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Grade Level: 9-12 Physical Science/Physics

Content (what is taught): 

· Radioactive Decay 

· Half-Life

· Use of a Geiger Counter

· Counting Rate

Context (how it is taught):

· Radioactive decay decreases over time in a fixed pattern

· The time it takes for a radioactive sample to decrease to half its original amount is constant for a given material

· The time it takes for half a radioactive sample to decay is called the half-life of a substance

Activity Description:

Students will make conjectures to those factors which affect the counting rate measured by a Geiger counter.  Once time is identified as a factor by students, the group will measure the counting rate of a sample of Barium-137 for 20 minutes.  Once the data is gathered, students will construct a graph and from the graph find the half-life of this substance.
Standards:

Math: MB1






Science: SB1
Technology: TF1





Engineering: ED1

Materials List: 
· Geiger counter

· Celsium-137 isogenerator

· Computer interface connected to Geiger counter

· Common radioactive source

Asking Questions: (Countdown to Meltdown)

Summary: Students will make observations as a radioactive source and Geiger counter are demonstrated.
Outline: 

· Show students a Geiger counter

· Demonstrate the use of the Geiger counter with a common object that is radioactive (i.e. Fiestaware, salt substitute, etc.)

· Ask students what factors may affect the amount of radioactivity detected by the Geiger counter

Activity: Demonstrate the use of a Geiger counter and a common item which is radioactive.  Ask students to describe the operation of the counter and what factors might affect the response of the Geiger counter.

	Questions
	Answers

	What is this device?
	A Geiger counter

	What does this device do when the source is brought near it?
	It makes a beeping/clicking noise that can be counted

	What could be done to change the amount of radioactivity reaching the counter?  For example, Becton-Dickenson uses intense radiation to sterilize medical products.  What sort of factors might affect the amount of radiation reaching the employees of this department? 
	Move the source nearer or closer to the counter.  Put something between the counter and the source.  Wait some period of time.  (This is the response which, if necessary, should be elicited directly).




Exploring Concepts: (Countdown to Meltdown)

Summary: Students suggest and test a way to determine if the counting rate is changing.
Outline: 

· Students suggest a way of measuring radioactive rate with a Geiger counter

· Students then determine whether the source has a constant rate

Activity: Students are challenged (as a large group) to suggest a straightforward means to determine if the amount of radioactivity produced by a source is changing over time using the Geiger counter connected to a tabulating device (computer).  (If necessary, lead students to suggest measuring the count for half a minute or one full minute).  Once the class has agreed on this strategy, allow the students to measure the counting rate several times and compare results.  For most sources, the count will be approximately the same for each time interval.   (For example, if a counter records 10 counts in one minute, the counting rate would be 10 counts per minute.  On the other hand, if there were 10 counts in 30 seconds, the counting rate would be 20 counts per minute.  All counting rates would be recorded in counts per minute for this experiment).  Then students will actually determine whether a source has a constant rate by using a piece of fiestaware or other radioactive source.

Instructing Concepts: (Countdown to Meltdown)

Radioactive Decay

Radioactive Decay:  Radioactive decay is the spontaneous break down of an atom’s nucleus into a slightly lighter nucleus, by emitting particles, releasing energy (electromagnetic), or both. 

Cause of Radioactive Decay: The disintegration of an atom’s nucleus occurs due to changes in nucleons.  Nucleons are particles within a nucleus.  There are two kinds of nucleons: protons are positively charged particles and neutrons are neutrally charged particles.  Both are similar in size, but the neutrons have slightly more mass. As protons are positively charged they repel each other. A force known as the “strong force” is used to hold the protons together, but it is only able to overcome the electrical-repulsive force with the aid of the neutrons’ mass.  

So, ultimately radioactive decay is governed by the principle of balancing mass with energy or nucleons with the strong force.  Nuclides decay by decreasing their mass altering this balance resulting in a release of particles and energy to maintain the mass-energy equilibrium. Nuclides can gain mass as well, but only if an external source of energy is added.

Radioactive Isotopes: Nuclei are unstable and decay in atoms when an unbalanced number of protons to neutrons occur forming radioactive isotopes. Isotopes are forms of the same element that vary in the number of neutrons or mass. Examples of isotope forms for hydrogen include: protium [image: image6.wmf]

 each written in the nuclear symbol form, following their name.  The subscript identifies the element as hydrogen as it indicates the number of protons or atomic number.  The superscript denotes the atomic mass.  The mass increases each time a neutron is added.  In the case of hydrogen, tritrium has the least stable nucleus and therefore more likely to undergo radioactive decay.
[image: image4.wmf]

, and tritium [image: image2.wmf]

; deuterium 
Types of Radioactive Decay: There are several common types of radioactive decay.  Two release or emit particles: alpha, and beta. In the case of positron and electron capture, particles within the atom are altered or emitted to convert a neutron into a proton to stabilize the nucleus. All of these differ from gamma ray emissions as those are strictly releases of energy. 

	Type
	Symbol
	Charge
	Mass (amu)
	Emission Description

	Alpha particle (ά)
	
[image: image7.wmf]
	2+
	4.001 5062
	-two protons and two neutrons bound together, similar to a Helium nucleus

	Beta particle (β)
	
[image: image8.wmf]
	1-
	0.000 5486
	-an electron emitted

	Positron
	
[image: image9.wmf]
	1+
	0.000 5486
	-particle similar in size to an electron, but positively charged emitted to convert a proton into a neutron

	Electron capture
	
[image: image10.wmf]
	1+
	no change
	-an inner orbital electron is taken by a proton in the same atom to create a neutron

	Gamma Ray (γ)
	γ
	0
	0
	-differs from the other emissions as it is a high-energy electromagnetic (light) wave emitted when the energy within the nucleus changes


Half-Life:  Half-life measures the time of a given radioactive element to reduce half of its nuclei in any sample by radioactive decay. For the radioactive isotope, titrium[image: image12.png]3y



 its half-life is 12.32 years.  If a 30 mg sample of tritium was being stored, then in 12.32 years there will be 15 mg of the sample remaining.
Radioactive Decay Detection: There are several means of detecting radioactive decay. Photographic film can be used as it will be exposed in the presence of radiation.  However, film can only provide an approximation of exposure.  For more accurate measurements a Geiger-Müller counter is used. It detects radiation by counting electric pulses carried by gas ionized by radiation.  There are also several other methods: Scintillate Counter, MicroR Meter with Sodium Iodide Detector, Portable Multichannel Analyzer, Ionization (Ion) Chamber, Neutron REM Meter with Proportional Counter, Radon Detectors, Proportional Counter, Multichannel Analyzer System.

For additional diagrams and examples see file: I_Sci_049_Radioactivity_Decay_I_Diagrams.doc
Organizing Learning: (Countdown to Meltdown)

Summary: Students will measure the half-life of a rapidly-decaying radioactive substance.

Outline: 

· A sample of a radioactive substance is generated with an isogenerator

· The number of counts each half-minute is measured (by computer)

· Students graph the counting rate (counts per minute) against time and determine the pattern of decay
Activity: Using a commercial Cesium-137 isogenerator, a sample of Barium-137 is prepared.  The sample is placed below a vertically-mounted Geiger counter connected to a computer with appropriate software.  A total run time of 15 minutes is sufficient, letting the computer tabulate the number of counts in each half-minute.  At the end of the run time, students can be given the data collected by the computer (number of counts in 30 seconds against time elapsed).   At this point, the student can calculate the counting rate (counts in one minute) for each 30 second interval and plot the data on a piece of graph paper.  Once the graph is complete, help students read the graph to determine the initial counting rate and how long it takes for the counting rate to drop to one-half of the original amount.  Then have students determine how long it takes the counting rate from half of its original amount to one-quarter of its original amount, and again from one-quarter to one-eighth of its original amount.  In each case, the time intervals should be approximately the same, and would be a measure of the half-life of the radioactive substance.  
Activity Extension: If you want your students to make a strong mathematical connection, the data collected by the computer can be used to construct a mathematical model.  After students have graphed the data points, a class discussion could be started about what is the mathematical relationship present.  The answer is an exponential decay model.  Using a TI graphing calculator or appropriate modeling software, the students can enter the collected data and create an exponential regression model.  Predictions using the calculated model should be completed to see the accuracy of the model.

Understanding Learning: (Countdown to Meltdown)

Summary: Students will determine the half-life of a substance from a graph of radioactive decay against time.  Students will also complete simple calculations using the concept of half-life.

Outline: 

· Formative Assessment of Radioactive Decay
· Summative Assessment of Radioactive Decay

Activity: Students will complete written and performance assessment related to radioactive decay.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Were the students able to set up a set of axes and graph the data correctly?

2) Were the students able to draw a smooth curve through the data set correctly?

3) Were the students able to read off the time intervals from the graph correctly?

Summative Assessment: Students can answer the following writing prompt:
In a short paragraph, describe the concept of half-life in your own words.

Students can complete on of the following performance assessments.
1) Given the graph of a radioactive decay of a substance against time, determine how long it takes for the counting rate to drop in half.

2) Given that the half-life of a substance is 10 minutes, and that you start with a 500 g sample of this substance, complete the following table:

	Time (min)
	0
	10
	
	
	

	Amount (g)
	500
	
	
	
	


3) Becton-Dickenson uses intense radiation to sterilize some of their medical products.  The sterilization unit uses Cobalt-60 as its radiation source.  The half-life of Cobalt-60 is 5.3 years.

a) The Cobalt-60 can be effectively used for 4 half-lives.  How many years would this be, and after 4 half-lives, what fraction of the Cobalt-60 would remain?

b) Complete the following chart based on the half-life of 5.3 years:

	Time (yrs)
	0
	
	
	
	

	Amount

Remaining     (%)
	100
	
	
	
	


c) Graph the data in part (b) with time on the x-axis and amount remaining on the y-axis.  From your graph, estimate how much Cobalt-60 remains after 8 years.  How much remains after 10 years?  
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