
Solving Equations Graphically

1. Graphing Equations

Entering an equation in Y=. Using ZOOM. Viewing the GRAPH.

To graph equations on your TI graphing calculator, press the Y= button, the leftmost of the buttons under
the display. If you don't see a screen like that above, you may be in a graphing mode other than Func; you
can change this in the MODE menu.

You can enter up to ten equations to be plotted at once. You can also plot up to three data sets from the
STAT PLOT menu. For this exercise, we only want our one function to show up in the plot. Either delete
the others, by moving the cursor down to that equation and pressing CLEAR, or turn them off by moving the
curso over their = sign and pressing ENTER. If any of the stat plots are turned on (highlighted in black), you
can turn them off in the same way, by moving the cursor up to them and hitting ENTER.

In the first function, Y1, enter the equation shown above: Y1=2X^3-5x2+1. We want to see what the
graph of this function looks like. To do this, first it is a good idea to set up the viewing window to a
reasonable range likely to show the function. Go into the ZOOM menu and select "ZStandard." The graph
shown above should appear in your window. You can look back at this graph at any time by pressing the
GRAPH button.

2. Setting up a Better Viewing Window

Changing the viewing WINDOW. The graph in a better window.

It's a bit hard to tell what's going on in the graph you're looking at now. All the "action" is bunched up near
the middle. If we could look more closely at just the range between X=-3 and X=4, we would have a clearer
picture of the function.

To change the viewing window, press the WINDOW key. You can enter new values for the maximu and



minimum X and Y values shown in the graph. You can also set the spacing between tick marks on the axes
by changing "Xscl" and "Yscl".

To set up a tighter viewing window that shows the function just between X=-3 and X=4, change "Xmin" to
-3 and "Xmax" to 4. Then, press GRAPH to see the graph in the new window.

3. Inspecting the Graph with TRACE

Using TRACE to inspect the function. Entering a X to jump the trace to. The value of Y1(2).

Now that we have this graph and can see fairly well how it works, you might want to be able to inspect it
more closely. For example, you might be interested in knowing exactly what the value of the funcction is at
some X.

To "trace" along the function and see what (input, output) pairs are in it, press the TRACE key. A cursor
will appear on the function graph. You can move forward and backward along the X direction by pressing
the forward and backwards arrow keys. You can recenter the graph around the currently selected point,
changing the position of the viewing window but not its proportions, by pressing ENTER. If you have more
than one function plotted at once, you can switch between them by pressing the up and down arrows.

You'll find, as you use TRACE, that while it lets you get some idea of the value of a function near any given
point, it has the disadvantage that if you want to know the exact output for, say, X=-.23, you can't get
TRACE to get to exactly that point; it skips by it. You'd probably like to be able to find the value of the
function for X=-.23 exactly, not just the value for some nearby X.

To get the trace cursor to jump to some exact value of X, simply type in the X you want to jump to, and
press ENTER. The X value you enter must be within the range of the current viewing window, or you will
get an error message. The TRACE should jump to that value and tell you what the output of the function is
for that X input value.

When entering a negative X value, note that you have to use the negative sign key (-), just to the left of
ENTER, rather than the subtraction key.

1. What is Y1(-.23)?

2. What is Y1(2.5)?



3. What is Y1(.5)?

4. Finding Zeroes

The "zero" option is in the CALC
menu.

Identifying the area to search and your
guess. The zero found in that range.

One common thing that we would want to do with a function is to find out for what input values it outputs
zero. If I asked you to solve the equation "2X3-5x2+1=0" for X, the possible values of X would be all the
X's for which the function we are working with outputs zero. These values are easy to see on the graph; they
are simply the points where the graph of the function crosses the X axis. You already discovered one X
value that solves this equation in the questions above.

You can get a good idea of where the zeroes of a function are by tracing along it and noting at what values
of X it switches over from positive to negative. You might even get lucky and hit exactly on a zero while
tracing. But the calculator has a more effective way of finding zeroes; it can solve to locate them more
precisely.

Move the trace cursor to near the zero that is close to X=2.5. Then, press 2nd-TRACE to see the CALC
menu, and select the option "zero". Your calculator will ask you to identify a range of X values within
which you know the zero to be. When asked for the left bound, scrool a bit to the left of the zero and press
ENTER. Then you'll be asked for the right bound; scroll a bit to the right of the zero and press ENTER.
Finally, the calculator will ask you for your best guess as to where the zero is located. Move the trace as
close as you can to the zero and press ENTER a third time. Having a smaller range and a better guess will
help your calculator find the zero faster, but won't change the accuracy of its response.

Your calculator should report that this zero is at approximately 2.414. It also reports that at this X value, the
closest it can find to the zero, Y is still not precisely zero; it is 1E-12. Don't let it bother you - this number is
.000000000001, an incredibly small number; if the x axis were marked off in meters like the front of my
classroom, your error would be the size of a single atom. As engineers like to say, that's "close enough for
government work."

1. How many zeroes does our function have?

2. What are they?



5. Equations Where Neither Side is Zero

Entering the right side of the equation. The plot of both sides. Our solution is near here.

When you're asked to solve and equation, it isn't always conveniently in a form like "2X3-5x2+1=0", where
you just have to find an X value that you can plug in to make the left side zero. You might, instead, have
someting like "2X3-5x2+1=X-4". How can we find, graphically, the solution to an equation like this?

We can start out by plotting both the right and left sides of the equation. Enter "X-4" in your Y2 and take a
look at the graph. Now let's think about what we're doing when we look for a solution to this equation. We
want some value for X which will get the same output when plugged into the right side of the equation as it
did when plugged into the left. If both the function have the same output at some value of X, then they must
both contain the same point; they intersect there. We can get an idea of where the solutions are by tracing
along until we're near to a point where the functions cross.

How many possible values of X are there that solve the equation "2X3-5x2+1=X-4"?

6. Solving Equations by Subtraction and Zeroing

Entering the difference as a new
equation.

The new equation has zeros where the
other two intersect.

A zero of the difference
equation.

We can use our zero-locating skills to find solution to equations like this as well. After all, the X values
where the functions meet are precisely the values where the difference between the outputs of the two
functions is zero. So, if we make a new function which is equal to the difference of the first two functions,
the X coordinates of its zeroes are the X's where the two sides of our function are equal. In algebraic terms,
we are going to subtract one side of the equation from the other, so that we have an expression on one side
which is equal to zero.



Type in a new equation: Y3=2X3-5x2+1=X-4. Then view the graph. Note that this new equation has zeroes
at the same X values where the other two equations intersect. We can solve to find exactly where those
zeroes are. Press TRACE, then press up or down until the new equation, Y3, is selected. Then, follow the
usual steps to find the zero. The one shown above is at X = -.9298.

You will notice that, if you press up or down to see what values the other equations have at this X, they are
exactly equal.

1. Find the other zeroes of the differnece equation. What are the other two values of X that solve our
equation?

7. Solving Equations by Intersection

The CALC:intersect option. Picking the curves to intersect. The intersection point.

If you'd like to be able to solve an equation without needing to use the subtraction trick, there is another
way. Your calculator has a built-in feature that calculates the point where the graphs of two functions
intersect.

If you want, you can now turn off your third function, the difference function, to make the graph easier to
understand. To do this, highlight its = sign in the Y= menu, and press enter. Or, just press CLEAR to delete
it entirely. On the other hand, it won't hurt to have it around; you can check to make sure, once you find the
point of intersection, that it is in fact a zero of the difference function.

On the graph, trace along one of the curves until you are close to the first point of intersection. Then, select
the option "intersect" from the CALC menu. Press enter once to select the first curve, and again to select the
second curve; then press it a third time to enter your guess. The calculator will think for a moment, then
pinpoint the intersection. Note that it is at exactly the same X value as you found by the subtraction method.

1. Find the three solutions again by this method. Do they agree with what you found before?



8. Summary

You've now learned how to do the following things:

Plot a function by entering it in the Y= screen.
Change the viewing window with the WINDOW screen, in order to be able to see the plotted
function more clearly.
Trace the currently plotted functions by hitting the TRACE key, moving along a function withthe
right and left arrows and switchign between functions with the up and down arrows.
Find the value of a function at a specific X value by typing that X value while tracing it.
Find the zeroes of a function using CALC:zero.
Solve and equation by creating a function equal to one side of the equation minus the other, and then
by finding the zeroes of this difference function.
Solve and equation by plotting the two sides of the equation as functions and finding where they
intersect, using CALC:intersect.


