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PREFACE TO THE ENGLISH EDITION

IN the historical record of science the name of Helm-
holtz stands unique in grandeur, as a master and leader
in mathematics, and in biology, and in physics. His
admirable theory of vortex rings is one of the most
beautiful of all the beautiful pieces of mathematical
work hitherto done in the dynamics of incompressible
fluids. In 1843, when he was only twenty-two years
old, and barely emerged from his undergraduate course
as a medical student, he showed, in his first published
scientific paper, a clear appreciation of the necessity
of distinguishing vital from non-vital phenomena: and
he gave experimental evidence tending to prove that
putrefaction and fermentation are essentially vital
actions: and thus led the way to Pasteur’s splendid
and beneficent discoveries. His Erkaltung der Kraft,
published in 1847, was a guide to his own countrymen,
and to the rest of the world, in the doctrine of energy
through the whole range of dynamic action in dead
and living matter, then despised and rejected by nearly
all the high priests of science; now cherished &y al/
as a most fruitful result of modern research. His
Tonempfindungen, and his Physiological Optics, are
not mere textbooks : they are ever memorable Prineipia
of the perception of sound, and of light, by living
creatures.
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-The professional career of Helmholtz was unparalleled
in the history of professions. He was Military Surgeon
in the Prussian army five years; Teacher of Anatomy
in the Academy of Arts in Berlin one year; Professor
of Pathology and Physiology in Konigsberg six years;
Professor of Anatomy in Bonn three years; Professor
of Physiology in Heidelberg thirteen years; Professor
of Physics in the University of Berlin about twenty
years, till he became Director of the new ¢ Physikalisch-
Technische Reichsanstalt’. He occupied this post during
the last years of his life, still continuing to give lectures
as Professor of Physics.

Beginning with the generous aid and co-operation of
Werner _von Siemens, and ultimately supported by the
financial resources of their country, Helmholtz created
the Reichsanstalt, which has already conferred inestim-
able benefits, not only on Germany, but on the whole
world. It is an example, tardily and imperfectly fol-
lowed by Great Britain and other countries only now
beginning to learn that scientific research yields results
which are valuable, not merely for the discovery of
truths appreciated only by scientific workers, but for
contributing in many ways to the welfare of the whole
people.

The Faraday Lecture, delivered by Helmholtz before
the Fellows of the Chemical Society in the theatre
of the Royal Institution on Tuesday, April 5 1881,
was an epoch-making monument of the progress of
Natural Philosophy in the nineteenth century, in
virtue of the declaration, then first made, that elec-
tricity consists of atoms. Before that time atomic
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theories of electricity had been noticed and rejected
by Faraday and Maxwell, and probably by many
other philosophers and workers ; but certainly accepted
by none. Now in the beginning of the twentieth
century we all believe that electricity consists of atoms.
How far-reaching is this theory, and how much science
is enriched by it, is splendidly illustrated by Becquerel’s
discovery of radio-activity, and the magnificent harvests
of new and astonishing truth which have been
gathered by the numerous and brilliant workers in
the field of investigation thus opened to the world.

I cannot conclude this short preface without re-
ferring to the great debt which the world owes to
Helmholtz, in having given to Hertz the inspiration
to find experimental proof of Maxwell’s electric waves ;
and giving him, in the Physical Institute of the
University of Berlin, the apparatus and appliances by
means of which he carried out the investigation. To
this we owe the first practical demonstration of pro-
gressive electric waves, and of stationary waves, in
air, and therefore inferentially in ether undisturbed
by ponderable matter. Thus in Helmholtz we find
a prime factor in the grand series of theoretical and
experimental Yesearches through which wireless tele-
graphy has been achieved.

The Oxford University Press has earned the grati-
tude of all English-speaking scientific workers in
giving to them this English version of the very
valuable and interesting Life of Helmholtz, by
Dr. Konigsberger.

KELVIN.
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AUTHOR'S PREFACE

I pecipED at the end of last year, in consequence
of my long personal and scientific connexion with
Hermann von Helmholtz, and at the repeated wish
of his widow, the late Frau Anna von Helmholtz, to
compile a Biography of the great investigator.

Thanks to the letters and other communications
received from his family and from a vast number of
distinguished scholars and friends, to the permission
accorded by the Prussian Government to avail myself
of the Official Papers relating to the career of Helm-
holtz, and above all to the active co-operation of his
daughter, Frau Ellen von Siemens, I have been
enabled to give a connected account of his life; for
this help I beg to express my cordial thanks.

It is for the indulgent reader to decide whether it
lies within the power of a mathematician to present
the epoch-making contributions of von Helmholtz to
the most various departments of human knowledge
in a form that shall be universally intelligible.

Leo KOENIGSBERGER.
HEIDELBERG,
. October, 1902.

In the English edition the Life has been slightly abridged, with
the permission of the author and German publishers.
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CHAPTER 1

THE PARENTAGE OF HERMANN VON
HELMHOLTZ

HEerMANN voN HEeLMHOLTZ was the son of August Ferdi-
nand Julius Helmholtz, who was born on December 21,
1792, in Berlin, and was educated at the Friedrichs-Gymna-
sium ; he matriculated on October 15, 1811, in the Theological
Faculty of the University. Notwithstanding a feeble consti-
tution, he took part in the campaign of 1813-1814, was sworn
in as a volunteer at Breslau immediately after the Royal Pro-
clamation on March 30, 1813, and was promoted to be second
lieutenant on September 8, after the battle of Dresden.

After the Peace of Paris, 1814, he obtained his discharge,
and returned to Berlin, but felt himself obliged to give up
his theological studies from conscientious motives, since he
was unable to reconcile himself to the hyper-orthodox views
that prevailed at the time. He therefore chose the study of
the classical languages as his profession, although his inclina-
tions would have led him to prefer philosophy.

A protracted nervous fever obliged him to relinquish the
campaign of 1815, when he accepted a temporary engagement
as private tutor to a couple of talented and industrious lads
with whom he was happy and contented; and he only parted
from them reluctantly in order to provide for his future, and
secure himself a permanent position.

After passing a qualifying examination in Berlin he was
appointed form-master at the Potsdam Gymnasium in 1820,
and became Professor by Royal Patent in 1828.

Directly after his appointment to the Gymnasium he married
Friulein Caroline Penne, the daughter of a Hanoverian
artillery officer, who was born on May 22, 1797. She was
descended in the male line from the famous American colonist
William Penn, the founder of Pennsylvania, and on her mother’s
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side from a family of French refugees named Sauvage. This
happy union lasted till 1854, Frau Helmholtz doing much by
her faithful fulfilment of her domestic duties to lighten the
heavy calling of her husband, who was weighed down by his
sense of duty and scrupulous conscientiousness.

Caroline Helmholtz is described as being excessively simple
in appearance, and was profoundly emotional and of quick
intellect. Everything she said was incisive, and her homely
judgements were clear and luminous. She seemed to pene-
trate obscure points by intuition, ‘ without any deep reflection,’
expressing her conclusions in simple language. ‘A refined
officer’s daughter,’ says her younger son, Otto, ‘she was
compelled by the straitened circumstances which were all my
father could provide for her, to consecrate her whole life to
the maintenance of the household, and the education of
her children, particularly of the two daughters, since my
father was physically much enfeebled by the effects of his
campaigns.” His profession, moreover, was onerous, for the
strictest discipline prevailed at that time among Prussian
officials, greatly to the advantage of the country, and to the
ultimate weal of the whole of Germany.

Thus when the young teacher expressed his desire to be
associated with the general insurance fund for widows of
officials, the Consistory made the following characteristic reply,
which is illustrative of the rigid discipline then maintained in
Prussian offices, and of the temper in which the rising genera-
tion were brought up :—

‘ Your memorial is incomplete in its contents and most repre-
hensible in its form. It was your duty definitely to explain
that you could, and to engage that you would, provide a pension
of at least 100 thaler at the General Institute for the Relief
of Widows on behalf of your future wife, so that the declaration
that you had decided to provide for your wife is obviously not
sufficiently definite. 'We shall expect to receive the amended
statement within eight days. ... With regard to the form, you
ought to know, or your sense of propriety should have informed
you, that an official statement or memorial to the Board should
not be drawn up upon a single page, but should occupy an entire
sheet. The leaf you have handed in testifies to the greatest
inattention and neglect of the respect due to the Board, and
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to its President, by whom the communication of the 3rd inst.
was issued. We are compelled to call your attention to this
carelessness on account of its consequences, and to recommend
you to observe the claims of propriety and duty.’

Such reprimands, however, were quietly accepted by the
young Prussian official, in whom respect for authority was in-
born. He devoted himself whole-heartedly to his profession,
giving instruction in German and philosophy, translating and
interpreting Plato, The Odyssey, Ovid and Virgil with his pupils,
while for four years he was further responsible for the teaching
of mathematics and physics in the higher forms. Notwithstand-
ing this press of work he found time for painting (in which he
was self-taught), for philosophical study, and for the publica-
tion in the annual School Report of essays, such as ‘ The Early
Development of the Hellenes’, ¢ Historical Problems of the
Coming Century’, and ‘The Arabs, as described in the
Hamaseh’, the merits of which were recognized at a later
time by eminent authorities. Thanks to his wide literary
studies, he had acquired a considerable knowledge of
-aesthetics ; his scientific interests were comprehensive; and
he was a stimulating and capable teacher, with a pronounced
individuality—as shown by the official report of the Head-
master, which emphasizes his admirable influence upon the
character and achievements of his pupils no less strongly
than it is attested by such of the latter as still survive.

In the words spoken fifty years later at the Commemoration
Festival of the University of Berlin, by one who has earned
undying fame, ‘the older among us can remember the men
of that period, who had been the foremost volunteers in our
army, who were always ready to plunge into a metaphysical
discussion, who were well read in the works of Germany’s
great poets, who burned with wrath at the name of the First
Napoleon, and glowed with pride and inspiration in relating
the deeds of the war of liberation.’

In respect of Latin, his profession seems to have been
merely the ¢bread-study’ that he was wont to call it, but he
was an enthusiastic Hellenist, and had a great influence over
his pupils, endeavouring to give them a feeling for poetic
beauty, instead of merely providing them with grammatical
instruction. As a schoolboy he was unable to acquire the

B2
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Ciceronian style, and at a later time was wont to explain his
predilection for the Greek language by saying with his greater
son, that ‘linguistic talent is not one thing, but like all other
intellectual functions the sum of different factors’.

He was one of the most distinguished teachers of the
Gymnasium, and, with the mathematician Meyer, received
frequent ovations from his pupils. A prominent member of
the Prussian Civil Service writes: ‘We reckoned it one of
our happiest hours when we could persuade him to read us
poems, dramas, ballads, and the like. Once, for instance,
I remember his giving us the first monologue in Fawust, and
another time Biirger’s “ Lied vom braven Mann ” with so much
force and feeling that we sat silent and deeply moved ; in later
life, and even to the present day, his voice and his expressive
countenance have often come back to me/

Despite the conscientiousness of the pedagogue, however,
he was consumed with the enthusiasm and fire of the patriot.
Once at the request of his pupils he devoted the three hours
of German instruction which he gave the second class as
form-master to an account of the feeling that inspired the
Prussian people prior to 1813, and they applauded him enthu-
siastically. But the Headmaster got wind of it, and the
favourite teacher received an intimation that any repetition
of the indiscretion would be punished by dismissal. This
was in the middle of the forties, when the pressure of
reaction in Church and State bore heavily upon Prussia,
and resulted in the so-called 77rewbund (league of faith)
to which the Headmaster and others of the teaching staff
belonged.

Hence the discipline of silence was imposed upon Helm-
holtz for the sake of his family, though his discontent with
the political condition of Germany occasionally broke out in
private, His eldest son, Hermann, was born in 1821, the
daughters Marie and Julie soon after, and twelve years later
the second son, Otto. Later again there were two others,
Ferdinand and Heinrich, who died in infancy in the years
1836 and 1839. His income was inadequate, his salary only
being raised to £160 at the close of his teaching career, and
as a good husband and prudent father there was nothing for
him to do but to keep his political ideas to himself, and avoid
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political conversation even in his own house. Henceforward
he took his solitary walks to the mill of Sans Souci, and buried
himself in philosophical reflections.

But if Ferdinand Helmholtz thus avoided any open ex-
pression of political opinion, his philosophical views would
not permit him to keep silence in questions of ecclesiastical
orthodoxy. An array of sketches and notes for speeches still
bears witness to his profound philosophical ideas and noble
religious convictions. His relations to his wife and his plans
for the education of his children were based on genuine reli-
gious and ethical feelings. But he abhorred all ecclesias.
tical bigotry, and subscribed unhesitatingly to a declaration
published on August 15, 1845, by such men as Alschefski,
Bellermann, Bonnel, Jonas, Lisco, Meinecke, &c., which began
with the words, ‘A party has organized itself within the
Protestant Church which clings tenaciously to the conception
of Christianity inherited from the earliest traditions of the
Reformation. This formula is its Pope. Faithful are such
as submit themselves to it unconditionally, unfaithful and
politically suspect all who have not joined it’; adding, ‘We
declare that we believe a healthy issue of this contest to be
possible only if the right of free development is maintained
intact on all sides.

We are thus able to form some picture of Ferdinand
Helmholtz, and to understand the almost exaggerated ap-
preciation of the friend with whom he maintained a life-long
correspondence, and made many a journey. This was Imanuel
Hermann Fichte, son of Gottlieb Fichte, and Professor of
Philosophy in Tubingen from 1842, who writes of ‘unalterable,
and ever increasing affection—a reciprocal attachment that was
of the weightiest consequence in both our lives’.

Helmholtz pursued his vocation as teacher faithfully till
1857, with the utmost devotion to his duties. He followed
the later career of his children with affection and interest,
but was always, in virtue of his serious philosophical tempera-
ment, a somewhat exacting critic. Finally, when his energies
began to fail, he applied for a pension, which was granted with
a gratifying recognition of his long and faithful service.



CHAPTER 1I
BOYHOOD: 1821-1838

HerMANN Lupwic FerpiNaND HELMHOLTZ wWas born on
August 31, 1821, at Potsdam, in the house known as No. 8
Hoditzstrasse, and was baptized on October 7 in the Lutheran
Church of the Holy Spirit.

For the first seven years of his life he was an ailing child,
confined to his room for long periods, and often to his bed,
but he was energetic in work and play: his time was occupied
with picture-books and games, more especially with wooden
blocks, and his mental powers were carefully fostered by his
parents. Each infantile disorder from which he suffered re-
newed the anxiety of his tenderly attached family. ¢I heard,’
writes Frau von Bernuth, his father’s cousin (and the daughter
of Surgeon-General Mursinna of Berlin), ‘that your son had
scarlet fever ; and feared the worst as he is so delicate. Thank
God that he has recovered! You must not be distressed
because he has learned little so far. I am sure it will be for
his good not to begin before his eighth year. Alexander von
Humboldt learned nothing before he was eight, and now the
King has made him President of the Academy of Sciences,
with the title of Excellency, and a big yearly stipend—and
this is what I predict for your son’

When he was seven years old, Hermann, though still in
delicate health, was sent to the Normal School of Potsdam,
and even there astonished his masters in the Geometry Class,
because (thanks to his toy blocks) he knew all the facts which
they expected him to learn. His health improved by degrees
with gymnastics and daily bathing, and his great love of Nature
was developed at the same time by frequent walks with his
father in the beautiful environs of his native town. In the
spring of 1832, he was admitted to the lowest form of the
Gymnasium, where he followed the teaching easily enough,
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and gave satisfaction to his masters. His handwriting indeed
was criticized, and his mathematical home-tasks were in-
adequately performed: but his power of working by himself,
and the attention, zeal, and thought which he bestowed upon
his studies, were highly commended. At the outset, in the
lower classes, he was hampered by the want of a good memory
for disconnected facts: ‘this showed itself,” he says fifty years
later, ‘in the difficulty which I still distinctly remember of
distinguishing between right and left; later on, when I got
to languages in my school-work, it was harder for me to
learn the vocabularies, grammatical irregularities, and idio-
matical expressions, than for the others. History, in particular,
as it was taught in those days, was quite beyond me. It was
a real torture to learn prose extracts by heart. This defect
has of couise increased, and is a nuisance in my old age.
I found no difficulty in learning the poems of the great masters,
but the more laboured verses of second-rate poets were far
less easy.’

The father’s influence was the most important factor in the
boy’s intellectual development. At home he occupied himself
in arousing his children (with whom he was always on cordial,
if not affectionate, terms) to a sense of the ideal in poetry, art,
and music, while at the same time he strove to make them
good patriots. As a keen teacher of Greek, he read Homer
with his pupils, and as their instructor in German he gave
them great facility of expression by means of prose essays
and metrical exercises.

The first three years of school-life were thus devoted mainly
to grammatical studies, and to the aesthetic side of young
Helmholtz’s education, but with his entry into the second
class the curriculum was widened to include mathematics and
physics. The teaching of Prof. C. Meyer, Helmholtz’s first
mathematical tutor, is still praised by his surviving students.
His treatise on ‘ The Caustic Curves produced by the Reflection
of Light from Curves of the Second Order’, which was pub-
lished in the School Report for 1838, proves that Meyer
combined scientific with pedagogic interests, and it may have
been thanks to him that young Helmbholtz, while his class
were reading Cicero or Virgil, which did not interest him,
would often be engaged beneath the table in working out the
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passage of rays of light through the telescope, or in learning
some of the optical theorems that served him in good stead
later on in the construction of the ophthalmoscope.

He was more fascinated by the elements of physics as
taught in the Gymnasium, than by his purely geometrical and
algebraic studies. And when he began to follow the physical
and chemical experiments which Professor Meyer demonstrated
in the laboratory to his students, and listened to the scientific
discussions between his father and his mathematical colleague
(in which, among other matters, the question of a perpefuum
mobile, and the futile attempts to realize it, was continually
cropping up), the boy's desire to immerse himself in these
problems waxed stronger and stronger, and he burned to
enlarge his mental horizon by independent and original ex-
periments. It was at this time indeed (as Helmholtz often
attested in later days) that he conceived the idea which in-
creasingly dominated him, that the knowledge of natural laws
should give us not only a spiritual mastery over Nature, but
an actual material control of her processes. The vigorous
young scholar was consciously outgrowing the narrow circle
of his-home and school relations.

With no other appliances than some spectacle glasses and
a little botanical lens belonging to his father, young Helmholtz
and a friend contrived to make up optical instruments, modi-
fying the construction again and again until he hit off some
practicable arrangement. The necessary knowledge had to
be acquired from a few antiquated textbooks on physics and
chemistry possessed by his father, ‘to which the discoveries
of Lavoisier and Humphry Davy had not yet penetrated, while
phlogiston still played its part and galvanism ended with the
voltaic pile’

At fifteen, Helmholtz was described by his fellow-students
as reserved and self-contained, showing invariable kindness
to those weaker than himself. As regards his studies, he was by
no means devoted exclusively to the exact sciences, for his first
school-report in the first class testifies to a fairly level interest
in all branches of his studies, his progress in Latin, Greek,
Hebrew, religious instruction, mathematics, and physics being
characterized as good, and history and geography as excellent :
while the same appears from the decision of the masters’
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meeting in August, 1837, that at the Michaelmas speeches
Helmholtz should reply with a Latin ode to the farewell
oration delivered in German by one of the Absturienten.

While still in the second class Helmholtz announced to his
father that he wished to devote himself to science, but
when the worthy man, who had the education of four
children on his hands, explained that he could not afford
to provide him with instruction in physics unless he took
up the study of medicine as well, he accepted the situation
cheerfully.

As early as 1835 his father applied for his admission to the
Royal Friedrich-Wilhelm Institute of Medicine and Surgery
in Berlin, which gave considerable assistance to medical
students, inasmuch as it guaranteed them a complete course
of study and means of livelihood, in return for a certain number
of years’ service as army surgeons.

The competition for entry to this Institute was, however,
too keen for it to be promised to Helmholtz’s father two years
in advance, and the application had to be renewed when
Hermann had reached the first class. It was then successful,
and he was summoned to an examination in Berlin during the
Easter vacation of 1837.

‘Dear Father,” writes the lad of sixteen, on March 30, from
Berlin, ‘I arrived the day before yesterday in a raging snow-
storm. Tell mother, however, that 1 hardly felt the cold,
except in my hands, which were quite numb. Yesterday
morning I went to the Pépiniére at 9.30, and was called up at
10.30. Surgeon-General Schulz was very kind. He inquired
after you, tested my eyes to see if I were short-sighted, and
asked three of the staff-doctors to guess my height. They
decided that I was about four inches high (s&c). He questioned
me about my health, admonished me to emulate my guass-
ancestor Mursinna, and prove myself worthy of him, and not
be afraid of the examination: even if I could not answer all
the questions exhaustively it would not matter, as this was only
to be a general test of my acquirements.

‘He then gave me a note for Dr. Figulus, who was to examine
me. The doctor was not at home then, or an hour later, and
I only found him after dinner. He gave me an appointment
for this morning. Yesterday afternoon I went about in the
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town, and got pretty tired. This morning at eight I commenced
my doctor’s examination. I had to do my curriculum uvitae
in German and Latin. There was not time to make a fair
copy of the Latin. The examination is all in writing. I don’t
know how long it will last.’

Helmholtz returned with the news of his success to his
delighted parents at Potsdam, and then gave himself up once
more to severe and regular study of the most heterogeneous
subjects, devoting himself to each in turn with the same interest
and enthusiasm, though he could not forbear to say in his
curriculum vistae a year later: ‘quorum (veterum scriptorum)
cogmtlo quantum valeat ad conformandum animum, nemo est,
qui ignoret; deinde maxima atque plurima debeo Schmidtio
professori, quum aliis in disciplinis, tum in historiis, quibus
nihil est praestantius ad cognoscendam naturam hominum et
populorum. Pater meus artis poeticae et oratoriae praecepta
mihi dedit, quarum illa et iucundissima est et utilissima ad
elocutionem elegantem et copiosam. Omnium disciplinarum
autem maxime iam a pueritia me delectavit physice et mathe-
matice, quibus eruditus sum a Meierio, viro harum rerum
peritissimo.’

After a full year’s work, in which he not only prepared
for the Absturienten examination, but also, in view of his
medical career, embarked on the scientific studies that had
hitherto been outside his curriculum—such as botany and
zoology, with the elements of anatomy from Oken’s Nafur-
geschichte fir alle Stdnde, and physiology from Magendie’s
Textbook—his father sent him off with some other boys of
his class to the Harz Mountains. They took long walks,
to the great benefit of his none too robust constitution, absorb-
ing the influences of Nature and Art at the various places
where they halted.

Refreshed in mind and body by this expedition, Helmholtz
and one fellow-student embarked upon the written part of the
Abiturienten examination, which lasted from August 20-25.
His translation of sixty lines of the Hecuba of Euripides was
marked ‘very satisfactory’; his French version of a piece of
two columns called Dse Katakombeu was ‘ excellent’; while the
Hebrew professor gave him the highest praise for his Latin
commentary on Deut. ix. 1-3, which was not a compulsory
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item for the medical student. As might have been expected,
his father’s judgement of his German essay on ‘ The Ideas and
Art in Lessing’s Nathan der Wesse’ was a little severe, although
he could not refrain from praising its simple and expressive
diction.

Helmholtz solved his four mathematical tests, two being
geometrical and two arithmetical, correctly, his treatment of
them showing ‘great lucidity and grip’ of the elements of
mathematics. In addition, he presented a fifth and voluntary
exercise on ‘ The Laws of the Free Fall of Bodies’. This essay,
as it now lies before us, shows unusual precision of thought
and expression, and it is obvious that the author had pondered
deeply and often over physical problems.

The vsva voce examination took place on September 12, 1838,
and young Helmholtz left the Gymnasium with brilliant
testimonials.

In later years the staff of the Potsdam Gymnasium might
well be proud of the education for which the young man was
in part at least indebted to it. ¢ Our teachers encouraged us to
read a great deal, and we were eventually able to peruse the
authors to whom they introduced us with comparative ease,
and did so at home after school hours, in addition to the study
of foreign languages. I took up English and Italian privately
at school, as well as Hebrew, and got a very good mark in
Hebrew. I even began Arabic in the first class with a master
who knew it, and found plenty of time for all these things.’
Later on he read the Fables of Lokman in the original, in his
leisure moments. ,

As soon as he had received the Abrtursenten certificate, his
father wrote on September 16 to Surgeon-General v. Wiebel :
1 recommend this good boy, my dearest treasure, on whose
education I have expended my best energies, to the fatherly
care of one who is so valued for his goodness” The father
had to guarantee a monthly allowance of 18s. during his son’s
term of study, to be paid quarterly, in advance, to the account
of the Institute, while the student was bound after his five
years’ education at the King’s expense to serve as surgeon
to a company or squadron for eight consecutive years.

And so Hermann Helmholtz, permeated with a thirst for
knowledge, and inspired with a deep love for natural science,
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to which his future was to be consecrated, was launched into
a new life. Happily for himself, and to the great advantage of
the world of science, his education had not been one-sided.
By reason of his natural endowment, and thanks to the cease-
less efforts of his parents, whose intellectual standard was ever
set to high ideals, he was filled with passionate enthusiasm for
music and poetry, as well as for art and science.
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CHAPTER 1II

STUDENT AT THE ROYAL FRIEDRICH-WILHELM
INSTITUTE FOR MEDICINE AND SURGERY
IN BERLIN: 1838-1842

On his arrival at the Royal Friedrich-Wilhelm Institute
(October, 1838), Helmholtz gave his parents a brief description
of the strictly regulated conditions of his new life :—

‘I got here safely on Friday. My things arrived shortly after.
The servant and the porter made difficulties at first on account
of the piano, as there was no place for it in my quarters.
The room next this is intended for two, and has ample space.
Accordingly I deposited it there, and said that Surgeon-Major
Grimm had given me leave to bring it. The place is fairly roomy
for the two of us; it is up two flights of stairs at the end of
the building opposite the entrance, so that I have to go half the
length of the Hoditzstrasse to reach the street. The room has
one inconvenience—the three students who live in the next
rooms invariably pass through it, although this is forbidden, and
they ought to go across the yard; but it can’t be helped. It
would be hard for them if they wanted to call the servant to
have to go down two long flights of stairs, and then all the way
up again. In order to make this plainer I will draw you a little
plan. , , . My room-fellow is the son of a Silesian engineer;
he has already been one half-year at the Academy, that is to
say, has attended classes and lectures, but did not lodge or take
food there. He has extraordinary execution on the piano,
but only cares for florid pieces and for modern Italian music.
A few other fellows have also been coming to our room, as
they had sent away their hired instruments during the
vacation, but we hope this will stop now, Frau v. Bernuth
has so far fed me sumptuously, so much so indeed that often
I can hardly get up the two flights of stairs to my room. Each
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time I leave the table she tells me everything I have done
amiss, and flatters herself I have improved a little already.
There are a few new pictures at the Exhibition, but they
are not worth much, the only one I care for being a Jephtha....
We have not yet got our plan of studies. As soon as I know
a little more of the real life here 1 will write to you again.
I am so far unpleasantly conscious of separation from you,
as everything has to be paid for, and the senior students who
come in pretty frequently to inspect the freshmen (Fiickse) rob
us of nearly all our leisure moments. . .

On November 2 he received a letter from his father, full of
good advice, and anxiety for the hope and joy of the family :—

‘Dear Son! We were very glad to learn from your letters
that you have arrived safely, and have received your things;
your mother could hardly wait until a letter came from you;
she was positively ill from her anxiety for news. Your room
is not far from that in which I passed my own years at the
University; my windows looked on to the Friedrichstrasse,
and were above the gateway nearest to you. May you be as
happy in your abode, and enjoy as many happy moments of
a higher life there, as fell to my lot! Your first disagreeable
reception as a “fox” was only to be expected—no one is let
off—but you may comfort yourself with the reflection that it
is the last time you will have to go through it,-and if you
take it wisely, and hold your own, it will soon be over. I only
hope your comrade is a stout-hearted, industrious lad; if he is,
it will be great luck for you. His playing the piano so well
is your best chance of improving yourself, and do not be so
accommodating as to leave all the playing to him because he
does it better than you, for it was under similar circumstances
that I forgot all I ever learned: and, above all, don’t let your
taste for the solid inspiration of German and classical music
be vitiated by the sparkle and dash of the new Italian extrava-
gances—these are only a distraction, the other is an education.
Be thankful for Cousin Bernuth’s lessons, even if they are given
somewhat crudely; behind these conventional social forms
there lies in reality a deeper meaning, which is forgotten
though it is still there, so that the forms help people to get
on in society ; to give them life so that they cease to be empty
form and convention is the task of the individual. . . . Weare
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all well, and all love you dearly, and hope you will still, as ever,
be our delight and pride. Be good, and devote yourself
seriously and whole-heartedly to your profession, to science,
and to virtue. Write as soon as possible to describe your
studies and your every-day life. We shall be delighted to
see you, provided your work allows it. If your companion
is a good fellow, and you think it would improve your rela-
tions with him, you can bring him with you later on.’

The young student soon accommodated himself to his new
surroundings, and affectionately reassures his parents, who
were anxious about his food and lodging on account of his
weak health :—

‘I am well. The classes have commenced to-day, and
regular work, which we hope will bring more quiet to our
room. So far these visitors have been rather unwelcome,
especially when 1 was practising, as they often expected
me to play valses, &c., for them. At last I would not do it
any more, and got my chum to play, while they sometimes
danced till, as Dr. Knapp told me, the company-surgeon below
complained of them. I have not sought their company very
much, so that K. tells me I am called unsociable. He advises
me to be patient, and says he also had to put up with the
seniors coming to his room and playing there (which is for-
bidden in the Institute), though he and his friend did not play
with them. My room-mate is good-natured, but not exactly
clever, as I see by his note-books, from which I wanted to
fill in my own, as I was not able to take notes myself to-day,
and also missed the first lecture on Splanchnology. I went
with him, as he has already been studying a whole half-year,
and he took me to the lecture-room in the University, where
Professor Schlemm generally lectures, and where on the time-
table at the door we saw “ Mondays, g-10, Prof. Schlemm ”,
and a number of students already waiting. However, as we
did not find the others from the Institute, he went round to
make inquiries, and I waited for him near the notice-board,
but he lost himself in the crowd, and never reappeared. I went
back to the lecture-room, where more students had collected
meantime, but the Professor did not turn up. At last we went
to the anatomical theatre, behind the Garrison Church, and
heard that Professor Schlemm was really lecturing there. As
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the lecture was almost over it was no use going in, so I looked
at the subjects which had been brought for dissection, and had
been partly cut up. I did not experience any disagreeable
sensations.

“We have forty-eight lectures in the week: six on Chemistry
in Mitscherlich’s house, six on General Anatomy, four on
Splanchnology, three on Osteology, three on the Anatomy
of the Sense-organs. All these in addition to the Osteology
at the anatomical theatre. Then four on Physics by Turte,
two on General Medicine with Hecker at the University, two
on Logic by Wolf—in the anatomical theatre! three on History
by Preuss, two on Latin by Hecker, one on French by Pastor
Gosshauer in the Institute. Besides these we have twelve hours
of revision classes, but these only begin in a fortnight’s time.

“You must not be afraid that I shall give up my music, for
the new style my comrade admires so much does not satisfy
me, and I am obliged to play myself to hear anything better.
Besides which, other people’s expression and execution seldom
satisfy me; I always care much more for music when I am
playing it myself. The food in the Institute is not so bad
as most people make out, though less good than in a private
home. We can have two helpings of soup and vegetables,
but only one of meat. Or instead of vegetables we may have
sauce over the meat, with potatoes. Dr. Grimm has been in
to see if everything was right; he came to me, and asked about
the classes, what I thought of the food, and so on.’

In spite of these good accounts the anxious mother sent her
husband off to Berlin to make sure of their son's welfare, and
only after that does she write cheerily to her boy that ‘all
beginnings are hard’, and crack jokes with him in her usual
merry fashion. ‘Wilhelm Wilkens,’ she says, ‘was here the
other day, to ask what father found when he went to see
you. He hurried along to school with him without speaking;
but father understood, and gave him all the news of you.
Oh you dumb, self-contained, reserved creatures! Unless you
alter, people will have nothing to say to you.... Write to me
of your classes, your chilblains, your tempers, your discontent,
and the good things that happen to you. God grant you may
do the right, and leave the wrong undone.’ '

Young Helmholtz devoted himself impartially to the study
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of physics, chemistry, and anatomy, and worked hard to acquire
the necessary knowledge of these subjects from books and
lectures, but in leisure moments his thoughts always turned
to his home, and notwithstanding his occasional Sunday visits
to Potsdam, he was wont in any passing fit of depression ta
disburden himself of his thoughts and feelings by writing
to his anxious parents:— ,

‘Since I was with you work has begun in earnest. The
revision classes, including two in osteology, have all started,
and we often have to sit through the evening learning one
muscle after another till our heads split. It is easier to me
than to the others, but even I have had an attack of chagrin
against God and the world, such as every one here is subject
to occasionally. But it generally goes off in a few hours, and
our youthful ardour reasserts itself. Any spare time I have
during the day is devoted to music, and so far, even on the
worst days, I have put in about an hour, and more on Friday,
Saturday, and Sunday. By myself I play sonatas of Mozart
and Beethoven, and often with my chum the new things he
gets hold of, which we run through at sight. In the evenings
I have been reading Goethe and Byron, which K. borrowed
for me, and sometimes for a change the integral calculus.

‘The day after I went to Potsdam I received an invitation
from Geheimrath Langner, to whom Mrs. Wilkens gave me
an introduction. I met several young people there, mostly
law students, but they made us play whist! Happily one of
the players in my rubber knew as little as I, and the others
hardly more. It was a fine game, and a fine mistake too, to
set us down to whist. It lost me the chance of making friends
with the young people, among whom was a sailor, just back
from North America. Aunt Bernuth was much amused at it;
she has presented me with a pair of gloves, which come in very
handy this weather. Every morning we have an anatomical
revision class in an unwarmed room, and going across to the
dissecting-room is a treat without one’s cloak! Our rooms
have been rather better during the last few days, as we have
twice had a fire; before that it was so cold that one could not
write at all, and could hardly play.’

After spending Christmas at home, and working industriously
through the second half of the first term, Helmholtz returned

wELBY C
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to his parents and brothers and sisters for a longer holiday at
the close of the session.

‘We are through with all our lectures now except Mitscher-
lich’s, as he only breaks up next Saturday. So I must stay
here all this week, and see how I can pass the time; till now
I have employed it in reading Homer, Byron and Biot, and Kant ;
I am a little out of touch with all these studies, especially the
last, and need to apply myself to them again. That once done,
they fascinate me only the more. In particular I could hardly
tear myself away from Homer, and devoured two or three
books one after the other in an evening. I shall be with
you next Saturday or Sunday.’

In the second term Helmholtz began to feel more at home
in his quarters; his studies assumed a serious aspect, and
he became especially engrossed in Johannes Miller’s lectures
on physiology. In his leisure moments he studied Kant, and
the Second Part of Faust, and having been appointed assistant-
librarian of the Institute, found opportunities of enlarging his
knowledge by means of the more recondite works contained
in the library. In April, 1839, he writes to his parents :—

‘Two important changes have been made in our section: my
comrade has moved into the next division above, where some one
has left, and another, who is bored with the Institute, has asked
for and obtained his discharge ; so that there were two vacancies
for University students. Meantime I have become acquainted
with several good fellows, and did not intend to trust to luck
a second time in the choice of a companion, so I proposed
to the worthy Konigsberger, who has improved very much
during the term, that we should join forces. We could either
have occupied my room or his. In order to escape the passing
through, and to have more space, I went to him, his room
being really intended for three men. So now I am living in
the third room of the wing in which I formerly inhabited
the first, and can use the right of way. My present chum
is a lanky fellow, unskilful and untidy in all mundane things,
but good-natured, conscientious, and talented. He has a
vast memory, e.g. last term he amused himself by learning
the Hecuba of Euripides by heart in odd quarters of an
hour at anatomy; he makes metrical translations from the
English, and from Euripides his favourite tragic author, and
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paints moonlight landscapes with body-colour; in fact he is
altogether rather sentimental, especially when he is reading
aloud and playing the flute, in which, however, he does not
excel, since he has no idea of time. He is the one in the
division who has his work most at heart, and gets into dis-
cussions, although he is tolerably orthodox—and he has some
curious notions about art. Another advantage is that my room
is no longer crowded with the people who were attracted by
the playing of my former comrade.

‘I am one of the assistant-librarians for this term. It loses me
some two hours weekly, but is the only way to find out what
there is of any value in the library, among the endless heaps
of antiquated literature.

‘We are expected to go to forty-two lectures a week in the
summer term. According to the time-table (which, however,
only accounts for thirty-nine, as they left out History) we have
only one lecture from four to five, or five to six, on the three
first afternoons of the week ; the three last are free. But most
mornings we go straight on from six till one. Mitscherlich’s
Zdo-chemistry is a new lecture. We have six hours Botany
and six of Natural History with Link, six of Physiology with
Maller, six of Chemistry, six of Z6o-chemistry with Mitscherlich.
The house lectures are three on History with Preuss, two
Latin with Hecker, one French with Gosshauer. Revisions—
four in Chemistry, three Physiology (with Herr v. Besser, who
sits opposite Klotz at Muller’s lectures), two Osteology, one
Botany. No Logic or Psychology, nor does Link ever lecture
on Mineralogy, although we have to take all these subjects in
the first examination.’

In spite of the many lectures and necessary study which
these involved, Helmholtz found time to enjoy a splendid per-
formance of Euryanthe, and to admire Seydemann’s Mephisto-
pheles, and Clara Stich as Gretchen in a representation such as
he had never before seen of Fausf. His time became more and
more filled up, for all the free afternoons were struck out on
account of the many lectures. Mauller's physiology pleased
him immensely, and Mitscherlich’s z6o-chemistry also interested
him, the experimental chemistry being, as he says, ‘ chock-full,
but the least bit tedious.” Link, however, seemed to him to
suffer ‘from a superabundance of intellect; after two months’

c2
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lectures on Natural. History he is still at the philosophical
introduction (good heavens!)’. And along with all this,
Helmholtz was taking fencing and swimming lessons, so as
to come up to the standard required from a student, hoping
thereby to be rid of his savings, ‘ since otherwise the confounded
spring will strew them to the winds.’

In December Helmholtz passed his tenfamen phslosophicum.
He writes :—

‘I got through the examination for the phslosophicum all
right yesterday, and received a good certificate. The’ report
in chemistry was excellent, in physics, psychology, zoology,
and botany very good, in mineralogy pretty good. This last
is the best Weiss gives as a rule ; at least I have been told that
he said no more for examinees who knew a great deal of
mineralogy. Of us four I had the best certificate, and Kunth
congratulated me on it as he handed it to me. Even if the
examination requires not so much special knowledge as a
bird’s-eye view of the whole, it has its uses as an incentive
for going deeper into the sciences, and becoming interested
in them. )

Directly after this, on December 12, he demonstrated one
of his own anatomical preparations of the peritoneum at
a students’ meeting. It was neatly done, and explained in a
capital lecture, which was highly commended by Dr. Frost,
a London botanist who happened to be present.

The end of the year brought anxiety for the health of his
dearly-loved mother, but she was able to join in the family
festivities at Christmas, and he utilized the rest of the winter
term and the Easter holidays in preparation for the clinical
lectures given during the summer.

The hospital work again tried his health severely, and on
August 25, 1840, he received ten weeks’ leave for a journey to
Silesia, Prague, and Dresden.

At the beginning of the winter term of 1840 Helmholtz took
his anatomical examination, the prospect of which was alarming,
though he was well prepared for it. On October 30, however,
he announces the successful issue of the two days’ examination
to his anxious parents, with the news that both his tests had
been got through without comment from the professors :—

‘] still have to make an anatomical preparation, but this can
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only mean a higher or lower mark. W. and F., who were
a term ahead of me, have also been in now; and had the
same good fortune. Although none of us ever went up to an
examination with better consciences than to this anatomy, we
were all on thorns over the demonstrations, especially in the
first public one, where we each had to give a full description
of the tissues in one of the body-cavities, selected by lot, before
a crowd of other students, who all arrived on the scene owing
to some alteration of arrangements in the examination. The
examiners, Miller and Gurlt, sat there—they yawned and
looked horribly bored. The second demonstration, on a pre-
paration of bone, and one of intestine preserved in spirit,
came off before the examiners alone, when they were even
more bored, and only too pleased if the candidate in his haste
omitted something. At the end we only regretted that we had
spent so much labour over our anatomy, and tried to reassure
the crowd who are still trembling at the idea of it.’

As soon as the second part of the examination was over,
Helmbholtz was free to plunge into the independent scientific
work he thirsted for. His visits to Potsdam became less
frequent, the letters to his parents fewer, and he was already
considering the subject of his doctor’s thesis. The winter
session of 1840-1, and the summer of 1841, were devoted to the
extension of his knowledge on all sides, more particularly in
mathematics and recondite branches of mechanics. Still he
always found time and opportunity to take part in amateur
theatricals with his friends, and he followed the growth of
national feeling and consequent political developments with
keen interest. The witty lampoons and satires with which the
Berliners revenged themselves for their deluded hopes, after
the accession of Frederick William IV, were a perpetual source
of amusement to him.

- Hardly, however, had he embarked on the anatomical and
physiological researches that were to serve for his doctor’s
thesis, when he was prostrated for several months by a severe
attack of typhoid fever. He was able to return to Berlin in the
winter of 1841, and once more took up the question suggested
to him (that is, in a general sense) by his master Johannes Maller.
From this time he lived entirely in the circle of Maller’s pupils,
since he had already formed a friendship with the physiologists
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—Briicke and du Bois-Reymond, who were two years senior to
himself, and like him devotedly attached to their teacher.
Friendly intercourse with each other, and daily exchange of
ideas with the great investigator, who showed them ‘the
working of the mind of an independent thinker’, ennobled
their lives and efforts. ¢ Whoever,” said Helmholtz half a cen-
tury ‘later, ‘ comes into contact with men of the first rank has
an altered scale of values in life. Such intellectual contact is
the most interesting event that life can offer.’

Muller’s pupils were united in a common attempt to connect
physiology with physics, and to place its conclusions upon
a more exact basis, but, as they often confessed at a later period,
Helmholtz had a decided advantage over -the rest, since in
mathematics he gained a tremendous power in the clear for-
mulating of problems and the precise determination of appro-
priate methods of solution. Yet his wealth of mathematical
knowledge had been won by private study of the works of the
great mathematicians ; for among all the different lectures he
attended there was strangely enough not one on this subject,
while he said so little about his mathematical learning that even
his close friends Brticke and du Bois-Reymond were unaware
of it. The time had not yet come when he was to dominate the

- problems of physiology and physics as one of the greatest of
mathematicians.

Maller had indeed emancipated himself from the earlier
and essentially metaphysical views of the nature of life, and
demanded an empirical foundation for all scientific concepts,
but, as his pupils recognized, he had been unable to free him-
self entirely from the traditions of nature-philosophy and from
metaphysical conceptions. Under his influence Helmholtz
endeavoured to lay the foundations of a strict physical science
by ascertaining the facts in certain definite problems, thereby
co-operating with the ceaseless efforts of his master.

And with how modest an equipment Helmholtz set about
his colossal investigations! During his illness in the Charité
Hospital, where he was nursed free of charge as a student,
he saved enough of his little monthly allowance to procure
a small and very ordinary microscope, and it was with this
instrument, supplemented by a few antiquated textbooks of
physics and chemistry, that he attacked his task.
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" He passed his oral examination at the end of June, but his
hopes of receiving the doctor’s degree in the summer term
were disappointed.

On August 1, 1842, he writes to his father: ‘I went to-day
to Professor Miller with my thesis. He received me very
kindly, and after inquiring what my conclysions were, and
on what evidence they were based, declared the subject to
be of the greatest possible interest, since it proves the origin
for nerve-fibres that was .conjectured in the higher animals,
but had never been determined. But he advised me to work
it out upon a more complete series of animals than I have at
present, so as to get more cogent proof than is possible from
the examination of three or four only. He mentioned several
animals as being the most likely to yield good results, and
invited me to use his instruments at the Anatomical Museum
if my own were inadequate. If I were not obliged to hurry
in taking my degree, he advised me to employ the vacation
for further work, so as to produce a fully-developed thesis
that need fear no future attack. As I had nothing reasonable
to urge to the contrary, and had said most of the same things
to myself already, you will have to give up your twenty-year-
old doctor, and content yourself with having him at twenty-one.
If this distresses you too much, send me a line, and I will
translate the discourse I delivered here at Easter, at the
Institute, and shall be doctor next week. The Potsdam
worthies will presumably conclude that I have failed in my
examination, and those in Berlin that I wanted to get oft
the doctor’s banquet, but they shall all be satisfied sooner
or later. 1 was rather surprised myself, and did not like
the delay, but, as I said, I can find no good reason against it.’

After a four weeks’ tour in the Harz Mountains he returned
to Berlin on September 30, and was appointed house-surgeon
at the Charité.

It was an arduous post, unsatisfactory ‘on account of the
tedious and for the most part incurable diseases’, and occupied
him from 7 a.m. to 8 p.m., with only short breaks of an hour,
or even a half-hour; but the work was congenial and instructive,
and Helmholtz found time to follow the advice of his teacher,
verifying and extending his previous researches with the aid
of the instruments provided at the Anatomical Museum.
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‘I am working hard at my thesis. Once I thought I had
arrived at a conclusion of the utmost importance; on closer
observation the day before yesterday I found the contrary,
and then on looking into it again more carefully yesterday
discovered that the first idea was right with certain limita-
tions. To-day I am going for the point more carefully” His
only recreation from this labour was the Art Exhibition, and
he greatly admired Lessing’s Huss, ‘a picture that is perhaps
worth more than all the earlier exhibitions put together; at
any rate here in Berlin we have no picture so profound, so
inspired, and so characteristic. Every one is charmed with
it, except the Berlin professors.’

Maller ultimately declared the thesis to be satisfactory, and
Helmholtz took his doctor’s degree on .November 2, 1842 ; his
Inaugural Dissertation, De Fabrica Systematis Nervoss Everte-
bratorum, or ‘The Strueture of the Nervous System in
Invertebrates’, being dedicated to Johannes Muller. His
microscopical discovery, that the nerve-fibres originate in the
ganglion cells discovered by Von Ehrenberg in 1833, has been
recognized by all physiologists as the histological basis of
nervous physiology and pathology: the connexion till then
sought in vain between nerve-fibres and nerve-cells, and there-
with the proof of the central character of these cells, was
established by him for invertebrates in this first-rate contribution
to minute anatomy.

As soon as Helmholtz had overoome the initial difficulties of
his post, he devoted himself gladly to his calling, but managed
to find time to pursue the many-sided studies of the previous
year, and develop them profitably. He became so absorbed
in his work that he could not tear himself away, and for the
first time failed to convey his birthday congratulations in person
to his father. In writing, he refers the older man (who cared
little for practical realities) to the ideals of a brighter future,
but his own scieatific thoughts were turning more and more
away from the metaphysical, idealistic views by which science
was then held in bondage. He directed his hopes entirely
to the real world, the world of fact, thus laying the foundation
of the mighty structure which was to be erected in the second
half of the nineteenth century. .

The theoretical methods which obtained in that period of
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the development of medicine were fast approaching their end.
The methods were rejected, and the facts as well, and it was
seen that medical science, like all the other sciences, had to
be reconstructed. After physics and chemistry first shaped
themselves on scientific lines in France in consequence of the
epoch-making labours of Coulomb and Lavoisier, Mitscherlich
and Liebig established chemistry as a science in Germany,
while Ohm, Franz Neumann, Gauss, and Wilhelm Weber
built up methods of experimental and mathematical physics
upon a solid foundation. Yet it required a titanic labour
to transfer these principles of methodic investigation from
inorganic to organic Nature.

After Ernst Heinrich Weber had demanded that vital
- phenomena should be explained in terms of physical processes,
Johannes Muller endeavoured in all his physiological work
to clear the way for inductive methods of investigation, and
to push deductive reasoning and metaphysical conceptions
more and more into the background. But he could not
emancipate himself from the notion of a separate, individual,
vital force, distinct from the chemical and physical forces
working within the organism, and capable of binding and
loosing the action of the same. This is only abolished by
death ; the forces which it restrained are then set free, and
produce corruption and putrefaction; the vital force has vanished,
and is not replaced, nor converted into any other perceptible
form of energy. Miiller did not attempt to disguise the in-
consistency of his position, and as a result the four gifted
young investigators, Braicke, du Bois-Reymond, Helmholtz,
and Virchow, were all striving to develop a logical and unified
physiology according to the principles of exact investigation.
Each sought to abolish the notion of vital force from the
department of physiology which he regarded as his own, and
to cultivate physiology as a branch of physics and chemistry.

But, in the mind of Helmholtz, the conflict between realistic
and metaphysical principles had become a resolute fight
against the dominating ideas in a wider field than physiology :
a vanishing vital force for which nothing was substituted
appeared to him a physical paradox—a disappearance of
energy and matter was unthinkable. He had never heard
a mathematical lecture, but the Pépiniere possessed the works
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of Euler, Daniel Bernouilli, d’Alembert, and Lagrange, mathe-
maticians of the previous century, and arming himself with
a small textbook of higher analysis he had plunged even as a
student, during the time of his assistant-librarianship at the
Institute, into the fundamental investigations of these great
. mathematicians—penetrating into the significance of the prin-
ciples of mechanics, as laid down by these immortal thinkers,
with which such metaphysical views were incompatible.

-~ The time was not yet ripe for bringing forward these
universal and comprehensive ideas; Helmholtz had learned
from the stern methods of Johannes Miiller that only definite
and methodical experiment could make the general principles
of science intelligible, and set them on a sure foundation. As
soon as his doctor’s examination was over, he applied himself
in Maller’s laboratory to a problem which, on account of
Liebig’s work, was then in the forefront of interest. Helmholtz
attacked it on far wider grounds, with the intention of bringing
the so-called ‘vital forces’ within the scope of scientific study.

Liebig was engaged in a fierce campaign against the organ-
ized nature of yeast, as discovered by Schwann and Cagniard-
Latour, and its rd/e in alcoholic fermentation, and upheld the
essentially chemical theory of fermentation and putrefaction,
based on Gay-Lussac’s experiments. Helmholtz immediately
recognized the crucial importance of this question, and its
close connexion with the possibility of perpetual motion, and
set himself to decide the point. The economies of his winter’s
illness had provided him not only with a microscope for the
morphological investigations described in his thesis, but also
with the recently published Organic Chemsstry of Mitscher-
lich; and in the early months of the year 1843, when he was
not much hampered by his duties in the children’s ward, he
plunged into extended physico-chemical investigations which
henceforward absorbed him.

In this arduous and exhausting work he had to trust entirely
to himself, as he knew little of even the most important
publications on the subject. On July 25 he applies to his
father to procure him the necessary literature: ‘Could you
be so good as to borrow of Professor Meyer, or through his
intermediation, by next Sunday afternoon, that treatise of
Mitscherlich on Fermentation which you mentioned the other
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day, or to ask him where I could meet him to hear the results
of these experiments, if he is unable to lend it?’ and in spite
of the heavy work of the summer months on the out-patient
post at the Charité, he adds, ‘1 am now so far advanced with
my experiments that I am ready to begin writing, and it is
essential to acquaint myself with the work of Mitscherlich.’

The main object of this paper, published in Miller's Archiv
in 1843, with the title “‘On the Nature of Fermentation and
Putrefaction’, was to support Liebig in his attack on vitalism
by proving that there can be no such thing as spontaneous
generation. Helmholtz found, however, that the transforma-
tions known as fermentation and putrefaction are not the result
of chemical action, as supposed by Liebig, and therefore due
to the action of oxygen, or the introduction of residual dis-
integration products of the putrefying substances. He showed
(and the clear and precise wording of his results is of especial
interest in view of the great discoveries of Pasteur at a later
time) that putrefaction can occur independently of life, but
that it offers a fertile soil for the development and nutrition
of living germs, and is modified in its aspects by them.
Fermentation is one such putrefactive process modified by
organisms, -and correlated with them ; it strikingly resembles
the vital process in the similarity of the substances it attacks,
in its rate of growth, and the similarity of the conditions
determining its continuance or check.

These observations, which Helmholtz was unable to pursue
from the inadequacy of-the means at his command, seemed
actually to give fresh support to vitalism, and his experiments
were accordingly regarded with suspicion, above all by the
physicists. Magnus, indeed, whose generous liberality knew
no scientific jealousy, invited him to make use of his private
laboratory, and to take advantage of ‘methods of investigation
that would throw more light on the subject than such as a
young army surgeon living on his pay could provide for him-
self’; but it was not until two years later that Helmholtz was
able to convince him by a series of new experiments of the
accuracy of his previous work. Nor did he publish anything
further on the subject, which had occupied him almost daily
for three months. He was already engaged on other and far
profounder problems, the solution of which was to condemn



28 HERMANN VON HELMHOLTZ

that aspect of physiology against which he and Liebig had
been contending, and to found an entirely new era in science.

In the meantime Helmbholtz, after recewmg a prize in May
for his excellent hospital work, was on duty in the eye wards
during August; after which, on the recommendation of his
superiors (who had long since recognized his merits), he was
appointed assistant-surgeon to the Royal Hussars at Potsdam,
under the regimental doctor Branco. His Government Ex-
amination was not due for two years, so that he could reckon
on a protracted period of leisure, not unduly interrupted by
official duties, for the development of all the weighty thoughts
that had pressed on him since the beginning of his student
life, of which the investigations already accomplished were
merely the preliminary verification.




CHAPTER IV

ARMY SURGEON AT POTSDAM: 1843-1848

As Hussar-Surgeon, Helmholtz was now obliged to forgo
the scientific atmosphere in which he had lived, under the
inspiration of Johannes Miiller, in constant intercourse with
such congenial intellects as his chosen friends du Bois-
Reymond and Brucke. His peace-loving, retiring nature was
harassed at first by the rude five o’clock awakening, when
the bugler blew the reveille at his door to rouse the barracks,
and interrupted his slumbers, but he soon grew accustomed
to this, and attended with alacrity to his official duties. He
arranged a small laboratory for physics and physiology in the
barracks, where he was frequently visited by du Bois-Reymond
and Brucke, who came out from Berlin to discuss their plans
~ for the future reconstitution of physiology. Though restricted
to the most elementary instruments (he constructed an elec-
trical machine for himself, which he presented later on to his
brother), Helmholtz was always backed up by advice and help
from du Bois-Reymond, who, he writes, ‘tended me like
a mother, to enable me to attain a scientific position” He
plunged at once into his projected investigations on the meta-
bolism in muscular activity, and embarked on a series of
laborious experiments on the conduction of heat in muscle, and
the rate of transmission of the nervous impulse.

All was well with his parents; he himself lived a quiet and
retired life, wholly immersed in his work. His brother’s
friends have not yet forgotten the impression made upon them
by the young man of twenty-three, who, with a contour of head
and a manner inherited from his mother, was distinguished by
an expression of absolute calm and intellectuality. All that he
said gave an impression of truth and vigour. His extra-
ordinary gift of observation excited the admiration of his
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friends; on every walk he discovered new things they had
not seen. When watching the play and splashing jets of
a fountain at Sans Souci he heard melodies and chords in
the murmur which they were unable to perceive, even when
he drew attention to them. His duties with the squadron left
him much spare time, but he devoted every moment to science ;
his brother tells us that he made use of the midday recreation to
study the Fundamenta Nova Functionum Ellspticarum of Jacobi,
and his much-read copy still shows traces of industrious work,
and endeavour to render these difficult matters (with which
even the mathematicians were unfamiliar at that time) clear to
himself and applicable to physiology.

But the family life in Potsdam reacted unfavourably, though
not for long, upon the relation between father and son. The
more the young man’s thoughts, the direction of his labours,
and his whole scientific attitude (which was so soon to be
adopted by the entire world of science) took him away from
metaphysical speculation, the stronger and for some time the
more irreconcilable became the contrast with the wholly specu-
lative philosophy of his father. While Ferdinand Helmbholtz
admitted only the deductive method in science, and held in-
ductive reasoning to be inimical to it, Hermann on the contrary
bore the latter upon his shield, proclaiming it to the end of his
life the salvation of science in general and not merely of the
physical sciences. The father (secure in the consciousness
that he must be the better able as a philosopher to appreciate
the relation in which man stands to experience, and with the
best intentions in the world of directing his son, his ‘dearest
treasure’, into the right paths of scientific discovery) missed
no opportunity in their daily intercourse of bringing his general
philosophical convictions and metaphysical conceptions to bear
upon the young man, doing all he could to shake him in his
methods of thought and experiment.

Helmbholtz, who was already concentrating himself upon the
experimental evidence that was to establish his world-famed
Law of the Conservation of Energy, saw that no agreement
in scientific investigation and method was possible upon such
divergent grounds, and that it was wiser not to discuss his
work with his father. The old man naturally felt this keenly,
but at least it kept their domestic relations in good train, and
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the future soon gave him cause to rejoice over the famous son,
by whom the family name was to become known throughout
the world.

Since Helmholtz was entirely thrown upon his own re-
sources during these years in Potsdam, the need of scientific
intercourse often drew him to Berlin to forgather with his
great teacher Johannes Mauller, and his devoted friends du
Bois-Reymond, Brucke, and Ludwig (who was his senior by
five years). The young men were all striking out new paths
in their chosen sciences, but they willingly and ungrudgingly
gave the palm to Helmholtz, as du Bois-Reymond and Brucke
loved to relate in after years.

Nor was it long before Helmholtz made his mark in a wider
circle. Maller’s distinguished pupils at Berlin had become
acquainted with other students in physics and chemistry, at
the informal classes of their master, Gustav Magnus, and in
1845 the Physical Society had been founded by du Bois-Rey-
mond, Brucke, Karsten, Beetz, Heintz, and Knoblauch. Du
Bois introduced young Helmholtz to the Society, where he was
warmly welcomed as its greatest ornament, and for over ten
years contributed reports to the Fortschritte der Physik on
certain departments of physics and physiology.

The riddle of the existence and nature of vital force—the
question whether the life of organisms was the effect of one
special, self-engendered, definitely directed force, or merely the
sum of the forces that are effective in inorganic nature also,
modified only by the manner of their concurrence—such were ¢
the questions raised again and again by Miller, and trans-
formed by Liebig into the far more concrete problem of
whether the mechanical energy and the heat produced in an
organism could result entirely from its own metabolism, or not.
Helmholtz soon perceived that all these questions were inti-
mately connected with the validity of that law of the Conserva-—
tion of Energy which had for years seemed incontestable
to him; but it was necessary to prove the accuracy of his
mathematico-physical propositions by a vast number of experi-
ments in different regions of physiology and physics, before he
could hope to see the principle admitted by science. He
began, therefore, in 1845, by testing the accuracy of his
physical conceptions upon a highly complex physiological
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problem, in a paper published in Miller's Archiv with the
title,  Metabolism during Muscular Activity.!

Lavoisier had already shown that a man who is doing work
requires more oxygen than a man at rest, but while it was
admitted that certain ponderable or imponderable substances
were consumed in the production of mechanical effects, and
were perpetually renewed by the vegetative vital processes,
and also that the amount of certain excreted nitrogenous
matters was increased by muscular activity, all data in regard
to the initial and intermediate steps of the process and the
seat of its occurrence were wanting. Helmholtz accordingly
set himself to investigate the modifications produced in
the chemical constitution of muscle by its own activity.
Resorting to the frog, ‘that ancient martyr to science,’ he
succeeded by means of the little electrical machine constructed
by himself, and of a Leyden jar, in showing that the compo-
nents within a muscle undergo chemical transformation during
its activity in virtue of the chemical processes described in his
account of fermentation and putrefaction; and these conclu-
sions led him after protracted experiment to a series of
important results, which were for a long time the only exact
data in connexion with this subject. Yet, as he was per-
petually studying the inter-connexion of all these problems,
and their relation with the great law that governed his imagina-
tion, Helmholtz soon perceived that before he could obtain
exact data as to metabolism, it would be necessary to ascertain
the relations between muscular action and the heat therein
developed. This, however, entailed a fresh series of experi-
ments, which had to be left over for a later period.

At Michaelmas he was to go up for the Government Examina-
tion at Berlin, and only had time' before it to write an article
for the Encyclopaedia of Medical Science (issued by some
members of the Medical Faculty of Berlin), entitled ¢ Heat,
physiological,” which comprised the most recent observations
on animal heat. In this he strove to bring order into the
distorted conceptions then prevailing as to the nature of heat,
and the essay is distinguished by that grasp of the historical
development of the most heterogeneous branches of natural
science, for which Helmholtz was afterwards so generally
admired.
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After giving an historical and critical review of the facts that
‘relate to the regulated high temperature of the more perfectly
organized animals, which persists throughout life, and only
disappears with its extinction, and a table of the differences
of temperature in different kinds of animals, he investigates
the origin of animal heat. In a very interesting discussion
of the different views that have been held as to its nature,
Helmboltz states the most important results of the prevailing
theories in the form of the law that is. fundamental to organic
heat, viz. that the total heat liberated by the union of two
or more elements to form the same compound must be the
same, whatever the intermediate processes through which
the system may have passed. But since quantity of sub-
stance can neither be increased nor diminished in nature, it
follows from the accepted theories of heat that its quantity
in nature must be an absolute constant, whence he concludes
that the actual temperature of an organism can only be due
to a supply of heat from without, either free or latent, and,
inasmuch as sources of free heat exist only in exceptional
cases, organic heat must necessarily be derived from the latent
heat of the food. The work that had been done on pro-
duction and loss of heat, and on animal metabolism, justified
the conclusion that the materials supplied to the body in
respiration and digestion provide the entire sum of vital warmth
during the successive stages of their combination within the
body. According to Helmholtz the only alternative is to admit
that organisms are the seat of a special force (the so-called vital
energy), by which the forces of nature can be engendered ad
snfinitum—a hypothesis that contradicts all known laws of
mechanical science, but cannot theoretically be objected to,
if physiologists choose to assume that such an incomprehensible
phenomenon is the distinguishing characteristic of the life-
process.

In October, 1845, Helmholtz received six months’ leave, in
order to pass the State Examination in medicine and surgery,
.during which time he was attached as surgeon to the Friedrich-
Wilhelm Institute. By the terms of his engagement, he was
subsequently bound to serve twice this period as surgeon to
the King’s army. On February 7, 1846, he returned to his
official duties with full credentials.

WELSY D
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The five months of his stay in Berlin were spent in hard
work, and in close scientific intercourse with his friends du
Bois-Reymond and Briicke, who, when separated later on,
communicated all their scientific projects, and the results of
their work, to each other in writing. This was the first
Christmas that Helmholtz had not spent with his parents.
He was doing his clinical tests at the Infirmary, and at
the same time working steadily in the laboratory of Magnus
at his researches on fermentation and putrefaction, while he
regularly attended the meetings of the Physical Society.

In January, 1846, he announces in a letter to his parents
that he had done well in the examination as physician and
surgeon, but did not pass as an ‘ operator’.

Immediately after his return to his military duties at Potsdam
we find him busy again with his experiments on the heat
evolved in muscular activity, and from this time he exchanged
ideas regularly with du Bois-Reymond, partly in letters written
about once a fortnight, partly at meetings between the two
friends in Berlin or Potsdam. Up to July 1, he was on duty
in the field hospital, after which he was ‘happy again with
leisure to experiment’. After satisfying himself ‘with great
difficulty as to the constancy of the frog-current between
copper electrodes in a solution of copper sulphate’, he pro-
ceeded to investigate the nature of the chemical processes
which he had discovered in muscle.

At the beginning of October, 1846, Helmholtz sent a ‘ Report
on Work done on the Theory of Animal Heat for 1845’
at du Bois’ request, to the Fortschritte der Physik, issued
by the Physical Society. This was merely an abstract from
the article in the Encyclopaedic Dictionary above mentioned,
but it anticipates more definitely the conclusions of his great
work. He states without hesitation that the material theory
of heat is no longer tenable, and that a kinetic theory must
be substituted for it, since heat originates in mechanical forces,
either directly by friction, or indirectly from an electrical
current produced by the motion of magnets. This conception
of heat as motion involves the conclusion that mechanical,
electrical, and chemical forces must always be the definite
equivalent of one and the same energy, whatever the mode
by which one force is transformed into another. The empirical
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confirmation of this law must be the imperative duty of physicists
and physiologists.

The last months of 1846 were wholly taken up with experi-
ments on the heat evolved during muscular action. After
much discussion with du Bois-Reymond by word of mouth
and letter as to the conversion of a thermo-multiplier of
extreme sensitivity, by empirical graduation, into a thermo-
meter for thousandths of a degree, Helmholtz begs the loan
of the portable balance made for du Bois by Halske, ‘in
order to experiment on the ash of muscle and the composition
of nerve with regard to their possible alteration by muscular
contraction.” But though du Bois himself brought the balance
to Potsdam, Helmholtz was compelled by stress of official
duties to break off his experiments for a long time at the
end of 1846. The New Year diverted his scientific enter-
prises into another and wider field, and was also destined
to be the most important of his life in aspects other than
scientific.

After the death of Surgeon-Major von Velten, his widow had
moved from Riesenburg to Potsdam with her two daughters,
in order to profit by the advantages of the intellectual society
to which she was there introduced by her brother (a surgeon-
major in the Hussars), and to obtain a good education for her
children. Her husband was the son of that Cornet Velten of
the Ziethen Hussars, who during the retreat at the battle
of Kunersdorf came upon the King, standing alone on an
eminence in the field, with his sword driven into the ground
in front of him, facing death or captivity. Velten cut his way
through, along with Captain von Prittwitz, and helped the King
to escape on his own horse, for which he was ennobled, and
received the order pour le mérite. Frau von Velten was the
daughter of the late Hofrath Puhlmann, Court Painter and
Director of the Picture-Gallery founded by Frederick the
Great. Helmholtz soon obtained an introduction to this dis-
tinguished family, though “at first he was somewhat of a foreign
element’. '

His sister-in-law relates that he was ‘grave and reserved, a
little awkward and shy among other more lively and sociable
young men. Some one made the characteristic remark, when
Helmholtz was introduced to us, that he was a very clever man

D32
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if only you could dig him out,—and that proved treasure-trove
indeed’. Before long he was accepted as one of the household,
which, he declared, seemed to him less a part of ordinary life
than of some beautiful romance; while his judgement in all
matters was soon accepted as conclusive. He played the piano
a great deal with the younger sister, Olga, who sang exceedingly
well, displayed his talent for reading aloud, made pretty verses
for the young ladies, and acted comedy almost like a professional,
taking the humorous parts for choice, especially those with
a touch of the grotesque. A still existing play-bill tells us that
he took the chief rdle of Herr Petermann in a piece called
Lodgings to Let, performed on December 27, 1846, at the house
of Rigler, the Director of the Gymnasium. It is on record
that Helmholtz gave up his time most amiably, and worked
hard at the performance, although it was obvious from his
acting that his mind was occupied with other and higher
thoughts ; in fact, he was just then writing the Introduction to
his memoir on the ‘Conservation of Energy’. ‘He was
becoming,” writes his sister-in-law, ‘an inseparable part of our
existence, and there was a ripening sense between him and my
sister that their lives were bound up together. Olga was not
beautiful, but she was refined and agreeable; she never put
herself forward, but listened with attention and keen observa-
tion. Her mind was alert, amusing, witty, almost sarcastic ; but
there was about her a breath of femininity and simple purity
that was irresistible.’

The betrothal took place on March 11, 1847, and Helmholtz
writes a characteristic letter to his bride-elect on a day when he
had vainly expected her at a symphony-concert at the Sing-
Akademse in Berlin. ‘You did not come, and so my ear went
wrong also. I fancied it must always have been your soul,
with your deep musical perceptions, that had governed the
harmonies in my brain. My ear heard only musical figures,
and my soul heard naught. Needless to say this was in the
Mozart Symphony, one of his finest, with which every one else
was delighted. But forlorn as I was, bereft of the better half
of my soul, I might as well have been listening to scales upon
the piano. I only recovered myself in the Cortolanus Overture.
That is a jewel—so short, so convincing, so decided, and proud
amid a host of restless and entangled mof#sfs, while it dies off
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'so sadly in melancholy strains.. . . an unsurpassable master-
piece.

The wedding could not take place until Helmholtz received
some permanent appointment, so the young man embarked
courageously upon his great scientific enterprise. By the
middle of February, 1847, he had sent du Bois-Reymond the
sketch of his Introduction to the ‘Conservation of Energy’. ‘Not
because I think it is ready, for even in reading it over I see,
that most likely none of it can stand, but because I do not
yet see how many times I shall have to rewrite it before it is
done, and I want to know if you think the style in which it
is written one that will go down with the physicists. I pulled
myself together at the last reading, and threw everything over-
board that savoured of philosophy, wherever it was not abso-
lutely essential, so this may have made some gaps in my logic.
Still you will be able to see the nature of the argument from
it. Don’t put yourself out to read it; do it at your leisure, and
then write to me: where you find obscurities or lacunae in the
details note them on the margin. I may come to Berlin myself
after a while to talk to you about it.’

Du Bois received the Introduction with enthusiasm, and
declared that it must remain as it was, ‘an historscal document
of great scientific smport for all time.’

It was during the first quarter of 1847, while he was on
field-hospital duty, that the young investigator found oppor-
tunity to formulate the ideas which he had cherished since
the beginning of his studies, and had tested by experiments
in the most disparate branches of physiology and physics with
a view to publishing the results. Neither he nor his friends
had any notion that other workers were engaged on the same
problems. When free of the hospital post, Helmholtz at once
resumed his experimental werk,and reconstructed the apparatus
for his thermal experiments on muscle, giving much good
advice from his own experiences to du Bois about his experi-
ments, while he ¢ waited impatiently for the spring and the frogs’.
But once more he had to interrupt his experiments, since Halske
kept him waiting too long over the construction of a Neef’s
interruptor for his electrical apparatus, till finally the moment
for producing the ‘ Conservation of Energy’ before the world
arrived.
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On July 21 he announced to du Bois-Reymond that he would
bring forward his ‘ Conservation of Energy’ on the 23rd at the
Physical Society. The meeting was one of the most memorable
in the annals of the Society; as du Bois tells us, Helmholtz
revealed himself at ane bound, to the surprise of all his friends,
as a master of mathematical physics. The members of the
Physical Society were acquainted with the Law of the Con-
servation of Energy when it was still unknown to all the rest
of the world.

As soon as the meeting was over Helmholtz sent the manu-
script to Magnus, with whom he was on very friendly terms,
begging him to arrange for its publication in Poggendorf’s
Annalen. But Magnus, though he willingly and cordially
recognized the merits of Helmholtz’s essay, took exception to
the character of his work. He regarded experimental and
mathematical physics as separate departments, and warned him
repeatedly against undue partiality for mathematics, and the
attempt to bring remote provinces of physics together by
its means. Accordingly he only sent the memoir with
a few words of general recommendation to Poggendorff, and
this apparently not till he was constrained to it by du Bois-
Reymond, who, with Briicke, had all the younger physicists
and physiologists of the Physical Society upon his side.
Poggendorff replied that the subject-matter was not in his
opinion sufficiently experimental to justify him in publishing it
in the Annalen, though he acknowledged its importance as
a theoretical treatise. Both he and Magnus therefore advised
the author to bring it out as an independent publication. Du
Bois forwarded these letters to Helmholtz with forcible ex-
pressions of his annoyance with Poggendorff and Magnus,
urging him if possible to get the essay published by Reimer
in Berlin as a pamphlet, and recommending him to restore
the Philosophical Introduction. Helmholtz did not allow
his satisfaction in the work to be destroyed by the reser-
vations of the older physicists, but he altered certain
parts of the Introduction in order still further to en:phasize
his position in regard to the prevailing scientific concep-
tions. This Introduction was the foreword of modern
science in the second half of the nineteenth century, while
its fine and simple style already proclaim its author a
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master of language: hence it may be fitly cited in this
connexion :—

‘The principal contents of the present memoir show it to
be addressed to physicists chiefly, and I have therefore thought
it judicious to lay down its fundamental principles purely in the
form of a physical premise, and, independent of metaphysical
considerations, to develop the consequences of these principles,
and to submit them to a comparison with what experience has
established in the various branches of physics. The deduction
of the propositions contained in the memoir may be based on
either of two maxims; either on the maxim that it is not
possible by any combination whatever of natural bodies to
derive an unlimited amount of mechanical force, or on the
assumption that all actions in nature can be ultimately referred
to attractive or repulsive forces, the intensity of which depends
solely on the distances between the points at which the forces
are exerted. That both these propositions are identical is
shown at the commencement of the memoir itself. Meanwhile
the important bearing which they have upon the final aim of
the physical sciences may with propriety be made the subject
of a special introduction. '

‘The problem of the sciences just alluded to is, in the first
place, to seek the laws by which the particular processes of
nature may be referred to, and deduced from, general rules.
These rules—for example, the law of the reflection and re-
fraction of light, the law of Mariotte and Gay-Lussac regarding
the volumes of gases—are evidently nothing more than general
ideas by which the various phenomena which belong to them
are connected together. The finding out of these is the office
of the experimental portion of our science. The theoretic
portion seeks, on the contrary, to evolve the unknown causes
of the processes from the visible actions which they present;
it seeks to comprehend. these processes according to the laws
of causality. We are justified, and indeed impelled in this
proceeding, by the conviction that every change in nature
must have a sufficient cause. The proximate causes to which
we refer phenomena may, in themselves, be either variable
or invariable ; in the former case the above conviction impels
us to seek for causes to account for the change, and thus
we proceed until we at length arrive at final causes which
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are unchangeable, and which therefore must, in all cases
where the exterior conditions are the same, produce the same
invariable effects. The final aim of the theoretic natural
sciences is therefore to discover the ultimate and unchange-
able causes of natural phenomena. Whether all the processes
of nature be actually referable to such, or whether nature is
capable of being completely comprehended, or whether changes
occur which are not subject to the laws of necessary causation,
but spring from spontaneity or freedom, this is not the place
to decide; it is at all events clear that the science whose
object it is to comprehend nature must proceed from the
assumption that it is comprehensible, and in accordance with
this assumption investigate and conclude until, perhaps, she
is at length admonished by irrefragable facts that there are
limits beyond which she cannot proceed.

‘Science regards the phenomena of the exterior world ac-
cording to two processes of abstraction; in the first place it
looks upon them as simple existences, without regard to their
action upon our organs of sense or upon each other; in this
aspect they are termed matfer. The existence of matter in
itself is to us something tranquil and devoid of action: in it
we distinguish merely the relations of space and of quantity
(mass), which is assumed to be eternally unchangeable. To
matter, thus regarded, we must not ascribe qualitative differ-
ences, for when we speak of different kinds of matter we refer
to differences of action, that is, to differences in the forces of
matter. Matter in itself can therefore partake of one change
only, a change which has reference to space, that is, motion.
Natural objects are not, however, thus passive; in fact we
come to a knowledge of their existence solely from their
actions upon our organs of sense, and infer from these actions
a something which acts. When, therefore, we wish to make
actual application of our idea of matter, we can only do it by
means of a second abstraction, and ascribe to it properties
which in the first case were excluded from our idea, namely,
the capability of producing effects, or, in other words, of
exerting force. It is evident that in the application of the
ideas of matter and force to nature the two former should
never be separated: a mass of pure matter would as far as
we and nature are concerned be a nullity, inasmuch as no
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action could be wrought by it either upon our organs of
sense or upon the remaining portion of nature. A pure force
would be something which must have a basis, and yet which
has no basis, for the basis we name matter. It would be
just as erroneous to define matter as something which has
an actual existence, and force as an idea which has no corre-
sponding reality. Both, on the contrary, are abstractions
from the actual, formed in precisely similar ways. Matter
is only discernible by its forces, and not by itself.

‘We have seen above that the problem before us is not to
refer back the phenomena of nature to unchangeable final
causes. This requirement may now be expressed by saying
that for final causes unchangeable forces must be found.
Bodies with unchangeable forces have been named in science
(chemistry) elements. Let us suppose the universe decom-
posed into elements possessing unchangeable qualities, the
only alteration possible to such a system is an alteration of
position, that is, motion ;- hence the forces can only be moving
forces dependent in their action upon conditions of space.

‘To speak more particularly : the phenomena of nature are
to be referred back to motions of material particles possessing
unchangeable moving forces, which are dependent upon condi-
tions of space alone. Motion is the alteration of the conditions
of space. Motion, as a matter of experience, can only appear
as a change in the relative position of at least two material
bodies. Force, which originates motion, can only be conceived
of as referring to the relation of at least two material bodies
towards each other; it is therefore to be defined as the
endeavour of two masses to alter their relative position. But the
force which two masses exert upon each other must be resolved
into those exerted by all their particles upon each other ; hence
in mechanics we go back to forces exerted by material points.
The relation of one point to another, as regards space, has
reference solely to their distance apart: a moving force, there-
fore, exerted by each upon the other, can only act so as to
cause an alteration of their distance, that is, it must be either
attractive or repulsive.

‘Finally, therefore, we discover the problem of physical
natural science to be, to refer natural phenomena back to
unchangeable attractive and repulsive forces, whose intensity
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depends solely upon distance. The solvability of this problem
is the condition of the complete comprehensibility of nature.
In mechanical calculations this limitation of the idea of moving
force has not yet been assumed: a great number, however, of
general principles referring to the motion of compound systems
of .bodies are only valid for the case that these bodies operate
upon each other by unchangeable attractive or repulsive forces;
for example, the principle of virtual velocities ; the conservation
of the motion of the centre of gravity ; the conservation of the
principal plane of rotation; of the moment of rotation of free
systems; and the conservation of v¢s vsva. In terrestrial matters
application is made chiefly of the first and last of these princi-
ples, inasmuch as the others refer to systems which are supposed
- to be completely free; we shall, however, show that the first
is only a special case of the last, which therefore must be
regarded as the most general and important consequence ¢

the deduction which we have made.

‘Theoretical natural science therefore, if she does not rest
contented with half-views of things, must bring her notions
into harmony with the expressed requirements as to the
nature of simple forces, and with the consequences which
flow from them. Her vocation will be ended as soon as
the reduction of natural phenomena to simple forces is com-
plete, and the proof given that this is the only reduction of
which the phenomena are capable.’!

Helmholtz accepted du Bois-Reymond’s advice and wrote to
G. A. Reimer, who replied that he was only too glad, since
du Bois answered for the value of the treatise, to undertake
its publication. He brought it out in 1847, and presented
Helmholtz, to his great surprise, with an honorarium.

The Law of the Conservation of Energy as put forth by
Helmholtz suffered the vicissitudes incident to the birth of
all great thoughts. However much a generalization may be
foreshadowed by experiment in different directions, and sug-
gested and discussed by speculative thinkers, yet when it
finally appears in concrete form it is sure to encounter doubts
as to its accuracy, or, if the magnitude and worth of the dis-
covery are recognized, suspicions of its originality, and

! J. Tyndall, ¢The Conservation of Force,' Scentific Memoirs [Natural
Philosophy]}, I, pp. 114 seqq.
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disputes as to priority. While the memoir was enthusiasti-
cally welcomed by the younger physicists and physiologists
of Berlin, who were led by du Bois-Reymond, and Helmholtz
to his high delight was praised by the military authorities
‘for the splendid practical turn that he had given to his
studies’, the older scientists with hardly an exception rejected
the ideas which the work expressed, fearing, strangely enough,
that such speculations would revive the phantasm of Hegel’s
‘nature-philosophy’, ‘against which they had fought so long,
and in the end so successfully. There was but one, after
Johannes Muller the most gifted scientific thinker of the day,
the mathematician Joh. Jac. Jacobi, who from his profound
studies of the principles of mechanics clearly recognized the
close connexion between the work of Helmholtz and that
of the great French mathematicians of the preceding century.
Notwithstanding the doubts of his distinguished colleagues
Lejeune-Dirichlet and Eisenstein, he unhesitatingly proclaimed
the significance of Helmholtz’'s work, and by this gave confi-
dence and self-assurance to its author. In the original
treatise Helmholtz had only attempted to give a critical
survey and arrangement of the facts in the interests of
physiology, expecting the physicists at most to reproach him
for having, as a young doctor, brought forward as new what
was well known to them, but he now realized from the general
opposition that he had been the first to set forth a universal
law of experimental science, and to purify and free it from
vague philosophical and speculative reflections.

The elementary scientific discussions about perpetual motion
in his parents’ house had never proved its impossibility con-
clusively for Helmholtz, and while still a student at the
Friedrich-Wilhelm Institute he resorted to the works of Daniel
Bernouilli, d’Alembert, and other mathematicians of the eigh-
teenth century which he found in its library. From these he
obtained the strictest and most convincing proof that a per-
petunm mobile cannot be produced by purely mechanical forces.
Just as the works of a clock have no energy of their own, and
can only distribute evenly, over a considerable period, what
is supplied to them from without, so, as these great thinkers
showed by rigid mathematical proof for all pure motive forces,
our machines and apparatus have no intrinsic energy, but
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merely give out in other forms what is communicated to them
from the store of energy in the universe.

Yet it still remained an open question whether perpetual
motion might not be possible in the great field of the other
natural forces, which cannot be reckoned as purely motive—
heat, electricity, magnetism, light, chemical affinity—but are
all, nevertheless, in manifold relations with the mechanical
processes, since in almost every natural process mechanical
effects are produced, and mechanical work is performed.

Helmholtz’s medical studies, and his knowledge of the
biological side of natural phenomena, led him in the first
instance to consider the possibility of perpetual motion in these
processes, which he had studied since 1841.

After his physiological observations had led him time after
time to the conclusion that there could be no perpetuum mobile
for the natural forces that here come under consideration, and
when he had convinced himself that such a thing was alto-
gether impossible, he inverted the problem hitherto pro-
pounded by the scientists, as to how the relations between
natural energies could be utilized to construct a perpefuum
mobile, and asked himself what the relations between the
forces of nature must be, if perpetual motion were indeed
impossible.

As a matter of fact, this reversal of the problem had been
previously made for heat, though in less general terms, and
with less conscious intention, by Robert Mayer and Colding,
with whose investigations Helmholtz was not acquainted, and
by Joule, whose experiments he heard of first when his own
work was completed. Helmholtz found that all known rela-
tions of forces lead to the conclusion that perpetual motion
is impossible: he plotted out a further series as yet unknown,
the actual existence of which had to be ascertained, and
endeavoured to formulate all the relations between the dif
ferent processes of nature which could be deduced from his
assumption. The result proved that there is no cycle
throughout the entire range of natural processes by which
mechanical energy can be generated without corresponding
expenditure ; the quantity of working force may indeed be
lost to the particular machine, but not to the universe as
a whole. ‘Nature as a whole possesses a store of energy
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which cannot in any wise be added to or subtracted from:
the quantity of energy in inorganic nature is as eternal and
unalterable as the quantity of matter,’ the constancy of which
had been established as a fundamental law of chemistry by
Lavoisier half a century before.

Helmholtz termed this universal principle, now known as
the Law of the Conservation of Energy, the Law of the
Conservation of Force; it asserts that each transformation
of energy takes place under exactly measurable quantitative
relations, whether the form of energy be the vss »va of motion,
or electrical and magnetic energy, or heat, whence again the
impossibility of perpetual motion follows.

In order to include within the scope of his considerations
such natural forces as may be still unknown, he affirms with
the care of a great investigator that the validity of the law of
the constancy of the sum of vss vsva and of what he called the
‘tensional forces’, i.e. of actual and potential energy, is in the
highest degree probable, since it contradicts none of the known
facts of science, and is on the contrary confirmed by many of
these in the most striking manner. He tests the energy-
equivalents of heat, of electrical action, of magnetism and
electro-magnetism, and after finding the law to be universally
valid, turns as physiologist to the natural processes of organic
existence, and shows that the problem of the conservation
of energy is here a question of whether the oxidation and
metabolism of the nutritive substances generate an equivalent
quantity of heat to that given off by animals, a problem which
had already occupied him for some months in Potsdam.

‘I have endeavoured,’ he says at the close of this masterly

treatise, ‘to state in the most complete manner possible the
inferences which flow from a combination of the law with
other known laws of natural phenomena, and which still ‘await
their experimental proof. The object of this investigation was
to lay before physicists as fully as possible the theoretic and
practical importance of a law whose complete corroboration
must be regarded as one of the principal problems of the
natural philosophy of the future.’

At the time when Helmholtz began his analytical study of
the natural sciences, the law of the persistence of matter
(by which the elements may alter in regard to the mode of



46 HERMANN VON HELMHOLTZ

their distribution in space, but are unalterable in their pro-
perties) was admitted by all physicists to obtain in every
change of organic and inorganic nature. The great prin-
ciple of the conservation of energy, which Helmholtz placed
beside this law, postulates that all forces are to be measured
in terms of mechanical force, and that all forms of energy are
ultimately kinetic, so that the final aim of natural science
must be to reduce itself to mechanics.

Equipped only with such literary matter as the library of
the Gymnasium could afford him during his residence in
Potsdam, unaware of Robert Mayer’s nine-page note ‘On
the Forces of Inorganic Nature’, published in Wohler and
Liebig’s Annalen der Chemie in 1842, after it also had been
rejected by Poggendorfl, and of the same author’s treatise pub-
lished in 1845, on ‘ Organic Motion in relation to Metabolism’,
Helmholtz had by 1843-4 completed the essentials of the
work which Kirchhoff estimated twenty years later as the
most important contribution to natural science made in our
era, while Hertz, Helmholtz’s great pupil, says of it that
‘ Physical research had been diverted by the close of the
century into an entirely new channel. Under the over-
mastering influence of Helmholtz’s discovery of the conser-
vation of energy, its object was henceforward to refer all
phenomena in last resort to the laws which govern the
transformation of energy’.

But while the great significance of Helmholtz’s work was
immediately recognized by the younger generation of scientific
men, the older physicists still held aloof from it, on the ground
that it was a relapse into the ‘nature-philesophy’ of Hegel.
In other quarters, again, where the importance of the great
law was admitted, the honour of its discovery was withheld
from Helmholtz. It was said that he had borrowed the idea
from Dr. Julius Robert Mayer, a Heilbronn physician, who
had published a thesis on the same subject, and had even
determined the’ mechanical equivalent of heat. ‘This report,’
says du Bois-Reymond, ‘ has lasted, like the fame of Helmholtz’s
treatise, to the present day, and has been greedily accepted
by those who love to trail shadows across the sunlight.’

As regards priority, Helmholtz, after he had become
acquainted with the writings of Robert Mayer, took every
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opportunity, in discussing the discovery of the Law of the
Conservation of Energy, of insisting that it was Mayer who
had first expressed his conviction that the sum of energy
in the universe could neither be destroyed nor added to, and
who formulated this view in his law of ‘the equivalence of
heat and work’. The English physicist Joule had also under-
taken an extensive series of experiments, independent of
Mayer, with the object of determining the equivalence between
heat and work empirically, and a lively controversy as to the
priority of Mayer’s work had therefore already been raised
by those ‘who attach more weight to the collection of data
than to the formulation of general principles’.

Helmholtz himself, both in his original treatise and in
discussing the subject afterwards, used to say that the work
which he then undertook was one of pure criticism and
arrangement, since its principal aim could only be to test
the earlier conclusions derived from inductive methods, upon
the newly-acquired material. If a law is to hold good through-
out the universe for the vast complex of natural processes,
it was not in his estimation sufficient merely to state this as
Mayer had done; evidence sufficient to enforce conviction
of its probability must be produced, so that scientific men may
bear it in mind for future confirmation.

¢In those days it was far more important than might possibly
now be the case, to make clear from beginning to end that
the law was a law of facts, abstracted from the facts, and to
be confirmed again by facts.’

Helmholtz consistently recognized that when the Law
of the Conservation of Energy had made its way later on,
and its accuracy was generally accepted, every one would
admit that Mayer had in 1842 reached a perception of its
meaning and universal significance, just as Faraday must have
had a presentiment of the same law long before Joule gave
definite scientific expression to it, and filled up the most
important gap in the empirical evidence in its favour.

But Mayer had not arrived at this perception by scientific
methods. After the data (which were familiar enough to many
of his predecessors) had arranged themselves in his conscious-
ness, ‘the creative idea presented itself suddenly, not as a
demonstrated truth, but'as a problem, for the solution of which
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empirical facts must be investigated’ Unlike Helmholtz, he
did not test the accuracy of the law (conceived as it were
by inspiration, and by a certain creative activity of his brain),
or rather its consequences, upon all the natural processes
known at that time: the recognition of the principle in fact
involved other, and deeper mathematical, knowledge than any
Mayer could command.

Helmholtz by his dxscovery gave an impulse to the whole
later development of mathematical physics, and showed by
rigid mathematical proof that whenever natural bodies act
upon each other by attractive or repulsive forces, which are
independent of time and velocity, the sum of their vires vsvae
and ‘tepsional forces’ must be constant; but if these forces
depend upon time and velocity, or act in other directions than
the straight lines which unite the two active material points,
then (provided the action and reaction are equal) combinations
of such bodies will be possible in which energy may be either
lost or gained ad snfinstum. When in this sense the above
forces are described as ‘conservative’, the Law of the Conser-
vation of Energy says no more than that all elementary natural
forces are conservative.

The work which the great French mathematicians had done
in mechanics was familiar to Helmholtz, and to him it was
no new induction, but merely the definite statement and
complete generalization of an established conviction, to say
that all elementary forces are conservative. In Helmholtz’s
opinion those great thinkers must have made the same con-
jecture, but did not state it in terms, since they could not
prove it, having ‘set themselves the particular task of educating
men from the false rationalism of scholasticism to the strict
appreciation of experimental data’. Helmholtz termed his
theorem the law of the ‘Conservation of Energy’ (Erkaltung
der Kraf?), to mark that it was an extension of the already
known law of the ‘Conservation of Vis Viva’ (Erhaltung
der lebendigen Krafi), and to make its relation clear with the
old question of the possibility of a perpetuum mobile.

Mayer, by trying to get rid of the conception of force in
mechanics, and defining as Kraft (force) what had previously
been defined as work, i.e. the product of force into the dis-
tance through which it acts, obscured the meaning of the
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well-known law of the conservation of vss vsva, and delayed
the strict mathematical expression of the law which he divined.
Helmholtz, on the other hand (by analogy with the name
‘ quantity of vss vsva’, which was used by Leibniz to express
the work-equivalent of the velocity of the moving masses),
gave the name ‘quantity of tensional force’ to this product,
and in thus expressing the work-value of those forces which
are actually’engaged in the stress of producing motion, he
established a connexion between actual and potential energy,
the sum of which is constant for all transformations.

This conception of a definite store of energy in the universe
was quite new and due to Helmholtz alone; it was defined
‘as a quantity which can no more be destroyed nor added to
than a substance, which acts in space and yet cannot be sub-
divided with space like a material substance, because each
division of space would not involve the portion of “tensional
energy ” which exists between the particles of matter on either
side of the dividing surface,’—a conception familiar to modern
science, and founded solely upon the mighty work of Helm-
holtz and the splendid pioneering achievements of Lord
Kelvin.

Twenty years later Helmholtz again took occasion to ascribe
priority in the conception of the conservation of energy to
Robert Mayer, as against the claims of Joule. In a letter
to Tait on the occasion of a dispute about priority in the
question of absorption and radiation, he puts Kirchhoff for-
ward, since he was the first to formulate the law, and thus
made the great discoveries that are involved in it possible.
Helmholtz maintained that Kirchhoff’s werk in this field
represented one of the most instructive cases in the history
of science. Many investigators had been on the verge of
the same discoveries, but the development of spectral analysis
as a whole became possible only after Kirchhoff had theoreti-
cally determined those general properties of heat which are
its fundamental basis. He clearly enunciates the relation of
Mayer to Joule, and thus indirectly to himself also :—

‘Robert Mayer was not in a position to carry out experi-
ments. He was repulsed by the physicists with whom he
was acquainted, and could hardly find acceptance for his
first condensed statement. While no one can deny that Joule

WELSY E
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did more than Mayer, and that many particulars are confused
in Mayer’s first note, we must, I think, regard him as a man
who of and for himself coneeived the idea which has rendered
the great recent advance of natural science possible, nor is
his merit in any way lessened by the fact that another man,
in another country and different sphere of activity, had
simultaneously made the same discovery, and worked it out
afterwards with greater completeness.’

Robert Mayer himself was far from claiming priority over
Helmholtz in his epoch-making work, and the Naturforscher-
Versammlung at Innsbruck in 1868, at which Helmholtz ac-
knowledged Mayer’s priority clearly and without ambiguity
wherever it was due, left the two distinguished men on the
best possible understanding.

With this work on the Conservation of Energy, Helmholtz
took first rank not only among physicists, but among physiolo-
gists also, who recognized that his law afforded them an
invaluable weapon for the attack upon vitalism; and he now
went on to verify it for the natural processes of living
organisms, by continuing his earlier experiments on the de-
velopment of heat during muscular activity. His results were
given to the Physical Society in November, 1847, and published
the next year in Maller's Archsv.

This research, which is a model of the application of the most
delicate physical methods to physiological problems, was in-
tended to determine whether the rise of temperature in a working
muscle takes place in the substance of the muscle itself, in conse-
quence of internal processes brought about during contraction
by a disturbance of equilibrium, or whether it is merely the
result of increased flow of arterial blood. While the previous
thermo-electric determinations of temperature in animals had
been made with only a Becquerel couple, Helmholtz employed
a triple junction of iron and German-silver which trebled the
electromotive force, and found with the finest measurements,
and ingenious contrivances for the exclusion of every other
increase of temperature, that in excised and isolated thighs
of the frog, there was a rise of temperature derived solely
from molecular processes, when the muscle was caused to
contract by stimulating the spinal cord with a Neef’s inter-
ruptor modified for the purpose. The heat in contraction was
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therefore actually produced in the muscle substance, while
attempts to demonstrate a rise of temperature in nerve during
the transmission of excitation from spinal cord to muscle
yielded negative results. These data all made for the verifi-
cation of Helmholtz’s great law, though the investigations could
not then be held conclusive.

The close of 1847 was devoted to severely theoretical
studies, as appears from the many notes on classical pro-
blems in pure mathematics found among Helmholtz’s papers,
but his medical duties hindered him more than was desir-
able in the free disposal of his time, until at the begin-
ning of 1848 the current of his life was altered by a fortunate
development.

His friend Bracke, who was teacher of anatomy at the
Academy of Arts and assistant at the Museum of Anatomy
and Zoology, was appointed Professor of Physiology and
General Pathology at Konigsberg, and the reversion of the
posts thus vacated in Berlin devolved on his intimate friend
and contemporary du Bois-Reymond, who was two years older
than Helmholtz. But since du Bois’ private means made it
possible for him to devote himself entirely to his investigations
in animal electricity, without taking up professional duties, he
retired from the competition for the Academy post in favour of
his younger friend, arranging with Bracke that Helmholtz
should be brought forward.

On the strength of an excellent testimonial received from
Johannes Muller, Helmholtz was invited (August 19, 1848)
to give a trial lecture before the Senate and Professors of the
Academy. This was found among his papers, and has never
before been published :—

‘I shall endeavour, in the lecture which I have the honour
of giving before you, to develop those points which seem to
me the most essential in the teaching of anatomy to art-
students, and the methods that should be employed. I must
from the outset claim the forbearance of this distinguished
assembly, since I am well aware what varied capacities and
kinds of knowledge should be combined in any one who endea-
vours to fulfil the duties of this post successfully, and how
difficult is the handling of this science, if it is to be raised from
the dry and often barren forms of a colossal effort of memory to
a living thing that can be applied to Art.

E 2
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‘The end to be aimed at is one so special, so totally different
from what is usually expected from a teacher of anatomy, that
I venture to say that but few of its postulates can be theoreti-
cally laid down beforehand; the majority must follow from
practice and experience. The new lecturer must indeed
draw_ up some system of instruction, but little may possibly
remain of his scheme by the time it has been carried into
execution.

‘ Anatomy, taught as an exact science to the medical student,
has quite other aims, other proportions, and a widely different
method. It starts with the necessity of giving the sharpest and
most abstract definitions that are possible; for the physician
and surgeon cannot limit himself to the appearance of the parts
as they are in the sound bOd{ His principal business is to
discover sharp and simple characteristics that will not leave
him in doubt, even where illness or lesion has so distorted
the appearance of the parts, that the untrained eye could no
longer find its way among them ; and medical anatomy is thus
in 1ts essentials a collection of dry concgpts, very difficult to
realize, of evil repute even for the long-suffering memory of the
medical student, and the obvious appearance is hardly ever
called in as more than an aid to the memory, while on the
other hand it is all-essential to the artist. ,

‘For the doctor, for instance, what is of importance in
any particular muscle besides the point of attachment which
determines its action, is the situation of the vessels and
nerves upon or beneath it, the lie of the fascia that sur-
round it, and control the flow of pus, and so on.
the muscle looks like, whether thin or thick, round or flat;
to what extent it consists of flesh, and where its tendons
beﬁin ; whether it can be seen through the skin—to these
and similar questions he is for the most part quite indifferent,
while it is just these points that make the muscle interesting
to the artist.

‘Art anatomy is therefore distinct from medical anatomy not
merely in its content (since it embraces a portion of the latter,
but has to work it up more specially), but still more essentially
in its methods.

. ‘How anatomy should be taught for the artist is best decided
b¥ determining wherein and why it can help him. The artists
of antiquity were ignorant of the internal aspects of the human

body. The ancients had a natural, unconquerable aversion to

the dissection of corpses, and were also hampered by their
religious convictions, which made all desecration of the dead
an unpardonable tres]‘?ass against the most awful and sacred
laws of the gods. Even late into the Middle Ages human
bodies were never dissected by physicians—those of apes at
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most. A medical student may have obtained some essential
knowledge from the dismemberment of these man-like animals,
but the works of even the most renowned medical authors of
antiquity, e.g. Galen, contain anatomical observations which
are incorrect for man, and true of apes only. This substitute
for human anatomy could have been of no use to artists; they
were restricted to careful observation of the surface of the
body, and at most could only learn the connexions of the bones,
muscles, and tendons from animals, and compare these as well
as might be through the skin b‘y eye and touch in man, and
endeavour to guess at the form of them.

‘And yet despite these limitations, how marvellous a perfec-
tion is exhibited by the art of antiquity—not only in the most
accurate knowledge of the resting form, with a delicate sense of
beauty in all its proportions, but in the finest observation of the
play of living muscles. This knowledge of the human form
is so perfect in the ancient masters that they were able to
dominate their subject with admirable inspiration and freedom,
the freedom that modern art strives after, too often vainly, and
which is only attained by a few favourites of genius.

‘We are tempted to Inquire the need of anatomy, when the
acme of sculpture was reached in ignorance of it. Why study
below the surface, when it is the surface only that art has to
render? To this we must reply that even in these works of
inimitable talent, exquisite beauty, and laborious industry, there
are some not inconsiderable errors which a good anatomist
would have been able to avoid, though possessing far less skill
than these sculptors. A muscle, e.g., is often visible only as
a little swelling, but the slightest increase or displacement of
this swelling is sufficient in many cases to produce an anatom-
ical absurdity, into which the most skilful copyist would readily
fall if he were ignorant of the meaning of the protrusion, while
any one familiar with the lie of the muscles in the figure would
avoid it. It would be useless to multiply examples unless we
had the statues here to illustrate them; I will only, to make
myself intelligible, adduce one instance, taken from a well-known
and not ignoble statue of a Greek orator, usually known as the
Germanicus, which was the work of the younger Cleomenes,
in the post-Alexandrian period of Greek Art. The curve of
the leg that stands free I1s so exaggerated, that the extensor
muscles of the lower thigh (m. recfus femorss and sarforius),
which lie below it, and are felt in the living subject close
beneath the skin, or even protrude a little, are altogether
obliterated. In a “ Shooting Apollo” in the Berlin Museum
the posterior part of the deltoid muscle is constructed as if its
insertion lay at right angles to the arch of the shoulder-blade,

whereas it is parallel with it.
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‘You may say that such an error, since it is patent only to
the expert’s eye (had it been more obvious, the Greek artist
would never have perpetrated it), is of no consequence to the
general effect of the statue, and that it is splitting hairs to dwell
upon it. The creative artist goduces the form which he has
conceived without troubling about particulars, he is led on only
by the sense of ideal beauty which hovers before his brain and
eyes; and with the same unconsciousness of details and their
causes, the connoisseur revels in the spectacle of living har-
mony afforded him in the work of the artist. Yet the artist’s
genius lies in the mysterious power of formin% an original
conception, and expressing it in a form that deliberate reflec-
tion subsequently acknowledges to be true and perfect. And
just as it is certain that the spectator will be elevated in
?roportlon with the splendour and fidelity of the artist’s con-
ormity to and interpretation of the ideal content of his work,
so surely will every failure in this respect detract from the
living beauty of the figure, even when the critic is unable to
say wherein the fault consists, and what has caused it.

‘It cannot be denied that the lack of anatomical knowledge
.among the ancients is often perceptible as a defect in their
productions, however much their marvellous talent for the
representation of truth and beauty may have obviated its con-
sequences. Then again it must be remembered that the
ancients had far more abundant opportunity of observing
the human form than is possible in modern times, and that the
curriculum of the art-school has to supplement this want as far
as possible. The modern, who can only study the human
form in the model-room, or at best in a bathing establishment
(where indeed he seldom finds a wholly Pleasing subject under
the one-sided and distorting conditions of our civilization), is at
a great disadvantage as compared with the ancients, and would
be on very unequal terms of competition if he were not
equipped with accessory instruction. He further has to reckon
with the factor that, for the same reason, the public know much
less of the human body. Anatomy can no more than any other
branch of study be a substitute for genius in the artist, whether
in regard to capacity for reproduction or to sense of beauty,
but it can set him forward on his way, and sharpen his powers
of observation.

‘The question of the benefit of anatomy to the artist may
therefore be reduced to this: What more can the knowledge
of the internal structure of the body give him than he has
acquired from the external study of it on the living model ?
In reply I would submit the following considerations :—

‘1. It facilitates appreciation of the different forms of various
parts of the body in different postures, since these forms can
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all be referred to the same underlying anatomical mechanism ;
it therefore makes the work of the artist easier when he has to
do without a model. (Instance the different curves of the
upper arm, and the different positions of the hand in turning
the fore-arm.)

‘2. It teaches the distinction between the essential and non-
essential parts of the human form. The prominences and
dedgressions on the surface of the human body are of very
different importance according as they correspond with bones,
muscles, or folds of skin. Even when the sculptor og(liy wants
to reproduce a given model, he may err, as we pointed out, in
the reproduction of some swelling which is essential to the
anatomical structure. But the sculptor never should imitate
slavishly, since his model is always that of a man who has
grown up with human imperfections, and falls short of the
ideal: he must modify the individual form till he obtains
the most perfect expression of its spirituality. Given a mus-
cular man for the model, with the intention of making a
figure as strong and tense as possible, a sort of Hercules,
he must not thicken the folds of skin and the muscles
equally to produce his effect, but, on the contrary, must rather
reduce the skin to bring out the muscularity; or conversely,
if he is planning a Silenus. It is further to be noted that
the emphasizing of the more important anatomical features at
the cost of the less essential, adds clearness and simplicity to

the figure.

‘3. %inally, it is impossible to study the gestures of the
moving figure upon models, which must always be supgorted
in order to maintain their posture without effort. This brings
us to the important study of the variation in shape of active
muscles. The model stands with relaxed muscles, even if he
be successfully propped up in the required attitude. The
artist must know what muscles swell and protrude in move-
ment, unless his work is to lFive the effect of standing still,
like the model. And even if he makes the model perform
the action sometimes, and strives to fix the gestures in his
memory, he still cannot entirely forego his knowledge of
synthetic muscular action, since a noble, well-formed body
moves differently from one that is less well develoFed. The
former at each movement utilizes only so many limbs and
muscles, with so much force, as are indispensable to the
motion, giving an impression of grace and ease, while the less
skilled and weakly individual works harder and uses more
muscles simultaneously. . .

‘Still, we must never forget that Anatomy is but an instru-
ment to further the more exact knowledge of the human form,
and that, like all other helps to artistic study, it can never
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replace the immediate perception of the forms themselves, nor
the artistic sense of beauty. To the artist it is a means of
lithening the mental conquest of the ever-changing com-
plexities of his material object, the human form, sharpening his
perception of what is essential, making the whole form trans-
parent to him, and arming him with the instruments of a
searching criticism of the work he has accomplished. Art,
however, begins where anatomy ends; the spirit of the artist
is shown in the wise application of the forms whose con-
nexions and simple outlines have been taught by anatomy, and
in the distinguishing characteristics of his figures. Here the
artist, as in a Hercules, suggests the muscles lying in hard
lumps beneath the skin; there in the female figure they are
merely indicated by slight changes in the curvature of the
- limb; in children again they are entirely concealed by the
plump rolls of fat; he alters the normal magnitudes of
the parts according to his subject, and determines their
position and motion. The display made by the artist who puts
too much anatomical science into his figures, as has so often
been alleged of Michael Angelo, and with more justice of his
less inspired followers, is as unpleasant and false as the neglect
gf anatomical accuracy which produces lifeless or distorted
gures.

‘It is important for the student to study forms with very
decided development of muscle, but he must not subsequently
reproduce them with absolute fidelity on all occasions. It is
interesting in this connexion to compare the frequent blunders
of modern art with the work of the old masters: e.g. the
Discobolos of Myron, from the zenith of Greek Art, who is in
an attitude of the most violent exertion. He has checked his
run to fling the discus, while, with the finest observation of
actual movement, the spectator is only shown the great and
almost continuous bulging of the limbs, although an impression
of great vitality is imparted. Many another would have over-
laden such a figure, since even In a simple resting form it
appears impossible to some to show enough muscles.

_ ‘It is essential for the artist, and therefore a principal aim
in instruction, that anatomy shall give him as clear and com-
plete a picture as possible. He must not only bear the
position, attachment, and function of the different muscles
in mind, so that when he thinks of them he can form a correct
notion, as is perhaps sufficient for medical studies, but he must
be accustomed to see the underlying parts clearly through
the intervening veil of skin, and never to picture the arm
without realizing the bundles of muscles that lie within it.
Nor must he fail in knowledge of the positive anatomical
details, since they will serve as a criterion in the searching
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criticism which he must apply to the figures he has created, in
order to facilitate the discovery of errors. The cardinal point
in a lecture on anatomical details must therefore be its applica-
tion to the living and unblemished form. The student must
be trained to compare the appearance of a dead subject, that
has all its anatomical parts exposed, with livinﬁ forms, and to
recognize anatomical details in life-models and works of art,
where they are more or less concealed, in order by such
exercises to sharpen his perception of anatomical errors. It
follows as a matter of course that anatomy for art-students
should only treat of such parts of the body as are of signifi-
cance for its external form. Instruction in anatomy must
therefore embrace :—

‘1. Bones and such cartilages as are externally visible, form-
ing the fixed skeleton of the body, which determine the per-
manent relations of the several elements. This section, with
the exception of the cranial bones, must be treated in as much
detail as for medical anatomy, since even the smaller pro-
minences on a bone are important as points of insertion for
the muscles.

‘2. Joints and ligaments, also treated in detail, notably in

to limitations of movements.

‘3. Muscles, brieﬂK as regards the deeper, in detail for the
more superficial, with particular reference to their appearance
through the skin. Besides the functions of single muscles,
systems of composite movements must be included.

‘In addition, some instruction in animal anatomy should be
given, say on the horse, so far as our teaching apparatus will
admit.’

The lecture gave complete satisfaction to the authorities,
and on September 30, 1848, Helmholtz was released from the
three years’ military service for which he was still inden-
tured, and entered on a civil career. The transfer was
accomplished with little trouble, at the instance of ‘the good
genius who then presided over science in Berlin—Alexander
von Humboldt’.

The post at the Academy of Arts carried a salary of £60 per
annum, and he was further appointed assistant at the Anatomi-
cal Museum, with a salary of £30, on the recommendation of
Johannes Maller, who testified to his being as skilful in
anatomy as he had proved himself in physiological experi-
ment.

Thus, in 1848, Helmholtz left the military service, to which
he had belonged since October, 1838, and he also ceased to
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practise as a doctor from the moment he was emancipatec
from his official obligations. But he always kept up his con-
nexion with medical science, and frequently asserted later on
that to a certain extent he felt more at home in it than in
any other department, while he looked back to his education
at the Military College with affection, and owed to it, as
Ludwig justly remarks, ‘the care he invariably bestowed
upon his personal appearance, and the general decorum of
his attitude.’




CHAPTER V

LECTURER TO THE ACADEMY OF ARTS, AND
ASSISTANT IN THE ANATOMICAL MUSEUM
IN BERLIN : 1848-1849

ArtHouGH Helmholtz was now set free from his duties as
army surgeon, the preparing of his winter’s lectures to the
Academy, and still more the task of making preparations in
comparative anatomy at the Anatomical Museum during the
summer, took up so much time that, save for a short report
to the Fortschritte der Physik on the theory of physiological
heat, he was unable to bring any fresh work to completion.

By the beginning of the winter session, in which, besides
his lectures on osteology and myology (given to an audience
of five), he had to make preparations of the human subject

or the lectures and for the Museum, his work grew a little
“oppressive, since his brain was teeming with scientific ideas,
and urged him on to original research. Accordingly he wrote
to his friend Brucke, to ask if he were taking the duties of
his new post too seriously. Brticke advised him to abate his
pedagogic ardour, and in the following January he writes to
his brother Otto, ‘Tell the parents that all goes well; I have
less to do with my artists now, because I let them draw a good
deal from specimens, and can generally leave them after a
short lecture.’

Helmholtz was, moreover, eager to justify the expectations
of Brucke and his other friends. On March 16, 1849, he read
a paper to the Physical Society, entitled ‘Principles of Con-
struction of a Tangent Galvanometer’, in which he suggested
precisely the same construction of galvanometer as was sub-
sequently communicated to the Académie in Paris by Gaugain
in 1853. Helmholtz was unable to claim priority for it,
since the minutes of the meeting of the Physical Society had
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been lost. In the next place he sketched out the plan of the
epoch-making researches by which he opened fresh paths in
the physiology and pathology of nerve and muscle, and created
new methods of investigation. But he had scareely embarked
on this work when his life took another and decisive turn,
which made it possible for him to follow his great aims
undisturbed.

Briicke had been called to the University of Vienna, and
the Medical Faculty of Konigsberg had nominated du Bois-
Reymond, Helmholtz, and Ludwig as candidates for the vacant
post (April 1, 1849). Du Bois was not inclined to leave Berlin
until he had completed his work on Animal Electricity, and
Ludwig, though senior, was passed over on political grounds,
so that on May 19, 1849, Helmholtz was by order of the
Cabinet appointed Extraordinary Professor of Physiology at
Konigsberg, with a salary of £120. He was commanded to
go at once to Konigsberg to commence his lectures on physio-
logy in the summer term, while the Academy of Arts was
desired by the Minister to release Helmholtz from his post
as teacher of anatomy, in which he was succeeded by du
Bois-Reymond.
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CHAPTER VI

PROFESSOR OF PHYSIOLOGY AT KONIGSBERG:
1849-1855

THE fact that Helmholtz should, at such an early age, be
appointed Extraordinary Professor and Director of the Physio-
logical Institute, with a salary of £120 (which his father had
only obtained after years of painstaking activity), completely
revolutionized the old man’s views as to the value of his
son’s achievements, and he often remarked that his Hermann
had advanced much farther than he, who was only Professor
at a Gymnasium. For the last two years the relations between
father and son had rarely permitted any exchange of ideas,
owing to the wide divergence of their scientific views, but from
this time the elder Helmholtz was keenly desirous of becoming
acquainted with all his son’s work, and, whenever possible, of
taking part in it. With Hermann’s call to Konigsberg, accord-
ingly, begins a most interesting correspondence between father
and son, which extended over a period of ten years, and affords
us many glimpses into the development of the great thinker’s
projects.

Now that Helmholtz had a settled position he was able to
put an end to his long engagement, and bring home his
beloved bride. The marriage took place on August 26, 1849,
at Dahlem, near Berlin, in the house of the bride’s sister.
‘The ceremony was performed in the little, old village church,
which was filled with a festive procession of friends, parents,
and relatives on either side.” The young couple set out for
Konigsberg directly after the ceremony. Helmholtz’s parents
were overjoyed, and looked forward hopefully to the future.
‘Dear children,’ writes the father on September 16, ‘I wish
I knew what and how to write, to give you as much satisfaction
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from my letter as yours has given me! Here our quiet life
goes on as usual; your present is so beautiful that you can
scarcely appreciate the happiness of recollecting what is past.
Or should I as a wise parent check your transports by sad
legends of the envious gods who leave nothing perfect to us
poor mortals ?—advise you like Polycrates to sacrifice your
dearest jewel, and commend you to bitter renunciation in order
that you may remember that you are mortals called to sorrow ?
Olga, make your Hermann tidy, for that is his weakest point,
and when he is a father, he must set his children a better
example than I have given him. Now I have quite done;
for what to me is so important, that you should be assured
of my love, will seem to you in the fullness of your own like
a drop in the ocean.’

The new house was soon got ready. ‘As soon as we had
put our house in order, Helmholtz writes in the middle of
October to du Bois, ‘everything was very comfortable, and
we were able to enjoy the best part of our life without let or
hindrance. I can only recommend you with the best con-
science in the world to provide yourself at the first oppor-
tunity with just such a dear wife as I have found. Marriage
makes one so fully contented with the present, so certain of
one’s portion, that my working power has substantially
increased.” And in fact he employed the vacation in sketch-
ing out new enterprises, and continuing his former work,
bringing an entirely new method to bear on the experiments
already commenced upon the nature of muscular movement
during a single twitch. His young wife gave him valuable
assistance by observing the divisions of the galvanometer
scale, and long series of tables in her handwriting still exist
among his papers.

In the first half of the winter session he was almost
entirely absorbed in the preparation of his lectures, and
could only undertake such minor experiments as were neces-
sary for purposes of demonstration.

‘A larger bit of work,’ he writes to his father in December,
‘from which I was getting a good many results in the October
vacation, must now be put off till Christmas. Seven students
have entered their names for my lecture, three to five of
whom generally appear, according to weather. I am still
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much handicapped in physiological experiments because the
proper equipment of my laboratory is hindered from want
of funds. But now I have been allotted £15 for this year,
and the same for next, for expenditure on instruments and ex-
periments ; so I shall be, and am, better off in this respect
than I was in Berlin’

The father’s reply, at once admonitory and soothing, was sent
on December 28 as a Christmas and New Year greeting :—

‘May 1850 bring you as much of happiness and of God’s
blessing as 1849. Above all may you both be kept in health:
and to you may it bring good results in your scientific labours.
I am sorry that you have so small an audience, for nothing
inspires a teacher so much as applause, and the response of
numbers to what he offers. You have all the more reason
to cultivate a fluent style and popular manner, as well as
depth and solidity; in this way you will gratify the wishes
of the authorities, who have doubtless sent so young a man,
with this remarkable salary for an Extraordinary Professor,
to Konigsberg in order to awaken a keener interest for what
is really profound and scientific, as one might say fundamental,
in Medicine, and thus initiate further developments of this
practical art in Konigsberg also. Physiology is so closely
related to Philosophy, and has such important general
interests, that you will doubtless discover a form of lecture
and choice of subject that will attract many from other Facul-
ties, notably from the Philosophical, especially if you make
friends with Rosenkranz, whose fame attracts many philoso-
phers to Konigsberg. Professor Meyer says that the Ko6nigs-
berg students of his day were distinguished by keen activity
and industry, especially in science and mathematics. So we
must hope that you will be more successful in this respect
next year, for the sake of your own affairs as well, for you
will soon find that, even while you are only two, your stipend
is small enough in the circle in which you and your wife are
moving ; and you decline to practise, which is really the most
lucrative, though I grant you the most disturbing and fatigu-
ing profession.’

Helmholtz used the Christmas holidays as he had planned,
to complete the experiments broken off in October, and was
able by January 15, 1850, to send du Bois a short report ‘On
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the Rate of Transmission of Excitation in Nerve’, with the
request that he would communicate it to the Physical Society,
‘to secure priority in their Proceedings.’ He sent the notice
at the same time to Johannes Miller for the Academy in
Berlin, and to Alexander von Humboldt for Paris, contenting
himself for the moment with the statement of his discovery,
that during the excitation of nerve with the current induced in
a coil by the opening of the circuit in another coil, a measur-
able time (some oo0or14-0-0020 second) elapses, before the
stimulus of an instantaneous electrical current applied to
the sciatic plexus of large frogs, with nerves 50-60 millimeters
in length, is transmitted to the point at which the nerve enters
the gastrocnemius muscle. He tells du Bois-Reymond how,
‘after a severe struggle, I have converted a bold mathemati-
cian, who gets somewhat confused over non-mathematical
logic, and is himself lecturer on mechanics, to the doctrine of
the conservation of energy, so that it is now official doctrine in
" this University. Neumann is rather difficult to get at; he is
hypochondriacal, shy, but a thinker of the first order.’

Du Bois was again the only man who understood the briet
note thus published by Helmholtz merely to establish his
priority. ‘Your work, I say with pride and grief, is under-
stood and recognized in Berlin by myself alone. You really
have, begging your pardon, expressed the subject so obscurely
that your report could at best only be an introduction to the
rediscovery of the method. The consequence was that Miller
failed to rediscover it, and the Academicians decided after he
had spoken that you had not eliminated the time lost during
the contraction of the muscle. I had to explain it separately to
one after the other—to Dove, to Magnus, to Muller himself,
who would have nothing to do with it. I brought it forward
at the Physical Society, where at any rate we did not have
the same difficulty. Humboldt was quite mystified, and
refused to send your note to Paris, so I offered to make it
plainer. I have done this on my own responsibility ; you will
observe that I have not altered a single detail, but kept rigidly
to what you gave me, while I have developed it inductively.
The note on rapidity per second is not mine, but Humboldt’s.”
In conclusion du Bois-Reymond expresses his wish that
Helmholtz would continue these researches: ‘The lay of
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experiment you are on is wonderfully lucky—do oblige me by
keeping to it; we could work into each other’s hands, and get
something out of it.’

It was not surprising that this brief communication from
Helmholtz should again arouse questioning and contradiction
on the part of the older physiologists and physicists. Johannes
Maller had expressly stated six years before that we never
should be able to determine the rate of the nervous impulse,
since we had no means of experimenting over enormous
distances, by which the velocity of light, in this respect analo-
gous with the activity of nerve, had been calculated. He
held that the time occupied by the passage of a sensation
from periphery to brain and cord, and the efferent reflex that
produces a contraction, is too infinitesimal to be measured.
And, indeed, so long as the nervous impulse was referred by
physiologists to the diffusion of an imponderable agent, or to
a psychical principle, it necessarily appeared incredible that
the velocity of this current could be measurable within the
short compass of the animal body. Du Bois’ work had, how-
ever, made it more than probable to Helmholtz that the propa-
gation of excitation in nerve is essentially conditioned by
altered arrangement of the molecules, whence he conjectured
that rate of propagation is a measurable, and even a moderate
magnitude, since it is a case of molecular action in ponder-
able bodies.

These investigations all fell into place in the chain of
Helmholtz’s thoughts and opinions, which were directed, to
the exclusion of any metaphysical speculation, towards the
discovery of facts alone. It is interesting to find that while
the opponents of ‘nature-philosophy’ had set themselves
against the Law of the Conservation of Energy, because they
saw in it merely a philosophical play of ideas with no strong
scientific basis, the next, strictly physico-physiological, work
of Helmholtz provoked doubt and remonstrance not only from
the physiologists, but from the philosophers also, as they were
unable to admit a time-interval between the idea and the con-
comitant physiological action.

In order to explain this antagonism it is only necessary to
remember the views that prevailed at that time in regard to the
connexion of the sciences, more particularly of physiology
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and physics. Helmholtz himself tells how a Professor of Physio-
Jogy, celebrated for his literary activity, and a witty speaker,
replied with annoyance when invited by a physicist, during
a discussion upon the images in the eye, to accompany him
to his home to see the experiment, that ‘a physiologist had
nothing to do with experiments, though they might be well
enough for the physicists’: while a Professor of Pharmacology
and academic reformer, who tried to persuade Helmholtz to
divide his physiology, taking the intellectual part himself, and
leaving the lower experimental side to a colleague, gave up all
hopes of him when he explained that he regarded experiment
as the true basis of science.

When at last Johannes Muller and A. von Humboldt were
convinced (before the full publication of the experiments) of
the correctness of his work, Helmholtz sent a short account
of it on March 29 to his father:—

‘I have another six weeks’ vacation, and am using this time
to prosecute my discoveries in regard to the transmission of
nervous activity, extending it to as many cases as possible,
and getting it ready for publication. Since my first note to
the Academies of Paris and Berlin I have been studying the
point in man also, and here too have found it possible to
demonstrate that the time required for a message from any
part of the body to reach the brain (e.g. 45 second from the
great toe) is longer in proportion to the distance it has to
travel, while another interval of time is required before the
process that excites contraction can be transmitted from the
brain through the nerves to a muscle. I expect to finish
the experiments, and get them worked up these holidays. My
first communication has been published in the Monatsberichte
of the Academy in Berlin, and the Comples Rendus of the
Académie in Paris, and I have had two very appreciative letters
about it from J, Miller and A. von Humboldt. I call this
work a bit of good luck, for it will not fail to excite attention.
That it will be noticed in Paris, though perhaps not with a
very good grace, is shown by a scoffing article in the National,
by the reporter who has already been heckling du Bois
Reymond. Unluckily 1 have not been able to get hold of
the article here. Don’t let this distress you: one cannot
expect the French to take such things kindly from a German,
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and I have got all I want for the moment if they are alive
to it, Du Bois is in Paris these holidays to give his own
things at the Académie, and writes that he will bring mine
forward also. He is very clever at that job, and I have no
doubt that he will present the German scientists in quite an
imposing light to the Frenchmen. Konigsberg is a splendid
place to work in, because it does not tempt one to do much
else, and yet there is plenty of intellectual life about it. The
apparatus which I used in my work was made quite well for
me here’

In a few days, however, Helmholtz received a letter of
affectionate criticism from his father, intimating that with all
deference to his son’s authority, he found difficulty in under-
standing the result of his investigations :—

‘As regards your work, the results at first appeared to me
surprising, since I regard the idea and its bodily expression
not as successive, but as simultaneous, a single living act, that
only becomes bodily and mental on reflection: and I could as
little reconcile myself to your view, as I could admit that
a star that had disappeared in Abraham’s time should still be
visible.”

Helmholtz was far from wishing that his father should accept
his results upon the scientific appreciation of others, contrary
to his own convictions, and lost no time in sending him the
following lucid explanation of the meaning of his work :—

‘I am adding a note intended so far as may be to remove
your doubts about the rate of propagation in nerve. You must
remember that the interaction of mental and bodily processes
is initiated in the brain, and that consciousness, intellectual
activity, has nothing to do with the transmission of the message
from the skin, from the retina, or from the ear, to the brain.
In relation to intelligence this transmission within the body
is as external as the propagation of sound from the place at
which it takes origin, to the ear. Just as in this case it is
the elasticity of the air that conveys the concussion of the
resonant body to the nervous apparatus of the ear, so it is
here the motions of the minute material particles of the nervous
substance which are propagated from the end of the nerve
to its origin in the brain, where they are first recognized as
a message to consciousness. That the velocity of this trans-
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mission in nerve is by no means so enormous as that of light
or electricity may be conjectured from du Bois’ discovery that
electricity is developed in nerve during the propagation of a
message or stimulus; whence: we must conclude that the
material particles of the nerve are altered in position during
the process. Transmission is in this case, as a matter of fact,
extremely slow, slower than that of sound. The reason why
the time occupied by this propagation seems to us so infini-
tesimal lies in the fact that we are unable to perceive more
quickly than our nervous system can act, and thus the intervals
required for its operations appear to us imperceptibly small.
The inaccuracy of our time-perceptions when based upon a
comparison between our perceptions by two different sense-
organs has recently been demonstrated in the most striking
manner. Astronomers vary in their estimation of the moment
at which a star crosses the web of their telescopes by more than
a whole second, while the estimates of any individual taken by
himself agree within one-tenth of a second if frequently re-
peated. Still more surprising is the difficulty of determining
whether the beats of two gently-ticking watches coincide, or
fall between each other, if held to either ear, while nothing
is easier than the same determination if both are held to the
same ear. I picture the matter to myself in this way: two
perceptions of different organs can only be estimated as regards
their time-relations, when there is a sufficient interval between
to refleet “now you have perceived one, but not as yet the
other”. Our thought is not so rapid as we usually believe,
as I have proved from my experiment of taking an electric
shock at any point on my skin, and then trying to move my
hand as quickly as might be, measuring the time between
the shock and the first commencement of the movement. With
great attention, when the will is ready to act the instant it
receives the message, the message is only delayed about one-
tenth of a second in the brain, and is carried on with such
mechanical regularity to the motor nerve as a motor stimulus,
that I think the delay must here be caused only by the neces-
sary mechanical molecular processes. When, on the contrary,
the attention is fatigued, so that on receiving the message it
becomes necessary to think what is to be done, a much longer
and quite irregular interval is required.
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‘I have not yet completed my work on the frog, as there
are still various experiments to make, diagrams of apparatus to
be drawn, &c., but I expect to finish in the Whitsuntide holidays.
The experiments on man must be varied and repeated before
I can publish them later on.

While working out his experiments on the frog, Helmholtz
was actually taking time-measurements on himself and other
men, which seemed to establish the rate of transmission in
the motor and sensory nerves of man at fifty to sixty metres
per second. At the end of April he announces the completion
of the first part of his paper, for Mg&ller’s Archsv, to du Bois-
Reymond, and dispatches it on July 26 along with the news
that he is ‘father of a well-formed healthy girl’. As regards
new discoveries, he announces a theorem on the form of the
rise of electrical currents in a coil, which act inductively either
upon this or any connected system of other coils—a task which,
however, took him nearly a year more before he was able to
deduce a conclusion.

In the meanwhile (July 19, 1850) du Bois presented Helm-
holtz’s comprehensive work on ‘ Measurements of the Time-
relations in the Contraction of Animal Muscles, and Rate of
Propagation in Nerve,’ to the Physical Society. It was at
once published in Mgller's Archsv under du Bois’ supervision,
Helmholtz consenting, for the benefit of ‘those who are only
half acquainted with Ohm’s Law’, to certain alterations advised
by du Bois-Reymond. - He now realized from the report of
the latter, who had returned in a somewhat exasperated mood
from Paris, where his lecture on Helmholtz’s method of mea-
suring the propagation of the nervous impulse was not very
favourably received at the Académie des Sciences, that the
novelty of the work demanded a thorough exposition. The
article was through the press by December, and in the same
month Helmholtz gave a lecture to the Society of Physics and
Economics in Kdnigsberg, of which he was this year Director
(being elected President two years later), which dealt in a
generally comprehensible manner with the subject, and was
entitled, ‘On Methods of measuring very small Intervals of
Time, and their Application to Physiological Purposes.’

In Part I of this great work (Part II only made its appearance
two years later), ‘which opened a new and unbounded field
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of investigation to physiologists,” Helmholtz set himself in the
first place to study the processes that take place in a simple
muscle-twitch, consequent on a stimulus of infinitesimal dura-
tion, when the muscle in order to do work must pass from
a state of rest to a state of motion, and the quantity of work
done depends essentially upon the rapidity of this transition.
From these facts he went on to the question of the rate at
which excitation is propagated in nerve. From his first ex-
periments at the beginning of 1849 he had concluded, from the
curves obtained by plotting the height to which a weight is
lifted against time, that the energy of the muscle was not at
its maximum immediately after the excitation, but that it rose
for some time, and then dropped again. In order to show
these facts plainly, and at the same time to determine the time-
relations and the stages in which the mechanical activity, the
energy of the muscle, rises and falls after an instantaneous
excitation, Helmholtz, at the outset of his experiments, con-
trived a very ingenious piece of apparatus. He attached a
metal ring to the muscle, which carried a scale-pan of light
weight; the upper part of the ring was supported in such a
way by a metal pin, that it could not drop lower when the
load was increased. On then closing a current, part of which
passed through the muscle, part through a galvanometer,
the pin, and the ring, the galvanometer circuit was broken
by the contraction of the muscle and consequent lifting of the
ring off the pin, and by placing weights in the pan it became
possible to compare the elastic force of the muscle in the
resting state with that after excitation. In order to follow
the very rapid twitch of the muscle in its successive stages,
and to investigate the propagation of excitation in the nerve,
new methods for the measurement of infinitesimal fractions
of time were devised by Helmholtz, who thus provided fresh
appliances for the delicate and complicated investigations of
physiological processes.

The need of some method by which it should be as possible
to measure minute fractions of a second, as it is with a powerful
microscope to estimate fractions of length, had long been felt
in a variety of astronomical and physical observations. Two
such methods, invented mainly for the exigencies of artillery,
had already been devised on widely different principles. In
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the one, perfected by Werner Siemens, the intervals of time
are measured in terms of intervals of space; in the other, the
mechanical effect produced by a force of known intensity
during the interval is measured, and the time of action is
subsequently calculated from it. This second method, dis-
covered by Pouillet in 1844, consisted in the measurement of
very small intervals of time by the deflection of a galvanometer
needle after the passage of a very short electric current, and was
elaborated by Helmholtz for physiological purposes. He made
the electro-magnetic determinations by means of a mirror attached
to the magnet, as introduced by Gauss and Weber, and estab-
lished the constant factor necessary to convert the differences of
oscillation into the corresponding time-differences, by a strictly
accurate method.

Starting from the simplest cases, he next attacked the more
complicated problem, whether there is any appreciable lost
time during the propagation of a message from the remote
ends of the sensory cutaneous nerves, or from the nerve-
endings in the sense-organs, to the brain, or from the brain
to the muscles via the motor nerve trunks. He first deter-
mined in the frog, by a long series of most delicate experi-
ments, that when the muscle or nerve of an animal is excited
by an instantaneous electrical shock, a short time, about
one-hundredth of a second, elapses, during which the elastic
tension of the muscle is not appreciably altered—the so-called
latent period of excitation —after which the muscular tension
gradually rises to a maximum, and then as gradually falls
again. If, further, two different points of a motor nerve
are excited by an instantaneous stimulus, and if the magni-
tude of the excitation is alike for both, the time-relations of
the corresponding contractions will also be the same, but
the total effect makes its appearance later when the stimulus
is applied to a more distant point of the nerve. The
transmission of excitation through nerve to muscle there-
fore occupies a measurable time, and its speed is actually
found to be more than ten times less than the velocity of
sound in air. ‘Happily,” says Helmholtz, ‘the distances our
sense-perceptions have to traverse before they reach the brain
are short, otherwise our consciousness would always lag far
behind the present, and even behind our perceptions of sound.’
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Two points in this lecture gave rise to an interesting corre-
spondence with du Bois-Reymond. Helmholtz, using what
is now a familiar figure, compared the nerve-fibres with the
wires of the electric telegraph, which in an instant transmit
intelligence from the outposts to the controlling centre, and
then convey its orders back to the outlying parts to be executed
there; and at the close of his discourse he illustrated the
rapidity of nervous conduction by saying that the whale
probably feels a wound near its tail in about one second, and
requires another second to send back orders to the tail to
defend itself. On March 18, 1851, du Bois sends Helmholtz
a lecture which he had given at the Sing-Akademie before
the ‘familiar audience of non-working classes’, and remarks:
‘Your surprise on reading this will be little less than my
own on reading your lecture. Apparently we have hit on the
same thing in two illustrations, and in various other points,
even to the expressions we make use of, so that no stranger
would absolve me from plagiarism. I feel greatly flattered
at this conformity in the motions of our brain molecules. Give
my lecture to your good wife to read. The ladies are angry
because I made myself comprehensible to them—what do I
take them for ?—they expected something more scientific from
me.” He then describes the difficulty he finds in devising an
instrument which shall be set going by a muscle so as to close
the circuit during a given fraction of the twitch, and ends with
the words: ‘Write and tell me what avalanche of ideas this
tinkling of a mule-bell rouses in your brain.” After congratu-
lating du Bois in his answer of April 11 on his election to
the full membership of the Academy, Helmholtz replies :—

‘As regards the coincidence in our lectures I concede you
priority in the matter of the electric telegraph, since you long
ago suggested the hypothesis that the ganglia represent the
intermediate stations of the electric telegraph in the nerve
circuit. But in the story of the whale the truth is so romantic
that no one will believe it. The moral is that people can easily
be mistaken about plagiarism. ... My wife joins forces with
those who say that you have made yourself too intelligible.
It is impossible to please every one on these occasions, but
one generally gets more thanks for not making one’s stuff too
plain to the audience, and for leaving the majority a few
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riddles, which are probably only understood by a handful
of one’s hearers.’

His father, to whom he had sent his lecture on February 27,
was by no means of this opinion, and writes on April 19 to
du Bois-Reymond :—

‘ Dear Doctor, heartiest thanks for the copy of your interest-
ing lecture to the scientific society. I rejoiced in the clearness
of your style, which enables even the uninitiated to glance
into the secrets of your science, and by its wit and poetic
taste redeems it from its usual dryness. It is admirable
in you amid your heavy labours thus to find time to refresh
yourself with the poets, and to round the realism of your
nature-studies with art and poetry. I wish my son had some-
thing of your spirit: he is so little able to escape from his
scientific rigidity of expression, even in an essay read before
a Society in Konigsberg, that I am filled with respect for an
audience that could understand and thank him for it. I confess
that when I read it much remained very obscure to me.’

While Helmholtz was thus engaged in fundamental researches
which had the common aim of building up a mechanical con-
ception of the universe (in the best sense), he lighted casually,
and as the fruit of his lectures at the end of 1850, upon his
discovery of the ophthalmoscope, which ‘revealed a new
world’ to the ophthalmologists, and which, with the doctrine
of the Conservation of Energy, did most to establish and extend
his reputation. ‘The excellent discipline every University
teacher is subject to, in being obliged each year to treat the
whole of his subject so as to convince and satisfy the best
of his students,” resulted on his own avowal in this splendid
harvest.

After communicating his invention to the Physical Society
in Berlin, on December 6, he wrote on December 17, 1850, to
his father:—

‘In regard to time-measurements I have at present no new
results, but have devoted myself to the construction of fresh
apparatus and necessary preliminaries. But I have made a
discovery during my lectures on the Physiology of the Sense-
organs, which may be of the utmost importance in ophthalmo-
logy. It was so obvious, requiring, moreover, no knowledge
beyond the optics I learned at the Gymnasium, that it seems
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almost ludicrous that I and others should have been so slow
as not to see it. It is, namely, a combination of glasses, by
means of which it is possible to illuminate the dark back-
ground of the eye, through the pupil, without employing any
dazzling light, and to obtain a view of all the elements of the
retina at once, more exactly than one can see the external
parts of the eye without magnification, because the transparent
media of the eye act like a lens with a magnifying power of
twenty. The blood-vessels are displayed in the neatest way,
with the branching arteries and veins, the entrance of the
optic nerve into the eye, &c. Till now a whole series of most
important eye-diseases, known collectively as black cataract,
have been ferra incognita, because the changes in the eye were
practically unknown, both during life, and, generally speaking,
after death. My discovery makes the minute investigation
of the internal structures of the eye a possibility. I have
announced this very precious egg of Columbus to the Physical
Society at Berlin, as my property, and am now having
an improved and more convenient instrument constructed to
replace my pasteboard affair. I shall examine as many patients
as possible with the chief oculist here, and then publish the
matter.’

The ophthalmoscope was, however, some time in making its
way, on account of the mathematical and physical knowledge
presupposed by the ¢ Description of an Ophthalmoscope for the
Investigation of the Retina in the Living Eye’, published in
the autumn of 1851, and people were at first very shy of
employing it. One distinguished surgical colleague told Helm-
holtz he should never use the instrument—it would be too
dangerous to admit the naked light into a diseased eye;
another was of opinion that the mirror might be of service
to oculists with defective eyesight—he himself had good eyes
and wanted none of it. But by December 16 of the same year
Helmholtz was able to write to his father :—

‘Eighteen orders for the ophthalmoscope have dropped in,
one after the other, so that my mechanician is doing a good
trade. The world is getting to hear of it.

Forty years later he tells the story of its discovery :—

‘While preparing my lectures I hit upon the invention of
the ophthalmoscope, and then on the method of measuring the
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velocity of nervous impulses. The ophthalmoscope became
the most popular of my scientific achievements, but I have
already pointed out to the oculists that good fortune had more
to do with it than merit. I had to explain the theory of the
emission of reflected light from the eye, as discovered by
Briicke, to my students. Brticke himself was but a hair’s
breadth off the discovery of the ophthalmoscope. He had only
neglected to ask himself what optical image was formed by the
rays reflected from the luminous eye. For his purpose it was
not necessary to put this question. Had it occurred to him,
he was just the man to answer it as quickly as I, and to invent
the ophthalmoscope. I was turning the problem over and over,
and pondering the simplest way of making it clear to my
audience, when I came on the further issue.

‘The oculist’s perplexity in dealing with the condition known
at that time as black cataract was familiar to me from my
medical studies, and I at once set to work to manufacture the
instrument out of spectacle lenses and the cover-glasses used
for microscopical objects. At first, however, it was very diffi-
cult to use. I might not have persevered save for my convic-
tion that it must succeed; but after about eight days I had
the great joy of being the first to see a living human retina
exposed before me.’

As a matter of fact the discovery of the ophthalmoscope had
not been quite such a simple invention as Helmholtz describes
it. The principle underlying the apparatus was difficult to
grasp without considerable knowledge of optics, and its intro-
duction was therefore a comparatively slow matter, and was
delayed until improved mechanical conditions rendered the
handling of it much simpler—although Donders, the cele-
brated physiologist at Utrecht, held the original form of
Helmbholtz’s instrument to be optically perfect.

The familiar fact that the eyes of certain animals, such as
cats and owls, glisten in the dark, had already been correctly
interpreted by Johannes Miller to mean that these so-called
‘glowing’ eyes do not really glow but only reflect light,
and that the retina of the eyes that glisten most are pro-
vided with a background specially adapted for the reflection
of light. Brtucke had shown that the eyes of animals seem
to glisten most when the beam of a dark-lantern is thrown
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into the eye that is to be examined, the observer looking
past it. All eyes can be made to glisten, both in animals and
in man. The first human eye purposely made to shine in the
dark was du Bois-Reymond’s, illuminated by Bracke. Bracke’s
subsequent attempts at constructing an instrument for the
illumination of the retina failed (according to Graefe) on account
of the mode of illumination he adopted.

Helmholtz asked himself in the first place, as he related
in the monograph published in Berlin, 1851, why all that we
can see of the background of the uninjured eye appears
absolutely dark; he ascribed this to the refractive media of
the eye, which under normal circumstances prevent us from
seeing illuminated points of the retina behind the pupil. The
first requisite therefore was to find a source of illumination
by which just that portion of the retina that we see through
the pupil may be adequately illuminated. By means of a little
camera obscura blackened inside he proved by calculation and
experiment that for any system of refractive surfaces, the
reflected rays, even when they have passed through the re-
fracting media and left the eye, must be wholly congruent
with the incident rays, and that they all return ultimately to
the original point of illumination.

Since the observer’s eye cannot be brought into line with
the reflected light without intercepting the incident rays, no
light can be returned to his pupil from the recesses of the
observed eye that has not emanated from his own. Only
those points of the retina will accordingly be visible on which
the dark image of his own eye is projected. Further, if the
observed eye is not a perfect refracting system, part of the
light reflected from it will indeed return to the luminous
point, but part passes by it, and it becomes possible for an
observer, placed as nearly as possible in the line of the incident
light, to perceive a little of the light that emerges; and this
produces the luminosity of the human eye as discovered by
Bracke. In order to obtain an exact image, some method is
required which makes it possible to look into the eye not only
in the approximate, but in the exact line of the incident light,
and Helmholtz found, in trying to make the image as bright
as possible, that this can be done by superposing three parallel
glass plates, in which the light from a source of illumination
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placed at one side of the observing eye is reflected. A portion
of this light will then enter the subject’s eye, and illuminate
its fundus; the rays of light reflected from the illuminated
background on to the glass plates will now return partially
from the surface of these to the source of light, but another
part of the reflected rays will pass through the glass plates,
and reach the eye of the observer. But the visual field of
the latter, limited by the pupil of the observed eye, is so small,
on account of the relatively considerable distance of one eye
from the other, that it would be impossible to combine the
observed details into a whole ; itis therefore imperative to bring
the two eyes as close to one another as possible. This causes
the image as a rule to fall behind the observer, who cannot
distinguish it plainly, and since a normal eye can only combine
parallel and diverging rays upon its retina, and not those that
are convergent, Helmholtz (as the readiest means of making
the converging beams diverge) inserted a concave lens between
the mirror and the eye of the observer, and by this simple
contrivance provided the essentials of his ophthalmoscope.
He also suggested a number of other practical methods of
constructing the instrument.

‘The construction of the ophthalmoscope,’ says Helmholtz
at a later time, in discussing his medical and physiological
work, ‘was a turning-point in my position in the eyes of the
world. From that moment I found favour with authorities
and colleagues, and was left free to follow the promptings
of my scientific curiosity. 1 attribute my subsequent success
to the fact that circumstances had fortunately planted me with
some knowledge of geometry and training in physics among
the doctors, where physiology presented a virgin soil of the
utmost fertility, while on the other hand I was led by my
acquaintance with the phenomena of life to problems and
points of view that are beyond the scope of pure mathe-
matics and physics.’

The invention of the ophthalmoscope, with the mechanical
constructions and modifications which it entailed, as well as
a series of experiments in physiological optics undertaken
with the instrument, took up no more than the early weeks
of 1851. Helmholtz discovered among other points that light
which impinges directly on the optic nerve does not give rise
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to any sensation, but that it must fall on a nerve-ending in
the retina before it can be perceived. He then returned to
the work that had been so happily interrupted, on the stimula-
tion of nerve, In his earlier experiments he had assumed the
induction shock by which the nerve was excited to be instan-
taneous, and he now proceeded, in order to justify this view
for the minute time-intervals involved, to answer the question
previously raised as to the exact time at which an induction
current produces its physiological effect. It was important
not to ascribe to some action in the nerve a loss of time
which might have occurred in the electrical apparatus. This
is especially true of experiments on man, when the currents
are of such a strength that serious errors might creep in. In
the middle of April he sent du Bois a short note on this
physical preliminary to his further work on nerve, for the
Academy, together with the longer paper for Poggendorff’s
Annalen. Du Bois-Reymond replies :—

¢ My brain reels at your appalling industry and encyclopaedic
knowledge. How can you get up new lectures and still carry
on all this work? All the same I am not quite satisfied with
your exposition. I have read your essay and the abstract
several times without understanding what you did, or how
you did it. At last I discovered the method for myself, and
then I saw what you are driving at. Don’t be vexed if I say
that you must take more pains to get away from your own
standpoint, and place yourself on the level of those who do
not yet know what it is all about, and what you want to
tell them.’

This reproach, however, was unjustified, for in the nature
of the case the treatise presupposed that its readers would
be trained physicists and mathematicians. Both then and
later Helmholtz was in the habit of writing and re-writing
many parts of his papers four and even six times, altering
the arrangement before he was satisfied, and never holding
an investigation to be finished till it presented itself to him
in logical completeness, correctly formulated. Accordingly he
replies: ‘As regards the form of the essay, I took particular
pains with it, and finally satisfied myself. But it is true that
the more one elaborates a thing the harder it often becomes
to understand. It is a very difficult subject to deal with.’
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In ‘The Duration and Nature of the Electrical Currents
induced by Variations of Current’ (Poggendor{’s Annalen) he
begins by stating a mathematical law, which he had verified
by a long and difficult series of experiments. By means of
this law F, Neumann was enabled to solve the problem he
had previously laid aside, as to the distribution of current
in a copper disk rotating below the two poles of a magnet—
carrying out the integrations without neglecting secondary
inductive actions, and propounding theorems that could be
experimentally tested. If an electric circuit contains voltaic
cells and a coil, and if / be the intensity of the battery
current, /¥ the resistance of the circuit in absolute units,
¢ the time, and P the self-induction of the coil which depends
only upon geometrical relations, then a stationary magnet will
be deflected by the inducted current alone through an angle
directly proportional to P and /, and inversely proportioned
to W; but if the battery current alone acts on the magnet
for the very brief time # a deflection proportional to the
products of / and ¢ will result; hence it follows directly
that the battery current in the time represented by the quotient
of P and W produces the same effect as the whole of the
induced current. Dove had already pointed out that the
intensity of the counter-current induced on closing the circuit
is always less than that of the inducing current, while the
weaker current requires more time to produce the same effect
than the stronger, whence it follows that the minimum duration
of the counter-current at closure is the quotient /. Now,
since this minimum can be augmented at will, by reducing the
resistance W of the circuit, and increasing the self-induction P
of the coil by increasing its mass, it is experimentally possible
(and this is the cardinal point of the theorem) to make the
time required by the current to reach the same value at all
parts of the circuit very small by comparison with the above-
mentioned interval, and conditions can be brought about under
which the rate of transmission of the electric current in the
circuit is imperceptibly small as compared with the fractions
of time, in which the intensity of the current is not perceptibly
altered. This, however, gives the necessary conditions for
the application of Ohm’s Law, i.e. the equalizing of current-
strength throughout the circuit; for the alterations in intensity
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of induced currents are effected so slowly that the strength
of current is equalized in the entire circuit, and the intensity of
current in a simple circuit is then determined by Ohm’s Law, in
the form of an exponential function of time, on the assumption
that the induced electromotive force lags by a very small interval
behind the variations of the inducing current.” After Helmholtz
had extended this exponential law mathematically to divided
circuits, he tested it experimentally by means of a new type
of galvanic contact-key, which made it possible to vary the
interval between the opening and closing of any current, as
required. Instead of measuring the time directly, he calculated it
from the action of the currents upon a magnet, by a modification
of Pouillet’s method. Thus he proved that, subject to the
assumption that the induced electromotive force coincided in
time with the inducing variations of current, no inducing
action was present ygiyy Second after breaking the current
in a coil. By this means the time-intervals due to the electric
current were distinguished with mathematical accuracy from
those due to nerve-action, and Helmholtz was free, after this
absolute verification of his methods, to devote himself to the
complicated experiments on the excitation of nerve that
occupied him during the remainder of 1851.

- In the autumn holidays of 1851 Helmholtz carried out his
project of inspecting some other physiological laboratories.
After taking his wife and child to Dahlem, he went in the
first place for a few days’ rest to his Berlin friends, Professor
Heintz and his family, at Halle. Then after a short stay in
Kassel he went on to Gottingen. His first visit was to
Professor Ritter, one of his former teachers at the Gymnasium
of Potsdam, and his father’s faithful friend, in whose company
he ‘saw the little town, rather better built than Halle and
Konigsberg, with the University as its fulcrum’; after which
he called on the professors, though somewhat hampered by
the presence of the King. He describes them in a letter to
his wife as ‘the aristocracy of the town; one can see that
they are alive to their own merits, and a little inclined to
over-estimate the accomplishments of their circle—not specially
in regard to myself, but obviously in referring to any third
person’. His lively descriptions show that he much enjoyed
this visit to the Gottingen doctors :—
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‘I have found even more people to visit here than I ex-
pected, and Institutes where no money has been grudged-
on the equipment. The physiologist Wagner, an old man,
who is conscious of his own importance, and evidently appre-
ciates the notice taken of him by the King (the title Hofrath
counts for more here than Professor), is not quite up to the
level of the physical knowledge required nowadays, but he
feels that, and is careful not to give himself away. The
physicist Weber, who, next to Neumann, is certainly the
greatest mathematical physicist in Germany, showed me a
great deal of very interesting and very perfect physical
apparatus, but with less apparent cordiality than his brother
in Leipzig. I also met a young anatomist and physiologist
Bergmann; an oculist Ruete, who has done important work
on the physiology of the -eye; an accomplished surgeon
Baum, recently imported from Greifswald; a mathematical
optician Listing, whom I had not heard of before, but who
certainly deserves to be known; and lastly a philosopher
Lotze, who has worked a great deal at the principles of
pathology and physiology, but is unfortunately too hypochon-
driacal and self-centred for one to get any exchange of ideas
out of him in such a short time. All these people received
me with the greatest sympathy and cordiality, and gave me
all the time they could spare; it was agreeable to find that
they were in touch with my somewhat intricate nerve work,
and approved of it, or at least had apparently sufficient
confidence in my physical knowledge (for which Weber is
responsible) to accept my results. The ophthalmoscope is
a splendid toy to travel with; I demonstrated it this morning,
and it is making quite a sensation here. This evening several
of them are going to take me out walking, if they are not
summoned to the King. On the other hand, I was surprised
to find that they do not take kindly to du Bois-Reymond’s
conclusions: they query here and there, and do not see the
importance of the work, and I have had to stand up for it.
Their objections are based on the opinion of the Weber who
is here, and on the Paris Commission, and are also due to
imperfect comprehension of the subject. Little inventions
like the ophthalmoscope make a better impression. I am
demonstrating my frog-curves everywhere.’

waLsY G
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From Goéttingen, Helmholtz went on by Marburg, where he
called on Knoblauch and the physiologist Nasse, to Giessen,
in the hope of making acquaintance with Liebig, for whom
he had a great admiration.

‘ Liebig, the king of chemists, as he himself and his scholars
think him, was unfortunately away; he has gone to London
to see the Exhibition, and be féfed by the English. I much
wanted to meet him. All I could do was to see his empty
laboratory, to which students flock from the whole of Europe
and America, for practical work, and which was shown me
by his son, a young doctor who studied physiology with du
Bois-Reymond at one time, but will probably go into practice.
I was surprised to find no remarkable appliances; on the con-
trary everything was covered with dirt; there were very few
people working. It presented an extraordinary contrast to
the laboratories of Heintz and others, which are at least as
convenient, far better equipped, clean, and tidy. But externals
matter little. For in spite of his vanity Liebig is the greatest
of living chemists, and his renown as a teacher has spread
far and wide.’

He next went by Frankfurt, where he revived his old
admiration of Lessing’s Huss, the Ezzelino, and two small
landscapes by the same master, to Heidelberg, where he
found Henle, and comments on his laboratory as being ex-
cellent for anatomy, but poorly equipped for physiology:
Henle explained that he had only taken on physiology and
general pathology in addition to anatomy, as a temporary
arrangement, in consequence of a disagreement with Tiede-
mann, and hoped he would soon be given a physiological
colleague. ‘He suggested to me,’ writes Helmholtz to his
wife, ‘what may make a great difference to our future: viz.
he and the younger professors of the Medical Faculty are
desirous that I should be offered the Chair at Heidelberg.
We must consider this. Heidelberg would not be a bad
place to work in: the Germans have rather left it, because
there is a dearth of teachers for the moment, but students
are still coming from North America, Brazil, England, France,
Greece, and Russia.’

After staying some hours in Baden-Baden, Helmholtz
went to Kehl, and crossed the bridge over the Rhine into
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the French Republic. ‘There was plenty to amuse one.
Liberty, Fraternity, and Equality were flaunted everywhere;
Property of the Nation was posted on all the public buildings,
and many private houses displayed other frightfully demo-
cratic devices. The country people and the lower classes
in the town looked just the same as in Baden, only they seemed
to be more stupid, but the better parts of the town appeared
thoroughly French.’

After admiring the Cathedral of Freiburg, he visited the
‘ World’s Wonder’ at Schaffhausen, and was greatly impressed
with it.

‘I went down the hill to the bank : it certainly looked rather
bigger, more like a waterfall, but still I went to bed somewhat
disappointed. Next day, however, I got a different impression
of it. One does not appreciate its proportions in the evening,
because it is surrounded by rocks 200 to 300 feet in height, so
that the 6o-foot waterfall looks small beside them, and one
cannot see the chief beauty, the wonderful dark-green colour
of the water, which makes a magnificent effect as it mixes
with the white foam. The effect, however, is overwhelming
when one goes to a stage that has been erected at the edge
of the Fall, where the appalling mass of water dissolved in
foam and mist plunges down close to one. At first the sight
is hardly bearable, one loses breath, and feels drawn after it.
Afterwards, in spite of the constant shower of spray, I revelled
in the spectacle of this force and motion, and could hardly
tear myself away. ... On Friday evening I reached Zirich,
and looked up Ludwig, who received me with great cordiality.
He has a noble and delightful nature, and is greatly improved
since he has got rid of that Bohemian manner. This is ap-
parently thanks to his wife, whom I have only learned to
know at present by her quiet, sensible ways. . .. He is a man
of the utmost kind-heartedness, and has formed an extravagant
opinion of my excellences, related to him partly by du Bois.
If you heard all the praises he showered upon me, you
would certainly have been satisfied with him. He is extra-
ordinarily industrious, works continuously in the right direc-
tion, and is adored by his students, as many of them said
and showed me, so that besides all the good work he has
done I hope still better from him. But he is somewhat

G 2
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weary and hypochondriacal, perhaps from his arduous work.
He was ceaselessly engaged in finding amusement for me,
and kept every one else away, so that he might talk to me
alone. And talk we did, about every conceivable subject
in physiology and physics. . . . In the morning I generally
went to the Anatomy Department with Ludwig, and looked
at experiments, instruments, and collections; in the afternoon
we went out into the country, except on one day when it
rained.’

From here Helmholtz set out on his first Swiss journey,
and went to all the places he afterwards revisited so many
times. In the letters to his wife he gives his impressions
with youthful vigour and enthusiasm, along with many a
scientific and aesthetic appreciation, such as we find so
frequently later in his papers and lectures.

After climbing the Rigi, he wandered on by Fluelen over
the Gothard and the Furka Passes to the Rhone Glacier,
whose blue ice-slopes made a deep impression on him. ‘By
glacier you must not picture the snow-covered tops of moun-
tains, but masses of ice that have slidden down into the valleys,
to melt there while they are perpetually renewed from above.
Picture the Brauhausberg in Potsdam made of ice, and packed
into a narrow valley between gigantic peaks of rock, above
that another precipice of 1,000 feet, on which the ice-blocks
are piled up, and tumble thence to renew the lower masses,
while the whole is pierced with innumerable sky-blue rifts,
and then you have a picture of the Rhone Glacier” He
rejoiced in the enchanting loveliness of the Rosenlaui Glacier,
where the sun streams through the ice into heavenly blue
caverns and fissures; climbed the Faulhorn; visited the
upper Glacier at Grindelwald; and then stayed a few days
in Interlaken, where he resumed the scientific correspon-
dence with his friends du Bois-Reymond, Brucke, and
more particularly Ludwig, with whom his stay in Zarich
had united him more closely than ever. One of his letters
to Ludwig is interesting from its reference to a candidate
for the Chair of Physics at Zarich: ‘On the contrary I
think you might do great things by joining forces with
Kirchhoff; he is extraordinarily clear-headed and perspica-
cious in the most complicated questions; I much wish for
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your sake and that of physiology that Kirchhoff might
go to Zirich.

After crossing the Gemmi he went to Leukerbad, thence
partly on foot, partly on horseback, to Lago Maggiore, and
on by Como to Milan, ‘a great and splendid town with all
the brilliancy of Italian life. In beauty of form the Cathedral,
Milan’s pride, is far behind the Gothic cathedrals of Germany.
Its Gothic forms are mere arbitrary decoration; but they
are tastefully applied, and the innumerable pillars and arches,
and well-carved statues, all standing out in white marble
against the blue sky, are a sight that cannot be imagined. ...
We went, too, to the ruins of Leonardo da Vinci’s master-
piece, “ The Last Supper,” and to the Picture Gallery in the
Brera Palace.’

At length he reached the city that he had so desired to
see from boyhood.

‘Venice is the city of wonders, a living fairy-tale. In spite
of all one has seen in pictures, or heard described, the reality
surpasses everything. The Piazza of St. Mark, with its rich
mosque-like church, enclosed within the rows of palaces, the
countless lights above the deep-blue moonlit heavens, and
a few paces off the deep-blue sea, with crowds of people as
though it were a fesfa, all make up an indescribable picture.
To-day and yesterday we went round with a great crowd to
see all the wonders; but one becomes almost wearied with
these impressions. The historical memories, the extraordinary
wealth which Venice has harvested from half the earth, the
art treasures, for the most part still in their pristine freshness
of colour, cannot be overlooked. ... In Germany we can only
form a poor idea of Italian Art; here one can drink it in fully.
I went alone to the Accademia, to enjoy the masterpieces to
the full, and did not repent me, but found great satisfaction,
such as one cannot obtain in Germany. It is a collection of
the masterpieces of the Venetian school, including Titian’s
great “ Assumption of the Virgin”, which 1 knew already from
engravings. But engravings are even a worse substitute for
this than a piano score for a symphony, since the indescribable
beauty of the work consists in its miraculous light and colour.
I have never seen the like, nor can one imagine it till one
has seen it, because this kind of beauty is of another order
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from our German pictures. Moreover this one work is
unparalleled among the rest of the Italian paintings that I
have seen here, although many give this feast of colour
in an extraordinary degree, and one sees the greatest
number of inspired and ideal heads that you could possibly
imagine.

‘When I had seen the Accademia, I wanted no more, but
prepared for departure, strolled a little in the streets, heard
the band in the evening on the Piazza of St. Mark, and then
at 10 p.m. went off in a gondola to the steamboat. As we
sailed away the moon had risen; we left the lights and palaces
of beautiful Venice, and fared out through the openings of the
canals in the Lagoon, to the still blue Adriatic.’

From Venice, Helmholtz went by Trieste to Vienna, attracted
thither by his old friendship with Brucke, to whom he wished
to bring the ophthalmoscope in person. ‘We arrived so early
that I went first with Herr R. to his hotel, washed, breakfasted,
and then, about nine o’clock, went on to Bricke. He was
much pleased to see me, and I at once took up my abode with
him. Then directly after appeared Professor Wagner from
Gottingen, and the next day Professor Bunsen from Breslau,
one of our most gifted chemists, so that we are quite a learned
society. Briicke is just the same: he looks rather better, and
is as cheerful, calm, and friendly as usual ; his wife is pretty,
and has the same pleasing, cheerful manner. ... As for Vienna,
I have so far seen only scientific things because it is generally
raining. On Friday, Bracke showed us his Physiological Insti-
tute first of all, and we admired living chameleons, strange
creatures with strikingly Egyptian characteristics. In the
afternoon we were able to take a short walk, and discussed
how it would be possible to help du Bois, but could not hit
off anything. In the evening, the ophthalmoscope for Brucke’s
benefit. On Saturday morning I went to the mortuary in
the Hospital to see the celebrated pathological anatomist,
Rokitansky. Briocke and Wagner had a competition
with their splendid microscopes, and both won. Afterwards
I demonstrated the ophthalmoscope to Wagner and his
friends, and to Bunsen, and in the afternoon showed Brucke
my induction work. In the evening there was company
at the philosopher Lott’s, where I found Wagner and
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many of the Vienna professors. The atmosphere was
pleasant and cordial, but they told a good many rather trivial
anecdotes.

‘Sunday. In the morning Rokitansky demonstrated his
splendid collection of specimens in pathological anatomy to
us, and we saw the famous museum of wax models. In the
afternoon a projected expedition to Schénbrunn was frustrated
by the weather. Brucke, Wagner, and I therefore went to
look at two famous statues by Canova—a monument of a
princess in the Augustinian Church, and the statue of Theseus
in the Public Gardens. Neither of them was the least com-
parable with what I had seen in Italy. Then we walked round
the city on the walls, which are rather pretty, fled to Wagner’s
hotel in a storm, and had some wise talk with him.’

Apropos of this conversation he writes a few days later to
Ludwig: ‘ Rudolph Wagner was there too, and wanted to know
what we thought about the relation between soul and body,
and other obscure points of physiology. He seems much
concerned with these points, about which one can hardly say
anything. Bunsen was also present, and urged me to go with
him to Breslau.’

After fetching his family from Dahlem, Helmholtz returned
refreshed in mind and body with them to Konigsberg, and
at once resumed his experiments on the excitation of nerve,
the importance of which was being more and more recognized
by physiologists. On his father’s birthday he sends him the
welcome news :—

‘The French Académie inform me in a very courteous
manner that they have appointed a Committee to draw up a
report on my communications on the measurement of time-
relations. For the moment the Committee will not be in a
position to complete its report, since it will not be possible
to repeat the experiments; but it shows that they are alive
to the thing. My official relations here are unchanged.
Only I hear privately, and beg you not to repeat, that my
Faculty have petitioned the Ministry to make me Ordinary
Professor. I hear no more of Heidelberg. A second
paper on time-relations is ready. In the Christmas holidays
I am to draw up a report on du Bois’ work for the Kieler
Monatsschrift.
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After sending the account of his experiments on the graphic
record of the rate of nervous transmission in the frog to
Johannes Muller for the Archiv, he employed the Christmas
holidays, and the first weeks of the New Year, in writing
a report (originally intended to be a popular lecture), at the
request of Karsten, upon ‘Recent Developments in Animal
Electricity’. On February 2 he tells du Bois that in reading
his book with the aim of summarizing the work on animal
electricity, he has discovered a theorem which seems to him
completely to resolve the difficulties as to the co-ordination
of the different elements of a muscle; by a combination of
the laws of electric potential and of the superposition of
currents, he had succeeded in proving that when electromotive
forces are distributed in any way in any conductor, all external
action exerted by the conductor, i.e. all the derived currents
which it excites in any linear or non-linear circuit, may
be replaced by a distribution of electromotive forces upon
its surface, just as the external action of a magnet can be
stated in terms of the distribution of magnetic fluid upon its
surface.

In the meantime the Prussian Ministry were not slow to
accept the recommendation of the Medical Faculty, and to
appoint Helmholtz, who was now recognized everywhere as
a physiologist and physicist of the first rank, to be Ordinary
Professor of Physiology, which he became by Royal Brevet
on December 17, 1851.

While he was busying himself with the required Inaugural
Dissertation, for the subject of which he turned to the Physio-
logical Theory of Colour, Part II of his great work on the
physiology of nerve and muscle appeared in Mller's Archsv
under the title ¢ Measurements of the Rate at which Excitation
is transmitted in Nerve’. In Part I he had already proved,
by means of the electro-magnetic method of time-measurement,
that the mechanical response of a muscle made its appearance
later after excitation of the nerve, when the excitation had
to travel through a longer portion of nerve before reaching
the muscle, but the application of this method involved pro-
tracted experiments, and necessitated a favourable condition
of the frog’s tissues, on account of the long duration of the
experiments. He now endeavoured, with a graphic method
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of time-measurement previously described in Part I—by which
a contracting muscle records the magnitude of its twitch upon
a travelling surface—to find a simpler method of confirming his
determination of the rate of nervous transmission. After Ludwig,
with the kymograph, had succeeded in recording the variations
of blood-pressure in the vessels of a living animal, Helmholtz
constructed his myograph for the graphic record of the con-
traction of a muscle—its principle being that a lever lifted
by the twitching muscle traces a curve upon a surface moving
at uniform speed, the vertical co-ordinates of which are pro-
portional to the shortening of the muscle, the horizontal to
the time. If two curves are recorded one after the other in
such a way that the writing-point is always at the same place
on the travelling surface at the moment of excitation, then both
curves will start from the same point, and it can be seen from
their congruence or non-congruence whether the different
stages of the mechanical response of the muscle occur in both
cases at the same interval after excitation. Two years later
Helmholtz published important additions to these experiments
on the frog, as recorded with the myograph.

Simultaneously with the above he published in the Kieler
Monatsschrift, for April, 1852, the essay previously announced
to du Bais on the ‘Results of Recent Researches in Animal
Electricity’. He gave a masterly sketch of the development
of nerve phys:ology, and described the interest attachmg to
the ‘investigation into the nature of the mysterious agent
which,. acting along barely visible nerve-threads, produces
such fine gradations, such mighty energies, such complicated
exchanges of sensation and motion—an agent that is the first
link in the chain of processes which connect the mind that
feels and wills with the material outer world, enabling it to
receive and give out impressions’. As early as 1743 the Leipzig
mathematician Hausen had expressed the opinion that this
agent might be identical with electricity. Helmholtz now ex-
pounded the opposite theories of Galvani and Volta, the first
of whom regarded animal electricity as the source of the
electrical phenomena in all his experiments, while the latter
by his theory of contact electricity, which led him to the most
brilliant discoveries, had pushed the experiments relating to
animal electricity proper completely into the background. He
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cites the long roll of Matteucci’s painstaking experiments (to
which he was obliged to return many years later in another
connexion), and finally embarks upon a masterly exposition
of du Bois-Reymond’s discoveries: ‘the fruits of assiduous
study, and of ten years’ labour consistently concentrated upon
one aim, during which the frog and the divisions of the
galvanometer were his world—a rare example of methodical
observation, of rich knowledge, and of that perspicacity of
conception which is learned in the school of mathematics.’
After communicating the most important results of du Bois’
investigations, experiments which he himself demonstrated to
his audience by the now familiar method of throwing a beam
of light from a mirror connected with an astatic system of
magnets upon a graduated scale, he goes on to say that certain
physiologists assume what is propagated in the nerve during
excitation to be some definite form of motion like the undula-
tions that are propagated as sound-waves in the air, and as
light-waves in the ether. He submits that electrical phenomena
also lead to the idea of such a motion, since the extra-
ordinary rapidity of the variations of electromotive force, both
in magnitude and direction, makes it probable that this force
affects very mobile particles, and that the orientation of these
particles is temporarily altered by excitation, from the excited
point of the nerve onwards to the muscle, and within the
muscle itself. He considers the unexpectedly low rate of
propagation in nervous excitation as determined by himself
to be incompatible with the older view of an immaterial or
imponderable principle as the nervous agent, but quite in
harmony with the theory of the motion of material particles
in the nerve substance.

This publication concluded the series of the closely-con-
nected physiological investigations which Helmholtz had begun
immediately after the publication of his thesis, and he now
turned to physiological optics. In this subject he worked
out new physical principles, upon which, as physicist, physio-
logist, philosopher, and aesthetician, he erected a structure
of such extent and security as had never been dreamed of,
which to this day arouses wonder and astonishment.

He had already instituted comprehensive experiments on
the law of colour-mixture, in order to correct an error of
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Newton, which had been perpetuated in the following centuries ;
and had since his visit to Vienna been in correspondence with
Brucke, who was much occupied with such investigations.
On December 22, 1851, Briicke writes to Helmholtz: ‘As
you know, Goethe in his unfortunate theory of colours
explains all colours by the overlapping of light and dark,
basing his argument on the well-known fact that transparent
media in front of a dark ground may look violet-grey, blue-
grey, and blue, while in transmitted light they look brown,
yellow, or red. I have also noticed in my experiments on
chamaeleons, how often very distinct colours are produced in
this way in the animal kingdom, and have not found this
phenomenon explained by the undulatory theory, although
the explanation seems obvious enough. ... Pray tell me if the
different colouration of the reflected and refracted rays has
been considered in optics.’

Bracke had no idea that Helmholtz had already made funda-
mental discoveries in this direction, which were to astonish
physicists and physiologists alike in the dissertation he was
about to publish. His father, to whom Helmholtz made a.
short communication of the contents of the paper, ‘writes to
him enthusiastically on April 5: ‘Your letter of the 21st gave
us as much pleasure as all its predecessors, and there was the
usual murmur of impatience till every one had read it. May
God fulfil you ever more and more as a prophet of truth
and fountain of wisdom, so that you may not have lived in
vain for eternal Humanity, but may ever continue one of its
corner-stones on earth; then I shall find consolation for the
lack of results in my own life. God have your health in His
keeping, and grant you increasingly such a position in externals
that your intellectual life may find its full development. 1 am
most curious about the interesting work that you have chosen
for your thesis ; you will clash with Goethe therel’

He is dehghted when Helmholtz tells him that the coming
summer may bring great changes in his external position :—

‘There are three physiological vacancies in prospect. So
there may be a regular migration, in which each must try
for the best new place. Not that there are many candidates
in the field, du Bois, Eduard Weber in Leipzig, and I being
almost the only ones.



92 HERMANN VON HELMHOLTZ

While Helmholtz was engaged upon his inaugural disserta-
tion (the scope of which grew wider and deeper, until it
eventually took shape as a searching crifigue of Brewster’s
contributions to optics), du Bois-Reymond, who had lately
returned in such good spirits from England that he warns
Helmholtz ‘not to go to England, it spoils one’s taste for
Germany’, advises his friend on June 15, that he had told
Sir David Brewster about the ophthalmoscope, and that if
a copy of Helmholtz’s paper on it were sent, Sir David would
be responsible for an English translation. Helmholtz replies
in a few days:—

‘I should imagine that you would like England under such
conditions. I can hardly avail myself of Brewster’s proposal
to assist in the preparation of an English translation of 7he
Ophthalmoscope, because the second part of the essay on
physiological optics which I intend to use for my disserta-
tion, and which I shall give as a lecture, and then send to
Poggendorff, is intended as a contradiction of Brewster’s
analysis of solar light, a theory which he has much at heart,
and has defended with some heat. His observations on this
subject are perfectly correct, but the alteration of the colours
of the spectrum by absorbing media depends mostly upon
subjective phenomena, contrast and the like, as may be
proved convincingly. My treatise is of course written as
cautiously as possible, but still I fear that Brewster may
take it amiss.’

On June 28, 1852, Helmholtz delivered his Inaugural Lecture
‘On the Nature of Human Sense-Perceptions’, in which he
not only displayed his unique gift for making the stiffest
scientific problems intelligible by a lucid and exceptionally
beautiful exposition, but once more opened up new fields
of inquiry, lying ‘nearer the limits of human knowledge’. It
was not until a much later time, after the publication of his
Phystologscal Optics, that the full import of the physical,
physiological, and epistemological discoveries which he had
even then made could be recognized. It was this lecture
:_hat at last won him the complete approval of his critical
ather :—

‘Thanks for the Inaugural Lecture sent me by Dr. Fried-
lander, which pleased me greatly by its clearness and its
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unaffected popular style. You make the conclusions of
science comprehensible even to the laity, showing where the
details are leading to, and what is the way and aim. It
almost seems to me that this mathematical-empirical method
of investigation, when once it develops into a definite art, and
no longer depends upon individual genius, may inaugurate
a new, perhaps slow, but certain way to philosophy, which
will at any rate define exactly the objective substratum of all
knowledge, rendering its nature indubitably clear, and thus
establishing the ego-doctrine of Fichte as the only possible
mode of philosophical thought.’

In a letter written in September, to announce the birth of
his son Richard, Helmholtz gratified his father by admitting
that it had (as the latter surmised) been his intention in the
lecture to give an empirical statement of Fichte’s fundamental
views of sense-perception, and expresses pleasure that  his
father is content with the form of the dissertation, and approves
of his philosophical opinions.

His general philosophical and epistemological views were,
however, quite unlike Fichte’s, since they were based upon
exact investigations, the results of which he set forth in the
inaugural thesis ‘On the Theory of Compound Colours’, and
in the paper published in Poggendorff’s Annalen, ‘On Sir
David Brewster’'s New Analysis of Solar Light,” which laid
the foundation of the whole of the modern theory of colour.
After Newton’s discovery of the composition of white light,
he assumed the existence of seven principal colours in the
spectrum, apparently taking this number from the analogy
which he sought to establish between these colours and the
intervals of the musical scale. But while two tones of different
vibration-frequency and musical pitch produce sensations of
harmony or dissonance when struck together, but can still
be distinguished separately by the ear, luminous rays of
different wave-length and colour give rise to impressions
which fuse into a single new colour-sensation. This combina-
tion is due to a purely physiological phenomenon involved
in the specific mode of reaction of the optic nerve. Before
the discovery that white light is due to a mixture of coloured
lights, the mixture of pigments had led to the theory of
the three elementary colours, red, yellow, blue, from which
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all other colours must be derived by combination; Newton
assumed (without proving it by any prolonged experiments)
that the same results must obtain for the composition of
coloured light also: and on this supposition of three primitive
colours, Thomas Young built up his hypothesis that the
particles which lie upon the surface of the retina are capable
of specific vibrations; that, at any spot, particles of three
different vibration-rates, corresponding with the oscillation-
frequencies of the three primary colours, are in immediate
juxtaposition ; and that, lastly, mixed sensations are produced
by excitation of the ends of the specifically reacting nerve-
fibres. Helmholtz now discovered that the mixture of colouring
substances gave quite different results from the blending of
spectral colours. It is only when the two colours happen to
lie near each other in the spectrum, that the fusion of coloured
light yields almost the same results as the mixture of pigments,
because the resulting colour then resembles the intermediate
colour-tones of the spectrum; the disparity is most marked
in the combination of blue and yellow, which yield green
when pigments are mixed and white with the corresponding
mixture of spectral colours. Now green is among the colours
most imperfectly produced by the fusion of spectral colours;
it was therefore necessary for Helmholtz, if the hypothesis
of the composition of all colours out of three elementary
colours was to be maintained, to select for these three
primaries, not red, yellow, and blue, but red, green, and
violet; by the mixture of these three all the weaker com-
pound colours can be obtained, while if the saturated colours
of the spectrum are to be imitated, at least five primaries,
red, yellow, green, blue, and violet, are required. In order
to settle, in the first place, whether there are three elementary
colours, from which all possible colours are, or at any rate
may be, built up, this hypothesis had to be tested upon
the prismatic colours, as the purest and most saturated. By
observing through a prism set vertically the spectra of the
two limbs of a ‘“-shaped slit (letting the bands of colour
run in the one from left above to right below, and in the
other from right above to left below, so that each coloured
band from the one spectrum intersected all the bands of the
other in the common field), he obtained all the combinations
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which could be produced from any two simple colours. The
relative intensity of the mixed colours could be altered by
shifting the prism from its vertical position to one more or
less oblique, and care was taken to examine the points of
which the colour was to be determined through a small
diaphragm (since it is impossible to judge the colour of the
field so long as it is surrounded by equally saturated colours);
thus all the combinations could be investigated at all degrees
of their relative intensity by means of a telescope, the cross-
wires of which were set parallel with the colour-bands of
the spectra. Helmholtz then discovered the surprising fact
that—contrary to the views hitherto entertained—there are
only two among the colours of the spectrum, yellow and
indigo-blue, which together yield pure white, that is, are
complementary to each other, whereas their combination
had always been supposed till then to produce green. The
whole width of the spectrum is divided into three sections
by the rays which produce. white: the colours of the first
and second sections combine to tones of yellow, with transi-
tions to red, flesh-colour, white, and green; colours of the
second and third to blue, with transitions to green, white,
and violet; colours of the first and third to purple-red, with
transitions to flesh-colour, rose, and wiolet. Now since the
mixture of yellow and blue does not produce green, but
at most a faint greenish-white, Helmholtz had to conclude
that the hypothesis of the composition of all colours from
red, yellow, and blue was erroneous. But he further investi-
gated the composition of pigment colours, and was thereby
enabled to explain the obtained results. If a yellow and a
blue powder are mixed, the blue particles which lie upon
the surface will yield blue, and the yellow particles on the
surface yellow light, which combine to form white or greenish-
white. From within the mixture, only such light will return as
can penetrate the blue as well as the yellow particles, and
since blue substances can only let green, blue, and violet
light through, and yellow substances only red, yellow, and
green light, green light alone is able to return from within the
pigment ; this combines with the whitish light reflected from the
surface, so that green predominates. Thus Helmholtz estab-
lished the composition of pigmentary colours on purely physical
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principles. If the theory of three elementary colours is to
go (Young proposed red, green, and violet), then Young’s
theory of the three fundamental colours as the three funda-
mental qualities of sensation must also be given up. For
if e.g. the sensation of yellow is only aroused by the yellow
rays of the spectrum because they simultaneously excite the
sensations of red and green, which in combination give yellow,
then it would follow that the same sensation must be excited
by the simultaneous action of the red and green rays, which,
however, never produce so bright and vivid a yellow as that
due to the yellow rays.

Helmholtz was led to these investigations in following up
the phenomena described by Brewster, which were in apparent
contradiction with Newton’s theory, and involved a more
searching analysis of coloured light than had been made by
Newton, Goethe, or Brewster. Brewster, like Goethe, had
stated (and built up his entire theory of colour on that state-
ment) that it was not the differing refrangibility of the rays
that determined the colours of the prismatic image, but that
there were three different kinds of light, red, yellow, and
blue, exhibiting every degree of refrangibility, and so arranged
that the red light contains a preponderance of rays of less
refrangibility, the yellow more rays of mean refrangibility, and
the blue more of greater refrangibility; hence the first pre-
dominates at the less refrangible end of the spectrum, the
second in the middle, the third at the most refrangible end.
The remaining colours of the spectrum would be produced
by the mixture of the three primitive colours. The object of
Helmholtz’s inaugural dissertation was to prove this view
untenable, but he now went farther. Brewster had recog-
nized that if different coloured rays of equal refrangibility
exist, the compound light formed by them must behave as
simple light in prismatic analysis, but declared that such
rays might be separated by taking advantage of their difference
of absorption in coloured media; thus there would be rays of all
three descriptions in all portions of the spectrum, and conse-
quently the white light due to their union: this is in direct
contradiction with Newton’s theory, according to which homo-
geneous light passing through coloured media may indeed be
weakened or extinguished, but can never exhibit changes of
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colour. In order to refute Brewster’s' theory, or to answer
the question whether the colour of homogeneous light is
altered by coloured media or no, the validity of his experi-
ments had in the first instance to be tested. Helmholtz
found that Brewster had overlooked the false light cast
over the observer’s field of vision by the slight turbidity
inevitable in transparent bodies. He shows that the altera-
tions of colour which Brewster had remarked are due partly
to impurities in the glass of the prism and to irregularities
in the polishing of its faces, partly to multiple reflections
at the surfaces of the prism and of the coloured media,
as well as to dispersion of light in the eye itself; further,
such alterations of colour may depend on contrast effects,
excited by the luminosity of the spectral colours; while,
finally, the colours of the spectrum excite a different im-
pression with different intensities of light. Thus he refuted
the theories of Brewster by a long series of conclusive experi-
ments.

These investigations were just concluded when Helmholtz
delivered his Inaugural Lecture, for which he selected a
subject standing in the closest relation with his previous
work, namely, a general discussion of the mode in which
our sense-perceptions correspond with the objects perceived:
a question that led him far into problems of the theory of
knowledge, and at the same time struck the note of his
further researches in physiology and physics.

After a masterly exposition of the undulatory theory of
sound and light, and a defence of Newton’s theory of colour
agdinst that of Brewster on the grounds above stated, he
emphasizes the simplicity and apparent unity of a compound
colour-sensation. He refers the opposition of Goethe (and
after him of the whole of the Hegelian school) to the idea
of the composite nature of white light to the idiosyncracies
of the poet-genius, who held it to be his highest function to
insist on the adequacy of sense phenomena, and assumed
that the same directness of perception should be possible
in the intellectual world.

In order to obtain a less superficial view of optical pheno-
mena, it is necessary to recognize the relation borne by
luminous sensations to the objects sensed; and Helmholtz
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discusses two propositions that were of great importance in
the development of the theory of knowledge, that, on the
one hand, all is not light that is perceived as light (a dictum
enforced by Johannes Mauller), while on the other, there
is also light to which we are not sensible, i.e. invisible light,
such as the chemical rays, which exert a chemical action
beyond the visible spectrum. It is highly probable, he says,
that light-rays and heat-rays are identical within the luminous
portion of the spectrum, although the intensest heat lies beyond
the red end, so that radiant heat and light may be regarded
as identical ; the reason that luminosity is confined to so
small a group of the long series of vibrations appears from
Bracke’s theory that the transparent media of the eye admit
these only to the retina, while all the rest are excluded.
From the fact that sensibility to light and heat do not exactly
correspond in their limits, Johannes Mauller had previously
concluded that the specific character of luminous sensation
is conditioned by the specific activity of the optic nerve,
which, excite it as you will, can only yield the one sensation
of light. The radiation which we term now light, now radiant
heat, impinges on two different kinds of nerve end-organs,
in the eye and in the skin, and the disparity in quality of
the sensation is due not to the nature of the object sensed,
but to the kind of nervous apparatus that is thrown into
activity. :
From this simple and obvious truth, Helmholtz developed
his entire theory of knowledge. Which colour combinations
appear the same, depends only upon the physiological law
of their composition ; equality of colour arising from different
mixtures of coloured light has only a subjective value, and the
groups of isochromic combinations of colour correspond with
no objective relations, independent of the nature of the seeing
eye. But if this be true for colour as a property of light, it
must necessarily be true for colour as a property of bodies
also. A body that only gives out orange light must have
a different internal structure from a body that gives out only
red and yellow, or a third which gives red, orange, and
yellow. Yet the colour of these three bodies during white
illumination must be the same; the similarity has no
objective, but merely a subjective value. At the end of the
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lecture, he gathers.up all these propositions in a form that
anticipates his later conclusions :—

¢ Sensations of light and colour are only symbols for relations
of reality. They have as much and as little connexion or
relation with it, as the name of a man, or the letters of his
name, have to do with the man himself. They inform wus
by the equality or inequality of their appearance whether
we are dealing with the same, or with different, objects and
properties of objects . . . beyond this they tell us nothing. As
to the real nature of the external phenomena to which we
refer them, we learn nothing, as little as we know of a man
from his name.’

This lecture again attracted the attention of the philosophers
to his views on physics and physiology, without, however,
gaining their approval.

As soon as Helmholtz had finished his Inaugural Thesis
he proceeded to develop the theorem of current distribution,
previously communicated to du Bois-Reymond, of the impor-
tance of which he was well aware. At the end of April he
writes to Ludwig: ‘I had the luck to discover a mathematical
theorem as to the distribution of current in bodies, which gave
du Bois so much trouble ; this greatly simplifies the matter,
but involves a few minor alterations in the hypotheses he
suggested’ In the middle of July, 1852, he sends du Bois
a note for the Academy, entitled, ‘A Theorem of the Distribu-
tion of Electrical Currents in Material Conductors,” while at
the beginning of the following year, 1853, he sent the ful
exposition of the subject,  Upon Certain Laws of the Distri-
bution of Electrical Currents in Material Conductors, with
Application to Experiments in Animal Electricity,’ to Poggen-
dorff for his journal. In this work Helmholtz for the first
time enters the field of mathematical physics and physiology,
with the full equipment of the higher mathematical analysis,
of which he was the only master in its application to the latter
science. Even here, and much more in his later works, we
feel that, as he himself insists, his juvenile penchant for
geometry had developed into a kind of special mechanical sense,
‘by means of which I almost feel how the stress and strain
are distributed in a mechanical contrivance ’: while, on the other
hand, it is plain that he strives to make complex and important
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mechanical relations plain to himself and others by theoretical
analysis. On July 22, du Bois-Reymond presented the abstract
of the theorem to the Academy, and wrote on August 3 to
Helmholtz : ‘ What a cornucopia of communications you shower
on us; such fertility is unheard of. But your comparison with
Gauss’s law of the compensation of internal magnetic forces
by surface-distribution does not please me: why should your
theorem not appear sus generis? For the rest it consoles me
that Kirchhoff, with whom I often discussed the problems that
are so easily handled in the light of the new theorem, also
failed to solve them, The theory of nerve and muscle
currents is at last demonstrable, and that hideous Chapter 111
of my book can be reduced to a short and elegant exposition.’

But the elaboration of the memoir designed for Poggendorff
involved many difficulties, since in addition to the theorem so
greatly admired by du Bois, which was at least comprehensible
without recourse to higher mathematics, it also comprised the
deduction and application of the most difficult propositions of
the Theory of Potential, of which almost all the German physi-
cists of the day, with the exception of Neumann, Weber, and
Kirchhoff, were ignorant.

In the middle of November Helmholtz writes to Kirchhoff:
‘1 have not yet elaborated my theory of current-distribution
in regard to animal electricity, because new problems are per-
petually cropping up. I am hampered by the want of Green’s
works, and by the fact that Neumann has not yet published
anything on these questions. I cannot talk to him freely
about it, because the propositions which I invent and use are
either in his unpublished notes, or are so much like his, that
after each discussion with him I am left doubting whether to
publish any given point or no. Accordingly I am debarred
from learning Green’s theorems out of the notebooks of
Neumann’s pupils.’

Nor had the difficulties all been got over even by the end of
January, 1853. Helmholtz tells du Bois that he has been
unable to find a general proof of an important theorem which
can be easily proved for conductors in which the resistance
is equal in all parts, viz. that an electromotive force applied
to any given surface-element a of a conductor will produce in
any other given surface-element 8 the same component of
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curreht, normal to the surface, as that electromotive force
applied to 8 would produce in a.

He expects that he will have to leave the proof of this
theorem to the future, but at last he overcomes the difficulty,
and is able to announce to Ludwig early in March, 1853:
‘1 have meantime discovered and worked out some new
theorems on the distribution of galvanic currents in material
conductors, by which the theory of currents of animal electricity
can be demonstrated with strict accuracy, and by a very
simple method, while du Bois-Reymond had to make shift with
exceedingly complex approximations. My results of course
agree in essentials with those of du Bois.’

Du Bois-Reymond himself affirmed at a later time that he
had been helpless in face of these great difficulties until
Helmholtz came to his aid with the conception of electro-
motive surfaces, and the theorem of the equal and opposite
action of two electromotive surface-elements, by means of
which the previously insuperable difficulties became almost
elementary. This very interesting and fundamental work on
the distribution of electrical currents in material conductors is
purely mathematical in character, owing to Helmholtz’s method
of proving the theorems, which are intelligible enough from the
physical point of view. It is essentially connected with the
treatise on the Conservation of Energy, since Helmholtz merely
substitutes for the expression ‘free tension’ there employed,
the identical concept of Gauss’s potential, or Green’s potential
function.

In his inquiry he starts from the three equations which
Kirchhoff had laid down for dynamic equilibrium in the distri-
bution of currents in systems of material conductors, and had
shown to be necessary and adequate for the expression of
potential as a function of the co-ordinates. He has no diffi-
culty in devising a quite general proof of the law of the
superposition of electrical currents, which had been already
recognized as valid for individual cases. He expresses it very
simply by saying, that if in any system of conductors constant
electromotive forces are introduced at different points, the
electrical petential at any point of the system will be equal
to the algebraic sum of the potentials which are due to each of
the forces independently of the others. With this he associates
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the law of electromative surfaces, which states that if electro-
motive forces existing anywhere within a conductor produce -
eertain currents in an attached conductor, it must be possible
to devise a distribution of electromotive forces on the surface
of the first eonductor which would produce the same currents.
He arrives at the distribution on the surface by assuming
the conductor to be insulated and determining the electrical
potential at any point of its surface due to the currents excited
by the internal forces; the required surface electromotive force
(taken from within outwards) is then equal to this difference
of electrical potential. He terms the surface, thus conceived
as electromotive, the positive effective surface; and from these
two theorems (deduced by strict mathematics) derives a series
of important conclusions. These again yield the theorem that
the potentials within the attached conductor are equal to the
sum of the potentials existing in it antecedently, and of those
produced by the positive effective surface. It is obvious that
different modes of distribution of e. m..f. at the surface of
a conductor (if they are to give the same derived currents as
the internal electromotive forces) can only vary by a difference
of potential that is constant for all points of the surface; and
from equally simple considerations (based entirely on Ohm’s
Law) results the general and important theorem, that when
any two points on the surface of an extended conductor con-
taining constant forces are connected with a given system of
linear conductors, it is always possible to substitute for it
a linear conductor of definite e.m.f. and resistance, which
will give rise to precisely the same current in all linear con-
ductors connected with it, as the material conductor. He
introduces the conception of electrical double layers, which
assumes that at opposite sides of a surface and at infinitesimal
distances from it, there will be exactly the same quantity of
positive electricity on the one side as there is of negative on
the other. By this device he transforms the Poisson-Gauss
equation for non-equilibrium states—on which Kirchhoff founded
his equation for equilibrium—so that the potential shall not (s
in that equation) be uniform, and the force components on
either side of the surface non-uniform, but conversely, with
uniformity of force the difference of potential fanetion shall
be a quantity that is different from zero, which he terms the
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electrical moment of the surface: he thus succeeds in reducing
problems of current distribution to a question of the potential
of electrical surfaces and bodies. Lastly, with the aid of
Green’s propositions, he develops the theorem communicated
in January to du Bois-Reymond of the equal mutual action of
two electromotive surface-elements, and thus clears the way
for the experimental confirmation of the law and its important
applications. For since each single element of an electromotive
surface discharges as much electricity into a galvanometer
circuit as would flow through itself if its e. m. f. were situated
in the galvanometer circuit, the total effect of all the electro-
motive surface-elements must be equal to the whole current
passing through the galvanometer. In all experiments on animal
electricity, in which nerve and muscle represent extended
material conductors, with electromotive forces distributed in
them, it now becomes possible to test and correct the theo-
retical conclusions of du Bois-Reymond and other physiologists
as to arrangement of electromotive elements within the
nerve or muscle, by means of laws that have been ascertained
empirically.

Meantime, the interest of the various medical and literary
circles in Konigshberg had been: aroused by the effect of
Helmholtz’s Physiological Theory of Colour upon the scientific
world ; and he responded to their inquiries by giving a lecture
on ‘Goethe’s Scientific Researches’, delivered on January 18
{Coronation Day) to the Deutsche Gesellschaft.

Helmholtz had been induced by various considerations to
protest against the attack made by Goethe upon the optical
work of Newton, and he accordingly desired, in order to avert
misunderstanding, to show that although Goethe’s physical
conclusions were often erroneous, he had done indisputable
service in botany and osteology, and must always be reckoned
among the great men of science. In his Sketch of a General
Intyoduction to Comparative Anatomy, Goethe expresses the
idea (which was never better nor more clearly stated, and
has subsequently been but little altered) that a]l differences
in the structure of animal species must be looked upon as
variations of a common type, brought about by the coalescence,
alteration, increase, atrophy or total loss of single parts, A
similar analqgy between the different parts of one and the



104 HERMANN VON HELMHOLTZ

same organism, as seen in animal species, exists in the
manifold repetition of the same parts in plants, and again
in the transition from the leaves of the stem to those of the
calyx and petals—from which follows Goethe’s theory of
the ‘ Metamorphosis of Plants’, which has been accepted, at
any rate in its essential features, by the botanists. The repeti-
tion of homogeneous parts in animals, which Goethe noticed
accidentally, led him to extend his doctrine to animals also,
but in Helmholtz’s opinion these osteological conclusions
have been less favoured by science.

According to Helmholtz it was wonderful that Goethe should
divine the existence of such a law, and follow out its indi-
cations so acutely, although he neither saw what law it was,
nor even tried to find out; since he always held the view
that ¢ Nature must yield up her own secrets, inasmuch as she
is the transparent symbol of her ideal significance’.

But after emphasizing the great services which Goethe had
rendered to the natural sciences, Helmholtz claimed the right
of criticizing the physical conclusions arrived at by this great
genius, and pointed out the errors into which Goethe fell, when
he attempted to repeat Newton’s experiments with the prism,
in order to investigate the aesthetic laws of colour in painting.
He was ignorant of the most elementary principles of optics,
and held all Newton’s facts and deductions to be an absurdity.
Helmholtz discusses the very interesting question why this
master-mind should have attacked Newton and the physicists
in general with such unparalleled animosity, imputing nothing
but ill will to his antagonists, and why this greatest of poets
should have assumed his achievements in science to be far
more valuable than all he had accomplished in poetry. Helm-
holtz attacks his subject with a brilliancy of comprehension,
a depth of aesthetic feeling, an appreciation of the poetic and
scientific qualities of the man, and of the inductive and deductive
methods of reasoning, possible only in a great and contem-
plative thinker, expressing himself in the language of inimitable
charm and vigour that characterizes all his writings, and is
unique as a model for the popular treatment of scientific
problems.

For the poet, he says, as for every other artistic genius,
an idea is not expressed as the product of a slowly matured
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intellectual concept, but the material of his art becomes the
direct vehicle of the idea. With Goethe the phenomenal is
the immediate expression of the ideal, in which he is the
forerunner of Hegel’s ‘ nature-philosophy’, and he therefore
appreciates experiments that can be carried out in clear sun-
shine, under the open heavens, in contrast to Newton’s slits
and glasses. Goethe could not and would not grasp the fact
that the pure tone of white light is due to a fusion of colours;
he endeavoured by a consistent observation of facts to deter-
mine their connexion, so as to discover the causes of the
phenomena of nature, without trespassing into the realm of
concepts : while the physicist denies all authority to sensation,
and is increasingly aware that the nature of sense-perception
depends less upon the properties of the objects perceived than
upon those of the sense-organs by which he obtains his in-
telligence. All Goethe’s conclusions and explanations are
accordingly fallacious.

¢ Goethe is only content when he can stamp reality itself
with poetry. In this lies the peculiar beauty of his poems,
and it accounts for his resolute hostility to the mechanism that
threatened to disturb his poetic repose, and his determination
to attack the enemy in his own camp. Yet we cannot
conquer the mechanical laws of matter by ignoring them: we
can only subordinate them to the aims of moral intelligence.
We must understand its levers and pulleys if we are to
control them by our will, and herein lies the great significance,
and full justification, of physical research in the advance of
civilization.’

Forty years later, in a lecture given at Weimar to the
Goethe-Gesellschaft, on ‘Goethe’s Anticipations of Coming
Scientific Ideas’, Helmholtz found a fresh opportunity of in-
sisting on the great importance of Goethe’s work for the general
development of science. While his judgement of the optical
part of it remained unshaken, he now interprets Goethe’s errors
and prejudices by his aversion to the abstractions of intangible
concepts, in which the theoretical physics of the day was wont
to reckon. He holds Goethe’s protest against the abstractions
of matter and force to be not unjustified, since ‘though they
were used by the great theoretical physicists of the seventeenth
and eighteenth centuries in a coherent and definite sense,



106 HERMANN VON HELMHOLTZ

they contained the germs of the wildest misunderstandings,
which now run riot in perverted and superstitious minds’.
Helmholtz recognized that the seed which Goethe sowed in
the field of natural science had developed in rich and full
abundance, since Darwin’s theory of the modifications of
organic form rests confessedly upon those very analogies and
homologies of structure in plants and animals which Goethe,
the first discoverer, presented to his contemporaries in the
form of anticipations only, while Darwin developed this poetic
forecast into a mature concept. He finds the reign of law
among physical phenomena, which Goethe sought to discover,
expressed with the greatest precision and lucidity in Kirchhoff’s
lectures on mathematical physics, which enrolled mechanics
among the ‘descriptive sciences’. For Helmholtz, science and
art are intimately connected, since both express and enunciate
truth. The artist can only succeed in his work when he has
a subtle knowledge of the natural relations of the phenomena
which it expresses, and of their effect upon the auditor or
spectator. ‘When the task can be fulfilled by expression in
the tangible images of poetic divination, the poet proves him-
self capable of the highest achievement; where the strict in-
ductive method alone can avail, he founders. But again, where
cardinal points of the relation between reason and empirical
fact are involved, his firm grasp of reality preserves him from
error, and gives him a sure insight which extends to the very
limits of human understanding.’

The commencement of the New Year found Helmholtz in
depressed conditions. It had been a sad Christmas, for his
wife was ill of nervous gastritis, from which she only recovered
after some weeks of unremitting attention from her mother and
sister. His mother had been laid by with a serious operation.
He himself was suffering from frequent attacks of migraine,
which kept him in bed for days together. He proposed to take
his wife to Marienbad on his way to England, but his father
disapproved, on economical grounds, though this difficulty was
partly removed by a rise of salary in April, 1853, which brought
his income up to £150.

From the beginning of 1853 to the summer vacation, Helm-
boltz was engaged in the continyation of his measurements of the
rate of transmission in nerve and muscle, which necessitated



PROFESSOR AT KONIGSBERG 107

the contrivance of a special instrument for measuring the very
small electrical currents which du Bois had observed in muscles.
In addition to this he embarked on a protracted study of the
adaptation of the eye for different distances, which was, however,
interrupted by the discoveries of a young Dutch physiologist,
Cramer. As early as January 23, Helmholtz sent du Bois
a short preliminary notice for the Academy ‘On a hitherto
unknown Alteration in the Human Eye, during Altered Accom-
modation’. In this he describes an observation made as early
as the winter of 1852, that in accommodation for near objects, the
image reflected from the front surface of the lens is diminished
to nearly half its size, a considerable alteration which cannot
be explained by a change of position of the lens, but only on
the supposition that there is an alteration of its form by the
increased curvature of the anterior surface. He had previously
determined by many exact observations that the edge of the
pupil bulges outwards in near vision.

In March he joyfully communicates his ‘little discovery in
regard to the accommodation of the eye’ to Ludwig, as pub-
lished in the monthly reports. But on July 3 he informs him:
‘Donders has written to tell me that a Dr. Cramer has been
before me, his paper having been “crowned” in 1851 by the
Haarlem Society, though it is only now being published: I
shall receive a copy of it shortly. Lately there have been
a good many coincidences between my work and that of others:
(1) on Brewster’s Theory; a portion of my results were also
discovered by a young physicist, Felix Bernard, and published
in the Annales de Phys. et Chim. in the same month in whi¢h
mine appeared in Poggendorff, but he had communicated the
work some time before to the French Faculty: (2) in January
Gaugain brought out a tangent galvanometgy, o the principle
of the one I had made in 1849 for du Bois-Reymond’s ex-
periments ; mine, however, is more convenient and better:
(3 Foucault describes a method for the uniform lighting of
large surfaces with homogeneous or mixed light; I received
his paper after myself inventing and constructing the ap-
paratus: (4) Cramer on Accommodation; I am most curious
to see this paper.—Your texthook, so far as it goes at present,
is my faithful friend when I am preparing my lectures.’

The promised copy of Cramer’s paper was so long delayed
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that Helmholtz writes to Donders after his autumn journey
of 1853:—

‘I have not yet received Dr. Cramer’s treatise on the Ac-
commodation of the Eye, and confess that I am very curious
to see how much room he has left me for my own observations.
Your letter was the first I had heard of his work, and though
I regret the time lost on investigations that turn out to be
the property of another, I am of course only too glad to clear
the way as much as I can for a young man who makes his
début in science with such a striking piece of work, and to
help him towards recognition. I had equally arrived on theo-
retical grounds at the idea of a simultaneous tension of the
radial and circular fibres of the iris, but am inclined to ascribe
a considerable part to the femsor chorotdae also.

Helmholtz employed the enforced leisure of summer to con-
tinue his experiments on the mixture of homogeneous colours
by other methods than those hitherto employed. He found, in
agreement with Grassmann, that besides indigo-blue and yellow,
another pair of complementary colours existed in the spectrum,
although he had not previously been able to demonstrate
them, and further, that all colours, with the exception of
green, yield simple complementary colours. In order to deter-
mine the breadth of the colours in the spectrum, he defined
white as the sensation due to the sum of the light-components
simultaneously perceived by the eye, together with the vivid
memory of such as were perceived immediately before.

He also carried on his experiments on the time-relations
of excitation in man throughout the summer, arriving at the
conclusion that the rate of the nervous impulse in man is
about three times as great as in the frog. As regards the
initiation of electrical processes during the excitation of nerve
and muscle, he was able to determine ‘that the electrotonic
condition of the nerve begins with the entry of the primary
current, whereas the negative variation of the muscle begins
appreciably later than the excitation, but precedes the first
trace of contraction’,

At the beginning of August, Helmholtz left Konigsberg, and
took his wife and the two children to his mother- and sister-
in-law at Dahlem. Du Bois-Reymond was not in Berlin, but
he had the satisfaction of seeing Johannes Mauller, who was
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just starting for Sicily. He visited his parents in Potsdam,
and found his father well and cheerful, but his mother greatly
altered. At a dinner given by Magnus, at which H. Rose
was also present, he met Tyndall, the English translator of
his works: ‘he is a very talented young man, and interested
me more than any of the other strangers; unfortunately he
will not be in England when I am there’ He also went to
see Dr. Graefe, ‘who was still attending to his clinique, and
showed me some cases with the ophthalmoscope, and a mass
of drawings made with the instrument, saying many kind
things about the great utility of this invention.” After providing
himself with letters of introduction from Magnus, Dove, and
H. Rose, to distinguished men of science in England, and to
the chemist Hofmann, Helmholtz went on to Bonn, where he
had the pleasure of spending a few hours with Placker. ‘At
first he seemed to me a little exclusive, like most of the Bonn
professors, but afterwards he became quite genial, and com-
memorated my visit in a remarkably good bottle of wine.
Helmholtz crossed by Ostend to London, putting up at an hotel
which Tyndall had recommended to him. He gave himself
up entirely to English life, and sent daily letters to his wife
with vigorous sketches of his varied and original observations.
Space forbids the quotation of more than a few of these, which
have special reference to the English scientists with whom
Helmbholtz now for the first time became acquainted, and with
whom he formed a lifelong connexion.

‘And now you shall hear about this great Babylon. Berlin,
both in size and civilization, is a village compared to London,
Everything here is on such a gigantic scale, that one ceases to
wonder at anything. The disadvantages of an enormous city
are pleasantly counterbalanced by the wonderful Parks within
the town, and the green of its suburbs. But I had better go
on with my diary, so as to tell you everything. ... In the first
place I went to Bence Jones, physician, physiologist, and
chemist, hoping to get news of du Bois-Reymond, and of the
chemist Hofmann. But he had gone off to du Bois’ wedding.
The Embassy was in the same direction, so I went there to
present my letters to Bunsen., Bunsen was engaged, and
invited me to visit him next day. This errand showed me
something of the Park, which extends unbroken from the
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West End nearly to the centre of London. In the afternoon
I explored it further; imagine enormous smooth spaces of
short, fine grass, dotted over with fine old trees or groups
of trees, a few paths cut through them which are only used
in wet weather (for when it is dry every one walks as he
pleases over the grass), and there is the ideal that you wanted
for our garden. Huge sheep, as fat as stuffed wool-sacks, graze
everywhere on the grass and keep it short. . . . The break-
fast with Bunsen was just a way of receiving one’s visit at a
leisure moment. Milady and two daughters, a Professor Larso
from Berlin, and Privatdocent Bottiger from Halle, both
Oriental scholars, were there too. The meal was refined
without being luxurious, but was swallowed post-haste. Each
helped himself as he pleased without waiting for the others.
I was last, because I had to talk so much. Bunsen somewhat
resembles S, interested in everything, lively, but a little con-
ceited He was most affable and officious, and wrote me
a letter of introduction to the zoologist Richard Owen which
I did not want. For the rest, everything was on a very grand
scale in the house.—British Museum. Here were Layard’s
monuments, Elgin’s Marbles from the Parthenon, those from
the Lycian tombs, &c., all in real life. The Assyrian bulls
with human heads are enormous monsters. The reliefs are
far more vigorous than in the drawings; they are very clear
and sharply worked out, and parts of them look as if they were
quite new. In England they excite more interest than in other
places, because they are supposed to confirm certain passages
in the Old Testament. As regards style, they are infinitely
finer than anything in Egyptian art, and are parallel with the
best productions of the ancient Greeks. Bunsen tells me that
much progress has been made in deciphering the inscriptions.
‘My attempts to see Professor Owen were in vain, but
I succeeded in finding the first physicist of England and
Europe, Faraday—perhaps, unfortunately, for the first and last
time, since he leaves town on Monday, and does not know
if he is coming to Hull. Those were splendid moments. He
is as simple, charming, and unaffected as a child ; I have never
seen a man with such winning ways. He was, moreover,
extremely kind, and showed me all there was to see. That,
indeed, was little enough, for a few wires and some old
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bits of wood and iron seem to serve him for the greatest
discoveries.

‘From there I went to the National Gallery. There are
some beautiful Rembrandts, and fair examples of Rubens
and the Italian masters, and two marvellous Murillos. In
the afternoon I went by omnibus to Hammersmith, a suburb
with villas on the Thames, to see Professor Wheatstone, the
physicist, and inventor of the first practicable electrical tele-
graph. He had left, but they gave me hopes of finding him
in Hull. In the evening dined at seven with Dr. Bence Jones:
only he, du Bois and his wife, and I. Bence Jones is a
charming man. Simple, harmless, cordial as a child, and
extraordinarily kind to me. He appointed a second meeting
for the next day, to see the ophthalmoscope, and took me to
a mechanician where Faraday’s instruments for the detection of
table-turning are on view. On Thursday morning I worked at
the lecture I am to give (“On the Mixture of Homogeneous
Colours”). At noon, when I was going out for lunch, I met
Professor Plucker from Bonn in the street, who joined me;
and said that Professor Sommer from Konigsberg was staying
in the same house with him. Afterwards I went to Bence
Jones, to keep my appointment.

‘On Friday Airy invited me to go to Greenwich and dine
with him. He had been rather stiff the first time, and can
be very disagreeable, but on this occasion he was charming,
and as I inspected all his appliances, praising much, and
criticizing some things, he was quite unable to stop perambu-
lating, so that I have probably seen more of the Observatory
than any one else. Besides the regular observatory, of which
I understood little, there are remarkably fine contrivances for
magnetic and meteorological observations, in which the state
of the instruments perpetually daguerreotypes itself, so that
. the series of observations is more exactly and completely
recorded than it could be by the most accurate observer.
Then we saw apparatus for the electro-magnetic measurement
of time in startransits, and electric clocks, which indicate
the time simultaneously in London and at the mouth of the
Thames, and at all the London railway stations. Airy’s house
and family life were arranged, as we should say, in style, but
it is so with most of the English professors. His wife was
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rather formal, well preserved, with pleasant manners. The
English ladies are all very interested in their husbands’ work,
and she was familiar with everything. He has a splendid
position. What he writes goes out to the world not under
his own name, but in that of Astronomer Royal, and he is
superior to the rest from his training in methods: most of
the English physicists do great things purely from instinct,
not like the French from training in the best methods, so
that their work is often spoiled by ignorance of the most
ordinary matters. The afternoon at Greenwich was one of
the most interesting and delightful of my journey.

‘On Tuesday I looked up Wittich, and went about with
him. In the morning we explored Westminster Abbey: its
architecture is not nearly so beautiful as that of the best
German cathedrals. It is too natrow, and the vaulting is not
very intricate, but the array of monuments to the famous
dead is extraordinarily imposing, and must stimulate the pride
of Englishmen in the highest degree. To have had such men,
and to see them so honoured, is grand. There lie professors of
physics and chemistry between the kings, generals, and artists ;
even tragedians of the first rank have found their place and
their monument here: Newton, James Watt, Humphry Davy,
Thomas Young, Shakespeare, Milton, Garrick, Mrs. Siddons,
Henry V, Richard 11, Edward’s sons, Warren Hastings, the
two Pitts, Mary Stuart, and Elizabeth.

‘On Wednesday I packed up, and went to Hull—by train
of course, not steamer. I met Dr. Plucker at the station
and travelled with him. The journey is uninteresting.
Farther north, the country is not so exquisitely green as it
is near London, and is mostly hilly. Here in Hull we are
quartered on various people, I with a physician, Dr. Cooper,
where [ live “very fashionably”, and am well taken care of.
The foreigners (besides myself and Placker there is only
a Russian, du Hamel, here) are treated with exquisite courtesy.
Yesterday evening at eight was the first General Meeting, when
the President gave a survey of the progress of science during
the last year: 600 persons were present, each of whom had
paid at least £1, and 175 of them were ladies. We strangers
were named in the report which the Secretary gave at the
end; I was mentioned as Professor H. from Konigsberg, who
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had contributed one of the most important advances in con-
tinental science. My ‘ Conservation of Energy’ is better known
here than in Germany, and more than my other works.

‘Early this morning, Thursday, I was invited to breakfast
by Mr. Frost, a wealthy private individual and a geologist.
At his house I met Professor Stokes of Cambridge, a young
but most distinguished man, whom I had not expected to
see, because he had been in Switzerland. ...

‘The British Association at Hull was, as I have already
told you, remarkably well attended ; there were 850 members
and 236 ladies. Here in England the ladies seem to be very well
up in science, though of course many of them come to show
themselves, or from curiosity, to listen to the discussions,
and amuse themselves with them. Still on the whole they are
attentive, and don’t go to sleep, even under provocation. - The
six sections of the Society sit every day from eleven to three.
From ten to eleven is occupied by the committees; I was
taken to the committee of the Physics Section. The public
generally wander from one section to another to hear the most
distinguished speakers:. The communications naturally varied
greatly in quality : some were important scientific contributions,
some the tomfoolery of crack-brained persons who imagine
they have got hold of startling discoveries. But the presidents
generally knew how to suppress these people. I was most
interested in the arrangements for scientific investigations by
committees, and the way in which the English attack these
questions. Now, for instance, they are engaged upon a geo-
logical comparison of the surface of the earth with that of
the moon, by means of their splendid telescopes, a number
of astronomers and amateurs having joined together for this
purpose. Further, they are preparing to send a gigantic
telescope to the Southern Peninsula at Government cost, to
explore the southern heavens. The most popular departments
were geology, geography, and ethnology. These, too, attracted
the most distinguished speakers; it is important to engage
a great number of people upon common work in these de-
partments, and the Association is very well adapted for this.
On the other hand, many of the best chemists, physicists,
and astronomers were absent, e. g. Airy, Faraday, Wheatstone.
Others were there whom I much wanted to meet. Grove,

wELSY I
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a jurist and distinguished physicist from London, Andrews,
Professor of Chemistry in Belfast, Stokes, a physicist from
Cambridge ; there was no one who could properly be called
a physiologist. The clearest and most popular, as well as
most valuable communications, were those of the geologists
Phillips and Hopkins, and the ethnographer Dr. Latham,
but many of them were tedious, and many to my surprise
were mumbled, and so badly delivered that they were unin-
telligible. I joined in one discussion ex fempore, and explained
a point in the optics of the eye that had been worked out in
Germany. I got.through all right, though 1 made plenty of
mistakes, but the English people praised me, and said it was
quite clear and easy to understand, although I used certain
words in a different sense from that which they usually
convey. I read my lecture on “The Mixture of Colours”
aloud to Dr. Francis, who corrected the mistakes, and was much
commended for it. The style of course was not entirely my
own, but they were pleased with the delivery, and I received
many compliments at the expense of Professor Placker, who,
considering how often he comes to England, speaks very badly.’

Helmbholtz intended to visit Utrecht on the return journey,
to make acquaintance in person with Donders, but was sum-
moned home by his wife’s illness. This time, however, she
soon recovered from the attack of the malady to which she
was becoming increasingly liable, and he was able to talk
over his travelling experiences with her, invigorated in mind
and body. This journey to England made a deep and abiding
impression upon him, and he took every subsequent oppor-
tunity of revisiting his scientific friends there.

* England,” he writes to Ludwig, ‘is a great country, and one
feels what a splendid thing civilization is, when it penetrates
into all the least relatiens of life. Berlin and Vienna are
mere villages in comparison with London. London is quite
indescribable; one must see its traffic with one’s own eyes,
before one can realize it; it is an event in one’s life to see
it; one learns to judge the ways of man by other standards.’

At length, in the middle of October, 1853, Helmholtz received
Cramer’s memoir for which he had been waiting so many
months, and was enabled to continue the work on accom-
modation that had been interrupted by Donders’s letter. After
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declining to write a textbook on Physiological Physics at
the invitation of Vieweg, who in consequence gave the com-
mission to Fick, Helmholtz, at Karsten’s request, undertook
the section on Physiological Optics in his great Encyclopaedia
of Physics (a task which unexpectedly required ten years for its
completion), and then busied himself in the first place with
a new method of determining in the living eye the forms and
distances of the refracting surfaces, the cornea and the anterior
and posterior surfaces of the lens, in order to define the path
of the rays of light in the eye. By April, 1854, he had got
so far that after studying Cramer’s paper, he could write to
Donders hopefully of speedily determining the curvature of
the iris and displacement of the border of the pupil as it occurs
in adaptation :—

‘I received Dr. Cramer’s treatise directly after I had written
my first letter to you. 1 have studied the book, for which
again my best thanks, although I found it rather troublesome,
as [ first had to learn Dutch to read it. Happily your language
is so much akin to ours that it is not difficult to understand.
Dr. Cramer’s work is interesting, and very satisfactory. 1 did
not succeed in experimenting with fresh-killed eyes, because
I used rabbits. Cramer’s experiments on such eyes show
that the iris is necessary to adaptation for near vision, as
I had previously surmised. But it still seems to me doubtful
whether the iris alone is involved. When the accommodation
is for near vision, the edge of the pupil itself bulges forward,
while a contraction of the iris alone, i.e. of its radial and
circular fibres, which Cramer rightly assumes to occur, would
be apt to produce the contrary effect.’

These difficult optical investigations were now pushed aside
by another task, which was ferced upon him by an unfortunate
incident. At the close of 1853, Clausius published an unjustifi-
able attack in the Anmalen upon Helmholtz’s memoir on the
Conservation of Energy, which was a source of great annoyance
and distress to Helmholtz, since it emanated from a contemporary
and distinguished member of the Physical Society, whom he
had known intimately since 1848, and whom he had for a long
time been in the habit of meeting almost daily. At the be-
ginning of 1854, he refuted the attack in the same journal,
under the title ‘ Reply to the Observations of Dr. Clausius’,

12
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with such success that any doubt as to the correctness of
his statements was henceforth impossible.

This assault might have been prejudicial to Helmholtz,
inasmuch as it conveyed the impression to non-mathematical
physicists that his conclusions were erroneous, and as he was
not a professed mathematician, the allegations of Clausius
might have been accepted. A At the time when Helmholtz
published ‘The Conservation of Energy’, he had already
done a great deal of work in the direction of a mechanical
theory of heat, but in the printed essay omitted everything that
savoured of hypothesis, ‘in order to facilitate the reception of
the work by the physicists.” At a later period he had entirely
left the matter aside, in the belief that the mechanical theory
of heat could only be promoted by avoiding all presumptions
as to the constitution of the molecules, and examining generally
how the motions within the complex molecules affected the
position of adjacent molecules. But he had been engaged
on far wider problems prior to the publication of ‘The
Conservation of Energy’. When Carnot (on the presumption
that heat was material, and as such could neither be destroyed
nor added to) investigated the processes by which heat is
able to perform mechanical work, he found that this can
occur only when heat is passing from a warmer to a colder
body. Perpetual motion would then be an impossibility
only if the return of heat from the colder to the warmer
body required an amount of work to be performed equal to
that done by the previous and opposite process, besides which
this expenditure of energy would have to be independent of the
nature of the transmitting substance. Subsequent work upon
the conservation of energy, however, made it impossible to
maintain the material nature of heat, which had been an
essential postulate in Carnot’s deduction. Helmholtz had
already attempted to formulate proofs, based on mechanical
principles, for certain of Carnot’s conclusions which seemed
to him to hold good in the theory of heat, but he was forced
for the time to leave over any decision as to the validity of
these propositions. He had, therefore, gone much farther
than Clausius had detected from the published memoir on the
Conservation of Energy; farther indeed than Clausius himself
had advanced at a much later period.
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Clausius in the first instance attacked Helmholtz’s derivation
of the law of the development of heat in electrical discharges
from the law of the conservation of energy. As stated in
a letter to du Bois-Reymond, he had not noticed that the
definition given by Helmholtz of the ‘potential of a mass-in-
itself’ differed from the ordinary definitions. Helmholtz gives
the particulars of this dispute some years later in a letter to
Tait of March 17, 1867 :—

‘As to my discussion with Clausius, there was no essential
difference between us as to the mechanical equivalent, except
that Clausius takes the heat of the spark into account, while
I believed it might be neglected, and that I took the potential
of a body in itself as the sum of m,ns/r,, without excluding
the repetitions of the indices (ab) and (ba), while Clausius fol-
lowed the other mathematicians in excluding these repetitions,
so that what he terms potential was only half as large as what
I defined as such. Substantially both were equally correct.’

Helmholtz was able to refute the second objection raised
to his work with equal ease, that, namely, criticizing the
- conclusions he deduced from the law of Riess, to the effect
that with different charges, and a varying number of similar
Leyden jars, the heat developed in each individual part of
the wire closing the circuit must be proportional to the
square of the quantity of electricity, and inversely proportional
to the surface of the jars. This charge does not really touch
Helmholtz, or the conclusions which he deduced under the
assumption of this law, since Clausius attacked the correctness
of the law of Riess in itself, and disputed its universal validity,
while Helmholtz said in his paper that the law was in need
of experimental confirmation. In regard to a misunderstanding
of a passage in Holtzmann’s book, Helmholtz candidly admitted
his mistake, as appears from a letter to Ludwig. Clausius’s
main attack on the work of Helmholtz was directed against the
proof of the proposition, that the principle of the conservation
of vis viwa holds good only where the working forces can
be resolved into forces due to material points, acting in the
direction of the lines joining the points, while their intensity
depends solely upon the distance. Upon this Helmholtz
founds a long and important argument with which his epoch-
making thermodynamic work, the greatest achievement of the
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last decade of his life, is intimately connected, though the
latter was of course considered from an altogether different
point of view.

Helmholtz fully recognized the importance of an attack
upon this particular part of his treatise on the Conservation
of Energy, because this was his main advance on the investiga-
tions of Robert Mayer, and the chief significance of his own
work rests upon the same considerations. Both engineers and
physicists had for a long time defined the product of the
mass of a weight raised, and the height it is raised to, as
the measure of work done ; this conception of quantity of work,
as the product of force into a distance, had to be transferred
from the case in which there is a force of constant magnitude
acting in a constant direction, viz. gravitation, to the cases
where a large or even infinite number of particles, acting
upon each other, undergo relative displacement, so that work
is done along the path of each individual particle by the
forces exerted by the other particles.

Green had defined this amount of work as pofential, for attrac-
tive and repulsive forces, the intensity of which is inversely
proportional to the square of the distance of the interacting
masses, and applied its mathematical properties to the explana-
tion of electrical and magnetic phenomena. It was then seen
that this same quantity of work, taken negatively, is a factor
to be considered in all problems of mechanics and physics:
it was named potential energy to distinguish it from the product
of half the masses into the squares of the velocity, which was
termed vss vsva, or actual energy. By this conception Helmholtz
was able to proceed from the earlier law of the ‘ Conservation
of Vis Viva’, as laid down in the mechanics of ponderable
masses, to the great law of the ‘Conservation of Energy’,
which, in addition to asserting that matter can neither be
destroyed nor added to, affirms the constancy of energy as
the sum of actual and potential energy. The old formula,
the so-called ‘law of the conservation of vis vva’, only dealt
with cases in which the potential energy was unchanged, and
therefore disappeared in the final result.

Clausius protested against the derivation of the law of the
‘ conservation of vis vsva’, as given by Helmholtz in his memoir,
where he takes it as the point of departure for his own great
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law. He objected that Helmholtz had, even in the simple case -
in which two particles act on one another, assumed, in addition
to his assumption of the law of the conservation of s viva,
that the magnitude of the force was a function of the dis-
tance, concluding therefrom that the direction of the force
coincided with the line connecting those points. Helmholtz
showed this objection also to be ill-founded, and embraced the
opportunity of giving a further and more complete discussion
of this point, suggesting a new and interesting treatment of
the subject. Starting with the definition that movable points
have the same relative position to each other, whenever
a system of co-ordinates can be constructed in which all the
co-ordinates shall have relatively the same values, Helmholtz
expresses the law of the conservation of vis vsva in this form:
‘When any number of particles in motion are only moving
under the influence of such forces as they are themselves
exerting upon one another, then the sum of the vis viva of
all particles at any moment in which all the particles recover
their same relative position, is constant whatever their direction
and velocity at intermediate times’; and in virtue of this law
he again refutes Clausius’s abjection that in certain cases the
vis viva may be a purely arbitrary function of the co-ordinates
of the system. He states expressly that he made the assump-
tion in his treatise that the force exerted hy one particle upon
another is independent of any other forces that may be acting
upon it, a principle which has always been accepted in
mechanics. He concludes by saying that he had expected
criticism from Clausius in regard to his Theory of Galvanism :—

*The chapter on electro-dynamics in my treatise was written
under great difficulties. At that time I scarcely had access to
any mathematical and physical literature, and was almost
wholly confined to what I could discover for myself. It can
only be a gain if the ideas which I endeavoured to bring
forward in my paper at a time when they were finding
little response from the physicists, are taken up afresh by
another thinker, and handled with the same thorough criticism
as Dr. Clausius has bestowed on other chapters of the Theory
of the Conservation of Energy.’

He then enumerates the results obtained at a later period
under more favourable circumstances, and lays down the
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principle, among others, that if a magnet is brought from infinity
to a body magnetized by induction, mechanical work will be
done, the value of which will eventually equal half the potential
of the magnetized, in respect of the magnetizing body. But ‘in
order not to forestall Clausius’, he did not cite all the results
which he had already arrived at. At the time when he pub-
lished the ‘ Conservation of Energy’ he had access onlyto a few
isolated portions (apart from their context) of the works of
Poisson, Green, and Gauss, and therefore confined himself to
the case in which the iron magnetized by induction was per-
fectly soft, and so offered no resistance to magnetization (the
distribution of the magnetism thus being similar to that of
electricity in conductors electrified by induction). It is, how-
ever, obvious from a fragmentary note that he had worked
out the mathematical aspects of the problems involved, starting
with the assumption that the magnetization of any element of a
body is proportional to the magnetizing force.

The memoir thus designed by Helmholtz to refute the
attacks of Clausius is of the greatest interest, since on the one
hand it gives the first clear indication of the extent and depth
of the work already accomplished by Helmholtz in mathe-
matics and physics previous to his twenty-fourth year, and on
the other it foreshadows the deductions of the marvellous
achievements of his later life.

The most brilliant and the best known of Helmholtz’s popular
scientific lectures, i.e. that ‘On the Interaction of Natural
Forces, and recent Physical Discoveries bearing on the same’,
was written as the direct consequence of his renewed pre-
occupation with the Law of the Conservation of Energy after
the appearance of Clausius’s criticism, and of the demand that
reached him on all sides in Konigsberg for some more popular
account of the great principle which was to underlie the
science of the future. His stern father’s opinion is interesting
and characteristic :—

‘It has given me the greatest pleasure, partly from its
lucidity and wealth of facts, its easy wit, its hold on true
science amid all the difficulties of interesting a non-scientific
audience, partly from the high ideal relation it establishes
between investigations that would otherwise appear totally
independent of one another.
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"The view that all phenomena of sensation, from the least
of the infusoria to the most stupendous solar system, are
transitory, follows of course from a philosophic conception
of Time and Space, and of an eternally creating Idea; but
I rejoice in this thought, already familiar to me in Muller's
physiology, since even the much-abused natural science is
finding its way by physical experiments to the same goal as
that which the philosophical development of the idea has
reached already; and thus to those for whom the reality of
the spiritual has no meaning, the Eternal Idea is revealed in
the external creation. It is only when we perceive that nature
and history are the expressions of the divine life, objectively
immovable, dependent on no subjectivity of the individual or
epoch of development, laid down for each in every age as the
sacred tables of revelation in imperishable bronze, that we enter
upon the sure and never to be abandoned way that leads us
to the knowledge of God.

‘The only thing I do not like in your lecture, though I quite
appreciate your motive, is the introduction of the Mosaic
Creation. That is fundamentally untrue, and a weak concession
of science which we should not make to our opponents, who
are idly or childishly clinging to the letter of their beliefs.
I found fault with Fichte for this when he sent me his last
great philosophical work ; he admitted my point, and promised
not to do it again. No enemy is converted by it, while the
weaker minds are confused, either as to the meaning of the
Bible, or of the conclusions reached by Science.’

Even du Bois-Reymond, whose style is incomparable, writes
to him about this lecture: ‘I find it unique, especially at the
beginning and close, and wonder at the way your style has
developed. It has been welcomed in all quarters.” It did
indeed fulfil all the conditions Helmholtz elsewhere laid down
as essential to a popular treatment of science.

Nor did Helmholtz content himself with giving a masterly
exposition of the Law of the Conservation of Energy, in a style
that made it intelligible to all, along with the historical develop-
ment of the mechanical principles involved in it, and a generous
recognition of the fact that ‘the first who conceived and stated
this universal law of nature correctly was a German physician,
J. R. Mayer, of Heilbronn, in 1842°. Taking his stand upon



122 HERMANN VON HELMHOLTZ

this great law (to which he leads his audience by comparing
the development of energy in natural processes in relation
to its utility to man, with the driving energy of machines),
he proceeds to the question whether the total quantity of
working energy, which cannot be augmented without a corre-
sponding consumption, can be either lost or diminished, and
replies that ‘it certainly can for the purposes of our machines,
but not for nature as a whole’. He then passes on to the
Carnot-Clausius law, according to which heat can only be
converted into mechanical work when it passes from a warmer
to a cooler body,—even then its conversion is only partial,
so that we cannot transform the heat of any body that cannot
be further cooled into another farm of energy, whether
mechanical, electrical, or chemical—and develops the conse-
quences of this law of nature for the universe: ‘these physico-
mechanical laws are, as it were, the telescopes of our spiritual
eye, and penetrate into the farthest night of past and future’—
thence deducing results which du Bais-Reymond aptly reckons
among his ‘mast brilliant discaveries’.

If all bodies in nature had the same temperature, it would
be impossible to convert any portion of their heat into
mechanical work. The potential store of energy in the
universe can thus be divided into two portions, one of which
is heat and continues as such, while the other (to which
a portion of the heat of the warmer bodies, and the total
supply of chemical, electrical, and magnetic energy belong)
is the source of all the countless interacting changes in
Nature. Now since the heat of warmer bodies is perpetually
striving to pass into those that are cooler, so as to establish
an equilibrium of temperature, and since in every chemical
or electrical process, and at each motian of a terrestrial body
subject to collision or friction, a partion of the mechanical energy
passes into heat, of which a part only can be reconverted,
it follows that while the first partion of the store of energy
(the unaltered heat) increases constantly in every natural
process, the second portion, the mechanical, chemical, and
electrical energies, is constantly diminished. And thus, as
all the energy of the warld must eventually be transformed
into heat, and all heat will attain an equilibrium of temperature,
there will come, as Lord Kelvin predicted, a total arrestation
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of all natural processes, and the universe will be condemned
to a state of eternal rest.

But there remains the great mystery of the origin of the
sun’s heat, which keeps up the circulation of water on the
earth by means of cloud, and rain, and streams, which governs
all inorganic movement, and preserves the cycle of life by
the metabolism of plant and animal. The actual heat of the
sun, and the number of calories it gives out incessantly, could
be computed, but there was no valid hypothesis as to the
origin of this heat. Helmholtz set out from the Kant-Laplace
hypothesis, that the materials now distributed in the sun and
planets had originally occupied space in the form of a cir-
culating nebula, which acquired the multiform aspect of the
planetary system in virtue of its centrifugal and gravitational
forces. He assumed that the density of the nebulous mass
was at first a vanishing quantity in comparison with the present
density of sun and planets, and then calculated how much
work had been expended on this condensation, and how
much of this work still exists in the form of mechanical
energy, as the attraction of the planets towards the sun, and
the vis viva of their mations, after which he estimated by
means of the mechanical heat-equivalent, how much of that
work has been converted into heat. Helmholtz found that
only some 454th part of the ariginal mechanical energy remains
as such, while the remainder transformed inta heat suffices
to heat a mass of water equal to the mass of the sun and
planets taken together ta 28,611,000 degrees of the centigrade
thermometer. ‘The enormous quantity of heat last from our
planetary system without compensation is not, however, lost
to the universe; it has radiated, and is daily radiating, into
infinite space, and we know not whether the medium, through
which the vibrations of light and heat are conducted, has any
limits at which the rays are campelled to turn back, ar whether
they pursue their way for ever ta Infinity.’

It follows from the conclusions of Helmhaltz, that even the
mighty primaeval dowry of the sun’s heat, by whose shining
and heat-giving rays the immense wealth of organic and
inorganic processes upon the earth is constantly replenished,
must one day be exhausted, and that Humanity is threatened
with an eternal ice-age, even if, as Lord Kelvin suggests, the
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sun perpetually receives a certain increment of heat from
the contraction incident on its cooling. This fundamental law
of nature, indeed, leaves a long, but by no means an eternal
existence to the human race: ‘Just as the individual has to
face the thought of death, so too the race; but it rises above
the forms of life gone by, in having higher moral problems-
before it, in the consummation of which it finds its destiny.’

How great an effect, both ethical and scientific, this lecture
produced in the scientific world, is shown by a letter of Ludwig
to the Prussian Minister. Ludwig had embarked on a scientific
dispute with Rudolph Wagner at Gottingen, which speedily
degenerated, thanks to the retrograde party in science, into
a war of religious views. ‘What have you been up to in
Gottingen with R. Wagner?’ writes Helmholtz to Ludwig.
‘ Dark rumours have reached us here, which sound as though
you, like Dr. Eck and Dr. Luther of yore, had held, or wanted
to hold, a public disputation on the nature of the soul, in which
Wagner of course would have fought with the Bible in his hand,
and you with the weapons of the Devil, atheism and such like.’

At this time, notwithstanding the efforts of Helmholtz and
du Bois-Reymond, Ludwig was in fact in no good odour in
Prussia. When he was again passed over a year later on
the occasion of a vacancy in the physiological chair at Bonn,
although a long way senior to the other candidates, he ad-
dressed a letter to the Prussian Minister which was of real
benefit from its distinguished sentiments, and in .which, a3
the event was now past, and no unworthy motives could be
ascribed to his communication, he pointed out the untenability
of confusing scientific progress with religious principles. With
reference to the foregoing lecture by Helmholtz, he says: ‘ How
remote these religious ideas are from physical physiology is
apparent from the fact that the physiologist Volkmann of
Halle, a prominent supporter of the orthodox party, and
our very dear friend, is not merely a stanch Christian, but
has lately been busying himself in the attempt to deduce
a proof for the personality of God from this very lecture of
Helmholtz.

On June 1, Helmholtz tells his father that a second edition
of the lecture has already been asked for, adding: ‘I have
read several very flattering notices of it, but it was evident
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that the reviewers had no conception of the scientific point of
view. The general trend of education in Germany is still quite
aloof from natural science.’

The summer of 1854 brought Helmholtz many pleasant
distractions : the best of all being a long-projected four weeks’
-visit from his father, whose dearest wish had been to see
his son in his home life, and the distinguished scientist in
the learned circles of Konigsberg. With the latter the father
also hoped to enter into relations, since he had been greatly
.pleased to learn from his son that the chief librarian and
Orientalist Olshausen had come upon his treatise on Arabic
literature in the library, and was much pleased with it, as
he had long been engaged upon a similar subject. The King,
too, came to the old Coronation city, and Helmholtz, as Dean
of the Medical Faculty, had to appear ‘three days running
at Court in a scarlet mantle: at the reception, the banquet,
and the departure’; while lastly, the second marriage of his
widowed sister-in-law Betty took place at his house, so that
during the summer months his time was fully occupied.
Despite these interruptions -hé pursued his experiments on
the excitatory process in nerve, together with some difficuit
optical problems, during the summer, and on July 3 sent
du Bois a short notice for the Academy, ‘On the Rate of
Certain Processes in Muscle and Nerve,” recorded with his
frog-tracing apparatus, or as he ‘will pompously term it in
future’, the Myographion. The instrument, however, made its
way slowly, and was little used in the physiological institutes;
even du Bois did not venture, on account of its high price,
to suggest to Joh. Maller to purchase one for the Anatomical
Institute. Helmholtz had also constructed new appliances for
time-measurements on man as early as the winter of 1853-4,
but owing to the removal of the laboratory in the summer
of 1854 to the anatomical buildings, was as yet unable to make
any such experiments, using his spare time instead ‘for some
miscellaneous experiments in physiological optics, which have
the advantage of not exceeding the comprehension of the scien-
tific public, so that these worthies may perhaps be inclined to
believe in my time-measurements, even if they cannot under-
stand them’. After recalling the definition he had previously
given—in which the period of latent excitation is that in which
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the mechanical properties of the muscle show no alteration, the
period of rising energy that in which the tension of the muscle
increases till it reaches a maximum, and, lastly, the period of
falling energy that in which the tension falls rapidly at first,
and afterwards very gradually, until finally the initial state
of rest is re-established—he deduces a series of important
theorems, by means of the myograph, by simple inspection of
the fully or partially coinciding curves of contraction. In
these he states that the negative variation of the muscle
current which induces secondary contraction appears before
the contraction of the muscle, while the electrotonus of the
nerve on the contrary coincides with the electrical current
that excites it. The most important result, however, was the
proof that two instantaneous excitations produce the strongest
contraction of the muscle when the interval between them is
equal in length to the period of rising energy, while, on the
contrary, two stimuli are not stronger than a single stimulus
when the interval between them is so small that the first
contraction has not reached any perceptible height before
the second begins. He notes provisionally a result to which
he came back later, pointing out its importance for the
mechanics of the spinal cord, since it is a means of dis-
tinguishing between direct and reflex twitches, viz. that the
tracing of the contraction of the thigh-muscle in strychninized
frogs excited from the sensory nerve shows that as com-
pared with rate of propagation in the nerve, the reflex
twitch is evoked after a comparatively long interval, and that
in reflexes the passage of the excitation in the cord takes
more than twelve times as long as its transmission in the
afferent and efferent nerves.

Helmholtz now became more and more immersed in optical
problems, and was hoping, after a number of publications on
this subject in the journals during the summer of 1854, to
finish his great work on Accommodation, when on October 1
he received the news of his mother's sudden death on
September 30: the long distance made it impossible for him
to arrive in time for her funeral

‘For the departed such a swift decease can only be regarded
as a blessing,” he writes to his father; ‘she had suffered enough,
and more, in her lifetime for the readiness with which she
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ever sacrificed her health and energies to her dear ones. We
can only take comfort in remembering that she spent the
last .years of her life in a comparatively peaceful if not too
happy state, and was taken from us to her reward by a quick
and painless death’

The aged father, bereaved of his faithful companion, was left
with two daughters and a son.

His eldest daughter, Marie, born on July 16, 1823, who was
the more attractive, and intellectually the more gifted of the
two sisters, gave promise of being a clever artist, but had to
forgo the exercise of her undoubted talent on account of
her eyesight. Her wish to make use of her talents led her
at a later time to seek an independent sphere. She went
to Russia with the family of Count Bareschnikow, and never
returned to her own country. She died at Federowska in
Smolensk, of a nervous fever, on December 17, 1867. The
sunny charm of her personality was a sacred memory to her
famous brother.

The younger daughter, Julie, born September 2, 1827, re-
mained at Potsdam to take care of her father. In spite of much
ill health she devoted her whole life to others with fidelity
and self-sacrifice. The happiest times she knew, though they
occurred at long intervals, of years sometimes, were spent
in the house of her brother Hermann, sharing in the develop-
ment of his richly gifted life. She died after much suffering
from an attack of apoplexy on July 21, 1894.

The second son, Otto, born on January 27, 1834, was at the
time of his mother’s death attending the Industrial Institute
in Berlin, where he had been since he left the Gymnasium
at Potsdam, with the intention of becoming an engineer (sorely
against the wish of his father and teachers, whose prejudices
were very generally shared in those days, but with the full
approval of his brother Hermann). His brother writes to him:
. As to the dispute about “trade ” and “not trade ”, it is obvious
from your accounts that you do not see the thing in such a
light that I need enroll myself on the side of R. and his learned
contempt for these low employments. The value of work
depends not upon the material handled, whether in inorganic
things or in mental products, but upon the amount of intel-
lectual energy that is put into it, and on whether the work
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is merely a bread-earning industry, or a matter of independent
intellectual interest. The man who only works on as he was
taught by his teacher or master in bygone days, and merely
cares to earn the means of his subsistence or pleasure, will
be crushed by the mechanical side of his work, but any one
who works from pleasure in the thing, and tries to help the
subject forward, will be ennobled by his work, let it be what
it may.’

Otto Helmholtz accordingly went into metallurgy, and soon
became a distinguished engineer, the present Director of the
great Rhenish Steel Works at Ruhrort. The brothers were
united in the most intimate friendship until the death of the
great scientist.

All the interests of the bereaved father now gravitated t0v
wards Konigsberg. He was greatly pleased, and encouraged
to look to the future without bitterness, and with confidence
in his own powers, when his son Hermann (to whom he had
sent some copies of the papers formerly published in the
Reports of the Potsdam Gymnasium, for distribution among
his friends) wrote: ‘Lobeck told me the other day that he
had been astonished to hear that the philologist Helmholtz
was such a near relation of mine. It had not occurred to him
to connect us, because our subjects are so very different.” He
goes on, ‘I wonder what you would have said if I had become
a Peer of Prussia; as our two famous politicians Simson and
Schubert declined, they asked me among others if I would not
go up for election. Of course I refused decidedly, because
that career needs quite a different sort of ambition from any
I am prone to.’

The infirm old father heartily approved of his rejection of
the membership of the Upper House, ‘ because your scientific
work in science will be the most profitable to you.’

Five years of prolific academic work and splendid achieve-
ment in the different branches of science thus went by in
Konigsberg; Helmholtz and his wife were happy and settled
there. Cheerful and contented, serious and industrious, averse
to no social pleasures, they gradually formed an agreeable
society of friends, who shared the interests of both wife and
husband.

‘When,’” writes his sister-in-law, ‘I look back at the style
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of the domestic and social life of those days as com-

pared with that at the close of Helmholtz’s life, it makes

me sad to think of the indescribable modesty of those earlier

wants and pretensions, although my chief feeling is that

never did he appear more truly great than at this time, when

his marvellous genius was developing and growing, along

with his sincere and noble nature. The man who ranked

among the dite of the intellectual heroes of Europe, and was

Jféted by kings and princes, never seemed to me worthier of

regard than the modest, indefatigable young investigator,

who used to construct his bits of apparatus for optical ex-

periments from his wife’s reels, and his children’s bricks,

with ends of wax tapers and scraps of string.” This homely

apparatus for his intricate and delicate experiments was, how-

ever, by no means a drawback in the eyes of Helmholtz.*
He was wont to say at a later time, when he had magnificent

Institutes under his control, ‘I was in the habit (and found

the habit a very useful one) when I wanted to invent some

totally new method, of making myself models of the required

instruments, which although they were very fragile, and put
together as a stop-gap out of the poorest materials, served

me at least in so far that I could detect the first signs of
the results expected, and learned the most important of the
obstacles on which I might founder. This taught me by

experience the difficulties which hamper the mechanician in

such new experiments. And it was only when I had made my
own theoretical conjectures and provisional experiments, that
I took counsel with the mechanician who was to work out my
models in brass and steel. And then the difficulties began.’

He often said in jest to his wife, ‘ Lend me your eyes for
half an hour, and you’ll be worth something in my optical
experiments.” His wife was indeed all that he had hoped
for and counted on, his faithful helpmeet and his true comrade.
She worked and wrote for him; he read the lectures he was
going to publish aloud to her before delivering them, that she
might judge by her estimate how they would appeal to an
educated audience.

But in the meanwhile her health, which had long been a
cause of anxiety, was steadily growing worse, and the last visit
to the sea, usually so productive of good, had failed in its
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effects: she had suffered from a cough since the birth of her
children, and did not spare herself enough in her invincible
loyalty to her duties. The doctors thought that the cold
climate of K&nigsberg was one cause of her frequent illnesses,
and when the physiological post in Bonn fell vacant, Helmholtz
naturally endeavoured, if only in his wife’s interests, to get
himself transferred from Konigsberg.

He took no steps, however, without ascertaining the wishes
of his old friends Ludwig and du Bois-Reymond, in case the
former wished to return to Germany, and the latter to become
a regular professor at last. It was not until he heard that
Ludwig’s political attitude at Marburg, and the erroneous
reports as to his atheism, gave him no prospect of a call to
Prussia, and that du Bois hesitated to take this post because
his appointment to the chair at Berlin was almost a certainty,
that he wrote on November 5, 1854, from Konigsberg to du
Bois-Reymond :—

‘If you have decided not to take the wvacant post at
Bonn, I should be obliged if you would let me hear definitely,
because at an equivalent salary I should prefer the post at
Bonn, and should like to approach the Ministry on the subject.
My reasons are that I should have a wider circle of activity at
Bonn, a slight though not at first important increase in fees,
and, lastly, there is my wife’s health, which seems to be
seriously endangered in this climate. I myself lose no small
portion of my energies for work through the inevitable chills.
You see that my reasons are not so pressing as to prevent my
leaving the post to you with the best possible grace, but I
should grudge it to any one else.’

Du Bois did not reply till December 6, when he writes:
‘1 was unable to send a definite answer to your letter before,
and cannot do so even now. Strictly speaking, I have never
approached the subject of Bonn with the Ministry. ... With the
name you have made for yourself as a teacher you cannot
fail to get another appointment before long. I shall probably
keep out of the running. At present it makes me furious to
see my neglected apparatus and manuscripts, and how you
managed in your first years at Konigsberg to make such
colossal researches is a mystery to me. But, to be sure, Du
Gleichst dem Gesst, den Du begresfst’
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Johannes Schulze of Bonn, whom Helmholtz consulted,
replied that the Ministry intended to appoint an anatomist to
Bonn, since the existing physiological lectures appeared to
give satisfaction, but that Helmholtz should have his support
if he would promise to give most of his time, for the present
at any rate, to anatomy. His wife’s health appeared to him
such a serious consideration that he again expressed his wish
to undertake the post on these terms, with certain reserva-
tions, but the answer was so long delayed that he gave up all
hopes of the appointment.

During the summer of 1854, Helmholtz, who now devoted
himself almost entirely to physiological optics, had sent a
paper to Poggendorff, which was published in the following
year with the title ‘On the Composition of Spectral Colours’.
In this he returns to the observation (erroneously stated in his
earlier work on compound colours, and subsequently corrected)
that indigo and yellow are the only complementary colours
in the spectrum, an assertion legitimately attacked by Grass-
mann in favour of Newton’s earlier theories of colour-mixture.
The special physiological properties of the human eye, to which
the erroneous conclusion was due, were now submitted by
Helmholtz to a thorough analysis.

Owing to the dispersion of colours in the eye, it cannot
be simultaneously accommodated for two kinds of rays; if a
luminous point sends out red light and blue light at the same
time, and if the eye is accommodated for the distance of the
point with red illumination, blue light gives a diffusion-
circle, and there is either a red point in a blue circle, or
with reversed accomm dation a blue point in a red circle.
The eye can indeed be accommodated so that red and blue
light form diffusion-circles of equal magnitude, and there is
a minute speck of the mixed colour, yet it is scarcely
possible to fix this position of the eye when there is any
considerable difference in the refrangibility of the two kinds
of light; whereas in the complementary colours previously ex-
amined by Helmholtz the difference of refrangibility is minimal,
and accommodation accordingly is more easily fixed. Find-
ing that his earlier methods only resulted in a minute area
covered with the mixed colour, he adopted an arrangement
similar to that of Foucault, in which now one and now the
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other of the two colours flashes out at the edge of the field,
while the remaining area (kept as large as possible) exhibits
the complementary colour. If a colour mixture is obtained that
can be taken as white, white daylight must be admitted from
some other part of the room, and allowed to fall on white
paper in order that its colour may be compared with that
of the mixed light. Helmholtz then found that the mixed
colour altered somewhat according to the position of the image
on the retina. When he combined red and greenish-blue, so
that the common field of illumination appeared as nearly white
as possible, with red predominating slightly, the image appeared
distinctly green on fixing a point on the paper lying near
the bright area; and the same occurred when the eye was
brought so near that the area of mixed colour covered a large
enough portion of the field of vision for many elements of
the retina, in addition to the yellow spot, to receive the
image.

After defining more precisely his use of the different names
of colours he succeeded, under the above conditions, in pro-
ducing white from a mixture of indigo-blue and yellow, of
cyano-blue and golden-yellow, of violet and greenish-yellow,
and of greenish-blue and red. Green alone failed to give
any simple complementary colour; in order to produce white
it had to be mixed with purple, that is with at least two
other colours, red and violet. He then examined the sensi-
bility of the eye for the individual elements of the violet
end of the spectrum, and found that the human eye could
detect all the refrangible rays of this region which were able
to pass through the prisms, and he accordingly altered the
name ‘invisible rays’ to that of ‘ultra-violet rays’. The ob-
jective intensity of these is by no means a vanishing quantity,
as is apparent from the fact that while we perceive nothing
of the ultra-violet rays of a spectrum thrown on to a sheet
of plain white paper, because they are masked by the ordinary
diffuse light, the same parts of a spectrum thrown on to paper
soaked in quinine solution will, owing to the less refrangible
light from the fluorescing quinine, affect the retina with suffi-
cient energy to be visible. The comparison of colour-tones
at different points of the ultra-violet spectrum implied the use
of equal light-intensities, since the colour-tone of this band
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alters more rapidly with intensity of illumination than any other
portion of the spectrum, and Helmholtz was able to detect a
whole series of distinct tones of purple. He could not then
extend his investigations of the sensibility of the retina to the
ultra-violet rays, since the glass prisms he was using did not
show sufficient of the ultra-violet spectrum. But he raised
two other very interesting questions as to the relations of the
wave-lengths of complementary colours, and the relations of
intensity required if the mixture of simple complementary
colours is to produce white. He succeeded in answering these
questions quantitatively, and concluded on the ground of his
measurements of the brightness of the colours whose mixture
produces white, that there must be differences of saturation
in the various simple colours, violet being the most, and yellow
the least saturated. The treatise, which has been fundamental
for all later work of the same kind, concludes with an inquiry
into the validity of Newton’s Colour Circle, which Helmholtz
designates as one of the most brilliant inspirations of that great
thinker.

After a long delay he received two rock-crystal prisms from
Oertling in Berlin, which he had ordered through du Bois
for his earlier experiments, and from which he obtained an
ultra-violet spectrum, more than twice as long as that given
by the glass prisms. In the paper which he sent immediately
to Poggendorff, ‘On the Sensibility of the Human Retina to
the most Refrangible Rays of Solar Light,” he propounds the
important, but highly complicated problem, whether the retina
sees the ultra-violet rays directly, like the other colours of
the spectrum, or fluoresces under their influence, and whether
the blue colour of the ultra-violet rays is light of lower
refrangibility, which is first developed in the retina under
the influence of the violet rays. By varying the methods
hitherto employed, he showed that the human retina is capable
of directly perceiving all the rays of the sun’s light, the re-
frangibility of which exceeds that of the ultra-red rays; while
further under the action of the ultra-violet rays the retinal
substance scatters mixed light of lower refrangibility, the total
colour of which is not pure white; and lastly, the fluorescence
of the retina is inadequate to explain the perception of the
ultra-violet rays in general. He found that the tolerably
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saturated blue colour of the ultra-violet rays was absolutely
different from the almost totally white hue of the light dis-
persed by the dead retina. The wave-length of ultra-violet
light was also measured by Esselbach in Helmholtz’s laboratory
at Konigsberg, and under his supervision. This research was
communicated by Magnus to the Berlin Academy in December,
1855, under the title, ‘ Measurement of the Wave-length of
Ultra-violet Light, by E. Esselbach,’ with an appendix by
Helmbholtz on the physiological-optical results of these measure-
ments. He gives an extended comparison of the relations of
the length of light-waves with that of musical intervals, accord-
ing to which the entire visible portion of the solar spectrum
comprises an octave and a fourth; his tables show how little
analogy there is between sensations of tone and of colour,
since the whole of the intermediate degrees between yellow
and green are compressed into the breadth of a small semi-
tone, while at the end of the spectrum there are intervals as
large as a major or minor third, in which the eye is unable to
perceive any alteration of colour-tone.

His great treatise on Accommodation was now approaching
its conclusion. It was published in 1855, in Graefe's Archiv
J- Ophthalmologie, and contributed an extraordinary mass of
new points of view, methods, and results to physiological
optics.

The priority of one fundamental discovery, as previously an-
nounced in the Monatsberichte of the Academy, had indeed to
be forgone in favour of Cramer, i. e. that the lens in the resting
condition of the eye, when it is accommodated for far vision,
is not in its natural form, but is flattened by the surrounding
structures, but that the pull of Bricke’s muscle enables it
to resume its natural form of marked curvature and greater
thickness, in virtue of its elasticity—results which he obtained
not by watching the alteration of form, or displacement of
the media of the eye in accommodation, but by investigating
the changes of the weak light-reflexes first observed by Sanson
within the pupil, which take place at both surfaces of the
crystalline lens, and are sufficient to account for accommo-
dation. But many difficult questions still remained, which
could only be solved by a gifted mathematical physicist. Such
were the exact determination of the inner and outer surfaces
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of the cornea, the alterations of the iris in accommoda-
tion, and lastly the curvature of the anterior and posterior
surfaces of the lens, which he determined with astonishing
perspicacity. )

Starting from the presumption that a convex mirror-surface
gives smaller images of the surrounding objects in proportion
as its radius of curvature is smaller, so that the radius of
curvature may be calculated from the size of the images, he
attempts to measure the size of the minute image on the
cornea, but is at once pulled up by the difficulty that the living
eye cannot be fixed as immovably as such an exact measure-
ment requires. In order to measure the free corneal image,
while the eye itself is in motion, he therefore applied the
principle of the heliometer (by which astronomers can estimate
the least distances of the stars in the moving heavens, notwith-
standing their apparent motions, so exactly that they can plumb
the profundities of the firmament of the fixed stars), applying
it in an altered form to the moving eye. He constructed the
ophthalmometer, by which he succeeded in measuring the
curvature of the cornea and other phenomena of the living
eye with greater accuracy than had hitherto been possible on
the dead eye. The principle of the ophthalmometer, which was
to play so great a part in physiological optics, depends on
the fact that objects observed through a glass plate with per-
fectly even and parallel surfaces, held obliquely to the line
of vision, seem to be displaced laterally, and that this dis-
placement increases with the increasing angle of incidence of
the rays of light upon the plate. When two plane-parallel
glass plates are rotated in opposite directions in front of a
telescope obliquely to its axis, two images of any object that
is within the field of the telescope appear simultaneously: if
the two glass plates are then rotated till the two images overlap,
Helmholtz showed that the size of the object observed can
be estimated from the magnitude of the angle of rotation, irre-
spective of the distance of the object from the telescope, because
the ophthalmometer shows the same linear displacement at all
distances. The limitations of the Institute compelled Helmholtz
to construct his telescope from materials which he happened to
possess, and the entire instrument, except the plane-parallel
glass plates, was made in Konigsberg; but he soon suggested
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to Donders a more practical construction, in order to obtain the
maximum of brilliancy in the images.

When this instrument is used to measure the curvature of
the cornea, the latter must reflect the image of some external
object of known size and distance, and the magnitude of the
image can then be measured in the ophthalmometer. Helmholtz
made the important discovery that in all diseases of the eye
that are associated with alterations of pressure in the fluid
media, these changes can be detected on the cornea. His
measurements of the radius of curvature at different points of
the cornea showed that it corresponds in form with an ellip-
soid, produced by the revolution of an ellipse about its major
axis, so that the base of the cornea forms a plane vertical to
the major axis of the ellipse, and the central point of the cornea
coincides with the vertex of the ellipse. During accommodation
there is not the slightest alteration of curvature in the cornea.
This method could not be employed in determining the form
of the inner surface of the cornea, because the image from the
anterior corneal surface is so much stronger than that from
the posterior that the latter cannot be observed, if the two
occur very close together. [Experiments with the cornea of
dead eyes showed, however, that the thickness of the cornea
scarcely alters at all in the two central quarters, but increases
fairly rapidly towards the margin. From this it may be
assumed, in calculating refraction of the eye, that the aqueous
humour extends to the anterior surface of the cornea. And
since the lens extends close to the iris, it is only necessary,
in order to determine the distance of lens from cornea, to
measure that of the pupillar border of the iris from the cornea,
which Helmholtz again accomplished by means of the ophthal-
mometer. It was also shown by a series of extremely delicate
observations that since the lens is always situated close to
the pupillar border of the iris, while the form of the cornea and
the volume of the aqueous humour are not altered in accommo-
dation, displacement of the middle portion of the iris and lens
cannot occur without such a backward movement of the iris
at its periphery, that the anterior chamber gains as much in
volume there as it loses in the centre.

The curvature of the anterior part of the lens cannot be
measured directly by the images, because the reflected image
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is not sharp. The size of the image has to be compared with
that of a corneal image close to it, by means of two reflected
objects, one of which must be of varying magnitude, in order
that the corneal image of one may be made equal to the Sanson’s
image of the other. It was then ascertained by means of the
ophthalmometer that in near accommodation the anterior surface
of the lens is more strongly curved, the radius of curvature
is accordingly smaller; and its vertex is pushed forward. When
Helmholtz applied the method to the posterior surface of the
lens, he discovered, in determining the position of the latter,
and the question whether cormea and crystalline lens are
symmetrical to the same axis, that, in the eyes under examina-
tion, there was a slight but perceptible defect of centring,
which produced the so-called astigmatism of the eye: the
effect of which is that we cannot clearly see horizontal and
vertical lines at the same distance simultaneously. This he
characteristically expresses by saying that the eye, in spite of
its wonderful powers, is an instrument so full of serious defects
that if a mechanician turned out anything so imperfect he
would show him to the door. In regard to the actual curvature
of the posterior surface of the lens, he found that it became
a little more convex during accommodation, and did not alter
its position perceptibly. Lastly, in regard to the question how
the observed changes of form in the lens are produced, he
inclines to the view that the ciliary structures must be admitted
to participate in some way or other in the movements of
accommodation.

Writing before the publication of this work, Helmholtz
informs du Bois that the article on Accommodation in
Graefe's Archiv far Ophthalmologie is in the press, but not
out yet:—

‘I have determined the measurements of the curvature of
the cornea and anterior and posterior surfaces of the lens, and
their distances in the living eye, by new methods—not indeed
with the greatest attainable accuracy, but only so as to
show people that it can be done ; for I realized during the under-
taking that it would be useless to expend great pains upon
it. The human eye is not even properly centred, the magni-
tude of the corneal excentricity appears to be quite irregular
and adventitious, and so on. You must judge the paper from
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these points of view, when you receive it, as should I think
be the case shortly’ And du Bois-Reymond judged it as
follows: ‘ Never had any one blended the fullest knowledge of
physical and mathematical optics with such a vivid and exact
idea of the anatomical conditions of vision as did Helmholtz.’

Just as Helmholtz’s treatise on the Law of the Conservation
of Energy had been epoch-making in the development of
the physical sciences, so his experiments on Accommodation in
conjunction with the Ophthalmoscope brought about a com-
plete revolution in oplithalmology. As his great lecture on

. *The Interaction of Natural Forces’ had made the principles of
the colossal work of his youth accessible to the scientific world
as a whole, so now the opportunity presented itself of bringing
the physiological-optical discoveries that had occupied him in
the past year before wider circles. On February 27, 1855,
at Konigsberg, he gave a popular scientific lecture in aid of
the Kant Memorial, which treated of the subjectivity of the
sensations, and of their analogy with Kant’s theory, and the
psychical processes that underlie the interpretation of our
sensations. ‘Last Tuesday,” he writes to his father, ‘I gave
another lecture upon “Human Vision”, in which I tried to
put forward the correspondence between the empirical facts
of the physiology of the sense-organs and the philosophical
attitude of Kant, and also of Fichte, although I was somewhat
hindered in my philosophical exposition by the need of making
it popular.’

He sends Ludwig the following interesting account of the
philosophical views which then prevailed in Kdnigsberg :—

‘In the early years of my stay, “nature-philosophy” was
still rampant among the students, and the scientific circles of
the city often took up the cudgels against my attitude. I never
set myself aggressively in opposition to Rosenkrantz, who had
once been the demi-god of the city, though now he has only
a very limited and half-incredulous public; but left the weight
of facts to speak for itself. ... The more intelligent portion of
the scientific public will only attend, as a rule, to speculative
investigations when they issue from men whose sound and
original experimental work has proved them to be firmly
grounded on the rock of facts.

But while he believed that philosophy, when it has been
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purged of metaphysics, will still remain as the vast field of
knowledge of mental and psychical processes, and the laws
that govern them, and that it alone can provide the scientific
worker with the necessary insight into the potentialities of the
instrument with which he works—the human mind—a letter
written twenty years later to Fick shows that the development
of philosophy, for which Helmholtz longed, and strove on the
lines of his theory of knowledge, was slow to the last degree
in its evolution :—

‘I believe that philosophy will only be reinstated when it
turns with zeal and energy to the investigation of epistemo-
logical processes and of scientific methods. There it has a
real and a legitimate task. The construction of metaphysical
hypotheses is vanity. Most essential of all in this critical
investigation is the exact knowledge of the processes of sense-
perception. . . . Philosophy has been at a standstill because
it was exclusively in the hands of the philologists and theo-
logians, and has so far imbibed no new life from the vigorous
development of the natural sciences. Hence it has been
almost entirely confined to the history of philosophy. I
believe that any German University that had courage to
appoint a scientific man with an inclination for philosophy to
its Chair of Philosophy would confer a lasting benefit on
German science.’

The lecture on ‘The Interaction of Natural Forces’ had
not merely treated of the Law of the Conservation of Energy
in a generally intelligible form, but had developed a series
of totally new consequences for the constitution of the uni-
verse from this standpoint, so that it represented another
distinct scientific achievement. In like manner the lecture on
‘ Human Vision’, which set out with the review and interpre-
tation of the laws he had discovered in physiological optics,
went on, in bringing ‘an offering of respect and veneration’
to Kant, to develop the philosophical consequences of his
discoveries, which were recognized ere long as the first
principles of the modern theory of knowledge. Helmholtz’s
interest in epistemological questions had been awakened in
early days, when his father, who had imbibed a deep impres-
sion of Fichte’s idealism, held discussions upon the profoundest
problems of speculative philosophy with his colleagues, who
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venerated Kant or Hegel. He had long been convinced that
if the physicist tests the galvanometer and telescope he intends
to work with to the limits of their efficacy, it is no less in-
cumbent on a scientific man to include the intellect in the
sphere of his investigations, in order to ascertain what he can
arrive at by its means, and where it is likely to fail him. Helm-
holtz was fully aware that he had on the one hand ‘all the
metaphysicians, including the materialists, and all minds with
lurking metaphysical tendencies’, to reckon with, while on the
other, the scientific world would be impelled by the excrescences
of Hegel’s ‘nature-philosophy’ to extreme suspicion of all
speculative explanations of natural phenomena, and would
extend this legitimate prejudice to the epistemological and
psychological investigations in which the attempt to penetrate
the laws of mental activity is both valid and necessary.

After pointing out in the lecture that physical science still
professes the principles of Kant (whose philosophy does not
add to the content of cognition by pure thought, but derives
all perception of reality from experience, and makes the
sources of our knowledge and the degree of its justification
the sole objects of investigation), he proposes the Theory of
Sense-Perception in man as the real theme of his lecture,
since it is here that philosophy and natural science are most
in touch. He inquires how the empirical data for the organ
of the eye stand in relation to the philosophical theory of
knowledge. After a full account of the construction of the
eye, and of his theory of accommodation, he gives an explana-
tion of Joh. Muller’s fundamental doctrine of specific senses,
‘Light is only light when it falls on the seeing eye.’ The
discussion of the theory of colours, the facts on which the
construction of the stereoscope is based, and other optical
phenomena, show us more and more plainly how little we
reflect in the daily, practical use of our sense-organs on the
part these have to play, how exclusively we interest ourselves
in such perceptions as bring us intelligence from the outer
world, and how little we attend to other perceptions not
adapted to this end. Now as consciousness (contrary to the
carlier theories) does not perceive sensations locally, at their
seat in the body, it can only know by unconscious inference
whatever we do not perceive directly. This inference is



PROFESSOR AT KONIGSBERG 141

mechanical in character, and comes under the category of
involuntary combinations of ideas, arising when two percepts
are frequently associated together. Thus in optical delusions,
the mechanism of which is evident, we are aware that the
idea called up by the sense-impression is false, but the idea
nevertheless persists in full vigour. When, given a certain
position of the eyes, any object excites a sensation of light
in certain nerve-fibres of our two eyes, our past experience
that it is necessary to stretch the arm out a certain distance,
or to take a certain number of steps in order to reach it,
has established an involuntary relation between the given
visual impression and its distance and direction : the judgement
of distance by the eyes is learned empirically. ‘I distinctly
remember the moment at which I became aware of the law
of perspective, that distant objects look smaller. I was taken
past a high tower, on the topmost gallery of which people
were standing, and begged my mother to lift down the little
puppets, as I quite thought she could reach the gallery of
the tower by stretching out her arm. Afterwards I often
looked up at the gallery of the same tower when people
were standing on it, but nevermore to the eye of experience
did they look like pretty dolls’ When once we have larned
to see, i.e. to associate the idea of a certain object with
certain sensations, which we perceive, the seat of the optical
image upon the retina is a matter of indifference, since it
is only the fibres of the optic nerve which are excxted that
are in question.

Helmholtz does not here attempt to decide the question of
how far acquired associations of ideas, or such as are innate,
i.e. implicate in the actual organization of man, are involved
in the interpretation of our sense-organs. For him, sensations
are mere signals to consciousness, the meaning of which we
learn by a mental process, signals of the existence of changes
in the external world, but not images of these changes except
in so far as they represent the sequence of the same in
time, and may therefore be considered to give us a direct
representation of the temporal course of natural phenomena.
It was only at a later time that he came forward as the
champion of the empiricist, as against the nativistic theory,
though he had already made a great stride in this direction.
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Since we never can perceive the objects of the external
world directly, but only from their action upon our nervous
mechanism, the question obviously presents itself, how in
the first instance we ever got into touch with the real world
by means of our nervous sensations? We must postulate
the presence of external objects as the cause of our nervous
excitation, since there can be no effect without a cause: but
this dictum can be no law of experience,—we already need
it for the knowledge that there are any objects at all in the
space around us. Yet it cannot come from the internal ex-
perience of our self-consciousness, since we regard the self-
- conscious acts of our will as free. Hence we must fall back
on Kant’s conclusion that all our thoughts and acts, the greatest
as the least, are founded on our confidence in the unalterable
uniformity of nature, and that the axiom, ‘no effect without
a cause,’ is a law of our thought prior to all experience. Among
the papers left by Helmholtz is the following interesting note
on this subject:—

‘The Law of Causation (the presupposed uniformity of
nature) is a mere hypothesis, and not otherwise demonstrable.
No previous uniformity can give proof of future uniformity.
The sole test of any hypothesis is, try if it be so, and you
will find out (best by experiment, where possible). In com-
parison with other hypotheses which enunciate special laws
of nature, the Law of Causality is exceptional in the following
ways: (1) all others presuppose it; (2) it gives us our sole
possibility of knowing something we have not observed; (3) it
is the necessary foundation of premeditated action; (4) we
are reduced to it by the natural mechanics of our combinations
of ideas. Hence we are induced by the strongest motives to
dessre its validity. It is the groundwork of all our thoughts
and acts. Until we have it we cannot test it; therefore we
can but believe in it, act upon it, and find it justified by fair
tests. We must anticipate the consequences; then the con-
sequences will be its confirmation. We must be aware that
we anticipated the result; then we shall be aware of the law.
Thinking means seeking for uniformity ; judging, that we have
found it. Hence, without the law of causation there can be
no thought. No thought without acceptance of the law of
causation is tautology; query, are we justified in thinking, and
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has our thought any meaning? this meaning can only be
expressed in action (internal or external).’

The Bonn appointment had not yet been decided, although
Helmholtz’s call was rumoured in all the German papers. On
March 15, 1855, du Bois-Reymond sends a few lines from a
letter of von Humboldt: ‘They beg me to bestir myself for
Helmbholtz, whom I love and esteem as much as you. I cannot
say a word until I know your wishes. If you are not in haste,
and can wait on, do not quit the capital, where you should
have a great future,’ adding that he had replied: ‘I beg that
you will exert yourself for Helmholtz as if there were no
question of me.’

On March 24 Humboldt writes to Helmholtz :—

‘Dear Professor, I was agitating on your behalf long before
you honoured me with your confidence. The deplorable state
of your wife’s health makes a move from that raw climate most
desirable. When Herr von L. first spoke to me of your fresh
request, I ascertained from our mutual friend du Bois-Reymond
that he did not wish to leave Berlin; so that my earlier
friendship with du Bois does not prevent my having a free
hand. Why should we seek abroad what lies so brilliantly
to our hand?... Any one who knows the history of science
is aware that no individual, especially in the present state of
knowledge, could possibly be equally strong in anatomy and
in physiology, and the greater the renown of a man in one
of these two branches, the more he is open to charges of
weakness and negligence in the other. I have with great effort
written a long and enthusiastic letter based on the materials
you sent me, as I have only done once in my life before for
Dr. Brugsch’s Egyptian expedition, refuted the opinion of
——, without mentioning his name, and based my proposal
on our friendship, your domestic trouble, your splendid talents,
and extraordinary industry. I hope much good will come
from this well-deliberated step. I am glad to have found an
opportunity of offering you this poor proof of my sincere
friendship.’

Humboldt had no doubt that the gifted investigator would
soon rise to be a first-class teacher and authority in the ranks
of the anatomists, for he was familiar with his admirable
anatomical dissertation, and was interested in many of Helm-
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holtz’s anatomical observations as reported to him by du Bois.
In Berlin, for instance, the young surgeon had amused himself,
in the intervals of keen mental activity, by watching the move-
ments of the people going in and out through the Branden-
burg Gate, with a telescope, from his little laboratory in a tower
at the corner of the Dorotheen-strasse and Sommer-strasse,
comparing them with the descriptions and figures given by
Weber in his work on the human locomotor apparatus. In this
way he discovered, as du Bois relates, that there was an error
of some practical importance in Weber’s figures, in consequence
of which thousands of recruits had been compelled into an
unnatural position of the foot during their march on parade.
His observations were long afterwards confirmed by instan-
taneous photography.

On March 27, his appointment as Professor of Anatomy and
Physiology in Bonn, from Michaelmas, 1855, was announced.

During the summer Helmholtz devoted himself almost ex-
clusively to his Handbook of Physiological Optics, which was
to be given to the printers early in the winter, and he writes
of the finished portion to Ludwig: ‘The only really new bit
of mathematics in Part I of Physiological Optics is the proof
of Gauss’s laws of principal points and nodal points by
means of an accessory theorem (p. 50), which finds a useful
application in the theory of the ophthalmoscope also.’

During his last days at Konigsberg he received an invitation
from William Thomson, now Lord Kelvin, from Kreuznach,
to attend the British Association in September. Thomson
wrote that his presence would be one of the most interesting
events of the meeting, so that he hoped to see him on this
ground, but also looked forward with the greatest pleasure
to such an opportunity of making his acquaintance, as he had
desired this ever since the ‘Conservation of Energy’ had come
into his hands; he ended with expressing his deep regret that
he had not been present at the Hull Meeting, having only
heard later that Helmholtz had been there.

On July 29, Helmholtz left Konigsberg, and went, after a short
visit to his relations in Dahlem and Potsdam, to Bonn, where
he found a suitable and healthy dwelling for his family in the
building that had formerly been the summer residence of
the Ecclesiastical Elector of Cologne, and was accordingly
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known as the Vinea Domini. He then proceeded by Bingen
to Kreuznach, in order to make acquaintance with Thomson
before his projected journey to England. He writes to his
wife on August 6, 1855, that Thomson had made a deep
impression on him :—

‘I expected to find the man, who is one of the first mathe-
matical physicists of Europe, somewhat older than myself,
and was not a little astonished when a very juvenile and
exceedingly fair youth, who looked quite girlish, came forward.
He had taken a room for me close by, and made me fetch
my things from the hotel, and put up there. He is at Kreuz-
nach for his wife’s health. She appeared for a short time
in the evening, and is a charming and intellectual lady, but
in very bad health. He far exceeds all the great men of science
with whom I have made personal acquaintance, in intelligence
and lucidity and mobility of thought, so that I felt quite wooden
beside him sometimes. As we did not get through nearly all
we wanted to say yesterday, I hope you will let me stay over
to-day in Kreuznach.’

The closest friendship and mutual esteem connected these
two great men for nearly forty years, until death separated
them.

The last report from Konigsberg, on ‘Work bearing on
the Theory of Heat in the year 1852’ had dealt with the
famous publications of William Thomson, and these were now
discussed by word of mouth at Kreuznach by the two great
legislators in the field of science. Thomson, after establishing
the already known law that the heat produced by animals,
together with the work done by them, is equivalent to the
chemical energies of their food and of the inspired oxygen,
had arranged the different sources from which mechanical
effect can be derived according to their origin, and came to
the conclusion that the heat radiating from the sun, including
its own light, is the principal source of all terrestrial processes,
and that the motions of the earth, moon, sun, with their mutual
attractions, are a potent source of kinetic energy, while an
exceedingly small portion only is of purely terrestrial origin.
The conclusion deduced by Thomson from Carnot’s Law, to
the effect that the heat of the coolest body in the universe
will always persist as a work-equivalent, but cannot be
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reconverted into any other form of energy, had been briefly
discussed by Helmbholtz in the report, while he indicates the
conclusions which follow from the considerations laid down by
Thomson, and which he himself had developed so brilliantly
in his lecture on ‘ The Interaction of Natural Forces’.

In the middle of September Helmholtz fetched his family
from Dahlem, and settled them at Bonn, the move being ac-
complished without difficulty, as his wife was in fairly good
health.
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CHAPTER VII

PROFESSOR OF ANATOMY AND PHYSIOLOGY
AT BONN: 1855-1858

HEeLunaoLTz soon accustomed himself to his new surround-
ings. He writes indeed to Donders in October: ‘I could only
take a very few of my instruments away from Konigsberg
as my own property, and find practically nothing here. It
is a case of beginning over again to collect apparatus, and
that with uncommonly small funds. Our Ministry still clings
to the fiction that it will be involved in the war in the East,
and declines to make any outlay of money.’

But in December he informs his father: ‘All goes well here
on the whole. While the thermometer in Konigsberg was
already below zero, and the freight wagons are crossing the
Vistula on the ice, we have had alternately mild frost and wet
weather, and are more inclined to moderate our stoves than
to keep them up. The effect on Olga’s health has been all one
hoped; she has left off coughing since we arrived in Bonn.
As regards my official position, the prospects for the winter are
favourable. I have forty-five students at my lectures, and it
is altogether quite different from Konigsberg. The Anatomy
Lectures are very troublesome this first time, especially in
certain subjects, but it will go much better next year. 1 find
anatomy more interesting too than I had expected, because the
teaching of this science has hitherto conspicuously neglected
the functions of the organs, so that interesting questions and
points of view crop up on all sides as soon as one looks at
them with the eyes of the physiologist. My success in physio-
logy this summer is a little uncertain on account of the rivalry
with Professor B.... The Faculty proposed that we should
each give a course in physiology (instead of dividing it, and
each taking a six hours’ course, or half of it) after the Dean had
asked me if I should not prefer that. I replied that I could
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not myself go back on my promise to B., but should be
justified in breaking it, if the demand were made by the Faculty.
B. himself did not seem to object.’

At first Helmholtz was fully occupied with his lectures in
anatomy, and as the immediate result he made a short com-
munication to the Nieder-Rheinische Gesellschaft on March 12,
1856, ‘On the Movements of the Thorax,’ in which he threw
himself into a controversy as to the intercostal muscles.
He concluded that the leverage of the upper ribs was the
strongest, while it becomes weaker from above downwards,
so that the thorax must be regarded as a basket of elastic
hoops, each of which has its position of equilibrium, from
which it is shifted during inspiration by the pull of the muscles,
and which it recovers by its own elasticity in expiration,
since expiration in quiet breathing seems to be effected merely
by the relaxation of the inspiratory muscles.

He found great satisfaction in his scientific and pedagogic
functions in this new field, and writes at the close of the first
winter session, March 6, 1856, to his father :—

¢ All has gone well so far in my official relations. To-morrow
will be the last of my lectures. The audience has kept fairly
up to the mark, and the older students, who are taking Anatomy
for the second time, have told me repeatedly that I have
shown them and told them much that had escaped them before.
So I am justified in hoping that I shall succeed with the
Anatomy Lectures, and things will go better when I have got
the Museum into order. It has been frightfully neglected.’

But while Helmholtz believed that he had been successful
in the anatomy lectures, du Bois writes to him on April 27,
1856, on Lehnert’s authority, that it had been reported to the
Ministry that his lectures in anatomy were inadequate. Du
Bois replied to Lehnert that while all things are possible,
and stupidity probable, this was not only improbable, but
also impossible; whereupon Lehnert, after giving him the
source of the mischievous report, begged him ‘ to reassure the
Minister personally, since he was suffering pangs of conscience
for having made such bad provision for Anatomy at Bonn’.
Helmholtz replies to du Bois on May 3 :—

‘The report made to the Minister annoyed me, since it is
not even an exaggeration of facts, but is a pure invention,
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which shows up the intention of its author in no amiable light. . ..
I was told that people said I brought a good deal of physiology
and chemistry into my anatomy, which restricted the amount
of anatomy proper, and they made jokes at the introduction
of a cosine in physiological optics. But I received many
indications of interest and appreciation of my lectures from
the older students, and from my colleagues also.” At the close
of this letter Helmholtz sends heartiest congratulations ‘to
the young sucking-philosopher, who has taken up his abode
with you, and is doubtless already occupied with such difficult
questions as the formation of concepts of time and space—of
which he knows more now than all the learned physiologists
in the world’. .

Nor was it as a teacher alone that Helmholtz had found
a congenial sphere of activity. He sought to acquaint the medical
world of Bonn, who were somewhat remote from his stand-
point, with his nerve-work, by reading a paper on the ‘Con-
traction Curves of the Muscles of the Frog’ recorded with the
myograph, to the Nieder-Rheinische Gesellschaft on May 14.
He also endeavoured, while preparing his Physiological Optscs,
to interest his scientific colleagues in these new and difficult
investigations.

On March 6 he made a short, but important and interesting
communication to the same Society ‘On the Explanation of
Lustre’. Helmholtz started from the fact that in looking at
dull surfaces, they appear equally illuminated, and equally
coloured, to both eyes, while for shining surfaces the contrary
is the case, since one eye may be affected by the more or
less regularly reflected light from the smooth surface, and
the other not. The surfaces then appear brighter to the one
eye, and if the reflected light differs in colour from that of
the surfaces, of a different colour also, although these differ-
ences of colour as presented in daily experience to both eyes
by shining surfaces are usually insignificant. Now if the
observer looks with the stereoscope at any surface that appears
brighter or somewhat differently coloured to one eye than
to the other, he will conclude from the analogy of everyday
experience that this surface is lustrous, a phenomenon that
had long been known, but had found no adequate explanation.
With greater differences of colour, empirical analogy is totally
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wanting, and different persons form a different judgement,
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