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Oceanographic & Meteorological Quantitative Methods – SO335    
Lab 1 – (100 pts)
MATLAB Background (Prior to class)
1.  (20 pts) Read the following sections from the Practical Introduction to MATLAB tutorial at the following link (You may want to keep this link handy for looking up information throughout the semester)
http://www.math.mtu.edu/~msgocken/intro/intro.html
Read – Introduction
          - All sections of Simple calculation and graphs
a.   Why did they title MATLAB the MATrix LABoratory?
b. What command do you use to find help on a command name in MATLAB?
c.  How do you suppress an output in MATLAB?  Why would you want to suppress the output from a command?
d.  What is a vectorized arithmetic operator?  For a matrix, A=[2,3;5,7]What is the difference between A^2 and A.^2?
MATLAB interface (Assumed we are using the 2009 version)
1.  Open up your copy of MATLAB.

You will notice various windows as seen in figure 1:
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Figure 1 – Picture of MATLAB program interface showing the Command window (Large middle window), the Command History window (lower right window), the current directory window (left window) and the workspace (upper right window).

1.  The command window is used for typing in variables, functions and commands or scripts (Otherwise known as M-files).

b.  The command history window keep s a history of statements entered in the command window.   

c.  The current directory window shows any files available in your working directory
i.  Your working directory can be changed in the tool bar by using the 

browse or ellipses button ( . . .) or the file icon (used to indicate to move up one directory) 

Workspace window  shows you a list of any created arrays from your current project along with their size and format.
2. When we start to create and use files in MATLAB, it will be important to know where those files are located.  

Change your working directory to the following: 
C:\Temp
(If there is no such folder, create it)
To change the directory, select the ellipses button (. . .) to the right of the current directory address bar.  You can now browse for the selected folder.

3.  Notice the menus available in the toolbar on the topic.  Many of them are common to other windows-based applications:

a.  Click on the help menu using the following tree:



Help -> MATLAB Help (F1)


b. Notice that MATLAB Help can be accessed quickly using the F1 key.

c.    Under MATLAB help, there are 4 tabs – Contents, Index, Search, and Demos
d.   Click on the MATLAB -> Getting Started -> Introduction and read the Introduction
MATLAB Basics – The following sections is to give you some familiarity with the basic features of MATLAB. The exercises are rudimentary in nature but the concepts within each section require time and thought in order to become comfortable with MATLAB.  Do not rush through this lab or you will pay for it later on as we apply the following simple concepts to more difficult applications.
1. (10 pts) – Performing basic arithmetic -  In the command window type in the following and write down the output (commands will always be represented in bold):
a. sin(pi/3)

b. exp(pi/4)

b. 2^10


c. (1+sqrt(5))/2


d. log(exp(1))

i.  Note that the log command is the natural logarithm; usually indicated as ln and not in base 10
ii.  Also notice that after every command, MATLAB displays an associated output. To prevent MATLAB from displaying anything, add a semi-colon (;) at the end of the command.  This will be helpful if one is manipulating large dimensional arrays that occupy a lot of space. For example, instead of typing 

log(exp(1))

 I will suppress the output by typing 

log(exp(1));
***** The semi-colon is one of the items listed on your reference sheet.  Add an appropriate description of the semi-colon function now ******
2. (4 pts)  –  Increasing the number of significant figures (format long) -  Notice that only five significant figures are displayed for all non-integer results.  This is setup be default.  MATLAB actually uses double precision floating arithmetic which is accurate to around 15 digits.  Type format long and perform the following operation. Write down your answer to 6 significant figures.


a. (1+sqrt(5))/2


b. cos(pi/4)^2 - 1/2

i. As we know from trigonometry, this answer is exactly zero but MATLAB will give an answer very close to zero when performing operations with irrational numbers. 
3.  Use of the up and down arrow to cycle through previously typed commands - Press the up arrow on your keyboard.  Notice that the previous command you typed shows up in the command window.  You can cycle through and edit any of your previous commands from the session using the up and down arrows.

4.  (20 pts)  Some Elementary Functions  - Use the MATLAB Help menu to understand the following functions.  Then give an example of application of the following elementary and special functions.  Write down your example below.
Elementary functions:

i.  log – 

ii. log10 – 

ii.  sin –

iii. sind –

iv.  asin –

vi. sqrt – 
Special functions:

i. cross – 
ii. dot – 

iii – norm

iv - abs
Basic vector and matrix operation

1.  (6 pts) In MATLAB, a vector is an object characterized as a list of numbers.  Create and manipulate a vector by typing the following.


a . (2pt)  
r=[6, 8, 10]

i.  Write down the result of typing in r(2)

b. (2pt)  
a=[1/2, 1/3, 5/7, 0, 9]

i.  Write down the result of typing in a(4)

c.  One can also create a set of numbers in a vector using the notation


s=(starting value: increment amount: final value) 


(** the above notation is in your reference sheet – make notes as necessary **)
For example:
s=(-2:0.2:2)

i. (2 pt) Write down the result of s(10)
d. when using variables to represent any type of MATLAB object, be aware that MATLAB is case sensitive so and will recognize S as a different object than s.

2. (10 pts)  The preceding vectors are called row vectors as there output in MATLAB is indicated in a row format.  To change the vector to a column format, use the transpose command as indicated by a prime (‘). Perform the following operations.

a.  (2 pt ) u=r’
i. Notice how the output is now in a column format.  We will see later the mathematical significance of this transpose operator in a later lab.  
Write down the result - 
b.  (2 pt) D=r*u
i. Write down the result:
c.  (6 pts) E=u*r
i. (2 pts) Write down the result:

ii.  (5 pts) Write down any  structural differences between your answer in b and c 

3.  (12 pts) A matrix is a rectangular or square array of numbers. Rows of a matrix are indicated horizontally and columns are indicated vertically. Type the following to create a simple matrix.

a.  J=[1, 3 ,5; 2, 4, 6; 3, 7, 11]


i.  (2 pts) Which array in the previous section has a similar structure as J?

b.  Take the transpose of Matrix J by using the prime operator: K=J’
i. (5 pts) Write the result.  What did taking the transpose of J do to the Matrix?
c.  Multiply the vector K and J as follows: L=K*J


i. (2 pt) Write the result:


d.  Now multiply the vector K and J in the opposite order: M=J*K


i. (2 pt )Write the result


e.  Take N=L-M
or N=K*J-J*K


i.  (2 pts) Write the result.

ii.  Note the result is not zero showing matrix multiplication does not commute.  {Note:  Given elements a and b and an operator *, a and b are said to commute under * if a*b=b*a.  The operator * can be addition subtraction, multiplication, matrix multiplication or a multitude of other possibilities.}
Array Operations
4.  ( 11 pts) The vectorized arithmetic operator - In the previous section, we performed the operations of matrix multiplication and subtraction.  One might want to perform operation on each individual element of a matrix or vector one at a time instead.  For specific binary operations, we need to precede the operation with a period (.) to indicate that we wish to operate on each individual element of the array.  In other words, the period character (.) distinguishes a vectorized operation from the standard operations. This period is used before the operators of multiplication, division and raising to an arbitrary power. Since the vectorized and standard operations are the same for addition and subtraction, the character pairs .+ and .- are not used. (** Note this operator is in your reference sheet **)
a.  Take the square of each element of the vector r by typing:

x=r.^2


i.  (2 pts ) Write the result:

b. Now type the following: y=r^2

i. (2 pts) What happened?

ii. (3 pts ) Why did you obtain this result?


c.  (5 pts) Explain what the purpose is of placing a period in front of multiplication, division and raising to the power operations when dealing with arrays.
M-files – Up to this point, our use of MATLAB has been fairly basic and so inputting commands directly into the command window seems practical.  More advanced applications will require many lines of code and operation and it will become unwieldy to use the command window for our tasks.  The use of m-files allows us to gather all our commands in one package to be run together in succession.  Further in sophisticated programs, many m-files may be used for a program.  The analogy in other computer languages may be the use routines and subroutines.  In this lab, we will be come familiar with creating an m-file and getting a basic code to run in MATLAB.

1.  In MATLAB, select File ->New-> M-file

- a new window will open with a MATLAB editor file.  

- You can input commands in an editor file just like you can in the command window but the lines you enter will not run until the file is saved and executed in the command window 

- The editor is also useful because it allows for debugging of errors in your code.  If you have errors, red lines will appear in the right hand side of the page of the editor.
2.  Let us now create a basic m-File

Type the following lines in the editor
    clear all

    format long

    s=[-1:0.01:1];
    f_s=sin(2*pi*s);
    line(s,f_s)
(don’t worry about the fact that you have not been introduced to the line command yet, although you might want to look it up in the MATLAB help menu) 

3.  Save the m-file to the C:\temp folder as “sincurve.m” 
4.  Verify that your working directory is the C:\temp folder

5.  (2 pts) type sincurve in the command window and explain what happened
- Note - another method to running the sincurve program is to click on the green arrow at the top of the m-file

6. (3 pts) What are the advantages of using m-files?

Variable management
1.  Throughout this lab we have created a number of different variables.  Being unaware of the properties of a specific variable can lead to frustration as results might be different than anticipated.  To keep track of all the created variables in a work session type whos and a list will come up showing the name, size, memory allocated and class of each variable.  You will note that most variables in this session are double arrays indicating the variable is a vector or matrix using double precision numbers or, as indicated earlier, numbers that can be represented out to 15 significant figures. 
2.  We can use the clear all command to erase the memory of all defined variables.  If we wish to only clear a few variables, we can specify only those variables we wish to erase after the clear command. To clear the vectors u_z and v_z, we need to type 

clear u_z  v_z
Notice that the clear all command was the first command in our m-file.  This is to ensure that no variables are stored in the computer memory that can cause confusion in our results.
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