
Physics 4P70: Programming Assignment 1
Due: Friday October 20

1. Write three different python programs that perform the following tasks:

(a) In the derivation of the specific heat of a metal, it was argued that
the function (

E − Ef

kBT

)2 e(E−Ef )/kBT[
e(E−Ef )/kBT + 1

]2

is peaked strongly at E = Ef . Write a program that plots this

function vs. x =
(E−Ef )

kBT
for −10 < x < 10. Use properly labelled

axes and give the graph a title. Submit an electronic copy of
your program as well as a hard copy of your program and
the graph.

(b) In the same derivation for the specific heat of a metal, the following
integral was used: ∫ ∞

−∞

x2ex

(ex + 1)2
dx =

π2

3

Write a program will calculate the integral numerically using the
midpoint rule. The program will calculate the integral for various
values of 4 ≤ N ≤ 8192 - where N is the number of pieces in
the sum. The program will calculate the integral for and output
two columns of data: N and I (the value of the integral). This
is the same thing you did when calculating the electric field of a
line of charge in tutorial number 2. Since you will not be able to
calculate the integral for the complete range of x (−∞ to∞), you
will have to choose sensible limits. What limits do you choose to
get a value accurate to 10 significant figures?

Submit an electronic and a hard copy of your program
as well as your reason as to your choice of limits on the
integral.

(c) The homework page on the course website contains a link to a
graph with heat capacity data for several elements. Use the web-
site
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http://arohatgi.info/WebPlotDigitizer/

to create two column data files (temperature, heat capacity) for
lead, copper and beryllium. You will need the following code snip-
pet to read your two column comma-separated-value files (*.csv)
into python:

Fit your data files to the Einstein model and determine the fitting
parameter ωo for each material. Speculate as to the reason for the
different ωo values for the three different metals.

Your program will:

i. Define the fitting function

ii. Read the data

iii. Fit the data

iv. Create a graph that contains both the data and the best fit
function.

v. The graph will have an appropriate title (e.g. ”Heat Capacity
vs. Temperature for Pb”.

vi. The graph will contain a legend that indicates which symbols
represent the data and the best fit funtion.

vii. The graph will contain a textbox that shows the best fit ωo.

Submit electronic copies of your program and the three data
files you created, all appropriatey named (I have to be able
to know its yours and not some else’s). Submit hard copies
of the three graphs and also your speculations as to the phys-
ical reason behind the different einstein frequencies for the
different materials.
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