The Rutherford Experiment

Objective: Through this activity, you will determine the size of something you cannot directly measure; similar to the Rutherford Experiment.
Materials: metersticks, tape, 8-9 marbles of the same size

Method and Observations:
•Obtain a wooden frame that has one side open when the other three sides are on a flat surface.  Measure the size of the opening in the frame from side to side in centimeters.  Record this as W, the width of the target area.


Width of target area (W) = 

•Place the frame on the floor with 3-4 feet of open space in front of the opening (against a wall is the best).  Tape 5 or 6 marbles inside the frame, spaced randomly.  These marbles should be stationary and must be returned to their locations if they should happen to become dislodged.  Record the number of marbles you taped down as n.


Number of marbles (n) = 

•Using 2 or 3 other marbles, you will be rolling one marble at a time from 3-4 feet in front of the frame directing the marbles at all points of the opening in the frame. DO NOT AIM AT THE MARBLES IN THE FRAME!!  You will keep count of how many rolls enter the opening of the frame.

•Your partner will keep count of how many times your rolled marble collides with a stationary marble inside the frame. There may be only one collision per roll; the rolled marble is considered a miss if it hits the frame first.

•There will be a total of 100 rolls in this activity.  Record the total number of collisions after the following rolls:

	Roll #
	Total # of Collision

	0
	

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	

	70
	

	80
	

	90
	

	100
	


•To be able to verify the calculated size of your marbles with the actual value, line up all of your marbles from a corner of the frame and measure the distance for all of your marbles and divide by the number of marbles to find the average size of one marble.


Total distance of marbles = 


Total number of marbles = 


Average diameter of one marble = 

Calculations and Results:
We know that:  


You must figure out the probability that a collision might occur for any one marble rolled into the frame.  This probability depends on several factors:  the diameter of the marbles (d), the number of stationary marbles (n), and the width of the target area (W).

· The larger the diameter of the marbles the greater the probability of a collision. Therefore, the diameter, d, must be directly related to the probability.

· For a collision to occur, the rolled and stationary marbles must be within a lateral space no greater than if the marbles were located exactly side by side, or a space of 2d.  Now we have a factor of 2d that is directly related to the probability.

· The more marbles you have taped down in the frame (n), the greater the probability for a collision, so the factor n is directly related to the probability.

· The larger the opening in your frame (W), the more spread out your marbles will be and the fewer collisions you will have.  The factor W is inversely related to the probability.

1.
Use the information above to write the mathematical statement for the probability for a collision.

2.
Set the collision equation equal to the probability equation, as the collision rate should equal the probability of a collision.

3.
Solve the equation from #2 for d, for each of the seven rolls, and calculate the percent error from the actual average diameter of one marble (see “Method and Observations”).  Show complete work for one of the trials.

	Roll #
	d
	% error

	10
	
	

	50
	
	

	100
	
	

	200
	
	

	300
	
	

	400
	
	

	500
	
	


Conclusion: 

Relate this activity to the Rutherford experiment:  How accurate were your results, and what are the limitations and frustrations in measuring the size of an atom and its parts in this manner?
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