Name: _____________________ Partner(s): ______________________     Block: ________     Date: 
____
Half Life Lab – Nuclear Decay of ‘Diceium’
Introduction

The nuclei of most atoms are stable.  However, certain isotopes’ nuclei are unstable because they contain too many or too few neutrons or because they simply are too massive. These unstable nuclei undergo nuclear reactions called nuclear decay.  In an effort to become more stable, these nuclei emit energy and sometimes mass (alpha, beta and gamma radiation).  Each radioactive isotope has its own unique and characteristic rate of decay.  Unlike chemical reactions, these nuclear decays are not affected by factors such as temperature, concentration or size of particles.  When a particular atom does undergo decay, it is a matter of probability and is a random event.
Dice in this experiment will represent the radioactive nuclei.  We will assume a nucleus has undergone nuclear decay when the face with one dot is rolled.  Time in this experiment will be measured in rolls of the dice.  Each roll could be, for example, one year.  The rate at which these decays take place will be recorded and the data analyzed using Graphical Analysis.

Objectives
1. Gather and process data on the decay of a fictitious element, Diceium. 
2. Graph the data using computer software of your choice.
3. Interpret the graph to determine the half-life of Diceium.

4. Predict the decay rate of Diceium using the laws of probability.

5. Make connections to the behaviour of the decay of other nuclei. 

6. Draw conclusions about the storage of radioactive waste. 

Materials
· 24 dice in one plastic container
Pre-Lab (answer these here as a rough draft, then submit them with your report)
Independent Variable(s):

Dependent Variable(s): 

Hypothesis: If we roll the dice 20 times to represent the decay of Diceum, we will be able to predict it’s ______________. 
Explain your reasoning: ______________________________________________________________________________________

___________________________________________________________________________________________________________

Prediction: How long will it take Dicium to decay to half it’s original amount? ____ rolls
Procedure  (flow chart including diagrams/pictures - submit them with your report)
1. Get into your groups

2. Collect 24 die and place it in the plastic lidded container.

3. We will complete this lab together as a class.  
4. Shake the container until the teacher calls, “Stop” 
5. Take the lids off of the plastic container and remove any dice that came up with ones from the container
6. Write the number in the data table below (next page) 
7. Repeat steps 3-5 for 20 more shakes as a class, each time removing all di that come up with the number one.
8. When you have finished your 20 shakes, have one group member take your data to the front of the room so your teacher can add it to the class data
9. Create a report that includes the pre-lab, all data, graphs questions, discussions and conclusions. 

Observations
Individual group data
	Time

(years)
	Nuclei decayed

(Daughter nuclei)
	Nuclei remaining

(Parent nuclei)
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Whole class tally
	Time

(years)
	Nuclei decayed

(Daughter nuclei)
	Nuclei remaining

(Parent nuclei)
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Data Analysis (created using excel, printed on separate piece of paper)
You will have 4 graphs when you are done.  Use excel or different spreadsheet software of your choice.   
View your teacher’s website for the online tutorial for instructions using excel.
Discuss the trends and the patterns in the data after you have completed the graphs. 

1. Time in shakes (x-axis) vs. Parent Nuclei (y-axis) for your own data

2. Time in shakes (x-axis) vs. Daughter Nuclei (y-axis) for your own data

3. Time in shakes (x-axis) vs. Parent Nuclei (y-axis) for the class data

4. Time in shakes (x-axis) vs. Daughter Nuclei (y-axis) for the class data
 Discussion Questions (submit them with your report)
1.   Which is the independent variable, time or nuclei remaining/decayed? Explain your reasoning: 
2. What is the original number, N, of Diceium atoms used by the whole class? ______ What is half of N? ______
3. On your experimental graph, create a horizontal line from half the original number of atoms across to the curve, then down to the time on the x-axis.  Estimate the half-life of Diceium to the nearest tenth of a year. 
4. a.
How many different results are possible when a die is rolled? 

b.
How many faces of a die have one dot? 
c.
What is the probability (%) that the face with one dot will come up when a die is rolled? 
5. Suppose we had shaken coins in the box instead of dice.  Coming up "heads" would represent nuclear decay.  

       a.    How many different results are possible when a coin is flipped? 

b.
What is the probability (%) that tails will come up when a coin is flipped? 
6. How many "years" (shakes) long would be the half-life for Coinium?
7. Compare the half-lives of Coinium and Diceium.   Which element's nuclei are more stable?  Explain.
8. Used fuel rods from a fission nuclear power plant contain an assortment of radioactive isotopes including the following with their respective half-lives: cobalt-60 (5.27 years), iodine-131 (8.04 days), plutonium-239 (24,000 years), and nitrogen-16 (7.1 seconds).  Describe some of the problems associated with the disposal of nuclear fission waste due to the assortment of isotopes in the spent fuel rods. 
CONCLUSION (submit them with your report)
Summarize what you found and how you know it using your graph and table of results. 

· Is there a pattern in your results?

· Describe in words what is happening in your graph or table

· Comment on the reliability of the data. Did you get any results you did not expect?  (poor results or ones that did not fit the pattern?)

· Explain what is happening in your data (make specific reference to appropriate graphs and tables)

· Is this what you predicted would happen?

· Explain your results using you what you already know about Science.
Processing Data

Processing data refers to enabling students to organize and process data. Students should be able to organize and transform data by numerical calculations into diagrammatic form (tables, graphs and charts) and draw and explain appropriate conclusions.
	Criterion C: Processing and Evaluating

	(0)
	Beginning (1-2)
	Developing (3-4)
	Accomplished (5-6)
	Exemplary (7-8)

	I have not achieved a standard described by any of the descriptors to the right.
	I am able to:

collect and present data in numerical and/or visual forms 

interpret data 

state the validity of a hypothesis based on the outcome of a scientific investigation 

state the validity of the method based on the outcome of a scientific investigation 

state improvements or extensions to the method.
	I am able to:

correctly collect and present data in numerical and/or visual forms 

accurately interpret data and explain results 

outline the validity of a hypothesis based on the outcome of a scientific investigation 

outline the validity of the method based on the outcome of a scientific investigation 

outline improvements or extensions to the method that would benefit the scientific investigation.
	I am able to:

correctly collect, organize and present data in numerical and/or visual forms

accurately interpret data and explain results using scientific reasoning 

discuss the validity of a hypothesis based on the outcome of a scientific investigation 

discuss the validity of the method based on the outcome of a scientific investigation 

describe improvements or extensions to the method that would benefit the scientific investigation.
	I am able to:

correctly collect, organize, transform and present data in numerical and/ or visual forms 

accurately interpret data and explain results using correct scientific reasoning 

evaluate the validity of a hypothesis based on the outcome of a scientific investigation 

evaluate the validity of the method based on the outcome of a scientific investigation 

explain improvements or extensions to the method that would benefit the scientific investigation.


Graphing checkpoints:

· Label x-axis (independent variable – usually time) and y-axis (dependent variable) – include correct units

· Uniform scale – go up by 2’s, 5’s 10’s etc.

· Plot all points – clearly and correctly.

· If two or more sets of data on the same graph (use different symbols and include a legend).

· Line/curve of best fit – don’t just connect the dots
· Title: y vs. x – include units
