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Forord


I April 1914 samlede Gehejmekonferensraad G.A. Hagemann i sit Hjem Repræsentanter for Regering og Rigsdag samt for en Række Institutioner, hvoriblandt det kgl. danske Videnskabernes Selskab, med den Tanke, at der i Tide burde træffes de fornødne Forberedelser til paa værdig Maade at fejre den i 1920 indtræffende Hundredaarsdag for H. C. Ørsteds Opdagelse af Elektromagnetismen. Fra Videnskabernes Selskab var til Stede de tre Fysikere, Professor, Dr. med. C. Christiansen, Professor Martin Knudsen og Professor K. Prytz.

Man enedes om, at der skulde træffes Forberedelser til i Mindeaaret at afholde et festligt internationalt Stævne i København og til at udsende en Udgave af Ørsteds naturvidenskabelige Skrifter. Medens den i 1914 udbrudte Verdenskrig maatte hindre det forudsatte internationale Samarbejde, blev Forberedelsen til Udgaven fremmet. De tre nævnte Fysikere indgav i Juli 1914 et Forslag til Videnskabernes Selskab om, at dette skulde besørge Udgivelsen; Forslaget blev vedtaget, og Udgivelsen blev overdraget til et Udvalg, hvis første Formand blev nu afdøde Professor C. Christiansen.

I Juli 1914 modtog undertegnede fra Professor Christiansen paa Udvalgets Vegne Opfordring til at foretage de fornødne Forundersøgelser samt til at forfatte en Fremstilling af Ørsteds Liv. Efter nogle Aars forberedende Arbejde indsendte jeg et Forslag til den stillede Opgaves Løsning, som tiltraadtes af Professor Christiansen, og som efter hans Død godkendtes af det ovennævnte Udvalg med Professor K. Prytz som Formand. Forslaget er realiseret i det her forelagte Værk; dette indeholder:

1) En Udgave af alle H. C. Ørsteds naturvidenskabelige Skrifter, idet kun Gentagelsesafhandlinger, Lærebøger og Skrifter med rent didaktiske Formaal er udelukkede.

2) En Afhandling, »Scientific life and works of H. C. Ørsted«, hvis Formaal er at give Oplysning om hans videnskabelige Arbejdes Stilling i Forhold til Samtid og Fremtid og

3) En Afhandling, »H. C. Ørsteds Arbejdsliv i det danske Samfund«, oplyst gennem hans Virksomhed til Fremme af Naturvidenskaben i Danmark.

Ørsteds naturvidenskabelige Produktion falder i to Dele; den ene af delvis international Karakter, den anden skrevet med de hjemlige Forhold for Øje; den sidste falder atter i to Dele: hans Meddelelser i »Videnskabernes Selskabs Oversigter« og en Række Artikler i danske Tidsskrifter eller i selvstændige Afhandlinger af i Hovedsagen populær-videnskabelig Karakter.

Den første Gruppe, der væsentlig findes paa fremmede Sprog, findes kronologisk ordnede i 1. Bind og den første større Del af 2. Bind.

Alle hans Meddelelser i Videnskabernes Selskabs Oversigter findes — ligeledes kronologisk ordnede — i Slutningen af 2. Bind. De er sammenstillede for at give et Billede af hans Virksomhed indenfor Videnskabernes Selskab.

De populær-videnskabelige danske Afhandlinger findes i 3. Bind. De to ovenomtalte Skildringer af H. C. Ørsteds Liv og Arbejde findes som Indledninger til henholdsvis 1. og 3. Bind.

I de to sidste Aar har jeg haft Hr. cand. polyt. H. S. Hendriksen til Medhjælper ved Udgivelsen.

Korrekturen af de mange Afhandlinger paa fremmede Sprog er, foruden af Hr. Hendriksen og mig, læst af en Række særlig sprogkyndige; de latinske af Adjunkt, cand. mag. Frk. Thyra Eibe, de engelske af mag. art. Frk. A. J. Fausbøll, de franske af Professorinde, cand. mag. Anna Lütken, de tyske af Hr. Bibliotekar, cand. mag. Raphael Meyer.

Kun utvivlsomme Trykfejl i Originalerne er rettede; meningsforstyrrende Fejl er rettede i skarp Parentes.

Mag. art. Frk. A. J. Fausbøll har oversat den engelske Afhandling.

Videnskabernes Selskabs Redaktør, Professor, Dr. phil. Dines Andersen har overvaaget Trykningen.

Carlsbergfondet har bekostet Udgivelsen.

For den Hjælp og Velvilje, jeg fra alle Sider har mødt under Arbejdets Gang, bringer jeg herved min Tak; for Hjælp paa sproglige Omraader takker jeg, foruden mine direkte Medarbejdere, Professor, Dr. phil. A. B. Drachmann, Lektor, Dr. phil. Fru Valfrid MunchPetersen og Dr. phil. Frk. A. Snethlage. En særlig Tak retter jeg til Professor, Dr. phil. Niels Bohr, der har gennemgaaet Manuskriptet til den engelske Indledningsafhandling og deltaget i Korrekturarbejdet med den, samt til Inspektør ved den polytekniske Læreanstalt, Hr. cand. polyt. M. C. Harding, fordi han har givet mig Lejlighed til at gøre mig bekendt med og benytte den Samling af H. C. Ørsteds Korrespondance med Videnskabsmænd, som han i flere Aar har arbejdet med, og som snart skal udkomme.



København i Juni 1920.

Kirstine Meyer
f. Bjerrum
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The Scientific Life and Works of H. C. Ørsted

by Kirstine Meyer.
The purpose of the present essay is to survey the scientific papers of H. C. Ørsted and to give an account of the conditions under which they appeared, as well as their relation to and influence upon contemporary physical science. It is hoped that in this way light will indirectly be thrown upon the personality of their eminent author.
Ørsted was bom at Rudkøbing in 1777. His father was an apothecary. With his brother, A. S. Ørsted, who was his junior by one year, and who was later to become famous as a jurist, he received instruction of a very desultory and casual kind, but the very circumstances under which it was achieved will contribute to the understanding of his development. Their parents were so much occupied with the management of their large household and business that they placed the brothers for the greater part of the day during their early years, with a couple of »poor but very worthy Citizens«,1 a German wig-maker and his wife, who soon began to give them lessons in order to keep them employed. The wife taught them to read, the husband to speak German. Luther’s catechism with Pontoppidan’s explanations they learned by heart, they read and translated a German Bible, learned writing from German copies, and as much arithmetic as the wig-maker himself knew he taught his pupils, namely to add and to subtract.
The brothers learned easily and had excellent memories. Their desire for knowledge being only sparingly satisfied by the wig-maker and his wife, they sought other means of satisfying it. Their friends soon discovered how bright and eager to learn they were; this excited admiration and induced everybody to help them to acquive such knowledge as they themselves possessed: an older schoolfellow taught them multiplication, a friend of the family division. The burgomaster gave one brother lessons in English, the other in French. They received regular but »indifferent« instruction in Latin. Besides, »they seized with avidity all other means of gaining knowledge that presented themselves,«2 and by reading acquired information in manifold and, for children, often strange domains. They invariably worked together so that what was learned by one was always imparted to the other. For every fresh piece of knowledge they gained their energies were stimulated and their ambition roused by the growing admiration of their friends and as, in the course of conversation, they often had an opportunity to give an account of their reading, a taste for authorship was formed. This inclination further showed itself in sermons that they wrote for their mutual edification. H. C. Ørsted also wrote poems. Their ability to work was at the same time more soberly employed in their father’s business. Both brothers helped him in his pharmacy from their 10th and 11th year at the time that he had no assistant. The younger brother was allowed to give up this work, but Hans Christian continued it, and in this way gained a knowledge of chemistry and experimental work which served as a good foundation for his later studies. The wig-maker’s teaching, too, may in one respect have predetermined his interests; the Key stone of this tuition was Scripture with scholastic and theological commentations, such as often induce a taste for systematic-philosophical interpretations. Already in childhood and early youth this kind of philosophical interest may be perceived in the brothers.
Thus influenced they arrived in Copenhagen in the spring of 1794 to finish their preparation for »the first academic examination« which they passed the same autumn with honours. They were accustomed to a small and humble community, to a life full of work in which learning had been their greatest pleasure and had given them their special position. The poet Oehlenschläger has recorded how this way of life was continued in the larger sphere. Oehlenschläger did not meet them until 1797. They were then leading a secluded life and always together, »in long yellow greatcoats they walked arm in arm.« »As in a dim monastic cell the Ørsteds sat here, grave, silent, at their studies.« »To all their fellow-students they soone resplendent like Dioscuri, and even ripe scholars soon noticed what was in them. In academical prize essays and the award of gold medals the fruits of their mind and industry appeared.«3
They led an unassuming life; were admitted to Elers’ College;4 dined gratuiously with an aunt, and soon began to aet as tutors to candidates for the philosophical examination so that they were no burden to their father.
In their first year as undergraduates they attended Riisbrigh’s lectures. Riisbrigh was the »exponent and approver of Kant’s philosophy.« They also had other opportunities of hearing Kant’s works expounded. They discovered at mathematical lectures that mathematics was not the puzzling mystery they had hitherto imagined. These and lectures on astronomy and physics attracted H. C. Ørsted to the study of science, while philosophy remained the chief interest of his brother who some years later »gave the critical philosophy in Denmark its first firm foundation.«5 The intimate cooperation of the brothers continued, for even after they had to some degree chosen special fields, an interest in philosophy was engendered in H. C. Ørsted which was soon manifested in his writings and which remained with him throughout life.
H. C. Ørsted’s first published work and first attempt at scientific authorship was a paper for the University Prize Gompetition in Esthetics for 1796 for which the prize was awarded him. His essay was published in »Minerva«.6 His childhood’s interest in poetry had developed and led to this first publication, and the same interest continued through his life and indirectly stamped the language of his scientific publications and speeches. Both in his written and oral style there is a certain elaborate elegance through which we feel his pleasure in moulding language according to his taste. This formal power and esthetic interest without doubt played a great part in his marked inclination for scientific communication. »I promised you in our last conversation to give you anaccount in letters of the systematic part of chemistry ..... I keep my promise with pleasure, both for your sake and that of science, which you know I find so much pleasure in communicating to others,«7 he writes in 1798, and in the many lectures he gave with untiring energy in the course of his long life he had ample occasion to indulge in this »pleasure«.
Even in his first attempt at a work in the domains of science, a medical prize essay on the origin and use of the liquor amnii (1797),8 his power of moulding language is very conspicuous, and from the wording of the judgment9 on this paper we feel that its style made a favourable impression on the board of examiners. The experimental part of the paper, a chemical investigation of the amniotic fluid, falls naturally into line with his other studies in this period, since in 1797 he took his pharmaceutical degree with high honours. The paper bears witness to wide reading and, as it was awarded the prize, its contents may be considered a testimony to the standard of contemporary science. After the treatment of these minor problems for the undergraduate, Ørsted’s real, independent, scientific career began. From the very first it separated into two main currents, philosophical, and experimental; they divided his interest and his work; sometimes they ran side by side, and sometimes they united in the same work. One current might at times predominate over the other, bul could never entirely suppress it. In the first period of his scientific life, when the philosophical current was predominant, he estimated the value of each experimental result mainly by its bearing on his favourite philosophical ideas. Still, in this period his experimental work had the effect of taking him back to sober ground again when Philosophy had tempted him too far into the realms of imagination; it was the study of chemistry that led him to experimental science, it was Kant’s critical philosophy that led him into philosophical roads.
In 1798 a periodical was started entitled »Philosophisk Repertorium for Fædrelandets nyeste Litteratur«, the purpose of which was to uphold Kant’s philosophy against its many assailants. In the course of its first year the Ørsteds became members of the editorial staff. The programme of the periodical contains a statement characteristic of many of H. C. Ørsted’s reviews and critiques, namely, that the magazine will endeavour to provide »reading of independent interest« so that it may be»read with interest and advantage independently of the writings which it reviews and criticises.« In accordance with this programme H. C. Ørsted’s many reviews, »chemical letters«, and the like, from these years, will be found to contain something more than mere accounts; through them we are able to see his own point of view towards science and philosophy and find independent remarks; therefore, in order to know his work and views it is not enough to read those of his writings which are directly designated as scientific works, we must also seek out occasional papers and semi-popular accounts. All these writings leave his study in finished style and bear the stamp of what dominates his ideas at the moment.
The Philosophical Repertorium had a sad fate and a brief existence. H. C. Ørsted wrote a paper for it which is not in the first volume but appeared separately in 1799 bearing the title of »Grundtræk af Naturmetaphysiken tildeels efter en ny Plan«10 (Fundamental Features of Metaphysics, partly on a New Plan). The same subject is more elaborately treated in his thesis for the doctorate11 from the same year. These works contain in substance a critical account of Kant’s »Metaphysische Anfangsgründe der Naturwissenschaft« with some suggestions for an improved systematology; they have acquired no lasting value; for his contemporaries they may have been of importance from their clear statement of the fundamental metaphysical problem: What is the a priori base of science which is the necessary presupposition of all experience, and what laws governing matter and its motion may accordingly be a priori deduced? That these treatises met with appreciation is seen from the fact that they were amalgamated into one volume and with some additions published in German in 1802.12 Their editor and adaptor, Mendel, states in the preface that his »als scharfsinniger Denker und Gelehrter rühmlichst bekannter Freund, Herr Doktor Ørsted in Copenhagen«, has communicated to him several new things for this edition and that he is still working at improvements in the same field. Of course we cannot see how much in the additions to the treatise is due to Ørsted and how much to Mendel, the latter, however, says in the preface that in a letter to him Ørsted has expressed a wish to be judged only according to the »architectonic« alterations he has suggested in Kant’s metaphysics, not according to the separate propositions and rubrics. Hence it is possible that an »Anhang« in the German edition is due to Mendel, not to Ørsted. This »Anhang« shows how greatly the »critical philosophy« had become opposed to its name, an attempt being here made to give an a priori proof that there must exist motions in nature in which a particle performs periodic revolutions round a fixed body under the influence of a central force of attraction from the latter, and under the influence of the impact of particles emanating from the central body and giving tangential force. Further, from the existence of this motion the a priori inference is drawn that space is filled with liquid! It is not improbable that the German school of Nature philosophy is responsible for so fanciful an »Anhang«. This school of philosophy had developed with Kant’s metaphysics as the original starting point and — to use Ostwald’s words13 — »ravaged Germany like a plague in the first years of the 19th century.«
Still, Ørsted was on his guard against the most typical representatives of this school. In 1799 he writes about two of Schelling’s works: »These two books no doubt deserve attention for the beautiful and great ideas we find in them, but on account of the not very rigorous method by which the author intermingles empirical propositions without sufficiently distinguishing them from a priori propositions the book is robbed of much of its value, especially as the empirical propositions adduced are often utterly false.«14
If we consider what became of importance to Ørsted’s own development from his »Kantian period«, we mainly notice two maxims in his writings of the succeeding years: 1) For a law of nature to be absolutely valid it must have an a priori foundation. 2) From the conception of matter it follows that any theory of atoms is illogical. Further he acquired an inclination and a capacity for systematical exposition which characterises his more considerable works for the next 10 or 15 years.
In the meanwhile, in conjunction with these philosophical interests, Ørsted pursued his own special study of the physical sciences, doing not merely the duty work needful to pass an excellent pharmaceutical examination. Through the means at hand he no doubt procured as extensive information as possible both theoretically and practically. As regards the pursuit of his theoretical studies, his reviews, »chemical letters«, and notices of the publications of foreign chemists in various magazines from 1798 to 1800 bear witness to his interested work in this direction. Among the rewiews and notices published in 1800 one should be specially noted, viz. a review15 of Fourcroy’s Chemistry adapted by Gadolin under the title of Introduction to Chemistry. When speaking of the classification of the bodies in chemistry Ørsted for the first time introduces a view which later was elaborated by him and lead him to conceive the bases and acids as belonging to the same group or series, the characteristic reactions for acidity and basisity occurring in so many different degrees that it should be possible to arrange their compounds according to these degrees, e. g. according to decreasing acidity, increasing basisity. It was a time of ferment in the science of chemistry. »When as a boy he read books on chemistry none of which were quite modern, their whole base was the phlogistic system; as a young undergraduate he became acquainted with the antiphlogistic system and was quite fascinated by it; before he was 24, however, Volta’s great discovery, Ritter’s brilliant works, Winterl’s bold edifice of principles, had induced the conviction in him that the antiphlogistic doctrine could not be valid.«16 This conviction is expressed already in the latter part of »Grundtræk af Naturmetaphysiken« (Fundamental Features of Metaphysics).
As regards experimenting he was no doubt in the main restricted to the chemical training he received in the pharmacy in connection with his studies. The university of Copenhagen was at that time only badly equipped for experimental studies. It possessed no collection of physical instruments. There were certain amateurs who owned physical apparatus, and Ørsted may have been able to see and perform experiments in their laboratories. The largest private collection was in the possession of Overhofmarskalk Hauch, but, according to his own words, Ørsted had no access to it while an undergraduate. In those years, however, he became acquainted with Professor Manthey who held the chair of chemistry from 1793 and was also the owner of the »Lion Pharmacy« where Ørsted may have received his pharmaceutical training.17 At any rate in 1807 Professor Manthey was the owner of a valuable collection of physical instruments, and he will probably have been in possession of such a collection already in Ørsted’s undergraduate years. As Manthey took a great interest in Ørsted and aided him in every possible way, it is not improbable that he allowed Ørsted to use his apparatus and also in this way contributed to his scientific development.
The only partly experimental work published by Ørsted before 1800 is the prize essay on the liquor amnii18 where the experimental part is of a chemical nature. Not before 1800 when »Volta had set up his pile as a landmark between the physics of the old and the new century«,19 do we find traces in his writings that he is taking up experimental work in physics.
From 1800 to 1801, while Manthey was abroad, Ørsted was manager of the Lion Pharmacy, and from his letters to the former we see that he had no opportunity of experimenting with the Voltaic pile until the beginning of 1801. In a letter dated February 23rd20 he tells Manthey that he has seen Hauch make experiments with a battery of 600 plates of silver and zinc, and gives an account of an experiment he himself has made with a battery of 60 plates of zinc and blacklead. He published some of his results in the 1st volume of »Nyt Bibliothek forPhysik, Medicin og Oekonomi«21 (New Library for Physics, Medicine, and Economics) and tells of others in two letters22 to Manthey of February 28th and May 14th 1801. As far as we can see from these casual and not very detailed remarks, Ørsted here from the very beginning, in what may be considered as his first work on physics, exhibited some features that characterise all his works in this field of research. He readily gets ideas for experiments and apparatus, and he often obtains a striking and significant result, but he does not follow up the matter, and so it has happened more than once that his merits have been obscured by others who either used his results as the starting point of their own researches, or overlooked them, because he did not sufficiently elaborate them.
We shall now give an account of Ørsted’s first experimental results.
As soon as the Voltaic pile had become known, Nicholson, Carlisle and Ritter found the chemical action of its current and saw the decomposition of water into oxygen and hydrogen. By way of explaining the observed phenomenon Ritter then advanced the theory that water was not a compound, but that water + negative electricity produced hydrogen, and water + positive electricity became oxygen. This theory led Ørsted to the following argument: the forming of hydrogen by the decomposition of a metal in dilute acid may possibly be due to the generation of negative electricity through the dissolution of the metal. Hence we should expect that galvanism might be produced by the dissolution of metals. He put this idea to the test by constructing a u-shaped tube element with a lead amalgam in the bend and one branch filled with dilute sulphuric acid; a silver wire was plunged in the acid and an iron wire connected to the amalgam. From 7 of these cells a feeble battery was obtained. He now placed a piece of zinc in each branch filled with the sulphuric acid and found that the battery acted powerfully. Hence he imagined the reason to be that while the zinc was dissolving »galvanism« was produced, whereas the real reason is no doubt that a zinc amalgam pole is produced instead of a lead amalgam pole. Here Ørsted touched upon the fundamental question of the cause of »galvanism«, but he did not follow up the matter. He experimented with the small battery showing it to any one who professed an interest in it, and as he gave a description of it in a treatise in a German periodical23 it drew attention to his name; on a journey in Germany the year after he often had to show experiments with it.
An observation in his treatise calls for further explanation.24 He mentions his »Voltaic apparatus« made of plates of black-lead and zinc where the black-lead is not pure, and remarks that the thickness of the plates is not without importance. »Of this I was convinced by the fact that I obtained a greater effect with thick than with thin lead plates, and our Abildgaard, whose loss we must now regret, found no effect whatever from lead plates even thinner than those used by me.« If we assume that »lead plates« is an abbreviation for »black-lead« plates, the apparently strange observation becomes intelligible, the thin black-lead plates being no doubt so porous that there has been a layer of liquid between all the plates.
A very essential point was touched upon by Ørsted in these first experiments. He had no instrument to measure galvanism, so he constructed an apparatus for this purpose which he briefly refers to in the above-mentioned German periodical, and describes more fully in a letter25 to Manthey of April 28th 1801.
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»Its main parts are ABCD, a glass cylinder filled with water, aa 2 very thin gold wires cemented into glass tubes and able to be pushed backwards and forwards in leather without admitting the air to the interior of the cylinder, b a glass scale, c a glass tube which is not filled with water yet communicates with ABCD. The farther the gold wires are from one another the greater is the force required to evolve water,26 the nearer, the less. With an exceedingly small distance between the points of the wires I got air by means of only four black-lead and lead27 plates, although their surfaces were rather calcined. The tube c, to which also belongs a scale, serves to show how much air the galvanism has evolved in a certain specified time as the water in the same must of course rise in proportion. I think that by this means we shall be able to measure galvanism even more accurately than electricity.«
Another very important result was obtained from these first experiments. On May 14th 1801 Ørsted writes in a short letter to Manthey:28 »Only this much I must tell you that I have succeeded in staining syrup of violets green by the negative and red by the positive galvanism«, and in a paper on »Fortsatte Forsøg med Galvanismen«29 (Continued Experiments on Galvanism) in »Nyt Bibliothek for Physik« (New Library for Physics) for 1801 he makes the same statement and adds that »on shaking the colour disappears« just as when you mix a quantity of syrup of violets stained green by alkali with another that has obtained a red colour from an amount of acid proportional to it, which, as it is well known, is a consequence of the fact that alkali and acid saturate each other and neutralise each other’s effect.«
Ørsted occasionally refers to one or two of the results of his galvanical experiments to which he evidently attaches some importance. In a general survey of the latest departures in physics in Schlegel’s »Europa«30 for 1803 he mentions that he was the first to show that the Voltaic pile acted in a space with rarified air, and moreover that »Ørsted and Davy« were simultaneous in finding that acids increase the conductivity of the Voltaic pile more than salts. In 1828 he calls attention in his autobiography to two important results of his galvanical experiments in 1801: »the great activity of the acids in the generation of galvanical electricity,« and the fact that »when the conductors of the Voltaic pile produce the same change in a coloured liquid as acid and alkali, the balance of colour returns as soon as all the parts are perfectly mixed, so that the opposite effects produced in the conductors are so proportioned as to neutralise each other exactly.«31 It thus seems that in the course of years he had become more awake to the importance of the latter result than he was in earlier days.
When Ørsted did not enter more deeply into these matters, the cause is obvious. He was so overloaded with work that he could only take Sunday afternoons to »galvanise«, and in one of his letters he even complains that his experiments have come to a stop because they take too much time. In the year 1800 he had been appointed assistant lecturer in the medical faculty of the university without a salary, but with the obligation of lecturing to pharmaceutical students. As he was besides manager of the Lion Pharmacy, his duties were already onerous, but it appears from his letters to Manthey that in lectures and other work he did considerably more than his duty. It is of course only natural that a young man starting on his career has to take much business upon himself, but already at this stage of his life it becomes evident that Ørsted possessed certain qualities, valuable in themselves, but rendering him liable to accumulate a number of different tasks on his hands. His comprehensive interests, both of general and of a professional kind, to a certain degree robbed him of that strength of limitation which will take one so far in science, and more particularly in experimental science.
In the summer of 1801 Ørsted set out upon a journey abroad which lasted till the close of 1803. This journey was made possible to him by a grant from »Cappel’s Travelling Legacy«, and he looked forward to it with great expectation. When in the year 1800 there was some talk of a professorship or a readership for him in the university, he wrote to Manthey: »According to what Moldenhawer says I am sure of advancement, but I hope to be able to go abroad nevertheless, I think I would rather resign my post than give up my journey.«32 »His journey was made in a time of singular ferment in the scientific world. The new philosophy had given the minds a new look-out and had aroused many great anticipations of a higher insight. Filled with enthusiasm for a farseeing future state in science he easily gained admittance everywhere at a time when there was so great a revolution within the sciences.«33 Through letters to his home we may follow his route. First he travelled through western Germany to Oberweimar and thence to Berlin. He seized every opportunity of seeing and hearing about scientific matters; an unpublished diary, containing a lot of details of a chemical kind observed by him in the various places he was admitted to, shows that on the whole journey he conscientiously fulfilled the demands of the legacy »that the travelling studiosi shall pursue their chemical studies on their journey.« He visited factories, mines, and museums, attended lectures, worked in laboratories, and »galvanised.« At Göttingen he made a stay of about 10 days writing from there: »The first question asked everywhere is about galvanism. As everybody is curious to see the battery of glass tubes I have invented, I have had quite a small one made here of four glass tubes (in Copenhagen I used 30), and intend to carry it with me.«34 By means of this battery he made many interesting acquaintances, and many people came to him to see it and copy it, but in spite of these advantages he thought he wasted too much time over it as he could not refrain from working with it when he was alone. At Göttingen he got a letter of introduction to Ritter and saw him on the 18th of September. »This man has made great discoveries of which only few are well known. Some of his discoveries have been published by others as their own, and therefore he is very reserved. I only succeeded in getting on friendly terms with him after some conversation.« On the 19th Ritter showed him »his most remarkable experiments.« »On the 20th he explained to me all the new ideas he intends to publish in due time. I found so much of genius and beauty in them that I must count this afternoon as one of the most beautiful of all my journey.« — On the 21st: »I have entered into a close friendship with Ritter — — — What I write on galvanism he will embody in his writings which are now of such importance that every chemist and physicist must read them. He is going to send me everything he writes if I send him my works in return.«35 Thus the foundation was laid of the great influence exerted by Ritter’s work and theories on Ørsted.
From Weimar he went to Berlin where he remained about six months. Here he had ample occasion to pursue philosophical studies besides work of a physical and chemical kind. Already earlier the Ørsteds had been led by their interest in Kant to take an interest in Fichte, and Hans Christian was now glad to have an opportunity of hearing Fichte lecture and of making his personal acquaintance. In letters to his brother Ørsted gives an account both of lectures and conversations, and tells of discussions about Fichte’s philosophy with young friends in which he defended Fichte’s theories in debates by the hour. He also became more closely acquainted with the genuine Nature Philosophy; he heard A. W. Schlegel’s lectures on mythology and on its influence on the poetical treatment of physics; he formed a friendship with Friederich Schlegel and writes in his letters about a discussion of Schelling’s theories. »He wants to give us a complete philosophical system of physics, but without any knowledge of nature except from text-books and without possessing the same rigorousness of philosophical construction as Kant« ..... »These people all bring to market halting comparisons and lopsided physical theories, and then they grumble when others will not accept them. I always pester these people with Steffens who has seen nature with his own eyes and thought about her with his own brain.«36 But he did not by far oppose all adherents of this school of philosophy. At a later stage of the journey he made the acquaintance of Fr. Baader »whose writings on Nature Philosophy are so beautiful that one would wish to make the acquaintance of the author, and often so obscure that one needs it to get the explanation.« »A man of such animation and fire is rare.« »He persistently urges that moral and physical nature are most closely connected, and that without such a connection physical science has no real value. In this he accords very closely with Ritter and I with both.«37
This philosophical influence in youth became of great importance to Ørsted’s life work. An idea took root in his mind which he again inculcated in his disciples, and which one of them, Professor Hansteen at Christiania, expresses in the following manner in a letter to him in 1817: »The spirit that should emanate from the whole being of the scientist should, it seems to me, be religiopoetico-philosophical; without this he does not know the end to which the sciences strive and can never be anything but a subordinate — — He who only looks with complacency at the stones he himself has fashioned, and has no sense of the beauty of the whole, he is an egotist who only wants to contemplate his own excellence in his own work.«38
It is from this influence in youth that a work like »Aanden i Naturen« (The Spirit in Nature) derives its origin; subjects like »Videnskaben som Religionsøvelse« (Science as a Religious Exercise), Det Skiønnes Naturlære (The Natural Philosophy of the Beautiful), and many others point directly to this source. Here we also find the fountain-head of Ørsted’s faith in physical science as a popular educator — his belief in its connection with ethics — which made him throughout his life devote time and energy in various ways in working for the diffusion of the knowledge of nature and her laws.
In science this influence caused in him a certain predilection for forming comprehensive and vaguely formulated hypotheses, especially such as tended towards the thought of a »Unity in Nature.« Yet he saw the danger of this tendency in the field of physical science. His experimental training caused him to show some criticism on this point, but it was not sufficiently thorough to make him look critically upon such trained experimenters as Ritter and Winterl who built up their fantastic philosophical speculations on a foundation of inexact experiments or merely qualitative observations.
During his stay with Ritter at Oberweimar Ørsted refers to a book by Winterl which in many ways fitted in with Ritter’s ideas, »a book full of great thoughts«, but so obscure both in language and exposition that it was not much known. In December 1801 Ørsted wrote to Manthey about it: »I read no book more diligently or with greater pleasure in my evening hours than Winter’s Prolusiones ad Chemiam Seculi Decimi Noni. At each fresh reading I find more harmony and genius in it. I only long to repeat some of his chief experiments, but the dreadful prejudice against it everywhere makes me somewhat cautious even in talking about it. I persuaded Ritter to read it, and had the pleasure of hearing his judgment coincide with mine.«39 It evidently had Ritter’s warm sympathy. In a letter from December 1801, which Ørsted must have received in Berlin, Ritter writes: »Winterl auf den Thron zu bringen ist ein zu wichtiges Geschäft, als dasz nicht jeder Beytrag dazu den innigsten Dank verdienen sollte.«40 Ørsted made up his mind to offer such a contribution. »I am at present working at an exposition of Winlerl’s Prolusiones ad Ghemiam Seculi Decimi Noni, a book rich in genius,«41 he writes to his brother in February 1802. He had now drawn such general attention to it in conversations with chemists and physicists that he was invited to prepare an account of it for the Philomatic Society. »I am now also diligently experimenting on Winterl’s Chemistry. — I have also formed a society for testing Winterl’s system by experiment. It is true that I had myself already begun this, but as he has described several hundred experiments, it exceeds the power of one person to imitate them in a short time,«42 he wrote at the same time to Manthey who read the book, but could not share Ørsted’s enthusiasm for it.
By his philosophical interests Ørsted was predestined to accept Winterl’s ideas, and the philosophical atmosphere in which he was living contributed naturally to render him susceptible to them. What particularly caught his interest was Winterl’s assertion that the basis of heat and light, acids and bases, electricity and magnetism, was the same, namely the two electricities. In this way a unity and connection was given to all experience which appealed to Ørsted’s taste for systematics, and which he believed in and founded the greater part of his writings on.
Winterl’s fantastic chemistry contained many assertions which rendered it probable that Schelling’s philosophy would extend a cordial welcome to it. Two mysterious substances, Andronia and Thelycke, played a great part in it. The former was of an acid nature and a component of all acids — this term to be taken in a much broader sense than usual; thus e. g. carbon and sulphur were acids. Thelycke was a substance found in everything that Winterl called bases. »Eine Andronia eine Thelycke, ein Princip der Acidität und Alkalität, welche einander neutralisieren oder zur Indifferenz bringen, gewähren die gesuchten Duplicitäten, die Konflicte und Indifferenzen wodurch das ganze Spiel des Schellingianismus besteht« writes the German chemist Hermbstädt in a review43 of Ørsted’s account of Winterl’s book. For Ørsted not only undertook to give an account of Winterl’s book in the Philomatic Society and quite — briefly — in Schlegel’s Europa, but also to bring out an adaptation of it, which he had finished and procured a publisher for at the close of 1802. A comprehensive survey of the results arrived at in the book, in the shape of a letter to a friend, he sent to Ritter in order that he might get it published in Gilbert’s »Annalen der Physik«, but Ritter thought it better that the letter should be published as the last chapter of the book, as he himself purposed to write something about it that might take the place of a review in a paper he was writing for Gilbert.
Hence the book was published under the title of »Materialien zu einer Chemie des neunzehnten Jahrhunderts«,44 and thus it came about »that the young Danish traveller in a certain sense might be said to be the first to introduce the Hungarian chemist to the Germans.«45
Nearly all reviews of it unmercifully ran down Winterl’s chemistry. It was acknowledged that it made a far better show in Ørsted’s adaptation than in the original, but even the most friendly critics regretted that Ørsted had not employed his acumen in a more profitable task. In an extensive technical notice in Trommsdorff’s Allg. chem. Bibliot. the reviewer has, however, been well aware of what — in spite of all — had roused Ørsted’s interest. On this point he found himself enlightened by the final chapter, theabove-mentioned letter. »Aus diesem Briefe scheint zu erhellen, dass vorzüglich die Einheit, welche in den Erfahrungengebrachtwird, wenn die Grundlagen der Wärme, des Lichts, der Säuren, der Basen, der Electricität und der Magnetismus einerlei sind, den Verfasser so sehr für die Theorie Winterl’s eingenommen hat.«46 Hermbstädt too, under whose guidance Ørsted had worked in Berlin and with whom he had been on friendly terms, treated the book very haughtily.
The book meeting with such a cool welcome among most of the experimenting chemists and physicists in the birth-place of Nature Philosophy, an even less cordial reception was only to be expected outside Germany. And we find, in fact, that a noted English chemist, Chenevix wrote crushing reviews of it in the three European main languages. To show the strain we quote the latter part of the notice in Ann. de Chimie et de Physique. »Pour la gloire du dixhuitième siècle il est à espérer qu’il se hâtera de rejetter l’offrande de M. Ørsted et la chemie de M. Winterl.«47 Ørsted, by the way, incidentally replied to this review a few years later, saying that in it opinions and statements had been attributed to him which he had not expressed.
While still at work on the »Materialien«, Ørsted left Berlin and joined Ritter at Jena. He was with him »day in and day out« for three weeks, and when he was not with Ritter, he was working at the book, which thus came into existence under the very eyes of Ritter. While Ørsted was at Berlin he had been kept informed about Ritter’s work by letters. Ritter was at that time working under better conditions than at any other period of his life. He was supported by the Duke of Gotha and had the opportunity of making experiments with a Voltaic pile of 600 couples, and he fully availed himself of this opportunity. From one of his letters to Ørsted, dated February 1802, we learn of fresh and important results of his experiments, and more particularly of dry piles which he was the first to build and investigate, and of the joining of piles in series and in parallel. Ørsted’s interest in and admiration of Ritter’s work was probably increased by these communications, and through personal intercourse and co-operation these feelings were no doubt strengthened. Yet his confidence in Ritter’s results seems at times to have been shaken — at any rate he wrote many years after: »Although the experiments in which Ørsted took part were not especially suited to give him full confidence in the results derived from them, he relied all the more on the whole series of repeated experiments formerly made by Ritter, and it was not until several years later that he convinced himself of their inaccuracy by the repeated experiments of himself and others.«48 At this period, however, he was perhaps hardly conscious of his doubts. At any rate in the early part of the year 1803 he wrote a historical survey of the most recent developments in physics in Schlegel’s »Europa«, under the mark O., which bears the stamp of his admiration for Ritter and Winterl.49 »Der rege Eifer, die muthvolle Verachtung wissenschaftlicher Vorurtheile und der tiefe Sinn für das Höhere .... zeigt uns den Anfang einer neuen Schöpfung«,50 he writes, with special reference to the two scientists whose works and theories are the main subject of the treatise.
When Ørsted left Jena and proceeded to Paris by round-about routes, his connection with Ritter was kept up by letters. We have Ritter’s letters to Ørsted from these and the succeeding years, but not Ørsted’s to Ritter. The letters plainly reveal to us Ritter’s person, his methods of work, and his development. Already the letters from 1802—03 show us his excitable, imaginative mind besides bearing witness to his conspicuous powers as an experimentalist. Shortly after Ørsted’s departure (28/10 1802) he writes that he feels he ought to live with some clever man so as not to get into difficulties too often. He adds: »Es wird mir alle Tage ernstlicher um die Wissenschaft, u. ich fühle zu sehr, dass ich ausser ihr ein verlorener Mann bin.« In the letters fantastic speculations and ideas alternate with accounts of excellent observations and experiments and again with the description of quite imaginary experimental results. This year Ritter made his most significant discovery, tinding electric polarisation and constructing the first accumulator — called storage column — of copper plates and water. It is characteristic that this is mentioned in a letter containing at the same time the information that a needle, one half of which was zinc and the other silver, when suspended like a compas needle tended to set along the magnetic meridian. Besides this the letter is full of a kind of astrological forecasts, and contains an account of a balance by which he will be able to see the position of the sun and the moon, and other Statements of a similar wild and whimsical kind. It is easy to understand that a young man prepossessed in Ritter’s favour could only with difficulty separate the tares from the wheat in works so profuse in ideas, but this was just the task which presented itself to Ørsted during his stay in Paris.
When Ørsted had gained some proficiency in the French language, he made several acquaintances, and was introduced in the Philomatic Society, where he gave an account, at one or two of the society’s meetings, of Ritter’s researches and results. After he had described Ritter’s experiments with the Voltaic pile, asked him to write to Ritter »that the sooner he announced his discoveries of the last few years the better, as he could scarcely fail to obtain the prize of the Institute (3000 Livres).«51 »While he was first consul, Napoleon, through the French Institute, offered an annual prize of 3000 francs for the most important electrical or galvanical discovery which could be considered equal in significance to or Volta’s.«52 Ritter’s discovery of the storage column might well seem to merit the annual prize. He composed a paper on it in his usual abstruse style asking Ørsted to translate it. Verbatim this was impossible. Ørsted quite remodelled it into a French essay which Ritter afterwards declared he understood better than his own. Unfortunately Ritter had staled that through the discovery of the storage column he had been led to another discovery of far greater importance as he had succeeded in showing that the earth had two electric as well as two magnetic poles. He stated that the uncharged storage column, when placed in a vertical position, became + electric at the bottom, ÷ electric at the top, and that this charge was most powerful when the column formed an angle of 50°—70° with the horizon. This would moreover explain why the before-mentioned needle of zinc and silver took up its particular position of equilibrium. On account of this discovery Ritter competed for a larger prize of 60000 francs. Ørsted tried to show all Ritter’s experiments, but those relating to the discovery last mentioned were of course found incorrect. Ritter failed to secure the prize, but Ørsted gained much benefit and recognition from his endeavours to procure it for him.
Ritter’s working methods are best characterised by a remark of him in a letter to Ørsted(⅕ 1804): »Dubist Lehrer u. Forscher zugleich, ich Forscher allein; du gehst gewissermassen ein in das Forschen; ich sehne mich nach den Resultaten.« During the work at Gotha, experimental conditions were favourable and Ritter was gratified by a series of beautiful results; later when working conditions were less favourable, imagination, came to the rescue and Ritter still obtained results. During his last years — he died in 1810 — imagination ruled absolute and the results were elating, serving to indemnify their author for the misfortunes of his life.
Part of the ideas and experiments, described by Ritter in his letters, show a connection with Ørsted’s simultaneous or later researches. As Ørsted’s letters to Ritter are wanting, we cannot see who was primus motor in their relations or whether there was any causal connection at all. All that we can see — which is as much as we ought to expect — is that it only needs a remark from Ørsted to set Ritter’s imagination aflame with »ideas«. In a letter from May 1803 Ritter says: »Du liebst Ideen; also aus Langeweile welche« — whereupon he sets forth a number of ideas, relating to a question about the Lichtenberg figures, put by Ørsted in a previous letter; these ideas have a certain connection with Ørsted’s paper on »Elektriske Figurer og organiske Former«53 (Electrical Figures and Organic Forms) published in 1805, the most fantastic thing, probably, which Ørsted ever wrote.
In the same letter of May 1803 Ritter writes about oscillations: »Seitdem ich so in die Geschichte vertieft bin, u. überall Perioden ..... erblicke, hat Oscillation für mich eine hohe Bedeutung, und die häufigen Versuche alles auf Schwingung zu reduciren, werden lehrreich. Aller Sinnesempfindung liegt Oscillation zum Grunde ... In aller Zustandsänderung ist Oscillation begründet. Jeder chemische Process kommt vom Maximum der Oscillation durch allmäliges Verschwimmen derselben zum Product ... Kurz überall, wo nur etwas geschieht, geschieht es auch nothwendig oscillatorisch.« ...
As during the following years we find Ørsted occupied with the oscillations causing acoustical figures, the above passage by Ritter may possibly have been inspired by Ørsted’s account of the first steps in these experiments, though of course the reverse may also have been the case, one of Ritter’s many ideas may have found congenial soil in Ørsted’s mind. Ørsted’s thoughts also turned on the oscillatory propagation of electricity, and he first set forth his ideas on this subject in 1806. While Ørsted always keeps fairly within sight of the scientific hypothesis in his writings, Ritter soars into the realms of imagination and incidentally pronounces a remarkable prophecy. In his letter of May 1803 he contends that earthly things are dependent on periodical celestial phenomena, and finds that the years of maximum inclination of the ecliptic are also the years in which important electrical discoveries are made. He exemplifies this by the following list: —
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»Du wirst also nicht eher auf eine neue Epoche, oder deren Anfang als im Jahre 1819 ⅔ oder 1820 zu rechnen haben. Die erleben wir also wohl noch.« Strange indeed, that Ørsted was not only to see the prophecy fulfilled but was himself to fulfil it.
In this period it is often evident — in particular from the letters — how Ritter elaborates Ørsted’s comparatively sober results and remarks. When Ørsted, by the aid of Ritter, had got his first paper on acoustical figures54 published in Voigt’s Magazine, Ritter added »eine lange Nachschrift .... die hoffenti. sagen wird, was Du eigentl. hast alles sagen wollen ...«55 The postscript contains quite a theory about the generation of electricity by oscillations in solid bodies, due to the stretching and bending which these oscillations give rise to.
Another letter56 affords us an amusing glimpse of the fact that the tendency with which Ørsted had associated himself was not accepted without criticism in the German world of science. Ørsted had evidently written to Ritter to ask his advice about the publication of his paper on acoustical figures when it was finished. Ritter answers: »Mit dem Platz für deine vorgenommenen Abhandlung bin ich etwas verlegen .... Gilbert ist auf die schlechteste Art orthodox. Für meine Heterodoxien weiss ich noch immer nichts bessers, als den Voigt. Der liest’s doch nicht, ehe er’s in die Druckerey giebt, u. wenn er’s auch läse, so glaubt er doch an die Dreyeinigkeit.«
Ritter had many conjectures on subjects which had formerly occupied Ørsted’s thoughts and which play an important part in his later production, such as the classification or arrangement of the substances in groups and series. Finally magnetism was a constant subject of speculation to Ritter, more especially the connection between magnetism and other activities of nature, and thus Ørsted was early led to ponder over this matter.
We have seen how Ørsted’s production during his stay abroad and the intimacies he formed gave him officially the stamp of being closely associated with the philosophical school of plrysical science. This was detrimental to him in his own country, hampering his career to some extent, and it delayed his recognition by experimentalists. As late as 1819 Berzelius said to Zeise that 15 years ago Ørsted’s ideas were disfigured by extravagance but now he had emancipated himself. It is apparent from Ørsted’s letters how he felt that the epithet »Naturphilosoph« did him harm. His friend Manthey tried to create the impression, though for some time without success, that Ørsted’s interests were not only philosophical, but practical and experimental.
Ørsted returned to Denmark in January 1804 and expected and hoped to obtain the professorship in physics, the duties of which, since the last occupant’s death, had been temporarily discharged by the professor of astronomy. But the warden of the university believed him to be more of a philosopher than a physicist and on that account would not nominate him. In the course of the year reports of the unfavourable critiques on the »Materialien« found their way home. There is, e. g., a letter from Engelstoft,57 who was staying at Paris, to Professor Nyerup, in which he says:»A piece of literary news may interest you, but I do not exactly care for it to be said that I have sent it home. Dr. Ørsted, the chemist, had translated a German chemical book and written an awfully laudatory preface to it. This chemical book and its preface have been unmercifully criticised in an English journal by one of the leading English chemists who at the same time gives a plain exposition of the whole philosophy of Schlegel and compeers, that is, in so far as it can be explained in intelligible words, for the said book is such nonsense from one end to the other, entirely couched in the very latest, most mystical, terminology. The said English review has now been published in the Annales de Chimie with notes by the famous French chemist Guyton-Morveau, who has thus finally made the whole thing ridiculous to all the world. Whatever will Ørsted say! The worst of it is that there is no need either of profound chemical insight or great genius, but only mere common sense, to see with half an eye what nonsense it is. Amongst others the following two sentences, they say, are to be found in this same book so highly lauded by Ørsted: l’architecture est une musique congelée, and: les dieux de la mythologi ne sont que de cristallisations intellectuelles (for the book also contains much theology, mythology, etc., according to what I learn).«
The tone, it must be admitted, is somewhat spiteful, and the same note was sounded elsewhere. Thus when Ørsted had reviewed »Elektricitetslære grundet paa Erfaringer og Forsøg«58 (Textbook of Electricity founded on Experience and Experiments) by Friederich Saxtorph, the author replied by an anti-criticism59 in an unpleasant strain, taxing Ørsted amongst other things with his propensity for Nature Philosophy and his predilection for Ritter.
Ørsted, however, did not own himself defeated. We see this from an invitation to a course of lectures issued by him in 1804.60 In this he commended the connection of philosophy with physics, calling attention to the peculiar interest physics thereby acquires for the scientist and giving this as a ground for his invitation. Both this and later calls resulted in crowded halls. »Deine Vorlesungen möchte ich wohl mitgehort haben, obgleich wie mir Willemoes erzählte, ich kaum ins Auditorium gekonnt hätte,« wrote Ritter on the 4th of August 1804. Ørsted’s pleasure in communicating his knowledge, his enthusiasm for his subject, in addition to the experience of lecturing and experimenting gained in such ample measure in his travels, thus helped to procure for him and his scientific aims an amount of sympathy and interest sufficient to counteract the opposition he encountered.
In the first year after his return three articles61 contributed to the publications of the Scandinavian Literary Society showed Ritter’ and Winterl’s influence still dominant in him, and another paper, a criticism of the so-called eudiometry,62 made il evident that he still regarded Lavoisier’s school with disfavour. But in the same year the letter already alluded to shows him more soberly occupied with the acoustical figures, while a treatise in 1806, »Versuche veranlast durch einige Stelle in Winterl’s Schriften,«63 informs us that his belief in »Andronia« and »Thelycke« has suffered a serious shock through the negative result of his attempts to find Andronia. At any rate the theoretico-chemical paper of the same year entitled »Die Reihe der Säuren und Basen«64 takes no notice of these substances. In this paper, which is based on Winter’s idea that the two electricities are principles of acidity and basisity, Ørsted develops the view already previously advanced by him, that the two sorts of chemical compounds belong to the same group. Both this and a shorter paper65 on the undulatory propagation of electricity, to which he himself attached much weight, are the precursors of a larger theoretico-chemical essay in 1812 to which we shah return later.
The large attendance at his lectures and his fertility as an author at last procured for him an extraordinary professorship in 1806.
In 1807 his production was continued with »Betragtningerover Kemiens Historie«66 (Reflections on the History of Chemistry) which appeared both in Danish and German after a series of lectures delivered before a numerous audience in the beginning of the winter of 1805—06. About this paper he wrote in his autobiography that in spite of its many imperfections he regarded it with a certain predilection because of its intimate association with his scientific life. He describes the many alternating chemical theories he had lived to see and asks himself, »Is there a permanent truth in the midst of all this change?«67..... As an answer to this question he tried to show »that every theory which had been adopted by philosophers involved a contemplation of the connection of things, and a certain knowledge of the Iaws of nature, that is, of the reason in nature. This element of truth, he thought, we rarely succeed in giving an expression so pure and free from alloy that it can pass from age to age without needing correction of form, but neither the individuals nor the ages can be held accountable for this, it must be explained by the higher laws governing the development of mental life on earth.«68 How deeply rooted these opinions were in Ørsted’s mind may be seen from the fact that this paper was reprinted with hardly any alterations in 1844.
In the years following 1807 Ørsted’s confidence in Winterl’s researches was evidently shaken, and a decrease of Ritter’s influence may be traced, partly from the gradual decline of Ørsted’s contribution to their correspondence — of which Ritter complains in the letters — and partly by the letters showing Ritter’s mental collapse.
Although the Winterl-Ritter period of Ørsted’s life harmed his prospects and led him into alien paths from which he was eventually obliged to return, he never looked back upon it with regret or with bitterness againsthis prototypes. He remained Ritter’ s friend until the death of the latter in 1810, though not blind to the fact that he was a broken man during his last years. About Winterl and his system Ørsted wrote in 1828 »Winterl was a man of great ideas but without any acute perception of detail. His experiments, if we may so call them, are without worth, but his far-seeing mind had perceived the same connection in the mass of chemical knowledge at hand, as the galvanical discoveries showed other chemists. His system is really the same as the one now called the electro-chemical system, only that in part it is more comprehensive and in part has many excrescences. Some chemists, indeed, do not admit that the electro-chemical system existed before certain conclusive experiments by which it was, as it were, forced upon the attention of all experimentalists, but this laboratory opinion does not hold outside the workshop. The publication of a new thought is just as much an event as the publication of a new experiment, nay, the latter only obtains its importance, which may be very great or very small, through its relation to the world of thought.«69 These remarks are characteristic, partly by showing the mature man’s criticism of a youthful ideal, partly by their evidence as to the influences of youth.
The first important experimental work from the hand of Ørsted was among the publications of the Royal Society of Sciences for the year 1807 — published 1810 — and bore the title »Forsøg over Klangfigurer«70 (Experiments on Acoustical Figures). It obtained the Society’s silver medal on the 18th of February 1808 and was published in German in Gehlen’s »Journal für die Chemie and Physik« in 1809. Its precursor was the before-mentioned letter from Ørsted to Ritter »Chladnis Klangfiguren in elektrischer Hinsicht betreffend« dated October 5th 1804 and published in Voigt’s Magazine (1805).
The paper was based on several hundred experiments on acoustical figures produced on square plates of glass or metal, a few of them on circular plates. While Chladni used sand to make the acoustical figures visible, Ørsted employed lycopodium in most of his experiments, and with this finer powder the figures showed somewhat differently. Ørsted’s reason for taking up this work appears from the letter of 1804. He expected to discover electrical effects due to the oscillations causing the acoustical figures, and he supposed that the accumulation of electricity in the different parts of the vibrating plates would be observable by the lycopodium becoming electric on being sifted out and thus presumably seeking just those parts of the plate which had the opposite electricity. Ørsted was of opinion that electricity in great quantity and of slight tension is not conducted; he inferred this from the electric charges arising from contact between different metals, and he therefore considered it possible that even on an oscillating metal plate there may be different electricities in different places. Hence, when he expected a generation of electricity from the vibrations, he was no doubt influenced by Ritter’s and his own ideas about the universal importance of electricity in physical phenomena, and by Ritter’s experiments on the relation of electricity to the sense organs.
As soon as Ørsted made the acoustical experiments with lycopodium, he became aware of certain phenomena which he supposed might afford an important insight into the mechanism of the production of a tone, and hence the main treatise gives an account of the many experiments carried out in order to clear up this matter. It deals with four different problems. First Ørsted examines the shape of the boundary lines between the vibrating and the quiescent parts of the plate. Through neat experiments and a series of careful measurements they are found to be hyperbola with the nodal lines for asymptotes, and it is then attempted to prove theoretically that the boundary lines in general must be conic sections and that, with the shape of plate here used, they may be expected to be just hyperbola. The second chief subject investigated is a series of minor motions in the plate which are revealed by the lycopodium, and which exist simultaneously with the large motions marked by the nodal lines. In particular it is remarkable that small heaps of lycopodium accumulate where the vibration is greatest. Chladni had observed that fine dust was apt to accumulate in these piaces71 but did not go further into the matter. Ørsted studied and described these minor motions of the dust for different ways of evoking vibrations in the plate, viz: by knocking a point of the edge, by striking the whole side line, by applying a violin bow etc. On the results of these experiments he built up a theory about the propagation of vibrations in solids professing to explain the propagation of the motion from the place where the bow is applied through the quiescent to the vibrating parts. The explanation is not very clear and is of no value, but in the letter of 1804 Ørsted sets forth an idea of importance in relation to the appearance of these minor oscillations, a thought which is repeated in the treatise though not so clearly expressed. He says that these minor motions show that every sonorous oscillation is composed of a number of minor oscillations. »Hence the nature of each tone seems to be more dependent on the relation between the subordinate oscillationsand the main oscillation than on the mere number of the main oscillations. Each tone thus seems to be an organisation of oscillations.«72
These first two sections are the valuable part of the treatise and their importance is seen from the treatment to which especially Savart and Faraday submitted the same subjects about 20 years later. Strehlke73 found the hyperbolic form of the dust lines in 1825, and a couple of years later Savart74 investigated the behaviour of vibrating plates in the same way as Ørsted had done. He, too, saw that the lycopodium may set outside the usual nodal lines. He gave a detailed description of the facts in regard to circular plates, coming to the same result as Ørsted and explaining it in a similar way, it being his opinion that through this result we may demonstrate oscillations which offer information about the overtones that determine the timbre of the plate.
While Savart does not menlion Ørsted’s paper it was, on the other hand, referred to by Faraday who took up the question for definite determination in 1831.75 He only mentions Ørsted’s paper incidentally, however, his enquiry having been caused by Savart’s.
Faraday cites Savart’s above-mentioned result and says,»A secondary mode of division subordinate to the principal as to be always superposed by it, might have great influence in reasonings upon other points in the philosophy of vibrating plates; to prove its existence therefore is an important matter. But its existence being assumed and supported by such high authority as the name of Savart, toprove its non-existence supposing it without foundation is of equal consequence.«76 This was just Faraday’s purpose. First he exactly describes a series of experiments with vibrating plates where lycopodium or some other light powder is used. Its liability to form accumulations of »heaps« in the vibrating places is investigated together with the motions in the small heaps. His observations here accord with Ørsted’s. Next Faraday shows that the shape of the accumulations is altered by small paper screens on the plates, though these cannot change the vibrations. From a number of systematically arranged experiments he concludes that the accumulation of the light dust in certain places does not mean any secondary division of the plate according to overtones, but is only due to currents of air passing over the plate in motion. That this interpretation is the right one he demonstrates by producing vibrations of the plates in a vacuum, the acoustical figures then prove the same whether heavier or lighter powders are used.
The third chief point of Ørsted’s enquiry deals with the possibility of producing electricity during the vibrations. He observed that directly, by the electrometer, such production could not be demonstrated, and he realised that the method of showing the distribution of the electricity by the electrified powder, which he had first trusted would take him to the goal, had also failed, since he found that different powders, though assuming opposite electricities when sprinkled out, set quite similarly. But he observed a phenomenon which he supposed to be caused by electric action. He states that the dust adhered most to the plate in the »dust lines«, i. e. the boundary lines between the quiescent and the vibrating parts. If an acoustical figure has been produced on a horizontal plate and this plate is turned face downwards and tapped lightly with the palm of the hand, the dust will fall off from all places except the dust lines. He thought this was due to an electric binding of the dust in these lines. To explain this generation of electricity he resorted to the same line of argument which he had applied in explaining the propagation of the vibrations, and he himself attached considerable weight to it. The main idea is best understood if we imagine a square disc stroked down the middle of one side and held at the corners, so that the nodal lines become diagonals. By these the disc is divided into 4 triangular surfaces. Each of these is imagined to be composed of parallel strings of decreasing length from edge to middle. The motion is propagated, but with decreasing oscillation, from the farthest string to that nearest the middle, Ørsted now took it for granted that, if the velocity of the strings decreased on passing from the longer to the shorter strings, a certain internal velocity would increase. Through this intense internal motion he supposed electricity to be generated. »Might it not be possible that the external oscillatory motion, changed into a penetrating internal motion, passed also from a mere mechanical motion into a generation of force?« In such an utterance one may perhaps perceive a vague anticipation of the principle of the Conservation of Energy. On the basis of the conception here sketched he explained the adherence of the dust to the dust lines in a very elaborate way.
The fourth and last subject is philosophical. Ritter’s views on the generation of electricity through sound vibrations are mentioned, as well as his theory that light which acts on the eye is due to vibrations just like sound which acts on the ear, only that the light vibrations are much quicker — slowest in the rays giving the impression of blue, quickest in the red rays. Finally there is an oratorical conclusion about the »profound incomprehensible reason of nature which speaks to us through the flow of music.«
One branch of Ørsted’s philosophical production is closely connected with this conclusion. The first part of his »Bidrag til det Skjønnes Naturlære« (A Contribution to the Natural Philosophy of the Beautiful) is founded directly on it. It appeared in the Publications of the Scandinavian Society, vol. VII, 1808, under the title »Om Grunden til den Fornøjelse Tonerne frembringe« (On the Gause of the Pleasure Produced by Music). In this paper he praises the beauty of the acoustical figures and seeks the cause of this impression on the senses in the fact that they are an expression of the »reason in nature«. Vilh. Andersen has pointed out77 how Ørsted’s predilection for experiments on acoustical figures is reflected in his circle during this period. He must have shown these experiments to many people, probably praising their beauty. Søren Kierkegaard writes in a letter that Ørsted’s face had always seemed to him like a sonorous figure to which nature had applied her bow in just the right way; »Hauch in his biography compared his life to a mighty sonorous figure, Eckersberg painted him with the glass plate in his hand.«78
In some occasional verses (written to a young student) Ørsted compared the study of the physical sciences to an acoustical figure.79 Oehlenschläger, too, saw his experiments; in »Aladdin« he lets Noureddin as »Nature’s Researcher« perform them.
Hence we see that »Forsøg over Klangfigurer« was of great significance to Ørsted. As already mentioned the treatise brought him the silver medal from the Society of Sciences and at the same time admission as a member of the Society in November 1808. In March 1809 he was elected corresponding member of the Academy of Sciences at Munich in consequence of his paper on sonorous figures in Gehlen’s Journal.
The performance of so many experiments for definite purposes trained Ørsted in the art of experimenting and observation, and thus we see that his descriptions of experiments agree well with those of such skilled experimenters as Savart and Faraday. In home circles this work enhanced his reputation as an experimentalist and a natural philosopher of exceptional power, but its philosophical cast was detrimental to his treatise regarded as a work on physics and partly concealed its importance to those who took up the work later on. For it cannot be denied that the arguments employed in various piaces, especially to explain the generation of electricity, bear the stamp of being adapted so as to agree with a previously given result and of building not so much on mathematically or experimentally grounded facts as on hypotheses intuitively advanced. To French and English scientists, in particular, who were not infected with the phraseology of the German school of Nature Philosophy, the form must have been distasteful.
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11)

12)

13

B. E. M.

Samme Forsog, kun med den Forskjel ai Lederen laae i en horizontal Plan over
Magnettraadens Sydende.

W Retningen af Krafierne S :——’-;/V

Afvigning mod Vesl.

Retningen f_'t_f_> N : Afvigning mod Ost.

En enkelt Zink- og Kobberplade til 2 PTom give med Svovelsyre lil flydende Leder
en meget kjendelig Virkning paa Magnetnaalen.

For at prove om et enkelt Element (Kobberkasse, Zink og syret Vand) kunde give
Virkning paa Magnetnaal, naar den faste Leder afbrodes ved en flydende, lagdes
el Stykke befuglet Papir mellem to Messingplader af 28 Quadrattommer, og Zink-
pladen forbandtes med den ene, Kobberpladen med den anden. Naar den Mlydende
Leder enten var Potaskevand eller Svovelsyrevand, med yderst lidet Syre, saa viste
denne afbrudte Leder endnu Virkning paa Naalen. Lerret i Sledel for Papir
gjorde ingen Forandring.. Med Vand, som flydende Leder udrettedes intet, i det
mindsle intel Kjendeligt. To Melaltraade (i Stedet for Pladerne) i et Glasror fyldi
med Polaskeoplpsning gave ei heller Virkning.
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med Blye gav samme Resultat som med Platiniraad.

Enden af den negative Leder lagdes == over Magnelnaalen og Udladningen
skeede i Syd og Naalen gik mod N.W. Udladningen mod Nord — Naalen i NO.

Enden af den positive Leder lagdes over Naalen. Udladning ved Syd Naalen
gik mod NO 50°.

Udladning ved Nord Naalen gik mod NW. 50°.

Enden af Lederen lagdes perpendiculair paa den magnetiske Meridian ingen

Beveegelse ved Udladningen.





EPUB/images/image_xxxiii.png
17451/; Erfindung der Kleisischen Flasche 1745
Jahre des Max. (verschiedene).
der Schiefe der { 1764  Electrophor 1764 (Wilcke).
Ecliptik. 17822/; Condensator 1783 (‘Volta).
18011/5 Volt-Saule 1800 (Volta).






EPUB/images/image_lxxvi.png
Supplement Il En temmelig fiin Platiniraad af 3—4 Tommers Leengde glodet i vertikal Stilling ved
Nordpolen frembragte naar
den =~ Leder var nederst Frastodning mod Jsl }
1

» 4 » » » » »  Vest
ved Sydpolen

» ~+ Leder » » » »  Vest

> 4+ » » » » »  @st

(i Kladden: » Traaden glodet over Naalen det samme; men svagere<)?

Glodede Traaden (i Kladden: langs Naalen) i horizontal Stilling 1 Tomme over Magnet-
naalen, saa frembragle den folgende Virkninger :

1) Naar den laae i Magnetens Meridian -+ Leder mod Syd: Frastedning fra Syd til Ost

(iKladden: Sydenden steerkere @stend for)—Leder mod Syd: Frastedning mod Vesl
2) | Magnetens Meridian ncesten ingen Virkninger.
En temmelig tyk Metaltraad

af ubekjendt Komposition glodede ikke, men frembragte, vertikal og horizontal igjennem

Meridianen samme Virkninger i samme Stillinger, som Platintraaden.

| Meridianen < Ost: ingen Virkning ; drejede man den i samme horizontale Plan om
en Axe gjennem Kompassels Midte, saa beveegede sig Sydenden mod Vesl.

var + mod @st, vandrede Naalen fra Syd til @st over 180°, og vedligeholdt sin Stilling,
saalenge Traaden under sluttet Kjede forblev i Stillingen (i Kladden: Forssg gjen-
laget samme Stilling kun i modsat Retning. NB. Misteenkeligl).

Aftoges Glaspladen, viiste sig det samme. Siden efter under en svagere Virkning af

Batteriet frembragtes ikke disse Frastoedninger. )
Stanniolstrimler frembragte under de samme Stillinger de samme Virkninger.
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Al forsoege
oplegnet 1ste Apr. 1821
At smelle ved Galv. Jerntraad, indslutlede i Harpix, i Therpentinolie, i Brindluft.
Man eftersee om de derved vorde saa skjore, som naar de smeltes ved samme
Middel i Luften.
Al give Metaltraade, iser Jerniraade en glodende Udladning, saaledes at Quiksolv
udgjor en Deel af Buen, og virker i denne Tilstand paa Jernel.
Kunde man ei frembringe en Eflerligning af Polarlyset, ved en magnelisk Con-
densator af stor Virksomhed? — Vort Apparat tykke Ledningstraade.
At prove hvorvidt man kan magnetisere med Condensaloren. Skulde man ikke
kunde anvende denne Magnelisering il sand Forhoielse af vore Magnetkrefter.
Kan ei en Metaltraad, ved at behandles som en Jerntraad man galvanisk magne-
liserer, faae den Egenskab at tiltreekke Jernfiilspaan, saa lenge den galvaniske
Indvirkning varer?
Have de til Kugler halvhensmellede Jerniraade ingen magnehsk eller galvano-
magnelisk Virkning?
Ere Tonesvingningerne ikke ledsagede med galvanomagnetiske Virkninger?
Man burde danne en magnetisk Condensator paa folgende Maade :
Man drage paa fiint Papir med Gammivand folgende Figur
daekke denne med eet Guldblad, og lade det torre. Man kunde siden
afgnide det lpse Guld, og man havde da en Condensator af Guldblad.
Fra a maalte gaae helst bag ved Papiret en Tinsiribe, som forbandt
en megel fiin Zinkplade med a. Papir og Fugtighed der imellem
vilde give en saare letbeveegelig Condensalor. Det forslaaer sig at
den maa heenge i Silkeormespind. — Splvblade vilde veere endnu bedre. — Mon
Blyantstreek vilde veere brugbare? Maaske bedre en Vedske af Blyant og Gummi-
vand.
Metallernes Brintning, og maaske Adskillelse burde forssges med den siorst
mulige Kraft.
En slaaende Leder maa paa alle Kanter tiltreekke Jernfiilspaan med lige Lethed,
Har en Jerntraad i Smeltningspjeblikket ingen scer Virkning paa Magnetnaalen?
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EM
til at prove (skrevet d. 6 May 1821)
1) Skulde en galvanisk Leder ikke udove mindste Tillreekning paa et ugalvanisk?
2) Man kunde maaske gjendrive Berzelius's Theorie om galvanomagnelismus ved ai
vise al en Jerntraad, der havde udgjort en halp Ring om en tyk galvanisk Leder
havde o modsatle Poler.

3) Man kunde bringe en Jerniraad paa lvers i en Mydende Leder i Kjeden, saavel
paa dens Overflade, saa al den udgjorde en Deel af Omkredsen, som i Midfen, saa
al den udgjorde en Diameler.

4) Man kunde prove om boiede Ledere, hvis Gjennemsnil var:

§S§E§‘ @/% be =bd =a, ab=0

%: & @ 0% = 2a? 4 2 cos v. a?

§§§§§ = 2a? (1 + cos v)

3 ‘ﬁ 2R 8 @ Erv = 120°; saa er §* = o?,

4 2 8 e~ 0g 6 = a all ovrigt lige ere

ol 8 ; <§ é) Frastodningerne af vedkom-

g &8 ::: mende Punkler = Tiltreekn.
frastodte hinanden.

5) En magnetiserel og med Vox overlrukken Staaltraad legges paa Quikselv, og delle

bruges som negativ Leder i en Kjaede.

6) Samme Forsog uden at Naalen overdrages med Vox.

7) En Leder udskjeres saaledes al en Staalstrimmel eller en anden Metalstrimmel
kan gjores til en lransversal Deel af Lederen, og let udiages ; vorder denne derved
magnelisk?

8) En fiin Magnelnaal opslilles inde i en huul Leder, for at see om den ei drejer sig.
Den hule Leder kan have folgende Indretning.

Jila El Glasror ab, hvori en Magnetnaal, omgives af el Glasror cd, som neden
er lukket med en indkittel Leder, og fyldt med Quiksolv til ef, med en gjen-
nemsiglig Leder lil gh, og i pvrigt slullet med en fast Leder.

NB. Herved kan Omdreining ei tilveiebringes, fordie Virkningerne ved a o9 b
streebe al give Naalen modsalte Retninger.

I

;i men en Naal som abe, ophengl ved Silkeormespindet da synes al maalle op-
¢ [ylde Fordringen.
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@sten for Naalen
Vesten for Naalen nedtrykte det negative

2
frastoder ved Nord

Tiltreekning ved Nord

Frastpdning ved Syd

Tiltreekning ved Syd

Mellem Pol og Midtpunkt det modsatte

8 Galvanisk Gaffel dens Plan lige for Sydpolen

den vestlige Del -+ - - — Frastodning *
Planen osten for Sydpolen omtrent /s Tomme
-~ nordlig - - —  Frastedning
Planen psten for Nordpolen - nordlig —  Tiltreekning
omvendt Frastodning
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> vesten » - + sydlig Frastedning
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Traaden horizontal i en Plan | paa Magnetnaalen
ved Enden af Sydpolen - vestlig opad
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Nordenden var neden og Sydenden oven for Naalen. Den gaffelformige Boining Supplement VI
af Lederen virkede paa Polerne saaledes som man umiddelbart kunde forudsee det,
af dens Virkning paa den vanlige Magnetnaal.

8) Naar den nermeste Deel af Lederen slilledes parallel med Magneltraaden, frem-
bragtes ingen Bevaegelse, som ligeledes kunde ventes, da den ene Pol altid vilde
drives i den modsatte Retning af den anden,og Magnettraaden ei kunde dreies om
sit Midtpunkt.

9) Lederen dannede en Vinkel af 45° med Horizonten, i en Plan fra Ost lil Vest. Rel-
ningen fra det Negative til det Positive gik fra oven til Neden :

a) Bag Sydenden af den lodretle Traad gav den Afvigning mod Ost.
b) Foran samme: Afvigning mod Vest

¢) Bag Nordenden: Afvigning mod Vest

d) Foran Nordenden : Afvigning mod Ost.

10) Lederen parallel med den umagneliske Naal, og beliggende i en horizontal Plan
der skar Magnetiraaden mellem Sydenden og Ligeveegtspunktef. Relningen fra
Negativt til Positivt var fra Syd til Nord. Afvigning mod Osten. Kreefternes Rel-
ning omvendt: Afvigning mod Veslen.

-+~ oven
ien Plan fra 0 tl V
Lederen skraa
bag ved S mod O
N for ved S lidt mod V.

-+ oven
foran Afv. O
bag Afv. V.
— oven for N til Ost
foran N bag N til Vest.
Afv.0
bag Afv. V.
Parallel foran SN, ingen Forandring. Ved Siderne ei heller.
Lederen Osten for S —+ fra Syden -+ fra N mod Osten
under S. | Vesten for, ogsaa mod Oslen
- fra Nord + fra Syd. Vesten paa begge Sider.

Lederen | -+ fra Syd. Afv. mod V.
over S. + fra Syd. Afv. mod 9.

Tiltreekninger og Frastedning af Gaffelen, som ved den horizoniale Naal.
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Et lodret Ror med caustisk Nairon frembragte naar - var nederst ved Sydpolen Supplement 11
nogle Afvigninger mod Vest
omvendt frembragle modsatte Virkninger.
horizontal + mod Syd Afvigning mod Ost.
— -+ mod Syd Afvigning fra Syd til Vest.
Gnist ved Nordenden frembragle Afvigelse fra Nord mod Ost,
En Jerntraad No. 13, 1!/s Fod lang frembragte vertikal og horizontal gjennem Meri-
* dianen samme Virkninger som de ovrige ligesaa en Messingtraad af No. 12. Der-
imod | frembragle selv under Forkortning til 3 Tommer ingen kjendelig Virkning
saaledes som med Melaltraaden.
Kladden lyder: En Traad %/; AL Jern Magnetens Mer.
4+ mod Syd. Frastadning fra Syd til @st. omvendt — omvendL.
Lodret paa Magneten
-+ mod Vest ingen Virkning
- » el heller
Traaden forkort. 1 Fod ei heller
9 Tom. ei heller
6 Tom. —
endnu kortere
ingen.
Endvidere i Kladden: Messingiraad
+ mod Syd Naalen gik Syd mod @st
+ mod Nord omvendt
+ mod @st neesten ingen
<+ mod Vest.
Experimentet med . . . ... .. virkede ved svagere Virkning.





EPUB/images/cover.jpg
LINDHARDT OG RINGHOF Blﬂd -|





EPUB/images/image_lxxxv.png





EPUB/images/image_icon2.png
N S
(4](:(4
>





EPUB/images/image_lxxxviii.png
Supplement V

D. 19de Juli 1820.

Ophengle Lak, Glas og Messingtraader afficeredes ikke.

En Magnetnaal der tillige fastholdles i sin Stilling af en anden Magnet frastodies dog.

Traaden holdt i samme Flade, hvori Magnetnaalen vandrer, gjor ingen Forandring.

Virkede gjennem Jern neeslen umerkeligt.

Befugtet Papir ingen bestemt Virkning.

En Magnetnaal lagt == over Pladen tilirak Naalen. Den ovenoverliggende Magnetnaals
Sydpol berories med den negalive Leder, Nordpolen med den + Leder: Magnet-
naalen, der var ophengt, gik med Syd mod Vest, omuvendt omvendt.

Den overliggende Naal havde Nord | paa den underliggende. Sydenden af den over-
liggende berortes med <+ Leder: den opheengte Naal frastodles mod Vest.

-~ paa Nord frastodtes mod- @st.

Magnetnaalen lagdes Vesten, | Nord mod den ophengle.

Nordenden berories med + Magnelnaalens Nordpol gik mod Vest.

Virkede gjennem 2 Tommer Tree, ligeledes 3 Tom. virkede gjennem Electrophorpladen,
gjennem en Porphyrplade gjennem Vand og en Fajence Talerken.
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d. 21 Julit

Traaden lodret mod Nord | -~ oven |
Paa begge | Foran Polen ostlig Afvigelse
Sider Bagved Polen vestlig
Ved Sydpolen | + oven |

Paa begge | Foran Polen vesilig Afvigelse
Sider Bagved —  ostlig Afvigelse

n 1}!' - ‘/f\ Ost

en
S = Sl 7L d:’z/mxy

for

Naalen
st ———————
n - M +

U ar]

Negativ i Vest Oploftning.
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Supplement VI

D

2
3
4
5)

6)

A E. M.

Magnetnaalen og Lederen kunne befinde sig i samme Vandmasse, uden at Virk-
ningen derfor ophorer.

En Froe i el Cylinderglas med Vand synies ikke at fole Indtryk af Lederens Neerhed.
Guldbladelectrometrel forandredes ikke ved at neermes Lederen, eller bergre den.
Virkningen table sig ikke ved at gaae gjennem el Speil.

Luftens Fortyndning eller Forietning i en Glasklokke, synes ei at virke paa en neer
Magnetnaal.

Et Glasror med to Messingtraade og Potaskeoplosning blev brugt som en Deel af
Lederen mellem Z og K i en enkelt Kasse. Om man end gav Traadenes Spidser
en nok saa ringe Afstand, naar de kun ei berorte hinanden, skede ingen Virkning
paa Magnetnaalen. Delte Forsag maa dog gjenlages med beveegeligere Naal.

7)% En umagnetisk Naal opstilledes paa en Spids, hvorom den kunde dreie sig. Paa

den ene Ende befeestedes lodret en Staaltraad, omirent 11/, Tom. lang, saaledes at
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1 Supplement I

ligeledes maa proves Traader i horizontal Stilling parallel med Naalen, paa estlig og
vestlig Side.

Omdreining ved Electrisk Udsiromning.
m En slutlet el. Stotte bragt i samme Stilling mod Magneten som de gal-
)
-+

vaniserte Traader. — En uslultet ligesaa.
Electrisk Gnist i Therpentinolie ncer ved Magnetnaalen.
Enumagnetisk Naal bragt i samme Forhold som den magnet.— Blandtandet en Jerntraad.
En sior galvanisk Udladning i Nerheden af en chemisk Metaltreedannelse. —
Det samme forsagt mod en Galvanisk. ’
En stor galvanisk Udladning i Neerheden af el sig oplosende Melal.
I Neerheden af en meeltet Saltoplpsning.





