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y = ax® + bx + ¢, the Equation of the Parabola S

The Software Tutorial & %
O
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L earning Aims

To develop, through experimentation, an understanding of the equation of the parabola
and afed for the effect of changing its parameters.

To answer “what if ...7"- type questions about the parabola and the parabolic equation.

| ntroduction
Theequation y = ax? + bx + ¢ isthe equation of aparabola.

x and y are variables, snce across the graph of the parabola, as x varies, y varies.

X is cdled the independent variable (the horizontal axis on the graph) and y is cdled the
dependent variable (the vertica axis). The vaues of y depend on the vaue of x.

a, b and c are parameters. Although it is dso possble to choose vaues for a, b and ¢
arbitrarily, for any one particular parabola their vaues will not change. A new set of vaues
for a, b and/or ¢ will result in adifferent parabola.

Thegraph of y = ax? + bx + c takes the shape of the cross-section of a bowl, opening
ether upwards or downwards. The lowest point when it opens upwards (or the highest
point when it opens downwards) is called the vertex. All parabolas with the above equation
will cross the y-axis somewhere, but need not necessarily cross the x-axis

Herey isafunction of (i.e. depends on) x, written y = f(x) in generd, so here we can write
f(x) = ax® +bx + c. Inthis case, f(x) iscaled the quadratic function.

The quadratic function has important gpplications in the mathematicd analyss of topics in,
amongst others, science, technology and business sudies— in particular in cases where there
isasquare-law relationship between two sets of variables. For example,

the cross-sectiona shape of a car's headlamp reflector is parabolic, and

the aerodynamic drag of amoving vehicleis proportiond to its velocity squared.

The software alows investigation of the parabolic function, y = ax® + bx + ¢

Flo Dwdim Pt Help

L oading the Par abola Applet iE3

The parabola applet is obtained from ' —": A
the web site from which this work sheet T/ e
was downloaded. When the applet is ' ETTTa——
loaded, you will see something similar to g [t

the display shown here, B T R T e MR

Running the applet

The software uses the default vadues a

=1, b=1and ¢ = 1. With these

default values, the relevant graph (in ===
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thiscasey = x* + x + 1) isdigplayed in the main graphics area.

The three dider bars on the right of the gpplet window dlow the user to change each of the
parameters of the parabola (here a, b or ¢). Clicking the arrow boxes at either end of the
dider bar effect small changes in the parameter vaues. Clicking in the main part of the box
of the dider bar makes larger changes. Clicking, holding and moving the dider in the
dlider bar can make any sort of change.

Changing the values by moving the slidersis the only means of user-input.

The software gives you the option of showing single plots or multiple plots (under ‘Plots in
the pull down menu structure a the top of the applet window). It dso dlows you to ‘drag'
the plot around (to see areas not covered by the origind window on the plot) by holding
down the mouse button whilst a the same time moving the mouse over the plot. The plot
can be recentred a any time using the 'Centre on Origin' option, under ‘Display’. You can
reset the software a any time to the default values (those used when the program loads)
using 'Reset’ from the 'Plots menu.

The Tutorial

The effect of changing a

- With the default vdlues a = 1, b = 1 and ¢ = 0, sketch the graph that you see on-
screen on the axes below and write aongsde this line its equetion.
Choose "Multiple Flots’ from the "Plots’ pull-down menu and change the value of a to
a = 2 hy dicking onceinside the a dider bar to the right of the dider itsdf.
Repeat so0 that your plot shows dso thegraphsfora= 3,a=4,a=5anda= 6.
Superimpose dl the lines on the axes below, labdlling each line with its equetion.

A
y

Where did each parabola cross the y-axis?
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Reset the graphic display to the default setting by choosing "Reset” from the "Plots’
pull-down menu.

With the default vdluesa = 1, b = 1 and ¢ = 1, sketch again the graph that you see on-
screen on the following axes and labdl it. (Don't forget, label the axestoo)

If not dready chosen, choose "Multiple Plots' from the "Plots’ pull-down men and
changethevdueof ato a = 0.9 by clicking once on the arrow & the left-hand end of
the m dider bar.

Repeat this so that your plot shows dso the graphsfora=0.8,a=0.7,a= 0.6 and a
=0.5.

Superimpose each parabola on the axes below, labelling each with its equation.

A

Where did each parabola cross the y-axis?

In the light of what you have found so far, what do you guess would be the effect of making
the vdue of a equal to zero?

.................................................................................. Try it now.

Now click on the dider of the a dider bar, hold down the mouse button and move the
mouse to the left until the vdlue of ais-1
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You may need to clear al other plots on-screen before proceeding. If o, thisis done
using "Clear Multiple Flots' from the "Plots’ pull-down menu.
Sketch again the graph that you see on-screen on the following axes and labd it (and
labdl the axestoo).
If not dready chosen, choose "Multiple Plots' from the "Plots’ pull-down menu and
changethevadue of a to a =-2 by clicking once inside the a dider bar to the left of the
dider itsdf.
Repeset thisfora= -3,a=-4,a= -5anda = -6.
Superimpose each parabola on the axes below, labelling each with its equation.

A

Where did each of these cross the y-axis and where was each vertex?

Superimpose on the previous axes the graphs for which a=-0.9, a=-0.8, a=-0.7,
a=-06anda=-05@@lwithb=1andc= 1). Usethegpplet if you can't guess.

Why do you think that the gpplet stopsat a = 10 in the postive direction and a = -10 inthe
negative direction?

Theeffect of changing ¢

- Resdt the graphic display to the default setting by choosing "Reset” from the "Plots’
pull-down menu.
With the default vdluesa = 1, b = 1 and ¢ = 1, sketch again the graph that you see on-
screen on the following axes and labdl it. (Don't forget, label the axestoo)
If not dready chosen, choose "Multiple Plots' from the "Plots’ pull-down men and
change the vdue of ¢ to ¢ = 2 by dlicking once inside the dider to the right of the
dider inthe c dider bar.
Repeat this so your plot shows also the graphsfor c =3, c =4, ... asfar asyou need in
order to understand the effect of increasing ¢
Sketch the on-screen family of curves on the following diagram.
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A

(8 Describe the effect of increasing the vdue of c¢. (b) What happened to the overal shape
of the parabolas during this time? (c) What can you say about the vaue of the y-intercept in
each case

Now consider ¢ with negative values. Reset andtry c = -1, ¢ =-2, ... Sketch and labdl the
curves dong with their y-intercepts.
A

Did you notice that you havent tried ¢ = 0? Before using the gpplet, write below what you
think is specid about any parabolawith ¢ = 0.

Describe in the space below the parabola obtained when both a = 0 and ¢ = 0? (It may
help to write down the equation of the ‘parabola in this case)) Now use the gpplet plot it
and see.

The effect of changing b

- Reset the graphic display to the default setting by choosing "Reset” from the "Plots’
pull-down menu.
With the default vduesa = 1, b = 1 and ¢ = 1, sketch again the graph that you see on-
screen on the following axes and labd it. (Don't forget, labd the axes too)
If not dready chosen, choose "Multiple Plots' from the "Plots’ pull-down men and
change thevdue of b to b = 2 by clicking once inside the dider to the right of the
dider inthe b dider bar.
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Repeat this so your plot shows aso the graphsforb =3, b =4, ... asfar asyou needin
order to understand the effect of increasing b.
Sketch the on-screen family of curves on the following diagram.

>

(8 What happened to the overdl shape of the parabolas during these changes? (b) What
can you say about the value of the y-intercept in each case (c) Describe the effect of
increesing thevaue of b.

Now consider ¢ with negative values. Reset andtry b= -1, b = -2, ... Sketch and labd the
curves dong with their y-intercepts.
A

Did you notice that you haven't tried b = 0? Before using the applet, write below what you
think is specid about any parabolawith b = 0.

So changing the value of a alone changes only the shape of the parabola,
changing the value of b alone changes only the position of the vertex

and changing the value of ¢ alone only moves the parabola up or down.
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Exercises

1. Without using the software, sketch* the followi ng parabolas.
y= X y=x*+1
y=2%° y=2x*-4

Verify your sketches usng the software.

2. The co-ordinates of the point of intersection of any parabola with the x-axis can be
found by letting y = 0 in the parabolas equation, i.e. ax® + bx + ¢ = 0. This quadratic
equation can be solved by factorisation, or by using the well-known formula

_ - bx+/b*- 4ac
2a
For example, y = x* + 3x + 2 will cross the x-axiswhen x*> + & + 2 = 0. This
factorisessas(x +1)(x +2) =0,sox+1=00rx+2=0giving X =-1 or x =-2. So
the given parabola crosses the x-axis at points with co-ordinates (-1, 0) and (-2, 0).
Use the gpplet to verify this.

Alterndtively, usng theformulawitha=1,b=3and c = 2,
- —\' 2 - ¢ ¢ - -
X = 3+ 32, 14 12 = 3§ﬁ: 3211 gvingx =-1or x =-2 again.

Do the same for (@y=x*-5x+6
(b) y = 4x* — 4x + land
(0 y=x*+4x+13

Note in particular what happensin (c).
Use the accompanying applet to verify your answers.

3. In certain, ampler cases, it not necessary to use ether factorisation or the formula
method to solve the equation y = 0. Determine the co-ordinates of the point a which the
parabolasin Q.1 cross the x-axis. Use the applet to verify your solutions.

A Here 'sketch' means roughly draw the axes with the straight lines superimposed. Y ou should label the
axes and each graph and indicate any important points (such as the y-intercept). 'Plot’, on the other
hand, means 'plot points accurately on a properly scaled and labelled graph' using data from a table of
values. Y ou should label the graphs and important pointsin either case.
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