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Abstract: 

 It has long been proven that magnetic levitation is possible. Magnetic confinement of 

plasma has also been long proven a possibility with experiments like the Levitated Dipole 

Experiment, performed by researchers at MIT, and Columbia University
1
. This experiment will 

discuss the design and execution of a magnetic levitation device without feedback control. This 

will be achieved by levitating permanent magnets and using diamagnetic materials for horizontal 

stabilization. 

 

 

 

 



Research Topic:  

This research project will involve research of magnetic levitation and various 

experiments involving it. I plan to stably levitate a permanent neodymium magnet using 

diamagnetic materials. This will involve building the appropriate testing apparatus for levitation 

as well as building a secondary apparatus to test the magnetic susceptibility of various 

diamagnetic materials.  

Research Questions:  

 Where is the point where magnetic force between the upper and lower magnets can equal 

the gravitational force on the smaller magnet? 

 What diamagnetic materials can be used to stabilize the levitated magnet? 

 What distance do the diamagnetic materials need to be from the levitated magnet to have 

the desired effect? 

Literature Review:  

Magnetism is routinely defined as a property of material to respond to a magnetic field at 

a subatomic or atomic level
2
. The most common conception of magnetism would probably be 

known formally as ferromagnetism; which can be defined as a material that exhibits a net 

magnetic moment in the absence of an external magnetic field
3
. To show an example of a 

magnetic field, one could look at the Earth itself. There is a magnetic field that surrounds the 

Earth that flows from the Earth’s geographic South Pole (magnetic North Pole), to the 

geographic North Pole (magnetic South Pole)
 2, 3

. This may be a little counterintuitive when 

thinking in terms of geography, but magnetic fields always flow “north” to “south”, so it is 

mainly by convention that the directions are what they are. Magnetic fields are not only static; 

they can be created by the flow of electricity
3
. Any medium that carries an electric current will 



generate an electric field and a magnetic field. These fields are the same in magnitude but run 

perpendicular to each other, and when this phenomenon is observed macroscopically, it is 

defined as the electromagnetic field
3
. 

Magnetic levitation has long been possible, used in mass transit to magnetic bearings 

within artificial hearts. The problem with the levitation that science fiction portrays is that 

according to Earnshaw’s theorem, it is impossible to stably levitate an object in a static magnetic 

field
, 5, 6

. Earnshaw’s theorem only applies to materials with a magnetic moment less than 1
5, 6

. 

Materials with a magnetic moment less than 1 are classified as diamagnets. A diamagnetic 

material expels external magnetic fields that are applied to this material. Diamagnets are 

dynamic in their magnetic strength, meaning that their magnetization changes with the external 

field
6, 7

. Diamagnets are also the only materials that are attracted to field minima in a magnetic 

field in free space, which goes against Earnshaw’s theorem
6
. Ferromagnetic and paramagnetic 

materials will be attracted toward field maxima, which follow Earnshaw’s theorem
6
. The 

material that exhibits the strongest diamagnetic properties is a superconductor, with graphite and 

bismuth being the strongest room temperature diamagnets
6
. I say room temperature material 

because a superconductor is typically cooled to at least liquid nitrogen temperature, about -196 

degrees Celsius.  The experiment proposed here will be a diamagnetically-stabilized levitation 

using two neodymium ring magnets and four pyrolytic graphite plates. In this experiment I will 

develop a stable magnetic suspension device using the materials described above. 

Methodology: 

Any materials that I propose using will hopefully be acquired through Dr. Ordonez and 

the physics department at the University of North Texas. The principle behind this experiment is 

based off of the theoretical work done by Ryan Lane, which involves the simulation of charged 



particles moving in a magnetic field created by two current carrying loops. To begin, 

dimensional measurements of the magnets will be taken. These measurements will include the 

inner and outer radii of the rings, the masses of the magnets, and the material that the magnets 

are made of. The testing apparatus will consist of a base, an aluminum threaded rod, two 

neodymium magnets, four pyrolytic graphite plates, and the necessary support equipment for the 

experiment. The neodymium magnets are actually an alloy of neodymium, iron, and boron, and 

are sometimes referred to as neo-magnets or other similar terms. The apparatus will be built to 

certain specifications based on the measurements of the magnets and the materials used in the 

apparatus will have to be nonmagnetic, such as copper, brass, ceramics, or aluminum. The 

primary testing that has been completed has consisted of a wooden table with a countersunk hole 

to seat the fixed magnet. The levitated magnet is fixed to the aluminum rod using a pair of hex 

nuts and a rubber expansion washer. This aluminum rod is placed within the fixed magnet and 

the repulsion force between the two magnets will keep the levitated magnet afloat. The pyrolytic 

graphite plates are placed as close as possible to the levitated magnet without actual contact 

between the plates and the magnet. The diamagnetic properties of the graphite sheets are used to 

weakly repel the levitated magnet away from each sheet. With graphite sheets on every side of 

the magnet, the levitated magnet should be centered. I am also working on a magnetic 

susceptibility apparatus, which involves a rigid pendulum with a magnet on the end of it. Various 

materials are placed at a predetermined location from the magnet and the angle of deflection of 

the pendulum due to the magnetic force on the magnet is measured.  

Health Concerns: 

 Since these are rather powerful magnets, risk to the hands of the one performing the 

experiment in the terms of skin breakage or possible bone fracture could be an issue. There are 



safety concerns when machining parts, but these can be avoided as long as the tools being used 

are used properly and the proper shop procedures are followed. 

Preliminary Results: 

 My work so far has been the necessary machining and preliminary testing that I have 

described in my methodology. With the assistance of the UNT machine shop, I have built a 

testing apparatus out of aluminum. This apparatus consists of an aluminum base plate, four 

aluminum support blocks, and four micrometer heads that are calibrated to within .0254 

millimeters. The support blocks and micrometers are arranged in a square pattern around the 

center of the base plate, where the lifter magnet has been set into the plate. Four aluminum discs 

have been machined to hold the graphite plates. With the current design, I have used double-

sided mounting tape to hold the graphite plates. I am currently working through trial and error to 

determine the optimal separation distance between the plates and the levitated magnet to achieve 

horizontal stabilization of the magnet.  
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