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Python Tutorial #3

Plotting Data

In this tutorial, we will learn how to make basic plots.  The matplotlib.org webpage: https://matplotlib.org/3.3.3/tutorials/introductory/usage.html#sphx-glr-tutorials-introductory-usage-py has a nice tutorial on making plots.  If you go to https://matplotlib.org/3.3.3/tutorials/index.html you can see more tutorials.

To use matplotlib, we must install its module using pip (see Python Tutorial #1)

py -m pip install matplotlib

Matplotlib is a Python module containing a collection of plotting routines commonly used by scientists and engineers.  The routines are very similar to those used in MATLAB.  To use matplotlib, you will need to import it with the line

import matplotlib.pyplot as plt

where plt is the alias for the matplotlib.pyplot module.

Let us now plot the collection of grades in the grades.txt file of Tutorial #2.  Create a Python project called GradesPlot.py and insert the following code

import numpy as np  # the alias for "numpy" will be "np"
import matplotlib.pyplot as plt  # the alias for "matplotlib.pyplot" will be "plt"

x, y = np.loadtxt('grades.txt', unpack=True)  # unpack=True transposes columns 

plt.plot(x,y)  # Sets x = array of x data points (horizontal axis), 
                     #y = array of y data points (vertical axis)
plt.show()  # command to draw the plot on the screen



We need to import numpy to read the file grades.txt with the loadtxt routine.  The routine plt.plot notifies matplotlib what the arrays are that have the of  data points (for the horizontal axis) and the  data points (for the vertical axis).  To draw the plot on the screen, plt.show is used.  Running the program should yield the plot below:


[image: ]











There are many ways to format the plot.  See https://matplotlib.org/3.3.3/api/_as_gen/matplotlib.pyplot.plot.html#matplotlib.pyplot.plot for the many ways to format a plot. For instance, to draw blue circles for the data markers with dotted lines between the points, change plt.plot(x,y) in your code to:

plt.plot(x,y,'b:o')

You should now get the following plot:
[image: ]






Zoom to rectangle






Notice that the matplotlib plots have a nice collection of controls at the bottom of the plot window.  For instance the “Zoom to rectangle” control allows one to expand a region of the plot to examine fine details.  The picture below shows what happens when it is used for a region near the center of the plot
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Below is a list of format statements (like 'b:o' used above) from the matplotlib webpage:

[image: ]













Finding the Mean of a Set of Grades
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For data, we also need to be able to put in error bars.  Insert the following code into your project in place of the code: plt.plot(x,y)

errorbar = np.sqrt(y)
plt.errorbar(x,y,yerr=errorbar,capsize=3,fmt='b:o')  # plots error bars

[image: ]

I have arbitrarily made the error bar for a particular grade equal to its square root.  An array called errorbar contains all the error bars for each point.  The parameter capsize is used to put caps on the top and bottom of the error bar (ignoring capsize causes the program to use a default size of 0 which means no caps will be drawn).
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Python Functions

In this tutorial, we will learn how to how to write a basic program that finds the integral of a function.  However, to do this, we need to know how to create a function in Python.  A nice tutorials on functions can be found at: https://www.w3schools.com/python/python_functions.asp
https://realpython.com/defining-your-own-python-function/.


In this tutorial we will find the integral to the function .  But, in general, the program can be used to find the integral of any general function (such as the Gaussian and Lorentzian functions in Bevington).  We will use the def statement to define a function called the square_root as shown below:

import numpy as np  # the alias for "numpy" will be "np"

def square_root(x):    # defining the square root function
    return np.sqrt(x)  # the value returned by the function

y = square_root(9)  # calling the square_root function above
print(y)            # print the result to the console screen

Notice that the def function block needs to be indented.  The code following a colon,“:”, needs to be indented in Python (which was also done for the for loops in Tutorial #2).  The code above finds the square root of 9 and prints it to the output console screen.

While Loops




To do numerical integrals in this tutorial, we will simply divide a curve into a set of rectangles as illustrated in Wikipedia: https://en.wikipedia.org/wiki/Integral.  In the figure below, the curve  is divided into 5 yellow rectangles (ignore the green rectangles for now) that overshoot the curve.  Simply adding up the area of these 5 rectangles will provide an approximate value of the integral from  to .  To do this in Python, we will use the while loop to sequentially add up the area of the rectangles.  The while loop needs to be indented (therefore, it needs to be followed by a colon, “:”) to indicate to Python what is to be executed within the loop.  Examples of while loops can be found at: https://www.w3schools.com/python/python_while_loops.asp.  See the code below in the Integrals section to see an example of the while loop.
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Integrals

Create a Python project and call it Integral.  Insert the following code into your project:

import numpy as np  # the alias for "numpy" will be "np"

def square_root(x):    # defining the square root function
    return np.sqrt(x)  # the value returned by the function

y = square_root(9)  # calling the square_root function above
print(y)            # print the result to the console screen

Lower_Limit = 0  # lower limit of integral
Upper_Limit = 1  # upper limit of integral

#########  Area using the Rectangular approximation  #########

N = 5            # Number of rectangles (or divisions)
dx = (Upper_Limit - Lower_Limit)/N  # length of base of rectangle
x = Lower_Limit   # forcing x to start at the lower limit
i = 1             # initializing the index i
sum = 0.0         # initializing sum to be zero
while i <= N:     # while i is less than or equal to N, execute the while loop
    x = x + dx   # increment x to the next value of x  (x = 0.2, 0.4, 0.6, 0.8, 1)
    area = dx*square_root(x)  # area = base  height
    sum = sum + area          # add the area to "sum"
    i += 1   # i = i + 1

print("Area via Rectangular approximation:", sum)  # print the total area


Notice that N is the number of rectangles (or divisions), the upper and lower limits of the integral have been defined (0 and 1, respectively), and the width of the rectangle (dx) is defined.  As the index i increments from 1 to 5, the area of the rectangles (base  height) is computed on the line:  area = dx*square_root(x).  The variable sum iteratively adds up the area of all the rectangles.  When i is greater than 5, the while loops stops and the program goes to the print line, print(sum), where the total area is written to the output console screen.


For N equal to 5, the area evaluates to 0.7497 (like on the Wikipedia webpage) whereas the true area is equal to 2/3 .  Increasing N to 500 (rectangles) gives an area of 0.6676 which is much closer to the desired value of 2/3.




Homework


[bookmark: _GoBack]Upload to Blackboard your source code (*.py) of your Python programs GradesPlot.py and Integral.py.  You will see an assignment on Blackboard called Python Tutorial #3.
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Format Strings

Aformat string consists of a part for color, marker and line:
fmt = *[marker][line][color]"

Each of them is optional. If not provided the value from the style cycle is used. Exception: If 1ine Is given, but no marker., the data will be a
line without markers.

Other combinations such as [color] [marker] [1ine] are also supported, but note that their parsing may be ambiguous}

Markers.
character description
e point marker
n pixel marker

‘ot circle marker

triangle_down marker
- triangle_up marker
< triangle_left marker
triangle_right marker

tri_down marker

2 tri_up marker

'3t tri_left marker

‘4t tri_right marker
square marker

p pentagon marker

star marker

“h hexagon1 marker

W hexagon2 marker
plus marker

x X marker

0 diamond marker

ra thin_diamond marker
viine marker

= hiine marker

Line styles

character description

sold line style

dashed line style

dash-dot line style
e dotted line style

Example format strings:

'b'  # blue markers with default shape
# red circles

# green solid Line

# dashed Line with default color

# black triangle_up markers connected by a dotted Line
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Colors.

The supported color abbreviations are the single letter codes

character color
b blue

‘g green
e red

et cyan

w magenta
'yt yellow
" black
w white

and the *cu colors that index into the default property cycle.

Ifthe color is the only part of the format string. you can additionally use any matplotlib. colors
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spec. e.g. full names (*green) or hex




image9.png
strings (*#008000").
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import numpy as np # the alias for "numpy” will be "np”
| import matplotlib.pyplot as plt # the alias for "matplotlib.pyplot” will be "plt”

X, y = np.loadtxt('grades.txt', unpack=True) # unpack=True Ttransposes colums
errorbar = np.sqre(y)

plt.errorbar(x,y,yerr=errorbar,capsize=3, fmt. ') # plots error bars
pTt.show() # command to draw the plot on the screer|
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