Rutherford Scattering

Background


In order to find out more about the structure of the atom Ernest Rutherford fired alpha particles at a thin sheet of gold foil. Alpha particles have a positive charge and so does the nucleus of a gold atom, hence they repel each other and the alpha particles are scattered when they pass close by.


The apparatus Rutherford used looked like this:
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The alpha particles produce a tiny spark of light when they hit a fluorescent screen which can then be detected.

The Simulation

The Flash 5 movie simulates alpha particles being fired at a single gold nucleus one at a time to get a better feel for what is happening. 
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Instructions

1. Enter a value for the energy of the alpha particle between 8 and 25MeV.

2. Drag the alpha particle to a suitable start position with your mouse.

3. Press the fire button.

4. Press the next button to repeat.

Exercise 1.
1. Clear all tracks and hits if you have any.

2. Enter a value of 10MeV for the energy.

3. Press the fire button without moving the particle.

4. Draw a line on the diagram below to show how the particle moved.
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5. Press the next button to try again, leave the track and hits as they are.

6. Drag the particle up about 2 pixels and fire again (the particle is about 2 pixels in size).

7. Draw your line on the same diagram above.

8. Move the particle another 2 pixels up and repeat.

9. Now move the particle in steps of about 10 pixels until you reach the top of the entrance to the detector. 

10. Repeat steps 6 to 9 but drag the particle down.

Analysing the results

The results show the pattern you would expect for a beam of alphas. Our beam was not uniform since we placed more particles near the centre.

1. Draw a circle around the areas where most of the particles are scattered, label this circle A.

2. Draw a circle around the start positions of the particles which are scattered most, label this circle B.

3. Complete the following:

The particles that are scattered most are those starting about the ________ distance from the centre line as the ___________ of the target nucleus.

This shows that the _________ of the nucleus is very ________.

4. The Thomson model of the atom was with the positive charges and mass spread out with negative electrons like plums in the pudding. This model means that since the mass was spread out the alpha particle would only be deflected a small amount. Does the experiment agree with this model? Explain why.

5. Rutherford suggested a model with all the positive charge and mass at a small centre does the experiment agree with this? Explain why?

Exercise 2

1. Repeat the first experiment but with the energy set at 25MeV.

2. Draw your new results on the diagram on the next page.

Analysing the results

1. Are the alpha particles able to get closer or further to the target nucleus?

Explain why.

2. Mark circles A and B as before on your new results.

3. What do you notice about the size of circle B compared to the first experiment?

4. The higher the speed of the _________ particles the closer the distance from the centre line is to the __________ of the nucleus.

5. Alpha particles have a mass about 8000 times an electron. What do you think they do to an electron?
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Rutherford went on to calculate the radius of the nucleus and found it to be 

about 10-14m. This means that an atom the size of our theatre would have a nucleus the size of this full stop.



















