You’re an Isotope…
Read this sheet and section 11-1 & 11-2; then respond to the following…

1. What is radioactive decay?

2. Why does radioactive decay happen?

3. Describe the 3 major types of decay. Be sure to include why one would happen rather than another…

4. What is half-life?

5. How are decay and half-life related?

6. How are isotopes and decay related?

Here is some funky stuff that you’re book doesn’t expand on.
The actual mass of an atomic nucleus is always a little smaller than the sum of the rest masses of all its nucleons (protons and neutrons). This is because some of the mass of the nucleons were changed into energy needed to form the nucleus. (You can thank Mr. Einstein for that.) This energy is called binding energy. The higher the binding energy, the more stable the nucleus is. 
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A graph of binding energies vs. mass numbers shows that the binding energy increases as the mass number gets higher until around mass number 60 (56 to be exact), then it starts to decline from that point on. A region of greatest stability is on the peak of the curve, around a mass number of 55 to 80. Unstable elements with a mass number less than the region tend to undergo fusion (the combination of nuclei) to reach the region. Unstable elements with a mass number greater than the region tend to undergo fission (the splitting of nuclei) to reach the region.
Because a nucleus is made of protons, there has to be a nuclear strong force to keep them together, since they would naturally repel each other. Neutrons in the nucleus also help by keeping the protons farther apart from each other and "diluting" the nucleus. 

But when there are too many protons, the proton-proton repulsions build and the nucleus becomes unstable. It carries more energy than other arrangements of nucleons accessible to it. To achieve less energy (and more stability), they undergo radioactive decay, ejecting small nuclear fragments and high-energy radiation. There are three main types of radiation, alpha, beta and gamma.
The half-life of a radioactive isotope is the time it takes for half of the sample to decay. So if you have a 100-gram sample, once 50 grams decay, the sample has been through one half-life.  In the next half-life, 25 grams will decay, then 12.5 grams, 6.25 grams, 3.125 grams...  According to this model, the amount will never reach 0 grams. This type of pattern is referred to as exponential decay. The formula for half-life problems is:

Af = .5 Ai(t/t1/2)
Af is the final amount of the sample left

Ai is the initial amount of the sample

t is the time that has passed 
t½ is the half-life of the substance 

Af = (.5x500)(65/30)
So, to solve for the any of these variables, simply plug the given values into the equation. For example, if you wanted to determine how many grams of a 500-gram sample of Cesium-137 would be left after 65 years and Cesium-137 has a half-life of 30 years, you would do the following:
Radioactive Decay: A Heads Up on Half-Life

In this simulation, you will use pennies (yes – more pennies…) to explore the spontaneous nature of radioactive decay and half-life.
Procedure:

1. Count your “nuclei” pennies (should be 80). Write that number in the data table under the heading “Number of Radioactive Nuclei.” In the column marked “Prediction for Next Toss” write the number of radioactive nuclei you think you will have with your next toss. **Radioactive nuclei will be those pennies that are heads up**.

2. Place your “nuclei” in a paper cup, cover and shake the cup. Pour the “nuclei” onto the desk. Separate the “nuclei” into two piles, one with the heads up and the other with the heads down. Count the number of “nuclei” in each pile. On your data table, record the number of “radioactive nuclei” pennies with the heads up. Predict how many radioactive “nuclei” you will have after the next toss. 

3. Return only the radioactive “nuclei” to your paper cup. (You decide what to do with the “decayed nuclei,” or those with heads down.)

4. Continue this process until there are no radioactive “nuclei” left. Add more rows to your data table, if needed.
5. Pool the class data by summing the number of radioactive “nuclei” of all the class groups for each toss below.

Analysis: 

1. Using the pooled data, prepare a graph by plotting the number of radioactive “nuclei” on the y-axis and the number of years, which we will call half-lives, on the x-axis. **For the purposes of this lab – let’s assume that each toss of the coins is equal to 5730 years.**
2. How good is our assumption that half of our radioactive “nuclei” decay in each half-life? Explain.

3. If you started with a sample of 600 radioactive nuclei, how many would remain undecayed after 17190yr (3 half-lives)? 

4. If 175 undecayed nuclei remained from a sample of 2800 nuclei, how many years have passed?

5. Why did we pool the class data? How does this relate to radioactive nuclei?

6. How many years would it take for 6.02 x 1023 nuclei to decay to 6.25% (0.376 x 1023) of the original number of nuclei?

7. Is there any way to predict when a specific penny will land heads down or “decayed?” If you could follow the fate of an individual atom in a sample of radioactive material, could you predict when it would decay? Explain.

8. Strontium-90 has a half-life of 28.8 years. If you start with a 10-gram sample of strontium-90, how much will be left after 115.2 years? Justify your answer.

9. What do we mean by half-life? With what kinds of materials do we use this term?
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Table II: Class Data
