[image: image14.png]



Science in Motion
                                                                                                                Juniata College




Statistics of Counting

PA State Standards:

3.4.10.A
Explain concepts about the structure and properties of matter.


Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable.

3.7.10.B
Apply appropriate instruments and apparatus to examine a variety of objects and processes.


Describe and use appropriate instruments to gather and analyze data.
2.6.11.A
Design and conduct an experiment using random sampling.  Describe the data as an example of a distribution using statistical measures of center and spread.  Organize and represent the results with graphs.  (Use standard deviation, variance, and t-tests.)
2.5.11.B
Use symbols, mathematical technology, standard notation, mathematical rules, graphing and other types of mathematical representations to communicate observations, predictions, concepts, procedures, generalizations, ideas and results.

2.2.11.F
Demonstrate skills for using computer spreadsheets and scientific and graphing calculators.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:

The disintegration of radioactive atoms is a random event.  Given a sample of radioactive atoms, you can only estimate the number of atoms that will undergo decay during a period of time.  In this experiment you will observe this random nature of radioactivity and use basic statistics to evaluate your data.

Guiding question:

Please answer the following question before beginning the lab.
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What does a normal distribution curve look like?  Draw one below.
Equipment / Materials:

Beta source

Calculator or spreadsheet

Forceps




Scaler

Shelf
Safety:


This lab presents no unusual safety hazards.  It is good technique to use forceps to handle any radioactive source - including sealed sources.

Procedure:
1.
Plug in the scaler, and allow it to warm up for a few minutes.  Set the voltage to the operating voltage determined earlier or to the voltage provided with the instrument.  To set the voltage, press the HV button and adjust with the UP and DOWN buttons.

2.
Place the beta source on the second shelf from the top.  Press the TIME button and adjust the time to 60 seconds by using the UP and DOWN buttons. Press the COUNT button to begin counting, and then press TIME to get out of TIME mode.  Readings of 1000 to 2000 cpm should be obtained.  If the readings are too high on the second shelf, move the source to a lower shelf and take another reading.
3.
Care should be taken so that the operating voltage and position of the source do not change during the course of the readings.

4.
Take 20 one minute readings of the beta source.  Record the data in the Data Table in the x column.
Data: 
	Observation
	x
	x - 
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	(x - 
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Calculations:


1.
Calculate 
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, the mean or average value, of the individual counts, x.  To do this calculation, determine the sum of the individual counts and divide by 20.

2.
Subtract 
[image: image6.wmf]x

 from each value, and record this value in the second column of the data table.  The sum of these values for the 20 readings should be zero unless the value for the mean is rounded.  Note:  To save time, do calculation 3 in conjunction with calculation 2.
3.
Square each value for (x - 
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)  and record these values in the third column.  It will save time if this value is calculated when the original  x - 
[image: image8.wmf]x

 value is on your calculator display.

4.
Sum the 20 values in the (x - 
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)2 column.

5.
Calculate the value for standard deviation by finding the sum of the values in the

 (x - 
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)2  column, dividing by 19, and taking the square root of this value.


Standard deviation =
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, where n=number of samples

Standard deviation = _________

Questions:
1.
According to statistics, if your set of data represents a "normal" distribution, 68% of the values should lie within the range of 
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 ± 1 standard deviation.  Try this for your data.  Add one standard deviation on to the mean.  Subtract one standard deviation from the mean.  Examine your data,  and count the number of data points that fit within this range.  What percent of your values lie within ± 1 standard deviation of your mean?  Show your range and the number of values.

2.
Sometimes a data point appears to be out of place when compared to the rest of the data.  A "2 standard deviation" rule can be used to determine if this piece of data should be kept or eliminated.  If this data point is more than 2 standard deviations from the mean it can be eliminated.  Pick the value furthest from the mean and use the "2 standard deviation rule" to determine if this value should be kept.  Show your work.

3.
How many points fall between +1 St Dev and +2 St Dev?  How many data points fall between -2 and -1 St Dev?  

4.
Use the answers from questions 1 and 3 to make a bar graph below.  Does it fit a normal distribution curve?
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5.  
Why do scientists perform statistical analyses on their data?

6.
A researcher has performed 30 trials of a calibration of a 10 mL pipet.  The mean value is 9.989 mL with a standard deviation of 0.0053 mL.  The researcher is uncertain if he made an error on one of the trials for which he recorded a value of 9.975 mL.  Can he eliminate the data point?  Why or why not?
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