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December 08, 2015

Properties of Graphs

of Quadratic Functions

Identify the characteristics of graphs of quadratic functions, and

use the graphs to solve problems.
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LEARN ABOUT the Math

Nicolina plays on her school’s volleyball team.

At a recent match, her Nonno, Marko, took some
time-lapse photographs while she warmed up.

He set his camera to take pictures every 0.25 5.
He started his camera at the moment the ball

left her arms during a bump and stopped the
camera at the moment that the ball hit the floor.
Marko wanted to capture a photo of the ball at
its greatest height. However, after looking at the
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photographs, he could not be sure that he had Time (s) | Height (ft)
done so. He decided to place the information 0.00 2
trom his photographs in a table of values. 0.25 5
From his photographs, Marko observed that 0.50 8
Nicolina struck the ball at a height of 2 ft above 0.75 g
the ground. He also observed that it took about 1.00 6
1.25 s for the ball to reach the same height on 125 5

the way down.

@® \When did the volleyball reach its greatest height?

Using symmetry to estimate the
coordinates of the vertex

EXAMPLE 1

Marko's Solution . JPENSS
Vet ™ Is &
y .
107 | plotted the points from my table,

8. ,Pq(c\\go\c. and then | sketched a graph that
E passed through all the points.
+= 6 T
%:u The graph looked like a
T 47 parabola, so | concluded that the

29 relation is probably quadratic.

0 X
A) \\0.5 1.0 15 20

b—\“ =) Time (s)

Y e
| knew that | could draw

harizontal lines that would
intersect the parabola at two
paints, except at the vertex ,
where a horizontal line would
intersect the parabola at only
one point.

Height (ft)

05 10 15 2.0
Time (s)

Using a ruler, | drew haorizontal
lines and estimated that the
coordinates of the vertex are
around (0.6, 8.2).

This means that the ball reached

Equation of the axis of symmetry: * ] : ;
maximum height at just over 8 ft,

+ 1.2 )
x= % \_about 0.6 s after it was launched.
=062 @
K= | used points that have the same
M x = 0625 y-value, (0, 2) and (1.25, 2), to
10 4 Y s
|- (0625.82) determine the equation of the
= 817 INTT T axis of symmetry . | knew
}::' 6 -t that the axis of symmetry must
T 4l ! be the same distance from each
= ;' of these points.
24—
05 10 15 20
Time (s)

o;x(S of s
K= 0-63

From the equation, the x-coordinate of
the vertex is 0.625. From the graph, the

y-coordinate of the vertex is close to 8.2,

Therefore, 0.625 s after the
volleyball was struck, it reached its
maximum height of approximately coordinates of the vertex.

E revised my estimate of the
8 fr2in.

N\“\Q\" J .

vertex

The point at which the
quadratic function reaches its
maximum or minimurm value,

axis of symmetry

A line that separates a 2-D
figure into two identical parts.
For example, a parabola has

a vertical axis of symmetry
passing through its vertex.
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APPLY the Math
EXAMPLE 2 Reasoning about the maximum value of a quadratic function

Some children are playing at the local splash pad. The
water jets spray water from ground level. The path h of
water from one of these jets forms an arch that %

defined by the function /f a
f) = =012 + 3x ow‘\; 0,\3

where x represents the horizontal distance from th \'\“5
opening in the ground in feet and f{x) is the hmghr of

the sprayed water, also measured in feet. What is the et g
maximum height of the arch of water, and how far from 0 ¢

the opening in the ground can the water reach?

o0 .3
Manuel’s Solution

| knew that the degree of the function is 2, so the
fl) = —0.1222 + 3x ...l function is quadratic. The arch must be a parabola.

| also knew that the coefficient of x2, a, is negative,
so the parabola opens down. This means that the
function has a maximum value, associated with
the y-coordinate of the vertex.

S =0
maximum value
The greatest value of the
dependent variable in a
‘a relation,
x: ‘3 ¢ ‘3 = | started to create a table of values by determining
= the y-intercept. | knew that the constant, zero, is
J11) = —0.12(1)% + 3(1) the y-intercept. This confirms that the stream of
— E water shoots from ground level.
A1) 012 +3 ter shoots f d level
f(1) =288 | continued to increase x by intervals of 1 until |

noticed a repeat in my values. A height of 18.72 ft
x 0|1 2 i 12 13 occurs at horizontal distances of 12 ft and 13 ft.
f) | 0 | 288 [ 552 )i 1872] 1872 ¢

p
The arch of water will reach a maximum height
between 12 ft and 13 ft from the opening in the

Based on symmetry and the table of values,
""""" kgrounc!.

the maximum value of f{x) will occur halfway
berween (12, 18.72) and (13, 18.72).

-
7 | (125,187) | used my table of values to sketch the graph. |
1 ' B .
= P ¢ extended the graph to the x-axis. | knew that my
=1 s sketch represented only part of the function, since
) 10 | | am only looking at the water when it is above the
o | ground.
5 ! &
: x =125
0 —— T T g
5 10 15 20 25
Horizontal distance (ft)
2+ 13 | used two points with the same y-value, (12, 18.72)
== -  emmeemmmemeeeeee and (13, 18.72), to determine the equation of the
2 axis of symmetry.
x=12.5

Equation of the axis of symmetry:

x =125
Height at the vertex: | knew that the x-coordinate of the vertex is 12.5,
fx)=—-0122 +3x T so | substituted 12.5 into the equation to determine
gy — — the height of the water at this horizontal distance.
fuzs) 0.12(12.5)* + 3(12.5) Ve(_\,o‘

A12.5) = =0.12(156.25) + 37.5 ) Axis & -\\— '
2.5 = —18.75 + 375 (RS 610 x= 1 a NY
- ] - 3
f12.5) = 18.75 —

Due to symmetry, the opening in the ground must
be the same horizontal distance from the axis of
symmetry as the point on the ground where the
water lands. | simply multiplied the horizontal
distance to the axis of symmetry by 2.

The water reaches a maximum height
of 18.75 fr when it is 12.5 ft from

the opening in the ground.

The water can reach a maximym The domain of this function is 0 = x = 25,

horizontal distance of 25 ft from the where x € R.
opening in the ground.

December 08, 2015
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EXAMPLE 3 Graphing a quadratic function using a table of values

Sketch the graph of the function:

y=x2+x—2
Determine the y-intercept, any x-intercepts, the equation of the axis of
symmetry, the coordinates of the vertex, and the domain and range of the

function.
Anthony's Solution @ @
y= PHx—2 (@ ] I

The degree of the given equation is 2, so the graph
The function is a quadratic will be a parabola.

function in the form Since the coefficient of x? is pasitive, the parabola

i 7
y=ax+ b+t opens up.
a=1 oponS P

b=1

c=—12 9

Since the y-intercept is less than zero and the
[ 4‘: - 9 parabola opens up, there must be two x-intercepts
d and a minimum value .

minimum value
The least value of the

9
b_:_ D4 ,\_)( -~ a dependent variable in a

relation.

-
| made a table of values. | included the y-intercept,
(0, =2), and determined some other points by

x | -3 |-2| -1 0l 1 substituting values of x into the equation.

y 41 0]-2]-2|0 | stopped determining points after | had identified
both x-intercepts, because | knew that | had

enough information to sketch an accurate graph.
-

| graphed each coordinate pair and then drew a
parabola that passed through all the points.

Y 3

Equarion of the axis of symmetry:
. : = | used the x-intercepts to determine the equation of

— + [

x= % the axis of symmetry.
-1

x=——
2

x=—0.5

y-coordinate of the vertex:
7=(=0.5%+(-05) -2
y=025-105—2
y=—225

The vertex is (—0.5, —2.25).

| knew that the vertex is a point on the axis of
symmetry. The x-coordinate of the vertex must be
—0.5. To determine the y-coordinate of the vertex,
| substituted —0.5 for x in the given equation.

The y-intercept is —2.
The x-intercepts are —2 and 1.

The equation of the axis of symmetry is
x==0.5. The vertex, (0.5, —2.25), defines the minimum
The vertex is (—0.5, —2.25),  -mmmmmmmemmeeees value of y.

Domain and range: Na restrictions were given for x, so the domain is all
{x, ) |xE R y=-225y€ER} o real numbers.
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EXAMPLE 3 Graphing a quadratic function using a table of values

Sketch the graph of the function:

y= P+x—2
Determine the y-intercept, any x-intercepts, the equation of the axis of
symmetry, the coordinates of the vertex, and the domain and range of the

function.

Your Turn
Explain how you could decide if the graph of the function y = —x* + x + 2 m

has x-intercepts.

Answer

First, look at the direction of the opening. The given function
must open downward, because the coefficient of the x* term is
negative. Next, look at the v-intercept, which is 2 in this case.
Since the parabola opens downward and the y-intercept is
positive, the vertex must lie above the x-axis, and the parabola
must have two x-intercepts.
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In Summary

Key Idea

* A parabola that is defined by the equation y = ax? + bx + ¢ has the
following characteristics:

- If the parabola opens down (a < 0), the vertex of the parabola is the
point with the greatest y-coordinate. The y-coordinate of the vertex is
the maximum value of the function.

- If the parabola opens up {a = 0}, the vertex of the parabola is the
point with the least y-coordinate. The y-coordinate of the vertex is the
minimum value of the function.

through its vertex.

y=ax?+ bx + ¢,
a<0

£ A
y vertex

" |
(maximum value)

(minimum value)

L4
I

L

xis of

j<1]

- The parabola is symmetrical about a vertical line, the axis of symmetry,

wi

ymmetry

A e

axis of

1
|
1
|
| symmetry
¥

Need to Know

» For all quadratic functions, the domain is the set of real numbers, and
the range is a subset of real numbers.

* \When a problem can be modelled by a quadratic function, the domain
and range of the function may need to be restricted to values that have
meaning in the context of the problem.

Assignment: pages 287 - 288

December 08, 2015

Questions 1,3,4,6,7,9
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Pr tes of Graphs
‘SO: UTTONS=> 6.2 ogpcéu:o. raric F&nc-i—fons

Y -~ t4  a) Determine the equation
2141 681 of the axis of Symmeitry
- for +he parabola.

Ly X=H4

D) Detrermine the coordinates

of the vertex of +he parabola.

Ly, (H,-16)

c) Stote +he domain and
range of +he Function.

Ls, Domain - § x| XER]

L> Range: { o ly=2-le, ye &
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3. For e€ach function, identify +Hhe x- and
-intercepts , determine the equation
W the axis of Symmetry and ¥he
Coordinates of +he ver+ex) and Stotc
‘+he domain and range .

Q) T x-intevrcepts s (0,0)and (2, o)
. B“iﬁ"rercep-&- s (0,9)
TIIRE wohonofaxis => x=1
1 £ o \SSMmE‘%‘ra
) _.
VP O 00 OO0 0 . 00 0 O R O O Ue'c—i-gx => (. 1 3“ 2_))

Domarin s {X | xER

Range 2 {Gly=-2; yeRrg
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D) 10]” _. X~intercepts? 1,0)and (6,0)
4 ‘tj—in-‘rcvc,cp%: (o,4.5)
‘6_ ;
- K quotion of axis => x= 2.5
x ot Sy mme%r\\j

T

N | e T BF 5 4 B
BTV ferex= (25,9.2)

Domaint {xI1xER

%nae S {H K’S.‘.C!. JBE_',RE



foundations11ch6lesson2.notebook December 08, 2015

4. For each function, identify +he equation
of +he axis of Symmetry J determine
+he coordinates of +heVvertex, and
State +he domain and range.

Q) / b) "

T T 28
MFIIAE WL We-7 BE W 2 ' :
ERENNEI RN i 12

] i IRIRAR TR D
5%\/40.+i0ﬁ of axis E%mﬁon of ax1S
of Symmetry= x=2 of Symmetry= =4
Uertex=> (2,-1) Vervex => (4,28)
Domains {x|xer} Domain  § x| xER}

Fi?ﬁse.é B\Bzﬁ."l,}jaﬂ} ﬂ?ﬁaaﬁiﬂl&éz&geﬁj

10
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QY AP d) AP
DEREL ERSBER RN 10-
b Hisads 54 . ]
N R NY
04N\ |
E:&ucd'\(_)"\ Q‘F QXS Ecl&(‘r\‘l'()ﬁ of axis .
S\[mme_+rJ—" X=3 of symme*r3=> x=2.5
Uertex= (3,-1) Uertex=> (2.5 -12.25)
Qomcnﬁ o {'XH’XE R} Domain o {’X\’XERE

P\?‘“Se ° {J 3_.- 3&?%} P@ﬁaeoﬁ -\225,3&?}

11
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b. State Whether each pqrqbom Nas a
minimum or Maximum value, and then

determine this value.

b)

Maximum Value = 2,

B

qI\J! . B \ [ 5
Thinimum Value =2-3

12
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7. Q‘}- omD\e+c ‘he YToble of values shown
ot each of +he fFoll owma functions.

4

-2

0

2

4

13
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() 'wj=-=-_£_x’+5

..) = 'xa—z}
oy %

X [-41-2/0 |2 |4 AX[-H 17210 |2 |4,
Y I31315 1313 (2214 [-2f4 [22
b) Graph the points in Jour fable of values.
[ '

= [ P |
il:‘ 1

14
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Q) Stote +he domain and ra

December 08, 2015

e of the function.

i} Domaint 3%|XERY 1) Dotmain $ § X | XERE

Range ¢ iglgésj\jm} Range ¢ zu ly2-2,y¢ R¢

15
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9. For each of +he following , both points,

CX}\
Determine he equation of +the axis of
Symmetry for each parabola-

a) (0,2.)and (6,9).  b) (1,-3) and (9,-3)

L, X=0O+0 Ly X= 1+9
2 2
A= b xX= 10
2L 2
of = 4 p )
@) ¢6,0)and (2,0)  d) ¢5-1)and (3,1)
> X= -+ Ly X=-3+3
2 2
2= =N e A B T
oS 2
X= -2 X= -

December 08, 2015

4_) , are located on the’same parabdla-

16
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7s2e2 final.mp4
7s2e3 final.mp4
7s2€e4 final.mp4
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