Chapter 4 Matrices and Determinants

Ex 4.1

Answer le.

We lknow that the parent function of all quadratic functions 15 fix) = x%. The graph of
Fix =x’isa U-shaped curve called parabola.

Therefore, the graph of a quadratic function 15 called a parabola

Answer 1gp.

STEP 1 We need to find some points to graph the function For this, make atable
of values for the given function

substitute any value for x, say, =2 and evaluate ¥,
y=—4(-2y

- —4(9

= -16

iChoose some more x-values and find the corresponding y-values. Organize
the results in a table.

x|-2]-1Jo] 1] 2
y |-16 -4 |0 |4 [-16

STEP 2 Plot the points from the table on a coordinate plane.
Ay

4.

(o, m) x

3 ) -1 1 1 2 3

L,
-8
L el |
(-2,-16) 16l o2 -16)



STEP 3 Connect the plotted points with a smooth curve.

A

Y
STEP 4 similarly, draw the graph of y = x* on the same coordinate plane.

Y =

Y
On comparing we get both the graphs have the same vertex and axis of

syrtnetry.
The %raph of y= —dx* opens down and 15 narrower than the graph of

y=x°
Answer 2e.

Consider a quadratic function.
Determine whether the quadratic function has a minimum value or a maximum value.
First identify the quadratic coefficient as positive or negative.
Because, if the quadratic coefficient 1s positive, then the quadratic function will have
minimum value and if the quadratic coefficient is negative, then the quadratic function
will have maximum value.
The quadratic functionax” +bx+¢ has minimum value if @ >0 and has maximum value

if a<0.



Answer 2gp.

STEP 2:
Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the graph of y= x* and the above graph:
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In the above diagram. the graph of y= —x* —35 is represented by red curve and the graph
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The graph of y =—x"—5 and y= x* are open downward and upward respectively and
they have vertices ('D, —5) and (0, D) respectively and they both have same axis of

symmetry.
The vertex of y=—x"—5 is 5 units down from the vertex of y=x".

Answer 3e.

First, substitute —2 for x inthe given equation.

y =42y

Ewvaluate.
y =4{4)
=16

How, substitute 1 for x in the equation and evaluate.
2
y=4(1)

- 4(1)

- 4

oimilarly, evaluate v for the remaining x-values. The completed table 15 as shown,
x|[-2|-1|0[1] 2
p| 16 4(01]4]16

Answer 3gp.

STEP 1 We need to find some points to graph the function. For this, make a table
of walues for the given function.

substitute any value for x, say, —2 and evaluate ».

F-2) = l[—2)3+ g

Choose some more x-values and find the corresponding y-values. Organize
the results in a table.

X -2 -1]0

flx)| 3

s

z

Ia | o




STEP 2 Plot the points from the table on a coordinate plane.
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STEP 3 Connect the plotted points with a smooth curve,
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STEP A similarly, draw the graph ofy = x* on the same coordinate plane.

On comparing we get both the graphs open up and have the same axis of
symmetry.

The graph of f[x) = ;1_1;:2 + 2 15 wider than the graph Qf}::xz and itz

vertex 15 2 unit higher.

Answer 4e.

Consider the quadratic function y=-3x"

Consider the table:
X -2 -1 0 1 2
¥ ? ? ? i ' ?

Complete the table of the values for the function y =—3x"



Consider the function y=—3x"

If x = —2then
y=-3(-2)
~-3(4)
——12
If x = —1then
y=-3(-1)
=-3(1)
-3
If x =0then
y=-3(0)"
=-3(0)
=0
If x =1then
y=-3(1)"
(1
=B
If x =2then
y=-3(2)°
~-3(4)
.
Therefore,

The following table of values for the function 1s true.

=
[a—y

—2 -1

o
A8

%
Y —12 -3

—12

Answer 4gp.

Consider the function y=x"—2x-1

STEP 1:

Identify the coefficients of the function y=x*—2x—1
Comparing the function y=x"—2x—1 with y=a’ +bx+c
The coefficients are a=1b=-2c=-1

Because a0, the parabola opens up.




STEP 2:
Find the vertex.
Calculate the x-coordinate.

_ b (-2)
The vertex has x-coordinate=—— =—~ - =1

2a  2(1)
Then find the y-coordinate of the vertex.
y=1-2(1)-1==2

Therefore, the vertex 15 (]_, —2] .

STEP 3:
Plot the point (L—Z:]anddmwthe axis of symmetry x =1 .
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STEP 4:
Identify the y-intercept ¢, which 15 —1_ Plot the point (l]; —]] . Then reflect this point 1n
the axis of symmetry to plot another point, (2}—12} i
Evaluate the function for the another value of x, such as x=3.
y=%-2(3)-1=2



Plot the point (3,2}311& its reflection I:—L 2) it the axis of symmetry.
Draw the parabola through the plotted points

o

Therefore, the above graph is the required graph of the function y= -2x-1

Answer 5e.

First, substitute —4 for x in the given equation.

1 7
= —|—4
y = -(4)
Evaluate.
1
= —(16
y = 5(16)
= B

How, substitute 2 for x 10 the equation and evaluate.

(2)’
(4)

I}?:

similarly, evaluate v for the remaining x-values. The completed table 15 as shown
x | -4 | -2 |02 |4
¥ 2 210128




Answer 5gp.
STEP 1 Identify the coefficients of the function.

The given function 1s of the form v = ax? +bx+c On comparing, we have
ai1s 2, b6 and o158 5 Since g =2 = 0, the graph opens up.

STEP 2 Find the vertex The wertex of the graph of v = ax? + bx + ¢ has the
x-coordinate — Ei In order to find the x-coordinate of the wertex,
et
substitute 2 for @, and & for & and evaluate.
_ b _ &
2 2(2)
_ )
4
=-15

The x-coordinate of the wertex 1z 1.5

cubstitute —1.0 for x 10 the given function to find the y-coordinate.
y = 2(-15"+6(-1.5) + 3

=45-9+73

=-—1.3

Thus, the vertex of the graph of the given function 1z (1.5, -1.5).

Flot the vertex on a coordinate plane.
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STEP 3 We lenow that the axis of symmetry 15 x = —Ei.
&

The axis of symimetry of the given function 1s the line x =-1.3.
How, draw the axs of symmetry x =-1.2.
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STEP 4 The y-intercept of ¥ = ax+bx +cis ¢ and the point (0, 21 15 on the

parabola.

Thus, the y-intercept of the given function 15 3 and (0, 3) 15 on the
parabola.

Flot the point {0, 3) on the same coordinate plane.
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Mow, reflect the point (0, 2) in the axis of symmetry to get another point.
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STEP S Ewvaluate the given function for another value of x, say, 1.

substitute 1 for x 10 the function and simplity.
yo= 2017 +6(1) +3

=2+6+3

=11

Thus, the point (1, 11 lies on the graph.

FPlot the point on the coordinate plane.
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Eeflect (1, 110 in the axis of symmetry.
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STEP 6 Draw a smooth curve through the plotted points.
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Answer 6e.

criex 2
L —115) Y

Consider the quadratic function y = —% x:

Consider the table:

X
y &

-3

Complete the table of the values for the function y=— % 7




Cmmmzmammmm1y=—%f

If x=—6then
1 2
r=—_{—6
y=—3(-6)
1
=—~(36
L3
=-12
If x=—3then
1 2
— -3
y=-3(=3)
1
———(9
3( ]
=3
If x=0then
1, .2
——=(0
y 3(]
1
—_2(0
Lo
=0
If x =3then
1,42
=3
y=—30)
1
——={9
Lo)
—3
If x==6then
1. =2
———(6
y=—3(6)
1
=——|36
L5
—-12
Therefore,

The following table of values for the function 1s true.

=

X
Y




Answer 6gp.
Consider the function f(x)= —%x’ —5x+2

STEP 1:
Identify the coefficients of the function [ (I] = —% X —5x+2

Companng the function f{x}:—%xz—f}x+2 with y=ml +bx+c

The coefficients are a =—;,b =—5c¢=2

Because a <0, the parabola opens down

STEP 2:
The axis of symmetry 1s
b
x=——
2a
.
2
Find the vertex.

Calculate the x-coordinate.

The vertex haa:.x—n:cn-:||1nd:|'11ezrte'=—i =— [_5) = —15
2a 2(—1) 2

Then find the y-coordinate of the vertex.
fl(x) =—;f —5x+2

o A2

Therefore, the vertex 1s [—g ST?J .



STEP 3:

. 15 83 . 15
Plot the point [—E}I and draw the axis of symmetry IZ_E i
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STEP 4:
Identify the y-intercept c, which is 2 . Plot the point (0,2) . Then reflect this point in the

axis of symmetry to plot another point, (—15,2) .
Evaluate the function for the another value of x, suchas x=3.

f(x)=-32-5x+2

F ()= () -56)+2

=2 1542
3

=—3-13
=—16



Plot the point (35 —lﬁ}and its reflection (—13,—15} in the axis of symmetry.
Draw the parabola through the plotted points

15 83" 4
| == ——) 2
F . 4*'. 1 j%.. |
! =T s I
| i b al
nra L VIS L7 -
— .?f". r \ .-;:: —

3 1\;_51! 1 : ]
=SS === '\,é:: =
A = EhE
. . o —-rs "X
2niels mjﬁﬁ S IEEE v 4] 758 5
ilf. 1 | I z 1I‘ 1
11 - = R
iES=s===== EISENE

=4 == A5F % (3.-16)
*|—1S_.—15r 1 16t 1%: |
1 I TR TR (N | I _Ln“ | -

Therefore, the above graph is the required graph of the function f {x) = —% i 5y t3

Answer 7e.

STEP 1

We need to find some points to graph the function For this, make atable
of walues for the given function

substitute any value for x, say, =2 and evaluate ¥,
y=3(-2’

- 3(4)

= k2

iChoose some more x-values and find the corresponding y-values. Organize
the results in a table.

x| -2 |-1|0|1] 2
»| 12| 30|51z




STEP 2 FPlot the points from the

table on a coordinate plane.
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STEP 2 Connect the plotted points with a smooth curve.
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STEP 4 similarly, draw the graph of y = x° on the same coordinate plane.

A,

On comparing we get both the graphs open up and have the same vertex
and axis of symimetry.
The graph of ¥ = 3x° 15 narrower than the graph of y= x2

Answer 7gp.

We know that for a function y = ax® + bx + ¢, the vertex s y-coordinate 12 the minimum
value if @ = 0, and the maximum value if & <0

First, find the coordinates of the vertex

: oo
The wertex of the graph of ¥y = ax? + bx + ¢ has the x-coordinate as — — . Find the

2t
x-coordinate by substituting 4 for @, and 16 for b and evaluate.
-
2 2[4)
= -2

The x-coordinate of the vertex 12 —2.

substitute —2 for x in the given function to find the y-coordinate.
y = 4(=2Y +16(-2) - 3

16 —32-3

= —19

Therefore. the minimum walue ofthe function 15 —15.



Answer 8e.

Consider the function y=5x"

Graph the function y = 5x* and compare the graph with the graph y= xF
STEP 1:

Make a table of values for y=5x"

X =2 -1 0 1 2
¥ 20 5 0 5 20
STEP 2:

Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the graph of y = x* and the above graph:
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In the above diagram. the graph of y = 5x* is represented by red curve and the graph of
y= x* is represented by blue curve.



STEP 4:

Compare the graphs of y= 5x* and ¥y =x*-

In the above diagram. the graph of y = 5x° and y= x* both are open upward and they
have vertices I:[I,D] and (D:_Cl) respectively and they both have same axis of symmetry.

The graph of y= x* is wider than the graph of V= 5x*.

Answer 8gp.
STEP 2:
Write a verbal model. Then write and simplify a quadratic function.
Pevemie  Price Attendancs

{MJTE _(dnllﬂifrm}l &BETJ
R(x)=(35-x)(380+40x)
R(x)=13300+1400x—380x — 40x"
R(x)=—40x" +1020x+13300

Here a=—40, b=1020, ¢=13300

STEP 3:
Find the coordinates (I,R(:x)} of the vertex.
x-coordinate of the vertex 1s

b

X=-—
2a

07
7(-48)

_Ad

4

=12.73
y-coordinate of the vertex 1s

R(12.75)=—40(12.75)" +1020(12.75) +13300

=19802.5
Thus, the vertex 1s (12_5, 198[!2_5)

Therefore, the owner should reduce the price per racer by |$12.75| to increase the weekly

revenue to _



Answer 9e.

STEP 1 We need to find some points to graph the function. For this, make a table
of values for the given function.

substitute any value for x, say, —2 and evaluate ».
2
y=-2(-2)
- -2(4)
= -8

Choose some more x-values and find the corresponding y-values. Organize
the results in a table.

x|-2]-1]o] 1[ 2
y|-8|-2lo]-2]-2

STEFP 2 Plot the points from the table on a coordinate plane.
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STEFP 3

STEP A

Connect the plotted points with a smooth curve.

5 4 -3

similarly, draw the graph of y = x° on the same coordinate plane.

..*. -
5 -4

On comparing we get both the graphs have the same vertex and axis of
syinmetry.

The %raph of y= . opens down and 15 narrower than the graph of
y=x°



Answer 10e.

STEP 2:
Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the gt‘aphuf_]f:x:’ and the above graph:
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In the above diagram. the graph of y = —x" is represented by red curve and the graph of
y= x* is represented by blue curve.



In the above diagram. the graph of y = —x* and y= x* are open downward and upward
respectively and they have vertices {:ﬂ}ﬂ') and {ﬂ}ﬂ) respectively and they both have
same axis of symmetry.

Answer lle.
STEP 1

STEFP 2

We need to find some points to graph the function. For this, malke atable
of walues for the given function.

substitute any value for x, say, —2 and evaluate ».

(-2 =52

(4)

W s = M

Choose some more x-values and find the corresponding y-values. Organize
the results in a table,

x -2 -1(01]2
4 1 14

S 2ol 2

f(x) E; E; ER

Plot the points frotm the table on a coordinate plane.



STEP 3 Connect the plotted points with a smooth curve,

STEP 4 similarly, draw the graph ofy = x° on the same coordinate plane.

4!

Y

On comparing we get both the graphs open up and have the same vertex
and axis of symmetry.

The graph of fix) = %xg 1z wider than the graph of v = x



Answer 12e.

STEP 2:
Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the graph of y= x* and also the above graph:
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In the above diagram, the graph of g{x} = —i X* is represented by red curve and the



graph of y= x* is represented by blue curve.

In the above diagram, the graph of g(x} = —i X and = x* are open downward and

upward respectively and they have vertices (U}D} and (D; ﬂ} respectively and they both

have same axis of symmetry.

Answer 13e.

STEP 1 We need to find some points to graph the function For this, make a table
of values for the given function.

substitute any value for x, say, —2 and evaluate ».
y=5(-27+1

= 5(4)+1

= 21

Choose some mote x-values and find the corresponding y-values. Organize
the results 10 a table.

x| -2 |-1|0]1] 2
y| 21 &1 6|21

STEP 2 FPlot the points from the table on a coordinate plane.
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STEP3

STEP 4

Answer 14e.

Consider the function y =4x* +1
Graph the function y =4x" +1 and compare the graph with the graph v =x".

STEP 1:

Connect the plotted points with a smooth curve.

similarly, draw the graph of vy = x% on the same coordinate plane.

On cotmparing we get both the graphs open up and have the same axis of
symtnetry.

The graph of = 5x° + 1 is narrower than the graph of v = x% and its vertex
1z 1 unit higher.

Make a table of values for y= 4x* +1

X

—2

-1

y

17

5




STEP 2:
Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the graph of y =x’ and the above graph:
X
10498 F & ERE

In the above diagram_ the graph of y = 4x” +1 is represented by red curve and the graph
of y=x" is represented by blue curve.

In the above diagram. the graph of y=4x" +1 and y=x" are open upward respectively
and they have vertices (0.1) and (0,0) respectively and they both have same axis of

SyImmetry.
The vertex of ¥y =4x" +1 is 1 units up from the vertex of y=x".



Answer 15e.
STEP 2 Plot the points from the table on a coordinate plane.
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STEP 3 Connect the plotted points with a smooth curve.
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STEP 4 similarly, draw the graph of vy = x° on the same coordinate plane.

X
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-1

-2
flx)=—xt+2
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Y

Cn comparing we get both the graphs have the same axis of symmetry.
The graph of fiz) = —°+ 2 opens down and 15 wider than the graph of
v=x" and its vertex 15 2 units higher

Answer 16e.

STEP 2:
Plot the points and draw a smooth curve from the table:
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STEP 3:
Consider the graph of y =x" and the above graph:

In the above diagram, the graph of g(x)= —2x" —5 is represented by red curve and the
graph of y=x" is represented by blue curve.

In the above diagram, the graph of g(x} —-2x"—5 and y=x" are open downward and
upward respectively and they have vertices (0.—5) and (0.0) respectively and they both
have same axis of symmetry.

The graph of v=x" is wider than the graph of g{x} =-2x'-5.

The vertex of g(x)=-2x"—5 is 5 units down from the vertex of ¥ = x*

Answer 17e.

STEP 2 Plot the points from the table on a coordinate plane.
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STEP 3 Connect the plotted points with a smooth curve.

STEP 4 similarly, draw the graph of y = x° on the same coordinate plane.

Y

iJn comparing we get both the graphs open up and have the same axs of
sytnmetty.

The graph of Fi{x) = f—lxg — o 1z wider than the graph of y = x4 and its

vertex 15 D units lower.



Answer 18e.

Consider the function g(xjj:—%x: -2

Graph the function g(x:l = —%xﬂ —2 and compare the graph with the graph v =x?_

STEP 1:
Make a table of values for g(x)= —l;!cj -2
x —10 —5 0 1 2
y=g(x) —99 —7 —2 -7 )
STEP 2:
Plot the points and draw a smooth curve from the table:
oy
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STEP 3:
Consider the graph of y =x and the above graph:

In the above diagram, the graph of g(x] = —%xﬂ —2 1s represented by red curve and the

graph of y=x" is represented by blue curve.

In the above diagram_ the graph of g(x} = —%x] —2 and y=x" are open downward and

upward respectively and they have vertices (ﬂ,—i} and {U,D) respectively and they both
have same axis of symmetry.

The graph of y=x" is wider than the graph of g{x]=—%xg—2.

The vertex of g{x]:—%f—z is 2 units down from the vertex of y=x"_

Answer 19e.
. . b
e lhow that the formula for the x-coordinate of the wertex 15 — 2— .
o

In the given problem, the formula used 1s Ei instead of — Ei .
i 7



In order to correct the error, substitute 4 fora, and 2d for 5 1in x = —

E.
_ 24
204}
Mow, evaluate.
24
o — e —
2
= -3

Therefore. the x-coordinate of'the wertesx is =3

Answer 20e.

Consider a quadratic function y=4x" +24x—7

Assume the y-intercept of the graph 1s the value of ¢, which1s 7.

The above statement 1is

Because. by comparing the quadratic function y=4x" 4+ 24x— T with y=ax’ + bx+¢ .
Weget, a=4.b=24,c=-7

Therefore, the y-intercept of the graph is the value of ¢ | which 1s

Answer 21e.

STEP 1 Identify the coefficients of the function.

The given function 1s of the form v = ax’+ix+c On cotnparing, we have
a1s 1,12, and 15 1. Since g = 1> 0, the graph opens up.

STEP 2 Find the vertex The vertex of the graph of v = ax® + bx + ¢ has the x-
coordinate — EE In order to find the x-coordinate of the vertex, substitute
o
1fora, and 2 for & and evaluate.
_ h _ 2
Za 2(1)
= —1

The x-coordinate of the vertex 15 -1
substitute —1 for x in the given function to find the y-coordinate.
yo= (=17 +2(-1) +1
=1-2+1
=10

Thus, the vertex of the graph of the given function 15 (=1, 0.



Plot the vertex on a coordinate plane.

el o
5 4 -3 -2 -1 12 3 4 5 x
vertex (=1,0) -1

STEP 3 We lnow that the axis of symmetry 13 x = —Ei.
&

The axis of symmetry of the given function s the line x = -1
MNow, draw the axis of symmetry x = -1

s|F

4

-
G -4 -3 -2 -1 i 2 3 4 5HXx
vertex (=1, 00| -1
-2
axis of -3
symmetry| _4
x=-1
-5




STEP 4 The y-intercept of ¥ = ax® + bx +cis ¢ and the point (0, £) 12 on the
parabola

Thus, the y-intercept of the given function 1z 1 and (0, 1) 15 on the
parabola

Plot the point (0, 13 on the same coordinate plane.

—

5 4 3 2 -1 1 2 8 4 5
verteX (1 gy | -1

=Y

axisof
symmetry| 4|
k=1

Mow, reflect the point (0, 1) 1n the axis of symmetry to get another point

=Y

. 4 3 2 -1 1 2 3 4 5
vertex (1 oy | 4|

axis of
symmetry| 4|
x =1




STEP 5 Evaluate the given function for another value of x, say, 1.

substitute 1 for x in the function and sumplify.
y=1P+2()+1

=1+2+1

= 4

Thus, the pownt (1, 4) lies on the graph.

Plot the point on the coordinate plane.

A

gl

I

o1, 4)

(-2.1) ‘ 12(0, 1)

- — o
5 4 3 2 -1 1 2 3 4 b x
Vertex (=1, 00| -1

£ 3
axis of

symmetry| 4|
x ==l

Y
Eeflect (1, 4) 1n the aziz of symmetry.
5+J'
(-3.4) og do(1.4)
3
21
(=2.1), 4 14(0. 1)
.5 4 .3 2 -1 1 2 3 4 5x
vV ertex (=1,0) | -1
2|
axis of -3
N:\'II['I'IIL‘H':-' -4
k=11
-5




STEP 6 Draw a smooth curve through the plotted points.

il

g 4 3 2 -1
vertex (=1, 0)

axis of =
symmetry| 4

k=1l
-5

Answer 22e.

Consider the function y=3x" —6x+4

STEP 1:

Identify the coefficients of the function y =3x" —6x+4
Comparing the function v=3x"—6x+4 with y= ax’ +bx+e
The coefficients are a=3.b=—6.c=4

Because a = 0, the parabola opens up.

STEP 2:

The axis of symmetry 1s I:_Eb_a:_%:l

Find the vertex.

Calculate the x-coordinate.

The vertex has x-coordinate==— b =— m =1
2a 2{3)

Then find the y-coordinate of the vertex.
y=3(1*)-6(1)+4=1
Therefore, the vertex 1s(L, l] X



STEP 3:
Plot the point (Ll}and draw the axis of symmetry x=1 .

181
ko Axjs of
':'-,-'1FI'!11":|.HL
x= {
B T
N VYerted
N i N . 4 .E. ..I" b N — o 4
! .,_l,lj x
EEREEEEREREL 34567891
.El

STEP 4:
Identify the y-intercept ¢, which 1s 4 . Plot the point {[L4:I . Then reflect this point in the
axis of symmetry to plot another point, (2,4) .
Evaluate the function for the another value of x, such as x=-1.
¥ =3[{—1)2)—5(—1]+4 =13

Plot the point (—1,]3) and 1ts reflection {3,13) in the axis of symmetry.
Draw the parabola through the plotted points

\ K

A ERERER § 7T 8 910

Therefore, the above graph 1s the required graph of the function v = 3x —6x+4



Answer 23e.

STEP 2 Find the vertex The vertex of the graph of y = ax® + bx + ¢ has x-
coordinate — Ei In order to find the x-coordinate of the vertex, substitute
&
— fora, and B for & and evaluate.
_ B _ 8
2t 2 [—4)
=:1

The x-coordinate of the vertexz 15 1.

substitute 1 for x in the given function to find the y-coordinate.
y o= -4 +8{1)+2

=-4d+E5+2

= 6

Thus, the vertex of the graph of the given function 15 (1, &)

Plot the vertex on a coordinate plane.

A,
1214
104

vertex
o 1:6)

[ S I N 1 s + ]

i ] | i
o m = R

il
a2l



STEP 2 We know that the axiz of symmetry 1z x = —Ei.
@

The axis of symmetry of the @iven function 15 the line x = 1. How, draw
the axis of symmetry x = 1.

.j"_]' ax1s of
127 sV melry
.“:I_ X = |.
81 vertex
G l“ﬁﬁ]
4.
2
RFIEFIEERE 2 3 4 5 Bx
el |
41
&1
-8
100
2l
Y
STEP 4 The y-intercept of ¥ = ax® +bx +cisc and the point (0, £) 15 on the
parabola. Thus, the y-intercept of the given function 15 2 and {0, 2) 12 on
the parabola.

Plot the point (0, 2) on the same coordinate plane.

r"'_l' axis of
12} symmelrs

ol —txEl

Y vertex

gl 4116

41
(0, 2)54

, A

g -5 -4 -3 -2 -1 2 3 4 5 BX




How, reflect the point (0, 2) 1n the axis of symmetry to get another point

axis of

12"1I sy melr,
.“:I_ X = |.

81 vertex
ol L0.6)
41

(0, 2)9gt—pa (2, 2)

6 -5 -4 3 -2 -1 2 3 4 5 6x

STEP 5 Evaluate the given function for another value of x, say, —1.

substitute —1 for x 1n the function and simplify.
¥ o= —4(-17 +8(-1)+ 2

=—-4-84+2

= -l

Thus, the point (=1, =10} lies on the graph.

Plot the point on the coordinate plane.

Ay axis of
12} sV el
.”:I_ X = |.

B vertex

1.6

| ll:: 16)

a4l

(0. 2)gapei(2, 2)

B -5 4 -3 2 -1 2 3 4 5 X

-8l
(-1, —-10) 10}
28

Y




Eeflect (-1, =107 1n the axis of symmetry.

¥ axis of
12 symmetry
-“:I_ _‘;'_1
8 vertex
f 1&“‘6]
A
(0, 2), pe(2.2)
i -
-E-5~4v3-2-12'23455x
-4
£
-8
(~1,-10) o30 e (3, -10)
-12
STEP G Draw a smooth curve through the plotted points.
s axis of
121y sVmmelry
10 x=1
8 vertex
1.6
o lao
4
2
—~ -
6 -5 -4 -3 213 4 5 BX

Answer 24e.

STEP 2:
The axis of symmetry 1s xz—;;a:—%@:;j
Find the vertex.
Calculate the x-coordinate.
b —6 -3

The vertex has x-coordinate==— =—. =
2a -2 (2} P 4

Then find the y-coordinate of the vertex.

2
RS L - R e
2 2 2

Therefore, the vertex 15 [— % . %] )



STEP 3:

Plot the point [—%%) and draw the axis DijFmIEIElI}fl':—% ;

*.n"'l"
21 S
— —IT o - thet | I
syoymatrie {3 ke
BE
B 8 LR
124
1
Verfex
. = 5 B
{1315
R = e

[ 5]

s € 66543219123 45678 491

Ma

=

STEP 4:
Identafy the y-intercept ¢, which 1s 3. Plot the point (0.3) . Then reflect this point in the
axis of symmetry to plot another point, (—3, 3} )
Evaluate the function for another value of x, such asx=1.

y=-2(1)-6(1)+3=-5

Plot the point (L —5) and its reflection (—4 —5) in the axis of symmetry.
Draw the parabola through the plotted points.

d
=ha

g

-

I-"|

b | s
H—I
LI
-_r'
@ Wb S

ha ,
¥
—
ﬂ e .
'.-"'q..-_

o e o}
|

& M
T

e

0.3

PP S s e

12 345678897

i 1::1= -5
\
|
I!
'|

Therefore, the above graph is the required graph of the function y=-2x*—6x+3

=

& =l dn -‘-IJS'“.'I—‘-‘-D -

—
& b




Answer 25e.

STEP 2 Find the vertex The vertex of the graph of v = ax® + bx + ¢ has x-
coordinate — EE In order to find the x-coordinate of the wertesx, substitute
@
=1 fora, and -2 for & and evaluate.
_ b - 2
2t 2(— 1:]
= -1

The x-coordinate of the wertex 12 —1.

substitute —1 for x 10 the given function to find the y-coordinate.
2
g(-1) = (=) -2(-1) -1
=-1+2-1
=10

Thus, the vertex of'the graph of the given function 1 (-1, 0).

Plot the vertex on a coordinate plane.

Vertex (-1, 0)
- . . L - . . . . . .
5 4 3 -2 -1 1 2 3 4 hH X

| I I |
. L .



STEP 3 We lenow that the axis of symmetry 15 x = —i. The axis of symmetry of

2et
the given function 1s the line x =—1. Now, draw the axis of symmetry
x=-1
axis of A
symmeiry 5l ¥
x=-l
4]
3
21
1
Vertex (-1, 0)
e 4 3 3 - 1 2 3 4 5x
-
21
1
al
51
Y
STEP 4 The y-intercept of ¥y = ax’ + bx + ¢ is ¢ and the point (0, 21 15 on the
parabola. Thus, the y-intercept of the given function 15 =1 and (0, =1} 15 on

the parabola.

Plot the point (0, =17 on the same coordinate plane.

axis of A
symmetry | ¥
x =4l
41
3
21

Vertex (-1, 0)

_-{-5-4-3-2-1 ‘?3415‘.;;_
-8 (0, -1)
2]
-3
4]
-5




Mowe, reflect the point (0, =13 in the axis of symmetry to get another point.

axis of A
symmeiry 5] »

x =4l
4l
H
21
|

vertcx (-1, 0)
5 4 3 2 - 1 2 3 4 5x
(—2—1)et——39 (0, 1)
=21
1
41
-5/
Y
STEP S5 Ewvaluate the given function for another wvalue of x, say, 1.

Substitute 1 for x in the function and simplify.

g(l) = -(1y' - 2(1) -1
=e=fi=B = 1
= -4

Thus, the pownt {1, =4 lies on the graph. FPlot the point on the coordinate
plane.
axis of A
symmetry | gl¥
x =4l

VErtex (-1, 0)
4 4 4 -7 - 1 2 3 4 5
—2.-1)egp——lp 0. -1}

]

-4 l(lu_‘l}




Eeflect the point (1, =) in the axis of symmetry.

axis of A
symmetry | g iy
x=4l

4

3

2

1

vertex () q)
] >
S 04 3 -2 04 1 2 3 4 5x
(—2—1)yet—1—e (0,-1)
-2
-3
{(=3,~4)eg 4 o(l.—4)
-5
Y
STEP 6 Draw a smooth curve through the plotted points.
axis of
sYmmetry 5‘}’
x =4l
4
3
2
d]
vertex [—l B u}
e -
5 04 -3 -2/ 1 2 3 4 5x
-1
-2
3 glx)= " o, | . |
4
-5
Y




Answer 26e.

STEP 2:
THE S oF e b —4 1
£ axis o1 symme 5 Xx=—-=——-vr-—_—=——
i 22 2(6) 3
Find the vertex.

Calculate the x-coordinate.

4

1
The vertex has x-coordinate==—=———=—=
2a 1(—6} 3

Then find the y-coordinate of the vertex.

RER O

1 13
Therefore, the vertexis | . —.—— |-
3 3
STEP 3:
{1 13 _ 1
Plot the point | ——_—— |and draw the axis of symmetry x=—— .
. 3 3 3
E""
Bl G
Axis of o
ﬁ':l'-ll.-:l::':zl :
' X
-
25 2 5 as| o os 1 15 2
=2
Vere:x
= .H\. ..4
IEBENY
331
i




STEP 4

Identify the y-intercept ¢, which is —§ . Plot the point {ﬂ,—i) . Then reflect this point in the axis
of symmetry to plot another point, {-0L67.—5)

Evaluate the function for the another value of x, such as x=1.

F(1)=—-6(1) —4{1)—5=-15

Plot the point (1L—15)and its reflection (-1.67,—15) in the axis of symmetry.

Draw the parabola through the plotted points:
4

Ele o b
L =4

.'I"IH

T
[
L
L=
=k
]
=)
il
-
i
=
i
ok
—
o

Ll ||l
[+

ol A

)
i =

=

] i
|I

L]

e - ]
AL LAY L T R e e R e e R S e ]

:-|E

b L3 M

(-1.67,

]

(-
4 Y . 4
SRR T S S EEE Y

M
TEE
.—F"’"l

-_
=
=

e

Therefore, the above graph is the required graph of the function f{x):—ﬁxz —4x—5

Answer 27e.

STEP 2 Find the vertex The vertex of the graph of vy = ax® + bx + ¢ has x-

. b . .
coordinate — 2— It order to find the x-coordinate of the vertes, substitute
@

E for @, and =32 for & and evaluate.
b -3

2a

The x-coordinate of the wertex 1z 2.25.



Substitute 2.25 for x 1n the given function to find the y-coordinate.

y = %[2_25)3— 3(2.25) + 6

= 3375 -6775+4
= 2625

Thus, the vertex of the graph of the given function 1z (2.25, 2.625)

Plot the vertex on a coordinate plane.

f“_‘r
B
5
4
3 V eriex
o (125, 2.625)
2
1
i P
-6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7 Bx
-1
Y
. ; ¥ :
STEP3 We lenow that the axzis of symmetry 13 x = — T The axis of symmetry of
a
the given function 1s the ine x = 2.25. Now, draw the axis of symmetry
x=225
r’"Lr
5
5
&
3 Vertex
& (2.25, 2.625)
2
axiy of
1 symmetry
X = Q2.25
~ -
£ -5 -4 -3 -2 -1 1 203 4 5 6 7 8x
-1
Y
STEP 4 The y-intercept of ¥ = ax + bx +¢is ¢ and the point (0, ) 12 on the
parabola

Thus, the y-intercept of the given function 15 & and (0, &) 15 on the
parabola.



Plot the point (0, &) on the same coordinate plane.

Ay
(0, &)
e
5
4
3 YEriex
¢ (2.25, 2.625)
2
axiy of
1 symmetry
Xx=02.25
-k ne
6 -5 4 -3 -2 41 1203 4 5 6 7 8x
-1
Y

Mow, reflect the point (0, &) 1n the axis of symmetry to get another point

f‘L_'L'
(0, 6)
B peid.5, 6)
5
. !
3 vertex
¢ (1.25, 2.625)
2
axiy of
1 symmetry
x=_2125
et T
£ -5 -4 -3 -2 1 203 4 5 6 7 8x
=1
Y



STEP 5 Ewvaluate the given function for another wvalue of x, say, 1.

substitute 1 for x 1n the function and sumplify.

y= 20P-3(1) + 6

- 3+56

gy | e o

&7

Thus, the point {1, 367 lies on the graph. FPlot the point on the coordinate

plane.
f'"‘_r
(0, &)
5 paid.5, 6)
5
4
L]
{1, 3.67]
3 ¥ erfex
¢ (2.25, 2.615)
2
axiy of
1 symmetry
x=2.15
- >
5 -5 -4 -3 -2 -1 1 213 4 5 6 7 8x
-1
Y

Eeflect the point (1, 3.67) 1n the ams of symmetry.

Ay
(1. &)
B po(4.5, 6)
5
4
—p-e(}.5, 3.67)
(1, 3.67)
3 Vertex
$ (1.25, 2.625)
2
axiy of
1 symmetry
x =2.25
- -
6 -5 4 -3 -2 - 1 203 4 5 6 7 Bx




STEP 6 Draw a smooth curve through the plotted points.

B

4

3 Yeriex
2.25| 2.625)

2
axiy of

1 symmetry
x=2.25

] P
£ -5 4 -3 -2 1 1 2| 3 4 5 6 7 B8x

Answer 28e.
Consider the function
3 5
=—=x —4x-1
¥ 43: X
STEP 1:

Identify the coefficients of the function y=— % x—4x-1
Comparing the function y= —%xl —4x -1 with y=ax® +bx+ec

The coefficients are a:—%zb =—4 c=-1

Because a < 0, the parabola opens down

STEP 2:
. . b —4 —4 4.2 8
The axis of symm 18 X=——=— =— =— =—
e 2a 53 3 3 3
4 2
Find the vertex.

The vertex has x-coordinate= —— = — — = —

Calculate the x-coordinate.
b —4 —4 4-2 8
Zﬂ 2 i _3
2

Then find the y-coordinate of the vertex.
2
3( 8 8 13
=—=|——=| -4 1=
g 4( 3] [ 3}
_3]
3

o

Therefore, the vertex 1s

'.nJICﬂ



STEP 3:

) 8 13 ) 8
Plot the point [—E? andd:awtheansnfsymmetqrxz—g -
oy
8
--E-q
6
Verter 5
BRIPEan) e
T3 3
= LA | —
.‘I B
IEEREERE EEEEEEREEEREN]
.._E..
Anic o ;
ey 5
_8 &
| .
-
-9
40
STEP 4:

Identify the y-intercept ¢, which 15 —1. Plot the point {{}, —1) . Then reflect this point 1n

the axis of symmetry to plot another point, (—5.32,—1} i
Evaluate the function for another value of x, suchasx=-—6_

y:—%(—ﬁf —4(—6)-1=—4



Plot the point [—6—4) and its reflection (ﬂ.ﬁE,—*i) in the axis of symmetry.
Draw the parabola through the plotted points.

3

e

T

— g y Y S S—
[l
4
B
7
"ol 99° e
| & i & =
_':—E?' L s4 -
' .q-
31
El
] -
+ + ——————
103;?-Eﬁ-43 2 34567 8 910
(—%.32 1) (0. +1]

D@ = n & 4

1
—

Therefore, the above graph 1s the required graph of the function y=- ; x’ —4x—1

Answer 29e.

STEP 1 Tdentify the coefficients of the function

The given function 1z of the form y = axl+bx+ec On comparing, we have

@ 18 —E, big 2, and ¢ 12 2. Since a = —% < [0, the graph opens down

STEP 2 Find the vertex The vertex of the graph of y = ax® + bx + ¢ has x-

. b . .
coordinate — 2— In order to find the x-coordinate of the vertes, substitute
o

—E for @, and 2 for & and evaluate.

& 2

2a

2
3
1.67

The x-coordinate of the vertex 12 1.67.



substitute 1.67 for x in the given function to find the y-coordinate.

g(-167) = —2[1.6?)24- 2(1.67) + 2

s 367
Thus, the vertex of the graph of the given function 1z (1.67, 367

Plot the vertex on a coordinate plane.

Ay

4 vertex
e (167, 3.6T)
3
2
1
= -
2 1 1 2 3 4 5x
-
-2
| |
. . & .
STEP 2 We know that the axis of symmetry 15 x = —2—. The axis of symmetry of
a
the given function 15 the line x = 167
HNow, draw the aziz of symmetry x = 167
shy
4 vertex
& (L.67, 3.6T)
3
Z
4
i -
-2 -1 1 2 3 4 5x
= axis of
S}Illl'lli.'u'."
2 = 1.67
| |




STEP 4 The y-intercept of ¥ = ax® + bx + ¢ is ¢ and the point (0, 23 15 on the
parabola.

Thus, the y-ntercept of the given function 1z 2 and (0, 2) 15 on the
parabola.

Plot the point (0, 2) on the same coordinate plane.

shy
o4 vertex
& (167, 3.67)
3
%0, 2)
1
- .
-2 =1 1 Z 3 4 2X
= axiy ar
sYmmeLry
x = 1.47
-2 , r
Y

Mowe, reflect the point (0, 2) 10 the axis of symmetry to get another point.

shy
4 vertex
¢ (L67. 3.67)
3
& (93] P38, 7)
’
~- -
-2 = 1 2 3 4 Sx
& axis ar
symmetry
k=147
-2 1‘ ’
Y




STEP S Evaluate the given function for another value of x, say, 1.
substitute 1 for x in the function and sumplify.

g(l) = ~2(0} +2() +2

34

Thus, the point (1, 3.4) lies on the graph. Plot the point on the coordinate

plane.
by
4 vertex
(1, 3.4) & (L7, 3.67)
) [
3
B (5] >*(333,2)
1
. >
-_2 "'1 ‘I 2 3 4 b e
oA axis of
SYmmetry
3 x =167
Y

Eeflect the point (1, 2.4) in the axis of symmetry.

shy
4 vertex
(L34 ¢ (L67.3.67)
—TP%0234,34)
3
& (3] A EREN]
1
s =
- -1 1 2 3 4 5x
-1 axis of
symmetry
2 x=1.687
Y




STEP 6 Draw a smooth curve through the plotted points.

i Al
1Y #lx) — &+ 2xi+ 2
=
4 vertex
67, 3.67)
d
Fa
1
- -
¥4 1 1 2z K 4 9x
=4 AxX1s Of
sYmmeily
2 x = 1.67
Y
Answer 30e.
Consider the function

flx)= %xi +x—3
STEP 1:
Identafy the coefficients of the function f(x} = %xj +x-3

Comparing the function f(x:}zéx2+x—3 with y =ax’ +bx+c¢

The coefficients are a = %J} =lc=-3

Because a = 0, the parabola opens up.

STEP 2:
The axis of symmetry is x =— 2 = —- : =-1
Eﬂ' 2_1
2
Find the vertex.
Calculate the x-coordinate.
The vertex has x-coordinat ex:—i:—iz—l
ZI'.'I 2_1
2
Then find the y-coordinate of the vertex.
1 2 7
—1j==(-1) +(-1)-3=—
F(FD)=5 (1) +(-1)=-3=—7

Therefore, the vertex 1s [—L - %J ]



STEP 3:
Plot the point [—L—%Jand draw the axis of symmetry x=—1 .

Fllr
&
Abxis of 4
symmetoy) 4
x=-—1

t 2

1 5

x

£ 5 4 3 2 4 9 1 7 3 & 5 &
+ .1-r
-
WETtEX 3
_1__._;. &
.5-:

L— _E_ i —

STEP 4:
Identify the y-intercept c. which 1s —3. Plot the point (0,—3) . Then reflect this point in

the axis of symmetry to plot another pomt, (—2,-3).
Evaluate the function for another value of x, suchasx=2_

f{z}%(z)%{z}—;:l

Plot the point (2,1)and its reflection (—4,1) in the axis of symmetry.
Draw the parabola through the plotted ponts.

VT 11T,

. -
Nt EAR

*

an

(10

L

Therefore, the above graph 1s the required graph of the function f(x) = %xi +x-3



Answer 31e.

STEP 1 Identify the coefficients of the function

The given function 15 of the form y= axl+bx+ec On comnparing, we have

18 % b1z and ¢ 12 5. Since a = % = (0, the graph opens up.

STEP 2 Find the vertex The vertex of the graph of ¥y = ax? + bx +¢ has x-

. b . .
coordinate — 2— In order to find the x-coordinate of the wertex, substitute
o

§ for a, and = for b and evaluate.

by
=)
5
-
4
=125

The x-coordinate of the wertex 1z 1.25.

substitute 1.25 for x 10 the given function to find the y-coordinate.

%[1.25)2—4(1.25) +5

o
2.5

Thus, the vertex of the graph of the given function 1 {1.25, 2.2%. Plot the
vertex on a coordinate plane.

Ay
5
5
4
3
vertex o
2 (135, 25)
1
.
— | | | | | —
-0.5 0.5 1 1.5 2 2.5 3
1
Y



STEP 2 We know that the axis of symmetry 12 x = —zi. The axis of symmetry of
o

the given function 15 the line x = 1.25. Draw the axis of symmetry.

Ly
G
]
4
3
'I.'L':I'I‘l_'I“
2 (135, 2.5)
1
e
- - - - : - -
-0.5 s 1 1.5 2 25 3
axis of
-4 sYmmelrs
¥ v .25
STEP 4 The y-intercept of v = ax® +bx +cis ¢ and the pownt (0, 2) 15 on the
parabola

Thus, the y-intercept of the given function 1z 5 and (0, 2) 15 on the
parabola

Flot the point (0, 30 on the sate coordinate plane.

ALY
5]
5
511“']' )
4
3
v ertex |
2 (1.5, 25)
q
»*
-0.56 as 1 15 2 25 3
axis ol
-1 sVimmetry
v .25
Y



Mow, reflect the point (0, 2) 10 the axis of symmetry to get another point.

Ly
G
5ol 2 o (2:5:5)
4
3
'l.'l.'!'l‘l.':r“
2 (1.25, 2.5)
1
"
- | | | - - -
-0.6 os 1 1.5 2 25 3
axis of
-1 symmetrs
‘r L |-—:"
STEP S5 Evaluate the given function for another value of x, say, 0.2,

substitute 0.9 for x 10 the function and simplify.

%[0_5):‘— 4(0.5) +5

F
5.4

Thus, the point (0.5, 2.4 lies on the graph. FPlot the point on the coordinate

plane.
Ly
€
5ell:3) - (2:5: 5)
4
(0.5, 3.4)
L]
3
.
Y eriex
2 (135, 2%)
1
-
- - : : : - e
-0.5 05 1 15 2 25 3
4 axis ol
sYmmelry
v 1.25
Y



Eeflect the point (0.5, 3.4 1n the axis of symmetry.

Ly
G
5L0.5) sy (25.5)
4 (0.5, 3.4)
@ u (2, 34)
3
»
YV ertex
2 (1.35, 2.5)
1
x
05 05 1 |15 2 25 3
axis of
- SV mmetry
x = 1258
Y
STEP 6 Draw a smooth curve through the plotted points.

Ay

v eriex
(1.25,2.5)

1
X
0.6 05 1 |15 2 25 3
axis ol
= SV mmetry
x= 125
Y

Answer 32e.
Consider the function y= —%_xz —x—4
STEP 1:
Identify the coefficients of the function y = —% x'—x—4

Comparing the function y=— %xi

The coefficients are a:—g,b =—lc=—4

Because a <0, the parabola opens down.

—x—4 with y=ax’ +bx+¢



STEP 2:

. ) b -1 -1-3 3
The axi1s of 5 15 y=—— = — " —e e
= , 5 -10 10
3
Find the vertex.
Calculate the x-coordinate.
Theverl:ﬂxhasx-cﬂurd:inatez—iz— -1 =—_1'3=—i
2a 2_;5 —-10 10
3
Then find the y-coordinate of the vertex.
s5( 3Y ( 3 77
y =i | <lmt | g
3\ 10 10 20
Therefore, the vertex 15 —i,—ﬂ )
10" 20
STEP 3:
i 37 i 3
Plot the point | — — _,—— | and draw the axis of symmetryx=—— _
10° 20 2
4
:‘I‘
axigor |}
symmegry | |
'I=—"—lI h
X
E 5 1 3 2 1M 1 5 § & 5§ &
Vargex ’
3 |77
STEP 4:

Identify the y-intercept ¢, which is —4_ Plot the point (0,—4) . Then reflect this point in
the axis of symmetry to plot another point, (—ﬂ.ﬁlﬁ,—{}.

Evaluate the function for another value of x, such asx=1.

o AL 20
J’=—§(1} —(1)-4 =T



Plot the point [l, — 23—{]] and its reflection (—1.624,— 23—{]] in the axis of symmetry.
Draw the parabola through the plotted points.

E
I

4 -as 1.5 as{ 9 o5 1.5 25 1
.‘I-u-
772
bl

Therefore, the above graph 1s the required graph of the function y=— g x—x—4

Answer 33e.

We know that for a function y = ax® + bx +c, the vertex s y-coordinate 12 the minimurm
value if @ = 0, and the mazimum value if ¢ <0

In the given function, @ 15 —6, which 1z less than 0. Thus, the function has a maximum
ralue.

How, find the coordinates of the vertex The vertex of the graph of y= ax® + bx + ¢ has

the x-coordinate as  — Ei Find the x-coordinate by substituting —6 for @, 0 for &, and
&

evaluate.

& 0

2a  2{-6)

The x-coordinate of the wertesx 13 0.



substitute O for x 1o the given function to find the y-coordinate.
—6(0)" -1
= —1

¥

Therefore. the maxzimum value of the function 15 -1

Answer 34e.

Consider the function y=9x"4+7

Comparing the given function with y=ax” +bx+c.

Weget a=9b=0,c=7

We know that, For y = ax” + bx +c, the vertex’s y-coordinate is the minimum value of
the function a > 0and the maximum value if a <0

Since g=9=0
The function y =9x" +7 has a minimum value which is given by the vertex.
x-coordinate of the vertex 15 — b-

=0
y-coordinate of the vertex 1s y=9{ﬁ1]+?=7’

Vertex 1s (D,?}
Therefore the minimum value of the given function 157

Press Y= for the equation editor and enter the equation

Flati Plok2 Plots
S EIET 2T
~Nz=N

W=

“y=

=Me=

M=

M=




Press WINDOW for the window menu.

Enter the window range given below

) THOIOIL
AMin=-5
- Xmax=35
- Xscl=1
Ymin=-5
Ymax=28
Yscl=1
sAres=H

Press 2nd, then TRACE followed by entering 3 for minimum and graph
Yi=0H"2+7

CeFEEounas f '
n=0 LT
Therefore the minimum value of the given function 1s

Answer 35e.

We lenow that for a function y = ax’ +bx +c, the vertex’ s y-coordinate 15 the minimum
value if @ > 0, and the maximum value 1if @ < 0.

In the given function, @ 15 2, which 1z greater than 0. Thus, the function has a mimimum
value.

Mow, find the coordinates of the vertex The vertex of the graph of ¥y = ax® + bx + ¢ has

: b : .
the x-coordinate as — — . Find the x-coordinate by substituting 2 fora, 8 for &, and

2t
evaluate.
_s__ B
e 2(2)

The x-coordinate of the vertex 13 —2.

substitute —2 for x in the given function to find the y-coordinate.
F(=2) = 2(-2 + 8(-2) + 7
= =1

Therefore. the minimum wvalue of the function 12 —1.



Answer 36e.

Consider the function g(x)=-3x"+18x—5

Comparing the given function with y = ax’ + bx + ¢

Weget a=-3.b=18.c=-5

We know that, For y = ax” + bx + ¢, the vertex’s y-coordinate is the minimum value of
the function a > Oand the maximum value if a <0

Since a=—-3<0
The function g(x:l =—3x" +18x—5 has a minimum value which is given by the vertex.

x-coordinate of the vertex 1s
b 18
22 23)
=3
y-coordinate of the vertex is g(3) :—3{32 ]-I—IEI:E)—S =23
Hence, the vertex is {322]
Therefore the maximum value of the given function 15 22

Press Y= for the equation editor and enter the equation

I I MOOil)
Aamipn=-5
amax=1@
xecl=1

Ymin=-5
Ymax=34
Vs l=1
sres=]1




Press WINDOW for the window menu.

Enter the window range given below

Plati Plok2 Plat2
hViE'SX“2+18K—5
V=0

e —

“Ny=

“Ne=

V&=

“Nr=

Press 2nd, then TRACE followed by entering 4 for maximum and graph

Yi==2n"2+188-F

L&Fk huMQ—‘

n=c. 9787234 Y=21.99884Z

Therefore the maximum value of the given function 1s
Answer 37e.

We know that for a function y = ax® + bx + ¢, the vertex s y-coordinate 15 the minimurm
value if @ > 0, and the maximum value if ¢ <0

In the given function, @ 1= 5 . which 1z greater than 0. Thus, the function has a minimum

value.

How, find the coordinates of the wvertex The vertex of the graph of ¥y = ax® + bx + ¢ has

the x-coordinate as — i Find the x-coordinate by substituting g fora, & for &, and

2
evaluate.
B B B )
“ o3
2

The x-coordinate of the vertex 13 =2,



Substitute —2 for x in the given function to find the y-coordinate.

fpazzgpa?+q—@+4

= -2
Therefore. the minimum value of the function 12 —2.

Answer 38e.
Consider the function y:—%xi ~Tx+2
Comparing the given function with y = ax’ +bx+c
We get az—i,bz—lc: 2

We know that, For y= ax’ + bx +c_ the vertex’s y-coordinate 1s the minimum value of
the function g > (and the maximum value if g <0

Since a=——<0
4

The given function has a minimum value which 1s given by the vertex.
x-coordinate of the vertex 1s

& 0
2a -l
2(4)

=-14

y{nmﬂmmncfmmvaumisy:—éﬁ—bﬂz—?p44]+2=51

Hence the vertex is (—14.51)
Therefore the maximum value of the given function 1s 51

Press Y= for the equation editor and enter the equation

Flati Plak2 Flakz
:giE'(1f4)H“2—?H

3 Nk
W=
“WMy=
“Me=
M=




Press WINDOW for the window menu.
Enter the window range given below

|l T MO0
amin= =36
Hnmax=z
necl=1

Ymin=-14
Ymax=6H
Y=o l=1
mres=]

Press 2nd, then TRACE followed by entering 4 for maximum and graph

La Rl b ol N e £ s

Therefore the maximum value of the given function 1s

Answer 39e.

First, we have to graph the given functions on the same coordinate plane.

=Y

1/2 3 4 5 &

On comparing, we can see that both the graphs open up and have the same axis of
symmetry. The graph of ¥y = x% — 3 is wider than the graph of vy = %% + 2 and its vertex
mowves down the y-amis.

Therefore. the correct answers are choices A and D.



Answer 40e.

Out of the given four quadratic functions, the one which has the smallest quadratic
coefficient 1n terms of numerical value should be the one which will have widest graph.

Therefore the graph of the quadratic function y = 0.5x” will be the widest graph in
comparison to the graphs of the other quadratic functions.

Answer 41e.

We know that a quadratic function can be written in the standard form y = ax +bx +oe,
where @ = 0.

C@mparey=—0.02x2 +x+6 with_}f=r:zx2 +bx+e.
a=—002,b=1c=6

Answer 42e.

Consider y=-0.01x"+0.7x+6
Comparing the given function with v =ax” + bx+¢
Weget a=—001.6=07c=6

Answer 43e.

We know that the axis of symmetry 15 x = — Ei
@
Substitute 4 for x
o=t
et

Multiply each side by —2a.
4(~2a) = -2 (~2a)
2
—vg = &

In order to find one of the quadratic functions, first evaluate & for any value of &, say, 1.
Substitute 1 for @ in b =-8a and evaluate.

b= —8(1)
= -3

Choose any y-intercept, say, £. The y-intercept of the function y = ax? + bx +cis . Thus,
c=2

& quadratic function can be written in the standard form y= ax +bx +c, where @ # 0.

Fut the values for o, &, and ¢ iny=.:xx2 +bx+e
y =1z —8x+ 2
y=xr-—8r+2



Ewvaluate & for another value of @, say, 2 to find another quadratic function

Eeplace a with 2 1n & = —8a and evaluate.
b = —8[2)
= —16

It 15 given that the functions have different y-intercepts. Choose any v-intercept other than
2, say, —1. Thus, ¢ =1

substitute 2 fora, —16 for b, and -1 foremny = ax® +bx +e.
y=2x%— 16z - 1

Iow, to find the other quadratic function, substitute any value for a, say, —1 and evaluate

b,
B = -8(-1)
=B

Choose any y-intercept other than —1 and 2, say, 3. Thus, e =3

substitute —1 forea, 8 for b, and 2 forein v = ax® 4+ bx + e,
y=—x+8x+73

The three different quadratic functions whose graphs have the line x =4 as an axis of
symmetry but hawve different y-intercepts are

y = x—8x+42,
y = 22— 16x-1,
and

W= —x+8x+3

Answer 44e.

Consider the function y=0.5x" - 2x

When we put x =0 we get,

¥=05(0")-2(0)=0

= The graph of the given function passes through (0.0).

The vertex has x-coordinate
b 2
2a 205
=2
The y-coordinate of the vertex is y(2) =0.5(2?)-2(2)=-2

The vertex 1s (2.-2)



Sketch the graph of ¥ =05x" —2x

.
PR

[P A N = SRS I Y o B

Therefore the graph of the given function must be the graph in option C.
Answer 45e.

L quadratic function can be written in the standard form v = ax +bx +c, where a = 0.

Cotnpare the given function with the standard form.
a=05b=0 =3

The vertex of the graph of v = ax? + bx + ¢ has x-coordinate  — Ei In order to find the x-
@

coordinate of the vertesx, first substitute 0.2 for @, and 0 for &,
b 0

2z 2(03)

The x-coordinate of the vertex 13 0.

substitute O for x in the given function to find the y-coordinate.
y = 05000 +3
=

Thus, the vertex 12 (0, 33,

: : B . : :
The axis of symmetry 15 x = —2—. since the walue of & 13 0, the axis of symmetry 15 the
@

y-axis.

We can see that only the parabola in choice A has vertex at (0, 37 and the y-axis as its
axis of symmetry.

Therefore, the given equation matches with choice A



Answer 46e.
Consider the function y=0.5x" —2x+3
Comparing the given function with y = ax® + bx + ¢
Weget a=05b=-2¢c=3
b

Then, the axis of symmetry 1s J|:=—2 =2
a

and the vertex has x-coordinate —i = 2

2a
The y-coordinate of the vertex 1s

¥(2)=05(2%)-2(2)+3
=1
Hence the vertex 1s (2.1)
The graph of the given function has axis of symmetry x =2 and it does not pass through
the origin.

Sketch the graph of y=05x" —2x+3

':'qr'ﬁ

Therefore the graph of the given function must be the graph in option B.



Answer 47e.

STEP 1 Tdentify the coefficients of the function
The given function 15 of the form v = axt +bx +c.
On comparing, we have 215 0.1, 5150, and ¢ 12 2.

since @ = 0, the graph opens up.

STEP 2 Find the wertesx
The wvertex of the graph of y = ax® + bx + ¢ has x-coordinate  — Ei
prs
In order to find the x-coordinate of the wertex, substitute 0.1 for e, and 0
for & and evaluate.

& 0

2 2(00)

The x-coordinate of the vertexz 15 0.

substitute O for x in the given function to find the y-coordinate.
F00) = 01(0) + 2

= Z
Thus, the vertex of the graph of the given function 15 (0, 2).

Plot the vertex on a coordinate plane.

AY

fay

B

3

L 2

vertex 29
(0, 2) 4

F
Y-




STEP 3 We know that the azis of symmetry 12 x = — Ei
@

The axis of symmetry of the given function 15 the line x = 0 or the y-axis.
Mow, draw the axis of symmetry.

LAY

far

== h

3

&

vertex 28
(0, 2) 4

f 3
Y~

axis of
SVInmery

Sl x=10

STEP 4 Ewvaluate the given function for another walue of x, say, 2.

substitute 2 for x in the function and simplify.
Fl2)=01(2)7 +2
= 24

Thus, the point {2, 2.4) lies on the graph. Plot the point on the coordinate
plane.

[

= h

3

-

vertex 24
{0, 2) 4

A
Y~

axis of
SVImeiTy

Sl x=1)




Iow, reflect the point (2, 2.4) in the axis of symmetry to get another point.

Ay

o

5
|
3
(2, 2.4) 9t (2, 2.4)

vertex =%
{0, 2) 4

&
L I

axis of
sVInmelry

Sl x=1

STEP S Substitute another value of x, say, 4 and evaluate.
F(4) = 0.1(4) + 2
=36
The point (4, 2.6) lies on the graph. Plot the point on the coordinate plane.

Ay

o

)
4

& (4, 3.6)
3

(-2, 2.4) @ et (2, 2.4
vertex 2%

(0, 2} 4
X
"5545211 1 2 3 4 5 &
-
-3
4| axisof
svmmeiry
5l =1
-6




We have to plot the reflection of the point (4, 2.6) 1n the axis of symmetry.
Eeflect the point (4, 2. 6) in the axiz of symmetry,

AY

(4, 3.6) g

1]
a
4
3

2,24) 0t (2. 24)
vertex =%
{0, 2) 4

F 3

axis of
SYImeiry

Sl x=1

STEP 6 Draw a smooth curve through the plotted points.

yvertex
{0, 2)1

4| axis of
sVmmelry

&l x=0




Answer 48e.
Consider the function g(x)=-05x"-5
Comparing the given function with y = ax? + bx 4 ¢
Weget a=—05bh=0,c=-5

Then, the axis of symmetry 1s x:—;:ﬂ
a

and the vertex has x-coordinate — ; =0
a

y-coordinate of the vertex is g(0) =—'|[}_5{I3|2 )-5=-5

Hence, the vertex 1s [ﬂl,—ﬁ}

Sketch the graph of the function g(x)=—0.5x" -5

=10 4 B T - T 8 9 10

Answer 49e.

STEP 1 Identify the coefficients of the function
The given function 15 of the form v = axt +bx +c.
On comparing, we have ¢ 15 0.3, 515 3, and ¢ 15 1.

since a = 0, the graph opens up.



STEP 2 Find the vertex

. b
The vertex of the graph of v = ax® + bx + ¢ has x-coordinate — o
&
In order to find the x-coordinate of the wertex, substitute 0.3 for a, and =
for & and evaluate.

& 3

“2a 2(03)

The x-coordinate of the vertex 15 =5

substitute =5 for x in the given function to find the y-coordinate.
y = 03(-5"+3(-5)- 1

= t5-15-1

= -85
Thus, the vertex of the graph of the given function 15 (=5, —=8.2).

Plot the vertex on a coordinate plane.

Ay
3
2
1 .
X
- -
4 12 -10 8 -6 -4 -2 1 2 4 B
-2
-3
-4
-5
-6
-7
-8
i W
vertex -
(-5, -8.5) v




STEP 3 We lnow that the axis of symmetry 13 x = — EE
i

The axis of symmetry of the given function 12 the line x = -5
Mow, draw the axiz of symmetry x = -5,

Ay
3
> 1 7
axis ol
SVImLTry 1
: ik =
il X E =) T
A4 12 10 -8 6 |4 -2 1 2 4 B
-2
-3
-4
-5
-G
-7
-8
vertex T
= -9
(-5, -8.5) ¥
STEP 4 The y-intercept of ¥y = ax® + bx + ¢ is ¢ and the point (0, £) 15 on the
parabola,
Thus, the y-intercept of the given function 15 =1 and (0, —1) 1z on the
parabola

Plot the point (0, =1 on the same coordinate plane.

Ay
3
—1 2
axis ol
sVRmetry 1
. =
- ol sl -
14 =12 =10 8 -6 |-4 -2 2 4 B
-le (0, <1)
=
=3
=4
=3
-G
-7
=B
ke
;Lr;t: 9
(-5, -8.5) ¥




How, reflect the point (0, —=1) 10 the axis of symmetry to get another point.

Ay
3
= 2
axis ol
SV eTry 1 =
o X
il X = > T
1412 10 -8 6|4 -2 2 4 6
(—10, -1y 1(0,-1)
.2
-3
-4
-5
-
-7
-8
vertex T
= -8
{5, —8.5) ¥
STEP S Ewvaluate the given function for another value of x, say, 1.

substitute 1 for x 10 the function and simplify.
0.3(1)" +3(1) - 1

I}? =
=03+3-1
= 273
Thus, the point (1, 2.3) lies on the graph. Plot the point on the coordinate
plane.
djuj.
. 2| @h2.3)
AN1s ol
svimmeiry 1
- X
_— X = = | .
41210 8 B[4 2 | 2 4 86
—10,-1) T0,-1)
=2
-3
-4
-5
-G
-7
-8
vertex T
= -9
(-5, -8.3) ¥




We have to plot the reflection of the point (1, 2.3) in the axzis of symmetry.
Eeflect the point (1, 2.3) 1n the axis of symmetry.

Ay
g J
(11, 2.3) @ s e (1,2.3)
axis of
sV ety 1 -
_—y xE 5 i
141210 8 6[-4 2 [ 2 4 6
(-10,-1)7 ~ 10,1
=2
-3
-
-5
-G
-7
-8
vertex ¥
(-5, -8.5) 'QT
STEP 6 Draw a smooth curve through the plotted points.
Ayd
3
axis of
SVIIeTEY 1 .
3 i x
s -2 B0 8 6 :

F=0.3x" +3x-1

vertex
(-5{-8.5)




Answer 50e.
Consider the function y=0.25x" —1.5x+3
Comparing the given function with y=ax’ +bx+c.
Weget a=025b=-15,c=3

Then, the axis of symmetry is xz—;-=3
a

and the vertex has x-coordinate —i =3

2a

The y-coordinate of the vertex 1s y = D_ZS{EI ]—1.5{3:] +3 =§

Hence the vertex i1s (3, %)

Sketch the graph of the function y =0.25x" —1.5x+3

y=028" -1.5x+3




Answer 51e.

STEP 1 Identify the coefficients of the function
The given function iz of the form v = ax® +bx +c.
On comparing, we have @ 154.2, 515 6, and ¢ 15 -1

cince a = 4.2 = 0, the graph opens up.

STEP 2 Find the wertex

: &
The wertex of the graph of y = ax® + bx + ¢ has x-coordinate — =
@

In order to find the x-coordinate of the vertex, substitute 4.2 for @, and &
for £ and evaluate.

I
et 2(4.2)
=o— 071

The x-coordinate of the vertexz 15 —0.71.

substitute —0.71 for x 10 the given function to find the y-coordinate.
f[—[].?l) = 4.2(—0.?1)2 + 6[—0.?1) -1

mo— 314
Thus, the vertex of the graph of the given function 12 (071, =514},

Plot the vertex on a coordinate plane.

oky

M = G D

= ki @ & N

- -
7 6 -5 4 3 -2 -1 1 2 3 4 5 6x

-1

Yeriex <
=071, =3.14) 3
-4
-5

Y




STEP 3 We lnow that the axis of symmetry 15 x = — EE
i

The axis of symimetry of the given function 15 the line x =071
Mow, draw the axiz of symmetry x =071

>

W & thth = G @

—

-
'?'5'5'4'3'2'14 1 2 3 4 &5 6BX
vertex 2
(=071, -3.14) [ §3
avis of 4
\}IIIIII{"'I':\ L5

x=-071]Y

STEP A The y-intercept of y= ax + bx +cis ¢ and the point (0, £ 15 on the
parabola
Thus, the y-intercept of the given function 1z =1 and (0, =17 15 on the
parabola
Plot the point (0, =17 on the same coordinate plane.

}U“_r
2]
8
T
L]
5]
4
3
2
1
_q h‘
-f 5 -5 -4 -3 -2 - 1 2 3 4 5 BX
'-1-“-':“1_]}
vertex -2
(=071, ~3.14) &3
axis ot 4
sYmmelry Lg
=070y



Mowr, reflect the point (0, =17 in the axs of symmetry to get another point.

M@hmmﬂqm@"—q
-

—_

-

F 6 -5 -4 -3 -2 -1 1 2 3 4 5 Bx

(-1.42,-1) "4 0,1

yertex 2

(=0.71,~3.14) &3
axis of 4
sVimmelry Lg

x=-0.71 |y

STEP 5 Ewaluate the given function for another value of x, say, 1.

substitute 1 for x in the function and simplify.
F =427 +6(1) -1
= 9.2

Thus, the point {1, 9.2 lies on the graph. Plot the point on the coordinate
plane.

3

ol %.2)

R @ b o = G @D

ey

7 6 5 4 3 -2 -1 1 2 3 4 5 6%
J 6 5 -4 3 -7 - k"
(1,42, -1} "0, 1)

:

veriex r2
T 304 g3
avis of 4
sVImmelry LG

x=-0.71 | Y




“We have to plot the reflection of the point (1, 9.2) in the axis of symmetry.
Eetlect the point (1, 2.2) 1n the ams of symmetry.

H:Jlj'
(-2.42,9.2) og—tgr—eil, 9.2)
]
i
©
a
4
3
2
1
q?ﬁ'ﬂ432‘1 123455.-_
F 6 -5 -4 -3 -2 - X
(-1.42,-1) 40, 1)
veriex 2
=071, -3.14) &3
axis of 4
sVInmelry Lg
x=-070 [ Y
STEP G Draw a smooth curve through the plotted points.
1ok
g
B.
71
E.
5.‘
44
31 1
5 Filx)=4.2x" +6x -1
1+
- -
7 6 5 4 -3 2 1 2 3 4 5 6x
veriex
(—.71,-3.14)
axis of - HH
5% ITII'I'H."‘I.T_\' L5
x =071 ¥




Answer 52e.
Consider the function g(x)=175x"—-25
Comparing the given function with y = ax’ +bx+c.
Weget a=175.b=0,c=-25

Then, the axis of symmetry 1s x:—zizﬂ
a

and the vertex has x-coordinate — ;- =0
a

The y-coordinate of the vertex is g(0) =l_?5{01]—2.5 =25
Therefore, the vertex 1s (0, —2_5]

Sketch the graph of the function g(x)=175x" -2 51s shown as below

L

i
[ y=0

F
=

g(x)=1.75x" =235

—_ e fee e o O - 00 WD

5 4 3 2

1
- '_'l:::,




Answer 53e.

First, plot the given points on a coordinate plane.

Ay
5|
Al
a3 3 a3
2|
d
1:%-5-4-:5-;&-%1' 12 3 4 5 éx
=21
-3l
4|
Bl
Y

We lenow that the axis of symmetry lie half way between the two x-coordinates.

From the given points, we can see that the w-coordinates are the same. Thus, the points
are reflections of each other. The midpoint of the x-coordinates 15 —1.

Thus, the line x = -1 lie halt way between the two x-coordinates -4 and 2. Therefore, the
equation of the axis of symmetry 18

x=-1

Answer 54e.

Consider the function y=ax’ +bx+¢

The axis of symmetry 1s x=—i

2a
Since the x-coordinate of the vertex 1s _Ei
a
2
Show that the y-coordinate of the vertex 15 — 1a +C
a

i b
Substitute x:—z— in v=ax’ +bx+c then we get
a

() 2
y=al-— +b| — +c
2a 2a

-EJI 2
=——-——+c
4a 2a
.E.'.ll
=——+(C
da

A

Therefore, v-coordinate of the vertex 1s |y =— o +C




Answer 55e.

We have the equation R(x) = (1 + 0.02x3(4000 — 50x).

Lpply the distributive property.
R(x) = 4000 — 80x + 200x — 4x°

Combine the lile terms.

R(x) = 4000 + 120x — 45°

Mow, we have to find the coordinates (x, R(x)) of the vertex

The x-coordinate of the vertex 1z x = —zi.
Substitute 120 for &, and -4 for a, and Evaclxuate.
2{-4)
120
= —

=15

Ewaluate R(12). For thizg, replace x with 15 1n Rlx) =4000 + 120x — 4x° and evaluate.
R[lﬁ) 4000 +120[15) - 4[15)2

4000 + 1800 — 200

4900

The wertex 15 at (15, 49000, Therefore, raise the price by 15 0.05 or $0.75 to increase
the revenue to $4900 per day.

Answer 56e.

Consider the electronics store sells about 70 of a new model of digital camera per month
at a price of $320 each.

For each $20 decrease in price, about 5 more cameras per month are sold.
Obtain a function that models the above situation and use the function to maximize the

monthly revenue.

Let $20x be the decrease in price, then 5x is the increase in sales.
Let T(x) denote the total revenue per month. Then,

T(x)=(320—20x)(70+5x)
= T'(x)=—100x" +200x + 22400

Comparing the given function with y=ax’ +bx+c.
We have a=-10056=200,c=22400



since g« (0, then the given function attains a maximum vale which 1s given by the
vertex.

x-coordinate of the vertex 1s — ; =1
a

= y-coordinate of the vertex is  T(1)=-100(1" )+200(1)+22400 = 22500

= vertex 1s (l, 225[![!}
Therefore the maximum value of the given function 15 22500
That is, by reducing price by $20, total revenue can be increased up to ($22500|.

Answer 57e.

The height 2 abowve the road of a cable at its lowest point 15 the y-coordinate of the vertex
of the parabola.

First, we hawve to find the x-coordinate.

The x-coordinate of the vertex 13 x = —;. Substitute —% tor &, and for @ and
o
evaluate.
_ K
S .
pr|
(QDDD]
= 2100

Eeplace x with 2100 to find the w-coordinate.

1 (21007 - %[zmoj + 500

G000
10

Y

Therefore, the height &2 above the road of a cable at its lowest point 12 10 feet.

Answer 58e.
Consider the function y=-0.2x"+13x
Find if y =3 foranyreal x .
=  3=-02x"+13x
=  02x'-13x+3=0



The above equation is of the form ax’ +bx+c¢=0
The descriminant of the quadratic equation is b —4ac
Let D denote the desciminant of the above quadratic equation.

D=(-13)"—4(02)(3)
=1.69-24
=-0.71<0

The given quadratic equation has no real root
y=3 forany xek

If the fence 3 feet high the mouse cannot be jump over a fence.

Answer 59e.

d.

Let x be the number of E1 decreases in price and P(x) be the theater’ s weekly
profit.

It is given that the price per ticket 15 $20. Thus, the expression for the price 13
20=%:

Since about 10 more tickets per week are sold for each §1 decrease in price, the
expression for the sales 12 120+ 10x.

The verbal model that represents the given situation 1s

Profit price EXPENSES
= : sales —
[d-::-llarsj [dr::lllars:] (d@llarsj
U U U U
P[x) = ICEEI - x) : [15[3 + 1[]:1:) — 1500 .

Lpply the distributive property.
Plxy=3000+ 200x — 150x — 107 — 1500

Combine the like terms.

Pix) =—10x° + 50x + 1500

Therefore, the quadratic function 1z

Pix)=-10x° + 30x + 1500



h. We have the quadratic function Pix) = —10x% + 50x + 1500.

In order to make a table of walues, first substitute 0 for x 1n the quadratic function
and evaluate,

P(0) = —=10{0Y" + 50(0) + 1500
= 1500

Choose some more values for x and find the corresponding values of Fx).
x P[x)
0| 1500
1| 1540
2 | 1560
2 1560
4

5

1540
1500

c. Plot the points from the table on a coordinate plane.

1570
2,15 3,15
iegp| (2:1560), | (3,1560)

1530

*1. 1340 * 4, 1540

Profit (dollars)

1520
1510

15008 1500) o 5, 1500)

Price decrease



Draw a smooth curve through the plotted points.

F W

1ard Pix)=+10x"+ 50x + 1500

1560

1550

.
o
T
2

=i
i
Lad
=

Frofit (dollars)

1520

1510

15004

1 N A O A B

#] 1 2 J 4 5 B X

Price decrease

Mow, we have to find the coordinates (x, P(x)) of the vertex

The x-coordinate of the vertexz 1z x = —Ei. substitute 120 for &, and - for @ and
@
evaluate.
S a0
2(—10)
= 25

Ewvaluate P(2.0). For this, replace x with 2.5 1 Pix) = —10x% + 50x + 1500 and
evaluate.

P(2.5)

~10(2.5)* + 50(2.5) + 1500
1562.5

The vertex 15 at (2.5, 1562.5). Therefore, reduce the price by £2.50 to increase
profits to $1562.50 per week.



Answer 60e.

Consider the path of the golf ball hit an angle of 45 and with a speed of 100 feet per

second can be modeled by y=— £ ix
10000

Where x 1s the ball’s honizontal position (in feet). y 1s the corresponding height (in
feet), and g 1s the acceleration due to gravity (in feet per second squared).

(a) From the above information, we clearly see that,

The function for the path of a golf ball hit on earth 1s

__ 3
¥ 10000

== z X +x
Y76

: : : 53 ,

The function for the path of a golf ball hit on moon 1s [y =— X +x

10000




(b) The following diagram contains the graphs of the functions y= —%xj +x and

53
10000

)
x +tx_

.};I=

401y

40 30 20 -10
5.3 2

y=————x +x

© 10000

304

404

In the above diagram_ the graph of y =—|5—§5:4:2 +x 1s represented by red curve

53
10000

and the graph of y=— x* 4 x is represented by green curve.

; 2
Plugy=01in y=————x" +x . We get,
gy ¥y 635 g
2 5 625

— X =X =mX=—

625
=3125

Therefore the ball hit on earth travels |312.3] feet.



5.3

Put yv=0in y=— ‘+x . We get.
Y= Y= 0000 T T EES
2 R L
10000

Therefore the ball hit on moon travels |1886. 8| feet.

(c) Let d, and d, denote the distance traveled by the golf ball on earth and moon
respectively.
Then, 4, :d,
=312.5:18868
1:6

Therefore a ball hit on moon travels around 6 tumes longer distance than a ball hat
on earth.

As we clearly see 1f the acceleration due to gravity g decreases, then the distance
traveled by the ball increases.

Answer 61e.

First, we have to write an equation for the length of the rope.

P=1I+2w (1)

We know that [ 13 some fraction of F. Let x be some walue between 0 and 1. Thus,
I=xzF

How, write w 1n terms of & For this, substitute x5 for fin equation (1),
FP=xF+ 2w

Subtract xF from each side.
F—zF = 2P+ 2w — xF

F—xF = 2w

Factor out P from the left side.
(1—x)F="2w

Divide each side by 2 to 1z0late w.
[1 - .-T:]P _ EAYH

2 2
(1-=x)P

= W
2



We have to write an equation for the area of the rectangular swimming section,

The area of a rectangle 15 the product of 1ts length and width. Thus,
=
A= ( . x}v x xP.

Apply the distributive property.
P? P
A= |-—|z +—x
2 2

Anequation for the area of the rectangular swimming section 18

p? P?
A=|-—|x +—=x.
2 2

=5 =5

The above equation 15 1n the formy = ax® + bx +c, whereais ——, 5158 — ,and e 15 0.

The walue of @ 15 less than 0 and so the graph opens down Since the parabola opens
down, the y-coordinate of the wertex gives the maximum area

First, we need to find the x-coordinate.

. . -E;' . 2 2
The x-coordinate of the vertex 1z x = —2—. Substitute — — fora, and — for b and
@
evaluate.
Pl
X = - 2



: 1 : : :
Subztitute = tor x in the equation for the area to find the y-coordinate.

()56

srnplify.

2

ﬂ et P_
8

2
F
Therefore, the swimming section can have a maximum area of — £

Answer 62e.

Consider the equation x—3=0
Solve the equation x—3=0

x—=3=0 Write original equation
(x—3)+3=0+3 Add 3 on both sides
x+(—3+3)=3 Combine like terms
x+0=3 Simplify

The solution 1s

Check: check x =3 in the original equation
x—3=3-3

=0

Answer 63e.

subtract 4 from both sides of the given equation
Gx+d-4 =0-4

5x = —4

Divide both the sides by 3.

3 _ 4
23
X=—-=

2

The zolution 12 — i .



Answer 64e.

Consider the equation 9x+7=—4x—-5
Solve the above equation

—Ox+7=-4Ax-5 Write original equation

(9x+7)+(4x—7)=(—4x—5)+(4x—7) Add both sides 4x—7 on both sides

(Ox+4x)+(7-7)=(—4x+4x)+(-5-7)  Combine like terms

—5x+0=0-12 Simplify

—Sx=-12 Divide -5 on both sides
12

Xx=—
5

The solution 15 |x = ? i

Check: check x = % in the original equation
—Ox+7=—4x-5
_Q[E]w:_q[EJ_s
5 5
—108+35 —48-125
5 5

Answer 65e.

&dd 2 to each side of the equation.
Sr=2+2 = “2w+l2 +2

Sr = —2x 4+ 14

Add 2x to each side.
Sx4+Zx = —-Z2x+ 14+ 2x

Tx =14

Divide each side by 7/,

x_ 14
N T
=2

The solution 15 2.



Answer 66e.

Consider the equation 0.7x+3=02x-2
Solve the above equation

0.7x+3=02x-2 Write original equation
{U_?x+3)+(—ﬂ_2x—3)=({]'_2x—2:]+{—{]_2x—3] Add both sides —0.2x—3 on both sides
(0.7x—02x)+(3-3)=(02x-02x)+(—2-3) Combine like terms

05x+0=0-5 Sumplify
05x=-5 Divide 0.5 on both sides
5
x=——
05
The solution 15

Check: check x=—10 1n the oniginal equation
0.7x3=023y~2

0.7(~10)+3=02(-10)-2
~T+3=-2-2
4=—4

Answer 67e.

Add 0.5 to each side of the given equation.
Odx +050x = -052x -5+ 05x

0%x = -5
Divide each side by 0.9,
05x -5
0.9 09

50
xr=—-—
g

The solution 15 — ﬂ

Answer 68e.

Consider the function y =|x—>5|

The graph of ¥ =|x—5| 15 the graph of y= |11 translated 5 units honzontally.
The vertex ofy=|x—5: is (5.0).



The following diagram contains the graph of the function y=|x—5| .

‘-.l
y

the |/

ﬂg“lb.& [= 3= =1
th & th &

L
= th £

Answer 69e.

STEP 1 The given function 15 of the form y=|x — & | + &, where (&, &) 15 the vertex
of the function.

We get the value of b as —2 and of & as 0. Thus, the vertex 15 (=2, 0.



Plot the wertex of the given function.

A

¥

o

= M3 D £ CR

)
. . ' .l:' |} . . . ' . . .h—.
8 5 4 3 2 1 1 2 3 4 5 BX

1 1 1
L

-6l

Y

STEP 2 Tsze symmetry to find two more points.
substitute any value, say, —3 for v 1in the given function.

Z=—|x+2|

Divide each side by —1.

-3 —|x+2|
-1~ -1
3=|x+2]

Weget x+2=3 and x+2=-3

subtract 2 from both the sides of the two equations.
x+2-24=3-42 and i+2-2=-3-1

x =1 and x=-5

The two points are (1, =2) and (-5, =3).



Flot these points on the graph.

A

= M o B ot @

it :l:L P
8 -5 4 -3 -2 - 1 2 3 4 5 64X

(-3, -3) i1, -3}

STEP 3 Connect the points using straight lines to obtain a V-shaped graph.




Answer 70e.

Consider the function y =3|x~I]

|_1;— h| shifts each of the x term in |1| to the right by 1 unit.

3|,1-—1| raises each point on |_1.-—|| at 3 times.

So, each point on |_~;— I| is raised vertically three times

Put the observations together, 3|_'|.'—1| is & horizontal shift of 1 unit and vertical shift of three

times that of |x]

The graph of |1| in blue color and 3|.r—]| in red color confirms the horizontal and vertical

shifts as

= o

o

o




Answer 71e.

STEP 1 The given function 15 of the form y=a| x — & |+ &, where (%, &) 15 the

vertez of the function

We get the value of 2 as —1 and of &£ as 0. Thus, the vertex of the given
function 15 (=1, 0.

Flot the wertex of the given function.
A,
5 J

(1,0 %
—e- ¥
9876543214 123456788

o R

i ] i ]
OO 3 =i &

1
1%
12
13
-14
."“_-“r

STEP 2 Tze symmetry to find two more points.
substitute any value, say, —12 for v 1in the given function

~12=—4|x+1]

Diwide each side by =4

—~1% _—4|x+1|
< 4
3=|x+1|

Weget x+1=3 and x+1=-3
subtract 1 from both the sides of the two equations.
x+il—-1=3-1 and r+1-1=-3-1

x=2 Ei_ﬂd. I=—4

The two points are (2, —12) and (-4, =12).



Plot these points on the graph
!

5[

1,109
-l L
9-8-76-54-3-2-1,] 123456789

X

{4, 12) -t (2, -12)

."|.|_-lqu

STEP 3 Connect the points using straight lines to obtain a V-shaped graph.

(—1.1) X

~atf
98765432

123456788




Answer 72e.
Consider the function f{(x)=2[x-3|+6
|x—3| shifts each of the x term in |x| to the right by 3 unit.
2|x—3| raises each point on |x—3| at 2 times.
So, each point on |x— 3| 1s raised vertically two times.

The graph of ¥ =|x| moves 6 units vertically upwards.

The following diagram contains the graph of the function f(x)= 2|x—3| +6

4

'.'l-l b
F

J /

o
e

\ f(.r]=2|:r—3|+

v
I
o

v~

10 8 -6 -4 2

Answer 73e.

STEP 1 The given function 15 of the form y=a| x — & | + &, where (4, &) 15 the

wertex of the function

We get the value of b as -4 and of & as —1. Thus, the vertex of the given
function 1z (=4, -1



Plot the vertex of the given function.

10-9-86-76-543-2-1_|1234§5

STEP 2 Use symmetry to find two more points.

mubstitute any value, say, —26 for v in the given function
—2h==5|x+4|-1

Add 1to each side.
—26+1=-5|z+4[-1+1

~25 = =5|x +4|

Diwide each side by =2

~25 5|z +4|
-5 =5
5= |x+4|

Wegetx+4=5 and x +4=-5

subtract 4 from both the sides of the two equations.
x+4-4=5-4  and r+4-4=-5-4

x =1 and x= -5

The two points are (1, —26) and (=9, =26).



Flot theze points on the graph
(4, 1) 2‘_}:

- -
—10-9-8—?-5-5#-3—2—1_2 12 3 4 5

by

-4
6
-8
140
12

-14
16

L]
(2. 26) (1,-26)

18
240
22
24
L ]
STEP 3 Connect the points using straight lines to obtain a V-shaped graph.

(-4,-1)

- -
-10 -8 -8 ¥ -6 -5 -3 P —1_2 12 3 45

g{.r}=—5| ,1:+4|—l

ﬁ L] _l'ﬁ}

Answer 74e.

From the given information, 1t 1s clear that we have traveled a distance of 270 mules in 5

hours.

Therefore, the average speed 15 % =54 males per hour



