
ME170b Lecture 4 2/3/23

Experimental Techniques 

Today:
Last time:




Checking Understanding: Propagation of Uncertainties
Suppose we want to confirm the value of g, the acceleration 
due to gravity
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propagation?
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Checking Understanding: Propagation of Uncertainties

How can we track error 
propagation?


We can apply the general formula



Checking Understanding: Propagation of Uncertainties

How can we track error 
propagation?


How can we leverage repeated measures to estimate uncertainty 
directly from data? A: Statistics!




First, which types are errors can be estimated statistically?

Random Errors: uncertainties that can be revealed by repeating the 
measurements

Systematic Errors: errors that are not random are systematic 



Consider timing the revolutions of a turntable using a stop watch
maybe we want to test whether a vintage record playing is at the correct RPM



Conceptual example: ‘experiment’ is series of ‘shots’ at target

accurate measurement == center of target. qualify systematic and 
random error for each (small or large)



In reality we don’t know the target!



Errors are not always clear cut

random errors in one experiment may produce systematic errors in 
another



Dealing with errors



Statistics the very basics



Statistics the very basics

How can we estimate uncertainty from our five measurements?

Standard deviation can help us!



What is a standard deviation?





Definition of standard deviation



Bessels correction



Standard deviation as uncertainty of a single measurement
assumption — errors are random normally distributed



Standard deviation of the mean (standard error)
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Histograms and Distributions
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Example of histograms from real experiments



It’s really easy to visually test hypothesis with histograms



Histograms with matlab



Histograms with matlab

data = randn(10000,1); 
figure; histogram(data); 


  xlabel(‘value');

  ylabel('frequency');

data = rand(10000,1); 
figure; histogram(data); 


  xlabel(‘value');

  ylabel('frequency');



Histograms with matlab

data = poissrnd(1,10000);  

figure; histogram(data); 

  xlabel(‘value');

  ylabel('frequency');

data = poissrnd(1,10000)



Histograms with matlab

data = randn(10000,1); 
figure; histfit(data); 


  xlabel(‘value');

  ylabel('frequency');
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Histograms with matlab
data = [(randn(10000,1) + 10);  2*randn(10000,1)]       

figure; histfit(data,1000,’kernel’); 

  xlabel(‘value');

  ylabel('frequency');
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