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The history of soft magnetic materials is traced from 1000 B.C. to the present time. This
includes a description of the work of Oersted and Faraday who invented the first
transformer, and the gradual improvements in core material over the last 150 years. These
cover soft iron, silicon iron, grain orientation, Hi-B steels, domain control by lasers, and
spark ablation. Amorphous metallic glasses are also detailed. Finally the design and
characteristics of a wide range of audio transformers and magnetic shields are discussed, in
particular with regard to Mumetal, which with other nickel-iron alloys has been the author's
lifetime occupation.

0 INTRODUCTION

The term "soft" relates to that class of metals or alloys
which can be easily magnetized and demagnetized as
opposed to "hard" magnetic materials used for permanent
magnets. This paper deals exclusively with soft materials,
particularly for audio applications.

As far back as 1000 B.C. certain iron ores were found,
mainly in Magnesia, a district of Macedonia, pieces of
which attracted and repelled each other. These contained
Fe304 (magnetite) and became known as lodestone, from
the Saxon "loeden," to lead or direct. Lodestones as found
were permanently magnetized and their power was named
"magnetism." Around 55 B.C. Lucretius wrote "I have
seen Samothracean iron rings even jump up, and at the
same time filings of iron rave within brass basins when
the magnet stone has been placed under." Later Pliny
observed that iron which has been well touched and
rubbed with lodestone is able to take hold of other pieces
of iron.

The first use of lodestone as a mariner's compass is
attributed to the Chinese. Even before then, it was known
that a piece of lodestone freely suspended always turns to
the North. The first compasses were magnetized iron
needles on floating straws, but pivoted devices were
developed. While visiting the Chinese National Museum
in Peking some 20 years ago, the author was shown the
whole range of early Chinese compasses.

The first authentic treatise on the science of magnetism
was written in Latin by William Gilbert of Colchester
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who had also studied electrostatics, a science dating back
to about 600 B.C., when Thales, by rubbing amber with
fur, gave the amber the power of picking up certain
objects. The Greek word for amber was "elektron," and
from this our word "electricity" is derived. Over the
centuries considerable experimentation and the production
of friction machines to generate electrostatic charges were
completed and included capacitors and spark discharge
devices. It was not until 1796 that Volta evolved the
voltaic pile to generate a continuous flow of electricity.
This consisted of copper and zinc disks placed alternately
in column form but prevented from touching each other
by means of pieces of moist cloth. This was later replaced
by the voltaic cell which consisted of a copper and a zinc
strip placed in dilute sulfuric acid and capable of being
joined externally by copper wires to feed a load. As is
known, hydrogen gathers on the surface of the copper
strip and polarization takes place, limiting the current
output.

1 OERSTED'S DISCOVERY
OF ELECTROMAGNETISM

Before we consider transformers, the production of a
magnetic field by the presence of current is fundamental.
In early 1820 the Danish physicist Oersted gave a series of
lectures on magnetism and electricity. He made the
current from a galvanic trough (voltaic cells in series) pass
through a platinum wire to illustrate the heating effect
(forerunner of modern electric heaters). Adjacent was a
compass covered with glass, and in the course of the
demonstration, on making the circuit, in the presence of
the audience, a slight flick of
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