SO513 Spring 2012

Lab 1:  Equation of State

Purpose: 
1.  Examine the temperature and salinity of two water columns from soundings taken across a front along the Gulf Stream in August 1982.

2.  Hypothesize as to the relative densities of each profile (which sounding is more or less dense through the column and why?)

3.  Evaluate actual densities.

4.  Compare results to hypotheses. 

Deliverables:  This lab has two parts.  First, you will need to construct a Matlab script to read in the data, make the appropriate calculations, and plot the pertinent profiles.  Next, you will need to use this information to answer the analysis questions at the end of the lab in a formal lab report.  The format for that report is given at the end of this handout.

Turn in:  
1. A hard copy of your lab report (in class) with a hard copy of your script file attached by the given due date.  



2. E-mail your m-file to your instructor by the due date.  

Part One:  MATLAB

1.  Set up your working directory in Matlab.  This will be your group’s file for the semester.  To the right of the directory path block at the top of your Matlab window, there is a small button with three periods (…).  Select that and establish a new file under the MATLAB directory.  Typically, the starting directory will look something like ‘C:/Users/Documents/MATLAB’ and beneath that you can create a new directory ‘Smith_and_Jones’.  Ensure you have no spaces (or apostrophes) in the directory name.  The new working directory would then be ‘C:/Users/Documents/MATLAB/Smith_and_Jones’.

2.  Download the following files from Blackboard to your working directory:


A. GulfStrm_Lab1.xls ( data from two Gulf Stream soundings


B. constants_lab1.xls ( constants required to calculate bulk modulus 


C. bulkmod.m ( script to calculate bulk modulus (K)


D. ro.m  ( script to calculate density

3.  In your working Matlab directory, open a new script file (File ( New ( Script).

HEADER

4. Remember to set up the header information in a series of comments at the top of the file.  An example is given below:

% filename = eos_lab1.m

% by: [MIDN your name(s)]
% date: [fill in date here]
%

% SO414 Lab 1: Ocean Equation of State

% 

% Purpose: [state the purpose here…]
%

% Variables:

%          [list the variables here…you may want to wait to fill these in]

%          [i.e. NT=temperature from the northern sounding (C) ]
%   

% Functions called: 

% 
     [list and give the purpose of each script called here… here again % 
 
you may want to wait until you’ve gone through the directions so %

you know which function files you are using.]
%  
     [i.e. bulkmod.m - calculates the bulk modulus (K)]

%  

% -------------------------------------------

5.  Beneath the header, clear all loaded variables and close all open figures. (i.e. use “clear all” and “close all”).

6.  As you write your script, ensure you document each section below the header with comments. Remember that comments are set off from the executable lines of code by a % in the first position of the line. It also works well to put an empty comment line (a % with nothing after it) at the end of each section.  Your first section of code could be:

% Clear all variables and close all figures.

clear all

close all

%

LOAD THE DATA (( This might be a good place to put a comment in your code…)

7. Use the command “data=xlsread(‘working directory path and then the file you want to load’) to load the Gulf Stream data. An example is given below:

gsdata=xlsread('/Desktop/SO414/lab1_EOS/GulfStrm_Lab1.xls')
8.  Open the excel file and look at the information you have.  Then, separate the data set into the specific variables (pressure (dbars), temperature (C) and salinity (PSU) at the northern and southern soundings):  

ex: press_dbars=gsdata(:,1)

9.  Recall that 1 dbar of pressure is generally equivalent to 1 m depth.  Establish a variable for depth that is equivalent to pressure in dbars.

ex:  depth=press_dbars
10.  Later we will need to have pressure measured in bars (vice decibars), so establish a new variable for pressure in units of bars.

EXAMINE TEMPERATURE & SALINITY CHARACTERISTICS AT EACH LOCATION 

11.  Plot temperature profiles (temperature vs. depth) for both locations on a single plot.  

a.  To invert the y axis (to put a depth of "O" at the top), use the command: set(gca,'YDir','reverse')   You will need to use this for each plot (after the plot command).  

b.  Ensure that you include the following in your code:

1.  distinguish between the soundings (line color, style, etc.)

( Type help plot at the command prompt and scroll near the 

top to find the options for your line styles.

2.  provide a title (that includes your names) 

( title(‘Appropriate Title, by MIDN Smith and MIDN Jones’)

3.  label your axes with the appropriate variable name (units)

(xlabel(‘Temperature (C)’)

4. include a legend – ensure you name each plot appropriately, and also ensure that you do not plot over data – choose ‘Best’ for the location.

(legend(‘N sounding’,‘S sounding’,’Location’,’Best’)

12.  Plot the salinity profiles (salinity vs. depth) for both location on a new plot.  Keep your notation for the profiles consistent with the previous plot.  (You may want to use the command “figure” before plotting each new figure to keep your figures separate.  The command just opens an empty figure, then fills it in when you use the plot command.)

CALCULATE DENSITY FOR EACH SOUNDING

13.  Load the data from the constants_lab1.xls file (look at #7 above).

14.  Name the variables contained in the data set (look at the data in excel to see what information you are being given, and name the variables appropriately).

NOTE: When Matlab loads the file, you will see that your “constants” array in your workspace is defined as (26,2), that is, 26 rows of data in 2 columns.  When we break these, out for the first column (“K”), we will want to load all rows of the data.  (:,1) = all rows, column 1.  

For the second column (“r”) however, we only have 15 rows of data.  Therefore we do not take "all rows" of column 2 (:,2) as we did with column 1.  Instead, we need to define the rows of data that we want to load for "r": (1:15,2) means “load rows 1:15 of column 2”.
15.  Calculate the secant bulk modulus for the north sounding using the “bulkmod.m” script.  Note that the top line of the bulkmod.m file (double click it to open it) tells you the command to use to call that function from your script file.  Here, that is:

[K_1]=bulkmod(S,T,P,k)    (generally this format is:  output=filename(input,variables)
The variable descriptions in the header of the bulkmod.m file tell you what each of these terms mean (and their units).  This is where and why we needed pressure to be in bars.  We pass the input variables (S,T,P,k) from our script to this function file, and the output variable [K_1] is passed back to our directory once the function is finished.

Be careful, though.  When you call the function from your script, you need to use the variable names that you assigned the data previously, and give the output a name that is useful to you.  Here is an example for calculating the bulk modulus for the northern sounding.   

ex:  [K_N]=bulkmod(NS,NT,pres,K)

16.  Calculate the surface density for the north sounding using the “ro.m” script.  Use the same process here as in #15 above.

17.  Calculate the density for the northern sounding using the IES80 formula:  

ex:  density_n=ro_n./(1-(pres./K_N))  (( ro_n is the name I gave the surface density – so use whatever name you gave that in #16).
18.  Calculate the density for the southern sounding using the IES80 formula.  (Repeat steps 15-17 using data from the southern sounding).   

EXAMINE DENSITY CHARACTERISTICS AT EACH LOCATION 

19. Plot the density profiles for both locations on a new plot.  Keep your notation for the profiles consistent with the previous two plots.

Part TWO:  ANALYSIS AND WRITE-UP

1. Examine your data and plots from Part One to answer the following questions:

A.  General:

A1. Describe the two soundings.  Where are they located?  We are given that they are on either side of a Gulf Stream front, but where are they geographically?

A2.  Consider the date the soundings were taken.  How would the Gulf Stream differ at this time of year as compared to other seasons?  (You will need to look this up.  Ensure you document your references.)

B.  Temperature:

B1.  Describe each temperature sounding.

B2.  Given the profiles, which sounding would (or should) have the greater density at each level and why?

C.  Salinity:

C1.  Describe each salinity sounding.

C2. Given the profiles, which sounding would (or should) have the greater density at each level and why?

D.  Density:

D1.  Describe each density sounding.

D2.  Compare the results to the answers you gave in B2 and C2 above.  This explanation should be given careful thought.

2.  Your final lab write-up should be formatted in the sections listed below.  Suggestions for how to approach each section are also given:  
A.  Introduction:  Describe the area of meteorology/oceanography you are addressing, and why it is of interest or importance.  Include your purpose, background, and hypotheses here.
B.  Data and Method: Normally this will detail the field or lab work done to collect the data for analysis.  In this case, you are doing no actual collections, so you should identify the type of data you are using and the source. You also need to include the procedure you used so that others may repeat your experiment exactly.  The procedure may be in the form of a list.
C.  Results and Analysis: Analyze your results and ensure both your logic and comprehension are clear.  Your calculations or plots should be included in this section. Discuss any there any issues with the data (gaps?) or calculations (did you have all the information you needed, or did you have to make assumptions?) Also, broaden the scope of your thought to beyond the data – here, that could be geographically (i.e. how your results relate to the rest of the Gulf Stream in August, how it might vary through the year, etc.) or with regard to impact (what are the impacts of the variations in density across that front? or what are the impacts the differences in temperature, salinity, and pressure might have on the atmosphere?)  If you look up information (which you should), include your references.
D.  Conclusion:  Did your results prove your hypotheses?  Why or why not? If there are ambiguities left or you were unable to come to a clear conclusion, include those reasons here.  Think critically:  what aspect(s) of the lab (or the topic) did you find confusing or have questions on?  Choose one, explain it, and give a recommended solution to improve (i.e. yes, you need to answer your own question, not merely state a question or a topic you didn’t understand).  Comments on what worked well are also fine.  Also, consider what future work might be conducted to address any of your results or analyses. 
E.  References:  For the sake of the labs in this course, you may include a list of references in a loose format, such as the one below:

Gulf Stream information obtained from the Cooperative Institute for Marine and Atmospheric Studies website on surface currents in the Atlantic: http://oceancurrents.rsmas.miami.edu/atlantic/gulf-stream.html 

