
Mathematica Project 1 Help

Throughout the semester, we will learn to use Mathematica to solve various problems related to differen-
tial equations.  In this project, we will learn some of the basic features of Mathematica.  Let’s consider 

the fourth degree polynomial p(x) = x4 - 6 x3 - 3 x2 + 56 x - 48.  We can enter functions into Mathemat-
ica with the syntax below.

p[x_] := x^4 - 6 x^3 - 3 x^2 + 56 x - 48

Notice that function arguments are ALWAYS placed inside square brackets.  When we first define a 
function, each function argument is followed by an underscore.  After we declare the function name and 
arguments, we follow the up with a semi-colon and an equal sign.  This tells Mathematica that we are 
defining a new function.  After this, we simply tell Mathematica what to do with the function arguments!  
We will learn some of the basic functions built into Mathematica as we go.  Also, you have to press 
SHIFT + ENTER simultaneously to enter a command in Mathematica.  If you only press ENTER, you 
will get a new input line, but Mathematica won’t evaluate anything until SHIFT + ENTER are pressed 
together.

If we want to find the zeros of this polynomial, we can use the Solve function.  

Solve[p[x] ⩵ 0, x]

{{x → -3}, {x → 1}, {x → 4}, {x → 4}}

The first thing to note about Mathematica is that EVERY BUILT-IN FUNCTION STARTS WITH A 
CAPITAL LETTER.  As mentioned above, the arguments for this function are placed inside square 
brackets.  The Solve command instructs Mathematica to solve an equation (or a system of equations) 
for the specified variables.  Notice the use of the double equal sign in the equation.  In Mathematica, = 
(a single equals) is used to assign values to variables.  We have already seen the use of := to define 
functions.  The double equals, ==, tells Mathematica to check whether one expression equals another.  
One of the most common mistakes in Mathematica programming is using a single = when you should 
really use ==.  If you make this mistake, often the only thing to do is to correct it, save your file, close 
the program completely, and then reload your file.

Notice that the four roots of this polynomial are given as a list of replacement rules.  We will learn more 
about these later, but for now we can tell that our polynomial as roots -3, 1, and 4 (which has multiplicity 
2).  We will now produce a plot of our polynomial.  Conveniently, the command to produce a plot is Plot.



Plot[p[x], {x, -5, 5}, PlotStyle → Blue, AxesLabel → {"x", "y"}]
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Once again, EVERY BUILT-IN FUNCTION IN Mathematica STARTS WITH A CAPITAL LETTER.  The 
first argument of Plot is the function (or functions) you want to plot.  The second argument is a list 
containing the function variable followed by the a specification of the range you want plotted.  Officially, 
these are the only arguments you need to give Plot to produce a graph.  The arguments after the first 
two are optional.  The first specifies the color of the plot while the second gives labels for the axes.  
Notice that these options are specified by replacement rules.  The way to get the arrow symbol is to 
type a dash, - , directly followed by greater than, >.  Mathematica will then convert -> to the arrow 
symbol.  By the way, copying and pasting code into Mathematica often results in errors because the 
arrow (and other special symbols) may not paste correctly!

We can see that our polynomial has three local extrema, and Mathematica is capable of finding them 
for us.  First, the command for taking derivatives is D.  

D[p[x], x]

56 - 6 x - 18 x2 + 4 x3

The syntax for D is simple.  First, enter the function to be differentiated, and then enter the variable with 
respect to which to take the derivative (in case your function has multiple arguments).  Notice that 
Mathematica prints polynomials starting with the lowest order term.  To find the critical points, we need 
to set this derivative equal to zero.  We can simply insert the previous command directly into Solve.

Solve[D[p[x], x] ⩵ 0, x]

{x → 4}, x →
1

4
1 - 57 , x →

1

4
1 + 57 

In future projects, we will see how to use these replacement rules to find the corresponding y-values.  
We can find the points of inflection with a similar command.
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Solve[D[p[x], x, x] ⩵ 0, x]

x →
1

2
3 - 11 , x →

1

2
3 + 11 

Notice that we list two x’s after the function to indicate the second derivative.

For more complicated equations, Mathematica may not be able to solve them exactly.  In such cases, 
we can ask Mathematica for a numerical solution.  Suppose we want to find the intersection of the 
curves y = ln(5x) and y = x - 2.  We can try Solve again, but we get output that is less than helpful.

Solve[Log[5 x] ⩵ x - 2, x]

MessageTemplate Solve , ifun ,

Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution information.

, 2 , 10 , 1 , -620738429898123425 , Local 

x → -ProductLog-
1

5 ⅇ2
, x → -ProductLog-1, -

1

5 ⅇ2


Despite giving us exact answers, the intersection points are specified by functions we aren’t really 
familiar with!  Instead, we can ask Mathematica to give us numerical solutions using the command 
NSolve.

NSolve[Log[5 x] ⩵ x - 2, x]

MessageTemplate NSolve , ifun ,

Inverse functions are being used by NSolve, so some solutions may not be found; use Reduce for complete solution information.

, 2 , 11 , 2 , -620738429898123425 , Local 

{{x → 0.0278309}, {x → 5.27181}}

In both cases, Mathematica gave us an error message.  This particular error message is not particularly 
troubling since Mathematica is warning us that there may be other solutions it hasn’t found.  Let’s plot 
these two functions and see whether these two intersections seem reasonable. 
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Plot[{Log[5 x], x - 2}, {x, -1, 10}, PlotStyle → {Blue, Red}, AxesLabel → {"x", "y"}]
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Notice that Plot can graph multiple functions on the same set of axes.  The list of functions must be 
placed inside a set of curly braces, { }.  Likewise, your color choices (if you want to make them) are 
placed inside curly braces in the PlotStyle command.  

Looking at these two graphs, it seems clear that the two intersections we’ve found are it.  Despite the 
fact that there was no issue in this particular case, it is important to pay close attention to any error 
message Mathematica gives you.  If you click on the three dots to the left of any error message, you 
bring down a menu where you can copy the error message.  That allows you to run a search for the 
error message on the net.

For future reference, the trigonometric functions must be entered as Sin[ ], Cos[ ], Tan[ ], Sec[ ], Csc[ ], 
and Cot[ ].  The exponential function can be entered with Exp[ ].  If you simply enter e^(x), Mathematica 
won’t know what you mean!  If you type in a function that you think Mathematica should already know, it 
should turn to black.  If it remains blue, then Mathematica doesn’t know what function you’re talking 
about!
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