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Suggested Supplemental Reading
For background:

http://docs.python.org/tut/ [Excellent python tutorial .]
To learn more:

http://swc.scipy.org/ [Excellent course on \software carpentry".]
http://matplotlib.sourceforge.net/ [Place to go for matp lotlib tutorial, examples and com-

plete documentation.]
Learning Python, by Mark Lutz and David Ascher, O'Reilly Publications, 2003.

[available online at http://proquest.safaribooksonline.com:80/0596002815]. This is a won-
derful book that will help you a lot.

http://www.eng.hawaii.edu/Tutor/vi.html [website call ed \Mastering the VI editor".]

1 Introduction

This material has been written as a supplement to a lecture series in rock and paleomagnetism
and is designed to help students begin their own code writingand understand what is under
the hood in the companion software package, PmagPy.

Although there is a lot of free software available for plotting and analyzing paleomagnetic
data, it is important to understand how these programs work,what the calculations actually
are and what they mean. There is no better way to learn this than to write your own code.
You may well end up using one of the excellent products available because they are easier
or \prettier", but you still need to understand what the programs are doing. In this \under
the wheel" section, you will be asked to make plots by hand andwrite some rudimentary
programs for plotting and analyzing data. I encourage the use of Python and all the solutions
to the problems will be written in that wonderful language.

This article cannot teach you everthing about programming in python. Instead, it is designed
to help you at least be able to understand the python code in the PmagPy package and maybe
nudge you in the direction of using Python yourself.

1



2 Why Python?

Python is a scripting language (like basic, Matlab and Perl). Languages like fortran and C
get \compiled" into machine readable binary code and run faster, while scripting languages
get interpreted by the operating system line by line. Pythoncan incorporate compiled
binary code in its most sophisticated form, but the programswe will be writing will all be
\interpreted". This means that Python is slower than fortran or C. However, what you lose
in run time, you gain in human time. It is much faster to write programs in Python than in
any other language that I am familiar with.

Python is 
exible, freely available, cross platform, widely used and well documented and
much easier to read and learn than Perl. It does not have as many numerical or statistical
tools as matlab and 3D visualization is no where near as good,but it is free and there is a
LOT of stu� available with more every day. And, the popular pmag fortran 77 package has
been translated into Python, so for paleomagnetism, it is a very good choice and the only
cross-platform, comprehensive software package around.

3 Getting Started

3.1 Installing Python

Python can be painful to install (but so can Matlab!!!). I have a few recipes that work for
Mac OS 10.4 (Tiger) and for Windows (haven't tested Vista, yet, though). These recipes
and the ingredients are available under the Installing Python link.

3.1.1 Starting python

Once Python is installed, you should test it:

� On a Windows machine: double clicking on the Python icon.

� On a Mac, double click on the terminal.app (in your Applications/Utilities folder on a
Mac.) and type 'python'.

� On a *NIX operating system, open an Xterm window and type `python'.

The prompt will vary for di�erent machines and may start with a `%' (c-shell) or a `$' (bash).
I will use a '%' to indicate the shell prompt in these notes. For survival *NIX, refer to the
appendix. In *nix like operating systems (*NIX, Linux, Mac Os X, Solaris...), type: python
to start the interactive python shell. [Also, the symbol ctrl-D means to hold down the control
key while typing the letter \d". On Windows machines, you will have to substitute a letter
\c" to achieve the same e�ect. ]
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Everyone should now have the>>> prompt. Here is a transcript of a python interpreter
session which should give the plot shown in Figure 1.

% python
Python 2.4.3 (#1, Apr 7 2006, 10:54:33)
[GCC 4.0.1 (Apple Computer, Inc. build 5250)] on darwin
Type "help", "copyright", "credits" or "license" for more i nformation.
>>> import matplotlib
>>> matplotlib.use("TkAgg")
>>> import pylab
>>> pylab.plot([1,2,3,4])
>>> pylab.show()

To kill the interpreter, close the plot window and type ctrl-D.

Figure 1: Output of test script.

3.2 A �rst program

Running in interpreter mode is handy sometimes, but re-typing the program everytime is
silly. Python scripts can be saved in �les with a .py extension and run either by clicking on
the icon or from the command line in the terminal window. In the following we will create
a script called \hello.py".

There are of course many di�erent ways of creating and running scripts. They are just
ascii �les so any text editor will do for the purposes of creation. Then the script can be
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executed via the command line or through various graphical user interfaces on di�erent
Python implementations.

For Windows, start the graphical user interface (GUI) called Python IDE from your start
menu (or click on the Python icon on your desktop). Under \File", open a new window. This
window is a smart text editor where you can write you programsand save them (for example
to you desktop, or to some specially designated folder). Youcan run them by selecting "run
module" for the Run menu.

Mac Os X has a similar called IDLE in the MacPython folder in your Applications folder.
You can use this, or the command line version in either a terminal window.

*NIX users (including Mac OS X using terminal.app or an Xterm)

� On a Windows machine running the Python IDE or a Mac running IDLE, select \New
Window" under the File menu and type:

print "hello world"

in the window. Save this script as \hello.py" on your desktopand run it by selecting
\Run module" under the Run menu.

� On *nix like machines (including Mac OS X using terminal.appor an Xterm), we do
this by typing the following:

% cat > hello.py
#!/usr/bin/env python
print "hello world!" # this statement prints out "hello worl d"

cntl-D (to finish entry)
% chmod +x hello.py
% hello.py

hello world!

Note that the commandchmod +x hello.py makeshello.py executable and is not
necessary for GUI users.

The program's response is the bold-facehello world! . Note that anything after a hatch
mark (#) is ignored as a comment. The �rst line of the program just tells the operating
system to look for its favorite python interpreter and the second line is the program.
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4 Programming essentials

4.1 Variables

There are several kinds of variables in python the most common of which are integers, real
numbers and strings. These can be declared whenever you wantto start using them, as in:

>>> number=1
>>> Number=1.0
>>> NUMBER='1'

print number,Number,NUMBER

1 1.0 `1`

You can convert between the three with, for example, int(Number), str(number), 
oat(NUMBER).

4.2 Data structures

4.2.1 Lists

It is often handy to group variables and constants together.In Fortran, we use arrays with
indices that can be used to address a particular cell. Pythonis much more 
exible; there
are several di�erent ways of grouping things: lists, strings, dictionaries, and tuples, among
others.

The most versatile data structure is the list, which is written as a comma-separated collection
of items (they don't have to be of the same type) between square brackets.

mylist=['a',2.0,'400','spam',42]
# NB: don't try to copy and paste from this pdf, you must type it in yourself!

Items are referred to by their index number in the list, starting with 0, so 42 in mylist is
mylist[4], while mylist[0] is 'a'. Items in the list can be sorted, deleted, inserted, sliced,
counted, concatenated, replaced, added on to and so on. For example, mylist[1]=26.3 will
change mylist[1] from 2.0 to 26.3. The command len(mylist) returns the length of the list,
or 5 in this case. To append to the list:

mylist.append('one more please')

which added the string 'one more please' as a �fth element in the list. The command
\append" is one of many \methods" that can be applied to lists. Methods are just things
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you do with objects and can be very fancy, or very simple likeàppend'. Other methods
include: mylist.sort() which returns a sorted list, and mylist.insert(1,'new') sticks the string
'new' in between 'a' and 2.0.

Slicing lists and strings is also useful. To pick out the piece mylist that includes the second
and third elements and put them in a new list:

newlist=mylist[1:3]

Note how the list starts with the �rst element having and index of `0', the second, '1' and so
on and that the slicing is done with the colon operator with the last index being \one too
far". Don't ask why, it is just a \feature". To get the last element of the list we use:

mylist[-1]

Finally, to make a copy of a list, we use:

mycopy=mylist[:]

Making copies is necessary because equating a new list with aprevious one, means the two
are really the same thing so changes you make to the new list will also be made in the old
one.

4.2.2 Dictionaries

Another very handy data structure is the dictionary. Unlike lists which are indexed by
integers, dictionaries are indexed by \keys". Dictionaries are written as key:value pairs
inside a pair of curly braces:

telnos={'lisa':46084, 'lab':46531, 'jeff':44707}

You can get 'lisas' phone number by: telnos['lisa'] , which returns the value: 46084. To get a
list of keys for a given dictionary, we just use the method "keys", as in: keys = telnos.keys().
keys is now a list of the keys of telnos. You can add additionalkey:value pairs by simply
writing: telnos['jack']=23323.

4.3 Operations and comparisons

Mostly, python does operations as you would expect: addition, +; subtraction, -; multipli-
cation, *; division, /; exponentiation, **; remainder, %. As in \C", there are -= and +=
operators that increment the variable by the speci�ed amount. For example:
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a=1 # initialize variable a to 1
a+=1 # increment a by 1

is exactly the same thing as:

a=1
a=a+1

and increments the variable \a" by 1.

There are also booleans such as, 'true', 'false', 'and', 'or', and 'not' . Empty strings, 'false'
and 0 are 'false'. 'and' and 'or' are \short-circuit' operators that get evaluated from left to
right, stopping whenever the statement gets falsi�ed. Comparisons (<; > ,!=,==, > = ; < =)
are less than, greater than, not equal to, equal to, greater than or equal to, and less than or
equal to, respectively.

4.4 Conditionals and 
ow control

Python uses if, elif and else (not else if) as conditional statements. Here are two ways to do
it:

n=1
if n<0:

print 'n is less than 0'
elif n== 0: # if it isn't less than 0, but equal to zero

print 'n equals 0'
else: # otherwise

print 'n is greater than 0'

Can you guess what this program will do? You may have noticed that python doesn't use
'endif' or 'begin/end' types of statements; instead it usesindentation to indicate the block
of statements to be executed under each condition. Any amount of indentation will do, but
all the statements within a block have to have the SAME indentation.

There are several other ways to control the 
ow of the program: while and for loops. In a
while loop, a block of statements will be repeated until the while condition is no longer met.
For example:

count=3
while count > 0:

print count
count-=1
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The \for loop" works in a few ways. One is by counting up to somenumber and another
is by stepping through the items in a list or dictionary or other object. These two loops do
exactly the same thing; they print the items of mylist sequentially:

mylist=['a','hey babe',42, 'done']
for i in range(len(mylist)):

print mylist[i]
for item in mylist:

print item

Note the use of indentation to identify the blocks of statements that belong to the loop. The
function range makes a list of integers starting from 0 that islen(mylist) long.

4.5 Input/Output

4.5.1 Getting data out

Getting data out can be as simple as the print statment we already saw. We can also use a
formatted `write' statement as in:

mylist=range(10) # make a list of the integers from 0 to 9
out=open('myfile','w') # open out for writing
for element in mylist: # assign each item in mylist to the vari able `element' in turn

out.write(('%4.1f %i\n'%(element,2*element)) # write ou t a formated string with some
out.close() # close the file `out' when done

Here we encounter the formatted string. The '%3.1f %i' strings says to write a number 4
characters long, with one character to the right of the decimal followed by an integer. The
backslash 'n' is an example of an \escape code". This one putsin a new line.

4.5.2 Getting data in

The simplest but most annoying way to get data in is to query the user:

answer=raw_input("What string variable do you want to assi gn to the variable 'answer'? ")
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This will cause the program to pause until something has beenentered, followed by a return.
answerwill be a string variable of whatever was entered. Note also the use of quotes. The
computer will print out everything inside the double quotes, including the single quotes. The
statement could have equivalently been written:

answer=raw_input('What number do you want to assign to the v ariable "answer"? ')

Other ways to get data in are to read from a �le, from the command line, or from standard
input. Here is an example of how to read the contents of the �leyou just made into a list
called mylist:

mylist=[] # define an empty list for appending to.
f=open('myfile','r') # open myfile for reading
for line in f.readlines(): # reads whole file and steps throu gh line by line.

mylist.append(line) # line is read is a string, appended to m ylist
print mylist # prints it out

If \line" is a line with several variables separated by a space and we wanted use them as

oating point variables, we could assign these to lists likethis:

X,Y=[],[]
f=open('myfile','r')
for line in f.readlines():
record=line.split() # splits the line on the spaces into a li st called 'record'
X.append(float(record[0])) # appends the first column to X
Y.append(float(record[1]))
print X
print Y

Note that

split('\t'})

splits on tabs,

split(',')

on commas and so on.
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5 Functions and Modules

Python uses functions (subroutines) like most programminglanguages. A python function
has the following form:

def sort_this_list_please(list): # note the colon and the a rgument list.
list.sort() # makes a sorted list out of the input list.
return list # returns the sorted list

#
mylist=range(10,0, -2) # makes a list of even integers from 1 0 to 2.
print sort_this_list_please(mylist) # sends the list to so rt_this_list and prints

Collections of functions can be kept as \modules" which can be imported. Each function
is called a \method". There are a large number of modules available and you can also
write your own. My favorite module is the math module which has such useful things as
square roots and trigonometric functions. Modules have their own name spaces, so to call
for example, the sqrt function, we can do this several ways:

import math # makes the functions in the math module availabl e
print math.sqrt(4) # prints out the square root of 4.
# Note how sqrt is a method of math

or:

from math import sqrt # this brings in the sqrt function by nam e
print sqrt(4) # don't need to type math. in front of the method

or:

from math import *
print sqrt(4), pi # this prints out math.sqrt(4) and math.pi (3.1415.....)

There are many modules that come standard (likemath ) and many more that can be
installed separately (likematplotlib and numpy and the PmagPy modulespmag and
pmagplotlib . You should have installedmatplotlib and numpy already if you followed
the instructions. You will encounterpmag and pmagplotib in the problems and examples.

5.1 Plotting

There are many plotting packages available for python. We will be usingmatplotlib because
it is very powerful, allows saving of plots in many formats, is cross platform and easy to get
started in, especially if you know some matlab.

Here we make our �rst plot:
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#!/usr/bin/env python
import matplotlib # imports the matplotlib functions
matplotlib.use("TkAgg") # sets the "backend" to TkAgg
import pylab # pylab is matplotlibs plotter package
#
X=range(10) # makes a list of integers from 0 to 9
Y=range(0,20,2) # makes a list of even numbered integers fro m 0 to 18
pylab.plot(X,Y) # plots the data with a line
pylab.plot(X,Y,'ro') # plots the data as red circles
pylab.show() # displays the plot as in Figure 0.3

0 1 2 3 4 5 6 7 8 9
0

2

4

6

8

10

12

14

16

18

Figure 2: Output from matplotlib plotting program.

This has just been a taste of what Python can do. Please avail yourself of the ample online
information available (see supplemental reading list at the beginning of this article.)
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A Survival *NIX

This lecture series and companion problems assumes that youare either using a PC (in
which case you should go study up on MsDos), or some sort of *NIX like operating system
(*NIX, Linux, Solaris, or here just *nix). Here is a bit on survival *NIX, which will help you
get started.

A.1 The *NIX �le structure

Fundamental to the *NIX operating system is the concept of directories and �les. On
windows-based operating systems, directories are depicted as \folders" and moving about
is accomplished by clicking on the di�erent icons. In *NIX, the directories have names and
are arranged in a hierarchical sequence with the top directory being the \root" directory,
known as \/" (see Figure A.1. Within the \/" directory, there are subdirectories (e.g.usr
and home). In any directory, there can also be \�les" (e.g. eqreaexample.datin the �gure).
Files can be \readable", \writable" and/or \executable". T o �nd out what they are, type:
ls -al which lists the name and various properties of the contents of the current directory.

/

usr home
local      bin 

bin    Python    

PmagPy    

lisa jeff steve

root directory

apwp.py
bootams.py
fishrot.py
.
.

datafiles

foldtest_example.dat
eqarea_example.dat

Figure A.1. Part of a *NIX �lesystem tree. Directories are shown in itali cs, ascii �les
in plain text and executable programs in boldface.

When you log in you enter the computer in your \home" directory. To refer to directo-
ries, *NIX relies on what is called a \pathname". Every object has an \absolute" path-
name which is valid from anywhere on the computer. The absolute pathname always be-
gins from the root directory / . So the absolute pathname to the home directorylisa in
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Figure A.1 is /home/lisa . Similarly, the absolute pathname to the directory containing
PmagPy scripts is /usr/local/Python/PmagPy . There is also a \relative" pathname,
which is in reference to the current directory. If user \lisa" is sitting in her home directory,
the relative pathname for the �le foldtest example.datin the directory data�les would be
data�les/foldtest example.dat. When using relative pathnames, it is useful to remember that
./ refers to the current directory and../ refers to the directory \above".

Commands typed at the command line prompt are handled by a program called the \shell".
There are many di�erent sorts of shells (e.g.sh, csh, jsh, ksh, bash, tsh) that have a di�erent
look and feel but they all perform the task of interpreting between the user and the \kernel"
which is the actual *NIX operating system. In order to execute a command, the shell needs
to know where the command is. There are several \built-in" commands, but most are
programs that are either part of the operating system, or something someone wrote (like
the ones referred to here). There are any number of places where programs are kept, so
the shell looks in particular places determined by your \path" environment variable. To
instruct the shell to look in directories other than the default directories (for example in
/usr/local/Python/PmagPy ), you must set your path to look there.

The way to set the path is slightly di�erent depending on which shell you are using. Most
newcomers to *NIX use the bash shell, but longer term users frequently use the csh or tcsh.

For bash shell the command to set the path is:

export PATH=$PATH:./:/usr/local/Python/PmagPy

For tcsh or csh:

set PATH = ($PATH ./ /usr/local/Python/PmagPy)

These commands can either be typed at the terminal each time you login, or you can add it
to your .bashrc for bash shell or .cshrc for csh or tcsh so thateach time you login, the PATH
is already set. The $PATH means to keep the existing PATH and then append it with the
other directories listed.

To add them to the .bashrc �le, type:

cat >> .bashrc
export PATH=$PATH:/usr/local/Python/PmagPy
ctrl-D

To add them to the .bashrc �le, type:

cat >> .cshrc
set PATH = ($PATH /usr/local/Python/PmagPy)
ctrl-D
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If this doesn't work, you can always type the absolute pathname for any program (e.g.
/usr/local/Python/PmagPy/�shrot.py to execute the program�shrot.py .

This all assumes that you have put your python scripts in the directory /usr/local/Python/PmagPy.
So substitute the correct path to reference the actual location. [I put mine in my home di-
rectory in a directory calledPython.

A.2 Redirecting Input and Output

Most *NIX programs print output to the screen and read input from the keyboard. This
is known as \standard input and output" or \standard I/O" in t he following. One of the
nicest things about *NIX is the ability to redirect input and output. For example, instead
of typing input to a program with the keyboard, it can be read from a �le using the symbol
< . Output can either be put into a �le using the symbol > , appended to the end of a �le
with >> or used as input to another program with the *NIX pipe facility (j).

A.3 Wildcards

*NIX has the ability to refer to a number of �les and/or direct ories using \wildcards". The
wildcard for a single character is \?" and for any number of characters is \*". For example,
to refer to all the �les with \example.dat" in the directory:

/home/lisa/data�les ,

we use:

/home/lisadata�les/*example.dat .

To refer only a single character, we use the symbol `?'.

A.4 *NIX commands

Now we brie
y describe essential *NIX commands.

� awk

Usage: awk [options] [�le(s)] [Standard I/O]

Description: There are whole books on this program. We will useawk in a very primitive
way to select speci�c columns from standard input for use as input into another program.
For example, if the third and fourth column of �le my�le is desired as input to program
myprog type:

% awk ' f print $3, $4 g' my�le j myprog

� cat
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Usage: cat [options][�le(s)] [Standard I/O]

Description: Concat inates and displays �les. It reads from standard input or from the
speci�ed �le(s) and displays them to standard output.

� cd

Usage: cd [directory]

Description: Changes directory from current directory to the one speci�ed. When used
alone, it changes directory to your home directory.

� cp

Usage: cp [�le1] [�le2]

Description: Copies �les or directories.

� grep

Usage: grep [options] [expression] [�le(s)]

Description: grep , like awk , is a very versatile (and complicated) program about which one
could read an entire book. However, we will usegrep simply to pick out particular key
strings from a �le. For example, if a �le my�le contains lines of data for many samples,
and we wish to consider the data for a single samplemysamp , lines containing the word
mysamp can be \grepped" out by:

% grep \mysamp" my�le

and listed to the screen, redirected to a �le, or piped to a program.

� join

Usage: join [options] �le1 �le2

Description: �le1 and �le2 share a common \join" �eld, by default the �rst column. This
could for example be a sample name. The output �le prints the join �eld, followed by the rest
of the line from �le1 , then the rest of the line in�le2 . Say �le1 has magnetometer output
data, with lines of data containing: sample, treatment,D; I; M and �le2 has pertinent
information such as sample orientation, with lines: sample, azimuth, plunge. We may wish
to attach the sample orientation data to the magnetometer output for further processing.
join allows us to do this by the following:

% join �le1 �le2

� ls

Usage: ls [options] [directory name]

Description: Lists the contents of the speci�ed directory.If none speci�ed, lists the current
directory.

� man
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Usage: man [command name]

Description: Prints the on-line documentation for the speci�ed command.

� mkdir

Usage: mkdir [directory name]

Description: Makes a directory with the speci�ed name.

� more

Usage: more [�le name]

Description: Displays the contents of a text �le on the terminal, one screenful at a time. To
view line by line, type RETURN. To view page by page, use the space bar.

� mv

Usage: mv [�le1 �le2]

Description: Renames�le1 to �le2 . This also works for directory names.

� paste

Usage: paste [options] [�le1 �le2]

Description: \Pastes" lines from�le2 onto the corresponding line in�le1 .

� pwd

Usage: pwd

Description: Prints the absolute pathname of the working (or current) directory.

� rm

Usage: rm [options] [�le(s)]

Description: Deletes the speci�ed �le or �les.

� rmdir

Usage: rmdir [options] [�le(s)]

Description: Deletes the speci�ed directories. Note: the directory has to be empty.

� tee

Usage: tee [�le name]

Description: Makes a copy of the standard input to the speci�ed �le, then passes it to
standard output.

More detailed descriptions are usually available on-line with the man command. For exam-
ple, to �nd out more about cat , type:

% man cat
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and read all about it.

A.5 Text Editors

Text editing is a blessing and a curse in most *NIX systems. You either love it or hate it
and in the beginning, you will certainly hate it. There are many ways of editing text and the
subject is beyond the scope of this book. Almost all *NIX systems have some 
avor ofvi . It
is the fastest editor anywhere. Read the \mastering VI" website listed in the supplemental
reading for a complete tutorial.
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