MODELING NUCLEAR PARTICLE COLLISIONS
INTRODUCTION: When objects are very small or very large, they must be measured indirectly.  Ernest Rutherford using his gold foil experiment discovered that the very small atom deflected particles because it had an even smaller dense nucleus.  Since it is not possible to use your naked eye to view nuclear particles, an indirect method is used.  One method is to use small round objects such as marbles or stainless steel ball bearings to represent target nuclear particles.  The marbles or ball bearings can be placed in a confined space and another marble or ball bearing can be used as a shooter and rolled into the space to see if it will hit one or any of the others.  This provides a way to visualize a collision of a target nuclear particle and to study the path of the particles that are deflected by the strike.  Physicists use particle accelerators like the Large Hadron Collider and the ATLAS detector to view collision images on a computer.  By using objects that are visible and able to be handled it is possible to model nuclear particle collisions.
PURPOSE: To model nuclear particle collisions, observe nuclear scattering and determine particle size by indirect measurement.
MATERIALS: 14 marbles or stainless steel ball bearings, 2 one-meter long barriers (ramps, tracks, or meter sticks), and a meter stick
PROCEDURE:

1. Place the barriers parallel to each other 50 cm apart on the floor so that one end of each barrier touches the same wall.

2. Measure 10 cm from the wall into the space between the barriers and line up nine marbles or ball bearings, as targets, starting at 5 cm from each barrier and spaced at 5 cm intervals.  The pathway will represent the inside of the detector and the spaced marbles or ball bearings represent the target nuclear particles.  From the percentage of rolls that lead to collisions, you will be able to determine the size of the target nuclear particles.

3. Roll the five additional marbles or ball bearings (these are the shooters) randomly, one at a time, toward the whole target area from the release point that is at the open end of the barriers not touching the wall.  If a shooter hits a target it counts as one hit, if a shooter hits two targets it still counts as one hit.  If a shooter does not hit a target, it is counted as a miss for the total number of trials.  If a shooter goes outside of the measured space the trial does not count in the total.  Record your number of hits, number of misses, and total number of trials on a data chart on unlined paper.  In order for your experimental results to become statistically significant, you will need a minimum of 300 trials.


4. After completion of data collection calculate the size of the target nuclear particle showing all calculations.  Place all predicted values and calculated values for the diameter of the target nuclear particle, and the measured diameter on your data chart.


5. Analyze your results and compare them for the calculated diameter from the indirect measurement of the target nuclear particle to the direct measurement.  Calculate the percentage difference in the two measurements.

PROBLEM DISCUSSION: When the shooter rolls toward a target nuclear particle, there is a certain probability of a hit between the shooter (S) and the target nuclear particle (TNP).  The probability (P) of a hit is the ratio of the path width required for a hit to the width of the target area (W).  The path width is equal to two S radii (2R) plus the diameter (2r) of the TNP.  The probability (P) that a shooter (S) will hit a lone target nuclear particle (TNP) in the target area is found by dividing the path width by the width of the target area.
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Where R = the radius of the target nuclear particle (TNP)

And r = the radius of the shooter (S)

And R + r = the distance between the centers of a shooter (S) and a target nuclear particle (TNP) that are touching

And W = the width of the target area

If the number or target particles is increased to N, the probability of a hit is increased by a factor of N.  This is only true when N is small enough that the probability of multiple collisions is also small.  This means that the probability that a shooter (S) will hit one of the N widely spaced target nuclear particles (TNP) is

P  =  2N (R + r)
W
From this equation, you can show that a hit can also be determined experimentally by the ratio of the total number of  hits to the total number of trials.
P  =    # hits
# trials
This provides two ways to calculate the probability of a hit.  These two equations may be equated if the radii of the shooter and target nuclear particle are equal because R plus r is then equal to the diameter (R + r = d) for any equal sized objects used.  When you combine the two equations for probability, you get the one that will be used to solve for the diameter of the target nuclear particles from your experimental data.

REFLECTION: What conclusions can be drawn about the accuracy and process of indirect measurement from this experiment?  What changes might be made to improve the results?  Explain the accuracy of your experimental results.
