NORTHERN ILLINOIS UNIVERSITY

PHYSICS DEPARTMENT


Physics 374 – Junior Physics Lab					Spring 2026


Python Tutorial #6

Python Nonlinear Least Squares Fitting



Homework (Due 1st Tues after Spring Break)

1. Open up your Excel (or OpenDoc) spreadsheet and perform a linear fit to the voltage data in the Thermocouple-data-1.txt file using the LINEST function [if you forgot how to use it, there is a “Linest” link on the Physics 374 WebPage (www.niu.edu/brown)].  You should get the following:
[image: ]









Notice that the parameters, and  from the Python code of “Python Tutorial #4” agree with the LINEST results, but the uncertainties do not agree.  To understand why, let us go back to Eq. (7.11) in Bevington (but I will write it correctly):  The standard deviation squared is defined as



Let the variances of all measurements be the same:


					
Then,

		




The reduced chi-squared, , is defined as chi-squared divided by the number of degrees of freedom, , where  is the number of data points minus the number of parameters:

		






when the variances for all measurements are equal.  Notice that if we set  to  in the expression for , then .  Thus, adjusting the value of the uncertainty in the measurements to make  gives us a way to estimate the variance in the measurements:

			
or,

			



Thus,  is the estimated uncertainty in the measurements that will make  (when all variances are equal).

2. 


Calculate  for your data in Problem 1 and use it for the uncertainties in your Python program (instead of  volts).  Show that your results now agree with those of the LINEST results.  That is, LINEST is assuming all uncertainties are equal, and it adjusts that uncertainty in such a way to make the reduced chi-square equal to unity: .
3. 
Write a Python code that fits the thermocouple data in Table 7.1 (page 120) with a quadratic curve  (use the Thermocouple-data-2.txt file on the Physics 374 WebPage).  Assume all voltages have a common uncertainty of 0.05 V.  Show that your Python code gives the same parameters and uncertainties given in Table 7.1, and that the code gives the same error matrix given in Table 7.3 (page 126).  You do not have to write these results to an output file—just use a snipping tool to take a picture of the Python results (like that shown in the previous tutorial).



Upload to Blackboard the source code (*.py) for your Python program) and a picture of your results.  You will see an assignment on Blackboard called Python Tutorial #5.
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