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 FOREWORD
 
 The Universe in which we find ourselves and from which we can not be separated is a place of Law and Order. It is not an accident, nor chaos. It is organized and maintained by an Electro-dynamic Field capable of determining the position and movement of all charged particles. For nearly half a century the logical consequences of this theory have been subjected to rigorously controlled experimental conditions and met with no contradictions. H. S. Burr
 
 PART I
 
 Voyage of Discovery
 
 CHAPTER ONE
 
 An Adventure in Science 1
 
 We live in troubled and difficult times. There are wars and dangers of war. In many parts of the world there are revolts, pro tests, crime and lawlessness in ceaseless eruption. And over this age hangs the Sword of Damocles of possible nuclear destruction. More and more people ask themselves despondently whether life has any sense or purpose. Many are tempted to believe that man is an accident, left to grapple with his lonely fate on an insignificant planet in a harsh and lawless Universe. In a materialistic, scientific age many find it hard to accept those religious beliefs that sustained their forefathers in times which-to them-seemed as troubled and perilous as the present. They would like to believe that man is no accident and that the Universe in which he lives is one of law, order and purpose. But, dazzled by the methods and triumphs of science, they are unwill ing to take anything on trust; they demand some 'scientific' proof or evidence. Until some forty years ago this demand could not be met be cause the necessary electronic instruments and techniques had not been developed. When these became available, however, an entirely new approach to the nature of man and his place in the Universe became possible. For these instruments revealed that man-and, in fact, all forms-are ordered and controlled by electro-dynamic fields which can be measured and mapped with precision. Though almost inconceivably complicated, the 'fields of life' are of the same nature as the simpler fields known to modern physics and obedient to the same laws. Like the fields of physics, they are a part of the organization of the Universe and are in11
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 fluenced by the vast forces of space. Like the fields of physics, too, they have organizing and directing qualities which have been revealed by many thousands of experiments. Organization and direction, the direct opposite of chance, imply purpose. So the fields of life offer purely electronic, in strumental evidence that man is no accident. On the contrary, he is an integral part of the Cosmos, embedded in its all-powerful fields, subject to its inflexible laws and a participant in the destiny and purpose of the Universe. This book is an account of the adventure in science-of the long, step-by-step exploration-that wrested from Nature the answer to the question which so many in these times are asking so anxiously.
 
 2
 
 Electro-dynamic fields are invisible and intangible; and it is hard to visualize them. But a crude analogy may help to show what the fields of life-L-fields for short-do and why they are so important: Most people who have taken high-school science will remember that if iron-filings are scattered on a card held over a magnet they will arrange themselves in the pattern of the 'lines of force' of the magnet's field. And if the filings are thrown away and fresh ones scattered on the card, the new filings will assume the same pattern as the old. Something like this-though infinitely more complicated happens in the human body. Its molecules and cells are con stantly being torn apart and rebuilt with fresh material from the food we eat. But, thanks to the controlling L-field, the new molecules and cells are rebuilt as before and arrange themselves in the same pattern as the old ones. Modern research with 'tagged' elements has revealed that the materials of our bodies and brains are renewed much more often than was previously realized. All the protein in the body, for example, is 'turned over' every six months and, in some organs such as the liver, the protein is renewed more frequently. When
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 we meet a friend we have not seen for six months there is not one molecule in his face which was there when we last saw him. But, thanks to his controlling L-field, the new molecules have fallen into the old, familiar pattern and we can recognize his face. Until modern instruments revealed the existence of the control ling L-fields, biologists were at a loss to explain how our bodies 'keep in shape' through ceaseless metabolism and changes of material. Now the mystery has been solved, the electro-dynamic field of the body serves as a matrix or mould, which preserves the 'shape' or arrangement of any material poured into it, however often the material may be changed. When a cook looks at a jelly-mould she knows the shape of the jelly she will turn out of it. In much the same way, in spection with instruments of an L-field in its initial stage can reveal the future 'shape' or arrangement of the materials it will mould. When the L-field in a frog's egg, for instance, is examined electrically it is possible to show the future location of the frog's nervous system because the frog's L-field is the matrix which will determine the form which will develop from the egg. (See page 61.) Inspection of L-fields is done with special voltmeters and elec trodes-to be described shortly-which reveal different patterns or gradients of voltages in different parts of the L-field. To return to the cook, when she uses a battered mould she expects to find some dents or bulges in the jelly. Similarly, a 'battered' L-field-that is, one with abnormal voltage-patterns -can give warning of something 'out of shape' in the body, sometimes in advance of actual symptoms. For example, malignancy in the ovary has been revealed by L-field measurements before any clinical sign could be observed. Such measurements, therefore, could help doctors to detect can cer early, when there is a better chance of treating it successfully. (See page 54 and Dr. Langman's paper in Part II.) Nature keeps an infinite variety of electro-dynamic 'jelly moulds' on her shelves with which she shapes the countless diff erent forms of life that exist on this planet. L-fields have been detected and measured not only in men and women but also in animals, trees, plants, seeds, eggs and even in one of the lowest
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 forms of life, slime-moulds. Of these L-fields, those of trees can tell something that others cannot because trees do not move about, live to a great age and can be hitched up to recording instruments for long periods of time. For many years a maple tree in New Haven and an elm in Old Lyme were continuously connected to recording voltmeters -something which, obviously, cannot be done with men and women. These long records showed that the L-fields of trees vary not only with sunlight and darkness but also with the cycles of the moon, with magnetic storms and with sunspots. (See page 97 and Mr. Markson's paper in Part II.) If such extra-terrestrial forces can influence the relatively simple L-fields of trees we would expect them to have an even greater influence on the more complex L-fields of men and women; and there is evidence that they do. These sturdy Connecticut trees, then, have helped to answer the question which philosophers have disputed for centuries and which many ask so anxiously today. For they have shown that life on this planet is not isolated from the Universe but a part of it-susceptible to those irresistible forces that exert their influ ence across the vast distances of space.
 
 3 i-fields are detected and examined by measuring the difference in voltage between two points on-or close to-the surface of the living form. In men and women L-field voltages can be measured by placing one electrode on the forehead and the other on the chest or the hand. Alternatively, the index finger of each hand is dipped into howls of saline solution connected to the volt meter. In special cases voltage readings may be taken by apply ing the electrodes to some specific organ or part of the body. In trees, the electrodes are in contact through salt bridges with the cambium layer, one about two feet above the other. The.;e voltage measurements have nothing to do with the alternating electrical currents which doctors find in the heart and the brain. They are pure voltage potentials which can yield only
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 an infinitesimal amount of direct current. That is why L-fields could not be detected before the invention of the vacuum-tube voltmeter, which requires virtually no current for its operation. An ordinary voltmeter needs so much current to swing the needle that it would drain away the L-field potentials and make any reading useless if not impossible. When Sir John Fleming, an Englishman, discovered that elec trons flow from a heated wire in a vacuum and Lee DeForest, an American, found out how to use them with a grid, it is unlikely that either of them ever imagined that the vacuum tube which resulted from their discoveries would one day make possible a new approach to the mystery of life. And it was many years be fore the vacuum tube had been sufficiently perfected to make the vacuum-tube voltmeter a reliable instrument.
 
 In the early days of his researches, some forty years ago, the author spent three years developing his own instruments. Today highly sensitive and reliable vacuum-tube voltmeters are avail able commercially and are to be found in most physics labora tories and electronic factories. There is nothing mysterious, then, about the instruments required to measure L-field voltages. But these are harder to measure than those of a. car or transistor-radio battery. Special electrodes must be used and the methods outlined in Chapter 2 must be followed rigidly and explicitly for successful results. But it will be no more difficult to train doctors and their assistants to read and interpret L-field voltages than it was to train them to use electro-cardiographs or electro-encephalographs. Extensive medical use of L-field readings, however, may not be seen for some time. For it took over thirty years before electro cardiograph techniques were perfected to the point where they were useful in doctors' offices.
 
 4 In the case of L-fields there is no technical reason why their use by doctors should take so long. Modern instruments are reliable; and any intelligent man or woman can learn the tech-
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 niques of taking and interpreting L-field readings in a short period of intensive instruction. It is to be hoped that many will do so because L-fields can be helpful to doctors, psychiatrists and others in various ways. Immediate and practical results, in fact, can stem from this adventure in science-quite apart from the assurance that human life has purpose and that man is not isolated from the Universe -which have made the adventure even more worthwhile. As mentioned earlier, abnormalities in L-field voltages can give advance warning of future symptoms before these are evident. This does not apply only to the early detection of cancer. As more research is done and L-fields are better understood, it is probable that they will be used to give early warning of a variety of physi cal problems in time to tackle these effectively. And they have already been used to forecast certain psychological and psychi atric troubles. (See page 18 and Dr. Ravitz' paper in Part II.) Among the physical events which can be predicted by measur ing the voltage-gradients is the precise moment of ovulation in a woman. This is possible because ovulation is preceded by a steady and substantial rise in voltage, which falls rapidly to nor mal after the egg has been released. Such measurements have revealed that some women may ovul ate over the entire menstrual period, that ovulation may occur without mestruation and menses without ovulation. The poten tial importance of this knowledge to gynaecology, family-plan ning and birth-control is obvious; and it helps to explain why the 'rhythm method' of birth-control is inadequate. A patient of the author's, a married woman, made good use of her L-field. For years she and her husband had longed in vain to have children. So, over a period of weeks, she made regular visits to the author's office and herself measured the voltages in her own L-field by dipping her fingers into bowls of solution connected to a voltmeter. When, one day, she saw her voltages rising rapidly, she knew that ovulation was imminent and went to her husband. A longed-for child was the result. Wounds-even a small cut on the finger-will change the voltages in the L-field and, as the wound heals, these will return to normal. This offers surgeons a simple, reliable way to measure
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 the rate of healing, which will be specially useful with internal wounds from operations. (See page 82.) L-field measurements are not only useful in diagnosing local conditions; they can also be used to assess the general state of the body as a whole. For these pure voltage-differences-inde pendent of any current flow or changes in skin-resistance-reveal the state of the whole human force-field. Such conditions, then, as ovulation or malignancy can be detected by measuring changes in the L-field of the body at a distance from the affected organs. And, as the force-field extends beyond the surface of the skin, it is sometimes possible to measure field-voltages with the elec trodes a short distance from the surface of the skin-not in con tact with it. This shows that it is a true �eld that is measured and
 
 not some surface potential. This, too, is additional evidence t hat L-�eIds have the same qualities as the �mpler fields of physics because they can produce an effect across a space or gap, without any visible intervening means. Since L-fields reveal the state of the body as a whole they can be used to assess the general effects of drugs, sleep or hypnosis. Dr. Leonard J. Ravitz, Jr., has not only measured the depth of hypnosis with a voltmeter but has also found that strong emo tions recalled during hypnosis can cause a voltage-rise of as much as from 1 5 to 20 millivolts. (See page 87 and Dr. Ravitz' paper in Part II.) This suggests the fascinating possibility that psychiatrists of the future will be able to measure the intensity of grief, anger or love electrically-and as easily as we measure temperature or noise-levels today. 'Heartbreak', hate, or love, in other words, may one day be measurable in millivolts. Good doctors have always known how important it is to con sider the patient as a whole-to take into account his mental or emotional state as well as his physical symptoms-because many human ills have a 'psychosomatic' cause. Business worries or an unhappy marriage are often the real cause of, say, headaches or ulcers. Since L-field voltages reveal both physical and mental conditions they can offer doctors a new insight into the state of both body and mind.
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 When the effects on the human L-field of extraterrestrial forces are established and understood, this knowledge will be important in the study not only of human health and behaviour but also of medical problems which may arise in long space explorations. The fields of space may have unforseen effects on the L-fields of astronauts if they are exposed to them for long periods.
 
 5 This adventure in science promises still further 'dividends' in the form of a better understanding of the human mind. Dr. Ravitz has discovered that the voltages of the L-fields of healthy people are not constant but vary in steady rhythms over periods of weeks-whatever the cause may be. From plotting over 30,000 measurements on 430 human subjects he has found that these rhythms show how the subjects feel. When they feel 'on top of the world' their voltages are high; when they feel 'below par' their voltages are low. For healthy, normal people these voltage rhythms can be plotted as steady regular curves which alter little over long periods. From these curves, then, it is possible to predict in
 
 advance when the individual will be at his best and when he will be feeling 'below par'. This knowledge could be of vital importance to those engaged in hazardous duties, especially in the Armed Forces. If command ing officers had advance knowledge of the 'low' periods of, say, combat pilots, they could try to avoid sending them on dangerous missions at times when their alertness and efficiency would be re duced. If operational necessity made that impossible, at least this knowledge might warn the men to use special vigilance and care. Intelligently used, warnings offered by the state of the L-fields could save valuable lives and equipment not only in the Armed Forces but also in dangerous industrial occupations. With emotionally-unstable people the voltage variations can not be plotted as steady regular curves. They display an erratic pattern which, in many cases, can be detected within a few days. By purely objective, electronic means, therefore, it will be
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 possible for the Armed Forces quickly to detect and weed out emotionally-unstable personnel before time and money are spent on training them for duties for which they are not fitted. Similarly, industry will be able not only to avoid hiring per sonnel who might 'crack' under responsibility but also to find those best qualified to assume greater responsibilities. Since L-field voltages reflect mental and emotional states they can also be useful in the handling of mental patients because they offer doctors an objective measurement of progress. Thus they can help to prevent the release of patients who might be a danger to the public; they can also help doctors to decide when it is safe to release others-with a great saving of hospital space and taxpayers' money. Voltage measurements used in this kind of psychological test ing are completely impersonal and reproducible. There is no need to question the patient; the technician who takes the readings need not open his mouth. In the medical laboratories of the future, it is probable that trained technicians will take the voltage-readings and then sub mit these to a doctor qualified to interpret them, in much the same way as technicians take X-ray photographs and submit them to a radiologist. 'Voltage-interpreters', however, need not be as specialized as radiologists; and many doctors in the future will be their own interpreters. 6
 
 Since L-fields have been found in all living forms examined so far, their potential usefulness is not limited to medical diagnosis. In measuring the L-fields of plants, for instance, it has been found that the change of a single gene in the parent stock produces profound changes in the voltage-pattern. This phenom enon could be of great importance in the study of genetics in plan ts and in animals. (See page 70.) By measuring the i-fields of seeds it is possible to predict how strong and healthy the future plants will be. To have advance knowledge of the future vitality of living forms could be useful 19
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 many fields. (See page 7 1 .) Since the fields of life are dominant and control the growth and development of all living forms, medical science may one day find ways directly to treat the health of the patient electrically before the onset of physical symptoms. Agricultural scientists of the future may, perhaps, find ways to stimulate the growth of crops electrically and to eliminate de fects in their L-fields which render them prone to pests or diseases. It has long been known not only that sunlight-a form of electro magnetic radiation-is essential to the growth of most plant life but also that different species require different 'dosages' of sun light. It is known, too, that certain frequencies or colours of light are beneficial in specific cases. I t may one day be dis covered, then, that other and invisible electro-magnetic fre quencies have beneficial effects on the L-fields of plants. Since animals and plants possess-and are controlled by their characteristic L-fields, like man they are an integral part of the Universe and subject to its laws. So the human race and the animal and vegetable kingdoms are component parts of the same whole. You and I, our pets, our trees and our plants are all sub ject to the same universal laws. This is borne out by the mutual interdependence of species. Plants depend for their existence on sunlight-an extraterrestrial force; plants nourish man and animals; animals feed on each other. So when we remember that we should starve without sun light from some ninety-three million miles away, it is not hard to accept tha t we are subject to the other great forces of space. in
 
 7
 
 It has taken only a few pages to summarize some of the re sults of this adventure in science for the benefit of the impatient reader. But the adventure itself occupied many years because Nature does not share human impatience and is in no hurry to yield her secrets. Those, therefore, who expect instant answers from Nature are likely to be disappointed. Nature, too, does not effect instant improvements; she may 20
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 take an aeon to evolve something better. And as we are all a part of Nature and subject to her laws, those who expect an immedi ate improvement of human nature or an instant answer to some human problem are likely to suffer from acute frustration. However impatient for results they may be, scientists realize that they cannot impose their will or their desires on Nature; they must follow her methods and meet her conditions. This may explain why, in this age, science is usually more successful in solving its problems than politics. Perhaps, then, a description of this particular adventure in science may serve a dual purpose: while it will give the evidence that man is linked to the Universe and subject to its laws it will also illustrate the scientific method by which the laws and secrets of Nature may be discovered. This has more than an academic interest at the present time when respect for man-made laws is decreasing and many feel that laws are made to be disobeyed. Natural laws, however, can not be disobeyed; we cannot flout, for example, the law of gravity. So the more we can find out about Nature's laws-and also about how science discovers them-the easier it will be for us to accept the need for laws and to realize that man-made laws reflect-however imperfectly-the essential principles of a Uni verse of law and order. Unfortunately, there is much confusion about the meaning of the word 'science'. The dictionary defines it as 'organized know ledge'. But, beginning probably with Galileo, the experimental method-with its enormous development since that time-has revealed that it is not enough to describe and classify the Universe in general and the earth in particular. It is also necessary to attempt to find the meaning of all the facts that have been accumulated. This involves trying to understand the relation between the component parts of the Universe-an understanding that must always be developing and changing as the experimental method uncovers more facts. All that can be done is to interpret the facts as best we can, always bearing in mind that our knowledge is still tragically incomplete. Science, therefore, means not only the collection of facts and 21
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 the classification and description of the physical components of the Universe but also a considera tion of the laws or forces which govern the relation between these components. This, of course, requires a primitive assumption : that the Universe is a place of law and order which-it is to be hoped can be understood by the mind of man. There are many who maintain that the Universe is chaos, that the only law and order in it are those which are imposed by the mind of man-a far more primitive assumption. For, however great our respect for the powers of the human mind, it is diffi cult to see how man can impose the arrangements and move ments of the stars in their courses or, as far as we on this earth are concerned, the nature of the forces which define a living system. It should be reasonably clear to any thinking person that noth ing in the Universe could exist for a fraction of a millisecond if there were not forces, laws and organization which determine the relationship between the component parts of the Universe, all of which-from a galaxy to the particles of an atom-are in con stant motion. No living organism could exist if the process of living were not regulated by meticulous and powerful forces, about which it is obviously desirable to find out as much as we can. Our primitive assumption, then, that the Universe is a place of law and order is justified by both observation and common sense. The many successes of the experimental method also justify the hope that we can learn more and more about the laws of the Universe. This has enormous implications for man because it follows that man is not only in the Universe but also of the Universe, subject to laws in the living world similar to those which can be recognized and understood in the material Universe. At once we are faced with a curious anomaly. Many people object to the idea of law and order in the Universe on the ground that it is authoritarian and impinges on man's free will to de vel'1p his own ways of doing things on his own responsibility. Yet these same people would not dream of defying the law of gravity, which, so far as we know, is a universal property of the Universe, 22
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 and, in fact, are fully prepared to adjust to it-especially when walking on an icy sidewalk. Not only do we have to pay attention to the law of gravity but also to learn as much about it as possible so that it can be put to the service of man, whether in emptying a bathtub or for getting astronauts safely back from space. This is true not only of the law of gravity but also of all other natural laws that can be discovered. 8
 
 All this raises an important problem. Though many concede that the Universe may be dominated by physical laws, they maintain that man is not a part of this physical Universe but is a separate, spiritual being, subject to spiritual law. This a t once denies the unity of the Universe, for i t means that there are two sets of laws, the laws of the material Universe and the laws of the spiritual component of the Universe. Physical laws, determined by experiment, can be validated and can be found to be true not only in New York but also in Tim buktu. Spiritual laws, on the other hand, which are inventions of the mind of man, have one set of meanings in the Western hemi sphere and a quite different one in the East. This concept of two kinds of law make any generally-accepted understanding of the nature of man and his part in the Universe well-nigh impossible. Spiritual laws, to be sure, are believed to have been validated in the experience of man and, within certain limits, this is probably true. But laws which have different meanings in differ ent parts of the world-and, sometimes, different meanings to different people in the same part of the world-are not com patible with physical laws which are universally verifiable and accepted. This is the cause of the conflict between science and religion. It is the basic argument of religion that the intuitive, creative imagination of man can set up laws which transcend physical law and which describe aspects of nature which, otherwise, can23
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 not be validated. I t is the argument-or, perhaps, the hope-of science that all aspects of Nature arc open to examination by the experimental method. It is true that, for centuries, this method has been limited to certain aspects of Nature. But it has been so successful that science sees no reason why, eventually, it should not be extended to all aspects. Curiously enough, the scientific method is not confined to science but is something by which most of us live all the time. First of all we find out all we can about a problem as a basis for its solution; and, in the process somewhere along the line, we see some unsuspected relationships between the facts we have un covered. Then we have a hunch, a guess, a dream or, to use a technical term, a hypothesis, though nobody knows how these crea tive ideas arise. This hunch or hypothesis suggests some logical deductions, which we can check in various ways to see if they offer a solu tion to our problem. In a physics laboratory it is not too hard to check a hypothesis by rigidly controlled experiments and, if these support it, it is generally assumed that it is correct. But when it comes to human problems or the problems of other living organisms it is usually much more difficult to check an hypothesis. In any event we should not make the mistake of assuming that because experiments support the hypothesis the latter is the only one those experiments could support. This makes it difficult to achieve any final, conclusive answer, which is probably just as well because if it were easy to get unequivocal, demonstrated answers to everything we would lose a lot of the fun of living. This process-fact-finding, hypothesis, deduction and experi ment-is one in which most of us engage all the time. For ex ample, on the basis of our knowledge of the performance of the horses running at Louisville, we make the logical deduction that Northern Dancer will win the stakes and place our bet that this will happen. If the horse wins we assume that our guess, hunch or hypothesis was valid. If he loses, we have to accept that it was not. This is true not only of horse-races and ball-games but also of almost every other aspect of the activity of the mind of man. An 24
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 artist sees in the beauty of the world around him something which he thinks is important and at once begins to depict it. An author has an idea which he expresses in writing. The musician conceives a piece of music and composes it. We all do the same thing in our various forms of activity. But it is often difficult to know if our original idea was a good one. 1£ the picture is purchased, if the book becomes a best-seller and if the music is played all over the country, the creators of these things can assume-within limits-that their original flight of imagination was worthwhile. But such confirmation is not always available and, if i t is not, that does not necessarily prove t hat the flight of imagination was worthless because many im portant ideas have lain dormant or unrecognized for many years. There is nothing mysterious, then, about the way in which scientists attempt to discover natural laws. We all use the same method but scientists enjoy an advantage over non-scientists : i t is usually easier for them t o check their hunches b y experiments. For both scientists and non-scientists, problem-solving must al ways be a developing, growing process, subject to change as knowledge and understanding increase. To say, therefore, that something has been proven is often questionable, except in a few cases, such as the law of gravity, which we can say have been proven beyond question. To increase the number of things which can be regarded as proven is, of course, the ultimate desire of all students of the Universe, but that desire is not often achieved. To some this may seem a pessimistic approach, depriving man of his essential dignity. This is, of course, far from the truth be cause the complexity of the Universe and its component parts is so great that the mind of any individual can only analyse a few of the complexities and interpret them in the light of such in formation as may be available. A modest approach to an under standing of the Universe does not impair human dignity-it enhances it. Moreover, it is the only approach likely to succeed because Nature seems reluctant to reveal her secrets to the in tellectually arrogant. These, then, are the methods and the approach which have been adopted in the present adventure in science.
 
 CHAPTER TWO
 
 The Course and the Compass 1
 
 In the previous chapter we outlined some of the results of this
 
 adventure in science. But it should be emphasized that when we set out we knew what we hoped to find but had no certainty of finding it. For science is a trip across uncharted seas to a goal which lies beyond the horizon. We do not know the ultimate goal. All we can hope for is that there is some goal which we ourselves can reach or, if we cannot find it, that we can get near enough to it to learn some more about it and to pave the way for others to follow us. Though he already knows some of the things we found, the reader may be interested to know how we found them, as an illustration of the scientific method, just as many are interested to read an account of some expedition, of which they already know the result. However uncertain the ultimate goal, we could not, of course, set sail at random. Like all explorers we had to have some idea of what we were looking for, even though we realized tha t we might not find it or might come upon something we never thought of, like an early explorer who thought he was on the way to China and found what today is Montreal. As explained in the last chapter we had to assemble all the facts we could, to seek some connection between them and then to formulate a hunch or hypothesis which we hoped to prove by our voyage of discovery. Before we could set out, however, we had to look for the best navigational instruments we could find to keep us on our pro jected course. 26
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 Since the time of Galvani there have been innumerable studies of living organisms, all of which make it abundantly clear that all living organisms possess electrical properties. In our own day and generation, brain waves, heart waves, concomitants of ner vous impulses, of m uscle contraction and of glandular activity have filled the literature with a great deal of exceedingly import ant information. The meaning of all these phenomena has been worked out almost entirely on an empirical basis. Relations of electrical phenomena with many biological functions in health and in disease have been observed. There has been no general underlying theory, however, of the nature and the meaning of the recorded electrical changes, except in so far as they can be explained by their consequences. The reason for this is fairly obvious : Modern emphasis on en tities, on fluid forms, atomicity and discontinuity, has dominated biological thought. Galileo had no sooner developed his physical and mechanical theory of the inorganic universe, than Harvey proceeded to apply physical and mechanical conceptions to living creatures in the discovery of the circulation of the blood. Levoisier revealed the chemical character of respiration in metabolism in living things at the same time that he placed chemistry upon a secure founda tion with the discovery of the principle of the conservation of mass. Gradually, with Liebig and a vast army of physiological chemists, the chemical nature of living creatures became more and more evident. It is to be noted that this is a distinctly modern emphasis. Chemistry rests upon a discontinuous, atomic conception of nature. Atomism, in its traditional interpretation, involved an emphasis on entities, rather than upon structure, and on con stituent elements, rather than on the whole. This attitude of mind has gone all through biology even where no thought has been given to the chemical nature of the processes or factors con sidered. Practically a century ago, Schleiden and Schwann dis27
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 covered the cellular nature of plants and animals. Here, sup posedly, was the ultimate biological atom. More recently, em phasis has shifted from the cell to the gene, and from that to the highly complex protein molecule capable of replication. But even so, the emphasis is still on entities. It is to be noted that this entire development involved the carrying over into biology of a philosophical standpoint which was discovered and clearly formulated first in physics and chemistry. There can be no doubt of its success or its validity. There is nothing to date to indicate that biologists should hesitate to follow the lead which the mature and exact science of physics gives them. But, if they are faithfully to follow this lead, it is clear that a slight change of emphasis should corne into biological theory. For in physics the former emphasis on entities rather than on organization, upon discontinuity, rather than upon contin uity, upon local systems, rather than upon their status in the total field of nature as a whole, has been found to need a radical and thoroughgoing supplementation. The word supplementation is to be emphasized, for modern standpoints have not rejected the former emphasis; it is merely being amended. The amendment is so thoroughgoing, however, as to amount to the placing of the Greek upon an equal footing with the modern standpoint. Moreover, the concepts modified are so primary, so important and so general and universal in their application that every branch of human activity-and even the very meaning and significance of any fact we observe or of any experiment we perform-are affected. The elemental and essen tial fact as it appears in physics can be stated very briefly. Atomic physics has had to be supplemented with field physics. The point to be noted is that the particle both conditions and is conditioned by its field. Stated in more general terms, this means that continuity, as well as discontinuity, is ultimate, that Nature is both one and many. In short, any local system in part, con stitutes-and, in part, is constituted in its behaviour by Nature as a whole and the physical field in which it is embedded. This rediscovery of the continuous field-or the one, as causal factor conditioning the behaviour of the constituent particles or the many-is a return to the Greek standpoint. But the particles 28
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 also determine the character of the field. This is the modern view point. The reciprocal causal relationship between field and par ticle amounts to the union of both viewpoints. This is the fact that anyone with an eye to first principles can see standing out amid all the complexities of the confusions of current discoveries in physics.* But this mere designation of the fact is not enough. We do not possess science until our findings are formulated in terms of clear, consistent principles. The modern conception of Nature as a dis continuous collection of moving particles makes all order in Nature a temporary effect, renders Nature as a whole a mere aggregate and provides no meaning for the continuity as a prim ary factor or for the field as a causal factor. The Greek conception as formulated in mathematics and astronomy by Plato and Eudoxius, or in biology by Aristotle, does justice to continuity, unity and organization-and also to the field character of natural phenomena-but at the cost of interpreting Nature as a single substance or system. It is clear, therefore, that before the doctrine of reciprocal inter action between particle and field can be made significant a new theory of the first principles of science must be developed. More over, this new theory must combine the Greek and modern conceptions of science which previously were supposed to be incompatible. It is essential to realize the necessity of this theor etical formulation before going further because, otherwise, the electro-dynamic theory of life will appear merely as a new name for traditional conceptions and i ts essential novelty and sig nificance will be lost. The theory, however, means more than this. The microscopic physico-chemical constituents do determine in part the character of the field. No one cognizant of modern physics and physiologi cal chemistry can deny this, but this relationship between field and particle is not, as tradi tional modern scientific theory has assumed, an asymmetrical or one-way relation. The �e:ld both determines and is determined. To understand that the field determines the behaviour of any local process or constituent, it is necessary fundamentally to * Cf. F. S. C. Northrop, 'Science and first Principles'.
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 modify modern science by revising our theory of first principles in order to j ustify the unity of Nature as a causal factor. With out this revision of our most elemental concept of Nature, as conceived by science, all field theories, whether in physiology or physics, are mere verbiage. Einstein has shown that the apparently constant macro scopic structure of space is the approximately constant micro scopic structure of matter itself. The field is not independent of matter, but an appropriate determinant of the behaviour of matter. Thus, Einstein replaces Newton's three laws of motion with a single law, that a body moves in a path in the space time of the observer's frame of reference. But the general theory of relativity also prescribes that the distribution of matter deter mines the character of the field. Thus the particle both conditions and is conditioned by the metrical field. We can see the significance of this for biology if we reconsider its most fundamental and perplexing problem, the problem of organization. It is a commonplace that living creatures, not with standing the modification in types in evolution, maintain a cer tain constancy in structure through continuous changes of material. The traditional modern doctrine, that the chemical elements determine the structure and organization of the organ ism, fails to explain why a certain structural constancy persists despite continuous metabolism and chemical flux. This obvious inadequacy led to the introduction of non-physical factors, such as Driesch's entelechy, Spehmann's organizer, Child's physio logical gradients, Weiss's biological field, all of which have cer tain validity as descriptive terms. It now appears, however, that the difficulty is not in the failure of any possible theory, but in the inadequacy of tradi tional theory. For-in spite of the mass of accumulated data con cerning the development of the organism, in general, and of the nervous system, in particular-no thoroughly satisfactory ex planation has been given of the regulation of the control of growth. Description of successive steps of development in a wide variety of forms reveals little of the relationships which exist be tween the steps or the factors which regulate the passage from one to another. The very wealth of the accumulated facts tends 30
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 to obscure the underlying regulation and to defy analysis. It was this difficulty that led Driesch to postulate a vital force of entelechy. This brilliant hypothesis has never received its j ust due. The whole theory is a very adequate description of an extraordinary constant control and regulation of growth. Its weakness lay in its assumption of an extra-biological agent in capable of scientific description. The field theories of Spehmann, Weiss, and Gurwitsch are also valuable attempts a t explanation but, like the entelechies of Driesch, scientific analysis is well nigh impossible. It is well known to every biologist that each biologi cal system seems to possess a dynamic wholeness, the main tenance of whose integrity is a necessity of continued existence. Virtually all the theoretical analyses stress this quality, but no adequate definition of its dynamic agent or adequate ex planation of its working has been offered. A considerable body of information is available concerning the physical and chemical structure of protoplasm, but we know little of the way in which the elements are organized into a dynamic whole. The cytoplasm of a living cell is not a formless conglomeration of chemical substances, but is an integrated and co-ordinated system. It is impossible to conceive a cytoplasm as a haphazard arrangement of molecules. A definite pattern of relationships must exist. We possess a modicum of knowledge of these relation ships at any one moment, but we have no adequate theory of the mechanism which maintains that pattern throughout the rapidly changing flux in living systems. The d ifficulties suggested above are no less apparent in the analysis of the development of the nervous system. Its successive steps have been described by in numerable workers. We lack any rational explanation of the appearance of local regions of growth and differentiation and of the final establishment of nuclear masses in fibre tract pathways.
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 With the advent in physics of the field theory of the relation ship between particulate matter, the resolution of the biological theory becomes dear. We believed that the electro-dynamic theory would satisfy this condition and if it could be demon strated, would solve many problems of biology. The theory is the result of many years of experimental in vestigation of the mechanisms involved in the nervous system. * In these studies it has been shownt that a n extremely important factor in the organization of the nervous system is the rise and fall of differential growth rates within the wall of the nemal tube. Moreover, experimental work confirms the belief that the direction of growth and the end station of differentiating nerve fibres is related to these primary centres of rapid proliferation. Since they seem to be potent factors in imparting the fibre pattern of the nervous system, it is necessary to examine the agents which could act to determine the locus areas and to regulate the division rates within them. If these could be established it would be possible to formulate an hypothesis as to the origin of pat tern in the nervous system . Conceivably, this might provide a due to the origin of the pattern in developing organisms and in other living systems. An increasing body of evidencet indicates that bioelectrical phenomena underlie growth as well as many other biological pro cesses. Numerous bioelectrical studies compel us to believe that polar and potential differences exist in living systems. If t his is true, it follows by deflnition that electro-dynamic flelds are also present. Their existence in the physical world is generally accepted. Moreover, the interrelationship of particulate matter is, to a considerable degree, a function of such fields. Thus the individual * See papers by Burr, H. S., 1 9 1 6a and h, 1 920, 1 924, 1 926, 1 930, l Q 3 2 . Details i n Appendix. t Burr, H. S., 1 93 2 . Details in Appendix. :t: Gurwich, 1 9 26; Ingvar, 1 920; Lund, 1922.
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 characteristics of atomic matter are a result of the interdepend ence of fields and particles. Pattern in physics, then, is determined by the interplay of electro-dynamic fields and the particular matter therein contained. It is reasonable to extend this hypothesis into the realms of biology. Potential gradients and polar differences exist in living systems. Since this is so, then electro-dynamic fields are also present. The following theory may then be formulated. The pattern or organization of any biological system is established by a complex electro-dynamic �eld which is in part determined by its atomic physio-chemical components and w hich in part determines the behaviour and orientation of those components. This �eld is electrical in the p hysical sense and by its properties relates the entities of the biological system in a characteristic pattern and is itself, in part, a result of the existence of t hose entities. It de termines and is determined by the components. More than establishing pattern, it must maintain pattern in the midst of a physio-chemical �ux. Therefore, it must regulate and control living things. It must be the mechanism, the outcome of whose activity is w holcncss, organization, and continuity. The electro-dynamic field, then, is comparable to the entelechy of Driesch, the embryonic field of Spehmann, and the biological field of Weiss. The Electro-Dynamic Theory of Life stated above was de v eloped with the collaboration of Dr. F. S. C. Northrop, of Yale, and was first put forward in a joint paper in 1 935'* This theory yields a number of interesting implications for embryology, only one of which can be considered here : An in triguing problem in development of a tail is the establishment of a longitudinal axis. This is a very real structure alignment, although at early stages of development the cells which are re lated to it are not specialized. For experimental rearrangment of these cellular units does not change the axis, although they them selves have their ultimate fate altered. Caudal cells may become cephalic cells, right cells may become left cells with little serious * Burr, H. S. and Northrop, F. S. c., Quarterly Review of Biology 1 0 :
 
 322-3 3 3 , 1 9 3 5 .
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 interference with the processes of growth. Yet in some way, the constituent cells of the growing system have their state deter mined and their behaviour and orientation controlled. To Driesch we owe the brilliant observation that the fate of any group of cells in an embryo is not only genetically condi tioned, but is also the result of the position of tha t group of cells in the biological whole. The mechanism by which position could determine cellular potencies was explained by Driesch through an assumption of an extra biological guiding principle, an en telechy. It is a t this point that the electro-dynamic field theory proposed above provides a significant explanation of the well recognized facts. In the physical world, the nature of an atom is dependent upon the number of entities which comprise it and the field in which they lie, the position of the electron orbits being of fundamental importance. So, in a very much more com plex scale i n the biological system, the fate of any group of cells is determined in part by the positions those cells occupy in the electro-dynamic field in the embryo. It is clear, that if the above is granted, three factors are present in the normal development of an organism. The cells must possess a certain genetic constitu tion, certain cellular environment, and certain positions in the electro-dynamic field. 4 The theoretical considerations here presented led us to the conclusion, reached by nearly all investigators, that pattern or organization is a fundamental characteristic of biological systems or of physical systems, or of the Universe. The electro-dynamic theory provided a working hypothesis for a direct attack upon this problem and we felt that it should be possible to determine by objective experiment whether or not such fields exist; in other words, that this theory could be put to experimental test. If accepted, it could open up a wide field of study based on electro metric methods. It could also make it possible to place the investigation of the organization of living systems on the same objective and physical basis as the analysis of their chemical con stituents. 34
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 It appeared, therefore, that an hypothesis of this type was necessary to bring biological theory into line with physical theory. Moreover, biological considerations themselves affirmed a similar necessity and provided sufficient data to warrant putting to Nature, by experimental and electric methods, the questions which this theory raises. These questions fall naturally into three categories. In the first of these are questions as to the presence of potential and polar differences in living systems. In the second, are the ques tions dealing with the measurements of electro-dynamic fields which accompany the potential differences. In the third category are questions concerning the interrelationship between electric fields of the environment and the fields of the developing mech anism. If the theory could be established, we felt it would be possible to apply the mathematical methods developed for field physics to biological material. This would place the study of biological organization on a mathematical as well as on an experimental basis. The general statement of the field theory here presented re quired that four questions be put to Nature : The first, Are there potential and polar differences in living systems everywhere ? The second, Do these potential differences exist in an organized fashion, or are they chaotic and indeterminate ? The third, Are the electrical measurements made in the laboratory a valid measure of an electro-dynamic field ? The fourth, If the field exists, does it control or determine the living process or is it a consequence-or a mere accompaniment-of that process ?
 
 5
 
 We now knew what we were looking for, but before we could set sail, we had to obtain a suitable 'compass' with which to navigate these unknown seas. But, some thirty-five years ago when this adventure was projected, no suitable 'compass' existed. Up to that time, all electrical measurements of living systems 35
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 had been made with instruments which were operated by the electrical output of the system. Needless to say, this drained the current from the system, which was badly disturbed by the measuring. The brilliant exception was Lund who, in his early experi ments used an electrometer to study living organisms. But every one who has worked with these instruments knows tha t they are difficult to set up and to keep in good operating condition for sufficiently-long periods to permit careful study of the living organism. Lund made another great advance by using zinc sulphate electrodes in tap water or cell sap to make contact with the pro toplasm itself. This technique avoided the unpredictable and un reliable measurements made by others with metal electrodes in contact with the protoplasm. Such contact always gives rise to artifidal potentials not related to the system being measured : and the resulting measurements are unreliable. One has only to read Lund's papers to realize what an incred ibly rigorous technique was demanded by his studies. He not only used a Compton electrometer, which draws no current from the system measured, but also reasonably-reversible electrodes. And many of his earlier experiments were carried out under stable environmental conditions with controlled stimuli of the protoplasm. It seemed desirable to find an instrument easier to use and more reliable over long periods. At the outset, it seemed probable that if potential differences could be measured in living systems they would be very small. An a lternative to the electrometer, therefore, had to be devised which would draw little or no current from the system being measured. In other words, the instrument must not disturb the system. For it seemed likely that the great confusion in biometric measure ments of the past had been caused by the lack of any such instru ment in biological laboratories. A series of rather extensive specifications was set up. First, the device must consist of an amplifier with a very high input im pedance so that resistance changes in the system itself would have little effect upon the measurement. Second, the instrument, or amplifier, must be of sufficient sensitivity to record minor 36
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 changes in the electrical voltage gradients. Third, the device must necessarily be stable so that random fluctuations would be reduced to a minimum. Another specification was tha t the amplifier and the system being measured should not require external shielding. This meant a high rejection-rate at the input to the amplifier. Finally, obvi ously if a n instrument of this kind was to be used effectively in biological studies, it should be portable and reliable and not too expensive. This latter condition was met by using standard radio parts, necessarily the best radio parts which could be found. The original instrument, built in the 1 93 0S, following the de sign of Dr. Cecil Lane of the Physics Department of Yale Univer sity. used the then readily-available 1 1 2-A vacuum tube. In those days, such tubes were excellent vacuum tubes but they were in the process of development and it was difficult, therefore, to get two tubes that were reasonably balanced. A mathematical theory had been developed by Wynn-Williams for the theoretical balanc ing of somewhat dissimilar vacuum tubes. The tubes used were those having a large transconductance and were of the non-heater type, with relatively low temperature filament and a low plate impedance. This latter really defines the amplifier no t as an amplifier, but as an impedance changer, converting the 1 0 mil lion ohm input impedance to the relatively low ten thousand ohm output impedance. The actual amplification factor of the circui t was approximately one. The tubes were so connected as to form two arms of a Wheat stone network; the other two arms are ordinary ohm resistance. Tube number one received the potential to be measured. Number two acted as a dummy, the function of which was to balance out the steady pla te current of the input tube so that-with no poten tial difference impressed on the first tube-no current flowed through the galvanometer in the plate circuit of the output tube. Upon impressing a potential difference upon the first tube, the effective resistance of this arm of the network is changed pro portionally and a deflection of the galvanometer results. While it is admitted that this analysis is little more than a rough approxi mation, it has proved to be sufficient for the purposes h erein 37
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 described. It should be noted that a high transconductance is a necessary requirement. A very important contribution to the theory of these devices was made by Wynn-Williams in the above-mentioned paper, when it was shown that it is possible to compensa te automatically for the effect of filament battery variation. By operating the two tubes a t slightly different filament voltages, a condition can be reached whereby a small fluctuation in the filament battery pro duced no variations in the current to the galvanometer. This is important: since any strong battery shows slight variations in voltage, which in turn would lead to unsteadiness in the instru ment zero. The circuit described is of considerable value to the physicist for certain work, but its usefulness to the biologist is minimal. The principal reason for this lies in the fact that in all commercial vacuum tubes a current flows in any external circuit connecting the grid and the filament. This so-called grid current is independ ent, within considerable limits, of the resistance in the external circuit and, hence, will cause potential differences across resistors in the grid circuit in proportion to the value of the resistors. It is easy to see that if the specimen is connected across the input terminals, a fictitious potential difference will register on the galvanometer which may, in point of fact, be many times larger than the true potential difference. This, of course, would in validate completely any results so obtained. In order to convert the Wynn-Williams bridge into a practical biological instrument, it was obvious that the spurious grid current should be eliminated. The method employed to balance the grid current used the well-known principle of floating grid. It is known that if the grid of a vacuum tube otherwise operating normally is isolated from electric contact within the other ele ment in the tube, the grid current will acquire a certain potential, a floating grid potential. If the grid is now biased by means of a battery to precisely this potential, it is found that the grid current is eliminated. In order to achieve this practically a variable grid bias on the input tube was employed in conjunction with the in put switch. The value of the grid leak employed in the original instrument was chosen to be 10 megohms. The actual dynamic 38
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 input impedance of the 1 1 2-A a t floating grid is probably several times higher than this figure, but 1 0 megohms has proved itself to be a good value in practice. In the more than thirty years that these high input impedance amplifiers have been used, improvements have been made chiefly in the type of vacuum tube used. The basic circuit has not been altered, except that it has been possible to eliminate the Wynn Williams balance because modern tubes are constructed with such rigorous controls that it is not difficult to get two tubes that are reasonably well balanced. It is interesting that over the last thirty years more and more amplifiers have been built with high input impedances, many of which are well above the 1 0 megohms used i n this original and subsequent circuits. A s a con sequence, the reliability of the measurement has been enhanced very considerably. * Once we had a reliable instrument to measure the very min ute electrical voltages in living systems, the problem of connect ing the instrument to the system became a matter of prime importance. For it was dear that in order to evaluate the potential gradients of a living system, an electrical circuit must be estab lished in which only potentials arising in the system could affect the measuring instrument. It is impossible to measure bioelectric potentials with any elec trode in direct contact with living tissue, because an electrode, if reversible, has a potential conditioned by the connection of a particular ion or, if not reversible, has a potential of an unknown or uncertain magnitude. Electric contact can be made with a salt solution, however, if the salt be physiologically balanced with the ionic concentration of the system being measured, thus re ducing to a minimum any potentials arising from a dissimilarity of fluids at the point of contact, or, if the salt solution be a nor mal environment, the contact potentials are, indeed, a part of the total bioelectric potential. * Today sensitive and stable vacuum tube voltmeters are com mercially available. A suitable American instrument for measuring L-fields is the Hewlett Packard DC Vacuum Tube Voltmeter Model 4 1 2A. See illustration. No doubt there are excellent E uropean equivalen ts.
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 Of the known electrodes reversible to the ionic constituents of Ringer's solution, for example, only those reversible to the chlorine ion have been developed to the perfection demanded by this technique. For the range of chloride ion concentration found in solutions that are in physiological equilibrium, the silver chloride electrode is much more reproducible than the earlier much-used zinc electrode and can be used in the same solution that makes electrical contact with the living system, thereby avoiding liquid junction potentials. Silver chloride electrodes have been used by physical chemists in many exact electromotive force determinations and have been found to be stable and repro ducible to within ten microvolts or better, when directly com pared in the same solution. The original electrodes were designated as Type Two by Harned and consisted of silver obtained by heating silver oxide, supported on a platinum wire, and silver chloride formed by subsequent electrolysis in a hydrochloric acid solution. These were complicated to make, cumbersome and difficult to apply practically in the field. Moreover, the original requirement that we should be able to measure voltage gradients down to a sensi tivity of roughly ten m icrovolts, proved to be unimportant. In the beginning, however-since it was not clear from the liter ature just what magnitudes of the standing potential in living systems might be expected-it was necessary to aim at maximum sensitivity. Subsequently, however, many hundreds of thou sands of determinations have made it abundantly clear that i n most living systems, except perhaps the very small unicellular systems, the voltages developed are of the order of millivolts. The current technique used to make electrodes to bridge the gap between protoplasm and amplifier was devised with the aid of a physical chemist, Dr. Leslie E. Nims, formerly of Yale and now of Brookhaven. Fine silver wire or rod of any suitable dimen sion is either chlorided by electrolysis in He} or KCI solution or, following the recommendation of Shedlowsky, is dipped into molten silver chloride which can be obtained at most manufactur ing chemists. Usually, it is necessary to make many electrodes and to pair them up so that between any two electrodes there is a minimum of self-potential.
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 In the early experiments the electrodes were placed in a physio logical salt solution in reasonable ionic balance with the salt content of living systems and connected the living protoplasm to the electrode chamber by a salt bridge. For precision work, this is probably the method of choice, but since the magnitudes are in the order of millivolts, the whole procedure can be simplified very considerably by using an inert salt paste. For this purpose, the Parke-Davis 'Unibase', developed as a foundation for most of the skin creams, can be utilized if, to it, is added sodium chloride. The concentration of sodium chloride in the 'Unibase' paste does not seem to be greatly important for ionic balance between the paste and the protoplasm can be reached in a reasonable time. As a matter of interest, electrodes imbedded in a 'Unibase' salt paste and placed in chambers in con tact with the cambium of trees have been used for more than two decades, with considerable success. Most of these electrode placements will remain adequate over long periods of time-- weeks and months-but they can be replaced so readily that it is not difficult to continue long-time studies using this technique. Since the type of measurement being made sets the conditions for the type and dimensions of the electrodes, and since the areas to be measured in a living system are limited only by the surface area of the organism, specific directions for making electrodes and electrode chambers can be omitted. With properly designed electrodes, measurements can be made all over the surface of any living organism from slime mould, through experimental animals, to and including man, with more than adequate reproducibility. The ingenuity of the investigator is the only limit on either the type of electrode to be used or the placement of the electrode. In general, the electrode that is con n ected to the ground lead of the amplifier is usually put some where on the Hving system at some distance from the area which is being under investigation. The so-called 'hot' electrode, then, is placed as dose as common-sense dictates to the area under in Ves tigation. What is recorded, therefore, is not specifically a value or a magnitude that is in itself important, but the relationship between any two values measured by the instrument. This makes 41
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 it clear that we are dealing with relatednesses, rather than abso lute magnitude. It has been known since the time of Willard Gibbs that it is impossible to assign a given magnitude to a potential of any part of the material included between the two electrodes, or to any phase boundary involved between the two electrodes. One can only say as mentioned above, that we are dealing primarily with a difference, a relatedness between the two points under consideration reached by the two electrodes. Most specific phase boundaries can be identified as the source of the voltage gradient. There are innumerable such phase boundaries in any living system, each of which is an adequate source of a voltage gradient. All tha t we can record is the difference between the potential a t one point and that of another point in the living system. Since we are dealing with relatednesses, the whole poin t of the technique described here is the change in this relatedness with time. Moreover, since all living systems are individually unique, differing from all other organisms of the same type, each indi vidual system being measured has to serve as its own control. This points again to the importance of change in the relatedness with the passage of time. This does not hold that the potential differ ences observed are without significance but simply that we are unable with our present techniques to assign a value to a poten tial difference a t any point. Needless to say, one of the standard questions raised by all this procedure is the source of the potential differences which establish the field in the living system. It is perfectly clear from all that we know about physical chemistry of solutions, even the complex ones of living systems, tha t the measured electro-motive force is derivable from inheren t phase boundaries* to be found whenever two or more states of matter exist side by side. It must be emphasized, however, that the methods of measure ment used in our laboratories over the past thirty years, must be followed rigidly and explicitly. After all, one is balanc ing electron flow in one vacuum tube against an electron flow in another, in a bridge arrangement. This means that one is dealing * The term 'phase boundary' designates the line of contact between two dissimilar m aterial substances.
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 with measuring devices akin to balancing a mercury drop on the point of a needle. In our laboratory, this technique has worked, but it has been clear tha t unless it is followed certainly and care fully, variations will be found which are inexplicable and which upset the validity of the measurements. 6
 
 With our 'navigational instruments'-a high impedance am plifier and silver-silver chloride electrodes working through salt bridge in contact with living systems-we have been able to de velop a technique which gives reliable results. With this i t soon became clear tha t every living system possesses an electrical field of great complexity. This can be measured with considerable cer tainty and accuracy and shown to have correlations with growth and development, degeneration and regeneration, and the orienta tion of component parts in the whole system. Perhaps more inter esting that any one thing, this field exhibits remarkable stability through the growth and development of an egg. It was a basic requirement of this field theory that i t be assumed to he a primary characteristic of Nature, in general, and of living systems, in particular. It possesses many, if not all, of the properties necessary to control movement and position of all charged particles within this system. It has those necessary vector or directional properties which are of vital necessity for any understanding of how growth and development can occur under careful, rigid control. The electrical phenomena associated with the field must be considered to be a primary attribute of Nature, a cause of the arrangement of all the component parts in Nature, not only living but also non-living systems. In other words, the working hypothesis of the studies to be reported here is tha t the Field is basic with the necessary power and directional properties to de termine the processes inherent in the growth and developmen t of any living system. The field is primary and from it stem all the myriads of con43
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 sequences which are to be seen in Nature. The specific data which so strongly support this assumption, at least insofar as our present knowledge goes, will be presented in detail in the following pages.
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 CH A PTER THREE
 
 The Female Field 1
 
 We were ready to set sail. We had developed the navigational instruments and techniques to guide us over uncharted seas to wards a hypothetical goal. But these seas we hoped to explore-the electro-dynamic fields of life-would not yield their secrets if we disturbed them by our passage. So we had to use not a vessel that ploughed through their surface but rather a hovercraft that does not disturb the terrain over which it passes. In other words, our instruments and tech niques were designed to measure and map the electro-dynamic fields with the minimum disturbance of their electrical poten tials. With our instruments we could measure the voltage gradients of l iving systems which are quite independent of changing current and resistance. It must again be emphasized tha t our measurements are as near as possible pure voltage measurements. To be sure this probably can never be done with absolute accuracy. But, for all practical purposes, in our measurements the current drain from the system being measured is reduced to the minimum. Hence we do not disturb the living system while the mCJsurements are being made. All the necessary energy to keep the instrument in operation or, if you like, our hovercraft hover ing, is derived from external sources, not from the system being measured. This is imperative. The beginning of our voyage is in a land-locked harbour where there is a certain amount of information about the harbour and its surrounding terrain. We know that living systems have elec trical properties. Examples are the electro-cardiogram, the electro encephalogram , the action current potential of nervous impulse, 45
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 electrical changes which are associated with muscle contraction and, in all probability, the changes which occur during the activity of glandular secretions. These are all well-recognized phenomena, but so far there has been no general principle which would explain their existence. It has usually been assumed that all these changes in the electri cal properties of a living system are the consequence of biological activity. But it is our hunch that a primary electrical field in the living system is responsible. The reason for this should be clear. When we pick up heart waves and brain waves from living systems the pick-up electrodes are never, or very rarely, in direct contact with the system under measurement. This means there must be some forces in operation which transmit the activity of muscle, or nerve, from the organ itself through the tissues of the body to the electrode wherever it may be. One arm and one leg, in the case of the cardiogram, or on the scalp in the case of the Berger rhythms, or brain waves. It is generally accepted that the changes in the electro-cardio gram, for example, which can be recorded from one arm and one leg, are the result of some kind of transport, possibly of charged ions. But the fact is clear to anyone who has examined these in detail that the speed of the transmission is far too rapid to be explained by the movement of a charged particle from cardiac muscle to the far-distant leg. The assumption of a field, however, gives an adequate foundation for the recording at the periphery and at some distance, of the phenomena associated with a basic biological property. With our craft hovering above the surface of the sea, and thereby causing no wash or ripple in the sea itself, we leave the harbour towards the distant buoy. This buoy is an unknown differentiation on the surface of the sea. When we find it we must tackle the question that this discovery poses : Is it really true that all biological systems exhibit a significant set of electrical properties ? The first thing to be done, therefore, is to try to determine by measuring of a variety of systems whether there are always electro-metric properties in a living organism. So, over the last thirty years, almost every form of living organism has been 46
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 studied, some of them quite cursorily and others in more detail, from bacteria up to and including man. And so far as our present information goes, there is unequivocal evidence t hat w herever there is life, there are electrical properties. But again, it must be stressed that these electrical properties, measured under the conditions of this trip, are voltage gradients, not current movement, not changes in resistance to the passage of current. These electrical voltage gradients in the living systems are the logical consequences of the Electro-dynamic Theory and only to be expected. But we must go beyond theory : its logical con sequences must be put to experimental tests to develop what Northrop has called epistemic correIa tions or what Margenau has called the correspondencies between the logical conclusions from the Theory and the findings in an experimental laboratory where adequate controls can be instituted. 2
 
 If there are electrical gradients-voltage gradients-in living systems, what are their essential characteristics ? They must have magnitude and, since they are electrical, they must have direc tional properties; in other words, polar properties, a positive and a negative aspect. To learn more about these gradients one of the first things undertaken in the laboratory was-naturally enough-to measure human beings. At first sight, this could be an exceed ingly complicated problem, but with the advice of Professor Leslie Nims, a very simple approach was adopted. With our silver-silver chloride electrodes in a common physio logical salt solution, the known self-potential in the electrode w as reduced by selection to a minimum, usually not greater than one-half a millivolt. Then with two cups available, one electrode Was introduced into the salt solution of one cup and another electrode into the salt solution of a second cup. It was a simple m atter, then, to dip the finger of the hands into these cups; the index finger of the left hand into the left-hand cup, and the index 47
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 finger of the right hand into the right-hand cup. This com pleted the external circuit in the measuring device. Immediately it was clear that t here was a voltage gradient between the left �nger and the righ t �nger. This could be checked readily, for all that was necessary was to move the right-hand finger into the left-hand cup and vice versa. If the readings were valid, the magnitude should be the same in the second series of measurements as in the first. Normally, with our experiments these measurements were repeated ten times, or until we had reproducible, reliable results. As soon as it was found that such measurements could be made readily, the question arose whether there was any significant difference between human beings and those measurements. As a result a great many measurements were carried out in the laboratory, using the personnel of the laboratory as subjects. We found to our delight that the magnitudes of the potentials were rarely less than two millivolts and often many times higher. The spread-or magnitude-of the measurements was so great that it was found possible to d ivide human beings into four categories. Individuals with low voltage gradients between the right and left forefinger; at the other extreme, individuals with voltage gradients between the right and left forefinger of some thing in the order of ten millivolts. In between, there was a third group, a low-high group, around five or six millivolts, and a fourth high-low group around two to four millivolts. Interestingly enough, these were quite consistent during the period of measurement but, what is more remarkable, they were quite consistent with the passage of time. These experiments were carried out over many days to be sure that the results were re liable. If the electrical gradients in the living system were the result of the chemistry of the organism, the constancy which we recorded would simply not be possible. We could not see any significant relationships between the individuals with low potential gradients and those with high potential gradients by any techniques which we were able to devise. The subjects were all males, and it was suggested that there might be an electrical difference between males and females. Hence, measurements were made on female members of the labor48
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 atory group, day after day, week after week, and month after month. We found to our astonishment that during the course of a month's measurements the female voltage gradients showed re markable increases, a sharp rise, for a period of twenty-four hours. This occurred on many occasions and gave us reason to wonder as to the possible origin of this phenomenon. Examina tion of the personal records of the females involved made it clear that these rises in voltage gradient occurred during the approxi mate middle of the menstrual cycle. Needless to say, this sug gested at once that the rise m ight be associated with ovulation, since the endocrinologists have been telling us for years that ovulation occurs in the middle of the menstrual cycle and is, in all probability, the cause of the onset of the menses.
 
 3
 
 This was an exciting event, for now we could see beyond the first buoy a second buoy in the distance : a change in voltage gradient associated with fundamental biological activity. Atten tion must be called, however, to the fact that the change was one of magnitude, not of the polarity of the measurements. Since not all mammals have the same history, it was necessary to seek an animal in which the time of ovulation could be pre dicted. Fortunately, the rabbit is such an animal. Proper stimula tion of the cervix in the female rabbit results, under normal conditions, in the appearance of ovulation some nine hours after stimulus. The following experiment, therefore, was set up : A rabbit was stimulated, and nine hours later anaesthetized. Its abdomen was then opened and a salt-filled chamber was placed around the ovary. The cold electrode was attached to the animal's body, and the 'hot' electrode, connected to the grid of the first tube, was placed in the salt-filled chamber not too far away from the ovary itself. Then, with a m icroscope, the surface of the ovary was itseH continuously examined while the changes in voltage gradient between the two electrodes were recorded on the recording gal49
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 vanometer. It was thus possible to see the event of ovulation through the microscope and, simultaneously, the recorded changes in voltage gradient on the recorder. To our delight the moment of rupture of the follicle and the release of the egg was accompanied by a sharp c hange in the voltage gradient on the electrical recorder. This experiment was carried out enough times until it was perfectly clear that there could be little or no question that the electrical change was associated with the event of ovulation. If, in an experimental animal, electrical changes were seen to coincide with ovulation, then it might be possible to assume that the observed voltage-gradients in women might serve to time ovu lation in human beings. This is a very important problem, for the exact time when eggs are released from the human ovary has not been really determined. As these voltage gradients occur during the middle of a menstrual cycle then, if the Knaus theory is correct, ovulation occurs in the middle of the cycle, and therefore the electrical changes in the human female should indicate the time of ovulation in that particular individual. This is not an easy experiment to perform on humans but, through a fortunate set of circumstances, it was possible for us to do a study on one girl. It was necessary for her to have an elective laparotomy and she was willing to corne into the hospital and have the operation performed at a time when our electrical records indicated that it was the right time to do it. She was in the hospital for fifty-six hours before the operation and during that time was continuously measured by the recording galvan ometer. There were times, of course, when shor t gaps occurred in the record for a variety of physiological reasons, but the fact remains that there was a rather astonishing consistency in the electric measurements. The measurements were made between the central abdominal wall, as a reference electrode, and the wall of the vagina in the vicinity of the cervix, as the active electrode. When the electrical records showed this marked change in voltage gradient in the patient, she was moved to the operating room and, under the skill ful hands of Dr. Luther Musselman, a laparotomy was performed, 50
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 an ovary uncovered, and a recently ruptured follicle noted. This, obviously confirmed the findings in the rabbit.
 
 4
 
 A t this point occurred one of the most interesting events of this adventure in science : Dr. John Rock, of Brookline, Massachusetts, head of a gynae cological hospital, evinced interest in the techniques and under took to develop the procedures in his hospital. We gave him all the advice and help tha t we could, and eventually he set up a number of measurements a t that hospital. He reported in a paper some ten or more instances of ovulation occurring in the middle of the menstrual cycle as indicated by electrical measurements. He completed these experiments, or at least the first of them, how ever, before we had been able to find a suitable patient for our work in New Haven. Like the gentleman he is, he withheld publi cation of his findings until after we were able to publish ours. Subsequently, he continued these experiments and confirmed our original findings. An accident occurred, however, when a house officer inad vertently made some measurements on a female patient not in the middle of the menstrual cycle. He found to his dismay-and that of the rest of the observers-that these electro-metric c hanges did not always come in the middle of the cycle. It will be recalled that the Knaus theory holds that ovulation occurs in the m iddle of the menstrual cycle. This theory was based on statistical measure of pregnancies following returning soldiers during the first World War; and there is probably little question that the statistics are valid so far as groups are con cerned. Unfortunately, that does not demonstrate beyond per adventure tha t in every individual ovulation must necessarily occur in the middle of the menstrual cycle. Dr. Rock felt, how ever, that the statistical evidence was valid; and therefore any changes i n electro-metrics of the living patient, not in the middle of the cycle, could not be related to ovulation. This terminated 51
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 Dr. Rock's experiment, much to our dismay, but we persisted, nevertheless, in our study. With the help of Dr. Dorothy Barton, an extended study was Illade of a group of women in the New Haven Hospital, most of whom were nurses living a fairly rigorous existence, with more regularity than most of us undergo. These women included subj ects of all ages. Some of them were post-menopausal. One of the interesting consequences of this study was the fact that about thirty per cent of the women seemed to ovulate in the middle of the cycle, granting the validity of the electro-metric technique. But in all probability-according to electrical measure ments-twa-thirds of the women ovulated over the entire men strual cycle, even during the menses. This was at variance with the endocrinological theory of ovulation and was difficult for many people to accept. Women over the menstrual period and in the non-fertile period and those in the so-called menopause, showed no such electro-metric changes with the passage of time. This was true whether the menopause was the natural one or one resulting from surgery of the generative tract. For a number of years measurements were made on patients, sent in by surrounding doctors, to time ovulation in their par ticular instances. One of the patients sent to us was one who had been married for a number of years without issue. The question was raised, of course, as to the reason for the infertility. Though all the known techniques of that time were employed no signifi can t fact was uncovered to explain why there was no fertile result. The patient was taught to make the measurements herself and did them religiously once a day, day-after-day, for many months. At n o time was there any evidence of voltage variations. Subse quen tly, when a laparotomy was required, it was found that the patient had atrophied ovaries, apparently caused by their early involvement in tuberculosis. At no time had she ovulated and there were no electro-metric changes. This raises the question of the necessarily causal relationship between ovulation and the onset of menstruation. In the group of patients studied, moreover, while the great majority showed fairly regular menstrual periods of the average length, there were 52
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 a number whose menstrual histories were very irregular. One patient in particular exhibited menstruation only three times in a year, and yet during tha t year there were three instances where there was a marked electro-metric change unrelated to the onset of menstruation itself and suggested that ovulation had occurred. The evidence is clear. Like brain waves and heart waves, electro metric changes occur during ovulation and can be recorded in the living subject. Furthermore, the results show that ovulation may take place at any time in the menstrual cycle, although in the majority of women studied the ovulation record showed the usual mid-cycle peak. It is equally clear that there is no necessary relationship between ovulation and menstruation, for either may exist without the other; ovulation may occur without menstrua tion and menses without ovulation.
 
 5
 
 Published reports of our experiments with women were read by the distinguished obstetrician and gynaecologist, Dr. Louis Langman, of New York University and Bellevue HospitaL As a result, he carne to the writer's laboratory and discussed the ques tion of whether or not the electro-metric timing of ovulation could be used in connection with artificial insemination. More over, because the reports indicated that electro-metric records suggested relationship between the developing ovaries and its follicle, he further questioned whether or not they might not be used to detect cancer. The result was a rewarding and very fruit ful association over a number of years. S tarting with the assumption that the electro-metric peaks occurring during the menstrual cycle of normal women indicated ovulation, Dr. Langman decided to use the technique as a means of determining when best to employ artificial insemination. As a result, he was equipped with the necessary technical apparatus, including the electrode, the high input impedance amplifier and the G. E. photoelectric recorder. Since Dr. Langman had had indifferent success in a series of ten cases, using other timing procedures, artificial insemination 53
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 was a ttempted in those instances when the electro-metric shift indicated that ovulation had recently occurred. To h is and our delight, the average of successes was considerably higher using the electro-metric technique than that employed by other methods of timing ovulation. I t seemed clear, however, that Dr. Langman's main interest was not only in the timing of ovulation, but also in the problem of malignancy in the generative tract in women. Fortunately, through a grant, and with the cooperati on of the Bellevue Hospital Gynaecological Service, more than a hundred patients were examined electro-metrically. The records were kept carefully and a marked voltage gradient between cervix of the uterus and a reference electrode on the ventral abdominal wall often appeared on the recording galvanometer After a sufficient number of tests had been run to make sure we were dealing with a valid finding, Dr. Langman and his assistant examined something in the neighbourhood of one thousand patients. These patients were on the wards of the hospital and were subject to a variety of syndromes. They in cluded fibromas, as well as the usual run of pathological events in the generative tract of these women. In those that showed a marked change in the voltage gradient between the cervix and the ventral abdominal wall, careful watch was kept through sub sequent laparotomy. There were a hundred and two cases where there was a sig nificant shift in the voltage gradient, suggesting malignancy. Surgical con�rmation was fo und in ninety-�ve of the hundred and two cases. The actual position of the malignancy varied all the way from the fundus, to the tubes and to the ovarian tissue i tself. It is interesting to note that the electro-metric evidence of sharp volt age change occurred in m alignancies found not only in the im mediate vicinity of the cervix but also through all the rest of the generative tract, including the ovary itself. Thus we had an astonishingly high percentage of successful identification of r:J.alignancy in the generative tract, confirmed by biopsy. The fact tha t malignancy in the ovarian tissue was recognized electro metrically, and confirmed by biopsy-even though the .
 
 -
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 malignant tissue was several centimetres distant from the active electrode in contact with the cervix-is in line with the distan t readings o f the EKe a n d EEe. The order o f magnitude o f these changes in voltage gradient was such that the possibility of changing pH of the generative tract could be ruled out. Surprisingly enough, these findings were never picked up in the literature and have not been extended further or repeated under other condi tions. This probably is because it is difficult for people to recognize that these changes represent changes in the �eld of the system; and, therefore-as in the case of the EKe and the EEe-the active electrode need not be in direct contact with the tissue which is showing the greatest changes in voltage gradient. It took over thirty years before the EKe was perfected to the poi n t where it could become a useful adjunct in the clinician 's office. By that time the empirical results were so clear-cut that the value of the electro-cardiogram could not be questioned. The explanation of EKe, however, has never been really unravelled satisfactorily. The fact that the electrodes do n o t have to be in contact with the heart, that the change is exceedingly rapid and cannot be explained by electro-phoresis or any of the other simple answers to the transmission of changes of voltage gradient, was finally ignored because of the value of the empirical results. Similarly, in the case of the electrical ovulation changes and the malignancy cha nges in the generative tract of women, it is not necessary for the electrode to be in direct contact with the tissue showing the grea t change. But the voltage-change is trans mitted over a distance promptly and in such a form that at present the only successful explanation is that the electro metric ch aracters of tissue, in general, and of the generative tract, in particular, are transmitted by the primary electro dynamic field.
 
 6 The results reported above suggested that the relationship be tween ovulation and menstruation was not on quite such a firm
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 foundation as had been generally assumed. There can be no ques tion that the chemistry of the endocrines is an important factor in these activities of the generative tract. Primarily, however, the chemistry provides the energy necessary for these activities, and it has been almost entirely overlooked that the chemistry involved in any physiological process must, necessarily, have direction. The source of this direction can be assumed safely to be the result of the activity of the nervous system and there is plenty of evidence in the literature to suggest that in the hypothalamic region of the brain there are nuclear masses which are concerned primarily with the onset of ovulation, its completion and, also, that another set of neural mechanisms has equal control over the menstrual cycle. While experiments on ovulation in humans were going on, parallel studies were carried out on experimental animals. With the co-operation of the distinguished gynaecologist, Dr. Luther Musselman, also Dr. Dorothy Barton, Dr. John Boling, and Dr. Vincent Gott, and numerous patient and cooperative subjects, studies were carried out on rats, in particular, on rabbits, cats, and so on. Various stages in the oestrous cycle in animals were found to have electro-metric correlates which are valuable indi cators of the kind of physiological processes which are going on during menstruation, and during the whole cycle of oestrous phenomena. In addition to the original findings on the rabbit, Dr. Gott, in particular, extended them to the ovulation phenom ena in monkeys. As a result of the very generous cooperation of Dr. Gertrude Van Wagenen. it was possible for Dr. Gott to study the ovulation problem in a group of Rhesus females. Five animals, for a total of twelve menstrual cycles, were studied. It was found that in ten out of twelve cycles there was a significant and consistent peak of negative voltage that was higher than any other peak in the cycle and. because of its distinctive pattern, may be distinguished from any other peaks in the cycle. This distinctive peak occurred in every cycle between the eleventh and fourteenth day, and this is the period in which most of the ovulations are known to occur. It is believed that this distinctive and reproducible peak is the 56
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 electrical concomitant of ovulation. Possibly the two cycles without a significant peak, between the eleventh and fourteenth days, are anovulatory cycles which are fairly common in the monkey. Bi-weekly or weekly records of the abdominal vaginal potential difference were made in two monkeys from the date of conception until delivery six months later. In other animals, records were taken from the second month of pregnancy to the date of delivery. The records tend to level out somewhat as pregnancy pro ceeds, so that by the third month the graph is almost a horizontal line. The cervix remains negative after the second week of preg nancy until the beginning of the third month, except for rare instances when it becomes positive. By the third month, the voltage has dropped to near the zero line where it hovers until delivery. Despite these characteristics which differentiate pregnancy from the menstrual cycle, there are no significant and consistent changes during the first month of pregnancy that might permit the detection of pregnancy a few days after conception. These results, together with the findings of Dr. John Boling in the oestrous cycle of the rat, make it quite clear that electro metrics of the field characteristics of the living organism can provide useful information about the whole physiology of the generative tract. Since all of these experiments stemmed from the basic assump tion tha t the living organism possesses an electro-dynamic field as a whole, with constituent and subsidiary parts or local fields, which are specific components of the living system, the well controlled experimental findings confirmed the general validity of the primary assumption. Any individual component of the whole system has, of course, i ts own characteristic field which is a part of the field of the whole organism. Any variations which may occur can be assumed to be variations in the flow of energy in the system, a flow of energy which arises first of all in chemistry and is controlled and directed by the electro-dynamic field of the whole organism. 57
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 1
 
 The experiments which had shown the positive correlation between the electro-metrics of the generative tract in women and the presence of malignancy throughout the tract led at once to a further examination of the possibility of electro-metric correlates of malignancy elsewhere. In the growth and development of every living system there is obviously some kind of control of the processes. In the midst of incredibly complex flux, direction is available for the control of this growth and for differentiation. As a distinguished zoolo gist once said, 'The growth and development of any living system would appear to be controlled by someone sitting "on the organism" and directing its whole living process.' One of the few things we know of in the Universe that has direction are the electrical properties of thin gs in general. The Field Theory suggested that i t should be possible to determine the polari ty and direction of the flow of energy transformations in the living system. The organism, as a whole, depends on such directives for its continued existence; so also does atypical growth. Energy, however, is a basic requirement, indifferent to the direction in which it flows. It is important, therefore, to realize that in the development of growth and development of the organism there are forces in addition to the undirected properties of chemical changes, factors which give direction to the flow of energy. It cannot be denied that morphogenesis is directed. This is true of the whole organism and also of its constituent parts. Moreover, the very direction of development implies a necessary relation ship between the units of which the system is composed, a re lationship which imparts to the organism that quality which makes the whole greater than the Sllm of its parts. Considera tions such as these led to an examina tion of the electrical properties of cancer-susceptible mice. The experiments v. ere designed to determine whether or not the polarity vectors were altered in atypical growth. 58 ,
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 Through the courtesy of Dr. L. C. Strong and Dr. G. M. Smith, a considerable number of mice from the colonies of Dr. Strong, were studied weekly. There were four groups of such mice : A. normal control, B. a strain of mice known to have a high in cidence of mammary cancer occurring spontaneously, C. a strain of mice prone to atypical growth following the administration of carcinogens, and D. a number of mice from a strain which readily accepted implanted malignant tissue. Comparison of the groups made it clear that statistically the control group showed a different electrical pattern from that found in the animals with spontaneous breast cancer, malignancy produced by carcinogens, or the atypical growth of transplants. There were also statistically significant differences between spon taneous carcinogenics and the transplanted growth. While day by-day variations in both magnitude and polari ty occurred there was sufficient variability to make it difficult to show a direct ane ta-one relationship for any individual animal. Clearly enough, there are other factors in the presence of a typical growth re sponsible for the variability. To carry out an experiment it is necessary to control conditions of food, water, and temperature. A few preliminary experiments indicated that the individual variability could be reduced sig nificantly. All the evidence so far collected makes i t necessary to study them under more controlled laboratory conditions. Through the generous cooperation of Dr. H. S. N. Greene, some three hundred mice were intensively studied following the implantation in the breast region of the C 38 strain of mice. The implantations were made by Dr. Greene in the right axilla. They were from malignant tissue labelled 4578B-PXB-PX and MTH. In addition, foetal and visceral implants were made from normal animals. Measurements were made between the right axilla and the left axilla in unanaesthetized mice. The common reference point for the potential differences between the axillae was the placement of an electrode in the mouth of the animal. Since the left side of the animal was not involved i n implantation, it served to some extent as a control for the operated side. The results of the experiment were surprisingly consistent. 59
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 Twenty-four to twenty-eight hours after the implantation changes were to be observed in the voltage gradients. This differ ence increased steadily and quite smoothly to reach a maximum of approximately five millivolts on or about the eleventh day, following which it decreased. In the animals with the foetal implant representing, therefore, a rapidly growing mass of embryonic tissue, the difference began to appear a little later, and reached a peak on approximately the sixth day, following which the potential difference dropped to zero and reversed its polarity until the end of the experiment. In the slow-growing tumours potential differences began to emerge on the third or fourth day but reached their maximum of approximately three millivolts on the tenth or eleventh day. From there, until the end of the experiment, the differences in potential fell steadily to zero. The control, and those without growth, showed a variable between the two sides of less than a millivolt for the entire experiment. In all of these measurements, the axilla containing the implanted foreign material was negative to the opposite axillary region. It is cIear from these findings that the crest of atypical growth in the host organism produced measurable and reproducible electro-metric correlates. The rapidly growing tumours devel oped higher potentials more quickly than the slow-growing im plant. The foetal tissue started off rather promptly but early reached an electro-metric peak and thereafter declined to zero, subsequently to appear as a polar reversal which, in turn, re turned to zero. The slow-growing implants started late but ex hibited an electro-metric curve paralleling the essential slope of the rapidly growing tumours, but reached their lower maxi mum at approximately the same time as the rapidly growing tumours. These experiments on mice, of course, offered valuable con firmation of our findings that atypical voltage-gradients in the fields of women are associated with malignancy.
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 C HAPTER FOUR
 
 The Ubiquitous Field 1
 
 While we were carrying out experiments on men and women we were also exploring the electro-dynamic fields in other forms of life because we wanted to assure ourselves that these fields are a universal property of all living forms and are not confined to the higher forms of life. We explored the fields of a frog's eggs-as mentioned in the first chapter-not only to satisfy ourselves that something so small and relatively simple possessed a field but also to find sup port for our theory that the field controls the growth and de velopment of the form. Using micro-pipettes filled with salt solution and connected to the voltmeter we found different voltage gradients across differ ent axes of the eggs. We marked the axis of the largest voltage gradient with spots of Nile blue sulphate and later found, as the eggs developed, tha t the frog's nervous system always grew along the axis with the highest voltage gradient. This was an indication that the field is primary-the matrix that shapes the living form. Next we looked for a living system with some unquestioned design or pattern, the field of which could be examined through growth and development. The nervous system of a vertebrate offers a pattern which can be analysed and which, we hoped, would yield some clues to the nature of the forces or laws which determine the pattern. Our choice fell on salamanders for our experimental animals because they are easily obtained and can be observed from the egg stage up to adult form; and the changes in the form as i t grows and develops can be observed and described with great accuracy. 61
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 Amphibia, too, are admirably suited to the experimental analysis of the growth and development of the nervous system. They are vertebrates and, therefore, have a head and tail axis, a bilateral symmetry, a right side and a left side, a dorsal and ventral side. This is the most elementary aspect of the pattern of organization of the vertebrate nervous system. Moreover, by using microsurgical methods, it is possible to perform operations on the nervous system, to remove parts of it and to observe the consequences to its development. Pieces can be transplanted from one part of the nervous system to an other in order to examine the results. Finally, salamanders are easily raised in the laboratory, with no serious problems of care. No anaesthetics are necessary and they are abundant in the spring of the year. We were reinforced in our choice of salamanders by the evid ence, slowly increasing over the years, that they possess certain electrical properties.
 
 We started with numerous experiments on the developing embryos of salamanders, because an analysis of the embryology of the nervous system promised data to support our Field Theory. In the first place, as the embryo is an aquatic animal, i t was necessary to determine whether or not there were any significant electro-metrics of the embryo. Potential measurements were made, therefore, in the embryo from a point in the cephalic region, and another in the caudal region. These were studied over periods of time and showed characteristic changes with the growth and differentiating of the embryo itself. It soon became clear that there is an electro-metric correlate of the longitudinal axis of the salamander nervous system. There is also a bilateral symmetry between the righ t side and the left side of the axis, as might be expected from everything else we know about the developing organism. To run down this problem a little further, measurements were made of the unfertilized egg of a salamander, using the animal 62
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 pole as a reference point, and a moving electrode around the equator of the egg in the four quadrants of the development. It is well known, of course, that the salamander egg at this stage is a sphere, showing little or no differentiation grossly except the difference between the animal and vegital pole. But there is no differentiation, so far as can be observed, in the quadrants of the sphere. Measurements were made, therefore, in the unfertil ized egg between the north, or animal pole, and four points on the equator. It was found from these measurements that there was one point on the equator which showed a marked increase in the voltage drop between the reference electrode and the point. The latter was marked with a spot of Nile blue sulphate so that it could be followed through the subsequent period of development. It was found-as our theory had suggested-that the point on the equator which marked the greatest voltage drop from the animal pole marked the head end of the developing salamander. A longitudinal axis of the developing nervous system was then established in the unfertilized egg. This maintained itself throughout the succeeding growth period and, surprisingly enough, there was no significan t change in the electro-metrics of the unfertilized egg after fertilization. This is astonishing, because fertilization is supposed to be a critical point in development. But apparently-in the sala mander, at least-the electric field properties of the egg are established quite independently not only of the fact of fertiliza tion but also of the plane of ingress of the sperm head into the egg. This suggests, at once, that the design of the living embryo is an electro-metric correlate which can be recorded objectively during the process of growth and development and turns out to be one of the constant factors during this whole process of development. One of the strange things about developmrnt that has always been known is the extraordinary constancy in which the direc tion of development moves. As a distinguished friend of mine once said, 'The growth and development of an embryo would seem to be the result of the fact that some kind of a factor sits on the embryo during its �ntire development and gives direction 63
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 to it.' From the evidence a t hand, up to date, it would seem fairly obvious that the one constant factor in growth and develop ment-which include not only the increase in the numbers of cells, but also their differentiation-is the field of the organism. All these measurements were made using silver-silver chloride electrodes immersed in micropipettes and connected to the high input impedance of a suitable amplifier with a galvanometer or a recording galvanometer in the output. At the suggestion of one of my early colleagues, Dr. Leslie F. Nims, now a t Brook haven Laboratories, on Long Island, it was noticed that as the micropipette electrodes were pulled away from the surface of the embryo, a voltage gradient could still be recorded. In fact, drop off of voltage gradient carried on as far as one or one and a half millimetres from the embryo. This is truly extraordinary, for it makes it clear that the field
 
 properties of the embryo radiate through the medium of the liquid environment in w hich the embryo lives. Now this could occur only if the source of these potential gradients was the result of field activity. As a matter of fact, if one s tops to think about it, if one puts a battery of any kind in a conducting medium, the battery very soon is exhausted, since the external medium acts as a low resistance shunt across the positive and negative poles of the battery. But in the embryo, although we have the same kind of voltage gradient as is present in the ba ttery-at least so far as the measurable characteristics are concerned-nevertheless the field properties of the embryo
 
 do not short out in the liquid. These experiments led to a further analysis of the field proper ties. It was suggested that if an embryo were rotated mechanic ally underneath two micropipette electrodes, there should be a constant rise and fall in voltage gradient as the head and tail axis of the embryo passed underneath the micropipette electrode. This experiment was set up with a mechanically revolving stage on which was placed a half-grown salamander embryo and the recorded output of the high input impedance amplifier trans mitted to a G-E photoelectric recording galvanometer. The result was extraordinary, for there was a sine wave out put from the revolving embryo, the frequency of which, of
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 course, was a function of the speed with which the embryo revolved. Moreover, it was clear that the field axis was a constant
 
 to the whole procedure and resulted in a very interesting sine wave output from the embryo i tself. This meant, too, that the micropipette electrodes were recording voltage gradients well away from the embryo i tself. As a control, an inert glass rod was revolved under the same experimental conditions and produced a straight line on the recording galvanometer. To make a further check, a 'robot' was made of a piece of copper rod with a blob of solder a t one end. Such a rod, under normal conditions, produces a voltage gradient, because of the bi-metallic components. This also was revolved in the same way as the embryo and produced the same kind of sine wave, the only difference being that, in time, the bi-metallic chemical voltage gradient decreased. Similar experiments were made with a full-grown salamander floated in a circular dish of salt solution in which, at opposite ends of a diameter, were immersed the electrodes, connected to a recording galvanometer. The dish was then slowly rotated and, since the salamander possessed a field with a positive and negative pole, it acted like the armature of an electrical generator. In consequence, as i t rotated between the electrodes, it set u p a tiny alternating cnrrent of very low frequency, which was recorded as a true sine wave. One day, perhaps, some enterprising experimenter will float a man or a woman in a rotating swimming-pool to demonstrate that there really is such a thing as a 'human dynamo' ! But the author's la boratory offered neither space nor facilities for such an experiment.
 
 3 The experiments described above made i t clear that, using proper electro-metric techniques, recorded voltage gradients without current drain from the system measured are a valid expression of the basic, primary electro-dynamic field. Since the experiments 65
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 also indicated that direct contact with the livi ng organism was not necessary to measure a volt-age gradient, a rigorously-con trolled exp eri ment was set up, using the sciatic nerve of a frog, with the help of another colieague, Dr. Alexander Mauro, now at the Rockefeller Institute in New York. This experiment was designed to explore the field properties of a small part of a living system. The beautifully-precise formulation by Lorente de N6 of fields in an infinite-volume conductor accompanying the neural im pulse, travelling along the sciatic nerve of the frog, demanded that a search be made for experimental evidence of the existence of a quasi-electrostatic field in the air surrounding a nerve trunk. A preliminary report of such a study is here presented. The existence of an electro-static field has been demonstrated. How ever, an analysis of the nature of this field is far from complete and much further study will be required. By an ingenious technique developed by Dr. Mauro, the re sults of the activity of the sciatic nerve of the frog were studied, using a thousand-megohm input-impedance preamplifier, fol lowed by suitable amplifiers with an output to a cathode-ray tube. It was possible to study the transmission of a single stimulus throughout the substance of the segment of the nerve under study, not only when the electrcdes were in direct contact, but also when they were at a measurable distance outside the nerve. The evidence resulting from these experiments gives further enlightenment as to the nature of the field irr living systems. It is becoming increasingly clear that these fields are in fact quasi electro-static fields. Originally, the term 'electro-dynamic field' was used to describe, in the most general way, the nature of the fields in living organisms, but it is now possible to give a more pre cise definition. Measurement of such fields indicates that forces exist not only in b u t also otltside of t h e nerv e dmill g exci tation.
 
 Thus, to the study of steady state parameters of these fields that have been recorded in amphibia and-as we shall see plants, must be added these records of the changing properties of electrical fields in association with biologic activity. To be sure, the EEG and the EKG are instances of the same phenomenon 66
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 and in a sense the observations recorded here are no more than might be expected. All of them are the direct consequences of field properties of living systems. None of this implies that the field is conceived of as some mysterious property of living things. It is not another name for elan vital or entelechy. It is a definable concept capable of pre cise measurement and is to be thought of in the same terms as fields in the non-living Universe. Electric fields in physics are not only widely accepted, but technologies based upon them have been extraordinarily pro ductive. In non-living ma tter, fields are definable in terms of forces between charges. They are, in part, a measure of the re lationships between entities. In living systems, therefore, since the entities of which they are composed are the same entities as are to be found in non-living matter, the same forces between the units may be presumed. The basic difference between the two lies in the enormously i ncreased complexity of the necessary re latednesses in living organisms. It would seem reasonable to assume, therefore, that the rela tionship of entities in living organisms may be measured by field properties j ust as successfully as in a toms or between atoms. It should be noted tha t the electro-static fields do not exist in the absence of charges nor charges in the absence of fields. They are both fundamental properties of matter. In living organisms it can be said that chemical components, wherever they possess charges, cannot exist without fields nor can fields be found except in the presence of charges. It is equally dear that the business of living is not a static affair; it is a moving, dynamic process. For this energy is required and it is the chemistry of biological systems which provides i t. But energy is a scalar property and is. itself, indifferent to the direction in which i t flows. In general, it is the second law of thermodynamics which directs the flow in such a manner as to increase the entropy of the system. It seems from our observations that this direction is also characterized by electrical gradients, much as though the second law was augmented by electrical signposts. Moreover, these electrical signs have an astonishing constancy in spite of the
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 enormously complex chemical flux. Such constancy of directional control, in fact, is one of the s t riking attributes of the developing organism. Quasi-electro-sta tic fields, although changing slowly, persist in time and can, perhaps to some approximation, be con ceived as providing the necessary direction. The experiments reported by us in collaboration with Dr. Mauro provide additional evidence of the validity of the original assumption.
 
 4
 
 Pursuing our exploration of fields in widely-different living forms, we made a study of the voltage-gradients in the marine animal, Obelia, a polyp. These experiments were carried out through the courtesy of the late Dr. F. S. Hammett, of the Marine Experimental Station of the Lankenau Hospital Research Institute. They were made on animals collected at the experi mental station at Truro on Cape Cod. A series of measurements of the voltage gradients of definitive stages in the life cycle of an Obelia hybrid was carried out. These trace a rising curve of graded intensity parallel with the growth from the anlagen to the complete functioning animal. The values reach their peak in the feeding animal and then drop off as re gression to the senile state begins. With the attainment of senility and its consequent catabolic dissolution the direction of the voltage gradient is reversed. Fluctuations in voltage gradien t parallel the fluctuations in developmental growth, as it progresses from an undifferentiated to the differentiated state. The conclusion was made that the growth and life cycle of an Obelia is characterized by definitive and progressive changes in voltage gradient correla ted with the morphogenesis of the animal. There are a number of implications cf this study wh i ch deserve fu r th er examination. In the extremely short life-cycle of Obelia it is possible to cover the entire life span of the living organ ism in a rela tively short time. During the early growth and d ifferentiation of the animal, increasing voltage gradients were recorded until a peak 68
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 was reached a t the time when the animal was fully developed and feeding. As is well-known, after this the activity of the animal begins to decline and a regression occurs with senility until the so called death of the particular hydranth. The electro-metric correlates of this regression were clearly evident. This tends to confirm some observations made in the study of mice that there is a fairly regular pattern of growth and de velopment up to the eventual death of the living system. During the first third of the animal's life, voltage gradients increase fairly steadily. During the middle third, voltage gradients tend to level off and form a plateau. The last third of an animal's life shows evidence of regression with a consequent falling off of voltage gradients until death itself ensues. All of these experiments show a relationship between the growth and development of a living system and its electro-metric correlates. One of the important consequences of the field theory, however, is that the electro-metric characteristics of the system in some way control the pattern of organization or, if you like, the design of the system.
 
 5
 
 With the generous co-operation of the late Professor Edmund W. Sinnott, a study was made of the electrical patterns in cucur hits. In this field, Dr. Sinnott, an expert, has called attention to the fact tha t the shape of gourds is not a function of the morpho logical characteristics of the cellular components. The cucurbits all have a characteristic building block, and yet the shape of the gourd made with these building blocks differs. Just as one can build a house with bricks of a uniform size and shape, the design of the whole results in quite different external characteristics. Using cucurbit fruits, provided by Dr. Sinnott, electro-metrics were made. In this study, potential differences were measured along the axial and the equitorial diameters of young ovaries a nd developing fruits of three races of wcurbita pe:po, differing markedly in shape and designated as elongated, round , and flat. 69
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 The size of the potential differences bears little relation to the absolute size of the dimensions along which they occur, but the ratio of the potential differences is closely correlated with the ratio of the d imensions. As the fruit grow larger, the potential gradients tcnd in all races to decrease, but the ratios between the gradients and the true dimensions tend to increase in the elongate, to decrease in the flat, and to be unchanged in the round race. To explain these various facts, it is tempting to suggest that the pattern of potential differences here described may have some causal relation to the morphological pattern which appears as the fruit develops. The evidence here presented is in entire agree ment with that obtained in animal material and may be inter preted in the same way. The data offers for the consideration of students of plant morphogenesis a series of new facts from a field which, if well cultivated, may become very fruitful. The association with Professor Sinnott was extraordinarily fruitful. Many suggestions were made as to the kind of electro metric studies which could be made on growing systems. Two of these were furthered. The first of these, following Professor Sinnott, was carried out with the help of Oliver Nelson, at that time a student in the Graduate School of Yale University, De partment of Botany, and closely associated with the Connecticut Agricultural Experiment Station. The suggestion was made that electro-metric studies be made of a single seed. The choice was necessitated largely by practical considerations and fell on corn kernels-sweet corn kernels. With the co-operation of the Connecticut Agricultural Experi ment S tation, it became possible to study the electrical patterns in several pure and hybrid strains of sweet corn. These seeds had been under study for some time. The strains differ considerably in genetic constitution and in the degree of hybrid vigour shown in crosses between them. Four inbred strains were studied and three hybrids. One of these was a mid-season yellow sweet corn, an inbred of unknown origin. Another was a semi-dwarf mutant of P-39; it is normal in appearance but much reduced in size. It has been shown by Singleton that they differ by only one gene. In this material, therefore, we had four stable pure strains of 70
 
 THE UBIQU ITO U S FIELD
 
 significantly different properties with which to correlate electrical patterns. The three hybrids show a gradation of hybrid v;gour. If the electrical patterns have any significance, the electrical correlates of these differences should be manifest. A statistical analysis shows that the mean potential measured between the attached end of the corn kernel and its opposite pole gave h ighly significant results. Aside from the generally different mean, however, the most striking finding was a very great difference between the mean of the single gene mutant and the parent s tock. It is remarkable that the change of a single gEne in the parent s tock should produce such profound and significant change in the over-all pattern of the voltage difference. The conclusion seems to be inescapable that there is a very close relationship between the genetic con stitution and the electrical pa ttern. If further studies should confirm this conclusion, it seems very probable that one of the ways the chromosomes impart design to protoplasm is through the medium of an electro-dynamic field. In these studies of voltage gradients in maize kernels, the longitudinal gradient between the germinal end and the micro polar end of the seed was used as a test measurement. Under the couditions of the experiment there appeared to be, first of all, an immediate potential, which was called the prime potential. Moments after this prime potential was determined, the voltage gradient nearly always dropped to a much lower value and re mained remarkably stable for the minutes during which the observations were made. The prime potentials apparently show a high correlation wi th the seeds' viability, but have no particular reference to plant growth. The equilibrium potential, on the other hand, is not correlated with seed viability but rather with the inherent genetic constitution of a plant, since by use of the potentiometer and equilibrium potential determinations, one can segregate from a given population t h ose seeds with superior growth characteris tics. Further, these poten tial differences hetween seeds have been highly correlated with the growth of progeny for one generation removed. For these reasons the potentiometer may prove to be a useful tool for the plant breeder. 71
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 Electro-metric data from maize relation with growth potentials in significant relationship to genetic raise the old q uestion of which is constitution of a living system, or lives ?
 
 seeds show remarkable cor the corn kernel, as well as a constitution. These findings more i mportant, the genetic the environment in which it
 
 6
 
 As a contribution to this problem, a study was made of the reactions to a stimulus of the sensitive plant, Mimosa. It is well known, of course, tha t a branch will collapse when touched. Its electrical correlates, therefore, a t the collapse of the branch pro vide a clue as to the importance of the changing physical en vironment of a living system and its electrical correlates. It is well known, too, that in all biological systems there exists a multiplicity of phase boundaries. The existence of a potential difference across the phase boundaries is generally accepted. It is commonly held tha t the membrane potential a t a phase boundary is a consequence of a difference in concentrations of electrolytes on opposite sides of the boundary. In the non-living system this potential approaches zero as ionic equilibrium is reached. It has been more or less logically concluded, therefore, that the existence and variation of potential difference can be expla ined by the known initial differences in concentrations with consequent movement of ions across the boundary. The living system , on the other hand, differs somewha t from the physical chemical situation in that the potential differences, instead of approaching zero with time, are maintained at a n astonishingly stable level. The maintenance o f this level o f poten tial difference presupposes constant recruitment a nd it is n atural to assume tha t this recruitment comes in large measure from chemical activity. Moreover, it is not a t all impossible tha t one of the mechanisms regulating and controlling chemical activity is resident in the potential difference. In other words, if this problem is looked at from a slightly different angle, it is legitimate to make the assumption that in 72
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 a living system the total energy intake appears, in part, in the chemical flux of metabolism and, in part, in stored energy in potential differences. If this assumption is true, it follows, then, that by studying potential differences during rest a nd during ac tivity a record could be made of a general level of immediately available energy, as represented by algcbraicIy-summated bound ary potentials. In the face of the demand for activity this reservoir of poten tial energy could be tapped. When the biological system is at rest, the potentials could be recorded as DC potentials, but when protoplasm is thrown into any kind of activity, such as neural transmission, muscle contraction and similar events, the first sign of tha t activity would lie in the sudden withdrawal from the reservoir of electrical energy. In other words, a drop in potential differences. Then, mobilization of chemical properties might be expected to re-establish the original level of the potential difference. Through studies of both DC and AC phenomena in the living system, it should be possible, therefore, to obtain straightforward records of fundamental biological activity. Since in a complex animal organization this is exceedingly difficult, not m uch pro gress has been made. In plants, which presumably are much simpler, the problem can be attacked more readily. For this reason, therefore, the studies of the electrical response associated with a stimulus to the sensitive plant, Mimosa, were made. The most striking thing about the results is the very great similarity between the electrical response of the stimulus reaction in Mimosa to the electrical records of propagated electrical re sponse of the action current in vertebrate neurones. The magni tude of the response is, of course, very much greater, and the time scale in seconds rather than in milliseconds. Several seconds after a stimulus, whether a burn, a cutting or crushing, or a shock from a 90 volt B battery, a wave of increas ing negativity appears under the hot or peripheral electrode. This peak arises to sixty or seventy m illivolts and then subsides to the original voltage gradient and, though not always, often crosses it. This record is very similar to that of the spike in the neural action current. This spike lasts, however, from two to 73
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 three seconds to five or six seconds. In younger, more active plants, the duration of the spike is apparently shorter than in the older ones. Following the spike, there is a posi tive after-po ten tial followed by an up ward swing of the potential difference which establishes a new level of negativity, lasting from a few minutes to several hours. The whole wave form of this stimulus response is strikingly like the wave form of a single axone response in the vertebrate nervous system. Although the polarities differ, in all p rob ability this is caused by a difference in the geometry of the electrode placement. Attempts were made to relate this to the anatomy of Mimosa, as it is well known in animals that the rate of conductivity of a nervous impulse is a function of the diameter of the axone. In Mimosa there are continuous fluid-conta ining channels which , conceivably, m ight be likened to a nerve process. These channels, however, are buried heneath the surface since they are covered by many layers of cells. The electrodes, of course, are in contact with the surface cells, n o t with the conducting channels. The whole system, however, i s obviously conductive of electricity and it m ay he that the records obtained are derived from the longitudinal channels. In Mimosa, the longi tudinal channels vary in size, have thick walls, and are arranged in quadrants. They arc centrally situated and covered by many layers of cells. In the rachis, the channels are more deeply placed peripherally and tend to scatter towards the circumference as the s tem is approached. There does not seem to be any marked change in the size of the canals. In the stern the number of conductive systems increases markedly with a concomitant enlargement. Also, they lie nearer the surface and there are fewer layers of cells covering them. The d ifference in size of the channels may bear some significant relation to the electrical records if it should appear that the conducting canals are involved in the propagation of the stimulus. The study here reported suggests that with Mimosa-as in the nervous system of animals-the rate of conduction of impulse is a function of the diameter of the channel. But this particular aspect of the problem needs to be investigated further. If the recorded standing-potential represents the measure of a
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 reservoir of electrical energy available for activity, then a stimu lus such as that applied in Mimosa brings about a sudden with drawal from that storehouse. The fact that a certain potential gradient with the periphery positive to the central region is necessary for the reaction, implies tha t unless the amount of electrical energy stored is at a designated level, the reaction can not go forward. If, however, the level is high enough, the stimulus unlocks the storehouse and a wave of activity is propa gated with a characteristic electrical correlate. It will be recalled that these experiments with Mimosa led a distinguished East Indian zoologist and philosopher to hold that such plants as Mimosa and, by inference, all other plants, possess a soul, ex emplified in particular by the reaction of the system to an ex ternal stimulus ! The interesting thing about all these results to date makes it dear that the electrical properties of a living system are directly to be correlated with the genetic constitution of a living system, on the one hand, and on the other hand are modified by changes in the physical or chemical. The alteration, however, is not in pattern but in the magnitude of the typical response. This does not mean that there is a profound change in the electrical field, but only that the electrical field can be modified by an appro priate stimulus.
 
 7
 
 We had started our voyage of d iscovery by examining the most complex electro-dynamic fields-those of the human organism. We had also found fields in simpler forms of life-animals, eggs, seeds and plants. So it seemed desirable to extend our hunt for fields to the simplest living organization, protoplasm. This was important, not only to m ake sure that everything that is alive possesses a field bu t also because protoplasm is the basic, formative material of animal forms. Wha tever may trigger, too, the nervous system, a basic requirement is the energy made available by the incredibly-complex chemical flux of protoplasm. The more, then, that we can discover about the elementary 75
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 properties of protoplasm, the better we will be able to under stand how the nervous system functions. Again, at the suggestion of Professor Sinnott, an exa mination was made of the electrical properties of a very simple protoplas mic system, that of the slime mould, Physarum polycephalum. This is a common mould which grows readily in the lahoratory and exhibits characteristic patterns of growth and of fruiting. Also, its protoplasm is in constant movement, oscillating from one end of the system to the other. This streaming of protoplasm, of course, is well known to botanists, and offers many oppor tunities for investigation. The mould is a syncytium of proto plasm with no cell boundaries but many included nuclei. Since the material grows readily in quite adequate quantities, it makes an ideal elementary protoplasmic system for a further study of the electro-metric properties. There were three primary objectives of this study : The first was to determine whether or not, in the living plasmodium, in constan t movement, there exists an electrical correlate of this movement. Secondly, after the results of the Mimosa experiment, it was interesting to examine the possibility of an electro-metric response in the protoplasm to a variety of external stimuli, both chemical and physical. Finally, a third possibility was to examine the changes which might be found in the plasmodium when an external field was applied to it. There is plenty of evidence in the literature to show that changes in the electrical environment of protoplasm do produce observable effects on the protoplasm itself. Using silver-silver chloride electrodes, a high input impedance amplifier and a recording galvanometer, many records were taken of the changing potential in a strand, or vein, of the plasmodium during the movement of the protoplasmic system itself. In the laboratory, using moving picture records and electro-metrics, the pulsating character of the growth of the slime mould was studied. Under the microscope, it is simple to demonstrate that every sixty or ninety seconds the protoplasm in the veins reverses the direction of flow. The electrical pickup from the vein, comhined with the moving picture, reveals that in the majority of instances polar rev"rsal of the voltage occurs before there is a directional change of the plasmic flow, but also there are many instances 76
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 where the change in both phenomena seem to occur simul taneously. This, undoubtedly, needs further study. It is highly important, of course, to determine whether or not the change in potential is the result of the protoplasmic flow or the reverse of this. There is no evidence in the litera ture as to the nature of the forces which bring about this change in proto plasmic flow. Undoubtedly, this is involved in the growth of the whole system and is concerned, apparently, in part, with the search of the plasmodium for energy sources or food. The rate at which the protoplasm moves undoubtedly is a function, to some extent, of temperatures in the environment. Although there are no exact records of these relationships, the fact remains that lowering the temperature does tend to slow up the flow of protoplasm. Certain conditions make it possible, more over, to seek any electrical changes at times when the protoplasm is not flowing; and there have been records made in the labora tory which show that an electrical change in polarity in the plasmodium vein may occur in the absence of visible protoplas mic movement. There has not yet been observed, however, any lack of electrical correlates when protoplasm itself is moving. That changes in the electrical environment have an effect upon the electrical properties of protoplasm, is well known from the studies of Lund and his associates, and more recently by Anderson. In this laboratory, Anderson's experiments were re peated, using the technique we have employed in our search for more information, and show that the reversal of polari ty in the mould, by changing the external electrical environment, mark edly inhibits the spread of the plasmodium. The direction in which the plasmodium grows, moreover, can be altered by, again, imposing an external electrical field on the primitive protoplasm. In every instance, the growing plasmodium could be made to turn towards the negative side of an imposed electrical environment. In other words, in the slime mould, changing the electrical en vironment can, under certain conditions, modify the direction in which energy flows in the protoplasmic system. The third question-what is the electrical correlate of an ade quate stimulus to the plasmodium-was studied using a cathode-ray tube as recording instrument, with photographic re77
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 production. Here, again, it was demonstrated that any change in the physical environment of primitive protoplasm results in an adeq uate stimulus to the protoplasm itself. For a single vein of the slime mould, suspended between two silver-silver chloride elec trodes, showed a remarkable electro-metric response to such a stimulus as a tap on one of the electrodes. Unlike the nervous system, however, there seemed to be a fairly close correlation between the strength of the tap and the electro-metric response of the protoplasm. A weak tap produced a relatively small change in voltage gradient, whereas a heavier one increased the magnitude of the electrical response. There was, however, obviously, a plateau of the response beyond which the protoplasm showed no further increase in voltage output. This, of course, is unlike the all-or-none phenomena to he found in neural protoplasm. Records of this sort reinforce the concep t that one of the simpler forms of protoplasm exhibits properties very like that to be found in the nervous system. This might be suspected, of course, since both neurones and the slime mould are built of the same basic stuff, protoplasm. Even the most primitive protoplasm, in order to maintain i ts existence, must be capable of responding to the changing physical and chemical environment, of transmit ting the stimuli throughout its extent and after some kind of correlation or coordinating or integration of all the stimuli, of producing some kind of describable response. These basic prop erties of protoplasm, after all, are to be found enhanced enorm ously, specialized and increased in efficiency through the differ entiation of the nervous system. No less important are changes in the chemical environment. For example, if a drop of 2 % procain is placed on a vein, the immediate effect of the application of the drop-and this is true also of water-is a stimulus response usually in the opposite polarity to the tap stimulus. After a matter of a few minutes, however, the tap will produce a much reduced and flattened re sponse; the magnitude is lessened and a return to the baseline is slow. If the: procain is washed off with a fine spray of tap water, within another five minutes a reasonably characteristic response 78
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 is obtained, but much enhanced over the pre-test situation. It should be noted that the vein hangs s uspended i n the air over a moist chamber and the pro cain can be ei ther adsorbed to the s urface of the protoplasm or pass through the phase boundary i n to the protoplasm itself. The promptness of the recovery act of washing and the enhancement uf the response would seem to in dicate that the adsorbtion to the surface was the more probable. These experiments suggest that slime mould could become a very valuable tool for the study of the elIect of changing chemi cal environment on protoplasm. In general, the similarity in electrical response of the slime mould to changes in the physical and chemical environmen t shows a remarkable similarity to the properties of neural tissue. *
 
 *
 
 *
 
 With the experiments described in this chapter we had covered a wide range of living forms and in all of them we had found electro-dynamic fields. But our adventure was to lead us to still further discoveries.
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 CHA PTER FIVE
 
 The Field as a Signpost 1
 
 We had reason to believe that the electro-dynamic field could serve as a signpost for a variety of conditions because our ex periments had confirmed our basic assumption. This was that the organism possesses a field as a whole which embraces sub sidiary or local fields, representing the organism's component parts. We assumed, then, that variations in the subsidiary fields would be reflected in variations in the flow of energy in the whole system-as we had found in ovulation and malignancy. We decided, therefore, to look for further practical consequences of the theory. Working with Dr. Samuel Harvey and Dr. Max Taffe!, of the Yale University School of Medicine, we initiated a study of the rela tionship between the electro-metrics of the peripheral nervous system and the physiological state of the system ex amined. With the coopera tion of Dr. R. G. Grennel, we made a special study of so-called surface potentials and peripheral nerve injury. In the course of these experiments, it was demonstra ted that in experimental animals and man-surface potential differences do reflect peripheral nerve activities. These potentials are not affected by pre-ganglionic sympathectomy and seem to be inde pendent of vascular and sweating responses. We soon found a definite relationship between nerve and tissue in the form of a potential difference, which can be used in quanti tative tests of nerve function. These tests are simple enough for routine clinical application. They show a dear-cut correlation be tween the integrity of the peripheral somatic nervous system and potential differences measured on the surface.
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 Interference, pharmacological or traumatic, with normal func tions of ulnar or sciatic nerve is reflected in an al tered s tanding potential between a reference electrode and a moving electrode in contact with the area supplied by the nerve in question. The mechanism by which this correla tion is brought about is im portant. Complicity of the vascular bed might exist but the lack of any significant change in the pattern following sympathec tomy makes this unlikely. However, the sympathectomies were all pre-ganglionic and hence further work must be done in order to clarify the matter. It has been found tha t rapidly shutting off the blood-flow in the forearm and hand by means of a blood pressure cuff on the arm , as well as a sudden return of flow on releasing the cup, does not significantly alter the potential difference. In other words, altering the normal functioning of the vascular bed does not affect the standing potential. Furthermore, since the microvoltmeter is relatively unaffected by changes in resistance in the system being measured, 'skin re sis tance' and sweating, as reported by Richter and his associates, are not involved in the potential changes. In the light of these findings it would seem unlikely that the sympathetic nervous system is the mediating factor. Nevertheless, the data show tha t in unila teral sympathectomy there is a d ifference in the standing potential on the operated and unoperated sides. These measure ments, then, form the basis of a simple, quantitative test of peripheral function, independent of sweating or of vascular re action. These ventures into the unknown of the electro-metrics of liv ing organisms were often prompted by a search for answers to practical questions. An example of this are the electro-m etrics of wound healing. The late Dr. Samuel Harvey and Dr. Max Taffel had been studying wound healing in experimental animals and in man; and had called atten tion to the fact that the strength of a heal ing wound is probably caused in large measure by prolifera tioilS of fibroblast. This means, of course, that there is a great deal of mitotic activity going on and, since an increase in the number of cells is a vital bi ological property-and since other experiments
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 to be reported later show a close correlation with growth-these studjes by Taffe! and Harvey showed an increase in tensile strength correlated with the passage of time. This inCTcase varies, for the most part, during the first eight or ten days following the incision. This tends to be modified in vitamin C deficient animals. But the increase of tensile strength must involve at least two processes : one of cell proliferation and one of cell differentiation. In normal development, the two events do not occur in the same cell simultaneously. Each cell takes part in the generalized mitosis of a group of cells-probably fibroblasts-for a period of time, after which , with other cells, i t undergoes a period o f differentiation. As growth proceeds, new cells go into mi tosis and then in to differentiation adding thereby to the new structure. There are no known methods for differenti ating these two processes excep t by microscopic examination. The elcctro-metric technique offers the possibility of discriminat ing be tween the two.
 
 2 It seemed advisable, therefore, to investiga te the nature of bioelectric ph enomena i n wound healing and to discover any possible relationship between bioelectrics and tensile strength and also between bioelectrics and growth or differentiation. The experimental animals used for the laboratory were guinea pigs, one group of which were fed a con trolled diet. Another group were fed a form of laboratory diet. In both sets of studies an area of skin was bared and measurem ents taken between the cephalic end of the bare area, and another at the caudal end of the area. Wherever incision was to be made between the two, a control point was taken. After the preliminary measurements were mad,:, the skin and subcutaneous fascia were incised and suturerJ, following which another set of examinations were made. These were continued daily for the next two weeks or until the wound was healed. In some in��ances, the healing was so complete as to make it difficult to determine the site of the wound.
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 The data showed a marked change of potential gradient be tween the normal skin and the area of injury. Perhaps the most astonishing finding was that the site of injury was not consist ently negative to the normal tissue, as would be expected by the theory of inj ury potentiaL On the contrary, for the first twenty four or twenty-eight hours after the injury, the wound area was positive to the cephalic point in the normal skin. The potential gradient between these two points tended to rise for twenty-four or twenty-eight hours and then rapidly to decline until the third or fourth day when the wound became negative to the normal skin. This negativity increased until the maximum was reached on the eighth or ninth day. Following this, and lasting for twenty-four to forty-eight hours, the potential gradient dropped, to be followed on the tenth or twelfth day by another rise in potential. This was repeated on the twelfth and fourteenth day. On the fifteenth or sixteenth day the gradients returned to approximately normal limits. The comparison of the curves obtained by Harvey and Taffel shows an interesting parallelism. The tensile strength measure ments show a rapidly rising curve during the first eight days. The bioelectric measurements show a similar change. After the eighth day, the tensile strength seems to approach a plateau. The bio electric determinations show alternating growth and differentia tion after the eighth day. While examinations show rather slow changes in the potential gradients, nevertheless, they are statistic ally reliable. In order to investigate this matter further, a second series of animals was studied under somewha t different conditions. Thirty guinea pigs from the laboratory stock were taken, ten of which were placed on a controlled laboratory diet. It is to be noted that this diet was different from that of the first series. These animals received an incision on the right flank as described, and were read daily. The rise and fall of potential differences during this period would seem to be correlated w i th the growth of fibroblasts. Then followed a period of differen tiation represented by a clear-cut increase in potential differences. However, once started, the alternation of growth and differ83
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 entiation was strikingly parallel in both groups of animals. TV.Tcnty of the a nimals were p u t on a vitamin C deficient diet ten with no wo unds i n the ski n and ten with wounds. The poten tial gradients in the opera ted and unoperated scorbutic animals, a n a in the norrnals on a controlled diet, showed interesting parallelisms. In the case of unopera ted scorbutics a reasonably constant baseline appeared through the period of the experiment. The operated scorbutics, however, showed changes in the potential differences which closely paralleled the normal a nimals, save that the magnitude of the potential difference was less. In addition, they showed the same delay in the onset of potential rise as was seen in the operated animals on the normal diet. These observa tions indicated that it is possible to measure with some certainty bioelectric concomitants of growth and differentiation in the heal ing of wounds in the guinea pig. They suggested that the growth process is not a continuous one, except in the early stages, but rather that, after the eighth day, it alterna tes with periods of differentiation. Bioelectric correlates of growth in the animals on a control diet seem to rise faster and reach a greater magnitude than in the case of the scorbutic animals.
 
 3 In cooperation with the above-mentioned surgeons, a further experiment was m ade on wound healing in the human. Some twenty-five instances of operative procedures, with uncompli cated healing of the wounds, were selected for study. All these healed without any evidence of infection. Determinations of the potential gradient between two points-one in the immediate vicinity of the wound, and another at some distance from it were made daily, beginning on the day following the operation and continuing until the patient was discharged from the hos pital, usually after fourteen days. In each observa tion, sufficient readings were taken to insure valid measurements. It was at once apparent tha t there was, on the whole, a definite trend. Comparison of individual cases revealed in many 84
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 instances wide discrepancies. Such variations have been found to be consistently present in animals studied by the tensile strength method. Similar variations were particularly character istic of electro-metric technique a nd therefore many detennina tiOIlS are necessary. The results show that there is a phase of positive poten tial of som e four days' duration corresponding to the so-called lag in the tensile strength m ethod. This same phenomenon was ob served in the guinea pigs and also in mice as an accompaniment of a carcinogenic irritation. Following this, the wound passes into a proliferated phase during which a negative potential is en countered which reaches its height between the seventh and ninth days. Here the maximum negative voltage is reached at approximately the same time as the maximum tensile strength. The increasing nega tivity suggests an homology with the rising negativity observed in other animals and in cancer. At the end of the tenth day the wound is usually healed and from then to the end of the determinations the voltage gradients gradually fall to the normal base-line. These observations of electro-metric studies of the healing wound in man parallel those made in experimental animals and give weight to the concept that the process of healing in man is a phenomenon of growth.
 
 4 Since these wound healing experiments on m an seem to indi ("ate a modification of the normal picture after surgery, it be hooved us to find out what went on from day to day in normal human beings with a reasonably normal existence. To this end, a group of ten medical students were found to agree to do the necessary examination to see what happened in the ordinary day-to-day existence of such apparently normal subjects. These were studied for a considerable period of time and it was found, in general, that the students could be separated into three groups as was mentioned in Chapter 3 : one, a group that showed consistently high potential differences between the index fingers of the two hands, another with a low potential difference, and a 85
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 third, an intermediate point. There was, however, one particular student in the group who consis tently showed a higher potential difference than all the rest of the subjects. On investigation, it was found that this boy had a history of emotional instability and. at the time he was admitted, was admitted as an experiment. Before the end of the year, however, the boy became definitely psychotic and had to be remanded to an institution. These findings suggested at once that deviations from a normal behaviour, such as might appear in a psychotic, were worth in vestigating further. With the cooperation of the late Dr. Eugen Kahn in the Department of Psychiatry, a number of patients who had been studied carefully by the psychiatric staff-were selected and measuremen ts made on them daily for a considerable period of time. The psychiatrists were asked to divide the patients i nto three groups-obvious deviates from normal behaviour, those tha t were reasonably normal, and an intermediate group. The electro-metric experiments were carried out in the services of the psychiatric hospital without the electro-metric investigator knowing any thing about the status of the individual. At the conclusion of the electro-metrics the patients were divided into three groups ; those with markedly changed electro metrics, those with relatively little change, and an intermediate group. Subsequently, the i ntermediate group was subdivided into a high-low group and a low-high group. At the conclusion of the experiment, the groups selected by the psychiatrists were compared with the groups selected by the electro-metric investigator, who-it should be emphasized knew nothing about the psychiatric diagnosis. Results of t h e
 
 study showed clearly enough that t h e group consisting o f those markedly deviated from normal behaviour by psych ;atric ex amination also s howed a similar deviation in electro-metric ex amination. The low group, likewise, paralleled each other perfectly. But in the intermediate group, as might be expected. there was con siderable vuiation in both the psychiatric reports and in the electro-metric readings. This, of course, is very interesting and i t 86
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 suggested that the electro-metric technique might be useful in the neurological and psychiatric fields. This whole area has been extensively investigated by Dr. Leonard J. Ravi tz, Jr. a t one time on the staff of the Department of Psychiatry at Yale, and followed by him through appointments in a number of other institutions. His results are striking and extraordinary. Perhaps the most remarkable result obtained in our laboratory by Dr. Ravitz was when he found a significant electro-metric correlate of hypnotism tha t was astonishing to watch : a continuously-recording voltm eter showed evidence of m arhed changes in voltage gradient during the hypnotic process This was not an event which m ight be related to the subjec tivity of the operator, but could be recorded without argument on the record ing galvanometer. If anyone needed objective evid ence of the results of hypnosis, one needed only to look at the charts recorded under these conditions. Needless to say, this sug gests an enormous range of studies which could be made parallel ing those of Dr. Ravitz and, wherever possible, extending them. It becomes evident from Dr. Ravitz's examination that by using electro-metric techniques on patients in psychiatric hos pitals, patients-as a result of therapy, or changing circumstances -could safely be discharged from the hospital when the voltage gradi ent indicated a reasonable return to normal. Likewise, electro-metrics could show clearly enough when certain patients -no matter what the therapy was-could not be returned safely to normal life outside of the institution. The value of this to the institutionalized psychotic should he apparent at once. Needless to say, a great deal m ore study is needed and much more data must be collected. But Dr. Ravitz's striking results are exciting enough to warrant the expenditure of the additional time and effort to extend these studies further. Such studies are all the more desirable because-as mentioned in Chapter I -L-field measurements can serve as signposts to emotional instability outside institutions and could therefore serve as a valuahle tool to the Armed Forces and to industry. Practical applications apart, there are also great psychological and philosophical implications in the discovery that the state of the mind is reflected in the state of the field. Another remarkable 87 .
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 experiment by Dr. Ravitz, too, i n which a n emotion of grief re cal l ed under h y p no t i c regression caused a 1 4-m i ll i vol t rise for twu-and-a-half m in u tes , suggests other p ossibil i ties . Already field measurements can point to em o ti on a l conditions; in the future they may also be used as a purel y o bjec tive , quantitative assess ment of emotion. It cannot be too strongly emphasized that the electro-metric a ppr o ach to emotional dia gn osis can be completely impersonal and objective. The electro-metric investigator of psychiatric pati e n ts mentioned a short while ago did not know-and did not need to know-the mental state of the patients. Yet his electro mctric find ings tallied closely with the ps ych ia t ric diagnoses. S i n ce the electro-metric t ests a re s i mple and since any com petent technic ia n can quickly be trained to make them, in ma n y cases they can be used to sa ve the time of b usy psychiatrists by sorting out all but th e borderline cases. This can not only save time but also a great deal of expense to th e pa tien t or ta xp ayer . 5 In th i s age, pr o ba bl y more people are subjected to emotional stress-from environmental or other causes-than in any previ ous one. Our bulging mental h ospitals are sufficient evidence of this; and, outside our mental hospitals, more and more people seem to feel the need for psychiatric h elp . Modcrn psychosom a tic medicine has demonstrated that, un fortuna tely, the effects of em o ti o nal disturbance are often not confined to mental symptoms : many physical ills have a psy ch o
 
 soma tic origin. Faced with this vas t problem, we have to admit a dis tressi n g h ck of knowled ge n ot only of the true nature of mind or emo tion hut a lso of the m echan ism of the relationsh i p between mind and body. L-ficld measuremen ts, of course, cannot solve this prohlem. But, it is sub mi tt ed , they can o ffer some n ew approaches to its solu tion. They can give ea rly wa rnin g of emotional instabil ity as we have seen-and one day, perh a ps , will offer a reliable m ea ns 88
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 of measuring i ts intensity. This could be useful not only to psych iatrists and psycholo gists but also to practitioners of internal medicine. Wi th the in tense modern pressures on the medical profession, the average doctor simply does not have the time to elicit the emotional pres sures which-he may suspect-are the real cause of h is patient's physical problems, especially as many patients are reluctant to d isclose them. If, however, electro-metric tests could quickly re veal the existence of these pressures-they cannot, of course, dis close their nature-they could he of material help to the doctor in devising the best treatment for his patient. As we noted in Chapter 1 , regular electro-metric tests of healthy men and women could help them to avoid or to handle dangerous situations. They could also help less emotionally-stable people to avoid-at their 'low' periods-situations which might subject them to intolerable emotional stress. The relationship between the state of the electro-dynamic field and abnormal physical conditions-of which the experiments de scribed in the preceding pages afford abundant evidence-sug gests the 'mechanism' of psychosomatic illness. For, since the state of the mind is reflected in the state of the field, it is not too hard to imagine how business worries or an unhappy marriage can produce ulcers. Last-but not least-the discovery that the state of the m ind can affect the state of the field should induce a new sympathy for the emotionally distressed. We should no longer be so ready to brush off their m iseries with the remark : 'it's all in their imagina tion. ' Perhaps it is. But if an emotion-even one recalled by hypnosis-is able to affect a voltmeter it cannot be lightly dis missed as a figment, whatever its origin. It has a definite reality. As Dr. Ravitz has put i t : 'Both emotional activity and stimuli of any sort involve mobilization of electric energy, as indicated on the galvano meter. Hence. both emotions and stimuli evoke the same energy. Emotions can be equated with energy.'
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 Behaviour is the reaction of a living �ystem to the co-ordina ted and in tegrated stimuli resulting from changes i n the physical and chemical environments. In the case of man, at least, to the physical factors of environment the ideological environment must also be added because an idea is j ust as valid a stimulus to the nervous system as a kick in the teeth. As a matter of fact, it can be shown, w i thout much question, that ideas arc actually more important as stimuli to the nervous system than any of the others. One needs only to look at the history of the outstanding figures of the last two or three h undred years who, rightly or wrongly, had ideas which profoundly affected whole generations. This is true of dictators, politicians, philosophers, religionists or military leaders. As ideas are-or induce-em otions which evoke energy in the nervous system , electro-metric studies of this phenomenon seem relevant to the s tudy of human behaviour, even if they offer no hope of improving it. At the least we may be able to learn a little about how the machine works, even if we can not under stand how the driving ideas originate. Though man, over the years, has acquired an extraordinary control over his physical environment, the p roblem of human re lations remains unsolved. We seem to be no better off in dealing with each other than were our remote ancestors. Part of the reason for this, of course, is to be found in the enormous com plexity of the nervous system of man and the lack of real under standing of the way the protoplasm of nervous tissue operates. So any approach to the problem of human behaviour should start with a better understanding of the nervous system. For whether it is an idea, an emo tion or a kick in the teeth which triggers the activity of the nervous system, a basic requirement, needless to say, is the storehouse of energy made availahle by the chemical flux of protoplasm as noted in the previol1 s chapter. Though the energy required to m ake an adjustment is derived from this chemical activity, the direction in which the energy flows, and the way in which it is used, is a consequence of the 90
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 pattern of organization of neural tissues. I t is not enough, there fore, to know the details of the complex structures involved, but rather to have some over-all grasp and understanding of the way the nervous system works. Analysis of the units is of vital im portance, even down to the sub-microscopic level, but equally important is a grasp of the relationships between all the com ponent parts. Since behaviour, m oreover, is the result, in part, of the im pact of one organism on ano ther, no real picture of the forces which make man operate the way he does is possible without a complete knowledge and understanding of the structure and function of the nervous system. The results of many years of study have tended to emphasize certain rather stereotyped activities. As a result, the electrical circuit analogies tended to lead investigators away from the basic fact that each neurone is in itself a living organism. These elec trical circuit analogies, partly impired by the modern computer, are derivable directly from the fundamental property of proto plasm, and more particularly, from the all-or-none response of a nerve cell. Even the simplest protoplasmic system can be stimulated by changes in the physical, chemical and ideological environment, can transmit these effects through its substance, can coordinate, correlate and integrate all the varieties of stimuli and can , as a result, make that adjustment necessary for the continued exist ence of the system. The behaviour of even the simplest organism is parodic in that it 'functions in accordance with i ts inherent de sign'.* One of the greatest difficulties in assaying behaviour lies in its complexity, in the lack of objective measurement and in a very great influence of the subjective. In the literature, the description of hehaviour of even the simplest organisms is coloured by anthropomorphisms. The criti cal study of behaviour, moreover, almost i nvariably involves some disturbance in the organism under study. Ideally, any measurement must involve no altera tion in the thing m easured during the measurement. This is difficult to achieve even in * King, 1 945.
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 physical systems. It is peculiarly difficult in biological systems unless we em ploy the techniques described in the preceding pages. Our experiments had offered some signposts to a better under standi ng of the human nervous system. We had found with corn kernels-it will be remembered-evidence of a close correlation between a measurable, electro-metric characteristic and both the genetic constitutions and also their subsequent productivity in the field. A study, too, of the sensitive plant Mimosa, had yielded evid ence that in this particular living form, the protoplasmic mechan ism showed characteristics very si milar to those found in the nervous system. In other words, the nervous system in higher forms and in a relatively-simple system like a plant had similar electro-metric responses. All this, admittedly, is a very modest approach to a better understanding of the human nervous system. But, at least, it i s a beginning a nd, a s Confucius said : 'The longest j ourney starts with the first step.' Perhaps the most important aspect of the first step is tha t L field measurements make it possible to measure the effects of various stimuli to the nervous system. For, in the history of science, the ability to measure something has often-if not always-been the foundation-stone of progress.
 
 7 As everyone knows, there is speculation whether the Universe is an expanding one or a closed system, whether it is governed by a static set of laws or is a dynamic, active Universe in which growth and development occur. It is clear enough that the laws of the Universe, as we know them, are not happenstance phenom ena hut are closely integrated in a u ni t. The statement that the biologist makes, tha t the living organ ism is more tha n the sum of its parts, applies equally to the Universe. The living organism , al so, is a whole unit, no part of which can go off on a tangent by i tself without disaster to the living system. There is no reason to suppose tha t this same 92
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 general principle cannot be applied to human behaviour, for human behaviour is not the result of the imposition of legalistic and moral la ws on the biological laws of the organism, but rather behaviour is the comeqence of the activity of the nervous system of man. The nervous system of man is an organized, designed, dynamic machine. Many people object at once to this spuriously-labelled 'materi alistic' approach to the Universe. But this is nonsense. The Uni verse is not only a machine but also has certain qualitative attributes. We talk about the beauty of the star-filled night, the odour of a bed of lilies-of-the-valley; and we could go on almost indefinitely listing the qualitative attributes of the things that are common to our environment. These qualitative characteristics do not control the physical system but are attributes of it, and if our modern concepts are anywhere near right, there is an interchange, which the experts call 'feed-back relationships', between the qualitative attributes of the physical system and the activity of the system itself. Just how this is accomplished, we do not know. We ought to know, and in time we probably will know. In the meantime, we should remember the fact-pointed out by Sir Charles Sherrington several decades ago-that the mind of man does not exist in time, does not occupy space, and in volves, so far as anyone knows, no energy transformations. But the nervous system, through which the mind of man works, does exist in time, does occupy space, and does require energy trans formations. Admittedly, this is a mystery. How can a non-material attri bute such as the mind of man actually influence the organic nervous system ? It can be argued that moral law is an example of this kind of thing. Moral or spiritual laws do not exist in time, do not occupy space and, so far as anyone knows, do not involve energy transformations, and yet we have evidence, sketchy to be sure, that the so-called spiritual side of existence, does influence human behaviour. How this discrepancy between mind and body achieves this, no one knows. There is one profound difference, however, between natural and moral laws. Moral laws are not laws operative in the Uni93
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 verse-the laws of Nature-but are sheer inventions of the mind of man. Ma n, unfortunately, is an egocentric person. He is primarily concerned with himself, his continued existence and his sense of well-being as he adjusts to his physical and m ental environment. Everything he docs, therefore, tends to be coloured by his own personal stake in the matter. No one of us has any personal stake in the law of gravitation; we know it operates and we know we cannot get along without it, unless we substitute other kinds of forces to counteract it. It is a fundamental property of things. But there is nothing in any of the spiritual or moral laws which has the same characteristic. It behooves us to get on the ball and discover what we can, so that a spiritual law which is good in New York and Boston and Washington, is equally good in Hongkong, Bangkok and Tim buktu. Only when we can find the fundamental properties of the spiritual or moral law and, for that matter, of the legal laws, can we hope to find any kind of satisfactory answer to the problem of mankind. The problem of human behaviour is still the greatest problem that faces mankind. We have not solved it. As a matter of fact we are really making no attempt to solve it. To be sure, many dedicated people are endeavouring to find out the details of how the nervous system works. in the hope that this will give some clues as to how we can integrate and co-ordinate our human attitudes to each other and to the Universe. Up to date, however, the results have not been particularly fruitfuL \Vhat we need to do is to apply the methods of science to the problem of human interrelationships. The methods of science have been deified in recent years because of the remarkable ad vances which have resulted from their application to the study of the physical universe. As we mentioned in the first chapter the method of science involves first of all a reasonable contact with the background of the particular subject we are investigating, its natural history. Out of this someone comes along with a creative mind and sees unsuspected relationships in this background. This gives rise to a hunch, a theory, an assumption. In physics and chemistry the logical consequences of this assumption are then put to labora94
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 tory tests and if, in the laboratory, the results tend to confirm the assumption , we generally bel ieve tha t o ur theory is correct. Th is, of course, is not necessarily so because there m ight be other assump tions for which this same data will be a valid result. When it comes to applying this method to humans, we are faced with the very real problem that control of the experimental set-up of mankind is far from easy. We have not been able to do it, but some day, someone with a creative mind will make it possible for us to begin to use and apply the methods of science to this problem. If we can do this, we probably can arrive at some significant additions to its solution. In the last analysis, the Universe is a unit, all of its parts are related to the wholeness of the Universe, and there is necessarily some interrelationship between the wholeness of the Universe and the activities of its individual components. From the unified theory of Einstein-even though it lacked final, complete valida tion with respect to the law of gravity-it is clear that one of the characteristics of the Universe are fields which can be measured by instruments. It does not make any difference whether you call it an electro-sta tic field, an electro-magnetic field, or an electro-dynamic field. The name is always a conse quence of the m ethods which were applied to its study. In other words, there is one unifying characteristic of the Universe which we have ignored, and that is its field properties. We should see, therefore, if we can find some significan t characteristics of the field properties of the Universe which can be put to use by man kind in this incredibly difficult problem of human relationships. There must be generalities in this field theory which can be dis covered and which can be harnessed by mankind to help him solve his own problems. The electro-dynamic fields which control tI" e human organism are signposts to the most promising trail tha t future explorers can follow.
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 Antennae to the Universe 1 It was logical to deduce from the Field Theory that external electrical fields would affect the fields of living organisms. For, j ust as the overall L-field of the organism em braces and controls its subsidiary fields, the electrical environment of the earth includes -and can be expected to influence-the fields of the living forms on this planet. This was something we could not easily check with human or animal subj ects because each organism is not only unique but also constantly changing, as our experiments had shown. With the rapidly-fluctuating voltage-variations in humans and animals, it is extremely difficult to arrive at a steady baseline or norm from which to measure the influence of external forces, which are often slow in their cyclical varia tions. It was most important, however, to try to detect the effects if any-of external forces for three reasons. First, if we could demonstrate experimentally a logical deduction from th e Field Theory, this would offer the Theory additional support. Second, if the electrical environment does affect the living organism, the more we could find out about those effects the better. Third, if we could establish tha t living forms are affected by their electrical environment, this would show that man is an in tegral part of the Universe and subject to the great forces that act across space, just as the earth itself is. For these reasons we decided to carry out a long-term study of a living system which would be its own control, with the changes in internal and external factors to be supplied by Nature. Our aim was to examine, over a very long period of time, the electrical properties of the system and their rela tionship to environmental 96
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 phenomena. The latter included, of course, temperature, hum i dity, barometric pressure, sunshine and dark and any other factors that we might be able to detect, measure and describe. We chose a tree as the most suitable subject for this investiga tion because, in many ways, a tree has enormous advantages. It always stays put in a particular place; i t requires no special feeding; i t does not have to be anaesthetized when making the measurements; and there is no problem of cleaning up after the experiments, as there is with animals in the laboratory. We hoped, then, that trees would not only offer a steady and reliable baseline from which to measure ordinary environmental influences but would also serve as antennae-so to speak-to pick up any extraterrestrial or Universal forces that might in fluence the living forms of this planet.
 
 2
 
 Since the pioneer studies of Lund, it has been known that trees exhibit electrical characteristics. So it was reasonable to expect tha t we could measure these over long periods of time if we could find a suitable way to place our electrodes permanently in contact with the cambium layer-the growing area of trees-with a 'bridge' of physiological salt solution to avoid any side-effects from the electrodes. We anticipated no difficulty in measuring the potential gradi ents in the tree at any given time. But, if we were to detect en vironmental factors, we must prepare for the long haul and make sure that our electrodes and recording instruments would remain stable and reliable for many years. If we could achieve this, we also hoped that our experiments with trees would answer another question : There seemed to be no doubt that the voltage gradients we had measured in living forms were the result of an unequal distribution of charged par ticles on either side of phase boundaries. This uneven distribution might be caused, of course, merely by the constantly-changing 97
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 chemical flux of the protoplasm. But was this the sole explana tion of the voltage gradients ? Only a long-term s tudy could settle this question. If chemistry is the only factor in voltage gradients, one might expect wide varial"ions in voltage gradicnts, both in magnitude and polarity as the chemistry of the organism changes from time to time. A tree is a highly-organized living system in an environ ment in which change is a constant factor and might therefore be expected to have other significant voltage variations. Our first 'antenna to the Universe' was a young maple tree outside my house in New Haven, Connecticut, which could be connected to recording instruments in the hOLlse. At first glance this might seem a simple matter but, as we were trying som e thing entire]y new, it took a long time and many experiments before we developed a techn ique which proved satisfactory through several decades. The bark of the trce was carefully removed down to the cambium layer and every effort was made to avoid injury to the layer itself because it is well known that inj ury-potentials in living organisms do occur. Fortunately, they do not last very l ong and if, unavoidably, we injured the cambium the effects would disappear in a short time. After many months of careful experiment on a number of different kinds of trees we found that the best technique was to use small plastic containers with one open face, filled with physio logi cal salt jelly in which the silver-silver chloride electrodes were embedded. The open face of the plastic container was held, under the bark, against the cambium layer. It must again be emphasized tha t metallic electrodes in direct contact with protoplasm in living organisms set up unpredictable non-reproducible voltage gradients, which are caused by changes in the propertics of the phase boundary between metal and proto pla sm . As we have seen , however, if contact is made through a salin e 'bridge' and with proper electrodes, reliable and repro ducible voltage gradients can be recorded, with the aid of high inpu t-impedance amplifiers. After much experiment we found it best to place the con tainers holding the electrodes on the trunk of the tree, one above
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 the other, about three feet apart. The lower electrode was placed high enough on the tree trunk to avoid interference by maraud ing animals. The other electrode, three feet above, was reasonably safe from interference. From the very beginning consistent, continuous and relatively steady standing potentials were recorded. Preliminary experi ments were begun in 1 9 3 8 and almost continuous records were kept up to 1 968. Maple, elm and oak trees have been examined and it appears evident that the faster-growing trees, such as the maple, exhibit a somewhat higher potential than the slower-growing elm and a definitely higher potential than the still slower-growing oak. As a double check, we established another 'antenna' in the form of an old, large elm tree outside my labora tory in the country, at Lyme, Connecticut. Simultaneously, too, we carried out similar experiments on an alligator pear in the laboratory. With recording galvanometers drawing a trace of changing voltage gradients in all three sets of experiments, it was possible to determine to what extent a young maple tree in the city, an old elm in the country and an alligator pear in the laboratory might exhibit parallel changes.
 
 3 It has long been known that there are diurnal rhythms in living systems. Recurrent events occur i n living systems which provide a rhythm, or a cycle, which seems to be related partly to environmental circumstances and partly to others. There have been a number of explanations of these rhythms; and the general opinion seems to be that there are at least two factors involved. One, of course, is the actual metabolism of protoplasm. This, how ever, may or may not be a continuous source of energy. Much more likely it is an intermitten t process. On the other hand, it has been suggested that the changes in measurable characteristics of living systems are caused by hyper plasia, mitosis, or cell division. Mitosis goes on in the cambium of the tree and results in the changing diameter of the tree, as 99
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 has been well established by numerous studies of trees under a variety of circumstances. The growing tips of trees also show mitosis, the result of which is a change in the length, for example, of parts of the plant system. Therefore, in the tree at Lyme, instruments were provided not only to measure voltage gradients but also the changing diameter of tne tree, all on a continuous basis. Tree-diameter was measured by a dendograph loaned by Professor Lutz of the Forestry School of Yale University. The results, in the early stages of these experiments in measur ing changing diameter and potential differences, were surprising. Recurrent events in the changing potential were obvious. During the hours from midnight to sunrise in the early morning, voltage gradients were relatively low but constant. With the beginning of daylight, a change occurred with a marked increase in the magnitude of the potential differences, usually reaching a height around noon. These changes were recorded over a three m onth period in the summers of 1 943 and 1 944. A number of interesting results were apparent. During the early part of the summer and until September, there was a close relationship between the rise and fall of potential and the chang ing diameter of the tree. And at the time these records were made, this seemed like an extraordinary correlation between the growth of the cambium and the voltage gradient. In September of 1 943 and again in 1 944, however, marked changes in voltage gradient of a recurrent character appeared but the diameter of the tree no longer changed. This points up the fact tha t short-time studies of living systems are often misleading. The apparently-beautiful correlation be tween cambium growth and voltage gradient disappeared in a long-range study. This implied that the voltage gradient was not in i tself the consequence of mitosis in the cambium of the tree. There must have been some other factor involved since it was clear enough that these changes showed no necessary causal dependency.
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 4 That there are changes in the electrical characteristics of the surround of the earth was shown long ago by the late Professor Harlan Stetson, of the Cosmic Ray Terrestrial Research Labora tory of the Massachusetts Institute of Technology. He drew attention to the fact that changes in the ionosphere significantly affect radio reception; and this phenomenon, of vital importance to the communication industries, has been studied extensively ever since. It seemed worthwhile, therefore, to design an experiment in which continuous records of changing potential in a living system were made synchronously with careful records of chang ing temperature, humidity, barometric pressure, sun spots and Cosmic rays. For we thought that a comparison of these simul taneous records would enable us to determine whether any correlates between any of these variables existed. With the aid of a grant from the National Institute of Health, a more elaborate experiment was devised to examine possible interrelationships with the electrical environment, to be con tinued over as long a period of time as possible. The experiment included four reasonably simultaneous records of changing volt age gradients in an Elm tree, a Maple tree, in the atmosphere adjacent, and in the earth. Since we had many years of records of pure voltage differences in trees, there was available a valuable baseline of information about the changing electrical properties of a living system during the passage of time. As a result, we knew what to expect as a result of changing seasons, lunar cycles and diurnal rhythms. The two new records of variations in air and earth voltages could add to this information about the trees, and could offer clues as to the possible impact of the electrical environm ent on living processes. The instrumentation included four high input-impedance amplifiers, two pairs of silver-silver chloride electrodes-a pair for each of two elms-an atmospheric voltage probe supplied by 101
 
 ANTENNAE TO THE UNIVERS E
 
 Meteorologic Research of Pasadena, California-feeding into one of the amplifiers (checked by their own meter)-and a pair of monel metal rods, three feet apart on a north-south axis and leading into one of the amplifiers. The output from all four amplifiers was fed into a four channel Leeds & Northrop recording meter. The latter prints a dot, indicating a voltage magnitude, at appropriate intervals, often enough to exhibit an almost continuous line. Needless to say, such an interrupted record is not adequate for true simul taneity of the four records, but for this study the rough approxi mation proved sufficient. From the beginning an extraordinary correspondence in the four records appeared. The two trees, the air and the earth ex hibited variations at approximately the same time. The magni tudes differed, but all fottr showed increases in the positivity of the 'hot' electrode at the same time. The apparent simultaneity of two tree potentials, earth potentials and air potentials raises an interesting question. The short-time relationships between the onset of these changes in all four of these records could be exceedingly important. None of the equipment we had with us, however, made it possible for us to investigate this particular aspect of the problem. Conceivably, the changes in the electrical environment might precede the changes in the electrical properties in the living systems. This would give added weight to the evidence that there is a significant relationship between endogenous electric charac teristics of the two trees and the corresponding changes in the electrical aspect of the environment. These short-time measurements were, of course, stimulating and interesting, but the really important question raised by this whole study is : What happens in time, preferably long periods of time? A mathematical analysis of the diurnal rhythms made it clear that we were not dealing with random numbers but with real changes in the electric properties of a segment of the earth and of the two living systems. It seemed reasonably safe, therefore, to assume that both air and earth potentials were equally free from random measurements. 102
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 The fact that all four sets of measurements exhibited changes at the same time made it quite clear that a long-time study was j llstified. Since preliminary studies of this sort were begun in 1 938, and reasonably continuous measurements made from 1 943 on, quite a span of time was available for analysis. In the early days, mathematical theory was inadequate to study the changing relationships with time; and the modern mathematical analytical instruments were not available. The very considerable amount of data collected over the years represents a source of numbers which could be analysed very profitably.
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 Inspection of the potentials recorded on the long paper records m ade it clear that no one of these four sets of measurements was in dependent of t l1 e other three. A change in one was accompanied by a change in aU the others. This was an extraordinary finding. Every attempt was made to cover the possible artifacts which might have produced these results, but rigorous controls ruled out the possibility that the results were accidental. It must be admitted that it was exciting to see that the well-known diurnal rhythms of a biological system of two trees also were paralleled by diurnal rhythms in atmos pheric potential and earth potential. To be sure, we do not know whether one or the other of these measurements precedes any of the others, but the fact that the changes occur in all of them is of prime importance. Since Nature is the experimenter, changing the variables in hoth the Jiving system and in i ts environment, long-term studies should help us to understand to what extent there is an interrela tionship between the electrical properties in the environment and those of a living system. That they exist in day and night rhythms, is clear. But it is also equally clear that there is a repetitive cycle which has a period roughly approximating that of the lunar cycle. This does not mean that the moon affects the living systems, as the old wives' tale held, but rather that both the moon and 103
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 Jiving systems respond to some more primary characteristics of the Cosmos. It is not surprising, therefore, tha t we detected in our records the same twenty-seven-day-cycle of earth and air, as well as trees. Since these studies ran through many years, seasonal changes -which we know exist in trees, for example-were also to be seen in the winter and summer records of voltage gradients in earth and air. These seasonal changes were so obvious that the striking correlations between the living system and its environ ment gave credence to the notion tha t the living system is im bedded through its own electro-dynamic field in the field of its physical environment. But since the field of the environment is involved in such things as lunar cycles, it is important to remember that the electrical properties of the ionosphere are changed by sun spot activity, as Stetson showed many years ago. The electrical charac teristics of the ionosphere could, then, be correlated with lunar cycles and diurnal rhythms. A preliminary analysis, therefore, was made of the changing potentials of the trees and sun spot activity as recorded in Zurich, Switzerland. Here, again the correlation between the two sets of measurements was extraordinary. A great deal of further study will be required to determine whether or not the changing sun spot activity preceded the change in the electrical properties of trees. The graphs drawn from these available numbers show a rather extraordinary paral lelism with the changing electric potentials of the tree. By implication, this could indicate that not only a tree--a perfectly good living system-but in all probability aU living systems, might show the 9ame dependency since they all possess electro-dynamic �elds. There is a hint, furthermore-although this is by no means valid and final evidence-that the changing potentials of the tree follow, by a predictable amount of time, the changing rela tive sun spot numbers. As the sun spot numbers increase, voltage gradients in the trees increase. When the relative sun spot num bers decrease, there is a corresponding decrease in the voltage gradients in the trees. 1 04
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 Since the plots are derived from numbers scattered over an eleven-year cycle, and since there is good evidence to show that these electro-metric numbers in living systems are not random numbers but are valid evidences of changing electrical properties of a living system, it would seem possible to conclude with reason able assurance that there is a close relationship between the electrical environment of the tree and the activities recorded electrically in the trees themselves. These changes could not possibly be the result of accidental correspondences. The num bers recorded are too great over too long a period of time to be chance observations. It will be remembered that the primary assumption made at the outset of this study was that the electrical properties of a living system were evidence of an inherent electro-dynamic field. Since it is common knowledge that one field cannot exist within an other field without an interaction between them, and the field properties of the ionosphere are modified by the bursts of sun spot activity, the effect on the electrical characteristics of the ciwironment of the earth are really no more than might be expected. It would seem reasonable to conclude, therefore, that a study of longer duration with more sources of informa tion might make it abundantly clear that the field properties, not only of living systems but of the Universe, interact in characteristic fashions and produce results of great significance. 6
 
 All this is of prime importance since we are now exploring space, whi ch also must possess field properties. This badly-neg lected aspect of environment study should be explored inten sively. There is no reason why future plans to put recording instruments into space should no t include adequate measures of field properties of the space through which the i nstruments pass. This, of course, would require highly-sophisticated instrumenta tion, very large sums of money and many studies. But the evidence outlined above-while only a drop in the 105
 
 ANTENNAE TO THE UNIVERSE
 
 bucket-nevertheless is h ighly exciting a nd interesting and g ives us a clue to a hitherto-undrea med-of factor in the properties of the ma terial Universe a nd of all living systems which exist with in it. It may take many lifetimes, however, to come up with an answer which has genuine val idi ty. It can be argued tha t this is a n extrapolation beyond the evid ence. This is admitted. But these field properties are not mysteri ous phenomena; they are measurable characteristics not only of the Universe but of the immediate environment of the earth. Moreover, the evidence collected during the several decades of study indicates that the behaviour, in particular, of living sys tems is a consequence of the pattern of organization. And the arrangement of the charged particles in living systems is a con sequence of the inherent electro-dynamic field. These phenomena can be measured; and whether or not i t is felt that the extrapola tion suggested is bey ond the evidence, there can be no question about the validity of the measurements. These have been checked over and over again, subjected to care ful and critical mathematical a n a lysis .* The present a n alysis would seem to suggest that we are dealing with valid, measurable interrelationships between the electrical properties of a living system , of all living systems, and the field of electrical envir on ment in which they exist. It has been the habit, in the past, to assume that a living system's behaviour is, in part, the consequence of chemical flux of the tissue of which living systems are made. However, the chemical flux is a widely and rapidly cha n gin g set of phenomena and yet th rou gh o u t all these studies the constancy of the electri cal phenomena is so great tha t they must be an evidence of some constancy ' in the growth and developmen t of living systems. It is as though there were in every living system some guidin g factor which not only makes the acorn grow into the oak tree but also induces a characteristic pattern of organization, of which * Thron gh the in terest and diligence of Mr. R alph M
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