Motion of a Charged Particle in a Magnetic Field
Developed by Jordan McDonnell [image: E:\Inetpub\wwwroot\compadre/PICUP/images/exercises/Thumbnail15.png] In this set of exercises, the student will write code to calculate and visualize the trajectories of charged particles under the influence of both uniform and interesting non-uniform magnetic fields, including the earth’s magnetic field. ## Exercises ### Exercise 1: Motion of a charged particle in a uniform magnetic field Consider a uniform magnetic field, of strength  T, in the -direction. An -particle enters the magnetic field at initial position , with an initial velocity  in the -direction.
· What do you expect the -particle’s trajectory to be shaped like?
· Write the equations of motion for the -particle in the uniform magnetic field. Solve the equations analytically.

· Describe in words (or pseudocode) a procedure to numerically solve these equations of motion for the trajectory of the -particle.

· Now, use your numerical method or a differential equation solver to find a numerical solution to the equations of motion you wrote down. The special case of a uniform magnetic field has an analytical solution, but many cases do not. Validate your code: Does the shape of the -particle’s trajectory match your expectation and your analytical calculation?
· How would your results be different for an  ion that enters the magnetic field? Confirm by running the code with parameters for the  ion with the same initial velocity that the -particle had. Plot the -particle’s trajectory and the negative ion’s trajectory on the same plot.
Exercise 2: Motion of a charged particle in the magnetic field of a magnetic dipole
Now, consider the magnetic field of a magnetic dipole, which has a magnetic field given by

Let the magnetic dipole moment have a magnitude .
An -particle enters the vicinity of this magnetic dipole at initial position  with an initial velocity  in the -direction.
· First, let the magnetic dipole moment point in the  direction. Make a vector plot of the resulting magnetic field.
· Make a hypothesis about what the -particle’s trajectory will be shaped like - describe in words, or accompany with a drawn diagram.
· Modify your code from Exercise 1 to simulate the motion of the -particle in this magnetic field. Plot the -particle’s trajectory, and compare with your hypothesis. Also, compare and contrast this result with the -particle’s trajectory in the uniform magnetic field in Exercise 1.

· Now, let the dipole moment point at a 23  angle with respect to the -direction, and simulate the -particle’s motion in this magnetic field. Start the alpha particle with initial position . Plot the -particle’s trajectory - compare and contrast this result with your previous results.
Exercise 3: Motion of a charged particle in a ‘magnetic bottle’
In the previous exercises, you should have observed that the charged particles can be confined in a given region of space by a magnetic field. This serves a variety of purposes in experiments such as mass measurements and in applications such as magnetic-confinement fusion.
One interesting configuration is the “magnetic bottle”. Experimentally, a magnetic bottle can be constructed with a pair of coils that have electric current running through them. We will model this setup with a pair of magnetic dipoles.
· Place one magnetic dipole at , and the other at . Let both dipole moments point in the positive -direction, with equal magnitude . Make a vector plot of the resulting magnetic field, and describe your plot.
· Make a hypothesis about what the charged particle’s trajectory will be shaped like. Based on your vector plot and your physics knowledge, do you predict that the particle will be successfully confined? Why or why not?

· Modify your code from the previous Exercises to simulate the motion of the -particle in this magnetic field. Start the -particle at position , with initial velocity  in the -direction. Plot the -particle’s trajectory, and compare with your hypothesis. Also, compare and contrast this result with the -particle’s trajectory in the uniform magnetic field in Exercise 1 and the dipole magnetic field in Exercise 2.
· For further insight into the charged particle’s trajectory, make a plot of the particle’s -coordinate vs. time. What does this plot tell you about the particle’s motion? Is the particle successfully confined, or do you think it will eventually escape?
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