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                                                                    IISER Bhopal 

                                      Graphical exercises for Quantum Mechanics
                                                               EXERCISE SET  1

                        Topic: Plotting Eigen-functions for  particle in a box problem
 

        HOW TO START GNUPLOT SESSION
1. Login to any one of the computers in the computer center.

2. Once logged in, press the key ‘alt’ and ‘F2’ simultaneously.

3. You will see now a small window on the screen, type  konsole
there and then  press enter.

4. You will see now a konsole window. Type gnuplot in  this window and press    enter.

 GNUPLOT  session will start  now.

Exercise 1. Copy the following commands one by one in GNUPLOT session and press enter at the end of each line.
L = 10.0  # Length of the box 10 unit (say 10 cm) 

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

n = 1  #Ground state 

U1(x) = N*sin(n*pi*x/L) # Eigen function  we learned in class

set xrange [0:10] #Set the xrange as the length of the box 

plot U1(x) with line linewidth 4  
The set of commands above are quite self-explanatory. By using these, you would be able to plot the eigen function for a particle inside a box for the ground state ( i. e. n = 1). The sentences that start with # (read as ‘hash’) sign are comments and are ignored by GNUPLOT.

a) Check from the plot that the peak amplitude of the eigen function is consistent with what you expect from theory,  i. e.,  
[image: image1.wmf].

b) At what value of x the peak of the eigen function for ground state occurs? Do you find the peak at the right position in the plot?

Exercise 2.  Copy the following commands one by one in GNUPLOT session and press enter at the end of each line.
L = 10.0  # Length of the box 10 unit ( say 10 cm)

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

n = 2  #First excited  state 

U2(x) = N*sin(n*pi*x/L) # Eigen function  we learned in class

set xrange [0:10] #Set the xrange as the length of the box
plot U2(x) with line linewidth 4
Which excited state does this eigen-function correspond to? Check that the maximum and minimum of the eigen-function occur at the positions that you expect from analytical calculations.  

Exercise 3.  Do the same analysis as above for the following two cases.
Case a) 

L = 10.0  # Length of the box 10 unit ( say 10 cm)

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

n = 3  #Second excited  state 

U3(x) = N*sin(n*pi*x/L) # Eigen function  we learned in class

set xrange [0:10] #Set the xrange as the length of the box

plot U3(x) with line linewidth 4
Case b) 

L = 10.0  # Length of the box 10 unit ( say 10 cm)

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

n = 10  #Nineth  excited  state 

U10(x) = N*sin(n*pi*x/L) # Eigen function  we learned in class

set xrange [0:10] #Set the xrange as the length of the box

plot U10(x) with line linewidth 4
Exercise 4. Plot all the functions from exercises 1-3 above simultaneously on the same window by typing following commands in GNUPLOT 

L = 10.0  # Length of the box 10 unit ( say 10 cm)

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

U1(x) = N*sin(pi*x/L) # Eigen function  we learned in class

U2(x) = N*sin(2*pi*x/L)

U3(x) = N*sin(3*pi*x/L)

U10(x) = N*sin(10*pi*x/L)

set xrange [0:10] # Set the xrange as the length of the box

plot U1(x) with line linewidth 4, U2(x) with line linewidth 4, U3(x) with line linewidth 4,  U10(x) with line linewidth 4 
Analyze carefully different nature of the eigen functions for different states.  Can you find any common feature amongst all the eigen functions?

PS:  After you have done four exercises above, you can try to save to disk all the figures that you have created. To know how to save a figure to disk let us take the example of Exercise 1 above.  The extra lines of commands for saving are written in red below. The output file is named  ‘Ex1.ps’. To view output image file just click on its icon in your current folder.  
set term postscript color enhanced solid 

set output “Ex1.ps”  # You may  need to type “….” by hand

L = 10.0  # Length of the box 10 unit (say 10 cm) 

N =  sqrt (2.0/L)  # Normalization constant for Un(x)

n = 1  #Ground state 

U1(x) = N*sin(n*pi*x/L) # Eigen function  we learned in class

set xrange [0:10] #Set the xrange as the length of the box 

plot U1(x) with line linewidth 4 
set terminal  x11
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