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practically nothing of value had been
established beyond the bare facts of
electrification by friction and the basic
attraction and repulsion effects of primi-
tive magnets.

The Greeks never progressed very far
in either of these subjects for the reason
that the ideas evoked by these two
phenomena were mingled in their minds
with the fancies of magic. Thales asserted
that both were possessed of ‘‘soul’’ and
this kind of influence was typical of the
ideas held by philosophers right through
to the fifteenth century.

The lodestone, for example, was ac-
cused of inducing dejection and gloom in
those who handled it: it reputedly had the
ability to generate love potions (though
the procedure for this has never been
revealed); it supposedly lost its mag-
netism when rubbed with garlic and
increased it when dipped in the blood of
some unfortunate goat: and so on.

It is patently obvious that there could
be little advancement in any meaning-
ful study of electricity and magnetism
under the yoke of such fanciful stuff
as this. In schools and colleges today,
with our organised scheme of things,
integrated with experimental work in well
equipped laboratories, the circumstances
under which fifteenth century students
encountered the subjects must seem very
curious and inhibiting.

ARISTOTELIAN

The difficulties were almost entirely
those brought about by the teachings of
the Greek philosopher Aristotle who lived
round about 350BC. In his discourses on
physics, which is our concern here, and
using the word in its widest sense, we
find that Aristotle's pronouncements con-
tain a remarkable mixture of good sense
and what appears to us now as complete
nonsense. The trouble with Aristotle’s
‘*science’’ was that he never checked by
experiment anything he looked at and
commented on.

Up to the sixteenth century, therefore,
all college text books were almost en-
tirely translations of Aristotle, some of
them of doubtful quality; all the lectures
given were Aristotelian in direction and
any experimental approach to science was
completely absent. Laboratories did not
exist. When any problem arose, obtain-
ing a solution became merely a matter
of looking up what Aristotle had to say
about it.

Nobody, as recorded, ever seemed to
say '‘Well, let’s try an experiment, if
only 10 check what Aristotle says’".
If they did, they were soon made to
understand that there was, against the
ancient philosopher, no appeal or even
the thought of an appeal.

We should not be too harsh on
Aristotle, however, for he was one of the
outstanding figures in antiquity: the fault
must lie with those teachers who
slavishly copied him without question.

So it is little wonder. that science
in general and electricity and mag-
netism in particular, stayed static over the
centuries, awaiting the appearance of
someone who would break the chains of
conformity and try things out for himself.
One of the earliest men who saw to this
was William Gilben.
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GILBERT - FATHER OF

ELECTRICITY

William Gilbert, who lived from 1544
to 1603, was what we might call a
‘*‘modern’’ scientist. He was known as
the father of electricity; he was certainly
the father of magnetic science and of the
necessity of scientific verification by
experimentation. In fact, he was probably
one of the first men to break with the
‘*head-in-the-sand'* philosophy of the
pure thinker. Not that there is anything
wrong with being a thinker, but there
have to be moments when the hand
comes into use as well as the head.

It has to be kept in mind that up
until Gilbert’s time, all science workers
were wrapped up under the general
heading of ‘‘philosophy’’, and scien-
tific subjects were themselves listed as
**natural philosophy'’, not *‘science’’ or
**physics’’.

Gilbert's claim to fame is found mainly
in a treatise on magnetism called De
Magnete which was published in 1600.
Quite apart from the words of this treatise
throwing a completely new light upon the
mysteries of the magnetic lodestone, it
placed a great emphasis on the necessity
of an experimental approach to scien-
tific enquiry. This much-needed appraisal
of the experimental method, which was
throughout the tract supported by Gil-
bert's own work, gives him a foremost
place in scientific history.

When an argument or a statement can
be studied by experiment and observation
then, Gilbert said, its truth must stand or
fall by the result of the experiment; and
that this experiment must be repeated not
once but many times over to make certain
that all possible causes of error and mis-
chance are eliminated.

As he himself put in the preface: *‘To
the founding fathers of philosophy let due
honour be given, for by their work wisdom
has been handed down to posterity. But our
age has unearthed many facts which they,
were they with us now, would gladly have
accepted. Therefore I have not hesitated to
show by demonstration and theory those
things which 1 have discovered by long
experimentation and concern®'.

NOT ONLY AMBER

But Gilbert's work was not restricted to
the mere rebuttal of statements made
by others. Taking the case of frictional
electricity as an example, he made exten-
sive tests to demonstrate that the beloved
amber of the Greeks was not the only
substance which when rubbed attracted
light-weight objects. Using a carefully
balanced light-weight needle as the at-
tracted object, he introduced it to various
substances which had been rubbed with
other materials such as silk and fur.

He found that some of these substances
attracted the needle, such as glass, sealing
wax, resin and sulphur, and he gave these
the general name of ‘‘electrics’’. Other
substances such as metals, wood and flint
did not attract the needle and he called
them *‘non-electrics’”.

Such a classification we now know to be
a wrong one; but Gilbert knew nothing of
the properties of electrical conductivity
and insulation, or it would have oc-
curred to him that those substances he

referred to as non-electrics would in fact
have acquired a static charge by rubbing,
provided they were properly insulated
from an earthed object such as the hand.

EARTH’S MAGNETISM

It was on the subject of magnetism
that Gilbert made his most important con-
tributions; this was his realisation that the
loadstone behaved as it did because the
earth itself was an enormous magnet. The
mariner’s compass made up, as most of
us will have seen demonstrated, from a
piece of lodestone floating on corks in
water (clearly an erratic device in stormy
weather) had been in use for several cen-
turies, with no reason for its behaviour
being advanced.

A further phenomenon had also been
recorded about this time; when an iron
needle was freely suspended about its cen-
tre of gravity so as to be able to rotate
about a horizontal axis, it came to rest in a
horizontal position whatever its orienta-
tion, rather as Fig. la shows.

a)

Fig. 1. Response of (a) non-mag-
netised and (b) magnetised needles to
the earth’s magnetic field.

When, however, the iron needle was
magnetized by rubbing it with a piece of
lodestone, it was found that if placed in
line with north and south poles of the
earth, it came to rest at an angle to the
horizontal, this angle being known as the
**magnetic dip'’, as shown in Fig. Ib.

It also soon became general knowledge
that this magnetic dip depended upon the
location of the needle upon the earth’s
surface, being zero in the region of the

equator and tending towards ninety
degrees as the polar regions were
approached.
FUNDAMENTAL
GQUESTIONS

Gilbert pondered an explanation for
these effects by asking the questions: is the
earth a magnet? Could a magnet be
of spherical shape, anyway? Experiment
would provide an answer.

By fashioning an iron sphere and mag-
netizing it by rubbing it with lodestone,
Gilbert found that not only did it behave as
a spherical magnet, exhibiting magnetic
poles as lodestone did, but also that, by
bringing up a small carefully suspended
magnetic needle, two observations could
be made: one, the needle always came to
rest with one of its poles pointing directly
to the opposite pole of his sphere, and
two, the suspended needle came to rest at
various angles of dip with respect to the
sphere, changing from ninety degrees at
the poles to zero dip at the midway point
(the equator) between the poles.

The significance of these observations
was that the earth did behave as a
giant magnet, with magnetic poles roughly
coinciding with the geographical poles,
and from his interpretation Gilbert con-
cluded that an explanation of both the
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