Radioactivity basics
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Atoms have positive nuclei containing neutral neutrons and positive protons, surrounded by a cloud of small, much less heavy electrons which “orbit” the nucleus.

The positive protons repel each other strongly inside the nucleus, fortunately, there are strong nuclear forces holding the particles in the nucleus together which counteract this repulsion.

The nucleus of the atom shown above, helium is unlikely to change at all over time because it is very stable. However, other nuclei can be unstable. This means that the forces holding them together are not quite strong enough to keep the nucleus from literally “falling to pieces” after a while.
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They do not just break into random segments, but usually give off one of 3 different types of particles, alpha (a helium nucleus), beta (an electron) or gamma (a high energy burst of electromagnetic energy). When this “radiation” has been given off, the left over nucleus is more stable. 
In alpha decay, a heavy unstable nucleus fires off a particle with 2 neutrons and 2 protons. The nucleus gets less heavy by 4 atomic units and its atomic number also drops by 2 (because it has lost 2 protons). This means it has changed into a different element. You must be aware of how to write this in a nuclear equation. 
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The alpha particle carries +2 charge with it and will be stopped by paper, skin or a few inches of air as it ionises the material it comes into contact with.
Beta Decay
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In this case, a neutron turns into a proton inside the nucleus, sending out an electron at high speed (don’t worry about the anti-neutrino). The nucleus loses one neutron and gains one proton, so its mass doesn’t change, but its atomic number does. This is written as follows:                               
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The electron (β) carries -1 charge and can pass through thin layers of metal
Carbon 14 is an isotope of carbon which has 2 more neutrons than usual. It forms a small percentage of the carbon found in gases in the atmosphere. This makes it a very useful tool for radioactive dating. 

The half life of carbon 14 is 5730 years. This means that half of the nuclei present in any sample of carbon 14 will decay every 5730 years. (e.g. in 3 ( 5730 = 17190 years, 1/8th of the carbon 14 is left.)

Living things keep the proportion of carbon 14 compared to ordinary carbon (12) inside their bodies the same whilst they are alive. This is because they are constantly using new carbon from the atmosphere (plants use photosynthesis to get the carbon out the atmosphere, animals eat the plants). Once they die, living things no longer replace the carbon in their bodies and so all the carbon 14 is free to decay.
By measuring how much radioactive decay there is going on in a sample of carbon from a dead thing, it is possible to establish how long ago it died.

Gamma Rays

Gamma rays are not like the other types of radiation which feature particles whizzing out. A nucleus which emits a gamma ray just emits a burst of very high energy electromagnetic waves (gamma rays) in order to become more stable. Its mass and atomic number do not change at all.

Gamma rays are very penetrative and can only be stopped by thick layers of lead.
Questions

1. What type of radioactivity penetrates the furthest?

……………………………………………………………………

2. What kind of radioactivity is stopped the quickest?

……………………………………………………………………

3. What kind of radioactivity will ionise the stuff it hits the most?

…………………………………………………………………….

4. Medical scans require injecting a person with a radioactive fluid, and then detecting the radioactivity as it passes out of the person. What type of radiation is best for this job?

………………………………………………………………………………

5. Radon gas is an alpha particle emitter. Why is this much more dangerous than a solid alpha particle source?

………………………………………………………………………………………

6. 10g of carbon from a live tree produce a beta particle count of 100 per minute. A 10g sample of carbon from an ancient wooden axe handle is shown to have a count of 25 per minute. Estimate the age of the axe handle.

………………………………………………………………………………………

7.   Name a device that can be used to detect radiation.
………………………………………………………………………………………

8. Describe how a radiation source and a detector could be used to help control the thickness of paper being produced in a paper mill.
………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………

………………………………………………………………………………………
Nuclear Power Generation
Nuclear fission: Splitting up a large nucleus into smaller parts, releasing energy. 

The large nucleus is generally uranium 235 or plutonium 239.
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A neutron starts the reaction by hitting a U-235 nucleus. This nucleus splits into 2, smaller nuclei and releases 3 more neutrons. Heat energy is given off as a result of this splitting or “fission”. Each of the 3 extra neutrons may go on to hit another U-235 nucleus, causing it break apart and release yet more neutrons…… It is a chain reaction.

Uncontrolled, with enough uranium (critical mass), this reaction creates a nuclear bomb. With appropriate controls, (rods which absorb some of the neutrons), it can be used to generate heat for electricity generation. The left over products of this reaction are radioactive in themselves and have a very long half life (66000 years or so).

[image: image7.png]Control rod drive

Hot coolant
to heat exchangers

Coolant

Fuel rods

Cold coolant back
from heat exchangers

A Thermal Reactor




Questions

1. What are the main advantages of nuclear power generation?

………………………………………………………………………………….

………………………………………………………………………………….

2. What are the problems with disposing of nuclear fission fuel?

………………………………………………………………………………….

………………………………………………………………………………….

3. Why is nuclear radiation dangerous to life forms?
…………………………………………………………………………………..

…………………………………………………………………………………….

4. Sketch a graph which shows how the count rate of a radioactive sample will change over time as it decays
