_ T2 24y
()4 T—2(x - 2)
2

T (x+3)(x - 2)
x—4#0andx+3#0andx — 2+ 0
x#4,-32

5 L6
077,18 T2

5 6
= +

(t+2)(t—=9) t+2

_ 5 N 6(r—9)
T+ -9 (+2)1-9)
_5+6(r—9)
S+ 2)(t—-9)
5 +61—54
T+ -9)
6t —49
T+ 2)(-9)
t+2#0andtr -9 #0
t# =29
d 4x 3x
)6x2+13x+6 452 -9

4x 3x

62+ 9% +4Ax+6  (2x + 3)(2x — 3)
dx
" 3x(2x + 3) + 2(2x + 3)
3x
T (2x + 3)(2x - 3)
B 4x 3x
T (Bx+2)(2x +3)  (2x +3)(2x — 3)
_ 4x(2x — 3)
©(2x = 3)(3x + 2)(2x + 3)
3x(3x +2)
© (Bx + 2)(2x + 3)(2x - 3)
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_ Ax(2x —3) = 3x(3x + 2)

©(2x = 3)(3x + 2)(2x + 3)

(8 —12x) — (9x% + 6x)

T (2x = 3)(3x + 2)(2x + 3)

_ —x* — 18x

© (2x = 3)(3x + 2)(2x + 3)

2x~3#0and3x +2# 0and2x +3 # 0
L3 .23

YTy 2

8. Yes, as long as there were no restrictions

factored out.

9. If the three consecutive natural numbers are

x, x + 1, and x + 2, you want to show:
1 1 3x(x+2))+2

x+1 x+2 x(x+1)(x+2)

R R e

+ 1 1 1Ix+DH(x+2)
x+1 x+2 x(x+1D(x+2)
Ix(x +2)

x(x + D(x +2)
Ix(x + 1)

x(x + D(x +2)
(x+1)(x+2) + x(x+2) + x(x + 1)
x(x + 1)(x +2)

P H+3x+2+ X+ 2+ P+ x
x(x +1)(x +2)
3 + 6x + 2
x(x+ D(x +2)
3P+ 2x) +2
Cx(x+ 1) (x +2)
C3x(x+2)+2
Cox(x + 1)(x +2)
So,—1—+ 1 N 1 =3(x(x+2))+2'
x x+1 x+2 x(x+1Dx+2)
Yes, it is true.

2-35



CHAPTER 3:
Quadratic Functions

NOTE: Answers are given to the same number of 3. The axis of symmetry of a parabola is the
decimal points as the numbers in each question.

1. flx)=—-3x*+4x—1

a) f(1) = —3(1)* +4(1) -1
=-34+4-1
=0
b) f(—=2) = =3(-2)* +4(-2) -1
=-12-8-1
= ~21
1 1\? 1
RORSOREOR
—_ __}'_ + .4_1_ —_ 1
3 3
d) £(0) = —3(0)> + 4(0) — 1
= -1
e) f(k) = —3(k)*+4(k) -1
= -3k + 4k — 1
f) f(—k)=—-3(—k)?+ 4(-k) -1
= -3k — 4k — 1

2. To express the following quadratics .n stan-
dard form f(x) = ax* + bx + ¢, I will need to
do polynomial multiplication and simplify.
a) f(x) = (x = 3)(x +5)
=x*—3x+5x —15
=x>+2x — 15
b) f(x) = 2x(x + 6)
=2x% + 12x
¢ f(x)=-3(x+2P+3
“3x+2)(x+2)+3
—3(x*+2x +2x +4)+3
=3(x* +4x +4)+3
—3x? = 12x — 12 + 3

i

=-3x*—-12x - 9
d) f(x) = (x = 1)

= (x - 1) {x—-1)

=x>-x—-x+1

=x*-2x+1

Nelson Functions 11 Solutions Manual

vertical line x = ¢, ¢ a fixed number, about
which the parabola is symmetric. The vertex of
a parabola is the point where the axis of sym-
metry intersects the parabola. The domain is the
set of x-values that I am able to consider, and
the range is the set of y-values that are “hit,”

or attained, by the function in question.

a)

i
X

0
2

—4
+6

N
.8

*5%&

oe]

o
axis of symmetry: x = —3

vertex: (—3, —4)

domain: {x e R}, “all real numbers”
range: {y € Rly = —4}

b) %y »
8 %

[

>

0 itliéS

axis of symmetry: x = 5

vertex: (5, 1)

domain: {x e R}, “all real numbers’
range: {y € Rly = 1}

4. For a quadratic in standard form
y = ax* + bx + ¢, where a # 0, b, ¢ are real
numbers, I can manipulate this equation so that
it’s easier to work with as follows (this is called
“completing the square™):

y=ax*+bx + ¢

(’) b C>
=g x*+—x + -
a a
_ <z+§3 +(_’?_.)2+£_(_b_)2>
- A ax 2a a 2a

B




This last expression is quite useful. For instance,
I can now find the axis of symmetry quite easily.
To do this, notice that the points x

b . .
and —-, T X are symmetric about the point

b
—— on the x-axis (for if x < ——9-, then
2a 2a

—-x > é— and so —é - x> ——é—. Then
2a a 2a

b b b
5T X = <—-a~ - x) - (——2-;) so that x and

b .
—— — x are the same distance from, and on
a

o . b .
opposite sides of, the point ~5on the x-axis.
a
A similar argument holds in the case of
b i b .
x > ——. So substituting —— — x into
2a a

my modified equation for y, I have

N )

4ac — b*
4a
=a<——lz——x)2+ dac — b*
2a 4a

= y(x)
That is, the y-values are the same at the two

b
points x and % and this shows that the
graph of this function is symmetric about the

. . b .. .
vertical line x = ——?, and so this is my axis
a

of symmetry. Now I can find the vertex by
substituting this point into my equation:

(J.) . ,.é’_)z , dac — 1
Y 2a) 2a¢ 2a 4q

4a
b dac — b2>
2a°  4da '
a) y = x* + 4: notice that in this case, a = 1,
b = 0, and ¢ = 4 for the standard form of a
quadratic. So, from what I just did, this function
is symmetric about the vertical line
b
2a
0
2(1)
=0
and this is the axis of symmetry. The vertex is

(__z?_ dac — bz) 3 (o 4(1)(4))

200 4a S\ 4D

= (0,4)

Finally, the “direction of opening” for the
parabola is determined by the sign of the coeffi-
cient (number) sitting next to the x* term. This
is just the number a in standard form, and the
parabola will open upward if the sign is +, and
downward if the sign is —. In this case, the sign
of a = 11is +, and so the pz-abola opens upward.
b) y = 3(x — 4)? + 1: This quadratic is conve-
niently in “completed square” form. So, from
what I did above, I know that

So the vertex is <—

X =

and the axis of symmetry is x = 4. Also

dac — b?
4a

so the vertex is (4, 1). Finally, a = 3 is positive,

so this parabola opens upward.

¢)y = —0.5(x + 7)* — 3: From my experience

in part b), I know that

=1

b
R ._.7
2a
4ac — b?
IR
a=—035
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So the axis of symmetry is x = —7, the vertex
is (=7, —3), and since a = — 0.5 is negative,
the parabola opens downward.
d)y = —3(x + 2)(x — 5): We first put this
quadratic in standard form:
y==3(x+2)(x —5)

= —3(x*+ 2x — 5x — 10)
—3(x* — 3x — 10)
—3x% 4+ 9x + 30
Soa= —3,b=29,¢=30,and so

i

i

b _3
2a 2
4ac — b* 147
4a 4
3
This means that the axis of symmetry is x = 5

3 147
the vertex is (5, T), and the parabola opens

downward (since @ = —3 is negative).

5. To see how to solve the following equations,
I first consider the standard form of the quadrat-
ic again, once I have completed the square:

y =ax*+ bx + ¢

e Y e
2a 4a
Setting y = 0 gives me
a(x + —-l?-)z + ft_c_z_c_:_lf_ =0
2a 4a

<x+_§)_)2_b2—4ac
4a®

x+—£)—— +\/b? — dac
2a 2a
v = —b+Vb* — dac
2a

This is known as the “quadratic formula,” and
gives the x-values for roots (zeroes) of the
parabola (that is, places where the parabola hits
the x-axis). Sometimes, rather than using the
quadratic formula, it will be easier to just factor
the quadratic to find its roots, like in part a)
below, for instance.

a) x> — 11x + 24 = 0: here, I can factor.
(x—-3)(x—-8)=0

x—3=00rx—-8=0

Sox =30orx = 8.

Nelson Functions 11 Solutions Manual

X =

b) x> — 6x + 3 = 0: use the quadratic formula.
—b*+\Vb* — dac
- 2a
6+1/36 — 4(1)(3)
) 2(1)

6+\/24
2

So x = 0.55 or x = 5.45.

¢) 3x* — 2x — 5 = 0: I can factor.
(x+1)(3x = 5) =0
x+1=0o0r3x-5=0

w |

Sox=—-lorx =

d) 3x* + 2x = x> + 9x — 3: Moving everything
to the left-hand side of this equation gives me
22X —-Tx+3=0

I can factor this quadratic.
(2x-1)(x—-3)=0

2x—-1=0o0rx —3=0

1
Sox=§orx=3.

6. The x-intercepts are the points where the
“roots” or “zeroes” of the parabola are located.
So, if I have a quadratic in standard form

f(x) = ax* + bx + ¢, finding the x-intercepts is
basically the same as solving the equation

f(x) = 0, 1did in problem 5.

a) x> — 9 = 0: I can factor.
(x=3)x+3)=0

x~3=00rx+3=0

So x = *3 are the solutions, and the x-intercepts
are (3,0) and (—3,0).

b) x> — 8x — 18 = 0: use the quadratic formula.

_ —b+=Vb? — dac

X 2a
_ 8xVed — 4(1)(~18)
- 2(1)
_8+\V136
==
So x = —1.83 and x = 9.83 are the solutions,

and the x-intercepts are (—1.83,0) and
(9.83, 0).

¢) —3x* + 10x — 8 = 0: I can factor.
Bx—-—4)2—-x)=0
3x—4=or-2—-—x=0




4 .
Sox = 5 and x = 2 are the solutions, and the

: 4
x-intercepts are (-3; 0) and (2, 0).

d) 6x — 2x% = 0: I can factor.

2x3-x)=0

2Zx=00r3—-x=90

So x = 0 and x = 3 are the solutions, and the
x-intercepts are (0, 0) and (3, 0).

7. The easiest way to graph a parabola is to
start with the basic quadratic y = x°. It has the
following graph:

gt O O -

X

L T

~5 =4 =3 =2 ] 1

N
s
S
o

Changing the quadraticto y = a(x — d)> + k
will have the effect of contracting/stretching
this basic parabola by a factor of a (and flipping
itif a < 0), followed by shifting it horizontally
by d units, then finally shifting it vertically by

k units. This allows me to graph the following
quadratics by hand.

a) f(x) = x* + 3: shift y = x> up by 3 unit-.

A y
8
6

24 Ax)=x?+3

W
A

By RESS

b) f(x) = 2x* — 4: stretch y = x* by a factor
of 2, then shift down by 4 units.

fx)=—2x2—4
Vikd
124
420024
3
3-4

¢) f(x) = —(x — 2)(x + 8): multiply out the

expression for fix), simplify, then complete the

square.

fx) = = (x = 2)(x + 8)
= —(x* = 2x + 8x — 16)

—(x* + 6x — 16)
=—(x*+6x+9-9-16)
=—((x+3)-9-16)
=—(x+3¥%+25

So flip y = x%, shift left 3 units, then up

25 units.

flx)=—(x—2) (x+8)

: Y

20

154

10+

i

>

g_g;‘__‘jr 0 48

d) f(x) = —(x + 2)* + 3: flip y = x%, shift left
2 units, then up 3 units.

f(x)=—(x+2)2-3
Y

4

>

‘ kY
420 24

A
4

8. Here are some possibilities:

Definition: Characteristics:
Equation is of form y = ax?+bx+c] graph is a parabola function

of equivalent has two, one or no zero second
differences is a constant

Quardratic
Examples: function Non-examples:
y= 1'% y= —4(X+3)2-5 y = 54y
y = 2/x~5

Chapter 3: Quadratic Functions



1. a) Make a table of first and second differences.
X ¥ | 1st differences | 2nd differences
21 153111 —-15=—4|-4—-(-4) =90
-1 11 7T—11=—-4|-4-(-4)=0

0 7 3—7=—-41-4-(=4)=0
1 3] -1—-3=-4 *
21 -1 * *

Since the first differences are constant and
nonzero, and the second differences are zero,
the function is linear.

b) Make a table of first and second differences.

X y | 1st differences | 2nd differences
-2 1 3—-1=2 3-2=1
-1 3 6—-3=3 4 -3=1
0 6 10—-6=4 S5—4=1
1110 15-10=5 *
2|15 * *

Since the first differences are non-constant, and
the second differences are constant and nonzero,
the function is quadratic.

¢) Make a table of first and second differences.

X y | 1st differences | 2nd differences
-21 4 §—4=4 4 —4=9
-1 8 12—-8=4 4—-4=0
0| 12 16 — 12 =4 4—-4=0
11 16 20— 16 =4 *
2120 *® *

Since the first differences are constant and
nonzero, and the second differences are zero,
the function is linear.

d) Make a table of first and second differences.

upward, and a negative coefficient means the
parabola will open downward.
a) f(x) = 3x% opens upward.

b) f(x) = —2(x = 3)(x + 1)
= —=2(x* = 2x = 3)
= -2x> +4x + 6

So the parabola opens downward.

o f(x)=—-(x+57-1
=—(x*+10x +25) -1
= —x* — 10x — 26

So the parabola opens downward.

2
d) f(x) = 3 2 — 2x — 1: opens upward.

3.f(x) = -3(x - 2)(x + 6)
a) To find the zeros, set the equation equal
{0 zero.
~3(x -2} (x+6)=0
x=2=0orx+6=0
So the zeros are x = 2 and x = —6.
b) f(x) = =3(x = 2)(x + 6)

= —3(x* + 4x — 12)

= —3x> — 12x + 36
So since the coefficient of x* is negative, the
parabola will open downward.
¢) The axis of symmetry will lie halfway
between the zeros. So by part a), the equation
for this axis is

X Yy 1st differences | 2nd differences
-21 7 4—-7=-3 |-1—-(=3)=2
-11 4 3—4=-1 1-(-1)=2
0] 3 4-3=1 3—-1=2
11 4 7—4=3 *
2 7 ES *

Since the first differences are non-constant, and
the second differences are constant and nonzero,
the function is quadratic.

2. To determine whether a parabola opens
upward or downward, I need only look at the
coefficient (number) sitting next to the x* term.
If this coefficient is positive, the parabola opens

Nelson Functions 11 Solutions Manual

2-6
S
= -2
4. ‘
4..
[ X
-8-6-420 2
-6
8. .

a) I see directly from the graph that the

vertex is (—2,3).

b) The axis of symmetry goes through the
vertex, so by part a) the axis of symmetry is

x = —2. Of course, this agrees with what I see
in the graph.

¢) The domain is “all real numbers,” or {x € R},
and the range is {y € Rly = 3}, since all
y-values below 3 are “hit” by the graph.

3-5




5.a) f(x) = x* — 3: this will shift the standard
parabola y = x? down by three units, giving the
graph

K2
2..
Ny
L/
fixf=x"-3
—4

So the axis of symmetry is x = 0, the vertex is
(0, —3), and the parabola opens upward.

b) f(x) = — (x + 3)* — 4: this will flip the
standard parabola y = x?, then shift it left by
3 units and down by 4 units, giving the graph

Vs
8642 9
' /X
/
[ =B
20
¥ v
So the axis of symmetry is x = — 3, the vertex

is (—3, —4), and the parabola opens downward.

¢) f(x) = 2(x — 4)(x + 2): this parabola will
have zeros x = 4 and x = —2, so that the axis
of symm: ry is

4 -2
X ==

2
=1

Then the y-coordinate for the vertex is
) =2(1-401 +2)

= —18
So I have vertex (1, —18). It is clear, from mul-
tiplying out the equation, that the coefficient
next to x? is positive, so the parabola will open
upward. All of this information is enough for
me to sketch the graph:

fx) = 2(x - 4)(x + 2)

S
\ 20
\101 /

b
s
e

3-6

So the axis of symmetry is x = —3, the vertex
is (=3, —4), and the parabola opens downward.

@) 1) = =3

parabola y = x?, then compress the graph by a

x* + 4: this will flip the standard

1
factor of > then shift it up by 4 units, giving the

graph

/ » \&
So the axis of symmetry is x = 0, the vertex is
(0, 4), and the parabola opens downward.
6.a)f(x) = -3(x— 1Y +6
=-3(x*-2x+1)+6
= -3x+6x + 3
So the y-coordinate for the y-intercept is
f(0) = =3(0)* + 6(0) + 3
=3
That is, I have y-intercept (0, 3).
b) f(x) = 4(x = 3)(x +7)
=4(x* + 4x — 21)
= 4x* + 16x — 84
So the y-coordinate for the y-intercept is
f(0) = 4(0)* + 16(0) — 84
= —84
That is, I have y-intercept (0, —84).
7. ¥y :

/
76

P
2.
o~

L
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a) The parabola opens downward.
b) The vertex is (—1, 8).
¢) The zeros are x = —3 and x = 1, so the
x-intercepts are (—3,0) and (1, 0).
d) The domain is {x € R}, and the range is
{y e Rly = 8}.
e) Since the graph is a parabola, and it opens
downward, the second differences would be
constant of negative sign.
f) I used the vertex form:
f(x) = a(x — h)* + k, where (h, k) is the
vertex. So since the vertex is (—1, 8), the
formula is
f(x) =alx — h)* + k

=a(x+1)7*+38
I need only find a. Since the point (1, 0) is on
the graph (one of the x-intercepts), I have

0=a(l+1)7*+38

=da + 8
4q = ~8
a= -2

So the final formula for this parabola (in vertex
form) is

f(x) = =2(x + 1>+ 8

Equivalently, the factored form is

flx) = =2(x = 1)(x + 3)

and the standard form is

flx)=—-2x*—4x + 6

8. 7

———

>

1
N
=)
L
g
o
(o]

TN

a) The parabola opens upward.

b) The vertex is (1, —3).

¢) The axis of symmetry is x = 1.

d) The domain is {x e R}, and the range is
{y e Rly = =3},

e) Since the graph is a parabola, and it opens
upward, the second differences would be
constant of positive sign.

9. Since in the following parts the pairs of
points are equidistant from the vertex, I need
only find the average the x-coordinates of these
pairs to find the axis of symmetry.
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a) (—2,2), (2,2): the axis of symmetry is

=242
T
=0
b) (—9,1), (=5, 1): the axis of symmetry is
_=9-5
)
= -7

¢) (6, 3), (18, 3): the axis of symmetry is
_6+18

X

2
=12
d) (—5,7), (1,7): the axis of symmetry is
_=5+1
)
= -2
e) (—6,—1), (3, —1): the axis of symmetry is
—6+3
x = 5 =1
= ~1.5
f) <—%’ ), <%, O): the axis of symmetry is
11 3
JRp— +.._
8 4
T
16
8 8
T
3
__8
2
S
16
10. %
6
A
N "
_é ,_"1’ '2_2() “ 46
HEniEt
i |




a) Here’s the completed table:

-2 -1 0 1 2

X
fix) 3 4 3 0 -5

b) Here’s a modified table with first and second
differences included:

x | fix) | 1st differences | 2nd differences
-2 3] 4-3=1 -1-1=-2
—1] 4] 3-4=-1|-3-(-1)=-2
0] 3] 0-3=-31-5~-(=-3)=-2
1] 0]-5-0=-5 *
21-5 * *

I could have predicted the signs of the
second differences would be negative and
constant, as this graph is a parabola opening
downward.
¢) I used the factored form:
fx) =alx = r)(x —s)
where r and s are the zeros of the parabola. By
observing the graph, I see that the zeros are
x = —3 and x = 1. So the equation becomes
f(x) =a(x + 3)(x — 1) and now I need to find
a. For this, notice that (—1, 4) is on the graph
(this is the vertex), so
4=a(-1+3)(-1-1)
= —4qa

a=-—1
So the final equation in factored form is
f)=-(x+3)(x—-1)
Equivalently, the vertex form is
fx)=—(x+17+4
and the standard form is
f(x)=-x*=2x+3
11. k(1) = — 47 + 32t, where h(?) is the height
of the rocket in metres 7 seconds after it was
launched.
a) Notice that
h(t) = —4 + 32t

= —41(t — 8)
so that the zeros are t = 0 and ¢ = 8. The axis
of symmetry is halfway between these points,
and so r = 4. Now
h(4) = —4(4)(4 - 8)

= 64
so the vertex is (4, 64). From this information,
I get the graph

3-8

o
801 h(t) = —412 + 32t
- 40 -\
204/ \

b) I saw in part a) and from the graph that the
zeros are t = 0 and ¢t = 8. This means that the
height of the rocket is O metres at O seconds and
8 seconds after launch. So the rocket is in the
air for a total of 8 seconds.
¢) After 3 seconds, the rocket will be at height
h(3) = —4(3)* + 32(3)
—-36 + 96
= 60 metres

d) The maximum height of the rocket is at the
vertex of the graph. I have already seen in part
a) that the vertex is (4, 64), so the rocket reach-
es a maximum height of 64 m.
12. A quadratic function with these characteristics

* x = —1 is the axis of symmetry

* x = 3 is the location of an x-intercept

* v = 32 is the maximum value
has vertex (—1, 32), and must open downward
since it has a maximum value. So, using the
vertex form of a quadratic, I have the equation
fx)=a(x —h)P+k

=a(x +1)*+ 32
and I know that ¢ must be ne ~ative. I also know
that I have the x-intercept (3, J), so
=qa(3+1)*+32

= 16a + 32
16a = —32
a=—2

So the final equation for the quadratic (in vertex
form) is
f(x) = —-2(x +1)* + 32
Substituting in x = 0, I have
f(0) = =2(0 + 1)* + 32
=30
so the y-intercept is (0, 30).
13. f(x) = 2x* — 4x and

g(x) = —(x — 1)® + 2: first, notice that
f(x) =2x* — 4x
=2x(x — 2)
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in factored form. So f{x) has zeros x = 0 and

x = 2, and so has axis of symmetry x = 1. g(x)
is in vertex form, and so has axis of symmetry
x = 1. Some similarities are that both are
quadratic, and both have axis of symmetry

x = 1. Some differences are that f(x) opens

up, while g(x) opens down; f(x) has vertex
(1,f(1)) = (1, —2), while g(x) has

vertex (1,2).

14. T am given that f{x) is quadratic, and the fol-
lowing incomplete table:

x 2| —-1]0|1]2]3
Jx) 19
First Differences | |—10|—6]—2[2] 6 |

Second Differences 4 | 4 ] 4 [4

Here is the completed table, with the missing
values for fix) filled in:

x —2(-=110]1]12]3

Jx) 19 913111319
First Differences [——10 l -6|—2 216
Second Differences [4]4]4]4

This is because 9 — 19 = —10,3 — 9 = —6,

1-3=-2,3—1=2and9 — 3 = 6.

15. The computer profit function is modelled by

P(x) = —(x —3)*+ 50

where > is the number of thousands of dollars in

computer sales. This quadratic function is maxi-

mized at x = 3, the axis of symmetry, so I have

a maximum profit in computer sales of

P(3)=—-(3-3)*+50

= 50 thousand dollars

The stereo system profit function is modelled

by P(x) = —(x — 2)(x — 7).
2+7

2

So I have a maximum profit in stereo system

sales of

The axis of symmetry is x = ,orx = 4.5.

P(43) = ~(45~2)(45~-T7)
= —(25)(—2.5)
= 6.25 thousand dollars

So the total maximum profit for combined com-
puter and stereo system sales is
50 + 6.25 = 56.25 thousand dollars

= $56 250
16. The units here are metres. The tree is at the
origin, and is 20 m high, so this means there is
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a y-intercept of (0, 20) since the ball is to
just clear the top of the tree. Also, the
x-intercepts are (—60, 0) and (35, 0), since
Jim’s ball is 60 m in front of the tree (and so
60 m to the left of the origin), and Jim wants
his ball to land 35 m behind the tree, or 5 m
before the hole. Using the factored form of a
quadratic, the function

hix) = a(x — r){x — 5)

= a(x + 60)(x — 35)

for the height of the ball (in metres) when the
ball is x metres away from the tree (x < 0 if
Jim’s ball is between him and the tree, and x > 0
if his ball is between the tree and the hole).
Solve for a. Since the y-intercept is (0, 20),
20 = a(0 + 60)(0 — 35)

20 = —2100a
20
“7 T2100
1
T 105

So the final formula in factored form is

hix) = —-1-(175-()( + 60)(x — 35).

Rewrite this in standard form.

Lt 60)(x - 35)

hx) = 103
1 2
= ———(2 + 25x — 21
105 (x* + 25x 00)
o1, 25 2100
T 105" T 1050 105
1 5
= ———x? — —=x +
T TR
To get the vertex form, the axis of symmetry is
- 60 + 35 25 .
x = ————or x = ——. So the vertex is
2 2
25 25
— h p—
(-54(-%))
. 25
and substituting x = 5

h(_g) 1805
2/ 84 °

So the vertex form is

1 25\* 1805
hix) = —T()*S"(X -+ -;-) +

84 -
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3.2 Determining Maximum and
‘Minimum Values of a Quadratic
‘Function, pp. 153-154

1.a) y = —x* + 7x: a is negative, so this
parabola will open down, and will have a
maximum.

b) f(x) = 3(x — 1)* — 4: a is positive, so

this parabola will open up, and will have no
maximum.

¢) f(x) = —4(x + 2)(x — 3): a is negative, so
this parabola will open down, and will have a
maximum.

d) g(x) = 4x* + 3x — 5: a is positive, so

this parabola will open up, and will have no
maximum.

2.a)

ERCEL
EEasaE

The vertex is (—5, —2), so since the parabola
opens up, the minimum value is —2.

b) [y

The vertex is (4, 8), so since the parabola opens
down, the maximum value is 8.

3.a) y = —4(x + 1)* + 6: this quadratic is in
vertex form, and so has vertex (—1, 6). So
since a is negative, the parabola opens down,
and will have maximum value 6.

b) f(x) = (x — 5)* this quadratic is in vertex
form, and so has vertex (5, 0). So since a is
positive, the parabola opens up, and will have a
minimum value of 0.
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¢) f(x) = —2x(x — 4): this quadratic is in
factored form, and has zeros x = 0 and x = 4.
So the axis of symmetry is

_0+4

2

X

=2
Since a is negative, the parabola will open down,
and I will have a maximum value. To find
this maximum, I substitute the axis of symmetry,
and get
f2)=-2(2)(2 - 4)
=2(2)(-2)

= 8

for a maximum value.
d) g(x) = 2x* — 7: this quadratic is in vertex
form, and so has vertex (0, —7). So since a is
positive, the parabola opens up, and will have a
minimum value of —7.
4.a) y = x* — 4x — 1: here, a is positive, so
this quadratic will have a minimum. To find this
minimum, first complete the square.
y=x>—4dx — 1

=X —4dx+4-4-1

=(x—-2)P-5
So, now that it’s in vertex form, I see that this
quadratic has vertex (2, —5), and so the mini-
mum value is — 5.
To see this in another way, I factor the first two

terms of y
y=x>—4x -1
=x(x—4)-1

So my quadratic has the same axis of symmetry
as the quadratic in factored form:

y=x(x-4)

This new quadratic has zeros x = 0 and x = 4,
) 0+4

and so has axis of symmetry x = > or

x = 2. Substituting this into the original quad-
ratic, I now know that the minimum value is
y(2) =2y -42) -1

=4-8-1

= -5
which agrees with what I have already found.
b) f(x) = x* — 8x + 12: My approach will be
the same as in part a). Notice that ¢ is positive,
so I am looking for a minimum value.
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Completing the square, I have
f(x) =x*— 8 + 12

=x'— 8x + 16 — 16 + 12

=(x—4)Y -4
So the vertex of this quadratic is (4, —4), and
the minimum value is —4.
Factoring the first two terms, I have
f(x) =x*—8 + 12

=x(x —8) + 12
So this quadratic has the same axis of sym-
metry as
y=x(x—8)
This new quadratic has zeros x = 0 and x = §,
so has axis of symmetry x = 4. Substituting this
into the original quadratic, I get a minimum
value of
f(4) = (4 —8(4) + 12
16 — 32 + 12

= —4
just like before.
¢) y = 2x* + 12x: notice that a is positive, so
I am looking for a minimum value.
Completing the square, I have

fl

y =2x* + 12x
=2(x* + 6x)
=2(x*+6x +9) - 18
=2(x + 3P -18

So the vertex of this quadratic is (-3, —18),
and the minimum value is ~18.

Factoring the first two terms, I have
y=2x* + 12x
= 2x(x + 6)
So this quadratic has zeros x = O and x = —6,
so has axis of symmetry x = — 3. Substituting

this into the quadratic, I get a minimum value
of
y(=3) = 2(=3) + 12(-3)
=18 - 36
= ~18
just like before.
d) y = —3x* — 12x + 15: notice that a is nega-
tive, so I am looking for a maximum value.
Completing the square, I have
y = =3x*—12x + 15
—3(x* + 4x) + 15
= —3(xX*+4x +4)+ 12+ 15
= -3(x+2)%+27
So the vertex of this quadratic is (~2, 27), and
the maximum value is 27.

il
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Factoring the first two terms, I have
y=-3x"—-12x + 15
= -3x(x +4)+ 15

So this quadratic has the same axis of symme-
try as
y=~3x(x +4)
This new quadratic has zeros x = 0 and
x = =4, so has axis of symmetry x = —2.
Substituting this into the original quadratic,
I get a maximum value of
y(=2) = =3(=2)* = 12(=2) + 15

=-12+24+15

=27
just like before.
e) v = 3x(x — 2) + 5: notice that a is positive,
so I am looking for a minimum value.
First of all, this quadratic has the same axis of
symmetry as
y = 3x(x = 2)
This new quadratic has zeros x = 0 and x = 2,
so has axis of symmetry x = 1. Substituting this
into the original quadratic, I get the minimum
value
y(1)=3()(1 -2)+5

=2

To do this in another way, I put the quadratic
into standard form.
y=3x(x—-2)+5

=3x*—6x+5
Completing the square with this standard form,
I get
y=3x>—-6x+5
=3(x*-2x)+5
=3(x*-2x+1)—-3+5
=3(x—-1)%+2

So the vertex of this quadratic is (1, 2), and the

minimum value is 2, which agrees with what

I have already found.

f) g(x) = =2(x + 1)> — 5: notice that a is neg-

ative, so I am looking for a maximum value.

This quadratic is already in vertex form, so it

has vertex (—1, —5) and a maximum value

of —5.

On the other hand, I can put this quadratic in

standard form, and factor the first two terms.

glx) =-2(x+172 -5
==2(*+2x+1)-5

~2*~4x~2-5

—2x* —4x — 7

~2x{x +2) -7

il

i
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So this quadratic has the same axis of sym-
metry as
y=—2x(x +2)
This new quadratic has zeros x = 0 and
x = =2, so has axis of symmetry x = ~1.
Substituting this into the original quadratic,
I get a maximum value of
g(=1)=-2(-1+1)*-5
= -5
Just like before.
5.a)i) p(x) = —x + 5: here and below, call
the revenue function R(x). Then I have
R(x) = demand X (number sold)
=p(x) Xx
=(5-x)x
= —x(x = 5)
ii) This quadratic is in factored form, and has
zerosx = 5and x = 0. Sox = 2.5 is the axis
of symmetry. Also, a is negative, so the revenue
function has a maximum value of
R(25) = -25(25-5)
= 6.25
= $6250
b) i) p(x) = —4x + 12: the revenue function
equals
R(x) = x(12 — 4x)
= —4x(x — 3)
ii) This quadratic is in factored form, and has
zeros x = 3 and x = 0. So x = 1.5 is the axis
of symmetry. Also, a is negative, so the revenue
function has a maximum value of
R(1.5) = —4(1.5)(1.5 - 3)

=9
= $9000
¢} i) p(x) = —0.6x + 135: the revenue function
equals
R(x) = x(15 ~ 0.6x)
= —0.6x(x — 25)

ii) This quadratic is in factored form, and has
zeros x = 25 and x = 0. So x = 12.5 is the axis
of symmetry. Also, a is negative, so the revenue
function has a maximum value of
R(12.5) = —0.6(12.5)(12.5 - 25)

= 93.75

= $93 750
d) i) p(x) = ~1.2x + 4.8: the revenue function
equals
R(x) = x(4.8 - 1.2x)

= —12x(x — 4)
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ii)This quadratic is in factored form, and has
zeros x = 4 and x = 0. So x = 2 is the axis of
symmetry. Also, a is negative, so the revenue
function has a maximum value of
R(2)=~12(2)(2 ~ 4)

=48

= $4800
6. 2) f(x) = 2x* — 6.5x + 3.2: notice that a is
positive, so I want to find a minimum value. By
graphing this on a calculator, then using the
minimum operation, [ find the minimum value
is about —2.08 and occurs at x = 1.625.
b) f(x) = —3.6x* + 4.8x: notice that a is nega-
tive, so I want to find a maximum value. By
graphing this on a calculator, then using the
maximum operation, I find the maximum

) 2
value is 1.6, and occurs at around x = 5

7.a)i) R(x) = —x* + 24x, C(x) = 12x + 28:
here and below, call the profit function P(x).
Then I have
P(x) = R(x) — C(x)

= (—x* + 24x) — (12x + 28)

= —x*+ 12x — 28

= —x(x - 12) - 28
ii) Notice that a is negative, so I seek a maxi-
mum value. This quadratic is in partial factored
form, and since the zeros of —x(x ~ 12) are
x = 0 and x = 12, the profit function has axis
of symmetry x = 6. So the maximum profit
occurs at x = 6.
b) i) R(x) = —2x* + 32x, C(x) = 14x + 45:
the profit function equals
P(x) = R(x) — C(x)

= (—=2x* + 32x) — (14x + 45)

= —2x% + 18x — 45

= -2x(x —9) ~ 45
ii) Notice that g is negative, so I seek a maxi-
mum value. This quadratic is in partial factored
form, and since the zeros of ~2x(x ~ 9) are

= 0 and x = 9, the profit function has axis

of symmetry x = 4.5. So the maximum profit
occurs at x = 4.5.
¢) i) R(x) = —3x* + 26x, C(x) = 8x + 18: the
profit function equals
P(x) = R(x) — C(x)
(—3x* + 26x) — (8 + 18)
—3x* + 18x — 18
~3x(x - 6) — 18

i

il
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ii) Notice that a is negative, so I seek a maxi-
mum value. This quadratic is in partial factored
form, and since the zeros of —3x(x — 6) are
x = 0 and x = 6, the profit function has axis of
symmetry x = 3. So the maximum profit occurs
atx = 3.
d)i) R(x) = —2x% + 25x, C(x) = 3x + 17: the
profit function equals
P(x) = R(x) — C(x)
= (=2x* + 25x) — (3x + 17)
= —2x* 4+ 22x — 17
= -2x(x — 11) = 17
ii) Notice that a is negative, so I seek a maxi-
mum value. This quadratic is in partial factored
form, and since the zeros of —2x(x — 11) are
= 0 and x = 11, the profit function has axis
of symmetry x = 5.5. So the maximum profit
occurs at x = 5.5.
8. h(t) = =57 + 20t + 50
a) Put the height function in partial
factored form.
h(t) = —5¢ + 20t + 50
= ~5t(t ~ 4) + 50
Since —5¢(¢ — 4) has zeros t = 0 and ¢ = 4, the
height function has axis of symmetry ¢ = 2.
Substituting this into the height function, I get
a maximum height of
h(2) = =5(2)(2 - 4) + 50
= 70 metres
b) I saw in part a) that the maximum height is
reached after 7 = 2 seconds.
¢) To get the height of the rooftop, I substitute
t = 0 seconds, the time the ball was thrown. So
the rooftop has height
h(0) = —5(0)* + 20(0) + 50
= 50 metres
9. C(x) = 0.28x* — 0.7x + 1: Put the cost
function in partial factored form.
C(x) =028 - 0.7x + 1
=028x(x — 2.5) + 1
Since 0.28x(x — 2.5) has zeros x = 0 and
x = 2.5, the cost function has axis of symmetry
x = 1.25. So the minimum production cost is
C(1.25) = 0.28(1.25)(1.25 = 25) + 1
-04375 + 1
= 0.5625
= $562 500
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10. Notice that the partial factored form of this
function is
3P —6x+5=3x(x—-2)+5
So since 3x(x — 2) has zerosx = 0 and x = 2,
my quadratic has axis of symmetry x = 1. So
its minimum value is at x = 1, and this mini-
mum value is
3(1-6(1)+5=3-6+5
=2

So, in particular, this quadratic never has a
value less than 1 (in fact, it is never less than 2).
11. P(x) = —5x* + 400x — 2550
a) The profit function has partial factored form
P(x) = —5x* + 400x — 2550

= —5x(x — 80) — 2550
So since —5x(x — 80) has zeros x = 0 and
x = 80, the axis of symmetry of the profit func-
tion is x = 40. So the maximum profit is
P(40) = —5(40)(40 — 80) — 2550

= 8000 — 2550
= 5450
= $5 450 000

b) I saw in part a) that the maximum profit
occurs at x = 40, or when I spend $40 000 on
advertising.
¢) I need to know when profit equals
$4 000 000, or when P(x) = 4000. So I solve
this equation
4000 = —5x* + 400x — 2550
5x* — 400x + 6550 = 0
x? = 80x + 1310 = 0

Using the quadratic formula, I get

_ =b VDb~ dac

e 2a

80 = V6400 — 4(1)(1310)
- 2(1)
80 = V1160

2

= 22.971 or 57.029
So I need to spend at least $22 971 to guarantee
at least $4 000 000 in profit. However, if I spend
more than $57 029, I will drop below this amount
in profit once again.
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12. Here is a picture of the track, with the
rectangular infield outlined inside:

Call the height of the inside rectangle 4, and the
width of this rectangle w. Then the distance
around the track is given by the formula
2w + distance around two outside half circles
But the two half circles on the outside together
form a circle of diameter A, and this circle has
circumference ph. So the formula for the dis-
tance around the track simplifies to:
2w + wh
The track coach wants this distance to be
500 metres, so
2w + ah = 500

wh = 500 - 2w

2
h=~=(w ~250)

The formula for the area of the interior

rectangle is:

A =wh
-2 250
= 77_w(w )

This is a quadratic function in the variable w,
and it is in factored form. It has zeros w = 0
and w = 250, so the maximum area for the inte-
rior rectangle (maximum since a is negative)
occurs at the axis of symmetry w = 125. The
corresponding height when w = 125 metres is

2
h = —=(125 - 250)

50
= —— metres
T

So if the high school makes the track have inte-
rior rectangle with dimensions

2
125 m (width) X —757—0 m (height), then both

coaches will have their demands met.

13. f(x) = 3x* — 7x + 2

One possible response: the function is in stan-
dard form, so to find the minimum, I must find
the vertex. Completing the square would result
1n fractions that are more difficult to calculate
than whole numbers. Since this function does
factor as (x — 2)(3x — 1), putting the function
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in factored form and averaging the zeros to find
the x-coordinate of the vertex would be possi-
ble; however, there would still be fractions to
work with. Using the graphing calculator to
graph the function, then using CALC to find the
minimum, would be the easiest method for this
function. Alternatively, putting the function in
partial factored form:

7
3x<x - 5) + 2, and averaging the zeros of

7
3x<x - 5) would also give the x-coordinate of

the vertex.

14. h(r) = —4.97 + vyt + hy: 1 can put the
height function in partial factored form:
h(t) = —4.9F + vot + hy

Vo
— .._4.0 — e}

Then since -—4.9t<t - Z‘%) has zeros t = 0 and
t = -599*, the height function has axis of

symmetry ¢ = 6‘% So the maximum value of

the height function will occur after ¢ = 5—‘}%
seconds.
15. Let x be the number of $1 increases in the
price of the ticket. Then the nur ser of students
that will attend the dance after x $1 increases is
300 — 30x
The new price of the ticket after x $1 increases is
8 +x
So the total revenue after x $1 increases in
price is
R(x) = (price of ticket)
X (# of students attending)

= (8 + x)(300 - 30x)

= =30(x — 10)(x + 8)
This quadratic function is in factored form, and
it has zeros x = 10 and x = — 8. Averaging
these two, I get an axis of symmetry for the

10 -8

revenue function of x = ,orx = 1.So01n

order to maximize revenue, the ticket price
should be increased by $1 to a price of $9 per
ticket.
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1. a) Here is the data, and resulting graphs of
the function and its inverse:
{0,0), (1, 3), (2, 12), (3, 27}

M.
4
20 -} fix)
10 +
44 T
sl X
O H I + T 1 1

0 10 20 30
b) Here is the data, and resulting graphs of the
function and its inverse:
{(__3’ —4), (-2, 1)9 ("—1’ 4)9 (0, 5)9 (1, 4)7
(2, 1)’ 3, ~4)}

) f4y
[Ee 3
MH f—l(X)
1
X
430 1 2\3 4
A
T
—4

2.1 can graph the inverse by reflecting the
original graph in the line y = x.

a)

y 4

A
&)v

o
i
T——
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flx) 4
. \2.. ,v
: ! \ ' X
s S o I
J..Aa AN
~4 f~1(x)

6

A 4

3. f(x) = 2x* — 1:set y = 2x* — 1, then switch
x and v, and solve for y.
= 2y2 -1
x4+ 1 =2y
2 _ X +1
Y
x+1
2

y==
SoT get
x+1

F) = 2

4.f(x)=7-2(x—1)Ax=1

a)f(3) =7 - 2(3 — 1)
=78
= -1

b) Set x = 7 — 2(y — 1)? and solve for y.
x=7-2(y— 1)

2(y =12 =7—-x

7 —x
._12:
-1 5
7 —x
—1==
Y 2
7 —x
=1+
y=1=x >
So I get
F) =124
T 2
—1 "‘5
Of (B)=1xy"—F—
=1=*1
=0or2
7~ (2a + 7
d)f”1(2a+7)=1i1/—————~—-—-—(2a )
=1+V-—a

5. a)-b) f(x) = 3(x — 2)? — 2: this will stretch
the graph of y = x? by a factor of 3, shift it
right by 2 units, then down by 2 units.

3-15




To get the graph of the inverse, y = f~!(x),
I reflect the graph of y = f(x) in the line y = x.

6.a)b) g(x) = —-\/);, x = 0: the graph of this
is the lower half of the parabola y = x* after it
has been reflected in the line y = x. So the
graph of y = g~!(x) is just the left half of the

parabola y = x°.

[ N
v Q7
3
1

L X
INEER

—1 )

¢) The domain of g(x) is {x € Rlx = 0}, and the
range of g(x) is {y e Rly = 0}. So the domain
of {g7!(x) isx € Rlx = 0}, and the range of
g '(x)is {y e Rly = 0}.
d) Setx = -—\/‘, and solve for y.

X = —-\/)—2

2= (=Vy)?

xt=y
So I get that

g =xx=0
T7.f(x) = —(x + 1)> = 3, x = —1: set
x = —(y + 1)* = 3, and solve for y.
x=—(y+17-3
G+1)yP=-x-3
y+l==*=V-x-3
yv=—1=V-x~-3

So T get
o =-12V-x-3
3-16

The function f{x) has maximum value at the
vertex, (—1, —3), and all y-values below —3 are
achieved by this function for x = —1. So

domain f(x) = {x e Rlx = -1}

range f(x) = {y e Rly = -3}

domain f'(x) = {x e Rlx = -3}

range f'(x) = {y e Rly = -1}
This means that in my case I really have
i) =-1+V-x-3,x= -3
since =1 — V —x — 3 = —1 for all allowable
x, and these values are not part of my range for
7).
Finally, the graph of y = f(x) is the graph of the
parabola y = x* flipped, shifted left by 1 unit
and down by 3 units. Since x = —1 in this case,
I only graph the right half of this parabola.
For the graph of the inverse, I just reflect in the
liney = x. )

S F(x)
_(_!_! _i O
8-6-4%2 |

-—6-\

8\

1
8. f(x) = ~2~(x — 5)* + 3,x = 5: first of all,

notice that f{x) has vertex (5,3), so has mini-
mum value 3 at x = 5. So the graph of f{x) for
x = 5 will be the left half of the parabola

1
y = x* compressed by a factor of > then shifted

right by 5 units and up by 3 units. So the range
for f(x) is {y e Rly = 3}, and so the domain
for f7!(x) is {x € Rlx = 3}. The graph of

/7 '(x) can then be obtained by reflecting in the
line y = x, but I will use the calculator to graph
this after finding the equation for f ().

1
To find this equation, set x = 5( y =57 +3
and solve for y.

1
x=-2—(y——5)2+3

x-—3=-§—(y-—5)2
2x = 3)=(y—5)

y—5=%=V2x - 3)
y=5=V2x ~3)
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Solgetf 'x)=5xV2(x~—3),x=3

Since the domain of fix) is {x e Rlx = 5}, the
range of f!(x)is {y e Rly =5} Sol

actually have f 7 1(x) =5 - V2(x - 3),x =3,
x = —3since 5 + V2(x — 3) = 5 for all allow-
able x, and these values are not part of my
range for f~'(x). Substituting this equation for
f!(x) into the calculator for x = 3, I get the
graph:

9. f(x) =3x* — 6x, -2 <x <3

a) [ am given that the domain of f(x) is
{x e RI=2 < x < 3}. To find the range,
put the function into vertex form.

f(x) = 3x* — 6x
= 3(x* — 2x)
=30 —-2x+1) -3
=3(x—-1*-3

So the vertex is (1, —3), and —3 is a minimum
since this parabola will open up. Also

f(=2) = 3(=2)" = 6(=2)

= 24
and
f(3) = 3(3)* - 6(3)
=9

So f(—2) > f(3), and the range of f(x) on this

restricted domain is {y € RI=3 =y < 24}.

b) I saw in part a) that f{x) has a minimum of —3

at x = 1, and that f(3) = 9. So if I restrict the

domain of fix) to {x € RI1 < x < 3}, the range

of fix) on this restricted domain is

{y € RI=3 < y < 9}. So the domain of f ~}(x)

will be {x € RI=3 < x < 9} and the range will

be {y € RI1 <y < 3}. To find the equation for

f~!(x) corresponding to this domain and range,

set x = 3(y — 1)*> — 3 and solve for y.
x=3(y—-172-3

x+3=3y—-1)7

x+3

3 =(y— 1)
~1_+/X+3
Y N3
x+3
=1+
y 3
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Since the range of f '(x) is {y € RI1 <y < 3},

+3
f—s—slareoutof

this range. So, the equation for f ~'(x) on this
restricted domain and range is

f“‘(x)=1+1/x;3

10. A(f) = =51 + 10t + 35
a) To find the vertex form, I complete the
square:
h(f) = =5 + 10t + 35

= —5(* — 2f) + 35
~5(2 = 2t+1)+5+35

= =5 —1)*+ 40
b) By the quadratic formula, the zeros of A(z) are
[ = —b + Vb* - dac
- 2a
—10 = V100 — 4(=5)(35)

2(=5)

-10 = V800

-10
= —1.830r3.83

So, since time is always non-negative, the domain
for the height function is {r € RI0 = ¢ =< 3.83}.
This means the ball hits the ground after about
3.83 seconds.
From part a), I know that the height function
has vertex (1, 40), and so the maximum height
is 40 metres. Of course, the minimum height
is O metres, when the ball hits the ground.
So the range of the height function is
{h € RI0 = h = 40}
¢) I need to solve the equation
h = —5(t—1)*+ 40 for z.

h=-=5t—1)7%+40
h — 40 = —=5(t — 1)

the valuesof y = 1 —

,—3<x<9

40 ~ h
= (t - 1)
5 ( )
. [f0=h
- 5
4.._
t=1= 0—h

5

When ¢t = 0 s, the height is # = 35 m. So at this
initial stage, and while the height of the ball
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rises from 35 m to 40 m (the maximum height),

I have

(h) =1 -

40 — h
5

On the other hand, once the ball has reached

40 m in height, the time moves beyond 1 second

elapsed. So as the height of the ball decreases
from 35 (I think) m down to O m, I have

tthy =1+

40 — h
5

d) The domain and range of (/) are just the
reverse of what they were for A(f). So

domain of t(h) = {h € R10 = h = 40}

range of t(h) = {t e R10 =1 =< 3.83}

I suspected the graph would be a downward
opening parabola, since the second differences
were constant and negative,

¢) To graph the inverse, I just need to

switch the order of the x and y-values from
the table in part a), and then repeat what

1 did in part b). Or, I can just reflect

the graph in part b) across the line y = x.

Time (s) 0] 05 1 1.5 2 3 3.5 4 4.5 5 5.5 6
Height (m) |0 |12.375122.5 | 30.375[36.0|39.375140.5|29.375{36.0 { 30.375 {1 22.5|12.375| 0
11. a) Here is the extended table: At
The 1s because the table of first and second
differences is: 10
1st differences 2nd differences R
12.375 - 0 10.125 — 12.375 = 6
= 12.375 = —2.25 E Tt —
225 — 12.375 7.875 — 10.125 AN
= 10.125 = —225 -
30375 — 22.5 5.625 — 7.875 27 —
= 7.875 = =275 0 - Pt
36 — 30375 3.375 — 5.625 0 10 20 30 40 50
=5.25 = =225 Height (m)
39.375 — 36 d) No, the inverse is not a function since it has
= 3.375 * multiple y-values for some x-values (that is, it

So the second differences are constantly equal to
—2.25, and this allows me to extend the table of
first differences, and so also the table of values.
b) Plotting the data from part a), and sketching
a curve of good fit for this data delivers the
following graph:

50 h
40 -
=
= 0] £
CRE AR
£ 20
i s
1
o \ )
O H H ¥ ; H T T 1
0 4 6 8 10 12
Time {s)
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fails the vertical line test).
12. a) I put the function into partial factored
form:
flx) = —2x* +3x — 1
—2x(x —1.5) -1
So since the zeros of —2x(x — 1.5) arex = 0
and x = 1.5, the axis of symmetry for fix) is
x = 0.75. This is the x-coordinate for the vertex.
The y-coordinate is
f(0.75) = =2(0.75)(0.75 = 1.5) = 1

= 0.125
So the vertex is (0.75, 0.125).
b) The parabola has the vertex I found in part
a), and it opens down since a is negative. Also,
the point (0, f(0)) = (0, —1) is on the graph.

il
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This information enables me to draw the
following graph:
fix)=—2x2 + 3x ~1

SO N
22’ \
f,:,“/‘“? o \

¢) To graph f ~!(x), I can just reflect the graph
from part b) across the line y = x, and then
restrict to those y = 0.75. Alternatively, set
x = —2y? 4+ 3y — 1 and solve for y. Since I
know the vertex from part a), this equation is
the same as
x = =2(y — 0.75)* + 0.125
x — 0125 = =2(y — 0.75)*

o - 075y = 2125~

2
0.125 — x
— = B ——
y =075 = ./ >

0.125 — x
=075 * | ——=
y=20 \/ >

Since I am restricting to the range y = 0.75,

and 0.75 — / 9—1—%—52—:—{ = 0.75 for allowable

x, I get that

100 = 075 4 /0.122 ~ x

The domain of f~!(x) is {x € Rix = 0.125},
since this is necessary to make the number
under the square root non-negative, or equiva-
lently since this is the range of f{x) for x = 0.75
(0.125 is the maximum value of f{x), and this
occurs at x = (.75). Putting all of this informa-
tion together, I get the graph for f~!(x) on this
restricted range:

y= /01225 ~X+075
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d) In the process of solving part ¢), I found that
domain of f7(x) = {x € Rlx = 0.125}
range of f "'(x) = {y € Rly = 0.75}
e) Restricting the y-values in this way
guaranteed that the inverse f ~'(x) would
be a function.
13. a)

0 2 4 6 8

\
4 \
\

e j \

i) (4, 1) appears to be the vertex.

flx) =alx - h)?+k

fx) =a(x— 472 +1

Another point on the graph appears to
be (5,0). Substitute this into the function
and solve for a.

=a(5-4Y+1
0=a(1)®+1
O=a+1
a= —1
fx)= —(x-47+1

i) First, find the inverse of the function. Then,
graph the function. To find the inverse, inter-
change x and y in the equation of the function
and solve for y.

y= —(x—4y+1

x= —(y—-4)Y+1
x=1= - (y—4P2+1-1
x=1= —(y-4)

- (-1 =(y-4y
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Graph the inverse on a graphing calculator.

y

iii) For the inverse to be a function, it needs to
pass the vertical line test. So, y needs to be
restricted to greater than 4 or less than 4. More
specifically, the domain of f{x) would
={xeR|x=4}

OR

={x e R|x=4}.

Under one of these two conditions, the inverse
of fix) would be a function.

iv) In part i1), the equation of the inverse was
found to be

4=V1—x=f"1x).

b) v
1]

A
\
V]

D) (1, — 3) appears to be the vertex.
f(x) =alx —h)? +k
fx)=a(x—-1?*-3

Another point on the graph appears to be

(0, — 2). Substitute this into the function and
solve for a.

-2=a(0—-1)7 -3

—2=a(—1)2—3
~2=a(1l)~-3
—2=a-3
1=a
fr)=(x-17-3
3-20

ii) First, find the inverse of the function. Then,
graph the function. To find the inverse, inter-
change x and y in the equation of the function
and solve for y.
y=(x-17%-3
x=(y—-1P%-3
x+3=(y—-1¥-3+3
x+3=(y—1)7>
*Vx+3=y-1
1*Vx +3=y
1+Vx +3=f"1x)
Graph the inverse on a graphing calculator.
y

iii) For the inverse to be a function, it needs
to pass the vertical line test. So, y needs to
be restricted to greater than 1 or less than 1.
More specifically, the domain of fix) would
={xeR|jx=1}

OR

={xeR|x=1}

Under one of these two conditions, the inverse
of f{x) would be a function.

iv) In part ii), the equation of the inverse was
found to be

12Vx+3=f1(x)
<)

VT
N,

\ s
,_.6 _-g T _i T O ¥

NS

i) The function appears to be a quadratic func-
tion with a restriction. If there was no restric-
tion, the vertex would be at (-3, — 2).

NI
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f(x)=a(x — h)?+k
f)y=a(x—=(-3))-2
f(x) =a(x + 3)* -2
Another point on the graph appears to be
( = 4, — 1). Substitute this into the function
and solve for a.
—l=a(—-4+37-2
—l=a(-17-2

—1=a(l) -2
—1=a-2
1=a

flx)=(x+3) -2
My graph is this function restricted to the left of
x= -3
fx)y=(x+3P—-2:x< -3
ii) First, find the inverse of the function. Then,
graph the function. To find the inverse, inter-
change x and y in the equation of the function
and solve for y.
y=(x+37%-2
x=(y+3?%=-2
x+2=(y+3P2—-2+2
x+2=(y+3)?
*Vx+2=y+3
-3=xVx+2=y
-3x=Vx+2=7F1x)
-3 — Vx + 2 = f!(x) is the only inverse
because of t:e restriction on f(x) thatx = — 3
and so y = — 3 for f1(x).
Graph the inverse on a graphing calculator.
y

2.5

75 5 25 O "25 5 75

—2.5
\

iii) The restriction on the domain of fix) is

x =< =3

iv) In part ii), the equation of the inverse was
found to be

—3+Vx+2=7F1x)
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d — y

=2

i) The easiest way to find the equation of this
function is to compare this graph with a similar
graph. Look at the graph of part a) ii). The top
half of the graph looks very similar to this
graph. The equation of the graph in part a) ii) is
4+V1-x=f1x

The graph reflects \/x with a shift up 4 units
and to the right 1 unit.

So, this graph should reflect \/x with a shift up
3 units and to the right 2 units.
32V2—x=y

Also, this graph should only be the top half of
this equation. So, the graph of the function is
fx)=3+V2—-x

Graph this function on a graphing calculator to
check.

it) First, find the inverse of the function. Then,
graph the function. To find the inverse, inter-
change x and y in the equation of the function
and solve for y.

y=3+V2-x
x=3+V2—y
r—3=visy
(x=3P=2~-y
-2+ (x=3)= —y
2—(x—3P=y
— (=3P +2=y
~ (=3P E2=1)
However, the range of f{x) is
={y e Rly =3},
So, the domain of f~!(x) is
={x e Rlx =3}
So, the equation of f'(x) is
= — (x =3P +2;x=3
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Graph the inverse on a graphing calculator.

3
\ x
O 123 4\5 6
—-,—[ | \
-2
3 \
: ¥

The graph of f{x) in part a) reflects this graph.
iif) The range of f(x) is
={yeRly=3}
iv) In part ii), the equation of the inverse was
found to be
—(x-3P%+2;x=3.
14. The original function must be restricted so
that only one branch of the quadratic function is
admissible. For example, if f(x) = x° had its
domain restricted to x = 0, the inverse of f(x)
would be a function.
15. a) Possible response: Switch x and y and
solve the resulting quadratic equation for y,
either by completing the square or by using the
quadratic formula.
b) No, because the original function assigns
some y-values to two x-values, so the inverse
assigns two y-values to some x-values.
16. m(x) = 14700 — 3040x
a) For every kilogram of beef she sells, she
makes a total of x — 3.21 dollars of profit. So
the profit function for one week is
P(x) = (profit per kg) X (# kg of beef sold)
= (x — 3.21) X m(x)
= (x — 3.21)(14 700 — 3040x)

b) The zeros of the profit function are x = 3.21

14700

3040
this quadratic is

14700
3040

2
244 584
30 400

2
244584

"~ 60800
=4.02

and x = , so the axis of symmetry for

321 +

3-22

So, since I can easily see that ¢ = —3040 for
this quadratic, I can write the profit function in
vertex form

P(x) = —3040(;5 -

244 584)2
60 800
To find k, notice that
P(0) = (—3.21)(14 700)

= —47187
So, I have

—47187 = ——304{)(

i

244 584)2
60 800
244 584
60 800

2
k= 3040( ) — 47187

= 2008.2
To make things easier, write the vertex form as
P(x) = —3040(x — h)* + k even though I
know the expressions for / and k. Then setting
x = —3040(y — h)* + k, I now solve for y.
x = —=3040(y — h)* + k

k—x
AV
(v 3040
k—x
= -+
Y =" 3010
So 1 get
k—x
-1 - —+
P =h =300

[2008.2 — x
= + o
4.02 = 3040

This function will take as an input the total
profit I want to have per week, and output what
I need to charge per kilogram to obtain this
amount of profit.

¢) From what I observed in part b), I should
charge P~'(1900) dollars per kilogram to earn
$1900 in profit. So I need to charge

[2008.2 — 1900
PTH(1900) = 4.02 * || =

= $3.83 or $4.21 per kilogram

That is, if the meat manager charges either
$3.83 or $4.21 per kilogram, she will earn
$1900 in profit for the week.
d) I found the vertex for the profit function in
part b), (A, k). So k = $2008.18 is the maximum
profit, and this occurs when she charges

= $4.02 per kilogram of meat.
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e) The axis of symmetry from part b) would
change to

241240

60800

=3.97
So the x-coordinate for the vertex changes to
roughly 3.97, and so the meat manager should
charge $3.97/kg is she wishes to maximize
profit. Of course, the new profit function is
P(x) = (x — 3.10)(14 700 — 3040x)
So, substituting the axis of symmetry, the
maximum profit will be

(241 240
60 800

) = (3.97 - 3.10)

X (14 700 — 3040(3.97))
= (0.87)(2631.2)
= $2289.10
17.x = 4 — 4y +y?
a) Notice that

=4 -4y +y*

=(y -2
So, solving for y,
y=2*Vx

Soif fix) = (x — 2)?, then the given relation is
describing the inverse function, and I just found
that

i) =2 =V

f(x) is just the parabola y = x? shifted right by
2 units, so I can reflect this through the line

y = x to graph my relation.

b4 -

6
44 § /,

: 2(\=4~ 4y +y?)
X
30 e

b) The domain of fix) = (x — 2)*is {x € R},
so the range of the given relation, which is the
same as the domain of f(x), is {y € R}. The
range of f(x) is {y € R |y = 0}, so the domain
of the given relation is {x € Rl x = 0}.
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¢) I found the inverse of the given relation in
parta)tobe y = (x — 2)%

d) Yes, the inverse of the given relation
describes the parabola y = x? shifted right by
2 units, and so is a function (that is, it passes
the vertical line test).

1.a) V27 = V9 x V3
=3V3

b) V50 = V25 x V2
=52

) V98 = V49 x V2
=72 |

) V32 =V16 x V2
=02

2.2)V5 x V7 =135

b) V11 X V6 = V66

0 2V3 X 5V2 = (2 X 5) x (V3 xV2)

= 10V6
d) —4V3 X 8V13 = (-4 x 8)
x (V3 x V13)
= —32V/39
3.2) V5 +3V5 = (4 + 3)V5
= 7V5
b) 97 — 4V7 = (9 — V7
= 5V7

0 3V3 +8V2 — 43 + 11V2
= (3 —4)V3 + (8 +11)V2

= V3 +19V2
dV8 - V18 = V4 x V2 -V9x\V2
=22 -3\2
= (2 -3\V2
= -\V2
4.2) V12 =3 x V4 x V3
=3x2xV3
= 6\/3
b) —5V125 = =5 X V25 x /5
=—5><5><\/§
= -25V/5
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¢) 10V40 = 10 x V4 x V10
=10 X 2 X V10
= 20V/10

d)~1\/6_5=—-;-><\/5;><\/1_5

2
—%xzx\/fg

= -\V15
o)
3 4=§xv@xv€

:§x3xv§

=25
ﬂ~21Mh—%XVMMV6

10
9
= ——= X 20 X
10 20 X V3

= -18\V3
5.a)\/§(2—\/§)=\/§x2—\/§><\/§
=2V3 -V15
b) 2V2(V7 + 3V3)
=2XV2XVT+2xV2x3xV3
=2\/ﬁ+(2x3)x(\/§x\/§)
=2V14 + 6V6
o (4V2)2 = (4V2) x (4V2)
{4x4)><(\/5><\/5)
— 16 X V4
=16 X 2
=3
d) (-2V3)
= (=2V3) X (—2V/3) x (=2V3)
((=2) X (=2) X (-2))
x(\/?:x\/ix\/?:)
= —8 % (V9 x V/3)
= -8x3xV3
= —24\V/3
) 4V3 X 3V6 = (4 x 3) x (V3 x V6)
:12><(\/§><\/§><\/§)
=12x(\/§x\/§)
=12%x3%XV2

= 3612

H

I

It
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£) —7V2 X 5V8 = (=7 x 5) X (V2 X \V/8)
= -35%x V16
= -35%4
= —140

6.2)V8 - V32 =V4x V2 -V1i6x V2
=2V2 - 4V2
= -2\2
b) V12 + V18 — V27 + V50
=VAXV3+VIXxV2-VIx\V3
+\/2—5><\/i
=2V3 +3V2 - 3V3 + 5V2
= -V3 +8V2
) 3V98 — 5V/72
=3 x V49 x V2 - 5 x V36 x V2
=3X7xV2-5x6xV2

= 21V2 - 30V2

= -9\2

d) —4V200 + 5242

= —4XxV100 x V2 + 5 x V121 x V2

= —4x10XV2+5x11xV2

= —40V2 + 55\/2

=152

e) —5V/45 + V52 + 3125

= -5xVoXV5+Vax V13 +3
x V25 x\/5

=—5X3X\/§+2X\/E
+3x5%xV5

= —15V5 + 2V13 + 15\/5

= V13

f)7\/l‘2—3\/2_8+%\/4—8+§\/6—§
=7XxVaxV3-3xVax\7
+%><\/E><\/§+§><\/§x\/f

=7xzxw§—3x2xvﬁ+%x4

xV€+§x3xVG

=143 - 6V7 + 2V3 + V7
=16V3 — 4\/7
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7.2) (6 — V5)(3 + 2V10)
:6x&%x2xVE

~3x V5 -V5x%x2xV10

=18 + 12/10 — 3V/5 — 2V/50

=18 + 1210 - 3\/5

—2 X V25 x V2

=18+ 12V10 = 3V5 -2 x 5 x V2
=18 + 1210 — 3\V/5 — 102

b) (2 + 3V3)? = (2 + 3V3)(2 + 3V3)

=2X2+2X3V3+2x3V3
+ 33 x 3V3

=4+ 6V3 +6V3 +9V9
=4+12V3 +9x3

=31+ 12V3

o (V2 + V5) (V2 —V5)
=V2xV2+V2xV5-1V2

x V5 -V5x\V5
=2-5
= -3
d) (3V3 + 4V2)(V3 - 2V2)
=3V3xV3+ 4/2xV3

—V2 X 3V3 - V2 x 2V2
=9+ 4V6 —6V6 - 16
=-7-2V6
e) (V5 — 3V/7)
= V5 - 3V7)(2V5 — 3V7)
=2V5 x2V5 - 3V7T x 25

~3V7 x 2V5 + 3V7 x 3V7
=20 — 6V/35 — 6V/35 + 63
=83 — 12V/35

f) (1 - V3)(2 +V6) (5 +V2)
=ﬂx2+1xviﬁﬁx2
- V3 xV6)(5+V2)
= 2 +V6 —2V3 - V18)(5 + V2)
= (2 + V6 - 2V3 - V09 x \/5)(5 +—\/§)
=2 +V6-2V3-3V2)(5+V2)
=2X5+Vex5-2V3x%x5
“3V2X5+2XV2+Vex\V2
~V3Xx V2 -3V2x V2
=10 + 5V6 — 10V3 — 152
+2V2 + V12 -2V6 - 6
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=4+ 36— 13V2 —10V3 + V4 x V3
=4 +3V6 - 13V2 — 10V3 + 2\V/3
=4 +3V6-13V2 - 8V3

8. The diagonal and two sides of the square
form a right triangle, and the legs of this right
triangle have length 4 cm.

Call the length of the diagonal d. Then by the
Pythagorean theorem
=4+ 4
=32
d=V3
= V16 x V2
= 4V2cm

9. Call the square’s side length s. Then since
this square has area 450 cm?, and the area of the
square is given by s, I get the equation
s* = 450

= /450

= V225 x V2

=15V2cm

10. A side of length 3 cm and a side of length

9 cm, together with the diagonal of the rectan-
gle form a right triangle (like in problem §). Let
the length of the diagonal be d. Then by the
Pythagorean theorem

& =3+
=90

d =\
= V9 x V10
= 3\/1—60m

11. I form a right triangle using the points
A(=27),B(4,1), and C(—2,1). Then the line
segment from A to B is the hypotenuse of this
right triangle. Let AB be the length of this
hypotenuse, and similarly for the other two legs
of the right triangle. Then by the Pythagorean
theorem
(AB)? = (BC)* + (AC)?

=6 + 6

=172
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AB =\T72
=36 x V2
:6\/2units

12.
242 e

3V8
The perimeter is
V2 +3V8 + V380
=22 + 3 X V4 X V2+V16 x V5
=2V2+3%x2xV2+4xV5
=2V2 + 6V2 + 45
=8V2 + 4\/5 units
The area is

%x3\/§xzx/i=3x\/1_6

=3 X4
= 12 units?
13. Notice that

\fa§+\/g§=a+b

On the other hand,
(Va+Vbh2=VaxVa+2xVax\Vb
+Vb x Vb
=a+b+2\/£

So I see that (Va + Vb)? is larger, since it

includes the extra positive term 2V ab.
14. 1 have

V200 = V100 X V2

=10V2
V200 = V25 x V8

=5V8
V200 = V4 x \/50

=250

So one possible response is:

2\/5—0, 5\/§, 10\/5; the last one is in simplest

radical form because the number under the
radical sign cannot be simplified.

15.2) V' = Vi x Va

= aVa
b)\/.x:Sy6=\/3\:§><\/y—6
= Vxt x Vx x y?
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=x2><\/;><y3
=x2y3”\//,;
o) 5\Vn = 2n\Vn'
=5 X Vb X Vi =21 X Vi x Vn
=5x X Vn—2nxXn?xXVn
= 58°\Vn — 20%Vn
=3°Vn
d) (Vp +2V) (Vg = Vp)
= Vp x Vg +2Vq x Vg
~Vp x Vp —2Vg x Vp
=Vpq+2q-p-2Vpg
=2q—p— W

16. \/\/ \/4096 —\/\/

i

[l I
o
X
S

17. (V2)* = 256
((V2)")? = 2562
((V2)) = 65536

2% = 65 536

x =16

X 1y 1st differences |2nd differences
-2 -8{-2—-(~-8)=6 2—-6=—4
-1 -210-(=-2)= -2 —-2=—4
0 0 -2—-0=-2| -6 (—-2)
= —4
1{-2 -8~ (-2)=-6 *
21 -8 * *

Since the second differences are constant and neg-
ative (so non-zero), the function is quadratic.

b)

X Y | 1st differences | 2nd differences

-210 1-0= 3-1=2

-11 1 4—-1=3 5-3=2
01 4 9—-4=35 7—-5=2
119 16 —9=7 *
2116 * *
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Since the second differences are constant and
positive (so non-zero), the function is quadratic.
2.a) f(x) = —3(x — 2)* + 5: the graph of this
quadratic will be the parabola y = x* flipped,
stretched by a factor of 3, shifted right by

2 units and then up by 5 units,

&

2
O

Flx) = —3{x — 22+

[\

b) f(x) = 2(x + 4)(x — 6): the graph of this

quadratic will be a parabola opening up with

zeros x = 6 and x = —4. To sketch the graph

precisely, I only need one other point, for

mstance (0, f(0)) = (0, —48). With this infor-

mation, I can now sketch the graph.
f(x)=2(x+4)(x - 6)

i ‘i n y [‘ fl X
201/

PR 1 /
80

3.a) f(x) = —3(x — 2)* + 5: this quadratic is
in vertex form, so has vertex (2, 5) and axis of
symmetry x = 2. Since a is negative, the
parabola opens down, and 5 is a maximum
value. So the domain of f(x) is {x € R} and the
range is {y € Rly = 5}.

b) f(x) = 2(x + 4)(x — 6): since the zeros are

x = 6 and x = —4, the axis of symmetry is
_6—4

T
=1

So the vertex 1s (1, f(1)) = (1,2(5)(=5)), or
(1, —50). Since a is positive, the parabola
opens up, and so — 50 is a minimum for this
quadratic. So the domain of f(x) is {x € R} and
the range is {y € Rly = —50}.
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4.a)f(x) = -3(x -2y +5
=-3(x*~-4x+4)+5
= -3 +12x - 12+ 5
= —3x* +12x = 7
b) f(x) =2(x + 4)(x ~ 6)
=2(x* — 2x — 24)
= 2x% — 4x — 48
5.a) f(x) = x* — 6x + 2: the partial factored
form of this quadratic is
fx)=x*—6x+2
=x(x —6)+2
Since the zeros of x(x — 6) are x = 0 and
x = 6, 1 know that f{x) has axis of
symmetry x = 3. So the vertex is (3, f(3)) =
(3,3(=3) + 2),0r (3, —7). Since a is positive
for this quadratic, this means that —7 is the
minimum value for f{x).
b) f(x) = 2(x — 4)(x + 6): since the zeros of
this quadratic are x = 4 and x = —6, I know
4 -6
2
x = —1. So the vertex is (—1, f(—1)) =
(=1,2(=5)(5)), or (—1, —50). Since a is pos-
itive for this quadratic, this means that —50 is
the minimum value for f{x).
¢) f(x) = —2x* + 10x: the factored form of
this quadratic is
f(x) = =2x* + 10x
= —2x(x = 5)
Since the zeros are x = 0 and x = 5, I know
that f{x) has axis of symmetry x = 2.5. So the
vertex is (2.5, f(2.5)) = (2.5, —2(2.5)(—2.3)),
or (2.5,12.5). Since a is negative for this quad-
ratic, this means that 12.5 is the maximum
value for fix).
d) f(x) = 3.2x* + 15x — 7: the partial factored
form of this quadratic is
f(x) =32x*+15x — 7
= 3.2x(x + 4.6875) — 7
Since the zeros of 3.2x{(x + 4.6875) are x = 0
and x = —4.6875, I know that f{x) has axis of
4'6575, or x = —2.34375. So
the vertex is (—2.343 75, f(—2.343 75)), and
f(—2.34375) = 3.2(—2.34375)(2.34375) — 7
= —24.578 125
So the vertex is (—2.343 75, —24.578 125).
Since a is positive for this quadratic, this means
that —24.578 125 is the minimum value for f(x).

that f{x) has axis of symmetry x = , Or

symmetry x = —
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6. P(x) = —4x* + 16x — 7: the partial factored
form for this quadratic is
P(x) = —4x* + 16x — 7

= —4x(x —4) =7
So since —4x(x — 4) has zeros x = 0 and
x = 4, P(x) has axis of symmetry x = 2.
So the vertex of P(x) is (2, P(2)) =
(2,-4(2)(—2) — 7),0r (2,9). Since a is neg-
ative for this quadratic, this means that the max-
imum value of the profit function is 9, or
$9000, and that I obtain this profit at x = 2, or
when I sell 2000 items.
7. C(x) = 0.3x* — 1.2x + 2: the partial factored
form for this quadratic is
Cx) =03 -12x +2

=03x(x—4)+2
So since the zeros of 0.3x(x — 4) are x = 0 and
x = 4, the axis of symmetry for C(x) is x = 2.
So, since a is positive for this quadratic, this
means that the minimum value for C(x) occurs
when x = 2, or that the most economical produc-
tion level is when I produce 2000 items per hour.
8. Call the two numbers x and y. Then I know
that
x+y=16
y=16 —x
The product of these two numbers is given by
P =xy
Substituting for y, I get
P(x) = x(16 — x)

= —x(x — 16)
This quadratic is in factored form, and has
zeros x = 0 and x = 16. So P(x) has axis
of symmetry x = 8, and so has vertex
(8, P(8)) = (8.8(8)), or (8,64). Since a is
negative for this quadratic, this means that
P(x) has maximum value 64 when x = 8. That
is, the largest possible product for these two
numbers is 64, when x = 8 and y = 8.
9.f(x) =x*—4x +3
a) First put this quadratic in vertex form by
completing the square.

f(x)=x*—4x + 3

=x’—4x+4—-4+3

=(x—-2)¢-1
Now setx = (y — 2)? — 1, and solve for y.

x=(y—-2¥-1

x+1=(y—2)7?

y=2%xVx+1
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So I get
fFUx)=2+Vx+1

b) The vertex form of fx) is

fx)=(x =2y -1

So fix) has vertex (2, —1). Since a is positive
for this quadratic, this means that f{x) has
minimum value —1. So f(x) has domain

{x e R} and range {y € Rly = —1}. This
means that f~!(x) has domain

{x e Rlx = —1} and range {y € R}.

¢) The graph of f(x) is the parabola y = x?
shifted right by 2 units and down by 1 unit.
flx)=x2—4x+3

/
4 / x.
N A&

The graph of /! (x) is obtained from the graph
of fix) by reflecting across the line y = x.
v

. ,/
ol // y=fx)-
2 ‘

Ve
X

0] a5 20

——

10. Set R = —2.8(x — 10)? + 15, and solve
for x.

R=-28(x —10)* + 15

R—15=-28(x — 10)
15— R
- 10)* =
(x = 10) 28
15— R
= e ad
¥=10=4/—5%

This is an expression giving the number sold in
terms of revenue. For instance, if the revenue i
R = 5 thousand dollars, then the number of
items sold is either

10
x =10 — 5—§
= 8.11 thousand items
or
10
=10 ++/—
V28

= 11.89 thousand items
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11. Usually, the original quadratic function
assigns some y-values to two x-values, so the
inverse assigns two y-values to some x-values,
making it fail the vertical line test and therefore
not a function.

12. f(x) = —Vx + 3: to graph this function,
notice that this is the negative branch of the
square root function y = —\/;, shifted left by
3 units.

a) The domain of fix) is {x € Rlx = —3}, since
the number under the square root must not be
negative. The range of f(x) is all negative num-
bers and zero, or {y € Rly = 0}.

b) Setx = —Vy + 3, and solve for v.

x=-=-Vy+3
= (=Vy +3)?
¥*=y+3
y=x2——3

So f71(x) = x* = 3,x = 0 since the range for
fix) was {y € Rly = 0}.
13.2) V48 = V16 x V3
= 4\/3
b) V68 = V4 x V17
= 2V17
©) V180 = V36 x \V/5
= 6V5
d)—3\/7—5=—3><\/2_5><\/§
= -3x5%xV3
= -15V3
e)SV;:SX\/EX\/i
=5%x7XV2
=35\2
f)—8V12 = -8 x V4 x /3
= -8x2%xV3
— —16\/3
14.2) V7 x V14 = V08
= V49 x V2
=7V2
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b) 3V/5 x 2V15 = (3 X 2) X (V5 x V15)
=6 X V75
=6 x V25 x\V3
=6x5%xV3
=30\/3
c)\/ﬁ+2\/4_8—5\/i7
= V4 xV3+2xV16 x V3
—5xV9x\V3
=N34+2x4xV3-5%x3%xV3
=23 + 8V/3 - 153
= -5\/3
d) 328 — 250 + V63 — 318
=3 xV4x\V7-2xV25x\V2
Vo x VT —3xV9xV2
=3x2xV7-2x5%xV2
+3XxV7-3%x3xV2
=6V7 - 10V2 + 3V7 — 9V2
= 9\/7 - 19V2
e) (4 — V3)(5 + 2V/3)

—4X5+4x20V3-5%xV3

- N3 x\V3
=20+ 8V3-5V3 -6
=14 +3\V3

£) (3\V/5 + 2V/10)(=2V5 + 5V .0)
= -2V/5 x 3V5 - 25 x 210

3.5 Quadratic Function Models:
Solving Quadratic Equations,
pp. 177-178

1. The roots of the equation are the values of
x that satisfy the equation.
a) *+5x+4=0
(x+4)(x+1)=0
x+4=0o0rx+1=90
x = —4or—1
Therefore, the roots of the equation are
x=—4or —1.
b) ¥* - 1lx+18=0
x=—Nx—-2)=0

x—9=00rx—-2=90

=%orx =2
Therefore, the roots of the equation are
x=9or2.
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4’ -9=0
4x> =9
9
2
YT
x = “*‘\/E
4
X = +§
2
Therefore, the roots of the equation are
3 3
X = “2" or —’2".
d) 2> —7x—4=0

2x+D(x—4)=0
2x+1=00rx~-4=90
2x=—1lorx =4

10 4
X = ——0orx =
2

Therefore, the roots of the equation are

= —— or4.
X > or
2. The quadratic formula is
—b £ Vb — dac )
x = > ; where a is the constant

term of the value for x?, b is the constant term
of the value for x, and c is the remaining
constant term.

a)x’ —4x—-9=0

Using the quadratic formula with

a=1,b=—4andc= —9:
Lo (=D V(=9 - 4()(-9)
2(1)
4 +V16 — (—36)
T 2
_4xV52
T
_4=x721
T
4+ 721 4721
xz-“—z—“— or XZ——E"—‘“
x = 5,61 or x = —1.61

b3 +2x—8=0
Using the quadratic formula with
=3, b=2,andc = —8:

@) EVE4B3)(=8)

2(3)

3-30

-2*=V4 - (-96)

T 6
_ —2+1V100
T 6
210
T
~2+ 10 -2 -10
X:”“‘é—‘—“ﬁfx:_“—_é‘——
8 ~12
x=gorx=-—~é~

x=1330rx = —2

) -2x*+3x —6=0

Using the quadratic formula with
a=—-2,b=3,andc = —6:

_ ()£ V3 - 4(=2)(=6)

2(=2)
LT3 V9 -4
—4
x:—3ij—w

Because the radical has a negative number and
hence a nonreal (imaginary) number, there are
no real roots.
d)0.5x* —22x — 4.7 =10
Using the quadratic formula with
a=05b=-22 andc = —4.7:

= (=22) = V(=22) — 4(0.5)(—4.7)
T 2(0.5)

_22*xV484 — (—9.4)

- 1
x=22*x\V1424
x=22+*37
x=22+377or x =22~ 377

=597 orx = —1.57
3.a)

P

[

Use the zero function on the calculator to find
thatx = —1 orx = —0.25.
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b) 1

/
\

Use the zero function on the calculator to find
that x = 1 orx = 4.5.
4.2)i) 20 - 3x = x> + Tx
Group all terms on left side and simplify
2 =3 =3x—Tx=0
¥ —10x=0

This function factors, so solving by factoring is
chosen because it is quicker and easier.
ii)x? — 10x =0
x(x—10)=0
x=0o0rx =10
Therefore, x = 0 or 10
b)i)dx* + 6x +1 =0
The function does not appear to be factorable.
Therefore, the quadratic formula is the chosen
method.
ii) Using the quadratic formula with

=4 b=6andc =1:

O ER ORI OL)

2(4)
—6+136 — 16
x:
8
—6 + 120
XZ_“““é"—“"'
—6 =V (4)(5)
x:
8
—6+2\V5
X TR mmmm————————
8
—3+5
x=—““‘z““‘“

O +4x—-3=0

The function does not appear to be factorable.
Therefore, the quadratic formula is the chosen
method.

ii) Using the quadratic formula with
a=1,b=4,andc = —3:

LoD EVE) - 4(1)(=3)

2(1)
4=Vt 12
2
—4 +/28
X = 5
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4=V (O)

2
4= VT
B 2
x=-2+\V7
d)i) (x +3)¥%=-2x
Simplify and group all terms on the left side.
x+3)(x+3)=-2x

¥ +3x+3x+9=—-2x

¥+ 6x +9=—2x

¥ +8+9=0
The function does not appear to be factorable.
Therefore, the quadratic formula is the chosen
method.
ii) Using the quadratic formula with
a=1,b=8 andc=9:
_=(=8) = V(=8) = 4(1)(9)
B 2(1)

X

~8+ Vb4 — 36
x:
2
_ -8+V28
T
8=V @)
2
L o8=2VT

2
x=—-4= \/;
e) i) 3x? — 5x = 2x* + 4x + 10
Simplify and group all terms on the left side.
-2 —-5x—4x—10=0
X*-9%-10=0
This function factors, so solving by factoring is
chosen because it is quicker and easier.
ii) ¥*»—-9%%—-10=0
x—-10)(x+1)=0
x—10=00rx+1=20
x=10o0rx = -1
Therefore, x = 10 or — 1.
DD2(x+3)(x—4)=6x+ 6
Simplify and group all terms on the left side.
2(x* —4x +3x—12)=6x+ 6
2 —x—12)=6x+6
2 —2x—24=6x+6
2 —2x—6x—24-6=0
2x* —8x —30=0
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The function does not appear to be factorable.
Therefore, the quadratic formula is the chosen
method.

ii) Using the quadratic formula with
a=2,b=—8 and ¢ = —-30

L (=8 £ V(=8) ~ 4(2)(=30)

2(2)
L8 V64+240
4
X_Stw@ﬁ
4
8+ V(16)(19)
B 4
8+ 419
TTTTy
x=2i\/f§

5. The x intercepts are found by setting the
function, f(x), equal to 0.
a) f(x) =3x*—-Tx -2

0=3x*—7x -2
The function does not appear to be easily fac-
torable. Therefore, use the quadratic formula to
determine the roots. Using the quadratic formula
witha =3,b= -7, andc = —2:

Lo —(ED EV(=T - 4(3)(=2)

2(3)

7 +\V49 ¥ 24
= 6

7+\V73
T
7 +854
T
L7854 7854

6 6

x=25%o0rx = —0.26
Therefore, the x intercepts are the points
(2.59,0) and (—0.26, 0).
b) f(x) = —4x* + 25x — 21
0= —4x* +25x — 21
Use the factoring method:
0= —(4x* — 25x + 21)
0=—-(4x —-21)(x— 1)
4x —21=0o0rx—1=90
4x =2lorx =1
21

x=70r.x=1
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Therefore, the x intercepts are the points

21
(230>mM(L0}

6. Referring to Example 1, breaking even means
that the profit is zero. This is the x-intercept. This
is where the profit function, P(x), is equal to 0.
a) P(x) = —x*+ 12x + 28
0= —x*+12x + 28
Use the factoring method:
0=—(x*—12x — 28)
0=—(x—-14)(x +2)
x—~14=00rx= -2
x=1ldorx = -2
Since x is measured in thousands, x = 14 000
or —2000. However, there cannot be —2000
objects sold. Therefore, there is one break-even
quantity of 14 000.
b) P(x) = —2x* + 18x — 40
0= —2x*+ 18x — 40
Use the factoring method:
0=—-2(x* - 9x + 20)
0=-2(x —5)(x — 4)
x—5=0orx—-5=0
x=5o0rx =4
Since x is measured in thousands, x = 5000
or 4000. Therefore, the break-even quantity
is 5000 or 4000.
¢) P(x)=—2x* +22x — 17
0=—-2x"+22x — 17
The function does not appear to be e:sily
factorable. Therefore, use the quadrz:ic formula
to determine the roots. Using the quadratic for-
mula withga = —2,b =22, andc = —17:

x:-«m)iwkny—4pax—w)

2(=2)
‘= —22 £ V484 — 136
—4
—22 + V348
X = —
—4
. —22 * 18.655
X = e
—4
. —22 + 18.655 . —22 — 18.655
x=““—;—4——-01‘x=‘——'—:z——'“

= (0.836 or x = 10.164
Since x is measured in thousands,
x =836 0rx =10 164.
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d) P(x) = —05x+6x—5
0=-05x>+6x—5

The function does not appear to be easily

factorable. Therefore, use the quadratic formula

to determine the roots. Using the quadratic for-

mulawitha = —05,6 =6,and¢c = - 5:

EGHE: V(6)? — 4(—0.5)(=5)

2(-05)
L6 V36-10
—1
_—6=\V2
!
_6+509 . —6— 5099
x=——-i—"—'0rx=--————1——

x == 0.901 or x = 11.099

Since x is measured in thousands,

x =901 or x = 11 099.

7.h(t) = —4.97 + 6t + 0.6

The ball will hit the ground when A(z), the
height of the ball in metres, is 0. Hence, set
h(1) equal to O and solve the equation for 1.
0=—497+6t+ 06

The function does not appear to be easily
factorable. Therefore, use the quadratic formula
to determine the roots. Using the quadratic for-
mula witha = —4.9,b = 6, and ¢ = 0.6:

L (56 =167 — 4(=4.9)(06)

2(=4.9)
6 +V36 + 1176
x fumeny
98
—6 +\/4776
X =————
93
. 6% 69109
98
L =6+69109 . —6- 69109
YT T 98 YT T 98

x = —0.090rx =132

A value of —0.09 seconds does not make sense.
Therefore, it will take 1.32 seconds for the ball
to hit the ground.

8. P(r) = 0.47 + 10t + 50

a) In 1995, O years have passed since the year
1995. Hence, substitute ¢ = 0 in to the function
and solve for P(t), the population in thousands.
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P(t) = 0.4 + 10r + 50
P(t) = 0.4(0)2 + 10(0) + 50
P(t)y =0+ 0+ 50
P(r) =50
Since P(#) is the population in thousands, the
population in 1995 was 50 000.
b) In 2010, 2010 — 1995 = 15 years have
passed since the year 1995. Hence, substitute
t = 15 in to the function and solve for P(r), the
popuilation in thousands.
P(t) = 047 + 10t + 50
P(1) = 0.4(15)* + 10(15) + 50
P(r) =90 + 150 + 50
P(t) =290
Since P(2) 1s the population in thousands, the
population in 2010 will be 290 000.
¢) P(t) is the population in thousands. Hence,
the year the population will be at least 450 000
can be found by setting P(¢) = 450 and solving
for 1, then computing the number of years
passed since 1995.
P(t) = 047 + 10r + 50
450 = 0.4 + 10t + 50
0 = 047 + 10t + 50 — 450
0 = 0.47 + 10t — 400
Using the quadratic formula with
= 0.4,b = 10, and ¢ = —400:
_ —(10) = V/(10)? — 4(0.4)(—400)
r= 2(0.4)
10+ \/100 7 640
= 08
10 = V740
T 08

. —10 + \/740O _ —10 — V740

08 re= 08
L —10+27203 . —10 — 27203

08 3
t=21500rt= —46.50
A value of —46.50 years does not make sense.
Hence, the time in years since 1995 1s 21.50.
Now, 21 years later in 2016, the population will
not be at least 450 000. Therefore, round up to
22 years later and the year 2017.
9. Let x be the length in metres of one side
of the rectangle. Then, the other side of the
rectangle is (x + 7) metres long. Because the
area is 330 m?, the area equation is:
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330 = (x)(x + 7)
330 = x* + 7x
0=x*+7x — 330
Now, solve for x to find the length of the two
sides of the rectangle. Although the quadratic
formula might be the most obvious method for
solving, factoring does work as well.
0= (x - 15)(x +22)
x—15=0o0rx+22=0
x=150rx = —22
Since a length of —22 metres does not make
sense, x = 15 metres. Therefore, the other side
of the rectangle is 15 + 7 = 22 metres long.
The dimensions of the rectangle are 15 metres
by 22 metres.
10. Let x be one integer. Because the two
integers are consecutive numbers, let the other
integer be (x + 1). Then, the sum of the
squares of the integers is:
(x*) + (x + 1)* = 685
)+ (P*+x+x+1)=685
() + (x¥*+2x +1) =685
(F*+x>+2x + 1) =685
2+ 2x + 1 = 685
2x* + 2x + 1 — 685 = 685 — 685
2+ 2x — 684 =0
Using the quadratic formula with
a=2,b=2and¢c = —68:

_ () = V(2 — 4(2)(—684)

2(2)

_—2+V4154m
T 4

—2 + V5476
Xz__jm
274
T

2+ 74 274
= 4 orx = 2
_2 _ 76
x—40rx— 4

x=180orx = —19

If one integer is 18, then the second integer is
(18 + 1) = 19.

If one integer is — 19, then the second integer is
(=19 +1)= ~18.

The two integers can be 18 and 19, or they can
be —19 and —18.
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Area A = $6 cm?

Let x be the length of the base of the right trian-
gle in centimetres. Then, the height of the right
triangle in centimetres is 2x + 8. If the area is
96 cm? and the area of a triangle is

area = —;— (base)(height),

then the area equation is

96 = %(x)(2x + 8).

Now, solve for x to find the dimensions of the
triangle.
1

96 = —2~(x)(2x + 8)
192 = (x)(2x + 8)

192 = 2x% + 8x

0= 2x>+ 8 — 192

Usiiiz the quadratic formula with
a=2,b=8 andc = —192:

= (8) £ V(8)) — 4(2)(—192)

2(2)
-84 + 1536
T 4
-8 = V1600
T 4
-8+ 40
T
—8 + 40 —8 — 40
X = 4 or = 4
32 —48
XZ‘Z“OI'X:T
x=8orx=—12
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Since a length of —12 cm does not make sense,
the length of the base is 8 cm. Hence, the length
of the height is 2x + 8 = 2(8) + 8 =

16 + 8 = 24 cm.

Therefore, the right triangle has a base of 8 cm
and a height of 24 cm.

12. This problem closely follows Example 3.

25m
Ix

25 - 2x
=)}

X

15m
Ix

2

The lawn is 25 m by 15 m. Therefore, the area
of the lawn is 375 m?. After Jackie mows a strip
around the lawn, the new lawn is 60% of the
original area or 60% of 375, or 225 m?.
Let x be the width in m of the strip that Jackie
mows. Then the length of the new area is
(25 — 2x) and the width of the new area is
(15 — 2x). The equation of the area of the new
patch of lawn is
225 = (25 — 2x)(15 — 2x).
Now, solve for x to determine the width of the
strip.

225 = 375 — 50x — 30x + 4x°

225 = 375 — 80x + 4x?
225 — 225 = 4x* — 80x + 375 — 225

0 = 4x* — 80x + 150

The function does not appear to be easily
factorable. Therefore, the quadratic formula is
the chosen method for factoring. Using the

quadratic formula with a = 4, b = —80, and
= 150:
= (—80) = V/(—80)* — 4(4)(150)
¥ 2(4)
Lo 80 V6400 — 2400
8
80 + V4000
x ==
8
80 + 63.2456
X TR e
8
80 + 63.2456 80 — 63.2456
Ty YT T
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. 143.2456 . 16.7544
=————o0rx =
8 8
x=1790rx =21
If the strip is 17.9 m long, then the width of the
new area is

X

= (15 — 2x)
= (15 — 2(17.9))
= (15 — 35.8)

= -208

This clearly does not make any sense.
Therefore x = 2.1 m. In this case, the width of
the new area is

= (15 — 2x)
= (15 — 2(2.1))
= (15 — 4.2)
=10.8

This is an acceptable answer.
The width of the strip is 2.1 m.
13.h(t) = —49£ + 92t + 9
a) To determine the time ¢ at which the flare’s
height will be 150 m, substitute 150 for the
height h(¢) and solve for r.

h(t) = =492 + 92t + 9

150 = —4.962 + 92t + 9
150 — 150 = —4.91 + 92t + 9 — 150

0= —4.9+ 92r — 141

The function does not appear to be easily
factorable. Therefore, the quadratic formula is
the chosen method for factoring. U«". g the

quadratic formula with ¢ = —4.9, b = 92, and
c = —141:
IC)E: V(92)? — 4(—4.9)(—141)
2(—4.9)

=92 = \V/8464 — 2763.6

T ~9.8
~92 = V/5700.4

T =98

=92 + 75501

B -9.8

. =92 + 75501 . —92 — 75.501
T Do YT T Tos

. —16499 —167.501

98 YT T o3

x=1680orx =17.09
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The flare’s height will be 150 m at 1.68 seconds
and again at 17.09 seconds. In this problem,
two answers make sense. The first time is when
the flare is shooting upward and the second
time is when the flare is returning to the
ground.
b) The flare’s height will be above 150 m
between 1.68 seconds and 17.09 seconds.
Therefore, the flare is above 150 m for
(17.09 — 1.68) = 15.41 seconds.
14. Let x be the number of $0.15 increases. The
total fare will be (2 + 0.15x) and the total
number of people will be (4000 — 40x). If the
company needs to take in $10 450, then the
equation is
10450 = (2 + 0.15x) (4000 — 40x)
10 450 = 8000 — 80x + 600x — 6x°

2450 = —6x* + 540x
6x* — 540x + 2450 = 0
Using the quadratic formula with
a =6,b = —540, and ¢ = 2450:

_(540) = V'~ (540)% — 4(6)(2450)
T 2(6)
540 = V291 600 — 58 800
T 12

540 = V232800

12

. 540 * 482.494

- 12

. 540 + 482.494 . 540 — 482.494

T s OF X FE e

12 12

. 1022.494 . 57.506

X = —m—m— OF X =
12 12

x =8521 orx = 4.79.
The number of $0.15 increases has to be a
whole number, so round these numbers to
x=850rx = 5.
The solution of 85 does not work and so 5 is
the only answer. Five $0.15 increases is $0.75.
The 2 dollar fare plus $0.75 is a $2.75 fare.
15. First method: Graph the function on a
graphing calculator and use the ‘zero’ operation
to find the zeros of the function.
Second method: Use the factoring method.
Factor a —2 out of the function and then break
the remaining value into two brackets. Then,
find the values of x that would give a zero in
each bracket.

X
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Third method: Use the quadratic formula with
a=—-2,b=14,andc = —24.
16.

X h=2x+6

¥ [

————y = 54 — 3x—b

Let x be one side of the triangle, y be another
side of the triangle, and & be the hypotenuse of
the triangle. From the description of the trian-
gle, h = 2x + 6. I also know that the perimeter
is 60 and so x + y + h = 60. Substitute % in the
equation and simplify.
x+y+ (2x +6) =60

x+y+2x+6=60

3x+y+6=60

Solve for y.
y=60—-3x—6
y =54 - 3x

Now, / and y are in terms of x.
Substitute & and y in the Pythagorean theorem
and solve for x.
x4yt =h
x2 4 (54 — 3x)* = (2x + 6)?
x* + 2916 — 162x — 162x + 9x?
=4x* + 12x + 12x + 36
10x? — 324x + 2916 = 4x? + 24x + 36
6x> — 348x + 2880 = 0
x* — 58x + 480 =0
(x —10)(x — 48) =0
x—10=00rx —48=0
x=10o0rx = 48
If 48 is substituted for x in the equation for A,
then h = 2(48) + 6 = 96 + 6 = 102. This is
not possible because the hypotenuse length
would be longer than the entire perimeter.
If 10 is substituted for x in the equation for A,
then k = 2(10) + 6 = 20 + 6 = 26.
If 10 is substituted for x in the equation for y,
then y = 54 — 3(10) = 54 — 30 = 24.
The lengths of the sides of the triangle are
10 cm, 24 cm, and 26 cm.
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1
x+1
To find the zeros, set the function f{x) equal to
zero and solve for x.

17.f(x) =3x — 1 +

=3x—1+ 1
x+1
Ox+1)=3x(x+1)—1(x+1)
+x+1(x+1)
0=3*+3x~-x—-1+1
0=3x*+2x
0=x(3x+2)

x=0o0r3x+2=0
x=0o0r3x= -2

2
=0orx =—7
X X 3
. 2
The zeros of the function are x = 0 orx = —

3x2 -5
=3(x — 0+ (=5)
Therefore, the vertex is (0, —5).
Since a < 0, the parabola opens up.
Since a < 0 and the vertex is below the x-axis,
there are 2 zeros.
b) f(x) = —4x* + 7

=—4(x -0 +7
Therefore, the vertex is (0, 7).
Since a > 0, the parabola opens down.
Since a > 0 and the vertex is above the x-axis,
there are 2 zeros.
o) f(x) =5x* + 3
=5(x—0)7+3

Therefore, the vertex is (0, 3).
Since a > 0, the parabola opens up.
Since a > 0 and the vertex is above the x-axis,
there are no zeros.
d) f(x) = 3(x + 2)?
The vertex is (—2, 0).
Since a > 0, the parabola opens up.

1. a) f(x)

Since the vertex is on the x-axis, there is 1 zero.

e)f(x) = —4(x +3)* -5

The vertex is (—3, —5).

Since a < 0, the parabola opens down.

Since @ < 0 and the vertex is below the x-axis,
there are no zeros.
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g.

£) f(x) =05(x —4)? — 2
The vertex is (4, —2).
Since a > 0, the parabola opens up.
Since a > 0 and the vertex is below the x-axis,
there are 2 zeros.
2.a)f(x) =x*—6x — 16
= (x ~ 8)(x +2)
This function has 2 zeros.
b) f(x) = 2x* — 6x
= 2x(x — 3)
This function has 2 zeros.
¢ flx) =4x* — 1
=(2x—-1)2x + 1)
This function has 2 zeros.
d) f(x) =9x* 4+ 6x + 1
=Bx+1)(Bx+1)
This function has 1 zero.
3.a) f(x) =2 — 6x — 7
b? — dac = (—6)* — 4(2)(—7)
=36 + 56
= 92
Since the discriminant is greater than zero, there
are 2 zeros.
b) f(x)=3x*+2x+7
b* — 4ac = (2)* — 4(3)(7)
=4 — 84
= —8&80
Since the discriminant is less than zero, there
are no zeros.
¢) flx)=x*+8+16
b* — dac = (8)* — 4(1)(16)
=64 — 64
= {
Since the discriminant is zero, there is 1 zero.
d) f(x) =9x* — 14.4x + 5.76
b — dac = (—14.4)* — 4(9)(5.76)
= 207.36 — 207.36
=0
Since the discriminant is zero, there 1s 1 zero.
4.3) f(x) = —3(x -2+ 4
The vertex 1s (2, 4).
Since a < 0 and the vertex is above the x-axis,
there are 2 zeros.
b) f(x) = 5(x — 3)(x + 4)
This function is already factored.
This function has 2 zeros.
) f(x) = 4x* — 2x
=2x(2x — 1)
This function has 2 zeros.
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d f(x)=3*-x+5
b* — dac = (—1)* — 4(3)(5)

=1-60

= —59
Since the discriminant is less than zero, there
are no zeros.
5. a) At a break-even point, the profit is zero.
Hence, P(x) = 0.

P(x) = —2.1x* + 9.06x — 5.4
0= —21x* + 9.06x — 5.4

b* — 4ac = (9.06)* — 4(—2.1)(—5.4)

= §2.0836 — 45.36

= 36.7236
Since the discriminant is greater than zero,
there are 2 zeros for this function. Therefore, it
is possible for the company to break even in
2 ways.
b) At a break-even point, the profit is zero.
Hence, P(x) = 0.

P(x) = —03x* + 2x — 7.8

0= —03x+2x — 78
b — dac = (2)* — 4(—0.3)(—7.8)
=4-936
= —5.36

Since the discriminant is less than zero, there
are no zeros.
Therefore, it is not possible for the company to
break even.
¢) At a break-even point, the profit is zero.
Hence, P(x) = 0.

P(x) = —2x* + 6.4x — 5.12

0=—2x*+ 64x — 5.12

b* — dac = (6.4)* — 4(—2)(—5.12)
= 40.96 — 40.96
=0

Since the discriminant is zero, there is 1 zero.
Therefore, it is possible for the company to
break even in 1 way.
d) At a break-even point, the profit is zero.
Hence, P(x) = 0.
P(x) = —24x* + x — 12
0= 24 +x—-12
b* — dac = (1)* — 4(—2.4)(-1.2)
=1-1152
= —1052
Since the discriminant is less than zero, there
are no zeros.
Therefore, it is not possible for the company to
break even.
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6.f(x)=3x"—dx + k

The function will have one x-intercept when the
discriminant is zero. Hence, set b* — 4ac equal
to zero, substitute values for g, b, and ¢, and
solve for k.

0 = b* — dac
0= (—4) — 4(3)(k)
0=16 — 12k
12k = 16
16
k=13
4
k=—
3

The function will have one x-intercept when
_ 4
=3
7.f(x) = kx* — 4x + k
The function will have no zeros when the
discriminant is less than zero.

b* — dac <0
(—4)2 — 4(k) (k) < 0
16 — 4k* < 0
16 < 4k*
4 < k?
K >4

k>2o0rk < -2
The function will have no zeros when k > 2
ork < —2.
8.f(x)=3x"+4x+ k=0
The function will have no zeros when th
discriminant is less than zero.
b? — 4ac >0
(4 — 4(3)(k) >0
16 —~ 12k >0
16 > 12k
12k < 16
k < B
4

k< —
3

The function will have no zeros when k < f;—

The function will have one zero when the
discriminant is equal to zero.

b* — 4ac =0
(47 —43)(k) =0
16 —12k=0

16 = 12k
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12k = 16
_ 16
12
4
k==
3

4
The function will have one zero when k = 5

The function will have two zeros when the
discriminant is greater than zero.
b? — 4ac >0
(4 —4(3)(k) >0
16 — 12k >0
16 > 12k
12k < 16

16
<_.....
k 12

4
k< —
3

The function will have two zeros when k < —;:
9. f(x) =x*—kx + k + 8
Since the function touches the x-axis at one
point, the discriminant is equal to zero.
b* — dac =0
(—k)? —4(1)(k+8)=0
K —4(k+8)=0
kK — 4k —32=0
(k—8)(k-4)=0
k—&=00rk+4=0
k=8ork=—-4
The possible values of k are 8 and —4.
10. Set n? + 25 equal to —8n and solve for n to
see if there are any solutions.
n*+25=—8n
n*+8n+25= -8+ 8n
n+ 81 +25=0
b* — dac = (8)* — 4(1)(25)
=64 — 100
= —36
Since the discriminant is less than zero, the
function has no zeros and hence no values
of n for which the equation 1s true.
Therefore, it is not possible for n* + 25
to equal —8n.
11. Answers may vary.
a)y = —2(x + 1)(x +2)
byy=2x*+1
y=—2(x—2)
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12. The income is the price times the number of
items sold. In this case, it is p(x) times x which
is —4x? + 42.5x. To find the break even quanti-
ties for each machine, set the profit equal to a
machine and solve for x.

Machine A: —4x? + 42.5x = 4.1x + 92.16

0 = 4x* — 38.4x + 92.16

Using the quadratic formula with

a=4,b = —384, and c = 92.16:

Lo o(=38) - V(=38.4)2 — 4(4)(92.16)

2(4)
L o384z \V/1474.56 — 1474.56
8
384 = V0
X = e
8
384
8
=48

Machine B: —4x? + 42.5x = 17.9x + 19.36
0 = 4x* — 24.6x + 19.36

Using the quadratic formula with

a=4,b = —246,and ¢ = 19.36:

—(—24.6) =V (—24.6)2 — 4(4)(19.36)

2(4)
246 + \V/605.16 — 309.76
x ==
8
246 + \/295.4
B
8
246 + 17.187
X T m——m—
8
246+ 17.187 246 — 17.187
X = e O X T e
8 8
LoAusr 7413
8 8

x=520rx =093

The first break-even point is when x = 0.93.
Machine C: —4x? + 42.5x = 8.8x + 55.4
0=4x* —337x + 554

Using the quadratic formula with
a=4,b=—337and ¢ = 55.4:

Lo D(=3B = V(—33.7)2 — 4(4)(55.4)

2(4)
337 + V1135.69 — 886.4
X = 8
EEENE: /24929

8
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2337157889

8
3377 + 15.77889
x = -0
8
- 337 — 15.7889
X = ————
8
= 49,4889 or x = 179111
8 8

x=62o0rx =22
The first break-even point is when x = 2.2.
Since Machine B has the earliest break-even
point, it is recommended to the company.
13. f(x) = 3x?
The vertex of the function is on the x-axis and
the function has 1 zero.
a) The vertex is still on the x-axis. There is no
effect.
b) The vertex is still on the x-axis. There is no
effect.
¢) The vertex is still on the x-axis and even
though the function is now opening downward,
there is still 1 zero. There is no effect.
d) The vertex is now below the x-axis and the
function is opening upward. It now has 2 zeros.
e) The vertex is now above the x-axis and the
function is opening upward. It now has no
Zeros.
f) The vertex is now above the x-axis and the
function is opening downward. It now has
2 zeros.
14. Points of intersection between two equa-
tions are found by setting the equations equal
to each other.
f(x) = g(x)
X =6x+14=—x*~20x — k
2+ l4x + 14+ k=0
If there is exactly one point of intersection, then
the discriminant is equal to 0. Therefore, set the
discriminant equal to 0 and solve for k.
b* — 4ac =0
(14 = 4(2)(14 + k) =0
196 -~ 8(14 + k) =0
196 — 112 - 8k = 0

84 — 8k =0
84 = 8k
105 =k

There is exactly one point of intersection
between the two parabolas when k& = 10.5.
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15. f(x) = —(x — 3)(3x + 1) + 4 is a vertical
translation of 4 units up of the function
g(x) = —(x — 3)(3x + 1). The function g(x)
opens down and has 2 zeros. Translating this
function 4 units up will have no effect on the
number of zeros, so f{x) has 2 zeros.
In particular, fix) has a vertex above the x-axis
with g < 0 and hence 2 zeros.
16. a) If the vertex is above the x-axis, the
function will have 2 zeros if it opens down and
no zeros if it opens up. If the vertex is below the
x-axis, there will be 2 zeros if the function
opens up and no zeros if it opens down. If the
vertex is on the x-axis, there is only 1 zero.
b) If the linear factors are equal or multiples of
each other, there is 1 zero; otherwise, there are
2 zeros.
¢) If possible, factor and determine the number
of zeros as in part b). If not, use the value of
b?* — 4ac. If b*> — 4ac > 0, there are 2 zeros,
if b* — 4ac = 0, 1 zero, and if b* — 4ac < 0,
no Zeros.
17. (x> = Dk = (x — 1)?
kx> —k=x>—-x—-x+1
P —k=x*-2x+1
O=x>—kxX*-2x+1+k
0=x*(1 —k)—2x+ (1+k)
The ~quation will have one solution when the
discr. ainant is equal to zero.
b* — 4ac =0
(=2 -4(1 - k)1 +k)=0
4-4(1-kK)=0

44442 =0
4k2 =0
=0
k=0

Therefore, the function will have one solution
when k = 0.
18.f(x)=(k+ 1)x* +2kx + k — 1
The function will have no zeros when the
discriminant is less than zero.
b? — 4ac <0
2k —4(k+ )(k-1)<0
4k — 4(k* - 1) <0
4> — 4k* + 4 <0
4 < Q
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This inequality is never true. Hence, there
are no values of k such that the function has
no Zeros.
The function will have one zero when the
discriminant is equal to zero.
b* — 4ac =0
kY — 4k + )(k—-1)=0
A -4k -1) =0
4k* — 4k +4 =0
4=0
This equality is never true. Hence, there are no
values of k such that the function has 1 zero.
The function will have two zeros when the
discriminant is greater than zero.
b* — dac >0
2k — 4k +1)(k—-1)>0
4k* - 4(k* - 1) >0
4k* — 4> + 4 >0

4>90
This inequality is always true. Hence, for all
values of k the function will have 2 zeros.

L. f(x) = a(x = 3)(x + 4)
Any two parabolas in this family will have
zerosatx = 3and x = —4.
2. The two parabolas f(x) and g(x) are similar
in that they both have the same vertex of
(2, —4). However, f(x) opens downward and
g(x) opens upward. Furthermore, the two
parabolas are stretched vertically by different
factors.
3. At the point where x = 0 (the y-intercept),
both parabolas have a y value of —7. This can
be seen by substituting 0 for x and solving for
f(x) and g(x). This means that both parabolas
have a y-intercept at the point (0, —7).
4. Start with a quadratic function in factored
form.
Jf(x) =alx = r)(x =)
Substitute the zeros and then substitute the
values of x and f(x) from the given point to
find the value of a.
a) fx) = alx = (=4))(x = (3))
fx) =a(x + 4)(x = 3)

=qg(2 +4)(2-3)
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7=a(6)(—1)
7= —~6a
7

—— =g

6
) = ~(x + ) - 3)

b) f(x) = a(x — (0))(x — (8))
flx) = a(x)(x = 8)
—6 =a(-3)(=3 - 8)
—6 = a(—3)(—11)
-6 = a(33)
6 _
33

() = ~zx(x = 8)
0 ) = alx = (V7)) (x - (-V7))
fx) = a(x - \ﬁ)(x + \/:/)
flx) = a(x2 +Vx = \V7x - (\/’7)(\/’7))
fx) =alx*=7)

a

=a((=5)-7)
=a(25-7)
= a(18)

3 _

18 “

1

6 =

) = 202 = 7)
d) f(x) =a(x - (1 -V2))(x - (1 +V2))
100 =l = x(1+ V2) ~x(1 - V2)
+(1-v2)(1+V2))
f(x):a(x2~x—\/§—x+\/§
+(1+V2-V2-V4))

f(x) =a(x*—-2x+ (1 =2))
fx) = a(x* —2x = 1)
=a((2 -2(2)- 1)
=a(4-4-1)
=a(-1)
~4=q

fx) = —4(x* - 2x = 1)
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5. Start with a quadratic function in vertex
form. f(x) = a(x — h)* + k
Substitute the vertex point and then substitute
the values of x and f(x) from the given point
to find the value of a.
a) f(x) = a(x = (=2))* + (5)

f(x) =al(x+27*+5

~8=a(4+2+5

~8=a(6) +5
—13 = 364

13

36 ¢

flx) = —-%(x +2P2+5

b) f(x) = a(x = (1))’ + (6)
fx) =a(x—1)*+6
~-7=a(0—-1)+6
-7=a(~-1)*+6
-13=gq
fx)=-13(x —1)*+ 6
O f(x) = alx = (4)) + (=5)
f(x) =a(x —4)" =5
—-3=a(-1-4)?2-5

-3 =a(-5)*-5
= 25a

2 _

25

f) = 5=(x = 47 = 5

d) f(x) = a(x = (4)) + (0)
flx) = a(x —4)’

8 = a(11 — 4)?
8 = a(7)

8 = 49q

8 _

49

_8
f) = 15 x = 4)
6. f(2) = 3 means when x = 2, then y = 3.
f(x) =ax>—6x — 7
3=a(2” -6(2)-7

3=4g—-12 -7
= 4q ~ 19

22 = 4q

22

4—a
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=a

wt:

fx) = %—x2 —~6x =7
7. a)-¢)
h{x}) = 3{x - 2}{x + 6)
/
40

&) ==2{x = 2)(x + 6)

8. Start with a quadratic function in factored

form. f(x) = a(x — r)(x — )

Substitute the x-intercepts (zeros) and then

substitute the values of x and f{x) from the

given point to find the value of a.

f(x) = alx = (4))(x ~ (-4))

fx) =a(x = 4)(x + 4)
6=a(3—-4)(3+4)

6 =a(—1)(7)
6 =—Ta

6 _

7 =g

1) = =2(x = 4)(x + 4)

9. Start with a quadratic function in factored
form.

fix) =a(x —r)(x —s)

Substitute the zeros and then substitute the
values of x and f(x) from the given point to find
the value of a.

109 =als - (2 +V3) - @ - V)

flx) = a(x2 - x(2 - \/5) - x(Z + \/g)
+(2+V3)(2 -V3))

f(x):a(x3~2x+x\/_—~2x”x\/§
+(4 - 2v3+ 2v/3 -\0))
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f(x) =a(x* —4x + (4 - 3))

fx) =a(x* = 4x + 1)
5=a((—4)? -4(-4)+1)
5=a(l6+ 16+ 1)

5=a(33)
s,
33

flx) = :?—(x2 - 4x + 1)
33

10. This problem is similar to Example 3. If

the edge of the tunnel is at the origin, then one

of the zeros is 0. If the tunnel is 12 m wide,

then the other zero is (12, 0). Now, write the

equation in factored form.

h=ax(x — 12)

The height of the arch 4 m from the left edge

is 6 m. Hence, when x = 4, h = 6. This is

the point (4, 6). Substitute this point into the

equation and solve for a.

= a(4)(4 - 12)
6 =a(4)(—8)
6 = —32a
6 _
32
3 p—
16 ¢

3
h= ~-1—-6—x(x - 12)

Substitute the given height, A, of 5 m in the
equation and solve for x.

3
5= *i—gx(x - 12)

80 = —3x(x — 12)
80 = —3x* + 36x
0= —3x* + 36x — 80
‘Using the quadratic formula with
a=—3,b=236andc = —80:

_ —(36) £ V(36)2 — 4(=3)(=80)

2(=3)
—36 = V1296 — 960
x prg
~6
—36 = /336
X = e
~6
Lo 361833
-6
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. —36 + 18.33 . =36 — 1833
X & o =
. ~17.67 . —5433
X = 6 or x = P

x =29 orx =905

These are the zeros at a height of 5 m. Hence, at
a height of 5 m the bridge is (9.05 — 2.94) =
6.11 m wide. Therefore, a truck that is 5 m tall
and 3.5 m wide can pass through the tunnel.
11.a), b)

B,
50
1S
E 40- / \\
= A4 B \
g 30 I/ ; \\
20 /
10
E ; ¢
O T i H H T ¥ H I\
o 1 2 3 4 5 6
Time (s)

¢) The vertex is at (3, 56).
Use the quadratic equation in vertex form.
h(t)y =a(t— h) +k
h(t) = a(t — 3)* + 56
Now, choose another point on the parabola,
Substitute the values in, and solve for a. (6, 11)
is a point on the parabola.
11 = a(6 — 3)* + 56
11 = a(3)* + 56
—~45 = Oa
—5=a
h(t) = =5(t = 3)* + 56
12. a), b)

6 h

Jd /N

E

et 1 /
w3

)

T

J/
2_,,]
/
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¢) The vertex is at (1, 5).

Use the quadratic equation in vertex form.

h(t) =a(t — h? + k

h(t) =a(t -1 +5

Now, choose another point on the parabola,

substitute the values in, and solve for a. (2, 0)

is a point on the parabola.
0=a(2-17°+5
0=a(1)7+5

-5=a

h(t) = =5(t—1)*+5

h(t)y==5(F —t—t+1)+5

h(t) = =52 -2t+1)+5

h(t) = =52 +10t =5+ 5

h(t) = =5 + 10t

13. a)
5007
4 /"“t\
= 400 e h
S, 300 - By
oy . d
T A
+ 200 /
>
100 - /
7 X
O ¥ T H ¥ l ]
05 1 1.5 2
Amount of Water (ham)

b) The vertex is at approximately (1.35, 442).
¢) Use the quadratic equation in vertex form.
f(x)=alx —h)?+k
Now, choose another point on the parabola, sub-
stitute the values in, and solve for a. (0.60, 198)
is a point on the parabola.

198 = a(0.60 — 1.35)* + 442

198 = a(—0.75)> + 442

—244 = 0.5625a
—244
05625 °
—43378 = a

f(x) = —433.78(x — 1.35)* + 442
14. By looking at the graph, one can see that
the function is quadratic, the vertex is at
(=2, 3), and there are two zeros at x = —1
and x = —3. An equation of the quadratic
function in factored form is:
f(x) =alx = r)(x —s)
f(x) =alx = (=1))(x = (=3))
fx) =a(x + 1)(x + 3)

Substitute the given point (—4, —9) in the
equation for x and f{x) and solve for a.
-9 =a(-4+1)(—4+3)

-9 = a(=3)(-1)
-9 = 3q
-3=a

fx) = =3(x+ 1)(x + 3)
15. Sample response:

Definition: Characteristics:
A group of parabolas Family may share
with a common Zeros, a vertex,
characteristic or a y-intercept

Families of
Examples: Parabolas | Nop_examples:
fx) =% flx) =2(x =3y +1
g(x) = —2x2 g(x)=2(x+ 1% -3
h(x) = 5x°
p(x) =32 —x+5
g(x) = —4x* + 3x + 5

16. This problem is similar to Example 3. If the
edge of the bridge is at the origin, then one of
the zeros is x = 0. If the tunnel is 40 m wide,
then the other zero is x = 40. Now, write the
equation in factored form.
h=a(x—r)(x —ys)
h=a(x —0)(x — 40)
h = ax(x — 40)
Substitute the given point (5, 8) into the equa-
tion for x and f(x) and solve for a.

8 = a(5)(5 - 40)

8 = 5a(—35)
8 = —175a
8 _
175 ¢
—0.0457 = q

h = —~0.0457x(x — 40)

The height of the bridge is wanted at 12 m in
from the outside edge. Substitute 12 in for x and
solve for h.
h = —0.0457(12)(12 — 40)
h = —0.5484(~28)

= 1536
Therefore, the height of the bridge 12 m in from
the outside edge is 15.36 m.
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17. Substitute the given point (3, 6) into the
equation for x and flx) and solve for a.

f(x) =alx +3)(x — 1)(x - 5)

6=a(3+3)3-1)(3~-5) Iy
6 = a(6)(2)(-2) %gﬁer’s&ction s
6 = —24a

— =g ",
4 , fintersection | \‘
flx) = ’”Z(x +3)(x — )(x = 5) ¢) Graph both functions on a graphing
calculator.
" Vi BCRoTa e ]
- o 1 N +
Pp. 198-199
1. a) Graph both functions on a graphing \::i;:
calculator. 3 &
=
Floks Flekz
:;,’1 Eﬁi ‘ Adjust the window, and notice that there are
w::;5: no points of intersection.
y=
o= \ \‘ ,l',
Yg= J
Vi !
Adjust the window, and use the intersection
operation to locate the points (3,9) and (—2, 4).
T}ﬁ%x?ﬂz FIets 2. 2) £00) )
1 .a x) = g(x
Vi —x? 4 6x—5=—4x + 19
ﬁ;: 0=x*—4dx —6x+19+5
ﬁif 0=x*—10x + 24
NEE 0=(x—4)(x - 6)

x=4orx =6
Substitute 4 and 6 back into one of the
equations to find the y-coordinates.
gx) = —4x + 19
g(x) = —4(4) + 19
glx)=—-16 + 19

5{,

<
Intersection
P&

b) Graph both functions on a graphing

(x) =3
calculator. %thn x = 4, g(x) = 3. Hence, one point
ofl Flole Flotz . . .

ViB-ZHE+T of intersection is (4, 3).

W g(x) = —4(6) + 19

iz ¢(x) = —24 + 19

Yg= glx) = -5

Loz When x = 6, g(x) = — 5. Hence, another point
Adjust the window, and use the intersection of intersection is (6, —5).
operation to locate the points (0, 3 and b) f(x) = g(x)
(—0.25,2.875. 2x*—=1=3x+1

22X -3x—2=0
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Using the quadratic formula with
a=2,b=—3andc= —-2:

Lo (=3 = VI(=3) - 4(20)(=2)

2(2)
3=V +16
t 4

3 +125
YT,

3+5
X = 7

345 35
X = 7 orxz—z

8 2
xzzorxzz

_ 1
x—~20rx—§

1
Substitute 2 and —2- back into one of the

equations to find the y-coordinates.

glx)=3x+1
glx)=3(2)+1
glx)y=6+1
glx) =7

When x = 2, g(x) = 7. Hence, one point of
intersection is (2, 7).

glx) = 3(—__51—) +1

=22
=1

1 1
When x = > glx) = Y Hence, another

. . L 1 1
point of intersectionis | —=, —— |.

27 2

O fx) =gx)
A -2x—-1=-x—-6

3 —x+5=0
Calculate the value of the discriminant.

b ~ 4ac
= (=1)* = 4(3)(5)
=1-60
= —-59
Since the value of the discriminant is less than
zero, there are no real solutions and hence no
points of intersection.

3-46

3. f(x) = g(x)

4P+ x—-3=5—-4
4 —4x+1=0
Calculate the value of the discriminant.
b* — dac
(=4 —4(4)(1)
= 16 — 16
=0
Since the value of the discriminant is equal to
zero, there is one solution and hence one point
of intersection.
4. a) flx) = glx)

~2x* = 5x +20=6x — 1

0=2x"+11x - 21

Using the quadratic formula with
a=2b=11andc = —21:

_—(1) *V(A1)2 - 4(2)(=21)

i

2(2)
11 V121 + 168
T 4
~11 = V289
o 4
_—11 17
YT T,
11 + 17 11 - 17
X = 4 orx = 4
c=0, -2
4 4

3
x=50rx=-—7

Substitute —;— and —7 back into one of the

equations to find the y-coordinates.

glx) =6x -1
glx) = 6(—;—) -1
glx)=9-1
gx) =8

3
When x = > g(x) = 8. Hence, one point
. . . (3
of intersection is (5’ 8).

glx) =6(-7) -1

glx)y=—42 -1

glx) = —43

When x = —7, g(x) = —43. Hence, another
point of intersection is (—7, —43).
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b) Graph both functions on a graphing
calculator.

FIofl Figtc FIOEF
YiEIRE-2
Ve ER+7

Y=
Adjust the window, and use the intersection

operation to locate the points (1.91, 8.91) and
(—1.57,5.43).

-

-
P

r
Intevs-z-:ti;:-n
FESELILL TR

A

|

P

Intersaction
PR ek 1

c) flx) = g(x)
5 +x—2=-3x~6
Sx* +4x + 4=0
Calculate the value of the discriminant.
b? — 4ac
= (4 = 4(5)(4)
= 16 — 80
= ~64
Since the value of the discriminant is less than
zero, there are no real solutions and hence no
points of intersection.
d) flx) = g(x)
—4x* = 2x +3=5x+ 4
0=4x>+7x + 1
Using the quadratic formula with
a=4,b="T7 andc = 1:
(=R = 4@
2(4)
49 —- 16
8
~7+V33
8
. =7 £ 57446

8
=T +57446 =7 = 57446

X F= mmmmmmmmm— O X =

8 8

YSE MoEEdEg

-7 %

x:
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. —1.2554 L —12.7446
XE s —
x=-0l6orx=-159
Substitute —0.16 and —1.59 back into one of
the equations to find the y-coordinates.
glx) =5x + 4
g(x) = 5(—0.16) + 4
glx)y=-08 + 4
glx) =32
When x = —0.16, g(x) = 3.2. Hence, one
point of intersection is (—0.16, 3.2).
g(x) = 5(—159) + 4
glx) =~-795+4
glx)y = -3.95
When x = —~1.59, g(x) = —3.95. Hence,
another point of intersection is
(—1.59, —3.95).
5. Let x be the first integer. Also, let y be the
second integer.
=24y
2x =1+ y?
Solve these equations by substituting one
equation into the other and finding x and y.
2x =1+ y?
224+ y) =1+
4+y=1+)y
0=y"—y-3
0=(0-3)+1
y=3o0ry=—1
Ify=3,thenx =2 + 3 =5,
Ity =—-1,thenx =2 + (-1) = 1.
Therefore, the two integers can be 5 and 3
or 1 and —1.
6. R(1) = C(¥)
—507 + 300 = 600 — 50t
0 = 507 — 350r + 600
Using the quadratic formula with
= 50, b = —350, and ¢ = 600:
_ —(=350) = V/(=350)2 — 4(50)(600)
= 2(50)
350 = V122500 — 120 000
= 100
350 = V2500
T 100
350 £ 50
-~ 100
350 + 50 350 - 50
TT100 "7 100
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_ 400
"= To0
t=4 ort =23
Production will break even when the ticket
price is $3.00 or $4.00.

7.2) R

“\
N
I
N
h-.i"'

%
-1-20Ng A
L
y=—4x-6
b)y=—~4x — 6
y=—4x +1
y=—4x +5
¢) They all have y-intercepts that are less than 1.
8. fx) = g(x)
2% - 5x+3=3x+k
2> -8 +3—-k=0
Set the value of the discriminant equal to 0 and
solve for k.
b* — 4ac =0
(-8 - 4B - k) =0
64 -8383~k)=0
64 —24 + 8k =0
40 = -8k
~-5=k
9. flx) = g(x)
-3 —x+4=4x+k
0=3"+5x+k—-4
Set the value of the discriminant as less than 0O
and solve for k.
b* — 4ac <0
(5 —43)k—4) <0
25 - 12(k —4) <0
25 — 12k + 48 <0
73 < 12k
73

— < k
12

k

73
> pRe—
12
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10. This problem is similar to Example 1. One
method is to graph both functions on a graphing
calculator.

& bl L
WS E -G, SR EE
'.$§§"4>=.'+142
Ly =
St
g

Adjust the window, and use the intersection
operation to locate the point (7.20, 113).

Intersection
- S

That means that the daredevil released his
parachute 7.20 s after jumping.
11. The line will be tangent to the parabola when
it intersects the parabola in only one spot. Set the
two equations equal to each other and then set
the discriminant equal to 0 and solve for m.
flx) = g(x)
3 +4x —2=mx -5
3P+ dx—mx+3=0
3+ (4 -mx+3=0
b* — dac =0
(4-m)P—-43)3) =0
16— 4m — 4m + m*> =36 =0
m* —8m — 20 =0
(m—-10)(m +2) =20
m=10orm = —2
Therefore, the line will be tangent to the
parabola when the slope of the line is 10 or —2.
12. Set () and g(t) equal to each other and
solve for 1.
h(r) = g(1)
~4.9¢ + 18.24t + 0.8 = —1.43t + 4.26
0 = 4.9 — 19.67t + 3.46
Using the quadratic formula with
a=49>5b = —19.67, and ¢ = 3.46:

o —(=1967) = V/(=19.67)2 — 4(4.9)(3.46)

2(4.9)
19.67 + \V/386.9089 — 67.816
[ fwnd
9.8

g CX V/319.0929

B 9.8

_ 19.67 = 17.863

9.8
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1967 +17.863 19.67 — 17.863
- 9.8 - 9.8
37533 - 1.807

T 98 T Tog

t=383orr=0.18
Because of the context of the problem, 0.18
is the wanted time.
Substitute this value back into the function for
the blocker’s hand and solve for the height, g(1).
gty = —1.43r + 426
g(r) = —1.43(0.18) + 4.26
g(t) = —0.2574 + 4.26
g(t) = 4.0
‘Therefore, the blocker can knock down the punt
0.18 s after the kick at the point (0.18, 4.0).
13. One way to determine the number of points
of intersection is to graph the two functions and
count the points of intersection. Another
method is to calculate the value of the
discriminant. If b> — 4ac > 0, there are two
points of intersection. If b?> — 4ac = 0, there is
one point of intersection. If > — 4ac < 0, there
are no points of intersection.
14.2x +3y +6=0
3y =—-6—2x
Substitute this into the other equation and solve
for x.
=2+ (-6=2x)+6=0
X =2 =6-2x+6=0
X =4x =0
x(x—-4)=20
x=0o0orx =4
Now, find the values of y whenx = 0 and x = 4
by substituting them back into one of the origi-
nal equations.
200) +3y+6=0
3y = ~6
y = =2
One point of intersection is (0, —2).
24y + 3y + 6 =0

8+3y+6=0
14 + 3y =0
3y = ~14
14
Y73

. . Lo 14
Another point of intersection is (4, —--;—>.
>
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15. Zero points of intersection:

A YE

¥ ¥
One point of intersection:

~8 —4

6
1)
\\ X
i O/ ] H \ i
2,] 2 4%
B2 ¥
BENR ARy
,,,...' M‘ o ‘) .
4 /(20 4
—a \
1\
W ¥
Two points of intersection:
X 6 :
2
Py /PR
WV W
16. fx) = g(x)

XX —4=-3x+2x+8
4x? - 2x — 12 =0
2x -=4)2x+3)=0
2x = 4or2x = —3

=20rx = ~—2-
fx) = (2 - 4
fix)y=4-4
fix) =0

When x = 2, f(x) = 0. One point of intersection
is (2, 0).

flx) = (-—%)2 -4
fW=3-7
f) =~
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7
When x = -—%, flx) = T Another point

_3 _Z)
2 "a)

These points are 2 points on the line of
intersection of the two parabolas. Use these
points to calculate slope, y-intercept, and an
equation.

of intersection is (

Y2 TN
slope = P

(3
slope = S . 74

3
()
7

slope = 4

4 3

2132

7
slope = 4

7

2

702
slope = 17
2

slope = 2
slope = 1

2

Use the point (2, 0) and rise over run to
determine that another point is 1 down and 2
left of (2, 0). This is the point (0 —1). This is
the y-intercept. Hence, an equation of the line
that passes through the points of intersection of

. .. 1
the two quadratic functions is y = 5%~ 1.

Lf(x)=—(x-2+5

a) This quadratic is in vertex form. So the
vertex is (2, 5). Also, since a is negative, the
parabola will open down. Since the vertex is
(2, 5), the axis of symmetry is x = 2.

b) The domain of f(x) is all real numbers,

{x e R}. Since the parabola opens down and
the vertex is (2, 5), f{x) has maximum value 5.
So the range of f(x) is{y  Rly = 5}.

3-50

¢) Since
f(0y=-4+5
=1
the point (0, 1) is on the graph. So, since the
vertex is (2, 5), I can now graph the parabola.

flx)==3(x—2)2+5

-8

S ;

0
—4

-8 2\
N ¥
2.f(x) =4(x — 2)(x + 6)

a) This quadratic is in factored form. Since a is
positive, this parabola will open up. The zeros
arex = 2andx = —6.

-
o

\4
\

/

b) Since the zeros are x = 2 and x = —6, the
axis of symmetry is
_2-6
T
= -2
So since
f(=2) =4(-2~-2)(-2+6)
= 4(—4)(4)
= —64

the vertex is (—2, —64).

¢) The parabola opens up, and has vertex

(=2, —64), so f(x) has minimum value —64.
So the domain of f(x) is {x e R}, and the range
is{y € Rly = —64}.

d) Since I have vertex (=2, —64), and the
x-intercepts are (2, 0) and (=6, 0), I can now
graph the parabola.

f{x)=4{x-2)(x+6)

/\ Y;I\v

A-4-20
a4
\ —40
l N /]

3. Since the points (—5, 3) and (3, 3) are
equidistant from, and on opposite sides of, the
vertex, I can average the x-coordinates to get
the axis of symmetry.

_=5+3
)
-1
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4. a) f(x) = —3(x — 4)* + 7: this quadratic is
in vertex form, so has vertex (4, 7). Since a is
negative, the parabola opens down, so the
y-coordinate of the vertex, 7, is a maximum
value for this quadratic, and it occurs at x = 4.
b) f(x) = 4x(x + 6): this quadratic is in

factored form, and has zeros x = Oand x = —6.

So the axis of symmetry is
_0-6
T
= -3
So since
f(=3)=4(=3)(=3 +6)
=4(-3)(3)
= -36
the vertex of this quadratic is (—3, —36). Since
a is positive, this means that f{x) has a mini-
mum value of —36, and it occurs at x = —3.
5.h(t) = 2 + 28t — 4.9/ the partial factored
form of this quadratic is
h(t) =2 + 28t — 4.97

28
=—491— =) +2
91‘([ 1 9)
; 28
So, since the zeros of —4.91‘(1‘ - Z—C;) aret =0

28
and r = Z-9~, this means that the axis of symmetry

for h(r) is

28

98

=29
So, since a is negative for this quadratic, the
maximum value of A(r) occurs at t = 2.9
seconds after the ball is thrown. The value of
this maximum height is

28 28 \/ 28 28
h(g“é‘) = —49(§“§><9—§ - E) + 2

28 28
= -'4.9(5%)(—‘9“%') + 2

= 42 metres
6. If f(x) = x%, and I set x = y* and solve for y,
I get

y= Vi
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This means that

fi) = £V

Sog(x) = Vx and h(x) = —V/x are the two
branches of the inverse of f(x) = x*.

7. The inverse of a quadratic function is not a
function, because it has two y-values for some
x-values (for if I reflect a parabola across y = x,
the resulting graph will fail the vertical line
test). It can be a function only if the domain of
the original function has been restricted to a
single branch of the parabola.

8. a) I am given the following graph.

)
T y =fx)
3
2191 .
[\ X
,_2_nl 2\4 6 8
-2
4
8
NA v

To get the graph of y = f7'(x), I need to reflect
this graph in the line y = x. So, for instance, the
point (0, —4) on the original graph goes to
(—4,0), the vertex (2, 4) goes to (4, 2), and the
x-intercepts (0.5, 0) and (3.5, 0) go to (0, 0.5)
and (0, 3.5). This is enough information for me
to graph the inverse relation.

y=2+ /4%
45X
y
g
2 ¥
_¢~ -l 0 _I)
4-21 2 4

b) By observing the graph of y = f~1(x) I see
that its domain is {x e Rlx = 4} and its range
is{y € R}.

¢) The inverse relation 1s not a function; it does
not pass the vertical line test (some x-values
have more than one y-value).

9.2) V98 = V49 x V2
=72
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b) —5V32 = =5 x V16 x V2

= -5x4xV2

= —20\/2
¢ 4V12 - 348
—4xVaxV3-3xV16x V3
=4x2xV3-3x4%xV3
=83 - 12\/3
= -4\/3
d (3-2v7)

=(3-2v7)(3 - 2v7)
=3x3-3x2V7
—3x2VT+ 2VT x 2NVT
=9~ 12V7 + 28
=37 — 127
10.Leta = 5,b = 7 and ¢ = 10. Then
_at+b+c
-
54+7+10
B 2
2
T2
=11
So, applying Heron’s formula, a triangle with
sides of length 5, 7 and 10 will have area
A=Vs(s—a)(s — b)(s — c)
=V11(11 - 5)(11 — 7)(11 — 10)
= V11(6)(4)(1)
=V4 X 66
= V4 x V66
= 2V/66 units?

11. If the legs of a right triangle have length

6 cm and 3 cm, then the length of the third side,
or the hypotenuse, can be found using the
Pythagorean theorem. Call the length of the
hypotenuse 4. Then

W =6+ 3
=45
h=\45
=19 x V5
23\/§cm

So to find the perimeter of the triangle, I just
need to add these side lengths together.

3-52

perimeter = 6 + 3 + V5
=(9+3V5)em

12, f(x)=2x*+x-15
0=(2x ~-5)(x+3)
2x —5=00rx+3=0
2x =5o0rx = -3

5
x=§0rx=—3

So, the x-intercepts of the quadratic function are

(%, O) and (—3,0).

13. a) In 2020, ¢ will be (2020 — 2007) = 13.
Substitute # = 13 in to the function and solve
for the population, P(z).
P(1) = 127 + 800t + 40 000
P(r) = 12(13)* + 800(13) + 40 000
P(r) = 2028 + 10400 + 40 000
P(1) = 52 428
The population in 2010 will be 52 428,
b) Substitute 30 000 in for P(¢) and solve for ¢
30 000 = 127 + 800r + 40 000
0 = 12/ + 800¢ + 10 000
Using the quadratic formula with
a =12,b = 800, and ¢ = 10 000:

, — —(800) = V/(800)” — 4(12)(10 000)

2(12)
. _ =800 + 640 000 — 480 000
24
. _ =800 = V160 000
24

_ —800 *+ 400

- 24
,_=800+400 _ —800 — 400

24 24
400 . =1200
24 24

t = —16.67 or t=-50

Now, ¢ is the number of years after 2007. So, I

use —16.67 and round up to —17, because I am
counting in whole years, and find that the year

is 2007 + (—17) = 1990. In 1990 the popula-

tion is 30 000.
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14. X

X

Primeter: x + y + x + y = 400
Perimeter: 2x + 2y = 400
Area: xy = 8000

8000

x
ST
2x* + 16 000 = 400x

2x* — 400x + 16 000 = 0
Using the quadratic formula with
a=2,b= -400, and ¢ = 16 000:
Lo (=400) = V(—400)* — 4(2)(16 000)

Area: y =

2(2)
L 400+ /160 000 — 128 000
4
L = 400 = V/32000
4
L 400 = 1788854
‘ 4
_ 400 + 1788854 400 — 178.8854
X = - 0r X =
4 4
_ 5788854 221.1146
X = —"_”““4 orx = “'——““‘—4

= 144.72 or x = 55.28
These values are the dimensions of the rectan-
gular field. To be sure, substitute these values in
to an equation and solve for y.

xy = 8000
(144.72)y = 8000
y = 5528
When x = 144.72,y = 55.28.
xy = 8000
(55.28)y = 8000
y = 14472

When x = 5528,y = 144.72.
To the nearest tenth of a metre, the dimensions
of the field are 55.3 m by 144.7 m.

15. h(t) = 14t — 57
9 = 141 — 5¢
52— 14r+9=0
b? — dac
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= (—14)* - 4(5)(9)
=196 — 180
=16
Because the value of the discriminant is greater
than zero, there are two roots. The parabola
opens downward and is above the #-axis for
small, positive values of 7. So, at least one of
the roots is positive. Yes, the projectile can
reach a height of 9 m.
16. f(x) = 4x* — 3x + 2kx + 1
f(x) =4x* — (3 - 2k)x + 1
The function will have two zeros when the
value of the discriminant is greater than zero.
b?* — dac > 0
(3 — 2k —4(4)(1) >0
9 — 6k — 6k + 4k* — 16 >0
4k* — 12k —7>0
Using the quadratic formula with
=4,b=-12,andc = —T:

_ —(=12) = V(~12) - 4(A)(=T7)

g 2(4)
k_12i\/144+112
8
12 + V256
k=—r——
8
12 = 16
k =
8
12 + 16 12 - 16
k= 3 ork = 3
k=%§ork=:~fl
8 8
7 1
k-'EOI' k = E

These are the zeros. Now, substitute points to
determine where k& 1s true.
k= -1
4(=17° - 12(=1)-7>0
4 +12-7>90
4+5>0
9>0

1
This is true. So, k < —5.

k=10
4(0)2 - 12(0) - 7>0
0-0~-7>0
-7>0
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.. ; 1
This is never true. So k is not between -'-5

7
d—.
an >
k=4

44 = 12(4)—-7>0
4(16) — 48 —7>0
64 —55>0

9>0

This 1s true. So, k > %

Therefore, the function will have two zeros
1 7
whenk < ——ork > —.
2 2
Now, I must check these values in the original
equation.
1

k=73

f(x) = 4x* = 3x + 2(—%>x +1

f(x)=4x* —3x —x + 1
f(x) =4x* —4dx + 1

b? — dac
= (~4) - 4(4)(1)
=16 — 16
=0
7
k=3

f(x) =4x* — 3x + 26) +1

f(x)=4x* =3x+7x + 1
flx) =4x* + 4x + 1

b? — 4ac
= (47 — 4(4)(1)
=16 - 16
=0
1 7 L. .
So, when k = —3 ork = > the discriminant 1s

zero and the function will have 1 zero. When
k < —% ork > -Z-, the discriminant is positive
and the function will have 2 zeros. When

-% < k< %, the discriminant is negative and

the function will have no zeros.
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17. The break-even points are where P(x) = 0.
P(x)=-2x*+7x+ 8

0=-2x*+7x+38
Using the quadratic formula with
a=-2,b="Tandc=8&

— (D =V (T -4(2)(8)

2(=2)
_ —7+\/49 + 64
= 4
7 = V113
X
741063
T,
LLTH1063 -7 063
3 4
3.63 17.63
x:::-:z-orx—‘—‘——T

x = —091 or x = 4.408

There cannot be a negative number of bikes, so
—0.91 is not accepted.

Since x is the number of dirt bikes produced in
thousands, the break-even point of the function
is when x = 4408 bikes.

18. Start with a quadratic function in factored
form.

fx)=alx = r)(x — )

Substitute the zeros and then substitute the
values of x and f{x) from the given point to find
the value of a.

fx) = alx = (2 + V3))(x ~ (2 - V53))

fx) = a2 = x(2 = V3) = (2 + V3)
+(2+V3)(2 -V3))

f(x)za(x2—2x+x\/§—2x—x\/§
+(4-2v3+2V3 -V9))

f(x) = a(x* — 4x + (4 — 3))

f(x) = a(x* = 4x + 1)
5=a((2)*-4(2) +1)
S5=a(4-8+1)

5=a(-3)
5
3

flx) = *-g' (x* —4x + 1)
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19. The family of parabolas will all have

vertex (—3, —4).

f(x)=a(x +3)* -4
6=a(-2+37-4

6=a(l) -4
6=a-—4
10 =4

f(x) =10(x + 3)* — 4

20. a) Because the arch is symmetric, the point
at which the arch is 15 m high will be at the
center of the arch. So, the vertex of an equation
modeling the design of the arch is (0, 15).
Substitute this point into the vertex form of a
quadratic equation.

flx) =alx —hY? +k

f(x) =a(x —0)?+ 15

f(x) = ax* + 15

Now, since the arch is 6 m wide at a height

of 8 m, points 6 +2 = 3 m to each side of the
origin will be 8 m in height. So, the point (3, §)
is on the graph. Substitute to find the value of a.

8 =a(3)*+ 15
-7 = 9a

7_

9—a

flx) = m%xz + 15

b)

.,

gl \
B8l cngee —uoy

43 \_
Esusaisens vy

Graph the function and use the zero function on
the calculator to find that the x-intercepts are
x = —4.391 and x = 4.391. The distance
between these two points is (4.391 — (—4.391))
= 8.8. This is the length of the base of the

arch. So, the width is 8.8 m.
21. flx) =gx)

2 +4x — 11 = -3x + 4

23+ 7x —15=0
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Using the quadratic formula with
a=2b=7andc= —15:

Lo =D VAP - 4@2)(=15)

2(2)
=7 *xV49 + 120
o 4
_ —7+V169
X=—
_=7*13
T,
-7+ 13 -7 -13
T 4 = 4
6 -20
XZZOI‘)CZT
x=%orx=—5

. . .. (3 1
One point of intersection is > 75 )

glx) = ~-3(-5)+4

gx)y=15+4

g(x) =19

Another point o1 intersection is (-5, 19).
22, h(t) = g(1)

—52 + 200+ 15 =3¢+ 3
0=5Ff—17t - 12
0=(5t+3)(t—4)

5t+3=00rt—-4=90
5t=-3o0rt=4

3
t=-5~ort=4

. 3
A time of —g seconds does not make sense. So,

t = 4 seconds is the only acceptable answer.
Yes, the paintball will hit the baseball at a time,
t, of 4 seconds.

h(t) = —=5(4)* + 20(4) + 15

h(t) = —=5(16) + 80 + 15

h(r)y = —80 + 80 + 15

h(t) =15

The ball will be at a height of 15 m when it is
hit by the paintball.
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23.a) f(x) = g(x)
¥ —6xr+9=-3x-35
¥=3x+14=0
The parabola will intersect the line if the value of
the discriminant is equal to O or greater than O.
b* — dac
= (=3 - 4(1)(14)
=9 —56
= —47
This is not equal to O or greater than 0. So, the
parabola will not intersect the line.
b) Answers will vary.
Change the slope of the line from —3 to 3.
g(x)=3x-5
flx) = g(x)
¥ —6x+9=3x-5
=9 +14=0

b* — 4ac
= (=9)" — 4(1)(14)
=81 — 56
=25

The line will now intersect the parabola in
2 locations because the value of the dis-
criminant is greater than Q.

Chapter

1. f(x) = =5x* + 10x — 5
a)f(x) = =5(x> - 2x + 1)
fx) = =5(x-1Dx-1)
fx) = =5(x — 1)
The vertex is the point (1, 0).
b) The zerois atx = 1.
The axis of symmetry is the line x = 1.
Since a is negative, the function opens down.
¢) Domain: {x € R}
Range: {y e Rly =0}
d)

X
X

T

At

80

f(x)= —5x2+10x-5

2.a)f(x) = —2x* — 8 + 3

Because ¢ = —2 is negative, the function will
have a maximum value. To find the maximum
value, complete the square to get the function
in vertex form.
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b) f(x) = 3(x = 1)(x +5)

Because a is positive, the function will have a
minimum value. To find the minimum value,
average the zeros.

3. a) Choose the vertex form because the vertex
is visible in the equation.

b) Choose the standard form because the
y-intercept is visible in the equation as the value
of c.

¢) Choose the factored form because the zeros
are visible in the equation.

d) Choose the vertex form. Use the x-coordinate
of the vertex.

e) Choose the vertex form. Use the vertex and
direction of opening.

4. x

X

Let x be the length of one side of the field and
v be the length of an adjacent side. So,

Perimeter: x + y + x + y = 2400
Perimeter: 2x + 2y = 2400
Perimeter: x + y = 1200
Perimeter: y = 1200 — x
Let the maximum area be defined by the value A.
A =xy
A = x(1200 - x)
A = x(1200 — x)
The intercepts are x = 0 and x = 1200. To find
the x-coordinate of the vertex, average the two
intercepts.
x-coordinate:
0+ 1200
2
_ 1200
2
= 600
x +y = 1200
(600) + y = 1200
y = 600
When x = 600, y = 600.
The maximum area of a rectangular field that
can be enclosed by 2400 m of fencing is then
(600) + (600) = 360 000 m>.
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5.f(x) =2(x—1)*-3
To determine the equation of the inverse, inter-
change x and y in the equation and solve for y.
y=2(x—-1)y*-3
x=2(y—-1y*-3
x+3=2(y—1)7

x+3 a2
s =0-1
x+3 _
Ry 5 =y —1
x+3
1=+ S =Y
N A
6.a) (2 - V8)(3+V2)

=6+2V2-3V8-V16
=6+2V2-3VaV2 -4
=2+2V2 - 6\V2
=2-4V2

b) (3 +V5)(5 - V10)

=15 - 310 + 5V/5 = V50
=15 — 310 + 55 — V252
=15 — 310 + 5V5 — 52

¢) \/é can be simplified to 2\/5. This resulted
in like radicals that could be comt ned.

T kx* —4x + k=0

The function will have one root when the
discriminant is equal to zero.

b* — 4ac =0

(—4y — 4(k)(k) =0
16 — 4k* = 0
16 = 4k?

4 =k

k=22

k=2ork=-2

The function will have one root when
k=2ork = -2.
8. Set the two equations equal to each other and
then calculate the discriminant. The linear
function will intersect the quadratic function if
the value of the discriminant is equal to 0 or
greater than 0.

flx) = g(x)
2X* —3x+2=6x -5
22 - 9% +7=0

Nelson Functions 11 Solutions Manual

b* — 4dac

= (=97 —42)(7)

=81 — 56

=25
Since the value of the discriminant is greater
than 0, the linear function intersects the
quadratic function in two places.
Using the quadratic formula with
a=2,b=—-9 andc=7:

—(=9) = V25
X =

2(2)
95
YTy
x=9+50rx :—9':“§
4 4
14 4
x=-4—orx :Z

7
- =1
X 201')5

glx) = 6(%) -5

gx)=21-5
g(x) =16
When x = %,g(x) = 16.

7
One point of intersection is (—, 16).

2
g(x) =6(1) =5
g(x)=6-35
glx)y =1

Whenx = 1,g(x) = 1.
Another point of intersection is (1, 1).
So, the points of intersection of the function are

(%, 16) and (1, 1).

1. The correct answer is ¢). This is not a func-
tion. This is because the value 3 is sent to both
12 and 31. A function is only sent to one value.
2. The correct answer is b). A reflection in the

x-axis would not be applied to fix).

3.f(x) =2x + 30

To determine the equation of the inverse, inter-
change x and y in the equation and solve for y.
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y = 2x + 30
x =2y + 30
x — 30 =2y
x —30
) =y
X 230=f"](x)

The correct answer is b).

4. The vertex of the function is (2, 3) and the
equation opens down. So, the range is any
value equal to 3 or below 3. This can also be
checked by graphing the function. The correct
answer is a).

8. The correct answer is b).

In 1), b(x) can be simplified to (x + 3)

(x — 6)(x + 6), which is the same as h(x).
Inii), b(r) = (3t + 2)°

= (9% + 12t + 4)(3t + 2)

=270 + 188 + 361 + 24t + 12t + 8

=278 + 547 + 361 + 8

This is the same equation as c(%).

6. The correct answer is ¢).

8;} i 1; + 3y2(yyj11) is the same as
GBy+1) 2y-—-1

2y -1) 3y(y+1)

. 1
In the first expression, y cannot equal 5 or the

denominator would be zero. In the second
expression, y cannot equal 0 or —1 or the
denominator would be zero. So, the correct
answer is ¢).
- x2—5x+6'x2—4x—5

ToxXr-1 X —4

(x=3)(x-2) =5+
x-D(x+1) (x—-2)(x+2)
Cancel (x — 2) from the numerator of the first
expression and the denominator of the second
expression. Also, cancel (x + 1) from the
numerator of the first expression and the
denominator of the second expression. Now,
multiply the two terms together.

(x —3)(x—5)
(x = 1)(x +2)
The correct answer is d).
8 5x — 6 3x
Tx+1 x—4
First, form a common denominator.
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<5x-6 x—4>+(3x x+1>
x+1 x-4 x—4 x+1
Now, add the two expressions together and

multiply the numerators.
(5x% — 20x — 6x + 24) + (3x* + 3x)

(x+ D(x - 4)
8x? — 23x + 24
(x+ D(x —4)

The correct answer is b).
9. Put the function into vertex form by
completing the square.
f(x) =3x* —6x + 15
f(x) =3(x*-2x+5)
f(x)=3(x*—-2x+1-1+25)
f(x)=3(x**-2x+1)-3+15
f(x) =3(x—17%+12
The vertex 1s at (1, 12).
The correct answer is a).
10. The correct answer is b). The x-intercepts
are visible in factored form.
11. Find the vertex and the maximum height is
the y-coordinate of the vertex. First find the
x-intercepts and then average those to find the
vertex.
h(t) = 0.8 + 2.9t — 4.9¢
Using the quadratic formula with
a=—-49,b=29andc =0.8:
P (2.9) =V 2.9)* — 4(—-4.9)(0.8)

B 2(—4.9)

29+ VR4 11568
= —98

_ —=2.9 = V2409

-90.8
L —2.9 4908
B -9.8
. =29+ 4.908
- -98
. 2.008 . —7.808
T Tog T o3
t = —0.205 or r = (0.7967
t-coordinate of vertex:
_ —0.205 + 0.7967
B 2
_0.5917

2
= 0.29585

t

=29 - 4908
-9.8
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h(0.29585) = 0.8 + 2.9(0.29585)
— 4.9(0.29585)*
h(0.29585) = 1.2290816095 The correct
answer is ¢).
12. Let x be the number of empty seats.
profit = income — cost
profit = (fare price)(number of people)
~ {cost)
profit = (60 + 5x)(22 — x)
— (225 +30(22 — x))
profit = 1320 — 60x + 110x — 5x* — 225
- (660 — 30x)
profit = —5x? + 50x + 1095 — 660 + 30x
profit = —5x* + 80x + 435
profit = —5(x* — 16x — 87)
profit = —=5(x* — 16x + 64 — 64 — 87)
profit = —5(x — 8)* + 320 + 435
profit = —5(x — 8)* + 755
The vertex is at the point (8, 755).
So, the bus should run with 8 empty seats to
maximize profit from the trip.
The correct answer is a).
13. g(x) = —2(x + 3.6)* + 4.1
This function is above the x-axis because 4.1,
the y-intercept, is positive. Also, a = —21s
negative. So, the function is above the x-axis
and opening down. This function will have two
Zeros.
The correct answer is d).
4. f(x)=x* —kx+ k+38
A function touches the x-axis at one point when
the discriminant is equal to 0.
b* —dac =0
(k) —4(1)(k+8) =0
K —-4k+8=0
K —4k—-32=0
(k=8)(k+4)=0
k=8ork=-4
The correct answer is b).
15. f(x) =2(x = 3)* + 5;x = 3
To determine the equation of the inverse, inter-
change x and y in the equation and solve for y.
y=2(x—=3%+5
x=2(y—-3P%+5
x—5=2(y—3)
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344 %— = y The correct answer 1s a).

16. The correct answer is ¢).
17. f(x)=x*—5x+3
f(=1)= (=1 =5(-1) + 3
f(-1)=1+5+3
f(=1)=9
The correct answer is d).
18. The vertical line test, not the horizontal line
test, can be used to show that a relation is a
function.
The correct answer is a).
19. y cannot be zero. So, d) is the best choice.
The correct answer is d).
20. f(x) =5x = 7
To determine the equation of the inverse, inter-
change x and y in the equation and solve for y.

y=5x—-7
x =5y ~7
x+ 7 =15y
x+7
s Y
2w

The correct answer is d).

2l.g(x) =x*—5x — 6

To determine the equation of the inverse, inter-

change x and y in the equation and solve for y.
y=x>-5x—6
x=y"=-5y—6

x = 2—5y+—£-——4~-6
5\ 25 24
e
5\ 49
=03 -F
4 2
* x+§2=y—§
4 2
%t\w/xwL—%?-:yThe correct answer 1s ¢).

22. To determine the equation of the inverse,
interchange x and y in the equation and solve
for y, not x.
The correct answer is d).
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23. flx)=3(x+2)*-5
y=3(x+2¥-5
x=3(y+2¢-5

x+5=3(y+2)

=
+
L

3’=(y+2)2
ivg§§:y+2
2= xf5=y
3
N

Look at the graph of this function. It shows that
y must be greater than or equal to —2 and y
must be greater than or equal to 2. The later is
covered in the former. So, y = —2 for f7'(x).
So, x = —2 for f(x). The correct answer is b).
24, f(x)=Vx-—-Lx=1
y=Vx-—-1
x=Vy—-1
X=y-1
P+l=yx=1
The correct answer is ¢).
25. The correct answer is b).
26. y = —2x* —12x — 19
y = —2(x* + 6x) — 19
y=-2(x*+6x+9-9)—19
y=-2(x*+6x+9)+18~ 19
y=—-2(x+3)2-1
The correct answer is ¢).
27. y=(x +2)(x — 3)

y=x2—x—6
1 1
y=x2-x+z~—z—6

(1 25
The vertex 1s (2, 7 )
The correct answer is d).
28. The company will break even when the
profit is 0.
0= —4x* + 28x — 40
0= —4(x*- 7x + 10)
0=—4(x—5)(x—2)
c=50rx=2
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Since x is the number sold in thousands, the com-
pany must sell 5000 or 2000 items to break even.
The correct answer is a).

29. The correct answer is b).

307+ 12x + 6 =0

D = b* ~ 4ac

D = (122 = 4(7)(6)
D =144 — 168

D =-24

Since the value of the discriminant is
less than 0, there are no roots. n = 0
The correct answer 1s d).

3 (l.?ﬁ) (_%iaf.) +<_1_.é)
“\ab 3a b 34 3@ b
2la 6a* b
= ~ +
3a*h 3a’b  3a’b
_ 2la - 6a®> + b
- 3a’h
The correct answer is b).
-4 2x+4
32. x+3 x*-9
(- 2)(x+2) x—3)(x+3)
- x+3 2(x + 2)
Cancel (x + 2) from the numerator of the first
expression and the denominator of the second
expression. Also, cancel (x + 3) from the
denominator of the first expression and the
numerator of the second expression.
C(x=2)(x—3)
B 2
The correct answer is ¢).
33.a) f(x) = 3x* — 24x + 50
= 3(x* — 8x) + 50
=3(x* — 8x + 16) + 50 — 48
=3(x —4)Y+2
Domain: {x € R}, Range: {y € Rly =2}
Parent function: y = x?* Transformations:
Vertical stretch by a factor of 3, horizontal trans-
lation 4 right, vertical translation 2 up; Graph:

Y,

ca, b #0
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b) Domain: {x € Rlx = -2}, Range:

{y € Rly = 5}, Parent function: y = \/;;
Transformations: Vertical stretch by a factor of
2, reflection in the x-axis, horizontal compres-
ston by a factor of , horizontal translation 2 left,
vertical translation 5 up; Graph:

¢) Domain: {x € Rlx # 6}, Range:

1
{y € Rly # —2}; Parent function: y = ;—2-;
Transformations: Horizontal stretch by a factor
of 3, horizontal translation 6 to the right,
vertical translation 2 down; Graph:

&

34. Let x be Sacha’s speed and let y be Jill’s
speed.

x=y+14
30 1 30
— et == =2
x 3 vy
30 1 30
—=—=2
(y+14) 3 vy
0 _30 7
(yv+14) y 3
30(y +14) 7y + 938
30 = (yy )_y3

90y = 90y + 126 — 7y* — 9.8y
0= —7y*— 9.8y + 126
Graph the function and use the zero function on
the calculator to see thatthe y = ~Sory = 3.6

B

A speed of —5 km/h does not make sense.
So, 3.6 kim/h is Jill’s speed.
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x=(36)+ 14

x =350

Sacha’s speed is 5.0 kim/h.
30 km

S0km/h 6 hours

Sacha also stopped for 20 minutes. So, Sacha
finished the walk in 6 h 20 min.
30km 1
3.6km/h 3
Jill finished the walk in 8 h 20 min.
35, a) Let x be the number of $50 increases.
So, there will be (25 — 2x) people going
on the trip.
profit = income — cost
0= (25 — 2x)(550 + 50x)
— (5500 + (240(25 — 2x)))
0 = 13750 + 1250x — 1100x — 100x?
-~ 5500 — (6000 — 480x)
0 = 8250 + 150x — 100x* — 6000 + 480x
0 = —100x* + 630x + 2250
Using the quadratic formula with
a = —100, b = 630, and ¢ = 2250:

_ —(630) * V/(630)* — 4(~100)(2250)

2(=100)
=630 = V/396 900 + 900 000
T ~200
~630 = /1296 900
T ~200
L =630 + 1138 82
T —200
L 630 + 113882 —630 — 1138.82
T ~200 - ~200
50882 —1768.82
YT 200 T T T 200

x= —2540rx =884

—2.54 $50 increases does not make sense.

The number of students who must go for Josh
to break even is

= (25 - 2x)
=25 — 2(8.84)
=25 — 17.68

But, 17.68 people is not possible. So, round
down to 17 people.

=25-17
= §
8 students
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b) To find the maximum profit, locate the
x-coordinate of the vertex by averaging

the two zeros.
(8.84 + (2.54))

3-62

So, there must be 3.15 $50 increases. Because
there cannot be a 0.15 $50 increase, round
down to 3. There must be 3 $50 increases.
This is $150.

$550 + $150 = $700

The cost of the trip that will maximize the
profit is $700.

Chapter 3: Quadratic Functions



CHAPTER 4:
Exponential Functions

NOTE: Answers are given to the same number
of decimal points as the numbers in each
question.

1. a) There are 2 factors of 7.
7= (1)(7)
=49
b) There are 5 factors of 2.
2= (2)(2)(2)(2)(2)
=32
¢) An integer raised to a negative exponent is
equivalent to the reciprocal of the power with a
positive exponent.
51 1 1
55
d) When an exponent is zero, the value of the
power is 1. 10% = 1
e) There are 2 factors of 100.
100* = (100)(100)
= 10 000
f) An integer raised to a negative exponent is
equivalent to the reciprocal of the power with a
positive exponent.

-
_ 1
(Q@)Q)

1
3

2. a) There are 2 factors of —3.
(=3 = (=3)(-3)

=9
b) There are 3 factors of —3.
(=3)* = (=3)(=3)(-3)

= =27
¢) There are 2 factors of 4. The negative sign
is not inside brackets, so the entire power is
negative.
~# = (@)

= —16
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d) There are 2 factors of —4.

(-4 = (-4)(-9)

=16
¢) There are 3 factors of —5.
(=5 = (=5)(=5)(=5)
= —125

f) There are 3 factors of 5. The negative sign

is not inside brackets, so the entire power is

negative.
—5==05)5)5)
= —125
3. (—5)' will result in a positive answer since
the exponent is an even number.
4. a) To raise a power to a power, keep the base
and multiply the exponents.
(32)2 — 32><2
= 34
= (3)3)3)B)
=81
b) To raise a power to a power, keep the base
and multiply the exponents.
(7)) = 7274
=78
N OINIOIVIGININIO
= 5764 801
¢) To raise a power to a power, keep the base
and multiply the exponents.
[(—4)T = (-4
= (—4)°
= (=) =H(EHDEHEH (D
= 4096
d) [— (10%)F is equivalent to [(—1)(10%)F.
Raise each factor to the third power. To raise a
power to a power, keep the base and multiply
the exponents.
[-(10°)F = [(=1)(10*)F
= (-1)’(10%)’
= (~1)(10°*%)
= —10°
~ (10)(10)(10)(10)(10)(10)
= —1 000 000

It
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