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Abstract


Review time can be very boring for both teachers and students. In an attempt to make this time more intriguing for students while still being informative for students, I suggest that an advanced topic in physics be broken down into introductory physics topics. In this manner students can be subjected to interesting topics in physics while reviewing for final examinations. A variety of advanced topics can be broken down into fundamentals. This paper will lay out a review exercise suitable for introductory physics classes while exploring the concept of Rutherford Backscattering Analysis.

Connections to Physics Education Research


In this exercise students are lead through a series of problems appropriate for the high school level physics classroom. These problems contain the concepts of kinematics, energy, momentum and electric fields. Often there is a disconnection between the real world and the classroom. This exercise attempts to bridge the gap between the classroom and actual application of the concepts being taught to students in school. 


Students often struggle with kinematic graphs. Often the graphs have little meaning to a student. In this exercise students are required to tie a real physical situation to these kinematic graphs. This allows these graphs to have a physical meaning, which will connect with the students prior experiences with displacement, velocity and acceleration.


Often in science education the historical importance of breakthroughs is not emphasized in the classroom. Scientific discoveries such as Rutherford’s experiments with alpha particles and gold foil, are turning points in the evolution of science. These are the discoveries that can be points of interest to students. Discoveries such as this one can create interest in our field of study, and can have an immeasurable impact on some of our students. 


Students tend to separate concepts into categories such as electricity or kinematics. Students often look at these concepts as unrelated to each other. This can create a disconnected overall understanding of the concepts in physics. This exercise forces a student to connect concepts such as electricity and kinematics. This is in an effort to create a better overall understanding of the relationships between concepts in physics. 

Background

In 1911 Ernest Rutherford published the results that would change our view of the atom forever. Prior to his analysis of alpha particles incident on gold foil, the atom was thought of as a “plum pudding” in which electrons, the plums, resided in a pudding of positive charge. The experiments conducted starting in 1909 by Hans Geiger and Ernest Marsden, under the supervision of Ernest Rutherford, would disprove this model and create a newly accepted view of the structure of the atom. 


In this famous experiment, commonly called the gold foil experiment, alpha particles (Helium +2 ions) were incident on a very thin sheet of gold foil. The expectation was that most of the alpha particles would have been deflected by a very small angle. What was found was quoted to be the equivalence of “as if you fired a fifteen-inch shell at a piece of tissue paper and it came back and hit you". What was found that was that most alpha particles passed right through the gold foil, however a small percentage of these alpha particles were reflected by angles up to 90 degrees. This led to the conclusion that since most particles passed right through; the atom was mostly empty space. The fact that some alpha particles went through a large deflection angle led to the conclusion that there was a very dense nucleus to the atom. The nucleus was also found to be positive in charge as a result of this experiment.    


The results of this experiment changed our views of the atom forever. This was not the end of this type of analysis however. This type of analysis is still used today. Information on the atomic scale can be gathered from analysis of the scattering of ions from the surface layers. Elemental composition as a function of depth can be obtained from this type of analysis. An example of such analysis would be looking at the penetration of rust into stainless steel. With Rutherford Backscattering Analysis we could determine the depth of rust penetration with a precision on the atomic scale (10^-15m). Additionally we could also determine the percentage of rust/stainless steel as a function of this depth.     

Our ability to conduct such analysis arises from the fundamental concepts that are developed in a high school physics classroom. This paper lays out a description of these concepts in light of learning about the basics of Rutherford Backscattering Analysis. 

Generation of high energy particles


In order to conduct more precise experiments than the ones conducted by Rutherford, the generation of high energy particles is highly controlled. A large Vandegraff generator is used to accelerate charged particles instead of getting these particles from a radioactive source. In this manner the energy of the particles can be controlled by the voltage of the generator. This voltage is used to set up an electric field that is used to accelerate these charged particles. For the purposes of this activity we will use alpha particles (He+2), which is commonly used in Rutherford backscattering analysis. The typical voltage differences produced by the generator are on the order of millions of volts, much larger than Vandegraff generators that are used in classrooms!

To better understand how these particles are conditioned, we will analyze the result of a charged particle in the electric field created by the generator.


1.  On the diagram above draw in lines to represent the electric field

2. Calculate the electric field strength between the two plates.

3. Draw a vector to represent the force on the particle due to the electric field.

4. Calculate the force on the particle.

5. Calculate the energy of the particle when it reaches plate B.

6. Calculate the particle’s velocity when it reaches plate B. (Mass of a alpha particle is 2 protons + 2 neutrons)

After the initial conditioning of the particles they are directed to the sample in which is to be analyzed. Between the accelerator and the target the particles are focused into a beam through the use of magnetic fields. Draw the displacement, velocity and acceleration versus time graphs for the particles from the time they start in the accelerator to the time they hit the sample. Consider there to be no acceleration after the particles have left the accelerator.


Now we will analyze the collision of these particles with the surface of the target. The collision is considered to be perfectly elastic, which means that both momentum and energy are conserved during the collision. With the concepts of conservation of energy and momentum, the change in energy for the alpha particle can be related to the mass of the particle it collided with. This mass is related to a specific element on the periodic table. In this manner we can measure the energy of the alpha particles after the collision and determine what elements are present near the surface of the target. We will consider two dimensions, x and y. The coordinates are labeled below. 

Consider that the alpha particle’s velocity is all in the X direction, with no Y component to the velocity. The atom near the surface does not have any initial velocity.

1. Using the velocity and mass you calculated in the first section for the alpha particle, calculate the momentum in the X direction for the particle. 

2. What is the total momentum in the x direction for the system of alpha particle and surface atom?

3. What is the total momentum in the y direction for the system of alpha particle and surface atom? 

4. Using the velocity and mass you calculated in the first section, calculate the kinetic energy of the alpha particle.

5. What is the energy of the system of alpha particle and surface atom?

6. In an elastic collision energy and momentum are conserved. What is the total momentum in the X direction for the system of alpha particle and surface atom after the collision? What is the total momentum in the Y direction for the system of alpha particle and surface atom after the collision? What is the total energy of the system of alpha particle and surface atom after the collision?


1. With the velocity provided determine the vertical component of the Alpha particle’s velocity.

2. With the velocity provided determine the horizontal component of the Alpha particle’s velocity.

Using the concepts of conservation and energy we arrive at three separate equations:

A) Conservation of Energy

Energy of Alpha particle before = Energy of Alpha particle after + Energy of Surface atom

Since there is no potential energy:
KE of Alpha particle before 
= KE of Alpha particle after + KE of the Surface atom

½ Malpha(Vbefore)2

=
 ½ Malpha(Vafter)2
       +
½ Msurface (Vafter)2
Equation 1
B) Conservation of Momentum in the X direction

(MomentumX-Before Alpha) = (MomentumX-After Alpha) + (MomentumX-After Surface Atom)

Malpha(VX-before)                         =       Malpha(VX-after) 
   + 
    Msurface(VX-after)
Equation 2
C) Conservation of Momentum in the Y direction

(MomentumY-Before Alpha) = (MomentumY-After Alpha) + (MomentumY-After Surface Atom)

Malpha(VY-before)                         =       Malpha(VY-after) 
  +      Msurface(VY-after)

Equation 3
After the alpha particles collide with the surface atoms, they are reflected back and a detector measures the energy of these alpha particles. This energy is compared to the original energy of these particles before the collision with the surface atoms through a kinematic factor (K). K is just the ration of energy after to the energy before (K = Ea/Eb). Using this energy and the three equations listed above, the mass of the surface atoms can be determined and consequently identified through atomic mass and the periodic table. K is related to mass of the alpha particle and the surface atoms by the following relation:

K = 1-{(2(Malpha x Msurface))/( Malpha + Msurface )2} x (1-cos Ѳ)    
Where Ѳ is the angle of scattering
For example if a alpha particle comes in with 4 MeV and leaves with a scattering angle of 170 degrees and an energy of 3 MeV then K =  (3 MeV)/(4 MeV) = .75 which corresponds to the atomic mass of Iron (Fe).

After millions of alpha particles collide with the surface of the sample being analyzed, there is a good distribution of collisions with the variety of atoms near the surface of the sample. This distribution is used to calculate concentrations of atoms as a function of depth. This can be used to determine the composition of corrosion layers or to determine how far a certain element has penetrated into a surface. This technique is used today to do surface analysis on a broad spectrum of materials.

A sample data collection is displayed below:
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Titanium is on a thick layer of Silicon. Nitrogen, Carbon and Oxygen are also present








