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Introduction

In 1738, Benjamin Franklin wrote in Poor Richard’s Almanac, “If you would not be forgotten as soon as you are dead and rotten, either write things worth reading, or do things worth the writing.”
 Surely he knew that in 1600 with De Magnete, Dr. William Gilbert had done just that. He was a medical physician, but is not remembered for any medical discoveries. He never married, and left behind no string of progeny to carry on his memory and name. He was called into Queen Elizabeth’s service as her royal physician, but that solitary position may not have ever been sufficient to award him posterity. One portrait of him was destroyed in the great fire of London in 1666,
 and another became decayed and disappeared. It was one book, one solitary book, which assured Dr. William Gilbert that he would not be forgotten. That book, De Magnete,
 which contained this image (see Figure 1) in its original 1600 publication, and the sources from which Gilbert drew his ideas, will be the primary topic of this paper.
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Figure 1

William Gilbert

Early life of Gilbert

William Gilbert was born in the town of Colchester, England on May 24, 1544. He was the oldest of Jerome Gilbert’s five sons. The elder Gilbert (or Gilberd or Gylberd) was the town recorder in Colchester, a distinguished government job. After William’s parents had four children, his mother died. Jerome remarried and fathered seven more children, one of whom was also named William, oddly enough.  At the age of 14, he went off to St. John’s College in Cambridge where he stayed until receiving his Doctorate in medicine in 1569. 

Professional life as Physician

After graduating from St. John’s, Gilbert left England and toured the Continent for four years. At that time, much medical research was taking place at the University of Padua, where Andreas Vesalius and Realdo Colombo and Gabrielle Falloppio had been working not long before, and where Heironymous Fabricius was doing his research on veins. The academic atmosphere for medicine in England at that time just could not compare, so four years abroad completed his education. It appears that he spent most of his time abroad in Italy, and rightly so.
 Eventually, he returned and began practicing medicine in London in 1673, and joined the Royal College of Physicians, moving up in rank to eventually become president of that society in 1600, the year De Magnete was published, the year Queen Elizabeth I appointed him as one of her personal physicians, which may have been a token appointment since Queen Elizabeth wasn’t especially fond of doctors. 
 . 
The Queen died just two years after Gilbert was made her physician, and Gilbert only lasted seven months longer, as he was struck down with some disease on November 30 (New Style, December 10), 1603. It was a year when many had fallen to the plague, but it is not clearly known whether Gilbert was one of its victims. He was 59 years old. At his death, his books and scientific apparatus were all donated to the Royal College of Physicians, and tragically, everything was lost in the great fire of London in 1666.

Scientific Climate in Turn-of-the-Century England

An examination of William Gilbert’s life and works is incomplete without placing them in the context of the scientific revolution, which was in full swing during Gilbert’s lifetime. The scientists of Gilbert’s day were just beginning to break away from their Aristotelian heritage and forge new paths. Whereas the early Renaissance was marked by a search for and veneration of classical knowledge from antiquity, by the 1600s, new ground was being broken by Andreas Vesalius with his striking publication of human anatomy, Nicolas Copernicus with his heliostatic model for the solar system, Tycho Brahe with his proposed change in the realm of the fixed stars, and by Galileo Galilei with his experiments on inclined planes, pendulums, and falling objects. 
But not every European scientist in the early 1600s was forward thinking as we would define it today. There were the usual holdouts from Medieval science: the mystical Hermetic-alchemists who clung to the idea that the human body is a microcosm model of the macrocosm universe, and there were the followers of Paracelsus, that 16th-century wandering physician who left behind numerous texts that seeded a new philosophy that blended nature with Christianity.
 There were those that still clung to the human blood-flow teachings of the 2nd-century physician Galen as infallible, and even as late as 1559, when Dr. John Geynes suggested that Galen may have been incorrect, his punishment was severe.

William Gilbert’s contribution to science fell at a true turning point in the history of science. As the Renaissance continued on without him after his death, we see Francis Bacon writing about his scientific method, Johannes Kepler devising his laws of planetary motion, Galileo discovering the Moons of Jupiter, and by 1627, William Harvey discovering the circular nature of blood flow, crushing 1400 years of Galenic thought. If Renaissance science can be thought of as a child’s playground see-saw, and if William Gilbert is imagined placed at the fulcrum, I wonder-- did his work, perhaps, help tip the scales? 
Gilbert’s two books left behind
William Gilbert left behind two books- the famous De Magnete, one of the first truly experimental works of science, and the lesser known De Mundo Nostro Sublunari Philosophia Nova, a collection of papers put together into a book by Gilbert’s younger brother (the one also named William) after his death in 1603 (but sometime before the younger William’s death in 1618.)
 These two manuscripts have very different personalities. While De Magnete is characterized by experimental method, particularly that method espoused so by Francis Bacon, De Mundo is more of a philosophical treatise explaining natural phenomena and attacking ancient Aristotelian doctrines.

The Scientific Content of De Magnete

This well remembered volume, De Magnete , originally written in Latin and published in 1600, was finally translated into English by Silvanus P. Thompson and re-published on its 300-year anniversary in 1900. It is written in the style of six books, with each book containing numerous chapters. Book Two is the longest, with thirty nine chapters, and Book Six is the shortest, with only nine chapters. It is likely that Gilbert spent 17 or 18 years working on the book: performing and repeating the experiments it contains, researching the history of what had been done in the field before him, and documenting all his proofs and theories.
 
But First, A Word About Loadstone

We know today that the loadstone is a rock with plentiful amounts of magnetite,
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, and that it behaves just like a permanent magnet. It has been know since antiquity, with the earliest recorded report of it attributed to the Greek philosopher, Thales in 600 B.C.E.
 It might have a hard time sticking to your refrigerator, but a powerful loadstone should have no trouble at all picking up paper clips, iron filings, and turning a compass around in circles.
De Magnete, Book I

The first book contains an overview of what a loadstone is, how a loadstone behaves in the presence of iron, what iron is, how iron is extracted from iron ore, and how iron is wrought. Gilbert dispels many myths about this magnet stone, and gives its many names around the world. He describes the poles of a loadstone, calling them Boreal and Austral poles, stating these poles of the loadstone “are observant of the Earth’s poles, move toward them, and wait upon them.”
 In this first book Gilbert also first uses two new words, “terrella”, the Latin word meaning “little Earth”, in describing the loadstone, and “versorium”, (see Figure 2) a thin piece of iron “touched with a loadstone” that rotates on an axis in response to the loadstone, much like a compass would.
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Figure 2
Versorium

The book also contains a description of some medicinal properties of loadstone, thought they be few, and finishes up with two grand summaries. The first summary is that loadstone and iron ore are one and the same, only that a piece of loadstone has a stronger magnetic virtue than a piece of ordinary iron ore. Gilbert’s final summary of Book 1 is an immense cognitive leap. He states that the globe of the Earth itself is a magnet, and that the loadstone has all of the “primary forces of the Earth.”
 Gilbert spells the word, “loadstone”, a custom I will follow here, but one that has changed in modern times to “lodestone”. With a history of 2200 years of scientists and philosophers and magicians writing about the powers and virtues of the magnetic stone, Gilbert, in his first book of De Magente, is the first to state the abstruse idea that the Earth itself is one very large loadstone.
 
A Word About Amber
William Gilbert and his predecessors weren’t sure just what amber was. Knowledge about it, once again, can be traced back to Thales of Miletus, ca 600 BCE, who thought it had a living soul because of its attractive properties.
 Gilbert thought for “certain that amber comes for the most part from the sea and the rustics collect it on the coast after the more violent storms, with nets and other tackle.” He also thought it was produced sometimes in the soil and washed out to sea, then hardened in salt water. He knew that it was once a soft material because he saw that it could contain “flies, grubs, gnats, ants; which have all flown or crept or fallen into it when it first flowed forth in the liquid state.”
 What Gilbert didn’t know is that amber is the now fossilized resinous sap that flowed from trees in prehistoric forests millions of years ago.
 When rubbed with a cloth, it picks up a static electrical charge and attracts light objects to itself just as a balloon rubbed on one’s hair attracts bits of fluff, dust, and small pieces of paper. 
De Magnete, Book II


The second book contains information about amber. It has been know since the time of the Greeks that amber attracts straw when rubbed, but Gilbert tests other substances as well. He states that many things attract straw when rubbed. “For it is not only amber and jet (as they suppose) which entice small bodies; but Diamond, Sapphire, Carbuncle, Iris gem, Opal, Amethyst, Vincentina, and Bristolla…and Crystal do the same….Sulphur also attracts, and mastick, and hard sealing-wax.” Moreover, Gilbert notes that straw isn’t the only thing that these object attract when rubbed. “These substances draw everything, not straws and chaff only, but all metals, woods, leaves, stones, earths, even water and oil…although some write that amber does not attract anything but chaff and certain twigs.” 
 Gilbert proposes the use of his versorium, invented to detect magnetic poles, for the detection of substances he terms, “electricks”, which will cause the versorium to turn in their presence when rubbed. Gilbert lists objects he has tested and shown not to be electricks. They are: emerald, pearls, marbles, emery, bones, ivory, cedar, silver, gold, iron, or any loadstone. Gilbert’s theory is that objects with moisture tend to be electricks, and that objects that have been roasted so that their moisture is exhausted, do not attract the versorium when rubbed. In all, Gilbert is implying that moisture causes an attractive force between things.

Later in Book II, Gilbert returns to the subject of the loadstone, and takes up describing particular details about the orb of influence around a loadstone. He states that the closer a piece of iron comes to the orb, which he calls “Orbis Virtutis”, (see Figure 3) the faster it runs to the loadstone. He theorizes that the magnetic force pulling on the piece of iron travels faster than light and note that this force acts at a distance from the loadstone and can even act through paper, wood, and other thin materials, even metals that aren’t iron.
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Figure 3
Orbis Virtutis


The most remarkable aspect of Book II, is that tucked right in the first third of it, in chapter 13 out of 39, Gilbert makes an astonishing claim in the most simplistic and unexpected manner. Regarding the axis of the Earth and the axis of the terrella, he boldly states, “The Earth and a terrella are turned about them [the axes] by a magnetick influence.” In the whole history of science no one had made such a bold claim. That the Earth rotated on its axis was claimed by several before Gilbert, including the 4th  c. BC Greek philosopher Aristarchus of Samos, and namely the Polish Nicolaus Copernicus, one hundred years before De Magnete was written, but a theory supporting that claim eluded them all after Aristotle’s Prime Mover was thrown out with the bath water of the Renaissance. 

The rest of Book II contains various demonstrations, one in which Gilbert demonstrates that oblong loadstones are more powerful than round ones, but one experiment in particular seems of unique and particular interest. Gilbert arms several loadstones with iron caps, literally little iron hats that sit at each pole, tied together with wires. He tests this new arrangement and notes that the loadstones have been made more powerful, and that they even attract each other.
 This term, “armed loadstones”, persists to the day, as we call an “armature”, any electromagnet that has an axis through it for spinning in an electric motor or generator.
 
De Magnete, Book III


The third book contains directions for creating a mariner’s compass by rubbing a piece of iron with a loadstone, then placing it in a small boat floating on water so that it will turn North and South. Gilbert cautions the reader though that there are variations and discrepancies in the accuracy of the compass, and promises to explain the causes for this perversion in Book IV. Gilbert states that when a piece of iron is rubbed with a loadstone, the magnetic virtue acquired by the iron is not corporeal. The iron acquires no weight nor stony nature, and the virtue cannot be wiped away or washed away. However, he describes that heating a magnetic iron rod until it is red-hot will destroy the virtue as long as it does not cool off in one position.
 He provides examples of iron rods that have lain in one North-South position for 20 years or more, and acquired a magnetic virtue. He describes how a blacksmith might pound a glowing mass of iron into a rod on his anvil, and that if his back is to the south and his face is to the north, then the piece of iron, when cooled, will have poles like the Earth. “The boreal pole of the Earth gives to the end of a piece of iron turned toward it a southern verticity and that end is attracted by that pole.”

In this book, Gilbert gives us the simple rules for North repelling North and South repelling South, North attracting South and likewise. He also discusses how different a loadstone ends up if it is cut along different axes. If cut from the North to the South poles, the result is two new magnets that immediately attract one another in their initial configuration. If cut crosswise, as if along the equator of the loadstone, the two new loadstones will immediately repel one another, as the cut plane will possess two opposite poles.
 Gilbert finishes this chapter with the words that no other metal on Earth has magnetic affinities as iron does. Not gold, not silver, not brass, tin, lead or glass. “The magnetic vigour has no entrance into their inward parts; neither is the magnetic form received by them, nor are their forms magnetically excited…”
 Gilbert has a special affinity for iron himself and something of a theory for why iron has such unique and particularly special gifts. Back in Book I, he says, “In iron, especially in the best iron, there is Earth in its own nature true and genuine…”

A Word about the Pole Star


Polaris, our current “pole star” just happens to be straight in line with the northern axis of the Earth. Any direction you look to see Polaris at night, if you live in the northern hemisphere, is considered the geographic north. The geographic north and what most people call the magnetic north (it’s actually magnetically south) do not overlap. They are close, but they rely on two different phenomena: the rotational axis of the Earth, and the magnetic poles of the Earth. At times in the very ancient past, these two points may have been widely different. 

De Magnete, Book IV


The fourth book concerns the variation of the compass needle. Gilbert notices that the compass needle, or the versorium needle, does not always point directly towards the pole star at night, but he thinks it should, and postulates that the reason for this variance is the Earth’s surface irregularity. To demonstrate this, he models a very lumpy loadstone and shows that it does not show the nice and neat meridian lines like a smooth round loadstone does. The elevated continents perturb the verticity of the compass, and these variations will exist until the world is smooth like a marble. In London, the variation of the compass needle is 11 and 1/3 degrees,
 and he says there is no reliable way to predict what this variation will be at different places on Earth. The only way to determine the variation is to measure it with the instruments and procedures he describes. Basically, he tells the reader to find the geographic North with the stars, either by the pole star or the rising of Orion’s Belt (which is a certain degree East), and calibrate the compass to the location according to the stars. It seems that in this chapter, Gilbert is making his first effort to connect the terrestrial with the celestial. What happens on Earth is a reflection of what happens in the cosmos, and if it weren’t for the imperfections of Earth’s surface, all would turn out as expected.
De Magnete, Book V


The fifth book concerns two very different key themes: the noticeable dip in the compass needle, and the animate nature of the Earth, Sun, and planets. 
Imagine a magnetized needle floating on water by means of a little piece of buoyant cork through its center. This needle, instead of floating perfectly horizontal with the surface of the water, will dip below the surface at one point. This, Gilbert calls declination.
 
Today, we call it the inclination.
 He describes the procedure for making an instrument for measuring the declination of the compass needle at a particular location. It’s basically a sealed versorium tipped on its side with a scale for measuring, and Gilbert notes that the dip in the needle corresponds to the latitude of each region on Earth. Thus, finding this declination anywhere will give the user of the “Instrument of the Declination” the proper latitude, and the reason for this, Gilbert gives, is magnetic. The needle dips towards the pole it is closest to, so that a compass placed at the Earth’s equator would have no dip at all, and a needle placed at one of the poles would dip 90 degrees, pointing straight down towards the center of the Earth.
 As for the animate nature of the Earth, Sun, and planets, Gilbert makes a definite statement about this matter. “We, however, consider that the whole universe is animated, and that all the globes, all the stars, and also the noble Earth have been governed since the beginning by their own appointed souls and have the motives of self-conservation.”
 He acknowledges that these celestial bodies do not have organs, limbs, flesh and blood, yet asserts that they are alive. “But since living bodies arise and receive life from the Earth and the Sun, and grass grows on the Earth apart from any seeds thrown down…therefore they are living.” Where does Gilbert think this life-force arises from? Why, the magnetic force of the Earth, of course. He logically deduces that the magnetic force of the Earth causes it to turn, and that a non-turning Earth would be savage and neglected, deserted and idle, thus, a turning Earth is one that is alive. It’s almost as if the magnetic force itself isn’t enough to cause the motions in the heavens, there has to be a pinch of fairy dust thrown in too. Gilbert is very definitely caught in the middle of the scientific revolution. He concludes Book Five by affirming Thales to be correct in asserting the loadstone to have a soul, because the loadstone is the “offspring of its animate mother the Earth.”

De Magnete, Book VI


In the Sixth Book, Gilbert argues that the poles of the Earth have never changed their positions, and he refutes claims made by others that they changed have since Ptolemy’s time, blaming their discrepancy on inexact measurements. 
[Author’s note: The poles have most definitely changed since Ptolemy’s time. They even switched places 780,000 years ago.
 See Figure 4 from a NASA website for a map of some [image: image1.jpg]


recent changes.]

Then he proposes a claim he has made before, that the Earth rotates on its axis in 24 hours, and that the stars are not at a fixed distance from Earth, and that space must be vast and immense. He refutes the idea of the Primum Mobile, the Prime Mover, which has no visible body and is a fiction believed by weak minded folks, an idea, in his eyes “only to be believed by idiots.”
  

But then he finishes off his sixth and last book with the boldest claim of all, not only the Copernican belief that the Earth turns circularly around the Sun, but his own theory for what makes the system work. That “…by her magnetic astral genius, [the Earth] revolves in an orbit, that by a perpetual change in light there may be a perpetual change in things, heat and cold, risings and settings, day and night.”
 Gilbert believes that the Earth seeks the Sun because of some magnetic virtue, that the Moon too is attracted to the Earth magnetically, and that the Sun’s force is the agent of motion in the universe.


De Magnete finishes with a little primer on why there are seasons, giving the reader a sense of how the 23 degree tilt of the axis is responsible as the Earth revolves around the Sun in a year’s time. 


It seems to me, that if William Gilbert was publishing this book in Roman Catholic Italy, not Protestant England, he’d be tried like Galileo was to be in 1633.

Gilbert’s Experimental Method

The experimental philosophy flourished in England without protest from the church during Queen Elizabeth’s lifetime. During the Renaissance, many bourgeois Englishmen were turning to science as a hobby or as a patron, with cooperation from mariners and physicians, merchants, and physicists.
  Industrial growth and maritime expansion contributed to an atmosphere that created a desire for more knowledge about the natural world. In addition, new industrial growth prompted new ways of experimentation. William Gilbert’s De Magnete represents the first printed book based almost entirely on experiments and observations.
 The methods he used to conduct his many and various experiments, however,  weren’t  fully modern, for they contained animistic elements, as we saw in Book Five, but he designed and crafted many unique devices of his own invention such as the versorium and the armed loadstones, in order to test different theories or refute old ones left over from the ancient past. He made both quantitative and qualitative observations, and in the end, formed theories of his own invention. He did extensive background research, and seemed to have read everything written from time immemorial about magnetism. His experimental method of finding things out appears to be unique for his time, although there are some possible sources from which he may have gotten inspiration: Pierre de Maricourt, also known as Petrus Peregrinus, who wrote and epistle concerning the magnet in 1269, 
 and Robert Norman, who wrote The Newe Attractive in 1581,
 and John Baptist Porta, who completed Natural Magick in XX Bookes in 1589.

Edgar Zilsel, in his well cited paper, The Origins of William Gilbert’s Experimental Method, 
 argues that Gilbert obtained many aspects of his methodology from craftsmen and manual workers of his day. Indeed, much of Gilbert’s book deals with compasses, metal working, mining, and instrument craftsmanship, but John Henry, in his recent paper, Animism and Empiricism: Copernican Physics and the Origins of William Gilbert’s Experimental Method, 
 suggests alternative explanations for the sources of Gilbert’s ideas about experimental method. He notes Peregrinus and Norman as possible sources of inspiration, which I will discuss in further detail in the next section, and he proposes the question of how Zilsel could think that miners and craftsmen were following any sort of experimental method? 
Parallels Between Gilbert in De Magnete and Peter Peregrinus

The Epistle of Peter Peregrinus of Maricourt to Sygerus of Foncancourt was written in 1269 by the nobleman and natural magician, Pierre de Maricourt.
 It was a letter to a friend, and copies were circulated well until the 16th century when it was finally formally printed in Augsburg in 1558.
 Gilbert mentions Peter Peregrinus only five times in De Magnete, and each time is one of criticism, but nevertheless, the positive influence of Peregrinus runs throughout De Magnete, and is obvious and quite noteworthy. 


The Epistle is composed of thirteen chapters in two parts, and it reads very much like a shortened condensed version of the experimental nature of De Magnete, without the Copernican references and theories of magnetic influences making the planets go around the Sun. It’s somewhat occult in that it begins with a caution that the common person will not be able to understand what is written, and that a precursor to understanding the contents of the epistle is knowledge of celestial motions, nature, and a diligence with handicrafts. Experimental methods run through this work, which is not unusual for writings about magic at that time.
 Peregrinus goes on to describe the characteristics of loadstones, and the characteristics of the celestial sphere. “There are two points in the heavens more note worthy than the rest because the celestial sphere turns about them as upon axes. One of these is named the Arctic or North pole. Whilst the remaining one is named the Antarctic or Southern.”
 Gilbert, however, places these points on the Earth itself, saying, “One of them in the Earth, which looks towards the Cynosure, is called Boreal and Arctic; the other one, opposite to this, is called Austral and Antarctic.”
 Next, Peregrinus describes a demonstration that is identical to one described by Gilbert. Peregrinus says to take a loadstone and round it with a tool, then place a needle upon it and mark a line along the direction of the needle. “Afterwards let the needle… be placed in another position over the stone and mark the stone with a line again in the same way according to that position: and if you wish you shall do this in several places or positions and without a doubt all the lines of this kind will meet in the two points just as all the meridian circles of the world meet in the two opposite poles of the world.”
 Sound familiar? It should, it’s described exactly like that on pages 12 and 13 of De Magnete: “Take, then, a powerful loadstone…make of it a globe upon the turning tool….To find, then, the poles conformable to the Earth’s, take the round stone in hand, and place upon the stone a needle or wire of iron: the ends of the iron move upon their own centre and suddenly stand still. Mark the stone with ochre or with chalk where the wire lies and sticks….those lines show the meridian circles…all of which meet as will be manifest at the poles of the stone.”
 Gilbert gives no credit to Peregrinus at all, nor does he give anyone credit for this method of determining the poles of a loadstone. 

Peregrinus goes on in his 4th chapter to say that an even easier method of determining the poles of a loadstone is to “break off a little piece from the needle… and place it in the spot where the point has already been discovered… and if it stand upright on the stone without a doubt the point sought for is there.” Likewise, Gilbert shows in Figure 5 below, that he has demonstrated the same method. “But the parts nearer the poles appeal more directly, at the poles quite straight.”
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Figure 5

Gilbert’s little needles on a terrella


In Peregrinus’s 5th chapter, he describes a most delightful little demonstration with small boats carrying loadstones floating on water. He says to “take a sound Wooden Vessel in the shape of a cup or dish and in it place the stone… then place that Vessel in another Vessel/ a large one/ filled with water so that the stone may be in the first Vessel like a sailor in a ship”. He goes on to describe how the small boats will direct themselves along the poles of the sky, and even if the small boat is moved a thousand times, it will return to its place “by direction of God.”
 Gilbert, meanwhile, directs us to “ Place a magnetick stone (after finding the poles) in a round wooden vessel, a Bowl or dish, at the same time, place it together with the vessel ( like a sailor in a skiff) upon water in some large vessel or cistern, so that it may be able to float freely in the middle, nor touch the edge of it….Hereupon the stone will revolve circularly, until its austral pole points to the north, and its boreal pole to the south….returning again and again.”
 Peregrinus goes on in chapters 6 through 10 in the first part, and 1 through 3 in the second part to describe other demonstrations and experiments later carried out and documented by Gilbert, without credit ever given back to their probable source. He describes in detail what happens when a loadstone is divided into two parts along its equator, and his main point at the conclusion of his epistle seems to be that the source of the magnetic “pull” on a compass or a loadstone is not some magnetic mine or mountain in the far North, but a Nautical Star. “It is from the poles of the heavens that the poles of the magnet receive their virtue.”
 This is one idea that Gilbert definitely did not “borrow.”

Parallels Between Gilbert in De Magnete and John Baptist Porta

Natural Magick in XX Bookes was completed in 1589 by John Baptist Porta, also known as Giambattista della Porta, and his 7th “booke” composed of 56 chapters, was devoted entirely to the “wonders of the Load-stone.” This book was quite familiar to William Gilbert, for he refers to Porta time and time again, more than any one else actually, refuting and disputing claims made by Porta, but also repeating demonstrations made by him as well. Park Benjamin, in his 1898 book, A History of Electricity, proposes the idea that Porta actually plagiarized all his ideas about the wondrous loadstone from a well versed scholar and scientist of the time named Pietro Sarpi (1552-1623), also known by his monastic name, Fra Paolo. Sarpi had written a treatise on the magnet stone that was destroyed in a fire after his death, but this treatise was very similar to Porta’s 7th book on the loadstone. Sarpi described two poles of the magnet, the loss of magnetism when the stone is exposed to fire (a new discovery) , the magnetization of iron by rubbing it with a loadstone, and even a force field surrounding the loadstone like an atmosphere.


Porta begins his 7th book with a generic description of the loadstone, then jumps right into his theory of how the stone works to draw in pieces of iron. “I shall set down my own, founded upon some experiments: yet I shall not pass by the opinion of Anaxagoras, set down by Aristotle in his Book De Anima, who by similitude calls it a living stone, and therefore it draws iron; and for some other peculiar forces, which might be properly said to proceed from the soul, as you shall see.”
  Porta describes placing a piece of loadstone on a boat made of light wood, and allowing its poles to align themselves with the poles, or hanging the loadstone from a thread, as Gilbert does, to align with the poles as well. He describes breaking a loadstone along its axis, noting that the two halves will then repel each other immediately, and he correctly states that a weaker loadstone, when rubbed against a stronger one, will strengthen in virtue. 
 Porta describes experiments conducted to show that the bigger the loadstone, the stronger the force of attraction it has, that North and North repel, that South and South repel, and that opposite poles attract. 

Then, in Chapter 15, Porta makes an astonishing claim very similar to today’s inverse square laws of gravity and light: he says, “As the light of a Candle is spread every way, and enlightens the Chamber; and the farther it is off from it, the weaker it shines, and at too great a distance is lost; and the nearer it is, the more cleerly it illuminates: so the force flies forth at that point; and the nearer it is, the more forcibly it attracts; and the further off, the more faintly: and if it be set too far off, it vanisheth quite, and doth nothing.”
 From this passage, which William Gilbert most definitely read, I wonder what connections were made in his mind between the forces holding the Sun and planets together.

Once again, in Porta’s Natural Magick, we see the same passage as we saw in both Gilbert’s De Magnete and in Peregrinus’s Epistle, the directions on how to turn a loadstone round and use a small iron to find the poles. Here’s how Porta tells us to do it: “Let the Loadstone be turned round, by the wheel of the Jewellers…then make a slender iron…and lay it upon the stone: for it will turn itself upon that line, that points just north and south. Mark the line upon the stone, with some delible paint: do the same on the other side [again and again] and where those lines cross one the other and meet, those are the polar points. We may also find out thus: Break a small needle…when it comes to the …northern point…it will stand upright.”


Porta agreed with Peregrinus that the source of the force pulling on the loadstone was the starry heavens. He says that “Iron once rubbed will hold the virtue a hundred years; and will certainly, without failing, point exactly at the poles in the heavens, for so long time.”


Whether written by Porta himself, or gleaned surreptitiously from Fra Paolo, this 7th Booke of Natural Magick is full of experimental method. Porta describes repeated trials of the same endeavor, step-by-step procedures, and tentative theories for his observations. De Magnete may be touted as the first real published work of experimental science, but in this author’s opinion, Gilbert had some tutoring along the way. In Chapter 27 of Natural Magick, Porta describes his failed attempts to get a piece of iron to be suspended in midair with a loadstone above it just at the right distance. He said “I have a long time endeavored much to made iron hang in the air, and not touch the loadstone, nor yet tied beneath: and now I think it almost impossible to be done.”
 Later he describes an experiment where he wrapped up iron filings in paper and place a loadstone near it, and that once the loadstone was removed, the package behaved as a piece of magnetic iron, but if you stir the filings, the magnetic force is lost and “confounded, and can do nothing, as if it had never been touched.” 
 Once again, we see a wonderful example of Porta’s experimental style when he describes his attempt to disprove the long standing theory that garlic ruins loadstone. “I found them to be false: for not onely breathing and belching upon the Loadstone after eating of Garlick, did not stop its virtues: but when it was all anointed over with the juice of Garlick, it did perform its office as well as if it had never been touched with it.”
 Many more examples fill this 7th Book. Porta buries a loadstone in iron filings just like Gilbert did to see if the loadstone fed off the iron. Porta heats up a loadstone in fire, and also a piece of magnetic iron in fire, and sees that they lose their magnetic virtues. He disproves the ancient theory that diamonds destroy the loadstone’s virtues, just as Gilbert did with “seventy excellent diamonds, in the presence of many witnesses.”
 But Porta did erroneously state, (and Gilbert was quick to point this out) that a needle rubbed with a diamond acquires a magnetic force like a compass. Porta said he had tried this with many steel needles, and that they all pointed North when floated on water.
 I think Porta must have been overlooking some confounding extraneous variable in his experiment. Gilbert thought so too. He thought Porta’s needles had acquired their own magnetic virtue before being rubbed with the diamond in the first place. “He was deceived by the verticity acquired from the Earth…in the wire of iron itself,”
 which is why in today’s experimental method, we always try and use a control-- in this case, needles not rubbed with diamonds! Still, it’s obvious from these few examples that John Baptista Porta had something going in the way of an experimental method, it’s obvious from Gilbert’s writings that he was quite familiar with Porta’s work, and a logical conclusion to draw is that Gilbert may have been influenced by this new method for doing science.
Parallels Between Gilbert in De Magnete and Robert Norman

Credit for discovering the dip in the compass needle, which Gilbert calls declination, goes to Robert Norman, an English instrument maker who published a small book of 10 chapters called The Newe Attractive/Variation of the Cumpas in 1581. As he made compasses for navigators, Norman needed to balance out the needle with a bit of wax due to the dip of the north end. He didn’t like the idea of adding wax, so tried cutting off some of the southern end, but that didn’t work either. So, in 1756, he set out to find the cause for this dip below the horizon of the Earth. He ruled out a problem of unbalanced weight, because the needle was no heavier before being magnetized with a loadstone than after.
 He supposed that the Pole star was putting some extra force on the north-seeking point of the compass, but wondered what northern force was pushing his compass needle downwards, and in the end shrugs his shoulders and says, “I am no more able to satisfie you herein, then if you should aske me how and by what meanes the celestiall spheres are moved: but that God , in his omnipotent providence, hath appointed it so to bee.”


Norman’s first chapter begins with an overall description of what a lodestone (his spelling) is, where one might be found (in iron mines), what they look like, where the best ones might be found (East India and the coast of China) and what properties they have. He erroneously claims that they contain no metal themselves, but have an affinity for iron or steel. The first chapter contains some old wives tales about lodestone that I will not repeat here, which Norman seems to believe, but also contains some truths worth mentioning. Norman knows about iron receiving the magnetic virtue from lodestone when touched by it, and he knows about the two “principall pointes” possessed by the lodestone and touched iron alike.
 He also knows the demonstration told by Peregrinus 300 years before him, later retold by Porta and Gilbert: “ If you put [the stone] in a dishe, and sette it to swim in a tub of water, it will turne the dish about, and the north part of the stone after many swaruinges to and fro, will rest, and directly shewe the line of Variation, or imagined Attractive point.”
 He also describes how to hang a lodestone by a thread so that it will point north and south, and that if you hang two lodestones, the two south points will repel each other. So, you see, none of this was new to Gilbert when he wrote about it in the year 1600. 


In Norman’s third chapter, he describes the strange declining of the compass needle. “Having made many and diverse compasses…I found continually, that after I had touched the Irons with the Stone, that presently the North point thereof would bende or Decline downwards under the horizon in some quantitie.”
  At this point, the experiments begin, and he proceeds to create an instrument for precisely measuring this dip, (see Figure 6), and finds it to be 71 degrees 50 minutes in London.
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Figure 6
Robert Norman’s instrument for measuring the dip of the needle


Norman’s fifth chapter contains an interesting proof that the spirit of magnetism contains no substance or weight, thus demonstrating good example of experimental method twenty years before Gilbert’s De Magnete. Norman says to take three or four iron or steel wires and weigh them on a good quality balance counterweighted with lead. Then, he says to take them out and make them receive the virtue of the lodestone. Replace them in the same balance with the same lead (nice use of controlling variables, Norman!) and you shall find that they weigh no more than they did before.

Gilbert gives Norman due credit when he describes the method for demonstrating the dip of the magnetized needle. Gilbert and Norman’s directions are very much the same for putting a little piece of cork in the center of a magnetized needle, and floating this needle in a glass vase or bowl of water. Norman attributes the dip to a “point respective”, not some magnetic stone near the pole of the Earth or something in the heavens, but an imaginary place he just calls the point Respective, and leaves it to the expert traveler to find this place.
 Gilbert, on the other hand, has a much more sophisticated theory for the dip of the needle, as I said before, it is the differential distance from the equator to the pole of the Earth.

Another similarity between the ideas of Norman and Gilbert lies in Norman’s Eighth chapter. He says, “I am of the opinion, that if this virtue [of the lodestone] could by any means be made visible to the eye of man, it would be found in a Sphericall forme extending rounde about the Stone in the middest thereof, whose Centre is the Centre of his aforesaied virtue. And this I have partly proved.”
 Very reminiscent of Gilbert’s claim in Book 2, Chapter 27, where he says, “Rays of magnetick virtue spread out in every direction in an orbe; the centre of this orbe is not at the pole (as Baptista Porta reckons, Chap. 22), but in the centre of the stone and of the terrella….So the very centre and middle of the terrella is the centre of its virtue, and from this to the circumference of the orbe (at equal intervals on every side) its magnetick virtues are emitted.”
 He derides Porta, but gives no credit to Norman, who perhaps thought it up first. Looking back at Figure 5, you can see the spherical form of the virtue that Norman first postulated in 1581. Gilbert even calls it an orb of virtue (in Latin, of course). 

De Magnete as a way to explain Copernicanism


Nicolas Copernicus had been dead for 57 years when William Gilbert wrote De Magnete. As I’ve described thus far, Gilbert did indeed have some unique ideas regarding the magnetism of the Earth, but much of his experimental method and experiments and ideas themselves were derived from his extensive library and background knowledge in the field. What was truly unique about De Magnete is that in it, Gilbert proposed the very first physical theory since Copernicus’s death to account for the heliostatic universe. When Aristotle’s geocentric universe was abandoned, the educated world was left without a physics to explain celestial motion, and William Gilbert attempted to fill that void. Albeit, he threw in a bit of animism where his magnetic theory didn’t quite equal out, but it was the first attempt none the less, and the only worthwhile attempt until Isaac Newton’s Law of Universal Gravitation came along 87 years later. Without a well-rounded education in the history of the times, a look at De Magnete in isolation is bereft of the full nature of its meaning and intent. Sure, Gilbert may have gleaned and gathered ideas about magnetism from other sources and not given credit where credit was due, but-- he was the first and the only person to propose that the motions of the universe were due to the force of magnetism. And who knows, when the physicists of the future finally find the grand unified theory, they may well determine that Gilbert wasn’t too far off.

Description of De Mundo


De Mundo Nostro Sublunari Philosophia Nova is a collection of William Gilbert’s essays and manuscripts, mostly written in Latin, but partly written in English and Dutch, and published after his death. It consists of five books concerning Gilbert’s cosmic and astronomical views, and his opinions about winds, tides, rainbows, clouds, and comets. It’s much more of a philosophical work than De Magnete, and much less known.
 Two historians of science, one in Nova Scotia and the other in the UK are working on an English translation of De Mundo, 
 and until that is complete sometime in the next year, further analysis of this work will likely be stalled. Suzanne Kelly offers an excellent analysis of this work in her The De Mundo of William Gilbert, and I will draw my summary from hers. 

The book tells us that Gilbert’s fascination with the natural world was not limited to medicine and magnetism. He was interested in comets, recorded weather phenomena, and had a passing interest in astrology in that he attempted to correlate the weather with the positions of the planets. 


He begins the book with an attack on Aristotle’s four elements, claiming that there is only one true element in the sublunary world, and that element is Earth. The air surrounding the Earth is not elemental to Gilbert, but it is effluvia of the Earth formed by the heat inside it. Water too, to Gilbert, was effluvia of the Earth. Gilbert explained the reason for falling bodies- that bodies near Earth are within an “orb of virtue”, and tend to be united with their mother Earth.


Gilbert discusses the stars, and asserts that they are not fixed to any sphere or globe, and that their apparent motion is due to the daily rotation of the Earth. He says the same for the planets, that they are not fixed to any spheres, and he differs from his theory in De Magnete in stating that the planets move because of an impulse given to them when they were created.
 It’s curious why he dropped this idea, because today’s physicists would say it’s a good approximation to our current definition of inertia. Later, Gilbert gives an account of the Moon, saying that it’s a miniature Earth with seas and islands, kept on its circular orbit around the Earth because of an attractive magnetic force.
 De Mundo includes a detailed map of the Moon, complete with continents and seas labeled and named. He must have had excellent vision, because telescopes did not become readily available until after his death. 


In later sections of De Mundo, Gilbert describes comets from the 11th century up until his time, believing that they are wandering bodies with no certain path. He thought some to be below the Moon, and others beyond the Moon.
 He also describes the Milky Way as a collection of many stars, very numerous and so far from Earth that they look like a mist. He then defines and named the different major winds on Earth, 
 and explains the causes for the colors of the rainbow as being a reflection of the vapors from Earth.
 Next, Gilbert expounds upon springs and rivers coming forth from the Earth, comparing these Earth humors to bodily humors,
 which sounds part Galenic, part Paracelsan to me. He describes the formation of mountains, saying that the mountains were not formed by the Biblical flood, but are a natural part of the Earth’s features.
 He gives reasons for the Earth’s tides: the magnetic attraction from the Moon drawing moisture towards itself and states that the Earth’s daily rotation corresponds to the daily high and low tides.


De Mundo was not printed until 1651, but people managed to get their hands on copies of the manuscript before then, in particular, Francis Bacon. It is certain that Bacon knew of De Mundo, that he referred to Gilbert many times in his writings, and was quite critical of some of the ideas in De Mundo.
 So why was Francis Bacon, the author of the new inductive scientific method which was experimental and observational, so much like William Gilbert’s, such a critic? He rejected and disregarded most all of Gilbert’s theories and only in a few instances, praised him. He said that Gilbert was not an experimental philosopher, which is odd because De Magnete is such a superb example of the very approach that Bacon advocated.
 It has been suggested by some that Bacon never even read De Magnete, but only read the more philosophical work, De Mundo.
 There are speculations that in addition to being ignorant of the work, he might have been jealous of Gilbert.
But, some scholars, in comparing the writings of the two men have found such similarities, that they can only assume that in some cases Bacon actually copied Gilbert’s work, especially in the posthumously published work of his unpublished manuscripts, Baconiana. Perhaps Francis Bacon had read Gilbert’s works thoroughly, and was merely taking detailed notes. The most convincing reasoning I think comes from Suzanne Kelly. She supposes that Bacon was not a Copernican, that he was a firm believer in a geocentric universe and an unmoving Earth. Gilbert’s ideas about a rotating Earth in a boundless void with scattered stars may have been a bit too much for Bacon to handle in the year 1600 when even the center of the universe was changing.
The Legacy of William Gilbert


So, what has William Gilbert left for us? He certainly is not forgotten, and he did indeed write a book worth reading. He left the scientists that were to follow him an example for experimental method played out, spelled out, and not just theorized. He devised some instruments that are still in use today in physics demonstration laboratories, and created some theories that have changed over time, some more so than others. He coined the word “Electrica”
 from the Latin word for amber, a word which we now use to describe electricity. I wonder what we’d call electricity if it weren’t for Gilbert.  He was the father of a new science, a science of magnetism and a science of electricity, two distinct fields that wouldn’t be joined until the 19th century, but somehow Gilbert made them cousins early on. Remarkably, Johannes Kepler made clever use of Gilbert’s theory of magnetic forces. He applied these forces holding and moving the planets to help him formulate his laws of planetary motion. The numbers crunched, because the inverse square principle that worked with magnetism also worked with the yet-undiscovered force of celestial gravity.
 
Gilbert also provided the scientific community with a physics to replace the one they lost when Aristotle’s fell out of favor, a physics that sufficed for a few decades at least, until Galileo gave it a try with his investigations into motion in the 1630s. Then, a different Englishman, Isaac Newton, came along the year Galileo died, and got it right. But, who knows? We always think the physics we have is the right one, until some maverick with a name like Gilbert or Newton or Einstein comes along and shakes things up.
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