
ME170b Lecture 6 3/3/23

Experimental Techniques 

Today:


> Ch.6/7/8


> Rejection of data

> Weighted Averages

> Least Squares


Last time:


> Normal Distribution




Last time: Limiting Distributions



The standard deviation as 68% confidence limit

More generally, what is the probability a measurement falls within t*sigma?



Gaussian probability table



Maximum likelihood estimator 

data points



Maximum likelihood estimator 

We can estimate the probability of obtaining each of the 
readings, x_1, x_2 … x_n:



Maximum likelihood estimator: summary

Given: N observations, x_1, x_2 … x_n

Find: X and Sigma, expected value (mean) and standard deviation 
of the limiting distributions

The best estimate, maximizes the following probability:

MATLAB MLE function



Rejection of Data - Ch.6

What’s wrong with this data set? Why does it matter? What can we do about it?



Rejection of Data

Let’s calculate our an estimate of x with and without the “outlier”

3.4 +/- 0.1  vs 3.70 +/- 0.05 

These are significantly different!



Rejection of Data
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Rejection of Data



When should an experimenter “reject data”?



Chauvenet's criterion



Chauvenet's criterion

What’s the probability of obtaining the 
outlier measurement? 

3.4 - 1.8 = 1.6 = 2\sigma

What does this mean? 



Chauvenet's criterion: main idea





Chauvenet's criterion: what to do if you have an outlier?



Chauvenet's criterion: example



Discussion: this topic is still contentious 

Let’s think about the issues, what’s wrong with ‘rejecting data’



Weigted Averages — CH. 7



Before combining measurements must check consistency

How?



Naive approach — let’s just average?

Why is this not appropriate?



We can use principles of maximum likelihood to solve this



We can use principles of maximum likelihood to solve this



We can use principles of maximum likelihood to solve this





Easily generalizes for N measurements



Uncertainty of the weighted average?



Uncertainty of the weighted average?



Least-Squares — Ch.8



The least squares problem: how to find best fit?



What is the purpose? 



How to estimate A and B?



How to estimate A and B?



How to estimate A and B?



How to estimate uncertainty in y?



How to estimate uncertainty in A and B?



Some caveats



What if both  x  and  y  have  uncertainties

Assume error in x only



What if both  x  and  y  have  uncertainties



We can use least squares to fit nonlinear curves!



General case when least squares can fit


