Atomic Target Practice
Rutherford Scattering and the Nuclear Atom

Introduction:


The Rutherford gold foil experiment is one of the most famous of all time.  More than 25 years after conducting the experiment, Ernest Rutherford described the results this way:
“It was about as credible as if you had fired a 15-inch shell

 at a piece of tissue paper and it came back and hit you.”

The experiment itself was actually the culmination of a series of experiments, carried out over a five-year period, dealing with the scattering of high-energy alpha particles by various substances.


Ernest Rutherford received the Nobel Prize in Chemistry in 1908 for his investigation into the disintegration of the elements as a result of radioactive decay.  Among the products of the radioactive decay of elements are alpha particles—small, positively charged, high-energy particles.  In trying to learn more about the nature of alpha particles, Rutherford and his co-workers, Hans Geiger and Ernest Marsden, began studying what happened when a narrow beam of alpha particles was directed at a thin piece of metal foil.  Alpha particles are a type of nuclear radiation, traveling at about 1/10 the speed of light.  As expect4ed for such high-energy particles, most of the particles penetrated the thin metal foil and were detected on the other side.  What was unexpected was that a very few of the alpha particles were actually reflected back toward the source, having been “scattered” or bent due to their encounters with the metal atoms in the foil target.  The number of alpha particles that were reflected back depended on the atomic mass of the metal.  Gold atoms, having the highest atomic mass of the metals studied, gave the largest amount of so-called “backscattering”

Rutherford’s scattering experiments have been described as a “black box” experiment.  The properties of the alpha particles, their mass, charge, speed, etc., were at least partially understood.  The atoms making up the target, however, presented Rutherford with a kind of black box; the structure of the atom was not known at the time.  In order to explain the results of the scattering experiment, Rutherford had to propose a new model of the atoms.  A model that explained the results of the data gathered from the experiment.  In 1911 Rutherford proposed the following model for the structure of the atom:

· Most of the mass of the atom is concentrated in a very small, dense central area, later called the nucleus, which is about 1/100,000 the diameter of the atom. 
This was proposed as a result of what data: ______________________________________________________________________________________________________________________
· The rest of the atom is apparently “empty space” 
This was proposed as a result of what data ______________________________________________________________________________________________________________________
· The central, dense core of the atom is positively charged, with the nuclear charge equal to about one-half the atomic mass.

This was proposed as a result of what data ______________________________________________________________________________________________________________________

Objective:

The purpose of this activity is to discover by indirect means the size and shape of an unknown object, which is hidden underneath the middle of a large board.  By tracing the path the marble takes after striking the unknowntarget from a variety of angles, it should be possible to estimate the general size and shape of the unknown target.

Pre-Lab Questions
1. Read the material in your textbook about the Rutherford experiment and answer the three questions in the introduction.

2. This activity is a simulation of Rutherford’s scattering experiment.  Read the entire procedure and compare the components used in this simulation to Rutherford’s original discuss what each component in our simulation corresponds to in the original experiment.

3. The key skills in this activity, as in Rutherford’s experiment, are the ability to make careful observation and to draw reasonable hypotheses.  Assume that the marble strikes following sides of a possible target.  Sketch the path the marble might be expected to take in each case.
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4. Discuss what information can be inferred if the marble rolls straight through without striking the unknown target.

Materials:
1. foam board with unknown shape attached
2. marbles

3. white paper

4. push pins

5. pencil

6. ruler

Procedure:

1. Form a group of three students

2. Pin the paper to the top of the board (do not look at the shape on the underneath side)

3. Roll the marble with a moderate amount of force under one side of the board.  Observe where the marble comes out and trace the approximate path of the marble on the paper.

4. Working from all four sides of the board, continue to roll the marble under the board, making observations and tracing the rebound path for each marble roll.  Roll the marble AT LEAST 20 TIMES from each side of the box.  Be sure to vary the angles at which the marble is rolled.  You may use the rulers as a launching platform.
5. After sketching the apparent path from all sides and angles, the general size and shape of the unknown target should emerge.

6. Form a working hypothesis concerning the structure of the unknown target.  Based on this hypothesis, repeat as many “targeted’ marble rolls as necessary to confirm or revise the structure.

7. Check your answer with your teacher.   DO NOT look under the board.

8. If time permits try an extension, or another shape.

Post Lab Questions
1. Draw the general size and shape of the target to approximate scale in the square below.  
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2. The speed of the marble rolls was a uncontrolled variable in this activity.  How would the outcome of the scattering test have been different if the marble speed had been faster or slower?
3. Compare the overall size of the target with the size of the marble used to probe its structure.  How would the outcome of the scattering test have been different if different size marbles had been used?  Explain.

Teacher Notes
Lab Hints
1. Groups of three students seems to work well for this activity
2. this lab can be completed and discussed in 1 50 minute lab period if the students have done the pre-lab assignment before class

3. An extension of the lab is to have the students try different speeds of marbles or different sizes.  Students should be cautious about rolling the marbles to fast as loose marbles may cause the teacher to lose their marbles (Ha Ha)

4. I have often wished that I had large flat boxes in which to perform this activity to contain the marbles

Teaching Tips

1. Have students construct a timeline of discoveries in atomic and electron structure.  See hand for the time line I have used the past few years.

2. A good source for the timeline research is the Nobel Foundation official web site (www.nobel.se)

3. Although I use this lab as an introduction to the structure of the atom in my chemistry classes, this experiment is also be used as a introduction to a discussion of particle accelerators and can be used to introduce a discussion of particle physics.

Answers to Questions;
Pre-Lab Questions

a. The first bullet point was inferred from the fact that some of the alpha particles were deflected.

b. The second bullet point was inferred from the information that most of the alpha particles traveled straight through the metal foil, as if nothing were in their path.

c. The third bullet point was inferred because as the alpha particles randomly struck the gold target, a few approached the nucleus of the atom head on.  The positively charged alpha particles were strongly repelled by the nuclear charge 

d. Marbles correspond to alpha particles

e. Board corresponds to the gold foil target

f. Unseen object corresponds to the atomic nucleus

g. Traced path of the marble corresponds to the scattering angles of the alpha particles

3. 
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2. Knowing where the marble rolls in one side and out the other is an important first step for determining the size of the object and its position on the board.
Post-Lab Questions
1. See sample data on next page.  It is easiest to determine the overall size and position of the target.  It was also relatively easy to deduce straight edges on the target that were perpendicular to the marble roll.  It was more difficult to distinguish between curved edges and slanted straight edges.
2. The most obvious answer students will give is that the speed of the marble must be fast enough to pass through to the other side of the board if the target is not in its way.  Note: the speed of the marble will affecthte angle of deflection (rebound path).  If the marble is too slow, the rebound path or angle will change as friction forces slow it down further (WOW a good time to review forces and friction)
3. The targets used in this study were approximately ten times larger than the marbles.  In general if the marble hits any part of the target it will be deflected.  Thus the target will appear larger than it is by the diameter of the marble.  Small pieces of metal shott give the best data but oh what a mess they make.
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