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Chapter 1

Millenniums of Permanent Magnets: From

Compasses to Rare-earth Magnets

J.Ping Liu†

Department of Physics, University of Texas at Arlington, TX, USA

† Corresponding author. E-mail: pliu@uta.edu

Permanent magnets (PM, also called hard magnetic materials) are used for storing 
energy in a static magnetic field. A good permanent magnet is characterized by 
high energy product (figure of merit of permanent magnets, (BH)max). In order to 
have high energy products, magnets must have high remnant magnetization (Br) 
and high coercivity (Hc). In addition, high Curie temperature (TC) is also necessary 
for applications at and above temperature.

Permanent magnets have played an important role in human civilization. Ap-
plication of PM can be traced back to more than two thousand years ago. Even 
though it is always difficult to find archives of history for millenniums, there is no 
much debate over the fact that PM were already utilized in China for more than two 
millenniums. The earliest time for magnets application was in Qin Dynasty (B.C. 
221–B.C. 207) which was related to the famous emperor’s palace, Afang Palace at 
the capital Chang-an (now Xi’an city). A door of the palace was made by lode-
stone, in order to prevent assassins with arms from entering the palace. This record 
can be found in several Chinese historic books and one of the books is shown in 
Fig. 1.1.

“The force by God” was also applied in an apparatus called “south-pointer” 
(compass). A south-pointer consists of a carved lodestone spoon free to rotate on a 
polished baseplate, or a lodestone made fish floating in water, so that the spoon or the 
“Guide Fish” is always pointing to the southern direction. The production method




