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1. Please provide a SHORT (250 words or less) summary of your project.

This project aims at analyzing the stability and force balance of a simple prototype that demonstrates the
principle of magnetic levitation. The prototype consists of a pencil suspended in midair essentially under
the action of forces exerted by four ring magnets fixed in a sponge base on two similar magnets attached
to the pencil. The configuration is found to be in perfectly stable equilibrium; the pencil can perform small
oscillations and also rotate about its long axis.

The six magnets used in the system can be arranged in a total of 2° = 64 different polarity configurations.
By direct experimentation, it was found that only two independent configurations among these could lead to
stable levitation.

The field lines of all the magnets were mapped using a compass. This was used to understand the various
forces acting in the system. It was found that an upward repulsive force exerted by the base magnets
balances the weight of the pencil and a horizontal magnetic force along the pencil was balanced by a
normal reaction force exerted by a thin plastic chip fitted on the sponge.

Various practical applications of this concept are being explored. This project provides an understanding
of magnetic levitation of static extended bodies and shows that a prototype can be built with inexpensive,
everyday, materials.

2. What do you think is innovative or novel about your project? You may highlight the merits of your
project, and specific relevance in the Indian context, if any.
The unique thing in the configuration | have analyzed is static and does not use diamagnetic properties. The
first innovation in the design of this gadget lies in displacing one of the magnets on the pencil slightly with
respect to the base and also making the front base magnets attract the magnet on the pencil. The second
innovation lies in realizing that both these can be supplied by just a contact force at the tip of the pencil by
resting it on a rigid, vertical, plastic sheet. Under such conditions, the configuration almost works itself out
uniquely.
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3. Where did you get the idea for the project?
The original gadget described in this paper was made and analyzed in collaboration with guide and a
commercially available toy marketed as “pen-ultimate toy”, in which all the magnets are hidden by packaging.

4. Please provide details of references that you have consulted to see if similar work has been done
elsewhere.
Magnetic levitation is a well-known concept in several practical applications the most famous of which is the
Levitron. While there are many technical papers dealing with the Levitron there is virtually no discussion in the
literature on the particular configuration analyzed. | could find only a brief reference to this toy in D. Featonby,
“Toys and Physics”, Physics Education, 40, 537-543 (2005).







