Cold Fusion -- The Sun in a bottle
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No other scientific endeavour has consumed so much talent, so much cash and so many years of sustained effort as the race to harness the power that makes the Sun shine. Billions of pounds, (and dollars, roubles and yen), more than four decades of research and the careers of thousands of physicists have been expended on the search for a nuclear reactor that will generate limitless power from the fusion of hydrogen atoms. There are grey-haired professors with lined faces still poring intently over the equations they first looked at eagerly with bright young eyes in the 1940s and 1950s. They will go into retirement with their dreams of cheap, safe power from fusion still years in the future. For the obstacles in their paths are as formidable now as ever.

Fusion is the process taking place in the Sun's core where, at temperatures of millions of degrees, hydrogen atoms are compressed together by elemental forces to form helium and a massive outpouring of energy in the thermonuclear reaction of the hydrogen bomb.  It is not difficult, then, to imagine how people who have invested their talent and their lives in the quest to tame such forces are likely to react when told that fusion is possible at room temperature, and in a jam jar.

The scientific world was astounded when, in March 1989, Professor Martin Fleischmann of Southampton University and his former student, Professor Stanley Pons of the University of Utah, held a press conference at which they jointly announced the discovery of 'cold fusion' -- the production of usable amounts of energy by what seemed to be a nuclear process occurring in a jar of water at room temperature.

Fleischmann and Pons told an incredulous press conference that they had passed an electric current through a pair of electrodes made of precious metals -- one platinum, the other palladium -- immersed in a glass jar of heavy water in which was dissolved some lithium salts. This very simple set-up was claimed to produce heat energy between four and ten times greater than the electrical energy they were putting in. No purely chemical reaction could produce a result of such magnitude so, said the scientists, it must be nuclear fusion.

Both scientists are distinguished in their field, that of electro-chemistry. But in making their press announcement they were breaking with the usual tradition of announcing major scientific discoveries of this sort. The usual process is one of submitting an article to Nature magazine which in turn would submit it to qualified referees. If the two chemists' scientific peers found the paper acceptable, Nature would publish it, they would be recognised as having priority in the discovery and -- all being well -- research cash would be forthcoming both to replicate their results and conduct further research.

But the two scientists perceived some difficulties. First, their paper would not be scrutinised by their exact peers because the discovery was unknown territory to electrochemists and indeed everyone else. It would probably be examined mainly by nuclear physicists -- the men who had grown grey in the service of 'hot' fusion. This would be like asking Swift's 'Big Endians' to comment objectively on the work of 'Little Endians'. 
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It is not that 'hot' fusion physicists could not be trusted to be impartial, or were incapable of accepting experimental facts, but rather that they would be coming from a research background that would naturally give them a quite different perspective.

Despite the experimental difficulties it was not long before confirmations were reported. First to report in were Texas A & M University, who reported excess energy and Brigham Young University who found both excess heat and measurable neutron flow. Professor Steve Jones of BYU said his team had actually been producing similar results since 1985, but that the power outputs obtained has been microscopically small, too small in fact to be useful as a power source.  One month after the announcement the first support from a major research institute came with the announcement by professor Robert Huggins of California's Stanford University that he had duplicated the Fleischmann-Pons cell against a control cell containing ordinary water, and had obtained 50 per cent more energy as heat from the fusion cell than was put in as electricity. Huggins gained extra column inches because he had placed his two reaction vessels in a red plastic picnic cool-box to keep their temperature constant. This kitchen-table flavour to the experiment added even further to the growing discomfort of hot fusion experts, with their billion-dollar research machines.

By the time the American Chemical Association held its annual meeting in Dallas in April 1989, Pons was able to present considerable detail of the experiment to his fellow chemists.  The power output from the cell was more than 60 watts per cubic centimetre in the palladium. This is approaching the sort of power output of the fuel rods in a conventional nuclear fission reactor. After the cell had operated from batteries for 10 hours producing several watts of power, Pons detected gamma rays with the sort of energy one would expect from gamma radiation produced by fusion. When he turned off the power, the gamma rays stopped too. Pons also told delegates that he had found tritium in the cell, another important sign of fusion taking place.

Pons estimated that the cell gave off 10,000 neutrons per second. This is many times greater than the rate of background level of natural radioactivity, but is still millions or billions of times less than the rate of neutron emission that one would expect from a fusion reaction -- a puzzle which Fleischmann and Pons acknowledge as a stumbling block to acceptance of their phenomenon as fusion by any conventional process.

This was perhaps the high water mark of cold fusion. Scores of organisations over the world were actively working to replicate cold fusion in their laboratories, and although many reported difficulties a decent number reported success. And by the end of April, Fleischmann and Pons were standing before the U.S. House Science, Space and Technology committee asking for a cool $25 million to fund a centre for cold fusion research at Utah University.

Then things began to go wrong.  An unnamed spokesman for the Harwell research laboratory -- the home of institutional nuclear research in Britain -- spoke to the Daily Telegraph saying that 'we have not yet had the slightest repetition of the results claimed by professors Martin Fleischmann and Stanley Pons. Of the other laboratories around the world who have tried to replicate the Pons-Fleischmann result, all but one have recanted, admitting that either their equipment or their measurements were faulty.'

'We believe our experiments are much more careful than those conducted by others. Perhaps for that reason we have been unable to observe any more energy coming out of the experiment than was put in.'

By late May, the headlines in both the popular press and the scientific press were beginning to carry words like 'flawed idea' when the biggest blow of all hit supporters of the cold fusion idea. Dr Richard Petrasso of the Plasma Fusion Centre of the ultra prestigious Massachusetts Institute of Technology presented the results of a series of intensive investigations into the Fleischmann-Pons experiment. The fundamental data put forward by the two men, said Petrasso, was probably a 'glitch'. The entire gamma ray signal in the Fleischmann-Pons experiment, he said, might not have occurred at all.

'We can offer no plausible explanation for the feature other than it is possibly an instrumental artefact with no relation to gamma-ray interaction,' he told the same reporters who had clustered around Fleischmann and Pons only two months earlier.  Dr Ronald Parker, director of MIT's Plasma Fusion Centre, said; 'We're asserting that their neutron emission was below what they thought it was, including the possibility that it could have been none at all.'

Thus within two months of its original announcement, cold fusion had been dealt a fatal blow by two of the world's most prestigious nuclear research centres, each receiving millions of pounds a year to fund research in hot fusion.

The measure of MIT's success in killing off cold fusion is that still today, the U.S. Department of Energy refuses to fund any research into it while the U.S. Patent Office relies on the MIT report to refuse any patents based on or relating to cold fusion processes even though hundreds have been submitted.

If Dr Parker had left his statement there, it is likely that the world would never have heard of cold fusion again -- or not until a new generation of scientists came along. But flushed with success at killing off MIT's embryonic rival, he decided to go all the way and openly accuse Fleischmann and Pons of possible scientific fraud.

According to Dr Eugene Mallove, who worked as chief science writer in MIT's press office, Parker arranged to plant a story with the Boston Herald attacking Pons and Fleischmann. The story contained accusations of possible fraud and 'scientific schlock' and caused a considerable fuss in the East-coast city. When Parker saw his accusations in cold print and the stir they had caused he backtracked and instructed MIT's press office to issue a press release accusing the journalist who wrote the story, Nick Tate, of misreporting him and denying that he had ever suggested fraud. Unfortunately for Parker, Tate was able to produce the tape of his interview which showed that Parker had used the word 'fraud' on a number of occasions.

It then began to become apparent to those inside MIT that the research report that Parker and Petrasso had disclosed to the press in such detail was not quite what it seemed. That some of those in charge at MIT's Plasma Fusion Centre had embarked on a deliberate policy of ridiculing cold fusion and that to do so they had -- almost incredibly -- fudged the results of their own research.

The MIT study announced by Parker and Petrasso contained two sets of graphs. The first showed the result of a duplicate of the Fleischmann-Pons cell and did, indeed, show inexplicable amounts of heat greater than the electrical energy input. The second set were of a control experiment that used exactly the same type of electrodes, but placed in ordinary 'light' water -- essentially no different than tap water. The results for the control cell should have been zero -- if cold fusion is possible at all, it is conceivable in a jar full of deuterium, but not in a jar of tap water. Any activity here, according to current theory, would simply indicate some kind of chemical, not nuclear, process.

But the MIT results for the control showed exactly the same curve as that of the fusion cell. It was the identical nature of the two sets of results that depicted so graphically to the press and scientific community the baseless nature of the Fleischmann-Pons claim and that justified MIT's statement that it had 'failed to reproduce' those claims. It was these figures that were subsequently used by the Department of Energy to refuse funding for cold fusion and by the U.S. Patent Office to refuse patent applications. It is these figures that are used around the world to silence supporters of cold fusion.

But MIT insiders, like Dr Gene Mallove, knew that the figures had actually been fudged. It is usual for experimental data to be manipulated, usually by computer, to compensate for known factors. No-one would have been surprised to learn that MIT had carried out legitimate 'data reduction'. But what they had done was selectively to shift the data obtained from the control experiment, the tap water cell, so that it appeared identical to the output from the fusion cell.

When this blatant fudging of the figures became public, MIT came under fire from many directions, including members of its own staff. Gene Mallove announced his resignation at a public meeting and submitted a letter to MIT accusing them of publishing fudged experimental findings simply to condemn cold fusion. A number of scientific papers were published in scientific journals culminating in the paper published by Fusion Facts in August 1992 by Dr Mitchell Swartz in which he concluded, "What constitutes 'data reduction' is sometimes but not always open to scientific debate. The application of a low pass filter to an electrical signal or the cutting in half of a hologram properly constitute 'data reduction', but the asymmetric shifting of one curve of a paired set is probably not. The removal of the entire steady state signal is also not classical 'data reduction'."

In the restrained and diplomatic language of scientific publications this is as close an anyone ever gets to accusing a colleague of outright fiddling of the figures to make them prove the desired conclusion.

Beleaguered and under fire from every quarter (except the other big hot fusion laboratories who simply became invisible and inaudible) MIT backed down. It added a carefully worded technical appendix to the original study discussing the finer points of error analysis in calorimetry. It also amended its earlier finding of 'unable to reproduce Fleischmann-Pons' to 'too insensitive to confirm' -- a rather different kettle of fish.

Although MIT was caught red handed, it was its original conclusion that stuck both in the public memory and as far as public policy was concerned. The coup de grace was delivered to cold fusion when the U.S. House committee formed to examine the claims for cold fusion, came down on the side of the skeptics.

'Evidence for the discovery of a new nuclear process termed cold fusion is not persuasive,' said its report. 'No special programmes to establish cold fusion research centres or to support new efforts to find cold fusion are justified.'

Just where does cold fusion stand ten years after the original announcement? The position today is that cold fusion has been experimentally reproduced and measured by more than 100 universities and commercial laboratories in 10 countries around the world. Dr Michael McKubre and his team at Stanford Research Institute say they have confirmed Fleischmann-Pons and indeed say they can now produce excess heat experimentally at will. Many other major universities and commercial organisations have also confirmed the reality of cold fusion. U.S. Laboratories reporting positive results include the Los Alamos National Laboratory, Oak Ridge National Laboratory, (these were the two U.S. research establishments most closely involved in developing the atomic bomb) Naval Research Laboratory, Naval Weapons Centre at China Lake, Naval Ocean Systems Centre and Texas A & M University. Dr Robert Bush and his colleagues at California Polytechnic Institute have recorded the highest levels of power density for cold fusion, with almost three kilowatts per cubic centimetre. This is 30 times greater than the power density of fuel rods in a typical nuclear fission reactor. 

Overseas organisations include Japan's Hokkaido National University, Osaka National University, the Tokyo Institute of Technology and Nippon Telephone and Telegraph corporation. Fleischmann and Pons are working for the Japanese-backed Technova Corporation based in France. Gene Mallove left MIT to found Infinite Energy Magazine. 
Equally illuminating were the remarks of professor John Huizenga who was co-chairman of the U.S. Department of Energy's panel on cold fusion and who came down against the reality of the process. In a recent book on the subject, professor Huizenga observed that 'The world's scientific institutions have probably now squandered between $50 and $100 million on an idea that was absurd to begin with.'

The question is, what were his principal reasons for rejecting cold fusion. Professor Huizenga tells us; 'It is seldom, if ever, true that it is advantageous in science to move into a new discipline without a thorough foundation in the basics of that field.'

When you consider that his committee's sole function was to advise whether or not research funds should be spent to investigate an entirely new area of physics and electrochemistry, and that this statement is one of his principal reasons for deciding not to invest such research funds, his statement takes on an almost Kafkaesque quality. It is unwise to invest research funds in any new area, unless we already have a thorough foundation in the basics of that new area? How could anyone ever get any money for research out of professor Huizenga's committee?  By proving that they already know everything there is to know?

A more rational approach is that of Dr. Edmund Storms, formerly with the Los Alamos nuclear research laboratory who said, 'Science grows by competition between two possibilities.  One is based on a very imperfect imagination for new possibilities.  The other is based on a tested understanding of our world which we all agree to enjoy without conflict. Each has its role in intellectual evolution and its strengths.  However, to function properly, the relationship needs to be based on mutual respect, as is the case with all relationships.  This respect leads to questions not declarations, to discussion not conflict, and to seeking a mutually satisfying goal, not an arbitrary conclusion.  In the cold fusion partnership, these requirements are not being followed and, as a result, the marriage is on the rocks.'

Cold Fusion is the perfect exemplar of "Alternative Science". It runs entirely counter to intuitive expectation produced by the received wisdom of physics; it is a discovery by 'outsiders' with no experience or credentials in fusion research; its very existence is vehemently denied even though Fleischmann and Pons have demonstrated a jar of water at boiling point to the world's press and television; and it is inexplicable by present theory: it means tearing up part of the road-map of science and starting again.

The Royal Institution is Not Amused
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Few people visit the Royal Institution, in London's Albemarle Street, for amusement. There are not many laughs at Britain's second oldest scientific institution, founded in 1799, where Sir Humphry Davy demonstrated his discovery of the elements sodium and potassium and where Michael Faraday discovered electromagnetic induction. It's true there have been some lighter moments in the famous circular lecture theatre, especially since Sir William Bragg introduced Christmas Lectures for Children in the 1920s. But, on the whole, this is stuffed shirt territory.

One night in 1973 the stuffed shirts got a shock from which they have still not recovered. It was an experience at which, like Queen Victoria, they were not amused. Indeed it was so unamusing for them that it is the only occasion in the Royal Institution's two hundred year history that it has failed to publish a proceedings of a major lecture, or 'evening discourse'. The cause of this unique case of scientific censorship was the maverick professor of electrical engineering of Imperial College, London, Eric Laithwaite.

Laithwaite was no stranger to controversy even before his shadow fell across so distinguished an institutional threshold. In the 1960s, Laithwaite invented the linear electric motor, a device that can power a passenger train. In the 1970s, he and his colleagues combined the linear motor with the latest hovercraft technology to create a British experimental high speed train. This was a highly novel, but perfectly orthodox technology.

The advantages of such a tracked hovercraft are obvious to anyone who sees a hover-rail train running along,suspended in the air above the track -- it is quiet, has no moving parts to wear out and is practically maintenance-free. The significance of this last point quickly becomes clear when you learn that more than 80 per cent of the annual running costs of any railway system is spent on maintenance of track and rolling stock because of daily wear. 

The British government at first invested in the development of his device but later, after a series of budget cuts, pulled out pleading the need for economy. Laithwaite, a blunt-speaking Lancashire man who did not shrink from speaking unpopular truths, told the Government and its scientific bureaucrats the mistake they were making in no uncertain terms, but its decision to cancel was unchanged.

Laithwaite refused to be beaten and took his invention one step further. He designed an even better kind of hover train -- one in which his linear motor was levitated by electromagnetism giving a rapid transit system that not only provides quiet, efficient magnetic suspension over a maintenance-free track, but which generates the electricity to power the magnetic lift of the track from the movement of the train.

Speaking in the early 1970s, Laithwaite said of his new 'Maglev' system, 'We've designed a motor to propel [the train] that gives you the lift and guidance for nothing -- literally for nothing: for no additional equipment and no additional power input. This is beyond my wildest dreams -- that I should ever see that sort of thing.'

Laithwaite's Maglev design was not quite perpetual motion, but certainly sounded enough like something-for-nothing to make the scientific establishment turn its nose up in suspicion. But this project, too, was cancelled by the government and further development was halted. Today, Maglev trains are being built in Germany and Japan but Britain continues to spend 80 per cent of its railway budget on maintenance of conventional transport systems -- several hundred millions every year.

With the Maglev project cancelled, the technology Laithwaite had devoted the previous twenty years to developing was put in mothballs. The object of his entire career for decades disappeared overnight. By an extraordinary chance at just the same time that the Maglev project was cancelled, Laithwaite received an intriguing telephone call out of the blue from an amateur inventor, Alex Jones.

Jones claimed to have a remarkable new invention to demonstrate which he had tried to interest scientists and engineers in, so far without success. Would Laitwaite like to take a look at it? While others had dismissed Jones as a crank, Laithwaite, now with time on his hands, invited him to come to Imperial College.

When Jones arrived in the laboratory he had a strange-looking contraption to show. It was a simple wooden frame on wheels that could be pushed backwards and forwards on the bench top, like a child's trolley. But suspended from the front of the frame was a heavy metal object that could swing from side to side like a pendulum. The metal object, Jones explained, was a gyroscope.

As Laithwaite looked on in puzzled amazement, Jones started the gyroscope spinning and then allowed it to swing from side to side. The wooden box moved along the bench top on its wheels although there was no drive to the wheels and no external thrust of any kind -- something that shouldn't happen according to the laws of physics.

'When Alex switched his machine on,' recalled Laithwaite, 'it was quite disturbing to one's upbringing. The gyroscope appeared to be producing a force without a reaction. I thought I'd seen something that was impossible.'

'Like everyone else I was brought up on Newton's laws of motion, and the third law says that for every action there's an equal and opposite reaction, therefore you cannot propel a body outside its own dimensions. This thing apparently did.'

Laithwaite started some gyroscope experiments of his own, making large spinning tops with most of the mass in the rim of the wheel, and he found that, 'these very definitely did something that seemed impossible.'

It was at this critical point in his career that he was invited by Sir George Porter, president of the august Royal Institution, to deliver a Friday Evening Discourse.

In retrospect it might seem to be rather risky for Sir George to have invited a blunt-speaking and controversial figure to address the Institution. But, until then, Laithwaite's clashes with the government and scientific bureaucrats over the development of his Maglev train had been a conflict over money and over innovation: not over scientific principles. He had fought the same kind of battle as most senior scientists in Britain for scarce resources. 

He may have been the sort of outspoken individualist who finds himself in the headlines, but he was still a distinguished professional scientist, still a member of the club.

It was against this background that the Royal Institution invited him to deliver the lecture. But the Friday Evening Discourse is no ordinary lecture. It is a black tie affair, preceded by dinner amidst the polished silver and mahogany of the Institution's elegant Georgian dining room, under the intimidating gaze of portraits of the giants of science from the eighteenth and nineteenth century, staring down from the panelled walls.

When you are invited to be thus feted by your fellow members of the Royal Institution and to deliver a Discourse from the spot where Faraday and Davy stood, it is usually the prelude to collecting the rewards of a lifetime of distinguished public service: Fellowship of the Royal Society; Gold Medals; perhaps even a Knighthood. In keeping with such a conservative occasion, those invited to speak generally choose some worthy topic on which to discourse -- the future of science, perhaps, or the glorious achievements of the past.

But Laithwaite chose not to discourse on some worthy, painless topic but instead to demonstrate to the assembled bigwigs that Newton's laws of motion -- the very cornerstone of physics and the primary article of faith of all the distinguished names gathered in that room -- were in doubt.

Standing in the circular well of the Institution's lecture theatre, Laithwaite showed his audience a large gyroscope he had constructed -- an apparatus resembling a motorcycle wheel on the end of a three foot pole (which, is precisely what it was). The wheel could be spun up to high speed on a low-friction bearing driven by a small but powerful electrical motor.

Laithwaite first demonstrated that the apparatus was very heavy -- in fact it weighed more than 50 pounds. It took all his strength and both hands to raise the pole with its wheel much above waist level. When he started to rotate the wheel at high speed, however, the apparatus suddenly became so light that he could raise it easily over his head with just one hand and with no obvious sign of effort.

What on earth was going on? Heavy objects cannot suddenly become lighter just because they are rotating, can they? Such a mass can only be propelled aloft if it is subjected to an external force or if it expels mass, in a rocket engine for example. Had Laithwaite taken to conjuring tricks? Were there concealed strings? Confederates in trapdoors?

If Laithwaite expected gasps of admiration or surprise, he was disappointed. The audience was stunned into silence by his demonstration. When he went on to explain that Newton's laws of motion were apparently being violated by this demonstration, the involuntary hush turned to frosty silence.

'I was very excited about it,' he recalled, 'because I knew I had something to show them that was startling. And I did it rather in the spirit of "come and see what I've discovered -- come and share this with me." It was only afterwards that I realised no-one wanted to share it with me. The reaction was "the man's obviously a lunatic". "There must be some trick" was what people said.'

'I was simply trying to tell them, "look, here's something very unusual that's worth investigating. I hope I've got sufficient reputation in electrical engineering not to be written off as a crank. So when I tell you this, I hope you'll listen." But they didn't want to.'

'After the Royal Institution lecture all hell broke loose, primarily as a result of an article in the New Scientist, followed up by articles in the daily press with headlines such as "Laithwaite defies Newton". The press is always excited by the possibility of an anti-gravity machine, because of space ships and science fiction, and the minute you say you can make something rise against gravity, then you've "made an antigravity machine". And then the flood gates are unleashed on you especially from the establishment. You've brought science into disrepute or you're apparently trying to because you've done something that is against the run of the tide.'

The resounding silence of his audience continued long after that fateful evening. There was to be no Fellowship of the Royal Society, no gold medal, no 'Arise, Sir Eric'. And, for the first time in two hundred years, there was to be no published 'proceedings' recording Laithwaite's astonishing lecture. In an unprecedented act of academic Stalinism, the Royal Institution simply banished the memory of Professor Laithwaite, his gyroscopes that became lighter, his lecture, even his existence.

Newton's Laws were restored to their sacrosanct position on the altar of science. Laithwaite was a non-person, and all was right with the world once more.

For the next twenty years, Laithwaite carried on investigating the anomalous behaviour of gyroscopes in the laboratory; at first in Imperial College and later, after his retirement, wherever he could find a sympathetic institution to provide bench space and laboratory apparatus.

By the mid-1980 -- what he called 'the most depressing time' -- Laithwaite had conducted enough empirical research to demonstrate that the skeptics were right when they said that there were no forces to be had from gyroscopes.

'The mathematics said there were no forces and that was correct', Laithwaite recalled. 'The thing that wouldn't go away was: can I lift a 50 pound weight with one hand or can't I? Of all the critics that I showed lifting the big wheel, none of them ever tried to explain it to me. So I decided I had to follow Faraday's example and do the experiments.'

After retiring from Imperial College, laithwaite began a long series of detailed experiments. Sussex University offered him a laboratory and he formed a partnership with fellow engineer and inventor, Bill Dawson, who also funded the research. Laithwaite and Dawson spent three years from 1991 to 1994, investigating in detail the strange phenomena that had unnerved the Royal Institution.

'The first thing I wanted to find out was how I could lift a 50 pound wheel in one hand. So we set out to try to reproduce this as a hands-off experiment. Then we tackled the problem of lack of centrifugal force and the experiments were telling us that there was less centrifugal force than there should be. Meanwhile I started to do the theory. We devised more and more sophisticated experiments until, not long ago, we cracked it.'

The real breakthrough came, said Laithwaite, when they realised that a precessing gyroscope could move mass through space. 'The spinning top showed us that all the time, but we couldn't see it. If the gyroscope does not produce the full amount of centrifugal force on its pivot in the centre then indeed you have produced mass transfer.'

'It became more exciting than ever now because I could explain the unexplainable. Gyroscopes became absolutely in accordance with Newton's laws. We were now not challenging any sacred laws at all. We were sticking strictly to the rules that everyone would approve of, but getting the same result -- a force through space without a rocket.'

The research of Laithwaite and Dawson has now borne practical fruit. Their commercial company, Gyron, filed a world patent for a reactionless drive -- a device that most orthodox scientists say is impossible.


Sadly Eric Laithwaite died  in  1997.  His device remains in prototype form, comparable perhaps to  the Wright Brother's first aircraft or Gottlieb Daimler's first automobile.

Shortly before his death, Laithwaite spoke philosophically  about the long experimental road he had trudged virtually alone.  Why should people reject the idea of something new?' he asked. 'Well, of course, they always have. If you go back to Galileo, they were going to put him to death for not saying the earth was the centre of the universe. I'm reminded of something that Mark Twain once said; 'a crank is a crank only until he's been proved correct.'

'So now I myself have demonstrated that I've been correct all along. Anyone seeing the experiments would know at once, if they knew their physics, that I've done what I said I could do, and that I'm no longer a heretic.'

Laithwaite's reactionless drive is an extraordinary machine; a machine that orthodox science said could never be built and would never work. But though it may well eventually prove of great value -- perhaps even providing an anti-gravity lifting device -- it is a net consumer of energy, just like Griggs's Hydrosonic pump. There is no evidence at present that it is an over-unity device -- merely a novel means of propulsion that proves there are more things in heaven and earth than are currently dreamed of by scientific rationalism.

But there are other Laithwaites, and there are other engines: some even more extraordinary than the reactionless drive.

Ether - a null result, or an anulled result?  
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The story of ether, or aether, is familar to anyone who has studied the history of science and the seminal tale from the heroic age of physics of the Michelson-Morley experiment to establish whether or not light travels through a mysterious medium that fills space -- the ether.  Every high school physics student has taken down the same notes for more than a century.

1880, US physicist Albert Michelson invents the Michelson light interferometer -- an instrument that can measure the velocity of a beam of light with great accuracy by splitting it through a half-silvered mirror and then re-combining the beams.  If the recombined beams interfere with reach other, causing visible fringes on a screen, then one of them must have been delayed.

1887, Michelson and fellow American scientist Edward Morley build an interferometer with greater accuracy than ever before and use their instrument in a crucial experiment to determine whether light travels through the ether, or merely through the vacuum of empty space. The two physicists set up their instrument to measure the speed of a beam of light travelling in the same direction as the earth through space, and also a beam that travels at right angles to the earth’s direction of travel. If the ether exists there should be a minute – but measurable – drag effect on a beam of light that will delay it and show up as ‘interference fringes’ in the interferometer.  The experiment shows a 'null result' -- no matter how the interferometer is orientated with respect to the earth's movement, there is no measurable ether drag.
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1905 - 1915.  This experimental finding throws physics into a quandary for a decade or more until Albert Einstein comes to the rescue with his Theory of Relativity. The ether does not exist, says Einstein, and light travels at constant velocity regardless of the speed of its source.  These findings and the ideas of relativity become the foundation stones of physics in the twentieth century and are universally accepted.

These are the notes taken by generations of students.  But, as Michelson and Morley’s experiment affected theoretical physics more than perhaps any experiments since Galileo and Newton, then one might expect its results to have been analysed with the utmost care and the experiment itself to have been replicated many times, establishing the 'null' result. 

Strangely, the real facts of the Michelson Morley experiment are the very opposite of this oft-told seminal tale. Michelson and Morley did not in fact obtain a null result in their original experiment.  They found a small, anomalous deviation from the expected value, but this finding was simply forgotten about. Few attempts have been made to replicate the experiment itself but several of them have also found experimental evidence for an ether. Most extraordinary of all is the series of experiments carried out over a 30 year period by Dayton Miller, from 1906 to the mid 1930s, using far more accurate apparatus than Michelson and Morley and which clearly and consistently showed an ether drift effect. But these results contradicted Einstein and Relativity, so they were first ignored and later, after Miller’s death, made the subject of a campaign of denigration.

The experiments of Michelson and Morley and of Dayton Miller, have been repeated and analysed in modern times by French engineer Maurice Allais, who was awarded the Nobel Prize for Economic Science in 1988.  It is primarily due to the work of Allais that Miller's discoveries have been brought to a modern audience. For further details see Allais website here.  The story of Dayton Miller and what happened to his findings has also been researched and told in considerable detail by Dr James De Meo, Director of the Orgone Biophysical Research Lab.  His research paper can be found here.
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Albert Michelson became professor of physics at the newly-founded Case School of Applied Science in Cleveland, Ohio, in 1882.  Here he met Edward Morley who was professor of chemistry at the neighbouring Western Reserve University. (Today, the two institutions are combined as Case Western University). Morley had several ideas for improving the Michelson Interferometer and in 1887 a new instrument was built in the basement of Western Reserve's Adelbert College in Cleveland.  The instrument consisted of a 1.5 metre square block of sandstone on which was mounted the optical apparatus.  The stone block rested on a wooden disk floating on mercury in a cast iron tank.  This made it possible to rotate the instrument through 360 degrees with virtually no vibration.  At each end of the arms of the apparatus were four mirrors to reflect the light beam back and forth repeatedly, thus effectively extending the path length for the beam to a total of 11 metres.

If the theory of a stationary ether through which the earth moved were correct, then pointing one arm of the apparatus in the direction of the earth's travel through space would produce a displacement of the observed pattern of interference fringes amounting to 0.4 of a fringe width.  The apparatus was sensitive enough to detect a displacement much smaller than this amount.

Michelson and Morley made observations with the instrument for one hour at noon on 8, 9 and 11 July 1887 and one hour in the evenings of 8, 9 and 12 July -- six hours in all.  In each session, the instrument was gradually turned through 36 rotations, readings being taken at every sixteenth of a turn.  Today, whenever and wherever the results of these six days of observations are reported -- whether in the popular press or professional scientific paper -- it is confidently said that the Michelson-Morley experiment produce a null result.  
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The real facts were given in 1933 by Dayton C Miller who wrote, 'The indicated effect was not zero; the sensitivity of the apparatus was such that the conclusions, published in 1887, stated that the observed relative motion of the earth and ether did not exceed one fourth of the earth's orbital velocity.  This is quite different from a null effect now so frequently imputed to this experiment by writers on relativity.'  (The italics emphasis is Miller's.)

If these words had been written by a disgruntled amateur, they would merit little attention.  However, Dayton Miller (1866-1941) was a physics graduate from Princeton University, President of the American Physical Society and Acoustical Society of America, Chairman of the Division of Physical Sciences of the National Research Council, Chairman of the Physics Department of Case School of Applied Science (today Case Western Reserve University), and a Member of the National Academy of Sciences.  Even more significantly, from 1902 onwards Miller began experiments with Edward Morley using more accurate instruments and whose own more accurate results clearly show an ether drift effect.

 How on earth did the 'null result' story come about?  In their paper of 1887, Michelson and Morley made an important qualification.  'In what precedes, only the orbital motion of the earth is considered.  If this is combined with the motion of the solar system, concerning which but little is known with certainty, the result would have to be modified; and it is just possible that the resultant velocity at the time of observations was small though the chances are much against it.  The experiment will therefore be repeated at intervals of three months, and this all uncertainty will be avoided.'

Unfortunately, this repetition (which later was to prove to be very important) was never carried out.  In 1889, Michelson left the Case School, first for Clark University and then for University of Chicago where he remained for 38 years.  After 1889, Michelson's interferometry work centred on determining the unit of length for which he became world famous.

In the meantime, Einstein had published his Special Theory of Relativity in 1905, followed by his General Theory of Relativity in 1915.  His theory, which quickly attained widespread currency and a wide measure of support made two key assumptions; first that the speed of light is constant, regardless of the speed of the source, and second, that there is no ether at absolute rest with respect to moving objects such as the earth.  This second assumption is crucial.  It requires that the results of the Michelson-Morley experiment show a NULL result -- that there is absolutely NO difference in the passage of a light beam whatever its orientation with regard to the earth's motion. And it is from around this time that people began to speak of a 'null' result for Michelson-Morley.
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Back at Case, Edward Morley and Dayton Miller continued the ether drift experiments.  A new instrument was constructed using steel girders with arms 4.3 metres long giving a light path that was effectively 32 metres long -- considerably longer and more accurate than that of the 1887 experiments.  In 1905, the new interferometer was moved to an unobstructed site on a hill in Cleveland Heights. Miller's reason for wanting a high point is important. If the ether exists, some of it may be carried along with the earth as it moves through it, in the same way that some air is carried along with an aircraft's wing.  This effect, named 'entrainment' could reduce the relative movement by an unknown amount at ground level -- perhaps a significant amount.   If entrainment ocurred then a high point and no obstructions should reduce its effects. Miller thus wished to avoid concrete basements and dense covering materials which might affect his readings.  On Cleveland Heights some 230 observations were made in July, October and November 1905.  These showed a very definite positive displacement of fringes corresponding with the instrument being pointed in certain directions, but again too small to be reconciled with the ether theory.  For mainly funding reasons, research slowed and halted for a decade or more.

In 1919, an astronomical expedition to Equatorial Africa made observations of light from a star occulted by the sun during a total eclipse. The photographs appeared to shown bending of the starlight around the sun as predicted by Einstein and relativity theory thus received a major publicity boost, with words like 'scientific confirmation' appearing in daily newspapers.

Because it had now become central to progress in physics, Miller returned to experiments with the ether drift in 1921.  Albert Einstein visited Miller at Case on 25 May  1921 and urged him to undertake further experiments.  The same year, the Morley-Miller interferometer was transported across the continent to Mount Wilson observatory and set up at high altitude (1,750 metres above sea level).  67 sets of observations were taken which produced a positive experimental effect corresponding to a movement of earth relative to the ether of 10 kilometres per second.  The apparatus was returned to Cleveland and the experiments repeated again between 1922 and 1924 with the same results.

Again in 1925 and 1926, unobstructed observations were made at high altitude at Mount Wilson.  This time, Miller had a brainwave.  All previous observations had been made based on the assumption that the earth's velocity through the ether was known -- that it was the resultant of the earth's orbital movement around the sun and the motion of the solar system towards the constellation Hercules.  But what if we take the interferometer readings at face value -- as telling us the actual motion of the earth?

During 1925-26 an enormous number of new readings were taken and computed resulting in some 250,000 observations.  Miller presented the results of analysing this mass of data to a conference in February 1927. The point on the celestial sphere towards which the earth moves through its absolute motion is named its apex of motion.  Based on the mass of data accumulated, Miller announced to the conference that he had calculated the earth's apex of motion as lying in the northern celestial hemisphere at Right Ascension  17 hours and Declination +68 degrees.

In 1932, Miller revisited the calculations to consider the possibility that he had correctly calculated the axis of the earth's movement through space but had got the wrong direction.  His recalculation suggested that an apex of movement in the southern celestial hemisphere was more probable and was finally determined to lie at Right Ascension 4 hours 54 minutes and Declination - 70 degrees 33 minutes, in the constellation of Dorado (the Swordfish).  Moreover, Miller devised a technique that enabled him to estimate the absolute velocity of the earth's motion as being some 208 kilometres per second.  He was also able to determine from the data that the disc of the solar system was tilted up almost at right angles against the direction of motion.  He wrote, 

'This suggests that the solar system might be thought of as a dynamic disc that is being pulled through a resisting medium, and which therefore sets itself perpendicular to the line of motion.'

A number of other attempts were made to replicate Miler's findings, some with small positive readings, some with close to zero.  These included an experiment by R J Kennedy in 1926 on Mount Wilson with the interferometer sealed in helium; an interferometer sealed in a vacuum casing and sent up by balloon to 2,500 metres in 1927; and an interferometer mounted inside a temperature-constant vault at Mount Wilson by Michelson himself in 1929.  Displacements in each case were almost zero.  However, Miller noted that in each case the instrument was enclosed in metal casings or in a basement room.  He believed that such "opaque" shielding nullified the experimental effect.

Until his death in 1941, Miller's findings remained uncomfortably in the scientific background  -- impossible to refute, equally impossible to accept, since they fatally undermined Einstein's Relativity which by now had become universally accepted in physics.   After Miller's death his former student Robert S. Shankland, became Chairman of the Physics Department at Case Western Reserve University. According to James de Meo, 'Shankland's academic career soared after he organized a post-mortem on Miller's work, pronouncing it worthless, and after Einstein later granted him a series of widely-published interviews. Shankland subsequently became a bureaucrat within the emerging atomic energy infrastructure. Intimate with Einstein, in a 1981 interview Shankland claimed Miller's work on ether-drift had probably cost Einstein the Nobel Prize for relativity theory (Einstein did later get a Nobel Prize, but for his other theoretical work).'

Shankland and three other authors published a paper in 1955 which, on the surface, was a critical review and re-analysis of Miller's long and painstaking observations.  In reality, there was no review and no re-analysis; simply a trawl through the data looking for possible sources of error.  Moreover, neither Shankland nor his fellow authors actually did any of the work on which the paper was based.  Instead this was left to one of Shankland's students who received no credit beyond a footnote.  The 1955 Shankland paper begins with the statement that has been repeated so often since, that Michelson and Morley obtained a "null" result. The paper also claimed that "All trials of this experiment except those carried out at Mount Wilson by Dayton C. Miller yielded a null result within the accuracy of the observations." 

Says James de Meo, 'This kind of chronic misrepresentation of the slight positive results of many interferometer experimenters, including Michelson-Morley, Morley-Miller, Sagnac, Michelson-Gale, and Michelson-Pease-Pearson, suggests an extreme bias and deliberate misrepresentation. The fact that this is a very popular bias does not excuse it. By redefining all the positive results observed by what may in fact have been the majority of ether-drift researchers, as mere expressions of "observational inaccuracy", Shankland narrowed his task considerably'

In the end, Shankland and his team settled on the notion of seasonal temperature variations as being responsible for Miller's findings.  There was no longer anyone alive to point out how fatuous this explanation is and Miller's data was safely interred along with his body. As far as orthodox science is concerned today, relativity is universally accepted and the ether controversy is dead and buried. 

A curious footnote 

James de Meo points out a curious semantic footnote to this affair.  The name for the hypothetical medium through which light was thought to travel  has been spelled in two ways: as 'ether' and also as 'aether'.  In late medieval times when the word was coined it was spelled aether.  In the period 1850-1920 when the topic was current in physics and used regularly by physicists such as Sir Oliver Lodge, Michael Faraday, Nicola Tesla, Michelson and Morley, and even by Einstein, the term was spelled 'ether'.  In the 1950s, after Miller's death, when a concerted effort was being made to denigrate his work, the medieval 'aether' spelling suddenly re-appeared.  On the face of it, the use of this spelling was to avoid confusion with the anaesthetic fluid ether.  But it also appears to have been part of an attempt to 'relegate the ether of space into ancient history, as an unproven speculation similar to Aristotlian elements of "fire, air, water and earth".'
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