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Abstract: Magnetic levitation is an interesting phenomenon of lifting/ suspending objects without any physical
contact using magnetic power, which finds multitude of applications in modern technologies. The objective of
this article is to interactively demonstrate magnetic levitation using a simple experimental setup with intent to
increase the efficacy of science and engineering pedagogy in teaching-learning process of magnetism for the
realization of potential of physics in the making of advanced systems such as maglev trains, flying cars, maglev
wind turbines and magnetic bearings.
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1. INTRODUCTION
Demonstrations with active participation are efficient tools to deliver, receive and exchange
information effectively in teaching-learning environments which stimulate learners to involve in it.
Particularly, the projection of scientific principles would be more attractive and informative if they are
demonstrated, though simple [1]. Scientific demonstrations provide a greater impact in the realization
of many advanced technologies. Magnetic levitation (maglev) is a very interesting scientific
phenomenon which possesses numerous applications in modern science, engineering and technology.
Literature survey reveals that interactive demonstration of magnetic levitation phenomenon to the
science and engineering pedagogy is not much reported in journals as well as text books in a simple
form. Hence, this work is attempted. The objective of the article is primarily to demonstrate the
principle of magnetic levitation in a very simple way. In addition, this paper could also assist the
pedagogy to realize the fundamentals of magnetism such as: the concept of a magnetic dipole, its
interaction with an external magnetic field, torque on a magnetic dipole (a current loop), magnetic flip
and polarity of magnetic dipole. In addition, this article could also help active learners as well as
teachers of graduate level for the realization of the principles of magnetic sensors, magnetic actuators,
electromagnets and static and dynamic maglev systems. Though the demonstration appear to be
simple, it conveys a bundle of potential information for the science and engineering pedagogy about
magnetism from some of the basics of magnetism to the realization of the principles behind the
advanced technologies such as maglev trains, flying cars, maglev wind turbines and magnetic
bearings [2-6]. But, in the design of real time maglev systems, maintaining their mechanical stability
and electronic control mechanisms are challenging factors, which are to be carefully designed to
maintain the precise magnetic suspension motions. Many of the researchers have also presented
various modeling techniques and mathematical treatments on maglev applications to handle different
situations [7-13].
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2. BLOCK DIAGRAM OF MAGNETIC LEVITATION AND DESCRIPTION
The block diagram of magnetic levitation demonstration experimental set-up used in our laboratory is
shown in Figure.1.

Fig.1. Block diagram of magnetic levitation experimental set-up

The set up consists of a ring magnet and an insulated circular copper coil. The ring magnet used for
demonstration was taken by us from an unused speaker. The copper coil was wound on a nonconducting circular frame. The material of the frame must be selected in such a way it should be
capable of withstanding joule’s heating during the passage of current. A maximum direct current of 3
amperes was used by us for demonstration. When a current I is passed through the coil, it acts an
electromagnet and in the absence of current it is simply an ordinary coil and not an electromagnet and
hence no magnetic power is associated to that coil when the is no current flow through which.
Initially, the coil is connected to an I.C. regulated d.c. power supply and the power supply is switched
OFF. Now, the coil is not a magnet. In this condition, the coil is placed inside the central hole of the
ring magnet freely without any contact with the magnet. Even though, the ring magnet is a permanent
magnet, its magnetic field does not have any effect on the coil housed in its central hole during rest
when there is no current in the coil. Whereas, if the power supply is switched ON, a current is
activated in the coil and hence the coil now acts as an electromagnet/ magnetic dipole and the
magnetic field associated with this magnetic dipole interacts with the magnetic field of the ring
magnet. As a result of the interaction/ coupling effect of these two magnetic fields, an attraction or
repulsion of the coil magnet by the ring magnet and vice versa takes place. Since the direction of
current in the coil determines the magnetic polarity of the coil magnet, accordingly, it is attracted or
repelled by the ring magnet. Upon switching ON the power supply, if same poles of ring magnet and
coil magnet face each other, the coil is momentarily lifted/ jumped up against the gravity above the
ring magnet from the rest position in the hole of ring magnet. This is called magnetic levitation/
suspension. In contra, if opposite poles face each other, then, both attract each other.

3. EXPERIMENTAL SET-UP AND DEMONSTRAION
The basic components required for this demonstration are, namely: an IC regulated d.c. power supply
(12V, 3 A), an insulated copper wire wound on a ring-type non conducting frame to form a circular
coil, a ring magnet, a non-magnetic stick and connecting wires. The copper wire of the coil was
selected in such a way it could withstand a direct current of 3 amperes. The material of the nonconducting frame was also selected in such a way it should withstand joules heating; otherwise the
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frame may melt because of joules heating. If required, such winding with required specification can
be obtained from any technician involved in electrical windings. The ring type magnet possesses a
hole at the centre, wherein, the coil could be placed without any contact friction with the ring magnet.
If the number of windings of coil is more, the response of the coil magnet is also more for magnetic
coupling effects. After the coil is wound, suitable glue may be used to hold the windings from
rewinding. If the coil wire could withstand more than 3 ampere current, then, a higher current supply
also could be used. Since, magnetic field produced by a coil depends on magnitude of current flowing
through which, more current can produce more magnetic field in the coil and the coil can produce
better effect of magnetic levitation.
To demonstrate magnetic levitation phenomenon, the coil is connected to the power supply either
directly or through a rheostat to control the current. The ring magnet is placed nearby the
experimental arrangement. The ends of coils could be soldered with the connecting wires for better
electrical contact. The photograph of experimental arrangement used in our laboratory for the
demonstration is shown in Figure.2.

Fig.2. Photograph of experimental arrangement

When the power supply is switched ON and current is passed though the coil, the current carrying coil
acts as a magnetic dipole. This magnetic dipole now could interact with the magnetic field of the ring
magnet. The current is switched OFF and coil is placed inside the centre hole of ring magnet. The
photograph of this situation is shown in Figure. 3.

Fig.3. Photograph of coil housed inside the centre hole of circular magnet.

A metallic stick placed near by the experimental set up is a non-magnetic type. This could be used to
hold the magnetic objects wherever required during demonstration process without any interference
by the magnetic fields. In general any non-magnetic stick could be used, i.e., either metallic or nonmetallic type. The photograph of upper projection of the arrangement in Figure.3 is shown Figure.4.
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Fig.4. Photograph of upper projection of the arrangement

Now, the non-magnetic stick is inserted in the centre hole of coil frame, vertically down, holding it on
a hand at the top. It should be noted the rod should not be tightly inserted in the coil frame, which may
obstruct free motion of the coil over the non-magnetic stick during levitation. The photograph of this
situation is shown in figure.5.

Fig.5. Photograph of the experimental set-up along with inserted non-magnetic stick.

Now, in this condition, the power supply is switched ON. It could be seen that the coil magnet is
momentarily lifted up from the hole of the ring magnet and suspends in air above the ring magnet.
This phenomenon is called magnetic levitation or magnetic suspension. This response of the coil
magnet is the outcome of its magnetic field interaction with the magnetic field of ring magnet. The
photograph of this situation is shown in figure.6.

Fig.6. Photograph of experimental set up with suspended coil

Figure.6 indicates that the coil is fully lifted/ suspended by magnetic power. If now the power supply
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is now switched OFF, it could be seen that the coil sits back inside the hole of ring magnet. The
switching ON and OFF of the power supply could be done multiple times and demonstration of
magnetic levitation could be made more attractive.
4. CONCLUSION

Magnetic levitation possesses numerous applications in various fields of modern engineering designs
and technologies. The focus of this article is primarily to demonstrate magnetic levitation
phenomenon in a very simple way to enable science and engineering pedagogy to experimentally
realize magnetic levitation and its potential applications. The paper also help the pedagogy to
understand various principles and concepts of magnetism experimentally, such as, creation of a
magnetic dipole, its interaction responses in an external magnetic field, magnetic sensors, magnetic
actuators and electromagnets in addition to the realization of principles behind potential maglev
applications such as maglev trains, flying cars, maglev wind turbines and magnetic bearings, thereby,
this may hopefully actuate them to pursue research on maglev technologies to meet the magnetic
demands of the society at present and also in the future.

Acknowledgement
The author would like to thank various people who helped in this work in various forms.

REFERENCES
[1] Catherine H. Croucha, Adam P. Fagen,, J. Paul Callan, and Eric Mazur, “Classroom
demonstrations: Learning tools or entertainment?’, American Association of Physics Teachers,
Vol. 72, No. 6, June 2004
[2] MAO Baohua, HUANG Rong, JIA Shunping, “Potential applications of maglev railway
technology in China”, Journal of transportation systems engineering and information technology,
2008, 8(1), 29-39.
[3] Hamid Yaghoubi, “The most important maglev applications”, Journal of Engineering, Volume
2013 (2013), Article ID 537986, 19 pages
[4] Do-Kawn Hong, Byung-Chul Woo, Dae-Hyun Koo, and Ki-Chang Lee, “Electromagnetic
weight reduction in magnetic levitation system for contactless delivery applications”, Sensors,
2010, 10, 6718-6729.
[5] Jin Shi, and Ying-Jie Wang, “Dynamic response analysis of single-span guideway caused by
high speed maglev train”, Latin American journal of solid structures, 8 (2011) 213-228.
[6] Monika Yadav, Nivritti Mehta, Aman Gupta, Akshay Chaudhary, & D.V. Mahindru, “Review of
magnetic levitation (maglev): A technology to propel vehicles with magnets”, Global journal of
research in engineering, mechanical & mechanics, vol,13, issue 7 version.1, year 2013.
[7] ZHOU Hai-bo, DUAN Ji-an, “Levitation mechanism modeling for maglev transportation
system”, J. Cent. South Univ. Technol. (2010) 17, 1230-1237
[8] Jianwei Wang, Xianlong Jin, and Yuan Cao, “Modeling and simulation of maglev trainguideway-tunnel-soil systems for vibration”, International journal of the physical sciences, vo.
6(18), pp. 4388-4404, September 2011.
[9] Nam H Kim and Long Ge, “Dynamic modeling of electromagnetic suspension system”, Journal
of vibration and Control, 0 (0), 1-13, 2012.
[10] Mrunal Deshpande, Dr. B.L. Mathur, “A novel displacement sensor for magnetic levitation”,
International journal of recent trends in engineering, vol.1, No.3, May 2009, pp.21.
[11] M.D.Simon, L.O. Hefinger and A.K Geim, “Diamagnetically stabilized magnet levitation”, A. J.
Phys, 69 (6) June 2001, pp.702.
[12] Won-jong Kim, and Shobhit Verma, “Multiaxis maglev positioned with nanometer resolution
over extended travel range”, Journal of dynamic systems, measurement and control, November
2007, vol 129, pp. 777-785
International Journal of Emerging Engineering Research and Technology

156

A. Annadurai

[13] Y.Cai, S.S.Chen, and D.M.Rote, “Dynamics
http://www.dtic.mil/dtic/tr/fulltext/u2/a263087.pdf

and

controls

in

maglev

systems”.

AUTHOR’S BIOGRAPHY
A. ANNADURAI received B.Sc., M..Sc., and M.Phil., degrees in Physics from the University of
Madras and Ph.D. degree in Applied Physics from the Bharathiar University. He is currently
Associate Professor of Physics at PSG College of Technology, Coimbatore.

International Journal of Emerging Engineering Research and Technology

157

