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(Nuclear Sensor, Rotary Motion Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Radioactivity
P60 Nuclear Inv Sqr Law.DS 
P60 Inverse Square 
P60_INV2.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Nuclear Sensor (SN-7997)
1
Clamp, Three-finger (SE-9445)
1

Rotary Motion Sensor (CI-6538)
1
Linear Motion Accessory (CI-6688)
1

Base and Support Rod (ME-9355)
2
Radiation sources (SN-8110)
1 set

Clamp, Right angle (SE-9444)
1
Tape
1 roll

What Do You Think?

[image: image1.wmf]What is the relationship between the distance to a radioactive source and the measured activity from the source?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image7.wmf]One of the most common natural laws is the inverse square law. As one famous scientist put it, "the inverse square law is characteristic of anything which starts out from a point source and travels in straight lines without getting lost." Light and sound intensity both behave according to an inverse square law when they spread out from a point source. Your intuition says that as you move away from a point source of light like a light bulb, the light intensity becomes smaller as the distance from the bulb becomes larger. The same is true for sound intensity as you move away from a small radio speaker. What may not be as obvious is that if you move twice as far from either of these sources, the intensity becomes one fourth as great, not half as great. In a similar way, if you are at the back of an auditorium listening to music and you decide to move three times closer, the sound intensity becomes nine times greater. This is why the law is called the inverse square law. 

Nuclear radiation behaves this way as well. If you measure the counts per second at a distance of 1 centimeter, the counts per second at 2 centimeters or at 4 centimeters should vary inversely as the square of the distance. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Handle the radioactive sources properly.
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For You To Do

Mount the radioactive source on the linear motion accessory of the Rotary Motion Sensor. Use the Nuclear Sensor to measure the radiation counts per time interval as you slowly move the radioactive source away from the sensor. Use the Rotary Motion Sensor to measure the position of the source relative to its starting position.

Use DataStudio or ScienceWorkshop to record and display the counts of radiation per interval of time, and the linear position of the source. Use the built-in data analysis tools to determine the mathematical formula that best fits the data in a plot of counts of radiation versus position.

PART I: Computer Setup
[image: image8..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Nuclear Sensor phone plug into Digital Channel 1 on the interface.

3.
Connect the Rotary Motion Sensor stereo phone plugs into Digital Channels 3 and 4. Connect the plug with the yellow tape into Digital Channel 3.

4.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P60 Nuclear Inv Sqr Law.DS 
P60 Inverse Square 
P60_INV2.SWS

•
The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

•
The ScienceWorkshop document opens with a Table display of Counts per Time Period. The Statistics area is open at the bottom of the Table. 

•
Data recording is set at one measurement per 2 seconds. In other words, each time period for the Nuclear Sensor is 2 seconds.

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Nuclear Sensor or the Rotary Motion Sensor.

1.
Carefully remove the plastic protective cap from the end of the Nuclear Sensor. Use a base and support rod and clamps to mount the Nuclear Sensor so it is horizontal a few centimeters above the tabletop.

2.
Use tape to mount an active beta source on the clamp at the end of the linear motion accessory.

•
NOTE: Be very careful when handling any radioactive source as it may be harmful to your health. Avoid long-term exposure and always make sure that you wash your hands after handling any radioactive source.

3.
Put the linear motion accessory into the slot on the Rotary Motion Sensor (RMS).

4.
Use a base and support rod to mount the RMS so the linear motion accessory is horizontal and the radioactive source is at the same height as the end of the Nuclear Sensor.

5.
Position the linear motion accessory so the source is as close to the end of the Nuclear Sensor as possible.

[image: image4.wmf]
PART III: Data Recording
1.
Move the Digits display so you can see it. Start measuring data. Watch the counts in the Digits display.

2.
When the first counts are visible in the Digits display, begin to move the radioactive source away from the Nuclear Sensor VERY SLOWLY. 

•
The Nuclear Sensor records radiation counts for an interval of 2 seconds. Try to move the linear motion accessory in such a way that the source moves less than one centimeter per two seconds.

3.
When the counts in the Digits display stop changing by more than one or two counts per interval, stop collecting data.

Optional

•
If possible, repeat the procedure using an alpha source and then repeat the procedure using a gamma source.

Analyzing the Data
Use the Graph display’s built-in analysis tools to fit your data to a mathematical formula. 
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In DataStudio, click the ‘Fit’ menu button ([image: image5.png]


). Select ‘Inverse Nth Power’. Use the cursor to click-and-draw a rectangle around the region of smoothest data in the Graph. The DataStudio program will attempt to fit the data to a mathematical formula.

· Note: To see the mathematical formula and its parameters, double-click the curve fit text box in the Graph.

· In ScienceWorkshop click the ‘Statistics’ button to open the Statistics area on the right side of the Graph. Click the ‘Autoscale’ button to automatically rescale the Graph to fit the data.

· [image: image13..pict]Use the cursor to click-and-draw a rectangle around the region of smoothest data in the Graph. 

· [image: image14..pict]In the Statistics area, click the Statistics Menu button ([image: image6.png]


). Select Curve Fit, Power Fit from the Statistics Menu.

· The ScienceWorkshop program will attempt to fit the data to a mathematical formula based on the variable raised to a power. 

•
NOTE: You may see a message that says there is no valid solution. In other words, the program needs your help to create the mathematical formula. In the Statistics area, click the a4 coefficient to make it active. Type in -2 as the parameter value. Press <enter> or <return> on the keyboard to record your value. You may need to enter values for the other parameters. For example, try a small number such as 1.0000 or 0.9000 for the value of the a3 coefficient.

· Examine the value of chi^2, the measure of closeness of fit. The closer the value is to “0.000”, the better the data fit the mathematical formula shown in the Statistics area. 

Answer the questions in the Lab Report section.

Lab Report - Activity P60: Inverse Square Law – Nuclear

What Do You Think?

What is the relationship between the distance to a radioactive source and the measured activity from the source?

Questions

1.
Does nuclear radiation follow the inverse square law? Justify your answer.

2.
What first action would be important to protect yourself from the radiation released from a broken container of radioactive material?

Optional Questions

1.
Does alpha and gamma radiation have the same relationship to distance from the source as beta radiation?

2.
How would the risk of exposure to radioactive substances be different if nuclear radiation followed an inverse cube law?
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Double-click to open Curve Fit window
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