Electrical Transport: Conductivity and Superconductivity
A module developed for hands-on learning
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Standard 1 - Physical Sciences

e 2nd Grade
1. Matter exists as different substances that have observable different properties.
e 3rd Grade

2. Objects in contact exert forces on each other; electric and magnetic forces between a pair of
objects do not require contact.

e 4th Grade

1. The faster an object moves the more energy it has.
2. Energy can be moved from place to place.
3. When objects collide contact forces transfer so as to change objects’ motion.
4. Energy can be produced, used or released by converting stored energy.
e 5th Grade

1. Matter exists as particles that are too small to be seen; measurements of a variety of observable
properties can be used to identify particular materials.

1 Objectives

The goal of this module is to familiarize students with some of the basic principles of superconductivity. They
will be introduced to the concepts of resistivity, zero-resistivity, Cooper-pairs, and a basic understanding of
the Meisner effect. After this introduction we hope the students will:

e know that flowing an electric current through a material normally involves resistance to the flow

e know what makes superconductors special - zero resistance and expulsion of magnetic fields



2 Background

One of the few great macroscopic examples of quantum mechanics, superconductors are irreplaceable in
their application to modern science, and their usefulness as a conceptual learning tool. Superconductors
have broad uses in both modern technology, such as in the powerful electromagnets that make mag-lev
trains and MRI’s possible, as well as in modern science and research, as in the case of superconducting
qubits, SQUIDs, and a host of other superconducting devices.

These exercises are designed to introduce students ages 6-11 to the fundamental ideas of superconductivity
in a 30-40 minute time frame. Specifically, the zero-resistivity of superconductors and Cooper pairs are ideas
introduced through the craft activity the students will be building, and the Meissner effect is introduced in
the levitating superconductor demonstration.

3 Concepts

When the electric field is used to push electrons through a material, the material pushes back. This push-
back varies from material to material, and is called electrical resistance. In superconductors, electrons form
pairs, called Cooper pairs. Cooper pairs flow with zero resistance, and therefore do not scatter off of atoms
they pass by.

Because of they have zero resistance, superconductors also behave very uniquely in the presence of
magnetic fields. The Meissner effect describes how superconductors expel almost all internal magnetic
fields. In doing so, superconductors create magnetic fields equal and opposite to those applied, so that a
superconductor would experience a strong repulsion force in the presence of a magnet. What magnetic fields
do penetrate the superconductor pin it in place, allowing a superconductor to float steadily above a strong
enough magnet, or vice versa.

4 Safety

In order to ensure the students are safe throughout the activity, they must be supervised at all time. There
are no chemical, temperature, or pressure hazards associated with this activity.

5 Materials

5.1 Pegboard Resistance
1. 8x8” pegboard for each student
2. Colored rubber bands

27mm Rubber ball for each student
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Large lightweight plastic (ball pit) ball for each student
5. Wooden dowels

6. 17 Craft foam

7. Duct Tape

6 Activity: Pegboard Resistance

6.1 Preparation

Gather the necessary materials including. Glue strips of craft foam to the bottom of the pegboards to create
a ramp. Place strips of duct tape on the back of the board to better hold the pegs. Then, place pegs in
the corners of the individual pegboards and join them with rubber bands to make the walls to confine the






