
2.1	  Indefinite	  Loops	  
The final kind of control flow is Python’s indefinite loop, the while loop. It functions 
much like the for loop in that it repeatedly executes some body of statements. The 
difference lies in how the loop terminates. A for loop ends after it reaches the end of its 
sequence, but a while loop ends only when a specified condition is False. The general 
form of a while loop is 

while <condition>: 
    <body> 

The condition is a Boolean expression just like the condition of an if statement. 
When Python encounters a while loop, it evaluates the condition. If that condition is 
False, Python skips the loop body. If the condition is True, Python executes the loop 
body once and then goes back to the top of the loop and reevaluates the condition. If it’s 
still True, the loop body is executed again. This is repeated—condition, body, condition, 
body—until the condition is False, at which point Python stops executing the loop. 

Here’s a trivial example: 

rabbits = 3 
while rabbits > 0: 
    print rabbits 
    rabbits -= 1 

that outputs 

3 
2 
1 

Note that this loop did not print 0. When rabbits reaches 0, the loop expression is 
False, so the body is not executed. Also, rabbits -= 1 is another way of writing 
rabbits = rabbits-1. For a more useful example, we return to our calculation of 
compound interest. A for loop was well-suited to calculate the future value after a given 
amount of time had passed, but a while loop makes it easy to calculate how long an 
investment will take to reach a given amount.  

def timeToAmount(principal, rate, target): 
    time = 0 
    while principal < target: 
       principal = principal + principal * rate 
       time = time + 1 
    return time 



2.2	  Strings	  
As you saw last lecture, text values in Python are enclosed in quotes (either single or 
double). These values are called strings and are represented as a sequence of characters 
(letters, numbers and symbols). The Python type for strings is str. String values are 
created by putting matching quotes around text. The quotes can be single or double, but 
they must match. 'Aritstotle' and "Isaac Newton" are both valid strings in 
Python. 
The shortest string is the empty string, containing no characters at all, and is written as "" 
or ''. Strings can be joined together, or concatenated, with +. These print statements 

print 'Marie' + 'Curie' 
print 'Marie ' + 'Curie' 
print "Ada Lovelace" + '' 

output 

MarieCurie 
Marie Curie 
Ada Lovelace 

Other data types in Python are not automatically converted to strings; the built-in str 
function must be used. Strings of Python expressions can be converted to other data types 
by the built-in function eval. In fact, the input function discussed last lecture 
automatically applies eval to the user-entered text, which can result in errors if the text 
isn’t a valid Python expression. To capture the text itself, use raw_input. This program 

name = raw_input("What is your name? ") 
print "Hello", name + '!' 
x = 4 
print '123' + str(x) 
print eval('123') + x 
print eval("x * x") 

outputs 

What is your name? Niels Bohr 
Hello Niels Bohr! 
1234 
127 
16 



2.3	  numpy	  Module	  
As we’ve discussed, Python provided a core suite of mathematical functions. For more 
sophisticated or specialized calculation, the numpy library1 is an excellent resource. A 
nice way to incorporate numpy into your program is with the line 

import numpy as np 

You can then use numpy functions and data types with the prefix np (e.g. np.log2(x) 
to get the base-2 log of x). Of particular relevance to us is numpy’s array. While lists 
are great for manipulating data in a number of ways, they are poorly suited for vector 
math. The numpy array is designed specifically for these operations, and numpy 
provides numerous functions that use them.  
 
An array is created from a Python list, and has much of the same functionality. 

import numpy as np 
a = np.array(range(6)) 
print a 
print a[1] 
print a[-1] 
print len(a) 
for x in a: 
    print x, 

outputs 

[0, 1, 2, 3, 4, 5] 
1 
5 
6 
0 1 2 3 4 5 

There are some crucial differences, however, between lists and numpy arrays. The 
foremost is that arrays are fixed in size (no elements can be added or removed after an 
array is created). Also, adding arrays means pairwise addition instead of concatenation, 
so arrays must be the same size of be added. Arrays can also be subtracted from one 
another and multiplied by a scalar and functions exist to calculate the norm of an array as 
well as the dot product and cross product of two arrays. 

a = np.array([1, 0, 0]) 
b = np.array([0, 1, 0]) 
c = a + b 

                                                
1 http://docs.scipy.org/doc/numpy/reference/index.html 



print c 
print b + c 
print b - c 
print 2 * c 
print np.linalg.norm(c) 
print np.dot(b, b + c) 
print np.cross(a, b) 

outputs 

[1, 1, 0] 
[1, 2, 0] 
[-1, 0, 0] 
[2, 2, 0] 
1.4142135623730951 
3 
[0, 0, 1] 

Despite its irritatingly long name, np.linalg.norm is a useful function that takes an 
array and returns the norm (i.e. magnitude) of that array as if it were a vector. It is also 
possible to use arrays as matrices. In this case dot is used to perform matrix 
multiplication. 

m = np.array([[1,2,3]]) 
print np.shape(m) 
print m.transpose() 
print np.shape(m.transpose()) 
identity = np.array([[1,0,0],[0,1,0],[0,0,1]]) 
print identity 
print m.dot(identity) 
print m.transpose().dot(m) 

outputs 

(1,3) 
[[1], 
 [2], 
 [3]] 
(3,1) 
 
[[1, 0, 0], 
 [0, 1, 0], 
 [0, 0, 1]] 
[[1,2,3]] 



[[1, 2, 3], 
 [2, 4, 6], 
 [3, 6, 9]] 

The first thing to note is the use of double square brackets; this indicates that the array is 
multidimensional (i.e. a matrix). The arrays we originally discussed were not 
multidimensional. This is easy to see if we use the np.shape function, which reports 
the dimensions of an array. 

print np.shape(np.array([1,0,0])) 
print np.shape(np.array([[1,0,0]])) 

outputs 

(3,) 
(1,3) 

Here we see that adding the second set of square brackets adds the second dimension to 
the array. Make sure to be very deliberate about using multidimensional arrays or not 
using them, as careless mixing of single- and multidimensional arrays can be a source of 
errors. Also note that transpose() is an array method that returns the transpose of 
the data. Operations with multidimensional arrays require correctly aligned 
dimensions. That is why we had to transpose m in order to compute its dot product with 
itself. If you encounter an error message similar to  

ValueError: objects are not aligned 

then you likely need to carefully think about the dimensions of the arrays you are 
operating on. 

2.4	  Advanced	  indexing	  
You’ve already seen how to index lists and arrays both from beginning and from and the 
end. For example, 

listOfThings[0] 

accesses the first element of listOfThings and  

listOfThings[-1] 

accesses the last element. There are, however, more sophisticated kinds of lists and ways 
to access them. 

2.4.1	  Slicing	  

In much the same way you access a single element of a list, it is possible to access a 



subset, or ‘slice,’ of elements. The general form of a list slice is 

listOfThings[<start>:<end>:<interval>] 

which returns a new list containing the elements from position start up to, but not 
including, position end. The interval is the difference in position between each 
element included in the slice. For example, if we want to print the first five elements of a 
list nums (let nums = range(10)), we do 

print nums[0:5:1] 

which outputs 

[0, 1, 2, 3, 4] 

Note that the element at position 5, 5, is not included. Indexing from the end of a list can 
be used in specifying a slice as well: 

print nums[0:-1:1] 

outputs 

[0, 1, 2, 3, 4, 5, 6, 7, 8] 

Again note how the element at position -1, 9, is not included. It’s also possible to reverse 
the order of the list elements using an interval of -1: 

print nums[5:0:-1] 

outputs 

[5, 4, 3, 2, 1] 

To print every other element in nums, we could use 

print nums[0:len(nums):2] 

which would output 

[0, 2, 4, 6, 8] 

Here we see another curious thing: no element actually exists at position len(nums) 
(recall the built-in len function returns the length of a list). Trying 

print nums[len(nums)] 

results in an IndexError. The fact that we can get away with this when slicing is a 
helpful consequence of not including the element at the end position. If the end position 
is past the end of the list, the slice just goes all the way through the end of the list. Hence,  



print nums[0:len(nums)+100:2] 

also outputs 

[0, 2, 4, 6, 8] 

One final wrinkle is that each of the parameters of a slice (start, end, and 
interval) has a default value that is used when that parameter is omitted. The default 
values of start and end are the beginning and end of the list, respectively. This allows 
us to replace our code to print every other element in temps with 

print nums[::2] 

and get the same output. The default value of interval is 1, so we can replace our 
code to print the first five elements of temps with 

print nums[:5] 

Note that when interval is omitted, the second : can also be omitted. As you might 
expect, omitting all slice parameters simply produces a copy of the list: 

print nums[:] 

outputs 

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9] 

Everything we’ve discussed about slicing also applies to numpy arrays; the syntax for 
slicing shown here functions equivalently.  

2.4.2	  Multidimentional	  arrays	  

There’s a big difference from lists, however, when it comes to multidimensional arrays. 
To access an element in a multidimensional array, use 

arrayOfThings[<row>,<column>] 

This may take some getting used to, as row is analogous to the element’s ‘y-coordinate,’ 
yet it comes first. For example, the following code: 

moons = np.array([["io", "europa"], 
["ganymede", "callisto"]]) 
print moons 
print moons[0,1] 

outputs 

[['io' 'europa'] 
 ['ganymede' 'callisto']] 



europa 

We can also partially index a multidimensional array, accessing a single row instead of a 
single element: 

print moons[1] 

outputs 

['ganymede' 'callisto'] 

Multidimensional arrays can be sliced along both rows and columns. For the sake of 
examples, let’s create a multidimensional array moreNums as follows: 

moreNums = np.arange(25) 
moreNums.shape = (5,5) 
print moreNums 

which outputs 

[[ 0  1  2  3  4] 
 [ 5  6  7  8  9] 
 [10 11 12 13 14] 
 [15 16 17 18 19] 
 [20 21 22 23 24]] 

To print the two-by-two square in the bottom right we would use 

print moreNums[-2:, :2] 

which would output 

[[15 16] 
 [20 21]] 

To break down the slice a little bit: for the row, we slice from two before the end up to the 
end at an interval of one. The latter two are the default, so we omit them. For the column, 
we slice from the beginning up to (but not including) column index 2 at an interval of 
one, again omitting parameters that match the default. 

2.5	  File	  Input/Output	  
As mentioned in the first lecture, if you want to save program output for later use or 
avoid entering input data manually every execution, files are the way to go.  



2.5.1	  Reading	  from	  a	  file	  

In order to read data from a file, we must first open it using Python’s built-in function 
open 

file = open("data.txt", "r") 

The first argument to open is a string containing the name of the file. Note that this file 
must be in the same directory as the Python script (or your home directory in the case of 
the IDLE Python shell). The second argument indicates a mode. The three options are 
"r" for reading, "w" for writing, and "a" for appending. (The difference between 
writing and appending is that writing a file erases anything that was already in it, while 
appending adds new data to the end.) The result of open is not the contents of the file. 
Instead, open returns a file object whose methods allow the program to access the 
contents of the file. 
 
The most basic of these methods is read. When it is called without any arguments, it 
reads all the data in the file and returns it as a string. Typically, however, we will use 
higher-level methods to do our work. If the file contains text, for example, we will 
probably want to process it one line at a time using the readline method. A line is 
defined as all the characters up to and including the next end-of-line marker (i.e. newline 
or carriage return).  Both read and readline return an empty string when they’ve 
gone through all the data in the file.  
 
One of the most useful things about readline is that Python calls it for us 
automatically when a file object is used in a for loop. Let data.txt be a text file with 
the following contents 

Mercury 
Venus 
Earth 
Mars 

We can then open this file and print the length of each line like so 

data = open('data.txt', 'r')  
for line in data: 
    print len(line) 

The output is 

8 
6 
6 
5 

Take a close look at the last line of output. There are only four characters in the word 



“Mars,” but our program is reporting that the line is five characters long. The reason for 
this is that each of the lines we read from the file has an end-of-line character at the end. 
We can get rid of it using str.strip, which returns a copy of a string that has leading 
and trailing whitespace characters (spaces, tabs, and newlines) stripped away. An 
improved version 

data = open('data.txt', 'r')  
for line in data: 
    print len(line.strip()) 

now outputs 

7 
5 
5 
4 

If we want to process a file with numerical data, you will need to call eval to convert 
the string representation to a numerical representation. For example, suppose we are 
reading in the following file with the temperature data from Table 4 in order to convert 
the temperatures to Celsius: 

82.4,89.6,91.4,87.8,87.8,91.4,96.8 

We would need to do something like this 

tempFile = open("tempData.txt", "r") 
temps = tempFile.read() 
print temps 
temps = temps.split(",") 
print temps 
celTemps = [] 
for t in temps: 
    celTemps.append(toCelsius(eval(t))) 
print celTemps 

It outputs 

82.4,89.6,91.4,87.8,87.8,91.4,96.8 
['82.4', '89.6', '91.4', '87.8', '87.8', '91.4', 
'96.8\n'] 
[28.000000000000004, 32.0, 33.0, 31.0, 31.0, 33.0, 
36.0] 

split is a string method that breaks a string into a list of substrings. These substrings 
consist of the characters between each instance of the delimiter. The string passed to 
strip is set as the delimiter. 



2.5.2	  Writing	  to	  a	  file	  

If we want to then write those converted temperature out to a file, we would do the 
following 

outFile = open("tempData_celsius.txt", "w") 
outFile.write(str(celTemps)) 
outFile.close() 

Note that we used the built-in str function to convert the list into a string representation. 
Also note that we closed the file (with outFile.close()) after we were finished 
writing to it. Finally, the file tempData_celsius.txt did not already exist; we 
created it with the call to open. When a file is opened in write or append mode (i.e. "w" 
or "a"), the file doesn't need to already exist (in fact, an existing file will be overwritten 
in write mode). When opening in read mode ("r"), however, if the file does not exist you 
will get an error.  

2.6	  Working	  with	  FITS	  files	  
FITS or Flexible Image Transport System is a digital file format used to store, transmit, 
and manipulate scientific and other images. FITS is the most commonly used digital file 
format in astronomy. Unlike many image formats, FITS is designed specifically for 
scientific data and hence includes many provisions for describing calibration information, 
together with image origin metadata. 

2.6.1	  Reading	  data	  from	  FITS	  files	  

To get started, we need to load the necessary libraries. Use  

import pyfits 

to do this. One can see what a FITS file contains by typing: 

pyfits.info('sample.fits') 

For this to work, sample.fits needs to be in the same directory as your .py file. This 
will display something like: 

Filename:  sample.fits 

No.   Name    Type       Cards Dimensions     Format 
0     PRIMARY PrimaryHDU 71    (512,  512)    Int16 

The simplest way to access FITS files is to use the function getdata. 

input_image = pyfits.getdata('sample.fits') 



What is returned, in this case, is an image array.  This is just a large multidimensional 
array of numbers each of which corresponds to the intensity of an individual pixel in the 
image. 

2.6.2	  Displaying	  FITS	  files	  

You can display a FITS file in Python using a module called matplotlib. The following 
code loads a FITS file and them displays it on the screen.  

import pyfits 
import matplotlib.pyplot as plt 
input_image = pyfits.getdata('sample.fits') 
plt.imshow(input_image) 
plt.gray() 
plt.show() 

There are a few things to note. First, we use plt.gray() so that the image displays in 
black and white, as we would expect for an image of the night sky. You should also notice 
that the display window provides coordinate axes for the image and that the origin is in 
the top left corner (not in the bottom left as you might expect). This is conventional when 
it comes to coordinates for digital images, but you should take care not to get confused 
when working with FITS. Finally, note that moving the mouse cursor over the displayed 
image causes the coordinates of the cursor to be displayed.  

2.6.3	  Operations	  on	  image	  arrays	  

The next operations show that applying simple operations to the whole or part of image 
arrays is possible. 

f_image = input_image*1. 

creates a floating point version of the image. 

import numpy as np 
bigvals = np.where(f_image > 10) 

returns an array indicating where in the f_image array the values are larger than 10. 
This information can be used to index the corresponding values in the array to use only 
those values for manipulation or modification. The following expression does exactly 
this, replacing all of the values that are larger than 10 in the array with the log base 10 of 
their value: 

f_image[bigvals] = np.log10(f_image[bigvals]) 



2.7	  Putting	  it	  all	  together	  
At this point you've been exposed to a decent chunk of the Python programming 
language (and some useful modules) and a number of core programming concepts. It's 
time to put this knowledge to work! The homeworks are designed to give you practice 
with all the things you've learned and apply them to new situations. Make sure you test 
your solutions before moving on; don't assume you wrote perfect code on the first try. 
Before you start, here are some links to documentation that you may find useful: 
 

• Built-in functions:  http://docs.python.org/library/functions.html 
• Strings:  http://docs.python.org/library/stdtypes.html#string-methods 
• Lists:  http://docs.python.org/tutorial/datastructures.html 
• numpy:  http://docs.scipy.org/doc/numpy/reference/index.html 
• pyfits: http://pythonhosted.org/pyfits/ 
• matplotlib: http://matplotlib.org/contents.html 

 


