THE PAN EXPERIMENT
Here is a rough step by step guide to completing your PAN experiment.

Step 1
From your research questions, you need to specify an HYPOTHESIS - which needs to be something that you can test in the time provided with the equipment you have at hand.  Your hypothesis can be as general as “there will be a difference between the cosmic rays here, as opposed to there” or it can be very specific, like “we expect that the difference between cosmic rays measured here and there will be greater than X”.  

Step 2
DATA COLLECTION: once you have your hypothesis, then you need to collect the data to test it.  Data collection must be meticulously carried out with attention paid to every detail.  You will have counts (strikes) of cosmic rays which appear on your detector for which you will need to accurately note the time.  If you are collecting data in one minute intervals, then you need to be careful that you are indeed only taking one minute exactly and not 58 or 63 seconds.  You want to try to reduce human error as much as possible.

Step 3
ANALYSIS:  now that you have collected data, you need to analyze it. 


Determine Error


To analyze it, first you must ascertain the ERROR associated with the data you have collected.  Based on Poisson statistics (and we only consider the statistical error - systematic errors, for example from the accuracy of your clock, need to be added)

                      ERROR for N counts: Square root of N

         
(this is a 1 sigma error - there is a 68% chance that the true mean value is in the range N-sqrt(N) to N+sqrt(N) ). 

        
Its best to know beforehand how many counts are needed for a certain accuracy. Choose a measuring time that is long enough so that on average it gives that many counts. You need

 
100     counts (ERROR = 10 counts)   give 10% accuracy

         
1000   counts (ERRPR = 32 counts)   give  3.2 % accuracy
10000 counts (ERROR = 100 counts) give 1% accuracy

         
You can only measure variations in the true mean that are larger than your accuracy.  Again, error range is from value - error to value + error. 



Calculate Rate


We suggest that after you determined the error, you convert the counts into a rate. This allows to compare measurements done for different time intervals, for example done by different groups. 

          
Rate = counts / measuring time


Rate error = sqrt(counts) / measuring time


Combining measurements


   
Combining measurements of the same quantity (for example cosmic ray rate at the same location and the same detector orientation) can be used to reduce the error. You can combine rates, or counts but it has to be a measurement of the same quantity. For example, you cannot combine measured counts if they have been measured for different durations (but you could combine the rates in this case). 

           
Combined rate = average of all measured rates


Error of combined rate = square root of the sum of all the rate errors squared


STEP 4: INTERPRETATION

Finally you have to interpret your results. Do they support your hypothesis or not?  This usually depends on the error of your measurements. 

For example, if your hypothesis was that under condition A the cosmic ray count rate is different from a measurement under condition B, then you will have measured rate A and rate B and each has an associated error. 

Now  if the error ranges overlap then your measurement is consistent with the hypothesis that  the rates at conditions A and B are the same WITHIN THE ACCURACY OF YOUR MEASUREMENT. A more sophisticated statistical analysis could be done to determine how big of a difference you can exclude with which percentage of confidence ... a rough estimate is the accuracy of your measurement. If you had two 10% accurate measurements of rate A and rate B that agree then you can exclude rate differences that are much larger than that. But there could still be lets say a 1% difference in the rates for conditions A and B - but to prove this you would have to make a much more accurate measurement, more accurate than 1%.

If the error ranges of rate A and rate B do not overlap, then you have detected a difference.  How significant ? 

By how much do you have to increase the error ranges to make the measurements overlap ?

double them 

- 68% confidence that rates are different

triple them 

- 91% confidence that rates are different

quadruple them
- 99.3% confidence that rates are different

QUESTION: What is the difference between standard deviation and error ? 

The error can be assigned to a single measurement. The standard deviation is determined from a series of measurements. The error is a guess for what the


standard deviation for a large number of measurements is. If you do a large a large number of measurements under the same conditions then you can actually measure the error by determining the standard deviation.  

