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Matlab Lab 3 

Example 1 (Characteristic Equation, Eigenvalue, and Eigenvector)  A polynomial equation is uniquely 

 determined by the coefficients of the monomial terms. For example, the quadratic equation  

 𝑎𝑟2 + 𝑏𝑟 + 𝑐 = 0 is defined by the coefficients 𝑎, 𝑏, 𝑐. The Matlab function to find the roots of 

 the equation is ‘roots(p)’ with ‘p=[a b c]’.  

To find the roots of 𝑟3 − 4𝑟2 + 14𝑟 − 20 = 0 , type at the command prompt 

 

The roots include a pair of complex roots and one real roots.  

To find the eigenvalues and eigenvetors of a matrix, say  

𝐴 = [
−40 −12 54
35 13 −46

−25 −7 34
] 

type at the command prompt 
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The column vectors of the ‘evector’ matrix output the eigenvectors and the diagonal entries of 

 the ‘evalue’ matrix output the corresponding eigenvalues. For example, the first column vector 

 𝑣 = [
−0.5345
0.8018

−0.2673
] is the eigenvector of the eigenvalue 𝜆 = 5. If we scale the vectors by 

 appropriate numbers, we can see they are vectors of simple integer entries  

 eigenvectors = [
2

−3
1

] , [
 3

−1
2

] , [
1
1
1

],  

for eigenvalues 𝜆 = 5, 0, 2, repectively.  

__________________________________________ 

Example 2 (Direction Field and ODE Solver)  Consider the following predator and prey model with prey 

 population 𝑥 and predator population 𝑦    

𝑥′ = 𝑥(𝑟 − 𝑞𝑥 − 𝑝𝑦)   

𝑦′ = 𝑦(𝑏𝑝𝑥 − 𝑑 − 𝑚𝑦) 
 

for which 𝑟 is the prey’s intrinsic growth rate, 𝑞 the intraspecific competition parameter, 𝑝 the   

predation rate of the predator, 𝑏 the predator’s birth-to-consumption ratio, 𝑑 its death rate, 

and 𝑚 its intraspecific competition parameter. 

To generate the direction field for a given set of parameter values, input the following: 

      

The direction field is shown as in the right figure.  

To add solution curves to the direction field, we will do some new. In a working folder/directory, 

open a script file by clicking the ‘New Script’ icon in the Command Window to launch the Editor 

window or open a new script file if the Editor window is already opened. Type in the follow lines 
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as shown and save your file by the name ‘XXpp.m’ where ‘XX’ is your initial. For the example 

below, the name of my file is saved as ‘BDpp.m’: 

 

Note that the file name and the function name must have the same string ‘XXpp’. Next type at 

the commend prompt the following  

  

Here, the input interval [0,20] to the Matlab’s ODE solver ‘ode15s’ is for the time interval for the 

solution. The row vector input [.45, 1.2] is for the initial values 𝑥(0) = 0.45, 𝑦(0) = 1.2. The 

parameter value input to the solver is selfevident. The ‘odeset’ input is used to control the 

numerical accuracy of the solution. Obviously, you need replace the input ‘BDpp’ with your own 

‘XXpp’ file name for the model. Your hand-in graph is as below sans the embeded label.  
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__________________________________________ 

Example 3 (Lorenz Butterfly Attractor -- A 3D Example)  The Lorenz system below is one of the first 

 deterministic models whose long term behaviors are unpredictable, the phenomenon of chaos:  

𝑥′ = 𝜎(𝑦 − 𝑥)        

 𝑦′ = 𝑥(𝜌 − 𝑧) − 𝑦

𝑧′ = 𝑥𝑦 − 𝛽𝑧         

 

with parameter values:  𝜎 = 10, 𝜌 = 28, 𝛽 = 8/3. Create a script function file as you did for 

the predator-prey example about but save it as ‘XXlorenz.m’ instead, again with ‘XX’ for yours 

initials. The function file for the right hand of the Lorenz equations looks like 

  

Again, the file name and the function name must share the same string ‘XXlorenz’. For this 

example, we will run most of the commands from a script file instead. Create another script file, 

call it ‘RunLorenz.m’, like follows   
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Before we can run the script file in a directory or folder, you must set Matlab’s ‘current folder’ 

to the folder you have saved your ‘XXlorenz.m’ and ‘RunLorenz.m’. For illustration, say the 

folder holding these two files is ‘C:/MyAccount/Math221/LabProject’, then you need to type at 

the command prompt first  to set the 

current folder to the right location. After doing this, type at the command prompt the following:  

   

Please note that your output of the ‘initial’ input will be different from my values shown above, 

and your plot for the Lorenz Attractor will look somewhat different from the figure shown below 

because of the difference in the starting point (light cyan bullet). 

  

A closing comment, you can first click this icon  in the figure window to activate the rotation 

function, then place the cursor anywhere on the plot and move the mouse to rotate the 

attractor whiling holding the right button down. You can also create a fuller attractor for a 

longer time, and include other cool stuffs to the plot. 

__________________________________________ 

(See Lab 1 for instruction to prepare your hand-in work.) 

End Lab 3 


