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Practice lab: 
Error analysis

1. Purpose

The purpose of this experiment is to give some practice in handling errors, or more precisely uncertainties. Familiarity is assumed with the material described in "Experimental uncertainties and their treatment". What is learned in this experiment will be applicable in future experiments, so it is of particular importance.

2. Procedure

a. Mean, standard error and standard error of the mean
The decay rate of a radioactive sample is a quantity that tends to fluctuate around a mean value. As such, it provides a useful source of data for subsequent statistical analysis. A “Poisson distribution” describes such data; however, if the mean (or average as Excel calls it) is sufficiently large, as is the case here, the distribution becomes indistinguishable from the normal distribution described in the laboratory manual.

We set the counter to record counts over a 10 second period by changing to the manual setting. We adjusted the distance of the radioactive source from the Geiger-Müller tube end window in order to obtain between 100 and 200 counts during the 10-second period. (THE END WINDOW IS VERY FRAGILE. DO NOT TOUCH IT.) We recorded the results of 200 such measurements. After taking these measurements, we entered them into a spreadsheet. Upon completion we obtained the mean and standard deviation. Also we used the spreadsheet to keep track of the biggest and smallest number of counts. 

[INSERT THE EXCEL TABLE WITH THE DATA INTO THE REPORT HERE. REMOVE THE SAMPLE TABLE THAT IS PLACED HERE. NOTE THAT YOU CAN MAKE YOUR CALCULATIONS EASIER USING THE SPREADSHEET AS IS DONE FOR THE STANDARD ERROR OF THE MEAN, SEM, BELOW.]
	Measurement
	Counts/10 seconds
	Mean
	Std. Dev.
	Maximum
	Minimum
	SEM

	1
	126
	129.7
	10.40353
	145
	113
	3.289883

	2
	126
	
	
	
	
	

	3
	120
	
	
	
	
	

	4
	126
	
	
	
	
	

	5
	126
	
	
	
	
	

	6
	144
	
	
	
	
	

	7
	145
	
	
	
	
	

	8
	140
	
	
	
	
	

	9
	131
	
	
	
	
	

	10
	113
	
	
	
	
	


b. Graph and combination of errors

Obtain 1-minute counts for about 6 different distances, r, of the source from the end window of the GM tube. Calculate the corresponding counts per second, N. [You can easily do this in the spreadsheet by putting the data in to a column and then the next column can be the previous one divided by 60.] Now N should decrease as 1/r2, so a graph of N-½ (ordinate) vs. r (abscissa) should yield a straight line. Plot such an xy-chart in excel, having first calculated by least squares the slope and intercept and their corresponding standard errors in the same spreadsheet.

USING EXTREME CARE not to damage the end window, we measured d and estimated the associated standard error to be xx ± xx. Calculate S and the standard error in S.
3. graphs and calculations

Mean, standard error and standard error of the mean

a.  We completed the 200 measurements, and used Excel to draw a histogram with 10 columns. To do this, we divided the difference between the biggest (xx) and smallest (xx) counts by 10 and then round to the nearest whole number. This gave the column width (xx). Vertical lines should be placed, showing the positions of the mean (which Excel calls the average), the mean ±(, the mean ±2(, and the mean ±3(. Determine the number of measurements that lie within ±(, ±2(, and ±3( of the mean and compare with the theoretical predictions. (You will almost certainly need to consider fractions of columns in your calculations.) Calculate the standard error of the mean that is a measure of how close your mean is to the true mean that would be obtained with an infinite number of measurements.

 b. Graph and combination of errors

The strength of the source, S, is given by

S = 4.3 x 10-10/{(slope)2 x d2} curies,

where d is the diameter of the end window of the GM tube. Use your measurement of the window diameter and the associated error to calculate S and the standard error in S.
5. conclusions

 State the conclusions you reached from this lab.
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