Linear and Quadratic Functions
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Translations

Let x and y be two . If the value of x is fixed and there exists exactly one value of y
that depends on x, we call this kind of as “y is a function of x.” If we name the

function f, we write “y is f of x”, or y=f(x) which is read “y equals f of x.”

lllustrations

A. Definition of Function

A function f from a set A to a set B is a relation that assigns to each element x in the set A to
exactly one element y in the set B. The set A is the domain (or set of inputs) of the function f, and
the set B contains the range (or set of outputs).
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Set A is the domain. Set B contains the range.
Inputs: 1,2, 3,4,5,6 Outputs: 9, 10, 12, 13, 15

We can also use ordered pairs to represent this function as shown below. The first
coordinate (x-value) is the input and the second coordinate (y-value) is the output.
{(1,9),(2,13),(3,15),(4,15),(5,12),(6,10)}

AT BT S R Sl Bl ¥ - B X B BEA o
B. Characteristics of a Function from Set A to Set B

1. Each element in A must be matched with an element in B.

2. Some elements in B may not be matched with any element in A.

3. Two or more elements in A may be matched with the same element in B.

4. An element in A (the domain) cannot be matched with two different elements in B.




When a relationship does not follow those rules then it is not a function. It is still a

relationship, just not a function.
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Translations

Graphs of Linear Functions

A linear function is of the form y=ax+b, where a is the slope of the line and b is the y-

intercept of the line. The Graphs of Linear Functions have the following characteristics:

(1) When a is greater than zero, the graphs of the function slants up from left to right. The
function is increasing, and the y-value increases as the x-value increases.

(2) When a is less than zero, the graphs of the function slants down from left to right. The

function is decreasing, and the y-value decreases as the x-value increases.

lllustrations

Definition of a Linear Function

A linear function is of the form

(100 =mx+t]
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y:f(x):mx+b , with m and b being real numbers, m is not zero, is called a linear function

involving one xand a y. Sometimes this is shortened to

read “a linear function of one variable,” meaning there is only one independent variable.
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Translations

The graphs of quadratic function y =ax’

(1) The of the graphs that y =ax” (y equals a times x squared) is origin. The graph is
the which is symmetric about the y-axis

(2) If ais greater than zero, the graph of the quadratic function opens up and the larger of
the value of a, the the graph is.
If ais less than zero, the graphs of the quadratic function opens down and the larger of
the absolute value of a, the narrower the graph is.

(3) The graph of y equals a time x squared and y equals negative a times x squared is

to each other about the x-axis.
Notes:
The word “Quad” means “a square or rectangular outside area with buildings on all four

sides.” So, “Quadratic” means “to make square”. In other words, a quadratic equation is an

“equation of degree 2.”

“Quadratic” =3 3 2 “Quad”’® L 2 “w” > @ “Quadratic” & L & ‘- 3357 o 4 ,T*u{;m

“quadratic equation” = = =t > 42.;% o

lllustrations

Transform the Graph of y = x’




A. The Parabola Opens

Figure 1

Multiplying a function by a constant stretches its graph vertically. Each point (a,ZaZ) on the

graph of y=2x* is two times as far from the x-axis as the corresponding point (a,az)on y=x",

as illustrated by Figure 1.
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Figure 2

positive number of the leading coefficient a makes a narrow parabola; a positive value of a

If a>0 in y=ax’, the parabola opens upward. In this case, the y-coordinate of the vertex is

the minimum value of the function, and the vertex is the lowest point of the parabola. A large

positive value of a that is between 0 and 1 makes the parabola wide. As illustrated by Figure 2.
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the y-coordinate of the vertex is the minimum value of the function
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B. The Parabola Opens

(0, -a%)

y=-x

Figure 3

Each point on the graph of y =—x* has the same distance from the x-axis as the
corresponding point on y = x>. Furthermore, multiplying a function by a negative number

the graph across the x-axis, as illustrated by Figure 3. As a result, the graphs are

symmetric about the x-axis.
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Figure 4

If a<0 in y=ax*, the parabola opens downward. In this case, the y-coordinate of the
vertex is the maximum value of the function, and the vertex is the highest point of the parabola.
Again, as the coefficient a becomes more negative, the parabola will become narrower. A value

of a that is approaching 0 (—1< a < 0) makes the parabola wider. As illustrated by Figure 4.
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Sentences
1. Start with the equation y =ax”. Replace every x by x—h to give the new equation
y:a(x—h)2 . This

the graph RIGHT by h units. (7 y=ax® 5 424573 4255 » #3750 ¢

“ X U x—hB R EATS A2 y=a(x—h) c BB g0 LT HhEH o)

2. Adding k to the previous y-values gives the new equation y :a(x —h)2 +k . This shifts the

graph UP by k units. (4% — = f25% y=a(x—h) 4c 2 k 47> 2258 y=a(x—h) +k » L B
At gk H o)

illustrations
A. Shifts to the RIGHT/LEFT by h units.
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When a constant h is added to, or subtracted from, the input x of a function, the
corresponding graph is shifted —h units to the right or left. (#-p f#cx s h > B B4 ¢ K

Figure 5
For example, move the graph of y =2x* one unit to the right to create the graph of

y:2(x—1)2, as illustrated by Figure 5. (48] 5 #7757 » ¥, y=2x"% +# 1 B H = > B> 52
N gL y=2(x-1) )

B. Shifts UP/DOWN by k units.

Adding or subtracting a constant k from a function affects its graph—all points on the graph

are shifted k units up or down on the coordinate plane. (#-= #23% 4v &4 g k » H B]7) ¢ £ & &
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Move the graph of y:2(x—1)2 five unit up to create the graph of y:2(x—1)2 +5,as

illustrated by Figure 6. (48] 6 *77 » %—E%]qjy:2(x—1)2 v FA S BE o B AR € g
y=2(x-1)+5 )

(1,5)
Figure 7

Thus, as Figure 7 shown the vertex of the parabola y= 2(x—1)2 +5 is (1,5). The axis of

symmetry equation of itis x=1. (4~ 7 #77 > }* P4 SR 8 (1,5) 5 AL S x=1 °)
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Translations
: y=—2x>+4x+3. Find the axis of symmetry and the vertex of the graph.

Factor out —2 only from the terms with the variable x. (¢ _x 72 & 1} 28 —-2 - )

y=-2(x"-2x)+3




The coefficient of the linear term inside the parenthesis is —2. Divide it by 2 and square it,
which is 1%. Add the value 1’ inside the parenthesis. To make the original equation the same, we
add —1°x(-2)=2 outside the parenthesis. (35 542 x — = 3 (2 i -2 » #-H “,f 29 T3, 48
Flle adEsamsc 1> 50 RS FAPE » BAEH N A 20)

y:—2(x2—2x+12)+3+2

Finally, express the trinomial inside the parenthesis as the square of a binomial and then
simplify the outside constants. (£« {é » #4252 =N &7 2 % 2T 3 34 & @ F #ic
T8 o)

y:—2(x—1)2 +5

It is now in the vertex form y:a(x—h)2 +k where the vertex (h,k) is(1,5) . The axis of

symmetry is that x equals x-coordinate of vertex whichis x=1. (L sV i e #-3\3F L 7 2 B8
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illustrations

The Vertex formula of a parabola is used to find the coordinates of the point where the

parabola crosses its axis of symmetry. As we know, the standard equation of a parabola is
y=ax’+bx+c. (BB T L £ RS TEEE WS> A - LR A ey =ax’ +bx+c )

If the coefficient a is positive then the vertex is the bottom of the U- shaped curve and if it is
negative the vertex point is the top of the U-shaped curve. (4% a _ & # > P|H FgL 4 U 25w
MOKT [ K20 Fas pic BERAEUY Rt 3 o)

Let’s convert the of a parabola y=ax* +bx+c tothe

y=a(x—h) +k by CEREA Y e R - AN A TERE S gy )

y=ax’ +bx+c
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Summary

follows.

Thus, the vertex formula is (h,k):(_—b,—], where D =b*—4ac is the (7
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The graph of quadratic function y =ax®> + bx +c is a parabola, and its characteristic are as

1. When a is positive, the parabola opens up and the lowest point is the vertex.

When a is negative, the parabola opens down and the highest point is the vertex.

. . . -b . -b —D
2. The axis of the symmetry equation of a parabola is x=— with vertex | —,— |, where
2a 20 4a
D=b*—4ac.
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The Discriminant from a Graph

discriminant to find the numbers.

Considering a >0, the parabola y =ax” + bx+c opens up and the vertex is (

If we want to identify how many x-intercepts of the quadratic function are, we could use
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1. When the discriminant is positive, the y-coordinate of the vertex 4— is negative. That
a

means the vertex is under the x-axis, so the graph has two x-intercepts. lllustrated by

Figure 8.
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2. When the discriminant is zero, the y-coordinate of the vertex 4— is also zero. That means
a

the vertex is on the x-axis, so the graph has exactly one x-intercept. lllustrated by Figure

9.
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3. When the discriminant is negative, the y-coordinate of the vertex 4— is positive. That
a

means the vertex is above the x-axis, so the graph has no x-intercept. lllustrate by Figure

10.
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As the scenario of a<0, we could use the same way to discuss and get the result as follows.
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Supplementary Materials

Maximum Area A Norman window is constructed by

adjoining a semicircle to the top of an ordinary rectangular

window (see figure). The perimeter of the window is 16 feet.

(a) Write the area A of the window as a function of x.
(b) What dimensions produce a window of maximum area?

Solution

1
The perimeter is 16 feet, and from the figure we have P :y+x+y+5>< 2nx§.

2+
It gives 2y+(1+§]x:16. Isolate y. y:8—(zj...(l)

(a) We find the area, and with (1).

(b) Which shows that a:—(nTM] and b=8. Because a<0, the

X :;—b . So, the dimensions of the window
a
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with the width is

-b -8 32
X=—= =

I

and the length is

2 32
y:8-(—+nj( ]z2.24 ft.
4 n+4

2
2
n+4]x2+8x:—(—n+4](—3 ] +8x
8 8 n+4

~4.48 ft.

32 128
—= ~17.92 ft?.
n+4 m+4

The maximum areais A :—(

Translations

Vocabulary: Construct (i i¢ ), Adjoin (#84%), Semicircle (% ), Perimeter (% & ), Rectangular (&
7% ¢57), Dimension (¢ 1), Feet(4f # &< » H #ic 5 foot » §§ B & ft.), Square Feet (& = % >
B 5 sq.ft. /ft2).

Sentences:

1. Substituteinfory. (~ » y i °)

2. The area reaches its maximum when... (.. cFRT > G FE I I X E o)

Mifflin Company.

Ron Larson (2018).
Cuemath (2023, Feb 1).
Varsitytutor (2023, Feb 1).

N o v &

Chilimath (2023, Feb 1).

3. The function has a maximum at x:_—b.(ﬁ'vﬁt”ﬁ BXE R x:_b o)
2a 2a
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