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Introduction


All truth passes through three stages: first, it is ridiculed; second, it is violently opposed; and third, it is accepted as self evident.


ARTHUR SCHOPENHAUER


This book tells the stories of scientists whose ideas appeared bizarre, peculiar or downright daft to their contemporaries, but who stuck to their guns through ridicule, oppression and persecution. Some of their ideas were daft, and most of these ideas (though by no means all!) rapidly became extinct. Others, seemingly every bit as bizarre, passed every test that could be thrown at them, and survived to be accepted and used by scientists such as myself as part of our everyday work.


The ideas that scientists now use routinely can still seem daft to people outside science. My wife certainly thought so when she came home one evening to find me riding her bicycle down the road with the wheel nuts removed, explaining to a radio interviewer that the counter-intuitive physical laws discovered by Galileo and Newton predicted that the wheels would stay on. Her brief, pungent comment about scientists and their lack of common sense was duly recorded and broadcast on national radio.


My wife was right: science and common sense often don’t mix. It’s not the scientists’ fault; Nature herself is the principal culprit. Those who proposed bizarre-sounding ideas about her behaviour were often forced to do so after recognizing that the accepted wisdom, or ‘common sense’, of their era was simply insufficient to understand what was going on. Their contemporaries, with a vested interest in maintaining the status quo, were not always as receptive to new ideas as the popular image of the dispassionate, rational scientist would have us believe, and the fates of those who advanced new ideas ranged from the loss of their jobs to the loss of their lives. Their histories belie the idealized image of science as an orderly, logical progression. It is more like a procession, with leaders and followers, which is unwillingly forced to change direction each time it comes up against the barrier of a revolutionary new idea. This book traces the route of the procession through the stories of those who forced the changes, and shows how many of their ideas, which seemed to be so at odds with the common sense of the times, are now used by scientists to understand and tackle everyday problems. It also reveals the true process of discovery, where the brilliant has often met the bizarre, and only the wisdom of hindsight allows us to distinguish between the two. The message is that we need to allow for a certain amount of laughable daftness if we are not to lose genuinely original insights and developments. If we can’t tell the difference between oddity and insight, then maybe it’s wise not to laugh too loud.


A Note on the Approach of This Book


I am a scientist, not an historian, and when I write about scientists from earlier times it is from my perspective as a scientist. In consulting copies of their original diaries, papers and notes, I have often found that I was reading about people who thought in the same way as modern scientists do, but who happened to be working with a different set of questions, and in a different environment of belief about the way in which the world works. I was particularly struck to discover the parallels between their struggles to understand how Nature works and my own efforts (rather less successful) as a child to understand for myself everything from movement, studied by Galileo, to light, space and time, elucidated by Einstein. I have included some tales from this part of my life, partly to show that thinking like a child can be no bad thing when it comes to science, but mainly to show that you don’t have to be a genius to understand science – it just needs persistence, and the wish to know.


A Note on the Notes


The ‘Notes’ sections in many books are stuffed with boring detail. The ‘Notes’ section at the back of this book is different: it is stuffed with interesting detail, and is designed to be read independently of the main text. Here you will find unusual, bizarre and occasionally salacious tit-bits, and the extra detail and the expanded explanations that were too interesting to leave out but which I couldn’t fit into the main stories without breaking the flow.


Whether you choose to read the book from the front or the back, its main purpose is still to reveal how science really works, both in the laboratory and in the wider world, and to show that scientists are just as human as anyone else.


Len Fisher


Bradford-on-Avon, Wiltshire, UK
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Weighing the Soul


I once took part in a science talk-back programme on an Australian radio station1 where a builder rang in claiming to be able to change his weight by the force of his will. He said that he could reduce his weight by a kilogramme just by crouching down on his bathroom scales and concentrating, and that the reading on the scales proved it.


My caller really believed that he could change his weight. He was not the first to have fallen into this trap. Who among us has not stepped on and off the bathroom scales several times, and chosen to believe the lowest weight that was registered? I told him that the reading on his bathroom scales probably depended on his position on the scale platform, but congratulated him on having performed a real scientific test of his belief. My congratulations were absolutely genuine. That is what real science is all about: checking out beliefs against reality – a process that often involves the accurate measurement of weight.


Scientists, like dieters, are preoccupied with weight. Dieters want to lose it, but scientists want to find it, because it tells us more about Nature than any other single measurement2. The founding patron of the Royal Society of London, King Charles II, scoffed at its members for ‘spending time only in weighing ayre and doing nothing else’, but such accurate measurements eventually revealed that air was a very real material, composed of a mixture of different gases. It seemed that heat must also be a real material – a tenuous liquid that flowed from hotter to colder places, and that forced other materials to expand as it entered them. Attempts to weigh heat proved fruitless, however, and forced later scientists to conclude that heat was not a material substance but a form of the immaterial entity that we now call energy3.


Heat is not the only immaterial entity that people have tried to weigh. Ancient Egyptian tomb paintings show the jackal-god Anubis using a set of balance scales to weigh the soul of a recently dead person against a feather4. At the beginning of the twentieth century the American doctor Duncan MacDougall used a modern balance in an actual attempt to weigh the departing soul. MacDougall contended that the soul, if it existed, must have the attributes of a material substance, and his experiments seemed to support his conclusion. This chapter tells the story of those experiments, which were remarkably similar to late eighteenth-century efforts to weigh heat, and asks why modern scientists find it so easy to believe in a mysterious, weightless entity called energy but find it so difficult to believe in the validity of MacDougall’s results. The answers shed light on the true nature of scientific belief, and show why scientists can have such a hard time of it when it comes to having their beliefs accepted by other scientists and by the wider community.


I have always been fascinated by the idea that I might have a soul. My early Sunday-school teachers inculcated the idea, and responded to my incessant questioning as to where the soul might be by saying that it was deep inside me. My earliest scientific experiment was to shine a torch down my throat while looking in a mirror to see if I could get a glimpse of my soul, which I imagined would look rather like a jelly baby.


I was not the first experimentalist to search for the physical location of the soul. Leonardo da Vinci was denounced as a sorcerer in 1515 for attempting to find its seat by dissecting the brain, following the belief of the time that the soul5, or senso comune, had its abode at the centre of the head. More recently the Californian physiologist Vilayanur Ramachandran and his colleagues have claimed that a specific part of the brain, associated with temporal-lobe epilepsy, is also associated with intense religious experience6.


I began to lose my personal belief in the soul when later teachers explained that it was something that I could never touch, see or feel. This worried me, since I could not understand how a soul could touch and affect me if I could not touch and affect it7 back. I did not know that philosophers have struggled for three hundred years with this intractable question, known as the mind–body problem, nor that one person had tried to solve it experimentally by attempting to weigh the soul8.


The experimenter was Dr Duncan MacDougall, a physician at a small municipal hospital in Haverhill, Massachusetts9, USA. MacDougall, like myself, was not sure whether the soul existed or not, but he was quite convinced that, if it did, it must be a material object that occupied space. He outlined his argument in a letter to his friend10 Dr Richard Hodgson, MD, on 10 November 1901:


If personal identity (and consciousness and all the attributes of mind and personality) continue to exist after the death of a body, it must exist as a space-occupying body, unless the relations here in this world between the conscious ego and space, our notions of space as fixed in our brain by inheritance and experience are wholly to be set aside and a new set of space relations to consciousness suddenly established, which would be such a breach in the community of nature that I cannot imagine it.


MacDougall’s central tenet – that things can only exist in a space that we are able to conceive and visualize – was to take a considerable battering at the hands of Einstein and others a few years later, but even in MacDougall’s day it was already obvious from scientific experiment that there were more things in heaven and earth than we could dream of, and scientists have repeatedly had to invoke the existence of things outside the range of our imagination just to make sense of the things that we can see, feel and measure12. MacDougall’s imagination, though, was limited to the concrete. He believed that the soul, if it existed, must have material form13. What he wanted to know was whether that material had weight.


MacDougall does not distinguish in his writings between weight and mass11, although the difference has been known since the time of Newton. Mass is an intrinsic property of an object, and does not depend on where the object is. Weight is the downward force that tips a set of scales when the object is in a gravitational field. Objects weigh less on the Moon than they do on Earth because the Moon’s gravitational pull on the object is smaller. The force also drops off with distance from the centre of the Earth (or Moon), which is one reason why records in field events such as the high jump or the shot put tend to be easier to set at high altitudes. The ultimate place to set such records would be in space, where the Earth is so far away that its gravitational attraction is negligible, and objects still have the same mass but virtually no weight.


We still don’t know what mass is. The most popular theory is that ‘empty’ space is actually populated by particles called ‘Higgs bosons’, which convey the property of mass to any other particles that they come close to. Higgs bosons are tricky things to describe. In 1993, at the suggestion of my Bristol University colleague Professor Sir Michael Berry, the UK Science Minister William Waldegrave challenged physicists to produce a description that would fit on one page15. The winning entries, one of which is reproduced in the notes to this chapter, demonstrated the huge gulf between the actuality of Nature and our attempts to understand it using human ‘common sense’.
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Figure 1.1 Astronaut Edwin ‘Buzz’ Aldrin descending from the Lunar Module during the Apollo XI Moon landing, photographed by Neil Armstrong. Armstrong later managed a standing jump from the foot of the ladder to a height of nearly two metres14, despite wearing a heavy space suit, which gave him a total mass of approximately 135kg. On the Moon, though, he would only have weighed one-sixth of that, i.e. 22.5kg.


The search for isolated Higgs bosons has so far been fruitless, but it is at least conceivable that there could be a form of matter that does not interact with such bosons, and that would therefore be massless and weightless, bizarre though that concept may appear. Even in modern-day terms, then, MacDougall’s question as to whether the soul material had weight was not unreasonable. His first experimental answer to the question, though, seemed to defy all reason. He describes it in his letter to Dr Hodgson:


On the 10th day of last April [1901], my opportunity came. On a Fairbanks Standard platform scales, I had previously arranged a framework of wood, very light; on top of this I placed a cot bed with clothing in such a manner that the beam was not interfered with in any way.


At 5.30 P.M. the patient, a man dying in consumption, was placed on the bed. [MacDougall was later at pains to point out that the patient, a young black man, was a fully informed volunteer and that he was not subjected to any additional discomfort.] He lived until 9.10 P.M. During those three hours and forty minutes he lost weight at the rate of an ounce in one hour, the sixtieth part of an ounce in one minute, so that every ten or fifteen minutes I was compelled to shift the sliding weight back upon the beam in order to keep the beam end up against the upper limiting bar, which I wished to do for the sake of making the test of sudden loss all the more marked and decisive, if such loss should come [my italics]. This loss of weight … was due to evaporation from the nasopharyngeal and bronchopulmonary and buccal mucous membrane accompanying respiration, and also from the evaporation of moisture from cutaneous perspiration.


At 9.08 P.M. my patient being near death, for the last time I sent back the shifting weight on the beam so that for the last ten minutes the beam end was in continuous contact with the upper limiting bar. Suddenly at 9.10 P.M. the patient expired and exactly simultaneous with the last movement of the respiratory muscles and coincident with the last movement of the facial muscles the beam end dropped to the lower limiting bar and remained there without rebound as though a weight had been lifted off the bed [my italics]. Later it took the combined weight of two silver dollars to lift the beam back to actual balance … these were found together to weigh three-fourths of an ounce.
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Figure 1.2 Fairbanks Imperial Grocer’s Scale16, manufactured in 1911 and capable of weighing 1 ounce to 250 pounds. The platform in the scale illustrated is 12" wide ×15" deep. MacDougall probably used a similar type of scale, with the wooden framework and bed fixed to the platform. Unfortunately, he gives no further details of its construction.


MacDougall had, it seemed, weighed the departing soul. He wrote to Dr Hodgson: ‘Have I discovered [the] soul substance with my weighing machine? I think so, and I mean to verify and re-verify and re-re-verify, if I live long enough.’17


MacDougall’s actions, though, belied his words, and revealed him as a true scientist. Science is not a matter of discovering something, and then looking for more and more confirmatory instances. That proves nothing. What good scientists do is try to prove themselves wrong. The more they fail to prove themselves wrong, the more they begin to believe the original idea or observation.


MacDougall went looking for other explanations for the sudden change in weight. With his balance sensitive to a tenth of an ounce, he knew that he had weighed something, but he was not at all sure that the something was the soul. His checks, though, did not reveal any other physical explanation. There was no urine loss or bowel movement (although these should not in any case have affected the measurements), and both he and his collaborator Dr Sproull climbed on to the bed and vigorously inhaled and exhaled to check whether air loss from the lungs might have an effect. It shouldn’t have, and it didn’t.


He still wasn’t satisfied, and tried the experiment with a second patient, who was, like the first, ‘a man moribund from consumption’. The exact time of death of his patient was harder to determine, but the result of the experiment was similar: ‘Inside of three minutes with all channels of loss closed [i.e. urine, bowel movement, etc.] a loss of one ounce and fifty grains took place.’


On 22 May of the following year he was able to write to Dr Hodgson with the results of four more experiments:


Since I wrote you last I have had four more experiments on human subjects. In the first of these four there was a loss of half an ounce coincident with death … In the second of the four, the patient dying of diabetic coma, unfortunately our scales were not finely balanced, and although there is a descent of the beam requiring about three-eighths to half an ounce to bring it to the point preceding death, yet I consider this test negative … The third of the four cases shows a distinct drop in the beam registering about three-eighths of an ounce, which could not be accounted for; this occurred exactly simultaneous with death … The fourth case in this series was negative. Unfortunately owing to complications which we could not prevent the patient was but a few minutes on the bed before he died, and whether I had the beam accurately balanced before death or not I cannot be sure …


The results were exciting, but MacDougall was faced with a problem that working scientists face every day of their lives: which results to accept, and which to reject? The choice is not a simple one. A wild deviation from an accepted theory or working hypothesis could herald a new discovery, or it could be a misleading and embarrassing artefact. In How to Dunk a Doughnut I described the sad case of the Viennese physicist Paul Ehrenhaft, who tried to measure the charge of the electron by measuring the movement of charged water drops in an electric field. Ehrenhaft performed thousands of experiments, and accepted all of his results indiscriminately, so that he could only account for the scatter in his measurements by assuming that the droplets were coated by many electrons, each with a tiny electrical charge. The American Robert Millikan performed similar experiments in America, but assumed that there were only a small number of electrons on each drop, and robustly rejected results that didn’t fit with his hypothesis. As it turned out, Millikan was right and Ehrenhaft was wrong, and the weird, anomalous results that both men had found, but which they had treated very differently, were not due to some new fact of Nature but were due to dust, droplets sticking together and other accidental effects.


MacDougall was searching for a new fact of Nature, and took the same path that Ehrenhaft later followed by conscientiously describing all of his results, whether they fitted his hypothesis or not. He followed Millikan, though, in looking for reasons to reject results where possible, but unlike Millikan he published his reasons for rejecting them, both in his letters to Hodgson and later when he published the results in the open literature.


By then he had repeated his experiment fifteen times with dogs instead of people. The results were uniformly negative. There was no weight loss on death when men or women were replaced by dogs, and MacDougall cautiously wrote to Hodgson: ‘If it is definitely proven that there is a distinct loss of weight in the human being not accounted for by known channels of loss, then we have here a physiological difference between the human and the canine at least (and probably between the human and all other forms of life) hitherto unsuspected.’ He added: ‘I want first to publish the discovery as a fact in the physiology of death, stripped, as a good friend of mine has said, of its ‘‘psychical significance’’, because to insist upon the latter might raise prejudice in the minds of many of our present day scientific men, and prevent repetition of the experiment by others.’ He was to be sadly disappointed.


Nervous of public reaction, MacDougall kept his results to himself for five years. His only public disclosure was in informal conversation, to a group of fellow passengers during a trip to Europe later that year on board the liner Cestrian. Despite their encouragement, he refrained from publishing the results of his experiments, fearing ridicule and a community backlash. He had already experienced a backlash from the hospital staff in Haverhill when he was pursuing his experiments. One can imagine the offence that the experiments must have given to the religious and moral susceptibilities of the hospital staff in a small, conservative American township. The objectors attempted to disrupt the experiments. MacDougall mentions, for example, that while attempting to weigh the woman dying of diabetic coma ‘there was a good deal of interference by people opposed to our work’.


Some years later, an ‘unauthenticated publication of his attempts’ with ‘the usual distortion of everything that gets in the papers’ forced MacDougall’s hand. Rather than have distorted newspaper reports as the only public source of his results, he wrote an account of his experiments18 for the professional journal American Medicine, with a duplicate copy in The American Journal of Psychical Research. His publication in the latter journal might seem surprising, but research into the possibility of psychic phenomena was much more mainstream then than it is now, and along with anecdotal reports the journal contained a substantial number of papers reporting rigorous experiments designed to test whether particular psychic phenomena really existed and could be demonstrated under controlled conditions that would convince sceptics.


MacDougall maintained a sceptical stance in his published papers. He wrote, for example: ‘I am aware that a large number of experiments would require to be made before the matter could be proven beyond any possibility of error,’ and, in a letter written after his results became public: ‘I am well aware that these few experiments do not prove the matter any more than a few swallows make a summer.’ Nevertheless, he felt driven by his own measurements into a corner, and he wrote privately: ‘Is it the soul substance? How else shall we explain it?’


[image: image]



Figure 1.3 Newspaper stories about MacDougall’s experiments. These were generally well balanced and factual (certainly by modern standards!) and it is now hard to understand why MacDougall reacted to them as strongly as he did.


MacDougall’s account of his experiments makes fascinating reading today. One cannot help but be struck by the care with which the work was done and the detail in which it is presented. A present-day journal referee would be hard-pressed to find a reason for rejecting it, and would probably say that the conclusions seemed incredible but that they could find no basic flaw in the methods or reasoning. The paper would then be published (as many are) in the expectation that other scientists would try to repeat the experiments and either find the flaw or reinforce the conclusion. That is the way science works; at least, it is the way that it is meant to work19.


MacDougall’s measurements seemed to show that the soul weighed as much as a slice of bread. It was an extraordinary claim and, in Carl Sagan’s pithy phrase, ‘Extraordinary claims require extraordinary proof.’20 Some such claims, like the supposed discovery of a new form of water21 in 1970 or the possible production of cheap, safe energy from ‘cold fusion’ in the late 1980s, led to bursts of scientific activity that eventually proved them wrong. Others, like the idea that huge polymer molecules such as proteins could fold up spontaneously to produce regular structures, or that light sometimes behaves like a wave and sometimes like a particle, have proved to be right. Still others, such as the claim that the arrangement of the stars as viewed from our planet somehow affects our behaviour and our future, have repeatedly been shown to have no demonstrable foundation, yet still claim large numbers of adherents.


MacDougall’s methods appeared to be perfectly sound, but his result was so extraordinary that no one has yet attempted to repeat his experiments – at least, not with people. Similar experiments, though, were performed in the 1930s on some unfortunate mice22. The perpetrator of these experiments was the Los Angeles schoolteacher H. LaVerne Twining, who was one of the early aviation and radio pioneers. His book Wireless Telegraphy and High Frequency Electricity, which he self-published in 1909, is now a rare gem, and he was the first member of the Aero Club of California to build a monoplane that flew23. Perhaps ascending to those dizzy heights stimulated his interest in heavenly things, because by 1915 he had already written a book on The Physical Theory of the Soul24, although he did not publish his experiments until more than twenty years later.


To perform his experiments, Twining set up a balance with a glass beaker on either side. Each beaker contained a live mouse, and on the balance pan beside each beaker there was a solid lump of potassium cyanide. With the whole arrangement exactly poised, Twining lifted one of the lumps of cyanide with a pair of tweezers and put it into the beaker on the same balance pan. Within thirty seconds the mouse in the beaker died. When the mouse died, the balance arm dropped! Mice, it seemed, also had weighty souls.


The mouse that died might, of course, have been a particularly saintly mouse. Twining, however, like MacDougall before him, was more inclined to seek a physical explanation. Unlike MacDougall, he had another experiment up his sleeve: a different form of death. Instead of using cyanide, he sealed another unlucky mouse in a glass tube so that the poor animal died of asphyxiation (a cruel experiment that would never be condoned by modern ethics committees). This time, there was no weight loss when the animal died.


Twining concluded that a dying mouse somehow loses moisture rapidly at the point of death, and that the moisture remains trapped when death takes place in an enclosed chamber. That would seem to answer the question, except for the fact that Twining didn’t actually test for moisture. One might equally conclude from the evidence that mice have substantial souls but that those souls can’t get through glass.


In fact, the idea of rapid moisture loss doesn’t really explain either Twining’s or MacDougall’s results. It is just too hard to see how the death of an animal, human or otherwise, could result in such a rapid expulsion of moisture. Could there be another physical explanation? Or had MacDougall, after all, really weighed the soul?


MacDougall was unable to conceive of an alternative physical explanation, but I came across an interesting possibility while researching early ideas about the nature of heat and electricity. These days we view them as different forms of energy that can be turned into each other, as when we use electricity to heat a radiator or when we burn fuel to drive an electric dynamo, and which can be used to do work, as when we drive an electrically powered golf buggy or ride in an old-fashioned coal-burning steam engine. The everyday language that we still use to describe heat and electricity, though, still reflects the early pictures that they were real fluids that ‘flowed’ respectively from hot to cold places or along wires. Such literal pictures held considerable sway even up until recent times. The mother of the American humorist James Thurber, for example, would never leave an electric light socket empty in case the electricity dripped out.


The images of heat and electricity as real, material fluids held sway because they fitted with common sense. Materials increase in volume when they get hotter, for example, which is just what you would expect if they had to expand to accommodate the added fluid. The fluid was even given a name: ‘caloric’25. Belief in the reality of caloric was so widespread up until the middle of the nineteenth century that, if you look up heat in an encyclopedia of the time, the entry will say ‘see caloric’. The name was popularized by one of the best scientists of the time, the French aristocrat Antoine Lavoisier, who listed caloric as one of the twenty-four elements in his Traité élémentaire de chemie, and who later lost his head in the French Revolution (though not for the proposal of caloric).


There was plenty of evidence that caloric was a real material, not just from common sense, but also for more arcane scientific reasons, such as the fact that it permitted a correct prediction of the ratio of the specific heats of liquids and gases, a matter of great interest to scientists at the time. Everything seemed to point to the reality of caloric, but no one had isolated it, no one had seen it, and no one had managed to weigh it. By the end of the eighteenth century there were some who were beginning to doubt that it existed at all. One of these was the redoubtable Count Rumford, who had started life as plain Benjamin Thompson in America26 before manoeuvring his way into the high politics of Europe, eventually reorganizing the German army and being raised to the status of a count for his trouble. His experiments with the boring of brass cannons in Munich had showed him that he could generate as much heat as he liked just by keeping the boring process going. This convinced him that heat could not be a real material, because the supply of the material would surely have run out at some stage. To prove his point, he designed an experiment27 that was remarkably similar to MacDougall’s later attempt to weigh the soul.


The experimental plan was ingenious. Just as the soul is expected to leave the body at death, so heat is expected to leave a liquid when it freezes28. Rumford thus decided to check whether there was any change in the weight of a container of water as heat was extracted from it by refrigeration to turn the water into ice. For this he needed a highly accurate balance, which was beyond his means, but Rumford used his influence in Bavarian court circles to borrow one ‘belonging to His most Serene Highness [Karl Theodor] the ELECTOR PALATINE DUKE of BAVARIA’, patron of Mozart and others. His refrigerator was the Bavarian winter, and when ‘the cold was sufficiently intense for [his] purpose’ he set up his balance (similar in design to that of the ancient Egyptians!) with some 250mL of water in a sealed flask on one side and ‘an equal weight of weak spirit of wine’ on the other. He kept the approximately balanced assembly in a heated room until he could be sure that it had come to thermal equilibrium, and brought the weights into exact balance by hanging a piece of fine silver wire on one balance arm. Then, holding his breath, he moved the whole assembly to a quiet unheated room where the temperature was –2°C, and ‘going out of the room, and locking the door after [him], [he] suffered the bottles to remain forty-eight hours, undisturbed, in this cold situation …’


At this temperature, he expected the water to freeze but the spirit of wine to remain liquid, because alcohol lowers the freezing point of water (a fact that allows me to keep my gin and vodka in the freezer29 compartment of the refrigerator). His expectations were right: when he carefully opened the door of the room after two days, the water had turned to ice but the spirit of wine had remained liquid. To his chagrin, however, the balance arm had tilted from its original horizontal position. Heat, it seemed, did have weight!


That wasn’t the only unpleasant surprise. The tilt of the balance arm was in the wrong direction; the side of the balance carrying the water fell instead of rising. Heat appeared to have negative weight!


Like MacDougall, Rumford’s first inclination was to repeat the experiment. He did so, and obtained a similar result. If he had continued to repeat the experiment over and over in the same way, he would have got the same result again and again, and would presumably have been forced to accept his unpalatable conclusion. This is what happened to MacDougall in his attempts to weigh the soul; but Rumford knew that the most convincing results are those that have been obtained in several different ways, and he tried a different approach. After checking the balance itself, to make sure that the two balance arms did not shrink by different amounts as they cooled, he replaced the spirits of wine in one bottle with mercury30 (a better conductor of heat that would come more rapidly to thermal equilibrium) and repeated his experiment. To his intense pleasure, the balance remained ‘in the most perfect equilibrium’ as the water froze. Finally, he had shown that heat had no weight within the sensitivity of his apparatus.


So why had Rumford’s earlier experiments appeared to show that heat had negative weight? The answer, which also bears on the interpretation of MacDougall’s and Twining’s experiments, was that the two sides of the balance were at different temperatures. When water freezes, the water and the ice that is formed from it both remain at a temperature of zero degrees centigrade until all of the water has frozen. The flask on the other side of the balance, though, would have kept on cooling. The difference in temperature between the two sides would have caused air movement, just as it does on a larger scale when we put a convector radiator in a cold room, or on a still larger scale with the air movements over warm land and cold water that control our weather.


Precision balances such as that used by Rumford are particularly susceptible to air currents, and the readings have no value until the air movement has stopped. Convection currents certainly affected Rumford’s early experiments, and it seems likely that they could also have arisen in MacDougall’s and Twining’s experiments when the bodies that they were studying cooled down upon death. Rumford eventually overcame the problem by creating experimental conditions where thermal equilibrium could be established, but neither MacDougall nor Twining allowed for the possibility of convection currents. Their attempts to weigh the soul would both have been susceptible to such air movement (except for the experiment where the dying mouse was confined to a sealed tube, where no weight change was observed). The null result with dogs admittedly poses a difficulty for a ‘convection’ explanation, but the dogs were covered with insulating hair, which may have affected the results. In any event, while convection currents may not entirely account for MacDougall’s results, their influence must surely be eliminated before any future experiment similar to MacDougall’s could possibly be interpreted as weighing the soul.


There is a lot more to this little story. Even though Rumford eventually got his experiments right, they still did not convince believers in caloric, who simply assumed that caloric must therefore be weightless, a view that continued to carry weight for a further fifty years. Likewise, refutation of MacDougall’s experiments is unlikely to affect believers in the soul, most of whom in any case think of the soul as an insubstantial entity rather than as one with physical form. There is always another possible conclusion for believers in a particular theory. Facts can always be re-arranged to fit a theory, although the conflict between belief and reality can become well-nigh insurmountable, as with the letter arriving at the offices of the Flat Earth Society announcing that the recipient has won a round-the-world trip.
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