following segments: (290, 6.7) to (335, 6.7),
(335,4.4) to (380, 4.4), and (380, 9.3) to (395,9.3).

Rachel’s Climb
NS

10 + o
=
£ 81
N —
E 6+
T
o 4
a. JR—
w

2 .

t
H T T T

0" 100 200 300 400 50
Time (min)
5. a) Answers may vary. For example, the 2 L.
plastic pop bottle has a uniform shape for the most
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part. Therefore, as long as the rate of water flowing
into the bottle remains constant, the rate at which
the height is changing will also remain constant.

Water Level
vs Time

Height

t

7

Time
(ime

b) Answers may vary. For example, the circumference
of the vase changes for any given height on the vase.
Therefore, the rate of change of the height of the water
flowing into the vase will vary over time—faster at
the very bottom of the vase, slower in the middle and
then faster again at the top.

Water Level
vs Time
Nh

Height

N

Time

6. a) Answers may vary. For example, on a graph
that represents John's speed, a constant speed would
be represented by a straight line, any increase in
rate would be represented by a slanted line pointing
up, and any decrease in rate would be represented
by a slanted line pointing down. John’s speed over
his bike ride could be represented following graph.

Speed vs Time

5

Speed

Time

b) Answers may vary. For example, the first part of
John’s bicycle ride is along a flat road. His height
over this time would be constant. As he travels up
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the hill, his height would increase. At the top of the
hill, his height would again be constant. As he goes
down the hill, his height would decrease. As he
climbs the second hill his height would again
increase. The graph of his height over time would
look something like this.

h Height vs Time

Height

/N,

Time
7. a)-Kommy travels SO m in 45 seconds. This
means that his speed would be 3¢ = 1.11 m/s.
b) During the second part of his swim he travelled
50 m in 55 s. This means that his speed would be
¥ =091 m/s.
¢) The graph of the first length would be steeper,
indicating a quicker speed. The graph of the second
length would be less steep, indicating a slower
speed.
d) Answers may vary. For example: Use the
information for part c) to draw the graph of
Kommy'’s distance over time.

Distance vs Time

Ard

100 +
e 80+
o
Y 60 A
=
a5 407

20 4

t

0 20 40 60 80 100
Time (s)
e) Att = 50, Kommy is resting, and so his speed
would be 0.
f) Answers may vary. For example: Kommy's speed
for the first 45 seconds is 1.11 m/s. This would be
represented by the line segment from (0, 1.11) to
(45, 1.11). Kommy then rests for 10 s, when his
speed would be 0. This would be represented by a
line segment from (45, 0) to (55,0). Kommy’s
speed during the second half of his swim is 0.91 m/s.
This would be represented by a line segment from
(55,0.91) to (110,0.91).
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Speed vs Time

2.0
e 15
)
¢ 10
Q.
[¥a)
05
t
T T T T 1 T rd
0 20 40 60 80 100
Time (s}

8. a) A — if the rate at which a speed is increasing
increases, this would be represented by an upward
curve.

b) C — if the rate at which a speed is decreasing
decreases over time, this would be represented by a
curve that drops sharply at first and then drops more
gradually.

¢) D — if the rate at which a speed is decreasing
increases, this would be represented by a downward
curve.

d) B - if the rate at which a speed is increasing
decreases, this would be represented by a curve that
rises sharply at first and then rises more gradually.
9. Answers may vary. For example: Because the
jockey is changing the horse’s speed at a non-constant
rate—at first slowly and then more quickly—the
lines will have an upward curve when the horse is
accelerating and a downward curve when decelerating.
The horse’s speed during the first part of the warm
up is constant, which would be represented by a
straight line. She then increases the horse’s speed to
a canter and keeps this rate for a while. Draw a graph
of this information with speed over time.

Speed vs Time

Speed

BVZENS

Time

10. a) Graph i) shows that distance is decreasing and
then increasing. The first graph shows a person
standing 5 m away from the motion sensor then
moving to 2 m away. The person then moves back to
5 m away from the motion sensor. The person is
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always moving at a constant rate. Graph ii) shows a
person’s initial position being 6 m away from the
motion sensor. This person then moves 2 m closer to
the sensor over 2 seconds. Then, he or she rests for a
second and then moves 2 m closer to the sensor over
2 more seconds. Finally, this person moves 2 m .
away from the sensor over | second to end up at a
final position of about 4 m away from the sensor.
The person is always moving at a constant rate.

b) For each graph, determine the (¢, d) point for
each position.

Graph A

(0.5); (3.2): (6.5)

Graph B

(0,6); (2,4); (3,4): (5,2); (6,3.5)

Use these points to find the various speeds.

Graph A

2 —' 5 — - - T \
30" 1, so the speed is 1 m/s
5=-2 ‘ : »
PR 1, so the speed is | m/s
Graph B

4 - 6 — ~ + M 9} Q
o —2, so the speed is 2 m/;
4 - 4 — - ~
e 0, so the speed is 0 m/s
2-4 )

S°3 —1, so the speed is | m/s
352 - e
P 1.5, so the speed is 1.5 m/s

11. a) Answers may vary. For example: Draw a graph
of the runner’s speed over time. The runner’s positions
on the graph will be represented by.the-following
points: (0, 5), (10, 5), (11, 10), (16, 10), (17,7),
(47,7), (49, 3). (59, 3). Plot the points on a graph.
Because the runner accelerates and decelerates at a
constant rate, the lines will always be straight.

s Marathon Training Program

Speed (mph)

T >

T T T ¥ T
0 10 20 30 40 50 0

Time [min)
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b) Use the data points on either side of ¢ = 10.5 to
estimate the instantaneous rate of change at that
point. The points are (10, 5), (11, 10).

10 =5
11 - 10
¢) The runner’s speed at minute 11 is 10 miles per hour.
The runner’s speed at minute 49 is 3 miles per hour.

S - 10 -7 —0.1842 miles per hour per minute
49 — 11 38

d) The answer to part ¢) is an average rate of
change over a long period, but the runner does not
slow down at a constant rate during this period.

12. Answers may vary. For example: Walk from
(0,0) to (5, 5) and stop for 5 s. Then run to

(15, 30). Continue walking to (23, 5) and end at
(25,0). What is the maximum speed and the
minimum speed on any interval? Create the speed
time graph from these data.

13. Answers may vary. For example: Graphing both
women'’s speeds on the same graph would mean that
there are two lines on the graph. The first woman is
decelerating; this means that her line would have a
downward direction. Because she is decelerating
slowly first and then more quickly, the line would
also have a downward curve. The second woman is
accelerating; this means that her line will have an
upward direction. Because she is accelerating
quickly at first and then more slowly, the graph
would have a sharp upward curve. The line on the
graph would look something like this:

= 5 mi/h/min

Speed vs Time

Speed

Time

14. If the original graph showed an increase in rate,
it would mean that the distance travelled during each
successive unit of time would be greater—meaning
a graph that curves upward. If the original graph
showed a straight, horizontal line, then it would
mean that the distance travelled during each
successive unit of time would be greater—meaning
a steady increasing straight line on the second
graph. If the original graph showed a decrease in
rate, it would mean that the distance travelled



during each successive unit of time would be
less—meaning a line that curves down.

1. Answers may vary. For example: Verify that the
most economical production level occurs when
1500 items are produced by examining the rate of
change at x = 1500. Because x is in thousands, use
a = 1.5. Use the difference quotient to find the
instantaneous rate of change.

j-r(-ij—hz—_&l-—), where h is a very small value.

C(L5) = 0.3(L.5)* — 0.9(1.5) + 1.675

=1
C(1.501) = 0.3(1.501)? — 0.9(1.501) + 1.675
= 1.000 000 3
1.000 000 3 — 1
=0,
o 000 03

When 1500 items are produced, the instantaneous
rate of change is zero. Therefore, the most
economical production level occurs when 1500
items are produced.

2. The function is P(t) = —20 cos (300°) + 100.
Use the difference quotient to find the instantaneous

rate of change.
Mé—ﬂ where £k is a very small value.
P(3) = —20cos (300° x 3) + 100
= 120
P(3.01) = —20cos (300° X 3.001) + 100
= 119.999 73
119.99973 ~ 120 _ 027 or 0
0.001 '
The blood pressure is dropping at a rate of
0 millimetres of mercury per second.
3. a) If (a, f(a)) is a maximum, then the points to
the left of, and very close to the maximum, have a
positive rate of change. As x(a) approaches
(a, f(a)) from the left, y(f(a)) is increasing because
(a, f(a)) is a maximum.
b) If (a, f(a)) is a maximum, then the points to
the right of, and very close to the maximum, have
negative rate of change. As x(a) moves away
from (a, f(a)) to the right, y(f(a)) is decreasing
because (a, f(a)) is a maximum.
4. a) If (a, f(a)) is a minimum, then the points to
the left of, and very close to the maximum, have
negative rate of change. As x(a) moves toward
(a, f(a)) from the left, v(f(a)) is decreasing because
(a, f(a)) is a minimum.
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b) If (a, f(2)) is a minimum, then the points to the
right of, and very close to the maximum, have a
positive rate of change. As x(a) moves away from
(a, f(a)) towards the right, y(f(a)) is increasing
because (a, f(a)) is a maximum.
5. a) The leading coefficient is positive, and so the
value given will be a minimum. Use the difference
quotient to find the instantaneous rate of change.
fla = ) — fla)
h
Find f(—6) and f(—5.99). The function is
f(x) = 0.5¢* + 6x + 7.5.

f(—6) = 0.5(—6)* + 6(—6) + 7.5

, where h is a very small value.

= —10.5
f(—=5.99) = 0.5(—5.99)* + 6(—5.99) + 7.5
= —=10.499 995
-10.5 — (—10.499 995)
= —0.0
001 0.00050r 0

The slope is very small, pretty close to zero, and so
it can be assumed that (—6, —10.5) is the minimum.
b) The leading coefficient is negative, and so the
value given will be a maximum. Use the difference
quotient to find the instantaneous rate of change.
fla + k) — f(a)
h
Find f(0.5) and f(0.501). The function is
f(x) = —6x* + 6x + 9.

, where A is a very small value.

£(0.501) = —6(0.501)? + 6(0.501) + 9
= 10.499 994
£(0.5) = —6(0.5)2 + 6(0.5) + 9
=105
10499994 — 105 _ 0o
0.01

The number is very close to zero, and so we can

assume that the point has an instantaneous rate of

change of zero and is a maximum.

¢) The function is f(x) = 5 sin (x). Use the

difference quotient to find the instantaneous rate

of change.

fla + h) — f(a)

h

Find f(90°) and f(90.01°).

£(90.01°) = 5 sin (90.01°)

, where A is a very small value.

= 4.999 999
£(90°) = 5 sin (90°)
=5
499999 =5 _ i
0.01

The number is very close to zero, and so we can
assume that the instantaneous rate of change at the
point is zero, and so the point is a maximum.
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d) The function is f(x) = —4.5 cos (2x). Use the

difference quotient to find the instantaneous rate of

change.

fla t h) = fla)
h

Find f(0) and f(0.01).

, where h 1s a very small value.

f(0.01) = —4.5cos (2 X 0.01)°
= —4.499 999
f(0) = —4.5cos (2 X 0)°
= —4.5
~44 - (-4
99999 - ( 3) = 0.0001.0r0

0.01
The number is very close to zero, and so we can
assume that the instantaneous rate of change at the
point is zero, and so the point is a maximum,
6. Examine the instantaneous rates of change on
either side of the point in question. If the point to the
left of the point in question is negative, then the point
is a minimum. If the point to the left of the point in
question is positive, then the point is a maximum,
It the point to the right of the point in question is
positive, then the point is a minimum. If the point to
the right of the point in question is negative, then the
point is a maximum. Use the difference quotient to
find the instantaneous rate of change.
fla + h) ~ fla)
h
a) f(x) = x* — 4x +5; (2,1)
Examine x = 1, which is to the left of (2, 1).
f(1.01) = (1.01)* ~— 4(1.01) + 5
= 1.97
f(1) = (1) =4(1) +5
2

, where A is a very small value.

1.97 -2
0.01
The instantaneous rate of change of (1,2) is

negative and so (2, 1) is a minimum.

b) f(x) = —x? — 12x + 5.75; (—6,41.75)
Examine x = —35, which is to the right of
(—6,41.75).
f(—4.99) = —(—-4.99) — 12(—4.99) + 5.75
= 40.7299
f(=3) = —(-5)> = 12(-5) +5.75
= 40.75
40.7299 — 40.75
0.01 = a0

The instantaneous rate of change of (-3, 40.75)
1$ —2.01, and so (—6, 41.75) is a maximum.
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¢) f(x) = x* — 9x; (4.5, —20.25)
Examine x = 5, which is to the right of

(4.5, —20.25).
£(5.01) = (5.01)* — 9(5.01)
= —19.899
f(5) = (5) —9(5)
= —20
~19.899 — (—20)
SO = 10.1

The instantaneous rate of change at (5, —20) is
positive and so (4.5, —20.25) is a minimum.
d) f{x) = 3 cos x; (0°, 3)

Examine x = —1°, which is to the left of (0°, 3).
f(—0.99°) = 3 cos (—0.99°)
= 2.999 55
f(—1°) = 3 cos (—1°)
= 2.999 54

2.99955 — 2.999 54
0.01
The instantaneous rate of change at (—1°,2.99) is
positive, and so (0°, 3) is a maximum.
e) f(x) = x' — 3x; (—1,2)

= 0.001

Examine x = 0, which is to the right of (—1,2).
£(0.01) = (0.01)> —3(0.01)
= —0.029 999
f(0) = (0)° = 3(0)
=0
—0.029999 - 0
0.01 - 29

The instantaneous rate of change at (0, 0) is

—2.9999, and so (—1, 2) is a maximum.

f) f(x) = —x' + 12x — 1; (2, 15)

Examine x = [, which is to the left of (2, 15).
f(L01) = —(1.01)° + 12(1.01) — 1

= 10.0897
() = = (1) +12(1) - 1
= 10
10.0897 — 10
e =897
0.01

The instantaneous rate of change at (1, 10) is 8.97,
and so (2, 15) is a maximum.

7. Use a table to inspect several values of h(?).

o TG

10 000
10 074
10116
10 126
10 104

1N NEN
U UV

VB W N | e O
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The height is definitely decreasing after + = 3, but for
this data the exact maximum cannot be determined.
Examine other values of r to help determine the
maximum.

¢ h{t)
2.75 10 126.50
3.25 10 123.50

The maximum appears to be pretty close to 2.75.
The slopes of tangents for values of ¢ less than about
2.75 would be positive, while slopes of tangents for
values of ¢ greater than about 2.75 would be negative.

8.a)i) \\ f}
AN

The minimum is at approximately x = —5.

ii)

N
Y

y
§

\

The maximum is at x = 7.5.

iii) = 7
\/
NS

The minimum is at approximately x = 3.25.

iv)
// '\.\l
\

! 4

The maximum is at x = 6.

N IR
i

i)
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iii) ™ 7

iv)

/;'}i\
[\
d Lo

¢) Answers may vary. For example, if the sign of
the slope of the tangent changed from positive to
negative, there was a maximum. If the sign of the
slope of the tangent changed from negative to
positive, there was a minimum.

9. a) i) Examine the graph of the equation.

X

o 8 1624 32

The maximum for the interval O = r = 5 appears to be
at x = O or (0, 160). The minimum appears to occur
at ¢ = 5or (5, 44.4). This cannot be verified with the
difference quotient because the graph will always be
decreasing. This means that the instantaneous rate of
change for any point on the graph will always be
negative and never be zero.

-ii) Examine the graph of the function.

1509

125

100-

75-

50+

. ‘__/5/— X

T T T

AN IO T
-25 =15 =53, 5 15 25

b) The minimum appears to be at x = 0 or (0, 35)
and the maximum at x = 10 or (10, 141.6). This
cannot be verified with the difference quotient
because the graph will always be increasing. This
means that the instantaneous rate of change for any
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point on the graph will always be positive and never
be zero.
10. Answers may vary. For example, examine
points on either side of 1 = 0.5 s to make sure that
the diver’s height is increasing before the point and
decreasing afterwards.
h(0.49) = —5(0.49)* + 5(0.49) + 10

= 11.2495

R(0.5) = —=5(0.5)* + 5(0.5) + 10

= 11.25

11.25 — 11.2495

0.01

= 0.05

The slope to the right of the point is positive.
R(0.51) = —5(0.51)" + 5(0.51) + 10
= 11.2495
h(0.5) = 11.25
11.2495 — 11.25
0.01
The function is increasing up to 0.5 s and decreasing
after 0.5 s—the point is a maximum.
11. Answers may vary. For example, yes, this
observation is correct. The slope of the tangent
at 1.5s1s 0.
The slopes of the tangents between | s and 1.5 s are
negative, and the slopes of the tangent lines between
1.5 s and 2 s are positive. So, the minimum of the
function occurs at 1.5 s.
12. Answers may vary. For example, estimate the
slope of the tangent line to the curve when x = 5 by
writing an equation for the slope of an secant line
on the graph if R(x). If the slope of the tangent 15 0.
this will confirm there may be a maximum at x = 5.
If the slopes of tangent lines to the left are positive
and the slopes of tangent lines to the right are
negative, this will confirm that a maximum occurs
atx = 5.
13. Answers may vary. For example, because
sin 90° gives a maximum value of 1, [ know that a
maximum occurs when (k(x — d)) = 90°. Solving
this equation for v will tell me what types of
v-values will give a maxim. For example, when
k=2and d = 3,

= —0.05

(2(x = 3°)) = 90°
(x = 3°) = 45°
x = 48

14. Myra is plotting (instantaneous) velocity versus
time. The rates of change Myra calculates represent
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acceleration. When Myra’s graph is increasing, the
car is accelerating. When Myra’s graph is decreasing,
the car is decelerating. When Myra’s graph is
constant, the velocity of the car is constant; the

car is neither accelerating nor decelerating.

15. Choose a method and determine the
instantaneous rates of change for the points given.
Use tables to examine the relationship between x
and the instantaneous rate of change at x.

X Rate of Change
-2 -4
-1 -2

2 4

3 )

The instantaneous rate of change appears to be

2 times the x-coordinate or 2x. Now use a table to
examine the relationship between the points given
and their instantaneous rates of change for the
function f(x) = x’.

% Rate of Change
-2 12
-1 3

2 12

3 27

The instantaneous rate of change appears to be
3 times the square of the x-coordinate or 3x°.

Chapter Review, pp. 116-117

1. a) Examine the rate of change between each

_interval. If the rate of change is the same for each

interval, then the data follows a linear refation.
297.50 — 437.50

— = 17.5
17 — 25
350.00 — 297.50 _
= 17.5
20 - 17
210.00 —350.00 175
12 —20 ’
420.00 — 210.00 175
24 — 12 o

The slope between each interval is the same, and
so the relation is linear.
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b) Answers may vary. For example:

4,  Revenuevs Sales

450 -
400 -
350 A
300 -

250 A

Revenue ($)

200
150
100 -

50 -

14
O 5 10 15 20 25 30
Number of watches
The graph appears to be linear, and so it would
appear that my hypothesis is correct.
¢) The average rate of change from w = 20 to
w = 25.
437.50 — 350.00
25-20

d) The cost of one watch is $17.50: this is the slope
of the line on the graph.
2. a) Calculate the average rate of change for the
interval [0, 4]. The second point is (4, 7); the first

= $17.50 per watch

is (0, 1).
7-1
Z‘_—O = 1.5 rn/s

b) Calculate the average rate of change for the
interval [4, 8]. The second point is (8, 1). The first
point is (4, 7).
1 -7
84 1.5 m/s
¢) The time intervals have the same length. The
amount of change is the same, but with opposite signs
for the two intervals. So the rates of change are the
same for the two intervals, but with opposite signs.
3. a) The company spends $2500 per month in
expenses—this can be represented by 2500m. The
initial expenses were 10 000. The whole equation is
E = 2500m + 10 000.
b) Find the expenses for m = 6 and m = 3.
2500(6) + 10 000 = 25000
2500(3) + 10000 = 17 500

25000 — 17500

6—3 N

2-20

2500

The average rate of change is $2500 per month.

¢) No, the equation that represents this situation is

linear, and the rate of change over time for a linear

equation is constant.

4. a) Answers may vary. For example: Because the

unit of the equation is years, do not choose

3=t=4and4 =1 =< S5. A better choice would be

375 =t1=4.0and 4.0 < = 4.25.

b) Answers may vary. For example, the equation is

V(t) = 2500(1.15)". Find V(4.0) and V(4.25).
V(4.0) = 2500(1.15)*°

= 4372515 625
V(4.25) = 2500(1.15)*2S
= 4527.993 869
4527.993 869 — 4372.515 625
135 — 40 = 621.912 976
V(3.75) = 2500(1.15)*" = 4222.376 055
V(4.0) = 4372.515 625
4372.515 625 - 4222.376 055
PTERT = 600.558 280
. + .
600.558 280 : 621912976 _ .,

5. a) Answers may vary. For example, squeezing
the interval.
b) Squeezing the interval will be a good method. Use
the interval 11.99 < ¢ < 12.01. The equation is
¥y = 2sin (120°).
25sin(120°(11.99)) = —0.0419
2sin (120°(12.01)) = 0.0419
0.0419 — (—-0.0419)
12.01 - 11.99
Now use the interval 11.999 < r < 12.001.
25sin (120°(11.999)) = —0.004 19
2sin (120°(12.001)) = 0.004 19
0.004 19 — (—0.004 19)
12.001 — 11.999
6. For each point, draw a line tangent to the graph
at the point given.
a)

=4.19 cm/s

=4.19cm/s

X
BN

The slope of the line appears to be —2.
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b)

The slope of the line, and therefore the

instantaneous rate of change at x = 2, is 23.
The slope of the line appears to be 0. 8. , Height vs Time
c) T ™ 504" ,
L 40 A
S 304 -
. £
= g X %0 20 4
A 2 4y 8 T ol
The slope of the line appears to be 4. — ,i
7. Graph the original equation. Find the corresponding 0 2 4 6 8 10
y for each value of x given. Use this information to Time (s)
draw a tangent line to the original graph with a 9. a) Answers may vary. For example:
graphing calculator. Speed vs Time
a) 1 LEN
— 8-
=
N
E 6
-4
#=-y =
PLAE T4 Ll Saaraayaw, T 4
[}
The slope of the line, and therefore the & ,
instantaneous rate of change at x = —4,is —37. ¢
b) ——>
0 4 8 12 1
Time (s)
1 ; b) Find the average rate of change in the bicycle
“:E;} £ rider’s speed on the interval 0 = r = 7. The speed at
H= " M e
. = () was 10 km/h. The speed at r = 7 was 5 km/h.
The slope of the line, and therefore the The average rate of change in speed is
instantaneous rate of change at x = —2,1s —17. s —3km/h/s. |
) \ ¢) From (7.5) to (12, &) the average rate of
change of speed is —4{km/h/s.
d) The speed is decreasing at a constant rate from
r = 10 to r = 16. So find the average rate of change
e r—r———— on any interval between those two numbers and it
The slope of the line, and therefore the will be the same as the instantaneous rate of change
. o . att = I2.
instantaneous rate of change at x = —0.3, is 0. 05 5
——— = ——km/h/s
16 — 10 6 /nf
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10. The roller coaster moves at a slow steady speed
between A and B. At B it begins to accelerate as

it moves down to C. Going uphill from C to D it
decelerates. At D it starts to move down and
accelerates to E, where the speed starts to decrease
until, where it maintains a slower speed to G, the
end of the track.

5

Speed

A B F G,

rd

Time
11. Graph each function using a graphing calculator
to determine whether the point given is a maximum
or a minimum.
a)

. —18) is a minimum.

b)

e

-

c)

d)

e)

The graph shows that (—25° —4) is a minimum,

2-22

=1/

The graph shows that (—3,2) is a maximum.

12. a)
i) flx) =x*—30x
f2+h)= 2+ h)?—3002 + h)
=22+ 2(2)h + K* — 30(2) — 30h

= —56 — 26h + W
f2) = (2 - 30(2)
= —56
—56 — 26h + b — (—56)
2+h-2 =h-26

The slope is m = h — 26.

ii) g(x) = —4x* — 56x + 16;a = —1
g(—=1+h)=—4(—1+h)*=56(-1+h) + 16
—4(1 — 2h + K*) + 56 — 56h + 16
—4 + 8h — 4h* + 56 — 56h + 16
—4h* — 48h + 68

I

I

g(—1) = —4(—1)Y - 56(—1) + 16
= —4+ 56 + 16
= 68
4h* — 48h + 68 — 68
= —4h — 48
-1+ h—(-1) h

b) For each of the points given, the value of A
would be equal to zero. Substitute 0 in for & to find
the instantaneous rate of change for each point.
ym=0-20=-26

ifym = —4(0) — 48 = —48

13. a) To the left of a maximum, the instantaneous
rates of change are positive. To the right, the
instantaneous rates of change are negative.

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

ST

RN

by minimum: x = -1, x =1

maximum: x = (

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

Chapter 2: Functions: Understanding Rates of Change



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

d)
sef}\hf
Hinimum
g=-1 f=-1
LI o)
Hifipium
#=1 ¥=-4
KNI o
Haxipum
#=0 Y=
Chapter Self-Test, p.
i.a) as SpeedvsTime
50
(14,45) (19, 45)
45 -r——T
40-
35 4
g 30
< (8,25)
—_— 25 - 5
o (13, 25)
& 201
15 -
10 4
54(1,3)
(6,3)
0,0} (2l<HL L
0 5 10 15 20 25
Time (min)

b) Attt = 8 s the speed is approximately 25 knots.
At = 6 the speed is approximately 3 knots.
25 -3

S 6 11 kn/min

At = 13 the boats speed is 25 knots.
i) = 0 kn/min

13 -8 !

Advanced Functions Solutions Manual

The two different average rates of change indicate
that the boat was increasing its speed from ¢ = 6 to
t = 8 at arate of 11 kn/min and moving at a constant
speed from 1 = §tor = 13.

¢) Because the rate of change is constant over the
interval, the instantaneous rate of change at r = 7
would be the same as it was over the interval,

6 =r=38, 11 kn/min.

2. a) The slope of the secant line between (5, 70)
and (50, 25) would be =% = —1.

b) The hot cocoa is cooling by 1 °C/min on average.
¢) Examine the graph to and draw a line tangent to
the graph at the point (30, 35).

A
90 A
¢
80
70
60
50
40
30

20 -

Temperature (degrees celsius)

10 -

>
T T T ¥

0 20 40 60 80 100
Time (min)

The slope of the tangent line is —0.75.
d) The hot cocoa is cooling by 0.75 “C/min after
30 min.
e) The rate of decrease decreases over the interval,
until it is nearly 0 and constant.
3. a) Calculate both P(10) and P(8).

P(10) = —5(10)° + 400(10) — 2550

= 950
P(8) = —5(8)% + 400(8) — 2550
= 330
950 =330 _ .o
0-8

The average rate of change is $310 per doliar spent.
b) Use the different quotient to estimate the
instantaneous rate of change.
P(50.01) = —5(50.01)> + 400(50.01) — 2550

= 4948.9995
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P(50) = —5(50)* + 400(50) — 2550
= 4950

4948.9995 ~ 4950

0.01
The instantaneous rate of change is approximately
— $100 per dollar spent.
¢) The positive sign for part a) means that the
company is increasing its profit when it spends
between $8000 and $10 000 on advertising. The
negative sign means that the company’s profit is
decreasing when it spends $50 000 on advertising.
4. Graph each function and approximate the tangent
line at each of the given points. Estimate the
instantaneous rate of change at each point given
by determining the slope of the tangent line at the
given point.

= —100.05

a) 7_\;,(?
6—‘ i
51|
4_ §
3_
2
1
, 5 Ty
543219 1 23 4 5
R\
_3£\
2-24

The instantaneous rate of change whenp = —1
is ~ 1.
The instantaneous rate of change when p = —0.75

is 0. The point is a minimum.
The instantaneous rate of change when p = 1 is 7.
b) ;

Y47 N __4<ﬁ:,,"”:

S—
3210

The instantaneous rate of change when x = —2

is 4.5.

|
~

The instantaneous rate of change when x =
is —4.5.

The instantaneous rate of change when x = 1 is 0.
This point is a maximum.

Chapter 2: Functions: Understanding Rates of Change



| CHAPTER 3
Polynomial Functions

l 4
4.a)y=z(x—3)“+9

1. a) 2-’52(3;‘ - 11) vertical compression by a factor of 3, horizontal
6x* — 22x* translation 3 units to the right; vertical translation
b2 (x - 4)(x + 6) 9 units up

x>+ 6x — dx — 24 [ \2

x>+ 2x — 24 b)y=(5x> -1

¢) 4x(2x — 5)(3x + 2)
(8x% — 20x)(3x + 2)
24x3 + 16x% = 60x? — 40x

vertical compression by a factor of i vertical
translation 7 units down

24x® — 4422 — 40x 5.8) MRy
d) (5x — 4)(x? + Tx — 8) |
5x3 4 35x% — 40x — 4x? — 28x + 32
560 + 31x? — 68x + 32 2
2.a) x>+ 3x — 28
(x +7)(x —4) O T
b) 2x* — 18x + 28 ' :
2(x2 ~ 9x + 14) ’ -2-
2(x — 2)(x = 7) B
3.a) x+7=x-5 i
x+7—-x—-T=x—-5-x—-7 :
2x = —12 ) ) )
Y= -6 Working from the parent function y = x~, the
b) (x + 3)(2¢x — 9) = 0 vertex is at (5, —2). It opens upward. It is vertically

stretched by a factor of 2. The equation is

x+3=0and2x—-9=0 ,
y=2(x—5)y -2

9
x = —3 and XZE b) 3%
x = —3,45 RGO 4
)xP+1lx +24 =0
(x+3)(x+8 =0 , i
x+3=0andx +8=0 o ‘ X
X = _3 X = “‘8 [~ 1 T2
, =4 4
d) 6x” +22x =8 :
6x*+22x -8 =0
3+ 1lx—4=0
Bx - 1)x+4)=0
3x~-1=0andx+4=0
|
X =3 x=-4 Working from the parent function y = x°, the vertex

is at (0, 3). It opens downward. It is vertically
stretched by a factor of 2. The equation is
y = -2+ 3.
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6. a) y

61y =3(x + 52 -4

b) 7

Rl

Biy=22-12x +5

v

7. a) The first differences are —5.8, —5.6, —5.4,
and —5.2. The second differences are all 0.2, so
the function is quadratic.

b) The first differences are —6, —3, 5, and 6. The
second differences are 3, 8, and 1. The function is
not linear or quadratic.

¢) The first differences are 4, 12, 36, and 108. The
second differences are 8, 24, and 72. The function
is not linear or quadratic.

d) The first differences are —0.5, —0.5, —0.5, and
—{).5. The tunction is linear.

8. The discrmnant  equal to b’ - sac

y=3xte24x+36 The discriminant is 144,
/‘ & Substimute « = 0
y=Ye-2ees)|
s

nto the squation
/ The vatues 51 « thatsmase 1< | The graph The y-intercept is 36.
The zeros are s up:
-2 and -6.

The aus of symmerry s
/ between the two 2

The axis of symmetry
)
s X = —a—

x=—4. 2

3-2

3.1 Exploring Polynomial Functions,
7-128

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

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

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

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

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

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

2, a) polynomiai; the exponents of the variables are
all natural numbers

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

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

d) other; the variable is under a radical sign

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

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

3. a) The first differences are all 25, so the function
is linear.

b) The first differences are 15, 5, —5, and —~ 15. The
second differences are all —10, so.the function is
quadratic.

¢) The first differences are all 25, so the function is
linear.

d) The first differences are 4, 28, 76, 148, 244, and
364. The second differences are 24, 48, 72, 96, and
120. The third differences are all 24, so the function
is cubic.
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o
N
]

‘\X‘“

a) The graph looks like one halt of a parabola,
which is the graph of a quadratic equation.
b) There is a variable in the exponent.

-

3.

6. Answers may vary. For example: Any equation of

8

the form y = a(—3x? + 5x

+ 4) will have the

same zeros, but have a different y-intercept and a
different value for f(—3). Any equation of the form

y =x(~3+5x + d)ywo
same zeros, but a different
different positive/negative 1
7.y=x+5y=
all have a y-intercept of 5.

uld have two of the
value for f(—3) and
ntervals.

YHSy=xr+5y=x"+5

8. Answers may vary. For example:

Definition

A polynomial is an expression
of the form

X"+ a, X" E L

+ ax% + ax + agwhere

ag, a4, -
and n is a2 whole number.

.., a, are real numbers

¥

Examples

/de—n_omials

Characteristics

The domain of the function is
all real numbers, but the range
can have restrictions; except
for polynomial functions of
degree zero (whose graphs are
horizontal lines}), the graphs of
polynomials do not have
horizontal or vertical asymp-
totes. The shape of the graph
depends on its degree.

e

MNon-Examples

XX+ 4x + 6

VX + 1

Advanced Functions Solutions Manual

La)f(x) = —4x* + 3>~ 15x + 5
The function is of degree 4 and —4 is the leading
coefficient.
Since the function is of even degree and the leading
coefficient is negative, the end behaviour is:
asx— +/—m y—o—®
b) g(x) = 2x° — 4x* + 10x* — 13x + 8
The function is of degree 5 and 2 is the leading
coefficient.
Since the function is of odd degree and the leading
coefficient is positive, the end behaviour is:
as x> —oo,y— —x and as x — %,y — ®
¢) p(x) =4 — 5x + 4x* — 3%
= =3¢} +4x* = 5x+ 4
The function is of degree 3 and —3 is the leading
coefficient.
Since the function is of odd degree and the leading
coefficient is negative, the end behaviour is:
asx— —x;y—-xandasx— *, y > —*
d) h(x) = 2x(x = 5)(3x + 2)(4x — 3)
(2x* — 10x)(12x¢? — x — 6)
= 24x* — 2¢% — 12 — 120x° + 10x° + 60x
= 24x* — 122x% — 2x* + 60x
The function is of degree 4 and 24 is the leading
coefficient.
Since the function is of even degree and the leading
coefficient is positive, the end behaviour is:
asx— +/—x y—>=x
2. f(x) = —4x* + 3¢ — I5x + 5
a) Turning points
a) Since the function is of degree 4, it will have
at least | turning point and at most 4 — 1 or 3
turning points.
b) Since the degree of the function is even, the
minimum number of zeros is 0 and the maximum
number of zeros is equal to the degree of the
function, 4.
glx) =20 — 4’ + 10x* — 13x + 8
¢) Since the function is of degree 5, it will have
at least O turning points and at most 5 — 1 or 4
turning points.
d) Since the degree of the function is odd, the
minimum number of zeros is | and the maximum
number of zeros is equal to the degree of the
function, 5.
p(x) =4 — 5S¢ + 47 — 3

I
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b) Zeros
a) Since the function is of degree 3, it will have
at least 0 turning points and at most 3 — 1 or 2
turning points.
b) Since the degree of the function is odd, the
minimum number of zeros is | and the maximum
number of zeros is equal to the degree of the
function, 3.
h(x) = 24x* — 122x° — 2x* + 60
¢) Since the function is of degree 4, it will have
at least | turning point and at most 4 — 1 or 3
turning points.
d) Since the degree of the function is even, the
minimum number of zeros is 0 and the maximum
number of zeros is equal to the degree of the
function, 4.
3. i. a) There are 3 turning points which means the
degree is 3 + 1 = 4. The degree is even.
b) The leading coefficient is negative because as
X— +/—%,y > —x,
ii. a) There are 5 turning points which means the
degree is5 + 1 = 6. The degree is even.
b) The leading coefficient is negative because as
X +/—x y— —x,
iii. a) There are 4 turning points which means the
degree is 4 + 1 = 5. The degree is odd.
b) The leading coefficient is negative because as
x—>—x, y>xandasx - x, y—> —x,
iv. a) There is I turning point which means the
degree is 1 + 1 = 2. The degree is even.
b) The leading coefticient is positive because as
X—t/=% y—ox,
v. a) There are 2 turning points which means the
degree is 2 + 1 = 3. The degree is odd:
b) The leading coefficient is negative because as
Xx—> -—x, y—>xandasx - ®, y—> —x,
vi. a) There are 2 turning points which means the
degree is 2 + 1 = 3. The degree is odd.
b) The leading coefficient is positive because as
X— —%, y— —xand as x — %, y —> x, '
d.a)f(x) =2x*=3x +5
The function is of degree 2 and 2 is the leading
coefficient.
Since the function is of even degree and the leading
coefficient is positive, the end behaviour is:
asx— +/—x, yox
b) f(x) = =3x*+ 2x* + 5x + 1
The function is of degree 3 and -3 is the leading
coefficient.

3-4

Since the function is of odd degree and the leading

coefficient is negative, the end behaviour is:

asx— —%, y—>xandasx—x, y->—x

¢)flx) =5 —2x* ~2x + 6

The function is of degree 5 and 2 is the leading

coefficient.

Since the function is of odd degree and the leading

coefficient is positive, the end behaviour is:

asx — —*,y— —xand as x - %, y — =

d)f(x)=-2x"+53 - xr+3x -1

The function is of degree 4 and —4 is the leading

coefficient.

Since the function is of even degree and the leading

coefficient is negative, the end behaviour is:

asx—- +/—x y-— —oo

e) f(x) = 05x" + 2x* — 6

The function is of degree 4 and (.5 is the leading

coefficient.

Since the function is of even degree and the leading

coefficient is positive, the end behaviour is:

as x — +/—x, y - +x,

f£) flx) = =3x° + 2 — 4x

The function is of degree 5 and —3 is the leading

coefficient.

Since the function is of odd degree and the leading

coefficient is negative, the end behaviour is:

as x — —®, y — 2 and as x —» x, y — ~x©

5. a) D: the graph extends from quadrant III to

quadrant [ and the y-intercept is 2

b) A: the graph extends from quadrant III to

quadrant IV

¢) E: the graph extends from quadrant II to

quadrant I and the y-intercept is ~5

d)-C:-the-graph extends from quadrant I to quadrant I

and the y-intercept is 0

e) F: the graph extends from quadrant II to

quadrant [V

f) B: the graph extends from quadrant III to

quadrant I -and the y-intercept is |

6. a) Answers may vary, but the function should be

an odd degree with a positive leading coefficient.

One example is f(x) = 2¢° + 5.

b) Answers may vary, but the function should be an

even degree with a positive leading coefficient.

One example is f(x) = 6x* + x — 4.

¢) Answers may vary, but the function should be an

even degree with a negative leading coefficient.

One example is f(x) = —x* — ¥ + 7.

d) Answers may vary, but the function should be an

odd degree with a negative leading coefficient.

One example is f(x) = —9¢° + x* — x* — 2.
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7. a) Answers may vary. For example:

)= st =

LY L oL
24 fl)=—x*+1

IV,
T 7

2

fx)=x*—23—2x2+8
/\y ] Lo .
14

12

Y

N X

¥
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b) Answers may vary. For example:

¢) Answers may vary. For example:

e) Answers may vary. For example:

f) Answers may vary. For example:

fix) = =x* +2x* + 4
MY

1 -4

8. An odd-degree polynomial can have only local
maximums and minimums because the y-value goes
to — = and o at each end of the function. Whereas

an even-degree polynomial can have absolute
maximums and minimums because it will go to either
— 2 at both ends or = at both ends of the function.

9. A polynomial of even degree cannot be
symmetrical with-respect-to-the-origin, since the end
behaviours must be the same. Therefore, f(x) is of
odd degree, meaning that the number of turning
points is even.

10. a) Answers may vary. For example:

flx) =x°

\yV
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b) Answers may vary. For example: b) Answers may vary. For example: f(x) = x*
flx) =x%—2x? :

ALY A
8- 1 e
61 . o 4\_ :
4- . B 224 I
2- IS ¢ —
M O A e ERRRR
~4 =3 -2 =] 23 4 :
2- =4+
4] e
-6 s
_a. co e
¢) Answers may. vary. For example:
¢} Answers may vary. For example: fxy=x*-1
flxy=x"—2*+1 1 — 7%
<y 84 d
8_

Y

d) Answers may vary. For example:
11.-a) Answers may vary. For example: flx)y=x*+ 2= 3x* - 8x — 4
flx) =x*+1 Y
Ky ’ 16
12
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e) Answers may vary. For example:
flx)=x*—52+4

Y

12. a) Answers may vary. For example:
1, 1 N
flx) = ZX4 - §x3 - 3x°

Y
16

=

|

1
and f(x) = Zx“ - —x’ = 3x?

=

b) the zeros of the function and the leading
coefficient of the function

13. a) In 1900, x = 0.

y = —0.1(0)* + 0.5(0)" + 0.4(0)* + 10(0) + 7
The population was 700.

b) Though the population will grow from the
original number, it will end up decreasing because
the leading coefficient is negative.
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14. a) False; answers may vary; for example,
f(x) = x* + x is not an even function.
b) true . ;
¢) False; answers may vary; for example,
f(x) = x* + 1 has no zeros.
d) False; answers may vary; for example,
f(x) = —x? has end behaviour opposite the
behaviour stated.
15. Answers may vary. For example: “What are
the turning points of the function?”, “What is the
leading coefficient of the function?”, and *““What are
the zeros of the function?” If the function has 0
turning points or an even number of turning points,
then it must extend to the opposite side of the
x-axis. If it has an odd number of turning points, it
must extend to the same side of the x-axis. If the
leading coefficient is known, it can be determined
exactly which quadrants the function extends
to/from and if the function has been vertically
stretched. If the zeros are known, it can be
determined if the function has been vertically
translated up -or.down.
16. a) Since fis an even function, f(x) = f(—x).
ax> + bx + ¢ =a(—xyY + b(—x) +¢
ax’> + bx + ¢ =ax> — bx + ¢
2bx =0
So, b = 0.
b) Since g is an odd function, —g(x) = g( —x) for
all real x.
—ax® — b —cx — d
=a(—x)  +b(—x) +c(—x)+d
—ax* —bx?—cx —d=—ax' + bx’ —cx +d
—bx*—d=bx"+d
Since the coefficient of x* and the constant on each
side must be equal, —b = band —d =d. Sob =0
and d = 0.

it

I. a) C: the graph has zeros of —1 and 3, and it
extends from quadrant Il to quadrant [

b) A: the graph has zeros of —1 and 3, and it
extends from quadrant II to quadrant I

¢) B: the graph has zeros of —1 and 3, and it
extends from quadrant Il to quadrant [V

d) D: the graph has zeros of — 1,0, 3, and 5,
and it extends from quadrant II to quadrant |



— 1) + 5)

3.a) f(x) = k(x + 1)}(x — 4)
flx) = 4(x + I)(x — 4)
flx) = =2(x + D(x — 4)

b)9=k(5+1)(5—4)

9 = k(6)(1)
.
2 3
fl) = S + (x — 4)
AY
8_
6

4. a) The zeros of the function are located at — 3, 2,
and 5.
y=a(x +3)(x - 2)(x — )
8=a(l +3)(1-2)(1-5)
=a(d)(—1)(-4)

3-8

= 16a
=.q

y =0.5(x +3)x —2}x — 5)
b) The zeros of the function are located at —1, 2,
and 4. Since x = —1 is a turning point, this factor
is squared.
y=a(x+ 1)} (x —2)(x — 4)
—12=a(l +1)*(1 - 2)(1 - 4)
—12 = a(2)*(—1)(=3)
~12 = 12a
—1l=a
y=—(x+ 12(x = 2)(x - 4)
5. Family 1: A, G, I
These functions have single zeros at 3 and —5.
Family 2: B, E
These functions have double zeros at 3 and single
zeros at — 5.
Family 3: C,F, H, K
These functions have single zeros at —6 and —8.
Family 4: D, I, L
These functions have double zeros at —3 and single
zeros at — 5.
6. a)

N~ 00

b)
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d)

e)

f)

7. Answers may vary. For example:
a)i)y = x(x + 3)(x — 2)
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TS e e
101
A B

DR RS DN S

d ,
—2p-
2]

Y >

4 -
30
2 =
lj
70
-101
_20..
N

40_

20

o ( 1\
iv)y = (x — 3) ,‘K +-2~)
y

60+
50-

304

104




b) No, all of the characteristics of the graphs are 3\ o
not unique because each equation belongs to a y=-(x+2lx- Z)(x =)
family of equations. : : : 2 3
8. Answers may vary. For example: y = g(x + 2)(x - Z)(x - 5)
a)y = (x +5)(x +3)(x — 2)(x — 4)
7 d) Answers may vary. For example: y = (x — 6)*
, 7
300+
200 -
100 : ;
X ' I
2 4 68 ——d 3
\ 5 20 2 4 6 8101214
—100+
~1001
Y.
y=2(x + 5)(x + 3)(x - 2)(x — 4) y =15(x — 6)*
y==5(x+5)(x+3)(x —2)(x — 4) y = —3(x - 6)°
b) Answers may vary. For example: 9.2a) y = 3x° — 48x
y = (X + Z)Z(X - 3)2 y = 3x(x2 _ 16)
Y y=3x(x + 4)(x — 4)
300+ The zeros are x = 0, —4, and 4.
The y-intercept is £(0) = 3(0)* — 48(0) = 0.
200+ The function is an odd degree, and the leading
coefficient is positive. So, the end behaviour is

190 X— —%,y— —x and as x — *, y - =,
X Y
300

EELVALEVER:

-100- 200
V
y = 100+ 2)2(x—3)? 100+
y =T7(x +2)*(x — 3)* X
¢) Answers may va3ry. For example: 863 ON3 T 3
y=(x+ 2)(x - Z)(" - 5)? 100/
i 5
300- y byy = xj + 4x* + 4x?
y =x*(x* + 4x + 4)
00- y = x*(x + 2)°
The zeros are x = 0, and —2.
The y-intercept is f(0) = 0* + 4(0)* + 4(0)* = 0.
00+ The function is an even degree, and the leading
X coefticient is positive. So, the end behaviour is
A AY e e XA/ Ey o
~100+
4
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10. Answers may vary. For example:
300 a)y = 25x" + 100 + 100x* — 25
EIZY
200+ 3004
TOO- oo
T T T "t T 1 3 100
-8-6-4-20 6 8
\ <
R RIS
cjy = =97+ 27x — 27 —100-
y = (x = 3)x?— 6x +9)
y=(x=3)x = 3)x = 3or (x ~3) b)y = —25x* — 100x* — 1502 + 100x
y = (0)" = 9(0) +27(0) — 27 .
y= =2 00]
The y-intercept is —27.
The function is an odd degree, and the leading ~ X
coefficient is positive. So, the end behaviour is 8 -6 —4 =2 4 6 8
X— —%x,y— —xandasx — *, y — %,
Xy =10
200+
._.20 .
100+
__30 .
{ 4
4 6 8 _l. s
, c)y=—x"+2x +—x" + 6x
VY=g 2
N A y
]2-
104
\ 3 .3 2 81
dyy =~ — 15¢" — 75x" — 125« 6
y = —x(x* + 15¢7 + 75¢ + 125) ) 4
y = —x(x + 5)(x* + 10x + 25) 1
y = —x(x+5) 8 X
The v-intercept is 0. 8-6-4— Y 4 6 8
The function is an even degree, and the leading
coefficient is negative. So, the end behaviour is 47
Xx—= +/—%n v —x®
Yy
100+
X

393168
~100

~200

— AN
VY

4 4
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dyy = —x*

/\y
8.. .
6_
4
] x
B VAP EP R S
—4
.—6_
.—8_
11. a) v
4004
300
200

100+ /\‘ :x

Ol /A 4 6 8101214
~1001 ;
~2004 o

-300
—400 -

b) The zeros are at x = 2,9, 12.
y = (x = 2)}x - 9)(x - 12)
¢) No, this is not likely to continue. The equation
y = (x = 2)(x — 9)(x — 12) only has 3 zeros, so
after year 12, the company’s profit will increase
forever. The function’s domain should be
{xeR|0 = x = 14}.
12. a) The zeros are at —2, —1, and 1.
y=(x+2)(x+ x—-1)
y=x'+2 —x -2
b) The zeros are at —4, —2, and .

y =ale+ 4+ 2)(x—-1)
—16=a(-3+4)}(~-3+2)}(~-3~-1)
=16 =a(l)(—1)(—4)
—1.6 = 4a

—04=—-—==uq

y=-5 - D)(x + 2)(x + 4)

13.a) f(x) = a(x + 3)(x + 5)
f(7) =a(7 + 3)(7 +3)
=720 = 120a
-6=a
flx) = —6(x + 3)}x +5)

3-12

b) f(x) = a(x + 2)(x = 3)(x — 4)
f(5) =a(5+2)(5-3)(5~-4)
28 = l4a
2=a
flx) = 2(x + 2)(x = 3)(x — 4)
14. f(x) = kx* =8 —x + 3k + 1

£(2) = 0, so
8k—32—-2+3k+1=0
11k = 33

k=3

The zeros are 3, —1, and 2.
flx) = GBx = 5)(x + D)(x = 2)
15. a) It has zeros at 2 and 4, and it has turning
points at 2, 3, and 4. It extends from quadrant I
to quadrant I.
b} It has zeros at —4 and 3, and it has turning
points at —3 and 3. It extends from quadrant III
to quadrant L
16.a) V(2) = 2(30 — 4)(20 — 4)

= 2(26)(16)

= 832 cm®
b) 1000 = x(30 ~ 2x)(20 — 2x)
Graph the left and right sides as separate functions
on a graphing calculator and solve.

Intepsection
¥=2.9289322 _Y=1000 .

e,

Intersection\
H#=g

2E i 21000
S DR ERS

The volume is 1000 when x = 2.93 0orx = 5.
So the dimensions are 2.93 cm by 24.14 cm by
14.14 cm or 5 cm by 20 cm by 10 cm.

[\

[ R e, | | [ ")

)
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V(x) > 0for0 << x < 10. The values of x are the
side lengths of squares that can be cut from the
sheet of cardboard to produce a box with positive
volume. Since the sheet of cardboard is 30 cm by
20 cm, the side lengths of a square cut from each
corner have to be less than 10 cm, or an entire edge
would be cut away, leaving nothing to fold up.

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

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

b) C: y = x* has been reflected in the v-axis,
vertically compressed by a factor of I, horizontally
translated | unit to the left, and vertically translated
1 unit down.

¢) A: y = x” has been vertically compressed by a
factor of 0.2, horizontally translated 4 units to the
right, and vertically translated 3 units down.

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

2.a) y = x*, vertical stretch by a factor of §

and vertical translation of 3 units up

b) y = x, vertical stretch by a factor of 3 and
vertical translation of 4 units down

¢) y = x°, horizontal compression by a factor of L
horizontal translation of § units to the left, and -
vertical translation of 7 units down

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

e)y = x?, reflection in the x-axis, vertical stretch by
a factor of 4.8, and horizontal translation 3 units right
iy = x*, vertical stretch by a factor of 2,
horizontal stretch by a factor ot 5, horizontal
translation of 7 units to the lefl, and vertical
translation of 4 units down

3.a) y = 1 has been translated 3 units to the left
and 4 units down.

y={(x+3) -4

b) y = x* has been reflected in the x-axis, vertically
stretched by a factor of 2, horizontally translated

4 units to the left, and vertically translated 5 units up.
v=-2(x+4"+5

Advanced Functions Solutions Manual

¢) y = x* has been vertically compressed by a factor
of 1, horizontally translated 1 unit to the right, and
vertically translated 2 units down.
y=ix-1)'=2

d) y = x* has been reflected in the x-axis, vertically
stretched by a factor of 2, horizontally translated

3 units to the right, and vertically translated 4 units
down.

y=-2(x—3) -4

4. a) y = x° has been vertically stretched by a factor
of 12, horizontally translated 9 units to the right,
and vertically translated 7 units down.

b) y = x° has been horizontally stretched by a
factor of &, horizontally translated | unit to the left,
and vertically translated 3 units up.

¢) y = x* has been vertically stretched by a factor of
2. reflected in the x-axis, horizontally translated

6 units to the right, and vertically translated 8 units
down.

d) y = x* has been horizontally translated 9 units to
the left. '

e) y = x" has been reflected in the x-axis, vertically
stretched by a factor of 2, retlected in the y-axis,
horizontally compressed by a factor of Y
horizontally translated 4 units to the right, and
vertically translated 5 units down.

f) y = x? has been horizontally stretched by a factor
of 1 and horizontally translated 10 units to the right.
3. a) Since the vertex is at (0, — 1), k = — L1,

o= 0

y=a(x—0) - 11

yo=ax’ — 11

Substitute (1, —3) to determine «.

-3 =a(l)y - 11
8=ua
y o= 8¢ — 11

y = x? was vertically stretched by a factor of 8 and
vertically translated 11 units down.
b) Since the vertex is at (0, 1.25), & = 1.25,h = 0.
Since the parabola opens downward, a is negative.
y=—a(x—0) + 125
y o= —ax’ + 1.25
Substitute (3, —3) to determiine a.

-5 =a(5)7 + 1.25

—6.25 = 25a
—-025 =ua
Iy e
y = ——x- + 1.25
’ 4

313



y = x* was reflected in the x-axis, vertically
compressed by a factor of 1, and vertically
translated 1.25 units up.

6.a)y = %(S(x +6)%)
(-w)—*(% + (~6), %y + 0)

(-1, _1)—’(_71 + (—6),%(—1) + 0)

11
(~1,—1)—>(-6§, ——2—>

0 1
(0,0) — (5 +(=6).5(0) + 0)
(0,0) — (—6,0)

(2,8) — (% + (~6),%(8) + 0)

3
(2,8)—><—35,4)
1 3
b) y = (*—2—)() +3

(5, y) > (=2x + 0,y +3)
(=1L, =1)> (=2(-1),~1 + 3)
(—1,-1)—> (2,2)
(0,0) - (—2(0),0 + 3)
(0,0) - (0, 3)
(2,8) > (—2(2).8 + 3)
(2,8) > (—4,11)
i

S

1
(x.y)—> (x + 4, —3y - ~2—>

~1 +4,-3(~1) ——21—>

(2.8) > (2 +4,-3(8) — %)

(
(
(0.0 (0+4,-3(0) - )
(
(
(

3-14

@y =5(ke) -2

(x,y)——»(7x + 0,-1%y ~ 2)
(1, —1)—><7(—1),11—0(~1) - 2)
(~-—1,—1)—>(—7,—2%>

(0,0) - (7 (0), %(0) - 2)
(0,0) - (0,-2)

2, 8)—>(7(2),1—10(8) - 2)

. 1
2, 8)—»(14,—1§>

e)y= - ~X)3+—1%
—x+0, - +fi>
(6 y) > —x+ 0, -y + 75
(LD (-Cn-Cn+ )

~(0), - (0) + ~9—)

(2.8) = —(2), ~(8) + i)

10
(2,8) <-2 —7i)
b _> s 10

Dy = (5 +97) -2

(x,y) > (Tx =4,y = 2)
(-1, -1) > (7(=1)-4, -1 — 2)
(=1, -1)—> (- 11, —8)

(0,0) — (7(0) — 4,0 — 2)

(0,0) > (—4, -7)

(2,8) = (7(2) — 4,8 — 2)

(2,8) — (10, 1)

7. Since the vertex is at (1, 3), Kk = 3, h = 1. Since

the parabola opens downward, ¢ is negative.
y=—a(x —1)"+3
y=—a(x—1)*+3
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Substitute {3, —61) to determine a.
-6l =a(5— 1) +3

—61 = 256a + 3
—64 = 256a
l —
2 =a
y = —l(x -1y +3
’ 4

2 2
8. (11, ———3> = (11 - 13,—3—<—j +13
37\ 2\ 3

< (~2,8)

(13, —13) = (13 —13,) = (0,0)

55 3/ .55
5 -=)=1{15-3,5 —=+ 13
(13, 3> (13 3,2< 3 1

=(2,-8)

9. The x-intercepts are the zeros of the function:

]

b

2ero

W24 =0
1
L

2er o

K=-2 Y=

The x-intercepts are at —2 and —4.

b)

.(
g
Zero z!

Rz ¥4

The x-intercept is at 4.

¢)
{
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The x-intercepts are at —3 and 1.
d)

—

[

There are no x-intercepts.

T

J

Zero
H=6.6H3326 Y=0

2era
H=8.318074  Y=0

The x-intercepts are at 6.68 and 9.32.

f) J{

k)

2ero 1
®=-3.857209 l¥=0

The x-intercept is at —3.86.

10. a) It will have one zero. If the function is set
equal to 0, there is only one solution for x.

b) It will have no zeros. If the function is set equal
to 0, there are no solutions for x because there is no
real number that can be raised to the fourth power
to produce a negative number.

¢) The function will have one zero if n is odd, and it
will have no zeros if n is even. This is because an
odd root of a negative number is one negative
number, and a negative number does not have any
even roots.

11. a) The reflection of the function y = x" in the
x-axis will be the same as its reflection in the y-axis
for odd values of n.

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



12. a) Vertical stretch and compression: y = ax® Reflection in the y-axis: y = (—x)°
vertical stretch e Iz
44 | original
function
x

N
T ] ki T T 7

-6-4-2P\2 4 6

reflectionlin
the y-axis

original fundtion 6

b) When using a table of values to sketch the graph

Horizontal stretch and compression: y = (kx)’ of a function, you may not select a large enough
horizontal compression range of values for the domain to produce an
67 accurate representation of the function.
A f; 13. Yes, you can. The zeros of the first function have
2l the same spacing between them as the zeros of the
P S— 3 second function. Also, the ratio of the distances of
~6-4<2f 2 4 6] the two curves above or below the x-axis at similar
F original funttion . ) .
/ Al distances between the zeros is always the same.
: &, Therefore. the two curves have the same general

- - \ shape, and one can be transformed into the other.
Vertical translatlon up or down: y = x" + ¢ 14. The graph of v = (x — 1)2(x + 1)* must be
vertical translapon 4P vertically stretched by a factor of 2 and vertically
translated | unit up to produce the graph of

y =2(x — 1)*(x + 1)*> + 1. The two graphs

are shown below.

y ={(x — 2{x + 1)?

*original funktion

N ; =2 - 2 + )2+ 1
Horizontal translation left or right: vy = (x — d) y = 2= et )

horizontal translation left ———t e 5
T 3210, 1 2 3
5 From the two graphs, it is apparent that the function
5 y =2(x — 1)’(x + 1)* + 1 does not intersect the
f‘,i T ,f x-axis and, therefore, does not have any roots.
/246 15. f(x) = —4(4(x + 3))* =5
_5 original funjction <_">(“4)< )(2)(,( * 3’) Tote
‘ v

Flx) =52 +3)2 + 1

o
3

Reflection inthe x-axis: y = —x°

6T Mid-Chapter Review, p. 161
44 Jreflectign ‘
| finthe x-gxis 1. a) Yes.
X b) No; it contains a rationai exponent.
6-4-20\2 4 6 ¢) Yes.
original d) No; it is a rational function.
function 2. a) Answers may vary. For example,

flx)y = x* + 2% — 8¢ + |
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b) Answers may vary. For example,
flx) =5x" —x* = T.

¢) Answers may vary. For example, f(x) = 7x® + 3.

d) Answers may vary. For example,
flx) = —2x% — dx* + 37 = 207 + 0.
3. a) Since it is an odd degree and has a negative
leading coefficient, the end behaviour is:
asx — —o, y—>>and as x - ©,y —> —%.
b} Since it is an even degree and has a positive
leading coefficient, the end behaviour is:
as x - Tx,y— o,
¢) Since it is an odd degree and has a positive
leading coefficient, the end behaviour is:
asx — —o, y— —and as x — x*, y — <.
d) Since it is an even degree and has a negative
leading coefficient, the end behaviour is:
asx — o y— —x,
4.a)3 —1=2->even
by6 —1=5—o0dd
¢)4 —1=3—>o0dd
d)5 -1 =4->even
5. Answers may vary. For example:
a)

20_){ .
X
b) 307
,,;2(}#
10
f Cx
c)
S X
N
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d)

76‘, Ay

i PN :
6. The end behaviours cannot be determined if k is
unknown because we must know the sign of the
leading coefficient to determine the end behaviour.
7. y=alx—2)(x +3)y(x~-5)

5000 = a(7 —2)(7 + 3)*(7 — 5)

5000 = a(5)(10)*(2)

5000 = 1000a

S=a
y =5(x —2)(x + 3)(x - 5)

8. a) reflection in the x-axis, vertical stretch by a
factor of 25, horizontal compression by a factor of
! horizontal translation 4 units to the left, vertical
translation 60 units down
b) vertical stretch by a factor of 8, horizontal stretch
by a factor of 3, vertical translation 43 units up
¢) reflection in the y-axis, horizontal compression
by a factor of {5, horizontal translation 2 units to the
right, vertical translation 13 units up
d) vertical compression by a factor of 5 reflection
in the y-axis, vertical translation | unit down
9. y = x> was reflected in the x-axis, vertically
stretched by a factor of 5, horizontally translated 4
units to the left, and vertically translated 2 units down.

1.a)i)

© — 14x? — 24x — 38

¥ — 2)xt — 16x3 + 4x2 + 10x — 11

O = 2)->xt +2¢ { \ {
—14x? + 4x°
~14x*(x — 2) > — l4x* + 28¢°
—24x* + 10x
—24x(x — 2) > —24x" + 48x
~38x — 11
~38(x — 2)— ~38x + 76
- 87

x? — 14x? — 24x — 38 remainder — 87
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i) x* — 20x* — 84x — 326
x4+ 4)t — 1603 4 4x? + 10x — 11

K+ -xt+d L 4 +
=20 + 4x?
=207 (x + 4) 5 =20 + 80x*
' 84x* + 10x
84x(x +4)  84x* + 336x
—326x — 11

=326(x +4) —326x — 1304

1293

x¥ — 20x? + 84x — 326 remainder 1293
iii) X —15x—11x — 1
x = Dxt — 1663 + 4¢2 + 10x — 11
A~ 1)y - L 1 1 i)

—15x% + 4x?
—15x%(x — 1) — —15x° + 15x?
—11x% + 10x
—1lx(x — 1) — —11¢? + 118x
—1x — 11
-1(x —1)— —1x + 1
-12

+v? = 15¢* — 1lx — I remainder —12

b) No, they are not, because for each division
problem there is a remainder.

a) degree of quotient: 2; degree of remainder: 1;
b) degree of quotient: 2; degree of remainder: 0;
¢) degree of quotient: {; degree of remainder: 3;
d) not possible

2. a) The degree of the quotient is 2 because
xtext =

b) The degree of the quotient is 2 because
=2l

¢) The degree of the quotient is | because
et = x

d) This is not possible because the degree of the
divisor is greater than the degree of the dividend.
3. a)

X —15x+6
2= 4t = 158 + 202 + 12¢ — 10
(¢ -4y ¢ — 4x° l ¥
—15x¢" + 6x% + 12x
—15x(x* —4) >  —15¢° + 60x
6x* — 48x — 10
6(x* — 4) — 6x* — 24
—48x + 14

x> — 15x + 6 remainder —48x + 14

3-18

b) -315 ~4 3 —4
I =15 57 -180
5 =19 .60 ..~184
5x* = 19x + 60 remainder — 184
¢) x—6

=+ 2+ D -7+ 2+ 9 + 0
(P -+ 2+ 1) - F+23 -1 |

- 6x’ + 10x + 0
-6 - +2x+1)> -6+ 62— 12x— 6
—6x> + 22x + 6

x — 6 remainder —6x*> + 22x + 6
d) Not possible
4.
2 — 11x + 41
x +3)2 = 52+ 8x + 4
2¢(x+3)2 + 62 L

—11x* + 8«

=1Lx(x + 3) =11 — 33«
41x + 4
41(x +3) 41x + 123

-119
(2x + 4)(3x* — 5x + 8) — 3 = 6x* — 10x? + 16x
+12% = 20x + 32 — 3
= 6x* + 12x% —~ 10x% — 4x + 29
3x + 1
20 + 0 + x — 4)6x* + 2x + 3¢ — 1lx — 9
(2 +x—4) > 6+ 0+ 33~ 120

20+ 0+ x—9
12 +x-4) - 20 +0xP+ x—4
-5
3¢ - 5x+ 4
X+ 2)3¢ + 2 — 6x + 16
3% (x +2)—> 3+ 6 L
-5x2 + 6x
—5x(x +2)—> —-5x% — 10x
4x + 16
4(x +2) 4x +8
3
Dividend Divisor | Quatient Remainder
23 —5x2 + 8x + 4 x+3 122~ 11x - 41| —-119
6" + 12 — 10x? — 4x + 29| 2x + 4 {3x}* = 5x + 8 -3
6x* + 2x° + 3x° — 11x - 9 3x+ 1123 +x—4 -5
3 + X2~ 6x + 16 x+2 3¢ -5x+ 4 8
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S.a) X4+ 14
¥ —4)3 4+ 02— 2x + 1
Sx-4)-y -4 L
4x* — 2x
4x(x —4) > 4x? - 16x
14x + 1
14(x —4)—14x — 56
+ 57
x2 + 4x + 14 remainder 57
b) -6
X4 20+ 2x2 — 6x + 1
2L O 3oL 0.2 ] |
A \,‘, H L} i A 1 L.t» W N
—6x + 1
—6(x +2)— —6x — 12
+ 13

x> — 6 remainder 13
c) 2+ 2x—3
2v + 1)2x3 4+ 5x2 —dx — 5

Cx+ -2+ 1 L

4y — 4x
2x(2v + 1) — 4x° + 2x
—6x — 35
-3(2x + 1)— —6x — 3
-2
x? + 2x — 3 remainder —2
d) X +3x -9
2+ Tt + 30 — 22 + Sx — 1
2+ 7) - + 7 L
3¢ — 9¢° + Sx
(P Ty 3+ 2l
—9x* — lox — 1
—9(x*+7)—> —9x? - 63
—16x + 62
4+ 3¢ — Y remainder — 16x + 62
e) x+1
V-2 — x4 Dt 4 0+ 6x2 — 8x + 12
L e e B T D S S
Led + 7 = 9x + 12
(= —x+1)— - xr - x+ 1
8x° — 8x + 11

6.a)3 |1 0 -7 -6
IL 3 9 6
1 3 2 0
X2 + 3x + 2 no remainder
bhi1j2 -7 -7 19
l L2 -5 -1
2 -5 12 7
2x* — 5x — 12 remainder 7
¢)-316 13 —-34 47 28
I —18 15 57 =30
6 -5 -19 10 -2
6x° — 5x% — 19x + 10 remainder —2

d)é 2 1 ~22 20
2
| 3 6 —24
2 4 —16 —4
+ 2 + 2 =2 =2
1 2 -8 -2
x* + 2x — 8 remainder —2
5 % 2 -6 59 9 -—18
i -6 31 -—45 18
12 —62 90 —-36 0
=2 =2 =72 =2

6 —31 45 —18
6x* — 31x? + 45x — 18 no remainder

f) 5 .
5 6 —-15 =2 5
\ 15 0 -5
6 0 -2 0

=2 =2

3 -1

3x> — | no remainder

7. a) Divisor: x + 10; Quotient: x* — 6x + 9;
Remainder: — 1

= (x +10)(xF —6x +9) — 1

=) —6x2 4 9x + 10x* — 60x + 90 — 1
= ' + 4% — 51x + 89

¥ + I remainder 8x> — 8x + 11

f)

xt+3

G+l 4 — 20+ 4t + 0+ 0x2 + 9x + 8

(Pt -2t O -2y

3t - - X+ 1lx+8

3ttt —2) >

3t +33+ 373+ 3 -6

—4x° — 4 + By + 14

.- - 1 R 2. 3 .
¥ + 3 remainder —4x° — 4x° + 8¢ + 14
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b) Divisor: 3x — 2; Quotient: x* + x — 12;

Remainder: 15

= Bx—-2)(x*+x—-12) + 15

= 3x* +3x? — 36x — 2x* - 2x + 24 + 15

= 3x* — 2x3 + 3x? — 38x + 39

¢) Divisor: 5Sx + 2; Quotient: x* + 4x* — 5x + 6;

Remainder: x — 2

=Bx+2)(x*+42 = 5c+6)+ (x —2)

= 5x* + 20x* — 25x* + 30x + 2x¢* + 8x?
- 10x+12+x—2

= 5x* +22x3 — 1742 + 21x + 10

Sx3+x?+ 3
Sx? — 14x + 42°
x + 3is.the divisor.

b) Dividend: 10x* — x? + 20x — 2;
Quotient: 10x* — 100x? + 999x — 9970;
Remainder: 99 698
In order to determine the divisor, we need to
determine:

10x* — x* + 20x — 2
10x — 100x% + 999x — 9970

x+10

10x? — 100x2 + 999x — 9970)10x* + Ox3 — x2+  20x — 2
x(10x* — 100x* + 999x — 9970) — 10x* — 100x* + 999x* — 9970x 1
100x* — 1000x* + 9990x — 2

10(10x* — 100x* + 999x — 9970) — 100x* — 1000x* + 9990x — 99 700
99 698

d) Divisor: x* + 7x — 2;
Quotient: x* + x* — 11x + 4:
Remainder: x> — x + 5
=+ Tx =2 + X7 — 11x + 4)
+ (x*—x +5)
=x0+ 7 — 1l + 42 + 7 + Tt = 77X
+28x — 2xt ~ 2P+ 22¢ 8+ xP—x+5
=x%+ 8¢ + 5x* — 13x* — 72x% + 49x — 3
8.a) 2x = 3)3x+5)+r=6x+x+5
6x°+10x —9x —15S+r=6x>+x+5
x> +x—15+r=6x>+x+5
r=6x>+x+5— (6x’+ x — 15)
r=20
b) (x +3)(x+5)+r=x>+9x -7
X +5x+3x+15+r=x2+9% —7
X2+ 8 +15+r=x2+9x -7
r=x>+9% -7 - (£ + 8 + 15)
r=x-—22
D+ -1 +r=x+3"~-x~-3
x4+ -3 +r=x+3x*—x-3
=X +3x2-x-3-(x*+32—x-3)
r=90
AP+ - +r=2"+2+x*+1
2%~ x4+ 2 1+ r=2+2+x*+1
r=20+2 +x2+1 - (2 +23 —x*—-1)
r=2u?+2
9. a) Dividend: 5x° + x* + 3;
Quotient: 5x? — 14x + 42: Remainder: — 123
In order to determine the divisor, we need to
determine:

3-20

x + 10 is the divisor.

¢) Dividend: x* + x* — 10x* — 1;

Quotient: x* — 3x2 + 2x — 8

In order to determine the divisor, we need to
determine:

-1 -1

=3+ 2x -8

x+4

2 =3+ 20 = 8 + x} ~ 107 + 0x — 1
x(FP -3+ 2 -8) - -3+ -8 |
4¢3 — 12x2 + 8x — 1

4 =32+ 2x — 8) —4x* — 12x* + 8x — 32
31

x + 4 is the divisor.
d) Dividend: x* + x2 + 7x — 7;
Quotient: x> + 3x + 13; Remainder: 19
In order to determine the divisor, we need to
determine:
X+ xP+ I -7
x}+3x + 13

x—2
A3+ 133+ 2+ Ix—7
(+3x+13)»x+3x"+13x |

-2~ 6x — 7
—2(x* + 3x + 13) > —2x* — 6x — 26
19

x — 2 is the divisor.
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10.a) -5 | 1 6 -1 -30
’ l -5 =5 30
1 1 -6 0

x + S is a factor since there is no remainder.
by -2 1 0 -5 0 4
V=2 4 2 -4

1 -2 -1 2 0
x + 2 is a factor since there is no remainder.

¢2i1 0 =5 0 6
l I 2 4 -2 -4
1 2 -1 =2 2
x — 2 is not a factor since there is a remainder of 2.
) 1 2 ~-1 -4 2 1
2
l 1 0 —-2-0
2 0 -4 0 1
2x — 1 is not a factor since there is a remainder of 1.
e} S
~3 3 5.0 0 9 17 -1
l -5 0 0 0 -15 —l,?
3 0 0 0 9 2 —-13—3
3x + 5 is not a factor since there is a remainder of — .
01 5 -1 0 10 -10
5
! 1 0 0 2
5 0 0 10 ~8
S5x — 1 is not a factor since there is a remainder
of —8.
11. V = €wh

e+ 1lx+6=(x+2)(x+3)h

O+ 6+ 1l + 6
(x +2)(x + 3) -

P+ 6xt+1lx +6
¥ +5x+6 -

h

h

x+1

X2+ 5x + 603+ 6x2 + 1lx + 6
x(Z +5x+6)x +5 + 66
IxX* +5x + 6

1(x* +5x+6) x> +5x+ 6

0

The height of the box is (x + 1) cm.
12. a) Using synthetic division, the problem
looks like:
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~-p —~5

I -4 -3 5

8 6 X 0
In order for there to be no remainder, x must be
—10 because —~%(—10) = 5.
So, —p — 3 =—10.

1
- g8 10
2

_.p_—__7
p=17
To check this:
1
-= t 8 10 -7 =5
i

l ! -4 -3 5
8 6 -—10 0
b) Using long division, the problem looks like:

=2

X2+ 1)x6 — 06 + x* + 03 — 2x2 + Ox + k

1)+ 00 + 1t 1 )

NS

0 + 0 - 2% +0x + k

-2 +1)> -2 +0x -2
5
So,k+2=5
k=23

13. Using synthetic division and filling in what
we know or can simply figure out, the problem
locks like:

111 p -1 =2
{1 3 2
1 3 2 0

So,p+1=23.

p =2

To check this:

1{1 2 -1 -2

1 3 2

1 3 2 0

14. Yes, f(x) is always divisible by x — 1.
Regardless of the value of n, f(x) = x" — 1 can
always be written as
flx)=x"+0""'"+0x" "+ ... 0x— L
Therefore, the same pattern continues when
dividing x" — 1 by x — 1, regardless of how large
n is, and there is never a remainder.

15.2) (x — ) +x—6) +7
xP+xt—6x —4x? —4x +24 + 7

x* = 3x? — 10x + 31

So, f(x) = (x* — 3x* — 10x + 31) = (x — 4)
(x* + x — 6) remainder 7
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byx’+x—6
(x +3)(x —2)
So, flx) = (x* — 3x? — 10x + 31) = (x — 4)
(x + 3)(x — 2) remainder 7

C) v

16.31 2 3 -25 -7 -14
6 27 6 -3
29 2 -1
; .
Coefficients of quotient Remainder

I ~~ I
263 +9x2 +2x—1
23+ 92+ 2x — 1
X — 3)2x + 3¢3 — 252 — Tx — 14

20 = 3) 5 2 - 6

9! — 2547
9xi(x — 3) 5 9 — 27x°
2 — Ix
2e(x — 3) 5 2x* — 6x
—1lx— 14
—1(x—3)5 —1x + 3
—-17
17. V = wr’h

dmx’ + 287x” + 65mx + 507 = 7wri(x + 2)
(40’ + 28¢7 + 65x + 50) = #ri(x + 2)
4t + 28" + 65x +50
x+2 -
214 28 65 50
! -8 —40 -50
4 20 25 0
4¢* + 20x + 25 = r*
Vdx? + 20x + 25

r o= 2x + S5cm

f

r

3-22

18. a) 2+ xy + y2
X2 = y2)xt + 3y + 0xy? — xyd — y4

(P —y?) > ot — xyrd {
Oy + A - xy
o P ~ x)*
Ky —_
yz(xz - yz)_) Xz}fz - )14
0
b) x> = 2xy +y?
X2+ y2)pi — 203y + 2x2y? — 2xyd + y*
2 (? + yH - X! + Xzy2 1 A
-2 + x°yF = 2xy?
—2xy(x* + y?) - -2y - 2xy’
e +
Y2+ ) - Xy +y
19. 0
2+ xy + y2
x = y)xd — 0x2y + Oxy? + y3
(x=-y)—> =Xy V l
X’y + 0x%y?
W -y- Py
PR
Y= y) - ey -y

0
x — yis a factor because there is no remainder.

20. g(x)(x +5) < f(x)
[q(x) + 1}(x +5) = q(x)(x + 5) + (x +5),
which is greater than

flx) = q(x)(x +5) + (x +3).
The first multiple of (x + 5) that is greater than

flx)is{g(x) + 1](x +5).
3.6 Factoring Polynomials, pp. 176-177

La)i) f(2) = 2* + 5(2)° + 3(2)2 - 7(2) + 10
=16 + 40 + 12 ~ 14 + 10

= 64
i) f(—4) = (—4)* + 5(—4)" + 3(-4)
~7(=4) + 10
= 256 — 320 + 48 + 28 + 10

=22

i) f(1) = 1* + 5(1)* + 3(1)* = 7(1) + 10
=1+5+3-7+10
=12
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b) No, according to the factor theorem, x — a is
a factor of f(x) if and only if f(a) = 0.
2.a) f(1) = 1" — 15(1)° + 2(1)* + 12(1) — 10
=1-15+2+12-10
= 10
x — 11is not a factor of f(x) because there is a
remainder.
b) g(1) = 5(1)° —4(1)> +3(1) — 4
=5-4+3-4
=
x — 1is a factor of g(x) because there is not a
remainder.
c) h(l) = 1" = 7(1)> +2(1) + 9(1)
=1-7+2+9
=5
x — 1is not a factor of h(x) because there is a
remainder.
d)yj(1y=1 -1
=1-1
=9
x — 1is a factor of j(x) because there is not a remainder.
3. flxy=x*+22—-5¢—6

f(=1) = (=1 + 2(= 17 = 5(—1) = 6
=—-1+2+5-6
=0
x + 1 is a factor.
~11 1 2 =5 -6
-1 -1 6
1 1 -6 0

=(x+ I)(x?+x —6)
= (x + L} x + 3)x —2)
4.a)f(-2)= (=2 +7(-2)+9
=4-14+9
= -1
b) f(—=2) = 6(—=2) + 19(=2)" + 11(~2) — 11
= —48 + 76 — 22 - 11

= -5
O f(=2) = (=2)' —5(-2) +4
=16-20+4
=0
d) f(-2) = (=2)" = 2(=2) — 11(—-2)
+10(=2) - 2
=16+ 16 — 44 — 20 — 2
= 34

e) f(—2) = (—2)* + 3(=2)2 = 10(=2) + 6
= -8+ 12+20+6
=30
0 f(—=2) =4(=2)" + 12(-2)" = 13(-2)°
—33(-2) + 18
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=64 — 96 — 52 + 66 + 18

=0
5.a)5
— — .__2 =y
5 2 5 5
b 5 0 -5
2 0 -2 0

2x — 5 is a factor because there is no remainder.
b) 5

3 2 =3 =2
i 15 95 415
2 4 8
3 19 83 399
2 4 8
2x — 5 1is not a factor because there is a remainder.
¢} 5 N
5 2 -7 ~13 63 ~—45
2 5 -5 —45 45
2 -2 -—18 18 0

2v — 5is a factor because there is no remainder.

d) 5
16 1 -7 -1 1
2
165 815
15 40 —
b 2 4
6 16 33 o0 52
2 4

2x — 5 is not a factor because there is a remainder.
6.a) x> — 3x> — 10x + 24
f(2) =28 = 3(2)° — 10(2) + 24
=8~ 12-20+ 24
=)
x — 21s a factor.

20t -3 -10 24
{ 2 -2 =24
1 -1 —12 0

= (x = 2)(x* — x — 12)
= (x = 2)(x —4)(x + 3)
b) 4’ + 12¢7 —x ~ 15
f(1y =4(1) +12(1)* =1 - 135
=4+12-1-15
=0
x — 1 is a factor.
114 12 -1
4 16 15
4 16 15 0
= (x — 1)(4c? + 16x + 13)
= (x — D)(4x? + 10x + 6x + 13)
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= (x — 1)(2x(2x + 5) + 3(2x + 5))
= (x - 1)2x +3)(2x +5)
c) x* + 8x3 + 4x* — 48x
x(x* + 8x? + 4x — 48)
For (x* + 8x* + 4x — 48)
f(2) =2+ 8(2)* + 4(2) — 48
=8+ 32+ 8 —48
=0
x — 2 is a factor.
211 8 4 -—48
l 2 20 48
1 10 24 0
=x(x = 2)(x* + 10x + 24)
=x(x —2}x + 4)(x + 6)
d) 4x* + 7x* — 80x? — 21x + 270
f(=2) =4(=2)* + 7(=2) — 80(—-2)°
- 21(-2) + 270
=64 — 56 — 320 + 42 + 270
=0
x + 2 is a factor.
-2 4 7 -8 -21 270
l -8 2 156 =270
4 -1 -—=78 135 0
= (x + 2)(4x* — x* — 78x + 135)
For (4x* — x? — 78x + 135)
f(3) = 4(3)> — (3)* — 78(3) + 135
=108 - 9 — 234 + 135
=0
x — 3is a factor.
314 ~1 -78 135
! 12 33 -135
4 11 —45 0
= (x + 2)(x — 3)(4x> + 11x — 45)
= (x + 2)(x — 3)(4x? + 20x — 9x — 45)
= (x+ 2)x — 3)(4x(x +5) — 9(x + 5))
= (x + 2)(x + 5)((4x — 9)(x — 3))
e) x’ — Sx* — 7x* + 29x% + 30x
x(x* = 5x* = 7x* + 29x + 30)
For (x* — 5x* — 7x* + 29x + 30)
f(=1) = (1) = 5(=1) = 7(~1)

+29(—1) + 30
—14+5-7-29+30
=0

x + lisa factor.

-1{1 -5 =7 29 30
Vo—-1 6 1 -30
1 -6 -1 30 0

=x(x + 1)(x* — 6x? — x + 30)

3-24

For (x* — 6x? — x + 30)
f(3)=3*-6(3))-3+30
=27 -54-3+30
=0
x — 3 is a factor.
311 -6 -1 30
l 3 -9 =30
1 -3 =10 0
=x(x + 1)(x — 3)(x* = 3x — 10)
=x(x +2)(x + 1)(x = 3)(x —95)
£) x* + 2x> — 23x% — 24x + 144
f(3) = 3* + 2(3)* — 23(3)* - 24(3) + 144
=81 +54-207 —72+ 144
=0
x — 3 is a factor.
311 2 =23 =24 144
l 3 15 =24 -144
1 5 -8 —48 0
= (x — 3)(x* + 5x* — 8x — 48)
For x> + 5x* — 8x — 48
f(=4) = (—4) + 5(-4)" — 8(—4) — 48
= —64 + 80 + 32 — 48
=0
x + 4 is a factor.
-4 11 5 -8 —48
l -4 -4 48
1 1 -12 0
(x = 3)x + 4)(x* + x — 12)
= (x = 3)(x = 3)x +4)(x+ 4)
7.a) x> + 9x* + 8x — 60
f(2) =2 +9(2)* + 8(2) — 60
=8 +36+ 16 — 60
=0
211 9 8 —60
l 2 22 60
1 11 30 0
= (x — 2)(x? + 11x + 30)
=(x - 2)x +5)(x +6)

byx>-7x -6

f(-1)= (-1 -7(-1) -6
=-14+7-6
=0

x + 11is a factor.

-111 0 -7 -6
| 1 6
1 -1 -6 0

= (x+ 1)(x* — x — 6)

=(x+ D(x-3)x+2)
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c)xt—5Sx?+4
= (¢ - 1) - 4)
= (x + D(x - I)}{x—2)(x +2)
d) x* + 3x° — 38x? + 24x + 64
f(2) = 2% + 3(2)° - 38(2)* + 24(2) + 64
=16 +24 — 152 + 48 + 64
=0
x — 2 is a factor.
211 3 =38 24 64
2 10 -56 —64
1 5 -28 -—-32 0
= (x — 2)(x’ + 5x* — 28x — 32)
For x* + 5x* — 28x — 32
f(—1) = (-1 +5(—1)" —28(—1) — 32
=~-1+5+28~-32
= ()
x + 1is a factor.
-1} 1 5 -28 =32
l -1 -4 32
1 4 =32 0
= (x — 2)(x + 1)}(x* + 4x — 32)
= (x = 2)(x + 1)(x + 8)(x — 4)
ey’ —xP+x—1
-1+ 1(x—1)
(x — D(x*+ 1)
D~ 2t -+ x -1
A =P -1 +2(1)Y =21 +1 -1
=1 -1+2-2+1-1
=0
x — 1 1is a factor.
ryr -1 2 -2 1 =1
! 1 0 20 1
1 0 2 0 1 0
= (x — D + 22 + 1)
= (x — 1)(* + I)(x* + 1)
8. a)

f
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b)

c)

d) 1

Lo

e)
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404
30+
204
10-

=

“A10-
f201
_.30..
—40-

A

9.-Using synthetic division and filling in everything

we know or can figure by working backwards, we get:

1

S 12 k-1 -6
! 6 13 6
12 26 12 0

So, k + 6 =26

k=120
10. Using synthetic division for both divisors and
remainders, we get:

1| a -1 2 b
l a —-1l+a 1+a
a —1+a 1+a 10

So.b+1+a=10

at+b=9

and

2] a -1 2 b
l 2a —2 + 4a 8a
a —1+2a 4a 51

So,8a + b = 51

Solve the system of equations to determine a and b.
a+b=9

—{(8a + b =51)

—T7a = —42
a=2=6
6+b=9
b=3

11. For x" — a”, if n is even, they’re both factors.
If nis odd, only (x — a) is a factor. For x" + a”,
if n is even, neither is a factor. 1f n is odd, -only
(x + a) is a factor.

12. Using synthetic division for both divisors and
remainders, we get:

2 la -1 b =24
l 20 —2 + 4a 24
a —1+2a 12 0
3-26

So,b + (=2 + 4a) = 12

4a + b =14
and
-4 1 a -1 b -24
l —4a 4+ 16a 24
a -1~ 4a -6 0
So,4+ 16a + b= —6
l16a + b = —10

Solve the system of equations to determine a and b.
4a + b = 14
—(16a + b = —10)

—12a = 24

a= -2
4(-2)+b =14
b =22

flx) = =2 — X + 22x — 24
Two factors are x — 2 and x + 4, so f(x) is
divisible by (x — 2)(x + 4) = x> + 2x — 8.
-2x + 3
X+ 2x —8)-2 — K+ 22x - 24
—2x* — 4x + 16x
3x? + 6x — 24
3x* + 6x — 24
The other factor is —2x + 3.

13. Using synthetic division for both divisors and
remainders, we get:

=211 4 k -4
l -2 -4 -2k+8
1 2 k-4 2r
So, —2k +8 —4=2r
~2k —2r=—4
and
211 4 k —4
ll 2 12 2k + 24
1 6 k+12 r
So,2k +24 —4=r
2k —r=-20

Solve the system of equations to determine a and b.
~2k = 2r=—4

2/( - r 3_1_29
—-3r=—-24
r=328
2(ky — 8= -20
k= —6
14. x* — a*
— (- @)

= (x* + a®)(x + a)(x — a)
x — ais a factor of x* — a™.
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15. Answers may vary. For example:
If f(x) = k(x — a), then
fla) = k(a — a) = k(0) = 0.
16.x> —x—2=(x +1)(x —2)
Check that both of these factors work for
x> — 6x° + 3x + 10 using the factor theorem.
f(=1) = (=1 = 6(—1) +3(—1) + 10
=-1-6-3+10
=0
f(2) = (2 = 6(2) +3(2) + 10
=8-24+6+ 10
=0
17. Let f(x) = (x + a)’ + (x + ¢)" + (a ~ ¢)".

v + ais a factor of f(x) if and only if f(—a) = 0.

fl(—a)=(—a+a)y + (—a+cy+(a—c)
=0+ [~1(a—c) + (a— c)?
=—(a—c¢) )+ (a —c)
= ()

So x + a is a factor of

(x +a) + (x +¢) + (a—c)

1. Let f(x) = X + b°
f(—=b) =0,s0 (x + b) is a factor.
(4 b+ (x + b) = (x? = bx + b?)
b= (v + b)Y x? = bx + bY)
2.a)x" — 64
= (x)' = (4)
= (x — 4)(x* + 4x + 16)
b) x* — 125
(x)* = (5)°
(x = 5)(x* + 5x +25)

(1) + (2)
= (x + 2)(x* — 2x +4)
d) 8x° — 27
= 20’ - (3)
= (2x — 3)(4x* + 6x +9)
e) 64’ — 125

= (4¢)* — (5)°
= (4x — 5)(16:7 + 20x + 25)
v+ 1

= (x)' + (1)

=(x+ D —x+1)

g) 27" + 8

= (3x)' + (2)

= (3x + 2)(9x¢* — 6x + 4)
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h) 1000x° + 729

= (10x)* + (9)°

= (10x + 9)(100x* — 90x + 81)
i)216x* — 8

= (6x)* ~ (2)°

= (6x — 2)(36x* + 12x + 4)
=8(3x — 1)(9¢* + 3x + 1)

3. a) 64x° + 27y°

= (4x)* + (3y)’

(4x + 3y)(16x> — 12xy + 9y7)
—3x* + 24x

—3x(x* - 8)

—3x((x)" = (2))

= (=3x)(x — 2)(x* + 2 + 4)
¢) (x +3) = (2x + 1)°

= ((x +35)— 2x+1)

i

b

—

I

i

X ((x + 5 + (x +5)2x + 1) + (2x + 1)?)

= (4 — x)(x> + 10x + 25 + 2° + 1y
+5 44 +40+ 1)

= (4 — x)(7x* + 25x + 31)

d) x® + 64

= () + (4)°

= (x? + 4)(x* — 47 + 16)

4.a)x’ — 343

= (x)' = (7)

= (x — 7)(x* + 7x + 49)

b) 216x* — 1

= (6x)' — (1)

= (6x — 1)(36x" + 6x + 1)

¢) x* + 1000

= (x)’ + (10)°

= (x + 10)(x* — 10x + 100)

d) 125x° — 512

= (5x)" = (8)°

= (5x — 8)(25x* + 40x + 64)

e) 64x* — 1331

= (4x)' — (11)°

= (4x — L1)(16x7 + 44x + 121)

f) 343x* + 27

= (Tx) + 3y

= (7x + 3)(49x° — 21x +9)

g) S12x° + 1

= (8x)' + (8)°

= (8x + 1)(64x* — 8x + 1)

h) 1331¢° + 1728

= (11x)* + (12)°

= (1lx + 12)(121x* — 132x + 144)
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i) 512 — 1331x°

= (8) - (11x)’

= (8 — 11x)(64 + 88x + 121x?%) -
=83x — 1)(9x* + 3x + 1)

1 8
5.a) —x} — ——
) 3% T s

1 3 23
-(5) - (3)
_<lx_2><lxz+i +i>

T ACE T

b) —432x° — 128x?

= (—~16x*)(27<* + 8)

(—=82)((3x)’ + (2)%)

= —16x°(3x + 2)(9x> — 6x + 4)

¢) (x — 3) + (3x —2)°

=(x—3+3x—2)
X ((x —3) = (x —3)3x —2) + (3x — 2)%)

= (4x — 5)((x* — 6x + 9) — (3x* — 11lx + 6)
+ (9x? — 12x¢ + 4))

= (dx — ST —Tx + 7)

=T7(4x — 5)(x* —x + 1)

1

1 9
d) g5 = 512

()~
I

= <G(>x - (2)3)(81?6 +x* + 64)

= Gr - 2)(;1‘-,8 +x + 4)(5% +x + 64)

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

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

7,10+ 12°

= (1 + 12)(17 = (1)(12) + 12%)

= (1 + 12)(1 ~ 12 + 144)

= (13)(133)

= 1729

9 + 10°

= (9 + 10)(9* — (9)(10) + 10%)

= (9 + 10)(81 — 90 + 100)

= (19)(91)

= 1729
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8.x° +y°
= 18 4 2x9y9 + y18
- (xls + y18) + 2x9y9
— (xé + yé)(xlz _ X6y"6 + y12) + 2x9y9~
— (XZ + yZ)(x4 - nyZ + y4)(x12 . x6y6 + yIZ)
+ 2x9y9
9. Answers may vary. For example, this statement is
true because a® — b* is the same as a* + (—b)>.
10. a) A taxicab number (TN) is the smallest number
that can be expressed as a sum of two positive cubes
in n distinct ways.
b) Yes;
IN())=2=1+1°
TNQ2) =1729 = 1* + 12°
=9+ 10°
TN(3) = 87539319
= 167° + 436°
= 228" + 423’
= 255° + 414°
TN(4) = 6 963 472 309 248
= 24217 + 19 083*
= 5436° + 18 948
= 10200° + 18 072}
= 13322% + 16 630°
TN(5) = 48988 659 276 962 496
= 38787 + 365757°
= 107 839* + 362 753°
= 205292 + 342 952°
= 221 424° + 336 588°
= 231 518" + 331 954°
TN(6) = 24 153 319 581 254 312 065 344
= 582 162* + 28 906 206°
= 3064 173 + 28 894 806°
= 8519 281° + 28 657 487°
= 16218 068 + 27 093 208"
= 17 492 496° + 26 590 452°
= 18289 9223 + 26224 366°

Chapter Review, pp. 184-18:
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2. Since it is of odd degree and the leading
coefticient is positive, the end behaviour is:
asx— —x,y—>xandasx - x,y—> —®%,

3. a) Thereé are 2 turning points which means
that the degree is 2 + 1 or 3. Based on the end

behaviour of the function, which is as x — — =,

y — — % and as x — %, y — %, the leading
coefficient is positive.

b) There are 3 turning points which means that the
degree is 3 + 1 or 4. Based on the end behaviour of
the function which is x — *, y — = the leading

coefficient is positive.

4. a) Answers may vary. For example,
flx) = (x + 3)(x = 6)(x — 4),

flx) = 10(x + 3)(x — 6){x — 4), and
flx) = —4(x + 3)(x — 6)(x — 4).

b) Answers may vary. For example,
fx) = (x = S)(x + L)(x + 2),

flx) = —6(x — S){(x + 1)(x + 2),and
flx) = 9(x — S){(x + 1)(x + 2).

¢) Answers may vary. For example,

fle) = (e + Tx = 2)(x = 3),
flx) = i(\: + 7)}x — 2)(x — 3), and
flxy =3(x + 7)(x — 2)(x = 3).

d) Answers may vary. For example,
flx) = (x — (x + 5)(x + 4),
flxy =7(x ~ 9)(x + 5)(x + 4),and

flx) = —%(.r ~ 9)(x + 3)(x + 4).

5. a) Answers may vary. For example,

flo) = (x + 6)(x = 2)(x — 5)(x = 8),

flx)y = 2(x + 6)(x — 2}x — 5)x — 8), and
flx) = —8(x + 6)(x — 2)(x = 5)(x — 8).
b) Answers may vary. For example,

f(x) = (x = 4)(x + 8)(x = D)(x — 2).
flx) = 3(.( = 4)(x + 8)(x — 1)(x — 2),and
flx) = ~12(x — 4)(x + 8)(x = 1 )}(x — 2).
¢) Answers may vary. For example,

fle) = x(x + D)(x — 9)(x — 10),

flx) = Sx(x + 1)(x — 9)(x — 10), and

flx) = =3x(x + 1)}{x — 9)(x — 10).

d) Answers may vary. For example,

flx) = (x + 3)(x = 3)(x + 6)(x — 6).

flx) = ?;—(X + 3)x — 3)(x + 6)(x — 6), and

flx) = —10(x + 3)(x = 3)(x + 6)(x — 6).
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6. The zeros are 3, —2, and —5. The function is a
cubic with a positive leading coefficient (1).

Y A
40 :

T.y =a(x — 1}{x+ 1)(x+2)
-6 =a(0— )0+ )0+ 2)
—6=—-2a

3=a

y =3~ Ij(x + D)(x + 2)

i

8.a)y = «? has been reflected in the x-axis,
vertically stretched by a factor of 2, horizontally
translated | unit to the right, and vertically
translated 23 units up.

b) y = x* has been horizontally stretched by a
factor of {3, horizontally translated 9 units to the
left, and vertically transtated 14 units down.

¢) v = x* has been horizontally translated 4 units to
the right.

d) v = x* has been horizontally translated 2 units

to the left.

e) v = x” has been vertically stretched by a factor of
40, reflected in the y-axis, horizontally compressed
by a factor of 4, horizontally translated 10 units to
the right, and vertically translated 9 units up.
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9.a)y = 25(%@ - 3))3

Answers may vary, For example:
x=-2

3

y = 25(%((—2) - 3)> = 25(—6)3 = — 5400
x =3

6 3
y = 25(5(3 - 3)) =250 =0
x =28

6 : 3
y = 25(;(8 - 3)> = 25(6)° = 5400
(—2, —5400), (3, 0), and (8, 5400)

3
b)y = —(%_r) - 19

Answers may vary. For example:
x=-7

y = —G(~7)>‘ ~19=1-19=-18

xr=0

1 3
y = —(;(0)) —19=0-19=~19
x =17

y

—(%(7))' ~19=—1-19 = =20
(=7.—18), (0. —19), and (7, —20)
¢y = %(—(x +5)) + 16

Answers may vary. For example:
x= -6

6 6 182

=—(—(-6+35)y +16=—+16=——

TR ) 11 11
x=-5

6 s
y = H(—(—S +35)" +16 =0+ 16 = 16
x = -4

6 70

6
= (= (4 + 5 +16=~—+16=—
y =l ) UM

182 170
— ——— — 1 p; _4 -
< 6, 11),( 5, 6),and( ,11)

1 3
dyy = 100<5x> + 14

Answers may vary. For example:
x= -2

3-30

3
(—2)) +14=—-100 + 14 = —86

N | —

y = 100(
x =10
/1 3
y = 100(5(0)) +14=0+14 =14
x =72
1 3
y = 100(7(2)) + 14 = 100 + 14 = 114

(—2,—86), (0, 14), and (2, 1 14)
e)y=—(x)*—45

Answers may vary. For example:

x = -1
y=—(—1P—-45=1-45=—44
0

—(0)* —45 =0 — 45 = —45

1

=— (1)) —-45=—-1—-45= —46
(—1, —44), (0, —45), and (1, —46)

f) y = (——179(,( - 12)>' +6

Answers may vary. For example:

I
i

x=195

10 3 )
y = -7-(5—- [2)}] + 6 = 1000 + 6
x =12

3

yz(-}:?(ll-— 12)) +6=0+6=6
x = 1\9 '

y = (-179(19 - 12)>) +6 = —1000 + 6 = —994
(5, 1006), (12, 6), and (19, —994)

10. a) 2 = 5x + 28
¥+ 523+ 5 +3x— 4
23 (x+5)—> 2+ 10 L i

—5x* + 3x

—5Sx(x +5)—» —5¢ - 25«
28t — 4
28(x +5) — 28x + 140

— 144
2x* — 5x + 28 remainder — 144
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b) X+ 4x + 5 12. a) Divisor: x — 9; Quotient: 2x* + 1ix — &
X2 — 84 + 4¢3 — 3x2 — 6x — 7 Remainder: 3
- 8) L i —82 1 = (x]— 9)(2.;(2 + 1Ly — 82 +3
mz 6 = 2x; + 11{* ~ 8¢ — 18" —99x + 72 + 3
, N =2x’ — Tx* — 107x + 75
Ar(x” = 8) - 4 L 32x b) Divisor: 4x + 3; Quotient: x> — 2x + 7;
Sxt 4266 — 7 Remainder: —4

52 -8)5 5x° - 40 = (4x +3) (P~ 20 +7)— 4

26x + 33 =4x* — 8 + 28 + 3P —6r +21 — 4

x> + 4x + 5 remainder 26x + 33

=4x* + 3¢t — 8x? + 22x + 17

2 - 6

X4+ 32 + 3r — 3)2xt 4+ 0x% — 202 + 3¢ — 16

20 (Xt +3x2 +3x — 3) 5 2¢* + 6x° + 6xF — b )
—6x’ — 8+ 9x — 16

—6(x  + 3% +3r —3) 5 —6 — 18 — 18x + 18
10x* + 27x — 34

c)

2x — 6 remainder 10x> + 27x — 34
d)

x— 4

A A4 - x =3+ 0t -8+ 02— Tx — 6

et +dd +al —x—3) L P+t + 40— -3¢ |

—4xt — 1207 +

X —4x — 6

—4(XF A + 4 - x - 3) L —4xt - 16 — 162 + dx + 12

4 + 17x* — 8¢ — 18

x — 4 remainder 4x* + 17x? — 8x — 18

it.a) -2|2 5 -1 =5
L -4 -2 6
2 I -3 1
(x + 2)(2x° + x — 3) remainder |
b) -213 13 17 3
l -6 -14 -6
3 7 3 -3

(x + 2)(3x* + 7x + 3) remainder —3

2 5 —16 —-45 18

L -4 -2 36 18
2 I —18 -9 0

¢) -2

(x + 2)(2¢" + x* — 18x — 9) remainder 0

d) -2|2 4 -5 —4
I —4 0 10
2 0 -5 6

(x + 2)(2x* — 5) remainder 6
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¢) Divisor: 3x — 4; Quotient: x* + 6x° — 6x — 7;
Remainder: 5
= Bx—4)x*+6xP—6x—-7)+5
= 3x* + 18x7 — I8¢ — 21lx — 4x' — 24" +

24v + 28 + 5
= 3x* + 14x — 42¢° + 3x + 33
d) Divisor: 3x* + x — 5;
Quotient: x* — 4x’ + 9x — 3; Remainder: 2x — 1
=@l +r-5) (-4 + 9% -3)+ 2¢ - 1)
= (3x% — 126" + 27¢} — 97 + x7 — 4t + 9x7 -

3x — Sxt 4+ 206 —45x + 15) + (2x — 1)
= 3x® — 11x° — O + 47x° — 461 + 14
13.f(—2) = (=2) + 2(—=2)’ = 6(—2) + 1

=-8+8+12+1
=13
14.a)x* — 5S¢ —22¢ — 16
f=1) = (1) = 5(=1) = 22(~1) - 16
=—-]-5+22-~16
=0

x + 11is a factor.
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-1{1 -5 =22 -16
I -1 6 16
1 -6 -—-16 0
= (x + 1)(x* — 6x — 16)
= (x + I)(x —8){x + 2)
b) 2x* + x* — 27x — 36
f(4) =2(4)° + (4)* - 27(4) — 36
=128 + 16 — 108 ~ 36
=0
x — 4 is a factor.
412 1 =27 36
l 8 36 36
2 9 9 0
=(x—4)2x* +9x +9)
= (x — 4)(2x* + 6x + 3x + 9)
(x —H2x(x +3) +3(x +3)
= (x —H(2x + 3)(x + 3)
¢) 3x* — 19x° + 38x® — 24x
x(3x* = 19x% + 38x — 24)
For 3x* — 19x? + 38x — 24:
f(2) = 3(2)° — 19(2)* + 38(2) — 24
=24 +76 + 76 — 24
=0
x — 2 1s a factor.
213 —19 38 —-24
l 6 —26 24
3 —13 12 0

i

= x(x — 2)(3x* — 13x + 12)

= x(x — 2)(3x* — 9x — 4x + 12)

x(x — 2)3x(x — 3) —4(x — 3))

= x(x — 2}{x — 3)(3x — 4)

d) x* + 11x° + 36x% + 16x — 64

f(1) = 1% + 11(1)* + 36(1)* + 16(1) — 64
=1+ 11 + 36 + 16 — 64
=0

x — 1is afactor.

{1 11 36 16 -64
l 1 12 48 64
1 12 48 64 0

i

= (x = 1)}(x* + 12x¢° + 48x + 64)

For x* + 12x? + 48x + 64:

f(—4) = (—4)" + 12(—4)* + 48(—4) + 64
—-64 + 192 — 192 + 64

=0

il
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-411 12 48 64
I -4 -32 -64
1 8 16 0
= (x — 1)(x + 4)(x* + 8x + 16)
= (x — 1)(x +4)x +4)x +4)
15.a) 8x* — 10x? — 17x + 10
f(2) =8(2) —10(2)* - 17(2) + 10
=64 - 40 — 34 + 10
=0
x — 2 is a factor.
218 ~10 -17 10
1) 16 12 —10
8 6 -5 0

= (x — 2)(8x* + 6x — 5)

(x — 2)(8x? + 10x — 4x — 5)
= (x — 2)(2x(4x + 5) — 1(4x + 5))
= (x — 2)(4x + 5)(2x — 1)

b) 2x* + 7x* = 7x — 30

f2)=22)7*+712)*-7(2) - 30

=16 + 28 — 14 — 30
=0

x — 2 is a factor.

22 7 -7 =30

4 22 30
2 11 15 0

it

= (x — 2)(2x* + 11x + 15)
= (x — 2)(2x* + 6x + 5x + 15)
= (x — 2)(2x(x + 3) + 5(x + 3))
= (2x + 5)(x — 2)(x + 3)
xt — 7+ 9x? + 27x — 54
f(3) =3* = 7(3) + 9(3)* + 27(3) — 54
=81 — 189 + 81 + 81 — 54
= ()
x — 3 1s a factor.
3 =7 9 27 -54
l 3 —-12 -9 54
1 —4 -3 18 0
= (x — 3)(x* — 4x* — 3x + 18)
For x* — 4x? — 3x + 18:
f(=2) = (-2) = 4(=2) = 3(-2) + 18
=—-8-16+6+ 18
= ()
x + 2 1s a factor.
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-211 -4 -3 18
! -2 12 -18
1 -6 9 0
= (x = 3)(x +2)(x* = 6x +9)
= (x —3)(x = 3)(x — 3)(x +2)
d) 4x* + 4x® — 35¢* — 36x — 9
F(3) = 4(3)* + 4(3)* — 35(3)* = 36(3) - 9
=324 + 108 — 315 — 108 — 9
=0
x — 3 is a factor.
34 4 =35 -36 -9
L 12 48 39 9
4 16 13 30

= (x — 3)(4x® + 16x% + 13x + 3)

For 4x + 16x? + 13x + 3:

F(—=3) = 4(—3) + 16(—3)> + 13(=3) + 3
= —108 + 144 — 39 + 3
=40

x + 3 is a factor.

~-3l4 16 13 3

L -12 -12 -3
4 4 1 0
= (x = 3)(x +3)(4x* +4x + 1)

= (x — 3)(x + 3)(4x? +2x + 2x + 1)

= (x — 3)(x +3)(2x(2x + 1) + 1(2c + 1))

= (2¢ + 1)(2x + 1)(x = 3)(x + 3)

16. a) 64x° — 27

= (4x)’ — (3

= (4x — 3)(16x* + 12x + 9)

b) 512x* — 125

= (8x)’ ~ (5’

= (8x — 5)(64x* + 40x + 25)

c) 343x° — 1728

= (7x)’ — (12)°

= (7x — 12)(49x* + 84x + 144)

d) 1331x° — 1

= (11x)* = (1)°

= (11x — 1)(121x? + 11x + 1)

17. a) 1000x° + 343

= (10x)* + (7)°

= (10x + 7)(100x* — 70x + 49)

b) 1728x* + 125

= (12x)* + (5)°

= (12x + 5)(144x* — 60x + 25)

¢) 27x* + 1331

= (3x)* + (11)°

= (3x + 11)(9x* — 33x + 121)
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d) 216x° + 2197

= (6x)* + (13)°

= (6x + 13)(36x* — 78x + 169)

18.2) (x® — y%) = (&’ = y) (¥’ +y?)

= (x = Y +xy + Y+ y) - xy YY)
b) (x° = y*) = (&7 = y)(x* + xYy* £y

= (x = y)(x + y)(xt + %yt 4y

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

equal to (x> + xy + y )& — xy + ¥%).

1.a) f(x) = ax" +a, X" '+ ... +ax+a,
where ag a. ..., a, are real numbers and n 1s a
whole number. The degree of the function is n; the
leading coefficient 1s a,.
y=x*-2%+x-2x + 8

The degree of this function is 4, and the leading
coefficient is 1.

b) The maximum number of turning points is

n— 1L

¢) The function may have at most n zeros (the same
as the degree).

d) If the least number of zeros is one, it is an odd
degree function.

e) The function is an even degree function with a
negative leading coefficient.

2. y=a(x +4)(x+2)(x - 2)

—16 = a(0 + 4)(0 + 2)(0 - 2)

=16 = a(4)(2)(—2)

—16 = —16a
1=a
y = (x +4)(x + 2)(x — 2)

3.a)2¢t — x? — 145x — 72
f(9) = 2(9)" = (9)" — 145(9) — 72
1458 — 81 — 1305 = 72
=0
x — 9 is a factor.
912 -1 =—145 =72
L 18 153 7
217 8 0
= (x — 9)(2x* + 17x + 8)
= (x = 9)(2x*> + 16x + lx + 8)
= (x — 9)(2x(x + 8) + L(x + 8))
=(x—9(x +8)(2x — 1)

Il

3-33



b) (x — 7)* + (2x + 3)°
=(x-T+2x+3)D{(x—7¥—-(x—-7)
(2x +3) + (2x + 3))
= (3x — 4)((x* — 14x + 49) —
(2x% — 11x — 21) + (4x* 4+ 12x + 9))
= (3x — 4)(3x* + 9x + 79)
4. 7 9%
15
10+
5_

T T ,\

—4 -3 l‘&j 2 3 4
-101
=159
..20_
_.25..

N Aol

By shifting the original function up, the new
function has more zeros.

5. v
40

x is below the x-axis in the intervals of
-5 <x< =3 x> 1.

610 )
:2‘ —-12 h]

l 3 2 -5

6 4 10 0

2x — | is a factor because there is no remainder.

T.a)y =5(2(x — 2))} + 4

b) (i— +d,ay + c>

= (% +2,(5)(1) + 4) = (25,9)
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8. x+5
=2+ x =5 +3¢ —0x +0x + 6
(=2 +x =5 —-x =2 = ¥ =5¢ |
5¢ —10x* + Sx + 6

S(x* =2+ x—5)— 5S¢ — 10 + 5x — 25

31

Julie divided by x + 5.
9. To determine a, use synthetic division and work
backwards.

2 a 0 8 0 0
" -4 -8 0 O
-2 —4 0 0 O
a= -2
flx) = —2x* + 8¢
= =23 (x? — 4)

=2 x + 2)(x — 2)
The zeros are located at 0, -2, and 2.
y

Y <

pp. 188

1. The domain is all real numbers except 5, since 5
would make the denominator 0.

So, the domain is {x e R|x # 5}.

The correct answer is b).

2. x = —y?is not a function of x because the points
(—1,1)and (—1, —1) are both in the relation.
The correct answer is a).

3. The parent graph is f(x) = |x|. This function is
horizontally compressed by a factor of § and then
translated 2 units to the right.

The new function after the transformations is

f(x) = 12(x — 2)] or [2x — 4.

The correct answer is ¢).

1-3 *CummatiVe Review,
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4. f(—=x) = (—x = 2)(—x + 2)

= —1(x +2)(—1)(x — 2)

= (x +2)(x — 2)
f(—x) = f(x), so the function is even.
The correct answer is b).
5. The function was horizontally stretched by a
factor of 3 and then translated 2 units to the right.
The correct answer is b).

6. The parent function is g(x) = %

So, the correct answer is d).

7. The horizontal stretch transforms the function to
2%"’, and the translation 3 units down transforms the
function to 2°* — 3.

The correct answer is d).
8.y=2¢"+5
Determine the inverse.

x =2y +5
x — 5 =2y
x—35 5
7 =Y
* /Xﬁjzv
Vo2

So, the domain is {xre Rjx = 5}
The correct answer i$ a).
9. flx)y=2"—+4

y=2x3~4
x =2y -4
x4 =2y
\+4_ 5
5 =)
—
/'[X+'4
el =y
A) .

The correct answer is ¢).

16. Look at the endpoints to determine which
function is continuous.

For the first function, there is an open circle at
(1, 2)and a closed circle at (1, 2).

For the second function, there is an closed circle at
(2, 0) and a open circle at (2, 0).

For the third function, there is an open circle at
(—1, —1)and a closed circle at (—1, —1).

For the fourth function, there is an open circle at
{2, 5) and a closed circle at (2, 4).

So, the fourth function is not continuous.

The correct answer is d).

Advanced Functions Solutions Manual

il

(1) = 2(-1y +7
=—-1-2+7
=4
So, the ordered pair is (— 1. 4).
f3) =3y -2030 +7
=27 -18 +7
=16
The ordered pair is (3, 16).
So, the rate of change is
(16 —4) = (3 — (—1) =12+4or 3.
The correct answer is a).
12. Kiristin’s rate of change: (5 — 0.1) + 3 = 1.63
Husain’s rate of change: (15 — 0.1) = 10 = 1.49
Kristin’s grew faster.
The correct answer 1s a&).
13. rate of change:
(27.015002 — 27) + 0.001 = 15.002
This is the average rate of change over 0.001 s, so
the best estimate for the instantaneous rate of
change is 15 m/s.
The correct answer is ¢).
4. f(-1)=2""-2(-1)+1
=05+2+1
=35
f(—1.0001) = 271901 — 2(-1.0001) + 1
= 3.500 165
The rate of change is
(3.500 165 — 3.5) + —0.0001 = —1.65.
The correct answer is d).
15. Draw the tangent line and find the slope of the
line. The slope appears to be about —2.
The correct answer is ¢).
16. The slope of the first part should be greater than
the slope of the second part. The slope of the last
part should be the greatest. None of the slopes
should be 0.
The correct answer is ¢).

11. f(—1)

7. b _~13
2 2(—1.3)
_-13
=26
=5

The coefficient of x? is negative, so the graph opens
downward. The point is a maximum.
The correct answer is a).

3-35



15, £41) = 1)

_2B3+h? =33 +h)+9 - (23) -33)+9)

26. x + 1

2=+ -2+ Tx+ 12

h
23+ 2(3)h + hY) —3(3) =3k +9 - 2(3)* +3(3) = 9
h
29+ 6h+h) =9 -31+9—-18+9 -9
B h
12h + 2h% — 3k
- h
=9+ 2h

The correct answer is d).

19. The maximum will be at y = 35(1.7)% or 2 441.5.
The correct answer is b).
20:-The function f(x) = 2* — 3 is not a polynomial
function.
The correct answer is c).
21. A cubic function cannot be represented by the
graph because the graph does not show the same end
behaviour as a cubic, for which the end behaviours
are opposite.
The correct answer is b).
22. In a cubic function, as x — * =, the signs of y
are opposite.
The correct answer is b).
23. The function shows a cubic function that has
been translated 3 units to the right, so the best
match is choice b).
24, f(x) = a(x + 2)x(x — 1){x — 3)

16=a(2+2)2)2 -1)2 - 3)

16 = a(4)(2)(1)(—-1)

16 = —8a

—-2=a.
So, the equation is —2(x + 2)x(x — 1)(x — 3).
=2(x + 2)x(x — 1){x — 3)
= =2(x* + 2x)(x* — 4x + 3)
=2(x* = 4x? + 3x? + 2x° — 8x* + 6x)
—2x* 4 4x* + 10x* - 12x
The correct answer is a).
25. Since the function is stretched horizontally by
a factor of 2, y = (1x)*. Since the function is
translated 3 units to the right, the new function is
y = (3(x = 3))*. The correct answer is c).

3-36

x(2=-x+4)- £L-32+4
X2+ 3x+12

12—+ 4)> -3+ 4
6x+ 8

The remainder is 6x + 8.
The correct answer is ¢).
27. By the remainder theorem, when
x* — 5x? + 12x + 16 is divided by x + 3 or
x — (—3), the remainder is the value of the
polynomial evaluated at — 3.
(=3 = 5(=3)+12(-3) + 16
=8l —5(9) -~ 36 + 16
=81 ~45— 36 + 16
=16
The remainder is 16.
The correct answer is d).
28. Because x — 3 is a factor of the polynomial,
there is no remainder when the polynomial is
divided by x — 3.
Show the synthetic division and fill in what is
known. Work backward from the { remainder.

32 k -3 18
I 6 -3 -18
2 -1 -6 0
k+6=—1
k=7

The correct answer is b).
29.27x — 216 = 27(x* - 8)

=27(x = 2)(x* + 2x + 4)
The correct answer is ¢).
30. (x + 31+ 8= (x +3)*+2°
=(x+3+2)((x+3)P—-2(x+3)+4)
=(x+5)(x*+6x+9—-2x —6+4)
= (x+5)(x*+4x +7)
The correct answer is ¢).
31. The graph pictured in choice c represents the
height of the water. The height will change slowly
at first, then speed up, then become constant.
The correct answer is ¢).
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32. a) ’ y
; 3 ' ‘f(x)=x2
21
1A glx)=2/x
‘ o
. NERE
~1-
N

vertical translatio

Y PeR B L0

transliation of the

n up prndnr‘nc horizontal

TMULTS v i lUiilGa

inverse to the right.

X
¥ T 1 7
g ° 2 3
o 5L
glx}=xvx -1
Vertical stretch produces horizontal stretch of
inverse.
T~y
3
fx)=2x*
2 -
" T
glx)=xV2x x
T 0 T 1 T >
-1 1 2 3
~1- :
v

¢) Answers may vary. For example, if the vertex of
the inverse is (a, b), restrict the value of y to either

y=bory=h.

Advanced Functions Solutions Manual

33. Answers may vary. For example, average rates
of change vary between —2 and 4, depending on
the interval; instantaneous rates of change are 9 at
0, H,0at(1,5), —3at(2,3),0at(3,1),9at
(4, 5); instantaneous rate of change is O at
maximum (1, 5) and at minimum (3, 1).
34.a) —24 = k(L + 1)*(1 = 2)(1 — 4)

=24 = k(2)(=D)(=3)

—24 = 12k

-2 =k

So, the equation is
flx) = =2(x + 1) (x = 2)(x — 4).
b) (3, p) is a point on the graph of f(x)

flx) = =2(x + D*(x = 2)(x — 4)
p= =24 (1)(~1)
p =32

(3, 32) is a point on the graph of f(x).
¢) Quartic with the same end behaviours; k < 0, so
as x — ==, f(x) - —=; from the given factors, the
zeros are —1, 2, and 4
d) f(0) = —2(0 + 1)*(0 —2)(0 — 4)
= =2(1)(=2)(—4)
= —16
€) £(x)= k{x +1)(x—2)(x—4)
Y
304(3, 32}

20
10 -

A

(0-16)
20-

=241

3-37






CHAPTER 4
Polynomial Equations and Inequalities

Il.a) 5y - 7= -3x + 17
Sx +3x =17 +7
8x = 24
x=3
by 12¢x — 9 —6x=5+3x+1
12 ~6x ~3x=5+1+9

i

3x = 15
x=35
¢) 2(3x = 5)= —4(3x — 2)
ox — 10 = —12x + 8
6x + 12x =8 + 10
18¢ = 1§
x =1
o 2x+ 5 X
e

2¢x + 5 X
12( _ - m)
3 4

4(2x + 5) = 84 — 3x

8v + 20 = 84 — 3x

8r + 3v = 84 — 20
llx = 64

2.a) '+ 7 = 30x = x(x7 4+ x — 30)
=x{x + 6)(x —35)
b) v — 64 = (x = 4)(x7 + dx + 16)
€) 24x* + 8ly = 3x(8x* + 27)
= 3¢ (2x + 3)(4x” — 6x + 9)
d) 2x' + 7x° — 18x — 63
= (2 +7) — 9(2x + 7)
= (x? = 0)2x +7)
= (x+ 3)(x —3)(2x +7)

Advanced Functions Solutions Manual

3. a)

b) gAY

-104 -

=153

4. The graph crosses the x-axis at v = 2 and at
x = 5. The roots of the equation are 2 and 5.

5.a)2¢? = 18

x*=9
= *V9
x = *3

The roots are 3 and — 3.
b) (x* + 8¢ —20) =0
(x + 10}x—=2)=0
(x +10)=0and (x —2)=0
x = —10,2
The roots are — 10 and 2.
c) 6x’ = 1lx + 10
6x? = 1lx = 10 =0

6x* — 15¢ + 4x
3x(2x — 5y + 2(2x
(3x + 2)(2x

~10=0
~5)=0
~5)=0

4-1



(3x +2)

H

Oand (2x - 5) =0

25

32

The roots are —% and 3,

d) x(x +3)=3—5¢r— x?

x2+3x=3-5x - x?

22+ 8 —-3=0
_ —b = Vb - dac

X = 2

where a =2, b=38,and ¢= —3

=8 = V8% — 4(2)(—3)

X =

X =

2(2)
-8, VeI - (-2%)
4 ~ 4
/38
=)+ =
4
2V22
= -2+
4
. V22
)

= ().3452, —4.345
The roots are 0.3452, —4.345.
6. a) (3, 7); Answers may vary. For example, the

change in distance over time from ¢ = 3tot = 7 is

greater than at other intervals of time.

b) From 0 seconds to 3 seconds, she walks a total
of | metre for a rate of + m/s. From 3 seconds to

7 seconds, she walks a total of 3 metres for a rate
of 3 m/s.

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

7. a) Determine the value of ¢ for which k() = 0.
Use a graphing calculator.

2¢re

L Y

The ball is in the air for 2 s.

b) h(0)=05
h(l) = =5+ 975+ 0.5
=5.25
25-05
-5—15—:—(?— = 4.75m/s

¢) Estimate the instantaneous rate of change by
calculating the average rate of change from
t=1999stot=2s.
h(2) — h(1.999) 0 — 0.010245

2-1999  2-1999
—0.010 245

0.001
- 10.245 m/s

8. Answers given for justfication may vary. Sample answers are provided.

Statement Agree

Justification

a)| The quadratic formula can only beused
when solving a quadratic equation.

You could use the quadratic formula to solve
y = x> + 4x? + 3x because itequals x(x* + 4x + 3).

b)| Cubic equations always have three real
roots.

y = (x + 3)%(x — 2)is a cubic equation that will have two
roots.

¢) | The graph of a cubic function always
passes through alt four quadrants.

The equation y = x> will only pass through two guadrants

d)| The graphs of all polynomial functions X
must pass through at ieast two quadrants.

Ali polynomials are continuous and all polynomials have a
y-intercept.

e) | Theexpression x* > 4 is only true if f(-3)=9
x> 2.
£ if you know the instantaneous rates of X The instantaneous rates of change will tell you whether the

change for a function at x = 2 and
x = 3, you can predict fairly well what
the function looks like in between.

graph is increasing, decreasing, or not changing at those
points.

Chapter 4: Polynomial Equations and inequalities




b) 4x* = 24x* + 108
Ax* = 24x? - 108 = 0
=62 =27=0

1.a) y =2x(x — 1)(x + 2)(x = 2) : (-9 +3) =0
2¢v =0and x — 1 = 0 and x*~-9=0and x?+3=0
x+2=0and x—2=0 =9 and x*= -3
x=0,1-2,2 x = =*3 no real solutions
by y=52x+3)(4x —5)(x+7)
2x+3=0and 4x —S=0and x +7 =0 ]
X = —~§, é, -7
24 }
) y=2(r = 3)x + 5)x - 4) 2y Rt
x—3=0and x+5=0and x —4=0
x =3 -54
d) y=(+6>°Qx—-75)
y+6=0and 2¢ —-5=0
. )
=70y g Ve
e) y=—5x(x’—9) ¢) 3x*+ 5 —12¢F = 20k = 0
~Scx=0and x** -9=0 x(3xP + 5¢* = 12 —20) =0
x=0and ¢’ = x(*Bx +5) —43Bx +5) =0
x=0and x= £3 x(x* = 4)Bx+5)=0
x=0,-33 x=0and x> —4=0and 3x +5=0
) y=(x+35)F—4x - 12) 5
y=(x+5)(x + 2)(x - 6) x=0.2-273
yr+5=0and x+2=0and x -6 =0
x=-5-2,6 \,f‘\
2. a) 3¢ = 27x
3t —=27¢ =0
3,\”(,(2 - 9) =0 }Z{g(g =i
3x(x + 3} (x -3y =0
3x=0and x+3=0and vy -3 =20
x=0,-3,3 \“/\ l'
7] /
: 2ebe
A2 L686667 1V
e | by |

.
ol
[
=
e
o
=
e
2 o
‘-‘—\-—\—-“"—0—1-—-\__—{

2.Fo { 1&
H=Q ¥=0
{\ Zere

A=z Y=g
2ers f
H4=2 Y=g
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d) 10x* + 26x* = 12x =0

2x(5x* +13x - 6) =0

2x(Sx* + 15x = 2x —6) =0

2x(5x(x +3) —2(x+3))=0

2x(5x = 2}(x +3) =0
2x=0and 5x ~2=0and x +3 =20

2
xr=0 - -3
5
2ROy
e -3 yzg
/“a
£l g=0
N
|§§'1,° yzg
e) 2¢° + 162 =0
2t = —162
= —81
Y x? V81
v = —3 3/5

800 2gue yoo
) 2t = 48x?

2¢t — 48x2 =0
273 (x* —24) =0
22 =0and x’ — 24 =0
¥’ =0and x* =24

x =0, £2V6

)

s

2xre
H= -4 B9R%,9 {¥=0

4-4

$=0 Y=g

2&¥e

=y Bagazes fv=0
3.a) y =20 —17x? + 23x + 42
f(1) =50

f(6) =0
612 —-17 23 42
K

127 =30 —-42
2 =5 =7 0
(x = 6)(2x* — 5x = 7) =
(x —6) (2> = Tx +2x = 7) =0
(x—6)x2x -+ (2x=T7)) =0
(x = 6)(x +1)2x—=7)=0
x—6=0and x+1=0and 2x —7=0

7
x=6,-1,-
x = 6, 5

b) From part a) 2’ — 17.¢* + 23x + 42 = O or

(x — 6)(x + 1)(2c — 7) = 0. The rocts of either of
these equations are the zeros of the function in part a).
4. Algebraically: Collect all terms on one side of the
equation and solve by factoring.

120+ 2l — 4 =t =20 - 13 — 4

0 =x*— 3x" = 25¢% — 2L«

x(x? =3 -25¢ - 21)=0

x=90

X' =3¢ —-25x—21=0
f(=1)=0

-111 =3 =25 =21
-1 4 21

1 -4 =21 0

(x + D)(x* —4x - 21) =0

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

x+1=0and x +3=0and x -7 =0
x=-1,-3,7.0

Graphically: Collect all terms on one side of the

equation. Graph the resulting expression and use the

calculator to determine the zeros.
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: !
o
™,
b
ll
b
Y
Zera “,
H=-3 =0
) /
=t
‘-‘1
h
2o \
=1 Y=g e
vl {
LY & §
\
\
Zers \ ,f"’
%=g {=9 d
T
‘- P
.\\
k!
Res” gzo_

x=-3-107
5. f )““Zr — 11x* = 37x? + 156x

x(2¢? = 1lx? = 37x + 156) = 0
x =10
20 = 11x? = 37x + 156 = 0
f(1)y =110
f(2) =54
f3)=0
itz —11 =37 156
‘ 1 6 —15 —156
2 -5 =52 0

(x = 32> —5¢~352)=0

(x — 3)(2x* — 13x + 8x — 52) =0

(x = 3)(x(2x — 13) + 4(2x = 13)) =0

(x = 3)x +4)(2x = 13) =0
x—3=0and x+4=0and 2¢v — 13 =0

0.3, -4,
X =U,5, 74,
- 2
/-\%l‘ Jl
\
VI
A%
347
H= -y fai
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23 Y=g

T 4=g
amfu> ¥(x = 2)(x + 5)

= 0 and (1—2)‘_()dnd x+5=40
=02

v) = («° +1)(x—17)
+1=0and x -~ 17=0

X

)

b) f(

—1,17

C) flx (x* + 36)(8x — 16)

x> +36=0and 8 — 16 =
x> = —36and x=2
v = 2 (Since there is no number that, when

squared, will equal —36.)

d) f(x) = =3¢ (2x + 4)(x* — 253)

—3x=0and 2x + 4 =0and x> = 25 =

i

x = () and x = —2and X = =5
x =0 -2.-35
e) f(x) = (x> = x — 12)(3x)
—x—12=0and 3x =0
(,r~4)(\ +3)=0and x =0
—4=0and x+3 =10
x=10,-3.4
f) f(x) = (x+1 (v +7v+1)
v+ 1=0and ¥+ 2x+1=0
x=—land (x + I)}{x + 1) =0
x = —]
7.a) x* — 8¢ - 3x +90 =0
f(=3) =20
-3 11 -8 =3 90
! -3 33 =90
I —11 30 0
(x +3)(* = 1lx +30) =0
(x +3)(x —6)(x —=5)=0
x+3=0and x —6=0and x ~5=0
x=-365
4-5



b) x* +9*+21x* —x—-30=0
f(1y=20

1 9 21 -1 -30

! 1 10 31 30

1 10 31 30 0
(x = 1)(x* + 10x* + 31x + 30) =0
For x> + 10x? +31lx + 30 =0
f(=2)=20
- 1

10 31 30
li -2 =16 =30
1 8 15 0
(x — D(x+2)(x*+8x+15) =0
(x=—Dx+2)}x+3)(x+5)=0
x—1=0and x +2 =0and x + 3 =0 and
x+5=0
x=1,-2 -3 -5
) 2 —5x—4x+3=0
f(=1)=0
-1 2 -5 -4 3
=2 7 =3
2 =7 3 0
(x + D22 —Tx+3)=0
(x+ )2 —6x—1lx+3)=0
(x + 1) (2x(x ~3) - 1(x—3)) =0
(x+ 1) (2x - 1)} x—-3)=0
x+1=0and 2x -1 =0and x -3 =0

1 1y
X 723

d) 2+ 3 =5+ 6
2P+ 3 - 5x—-6=0
f(=1)=0
1] 2 3 -5 -6
-2 -t 6
2 I -6 0
(x+ D2’ +x—6)=0
(x + D(2x* +4x —3x—6) =0
(x+ D)2x(x+2) -3 (x+2)) =0
(x+D2x —-3)(x+2)=0

x+1=0and 2x -3 =0and x +2 =0
3
x=-1,= -2
‘ 2

e) dx* — 4x? — 51x? + 106x = 40
4xY — 453 = 51 + 106x — 40 =0
f2y=0
214 -4 -51 106 —40

1 8 8 —86 40

4 4 —43 20 0

4-6

(x —2)(4x* + 4x? — 43x + 20) = 0
For 4x® + 4x* — 43x + 20 = (,
f=4) =
~4' 4 4 —43 20
| | -16 48 -20
4 ~-12 5 0
(x = 2)(x + 4)(4x? - 12x + 5) =
(x = 2)(x +4)(4x* —10x = 2x +5) =0
(x = 2)(x +4)(2x(2x = 5) = 1(2x = 5)) =0
(x =2)(x+4)(2x — 1}(2x—=5) =0
x—2=0and x +4=0and 2x — 1 = 0 and
2x—5=0

1S

=2 —4, - =
x 3 ’2’2
f) 12x° — 44x> = —49x + 15
12x3 — 44x2 + 49x - 15=0

G)-0
3
|
12 -4 49 15
ii 6 -19 15

30 0
(x——)(12 — 38x +30) = 0
For 12x? — 38x + 30 = 0,

5
— ;_-_0
©)-
5
112 =38 30
3
| L 20 -30
12 -18 0

(x -~ %)( - %)(m ~18) =0

x — ndx—%*Oandle—lS—O

X =7

1
= =0
5 a
153
232

bJILh

8.a) - Tx+6=0

2¢reo
= -3 Y=2E-12
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vo
i{ Y0 Hxi Y20

x=-21

d) x>+ x*=5¢"—x? + 6x
/\\ : Ccrxt -5+ -60=90

{
§§'Z"} ¥zq l't.‘
x=-312 Lo )
b) x' = 5¢ = 17x*+3x +18=0 Ztmf
— ’ ¥=-3 vz
I
Zers {' H“%._\_;
¥=- vz
2¢ro
= l #=0 ¥z
]
A
) )
3,
2ere \i | - j
g4 puzgls vz
§§§°[ ¥z
Y - ] —
", x = -3, 0,2
k e) 105x7 = 344x® — 69x — 378
\ 105x% — 3440 + 69x + 378 = 0
Zgr’o =0 _\ll !
\
'\\ {
\
."- Zer ted
1 =-geriuzd ly=g
2erd \-.
®=2 ZMZEM07 ¥=-1 ZE-11 "'.l
x = —2,-124,1,7.24 |
¢) 3¢t —2¢  + 16 = x* + l6x
~xt 3 -2 16+ 16 =0 s
114 s
| PN ] [ ly=0
< \
2ere b
#=-2 ¢z L

2et
422333333 lv=-1.0E-10
x = —0.86, 1.8,2.33
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f) 21x — 58x? + 10 = —18x* — Slx -2 16 -1 -31 -10

18x* + 21x* — 38x% + 5lx + 10 = 0 Ll —-12 26 10
[.! 6 -13 -5 0
K j (x = 2)x +2)(6x? — 13x = 5) =0
- (x = 2)(x + 2)(6x* — 15x +2x = 5) =0
(x = 2)(x + 2)(3x(2x = 5) +1(2x — 5)) =0
e L stas Freo (x = 2)x +2)Bx + 1)(2x = 5) =0
x—2=0and x+2=0and 3x + 1 =0 and
| / 26 ~5=0
A 15
l‘l - x=2,-2, "33
2ers \ d) x* — 67+ 10x? — 2x = x? — 2
%=-1639u99 [y=-uo2e-13 b+ 92 =0
x = =271, -0.16 )cz(x2 —6x+9)=0
9.a) ¥ —6x* —x+30=0 x(x=3)(x—3)=0
f(3) =0 ¥*=0andx -3=0
3 -6 -1 =30 x=073
NS 3 -9 30 10. V = lwh
I =3 —10 0 (30 — 2x)(20 — 2x)(x) = 1008
(x = 3)(x? = 3x - 10) = 0 1 (4x* — 100x + 600)(x) = 1008
(x = 3)(x +2)(x —5)=0 4x° — 100x* + 600x — 1008 = 0
x~3=0and x +2=0and x —5=0 = 25¢ + 150x =252 = 0
x=3-2,5

b) 9x* — 42x% + 64x° — 32¢ =0
x(9x® — 42x% + 64x — 32) =0
For 9x* — 42x> + 64x — 32 =0

f(2) =0

219 —42 64 —32

x = 3,492
+ 18 —48 32 The dimensions of the cut square could be either
9 24 16 0 3cmby 3 cmor4.92 cm by 4.92 cm.
x(x = 2)(9x* = 24x + 16) = 0 1l.a) x(x -4} (x - 6) =0

x(x = 2)(9x% — 12x = [2x + 16) =0 x=0and x—4=0and x — 6 =0
x(x —2)3x(Bx —4) —4(3x —4)) =0 x =046
x(v —2)3x —4)3x—-4)=0 Since there was not a game number 0, Maya’s score
x=0and x -2=0and3x -4 =0 was equal to zero after games 4 and 6.

4 by x(x —4)(x —6)= -5
=027 : x(i2 - 185 + 24; = -5
¢)  6xt— 13x7 — 29x% + 52x = =20 =10+ 24+ 5 =0
6t — 13¢° — 29x¢2 + 52x + 20 = 0
f2y=20 /(
216 —-13 =29 52 20 .
I 12 -2 -62 -2 N /
6 -1 -31 —10 0 GeEe v=0

(x = 2)(6x' — x> = 3lx — 10) =0
For 6x' —x? = 3lx - 10=0
A(=2)=0

x = 5. Maya’s score was — 5 after game 5.
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¢y x(x —4)x —6) =16 “3(+2)(1—3)=0

P — 10x? 4+ 24x - 16 =0 —-3r=0and r+2=0and t -3=10
! r=20,-2,3
y e " The ship returns to the harbour after 3 hours.
"'-.gk / ¢) —2 is the other zero. It 1s not relevant because
R time cannot be negative.
#il9r1s720 120 4 d(t)
32+
] 241
, 7 A‘.“.";_g f ]:
‘xa ,."" 1 X
o T T T T T 17
Zare ¢=0 _g)] 051015202530
N
?( e) By examining the graph, it appears that the
/ , ship will begin its return trip to the harbour about
&'\1‘\ /,f 1.8 hours after departure.
s ero it 14. a) 0 = r = 5 because time cannot be negative
SRE and the model is only for a 5 s respiratory cycle.
Since xe W, x = 2. Maya’s score was 16 after b) Answers may vary. For example, because the func-
game 2. tion involves decimals, graphing technology would be
d) 557 S(x) the better strategy for answering the question.
16 ) 0.0277 = 0.277 + 0.675t = 0.25
124 0.0277 — 0.27¢2 + 0.675r — 025 =0
8-
4 S

O i H ]! ———
~4 \/ 8 10 2ero

#=44658133 Y=1

—8
This is not a good model to represent Maya’s score
because the graph is shown for real numbers, but
the number of games can only be a whole number. Bt
Lo s :
12. 5(1) = #5(3.92% + 1000 L LA
= —1.961° + 1000 At 0.45 s and 3.33 s, the person’s lungs have a
Use a graphing calculator to determine the value volume of air of 0.25 L.
of ¢ for which s(r) = 0. 15. All powers are even, which means every term is
. positive for all real numbers. Thus, the polynomial
" is always positive.
S 16. The zeros are 2, 3, and -5, so the polynomial
k"v.,\ function is of the form
28 cavesn vmo f(x) = a(x = 2)(x = 3)(x + 3). Since the graph

" ) of the function passes through (4, 36),
It takes the object about 22.59 s to hit the surface. 36 = a(4 — 2)(4 — 3)(4 + 5)

13.a) d(t) = =3¢ T 30+ 18 36 = 184
:“‘3[([~_["6) V=g
E A =3) So flx) = 2{x = 2)(x = 3)(x + 5)
b) The ship is in the harbour when the distance =2(x? = St + 6)(x + 3)
equals 0. = 2(x% — 19x + 30)
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To determine the value of x for which f(x) = 120,
set the polynomial equal to 120 and solve for x.
2(x* — 19x + 30) = 120

x* = 19x + 30 = 60

x*=19x-30=0
Graph y = x’ — 19x — 30 on a graphing calculator
and use the calculator to determine the zeros.

/“\

F43
R=

2ero

4=z Y=0

2&[

4=5 Yzg
The fuction has a value of 120 at x = =3, x = —2,
and x = 5.

17. Answers may vary. For example:

a)x’ + x> —x—1=0;,f(1) = 0,s0it is simple to
solve using the factor theorem.

b) x> — 2x = 0; The common factor, x, can be
factored out to solve the equation.

¢)x’ — 2x? — 9x + 18; An x can be factored out of
the first two terms and a —2 out of the second two

terms leaving you with the factors (x — 2)(x*> — 9).

d) 10x* — 7x + 1 = 0; The roots are fractional
which makes using the quadratic formula the most
sensible approach.

e) v’ — 8 = 0; This is the difference of two cubes.
f) 0.856x" — 2.74x* + 0.125x — 2.89 = 0; The
presence of decimals makes using graphing
technology the most sensible strategy.

18.a) 0 = x* + 10; x* is non-negative for all real x,
so x* + 10 is always positive.

b) A degree 5 polynomial function y = f(x) has
opposite end behaviour, so somewhere in the
middle it must cross the x-axis. This means its
corresponding equation O = f{x) will have at least
one real root.

4-10

19. y = x° + x + 1; By the factor theorem, the only
possible rational zeros are | and — 1. Neither works.
Because the degree is odd, the polynomial has
opposite end behaviour, and hence must have at
least one zero, which must be irrational.

l.La3x—-1=11
3x =12
x=4

p I i L t L {

1 1 ¥ ¥ T

5432101 23
{xeR|x =4}
b) ~x+5>-2

—x > -7

x <7

Bl i Il ! L L ]
Y] T T T T T

22101 2345678
{xreRx <7}
)x—2>3x +8
—-2x > 10
x< -5

Lo i i 4 3 4 I A
1 T 1 1 hd

12 -11-10 -9 -8 -7 -6 -
{xeR|x < -5}
d) 3(2x + 4) = 2x
6x + 12 = 2x
4y = —12
x= -3

e 8
o

| i & 4 & i
T ¥ h g 1 T

5-4-3-2-1 01 2 3 4 5
{xeRx= -3}
e) -2(1l —2x) <5x + 8§
—2+4x <5x + 8
—1x < 10
x> —10

i S
¥ r

i J A ]
e

12 -11-10 -9 -8 -7 -6 -5 —4 -3 -2
{xeR|x > —10}

6x + 8
f)

& L i 3 i i
T

=2x—4

6x + 8 =5(2x — 4)
6x + 8 =10x — 20
—4x = —28
x=7

1
T

Y

{x

~ @
CO -
O
pun
o

.
45 6

—

0 3
eR|lx =7}

Chapter 4: Polynomial Equations and Inequalities



2.a)2x -5 =4x + 1

-2x<6
x = -3
xe[—3,»)

b)2(x +3) < —(x — 4)
2x +6< —x + 4
3x < =2

< 2
< ==
3

()
X € N 3

=x -5

2x +3=3(x-9)
2x + 3 <3x — 15
—x = —18
x = 18
xe[18, =)
dy2x + 1 =5¢ -2
—3x= -3
x =1
xell, =)
e)—x+1>x+1
—2x >0
x <0
xe(—=,0)
x+4 x-2
D 2 = 4
4(x+4)=2(x - 2)
4x + 16 = 2x — 4

2x = —-20
x = ~10
xe[—10, =)

J 3=s2x+5<17
3-5=2x+5-5<17-5

-2 =2 <12
-1=x<6
>
-3-2-1 01 2 3 4 5 &6 7
d.a)x > —1

2> -1

Yes, x = 2 is contained in the solution set.
b) Sx —4>3x+2
52y —4>312)+2
10-4>6+2
6 >8
This is false. So, x = 2 is not contained in the
solution set.

Advanced Functions Solutions Manual

¢)4(3x — 5) = bx
4(3(2) = 5)=6(2)
4(6 —5) =12
4(1y = 12
4 =12
This is false. So, x = 2 is not contained in the
solution set.
d)5x +3=-3x+1
52) +3=-3(2)+1
10+3=-6+1
13 = -5
This 1s false. So, x = 2 is not contained in the
solution set.
e)x—2=3x+4=x+14
2-2=32)+4=<2+14
0=s6+4=16
0=10=<16
Yes, x = 2 is contained in the solution set.
f)33 < ~10x + 3 < 54
33 < -10(2) +3 <54
33 < -20+3 <54
33 < —-17< 54
This is false. So, x = 2 is not contained in the
solution set.
S.a)2x—1=13
2y = 14

N
[V, ]
(e
~ -9
co
O
—t
S+

B Y & i i A i
A I T 1 1 7 hd i

~5-4-3-2-1 0 1 i 3 4
Check x = —1 to verify.
-2(-1)—-1> -1

(U,

2-1>-1
1>-1
c)2x —8>4x + 12
—2¢ > 20
x < —10

v

14 —13-12 =11 =10 =9 ~8 -7 —6 -5 —4
Check x = — 11 to verify.
2(~11) = 8 > 4(~11) + 12
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—22 - 8> ~44 + 12

~30 > —32
d)5(x —3) =2«
5 — 15 = 2x
3x = 15
x=5

; 1 i
T ¥

22-1 012 3 4
Check x = 7 to verify.
5(7 - 3) =2(7)

5(4) = 14
20 = 14
e) —4(5 - 3x) < 2(3x + 8)
=20 + 12x < 6x + 16
6x < 36
¥ <6

Lo 1 L i I’ £ L
A T T T ¥ T

2210123 456 7 8
Check x = 4 to verify.
~4(5 — 3(4)) < 2(3(4) + 8)
—4(5 — 12) < 2(12 + 8)
—-20 + 48 <24 + 16
28 < 40

A 2

[T 3
ON -
~ -
o0 +-

7

x -2
£) T
r—2=302x-3)
x—2=6x -9

—Sx = —7

=2r—3

o

|

o

[ N
o 4
PO &
-
O -
~J -
00

Check x = 4 to verify.

4 -2
—==2(4) -3
3 (4)

I
oo
|
w

LI LI

A
wn

6.a)3v < 4dr + 1
3(0) = 4(0) + 1
0=0+1
0=1
Yes, 0 is contained in the solution set.
b) —6x <x +4 <12
-6(0) <0 +4<12
0<4 <12
Yes, 0 is contained in the solution set.

¢)~x+1>x+ 12
-0+1>0+12
1>12
This is false. So, 0 is not contained in the solution set.
d3x=x+1=x~-1
30)=0+1=0-1
0=1=-1
This is false. So, 0 is not contained in the solution
set.
e)x(2x —1)=x+7
00 -1)y=0+7
0=7
Yes, 0 is contained in the solution set.
Dx+6<(x+2)5x+3)
0+ 6<(0+2)500) +3)
6 <(2)(3)
6<6
This 1s false. So, 0 is not contained in the solution
set.
7.a) —5<2x+7 <11
-5-7<2x+7-7<11-7
—12 <2x <4
-6<x<?2
b) 11 <3x—-1<23
11+1<3x—-1+1<23+1
12 < 3x <24
4 <x <8
¢) —-1=-x+9=13
-1-9=—-x+9-9=<13~9
~10=s-x=14
-4 =x=10
d) 0=-2x+4)=6
0= -~-2x—-8=6

V+8=-2x—-8§+8=6+38

§=-2x=14
—T=x=-4
g S9O<Tx+10<73 .
59 -10<7x+10—-10<73 ~ 10
49 < 7x < 63
T<x<9
) I8 ~12(x ~ 1) =48
18 < ~12x + 12 < 48
18 - 12=< —12x+ 12 — 12 =48 - 12
6=—12¢ =36

-3=sx= -z

8. a) Answers may vary. For example:
3x+1>9+x
2x > &
x>4
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fy vix)=9

Slope = 0
6. Instantaneous rate at x = 3
a) f(x) =3x + 1
Slope = fla + h}z - f(a)
£(3.001) — f(3)

0.001

~(3(3.001) + 1) — (3(3) + 1)
B 0.001

, where a = 3; h = 0.001

=3
b) t(x) = 3x> — dx + 1
_ f(3.001) — f(3)

0.001
~(3(3.001)* — 4(3.001) + 1)
- 0.001
(3(3) — 4(3) + 1)
0.001
16.014003 — 16
B 0.001
= 14
c)g(x) = %
_ f(3.001) - £(3)
- 0.001
) - ()
O 0.001
= —(.111
o
9

dyd(x)= - +7
_ f(3.001) — f(3)

0.001
(=001 +T7) - (-3 +7)
- 0.001
~2.006 001 — (—2)
- 0.001
e) h(x) = 2*
_£(3.001) = £(3)
B 0.001
(23.001) _ (23)
- 0.001
80055471 — 8
B 0.001
=55

Advanced Functions Solutions Manual

f) vix) =9

slope = 0
7 y
. ]‘5-
1.0+
0.5+
Y x
-10_ p 3.0
— 'O_
1.5+

Rate of change is posilive on (==, 1) and (1. =),
negative on (L. 1), and zero at x = fand x = 1.
8.5(1)=320-520=1r=8
a)3=1=8
Average rate of change = ]L(‘;‘)«J}L’l
AT Ay
f8) — f3)
83
(320 — 5(8)Y) — (320 ~ 5(3)%)

fla + h) — fla)
o =
h
_ f2.001) - f(2)
B 0.001
(320 — 5(2.001)%) = (320 = 5(2)%)
h 0.001
299.979 995 — 300
0.001
= —20 my/s
9. f(x) = 3x? — dv — |
a) x=1
_fla+ h) = fa)
B h
_f(1.001) = f(1)
h 0.001
~(3(1.001)" ~ 4(1.001) = 1)
B 0.001
Gy -4 -0
0.001
~1.997 997 — (=2)
0.001

.where ¢ = 2: h = 0.001

Slope

.where a = 1: & = 0.00L

=2
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b) f(1) =3(1)* - 4(1) — 1
=3 —-4-1
= -2 ‘
¢) Slope = 2; point of tangency: (1, —2)
y=2x+b
-2=2(1)+b
-4=5
y=2x—4
10. h(r) = =562 + 50¢
a) =4
Siope = L1410 = /@)
_ f(4.001) — f(4)
0.001
_ (—5(4.001) + 50(4.001))
B 0.001
B (=5(4) + 50(4))
0.001
_120.009 995 — 120
B 0.001
= 10 m/s.
b) =10
fla+ h})l f(a)’ where a = 10; A = 0.001
_ f(10.001) — f(10)
B 0.001
_ (—5(10.001)* + 50(10.001))
- 0.001
B (—5(10)* + 50(10))
0.001
~0.050005 - 0
0.001
= ~50 m/s
¢) interval fromt = 0to+r = 10
- f(x2) — f(x))

x?_ - X|

., where a = 4; h = 0.001

Slope =

Average rate of change

_ f(10) - (0)
10 -0
_ (—5(10)% + 50(10)) — (—5(0)* + 50(0))
10

0-0
10
= m/s

4-26

1. d(1) = (E(%)rz(r - 8)?

a) o

The rate is positive for r e (0, 4), negative for
te(4,8),and zero at r = 0,4, and §

b) When the rate of change is zero, the boat stops.
When the rate of change is negative, the boat is
headed back to the dock.

1.y =x' -2 =82 + 18xr — 9

T~
\

2&r¢
H=-3
atx = —3

_ fla+ h) ~ fa)
h

Slope , where g = —3;

h = (0.001

_ f(=299) — f(=3)
0.001
-0.095 936 014 — 0

0.001

-96

I

=i ¥Y=0

at x = 1

_fla+h) - fla)
h

_ froon) = (1)

B 0.001

Slope . where g = 1: A = 0.001
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~ —=0.00000799 -0

0.001
=0
4 N
7
Zero
=3 Y20
atx =

+ h) —
Slope = fa }) f(a)’ where a = 3; h = 0.001
1

_ f(3.001) ~ (3)
0.001
002402801 — 0

0.001

= 24
13.f(x) =x*+3x -5
a) Instantaneous rate of change at x = 1,

Slope = fla + h;)l ~ f(a), where a = 1; h = 0.001
_ £(1L001) ~ f(1)

0.001
~(LO01* + 3(1.001) = 5) = (1* + 3(1) — 5)
- 0.001
~-0.994999 = (—1)
- 0.001
=5
b) flx + h/) — f(x)

1

(e~ hY +3(x +h) —5) - (x* +3x = 5)
a h
(x? + 2xh + h* + 3x + 3h = 5)
h
(x* + 3x - 5)
B h
€+ 2xh + W2 + 3x + 3h =5 —%r=3x+5
h

2xh + 3h + K*
h
_h(2x+3+h)
N k
=2x+3+h
¢) It gets closer to 2x + 3 as h becomes very
close to 0.
d) The expression for the instantaneous rate of
change is2x + 3. Atx = 1:2(1) + 3 =5

Advanced Functions Solutions Manual

14. When the instantaneous rate of change is zero,
the function potentially has a local maximum or a
local minimum. If the rate is positive to the left and
negative to the right, it has a local maximum. If the
rate is negative to the left and positive to the right, it
has a local minimum.

15. f(x) = ¢*

a) Instantaneous rate of change at x = 5,

+h) -
Slope = L& 2 M@ here a = 5. h = 0.001
_ f(5.001) — £(5)
0.001
eSIml _ eS
0.001
| 148561 646 5 — 148413159 1

0.001

= 148.4
f(5) = e = 148.4
b) Answers may vary. For example,
i) Instantaneous rate of change at.x = 1,

Stope = 1447 h}: “H@) here a = 1: h = 0.001
f(1.001) — f(1)

0.001
PAELU R
0.001
2,721 00147 — 2.718 281 828
B 0.001
=27
f(ly=e' =27

ii) Instantaneous rate of change at x = 3,

_ fla+ k)~ fla)

Slope W , where a = 3; h = 0.001
_ f(3.001) = f(3)
0.001
P00 _ 3
0.001
~20.105 632 51 — 20.085 536 92
0.001
= 20.1
f(3)y =e*=20.1

iii) Instantaneous rate of change at x = 4,
(a + h) —
Slope = fa 1}': f(a)’ where ¢ = 4; h = 0.001
_f(4.001) - f(4)
0.001
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4001 _ 4

_ € €
0001 f j/x
54.652 775 49 — 54.598 150 03 ‘

s @ e LN

. 225
= 54.6 240227048 “13.1BEHSE5
f(4) = et =546 ‘ » The slope of the tangent lines when x = —0.53 and
¢) The instantaneous rate of change of e* for any x = 2.53 are the same as the slope of the given secant
value of x is e'. line.
16. f(x) = x* — 4x
Instantz s rate of change at x = 1, o
@) Instan o gy e Chapter Review, pp. 240-241
Slope = P . , where a = 1; A = 0.001 La)x'— 162+ 75 =2 — 6
F(L.00L) — f(1) =182+ 81 =0
= . 2
0.001 (" =9 = 9) =0
_((1.001)* = 4(1.001)) — ((1)° - 4(1)) X —9=0
- 0.001 e
—3.000 996 999 — (—3) = ,
- 0.001 Vil =0
= —1 X = *3
b) f(1) = 1* = 4(1) = ~3 b) 2* +dx — 1 =x +1
Point of tangency: (1, —3) 2 +3x—2=0
v=—lx+b 2+ 4 —lx—2=0
_:3:_1(1)4_[, x(x+2) - 1(x+2)=0
2=} 2x = 1)(x+2)y=20
y=—x—2 2x — 1 =0andx +2=20
e) (~2.0) =L 5
34 2

) dxt —x?P =2 +2 =3 = 2(x* - 1)
§ 4P —x? = 2x+2=3" - 2x* +2
1 X+ -2=0
x(x*+x—-2)=0
x(x + 2)(x - 1)=90
x=0andx +2=0andx—1=20
x=0,-2.1

, d) ~2x>+x—~6=—x"+2x — 8
. s e corant line o o (=4)
17. The slope of the secant line is *5—5— or 4. Graph G2 +2=0

the.curve and the secant using a graphing caiculator. Ax—2)—1(x—-2)=0
Estimate where the slope of the tangent to the curve 2 9y =

< 4 Use the calcul d h o (x Dx—-2)=0
is4. Uset e calcu d[O'l' to l"dW[ e tangents at varous 12 | _gandx — 2 =0
x-values until your estimate is accurate to two decimal 5 _ _
x*=1landx =2

Y >

places. x=+172
7 ) 2.18¢" = 53¢ + 52x* — l4x — 8
‘ '{/ ' =3t —x '+ 20 -8
A 156 — 52x* + 327 - 16x =0
kY x(15x* = 52x2 + 52x — 16) = 0
R et ar il swondus:
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For 15x* — 52x% + 32x — 16 = 0, f(2) = 0.
2115 =52 52 —16
\J 30 —44 16
15 -22 8 0
x(x = 2)(15x* = 22x + 8) =0
x(x —2)(15x* — 12x — 10x + 8) = 0
x(x —2)3Bx(5x —4) - 2(5x —4)) =0
x(x=2)3x —2)(5x—4) =0
x=0andx —2=0and3x — 2 =0and
Sx —4=0

x = 0.2, '2~ fl:
35
i |
b
|l
2ers l\.!
#=0 =

\/

2¢r
#= SGEEEGE? ¥zg

\

2oy

%=.8 t=g
4
Y
%
\
|
v
Zebs k}
d=2 ¥=0

3oa) f(x) =alx — D(x = 2)(x + D(x +2)
Since f(x) has a y-intercept-of 4, f(0) = 4.
4 =a(~1)(~2)(1)(2)
4 = 4a
l =a
So. flx) = (x — D(x = 2)(x + 1)(x +2) or
flx) = x' =5 + 4.
b)yx! — 5 +4 =48
=5 - 44 =0
Graph y = x* — 5x> — 44 on a graphing calculator
and use the calculator to determine the zeros.

Advanced Functions Solutions Manual

_3? {

\ L

2eFe
#=-3.098568 iY=0

!

\

2ere
H=2.0865664 1¥=¢

The function has a value of 48 when
x = -3.10=3.10.
4 x(24 — 2x)(30 — 2x) = 1040
x(720 — 108x + 4x?) = 1040
720x — 108x% + 4% = 1040
4¢? — 108x% + 720x — 1040 = 0

f(2)=0
21 4 —-108 720 —1040
! 8 —200 1040
4 —100 520 0
(x — 2)(4x? — 100x + 520) =0
x =2
For 4x* — 100x + 520 = 0
= (—100) =V (~100)? — 4(4)(520)
- 2(4)
2 8

=74, 17.6 (17.6 1s too large)

2cmby2cmor 7.4 cm by 7.4 cm
5. a) The given information states that the model is
valid between 1985 and 1993, so it can be used for
1993, but not 2005.

b) Set C(r) = 1500 (since the units are in thousands)
and solve using a graphing calculator.

c) .
/

Inkersection
R=?.6752625 JV=1500 uuy

Sales reach 1.5 million in the 8th year after 1985, so
in 1993.
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6. a) Answers may vary. For example:

2x + 1> 17
2x > 16

x> 8

b) Answers may vary. For example:

3x -4 = —16
3x = —12

x=—4

¢) Answers may vary. For example:

2x + 3 = =21
2 = —-24
x = -12

d) Answers may vary. For example:

—-19<2x—-1<-3
—18 < 2x < =2
-0 <x<—1
7.a)2(4x —7) > 4(x +9)
8 — 14> 4x + 36
4x > 50

>25
x>
2

(25 x)
xe 5
x—4 2x+3
b) 5 = 2
2(x —4) = 5(2x + 3)

2y — 8= 10x + 15

—8x = 23
23

s ——

8

{ 23
re 8,x)
¢)—x+2>x-—-2
—2x > —4
x <2
xe(—=,2)
d)Sx - 7=2x+2
3x=9
x=3
xe (—x,3]
8.a) -3<2x+1<9
-3 - 1<2x+1-1<9 -1
—4 < 2x <8
—2<x<4
{xeR| -2 <x <4}
b) 8= —x+8=9
8—8=—-x+8-8=9-8
0=—-x=1
-1=x=0
{xeR|-1=x =0}

4-30

) 6+2x=0=-10+ 2x
6+2x~2x=0—-2x=—-10+2x — 2x
6=-2x=—-10
~-3=x=5
{xeR|-3=x=5}
d x+1<2x+7<x+5
x+1-x<2xt+7—-x<x+5-x
1<x+7<5
-6 <x<—2
{(xeR|-6<x< -2}
9. a) 0.04x + 20.95 > 34.95
0.04x > 14 ‘
x > 350
The second plan is better if one calls more than
350 minutes per month.
B) 441
40- | /'
361

32
28 -
24
£ 3

#

"
0 ¥ T 1 i ] T T 1 T L Ed

100 200 300 400 500

10.a) (x + 1)(x — 2)(x + 3)*’ <0
x+1=0andx-2=0andx+3=0
x=-3,-1,2

This divides the domain of real numbers into 4
intervals:

r=-3 -3<x< -1 -1<x<2;x=2
Test for each interval:

r=-3

f(=4)= (-4 +1)(—-4-2)(—-4+ 3)P<0
= (=3)(-6)(—-1)’ <0

=18 <0 No
-3I<x< -1
f(=2)=(=2+1)(-2-2)(-2+3) <0
= (~1)(=4)(1)* < 0

=4 <0 No
-I1<x<2

F0) = (0 + 1)(0— 2)(0+ 332 <0

= (1)(-2)(3)* <0

=(=-2)(9) <0

= -18<0 Yes
x=2:
f3)y=0C8+ D)3 -2)3+ 3)°<0

= (4)(1)(6)* <0

Chapter 4: Polynomial Equations and Inequalities



(4)(36) <0
=144 <0 No

The interval is —1 < x < 2.

b) (x — 4)£2x + 3) - 2xﬁ+ 3
b b)

(x —4)(2¢+3)=2x +3

2t~ S5x—12=2x +3

2P —7x - 15=0

2x2 - 10x +3x—15=0

2x(x = 5) +3(c=3)=0

2x+3)x -5 =0

2x+3=0andx - 5=0

!l

x=—-=75
p)

This divides the domain of real numbers into
3 intervals:
’;

= —— ——<x<;x=5
20 2

Test for each interval:
3

-

f(=2) = 2(=2) +3)((-2) -5 =0
=(-1)(-7)=0
=7=0 Yes

e

—_— Ly < 5

f(0) = (2(0) + 3)((0) —5) =0
=3} (-5=0
=—15=0 No
xr=5
f(6) = (2(6) + 3)((6) — :
= (15)(1) =0
=15=0 Yes
_The intervals are x = —3 orx = 5.
—2(x ~ D)2x + 5)(x —7) >0
x—1=0and2x+5=0andx -7 =0

[ ]

N
v

5
X = _E, 1, 7
This divides the domain of real numbers into 4
intervals:

55
A< ~o—=< < Il <x<Tix>7
2 2

Test for each interval:

-

S

x < -—‘2‘:

f(=3)
= =2((=3)-1D2(=3)+5)(-3)-7) >0
= =2(=4)—1}-10) <0
=80>0 Yes

Advanced Functions Solutions Manual

5
—5<x<1:

f(0) = =2((0) — 1)(2(0) + 5)((0) = 7)
= =2(=1)()(~7)
=-70>0 No
I<x<T

f2)==2((2) = D22) +5)(2) —7)
=2(D)(9)(-3)

i

=90 >0 Yes
x>T
f(8) = (=2(8) = 1)(2(8) + 5)((8) = 7)
= ~2(7)21)(1)
= -294 >0 No

The intervals are x < —3or 1 <x <7.
A+ -2l +21 =37 -2+ |
=2 - 19x +20=0

f(1y=20

L -2 -1 2
(i1 -1 =20
1 -1 =20 0

(x =) (x" —x—20)=0

(x = 1)x=5)x+4)=0
x—1=0andx -5=0andx +4=20
x= -4 175

This divides the domain of real numbers into
4 intervals:

= 4 —d<xy <l =x=5x>5
Test for each interval:

r=s —4
f(=3) = (=35 = D{(=35) =5)((—=35) +4) =0
= (=6)(—10)(—-1)=0
: =-60=0 Yes
-4 <x<I:
f(0) = ((0) = D)((0) =35)((0) +4) =0
= (=D(-5) =0
=20=0 No
| B -

f2) = ((2) ~ D((2) = 5)(2) +4) =0
(H(=3)6) =0
=—-18=0 Yes
xr> 5
f(6) = ((6) — 1)((6) = 5)((6) +4) =0
= (5)(1)(10) =0
=50=0 No
The intervals are v = —dorl =x <35

i
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1. f(x) = 2x* — 2> — 3207 — 40x
x(2x¢) = 2x7 — 32x — 40)
For 2x* — 2x* = 32x — 40, f(=2) =0

-212 =2 =32 -40
I -4 2 40
2 -6 =20 0

x(x + 2)(2¢* — 6x — 20)

x(x + 2)(2¢* — 10x + 4x — 20)

x(x +2)(2x(x = 5) + 4(x = 5))

x(x + 2)(2x + 4)(x = 5)

Set each of these equal to zero to find the intervals

and how each interval relates to zero (either positive

or negative).

x=0and x + 2 =0and 2x + 4 = ( and

x—=5=90

x=-2,0,5

This divides the domain of real numbers into

4 intervals:

X=-2:-2<x<00=x=5x>5

Test for each interval:

r=s -2

f(=3) = =3((=3) + 2)(2(=3) + 4)((=3) = 5)

—3(=1)(=2)(—8)

= 48

-2 <x <O

f=1) = =1((=1) + 2)(2(=1) + 4)((=1) = 5)
= —L(I)}2)(—6)

2 Positive

Positive

il

[N
~~
FEN ‘
~—

Negative
x> 5
1(6) = 6((6) + 2)(2(6) + 4)((6) — 5)

= 6(8)(16)(1)

= 768 Positive
The intervals of the function are negative when
xe (0,5), positive when xe (—=, —2), (—2,0),
(5.%).
12. Rewrite as an equivalent inequality with 0 on
one side: graph and determine the zeros of the
polynomial function that is graphed.
o2ty =3= 2+ -+ 1
O=x"+3x" - 2¢ + 4
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J

o

£5"% pozees
x= —381
13. f(x) = 1135x* — 8197x" + 15 868x°
= 2157¢x + 176 608,0 = x = 4

To determine in which years the harvest was less
than 185 000 m’, write an inequality, rewrite an
equivalent inequality with O on one side, and use a
graphing calculator to solve.
1135x¢* — 8197 + 15 868¢ — 2157«

+ 176 608 = 185 000
1135 — 8197x* + 15868x* — 2157x — 8392 = 0

yz-{ME-12

)
A "
/.' S
Z&F0
H=1.1930082 =0
-, f
vy

/

2¢re
=2 78B3687 Yz-2.2E-9

AT 1{
e

Py e

&0
H=3 8431707 v=-11E-9

Convert the zeros to years and months after January

1993. So the harvest is less than 185000 m” between
January 1993 and March 1994 and between October
1995 and October 1996.

14.a) f(x) = x> — 2x + 3

Average Rate (fromx = 2tox = 7):

Average rate of change = Jl%)_:%ﬁl
_ - A2)

7-2
_ (P2 3) - (2 -202) +3)

d
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38-3
5
=7
Instantaneous Rate (at x = 3).

fla +h) — f(a)

Slope = ,where a = 5; i1 = 0.001

h
_ f(5.001) - f(5)
0.001
_ (5.0017 = 2(5.001) + 3) = (5* = 2(3) + 3)

0.001
18008001 ~ 18
0.001

=8

b) fi(x) = (x — 3)(2x + 1)
Average Rate (fromx = 2tox = 7):

Average rate of change = '———mf(xi) :]i(x‘)
A - )
S 7-2
h = ((7 = 3)2(7) + 1))
5
- (2= 3)(2E) + 1))

3

60 - (-3)

s

= 13

Instantaneous Rate (at x = 3).
_fla+ h)y = fla)
a h

f(3.001) = f(5)

0.001

((5.001F = 3)(2(3.001) + 1))
B 0.001

(5= 3)2(6) + 1)

0.001
22015002 - 22

0.001

Slope .where ¢ = 5: h = 0.001

=15
¢) glx) = 2% = 3¢
Average Rate (fromx = 2tox = 7):

Average rate of change = Ji(w}i_)_z__fe(i)_
H X

1) - )

72

= (2(7)° = 5(7)) — (2(2)° = 5(2))

R
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651 — 6

3
=129

Instantaneous Rate (at x = 5).

fla + h) — f(a)

Slope = ; ,where a = 5; h = 0.001

1
_ f(5.001) = £(5)

0.001
(2(5.001)° = 5(5.001)) — (2(5)° — 5(5))
- 0.001
22514503 — 225
- 0.001
= 145
d)v(v)=—-x"+2¢° -5+ 1
Average Rate (fromx = 2tox = 7):
Average rate of change = f_(fi_)f__{(lil
42T Y
(D) - f2)
72

_ @20 =5() + 1)

5

(@) +22¢-52)+ 1)
5

_ —2337 — (—17)
- 5
= —464

Instantaneous Rate (at x = 5).

_fla+ k)~ f(a)

Slope ,where a = 5: h = (0.001

h
_f(5.001) = f(5)
0.001
(—(5.001)* + 2(5.001)> ~ 5(5.001) + 1)
0.001
(=) 265 - 5(5) + 1)
0.001
~ —599.485 148 — (—599)
B 0.001
= —483

15. By examining the graph. the instantaneous rate
of change is positive when —1 < x < 1, negative
whenv < —lorx > 1,and zeroatx = —1, 1.
16. h(r) = =57 + 25
a) -5 +25=0
—51t = =25

=35

r=22
The object hits the ground at 2.2 seconds.
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b) Average rate from r = 0 to t = 2.2

flx) — fx)
X

Average rate of change =

2 T X
_ f(2.2) - f(0)
S 22-0
_(=5(22) +25) = (=5(0)* +25)
B 2.2
0.8 —25
22
= —11 m/s

¢) Instantaneous rate at t = 2.2

Slope = fa+ h}z — f(a)’ where a = 2.2;
h = 0.001
_ f(2201) - f(2.2)
h 0.001
_(=5(2201)* + 25) = (—5(2.2)* +25)
B 0.001
0777995 - 0.8
h 0.001
= ~22m/s
17. f(x) = 2> + 3¢ — 1
a) Average rate of change = w
2 1
_ f(3.0001) = f(3)
- 3.001 ~ 3
_(2(3.0001)* + 3(3.0001) - 1)
B 0.0001
23 +33) - 1)
- 0.0001
_ 62.005700 18 — 62
- 0.0001
= 57.002

b) Average rate of change = ]Ltgt];(—m*
2 T X
_ f(3) — £(2.9999)
T 3-2.9999
Y +@)-1) - (2(2.9999)°
- 0.0001
3(2.9999) - 1)
0.0001
62 —61.994300 18
N 0.0001
= 56.988
¢) Both approximate the instantaneous rate of
change at x = 3.
Instantaneous rate at x = 3

4-34

Slope = fla+ h}z — f(a)’ where a = 3; & = 0.001
f(3.001) — £(3)

0.001
(2(3.001)° + 3(3.001) — 1)
B 0.001
(2(3)° + 3(3) — 1)
- 0.001
_62.057018 — 62
- 0.001

=57
18. a) Enter the data into a graphing calculator and
then use the calculator to determine a cubic function
for both sets of data. Let the independent variable
represent the number of years since 1975, so.x = 0
corresponds to 1975.

L1 LZ L3 3
0 IR i4.2
£ g3.2 212
i0 92.2 30.8
i ge.? 36.5
20 4.2 40.8
F2) ?d.6
L3I(P) =

The cubic function for the male data is:

f(x) = 0.001x" — 0.162x* + 3.394x + 72.365.
The cubic function for the female data is:

g(x) = 0.0002x* — 0.026x* + 1.801x + 14.369.
b) Use a graphing calculator to determine when

g(x) > f(x).

The cubic functions intersect at approximately 31.11,
so more females will have lung cancer in 2006.

¢) The rate was changing faster for females, on
average. Looking only at 1975 and 2000, the
incidence among males increased only

5.5 per 100 000, while the incidence among
females increased by 31.7.

d) Between 1995 and 2000, the incidence among
males decreased by 6.1 while the incidence among
females increased by 5.6. Since 1998 is about
halfway between 1995 and 2000, an estimate for the
instantaneous rate of change in 1998 is the average
rate of change from 1995 to 2000. The two rates of
change are about the same in magnitude, but the
rate for females is positive, while the rate for males
1s negative.
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L3C =32 - T+ 5=x -2~ 1
2 - - Tx+6=0

(1) =0

1{2 -1 -7 6
2 1 -6

2 1 -6 0

(x—-DRE+x-6)=0
(x —D)2x* +4x —3x - 6)=0
(x = D)(2x(x +2) - 3(x+2))=0
(x— D){2x - 3 x+2)=0
x—1=0and2x —3=0andx +2=0
3
x =1, > 2
2. a) By examining the graph, the function is
positive when x < —2 and 0 < x < 2, negative
when —2 < x < 0, and x > 2 and zero at
x = -2,0,and 2.
b) By examining the graph, the instantaneous
rate of change is positive when —1 <x <1,
negative when x < —1 or 1 < x, and zero at
x = -1 1.
0-1 -1
2-1 1
3. a) Cost with card: 50 + 3n;
Cost without card: 12x
b) 12n > 50 + 3n
Tn > 50
n>714
They must buy at least 8 pizzas to make the card
worthwhile.
4d.a)dx - 5<-2(x+ 1)
4y — 5 < =2x — 2
6x <3

1
x <<=
2

by 4=-Bx+1)=5
—4=-3x-1=5
-4+ 1=-3x-1+1=5+1
-3= -3 =<6
-2=x=1
¢ (x+ 1)(x =5 x+2)>0
(x+ Dx—35)x+2)y=0
x+1l=0andx-5=0andx +2=20
x==-2,~-1,5
This divides the domain of real numbers into
4 intervals:
x< =2 2 <x< -l -1 <x<5x>5

-1
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Test for each interval:
< -2
f(=3)= (=3 +1)(=3=5)(=3+2)>0
=(=2)(-8)(-1)>0
=-16>0 No
-2 <x< -1
f(=15) = (=15+ )(-15-5)(-15+2)>0
= (=05)(—6.5)(0.5)>0
=1.625>0 Yes
-1 <x<5:
f(0)y=(0+ 1)(0—=5)0+2)>0
= (I}—52) >0
=-10>0 No
x> 5
f6) =(6+1)(6-5)6+2)>0
= (7)(1)8) >0
=56 >0 Yes
The intervals are —2 < x < —lorx > 5.
d) 2vx — 4 (x+3)=0
2x —4=0andx +3 =20
x = 32
This divides the domain of real numbers into 3
intervals:
x< =3 -3=x<2ix=2
Test for each interval:
x> -3
f(=4) = (2(=4) = 4P((=4) + 3) =0
= (-12)%(-1)=0
=—-144 =0 No
-I=sxy<2:
f(0) = (2(0) —4)*((0) +3) =0
= (-4)°3)=0
=48 =0 Yes
xr=2
f(3) =(2(3) —4)*((3) +3) =0
= (2)X(6) = 0
=24 =0 Yes
The interval is x = — 3.
5. h(1) = =562+ 20¢ + 15
a) h(0) = —5(0)* + 20(0) + 15 = 1S
15 metres
b) =5/ +20t +15=0
~20 = V/(=20)* ~ 4(=5)(15)
2(—5)
~20 _ V400 — —300
—-10 — —10
2x26
= 4.6, 0.6

H
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Since time cannot be negative, it will take
4.6 seconds.
¢) Average rate of change fromt = 0totr=4.6

Average rate of change = flxs) = fx)
X2 7 Xy
_ f(46) — f(0)
46 -0
_ (=5(4.6)* +20(4.6) + 15)
B 4.6
(—5(0)* + 20(0) + 15)
4.6
1.2 - 15
46
= —3m/s

6.f(x) =x*+x*+1
a) The slope at x = 1:
+ h) —
Slope = fla l: f(a)’ where a = 1; A = 0.001
_ (1001 - £(1)
0.001
~(1.001° + 1.001* + 1) — (P+12+1)
0.001
~3.005004 001 — 3
0.001

=5
bfH)=1P+P+1=1+1+1=3
The coordinates are (1, 3).
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cy=5x+b
3=5(1)+»b
-2 =5

y=5—-2

7. Since all the exponents are even and all the
coefficients are positive, all values of the function
are positive and greater than or equal to 4 for all
real numbers x.
8.a){xeR|-2<x <7}
by -5<2x—-1<13
-5+1<2x—-1+1<13+1
—4 <2x < 14
-2 <x <7
9. (x)(x)(x + 13) = 60

x}(x + 13) = 60

x4+ 132 - 60 =0
f2)=0
211 13 0 -60

I 2 30 60

115 30 0
(x = 2)(x* + 15x +30) =0
The roots of x* + 15x + 30 are both negative. Since
the dimensions cannot be negative, x — 2 is the root
that we use.
x—2=40

x =2

The dimensions are 2 cm by 2 cm by 15 ¢cm.
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b) Answers may vary. For example:
Ax+1=4+x
2x =

A

PO W

X

9.a) {xeR|-6=x =4}
by —-13=2x—-1=7
-3+ 1=2x-1+1=7+1

-12=2x =8

~6=x=4
10. Attempting to solve x =3 <3 —x <x —5
yields 3 > v > 4, which has no solution. Solving
x—3>3—-x>x— Syields 3 <x <4.

ll.a)%xﬂ— 1 <3
byx <4

1
C);Y+J<3

|
—r <2
2
<4

12.2) 18 = %(F ) =22

b) 18 = =(F - 32) =22

NoRRwjl

NE
9(18) = 9(§(F - 32)) =9(22)

162 < 5(F — 32) = 198
162 _ S(F—32) _ 198

d

=

|

>—‘[\)[\)<
N+ A
|OS]
V]

5
32.4
24+ 3

64 .4
13. 0.50

)
NG
mn

9.6 + 32

)
NN A
[

T ™
I
~1 L)

IA

0.10x = 2.00
0.10x = 1.50
x =15
The volunteers can talk for the initial 3 minutes plus
an additional 15 minutes, or a total of 18 minutes.

4+ o

s
1d.2) €= (F-32)

9
-C=F—-32
J

9

~C+32=F

9
b)§C+ 32>C
ZC>~32
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C > —40
15. a)
X
F5- 5
b) -3 <x<4

16. The solution will always have an upper and
lower bound due to the manner in which the
inequality is solved. The only exception to this is
when there is no solution set.

17. a) Isolating x is very hard.

b) A graphical approach as described in the
lesson yields a solution of x > 2.75 (rounded to
two places).

34

U

I

|
oo
!
]
|
B A
!
o
o
P
o,
ep}
oo

18. a) maintained

b) Maintained if both positive; switched if both
negative; varies if one positive and one negative.
¢) maintained

d) switched

e) Switched unless one is positive and the other is
negative, in which case it is maintained. (If either
side is zero, it becomes undefined.)

f) Maintained, except that < and > become = and =,
respectively.

g) Maintained, but it is undefined for negative
numbers.
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19.a) x> < 4

The solutions to this inequality are numbers that

have a square less than 4.

The solution can be written as {xe R| -2 < x < 2}

or (—2,2).
o | e ] 1 o o i i i
-S5-4-3-2-1 01 2 3 4 5§
b)4x® + 5 =41

4x* = 36

=9

The solutions to this inequality are numbers that

have a square greater than or equal to 9.
The solution can be written as

{xeR|x = =3 orx = 3}. In interval notation the

solution is (— %, —3]or [3, =).

Y J Y H i i }
S 1 l i i

5-4-3-2-1 0 1 2 3
¢)|2x + 2] <8
Consider two cases.
If 2x + 2 = 0, then |2x + 2] = 2x + 2.
2x +2 <8
2x < 6
x<3
If2x + 2 <0, the [2x + 2| = — (2x + 2).
~(2x +2)<8
2x +2> —8§
2x > —10
x> -5

A 4

g W
[V

The solution can be written as {xe R| -5 < x < 3}

or (—5,3).

D s e s e A S
-5-4-3-2-1 0 1 2

d) -3¢’ = 81

w O
A4

g
v -

Divide by —3 and switch the direction of the

inequality.
=27
x=3

The solution can be written as {xe R|x = 3} or

(—=,3]

) i L 4
Y T 1 1

5-4-3-2-10 1 2

[ 8
g
W

L.a)0 = —2x(2x - 5)(x — 4)?
~-2x'=0and 2x — 5 =0and (x — 4)* =

5
= ———4
x 0,2,

414

b)0 = (02 + D(2x + 4)(x +2)
¥*+1=0and2x +4=0andx +2 =0
x = =7
cyxt —4x?="7x - 10
X =4 -Tx+10=0
fQ) =
i1 -4 -7 10

\ 1 -3 -10

i -3 -10 0
(x - D(®—3x—-10) =0
xx-Dx+2)(x~5)=0
x—1=0andx+2=0andx —5=10
x=1,-2,5
d)0 = (x* — 2x — 24)(x? = 25)

x*—2x—24=0andx’ - 25=0
(x + 4)(x — 6) = 0and x? =125
x+4=0andx-6=0andx = V25
x=—4,6,5 -5
e)0 = (. + 2H)(x +9)
0=x’(x+2)(x+9)
*=0andx +2=0andx +9 =90
x=0,-2,-9
D —x*= —13x* + 36
0=x*-13x+ 36
(=N -4)=0
Y —9=0andx*—-4=0
x*=9and x* = 4
x= *V9andx = *V4
x=3,-3,2 -2
2.a)h(t) = =5(t — 03)* + 25
=5(t = 0.3)(r—-03) +25
—5(2 — 0.6¢ + 0.09) + 25
-5 + 3t — 045 + 25
= —5¢t* + 3t + 24.55
b) h(0) = —5(0)* + 3(0) + 24.55
= 24.55

The cliff is 24.55 metres high.
¢) Graph A(r) using a graphing calculator.
Determine when A (r) = 0.

Zere E
#=2.536068 . Y0

Jude hits the water after about 2.5 s.

I

It

Chapter 4: Polynomial Equations and inequalities



CHAPTER 5

Rational Functions, Equations,

and Inequalities

1. Examine the coefficient for each term. To factor used to decompose the middle term.
each expression, you will need two factors of the 6x2 — ldxy + 9xy — 21y°
coefficient of the third term whose sum is the = 2¢(3x — 7y) + 3y(3x — 7y)
coefficient of the second term. If the coeffictent of = (2x + 3y)(3x — Ty)
the first term is not 1, then you will have to consider 12 — 8
the factors of that coefficient too. If the expression 2. a) 4
doesn’t factor easily you can use the quadratic 4(3 = 2s)
formula. = e
a)x? — 3cv— 10 ; =3 - 2
“SXZZ“IO;—5+2:'3 2 4

- _bmn
(x ﬁwj)(\ *2) 18m°n
by 3x- + [2x — 15 5 s
3(x7 + dx — 3) = “__‘____6n17“n(n)’
SX —1=-535+-1=4 6’37_"(3'”)
3+ 35— 1) = n),rnandn:,'t(J
c) 16x° — 49 3'37 .
Notice that this is the difference of two squares. 0 9x' — [2x° — 3x
This means that the factored form of the expression 3x
will be (4x — 7)(dx + 7). 3x(3x2 — 4y — 1)
d) 9x® — 12x + 4 - 3y
Notice that the coefficients of the first and third terms = 3¢2 — dy — |
are squares. Since the coefficient of the second term vEO
is negative, the factors of the coefficient of the third 25¢ — 10
term will also probably be negative. The factored d) m
form 10f the expression is (3x — 2)(3x — 2). o 5(5x - 2)
e) ?ﬁ(!t*(l.‘ 3(). ‘ \ ) SGr — 2)(5x — 2)
This is a trinomial of the form ax~ + bx + ¢ where l
a # 0, and it has no common factor. The expression = =

. . L . 5S¢ — 2

can be factored using decomposition by finding two 5
numbers whose sum is I and whose product is X F -
(3)(—30) = —90. The numbers are —9 and 10. , )
These numbers are used to decompose the middle e) ot ~ 18
term. 9 - x
3a> = 9a + 10a — 30 _ (x = 3)(x +6)
= 3a(a — 3) + 10(a — 3) (3 - x)(3 +x)
= (a — 3)(3a + 10) (B3 - x)(x+6)
£) 6x° — Sxy — 21y° (3 - x)(3+x)
This trinomial can again be factored by x+6 L.
decomposition. Find two numbers whose sum T T3 rET
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is —35 and whose product is (6)(—21) = —126.
The numbers are — 14 and 9. These numbers are



0 a’ + dab — 5b?
2a* + Tab — 15b?
_(a + 5b)(a — 1b)
(2a — 3b)(a + 5b)
a—>b 3b
PR TIER A
3
)

5
1
=X

3.

5]
o

wi= X

X
—_
9

.
1| "N|

i
o] R R
X

X
x#0
-4  x+2
S P
_ =2 +2) 4G - x)

x -3 (x+2)
(x—2) 43 —x)
N x—3 % 1
4B - (- 2)
B x—3
4T+ 200 -6
- x—3
x# —-2,3
X +4x2 xP—=5x+6
d) =1 x* = 3x
P (x+4) « (x —3)(x —2)
(x = 1I)(x+1) x(x —3)
_ (x +4) « (x —=2)
(x = D(x+1) X

P (x+4)(x - 2)

Cox(c - Dx+ 1)

Cx(x +4)(x - 2)

(= 1)(x + 1)
x? + 2x — 8x

= ey #= —1,0, 1,3
x—1

5-2

)6

=+
12 12
19¢

_ 5x 2x — 6
T oxr - 3x X2 3x
3x — 6
x? — 3x
x#03
2 y
O s T
2 y

x—5+(x~5)(x+5)

(ii)()fs) " (x—S)y(x+5)

_ 2x + 10 + y
(x+5x-=-5 (x=-5+)5)

_ 2x+10+y

C (x+35)(x —5)

Chapter 5: Rational Functions, Equations, and Inequalities



_ 2x+10+y
(" = 25)
x # 5, —35
6 8

f)
6

az~9a+20—az-2a-15

- (a —5)(a—4) B

(a ~ 5Y(a+ 3)

:<Zi§)<(a«5)6(a—4>

_(a—ll)( 8
a—4 /\(a—35)a+3).

_ 6a + 18
a (a+3)(a—35)a—4)
8a — 32
(a + 3)(a — 5)(a+ 3)
_ —2a + 30
"~ (a+3)(a - 35)(a+3)
x# —3,45
- Sc¢ 15
8 4
4(5x) = 8(15)
20x = 120
20x 120
20 20
x=6
X 1 5
b) 1737 %
(G- (G-
) 4)1)“6
3x 4_5
2n e
3x+4 5
2 6

6(3x +4) = 12(3)
8¢ + 24 = 60

18x + 24 — 24 = 60 — 24

18x = 36
18 18
R—

TN
SHE)
V/
TN
U\’Z“
-, £
\.___/ 5]
|
—
Sl e
i
L) PO MW NI =

—_
el
3]
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2(5x) = 3(10)
10x = 30
10 30
10 10

v = 3

TJx + 6= -6
6—-6=-6-6
Tx = —12
Te 12
7 7

12
X = ——
7

The graph has vertical and horizontal asymptotes
that follow the corresponding axis. The domain of
the function is {x € R|x # 0}; the range of the
function.is {y e R|y # 0}.

7.a) f(x) =

x+3

The function is translated 3 units to the left.

(34

5-3



2
b) f(x) = T

The graph has a vertical stretch by a factor of 2 and
a horizontal translation | unit to the right.

¥

8..

6-

4

2 X
B-6-4-rR 2 46 8

_4_

—6

..8_

1
O fle) = =5- =3

The graph has a reflection in the x-axis, vertical
compression by a factor of 3, and a vertical
transiation 3 units down,

Y

NoD O

X

ey e
-4<r -
—6-

~8

b 4

d) flx) = M———mB(;_ 5 +1

The graph has a reflection in the x-axis, a vertical
compression by a factor of 3, horizontal translation
2 units right, and a vertical translation 1 unit up.

JZ 3

8

4 4

ERREL N R
—df 4
-64

—8 -

8. Factor the expressions in the numerator and the

denominator. Simplify each expression as necessary.

Multiply the first expression by the reciprocal of the
second.
9y — 4 9y + 12y + 4

dy—12 18 — 6y

5-4

_ By + 2By -2) By +2)(3y+2)
4(y — 3) '
By +2)(3y = 2)
4(y — 3)
Gy —2)(y - 3)
2(y —3)(3y +2)
33y — 2)

2(3y + 2)

6(3 — y)
6(3 ~y)

By +2)(3y +2)

1. Graph each function and compare to the given

graphs.
a) Y
4
2
-4-2.) 4
—4
N
This is the graph of y = e 5 C
b) 7
4
2..
< X
-4 -2, 4
-4
4
This is the graph of : A
is is the graph of y = ————5—.
SRR OLY T T
C) y
4-
2_
d
—l —1 &/ t T
4 2_2_ 2 4
._4_
N
This is the graph of y = x> — 1. D
d) 1z
4_
2_
X
.—l _( O T H
4-2) 4
-4
¥
This i1s the graph of y = 2x — 5. F

Chapter 5: Rational Functions, Equations, and Inequalities



e)

- X
P ; 'Y
1 Cd

~4-2 Y 4

This is the graph of y = — 5 B
X =
f) y
4_.

7 .

: X

N
T L

—] _lo
4-20 7 4‘
._.4_

This is the graph of y = —(x — 2)* — 1L E

A and E are reciprocals. B and D are reciprocals.
C and F are reciprocals.

2. The zeros of a function occur when f(x) = 0.

va

a)f(x) = x—6
0=x—6
6=x
The vertical asymptote of g(x) = L occurs
(x — 6)
atx = 6.
b) f(x) =3x + 4
0=3c+4
0—4=73x
4 j— .
37
The vertical asymptote of g(x) = (,3[—1—*4*) occurs

atx = ~%.
¢) f(x) =x? = 2x - 15

0=x?—2x—15

0=(x—5(+3)

0= (x—-5)and0= (x + 3)
0+5=x—-5+5and0 -3 =x+3~-3
5 = x and —3 = x. The vertical asymptotes of

glx) = T, o s oeewr atx = Sand x = —3.
d) f(x) = 4x* — 25
0=4x’ =25

0= (2x +5)(2x = 95)

0=2x+5)and 0= (2x — 5)
0—-5=2x+5—->5and
0+5=2x—-5+5

Advanced Functions Solutions Manual

-5  2x d5_~2x
7 2T
=.x.an 7 =X
The vertical asymptotes of g(x) = A = o5 oceur
atx = —3and x = 3.
e) flx) =+ 4
0=x*+4
— 4=
There are no real solutions to —4 = x°. Therefore,

- . 1
there are no asymptotes for the function ——.
£) f(x) = 2x> + 5 + 3 '

0=2x>+5x+3
0=(2x+3)(x+1)

0= (2x+3)and 0= (x + 1)
x=~-15andx = —1
1
The asymptotes for g(x) = T 5T 3) are at
x = —15and —1.

3. a) Graph the function f(x) =5 — x. The
y-intercept is (0, 5) and the x-intercept is (5, 0).
Let g(x) be the reciprocal function.

Y

The zero of f(x) is x = 5 and so that is where g(x)
will have a vertical asymptote.

AY T
8_

4

|
m._
i
O\—‘
{
A-
1
Loy
s Nol ¥
N.«
_“..
/:
Ny

5-5



f(x) is positive on (—2, 5), negative on (5, =),

and always decreasing. Therefore, g(x) positive on
(—=,5), negative on (5, =), and always increasing.
f(x) = lat4 and —1 at 6. The points of intersection
for f(x) and g(x) will be at (1, 4) and (-1, 6).

1
1
i
1
i
i
&
i
i
1
1
i
P
§
i
1
1
t
1
i
i
i
)
i
1
1

(4

..4< _ _1 ‘
-64" " Flx)

b) Graph f(x) = x* — 6x. The x-intercepts are at
x =0 and x = 6. The minimum occurs at (3, —9).
Let g(x) be the reciprocal function.

34

f(x) is positive on .(—=c, 0) and (6, =) and negative
on (0, 6). It is decreasing on (—=¢, 3) and increasing
on (3, =). Therefore, g(x) is positive on (—=x,0)
and (6, =) and negative on (0, 6). g(x) is increasing
on {—=, 3) and decreasing on (3, =). There are
vertical asymptotes at x = (J and 6.

5-6

f(x)=Tlatx =61and —0.2. f(x) = —latx =35.8
and 0.2. These will be points of intersection for f(x)
and g(x).

Use this information to graph g(x).

&Y
y= f(x)
2
» X
-8-6—4~2_20 2 4 F 8
-4
_6 y:__]_

4. a) Complete the table with the reciprocals of the
values of f(x).

W

4 [sf 6|7
0 |-2{-4|-6

x |—4]|-3]-21-1
fa| 16] 1412 10

wio
[ NS
AN
[

1 1 1 1 1

0] 7614|1210

00 | w
[
-

un- ﬁ1 1 l
2 idefined} 21 4| 6
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e) y = —; vertical asymptote at x = 2
R s ymp
fyy= L vertical asymptote at x = 3
y (x - 3)27 y p -
¢) The first differences in the values of f(x) are a _J L\}_
constant, —2, so the function is linear. Since the
y-intercept is 8, the equation for the function is
y = —2x + 8. The equation for the reciprocal
1
functionis y = ———.
~2x + 8 =5
L R PRT;
S5.a)y = 3o vertical asymptote at x = 0 x2—3x ~ 10 = (x — 5)(x + 2), so the vertical
asymptotes are at x = —2 and x = 5.

. 1
‘I T

i .
b)y = -t vertical asymptote at x = —3 hyy = 1
A 3x* —4x — 4
L E 3x? — 4x — 4 = (x — 2)(3x + 2), so the vertical
asymptotes are at y = —3 and x = 2.
z .
L , I
¢y = Rt vertical asymptote at x = 4
; L 6. a) f(x) = —x — 1, so the reciprocal function is
1
1 = __r + I
AT
! - 5
d)y = P vertical asymptote at x = —3
o) x
\ 1977 4 68
=
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b) f(x) = 3]x| — 2, so the reciprocal function is For the reciprocal function: D = {xeR|x # 31,
1 R = {yeR]|y # 0}

y - %IVI -2 b) TAAY

A £ad

|
©
!
o -
|
EN
1
EN
o
oo -

For the reciprocal function: D = {xeR|x # —}},
¢) f(x) = V36 — x?, so the reciprocal function is R = {yeR]y # 0}
i

JUE I — 8.a) 14
V36 — x2 8
ai y 6] y= f(x)
4
6- ;.
4" £ 5
2- -8 -6-4 - 7 4 6 8
. g
T T H T T T > y:-‘l—..
-6-4-20 2 4 ¢ i f(x)
N
. . - b) T
d) f(x) = 2{x + 1], so the reciprocal function is i
_ ! y=f(x)
T
X
v {
T T
7. a) )
y = f(x)
2
s {
8-6-4-20 2 4 6 8
_4_
_6" :-]—
e |17 Hx)
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d) :
14 .
Al ] y= )
1304
8
|
N TR,
8-6-4-20 2 4 6 8 |

e)
£) ; 7
PR BN Y
flx) 6
4‘.
2] X
8-gf-4 00 2 4 68
= f(x) Y

9. a) The domain and range of f(x) are all real
numbers because x is a linear polynomial. Also,
because f(x) is a linear polynomial with a positive
slope, it is always increasing. The y-intercept is
2(0) + 8 = 8. The x-intercept 1$

0=2x+8
-8 = 2x
—4 = x

The y-intercept is (0, 8) and x-intercept is (—4, 0).
Use the x-intercept to determine the intervals upon
which the function is negative and positive. Because
the function is always increasing, the function is
negative on (—=. —4) and positive on (—4, —x).

g(x) = /;(1— so the reciprocal of f(x) is

v) 2x + §
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|
Y

[
N~

o
[
_h._

|
-84Y7 <8

b) The domain and range of f(x) are all real numbers
because x is a linear polynomial. Also, because f(x) is
a linear polynomial with a negative slope, it is always

decreasing. The y-intercept is —4(0) — 3 = —3.
The x-intercept is

0= —4d4x -3

3= —4x

3
2=y

4

The y-intercept is (0, —3) and x-intercept is ( —3, 0).
Use the x-intercept to determine the intervals upon
which the function is negative and positive. Because
the function is always decreasing, the function is
positive on (—=. —3) and negative on (3. =).

glx) = F(It—) s0 the reciprocal of f(x) is I
MY
E_
3 y:~41x—3
P X
a2 W 24 6
_ y=—4x-3

¢) The y-intercept is f(0) = 0 — 0 — 12 = 12. The
x-intercepts are:
flx) =x?—x— 12
0=x'—x—12
0= (x—4)(x+3)
0= (x~4)and 0 = (x + 3)
The x-intercepts are 4 and — 3. The vertex is at 0.5.
£(0.5) = (0.5) = (05) = 12
=025 -05~-12
= —12.25
The feading coefficient of the function is positive and
so the function opens up; the vertex (0.5, —12.25) is
a local minimum. The domain is all real numbers and
the range is all real numbers greater than — 12.25. The
function is decreasing on (—2, (.5) and increasing
on (0.5, =). The function is positive on {—=, —3)
and on (4, =). The function is negative on ( —3.4).

- - 1
glx) = L so the reciprocal of f(x) is JERS—

fley” ~-x — 12

5-9



x2-x-12
V4
8_
4_
. X
6 -4 2 B 6

y=xt—x-12
d) The y-intercept is —2(0)? + 10(0) — 12. The
x-intercepts are:
flx) = —2x? + 10x — 12
0= —2x+ 10x — 12
0=—-2(x*—-5x+6)
0= -2(x —3)(x - 2)
0 —2x-3)(x—-2)
-2 -2
0=(x—3)(x—-2)
0=(x~-3)and0 = (x — 2)
x=3andx =2
The vertex occurs at x = 2.5.
f(2.5) = —2(2.5)* + 10(2.5) - 12
=-125+25-12
= (.5
The vertex is at (2.5, 0.5). Because the leading
coefficient 1s negative, the vertex is a local
maximum. This means that f(x) is increasing on
(—2, 2.5) and decreasing on (2.5, ). The domain
of f(x) is all real numbers and the range is all
numbers less than 2.5. The function is negative on
(—=,2)and (3, =) and positive on (2, 3).

g(x) /7({7) so the reciprocal of f(x) is
o
-2 4 10x — 12

) 1
Y= T 10x 12

..4-/
y=—2x% +10x -12

5-10

10. Answers may vary. For example: A reciprocal
function creates a vertical asymptote when the
denominator is equal to O for a specific value of x.

. 1 . . .
Consider X For this expression, there is

ax +

. —b .
always some value of x that is — that will result
a

in a vertical asymptote for the function. This is a

graph of y = and the vertical asymptote is

3x + 2

o

atx = —3,

ol

A Ll

Consider the function . The graph

1
(x = 3)x - 4)
of the quadratic function in the denominator crosses
the x-axis at 3 and 4 and therefore will have vertical
asymptotes at 3 and 4 in the graph of the reciprocal
tunction.

y

3
A e

!
o

!
(=}

|
F

!
[}

(o)
S}
o
(=}
co

However, a quadratic function, such as o2+,
which has no real zeros, will not have a vertical
asymptote in the graph of its reciprocal function.

For example, this is the graphof y = ERAPY

Chapter S: Rational Functions, Equations, and Inequalities



2.0
1.5
1.0+

*_’__—,,Au+

220 -lo O 10 20
~05-
~1.01
154

-2.0+

t1. There are vertical asympt

Q fy
x = |, so the denominator is (x + 1)(x — 1) or
=1

Kk
Y= =1
Since (0, —3) is on the graph,
-3 = 0 1.,ork:}.
3

The equation is y =

il

I

12. a) Substitute 20 into the formula to find the
number of bacteria that will be left after 20 seconds.

=1

!
b{r) = 10 ()()()7

1
b(20) = 10 000 -—
20

b(20) = 500

There will be 500 bacteria after 20 seconds.

b) Find the time ¢ for which there will be 5000
bacteria left.

1
3000 = 10 0()0;

5000 I !
10000 10000 * 10000 % f
1]
2
2 =1

¢) Determine the time at which there will be only
I bacteria left.

1
1 =10 0()07

Advanced Functions Solutions Manual

{ |
10000 ~ 10000 < 10000 X7
1
10000 ¢
10000 = ¢

d) If you were to use a value of ¢ that was less
than one, the equation would teli you that the
number of bacteria was increasing as opposed to
decreasing. Also, after time r = 10 000 the formula
indicates that there is a smaller and smaller
fraction of 1 bacteria left.

e) Because the time less than | second and greater
than 10 000 is inaccurate, the domain should be
{xeR|1 < x < 10 000}. Because you cannot have a
negative number of bacteria and because there are
10 000 bacteria at-the beginning of the trial, the
range should be {y e R|1 < y < 10 000}.

13. a) Think of the general shape of the reciprocal
of a linear function—it will have a horizontal and a
vertical asymptote.

The vertical asymptote occurs when the original
function is equal to 0.
0=x+n-—n

0—n

-n=x
Because there is a vertical asymptote at x =
the domain does not include — .
Domain = {xeR[x # —n}.
Examine the end behaviours of the function to find
the vertical asymptote. As x — =, g(x) will get closer
and closer to 0 because no matter how small # 1s
x + n will always get closer to ». The same holds
true for g(x) as v — —=. Range = {veR|v # 0}
b) The vertical asymptote occurs at .x = — .
Changes in n in the f(x) family cause changes in the
y-intercept—an increase in n causes the intercept to
move up the v-axis and a decrease causes it to move
down the y-axis. Changes in # in the g(x) family
cause changes in the vertical asymptote of the
function—an increase in n causes the asymptote to
move down the r-axis and a decrease in 1 causes 1t
to move up the x-axis.

=x+n-—n

A



¢) The functions will intersect when f{x) = g(x}. b) 1
1 Y=
xtn=_—"—"
X +tn . Ll % ’ y
(x + n)(x +n)= (x +n) , 1
xtn -3 37
(x+n¥=1 1 o
V(x + n)? = V1 2
x+n=1lorx +n=—1 ‘% -27
x=1—-—norx=-1-n "
The functions intersect atx = 1 —pandx = —1—n. 5 8
14. Answers may vary. For example: 1) Determine 1 1
the zero(s) of the function f{x)—these will be the
asymptote(s) for the reciprocal function g(x). 2 1
2) Determine where the function f(x) is positive and 8
where it is negative—the reciprocal function g(x) , 4 5121_
will have the same characteristics. 3) Determine
where the function f(x) is increasing and where it is Ay
decreasing-—the reciprocal function g(x) will have 324
opposite characteristics. 24+ .
I5. Use a series of tables to help you graph the 164l VT F
functions. 8
X
a) 1 T . 2 T 1 a4 T D S
Y= ~4 -3 -2 123 4
x y
s 10
100
1
o 5
25 ) 1
¥=5:
X 4 2
16
x y
1 1
-3 8
4 !
2 4
~2
9 !
3 2
— ] —
16 %
! !
2
’\y 5 1
10 14
1
i 3 L
8 8
6 4 aR
16
4 <
=L
S
o8 4 8 12 16
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—360° undetined
- 270° 1
- 180° undefined
-90° -1
0° undefined
45° Ve
90° 1
135° V72
180° undefined
225° -2
A y
8
6_
i i
1 1 4 f ¥
i 1 i i
i P24 ‘ :
i i t i
i H i H
T T O 1 T 7~
N 605 _]a ] 3 don
1 : ;
i i H
i [} U

b)C,y=
factors to (r + 3)(r = 3). (x — 3) factors out of
both the numerator and the denominator. The

equation simplifies to y = (x + 3), but has a hole

atx = 3.

I - . . .
¢) F; y = ————: The function in the denominator

(x + 3)
has a zero at x = — 3, so there is a vertical asymptote
at x = —3. The function is always positive.
X . .

d) D; y = ————————; The function in the

- )(x + 3)

(x — 1
denominator has zerosaty = land y = — 3. The
rational function has vertical asymptotes at x = 1|
and x = —3.
1
e)B;y = p
) By x*+5
no vertical asymptotes or holes.

HDE y=——m; The function in the denominator

has a zero at x = 3 and the rational function has a
vertical asymptote at x = 3. The degree of the
numerator is exactly 1 more than the degree

of the denominator, so the graph has an oblique
asymptote.

2. Use the graph of each equation to find the
equations of any vertical asymptotes, the location
of any holes, and the existence of any horizontal
or oblique asymptotes.

16. The graph looks like the graph of f(x) =

but translated 4 units to the left and | unit down
Therefore, the equation of the function shown in the

. I
graph is y = T A

Exploring Quotients of
Functions, p. 262 ‘

—1
1.a) A; y = ——: The function has a zero at 3
X

and the FCClpr()(,dl function has a vertical asymptote
at x = 3. The function is positive for x < 3 and
negative for x > 3.
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a) Y
4,.
3
2
14
=20-15-10-5 §| 5 10 15 20
X
vertical asymptote at x = —4; horizontal asymptote
aty =1



b) AT vertical asymptotes at x = —3 and 5; horizontal
asymptote at y = (
f) » RV
2 4af
1 3
1 H H é 2
10 15 20 1
. ' X
“16-12-8 -4 ONa_ g 12 16 |
vertical asymptote at x = —3; horizontal asymptote -
aty =0
¢) 7 vertical asymptote at x = - 1; horizontal asymptote
7.5 at y = -1
g) Y
5.0+ 4]
2.5+ i
X 27
T T T T T T > 14
-24 -16 -8 O\ 8 16 24 x
2.5 ~4-3-2-10 1 23 4
~5.04 -2
~75- =
—4
vertical asymptote at x = 6; horizontal asymptot
cal asymptote at .x rizontal asymptote hole at x — 2
aty = 2 h)
A
d) Y 7.5-
3_
21 5.0
14
] X 25_
%50 7% . x
5 24 -16 -8 9| 8 16 24
—2.5
-3
-5.04
holeatx = -3
e) ey —7.5—/
8_
6 vertical asymptote at x = 3; horizontal asymptote at
44 y=-2
2_
< w, R
T 1] T O T ] k4
-8-6-4f27 2 4)6 8
_4,
_.6_
._8_
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l) I 9%
754

5.0

L

W

W

L ¥ T O
~24 ~16 -8 8 16 24
—2.5-

W

vertical asymptote at x = —1; horizontal asymptote
aty = 1

)] 7
7.57

5.0+

2.5+

% e 7 ? T
-24 -6 -8 8 16 24
—2.5+

=5.0-

—7.5+

vertical asymptote at x = 4; hole at x = —4;
horizontal asymptote at y = 0
k) ARy
2.0
1.5+
1.04
os{\
< ;
-0 -5 o 2 5 10
1.0+
1.5
._.2‘0_.

i

N

vertical asymptote at x = 2: horizontal asymptote at
i
Yy =5
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b v

vertical asymptote at x = 4; horizontal asymptote
aty = —3
3. a) The graph of the rational function has a hole at
x = 1. This means that (x — 1) must be a factor in
both the numerator-and the denominator. of the
function. Answers may vary. For example:

x =1
X+ x -2
b) The graph of the rational function has a vertical
asymptote anywhere. This means that the polynomial
that makes up the denominator must have a zero. The
graph of the function also has a horizontal asymptote
along the x-axis. This means that the numerator of
the function must be a constant and the denominator
must be a polynomial. Answers may vary. For

v =

example:

o1

y= xt -4

c) The graph of the rational function has a hole at

x = —2.This means that (x + 2} is a factor in both

the numerator and the denominator. The graph also
has a vertical asymptote at x = 1. This means that the
ratio between the leading terms of the polynomials in
the numerator and denominator must be 1. Answers
may vary. For example:

_ x* -4
T X+ 3 +2
d) The graph has a vertical asymptote at x = — 1.

This means that (x + 1) must be a factor in the
denominator of the rational function. The graph also
has a horizontal asymptote at vy = 2. This means
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that the ratio between the leading coefficients of the
numerator and the denominator must be 2. Answers
may vary. For example:

2x
x +1
e) The graph of the function has an oblique
asymptote. This means that the degree of the
polynomial in the numerator must be one greater
than that of the denominator. The rational function
also has no vertical asymptote. This means that the
polynomial in the numerator must have no real
zeros. Answers may vary. For example:

x3

X +5

y:

y=

5.3 Graphs of Rational Functions of

the Form f(x) = 3{———3 pp. 272-274

. . . x+ 4

1. a) The rational function A(x) = P would
X

have a vertical asymptote at the point where the

function in the denominator has a zero.

2¢+5=10
2c £ 5-5=0-15
2x = =5
v, =3
2 2
x = =235
The function has a vertical asymptote at x = —2.5.
This is graph A.
Y
6-
4<
L Y
o 3
NS 3 6
__2_
_4_
—~6
. . . . 2v — 4
b) The rational function A(x) = — has x — 2

as a factor of both the numerator and the
denominator. This means that the function has a
hole at x = 2. This is graph C.

5-16

2.0 4

Y

- . 3
¢) The rational function A(x) = — would have a

vertical asymptote at the point where the function in
the denominator has a zero.

xr—1=0
xr—1+1=0+1
x =1

The function has a vertical asymptote at x = 1. This
is graph D.

I\.y

|

|

@]
N..
.
O

:Z‘X

. . 2x - 3
d) The rational function () = —;—:?— would have

a vertical asymptote at the point where the function
in the denominator has a zero.

x+2=40
x+2-2=0-2
x= -2
The function has a vertical asymptote at x = —2.
This is graph B.
/\y
6..
4_
2] X
P 2
TN Y 1 4
..2_
_.4_
_..6_
,
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2. a) The rational function f(x) = T3 will have a

vertical asymptote at the point where the function in
the denominator has a zero.

x—2=0
x—2+2=0+2
x =2

The equation has a vertical asymptote at x = 2.
b) Use a table to examine the values of f(x) as
x — 2. Use small increments between values of x.

x fx}
2.25 12
2.10 30
1.90 -30
1.75 -12
1.5 -6
1 -3

As x approaches 2 from the right, the values of f(x)
get larger. As x approaches 2 from the left, the values
become larger in magnitude but are negative.

¢) As x — *=_ the value of f(x) approaches

7) or 0.

d) Use a table to examine the values of f(x) as x
approaches *=. Use large increments between
values of x.

X flx)
5000 0.000 600 24
2500 0.001 200 961
250 0.012 096 774
- 250 —-0.011904 762
- 2500 —0.001 199 041
~5000 -0.000599 76

As x grows larger, f(x) gets closer and closer to 0.
e) The domain is all real numbers except for 3 and
the range is all real numbers except for O.

J

f) Examine the equation y = The numerator

=2
is always positive. A positive number divided by a
positive number is always positive. When x — 2 1s
positive, y = -— - will be positive. A positive

v — 2

number divided by a negative number is always

. . . 3 .
negative. When v — 2 is negative, y = —— will
R A
be negative.
x—2>0
x—=2+2>0+12

x>2

Advanced Functions Solutions Manual

.

When x > 2, y = — is positive. When x < 2, .
X — £

-

y = — 1S negative.

g) ¥4

. . . 4x -3
3. a) The rational function f(x) = T will-have
X X
a vertical asymptote at the point where the function

in the denominator has a zero.

x+1 =40
x+1-1=0-1
x = -1
The equation has a vertical asymptote.at x = —1.

b) Use a table to examine the values of f(x) as x
approaches 2. Use small increments between values
of x.

x flx)
-0.1 ~3.777777 778
-0.5 - 10
-0.75 - 24
~1.25 32
-15 18

As x — — | from the left, vy — =,
As x — — 1 from the right, y —» — =,
¢) The equation of the horizontal asymptote can be
found by dividing the leading coefticients of the
equation in the numerator and the denominator.

4x
y= =4

X
The equation of the horizontal asymptote 1s y = 4.
d) Use a table to examine the values of f(x) as x
approaches = and —x. Use large increments
between values of x.

x )
5000 3.998 600 28
2500 3.997 201 12
250 3.972 111554
-250 4.028 112 45
-2500 4.002 801 12
- 5000 4.001 400 28

As x - == f(x) gets closer and closer to 4.
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e)D = {xeR|x # —1}

R ={veR|y # 4}
f) Use a table to help you determine the positive
and negative intervals.

3 3
X < -1 --1<)(<4 kx>z
4x - 3 - - +
x+1 - + +
4x -3 .
+ - +
x+1
g) 37
2
1
1
~24-18-12-6 O 6 12 18 24 X
-12
-18
~-24
.

4. The vertical asymptote of a rational function can
be found by finding the zero(s) of the denominator.

2
a) = x+3
x+3=90
x+3-3=0-3
x=-3
The equation of the vertical asymptote of y = 2
isx = —3. xS
Whenx = —3.1,y = —20. Soasx —» —~3,y > ~x
on the left.
Whenx = —=2.9,y =20. Soasx— —3,y — < on
the right.
x—1
b) vy = x—5
x—5=40
x=15

The equation of the vertical asymptote of y =

isx = 5.
When x = 4.9,y
the left.

x — 1
x -5

—~39.Soasx —5,y— —><on

When x = 5.1,y = 41. So as x — 5, y > 2 on the
right.
2+ 1
©) I
x—1+1=0+1
2x =1
1
X—-Z
5-18

The equation of the vertical asymptote of y = z i :
isx =3
When x =049,y = —99.Soas x -5, y —» —x on
the left.
When x = 0.51, y = 101. So as x — 3, y — = on the
right.
3x+9
d) y= 4x + 1
dx+1-1=0-1
4y = —1
1
x=-7
The equation of the vertical asymptote of y = zj i ?

i

isx = —3
When x = —0.26,y = —205.5. So as x - —1,
y — — % on the left.

When x = —0.24,y = 207.So as x — —3, y — =
on the right. '

3
5. a) The function is f(x) = ——.

x+5
_3 5 .
flx) = T3 will have a vertical asymptote at x = —35.
v

The horizontal asymptote will be y = 0. Therefore, the
domain will be {x e R|x # —5}. The range will be
{yeR|y # 0}. Because the horizontal asymptote is
y = (), there is no x-intercept. Substitute O for x to find
the y-intercept.

3 3

0+5 S
The y-intercept is z. Use a table to determine the
positive and negative intervals.

X< -5 x> -5
3 + +
x+5 - +
3
- +
XxX+5

f(x) is negative on { —2¢, ~5) and positive on ( — S5, ).
The graph of the function is:

/\y

Y >

V3

~24-18-12-% 9|

6 12 18 24

—D4
N
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Examine the graph to determine where the function is
increasing or decreasing. The function is decreasing

on (—*,—35)and on (—5, = ). The function is never
increasing. ’
b) The tunction is 5

y o :

flx) = P— will have a vertical asymptote at
X D

5. The horizontal asymptote will be y = 0.

Therefore, the domain will be {x eR|x # I} and

the range will be {yv e R|y # 0}. Because the
honzonta asymptote is y = 0, there i$ no x-intercept.

-
I
pajtn

or x to find the y-intercept.

The v intercept is —2. Use a table to determine the
positive and negative intervals.

5 .

X< - x>

2 2
10 + +
2x ~ 5§ - +
10 ~ .
Ix - 5§ '

f(x) is negative on (—= ) and positive on (3. =).
The graph of the function is:

y
241

18+
12+
6

N

~24-18-12-6 2]
124
~18-
—244

6 12 18 24

Examine the graph to determine where the tunction is
increasing or decreasing. The function is decreasing

on ( ) and on ( = ). The function is never
mcredsmg.
. . ., X+ 3
¢} The function is f(x) = f o
4r —

. X+
flxy = : 1 ~ will have a vertical asymptote at x = 4.
X

The horizonta asymptote will be y = §. Therefore, the
domain will be {x eRjx # }} and the range will be
{,\f eRly # i}

Substitute O for v to find the x-intercept.

Advanced Functions Solutions Manual

v +5
dr — 1
i v+ 3
dx = 1) X 0= {(4x — 1) X —
0=x+5
—5=x
The x-intercept is x = —3.

Substitute O for x to find the y-intercept.

0+ 5
4(0) —
The y- mtercept is —1.

tahla
Use a table

intervals.

x< -5 -5 < x<— x>—
x+5 - + +
4x —1 - - +
x5 . _ .
4x~1

f(x) is positive on (—%=,—5) and (§,

=), and negative

on (-5, %)
The graph of the function is:

Examine the graph to determine where the function is
increasing or decreasing. The function is decreasing
on (—=,1) and on (j, =
mcreasmg.

d) The function is f(x) =

=). The function is never

———— The function
S{(x + 2)

has the factor (x + 2) in both the numerator and
the denominator.
Examine the function. For any value of x, f(.x) will
always be . Because the function in the denominator
will have zero at x = —2, f(x) will have a hole at

= —2.The domain is {xe R |x # ~2} The
range is {y = 1. The v-intercept is y = 3. There is
no x-intercept. The function will dlways be positive.
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The graph of the function is:

The function is neither increasing nor decreasing;
it is constant.
6. a) Answers may vary. For example:

flr) =

x+2

b) Answers may vary. For example: f(x) =
Y

8-

6_

4_

21

¢) Answers may vary. For example:

o) = 5%

This has a hole at x = 3 and a y-intercept of 0.5.

X
x+2

s AR

N

d) Answers may vary. For example:

1
&= a0
y 4
5..
-, -
-5 (O 5)
_5_
X A 4
7. a) Graph the function f(x) = m_gi " for each

value of n, n = 1.2, 4, and 8.

S

—

The graph is shown in a window from - 10 to 10 by
1’s on the horizontal axis and from —20 to 20 by 2’s
on the vertical axis.

The graph is shown in a window from —5 to 5 by
1’s on the horizontal axis and from — 10 to 10 by
I's on the vertical axis.
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-
|

The graph is shown in a window from —3to 3 by
1’s on the horizontal axis and from —5to 5 by 1I’s
on the vertical axis.

_/

The graph is shown in a window from —1to | by
1’s on the horizontal axis and from —3 to 3 by I's
on the vertical axis.

Use this information to discuss the differences
between the graphs. The equation has a general

. 1 . .
vertical asymptote at x = ——. The function has a
n

. 8 .
general horizontal asymptote y = —. The vertical
144

asymptotes are —§, —1, —3, and — 1. The horizontal
asymptotes are 8, 4, 2, and I. The function
contracts as n increases. The function is always

v
1

3

3 . , 17
and (75 ) The function is negative on (—~~, ﬁ,).
H

increasing. The function is positive on (—x.

b) The horizontal and vertical asymptotes both
approach 0 as the value of n increases; the x- and
y-intercepts do not change nor do the positive
and negative characteristics or the increasing and
decreasing characteristics.

. 17
¢) The vertical asymptote becomes x = — and the
tH

. Lo - L
horizontal becomes x = ——. The function is always
H

increasing. The function is positive on (—=.3) and
17 . . . 3 17
—, % |. The function is negative on { 15- 5 - The
H
rest of the characteristics do not change.
8. f(x) will have a vertical asymptote at x = 1; g(x)
will have a vertical asymptote at x = —3. f(x) will
have a horizontal asymptote at x = 3; g(x) will

have a vertical asymptote at x = 5.

Advanced Functions Solutions Manual

9. Substitute the values of ¢ to find the value of the
investment over a given period of time. The function

is (1) = 131—}23.
15(2) +25 55
a1y = 2@ D D g5
2 2
The investment will be worth $27 500 after 2 years.
15(1) + 25
b) I(1) = le—*—— =40
The investment will be worth $40 000 after | year.
15(0.5) + 25 -
[(0.5) = —————— =065
¢) 1(0.5) 0.5

The investment will be worth $65 000 atter 0.5 years.
d) No, the value of the investment at ¢ = 0 should
be the original value invested.
e) The function is probably not accurate at very
small values of r because as t — 0 from the right,
X — %
f) The horizontal asymptote will indicate where the
value of the investment will settle over time. Divide
the leading terms to find the equation of the
horizontal asymptote.

15¢
y=-—=13

!
The value of the investment will settle at around
$15 000.
10. Use a table to help you examine the concentration
of the chlorine in the pool over the 24-hour period.

t c(t)

1 0.666 666 667
2 ]

3 1.2

4 1.333 333 333
8 16

12 1.714 285 714
16 1.777 777 778
20 1.818 181 818
24 1.846 153 846

The concentration increases over the 24 hour period
and approaches approximately 1.89 mg/L.

11. Answers may vary. For example: The rational
functions will all have vertical asymptotes at

{
X = ~‘(—_. They will all have horizontal asymptotes

a - . b
at y = -. They will intersect the y-axis aty = "
C [4
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The rational functions will have an x-intercept at
b

x=——Youcanusea = 1,b =2,¢c = 3, and
a

d = 4 to illustrate this. The function is

N
flx) = 3x + 4
Vertical Asymptote:

0=3c+4

0—-4=3¢x+4-4

Horizontal Asymptote:

e 1 a

r= 3x 3 ¢

y-intercept:
_Loy+2 2 b

YT30)+4 4 4
x-intercept:

lx +2
0“3x+4
; Ix +2
(3.\+4)><()—(3.»c+4)><3x+4
O0=1x+2
0-2=1x+2-2
-2 = lx
-2 lx
11
-2 -b
T ==

12. Answers may vary. For example: The function

2x
fl) = 57—
Examine the graph below to see the oblique

asymptote.

will have an oblique asymptote.

34
50

25

5-22

13. Use synthetic division to help you rewrite
2P — TP+ 8~ 5
fx) = e
{2 -7 8 -5
! 2 -5 3
2 -5 3 =2

263~ x>+ 8¢ — 5
flx) = -
X 1
2
=2 —5¢+3 -
x—1
Asx — *x%, f(x) — .
134
2 4
'| _
1
8
4...
X
DRy PR
._8_
—124
NK

The equation of the vertical asymptote would be

x = 1. When you find the equation of a horizontal
asymptote of a rational function f(x), you find a
constant value that the equation approaches as

X — . In this case, f(x) isn’t approaching a constant
value, but rather an equation or a parabola. For f(x),
the equation of the oblique asymptote would be

y = 2x* — Sx + 3, which is the quotient without the
remainder because the remainder is what keeps the
rational function from reaching the parabola. Graph
both equations to verify this.

N
5. ]
25
X
- ffs 5
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14. a) f(x) would have a horizontal asymptote

because the degree of the numerator is less than that

of the denominator.
b) g(x) and h(x) would have an oblique asymptote
because the degree of the numerator is greater than
that of the denominator.

¢) g(x) has no vertical asymptote because the
numerator has no real zero.

d) Use the horizontal and vertical asymptotes to
help you draw the graph. The denominator has
zeros at x = 2 and —2—these will be the vertical
asymptotes. Divide the leading coefficients to find
the horizontal asymptote of y = 1.

/\y :

5.0-

-

e et e o i i i)
1
. 1
i
!
i
1
1

Mid-Chapter Review, p. 277

. - . ; 1
1. The reciprocal of a function, f(x), is equal to —.

flx)
Vertical asymptotes can be found using the zeros
of f(x).
a)f(x)=x -3
Ll
floy =3
0=x—-3
0+3=x-3+3
J=ux

The equation of the vertical asymptote is x = 3.
b) f(q) = —4q + 6

L
flg)  —4qg +6
0=—-4g+6
0-6=—4g+6-06
-6 = —4qg
-6 _ —4q
-4 —4
3 — .
2

The equation of the vertical asymptote 1s ¢ = 2,

Advanced Functions Solutions Manual

o) f(z)=2"+4z-5

1 1
f(z) z?+4z-35
=72 4+47 -5
0=(z+5)(z—-1)
=z+5
0—-5=z+5-5
-5=z
O0+1l=z-1+1
1=z :

The equations of the vertical asymptotes are
z=—5and |
d) f(d) =6d* +7d — 3
T 1
f(d) 64> +7d -3
0=6d>+7d -3
0= (3d —1)(2d + 3)

0=3d -1
0+1=3d—-1+1
I = 3d

1 3d

3 3

1

3~d
0=2d+3
0—-3=2d+3 -3
-3 =12d

-3 2
22

D

—;‘—:d

2. a) The function is f(x) = 4x + 6. The function is
a straight line. The domain is {x € R} and the range
is {y € R}. Find the x-intercept to determine the
positive and negative intervals.

0=4x+6
0—-6=4x + 66
-6 = 4x

-6  4x

4 4

3_

—J =

Choose a number on either side of —3 and substitute
them into the function to find the positive. The
function is negative on {—2, —3) and positive on
(—%, x'). Because the function is linear, and

because the slope of the function is positive, the
function is always positive. Use this information to

graph the function and its reciprocal.
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b) The function is f(x) = x* — 4. The function
is a parabola. The coefticient of the first term is
positive and so the parabola points up. This means
that the domain is {x € R} and the range is
{yeR|y > —4}. Find the x-intercepts to help
you determine the positive and negative intervals.
0=x*—4
0= (x+2)x —2)
0-2=x+2-2

-2 =x
0=x~-2
0+2=x—-2+2
2=x

The x-intercepts are 2 and —2. This means that the
vertex is at 0. The function is decreasing on
(—=.0) and increasing (0, =). That means that the
function is positive on (—x, —2Y and (2, =). The
function is negative on ( —2, 2). Use this information
to help you graph the function and its reciprocal.

¢) The function is f(x) = x* + 6. The function is a
parabola. The coefficient of the first term is positive
and so the parabola points up. This means that the
range is {x € R} and the range is {y e R|y > 6}.
Because the range is {y e R|y > 6}, there are no
x-intercepts and the function will never be negative.
The vertex of the parabola will be (0, 6). This means

5-24

that the function will be decreasing on (-2, () and
increasing on (0, o). Use this information to help you
sketch the graph of f(x) = x* + 6 and its reciprocal.

}%\/7
- X

8-6-4-290 2 4 6 8
_..2.., :

d) The function is f(x) = =2x — 4. The function is
a straight line. The domain is {x € R} and the range
is {y e R}. Find the x-intercept to determine the
positive and negative intervals.

0=-2x-4
0+4=-2x—-4+4
4= -2
4 -2
-2 -2
-2=x
The x-intercept is x = —2. Examine the slope of the

function. The slope is negative and therefore the
function is always decreasing. This means that the
function is positive on { —x, —2) and negative on
(—2, =). Use this information to help you graph the
function and the reciprocal.

34

h Rad

3. Answers may vary. For example: (1) Hole: Both
the numerator and the denominator contain a common
factor, resuiting in § for a specific value of x.

(2) Vertical asymptote: A value of x causes the
denominator of a rational function to be 0.

(3) Horizontal asymptote: A horizontal asymptote
is created by the ratio between the numerator and
the denominator of a rational function as the
function approaches = and —x. A continuous
rational function is created when the denominator
of the rational function has no zeros.

4. Vertical asymptotes can be found by finding the
zero of the denominator. An equation will have a
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horizontal asymptote if the degree of the expression
in the numerator is less than or equal to the degree
of the expression in the denominator. An equation
will have an oblique asymptote if the degree of the
numerator is | greater than the degree of the
denominator. A hole occurs when there is a common
linear factor in the numerator and denominator.

. . Re
a) The function is y = —.
x—2
0=x-2
0+2=x—-2+2
2=x
The equation of the vertical asymptote is x = 2

X —

. In both the
3vr — 3

numerator and the denominator, x — 1 is a factor.
This means that the function will have a straight
line at y = 1 and a hole at x — 1.

b) The function is y =

- . . —7x
¢) The function 15 y = - _‘ .
’ 4x + 2
0=4dx +2
0-2=4+2-2
—2 = 4x
2
—Z =y
4
1
=y
2
The equation of the vertical asymptote is x = —3. The

degrees of the numerator and denominator are equal.
This means that there is a horizontal asymptote.

N . . x2 4+ 2
d) The function is y = e
A
0=x-06
0+6=x—-6+6
6=ux

The equation of the vertical asymptote is x = 6. The
degree of the expression in the numerator is 1 larger
than the expression in the denominator. This means
that the function will have an oblique asymptote.

e) The equation is y = ——————.

x+ 2x — 15
0=x*+2x - 15
0= (x+35)x—3)
0=x+5

1

0=x-3
0+3=x—-3+3
I=x

The equations of the vertical asymptotes are
x = —5 and x = 3. Since the numerator is a
constant, the horizontal asymptote will be x = 0.
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5. The functions that had horizontal
X ~T7x
asymptotes were: y = LV = ,and
ymp - .r—Z') 4x + 2
1 1
= ————="Begin with y = =
Y= X+ 20 — 15 & - x+ 2x — 15
Because there is a constant in the numerator, the
horizontal asymptote for this equation will be x = 0.
For the other two equations, divide the first terms of
the expressions in the numerator and denominator to

find the equation of the horizontal asymptotes.

X
y===1

X
o —7x 7
e ¢ 4
6. a) The function is f(x) = : i o
Vertical Asymptote:

0=x-6
0+6=x—-6+6

6=x

The horizontal asymptote will be y = 0 because the
numerator is a constant.

x-intercept:

0= —
X -6
(x —6)xX0= (x - 6)
x -6
0=35

The equation will not have an x-intercept.
y-intercept:

D D
0-6 6
Because the numerator is a constant, the function
will be negative when the denominator is negative
and positive when the numerator is positive. x — 6
is negative on x < 6. f(x) is negative on (—%, 6)
and positive on (6, =). Use this information to
graph the function.

y

y =

6-
4u
2
't"‘f-e_,; =T
—4 -
Y

o
O\._.
Q0 ~
—
S

From the graph, it can be seen that the function is
always decreasing.
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3x
x+ 4

b) The function is f(x) =

Vertical Asymptote:
O0=x+4
0~4=x+4—-4
—4 =x
Horizontal Asymptote:
3x
y=—1=3
x-intercept;
3x
Cx+4
3x

+4

(x+4)><0=t X (x + 4)

0 = 3x
3x

3
0=x
The x-intersect 1s x = 0.
v-intercept:
3(0)
fO) = (0) + 4
f0y=20
Use a table to determine when the equation is
positive and negative.

0_
3

X< —4 -4 < x<0 x>0
3x - - +
x+4 - + +
3x
+ - +
x+4

Use this information to help you graph the function.
34

-

From the graph it can be seen that the function is
always increasing.
S5x + 10

¢) The function is f(x) = T Both the
X

numerator and the denominator have a common factor,

5( 2 . .
x+ 2. f(x) = 3(:—:*24) = 5. The function is a
straight, horizontal line with a hole at x = —2. It

will always be positive and will never increase or
decrease. Use this information to graph the function.

5-26

Y
. 8.~
6- N
. >
2._
< X
EESELEREEN
]
...6..
...8..
. . x -2
d) The function is f(x) = P
Vertical Asymptote:
0=2x—1
0+1l=2x-1+1
= 2x
1 2x
2 2
1
’2": =X
Horizontal Asymptote:
_ox 1
YT T2
x-intercept:
x—2
0= 1
(2x—1)x0:’2 x (2x — 1)

y-intercept:
5(0) +10
f0) = —————

(0) +2
f(0) =5
Use this information to help you graph the function.

The function is always increasing.
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7. Answers may vary. For example: Examine the
Tx + 6

function y =

The horizontal asymptote is y = 7 and the vertical
asymptote is x = 0. Changing the function to

Tx + 6
Y= changes the graph.
Re

-8-6-4-2p
h &
The function now has a vertical asymptote at x = — 1

and still has a horizontal asymptote at y = 7.
However, the function is now constantly increasing
instead of decreasing. The new function still has an
x-intercept at x = —% but now has a y-intercept at

y = 6. To explain why the new function is always
increasing instead of decreasing, examine the function

near their respective asymptotes.
Tx + 6

or . when you have values of x that are less

X

than 1, you have a number greater than 1 being
divided by a fraction—which leads to larger and
larger values of v as x gets closer to 0. But with

_1x+ 6
- 'x + 1
you're dividing a number that is greater than | by
another number that is greater than 1—giving you
a fraction. When —1 < x < 0, then you have a
number that is greater than | being divided by
fraction. Additionally, when —1 < x < — % the
fraction is negative and approaching = as x gets

you don’t have that. When 0 < x < L,
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closer to — 1. This is why the function is always
decreasing instead of increasing.

8. Vertical asymptotes can be found by finding the
zeros of the denominator of the rational function.
In this case, x = 6.

0=2—n(6)
-2+0=-2+2-n(6)
-2 = —~n(6)
-2 —n(6)
6 6
_1—
5 - "
1
"3

The x-intercept of a function occurs when y = 0.
In this case, the y-intercept will be (5, 0).

O__7(5)—m
2 — n(5)

_ _T7(5) —m ~
(2~n(3))><()~«~2—_—71T5‘;><2~n(>)
0=35—-m
O+m=35—m+m

m = 35
9. A graph that has a factor of (x + 2) in both the
numerator and denominator will have a domain of
{xeR|x # —2}. If the only other factor in the
denominator is a constant, there will also be no
vertical asymptote. Answers may vary. For example:

L4+ 8

ey =—15

The graph of the function will be a horizental line
at y = 4 with a hone at x = —2.

pp. 2¢ ‘
1. Substitute both values into the equation. If both

sides are equal, then the two values are solutions.
The equation is

2 x -1

x 3

2 x—1

x3

2 3-1

3003

22

303

3 is a solution of the equation.
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2 x—1
x 3
2 -2-1
-2 3
2 -3
-2 3
-1=-1
—2 is a solution of the equation.
29 3oy
x—1
w-Dx 3 0x -1
x =1
x+3=0
x= -3

x+3

{(x — 1) X 1:2X(x——1)
XxX+3=2x-2
X+3-3=2x—-2-3
x=2x-—95
X—2x=2x~2x—35
—xo= =5
x =35
My
16
125
8_
4 X
-16-12-8 -4 X 4 8 12 16
-8
-12
5-28

x+3

c) =2x +1

x—1

_+_
(x~1)><i_i=(2x+1)x(x——1)

3= (24 1)(x - 1)
xX+3=2+x—-2x -1

x+3=2x-x~-1
0=2x*-2x— 4
0=2(x*-x—-2)
0=(x*-x-2)
0=(x—-2)(x+1)
O0=x+1lor0=x-2
-1 =x 2=1x
The solutions are x = —1 and 2.

3 6
9 3x +2 5x
3 6
3x +2  5x¢
6(3x + 2) = 3(5x)
18x + 12 = 15x
18x — 18x + 12 = 15x — 18«
12 = - 3x
12 —3x
-3 -3
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3. Move all expressions to one side, so that one side
of the equation is 0.
x -3
x +3
3x—1

a) -2=0

5
b ~Z=0
) 2

c))c~1__x+1__
X x +3
x—2

x+3

x—4_
x+5
x—3
=2
x+3
x—3

3=2><(x+3)

d)

4. a)

+3) X
(e 3) X7

’_,__F—"
2¢ere f/f
g=-3 ¥z
b) 3x—1:§
X 2
(3x — 1)2 = 5(x)
6x — 2 = 5x
x—2=0
x=2

2ero
=g 1=z0

) x+1

c) =
X x+3

(x = Dx+3)=x(x+1)

2 H+3x—x—-3=x+x
A2 -3=xt+x

2x -3 =x

x=23
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x—2 x—4

d -

) x+3 x+35

(x = 2)(x +5) = (x +3)(x — 4)
X+ 3x—10=x>—x—12

4 = =2
1
X = ——
2
D
2ere
#z-8 yzo
2 5 7
_+_—_
Sa)x 3 x
2 5 7
(3x)(;»+—§-—-;>
6 + 5x =21
Sx =15
x =3
10 10
b — =6
) x + 3 3

10 10
3u+3(x+3+?: )

30 + 10(x + 3) = 18(x + 3)
30 + 10x + 30 = 18x + 54
60 + 10x = 18x + 54

—8x = —6

3

YTy

2 6

¢ x-3 = x-3

2x- 6
(Xﬂ3)(x~—3:1ﬂx~3)

2x=1(x—-3)—6
2x=(x—3)—-6

2x =x — 9
x = -9
2 1
d + =3
) x+1 x +1
2 1
+1 + =3
(x )<x+l x+1 )
2+1=3x+3
3=3¢v+3
0= 3x
x::
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2 5
e) 2r+1 4-—x
24 —x)=5(2x + 1)
8§ ~2x=10x + 5
8 —-5—-2x=10x+5-5
3 —-2x=10x
3—-2x+ 2x =10x + 2x
3= 12x
3 12
2 12
1._...
Z~x
0 5 4

x—2 x+3
S5(x +3) =4(x ~ 2)
Sx + 15 =4x - §
Se+15-15=4x -8 — 15
Sx + 15~ 15=4x -8 — 15

Sx = 4x — 23
Sx — 4x = 4x — 4x — 23
x = -23
2x 5

6. =
a) 2x + 1 4 —x

2e(d—x)=52x + 1)

8x —2x*=10x + 5

8x — 20+ 2 =22+ 10x + 5
8x =2+ 10x + 5
8 —8x =2x"+10x —8x + 5
0=2¢"+2x+5

Examine the equation. Notice that it will not have
any real zeros. Therefore, the function will have no
real solutions.

i

3 4
b) -+ =2
X x+1

3 4
x(x + 1); + x(x + l)m =x(x +1)2

3+ 7x =2+ 2x
3-3+Tx—Tx=2¢"+2x—Tc—3
0=2x"—5x -3
Use the quadratic formula to solve the quadratic

equation.

x=3andx = —-0.5
2x  x® — Sx

c) — =

5 Sx
2x X 5x = 5(x* = Sx)
10x? = 5x? — 25«
10x? — 5x% = Sx? — 5x% — 25x
Sx? 4+ 25x = —25x + 25«
Sx?+25¢ =10

5-30

Sx(x +5)=0
Sx =0 or x+5=0
x+5—5=0-175
x=20 x = -5
X
d + =0
) * x =2

(x = 2)x + (x—z);%z= (x — 2)0

X-2x+x=0

3Z+x=0
x(x+1)=0
x=0o0orx+1=0
x+1=0
x+1—-1=0-1
x=—1
1 24
i N
24
(x+2)(x+3) 5+ (x+2)(x + 3)——
x+3

= 13(x + })’fv ?)
x+3+24(r+2)— 1?(( + 5x + 6)

25x £'5 = 13x% + 65x + 78
256 = 25x +5-5=13c+65x —25x + 718 ~ 5

0=13x"+65x —25x + 78 — §
0= 13x> + 40x +73 A3

Examine the quadratic equation. {j}ere € no real
zeros and that means that the orljy‘zi%equatlon has
no real solutions.

-2 x
b x—1 x+1

2+ D= -8k -1)
—2¢x—2=x"-9r+8
0=x"—T7¢+10
0= (x—5)(x~2)

0=x-50r0=x -2
x=35 x=2
7. Move all terms to one side of the equation so that
one side of the equation is 0. Graph the expression
on the other side and use the zero function of the
calculator to solve.

a)\

4=6 L ¥z
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b) /f
fm""/ (/_/"dd
2&re {
H=1 2984279 Y=i
e -
- Pt
Zgro _
x = 1.3G,7.70
C) \
_-"‘\
"l
2o
g1 i=g
x =10
d)
‘rﬂ-—_‘-_
2ere
Uz 2E3CP22  Y=0
Zere
H=20.Puglcl Y=g
x = 3.25,20.75
e)
- \
\\'F .
™ .,
h! h
2&rd 1
Hx-1 712356 4l¥=-2 HE 14
x=-171,271
) \
\.\'ﬁ \‘\‘
™,
-
2kt \n
LAZE. 2472588 HY =0
.j &‘
Zere
4=-.61803%1 Y=¢
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I

R

Zerae
#zi GLHOZH | Y20

x = —0.62,1.62
x+1 x+3
8. =
a) x—2 x—4

Multiply both sides of the equation by the LCD,
(x —2)(x — 4).

(x —4)(x + 1) = (x = 2)(x + 3)

Simplify.

¥ —=3x—d4=x+x-6

Simplify the equation so that 0 is on one side of the

equation.
-t =3x—x—-4+6=x"—x+x—x
—6+6
—4x+2=0
~22x - 1)=0

Since the product is equal to O one of the factors
must be equal to 0. [t must be 2x — 1 because 2 is a
constant.

2v -1 =40
2x—1+1=0+1
2x =1
21
2 2
1
X =3
1 . .
b) Substitute x =5to verify the solution.
P41 5+ 3
Tngz—land;_Li:wl

(x+ 1)  (x+3)
(x = 2) (x - 4)
determine the zeros to verity the solution.

2ere I \ I
] ¥=0
9. Multiply both sides by the LCD, w(15 — w)

w(lS — w)(%) = w(l5 - w)(15 ’i w)

(15 = w)(15) = w?
225 — 15w 2

W

¢} Graph the equation and
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225 — 225 — 15w + 15w = w? — 15w — 225
0=w"— 15w — 225
w? — 15w — 225 =0
Use the quadratic equation to help you solve the
guadratic formula.
w = 9271 and w = —~24.27
Since a width has to be positive, w = 9.271.

10. Machine A has a rate oflg boxes/minute.

boxes/minute.

. i
Machine B has a rate of
s+ 10

Their combined rate is% + : = 15. Solve this

+ 10
equation for s.

1 1 1

+ =
s s+10 15

1 1 1
15s(s + 10)<S + T 15>
15(s + 10) + 155 = s(s + 10)
30s + 150 = s> + 10s
30s — 30s + 150 — 150 = s* + 10s — 30s — 150

0 =s?—20s — 150
Use the quadratic formula to help you solve the
quadratic equation.
s =258
Machine A takes 25.8 and Machine B takes 35.8
minutes.
11. The price per comic in the box that Tayla

. 300 . .
purchase is —, where s is the number of comics in
S

the box. She gave |5 away, and so the number of
comics in the box becomes s — 15. The price per
comic in the box when she resold the box on the
330
s — 15
on each comic, which is the sale price per comic
minus the original purchase price per comic. Solve

[nternet then is Tayla made a profit of $1.50

330 300
the equation — —— = 1.50 to find the
s—15 )
original number of comics.
330 300
- — — = 1.50
s— 15 s
330 300
(s — 15 - = 1.50
56 )<s “15 s )
330s — 300(s — 15) = L.5s(s — 15)

330s — 300s + 4500 = 1.5s> — 22.5s
30s + 4500 = 1.55% — 22.5s
30s — 30s + 4500 — 4500 = 1.55* — 30s
— 22.55 — 4500
0 = 1557 — 52.55s — 4500
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The roots are 75.00 and —40. Since you can’t have
a negative number of comics, the correct answer
would be 75. The original price per comic would be

30 = $4. The resale price per comic would be

W = $5.50.

12. a) Substitute 6 into the formula for ¢(¢) and
solve for ¢.

1
6=9- 90000(10000 + 37)
-9=9—-9— -
6 -9 9 — 90 000(10 T 3[>
1
_ + — J
3(10 000 + 3r) = ~90 000(10 o 3[)

(10 000 + 3r)
~30000 — 9r = —90 000

—30 000 + 30000 — 9r = ~=90 000 + 30 000
-9 = —-60000
—9r  —60000
-9 -9
t = 6666.67
After 6666.67 seconds the concentration will be

6 kg/m®.
b) Graph the function to help you understand the
function’s behaviour over time.

y
10-
q >
6_
4_
2_
X
] 2100 4100 6105 8108
A4

The function appears to approach 9 kg/m? as time

increases. |

13. a) Tom can fill " of an order in | minute. Paco
) 1

and —.
s+ 1

and Carl’s rates are similar: 5
.

Working together Tom and Paco can fill an
order in about | minute and 20 seconds, or about
1

. I 1
1.33 minutes. Solve —— + - = —— to find how
s =2 s 1.33

long it takes each person to fill an order.
1 1

+ — =
s—2 s

<§>si2+%<j:§>:

1
133
1
1.33
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s ‘ s — 2 1
(5)(s —2)  (s)(s —2) 133
2s — 2 1

(s)(s —2) 1.33
1.33(2s — 2) = s> — 2s

0 = 5" — 4.66 + 2.66
Use the quadratic formula to solve this equation.
The roots of the function are s = 3.994 or 0.66.
Because Paco can fill the order in 2 minutes less
than Tom, and because you can’t have a negative
amount of time, Tom’s time must be 3.994, or about
4 minutes. So, Paco can fill the order in about 2
minutes and Carl can fill the order in about 5.
b) Add their rates together to determine how long it
would take them to fill the order working together.
| B

5 4 2
1
0.95
Working together they can fill the order in about
1.05 minutes.
14. Answers may vary. For example: You can use
either algebra or graphing technology to solve a
rational equation. With algebra, solving the equation
takes more time, but you get an exact answer. With
graphing technology, you can solve the equation
quickly, but you do not always get an exact answer.
-6+ 5 _
E-2c -3 )
Turn this into an equation that you can graph to find
the solutions.

=0.95

i

1.05

2 - 3x
is.

s T s )
e R Sl e

X~ — 6y + 3 2 - 3y
y o= —
- X2 — 2y —3 v2 4+ 3x + 3

Graph the equation. ‘

Ky
3_
. 21 X
T H 1 70 T /I—-l__%
—8—6—\\212_/2 6 8
4

4

The solutions are approximately x = —3.80, — 1.42,
0.90, and 4.33.

16. a) The graphs will have the same position when
their equations are equal. Set the two equations
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equal to each other and then solve for r. Graph the
equation to help you.

Tt 5
> = [ +
-+ 1 [+ 2
5 7r
y=1t+ 3

2 24
Graph the equation.
Y

&
O~
m.—

Examine the graph. The zeros are x = 0.438 and
1712,
b) Object A is closer to the origin than

. Tt 5
object B when —— <t + —— or when
‘ -+ 1 1+ 2

2

I .
0<t+ o Examine the graph and

£t
find when the function is positive to solve the
inequality. The graph shows that the inequality 1s
true on (0, 0.438) and (1.712, =).

1+ 2

5.5 Solving Rational Inequalities,
pp. 295-297

I. Use the graph given to help you soive the
inequalities.

125
8_
y=4
b T
-12-8 —71:& 4 8 1fF
_ _ x+5
—E Tox-1
124
Lx+5
a) <4
. . X +5
Examine the graph. To determine when = < 4,

X
determine when the green curve is below the blue
line. This is true on the intervals (=, 1) and (3. =).
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+5 '
b)4x—1>x 1 _2<x+5>>0
. x—1 . x+5 x+5
Examine the graph. To determine when 1 —9¢ — 10
45 >0
4 - 1> 'Y J_r i, determine when the red line is x+35 x+35
above the green curve. This is true on the intervals —2x -9 >0
(—0.5,1) and (2, ). x+5
2. a) Solve the inequality for x. X< -5 | ~5<x<-45]| x>-45
6x <4 -2 -9 + + -
x+3 x+5 - + +
6x
— 4 < -2 -9 _ -
x +3 0 X+5 *
bx 3 =0 The inequality is true on —5 < x < —4.5.
x+3 x+3 oy
6.(—4,\’—12S0 ‘ il
x +3 3.
2x — 12
— =10 2
x+3 N
2(‘r — 6) S O T H T T T T ¥ i i
x+3 -7-6-5M-3-2-10] 1
b) <> ~1
~-4-3-2-1 0 1 2 3 4 5 6 oy = >
¢) The solution is (—3, 6]. -3
15 -4
3. a) x+2> —r—
1
x+ 2~ —é > () b) 1 < !
- 1)‘5 2¢+ 10 x+3
al + =2 >0 L - - <0
X t - x+5 x+3
X+ 2 — 15
—_—>

X

0 (x+3\ 1 1 /x+5)<0

x+3)x+5 x+3\ux+5

(re3)e-3) x+3 “x 10,
X (x+5(x+3) (x+3)(x+5)
b) Xx<-5 | -5<x<0|0<x<3| x>3 —x =7 <0
x+5 - + + + (x +5)(x + 3)
x-3 - - - + X<=7 | -7T<x<-5] ~5<x<~3 |x>~-3
x - - + + —-x-17 + - - -
{x + 5)(x — 3) - . - + X+5 - - + +
- X+ 3 - - - +
The equation is negative on x < —Sand 0 < x <3 —
and positive on ~5 < x < 0 and x > 3. W+ | - " B

¢) The solution to the equation is {x e R|x > —5}.
This can also be written as (—35, =).
1

x+5
1

x+5

The inequality is true on ~7 < x < —5and x > 3.

4. a) > 2

-2>0
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2 /.\'-3

<,\'+4> 7
x+4/x -3

>z()

Ny
8“
6~
4_
2..
X
4 6
) 3 <4
c s
x—2 X
3 4
—— <0
xr—2 x
Y 3 4/x — 2
v/x — 2  xX\x —
3x —~4xy + 8
<0
vix —2)  x{x —2)
-x + 8
x(x — 2)
x<0 | 0<x<2 | 2<x<8 | x>8
—~x + 8 + + o -
X - + + +
X - 2 - + +
—-x+ 8 N . + _
x{(x — 2) '

The inequality is true on 0 < x < 2 and x > 8.

Y

) — X
EEEELEREEN

—4 4

~6

._.8_

...'|O_

7 2
d) =
x—3 x+4
7 2
- =0
vr~-3 x+4
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x + 4\.\' -3
7x + 28 —2x + 6
=0
(x +4)(x = 3) (x + 4)(x — 3)
x<-68| -6B8<x<-4| -4<x<3 | x>3
S5x + 34 - + + +
x+4 - - + +
x -3 - - - +
5x + 34 B . B N
(x + 4)(x — 3) i '
Sx + 34 ~
=U
(x +4)(x = 3)
The inequality is true on —6.8 = x < —4 and
x > 3.
Yy
8_
6_
4_
2_
—8 —6 - 2 4 6 8%
-6 {
e) — > —
v + 1 X
- 1 ,
s = > (]
xr+1 x
xy —6 /v +1
- - = > ()
/e + 1 r v + |
—6x —-x — 1
- 0
v(x + 1) v(x +1)
-7y — 1
S 0
v(v+ 1)
< -1 - <)<~z —%<x<0 x>0
~Tx -1 + + - -
X - - - +
x +1 - + + +
-Tx -1 _ N _
x(x + 1) * '
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. L 1
The tnequality is true onx < —1 and — Z <x <.

&

4

-5 3
f <
) x—4 x+1
-5 3
- <0
x—4 x+1
x+1\ -5 X -
(r \ o5 3 (x 4)<0
x+1/x—4 x+ \x-4
-5¢ -5 —3x + 12
+ <0
(r+Dx—=4) (x+Dx—-4)
-8x + 7
<0
(x + D)(x —4)
X< -1 ——1<x<% %<x<4 x> 4
-8x +7 + + - -
x -4 - - - +
X+ 1 - + + +
-8x + 7 . ~ -
x+ 1x ~a) * *

. L. 7
The inequality is true on —1 < x < g and x < 4.

}4
6,
4.‘
2—
X
R SR
-4
I A )
5.a) —— < ()
) t—1
£—1-12  (1—=4)(r+3)
t — 1 t—1
5-36

t<-3 | ~3<t<1|1<t<4]| t>4

t-4 - - - +
t+3 - + + +
t—-1 - - + +
(t—:1(t1+3) - + - +

The inequality is true on ¢t << ~3or 1 <r < 4,

2
F+r—6
by —m =
t—4
(r+3)(r—2)20
t—4
t<~-3 1-3<t<2| 2<t<4 t>4
t+3 - + + +
t—2 - - + +
t—4 - - - +
(t+3)t-2) _ . _ i
t— 4

The inequality is trueon —3 <r=<2and r > 4.

62 — St + 1
———ee > ()
©) 2t + 1
(3:‘—1)(2[—1)>0
2t =1 ,
The function is true on — § < x < {and x > }
) 1 il 1 1
f<—i' —E<t<-3‘ §<t<‘i t>‘2'
3t -1 - - + +
2t — 1 - - - +
2t + 1 - + + +
{3t — 1)2t - 1) a . _ +
2+ 1 N
30
d -1 <=
) St
5t St 30
— -1 =11-—<0
(5r>[ (5[) 5t
5t 5t 5t
5[*—5[—3()<O
St
- ) _
5(r ~t 6)<O
5t

(r_~_3)[([+2) “0
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t< -2 |~-2<t<0| 0<t<3 t>3

t~-3 - - - +
t+2 - + + +
t - - + +

(t— 3}t +2)

— + —_ +
t

The inequality is true forr < —2and 0 << 3.
2t — 10

t< ~1l-1<t<025l025<t<2l{2<t<9|t>9

t+1 - + + + +

. + + - -

46— 1 - - + + +

-9 - - - - -

(—t+2t+ 1| N ~ N B
(4t~ 1)t - 9) ' )

e) >+ 5
2t — 10 _
—t—-5>
2t — 10 (z) ()
{
7r—1()—r~ﬁ5r
t
-2~ 7t — 10
—oeee—em > ()
{
2+ 7+ 10
—_— <
t
+ 5t + 2
(+5)0+2)
i
t< -5 st -2 | —-2<t<O t>0
t+5 - + + +
t+2 - - + +
t — - - +
{t+ 50t + 2) _ . - +
S ; ,

The inequality is true ont < —5and =2 <1< 0.

£ -t 2
=
) de—1 -9
—t 2 0
— =
4 — 1 t—9
<r"9> —1 2 <4r~1> ,
— =0
t—9/4r — 1 t— 9\4r - 1
-+ 9t -8t + 2 ,
+ = ()
(46— Dt —9) (- 1DE—-9)
-ttt 2
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The inequality is true on —1 = < 0.25 and
2=r<9
6. Graph each expression to determine when the
inequality is true.

x+3 x—1

=

x—4 x+6

a)

Y

The two graphs intersect at (— 1, —0.4). The

asymptotes are at x = 4 and x = —6. The graph of
:x+3.“b ’:.!‘I

y = isabovey = """

onyxy < —6 and on

-] < x <4

byx +5<—

) 2x + 6

Graph each expression to determine when the
inequality is true.
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Notice that the graph of y = x + 5 is above the

graph of y = after the vertical asymptote.

X
2x + 6
The vertical asymptote occurs at x = —3. The
solution is x > 3.

X
©) x+4 = x+1
Graph each expression to determine when the
inequality is true.

2 4 68X

The graphs intersect at (—2, —1) and (2, %) The

X
graphof y = T

(—4.2)and (—1,2).
X I
d =
)x +9 x+1
Graph each expression to determine when the
inequality is true.

is below the other graph on

12-10-8 —6 A 2 4

The graphs intersect at (-3, —0.5) and (3, 0.25).
Because the inequality is = | the intervals that
make the inequality true will include

5-38

the points of intersection. The graph of y = s

is above or intersecting with the other graph on
(—=,—9),[=3,—1),and 3, =).

8>3*x

e) -

Graph each expression to determine when the
inequality is true.

The two graphs intersect at (—2,5) and (4, —1).

The graph of y = r-8 is above the other graph on

(—2,0) and (4, ).

x> — 16

e T
£) o1y = 0
Graph the expression and determine when the graph
is above the x-axis.

The graph intersects the x-axis at (—4,0)
- 16

and (4, 0). The graph of y = (—2

)and(47.

5 1S

above the x-axis on (—=
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3y — 8 x—4
7. a) 1 11
3x—8_x—-4>0
2r—1 x+1
<x+1.\3.(-8_x~4/2x—1>>0
x+1/2c—-1 x+1\2c-1
3x2 -8 +3x -8 ~2x>—x — 8¢ + 4
# >
+D(2x—-1)  (x+D(2x—-1)
By — 1dx — 4 -0
(x,+1)(2x - 1)
(x — 3.065)(x + 0.2614) o

-~ U

(x+D2x-1)

b)

x<—1] -1 <x<-02614| ~0.264<x <05 | 0.5<x<3.065 |x> 3.065
x - 3.065 - - - - +
x + 0.2614 - - + + +
x+1 - + + + +
20— 1 - - - + +
{x — 3.065}x + 0.2614}) .
x+ D2x -1 * - M N M

The inequality is true on

x < —1,-0.2614 < x < 0.5, and x > 3.065.

b) Ot
-2 ~1 0 1 2 3 4

Interval notation:

(-2, —1), (—0.2614,0.5), (3.065, =)

Set notation:

{reRjx < ~1,-0.2614 < x < 0.5, orx > 3.065}

LN
r 4

-6 -30
8. a) L«
-2 t— 2
-6 -30
— <
t—-2 -2 0
—-61 + 30
—_— < ()
=2
-6(t — 5
—( )<()
t -2
t<2 2<t<5 t>5
t—-5 - - +
-6 — _ -
t—=2 - + +
—6{¢t + 5} . —
—————— - t
¢t~ 2

The inequality is true on ¢ < 2 and r < 5.
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¢) It would be difficult to find a situation that could be
represented by these rational expressions because very
few positive values of x yield a positive value of y.

9. The equation that gives the bacteria count over

St
£+ 3+ 2 The

equation that gives the bacteria count for the pond
15¢

£ +9

bacteria count in the tap water will ever exceed

that of the pond water, set up the inequality

time for the tap water is f(r) =

To see if the

water over time is g(¢) =

5t 15¢ .. . .
> . Solve this ' ally.
R R Solve this 1_nequahty glr-aphlcally
. k1] pbls
Graph the expression y = T i3 Fio and

determine when it is greater than 0 to find the
solution to the inequality.

-20 -0 M 10 20

5-39



Notice that the only values that make the expression
greater than O are negative. Because the values of

t have to be positive, the bacteria count in the tap
water will never be greater than that of the

pond water.

5
10. a) 05¢ =2 <—
2x
5
05¢-2 — — <0
2x
(E>()5‘—<g£)2—~5—<0
20 )7 T\ 20
 —4x — 5
B e
2x
r— 5 -+
(x = 5)(x 1)<0
2x
b) x < -1 ~1<x<0 0<x<5 x>5
X -5 - - - +
x+1 - + + +
2x - - + +
(x = 5)}x + 1) B . - .
2%

The inequality is true for x-<< —1 and (0 < x < 5.
11. The profit would be the revenue minus

the cost, R(x) — C(x) = P(x). This is

P(x) = —x> + 10x — (4x + 5). Simplify.

P(x) = —x> + 10x — (4x + 5)

= —x?+6x—5
=x"— 6y + 35
= (x = D{x —5)
Divide this by x to get the average profit.
x = y(x -3
AP(x) = ez Dix = 3)
A
Substitute the factors of this equation into a table to
. = I)x =3
determine when AP(x) > u‘\—m—’.
X
x<0 0<x<1 1<x<5) x>5
{(x-5) - - - +
(x + 1) - - + +
X - + + +
x=1x-51 _ N R .
T x -

From the table, it can be determined that the
average profit per snowboard is positive between
() <x < 1andx > 5. Because you can’t have a
partial number of snowboards, the inequality is
true on x > 3.

12. a) The first inequality can be manipulated
algebraically to produce the second inequality.
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. x + 1 x+3
b) You could graph the equation y = [
X — X

and determine when it is negative.

¢) The values that make the factors of the second
inequality zero are —5, —2, and |. Determine the
sign of each factor in the intervals corresponding to
the zeros. Determine when the entire expression is
negative by examining the signs of the factors.

13. You can graph the inequality to help you
determine when the inequality is true.

y

124
104

2468

Notice that the function is greater than | on [2, 4)
and (4, x).

14. -
sin (x)
1
sin {x)
You can graph this inequality and then determine
when the graph is negative.

Y

< 4,0° = x = 360°

=4 <0

44

x
Y E| 1lr _3_!11 erx
2

The graph is negative on 14.48 < x < 165.52 and
180 < x < 360.

. cos {x) _

I5. —— > 05 0° <x<90)°
X

Examine the inequality. You want the numerator to
be greater than half of the denominator.

cos (x) > 0.5x¢

x = 0 would be the asymptote in this case, but values
greater than zero could satisfy the inequality.

cos (1) > 0.5
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0.999 > 0.5
cos (x) becomes less than 0.5x after about 2.
cos(2) < 1
099 <1

So the inequality is true on 0 < x < 2.

10+
f_\;
1 ‘o il
-10 ‘ 10
_Xxx 2
RIE| RS

Use the graph to determine f(2) and f(7).

f@2)=4
fay =1L
l.

y =

wn

h

7 -
= =05

-4

2

b)  y=-3x+10

10

> imm——

T

-10

~10

O

:x+2
x—1

The slope of the tangent line is — 3.
2. Use the difference quotient to help you estimate
the average rate of change at x = 2. Use 1 = 0.01

fla + h) — fla)

h

_ f2) — f(2.01)

0.01

397 -4

0.01
= -3

The answers that I received match.

3. Use graphing technology to graph the function.
Have the calculator draw a line tangent to point

x = 2. Find the slope of that line.

The slope is — 3, so the instantaneous rate of change

At r o Y o a2
dt X — £ 1> T O,
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N

-’.'i

H=z
p=-3 0000024+10. 000006

\

4. Use the difference quotient to determine the

X
instantaneous rate of change of f(x) =, — 4 at
(2, —1). The difference quotient is

fla + h) — fla
= _‘“““h_‘__) You can use i = 0.01.

flx)

f(2.01) =

2

2.01

01 -4

f(2.01) = - 1.01

Difference Quotient:

_ —101 = (=1)
0.01

= -1

5. Use the difference quotient to determine the
instantaneous rate of change for each function.

fla + h) — f(a)
The difference quotient is f(x) et

Use 0.01 for h.

1
ayy = 55—t T 13
1
3 =557713
1
T2
f(13.01) = R
: 25 — 13.01
o
©11.999

Difference Quotient:

v_.L —
_ 119

0.001
= 0.01
b} v = 17¢x + 3 . s
Jy = \’2+6”t— S
fy = HLALLS
(=5) + 6
= —2.645
‘ 17(-4.99) + 3
A=499) = (—4.99) + 6
_ —81.83
30,9001
= —2.648
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Difference Quotient:
fla + h) — f(a)
f('x) = h
~2.648 ~ (—2.645)
0.01
_0.003
0.01
= —0.3
x+3
x—2
44+3
4) =
fa) =
= 3.5
401 +3
JAOD =013
= 3.487
Difference Quotient:

c)y = x=4

h —
f(x):f(a+ i)z fla)
3487 - 3.5
001
0013
001
=13
-3+ 5x+6
D" e *7 73
L T3(=3)Y+5(-3)+6
f(=3) = (=3) + 6
=6
~ _ =3(=3.01) +5(-3.01) + 6
f(=3.01) = (-3.01) + 6

Difference Quotient:

_ fla +h) - fa)

flx) = .
606 -6
001
_0.06
-~ 0.0l
=6

6. Use the difference quotient to determine the
instantaneous rate of change for each function. The

difference quotient is f(x) = ﬂﬁ_f_ﬁ,}j_fif’_) Use

0.01 for A. The point where there is no tangent line
would be any vertical asymptotes.

—Jx
W)= yr=2
__—5(2)
f@) = 2(2) + 3
5-42

_-10
7
= —1.429
—5(2.01)
f(20D) = 2(2.01) + 3
= —1.432
Difference Quotient:

fla + k) — fla)

flx) = B
_1.432 — (—1.429)
0.01
= 286.1
The vertical asymptote would occur at x = —1.5.
-
b)f(x) = ;";—5“,,( = -7
(=1 -6
f=7) (=7) £ 5
_ —13
-2
=6.5
(=7.01) -6
-701) = —7"——
f(=10L) (=701 +5
o B30l
~2.01
= 6.4726
Difference Quotient:
(a + h) — f(a)
fy ferind
_ 64726 - 65
0.01
= —274
The vertical asymptote would occur at x = —5.
2x? — 6x
= e (I —«2
€ flx) ik +5
2(-2)* - 6(-2)
.__2 —
f(=2) 3(=2) +5
= =20
2(—2.01)" — 6(-2.01)
-2.01) =
f ) 3(=2.01) + 5
= —19.5535
Difference Quotient:
(a + h) = fla)
fley = M2 ]
_ —19.5535 — (—20)
0.01
= 44.65 )
The vertical asymptote would occur at x = -3
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d) flx) = . = 4
‘ 5
f(4) = @ —6
= -25
FAOD =00 — 6
= —2.5126

Difference Quotient:

Fx) = fla + h}i - f(a)

~25126 = (=2.3)

= —1.26
The vertical asymptote occurs at x = 6.
7. The function that models the concentration of the

2N
—, where

ollutant in the water is ¢(t) = ———
p ( ) 10000 + 3t

the units of r is minutes.
a) There are sixty minutes in | hour so find ¢(60).
27(60)
<(60) = 75000 + 3(60)
1620
10 180
0.1591
27(60.01)
10 000 + 3(60.01)
1620.27
10 180.03
= (.1592
Difference Quotient:
oy = Lt = 1)
h
0.1592 - 0.1591
0.01

¢(60.01) =

= (.01
b) There are 10 080 minutes in one week. So
determine ¢ (10 080).

c(10080) = 27(10 080)
10000 + 3(10080)

272 160
40 240
6.76

27(10080.01)
10 000 + 3(10 080.01)
272 160.27
40 240.03
6.7634

i

¢(10 080.01) =
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Difference Quotient:

f(x) = fla + h}’: — f(a)

67634 ~ 6.76
0.01
=034

8. a) The demand function is p(x) =

N S
20+ 1le + 5
This function tells you the price of the cakes for
every 1000 cakes. The revenue function would be
the number of cakes sold, x, times the price of the
5
cakes for that number of cakes sold ——————.
LXT T 1iX T D
So the revenue function is p(x) Ly
renue function is p(x) = -—5—————2
PR e e + 5
b) Use the difference quotient to determine the

marginal revenue for x = 0.75 and x = 2.00.

. 15x
flx) = 22 + 1lx + 5
15(0.75)
0.75) = : e
fO.75) 2(0.75) + 11(0.75) + 5
1125
14375
= (.7826
o 15(0.751)
0.751) = k
HOTSD = 567507 + 11(0750) + 5
11265
14.389
= 0.7829

Difference Quotient:

) fla + h) — fla)

flo) = 22
_0.7829 - 0.7826
- 0.001

= 0.3
The marginal revenue at x = (.75 1s 0.3.
Now find the marginal revenue for x = 2.00.

2,00 = )1;(2.00) -
2(2.00)" + 11(2.00) + 5
30
35
= 0.8571
f(2.01) = )13(2.01) .
2(2.01)" + 11(2.01) + 5
3015
35,1902
= (.8568
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Difference Quotient:
(a + h) = fa)

floy = 1420

_0.8568 — 0.8571

0.01

= —0.03
The marginal revenue at x = 2.00 would be —0.03.
9. a) Since x is measured in thousands, find C(3).

The function is C(x) = L:dkzo
x> —4x + 20
Coy==—"—"
(3)> — 4(3) + 20
C(3) =
( G)
= 5.67

The average cost per T-shirt is $5.67.

b) Determine C(3.01) and use this value in the

difference quotient to help you estimate the

average rate of change of the average price of a

T-shirt when the factory is producing 3000 of them.
(3.01)* — 4(3.01) + 20

Cc@3.01) = G.o0)

= 5.65
Difference Quotient:
oy = a0 = 1@
5.65 — 5.67

0.01
= -2
16. The function is N(¢) =
100(6)*
100 + (6)°
21600
316
68.35
100(6.01)*
100 + (6.01)*
21 708.18
317.08

= 68.46
Difference Quotient:
oy = Rt 1) = f)
68.46 — 68.35

0.01
= —11

100s3
100 + ¥

a) N(6) =

i

N(6.01) =

5-44

100(12)?
100 + (12)°
172 800

1828
94.53

100(12.01)°
N20L) =160 + (12.01)°

17323236

T1832.32

= 94.54
Difference Quotient:

b) N(12) =

I

fx) = fla + h/i — fla)
_94.54 — 94.53
- 0.01
=1

)

The number of houses that were built increases
slowly at first, but rises rapidly between the third
and sixth months. During the last six months, the
rate at which the houses were built decreases.

11. Examine the interval 14 = x < 15. Find the rate
of change over the interval.

15-2 13

15) = == =13
T = 15757 1o
14-2 12

14) = ===l
AN =55 =13
1.3 — 1.33
—S = 003

15 - 14 0

The slope over the interval 14 =< x =[5 is

m = —0.03, which is approximately 0. Now find
the instantaneous rate of change at 14.5.
145-2 125

14.5) = - ==L
043 = 1g5=5 =95 ~ 1716
14.51 =2 1251

14.51) = = = 1315
M4 = 5r=s =951 ~ 19
1.315 ~ L.

315 - 1316

14.51 - 14.5

The instantaneous rate of change at the point 14.5 is
—0.01, which is approximately 0. The rate of
change over the interval and at the specific point is
about 0.
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12. a) I would find 5(0) and s(6) and would then
s(6) — s(0)

6 -0
b) The average rate of change over this interval
gives the object’s speed.
¢) To find the instantaneous rate of change at a
specific point, you could find the slope of the line
that is tangent to the function s(t) at the specific
point. You could also find the average rate of
change on either side of the point for smaller and
smaller intervals until it stabilizes to a constant. It is
generally easier to find the instantaneous rate using
a graph, but the second method is more accurate.
d) The instantaneous rate of change for a specific
time, 1, is the acceleration of the object at this time.
13. Use your graphing ealeulator to graph the

. 4x
equation f(x) = RS

solve

Find x = —V/3 on the graph and use the calculator
to find the line tangent to the graph at this point.

: .
wx-1.232081
v= - 4898988700« -2 SOH07

The equation of the line tangent to the function at

(~V3,—-V3)isy = —0.5x — 2.598.

—

R=1.7320808
¥z~ 43899908254+2 S3R075

The equation of the line tangent to the function at
(V3, V3)isy = —0.5x + 2.598.

e,

A=0
$=3.9593396G000048+0
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The equation of the line tangent to the function at
(0,0)is y = 4x.

14. Examine the graph of the function. Use your
calculator to zoom into points around the origin.
The graph appears to be a straight line at this point,
and so the instantaneous rates of change at (0, 0)
will likely be pretty close to the instantaneous rate
of change at (0, 0), which is 4.

Because the graph is almost a straight line at (0,0)
the rate of change is neither increasing nor
decreasing; it will remain constant. Therefore the
rate of change at this rate of change will be 0.

Chapter Review, pp. 308-309

L. a) The function is f(x) = 3x + 2. The function
will be a straight line and so the domain and range
will be all real numbers—{v e R} and {y e R}.
x-intercept:

0=3x+2
-2 = 3x
-2 3x
3003
2 o -
-3 X
y-intercept:
vy =3(0) + 2
=2

The slope of the equation is positive and so the
function will always be increasing. Additionally.
this means that the function will be negative on
(—f, *i) and positive on <v: f) Use this
information to help you graph the function.

~y
1
A T2

X
N
4

H

4

T
2

b) The function is f(x) = 2x> + 7x — 4. The
function is a quadratic and so the domain will be

{x e R}. The coefficient of the first term is positive
and so the graph will be pointed up. The function
factors to f(x) = (2x — 1)(x + 4). Therefore, the
x-intercepts would be 0 = 2x — land 0 = x + 4. or
x =05and -4
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Use the x-intercepts and direction that the graph is
facing to determine the positive and negative
intervals. The graph will be positive on (=%, —4)
and (0.5, =). The graph will be negative on
(—4,0.5). You can also use the x-intercepts to
determine the range. The range corresponds to the
vertex of the function and the vertex can be found
halfway in between the two x-intercepts.

0.5 +7(~4) _ 175

This is the x-value of the vertex. Now you can
substitute — 1.75 into the function to find the graphs
minimum and its subsequent range.

f(—1.75) = 2(—175)P + 7(—1.75) — 4

—10.125

The range of the function would be

{veRly > —10.125}.

Because you know the vertex and the direction the
graph is pointed, you can also find the increasing/
decreasing intervals. The graph will be decreasing

vertex —

i

il

on (—x=, —10.125) and increasing on (—10.125, =).

Use this information to help you graph the function.

1

y-2x2+7x—4
=
4_.
2
__
I/ 1 H T
- —2__2_ 2 4
...4_.

a

¢) The function is f(x) = 2x* + 2. The function is a
quadratic function. Therefore, the domain will be
{veR}. The graph will be facing upward because
the coefficient of the first term is positive. Because
there are no real solutions to 0 = 2x* + 2, the graph
will have no x-intercepts. The y-intercept is

vy = 2(0)* + 2 = 2. This means that the domain
will be {v e R|y > 2}. The function will be
decreasing on { — =, 0) and increasing on (0, =%).
Because the function has no x-intercepts and
because the graph is facing up, the function will
never be negative. Use this information to help you
graph the reciprocal of the tunction.
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2. Examine each graph. Glean any information
from these graphs that might help you to graph
their function’s reciprocals.

a) The function is linear. The domain and range
are all real numbers. It is always decreasing.

The x-intercept is x = 2.5. The y-intercept is y = 5.
The function is positive on (—=, 2.5) and negative
on (2.5, =). The graph of the reciprocal function
would be:

T~y

A
o
[
E-N
o8
@™
X

b) The function is a quadratic equation, which
means that the domain of the function is {x € R}.
The x-intercepts of the function are x = —3 and

x = 4. The function is

f(x) = (x+3)(x —4) =x* —x — 12. The
y-intercept of the function is (0, —12). The vertex
can be found by finding the half-way point between
the x-intercepts.

-3+ 4

=05
2
£(0.5) = ((0.5) + 3)((0.5) — 4)
= (3.5)(-3.5)
= 1225

The vertex is (0.5, —12.25). This means that the
range of the function is {y e R]y > —12.25}. The
function is decreasing on (— >, —12.25) and
increasing on (—12.25, =c). Use this information
to graph the reciprocal of the function.
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NY

2 % 6 8

4 4 /

. . I . .
3. a) The function is y = P To find the vertical
X

asymptotes, find the zeros of the expression in the
denominator.

0=x+17
0—17=x+17-17
- 17 = x

Because the numerator of the rational function is a
constant the horizontal asymptote would be y = 0.

2
b) The function is y = —=_ To find the vertical
Sx + 3

asymptotes, find the zeros of the expression in the
denominator.

0=5+3
0-3=5¢+3-3
-3 = 5x

o3 %

5 5

3

A

b

Divide the leading coefficients of the numerator and
denominator to find the equation of the horizontal
asymptote.
2x
y=7"-=

2
TR
¢) The function is y = ———————_To find the

’ —4x — 42¢ + 22

vertical asymptotes, find the zeros of the expression
in the denominator.
0= —4x* — 42x + 22
You can use the quadratic formula to help you
factor the equation.
0= (x +11)(x—0.5)
x=—1land x = 0.5
Notice that (x + 11} is a factor in both the
numerator and the denominator. This means that
there will be a hole at x = —11. Because the degree

Advanced Functions Solutions Manuatl

of the expression in the denominator is 2 and the
degree of the expression in the numerator is 1, the

horizontal asymptote will be y = 0.

3x2 -2 . .
ad = To find the vertical

d) The function is y = -
asymptotes, find the zeros of the expression in the
denominator.
0 = x — 1, so there is a vertical asymptote at x = 1.
The numerator does not factor, so no common factors
from the numerator and denominator will cancel.
Because the degree of the expression in the
numerator is 2 and the degree of the expression in
the denominator is i, there wiil be an oblique
asymptote. Divide the numerator by the denominator;
the non-remainder part is the equation of the oblique
asymptote: y = 3x + 3.
4. The function that models the population of the
75x

m. You can graph the

locusts is f(x) =

graph to describe the locust population over time.

34
241

‘6—

8

0 2 4 6 8

-8

X

The locust population increased during the first
1.75 years, to reach a maximum of 1 248 000. The
population gradually decreased until the end of the
50 years, when the population was 128 000.

5.a) f(x) = —

x+5
x-intercept:
2
0= -
X+
5)0 2 5
+ = +
('r 3) X + S(X D)
0=2

The function does not intercept the x-axis. This
means that the horizontal asymptote of the function
will be y = 0.
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y-intercept:

2
10) = 0+5
2
5
The function has a vertical asymptote at x = —35.

This means that the domain of the function will be

[x eR|x # —5}. The function will be negative for

x < —35 and positive for x > —35,

Yy
16-
8_
X
5o
_.8-
...]6..

This function is never increasing and is decreasing
on (—=, —5)and (-5, x).

D = {xeRjx # —~5};

negative for x << —35;

positive for x > —5

4x — 8
b) f(x) =
x =2
Notice that the function factors to f(x) = 4_((5‘-:2‘27)'
X -

This means that there will be a hole at x = 2 and
that the graph of the function will be the horizontal
line y = 4. The function is positive everywhere
except x = 2. There is no x-intercept, and the
y-intercept is 4. Use this information to help you
graph the function.

Y
16
8 -
X
439 3 1
—8 4
—16

The function is not increasing or decreasing.
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. x -6 .
¢) The function is f(x) = 3—:~i~l—§ Notice that
. x—6 1
the function factors to f(x) = 3 —6) 3
This means that the graph will have a hole at x = 6

and will be a horizontal line at y = 1. The function
is positive everywhere except x = 6. There is no

x-intercept, and the y-intercept is 4.

Y
0.8

047

Y >

-0.4-

—0.8

The function is not increasing or decreasing.
d) The function is f(x) = 2:’1 . To find the
function’s vertical asymptote, find the zero(s) of the
expression in the denominator.
0=2x+1

—1 = 2x
-0.5 =x
The function will have a vertical asymptote at
x = =(.5. This means that the domain will be
{xeRjx # ~0.5}.
x-intercept:

0= 4x
T 2x + 1
(20 + 1)0 = —F (20 + 1)
2x + 1
0 = 4x
0=x

The graph will intersect the x-axis at 0.
v-intercept:

40)  _
200) +1
The y-intercept will also be 0.
Divide the first terms of the expressions in the
numerator and the denominator to find the equation
of the horizontal asymptote.

4x

:-——-:2
Y 2x
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Use the following table to determine when the
function is positive and negative.

x < -0.5 -05<x<0 x>0 ==

e+ 1 - + + ~ 2

b) 15x +7=~-

4x . _ " X

0+ 1 2
The function is positive on x < —0.5 and x > 0. -’C<15«\’ t7= :)
The function is negative on —0.5 <x < 0. e '7
Use this information to help you graph the function. 71_x tle=2
150+ 7 —2=0

5

v

The function is never decreasing and is increasing
on (=%, —0.5) and (0.5, =).
6. Answers may vary. For example, consider the

. . . 1 .
function f(x) = T You know that the vertical
¢~

asymptote would be x = 6. If you were to find
the value of the function very close to x = 6 (say
£(5.99) or f(6.01)) you would be able to determine
the behaviour of the function on either side of the
asymptote.

- |
f(5.99) = (599) 6

|

f(6.01) = (—6‘(“)1)'——:“6 = 100

To the left of the vertical asymptote the function
moves towards — %. To the right of the asymptote
the function moves towards .

7. Make sure to use your graphing calculator to
verify each solution.

=100

a) j\_6:()
v + 2
i o+ 2)
v+ 2
v—6=10
x =6
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You can use the quadratic formula to help you solve
this quadratic equation. The roots of the function
arex = 02and x = —%.

M

—_

Intersection
#=- BEGAEET 11

i
'\\‘\
/fi\
Intersection
Hzz i fy=10
) 2x -2
c fusand
xr—12 x+3
26(x + 3) = —2(x — 12)
267 4+ 6y = —2¢ + 24
2¢° + 8¢ — 24 =0

20 +4xr - 12) =0

2(x +0)(x —2) =20
x = —6orx =2
e ]
e

Inkersection

#z-8 1tz BEEEEEET
1

-

h—
Intersection
q=g i ==Y
d) x+3 _ Y- 1
—4x -4
—4(x + 3) = —4x{x — 1)
—4x — 12 = —4x + 4y
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0= —4x" +8x + 12

0= —4(x*-2x—3)

—4(x + 1}(x — 3)
x=—landx =3

)

Intgrsection
H=-1

T

Intersection
A=z

Y=<

8. Janet and Nick’s rate would be }; and
n

Rodriguez’s rate would be Working together

m—5

. 2 i L.
their rate would be — + 5 which is equal
21} nt — 0

10 13-

2 1

— _{_ - —
m m— 95 3.

L
3

2 1 L
3.23m(m — 35) . + T3
1 - .

323(m — 5)(2) + 3.23m = m(m — 5)

6.46m — 323 + 3.23m = m> ~ Sm

0=m’— 14.69m + 32.3

Use the quadratic formula to determine the roots of
this quadratic equation.

m = 12 and 2.69

The possible answers are 12 minutes and

2.69 minutes. But because Janet's time has to be
greater than 5 minutes, the answer must be

12 minutes. It takes Janet about 12 minutes to
wash the car.

9. The function that represents the concentration of

[\

a toxic chemical is c(x) = = :5—;%—;?
To determine when the concentration is 6.16 g/L
solve the equation 6.16 = . jg’; s
50x
6.16 =
6.16(x” + 3x + 6) = fgj—:g(xz +3x + 6)

6.16x7 + 18.48x + 36.96 = 50x
6.16x* — 31.52¢ + 3696 = 0

5-50

Use the quadratic formula to solve this equation.

x = 3.297 and 1.82

The concentration of the chemical will be 6.16 g/L
at 1.82 and 3.297 days.

10. a —x+5<
) o x+3
+5 ! <0
—x _
x+3
x+3 (x+3 1
— I (—x) + S - < Q
<x+3)( 2 x4 3) x+3
—-x~ - 3x Sx + 15 1
- <0
x+3 x+3 x+3
-7+ 2+ 14
— e ()
x+3
e é{'(x + 2.873)(x — 4.873) <0
x+3
x< -3l -3<x<-2873|-2873 <x<4873|x> 4873
X + 2873 - - + +
X - 2.873 = - - +
x+3 = + + +
{x + 2873)(x - 4.873) | . B .
x+3

The inequality is true on x < —3 and
—2.873 < x < 4.873.

y
16
12+

8 4

(\4:\ X

B S R Ny
.._4_

._8_

~12-

—16

N Y

55
b) ; + 16

> —x

JD
e x>
x + 16 £ >0

55 +<x+16)\0
ct16 \x+16) 7
x2+1£);x+55
x + 16
(x +5)(x + 11) _
>
x + 16

>0

0
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.
x< —16] —16 <x < —11 -fi<x<-5 x> -5
x+5 - - - N
X+ 11 - - A -
x + 16 - + + +
L)f__+5)(x+11) _ + _ i
x + 16
P X
-80—66—-42)—2%? 20 40 60 80
o
o 0«
— O_.

2

c)

2x X

3,t'+4“x+1

(x+l> 2x _ v 3x+4S
x+1/3c+4 x+13x+4"

267 + 2x 3¢+ dx

- >0
(x + DBx+4) (x+ 1)(3x +4)

>
3x+4 x+1

>0

—x* - 2x
>0
(x + 1)}{(3x + 4)
—x(x +2)
(x + 1)(3x + 4)
X< ~2] -2 <x<—-1.33] 133 <x<~1|{-1<x<0| x>0
-x + + + + -
X+2 - + + +
X+ 1 - - - + +
3x+ 4 - - + + +
_ox+2) - . _ . -
(x + 1)(3x + 4) v N

The inequality is true on —2 < x < —1.33 and

-1 <x <

Advanced Functions Solutions Manual

fhod
15_ ,,,,,,,
s "
5432100 1 23
~10-
15
0+
d Al
) 6x —9
X 1
6x -9 x
Bt HE=)-
x/6x —9 X\6x — 9
o —6x +9

) (6x = 9) " (O6x - 9)
x2—6x+9<

(0)(6x —9)
(x =3 —-3) _
(x)(6x — 9)
x50 | 0=sx=<15]{15=<x=3} x=z3
x~-3 - - = +
x—-3 - - - +
X - + +
6x -9 - - + +
{x — 3}{x - 3) ) _ , .
——————-(X)(5X’9) =0 -+ + +
The inequality is true on 0 < x < 1.5,
5-51



11. The function that models the biologist’s prediction
of the population of the tadpoles in the pond is

. 40 L
f(ry = ,ﬁl% The actual population is modelled by
451 40¢
80) = e T h e 7

determine where g(r) > f(1).

o

Y

g
o~
XN

g(t) appears to be greater than f(¢) on
—6.7 <x < —101land —0.73 < x < 0.
12. The slope of the line tangent to the graph for the
given point is equal to the instantaneous rate of
change at that point. Use the difference quotient to
determine the instantaneous rate of change. The
point where a vertical asymptote occurs is the point
where no tangent line could be drawn.

x+3

xr—3
f(4)

a) Lx =4

443
4 ~3
7
401 +3
401 - 3
= 6.94
Difference Quotient:
fx) = fla + h) — fla)
h
694 -7
001
—0.06
0.01
-6
The vertical asymptote occurs at x

b) f(x) = _._.Z._r:_l___g =1

43+ 2 v

201y~ 1

)= (1) +3(1) + 2
= 0.167

f(4.01) =

5-52

, B 2(101) ~ 1

ot = (1.00)? + 2(1.01) + 2
= 0.169

Difference Quotient:

fla + k) — f(a)

flx) = .
_ 0169 - 0.167
© 001
~0.002
C 001
= 0.2
The vertical asymptotes occur at x = —2 and x = ~1.

13. aj To find the average rate of change during
the first two hours of the drug’s ingestion, find ¢(2)
and ¢(0).

512
c(2) = (22 +7
10 _ 4ot
11
_ 50
(0= v+

Average Rate of Change:
081 -0

2-0
b) Use the difference quotient te help you determine

the drug’s insiantaneous rate of change at t = 3.

0.455 mg/L/h

5(3) e
: = — = ().937:
c(3) Gy + 7 0.9375
5(3.01)
c(3.01) = —— -t
(301 (3.01) + 7
1505
©16.0601
= (0.9371

Difference Quotient:

_fla+ h) - fla)

f(x) P

09371 = 0.9375

- 0.01

_ —0.004

= ol

= ~(.04 mg/L/h

- . RE

¢) Graph the function ¢(r) = T
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The concentration of the drug in the blood stream
appears to be increasing most rapidly during the first
hour and a half; the graph is steep and increasing
during this time.

14. The slope of the tangent line is going to be

4 - 10 : . )
= —2. This means that the equation of the

8§-5
line would be y = —2x + 20. You are looking for
the point of intersection between the two functions,

x— 4

and so you need to solve —2x + 20 =

2x
x —4
(—2x +20)(x — 4) = 2x
~2x7 + 8x 4+ 20x — 80 = 2x
—2x* + 260 — 80 =0

=13 +40=0

(x = 5)(x -8 =0
The two points of intersection would be x = 5 and
x = 8. The point with the line parallel to the secant
line would lie half-way in between these two
points, x = 6.5.
15. a) As the x-coordinate approaches the vertical
asymptote of a rational function, the line tangent to
the graph will get closer and closer to being a vertical
line. This means that the slope of the line tangent
to the graph will get larger and larger, approaching
positive or negative infinity depending on the
function, as x gets closer to the vertical asymptote.
b) As the x-coordinate grows larger and larger in
either direction, the line tangent to the graph will get
closer and closer to being a horizontal line. This
means that the slope of the line tangent to the graph
will always approach zero as x gets larger and larger.

AN

~ :
—LX T LU —

Chapter Self-Test, p. 310

1. a) The graph indicates that there is a vertical
asymptote at v = 0.5 and a horizontal asymptote at
y = (0. This matches equation B.
b) The graph indicates that there is a vertical
asymptote at x = | and a horizontal asymptote at
y = 5. This matches equation A.
2. a) If f(n) is very large. then that would make

i . .
—— a very small fraction.
fln)
b) If f(n) is very small (less than 1), then that

i
would make —— very large.
[
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fin)
undefined at that point because you cannot divide

by 0.

¢) If f(n) = 0, then that would make

-

1
f(n)
also positive because you are dividing two positive
numbers.
3. The horizontal asymptote of the function can be
found by finding the zeros of the expression in the
denominator.

=x —2
2=x
The horizontal asymptotes of the function can be
found by dividing the first two terms of the
expressions in the numerator and denominator.
x-intercept:

d) If f(n) is positive, then that would make

2¢x + 6
0=——
x—2
0=2c+6
-6 = 2%
-3 =x
y-intercept:
o 2(0) + 6.
YT =2
= -3

Use a table to determine when the graph is positive
and negative.

x < ~3 -3 << x>2
2x + 6 - + +
x -2 - - +
D t8 . - "
x —2

Because the expression in the denominator is always
increasing, this function will always be decreasing.
Use all of this information to sketch the graph.

Y >

|
fo g
|
o
|
-
t
(]
I N B e L R
e
O
0
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4. The average cost for a kilogram of steel before

. 2249.52
it has been processed would be .

X
The company has made $2 profit on each pound of
steel. So the price of steel after it has been processed

2249.52

would be

X
25 kilograms. The value of the steel would be the

amount left multiplied by the current price.

(224352 + 2)(x - 25) = 10 838.52
(2249.52 + 2x)(x — 25) = 10 838.52x
2249.52x — 56 238 + 2x? — S50x = 10 838.52x
2x? — 8639x — 56238 = 0
x = 4326
The original weight was 4326 kg. The original
cost would be $0.52/kg.
5. a) Algebraic
-x -3
x—1 x+7
—x(x +7)=-3(x - 1)
—-x*—Tx=-3x+3
-’ —4x-3=0
X +4x +3=0
(x+Dx+3)=0
x=-—-landx = -3
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+ 2. The mass of the steel has lost

2 3x
>
b) x+5 x+10
2 3x

— >0
x+5 x+10

(x+10\ 2 3x (x+5>>0

x+10/x+5“ x+10\x+5
2x + 20 B 3¢ + 15x -0
(x +10)(x +35) (x+10)(x +5)
- 3x — 13x + 20
>0
(x + 10)(x + 3)
(x +55)(x —1.2) -0
{(x + 10)(x +5)
X< -10j-10<x<-55/-55<x<-5|{~-5<x<1.2{x>1.2
(x +5.5) - - + + +
(x —1.2) - - - - +
(x + 10) - + + + +
(x +5) et - - + +

(x + 10}(x + 5)

xrssx-12) o _ . -

The inequality is true on x < —10, =5.5 < x < -5,
and x > 1.2.

6. a) To find the vertical asymptotes of the function,
find the zeros of the expression in the denominator.
To find the equation of the horizontal asymptotes,
divide the first two terms of the expressions in the
numerator and denominator.

b) This type of function will have a hole when both
the numerator and the denominator share the same
factor (x + a).

Chapter 5: Rational Functions, Equations, and Inequalities



CHAPTER 6
Trigonometric Functions

1. a) 28°
b) 360° — 28° = 332°
2. a)

Side opposite: —4
Side adjacent: 3

Hypotenuse: h* = 3% + 47
h? =25
h=25
in 6 . s 3 tan @ 4
st =€ =, n e
' 5 €0 5 ta .
csc > sect > cot 6 3
sc = —— sech = _,cotd = =7,
4 3 n
4
byo = Sin“<———_-)
D
6 = 307°
The principal angle is 360° — 53° = 307°
3. a) y
& 60° X
0 7
L
/3
sin 60° =
2
b) \y
< r\]80° X
0

i
)

tan 180° = %
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sin 120° = ——
d) A~y
X
< O 600
0s 300° = l
COS = )
e) y
45° X
0

I
csc 270° = :—1— = -1

4. a) Since cosine is positive in the first and fourth
quadrants, 8 = 60°, 300°

b) Since tangent is positive in the first and third
quadrants, 8§ = 30°,210°

¢) Since tangent is positive in the first and third
quadrants, 8 = 45°,225°

d) Cosine equals —1 at § = 180°



e) Cotangent equals —1 at 6 = 135°,315° in ”fiM‘easure pp 320-322
f) Sine equals 1 at § = 90° ke €;-PL £U—D,

= 1. a) = radians;

5. a) 5%

1 '?T—Faé}aﬁS)(( 180° ): 18(°

srradians
X .
—~270~180-9¢" 9b°18W : b) 5 radians:
1 i I w | _ 180° ) = g(°
2 ” (#Faéiaﬂs i

penod = 360° amplitude = 1.y = 0; ¢) —wradians;

180°
b) —srtadians X (———-) = ~[80° = 180°

\ srradians

3
L’\ /\ / d) ——-27—T~radians = gradians;
3 180°
~27-180° 180° J70° 2 S RO L 7%
vo \/’7 > Fadians X ( - ) 270
_]_ e) _ . .

27r radians;

. 180° .
period = 360°% amplitude = 1;y = 0 — 2grradians X (— - ) = —360

R:{_}}ERE“1<})<1} 377
) L ad; .

6. a) period = “b( = 120: f) 5 radians;

y = 0; 45° o the left; amplitude = 2 3 ( 180° ) o

_ —-padians X | ———— | =270
y 2 Fradians

4
/ g) ——37~T— radians;
5 4z 180°

530-15° 0] 1N 30" 45 60° A5 —“*-'Faé-k&fis (
/ \/ Fradians
-2 777

h) — radians;
) 3 radians

) = —240°

) 2(180) . 24 180°
b) period = = 360(2) = 720°, =~ cadians X %> = 120°
p i (2) 3 radians : 120
v = —1:60° to the right; amplitude = 1
. 2. a) y
Y X

90" 180° 270° 360450840 63 ﬂ L\ x
7/

/\y
7. a is the amplitude, which determines how far above
and below the axis of the curve of the function rises X
and falls; & defines the period of the function, which

is how often the function repeats itself; d is the hori-
zontal shift, which shifts the function to the right or
the left; and c is the vertical shift of the function.

<
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d) AY
LA s
2/
e) Ay
None
£) Ay
A
g) 4
AW
N
h)

1}/*

,/ff*x

3.a)75° =75°X (er;(;?m) = %radians

b) 200° = 200° X (“rf;(;fm) 107 dians
c) 400° = 400° X (wrf;i(;ims) = 2277 radians
d) 320° = 320° X < fggf'“) = %Zradians
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5@ A7 180°

4.3)—="—X|— | = °
a) 3 3 (wradians) 300

- 180°
b) 037 = 037 X (-—-———— ) = §4°
7 radians
180°
c)3=3X (—*—~—~> = 171.89°
ar radians
117 11ar 180°
d = X = 495°
) 4 4 (77 radians) ?
x°
5.a)5 = 2 2.5
a) 3600( m)(2.5)
1800 = (x)(2m)(2.5)
114.6° = x
114.6° = 114.6° X (”rad'a“) 2 radians
180°
Ve d.c 10
b) 200° = 200° X (”rf‘8 (;:”S> = 9” radians
T
X o= (27)(2.5)
27
= é(2 2.5
x = 9 7)(2.5)
25m
X = — cm
180°
6.a)3.5 =35X (M) = 200.5°
7 radians
200 5°
X = 214
v '16( ( )(
x = 28cm
7 dis .'l
b) 300° = 300° X (ﬂfgéﬁ) = ’; radians
X = (27)(8)
v
v = :6(27)(8)
40
v — cm
J
, ‘mradians T
7.a)90° = 90° X | ——=—} = —radians
180° 2
b) 270° = 270° X (M> = 7 radians
180° 2
dians
o) —180° = —180° X <~———~ﬂ” e 'fm?>
180°
= —q = rradians
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d) 45° = 45° % (ﬂ'radians) T

180° = —4~radians

7r radians
~135° = —135° X { ——— =
€) ( 180° )
3
= ——47—7- = ——;radians

£) 60° = 60° x (w radians) T

180° =3 radians

7r radians 4
240° = ° X { ———=} = —radi
g) 240° = 240 ( TR0° ) 3 radians
7 radians
h) —120° = —120° X | ————=
) 0 0 < 180° )
o T _Am o
=T33 radians
2T 27 180°
8 — = — X | ——1]=120°
a) 3 3 (wradians) 0
S S 180°
b) —— = — X | ——— ] = —300° = 60°
) 3 3 (77' radians) 300 60

T T 180°
——=— X A, — 4 o
© 4 4 (nradians) >

37 37 180°
d ——t = e o — —_ . (SR o
) 4 4 (77 radians) 135 225
T To 180°
— = e X | e} = 21()°
% % (nradians) 10
37 3 180°
—_—— = e X — )} = 0° = 9(°
0 2 2 (77 radians) 27 0
11w 117 180°
= X = 330°
g) 6 6 (77 radians> 0
97 Q7r 180°
h)y -~ —= — x{———— 1 = —-810°
) 2 2 (77 radians) 81
= —90° = 270°
197
9.2) x = 2% (27)(65)
2
19
X = %(277)(65)
- 24707
T a0
247w
X = —
2 m
1 (o]
b)1.25 = 1.25 x <~—8—(~)—-) = 143.2°
7rradians
143.2°
X = 360° (27)(65)
X =1625m
6-4

7r radians S
[ o X — e M
¢) 150 150 (WISO" ) 6 radians
ST
6
x = ——(2m)(65)
2T
> (2 (65)
X = -
12"
3257 .
x = m
6
10. B

AEN
|
M=
oy o,
o
=3
i
S

BRI

|

Because they are vertical angles, £ BCA = / DCF.
LDCF = ¢t DCE + LECF

o o
=2 4 JECF
312 ¢
o w
— o —— e F
T~ 7y = LEC
%: LECF
Since £ ECF = g x = V2(CE)

= 4.50V2 cm
11. a) It rotates 4 times per min. So it rotates once
every 15 seconds.

27 radi
_ i%?{lg = (.418 88 radians/s

b) Radius = 3 m
Revolutions, n = (4 rev/min)(5 min) = 20 rev
distance travelled = 20(27)(3) = 377.0 m
12. a) w = 1.27 rad/s(60 s/min)
= 727 rad/min

124 F&é/min(

7 -radians
In one minute, the wheel rotates 12 960°. So,
Revolutions, n = 12 960° + 360° = 36

b) The wheel travels (9.67)(6) = 57.67 metres
in a minute.

57.6m = 36(27)(r)

0.8m = r

) = 12 960°
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13. a) The angular velocity of piece A is equal to
piece B because they rotate at the same speed
around the centre.

b) The velocity of piece A is greater than piece B

because the radius of A is greater than the radius of B.

¢) The percentage would stay the same.

14. d
ot Y 600
135° 45
150° 30°
180° 0°,360°
-\
210° 330°
225° 4, 315°
240 270° 300
i di )
0° =0° X (z%é_i‘ﬂﬁ) = (radians;
7 dia
30° = 30° X (if_laééjEi) = %radians;
adians 7
45° = 45° X (erg(;on ) = %radians:
] dian .
60° = 60° X (7ra8(;? S) = %radlans;
90° = ( radnans) = 1T—radianS'
180° 2 ’
d
120° = 120° <7T ra 1ans> _ 2™ dians:
180° 3
dia 3
135° = 135° X <rra nns) = lradians;
180° 4
N d 5
150° = 150° X (“a ‘a“5> = 2T radians;
180° 6
; , d .
180° = 180° X (ﬂrd 1305) = g radians;
180°
210° = 210° X m radians ) = lradians:
18( 6
dians 37
225° = 225° X (Wr;&;(;vn > = —;radians;
d 4
240° = 240° X (Trrla&;?m) = —;T'radians;
d 3
270°¢ = 270° X (Trr;gfns) = —eradians;
d
300° = 300° X (ma ‘am) = 27 radians;
180° 3
7
315° = 315° X (Trradlans> lradians:
180° 4
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adia 11
330° = 330° X (%) = —g—radians:

360° = 360° X (ﬂ@) = 27 radians
180°
m
15. Circle A: -6—~(2w)(15) = 7.85 cm
7T
i
Circle B: — Lemn) =162 em
7T

Circle C: ——(2m)(14) = 8.80 cm

So, from smallest to largest, the order of the arcs
would be Circle B, Circle A, and Circle C.
16. C = 27rr = 2w (32) = 647 cm

l m lkm
4 X [ ——] X = (0.000 64
647 cm (1()Ocm> (lO()Om) 000 647 km
675km

0.000 647 km
60 s

Revolutions = = 1054 687.5

6hr 45 min = 765 min X <
1 054 687.5rev

= - ’)"
Rev/sec 25900 5 23 rev/s
23rev X 360° = 8280°/s
qr radians
8280°/s '=8280°/s X { — 55
/s /s ( 180° >

= [44.5 radians/s

i. a)

~

2T .
s located in the second quadrant. The related angle

. . . .. .
187 and sine is positive in the second quadrant.



b)

AW

-
N

57
3

o
s =

983

C) AY

131 is located in the fourth quadrant. The related angle

» and cosine is positive in the fourth quadrant.

¥

./

da . . .
% is located in the third quadrant. The related angle

. . .- . .
is 7. and tangent is positive in the third quadrant.
)

d)

x

N

3w, .
o s located in the second quadrant. The related angle

. T . . .
is o and secant is negative in the second quadrant.

e)

27
3

-
»

y

Y

N

./

6-6

2 .
371 is located

in the second quadrant. The related angle

.o . o
is 7, and cosine is negative in the second quadrant.

f)

y

Ir
4

is located in the fourth quadrant. The related

. T . . .
angle is T and cotangent is negative in the fourth

quadrant.

2.a)i)

Ny

ii) r
;
r- =100
r=10

iii) sing =

cscf =

4
. - _[ .
iv) sin (5

D e B ]
i

o o
O
oe}

i

CT SR
i
(U]
(@)
+
n
iy

I
Q
%]
Lee

I

n
o
o
<
I
Ll L

Vo)
Y]

b) i)

N yX
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.e 2 (19 2 ]2 5 5
i) :2 _ §441;)25+ (=3) csch = g =1l,sech = 6 = undefined,
= 169 9= (_) -0
= 13 cotf = 5 -
o oD _ 12 _ 5 iv) sin”' (1) = 1.57
ifi) sin § = ——1—3—,cos()- ~~6,tan9—ﬁ, L
P EDNURR € BN =3
S = —— secf = ———,cotf = —
e5¢ 5°° 12 5 3. a) y
M4 [ | 5 ) = 0
S ——} = —0.395
iv) sin ( 3
g = + 0.395 = 3.54 .
c) i) 1% ~ \41
T T T H —] 2
0
By 4 6 8
4
_..6_
_8] r=0v=—-1r=
(-2) = ~rcos(-5) -0
sin \-—2— = —1,cos \*3/ =
i) r' =4+ (-3) T ) T
2= 16 + 9 tan —S) = undefined, csc 3= —1
r? =25
— m . ™
r=2>5 sec —~> = undefined, cot(w~> =0
3 4 3 2 2
iii) sin @ = —; cos = 5 tan 8 = —i, b)
csc = 3\,&0 =T cotfh = 3

y

e 4ah

iv) sin ’<~§) = —~0.64 Qy
a

d) i) Y. 34
6-
4 x=~—-Ly=0r=1
27 sin (- ) = 0,cos(—m) = — 1, tan(~7) = 0.
3 csc (=) = undefined, sec(—m) = — L,
-4 '2.20. 2 4 cot (— ) = undefined
—4 ) y
i) r’ =0+ 3
=04 25 7{/\
R ¥ i x
r ‘:3 d -
r D p
ceen 5 0 ]
fii)sing === l.cosf =— =0,
J 5
tan 6 > defined
an 6§ = — = undelned,
() x:l.’y:—-‘llr: v‘/—i

Advanced Functions Sofutions Manual



. 7_>,_£ 0(7_"1)_[_2.

sm4- 2,c54—2,
7

tdn(—w> = —I,csc(z—z) = -\V72,
4 4
7 7

sec(%) =12, cot(—f) = —

d) y

<~7r>_2\/§ X
6) = 3 , CO

4. a) This is in the second quadrant where sine is
positive. Sine is also positive in the first quadrant.

. . . T
So, an equivalent expression would be sin P

b) This is in the fourth quadrant where cosine is pos-
itive. Cosine is also positive in the first quadrant.

. . T
So, an equivalent expression would be cos 3
¢) This is in the fourth quadrant where cotangent
is negative. Cotangent is also negative in the
second quadrant. So, an equivalent expression

37

would be cot e
d) This is in the third quadrant where secant is nega-
tive. Secant is also negative in the second quadrant.

. . S
So, an equivalent expression would be sec PE

-

5. a)

y
27
\T

b)

Smy__ 1L __V2
)_ V2o 2
Y
sl o«

2
1177)_—1_*\/3
V33

Y
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f) y

6. a) y
3 X
1A |
/3 4T
213
os 6 :
cosf = ——
2
L
373
b) y
ars
] X
§) /3
2
V'3
cosf = —
p)
T il
f = — —
6 6
o Y2t
2 V2
Ay
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]
A

\\u/

_ 3
COSHM—’Z—
L _se
6° 6

e) y

cos 8 =0
g=T 37
272
f) y
Ry
costl = —1
6=

7.a) (—7,8) is in the second quadrant.

8
tan"(ii) = —().852

f=m — 0852=229
b) (12, 2) is in the first quadrant.



¢} (3, 11) is in the first quadrant.

11
tan"(-é—) = 1.30

6 =130
d) (—4, —2) is in the third quadrant.

-2
tan"‘(:) = 0.464

=7 + 0.464 = 3.61
e) (9, 10) is in the first quadrant.

10
tan"(-g—) = (.84

6 =0.84
f) (6, —1) is in the fourth quadrant.

-1
tan“(—g-) = ~(.165

# =27 — 0.165 = 6.12
8. a) This is in the second quadrant where cosine is

negative. Cosine is also negative in the third quadrant.

. . Sm
So, an equivalent expression would be cos e

b) This is in the fourth quadrant where tangent

is negative. Tangent is also negative .in the

second quadrant. So, an equivalent expression
5%

would be tan e

¢) This is in the fourth quadrant where cosecant
is negative. Cosecant is also negative in the third
quadrant. So, an equivalent expression would be
4
CSC /.
J
d) This is in the second quadrant where cotangent
is negative. Cotangent is also negative in the fourth

quadrant. So, an equivalent expression would be
Sm

cot —.
3 ~

e) This 1s in the fourth quadrant where sine is

negative. Sine is also negative in the third quadrant.

. . e
So, an equivalent expression would be sin P

f) This is in the fourth quadrant where secant is

positive. Secant is also positive in the first quadrant.

. . m
So, an equivalent expression would be sec e

9.

34m

6-10

3.4
gt
sin s
34
6= Sin_l(?) = (1.748

0 =4 -7 =08584
4.2
sin (0.8584) = T
-2 5.55cm
sin (0.8584) ’

Use a proportion to find 6.

10sec  rrad
60sec 2w rad
r = 1.05 rad

cos (1.05) :1;-

x = 9cos (1.05)

x =45cm
12. Draw the angle and determine the measure of the
reference angle. Use the CAST rule to determine the
sign of each of the ratios in the quadrant in which
the angle terminates. Use this sign and the value of
the ratios of the reference angle to determine the
values of the primary trigonometric ratios for the
given angle.
13. a) It lies in the second or third quadrant because
cosine is negative in these quadrants.
byx=-35r=13,y =?
132 _ (_5)2 — y?_

169 — 25 = y?
144 = y?
12=y
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sin():ig—or—l—2 o Uy » Har
T 3 sin® — cos’ —

12 12 2 2
tanf = — or ——, — _17_ ,\/_},’
5 5 3 2
secf = —}33—, _ 1 3
4 4
cl = 1—3— or —E 1
s 12 12 = -
cot 8 > or > 11 11
=Ty Y 11 , 117 5
12 12 2(sin2(—71>) - 1= (sin“ -—I> - (COS‘ -7-T~>
1 6 6 6
¢)sing = ey {7\ 8
16.sin| — | = —
g = sin_'(g) K6) AB
13 AB = 8
=1.176 sin(z)
In the second quadrant, 7 — 1.176 = 1.97. 6
In the second quadrant, 7= + 1.176 = 4.32. AB = 16
i4. Y (AD)2:82+82
(AD) = 64 + 64
2
, lsx (AD) = 128
e x (AD) = V128 = 8V2
ad . 8 V2
sinD = —== = ——;
‘ 8vV2 2
cos D = -—-—-~8 = —\/E'
STV 2
y 8
tan D = — =1
; an 3
17.a) y
-3 x
-1 5 /_1500 m—X X

By examining the special triangles, we see The first and second quadrants both have a positive

<5W V3 y-value.
cos =

?> = cos(—150°) = — 5 b) y
.o U
2o (1) - %/

= 2<1> -1 The first quadrant has a positive y-value, and the
fourth quadrant has a negative y-value.

I
|
!
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The first quadrant has a positive x-value, and the

second quadrant has a negative x-value.
d) y

The first quadrant has a positive x-value and a
positive v-value, and the third quadrant has a

negative x-value and a negative y-value.

18. y
4v3
=60 b{=90°
a=30°
3/3
tan a = —3**
3V3
— W2
a = tan <3ﬁ)
a = 30°
tan ¢ = 4\ﬁ
4
NEVE
¢ = tan <T>
¢ = 60°
b = 180° — 30° — 60° = 90°
sin 90° = 1
19. y
; b =105 673
c=30° a=45
-743 )

6-12

tana = 6v2
6\V'2

1
=tan Y =
a an (1)

a = 45°
tanc = ——
V3
_ a7
¢ = tan (7—\/—§>
c = 30°

b = 180° — 30° — 45° = 105°
cos 150° = —0.26
20. The ranges of the cosecant and secant functions
are both {y e R|—~1 = yory = 1}. In other words,
the values of these functions can never be between
—1 and |. For the values of these functions to be
between — 1 and 1, the values of the sine and cosine
functions would have to be greater than 1 and less
than — 1, which is never the case.
21. The terminal arm is in the fourth quadrant.
Cotangent is the ratio of adjacent side to opposite
side. The given information leads to the figure
shown below.

This is a special triangle, and the hypotenuse is 2.

sinfcot® — cos’ @ = ! ("\A> a (ﬁ)_

2

~[ Sl

B

2V3 -3

6.3 Exploring Graphs of the Primary
Trigonometric Functions, p. 336

1.a) y = sin g and y = cos # have the same period,
axis, amplitude, maximum value, minimum value,

domain, and range. They have different y- and
#-intercepts.
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b) v = sin g and y = tan 6 have no characteristics
in common except for their y-intercept and zeros.
2. a)

AN
A NS

b)

N T e

z‘”‘x_ A AN
3

"k:}{i/, “.\EM:/

Intersection
#= -5 487787 ¥=.20710628

g = =5.50

I N S
‘x\. _\}{,f \.\_}.{/’

Intersection
Rz -2.356195 {¥=-7?0P1068

f = —2.36

\:};,—.,_\ ) {'{,J“ . o

FANLY ) "x\ /
S

Intersechion
Hz PRE38E16 Y= 70710678
s =

o S S

Y
"‘«._,X._,ff

X:B.SZ&;SOB ¥z -.7071068 |
6 =393

¢) i) The graph of y = sin 6 intersects the #-axis
at 0, o, 22w, ...

1, =nm nel

#H

. . m
ii) The maximum value occurs at 5 and every 2,
since the period 1s 27,

T
! =;+2n77.ne[

"

.. 37
iti) The minimum value occurs at 5 and every 2w,

since the period is 2.

37
! :7 + 2nm,nel

11

3. a) The graph of y = cos @ intersects the §-axis at
T 37

+ 4

3 IS

= —+nmonel

Advanced Functions Solutions Manual

b) The maximum values occur at O and every 27,
since the period is 2.

t, = 2nm,nel

¢) The minimum value occurs at 7 and every 2,
since the period is 2.

1, = —m +2nm nel

Sin x

4. Here is the graph of y =

1
FA L
oL

Here is the graph of y = tan x:

I
[

The two graphs appear to be identical.

5. a) The graph of y = tan 6 intersects the §-axis
at 0, =, =2, ...

1, =nm nel

b) The graph of y = tan 6 has vertical asymptotes

cos x’

. 27 2 T
1. a) period: e 5
amplitude: |a| = [0.5] = 0.5
horizontal translation: d = 0

equation of the axis:y =0
2w _ 2w
[kl 11

amplitude: |a] = [1] = 1

=27

b) period:

7

horizontal translation: d = "

equation of the axis: y = 3
od 27 2
eriod: — = —
¢) peri %l 3

amplitude: |a| = |2] = 2
horizontal translation: d = 0
equation of the axis: y = —1
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- - T - -
d) period: — = = horizontal translation: d = —7 units to the left

'k! =2

amplitude: |a| = |5] = 5 equation of the axis: y = 4

horizontal translation: d = %
equation of the axis: y = ~2 \/\/V\\/
2. For y = 0.5 cos (4x)
: 4.y = asin(k(x - d) + ¢
a)a = 25
enod
- period: {7 = m
Foryzsin<x~~4~>+3 k=2
. flx) =25sin(2x) — 4
/ﬁ\- 2
— bla ==
)a 5
2
eriod: — = 10
perio %l
=
Fory = 2sin(3x) — 1 o) 1
flx) = —sin(zx) + —
2 S.NS 15
AN c)a= 80
penod = = O
\VAVAY al
p=1
o 3
Fory=5cos(~2x+—~>~2 (1 ) 9
’ 3 0 = —
f(x} = 80 sin 3 10
- dya=
£ ’ ) s I
\'. \ , period: — = -
T Ikl 2
1 \ / k = 4m
l':, / 1 f(x) = Llsin (47x)

5. a) period = 27, amplitude = 18,
equation of the axis is y = 0;

3. y y = 18sinx
6 b) period = 47, amplitude = 6,
i equation of the axisis y = —2;
24 y y = —6sin(0.5x) ~ 2
T ¢) period = 67, amplitude = 2.5,
—3—4—”-%—% T3 %—r equation of the axis is y = 6.5;
N
y=—25 cos(%x) + 6.5
kia
y=-2 COS(“(" + Z)) +4 d) period = 4x, amplitude = 2,
e equation of the axis is y = ~1;
per10d~m:m:5 b= —2cos %x -1
amplitude: jaf = | -2} =2 -
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6. a) vertical stretch by a factor of 4, vertical
translation 3 units up

b) reflection in the x-axis, horizontal stretch by a
factor of 4

A A
N/ /

e’

¢) horizontal translation 7 to the right, vertical
translation ‘1 unit down

7 7
N S

d) horizontal compression by a factor of L, horizontal
translation é to the left

AANS
JUVTIVUYY

l
7.a) f(x) = 5 cos x + 3

&E;ffx_ﬁﬁ
|

b) f(x) = Cos(~%x>

Advanced Functions Solutions Manual

¢) f(x) = 3 cos (x -

7)

/ \‘x \‘\
5
kY

d) f(x) = cos<2<x + —725))

Fm o

8. 3) 5%

3\
2
£ 5,
;/ \\n / \‘!\
7 S, \__/' '1,\_,
b) i
2- /\
\ T T T T X
_20_ o T 3w 27
2 2
—_ 4 -4
—6 -
b ,/ >
\i‘ //"
“\
.. \_;/
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c) Y
6..
4_
b T
21 X
\_20_ _‘i 7;' ?iT 217r
2 2 9. a) perlod P I 5?77
6
k =~
AN >
The period of the function is .
This represents the time between one beat of a
person’s heart and the next beat.
5
d) 3% b) P(60) = —20 cos(%(ﬁ))) + 100 = 80
6-
] | c) xy
; —— 1201
X 10
I R T
2 2 90
80
<& X
___,___,_;——“'—‘_r AN Y T T —>
_200_ 1 2 3 4
Y
d) The range for the function is between 80 and
120. The range means the lowest blood pressure is
e) y 57 p &0 and the highest blood pressure is 120.
T T T 7 10. a)
_20_ kel T 3w 2 £ 03
2 2 & 20-
—~8 § %
L \/6 " ‘\/
£ 3| 101
2
= ~20
Q
T -0g
Time {s)
b) There is a vertical stretch by a factor of 20. The
period is 0.8 s.
f) /\y X 2—77. _ O 8
LN I el
2 2 S
—4 k = _2_
—6"/ There is a horizontal compression by a factor
2
f m - ;.

There is a horizontal translation 0.2 to the left.

eyy =20 sin(%z(x + 0.2)>
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11. a) 3%

Distance above the ground {cm)

Time (s)

x-axis, vertical translation 27 units up; the period

s up; the period
is 3 s.
27 3
k
i = 2
3
. . - L 3
horizontal compression by a factor of L an
1 T
_ 2w
e)y = —25 cos(—;—.r + 27
D
12. By looking at the difference in the x-values of
. Su 3
the two maximums, -7 and — S we see that the
period is —.

14ar
13. Answers may vary. For example, ( 3 5)

3
Since the maximum is 4 units above y = 9, the
minimum would be at v = 5. If the period of the
function is 277, then the minimum would be at

T Cldw
— + 7 of —.
13 13

i4. a) This is a cosine function with amplitude = 1.

) 2w
period = 05 - 4
y = cos (4mx)
b) This is a sine function with a reflection in the

x-axis and an amplitude = 2.

od = 20w
period = == = 7
_ 7 «i w
y=-2 Sm(?‘)
¢) The y-axis is y = —1 and the amplitude is 4. The
function is shifted horizontally to the right by 10.
criod — 2mow
PO =40 " 20

'
r = 4sin| —(x — 10)] — 1
B :m(zu(\ )>
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15. . . .
Start with graph of ¥y = sinx.

Y

Reflect in the x-axis and stretch
vertically by a factor of 2 to
produce graph of y = —2sinx.

¥

Stretch horizontally by a factor
of 2 to produce graph of
y = —2sin (0.5 x).

¥

m . .
Translate " units to the right to

produce graph of
y = —2sin <O.5 <.\’ - i}))

Y

Translate 3 units up to produce
graph of

v = ~25in(03 = E» s

16. a) The car starts at the closest distance to the
pole which is 100 m.

b) The centre of the track is 400 m from the pole
because it is half the distance between the closest
and furthest point.

¢) The radius is 400 — 100 = 300 m.

d) The period of the function is 80 s. This is how
long it takes to complete one tap.

27 (300
) —W%éi—) m/s = 23.56194 m/s

€

Mid-Chapter Review, p. 349

1 a)f{:déi-&ﬂs' s X (MIS()O > = 22.5°
. J 8 . .. X LL.)
180°
b) deradians X (————*8(, ) = 720°
sradians
¢) 5 radians X <~—L80-—> = 286.5°
WF&éﬂ%ﬁS

180°

k2
d) —— radians X | ——— | = 165°
) 12 (w—m@w&s)



c)

>
A

7rradians
180°

o o mradians ) .
b) 450° = 450° X (~———1800 ) = 7.9 radians ) 2311/:\ x
di XS
wradians -
o= §° x| ——— ] =, 1
¢)5° =5 < 150° > 0.1 radians 2

2.a) 125° = 125° X ( ) == 2.7 radians

7 radians
° = X =} =15 i
d) 330 330 ( 180° ) 5.8 radians
: tan— = — V3
e) 215° = 215° X (ﬂ?ﬂ?ﬂﬁ) = 3.8 radians
180° d)

T radians) )

f) —140° = —140° x ( 180° = —2.4 radians

3.a) 10(27) = 207 Y

y
%r_
A
20
b)w = —SZT— = 41 radians/s \\_5\/‘/‘/
¢) Circumference = 27 (19) = 387
V3

387 X 10 revolutions = 3807 c¢cm
4. a) y N

Yy
‘\g\ tan—6~ 3 "5“
X e) Ny
1474 X
|/ D
]/
1

¥ >

. 37 1 V2
T
Sy V2 2
b) y
3 0
cos - = = = ()
//‘/1]_7_7 2 1
3
(N 3 x D g
N 1A
2
ﬂ
EVERN X
o
R - 32
tir 1 //
sin —— = —-—
2

S47r 1

cos — = ——

3 2
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5. a) (—3, 14) is in the second quadrant.

3,
-1 ﬁ - _
tan 3 1.360

f = 7—1.360 = 1.78
b) (6, 7) is in the first quadrant.

7
tan"‘(—é) = (.86

¢) (1, 9) is in the first quadrant.

tan"‘(—?-) = 1.46

d) (=5, —18) is in the third quadrant.

—18 .
tan"(—_;—) = 1.30

==+ 130 =444
e) (2, 3) is in the first quadrant.

3 v
tan“(;) = ().98

) (4, —20) is in the fourth quadrant.

—-20
tan"‘(-r) = —1.373

=27~ 1360 = 491
6. a) This is in the second quadrant where sine is
positive. Sine is also positive in the first quadrant.
So, an equivalent expression would be sin ;—r
b) This is in the fourth quadrant where cotangent is

negative. Cotangent is also negative in the second
quadrant. So. an equivalent expression would be

3
cot —.
4

¢) Secant is undefined at —%. It is also undefined

[N

i . .
at 5. So, an equivalent expression would be sec
d) This is in the third quadrant where cosine is
negative. Cosine is also negative in the second
quadrant. So, an equivalent expression would be

S
COS"g',

T.a)x =0, =7, *2m, y =0
b= =T 2o 220 y=
) N R R

)x=0 tm =27 v =20

Advanced Functions Solutions Manual

8. a)

b)

¢)

d)

€)

)

T T H
27 3T

2

2

~0.54

0

e

\,_
(v

SER
[
3

IR

it
NINE
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Y T H 1
-7 O

6.5 Exploring Graphs of the Re‘ “iprocal
Trigonometric Functions, p. 353

1. a) The graph of y = csc x has vertical asymptotes
at0, xm, 22, ...

t, =nm,nel

b) y = csc x has no maximum value.

¢) y = csc x has no minimum value.

2. a) The graph of y = sec x has vertical asymptotes

t+T +ﬁw
a 20720
T
t, :~2~+n7r,nel

b) v = sec x has no maximum value.

¢) y = sec x has no minimum value.

3. a) The graph of y = cot x has vertical asymptotes
at0, =7, 227, ...

L, =nm nel

b) The graph of y = cot x intersects the x-axis at tg,

3ar

bz
-
e

{

mu

WL
g%QQ g

N
iy

6-20

MJ SYERN
T

#=. 78539816 1¥=1.4iy

VIR

R=3.8926390

8 fy= -1.&1%2;&\
The values of x for which y = cscx and y = secx
intersect are x = —5.50, —2.35, 0.79, 3.93, the same
values for which y = sin x and y = cos x were
determined to intersect in Lesson 6.3.

5. Yes; the graphs of y = csc (x + g) and y = sec x

are identical.

A M4 b
AT

6. Answers may vary. For example, reflect the graph
of y = tan x across the y-axis and then translate the

graph %r units to the left.
7. a) period = 27

OO

K} ‘Wt][J
P X
7t ) T madw

2

—4

~64,
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¢) period = 27

d) period = 4

- ko
2. For x =
y =173 cos<g<—ﬂ: + W)) +2
’ 3\2 4
v = 3cos <%<jﬁ>) + 2
3\ 4
m
y = 2cos<5> + 2
y=0+2
y =2
For x = kil
4
2/37 W
y = 3cos (—(— + —D + 2
3\ 4 4
y = 3cos(%(7r) + 2
y =3(-05) + 2
y = —15+2
v=05
llx
For x = e

Advanced Functions Solutions Manual

3 os<257T> + 2
= C — s
Y 18

y = 0.973 94
3.1 57
/4
. 24 7 i f
\__ /]
& S AR I W P
2 2-2 2 2 .
x =13

4. amplitude and equation of the axis
5. a) The amplitude represents the radius of the
circle in which the tip of the sparkler is moving.
b) The period represents the time it takes Mike to
make one complete circle with the sparkler.
¢) The equation of the axis represents the height
above the ground of the centre of the circle in
which the tip of the sparkler is moving.
d) A cosine function should be used because the
starting point is at the highest point.
6. The amplitude of the function is 90 with the
equation of the axis being y = 30.

2m oW

k:2_4:E

m
y=90sin{ —x | +3
¥ Osln(12t> 0

7. The amplitude of the function is 250 with the
equation of the axis being y = 750.
period = 3 seconds

27
k=—
3

_ 2
y = 250 cos (T,t') + 750
D

8. The amplitude of the function is 1.25 with
the equation of the axis being y = 1.5. There is a
reflection across the x-axis.
Circumference = 2w (1.25) = 2.57
2 4
2575

4
y=—-125 sin(;x) + 1.5
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’ Y

U 33

£ ¥

v E 2

<

[ 8 1

= O X
-50“_ IO T I T T
K] o W 3w AT
T -14 2 2

Total distance
travelled (m})

9. 0.98 min < r < 1.52 min,
3.48 min <t < 4.02 min, 5.98 min < ¢ < 6.52 min

603

40

20

ground (m)

Height above the

9 7 2 3 4 5 6 7 A

Time {min)

10. a) The amplitude of the function is

157 - 8.3 . . .
———— = 3.7 with the equation of the axis

8.3 + 15.7

being y = ory = 12.

period = 365 days

27
365
2w
y =37 Sm(%x) + 12
b) For x = 30,

2
= 3.7 sinl —(30)} + 12
y sm(365( ))
y = 13.87 hours
1. 501

16 e

124 .

T “l T T T ey
50 100 150 200 250 304, 350

6-22

The axis is at LR 1.4. The amplitude

is 16.2. The period is 365 days.
21

k=365

2
T(t) = 162sinf — (¢ — 116)} + 1.4
(1) 6 bm<365([ 16)\)

Graph the equation on a graphing calculator to
determine when the temperature is below 0 °C.

/ *
2eros \
H=303.52653  Y=q

0 <tr<1lland 304 <1< 365

12. The student should graph the height of the nait
above the ground as a function of the total distance
travelled by the nail, because the nail would not be
travelling at a constant speed. If the student graphed
the height of the nail above the ground as a function
of time, the graph would not be sinusoidal.

13. The axis is at 3 m = 300 cm. The amplitudes
of the minute hand and the second hand is 15 and
of the hour hand is &.

The period of the minute hand is 60.

27 T

T 60 30
minute hand: D{¢) = 15 cos(

K

t) + 300

(95}
o

s 1.

—

The period of the second hand

2
k=" =25

1
second hand: D(r) = 15 cos (27t) + 300;

The period of the hour hand is 720.

k=27 T
720 360
hour hand: D(¢) = § COS<3_66[) + 300
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) T_ T
) =x=
3 2
~ =F . 273 -3
. ) ) Average rate of change = ——
1. a) The average rate of change is zero in the L=z
intervals of 0 < x < 7, m < .x < 2m. 2 3
. . L —0.27
b) The average rate of change 1s negative in the =
. .7 7 3 Sa 0.5236
intervals of =5 <x <5, 7 <X < 3. = —(.5157
¢) The average rate of change is positive in the d) Ir_ <y = 27
intervals of T < x < 2 2 < ¢ <3 2 4
intervals of = < x < =7, =7 < X . ‘ ‘ 0932 - 273
2. a) Two points where the instantaneous rate of Average rate of change = o o
. T S - =
change is zero are x = —, X = . 4 2
. 4 , —3.662
b) Two points where the instantaneous rate of = Sacg
. . T ST 2.3
change is a negative value are x = =, X = —. = 1554
¢) Two points where the instantaneous rate of 5 V%
change is a positive value are x = 0. x = 2. 6-
3. Average rate of change for the interval 4-
2=x=13 24 .
;() - 0 = () R 0 0 T T T T
s—=21 131 -2 ,
2 2 2
4. 4 i "4‘
b 6
31 3 T
2 - . .
72 % a) The average rate of change is zero in the
intervals of 0 < x < - 7 < x < =
11 2 2
b) The average rate of change is negative in the
0 > . . T S
v 27 intervals of 0 < x < 7 <x< e
1 51 ¢) The average rate of change is positive in the
-7 4 . LT T S7 3w
intervals of — < x < -, — < x < 7
4 2 2
; T 6. v
a) D=x= j‘)‘
£ 8_
. 273 -2
Average rate of change = —(——— 61
5" 0 4
_ 0.73 21 X
1'57 O T T 31 2] 7
= () ARS By I m 2T T
= 0.465 2 ) 3
LT T -4
b) —=x=— 4
6 2 —6-
X 273 =273
Average rate of change = ——F— : . . -
— a) Two points where the instantaneous rate of
0 6 change is zero are x = Ly=1
= b) Two points where the instantaneous rate of
B (1)'047 change is a negative value are x = 0,x = L.

Advanced Functions Solutions Manual

¢) Two points where the instantaneous rate of
change is a positive value are v = Lxo=
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7.2) y = 6 cos (3x) +2forg—5x57r

m
Forx = —
orx =7,
aw
= 3A—)) +
y=6 cos( (4)) 2
y = —2.2426
Forx = m,
y==6cos(3(m) +2
y=-4
—2.2426 — (-4
Average rate of change = - (=4)
Z -’
17574
—2.3562
= —0.7459

1
by = —551n<5x> —9f0r%sxsw

T
Forx = T
NAVE
y= -3 Sm(i(;)) -9
y = —-109134
Forx = m,
y = —5 sin(lﬂ) -9
) 2
y=-14
Average rate of change = - 10.917734 — (—14)
T
_ 3.0866
T 223562
= —1.310

|

¢}y = —cos (8x) t6for—=x=m
4 4
m

Forx = —,

orx =

- dele)

y = 6.25
For x = 7,

[
y = cos (8w) + 6
y = 06.25

6-24

6.25 — 6.25
e

— =1
4

_ 0

C -2.3562

=0
8. The tip is at its minimum height at r = 0.
Normally the sine function is 0 at 0, so the function
in this case is translated to the right by } of its
period. The propeller makes 200 revolutions per
second, so the period is 5. The amplitude of the
function is the length of the propeller, which is
positive. Assume that it is | m for this exercise.
Then the function that describes the height of the
tip of the propeller is A(t) = sin (4007 (t — gg)).
The graph of this function is shown below.
Th
3.2
2.4
1.6

0.8 /\

¢
Ned o401 0.002 0.003 0.7584\;
184

_2.4-
...3.2_

Average rate of change =

1
t = — =0.0033
300

From the graph, it is clear that the instantaneous
rate of change at ¢ = 3f is negative.
9. a) The axis is at 20.2. So, the equation of the axis
is y = 20.2 and the amplitude is 4.5.

2 o7

24 12
~ o
R(1) =45 cos(~l—2t> + 20.2

b) fastest: r = 6 months, t = 18 months,

t = 30 months, ¢ = 42 months;

slowest: t+ = 0 months, ¢ = 12 months,

t = 24 months, r = 36 months, t = 48 months
c)For5=1r=7

t=15
R(5) = 4.5 cos (%(5)) +20.2
R(5) = 21.364

t=7

Chapter 6: Trigonometric Functions



R(7) = 45 cos(%w)) +202

R(7) = 19.035
Use the points (5, 21.364) and (7, 19.035).
19.035 — 21.364 —2.329

= —1.164
7-5 2
= 1.164 mice per owl/s
10. a) Y
AN\
N st
2
34
: X
O 4 8 1216202
A

The instantaneous rate of change appears to be at its
greatest at 12 hours.
i) Forll =r =13

r =11

y =05 sin<363(11)) + 4
y =375

t =13

y =05 sin(%(B)) +4
y =425

Use the points (11, 3.75) and (13, 4.25).

425 - 375 _ 0. _ .25 yh
13 — 11

ii)For 115 =1

=115

y = 0.5 sin(

y = 3.8706
t = 12

[

TNy

12.5

(11.5)>+4

"
=N

n

- m
y =105 Sm<g(12.5)> + 4

y = 4.1294
Use the points (11.5, 3.8706) and (12.5, 4.1204).
4.1294 — 3.8706

s = 02588 uh
iii) For 11.75 = = 12.25
r= 1175
y =05 sm<%(11.75)> + 4
v = 39347

Advanced Functions Solutions Manual

r=12.25

y =05 sm<363(12.25)> + 4

y = 4.0653
Use the points (11.75, 3.9347 and (12.25, 4.0653).
4.0653 — 3.9347 0.1306
= = 0.2612 t/h
12.25 - 11.75 0.5 /
b) The estimate calculated in part iii) is the most
accurate. The smaller the interval, the more accurate

the estimate.
11. a)

st

Distance from re
position {cm)

Time (s}

b) half of one cycle

=72-72 4.4 em/
c) "o Acm/s
d) The bob is moving the fastest when it passes
through its rest position. You can tell because the
images of the balls are farthest apart at this point.
e) The pendulum’s rest position is halfway between
the maximum and minimum values on the graph.
Therefore, at this point, the pendulum’s instanta-
neous rate of change is at its maximum.

12. h(r) = sin (g;)

a)ForO=r=3,

h(0) = sin(g(())) =0
h(5) = sin(zsf(S)) =9
0-0
s5-0 !
by For55=r=65

r =255

h(5.5) = sinG—(s.S))
h(5.5) = —0.309
h(6.5) = sin(g—(6.5)>
h(6.5) = —0.809
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Use the points (5.5, —0.309) and (6.5, —0.809).
-0.809 — (~0.309) -0.5

65— 55 Ty T e mss
13. a) 7]
0.204
0.154
0.10
t
] 3 b 5 &7 b

byWhent = 0,606 = 0. Whent = 1, § = 0.2. The
average rate of change is 0.2 radians/s.

¢) Answers may vary. For example, from the graph, it
appears that the instantaneous rate of at ¢ = 1.5 is
about —3 radians/s.

d) The pendulum speed seems to be the greatest for
r=10,2,4,6,and 8.

14. Answers may vary. For example, for x = 0, the
instantaneous rate of change of f(x) = sin x is
approximately 0.9003, while the instantaneous rate
of change of f(x) = 3 sin x is approximately 2.7009.

. m w .
(The interval 3 < x < 7 was used.) Therefore, the

instantaneous rate of change of f(x) = 3 sin v is at its
maximum three times more than the instantaneous
rate of change of f(x) = sin x. However, there are
points where the instantaneous rate of change is the

~ . oL
same for the two functions. For example, at x = 5 it
is 0 for both functions. -
15. a) By examining the graph of f(x) = sin x, it
appears that the instantaneous rate of change at the
given values of xare —1,0,1,0.and — 1.

b) 5
4_.
2_
P N A
3w O i
2 2 2 2
.—4_
...6_

The function is f(x) = cos x. Based on this
information, the derivative of f(x) = sin x is
cos x.

6-26

16. a) By examining the graph of f(x) = cos x, it
appears that the instantaneous rate of change at the
given values of x are 0, 1, 0, —1, and O.

b) Y

s R

4
2..
LN

2 2 2
4.

-

4

The function is f(x) = —sin x. Based on this
information, the derivative of f(x) = cos x is
—sin x.

Chapter Review, pp. 376-
1. Circumference = 2mr = 2w (16) = 327
33 X
R 2w
(32m)(x) = (33)(2m)
(327)(x) = 667

66
X =
32
e
x =T
2. Circumference = 27r = 2w (75) = 1507
4
X5
150 21
14
Qm)(x) = (15077)(—71)
5
(2m)(x) = 1407
x = 170w
7r radi
3.2) 20° = 20° X ( 7 rlas(;f ns) = | radians
dians -5
b) —50° = —50° X (W rlagolfnj = 187T radians
, di 8 ,
¢) 160° = 160° X (1%0‘?“5> - ;Tradlans
di 7
d) 420° = 420° x (%@) = " radians

T .
4. a) — radians;

|

% .

X
/"‘I“‘\
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. > .
b) ——— radians;
Ser T 180
—Z " radians X | ——— | = —225°
4 (# {—&é}&&f})
)7T )
¢) — radians;
D
8+ 180 °°
!.,ijiaas X - 4800
3 (‘# %aé%dﬂ%)
2T .
d) 3 radians;
2 o 180° .
~ T radians X ———_—#): ~120°
3 7 radians
5. The functions must be located in the second or
. . T 37
third quadrant, since = = § = -,
2 2
a) ¥
o
1ig : X
-/3
. b 5w
sin”' — = —
2 6
b} y
X
_ ;,( \/’?) 447
sin -] =
2 o]
i V2o
O
¥
2 3w
e =5
7 A X

Advanced Functions Solutions Manuatl

5
2
P

1
Gk
N~

>3 \\\

v =5
6. cosf =— =2
! 13
137 = (=35 +
169 — 25 = y*
144 = y?
12 =y
y 12
a)tanfl = = = —
X 13
13
b)sec = — = ——
X b
¢) Cosine is negative in the second and third
quadrants.
=5
cos '— =20and 7 + 2.0 = 5.14
I
7.

Y
51n6‘—6€
H:sin"igz .14
65
-8 =200

8. a) 24 radians
b) 27 radians
¢) 7 radians
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9. The axis is 2 and the amplitude is 5. It is shifted
to the left ?
D

y=55in<x+%)+2

10. The_raxis is —1 and the amplitude is 3. It is
shifted 'I units to the left. It is reflected in the
x-axis. The period is 7.

27

k=—=2
w

= ena(s )

11. a) reflection in the x-axis, vertical stretch by a
factor of 19, vertical translation 9 units down

b) horizontal compression by a factor of 1,
horizontal translation 1’17 to the left

¢) vertical compression by a factor of 1%, horizontal
translation % to the right, vertical translation

3 units up
d) reflection in the v-axis, reflection in the y-axis,
horizontal translation 7 to the right

12. a) 5: Y
4~
3<
2..
1+
{
0 1 1 i
-4 240 12 80 0
__2_
_.3_
..4-
_.5_
. 2 1207
b) period: < T
(120m)(x) = 27
2
YT 20
-1
X = g(}
momoceursar (£)(5) =
¢) The maximum occurs at { — J{ — | = ——.
4 /\ 60 240
.. 3 L 3 l
d) The minimum occurs at (4)(66) = %0 - 80

6-28

13. a) 27 radians

b) 27 radians

¢) 7 radians

14. a) The amplitude represents the radius of the
circle in which the bumblebee is flying.

b) The period represents the time that the
bumblebee takes to fly one complete circle.

¢) The equation of the axis represents the height,
above the ground, of the centre of the circle in
which the bumblebee is flying.

d) Since the bumblebee is at it lowest point

at t = 0, the cosine function should be used to
represent the function.

15. The axis is at 2t 2% _ 7750, So, the
amplitude is 7750 — 500 = 7250. The period is

12 months.
_2m_ T
12 6

P(m) = 7250 cos (%m) + 7750

180 + 120

16. The axis is at = 150. So, the amplitude

is 150 ~ 120 = 30. It is shifted to the right g The

period is 1.2 seconds.
27 S5
k = ———— = —
1.2 3
S
-

h(t) = 30 sin< 3

i7. Y

- 1) + 150
5 :

a)0 <x <57, 107w <x< 157w
b) 257 <x <757, 1257 <x <1757
)0 < x <257, 7.5m <x <1257
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18. Ky

:‘4
(o]
WEE
N
3
[
|

._4_

1

a).x—()‘x—a

| 5

b‘ = — y = —

Y=gt Ty

3 7

C) x —g,_x-g
27 8w

b) The period represents the time between one
beat of a person’s heart and the next beat.
¢) Fort = 0.2,

8
P(0.2) = 100 - 20 cos(%(o.z))

P(0.2) = 102
Fort = 0.3,

8
P(0.3) = 100 — 20 cos<—;3(0.3)>

P(0.3) = 116
16 - 102 _ 14 _
03-02 01
d) Forr = 0.4,

8

P(0.4) = 100 — 20 cos< 377(0.4))
P(0.4) = 119.6
For ¢ = 0.6,

P(0.6) = 100 — 20 cos<87”(0.6)>

P(0.6) = 93.8
93.8 — 1196 =258
= = — 2
0.6 — 04 0.2 129
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cot— = —1

sec 27r has a different value.

5 T
y=-1 “{x+—])) + 100
3.y 2cos<3<x 6)) 1
5(5m w
= — H—+—=}; t+ 1
y 12cos(3<4 6)) 00

y = 108.5
4. For d = 52 (Feb 21)

2
¢ = — —(52 - 1 + 25
T(52) 20 cos<365( 2 ())) 5
T(52) =100
For d = 128 (May 8),

27
T(128) = =2 ——(128 — 10)) + 25
(128) 0cos<365( ))

T(128) = 33.9
339 — 100 239
128—52 76

= (0.31 °C per day

St
5. — radians;
p 1

27 .
— radians;
3

gf—;a&aas’ X <—~——~1800 ) = 120°
3 sradians

37 dians
— radians;
5

RES 180°
. i X | ——— 1 = 108°
5 radians (#{—3&&&5)

So, from smallest to largest, the angles are % 110°,

S o 27
8,113 , and 3
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4.8775 y
radians

2 — 48755 = 1.4077

tan(1.4077) = 2

vt

y = 5tan (1.4077)

y = =30
8. a)»gco( >+72
b) For r = 0 (sunrise)
T{(0) = =3 cost —(0)) + 22
(0) »cos(lz( ))
70y =19
Fort = 6,
o

7(6)= -3 cos(;(6)) + 22
T(6) =22
22-19_3_0_3(: "
6 -0 o D per hour

cll=1=13
For¢ = 11(5p.m.)

. T

Ity = w3005(—(11)) + 22
12

(1) =249

Forr = 15 (7 p.m.),

. m

{13y = -3 cos(;(B)) + 22

T(13) = 24.9
249 — 249 0

3 ~:;i()““’Cperhour
3 2

Chapters 4-6 Cumulative Review

pp. 380-383
I. X+ 3t =4 4+ 12x
X 3 =4t~ 20 =0
(73 + (=4 = 120) =0
x + 3 )~4\(\+3) 0
(x + 3)(x* = -1.\) =0
x(x +3)(x* = 4) = O
v(v + 3)(v +2){x —2)=0
x=0,-3,-22
6-30

The correct answer is d).
2. f(x)y=a(x+ )(x = 1)(x — 4)
6=a(2+ 1) (7~1 (2 — 4)

36 = a(3)(L)(—
36 = —b6a
-6 =g

So, the equation is
flx) = =6(x + 1) (x — D)(x — 4)
—6{x° — 1)(x — 4)
—6(x" — 4x? — x + 4)
= —6x° + 24x° + 6x — 24
The correct answer is b).
332 -3vr<x -5
2 -4y < =5
-4y < =7
7
> -
4
—2 is not greater than 1.
The correct answer is a).
4. -10=3¢v+5=8§
—-15=3r=3
-5=x=1
The correct answer is ¢).
5. Using the graph f(x) < g(x) from v = 2 to =
So, x > 2.
The correct answer is a).
6. h(t) = =57 + 3.5+ 10
=52+ 350+ 10 > 10
=3+ 335 >0
(=5 +33)>0
The critical points are t = 0 and r = (.7

Il

Test =L (=) (—=5(~1) +33) >0
(—1)(5 +35) > 0FALSE
Test0.5: (0.5)(—=5(0.5) + 3.5y >0
(0.5)(—2.5 + 3.5) > 0 TRUE
Test I: (1)(=35(1) +33)>0
(1)(—=5 + 3.5) > O FALSE
So, the solution is 1€ (0, 0.7).

The correct answer is b).

7. From the given information. the function must
have a maximum at v = 0 and a minimum at x = 2.
Choice a) is not a possible set of zeros for the
function. If the function has zeros only at x = () and
x = 1, then the function has to increase to (0. 0)
and turn there and begin to decrease. Sometime
before v = 1, the function must turn again and
increase to get back to the v-axis before v = |,

But this contradicts the given information that the
function is decreasing for 0 < v < 2,

The correct answer is a).
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= —(.31025
Find the rate of change using the points (0,0) and
(—~0.05, —0.310 25).
m = (~031025 = 0) = (- 0.05 = 0)
= 6.2
So, the correct answer s ¢).

9. The graph has vertical asymptotes at =3 =0
x(x—3)=0

r=0andx =3

Tegt x = — 1: The function will he (+)+ (=)}(—) = (+)

So. the function is positive to the left of zero.

Test x = 1: The function will be (+) = (+£)(=) = ()
So, the function is negative between 0 and 3.

Test x = 4: The function will be (+) + (H){(+)= (+)
So. the function is positive to the right of 3.

The function that matches this 1s ¢).

10. The function will have a horizontal asymptote
of 0 and vertical asymptotes of x = —5 and x = 2.
So the correct answer is ¢).

11. To have an oblique asymptote. the degree of the
numerator must be greater than the degree of the
denominator by exactly 1. Neither choice a) nor
choice ¢) meets this condition. While it seems that
choice b) meets the condition. it does not because
the numerator can be factored and the function

(x + 3)(x — 3)
Y
The correct answer is d).

12. Ouly functions a and b are undefined at x = 3.
Examine the behaviour of these functions for

~2 < x <l 3.

For choice a: Test v = 0: (+) = (+) =
For choice by Test v = 0 {(+) = (—)
So. choice a is positive for —2 < x <

simplified. g(x) = =x + 3

(+)
(=)

ol

The correct answer is a).

13. Choose a value that is very close 1o and to the
left of 3.

Try 0.599:

(2 — 3(0.599) = (5(0.599) = 3) =
So, the function approaches — .
The correct answer is d).

—40.6

y — 2x
4, ——— = 3x
x+ 2
3 - 2y = 3x¢{v + 2)
3= 2¢ = 3%+ by
() = 37 + By — 3
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0= (3¢ — L)(x +3)
1 )

x =zand =3
3

The correct answer is ¢).

15. Any of the steps listed can be used to begin
solving the rational equation.

The correct answer is d).

2
16. 2x — 3=~
X

2
2c—3—-—-=90

X

2¢r 3y 2
~~~~~ = ()

X X ¢

2% = 3x — 2
— =0

2x ¢ — 2

(2x + 1)(x ) -
X

The correct answer is a).

0

17 c— 3> 6
N X J/l._z
6
x—3-——=2>>0
v — 2
- -2
t(x—2) 3(x—-2) 6 -0
v — 2 v — 2 x— 2
=2y —3¢x+6 —56
> {)
v — 2
x° = Sx
(x —
Wema) oy
v — 2

The critical points are 0. 5 and 2.

Test —1: (—)(—) ~ (=) = (—) FALSE
Test 11 (+)(=) = (=) = (+) TRUE
Test 3: (+)(—) = (+) = (—) FALSE
Test 6: (+)(+) ~ (+) = (+) TRUE

So, the solution is (0, 2) and (3. ).

The correct answer is d).

18. Lety = f(x).

Gla+h) — Ga)  G(1.001) — G(1)

h (0.001
09985 — |
o 0.001
= —15

So. the correct answer is b).
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s{a+h) —s(a) _ s(3.001) - 5(3)

h B 0.001
_ =7.009009 - (-7)
- 0.001

19.

= -9
So, the correct answer is b).

S
v20. P = 3(TZ—> + 2(3)

S
== +6
4 m

The correct answer is b).

kia o

21. 20(——180) =3
T 37
135(@) T

Tr 3
- 270<~i§0-> = —7

Each of the pairs of angles are equivalent.
The correct answer is d).

7
22, tan_’(z) = 1.0517

7—1.0517 = 2.09
The correct answer is ¢).

23. Since sin § = *%, the value for r is 2 and the
value for a = V3.
So, find 5.
(V3) + p2 =22
3+bp2=4
b =1
b=1

The angle is in either in the third or fourth quadrant

since the sine is negative.
So,cos @ = 1or -1

tan 6 = V3 when cos 6 = -1
or — V3 when cos 6 = !

The correct answer is a).

translated down [ unit. The equation for the graph
shown is y = 3sin (2x) — 1.

The correct answer is b).

26. The equation shows a horizontal stretch by a
factor of 3 and a horizontal translation of 27r units
to the left.

The correct answer is d).

27. The maximum height represented by choice b)
is4l — 5 = 36, not 41 as required.

The maximum height represented by choice ¢) is
18 — 23 = —5, not 41 as required.

The maximum height represented by choice d) is
41 — 36 = 5, not 41 as required.

The maximum height represented by choice a) is
18 + 23 = 41, as required. The minimum height
represented by choice a) is ~18 + 23 = 5,

as required.

The correct answer is a).

28. Using a graphing calculator, the function is
decreasing in both intervals which means the
instantaneous rate of change is regative in both
intervals.

The correct answer is ¢).

29. P(0) = 23.7 cos (—6’3(0 ~7)+ 24.1)
= 3,575
P(4) = 23.7 cos (%(4 ~ 7y + 24.1)

=24.1
So, the rate of change is (24.1 — 3.575) + (4 — 0)
or 5.131 25.

P(1) = 23.7 cos (%(1 - 7)) +24.1
=04
P(7) = 23.7 cos (%(0)) +24.1

=478
So, the rate of change is (47.8 — 0.4) + (7 — 1)

24.x =sin"'0.5 or7.9.
5
x= 16T—and —6”- P(16) = 23.7 cos (761(16 - 7)) +24.1
The correct answer is d). =241
25. The graph shown has been stretched vertically So, the rate of change is-(24.1 — 47.8) = (16 — 7)
by a factor of 3, since the minimum is —4 and the or —2.63.

maximum is 2, a difference of 6. The graph has also
been compressed horizontally by a factor of 1, as

N
P(10) = 23.7 cos (%(10 - 7)) + 241
the period shown is only 7. The graph has been '

=241
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P08)=237as(%(w——70-+241

= 44.62
So, the rate of change is (44.62 — 24.1) = (18 — 10)
or 2.565.
The correct answer is b).
30. a) length = 50 — 2x
width = 40 — 2x
height = x
V = lwh
= (50 — 2x)(40 — 2x)x
= (50 — 2x)(40 — 2x)x
(2000 — 80x — 100x + 4x%)x
6000 = 2000x — 180x> + 4x*
0 = 4x’ — 180x* + 2000x — 6000
0 = x° —45x* + 500x — 1500
The possible reasonable solutions are = I, *2.
+3 +4 *5 x6, =10, £ 12, £ 15 =20
Use synthetic division to determine the solution.

o
S
(o g
> D
b
S 3
(LI

31 —45 500 - 1500
! 30— 126 1122
1 -4 374 — 378
501 =45 500 - 1500
1 5 =200 1500
1 —40 300 0
So,x = 5.

Now solve x* — 40x + 300 =0
(x — 10)(x — 30) = 0

So. ¥ = 10 or 30, but 30 does not make sense in the

context of the problem. So, x = 5 or 10.

¢) Using a graphing calculator, find the relative
maximum value. It occurs when x = 7.4 cm.
d) Using a graphing calculator, the range is

3 <x < 128,

3l.a) f(x):0=x" — 5x + 6

0= (x—3)(x—2)

x=3andx =2
g(x):0=x-3

x=23 )
f(;tl‘(J_.\'2~5,r+6
gl x-3

The function is undefined at x = 3, so the zero is

x = 2.

5_(:2. O — = 3

flx) = 5¢+6

The function is undefined at 2 and 3, so there are no
- Zeros.
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%((—:)l hole at x = 3, asymptotes at x = 2Zandy = 0

¢) tangent at x = |
i('L): y =1 — 2
glx)
glx) _
So—tiy = —X
fla) -
32. a) Vertical compressions and stretches do not
affect location of zeros; maximum and minimum
values are multiplied by the scale factor, but locations
are unchanged; instantaneous rates of change

are multiplied by the scale factor; Horizontal
compressions and stretches move locations of zeros,
maximums, and minimums toward or away from
the y-axis by the reciprocal of the scale factor;
instantaneous rates of change are multiplied by the
reciprocal of scale factor; Vertical translations
change location of zeros or remove them; maximum
and minimum values are increased or decreased by
the amount of the translation, but locations are
unchanged; instantaneous rates of change are
unchanged; Horizontal translations move location of
zeros by the same amount as the translation;
maximum and minimum values are unchanged, but
locations are moved by the same amount as the
translation: instantaneous rates of change are
unchanged, but locations are moved by the same
amount as the translation.

b) v = cos x: Vertical compressions and stretches
do not affect location of zeros; maximum and
minimum values are multiplied by the scale factor.
but locations are unchanged: instantaneous rates of
change are multiplied by the scale factor Horizontal
compressions and stretches move locations of zeros.
maximums, and minimums toward or away from
the v-axis by the reciprocal of the scale factor:
instantaneous rates of change are multiplied by the
reciprocal of scale factor: Vertical translations
change location of zeros or remove them; maximum
and minimum values are increased or decreased by
the amount of the translation, but locations are
unchanged; instantaneous rates of change are
unchanged; Horizontal translations move location -
of zeros by the same amount as the translation; '

" maximum and minimum values are unchanged. but

locations are moved by the same amount as the
translation: instantaneous rates of change are
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unchanged, but locations are moved by the same
amount as the translation.

¥y = tan x: Vertical compressions and stretches do
not affect location of zeros; instantaneous rates of
change are multiplied by the scale factor;
Horizontal compressions and stretches move
locations of zeros toward or away from the y-axis
by the reciprocal of the scale factor; instantaneous

6-34

rates of change are multiplied by the reciprocal of
scale factor; Vertical translations change location
of zeros or remove them; instantaneous rates of
change are unchanged; Horizontal translations
move focation of zeros by the same amount as the
translation; instantaneous rates of change are
unchanged, but locations are moved by the same
amount as the translation.
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CHAPTER 7
Trigonometric Identities and Equations

o i o o 8 qy = - = —5
Getting Started, p.386 Je=Zorse=
. ~ 3x 2 2x 5
1. a) Do the following to isolate and solve for x: 35395 7 )
3x—7=35- 9% 0 5
3v -7+ 9% =35~ 9%+ 9x x=or k=g
2x—7=35 L 0 <
- z e) Use the guadratic formula to sotve for x as
PRy —7+7=5+17 - .
Yo = 12 follows:
lov =12 22 —1=0
2c 12 e
LT e — —+ 2 — A
2 B ‘= b = \b dac
x =1 2a
b) Do the following to isolate and solve for .« S22 V()Y A
SO * 2(1)
2(x + 3) =5 .
] _T2xvatd
24\‘+6—i‘—‘" o 2
4 2 S
: -2 £ V8
7\'+6"i“6~“—}"v6 v =
- 4 2 2
X I -2+ 2V2
2\ - = \ = — T
4 2 2
E#ﬁﬂ v=-1%\V2
4 2 f) Move all terms to the left side of the equation and
x y 4 1 < 4 use the quadratic formula to solve for v as follows:
4 77 277 3¢ =3y + |
44 3 = 3v —~ 1 =3¢+ 1-3x—1
) W -3v - 1=0 )
22 —b = Vb — dac
X = == A=
7 2d
¢) Factor the left side of the equation and solve for 3+ V(=3)7 = 403)(—1)
x as follows: X o= ’ 23) -
=50 =24 =0 T
(r —8)(x+3)=0 PR LEAT
x=8=00orx +3=0 6
r—~8+8=0+80orx+3-3=0-3 3+ V21
y=8o0rx = —3 r = 6
d) Move all terms to the left side of the equation, 2. To show that AB = CD. the distance formula
factor, and solve for x as follows: should be used as follows:
i 6 + Tly =10 First for AB:
6> + 11y — 10 = 10 — 10 3 3
a ) 1 = X, — Xy ) t 'y N
62 + 1lx = 10 =0 ‘ \{(‘- o) F v
(3¢~ 2)(2x + 5) = 0 d=Joa-ipe (- 0)“
3x-=2=0 or 2x+5=0 N \2
Ay 24+2=0+20r2v +3-5=0-275
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5
d=,/—

4
PR

2
Now for CD:

d= \/(Iz - x;)i + (v =)

(Y
o

1
d=./—+1
4
5
d= /-
4
_5
2
So, AB = CD.
3. a)sin A = opposite side _ _E_S_ﬂ
hypotenuse
adjacent side ~ 15
COSA = ———— = —
hypotenuse 17
tan A = opposue s.1de _ i;
adjacent side
hypot
csc A = ypo-enu'se _ 1_7;
—opposite side 8
hypotenuse 17
A= = —
> adjacentside 15
adjacent side 15
COtA = ——F— = —

opposite side 8
b) To determine the measure of ~ A in radians, any
of the ratios found in part (a) can be used. In this
case, sin A will be used:

8
inA=-—
sin T
sin”! (sin A) = sin™" 8
17
8
LA =sin"!—
m sin”™! -

mZA = 0.5 radians

7-2

¢) From the figure:
15

infB =—

o 17

15
. ,,1 - B — ; - — l <—\>
sin™* (sin B} = sin 17

15

/B =sin™! —)

m sin <l7,
m/B = 619°

4. a) 5%

b) Drawing a segment from (-2, 2) down to the
negative x-axis forms a right triangle with two legs
of length 2. The tangent of the related acute angle is
forl.

The measure in radians of the acute angle that has a

tangent equal to 1 is g— so the value of the related

acute angle is 1;— radians.

¢) Since the point at (—2.2) is in the second
quadrant, the terminal arm of the angle § must also
be in the second quadrant. Since the angle with a
terminal arm in the second quadrant and a tangent

3 . RE4 .
of —1 measures v radians, 8 = y radians.
. . . m .
5. a) The x-coordinate of point A is cos e while the

. . . T .
y-coordinate is sin T Therefore, the coordinates of

point A are (%3 \Tl) The x-coordinate of point B

. m . . R
1S COS 3 while the y-coordinate is sin --. Therefore,

_ 2
the coordinates of point B are (1. ). The
. - . 2T .
x-coordinate of point C is cos Y while the

. . 27 . .
y-coordinate is sin 3 Therefore, the coordinates of

point C are (—% -\3—1) The x-coordinate of point D the

. 5w . . .. 57
is cos =, while the y-coordinate is sin e Therefore,

coordinates of point D are (~¥ 1) The x-coordinate

. . T . . .o Tm
of point E is cos e while the y-coordinate is sin —.
Therefore, the coordinates of point E are (—% —%)

. . . 7 .
The x-coordinate of point F is cos e while the
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. .. 5w . -
y-coordinate 1s sin e Therefore, the coordinates of

point F are (-—%2 -¥) The x-coordinate of point

. 4 . . .. 4w
G is cos ER while the y-coordinate is sin 5

Therefore, the coordinates of point G are (—% - %*)

. - . 3w .
The x-ccordinate of point f is cos —3—' while the
. . . bm . .
y-coordinate 1$ sin = Therefore, the coordinates of

point H are (3, ~¥3). The x-coordinate of poirt / is

7w . . .. Iw
cos -, while the y-coordinate 1s sin e Therefore,
A /"\
the coordinates of point / are (32—' —%*). The
. . . I1m .
x-coordinate of point J 1S cos P while the

. .. w .
y-coordinate 1s sin o Therefore, the coordinates

of point J are (\—i —%)

. 37 . . .
b) i) cos — is equal to the x-coordinate of the point

V2

at(~"§za />,Soc053-4z: —XZ

Ntl(u\l £

RN S . .
it) sin it equal to the y-coordinate of point J,

.o
SO s1Inp —— = —
6

(IR

iii) cos 7 is equal to the x-coordinate of the point at
(—1,0),socosm = —1.

. ™. . .
iv) csc P equal to the reciprocal of the y-coordinate

- . 3 T 1
of the point at (‘3‘ , %) socsc =7 = 2.
3
6. a) Since tan x = —3, the leg opposite angle x in a

right triangle has a length of 3, while the leg adjacent
to angle x has a length of 4. For this reason, the length
of the hypotenuse can be calculated-as-foHows:
F+47 =77

9+ 16 =z°
25 =2
z=15

Therefore, if the angle x is in the second quadrant,
the other five trigonometric ratios are as follows:
opposite leg 3

sin x = :
hypotenuse 5
adjacent leg 4
COS X = = = ——;
hypotenuse 5
hypotenuse 5
cscxy = =
opposite leg 3
hypotenuse 5
secx = S = ——
adjacent leg 4
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adjacentleg =~ 4

coty =

-

opposite leg 3
If the angle x is in the fourth quadrant, the other
five trigonometric ratios are as follows:
opposite leg 3

sinx = —
hypotenuse 3
adjacent leg 4
COs x = ——————= = =
hypotenuse - 5
hypotenuse 5
CsCx = ——————— = ——
opposite leg 3
o v = hypotenuse _ S
77 adjacentleg 4
adjacent | 4
cof . ddjacentleg 4

opposite leg 3

b) To determine the value of the angle x, any of the
ratios found in part (a) can be used. If x is in the
second quadrant, sin x = £, so x can be solved for as
follows:

Sin x

sin”! (sin x)

i
<z,
j=)

-
P
(SRR
N

x =23
If x is in the fourth quadrant, sin x = —2, 50 x can
be solved for as follows:
3

5

sin x

[ RN

)

sin' (sin x) = sin"" k—

x =sin M —
5

x =156
Shi¥d ) .
7.atan 9 = —, cos 8 # 0 1s true.
cos 6

b) sin’ @ + cos’ @ = 1 is true.

i
M

c)secl = :;1]—0 sin §.# 0 is false, since sec 6 is the
reciprocal of cos ¢, not sin 6.
d) cos’ 6 = sin° # — 1 is false. This can be shown
by performing the following operations:
cos’§ =sin*8 — 1

cos’d + 1 =sin*d — 1 + 1

cos’f + 1 =sin’ 6
cos?# + 1 — cos’ 6 = sin” 0 — cos” 8

sin@ — cos’ 6 = 1
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Since sin® 6 + cos® 6 = 1 is true,
sin® @ — cos® 6 = 1 must be false.
e) | + tan® @ = sec? @ is true
fycotf = ?gsﬁ, sin 8 # 0 is true.

sin ¢
8. The sinusoidal function y = sin x is transformed
into the function y = asin k(x — d) + ¢ by
vertically stretching or compressing the function
+ = sin x by a factor of a, horizontally stretching or
compressing it by a factor of i reflecting it in the
r-axis if @ < 0, reflecting it in the y-axis is k < 0,
vertically translating it ¢ units up or down, and
fiiorizontally translating it  units to the right or the
lelt. Therefore, an appropriate tlow chart would be
as follows:

Perform a vertical stretch/compression by a
factor of |al.

¥

Use

~| to determine the horizontal

stretch/compression.

v

Use a and & to determine whether the function is
reflected in the y-axis or the x-axis.

{

Perform a vertical translation of
¢ units up or down.

¥

Perform a horizontal translation of d units to
the right or the left.

7.1 Exploring Equivalent
Trigonometric Functions, pp. 392-393

. a) Answers may vary. For example: The graph is
that of the trigonometric function y = cos 8. Since
the period of y = cos 6 is 27 radians, the graph
repeats itself every 27 radians. Therefore, three
possible equivalent expressions for the graph are

v =cos (6 + 27). v = cos (6 + 4m), and

vo=ocos (8 — 2).

N
&

b) The trigonometric functions y = cos 6 and

. ka2 . . .
y = sin (6 + ;) are equivalent. Since the period

of y = sin (6 + g) is 27 radians, the graph repeats
itself every 27 radians. Therefore, three possible
equivalent expressions for the graph using the sine

. . LT . 37
function are y = sin (9 + 5) y = sin (6) - «—;),

‘ 5 :
and y = sin (6 + —271)

2. a) The graph of the trigonometric function

y = csc @ is symmetric with respect to the origin,
so y = csc 6 is an odd function. Therefore,

csc (—6@) = —csc 0. The graph of the trigonometric
function y = sec @ is symmetric with respect to the
y-axis, so y = sec 6 is an even function. Therefore,
sec (—8) = sec . The graph of the trigonometric
function y = cot # is symmetric with respect to the
origin, so y = cot § is an odd function. Therefore,
cot (—8) = —cot 6.

b} If the graph of the trigonometric function

vy = csc 8 is reflected in the y-axis, the equation of
the resulting graph is y = csc (—8). Also, if the
graph of y = csc 6 is reflected in the x-axis, the
equation of the resulting graph is y = —csc 6. Since
the graph of v = ¢sc 8 is symmetric with respectto
the origin, a reflection in the v-axis is the same as a
reflection in the x-axis. Therefore, the equation

csc (—#) = —csc 6 must be true. If the graph of the
trigonometric function ¥ = sec 6§ is retlected in the
y-axis, the equation of the resulting graph is

y = sec (—#6). Since the graph of y = sec 8 is
symmetric with respect to the y-axis, a reflection of
the function in the y-axis results in the function itself.
Therefore, the equation sec { —#) = sec # must be
true. If the graph of the trigonometric function

y = cot 8 1s reflected in the y-axis, the equation of
the resulting graph is y = cot (—#6). Also, if the
graph of y = cot 8 is reflected in the x-axis, the
equation of the resulting graph is y = —cot 6. Since
the graph of y = cot 6 is symmetric with respect to
the origin, a reflection in the y-axis is the same as a
reflection in the v-axis. Therefore, the equation

cot (—6) = —cot 6 must be true.

3. a) Since sin & = cos (g - H).
T <7T 77) (377 77)
in—=cos| - ——]=cos| — — —
Mg T2 T 6 6 6,
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) i (T
b) Since cos 8 = sin <7 - 6),
S# . T S
cos —— = sin{ — — ——
D) 212

¢) Since tan 8 = cot <-;~ - H).
RE T 37
tan =cot| — — —
8 (2 ; )
t(-wr 37 . T
= o - = col —
-8 8 ) 8
. . w
d) Since cos # = sin (7 - 9).
S . (77 577)
cos — = sin| — -
16 2 16
. (8# 577\\ 3
= 5in — — | = §in —
e 16/ 7 16

f)y Since tan ¥ = cot (% H)_

, T & TT) [<37“ TT>
an— =¢cot{— — — = CO e T
6 206 6 6,

4. a) Since sin § = ¢cos
]

SiNB s (,‘L ~ H)

H— o]
!
T
R

Theretore, csc 6 = sec

T | {
Since cos 8 = sin (~ — 6))\ = — .
2 cost  in (L‘,; - f))

‘ _ .
Theretore, sec 8 = csc (; - H).

Advanced Functions Solutions Manual

. K 1 1
Since tan § = cot\, — 8 = -

T
Therefore, cot 6 = tan (5 — 9).
b) The trigonometric function y = sec (g - 6)

. TN op
can also be written as y = sec (~ <H — ;)) [f the
graph of the trigonometric function

y = sec <‘ (9 - g)) is reflected in the y-axis, the

Since the graph of y = sec (— (9 - ;')) is symmeltric

with respect to the y-axis, a retlection of the function
in the y-axis results in the function itself. For this

w T
reason, sec <; - 9) = sec (9 — ;), SO

T . I
csc B = sec (H - ;). Therefore, — = ——————=.
i cs 7

sc (7
sectf — o

. T - . .
orsin 8 = cos <H - 7). This is a known identity, so

. . . . ™ ,
the cofunction identity csc = sec (; - H) must be

oY . . . . m
true. The trigonometric function y = csc <»; - H) cun
also be written as y = ¢sc <— (9 - ;)) If the graph

of the trigonometric function y = ¢sc (— (H — - ))

Y
LA

is reflected in the y-axis, the equation of the resulting

7

resulting graph is v = csc (H - 1) Since the graph
of vy = csc (* (H -

the origin, a reflection in the y-axis is the same
as a reflection in the v-axis. For this reason,

T 3 s
= CSC (4 - 6> csC <H - —> or
2 2,

(T o) = eefo-T o n)
CsSC 5 = CSC 27‘/11

\

7

N . .
) is symmeiric with respect o

S

il

!
Therefore, - = ; —. or
sect ese (H + %)

! T
cOos # = sin (9 + 7)
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This is a known identity, so the cofunction identity

secd = csc (g - 6) must be true.
The trigonometric function y = tan (g - 6) can also
be written as y = tan (— (9 - g)) If the graph of

. . . T .
the trigonometric function y = tan (— (6 - 5)) is

reflected in the y-axis, the equation of the resuiting
graphis y = tan (— (6 - g))

Since the graph of y = tan (— (9 - g)) Is symmetric
with respect to the origin, a reflection in the

y-axis is the same as a reflection in the x-axis. For

this reason, —tan (ZZT- - 6) = tan (0 - —725) or

T T T
tan(5~6) = tan(@ -3 + 77) = tan(@ +5),

so cot 8 = tan (6 + g) Therefore,

1
coté B tan (9 + _;T.>

»or tan 8 = cot (6 + g) This

is a known idenﬁty, so the cofunction identity

cot# = tan (—g - 6) must be true.

5. a) Since sin 8 = sin {7 — 0),

sin ! S ( ! ) in
_— = n ———— el R
8 1 o 8 S

8
b) Since cos 8 = —cos (7 + 8),
137 ( 1377)
cos—— = —cos| 7+ —
12 12
_ . <127r N 13Tr> — —co 257
N2 T2 )T T
(2577 )
= —cos|—— — 27
1
- —co (2577 _ 24#) _ ka
N2 TR ST
¢) Since tan § = tan (7 + 6),
S (477 577) 9
tan— = tan| — + — | = tan —
4 4 4 4

d) Since cos 6 = cos (27 ~ 6),

117 ( mr)
cos —— = ¢cos | 2m — ——
6 6

(2T lmy
6 6 = COS 6

e) Since sin§ = —sin (27 — 6),
. 137 . ( 137r>
smTZ*—sm 2m - —

8
_ . 167 137 . 37
= —Ssin (T - ’*‘é‘—) = —‘Sln‘8—
f) Since tan® = —tan (27 — 6),

i

tan o7 tan (2 57T>
20 r—-
3 3

= —tan ('61 - E) — —tan—
3 3 3

6. a) Assume the circle is a unit circle. Let the
coordinates of Q be (x, y). Since P and Q are
reflections of each other in the line y = x, the
coordinates of P are (y, x). Draw a line from P to
the positive x-axis. The hypotenuse of the new right

triangle makes an angle of (g - 9) with the
positive x-axis. Since the x-coordinate of P is y,

cos (12.5 - 9) = y. Also, since the y-coordinate of

@ is y, sin § = y. Therefore, cos (g -~ B) = sin 6.
b) Assume the circle 1s a unit circle. Let the
coordinates of the vertex on the circle of the right
triangle in the first quadrant be (x, y). Then

sinf =y, so ~sin § = —y. The point on the circle

that results from rotating the vertex by Z)Z
counterclockwise about the origin has coordinates
{—y,x), socos (% + 6) =
cos (7—7- +60)=
)

7. a) true; the period of cosine is 27

m
b) false; Answers may vary. For example: Let 6 = 5

~y. Therefore,

~-sin 8.

Then the left side is sin 12[ or I. The right side is
. T

—sin > or — L.

¢) false; Answers may vary. For example: Let 8 = 7.

Then the left side is cos 7, or — 1. The right side is

—cos 5, or I.

d) false; Answers may vary. For example: Let 6 = g.
. . 3 3 . .

Then the left side is tan ~471 or —-%*. The right side

. T V3

is tan 7, or %~

e) false; Answers may vary. For example: Let 8 = 7.

37 . S
Then the left side is cot ~4’5 or —1. The right side is

t u orl
an—, .
4
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f) false; Answers may vary. For example: Let
7 s .5 .
g = ; Then the left side is sin —;T or 1. The right

side 1s sin (—-g) or ~1.

1. a) Since sin(a + b) = sinacos b + cosasin b,
sin a cos 2a + cos a sin 2a = sin (a + 2a) = sin 3a.
b) Since cos (a + b) = cosacos b — sinasin b,

= cos (4x + 3x)
cos 7x
tana — tan b

l

cos 4x cos 3x — sin 4x sin 3x

]

2.a) Since tan (¢ = b) = 7
) Since tan (a ) 1 + tanatanb’
tan 170° — tan 110°

= tan (170° — 110°
T+ tan 170° tan 110° a0 ¢ )
= tan 60° = V3
b) Since cos (¢ — b) = cosa cos b + sinasin b,

S T STt 0w S T
COS —— COS — + SIN —— SIN — = COS{ —— — =<

12 12 12 12 12 12
dar T 1

=CO§—— = COS— = =
12 3

3. a) Two angles from the special triangles are 30°

and 45°, s0 757 = 30° + 45°.

b) Two angles from the special triangles are 30° and

45°, 50 — 15° = 30 — 45°. N

¢) Two angles from the special triangles are = and
i T 2 w T 6

0T T e T o

d) Two angles from the special triangles are A and T

A

T 3 2 T T
§0 = - o« e = .

12 i2 12 4 6
e) Two angles from the special triangles are 45° and
60°. so 1037 = 45° + 60°.

. . . e el

f) Two angles from the special triangles are 3 and Pl

S 2w 37 T brs - .
o Z =T 28 T T

6 6 6 3 2 _
4. a) Since sin (¢ + b) = sinacosb + cosasin b,
sin 75° = sin (30° + 45°)

= sin 30° cos 45° + cos 307 sin 43°

N/ V2 Vi) V2
(X") * (T (7)
L’? N V6

4 4

V2 + V6
4

I

Advanced Functions Solutions Manual

b) Since cos (¢ — b) = cosacos b + sina sin b,
cos 15° = cos (45° — 30°)
cos 45° cos 30° + sin 45° sin 30°

(N5 ()6
Ve V2

“ 4 Ty

V2 + V6

4

il

. tana + tan b
¢) Since tan (a + b) = ——————————,
1 —tanatan b

‘ S X (277 N 377) . (77 N 7T>
ST _ (2737 T
LT T AM\s T4

|

T m -
_tang+tan1 B _,J+1
= - L=
_£+3 _V33+3
= 3 T 1-8

3773 3
_\/§+3>< 3 \V3+3
3 3-V3 3-\V3

(V3+3)(3+V3)
C(3-V3)(3+ V3)
3V3+9+3+3V3

9-3V3+3V3-3

12 + 3

6
d) Since sin (¢ — b) = sina cos b — cosa sinb,

- <__7T_\ : (171,4_71)“ : (z_zz\
sin 12)—Sm B D = §in 4 3)

= SlﬂzCOS“j‘ - COSZSIH'B“
V2\/(1 V2\/ V3
-(F)6)-())
V2 V6
T4 4
VI 6
4

e) Since cos (a + b) = cosacos b — sinasin b,
cos 105° = cos (45° + 60°)
= cos 45° cos 60° — sin 45° sin 60°

()6 -()F)

i
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_ V2 V6
4 4
7 - VG

EN

. tana + tan b
f) Since tan (a + b) = ———,
Il —tanatanb

) 237 . O 147TA _ 37 N T
tan > = an TRERE = tan 2 6
7 Im o
tan 1 + tan 6 ~1 + \33
B 1 — §E ZZ B <\/§)
tan4 tan6 lm(wl) e
—3 4 \:i \/ﬁﬁ*‘\
- ( ) R
g - = 3
V3 -3 w3 V3 -3
3 3+V3 3+\V3

9 4+ 3V3 - 3V3 -3
—12 + 6V3

6
=2 4V

5.a) Since sin {(a + b) = sinacos b + cos a sin b,

. ™
sint{ 7 + —
, 6

s

/=
J

. ™ T
= Sin 7 COS — + COs 7 Sin —
6 6

V3 L
= (U)< 5 ) + (_1)<5>
, I I
() + (‘-5) = “5

b) Since cos (¢ — b) = cosacos b + sinasin b,

cOS (T]’ - z‘:)
4

v L . . m
CQS 77 COS — Sin 97 sin —
4 4

)2

V2
Sy
;

V2
2

) _ tana + tan b
c) Since tan (a + b) =

T
tan <— + 7T>
4

7-8

] —tanatan b’

tang + tan 7 -

i

I —tan—~tan

+ i

1+0
1= (1)(0)
1 +0
-0

=1

— | — =

d) Since sin (@ + b) = sinacos b +.cosasin b,

. ™
sin{ —— + —
(545

e) Since tan (a — b) =

m

)= (-5)
= sl —— —
S1 2 CcoS 3

Il

m

+ co ( 77)5.
- n
cos 5 3

1 V3
= (—1)(5> +(0) 7)
——;-+0
_ !
2

tan g — tan b
! + tanatan b’
m

tan — — t
an — — tan
6

'l

f) Since cos (a¢ + b) = cosacosb — sinasin b,

COS (

ks w
—_— 4 -
2 3 >

m m LT
COS = €COs = — SIn = $In =~
2 3 2 3

o(l)- o)

ks
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\/'1
=0 —- >
V3
2
6. a) Since sin (a + b) = sinacosb + cosa sin b,
sin (7 + x) = sin 7 cos X + COS T sin v
= (0)(cos x) + (—1)(sinx)
=0+ (—sinx)
=0 —sinx
= —sin .x

b) Since cos (a + b) = cosacosb — sin a sin b,
) 3Ty 3w . 3w
cos (x + 5 ) = CO0S X COS 5 sin x sin 7
(cos x)(0) = (sinx)(—1)
=0 - (—sinx) =sinx
¢) Since cos (a + b) = cosacosb — sina sin b,

fi

m ™ . LT
costx + — ] = COSXCOS 5 — §in X Sin —

2 2
= (cos x)(0) — (sinx)(1)
=0~ sinx
= —SIn X

) tana + tan b
d)ySincetan (@ + b) = ———————— ",
1 —tanatanb
tanx + tan w
tan (x + ) =
1 —tanxtan 7
tanx + 0
1 — (tanx)(0)
tanx + 0
1 -0
tan x
1
= fanwx
e) Since sin (@ — b) = sinacosb — cosa sin b,
sin (x — ) = sin x cos 7 — cos x sin 7
= (sinx)(—1) — (cos x)(0)
= —sinx — 0
= —sinx

tana — tan b

f) Since tan (a — b) = 1 + tanatanb

tan 27 — tan x

tan {27 — x) =
( ) 1 + tan 27 tan x

. 0O—tanx

T 1+ (0)(tanx)
—tan x

1+ 0

—fan .x

1
= —tanx

Advanced Functions Solutions Manual

7. a) Since sin (7 + x) = sin (x + ), sin (m + x)
is equivalent to sin .x translated 7 units to the left,
which is equivalent to —sin x.

L AWN .
b) cos (x + —2—) is equivalent to cos x translated

m . - . . . .
=" units 0 the left, which is equivalent to sin x.

Ty . -
¢) cos (x + 5) is equivalent to cos x translated

o . . . . .
> units to the left, which is equivalent to —sin x.

d) tan (x + ) is equivalent to tan x translated
7 units to the left, which is equivalent to tan .
e) sin (x — ) is equivalent to sin x translated
7 units to the right, which is equivalent to —sin x.
f) Since tan (27 — x) = tan (—x + 2m), and
since the period of the tangent function is 27,
tan (27 — x) is equivalent to tan (—x), which is
equivalent to tan x reflected in the v-axis, which is
equivalent to —tan x.
8. a) Since cos (a + b) = cos a cos p — sin a sin b,
cos 75° = cos (30° + 45%)

= cos 30° cos 45° — sin 307 sin 45°

() -GIF)

il

[\

|5 -5
1S *“lfﬂ

. tana — tan b
b) Since tan (¢ — b) = —————"
! + tanatan b
tan (—15°) = tan (307 - 45%)
tan 30° — tan 457

Wil V3= 3
= 1+‘ 3 ~ x ~
R 3 3+ V3
V3 _(v. -3)(3 - V3)
T34V (34 V33 V3
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¢) Since cos (a + b) = cosa cos b — sin a sin b,

117 B S<27T N 977)
ST T L T

-OS(Z+§E>
S e T4

™ 3w ™ 37
~COSgCOS—4~—SlngSIHT
-()-5) -G

2 2 2 2 .
RV
4 4
\V6-\2
T4

d) Since sin (¢ + b) = sinacos b + cos asin b,

. 137 ( 1()77
sin = = sin

T S T S5
— C0S —— + COS — sin ——

6 4 6

() (20

. tana + tan b
e} Since tan (a + b) = ~—~—-~—1 . anb’
— tanatan f

7 3 47
tan — = tan { — + —

12 12 12
- o
= {an ~4—+?>
tan = + tan -
_ 4 3
| - tan = tan =
4 3
1+ \3
1 - (1)(V3)
1+ V3
T1-3

{1+ V3)(1 + V3)
(1= V3)(1 + V3

7-10

1+ V3+V3+3
1-V3+\V3-3
4 + 23
:”—_2£=—2~\/§

tana — tan b
1+ tanatanb’

tan ’ 511') . (477 977) ' ('n' 37T>
a e P e e e = —
( 0 M\ )T EE Tg

f) Since tan (a — b) =

tan = ~ tan -7
_ 3 4
1+tan1r~tan3—7z
3 4
_ V3- (-1
1+ (V3) (1)
_V3+1
S 1-\V3
1+ V3
T 1-V3

(1+V3)(1 +V3)
(1 - V3)(1+ Vv3)
1 +V3+V3+3

1 -V3+V3-3
4 + 203

9. a) Since sin x = %, the leg opposite the angle x in a
right triangle has a length of 4, while the hypotenuse
of the right triangle has a length of 5. For this reason,
the other leg of the right triangle can be calculated as
follows:

=5
x*+ 16 = 25

¥ +16—-16 =25~ 16
x*=9

x = 3, in quadrant [

adjacent leg

Since cos x = cos x = 2. In addition,

hypotenuse’

since siny = —13, the leg opposite the angle yin a
right triangle has a length of 12, while the hypotenuse
of the right triangle has a length of 13. For this
reason, the other leg of the right triangle can be
calculated as follows:

K+ 122 =137

x? + 144 = 169
4 144 — 144 = 169 — 144

Chapter 7: Trigonometric identities and Equations



5

x- =25
x = 5, in quadrant IV

adjacent leg 5

Since cos y = cos y = 5. Therefore,

hypotenuse’
since cos (a + b) = cosacos b — sinasinb,
cos(x + y) = cosxcosy — sinx sin y

-()E)-G8)

15 48
==+ -
65 65
_6
63

b) Since sin x = %, the leg opposite the angle x in a
right triangle has a length of 4, while the hypotenuse

of the right triangle has a length of 5. For this reason,

the other leg of the right triangle can be calculated
as follows:

5

V4=

xT+ 16 = 25
v+ 16 =16=25—-16
=9
x = 3, in quadrant |

. 3 ..
Since cos ¥ = ——— cos x = . In addition,

hvpotenuse

. . hl - .
since sin v = — 13, the leg opposite the angle v in 4

¢) Since sin x = %, the leg opposit