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4.1: Prelude to Current and Resistance

In this chapter, we study the electrical current through a material, where the electrical current is the rate of flow of charge. We also
examine a characteristic of materials known as the resistance. Resistance is a measure of how much a material impedes the flow of
charge, and it will be shown that the resistance depends on temperature. In general, a good conductor, such as copper, gold, or
silver, has very low resistance. Some materials, called superconductors, have zero resistance at very low temperatures.

Figure 4.1.1: Magnetic resonance imaging (MRI) uses superconducting magnets and produces high-resolution images without the
danger of radiation. The image on the left shows the spacing of vertebrae along a human spinal column, with the circle indicating
where the vertebrae are too close due to a ruptured disc. On the right is a picture of the MRI instrument, which surrounds the
patient on all sides. A large amount of electrical current is required to operate the electromagnets (credit right: modification of work
by “digital cat”/Flickr).

High currents are required for the operation of electromagnets. Superconductors can be used to make electromagnets that are 10
times stronger than the strongest conventional electromagnets. These superconducting magnets are used in the construction of
magnetic resonance imaging (MRI) devices that can be used to make high-resolution images of the human body. The chapter-
opening picture shows an MRI image of the vertebrae of a human subject and the MRI device itself. Superconducting magnets
have many other uses. For example, superconducting magnets are used in the Large Hadron Collider (LHC) to curve the path of
protons in the ring.
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