Quadratic Functions

The translation of a function is simply the shiftonof a function. In this section, for the most
part, we will be graphing various functions by mesof shifting the parent function. We will
go over the parent function for a variety of algedc functions in this section. It is much

easier to see the effects different constants hame particular function if we use the parent

function. We will begin with quadratics. Observeet following regarding a quadratic function
in standard form.

y:a(x—h)2+k
y=x

Notice that in the equation above, the h and k veduare zero, while the value of a is one. Thiges
you the parent function for all quadratics. Evetying else is merely a manipulation of the parent

function.
2 2
y=(x-3) y=(x+3)
The graph of the function shifts right 3. The grapbf the function shifts left 3.

The number inside the parenthesis makes the grahtitgo the left or right. Remember P.L.N.R., Pdisie Left
Negative Right, tells about the horizontal shift eged to graph the function.

If the function above is f(x) , the functions below would bé(x_s) and f(x+3) respectively. This is important to

know, because in the future, you will be requirea graph functions based solely on the picture praeil. No
equation will be given. You must rely solely onuydnowledge of translating graphs.



Once again, the parent function is illustrated ab@vand translations of it below.

y:)(2+2 y:X2—2

The graph of the function shifts up 2. The graph tfe function shifts down 2.
In these examples, th& value is what is changing. The value & dictates a vertical shift of the function. In
this case, consider the parent function as beirfgx) . Given no information regarding the specific eqtian of
the function, the equations for these two transiatis of f(x) are f(x) +2, and f(x) -2.

y=-x

Now, on the left we have the opposite of the parent
function. In this particular example, the value of, in
the standard form is -1. A negative reflects theagh of

the function about the horizontal axis. Once agaiif

the parent function given is referred to ai(x) , this

function is — f(x) .




We have seen how to graph a function by shiftingtharent function. You may have noticed
that we graphed-f,, but not f_,. The reason we did not sek_, , is because this is the

graph of an even function. That means that if a were plugged in to the function, it would
make no difference. The outcome would be the sarbewever, if we are dealing with a
different type of function, one that was not evel‘th) would cause the graph of the function

to reflect about a vertical axis. In other words$, - f(x) makes a graph flip upside dowrf(_x)
would make the graph flip from right to left, or feto right, whatever may be the case.

Lets see how differing values @&, h and k will cause various shifts of the function.
y=a(x-h)’ +k

Once again, take note of the parent functigre x°

y:—(X+2)2+3 y:(x—3) +2

This graph opens down, and shifts left 2, up 3. Flhyraph opens up and shifts right 3, and up 2
If this graph is a translation of the functionf(x) If this graph is a translation of the functionf(x)
It would by written as— f(x+2) +3. It would by written asf(x_g) +2.

We will be graphing functions using onlyf(x) in the “translations of functions” section.



Here we will see how the value @ for the quadratic function in standard form affestthe graph of the
function. To illustrate this, we will look at thgraph of a parabola that has its vertex on the arig

1
= 4x? ==
y 4

This graph seems very narrow, but what is
actually happening, is the value of the function is
increasing very rapidly. The y values are
increasing at 4 times their normal rate. The rapid
increase causes the graph to appear narrow.

This graph is wider than the parent function. In
this case, the y values of the function are
increasing at ¥ their normal rate, causing a more

gradual increase.

As you can see, if the value tife leading coefficient is a whole number, the ylwes of the graph will
increase rapidly causing a narrow and steeper curda contrast, if the leading coefficient is a faion, the y
values of the function will increase mildly, caugina more gradual curve.



Describe the movement of each of the following quadratic functions. Describe how each
opensand if thereisany horizontal or vertical movement. Be sureto state how many
spacesit moves, for example: This graph opens down, and shifts left 2, up 3.

A) y=-3(x-4)"+2 B) y=2(x+3)"-8 C) y=%(x—3)2
D) y:[x+%j2—§ E) y=—(x+5)°+6 F) y=7(x-3)+1
G) y=—é(x—7)2+4 H) y=3(x+6)"+8 ) y=-4(x-3)"-2
J) y=x*-3 K) y:—é(x+14)2 L) y=-2x*+8

Asyou describe the graphs of the quadratic functions above, you wrote that it shiftsto the
left or right, and up or down. What isactually shifting?



Writethe equation for a quadratic function in y= a(x—h)2 +k form that opensdown,
shiftsleft 3and up 7.

Writethe equation for aquadratic functionin y = a(x—h)2 +k form that opens up, shifts
right 4 and down 2.

Writethe equation for aquadratic functionin y = a(x—h)2 +k form that opensup, and
only shiftsdown 4.

Writethe equation for a quadratic function in y= a(x—h)2 +k form that opensdown and
shiftsto theleft 8 spaces.

Write the equation for aquadratic functionin y = a(x—h)2 +k form that opensdown and
shiftsup 7.

Isaquadratic function a one-to-one function? Why or why not? What doesthistell you
about theinverse of a quadratic function?



Match the appropriate graph with itsequation below. Explain why each of your solutionsis
true.

=%(x+2)2 2) f(x):—xz—z 3) f(x):(x+2)2+1

4) f +1 5) f,y=3(x+2)° 6) f,=-(x-3)"+2

X)



Graph each of the following functions. Y ou may need to use an axis of symmetry to graph
some of these. Label the vertex, y-intercept, and all x-inter cepts.
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The quadratic function given by the equation f(x) = 3(x—2)2 +6 hasan axis of symmetry

of

The quadratic function given by the equation f(x) = —3(x+6)2 —4 hasan axisof symmetry

of

The quadratic function given by the equation f(x) = a(x—h)2 +k hasan axisof symmetry

of

Considering your answersto the previous questions, we can concludethat the axis of
symmetry for any quadratic function is given by the x value of the

Why doesthe axis of symmetry look asthough we are saying x equalsa number (x=#)?

Why isit sometimes necessary to graph a quadratic function using the axis of symmetry?



