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Quadratic Functions and Equations Lesson #2:
Analyzing Quadratic Functions - Part One

Quadratic Function

A quadratic function is a function which can be written in the form

flx) = ax® + bx + c, wherea,b,ce R,anda #0

or in equation form as

y=ax2+bx+c, where a,b,c € R,anda #0

Quadratic Equation

A quadratic equation is an equation which can be written in the form
ax2+bx+c:0, where a,b,c € R,and a #0.

The roots of the quadratic equation ax>+bx+c=0are
the zeros of the related quadratic function f(x) = ax® + bx + c.

General and Standard Forms

A quadratic function can be written in general or standard form.

" Dy 2 ;
Generat Form: fivi=av +dv+o, or y=ax"+byv+¢, wherea,b,ce R,anda#0.

Standard Form: o =a(x - ;}}7 g, 0F y=alx —p)2 +¢q, wherea,p,qe R,anda#0.

In this unit we will study both the general form and standard form, beginning with the
standard form in this lesson.
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Analyzing the Graph of the Function with Equation y = x>

« Graph the function with equation y = x* by completing the Y
table of values. Join the points with a smooth curve.
The graph of this function is called a parabola. \

x| 3 -2 | -1 0 1 2 3

14 (8 (VIO |4 |4

Gn

I v 0,0
* The axis of symmetry is the “mirror” line which splits the parabola in half.
State the equation of the axis of symmetry for this parabola.

* The vertex «f @ parabola is where the axis of symmetry intersects the parabola.
The vertex can represent a mjnimuga P‘oint or maximum point depending on whether the
parabola opens up or down.

Label the vertex (V) on the graph and state its coordinates. ( 0 ) O)

* The maximum or minimum value of a quadratic function occurs at the vertex and is
represented by the y-coordinate of the vertex. Complete the following:

The m\n\m of the function with equation y = x?is_ C)

* State the domain and range of the function with equation y = x%, xeR.

Domain: X € E Range: q >'/ O
€__> \)

The following investigations can be completed as a class lesson or as an individual
assignment. The process used in these explorations will be further developed in grade 12
mathematics.
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Analyzing the Function with Equation y=a(x —p)>+q, a=1

The next three investigations help us explore some general transformations on the graph of
y= x? and the relationship they have to the standard form y = a(x — p)2 +¢g,wherea=1.

Fn P S 17
11 111

ransformation is an “perat 1011 Which

o

A
£

noves (or maps) a | position
to a new position.
In each investigation, use a graphing calculator to sketch the equations.
Investigation #1 Analyzing the Graph of y=1x%+¢q y?_ 1
The graph of y =f(x) = x% is shown. { 7\

\ [
a) Write an equation which represents each of the following: \ /
* y=flx)+3 *y=flx)-3 >

y=x2+3  Y=x*3 T IS

b) Use a graphing calculator to sketch y =f{x)+ 3 e
and y=f(x) —3 on the grid. v

'H

¢) Complete the following chart.

Fancion | Repreentng | Vertes | Mz gfg%}} Description of

y=fx) y = x" (0, 0)| MiN, 0| x =0 [no *ransformation
=3 YRt (3 mih3 xJo

o 4ox s @IS x40 o Tz
=wra]  Y=x24g (0L ming X0 VTG A

d) What is the effect of the paramet on the graph of y = %% + q?

e, araph undargoes o verical +anslatn
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e) Compared to the graph of y = x?, the graph of y = x% + g results in

(
a \f‘e r’h () A / translation (or shift) of ¢ units.
Ifg>0, t}-l-ii parabola moves \/P If g < 0, the parabola moves 4da4/()
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— =(§15)“
Investigation #2 | Analyzing the Graph of y = (x — p)2 5

y=x
The graph of y = f(x) = x? is shown. ﬁ%‘ﬁ)fz

a) Write an equation which represents each of the following: 3 3

o y=flx+3) o y=flx—3)
- e\ )a
g=(ue3) YT O
A4
b) Use a graphing calculator to sketch y =f{x + 3) and y = f(x — 3) on the grid.
¢) Complete the following chart. h OF\Z on 1, al & >
Equation . | Equation . .
Function Representing | Vertex Mg.;éilzm of Axis of TDr Zfzcs%’ rfln(;::tg}':z
Function Symmetry
y =flx) v =X (0, 0)| MiNy, O | x =0 [no +ransformation|
N2 1 - 0
y=flx+3) Y= Qﬂ-@ (-39 min,0 x=+ %?%kte{g?_
y=flx-3) Y = (% «3)3 <3,@ mino X=|? h%;r\zmiq)rmm slahcn
= fix-p) Y= (x-p? o) mip 0 x=[pP %”Sm*;'ﬂﬂ* o bdon,

d) What is the effect of the parameter, p, on the graph of y= (x — p)z?

Quadratic Functions and Equations Page 5



e) Compared to the graph of y = x2, the graph of y = (x — p)2 results

ina

NON\ZoNTlianslation (shift) of p units.

Ifp>0, _t{l:e parabola moves ( \ @ ht <0, the parabola moves \e‘M’
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Investigation #3

Analyzing the Graph of y= (x —p)2 + q

Y, = x>
Y= (X+3)2-y

b) Predict the transformations on y = x? in a). Use a graphing calculator to verify the results.

a Unio K T;ﬁf

Consider the function f(x) = x°.
a) Write an equation which represents f{x + 2) — 4.

N 0loWn

¢) Complete the following chart.

Equation . | Equation w e
Function Representing | Vertex M'a’x/,Mm of Axis of ,.p escription o f
Function Value | ¢ mmetry Transformation
y =f(x) y = x* (0,0)| Miny 0| X =0 |no *ransformation
y=rerd-4|  W(e) Y (@) mep-y x=pg Tl g e
y=fx-p+a|  Y=(epHg (P mipg x=(p ke i

Class Ex. #1

% 3
//74’;
Y

[

Describe how the graphs of the following functions relate to the graph of y = x2.
a) y=(x+10) b) y=x>+4 ¢) y+8=lx—5)°

p=-lo vertaal s y=(x-5)*-8
lef+4 10 unts §-4 P> _4=-%

N P N
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le£4 10 unis | |
Norizonal up 4 onis a hb '5%

Class Ex. #2

The following transformations are applied to the graph of y = x2. Write the equation of the
image function for each.

2
a) a hoﬁzonta%translation of 5 units right B{X - 5}
4
3
b) a translation of 6 units c}{wn and 4 units left lﬁ = (x + L‘ —_ @

P

Class gf B Write the coordinates of the image of the point (3, 9) o1 the graph y = x% when
= a translation of two urtits tip and seven units right is applied.

(3.9) = (3,0 —~ (10,0)
#1-6
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Assignment

1. Describe how the graphs of the following functions relate to the graph of y = %2,

a) y=(x+5)2 b)y:x2—7 c) y—8=)c2
d) y=5+(x-2)° e) y+7=@x+1*-10 f) y=(@x-a)’-b
2. Consider the graph of the function f{x) = (x — 2)2 + 3. 7,
a) Without using a graphing calculator, sketch the
graph on the grid.

b) State the coordinate of the vertex.
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b) State the coordinate of the vertex.

| 2

¢) State the maximum or minimum value of the function. . K 5

d) State the domain and range of the function.

\J

3. The following transformations are applied to the graph of y = x2. Write the equation of the
image function for each.

a) ahorizontal translation of 7 units right ~ b) a vertical translation of 2 units down

¢) atranslation 3 units left and 8 unitsup  d) a translation ¢ units down and d units right

4. Write the coordinates of the image of the point (=2, 4) on the graph y = x> when each of the
following transformations is applied.

a) A horizontal translation of 2 units to the left.

b) A translation of 3 units up and 11 units right.
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S. Complete the following table.

Function y=x2+5 y=+3)?%-4 |y+9=(x=6>%+1| y-w=@+r)?

Coordinates
of Vertex

Max/Min
Value

Eqn. of Axis
of Symmetry

Domain

Range

6. After a combination of a horizontal and a vertical translation, the graph of y = x* has an
image graph with a vertex at (2,—6). Describe the translations.
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image“graph with a vertex at (2,-6). Describe the translations.

Use the following information to answer questions #7 and #8.

* The graph of a quadratic function is shown.

* The four points marked have integer coordinates.

- l ;
JYOIGINEN 7. The domain and range, respectively, of the function are
Choice

SN

xe R and ye R
x=2-2 and ye R
xe R and y=>-2
2<x<6 and y>-2

NTSsreal8.  The sum of the x and y-intercepts is
Response

(Record your answer in the numerical response box from left to right.)

FQEPF
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RIS  Which of the following transformations shifts the graph of y = x? to the
Choice 2
graph of y+a=(x-b)?

A. aunits right and b units down B. b units right and a units down

C. b units up and a units right. D. aunits down and b units left

10. The function defined by the equation y = x? is transformed to y = (x + 2)° + 4.
If the point (2, 4) lies on the graph of y = x2, which of the following points must lie on the
graph of y = (x + 2)? + 47

A. (0,0)
B. (4,0)
C. (4,8)
D. (0,8)
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C. 4,8)

D. (0,8)
Answer Key
1. a) horizontal translation 5 units left b) vertical translation 7 units down
¢) vertical translation 8 units up d) translation 2 units right and 5 units up

e) translation 1 unit left and 17 units down f) translation a units right and b units down

2. a) See Graph below b) (2,3)
¢) minimum value of 3
d) Domain: {x lxe R} Range:{y |y 23,y€e R}

3.a) y=@x-77° b) y=x2-2
¢) y=(x+3)>+38 d y=(x-d?-c
4. a) (4,4 b) (9,7)
5. See table below
Function y:x2+5 ),z(x+3)2_4 ),+9:(x_6)2+1 y—w:(x+r)2
Coordinat
3f° @J:lix“ ©,5) (-3,-4) (6,-8) (=, w)
Max/Min _ _
Value min, 5 min, —4 min, —8 min, w
Eqn. of Axis
of Symmetry x=0 x=-3 x=6 =
Domain {x|xe R} {xlxe R} {xlerK} {x|x€9{}
Range Oly2sye RYolyz4ye R|lyz-8.ye RYOlyzwye R

6 . horizontal translation 2 units right, vertical translation 6 units down.

7. C 8. 1 4 9. B 10.D
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